


Standard tpo Ice 
Faml.!I_ Part Number Pack1!9_es Technol~ Features ns mA Pag_e 

UNIVERSAL PAL DEVICES 
16V8 PALCE16V8H-5 20S, J EE CMOS GAL~ Device Equivalent 5 125 2-48 

PALCE16V8H-7 20P J 7.5 115 

PALCE16V8H-10 20P,S,J 10 115 

PALCE16V8Q-10 10 55 

PALCE16V8H-15 15 90 

PAL CE 16V8Q-15 20P,J 15 55 

PALCE16V8Q-20 20 65 

PALCE16V8H-25 20P,S,J 25 90 

PALCE16V8Q-25 20P J 25 55 

PALCE16V8Z-12 20P, J Zero-Power 12 75 2-97 

PALCE16V8Z-15 15 75 

PALCE16V8Z-25 25 0.015 
PALLV16V8Z-20 20P J 3.3 V Zero-Power 20 45 2-121 

PALLV16V8-10 20P J 3.3 v 10 115 2-80 

PALCE16V8HD-15 24P 28J Hig_h-Drive 15 115 2-139 

20V8 PALCE20V8H-5 24S 28J GAL Device Equivalent 5 125 2-210 

PALCE20V8H-7 24P, 28J 7.5 115 

PALCE20V8H-10 10 115 
PALCE20V8Q-1 O 24P S 28J 10 55 
PALCE20V8H-15 24P, 28J 15 90 
PALCE20V80-15 15 55 
PALCE20V8Q-20 20 65 
PALCE20V8H-25 25 90 
PALCE20V8Q-25 25 55 

22V10 PAL22V10-7 24P, 28J TTL Varied Term Distribution 7.5 220 2-268 
PAL22V10-10 10 180 
PAL22V10-15 15 180 
AmPAL22V1 OA 25 180 
PALCE22V1 OH-5 28J EE CMOS Varied Term Distribution 5 115 2-296 
PALCE22V10H-7 24P, S, 28J 7.5 115 
PALCE22V10H-10 10 120 
PALCE22V10Q-10 24P 28J 10 55 
PALCE22V1 OH-15 24P S 28J 15 90 
PALCE22V10Q-15 24P, 28J 15 55 
PALCE22V1 OH-20 20 130 
PALCE22V1 OH-25 24P S 28J 25 90 
PALLV22V10-7 24P, 28J 3.3 v 7.5 55 2-361 
PALLV22V10-10 10 55 
PALLV22V10-15 15 55 
PALCE22V10Z-15 24P, S, 28J Zero Power 15 0.015 2-327 
PALCE22V1 OZ-25 25 0.015 
PALLV22V10Z-25 24P S 28J 3.3 V Zero-Power 25 0.015 2-345 

24V10 PALCE24V1 OH-15 28P, J 28-Pin GAL-Type 15 115 2-379 
PALCE24V1 OH-25 25 115 

26V12 PALCE26V12H-7 2BP,J Advanced 22V10 Macrocell 7.5 115 2-394 
PALCE26V12H-10 10 115 
PALCE26V12H-15 15 105 
PALCE26V12H-20 20 105 

29M16 PALCE29M16H-25 24P 28J Advanced Macrocell 25 100 2-415 
ASYNCHRONOUS PAL DEVICES 

610 PALCE610H-15 24P, 28J EE CMOS J-K F/Fs, 15 90 2-462 
PALCE610H-25 Pr~CLK 25 90 

20RA10 PALCE20RA10H-7 24P, 28J Prag. CLK 7.5 100 2-245 
PALCE20RA10H-10 10 100 
PALCE20RA10H-15 15 100 
PALCE20RA 10H-20 20 90 

29MA16 PALCE29MA16H-25 24P, 28J Prag. CLK, 
Advanced Macrocell 

25 100 2-437 

Bold part numbers indicate preliminary. 
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PRODUCT OVERVIEW Advanced 
Micro 

Devices 

Advanced Micro Devices offers the industry's widest variety of Programmable Logic 
Devices (PLDs), implemented in a variety of technologies. In this section, we will briefly 
discuss the device families, and look at the various architecture, speed, and power 
options. More specific device information can be found in the individual data sheets. 
Discussions on some of the special architectural features of many of the devices can 
also be found in their respective data sheets. 

There are six basic PLD areas addressed by Advanced Micro Devices' PLDs: 

• High-speed PAL® devices 

• Universal PAL devices 

• Industry-standard PAL devices 

• Low-power PAL devices 

• Asynchronous PAL Devices 

• High-density PLDs 

The largest application area is that covered by the Programmable Array Logic (PAL) 
devices. There is a wide variety of PAL devices, ranging from simple devices that 
address general logic design problems to more sophisticated devices that deal with 
more complex problems. 

The area of high-density PLDs is addressed by the MACH® devices which provide a 
PLD with thousands of gates and very high performance. The Macro Array CMOS 
High-density (MACH) devices are described briefly Chapter 3. Further information on 
AMD's MACH product line may be found by obtaining the MACH 1 and 2 Family Data 
Book (14051) and the MACH 3 and 4 Family Data Book (17466). MACH design 
assistance is available by obtaining the MACH Technical Briefs Manual (15972) and the 
MACH Devices Applications Handbook (17020). Development Assistance is available 
through the FusionPLD5M Partners Catalog (15585). 

Product Overview 1·3 
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Table 1·1 

Part 
Number 

PAL16L8 

PAL16R8 

PAL16R6 

PAL16R4 

PALCE16V8 

PAL20L8 

PAL20R8 

PAL20R6 

PAL20R4 

PALCE20V8 

PALCE20RA10 

PALCE24V10 

PALCE22V10 

PAL22V10 

PALCE26V12 

PALCE610 

HIGH-SPEED PAL DEVICES 
AMO offers the fastest PAL devices on the market today. We were the first to introduce 
the PAL device in 1978 and have been the first to market with volumes on all successive 
generations. As the market leader in the PLO arena, we fully expect to introduce even 
faster devices in the future. 

Currently, we have the bipolar TTL PAL 16R8 family of 20-pin devices in 5-ns speed 
grade and the PAL20R8 family of 24-pin devices, also in 5-ns speed grade, available in 
volume production. For extra performance we also have the 16R8 family at 4.5 ns, when 
packaged with the high-performance 28-pin PLCC pinout. These families include, both 
registered (16R4, 16R6, 16R8, 20R4, 20R6, 20R8) and combinational devices (16L8, 
20L8). They are used in a wide variety of applications where performance and space 
are critical, often replacing SSl/MSI logic circuits. For applications where the absolute 
fastest devices are not needed, other speed grades are offered at a lower cost and/or 
lower power consumption. 

AMO's Electronically Erasable (EE) CMOS process also provides high-speed universal 
PAL devices. The PALCE16V8, PALCE20V8, and PALCE22V10 have a 5-ns version; 
most other EE CMOS devices have a 7.5- or 10-ns tPo, while using half or even a 
quarter of the power required by their bipolar equivalents. 

High-Speed PAL Devices 

Functional Description Commercial Specifications 

Pin 
Array Inputs Array Outputs 

Prod. Terms Spd/Pwr t •• faaAX* Ice 
Count bidir. dedctd. reg. fdbk. reg. comb. macrocell per Output Options (ns) (MHz) (mA) 

20 6 10 - - 8 - 7 -4 4.5 125 210 

20 - 8 8 8 - - 8 -5 5 117 210 

20 2 8 6 6 2 - 7-8 

20 4 8 4 4 4 - 7-8 

20 0-8 8-10 8-0 - - 8 7-8 H-5 5 142.8 125 

24 6 14 - - 8 - 7 -5 5 117 210 

24 - 12 8 8 - - 8 

24 2 12 6 6 2 - 7-8 

24 4 12 4 4 4 - 7-8 

24 0-8 12-14 8-0 - - 8 7-8 H-5 5 142.8 125 

24 0-10 12 10--0 - - 10 8 H-7 7.5 100 100 

28 0-10 14-16 10-0 - - 10 7-8 H-15 15 45.5 115 

24 0-10 12 10--0 - - 10 8-16 H-5 5 142.8 115 

24 0-10 12 10--0 - - 10 8-16 -7 7.5 91 220 

28 0-12 14 12--0 - - 12 8-16 H-7 7.5 105.3 115 

24 0-16 4 16--0 - - 16 8 H-15 15 45.5 90 

'fMAX is defined as 1/(ts + tea) for the external feedback. 

1·4 Product Overview 
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UNIVERSAL PAL DEVICES 
Have your design needs included a non-standard mix of inputs and outputs or choosing 
a variable number of combinatorial/registered/latched inputs and/or outputs for the given 
application? How about stocking only one or two PLDs to reduce your inventory costs? 

The solution to your problem is AMD's family of universal PAL devices. We pioneered 
the concept of user-programmable output logic macrocells with the PAL22V10. With this 
macrocell, you can configure an output for combinatorial or registered operation and 
active-low or active-high polarity. This is what makes the PAL22V1 O universal, for it can 
substitute for virtually all of the standard 24-pin PAL devices on the market. The 
PALCE26V12 is a 28-pin version which provides more inputs and outputs for those 
designs that don't quite fit into a PAL22V10. 

But we did not stop there. A second new feature pioneered with the PAL22V10 is 
variable product term distribution; the 10 outputs on this device are arranged in pairs 
with 16, 14, 12, 10 or eight product terms on each output. With up to 16 product terms, 
the PAL22V1 O can implement far more complex logic functions than can be supported 
by other 24-pin devices. No wonder the PAL22V10 is the most popular PAL device on 
the market today. And now both faster (7.5 ns, 91 MHz) and reprogrammable low-power 
CMOS (7.5 ns at 130 mA; 15 ns at 55 mA) versions are available from AMO. 

The PALCE16V8 and PALCE20V8 are EE CMOS universal devices that have the 
additional capability of directly taking the designs of standard 20- and 24-pin PAL 
devices, respectively. They provide a cost-effective means of reducing inventory, 
lowering power, and reducing risk. The PALCE24V10 extends this architecture to 
28pins. 

The P ALCE61 O adds to the basic macrocell by providing 16 1/0 macrocells that can be 
configured with D, T, J-K, or S-R flip-flops. 

The PALCE29M16 further enhances the macrocell concept. Its macrocell can be an 
input or an output macrocell that can be configured three ways: combinatorial, latched or 
registered. Sixteen of these macrocells are available in a 24-pin 300-mil package. And 
eight of the macrocells can be buried, allowing the connecting pins to be used as 
dedicated inputs. The PALCE29M16 also offers variable product term distribution. 

For those applications where registers and latches are not needed, the Am PAL 18P8 
(20 pins) and AmPAL22P1 O (24 pins) are ideal. These PAL devices with programmable 
polarity can flexibly replace almost all standard 20- and 24-pin combinatorial PAL 
devices. As a result, they significantly reduce your inventory. They are available in 
several speed-power grades to meet most application requirements. 

Product Ovenliew 1-5 
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Table 1·2 Universal PAL Devices 

Functional Description Commercial Specifications 

Part Pin 
Array Inputs Array Outputs 

Prod. Terms Spd/Pwr boo ....... IC!' 
Number Count bldir. dedctd. reg. fdbk. reg. comb. macrocell per Output Options (ns) (MHz) (mA) 

PALCE16V8 20 0-8 8-10 8--0 - - 8 7-8 H-5 5 142.8 125 
H-7 7.5 100 115 

0-10 10 66.7 55 
H-10 10 66.7 115 
0-15 15 45.5 55 
H-15 15 45.5 90 
0-25 25 37 55 
H-25 25 37 90 

PALCE20V8 24 0-8 12-14 8--0 - - 8 7-8 H-5 5 142.8 125 
H-7 7.5 100 115 

0-10 10 66.7 55 
H-10 10 66.7 115 
0-15 15 45.5 55 
H-15 15 45.5 90 
0-25 25 37 55 
H-25 25 37 90 

PALCE24V10 28 0-10 14-16 10--0 - - 10 7-8 H-15 15 45.5 90 
H-25 25 37 90 

PALCE22V10 24 0-10 12 10--0 - - 10 8-16 H-5 5 142.8 115 
H-7 7.5 100 115 

0-10 10 83.3 55 
H-10 10 83.3 120 
0-15 15 50 55 
H-15 15 50 90 
Z-15 15 50 0.015 
0-25 25 33.3 55 
H-25 25 33.3 90 

PAL22V10 24 0-10 12 10--0 - - 10 8-16 -7 7.5 91 220 
-10 10 71 180 
-15 15 50 180 
A 25 28.5 180 

PALCE20RA10 24 10 10 - - - 10 4 H-7 7.5 100 100 
H-10 10 76.9 100 
H-15 15 52.6 100 
H-20 20 37 90 

PALCE26V12 28 0-12 14 12--0 - - 12 8-16 H-7 7.5 105.3 115 
H-10 10 71.4 115 
H-15 15 50 105 
H-20 20 40 105 

PALCE610 24 0-16 4 16--0 - - 16 8 H-15 15 45.5 90 
H-25 25 37 90 

PALCE29M16 24 8-16 5 16-8 - - 16 8-16 H-25 25 28.5 100 

AmPAL18P8 20 8 10 - - 8 - 8 B 15 - 180 
A 25 - 180 
AL 25 - 90 
L 35 - 90 

AmPAL22P10 24 10 12 - - 10 - 8 B 15 - 180 
A 25 - 180 
AL 25 - 90 

*fMAx is defined as 1/(ts + tco) for the external feedback. 
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Table 1-3 

Part 
Number 

PAL16L8 

PAL16R8 

PAL 16R6 

PAL16R4 

PAL20L8 

PAL20R8 

PAL20R6 

PAL20R4 

AMO~ 
INDUSTRY-STANDARD PAL DEVICES 
As we have increased speed on the TTL PAL devices, we have also reduced the power 
consumption on the slower devices by as much as 75 percent. As a result, both the 
industry-standard 20-pin and 24-pin PAL device families are available in a variety of 
speed and power grades. This allows the designer to select the optimum performance at 
the lowest possible cost and power consumption. These 20-pin and 24-pin devices are 
used in applications where the advantages of reduced package count, such as higher 
reliability and lower power consumption, improve the overall price-performance of the 
end-product. Often these benefits are realized by replacing Schottky, ALS, LS and some 
CMOS SSl/MSI logic circuits with these PAL devices. 

Standard PAL Devices 

Functional Description Commercial Specifications 

Pin 
Array Inputs Array Outputs 

Prod. Terms Spd/Pwr bo fwAX* Ice 
Count bidir. dedctd. reg. fdbk. reg. comb. macrocell per Output Options (ns) (MHz) (mA) 

20 6 10 - - 8 - 7 B 15 - 180 

20 - 8 8 8 - - 8 B-2 25 25 90 

20 2 8 6 6 2 - 7--8 A 25 25 180 

20 4 8 4 4 4 - 7--8 B-4 35 16 55 

24 6 14 - - 8 - 7 B 15 - 210 

24 - 12 8 8 - - 8 B-2 25 25 105 

24 2 12 6 6 2 - 7--8 A 25 25 210 

24 4 12 4 4 4 - 7--8 

•tMAx is dafined as 1/(ts + tco) for the external feedback. 
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Table 1·4 

Part 
Number 

PALCE16V8 

PALLV16V8 

PALLV22V10 

PALCE22V10 

PALLV22V10 

LOW-POWER PAL DEVICES 
AMD is the only major supplier of programmable logic devices to offer a broad line of 
low-power CMOS devices. And we are the only PLD supplier with such a comprehen
sive CMOS programmable logic line. 

There are two basic types of CMOS PAL devices: those that dissipate essentially no 
power when in a quiescent state, and faster devices which draw nominal current even 
when quiescent. Devices are thus classified as "zero-power" or "quarter-power." 

Zero-power PAL devices are particularly suited for products that are portable or battery 
operated. In a standby mode they consume less than 15 µA. Quarter-power CMOS 
devices can cut system power consumption 50 percent by replacing equivalent CMOS 
PAL devices. The PALLV16V8 and PALLV22V10 are devices designated to operate at 
3.3 V for battery-operated applications. 

Low-Power PAL Devices 

Functional Description Commerclal Specifications 

Pin 
Array Inputs Array Outputs 

Prod. Terms Spd/Pwr tpo fuAX• Ice 
Count bldir. dedctd. reg. fdbk. reg. comb. macrocell per Output Options (ns) (MHz) (mA) 

20 0--8 8-10 8--0 - - 8 7--8 0-10 10 66.7 55 
0-15 15 45.5 55 
Z-15 15 45.5 O.ot5 
0-25 25 37 55 
Z-25 25 33.3 O.ot5 

-10 10 66.7 90 
Z-25 25 33.3 0.015 
Z-30 30 22 O.ot5 

-7 7.5 100 75 
-10 10 83.3 55 
-15 15 50 55 

24 0-10 12 10--0 - - 10 8-16 0-15 15 50 55 
Z-15 15 50 0.015 
0-25 25 33.3 55 
Z-25 25 33.3 0.015 

Z-25 25 33.3 0.015 

•fMAx is defined as 1/(ts + tco) for the external feedback. 
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Table 1·5 

Part 
Number 

PALCE20RA10 

PALCE29MA16 

PALCE610 

AMO ;t1 
ASYNCHRONOUS PAL DEVICES 
Currently AMD makes three devices that support asynchronous and bus interface 
applications. 

The PALCE20RA10 is optimized for asynchronous applications. It contains ten D-type 
flip-flops, driven by a PAL array. Each flip-flop has individually programmable Clock, 
Reset and Preset product terms. With such features, this device is well suited to 
replacing glue logic in your system. 

The PALCE29MA16 combines some of the advantages of the PALCE29M16 with the 
advantages of the PALCE20RA 10. It has one dedicated Clock/Latch Enable input as 
well as product terms for each of the 16 macrocells to allow individual clocking, asyn
chronous Reset and asynchronous Preset. It also features variable product term 
distribution. To top it off, the PALCE29MA16 is electrically reprogrammable in a plastic 
300-mil package. 

The PALCE610 is a general purpose PLD. It has 16 independently-configurable 
macrocells. Each macrocell can be configured as either combinatorial or registered. The 
registers can be D, T, J-K or S-R type_ flip-flops. The device has 4 dedicated input pins 
and 2 clock pins. Asynchronous clocking is available since each clock pin controls 8 of 
the 16 macrocells. 

Asynchronous PAL Devices 

Functional Description Commercial Specifications 

Pin 
Array Inputs Array Outputs Prod. Terms Spd/Pwr t•• fuAX* Ice 

Count bldlr. dedctd. reg. fdbk. reg. comb. macrocell per Output Options (ns) (MHz) (mA) 

24 10 10 - - - 10 4 H-7 7.5 100 100 
H-10 10 76.9 100 
H-15 15 52.6 100 
H-20 20 50 90 

24 8-16 5 16-8 - - 16 4-12 H-25 25 28.5 100 

24 0-16 4 16--0 - - 16 8 H-15 15 45.5 90 
H-25 25 37 90 

•fMAX is defined as 1/(ts + tco) for the external feedback. 
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Selecting the Correct CMOS PLO-An Overview 
of Advanced Micro Devices' CMOS PLDs ~ 

Advanced 
Micro 

Devices Application Note 

INTRODUCTION 
The purpose of this application note is to provide a sur
vey of AMD's CMOS PLDs {Programmable Logic De
vices). This includes both PAL {Programmable Array 
Logic) devices and the more general realm of PLDs to 
which PAL devices belong. With the proliferation of 
parts, the selection of the best PLO for your application 
may seem difficult. If you are a new PLO user, this over
view will guide you through the wide variety of different 
device architectures, speed, and power grades. This tu
torial should increase your understanding of the basic 
characteristic features that make a device appropriate 
for a given application. 

Figure 1 shows a "CMOS PAL Selection Route Map." 
This can be used as a convenient model of the discus
sion throughout this paper. It can also be used as a ref
erence guide when you are selecting a PLO for a 
particular application. 

The Benefits of AMD's CMOS PLDs 
Before addressing individual products, it is important to 
understand why CMOS technology is used in PLDs. 
There are two universal benefits of AM D's CMOS PLDs: 
electrical erasability and low power. 

Electrical Erasability 
Because PLDs are programmable, electrical erasability 
is probably the most important advantage that CMOS 
technology can bring. AMD's electrically-erasable 
CMOS has benefits that make it superior to both UV
erasable CMOS and bipolar technologies. The most im
portant advantage is the ability to erase the device 
electrically in a matter of seconds as opposed to hours 
for UV-based technologies, and not at all in the case of 
bipolar. The chief benefit to the user is a very high quality 
device. This is realized through the ability to erase and 
reprogram the device many times at various test points 
in the factory. In fact, the quality is so good that program
ming and post-programming functional rejects are virtu
ally non-existent. 

1-10 

A second major benefit of electrical erasability is the 
ease of reprogramming the device by the user. This 
saves time when prototyping, and allows for recovery of 
large volumes of devices that may need to be 
reprogrammed for a variety of reasons, such as mid
production bug fixes. Erasure takes place automatically 
by the device programmer, and is completely transpar
ent to the user. 

Low Power 
The most well-known attribute of CMOS is low power 
consumption. All PALCE {Programmable Array Logic 
CMOS Electrically-Erasable) devices are offered in half
power versions; they require at most half the supply cur
rent of their first-generation bipolar counterparts. Some 
devices are also offered in quarter-power versions. This 
is achieved by taking the latest process technology and 
designing to favor even lower power over the fastest 
speed possible. 

CMOS uses less current than bipolar because most of 
the current flow only takes place while the transistors 
are actually switching. With bipolar, current flows 
through the transistors all the time. AMD's half- and 
quarter-power CMOS devices take advantage of this as 
much as possible. However, in order to achieve high 
speed it is necessary to operate some transistors on the 
chip in the linear region. Because this circuitry is essen
tially always switching, the power consumption does not 
go to zero as it would in a conventional CMOS device. 

Lower power requirements are ideal for applications 
which have tight power budgets, such as mobile tele
communications. Smaller power supplies also reduce 
cost and lowers heat dissipation. This results in smaller 
cooling fans, or perhaps no fan at all. It also allows the 
system designer to pack everything even tighter since 
less empty space is needed for air circulation. This can 
make the circuit board fit in a smaller package, again 
reducing cost. 
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~AMO 
Zero-Power 
Some devices are also offered in zero-standby power 
versions. Instead of always operating certain transistors 
in the linear region to achieve high speed, this circuitry 
can shut down and the device goes into standby mode. 
Standby mode is defined as anytime the inputs do not 
switch for an extended period of time (typically 50 ns). 
When this happens the current consumption will almost 
go to zero (Ice < 15 µA). The outputs will maintain the 
current state held while the device is in standby mode. 

When any input switches, the internal circuitry is fully en
abled and the power consumption returns to normal. 
This feature results in considerable power savings for 
operation at low to medium frequencies. 

Zero-standby devices are desirable for a number of rea
sons. In portable and field-installed equipment that rely 
on batteries, battery life is extended. In solar powered 
systems, fewer solar cells are required. 

a 

CLK 

The Selection Process 
When selecting a CMOS PLO, start by determining both 
the functional and size requirements for your 
application. 

Functional Requirements 
The functional requirements of a given application are 
what determine which device architecture should be 
used. The functional criteria include such issues as the 
clocking scheme, macrocell flexibility and output drive. 

The clocking scheme can be synchronous, where all 
registers within a device use the same clock signal, or 
asynchronous, where each register can be clocked indi
vidually using any logic signal or combination of logic 
signals available to the device. These two alternatives 
are illustrated in Figure 2. 

a a a 

a. Registers with Synchronous Clocking 

a a a 

17402A-2 
b. Registers with Asynchronous Clocking 

Figure 2. Basic Clocking Schemes 

Macrocell flexibility refers to the ability to configure the 
output in various ways. A macrocell (Figure 3) takes the 
basic sum-of-products logic and adds functionality 
through features like storage elements, optional path 

Inputs AND OR 

controls, polarity, and feedback. This concept will be fur
ther illustrated as each device macrocell is explained 
throughout the selection process. 

Macrocell Outputs 

17402A-3 

Figure 3. PLO Block Diagram with the Macrocell Included 
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Size Requirements 
The combination of number of inputs and outputs re
quired determines the device size that should be used. 
The number of product terms required to implement a 
particular design also factor into this decision. 

The best approach to selecting the appropriate device is 
to begin with the simplest and smallest devices and up
grade as necessary to accommodate your application. 

Combinatorial and Synchronous 
Applications 
Starting from the top of the flow chart in Figure 1 and tak
ing the path for synchronous designs leads one to those 

SG1 

AMO~ 
devices best suited for simple state machines, encod
ers, decoders, muxes, and similar logic applications. 
For these applications, D-type registered or combinato
rial (non-registered) logic is needed. The first choice is 
the PALCE16V8, PALCE20V8, or PALCE24V10, de
pending on the number of inputs or outputs needed. 
The macrocells (Figure 4) can be configured to use 
combinatorial or D-type registered outputs in any combi
nation. The D-type register operates very simply; data 
presented at the D input of the register will be clocked 
into the register on the rising edge of the clock signal. 
The output can be configured as active low- or active 
high-output depending on the requirements of the 
downstream devices and the efficiency of the logic. 

OE 

Vee 

To 
Adjacent 
Macrocell 

I/Ox 
>-----~ D 01------1 

CLK Q 

SG1 

Figure 4. PALCE16V8 Macrocell 

SL Ox 

From 
Adjacent 
Pin 
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~AMO 
More Product Terms and I/O's 
If the application requires the features of the 
PALCE16V8 macrocell, but requires more programma
ble gate functions, move further down the flowchart. The 
next device, the PALCE22V10 (Figure 5) has varied 
product term distribution. The number of product terms 
varies among outputs, with up to 16 product terms on 
some outputs. In addition, it has global synchronous 
preset and asynchronous reset product terms. These 
are connected to all macrocells configured as registers, 
facilitating easy power-up and system reset. This versa
tility contributes significantly to the 22V10 being the 
world's most popular PAL architecture. When combined 
with the PALCE16V8 family, these two device families 
will likely handle about 80% of PLO applications. 

• • • 
CLK 

The PALCE26V12, a 28-pin version of the 22V10 in
creases versatility by adding more inputs and outputs, 
and by adding another global clock. Any macrocell can 
use one of the two clocks. This allows the logic to be par
titioned giving greater design flexibility. In addition, reg
istered outputs can be configured as bidirectional pins 
on the 26V12. 

Since historically most applications in bipolar technol
ogy had been done in PAL 16R8, PAL20R8, and 
PAL22V10 families, these types of applications can 
easily have their power lowered with half-, quarter-, and 
zero-power versions of the PALCE16V8, PALCE20V8, 
or PALCE22V10. 

"-DI0-.. 1 1 

0 0 t---Dc~-K:>I I/On 

17402A·5 

Figure 5. PALCE22V10 Macrocell Diagram 

Table 1. Summary of the PALCE16V8 and PALCE22V10 Family Architectures 

Macrocell Dedicated Product 
Device Type Inputs I/O's Clocks Terms 

PALCE16V8 16V8 8-10 8 1 7-8 

PALCE20V8 16V8 10-12 8 1 7-8 

PALCE24V10 16V8 14 10 1 7-8 

PALCE22V10 22V10 12 10 1 8-16 

PALCE26V12 22V10 14 12 2 8-16 
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Table 2. Summary of the Speed and Power 
Requirements for the PALCE16V8, PALCE20V8, 

and PALCE22V10 Families of Devices 

Device and Speed Grade Ice 

PALCE16V8H·5 125 mA static 

PALCE16V8H·7/·10 115 mAat 25 MHz 

PALCE16V8H·15/·25 90 mA at 15 MHz 

PALCE16V80·15/·25 55 mA at 15 MHz 

PALCE16V8Z·25 15 µA in standby mode 

PALCE20V8H·5 125 mA static 

PALCE20V8H·7/·10 115 mA at25 MHz 

PALCE20V8H-15/-25 90 mA at 15 MHz 

PALCE20V8Q-15/-25 55 mA at 15 MHz 

PALCE22V1 OH-5 140 mA at 25 MHz 

PALCE22V10H-7 140 mA at 25 MHz 

PALCE22V1OH-10 120 mA at 25 MHz 

PALCE22V1 OH-15/25 90mAstatic 

PALCE22V1 OQ-25 55mAstatic 

PALCE22V1 OZ-25 15 µA in standby mode 

Bus Applications 
For applications that require bus interaction, the 
PALCE16V8HD features 64 mA low-output and 16 mA 

l/01s 1/015 1/014 1/013 

AMO~ 
high-output drive capability. This compares to 24 mA 
low-output and 3.2 mA high-output drive for other 
PALCE16V8 devices. The PALCE16V8HD also has 
some unique macrocell features. Because this device is 
designed to drive a bus, it can be configured with open
drain outputs. Open-drain (open-collector) configura· 
tion is sometimes used in bus applications because it 
provides controlled Vo1-1 termination, and wire-NOR 
capability. Because the PALCE16V8HD is designed to 
take inputs directly from a noisy bus, all inputs have 
200 mV input threshold hysteresis to improve noise im
munity. The inputs can be configured as direct or 
latched, making additional buffering devices unneces
sary. Additionally, the macrocell can be configured as 
either a D-orT-type register. The T-type register is more 
efficient for counter applications because fewer product 
terms are consumed as hold states. 

Complex Functions 
For those applications that require D, T, J-K, or S-R reg
ister capability, the PALCE610 (Figure 6) has this flexi
bility. This device has 16 macrocell outputs and four 
dedicated inputs. The J-K, S-R, and T registers allow 
easy implementation of counters and larger state 
machines. 

1/012 1/011 1/010 1/0e CLK1 
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Figure 6. PALCE610 Block Diagram 
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~AMO 
More Flexibility 
Moving down to the bottom of the flow chart reveals a 
more flexible device than the PALCE610. Applications 
that make use of embedded, or buried, registers can 
take advantage of the PALCE29M16 (Figure 7). Buried 
register operation is very useful when a state machine 
uses state bits that do not need to be brought outside the 
chip. This allows the pin associated with the macrocell to 

be available as an input. Eight of the 16 macrocells have 
dual feedback capability. This means that these macro
cells have two independent feedback paths: one from 
the register and one from the 1/0 pin. The other eight 
macrocells have single feedback, where both paths are 
available but, only one or the other can be used. Since 
almost every pin is an 1/0 pin this device has 29 avail
able inputs to the programmable AND array. 

17402A-7 

Figure 7. PALCE29M16 Block Diagram 
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The macrocells (Figure 8) can be configured as latches 
or registers. Latch operation allows the flip-flop in the 
macrocell to become transparent while the latch is en
abled. When the latch is disabled, the flip-flop will hold 
the current state. This kind of operation is useful in sam
ple and hold applications. Also, the register or latch may 
be used with the macrocell input pin for synchronizing 
signals. The active level of the latch enable, as well as 
the clock edge (rising or falling) are both programmable. 

Like the PALCE22V10, there is varied product term dis
tribution among the macrocells. Also, preload capability 

AMO~ 
is available using a global product term to define the 
preload condition. Preload capability allows arbitrary 
states to be loaded directly into the register, making it 
unnecessary to cycle through long, complex vector se
quences to get the device in a particular state. This is 
normally only performed by the device programmer 
when it performs functional tests. The preload product 
term allows preload to be engaged by hand, without the 
need for supervoltages (voltages above Vee needed to 
engage preload on most PLDs). 

c.?c,~i!i';~~~~~~~~~~~~~~~~v_cc~~ 
OE PTs FOR BANKS { -Q--:=j 
OF 4 MACROCELLS -D---1 " 

COMMON 
ASYNCHRONOUS 

PRESET 
Po 

COMMON 
ASYNCHRONOUS 

RESET 

TO AND ARRAY 

TO AND ARRAY 
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Figure 8. PALCE29M16 Macrocell Diagram 

Selecting the Correct CMOS PLO-An Overview of Advanced Micro Devices' CMOS PLDs 1-17 



~AMO 
Asynchronous Applications 
Starting at the top of the flow chart again, but this time 
taking the path for asynchronous applications, you will 
find PALCE20RA10. The PALCE20RA10 is the sim
plest of the asynchronous devices. Each macrocell 
(Figure 9) is clocked individually using one product term 
per macrocell. Also, reset, preset, and output enable are 
controlled individually with one product term each. 
There is also a global output enable pin which is com
bined with the product term enable to determine if the 
output is enabled or disabled. 

A dedicated global preload pin allows all registered ma
crocells to be preloaded simultaneously using normal 
TTL levels. 

The PALCE610 has the distinction of bridging the gap 
between synchronous and asynchronous register clock
ing. The PALCE610 macrocells can be clocked via indi
vidual product terms for each macrocell, or the 
macrocells can be clocked in banks of eight via two dedi
cated clocks. This is done by using a clock/output en
able mux (Figure 10). If the macrocell is configured as 

PL 

combinatorial or as a synchronous register, output en
able/disable is controlled by a product term. If asynchro
nous register mode is desired, the same product term is 
used as a clock and the macrocell is always enabled. 

As mentioned above, the PALCE610 can act as a syn
chronous or asynchronous PAL device. As shown, a 
special function product term can be steered to control 
eitherthe output enable or the macrocell clock. In the lat
ter mode, each register can be individually clocked. 

If your application requires the basic features of the 
PALCE29Mf6, except with individual macrocell control, 
the PALCE29MA16 (Figure 11) should be considered. 
Four product terms in each macrocell are dedicated to 
control clocking, output enable, asynchronous reset, 
and asynchronous preset. These functions are con
trolled either globally or in blocks on the PALCE29M16. 
A common clock pin and output enable pin are still main
tained, but the user has a choice of using either the com
mon control pin or individual macrocell control via the 
control product term. 

OE 

Output 

17402A-9 

Figure 9. PALCE20RA10 Macrocell Diagram 
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D Register 

Figure 10. PALCE610 Macrocell (Configured as a D-Register) 
with the Output Enable/Clock Mux 
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~AMO 
MACH Devices 
At the bottom of the flow chart, both the synchronous 
and asynchronous design paths converge into the 
MACH Family. MACH devices extend AMO's PLO offer
ings into the realm of what is referred to as mid-density. 
Mid-density devices allow multiple smaller PLO designs 
to be consolidated into one device. Mid-density covers 
replacement of just a couple of smaller PAL devices, all 
the way up to designs that would traditionally be done 
with small gate arrays. These devices span from 900 to 
3600 gates, with 32 to 64 macrocells, and are offered in 
44- to 84-pin packages. 

MACH devices use PAL blocks that are interconnected 
using a switch matrix. The members of the families are 
differentiated by the number of pins, macrocells, clocks, 
and the amount of interconnect. The MACH 1 family has 
output macrocells; the MACH 2 family has output and 
buried macrocells. All signals, whether registered or 
combinatorial can be buried. The basic macrocell, com
mon to both families resembles the PALCE22V10 mac
rocell with the additional choice of using 0- or T-type 
registers. The MACH210 is illustrated in Figure 12. 
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Figure 12. MACH210 Block Diagram 
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Both synchronous and asynchronous versions are 
available. The asynchronous MACH215 macrocell 
looks more like a PALCE20RA 1 O macrocell, rather than 
PALCE22V10 type macrocells. The synchronous de
vices are better suited to structured designs; the asyn
chronous MACH215 is better suited for random logic 
collection. 

All MACH devices have the advantage of fast (10, 12, 
15, and 20 ns), predictable timing, which is a unique ad
vantage when compared to other mid-density PLDs. 

AMD;t1 

SUMMARY 
Selecting the appropriate PLO for a given application in
volves matching your requirements with various device 
c~pabiliti;s. Following the guidelines in this article along 
with the CMOS PAL Selection Route Map" makes it 
easier. 

AMD's wide array of electrically-erasable CMOS PLDs 
combined with strong third party support through ou~ 
FusionPLD5M relationships, means an excellent selec
tion of devices, software, and programming hardware. 
This gives you a virtual toolbox of solutions for your sys
tem logic requirements, along with the strong technical 
support you expect. 
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FINAL COM'L: -4/517/B/B-2/A, D/2 MIL: -10/12/B/B-2/A/B-4 ~ 
PAL16R8 Family 
20-Pin TTL Programmable Array Logic 

DISTINCTIVE CHARACTERISTICS 
• As fast as 4.5 ns maximum propagation delay 

• Popular 20-pin architectures: 16L8, 16R8, 16R6, 
16R4 

• Programmable replacement for high-speed TTL 
logic 

• Register preload for testability 

GENERAL DESCRIPTION 
The PAL 16R8 Family (PAL 16L8, PAL 16R8, PAL16R6, 
PAL 16R4) includes the PAL 16R8-5/4 Series which pro
vides the highest speed in the 20-pin TIL PAL device 
family, making the series ideal for high-performance ap
plications. The PAL 16R8 Family is provided with stan
dard 20-pin DIP and PLCC pinouts and a 28-pin PLCC 
pinout. The 28-pin PLCC pinout contains seven extra 
ground pins interleaved between the outputs to reduce 
noise and increase speed. 

The devices provide user-programmable logic for re
placing conventional SSl/MSI gates and flip-flops at a 
reduced chip count. 

The family allows the systems engineer to implement 
the design on-chip, by opening fuse links to configure 
AND and OR gates within the device, according to the 
desired logic function. Complex interconnections be
tween gates, which previously required time-consuming 
layout, are lifted from the PC board and placed on sili
con, where they can be easily modified during prototyp
ing or production. 

The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 

PRODUCT SELECTOR GUIDE 

Dedicated 
Device Inputs 

PAL16L8 10 

PAL16R8 8 

PAL16R6 8 

PAL16R4 8 

Publication# 16492 Rev. C Amendment/O 

Issue Date: October 1994 

Outputs 

6 comb. 
2 comb. 

8 reg. 

6 reg. 
2 comb. 

4 reg. 
4 comb. 

• Power-up reset for initialization 

Advanced 
Micro 

Devices 

• Extensive third-party software and programmer 
support through FusionPLD partners 

• 20-Pln DIP and PLCC packages save space 

• 28-Pin PLCC-4 package provides ultra-clean 
high-speed signals 

The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. 

In addition, the PAL device provides the following 
options: 

- Variable input/output pin ratio 

- Programmable three-state outputs 

- Registers with feedback 

Product terms with all connections opened assume the 
logical HIGH state; product terms connected to both true 
and complement of any single input assume the logical 
LOW state. Registers consist of D-type flip-flops thatare 
loaded on the LOW-to-HIGH transition of the clock. Un
used input pins should be tied to Vee or GND. 

The entire PAL device family is supported by the 
FusionPLD partners. The PAL family is programmed on 
conventional PAL device programmers with appropriate 
personality and socket adapter modules. Once the PAL 
device is programmed and verified, an additional con
nection may be opened to prevent pattern readout. This 
feature secures proprietary circuits. 

Product Terms/ 
Output Feedback Enable 

7 1/0 prog. 
7 - prog. 

8 reg. pin 

8 reg. pin 
7 110 prog. 

8 reg. pin 
7 1/0 prog. 

2-3 
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BLOCK DIAGRAMS 

o, 1/0, 1/03 

CLK 

2-4 

PAL16L8 

INPUTS 

PROGRAMMABLE 
AND ARRAY 

(32 x 64) 

110, I/Os 

PAL16R8 

INPUTS 

PROGRAMMABLE 
AND ARRAY 

(32 x 64) 

PAL16R8 Family 

110, 1/07 Os 

16492C-1 

16492C-2 



BLOCK DIAGRAMS 
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AND ARRAY 
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AMO~ 

16492C-3 

16492C-4 
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CONNECTION DIAGRAMS 

Top View 
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16492C-6 

PIN DESIGNATIONS 
CLK Clock 
GND Ground 
I Input 
1/0 Input/Output 
0 Output 
OE Output Enable 
Vee Supply Voltage 

Note: 

Pin 1 is marked for orientation. 

16LB 16RB 16R6 16R4 

lo eLK eLK eLK 
lg OE OE OE 

01 01 1/01 1/01 

l/02 02 02 1102 

1/03 03 03 03 

l/Q4 04 Q4 04 

I/Os Os Os Os 

I/Os Os Os Os 

1101 01 01 1101 

Os Os I/Os I/Os 



ORDERING INFORMATION 
Commercial Products 

AMO~ 

AMO programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 

PAL 

FAMILY TYPE · T 
PAL= Programmable Array Logic 

NUMBER OF 
ARRAY INPUTS 

16 R 8 
""T"" ..., 

OUTPUTTYPE ~~~~~~~~~~ 
R = Registered 
L = Active-Low Combinatorial 

NUMBER OF OUTPUTS------~ 

SPEED 
-4 = 4.5 ns !PD 

-5 = 5 ns !PD 

-7 = 7.5 ns !PD 

D = 10 ns !PD 

VERSION 
Blank = First Revision 

/2 = Second Revision 

Valid Combinations 

PAL16L8 

PAL16RB 
-5PC, -5JC, -4JC 

PAL16R6 

PAL16R4 

PAL 16L8-7 

PAL 16RB-7 PC, JC, DC 
PAL16R6-7 

PAL16R4-7 

PAL 16LBD/2 

PAL16R8D/2 PC.JC 
PAL 16R6D/2 

PAL16R4D/2 

-5 p c 

~ OPTIONAL PROCESSING 
Blank = Standard Processing 

OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
J = 20-Pin Plastic Leaded Chip 

Carrier (PL 020) 
28-Pin Plastic Leaded Chip 
Carrier for -4 (PL 028) 

D = 20-Pin Ceramic DIP (CD 020) 

Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

PAL16R8-4/5/7, D/2 (Com'I) 2-7 
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ORDERING INFORMATION 
Commercial Products (MMI Marking Only) 

AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 

2-8 

PAL 16 R 8 B -2 C N 

FAMILY TYPE T 
PAL= Programmable Array Logic 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE ----------' 
R = Registered . 
L = Active-Low Combinatorial 

NUMBER OF OUTPUTS------~ 

SPEED 
B = Very High Speed (15 ns-35 ns tPD) 
A = High Speed (25 ns-35 ns tpo) 

POWER-------------~ 

Blank Full Power (155 mA-180 mA Ice) 
-2 = Half Power (80 mA-90 mA Ice) 
-4 = Quarter Power (55 mA Ice) 

Valid Combinations 

PAL 16L8 

PAL16R8 
8, B-2, A, 

PAL16R6 8-4 
CN, CNL, CJ 

PAL16R4 

~ OPTIONAL PROCESSING 
Blank= Standard Processing 

PACKAGE TYPE 
N 20-Pin Plastic DIP 

(PD 020) 
NL 20-Pin Plastic Leaded 

Chip Carrier (PL 020) 
J 20-Pin Ceramic DIP 

(CD 020) 

OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

Note: Marked with MM/ logo. 

PAL 16R8/B/8-2/A/B-4 (Com'I) 



ORDERING INFORMATION 
APL Products 

AMO~ 

AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. 
APL (Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid 
Combination) is formed by a combination of: 

PAL 

FAMILY TYPE-- T 
PAL= Programmable Array Logic 

NUMBER OF --------~ 
ARRAY INPUTS 

OUTPUT TYPE------------' 
R = Registered 
L = Active-Low Combinatorial 

8 -10 /B 
-r 

NUMBER OF OUTPUTS--------~ 

SPEED----------------~ 

-10 = 10 ns tpo 
-12 = 12 nstpo 

DEVICE CLASS 
/B = MIL-STD-883C Class B 

Valid Combinations 

PAL16L8 

PAL16R8 
-10, -12 /BRA, /B2A 

PAL16R6 

PAL16R4 

Military Burn-In 

Military burn-in is in accordance with the current revi
sion of MIL-STD-883, Test Methods 1015, Conditions 
A through E. Test conditions are selected at AMD's 
option. 

R A 

L LEAD FINISH 
A = Hot Solder Dip 

PACKAGE TYPE 
R = 20-Pin Ceramic DIP 

(CD 020) 
2 = 20-Pin Ceramic 

Leadless Chip Carrier 
(CL 020) 

Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

Group A Tests 

Group A tests consist of Subgroups 
1' 2, 3, 7, 8, 9, 10, 11. 

PAL 16R8·10/12 (Mil) 2-9 
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ORDERING INFORMATION 
APL Products (MMI Marking Only} 

AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: 

2-10 

PAL 16 R 8 B -2 M J /883B 

FAMILY TYPE T 
PAL= Programmable Array Logic 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE -----------' 
R = Registered 
L = Active-Low Combinatorial 

NUMBER OF OUTPUTS --------' 

SPEED 
B = Very High Speed (20 ns-50 ns !PD) 
A = High Speed (30 ns-50 ns tpo) 

POWER 
Blank Full Power (180 mA Ice) 
-2 = Half Power (90 mA Ice) 
-4 = Quarter Power (55 mA Ice) 

Valid Combinations 

PAL 16L8 

PAL16R8 B, MJ/8838, 

PAL16R6 8-2, MW/8838, 
A, 8-4 ML/8838 

PAL16R4 

Military Burn-In 

Military burn-in is in accordance with the current revi
sion of MIL-STD-883, Test Methods 1015, Conditions 
A through E. Test conditions are selected at AMD's 
option. 

l OPTIONAL PROCESSING 
/8838 = MIL-STD-883, Class B 

PACKAGE TYPE (Per 09--000) 
J = 20-Pin Ceramic DIP 

(CD 020) 
W = 20-Pin Ceramic Flatpack 

(CFL020) 
L = 20-Pin Ceramic Leadless 

Chip Carrier (CL 020) 

OPERATING CONDITIONS 
M = Military 

Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

Note: Marked with MM/ logo. 

Group A Tests 

Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 

PAL 16R8B/B-2/A/B·4 (Mil) 



FUNCTIONAL DESCRIPTION 

Standard 20-Pin PAL Family 
The standard bipolar 20-pin PAL family devices have 
common electrical characteristics and programming 
procedures. Four different devices are available, includ
ing both registered and combinatorial devices. All parts 
are produced with a fuse link at each input to the AND 
gate array, and connections may be selectively re
moved by applying appropriate voltages to the circuit. 
Utilizing an easily-implemented programming algo
rithm, these products can be rapidly programmed to 
any customized pattern. Extra test words are pre
programmed during manufacturing to ensure extremely 
high field programming yields, and provide extra test 
paths to achieve excellent parametric correlation. 

Pin outs 
The PAL 16R8 Family is available in the standard 20-pin 
DIP and PLCC pinouts and the PAL 16R8-4 Series is 
available in the new 28-pin PLCC pinout. The 28-pin 
PLCC pinout gives the designer the cleanest possible 
signal with only 4.5 ns delay. 

The PAL 16R8-4 pinout has been designed to minimize 
the noise that can be generated by high-speed signals. 
Because of its inherently shorter leads, the PLCC pack
age is the best package for use in high-speed designs. 
The short leads and multiple ground signals reduce the 
effective lead inductance, minimizing ground bounce. 
Placing the ground pins between the outputs optimizes 
the ground bounce protection, and also isolates the out
puts from each other, eliminating cross-talk. This pinout 
can reduce the effective propagation delay by as much 
as 20% from a standard DIP pinout. Design files for 
PAL 16R8-4 Series devices are written as if the device 
had a standard 20-pin DIP pinout for most design soft
ware packages. 

Variable Input/Output Pin Ratio 
The registered devices have eight dedicated input lines, 
and each combinatorial output is an 1/0 pin. The 
PAL 16L8 has ten dedicated input lines and six of the 
eight combinatorial outputs are 1/0 pins. Buffers for de
vice inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vee or GND. 

Programmable Three-State Outputs 
Each output has a three-state output buffer with three
state control. On combinatorial outputs, a product term 
controls the buffer, allowing enable and disable to be a 
function of any product of device inputs or output feed
back. The combinatorial output provides a bidirectional 
1/0 pin and may be configured as a dedicated input if the 
output buffer is always disabled. On registered outputs, 
an input pin controls the enabling of the three-state 
outputs. 

AMO~ 
Registers with Feedback 
Registered outputs are provided for data storage and 
synchronization. Registers are composed of D-type 
flip-flops that are loaded on the LOW-to-HIGH transition 
of the clock input. 

Register Preload 
The register on the AMO marked 16R8, 16R6, and 16R4 
devices can be preloaded from the output pins to facili
tate functional testing of complex state machine de
signs. This feature allows direct loading of arbitrary 
states, making it unnecessary to cycle through long test 
vector sequences to reach a desired state. In addition, 
transitions from illegal states can be verified by loading 
illegal states and observing proper recovery. 

Power-Up Reset 
All flip-flops power-up to a logic LOW for predictable 
system initialization. Outputs of the PAL 16R8 Family 
will be HIGH due to the active-low outputs. The Vee rise 
must be monotonic and the reset delay time is 1000 ns 
maximum. 

Security Fuse 
After programming and verification, a PAL 16R8 Family 
design can be secured by programming the security 
fuse. Once programmed, this fuse defeats readback of 
the internal programmed pattern by a device program
mer, securing proprietary designs from competitors. 
When the security fuse is programmed, the array will 
read as if every fuse is programmed. 

Quality and Testability 
The PAL 16R8 Family offers a very high level of built-in 
quality. Extra programmable fuses provide a means of 
verifying performance of all AC and DC parameters. In 
addition, this verifies complete programmability and 
functionality of the device to provide the highest pro
gramming yields and post-programming functional 
yields in the industry. 

Technology 
The PAL 16R8-5, -7 and D/2 are fabricated with AM D's 
oxide isolated bipolar process. The array connections 
are formed with highly reliable PtSi fuses. The 
PAL 16R8B, B-2, A and B-4 series are fabricated with 
AMD's advanced trench-isolated b:polar process. The 
array connections are formed with proven TiW fuses for 
reliable operation. These processes reduce parasitic 
capacitances and minimum geometries to provide 
higher performance. 

PAL 16R8 Family 2-11 
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LOGIC DIAGRAM 
DIP and 20-Pin PLCC (28-Pin PLCC) Pinouts 
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LOGIC DIAGRAM 
DIP and 20-Pin PLCC (28-Pin PLCC) Pinouts 
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LOGIC DIAGRAM 
DIP and 20-Pin PLCC (28-Pin PLCC) Pinouts 
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LOGIC DIAGRAM 
DIP and 20-Pin PLCC (28-Pin PLCC) Pinouts 
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~AMO 
ABSOLUTE MAXIMUM RATINGS 
Ambient Temperature with 
Power Applied . . . . . . . . . . . . . . . -65°C to + 1 so0 c 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Storage Temperature . . . . . . . . . . -55°C to + 12s0 c 
Supply Voltage with 

Operating in Free Air ............... 0°C to +75°C 

Supply Voltage (Vee) 
Respect to Ground ............. -0.5 V to+ 7.0 V with Respect to Ground ......... +4.75 V to +5.25 V 

DC Input Voltage .......... -1.2 V to Vee+ 0.5 V 

DC Input Current ............. -30 mA to+ 5 mA 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC Output or 1/0 Pin 
Voltage .................. -0.5 V to Vee+ 0.5 V 

Static Discharge Voltage . . . . . . . . . . . . . . . 2001 V 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH = -3.2 mA V1N = V1H or V1L 2.4 
Vee= Min 

VoL Output LOW Voltage IOL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage l1N = -18 mA, Vee = Min -1.2 

l1H Input HIGH Current V1N = 2.7 V, Vee =Max (Note 2) 25 

l1L Input LOW Current V1N = 0.4 V, Vee = Max (Note 2) -250 

11 Maximum Input Current V1N = 5.5 V, Vee = Max 1 

loZH Off-State Output Leakage Vour = 2.7 V, Vee= Max 100 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee = Max -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee =Max (Note 3) -30 -130 

Ice Supply Current V1N = O V, Outputs Open (lour= O mA) 210 
Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

mA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of liL and lozL (or IJH and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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AMO~ 

CAPACITANCE (Note 1) 
Parameter 
~mbol Parameter Descr!2!1on Test Conditions Typ_ Unit 

C1N Input Capacitance L CLK, OE V1N = 2.0 v Vee= 5.0 V 8 
lli-ls TA = 25°c 5 

pF 

Cour Output Capacitance Vour=2.0 V f = 1 MHz 8 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
-5 -4 

Parameter Min Min 
Symbol Parameter Description (Note3) Max (Note3) Max Unit 

tpo Input or Feedback to 16L8, 16R8, 1 5 1 4.5 ns 
Combinatorial Output 16R4 

ts Setup Time from Input or 4.5 4.5 ns 
Feedback to Clock 

tH Hold Time 0 0 ns 

tea Clock to Output 1 4.0 1 3.5 ns 

tsKEWR Skew Between Registered 1 0.5 ns 
Outputs (Note 4) 

twL LOW 
16RB, 16R6, 4 4 ns 

Clock Width 
16R4 

twH HIGH 4 4 ns 

Maximum External Feedback J 1 /(ts +tee) 117 125 MHz 

fMAX Frequency Internal Feedback (fcNr) 125 125 MHz 

(Note 5) No Feedback J 1 /(twH + tWL) 125 125 MHz 

tpzx OE to Output Enable 1 6.5 1 6.5 ns 

tpxz OE to Output Disable 1 5 1 5 ns 

tEA Input to Output Enable Using 2 6.5 2 6.5 ns 
Product Term Control 

16L8, 16R6, 
tER Input to Output Disable Using 16R4 2 5 2 5 ns 

Product Term Control 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Output delay minimums for tpo, tco. tpzx. fpxz, tEA, and tER are defined under best case conditions. Future process improve
ments may alter these values; therefore, minimum values are recommended for simulation purposes only. 

4. Skew testing takes into account pattern and switching direction differences between outputs. 

5. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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;t1 AMO 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to+ 1 so0 c 
Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied ................. -55°C to + 125°C Operating in Free Air .............. 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground ............. -0.5 V to+ 7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 
DC Input Voltage ............... -1.2 V to+ 7.0 V 

DC Input Current . . . . . . . . . . . . . . -30 mA to + 5 mA 

DC Output or 1/0 Pin 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Voltage . . . . . . . . . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

Static Discharge Voltage ................. 2001 V 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH =-3.2 mA V1N = V1H or V1L 2.4 
Vee= Min 

Vm Output LOW Voltage loL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min 

V1H input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage l1N= -18 mA, Vee= Min -1.2 

l1H Input HIGH Current V1N = 2.7 V, Vee =Max (Note 2) 25 

l1L Input LOW Current V1N = 0.4 V, Vee =Max (Note 2) -250 

11 Maximum Input Current V1N = 5.5 V, Vee = Max 1 

IOZH Off-State Output Leakage VouT = 2. 7 V, Vee = Max 100 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 3) -30 -130 

Ice Supply Current V1N = 0 V, Outputs Open (louT = 0 mA) 180 
Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

mA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of liL and IOZL (or IJH and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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AMO~ 
CAPACITANCE (Note 1) 

Parameter 
~bol Parameter Descr~lon Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 v Vee= 5.0 V 5 
pf 

Gour Output Capacitance Vour = 2.0 V TA= 25°C 8 
f = 1 MHz 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
Parameter Min 
~mbol Parameter Description (Note3) Max Unit 

Input or Feedback to 1 16L8, 16R6, 3 7.5 
tpo Combinatorial Output 11 Output Switching 16R4 3 7 ns 

ts Setup Time from Input or Feedback to Clock 7 ns 

IH Hold Time 0 ns 

tco Clock to Output 1 6.5 ns 

ISKEW Skew Between Registered Outputs (Note 4) 16R8, 16R6, 1 ns 

IWL Clock Width 
LOW 16R4 5 ns 

IWH HIGH 5 ns 

Maximum External Feedback I11(ts + tco) 74 MHz 

fMAX Frequency Internal Feedback (fcNr) 100 MHz 
(Note 5) 

No Feedback I1 /(twH + lwL) 100 MHz 

lpzx OE to Output Enable 1 8 ns 

lpxz OE to Output Disable 1 8 ns 

IEA Input to Output Enable Using Product Term Control 16L8, 16R6, 3 10 ns 

IER Input to Output Disable Using Product Term Control 16R4 3 10 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Output delay minimums for tpo, tco, tpzx, tpxz, tEA, and tER are defined under best case conditions. Future proces's improve
ments may alter these values; therefore, minimum values are recommended for simulation purposes only. 

4. Skew is measured with all outputs switching in the same direction. 

5. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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~AMO 
ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 1 so0 c 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied ................. -55°C to + 12s0 c Operating in Free Air .............. 0°c to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground ............. -0.5 V to + 7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 
DC Input Voltage ............... -1.5 V to+ 5.5 V 

DC Output or 110 Pin Voltage ..... -0.5 V to + 5.5 V 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Static Discharge Voltage ................. 2001 V 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH = -3.2 mA V1N = V1H or V1L 2.4 
Vee= Min 

VoL Output LOW Voltage IOL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1} 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1} 

V1 Input Clamp Voltage l1N = -18 mA, Vee= Min -1.5 

llH Input HIGH Current V1N = 2.4 V, Vee = Max (Note 2) 25 

l1L Input LOW Current V1N = 0.4 V, Vee = Max (Note 2) -250 

11 Maximum Input Current V1N = 5.5 V, Vee =Max 100 

loZH Off-State Output Leakage Vour = 2.4 V, Vee = Max 100 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee = Max -100 
Current LOW V1N = V1H or V1L {Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max (Note 3) -30 -130 

Ice Supply Current V1N = O V, Outputs Open (lour= 0 mA} 180 
Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of //L and lozL (or f/H and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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AMO~ 
CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 v Vee= 5.0 V 5 

TA= 25°C pf 
Cour Output Capacitance Vour = 2.0 V f = 1 MHz 8 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter Min 
Symbol Parameter Description (Note 3) Max Unit 

tpo Input or Feedback to 16L8, 16R6, 3 10 ns 
Combinatorial Output 16R4 

ts Setup Time from Input or Feedback to Clock 10 ns 

tH Hold Time 0 ns 

tea Clock to Output 3 7 ns 

twL Clock Width LOW 8 ns 

twH HIGH 16R8, 16R6, 8 ns 

Maximum External Feedback l 1/(ts +tea) 16R4 58.8 MHz 

fMAX Frequency Internal Feedback (fcNT) 60 MHz 
(Note4) 

No Feedback l 1 /(twH + twL) MHz 62.5 

tpzx OE to Output Enable 2 10 ns 

tpxz OE to Output Disable 2 10 ns 

tEA Input to Output Enable Using Product Term Control 16L8, 16R6, 3 10 ns 

tER Input to Output Disable Using Product Term Control 16R4 3 10 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Output delay minimums for tpo, tco, tpzx. tpxz. t£A, and t£R are defined under best case conditions. Future process improve
ments may alter these values; therefore, minimum values are recommended for simulation purposes only. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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~AMO 
ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 1 so0 c 
Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied ................. -55°C to + 12s0 c Operating in Free Air .............. 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -1.5 V to Vee+ 0.5 V 

DC Output or 110 Pin 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Voltage . . . . . . . . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH = -3.2 mA VrN = VrH or VrL 2.4 
Vee= Min 

VOL Output LOW Voltage Im= 24 mA VrN = VrH or VrL 0.5 
Vee= Min 

VrH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VrL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

Vr l'!e_ut Clam.£. Volt~e lrN= -18 mA, Vee= Min -1.2 

ltH Input HIGH Current VrN = 2.4 V, Vee = Max (Note 2) 25 

ltL Input LOW Current VrN = 0.4 V, Vee = Max (Note 2) -250 

Ir Maximum Input Current VrN = 5.5 V, Vee = Max 100 

lozH Off-State Output Leakage VouT = 2.4 V, Vee = Max 100 
Current HIGH VrN = VrHor VrL (Note 2) 

lozL Off-State Output Leakage VouT = 0.4 V, Vee =Max -100 
Current LOW VrN = VrHor VrL (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee= Max (Note 3) -30 -130 

Ice Supply Current VrN = O V, Outputs Open (louT = 0 mA) 180 
Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of l1L and loZL (or l1H and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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AMO~ 
CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capac~ance V1N = 2.0 v Vee =5.0 V 8 
TA= 25•c 

pF 
CouT Output Capacitance VouT= 2.0 V f = 1 MHz 9 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
Parameter 
Symbol Parameter Description Min Max Unit 

ti>o Input or Feedback to 16L8, 16R6, 15 ns 
Combinatorial Output 16R4 

ts Setup Time from Input or Feedback to Clock 15 ns 

IH Hold Time 0 ns 

tea Clock to Output or Feedback 12 ns 

IWL Clock Width LOW 10 ns 

!wH HIGH 
16R8, 16R6, 

10 ns 16R4 
Maximum External Feedback 1/(ts +tea) 37 MHz 

IMAX Frequency 
(Note3) No Feedback 1 /(IWH + !wt.) 50 MHz 

tpzx OE to Output Enable 15 ns 

lpxz OE to Output Disable 15 ns 

IEA Input to Output Enable Using Product Term Control 16R8, 16R6, 15 ns 

IER Input to Output Disable Using Product Term Control 16R4 15 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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~AMO 
ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied ................. -55°C to + 125°C Operating in Free Air .............. 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -1.5 V to Vee+ 0.5 V 

DC Output or 1/0 Pin 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Voltage . . . . . . . . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH = -3.2 mA V1N = V1H or V1L 2.4 
Vee= Min 

VoL Output LOW Voltage IOL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage l1N = -18 mA, Vee = Min -1.2 

l1H Input HIGH Current V1N = 2.7 V, Vee = Max (Note 2) 25 

l1L Input LOW Current V1N = 0.4 V, Vee = Max (Note 2) -100 

11 Maximum Input Current V1N = 5.5 V, Vee = Max 100 

lozH Off-State Output Leakage VouT = 2.7 V, Vee =Max 100 
Current HIGH V1N = V1H or V1L (Note 2) 

IOZL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 3) -30 -130 

Ice Supply Current V1N = 0 V, Outputs Open (louT = 0 mA) 90 
Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of ffL and lozL (or ffH and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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AMO~ 

CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 v Vee= 5.0 V 7 

TA= 25°C pF 
Cou1 Output Capacitance Vour= 2.0 V f = 1 MHz 7 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
Parameter 

Symbol Parameter Description Min Max Unit 

!PD Input or Feedback to 16L8, 16R6, 25 ns 
Combinatorial Output 16R4 

ts Setup Time from Input or Feedback to Clock 25 ns 

lH Hold Time 0 ns 

tea Clock to Output 15 ns 

twL Clock Width LOW 15 ns 

twH HIGH 
16R8, 16R6, 

16R4 15 ns 

Maximum External Feedback I 1/(ts +tea) 25 MHz 

fMAX Frequency Internal Feedback (feNr) 28.5 MHz 
(Note4) 

No Feedback l 1 /(twH + twL) 33 MHz 

tpzx OE to Output Enable 20 ns 

tpxz OE to Output Disable 20 ns 

tEA Input to Output Enable Using Product Term Control 16R8, 16R6, 25 ns 

trn Input to Output Disable Using Product Term Control 16R4 25 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Calculated from measured fMAX internal. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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~AMO 
ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied ................. -55°C to + 125°C Operating in Free Air .............. 0°c to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground ............. -0.5 V to+ 7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -1.5 V to Vee+ 0.5 V 

DC Output or 1/0 Pin 
Operating tanges define those limits between which the func
tionality of the device is guaranteed. 

Voltage . . . . . . . . . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH = -3.2 mA V1N = V1H or V1L 2.4 
Vee= Min 

VoL Output LOW Voltage loL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage l1N = -18 mA, Vee= Min -1.2 

l1H Input HIGH Current V1N = 2.7 V, Vee =Max (Note 2) 25 

iiL Input LOW Current V1N = 0.4 V, Vee = Max (Note 2) -250 

11 Maximum Input Current V1N = 5.5 V, Vee = Max 100 

loZH Off-State Output Leakage VouT = 2.7 V, Vee =Max 100 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 3) -30 -130 

Ice Supply Current l16L8 V1N = O V, Outputs Open (louT = O mA) 155 
l 16R8/6/4 Vee= Max 180 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of l1L and lozL (or IJH and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vee= 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capac~ance V1N = 2.0 v Vee= 5.0 V 7 

TA= 25°c pF 
Cour Output Capacitance Vour= 2.0 V f = 1 MHz 7 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
Symbol Parameter Description Min Max Unit 

IPD Input or Feedback to 16L8, 16R6, 25 ns 
Combinatorial Output 16R4 

Is Setup Time from Input or Feedback to Clock 25 ns 

IH Hold Time 0 ns 

!co Clock to Output 15 ns 

lwL Clock Width LOW 15 ns 

lwH HIGH 15 ns 

Maximum 
External Feedback I 1/(ts +tea) 

16RB, 16R6, 
16R4 25 MHz 

IMAX Frequency Internal Feedback (fcNr) 28.5 MHz 
(Note4) 

No Feedback I 1/(IWH + IWL) 33 MHz 

IPZX OE to Output Enable 20 ns 

tpxz OE to Output Disable 20 ns 

IEA Input to Output Enable Using Product Term Control 16RB, 16R6, 25 ns 

IER Input to Output Disable Using Product Term Control 16R4 25 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Calculated from measured fMAx internal. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to +150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied ................. -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . 0°C to +75°C 
Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 
DC Input Voltage . . . . . . . . . . . . . . . -1.5 V to +5.5 V 

DC Output or 1/0 Pin Voltage . . . . . . . . . . . . . . 5.5 V 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH=-1 mA V1N = V1H or V1L 2.4 
Vee= Min 

VoL Output LOW Voltage loL= 8 mA V1N = V1H or V1L 0.5 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage l1N = -18 mA, Vee= Min -1.5 

liH Input HIGH Current V1N = 2.4 V, Vee = Max (Note 2) 25 

l1L l~t LOW Current V1N = 0.4 V, Vee = Max (Note 2) -250 

11 Maximum Input Current V1N = 5.5 V, Vee = Max 100 

loZH Off-State Output Leakage Vour = 2.4 V, Vee = Max 100 
Current HIGH V1N = V1Hor V1LJ.Note ~ 

loZL Off-State Output Leakage Vour = 0.4 V, Vee = Max -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max (Note 3) -30 -250 

Ice Supply Current V1N = O V, Outputs Open (lour= 0 mA) 55 
Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

~ 
µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of ftL and lozL (or f/H and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
Vour = 0.5 Vas been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 

Parameter 
Symbol Parameter Description Min Max Unit 

tPD Input or Feedback to 16L8, 16R6, 35 ns 
Combinatorial Output 16R4 

ts Setup Time from Input or Feedback to Clock 35 ns 

tH Hold Time 0 ns 

tea Clock to Output or Feedback 16R8, 16R6, 25 ns 

twL Clock Width LOW 16R4 25 ns 

twH HIGH 25 ns 

Maximum External Feedback 1/(ts +tea) 16 MHz 
IMAX Frequency 

(Note 2) No Feedback 1 /(twH + twL) 20 MHz 

tpzx OE to Output Enable 25 ns 

tpxz OE to Output Disable 25 ns 

tEA Input to Output Enable Using Product Term Control 16L8, 16R6, 35 ns 

tER Input to Output Disable Using Product Term Control 16R4 35 ns 

Notes: 

1. See Switching Test Circuit for test conditions. 

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature . . . . . . . . . . . -65°C to + 150°C 

Ambient Temperature 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
with Power Applied ............. -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . . . -55°C Min 

Supply Voltage with Operating Case (Tc) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V Temperature ....................... 125°C Max 
DC Input Voltage ............... -1.2 V to +5.5 V Supply Voltage (Vee) 
DC Input Current . . . . . . . . . . . . . . -30 mA to +5 mA 

DC Output or 1/0 Pin 

with Respect to Ground ........ +4.50 V to +5.50 V 

Voltage . . . . . . . . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

Static Discharge Voltage ................. 2001 V 

Note: 

1. Military products are tested at Tc= +25°C, +125°C, 
and-55°C, per MIL-STD-883. 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage loH =-2 mA V1N = V1H or V1L 2.4 v 
Vee= Min 

VoL Output LOW Voltage loL=12mA V1N = V1H or V1L 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

V1 Input Clamp Voltage liN= -18 mA, Vee= Min -1.2 v 
liH Input HIGH Current V1N = 2.7 V, Vee =Max (Note 4) 25 µA 

iiL Input LOW Current V1N = 0.4 V, Vee =Max (Note 4) -250 µA 

Ii Maximum Input Current V1N = 5.5 V, Vee = Max 1 mA 

lozH Off-State Output Leakage Vour = 2.7 V, Vee =Max 100 µA 
Current HIGH V1N = V1Hor V1L (Note 4) 

loZL Off-State Output Leakage Vour = 0.4 V, Vee = Max -100 µA 
Current LOW V1N = V1Hor V1L (Note 4) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max (Note 5) -30 -130 mA 

Ice Supply Current V1N = 0 V, Outputs Open (lour= 0 mA) 200 mA 
Vee= Max 

Notes: 

2. For APL Products, Group A. Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. VIL and VIH are input conditions of output tests and are not themselves directly tested. VIL and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of liL and lozL (or //Hand lozH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N 
. 1 Corner Pins 

V1N = 2.0 v Vee= 5.0 V 10 
Input Capacitance l Middle Pins TA= 25°c 5 pF 

Gour Output Capacitance Vour= 2.0 V f = 1 MHz 9 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 
-10 -12 

Parameter Min Min 
Symbol Parameter Description (Note3) Max (Note3) 

Input or Feedback to 16L8, 
tpo Combinatorial Output 

16R6, 3 10 3 
16R4 

ts Setup Time from Input or Feedback to Clock 10 10 

tH Hold Time 0 0 

tco Clock to Output 3 9 3 

lsKEW Skew Between Registered Outputs (Note 4) 1 

twL LOW 16R8, 8 8 

lwH 
Clock Width 

HIGH 
16R6, 
16R4 8 8 

Maximum External Feedback 11/(ts + tco) 52.6 47.6 

fMAX Frequency Internal Feedback (fcNr) 60.6 60.6 
(Note5) 

No Feedback I 1/(twH + twL) 62.5 62.5 

tpzx OE to Output Enable (Note 5) 3 10 3 

tpxz OE to Output Disable (Note 5) 3 10 3 

tEA Input to Output Enable Using Product 
16L8, 3 10 3 

Term Control (Note 5) 
16R6, 

tER Input to Output Disable Using Product 16R4 
3 Term Control (Note 5) 10 3 

Notes: 

2. See Switching Test Circuit for test conditions. For APL products Group A. Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. Minimum value for tpo, tco, tpzx, tpxz, tEA, and tER parameters should be used for simulation purposes 
only and are not tested. 

4. Skew is measured with all outputs switching in the same direction. 

Max Unit 

12 ns 

ns 

ns 

11 ns 

1 ns 

ns 

ns 

MHz 

MHz 

MHz 

12 ns 

12 ns 

12 ns 

12 ns 

5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... ~65°C to +150°C 

Ambient Temperature 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
with Power Applied . . . . . . . . . . . . . -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . . . -55°C Min 

Supply Voltage with Operating Case (Tc) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V Temperature ....................... 125°C Max 

DC Input Voltage ............... -1.5 V to +5.5 V Supply Voltage (Vee) 
DC Output or 1/0 Pin Voltage . . . . . . . . . . . . . . 5.5 V with Respect to Ground ........ +4.50 V to +5.50 V 

Note: Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

1. Military products are tested at Tc = +25° C, + 125° C, 
and-55°C, per MIL-STD-883. 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage loH = -2 mA V1N = V1H or V1L 2.4 v 
Vee= Min 

VoL Output LOW Voltage loL=12mA V1N = V1H or V1L 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

V1 Input Clamp Voltage l1N= -18 mA, Vee= Min -1.5 v 
l1H Input HIGH Current V1N = 2.4 V, Vee = Max (Note 4) 25 µA 

liL Input LOW Current V1N = 0.4 V, Vee =Max (Note 4) -250 µA 

11 Maximum Input Current V1N = 5.5 V, Vee = Max 1 mA 

lozH Off-State Output Leakage Vour = 2.4 V, Vee = Max 100 µA 
Current HIGH V1N = V1Hor V1L (Note 4) 

lozL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 µA 
Current LOW V1N = V1Hor V1L (Note 4) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max (Note 5) -30 -130 mA 

Ice Supply Current V1N = 0 V, Outputs Open (lour= O mA) 180 mA 
Vee= Max 

Notes: 

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. VJL and VJH are input conditions of output tests and are not themselves directly tested. VJL and VtH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of ltL and lozL (or ltH and IOZH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 v Vee= 5.0 V 9 

TA= 25°C pF 
CouT Output Capacitance VouT = 2.0 V I= 1 MHz 10 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 

Parameter 
Symbol Parameter Description Min Max 

lpo Input or Feedback to 16L8, 16R6, 20 
Combinatorial Output 16R4 

ts Setu_e_ Time from l~t or Feedback to Clock 20 

IH Hold Time 0 

lea Clock to Output or Feedback 15 

IWL 
Clock Width 

LOW 12 

twH HIGH 16L8, 16R6, 12 

fMAX Maximum External Feedback 1 /(Is +lea) 
16R4 

28.5 
Frequency 
(Note 3) No Feedback 1 /(lwH + lwL) 41.6 

tpzx OE to Output Enable (Note 4) 20 

lpxz OE to Output Disable (Note 4) 20 

IEA Input to Output Eriable Using Product 
Term Control (Note 4) 16L8, 16R6, 25 

IER Input to Output Disable Using Product 16R4 

Term Control (Note 4) 20 

Notes: 

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

ns 

ns 

ns 

ns 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature . . . . . . . . . . . -65°C to + 150°C 

Ambient Temperature 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
with Power Applied ............. -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . . . -55°C Min 

Supply Voltage with Operating Case (Tc) 
Respect to Ground ............. -0.5 V to +7.0 V Temperature ....................... 125°C Max 

Supply Voltage (Vee) DC Input Voltage . . . . . . . . . . . . . . . -1.5 V to +5.5 V 

DC Output or 1/0 Pin Voltage . . . . . . . . . . . . . . 5.5 V with Respect to Ground ........ +4.50 V to +5.50 V 

Note: Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

1. Military products are tested at Tc = +25° C, + 125° C, 
and-55°C, per MIL-STD-883. 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage loH =-2 mA V1N = V1H or V1L 2.4 v 
Vee= Min 

VoL Output LOW Voltage loL = 12 mA V1N = V1H or V1L 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

V1 Input Clamp Voltage l1N = -18 mA, Vee= Min -1.5 v 
liH Input HIGH Current V1N = 2.4 V, Vee = Max (Note 4) 25 µA 

liL Input LOW Current V1N = 0.4 V, Vee = Max (Note 4) -250 µA 

Ii Maximum Input Current V1N = 5.5 V, Vee = Max 1 mA 

loZH Off-State Output Leakage Vour = 2.4 V, Vee = Max 100 µA 
Current HIGH V1N = V1H or V1L (Note 4) 

loZl. Off-State Output Leakage Vour = 0.4 V, Vee = Max -100 µA 
Current LOW V1N = V1Hor V1L (Note 4) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max (Note 5) -30 -130 mA 

Ice Supply Current V1N = 0 V, Outputs Open (lour= 0 mA) 90 mA 
Vee= Max 

Notes: 

2. For APL Products, Group A. Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. VIL and V1H are input conditions of output tests and are not themselves directly tested. VIL and VIH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of liL and lozL (or llH and lozH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 v Vee= 5.0 V 7 
TA= 25°c pF 

Cour Output Capacitance Vour= 2.0 V f = 1 MHz 7 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 
Parameter 
Symbol Parameter Description Min Max 

tpo Input or Feedback to 16L8, 16R6, 30 
Combinatorial Output 16R4 

ts Setup Time from Input or Feedback to Clock 30 

tH Hold Time 0 

tea Clock to Output or Feedback 20 

lwL Clock Width LOW 16L8, 16R6, 20 

twH HIGH 16R4 20 

Maximum External Feedback 1/(ts +tea) 20 
IMAX Frequency 

(Note 3) No Feedback 1 /(twH + twL) 25 

tPZX OE to Output Enable (Note 4) 25 

tpxz OE to Output Disable (Note~ 25 

tEA Input to Output Enable Using Product 
Term Control (Note~ 16L8, 16R6, 30 

tER Input to Output Disable Using Product 
16R4 

Term Control (Note 4) 30 

Notes: 

2. See Switching Test Circuit for test conditions. For APL products Group A. Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

ns 

ns 

ns 

ns 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 

Ambient Temperature 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
with Power Applied ............. -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . . . -55°C Min 

Supply Voltage with Operating Case (Tc) 
Respect to Ground ............. -0.5 V to + 7.0 V Temperature ....................... 125°C Max 
DC Input Voltage ............... -1.5 V to+ 5.5 V Supply Voltage (Vee) 
DC Output or 1/0 Pin Voltage . . . . . . . . . . . . . . 5.5 V with Respect to Ground ........ +4.50 V to +5.50 V 

Note: 

1. Military products are tested at Tc = +25" C, + 125" C, 
and-55°C, per MJL-STD-883. 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage loH = -2 mA V1N = V1H or V1L 2.4 v 
Vee= Min 

VoL Output LOW Voltage IOL = 12 mA V1N = V1H or V1L 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

V1 Input Clamp Voltage l1N = -18 mA, Vee= Min -1.5 v 
l1H Input HIGH Current V1N = 2.4 V, Vee = Max (Note 4) 25 µA 

iiL Input LOW Current V1N = 0.4 V, Vee = Max (Note 4) -250 µA 

11 Maximum Input Current V1N = 5.5 V, Vee =Max 1 mA 

loZH Off-State Output Leakage Vour = 2.4 V, Vee = Max 100 µA 
Current HIGH V1N = V1H or V1LlNote '!2. 

lozL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 µA 
Current LOW V1N = V1Hor V1L (Note 4) 

lse Output Short-Circuit Current Vour = 0.5 V, Vee = Max (Note 5) -30 -130 mA 

Ice Supply Current V1N = O V, Outputs Open (lour= O mA) 180 mA 
Vee= Max 

Notes: 

2. For APL Products, Group A. Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. VIL and ViH are input conditions of output tests and are not themselves directly tested. V1L and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of /JL and IOZL (or IJH and lozH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

c,. Input Capacitance v,. = 2.0 v Vee= 5.0 V 7 
TA= 25°c 

pF CouT Output Capacitance VouT = 2.0 V f = 1 MHz 7 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 
Parameter 

Symbol Parameter Description Min Max 
tpo Input or Feedback to 16L8, 16R6, 30 

Combinatorial Output 16R4 

ts Setup Time from Input or Feedback to Clock 30 

tH Hold Time 0 

tea Clock to Output or Feedback 20 

twL Clock Width LOW 20 

twH HIGH 16L8, 16R6, 20 

Maximum External Feedback 1/(ts +tea) 
16R4 20 

fMAX Frequency 
(Note 3) No Feedback 1 /(twH + twL) 25 

tpzx OE to Output Enable (Note 4) 25 

tpxz OE to Output Disable (Note 4) 25 

tEA Input to Output Enable Using Product 
Term Control (Note 4) 16L8, 16R6, 30 

tER Input to Output Disable Using Product 16R4 

Term Control (Note 4) 30 

Notes: 

2. See Switching Test Circuit for test conditions. For APL products Group A. Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 

Unit 
ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

ns 

ns 

ns 

ns 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to +150°C 

Ambient Temperature 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
with Power Applied . . . . . . . . . . . . . -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . . . -55°C Min 

Supply Voltage with Operating Case (Tc) 
Respect to Ground ............. -0.5 V to + 7.0 V Temperature ....................... 125°C Max 
DC Input Voltage ............... -1.5 V to+ 5.5 v Supply Voltage (Vee) 
DC Output or 1/0 Pin Voltage . . . . . . . . . . . . . . 5.5 V with Respect to Ground ........ +4.50 V to +5.50 V 

Note: 

1. Military products are tested at Tc = +25° C, + 125° C, 
and-55°C, per MIL-STD-883. 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage loH= -1 mA V1N = V1H or V1L 2.4 v 
Vee= Min 

VOL Output LOW Voltage loL = 4 mA V1N = V1H or V1L 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

V1 Input Clamp Voltage liN= -18 mA, Vee= Min -1.5 v 
l1H Input HIGH Current V1N = 2.4 V, Vee = Max (Note 4) 25 µA 

iiL Input LOW Current V1N = 0.4 V, Vee =Max (Note 4) -250 µA 

Ii Maximum Input Current V1N = 5.5 V, Vee = Max 1 mA 

loZH Off-State Output Leakage Vour = 2.4 V, Vee =Max 100 µA 
Current HIGH V1N = V1Hor V1LlNote 4)_ 

loZL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 µA 
Current LOW V1N = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max (Note 5) -30 -250 mA 

Ice Supply Current V1N = O V, Outputs Open (lour= 0 mA) 55 mA 
Vee= Max 

Notes: 

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. VtL and VtH are input conditions of output tests and are not themselves directly tested. VtL and VJH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. VO pin leakage is the worst case of //L and lozL (or //Hand lozH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1) 

Parameter 
Symbol Parameter Description Min Max 

tpo Input or Feedback to 16L8, 16R6, 50 
Combinatorial Output 16R4 

ts Setl!e_ Time from l~ut or Feedback to Clock 50 

tH Hold Time 0 

tco Clock to Output or Feedback 25 

twL Clock Width LOW 25 

twH HIGH 16L8, 16R6, 25 
16R4 

Maximum External Feedback 1/(ts + tco) 13.3 
IMAX Frequency 

(Note 2) No Feedback 1 /(tWH + twL) 20 

tpzx OE to Output Enable (Note 3) 25 

tpxz OE to Output Disable (Note 3) 25 

tEA Input to Output Enable Using Product 45 
Term Control (Note 3) 16L8, 16R6, 

tER Input to Output Disable Using Product 
16R4 

45 
Term Control (Note 3) 

Notes: 

1. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

ns 

ns 

ns 

ns 

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SWITCHING WAVEFORMS 

Input or 
Feedback 

Combinatorial 
Output 

Clock 

Registered 
Output 1 

Registered 
Output2 

Input 

-~-VT 

tER 

16492C-12 

Combinatorial Output 

16492C-14 

Registered Output Skew 

tEA 

Output >-+-Hli-----r+-++- VT 
------I.-'-~ 

Notes: 

16492C-16 

Input to Output Disable/Enable 

1. VT= 1.5 V 
2. Input pulse amplitude O V to 3. O V 
3. Input rise and fall times 2 ns-3 ns typical. 

Input or 
Feedback ----

Clock ---------

Registered 
Output ________ _ 

Registered Output 

Clock 

Clock Width 

tPXZ 

Output 

VT 

16492C-13 

VT 

16492C-15 

16492C-17 

OE to Output Disable/Enable 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

\\\\\ May Will be 
Change Changing 
from H to L from H to L 

//Ill May Will be 
Change Changing 
from L to H from L to H 

™ 
Don't Care, Changing, 
Any Change State 
Permitted Unknown 

}11-fil Does Not Center 
Apply Line is High-

Impedance 
"Off" State 

KSOOOO 10-PAL 

SWITCHING TEST CIRCUIT 

5V 

Test Point 

16492C-1B 

Commercial Military 
Measured 

Specification S1 CL R1 R2 R1 R2 Output Value 

tPo, tea Closed All but All but All but All but 
8-4: 8-4: 8-4: 8-4: 1.5 v 

tpzx, tEA Z--> H: Open 50 pF 2oon 390n 390 n 750 n 
Z --> L: Closed 

1PXZ, 1ER H -->Z: Open 5 pF 8-4: 8-4: 8-4: 8-4: H --;Z: VoH - 0.5 V 
L --> Z: Closed 800 n 1.56 kn 800 n 1.56 kn L --;Z: VoL + 0.5 V 
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MEASURED SWITCHING CHARACTERISTICS for the PAL 16R8-5 
Vee= 4.75 V, TA= 75°C (Note 1) 

5.0 

4.5 

!PD, ns 4.o 

3.5 

10 

8 

!PD, ns 6 

4 

2 

0 

Note: 

2 3 4 5 6 7 

Number of Outputs Switching 

tpo vs. Number of Outputs Switching 

50 100 150 

CL pF 

tpo vs. Load Capacitance 
Vee= 5.25 V, TA= 25°C 

200 

-5 

8 

16492C-19 

-5 

250 

16492C-20 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where tpo may be affected. 
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CURRENT VS. VOLTAGE (1-V} CHARACTERISTICS for the PAL 16R8-4/5 
Vee= 5.0 V, TA = 25°C 

loL, mA 

15 

Output, LOW 

20 IOH, mA 

VoH, V 
-3 -2 -1 

60 

80 

-90 

16492e-22 

Output, HIGH 

11,µA 

20 
2 3 

-3 -2 -1 

-100 

-150 

-200 

16492C-23 

Input 

PAL16R8·5 

AMO~ 
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MEASURED SWITCHING CHARACTERISTICS for the PAL 16R8-7 
Vee= 4.75 V, TA= 75°C (Note 1) 

!PD, ns 

2 3 4 5 6 7 8 

NUMBER OF OUTPUTS SWITCHING 

tpo vs. Number of Outputs Switching 

lPD, ns 

10 30 50 70 90 

CL, pF 

tpo vs. Load Capacitance 

Note: 

16492C-24 

110 

16492e-25 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where IPD may be affected. 
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CURRENT VS. VOLTAGE (1-V) CHARACTERISTICS for the PAL 16R8-7 
Vee= 5.0 V, TA = 25°C 

loL, mA 

15 

10 

5 

--0.6 --0.4 --0.2 
-5 

-10 

-15 
16492C-26 

Output, LOW 

loH, mA 

20 

VoH, V 
-3 -2 -1 

PAL16R8·7 

AMO~ 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Input 

2-46 

ProgramNerify 
Circuitry 

Typical Input 

Input, 
110 

Pins 

Typical Output 

PAL16R8-5 

16492C-29 

ProgramNerify/ 
Test Circuitry 

Pre load 
Circuitry 

16492C-30 



POWER-UP RESET 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will be HIGH due to the inverting output 
buffer. This feature is valuable in simplifying state ma
chine initialization. A timing diagram and parameter ta
ble are shown below. Due to the synchronous operation 
of the power-up reset and the wide range of ways Vee 

Parameter 
Symbol Parameter Description 

IPR 

Is 

IWL 

Power-Up Reset Time 

Input or Feedback Setup Time 

Clock Width LOW 

Power 

Registered 
Active-Low 

Output 

Clock 

AMO~ 
can rise to its steady state, two conditions are required 
to ensure a valid power-up reset. These conditions are: 

• The Vee rise must be monotonic. 

• Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed
back setup times are met. 

Max Unit 

1000 ns 

See Switching 
Characteristics 

Vee 

16492C-31 

Power-Up Reset Waveform 
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FINAL COM'L: H-5/7/10/15/25, Q-10/15/25 
IND: H-10/15/25, Q-20/25 

MIL: H-15/20/25 

~ 
PALCE16V8 Family 
EE CMOS 20-Pin Universal Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• Pin, function and fuse-map compatible with all 
20-pin GAL devices 

• Electrically erasable CMOS technology 
provides reconfigurable logic and full 
testability 

• High-speed CMOS technology 

- 5 ns propagation delay for "-5" version 

- 7.5 ns propagation delay for"-?" version 

• Direct plug-in replacement for the PAL 16R8 
series and most of the PAL 10H8 series 

• Outputs programmable as registered or 
combinatorial in any combination 

GENERAL DESCRIPTION 
The PALCE16V8 is an advanced PAL device built with 
low-power, high-speed, electrically-erasable CMOS 
technology. It is functionally compatible with all 20-pin 
GAL devices. The macro cells provide a universal device 
architecture. The PALCE16V8 will directly replace the 
PAL 16R8 and PAL 1 OH8 series devices, with the excep
tion of the PAL 16C1. 

The PALCE16V8 utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 
complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa
tions are programmed into the device through floating
gate cells in the AND logic array that can be erased 
electrically. 

The fixed OR array allows up to eight data product terms 
per output for logic functions. The sum of these products 

2-48 

• Programmable output polarity 

• Programmable enable/disable control 

• Preloadable output registers for testability 

• Automatic register reset on power up 

• Cost-effective 20-pin plastic DIP, PLCC, and 
SOIC packages 

• Extensive third-party software and programmer 
support through FusionPLD partners 

• Fully tested for 100% programming and 
functional yields and high reliability 

• 5 ns version utilizes a split leadframe for 
improved performance 

feeds the output macrocell. Each macrocell can be pro
grammed as registered or combinatorial with an active
high or active-low output. The output configuration is 
determined by two global bits and one local bit 
controlling four multiplexers in each macrocell. 

AM D's FusionPLD program allows PALCE16V8 de
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMO certifies that the tools 
provide accurate, quality support. By ensuring thatthird
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the PLO Software Reference Guide for certified devel
opment systems and the Programmer Reference Guide 
for approved programmers. 

Publication# 16493 Rev. C Amendment/O 

Issue Date: October 1994 



BLOCK DIAGRAM 

CONNECTION DIAGRAMS 
Top View 

DIP/SOIC 

CLKl/o Vee 

11 l/07 

12 1106 

b I/Os 

14 l/04 

Is 1/03 

Is l/02 

17 1/01 

la l!Oo 

GND OE/lg 

16493e-2 

Note: Pin 1 is marked for orientation 

PIN DESIGNATIONS 
CLK Clock 
GND Ground 
I Input 
1/0 Input/Output 
OE Output Enable 
Vee Supply Voltage 

11 -18 

Programmable AND Array 
32 x 64 

PALCE16V8 Family 

13 

l4 

Is 

l5 

l7 

AMO~ 

16493e-1 

PLCC/LCC 

.5? 
:;;:: (.) 

,._ 
_J (.) ~ ..£-! ..-" u > 

1 

• 
4 18 l/05 

5 I/Os 

6 l/04 

7 l/03 

8 1102 

g 10 11 12 13 

_!!? 0 ..!!' 0 g-z I~ ~ (.'.) 
16493e-3 
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ORDERING INFORMATION 

Commercial and Industrial Products 
AMD programmable logic products for commercial and industrial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of: 

PAL CE 16 V 8 H ·5 

FAMILY TYPE T 
PAL = Programmable Array Logic 

TECHNOLOGY ~--------------~ 
CE = CMOS Electrically Erasable 

NUMBER Of~--------------------' 
ARRAY INPUTS 
OUTPUTTYPE~--------------------~ 

V = Versatile 

NUMBER OF FLIP-FLOPS ------------' 

POWER ~-----------------------------' 
H = Half Power (90 - 125 mA Ice) 
Q = Quarter Power (55 mA Ice) 

SPEED~~~~~~~~~~~~~~~~~~ 

-5 = 5 nstPD 
-7 = 7.5 ns !PD 

-10 = 10 ns !PD 
-15 = 15 ns tPD 
-20 = 20 ns !PD 
-25 = 25 ns !PD 

Valid Combinations 

PALCE16V8H-5 JC 

PALCE16V8H-7 PC,JC 
15 

PALCE16V8H-10 PC, JC, SC, Pl, JI 14 

PALCE16V80-10 PC,JC, SC 15 

PALCE16V8H-15 PC, JC, SC, Pl, JI 

PALCE16V80-15 PC.JC 

PALCE16V80-20 Pl.JI Blank, 
PALCE16V8H-25 PC JC SC Pl JI 14 

PALCE16V80-25 PC, JC, Pl, JI 

p c 15 

~ OPTIONAL PROCESSING 
Blank = Standard Processing 

PROGRAMMING DESIGNATOR 
Blank = Initial Algorithm 

14 First Revision 
15 = Second Revision 

(Same Algorithm as /4) 

OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 
I = Industrial (-40°C to +85°C) 

PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
J = 20-Pin Plastic Leaded Chip 

Carrier (PL 020) 
S = 20-Pin Plastic Gull-Wing 

Small Outline Package (SO 020) 

Valid Combinations 

Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

2·50 PALCE16V8H·5/7/10/15/25, 0·10/15/25 (Com'I) 
H-10/15/25, 0·20/25 (Ind) 



ORDERING INFORMATION 

APL Products (Military) 

AMO~ 

AMO programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: 

PAL CE 16 V 8 H -15 ES /B R A 

FAMILY TYPE T 
PAL = Programmable Array Logic 

TECHNOLOGY-----------' 
CE = CMOS Electrically Erasable 

NUMBER OF ----------~ 
ARRAY INPUTS 

OUTPUT TYPE-----------~ 
V = Versatile 

NUMBER OF FLIP-FLOPS ---------' 

POWER ---------------~ 
H = Half Power (130 mA Ice) 

SPEED 
-15 15 ns tpo 
-20 20 ns !PD 

-25 25 ns !PD 

Valid Combinations 

PAL CE 16V8H-15 E4 

PAL CE 16V8H-20 
!BRA 

Blank, /B2A 
PAL CE 16V8H-25 E4 

Military Burn-In 

~ LEAD FINISH 
A = Hot Solder Dip 

PACKAGE TYPE 
R = 20-Pin Ceramic DIP (CD 020) 
2 = 20-Pin Ceramic Leadless 

Chip Carrier (CL 020) 

DEVICE CLASS 
/B = Class B 

PROGRAMMING DESIGNATOR 
Blank = Initial Release 

E4 = First Revision 
(Different Algorithm from 
Blank) 

Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

Group A Tests 

Group A tests consist of Subgroups 
1' 2, 3, 7, 8, 9, 1 0, 11. 

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 
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FUNCTIONAL DESCRIPTION 
The PALCE16V8 is a universal PAL device. It has eight 
independently configurable macrocells (MCo-MC?). 
Each macrocell can be configured as registered output, 
combinatorial output, combinatorial 1/0 or dedicated in
put. The programming matrix implements a program
mable AND logic array, which drives a fixed OR logic 
array. Buffers for device inputs have complementary 
outputs to provide user-programmable input signal po
larity. Pins 1 and 11 serve either as array inputs or as 
clock (CLK) and output enable (OE), respectively, for all 
flip-flops. 

Unused input pins should be tied directly to Vee or GND. 
Product terms with all bits unprogrammed (discon
nected) assume the logical HIGH state and product 
terms with both true and complement of any input signal 
connected assume a logical LOW state. 

The programmable functions on the PALCE16V8 are 
automatically configured from the user's design 

SG1 

specification, which can be in a number of formats. The 
design specification is processed by development soft
ware to verify the design and create a programming file. 
This file, once downloaded to a programmer, configures 
the device according to the user's desired function. 

The user is given two design options with the 
PALCE16V8. First, it can be programmed as a standard 
PAL device from the PAL 16R8 and PAL 1 OHS series. 
The PAL programmer manufacturer will supply device 
codes for the standard PAL device architectures to be 
used with the PALCE16V8. The programmer will pro
gram the PALCE16V8 in the corresponding architec
ture. This allows the user to use existing standard PAL 
device JEDEC files without making any changes to 
them. Alternatively, the device can be programmed as 
a PALCE16V8. Here the user must use the PALCE16V8 
device code. This option allows full utilization of the 
macrocell. 

OE 

Vee 

To 
Adjacent 
Macrocell 

I/Ox 
r-----"""1 D Qi-----t 

-= SL1x CLK 

*Jn macrocells MCo and MC?, SG1 is replaced by SGD on the feedback multiplexer. 

PALCE16V8 Macrocell 
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From 
Adjacent 
Pin 
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Configuration Options 
Each macrocell can be configured as one of the follow
ing: registered output, combinatorial output, combinato
rial 1/0, or dedicated input. In the registered output 
configuration, the output buffer is enabled by the OE pin. 
In the combinatorial configuration, the buffer is either 
controlled by a product term or always enabled. In the 
dedicated input configuration, it is always disabled. With 
the exception of MCo and MC?, a macrocell configured 
as a dedicated input derives the input signal from an ad
jacent 1/0. MCo derives its input from pin 11 (OE) and 
MC? from pin 1 (CLK). 

The macrocell configurations are controlled by the con
figuration control word. It contains 2 global bits (SGO 
and SG1) and 16 local bits (SLOothrough SLQ7 and SL 1 o 
through SL 17). SGO determines whether registers will 
be allowed. SG1 determines whether the PALCE16V8 
will emulate a PAL 16R8 family or a PAL 1 OHS family de
vice. Within each macrocell, SLOx, in conjunction with 
SG1, selects the configuration of the macrocell, and 
SL 1 x sets the output as either active low or active high 
for the individual macrocel!. 

The configuration bits work by acting as control inputs 
for the multiplexers in the macrocell. There are four mul
tiplexers: a product term input, an enable select, an out
put select, and a feedback select multiplexer. SG1 and 
SLOx are the control signals for all four multiplexers. In 
MCo and MC?, SGO replaces SG 1 on the feedback mul
tiplexer. This accommodates CLK being the adjacent 
pin for MC? and OE the adjacent pin for MCo. 

Registered Output Configuration 
The control bit settings are SGO = 0, SG1=1 and SLOx = 
0. There is only one registered configuration. All eight 
product terms are available as inputs to the OR gate. 
Data polarity is determined by SL 1 x. The flip-flop is 
loaded on the LOW-to-HIGH transition of CLK. The 
feedback path is from a on the register. The output 
buffer is enabled by OE. 

Combinatorial Configurations 
The PALCE16V8 has three combinatorial output con
figurations: dedicated output in a non-registered device, 
1/0 in a non-registered device and 1/0 in a registered 
device. 

Dedicated Output in a Non-Registered 
Device 
The control bit settings are SGO = 1, SG1 = O and SLQ, = 
0. All eight product terms are available to the OR gate. 
Although the macrocell is a dedicated output. the feed
back is used, with the exception of pins 15 and 16. Pins 
15 and 16 do not use feedback in this mode. Because 
CLK and OE are not used in a non-registered device, 
pins 1 and 11 are available as input signals. Pin 1 will 

AMO~ 
use the feedback path of MC? and pin 11 will use the 
feedback path of MCo. 

Combinatorial 1/0 in a Non-Registered 
Device 

The control bit settings are SGO = 1, SG 1 = 1, and SL Ox= 
1. Only seven product terms are available to the OR 
gate. The eighth product term is used to enable the out
put buffer. The signal at the 1/0 pin is fed back to the 
AND array via the feedback multiplexer. This allows the 
pin to be used as an input. 

Because CLK and OE are not used in a non-registered 
device, pins 1 and 11 are available as inputs. Pin 1 will 
use the feedback path of MC, and pin 11 will use the 
feedback path of MCo. 

Combinatorial 1/0 in a Registered Device 
The control bit settings are SGO = 0, SG1 = 1 and SLOx = 
1. Only seven product terms are available to the OR 
gate. The eighth product term is used as the output 
enable. The feedback signal is the corresponding 1/0 
signal. 

Dedicated Input Configuration 
The control bit settings are SGO = 1, SG1 = 0 and SLOx = 
1. The output buffer is disabled. Except forMCo and MC? 
the feedback signal is an adjacent 1/0. For MCo and MC? 
the feedback signals are pins 1 and 11. These configu
rations are summarized in Table 1 and illustrated in 
Figure 2. 

Table 1. Macrocell Conti uration 

SGO SG1 SLOx Cell Configuration Devices Emulated 
Device Uses Re isters 

0 

0 

0 

0 

0 Registered Output PAL 16R8, 16R6, 
16R4 

Combinatorial 1/0 PAL 16R6, 16R4 
Device Uses No Re 

0 Combinatorial 
Output 

Input 

Combinatorial 110 

PAL 1 OHS, 12H6, 
14H4, 16H2, 1 OLS, 
12L6, 14L4, 16L2 
PAL 12H6, 14H4, 
16H2, 12L6, 14L4, 
16L2 
PAL 16L8 

Programmable Output Polarity 
The polarity of each macrocell can be active-high or ac
tive-low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing" 
efforts. 

Selection is through a programmable bit SL 1, which 
controls an exclusive-OR gate at the output of the AND/ 
OR logic. The output is active high if SL 1 xis 1 and active 
low if SL 1x is 0. 
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OE--------------. 

r-----1 D Q 

CLK a 

Registered Active Low 

Combinatorial 1/0 Active Low 

Vee 

Note 1 

Combinatorial Output Active Low 

Notes: 
1. Feedback is not available on pins 15 

and 16 in the combinatorial output mode. 

2. This configuration is not available on pins 15 and 16. 

OE -------------, 

Yl----l D Q 

CLK 0 

Registered Active High 

Combinatorial 1/0 Active High 

Vee 

Note 1 

Combinatorial Output Active High 

Dedicated Input 

Adjacent 1/0 pin 

Note 2 

16493C-5 

Figure 2. Macrocell Configurations 
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Power-Up Reset 
All flip-flops power up to a logic LOW for predictable sys
tem initialization. Outputs of the PALCE16V8 will de
pend on whether they are selected as registered or 
combinatorial. If registered is selected, the output will be 
HIGH. If combinatorial is selected, the output will be a 
function of the logic. 

Register Preload 
The register on the PALCE16V8 can be preloaded from 
the output pins to facilitate functional testing of complex 
state machine designs. This feature allows direct load
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. 

Security Bit 
A security bit is provided on the PALCE16V8 as a deter
rent to unauthorized copying of the array configuration 
patterns. Once programmed, this bit defeats readback 
and verification of the programmed pattern by a device 
programmer, securing proprietary designs from com
petitors. The bit can only be erased in conjunction with 
the array du ring an erase cycle. 

Electronic Signature Word 
An electronic signature word is provided in the 
PALCE16V8 device. It consists of 64 bits of programm
able memory that can contain user-defined data. The 
signature data is always available to the user independ
ent of the security bit. 

AMO~ 
Programming and Erasing 
The PALCE16V8 can be programmed on standard logic 
programmers. It also may be erased to reset a previ
ously configured device back to its virgin state. Erasure 
is automatically performed by the programming hard
ware. No special erase operation is required. 

Quality and Testability 
The PALCE16V8 offers a very high level of built-in qual
ity. The erasability of the device provides a direct means 
of verifying performance of all AC and DC parameters. 
In addition, this verifies complete programmability and 
functionality of the device to provide the highest pro
gramming yields and post-programming functional 
yields in the industry. 

Technology 
The high-speed PALCE16V8 is fabricated with AM D"s 
advanced electrically erasable (EE) CMOS process. 
The array connections are formed with proven EE cells. 
Inputs and outputs are designed to be compatible with 
TTL devices. This technology provides strong input 
clamp diodes, output slew-rate control, and a grounded 
substrate for clean switching. 
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LOGIC DIAGRAM 
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16493C-6 
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LOGIC DIAGRAM (continued) 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to +150°C 

OPERATING RANGES 
Commercial (C) Devices 

Temperature (TA) Operating Ambient Temperature 
with Power Applied ............. -55°C to + 125°C in Free Air ....................... 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) with 
Respect to Ground ............. -0.5 V to +7.0 V Respect to Ground ............ +4.75 V to +5.25 V 

DC Input Voltage ........... -0.5 V to Vee + 0.5 V 

DC Output or 110 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Pin Voltage .......... . -0.5 V to Vee+ 0.5 V 

Static Discharge Voltage . . . . . . . . . . . 2001 v 
Latchup Current 
(TA= 0°C to 75°C) ..................... 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VOH Output HIGH Voltage loH = -3.2 mA VIN = V1H or VtL 2.4 

Vee= Min 

VoL Output LOW Voltage Im= 24 mA VtN = V1H or VtL 0.5 

Vee= Min 

VtH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

ltH Input HIGH Leakage Current VtN = 5.25 V, Vee = Max (Note 2) 10 

ltL Input LOW Leakage Current VtN = O V, Vee = Max (Note 2) -100 

IOZH Off-State Output Leakage VouT = 5.25 V, Vee = Max 10 

Current HIGH VtN = VtH or VtL (Note 2) 

lozL Off-State Output Leakage VouT = o V, Vee = Max -100 

Current LOW VtN = VtH or VIL (Note 2) 

lse Output Short-Circuit Current VouT = 0.5 V, Vee= Max (Note 3) -30 -150 

Ice Supply Current Outputs Open (IOUT = 0 mA), VtN = 0 V 125 
(Static) Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. 110 pin leakage is the worst case of l1L and lozL (or //H and lozH). 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
VouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Descriptions Test Conditions Typ Unit 

C1N Input Capacitance VIN= 2.0 V J Vee= 5.0 V, TA= 25°C, 5 pF 

CouT Output Capacitance VouT= 2.0 V l f = 1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter Min 
Symbol Parameter Description (Note 5) Max Unit 

IPD Input or Feedback to Combinatorial Output 1 5 ns 

ts Setup Time from Input or Feedback to Clock 3 ns 

1H Hold Time 0 ns 

teo Clock to Ou~t 1 4 ns 

ISKEWR Skew Between Registered Outputs (Note 4) 1 ns 

tWL LOW 3 ns 
Clock Width 

tWH HIGH 3 ns 

Maximum 
External Feedback l 1/(ts+teo) 142.8 MHz 

IMAX Frequency Internal Feedback (feNT) 166 MHz 
(Note 3) 

No Feedback 1 1 /(tWH+tWL) 166 MHz 

IPZX OE to Output Enable 1 6 ns 

tPXZ OE to Output Disable 1 5 ns 

IEA Input to Output Enable Using Product Term Control 2 6 ns 

!ER Input to Output Disable Using Product Term Control 2 5 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. Skew testing takes into account pattern and switching direction differences between outputs that have equal loading. 

5. Output delay minimums for tpo, tco tPZx tpxz tEA and tER are defined under best case conditions. Future process improve
ments may alter these values therefore, minimum values are recommended for simulation purposes only. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .......... -65°C to +150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Temp9r.ature (TA) 
Power Applied . . . . . . . . . . . . . . . . -55°C to + 125°C Operating in Free Air .............. 0°C to +75°C 

Supply Voltage with Respect Supply Voltage (Vee) 
to Ground .................... -0.5 V to + 7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -0.5 V to Vee+ 1.0 V 

DC Output or 1/0 
Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee + 1.0 V 

Operating Ranges define those limits between which the func
tionality of the device is guaranteed. 

Static Discharge Voltage ................. 2001 V 

Latchup Current 
(TA= 0°C to +75°C) .................... 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating r11nges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

YOH Output HIGH Voltage loH = -3.2 mA YIN= V1Hor V1L 2.4 

Vee= Min 

VOL Output LOW Voltage Im= 24 mA YIN = YIH or V1L 0.5 

Vee= Min 

YIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

llH Input HIGH Leakage Current V1N = 5.5 V, Vee = Max (Note 2) 10 

liL Input LOW Leakage Current YIN = 0 V, Vee = Max (Note 2) -100 

lozH Off-State Output Leakage VouT = 5.5 V, Vee= Max, 10 
Current HIGH V1N = VIL or V1H (Note 2) 

IOZL Off-State Output Leakage VouT = o V, Vee = Max -100 
Current LOW YIN= VIL or V1H (Note 2} 

lse Output Short-Circuit Current VouT = 0.5 V, Vee= Max (Note 3) -30 -150 

Ice Supply Current Outputs Open, (lour= 0 mA), 115 
(Dynamic) Vee = Max, f = 25 MHz 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 

2. 110 pin leakage is the worst case of l1L and IOZL (or l1H and JozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 V J Vee = 5.0 V, TA = 25°C 5 pF 

CouT Output Capacitance VouT = 2.0 V 1f=1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter Min 
Symbol Parameter Description (Note 5) Max Unit 

tPD Input or Feedback to Combinatorial Output 1 8 Outputs Switching 3 7.5 ns 

J 1 Output Switching 3 7 ns 

ts Setup Time from Input or Feedback 5 ns 

1H Hold Time 0 ns 

teo Clock to Output 1 5 ns 

tSKEWR Skew Between Registered Outputs (Note 4) 1 ns 

tWL LOW 4 ns 
Clock Width 

tWH HIGH 4 ns 

Maximum External Feedback l 1/(ts + teo) 100 MHz 

fMAX Frequency Internal Feedback (feNT) 125 MHz 
(Note 3) 

No Feedback l 1 /(IWH + twl) 125 MHz 

tPZX OE to Output Enable 1 6 ns 

tPXA OE to Output Disable 1 6 ns 

!EA Input to Output Enable Using Product Term Control 3 9 ns 

tER Input to Output Disable Using Product Term Control 3 9 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. Skew testing takes into account pattern and switching direction differences between outputs that have equal loading. 

5. Output delay minimums for /po, tea fpzx tpxz tEA and tERare defined under best case conditions. Future process improvements 
may alter these values therefore, minimum values are recommended for simulation purposes only 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 

Ambient Temperature 

OPERATING RANGES 
Commercial (C) Devices 

Temperature (TA) Operating 
with Power Applied ............. -55°C to + 125°C in Free Air ....................... 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) with 
Respect to Ground . . . . . . . . . . . . -0.5 V to + 7.0 V Respect to Ground ............ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

DC Output or 110 

Industrial (I) Devices 

Temperature (TA) Operating 
Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee + 0.5 V in Free Air . . . . . . . . . . . . . . . . . . . . . -40°C to +85°C 

Static Discharge Voltage ................. 2001 V Supply Voltage (Vee) with 

Latchup Current Respect to Ground .............. +4.5 V to +5.5 V 

(TA= -40°C to +85°C) .................. 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges 
Parameter 

Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage loH = -3.2 mA V1N = V1H or V1L 2.4 v 
Vee= Min 

VoL Output LOW Voltage IOL = 24 mA V1N = V1H or V1L 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage Current VIN = 5.25 V, Vee= Max (Note 2) 10 µA 

liL Input LOW Leakage Current VIN = 0 V, Vee= Max (Note 2) -100 µA 

IOZH Off-State Output Leakage VouT = 5.25 V, Vee = Max 10 µA 

Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage VouT = o V, Vee= Max -100 µA 
Current LOW VIN= V1H or VIL (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V Vee = Max (Note 3) -30 -150 mA 

Ice Commercial Supply Current Outputs Open (louT = 0 mA) 115 mA 
(Dynamic) Vee= Max, f = 15 MHz 

Industrial Supply Current 130 mA 

Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. 110 pin leakage is the worst case of IJL and lozL (or IJH and lozH). 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Descriptions Test Conditions Typ Unit 

GIN Input Capacitance V1N = 2.0 V J Vee= 5.0 V, TA= 25°C, 5 pf 

CouT Output Capacitance VOUT= 2.0 V l f = 1 MHz 8 pf 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges 
(Note 2) 

Parameter Min 
Symbol Parameter Description (Note 4) Max Unit 

tpo Input or Feedback to Combinatorial Output 3 10 ns 

ts Setup Time from Input or Feedback to Clock 7.5 ns 

tH Hold Time 0 ns 

teo Clock to Output 3 7.5 ns 

tWL LOW 6 ns 
Clock Width 

HIGH 6 twH ns 

External Feedback 11/(ts+teo) 66.7 MHz 
Maximum 

fMAX Frequency Internal Feedback (feNT) 71.4 MHz 
(Note3) 

No Feedback I 1 /(twH+twL) 83.3 MHz 

tPZX OE to Output Enable 2 10 ns 

tPXZ OE to Output Disable 2 10 ns 

tEA Input to Output Enable Using Product Term Control 3 10 ns 

!ER Input to Output Disable Using Product Term Control 3 10 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. Output delay minimums for tPo, tco, tpzx, tpxz, tEA, and tER are defined under best case conditions. Future process improve
ments may alter these values therefore, minimum values are recommended for simulation purposes only. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 

Ambient Temperature 

OPERATING RANGES 
Commercial (C) Devices 

Temperature (TA) Operating 
with Power Applied ............. -55°C to + 125°C in Free Air ....................... 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) with 
Respect to Ground ............. -0.5 V to +7.0 V Respect to Ground ............ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

DC Output or 1/0 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

Static Discharge Voltage ................. 2001 V 

Latchup Current 
(TA= 0°C to 75°C) ..................... 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH =-3.2 mA VIN = V1H or VIL 2.4 

Vee= Min 

VOL Output LOW Voltage Im= 24 mA VIN = V1H m VIL 0.5 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for alt Inputs (Note 1) 

V1L Input LOW Voltage Guamnteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

llH Input HIGH Leakage Current V1N = 5.25 V, Vee = Max (Note 2) 10 

liL Input LOW Leakage Current VIN = 0 V, Vee = Max (Note 2) -100 

loZH Off-State Output Leakage Vour = 5.25 V, Vee = Max 10 
Current HIGH V1N = V1H or VIL (Note 2) 

IOZL Off-State Output Leakage Vour = o V, Vee = Max -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee= Max (Note 3) -30 -150 

Ice Supply Current (Dynamic) Outputs Open (lour= O mA) 55 
Vee= Max, I= 15 MHz 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. 110 pin leakage is the worst case of l1L and loZL (or l1H and IOZH). 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Descriptions Test Conditions Typ Unit 

C1N Input Capacitance VIN= 2.0 V J Vee= 5.0 V, TA= 25°C, 5 pF 

CouT Output Capacitance VOUT= 2.0 V l f = 1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter Min 
Symbol Parameter Description (Note 4) Max Unit 

tpo Input or Feedback to Combinatorial Output 3 10 ns 

ts Setup Time from Input or Feedback to Clock 7.5 ns 

tH Hold Time 0 ns 

teo Clock to Output 3 7.5 ns 

tWL LOW 6 ns 
Clock Width 

twH HIGH 6 ns 

External Feedback I 1/(ts+tco) 66.7 MHz 
Maximum 

IMAX Frequency Internal Feedback (fcNT) 71.4 MHz 
(Note 3) 

No Feedback I 1 /(tWH+tWL) 83.3 MHz 

tPZX OE to Output Enable 2 10 ns 

tpxz OE to Output Disable 2 10 ns 

tEA Input to Output Enable Using Product Term Control 3 10 ns 

tER Input to Output Disable Using Product Term Control 3 10 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested. but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. Output delay minimums for tpa, tco, tpzx tpxz tEA and trnare defined under best case conditions. Future process improve
ments may alter these values therefore, minimum values are recommended for simulation purposes only. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 1 so0 c 

Ambient Temperature 

OPERATING RANGES 
Commercial (C) Devices 

Temperature (TA) Operating 
with Power Applied ............. -55°C to + 125°C in Free Air ....................... 0°c to +75°C 

Supply Voltage with Supply Voltage (Vee) with 
Respect to Ground . . . . . . . . . . . . -0.5 V to + 7.0 V Respect to Ground ............ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

DC Output or 110 
Industrial (I) Devices 

Temperature (TA) Operating 
Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee + 0.5 V in Free Air . . . . . . . . . . . . . . . . . . . . . -40°C to +85°C 

Static Discharge Voltage ................. 2001 V Supply Voltage (Vee) with 

Latchup Current Respect to Ground .............. +4.5 V to +5.5 V 

(TA = -40°C to +85°C) . . . . . . . . . . . . . . . . . . 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges 
Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VOH Output HIGH Voltage IOH = -3.2 mA VIN = V1H or VIL 2.4 v 
Vee= Min 

Vol Output LOW Voltage loL = 24 mA V1N = V1H or V1L 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 1) 

llH Input HIGH Leakage Current V1N = 5.25 V, Vee = Max (Note 2) 10 µA 

hL Input LOW Leakage Current V1N = 0 V, Vee =Max (Note 2) -100 µA 

loZH Off-State Output Leakage Vour = 5.25 V, Vee = Max 10 µA 
Current HIGH V1N = V1H or VIL {Note 2) 

IOZL Off-State Output Leakage Vour = o V, Vee = Max -100 µA 
Current LOW VIN = V1H or V1L {Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max (Note 3) -30 -150 mA 

Ice Commercial Supply Current Outputs Open (lour= O mA) H 90 
mA 

(Dynamic) Vee= Max, f = 15 MHz Q 55 

Ice Industrial Supply Current Outputs Open (lour= O mA) H 130 
(Dynamic) Vee= Max, I= 15 MHz Q 65 

mA 

Notes: 

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. 110 pin leakage is the worst case of IJL and lozL (or IJH and lozH). 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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AMO r. 
CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Descriptions Test Conditions Typ Unit 

C1N Input Capacitance VIN= 2.0 V 1 Vee= 5.0 V, TA= 25°C, 5 pF 

Cour Output Capacitance VOUT= 2.0 V f = 1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges 
(Note 2) 

Parameter 
-15 -20 -25 

Symbol Parameter Description Min Max Min Max Min Max Unit 

lPD Input or Feedback to Combinatorial Output 15 20 25 ns 

ts Setup Time from Input or Feedback to Clock 12 13 15 ns 

lH Hold Time 0 0 0 ns 

teo Clock to Output 10 11 12 ns 

lWL LOW 8 10 12 ns 
Clock Width 

lWH HIGH 8 10 12 ns 

Maximum External Feedback l 1 /(ts+teo) 45.5 41.6 37 MHz 

fMAX Frequency Internal Feedback (feNT) 50 45.4 40 MHz 
(Note 3) 

11 /(lWH+lWL) No Feedback 62.5 50.0 41.6 MHz 

tpzx OE to Output Enable 15 18 20 ns 

tpxz OE to Output Disable 15 18 20 ns 

lEA Input to Output Enable Using Product Term Control 15 18 20 ns 

!ER Input to Output Disable Using Product Term Control 15 18 20 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to+ 150°C 

OPERATING RANGES 
Military (M) Devices (Note 1) 
Operating Case Ambient Temperature 

with Power Applied . . . . . . . . . . -55°C to + 125°C Temperature (Tc) .............. -55°C to +125°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 v with Respect to Ground .......... +4.5 V to +5.5 V 

DC Input Voltage ............ -0.5 V to Vee+ 1.0 V Note: 

DC Output or 1/0 
Pin Voltage ................ -0.5 V to Vee+ 1.0 V 

1. Military products are tested at Tc= +25°C, +125°C and 
-55°C, per MIL-STD-883. 

Static Discharge Voltage ... 2001 V 

Latchup Current 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

(Tc=-55°Cto+125°C) ................ 100mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2} 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH = -2.0 mA V1N = V1H or VIL 2.4 

Vee= Min 

VOL Output LOW Voltage IOL = 12 mA VIN = V1H or VIL 0.5 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 3) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 3) 

liH Input HIGH Leakage Current V1N = 5.5 V, Vee =Max (Note 4) 10 

l1L Input LOW Leakage Current V1N = O V, Vee = Max (Note 4) -100 

IOZH Off-State Output Leakage VouT = 5.5 V, Vee = Max 10 

Current HIGH V1N = V1H or V1L (Note 4) 

IOZL Off-State Output Leakage Vour = o V, Vee = Max -100 

Current LOW V1N = VIH or V1L (Note 4) 

lsc Output Short-Circuit Current Vee= 5.0 V, Vour = o.5 V (Note 5), -30 -150 
T = 25°C 

Ice Supply Current (Dynamic) Outputs Open (IOUT = 0 mA) 130 

Vee= Max, f = 25 MHz 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

2. For APL products, Group A. Subgroups 1, 2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted. 

3. VIL and V1H are input conditions of output tests and are not themselves directly tested. V1L and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of l1L and IOZL (or liH and lozH). 

5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 

tested, but is evaluated at initial characterization and at any time the design is modified where lsc may be affected. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Descriptions Test Conditions Typ Unit 

C1N Input Capacitance VIN = 2.0 V 1 Vee= 5.0 V, TA= 25°C, 8 pF 

CouT Output Capacitance VouT = 2.0 V I= 1 MHz 8 pF 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 

Parameter 
Symbol Parameter Description Min Max 

tPD Input or Feedback to Combinatorial Output 15 

ts Setup Time from Input or Feedback to Clock 12 

tH Hold Time 0 

teo Clock to Output 12 

tWL LOW 10 
Clock Width 

tWH HIGH 10 

Maximum 
External Feedback l 1/(ts+teo) 41.6 

IMAX Frequency Internal Feedback (feNT) 45.5 
(Note 3) 

No Feedback l 1 /(tWH+tWL) 50 

tPZX OE to Output Enable (Note 3) 15 

tPXZ OE to Output Disable (Note 3) 15 

tEA Input to Output Enable Using Product Term Control (Note 3) 15 

IER Input to Output Disable Using Product Term Control (Note 3) 15 

Notes: 

2. See Switching Test Circuit for test conditions. For APL Products, Group A, Subgroups 9. 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

ns 

ns 

ns 

ns 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature -65°C to + 150°C 

OPERATING RANGES 
Military (M) Devices (Note 1) 
Operating Case Ambient Temperature 

with Power Applied . . . . . . -55°C to + 125°C Temperature (Tc) -55°C to +125°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ...... +4.5 V to +5.5 V 

DC Input Voltage ............ -0.5 V to Vee+ 1.0 V 

DC Output or 1/0 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Pin Voltage ................ -0.5 V to Vee+ 1.0 V Note: 

Static Discharge Voltage . . . 2001 V 

Latchup Current 

1. Military products are tested at Tc= +25°C, + 125°C and 
-55°C, per MIL-STD-883. 

(Tc= -55°C to+ 125°C) .. 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage IOH = -2.0 mA V1N = V1H or VIL 2.4 

Vee= Min 

VoL Output LOW Voltage IOL = 12 mA V1N = V1H or VIL 0.5 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 3) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 3) 

l1H Input HIGH Leakage Current V1N = 5.5 V, Vee =Max (Note 4) 10 

l1L Input LOW Leakage Current V1N = O V, Vee= Max (Note 4) -100 

loZH Off-State Output Leakage VouT = 5.5 V, Vee = Max 10 

Current HIGH V1N = V1H or V1L (Note 4) 

lozL Off-State Output Leakage VouT = o V, Vee = Max -100 

Current LOW VIN = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current Vee = 5.0 V, VouT = 0.5 V (Note 5), -30 -150 
T = 25°C 

Ice Supply Current (Dynamic) Outputs Open (IOUT = 0 mA) 130 

Vee= Max, f = 15 MHz -
Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

2. For APL products, Group A, Subgroups 1. 2 and 3 are tested per MIL-ST0-833, Method 5005, unless otherwise noted. 

3. VIL and VIH are input conditions of output tests and are not themselves directly tested. VIL and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of l1L and lozL (or l1H and lozH). 

5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 

tested, but is evaluated at initial characterization and at any time the design is modified where lsc may be affected. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Descriptions Test Conditions Typ Unit 

C1N Input Capacitance VIN = 2.0 V J Vee= 5.0 V, TA= 25°C, 8 pF 

CouT Output Capacitance VOUT= 2.0 V l I= 1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 

Parameter 
-20 -25 

Symbol Parameter Description Min Max Min Max 

tpo Input or Feedback to Combinatorial Output 20 15 

ts SetlJfl_ Time from ln.e._ut or Feedback to Clock 15 15 

tH Hold Time 0 0 

teo Clock to Output 15 20 

twL LOW 12 15 
Clock Width 

tWH HIGH 12 15 

Maximum 
External Feedback l 11(ts+teo) 33.3 28.6 

IMAX Frequency Internal Feedback (feNT) 35.7 30.3 
(Note 3) 

No Feedback I 1 /(tWH+twL) 33.3 41.7 

tPZX OE to Output Enable (Note 3) 20 20 

tpxz OE to Output Disable (Note 3) 20 20 

tEA Input to Output Enable Using Product Term Control (Note 3) 20 25 

tER Input to Output Disable Using Product Term Control (Note 3) 20 55 

Notes: 
2. See Switching Test Circuit for test conditions. For APL Products, Group A, Subgroups 9, 10, and 11 are tested per 

MIL-STD-883, Method 5005, unless otherwise noted. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

ns 

ns 

ns 

ns 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SWITCHING WAVEFORMS 

Input or 
Feedback 

Combinatorial 
Output 

Clock 

Combinatorial Output 

16493C-7 

Input or 
Feedback 

----~ 

VT 

ts----tH 

Clock---------

Registered 
Output _________ ~~ 

16493C-8 

Registered Output 

Input 

!ER !EA 

Output VT 

16493C-9 16493C-10 

Clock Width Input to Output Disable/Enable 

tpxz 

Output 

16493C-11 

OE to Output Disable/Enable 

Notes: 

1. VT= 1.5 V 

2. Input pulse amplitude o V to 3. o V. 

3. Input rise and fall times 2 ns - 5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

///// 

SWITCHING TEST CIRCUIT 

Specification S1 CL 

!PD, tco Closed 

IPZX, !EA z ___, H: Open 50 pF 
z ___, L: Closed 

tpxz, tER H ->Z: Open 5 pF 

L ---;Z: Closed 

5V 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

Commercial 

R1 R2 

200Q 390 n 

H-5: 

2oon 

PALCE16V8 Family 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High
Impedance 
"Ott" State 

KS000010-PAL 

Test Point 

16493C-12 

Military 

R1 R2 

390 n 750 n 

AMO~ 

Measured 
Output Value 

1.5 v 
1.5 v 

H ---> Z: VoH - 0.5 V 

L ---;Z: VoL + 0.5 V 
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TYPICAL Ice CHARACTERISTICS 

Vee= 5 V, TA= 25°C 

100 

Ice (mA) 75 

50 

0 10 

16V8H-5 

16V8H-7 

16V8H-10 
16V8H-15/25 

16V80-1 0/15/25 

20 30 40 50 

Frequency (MHz) 16493C-13 

Ice vs. Frequency 

The selected '1ypical" pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and 
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any 
vector, half of the outputs were switching. 

By utilizing 50% of the device, a midpoint is defined for Ice From this midpoint, a designer may scale the Ice graphs up or down to 
estimate the Ice requirements for a particular design. 
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ENDURANCE CHARACTERISTICS 
The PALCE16V8 is manufactured using AMD's ad
vanced Electrically Erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 

parts. As a result, the device can be erased and 
reprogrammed-a feature which allows 100% testing at 
the factory. 

Symbol Parameter Test Conditions Min Unit 

tDR Min Pattern Data Retention Time Max Storage Temperature 10 Years 

Max Operating Temperature 20 Years 

N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Vee 

ESD Program/Verify 
Protection Circuitry 

Typical Input 

Vee 

Preload Feedback 
Circuitry Input 

Typical Output 

16493C-14 
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ROBUSTNESS FEATURES 
PALCE16V8X-X/5 devices have some unique features 
that make them extremely robust, especially when oper
ating in high-speed design environments. Pull-up resis
tors on inputs and 1/0 pins cause unconnected pins to 
default to a known state. Input clamping circuitry limits 
negative overshoot, eliminating the possibility of false 

clocking caused by subsequent ringing. A special noise 
filter makes the programming circuitry completely insen
sitive to any positive overshoot that has a pulse width of 
less than about 100 ns for the /5 versions. Selected 14 
devices are also being retrofitted with these robustness 
features. See chart below for device listings. 

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR /5 VERSIONS AND SELECTED /4 
VERSIONS* 

* 

ESD 
Protection 

and 
Clamping 

Vee 

> 5o kn 

I 
I 
I 
I 
I 

Vee 

I P . I rogramming = 
L~n~~!!'._ ____ _ Programming 

Voltage 
Detection 

Rev Letter 

Typical Input 

Vee 

Provides ESD 
Protection and 
Clamping 

Typical Output 

Vee 

> 5o kn 

Positive 
Overshoot 

Filter 

Programming 
Circuitry 

Preload Feedback 
Circuitry Input 

16493C-15 

Device Filter Only Filter and Pullups 
Topside Marking: 

AMO CMOS PLD's are marked on the top of the package in the 
following manner: PALCE16V8H-10 E,F,K L 

PALCE16V8H-15 D, E, F, G, I, J, K L, M PALCEXXXX 
PALCE16V80-15 D, G, J M Date Code (3 numbers) Lot ID (4 characters)- -(Rev. Letter) 

PAL CE 16V8H-25 D, G, J M The Lot ID and Rev Letter are separated by two spaces. 

PAL CE 16V8Q-25 D, G, J M 
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POWER-UP RESET 
The PALCE16V8 has been designed with the capability 
to reset during system power-up. Following power-up, 
all flip-flops will be reset to LOW. The output state will be 
HIGH independent of the logic polarity. This feature pro
vides extra flexibility to the designer and is especially 
valuable in simplifying state machine initialization. A 
timing diagram and parameter table are shown below. 
Due to the synchronous operation of the power-up reset 

Parameter 
Symbol Parameter Descriptions 

IPR Power-Up Reset Time 

ts Input or Feedback Setup Time 

tWL Clock Width LOW 

AMO~ 
and the wide range of ways Vee can rise to its steady 
state, two conditions are required to insure a valid 
power-up reset. These conditions are: 

• The Vee rise must be monotonic. 

• Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and 
feedback setup times are met. 

Min Max Unit 

1000 ns 

See Switching Characteristics 

Vee 

Power 

Registered 
Output 

---4V!, __ 
I I-- IPR ----~ 

Clock 

16493C-17 

Power-Up Reset Waveform 
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TYPICAL THERMAL CHARACTERISTICS 

14 Devices (PALCE16V8H-10/4) 
Measured at 25°C ambient. These parameters are not tested. 

Parameter 
Symbol Parameter Description 

9jc Thermal Impedance, Junction to Case 

~· Thermal Impedance, Junction to Ambient 

9jma Thermal Impedance, Junction to Ambient with Air Flow 

/5 Devices (PALCE16V8H-7/5) 
Measured at 25°C ambient. These parameters are not tested. 

Parameter 
Symbol Parameter Description 

9jc Thermal Impedance, Junction to Case 

~· Thermal Impedance, Junction to Ambient 

9jma Thermal Impedance, Junction to Ambient with Air Flow 

Plastic 9jc Considerations 

200 lfpm air 

400 lfpm air 

600 lfpm air 

800 lfpm air 

200 lfpm air 

400 lfpm air 

600 lfpm air 

800 lfpm air 

Typ 

PDIP PLCC Unit 

25 22 °C/W 

71 64 °C/W 

61 55 °C/W 

55 51 °C/W 

51 47 °C/W 

47 45 °C/W 

Typ 

PDIP PLCC Unit 

29 23 °C/W 

70 61 °C/W 

64 53 °C/W 

58 47 °C/W 

53 44 °C/W 

x x °C/W 

The data listed for plastic 9Jc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the 9Jc measurement relative to a specific location on the 
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the 
package. Furthermore, 9jc tests on packages are performed in a constant-temperature bath, keeping the package surface at a 
constant temperature. Therefore, the measurements can only be used in a similar environment. 
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DATA SHEET REVISION SUMMARY FOR 
PALCE16V8 Family 
Title 

Included Industrial devices H-10/15/25, Q-20/25 

Ordering Information 

Updated valid combinations table to include: 

PALCE16V8H-10 
PALCE16V8H-15 
PALCE16V8H-25 
PALCE16V8Q-20 
PALCE16V8Q-25 

Pl.JI 
Pl,JI 
Pl.JI 
Pl.JI 
Pl.JI 

Changed footer by adding H-10/15/25(1nd), Q-20/25 
(Ind) 

DC Characteristics 

For PALCE16V8H-10 (Com'I, Ind), changed 
f = 25 MHz to f = 15 MHz for Dynamic Ice 

AMO~ 

For PALCE16V8H-10/15/25, Q-10/15/25 (Com'I), and 
PALCE16V8H-15/20/25 (Mil), changed l1L and lozL from 
-1 0 µA to -1 00 µA. 

Topside Marking 

Updated rev. letter chart to include: 

Device 

PALCE16V8H-10 
PALCE16V8H-15 
PALCE16V8Q-15 
PALCE16V8H-25 
PALCE16VQ-25 

Filter Only 

E,F,K 
D,E,F,G,l,J,K, 
D,G,J 
D,G,J 
D,G,J 

Filter 
and 

Pullups 

L 
L,M 
M 
M 
M 
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FINAL COM'L: -10 

PALLV16V8-10 
Low-Voltage 20-Pin EE CMOS Universal 
Programmable Array Logic 

DISTINCTIVE CHARACTERISTICS 

• Low-voltage operation, 3.3 V JEDEC 
compatible 

- Vee= +3.0 V to +3.6 V 

• Pin, function and fuse-map compatible with all 
20-pin GAL devices 

• Electrically-erasable CMOS technology pro-
vides reconfigurable logic and full testability 

• Direct plug-in replacement for the PAL 16R8 
series and most of the PAL 10H8 series 

• Designed to interface with both 3.3-V and 
5-V logic 

• Outputs programmable as registered or 
combinatorial in any combination 

GENERAL DESCRIPTION 
The PALLV16V8 is an advanced PAL device built with 
low-voltage, high-speed, electrically-erasable CMOS 
technology. It is functionally compatible with all 20-pin 
GAL devices. The macrocells provide a universal device 
architecture. The PALLV16V8 will directly replace the 
PAL 16R8 and PAL 1 OHS series devices, with the excep
tion of the PAL 16C1. 

The PALLV16V8 utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 
complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa
tions are programmed into the device through 
floating-gate cells in the AND logic array that can be 
erased electrically. 

The fixed OR array allows up to eight data product 
terms per output for logic functions. The sum of these 

2-80 

• • • 
• 
• 
• 
• 

~ 
Advanced 

Micro 
Devices 

Programmable output polarity 

Programmable enable/disable control 

Preloadable output registers for testability 

Automatic register reset on power up 

Cost-effective 20-pin plastic DIP, PLCC, and 
SOIC packages 

Extensive third-party software and programmer 
support through FusionPLD partners 

Fully tested for 100% programming and 
functional yields and high reliability 

products feeds the output macrocell. Each macrocell 
can be programmed as registered or combinatorial with 
an active-high or active-low output. The output configu
ration is determined by two global bits and one local bit 
controlling four multiplexers in each macrocell. 

AMD's FusionPLD program allows PALLV16V8 de
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMO certifies that the tools 
provide accurate, quality support. By ensuring thatthird
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. See page 18 for 
certified development systems and page 20 for 
approved programmers. 

Publication# 17713 Rev. C Amendment/O 

Issue Date: October 1994 



BLOCK DIAGRAM 

OE/lg l/Oo 1/01 1/02 

11-18 

Programmable AND Array 
32 x 64 

1/03 1/04 

CONNECTION DIAGRAMS (Top View) 

DIP/SOIC 

CLK/1 0 Vee 

11 l/07 

I 2 1/05 

I 3 I/Os 

14 1/04 

Is 1/03 

I G 1102 

17 1/01 

I a 1/00 

GND N119 

17713C-2 

PIN DESIGNATIONS 
CLK Clock 
GND Ground 
I Input 
1/0 lnpuVOutput 
OE Output Enable 
Vee Supply Voltage 

PALLV16V8-10 

AMO~ 

CLK/lo 

I/Os 1/06 1/07 

17713C-1 

PLCC 

~ () 

~ _J () 

..SO! -= (.) > 

2 1 20 19 

• 
b 4 18 1/05 

1. 5 17 I/Os 

Is 6 16 1/04 

16 7 15 l/03 

11 8 l/02 

9 10 11 12 13 

22 0 '" ~ ~ 17713C-3 z I~ (.? 

Note: 

Pin 1 is marked for orientation. 

2-81 



~AMO 
ORDERING INFORMATION 

Commerical Products 
AMO programmable logic products for industrial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 

PAL LV 16 V 8 -10 P C 

T L FAMILY TYPE 
PAL = Programmable Array Logic 

TECHNOLOGY OPERATING CONDITIONS 
LV = Low-Voltage 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE---------~ 
V = Versatile 

NUMBER OF FLIP-FLOPS ---------' 

SPEED 
-1 O = 1 O ns tpo 

Valid Combinations 

PALLV16V8-10 I PC, JC, SC 

2-82 PALLV16V8-10 

C = Commercial (0°C to +75°C) 

PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
J = 20-Pin Plastic Leaded Chip 

Carrier (PL 020) 
S = 20-Pin Plastic Gull-Wing Small 

Outline Package (SO 020) 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo
cal AMO sales office to confirm availability of specific 
valid combinations and to check on newly released 
combinations. 



FUNCTIONAL DESCRIPTION 
The PALLV16V8 is a low-voltage, EE CMOS version of 
the PALCE16V8. 

The PALLV16V8 is a universal PAL device. It has eight 
independently configurable macrocells (MC0---MC1). 
Each macrocell can be configured as registered output, 
combinatorial output, combinatorial 1/0 or dedicated in
put. The programming matrix implements a program
mable AND logic array, which drives a fixed OR logic 
array. Buffers for device inputs have complementary 
outputs to provide user-programmable input signal po
larity. Pins 1 and 11 serve either as array inputs or as 
clock (CLK) and output enable (OE), respectively, for all 
flip-flops. 

Unused input pins should be tied directly to Vee or GND. 
Product terms with all bits unprogrammed (discon
nected) assume the logical HIGH state and product 
terms with both true and complement of any input signal 
connected assume a logical LOW state. 

AMO ;t1 
The programmable functions on the PALLV16V8 are 
automatically configured from the user's design specifi
cation, which can be in a number of formats. The design 
specification is processed by development software to 
verify the design and create a programming file. This 
file, once downloaded to a programmer, configures the 
device according to the user's desired function. 

The user is given two design options with the 
PALLV16VB. First, it can be programmed as a standard 
PAL device from the PAL 16R8 and PAL 1 OHB series. 
The PAL programmer manufacturer will supply device 
codes for the standard PAL device architectures to be 
used with the PALLV16V8. The programmer will pro
gram the PALLV16V8 in the corresponding architec
ture. This allows the user to use existing standard PAL 
device JEDEC files without making any changes to 
them. Alternatively, the device can be programmed as a 
PALLV16V8. Here the user must use the PALLV16V8 
device code. This option allows full utilization of the 
macrocell. 

To 
Adjacent 
Macrocell 

I/Ox 
>----.a.--J D Qo-----1 

·sG1 

'In macrocel/s MCo and MC1, SG1 is replaced by SGO on the feedback multiplexer. 

Figure 1. PALLV16V8 Macrocell 
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Configuration Options 
Each macrocell can be configured as one of the follow
ing: registered output, combinatorial output, combinato
rial 1/0, or dedicated input. In the registered output 
configuration, the output buffer is enabled by the OE pin. 
In the combinatorial configuration, the buffer is either 
controlled by a product term or always enabled. In the 
dedicated input configuration, it is always disabled. With 
the exception of MCo and MC1, a macrocell configured 
as a dedicated input derives the input signal from an ad
jacent 1/0. MCo derives its input from pin 11 (OE) and 
MC1 from pin 1 (CLK). 

The macrocell configurations are controlled by the con
figuration control word. It contains 2 global bits (SGO 
and SG 1) and 16 local bits (SLOo through SL01 and SL 1 o 
through SL 17). SGO determines whether registers will 
be allowed. SG1 determines whether the PALLV16V8 
will emulate a PAL 16R8 family or a PAL 1 OHS family de
vice. Within each macrocell, SLOx, in conjunction with 
SG1, selects the configuration of the macrocell, and 
SL 1 x sets the output as either active low or active high 
for the individual macrocell. 

The configuration bits work by acting as control inputs 
for the multiplexers in the macrocell. There are four mul
tiplexers: a product term input, an enable select, an out
put select, and a feedback select multiplexer. SG 1 and 
SLOx are the control signals for all four multiplexers. In 
MCo and MC1, SGO replaces SG1 on the feedback mul
tiplexer. This accommodates CLK being the adjacent 
pin for MC1 and OE the adjacent pin for MCo. 

Registered Output Configuration 
The control bit settings are SGO = 0, SG1 = 1 and 
SLOx = 0. There is only one registered configuration. All 
eight product terms are available as inputs to the OR 
gate. Data polarity is determined by SL 1 x. The flip-flop is 
loaded on the LOW-to-HIGH transition of CLK. The 
feedback path is from a on the register. The output 
buffer is enabled by OE. 

Combinatorial Configurations 
The PALLV16V8 has three combinatorial output con
figurations: dedicated output in a non-registered device, 
1/0 in a non-registered device and 1/0 in a registered 
device. 

Dedicated Output In a Non-Registered 
Device 
The control bit settings are SGO = 1, SG1 = 0 and 
SLOx = 0. All eight product terms are available to the OR 
gate. Although the macrocell is a dedicated output, the 
feedback is used, with the exception of MC3 and MC4. 
MC3 and MC4 do not use feedback in this mode. Be
cause CLK and OE are not used in a non-registered de
vice, pins 1 and 11 are available as input signals. Pin 1 

will use the feedback path of MC1 and pin 11 will use the 
feedback path of MCo. 

Combinatorial 1/0 In a Non-Registered 
Device 
The control bit settings are SGO = 1, SG1 = 1, and 
SLOx = 1. Only seven product terms are available to 
the OR gate. The eighth product term is used to enable 
the output buffer. The signal at the 1/0 pin is fed back to 
the AND array via the feedback multiplexer. This allows 
the pin to be used as an input. 

Because CLK and OE are not used in a non-registered 
device, pins 1 and 11 are available as inputs. Pin 1 will 
use the feedback path of MC1 and pin 11 will use the 
feedback path of MCo. 

Combinatorial 1/0 in a Registered Device 
The control bit settings are SGO = 0, SG1 = 1 and 
SLOx = 1. Only seven product terms are available to the 
OR gate. The eighth product term is used as the output 
enable. The feedback signal is the corresponding 1/0 
signal. 

Dedicated Input Configuration 
The control bit settings are SGO = 1, SG1 = 0 and 
SLOx = 1. The output buffer is disabled. Except for MCo 
and MC1 the feedback signal is an adjacent 1/0. For MCo 
and MC1 the feedback signals are pins 1 and 11. These 
configurations are summarized in Table 1 and illustrated 
in Figure 2. 

Table 1. Macrocell Configuration 

SGO SG1 SLOx Cell Configuration Devices Emulated 

Device Uses Reg_isters 
0 1 0 Registered Output PAL 16R8, 16R6, 

16R4 
0 1 1 Combinatorial 1/0 PAL 16R6, 16R4 

Device Uses No Registers 
1 0 0 Combinatorial PAL 1 OHS, 12H6, 

Output 14H4, 16H2, 1 OLS, 
12L6 14L4 16L2 

1 0 1 Input PAL12H6, 14H4, 
16H2, 12L6, 14L4, 
16L2 

1 1 1 Combinatorial 110 PAL16L8 

Programmable Output Polarity 
The polarity of each macrocell can be active-high or ac
tive-low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing" 
efforts. 

Selection is through a programmable bit SL 1 x which 
controls an exclusive-OR gate at the output of the AND/ 
OR logic. The output is active high if SL 1 xis 1 and active 
low if SL1x is 0. 
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CLK a 

Reg lstered Active Low 

Combinatorial 1/0 Active Low 

Combinatorial Output Active Low 

Notes: 
1. Feedback is not available on pins 15 and 16 in the 

combinatorial output mode. 

2. The dedicated-input configuration is not available 
on pins 15 and 16. 
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OE-----------~ 

~---1 D Q 

CLK a 

Registered Active High 

Combinatorial 1/0 Active High 

Combinatorial Output Active High 

Dedicated Input 

Adjacent 110 pin 
Note 2 

177130-5 
Figure 2. Macrocell Configurations 
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Benefits of Lower Operating Voltage 
The PALLV16V8 has an operating voltage range of 
3.0 V to 3.6 V. Low voltage allows for lower operating 
power consumption, longer battery life, and/or smaller 
batteries for notebook applications. 

Because power is proportional to the square of the volt
age, reduction of the supply voltage from 5.0 V to 3.3 V 
significantly reduces power consumption. This directly 
translates to longer battery life for portable applications. 
Lower power consumption can also be used to reduce 
the size and weight of the battery. Thus, 3.3-V designs 
facilitate a reduction in the form factor. 

A lower operating voltage results in a reduction of 1/0 
voltage swings. This reduces noise generation and pro
vides a less hostile environmentfor board design. Lower 
operating voltage also reduces electromagnetic radia
tion noise and makes obtaining FCC approval easier. 

Power-Up Reset 
All flip-flops power up to a logic LOW for predictable sys
tem initialization. Outputs of the PALLV16V8 will de
pend on whether they are selected as registered or 
combinatorial. If registered is selected, the output will be 
HIGH. If combinatorial is selected, the output will be a 
function of the logic. 

Register Preload 
The register on the PALLV16V8 can be preloaded from 
the output pins to facilitate functional testing of complex 
state machine designs. This feature allows direct load
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. 

The preload function is not disabled by the security bit. 
This allows functional testing after the security bit is 
programmed. 

Security Bit 
A security bit is provided on the PALLV16V8 as a deter
rent to unauthorized copying of the array configuration 
patterns. Once programmed, this bit defeats readback 
of the programmed pattern by a device programmer, se
curing proprietary designs from competitors. However, 
programming and verification are also defeated by the 
security bit. The bit can only be erased in conjunction 
with the array during an erase cycle. 

Electronic Signature Word 
An electronic signature word is provided in the 
PALLV16V8 device. It consists of 64 bits of programma
ble memory that can contain user-defined data. The sig
nature data is always available to the user independent 
of the security bit. 

Programming and Erasing 
The PALLV16V8 can be programmed on standard logic 
programmers. It also may be erased to reset a previ
ously configured device back to its unprogrammed 
state. Erasure is automatically performed by the pro
gramming hardware. No special erase operation is 
required. Approved programmers are listed on page 20. 

Quality and Testability 
The PALLV16V8 offers a very high level of built-in 
quality. The erasability if the device provides a direct 
means of verifying performance of all the AC and DC 
parameters. In addition, this verifies complete program
mability and functionality of the device to yield the 
highest programming yields and post-programming 
function yields in the industry. 

Technology 
The high-speed PALLV16V8 is fabricated with AMD's 
advanced electrically-erasable (EE) CMOS process. 
The array connections are formed with proven EE cells. 
This technology provides strong input-clamp diodes and 
a grounded substrate for clean switching. 
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LOGIC DIAGRAM 
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LOGIC DIAGRAM (continued} 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to +150°C 

Ambient Temperature 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 

AMO ;r1 

with Power Applied . . . . . . . . . . . . . -55°C to + 12s0 c Operating in Free Air . . . . . . . . . . . . . . 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) with 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V Respect to Ground .............. +3.0 V to +3.6 V 
DC Input Voltage ................ -0.5 V to 5.5 V 

DC Output or 1/0 
Pin Voltage ..................... -0.5 V to 5.5 V 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Static Discharge Voltage ................. 2001 V 

Latchup Current 
(TA= 0°C to +75°C) .................... 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERICAL operating ranges unless otherwise specified 
Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VOH Output HIGH Voltage V1N = V1H or V1L loH = -2 mA 2.4 v 
Vee= Min loH =-75 µA Vcc-0.2 V v 

VoL Output LOW Voltage VIN = V1H or V1L loL = 2 mA 0.4 v 
Vee= Min loL = 100 µA 0.2 v 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 5.5 v 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 1 ) 

llH Input HIGH Leakage Current V1N = Vee, Vee= Max (Note 2) 10 µA 

liL Input LOW Leakage Current V1N = 0 V, Vee= Max (Note 2) -100 µA 

lozH Off-State Output Leakage Vour = Vee, Vee = Max 10 µA 

Current HIGH VIN = V1H or VIL (Note 2) 

lozL Off-State Output Leakage Vour = o V, Vee= Max -100 µA 
Current LOW VIN = V1H or VIL (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max (Note 3) -50 -130 mA 

Ice Supply Current Outputs Open (lour= O mA) 55 mA 

Vee= Max, I= 15 MHz (Note 4) 

Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. 110 pin leakage is the worst case of ill and IOZL (or liH and loZH). 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 

4. This parameter is guaranteed worst case under test conditions. Refer to the Ice vs. frequency graph on page 14 for typical 
measurements. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Condition Typ Unit 

CiN Input Capacitance VIN= 2.0 V J Vee= 3.3 v. TA= 2s0 c, 5 pF 

Gour Output Capacitance VOUT=2.0V l I= 1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
Symbol Parameter Description Min Max Unit 

tpo Input or Feedback to Combinatorial Output 10 ns 

ts Setup Time from Input or Feedback to Clock 7 

tH Hold Time 0 ns 

teo Clock to Output 7 ns 

tWL 
Clock Width 

LOW 6 ns 

tWH HIGH 6 ns 

Maximum 
External Feedbackj 1 /(ts+teo) 71.4 MHz 

IMAX Frequency Internal Feedback (feNT) 83.3 MHz 
(Note 3) 

No Feedback } 1 t(tWH+tWL) 83.3 MHz 

tpzx OE to Output Enable 10 ns 

tpxz OE to Output Disable 10 ns 

tEA Input to Output Enable Using Product Term Control 12 ns 

tER Input to Output Disable Using Product Term Control 12 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 

Input or 
Feedback 

Combinatorial 
Output 
-~~VTO 

17713C-7 

Combinatorial Output 

Clock VT 

17713C-9 

Input or 
Feedback 

---~ 

Clock---------

Registered 
Output ________ _ 

Registered Output 

Input 

tER 

Output 

AMO~ 

VT 

17713C-8 

tEA 

Vrn 

17713C-10 

Clock Width Input to Output Disable/Enable 

Output 

Notes: 

VT 

IPXZ IPZX 

VTO 

17713C-11 

OE to Output Disable/Enable 

1. Vr = 1.5 V for input signals and Vcc/2 for output signals. 

2. Input pulse amplitude O V to 3. O V. 

3. Input rise and fall times 2 ns - 5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

17111 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

SWITCHING TEST CIRCUIT 

R1 

Output 

R2 IQ 
S2 

j_ 

Specification S1 S2 CL 

!PD, tco Closed Closed 

IPZX, !EA z~H:Open z~ H: Closed 30 pf 
z~ L: Closed Z ~L:Open 

tpxz, !ER H ~z: Open H ~z: Closed 

L~Z: Closed L ~z: Open 
5 pf 
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OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High
Impedance 
"Off" State 

KS000010-PAL 

Test Point 
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R1 R2 

1.6K 1.6K 

Measured 

Output Value 

Vcc/2 

Vcc/2 

H ~ Z: Voo - 0.5 V 
L ~ Z: VoL + 0.5 V 



TYPICAL Ice CHARACTERISTICS OF PALLV16V8-10 
Vee= 3.3 V, TA= 25°C 

150 

125 

100 

Ice (mA) 75 

50 

25 

0 10 20 30 

Frequency (MHz) 

Ice vs. Frequency 

AMO~ 

40 50 

17713C-13 

The selected 'typical" pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and 
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocel/. On any 
vector. half of the outputs were switching. 

By utilizing 50% of the device, a midpoint is defined for Ice. From this midpoint, a designer may scale the Ice graphs up or down to 
estimate the Ice requirements for a particular design. 
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ENDURANCE CHARACTERISTICS 
The PALLV16V8 is manufactured using AMD's ad
vanced Electrically Erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 

parts. As a result, device can be erased and 
reprogrammed-a feature which allows 100% testing at 
the factory. 

Symbol Parameter Test Conditions Min Unit 

tDR Min Pattern Data Retention Time Max Storage Temperature 10 Years 

Max Operating Temperature 20 Years 

N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles 

ROBUSTNESS FEATURES 
The PALLV16V8 has some unique features that make 
it extremely robust, especially when operating in high
speed design environments. Pull-up resistors on inputs 
and 1/0 pins cause unconnected pins to default to a 
known state. Input clamping circuitry limits negative 

overshoot, eliminating the possibility of false clocking 
caused by subsequent ringing. A special noise filter 
makes the programming circuitry completely insensitive 
to any positive overshoot that has a pulse width of less 
than about 1 oo ns. 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

2-94 

ESD 
Protection 

and 
Clamping 

Vee 

>50 kn 

I 
I 
I 
I 
I 

Vee 

I P . I rogramming = 
L'2n.=_~2'._ ____ _ Programming 

Voltage 
Detection 

Typical Input 

Vee 

5-V Protection 

Provides ESD 
Protection and 
Clamping 

Typical Output 
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Filter 

Programming 
Circuitry 
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Preload 
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Feedback 
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POWER-UP RESET 
The PALLV16V8 has been designed with the capability 
to reset during system power-up. Following power-up, 
all flip-flops will be resetto LOW. The output state will be 
HIGH independent of the logic polarity. This feature pro
vides extra flexibility to the designer and is especially 
valuable in simplifying state machine initialization. A 
timing diagram and parameter table are shown below. 
Due to the synchronous operation of the power-up reset 

Parameter 
Symbol Parameter Descriptions 

IPR Power-Up Reset Time 

ts Input or Feedback Setup Time 

twL Clock Width LOW 

Power 

Registered 
Output 

Clock 

AMO~ 

and the wide range of ways Vee can rise to its steady 
state, two conditions are required to insure a valid 
power-up reset. These conditions are: 

• The Vee rise must be monotonic. 

• Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed
back setup times are met. 

Min Max Unit 

1000 ns 

See Switching Characteristics 

17713C-16 
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DATA SHEET REVISION SUMMARY FOR 
PALLV16V8-10 
Absolute Maximum Ratings 

Latchup current: changed TA= -40°C to 85°C; to 
TA= 0°c to +75°C 

Switching Waveforms 

Changed Note 1 to VT= 1.5 V for input signals and Vcc/2 
for output signals 

Switching Test Circuit 

Changed voltage of circuit from 3.3 V to Vee 
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FINAL COM'L: ·15/25 IND: ·12/15/25 ~ 
PALCE16V8Z FAMILY 
Zero-Power 20-Pin EE CMOS Universal 
Programmable Array Logic 

DISTINCTIVE CHARACTERISTICS 
• Zero-Power CMOS technology 

- 15 µA Standby Current 

- 12 ns propagation delay for "-12" version 

- 15 ns propagation delay for "-15" version 

• Unused product term disable for reduced 
power consumption 

• Available In Industrial operating range 

- Tc = -40°C to +85°C 

- Vee = +4.5 V to +5.5 V 

• HC- and HCT-Compatible inputs and outputs 
• Pin, function and fuse-map compatible with all 

20-pin GAL devices 

• Electrically-erasable CMOS technology pro
vides reconfigurable logic and full testability 

GENERAL DESCRIPTION 
The PALC E 16V8Z is an advanced PAL device built with 
zero-power, high-speed, electrically-erasable CMOS 
technology. It is functionally compatible with all 20-pin 
GAL devices. The macrocells provide a universal device 
architecture. The PALCE16V8Z will directly replace the 
PAL 16R8 and PAL 1 OHS series devices, with the excep
tion of the PAL 16C1. 

The PALCE16V8Z provides zero standby power and 
high speed. At 15 µA maximum standby current, the 
PALCE16V8Z allows battery powered operation for an 
extended period. 

The PALCE16V8Z utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 
complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa
tions are programmed into the device through 
floating-gate cells in the AND logic array that can be 
erased electrically. 

Publication# 13061 Rev. D Amendment/O 

Issue Date: October 1994 

Advanced 
Micro 

Devices 

• Direct plug-in replacement for the PAL 16R8 
series and most of the PAL 10H8 series 

• Outputs programmable as registered or combi-
natorial in any combination 

• Programmable output polarity 

• Programmable enable/disable control 

• Preloadable output registers for testability 

• Automatic register reset on power up 

• Cost-effective 20-pin plastic DIP and PLCC 
packages 

• Extensive third-party software and programmer 
support through FusionPLD partners 

• Fully tested for 100% programming and func
tional yields and high reliability 

The fixed OR array allows up to eight data product terms 
per output for logic functions. The sum of these products 
feeds the output macrocell. Each macrocell can be 
programmed as registered or combinatorial with an ac
tive-high or active-low output. The output configuration 
is determined by two global bits and one local bit 
controlling four multiplexers in each macrocell. 

AM D's Fusion PLO program allows PALCE16V8Z de
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMO certifies that the tools 
provide accurate, quality support. By ensuring thatthird
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the PLO Software Reference Guide for certified devel
opment systems and the Programmer Reference Guide 
for approved programmers. 
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BLOCK DIAGRAM 

CONNECTION DIAGRAMS 
Top View 

11-la 

Programmable AND Array 
32x 64 
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11 1107 

I 2 I/Os 
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17 1/01 
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Note: 
Pin 1 is marked for orientation 
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ORDERING INFORMATION 

Commercial and Industrial Products 

AMO~ 

AMO programmable logic products for commercial and industrial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of: 

PAL 

FAMILY TYPE T 
PAL = Programmable Array Logic 

TECHNOLOGY 
CE = CMOS Electrically Erasable 

NUMBER OF 
ARRAY INPUTS 

CE 16 V 8 Z ·15 P C 

OUTPUTTYPE~--------~ 

V = Versatile 

NUMBER OF FLIP-FLOPS --------' 

POWER 
Z = Zero Power (15 µA Ice Standby) 

SPEED ------------------' 
-12 = 12 ns tPD 
-15 = 15 ns tpo 
-25 = 25 ns tPD 

Valid Combinations 

PALCE1 SVSZ-12 Pl, JI 

PALCE16V8Z-15 Pl.JI, 

PALCE16VSZ-25 PC.JC 

OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 
I = Industrial (-40°C to +85°C) 

PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
J = 20-Pin Plastic Leaded Chip 

Carrier (PL 020) 

Valid Combinations 

Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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FUNCTIONAL DESCRIPTION 
The PALCE16V8Z is the zero-power version of the 
PALCE16V8. It has all the architectural features of the 
PALCE16V8. In addition, the PALCE16V8Z has zero 
standby power and unused product term disable. 

The PALCE16V8Z is a universal PAL device. It has 
eight independently configurable macrocells 
(MCo-MC7). Each macrocell can be configured as reg
istered output, combinatorial output, combinatorial 1/0 
or dedicated input. The programming matrix imple
ments a programmable AND logic array, which drives a 
fixed OR logic array. Buffers for device inputs have com
plementary outputs to provide user-programmable input 
signal polarity. Pins 1 and 11 serve either as array inputs 
or as clock (CLK) and output enable (OE), respectively, 
for all flip-flops. 

Unused input pins should be tied directly to Vee or GND. 
Product terms with all bits unprogrammed (discon
nected) assume the logical HIGH state and product. 
terms with both true and complement of any input signal 
connected assume a logical LOW state. 

The programmable functions on the PALCE16V8Z are 
automatically configured from the user's design specifi
cation, which can be in a number of formats. The design 
specification is processed by developmen~ sof!ware ~o 
verify the design and create a programming file. This 
file, once downloaded to a programmer, configures the 
device according to the user's desired function. 

The user is given two design options with the 
PALCE16V8Z. First, it can be programmed as a stan
dard PAL device from the PAL16R8 and PAL10H8 
series. The PAL programmer manufacturer will supply 
device codes for the standard PAL device architec
tures to be used with the PALCE16V8Z. The program
mer will program the PALCE16V8Z in the 
corresponding architecture. This allows the user to use 
existing standard PAL device JEDEC files without mak
ing any changes to them. Alternatively, the device can 
be programmed as a PALCE16V8Z. Here the user must 
use the PALCE16V8Z device code. This option allows 
full utilization of the macrocell. 

OE 

Vee 

*SG1 

To 
Adjacent 
Macrocell 

From 
Adjacent 
Pin 

*In macroce/ls MCo and MC1, SG1 is replaced by SGO on the feedback multiplexer. 130610-4 

Figure 1. PALCE16V8Z Macrocell 
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Configuration Options 
Each macrocell can be configured as one of the follow
ing: registered output, combinatorial output, combinato
rial 1/0, or dedicated input. In the registered output 
configuration, the output buffer is enabled by the OE pin. 
In the combinatorial configuration, the buffer is either 
controlled by a product term or always enabled. In the 
dedicated input configuration, it is always disabled. With 
the exception of MCo and MC1, a macrocell configured 
as a dedicated input derives the input signal from an ad
jacent 1/0. MCo derives its input from pin 11 (OE} and 
MC1 from pin 1 (CLK}. 

The macrocell configurations are controlled by the con
figuration control word. It contains 2 global bits (SGO 
and SG1} and 16 local bits (SLOo through SL01 and SL 1 o 
through SL 17). SGO determines whether registers will 
be allowed. SG1 determines whether the PALCE16V8Z 
will emulate a PAL 16R8 family or a PAL 1 OH8 family de
vice. Within each macrocell, SLOx, in conjunction with 
SG1, selects the configuration of the macrocell, and 
SL 1 x sets the output as either active low or active high 
for the individual macrocell. 

The configuration bits work by acting as control inputs 
for the multiplexers in the macrocell. There are four mul
tiplexers: a product term input, an enable select, an out
put select, and a feedback select multiplexer. SG1 and 
SLOx are the control signals for all four multiplexers. In 
MCo and MC1, SGO replaces SG 1 on the feedback multi
plexer. This accommodates CLK being the adjacent pin 
for MC1 and OE the adjacent pin for MCo. 

Registered Output Configuration 
The control bit settings are SGO = 0, SG1 = 1 and SLOx = 
0. There is only one registered configuration. All eight 
product terms are available as inputs to the OR gate. 
Data polarity is determined by SL 1 x. The flip-flop is 
loaded on the LOW-to-HIGH transition of CLK. The 
feedback path is from Q on the register. The output 
buffer is enabled by OE. 

Combinatorial Configurations 
The PALCE16V8Z has three combinatorial output con
figurations: dedicated output in a non-registered device, 
1/0 in a non-registered device and 110 in a registered 
device. 

Dedicated Output In a Non-Registered 
Device 
The control bit settings are SGO = 1 , SG 1 = 0 and SL Ox= 
0. All eight product terms are available to the OR gate. 
Although the macrocell is a dedicated output, the feed
back is used, with the exception of MC3 and MC4. MC3 
and MC4 do not use feedback in this mode. Because 
CLK and OE are not used in a non-registered device, 
pins 1 and 11 are available as input signals. Pin 1 will 
use the feedback path of MC1 and pin 11 will use the 
feedback path of MCo. 

AMO~ 

Combinatorial 1/0 In a Non-Registered 
Device 
The control bit settings are SGO = 1, SG 1 = 1 , and SLOx = 
1. Only seven product terms are available to the OR 
gate. The eighth product term is used to enable the out
put buffer. The signal at the 1/0 pin is fed back to the 
AND array via the feedback multiplexer. This allows the 
pin to be used as an input. 

Because CLK and OE are not used in a non-registered 
device, pins 1 and 11 are available as inputs. Pin 1 will 
use the feedback path of MC, and pin 11 will use the 
feedback path of MCo. 

Combinatorial 1/0 in a Registered Device 
The control bit settings are SGO = 0, SG1 = 1 and SLOx = 
1. Only seven product terms are available to the OR 
gate. The eighth product term is used as the output 
enable. The feedback signal is the corresponding 1/0 
signal. 

Dedicated Input Configuration 
The control bit settings are SGO = 1 , SG 1 = 0 and SL Ox= 
1. The output buffer is disabled. Except for MCo and MC1 
the feedback signal is an adjacent 110. For MCo and MC1 
the feedback signals are pins 1 and 11. These configu
rations are summarized in Table 1 and illustrated in 
Figure 2. 

Table 1. Macrocell Configuration 

SGO SG1 SLOx Cell Configuration Devices Emulated 

Device Uses Registers 

0 1 0 Registered Output PAL16R8, 16R6, 
16R4 

0 1 1 Combinatorial 110 PAL16R6, 16R4 

Device Uses No Registers 

1 0 0 Combinatorial PAL10H8, 12H6, 
Output 14H4, 16H2, 1 OL8, 

12L6, 14L4, 16L2 
1 0 1 Input PAL12H6, 14H4, 

16H2, 12L6, 14L4, 
16L2 

1 1 1 Combinatorial 110 PAL16L8 

Programmable Output Polarity 
The polarity of each macrocell can be active-high or ac
tive-low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted}. and the output can still be of the 
desired polarity. It can also save "DeMorganizing" 
efforts. 

Selection is through a programmable bit SL 1 x which 
controls an exclusive-OR gate at the output of the AND/ 
OR logic. The output is active high if SL 1xis1 and active 
low if SL 1x is 0. 
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l----1 D Q 

CLK a 

Registered Active Low 

Combinatorial 1/0 Active Low 

Combinatorial Output Active Low 

Notes: 
1. Feedback is not available on pins 15 

and 16 in the combinatorial output mode. 

2. The dedicated-input configuration is not 
available on pins 15 and 16. 

n----1 D Q 

CLK a 

Registered Active High 

Combinatorial 1/0 Active High 

Comblnatorial Output Active High 

Dedicated Input 

Adjacent 1/0 pin 

Note 2 

130610-5 

Figure 2. Macrocell Configurations 
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Zero-Standby Power Mode 
The PALCE16V8Z features a zero-standby power 
mode. When none of the inputs switch for an extended 
period (typically 50 ns), the PALCE16V8Z will go into 
standby mode, shutting down most of its internal cir
cuitry. The current will go to almost zero (Ice< 15 µA). 
The outputs will maintain the states held before the 
device went into the standby mode. 

When any input switches, the internal circuitry is fully 
enabled and power consumption returns to normal. 
This feature results in considerable power savings for 
operation at low to medium frequencies. This savings is 
illustrated in the Ice vs. frequency graph. 

Product-Term Disable 
On a programmed PALCE16V8Z, any product terms 
that are not used are disabled. Power is cut off from 
these product terms so that they do not draw current. As 
shown in the Ice vs frequency graph, product-term 
disabling results in considerable power savings. This 
savings is greater at the higher frequencies. 

Further hints on minimizing power consumption can be 
found in the Application Note, "Minimizing Power Con
sumption with Zero-Power PLDs''. 

Power-Up Reset 
All flip-flops power up to a logic LOW for predictable sys
tem initialization. Outputs of the PALCE16V8Z will de
pend on whether they are selected as registered or 
combinatorial. If registered is selected, the output will be 
HIGH. If combinatorial is selected, the output will be a 
function of the logic. 

Register Preload 
The register on the PALCE16V8Z can be preloaded 
from the output pins to facilitate functional testing of 
complex state machine designs. This feature allows di
rect loading of arbitrary states, making it unnecessary to 
cycle through long test vector sequences to reach a de
sired state. In addition, transitions from illegal states can 
be verified by loading illegal states and observing proper 
recovery. 

The preload function is not disabled by the security bit. 
This allows functional testing after the security bit is 
programmed. 

AMO~ 

Security Bit 
A security bit is provided on the PALCE16V8Z as a 
deterrent to unauthorized copying of the array configu
ration patterns. Once programmed, this bit defeats 
readback of the programmed pattern by a device pro
grammer, securing proprietary designs from competi
tors. However, programming and verification are also 
defeated by the security bit. The bit can only be erased 
in conjunction with the array during an erase cycle. 

Electronic Signature Word 
An electronic signature word is provided in the 
PALCE16V8Z device. It consists of 64 bits of program
mable memory that can contain user-defined data. The 
signature data is always available to the user independ
ent of the security bit. 

Programming and Erasing 
The PALCE16V8Z can be programmed on standard 
logic programmers. It also may be erased to reset a pre
viously configured device back to its unprogrammed 
state. Erasure is automatically performed by the pro
gramming hardware. No special erase operation is 
required. 

Quality and Testability 
The PALCE16V8Z offers a very high level of built-in 
quality. The erasability if the device provides a direct 
means of verifying performance of all the AC and DC 
parameters. In addition, this verifies complete program
mability and functionality of the device to yield the 
highest programming yields and post-programming 
function yields in the industry. 

Technology 
The high-speed PALCE16V8Z is fabricated with AM D's 
advanced electrically-erasable (EE) CMOS process. 
The array connections are formed with proven EE cells. 
Inputs and outputs are designed to be compatible with 
HC and HGT devices. This technology provides strong 
input-clamp diodes, output slew-rate control, and a 
grounded substrate for clean switching. 
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LOGIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 
Ambient Temperature 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
with Power Applied ............. -55°C to + 125°C 
Supply Voltage with 

Operating in Free Air . . . . . . . . . . . . . . 0°C to +75°C 

Supply Voltage (Vcc)with Respect to Ground . . . . . . . . . . . . -0.5 V to + 7.0 V 

DC Input Voltage ........... -0.5 V to Vee + 0.5 V Respect to Ground ............ +4.75 V to +5.25 V 

DC Output or 1/0 Industrial (I) Devices 
Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

Operating Case 
Static Discharge Voltage ................. 2001 V 
Latchup Current 

Temperature (Tc) .............. -40°C to +85°C 

(TA = -40°C to +85°C) . . . . . . . . . . . . . . . . . . 1 oo mA Supply Voltage (Vee) with 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

Respect to Ground .............. +4.5 V to +5.5 V 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over INDUSTRIAL operating ranges unless otherwise specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VOH Output HIGH Voltage VIN = V1H or VIL loH = 6 mA 3.84 v 
Vee= Min loH = 20 µA Vcc-0.1 v v 

VOL Output LOW Voltage VIN = V1H or VIL loL = 24 mA 0.5 v 
Vee= Min loL = 6 mA 0.33 v 

loL = 20 µA 0.1 v 
V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 

Voltage for all Inputs (Notes 1 and 2) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.9 v 
Voltage for all Inputs (Notes 1 and 2) 

hH Input HIGH Leakage Current V1N = Vee, Vee = Max (Note 3) 10 µA 

hL Input LOW Leakage Current VIN = 0 V, Vee = Max (Note 3) -10 µA 

lozH Off-State Output Leakage Vour = Vee, Vee = Max 
Current HIGH V1N = V1H or V1L (Note 3) 10 µA 

IOZL Off-State Output Leakage Vour = 0 V, Vee = Max 
µA 

Current LOW V1N = V1H or V1L (Note 3) -10 

lsc Output Short-Circuit Current VOUT= 0.5 V Vee= Max (Note 4) -30 -150 mA 

Ice S~ Current_iStati~ Outputs Open (IOUT = 0 mA) I= 0 MHz 30 µA 

Supply Current (Dynamic) Vee= Max I= 15 MHz 75 mA 

Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. Represents the worst case of HC and HCTstandards, allowing compatibility with either. 

3. 110 pin leakage is the worst case of IJL and lozL (or ftH and lozH). 

4. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Condition Typ Unit 

C1N Input Capacitance VIN= 2.0 V J Vee= 5.0 V, TA= 25°C, 5 pF 

Cour Output Capacitance VOUT= 2.0 V 1 I= 1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over INDUSTRIAL operating ranges (Note 2) 

Parameter (Note 5) 
Symbol Parameter Description Min Max Unit 

tPD Input or Feedback to Combinatorial Output (Note 3) 12 ns 

ts Setup Time from Input or Feedback to Clock 8 ns 

tH Hold Time 0 ns 

teo Clock to Output 8 ns 

twL LOW 5 ns 
Clock Width 

twH HIGH 5 ns 

External Feedback! 1/(ts+teo) 62.5 MHz 
Maximum 

IMAX Frequency Internal Feedback (feNT) 77 MHz 
(Note 4) 

No Feedback 11 /(tWH+tWL) 100 MHz 

tpzx OE to Output Enable 8 ns 

tpxz OE to Output Disable 8 ns 

IEA Input to Output Enable Using Product Term Control 13 ns 

tER Input to Output Disable Using Product Term Control 13 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. This parameter is tested in standby mode. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 

5. Output delay minimum for tpo, tco, tpzo, tEA, and tER are defined under best case conditions. Future process improvements may 
. alter these values therefore, minimum values are recommended for simulation purposes only. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to+ 1 so0 c 
Ambient Temperature 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 

AMO ;t1 

with Power Applied ............. -55°C to + 125°C 
Supply Voltage with 

Operating in Free Air .............. 0°C to +75°C 

Supply Voltage (Vee) with Respect to Ground . . . . . . . . . . . . -0.5 V to + 7.0 V 

DC Input Voltage . . . . . . . . . . . -0.5 V to Vee + 0.5 V 
DC Output or 1/0 

Respect to Ground ............ +4.75 V to +5.25 V 

Industrial (I) Devices 
Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

Operating Case 
Static Discharge Voltage ................. 2001 V 
Latchup Current 

Temperature (Tc) .............. -40°C to +85°C 

(TA= 0°C to 75°C) ..................... 100 mA Supply Voltage (Vee) with 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

Respect to Ground .............. +4.5 V to +5.5 v 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VOH Output HIGH Voltage V1N = V1H or VIL loH = 6 mA 3.84 v 
Vee= Min loH = 20 µA Vcc-0.1 v v 

VOL Output LOW Voltage VIN = VIH or VIL IOL = 24 mA 0.5 v 
Vee= Min loL = 6 mA 0.33 v 

IOL = 20 µA 0.1 v 
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 

Voltage for all Inputs (Notes 1 and 2) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.9 v 
Voltage for all Inputs (Notes 1 and 2) 

llH Input HIGH Leakage Current V1N = Vee, Vee = Max (Note 3) 10 µA 

hL Input LOW Leakage Current V1N = O V, Vee =Max (Note 3) -10 µA 

lozH Off-State Output Leakage Vour = Vee, Vee = Max 
Current HIGH V1N = V1H or V1L (Note 3) 10 µA 

lozL Off-State Output Leakage Vour = O V, Vee = Max 
Current LOW VIN = V1H or VIL (Note 3) -10 µA 

lsc Output Short-Circuit Current Vour = 0.5 V Vee= Max (Note 4) -30 -150 mA 

Ice Su.EE!l_ CurrentJ_Statiq_ Outputs Open (lour= o mA) f = 0 MHz 15 uA 

Supp.!}'._ Current (Dynamic) Vee= Max f = 25 MHz 75 mA 

Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. Represents the worst case of HG and HGT standards, allowing compatibility with either. 

3. 110 pin leakage is the worst case of IJL and lozL (or IJH and lozH ). 

4. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Condition Typ Unit 

C1N Input Capacitance VIN= 2.0 V J Vee= 5.0 V, TA= 25°C, 5 pF 

Gour Output Capacitance Vour= 2.0 V 1 I= 1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges 
(Note 2) 

Parameter 
Symbol Parameter Description Min Max Unit 

IPD Input or Feedback to Combinatorial Output 15 ns 

ts Setup Time from Input or Feedback to Clock 10 ns 

IH Hold Time 0 ns 

teo Clock to Output 10 ns 

IWL 
Clock Width 

LOW 8 ns 

IWH HIGH 8 ns 

Maximum 
External Feedbackl 1 /(ts+teo) 50 MHz 

IMAX Frequency Internal Feedback (feNT) 58.8 MHz 
(Note 3) 

No Feedback I 1 /(tWH+IWL) 62.5 MHz 

tpzx OE to Output Enable 15 ns 

tpxz OE to Output Disable 15 ns 

tEA Input to Output Enable Using Product Term Control 15 ns 

tER Input to Output Disable Using Product Term Control 15 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 
Ambient Temperature 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 

AMO~ 

with Power Applied ............. -55°C to + 125°C 
Supply Voltage with 

Operating in Free Air .............. 0°C to +75°C 

Respect to Ground . . . . . . . . . . . . -0.5 V to + 7.0 V Supply Voltage (Vee) with 

DC Input Voltage ........... -0.5 V to Vee + 0.5 V Respect to Ground ............ +4.75 V to +5.25 V 

DC Output or 1/0 Industrial (I) Devices 
Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

Operating Case 
Static Discharge Voltage ................. 2001 V 
Latchup Current 

Temperature (Tc) .............. -40°C to +85°C 

(TA= 0°C to 75°C) .................. 100 mA Supply Voltage (Vee) with 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

Respect to Ground .............. +4.5 V to +5.5 V 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges 
Parameter 

Symbol Parameter Description Test Conditions Min Max Unit 

VOH Output HIGH Voltage V1N = V1H or VIL loH = 6 mA 3.84 v 
Vee= Min loH = 20 µA Vcc-0.1 V v 

VOL Output LOW Voltage VIN = V1H or V1L loL = 24 mA 0.5 v 
Vee= Min loL = 6 mA 0.33 v 

loL = 20 µA 0.1 v 
V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 

Voltage for all Inputs (Notes 1 and 2) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.9 v 
Voltage for all Inputs (Notes 1 and 2) 

llH Input HIGH Leakage Current V1N = Vee, Vee = Max (Note 3) 10 µA 

hL Input LOW Leakage Current V1N = o V, Vee =Max (Note 3) -10 µA 

IOZH Off-State Output Leakage Vour = Vee, Vee = Max 
µA 

Current HIGH VIN = V1H or VIL (Note 3) 10 

lozL Off-State Output Leakage Vour = o V, Vee = Max 
-10 µA 

Current LOW V1N = V1H or V1L (Note 3) 

lsc Output Short-Circuit Current Vour = 0.5 V Vee= Max (Note 4) -30 -150 mA 

Ice Supply Current Outputs Open (lour= O mA) f = 0 MHz 15 ~ 
Vee= Max f = 25 MHz 90 mA 

Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. Represents the worst case of HG and HGT standards, allowing compatibility with either. 

3. 110 pin leakage is the worst case of IJL and lozL (or liH and lozH). 

4. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Condition Typ Unit 

CIN Input Capacitance VIN= 2.0 V J Vee= 5.0 V, TA= 25°C, 5 pF 

CoUT Output Capacitance VouT= 2.0V1 I= 1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges 
(Note 2) 

Parameter 
Symbol Parameter Description Min Max Unit 

tPD Input or Feedback to Combinatorial Output (Note 3) 25 ns 

ts Setup Time from Input or Feedback to Clock 20 ns 

tH Hold Time 0 ns 

teo Clock to Output 10 ns 

twL LOW 8 ns 
Clock Width 

tWH HIGH 8 ns 

External FeedbackI 1 /(ts+teo) 33.3 MHz 
Maximum 

IMAX Frequency Internal Feedback (feNT) 50 MHz 
(Note 4) 

No Feedback 11/(ts+tH) 50 MHz 

tPZX OE to Output Enable 25 ns 

tpxz OE to Output Disable 25 ns 

tEA Input to Output Enable Using Product Term Control 25 ns 

tER Input to Output Disable Using Product Term Control 25 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. This parameter is tested in Standby Mode. When the device is not in Standby Mode, the tPD will typically be 2 ns faster. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 

Input or 
Feedback ___ __, ,__ ____ __, ,_v_T __ _ 

Input or 
Feedback 

Combinatorial 
Output 
-~-VT Clock---------

Registered 
Output ________ _ 

Combinatorial Output 

Clock 

Clock Width 

Output 

Notes: 

130610-7 

VT 

130610-9 

VT 

tPxz 

13061 D-8 

Registered Output 

tEA 

VT 

130610-10 

Input to Output Disable/Enable 

IPZX 

VT 

130610-11 

OE to Output Disable/Enable 

1. Vr = 1.5 V for input signals and Vcc/2 for output signals. 

2. Input pulse amplitude 0 V to 3.0 V. 

3. Input rise and faff times 2 ns - 5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

\\\\\ May Will be 
Change Changing 
from H to L from H to L 

111u May Will be 
Change Changing 
from L to H from L to H 

'tlYJXi. Don't Care, Changing, 
Any Change State 
Permitted Unknown 

Nfil Does Not Center 
Apply Line is High-

Impedance 
"Off" State 

KSOOOO tO-PAL 

SWITCHING TEST CIRCUIT 
Vee 

Test Point 

130610-12 

Measured 
Specification Si S2 CL R1 R2 Output Value 

tpo, tco Closed Closed Vee/2 

tpzx, tEA z~ H:Open z~ H: Closed 30 pF Vee/2 
z~ L: Closed Z ~ L: Open a2on a2on 

tpxz, tER H~Z:Open H ~z: Closed 
5 pF 

H ~z: VoH - 0.5 v 
L~Z: Closed L ~z: Open L ~ Z: VOL + 0.5 V 
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TYPICAL Ice CHARACTERISTICS FOR THE PALCE16V8Z-12/15 

Vee= 5.0 V, TA= 25°C 

150 

125 

100 

Ice (mA) 75 

50 

25 

0 10 20 30 40 

Frequency (MHz) 

Ice vs. Frequency 
Graph for the PALCE16V8Z-12/15 

50 

130610-13 

The selected 'typical" pattern utilized 50% of the device resources. Half of the macrocel/s were programmed as registered, and 
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocel/. On any 
vector, half of the outputs were switching. 

By utilizing 50% of the device, a midpoint is defined for Ice. From this midpoint, a designer may scale the Ice graphs up or down to 
estimate the lee requirements for a particular design. 

2-114 PALCE16V8Z·12/15 



TYPICAL Ice CHARACTERISTICS FOR THE PALCE16V8Z-25 

Vee= 5.0 V, TA= 25°C 

150 

125 

100 

75 

50 

35 

Ice (rnA) 30 

25 

20 

15 

10 

5 

0 

0 5 10 15 20 25 30 35 

Frequency (MHz) 

Ice vs. Frequency 
Graph for the PALCE16V8Z·25 

AMO~ 

40 45 50 

130610-14 

The selected "typical" pattern utilized 50% of the device resources. Half of the macrocel/s were programmed as registered, and 
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocel/. On any 
vector, half of the outputs were switching. 

By utilizing 50% of the device, a midpoint is defined for Ice. From this midpoint, a designer may scale the Ice graphs up or down to 
estimate the Ice requirements for a particular design. 
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ENDURANCE CHARACTERISTICS 
The PALCE16V8Z is manufactured using AM D's ad
vanced Electrically Erasable process. This technology 

Endurance Characteristics 

Symbol Parameter 

1DR Min Pattern Data Retention Time 

N Min Reprogramming Cycles 

ROBUSTNESS FEATURES 
The PALCE16V8Z has some unique features that make 
it extremely robust, especially when operating in high
speed design environments. Input clamping circuitry 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

ESD Input 
Protection Transition 

and Detection 
Clamping 

I 
I 
I 
I 
I I Programming = 
~~s~~----

uses an EE cell to replace the fuse link used in bipolar 
parts. As a result, the device can be erased and 
reprogrammed - a feature which allows 100% testing at 
the factory. 

Test Conditions Min Unit 

Max Storage 10 Years 
Temperature 

Max Operating 20 Years 
Temperature 

Normal Programming 100 Cycles 
Conditions 

limits negative overshoot, eliminating the possibility of 
false clocking caused by subsequent ringing. A special 
noise filter makes the programming circuitry completely 
insensitive to any positive overshoot that has a pulse 
width of less than about 100 ns. 

Vee 

Programming 
Voltage 

Detection 

Positive 
Overshoot 

Filter 

Programming 
Circuitry 

Typical Input 

r 

2-116 

Preload 
Circuitry 

Typical Output 

PALCE16V8Z Family 

Feedback Input 
Input Transition 

Detection 
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POWER-UP RESET 
The PALCE16V8Z has been designed with the capabil
ity to reset during system power-up. Following power
up, all flip-flops will be reset to LOW. The output state 
will be HIGH independent of the logic polarity. This fea
ture provides extra flexibility to the designer and is espe
cially valuable in simplifying state machine initialization. 
A timing diagram and parameter table are shown below. 
Due to the synchronous operation of the power-up reset 

Parameter 
Symbol Parameter Descriptions 

tPR Power-Up Reset Time 

ts Input or Feedback Setup Time 

twL Clock Width LOW 

4Vt Power 

IPR 

Registered 
Output 

Clock 

AMO~ 
and the wide range of ways Vee can rise to its steady 
state, two conditions are required to insure a valid 
power-up reset. These conditions are: 

• The Vee rise must be monotonic. 

• Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and 
feedback setup times are met. 

Min Max Unit 

1000 ns 

See Switching Characteristics 

Vee 

q 
ts 

IWL 

13061C-17 
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TYPICAL THERMAL CHARACTERISTICS 
Measured at 25°C ambient. These parameters are not tested. 

PALCE16V8Z-25 

Parameter 
Symbol Parameter Description 

0jc Thermal impedance, junction to case 

0ja Thermal impedance, junction to ambient 

0jma Thermal impedance, junction to 
ambient with air flow 

Plastic 0jc Considerations 

Typ 

PDIP PLCC Unit 

20 19 °C/W 

65 57 oc/W 

200 lfpm air 58 41 °C/W 

400 lfpm air 51 37 °C/W 

600 lfpm air 47 35 oc/W 

800 lfpm air 44 33 oc/W 

The data listed for plastic 0jc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the 0jc measurement relative to a specific location on the 
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the 
package. Furthermore, 0jc tests on packages are performed in a constant-temperature bath, keeping the package surface at a 
constant temperature. Therefore, the measurements can only be used in a similar environment. 
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DATA SHEET REVISION SUMMARY FOR 
PALCE16V8Z Family 
Distinctive Characteristics 

Changed zero-power CMOS technology bullet to 
include -12/15 ns propagation delay. 

Switching Waveforms 

Changed Note 1 to Vr = 1.5 V for input signals and 
Vcc/2 for output signals 

AMO~ 
Switching Test Circuit 

Changed voltage of circuit from 5 V to Vee. 

Changed Measured Output Value of Table from 2.5 V to 
Vcc/2 
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FINAL IND: -20 ~ 
PALL V16V8Z-20 
Low-Voltage, Zero-Power, 20-Pin EE CMOS Universal 
Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• Low-voltage operation, 3.3 V JEDEC 
compatible 

- Vee= +3.0 V to +3.6 V 

• Zero-power CMOS technology 

- 30 µA standby current 

- 20 ns propagation delay for "-20" version 

• Industrial operating temperature range 

- Te = -40°C to +85°C 

• Unused product term disable for reduced 
power consumption 

• Pin, function and fuse-map compatible with 
all 20-pln GAL devices 

• Electrically-erasable CMOS technology pro-
vides reconfigurable logic and full testability 

GENERAL DESCRIPTION 
The PALLV16V8Z is an advanced PAL device built with 
low-voltage, zero-power, high-speed, •lectrically
erasable CMOS technology. It is functionally compatible 
with all 20-pin GAL devices. The macrocells provide a 
universal device architecture. The PALLV16V8Z will di
rectly replace the PAL 16R8 and PAL 1 OHB series 
devices, with the exception of the PAL 16C1. 

The PALLV16V8Z provides zero standby power and 
high speed. At 30 µA maximum standby current, the 
PALLV16V8Z allows battery powered operation for an 
extended period. 

The PALLV16V8Z utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 
complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa
tions are programmed into the device through 
floating-gate cells in the AND logic array that can be 
erased electrically. 

Publication# 17422 Rev. D Amendment/O 

Issue Date: October 1994 

• Direct plug-in replacement for the PAL 16R8 
series and most of the PAL 10H8 series 

• Outputs programmable as registered or 
combinatorial in any combination 

• Programmable output polarity 

• Programmable enable/disable control 

• Preloadable output registers for testability 

• Automatic register reset on power up 

• Cost-effective 20-pin plastic DIP, PLCC, and 
SOIC packages 

• Extensive third-party software and programmer 
support through FusionPLD partners 

• Fully tested for 100% programming and 
functional yields and high reliability 

The fixed OR array allows up to eight data product terms 
per output for logic functions. The sum of these products 
feeds the output macrocell. Each macrocell can be 
programmed as registered or combinatorial with an 
active-high or active-low output. The output configu
ration is determined by two global bits and one local bit 
controlling four multiplexers in each macrocell. 

AM D's FusionPLD program allows PALLV16V8Z 
designs to be implemented using a wide variety of 
popular industry-standard design tools. By working 
closely with the Fusion PLO partners, AMO certifies that 
the tools provide accurate, quality support. By ensuring 
that third-party tools are available, costs are lowered 
because a designer does not have to buy a complete set 
of new tools for each device. The FusionPLD program 
also greatly reduces design time since a designer can 
use a tool that is already installed and familiar. Please 
refer to the Software Reference Guide to PLO Compil
ers for certified development systems and the Program
mer Reference Guide for approved programmers. 
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BLOCK DIAGRAM 
11 -18 

Programmable AND Array 
32 x 64 

CONNECTION DIAGRAMS (Top View) 

DIP/SOIC 

CL Kilo Vee 

h l/01 

12 1102 

b l/03 

l4 1/04 

Is I/Os 

Is I/Os 

17 1/07 

Is I/Os 

GND OE/I 

174220-2 

PIN DESIGNATIONS 
CLK Clock 
GND Ground 
I Input 
110 Input/Output 
OE Output Enable 
Vee Supply Voltage 

2·122 PALL V16V8Z·20 

CLK/lo 

174220-1 

It 
PLCC 

.E 
;;;::: () " ....J () 2 ..::: ..:::: () > 

3 2 20 19 

• 
b 18 I/Os 

14 17 I/Os 

Is 16 l/04 

Is 15 1/03 

17 14 1102 

9 10 11 12 13 

02 0 "' 0 

~ 174220-3 z I~ 2 CJ 

Note: Pin 1 is marked for orientation. 



ORDERING INFORMATION 

Industrial. Products 

AMO ;t1 

AMD programmable logic products for industrial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 

PAL 

FAMILY TYPE T 
PAL = Programmable Array Logic 

TECHNOLOGY 
LV = Low-Voltage 

NUMBER OF 
ARRAY INPUTS 

LV 16 V 8 Z -20 P I 

OUTPUT TYPE _________ ___, 

V = Versatile 

NUMBER OF FLIP-FLOPS 

POWER 
Z = Zero Power (30 µA Ice Standby) 

SPEED 
-20 = 20 ns !PD 

Valid Combinations 

PALLV16V8Z-20 Pl, JI, SI 

PALLV16V8Z·20 (Ind) 

OPERATING CONDITIONS 
I = Industrial (-40°C to +85°C) 

PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
J = 20-Pin Plastic Leaded Chip 

Carrier (PL 020) 
S = 20-Pin Plastic Gull-Wing 

Small Outline Package (SO 020) 

Valid Combinations 

Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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FUNCTIONAL DESCRIPTION 
The PALLV16V8Z is a low-voltage, EE CMOS version 
of the PALCE16V8. In addition, the PALLV16V8Z has 
zero standby power and unused product term disable. 

The PALLV16V8Z is a universal PAL device. It has eight 
independently configurable macrocells (MCo-MC7). 

Each macrocell can be configured as registered output, 
combinatorial output, combinatorial 1/0 or dedicated in
put. The programming matrix implements a program
mable AND logic array, which drives a fixed OR logic 
array. Buffers for device inputs have complementary 
outputs to provide user-programmable input signal po
larity. Pins 1 and 11 serve either as array inputs or as 
clock (CLK) and output enable (OE}, respectively, for all 
flip-flops. 

Unused input pins should be tied directly to Vee or GND. 
Product terms with all bits unprogrammed (discon
nected) assume the logical HIGH state and product 
terms with both true and complement of any input signal 
connected assume a logical LOW state. 

The programmable functions on the PALLV16V8Z are 
automatically configured from the user's design specifi
cation, which can be in a number of formats. The design 
specification is processed by development software to 
verify the design and create a programming file. This 
file, once downloaded to a programmer, configures the 
device according to the user's desired function. 

The user is given two design options with the 
PALLV16V8Z. First, it can be programmed as a stan
dard PAL device from the PAL 16R8 and PAL 10H8 
series. The PAL programmer manufacturer will supply 
device codes for the standard PAL device architec
tures to be used with the PALLV16V8Z. The program
mer will program the PALLV16V8Z in the 
corresponding architecture. This allows the user to use 
existing standard PAL device JEDEC files without mak
ing any changes to them. Alternatively, the device can 
be programmed as a PALLV16V8Z. Herethe user must 
use the PALLV16VBZ device code. This option allows 
full utilization of the macrocell. 

·sG1 

To 
Adjacent 
Macrocell 

From 
Adjacent 
Pin 

'In macrocells MCo and MC1, SG1 is replaced by SGO on the feedback multiplexer. 174220-4 

Figure 1. PALLV16V8Z Macrocell 
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Configuration Options 
Each macrocell can be configured as one of the follow
ing: registered output, combinatorial output, combinato
rial 110, or dedicated input. In the registered output 
configuration, the output buffer is enabled by the OE pin. 
In the combinatorial configuration, the buffer is either 
controlled by a product term or always enabled. In the 
dedicated input configuration, it is always disabled. With 
the exception of MCo and MC?, a macrocell configured 
as a dedicated input derives the input signal from an ad
jacent 1/0. MCo derives its input from pin 11 (OE) and 
MC? from pin 1 (CLK). 

The macrocell configurations are controlled by the con
figuration control word. It contains 2 global bits (SGO 
and SG1) and 16 local bits (SLOothrough SL07 and SL 1o 
through SL 17). SGO determines whether registers will 
be allowed. SG1 determines whether the PALLV16V8Z 
will emulate a PAL 16R8 family or a PAL 1 OH8 family de
vice. Within each macrocell, SLOx. in conjunction with 
SG1, selects the configuration of the macrocell, and 
SL 1 x sets the output as either active low or active high 
for the individual macrocell. 

The configuration bits work by acting as control inputs 
for the multiplexers in the macrocell. There are four mul
tiplexers: a product term input, an enable select, an out
put select, and a feedback select multiplexer. SG1 and 
SLOx are the control signals for all four multiplexers. In 
MCo and MC?, SGO replaces SG1 on the feedback mul
tiplexer. This accommodates CLK being the adjacent 
pin for MC? and OE the adjacent pin for MCo. 

Registered Output Configuration 
The control bit settings are SGO = 0, SG1 = 1 and 
SLOx = 0. There is only one registered configuration. All 
eight product terms are available as inputs to the OR 
gate. Data polarity is determined by SL 1 x. The flip-flop is 
loaded on the LOW-to-HIGH transition of CLK. The 
feedback path is from o on the register. The output 
buffer is enabled by OE. 

Combinatorial Configurations 
The PALLV16V8Z has three combinatorial output con
figurations: dedicated output in a non-registered device, 
1/0 in a non-registered device and 110 in a registered 
device. 

Dedicated Output In a Non-Registered 
Device 
The control bit settings are SGO = 1, SG1 = O and 
SLOx = 0. All eight product terms are available to the OR 
gate. Although the macrocell is a dedicated output, the 
feedback is used, with the exception of MC3 and MC4. 
MC3 and MC4 do not use feedback in this mode. Be
cause CLK and OE are not used in a non-registered de
vice, pins 1 and 11 are available as input signals. Pin 1 

AMO~ 
will use the feedback path of MC? and pin 11 will use the 
feedback path of MCo. 

Combinatorial 1/0 In a Non-Registered 
Device 
The control bit settings are SGO = 1, SG1 = 1, and 
SLOx = 1. Only seven product terms are available to the 
OR gate. The eighth product term is used to enable the 
output buffer. The signal at the 1/0 pin is fed back to the 
AND array via the feedback multiplexer. This allows the 
pin to be used as an input. 

Because CLK and OE are not used in a non-registered 
device, pins 1 and 11 are available as inputs. Pin 1 will 
use the feedback path of MC, and pin 11 will use the 
feedback path of MCo. 

Combinatorial 1/0 in a Registered Device 
The control bit settings are SGO = 0, SG1 = 1 and 
SLOx = 1. Only seven product terms are available to the 
OR gate. The eighth product term is used as the output 
enable. The feedback signal is the corresponding 1/0 
signal. 

Dedicated Input Configuration 
The control bit settings are SGO = 1, SG1 = 0 and 
SLOx = 1. The output buffer is disabled. Except for MCo 
and MC? the feedback signal is an adjacent 1/0. For MCo 
and MC? the feedback signals are pins 1 and 11. These 
configurations are summarized in Table 1 and illustrated 
in Figure 2. 

Table 1. Macrocell Configuration 

SGO SG1 SL Ox Cell Configuration Devices Em11lated 

Device Uses Registers 
0 1 0 Registered Output PAL 16R8, 16R6, 

16R4 
0 1 1 Combinatorial 1/0 PAL16R6, 16R4 

Device Uses No Registers 
1 0 0 Combinatorial PAL 1 OHS, 12H6, 

Output 14H4, 16H2, 1 OLS, 
12L6, 14L4, 16L2 

1 0 1 Input PAL 12H6, 14H4, 
16H2, 12L6, 14L4, 
16L2 

1 1 1 Combinatorial 110 PAL16L8 

Programmable Output Polarity 
The polarity of each macrocell can be active-high or ac
tive-low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing" 
efforts. 

Selection is through a programmable bit SL 1 x which 
controls an exclusive-OR gate at the output of the AND/ 
OR logic. The output is active high if SL 1xis1 and active 
low if SL 1 xis 0. 
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----<o o 

CLK a 

Registered Active Low 

Combinatorial 1/0 Active Low 

Vee 

Note 1 

Combinatorial Output Active Low 

Notes: 
1. Feedback is not available on pins 15 and 16 in the 

combinatorial output mode. 

2. The dedicated-input configuration is not available 
on pins 15 and 16. 

r>----i D Q 

CLK a 

Registered Active High 

Combinatorial 1/0 Active High 

Combinatorial Output Active High 

Dedicated Input 

Adjacent 110 pin 

Note 2 

174220-5 

Figure 2. Macrocell Configurations 
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Benefits of Lower Operating Voltage 
The PALLV16V8Z has an operating voltage range of 
3.0 V to 3.6 V. Low voltage allows for lower operating 
power consumption, longer battery life, and/or smaller 
batteries for notebook applications. 

Because power is proportional to the square of the volt
age, reduction of the supply voltage from 5.0 V to 3.3 V 
significantly reduces power consumption. This directly 
translates to longer battery life for portable applications. 
Lower power consumption can also be used to reduce 
the size and weight of the battery. Thus, 3.3-V designs 
facilitate a reduction in the form factor. 

A lower operating voltage results in a reduction of 110 
voltage swings. This reduces noise generation and pro
vides a less hostile environment for board design. Lower 
operating voltage also reduces electromagnetic radia
tion noise and makes obtaining FCC approval easier. 

Zero-Standby Power Mode 
The PALLV16V8Z features a zero-standby power 
mode. When none of the inputs switch for an extended 
period (typically 50 ns), the PALLV16V8Z will go into 
standby mode, shutting down most of its internal cir
cuitry. The current will go to almost zero (Ice< 30 µA). 
The outputs will maintain the states held before the 
device went into the standby mode. 

When any input switches, the internal circuitry is fully 
enabled and power consumption returns to normal. This 
feature results in considerable power savings for opera
tion at low to medium frequencies. This savings is illus
trated in the Ice vs. frequency graph. 

The PALLV16V8Z-20 has the free-running-clock fea
ture. This means that if one or more registers are used, 
switching only the CLK will not wake up the logic array or 
any macrocell. The device will not be in standby mode 
because the CLK buffer will draw some current, but 
dynamic Ice will typically be less than 2 mA. 

Product-Term Disable 
On a programmed PALLV16V8Z, any product terms 
that are not used are disabled. Power is cut off from 
these product terms so that they do not draw current. As 
shown in the Ice vs frequency graph, product-term 
disabling results in considerable power savings. This 
savings is greater at the higher frequencies. 

Further hints on minimizing power consumption can be 
found in the Application Note "Minimizing Power Con
sumption with Zero-Power PLDs." 

Power-Up Reset 
All flip-flops power up to a logic LOW for predictable sys
tem initialization. Outputs of the PALL V16V8Z will de
pend on whether they are selected as registered or 
combinatorial. If registered is selected, the output will be 

AMO~ 
HIGH. If combinatorial is selected, the output will be a 
function of the logic. 

Register Preload 
The register on the PALLV16V8Z can be preloaded 
from the output pins to facilitate functional testing of 
complex state machine designs. This feature allows di
rect loading of arbitrary states, making it unnecessary to 
cycle through long test vector sequences to reach a de
sired state. In addition, transitions from illegal states can 
be verified by loading illegal states and observing proper 
recovery. 

The preload function is not disabled by the security bit. 
This allows functional testing after the security bit is 
programmed. 

Security Bit 
A security bit is provided on the PALL V16V8Z as a 
deterrent to unauthorized copying of the array configu
ration patterns. Once programmed, this bit defeats 
readback of the programmed pattern by a device pro
grammer, securing proprietary designs from competi
tors. However, programming and verification are also 
defeated by the security bit. The bit can only be erased 
in conjunction with the array during an erase cycle. 

Electronic Signature Word 
An electronic signature word is provided in the 
PALLV16V8Z device. It consists of 64 bits of program
mable memory that can contain user-defined data. The 
signature data is always available to the user independ
ent of the security bit. 

Programming and Erasing 
The PALLV16V8Z can be programmed on standard 
logic programmers. It also may be erased to reset a 
previously configured device back to its unprogrammed 
state. Erasure is automatically performed by the 
programming hardware. No special erase operation is 
required. 

Quality and Testability 
The PALLV16V8Z offers a very high level of built-in 
quality. The erasability of the device provides a direct 
means of verifying performance of all the AC and DC 
parameters. In addition, this verifies complete program
mability and functionality of the device to yield the 
highest programming yields and post-programming 
function yields in the industry. 

Technology 
The high-speed PALLV16V8Z is fabricated with AM D's 
advanced electrically-erasable (EE) CMOS process. 
The array connections are formed with proven EE cells. 
This technology provides strong input-clamp diodes, 
output slew-rate control, and a grounded substrate for 
clean switching. 
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LOGIC DIAGRAM 
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LOGIC DIAGRAM {continued) 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 1 so0 c 
Ambient Temperature 

OPERATING RANGES 
Industrial (I) Devices 

Operating Case 
with Power Applied ............. -55°C to + 125°C Temperature (Tc) . . . . . . . . . . . . . . . -40°C to +85°C 

Supply Voltage with Supply Voltage (Vee) with 
Respect to Ground ............. -0.5 V to+ 7.0 V Respect to Ground .............. +3.0 V to +3.6 V 

DC Input Voltage ................. -0.5 V to 5.5 V 

DC Output or 1/0 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Pin Voltage ..................... -0.5 V to 5.5 V 

Static Discharge Voltage ................. 2001 v 
Latchup Current 
(TA = -40°C to 85°C) . . . . . . . . . . . . . . . . . . . 1 00 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over INDUSTRIAL operating ranges unless otherwise specified 
Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage V1N = V1H or V1L loH=-2 mA 2.4 v 
Vee= Min loH= -75 µA Vee- 0.2 V v 

VoL Output LOW Voltage V1N = V1H or V1L loL= 2 mA 0.4 v 
Vee= Min loL= 100 µA 0.2 v 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 5.5 v 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 1) 

liH Input HIGH Leakage Current V1N =Vee. Vee= Max (Note 2) 10 µA 

l1L Input LOW Leakage Current V1N = O V, Vee= Max (Note 2) -10 µA 

loZH Off-State Output Leakage VouT= Vee. Vee= Max 10 µA 

Current HIGH V1N = V1Hor V1L (Note 2) 

lozL Off-State Output Leakage VouT= 0 V, Vee= Max -10 µA 

Current LOW V1N = V1Hor V1L (Note 2) 

lsc Output Short-Circuit Current VouT= 0.5 V, Vee= Max (Note 3) -15 -75 mA 

Ice Supply Current Outputs Open (louT= O mA) I= 0 MHz 30 µA 

Vee= Max (Note 4) 1=15MHz 45 mA 

Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. /10 pin leakage is the worst case of IJL and lozL (or l1H and lozH). 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 

4. This parameter is guaranteed worst case under test conditions. Refer to the Ice vs. frequency graph for typical 
measurements. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Condition Typ Unit 

GIN Input Capacitance VIN= 2.0 V J Vee= 5.0 V, TA= 25°C, 5 pF 

Gour Output Capacitance VOUT= 2.0 V l f= 1 MHz B pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over INDUSTRIAL operating ranges (Note 2) 

Parameter Min 
Symbol Parameter Description (Note 5) Max Unit 

tPD Input or Feedback to Combinatorial Output (Note 3) 20 ns 

ts Setup Time from Input or Feedback to Clock 15 ns 

tH Hold Time 0 ns 

tea Clock to Output 10 ns 

tWL LOW B ns 
Clock Width 

IWH HIGH B ns 

Maximum 
External Feedbackl 1/(ts+teo) 40 MHz 

IMAX Frequency Internal Feedback (feNT) 50 MHz 
(Note4) 

No Feedback 11/(ts+tH) 66.7 MHz 

tpzx OE to Output Enable 20 ns 

tpxz OE to Output Disable 20 ns 

tEA Input to Output Enable Using Product Term Control 20 ns 

tER Input to Output Disable Using Product Term Control 20 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. This parameter is tested in Standby Mode. When the device is not in Standby Mode. the tPD will typically be about 2 ns faster. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 

5. Output delay minimums for tpa tea tpzx tpxz tEA and trn and defined under best case conditions. Future process improve
ments may alter these values therefore, minimum values are recommended for simulation purposes only. 
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SWITCHING WAVEFORMS 

Feedback VT Input or ~ 

-Xxzxt..---VT Combinatorial 
Output 

174220-7 

Input or 
Feedback 

---~ 

Clock---------

Registered 
Output ________ ......__.. 

Combinatorial Output Registered Output 

VT 

174220-8 

Input VT 

Clock 

Clock Width 

Output 

Notes: 

VT 
Output 

174220-9 174220-10 

Input to Output Disable/Enable 

tPXZ tPZX 

VT 

174220-11 

OE to Output Disable/Enable 

1. vr·= 1.5 Vforinput signals and Vcc/2 for output signals. 

2. Input pulse amplitude o V to 3. O V. 

3. Input rise and fall times 2 ns - 5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

0771 

INPUTS 

Must be 
Steady 

May 
Change 
from Hto L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

SWITCHING TEST CIRCUIT 

R1 

Output 

R2 

I~ 
S2 

j_ 

Specification S1 S2 CL 

tpo, tee Closed Closed 

tpzx, tEA z~H:Open z~ H: Closed 30pF 
z~ L: Closed z~L:Open 

tpxz, IER H~Z:Open H ~z:Closed 

L~Z: Closed L~Z:Open 
5 pF 

PALLV16V8Z-20 

OUTPUTS 

• 
Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High
Impedance 
"Off" State 

KS000010-PAL 

Test Point 

174220-12 

R1 R2 

1.6K 1.6K 

AMO rt 

Measured 
Output Value 

VcCt2 

Vcc/2 

H ~z: Voo-0.5 V 

L ~ Z: VOL + 0.5 V 
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TYPICAL Ice CHARACTERISTICS FOR THE PALLV16V8Z-20 

Vee= 3.3 V, TA= 25°C 

150 

125 

100 

lcc(mA) 75 

50 

25 

0 10 20 30 

Frequency (MHz) 

Ice vs_ Frequency 

40 50 

/ 
174220-13 

The selected "typical" pattern utilized 50% of the device resources. Half of the macrocel/s were programmed as registered, and 
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any 
vector, half of the outputs were switching. 

By utilizing 50% of the device, a midpoint is defined for Ice. From this midpoint, a designer may scale the Ice graphs up or down to 

estimate the Ice requirements for a particular design. 
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ENDURANCE CHARACTERISTICS 
The PALLV16V8Z is manufactured using AMD's ad
vanced Electrically Erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 

AMO~ 
parts. As a result, the device can be erased and 
reprogrammed-a feature which allows 100% testing at 
the factory. 

Symbol Parameter Test Conditions Min Unit 

IDR Min Pattern Data Retention Time Max Storage Temperature 10 Years 

Max Operating Temperature 20 Years 

N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles 

ROBUSTNESS FEATURES 
The PALLV16V8Z has some unique features that make 
it extremely robust, especially when operating in high
speed design environments. Input clamping circuitry 
limits negative overshoot, eliminating the possibility of 

false clocking caused by subsequent ringing. A special 
noise filter makes the programming circuitry completely 
insensitive to any positive overshoot that has a pulse 
width of less than about 100 ns. 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

ESD Input 
Protection Transition 

and Detection 
Clamping 

I 
I 
I 
I 
I 

Vee 

: Programming = 
~~s_::~---- Programming 

Voltage 
Detection 

Typical Input 

Preload 
Circuitry 

Typical Output 

PALLV16V8Z-20 

Positive 
Overshoot 

Filter 

Feedback Input 
Input Transition 

Detection 

Programming 
Circuitry 

174220-14 
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POWER-UP RESET 
The PALL V16V8Z has been designed with the 
capability to reset during system power-up. Following 
power-up, all flip-flops will be reset to LOW. The output 
state will be HIGH independent of the logic polarity. This 
feature provides extra flexibility to the designer and is 
especially valuable in simplifying state machine 
initialization. A timing diagram and parameter table are 
shown below. Due to the synchronous operation of the 

Parameter 
Symbol Parameter Descriptions 

tPR Power-Up Reset Time 

ts Input or Feedback Setup Time 

tWL Clock Width LOW 

power-up reset and the wide range of ways Vee can rise 
to its steady state, two conditions are required to insure 
a valid power-up reset. These conditions are: 

• The Vee rise must be monotonic. 

• Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and 
feedback setup times are met. 

Min Max Unit 

1000 ns 

See Switching Characteristics 

Vee 

Power 
2.?vJ: __ 

I~ IPR ----.! 
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TYPICAL THERMAL CHARACTERISTICS 
Measured at 25°C ambient. These parameters are not tested. 

PALL V16V8Z-20 

Parameter 
~mbol Parameter Descr~lon 

9jc Thermal Impedance, Junction to Case 

~a Thermal Impedance, Junction to Ambient 

9jma Thermal Impedance, Junction to Ambient with Air Flow 

Plastic q/c Considerations 

200 lfpm air 

400 lfpm air 

600 lfpm air 

800 l!e_m air 

AMO~ 

Typ 

PDIP PLCC Unit 

20 19 •cfW 
65 57 •cfW 
58 41 •cfW 
51 37 •c!W 
47 35 0 c1W 
44 33 •cfW 

The data listed for plastic Bjc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the Bjc measurement relative to a specific location on the 
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the 
package. Furthermore, Bjc tests on packages are performed in a constant-temperature bath, keeping the package surface at a 
constant temperature. Therefore, the measurements can only be used in a similar environment. 
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DATA SHEET REVISION SUMMARY FOR 

PALLV16V8Z-20 
Tiiie 
Removed PALLV16V8Z-30 from family 
Switching Waveforms 
Changed Note 1 to state: VT= 1.5 Vfor input signals and 
Vcc/2 for output signals. 

Switching Test Circuit 

Changed supply voltage from 3.3 V to Vee. 

Changed Measured Output Value in Table from 1 .65 V 
to Vcc/2. 

For Ice vs. Frequency Cul'Ve 
Deleted PALL V1 6V8Z-30 curve. 
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FINAL COM'L:-15 ~ 
PALCE16V8HD-15 
EE CMOS 24-Pin High-Drive Universal PAL Device 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• High output-current drive capability 

(64 mA loL) 

• Programmable Totem-Pole or Open-Drain 
Outputs 

• 200 mv Hysteresis 

• Programmable Direct or Latched Inputs 

• Outputs configurable as D or T flip-flops 
• Outputs programmable as registered 

or combinatorial In any combination 

• Automatic register reset on power-up 

GENERAL DESCRIPTION 
The PALCE16V8HD is the first CMOS PAL device to 
combine high-current drive capability with a PAL archi
tecture. The PALCE16V8HD can sink up to 64 mA for 
bus applications. It also has an advanced PAL architec
ture using a programmable macrocell to help provide a 
universal solution. 

The PALCE16V8HD utilizes the familiar sum-of
products (AND/OR) architecture that allows users to 
implement complex logic functions easily and efficiently. 
Multiple levels of combinatorial logic can always be 
reduced to sum-of-products form, taking advantage of 
the very wide input gates available in PAL devices. The 
equations are programmed into the device through 
floating-gate cells in the AND logic array that can be 
erased electrically. 

The fixed OR array allows up to eight data product terms 
per output for logic functions. The sum of these products 
feeds the output macrocell. Each macrocell can be pro
grammed as registered or combinatorial with an active
high or active-low output. The output configuration is 

Publication# 15559 Rev. D Amendment/O 

Issue Date: June 1993 

• Preloadable output registers for testability 

• Programmable enable/disable control 

• Electrically Erasable CMOS technology pro
vides reconfigurable logic and full testability 

• Cost-effective 24-pin plastic SKINNVDIP® and 
28-pln PLCC packages 

. • Extensive third-party software and programmer 
support through FuslonPLD partners 

• Fully tested for 100% programming and func
tional yields and high reliability 

determined by two global bits and one local bit control
ling four multiplexers in each macrocell. 

The PALCE16V8HD has some additional features that 
make it an ideal choice for bus applications. These 
include input hysteresis of 200 mV, clean output-switch
ing signals, programmable totem-pole or open-drain 
output configurations, programmable direct or latched 
inputs, and programmable D- or T-type output registers. 

AM D's Fusion PLO program allows PALCE16V8HD de
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMO certifies that the tools 
provide accurate, quality support. By ensuring thatthird
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the PLO Software Reference Guide for certified devel
opment systems and the Programmer Reference Guide 
for approved programmers. 
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BLOCK DIAGRAM 
GNOVcc OE/lg Is 17 16 Is 14 LE/13 12 11 CLK/lo 

99 

6 6 
l!Oo 1/01 1102 l/03 GNO Vee 1104 I/Os 1106 1107 

CONNECTION DIAGRAMS 
Top View 

SKINNYDIP PLCC 

CLK/lo Vee ~o 
u " rI ...J (.) u 0 

h 1/07 ~ - (.) z >::::. 

12 1106 

LE/13 GND 

14 
LE/13 GND 

I/Os 

Is 1/04 
14 I/Os 

16 Vee Is 1104 

NC NC 
17 GND 

Is 1/03 15 Vee 

OE/lg 1/02 17 GND 

Vee 1/01 Is 19 1103 

GND l!Oo 

~ 8 0 (.) 0 - "' 155590-2 ~ ~ ~ Note: I~> 
z z 
(9 

Pin 1 is marked for orientation. 
155590-3 

PIN DESIGNATIONS 

CLK =Clock 
LE = Latch Enable 
GND = Ground 
I = Input 
1/0 = Input/Output 
NC = No Connect 
OE" = Output Enable 
Vee = Supply Voltage 
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ORDERING INFORMATION 

Commercial Products 

AMO~ 

AMO programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 

PAL CE 16 V 8 HD -15 P C 

FAMILY TYPE T 
PAL= Programmable Array Logic 

TECHNOLOGY 
CE = CMOS Electrically Erasable 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE------------' 
V = Versatile 

NUMBER OF FLIP-FLOPS -------' 

DRIVE 
HD = High Output Drive 

SPEED 
-15 = 15 ns !PD 

Valid Combinations 

PALCE16V8HD-15 PC, JC 

t= PROGRAMMING DESIGNATOR 
Blank = Initial Release 

OPERATING CONDITIONS 
C =Commercial (0°C to +75°C) 

PACKAGE TYPE 
P = 24-Pin Plastic SKINNYDIP (PD 3024) 
J = 28-Pin Plastic Leaded Chip 

Carrier (PL 028) 

Valid Combinations 

Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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FUNCTIONAL DESCRIPTION 
The PALCE16V8HD is a universal PAL device 
with eight independently configurable macrocells 
(MC0-MC1). Each macrocell can be configured as a 
registered output, combinatorial output, combinatorial 
110 or dedicated input. The programming matrix imple
ments a programmable AND logic array, which drives a 
fixed OR logic array. Buffers for device inputs have com
plementary outputs to provide user-programmable input 
signal polarity. Pins 1and10 serve either as array inputs 
or as clock (CLK) and output enable (OE), respectively, 
for all flip-flops. 

All inputs to the array can be individually programmed 

as either direct or transparent-latch inputs. LE/13 is the 

SLOx 

latch enable pin. The inputs to the array also have a 
minimum of 200 mV of hysteresis. 

Unused input pins should be tied directly to Vee or GND. 
Product terms with all bits unprogrammed (discon
nected) assume the logical HIGH state and product 
terms with both true and complement of any input signal 
connected assume a logical LOW state. 

The programmable functions on the PALCE16V8HD 
are automatically configured from the user's design 
specification, which can be in a number of formats. The 
design specification is processed by development soft
ware to verify the design and create a programming file. 
This file, once downloaded to a programmer, configures 
the device according to the user's desired function. 

OE 

Vee 

,___ ___ To Adjacent 
Macrocell 

SG1 ..-------e---11 1 
ox 

1----11 0 

CLK 

*SG1 

SL3x-= LE 

*In macrocells MCo and MC1, 
SG1 is replaced by SGO on the 
feedback multiplexer. 

2-142 

Figure 1. PALCE16V8HD 110 Macrocell 

Figure 2. PALCE16V8HD Input Macrocell 
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Device Configuration 
The configuration of the PALCE16V8HD is controlled by 
the configuration control word. It contains 2 global bits 
(SGO and SG1) and 48 local bits (SLOo through SL01. 
SL 1o through SL h, SL21 through SL2s, SL3o through 
SL31, SL4o through SL41 and SLSo through SLS1). SGO 
determines whether registers will be allowed. SG1 and 
the individual SLOx bits select the output macrocell con
figuration as registered output, combinatorial input, 
combinatorial output, or combinatorial 1/0. SL3x sets 
the feedback path to the array as either direct or latched. 
SL4x sets the output buffer as either a totem pole or an 
open drain. SLSx sets the register as either a Dor T type 
flip-flop. At each input pin, SL2x sets the input as direct 
or latched. 

Input Pin Configuration Options 
Each input pin can be configured as either a direct input 
or a transparent latch. The input-pin configuration is set 
by the local fuse SL2x. When SL2x is unprogrammed, 

the input is direct. When SL2x is programmed, the input 
is through a corresponding transparent latch. 

The latch is enabled via LE/h. The latches hold data 
when LE/13 is low. They are transparent when LE/bis 
HIGH. 

1/0 Macrocell Configuration Options 
Each 110 macrocell can be configured as one of the fol
lowing: registered output, combinatorial output, combi
natorial 1/0, or dedicated input. In the registered output 
configuration, the output buffer is enabled by the OE pin. 
In the combinatorial configuration, the buffer is either 
controlled by a product term or always enabled. In the 
dedicated input configuration, it is always disabled. With 
the exception of MCo and MC1, a macrocell configured 
as a dedicated input derives the input signal from an ad
jacent 1/0. MCo derives its input from pin 10 (OE) and 
MC1 from pin 1 (CLK). These configurations are sum
marized in Table 1 and illustrated in Figure 3. 

The feedback path in each macrocell can be pro
grammed as either direct or latched. The feedback 
configuration is set by the local fuse SL3x. When SL3x 
is unprogrammed, the corresponding feedback path is 
direct to the array. When SL3x is programmed, the cor
responding feedback path is through a corresponding 
transparent latch. 

The latch is enabled via LE/'3. The latches hold data 
when LE/ls is LOW. They are transparent when LE/bis 
HIGH. 

Registered Output Configurations 
There are two registered configurations: D-type and T
type. The type is selected by SLSx. 

AMO~ 
In the registered configurations all eight product terms 
are available as inputs to the OR gate. The flip-flop is 
loaded on the LOW-to-HIGH transition of CLK. The out
put buffer is enabled by OE. 

Feedback to the array can be either direct or latched. 
Direct feedback is from Q of the register to the product
term array. Latched feedback is from Q of the register 
through a transparent latch to the product-term array. 
LE/ls is the latch-enable signal. 

Combinatorial Configurations 
The PALCE16V8HD has three combinatorial output 
configurations: dedicated output in a non-registered de
vice, 110 in a non-registered device and 1/0 in a regis
tered device. 

Dedicated Output in a Non-Registered 
Device 
In this configuration, the output buffer is always enabled; 
therefore, all eight product terms are available to the OR 
gate. The feedback to the array is from an adjacent 1/0 
pin. I/Os and 1/04 do not have connections to adjacent 

macrocells; therefore, MCa and MC4 do not have feed· 
back to the array in this mode. 

Because CLK and OE are not used in a non-registered 
device, pins 1 and 1 o are available as input signals. Pin 
1 will use the feedback path of MC1 and pin 10 will use 
the feedback path of MCo. 

Combinatorial 1/0 In a Non-Registered 
Device 
Only seven product terms are available to the OR gate in 
this configuration. The eighth product term is used to en
able the output buffer. The signal at the 110 pin is fed 
back to the AND array via the feedback multiplexer. This 
allows the pin to be used as an input. 

Because CLK and OE are not l.JSed in a non-registered 
device, pins 1 and 10 are available as inputs. Pin 1 will 
use the feedback path of MC, and pin 10 will use the 
feedback path of MCo. 

Combinatorial 1/0 in a Registered Device 
In this configuration only seven product terms are avail
able to the OR gate. The eighth product term is used as 
the output enable. The feedback signal is the corre
sponding 1/0 signal. 

Dedicated Input Configuration 
The output buffer is disabled in this configuration. Ex
cept for MCo and MC1 the feedback signal is an adjacent 
1/0. For MCo and MC1 the feedback signals are pins 1 
and 10. 

Pins 16 ( 19) and 19 (23) do not have connections to ad
jacent macrocells. The dedicated-input configuration is 
not available on these pins. 
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Table 1. Macrocell Configuration 

SGO SG1 SLOx SL5x Cell Configuration 

Device Uses Registers 

0 0 0 T-Type Registered Output 

0 0 1 0-Type Registered Output 

Device Uses No Registers 

0 0 X Combinatorial Output 

0 X Dedicated Input 

X Combinatorial 110 

Programmable Output Polarity 
The polarity of each macrocell can be active-high or ac
tive-low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing" 
efforts. 

Selection is through a programmable bit SL 1 x which 
controls an exclusive-OR gate at the output of the AND/ 
OR logic. The output is active high if SL 1 xis 1 and active 
low if SL1x is 0. 

Output Buffer Configurations 
The output buffer can be configured as either a totem
pole output or an open-drain output. This configuration 
is set by SL4x . The buffer is a totem-pole output when 
SL4x is unprogrammed and an open-drain output when 
SL4x is programmed. In the totem-pole configuration, 
the output voltage levels are the standard VoH and VoL 
levels. In the open-drain configuration, VoL is the stan
dard value. However, VOH will depend on the termina
tion circuitry. 
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To 
Logic 
Array 

Note: 

OE-----------~ 

>----1orr a 

CLK 

Registered Active Low 

_ _,.,...,;:ff I-----' 

Combinatorial 110 Active Low 

Q 

LE/13 

Combinatorial 110 Active Low 
with Latched Feedback 

1. All output and /10 configurations are valid 
as either totem-pole outputs or open
collector outputs. 

To 
Logic 
Array 

OE 

AMO~ 

XJ-----1 orr a 

CLK 

Registered Active High 

_ _,.,-..;;:ff I----_, 

Combinatorial 110 Active High 

Q D 
LE 

LE/13 

Combinatorial 110 Active High 
with Latched Feedback 

155590-6 

Figure 3. Macrocell Configurations 
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Vee 

Note 2 

Combinatorial Output Active Low 

To ~ Logic 
Array 

0 D 

LE 

LE 

Vee 

Note 2 

Combinatorial Output Active Low 
with Latched Feedback 

~~);~~ff D Qr [~gic 
Pin Array 

LE __ ___, 

Latched Input 

Notes: 

1. All output and 110 configurations are valid 
as either totem-pole outputs or open
col/ector outputs. 

2. Feedback is not available on pins 16 
and 19 in the combinatorial output mode. 

3. The dedicated-input configuration is not 
available on pins 16 and 19. 

To 
Logic 
Array 

ff 1------~ 
__ JT ..... 

Combinatorial Output Active High 

Q D 

LE 

LE 

Vee 

Note 2 

Combinatorial Output Active High 
with Latched Feedback 

$-
~ <::J Adjacent 110 pin 

Note 3 

Dedicated Input 

155590-7 

Figure 4. Macrocell Configurations 
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Power-Up Reset 
All flip-flops power up to a logic LOW for predictable 
system initialization. Outputs of the PALCE16V8HD will 
depend on whether they are selected as registered or 
combinatorial. If registered is selected, the output will be 
HIGH. If combinatorial is selected, the output will be a 
function of the logic. 

Register Preload 
The register on the PALCE16V8HD can be preloaded 
from the output pins to facilitate functional testing of 
complex state machine designs. This feature allows di
rect loading of arbitrary states, making it unnecessary to 
cycle through long test vector sequences to reach a de
sired state. In addition, transitions from illegal states can 
be verified by loading illegal states and observing proper 
recovery. 

Security Bit 
A security bit is provided on the PALCE16VBHD as a 
deterrent to unauthorized copying of the array configu
ration patterns. Once programmed, this bit defeats 
readback of the programmed pattern by a device pro
grammer, securing proprietary designs from competi
tors. However, programming and verification are also 
defeated by the security bit. The bit can only be erased 
in conjunction with the array during an erase cycle. 

AMO~ 

Electronic Signature Word 
An electronic signature word is provided in the 
PALCE16V8HD device. It consists of 64 bits of pro
grammable memory that can contain user-defined data. 
The signature data is always available to the user inde
pendent of the security bit. 

Programming and Erasing 
The PALCE16V8HD can be programmed on standard 
logic programmers. It also may be erased to reset a pre
viously configured device back to its virgin state. Era
sure is automatically performed by the programming 
hardware. No special erase operation is required. 

Quality and Testability 
The PAL 16V8HD offers a very high level of built-in 
quality. The erasability of the device provides a direct 
means of verifying performance of all the AC and DC 
parameters. In addition, this helps verify complete 
programmability and functionality of the device to yield 
the highest programming yields and post-programming 
function yields in the industry. 

Technology 
The high-speed PALCE16V8HD is fabricated with 
AMD's advanced electrically-erasable (EE) CMOS 
process. The array connections are formed with proven 
EE cells. Inputs and outputs are designed to be compat
ible with TTL devices. This technology provides strong 
input-clamp diodes, output slew-rate control, and a 
grounded substrate for clean switching. 
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LOGIC DIAGRAM 
SKINNYDIP/Flatpack {PLCC) Pinouts 
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LOGIC DIAGRAM (continued) 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature -65°C to + 1 so0 c 
Ambient Temperature 

OPERATING RANGES 
Commercial (C) Devices 

Temperature (TA) Operating 
with Power Applied . . . . . . . . . . . . -55°C to + 125°C in Free Air ....... : . . . . . . . . . . . . . . . 0°c to +75°C 

Supply Voltage with Supply Voltage (Vee) with 
Respect to Ground ............. -0.5 V to +7.0 V Respect to Ground ............ +4.75 V to +5.25 V 
DC Input Voltage .......... -0.5 V to Vee + 0.5 V 

DC Output or 1/0 
Pin Voltage ............... -0.5 V to Vee + 0.5 V 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

Static Discharge Voltage . . . . . . . . . . . . . . . . 2001 V 

Latchup Current 

(TA= 0°C to 75°C) ..................... 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage IOH = -16 mA V1N = V1H or VIL 2.4 
Totem-pole Configuration Vee= Min 

VOL Output LOW Voltage IOL = 64 mA VIN = V1H or VIL 0.5 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

VHYS Hysteresis (Notes 2 and 3) Vee= Min 200 

liH Input HIGH Leakage Current V1N = 5.25 V, Vee = Max (Note 4) 10 

liL Input LOW Leakage Current V1N = 0 V, Vee = Max (Note 4) -10 

IOZH Off-State Output Leakage VouT = 5.25 V, Vee = Max 10 
Current HIGH VIN = V1H or VIL (Note 4) 

IOZL Off-State Output Leakage VouT = o V, Vee = Max 
-10 Current LOW V1N = V1H or VIL (Note 4) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 5) -30 -150 

Ice Supply Current Outputs Open (IOUT = 0 mA) 115 
Vee = Max, f = 25 MHz 

Notes: 

Unit 

v 

v 

v 

v 

mV 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. Hysteresis is the difference between the positive going input threshold voltage and the negative going input 
threshold voltage. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is 
modified where these parameters may be affected. 

4. 110 pin leakage is the worst case of ltL and IOZL (or liH and JozH). 

5. Not more than one output should be shorted at a time and d.uration of the short-circuit should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance VIN= 2.0 V J Vee= 5.0 V, TA= 25°C, 5 pF 

CouT Output Capacitance VouT = 2.0 V} I= 1 MHz 8 pF 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
Symbol Parameter Description Min Max Unit 

!PD Input, 110, or Feedback to Combinatorial Output 15 ns 

ts Setup Time from Input, 1/0, or Feedback to Clock 10 ns 

IH Register Data Hold Time 0 ns 

teo Clock to Output 10 ns 

tWL Clock 1LOW 6 ns 

tWH Width l HIGH 6 ns 

External Feedback J1/(ts +tea) 50 MHz 
Maximum 

IMAX Frequency Internal Feedback (fcNT) 66 MHz 
(Note 3) 

No Feedback 11/(!WL + IWH) 83.3 MHz 

tSIL Input Latch Setup Time 4 ns 

tHIL Input Latch Hold Time 6 ns 

llGO Input Latch Enable to Combinatorial Output 15 ns 

tWIGH Input Latch Enable Width HIGH 15 ns 

llGS Input Latch Enable to Output Register Setup Time 10 ns 

tPDL Input, 1/0, or Feedback to Output Through Transparent ns 
Input Latch 15 

tSLR Setup Time from Input, 110, or Feedback Through 10 ns 
Transparent Input Latch to Output Register 

tHLR Hold Time from Input, 1/0 or Feedback 
Through Input Latch to Output Register 0 ns 

IPZX OE to Output Enable 15 ns 

tPXZ OE to Output Disable 15 ns 

!EA Input, 110, or Feedback to Output Enable 15 ns 

trn Input, 1/0, or Feedback to Output Disable 15 ns 

tEAL Input, 1/0, or Feedback to Output Enable 
Through Transparent Latch (Note 3) 15 ns 

!ERL Input, 110, or Feedback to Output Disable 
Through Transparent Latch (Note 3) 15 ns 

Notes: 

2. See Switching Test Circuit, page 15, for test conditions. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency inay be affected. 
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SWITCHING WAVEFORMS 

Input, 
110, or 

Feedback 

Combinatorial 
Output 
-~-VT 

155590-9 

Combinatorial Output 

Latched 
Input 

LE 

Combinatorial 

tHIL 

Output ___ I-'-"" 

Clock 

Notes: 

1. VT= 1.5 V 

Latched Input with 
Combinatorial Output 

Clock Width 

2. Input pulse amplitude O V to 3. o V 

3. Input rise and fall times 2 ns - 5 ns typical. 

155590-11 

155590-13 

Input, 
110, or 

Feedback-----
ts----....-t tH 

Clock 

---------iiikv~o VT Registered 
Output---------~ 

Latched 
Input 

Registered Output 

LE tsLR --t_...,14-"'_ tHLR 

Clock----J 
tea 

Registered 

155590-10 

ti GS 

Output ------'-.Yl'-------....1...,;ll...ll' 

Input 
Latch 
Enable 

Latched Input with 
Registered Output 

Trans arent 

155590-12 

Latched VT Latched 

tWIGL 

155590-14 
Input Latch Enable Width 
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SWITCHING WAVEFORMS 

Input, 
110, or 

Feedback -----' '------..J 

tER 

Output 

tEA 

155590-15 

Input to Output Disable/Enable 

Latched ---~ ~----~ ,----
Input, 

110, or 
Feedback ___ __, 

!ERL 

Output 

!EAL 

155590-17 

Input to Output Disable/Enable 
Through Transparent Latch 

4 

3 

Vo 
Output Voltage 2 

Notes: 

1. VT= 1.5 V 

VTH, t VTH 

I 

1 
I 

2 

V1 
Input Voltage 

2. Input pulse amplitude O V to 3.0 V 

3. Input rise and fall times 2 ns - 5 ns typical. 

I 

3 
I 

4 

155590-18 

Output 

4 

3 

Vo 
Output Voltage 2 

0 

PALCE16V8HD-15 

AMO~ 

tpxz 

155590-16 

OE to Output Disable/Enable 

0 

VrH t VTH 

+ I 

2 

V1 
Input Voltage 

I 

3 
l 

4 

155590-19 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

010 

SWITCHING TEST CIRCUIT 

Specification S1 CL 

1PD, 1PDL, tco Closed 

1PZX, 1EA, 1EAL z _, H: Open 50 pF 

Z -> L: Closed 

tpxz. IER, !ERL H ->Z: Open 5 pF 

L -> Z: Closed 

5V 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High
Impedance 
"Off" State 

Test Point 

15559D-20 

Commercial 

R1 R2 

80!2 160 n 
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ENDURANCE CHARACTERISTICS 
The PALCE16V8HD is manufactured using AMD's ad
vanced Electrically Erasable process. This technology 

Endurance Characteristics 

Symbol Parameter 

tDR Min Pattern Data Retention Time 

N Min Reprogramming Cycles 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

AMO~ 
uses an EE cell to replace the fuse link used in bipolar 
parts. As a result, the device can be erased and 
reprogrammed-a feature which allows 100% testing at 
the factory. 

Test Conditions Min Unit 

Max Storage 10 Years 
Temperature 

Max Operating 20 Years 
Temperature (Military) 

Normal Programming 100 Cycles 
Conditions 

Vee 

ESD Program/Verify 
Protection Circuitry 

Typical Input 

Vee 

Preload Feedback 
Circuitry Input 

Typical Output 155590-21 

PALCE16V8HD-15 2-155 



~AMO 
MEASURED SWITCHING CHARACTERISTICS for the PALCE16V8HD-15(Note1) 

12 

11 

IPD, ns 10 

9 

0 50 

Note: 

100 150 

CL,pF 

tPo vs. Load Capacitance 
Vee= 5.25 V, TA= 25°C 

200 250 300 

155590-22 

1. These parameters are not 100% testecl, but are evaluated at initial characterization and at any time the design is modified 
where tpo may be affected. 
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POWER-UP RESET 
The PALCE16V8HD has been designed with the capa
bility to reset during system power-up. Following power
up, all flip-flops will be reset to LOW. The output state 
will be HIGH independent of the logic polarity. This fea
ture provides extra flexibility to the designer and is espe
cially valuable in simplifying state machine initialization. 
A timing diagram and parameter table are shown below. 

Parameter 
Symbol 

tPR 

ts 

tWL 

Power 

Registered 
Output 

Clock 

Parameter Descriptions 

Power-Up Reset Time 

Input or Feedback Setup Time 

Clock Width LOW 

AMO~ 
Due to the synchronous operation of the power-up reset 
and the wide range of ways Vee can rise to its steady 
state, two conditions are required to insure a valid 
power-up reset. These conditions are: 

• The Vee rise must be monotonic. 
• Following reset, the clock input must not be driven 

from LOW to HIGH until all applicable input and feed
back setup times are met. 

Min Max Unit 

1000 ns 

See Switching Characteristics 

twL 

155590-23 

Power-Up Reset Waveform 
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TYPICAL THERMAL CHARACTERISTICS 
Measured at 25°C ambient. These parameters are not tested. 

PALCE16V8H D-15 

Parameter 
Symbol Parameter Description 

0jc Thermal impedance, junction to case 

0ja Thermal impedance, junction to ambient 

0jma Thermal impedance, junction to 
ambient with air flow 

Plastic 0jc Considerations 

Typ 

SKINNYDIP PLCC Unit 

22 17 0 crw 

70 55 0 c1w 

200 lfpm air 65 47 0 crw 
400 lfpm air 60 42 0 c1w 
600 lfpm air 56 38 0 crw 
800 lfpm air 53 36 0 c1w 

The data listed for plastic 0jc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the 0jc measurement relative to a specific location on the 
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the 
package. Furthermore, 0jc tests on packages are performed in a constant-temperature bath, keeping the package surface at a 
constant temperature. Therefore, the measurements can only be used in a similar environment. 
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FINAL COM'L ~ 
AmPAL 18P88/AL/A/L 
20-Pin Combinatorial TTL Prorammable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• As fast as 15 ns maximum propagation delay 

• Universal combinatorial architecture 

• Programmable output polarity 

• Programmable replacement for high-speed 
TTL logic 

GENERAL DESCRIPTION 
The AmPAL 18P8 utilizes Advanced Micro Devices' ad
vanced oxide-isolated bipolar process and fuse-link 
technology. The devices provide user-programmable 
logic for replacing conventional SSl/MSI gates and flip
flops at a reduced chip count. 

The AmPAL 18P8 allows the systems engineer to imple
ment the design on-chip, by opening fuse links to config
ure AND and OR gates within the device, according to 
the desired logic function. Complex interconnections 
between gates, which previously required time
consuming layout, are lifted from the PC board and 
placed on silicon, where they can be easily modified dur
ing prototyping or production. 

The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 

BLOCK DIAGRAM 

• Extensive third-party software and programmer 
support through FusionPLD partners 

• 20-pin DIP and 20-pin PLCC packages save 
space 

outputs. In addition, the PAL device provides the follow
ing options: 

- Variable inpuVoutput pin ratio 

- Programmable three-state outputs 

Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any single input assume the logical LOW 
state. Unused input pins should be tied to Vee or GND. 

The entire PAL device family is supported by the 
FusionPLD partners. The PAL family is programmed on 
conventional PAL device programmers with appropriate 
personality and socket adapter modules. See the Pro
grammer Reference Guide for approved programmers. 
Once the PAL device is programmed and verified an ad
ditional fuse may be opened to prevent pattern readout. 
This feature secures proprietary circuits. 

AmPAL 18P8 
Inputs 

1/0 1/0 

Publication# 05799 Rev. G Amendment/O 

Issue Date: January 1992 

1/0 

Programmable AND Array 
(36 x 72) 

1/0 1/0 1/0 1/0 1/0 05799G-1 

2-159 



~AMO 
PRODUCT SELECTOR GUIDE 

tpo Ice loL 
Family ns (Max) mA(Max) mA(Min) 

Very High-Speed 15 180 24 ("B") Versions 

High-Speed 25 180 24 ("A") Versions 

High-Speed, 
Half-Power 25 90 24 
("AL") Versions 

Half-Power 35 90 24 ("L") Versions 

CONNECTION DIAGRAMS 
Top View 

DIP PLCC 

Vee 8 ~ > 
1/0 

3 2 1 20 19 
1/0 • 
1/0 18 1/0 

1/0 17 1/0 

110 16 1/0 

1/0 15 1/0 

1/0 14 110 

1/0 
9 10 11 12 13 

GND 
a - ~ ~ z 

05799G-2 
<.!) 

Note: 05799G-3 
Pin 1 is marked for orientation. 

PIN DESIGNATIONS 
GND Ground 
I Input 
1/0 Input/Output 
Vee Supply Voltage 
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ORDERING INFORMATION 

Commercial Products 

AMO~ 

AMO programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 

AmPAL 18 P 8 A L P C 

FAMILY TYPE _____ T~ 
AmPAL = Programmable Array Logic 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE -----------' 
P = Programmable Polarity 

NUMBER OF OUTPUTS --------' 

SPEED 
B = 15 nstpo 
A = 25 ns tPD 

Blank = 35 ns tPD 

POWER ----------------' 
L = Low Power (90 mA Ice) 

Blank = Full Power (180 mA Ice) 

Valid Combinations 

AmPAL18PB B, AL, A, L PC, JC, DC 

L OPTIONAL PROCESSING 
Blank =Standard Processing 

OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

PACKAGE TYPE 
P 20-Pin Plastic DIP 

(PD 020) 
J = 20-Pin Plastic Leaded 

Chip Carrier (PL 020) 
D = 20-Pin Ceramic DIP 

(CD 020) 

Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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~AMO 
FUNCTIONAL DESCRIPTION 
All parts are produced with a fuse link at each input to the 
AND gate array, and connections may be selectively re
moved by applying appropriate voltages to the circuit. 
Utilizing an easily-implemented programming algo
rithm, these products can be rapidly programmed to any 
customized pattern. Information on approved program
mers can be found in the Programmer Reference Guide. 
Extra test words are pre-programmed during manufac
turing to ensure extremely high field programming 
yields, and provide extra test paths to achieve excellent 
parametric correlation. 

Variable Input/Output Pin Ratio 
The AmPAL 18P8 has ten dedicated input lines, and all 
eight combinatorial outputs are 1/0 pins. Buffers for de
vice inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vee or GND. 

Programmable Three-State Outputs 
Each output has a three-state output buffer with three
state control. A product term controls the buffer. allow
ing enable and disable to be a function of any product of 
device inputs or output feedback. The combinatorial 
output provides a bidirectional 1/0 pin, and may be con
figured as a dedicated input if the buffer is always dis
abled. 

Programmable Polarity 
The polarity of each output can be active-high or active
low, either to match output signal needs or to reduce 
product terms. Programmable polarity allows Boolean 

expressions to be written in their most compact form 
(true or inverted), and the output can still be of the de
sired polarity. It can also save "DeMorganizing" efforts. 

Selection is through a programmable fuse which con
trols an exclusive-OR gate at the output of the AND/OR 
logic. The output is active high if the fuse is 1 (pro
grammed) and active low if the fuse is 0 (intact). 

Security Fuse 
After programming and verification, an Am PAL 18P8 de
sign can be secured by programming the security fuse. 
Once programmed, this fuse defeats readback of the in
ternal programmed pattern by a device programmer, se
curing proprietary designs from competitors. When the 
security fuse is programmed, the array will read as if 
every fuse is programmed. 

Quality and Testability 
The AmPAL 18P8 offers a very high level of built-in qual
ity. Extra programmable fuses provide a means of veri
fying performance of all AC and DC parameters. In 
addition, this verifies complete programmability and 
functionality of the device to provide the highest pro
gramming yields and post-programming functional 
yields in the industry. 

Technology 
The AmPAL 18P8 is fabricated with AM D's diffusion
isolated bipolar process. This process reduces parasitic 
capacitances and minimum geometries to provide 
higher performance. The array connections are formed 
with proven PtSi fuses for reliable operation. 

2-162 AmPAL 18P88/AL/A/L 



AMO~ 
LOGIC DIAGRAM 
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~AMO 
ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 

Ambient Temperature 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
·With Power Applied . . . . . . . . . . . . . -55°C .to + 125°C Operating in Free Air .............. 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . . . . . -0.5 V to +5.5 V 

DC Input Current . . . . . . . . . . . . . . -30 mA to +5 mA 

DC 1/0 Pin Voltage •........... -'-0.5 V to Vee Max 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH = -3.2 mA V1N = V1H or V1L 2.4 
Vee= Min 

VOL Output LOW Voltage IOL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage iiN= -18 mA, Vee= Min -1.2 

liH Input HIGH Current V1N = 2.7 V, Vee= Max (Note 2) 25 

liL Input LOW Current V1N = 0.4 V, Vee= Max (Note 2) -100 

Ii Maximum Input Current V1N = 5.5 V, Vee= Max 1 

lozH Off-State Output Leakage Vour= 2.7 V, Vee= Max 100 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee= Max -250 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee= Max (Note 3) -30 -90 

Ice Supply Current V1N = O V, Outputs Open 
(lour= 0 mA) 

B,A 180 

Vee= Max AL 90 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

mA 

µA 

µA 

mA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of !JL and lozL (or IJH and lozH). 

3. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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AMO~ 
CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 v Vee= 5.0 V 6 
TA= +25°C pF 

CouT Output Capacitance VouT = 2.0 V I= 1 MHz 9 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter B A,AL L 
Symbol Parameter Description Min Max Min Max Min Max Unit 

tPD Input or Feedback to 
Combinatorial Output 15 25 35 ns 

tEA Input to Output Enable 
Using Product Term Control 15 25 35 ns 

tER Input to Output Disable 
Using Product Term Control 15 25 35 ns 

Note: 

2. See Switching Test Circuit for test conditions. 
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~AMO 
SWITCHING WAVEFORMS 

Feedback VT Input Input or e 
-~-VT Combinatorial 

Output Output 

05799G-5 

Combinatorial Output 

Notes: 

1. VT= 1.5 V 

2. Input pulse amplitude 0 V to 3. O V 

3. Input rise and fall times 2 ns-5 ns typical. 

2·166 AmPAL 18P88/ALIA/L 

tER 

05799G-6 

Input to Output Disable/Enable 



AMO~ 
KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

\\\\\ May Will be 
Change Changing 
from H to L from H to L 

I//// May Will be 
Change Changing 
from L to H from L to H 

~ 
Don't Care, Changing, 
Any Change State 
Permitted Unknown 

m-ttr Does Not Center 
Apply Line is High-

Impedance 
"Off" State 

KS000010-PAL 

SWITCHING TEST CIRCUIT 

5V 

Test Point 

05799G-7 

Measured 
Specification S1 CL R1 R2 Output Value 

!po Closed 1.5 v 
lEA Z--> H: Open 50 pF 1.5 v 

Z --> L: Closed 200 n 390 n 

trn H -->Z: Open H -->Z: VoH - 0.5 V 

L --> Z: Closed 
5 pF 

L-->Z: VoL + 0.5 V 

Am PAL 18P8B/AL/A/L 2-167 



~AMO 
INPUT/OUTPUT EQUIVALENT SCHEMATICS 

2-168 

Input 

-----------<>\Cc 

Program/Verify 
Circuitry 

Typical Input 

05799G-8 

---------------01.Cc 
40 n NOM 

Input, 
1/0 

Pins 

Typical Output 

AmPAL 18P88/AL/A/L 

Program/Verify/ 
Test Circuitry 

05799G-9 



FINAL COM'L: ·5/7/B/B-2/A, 10/2 MIL: -10/12/15/B/A 

~ 
PAL20R8 Family 
24-Pin TTL Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• As fast as 5 ns maximum propagation delay 

• Popular 24-pln architectures: 20L8, 20R8, 
20R6,20R4 

• Programmable replacement for high-speed TTL 
loglc 

GENERAL DESCRIPTION 
The PAL20R8 Family (PAL20L8, PAL20R8, PAL20R6, 
PAL20R4) includes the PAL20R8-5 Series which is 
ideal for high-performance applications. The PAL20R8 
Family is provided in the standard 24-pin DIP and 28-pin 
PLCC pinouts. 

The devices provide user programmable logic for re
placing conventional SSl/LSI gates and flip-flops at a re
duced chip cost. 

The family allows the systems engineer to implement 
the design on-chip, by opening fuse links to configure 
AND and OR gates within the device, according to the 
desired logic function. Complex interconnections be
tween gates, which previously required time-consuming 
layout, are lifted from the PC board and placed on sili
con, where they can be easily modified during prototyp
ing or production. 

The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. 

PRODUCT SELECTOR GUIDE 

Device Dedicated Inputs 

PAL20L8 14 

PAL20R8 12 

PAL20R6 12 

PAL20R4 12 

Publication# 16490 Rev. C Amendment/O 

Issue Date: October 1994 

Outputs 

6 comb. 
2 comb. 

8 reg. 

6 reg. 
2 comb. 

4 reg. 
4 comb. 

• Power-up reset for initialization 

• Extensive third-party software and programmer 
support through FusionPLD partners 

• 24-pin SKINNYDIP and 28-pin PLCC packages 
save space 

In addition, the PAL device provides the following 
options: 

- Variable input/output pin ratio 
- Programmable three-state outputs 
- Registers with feedback 

Product terms with all connections opened assume the 
logical HIGH state; product terms connected to both true 
and complement of any single input assume the logical 
LOW state. Registers consist of D-type flip-flops that are 
loaded on the LOW-to-HIGH transition of the clock. 
Unused input pins should be tied to Vee or GND. 

AM D's FusionPLD program allows PAL20R8 Family de
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMD certifies that the tools 
provide accurate, quality support. By ensuring thatthird
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the PLD Software Reference Guide for certified devel
opment systems and the Programmer Reference Guide 
for approved programmers. 

Product Terms/Output Feedback Enable 

7 1/0 prog. 
7 - prog. 

8 reg. pin 

8 reg. pin 
7 110 prog. 

8 reg. pin 
7 110 pr~ 
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~AMO 

BLOCK DIAGRAMS 

CLK 

2-170 

PAL20L8 

INPUTS 

PROGRAMMABLE 
AND ARRAY 

(40 x 64) 

PAL20R8 

INPUTS 

PROGRAMMABLE 
AND ARRAY 

(40X64) 

PAL20R8 Family 

Os 

16490C-1 

16490C-2 



BLOCK DIAGRAMS 

CLK 

CLK 

PAL20R6 
INPUTS 

PROGRAMMABLE 
AND ARRAY 

(40 x 64) 

PAL20R4 
INPUTS 

PROGRAMMABLE 
AND ARRAY 

(40 x 64) 

PAL20R8 Family 

AMO~ 

16490C-3 

16490C-4 
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~AMO 

CONNECTION DIAGRAMS 

Top View 
SKINNYDIP/FLATPACK 

(Note 1) Vee 

Ii li2 

12 (Note 10) 

13 (Note 9) 

14 (Note 8) 

Is (Note 7) 

Is (Note 6) 

17 (Note 5) 

la (Note 4) 

lg (Note 3) 

lio h1 

GND (Note 2) 

16490C-5 

Note: Pin 1 is marked for orientation. 

Note 20L8 20R8 

1 lo CLK 
2 J,3 OE 

3 01 01 

4 1/02 02 

5 1/03 03 

6 l/04 04 

7 I/Os Os 

8 I/Os Os 

9 1/07 01 

10 Oa Os 

PIN DESIGNATIONS 
CLK 
GND 
I 
1/0 
NC 
0 
OE 
Vee 

2-172 

Clock 
Ground 
Input 
Input/Output 
No Connect 
Output 
Output Enable 
Supply Voltage 

20R6 

CLK 
OE 

l/01 

02 

03 

04 

Os 

Os 

01 

I/Os 

20R4 

CLK 
OE 

l/01 

1102 

03 

04 

Os 

Os 

1101 

I/Os 

PAL20R8 Family 

PLCC/LCC 
JEDEC: Applies to-5, -7(-12110 mil), 

-10(-15 mil), B-2 Series Only 

NC 

1, 

1, 

NC 

NC 

NC 

1, 

15 
1, 
1, 
1, 

NC 

~ 
w 
>--
0 

~ ~ ~ 

.!!' 0 - z 

"' 

{) 
{) {) 
z > -

" ;;; -z w 
>--
0 
~ 

PLCC 

s 
w 
>--

~ 

" w 
>--
0 
~ 

(NOTE9) 

(NOTE 8) 

(NOTE 7) 

NC 

(NOTE 5) 

(NOTE4) 

16490C-6 

Applies to Band A Series Only 

LCC 

(NOTE9) 

(NOTE 8) 

(NOTE 7) 

(NOTE 6) 

(NOTE 4) 

NC 

1649CB-7 

Applies to B and A Series Only 

NC 
(NOTE 9) 
(NOTE 8) 

(NOTE 7) 

21 (NOTEG) 

10 (NOTE 5) 
(NOTE 4) 



ORDERING INFORMATION 

Commercial Products 

AMO l:1 

AMO programmable logic products for commercial applications are available with several ordering options. The order num
ber (Valid Combination) is formed by a combination of: 

PAL 

FAMILY TYPE T 
PAL. Programmable Array Logic 

NUMBER OF 
ARRAY INPUTS 

20 R 8 -5 ..... -. 

OUTPUT TYPE---------' 
R • Registered 
L - Active-low combinatorial 

NUMBER OF OUTPUTS---------' 

SPEED 
-5 = 5nstpo 
-7 = 7.5 ns tPD 
-10= 10 ns tpo 

VERSION -------------~ 
Blank = Revision 1 

12 = Revision 2 

Valld Combinations 

PAL20L8-5 

PAL20R8-5 

PAL20R6-5 
PAL20R4-5 

PC,JC 
PAL20l8-10/2 

PAL20R8-10/2 

PAL20R6-10/2 

PAL20R4-1012 

PAL20L8-7 

PAL20R8-7 
PC.JC, DC 

PAL20R6-7 

PAL20R4-7 

p c 

L OPTIONAi. PROCESSING 
Blank = Standard Processing 

......._ __ OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

......._ ___ PACKAGE TYPE 
P = 24-Pin (300 mil) Plastic SKINNYDIP 

(P03024) 
J = 28-Pin Plastic Leaded Chip Carrier 

(PL 028) 
D = 24-Pin (300 mil) Ceramic SKINNYDIP 

(C03024) 

Valld Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

PAL20R8·5/7, ·10/2 (Com'I) 2·173 



~AMO 

ORDERING INFORMATION 

Commercial Products (MMI Marking Only) 

AMO programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 

2·174 

PAL 

FAMILY TYPE T 
PAL = Programmable Array Logic 

NUMBER OF 
ARRAY INPUTS 

20 R 8 B -2 

OUTPUT TYPE---------' 
A = Registered 
L = Active-Low Combinatorial 

NUMBER OF OUTPUTS--------' 

SPEED 
B = Very High Speed (15 - 25 ns tPD) 
A = High speed (25-35 ns tpo) 

POWER ---------------' 
Blank Full Power (21 O mA Ice) 

-2 = Hatt Power (105 mA Ice) 

Valid Combinations 

PAL20L8 B-2 CNS, CFN, CJS 

PAL20R8 

PAL20R6 B,A CNS, CNL, CJS 

PAL20R4 

C NS 

L OPTIONAL PROCESSING 
Blank = Standard Processing 

PACKAGE TYPE 
NS = 24-Pin 300 mil Plastic 

SKINNYOIP (P03024) 
FN = 28-Pin Plastic Leaded 

Chip Carrier (PL 028), 
JEOEC pinout 

NL = 28-Pin Plastic Leaded 
Chip Carrier (PL 028), 
non-JEOEC pinout 

JS = 24-Pin 300 mil Ceramic 
SKINNYOIP (C03024) 

'-------- OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

Note: Marked with MM/ logo. 

PAL20R8B/A/B·2 (Com'I) 



ORDERING INFORMATION 

APL Products 

AMO~ 

AMO programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combina
tion) is formed by a combination of: 

PAL 

FAMILY TYPE T 
PAL= Programmable Array Logic 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
R = Registered 
L = Active-low combinatorial 

NUMBER OF OUTPUTS 

SPEED 
-10 = 10 ns !PD 

-12 = 12 ns !PD 

-15 = 15 ns !PD 

Valid Combinations 

PAL20L8 

20 R 8 -10/B L A 

L LEADANISH 
A = Hot Solder Dip 

PACKAGE TYPE 
L 24-Pin (300-mil) Ceramic 

SKINNYDIP (CD3024) 
3 = 28-Pin Ceramic 

Leadless Chip Carrier (CL 028) 

DEVICE CLASS 
/B = Class B 

Valid Combinations 

PAL20R8 
-10, -12, -15 

PAL20R6 
/BLA, /B3A 

Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

PAL20R4 

Military Burn-In 

Group A Tests 

Group A Tests consist of Subgroups: 
1, 2, 3, 7, 8, 9, 10, 11. 

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A through E. 
Test conditions are selected at AMD's option. 

PAL20R8·10/12/15 (Mil) 2-175 



~AMO 

ORDERING INFORMATION 

APL Products (MMI Marking Only) 

AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: 

PAL 20 R 8 A 

T 
-.-- --r- r 

FAMILY TYPE 
PAL= Programmable Array Logic 

NUMBER OF 
ARRAY INPUTS 

OUTPUTTYPE~-------~ 

R = Registered 
L = Active-Low Combinatorial 

NUMBER OF OUTPUTS------~ 

SPEED 
B = Very High Speed (20 ns tPD) 
A = High speed (3Q-50 ns tPD) 

POWER 
Blank = Full Power (210 mA Ice) 

Valid Combinations 

PAL20L8 

PAL20R8 MJS/883B, 

PAL20R6 
B,A MW/883B, 

ML/8838 
PAL20R4 

Military Burn-In 

OPTIONAL PROCESSING 
/883B = MIL-STD-883, Class B 

PACKAGE TYPE (Per 0~00) 
JS = 24-Pin 300-Mil Ceramic 

SKINNYDIP (CD3024) 
W 24-Pin Ceramic Flatpack 

(CFL024) 
L 28-Pin Ceramic Leadless 

Chip Carrier (CL 028) 

'------- OPERATING CONDITIONS 
M = Military 

Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. · 

Note: Marked with MM/ logo. 

Group A Tests 

Group A Tests consist of Subgroups: 
1, 2, 3, 7, 8,9, 10, 11. 

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A through E. 
Test conditions are selected at AMD's option. 
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FUNCTIONAL DESCRIPTION 

Standard 24-Pin PAL Family 
The standard 24-pin PAL family is comprised of four dif
ferent devices, including both registered and combina
torial devices. All parts are produced with a fuse link at 
each input to the AND gate array, and connections may 
be selectively removed by applying appropriate volt
ages to the circuit. Using any of a number of develop
ment packages, these products can be rapidly 
programmed to any customized pattern. Extra test 
words are pre-programmed during manufacturing to en
s~re extremely high field programming yields, and pro
vide extra test paths to achieve excellent parametric 
correlation. 

Variable Input/Output Pin Ratio 
'.he registered devices have twelve dedicated input 
lines, and each combinatorial output is an 1/0 pin. The 
PAL20L8 has fourteen dedicated input lines, and only 
six of the eight combinatorial outputs are 1/0 pins. Bull
ers for device inputs have complementary outputs to 
provide user-programmable input signal polarity. 
Unused input pins should be tied to Vee or GND. 

Programmable Three-State Outputs 
Each output has a three-state output buffer with three
state control. On combinatorial outputs, a product term 
controls the buffer, allowing enable and disable to be a 
function of any product of device inputs or output feed
back. The combinatorial output provides a bidirectional 
1/0 pin, and may be configured as a dedicated input if 
!he buffer is always disabled. On registered outputs, an 
input pin controls the enabling of the three-state outputs. 

Registers with Feedback 
Registered outputs are provided for data storage and 
synchronization. Registers are composed of D-type flip
flops that are loaded on the LOW-to-HIGH transition of 
the clock input. 

Power-Up Reset 
All flip-flops power-up to a logic LOW for predictable 
system initialization. Outputs of the PAL20R8 Family 
will be HIGH due to the active-low outputs. The Vee rise 
must be monotonic and the reset delay time is 1000 ns 
maximum. 

AMO~ 

Register Preload 
The register on the AMD marked 20R8, 20R6, and 20R4 
devices can be preloaded from the output pins to facili
tate functional testing of complex state machine de
signs. This feature allows direct loading of arbitrary 
states, making it unnecessary to cycle through long test 
vector sequences to reach a desired state. In addition, 
transitions from illegal states can be verified by loading 
illegal states and observing proper recovery. 

Security Fuse 
After programming and verification, a PAL20R8 Family 
design can be secured by programming the security 
fuse. Once programmed, this fuse defeats readback of 
the internal programmed pattern by a device program
mer, securing proprietary designs from competitors. 
When the security fuse is programmed, the array will 
read as if every fuse is intact. 

Quality and Testability 
The PAL20R8 Family offers a very high level of built-in 
quality. Extra programmable fuses provide a means of 
verifying performance of all AC and DC parameters. In 
addition, this verifies complete programmability and 
functionality of the device to provide the highest pro
gramming yields and post-programming functional 
yields in the industry. 

Technology 
The PAL20R8-5, -7 and 10/2 are fabricated with AM D's 
oxide isolated process. The array connections are 
formed with highly reliable PtSi fuses. The PAL20R88, 
8-2, and A series are fabricated with AMD"s trench-iso
lated bipolar process. The array connections are formed 
with proven TiW fuses. These processes reduce para
sitic capacitances and minimum geometries to provide 
higher performance. 
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LOGIC DIAGRAM 

DIP (PLCC) Pinouts 
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LOGIC DIAGRAM 

DIP (PLCC) Pinouts 

3 4 7 8 
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LOGIC DIAGRAM 

DIP (PLCC) Pinouts 
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LOGIC DIAGRAM 

DIP (PLCC) Pinouts 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied ................. -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . . 0°C to 75°C 

Supply Voltage with Supply Voltage (Vee) 
Respectto Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground .......... 4.75 V to 5.25 V 
DC Input Voltage ............ -1.2 V to Vee+ 0.5 V 

DC Output or 110 
Pin Voltage ............... -0.5 V to Vee+ 0.5 V 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Static Discharge Voltage ................. 2001 V 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage IOH = -3.2 mA VIN = V1H or VIL 2.4 

Vee= Min 

VOL Output LOW Voltage IOL = 24 mA VIN = V1H or VIL 0.5 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage llN=-18 mA, Vee= Min -1.2 

llH Input HIGH Current VIN = 2.7 V, Vee = Max (Note 2) 25 

ill Input LOW Current V1N = 0.4 V, Vee = Max (Note 2) -250 

Ii Maximum Input Current V1N = 5.5 V, Vee = Max 1 

lozH Off-State Output Leakage VouT = 2.7 V, Vee =Max 100 
Current HIGH VrN = VrH or VrL (Note 2) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee = Max -100 

Current LOW VrN = VrH or VrL (Note 2) 

lse Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 3) -30 -130 

Ice Supply Current VrN = 0 V, Outputs Open (IOUT = 0 mA) 210 

Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

mA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of l1L and IOZL (or IJH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance l CLK, OE VIN= 2.0 V 8 
Vee= 5.0 V J 1i -112 TA= +25°C 5 pF 

CouT Output Capacitance VouT = 2.0 V I= 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter Min 
Symbol Parameter Description (Note 3) Max Unit 

tpo Input or Feedback to Combinatorial Output 20L8, 20R6, 1 5 ns 
20R4 

ts Setup Time from Input or Feedback to Clock 4.5 ns 

tH Hold Time 0 ns 

teo Clock to Output 1 4 ns 

ISKEWR Skew Between Registered Outputs (Note 4) 1 ns 

tWL Clock Width LOW 20R8, 20R6, 4 ns 

IWH HIGH 20R4 4 ns 

Maximum 
External Feedback J 1/(ts + tco) 117 MHz 

fMAX Frequency Internal Feedback (fcNT) 125 MHz 
(Note 5) 

No Feedback l 1 /(tWH + twL) 125 MHz 

IPZX OE to Output Enable 1 6.5 ns 

tPXZ OE to Output Disable 1 5 ns 

tEA Input to Output Enable Using Product Term Control 20L8, 20R6, 2 6.5 ns 

trn Input to Output Disable Using Product Term Control 20R4 2 5 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Output delay minimums fortpa tea tpzx tEAand tERare defined under best case conditions. Future process improvements may 
alter these values; therefore, minimum values are recommended for simulation purposes only. 

4. Skew testing takes into account pattern and switching direction differences between outputs that have equal loading. 

5. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 

OPERATING RANGES 
Commercial (C) Devices 
Ambient Temperature (TA) Ambient Temperature with 

Power Applied ................. -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . 0°c to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V With Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -1.2 V to Vee+ 0.5 V 

DC Output or 110 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

Static Discharge Voltage ................. 2001 V 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage IOH =-3.2 mA VIN = V1H or VIL 2.4 

Vee= Min 

VOL Output LOW Voltage IOL = 24 mA V1N = V1H or VIL 0.5 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage liN = -18 mA, Vee= Min -1.2 

llH Input HIGH Current VIN= 2.7 V, Vee =Max (Note 2) 25 

llL Input LOW Current VIN = 0.4 V, Vee =Max (Note 2) -250 

11 Maximum Input Current V1N = 5.5 V, Vee = Max 1 

loZH Off-State Output Leakage VouT = 2.7 V, Vee =Max 100 
Current HIGH V1N = V1H or V1L {Note 2) 

IOZL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 
Current LOW VIN= V1H or V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 3) -30 -130 

Ice Supply Current V1N = 0 V, Outputs Open (IOUT = 0 mA) 210 

Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

mA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of //L and lozL (or l1H and JozH). 

3. Not more than one output should be tested at a time. Duration of the shon-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ .Unit 

C1N Input Capacitance VIN= 2.0 V Vee= 5.0 V 7 

CouT Output Capacitance VouT = 2.0 V 
TA= +25°C 

8 pF 
I= 1 MHz 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter Min 
Symbol Parameter Description (Note 3) Max Unit 

tpo Input or Feedback to 1 20L8, 20R6, 3 7.5 ns 
Combinatorial Output l 1 Output Switching 20R4 3 7 

. ts Setup Time from Input or Feedback to Clock 7 ns 

tH Hold Time 0 ns 

tco Clock to Output 1 6.5 ns 

!SKEW Skew Between Registered Outputs (Note 4) 20R8, 20R6, 1 ns 

tWL Clock Width LOW 20R4 5 ns 

IWH HIGH 5 ns 

Maximum External Feedback I 1/(ts + tco) 74 MHz 

IMAX Frequency Internal Feedback (fcNT) 100 MHz 
(Note 5) 

l No Feedback 1 /(tWH + tWL) 100 MHz 

tPZX OE to Output Enable 1 8 ns 

tPXZ OE to Output Disable 1 8 ns 

tEA Input to Output Enable Using Product Term Control 20L8, 20R6, 3 10 ns 

tER Input to Output Disable Using Product Term Control 20R4 3 10 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. Output delay minimums for tPO, tea tpzx tpxz tEA and trn are defined under best case conditions. Future process improve
ments may alter these values; therefore, minimum values are recommended for simulation purposes only. 

4. Skew is measured with all outputs switching in the same direction. 

5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied ................. -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

DC Output or 1/0 Pin Voltage ... -0.5 V to Vee Max 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC Input Current ................ -30 mA to 5 mA 

Static Discharge Voltage ................. 2001 V 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is ·not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH =-3.2 mA VIN = V1H or V1L 2.4 

Vee= Min 

VOL Output LOW Voltage loL = 24 mA V1N = V1H or VIL 0.5 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage llN = -18 mA. Vee= Min -1.5 

hH Input HIGH Current VIN= 2.4 V, Vee = Max (Note 2) 25 

liL Input LOW Current VIN= 0.4 V, Vee = Max (Note 2) -250 

Ii Maximum Input Current VIN = 5.5 V, Vee = Max 100 

lozH Off-State Output Leakage VouT = 2.4 V, Vee =Max 100 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 3) -30 -130 

Ice Supply Current V1N = 0 V, Outputs Open (IOUT = 0 mA) 210 

Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of IJL and lozL (or !JH and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 V J Vee= 5.0 V 7 
} T.=25°C pF Cour Output Capacitance Vour = 2.0 V f = 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter Min 
~mbol Parameter Description (Note 3) Max Unit 

tpo Input or Feedback to Combinatorial Output 20L8, 20R6, 

20R4 3 10 ns 

ts Setup Time from Input or Feedback to Clock 10 ns 

lH Hold Time 0 ns 

tco Clock to Output 3 8 ns 

twL 
Clock Width 

LOW 20R8, 20R6, 7 ns 

lWH HIGH 20R4 7 ns 

Maximum External Feedback }t(ts + tco) 55.5 MHz 

IMAX Frequency Internal Feedback (ICNT) 58.8 MHz 
(Note 4) 

11 l(lWH + lWL) No Feedback 71.4 MHz 

tpzx OE to Output Enable 2 10 ns 

tpxz OE to Output Disable 2 10 ns 

!EA Input to Output Enable Using Product Term Control 20L8, 20R6, 3 10 ns 

tER Input to Output Disable Using Product Term Control 20R4 3 10 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Output delay minimums for tpa tea tpzx tpxz tEA and trnare defined under best case conditions. Future process improvements 
may alter these values; therefore, minimum values are recommended for simulation purposes only. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to +150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied ................. -55°C to + 125°C Operating in Free Air ..... · . . . . . . . . . 0°C to +75°C 
Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -1.5 V to Vee + 0.5 V 

DC Output or 1/0 
Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH =-3.2 mA VIN = V1H or VIL 2.4 

Vee= Min 

VoL Output LOW Voltage loL = 24 mA VIN = V1H or VIL 0.5 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage l1N = -18 mA, Vee= Min -1.5 

llH Input HIGH Current V1N = 2.7 V, Vee =Max (Note 2) 25 

ill Input LOW Current V1N = 0.4 V, Vee = Max (Note 2) -250 

11 Maximum Input.Current VIN = 5.5 v. Vee = Max 100 

loZH Off-State Output Leakage VouT = 2.7 V, Vee = Max 100 
Current HIGH VIN = V1H or VIL (Note 2) 

IOZL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 3) -30 -130 

Ice Supply Current V1N = O V. Outputs Open (louT = 0 mA) 210 

Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of IJL and lozL (or l1H and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 

Parameter 
Symbol Parameter Description Min Max Unit 

!PD Input or Feedback to Combinatorial Output 20L8, 20R6, 15 ns 

20R4 

ts Setup Time from Input or Feedback to Clock 15 ns 

IH Hold Time 0 ns 

tco Clock to Output or Feedback 20R8, 20R6, 12 ns 

IWL Clock Width LOW 20R4 10 ns 

IWH HIGH 12 ns 

Maximum External Feedback 1/(ts + tco) 37 MHz 

IMAX Frequency 
(Note 2) No Feedback 1 /{IWH + IWL) 45 MHz 

tpzx OE to Output Enable 15 ns 

tpxz OE to Output Disable 12 ns 

!EA Input to Output Enable Using Product Term Control 20L8, 20R6, 18 ns 

!ER Input to Output Disable Using Product Term Control 20R4 15 ns 

Notes: 
1. See Switching Test Circuit for test conditions. 

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied ................. -55°C to + 12s0 c Operating in Free Air . . . . . . . . . . . . . . 0°c to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -1.5 V to Vee+ 0.5 V 

DC Output or 1/0 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage IOH = -3.2 mA VIN = V1H or V1L 2.4 

Vee= Min 

VOL Output LOW Voltage IOL = 24 mA VIN = V1H or VIL 0.5 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage liN = -18 mA, Vee = Min -1.5 

liH Input HIGH Current V1N = 2.7 V, Vee =Max (Note 2) 25 

l1L Input LOW Current V1N = 0.4 V, Vee = Max (Note 2) -250 

Ii Maximum Input Current V1N = 5.5 V, Vee = Max 100 

IOZH Off-State Output Leakage VouT = 2.7 V, Vee =Max 100 
Current HIGH VIN = ViH or VIL (Note 2) 

lozL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 

Current LOW VIN = ViH or VIL (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 3) -30 -130 

Ice Supply Current VIN= 0 V, Outputs Open (loUT = 0 mA) 105 

Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of !JL and lozL (or l1H and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 

Parameter 
Symbol Parameter Description Min Max Unit 

!PD Input or Feedback to Combinatorial Output 20L8, 20R6, 25 ns 

20R4 

ts Setup Time from Input or Feedback to Clock 25 ns 

tH Hold Time 0 ns 

tco Clock to Output 20R8, 20R6, 15 ns 

IWL Clock Width LOW 20R4 15 ns 

IWH HIGH 15 ns 

Maximum External Feedback I 1/(ts + tco) 25 MHz 

fMAX Frequency Internal Feedback (ICNT) 28.5 MHz 
(Nota3) No Feedback I 1/(tWH + twL) 33.3 MHz 

tpzx OE to Output Enable 20 ns 

tpxz OE to Output Disable 20 ns 

!EA Input to Output Enable Using Product Term Control 20L8, 20R6, 25 ns 

!ER l11_E>_ut to Outp_ut Disable Usi~Product Term Control 20R4 25 ns 

Notes: 
1. See Switching Test Circuit for test conditions. 

2. Calculated from measured fMAX internal. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to +150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied . . . . . . . . . . . . . . . . . -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -1.5 V to Vee + 0.5 V 

DC Output or 1/0 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

Vot-1 Output HIGH Voltage loH =-3.2 mA VIN = VIH or V1L 2.4 

Vee= Min 

VOL Output LOW Voltage IOL = 24 mA VIN = V1H or VIL 0.5 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage hN = -18 mA, Vee= Min -1.5 

hH Input HIGH Current VIN= 2.7 V, Vee =Max (Note 2) 25 

hL Input LOW Current VIN= 0.4 V, Vee =Max (Note 2) -250 

h Maximum Input Current VIN= 5.5 V, Vee =Max 100 

lozH Off-State Output Leakage Vour = 2.7 V, Vee = Max 100 
Current HIGH VIN = VIH or VIL {Note 2) 

IOZL Off-State Output Leakage Vour = 0.4 V, Vee = Max -100 

Current LOW VIN = VIH or VIL (Note 2) 

lse Output Short-Circuit Current Vour = 0.5 V, Vee = Max (Note 3) -30 -130 

Ice Supply Current V1N = 0 V, Outputs Open {IOUT = 0 mA) 210 

Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of flL and lozL (or flH and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 

Parameter 
Symbol Parameter Description Min Max Unit 

tpo Input or Feedback to Combinatorial Output 20L8, 20R6, 25 ns 
20R4 

ts Setup Time from Input or Feedback to Clock 25 ns 

tH Hold Time 0 ns 

tco Clock to Output 20R8, 20R6, 15 ns 

tWL Clock Width LOW 20R4 15 ns 

IWH HIGH 15 ns 

Maximum External Feedback I 1/(ts + tco) 25 MHz 

IMAX Frequency Internal Feedback (ICNT) 28.5 MHz 
(Note 3) 

I No Feedback 1/{IWH + tWL) 33 MHz 

tpzx OE to Output Enable 20 ns 

tpxz OE to Output Disable 20 ns 

tEA Input to Output Enable Using Product Term Control 20L8, 20R6, 25 ns 

tER Input to Output Disable Using Product Term Control 20R4 25 ns 

Notes: 
1. See Switching Test Circuit for test conditions. 

2. Calculated from measured fMAx internal. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 

OPERATING RANGES 
Military (M) Devices (Note 1) 
Operating Case (Tc) Ambient Temperature 

With Power Applied ............. -55°C to + 125°C Temperature . . . . . . . . . . . . . . . . . . -55°C to + 125°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ........ +4.50 V to +5.50 V 

DC Input Voltage ........... -1.2 V to Vee+ 0.5 V 

DC Output or 110 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee + 0.5 V Note: 

Static Discharge Voltage ................. 2001 V 1. Military products are 100% tested at Tc= +25" C, + 125" C, 
and-55"C. 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage loH = -2 mA VIN = V1H or VIL 2.4 v 
Vee= Min 

VOL Output LOW Voltage IOL=12mA VIN = V1H or VIL 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

V1 Input Clamp Voltage l1N = -18 mA, Vee= Min -1.2 v 
llH Input HIGH Current V1N = 2.4 V, Vee = Max (Note 4) 25 µA 

ill Input LOW Current VIN = 0.4 V, Vee = Max (Note 4) -250 µA 

Ii Maximum Input Current V1N = 5.5 V, Vee = Max 1 mA 

loZH Off-State Output Leakage VouT = 2.4 V, Vee = Max 100 µA 

Current HIGH V1N = V1H or V1L {Note 4) 

lozL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 µA 

Current LOW V1N = V1H or V1L {Note 4) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 5) -30 -130 mA 

Ice Supply Current V1N = O V, Outputs Open (louT = O mA) 210 mA 

Vee= Max 

Notes: 

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. VIL and VIH are input conditions of output tests and are not themselves directly tested. VIL and ViH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of !JL and lozL (or !JH and lozH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1} 
Parameter 

Symbol Parameter Descriptions Test Conditions Typ Unit 

C1N Input Capacitance VJN = 2.0 V Vee= 5.0 V 9 

CouT Output Capacitance VouT = 2.0 v TA= +25°C 
10 pF 

f = 1 MHz 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2} 

-10 -12 

Parameter Min Min 
Symbol Parameter Description (Note3) Max (Note 3) 

tPD Input or Feedback to Combinatorial Output 20L8, 3 10 3 
20R6, 
20R4 

ts Setup Time from Input or Feedback to Clock 10 12 

tH Hold Time 0 0 

teo Clock to Output 3 10 3 

!SKEW Skew Between Registered Outputs (Note 4) 1 

twL Clock Width LOW 20R8, 8 10 

tWH HIGH 20R6, 
8 10 20R4 

fMAX 
Maximum 

External Feedbac~ 1/(ts + teo) 50 41.7 

Frequency Internal Feedback (leNT) 62.5 50 
(Note 5) 

No Feedback l 1 /(tWH + tWL) 62.5 50 

tpzx OE to Output Enable (Note 5) 3 12 3 

tpxz OE to Output Disable (Note 5) 3 12 3 

tEA Input to Output Enable Using Product 3 12 3 
Term Control (Note 5) 20L8, 

tER Input to Output Disable Using Product 
20R6, 
20R4 3 12 3 

Term Control (Note 5) 

Notes: 

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 

Max Unit 

12 ns 

ns 

ns 

12 ns 

1 ns 

ns 

ns 

MHz 

MHz 

MHz 

15 ns 

15 ns 

15 ns 

15 ns 

3. Output delay minimums for tpa tco tpzx tEAand tERare defined under best case conditions. Future process improvements may 
alter these values; therefore, minimum values are recommended for simulation purposes only. 

4. Skew is measured with all outputs switching in the same direction. 

5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 

Ambient Temperature 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
with Power Applied ............. -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . . . -55°C Min 

Supply Voltage with Operating Case (Tc) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V Temperature ...................... + 125°C Max 

Supply Voltage (Vee) with DC Input Voltage . . . . . . . . . . . -0.5 V to +5.5 V 

DC Output or 110 Respect to Ground . . . . . . . . . . . . +4.50 V to +5.50 V 
Pin Voltage . . . . . . . . . . . . . . . . . -0.5 V to Vee Max 

DC Input Current . . . . . . . . . . . . -30 mA to +5 mA 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Note: Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

1. Military products are tested at Tc= +25°C, + 125°C, 
and-55°C per MIL-STD-883. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VOH Output HIGH Voltage IOH = -2 mA VIN = V1H or VIL 2.4 v 
Vee= Min 

VoL Output LOW Voltage IOL = 12 mA VIN = V1H or V1L 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage tor all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

V1 Input Clamp Voltage liN = -18 mA, Vee = Min -1.5 v 
hH Input HIGH Current V1N = 2.4 V, Vee = Max (Note 4) 25 µA 

ill Input LOW Current V1N = 0.4 V, Vee = Max (Note 4) -250 µA 

Ii Maximum Input Current VIN= 5.5 V, Vee = Max 100 µA 

IOZH Off-State Output Leakage VouT = 2.7 V, Vee =Max 100 µA 
Current HIGH V1N = ViH or V1L (Note 4) 

lozL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 µA 

Current LOW V1N = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 5) -30 -130 mA 

Ice Supply Current V1N = O V, Outputs Open (louT = O mA) 210 mA 

Vee= Max 

Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. V1L and ViH are input conditions of output tests and are not themselves directly tested. V1L and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of l1L and lozL (or l1H and lozH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 V 
Vee= 5.0 V 

CLK, OE 12 

TA= 25°C Other Inputs 7 pF 

CouT Output Capacitance VouT = 2.0 V 
I= 1 MHz 

Outputs 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 

Parameter Min 
Symbol Parameter Description (Note3) 

tpo Input or Feedback to 20L8, 20R6, 3 
Combinatorial Output 20R4 

ts Setup Time from Input or Feedback to Clock 15 

tH Hold Time 0 

tco Clock to Output 3 

tWL Clock Width LOW 10 

tWH HIGH 20L8, 20R6, 10 

J 1/(ts + tco) 
20R4 

External Feedback 35.7 
Maximum 

IMAX Frequency Internal Feedback (ICNT) 37 
(Note 5) 

No Feedback l 1 l(tWH + twL) 50 

tPZX OE to Output Enable (Note 6) 3 

tPXZ OE to Output Disable (Note 6) 3 

IEA Input to Output Enable Using Product 
Term Control (Note 6) 20L8, 20R6, 3 

tER Input to Output Disable Using Product 
20R4 

Term Control (Note 6) 3 

Notes: 
2. See Switching Test Circuit for test conditions. For APL products Group A. Subgroups 9, 10, and 11 are 

tested per MIL-ST0-883, Method 5005, unless otherwise noted. 

Max Unit 

15 ns 

ns 

ns 

13 ns 

ns 

ns 

MHz 

MHz 

MHz 

15 ns 

15 ns 

15 ns 

15 ns 

3. Output delay minimums for tpo, tea, tpzx, tpxz, tEA, and tER are defined under best case conditions. Future process improve
ments may alter these values; therefore, minimum values are recommended for simulation purposes only. 

4. Calculated from measured fMAx internal. 

5. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 

Ambient Temperature 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
with Power Applied ............. -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . . . -55°C Min 

Supply Voltage with Operating Case (Tc) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V Temperature ...................... +125°C Max 

Supply Voltage (Vee) with DC Input Voltage . . . . . . . . . -1.5 V to +5.5 V 

DC Output or 1/0 Respect to Ground . . . . . . . . . . . . +4.50 V to +5.50 V 
Pin Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V 

Note: 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

1. Military products are tested at Tc= +25°C, + 125°C, 
and -55°C per MIL-STD-883. 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage loH = -2 mA V1N = V1H or V1L 2.4 v 
Vee= Min 

VOL Output LOW Voltage IOL=12mA VJN = V1H or VIL 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

V1 Input Clamp Voltage liN=-18mA, Vcc=Min -1.5 v 
IJH Input HIGH Current V1N = 2.4 V, Vee = Max (Note 4) 25 µA 

IJL Input LOW Current V1N = 0.4 V. Vee = Max (Note 4) -250 µA 

Ii Maximum Input Current VIN = 5.5 V, Vee = Max 1 mA 

lozH Off-State Output Leakage VouT = 2.4 V, Vee = Max 100 µA 
Current HIGH V1N = V1H or VIL (Note 4) 

IOZL Off-State Output Leakage Vour = 0.4 V, Vee = Max -100 µA 

Current LOW V1N = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max (Note 5) -30 -130 mA 

Ice Supply Current V1N = 0 V, Outputs Open (lour= O mA) 210 mA 

Vee= Max 

Notes: 

2. ForAPL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. VJL and VJH are input conditions of output tests and are not themselves directly tested. VIL and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to tesHhese values 
without suitable equipment. 

4. 110 pin leakage is the worst case of ltL and lozL (or IJH and loZH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1) 

Parameter 
Symbol Parameter Description Min 

lPD Input or Feedback to Combinatorial Output 20L8, 20R6, 
20R4 

ts Setup Time from Input or Feedback to Clock 20 

lH Hold Time 0 

tco Clock to Output or Feedback 

lWL LOW 12 
Clock Width 20R8, 20R6, lWH HIGH 12 

20R4 
fMAX Maximum External Feedback 1 /(ts + tco) 28.5 

Frequency 

(Note 2) No Feedback 1 /(lWH + lWL) 41.6 

lPZX OE to Output Enable (Note 3) 

tpxz OE to Output Disable (Note 3) 

!EA Input to Output Enable Using Product 
Term Control (Note 3) 20L8, 20R6, 

!ER Input to Output Disable Using Product 20R4 
Term Control (Note 3) 

Notes: 

1. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 

AMO~ 

Max Unit 

20 ns 

ns 

ns 

15 ns 

ns 

ns 

MHz 

MHz 

20 ns 

20 ns 

25 ns 

20 ns 

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to+ 150°C 

Ambient Temperature 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
with Power Applied ............. -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . . . -55°C Min 

Supply Voltage with Operating Case (Tc) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V Temperature ...................... + 125°C Max 

Supply Voltage (Vee) with DC Input Voltage . . . . . . . . . . . . . . . -1.5 V to +5.5 V 

DC Output or 110 Respect to Ground . . . . . . . . . . . . +4.50 V to +5.50 V 
Pin Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Note: 

1. Military products are tested at Tc= +25°C, + 125°C, 
and-55°C per MIL-STD-883. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage loH = -2 mA V1N = V1H or V1L 2.4 v 
Vee= Min 

Vol Output LOW Voltage IOL=12mA VIN = V1H or VIL 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

V1 Input Clamp Voltage liN = -18 mA, Vee= Min -1.5 v 
hH Input HIGH Current V1N = 2.4 V, Vee = Max (Note 4) 25 µA 

hL Input LOW Current V1N = 0.4 V, Vee = Max (Note 4) -250 µA 

Ii Maximum Input Current VIN = 5.5 V, Vee = Max 1 mA 

lozH Off-State Output Leakage VouT = 2.4 V, Vee = Max 100 µA 
Current HIGH VIN= V1H or VIL (Note 4) 

IOZL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 µA 
Current LOW V1N = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 5) -30 -130 mA 

Ice Supply Current V1N = O V, Outputs Open (louT = O mA) 210 mA 

Vee= Max 

Notes: 

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. ViL and V1H are input conditions of output tests and are not themselves directly tested. VJL and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of IJL and lozL (or IJH and lozH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1} 

Parameter 
Symbol Parameter Description Min 

tpo Input or Feedback to Combinatorial Output 20L8, 20R6, 
20R4 

ts Setup Time from Input or Feedback to Clock 30 

tH Hold Time 0 

tco Clock to Output or Feedback 

twl LOW 20 
Clock Width 

20R8, 20R6, tWH HIGH 20 
20R4 

IMAX Maximum External Feedback 1/(ts + tco) 20 
Frequency 
(Note 2) No Feedback 1/(tWH + tWL) 25 

tPZX OE to Output Enable (Note 3) 

tpxz OE to Output Disable (Note 3) 

tEA Input to Output Enable Using Product 
Term Control (Note 3) 20L8, 20R6, 

tER Input to Output Disable Using Product 20R4 

Term Control (Note 3) 

Notes: 

1. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10. and 11 are 
tested per MIL-STD-883, Method 5005. unless otherwise noted. 

AMO~ 

Max Unit 

30 ns 

ns 

ns 

20 ns 

ns 

ns 

MHz 

MHz 

25 ns 

25 ns 

30 ns 

30 ns 

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SWITCHING WAVEFORMS 

Input or 
Feedback 

Combinatorial 
Output 
-~-VT 

16490C-13 

Combinatorial Output 

Clock _/ 
Registered 

Output 1 

Registered 
Output 2 

Input or 
Feedback 

Combinatorial 
Output 

Notes: 

1. VT= 1.5 V 

16490C-15 

Registered Output Skew 

tER !EA 

VT 

16490C-17 

Input to Output Disable/Enable 

2. Input pulse amplitude O V to 3.0 V 

3. Input rise and fall times 2 ns - 3 ns typical 

Input or 
Feedback---~ '--------' '--V_T __ 

ts----tH 

Clock---------

Registered 
Output--------~ 

Registered Output 

Clock 

Clock Width 

OE 
tpxz 

Registered 
Output 

16490C-14 

16490C-16 

tPZX 

VT 

16490C-18 

OE to Output Disable/Enable 

2-202 PAL20R8 Family 



KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

///// 

SWITCHING TEST CIRCUIT 

Specification s, c, 
tpo, tco Closed 

tpzx, tEA z _, H: Open 50 pF 
Z -> L: Closed 

tpxz, trn H ->Z: Open 5 pF 

L -> Z: Closed 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

5V 

Commercial 

R1 R2 

For :5: 
200Q 

200 Q For rest 
390Q 

PAL20R8 Family 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High
Impedance 
"Off" State 

KS000010-PAL 

Test Point 

16490C-19 

Military 

R1 R2 

390 Q 750 Q 

AMO~ 

Measured 
Output Value 

1.5 v 

1.5 v 

H ->Z: VoH - 0.5 V 

L ->Z: VOL+ 0.5 V 
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MEASURED SWITCHING CHARACTERISTICS FOR THE PAL20R8-5 

tPD, ns 

7 

6 

5 

4 
tpo, ns 

3 

2 

0 

0 

Note: 

2 3 4 5 6 

Number of Outputs Switching 

tPo vs. Number of Outputs Switching 
Vee= 4.75 V, TA= 75°C (Note 1) 

7 

50 100 200 250 

CL, pF 

tPo vs. Load Capacitance 
Vee= 5.0 V, TA= 25°C 

8 

16490C-20 

16490C-21 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where f PD may be affected. 
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CURRENT VS. VOLTAGE (1-V) CHARACTERISTICS FOR THE PAL20R8-5 

Vee= 5.0 V, TA = 25°C 

loL, mA 

Output, LOW 

20 IOH, mA 

VoH, V 
-3 -2 -1 

60 

-80 

-90 

Output, HIGH 

11,µA 

20 
2 3 

V1, V 
-3 -2 -1 

-50 

-100 

-150 

-200 

Input 

PAL20R8·5 

AMO l'.'1 

16490C-22 

16490C-23 

16490C-24 
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CURRENT VS. VOLTAGE (1-V) CHARACTERISTICS FOR THE PAL20R8-7/12 

Vee= 5.0 V, TA = 25°C 

loL,mA 

15 

10 

5 

-0.6 ~.4 -0.2 
-5 

-10 

-15 

16490C-25 

Output, LOW 

loH, mA 

20 

-3 -2 -1 

-60 

-80 
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INPUT/OUTPUT EQUIV A LENT SCHEMATICS 

Input o-__,,___,.....---1 

ProgramNerify 
Circuitry 

Typical Input 

16490C-28 

--------------<> Vee 

40!2 NOM 

Input, 
110 

Pins 

Typical Output 

PAL20R8 Family 

ProgramNerify/ 
Test Circuitry 

Pre load 
Circuitry 

16490C-29 
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POWER-UP RESET 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will be HIGH due to the inverting output 
buffer. This feature is valuable in simplifying state ma
chine initialization. A timing diagram and parameter ta
ble are shown below. Due to the synchronous operation 
of the power-up reset and the wide range of ways Vee 

Parameter 
Symbol Parameter Description 

IPR Power-Up Reset Time 

ts Input or Feedback Setup Time 

lWL Clock Width LOW 

can rise to its steady state, two conditions are required 
to ensure a valid power-up reset. These conditions are: 

• The Vee rise must be monotonic. 

• Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and 
feedback setup times are met. 

Max Unit 

1000 ns 

See Switching Characteristics 

Power 
4 v!""~~~~~--------------- Vee 

I~ IPR----.! 

Registered 
Active-Low 

Output 

Clock 

2-208 

~ tw 
16490C-30 

Power-Up Reset Waveform 
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DATA SHEET REVISION SUMMARY FOR 

PAL20R8 Family 
Current vs. Voltage (1-V) Characteristics 

Inserted PAL20R8-7/12 l-V curves 

PAL20R8 Family 

AMO~ 
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FINAL COM'L: H-517/10/15/25, Q-10/15/25 
IND: H-15/25. Q-20/25 

MIL: H-15/20/25 ~ 
PALCE20V8 Family 
EE CMOS 24-Pin Universal Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• Pin, function and fuse-map compatible with all 

GAL 20V8/As 
• Electrically erasable CMOS technology pro

vides reconfigurable logic and full testability 
• High-speed CMOS technology 

- 5 ns propagation delay for "-5" version 
- 7.5 ns propagation delay for "-7" version 

• Direct plug-in replacement for a wide range of 
24-pin PAL devices 

• Programmable enable/disable control 
• Outputs Individually programmable as 

registered or combinatorial 

GENERAL DESCRIPTION 
The PALCE20V8 is an advanced PAL device built with 
low-power, high-speed, electrically-erasable CMOS 
technology. Its macrocells provide a universal device 
architecture. The PALCE20V8 is fully compatible with 
the GAL20V8 and can directly replace PAL20R8 series 
devices and most 24-pin combinatorial PAL devices. 

Device logic is automatically configured according to the 
user's design specification. A design is implemented us
ing any of a number of popular design software pack
ages, allowing automatic creation of a programming file 
based on Boolean or state equations. Design software 
also verifies the design and can provide test vectors for 
the finished device. Programming can be accomplished 
on standard PAL device programmers. 

The PALCE20V8 utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 

BLOCK DIAGRAM 

2-210 

• Preloadable output registers for testability 
• Automatic register reset on power-up 
• Cost-effective 24-pin plastic SKINNYDIP and 

28-pin PLCC packages 
• Extensive third-party software and programmer 

support through FusionPLD partners 
• Fully tested for 100% programming and func

tional yields and high reliability 
• Programmable output polarity 
• 5 ns version utilizes a split leadframe for 

improved performance 

complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa
tions are programmed into the device through floating
gate cells in the AND logic array that can be erased 
electrically. 

The fixed OR array allows up to eight data product terms 
per outputfor logic functions. The sum of these products 
feeds the output macrocell. Each macrocell can be 
programmed as registered or combinatorial with an ac
tive-high or active-low output. The output configuration 
is determined by two global bits and one local bit control
ling four multiplexers in each macrocell. 

CLK/lo 
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CONNECTION DIAGRAMS 

(Top View) 

SKINNYDIP 

CL Kilo Vee 

h '13 

12 l/07 

b 1106 

l4 I/Os 

Is 1/04 

16 1/03 

17 1/02 

Is 1101 

lg l/Oo 

ho '12 

GND OE/'11 

16491C-2 

Note: 
Pin 1 is marked for orientation. 

PIN DESIGNATIONS 
CLK = Clock 

GND = Ground 

I = Input 

1/0 = Input/Output 

NC = No Connect 

OE = Output Enable 

Vee = Supply Voltage 

PLCC/LCC 

PALCE20V8 Family 

25 1/05 

24 1/05 

23 1/04 
22 NC 

21 1/03 
20 1102 

1/01 

16491C-3 
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ORDERING INFORMATION 
Commercial and Industrial Products 
AMD programmable logic products for commercial and industrial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of: 

PAL CE 20 V 8 H -5 P 

FAMILY TYPE 
T 

PAL "' Programmable Array Logic 

TECHNOLOGY~-------~ 

CE = CMOS Electrically Erasable 

NUMBER OFARRAY INPUTS ------' 

OUTPUTTYPE----------~ 

V = Versatile 

NUMBER OF FLIP-FLOPS -------~ 

POWER---------------~ 

H = Half Power (90-125 mA Ice) 
Q = Quarter Power (55 mA Ice) 

SPEED-----------------' 

-5 5 ns tpo 
-7 7.5 ns tPD 
-10 10 ns tPD 
-15 15 ns tPD 
-20 20 ns tpo 
-25 25 ns tPD 

Valid Combinations 
PALCE20V8H-5 JC 

PALCE20V8H-7 
15 

PALCE20V8H-10 PC,JC Blank, /4 

PALCE20V8Q-1 0 15 
PALCE20V8H-15 PC JC Pl JI 
PALCE20V80-15 PC, JC Blank, 
PALCE20V80-20 Pl JI 14 

PALCE20V8H-25 
PALCE20V8Q-25 PC, JC, Pl, JI 

c /5 

L PROGRAMMING DESIGNATOR 
Blank = Initial Algorithm 
14 First Revision 
15 Second Revision 

(Same algorithm as /4) 

OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 
I = Industrial (-40°C to +85°C) 

PACKAGE TYPE 
P = 24-Pin 300 mil Plastic 

SKINNYDIP (PD3024) 
J = 28-Pin Plastic Leaded Chip 

Carrier (PL 028) 

Valid Combinations 
Valid Combinations lists configurations planned to 
be supported in volume for this device. Consult the 
local AMD sales office to confirm availability of spe
cific valid combinations and to check on newly re
leased combinations. 
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ORDERING INFORMATION 
APL Products 

AMO~ 

AMO programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: 

PAL CE 20 V 8 H -15 E4 /B L A 

FAMILY TYPE --- T 
PAL = Programmable Array Logic 

TECHNOLOGY---~-----' 

CE = CMOS Electrically Erasable 

NUMBER OFARRAY INPUTS----~ 

OUTPUT TYPE------------' 
V = Versatile 

NUMBER OF FLIP-FLOPS-------~ 

POWER -----------------' 
H = Half Power (130 mA Ice) 

SPEED----------------~ 
-15 = 15 ns !PD 

-20 = 20 ns !PD 

-25 = 25 ns !PD 

Valid Combinations 

PALCE20V8H-15 E4 

PALCE20V8H-20 
Blank, /BLA, /B3A 

PALCE20V8H-25 E4 

Military Burn-In 

c LEAD FINISH 
A = I-lot Solder Dip 

PACKAGE TYPE 
L = 24-Pin (300 mil) Ceramic 

SKINNYDIP (CD3024) 
3 = 28-Pin Ceramic Leadless 

Chip Carrier (CL 028) 

'----- DEVICE CLASS 
/B = Class B 

----- PROGRAMMING DESIGNATOR 
Blank = Initial Release 
E4 First Revision 

(May require different 
programmer revisions) 

Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

Group A Tests 
Group A tests consist of Subgroups 

1, 2, 3, 7, 8, 9, 10, 11. 

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. 
Test conditions are selected at AMD's option. 
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FUNCTIONAL DESCRIPTION 
The PALCE20V8 is a universal PAL device. It has eight 
independently configurable macrocells (MCo .. MC?). 
Each macrocell can be configured as a registered out
put, combinatorial output, combinatorial 1/0, or dedi
cated input. The programming matrix implements a 
programmable AND logic array, which drives a fixed OR 
logic array. Buffers for device inputs have complemen
tary outputs to provide user-programmable input signal 
polarity. Pins 1and13 serve either as array inputs or as 
clock (CLK) and output enable (OE) for all flip-flops. 

Unused input pins should be tied directly to Vee or GND. 
Product terms with all bits unprogrammed (discon
nected) assume the logical HIGH state and product 
terms with both true and complement of any input signal 
connected assume a logical LOW state. 

The programmable functions on the PALCE20V8 are 
automatically configured from the user's design specifi
cation, which can be in a number of formats. The design 

SLOx 

SG1 = 

specification is processed by development software to 
verify the design and create a programming file. This 
file, once downloaded to a programmer, configures the 
device according to the user's desired function. 

The user is given two design options with the 
PALCE20V8. First, it can be programmed as an emu
lated PAL device. This includes the PAL20R8 series 
and most 24-pin combinatorial PAL devices. The PAL 
device programmer manufacturer will supply device 
codes for the standard PAL architectures to be used 
with the PALCE20V8. The programmer will program the 
PALCE20V8 to the corresponding PAL device architec
ture. This allows the user to use existing standard PAL 
device JEDEC files without making any changes to 
them. Alternatively, the device can be programmed 
directly as a PALCE20V8. Here the user must use the 
PALCE20V8 device code. This option provides full utili
zation of the macrocells, allowing non-standard archi
tectures to be built. 

= 

To 
Adjacent 
Macrocell 

I/Ox 

>------<11.......-10 Q>------1 1 0 

= SL1x CLK "QI--------

1------ From 
Adjacent 

·sG1 SLOx Pin 

16491C-4 

·In Macrocel/s MCo and MC7 SG1 is replaced by SGO on the feedback multiplexer. 

Figure 1. PALCE20V8 Macrocell 
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Configuration Options 
Each macrocell can be configured as one of the follow
ing: registered output, combinatorial output, combinato
rial 1/0 or dedicated input. In the registered output 
configuration, the output buffer is enabled by the OE pin. 
In the.combinatorial configuration, the buffer is either 
controlled by a product term or always enabled. In the 
dedicated input configuration, the buffer is always dis
abled. A macrocell configured as a dedicated input de
rives the input signal from an adjacent 1/0. 

The macrocell configurations are controlled by the con
figuration control word. It contains 2 global bits (SGO 
and SG1) and 16 local bits (SLOothrough SL01 and SL 1o 
through SL h). SGO determines whether registers will 
be allowed. SG1 determines whether the PALCE20V8 
will emulate a PAL20R8 family or a combinatorial de
vice. Within each macrocell, SLOx, in conjunction with 
SG1, selects the configuration of the macrocell and 
SL 1 x sets the output as either active low or active high. 

The configuration bits work by acting as control inputs 
for the multiplexers in the macrocell. There are four mul
tiplexers: a product term input, an enable select, an out
put select, and a feedback select multiplexer. SG1 and 
SLOx are the control signals for all four multiplexers. In 
MCo and MC1, SGO replaces SG1 on the feedback 
multiplexer. 

These configurations are summarized in table 1 and il
lustrated in figure 2. 

If the PALCE20V8 is configured as a combinatorial de
vice, the CLK and OE pins may be available as inputs to 
the array. If the device is configured with registers, the 
CLK and OE pins cannot be used as data inputs. 

Registered Output Configuration 
The control bit settings are SGO = 0, SG1=1 and SLOx = 
0. There is only one registered configuration. All eight 
product terms are available as inputs to the OR gate. 
Data polarity is determined by SL 1 x. SL 1 x is an input to 
the exclusive-OR gate which is the D input to the flip
flop. SL 1 x is programmed as· 1 for inverted output or O 
for non-inverted output. The flip-flop is loaded on the 
LOW-to-HIGH transition of CLK. The feedback path is 
from a on the register. The output buffer is enabled by 
OE. 

Combinatorial Configurations 
The PALCE20V8 has three combinatorial output con
figurations: dedicated output in a non-registered device, 
1/0 in a non-registered device and 1/0 in a registered 
device. 

AMO~ 

Dedicated Output in a Non-Registered 
Device · 
The control settings are SGO = 1, SG1 = 0, and SLOx = 0. 
All eight product terms are available to the OR gate. Al
though the macrocell is a dedicated output, the 'feed
back is used, with the exception of pins 18(21) and 
19(23). Pins 18(21) and 19(23) do not use feedback in 
this mode. 

Dedicated Input in a Non-Registered 
Device 
The control bit settings are SGO = 1, SG1 = 0 and SLOx = 
1. The output buffer is disabled. The feedback signal is 
an adjacent 1/0 pin. 

Combinatorial 1/0 in a Non-Registered 
Device 
The control settings are SGO = 1, SG1 = 1, and SLOx = 1. 
Only seven product terms are available to the OR gate. 
The eighth product term is used to enable the output 
buffer. The signal at the 1/0 pin is fed back to the AND 
array via the feedback multiplexer. This allows the pin to 
be used as an input 

Combinatorial 1/0 in a Registered Device 
The control bit settings are SG0=0,SG1 =1 and SLOx =1. 
Only seven product terms are available to the OR gate. 
The eighth product term is used as the output enable. 
The feedback signal is the corresponding 1/0 signal. 

Table 1. Macrocell Configurations 

SGO SG1 SLOx Cell Configuration Devices Emulated 

Device has registers 

0 1 0 Registered PAL20R8, 20R6, 

Ou12!Jt 20R4 
0 1 1 Combinatorial 1/0 PAL20R6, 20R4 

Device has no registers 

1 0 0 Combinatorial PAL20l2, 

Ou12!Jt 18L4, 16L6, 14L8 
1 0 1 Dedicated Input PAL20l2, 18L4, 

16L6 
1 1 1 Combinatorial 1/0 PAL20L8 

Programmable Output Polarity 
The polarity of each macrocell output can be active high 
or active low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing" 
efforts. 

Selection is made through a programmable bit SL 1 x 
which controls an exclusive-OR gate at the output of the 
AND/OR logic. The output is active high if SL 1x is a 0 
and active low if SL 1 x is a 1 . 

PALCE20V8 Family 2-215 



~AMO 

OE---------------. 

>-----1 D Q 

CLK O 

Registered Active Low 

Combinatorial 1/0 Active Low 

Combinatorial Output Active Low 

Notes: 

1. Feedback is not available on pins 18 (21) 
_and 19 (23) in the combinatorial output mode. 

2. This macroce// configuration is not available on 
pins 18 (21) and 19 (23). 

OE---------------. 

X>-----1 D Q 

CLK O 

Registered Active High 

Combinatorial 110 Active High 

Combinatorial Output Active High 

Note 2 

Adjacent 110 pin 

Dedicated Input 
16491C-5 

Figure 2. Macrocell Configurations 
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Power-Up Reset 
All flip-flops power up to a logic LOW for predictable sys
tem initialization. Outputs of the PALCE20V8depend on 
whether they are selected as registered or combinato
rial. If registered is selected, the output will be HIGH. If 
combinatorial is selected, the output will be a function of 
the logic. 

Register Preload 
The register on the PALCE20V8 can be preloaded from 
the output pins to facilitate functional testing of complex 
state machine designs. This feature allows direct load
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. 

Security Bit 
A security bit is provided on the PALCE20V8 as a deter
rent to unauthorized copying of the array configuration 
patterns. Once programmed, this bit defeats readback 
and verification of the programmed pattern by a device 
programmer, securing proprietary designs from com
petitors. The bit can only be erased in conjunction with 
the array during an erase cycle. 

Electronic Signature Word 
An electronic signature word is provided in the 
PALCE20V8. It consists of 64 bits of programmable 
memory that can contain any user-defined data. The 
signature data is always available to the user independ
ent of the security bit. 

AMO~ 

Programming and Erasing 
The PALCE20V8 can be programmed on standard logic 
programmers. It also may be erased to reset a previ
ously configured device back to its virgin state. Erasure 
is automatically performed by the programming hard
ware. No special erase operation is required. 

Quality and Testability 
The PALCE20V8 offers a very high level of built-in qual
ity. The erasability of the device provides a direct means 
of verifying performance of all AC and DC parameters. 
In addition, this verifies complete programmability and 
functionality of the device to provide the highest pro
gramming and post-programming functional yields in 
the industry. 

Technology 
The high-speed PALCE20V8H is fabricated with AM D's 
advanced electrically erasable (EE) CMOS process. 
The array connections are formed with proven EE cells. 
Inputs and outputs are designed to be compatible with 
TTL devices. This technology provides strong input 
clamp diodes. output slew-rate control, and a grounded 
substrate for clean switching. 
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LOGIC DIAGRAM 
SKINNYDIP (PLCC and LCC) Pinouts 

eLK/lo~ 

(3) 

14 5 
(6) 
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LOGIC DIAGRAM (continued) 

SKINNYDIP (PLCC and LCC) Pinouts 

17 8 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to+ 150°C 

OPERATING RANGES 
Commercial (C) Devices 
Temperature (TA) Operating Ambient Temperature 

with Power Applied ............. -55°C to + 125°C in Free Air . . . . . . . . . . . . . . . . . . . . . . . . 0°C to 75°C 

Supply Voltage (Vee) with Supply Voltage with 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V Respect to Ground ............ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

DC Output or 1/0 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Pin Voltage ............. . 

Static Discharge Voltage ... . 

Latchup Current 

-0.5 V to Vee+ 0.5 V 

. . . . . . . . . . . . 2001 v 

(TA = 0°C to 75°C) ................... . 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH = -3.2 mA VJN = VJH or VIL 2.4 

Vee= Min 

VOL Output LOW Voltage loL = 24 mA VJN = V1H or VJL 0.5 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed. Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

IJH Input HIGH Leakage Current V1N = 5.25 V, Vee = Max (Note 2) 10 

IJL Input LOW Leakage Current VIN = 0 V, Vee = Max (Note 2) -100 

IOZH Off-State Output Leakage VouT = 5.25 V, Vee = Max 10 
Current HIGH V1N = V1H or V1L (Note 2) 

IOZL Off-State Output Leakage VouT = o V, Vee = Max -100 

Current LOW V1N = VJH or V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee= Max (Note3) -30 -150 

Ice Supply Current Outputs Open (louT = 0 mA), V1N = 0 V 125 
(Static) Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 
µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of l1L and lozL (or /;Hand lozH). 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Descriptions Test Conditions Typ Unit 

CIN Input Capacitance VIN= 2.0 V J Vee= 5.0 V, TA= 25°C, 5 pF 

CouT Output Capacitance VOUT= 2.0 V l f = 1 MHz 8 pF 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter Min 
Symbol Parameter Description (Note 5) Max Unit 

tpo Input or Feedback to Combinatorial Output 1 5 ns 

ts Setup Time from Input or Feedback to Clock 3 ns 

IH Hold Time 0 ns 

teo Clock to Output 1 4 ns 

tsKEWR Skew Between Registered Outputs (Note 4) 1 ns 

IWL LOW 3 ns 
Clock Width 

IWH HIGH 3 ns 

External Feedback I Maximum 
1/(ts+teo) 142.8 MHz 

fMAX Frequency Internal Feedback (fcNT) 166 MHz 
(Note3) 

No Feedback 1 1 /(1WH+IWL) 166 MHz 

tPZX OE to Output Enable 1 6 ns 

tpxz OE to Output Disable 1 5 ns 

IEA Input to Output Enable Using Product Term Control 2 6 ns 

!ER Input to Output Disable Using Product Term Control 2 5 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. Skew testing takes into account pattern and switching direction differences between outputs that have equal loading. 

5. Output delay minimums for tpo, tea tpzx tpxz tEA and trn are defined under best case conditions. Future process 
improvements may alter these values therefore, minimum values are recommended for simulation purposes only. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature 

-65°C to + 150°C 

with Power Applied ............. -55°C to + 125°C 

Supply Voltage with 
Respect to Ground .... -0.5 v to +7.0 V 

OPERATING RANGES 
Commercial (C) Devices 
Temperature (TA) Operating 
in Free Air ........... . 
Supply Voltage (Vee) with 
Respect to Ground 

0°C to 75°C 

+4.75 v to +5.25 V 

DC Input Voltage 

DC Output or 1/0 

-0.5 V to Vee + 0.5 V Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Pin Voltage ............ . 

Static Discharge Voltage . 

Latchup Current 
(TA= 0°C to 75°C) . 

-0.5 V to Vee+ 0.5 V 

. . 2001 v 

100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH = -3.2 mA V1N = V1H or V1L 2.4 

Vee= Min 

VOL Output LOW Voltage IOL = 24 mA V1N = V1H or V1L 0.5 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

liH Input HIGH Leakage Current V1N = 5.25 V, Vee = Max (Note 2) 10 

liL Input LOW Leakage Current V1N = o V, Vee =Max (Note 2) -100 

lozH Off-State Output Leakage VouT = 5.25 V, Vee = Max 10 

Current HIGH VIN= V1H or V1L (Note 2) 

IOZL Off-State Output Leakage VouT = O V, Vee = Max -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 3) -30 -150 

Ice Supply Current Outputs Open (IOUT = 0 mA) 115 
(Dynamic) Vee= Max, f = 25 MHz 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of l1L and loZL (or itH and lo21f. 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
VouT= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Descriptions Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0V J Vee= 5.0 V, TA= 25°C, 5 pF 

Gour Output Capacitance Vour = 2.0 VJ I= 1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
Parameter 

Symbol Parameter Description Min Max Unit 

tPD Input or Feedback to Combinatorial Output 18 Outputs Switching 3 7.5 ns 

J 1 Output Switching 3 7 ns 

ts Setup Time from Input or Feedback to Clock 5 ns 

tH Hold Time 0 ns 

teo Clock to Output 1 5 ns 

tSKEWR Skew Between Registered Outputs (Note 4) 1 ns 

twL LOW 4 ns 
Clock Width 

twH HIGH 4 ns 

Maximum 
External Feedback I 1 /(ts+tco) 100 MHz 

IMAX Frequency Internal Feedback (feNT) 125 MHz 
(Note3) 

No Feedback l 1 /(tWH+tWL) 125 MHz 

tPZX OE to Output Enable 1 6 ns 

tPXZ OE to Output Disable 1 6 ns 

tEA Input to Output Enable Using Product Term Control 3 9 ns 

tER Input to Output Disable Using Product Term Control 3 9 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. Skew testing takes into account pattern and switching direction differences between outputs that have equal loading. 

5. Output delay minimums for tpo. tea tpzx tpxz tEA and tER are defined under best case conditions. Future process 
improvements may alter these values therefore, minimum values are recommended for simulation purposes only. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature . . -65°C to+ 150°C 

OPERATING RANGES 
Commercial (C) Devices 
Temperature (TA) Operating Ambient Temperature 

. with Power Applied . . . . -55°C to + 125''C in Free Air . . . . . . . . . . 0°C to 75°C 

Supply Voltage (Vee) with Supply Voltage with 
Respect to Ground . . -0.5 V to +7.0 V Respect to Ground +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

DC Output or 1/0 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

Static Discharge Voltage . . . ........ 2001 V 

Latchup Current 

(TA= 0°C to 75°C)...... . .......... 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VOH Output HIGH Voltage loH = -3.2 mA V1N = V1H or V1L 2.4 

Vee= Min 

VOL Output LOW Voltage IOL = 24 mA V1N = V1H or V1L 0.5 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

ilH Input HIGH Leakage Current VIN = 5.25 V, Vee = Max (Note 2) 10 

ill Input LOW Leakage Current V1N = O V, Vee = Max (Note 2) -100 

IOZH Off-State Output Leakage VouT = 5.25 V, Vee = Max 10 

Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage VouT = O V, Vee = Max -100 
Current LOW VIN = V1H or VIL (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 3) -30 -150 

Ice Supply Current Outputs Open (louT = 0 mA) 115 
(Dynamic) Vee= Max, f = 25 MHz 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of l1L and lozL(or l1Hand /oz!-}. 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Vour= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 V J Vee= 5.0 V, TA= 25°C, 5 pF 

CouT Output Capacitance VouT = 2.0 V 1 f = 1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
Parameter Min 

Symbol Parameter Description (Note 4) Max Unit 

!PD Input or Feedback to Combinatorial Output 3 10 ns 

ts Setup Time from Input or Feedback to Clock 7.5 ns 

tH Hold Time 0 ns 

teo Clock to Output 3 7.5 ns 

tWL 
Clock Width 

LOW 6 ns 

tWH HIGH 6 ns 

Maximum 
External Feedback J1 i(ts+tco) 66.7 MHz 

fMAX Frequency Internal Feedback (fcNT) 71.4 MHz 
(Note 3) 

No Feedback 11 /(tWH+tWL) 83.3 MHz 

trzx OE to Output Enable 2 10 ns 

tPXZ OE to Output Disable 2 10 ns 

IEA Input to Output Enable Using Product Term Control 3 10 ns 

tER Input to Output Disable Using Product Term Control 3 10 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. Output delay minimums for tPO, tco tpzx tpxz tEA and tERare defined under best case conditions. Future process 
improvements may alter these values therefore, minimum values are recommended for simulation purposes only. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ......... -65°C to + 150°C 

OPERATING RANGES 
Commercial (C) Devices 
Temperature (TA) Operating Ambient Temperature 

with Power Applied ............. -55°C to + 125°C in Free Air . . . . . . . . . . . 0°C to 75°C 
Supply Voltage (Vee) with 

Supply Voltage with 
Respect to Ground ..... . . . . . . -0.5 V to +7.0 V 

-0.5 V to Vee+ 0.5 V 

Respect to Ground ............ +4.75 V to +5.25 V 

DC Input Voltage ........ . 

DC Output or 1/0 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Pin Voltage 

Static Discharge Voltage .. 

Latchup Current 
(TA= 0°C to 75°C) ........ . 

-0.5 V to Vee+ 0.5 V 

. 2001 v 

100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH = -3.2 mA V1N = V1H or V1L 2.4 
Vee= Min 

VoL Output LOW Voltage loL = 24 mA VIN = V1H or V1L 0.5 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

llH Input HIGH Leakage Current V1N = 5.25 V, Vee = Max (Note 2) 10 

ill Input LOW Leakage Current V1N = O V, Vee = Max (Note 2) -100 

IOZH Off-State Output Leakage VouT = 5.25 V, Vee = Max 10 
Current HIGH V1N = V1H or V1L (Note 2) 

IOZL Off-State Output Leakage VouT = O V, Vee = Max -100 
Current LOW VIN= V1H or VIL (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 3) -30 -150 

Ice Supply Current Outputs Open (louT = 0 mA) 55 
(Dynamic) Vee= Max, f = 15 MHz (Note 4) 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of ftL and IOZL{or /{Hand lozt-f. 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Vour= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 

4. This parameter is guaranteed worst case under test conditions. Refer to the Ice vs. frequency graph for typical measurements. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance VIN= 2.0 V J Vee= 5.0 V, TA= 25°C, 5 pF 

CouT Output Capacitance VouT = 2.0 V l f = 1 MHz 8 pF 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter Min 
Symbol Parameter Description (Note 4) Max Unit 

IPD Input or Feedback to Combinatorial Output 3 10 ns 

ts Setup Time from Input or Feedback to Clock 7.5 ns 

IH Hold Time 0 ns 

tco Clock to Output 3 7.5 ns 

IWL LOW 
Clock Width 

6 ns 

IWH HIGH 6 ns 

Maximum 
External Feedback }1 /(ts+tco) 66.7 MHz 

IMAX Frequency Internal Feedback (fCNT) 71.4 MHz 
(Note 3) 

No Feedback J1 /(tWH+tWL) 83.3 MHz 

tPZX OE to Output Enable 2 10 ns 

tpxz OE to Output Disable 2 10 ns 

tEA Input to Output Enable Using Product Term Control 3 10 ns 

!ER Input to Output Disable Using Product Term Control 3 10 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. Output delay minimums for tpa tea tpzx tpxz tEA and trn are defined under best case conditions. Future process 
improvements may alter these values therefore, minimum values are recommended for simulation purposes only. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ... . ... -65°C to + 150°C 

Ambient Temperature 

OPERATING RANGES 

Commercial (C) Devices 
Temperature (TA) Operating 

AMO~ 

with Power Applied ............. -55°C to + 125°C in Free Air ....................... 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

DC Output or 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

110 Pin Voltage ............. -0.5 V to Vee+ 0.5 V 

Static Discharge Voltage ................. 2001 V 

Latchup Current 
(TA= 0°C to +75°C) .................... 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH = -3.2 mA V1N = V1H or V1L 2.4 
Vee= Min 

VOL Output LOW Voltage IOL = 24 mA V1N = V1H qr VIL 0.5 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

llH Input HIGH Leakage Current V1N = 5.25 V, Vee = Max (Note 2) 10 

liL Input LOW Leakage Current VIN = 0 V, Vee = Max (Note 2) -100 

loZH Off-State Output Leakage VouT = 5.25 V, Vee = Max 
10 Current HIGH V1N = V1H or V1L (Note 2) 

IOZL Off-State Output Leakage VouT = o V, Vee = Max 
-100 

Current LOW VIN = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note3) -30 -150 

Ice Supply Current Outputs Open (louT = 0 mA) l H 90 
Vee= Max, f = 15 MHz J Q 55 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of ltL and lozL(or ltHand lozt-J. 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
VouT= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N ; 2.0 V J Vee; 5.0 V, TA; 25°C, 5 pF 

CouT Output Capacitance VouT; 2.0 v 11 ; 1 MHz 8 pF 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter -15 -25 

Symbol Parameter Description Min Max Min Max Unit 

tPD Input or Feedback to Combinatorial Output 15 25 ns 

ts Setup Time from Input or Feedback to Clock 12 15 ns 

tH Hold Time 0 0 ns 

tea Clock to Output 10 12 ns 

twL LOW 8 12 ns 
Clock Width 

tWH HIGH 8 12 ns 

Maximum External Feedback]1 /(ts+teo) 45.5 37 MHz 

fMAX Frequency Internal Feedback (fcNT) 50 40 MHz 
(Note 3) 

I11(twH+twL) No Feedback 62.5 41.6 MHz 

tPZX OE to Output Enable 15 20 ns 

tPXZ OE to Output Disable 15 20 ns 

tEA Input to Output Enable Using Product Term Control 15 25 ns 

tER Input to Output Disable Using Product Term Control 15 25 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to+ 150°C 

Ambient Temperature 
with Power Applied ..... . -55°C to + 125°C 

Supply Voltage with 
Respect to Ground ..... . -0.5 V to +7.0 V 

OPERATING RANGES 

Industrial (I) Devices 
Temperature (TA) Operating 
in Free Air ..... . 

Supply Voltage (Vee) 
with Respect to Ground 

-40°C to +85°C 

+4.5 V to +5.5 V 

DC Input Voltage .. 

DC Output or 

-0.5 V to Vee+ 0.5 V Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

1/0 Pin Voltage . . . . . . . . .. -0.5 V to Vee+ 0.5 V 

Static Discharge Voltage . . . . . . . . . . . . 2001 V 

Latchup Current 
(TA = -40°C to +85°C) . . . . . . . . . . . . . . . . . . 1 oo mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over INDUSTRIAL operating ranges unless otherwise specified 
Parameter 

Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage loH = -3.2 mA V1N = V1H or V1L 2.4 v 
Vee= Min 

VOL Output LOW Voltage loL = 24 mA V1N = V1H or V1L 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 1) 

liH Input HIGH Leakage Current V1N = 5.5 V, Vee = Max (Note 2) 10 µA 

l1L Input LOW Leakage Current V1N = O V, Vee = Max (Note 2) -100 µA 

IOZH Off-State Output Leakage VouT = 5.5 V, Vee = Max 10 µA 

Current HIGH V1N = V1H or VIL (Note 2) 

lozL Off-State Output Leakage VouT = o V, Vee = Max -100 µA 
Current LOW V1N = V1H or VIL (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee= Max (Note 3) -30 -150 mA 

Ice Supply Current Outputs Open (IOUT = 0 mA) l H 130 mA 
Vee= Max, f = 15 MHz Jo 65 

Notes: 

1. These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of l1L and lozL(or l1Hand /oz!-/. 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 V J Vee= 5.0 V, TA= 25°C, 5 pF 

CouT Output Capacitance VouT = 2.0 v lt = 1 MHz 8 pF 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over INDUSTRIAL operating ranges (Note 2) 

Parameter 
-15 -20 -25 

Symbol Parameter Description Min Max Min Max Min Max Unit 

tpo Input or Feedback to Combinatorial Output 15 20 25 ns 

ts Setup Time from Input or Feedback to Clock 12 13 15 ns 

tH Hold Time 0 0 0 ns 

teo Clock to Output 10 11 12 ns 

tWL LOW 8 10 12 ns 
Clock Width 

twH HIGH 8 10 12 ns 

Maximum External Feedback l 11(ts+tco) 45.5 41.6 37 MHz 

IMAX Frequency Internal Feedback (fCNT) 50 45.4 40 MHz 
(Note 3) I 1 /(twH+tWL) No Feedback 62.5 50.0 41.6 MHz 

tPZX OE to Output Enable 15 18 20 ns 

tpxz OE to Output Disable 15 18 20 ns 

tEA Input to Output Enable Using Product Term Control 15 18 20 ns 

tER Input to Output Disable Using Product Term Control 15 18 20 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to+ 150°C 

OPERATING RANGES 
Military (M) Devices (Note 1) 
Operating Case Ambient Temperature 

with Power Applied ............. -55°C to + 125°C Temperature (Tc) .............. -55°C to +125°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground .......... +4.5 V to +5.5 V 

Note: DC Input Voltage . . . . . . . . . . . -0.5 V to Vee+ 1.0 V 

DC Output or 1/0 
Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee+ 1.0 V 

1. Military products are tested at Tc= +25"C, +125"C and 
-55°C, per MIL-STD-883. 

Static Discharge Voltage ................. 2001 V 

Latchup Current 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

(Tc= -55°C to+ 125°C) . . . . . . . . . . . . . . . . 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage loH = -2.0 mA V1N = V1H or VIL 2.4 v 
Vee= Min 

VOL Output LOW Voltage Im= 12 mA VJN = V1H or VJL 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Volt~e for all l~ts (Note 3) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

liH Input HIGH Leakage Current V1N = 5.5 V, Vee = Max (Note 4) 10 µA 

liL Input LOW Leakage Current VIN = 0 V, Vee = Max (Note 4) -100 µA 

IOZH Off-State Output Leakage VouT = 5.5 V, Vee = Max 10 µA 
Current HIGH V1N = V1H or VIL (Note 4) 

lozL Off-State Output Leakage VouT = O V, Vee = Max -100 µA 
Current LOW V1N = V1H or VIL (Note 4) 

lsc Output Short-Circuit Current VouT = o.5 V, Vee= 5.0 V, TA= 25°C -30 -150 mA 
(Note 5) 

Ice Supply Current Outputs Open (IOUT = 0 mA) 130 mA 
(Dynamic) Vee= Max, f = 25 MHz 

Notes: 

2. For APL products, Group A. Subgroups 1, 2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted. 

3. V1L and V1H are input conditions of output tests and are not themselves directly tested. V1L and VtH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of l1L and lozL (or ftH and /oz!-}. 

5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 

tested, but is evaluated at initial characterization and at any time the design is modified where lsc may be affected. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ Unit 

C!N Input Capacitance V1N = 2.0 V J Vee= 5.0 V, TA= 25°C, 8 pF 

Gour Output Capacitance Vour = 2.0 V J f = 1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 
-15 

Parameter ·' Min 
Symbol Parameter Description (Note 5) Max 

tPD Input or Feedback to Combinatorial Output 3 15 

ts Setup Time from Input or Feedback to Clock 12 

tH Hold Time 0 

tea Clock to Output 3 12 

tWL 
Clock Width 

LOW 10 

twH HIGH 10 

Maximum External Feedback J11(ts+teo) 41.6 

fMAX Frequency Internal Feedback (feNT) 45.5 
(Note 3) 

11 /(tWH+tWL) No Feedback 50.0 

tPZX OE to Output Enable 3 15 

tPXZ OE to Output Disable 3 15 

tEA Input to Output Enable Using Product Term Control (Note 4) 3 15 

tER Input to Output Disable Using Product Term Control (Note 4) 3 15 

Notes: 
2. See Switching Test Circuit for test conditions. For APL Products. Group A. Subgroups 9, 10, and 11 are tested per 

MIL-STD-883, Method 5005, unless otherwise noted. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

ns 

ns 

ns 

ns 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 

5. Output delay minimums for tpo. tco tpzx tPxz tEA and tER are defined under best case conditions. Future process 
improvements may alter these values therefore, minimum values are recommended for simulation purposes only. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ..... -65°C to + 150°C 

Ambient Temperature 

OPERATING RANGES 

Military (M) Devices (Note 1) 
Operating Case 

with Power Applied ............. -55°C to + 125°C Temperature (Tc) .............. -55°C to +125°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground .......... +4.5 V to +5.5 V 

DC Input Voltage .......... . -0.5 V to Vee+ 0.5 V Note: 

DC Output or 1/0 
Pin Voltage ........... . -0.5 V to Vee+ 0.5 V 

.. 2001 v 

1. Military products are tested at Tc= +25°C, +125°C and 
-55°C, per MIL-STD-883. 

Static Discharge Voltage 

Latchup Current 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

(Tc = -55°C to + 125°C) 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage loH = -2.0 mA VIN = V1H or VIL 2.4 v 
Vee= Min 

VOL Output LOW Voltage IOL=12mA VIN = V1H or VIL 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

IJH Input HIGH Leakage Current V1N = 5.5 V, Vee =Max (Note 4) 10 µA 

liL Input LOW Leakage Current VIN = 0 V, Vee =Max (Note 4) -100 µA 

IOZH Off-State Output Leakage VouT = 5.5 V, Vee = Max 10 µA 
Current HIGH VIN = V1H or VIL (Note 4) 

lozL Off-State Output Leakage VouT = o V, Vee = Max -100 µA 
Current LOW V1N = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee= 5.0 V, TA= 25°C -30 -150 mA 
(Note 5) 

Ice Supply Current Outputs Open (louT = 0 mA) 130 mA 
(Dynamic) Vee= Max, f = 25 MHz 

Notes: 

2. For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted. 

3. VJL and V1Hare input conditions of output tests and are not themselves directly tested. VJL and V1Hare absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of IJL and lozL(or l1Hand loz!-f. 

5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Vour= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 

tested, but is evaluated at initial characterization and at any time the design is modified where Jscmay be affected. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CiN Input Capacitance VIN = 2.0 v J Vee= 5.0 V, TA= 25°C, 8 pF 

Gour Output Capacitance Vour = 2.0 V} I = 1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 

Parameter -20 -25 

Symbol Parameter Description Min Max Min Max 

tPD Input or Feedback to Combinatorial Output 20 25 

ts Setup Time from Input or Feedback to Clock 15 20 

tH Hold Time (Note 5) 0 0 

teo Clock to Output 15 20 

tWL LOW 12 15 
Clock Width 

IWH HIGH 12 15 

Maximum 
External Feedback} /(ts+teo) 33.3 25 

IMAX Frequency Internal Feedback (leNT) 35.7 26.3 
(Note3) 

No Feedback 11/(tWH+tWL) 41.7 33.3 

tPZX OE to Output Enable (Note 3) 18 20 

tpxz OE to Output Disable (Note 3) 18 20 

tEA Input to Output Enable Using Product 20 25 
Term Control (Note 3) 

tER Input to Output Disable Using Product 20 25 
Term Control (Note 3) 

Notes: 

2. See Switching Test Circuit for test conditions. For APL Products, Group A, Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

ns 

ns 

ns 

ns 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SWITCHING WAVEFORMS 

Input or 
Feedback 

Combinatorial 
Output 

Clock 

-~-VT 
16491C-7 

Combinatorial Output 

16491C-9 

Clock Width 

tPXZ 

Output 

Input or 
Feedback ___ __, ...__ _____ '-V_T __ _ 

Clock 

Registered 
Output ________ ~ 

16491C-8 

Registered Output 

Input 

tER tEA 

Output VT 
-----L...f...j"'-4 

16491C-10 

Input to Output Disable/Enable 

tPZX 

VT 

16491C-11 

OE to Output Disable/Enable 

Notes: 

1. VT= 1.5 V 

2. Input pulse amplitude o V to 3. o V. 

3. Input rise and fall times 2 ns -5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

///// 

SWITCHING TEST CIRCUIT 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High
Impedance 
"Off" State 

KS000010-PAL 

Output u----i------

Switching Test Circuit 
16491 C-12 

Commercial Military 

Specification S1 CL R1 R2 R1 R2 

IPD, tco Closed 50 pF 

IPZX, IEA Z--> H: Open 50 pF 390Q 
Z --> L: Closed 200 Q H-5: 390Q 750 Q 

IPXZ, IER H -->Z: Open 5 pF 
200Q 

L --> Z: Closed 

PALCE20V8 Family 

AMO~ 

Measured 
Output Value 

1.5 v 
1.5 v 

H -->Z: VoH - 0.5 V 

L -->Z: VOL+ 0.5 V 
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TYPICAL Ice CHARACTERISTICS 
Vee= 5.0 V, TA= 25°C 

100 

Ice (mA) 75 

50 

25 

0 10 

20VBH-5 

20V8H-7 

20V8H-10 
20V8H-15/25 

20V80-10 

20VB0-15/25 

20 30 40 50 

Frequency (MHz) 16491C-13 

Ice vs. Frequency 

The selected '1ypical" pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and 
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any 
vector, half of the outputs were switching. 

By utilizing 50% of the device, a midpoint is defined for Ice From this midpoint, a designer may scale the lccgraphs up or down to 
estimate the Ice requirements for a particular design. 
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ENDURANCE CHARACTERISTICS 
The PALCE20V8 is manufactured using AMD's ad
vanced electrically erasable process. This technology 

Endurance Characteristics 

Symbol Parameter 

tOR Min Pattern Data Retention Time 

N Min Reprogramming Cycles 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

ESD Program/Verify 
Protection Circuitry 

AMO l1 
uses an EE cell to replace the fuse link used in bipolar 
parts. As a result, the device can be erased and 
reprogrammed-a feature which allows 100% testing at 
the factory. 

Test Conditions Min Unit 

Max Storage 10 Years 
Temperature 

Max Operating 20 Years 
Temperature 

Normal Programming 100 Cycles 
Conditions 

Vee 

Typical Input 

Vee 

Preload 
Circuitry 

Typical Output 

PALCE20V8 Family 

Feedback 
Input 

16491C-14 
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ROBUSTNESS FEATURES caused by subsequent ringing. A special noise filter 
makes the programming circuitry completely insensitive 
to any positive overshoot that has a pulse width of less 
than about 100 ns for the /5 versions. 

The PALCE20V8X-X/5 have some unique features that 
make them extremely robust, especially when operating 
in high-speed design environments. Pull-up resistors on 
inputs and 1/0 pins cause unconnected pins to default to 
a known state. Input clamping circuitry limits negative 
overshoot, eliminating the possibility of false clocking 

Selected /4 devices are also being retrofitted with these 
robustness .features. See the chart below for device 
listings. 

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR /5 VERSION 
AND SELECTED /4 VERSIONS* 

* 

ESD 
Protection 

and 
Clamping 

Device 

PALCE20VBH-10 

PALCE20V8H-15 

PALCE20VB0-15 

PALCE20VBH-25 

PALCE20V8Q-25 

2-240 

Vee 

> 50 kn 

I 
I 
I 
I 
I 

Vee 

I P . I rogramming = 
Li:.!.n~~!.!'_ ____ _ Programming 

Voltage 
Detection 

Positive 
Overshoot 

Filter 

Programming 
Circuitry 

Rev Letter 

K 

K,J 

J 

J 

J 

Typical Input 

Vee 

Provides ESD 
Protection and 
Clamping 

Typical Output 

Topside Marking: 

Vee 

>50 kn 

Preload Feedback 
Circuitry Input 

16491C-15 

AMO CMOS PLD's are marked on top of the package in the 
following manner: 

PALCEXXXX 
Datecode (3 numbers) Lot ID (4 characters)- -(Rev Letter) 

The Lot ID and Rev Letter are separated by two spaces. 
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POWER-UP RESET 
The PALCE20V8 has been designed with the capability 
to reset during system power-up. Following power-up, 
all flip-flops will be reset to LOW. The output state will be 
HIGH independent of the logic polarity. This feature pro
vides extra flexibility to the designer and is especially 
valuable in simplifying state machine initialization. A 
timing diagram and parameter table are shown below. 

Parameter 
Symbol Parameter Description 

IPR Power-Up Reset Time 

ts Input or Feedback Setup Time 

tWL Clock Width LOW 

AMO~ 

Due to the synchronous operation of the power-up reset 
and the wide range of ways Vee can rise to its steady 
state, two conditions are required to insure a valid 
power-up reset. These conditions are: 

• The Vee rise must be monotonic. 

• Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and 
feedback setup times are met. 

Min Max Unit 

1000 ns 

See Switching 
Characteristics 

-------4-V tl"'I---- IPR ---.i 

ZZf 

Power 

Vee 

Registered 
Output 

Clock 

ts 

twL 

Power-Up Reset Waveforms 

PALCE20VB Family 

16491C-16 
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TYPICAL THERMAL CHARACTERISTICS 

/4 Devices (PALCE20V8H-10/4) 
Measured at 25°C ambient. These parameters are not tested. 

Parameter 
Symbol Parameter Description 

0jc Thermal impedance, junction to case 

0ja Thermal impedance, junction to ambient 

0jma Thermal impedance, junction to 
ambient with air flow 

/5 Devices (PALCE20V8H-7/5) 
Measured at 25°C ambient. These parameters are not tested. 

Parameter 
Symbol Parameter Description 

0jc Thermal impedance, junction to case 

0ja Thermal impedance, junction to ambient 

0jma Thermal impedance, junction to 
ambient with air flow 

Plastic 0jc Considerations 

200 lfpm air 

400 lfpm air 

· 600 lfpm air 

800 lfpm air 

200 lfpm air 

400 lfpm air 

600 lfpm air 

800 lfpm air 

Typ 

SKINNY DIP PLCC Unit 

19 19 °C/W 

73 55 °C/W 

61 45 °C/W 

53 41 °C/W 

50 38 oc/W 

47 36 oc/W 

Typ 

SKINNYDIP PLCC Unit 

18 16 oc/W 

69 51 oc!W 

60 42 oc/W 

54 37 oc/W 

50 36 °C/W 

x x oc/W 

The data listed for plastic 0jc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the 0jc measurement relative to a specific location on the 
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of 
the package. Furthermore, 0jc tests on packages are performed in a constant-temperature bath, keeping the package surface at 
a constant temperature. Therefore, the measurements can only be used in a similar environment. 
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DATA SHEET REVISION SUMMARY FOR 

PALCE20V8 Family 
Title 
Added H-15/25, Q-20/25 (Ind) to family 

Ordering Information 
Updated valid combinations table to include: 

PALCE20V8H-15 Pl,JI 
PALCE20V8H-25 Pl,JI 
PALCE20V8Q-20 Pl,JI 
PALCE20V8Q-25 Pl,JI 

Added Industrial Temperature Grade (-40°C to +85°C) 

AMO ;t1 
Changed footer to include H-15/25, Q-20/25 (Ind) 

DC Characteristics 
For PALCE20V8H-10/15/25, Q-10/15/25 (Com'I) and 
PALCE20V8H-15/20/25 (Mil) 

Changed l1L and lozL Max from -1 O µA to -100 µA 

For the PALCE20V8Q-10, Com'I added Note 4: This 
parameter is guaranteed worst case under test condi
tions. Refer to the Ice vs. frequency graph for typical 
measurements. 

Ice vs. Frequency Curve 
Added PALCE20V8Q-10 
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FINAL COM'L: H-7/10/15/20 IND: H-7/10/15/20 ~ 
PALCE20RA10 Family 
24-Pin Asynchronous EE CMOS Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• Low power at 100 mA Ice 

• As fast as 7.5 ns maximum propagation delay 
and 100 MHz fMAX (external) 

• Individually programmable asynchronous 
clock, preset, reset, and enable 

• Registered or combinatorial outputs 

• Programmable polarity 

• Programmable replacement for high-speed 
CMOS or TTL logic 

GENERAL DESCRIPTION 
The PALCE20RA10 is an advanced PAL device built 
with low-power, high-speed, electrically-erasable 
CMOS technology. The PALCE20RA10 offers asyn
chronous clocking for each of the ten flip-flops in the de
vice. The ten macrocells feature programmable clock, 
preset, reset. and enable, and all can operate 
asynchronously to other macrocells in the same device. 
The PALCE20RA10 also has flip-flop bypass, allowing 
any combination of registered and combinatorial 
outputs. 

The PALCE20RA10 utilizes the familiar sum-of-prod
ucts (AND/OR) architecture that allows users to imple
ment complex logic functions easily and efficiently. 
Multiple levels of combinatorial logic can always be re
duced to sum-of-products form, taking advantage of the 

• TIL-level register preload for testability 

• Extensive third-party software and programmer 
support through FusionPLD partners 

• 24-pln PDIP and 28-pln PLCC packages save 
space 

• 7.5 ns, 10 ns, and 15 ns versions utilize split 
leadframes for improved performance 

very wide input gates available in PAL devices. 
The equations are programmed into the device through 
floating-gate cells in the AND logic array that can be 
erased electrically. 

AM D's FusionPLD program allows PALCE20RA10 de
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMO certifies that the tools 
provide accurate, quality support. By ensuring thatthird
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. 

BLOCK DIAGRAM Dedicated 
Inputs 

l/Oo 

Publication# 15434 Rev. G Amendment/O 

Issue Date: October 1994 

I/Os I/Os l/Oa l/Qg 15434G-1 
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CONNECTION DIAGRAMS 

Top View 

SKINNYDIP 

PL Vee 

lo I/Os 

h I/Os 

12 l/07 

13 I/Os 

14 I/Os 

Is 1/04 

le 1/03 

17 l/02 

le 1/01 

lg l/Oo 

GND OE 

15434G-2 

Note: Pin 1 is marked for orientation. 

PIN DESIGNATIONS 
GND Ground 

I Input 

110 Input/Output 

NC No Connect 

OE Output Enable 

PL Pre load 

Vee Supply Voltage 

2-246 

12 

13 

l4 

NC 

Is 

Is 

l7 

PALCE20RA10 Family 

PLCC JEDEC 

0 "' "' ..::-1~ 0 0 g g 
~ z > 

25 1/07 

24 I/Os 

23 I/Os 

22 NC 

21 1/04 

20 l/03 

1/02 

.IP .!l' 0 o lw 0 

~ z z 0 g 
~ 

15434G-3 



ORDERING INFORMATION 

Commercial and Industrial Products 

AMO~ 

AMD programmable logic products for commercial and industrial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of: 

PAL CE 20 RA 10 H -7 J I 

FAMILY TYPE _______ T ..... 
PAL= Programmable Array Logic 

TECHNOLOGY--------~ 

CE = CMOS Electrically Erasable 

NUMBER OF ------------' 
ARRAY INPUTS 

OUTPUTTYPE -------------' 
RA = Registered Asynchronous 

NUMBER OF OUTPUTS------------' 

POWER 
H = Half Power (Ice = 100 mA) 

SPEED -----------------~ 
-7 = 7.5 ns tpo 
-10 = 10 nstpo 
-15 = 15 ns tpo 
-20 = 20 ns tPD 

Valid Combinations 

PALCE20RA 10H-7 JC,JI 

PALCE20RA 1OH-10 

PALCE20RA 1 OH-15 PC, JC, Pl, JI 

PALCE20RA 1 OH-20 

L OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 
I = Industrial (-40°C to +85°C) 

PACKAGE TYPE 
P = 24-Pin 300 mil Plastic 

SKINNYDIP (PD3024) 
J = 28-Pin Plastic Leaded 

Chip Carrier (PL 028) 

Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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Commercial and Industrial Products 

Output 

15434G-5 

Figure 1. PALCE20RA10 Macrocell 

FUNCTIONAL DESCRIPTION 
The PALCE20RA10 has ten dedicated input lines and 
ten programmable 1/0 macrocells. The Registered 
Asynchronous (RA) macrocell is shown in Figure 1. PL 
serves as global register preload and OE serves as 
global output enable. Programmable output polarity is 
available to provide user-programmable output polarity 
for each individual macrocell. 

The programmable functions in the PALCE20RA10 are 
automatically configured from the user's design specifi
cation, which can be in a number of formats. The design 
specification is processed by development software to 
verify the design and create a programming file. This 
file, once downloaded to a programmer, configures the 
device according to the user's desired function. 

Programmable Preset and Reset 
In each macrocell, two product lines are dedicated to 
asynchronous preset and asynchronous reset. If the 
preset product line is HIGH, the Q output of the register 
becomes a logic 1 and the output pin will be a logic 0. If 
the reset product line is HIGH, the Q output of the regis
ter becomes a logic 0 and the output pin will be logic 1 . 
The operation of the programmable preset and reset 
overrides the clock. 

Combinatorial/Registered Outputs 
If both the preset and reset product lines are HIGH, the 
flip-flop is bypassed and the output becomes combina
torial. Otherwise, the output is from the register. Each 
output can be configured to be combinatorial or 
registered. 

Programmable Clock 
The clock input to each flip-flop comes from the pro
grammable array, allowing any flip-flop to be clocked 
independently if desired. 

Registered/Active Low Combinatorial/Active Low 

Registered/Active High Combinatorial/Active High 

15434G-6 

Figure 2. Macrocell Configurations 
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Three-State Outputs 
The devices provide a product term dedicated to local 
output control. There is also a global output control pin. 
The output is enabled if both the global output control 
pin is LOW and the local output control product term is 
HIGH. If the global output control pin is HIGH, all outputs 
will be disabled. If the local output control product term is 
LOW, then that output will be disabled. 

Security Bit 
A security bit is also provided to prevent unauthorized 
copying of PAL device patterns. Once the bit is pro
grammed, the circuitry enabling verification is perma
nently disabled, and the array will read as if every bit is 
programmed. With verification not operating, it is impos
sible to simply copy the PAL device pattern on a PAL de
vice programmer. The security bit can only be erased in 
conjunction with the entire pattern. 

Programmable Polarity 
The outputs can be programmed either active-LOW or 
active-HIGH. This is represented by the Exclusive-OR 
gate shown in the PALCE20RA 1 O logic diagram. When 
the output polarity bit is programmed, the lower input to 
the Exclusive-OR gate is HIGH, so the output is active
HIGH. Similarly when the output polarity bit is 
unprogrammed, the output is active-LOW. The pro
grammable output polarity feature allows the user a 
higher degree of flexibility when writing equations. 

Programming and Erasing 
The PALCE20RA10 can be programmed on standard 
logic programmers. Approved programmers are listed 
on page 19. It also may be erased to reset a previously 
configured device back to its virgin state. Erasure is 
automatically performed by the programming hardware. 
No special erase operation is required. 

AMO~ 

Output Register Preload 
The output registers on the PALCE20RA 10 can be 
preloaded from the output pins to facilitate functional 
testing of complex state machine designs. This feature 
allows direct loading of arbitrary states, making it unnec
essary to cycle through long test vector sequences to 
reach a desired state. In addition, transitions from illegal 
states can be verified by loading illegal states and ob
serving proper recovery. Register preload is controlled 
by a TTL-level signal, making it a convenient board-level 
initialization function. Details on output register preload 
can be found on page 16. 

Power-Up Reset 
All flip-flops power up to a logic LOW for predictable 
system initialization. Registered outputs of the 
PALCE20RA10 will be HIGH due to the output inverter. 
The state of combinatorial outputs will be a function of 
the logic. Details on power-up reset can be found on 
page 16. 

Quality and Testability 
The PALCE20RA 10 offers a very high level of built-in 
quality. The erasability of the device provides a means 
of verifying performance of all AC and DC parameters. 
In addition, this verifies complete programmability and 
functionality of the device to provide the highest pro
gramming yields and post-programming functional 
yields in the industry. 

Technology 
The high-speed PALCE20RA 10 is fabricated with 
AM D's advanced electrically erasable (EE) CMOS proc
ess. The array connections are formed with proven EE 
cells. Inputs and outputs are designed to be compatible 
with TIL devices. This technology provides strong input 
clamp diodes, output slew-rate control, and a grounded 
substrate for clean switching. 
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LOGIC DIAGRAM 
SKINNYDIP (PLCC JEDEC) Pinouts 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to +150°C 

Ambient Temperature 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 

AMO t1 

with Power Applied . . . . . . . . . . . . . -55°C to + 12s0 c Operating in Free Air . . . . . . . . . . . . . . 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage ........... -0.5 V to Vee + 0.5 V Industrial (I) Devices 

DC Output or 1/0 AmbientTemperature (TA) 
Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee+ 0.5 V Operating in Free Air . . . . . . . . . . . . -40°C to +85°C 

Static Discharge Voltage ................. 2001 v Supply Voltage (Vee) with 

Latchup Current Respect to Ground .............. +4.5 V to +5.5 V 

(TA = -40°C to +85°C) . . . . . . . . . . . . . . . . . . 1 00 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges unless 
otherwise specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VOi-i Output HIGH Voltage IOH =-3.2 mA 2.4 v 
VIN = V1H or VIL 
Vee= Min 

VOL Output LOW Voltage IOL = 16 mA 0.4 v 
V1N = V1H or VIL 
Vee= Min 

VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage Current VIN = 5.5 V, Vee = Max 10 µA 

hL Input LOW Leakage Current V1N = 0 V, Vee = Max -100 µA 

IOZH Off-State Output Leakage VouT = 5.5 V, Vee = Max 10 µA 
Current HIGH V1N = VIL or VIH (Note 2) 

IOZL . Off-State Output Leakage Vour = O V, Vee = Max -100 µA 
Current LOW V1N = V1L or V1H (Note 2) 

lsc Output Short-Circutt Current Vour = 0.5 V, Vee = Max (Note 3) -30 -130 mA 

Ice Commercial Supply Current V1N = 0 V, Outputs Open -7/10/15 100 mA 
(Static) lour= O mA, Vee = Max, (Note 4) -20 90 mA 

Ice Industrial Supply Current V1N = O V, Outputs Open -7/10/15 115 mA 
(Static) lour= 0. mA, Vee= Max, (Note 4) -20 100 mA 

Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of //L and lozL (or //Hand loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 

4. This parameter is guaranteed under worst case test conditions. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CIN Input Capacttance l Inputs VIN= 2.0 V Vee= 5.0 V 5 

l OE TA =+25°C 9 pF 

Cour Output Capacitance Vaur= 2.0 V f = 1 MHz 8 

Note: 
1. Thesl! parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges 
(Note 2) 

-7 -10 -15 -20 

Parameter Min Min Min Min 
Symbol Parameter Description (3) Max (3) Max (3) Max (3) Max Unit 

tPD Input or Feedback to Combinatorial Output 7.5 10 15 20 ns 

ts Setup Time from Input, Feedback or SP to Clock 2.5 3 4 4 ns 

tH Hold Time 2.5 3 4 4 ns 

tea Clock to Output or Feedback 7.5 10 15 20 ns 

IAP Asynchronous Preset to Registered Output 7.5 10 15 20 ns 

IAPW Asynchronous Preset Width (Note 3) 5 8 10 12 ns 

!APR Asynchronous Preset Recovery Time (Note 3) 5 7 10 12 ns 

IAR Asynchronous Reset to Registered Output 7.5 10 15 20 ns 

IARW Asynchronous Reset Width (Note 3) 5 8 10 12 ns 

tARR Asynchronous Reset Recovery Time (Note 3) 5 7 10 12 ns 

tWL 
Clock Width 

LOW 4 5 8 12 ns 

lwH HIGH 4 5 8 12 ns 

Maximum External Feedback 11 t(ts +tea) 100 76.9 52.6 37 MHz 
fMAX Frequency 

(Note4) No Feedback 11 /(twH + tWL) 125 100 62.5 41.6 MHz 

tpzx OE to Output Enable 5 8 10 15 ns 

tpxz OE to Output Disable 5 8 10 15 ns 

IEA Input to Output Enable Using Product 7.5 10 15 20 ns 
Term Control 

tER Input to Output Disable Using Product 7.5 10 15 20 ns 
Term Control 

twp Preload Pulse Duration 5 7 10 15 ns 

tsp Preload Setup Time 5 7 10 15 ns 

tHP Preload Hold Time 5 7 10 15 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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SWITCHING WAVEFORMS 

Feedback VT Input or f 
-Xxm-VT Combinatorial 

Output 

15434G-8 

Combinatorial Output 

Input tAPW 
Asserting ---..... 1..-------,1,----

Asynchronous VT 
Preset ___ _, '-----r--..1 '----

Registered VT 
Output ____ ....._..._. ....... ....._....__-+-----

!APR 
Clock 

15434G-10 

Asynchronous Preset 

Clock 

Input or 
Feedback ----

AMO~ 

VT 

Clock 

--------~~v;co VT 
Registered 

Output ________ _. 

Input 
Asserting 

Asynchronous 
Reset 

Registered 

Registered Output 

VT 

Output ___ .__...._..._.'--" 

Clock 

15434G-9 

!ARR 

VT 

15434G-11 

Asynchronous Reset 

15434G-12 

Clock Width 

Input or 
Feedback 

Output 

Notes: 

1. VT= 1.5 V 

IER IEA 

VT 

15434G-13 

Input to Output Disable/Enable 

2. Input pulse amplitude O V to 3.0 V 

3. Input rise and fall times 2 ns - 5 ns typical. 

OE 

Output 

PALCE20RA10 Family 

tPXZ IPZX 

VT 

15434G-14 

OE to Output Disable/Enable 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

17171 

SWITCHING TEST CIRCUIT 

Specification S1 CL 

tPo, tco Closed 

tPZX, tEA Z~H:Open 50 pF 
z~ L: Closed 

tpxz, tER H~Z:Open 5 pF 

L~Z: Closed 

5V 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

}., 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High
Impedance 
"Off" State 

KS000010-PAL 

Test Point 

15434G-15 

Commercial and Industrial 

R1 R2 

All except H-20: All except H-20: 

3000 3000 

H-20: 560 0 H-20: 1.1 kil 
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Measured 
Output Value 

1.5V 

1.5V 

H ~ Z: VOH - 0.5 V 

L ~ Z: VOL + 0.5 V 



TYPICAL Ice CHARACTERISTICS 

Vee= 5 V, TA= 25°C 

150 

80 

70 

60 

50 

lcc(mA) 
40 

30 

20 

10 

0 

0 5 10 15 20 25 30 35 

Frequency (MHz) 

Ice vs. Frequency 

AMO~ 

PALCE20RA10 
Family 

40 50 

15434G-16 

The selected 'typical" pattern utilized 50% of the device resources. Half of the macrocel/s were programmed as registered, and 
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocel/. On any 
vector. half of the outputs were switching. 

By utilizing 50% of the device, a midpoint is defined for lee. From this midpoint, a designer may scale the lee graphs up or down to 
estimate the Ice requirements for a particular design. 
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ENDURANCE CHARACTERISTICS 
The PALCE20RA10 is manufactured using AM D's ad
vanced Electrically Erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 

parts. As a result, the device can be erased and 
reprogrammed-a feature which allows 100% testing at 
the factory. 

Symbol Parameter Test Conditions Min Unit 

tDR Min Pattern Data Retention Time Max Storage Temperature 10 Years 

Max Operating Temperature 20 Years 

N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles 

Robustness 
The PALCE20RA10 has been designed with some 
unique features that make it extremely robust, even 
when operating in high-speed design environments. 
Pull-up resistors on the inputs and I/Os cause uncon
nected pins to default to the HIGH state. Please note 
that these pull-up resistors are only for this purpose, and 
do not provide enough current to sufficiently pull a bus 
line high. AMD recommends that external pull-up or 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

pull-down resistors be used if the condition of a floating 
bus line exists. 

Input-clamping circuitry limits negative overshoot, elimi
nating the possibility of false clocking caused by subse
quent ringing. A special noise filter makes the 
programming circuitry completely insensitive to any 
positive overshoot that has a pulse width of less than 
about 100 ns. 

Vee Vee 

2-256 

ESD 
Protection 

and 
Clamping 

>50 kn 

I 
I 
I 
I 
I 
I P . I rogramming = 
L~n~2_~----- Programming 

Voltage 
Detection 

Typical Input 

Vee 

Provides ESD 
Protection and 
Clamping 

Typical Output 

PALCE20RA10 Family 

Vee 

>50 kQ 

Positive 
Overshoot 

Filter 

Preload Feedback 
Circuitry Input 

Programming 
Circuitry 

15434G-17 



POWER-UP RESET 
The PALCE20RA1 O has been designed with the capa
bility to reset during system power-up. Following power
up, all flip-flops will be reset to LOW. The output state 
will be HIGH independent of the logic polarity. This fea
ture provides extra flexibility to the designer and is espe
cially valuable in simplifying state machine initialization. 
A timing diagram and parameter table are shown below. 
Due to the synchronous operation of the power-up reset 

Parameter 
Symbol Parameter Descriptions 

IPR Power-Up Reset Time 

ts Input or Feedback Setup Time 

IWL Clock Width LOW 

AMO ;t1 

and the wide range of ways Vee can rise to its steady 
state, two conditions are required to ensure a valid 
power-up reset. These conditions are: 

• The Vee rise must be monotonic. 

• Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and 
feedback setup times are met. 

Max Unit 

1000 ns 

See Switching Characteristics 

Vee 

Power 4 Vt~---tPR ---
Registered 

Output 

Clock 

154348-18 

Power-Up Reset Waveform 

OUTPUT REGISTER PRELOAD 
The preload function allows the register to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. 

1. Disable output registers. 

2. Apply either V1H or V1L to all registered outputs. 
Leave combinatorial outputs floating. 

3. Pulse PL from V1H to V1L to V1H. 

4. Remove Vn./V1H from all registered output pins. 

5. Enable the output registers. 

6. Verify VmlVoH at all registered output pins. Note 
that because of the output inverter, a register that 
has been preloaded HIGH will provide a LOW at 
the output. Also note that because there is an in
verter on the register preload input, the level pre
sented on the register preload input at the time of 
preload will be present on the register output pin 
following the preload sequence e.g., a low on the 
register pin at the time of preload will result in a 
low on that pin after preload. 

Output 
Disable/Enable 

Register 
Outputs 

-~ trr·1~ 
-~b J'' _,J Pin 1 -------------

Preload 
Clock 

tWL 154348-19 

Output Register Preload Waveform 
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DATA SHEET REVISION SUMMARY FOR 

PALCE20RA10 Family 
Ice vs. Frequency Curve 

Added PALCE20RA10 family curve 
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FINAL COM'L ~ 
AmPAL22P10B/AL/A 
24-Pin Combinatorial TTL Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• As fast as 15 ns maximum propagation delay 

• Universal combinatorial architecture 

• Programmable output polarity 

• Programmable replacement for high-speed TTL 
loglc 

GENERAL DESCRIPTION 
The AmPAL22P10 utilizes Advanced Micro Devices· 
diffusion isolated bipolar process and fuse-link technol
ogy. The devices provide user-programmable logic for 
replacing conventional SSl/MSI gates and flip-flops at a 
reduced chip count. 

The AmPAL22P10 allows the systems engineer to im
plement the design on-chip, by opening fuse links to 
configure AND and OR gates within the device, accord
ing to the desired logic function. Complex interconnec
tions between gates, which previously required 
time-consuming layout, are lifted from the PC board and 
placed on silicon, where they can be easily modified dur
ing prototyping or production. 

The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 

• Extensive third-party software and programmer 
support through FusionPLD partners 

• 24-pin SKINNYDIP and 28-pin PLCC packages 
save space 

outputs. In addition, the PAL device provides the follow
ing options: 

- Variable inpuVoutput pin ratio 

- Programmable three-state outputs 

Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any single input assume the logical LOW 
state. Unused input pins should be tied to Vee or GND. 

The entire PAL device family is supported by the 
FusionPLD partners. The PAL family is programmed on 
conventional PAL device programmers with appropriate 
personality and socket adapter modules. See the Pro
grammer Reference Guide for approved programmers. 
Once the PAL device is programmed and verified an ad
ditional fuse may be opened to prevent pattern readout. 
This feature secures proprietary circuits. 

BLOCK DIAGRAM AmPAL22P10 
Inputs 

1/0 110 l/O 

Publication# 12984 Rev. E Amendment/O 

Issue Date: January 1992 

1/0 1/0 1/0 110 110 110 110 
12984E-1 
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PRODUCT SELECTOR GUIDE 

Famlly 

Very High Spped ("B") Versions 

Very High Spped ("A") Versions 

High Speed, Half Power ("AL") Versions 

CONNECTION DIAGRAMS 

Top View 

SKINNY DIP 

GND 

Vee 

1/0 

110 

1/0 

110 

110 

1/0 

1/0 

1/0 

1/0 

110 

12984E-2 

Note: 
Pin 1 is marked for orientation 

PIN DESIGNATIONS 
GND Ground 

I Input 

1/0 lnpuUOutput 

NC No Connect 

Vee Supply Voltage 

2·260 

tpo 
ns(Max) 

15 
25 
25 

I 

NC 

AmPAL22P10B/AUA 

Ice loL 
mA(Max) mA(Mln) 

210 24 
210 24 
105 24 

PLCC 

(.) ~ ~ ~ z 

25 1/0 

24 1/0 

23 1/0 

22 NC 

21 110 

20 110 

19 1/0 
17 18 

0 (.) ~ ~ z z 
(!) 

12984E-3 



ORDERING INFORMATION 

Commercial Products 

AMO~ 

AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 

AmPAL 22 P 10 A L P C 

FAMILY TYPE 
AmPAL =Programmable Array Logic 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE -----------' 
P = Programmable Polarity 

NUMBER OF OUTPUTS------~ 

SPEED 
B = 15 ns !po 
A= 25 ns !po 

POWER ------------------' 
L =Low Power (105 mA Ice) 

Blank =Full Power (210 mA Ice) 

Valid Combinations 

AmPAL22P10 B,AL,A PC, JC, DC 

L OPTIONAL PROCESSING 
Blank =Standard Processing 

OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

PACKAGE TYPE 
P = 24-Pin 300 mil Plastic 

SKINNYDIP (PD3024) 
J = 28-Pin Plastic Leaded 

Chip Carrier (PL 028) 
D = 24-Pin 300 mil Ceramic 

SKINNYDIP (CD3024) 

Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, and to check on 
newly released combinations. 

Note: Marked with AMO logo. 
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FUNCTIONAL DESCRIPTION 
All parts are produced with a fuse link at each input to the 
AND gate array, and connections may be selectively re
moved by applying appropriate voltages to the circuit. 
Utilizing an easily-implemented programming algo
rithm, these products can be rapidly programmed to any 
customized pattern. Information on approved program
mers can be found in the Programmer Reference Guide. 
Extra test words are pre-programmed during manufac
turing to ensure extremely high field programming 
yields, and provide extra test paths to achieve excellent 
parametric correlation. 

Variable Input/Output Pin Ratio 
The AmPAL22P10 has twelve dedicated input lines, 
and all ten combinatorial outputs are 1/0 pins. Buffers for 
device inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vee or GND. 

Programmable Three-State Outputs 
Each output has a three-state output buffer with three
state control. A product term controls the buffer, allow
ing enable and disable to be a function of any product of 
device inputs or output feedback. The combinatorial 
output provides a bidirectional 1/0 pin, and may be con
figured as a dedicated input if the buffer is always dis
abled. 

Programmable Polarity 
The polarity of each output can be active-high or active
low, either to match output signal needs or to reduce 
product terms. Programmable polarity allows Boolean 

expressions to be written in their most compact form 
(true or inverted), and the output can still be of the de
sired polarity. It can also save "DeMorganizing" efforts. 

Selection is through a programmable fuse which con
trols an exclusive-OR gate at the output of the AND/OR 
logic. The output is active high if the fuse is 1 (pro
grammed) and active low if the fuse is 0 (intact). 

Security Fuse 
After programming and verification, an AmPAL22P10 
design can be secured by programming the security 
fuse. Once programmed, this fuse defeats readback of 
the internal programmed pattern by a device program
mer, securing proprietary designs from competitors. 
When the security fuse is programmed, the array will 
read as if every fuse is programmed. 

Quality and Testability 
The AmPAL22P10 offers a very high level of built-in 
quality. Extra programmable fuses provide a means of 
verifying performance of all AC and DC parameters. In 
addition, this verifies complete programmability and 
functionality of the device to provide the highest pro
gramming yields and post-programming functional 
yields in the industry. 

Technology 
The AmPAL22P1 O is fabricated with AM D's diffusion
isolated bipolar process. This process reduces parasitic 
capacitances and minimum geometries to provide 
higher performance. The array connections are formed 
with proven PtSi fuses for reliable operation. 
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LOGIC DIAGRAM 
AmPAL22P10 

Inputs (0-43) 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to +150°C 

Ambient Temperature 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
With Power Applied . . . . . . . . . . . . . -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . 0°C to +75°C 
Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 
DC Input Voltage . . . . . . . . . . . . . . . -0.5 V to +5.5 V 

DC Input Current . . . . . . . . . . . . . . -30 mA to +5 mA 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC 1/0 Pin Voltage ............ -0.5 V to Vee Max 

Static Discharge Voltage ................ 2001 V 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH =-3.2 mA V1N = V1H or V1L 2.4 
Vee= Min 

VoL Output LOW Voltage loL= 24 mA V1N = V1H or V1L 0.5 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 5.5 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage l1N= -18 mA, Vee= Min -1.2 

hH Input HIGH Current V1N • 2. 7 V, Vee• Max (Note 2) 25 

l1L Input LOW Current V1N = 0.4 V, Vee= Max (Note 2) -100 

11 Maximum Input Current V1N = 5.5 V, Vee= Max 1 

loZH Off-State Output Leakage VouT= 2.7 V. Vee= Max 100 
Current HIGH V1N = V1Hor V1L (Note 2) 

loZL Off-State Output Leakage VouT = 0.4 V, Vee= Max -100 
Current LOW V1N = V1Hor V1L (Note 2) 

lsc Output Short-Circu~ Current VouT = 0.5 V, Vee= Max (Note 3) -30 -90 

Ice Supply Current V1N = O V, Outputs Open 
(louT= 0 mA) 

B,A 210 

Vee= Max AL 105 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

mA 

µA 

µA 

mA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of liL and lozL (or //H and loZH). 

3. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance 1 Pins 1 13 V1N = 2.0 v Vee= 5.0 V 11 

J Others TA= +25°C 6 pF 
Gour Output Capacitance Vour = 2.0 V f = 1 MHz 9 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
Symbol Parameter Description 

tPD Input or Feedback to Combinatorial Output 

lEA input to Output Enable Using Product Term Control 

!ER Input to Output Disable Using Product Term Control 

Note: 

2. See Switching Test Circuit for test conditions. 

SWITCHING WAVEFORMS 

Feedback Vr 
Input or ~ Input or 

Feedback 

B A,AL 
Min Max Min Max 

15 25 

18 25 

15 25 

tER 

Unit 

ns 

ns 

ns 

VT 

tEA -~tp~ -VT Combinatorial 
Output 

Combinatorial l-+-+1-1-----'-+-...+- VT 
Output----~~'"-'! 

12984E-5 12984E-6 

Combinatorial Output Input to Output Disable/Enable 

Notes: 

1. VT= 1.5 V 

2. Input pulse amplitude O V to 3. 0 V 

3. Input rise and fall times 2 ns-5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

1770 

SWITCHING TEST CIRCUIT 

Specification 51 CL 

tpo Closed 

IEA z~ H: Open 50 pF 
z~ L: Closed 

Im H ~z: Open 5 pF 
l ~z: Closed 

5V 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

R, 

200 Q 

2-266 AmPAL22P10B/AL/A 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to l 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High
Impedance 
"Off" State 

KS000010-PAL 

Test Point 

12984E-7 

R2 

390Q 

Measured 
Output Value 

1.5V 

1.5 v 

H ~z: VoH - 0.5 v 
l ~ Z: VOL + 0.5 V 



INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Input 

Program/Verify 
Circuitry 

Typical Input 

400NOM 

Input, 
1/0 

Pins 

Typical Output 

AmPAL22P108/AL/A 

12984E-8 

Program/Verify/ 
Test Circuitry 

12984E-9 
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FINAL COM'L: ·7/10/15 MIL: ·12/20 ~ 
PAL22V10 Family, AmPAL22V10/A Advanced 

Micro 
Devices 24-Pin TTL Versatile PAL Device 

DISTINCTIVE CHARACTERISTICS 
• As fast as 7.5 ns propagation delay and 

91 MHz IMAX (external) 
• 10 Macrocells programmable as registered or 

combinatorial, and active high or active low to 
match appllcatlon needs 

• Varied product term distribution allows up to 
16 product terms per output for complex 
functions 

GENERAL DESCRIPTION 
The PAL22V10 provides user-programmable logic for 
replacing conventional SSl/MSI gates and flip-flops at a 
reduced chip count. 

The PAL22V10 device implements the familiar Boolean 
logic transferfunction, the sum of products. The PAL de
vice is a programmable AND array driving a fixed OR 
array. The AND array is programmed to create custom 
product terms, while the OR array sums selected terms 
at the outputs. 

The product terms are connected to the fixed OR array 
with a varied distribution from 8 to 16 across the outputs 
(see Block Diagram). The OR sum of the products feeds 
the output macrocell. Each macrocell can be pro
grammed as registered or combinatorial, and active 
high or active low. The output configuration is 

BLOCK DIAGRAM 
CLKllo 

• Global asynchronous reset and synchronous 
· preset for Initialization 

• Power-up reset for initialization and register 
pretoad for testabillty 

• Extensive third-party software and programmer 
support through FuslonPLD partners 

• 24·Pln SKINNYDIP, 24-pln Flatpack and 
28-pln PLCC and LCC packages save space 

determined by two fuses controlling two multiplexers in 
each macrocell. 

AMD's FusionPLD program allows PAL22V10 designs 
to be implemented using a wide variety of popular indus
try-standard design tools. By working closely with the 
FusionPLD partners, AMO certifies that the tools pro
vide accurate, quality support. By ensuring that third
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPlD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the PLO Software Reference Guide for certified devel
opment systems and the Programmer Reference Guide 
for approved programmers. 

11" 111 

Programmable 
AND Array 
(44x 132) 
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CONNECTION DIAGRAMS 
Top View 
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ORDERING INFORMATION 
Commercial Products 
AMO programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 

PAL 22 v 10 -7 p c 

FAMILY TYPE _______ J_, 
PAL or AmPAL =Programmable Array Logic 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE------------' 
V = Versatile 

NUMBER OF OUTPUTS ---------' 

SPEED -----------------' 
-7 - 7.5 ns tpo 

-10-10 ns tPO 
-15-15 ns tpo 

A-25 nstpo 

Valid Combinations 

PAL22V10-7 

PAL22V10-10 

PAL22V10-15 
PC,JC 

AmPAL22V10A 

~ OPTIONAL PROCESSING 
Blank = Standard Processing 

OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

PACKAGE TYPE 
P = 24-Pin 300 mil Plastic SKINNYOIP 

(P03024) 
J • 28-Pin Plastic Leaded Chip Carrier 

(PL028) 

Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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ORDERING INFORMATION 
APL Products 

AMO~ 

AMO programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: 

PAL 

FAMILY TYPE T 
PAL or AmPAL = Programmable Array Logic 

NUMBER OF 
ARRAY INPUTS 

22 v 10 -12 

OUTPUT TYPE-----------' 
V = Versatile 

NUMBER OF OUTPUTS 

SPEED ~~~~~~~~~~~~~~~~-' 

-12 = 12 ns tpo 
-20 = 20 ns tpo 

A= 30 nstPD 
Blank = 40 ns tro 

Valid Combinations 

PAL22V10-12 

PAL22V1 0-20 /BLA, /BKA, /83A 

AmPAL22V1 OA 

AmPAL22V10 

Military Burn-In 

/BL A 

t= PACKAGE TYPE 

LEAD FINISH 
A = Hot Solder Dip 

L = 24-Pin 300 mil Ceramic 
SKINNYDIP (CD3024) 

K = 24-Pin Ceramic Flatpack 
(CFL024) 

3 = 28-Pin Ceramic Leadless 
Chip Carrier (CL 028) 

DEVICE CLASS 
/B = MIL-STD-883C Class B 

Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

Group A Tests 
Group A tests consist of Subgroups 

1, 2, 3, 7, 8, 9, 10, 11. 

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. 
Test conditions are selected at AMD's option. 
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FUNCTIONAL DESCRIPTION 
The PAL22V10 allows the systems engineer to imple
ment the design on-chip, by opening fuse links to config
ure AND and OR gates within the device, according to 
the desired logic function. Complex interconnections 
between gates, which previously required time
consuming layout, are lifted from the PC board and 
placed on silicon, where they can be easily modified dur
ing prototyping or production. 

Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any single input assume the logical LOW 
state. 

The PAL22V10 has 12 inputs and 10 1/0 macrocells. 
The macrocell (Figure 1) allows one of four potential out
put configurations; registered output or combinatorial 
1/0, active high or active low (see Figure 2). The configu
ration choice is made according to the user's design 

0 0 

SP S1 
So = 

specification and corresponding programming of the 
configuration bits So - S1. Multiplexer controls initially 
are connected to ground (0) through a programmable 
fuse, selecting the "O" path through the multiplexer. Pro
gramming the fuse disconnects the control line from 
GND and it is driven to a high level, selecting the "1" 
path. 

The device is produced with a fuse link at each input to 
the AND gate array, and connections may be selectively 
removed by applying appropriate voltages to the circuit. 

Variable Input/Output Pin Ratio 
The PAL22V10 has twelve dedicated input lines, and 
each macrocell output can be an 1/0 pin. Buffers for de
vice inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vee or GND. 

I/On 

51 So Output Configuration 

0 0 Registered/Active Low 

0 Registered/Active High 

1 0 Combinatorial/Active Low 

1 Combinatorial/Active High 

0 = Unprogrammed fuse 
1 =Programmed fuse 

166598-4 

Figure 1. Output Logic Macrocell Diagram 
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Registered Output Configuration 
Each macrocell of the PAL22V1 O includes a D-type flip
flop for data storage and synchronization. The flip-flop 
is loaded on the LOW-to-HIGH transition of the clock in
put. In the registered configuration (S1 = 0), the array 
feedback is from a of the flip-flop. 

AR 

Registered/Active Low 

Registered/Active High 

AMO~ 

Combinatorial 1/0 Configuration 
Any macrocell can be configured as combinatorial by 
selecting the multiplexer path that bypasses the flip-flop 
(S1 = 1). In the combinatorial configuration the feedback 
is from the pin. 

• 
• • 

Combinatorial/Active Low 

• 
• 
• 

So= 1 
S1=1 

Combinatorial/Active High 

165598-5 

Figure 2. Macrocell Configuration Options 

Programmable Three-State Outputs 
Each output has a three-state output buffer with three
state control. A product term controls the buffer, allow
ing enable and disable to be a function of any product of 
device inputs or output feedback. The combinatorial 
output provides a bidirectional 110 pin, and may be con
figured as a dedicated input if the buffer is always dis
abled. 

Programmable Output Polarity 
The polarity of each macrocell output can be active high 
or active low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing" 
efforts. 

Selection is controlled by programmable bit So in the 
output macrocell, and affects both registered and com
binatorial outputs. Selection is automatic, based on the 
design specification and pin definitions. 

Preset/Reset 
For initialization, the PAL22V10 has Preset and Reset 
product terms. These terms are connected to all regis
tered outputs. When the Synchronous Preset (SP) 
product term is asserted high, the output registers will be 
loaded with a HIGH on the next LOW-to-HIGH clock 
transition. When the Asynchronous Reset (AR) product 
term is asserted high, the output registers will be imme
diately loaded with a LOW independent of the clock. 

Note that preset and reset control the flip-flop, not the 
output pin. The output level is determined by the output 
polarity selected. 

Power-Up Reset 
All flip-flops power-up to a logic LOW for predictable 
system initialization. Outputs of the PAL22V10 will de
pend on the programmed output polarity. The Vee rise 
must be monotonic and the reset delay time is 1000 ns 
maximum. 
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Register Preload 
The register on the PAL22V10 can be preloaded from 
the output pins to facilitate functional testing of complex 
state machine designs. This feature allows direct load
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. 

Security Fuse 
After programming and verification, a PAL22V10 design 
can be secured by programming the security fuse. Once 
programmed, this fuse defeats readback of the internal 
programmed pattern by a device programmer, securing 
proprietary designs from competitors. When the secu
rity fuse is programmed, the array will read as if every 
fuse is programmed, and preload will be disabled. 

Programming 
The PAL22V10 can be programmed on standard logic 
programmers. Approved programmers are listed in the 
Programmer Reference Guide. 

Quality and Testability 
The PAL22V10 offers a very high level of built-in quality. 
Extra programmable fuses, test words and test columns 
provide a means of verifying performance of all AC and 
DC parameters. In addition, this verifies complete 
programmability and functionality of the device to pro
vide the highest programming yields and post-program
ming functional yields in the industry. 

Technology 
The AmPAL22V1 OA is fabricated with AM D's diffusion
isolated bipolar process. The array connections are 
formed with highly reliable PtSi fuse. 

The PAL22V10-15, -10 and -7 are fabricated with 
AMD's diffusion-isolated bipolar process. This process 
reduces parasitic capacitances and minimum geome
tries to provide higher performance. The array 
connections are formed with PtSi fuses on the -15, and 
TiW fuses on the -7 and -10 for reliable operation. 
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LOGIC DIAGRAM 
SKINNYDIP (PLCC/LCC) Pinouts 

* 
(28) 

1.ul Jul J.ur 1.u11u11ui 1uY !uY M M 1u1 AR 

'.~II l ~ ~1J~ 9 '5 0 1 (27) 

SP~ 
~ : -

vo, 

10 

'~Ll >-~'j~ 20 0 1 (26) 

~ ---
*' - 1 

vo, 

,, 
21 

~~_J.J ~ 33 

~ 
~~; 

~ - L..!..J 
34 

~~-1-J ~ .. ~ 
.r-

D i (24) 

~1 ~'-
T.f - L :J 

49 

-r~ 
")-

D 1 (23) 

65 ~--
* ~ 

L1--! .. 
~;;u J" ~ 82 

~~ (21) 

~ ~ ~ (7) 
83 

~ qfj ,-;; 97 

* .. _J 1,J_ 

~J~ 0 , (19) 

110 

IT ~---
~) 111 

_J 14 

121. ~ 
'lJ 

./ ~' J ~ 
m 

V07 

vo, 

13 

vo, 

vo, 

V03 

vo, 

(111 122 .. ~ 1.J_ 

19 

~~uj 14 
130 ;-;; 

r.t -liQl-
~'-

~ - 1 
131 SP 

VOo 

~ " ~ liti 
GND~ 

(14) -

0 3 4 7 8 11 12 15 16 19 20 23 24 27 28 31 32 35 36 39 40 43 

165598-6 

PAL22V10 Family 2·275 



~AMO 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to +150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied ................. -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . 0°C to +75°C 
Supply Voltage with Supply Voltage (Vee) 
Respect to Ground ............. -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -1.2 V to Vee+ 0.5 V 

DC Output or 110 Pin Voltage . -0.5 V to Vee+ 0.5 V 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VOi-i Output HIGH Voltage loH =-3.2 mA VIN = V1H or VIL 2.4 

Vee= Min 

VOL Output LOW Voltage IOL = 16 mA VIN = V1H or VIL 0.5 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage hN = -18 mA, Vee= Min -1.2 

llH Input HIGH Current VIN= 2.7 V, Vee = Max (Note 2) 25 

hL Input LOW Current VIN= 0.4 V, Vee = Max l 1nput -100 

(Note 2) lcLK -150 

h Maximum Input Current V1N = 5.5 V, Vee =Max 1 

loZH Off-State Output Leakage VouT = 2.7 V, Vee = Max 100 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 
Current LOW VIN = V1H or VIL (Note 2) 

lsc Output Short-Circuit Current VouT = o.5 V, Vee = Max (Note 3) -30 -130 

Ice Supply Current V1N = O V, Outputs Open (louT = o mA) 220 
Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

mA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of ltL and lozL(or ltHand /oz!-}. 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VouT= 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance VIN= 2.0 V J Vee= 5.0 V 6 

Gour Output Capacitance Vour = 2.0 V l TA= 25°C 5 
pF 

f = 1 MHz 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
Parameter Min 
Symbol Parameter Description (Note 3) Max Unit 

IPD Input or Feedback to Combinatorial Output 1 7.5 ns 

ts Setup Time from Input, Feedback or SP to Clock 5 ns 

IH Hold Time 0 ns 

teo Clock to Output 1 6 ns 

ISKEWR Skew Between Registered Outputs (Note 5) 1 ns 

IAR Asynchronous Reset to Registered Output 12 ns 

IARW Asynchronous Reset Width 8 ns 

tARR Asynchronous Reset Recovery Time 8 ns 

ISPR Synchronous Preset Recovery Time 5 ns 

IWL 
Clock Width 

LOW 4 ns 

IWH HIGH 4 ns 

Maximum External Feedback 1 1/(ts + teo) 91 MHz 

IMAX Frequency Internal Feedback (feNT) 100 MHz 
(Note 4) 

No Feedback I 1/(IWH + IWL) 125 MHz 

IEA Input to Output Enable Using Product Term Control 8 ns 

Im Input to Output Disable Using Product Term Control 7.5 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Output delay minimums are measured under best-case conditions. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

5. Skew is measured with all outputs switching in the same direction. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied ................. -55°C to + 125°C Operating in Free Air .............. 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground ............. -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -1.2 V to Vee+ 0.5 V 

DC Output or 1/0 
Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VOi-i Output HIGH Voltage IOH =-3.2 mA V1N = V1H or VIL 2.4 

Vee= Min 

VoL Output LOW Voltage IOL = 16 mA VIN = V1H or V1L 0.5 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage llN = -18 mA, Vee= Min -1.2 

llH Input HIGH Current VIN= 2.7 V, Vee =Max (Note 2) 25 

hL Input LOW Current VIN = 0.4 V, Vee = Max L1nput -100 

(Note2) jcLK -150 

h Maximum Input Current VIN = 5.5 V, Vee = Max 1 

IOZH Off-State Output Leakage VouT = 2.7 V, Vee =Max 100 
Current HIGH V1N = V1H or VIL (Note 2) 

IOZL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 
Current LOW VIN = VIH or VIL (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 3) -30 -130 

Ice Supply Current V1N = 0 V, Outputs Open (IOUT = 0 mA) 180 
Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

mA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of IJL and lozL(or ltHand lozf/. 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour= 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 V J Vee= 5.o v 6 

CouT Output Capacitance VouT = 2.0 V l 
TA= 25°c 

5 
pf 

f = 1 MHz 
Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
Parameter Min 
Symbol Parameter Description (Note 3) Max Unit 

!PD Input or Feedback to Combinatorial Output 1 10 ns 

ts Setup nme from Input, Feedback or SP to Clock 7 ns 

tH Hold Time 0 ns 

teo Clock to Output 1 7 ns 

tAR Asynchronous Reset to Registered Output 15 ns 

IARW Asynchronous Reset Width 10 ns 

tARR Asynchronous Reset Recovery Time 8 ns 

ts PR Synchronous Preset Recovery Time 8 ns 

twL LOW 5 ns 
Clock Width 

tWH HIGH 5 ns 

External Feedback I 1/(ts +teo) 71 MHz 
Maximum 

IMAX Frequency Internal Feedback (feNT) 80 MHz 
(Note 4) 

No Feedback l 1/(tWH + IWL) 100 MHz 

tEA Input to Output Enable Using Product Term Control 11 ns 

tER Input to Output Disable Using Product Term Control 9 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Output delay minimums are measured under best-case conditions. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to +150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied ................. -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

DC Input Current . . . . . . . . . . . . . -30 mA to +5 mA 

DC Output or 1/0 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

Static Discharge Voltage ................. 2001 V 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VOH Output HIGH Voltage IOH = -3.2 mA VIN = V1H or VIL 2.4 
Vee= Min 

VoL Output LOW Voltage loL = 16 mA V1N = V1H or VIL 0.5 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage llN = -18 mA, Vee= Min -1.2 

liH Input HIGH Current V1N = 2.7 V, Vee =Max (Note 2) 25 

liL Input LOW Current V1N = 0.4 V, Vee = Max (Note 2) -100 

Ii Maximum Input Current VIN = 5.5 V, Vee = Max 1 

IOZH Off-State Output Leakage VouT = 2.7 V, Vee = Max 100 
Current HIGH VIN = VIH or V1L (Note 2) 

IOZL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 
Current LOW VIN = VIH or VIL (Note 2) 

lsc Output Short-Circuit Current VOUT = 0.5 V, Vee = Max (Note 3) -30 -130 

Ice Supply Current VtN = 0 V, Outputs Open (louT = 0 mA) 180 
Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

mA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of ltL and JozL(or ltHand lozr/. 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour= 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 V Vee= 5.o v 9 

TA= 25°C 6 pF 
Gour Output Capacitance Vour =2.0 V f = 1 MHz 5 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
Parameter Min 
Symbol Parameter Description {Note 3) Max Unit 

tPD Input or Feedback to Combinatorial Output 15 ns 

ts Setup Time from Input, Feedback or SP to Clock 10 ns 

IH Hold Time 0 ns 

teo Clock to Output 10 ns 

!AR Asynchronous Reset to Registered Output 20 ns 

tARW Asynchronous Reset Width 15 ns 

tARR Asynchronous Reset Recovery Time 10 ns 

tSPR Synchronous Preset Recovery Time 10 ns 

twL LOW 6 ns 
Clock Width 

twH HIGH 6 ns 

Maximum 
External Feedback I 1/{ts + teo) 50 MHz 

IMAX Frequency Internal Feedback {feNT) 80 MHz 
{Note 4) 

No Feedback I 1/{tWH + tWL) 83 MHz 

tEA Input to Output Enable Using Product Term Control 15 ns 

tER Input to Output Disable Using Product Term Control 15 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Output delay minimums are measured under best-case conditions. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to +150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied ................. -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . . . . . -0.5 V to +5.5 V 

DC Input Current . . . . . . . . . . . . . . -30 mA to +5 mA 

DC Output or 1/0 Pin Voltage . . . -0.5 V to Vee Max 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage loH = -3.2 mA VIN = V1H or VIL 2.4 
Vee= Min 

VOL Output LOW Voltage IOL = 16 mA V1N = V1H or VIL 0.5 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage l1N = -18 mA, Vee= Min -1.2 

llH Input HIGH Current V1N = 2.7 V, Vee = Max (Note 2) 25 

l1L Input LOW Current VIN = 0.4 V, Vee =Max (Note 2) -100 

h Maximum Input Current V1N = 5.5 V, Vee = Max 1 

lozH Off-State Output Leakage Vour = 2.7 V, Vee =Max 100 
Current HIGH VIN = VIH or VIL (Note 2) 

IOZL Off-State Output Leakage Vour = 0.4 V, Vee =Max -100 
Current LOW VIN = V1H or VIL (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max (Note 3) -30 -90 

Ice Supply Current V1N = O V, Outputs Open (lour= O mA) 180 
Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

mA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of l1L and lozL(or l1Hand lozr}. 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour= 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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AMO it1 
CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance VIN= 2.0 V Vee= 5.0 v 11 

TA= 25°C 6 pF 
Gour Output Capacitance Vciur = 2.0 V f = 1 MHz 9 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
Symbol Parameter Description Min Max Unit 

tPD Input or Feedback to Combinatorial Output 25 ns 

ts Setup Time from Input, Feedback or SP to Clock 20 ns 

tH Hold Time 0 ns 

teo Clock to Output 15 ns 

tAR Asynchronous Reset to Registered Output 30 ns 

tARW Asynchronous Reset Width 25 ns 

tARR Asynchronous Reset Recovery Time 35 ns 

ts PR Synchronous Preset Recovery Time 20 ns 

lwL 
Clock Width 

LOW 15 ns 

lwH HIGH 15 ns 

Maximum 
IMAX Frequency External Feedback 1/(ts + teo) 28.5 MHz 

(Note 3) 

tEA Input to Output Enable Using Product Term Control 25 ns 

tER Input to Output Disable Using Product Term Control 25 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to+ 150°C 

Supply Voltage with 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
Respect to Ground . . . . . . . . . . . . . --0.5 V to +7.0 V Operating in Free Air . . . . . . . . . . . . . . . . -55°C Min 

DC Input Voltage ............... -1.2 V to +7.0 V Operating Case (Tc) 
DC Output or 1/0 Pin Voltage ..... -0.5 V to +7.0 V Temperature ....................... 125°C Max 

Supply Voltage (Vee) 
Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

with Respect to Ground ........ +4.50 V to +5.50 V 

Note: 

1. Military products are tested at Tc= +2S'C, + 12S'C, 
and-5S'C, per MIL-STD-883. 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 
Parameter 

Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage loH =-2 mA VIN = V1H or V1L 2.4 v 
Vee= Min 

VOL Output LOW Voltage loL = 12 mA VIN = V1H or VIL 0.5 v 
Vee= Min 

VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

V1 Input Clamp Voltage llN = -18 mA, Vee= Min -1.2 v 
hH Input HIGH Current VIN= 2.7 V, Vee =Max (Note 4) 25 µA 

hL Input LOW Current V1N = 0.4 V, Vee =Max (Note 4) Tlnput -100 

jCLK -150 
µA 

II Maximum Input Current V1N = 5.5 V, Vee = Max 1 mA 

IOZH Off-State Output Leakage Vour = 2.7 V, Vee = Max 100 µA 
Current HIGH V1N = V1H or VIL (Note 4) 

IOZL Off-State Output Leakage Vour = 0.4 V, Vee = Max -100 µA 
Current LOW VIN= V1H or V1L (Note 4) 

lse Output Short-Circuit Current Vour = 0.5 V, Vee = Max (Note 5) -30 -130 mA 

Ice Supply Current VIN= 0 V, Outputs Open (IOUT = 0 mA) 200 mA 
Vee= Max 

Notes: 

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 
3. Vil and V1H are input conditions of output tests and are not themselves directly tested. ViL and VJH are absolute voltages with 

respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of IJL and lozL (or IJH and lozH). 
5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 

has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance VIN= 2.0 V J Vee= 5.0 V 6 
TA= 25°c pf 

Gour Output Capacitance Vour = 2.0 V l I= 1 MHz 8 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 
Parameter 
Symbol Parameter Description Min Max Unit 

tPD Input or Feedback to Combinatorial Output 12 ns 

ts Setup Time from Input or Feedback to Clock 10 ns 

tH Hold Time 0 ns 

tco Clock to Output 10 ns 

tAR Asynchronous Reset to Registered Output 20 ns 

tARW Asynchronous Reset Width (Note 3) 15 ns 

tARR Asynchronous Reset Recovery Time (Note 3) 10 ns 

tSPR Synchronous Preset Recovery Time (Note 4) 10 ns 

tWL LOW 6 ns 
Clock Width 

tWH HIGH 6 ns 

Maximum 
External Feedback I 1/(ts +tco) 50 MHz 

IMAX 
Frequency Internal Feedback (ICNT) 58.8 MHz 
(Note 4) 

No Feedback 11/(twH + twL) 83.3 MHz 

tEA Input to Output Enable Using Product Term Control (Note 4) 15 ns 

tER Input to Output Disable Using Product Term Control (Note 4) 12.5 ns 

Notes: 

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 

3. fARW and tARR are not directly tested, but are guaranteed by the testing of ts and tAR. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to+ 150°C 

Supply Voltage with 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V Operating in Free Air . . . . . . . . . . . . . . . . -55°C Min 

DC Input Voltage ............... -0.5 V to +5.5 V Operating Case (Tc) 
DC Output or 1/0 Pin Voltage ..... -0.5 V to +7.0 V Temperature . . . . . . . . . . . . . . . . . . . . . . . 125°C Max 

DC Input Current . . . . . . . . . . . . . . -30 mA to +5 mA Supply Voltage (Vee) 
with Respect to Ground ........ +4.50 V to +5.50 V 

Note: 
Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

1. Military products are tested at Tc = +25° C, + 125° C, 
and -55° C, per MIL-S TD-883. 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VOH Output HIGH Voltage loH =-2 mA VIN = V1H or VIL 2.4 v 
Vee= Min 

VOL Output LOW Voltage IOL=12mA V1N = V1H or V1L 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

V1 Input Clamp Voltage l1N = -18 mA, Vee =Min -1.2 v 
llH Input HIGH Current VIN= 2.7 V, Vee =Max (Note 4) 25 µA 

hL Input LOW Current VIN = 0.4 V, Vee = Max (Note 4) -100 µA 

h Maximum Input Current VIN = 5.5 V, Vee = Max 1 mA 

loZH Off-State Output Leakage Vour = 2.7 V, Vee =Max 100 µA 
Current HIGH VIN= V1H or VIL (Note 4) 

lozL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 µA 
Current LOW V1N = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max (Note 5) -30 -90 mA 

Ice Supply Current V1N = O V, Outputs Open (louT = o mA) 200 mA 
Vee= Max 

Notes: 

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 
3. ViL and VJH are input conditions of output tests and are not themselves directly tested. ViL and VJH are absolute voltages with 

respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of l1L and lozL (or iJH and lozH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CtN Input Capacitance VtN = 2.0 V Vee= 5.0 V 9 

TA= 25°C 6 pF 

CouT Output Capacitance VouT = 2.0 V f = 1 MHz 9 
Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 
Parameter 
Symbol Parameter Description Min Max Unit 

!PD Input or Feedback to Combinatorial Output 20 ns 

ts Setup Time from Input or Feedback to Clock 17 ns 

!H Hold Time 0 ns 

teo Clock to Output 15 ns 

!AR Asynchronous Reset to Registered Output 25 ns 

IARW Asynchronous Reset Width (Note 3) 20 ns 

tARR Asynchronous Reset Recovery Time (Note 3) 20 ns 

ts PR Synchronous Preset Recovery Time (Note 4) 20 ns 

tWL LOW 15 ns 

tWH 
Clock Width 

HIGH 15 ns 

Maximum Externa~ Feedback J 1/(ts + teo) 31.2 MHz 
fMAX Frequency 

(Note4) Internal Feedback (feNT) 33.3 MHz 

tEA Input to Output Enable Using Product Term Control (Note 4) 20 ns 

tER Input to Output Disable Using Product Term Control (Note 4) 20 ns 

Notes: 

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are tested per 
MIL-ST0-883, Method 5005, unless otherwise noted. 

3. IARW and IARR are not directly tested, but are guaranteed by the testing of ts and tAR. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 

Supply Voltage with 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V Operating in Free Air . . . . . . . . . . . . . . . . -55°C Min 

DC Input Voltage ............... -0.5 V to +5.5 V 

DC Output or 1/0 Pin Voltage ... -0.5 V to Vee Max 

Operating Case Temperature (Tc) 125°C Max 

Supply Voltage (Vee) 
DC Input Current . . . . . . . . . . . . . . -30 mA to +5 mA 

Output Sink Current . . . . . . . . . . . . 100 mA (Note 6) 

with Respect to Ground ........ +4.50 V to +5.50 V 

Note: 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

1. Military products are tested at Tc = +25" C, + 125" C, 
and-55"C, per MIL-STD-883. 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VOH Output HIGH Voltage loH =-2 mA V1N = V1H or V1L 2.4 v 
Vee= Min 

VoL Output LOW Voltage IOL=12mA VIN = V1H or V1L 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

V1 Input Clamp Voltage liN=-18 mA, Vee= Min -1.2 v 
liH Input HIGH Current V1N = 2.7 V, Vee = Max (Note 4) 25 µA 

ill Input LOW Current VIN = 0.4 V, Vee =Max (Note 4) -100 µA 

11 Maximum Input Current V1N = 5.5 V, Vee = Max 1 mA 

IOZH Off-State Output Leakage VouT = 2.7 V, Vee = Max 100 µA 
Current HIGH V1N = V1H or V1L (Note 4) 

lozL Off-State Output Leakage VouT = 0.4 V, Vee = Max -100 µA 
Current LOW V1N = V1H or VIL (Note 4) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 5) -30 -90 mA 

Ice Supply Current VIN= 0 V, Outputs Open (IOUT = 0 mA) 180 mA 

Vee= Max 

Notes: 

2. For APL Products, Group A. Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. VtL and VJH are input conditions of output tests and are not themselves directly tested. VtL and VtH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of l1L and lozL (or iJH and lozH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance L Pins 1, 13 VIN =2.0 V Vee= 5.0 V 11 

l Others TA= 25°C 6 pF 
CouT Output Capacitance VouT = 2.0 V f = 1 MHz 9 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 
A Std 

Parameter 
Symbol Parameter Description Min Max Min Max 

tPD Input or Feedback to Combinatorial Output 30 40 

ts Setup nme from Input or Feedback to Clock 25 35 

tH Hold Time 0 0 

teo Clock to Output 20 25 

tAR Asynchronous Reset to Registered Output 35 45 

IARW Asynchronous Reset Width (Note 3) 30 40 

!ARR Asynchronous Reset Recovery Time (Note 3) 30 40 

twL LOW 20 30 
Clock Width 

tWH HIGH 20 30 

Maximum 

IMAX Frequency External Feedback 1/(ts + teo) 22 16.5 
(Note4) 

tEA Input to Output Enable Using Product 
Term Control (Note 5) 30 40 

tER Input to Output Disable Using Product 
Term Control (Note 5) 30 40 

Notes: 

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are tested per 
M/L-STD-883, Method 5005, unless otherwise noted. 

3. tARW and IARR are not directly tested, but are guaranteed by the testing of ts and tAR. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

ns 

ns 

4. These parameters are not 100% tested, but are calculated at initial charzation ond at any time the design is modified where 
frequency may be affected. 

5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SWITCHING WAVEFORMS 

Input or 
Feedback 

Combinatorial 
Output 
-~~VT 

165598-7 

Combinatorial Output 

Clock 

Input 
Asserting 

Asynchronous 

Clock Width 

Reset --~ '------..J 

Registered 
Output 

Clock 

---~-..._........, 

165598-9 

VT 

IARR 

VT 

165598-11 

Asynchronous Reset 

Notes: 

1. VT= 1.5 V. 

2. Input pulse amplitude O V to 3.0 V. 

3. Input rise and fall times 2 ns - 4 ns typical. 

Input or r 1 
Feedback ____ , i;= ~, VT 

Clock " -t~: 
------~~~tco VT 

Registered 
Output _________ .L...Jf. 

165598-8 

Registered Output 

Input or 
Feedback ----..J 

VT 

IER IEA 

Output 

165598-10 

Input to Output Disable/Enable 

Input 
Asserting 

Synchronous 
Preset 

Clock ______ _J VT 

Registered 
Output ~~VT __ 

165598-12 

Synchronous Preset 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

\\\\\ May Will be 
Change Changing 
from Hto L from H to L 

///// May Will be 
Change Changing 
from L to H from L to H 

XXX'tlX Don't Care, Changing, 
Any Change State 
Permitted Unknown 

ID-fil Does Not Center 
Apply Line is High-

Impedance 
"Off" State 

KS000010-PAL 

SWITCHING TEST CIRCUIT 

5V 

Test Point 

165598-13 

Commercial Milital)'_ Measured 
Specification S1 CL R1 R2 R1 R2 Output Value 

IPD, tco Closed All except 
-7: 

1.5V 

tEA z~H:Open 50 pF 3000 3900 3900 7500 1.5 v 
z~L: Closed 

IER H ~z: Open 5 pF -7: H ~z: VOH-0.5 V 

L~Z: Closed 3000 L ~ Z: VOL + 0.5 V 
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MEASURED SWITCHING CHARACTERISTICS for the PAL22V10-10 
Vee= 4.75 V, TA= 75°C (Note 1) 

tPo, ns 

2 3 4 5 6 7 8 9 10 

Number of Outputs Switching 

tPO vs. Number of Outputs Switching 

13 

12 

11 

10 
tPo, ns 

9 

8 

7 
0 40 80 120 160 200 

CL, pF 

tPo vs. Load Capacitance 

Note: 

165590-14 

165590-15 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where tpo may be affected. 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Input 

ProgramNerify 
Circuitry 

Typical Input 

Input, 
1/0 

Pins 

Typical Output 

PAL22V10 Famlly 

Vee 

165599-16 

ProgramNerify/ 
Test Circuitry 

Pre load 
Circuitry 

165599-17 

AMO jt1 
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POWER-UP RESET 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will depend on the programmed pat
tern. This feature is valuable in simplifying state ma
chine initialization. A timing diagram and parameter ta
ble are shown below. Due to the synchronous operation 
of the power-up reset and the wide range of ways Vee 

Parameter 
Symbol Parameter Description 

tPR Power-up Reset Time 

ts Input or Feedback Setup Time 

IWL Clock Width LOW 

can rise to its steady state, two conditions are required 
to ensure a valid power-up reset. These ccinditions are: 

• The Vee rise must be monotonic. 

• Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed
back setup times are met. 

Max Unit 

1000 ns 

See Switching 
Characteristics 

Vee 

4 V1..,,__ __ tPR ---

/If 
Power 

Registered 
Active-Low 

Output 

Clock 

2-294 

ts 

165598-18 

twL 

Power-Up Reset Waveform 
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FINAL COM'L: H-5/7/10/15/25, Q-10/15/25 
IND: H-10/15/20/25 

MIL: H-10/15/20/25/30 

~ 
PALCE22V10 Family 
24-Pin EE CMOS Versatile PAL Device 

DISTINCTIVE CHARACTERISTICS 

• As fast as 5 ns propagation delay and 
142.8 MHz fMAX (external) 

• Low-power EE CMOS 

• 10 macrocells programmable as registered or 
combinatorial, and active high or active low to 
match application needs 

• Varied product term distribution allows up to 
16 product terms per output for complex 
functions 

GENERAL DESCRIPTION 
The PALCE22V10 provides user-programmable logic 
for replacing conventional SSl/MSI gates and flip-flops 
at a reduced chip count. 

The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. 

The product terms are connected to the fixed OR array 
with a varied distribution from 8 to16 across the outputs 
(see Block Diagram). The OR sum of the products feeds 
the output macrocell. Each macrocell can be pro
grammed as registered or combinatorial, and active 
high or active low. The output configuration is 

BLOCK DIAGRAM 
CLK/lo 

• 
• 
• 
• 

• 

Advanced 
Micro 

Devices 

Global asynchronous reset and synchronous 
preset for initialization 

Power-up reset for lnltiallzatlon ·and register 
preload for testability 

Extensive third-party software and programmer 
support through FusionPLD partners 

24-pin SKINNYDIP, 24-pin SOIC, 24-pin Flat-
pack and 28-pin PLCC and LCC packages save 
space 

5 ns and 7.5 ns versions utilize split leadframes 
for improved performance 

determined by two bits controlling two multiplexers in 
each macrocell. 

AMD's FusionPLD program allows PALCE22V10 de
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMD certifies that the tools 
provide accurate, quality support. By ensuring thatthird
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the PLO Software Reference Guide for certified devel
opment systems and the Programmer Reference Guide 
for approved programmers. 

11-111 

PROGRAMMABLE 
AND ARRAY 

(44 x 132) 

l/Oo V01 V02 

Publication# 16564 Rev. C Amendment/O 
Issue Date: October 1994 

V03 VOs 1106 1/07 I/Os l/Qg 
16564C-1 
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CONNECTION DIAGRAMS 

Top View 

SKINNYDIP/SOIC/FLATPACK 

CLK/lo 

h 
12 

13 

17 

Is 

19 

ho 

GND 

Vee 

l/Qg 

I/Os 

1101 

I/Os 

I/Os 

1/04 

1103 

l/02 

1101 

l/Oo 

111 

16564C,2 

-"' -

13 

14 

Is 

NC 

Is 

17 

Is 
12 13 

....!!' 0 

PLCC/LCC 
0 
~ 

() (.) "' "' ...J (.) 0 0 
() z >::::. ::::::; 

25 1107 

24 I/Os 

23 I/Os 

22 GND!NC" 

21 1/04 

20 1/03 

19 1102 
14 15 16 17 18 

c () ..E- 00 g-z z ;::, 
(.!) 

16564C-3 

*For -5, this pin must be grounded for guaranteed data sheet pelformance. If not grounded, AC timing may degrade 
by about 10%. 

Note: 
Pin 1 ismarkedfororientation. 

PIN DESIGNATIONS 
CLK Clock 

GND Ground 

I Input 

1/0 lnpuUOutput 

NC No Connect t 
Vee Supply Voltage 

2-296 PALCE22V10 Family 



~AMO 
ORDERING INFORMATION 

Commercial and Industrial Products 
AMO programmable logic products for commercial and industrial applications are available with several ordering options. 
The order number (Valid Combination) is formed by a combination of: 

FAMILY TYPE 

PAL CE 22 V 10 ___ T ...... "'"T""""""l"""-0 

PAL = Programmable Array Logic 

TECHNOLOGY~~~~~~~ 

CE = CMOS Electrically Erasable 

NUMBER OF 
ARRAY INPUTS 

OUTPUTTYPE ~~~~~~~~---' 
V = Versatile 

H -5 

NUMBER OF OUTPUTS 

POWER~~~~~~~~~~~~~~-' 

Q =Quarter Power (55 mA Ice) 
H =Half Power (90-140 mA Ice) 

Valid Combinations 

PALCE22V10-5 JC 

PALCE22V1 OH-7 PC, JC, SC 
/5 

PALCE22V1OH-10 PC, JC, SC, Pl, JI 
PALCE22V100-10 PC, JC, SC 
PALCE22V1 OH-15 PC, JC, SC, Pl, JI Blank, /5, 14 
PALCE22V100-15 PC,JC /5 
PALCE22V1 OH-20 Pl,JI 14 
PALCE22V10H-25 PC, JC, SC, Pl, JI 

PALCE22V10Q-25 PC.JC 
Blank, /4 

p c /5 

L OPTIONAL PROCESSING 
Blank = Standard processing 

PROGRAMMING DESIGNATOR 
Blank = Initial Algorithm 
14 = First Revision 
15 = Second Revision 

(Same Algorithm as 14) 

OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 
I = Industrial (-40°C to +85°C) 

PACKAGE TYPE 
P = 24-Pin 300 mil Plastic 

SKINNYOIP (P03024) 
J = 28-Pin Plastic Leaded 

Chip Carrier (PL 028) 
S = 24-Pin Plastic Gull-Wing 

Small Outline Package 
(S0024) 

SPEED 
-5 = 5 ns tpo 
-7 = 7.5 ns tpo 

-10 = 10 ns tpo 
-15=15 nstPD 
-20 = 20 ns tPD 
-25 = 25 ns tPD 

Valid Combinations 
Valid Combinations lists configurations planned to be 
supported in volume for this device. Consult the local 
AMO sales office to confirm availability of specific 
valid combinations and to check on newly released 
combinations. 

PALCE22V10H-5/7/10/15/25, Q-10/15/25 (Com'I) 
PALCE22V10H-10/15/20/25 (Ind) 
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ORDERING INFORMATION 

APL Products 

AMO~ 

AMO programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combina
tion) is formed by a combination of: 

PAL CE 22 V 10 H -15 E4 /B L A 

FAMILY TYPE T 
PAL = Programmable Array Logic 

TECHNOLOGY~~~~~~~ 

CE = CMOS Electrically Erasable 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE ----------' 
V = Versatile 

NUMBER OF OUTPUTS 

POWER---------------' 
H = Half Power (100 - 150 mA Ice) 

Valid Combinations 

PALCE22V1 OH-15 E4 

PALCE22V1 OH-20 /BLA, /BKA, 

PALCE22V1 OH-25 
Blank, /B3A 

E4 
PALCE22V10H-30 

Military Burn-In 

~ LEAD FINISH 
A = Hot Solder Dip 

PACKAGE TYPE 
L = 24-Pin 300 mil Ceramic 

SKINNYDIP (CD3024) 
K = 24-Pin Ceramic Flatpack 

(CFL024) 
3 = 28-Pin Ceramic 

Leadless Chip Carrier 
(CL 028) 

DEVICE CLASS 
/B = MIL-STD-883C Class B 

PROGRAMMING DESIGNATOR 
Blank = Initial Algorithm 
E4 First Revision 

SPEED 
-15 = 15 ns tpo 
-20 = 20 ns tpo 
-25 = 25 ns tpo 
-30 = 30 ns tpo 

Valid Combinations 

Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

Group A Tests 
Group A tests consist of Subgroups 

1, 2, 3, 7, 8, 9, 10, 11. 

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A 
through E. Test conditions are selected at AMD's option. 
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FUNCTIONAL DESCRIPTION 
The PALCE22V10 allows the systems engineer to im
plement the design on-chip, by programming EE cells to 
configure AND and OR gates within the device, accord
ing to the desired logic function. Complex interconnec
tions between gates, which previously required time
consuming layout, are lifted from the PC board and 
placed on silicon, where they can be easily modified dur
ing prototyping or production. 

Product terms with all connections opened assume the 
logical HIGH state: product terms connected to both true 
and complement of any single input assume the logical 
LOW state. 

The PALCE22V1Ohas12 inputs and 10 1/0 macrocells. 
The macrocell Figure 1 allows one of four potential out
put configurations; registered output or combinatorial 
110, active high or active low (see Figure 1 ). The con
figuration choice is made according to the user's design 

CLK 

AMO~ 
specification and corresponding programming of the 
configuration bits Sa - 81. Multiplexer controls are 
connected to ground (0) through a programmable bit, 
selecting the "O" path through the multiplexer. Erasing 
the bit disconnects the control line from GND and it is 
driven to a high level, selecting the "1" path. 

The device is produced with a EE cell link at each input 
to the AND gate array, and connections may be selec
tively removed by applying appropriate voltages to the 
circuit. Utilizing an easily-implemented programming al
gorithm, these products can be rapidly programmed to 
any customized pattern. 

Variable Input/Output Pin Ratio 
The PALCE22V10 has twelve dedicated input lines, and 
each macrocell output can be an 110 pin. Buffers for de
vice inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vee or GND. 

S1 So Output Configuration 

0 0 Registered/Active Low 

0 Registered/Active High 

0 Combinatorial/Active Low 

1 Combinatorial/Active High 

0 = Programmed EE bit 
1 = Erased (charged) EE bit 

16564C-4 

Figure 1. Output Logic Macrocell Diagram 
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~AMO 

Registered Output Configuration 
Each macrocell of the PALCE22V10 includes a D-type 
flip-flop for data storage and synchronization. The flip
flop is loaded on the LOW-to-HIGH transition of the 
clock input. In the registered configuration (Si= 0), the 
array feedback is from a of the flip-flop. 

Registered/Active Low 

Registered/Active High 

Combinatorial 1/0 Configuration 
Any macrocell can be configured as combinatorial by 
selecting the multiplexer path that bypasses the flip-flop 
(Si= 1 ). In the combinatorial configuration the feedback 
is from the pin. 

• 
• 
• 

Combinatorial/Active Low 

• 
• 
• 

Combinatorial/Active High 
16564C-5 

Figure 2. Macrocell Configuration Options 
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Programmable Three-State Outputs 
Each output has a three-state output buffer with three
state control. A product term controls the buffer, allow
ing enable and disable to be a function of any product of 
device inputs or output feedback. The combinatorial 
output provides a bidirectional 1/0 pin, and may be con
figured as a dedicated input if the buffer is always 
disabled. 

Programmable Output Polarity 
The polarity of each macrocell output can be active high 
or active low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing" 
efforts. 

Selection is controlled by programmable bit So in the 
output macrocell, and affects both registered and com
binatorial outputs. Selection is automatic, based on the 
design specification and pin definitions. If the pin defini
tion and output equation have the same polarity, the out
put is programmed to be active high (So= 1 ). 

Preset/Reset 
For initialization, the PALCE22V10 has Preset and Re
set product terms. These terms are connected to all reg
istered outputs. When the Synchronous Preset (SP) 
product term is asserted high, the output registers will be 
loaded with a HIGH on the next LOW-to-HIGH clock 
transition. When the Asynchronous Reset (AR) product 
term is asserted high, the output registers will be imme
diately loaded with a LOW independent of the clock. 

Note that preset and reset control the flip-flop, not the 
output pin. The output level is determined by the output 
polarity selected. 

Power-Up Reset 
All flip-flops power-up to a logic LOW for predictable 
system initialization. Outputs of the PALCE22V10 will 
depend on the programmed output polarity. The Vee 
rise must be monotonic and the reset delay time is 
1000 ns maximum. 

AMO~ 

Register Preload 
The register on the PALCE22V10 can be preloaded 
from the output pins to facilitate functional testing of 
complex state machine designs. This feature allows di
rect loading of arbitrary states, making it unnecessary to 
cycle through long test vector sequences to reach a de
sired state. In addition, transitions from illegal states can 
be verified by loading illegal states and observing proper 
recovery. 

Security Bit 
After programming and verification, a PALCE22V1 Ode
sign can be secured by programming the security EE bit. 
Once programmed, this bit defeats readback of the in
ternal programmed pattern by a device programmer, se
curing proprietary designs from competitors. When the 
security bit is programmed, the array will read as if every 
bit is erased, and preload will be disabled. 

The bit can only be erased in conjunction with erasure of 
the entire pattern. 

Programming and Erasing 
The PALCE22V10 can be programmed on standard 
logic programmers. It also may be erased to reset a pre
viously configured device back to its virgin state. Era
sure is automatically performed by the programming 
hardware. No special erase operation is required. 

Quality and Testability 
The PALCE22V10 offers a very high level of built-in 
quality. The erasability of the device provides a direct 
means of verifying performance of all AC and DC pa
rameters. In addition, this verifies complete program
mability and functionality of the device to provide the 
highest programming yields and post-programming 
functional yields in the industry. 

Technology 
The high-speed PALCE22V1 O is fabricated with AM D's 
advanced electrically erasable (EE) CMOS process. 
The array connections are formed with proven EE cells. 
Inputs and outputs are designed to be compatible with 
TIL devices. This technology provides strong input 
clamp diodes, output slew-rate control, and a grounded 
substrate for clear switching. 
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LOGIC DIAGRAM 
SKINNYDIP/SOIC/FLATPACK (PLCC/LCC) Pinouts 

CU<llo ~ 
.... 0 3 4 7 8 11 12 15 16 19 20 23 24 27 28 31 32 35 36 39 40 43 

o--1H-t+-t-t-t+-+t-H-++-t+--t++t--++-t+-t-t-++-+1-t-t--+-t-t-t--+t-H-t--t+t----O-~AR"'---, 

48 

I 
82 

~ 
<2SJ Vee 

~1108 
(26) 

--: t/Os 

~1104 

1,0 ~1,--~=+~=tt+:l=t+:t:l=+::t:+t:J::t:t:t=l:tl=l=tt:::l+=:t:ttt:::+:t:tt:::::t:+:t:t::Utt= ...... ~-----------L:"~(:~.) 111 

3 4 7 8 11 12 15 16 19 20 23 24 27 28 31 32 35 36 39 40 43 

GND lill---:i. 16564C-6 
(14) -=-
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature . . . . . . . . . . -65°C to+ 1 so0 c 
Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 

AMO~ 

Power Applied . . . . . . . . . . . . . . . . -55°C to + 12s0 c Operating in Free Air . . . . . . . . . . . . . . 0°C to +75°C 

Supply Voltage with Respect Supply Voltage (Vee) with 
to Ground . . . . . . . . . . . . . . . . . . . . -0.5 V to +7.0 V Respect to Ground ............ +4.75 V to +5.25 V 
DC Input Voltage . . . . . . . . . . . -0.5 V to Vee + 1.0 V 

DC Output or 1/0 Pin 
Operating Ranges define those limits between which the func
tionality of the device is guaranteed. 

Voltage .................. -0.5 V to Vee+ 1 .0 V 

Static Discharge Voltage ................. 2001 V 

Latch up Current (TA = 0°C to + 75°C) . . . . . . 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi
mum ratings for extended periods may affect device reliability. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage loH = -3.2 mA V1N = V1Hor VIL 2.4 v 
Vee= Min 

VOL Output LOW Voltage IOL = 16 mA V1N = V1H or V1L 0.4 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage Current V1N =Vee, Vee= Max (Note 2) 10 µA 

hL Input LOW Leakage Current VIN = 0 V, Vee = Max (Note 2) -100 µA 

IOZH Off-State Output Leakage VOUT = Vee, Vee = Max, 10 µA 

Current HIGH VIN = V1L or V1H {Note 2) 

lozL Off-State Output Leakage VouT = o V, Vee =Max, -100 µA 

Current LOW V1N = V1L or V1H (Note 2) 

lsc Output Short-Circuit VouT = 0.5 V, Vee= Max -30 -130 mA 
Current (Note3) 

Ice Supply Current Outputs Open, (IOUT = 0 mA), 125 mA 

(Static) Vee= Max 

Ice Supply Current Outputs Open, (IOUT = 0 mA), 140 mA 

(Dynamic) Vee =Max, I= 25 MHz 

Notes: 
1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 

2. 110 pin leakage is the worst case of ffL and lozL (or IJH and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 

PALCE22V10H-5 (Com'I) 2-303 



~AMO 
CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 V Vee= 5.0 V 5 

Gour Output Capacitance Vour = 2.0 V TA= 25°C 8 
pf 

f = 1 MHz 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

-5 
Parameter 

Symbol Parameter Description Min Max Unit 

tPD Input or Feedback to Combinatorial Output 1 5 ns 

ts1 Setup Time from Input or Feedback 3 ns 

ts2 Setup Time from SP to Clock 4 ns 

tH Hold Time 0 ns 

tco Clock to Output 1 4 ns 

tsKEWR Skew Between Registered Outputs (Note 3) 0.5 ns 

tAR Asynchronous Reset to Registered Output 7.5 ns 

tARW Asynchronous Reset Width 4.5 ns 

tARR Asynchronous Reset Recovery Time 4.5 ns 

ts PR Synchronous Preset Recovery Time 4.5 ns 

twL LOW 2.5 ns 

twH Clock Width HIGH 2.5 ns 

External Feedback I 1 /(ts + teo) 142.8 MHz 
Maximum 

fMAX Frequency Internal Feedback (fCNT) 150 MHz 
(Note 4) No Feedback I 1 /(tWH + twL) 200 MHz 

tEA Input to Output Enable Using Product Term Control 6 ns 

tER Input to Output Disable Using Product Term Control 5.5 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. Skew is measured with all outputs switching in the same direction. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .......... -65°C to +150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 

AMO~ 

Power Applied . . . . . . . . . . . . . . . . -55°C to + 125°C Operating in Free Air .............. 0°c to +75°C 

Supply Voltage with Respect Supply Voltage (Vee) with 
to Ground . . . . . . . . . . . . . . . . . . . . -0.5 V to +7.0 v Respect to Ground ............ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -0.5 V to Vee + 1.0 V 

DC Output or 110 Pin 
Voltage .................. -0.5 V to Vee+ 1.0 V 

Operating Ranges define those limits between which the func
tionality of the device is guaranteed. 

Static Discharge Voltage ................. 2001 V 

Latchup Current (TA= 0°C to +75°C) ...... 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi
mum ratings for extended periods may affect device reliability. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VOH Output HIGH Voltage loH =-3.2 mA V1N = VIHOr VIL 2.4 
Vee= Min 

VOL Output LOW Voltage loL=16mA V1N = V1H or VIL 0.4 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage Current VIN = Vee, Vee = Max (Note 2) 10 

hL Input LOW Leakage Current VIN = 0 V, Vee = Max (Note 2) -100 

IOZH Off-State Output Leakage Vour = Vee, Vee = Max, 10 
Current HIGH VIN = V1L or V1H (Note 2) 

IOZL Off-State Output Leakage Vour = o V, Vee = Max, -100 

Current LOW VIN= V1L or V1H (Note 2) 

lsc Output Short-Circuit Vour = 0.5 V, Vee = Max -30 -130 
Current TA= 25°C (Note 3) 

Ice Supply Current Outputs Open, (lour= O mA), 115 
(Static) Vee= Max 

Ice Supply Current Outputs Open, (lour= O mA), 140 
(Dynamic) Vee = Max, f = 25 MHz 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

mA 

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 

2. 110 pin leakage is the worst case of l1L and lozL (or IJH and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 

Vour • 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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~AMO 
CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 V Vee= 5.0 V 5 

Cour Output Capacitance Vour = 2.0 V TA= 25°C 8 
pf 

f = 1 MHz 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
.7 

Parameter PDIP PLCC 
Symbol Parameter Description Min Max Min Max Unit 

!PD Input or Feedback to Combinatorial Output 1 7.5 1 7.5 ns 

ts1 Setup Time from Input or Feedback 5 4.5 ns 

ts2 Setup Time from SP to Clock 6 6 ns 

IH Hold Time 0 0 ns 

teo Clock to Output 1 5 1 4.5 ns 

ISKEWR Skew Between Registered Outputs (Note 3) 1 1 ns 

!AR Asynchronous Reset to Registered Output 10 10 ns 

IARW Asynchronous Reset Width 7 7 ns 

!ARR Asynchronous Reset Recovery Time 7 7 ns 

tSPR Synchronous Preset Recovery Time 7 7 ns 

IWL LOW 3.5 3.0 ns 

IWH 
Clock Width 

HIGH 3.5 3.0 ns 

Maximum External Feedback J 1/(ts + teo) 100 111 MHz 

IMAX Frequency Internal Feedback (feNT) 125 133 MHz 
(Note4) No Feedback j 1/(!WH + IWL) 142.B 166 MHz 

IEA Input to Output Enable Using Product Term Control 7.5 7.5 ns 

!ER Input to Output Disable Using Product Term Control 7.5 7.5 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Skew is measured with all outputs switching in the same direction. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .......... -65°C to +150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 

AMO~ 

Power Applied . . . . . . . . . . . . . . . . -55°C to + 12s0 c Operating in Free Air . . . . . . . . . . . . . . 0°C to +75°C 

Supply Voltage with Respect Supply Voltage (Vee) with 
to Ground . . . . . . . . . . . . . . . . . . . . -0.5 V to +7.0 V Respect to Ground ............ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -0.5 V to Vee+ 1.0 V 

DC Output or 1/0 Pin 
Operating Ranges define those limits between which the func
tionality of the device is guaranteed. 

Voltage . . . . . . . . . . . . . . . . . . -0.5 V to Vee + 1.0 V 

Static Discharge Voltage ................. 2001 V 

Latchup Current (TA= 0°C to +75°C) ...... 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi
mum ratings for extended periods may affect device reliability. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VOH Output HIGH Voltage loH =-3.2mA VIN= V1Hor V1L 2.4 
Vee= Min 

VOL Output LOW Voltage loL = 16 mA V1N = V1H or V1L 0.4 

Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

llH Input HIGH Leakage Current V1N = Vee, Vee = Max (Note 2) 10 

liL Input LOW Leakage Current VIN= 0 V, Vee= Max (Note 2) -100 

IOZH Off-State Output Leakage VouT = Vee, Vee = Max, 10 

Current HIGH VIN = VIL or V1H (Note 2) 

IOZL Off-State Output Leakage VouT = O V, Vee = Max -100 

Current LOW VIN= VIL or V1H (Note 2) 

lsc Output Short-Circuit Vour = 0.5 V, Vee= Max -30 -130 
Current TA= 25° C (Note 3) 

Ice Supply Current Outputs Open, (IOUT = 0 mA), 120 
(Dynamic) Vee = Max, f = 25 MHz 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 

2. 110 pin leakage is the worst case of //L and lozL (or IJH and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N =2.0 V Vcc•5.0V 5 pF 

CoUT Output Capacitance VOUT=2.0 V TA =25°C 8 
f • 1 MHz 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter ·10 
Symbol Parameter Description Min Max Unit 

tpo Input or Feedback to Combinatorial Output 10 ns 

ts1 Setup Time from Input or Feedback 6 ns 

ts2 Setup Time from SP to Clock 7 ns 

tH Hold Time 0 ns 

tco Clock to Output 6 ns 

tAR Asynchronous Reset to Registered Output 13 ns 

tARW Asynchronous Reset Width 8 ns 

tARR Asynchronous Reset Recovery Time 8 ns 

ISPR Synchronous Preset Recovery Time 8 ns 

twL LOW 4 ns 

twH 
Clock Width 

HIGH 4 ns 

Maximum External Feedback l 11(ts + tco) 83.3 MHz 

IMAX Frequency Internal Feedback (ICNT) 110 MHz 
(Note3) 

No Feedback 11 /(twH + twL) 125 MHz 

IEA Input to Output Enable Using Product Term Control 10 ns 

IER Input to Output Disable Using Product Term Control 9 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature . . . . . . . . . . -65°C to + 1 so0 c 
Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied . . . . . . . . . . . . . . . . -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . 0°C to +75°C 

Supply Voltage with Respect Supply Voltage (Vee) with 
to Ground . . . . . . . . . . . . . . . . . . . . -0.5 V to +7.0 V Respect to Ground ............ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -0.5 V to Vee+ 1.0 V 

DC Output or 1/0 Pin 

Operating Ranges define those limits between which the func
tionality of the device is guaranteed. 

Voltage . . . . . . . . . . . . . . . . . . -0.5 V to Vee + 1.0 V 

Static Discharge Voltage ................. 2001 V 

Latchup Current (TA= 0°C to +75°C) ...... 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi
mum ratings for extended periods may affect device reliability. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VOH Output HIGH Voltage loH =-3.2 mA V1N = V1Hor V1L 2.4 

Vee= Min 

VOL Output LOW Voltage loL = 16 mA VIN = V1H or VIL 0.4 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

ilH Input HIGH Leakage Current V1N = Vee, Vee = Max (Note 2) 10 

ill Input LOW Leakage Current V1N = 0 V, Vee = Max (Note 2) -100 

IOZH Off-State Output Leakage VouT = Vee, Vee = Max 10 
Current HIGH V1N = V1L or V1H (Note 2) 

IOZL Off-State Output Leakage VouT = O V, Vee = Max -100 

Current LOW VIN= VIL or V1H (Note 2) 

lsc Output Short-Circuit VouT = o.s V, Vee= 5 V -30 -130 

Current TA= 2s 0 c (Note 3) 

Ice Supply Current VIN = 0 V, Outputs Open 55 
(Static) (IOUT = 0 mA), Vee= Max (Note 4) 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 

2. 110 pin leakage is the worst case of hL and lozL (or hH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
VouT= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 

4. This parameter is guaranteed worst case under test condition. Refer to the Ice vs. frequency graph for typical Ice 
characteristics. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 V J Vee= 5.0 V 5 J TA= 25°C pF 
CouT Output Capacitance VouT = 2.0 V f = 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
-10 

Parameter 
Symbol Parameter Description Min Max Unit 

tPD Input or Feedback to Combinatorial Output 10 ns 

ts Setup Time from Input, Feedback or SP to Clock 6 ns 

tH Hold Time 0 ns 

teo Clock to Output 6 ns 

tAR Asynchronous Reset to Registered Output 13 ns 

tARW Asynchronous Reset Width 8 ns 

tARR Asynchronous Reset Recovery Time 8 ns 

tSPR Synchronous Preset Recovery Time 8 ns 

tWL LOW 4 ns 

tWH Clock Width HIGH 4 ns 

External Feedback I 1/(ts + teo) 83 MHz 
Maximum 

IMAX Frequency Internal Feedback (feNT) 110 MHz 
(Note3) 

No Feedback l 1/(tWH + tWL) 125 MHz 

tEA Input to Output Enable Using Product Term Control 10 ns 

tER Input to Output Disable Using Product Term Control 9 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .......... -65°C to +150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 

AMO~ 

Power Applied . . . . . . . . . . . . . . . . -55°C to + 125°C Operating in Free Air .............. 0°C to +75°C 
Supply Voltage with Respect Supply Voltage (Vee) with 
to Ground . . . . . . . . . . . . . . . . . . . -0.5 V to +7.0 V Respect to Ground (H/Q-15) +4.75 V to +5.25 V 

Supply Voltage (Vee) with DC Input Voltage . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

DC Output or 1/0 Pin Respect to Ground (H/Q-25) ...... +4.5 V to +5.5 V 
Voltage . . . . . . . . . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

Static Discharge Voltage ................. 2001 V 
Operating Ranges define those limits between which the func
tionality of the device is guaranteed. 

Latchup Current (TA= 0°C to +75°C) ...... 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi
mum ratings for extended periods may affect device reliability. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VOi-i Output HIGH Voltage loH =-3.2 mA VIN= V1Hor VIL 2.4 
Vee= Min 

VoL Output LOW Voltage loL = 16 mA VIN = V1H or VIL 0.4 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage Current V1N = Vee, Vee = Max (Note 2) 10 

liL Input LOW Leakage Current V1N = O V, Vee = Max (Note 2) -100 

IOZH Off-State Output Leakage VouT = Vee, Vee = Max, 10 
Current HIGH V1N = V1L or V1H (Note 2) 

IOZL Off-State Output Leakage VOUT = 0 V, Vee =Max, -100 
Current LOW V1N = V1L or V1H (Note 2) 

lsc Output Short-Circuit VouT = 0.5 V, Vee= 5 V -30 -130 
Current TA= 25°C (Note 3) 

Ice Supply Current VIN= 0 V, Outputs Open ill 90 

(IOUT = 0 mA), Vee = Max 55 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 

2. 110 pin leakage is the worst case of IJL and lozL (or IJH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance VIN= 2.0 V Vee= 5.0 V 5 

TA= 25°C pF 
CouT Output Capacitance VouT =2.0 V f = 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
-15 

Parameter 
Symbol Parameter Description Min Max Min 

!PD Input or Feedback to Combinatorial Output 15 

ts Setup nme from Input, Feedback or SP to Clock 10 15 

IH Hold Time 0 0 

teo Clock to Output 10 

!AR Asynchronous Reset to Registered Output 20 

IARW Asynchronous Reset Width 15 25 

!ARR Asynchronous Reset Recovery Time 10 25 

ISPR Synchronous Preset Recovery Time 10 25 

IWL LOW 8 13 

tWH 
Clock Width 

HIGH 8 13 

IMAX Maximum External Feedback I 1/(ts + teo) 50 33.3 
Frequency 
(Note 3) Internal Feedback (feNT) 58.8 35.7 

IEA Input to Output Enable Using Product Term Control 15 

!ER Input to Output Disable Using Product Term Control 15 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where frequency may be affected. 

2-312 PALCE22V10H-15/25, Q-15/25 (Com'I) 

-25 

Max 

25 

15 

25 

25 

25 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

ns 

ns 



ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .......... -65°C to +150°C 

Ambient Temperature with 

OPERATING RANGES 
Industrial (I) Devices 

Ambient Temperature (TA) 

AMO~ 

Power Applied . . . . . . . . . . . . . . . . -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . -40°C to +85°C 
Supply Voltage with Respect Supply Voltage (Vee) with 
to Ground . . . . . . . . . . . . . . . . . . . . -0.5 V to +7.0 V Respect to Ground .............. +4.5 V to +5.5 V 
DC Input Voltage . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

DC Output or 1/0 Pin 
Voltage . . . . . . . . . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

Operating Ranges define those limits between which the func
tionality of the device is guaranteed. 

Static Discharge Voltage ................. 2001 V 

Latchup Current (TA= -40°C to +85°C) .... 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi
mum ratings for extended periods may affect device reliability. 

DC CHARACTERISTICS over INDUSTRIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VOH Output HIGH Voltage loH =-3.2 mA VIN= V1Hor VIL 2.4 
Vee= Min 

VOL Output LOW Voltage loL = 16 mA V1N = V1H or V1L 0.4 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

liH Input HIGH Leakage Current V1N = Vee, Vee = Max (Note 2) 10 

liL Input LOW Leakage Current V1N = O V, Vee = Max (Note 2) -100 

IOZH Off-State Output Leakage VouT = Vee, Vee = Max, 10 
Current HIGH V1N = V1L or V1H (Note 2) 

IOZL Ott-State Output Leakage VouT = o V, Vee = Max, -100 
Current LOW V1N = V1L or V1H (Note 2) 

lsc Output Short-Circuit VouT = o.s V, Vee= s V -30 -130 
Current TA= 25°C (Note 3) 

Ice Supply Current L H-20/25 V1N = O V, Outputs Open 100 
(Static) l H-10/15 (IOUT = 0 mA), Vee = Max 110 

Ice Supply Current V1N = 0 V, Outputs Open 130 
(Dynamic) (IOUT = 0 mA), Vee= Max, f = 15 MHz 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

mA 

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 

2. 110 pin leakage is the worst case of //L and lozL (or hH and IOZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 V Vee= 5.0 V 5 

TA= 25°C pF 
Gour Output Capacitance Vour = 2.0 V f = 1 MHz 8 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over INDUSTRIAL operating ranges (Note 2) 

Parameter -10 -15 -20 -25 

Symbol Parameter Description Min Max Min Max Min Max Min Max Unit 

tPD Input or Feedback to Combinatorial Output 10 15 20 25 ns 

ts Setup Time from Input, Feedback or SP to Clock 7 10 12 15 ns 

tH Hold Time 0 0 0 0 ns 

teo Clock to Output 6 10 12 15 ns 

tAR Asynchronous Reset to Registered Output 13 20 25 25 ns 

tARW Asynchronous Reset Width 8 15 20 25 ns 

IARR Asynchronous Reset Recovery Time 8 10 20 25 ns 

tSPR Synchronous Preset Recovery Time 8 10 14 25 ns 

tWL LOW 4 8 10 13 ns 
Clock Width 

IWH HIGH 4 8 10 13 ns 

Maximum 
External Feedback J 1 /(ts + teo) 83.3 50 41.6 33.3 MHz 

IMAX Frequency Internal Feedback (feNT) 110 58.8 45.4 35.7 MHz 
(Note 3) 

No Feedback I 1 /(IWH + twL) 83.3 38.5 MHz 125 50 

tEA Input to Output Enable Using Product 10 15 20 25 ns 
Term Control 

tER Input to Output Disable Using Product 9 15 20 25 ns 
Term Control 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. · 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .......... -65°C to +150°C 

Ambient Temperature 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Operating Case 

AMO~ 

with Power Applied . . . . . . . . . . . . -55°C to + 125°C Temperature (Tc) .............. -55°C to +125°C 
Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground .......... +4.5 V to +5.5 V 

Note: DC Input Voltage . . . . . . . . . . . -0.5 V to Vee+ 1.0 V 

DC Output or 1/0 
Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

1. Military products are tested at Tc= +25"C, + 125"C 
and-55"C, per MIL-STD-883. 

Static Discharge Voltage ................. 2001 V 

Latchup Current (TA = -55°C to + 125°C) . . . 100 mA 
Operating Ranges define those limits between which the func
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VOH Output HIGH Voltage loH =-2.0 mA VIN= V1Hor VIL 2.4 v 
Vee= Min 

VOL Output LOW Voltage IOL = 12 mA V1N = V1H or VIL 0.4 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

liH Input HIGH Leakage Current V1N = 5.5 V, Vee= Max (Note 4) 10 µA 

l1L Input LOW Leakage Current V1N = O V, Vee= Max (Note 4) -100 µA 

lozH Off-State Output Leakage Vour = 5.5 V, Vee = Max, 10 µA 
Current HIGH VIN = VIL or V1H (Note 4) 

lozL Off-State Output Leakage Vour = o V, Vee = Max, -100 µA 
Current LOW VIN= V1H or V1L (Note 4) 

lsc Output Short-Circuit Vour = 0.5 V, Vee = 5 v -50 -135 mA 
Current TA= 25°C (Note 5) 

Ice Supply Current V1N = O V, Outputs Open 1 -15/-20 120 mA 
(lour = O mA), Vee = Max l -25/-30 100 

Notes: 

2. For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. V1L and VtH are input conditions of output tests and are not themselves directly tested. VtL and VtH are absolute voltages 
with respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of l1L and lozL (or l1H and loz!f. 

5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 
tested, but is evaluated at initial characterization and at any time the design is modified where lscmay be affected. 

PALCE22V10H·15/20/25/30 (Mil) 2·315 



;r1 AMO 

CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

GIN Input Capacitance VIN= 2.0 V Vee= 5.0 V 8 

TA= 25°C pF 

CouT Output Capacitance VouT = 2.0 v f = 1 MHz 9 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 

Parameter -15 -20 -25 -30 

Symbol Parameter Description Min Max Min Max Min Max Min Max Unit 

tPD Input or Feedback to Combinatorial Output 15 20 25 30 ns 

ts Setup Time from Input, Feedback or SP 12 15 18 20 ns 
to Clock 

tH Hold Time (Note 3) 0 0 0 0 ns 

teo Clock to Output 12 15 20 20 ns 

tAR Asynchronous Reset to Registered Output 20 25 25 30 ns 

tARW Asynchronous Reset Width (Note 3) 15 20 25 30 ns 

tARR Asynchronous Reset Recovery Time (Note 3) 15 20 25 30 ns 

tSPR Synchronous Preset Recovery Time 15 20 25 30 ns 

twL LOW 8 15 15 15 ns 
Clock Width 

tWH HIGH 8 15 15 15 ns 

Maximum External Feedback 41.6 33.3 26.3 25 MHz 
IMAX Frequency 1 /(ts + teo) 

(Note 3) 
Internal Feedback (lcNT) 53 40 32.2 25 MHz 

tEA Input to Output Enable Using Product 15 20 25 25 ns 
Term Control (Note 3) 

!ER Input to Output Disable Using Product 15 20 25 25 ns 
Term Control (Note 3) 

Notes: 
2. See Switching Test Circuit for test conditions. For APL products Group A. Subgroups 7, 8, 9, 10, and 11 are tested per 

MIL-STD-883, Method 5005, unless otherwise noted. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SWITCHING WAVEFORMS 

Input or 
Feedback 

Combinatorial 
Output 

Clock 

Input 
Asserting 

Asynchronous 
Reset 

Registered 

-~-VT 
16564C-7 

Combinatorial Output 

16564C-9 

Clock Width 

Output ----L-"'-"---'.._., 
VT 

!ARR 

Clock VT 

16564C-11 
Asynchronous Reset 

Notes: 

1. VT= 1.5 V. 

2. Input pulse amplitude O V to 3. O V. 

3. Input rise and fall times 2 ns - 5 ns typical. 

AMO~ 

Input or r t 
Feedback ____ ,~ ~,VT 

Clod< '' ----rr:= 
------~~~~o VT 

Registered 

Output-----------' 

Input 

Output 

Input 
Asserting 

Synchronous 
Preset 

Clock 

Registered 
Output 

16564C-8 

Registered Output 

!ER 

16564C-10 

Input to Output Disable/Enable 

VT VT 

~~ 
16564C-12 

Synchronous Preset 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

//Ill 

SWITCHING TEST CIRCUIT 

Specification S1 CL 

tPo, tco Closed 

!EA z_, H: Open 50 pF 
z_, L: Closed 

!ER H _,z: Open 5 pF 

L ->Z: Closed 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

5V 

Commercial 

R1 R2 

All except 
H-517: 

3000 3900 

H-517: 
3000 

2-318 PALCE22V10 Family 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High
Impedance 
"Off" State 

KS000010-PAL 

Test Point 

16564C-13 

Military 

R1 R2 

3900 7500 

Measured 
Output Value 

1.5 v 
1.5 v 

H ->Z: VOH-0.5 V 

L ->Z: VoL + 0.5 V 



TYPICAL Ice CHARACTERISTICS 

Vee= 5.0 V, TA= 25°C 

150 

125 

100 

Ice (mA) 75 

25 

0 10 20 30 

Frequency (MHz) 

Ice vs. Frequency 

40 50 

AMO~ 

22V1 OH-5 
22V1 OH-7 
22V1 OH-10 

22V10H-15 
22V10H-25 

22V100-25 

16564C-14 

The selected 'typical" pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and 
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocel/. On any 
vector, half of the outputs were switching. 

By utilizing 50% of the device, a midpoint is defined for Ice. From this midpoint, a designer may scale the Ice graphs up or down to 
estimate the Ice requirements for a particular design. 
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ENDURANCE CHARACTERISTICS 
The PALCE22V10 is manufactured using AMD's ad
vanced Electrically Erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 

parts. As a result, the device can be erased and 
reprogrammed-a feature which allows 100% testing at 
the factory. 

Endurance Characteristics 

Symbol Parameter Test Conditions Min Unit 

!DR Min Pattern Data Retention Time Max Storage 10 Years 
Temperature 

Max Operating 20 Years 
Temperature (Military) 

N Min Reprogramming Cycles Normal Programming 100 Cycles 
Conditions 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Vee 

ESD Program/Verify 
Protection Circuitry 

Typical Input 

Vee 

Preload Feedback 
= Circuitry Input 

16564C-15 

Typical Output 
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Bus-Friendly Inputs 
The PALCE22V1 OH-15/25, Q-25 (Com'I) and H-20 (Ind) 
inputs and 1/0 loop back to the input after the second 
stage of the input buffer. This configuration reinforces 

AMO~ 
the state of the input and pulls the voltage away from the 
input threshold voltage. Unlike a pull-up, this configura
tion cannot cause contention on a bus. For an illustration 
of this configuration, see below. 

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR SELECTED /4 DEVICES* 

Device 

PALCE22V1 OH-15 

PALCE22V1 OH-20 

PALCE22V1 OH-25 

PALCE22V100-25 

ESD 
Protection 

100 k.Q Vee 

Vee Vee 

100 kn 

Preload Feedback 
Circuitry Input 

Output 
Rev. Letter 

H 

I 
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ROBUSTNESS FEATURES possibility of false clocking caused by subsequent ring
ing. A special noise filter makes the programming cir
cuitry completely insensitive to any positive overshoot 
that has a pulse width of less than about 100 ns for the /5 
version. Selected /4 devices are also being retrofitted 
with these robustness features. See the chart below for 
device listing. 

The PALCE22V1 OX-X/5 devices have some unique 
features that make them extremely robust, especially 
when operating in high-speed design environments. 
Pull-up resistors on inputs and 1/0 pins cause uncon
nected pins to default to a known state. Input clamping 
circuitry limits negative overshoot, eliminating the 

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR /5 VERSION AND SELECTED 
14 DEVICES* 

* 

2-322 

ESD 
Protection 

and 
Clamping 

Device 

PALCE22V1 OH-15 

PALCE22V1 OH-25 

PALCE22V100-25 

Vee 

> 50 kn 

I 
I 
I 
I 
I 

Vee 

I P . I rogramming = 
Ll2n~~2'._ ____ _ Programming 

Voltage 
Detection 

Positive 
Overshoot 

Filter 

Programming 
Circuitry 

= 

Rev Letter 

D 

D 

F 

Typical Input 

Vee 

Provides ESD 
Protection and 
Clamping 

Typical Output 

Vee 

>50 kQ 

Preload Feedback 
Circuitry Input 

Topside Marking: 

16564C-16 

AMO CMOS PLO's are marked on top of the package in the 
following manner: 

PALCEXXXX 
Oatecode (3 numbers) Lot ID (4 characters)- -(Rev Letter) 

The Lot ID and Rev Letter are separated by two spaces. 

PALCE22V10 Family 



POWER-UP RESET 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will depend on the programmed pat
tern. This feature is valuable in simplifying state ma
chine initialization. A timing diagram and parameter 
table are shown below. Due to the synchronous opera
tion of the power-up reset and the wide range of ways 

Parameter 
Symbol Parameter Description 

IPR Power-up Reset Time 

ts Input or Feedback Setup Time 

IWL Clock Width LOW 

AMO~ 
Vee can rise to its steady state, two conditions are 
required to ensure a valid power-up reset. These condi
tions are: 

• The Vee rise must be monotonic. 

• Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and 
feedback setup times are met. 

Max Unit 

1000 ns 

See Switching 
Characteristics 

Power 
-------4-V t ... ,__ __ IPR -----4 

/ft 
Vee 

Registered 
Active-Low 

Output 

Clock 

ts 

twL 

Power-Up Reset Waveform 

PALCE22V10 Family 

16564C-17 
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TYPICAL THERMAL CHARACTERISTICS 

PALCE22V10/4 (PALCE22V1 OH-15} 
Measured at 25°C ambient. These parameters are not tested. 

Parameter 
Symbol Parameter Description 

0jc Thermal impedance, junction to case 

0ja Thermal impedance, junction to ambient 

0jma Thermal impedance, junction to ambient with air flow 

PALCE22V10/5 (PALCE22V10H-10} 
Measured at 25°C ambient. These parameters are not tested. 

Parameter 
Symbol Parameter Description 

0jc Thermal impedance, junction to case 

0ja Thermal impedance, junction to ambient 

0jma Thermal impedance, junction to ambient with air flow 

Plastic Sjc Considerations 

Typ 

SKINNYDIP PLCC Unit 

15 16 °C/W 

72 54 oc;w 

200 lfpm air 67 49 •c;w 
400 lfpm air 60 43 ·c;w 
600 lfpm air 53 37 •c;w 
800 lfpm air 46 31 °C/W 

Typ 

SKINNYDIP PLCC Unit 

20 18 0 c1w 
73 55 0 c1w 

200 lfpm air 66 48 0 c1w 
400 lfpm air 61 43 •c;w 
600 lfpm air 55 40 0 c1w 
800 lfpm air 52 37 •c;w 

The data listed for piasticejc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the 6jc measurement relative to a specific location on the 
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of 
the package. Furthermore, 6jc tests on packages are performed in a constant-temperature bath, keeping the package surface at 
a constant temperature. Therefore, the measurements can only be used in a similar environment. 
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DATA SHEET REVISION SUMMARY FOR 
PALCE22V10 Family 
Title 

Included H-10/15/20/25 (Ind) 

Connections Diagram 

For PLCC, Changed Pin 22 to include GND/NC* and in
cluded note that pin should be grounded to guarantee 
performance. 

Ordering Information 

Updated Valid Combinations table to include: 

PALCE22V1OH-10 
PALCE22V1 OH-15 
PALCE22V1 OH-20 
PALCE22V1 OH-25 

Pl,JI 
Pl,JI 
Pl,JI 
Pl,JI 

15 
15 
/4 
/4 

DC and Switching Characteristics 
For PALCE22V10H· 10/15/20/25 

• added Industrial Operating Ranges 

For PALCE22V10H·15/20/25/30 (Mil) 

AMO ;t1 

• changed liL and lozL Max from -10 µA to -100 µA 

For PALCE22V10H-15 (Mil) 

• changed tco Max from 8 ns to 12 ns 

• changed IMAX (external) from 50 to 41.6 

For PALCE22V10H-20 (Mil) 

• changed lwL and twH from 1 0 ns to 15 ns 

Included Bus-Friendly Inputs section 

Topside Marking 

For PALCE22V10Q-25 

• changed rev. letter from B to F 
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FINAL COM'L: -25 IND: -15/25 ~ 
PALCE22V10Z Family 
Zero-Power 24-Pin EE CMOS Versatile PAL Device 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• zero-power CMOS technology 

- 15 µA standby current 
- As fast as 15 ns first-access propagation delay 

and 50 MHz fMAx (external) 

• Unused product term disable for reduced power 
consumption 

• Available in Industrial operating range 
- Tc = -40°C to +85°C 
- Vee= +4.5 V to +5.5 V 

• HC- and HCT-compatible inputs and outputs 

• Electrically-erasable technology provides 
reconfigurable logic and full testability 

GENERAL DESCRIPTION 
The PALCE22V10Z is an advanced PAL device built 
with zero-power, high-speed, electrically-erasable 
CMOS technology. It provides user-programmable logic 
for replacing conventional zero-power CMOS SSl/MSI 
gates and flip-flops at a reduced chip count. 

The PALCE22V1 OZ provides zero standby power and 
high speed. At 15 µA maximum standby current, the 
PALCE22V1 OZ allows battery powered operation for an 
extended period. 

The ZPAL™ device implements the familiar Boolean 
logic transfer function, the sum of products. The PAL de
vice is a programmable AND array driving a fixed OR ar
ray. The AND array is programmed to create custom 
product terms, while the OR array sums selected terms 
at the outputs. 

The product terms are connected to the fixed OR array 
with a varied distribution from 8 to16 across the outputs 
(see Block Diagram). The OR sum of the products feeds 

Publication# 15700 Rev. D Arnendrnent/O 

Issue Date: October 1994 

• 10 macrocells programmable as registered or 
combinatorial, and active high or active low to 
match application needs 

• Varied product term distribution allows up to 16 
product terms per output for complex functions 

• Global asynchronous reset and synchronous 
preset for initialization 

• Power-up reset for initialization and register 
preload for testability 

• Extensive third-party software and programmer 
support through FusionPLD partners 

• 24-pin SKINNYDIP and 28-pin PLCC packages 
save space 

the output macrocell. Each macrocell can be pro
grammed as registered or combinatorial, and active 
high or active low. The output configuration is deter
mined by two bits controlling two multiplexers in each 
macrocell. 

AMD's FusionPLD program allows PALCE22V10Z de
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMO certifies that the tools 
provide accurate, quality support. By ensuring thatthird
party tools are available; costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the Software Reference Guide to PLO Compliers for 
certified development systems, and the Programmer 
Reference Guide for approved programmers. 
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BLOCK DIAGRAM 

CLK/lo 

CONNECTION DIAGRAMS 
Top View 

SKINNYDIP/SOIC 

CLK/lo 

'1 

12 

13 

14 

Is 

Is 

17 

la 

lg 

ho 

GND 

Note: 

Pin 1 is marked for orientation. 

PIN DESCRIPTION 
CLK 
GND 
I 
1/0 
NC 
Vee 

2·328 

Clock 
Ground 
Input 
Input/Output 
No Connect 

= Supply Voltage 

Vee 
l/Og 

l/Oa 

1/07 

I/Os 

I/Os 

1/04 

l/03 

1/02 

1/01 

l/Oo 

111 

157000-2 

PROGRAMMABLE 
AND ARRAY 

(44 x 132) 

13 
14 

15 
NC 

Is 
17 

la 

PALCE22V10Z Family 

11. 111 

157000-1 

PLCC 

0 

~ u "' 00 

~.z:-5 ~;;'~ ~ 

25 1/07 

24 1105 

23 1/05 
22 NC 

21 1104 

20 1103 
1102 
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ORDERING INFORMATION 

Commercial and Industrial Products 

AMO jt1 

AMO programmable logic products for commercial and industrial applications are available with several ordering options. 
The order number (Valid Combination) is formed by a combination of these elements: 

PAL CE 22 V 10 Z ·15 P I 

FAMILY TYPE T 
PAL= Programmable Array Logic 

TECHNOLOGY~-------~ 

CE • CMOS Electrically Erasable 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE ----------~ 
V = Versatile 

NUMBER OF OUTPUTS 

POWER -----~~-~~-~~~~--' 
Z = Zaro. Power (15 µA Ice standby) 

Valid Combinations 

PALCE22V10Z-15 Pl,JI, SI, 

PALCE22V1 OZ-25 PC, JC, SC, 
Pl,JI, SI 

L OPERATING CONDITIONS 
C • Commercial (0°C to +75°C) 
I = Industrial (-40°C to +85°C) 

PACKAGE TYPE 
P = 24-Pin 300 mil Plastic 

SKINNYOIP (P03024) 
J = 28-Pin Plastic Leaded 

Chip Carrier (PL 028) 
S • 24-Pin Plastic Gull-Wing 

Small Outline Package 
(S024) 

SPEED 
-15 = 15 ns tpo 
-25 = 25 ns tPD 

Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations, and to check on 
newly released combinations. 
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FUNCTIONAL DESCRIPTION 
The PALCE22V10Z is the zero-power version of the 
PALCE22V10. It has all the architectural features of the 
PALCE22V10. In addition, the PALCE22V1 OZ has zero 
standby power and unused product term disable. 

The PALCE22V1 OZ allows the systems engineer to im
plement the design on-chip, by programming EE cells to 
configure AND and OR gates within the device, accord
ing to the desired logic function. Complex interconnec
tions between gates, which previously required 
time-consuming layout, are lifted from the PC board and 
placed on silicon, where they can be easily modified dur
ing prototyping or production. 

Product terms with all connections opened assume the 
logical HIGH state; product terms connected to both true 
and complement of any single input assume the logical 
LOW state. 

The PALCE22V10Z has 12 inputs and 10 1/0 macro
cells. The macrocell (Figure 1) allows one of four 
potential output configurations; registered output 
or combinatorial 1/0, active high or active low (see 
Figure 2). The configuration choice is made according 
to the user's design specification and corresponding 
programming of the configuration bits So-SL Multi
plexer controls are connected to ground (0) through a 
programmable bit, selecting the "O" path through the 
multiplexer. Erasing the bit disconnects the control line 
from GND and it floats to Vee (1), selecting the "1" path. 

The device is produced with a EE cell link at each input 
to the AND gate array, and connections may be selec
tively removed by applying appropriate voltages to the 
circuit. Utilizing an easily-implemented programming al
gorithm, these products can be rapidly programmed to 
any customized pattern. 

Variable Input/Output Pin Ratio 
The PALCE22V10Z has twelve dedicated input lines, 
and each macrocell output can be an 1/0 pin. Buffers for 
device inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vee or GND. 

Registered Output Configuration 
Each macrocell of the PALCE22V1 OZ includes a D-type 
flip-flop for data storage and synchronization. The flip
flop is loaded on the LOW-to-HIGH transition of the 
clock input. In the registered configuration (S1 = 0), the 
array feedback is from a of the flip-flop. 

Combinatorial 1/0 Configuration 
Any macrocell can be configured as combinatorial by 
selecting the multiplexer path that bypasses the flip-flop 
(S1 = 1 ). In the combinatorial configuration the feedback 
is from the pin. 

51 So Output Configuration 

0 0 Registered/Active Low 

0 Registered/Active High 

1 0 Combinatorial/Active Low 

1 Combinatorial/Active High 

0 = Programmed EE bit 
1 = Erased (charged) EE bit 

157000-4 

Figure 1. Output Logic Macrocell 
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Registered/Active Low 

Registered/Active High 

• 
• 
• 

Combinatorial/Active Low 

• • 
• 

Combinatorial/Active High 

AMO~ 

157000-5 

Figure 2. Macrocell Configuration Options 

Programmable Three-State Outputs 
Each output has a three-state output buffer with three
state control. A product term controls the buffer, allow
ing enable and disable to be a function of any product of 
device inputs or output feedback. The combinatorial 
output provides a bidirectional 1/0 pin, and may be con
figured as a dedicated input if the buffer is always 
disabled. 

Programmable Output Polarity 
The polarity of each macrocell output can be active high 
or active low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing" 
efforts. 

Selection is controlled by programmable bit So in the 
output macrocell, and affects both registered and com
binatorial outputs. Selection is automatic, based on the 
design specification and pin definitions. If the pin defini
tion and output equation have the same polarity, the out
put is programmed to be active high (So = 1 ) . 

Preset/Reset 
For initialization, the PALCE22V10Z has additional 
Preset and Reset product terms. These terms are con
nected to all registered outputs. When the Synchronous 
Preset (SP) product term is asserted high, the output 
registers will be loaded with a HIGH on the next LOW-to
HIGH clock transition. When the Asynchronous Reset 
(AR) product term is asserted high, the output registers 
will be immediately loaded with a LOW independent of 
the clock. 

Note that preset and reset control the flip-flop, not the 
output pin. The output level is determined by the output 
polarity selected. 

Zero-Standby Power Mode 
The PALCE22V10Z features a zero-standby power 
mode. When none of the inputs switch for an extended 
period (typically 50 ns), the PALCE22V10Z will go into 
standby mode, shutting down most of its internal cir
cuitry. The current will go to almost zero (Ice< 15 µA). 
The outputs will maintain the states held before the de
vice went into the standby mode. 
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When any input switches, the internal circuitry is fully en
abled and power consumption returns to normal. This 
f~ature results in c:onsiderable power savings for opera
tion at low to medium frequencies. This savings is illus
trated in the Ice vs. frequency graph. 

Product-Term Disable 
On a programmed PALCE22V10Z, any product terms 
that are not used are disabled. Power is cut off from 
these product terms so that they do not draw current. As 
shown in the Ice vs. frequency graph, product-term dis
~blin~ results in considerable power savings. This sav
ings 1s greater at the higher frequencies. 

Further hints on minimizing power consumption can be 
found in the Application Note "Minimizing Power Con
sumption with Zero-Power PLDs." 

Power-Up Reset 
All flip-flops power-up to a logic LOW for predictable 
system initialization. Outputs of the PALCE22V1 OZ will 
depend on the programmed output polarity. The Vee 
rise must be monotonic and the reset delay time is 
1000 ns maximum. 

Register Preload 
The registers on the PALCE22V10Z can be preloaded 
from the output pins to facilitate functional testing of 
complex state machine designs. This feature allows di
rect loading of arbitrary states, making it unnecessary to 
cycle through long test vector sequences to reach a de
sired state. In addition, transitions from illegal states can 
be verified by loading illegal states and observing proper 
recovery. 

Security Bit 
After programming and verification, a PALCE22V1 OZ 
design can be secured by programming the security EE 
bit. Once programmed, this bit defeats readback of the 
internal programmed pattern by a device programmer, 
securing proprietary designs from competitors. When 
the security bit is programmed, the array will read as if 
every bit is erased, and preload will be disabled. 

The bit can only be erased in conjunction with erasure of 
the entire pattern. 

Programming and Erasing 
The PALCE22V10Z can be programmed on standard 
logic programmers. It also may be erased to reset a pre
viously configured device back to its virgin state. Era
sure is automatically performed by the programming 
hardware. No special erase operation is required. 

Quality and Testability 
The PALCE22V1 OZ offers a very high level of built-in 
quality. 

The erasability of the CMOS PALCE22V10Z allows di
rect testing of the device array to guarantee 100% pro
gramming and functional yields. 

Technology 
The high-speed PALCE22V10Z is fabricated with 
AMD's advanced electrically-erasable (EE) CMOS 
process. The array connections are formed with proven 
EE cells. Inputs and outputs are designed to be compat
ible with HC and HCT devices. This technology provides 
strong input-clamp diodes, output slew-rate control, and 
a grounded substrate for clean switching. 
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LOGIC DIAGRAM 
SKINNYDIP (PLCC) Pinouts 

... ~1 _ill J'.1 15 ,. ,. 20 i2t 24 Z7 •8uf f 35 36 ,. 40 if 
AR 

AMO~ 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .......... -65°C to +150°C 

Ambient Temperature with 

OPERATING RANGES 
Industrial (I) Devices 

Operating Case 
Power Applied . . . . . . . . . . . . . . . . -55°C to + 125°C Temperature (Tc) ............... -40°C to +85°C 

Supply Voltage with Respect Supply Voltage (Vee) with 
to Ground . . . . . . . . . . . . . . . . . . . -0.5 V to +7.0 V Respect to Ground . . . . . . . . . . . . . . +4.5 V to +5.5 V 

DC Input Voltage . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

DC Output or 110 Pin 

Operating Ranges define those limits between which the func
tionality of the device is guaranteed. 

Voltage ............... -0.5 V to Vee+ 0.5 V 

Static Discharge Voltage ................. 2001 V 

Latchup Current (Tc= -40°C to +85°C) .... 100 mA 
Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over INDUSTRIAL operating ranges unless otherwise specified 
Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VOH Output HIGH Voltage VtN = VtH or VtL loH = 6 mA 3.84 v 
Vee= Min loH = 20 µA Vee- v 

0.1 

VOL Output LOW Voltage VtN = VtH or VtL IOL = 16 mA 0.5 v 
Vee= Min IOL = 6 mA 0.33 v 

IOL = 20 µA 0.1 v 
VtH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 

Voltage for all Inputs (Notes 1, 2) 

VtL Input LOW Voltage Guaranteed Input Logical LOW 0.9 v 
Voltage for all Inputs (Notes 1, 2) 

hH Input HIGH Leakage Current VtN = Vee, Vee = Max (Note 3) 10 µA 

hL Input LOW Leakage Current V1N = O V, Vee =Max (Note 3) -10 µA 

IOZH Off-State Output Leakage VouT = Vee, Vee = Max 10 µA 

Current HIGH V1N = VtH or VtL (Note 3) 

IOZL Off-State Output Leakage VouT = o V, Vee = Max -10 µA 

Current LOW VtN = VtH or VtL (NOtj3 3) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee= Max (Note 4) -30 -150 mA 

Ice Supply Current Outputs Open (IOUT = 0 mA) I= O MHz 15 µA 

Vee= Max f = 15 MHz 90 mA 

Notes: 

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
2. Represents the worst case of HC and HGT standards, allowing compatibility with either. 
3. 110 pin leakage is the worst case of ffL and lozL (or ffH and lozH). 
4. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Condition Typ Unit 

C1N Input Capacitance VIN= 2.0 V Vee= 5.0 V 5 

TA= 25°C pF 

Gour Output Capacitance Vour = 2.0 v I= 1 MHz 8 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over INDUSTRIAL operating ranges (Note 2) 
Parameter 
Symbol Parameter Description Min Max Unit 

!Po Input or Feedback to Combinatorial Output 15 ns 

ts Setup Time from Input, Feedback or SP to Clock 10 ns 

IH Hold Time 0 ns 

!co Clock to Output 10 ns 

t.R Asynchronous Reset to Registered Output 20 ns 

tARW Asynchronous Reset Width 15 ns 

tARR Asynchronous Reset Recovery Time 10 ns 

1sPR Synchronous Preset Recovery Time 10 ns 

lwL Clock Width LOW 8 ns 

lwH HIGH 8 ns 

Maximum External Feedback l 1 /{Is + lco) 50 MHz 

IMAX 
Frequency Internal Feedback (fcNr) 58.8 MHz 
(Note3) 

No Feedback I 1 /{lwH + lwL) 62.5 MHz 

1 •• Input to Output Enable Using Product Term Control 15 ns 

tER Input to Output Disable Using Product Term Control 15 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .......... -65°C to +150°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (TA) .......... 0°c to +75°C 
Power Applied . . . . . . . . . . . . . . . . -55°C to + 125°C 

Supply Voltage (Vee) with 
Supply Voltage with Respect 
to Ground .................... -0.5 V to +7.0 V 

Respect to Ground ............ +4.75 V to +5.25 V 

Industrial (I) Devices 

Operating Case DC Input Voltage . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

DC Output or 1/0 Pin Temperature (Tc) ............... -40°C to +85°C 
Voltage .................. -0.5 V to Vee+ 0.5 V 

Supply Voltage (Vee) with 
Static Discharge Voltage ................. 2001 V Respect to Ground .............. +4.5 V to +5.5 V 

Latchup Current (Tc= -40°C to +85°C) .... 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

Operating Ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges unless 
otherwise specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VOH Output HIGH Voltage V1N = V1H or VIL loH = 6 mA 3.84 v 
Vee= Min loH = 20 µA Vee- v 

0.1 

VoL Output LOW Voltage VIN = V1H or VIL loL = 16 mA 0.5 v 
Vee= Min loL = 6 mA 0.33 v 

IOL = 20 µA 0.1 v 
V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 

Voltage for all Inputs (Notes 1, 2) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.9 v 
Voltage for all Inputs (Notes 1, 2) 

hH Input HIGH Leakage Current V1N = Vee, Vee =Max (Note 3) 10 µA 

hL Input LOW Leakage Current V1N = O V, Vee =Max (Note 3) -10 µA 

IOZH Off-State Output Leakage VouT = Vee, Vee = Max 10 µA 

Current HIGH VIN = V1H or VIL (Note 3) 

lozL Off-State Output Leakage VouT = o V, Vee = Max -10 µA 

Current LOW VIN= V1H or VIL (Note 3) 

lse Output Short-Circuit Current VouT = 0.5 V, Vee= Max (Note 4) -5 -150 mA 

Ice Supply Current Outputs Open (IOUT = 0 mA) I= O MHz 30 µA 

Vee= Max I= 15 MHz 120 mA 

Notes: 

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
2. Represents the worst case of HG and HGT standards, allowing compatibility with either. 
3. 110 pin leakage is the worst case of l1L and lozL {or ffH and lozH). 
4. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Condition Typ Unit 

C1N Input Capacitance VIN= 2.0 V Vee= 5.0 V 5 

TA= 25°c pF 

Cour Output Capacitance Vour = 2.0 V I= 1 MHz 8 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges 
(Note 2) 

Parameter 
Symbol Parameter Description Min Max Unit 

tPD Input or Feedback to Combinatorial Output (Note 3) 25 ns 

ts Setup Time from input, Feedback or SP to Clock 15 ns 

tH Hold Time 0 ns 

!co Clock to Output 15 ns 

tAR Asynchronous Reset to Registered Output 25 ns 

tARW Asynchronous Reset Width 25 ns 

tARR Asynchronous Reset Recovery Time 25 ns 

tsPR Synchronous Preset Recovery Time 25 ns 

twL LOW 10 ns 
Clock Width 

lwH HIGH 10 ns 

Maximum External Feedback I 1/(ts + tco) 33.3 MHz 

IMAX 
Frequency Internal Feedback (fc.r) 35.7 MHz 
(Note4) 

No Feedback l 1 /(lwH + twL) 50 MHz 

tEA Input to Output Enable Using Product Term Control 25 ns 

tER Input to Output Disable Using Product Term Control 25 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. This parameter is tested in Standby Mode. When the device is not in Standby Mode, the tPD will typically be 5 ns faster. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where frequency may be affected. 
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SWITCHING WAVEFORMS 

Input or 
Feedback 

Combinatorial 
Output 

Clock 

Input 
Asserting 

Asynchronous 
Reset 

Registered 
Output 

Clock 

Combinatorial Output 

Clock Width 

VT 

157000-7 

157000-9 

!ARR 

VT 

157000-11 

Asynchronous Reset 

Notes: 

1. Vr = 1.5 V for input signals and Vcc/2 for output signals. 
2. Input pulse amplitude o V to 3. O V. 
3. Input rise and fall times 2 ns-5 ns typical. 

Input or r 1 
Feedback ____ _,,~ ~, VT 

Clock " ---t;; 
--------~~:co VT 

Registered 
Output ________ ~ 

Input 

Output 

Input 
Asserting 

Synchronous 
Preset 

Clock 

Registered 
Output 

157000-8 

Registered Output 

!ER !EA 

------''-'-.L...1 

157000-10 

Input to Output Disable/Enable 

157000-12 

Synchronous Preset 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 
17171 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

SWITCHING TEST CIRCUIT 

Specification St S2 Ct 

IPD, tea Closed Closed 

IEA z~ H:Open z~ H: Closed 30 pf 
z~L: Closed z~L:Open 

teR H~Z:Open H ~z: Closed 5 pF 

L~Z: Closed L ~z: Open 

PALCE22V10Z Family 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High
Impedance 
"Off"State 

KS000010-PAL 

Test Point 
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R1 R2 

a2on a2on 

AMO~ 

Measured 
Output Value 

Vcc/2 

Vcc/2 

H~Z:VoH-0.SV 

L ~z: VoL + 0.5 v 
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TYPICAL Ice CHARACTERISTICS FOR THE PALCE22V10Z-15 
Vee= 5.0 V, TA= 25°C 
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Ice vs. Frequency 
Graph for the PALCE22V1 OZ-15 
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TYPICAL Ice CHARACTERISTICS FOR THE PALCE22V10Z-25 
Vee= 5.0 V, TA= 25°C 
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Graph for the PALCE22V10Z-25 
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AMO~ 
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ENDURANCE CHARACTERISTICS 
The PALCE22V10Z is manufactured using AMD's ad
vanced Electrically Erasable process. This technology 

Endurance Characteristics 

uses an EE cell to replace the fuse link used in bipolar 
parts. As a result, the device can be erased and 
reprogrammed-a feature which allows 100% testing at 
the factory. 

Symbol Parameter Test Conditions Min Unit 

tDR Min Pattern Data Retention Time Max Storage Temperature 10 Years 

Max Operating Temperature 20 Years 

N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles 

ROBUSTNESS FEATURES 
The PALCE22V1 OZ has some unique features that 
make it extremely robust, especially when operating in 
high speed design environments. Input clamping 
circuitry limits negative overshoot, eliminating the 

possibility of false clocking caused by subsequent ring
ing. A special noise filter makes the programming cir
cuitry completely insensitive to any positive overshoot 
that has a pulse width of less than about 100 ns. 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

ESD Input 
Protection Transition 

and Detection 
Clamping 

1 
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I 
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Vee 

Programming 
Voltage 

Detection 

Typical Input 

Positive 
Overshoot 

Filter 

Preload Feedback Input 
Circuitry Input Transition 

Detection 

Typical Output 

PALCE22V10Z Family 

Programming 
Circuitry 
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POWER-UP RESET FOR THE 
PALCE22V10Z FAMILY 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will depend on the programmed pat
tern. This feature is valuable in simplifying state ma
chine initialization. A timing diagram and parameter 
table are shown below. Due to the synchronous opera
tion of the power-up reset and the wide range of ways 
Vee can rise to its steady state, four conditions are 
required to ensure a valid power-up reset. These condi
tions are: 

Parameter 
Symbol 

IPR 

ts 

IWL 

Vee Off 

Power 

Registered 
Active-Low 

Output 

Clock 

Parameter Description 

Power-Up Reset Time 

Input.or Feedback Setup Time 

Clock Width LOW 

Supply Voltage Prior to Power-Up 

AMO~ 
• The supply voltage prior to the Vee rise must not 

exceed Vee off. 

• The Vee rise must be monotonic. 

• Following reset, th~ clock input must not be driven 
from LOW to HIGH until all applicable input and 
feedback setup times are met. 

• If inputs are not switching at the time of power-up, 
an input transition must take place to assure proper 
data is set-up in registers or to outputs. 

Max Unit 

1000 ns 

See Switching 
Characteristics 

100 mV 

157000-17 

twL 

Power-Up Reset Waveform 
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DAT A SHEET REVISION SUMMARY FOR 

PALCE22V10Z Family 
Switching Waveforms 

Changed Note 1 Vr = 1.5 V for input signals and Vcc/2 
for output signals. 

Switching Test Circuit 

Changed supply voltage from 5 V to Vee 

Changed Measured Output Value from 2.5 V to Vcc/2 

Ice vs. Frequency Curve 

Included for PALCE22V10Z-15 

Changed curve for PALCE22V10Z-25 to be a linear 
curve rather than log/linear. 

Absolute Maximum Ratings 

For PALCE22V1 OZ-15 changed Latchup Current to in
clude a minus before 40°C 

DC Characteristics 

For PALCE22V1 OZ-25 changed Ice at f = O MHz from 
15 µA to 30 µA 
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FINAL IND: -25 ~ 
PALL V22V1 OZ-25 
Low-Voltage, Zero-Power 24-Pin EE CMOS Versatile 
PAL Device 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• Low-voltage operation, 3.3 V JEDEC 
compatible 

• Zero-power CMOS technology 

- 30 µA standby current 

- 25 ns first-access propagation. delay 

• Unused product term disable for reduced 
power consumption 

• Industrial operating temperature range 

- TA= -40°C to +85°C 

• 3.3-V (CMOS) and 5-V (CMOS and TTL) 
compatible inputs and 1/0 

• Electrically-erasable technology provides 
reconfigurable logic and full testability 

GENERAL DESCRIPTION 
The PALLV22V10Z is an advanced PAL device built 
with low-voltage, zero-power, high-speed, electrically
erasable CMOS technology. It provides user-program
mable logic for replacing conventional zero-power 
CMOS SSl/MSI gates and flip-flops at a reduced chip 
count. 

The PALLV22V1 OZ provides high speed at low voltage 
and zero standby power. At 30 µA maximum standby 
current, the PALLV22V1 OZ allows battery powered 
operation for an extended period. 

The ZPAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. 

The product terms are connected to the fixed OR array 
with a varied distribution from 8 to16 across the outputs 

Publication# 17661 Rev. C Amendment/O 

Issue Date: October 1994 

• 10 macrocells programmable as registered or 
combinatorial, and active high or active low to 
match application needs 

• Varied product term distribution allows up to 
16 product terms per output for complex 
functions 

• Global asynchronous reset and synchronous 
preset for initialization 

• Power-up reset for initialization and register 
preload for testability 

• Extensive third-party software and programmer 
support through FusionPLD partners 

• 24-pin SKINNYDIP and 28-pin PLCC packages 
save space 

(see Block Diagram). The OR sum of the products feeds 
the output macrocell. Each macrocell can be pro
grammed as registered or combinatorial, and active 
high or active low. The output configuration is deter
mined by two bits controlling two multiplexers in each 
macrocell. 

AM D's Fusion PLO program allows PALLV22V1 OZ de
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMO certifies that the tools 
provide accurate, quality support. By ensuring thatthird
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. See page 16 for 
certified development systems, and page 18 for ap
proved programmers. 

2-345 



~AMO 

BLOCK DIAGRAM 

CL Kilo 

CONNECTION DIAGRAMS 

Top View 

SKINNYDIP 

CLK/lo Vee 

11 l/Qg 

12 l/Oa 

13 1107 

14 I/Os 

Is I/Os 
le 1104 

17 1/03 

la 1/02 
lg 1/01 

ho l/Oo 

GND 111 

17661C-2 
Note: 
Pin 1 is marked for orientation. 

PIN DESCRIPTION 
CLK 
GND 
I 
1/0 
NC 
Vee 

2-346 

Clock 
Ground 
Input 
Input/Output 
No Connect 
Supply Voltage 

PROGRAMMABLE 
AND ARRAY 

(44 x 132) 

PALL V22V1 OZ-25 

h. 111 

11 

PLCC 

0 

~ (.)"' (X) 

~zd~~~~ 

1/07 

24 1/05 

23 1/05 
22 NC 
21 l/04 

20 1103 
1102 

17661C-3 
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ORDERING INFORMATION 

Industrial Products 

AMO~ 

AMO programmable logic products for industrial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of these elements: 

PAL LV 22 V 10 Z -25 P I 

FAMILY TYPE 

_______ T..... -.- ....... --r-

PAL= Programmable Array Logic 

TECHNOLOGY~~~~~~~~_. 

LV =Low-Voltage 

NUMBER OF 
ARRAY INPUTS 

OUTPUTTYPE -~~~~~~~~~----' 
V = Versatile 

NUMBER OF OUTPUTS 

POWER -~~~~~~~~~~~~~~----' 
Z = Zero Power (30 µA Ice standby) 

Valid Combinations 

PALLV22V10Z-25 Pl.JI 

PALLV22V1 OZ-25 

L OPERATING CONDITIONS 
I = Industrial (-40°C to +85°C) 

PACKAGE TYPE 
P = 24-Pin 300-mil Plastic 

SKINNYDIP (PD3024) 
J = 28-Pin Plastic Leaded Chip 

Carrier (PL 028) 

SPEED 
-25 = 25 ns tpo 

Valid Combinations 
The Valid Combinations table lists ccnfigurations 
planned to be supported in volume forth is device. 
Consult the local AMO sales office to confirm 
availability of specific valid ccmbinations and to 
check on newly released combinations. 
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FUNCTIONAL DESCRIPTION 
The PALLV22V10Z is the low-voltage, zero-power ver
sion of the PALCE22V10. It has all the architectural fea
tures of the PALCE22V10. In addition, the 
PALLV22V10Z has zero standby power and unused 
product term disable. 

The PALLV22V10Z allows the systems engineer to im
plement the design on-chip, by programming EE cells to 
configure AND and OR gates within the device, accord
ing to the desired logic function. Complex interconnec
tions between gates, which previously required 
time-consuming layout, are lifted from the PC board and 
placed on silicon, where they can be easily modified dur
ing prototyping or production. 

Product terms with all connections opened assume the 
logical HIGH state; product terms connected to both true 
and complement of any single input assume the logical 
LOW state. 

The PALLV22V1 OZ has 12 inputs and 1 O 1/0 macro
cells. The macrocell (Figure 1) allows one of four poten
tial output configurations; registered output or 
combinatorial 1/0, active high or active low (see Figure 
2). The configuration choice is made according to the 
user's design specification and corresponding program
ming of the configuration bits So - S1. Multiplexer con
trols are connected to ground (0) through a 
programmable bit, selecting the "O" path through the 

AR 

CLK 

SP 

multiplexer. Erasing the bit disconnects the control line 
from GND and it floats to Vee (1 ), selecting the "1" path. 

The device is produced with a EE cell link at each input 
to the AND gate array, and connections may be selec
tively removed by applying appropriate voltages to the 
circuit. Utilizing an easily-implemented programming al
gorithm, these products can be rapidly programmed to 
any customized pattern. 

Variable Input/Output Pin Ratio 
The PALLV22V1 OZ has twelve dedicated input lines, 
and each macrocell output can be an 1/0 pin. Buffers for 
device inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 

pins should be tied to Vee or GND. 

Registered Output Configuration 
Each macrocell of the PALLV22V1 OZ includes a D-type 
flip-flop for data storage and synchronization. The flip
flop is loaded on the LOW-to-HIGH transition of the 
clock input. In the registered configuration (S1 = 0), the 
array feedback is from a of the flip-flop. 

Combinatorial 1/0 Configuration 
Any macrocell can be configured as combinatorial by 
selecting the multiplexer path that bypasses the flip-flop 
(Si= 1 ). In the combinatorial configuration the feedback 
is from the pin. 

So Output Configuration 

0 Registered/Active Low 

0 Registered/Active High 
0 Combinatorial/Active Low 

Combinatorial/Active High 

O = Programmed EE bit 
1 = Erased (charged) EE bit 

17661C-4 

Figure 1. Output Logic Macrocell 
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Registered/Active Low 

Registered/Active High 

• 
• • 

Combinatorial/Active Low 

• 
• 
• 

Combinatorial/Active High 

AMO t1 

17661C-5 

Figure 2. Macrocell Configuration Options 

Programmable Three-State Outputs 
Each output has a three-state output buffer with three
state control. A product term controls the buffer, allow
ing enable and disable to be a function of any product of 
device inputs or output feedback. The combinatorial 
output provides a bidirectional 110 pin, and may be con
figured as a dedicated input if the buffer is always 
disabled. 

Programmable Output Polarity 
The polarity of each macrocell output can be active high 
or active low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing" 
efforts. 

Selection is controlled by programmable bit So in the 
output macrocell, and affects both registered and com
binatorial outputs. Selection is automatic, based on the 
design specification and pin definitions. If the pin defini
tion and output equation have the same polarity, the out
put is programmed to be active high (So = 1 ). 

Preset/Reset 
For initialization, the PALLV22V1 OZ has additional 
Preset and Reset product terms. These terms are con
nected to all registered outputs. When the Synchronous 

Preset (SP) product term is asserted high, the output 
registers will be loaded with a HIGH on the next LOW-to
HIGH clock transition. When the Asynchronous Reset 
(AR) product term is asserted high, the output registers 
will be immediately loaded with a LOW independent of 
the clock. 

Note that preset and reset control the flip-flop, not the 
output pin. The output level is determined by the output 
polarity selected. 

Benefits of Lower Operating Voltage 
The PALL V22V1 OZ has an operating voltage range of 
3.0 V to 3.6 V. Low voltage allows for lower operating 
power consumption, longer battery life, and/or smaller 
batteries for notebook applications. 

Because power is proportional to the square of the volt
age, reduction of the supply voltage from 5.0 V to 3.3 V 
significantly reduces power consumption. This directly 
translates to longer battery life for portable applications. 
Lower power consumption can also be used to reduce 
the size and weight of the battery. Thus, 3.3 V designs 
facilitate a reduction in the form factor. 

A lower operating voltage results in a reduction of 1/0 
voltage swings. This reduces noise generation and pro
vides a less hostile environment for board design. Lower 
operating voltage also reduces electromagnetic radia
tion noise and makes obtaining FCC approval easier. 
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Zero-Standby Power Mode 
The PALLV22V10Z features a zero-standby power 
mode. When none of the inputs switch for an extended 
period (typically 30 ns), the PALLV22V1 OZ will go into 
standby mode, shutting down most of its internal cir
cuitry. The current will go to almost zero (Ice< 30 µA). 
The outputs will maintain the states held before the de
vice went into the standby mode. 

If a macrocell is used in registered mode, switching pin 
CLK/lowill not affect standby mode status for that mac
rocell. If a macrocell is used in combinatorial mode, 
switching pin CLK/lowill affect standby mode status for 
that macrocell. 

This feature reduces dynamic Ice proportional to the 
number of registered macrocells used. If all macrocells 
are used as registers, and only CLK/lo is switching, the 
device will not be in standby mode but dynamic Ice will 
typically be <2 mA. This is because only the CLK/lo 
buffer will draw current. The use of combinatorial mac
rocells will add on average of about 5 mA per macrocell 
(at 25 MHz) under these same conditions. 

When any input switches, the internal circuitry is fully en
abled and power consumption returns to normal. This 
feature results in considerable power savings for opera
tion at low to medium frequencies. This is shown on 
page 13. 

Product-Term Disable 
On a programmed PALLV22V10Z, any product terms 
that are not used are disabled. Power is cut off from 
these product terms so that they do not draw current. 
Product-term disabling results in considerable power 
savings. This savings is greater at the higher 
frequencies. 

Further hints on minimizing power consumption can be 
found in the Application Note "Minimizing Power Con
sumption with Zero-Power PLDs," PID #16948, which is 
in the 1993 PAL Device Data Book and Design Guide. 

3.3-V (CMOS) and 5-V (CMOS and TTL) 
Compatible Inputs and 1/0 
Input voltages can be at TTL levels. Additionally, the 
PALLV22V1 OZ can be driven with true 5-V CMOS levels 
due to special input and 1/0 buffer circuitry. 

Power-Up Reset 
All flip-flops power-up to a logic LOW for predictable 
system initialization. Outputs of the PALLV22V1 OZ will 
depend on the programmed output polarity. The Vee 
rise must be monotonic and the reset delay time is 
1000 ns maximum. Details on power-up reset can be 
found on page 15. 

Register Preload 
The registers on the PALLV22V1 OZ can be preloaded 
from the output pins to facilitate functional testing of 
complex state machine designs. This feature allows di
rect loading of arbitrary states, making it unnecessary to 
cycle through long test vector sequences to reach a de
sired state. In addition, transitions from illegal states can 
be verified by loading illegal states and observing 
proper recovery. 

Security Bit 
After programming and verification, a PALLV22V10Z 
design can be secured by programming the security EE 
bit. Once programmed, this bit defeats readback of the 
internal programmed pattern by a device programmer, 
securing proprietary designs from competitors. When 
the security bit is programmed, the array will read as if 
every bit is erased, and preload will be disabled. 

The bit can only be erased in conjunction with erasure of 
the entire pattern. 

Programming and Erasing 
The PALLV22V10Z can be programmed on standard 
logic programmers. It also may be erased to reset a pre
viously configured device back to its virgin state. Era
sure is automatically performed by the programming 
hardware. No special erase operation is required. Ap
proved programmers are listed on page 18. 

Quality and Testability 
The PALL V22V1 OZ offers a very high level of built-in 
quality. The erasability of the CMOS PALLV22V1 OZ al
lows direct testing of the device array to guarantee 
100% programming and functional yields. 

Technology 
The high-speed PALLV22V10Z is fabricated with 
AMD's advanced electrically-erasable (EE) CMOS 
process. The array connections are formed with proven 
EE cells. Inputs and outputs are designed to be 3.3 and 
5 V device compatible. This technology provides strong 
input-clamp diodes, output slew-rate control, and a 
grounded substrate for clean switching. 
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LOGIC DIAGRAM 

SKINNYDIP (PLCC) Pinouts 

AMO~ 

1,0 ~[i](~~r-, -1pttt::J:ti+:+m+1=1++m+t=1tt=t:m::tt::~m:tt:1~tt,_...~--------e~/1~.) 111 

0 3 4 7 8 11 12 15 16 19 20 23 24 27 28 31 32 35 36 39 40 43 
GND @-----]_ 

(14) -= 

17661C-6 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature . . . . . . . . . . -65°C to+ 150°C 

Ambient Temperature with 

OPERATING RANGES 
Industrial (I) Devices 

Operating Case 
Power Applied . . . . . . . . . . . . . . . . -55°C to + 125°C Temperature (TA) ............... -40°C to +85°C 

Supply Voltage with Respect Supply Voltage (Vee) with 
to Ground . . . . . . . . . . . . . . . . . . . . -0.5 V to +7.0 V Respect to Ground .............. +3.0 V to +3.6 V 
DC Input Voltage . . . . . . . . . . . . . . . -0.5 V to +5.5 V 

DC Output or 1/0 Pin Voltage . . . . . -0.5 V to +5.5 V 
Operating Ranges define those limits between which the func
tionality of the device is guaranteed. 

Static Discharge Voltage ................. 2001 V 

Latchup Current (TA = -40°C to +85°C) . . . . 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over INDUSTRIAL operating ranges unless otherwise specified 
Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VOH Output HIGH Voltage V1N = V1H or V1L loH =-2mA 2.4 v 
Vee= Min loH = -100 µA Vee v 

-0.2 

VOL Output LOW Voltage V1N = V1H or V1L loL = 2 mA 0.4 v 
Vee= Min loL = 100 µA 0.2 v 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 5.5 v 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage Current V1N = Vee, Vee = Max 10 µA 

hL Input LOW Leakage Current V1N = 0 V, Vee = Max -10 µA 

lozH Off-State Output Leakage Vour = Vee, Vee = Max 10 µA 
Current HIGH V1N = V1H or V1L (Note 2) 

IOZL Off-State Output Leakage Vour = o V, Vee = Max -10 µA 
Current LOW V1N = V1H or VIL (Note 2) 

lse Output Short-Circuit Current Vour = 0.5 V, Vee= Max (Note 3) -15 -75 mA 

Ice Supply Current Outputs Open (lour= o mA) f = 0 MHz 30 ~ 
Vee= Max (Note 4) f = 15 MHz 55 mA 

Notes: 

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. 110 pin leakage is the worst case of //L and lozL (or //Hand lozH). 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceel;lof)e second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. · 

4. This parameter is guaranteed under worst case test conditions. Refer to the Ice vs. Frequency graph on page 13 for typical Ice 
characteristics. · 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Condition Typ Unit 

GIN Input Capacitance VIN= 2.0 V Vee= 3.3 V 5 

TA= 25°C pF 
CouT Output Capacitance VouT = 2.0 V f = 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over INDUSTRIAL operating ranges (Note 2) 

Parameter 
Symbol Parameter Description Min Max 

tPD Input or Feedback to Combinatorial Output (Note 3) 25 

ts Setup nme from Input, Feedback or SP to Clock 15 

tH Hold Time 0 

teo Clock to Output 15 

!AR Asynchronous Reset to Registered Output 25 

IARW Asynchronous Reset Width 25 

!ARR Asynchronous Reset Recovery Time 25 

tSPR Synchronous Preset Recovery Time 25 

twL Clock Width LOW 10 

IWH HIGH 10 

Maximum External Feedback I 1 /(ts + teo) 33.3 

fMAX 
Frequency 

Internal Feedback (feNT) 35.7 (Note 4) 
No Feedback l 1 /{IWH + IWL) 50 

tEA Input to Output Enable Using Product Term Control 25 

tER Input to Output Disable Using Product Term Control 25 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. This parameter is tested in Standby Mode. When the device is not in Standby Mode, the tpo may be slightly faster. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where frequency may be affected. 

PALLV22V1 OZ-25 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

ns 

ns 
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SWITCHING WAVEFORMS 

Input or 
Feedback 

Combinatorial 
Output 
-~~VT 

Clock 

Input 
Asserting 

Asynchronous 
Reset 

Registered 

Combinatorial Output 

Clock Width 

VT 

Output ---'--"'-"--"--" VT 

Clock 

17661 C-7 

17661C-9 

!ARR 

VT 

17661C-11 

Asynchronous Reset 

Notes: 

1. Vr = 1.5 V for Input Signals and Vcc/2 for Output Signals. 

2. Input pulse amplitude a V to 3. 0 V. 

3. Input rise and fall times 2 ns - 5 ns typical. 

lopillo' t j 
'":---- ffi -tr~ ' v, 

Registered 

--------~~:co VT 

Output ________ ~ 

17661C-8 

Registered Output 

Input 

trn tEA 

Output >-t-ttP-------t-t- VT 

Input 
Asserting 

Synchronous 
Preset 

Clock 

Registered 
Output 

-------''--L...L..1 

17661C-10 

Input to Output Disable/Enable 

VT ______ __, 

17661C-12 

Synchronous Preset 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

17111 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

SWITCHING TEST CIRCUIT 
Vee 

L 
R1 

Output 

R2 I Cc 
S2 

j_ 

Specification s, S2 CL 

tPD, tco Closed Closed 

!EA Z-. H: Open Z-> H: Closed 30 pF 
Z -> L: Closed Z-> L: Open 

!ER H -.Z: Open H -> Z: Closed 5 pF 

L -> Z: Closed L-.Z: Open 

PALLV22V10Z-25 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High
Impedance 
"Off" State 

KS000010-PAL 

Test Point 

17661C-13 

R1 R2 

1.6KQ 1.6KQ 

AMO~ 

Measured 

Output Value 

Vec/2 

Vec/2 

H -.z: VoH -0.5 V 

L -.z: VOL+ 0.5 V 
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TYPICAL Ice CHARACTERISTICS FOR THE PALLV22V10Z-25 
Vee= 5.0 V, TA= 25°C 

150 

125 

100 

Ice (mA) 75 

50 

25 

0 10 20 30 

Frequency (MHz) 

Ice vs. Frequency 

40 50 

17661C-15 

The selected 'typical" pattern utilized 50% of the device resources. Half of the macrocel/s were programmed as registered, and 
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocel/. On any 
vector, half of the outputs were switching. · 

By utilizing 50% of the device, a midpoint is defined for Ice. From this midpoint, a designer may scale the Ice graphs up or down to 

estimate the Ice requirements for a particular design. 
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ENDURANCE CHARACTERISTICS 
The PALLV22V10Z is manufactured using AMD's ad
vanced Electrically Erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 

AMO~ 

parts. As a result, the device can be erased and 
reprogrammed-a feature which allows 100% testing at 
the factory. 

Symbol Parameter Test Conditions Min Unit 

tDR Min Pattern Data Retention Time Max Storage Temperature 10 Years 

Max Operating Temperature 20 Years 

N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles 

ROBUSTNESS FEATURES 
The PALLV22V10Z-25 has some unique features that 
make it extremely robust, especially when operating in 
high speed design environments. Input clamping 
circuitry limits negative overshoot, eliminating the 

possibility of false clocking caused by subsequent ring
ing. A special noise filter makes the programming cir
cuitry completely insensitive to any positive overshoot 
that has a pulse width of less than about 1 00 ns. 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

ESD Input 
Protection Transition 

and Detection 
Clamping 

1 

I 
I 
I 
I 
I 
I Programming = 
~~s~~----

Vee 

Programming 
Voltage 

Detection 

Typical Input 

Positive 
Overshoot 

Filter 

Preload Feedback Input 
Circuitry Input Transition 

Detection 

Typical Output 

PALLV22V10Z-25 

Programming 
Circuitry 

17661C-16 
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POWER-UP RESET 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will depend on the programmed pat
tern. This feature is valuable in simplifying state ma
chine initialization. A timing diagram and parameter 
table are shown below. Due to the synchronous opera
tion of the power-up reset and the wide range of ways 

Parameter 
Symbol 

tPR 

ts 

twL 

Power 

Registered 
Active-Low 

Output 

Clock 

Parameter Description 

Power-Up Reset Time 

Input or Feedback Setup Time 

Clock Width LOW 

Vee can rise to its steady state, two conditions are re
quired to ensure a valid power-up reset. These condi
tions are: 

• The Vee rise must be monotonic. 

• Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and 
feedback setup times are met. 

Max Unit 

1000 ns 

See Switching 
Characteristics 

Vee 

twL 
17661C-17 

Power-Up Reset Waveform 
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DATA SHEET REVISION SUMMARY FOR 

PALLV22V1 OZ-25 
DC Characteristics 

For Vot Parameter, included Vee = Min in Test 
Conditions. 

Changed Ice current from f = 25 MHz to f = 15 MHz. 

Switching Test Circuit 

Changed supply current from 3.3 V to Vee. 

PALL V22V1 OZ-25 

AMO~ 
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FINAL COM'L: -7/10/15 

PALLV22V10 Family 
Low-Voltage, 24-Pin EE CMOS Versatile 
PAL Device 

DISTINCTIVE CHARACTERISTICS 

• Low-voltage operation, 3.3 V JEDEC 
compatible 

- Vee=+ 3.0 V to 3.6 V 

• Commercial operating temperature range 

- TA= -0°c to +75°C 

• 3.3-V (CMOS) and 5-V (CMOS and TTL) 
compatible Inputs and 1/0 

• Electrically-erasable technology provides 
reconfigurable logic and full testability 

• 10 macrocells programmable as registered or 
combinatorial, and active high or active low to 
match application needs 

GENERAL DESCRIPTION 
The PALLV22V10 is an advanced PAL device built with 
low-voltage, high-speed, electrically-erasable CMOS 
technology. 

The PALLV22V10 device implements the familiar 
Boolean logic transfer function, the sum of products. 
The PAL device is a programmable AND array driving a 
fixed OR array. The AND array is programmed to create 
custom product terms, while the OR array sums se
lected terms at the outputs. 

The product terms are connected to the fixed OR array 
with a varied distribution from 8 to16 across the outputs 
(see Block Diagram). The OR sum of the products feeds 
the output macrocell. Each macrocell can be 

Publication# 18956 Rev. B Amendment/O 

Issue Date: October 1994 

• 

• 
• 
• 
• 

~ 
Advanced 

Micro 
Devices 

Varied product term distribution allows up to 
16 product terms per output for complex 
functions 

Global asynchronous reset and synchronous 
preset for initialization 

Power-up reset for initialization and register 
preload for testability 

Extensive third-party software and programmer 
support through FusionPLD partners 

24-pin SKINNYDIP and 28-pin PLCC packages 
save space 

programmed as registered or combinatorial, and active 
high or active low. The output configuration is deter
mined by two bits controlling two multiplexers in each 
macrocell. 

AM D's FusionPLD program allows PALLV22V10 de
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMD certifies that the tools 
provide accurate, quality support. By ensuring thatthird
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. 
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BLOCK DIAGRAM 

CLK/lo 

CONNECTION DIAGRAMS 
Top View 

SKINNYDIP 

CLK/lo Vee 

Ii l/Og 

12 I/Os 

b 1/07 

14 I/Os 

Is I/Os 

Is l/04 

17 l/03 

la 1/02 

lg 1/01 

ho l/Oo 

GND h1 

189568-2 
Note: 
Pin 1 is marked for orientation. 

PIN DESCRIPTION 
CLK Clock 
GND Ground 
I Input 
110 Input/Output 
NC No Connect 
Vee Supply Voltage 

2-362 

PROGRAMMABLE 
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NC 
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ORDERING INFORMATION 

Commercial Products 
AMO programmable logic products for commercial applications are available wtth several ordering options. The order 
number (Valid Combination) is formed by a combination of these elements: 

PAL LV 22 V 10 ·10 

FAMILY TYPE 
T 

PAL= Programmable Array Logic 

TECHNOLOGY----------------~ 

LV =Low-Voltage 

NUMBER OF 
ARRAY INPUTS 

OUTPUTTYPE -----------------------' 
V = Versatile 

NUMBER OF OUTPUTS 

Valid Combinations 

PALLV22V10-7 JC 

PALLV22V10-10 
PC.JC 

PALLV22V10-15 

p c 

~ OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

PACKAGE TYPE 
P = 24-Pin 300 mil Plastic 

SKINNYDIP (PD3024) 
J = 28-Pin Plastic Leaded Chip 

Carrier (PL 028) 

SPEED 
-7 = 7.5 ns tPD 
-10 = 10 ns tPD 
-15=15 nslPD 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations and to 
check on newly released combinations. 

PALLV22V10-7/10/15 (Com'I) 2-363 
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FUNCTIONAL DESCRIPTION 
The PALLV22V1 O is the low-voltage version of the 
PALCE22V10. It has all the architectural features of the 
PALCE22V10. 

The PALL V22V10 allows the systems engineer to im
plement the design on-chip, by programming EE cells to 
configure AND and OR gates within the device, accord
ing to the desired logic function. Complex interconnec
tions between gates, which previously required 
time-consuming layout, are lifted from the PC board and 
placed on silicon, where they can be easily modified dur
ing prototyping or production. 

Product terms with all connections opened assume the 
logical HIGH state; product terms connected to both true 
and complement of any single input assume the logical 
LOW state. 

The PALLV22V1Ohas12 inputs and 10 1/0 macrocells. 
The macrocell (Figure 1) allows one of four potential out
put configurations; registered output or combinatorial 
1/0, active high or active low (see Figure 2). The configu
ration choice is made according to the user's design 
specification and corresponding programming of the 
configuration bits So - S1. Multiplexer controls are con
nected to ground (0) through a programmable bit, se
lecting the "O" path through the multiplexer. Erasing the 
bit disconnects the control line from GND and it floats to 
Vee (1 ), selecting the "1" path. 

AR 

SP S1 

The device is produced with a EE cell link at each input 
to the AND gate array, and connections may be selec
tively removed by applying appropriate voltages to the 
circuit. Utilizing an easily-implemented programming al
gorithm, these products can be rapidly programmed to 
any customized pattern. 

Variable Input/Output Pin Ratio 
The PALL V22V10 has twelve dedicated input lines, and 
each macrocell output can be an 1/0 pin. Butters for de
vice inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vee or GND. 

Registered Output Configuration 
Each macrocell of the PALLV22V1 O includes a D-type 
flip-flop for data storage and synchronization. The flip
flop is loaded on the LOW-to-HIGH transition of the 
clock input. In the registered configuration (S1 = 0), the 
array feedback is from a of the flip-flop. 

Combinatorial 1/0 Configuration 
Any macrocell can be configured as combinatorial by 
selecting the multiplexer path that bypasses the flip-flop 
(S1 = 1 ). In the combinatorial configuration the feedback 
is from the pin. 

I/On 

S1 So Output Configuration 

0 0 Registered/Active Low 

0 1 Registered/Active High 

1 0 Combinatorial/Active Low 

Combinatorial/Active High 

O =Programmed EE bit 
1 = Erased (charged) EE bit 

189568-4 

Figure 1. Output Logic Macrocell 
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Registered/Active Low 

Registered/Active High 

• 
• • 

So= 0 
51=1 

Combinatorial/Active Low 

• 
• 
• 

Combinatorial/Active High 

AMO ;t1 

189568-5 
Figure 2. Macrocell Configuration Options 

Programmable Three-State Outputs 
Each output has a three-state output buffer with three
state control. A product term controls the buffer, allow
ing enable and disable to be a function of any product of 
device inputs or output feedback. The combinatorial 
output provides a bidirectional 1/0 pin, and may be con
figured as a dedicated input if the buffer is always 
disabled. 

Programmable Output Polarity 
The polarity of each macrocell output can be active high 
or active low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing" 
efforts. 

Selection is controlled by programmable bit So in the 
output macrocell, and affects both registered and com
binatorial outputs. Selection is automatic, based on the 
design specification and pin definitions. If the pin defini
tion and output equation have the same polarity, the out
put is programmed to be active high (So = 1 ). 

Preset/Reset 
For initialization, the PALLV22V1 O has additional 
Preset and Reset product terms. These terms are con
nected to all registered outputs. When the Synchronous 

Preset (SP) product term is asserted high, the output 
registers will be loaded with a HIGH on the next LOW-to
HIGH clock transition. When the Asynchronous Reset 
(AR) product term is asserted high, the output registers 
will be immediately loaded with a LOW independent of 
the clock. 

Note that preset and reset control the flip-flop, not the 
output pin. The output level is determined by the output 
polarity selected. 

Benefits of Lower Operating Voltage 
The PALLV22V1 O has an operating voltage range of 
3.0 V to 3.6 V. Low voltage allows for lower operating 
power consumption, longer battery life, and/or smaller 
batteries for notebook applications. 

Because power is proportional to the square of the volt
age, reduction of the supply voltage from 5.0 V to 3.3 V 
significantly reduces power consumption. This directly 
translates to longer battery life for portable applications. 
Lower power consumption can also be used to reduce 
the size and weight of the battery. Thus, 3.3 V designs 
facilitate a reduction in the form factor. 

A lower operating voltage results in a reduction of 1/0 
voltage swings. This reduces noise generation and pro
vides a less hostile environmentfor board design. Lower 
operating voltage also reduces electromagnetic radia
tion noise and makes obtaining FCC approval easier. 
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3.3-V (CMOS) and 5-V (CMOS and TTL) 
Compatible Inputs and 1/0 
Input voltages can be at TTL levels. Additionally, the 
PALLV22V10 can be driven with true 5-V CMOS levels 
due to special input and 1/0 buffer circuitry. 

Power-Up Reset 
All flip-flops power-up to a logic LOW for predictable 
system initialization. Outputs of the PALLV22V10 will 
depend on the programmed output polarity. The Vee 
rise must be monotonic and the reset delay time is 
1000 ns maximum. Details on power-up reset can be 
found on page 14. 

Register Preload 
The registers on the PALLV22V10 can be preloaded 
from the output pins to facilitate functional testing of 
complex state machine designs. This feature allows di
rect loading of arbitrary states, making it unnecessary to 
cycle through long test vector sequences to reach a de
sired state. In addition, transitions from illegal states can 
be verified by loading illegal states and observing 
proper recovery. 

Security Bit 
After programming and verification, a PALLV22V10 de
sign can be secured by programming the security EE bit. 
Once programmed, this bit defeats readback of the in
ternal programmed pattern by a device programmer, 

securing proprietary designs from competitors. When 
the security bit is programmed, the array will read as if 
every bit is erased, and preload will be disabled. 

The bit can only be erased in conjunction with erasure of 
the entire pattern. 

Programming and Erasing 
The PALLV22V10 can be programmed on standard 
logic programmers. It also may be erased to reset a pre
viously configured device back to its virgin state. Era
sure is automatically performed by the programming 
hardware. No special erase operation is required. Ap
proved programmers are listed on page 17. 

Quality and Testability 
The PALLV22V10 offers a very high level of built-in 
quality. The erasability of the CMOS PALLV22V10 al
lows direct testing of the device array to guarantee 
100% programming and functional yields. 

Technology 
The high-speed PALLV22V10 is fabricated with AM D's 
advanced electrically-erasable (EE) CMOS process. 
The array connections are formed with proven EE cells. 
Inputs and outputs are designed to be 3.3 V and 5 V de
vice compatible. This technology provides strong input
clamp diodes, output slew-rate control, and a grounded 
substrate for clean switching. 
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LOGIC DIAGRAM 
SKINNYDIP (PLCC) Pinouts 

,, 

'• 

AMO~ 
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GND~ 
(14) -

189568-6 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature . . . . . . . . . . -65°C to+ 1 so0 c 
Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 
Operating Case 

Power Applied . . . . . . . . . . . . . . . . -55°C to + 125°C Temperature (TA) ................. 0°C to +75°C 
Supply Voltage with Respect Supply Voltage (Vee) with 
to Ground . . . . . . . . . . . . . . . . . . . . -0.5 V to +7.0 V Respect to Ground .............. +3.0 V to +3.6 V 
DC Input Voltage . . . . . . . . . . . . . . -0.5 V to +5.25 V 

DC Output or 1/0 Pin Voltage . . . . -0.5 V to +5.25 V 
Operating Ranges define those limits between which the func
tionality of the device is guaranteed. 

Static Discharge Voltage ................. 2001 V 

Latchup Current (0°C to +75°C) . . . . . . . . . . 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise specified 
Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VOH Output HIGH Voltage VIN = V1H or V1L loH =-2 mA 2.4 v 
Vee= Min loH = -100 µA Vee v 

-0.2 

VoL Output LOW Voltage VIN = V1H or VIL loL = 16 mA 0.5 v 
loL = 100 µA 0.2 v 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 5.25 v 
Voltage for all Inputs (Notes 1, 2) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Notes 1, 2) 

hH Input HIGH Leakage Current V1N = Vee, Vee = Max (Note 2) 10 µA 

hL Input LOW Leakage Current V1N = O V, Vee = Max (Note 2) -100 µA 

lozH Off-State Output Leakage Vour = Vee, Vee = Max 10 µA 
Current HIGH V1N = V1H or VIL (Note 2) 

IOZL Off-State Output Leakage Vour = O V, Vee = Max -100 µA 

Current LOW VIN = V1H or VIL (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee= Max (Note 3) -15 -75 mA 

Ice Supply Current Outputs I = O MHz, Open -10/15 55 mA 

(Static) (IOUT= 0 mA) 

Ice -7 75 mA 
(Static) 

Notes: 

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. 110 pin leakage is the worst case of /JL and lozL (or /JH and lozH). 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Condition Typ Unit 

C1N Input Capacitance VIN= 2.0 V Vee= 3.3 v 5 

TA= 25°C pF 
Cour Output Capacitance Vaur = 2.0 v f= 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter -7 -10 

Symbol Parameter Description Min Max Min Max 

IPD Input or Feedback to Combinatorial Output 7.5 10 

ts1 Setup Time from Input, Feedback or SP to Clock 4.5 5.5 

ts2 Setup Time from SP to Clock 5.5 7 

IH Hold Time 0 0 

tea Clock to Output 5.5 6.5 

IAR Asynchronous Reset to Registered Output 11 13 

IARW Asynchronous Reset Width 6 8 

!ARR Asynchr::inous Reset Recovery Time 6 8 

ISPR Synchronous Preset Recovery Time 6 8 

IWL 
Clock Width 

LOW 3.5 4 

IWH HIGH 3.5 4 

Maximum External Feedback J 1/(ts +tea) 100 83.3 

IMAX Frequency Internal Feedback (feNT) 133 110 
(Note3) 

No Feedback I 1 /(IWH + IWL) 143 125 

!EA Input to Output Enable Using Product Term Control 9 11 

IER l~t to Ou.!e_ut Disable Usif!ll_Product Term Control 10 11 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where frequency may be affected. 

PALLV22V10-7/10/15 (Com'I) 
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SWITCHING WAVEFORMS 

Input or 
Feedback 

Combinatorial 
Output 
-~~VT 

Clock 

Input 
Asserting 

Asynchronous 
Reset 

Registered 

189569-7 

Combinatorial Output 

189569-9 

Clock Width 

VT 

Output ___ _,__,...._.......,.'--"' ---t-------

!ARR 

Clock VT 

189569-11 

Asynchronous Reset 

Notes: 

1. Vr = 1.5 V for inputs signals and Vcc/2 for outputs signals. 

2. Input pulse amplitude O V to 3. O V. 

3. Input rise and fall times 2 ns - 5 ns typical. 

Input or r t 
Feedback--' i.:= ts lvtHT ~' VT 

Clock 

--~tco VT 
Registered 

Output ________ ~ 

189569-8 

Registered Output 

Input 

!ER IEA 

Output >-+-++i----i-+-+-t- VT 

Input 
Asserting 

Synchronous 
Preset 

Clock 

Registered 
Output 

------'-~4 

189569-10 

Input to Output Disable/Enable 

VT ------..J 

Xxm._V_T __ _ 

189569-12 

Synchronous Preset 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

17111 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

SWITCHING TEST CIRCUIT 
Vee 

L 
R1 

Output 

R2 I Cc 
S2 

l 

Specification S1 S2 CL 

1Po, tco Closed Closed 

tEA Z-> H: Open Z-> H: Closed 30 pF 
Z -> L: Closed Z-> L: Open 

1ER H ->Z: Open H -> Z: Closed 5 pF 

L -> Z: Closed L->Z: Open 

PALLV22V10 Family 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High
Impedance 
"Off" State 

KS000010-PAL 

Test Point 

189568-13 

R1 R2 

1.6KQ 1.6KQ 

AMO ;t1 

Measured 

Output Value 

Vec/2 

Vee/2 

H ->Z: VoH -0.5 V 

L->Z: VOL+ 0.5 V 
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TYPICAL Ice CHARACTERISTICS 

Vee= 3.3 V, TA= 25°C 
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80 
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0 
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Ice vs. Frequency 

The selected 'Typical" pattern utilized 50% of the device resources. Half of the macrocel/s were programmed as registered, and 
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any 
vector, half of the outputs were switching. 

By utilizing 50% of the device, a midpoint is defined for Ice. From this midpoint, a designer may scale the Ice graphs up or down to 
estimate the Ice requirements for a particular design. 
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fMAx Parameters 
The parameter fMAX is the maximum clock rate at which 
the device is guaranteed to operate. Because the flexi
bility inherent in programmable logic devices offers a 
choice of clocked flip-flop designs, fMAx is specified for 
three types of synchronous designs. 

The first type of design is a state machine with feedback 
signals sent off-chip. This external feedback could go 
back to the device inputs, or to a second device in a 
multi-chip state machine. The slowest path defining the 
period is the sum of the clock-to-output time and the in
put setup time for the external signals (ts+ tco). The re
ciprocal, fMAX, is the maximum frequency with external 
feedback or in conjunction with an equivalent speed de
vice. This fMAx is designated "fMAx external." 

The second type of design is a single-chip state ma
chine with internal feedback only. In this case, flip-flop 
inputs are defined by the device inputs and flip-flop out
puts. Under these conditions, the period is limited by the 

r-------------
1 
I 

AMO~ 

internal delay from the flip-flop outputs through the inter
nal feedback and logic to the flip-flop inputs. This fMAX is 
designated "fMAx internal". A simple internal counter is a 
good example of this type of design, therefore, this pa
rameter is sometimes called "fcNT." 

The third type of design is a simple data path applica
tion. In this case, input data is presented to the flip-flop 
and clocked through; no feedback is employed. Under 
these conditions, the period is limited by the sum of the 
data setup time and the data hold time (ts+ tH). How
ever, a lower limit for the period of each fMAX type is the 
minimum clock period (twH + twL). Usually, this minimum 
clock period determines the period for the third fMAX, 
designated "fMAX no feedback." 

fMAX external and fMAX no feedback are calculated pa
rameters. fMAX external is calculated from ts and tco, and 
fMAx no feedback is calculated from lwL and twH. fMAX in
ternal is measured. 

CLK 

-----, 
I 
I 

(Second Chip) 

ts ----e•-1-1• .. -- tco ---1•~1 .... - ts --j 

fMAX External; 1/(ts + tco) 

CLK 

r------------- -----, 
1 
I 

I LOGIC REGISTER 

I 
I 

I I 
I I 
I I 
~-------------------~ 

IMAX Internal (ICNT) 

CLK 

r------------- -----, 
1 
I 
I 
I LOGIC 

I 
I 
I 

REGISTER t----i1---

I 
I 
I 

L-------------------~ 

ts----'•~! 

IMAX No Feedback; 1 /(ts + tH) or 1 /(tWH + twL) 

189569-15 
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ENDURANCE CHARACTERISTICS 
The PALLV22V10 is manufactured using AMD's ad
vanced Electrically Erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 

parts. As a result, the device can be erased and 
reprogrammed-a feature which allows 100% testing at 
the factory. 

Symbol Parameter Test Conditions Min Unit 

!DR Min Pattern Data Retention Time Max Storage Temperature 10 Years 

Max Operating Temperature 20 Years 

N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles 

ROBUSTNESS FEATURES 
The PALL V22V10 has some unique features that make 
it extremely robust, especially when operating in high 
speed design environments. Input clamping circuitry 
limits negative overshoot, eliminating the possibility of 

false clocking caused by subsequent ringing. A special 
noise filter makes the programming circuitry completely 
insensitive to any positive overshoot that has a pulse 
width of less than about 1 00 ns. 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

2-374 
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POWER-UP RESET 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will depend on the programmed pat
tern. This feature is valuable in simplifying state ma
chine initialization. A timing diagram and parameter 
table are shown below. Due to the synchronous opera
tion of the power-up reset and the wide range of ways 

Parameter 
Symbol 

IPR 

ts 

IWL 

Power 

Registered 
Active-Low 

Output 

Clock 

Parameter Description 

Power-Up Reset Time 

Input or Feedback Setup Time 

Clock Width LOW 

AMO~ 

Vee can rise to its steady state, two conditions are re
quired to ensure a valid power-up reset. These condi
tions are: 

• The Vee rise must be monotonic. 

• Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and 
feedback setup times are met. 

Max Unit 

1000 ns 

See Switching 
Characteristics 

Vee 

189568-17 

Power-Up Reset Waveform 
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TYPICAL THERMAL CHARACTERISTICS 

PALLV22V10-10 
Measured at 25°C ambient. These parameters are not tested. 

Parameter 
Symbol Parameter Description 

9jc Thermal impedance, junction to case 

9ja Thermal impedance, junction to ambient 

9jma Thermal impedance, junction to ambient with air flow 

Plastic 9jc Considerations 

Typ 

SKINNYDIP PLCC Unit 

26 20 0 ctw 
86 69 0 ctw 

200 lfpm air 72 57 0 ctw 
400 lfpm air 65 52 0 ctw 
600 lfpm air 60 47 0 ctw 
800 lfpm air 55 45 0 c1w 

The data listed for plasticejc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the 9jc measurement relative to a specific location on the 
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of 
the package. Furthermore, 9jc tests on packages are performed in a constant-temperature bath, keeping the package surface at 
a constant temperature. Therefore, the measurements can only be used in a similar environment. 
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DATA SHEET REVISION SUMMARY FOR 

PALLV22V10 Family 
Title 

Data sheet became Final 

Ordering Information 

Included 7.5 ns tpo in speed section 

Updated valid combinations table to include: 

PALLV22V10-7 JC 

AMO~ 

Switching Waveforms 

Changed Note 1 to VT= 1 .5 V for input signals and Vcc/2 
for output signals 

Ice vs. Frequency Curve 

Added for PALLV22V10-7/10/15 

Included Typical Thermal Characteristics section 
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FINAL COM'L: H·15/25 

~ 
PALCE24V10H-15/25 
EE CMOS 28-Pin Universal Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• Electrically erasable CMOS technology 

provides reconfigurable logic and full 
testability 

• High speed CMOS technology 
- 15 ns propagation delay for "-15" version 
- 25 ns propagation delay for "-25" version 

• Outputs Individually programmable as 
registered or combinatorial 

• Programmable output polarity 

GENERAL DESCRIPTION 
The PALCE24V10 is an advanced PAL device built with 
low-power, high-speed, electrically-erasable CMOS 
technology. Its macrocells provide a universal device 
architecture. 

The PALCE24V10 utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 
complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa
tions are programmed into the device through floating
gate cells in the AND logic array that can be erased 
electrically. 

The fixed OR array allows up to eight data product terms 
per output for logic functions. The sum of these products 
feeds the output macrocell. Each macrocell can be 

BLOCK DIAGRAM 

OE/I,, l/Oo l/01 1/02 

Publication# 12222 Rev. E Amendment/O 

Issue Date: June 1993 

1/03 110, 

• Programmable enable/disable control 
• Preloadable output registers for testability 
• Automatic register reset on power-up 
• Cost-effective 28-pln plastic SKINNYDIP and 

PLCC packages 
• Extensive third-party support through 

FusionPLD partners 
• Fully tested for 100% programming and 

functional yields and high reliability 

programmed as registered or combinatorial with an ac
tive-high or active-low output. The output configuration 
is determined by two global bits and one local bit control
ling four multiplexers in each macrocell. 

AMD's FusionPLD program allows PALCE24V10 de
signs to be implemented using a wide a variety of popu
lar industry-standard design tools. By working closely 
with the FusionPLD partners, AMO certifies that the 
tools provide accurate, quality support. By ensuring that 
third-party tools are available, costs are lowered be
cause a designer does not have to buy a complete set of 
new tools for each device. The Fusion PLO program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the PLO Software Reference Guide for certified devel
opment systems and the Programmer Reference Guide 
for approved programmers. 

CL Kilo 

I/Os I/Os 1101 I/Os 110• 12222E-1 
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CONNECTION DIAGRAMS 
Top View 
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ORDERING INFORMATION 

Commercial Products 

AMO~ 

AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 

PAL CE 24 V 10 H ·15 P C 

FAMILY TYPE 
T 

PAL= Programmable Array Logic 

TECHNOLOGY ------~ 
CE = CMOS Electrically Erasable 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
V =Versatile 

NUMBER OF FLIP-FLOPS ---------' 

POWER --------------~ 

H =Half Power (115 mA Ice) 

SPEED 
-15 15 ns tpo 
-25 = 25 ns tpo 

Valid Combinations 

PALCE24V10H-15 J 
PALCE24V1 OH-25 1 PC.JC 

~ OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

PACKAGE TYPE 
P = 28-Pin 300 mil Plastic 

SKINNYDIP (PD3028) 
J = 28-Pin Plastic Leaded Chip 

Carrier (PL 028) 

Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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FUNCTIONAL DESCRIPTION 
The PALCE24V10 is a universal PAL device. It has ten 
independently configurable macrocells (MCo .. MCg). 
Each macrocell can be configured as a registered out
put, combinatorial output, combinatorial 1/0, or dedi
cated input. The programming matrix implements a 
programmable AND logic array, which drives a fixed OR 
logic array. Buffers for device inputs have complemen
tary outputs to provide user-programmable input signal 
polarity. Pins 1 and 15 serve either as array inputs or as 
clock (CLK) and output enable (OE) for all flip-flops. 

SG1 

Unused input pins should be tied directly to Vee or GND. 
Product terms with all bits unprogrammed (discon
nected) assume the logical HIGH state and product 
terms with both true and complement of any input signal 
connected assume a logical LOW state. 

The programmable functions on the PALCE24V10 are 
automatically configured from the user's design specifi
cation, which can be in a number of formats. The design 
specification is processed by development software to 
verify the design and create a programming file. This 
file, once downloaded to a programmer, configures the 
device according to the user's desired function. 

I/Ox 

Macrocells MC1 - MCs 

Macrocells MCo and MCg 

PALCE24V10 Macrocell 

2·382 PALCE24V1 OH·15/25 

From 
Adjacent 
Pin 

I/Ox 

12222E-4 



Configuration Options 
Each macrocell can be configured as one of the follow
ing: registered output, combinatorial output, combinato
rial 1/0 or dedicated input. In the registered output 
configuration, the output buffer is enabled by the OE pin. 
In the combinatorial configuration, the buffer is either 
controlled by a product term or always enabled. In the 
dedicated input configuration, the buffer is always dis
abled. 

The macrocell configurations are controlled by the con
figuration control word. It contains 2 global bits (SGO 
and SG1) and 20 local bits (SLOo through SLOg and SL 1 o 
through SL 19). SGO determines whether registers will 
be allowed. SG 1 determines whether the output buffer is 
user-controlled or in a fixed state. Within each macro
cell, SLOx, in conjunction with SG1, selects the configu
ration of the macrocell and SL 1 x sets the output as either 
active low or active high. 

The configuration bits work by acting as control inputs 
for the multiplexers in the macrocell. There are four mul
tiplexers: a product term input, an enable select, an out
put select, and a feedback select multiplexer. SG1 and 
SLOx are the control signals for all four multiplexers. In 
MCo and MCg, SGO is added on the feedback multi
plexer. 

These configurations are summarized in table 1 and il
lustrated in figure 2. 

If the PALCE24V10 is configured as a combinatorial de
vice, the CLK and OE pins are available as inputs to the 
arral:J!_ the device is configured with registers, the CLK 
and OE pins cannot be used as data inputs. 

Registered Output Configuration 
The control bit settings are SGO = 0, SG1 = 1 and SLOx = 
0. There is only one registered configuration. All eight 
product terms are available as inputs to the OR gate. 
Data polarity is determined by SL 1 x. SL 1 xis an input to 
the exclusive-OR gate which is the D input to the flip
flop. SL 1 x is programmed as 1 for inverted output or O 
for non-inverted output. The flip-flop is loaded on the 
LOW-to-HIGH transition of CLK. The feedback path is 
from a on the register. The output buffer is enabled by 
OE. 

Combinatorial Configurations 
The PALCE24V10 has three combinatorial output con
figurations: dedicated output in a non-registered device, 
1/0 in a non-registered device and 1/0 in a registered 
device. 

Dedicated Output in a Non-Registered 
Device 
The control settings are SGO = 1, SG1=0, and SLOx = 0. 
All eight product terms are available to the OR gate. 

AMO~ 
Because the macrocell is a dedicated output, the feed
back is not used. 

Dedicated Input in a Non-Registered 
Device 
The control bit settings are SGO = 1, SG1 = 0 and SLOx = 
1. The output buffer is disabled. The feedback signal is 
the 1/0 pin. 

Combinatorial 1/0 in a Non-Registered 
Device 
The control settings are SGO = 1, SG 1 = 1, and SLOx = 1. 
Only seven product terms are available to the OR gate. 
The eighth product term is used to enable the output 
buffer. The signal at the 1/0 pin is fed back to the AND 
array via the feedback multiplexer. This allows the pin to 
be used as an input. 

Combinatorial 1/0 in a Registered Device 
The control bit settings are SG0=0,SG1 =1 and SLOx =1. 
Only seven product terms are available to the OR gate. 
The eighth product term is used as the output enable. 
The feedback signal is the corresponding 1/0 signal. 

Table 1. Macrocell Configurations 

SGO SG1 SLOx Cell Configuration 

Device has registers 

0 1 0 Registered 
Output 

0 1 1 Combinatorial 110 

Device has no registers 

1 0 0 Combinatorial 
Output 

1 0 1 Dedicated Input 

1 1 1 Combinatorial 1/0 

Programmable Output Polarity 
The polarity of each macrocell output can be active high 
or active low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing" 
efforts. 

Selection is made through a programmable bit SL 1 x 
which controls an exclusive-OR gate at the output of the 
AND/OR logic. The output is active high if SL 1x is a 0 
and active low if SL 1 x is a 1. 

P ALCE24 V1OH·15/25 2·383 
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CLK 

a 

a 

Registered Active Low 

Combinatorial 1/0 Active Low 

Vee 

Combinatorial Output Active Low 

Dedicated Input 

D a 

Q 

Registered Active High 

Combinatorial 1/0 Active High 

Combinatorial Output Active High 

Figure 2. Macrocell Configurations 
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Power-Up Reset 
All flip-flops power up to a logic LOW for predictable sys
tem initialization. Outputs of the PALCE24V1 O depend 
on whether they are selected as registered or combina
torial. If registered is selected, the output will be HIGH. If 
combinatorial is selected, the output will be a function of 
the logic. 

Register Preload 
The register on the PALCE24V10 Series can be 
preloaded from the output pins to facilitate functional 
testing of complex state machine designs. This feature 
allows direct loading of arbitrary states, making it unnec
essary to cycle through long test vector sequences to 
reach a desired state. In addition, transitions from illegal 
states can be verified by loading illegal states and ob
serving proper recovery. 

Security Bit 
A security bit is provided on the PALCE24V1 Oas a de
terrent to unauthorized copying of the array configura
tion patterns. Once programmed, this bit defeats 
readback of the programmed pattern by a device pro
grammer, securing proprietary designs from competi
tors. However, programming and verification are also 
defeated by the security bit. The bit can only be erased 
in conjunction with the array during an erase cycle. 

Electronic Signature Word 
An electronic signature word is provided in the 
PALCE24V10. It consists of 64 bits of programmable 
memory that can contain any user-defined data. The 
signature data is always available to the user independ
ent of the security bit. 

AMO~ 
Programming and Erasing 
The PALCE24V1 O can be programmed on standard 
logic programmers. It also may be erased to reset a pre
viously configured device back to its virgin state. Era
sure is automatically performed by the programming 
hardware. No special erase operation is required. 

Quality and Testability 
The PAL24V1 O offers a very high level of built-in quality. 
The erasability if the device provides a direct means of 
verifying performance of all the AC and DC parameters. 
In addition, is verifies complete programmability and 
functionality of this device to yield the highest program
ming yields and post-programming function yields in the 
industry. 

Technology 
The high-speed PALCE24V10 is fabricated with AM D's 
advanced electrically-erasable (EE) CMOS process. 
The array connections are formed with proven EE cells. 
Inputs and outputs are designed to be compatible with 
TTL devices. This technology provides strong input
clamp diodes, output slew-rate control, and a grounded 
substrate for clean switching. 
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LOGIC DIAGRAM (continued) 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to +150°C 

OPERATING RANGES 
Commercial (C) Devices 
Temperature (TA) Operating Ambient Temperature 

with Power Applied ............. -55°C to + 12s0 c in Free Air. . . . . . . . . . . . . . . . . . . . . . . 0°C to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground . . . . . . . . . . . . -0.5 V to + 7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage ........... -0.5 V to Vee + 0.5 V 

DC Output or 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

110 Pin Voltage . . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

Static Discharge Voltage ................. 2001 V 

Latchup Current 
(TA= 0°C to +75°C) .................... 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
s~ecified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VOH Output HIGH Voltage loH =-3.2 mA VJN = VJH or VJL 2.4 

Vee= Min 

VOL Output LOW Voltage loL = 24 mA V1N = V1H or VJL 0.5 

Vee= Min 

VJH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VJL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage Current V1N = 5.25 V, Vee =Max (Note 2) 10 

hL Input LOW Leakage Current V1N = o V, Vee = Max (Note 2) -10 

IOZH Off-State Output Leakage Vour = 5.25 V, Vee = Max 10 
Current HIGH VJN = VJH or VJL (Note 2) 

IOZL Off-State Output Leakage Vour = o V, Vee = Max -10 
Current LOW VJN = VJH or VJL (Note 2) 

lsc Output Short-Circuit Current Vee = Max Vour = 0.5 V (Note3) -30 -150 

Ice Supply Current Outputs Open (lour= O mA) 115 
Vee= Max, f = 15 MHz 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of ltL and lozL(or l,H and lozl-}. 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 

2-388 PALCE24V10H-15/25 (Com'I) 



AMO~ 
CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Descriptions Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 V J Vee= 5.0 V, TA= 25°C, 5 pf 

CouT Output Capacitance VouT = 2.0 V jt = 1 MHz 8 pf 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter -15 -25 

Symbol Parameter Description Min Max Min Max Unit 

tPD Input or Feedback to Combinatorial Output 15 25 ns 

ts Setup Time from Input or Feedback to Clock 10 12 ns 

1H Hold Time 0 0 ns 

teo Clock to Output 10 12 ns 

1WL LOW 6 8 ns 
Clock Width 

1WH HIGH 6 8 ns 

Maximum 
External Feedback 11/(ts+tco) 50 41.6 MHz 

IMAX Frequency Internal Feedback (fCNT) 66 50 MHz 
(Note3) 

No Feedback 11 /(tWH+tWL) 83.3 62.5 MHz 

tPZX OE to Output Enable (Note 3) 15 20 ns 

tpxz OE to Output Disable (Note 3) 15 20 ns 

tEA Input to Output Enable Using Product Term Control 15 25 ns 
(Note3) 

tER Input to Output Disable Using Product Term Control 15 25 ns 
(Note3) 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 

Feedback VT 
Input or ~ 

-----~~-V-T ____ _ 
Combinatorial 

Output 

12222E-7 

COmblnatorlal Output 

Input 

tER tEA 

Output VT 
------L.L..L;of. 

12222E-9 

Input to Output Disable/Enable 

Clock 

Input or 
Feedback 

Clock 

Registered 

VT ----

Output _______ __. 

Output 

12222E-8 

Registered Output 

VT 

tPXZ tpzx 

VT ____ ___.:...LJ, 

12222E-10 

OE to Output Disable/Enable 

VT 

12222E-11 

Clock Width. 
Notes: 

1. Vr-1.5 V 

2. Input pulse amplitude o V to 3.0 V. 

3. Input rise and fall times 2 ns-5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

17111 

SWITCHING TEST CIRCUIT 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High
Impedance 
"Off" State 

KS000010-PAL 

5 v o-----cr' (}------. 
S1 

Specification S1 CL R1 R2 

tPD, tco Closed 

tPZX, tEA z~ H: Open 50 pF 

Z ~ L: Closed 200Q 390Q 

tPXZ, tER H ~z: Open 5 pF 

L ~z: Closed 

PALCE24V10H·15/25 

AMO~ 

12222E-12 

Measured 
Output Value 

1.5 v 
1.5 v 

H ~z: VoH - 0.5 v 
l ~z: VOL+ 0.5 V 
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ENDURANCE CHARACTERISTICS 
The PALCE24V10 is manufactured using AMD's ad
vanced electrically erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 

parts. As a result, the device can be erased and 
reprogrammed-a feature which allows 100% testing at 
the factory. 

Endurance Characteristics 

Symbol Parameter Test Conditions Min Unit 

tDR 
Max Storage Temperature 10 Years 

Min Pattern Data Retention Time 
Max Operating Temperature 20 Years 

N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Vee 

ESD Program/Verify 
Protection Circuitry 

Typical Input 

Vee 

Preload Feedback 
Circuitry Input 

Typical Output 
12222E-14 
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POWER-UP RESET 
The PALCE24V10 has been designed with the capabil
ity to reset during system power-up. Following power
up, all flip-flops will be reset to LOW. The output state 
will be HIGH independent of the logic polarity. This fea
ture provides extra flexibility to the designer and is espe
cially valuable in simplifying state machine initialization. 
A timing diagram and parameter table are shown below. 

Parameter 
Symbol Parameter Description 

IPR Power-Up Reset Time 

ts Input or Feedback Setup Time 

twL Clock Width LOW 

Power 

Registered 
Output 

Clock 

AMO~ 
Due to the synchronous operation of the power-up reset 
and the wide range of ways Vee can rise to its steady 
state, two conditions are required to ensure a valid 
power-up reset. These conditions are: 

• The Vee rise must be monotonic. 
• Following reset, the clock input must not be driven 

from LOW to HIGH until all applicable input and 
feedback setup times are met. 

Min Max Unit 

1000 ns 

See Switching 
Characteristics 

12222E-15 

Power-Up Reset Waveform 
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FINAL COM'L: H-7/10/15/20 

PALCE26V12 Family 
28-Pin EE CMOS Versatile PAL Device 

DISTINCTIVE CHARACTERISTICS 
• 28-pin versatile PAL programmable logic 

device architecture 

• Electrically erasable CMOS technology 
provides half power (only 105 mA) at high 
speed (7 .5 ns propagation delay) 

• 14 dedicated inputs and 12 input/output 
macrocells for architectural flexibility 

• Macrocells can be registered or combinatorial, 
and active high or active low 

• Varied product term distribution allows up to 
16 product terms per output 

GENERAL DESCRIPTION 
The PALCE26V12 is a 28-pin version of the popular 
PAL22V1 O architecture. Built with low-power, high
speed, electrically-erasable CMOS technology, the 
PALCE26V12 offers many unique advantages. 

Device logic is automatically configured according to the 
user's design specification. Design is simplified by de
sign software, allowing automatic creation of a program
ming file based on Boolean or state equations. The 
software can also be used to verify the design and can 
provide test vectors for the programmed device. 

The PALCE26V12 utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 
complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced 
to sum-of-products form, taking advantage of the 
very wide input gates available in PAL devices. The 
functions are programmed into the device through 
electrically-erasable floating-gate cells in the AND logic 
array and the macrocells. In the unprogrammed state, 
all AND product terms float HIGH. If both true and 
complement of any input are connected, the term will be 
permanently LOW. 
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IND: H-10/15/20 

~ 
Advanced 

Micro 
Devices 

• Two clock inputs for independent functions 

• Global asynchronous reset and synchronous 
preset for initialization 

• Register preload for testability and built-in 
register reset on power-up 

• Space-efficient 28-pin SKINNYDIP and PLCC 
packages 

• Center Vee and GND pins to improve signal 
characteristics 

• Extensive third-party software and programmer 
support through FusionPLD partners 

The product terms are connected to the fixed OR array 
with a varied distribution from 8 to 16 across the outputs 
(see Block Diagram). The OR sum of the products feeds 
the output macrocell. Each macrocell can be pro
grammed as registered or combinatorial, active high or 
active low, with registered 1/0 possible. The flip-flop can 
be clocked by one of two clock inputs. The output con
figuration is determined by four bits controlling three 
multiplexers in each macrocell. 

AMD's FusionPLD program allows PALCE26V12 
designs to be implemented using a wide variety of popu
lar industry-standard design tools. By working closely 
with the FusionPLD partners, AMO certifies that the 
tools provide accurate, quality support. By ensuring that 
third-party tools are available, costs are lowered 
because a designer does not have to buy a complete set 
of new tools for each device. The FusionPLD program 
also greatly reduces design time since a designer can 
use a tool that is already installed and familiar. Please 
refer to the PLO Software Reference Guide for certified 
development systems and the Programmer Reference 
Guide for approved programmers. 

Publication# 16072 Rev. D Amendment/O 
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Top View 

DIP 

CLK1/IO 113 

11 1/011 

12 1/010 

CLK2/13 1109 

14 1/08 

15 1/07 

Vee 1/06 

16 GND 
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110 1102 

111 1/01 

112 1/00 

Note: 160720-2 

Pin 1 is marked for orientation. 
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~AMO 
ORDERING INFORMATION 

Commercial and Industrial Products 
AMD commercial and industrial programmable logic products are available with several ordering options. The order 
number (Valid Combination) is formed by a combination of: 

PAL CE 26 V 12 H ·15 p c /4 

FAMILY TYPE T 
PAL= Programmable Array Logic 

TECHNOLOGY 
CE = CMOS Electrically Erasable 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
v. Versatile 

NUMBER OF OUTPUTS ---------' 

POWER 
H= HaH Power (105 mA Ice) 

Valid Combinations 

PALCE26V12H-7 JC 
PALCE26V12H-1 O 

PC, JC, Pl, JI 
PALCE26V12H-15 

14 

PALCE26V12H-20 PC, JC, Pl, JI 

1 L OPTIONAL PROCESSING 
Blank = Standard Processing 

PROGRAMMING DESIGNATOR 
14 = First Revision 

(May require programmer 
update) 

L--- OPERATING CONDITIONS 
C - Commercial (0°C to +75°C) 
I • Industrial (-40°C to +85°C) 

PACKAGE TYPE 
P = 28-Pin 300 mil Plastic 

SKINNYDIP (P03028) 
J = 28-Pin Plastic Leaded Chip 

Carrier (PL 028) 

L----------- SPEED 
-7 = 7.5 ns !PD 
-1 o = 1 O ns !PD 
-15= 15 ns!PD 
-20 = 20 ns !PD 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo
cal AMO sales office to confirm availability of specific 
valid combinations and to check on newly released 
combinations. 

2-396 PALCE26V12H·7/10/15/20 (Com'I), H-10/15/20 (Ind) 



FUNCTIONAL DESCRIPTION 
The PALCE26V12 has fourteen dedicated input lines, 
two of which can be used as clock inputs. Unused inputs 
should be tied directly to ground or Vee. Buffers for de
vice inputs and feedbacks have both true and comple
mentary outputs to provide user-selectable signal 
polarity. The inputs drive a programmable AND logic ar
ray, which feeds a fixed OR logic array. 

The OR gates feed the twelve 1/0 macrocells (see Fig
ure 1). The macrocell allows one of eight potential out
put configurations; registered or combinatorial, active 
high or active low, with register or 1/0 pin feedback (see 
Figure 2). In addition, registered configurations can be 
clocked by either of the two clock inputs. 

The configuration choice is made according to the 
user's design specification and corresponding program
ming of the configuration bits SO-S3 (see Table 1). Mul
tiplexer controls initially float to Vee (1) through a 
programmable cell, selecting the "1" path through the 
multiplexer. Programming the cell connects the control 
line to GND (0), selecting the "O" path. 

Table 1. Macrocell Configuration Table 

S3 S1 so Ou!.l!_ut Config_uration 

1 0 0 Registered Output and Feedback, 
Active Low 

1 0 1 Registered Output and Feedback, 
Active High 

1 1 0 Combinatorial 1/0, Active Low 

1 1 1 Combinatorial 1/0, Active High 

0 0 0 Registered 1/0, Active Low 

0 0 1 Registered 1/0, Active High 

0 1 0 Combinatorial Output, Registered 
Feedback, Active Low 

0 1 1 Combinatorial Output, Registered 
Feedback, Active High 

1 - Unprogrammed EE bit 
O =Programmed EE bit 

S2 Clock Input 

1 CLK1/lo 

0 CLK2/b 

AMO~ 

"When S3 = 1 (unprogrammed) the feedback is selected by S 1· 
When S3 = 0 (programmed), the feedback is the opposite of 
that selected by S 1· 

160720-4 
Figure 1. PALCE26V12 Macrocell 

Registered or Combinatorial 
Each macrocell of the PALCE26V12 includes a D-type 
flip-flop for data storage and synchronization. The flip
flop is loaded on the LOW-to-HIGH edge of the selected 
clock input. Any macrocell can be configured as combi
natorial by selecting a multiplexer path that bypasses 
the flip-flop. Bypass is controlled by bit S1. 

Programmable Clock 
The clock input for any flip-flop can be selected to be 
from either pin 1 or pin 4. A 2:1 multiplexer controlled by 
bit S2 determines the clock input. 

Programmable Feedback 
A 2:1 multiplexer allows the user to determine whether 
the macrocell feedback comes from the flip-flop or 
from the 1/0 pin, independent of whether the output is 
registered or combinatorial. Thus, registered outputs 
may have internal register feedback for higher speed 
(IMAX internal), or 1/0 feedback for use of the pin as a di
rect input (IMAX external). Combinatorial outputs may 
have 1/0 feedback, either for use of the signal in other 
equations or for use as another direct input, or register 
feedback. 

PALCE26V12 Family 2-397 
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The feedback multiplexer is controlled by the same bit 
(S1) that controls whether the output is registered or 
combinatorial, as on the 22V10, with an additional con
trol bit (S3) that allows the alternative feedback path to 
be selected. When S3 = 1, S1 selects register feedback 
for registered outputs (S1 = 0) and 1/0 feedback for 
combinatorial outputs (S1 = 1). When S3 = 0, the 
opposite is selected: 1/0 feedback for registered outputs 
and register feedback for combinatorial outputs. 

Programmable Enable and 1/0 
Each macrocell has a three-state output buffer con
trolled by an individual product term. Enable and disable 
can be a function of any combination of device inputs or 
feedback. The macrocell provides a bidirectional 1/0 pin 
if 1/0 feedback is selected, and may be configured as a 
dedicated input if the buffer is always disabled. This is 
accomplished by connecting all inputs to the enable 
term, forcing the AND of the complemented inputs to be 
always LOW. To permanently enable the outputs, all 
inputs are left disconnected from the term (the 
unprogrammed state). 

Programmable Output Polarity 
The polarity of each macrocell output can be active high 
or active low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing" 
efforts. 

Selection is controlled by programmable bit SO in the 
output macrocell, and affects both registered and com
binatorial outputs. Selection is automatic, based on the 
design specification and pin definitions. If the pin defini
tion and output equation have the same polarity, the out
put is programmed to be active high. 

Preset/Reset 
For initialization, the PALCE26V12 has additional 
Preset and Reset product terms. These terms are con
nected to all registered outputs. When the Synchronous 
Preset (SP) product term is asserted high, the output 
registers will be loaded with a HIGH or the next LOW-to
HIGH clock transition. When the Asynchronous Reset 
(AR) product term is asserted high, the output registers 
will be immediately loaded with a LOW independent of 
the clock. 

Note that preset and reset control the flip-flop, not the 
output pin. The output level is determined by the output 
polarity selected. 

Power-Up Reset 
All flip-flops power up to a logic LOW for predictable sys
tem initialization. Outputs of the PALCE26V12 will be 
HIGH or LOW depending on whether the output is active 
low or active high, respectively. The Vee rise must be 
monotonic, and the reset delay time is 1000 ns 
maximum. 

Register Preload 
The register on the PALCE26V12 can be preloaded 
from the output pins to facilitate functional testing of 
complex state machine designs. This feature allows di
rect loading of arbitrary states, thereby making it unnec
essary to cycle through long test vector sequences to 
reach a desired state. In addition, transitions from illegal 
states can be verified by loading illegal states and 
observing proper recovery. 

Security Bit 
After programming and verification, a PALCE26V12 
design can be secured by programming the security bit. 
Once programmed, this bit defeats readback of the 
internal programmed pattern by a device programmer, 
securing proprietary designs from competitors. Pro
gramming the security bit disables preload, and the 
array will read as if every bit is disconnected. The secu
rity bit can only be erased in conjunction with erasure of 
the entire pattern. 

Programming and Erasing 
The PALCE26V12 can be programmed on standard 
logic programmers. It also may be erased to reset a 
previously configured device back to its virgin state. 
Erasure is automatically performed by the programming 
hardware. No special erase operation is required. 

Quality and Testability 
The PALCE26V12 offers a very high level of built-in 
quality. The erasability of the device provides a means 
of verifying performance of all AC and DC parameters. 
In addition, this verifies complete programmability and 
functionality of the device to provide the highest 
programming yields and post-programming functional 
yields in the industry. 

Technology 
The high-speed PALCE26V12 is fabricated with AM D's 
advanced electrically erasable (EE) CMOS process. 
The array connections are formed with proven EE cells. 
Inputs and outputs are designed to be compatible with 
TTL devices. This technology provides strong input 
clamp diodes, output slew-rate control, and a grounded 
substrate for clean switching. 

2-398 PALCE26V12 Family 



Registered Active-Low Output, 
Register Feedback 

Registered Active-Low 1/0 

Registered Active-High Output, 
Register Feedback 

Registered Active-High 1/0 

Registered Outputs 

Combinatorial Active-Low 1/0 

Combinatorial Active-Low Output, 
Register Feedback 

• • 
• 

Combinatorial Active-High 1/0 

CLK 

Combinatorial Active-High Output, 
Register Feedback 

AMO~ 

Combinatorial Outputs 160720-5 

Figure 2. PALCE26V12 Macrocell Configuration Options 
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LOGIC DIAGRAM 
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When Sa = 0 (programmed), the feedback is the opposite of 
that selected by S,. 
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LOGIC DIAGRAM (continued) 
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~AMO PRELIMINARY 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 1 so0 c 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) Ambient Temperature with 
Power Applied ................. -55°C to + 12s0 c Operating in Free Air .............. 0°c to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 v with Respect to Ground ........ +4.75 V to +5.25 V 
DC Input Voltage . . . . . . . . . . . . . . . -0.6 V to +7.0 V 

DC Output or 1/0 
Industrial (I) Devices 

Ambient Temperature (TA) 
Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee+ 0.5 V Operating in Free Air ............ -40°C to +85°C 
Static Discharge Voltage ................. 2001 V Supply Voltage (Vee) 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

with Respect to Ground .......... +4.5 V to +5.5 V 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges unless 
otherwise specified 

PRELIMINARY 
Parameter 

Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage loH = -3.2 mA V1N = V1H or V1L 2.4 v 
Vee= Min 

VoL Output LOW Voltage IOL = 16 mA V1N = V1H or V1L 0.4 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 1) 

l1H Input HIGH Leakage Current V1N = 5.25 V, Vee = Max (Note 2) 10 µA 

l1L Input LOW Leakage Current V1N = 0 V, Vee= Max (Note 2) -10 µA 

loZH Off-State Output Leakage VouT = 5.25 V, Vee =Max 10 µA 
Current HIGH V1N = V1Hor V1L (Note 2) 

lozL Off-State Output Leakage VouT = 0 V, Vee = Max -10 µA 
Current LOW V1N = V1Hor V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee= Max (Note 3) -30 -160 mA 

Ice V1N = 0 V, Outputs Open (louT = 0 mA) H-7/10 115 mA 
(Static) 

Commercial Supply Current 
Vee = Max, f = 0 MHz 

Ice H-7/1 O 130 mA 
(Dynamic) V1N= 0 V, Outputs Open (louT= 0 mA) 

Ice Industrial Supply Current Vee= Max, f = 15 MHz H-10 150 mA 
(Dynamic) 

Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of IJL and IOZL (or /JH and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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PRELIMINARY AMO~ 

CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 0 v Vee= 5.0 V 5 

TA= +25°C pF 

Gour Output Capacitance VouT= 0 V f = 1 MHz 8 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges 
(Note 2) 

PRELIMINARY 

Parameter -7 -10 

Symbol Parameter Description Min Max Min Max Unit 

!po Input or Feedback to Combinatorial Output 7.5 10 ns 

ts Setup Time from Input, Feedback, or SP to Clock 5 7 ns 

tH Hold Time 0 0 ns 

tco Clock to Output 4.5 7 ns 

IAR Asynchronous Reset to Registered Output 9 12 ns 

tARW Asynchronous Reset Width 6 8 ns 

IARR Asynchronous Reset Recovery Time 5 8 ns 

ISPR Synchronous Preset Recovery Time 5 8 ns 

IWL Clock Width LOW 3.5 4 ns 

twH HIGH 3.5 4 ns 

IMAX 
Maximum 
Frequency 

External Feedback I 1/(ts +tco) 105.3 71.4 MHz 

(Note 3) Internal Feedback (fcNr) 125 105 MHz 

tEA Input to Output Enable Using Product Term Control 7.5 10 ns 

Im Input to Output Disable Using Product Term Control 7.5 10 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to + 150°C 

Ambient Temperature with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Power Applied ................. -55°C to + 125°C Operating in Free Air .............. 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 
DC Input Voltage . . . . . . . . . . . . . . . -0.6 V to +7.0 V 

DC Output or 1/0 
Industrial (I) Devices 

Ambient Temperature (TA) 
Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee+ 0.5 V Operating in Free Air . . . . . . . . . . . . -40°C to +85°C 
Static Discharge Voltage ................. 2001 V Supply Voltage (Vee) 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

with Respect to Ground . . . . . . . . . . +4.5 V to +5.5 V 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges unless 
otherwise specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage loH = -3.2 mA V1N = V1H or V1L 2.4 v 
Vee= Min 

VoL Output LOW Voltage IOL = 16 mA V1N = V1H or V1L 0.4 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 1) 

l1H Input HIGH Leakage Current V1N = 5.25 V, Vee = Max (Note 2) 10 µA 

l1L Input LOW Leakage Current V1N = O V, Vee =Max (Note 2) -10 µA 

lozH Off-State Output Leakage VouT = 5.25 V, Vee =Max 10 µA 
Current HIGH V1N = V1Hor V1L (Note 2) 

lozL Off-State Output Leakage VouT = 0 V, Vee = Max -10 µA 
Current LOW V1N = V1Hor V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee= Max (Note 3) -30 -160 mA 

Ice Commerical Supply Current V1N = O V, Outputs Open (louT= O mA) H-15/20 105 mA 
(Static) Vee = Max, I = O MHz 

Ice V1N = 0 V, Outputs Open (IOUT= 0 mA) H-15 150 mA 
(Dynamic) Vee= Max, I= 15 MHz 

Ice Industrial Supply Current V1N= 0 V, Outputs Open (louT= 0 mA) H-20 130 mA 
(Static) Vee= Max 

Ice V1N = 0 V, Outputs Open (louT= 0 mA) H-20 150 mA 
(Dynamic) Vee= Max, f = 15 MHz 

Notes: 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of hL and lozL (or hH and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ Unit 

c,. Input Capacitance V1N = 0 v Vee= 5.0 V 5 

TA= +25°C pF 

Gour Output Capacitance Vour = 0 V I= 1 MHz 8 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges 
(Note 2) 

Parameter -15 -20 

Symbol Parameter Description Min Max Min Max Unit 

tPo Input or Feedback to Combinatorial Output 15 20 ns 

ts Setup Time from Input, Feedback, or SP to Clock 10 13 ns 

tH Hold Time 0 0 ns 

tco Clock to Output 10 12 ns 

tAR Asynchronous Reset to Registered Output 20 25 ns 

tARW Asynchronous Reset Width 15 20 ns 

tARR Asynchronous Reset Recovery Time 15 20 ns 

tsPR ~nchronous Preset Recov~ Time 10 13 ns 

twL Clock Width LOW 8 10 ns 

twH HIGH 8 10 ns 

Maximum External Feedback 1 1/{ts +tea) 50 40 MHz 
IMAX Frequency 

{Note 3) Internal Feedback {fcNr) 58.8 43 MHz 

tEA Input to Output Enable Using Product Term Control 15 20 ns 

tER Input to Output Disable Using Product Term Control 15 20 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 

Input or 
Feedback 

Combinatorial 
Output 

Clock 

Input Asserting 
Asynchronous 

Reset 

Registered 
Outputs 

Clock 

Notes: 

1. VT= 1.5 V 

-iffix1-VT 

160720-7 

Combinatorial Output 

Clock Width 160720-9 

VT 

VT 

160720-11 

Asynchronous Reset 

2. Input pulse amplitude O V to 3. O V. 

3. Input rise and fall times 2 ns-5 ns typical. 

Input or 
Feedback ___ __, ,__ ____ __, _vT __ _ 

ts-~---itH 

Clock ----------ii'.ikv~co VT 
Registered 

Output _________ ~ 

160720-8 

Registered Output 

Input VT 

tER tEA 

Output VT 

160720-10 

Input to Output Disable/Enable 

Input Asserting 
Synchronous VT 

Preset 

ts tH !SPA 

Clock 

~~ Registered 
Outputs 

160720-12 

Synchronous Preset 

2-406 PALCE26V12 Family 



KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

ill// 

SWITCHING TEST CIRCUIT 

5V 

Specification S1 

tPD, tea Closed 

tEA z_, H: Open 

Z --> L: Closed 

tER H -;Z: Open 

L _,z: Closed 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

CL 

50 pF 

R1 

3000 

5 pF 

PALCE26V12 Family 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High
Impedance 
"Off" State 

KS000010-PAL 

Test Point 

R2 

3900 

AMO ;t1 

160720-13 

Measured 

Output Value 

1.5 v 
1.5 v 

H -;Z: VoH - 0.5 V 
L -;Z: VoL + 0.5 V 

2·407 
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ENDURANCE CHARACTERISTICS 
The PALCE26V12 is manufactured using AMD's ad
vanced Electrically Erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 

parts. As a result, the device can be erased and 
reprogrammed-a feature which allows 100% testing at 
the factory. 

Symbol Parameter Test Conditions Min Unit 

IDR Min Pattern Data Retention Time Max Storage Temperature 10 Years 

Max Operating Temperature 20 Years 

N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Vee 

ESD Program/Vertty = 
Protection Circuitry 

Typical Input 

Vee 

Preload Feedback 
Circuitry Input 

Typical Output 1so?2D-14 
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Bus-Friendly Inputs 
The PALCE26V12H-7/10 (Com'I) and H-10/15 (Ind) in
puts and 1/0 loop back to the input after the second 
stage of the input buffer. This configuration reinforces 

AMO~ 

the state of the input and pulls the voltage away from the 
input threshold voltage. Unlike a pull-up, this configura
tion cannot cause contention on a bus. For an illustration 
of this configuration, see below. 

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR SELECTED /4 DEVICES* 

Device 

PALCE26V12H-7 

PALCE26V12H-1 O 

PALCE26V12H-15 

ESD 
Protection 

Rev. Letter 

c 

100 kn Vee 

Vee Vee 

100 kn 

Preload Feedback 
Circuitry Input 

160720-15 
Output 
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ROBUSTNESS FEATURES 
The PALCE26V12 has some unique features that make 
it extremely robust, especially when operating in high 
speed design environments. Input clamping circuitry 
limits negative overshoot, eliminating the possibility of 

false clocking caused by subsequent ringing. A special 
noise filter makes the programming circuitry completely 
insensitive to any positive overshoot that has a pulse 
width of less than about 100 ns. 

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR REV. B VERSION 

2-410 

Device 

ESD 
Protection 

and 
Clamping 

PALCE26V12-15 

PALCE26V12-20 

I 
I 
I 
I 
I 

Vee 

>50 kn 

IP . 

Vee 

I rogramm1ng 
L!~:._~lt._ ______ _ Programming 

Voltage 
Detection 

Positive 
Overshoot 

Filter 

Programming 
Circuitry 

Rev. Letter 

B 

Typical Input 

Vee 

>50kn 

Preload Feedback 
Circuitry Input 

Typical Output 160720-16 

Topside Marking: 
AMO CMOS PLD's are marked on top of the package in the 
following manner: 

PALCExxxx 
Datecode (3 numbers) LOT ID (4 characters) - - (Rev. Letter) 
The Lot ID and Rev. letter are separated by two spaces. 

PALCE26V12 Family 



POWER-UP RESET 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW alter the device has been powered up. 
The output state will depend on the programmed con
figuration. This feature is valuable in simplifying state 
machine initialization. A timing diagram and parameter 
table are shown below. Due to the synchronous opera
tion of the power-up reset and the wide range of ways 

Parameter 
Symbol Parameter Description 

IPR 

ts 

IWL 

Power-Up Reset Time 

Input or Feedback Setup Time 

Clock Width LOW 

Power 

Registered 
Active-Low 

Output 

Clock 

AMO~ 

Vee can rise to its steady state, two conditions are 
required to ensure a valid power-up reset. These condi
tions are: 

• The Vee rise must be monotonic. 

• Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and 
feedback setup times are met. 

Max Unit 

1000 ns 

See Switching 
Characteristics 

tWL 160720-17 

Power-Up Reset Waveform 

PALCE26V12 Family 2-411 
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TYPICAL THERMAL CHARACTERISTICS 
Measured at 25°C ambient. These parameters are not tested. 

PALCE26V12 

Parameter 
Symbol Parameter Description 

0jc Thermal impedance, junction to case 

Oja Thermal impedance, junction to ambient 

0jma Thermal impedance, junction to ambient with air flow 

Plastic ajc Considerations 

Typ 

SKINNY DIP PLCC Unit 

19 18 •cfW 

65 55 •ctW 

200 l.!E_m air 59 48 •ctW 
400 lfpm air 54 44 •cfW 
600 lfpm air 50 39 •cfW 
800 lfpm air 50 37 •ctW 

The data listed for plastic0jc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the ajc measurement relative to a specific location on the 
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of 
the package. Furthermore, ajc tests on packages are performed in a constant-temperature bath. keeping the package surface at 
a constant temperature. Therefore, the measurements can only be used in a similar environment. 

2-412 PALCE26V12H-15/20 



DAT A SHEET REVISION SUMMARY FOR 

PALCE26V12 Family 
Title 

Included H-7/10 (Com'I) and H-10/15/20 (Ind) 

Ordering Information 

Updated valid combinations table to include: 

PALCE26V12H-7 

PALCE26V12H-10 

PALCE26V12H-20 

JC 

PC, JC, Pl, JI 

Pl, JI 

AMO~ 
DC Characteristics 

Included the industrial specifications 

For PALCE26V12H-7/10/15/20 

• changed liH from V1N = 5.5 V to V1N = 5.25 V 

• changed loZH from VouT = 5.5 V to VouT = 5.25 V 

PALCE26V12 Family 2-413 
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• GL ™Devices 
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FINAL COM'L: H-25 ~ 
PALCE29M16H-25 
24-Pin EE CMOS Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• High-performance semlcustom logic 
replacement; Electrically Erasable (EE) 
technology allows reprogrammability 

• 16 bidirectional user-programmable 1/0 logic 
macrocells for Combinatorial/Registered/ 
Latched operation 

• Output Enable controlled by a pin or product 
terms 

• Varied product term distribution for Increased 
design flexibility 

• Programmable clock selection with two clocks/ 
latch enables ([Es) and LOW/HIGH clock/[E 
polarity 

GENERAL DESCRIPTION 
The PALCE29M16 is a high-speed, EE CMOS Pro
grammable Array Logic (PAL) device designed for gen
eral logic replacement in TIL or CMOS digital systems. 
It offers high speed, low power consumption, high pro
gramming yield, fast programming and excellent reli
ability. PAL devices combine the flexibility of custom 

BLOCK DIAGRAM 
CLK/LE l/OF6 1107 

1/0fo I/OF~ l!Oo 

Publication# 08740 Rev. G Amendment/O 
Issue Date: Juno 1993 

l/01 

• Register/Latch Preload permits full logic 
verification 

• High speed (tPo = 25 ns, fMAX = 33 MHz and fMAX 
Internal = 50 MHz) 

• Full-function AC and DC testing at the factory 
for high programming and functional yields 
and high reliability 

• 24-Pln 300 mll SKINNYDIP and 28-pln plastic 
leaded chip carrier packages 

• Extensive third-party software and programmer 
support through FusionPLD partners 

logic with the off-the-shelf availability of standard prod
ucts, providing major advantages over other semicus
tom solutions such as gate arrays and standard cells, 
including reduced development time and low up-front 
development cost. 

l/Ofa 

08740G-1 

2-415 
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GENERAL DESCRIPTION (continued) 
The PALCE29M16 uses the familiar sum-of-products 
(AND-OR) structure, allowing users to customize logic 
functions by programming the device for specific appli
cations. It provides up to 29 array inputs and 16 outputs. 
It incorporates AMD's unique input/output logic macro
cell which provides flexible input/output structure and 
polarity, flexible feedback selection, multiple Output En
able choices, and a programmable clocking scheme. 
The macrocells can be individually programmed as 
combinatorial, registered, or latched with active-HIGH 
or active-LOW polarity. The flexibility of the logic macro
cells permits the system designer to tailor the device to 
particular application requirements. 

Increased logic power has been built into the 
PALCE29M16 by providing a varied number of logic 
product terms per output. Eight outputs have 8 product 

CONNECTION DIAGRAMS 

Top View 
SKINNYDIP 

CLK/LE Vee 
lo 12 

l/OFo l/OF1 

l/OF1 l/OFs 

l/Oo 1/07 

(/01 I/Os 

1102 I/Os 

1/03 (/04 

l/OF2 l/OFs 

l/OF3 l/OF4 

I/OE 11 

GND l/CLK/LE 

Note: 
08740G-2 

Pin 1 is marked for orientation. 

PIN DESIGNATIONS 
CLK/LE 

GND 

l/CLK/LE 

1/0 

I/OF 

NC 

Vee 

Clock/Latch Enable 

Ground 

Input 

Input or Clock/Latch Enable 

Input/Output 

Input/Output with Dual Feedback 

No Connection 

Supply Voltage 

terms each, four outputs have 12 product terms each, 
and the other four outputs have 16 product terms each. 
This varied product-term distribution allows complex 
functions to be implemented in a single PAL device. 
Each output can be dynamically controlled by a com
mon Output Enable pin or Output Enable product terms 
per bank of four outputs. Each output can also be per
manently enabled or disabled. 

System operation has been enhanced by the addition of 
common asynchronous-Preset and Reset product 
terms and a power-up Reset feature. The 
PALCE29M16 also incorporates Preload and Obser
vability functions which permit full logic verification of 
the design. 

The PALCE29M16 is offered in the space-saving 
300-mil SKINNYDIP package as well as the plastic 
leaded chip carrier package. 

PLCC 

0 I~ 
0 

r--u... ~ u... 
~ --' 0 0 N ~ .S?o z > -

l/OF1 25 l/OFs 

l/Oo 24 1107 

1101 23 I/Os 

NC 22 NC 

1102 21 l/05 

l/03 20 l/04 

l/OF2 19 l/OF5 

08740G-3 
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ORDERING INFORMATION 

Commercial Products 

AMO~ 

AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 

PAL CE 29 M 16 H -25 P C 

FAMILY TYPE 
T 

PAL= Programmable Array Logic 

TECHNOLOGY 
CE = CMOS Electrically Erasable 

NUMBER OF ARRAY INPUTS---~ 

OUTPUT TYPE 
M = Advanced Macrocell 

NUMBER OF FLIP-FLOPS ------~ 

POWER ---------------' 
H = Half Power (1 oo mA) 

SPEED 
-25 = 25 ns 

Valid Combinations 

PALCE29M16H-25 PC, JC /4 

14 

L OPTIONAL PROCESSING 
Blank = Standard processing 

PROGRAMMING REVISION 
14 = First Revision 

(Requires current 
programming Algorithm) 

TEMPERATURE RANGE 
C =Commercial (0°C to +75°C) 

PACKAGE TYPE 
P = 24-Pin Plastic SKINNYDIP 

(PD3024) 
J = 28-Pin Plastic Leaded Chip 

Carrier (PL 028) 

Valid Combinations 

Valid Combinations lists configurations planned to 
be supported in volume for this device. Consult the 
local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

PALCE29M16H-25 (Com'I) 2-417 
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FUNCTIONAL DESCRIPTION 
Inputs 
The PALCE29M16 has 29 inputs to drive each product 
term (up to 58 inputs with both TRUE and complement 
versions available to the AND array) as shown in the 
block diagram in Figure 1. Of these 29 inputs, 3 are 
dedicated inputs, 16 are from 8 1/0 logic macrocells with 
two feedbacks, 8 are from other 1/0 logic macrocells 
with single feedback, one is the I/OE input and one is the 
l/CLK/LE input. 

Initially the AND-array gates are disconnected from all 
the inputs. This condition represents a logical TRUE for 
the AND array. By selectively programming the EE cells, 
the AND array may be connected to either the TRUE in
put or the complement input. When both the TRUE and 
complement inputs are connected, a logical FALSE re
sults at the output of the AND gate. 

Product Terms 
The degree of programmability and complexity of a PAL 
device is determined by the number of connections that 
form the programmable-AND and OR gates. Each pro
grammable-AND gate is called a product term. The 
PALCE29M16 has 188 product terms; 176 of these 
product terms provide logic capability and 12 are archi
tectural or control product terms. Among the 12 control 
product terms, two are for common Asynchronous
Preset and Reset, one is for Observability, and one is for 
Preload. The other eight are common Output Enable 
product terms. The Output Enable of each bank of four 
macrocells can be programmed to be controlled by a 
common Output Enable pin or two AND/XOR product 
terms. It may be also permanently enabled or perma
nently disabled. 

Each product term on the PALCE29M16 consists of a 
58-input AND gate. The outputs of these AND gates are 

Common I/OE Pin 

OE PTs For Banks { 
of 4 Macroceus 

Common 
Asynchronous Preset 

P11 orP15 

eLKILE 

l/eLKJLE 

Common 
Asynchronous Reset 

To AND Array 

connected to a fixed-OR plane. Product terms are allo
cated to OR gates in a varied distribution across the de
vice ranging from 8 to 16 wide, with an average of 11 
logic product terms per output. An increased number of 
product terms per output allows more complex functions 
to be implemented in a single PAL device. This flexibility 
aids in implementing functions such as counters, exclu
sive-OR functions, or complex state machines, where 
different states require different numbers of product 
terms. 

Common asynchronous-Preset and Reset product 
terms are connected to all Registered or Latched I/Os. 

When the asynchronous-Preset product term is as
serted (HIGH) all the registers and latches will immedi
ately be loaded with a HIGH, independent of the clock. 
When the asynchronous-Reset product term is asserted 
(HIGH) all the registers and latches will be immediately 
loaded with a LOW, independent of the clock. The actual 
output state will depend on the macrocell polarity selec
tion. The latches must be in latched mode (not transpar
ent mode) for the Reset, Preset, Preload, and power-up 
Reset modes to be meaningful. 

Input/Output Logic Macrocells 
The 1/0 logic macrocell allows the user the flexibility of 
defining the architecture of each input or output on an in
dividual basis. It also provides the capability of using the 
associated pin either as an input or an output. 

The PALCE29M16 has 16 macrocells, one for each 1/0 
pin. Each 1/0 macrocell can be programmed for combi
natorial, registered or latched operation (see Figure 2). 
Combinatorial output is desired when the PAL device is 
used to replace combinatorial glue logic. Registers and 
Latches are used in synchronous logic applications. 

Vee 

08740G-4 

Figure 2a. PALCE29M16 Macrocell (Single Feedback) 
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The output polarity for each macrocell in each of the 
three modes of operation is user-selectable, allowing 
complete flexibility of the macrocell configuration. 

Eight of the macrocells (l/OF0-l/OF1) have two inde
pendent feedback paths to the AND array (see Figure 
2b). The first is a dedicated 1/0 pin feedback to the AND 
array for combinatorial input. The second path consists 
of a direct register/latch feedback to the array. If the pin 
is used as a dedicated input using the first feedback 
path, the register/latch feedback path is still available to 
the AND array. This path provides the capability of using 
the register/latch as a buried state register/latch. The 
other eight macrocells have a single feedback path to 
the AND array. This feedback is user-selectable as 
either an 1/0 pin or a register/latch feedback (see 
Figure2a). 

Each macrocell can provide true inpuUoutput capability. 
The user can select each macrocell register/latch to be 
driven by eitherthe signal generated by the AND-OR ar
ray or the 110 pin. When the 110 pin is selected as the in
put, the feedback path provides the register/latch input 
to the array. When used as an input, each macrocell is 
also user-programmable for registered, latched, or com
binatorial input. 

The PALCE29M16H has a dedicated CLK/LE pin and 
an l/CLK/LE pin. All macrocells have a programmable 
switch to choose between these two pins as the clock or 
latch enable signal. These signals are clock signals for 
macrocells configured as registers and latch enable sig
nals for macrocells configured as latches. The polarity of 
these CLK/LE signals is also individually programma
ble. Thus different registers or latches can be driven by 
different clocks and clock phases. 

The Output-Enable mode of each of the macrocells can 
be selected by the user. The 1/0 pin can be configured 
as an output pin (permanently enabled) or as an input 
pin (permanently disabled). It can also be configured as 

AMO ;t1 
a dynamic 1/0 controlled by the Output Enable pin or by 
two AND-XOR product terms which are available for 
each bank of four 1/0 Logic Macrocells. 

1/0 Logic Macrocell Configuration 
AMD's unique 1/0 macrocell offers major benefits 
through its versatile, programmable inpuUoutput cell 
structure, multiple clock choices, flexible Output Enable 
and feedback selection. Eight 1/0 macrocells with single 
feedback contain 9 EE cells, while the other eight ma
crocells contain 8 EE cells for programming the inpuU 
output functions (see Table 1 ). 

EE cell S1 controls whether the macrocell will be combi
natorial or registered/latched. So controls the output po
larity (active-HIGH or active-LOW). S2 determines 
whether the storage element is a register or a latch. S3 
allows the use of the macrocell as an input register/latch 
or as an output register/latch. It selects the direction of 
the data path through the register/latch. If connected to 
the usual AND-OR array output, the register/latch is an 
output connected to the 110 pin. If connected to the 110 
pin, the register/latch becomes an input register/latch to 
the AND array using the feedback data path. 

Programmable EE cells S4 and S5 allow the user to se
lect one of the four CLK/LE signals for each macrocell. 
Ss and S1 are used to control Output Enable as pin con
trolled, two-product-term-controlled, pennanently en
abled or permanently disabled. Sa controls a feedback 
multiplexer for the macrocells with a single feedback 
path only. 

Using the programmable EE cells So-Sa various input 
and output configurations can be selected. Some of the 
possible configuration options are shown in Figure 3. 

In the unprogrammed state (charged, disconnected), an 
architectural cell is said to have a value of "1 ";in the pro
grammed state (discharged, connected to GND), an ar
chitectural cell is said to have a value of "O." 

Vee eQlll!110n 
VOE Pin--==-------------~ 

OE PT s For Banks { 
of 4 Macrocells 

Common 
Asynchronous 

Preset 
PO 

P7 

eLK!IT 

l/eLK!IT 

To AND Array ~=3:1-------__lRFx 

To AND Array -::::==~-------------_J 

Figure 2b. PALCE29M16 Macrocell (Dual Feedback) 

PALCE29M16H-25 
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Table 1a. PALCE29M16 l/O Logic Macrocell Architecture Selections 

S3 l/OCell S2 Storage Element 

1 Output Cell 1 Register 

0 Input Cell 0 Latch 

S1 Output Type So Output Polarity 

1 Combinatorial 1 Active LOW 

0 Register/Latch 0 Active HIGH 

Sa Feedback* 

1 Register/Latch 

0 1/0 

•Applies to macrocells with single feedback only. 

Table 1 b. PALCE29M16 110 Logic Macrocell Clock Polarity and Output Enable Selections 

$4 S5 Clock Edge/Latch Enable Level 

1 1 CLK/LE pin posttive-going edge, active-LOW LE 

1 0 CLK/LE pin negative-going edge, active-HIGH LE 

0 1 l/CLK/LE pin positive-going edge, active-LOW LE 

0 0 l/CLK/LE pin negative-going edge, active-HIGH LE 

Ss S1 Output Buffer Control 

1 1 Pin-Controlled Three-State Enable 

1 0 XOR PT-Controlled Three-State Enable 

0 1 Permanently Enabled (Output only) 

0 0 Permanently Disabled (Input only) 

Notes: 
1 = Erased State (charged or disconnected). 

o - Programmed State (discharged or connected). 

•Active-LOW LE means that data is stored when the LE pin is HIGH, and the latch is transparent when the LE pin is LOW. 
Active-HIGH LE means the opposite. 
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SOME POSSIBLE CONFIGURATIONS OF THE INPUT/OUTPUT LOGIC MACROCELL 
(For other useful configurations, please refer to the macrocell diagrams in Figure 2. All macrocell architecture cells are 
independently programmable). 

08740G-6 

Output Registered/Active Low 

08740G-8 

Output Registered/Active High 

08740G-7 

Output Combinatorial/Active Low 

08740G-9 

Output Combinatorial/Active High 

Figure 3a. Dual Feedback Macrocells 

So= 1 
s1 =0 
S3= 1 
Sa=O 
S2= 1 

0874DG-10 
08740G-11 

Output Registered/Active Low, 
1/0 Feedback 

So=O 
s1 =0 
S3= 1 
Sa=O 
S2 =0 

08740G-12 

Output Latched/Active High, 
1/0 Feedback 

Output Combinatorial/Active Low, 
110 Feedback 

08740G-13 

Output Combinatorial/Active High, 
110 Feedback 

Figure 3b. Single Feedback Macrocells 
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POSSIBLE CONFIGURATIONS OF THE INPUT/OUTPUT LOGIC MACROCELL 

2-422 

So= 1 
S1 =0 
S3= 1 
Sa= 1 
S2= 1 

08740G-14 

Output Registered/Active Low, 
Register Feedback 

So= 1 
S1 =0 
S3= 1 
Sa= 1 
S2=0 

08740G-16 

Output Latched/Active Low, 
Latched Feedback 

08740G-15 

Output Combinatorial/Active Low, 
Register Feedback 

08740G-17 

Output Combinatorial/Active Low, 
Latched Feedback 

Figure 3b. Single Feedback Macrocells (continued) 

S3= 0 
Sa= 1 <For.Single Feedback Only) 
S2 = 1 Register 

= o Latch 

Programmable-AND Array 

08740G-18 

Input Registered/Latched 

Figure 3c. All Macrocells 
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Power-Up Reset 
All flip-flops power up to a logic LOW for predictable sys
tem initialization. The outputs of the PALCE29M16 de
pend on whether they are selected as registered or 
combinatorial. If registered is selected, the output will be 
LOW if programmed as active LOW and HIGH if pro
grammed as active HIGH. If combinatorial is selected, 
the output will be a function of the logic. 

Preload 
To simplify testing, the PALCE29M16 is designed with 
preload circuitry that provides an easy method for test
ing logical functionality. Both product-term-controlled 
and supervoltage-enabled preload modes are avail
able. The TTL-level preload product term can be useful 
during debugging, where supervoltages may not be 
available. 

Preload allows any arbitrary state value to be loaded 
into the registers/latches of the device. A typical func
tional-test sequence would be to verify all possible state 
transitions for the device being tested. This requires the 
ability to set the state registers into an arbitrary "present 
state" value and to set the device's inputs into an arbi
trary ''present input" value. Once this is done, the state 
machine is clocked into a new state, or "next state,'' 
which can be checked to validate the transition from the 
"present state." In this way any transition can be 
checked. 

Since pre load can provide the capability to go directly to 
any desired arbitrary state, test sequences may be 
greatly shortened. Also, all possible states can be 
tested, thus greatly reducing test time and development 
costs and guaranteeing proper in-system operation. 

Observability 
The output register/latch observability product term, 
when asserted, suppresses the combinatorial output 
data from appearing on the 1/0 pin and allows the obser
vation of the contents of the register/latch on the output 

AMO ;t1 
pin for each of the logic macrocells. This unique feature 
allows for easy debugging and tracing of the buried state 
machines. In addition, a capability of supervoltage ob
servability is also provided. 

Security Cell 
A security cell is provided on each device to prevent un
authorized copying of the user's proprietary logic de
sign. Once programmed, the security cell disables the 
programming, verification, preload, and the obser
vability modes. The only way to erase the protection cell 
is by erasing the entire array and architecture cells, in 
which case no proprietary design can be copied. (This 
cell should be programmed only after the rest of the de
vice has been completely programmed and verified.) 

Programming and Erasing 
The PALCE29M16 can be programmed on standard 
logic programmers. It may also be erased to reset a pre
viously configured device back to its virgin state. Era
sure is automatically performed by the programming 
hardware. No special erasure operation is required. 

Quality and Testability 
The PALCE29M16 offers a very high level of built-in 
quality. The erasability of the device provides a direct 
means of verifying performance of all the AC and DC pa
rameters. In addition, this verifies complete progr
ammability and functionality of the device to yield the 
highest programming yield and post-programming func
tional yield in the industry. 

Technology 
The high-speed PALCE29M16 is fabricated with AM D's 
advanced electrically-erasable (EE) CMOS process. 
The array connections are formed with proven EE cells. 
Inputs and outputs are designed to be compatible with 
TTL devices. This technology provides strong input
clamp diodes, output slew-rate control, and a grounded 
substrate for clean switching. 
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LOGIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to +150°C 

OPERATING RANGES 
Commercial (C) Devices 
Ambient Temperature (TA) Ambient Temperature 

with Power Applied ............. -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . . 0°C to 75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground ............. -0.5 V to +7.0 V with Respect to Ground .......... 4.75 V to 5.25 V 

DC Input Voltage . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

DC Output or 1/0 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee+ 0.5 V 

Static Discharge Voltage ................. 2001 V 

Latchup Current (TA= 0°C to +75°C) ..... 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VOH Output HIGH Voltage loH =-2 mA V1N = VIH or VIL 2.4 

Vee= Min 

VoL Output LOW Voltage IOL=8 mA VIN = V1H or VIL 0.5 

loL = 4 mA Vee= Min 0.33 

loL = 20 µA 0.1 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

l1H Input HIGH Leakage Current V1N = 5.5 V, Vee = Max (Note 2) 10 

hL Input LOW Leakage Current V1N = o V, Vee =Max (Note 2) -10 

lozH Off-State Output Leakage VouT = 5.5 V, Vee = Max 10 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage VouT = 5.5 V, Vee = Max -10 
Current LOW VIN = V1H or VIL (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max (Note 3) -30 -130 

Ice Supply Current VIN = 0 V, Outputs Open (IOUT = 0 mA) 100 

Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included. 

2. VO pin leakage is the worst case of /JL and lozL (or ltH and loZH). 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance VIN= 0 V ! Vee= 5.o v, TA= 25°C, 5 pF 

CoUT Output Capacitance VoUT= 0 V f = 1 MHz 8 pF 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS 

R dO e_S!stere ~eration 
Parameter 
Symbol Parameter Description 

Comblnatorlal Output 

IPD Input or 110 Pin to Combinatorial Output 

Output Register 

!SOR Input or 1/0 Pin to Output Register Setup 

teOR Output Register Clock to Output 

IHOR Data Hold Time for Output Register 

Input Register 

ISIR 1/0 Pin to Input Register Setup 

lelR Register Feedback Clock to Combinatorial Output 

IHIR Data Hold Time for Input Register 

Clock and Frequency 

te1s 

IMAX 

fMAXI 

teWH 

leWL 

Register Feedback to Output Register/Latch Setup 

Maximum Frequency 1/(tSOR + teOR) 

Maximum Internal Frequency 11te1s 

Pin Clock Width HIGH 

Pin Clock Width LOW 

---i-- leis 

ts1R ··· 
Input 

Register -,,,, 

AND-OR 
Array leis 

Output 
Register 

tcoR 

1/0 

',, 1/0 
'-----------.... tc1R 

lpo -------1----+-------tpo 

08740G-20 

PALCE29M16H-25 (Com'I) 

Min Max Unit 

25 ns 

15 ns 

15 ns 

0 ns 

2 ns 

28 ns 

6 ns 

20 ns 

33.3 MHz 

50 MHz 

8 ns 

8 ns 
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SWITCHING WAVEFORMS 

Combinatorial Input --€,~;j ________ .. ,.v-T--Combinatorial Output 

08740G-21 

Combinatorial Output 

Registered Output 

08740G-22 

Output Register 

Clock 

_t~'"~___.___IR! 
------~--'~..._ __ _ 

Registered Input 

Combinatorial Output 

08740G-23 

Input Register 

Clock 

tcWH 

08740G-24 

Clock Width 
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SWITCHING CHARACTERISTICS 

LthdO t" a c e ~era ion 
Parameter 
Symbol Parameter Description Min Max Unit 

Comblnatorlal Output 

tpo Input or 1/0 Pin to Combinatorial Output 25 ns 

tPTD Input or 1/0 Pin to Output via One Transparent Latch 28 ns 

Output Latch 

!SOL Input or 110 Pin to Output Latch Setup 15 ns 

IGOL Latch Enable to Output Through Transparent Output Latch 15 ns 

tHOL Data Hold Time for Output Latch 0 ns 

ISTL Input or 1/0 Pin to Output Latch Setup via Transparent Input Latch 18 ns 

Input Latch 

tSIL 1/0 Pin to Input Latch Setup 2 ns 

!GIL Latch Feedback, Latch Enable Transparent Mode to Combinatorial Output 28 ns 

tHIL Data Hold Time for Input Latch 6 ns 

Latch Enable 

tGIS Latch Feedback to Output Register/Latch Setup 20 ns 

IGWH Pin Enable Width HIGH 8 ns 

tGWL Pin Enable Width LOW 8 ns 

AND-OR 
,_._.___, ta1s Array 

taoL 

1/0 ,' 1 
', 1/0 

tsoL - - - - - - - - - - ,' ', ___________ ., ta1L 
tPTO _____ _, tPTD 

tpo-------J----+---------tpo 

08740G-25 

Input/Output Latch Specs 
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SWITCHING WAVEFORMS 

Latched 
Input 

Combinatorial 
Input 

Combinatorial 
Output 

Latched 
Output 

latched 
Input 

Combinatorial 
Input 

Note: 

latched 
Output 

Latch (Transparent Mode) 

Output Latch 

Latched Transparent 

08740G-27 

LE Width 

08740G-26 

LE latched~VT Tr~nsparent Input 
latch 

~~~~..-~~~~~ 

tGIS 

08740G-28 

Latched 
Input 

Combinatorial 
Output 

latched 
Trans arent 

Output 
Latch 

08740G-29 

Input and Output Latch Relationship 

08740G-30 

Input Latch 

1. ff the combinatorial input changes while LE is in the latched mode and LE goes into the transparent mode after tPTD ns has 

elapsed, the corresponding latched output will change tGOL ns after LE goes into the transparent mode. If the combinatorial 

input change while LE is in the latched mode and LE goes into the transparent mode before tPTD ns has elapsed, the corre

sponding latched output will change at the later of the following-tPTD ns after the combinatorial input changes or tGOL ns after 
LE goes into the latched mode. 
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SWITCHING CHARACTERISTICS 

Reset/Preset, Enable 

Parameter 
Symbol Parameter Description 

Combinatorial Output 

tAPO Input or 1/0 Pin to Output Register/Latch Reset/Preset 

tAW Asynchronous Reset/Preset Pulse Width 

tARO Asynchronous Reset/Preset to Output Register/Latch Recovery 

IARI Asynchronous Reset/Preset to Input Register/Latch Recovery 

Output Enable Operation 

tpzx I/OE Pin to Output Enable 

tpxz I/OE Pin to Output Disable (Note 1) 

IEA Input or 110 to Output Enable via PT 

!ER Input or 110 to Output Disable via PT (Note 1) 

Note: 
1. Output disable times do not include test load RC time constants. 

SWITCHING WAVEFORMS 

Combinatorial 
Asynchronous 

Reset/Preset 

Registered/Latched 
Output 

Clock 

Output Register/Latch Reset/Preset 08740G-31 

Pin 11 

Combinatorial/ 
Registered/ 

Latched Output 

Min Max 

30 

15 

15 

12 

20 

20 

25 

25 

tpxz 

Pin 11 to Output Disable/Enable 

Combinatorial 
Asynchronous 

Reset/Preset 

Clock 

Input Register/Latch Reset/Preset 
08740G-33 

Combinatorial 
Input 

Combinatorial/ 
Registered/Latched 

Output 

Input to Output Disable/Enable 

PALCE29M16H-25 (Com'I) 

AMO~ 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

08740G-32 

08740G-34 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

UZI/ 

SWITCHING TEST CIRCUIT 

Specification Switch S1 CL 

!PD, tco, IGOL Closed 

IEA, IPZX Z--)H: open 35 pF 
Z--)L: closed 

!ER, tpxz H--)Z: open 5 pF 
L--)Z: closed 

INPUTS 

Must be 
Steady 

May 
Change 
from Hto L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

R1 

470'1 

2-432 PALCE29M16H·25 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High
Impedance 
"Off" State 

KS000010 

08740G-35 

R2 

390'1 

Measured Output Value 

1.5 v 
1.5 v 

H--)Z: VoH -0.5 V 

L--)Z: VoL +0.5 V 



PRE LOAD 
The PALCE29M16 has the capability for product-term 
Preload. When the global-preload product term is true, 
the PALCE29M16will enterthe preload mode. This fea
ture aids functional testing by allowing direct setting of 
register states. The procedure for Preload is as follows: 

• Set the selected input pins to the user selected 
preload condition. 

• Apply the desired register value to the 1/0 pins. 
This sets 0 of the register. The value seen on the 
1/0 pin, after Preload, will depend on whether the 
macrocell is active high or active low. 

Parameter 
Symbol Parameter Description 

ID Delay Time 

tw Pulse Width 

tvo Valid Output 

AMO~ 

• Pulse the clock pin (pin 1). 

• Remove the inputs to the 1/0 pins. 

• Remove the Preload condition. 

• Verify VoLNoH for all output pins as per pro-
grammed pattern. 

Because the Preload command is a product term, any 
input to the array can be used to set Preload (including 
1/0 pins and registers). Pre load itself will change the val
ues of the 1/0 pins and registers. This will have unpre
dictable results. Therefore, only dedicated input pins 
should be used for the Preload command. 

Min Rec. Max Unit 

0.5 1.0 5.0 µs 

250 500 700 ns 

100 500 ns 

V1H 
Inputs Preload Mode 

V1L 

VOHNIH 
1/0 Pins 

VOLNIL 

to 

CLK - - - - - - - - V1H 
Pin 1 (2) 

V1L 
tw 

08740G-37 

Preload Waveform 
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OBSERVABILITY 
The PALCE29M16 has the capability for product-term 
Observability. When the global-Observe product term is 
true, the PALCE29M16 will enter the Observe mode. 
This feature aids functional testing by allowing direct ob
servation of register states. 

When the PALCE29M16 is in the Observe mode, the 
output buffer is enabled and the 1/0 pin value will be a of 
the corresponding register. This overrides any OE 
inputs. 

The procedure for Observe is: 

• Remove the inputs to all the 1/0 pins. 

Parameter 
Symbol Parameter Description 

to Delay Time 

tvo Valid Output 

• Set the inputs to the user selected Observe 
configuration. 

• The register values will be sent to the correspond
ing 1/0 pins. 

• Remove the Observe configuration from the 
selected 110 pins. 

Because the Observe command is a product term, any 
input to the array can be used to set Observe (including 
1/0 pins and registers). If 1/0 pins are used, the observe 
mode could cause a value change, which would cause 
the device to oscillate in and out of the Observe mode. 
Therefore, only dedicated input pins should be used for 
the Observe command. 

Min Rec. Max UnH 

0.5 1.0 5.0 µs 

100 500 ns 

Input 

t;,,=f~~· t.~l 
V1H 

Pins 
V1L 

VOH 
VO Pins 

Va. 

- - - - V1H 
CLK 

Pin 1 (2) V1L 

08740G-38 

Observability waveform 
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POWER-UP RESET 
The registered devices in the AMD PAL Family have 
been designed with the capability to reset during system 
power-up. Following power-up, all registers will be reset 
to LOW. The output state will depend on the polarity of 
the output buffer. This feature provides extra flexibility to 
the designer and is especially valuable in simplifying 
state machine initialization. A timing diagram and 
parameter table are shown below. Due to the 

Parameter 
Symbol Parameter Description IPR Power-Up Reset Time 

ts Input or Feedback Setup Time 

tw Clock Width IR Vee Rise Time 

AMO~ 

asynchronous operation of the power-up reset, and the 
wide range of ways Vee can rise to its steady state, two 
conditions are required to ensure a valid power-up re
set. These conditions are: 

• The Vee rise must be monotonic. 

• Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and 
feedback setup times are met. 

Min Max Unit 

10 µs 

See Switching Characteristics 

500 µs 

Power 

Registered 
Active LOW 

Output 

,, ~ti...~~~~~-tP-R~--~-~~~t------------ Vee 

II 
ts 

Clock 

tw 08740G-39 

Power-Up Reset Waveform 
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TYPICAL THERMAL CHARACTERISTICS 
Measured at 25°C ambient. These parameters are not tested. 

Parameter Typ 

~mbol Parameter Description SKINNY DIP PLCC Unit 

0jc Thermal Impedance, Junction to Case 17 11 oc!W 

0j_a Thermal Impedance, Junction to Ambient 63 51 oc!W 

0jma Thermal Impedance, Junction to Ambient with Air Flow 200 lfpm air 60 43 oc!W 

400 lfpm air 52 38 oc!W 

600 lfpm air 43 34 oc!W 

800 !!E_m air 39 30 •c!W 

Plastic 0jc Considerations 
The data listed for plastic 0jc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the 0)C measurement relative to a specific location on the 
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the 
package. Furthermore, 0)C tests on packages are performed in a constant-temperature bath, keeping the package surface at a 
constant temperature. Therefore, the measurements can only be used in a similar environment. 
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FINAL COM'L: H-25 ~ 
PALCE29MA16H-25 
24-Pin EE CMOS Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• High-performance semlcustom logic 

replacement; Electrically Erasable (EE) 
tectmology allows reprogrammability 

• 16 bldlrectlonal user-programmable 1/0 logic 
macrocells for Combinatorial/Registered/ 
Latched operation 

• Output Enable controlled by a pin or product 
terms 

• Varied product term distribution for increased 
design flexlbllity 

• Programmable clock selection with common 
pin clock/latch enable (LE) or Individual 
product term clock/LE with LOW/HIGH clock/ 
LE polarity 

GENERAL DESCRIPTION 
The PALCE29MA16 is a high-speed, EE CMOS Pro
grammable Array Logic (PAL) device designed for gen
eral logic replacement in TTL or CMOS digital systems. 
It offers high speed, low power consumption, high 

BLOCK DIAGRAM 

CLK/LE 

Publication# 08811 Rev. G Amendment/O 
Issue Date: June 1993 

• Register/Latch Preload permits full loglc 
verification 

• High speed (tPo = 25 ns, fMAX = 33 MHz and fMAX 
Internal = 50 MHz) 

• Full-function AC and DC testing at the factory 
for high programming and functional yields 
and high reliability 

• 24-pln 300 mil SKINNYDIP and 28-pln plastic 
leaded chip carrier packages 

• Extensive third-party software and programmer 
support through FusionPLD partners 

programming yield, fast programming, and excellent 
reliability. PAL devices combine the flexibility of custom 
logic with the off-the-shelf availability of standard 
products, providing major advantages over other 

Programmable 
AND Array 

58x178 

08811G-1 
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GENERAL DESCRIPTION (continued) 
semicustom solutions such as gate arrays and standard 
cells, including reduced development time and low up
front development cost. 

The PALCE29MA16 uses the familiar sum-of-products 
(AND-OR) structure, allowing users to customize logic 
functions by programming the device for specific appli
cations. It provides up to 29 array inputs and 16 outputs. 
It incorporates AMD's unique input/output logic macro
cell which provides flexible input/output structure and 
polarity, flexible feedback selection, multiple Output En
able choices, and a programmable clocking scheme. 
The macrocells can be individually programmed as 
combinatorial, registered, or latched with active-HIGH 
or active-LOW polarity. The flexibility of the logic macro
cells permits the system designer to tailor the device to 
particular application requirements. 

Increased logic power has been built into the 
PALCE29MA16 by providing a varied number of logic 

CONNECTION DIAGRAMS 

Top View 
SKINNYDIP 

CLKILE Vee 
lo 13 

VOFo l/Qf7 

VOF1 l/OFs 

VOo l/07 

1101 I/Os 

1102 I/Os 

1103 l/Q4 

l/OF2 l/OFs 

l/Of3 l/Of4 

I/OE 12 
GND h 

Note: 
08811G-2 

Pin 1 is marlced for orientation. 

PIN DESIGNATIONS 
CLK/LE = Clock or Latch Enable 

GND = Ground 

= Input 

1/0 = Input/Output 

I/OF Input/Output with Dual Feedback 

Vee = Supply Voltage 

NC = No Connection 

product terms per output. Of the 16 outputs, 8 outputs 
have 4 product terms each, 4 outputs have 8 product 
terms each, and the other 4 outputs have 12 product 
terms each. This varied product-term distribution allows 
complex functions to be implemented in a single PAL 
device. Each output can be dynamically controlled by a 
common Output Enable pin or Output Enable product 
term. Each output can also be permanently enabled or 
disabled. 

System operation has been enhanced by the addition of 
common asynchronous-Preset and Reset product 
terms and a power-up Reset feature. The 
PALCE29MA16 also incorporates Preload and Obser
vability functions which permit full logic verification of 
the design. 

The PALCE29MA16 is offered in the space-saving 
300-mil SKINNYDIP package as well as the plastic 
leaded chip carrier package. 

l/OF1 
l/Oo 
1101 
NC 

1102 

1/03 
l/OF2 

PLCC 

l/OFs 

l/07 
I/Os 
NC 

21 1105 

l/04 

l/OF5 

iPlw o o .= ~ if 
O ~ ~ z 0 08811G-3 ;::. v ;::. 
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ORDERING INFORMATION 

Commercial Products 

AMO~ 

AMO programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of these elements: 

PAL CE 29 MA 16 H -25 P C 

FAMILY TYPE 
T 

PAL = Programmable Array Logic 

TECHNOLOGY --------' 
CE = CMOS Electrically Erasable 

NUMBER OF ARRAY INPUTS---~ 

OUTPUTTYPE ---------~ 
MA = Advanced Asynchronous Macrocell 

NUMBER OF FLIP-FLOPS 

POWER ---------------' 
H = Half Power (100 mA) 

SPEED 
-25 = 25 ns 

Valid Combinations 

PALCE29MA16H-25 PC, JC 14 

14 

L OPTIONAL PROCESSING 
Blank = Standard Processing 

PROGRAMMING REVISION 
14 = First Revision 

(Requires current 
programming Algorithm) 

TEMPERATURE RANGE 
C = Commercial (0°C to +75°C) 

PACKAGE TYPE 
P = 24-Pin Plastic SKINNYDIP 

(PD3024) 
J = 28-Pin Plastic Leaded Chip 

Carrier (PL 028) 

Valid Combinations 

Valid Combinations lists configurations planned to 
be supported in volume for this device. Consult the 
local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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FUNCTIONAL DESCRIPTION 
Inputs 
The PALCE29MA 16 has 29 inputs to drive each product 
term (up to 58 inputs with both TRUE and complement 
versions available to the AND array) as shown in the 
block diagram in Figure 1. Of these 29 inputs, 4 are 
dedicated inputs, 16 are from eight 1/0 logic macrocells 
with tw_o fe~dbacks, 8 are from ot~er 1/0 !2.g!c macro
cells with single feedback and one 1s the I/OE input. 

Initially the AND-array gates are disconnected from all 
the inputs. This condition represents a logical TRUE for 
the AND array. By selectively programming the EE cells, 
the AND array may be connected to eitherthe TRUE in
put or the complement input. When both the TRUE and 
complement inputs are connected, a logical FALSE re
sults at the output of the AND gate. 

Product Terms 
The degree of programmability and complexity of a PAL 
device is determined by the number of connections that 
form the programmable-AND and OR gates. Each pro
grammable-AND gate is called a product term. The 
PALCE29MA16 has 178 product terms; 112 of these 
product terms provide logic capability and others are ar
chitectural product terms. Among the control product 
terms, one is for Observability, and one is for Preload. 
The Output Enable of each macrocell can be pro
grammed to be controlled by a common Output Enable 
pin or an individual product term. It may also be perma
nently disabled. In addition, independent product terms 
for each macrocell control Preset, Reset and CLK/LE. 

Each product term on the PALCE29MA 16 consists of a 
58-input AND gate. The outputs of these AND gates are 
connected to a fixed-OR plane. Product terms are allo
cated to OR gates in a varied distribution across the 

Common 
l/OE(PIN) 

Individual OE 

Individual 
Asynchronous 

Preset 
PO 

P70R P11 

Common 
CLKILE (PIN) 

Individual 
CLK/ LE 

Individual 
Asynchronous 

Reset 

To AND Array 

device ranging from 4 to 12 wide, with an average of 7 
logic product terms per output. An increased number of 
product terms per output allows more complex functions 
to be implemented in a single PAL device. This flexibility 
aids in implementing functions such as counters, exclu
sive-OR functions, or complex state machines, where 
different states require different numbers of product 
terms. 

Individual asynchronous-Preset and Reset product 
terms are connected to all Registered or Latched I/Os. 

When the asynchronous-Preset product term is as
serted (HIGH) the register or latch will immediately be 
loaded with a HIGH, independent of the clock. When the 
asynchronous-Reset product term is asserted (HIGH) 
the register or latch will be immediately loaded with a 
LOW, independent of the clock. The actual output state 
will depend on the macrocell polarity selection. The 
latches must be in latched mode (not transparent mode) 
for the Reset, Preset, Preload, and power-up Reset 
modes to be meaningful. 

Input/Output Logic Macrocells 
The 1/0 logic macrocell allows the user the flexibility of 
defining the architecture of each input or output on an in
dividual basis. It also provides the capability of using the 
associated pin either as an input or an output. 

The PALCE29MA16 has 16 macrocells, one for each 
1/0 pin. Each 1/0 macrocell can be programmed for 
combinatorial, registered or latched operation (see Fig
ure 2). Combinatorial output is desired when the PAL 
device is used to replace combinatorial glue logic. Reg
isters and Latches are used in synchronous logic 
applications. Registers and Latches with product term 
controlled clocks can also be used in asychronous 
application. 

Rx 

Figure 2a. PALCE29MA16 Macrocell (Single Feedback) 
08811G-4 
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The output polarity for each macrocell in each of the 
three modes of operation is user-selectable, allowing 
complete flexibility of the macrocell configuration. 

Eight of the macrocells (l/OF0--l/OF1) have two inde
pendent feedback paths to the AND array (see Figure 
2b). The first is a dedicated 1/0 pin feedback to the AND 
array for combinatorial input. The second path consists 
of a direct register/latch feedback to the array. If the pin 
is used as a dedicated input using the first feedback 
path, the register/latch feedback path is still available to 
the AND array. This path provides the capability of using 
the register/latch as a buried state register/latch. The 
other eight macrocells have a single feedback path to 
the AND array. This feedback is user-selectable as 
either an 1/0 pin or a register/latch feedback (see 
Figure 2a). 

Each macrocell can provide true inpuVoutput capability. 
The user can select each macrocell register/latch to be 
driven by eitherthe signal generated by the AND-OR ar
ray or the corresponding 1/0 pin. When the 1/0 pin is se
lected as the input, the feedback path provides the 
register/latch input to the array. When used as an input, 
each macrocell is also user-programmable for regis
tered, latched, or combinatorial input. 

The PALCE29MA16 has a dedicated CLK/LE pin and 
one individual CLK/LE product term or macrocell. All 
macrocells have a programmable switch to choose be
tween the CLK/LE pin and the CLK/LE product term as 
the clock or latch enable signal. These signals are clock 
signals for macrocells configured as registers and latch 
enable signals for macrocells configured as latches. 
The polarity of these CLK/LE signals is also individually 
programmable. Thus different registers or latches can 
be driven by different clocks and clock phases. 

The Output-Enable mode of each of the macrocells can 
be selected by the user. The 1/0 pin can be configured 
as an output pin (permanently enabled) or as an input 
pin (permanently disabled). It can also be configured as 

Common 

AMO ;t1 
a dynamic 1/0 controlled by the Output Enable pin or by 
a product term. 

1/0 Logic Macrocell Configuration 
AMD's unique 1/0 macrocell offers major benefits 
through its versatile, programmable input/output cell 
structure, multiple clock choices, flexible Output Enable 
and feedback selection. Eight 1/0 macrocells with single 
feedback contain 9 EE cells, while the other eight ma
crocells contain 8 EE cells for programming the inpuU 
output functions (see Table 1). 

EE cell S1 controls whether the macrocell will be combi
natorial or registered/latched. So controls the output po
larity (active-HIGH or active-LOW). S2 determines 
whether the storage element is a register or a latch. Sa 
allows the use of the macrocell as an input register/latch 
or as an output register/latch. It selects the direction of 
the data path through the register/latch. If connected to 
the usual AND-OR array output, the register/latch is an 
output connected to the 1/0 pin. If connected to the 1/0 
pin, the register/latch becomes an input register/latch to 
the AND array using the feedback data path. 

Programmable EE cells S4 and Ss allow the user to se
lect one of the four CLK/LE signals for each macrocell. 
Ss and S1 are used to control Output Enable as pin con
trolled, product-term controlled, permanently enabled or 
permanently disabled. Sa controls a feedback multi
plexer for the macrocells with a single feedback path 
only. 

Using the programmable EE cells So-Sa various input 
and output configurations can be selected. Some of the 
possible configuration options are shown in Figure 3. 

In the erased state (charged, disconnected), an archi
tectural cell is said to have a value of "1 "; in the pro
grammed state (discharged, connected to GND), an 
architectural cell is said to have a value of "O." 

Vee 
I/OE PIN ------------------.q 

Individual OE 

Individual 
Asynchronous 

Preset 
PO 

P3 

Common 
CLKILE (PIN) ----.--1 

Individual 
CLKILE 

Individual 
Asynchronous 

Reset 

t---t----+i>CLKILE 
Reset 

S2 

To AND Array ===3l---------____.lRFx 

To AND Array ::::==33-------------------_J 

Figure 2b. PALCE29MA16 Macrocell (Dual Feedback) 

PALCE29MA16H-25 

08811G-5 
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Table 1a. PALCE29MA16 VO Logic Macrocell Architecture Selections 

S3 l/OCell S2 Storage Element 

1 Output Cell 1 Register 

0 Input Cell 0 Latch 

S1 Output Type So Output Polarity 

1 Combinatorial 1 Active LOW 

0 Register/Latch 0 Active HIGH 

Se Feedback* 

1 Register/Latch 

0 1/0 

'Applies to macrocells with single feedback only. 

Table 1b. PALCE29MA16 1/0 Logic Macrocell Clock Polarity and Output Enable Selections 

2·442 

S4 Ss Clock Edge/Latch Enable Level 

1 1 CLK/LE pin positive-going edge, active-LOW LE' 

1 0 CLKILE pin negative-going edge, active-HIGH LE' 

0 1 CLK/LE PT positive-going edge, active-LOW LE* 

0 0 CLK/LE PT negative-going edge, active-HIGH LE* 

S& S7 Output Buffer Control 

1 1 Pin-Controlled Three-State Enable 

1 0 PT-Controlled Three-State Enable 

0 1 Permanently Enabled (Output only) 

0 0 Permanently Disabled (Input only) 

Notes: 
1 = Erased State (Charged or disconnected). 

O = Programmed State (Discharged or connected). 

'Active-LOW LE means that data is stored when the LE pin is HIGH, and the latch 
is transparent when the LE pin is LOW. Active-HIGH LE means the opposite. 

PALCE29MA16H-25 
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SOME POSSIBLE CONFIGURATIONS OF THE INPUT/OUTPUT LOGIC MACROCELL 
(For other useful configurations, please refer to the macrocell diagrams in Figure 2. All macrocell architecture cells are 
independently programmable). 

08811G-6 

Output Registered/Active Low 

08811G-8 

Output Registered/Active High 

08811 G-7 

Output Combinatorial/Active Low 

08811G-9 

Output Combinatorial/Active High 

Figure 3a. Dual Feedback Macrocells 

So= 1 
s, =0 
S3= 1 
Ss=O 
S2= 1 

08811G-10 

Output Registered/Active Low, 1/0 Feedback 

08811 G-12 

Output Latched/Active High, 1/0 Feedback 

08811G-11 

Output Combinatorial/Active Low, 1/0 Feedback 

08811 G-13 

Output Combinatorial/Active High, 110 Feedback 

Figure 3b. Single Feedback Macrocells 
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SOME POSSIBLE CONFIGURATIONS OF THE INPUT/OUTPUT LOGIC MACROCELL 

2·444 

s0 .1 
S1 =0 
S3=1 
sa-1 
S2= 1 

08811-014A 

Output Registered/Active Low, 
Register Feedback 

So= 1 
s, =0 
S3· 1 
Sa= 1 
s2 .o 

08811-016A 

Output Latched/Active Low, 
Latched Feedback 

08811-015A 

Output Combinatorial/Active Low, 
Latched Feedback 

08811-017A 

Output Comblnatorlal/Actlve Low, 
Latched Feedback 

Figure 3b. Single Feedback Macrocells (Continued) 

Ss=O 
Sa • 1 (FOR SINGLE FEEDBACK ONLY) 
S2 = 1 REGISTER 

=0 LATCH 

08811-018A 

Programmable-AND Array 

Figure 3c. All Macrocells 

PALCE29MA 16H-25 



Power-Up Reset 
All flip-flops power up to a logic LOW for predictable sys
tem initialization. The outputs of the PALCE29MA16 
depend on whether they are selected as registered or 
combinatorial. If registered is selected, the output will be 
LOW if programmed as active LOW and HIGH if pro
grammed as active HIGH. If combinatorial is selected, 
the output will be a function of the logic. 

Pre load 
To simplify testing, the PALCE29MA 16 is designed with 
preload circuitry that provides an easy method for test
ing logical functionality. Both product-term-controlled 
and supervoltage-enabled preload modes are 
available. The TIL-level preload product term can be 
useful during debugging, where supervoltages may not 
be available. 

Preload allows any arbitrary state value to be loaded 
into the registers/latches of the device. A typical func
tional-test sequence would be to verify all possible state 
transitions for the device being tested. This requires the 
ability to set the state registers into an arbitrary "present 
state" value and to set the device's inputs into an arbi
trary "present input" value. Once this is done, the state 
machine is clocked into a new state, or "next state," 
which can be checked to validate the transition from the 
"present state." In this way any transition can be 
checked. 

Since pre load can provide the capability to go directly to 
any desired arbitrary state, test sequences may be 
greatly shortened. Also, all possible states can be 
tested, thus greatly reducing test time and development 
costs and guaranteeing proper in-system operation. 

Observability 
The output register/latch observability product term, 
when asserted, suppresses the combinatorial output 
data from appearing on the 1/0 pin and allows the obser
vation of the contents of the register/latch on the output 

AMO:. 

pin for each of the logic macrocells. This unique feature 
allows for easy debugging and tracing of the buried state 
machines. In addition, a capability of supervoltage ob
servability is also provided. 

Security Cell 
A security cell is provided on each device to prevent un
authorized copying of the user's proprietary logic de
sign. Once programmed, the security cell disables the 
programming, verification, preload, and the obser
vability modes. The only way to erase the protection cell 
is by erasing the entire array and architecture cells, in 
which case no proprietary design can be copied. (This 
cell should be programmed only after the rest of the de
vice has been completely programmed and verified.) 

Programming and Erasing 
The PALCE29MA16 can be programmed on standard 
logic programmers. It may also be erased to reset a pre
viously configured device back to its virgin state. 
Erasure is automatically performed by the programming 
hardware. No special erasure operation is required. 

Quality and Testability 
The PALCE29MA16 offers a very high level of built-in 
quality. The erasability of the device provides a direct 
means of verifying performance of all the AC and DC pa
rameters. In addition, this verifies complete pro
grammability and functionality of the device to yield the 
highest programming yield and post-programming func
tional yield in the industry. 

Technology 
The high-speed PALCE29MA16 is fabricated with 
AMD's advanced electrically-erasable (EE) CMOS 
process. The array connections are formed with proven 
EE cells. Inputs and outputs are designed to be compat
ible with TIL devices. This technology provides strong 
input-clamp diodes, output slew-rate control, and a 
grounded substrate for clean switching. 
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LOGIC DIAGRAM 
SKINNY DIP (PLCC) Pinouts 
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LOGIC DIAGRAM 
SKINNY DIP (PLCC) Pinouts 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Commercial (C) Devices 
Ambient Temperature (TA) 

Storage Temperature . . . . . . . . . . . -65°C to + 150°C 

Ambient Temperature 
with Power Applied ............. -55°C to +125°C Operating in Free Air .............. 0°C to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground ............. -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

DC Output or 110 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Pin Voltage . . . . . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

Static Discharge Voltage ................. 2001 V 

Latchup Current (TA= 0°C to + 75°C) . . . . . . 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VOH Output HIGH Voltage IOH =-2 mA V1N = V1H or VIL 2.4 

Vee-Min 

VOL Output LOW Voltage IOL=8mA V1N - V1H or VIL 0.5 

IOL=4mA Vee= Min 0.33 

loL =20µA 0.1 

VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage Current VIN= 5.5 V, Vee= Max (Note 2) 10 

hL Input LOW Leakage Current V1N • 0 V, Vee = Max (Note 2) -10 

IOZH Off-State Output Leakage Vour = 5.5 V, Vee = Max 10 
Current HIGH VIN = V1H or VIL (Note 2) 

lozL Off-State Output Leakage Vour = 5.5 V, Vee = Max -10 
Current LOW VIN = V1H or VIL (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max (Note 3) -30 -130 

Ice Supply Current VIN = O V, Outputs Open (lour = O mA) 100 

Vee= Max 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included. 

2. VO pin leakage is the worst case of l1L and lozL(or l1Hand /oz/-/. 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Vour• 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance VIN• 0 V J Vee - 5.0 V, TA - 25°C, 5 pF 

CoUT Output Capacitance VOUT= 0 V 1I=1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS 
Registered Operation 

Parameter 
Symbol Parameter Description 

Combinatorial Output 

tpo Input or 110 Pin to Combinatorial Output 

Output Register - Pin Clock 

tsoR Input or 1/0 Pin to Output Register Setup 

tCOR Output Register Clock to Output 

tHOR Data Hold Time for Output Register 

Output Register - Product Term Clock 

tSORP 110 Pin or Input to Output Register Setup 

tCORP Output Register Clock to Output 

tHORP Data Hold Time for Output Register 

Input Register - Pin Clock 

!SIR 110 Pin to Input Register Setup 

!CIR Register Feedback Clock to Combinatorial Output 

tHIR Data Hold time for Input Register 

Clock and Frequency 

tc1s Register Feedback (Pin Driven Clock) to Output 
Register/latch (Pin Driven) Setup 

tc1sPP Register Feedback (PT Driven Clock) to Output 
Register/latch (PT Driven) Setup 

IMAX Maximum Frequency (Pin Driven) 1/(tsoR + tcoR) 

IMAXI Maximum Internal Frequency (Pin Driven) 1/tc1s 

fMAXP Maximum Frequency (PT Driven) 1/(tsoRP + tcoRP) 

IMAX I PP Maximum Internal Frequency (PT Driven) 11tc1sPP 

tcwH Pin Clock Width HIGH 

tCWL Pin Clock Width LOW 

tCWHP PT Clock Width HIGH 

tCWLP PT Clock Width LOW 

PALCE29MA16H·25 (Com'I) 

Min Max Unit 

25 ns 

15 ns 

15 ns 

0 ns 

4 ns 

29 ns 

10 ns 

2 ns 

28 ns 

6 ns 

20 ns 

25 ns 

33.3 MHz 

50 MHz 

30 MHz 

40 MHz 

8 ns 

8 ns 

12 ns 

12 ns 
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2-450 

tslR ··· 
Input 

Register 

AND-OR 
Array 

' , c , ' , ' 

Output 
Register 

VO 

l<::>f----------1,' '-1--------1<::~ 
VO 

tsoR 
__________ , , VO 

'' - - - - - - - - - • tc1R 

08811G-20 

Input/Output Register Specs (Pin CLK Reference) 

CLK 
Input I:>----------, 

Input 
Register 

VO , 
tsoRP - - - - - - - - - - , ' 

, , 

, , 
Output 

Register - tcoRP 

VO 

VO 

tpo --------1----+---------tpo 

08811G-21 
Input/Output Register Specs (PT CLK Reference) 
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SWITCHING WAVEFORMS 

Combinatorial )l(VT-
lnput _______ _.··~--tpo -Vy __ _ 

Combinatorial 
Output 

08811G-22 

Combinatorial Output 

Combinatorial )!( ¥ 
Input ___ ,.., ,:tsoR_.tV!tty_o_~ ........ ':Y::::::= 
Clock . 

Registered 
Output 

Combinatorial 
Input 

Combinatorial 
Input as Clock 

Registered 
Output 

.... VT __ _ 
08811G-23 

Output Register (Pin Clock) 

Vy W'vy 
_j 

- 1soRP_. 1HORP 

Vy 

1coR 

--Vy 
08811G-24 

Output Register (PT Clock) 

Registered )!( v ~ v 
Input ___ , 1:..Tts1R-~ t HIR=:i ,_T ___ _ 

Clock 

Combinatorial 
Output 

VT 

iifi ... vT __ _ 

08811G-25 

Input Register 

PALCE29MA16H·25 
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SWITCHING WAVEFORMS 

2-452 

Clock 

Combinatorial 
Input as Clock 

i.---- tc1s ---.i 

08811G-26 

Pin Clock Width 

08811G-27 

PT Clock Width 

PALCE29MA16H-25 



SWITCHING CHARACTERISTICS 
Latched Operation 

Parameter 
Symbol Parameter Description 

Combinatorial Output 

tPD Input or 1/0 Pin to Combinatorial Output 

tPTD 11!.e_ut or 1/0 Pin to Ou!Q_ut via TranSQarent Latch 

Output Latch - Pin LE 

tsOI.. Input or 1/0 Pin to Output Register Setup 

tGOL Latch Enable to Transparent Mode Output 

tHOL Data Hold Time for Output latch 

tSTL Input or 110 Pin to Output Latch Setup via 
Transparent Input Latch 

Output latch - Product Term LE 

tSOLP Input or 110 Pin to Output Latch Setup 

tGOLP Latch Enable to Transparent Mode Output 

tHOLP Data Hold Time for Output Latch 

tSTLP Input or 110 Pin to Output Latch Setup via 
Transparent Input Latch 

Input Latch - Pin LE 

ts1L 110 Pin to Input Latch Setup 

tGIL Latch Feedback, Latch Enable Transparent Mode to 
Combinatorial Output 

tHIL Data Hold Time for Input Latch 

Latch Enable 

tGIS latch Feedback (Pin Driven) to Output Register/latch 
(Pin Driven) Setup 

tGISPP Latch Feedback (PT Driven) to Output Register/latch 
(PT Driven) Setup 

tGWH Pin Enable Width HIGH 

tGWL Pin Enable Width LOW 

tGWHP PT Enable Width HIGH 

tGWLP PT Enable Width LOW 

PALCE29MA16H-25 (Com'I) 
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Min Max Unit 

25 ns 

28 ns 

15 ns 

15 ns 

0 ns 

18 ns 

4 ns 

29 ns 

10 ns 

10 ns 

2 ns 

28 ns 

6 ns 

20 ns 

25 ns 

8 ns 

8 ns 

12 ns 

12 ns 
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AND-OR 
Array 

_ _.__,, ~~lL ---------

VO ,' , VO 
1SOL - - - - - - - - - - ,' ', ___________ .,. 1GIL 

tpm '-------tpm 
tpo --------1-----1-------...... tpo 

08811G-28 

Input/Output Latch Specs (Pin LE Reference) 

IT 
INPUT 

110 ,' 
1SOLP - - - - - - - - - - - '' 

-··--·-··-- -·• 1GOLP 

VO 

tpm ------ 1PTD 
tpo --------+-----+--------- tpo 

08811G-29 

Input/Output Latch Specs (PT LE Reference) 
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SWITCHING WAVEFORMS 

Latched 
Input 

Combinatorial 
Input 

Combinatorial 
Output 

Latched 
Output 

Latched 
Input 

Combinatorial 
Input 

Latched 
Output 

Latched 
Input 

Combinatorial 
Output 

Note: 

---ti---tPTD-

-wVr 
_JI\ 
~tpo-+-

m 
mrnmuu: VT 
ill 

l--tprn-__ k 
08811G-30 

Latch (Transparent Mode) 

08811G-32 

Output Latch (Pin IE) 

08811G-34 

Input Latch (Pin IE) 

AMO~ 

Latched IT Transparent 

E~. Input 
Latch 

Output 

Latched Latch 
VT 

IT Transparent 

08811G-31 

Input and Output Latch Relationship 

Combinatorial 
Input 

Combinatorial 

Input as LE --4----' "----' 1 '"-----

Latched 
Output __ !MJ'i:1:1Jj'!11JJ.~'---....J.l:U.W'JI' 

Combinatorial 
Input as LE 

08811G-33 

Output Latch (PT IE) 

LATCHED TRANSPARENT 

08811G-35 

Pin LE Width 

Latched Transparent 

PT LE Width 
08811G-36 

1. ff the combinatorial input changes while LE is in the latched mode and LE goes into the transparent mode after tprons 
has elasped, the corresponding latched output will change taoL ns after LE goes into the transparent mode. ff the com

binatorial input changes while LE is in the latched mode and LE goes into the transparent mode before tPTD ns has 

elapsed, the corresponding latched output will change at the later of the following - tprons after the combinatorial 

input changes or tGOL ns after LE goes into the latched mode. 
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SWITCHING CHARACTERISTICS 

Reset/Preset, Enable 

Parameter 
Symbol Parameter Description 

tAPO Input or 1/0 Pin to Output Register/Latch 
Reset/Preset 

tAW Asynchronous Reset/Preset Pulse Width 

tARO Asynchronous Reset/Preset to Output 
Register/Latch Recovery 

IARI Asynchronous Reset/Preset to Input 
Register/Latch Recovery 

tARPO Asynchronous Reset/Preset to Output 
Register/Latch Recovery PT Clock/LE 

IARPI Asynchronous Reset/Preset to Input 
Register/latch Recovery PT Clock/LE 

Output Enable Operation 

tpzx I/OE Pin to Output Enable 

tpxz I/OE Pin to Output Disable (Note 1) 

tEA Input or 110 to Output Enable via PT 

tER Input or 110 to Output Disable via PT (Note 1) 

Note: 
1. Output disable times do not include test load RC time constants. 

SWITCHING WAVEFORMS 

Combinatorial 
Asynchronous 

Reset/Preset 

Registered/ 
Latched 
Output 

-IAW-

__ -1!."f111Jrmi.ltJ:fti.'iifJ1\.v_r_-+------

Min Max Unit 

30 ns 

15 ns 

15 ns 

12 ns 

4 ns 

6 ns 

20 ns 

20 ns 

25 ns 

25 ns 

Pin 11 

1ARo-~r- Combinatorial/ ----r-.-"""'1 
tpzx 

Clock 

08811G-37 
Output Register/Latch Reset/Preset 

Combinatorial 
Asynchronous 

Reset/Preset 

t=·,w-} 
-----' ,, i,,m-l~VT 

Clock if vr 

08811G-38 

Input Register/Latch Reset/Preset 

Registered/ 
Latched 
Output 

Combinatorial 
Input 

2·456 PALCE29MA16H-25 (Com'I) 
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Pin 11 to Output Disable/Enable 

08811G-40 
Input to Output Disable/Enable 



KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

17111 

SWITCHING TEST CIRCUIT 

Specification Switch S1 

!PD, tco, tGOL Closed 

tEA, tpzx z~H: open 

z~L: closed 

!ER, tpxz H~Z:open 

L~Z: closed 

CL 

35 pF 

5 pF 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

Ri 

470Q 

PALCE29MA 16H-25 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High
Impedance 
"Off"State 

AMO:. 

KS000010-PAL 

08811G-41 

R2 Measured Output Value 

1.5 v 
1.5 v 

390Q 

H~z: VoH -0.5 v 
L~Z: VOL +0.5 V 
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PRELOAD 
The PALCE29MA 16 has the capability for product-term 
Preload. When the global-preload product term is true, 
the PALCE29MA16 will enter the preload mode. This 
feature aids functional testing by allowing direct setting 
of register states. The procedure for Preload is as 
follows: 

• Set the selected input pins to the user selected 
preload condition. 

• Apply the desired register value to the 1/0 pins. 
This sets Q of the register. The value seen on the 
1/0 pin, after Preload, will depend on whether the 
macrocell is active high or active low. 

Parameter 
Symbol Parameter Description 

to Delay Time 

tw Pulse Width 

tvo Valid Output 

• Pulse the clock pin (pin 1). 

• Remove the inputs to the 1/0 pins. 

• Remove the Preload condition. 

• Verify VaNoH for all output pins as per pro-
grammed pattern. 

Because the Preload command is a product term, any 
input to the array can be used to set Preload (including 
1/0 pins and registers). Preload itself will change the val
ues of the 1/0 pins and registers. This will have unpre
dictable results. Therefore, only dedicated input pins 
should be used for the Preload command. 

Min Rec. Max Unit 

0.5 1.0 5.0 µs 

250 500 700 ns 

100 500 ns 

V1H 
Inputs Preload Mode 

V1L 

VOHNiH 
1/0 Pins 

VOLNiL 

to 

CLK - - - - - - - - V1H 

Pin 1 (2) 
V1L 

tw 
08811G-43 

Preload Waveform 
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OBSERVABILITY 
The PALCE29MA 16 has the capability for product-term 
Observability. When the global-Observe product term is 
true, the PALCE29MA16 will enterthe Observe mode. 
This feature aids functional testing by allowing direct ob
servation of register states. 

When the PALCE29MA 16 is in the Observe mode, the 
output buffer is enabled and the 1/0 pin value will be Q of 
the corresponding register. This overrides any OE 
inputs. 

The procedure for Observe is: 

• Remove the inputs to all the 1/0 pins. 

Parameter 
Symbol Parameter Description 

to Delay Time 

tvo Valid Output 

AMO~ 
• Set the inputs to the, user selected, Observe 

configuration. 

• The register values will be sent to the correspond
ing 1/0 pins. 

• Remove the Observe configuration from the se-
lected 1/0 pins. 

Because the Observe command is a product term, any 
input to the array can be used to set Observe (including 
1/0 pins and registers). If 1/0 pins are used, the observe 
mode could cause a value change, which would cause 
the device to oscillate in and out of the Observe mode. 
Therefore, only dedicated input pins should be used for 
the Observe command. 

Min Rec. Max Unit 

0.5 1.0 5.0 µs 

100 500 ns 

Input 

b,,3~·~·~· ~'~1 
V1H 

Pins 
V1L 

VOH 
110 Pins 

VOL 

- .. - - V1H 

CLK 
Pin 1 (2) V1L 

08811G-44 
Observability Waveform 
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POWER-UP RESET 
The registered devices in the AMO PAL Family have 
been designed with the capability to reset during system 
power-up. Following power-up, all registers will be reset 
to LOW. The output state will depend on the polarity of 
the output buffer. This feature provides extra flexibility 
!o the designer and is especially valuable in simplify
ing state machine initialization. A timing diagram and 
parameter table are shown below. Due to the 

Parameter 
Symbol Parameter Description 

IPR Power-Up Reset Time 

ts Input or Feedback Setup Time 

tw Clock Width 

IA Vee Rise Time 

asynchronous operation of the power-up reset, and the 
wide range of ways Vee can rise to its steady state, two 
conditions are required to ensure a valid power-up re
set. These conditions are: 

• The Vee rise must be monotonic. 

• Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and 
feedback setup times are met. 

Min Max Unit 

10 µs 

See Switching Characteristics 

500 µs 

Power 

Registered 
Active LOW 

Output 

1• ~1 ... -- IPR ---t Vee 

Clock 

tw 08811G-45 

Power-Up Reset Waveform 
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TYPICAL THERMAL CHARACTERISTICS 
Measured at 25°C ambient. These parameters are not tested. 

Parameter 
Symbol Parameter Description 

9jc Thermal impedance, junction to case 

9ja Thermal impedance, junction to ambient 

9jma Thermal impedance, junction to ambient with air flow 

Plastic 9jc Considerations 

200 lfe_m air 

400 lfpm air 

600 lfpm air 

800 lfpm air 

AMO~ 

Typ 

SKINNYDIP PLCC Untt 

17 11 •cfW 

63 51 0 c1W 

60 43 •cfW 
52 38 •cfW 
43 34 0 c1W 
39 30 •cfW 

The data listed for plastic 9jc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the 9jc measurement relative to a specific location on the 
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the 
package. Furthermore, 9jc tests on packages are performed in a constant-temperature bath, keeping the package surface at a 
constant temperature. Therefore, the measurements can only be used in a similar environment. 
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FINAL COM'L: H-15/25 MIL: H-20 ~ 
PALCE610 Family 
EE CMOS High Performance Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• AMD's Programmable Array Logic (PAL) 
architecture 

• Electrically-erasable CMOS technology 
providing half power (90 mA Ice) at high speed 

- -15=15 nstpo 

- -25 = 25 ns tPo 

• Sixteen macrocells with configurable 1/0 
architecture 

• Registered or combinatorial operation 

• Registers programmable as D, T, J-K, or S-R 

GENERAL DESCRIPTION 
The PALCE610 is a general purpose PAL device and is 
functionally and fuse map equivalent to the EP610. It 
can accommodate logic functions with up to 20 inputs 
and 16 outputs. There are 161/0 macrocells that can be 
individually configured to the user's specifications. The 
macrocells can be configured as either registered or 
combinatorial. The registers can be configured as D, T, 
J-K, or S-R flip-flops. 

The PALCE610 uses the familiar sum-of-products logic 
with programmable-AND and fixed-OR structure. Eight 
product terms are brought to each macrocell to provide 
logic implementations. 

BLOCK DIAGRAM 
1/015 

CLK2 l/Oa 1106 I/Os 

2-462 

• Asynchronous clocking via product term or 
bank register clocking from external pins 

• Register preload for testability 

• Power-up reset for Initialization 

• Space-saving 24-pln SKINNVDIP and 28-pin 
PLCC packages 

• Fully tested for 100% programming yield and 
high reliability 

• Extensive third-party software and programmer 
support through FusionPLD partners 

The PALCE610 is manufactured using advanced 
CMOS EE technology providing high density and low 
power consumption. Moreover, it is a high-speed device 
having a worst-case tpo of 15 ns. Space-saving 24-pin 
SKINNYDIP and 28-pin PLCC packages are offered. 

This device can be quickly erased and reprogrammed 
providing for easy prototyping. Once a device is pro
grammed the security bit can be used to provide protec
tion from copying a proprietary design. 

1/010 l/Qg CLK1 

1/01 12950F-1 

Publication# 12950 Rev. F Amendment/O 
Issue Date: June 1993 



AMO~ 
CONNECTION DIAGRAMS 

Top View 

SKINNYDIP PLCC/LCC 
CLK1 1• 24 Vee 

2 23 § 8 8 _Q 
0>>-

1/09 3 22 1/01 

l/010 4 21 1/02 

1/011 5 20 1103 
1/010 25 1/02 
1/011 24 1103 

1/012 6 19 1/04 11012 23 1104 

1/013 7 18 I/Os 11013 22 1105 

l/014 8 17 I/Os 

l/01s 9 16 1/07 

11014 21 1/06 
11015 20 1107 

NC 11 19 NC 
10 15 I/Os 12 13 14 1516 17 18 
11 14 

GND 12 13 CLK2 
"' - 0 Cl N - ., 12950F-3 

g- zz~ ~ 
(.? (.? c3 

12950F-2 

Note: 
Pin 1 is marked for orientation 

PIN DESIGNATIONS 
CLK Clock 

GND Ground 

Input 

1/0 Input/Output 

NC No Connect 

Vee Supply Voltage 
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~AMO 
ORDERING INFORMATION 

Commercial Products 
AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 

2-464 

PAL CE 610 H -15 P C 

FAMILY TYPE T 
PAL= Programmable Array Logic 

TECHNOLOGY~~~~~~~~ 

CE = CMOS Electrically Erasable 

DEVICE NUMBER 
610 = 600 Gates 

POWER ~~~~~~~~~~~~~ 

H - Half Power (90 mA Ice) 

SPEED 
-15 = 15 ns !PD 

-25 = 25 ns !PD 

Valid Combinations 

PALCE610H-15 
PC,JC 

PALCE61 OH-25 

L OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

PACKAGE TYPE 
P = 24-Pin 300 mil Plastic 

SKINNYDIP (PD3024) 
J = 28-Pin Plastic Leaded 

Chip Carrier (PL 028) 

Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, and to check on 
newly released combinations. 

PALCE610H-15/25 (Com'I) 



ORDERING INFORMATION 

APL Products 

AMO~ 

AMO programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: 

PAL CE 610 H -20/B L A 

FAMILY TYPE T 
PAL= Programmable Array Logic 

TECHNOLOGY~~~~~~~~ 

CE = CMOS Electrically Erasable 

DEVICE NUMBER 
610 = 600 Gates 

POWER ~~~~~~~~~~~~--' 

H = Half Power (90 mA Ice) 

SPEED 
-20 = 20 ns tpo 

Valid Combinations 

PALCE610H-20 I /BLAJ83A 

Military Burn-In 

c LEAD FINISH 
A = Hot Solder Dip 

PACKAGE TYPE 
L s 24-Pin (300 mil) Ceramic 

SKINNYDIP (CD3024) 
3 = 28-Pin Ceramic Leadless 

Chip Carrier (CL 028) 

DEVICE CLASS 
/8 = Class 8 

Valid Combinations 

Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations, and to check on 
newly released c:ombinations. 

Group A Tests 

Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. 
Test conditions are selected at AMD's option. 
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~AMO 
FUNCTIONAL DESCRIPTION 
The PALCE610 is a general purpose programmable 
logic device. It has 16 independently-configurable ma
crocells. Each macrocell can be configured as either 
combinatorial or registered. The registers can be D, T, 
J-K, or S-R type flip-flops. The device has 4 dedicated 
input pins and 2 clock pins. Each clock pin controls 8 of 
the 16 macrocells. 

The programming matrix implements a programmable 
AND logic array which drives a fixed OR logic array. 
Buffers for device inputs have complementary outputs 
to provide user-programmable input polarity. Unused in
put pins should be tied to Vee or ground. 

The array uses AM D's electrically erasable technology. 
An unprogrammed bit is disconnected and a pro
grammed bit is connected. Product terms with all bits 
unprogrammed assume the logical-HIGH state and 
product terms with both the TRUE and Complement bits 
programmed assume the logical-LOW state. 

The programmable functions in the PALCE61 O are 
automatically configured from the user's design specifi
cations, which can be in a number of formats. The de
sign specification is processed by development 
software to verify the design and create a programming 
file. This file, once downloaded to the programmer, con
figures the design according to the user's desired 
function. 

Macrocell Configurations 
The PALCE610 macrocell can be configured as either 
combinatorial or registered. Both the combinatorial and 
registered configurations have output polarity control. 
The register can be configured as a D, T, J-K, or 
S-R type flip-flop. Figure 1 shows the possible 
configurations. 

Each macrocell can select as its clock either the corre
sponding clock pin or the CLK/OE product term. If the 
clock pin is selected, the output enable is controlled by 
the CLK/OE product term. If the CLK/OE product term is 
selected, the output is always enabled. 

Combinatorial 1/0 
All 8 product terms are available to the OR gate. The 
output-enable function is performed by the CLK/OE 
product term. 

Registered Configurations 
There are 4 flip-flop types available: D, T, J-K and S-R. 

The registers can be configured as synchronous or 
asynchronous. In the synchronous configuration, the 
clock is controlled by the clock input pin. The output en
able is controlled by the product term function. In the 

asynchronous configuration, the clock input is con
trolled by the product term. The output is always 
enabled. 

In The D and T configurations, feedback can be either 
from Q or the output pin. This allows D and T configura
tions to be either outputs or 1/0. In the J-K and S-R con
figurations, feedback is only from Q; therefore, J-K and 
S-R configurations are strictly outputs. 

D Flip-Flop 
All 8 product terms are available to the OR gate. The D 
input polarity is controlled by an exclusive-OR gate. For 
the D flip-flop, the output level is the D-input level at the 
rising edge of the clock. 

D 0" on+1 

0 0 0 

0 1 0 

1 0 1 

1 1 1 

T Flip-Flop 
All 8 product terms are available to the OR gate. The 
T input polarity is controlled by an exclusive-OR gate. 
For the T register, the output level toggles when the T 
input is HIGH and remains the same when the T input is 
LOW. 

T 0" on+1 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

J-K Flip-Flop 
The 8 product terms are divided between the J and K in
puts. N product terms go to the J input and 8-N product 
terms go to the K input, where N can range from 0 to 8. 
Both the J and K inputs to the flip-flop have polarity con
trol via exclusive-OR gates. The J-K flip-flop operation 
is shown below. 

J K 0" on+1 

0 0 0 0 

0 0 1 1 

0 1 0 0 

0 1 1 0 

1 0 0 1 

1 0 1 1 

1 1 0 1 

1 1 1 0 
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Combinatorial 

T Register D Register 

J-K Register S-R Register 

12950F-4 
Figure 1. Macrocell Configurations 
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~AMO 
S-R Flip-Flop 
The 8 product terms are divided between the S and R 
inputs. N product terms go to the S input and 8-N prod
uct terms go to the R input, where N can range from Oto 
8. Both the S and R inputs to the flip-flop have polarity 
control via exclusive-OR gates. The S-R flip-flop opera
tion is shown below. 

s R Q" a .. • 
0 0 0 0 

0 0 1 1 
0 1 0 0 

0 1 1 0 

1 0 0 1 
1 0 1 1 
1 1 Not Allowed 

Asynchronous Reset 
All flip-flops have an asynchronous-reset product-term 
input. When the product term is true, the flip-flop will re
set to a logic LOW, regardless of the clock and data 
inputs. 

Power-Up Reset 
All flip-flops power up to a logic LOW for predictable sys
tem initialization. Outputs of the PALCE610 depend on 
whether they are selected as registered or combinato
rial. If registered is selected, the output will be LOW. If 
combinatorial is selected, the output will be a function of 
the logic. The Vee rise must be monotonic and the reset 
delay time is 1000 ns maximum. 

Register Preload 
The register on the PALCE610 can be preloaded from 
the output pins to facilitate functional testing of complex 
state machine designs. This feature allows direct load
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. 

Security Bit 
After programming and verification, a PALCE610 de
sign can be secured by programming the security bit. 
Once programmed, this bit defeats readback of the in
ternal programmed pattern by a device programmer, se
curing proprietary designs from competitors. However, 
programming and verification are also defeated by the 
security bit. The bit can only be erased in conjunction 
with the array during the erase cycle. Preload is not af
fected by the security bit. 

Technology 
The PALCE610 is manufactured using AMD's ad
vanced Electrically Erasable (EE) CMOS process. This 
technology uses an EE cell to replace the fuse link in bi
polar parts, and allows AMO to offer lower-power parts 
of high complexity. In addition, since the EE cells can be 
erased and reprogrammed, these devices can be 100% 
factory tested before being shipped to the customer. In
puts and outputs are designed to be compatible with 
TTL devices. This technology provides strong input 
clamp diodes, output slew-rate control, and a grounded 
substrate for clear switching. 

Programming and Erasing 
The PALCE610 can be programmed on standard logic 
programmers. It also may be erased to reset a previ
ously configured device back to its virgin state. Bulk 
erase is automatically performed by the programming 
hardware. No special erase operation is required. 

CMOS Compatibility 
The PALCE610 has CMOS-compatible outputs. The 

output voltage (Yott) is 3.85 Vat -2.0 mA. 
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t1 AMO 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to +150°C 

Ambient Temperature 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
with Power Applied . . . . . . . . . . . . . -55°C to + 125°C Operating in Free Air . . . . . . . . . . . . . . 0°C to +75°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground . . . . . . . . . . . . . -0.5 V to +7.0 V with Respect to Ground ........ +4.75 V to +5.25 V 

DC Input Voltage ............ -0.5 V to Vee+ 0.5 V 

DC Output or 
1/0 Pin Voltage . . . . . . . . . . . . -0.5 V to Vee + 0.5 V 

Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Static Discharge Voltage ................ 2001 V 

Latchup Current 
(TA= 0°c to +75°C) .................... 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Max 
imum Ratings for extended periods may affect device reliabi 
lity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified (Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VoH Output HIGH Voltage V1N = V1H or V1L loH = -4.0 rnA 2.4 
Vee= Min loH = -2.0 rnA 3.84 

VoL Output LOW Voltage V1N = V1H or V1L loL = 8.0 rnA 0.5 
Vee= Min loL z 4.0 rnA 0.45 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

IJH Input HIGH Leakage V1N = 5.25 V, Vee= Max (Note 2) 10 
Current 

l1L Input LOW Leakage V1N = 0 V, Vee= Max (Note 2) -10 
Current 

loZH Off-State Output Leakage Vour = 5.25 V, Vee= Max 10 
Current HIGH V1N = V1H or V1L (Note 2) 

loZL Off-State Output Leakage Vour = 0 V, Vee= Max -10 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Vour = 0.5 V, Vee= Max (Note 3) -30 -150 
Current 

Ice Supply Current V1N = 0 V, Outputs Open (lour= 0 rnA) 90 
Vee= Max 

Notes: 

Unit 

v 
v 
v 
v 
v 

v 

µA 

µA 

µA 

µA 

rnA 

rnA 

1. These are absolute values with respect to device ground and all overshoots due to system and tester noise are included. 

2. 110 pin leakage is the worst case of hL and loZL (or hH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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AMO~ 
CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance V1N = 2.0 v Vee -5.0 V 8 
TA= +25°C pF 

Cour Output Capacitance Vour= 2.0 V I= 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
-15 -25 

Parameter 
Symbol Parameter Description Min Max Min Max Unit 

tpo Input or Feedback to Combinatorial Output 15 25 ns 

Is Setup Time from Input or Feedback to Clock 12 15 ns 

tH Hold Time 0 0 ns 

tea Clock to Output 8 12 ns 

IWL Clock LOW 6 10 ns 

IWH Width HIGH 6 10 ns 

Maximum External Feedback J 1 fils + tcql 50 37 MHz 

IMAX Frequency Internal Feedback J!cN::J.. 76.1 40 MHz 

(Note 3) No Feedback j 1 /(!WH + !WL) 83.3 50 MHz 

!EA Input to Output Enable Using Product Term Control 15 25 ns 

IER Input to Output Disable Using Product Term Control 15 25 ns 

tAR Asynchronous Reset to Registered Output 15 25 ns 

tARW Asynchronous Reset Width 10 15 ns 

tARR Asynchronous Reset Recovery Time 15 25 ns 

!SA Setup Time from Input or Feedback to Clock 
(Note 4) 5 8 ns 

tHA Hold Time (Note 4) 5 12 ns 

lcoA Clock to Output (Note 4) 15 27 ns 

IWLA Clock LOW (Note4) 6 10 ns 

IWHA Width HIGH (Note 4) 6 10 ns 

Maximum External Feedback J 1 L{!sA + tco~ 50 28.6 MHz 

fMAXA 
Frequency 

Internal Feedback (fcNr) 61.6 29.4 MHz 
(Notes 3 
and 4) No Feedback j 1 t(twLA + twHA) 83.3 50 MHz 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. These parameters are measured using the asynchronous product-term clock. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -65°C to+ 150°C 

OPERATING RANGES 
Military (M) Devices (Note 1) 
Operating Case Ambient Temperature 

with Power Applied ............. -55°C to + 125°C Temperature (Tc) .............. -55°C to +125°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground ............. -0.5 V to +7.0 V with Respect to Ground .......... +4.5 V to +5.5 V 

DC Input Voltage ........... -0.5 V to Vee + 0.5 V 

DC Output or 1/0 
Operating ranges define those limits between which the func
tionality of the device is guaranteed. 

Pin Voltage ............... -0.5 V to Vee+ 0.5 V 
Note: 

Static Discharge Voltage ................. 2001 V 

Latchup Current 
1. Military products are 100% tested at Tc = +25" C, + 125" C 

and-55"C, per MIL-STD-883. 
(Tc = -55°C to + 125°C) . . . . . . . . . . . . . . . . 100 mA 

Stresses above those listed under Absolute Maximum Rat
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi
mum Ratings for extended periods may affect device reliabil
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
Parameter 
Symbol Parameter Description Test Conditions Min Max Unit 

VoH Output HIGH Voltage V1N = V1H or V1L L loH =-2 mA 2.4 v 
Vee= Min lloH =-1 mA 3.84 

VoL Output LOW Voltage loL = 4 mA V1N = V1H or V1L 0.5 v 
Vee= Min 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

l1H Input HIGH Leakage Current V1N = 5.5 V, Vee =Max (Note 4) 10 µA 

l1L Input LOW Leakage Current V1N = 0 V, Vee =Max (Note 4) -10 µA 

lozH Off-State Output Leakage VouT = 5.5 V, Vee= Max 
Current HIGH V1N = V1Hor V1L (Note 4) 10 µA 

lozL Off-State Output Leakage VouT = 0 V, Vee = Max 
Current LOW V1N = V1H or V1L (Note 4) -10 µA 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee - 5.0 V, TA= 25° c -30 -150 mA 
(Note 5) 

Ice Supply Current Outputs Open (louT• O A) 90 mA 

Vee= Max 

Notes: 

2. For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted. 

3. ViL and VIH are input conditions of output tests and are not themselves directly tested. ViL and ViH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of l1L and lozL (or /,Hand fozH). 

5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 
tested, but is evaluated at initial characterization and at anytime the design is modified where fos may be affected. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 v Vee 8 
TA= +25°C pF 

Cour Output Capacitance Vour= 2.0 V I= 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 
·20 

Parameter 
Symbol Parameter Description Min Max 

tpo Input or Feedback to Combinatorial Output 20 

ts Setup Time from Input or Feedback to Clock 15 

tH Hold Time 0 

tco Clock to Output 10 

IWL LOW 8 
Clock Width 

twH HIGH 8 

Maximum External Feedback l 1/(ts +tee) 40 

IMAX 
Frequency 

Internal Feedback (fcNT) 50 (Note 3) 

No Feedback I 1 /(twH + twL) 62.5 

tEA Input to Output Enable Using Product Term Control 20 
(Note 3) 

tER Input to Output Disable Using Product Term Control 20 
(Note 3) 

IAR Asynchronous Reset to Registered Output 20 

IARW Asynchronous Reset Width (Note 3) 20 

IARR Asynchronous Reset Recovery Time (Note 3) 20 

tsA Setup Time from Input or Feedback to Clock (Note 4) 8 

tHA Hold Time (Note 4) 10 

tcoA Clock to Output (Note 4) 20 

twLA LOW (Note4) 8 
Clock Width 

twHA HIGH (Note 4) 8 

fMAXA Maximum External Feedback I 1 /(tsA + tcoA) 35.8 
Frequency 

(Notes 3 & 4) Internal Feedback (fcNr) 45 

No Feedback I 1 /(tWLA + twHA) 52.6 

Notes: 
2. See Switching Test Circuit for test conditions. For APL Products, Group A, Subgroups 9, 10, and 11 are tested per 

MIL-STD-883, Method 5005, unless otherwise noted. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. These parameters are measured using the asynchronous product-term clock. 
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SWITCHING WAVEFORMS 

Input or 
Feedback 

Combinatorial 
Output 

Clock 

Product-Term 
Clock 

Input 
Asserting 

Asynchronous 

~~ 
12950F-6 

Combinatorial Output 

12950F-8 

Clock Width 

12950F-10 

Clock Width Using 
Product-Term Clock 

VT 
Reset --~ ....._ ____ _, 

Registered 
Output 

Clock 

---~--...... 
!ARR 

VT 

Input or VT Feedback 

ts tH 

Clock 

Registered 
Output 

12950F-7 
Registered Output 

Input 

tER !EA 

Output VT 

12950F-9 

Input to Output Disable/Enable 

Input or 
Feedback ----J 

Product-Term 
Clock 

Registered 

---------

Output _________ ._. 

Registered Output Using 
Product-Term Clock 

VT 

12950F-11 

12950F-12 

Notes: 
Asynchronous Reset 

1. Vr = 1.5 V 
2. Input pulse amplitude O V to 3. O V 
3. Input rise and fall times 2 ns-5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

\\\\\ May Will be 
Change Changing 
from H to L from H to L 

11171 May Will be 
Change Changing 
from L to H from L to H 

'IYYYYX Don't Care, Changing, 
Any Change State 
Permitted Unknown 

ID-EK Does Not Center 
Apply Line is High-

Impedance 
"Off" State 

KS000010-PAL 

SWITCHING TEST CIRCUIT 

sv 

Test Point 

12950F-13 

Commercial Military Measured 
Specification S1 Ct R1 R2 R1 R2 Output Value 

tPD, !co Closed 3S pF 1.S v 

teA Z-+ H: Open 3S pF 1.S v 
Z -+ L: Closed assn 340n assn 340n 

IEA H -+Z: Open S pF H -+Z: VoH - O.S V 

L -+ Z: Closed L-+ Z: VOL+ o.s v 
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ENDURANCE 

Symbol Parameter Description Test Conditions Min Unit 

toR Pattern Data Retention Time Max Storage Temperature 10 Years 
Max Operating Temperature 20 Years 

N Reprogramming Cycles Normal Programming Conditions 100 Cycles 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Vee 

ESD ProgramNerify = 
Protection Circuitry 

Typical Input 

Vee 

r 
Preload Feedback 

= Circuitry Input 

Typical Output 
12950F-15 
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Power-Up Reset 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
This feature is valuable in simplifying state machine in
itialization. A timing diagram and parameter table are 
shown below. Due to the synchronous operation of the 
power-up reset and wide range of ways Vee can rise to 

Parameter 
Symbol Parameter Description 

IPR Power-up Reset Time 

ts Input or Feedback Setup Time 

twL Clock Width LOW 

AMO ;t1 
its steady state, two conditions are required to insure a 
valid power-up reset. These conditions are: 

• The Vee rise must be monotonic. 

• Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed
back setup times are met. 

Max Unit 

1000 ns 

See Switching 
Characteristics 

Vee 

Power 
4Vt"""----tPR ---

Registered 
Output 

Clock S\ 

PALCE610 Family 

12950F-16 
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~AMO 
TYPICAL THERMAL CHARACTERISTICS 
Measured at 25°C ambient. These parameters are not tested. 

Parameter 
Symbol Parameter Description 

9jc Thermal impedance, junction to case 

9ja Thermal impedance, junction to ambient 

9jma Thermal impedance, junction to 200 lfpm air 
ambient with air flow 

400 lfpm air 

600 lfpm air 

800 lfpm air 

Plastic 9/c Considerations 

Typ 
SKINNYDIP PLCC Unit 

21 20 •cfW 
72 57 •cfW 

64 47 •cfW 
60 44 •cfW 
55 40 •cfW 
49 36 •cfW 

The data listed for plastic ajc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the Sjc measurement relative to a specific location on the 
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the 
package. Furthermore, Sjc tests on packages are performed in a constant-temperature bath, keeping the package surface at a 
constant temperature. Therefore, the measurements can only be used in a similar environment. 
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~ 
MACH 1 and 2 Device Families Advanced 

Micro 
Devices High-Density EE CMOS Programmable Logic 

DISTINCTIVE CHARACTERISTICS 
• High-performance, high-density, electrically

erasable CMOS PLO families 

• 900 to 3600 PLO gates 

• 44 to 84 pins in cost-effective PLCC and CQFP 
packages 

• 32 to 128 macrocells 
• 0.8 µm CMOS provides predictable design

independent high speeds 

- Commercial 10/12/15/20-ns tPo, 
80/67/50/40-MHz fMAX external 

- Industrial 14/18/24, 53/40/32 fMAX external 

• Synchronous and asynchronous devices 

• PAL blocks connected by switch matrix 

- Provides optimized global connectivity 

- Switch matrix integrates blocks into uniform 
device 

• Configurable macrocells 

PRODUCT SELECTOR GUIDE 

Device Pins Macrocells PLO Gates 
MACH 1 Family 
MACH110 44 32 900 
MACH120 68 48 1200 
MACH130 84 64 1800 
MACH 2 Family 

MACH210 44 64 1800 
MACH220 68 96 2400 
MACH230 84 128 3600 
Asynchronous MACH Device 

MACH215 44 64 1500 

GENERAL DESCRIPTION 
The MACH (Macro Array CMOS High-density) family 
provides a new way to implement large logic designs in 
a programmable logic device. AMD has combined an in
novative architecture with advanced electrically
erasable CMOS technology to offer a device with sev
eral times the logic capability of the industry's most 
popular existing PAL device solutions at comparable 
speed and cost. 

Publication# C14051 Rev. H Amendment/O 

Issue Date: April 1994 

- Programmable polarity 

- Registered or combinatorial 

- Internal and 1/0 feedback 

- D-type or T-type flip-flops 

- Choice of clocks for each flip-flop 

- Input registers for MACH 2 family 

• Extensive third-party software and programmer 
support through FusionPLD5M partners 

- Schematic capture and text entry 

- Compilation and JEDEC file generation 

- Design simulation 

- Logic and timing models 

- Standard PLO programmers 

• Each MACH product has a factory 
programming option available for high-volume 
applications 

Max Max Max Speed 
Inputs Outputs Flip-Flops (ns) 

38 32 32 12, 15,20 
56 48 48 15, 20 
70 64 64 15, 20 

38 32 64 10, 12, 15, 20 
56 48 96 12, 15,20 
70 64 128 15, 20 

38 32 64 12, 15,20 

Their unique architecture makes these devices ideal for 
replacing large amounts of TTL, PAL-device, glue, and 
gate-array logic. They are the first devices to provide 
such increased functionality with completely predict
able, deterministic speed. 

The MACH devices consist of PAL blocks intercon
nected by a programmable switch matrix (Figure 1 ). 
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~AMO CONDENSED 

Designs that consist of several interconnected func
tional modules can be efficiently implemented by plac
ing the modules into PAL blocks. Designs that are not as 
modular can also be readily implemented since the 
switch matrix provides a high level of connectivity be
tween PAL blocks. The internal arrangement of re
sources is managed automatically by the design 
software, so that the designer does not have to be con
cerned with the logic implementation details. 

The MACH family consists of the MACH 1 and MACH 2 
series of synchronous devices and the MACH215, an 
asynchronous device. The MACH 1 and 2 series are 
ideal for synchronous subsystems like memory control
lers and peripheral controllers. The MACH215 is appro
priate for applications having asynchronous inputs and 
for collecting random glue logic. 

AMD's FusionPLD program allows MACH device de
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMO certifies that the tools 
provide timely, accurate, quality support. This ensures 
that a designer does not have to buy a complete new set 
of tools for each new device, but rather can use the tools 
with which he or she is already familiar. The MACH de
vices can be programmed on conventional PAL device 
programmers with appropriate personality and socket 
adapter modules. 

MACH devices are manufactured using AM D's state-of
the-art advanced CMOS electrically-erasable process 
for high performance and logic density. CMOS EE tech
nology provides 100% testability, reducing both proto
type development costs and production costs. 

Output : Buried Output : Buried 
------1..c. Macro- • Macro- 1------1..c>:> Macro- • Macro-

cells • cells* cells • cells* 
----- -·- - ---- ------·- - ---- . . . 

PAL Block PAL Block 

l l 
Switch Matrix J -' l 

I I 
PAL Block PAL Block 

-o~tp~t-:- s~riect- -ouiP"ui: -B~ria"°d-
.__ ___ I> Macro- • Macro- 1-----1~1i"'>v Macro- • Macro-

• • • 
cells : cells* cells : cells* 

14051H-1 
* Buried macrocel/ available on MACH 2 devices only. 

Figure 1. MACH 1 and 2 Block Diagram 

Design Methodology 
Design tools for MACH devices are widely available 
both from AMO and from third-party software vendors. 
AMO provides PALASM software as a low-cost baseline 
tool set and works with tools vendors to ensure broad 
MACH device support. This allows designers to do 
MACH device designs using the same tools that 
they would use to do PAL device designs, whether 
PALASM software or any of the other popular PAL 
device design packages. 

Design entry is the same as that used for PAL devices. 
The basic logic processing steps are the same steps 
that are needed to process and minimize logic for any 
PAL device. Simulation is available for verifying the 

correct behavior of the device. Functional (unit-delay) 
simulation of MACH devices is supported in all ap
proved software packages, and other options for simu
lating the timing and board-level behavior of the MACH 
devices are available. The end result is a JEDEC file that 
can be downloaded to a programmer for device 
configuration. 

MACH device design methodology differs somewhat 
from that of a PAL device due to the automatic design 
fitting procedure that the software performs. Designs 
written by logic designers-whether by schematic cap
ture, state machine equations, or Boolean equations
are partitioned and placed into the PAL blocks of the 
MACH device. While this procedure is handled auto-
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CONDENSED AMO~ 

matically by the software, the software can also accept 
manual direction based upon the user's working knowl
edge of the design. MACH device connectivity is 100% 
with the exception of the MACH230. This facilitates 
automatic place and route. 

AMO recommends allowing the software to decide the 
best fit and pin placement automatically for the first de
sign iteration to provide the best chance of fitting. With 
this approach, large designs can be implemented in
crementally, starting with low device utilization and 
building up by adding logic until the device is full. This 
generally means that designs are done without any spe
cific pinout assignments, with the final pinout decided by 
the software. While it is possible to pre-place signals, it 
is not recommended in most cases. If done carefully, 
pre-placement can help the software fit difficult designs; 
if not done carefully, it may make it harder for the design 
to fit. Guidelines on specifying the initial pinout are pro
vided in the MACH Technical Briefs book. 

The design is partitioned and placed into the MACH de
vice by the software so as not to affect the performance 

of the design. With designs that do not fit, it is possible to 
make some performance tradeoffs to aid in fitting (for 
example, by optimizing the flip-flop type or passing 
through the device more than once), but those tradeoffs 
must be specifically requested, and any additional de
lays are entirely predictable. 

Once an initial design fits, there may be subsequent 
changes to the design. This is important if board layout 
has already started based on the original pinout. Design 
changes make it necessary to refit the design, which 
may result in a different pinout. Some design changes 
may make it impossible to refit the design, regardless of 
the pinout. The stability of the design and the expected 
extent of any changes should therefore be considered 
before committing the design to layout. Careful designs 
that target about 70% utilization will make future 
changes much easier. Higher utilization will make de
sign changes much more difficult to implement. Hints on 
designing for change can be found in the MACH Device 
Design Planning Guide near the end of this book, and in 
the article Designing for Change with MACH Devices in 
the Technical Briefs book. 

MACH 1 and 2 Device Families 3-5 
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•a·UHMM+- COM'L: -12/15/20 IND: -14/18/24 ~ 
MACH110-12/15/20 
High-Density EE CMOS Programmable Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• 44 Pins 

• 32 Macrocells 

• 12 ns tpo Commercial 
14 ns tpo Industrial 

• 66.7 MHz IMAX external Commercial 
53.5 MHz IMAX external Industrial 

GENERAL DESCRIPTION 
The MACH110 is a member of AM D's high-performance 
EE CMOS MACH 1 family. This device has approxi
mately three times the logic macrocell capability of the 
popular PAL22V10 with no loss of speed. 

The MACH110 consists of two PAL blocks intercon
nected by a programmable switch matrix. The two PAL 
blocks are essentially "PAL22V16" structures complete 
with product-term arrays and programmable macro
cells. The switch matrix connects the PAL blocks to 
each other and to all input pins, providing a high degree 
of connectivity between the fully-connected PAL blocks. 
This allows designs to be placed and routed efficiently. 

Publication# C14127 Rev. H Amendment/O 

Issue Date: April 1994 

• 38 Inputs 

• 32 Outputs 

• 32 Flip-flops; 2 clock choices 

• 2 "PAL22V16" Blocks 

• Pin-compatible with MACH210, MACH215 

The MACH11 O macrocell provides either registered or 
combinatorial outputs with programmable polarity. If a 
registered configuration is chosen, the register can be 
configured as D-type or T-type to help reduce the 
number of product terms. The register type decision can 
be made by the designer or by the software. All macro
cells can be connected to an 1/0 cell. If a buried macro
cell is desired, the internal feedback path from the 
macrocell can be used, which frees up the 1/0 pin for use 
as an input. 
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BLOCK DIAGRAM 
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22 

44 x 70 
AND Logic Array 

and 
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OE 
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16 16 
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16 

16 

1/016 - 1/031 
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2 

4 

2 

2 
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•B·UHHM+- COM'L: ·15/20 IND: ·18/24 ~ 
MACH120-15/20 
High-Density EE CMOS Programmable Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• 68 Pins 

• 48 Macrocells 

• 15 ns tPo Commercial 
18 ns lPo Industrial 

• 50 MHz fMAx external Commercial 
40 MHz fMAx external Industrial 

GENERAL DESCRIPTION 
The MACH120 is a member of AM D's high-performance 
EE CMOS MACH 1 family. This device has approxi
mately five times the logic macrocell capability of the 
popular PAL22V1 O with no loss of speed. 

The MACH120 consists of four PAL blocks intercon
nected by a programmable switch matrix. The switch 
matrix connects the PAL blocks to each other and to all 
input pins, providing a high degree of connectivity 
between the fully-connected PAL blocks. This allows 
designs to be placed and routed efficiently. 

Publication# C14129 Rev. H Amendment/O 

Issue Date: April 1994 

• 56 Inputs 

• 48 Outputs 

• 48 Flip-flops; 4 clock choices 

• 4 PAL blocks 

• Pin-compatible with MACH220 

The MACH120 macrocell provides either registered or 
combinatorial outputs with programmable polarity. If a 
registered configuration is chosen, the register can be 
configured as D-type or T-type to help reduce the num
ber of product terms. The register type decision can be 
made by the designer or by the software. All macrocells 
can be connected to an 1/0 cell. If a buried macrocell is 
desired, the internal feedback path from the macrocell 
can be used, which frees up the 1/0 pin for use as 
an input. 
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BLOCK DIAGRAM 
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CONDENSED 
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COM'L: -15/20 IND: -18/24 ~ 
MACH130-15/20 
High-Density EE CMOS Programmable Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• 84 Pins 

• 64 Macrocells 

• 15 ns tPo Commercial 
18 ns tPo Industrial 

• 50 MHz fMAx external Commercial 
40 MHz fMAx external Industrial 

GENERAL DESCRIPTION 
The MACH130 is a member of AM D's high-performance 
EE CMOS MACH 1 family. This device has approxi
mately six times the logic macrocell capability of the 
popular PAL22V10 with no loss of speed. 

The MACH130 consists of four PAL blocks intercon
nected by a programmable switch matrix. The switch 
matrix connects the PAL blocks to each other and to all 
input pins, providing a high degree of connectivity 
between the fully-connected PAL blocks. This allows 
designs to be placed and routed efficiently. 

Publication# C14131 Rev. G Amendment/O 

Issue Date: April 1994 

• 70 Inputs 

• 64 Outputs 

• 64 Flip-flops; 4 clock choices 

• 4 "PAL26V16" Blocks with buried Macrocells 

• Pin-compatible with MACH230, MACH435 

The MACH130 macrocell provides either registered or 
combinatorial outputs with programmable polarity. If a 
registered configuration is chosen, the register can be 
configured as D-type or T-type to help reduce the 
number of product terms. The register type decision can 
be made by the designer or by the software. All 
macrocells can be connected to an 1/0 cell. If a buried 
macrocell is desired, the internal feedback path from the 
macrocell can be used, which frees up the 1/0 pin for use 
as an input. 
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BLOCK DIAGRAM 
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•«·W·HM+- COM'L: -10/12/15/20, Q-15/20 IND: -12/14/18/24 ~ MACH210A-10 
MACH210-12/15/20 
MACH210AQ-15/20 
High-Density EE CMOS Programmable Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• 44 Pins 

• 64 Macrocells 

• 10 ns tPo Commercial 
12 ns tPo Indus.trial 

• 80 MHz IMAX external Commercial 
64 MHz IMAX external Industrial 

GENERAL DESCRIPTION 
The MACH21 0 is a member of AM D's high-performance 
EE CMOS MACH 2device family. This device has ap
proximately six times the logic macrocell capability of 
the popular PAL22V10 with no loss of speed. 

The MACH210 consists of four PAL blocks intercon
nected by a programmable switch matrix. The four PAL 
blocks are essentially "PAL22V16" structures complete 
with product-term arrays and programmable macro
cells, including additional buried macrocells. The switch 
matrix connects the PAL blocks to each other and to all 
input pins, providing a high degree of connectivity 
between the fully-connected PAL blocks. This allows 
designs to be placed and routed efficiently. 

The MACH210 has two kinds of macrocell: output and 
buried. The MACH210 output macrocell provides 

Publication# C14128 Rev. H Amendment/O 

Issue Date: Aprll 1994 

• 38 Inputs; 210A Inputs have built-in pull-up 
resistors 

• 32 Outputs 

• 64 Flip-flops; 2 clock choices 

• 4 "PAL22V16" blocks with burled macrocells 

• Pin-compatible with MACH110, MACH215 

registered, latched, or combinatorial outputs with 
programmable polarity. If a registered configuration is 
chosen, the register can be configured as D-type or 
T-type to help reduce the number of product terms. The 
register type decision can be made by the designer or by 
the software. All output macrocells can be connected to 
an 1/0 cell. If a buried macrocell is desired, the internal 
feedback path from the macrocell can be used, which 
frees up the 1/0 pin for use as an input. 

The MACH21 O has dedicated buried macrocells which, 
in addition to the capabilities of the output macrocell, 
also provide input registers or latches for use in synchro
nizing signals and reducing setup time requirements. 
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BLOCK DIAGRAM 
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COM'L: -15/20 IND: -18/24 

~ 
MACHLV210-15/20 
High Density EE CMOS Programmable Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• Low-voltage operation, 3.3-V JEDEC 
compatible 

- Vee= +3.0 V to +3.6 V 

• < 5 mA standby current 

• Patented design allows minimal standby 
current without speed degradation 

• Exclusively designed for 3.3-V applications 

• 44 Pins 

• 64 Macrocells 

• 15 ns tpo Commercial 
18 ns tpo Industrial 

GENERAL DESCRIPTION 
The MACHLV210 is a member of AMD's high
performance EE CMOS MACH 2device family. This de
vice has approximately six times the logic macrocell 
capability of the popular PAL22V10 at an equal speed 
with a lower cost per macrocell. It is architecturally 
identical to the MACH210, with the addition of 1/0 
pull-up/pull-down resistors and low-voltage, low
power operation. 

The MACHLV210 provides 3.3-V operation with low
power CMOS technology. AMD's patented design al
lows for minimal standby current without speed 
degradation by limiting the leakage current when sig
nals are not switching. At less than 5 mA maximum 
standby current, the MACHLV210 is ideal for low-power 
applications. 

The MACHL V21 O consists of four PAL blocks intercon
nected by a programmable switch matrix. The four PAL 
blocks are essentially "PAL22V16" structures complete 
with product-term arrays and programmable macro
cells, including additional buried macrocells. The switch 

Publication# C17908 Rev. C Amendment/O 

Issue Date: April 1994 

• 50 MHz fMAx external Commercial 
40 MHz IMAX external Industrial 

• 38 Inputs with advanced pull-up/pull-down 
resistors 

• 32 Outputs 

• 64 Flip-flops; 2 clock choices 

• 4 "PAL22V16" blocks with buried macrocells 

• Pin-, function-, and JEDEC-compatible with 
MACH210 

• Pin-compatible with MACH110, MACH215 

matrix connects the PAL blocks to each other and to all 
input pins, providing a high degree of connectivity 
between the fully-connected PAL blocks. This allows 
designs to be placed and routed efficiently. 

The MACHLV210 has two kinds of macrocell: output 
and buried. The MACHLV210 output macrocell pro
vides registered, latched, or combinatorial outputs with 
programmable polarity. If a registered configuration is 
chosen, the register can be configured as 0-type or 
T-type to help reduce the number of product terms. The 
register type decision can be made by the designer or by 
the software. All output macrocells can be connected to 
an 1/0 cell. If a buried macrocell is desired, the internal 
feedback path from the macrocell can be used, which 
frees up the 1/0 pin for use as an input. 

The MACHLV210 has dedicated buried macrocells 
which, in addition to the capabilities of the output 
macrocell, also provide input registers or latches for 
use in synchronizing signals and reducing setup time 
requirements. 
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BLOCK DIAGRAM 
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COM'L: -12/15/20 IND: -14/18/24 ~ 
MACH220-12/15/20 
High-Density EE CMOS Programmable Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• 68 Pins 

• 96 Macrocells 

• 12 ns tPo Commercial 
14.5 ns tPo Industrial 

• 66.7 MHz fMAx external Commercial 
53 MHz fMAx external Industrial 

GENERAL DESCRIPTION 
The MACH220 is a member of AM D's high-performance 
EE CMOS MACH 2 device family. This device has 
approximately nine times the logic macrocell capability 
of the popular PAL22V10 with no loss of speed. 

The MACH220 consists of eight PAL blocks intercon
nected by a programmable switch matrix. The switch 
matrix connects the PAL blocks to each other and to all 
input pins, providing a high degree of connectivity be
tween the fully-connected PAL blocks. This allows 
designs to be placed and routed efficiently. 

The MACH220 has two kinds of macrocell: output and 
buried. The output macrocell provides registered, 

Publication# C14130 Rev. H Amendment/O 

Issue Date: April 1994 

• 56 Inputs with pull-up resistors 

• 48 Outputs 

• 96 Flip-flops; 4 clock choices 

• 8 PAL blocks with buried macrocells 

• Pin-compatible with MACH120 

latched, or combinatorial outputs with programmable 
polarity. If a registered configuration is chosen, the reg
ister can be configured as D-type or T-type to help 
reduce the number of product terms. The register type 
decision can be made by the designer or by the soft
ware. All output macrocells can be connected to an 110 
cell. If a buried macrocell is desired, the internal feed
back path from the macrocell can be used, which frees 
up the 110 pin for use as an input. 

The MACH220 has dedicated buried macrocells which, 
in addition to the capabilities of the output macrocell, 
also provide input registers for use in synchronizing 
signals and reducing setup time requirements. 
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COM'L: -15/20 IND: -18/24 

~ 
MACH230-15/20 
High-Density EE CMOS Programmable Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• 84 Pins 

• 128 Macrocells 

• 15 ns tPo Commercial 
18 ns tPo Industrial 

• 50 MHz fMAX external Commercial 
40 MHz fMAX external Industrial 

GENERAL DESCRIPTION 
The MACH230 is a member of AM D's high-performance 
EE CMOS MACH 2 device family. This device has ap
proximately twelve times the logic macrocell capability 
of the popular PAL22V10 with no loss of speed. 
The MACH230 consists of eight PAL blocks intercon
nected by a programmable switch matrix. The switch 
matrix connects the PAL blocks to each other and to all 
input pins, providing a high degree of connectivity be
tween the fully-connected PAL blocks. This allows 
designs to be placed and routed efficiently. 
The MACH230 has two kinds of macrocell: output and 
buried. The output macrocell provides registered, 
latched, or combinatorial outputs with programmable 

Publication# C14132 Rev. H Amendment/O 

Issue Date: April 1994 

• 70 Inputs 

• 64 Outputs 

• 128 Flip-flops; 4 clock choices 

• 8 "PAL26V16" blocks with buried macrocells 

• Pin-compatible with MACH130, MACH435 

polarity. If a registered configuration is chosen, the reg
ister can be configured as D-type or T-type to help 
reduce the number of product terms. The register type 
decision can be made by the designer or by the soft
ware. All output macrocells can be connected to an 1/0 
cell. If a buried macrocell is desired, the internal feed
back path from the macrocell can be used, which frees 
up the 1/0 pin for use as an input. 

The MACH230 has dedicated buried macrocells which, 
in addition to the capabilities of the output macrocell, 
also provide input registers for use in synchronizing sig
nals and reducing setup time requirements. 
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COM'L: -12/15/20 IND: -14/18/24 ~ 
MACH215-12/15/20 
High-Density EE CMOS Programmable Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• 44 Pins 

• 32 Output Macrocells 

• 32 Input Macrocells 

• Product terms for: 
- Individual flip-flop clock 
- Individual asynchronous reset, preset 
- Individual output enable 

• 12 ns tPo Commercial 
14.5 ns tpo Industrial 

GENERAL DESCRIPTION 
The MACH215 is a member of AM D's high-performance 
EE CMOS MACH device family. This device has ap
proximately three times the capability of the popular 
PAL20RA 10 with no loss of speed. 

The MACH215 consists of four PAL blocks intercon
nected by a programmable switch matrix. The four PAL 
blocks are essentially "PAL22RA8" structures complete 
with product-term arrays and programmable macro
cells, individual register control product terms, and input 
registers. The switch matrix connects the PAL blocks to 
each other and to all input pins, providing a high degree 
of connectivity between the fully-connected PAL blocks. 
This allows designs to be placed and routed efficiently. 

Publication# C16751 Rev. D AmendmenVO 

Issue Date: A ril 1994 

• 67 MHz fMAx external Commercial 
42 MHz fMAx external Industrial 

• 38 Inputs with pull-up resistors 

• 32 Outputs 

• 64 Flip-flops 

• 4 "PAL22RA8" blocks with buried macrocells 

• Pin-compatible with MACH110, MACH210 

The MACH215 has two kinds of macrocell: output and 
input. The MACH215 output macrocell provides regis
tered, latched, or combinatorial outputs with program
mable polarity. If a registered configuration is chosen, 
the register can be configured as D-type or T-type to 
help reduce the number of product terms. The register 
type decision can be made by the designer or by the 
software. Each macrocell has its own dedicated clock, 
asynchronous reset, and asynchronous preset control. 
The polarity of the clock signal is programmable. All out
put macrocells can be connected to an 1/0 cell. 

The MACH215 has dedicated input macrocells which 
provide input registers or latches for synchronizing input 
signals and reducing setup time requirements. 
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~ 
MACH 3 and 4 Device Families Advanced 

Micro 
Devices High-Density EE CMOS Programmable Logic 

DISTINCTIVE CHARACTERISTICS 
• High-performance, high-density 

electrically-erasable CMOS PLO families 
• Predictable design-independent 15- and 20-ns 

speeds 
• High density, pin count 

- 3500-10,000 PLD Gates 

- 84-208 Pins 

- 96-384 Registers 

• Input and output switch matrices Increase 
ability to hold a fixed pinout 

• JTAG, 5-V in-circuit programmability on 
devices with more than 84 pins 

• Synchronous and asynchronous modes 
available for each macrocell 
- Clock generator in each PAL block for 

programmable clocks, edges in either mode 

- Individual clock, initialization product terms in 
asynchronous mode 

PRODUCT SELECTOR GUIDE 

PLO 
Device Pins Macrocells Gates 

MACH 3 Family 

MACH355 144 96 3500 

MACH 4 Family 

MACH435 84 128 5000 

MACH445 100 128 5000 

MACH446 100 128 5000 

MACH465 208 256 10,000 

GENERAL DESCRIPTION 
The MACH® (Macro Array CMOS High-speed/density) 
family provides a new way to implement large logic 
designs in a programmable logic device. AMD has 
combined an innovative architecture with advanced 
electrically-erasable CMOS technology to offer a device 
with many times the logic capability of the industry's 
most popular existing PAL® device solutions at compa
rable speed and cost. 

The second-generation MACH devices provide approxi
mately three times the density and register count, and 

Publication# C17466 Rev. C Amendment/O 

Issue Date: Au ust 1994 

Max 

• Central, input, and output switch matrices 
- 100% Routability 

• Up to 20 product terms per function 
• 96-256 configurable macrocells 

- D/T/J-K/S-R Registers, latches 

- Synchronous or asynchronous mode 

- Programmable polarity 

- ReseVpreset swapping 

• XOR gate available 
• Registered/latched inputs on MACH 4 series 
• Extensive third-pany software and programmer 

suppon through FusionPLD5M panners 

Max Max JTAG/ 
Inputs Outputs Flip-Flops 5 V Prog Speed 

102 

70 

70 

70 

146 

96 96 y 15 20 

64 192 N 15, 20, 
0-25 

64 192 y 10, 12, 
15, 50 

64 192 y 10, 12, 
15, 20 

128 384 y 15, 20 

two times the amount of 110 of the original MACH 1 
and 2 families. By increasing the pin count, adding 
functionality, and improving routing, the MACH 3 and 4 
families build upon the strength of the MACH architec
ture without sacrificing predictable timing. 

Their unique architecture makes these devices ideal for 
replacing large amounts of TTL, PAL-device, glue, and 
gate-array logic. They are the first devices to provide 
such increased functionality with completely predict
able, deterministic speed. 
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~AMO CONDENSED 

The MACH devices consist of PAL blocks intercon
nected by a programmable central switch matrix 
(Figure 1 ). Designs that consist of several intercon
nected functional modules can be efficiently imple
mented by placing the modules into PAL blocks. 
Designs that are not as modular can also be readily 
implemented since the central switch matrix provides a 
very high level of connectivity between PAL blocks. 

The use of input and output switch matrices allows logic 
to be implemented independent of pin connections. This 
allows greater flexibility when making initial pin assign
ments for PCB layout, or when trying to maintain the 
pinout through design changes. The internal arrange
ment of resources is managed automatically by the 
design software, so that the designer does not have to 
be concerned with the logic implementation details. 

AMD's FusionPLD program allows MACH device de
signs to be implemented using a wide variety of popular 
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industry-standard design tools. By working closely with 
the FusionPLD partners, AMO certifies that the tools 
provide timely, accurate, quality support. This ensures 
that a designer does not have to buy a complete new set 
of tools for each new device, but rather can use the tools 
with which he or she is already familiar. The MACH 
devices can programmed on conventional PAL device 
programmers. Devices with pin counts greater than 84 
have an additional 5-V programming algorithm option 
that can be implemented with the devices soldered onto 
the board. 

MACH devices are manufactured using AM D's state-of
the-art advanced CMOS electrically-erasable process 
for high performance and logic density. CMOS EE 
technology provides 100% testability, reducing both 
prototype development costs and production costs. 
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Figure 1. MACH 3 and 4 Block Diagram 
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CONDENSED AMO~ 
Design Methodology 
Design tools for all MACH devices are widely available 
both from AMO and from third-party software vendors. 
AMO provides MACHXL ® software as a low-cost 
baseline tool set and works with third-party vendors to 
ensure broad MACH device support. MACHXL software 
is based on the popular PALASM® 4 software package, 
with support dedicated to the higher-density MACH 3 
and 4 devices. PAL devices, MACH 1 devices, and 
MACH 2 devices are supported by PALASM 4 software; 
MACH 3 and 4 devices are supported by MACHXL 
software. This allows designers to do MACH device 
designs using the same methodology that they would 
use to do any PLO or FPGA designs, whether with 
MACHXL software or any of the other popular PAL 
device or FPGA design packages. 

Design entry can be the same as that used for PAL, 
MACH 1, and MACH 2 devices. The basic logic 
processing steps are the same steps that are needed to 
process and minimize logic for any PAL device. 
Simulation is available for verifying the correct behavior 
of the device. Functional (unit-delay) simulation of 
MACH devices is supported in all approved software 
packages, and other options for simulating the timing 
and board-level behavior of the MACH devices are 
available. The end result is a JEDEC file that can be 
downloaded to a programmer for device configuration. 

MACH device design methodology differs somewhat 
from that of a PAL device due to the automatic design 
fitting procedure that the software performs. Designs 
written by logic designers-whether by schematic 
capture, state machine equations, Boolean equations, 
or behavioral languages-are partitioned and placed 
into the PAL blocks of the MACH device. While this 
procedure is handled automatically by the software, the 
software can also accept manual direction based upon 
the user's working knowledge of the design. The overall 
device utilization provided by the fitter will vary from 
design to design, but in general significantly higher 

utilization can be expected from the MACH 3 and 4 
families than from the MACH 1 and 2 devices due to the 
additional routing resources. In addition, MACH 3 and 4 
device designs with higher utilization are more likely to 
retain the same pinout when design changes are made 
since the output switch matrix allows a pin to be driven 
by any of a number of macrocells. 

AMO recommends allowing the software to decide the 
best fit and pin placement automatically for the first 
design iteration. This will provide the best chance of 
fitting. With this approach, large designs can be 
implemented incrementally, starting with low device 
utilization and building up by adding logic until the 
device is full. This generally means that designs are 
done without any specific pinout assignments, with the 
final pinout decided by the software. It is possible to 
"pre-place" signals, and, given the plentiful routing 
resources, pre-placement is very likely to be successful 
on the MACH 3 and 4 families. However, the most 
successful design fit can still be achieved by allowing 
the software as much fitting flexibility as possible. 

The design is partitioned and placed into the MACH 
device by the software so as not to affect the perform
ance of the design. With designs that do not fit it is 
possible to make some performance tradeoffs to aid in 
fitting (for example, by optimizing the flip-flop type or 
passing through the device more than once), but those 
tradeoffs must be specifically requested, and any 
additional delays are entirely predictable. 

Once an initial design fits, there may be subsequent 
changes to the design. This is important if board layout 
has already started based on the original pinout. 
A major role of the input and output switch matrices is to 
allow such changes without impacting the original 
pinout. Certain design changes may make it impossible 
to maintain the original pinout, but designs can easily 
target 80% utilization without seriously jeopardizing the 
ability to make design changes and maintain pinout. 
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COM'L: ·15/20 ~ 
MACH355-15/20 
High-Density EE CMOS Programmable Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• 144 Pins in PQFP 

• JTAG, 5-V, in-circuit programmable 

• IEEE 1149.1 JTAG testing capability 

• 96 Macrocells 

• 15 ns tpo 

• 50 MHz fMAX external 

• 102 Inputs with pull-up resistors 

• 96 Outputs 

• 96 Flip-flops 

GENERAL DESCRIPTION 
The MACH355 is a member of AM D's high-performance 
EE CMOS MACH 3 family. This device has approxi
mately nine times the macro cell capability of the popular 
PAL22V10, with significant density and functional 
features that the PAL22V1 O does not provide. 

The MACH355 consists of six PAL blocks intercon
nected by a programmable central switch matrix. The 
central switch matrix connects the PAL blocks to each 
other and to all input pins, providing a high degree of 
connectivity between the fully-connected PAL blocks. 
This allows designs to be placed and routed efficiently. 
Routability is further enhanced by an input switch matrix 
and an output switch matrix. The input switch matrix 
provides input signals with alternative paths into the 
central switch matrix; the output switch matrix provides 
flexibility in assigning macrocells to 1/0 pins. 

The MACH355 has macrocells that can be configured 
as synchronous or asynchronous. This allows designers 
to implement both synchronous and asynchronous logic 

• Up to 20 product terms per function, with XOR 

• Flexible clocking 

- Four global clock pins with selectable edges 

- Asynchronous mode available for each 
macrocell 

• 6 "PAL33V16" blocks 

• Input and output switch matrices for high 
routability 

• Fixed, predictable, deterministic delays 

together on the same device. The two types of design 
can be mixed in any proportion, since the selection on 
each macrocell affects only that macrocell. 

Up to 20 product terms per function can be assigned. It 
is possible to allocate some product terms away from a 
macrocell without losing the use of that macrocell for 
logic generation. 

The MACH355 macrocell provides either registered or 
combinatorial outputs with programmable polarity. If a 
registered configuration is chosen, the register can be 
configured as D-type, T-type, J-K, or S-R to help reduce 
the number of product terms used. The flip-flop can also 
be configured as a latch. The register type decision can 
be made by the designer or by the software. 

All macrocells can be connected to an 110 cell through 
the output switch matrix. The output switch matrix 
makes it possible to make significant design changes 
while minimizing the risk of pinout changes. 

Publication# C17467 Rev. C Amendment/O 

Issue Date: August 1994 
This document contains information on a product under development at Advanced Micro Devices, Inc. The information is 
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COM'L: -15/20, Q-25 ~ 
MACH435-15/20, Q-25 
High-Density EE CMOS Programmable Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• 84 Pins in PLCC 

• 128 Macrocells 

• 15 ns tpo 

• 50 MHz fMAx external 

• 70 Inputs with pull-up resistors 

• 64 Outputs 

• 192 Flip-flops 

- 128 Macrocell flip-flops 

- 64 Input flip-flops 

GENERAL DESCRIPTION 
The MACH435 is a member of AM D's high-performance 
EE CMOS MACH 4 family. This device has approxi
mately twelve times the macrocell capability of the 
popular PAL22V10, with significant density and func
tional features that the PAL22V10 does not provide. 

The MACH435 consists of eight PAL blocks intercon
nected by a programmable central switch matrix. The 
central switch matrix connects the PAL blocks to each 
other and to all input pins, providing a high degree of 
connectivity between the fully-connected PAL blocks. 
This allows designs to be placed and routed efficiently. 
Routability is further enhanced by an input switch matrix 
and an output switch matrix. The input switch matrix pro
vides input signals with alternative paths into the central 
switch matrix; the output switch matrix provides flexibil
ity in assigning macrocells to 1/0 pins. 

The MACH435 has macrocells that can be configured 
as synchronous or asynchronous. This allows designers 
to implement both synchronous and asynchronous logic 

Publication# C17469 Rev. D Amendment/O 
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• Up to 20 product terms per function, with XOR 

• Flexible clocking 

- Four global clock pins with selectable edges 

- Asynchronous mode available for each 
macrocell 

• 8 "PAL33V16" blocks 

• Input and output switch matrices for high 
routability 

• Fixed, predictable, deterministic delays 

• Pin compatible with MACH130, MACH230 

together on the same device. The two types of design 
can be mixed in any proportion, since the selection on 
each macrocell affects only that macrocell. 

Up to 20 product terms per function can be assigned. It 
is possible to allocate some product terms away from a 
macrocell without losing the use of that macrocell for 
logic generation. 

The MACH435 macrocell provides either registered or 
combinatorial outputs with programmable polarity. If a 
registered configuration is chosen, the register can be 
configured as D-type, T-type, J-K, or S-R to help reduce 
the number of product terms used. The flip-flop can also 
be configured as a latch. The register type decision can 
be made by the designer or by the software. 

All macrocells can be connected to an 1/0 cell through 
the output switch matrix. The output switch matrix 
makes it possible to make significant design changes 
while minimizing the risk of pinout changes. 
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•B-UH3M+• COM'L: -15/20 ~ 
MACH445-15/20 
High-Density EE CMOS Programmable Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• 100-pin version of the MACH435 in PQFP 

• 5 V, in-circuit programmable 

• JTAG, IEEE 1149.1 JTAG testing capability 

• 128 macrocells 

• 15nstpo 

• 50 MHz fMAX external 

• 70 inputs with pull-up resistors 

• 64 outputs 

• 192 flip-flops 

- 128 macrocell flip-flops 

- 64 input flip-flops 

GENERAL DESCRIPTION 
The MACH445 is a memberof AM D's high-performance 
EE CMOS MACH 4 family. This device has approxi
mately twelve times the macrocell capability of the 
popular PAL22V10, with significant density and func
tional features that the PAL22V1 0 does not provide. It is 
architecturally identical to the MACH435, with the 
addition of JTAG and 5-V programmability capabilities. 

The MACH445 consists of eight PAL blocks intercon
nected by a programmable central switch matrix. The 
central switch matrix connects the PAL blocks to each 
other and to all input pins, providing a high degree of 
connectivity between the fully-connected PAL blocks. 
This allows designs to be placed and routed efficiently. 
Routability is further enhanced by an input switch matrix 
and an output switch matrix. The input switch matrix 
provides input signals with alternative paths into the 
central switch matrix; the output switch matrix provides 
flexibility in assigning macrocells to 1/0 pins. 

The MACH445 has macrocells that can be configured 
as synchronous or asynchronous. This allows designers 
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• Up to 20 product terms per function, with XOR 

• Flexible clocking 

- Four global clock pins with selectable edges 

- Asynchronous mode available for each 
macrocell 

• 8 "PAL33V16" blocks 

• Input and output switch matrices for high 
routability 

• Fixed, predictable, deterministic delays 

• JEDEC-file compatible with MACH435 

• Zero-hold-time input register option 

to implement both synchronous and asynchronous logic 
together on the same device. The two types of design 
can be mixed in any proportion, since the selection on 
each macrocell affects only that macrocell. 

Up to 20 product terms per function can be assigned. It 
is possible to allocate some product terms away from a 
macrocell without losing the use of that macrocell for 
logic generation. 

The MACH445 macrocell provides either registered or 
combinatorial outputs with programmable polarity. If a 
registered configuration is chosen, the register can be 
configured as D-type, T-type, J-K, or S-R to help reduce 
the number of product terms used. The flip-flop can also 
be configured as a latch. The register type decision can 
be made by the designer or by the software. 

All macrocells can be connected to an 1/0 cell through 
the output switch matrix. The output switch matrix 
makes it possible to make significant design changes 
while minimizing the risk of pinout changes. 
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COM'L: -10/12/15/20 

~ 
MACH446-10/12/15/20 
High-Density EE CMOS Programmable Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• 100-pin version of the MACH435 in PQFP 

• 5 V, in-circuit programmable 

• JTAG, IEEE 1149.1 JTAG testing capability 

• 128 macrocells 

• 15 ns tpo 

• 50 MHz fMAX external 

• 70 Bus-Friendly™ inputs 

• 64 outputs 

• 192 flip-flops 

- 128 macrocell flip-flops 

- 64 input flip-flops 

GENERAL DESCRIPTION 
The MACH446 is a member of AM D's high-performance 
EE CMOS MACH 4 family. This device has approxi
mately twelve times the macrocell capability of the 
popular PAL22V10, with significant density and func
tional features thatthe PAL22V1 O does not provide. It is 
architecturally identical to the MACH445, with the 
addition of bus-friendly inputs and programmable 
power-down mode. 

The MACH446 consists of eight PAL blocks intercon
nected by a programmable central switch matrix. The 
central switch matrix connects the PAL blocks to each 
other and to all input pins, providing a high degree of 
connectivity between the fully-connected PAL blocks. 
This allows designs to be placed and routed efficiently. 
Routability is further enhanced by an input switch matrix 
and an output switch matrix. The input switch matrix 
provides input signals with alternative paths into the 
central switch matrix; the output switch matrix provides 
flexibility in assigning macrocells to 1/0 pins. 

The MACH446 has macrocells that can be configured 
as synchronous or asynchronous. This allows designers 
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• Up to 20 product terms per function, with XOR 

• Flexible clocking 

- Four global clock pins with selectable edges 

- Asynchronous mode available for each 
macrocell 

• 8 "PAL33V16" blocks 

• Input and output switch matrices for high 
routability 

• Fixed, predictable, deterministic delays 

• JEDEC-file compatible with MACH435 

• Zero-hold-time input register option 

• Programmable power-down mode 

to implement both synchronous and asynchronous logic 
together on the same device. The two types of design 
can be mixed in any proportion, since the selection on 
each macrocell affects only that macrocell. 

Up to 20 product terms per function can be assigned. It 
is possible to allocate some product terms away from a 
macrocell without losing the use of that macrocell for 
logic generation. 

The MACH446 macrocell provides either registered or 
combinatorial outputs with programmable polarity. If a 
registered configuration is chosen, the register can be 
configured as D-type, T-type, J-K, or S-R to help reduce 
the number of product terms used. The flip-flop can also 
be configured as a latch. The register type decision can 
be made by the designer or by the software. 

All macrocells can be connected to an 1/0 cell through 
the output switch matrix. The output switch matrix 
makes it possible to make significant design changes 
while minimizing the risk of pinout changes. 
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COM'L: -15/20 ~ 
MACH465-15/20 
High-Density EE CMOS Programmable Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• 208 pins in PQFP 

• JTAG, 5-V, in-circuit programmable 

• IEEE 1149.1 JT AG testing capability 

• 256 macrocells 

• 15 ns tpo 

• 50 MHz fMAx external 

• 146 Inputs with pull-up resistors 

• 128 Outputs 

• 384 flip-flops 

- 256 Macrocell flip-flops 

- 128 Input flip-flops 

GENERAL DESCRIPTION 
The MACH465 is a memberof AM D's high-performance 
EE CMOS MACH 4 family. This device has approxi
mately 25 times the macrocell capability of the popular 
PAL22V10, with significant density and functional 
features that the PAL22V10 does not provide. 

The MACH465 consists of 16 PAL blocks intercon
nected by a programmable central switch matrix. The 
central switch matrix connects the PAL blocks to each 
other and to all input pins, providing a high degree of 
connectivity between the fully-connected PAL blocks. 
This allows designs to be placed and routed efficiently. 
Routability is further enhanced by an input switch matrix 
and an output switch matrix. The input switch matrix pro
vides input signals with alternative paths into the central 
switch matrix; the output switch matrix provides flexibil
ity in assigning macrocells to 110 pins. 

The MACH465 has macrocells that can be configured 
as synchronous or asynchronous. This allows designers 
to implement both synchronous and asynchronous logic 

• Up to 20 product terms per function, with XOR 

• Flexible clocking 

- Four global clock pins with selectable edges 

- Asynchronous mode available for each 
macrocell 

• 16 "PAL34V16" blocks 

• Input and output switch matrices for high 
routability 

• Fixed, predictable, deterministic delays 

• Zero-hold-time input register option 

together on the same device. The two types of design 
can be mixed in any proportion, since the selection on 
each macrocell affects only that macrocell. 

Up to 20 product terms per function can be assigned. It 
is possible to allocate some product terms away from a 
macrocell without losing the use of that macrocell for 
logic generation. 

The MACH465 macrocell provides either registered or 
combinatorial outputs with programmable polarity. If a 
registered configuration is chosen, the register can be 
configured as D-type, T-type, J-K, or S-R to help reduce 
the number of product terms used. The flip-flop can also 
be configured as a latch. The register type decision can 
be made by the designer or by the software. 

All macrocells can be connected to an 1/0 cell through 
the output switch matrix. The output switch matrix 
makes it possible to make significant design changes 
while minimizing the risk of pinout changes. 
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Inside AMD's CMOS PLO Technology ~ 
Application Note 
by Bryon Moyer, Applications Manager, Advanced Micro Devices, Inc. 

Advanced 
Micro 

Devices 

TECHNOLOGY DESCRIPTION 
The EE CMOS technology used by AMD in programma
ble logic is a single-poly, double-metal n-well process. It 
has been optimized for high-speed programmable logic 
devices, which do not have the same density constraints 
that memories have. The basic characteristics of the 
EE4 process are: 

• CMOS, n-well 

• Grounded substrate 

• Single-poly, dual metal 

• 1.2 µm minimum feature 

• 0.8 µm gate length (Lett) 

• 180 A gate oxide thickness 

• 90A tunnel oxide thickness 

• 1.4 µm contact dimension on wafer 

• 3.2 µm metal 1 pitch 

• 3.8 µm metal 2 pitch 

Out In 

The EE5 process is similar, except that Lett is 0.65 µm. 

CMOS PLDs use standard CMOS logic internally, with 
the addition of a programmable array. The output buff
ers of most devices are designed to be compatible with 
TTL circuits, and therefore have n-channel enhance
ment pull-up transistors. Exceptions to this are the zero
power devices and the PALCE61 OH-15, which have 
rail-to-rail switching outputs provided by a p-channel 
pull-up in the output buffer. 

AM D's CMOS process for programmable logic is simpli
fied by the absence of standard depletion-mode 
transistors in the more advanced processes. Depletion 
mode transistors are a vestige of NMOS design, and are 
not really needed. This results in the elimination of a 
mask and implant step, reducing the process cost and 
simplifying the structure. 

Transistor Cross-Section 
Figure 1 shows a cross-section of a basic inverter. This 
is a very straightforward structure. The gates consist of 
poly-silicon; the other connections are made with metal. 

Vee 

p+ 

n-well 

p-substrate 

16507A-001A 

Figure 1. CMOS Inverter Cross-Section 

Substrate Voltage 
There are two basic substrate configurations for CMOS 
PLDs: grounded substrate and floating (or negative) 
substrate, as shown in Figure 2. In the first case, the 
substrate is connected to ground; no voltage on the chip 

Publication# 16507 Rev. A Arnendrnent/O 
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is more negative than ground. The substrate is directly 
hard-wired to the ground pin. In the second case, the 
substrate is capacitively coupled to ground. A charge 
pump pumps the substrate to a negative voltage, 
typically-3 V. 
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Ground pin 

a. 

Ground pin n .. ,.,·s"'"'"" 
b. 

Input pin 

16507 A-002A 

Input pin 

16507 A-003A 

Figure 2. Substrate Configurations: a. Grounded; 
b. Floating 

AM D's CMOS process uses a grounded substrate. This 
means that no large charge pump is used to pump the 
substrate negative. This technology has several bene
fits. Providing effective clamp diodes is easier if the 
substrate is grounded; this helps protect against 
negative overshoot. A grounded substrate permits 
quieter operation on boards where the oscillation of a 
charge pump can radiate and disturb sensitive circuits. 
Also, this approach permits the design of zero-power 
parts that would not be possible if a charge pump were 
constantly running. 

A negative substrate is sometimes used to get speed, 
and also makes it more difficult to induce latch-up by 
making the substrate more negative than any board 
voltage. However, latch-up is generally an issue only 
during power-up on standard boards with standard logic 
drivers. While the device is powering up, the device is 
most vulnerable to latch-up because of the many tran
sients occurring. However, it takes time to pump down 
the substrate, so the substrate cannot immediately pro
tect against latch-up. This means that the negative 
substrate approach provides no latch-up protection at 
the time when latch-up is most likely. 

The only signal excursions into negative territory during 
normal operation will be from overshoot, and overshoot 
cannot induce latch-up because there is not enough en
ergy. Negative overshoot is discussed in more detail 
below. 

Thus the negative substrate has no practical advan
tages over a grounded substrate, and lacks the 
advantages of a grounded substrate. For this reason, 
none of AMD's CMOS PLDs use a negative substrate. 

Erasable Technology 
Any erasable CMOS technology is based upon the 
concept of stored charge. The charge is stored on a 
transistor with a floating gate-that is, a gate that has no 
connection. The transistor actually has two gates: one 
that floats, and one that acts as a control gate. The con
trol gate is used to establish the field across the floating 
gate (see Figure 3). 

~I 
Control Gate// 

Floating Gate / 

16507 A·004A 

Figure 3. Floating-Gate MOS Transistor 

In the programmed state, there is a net deficit of elec
trons in the floating gate. The resulting positive charge 
turns the transistor ON. In the erased state, there are 
enough electrons on the control gate so that the 
negative charge turns the transistor OFF. 

There are two basic ways of transferring the charge onto 
the floating gate: a) hot electron injection, and b) tunnel
ing. Electrically erasable devices rely on tunneling; how
ever, it is useful to compare these two methods. 

UV-Erasable Technology 

Hot electron injection is used for UV-erasable devices, 
such as EPROMs. With this scheme, a bias is set up 
between the source and drain of the transistor, and 
between the control gate and the substrate (see 
Figure 4). The channel is pinched off, and a strong cur
rent flows. Because of the high fields, the electrons are 
hot. The two fields (source-to-drain, and substrate-to
control-gate) combine to form a field in a diagonal direc
tion, but because of the oxide barrier, electrons cannot 
cross in that direction. Occasionally, electrons acquire 
enough energy to cross the barrier in the shortest direc
tion: from the channel to the floating gate. This is 
referred to as hot electron injection. 

4-4 Inside AMO's CMOS PLO Technology 
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Oxide Barrier Floating Gate 

I 

Pinched-Off Channel Depletion Region 

p-substrate 

16507A-OOSA 

Figure 4. Programming by Hot-Electron Injection 
' 

Figure 5 shows the energy band diagram for the gate/ 
channel interface. Because the fields give the electrons 
more energy, more electrons can cross the oxide 
barrier. The height" of the barrier determines how easily 
charge can be transferred across. 

Once an electron is on the other side of the oxide, it is on 
the floating gate, with no path. It is therefore effectively 
trapped, and remains there. During programming, large 
fields are set up so that a significant number of electrons 
are injected. 

Erasing these devices requires exposure to ultraviolet 
light. The energy from the ultraviolet light causes the 
electrons to cross back over the oxide barrier, erasing 
the device. For this to happen, the device package must 
have a window that lets the ultraviolet light pass through. 

UV-erasable technology has a few distinct drawbacks. 
The fact that the parts require a window to be erased 
makes the devices much more expensive. Although 
they are usually available in plastic one-time
programmable (OTP) packages, they are then not eras
able, and have no advantage over fuse technology. In 
addition, windowed devices take about 90 minutes to 
erase. This limits the number of times that the device 
can practically be reprogrammed and tested during 

manufacturing, limiting the amount of extra quality that 
can be provided by the erasability feature. 

Electrically Erasable Technology 

Electrically-erasable devices use Fowler-Nordheim 
tunneling as the mechanism for getting charge onto the 
floating gate. This is defined roughly as tunneling that 
occurs as a result of a field placed across the barrier that 
the electrons tunnel through. 

Some amount of direct tunneling, or tunneling that oc
curs without an applied field, is always possible through 
any energy barrier. It may be extremely small or signifi
cant; the determining factor is the width of the barrier. 
Since tunneling electrons are going through the barrier 
instead of over it, the height of the barrier does not affect 
the amount of tunneling. 

For an electrically-erasable cell, the tunnel oxi·de is 
about one third the thickness of the oxide of a UV
erasable part; therefore tunneling occurs at relatively 
low fields. Even so, the field used to cause tunneling is 
about five times the field used to cause hot-electron in
jection for UV parts. Note that tunneling is theoretically 
possible on a UV part, but a very high field is required, 
and the normal electron injection would swamp out any 
tunneling that would occur. 
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Figure 5. Energy Band Diagrams: a. Neutral Floating Gate; b. Hot-Electron Injection 

Fowler-Nordheim tunneling involves placing a potential 
across the barrier, which distorts the band diagram as 
shown in Figure 6. The "angle" caused by the applied 
potential effectively thins part of the already-thin barrier, 
making tunneling easier. It is this tunneling under bias 
that is used to program electrically-erasable devices. 
Note that by reversing the bias, the tunneling can occur 
just as well in the opposite direction. This is what makes 
electrical erasure possible. 

Electrical erasure has advantages over UV erasure both 
in cost and quality. Because the erasure is electrical, no 
expensive window is required in the package. This 
makes erasability cost-effective even in high-volume 
production quantities. In addition, the fast erasure al
lows AMD to reprogram the device many times, allowing 
many more paths to be tested than can be tested in a UV 
part. This provides much higher quality, especially in 
higher-density devices. 
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Cell Configuration and Programming 
The programming cell is shown in Figure 7. To improve 
device speed, the programming cell has been divided 
into the programming portion and the data path portion. 

In addition to speed, there are a number of other bene
fits to this approach. At the most basic level, this 
eliminates a poly-silicon layer, simplifying the process. 
This reduces costs and improves reliability. 

-- Program Line ----- Read Line 

Word Line --- -------- Program Transistor 
----- Read Transistor 

Electron Source -------1 

-- Tunnel Oxide 

Control Gate ------
o~---J 1-------..,--------i -----Sense Transistor 

Program Word 

Floating 
Gate 

Line Tunnel Oxide Floating Gate 
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Program Electron Program Control Gate 
Transistor Source Junction 

a. 
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-----Source 

Sense 
Transistor 

16507A-011A 

Word Read 
Line 

Read 
Transistor 

n+ 

16507A-012A 

Figure 7. EE PLO Programming Cell: a. Circuit; b. Cross-Section 

The programming half requires long-channel transistors 
capable of sustaining high electrical fields; the data path 
requires short-channel transistors that are fast. Note 
that this does take more space, but in PLDs, the size of 
the cell is not a limiting factor as it is in memories. In a 
PLD, the programming array can take up as little as 10% 
of the die area, while a memory typically uses more than 
90% of the die area for the programming array. 

ing gate, providing a positive voltage; it is erased if there 
is excess charge on the floating gate, generating a 
negative voltage. This means that programming a 
device only requires turning ON those cells that are 
needed, rather than turning off all of the cells that are not 
needed. 

A cell fresh from wafer fabrication has no net positive or 
negative charge on the gate. To balance the threshold of 

Programming and erasure are complementary proce- the transistor for reliable turn-on and turn-off, a cell 
dures in EE technology. However, the sense of pro- imp/antis used to center the threshold voltage near 0 V. 
gramming and the sense of erasing are perhaps Programming and erasing involve either removing elec-
opposite to what one might assume. A cell is considered trans from the conduction bands of the poly-silicon gate 
to be programmed if there is a charge deficit on the float- or adding excess electrons, providing a net charge that 
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will move the gate voltage solidly on one side or the 
other of the threshold voltage. 

When programming or erasing the device, a voltage is 
applied between the program and control gate nodes. 
The direction of the voltage determines whether the cell 
is erased or programmed. 

When erasing, the control gate is given a positive volt
age, and the program node is grounded. This attracts 
electrons from the program transistor across the tunnel 
oxide to the floating gate, turning the read transistor 
OFF (see Figure Sa). 

+ 

+ 

16507A-013A 

a. 

+ 

16507A-014A 

b. 

Figure 8. Cell Biasing: a. Charging; 
b. Discharging 

AMO~ 
When programming the cell, the program node voltage 
is elevated, and the control gate is grounded, reversing 
the electron flow, as indicated in Figure Sb. Enough 
electrons flow off the floating gate to leave a net positive 
charge; this turns the transistor ON. 

AMO has modified the programming cell to increase 
programming efficiency and has a patent on the result
ing circuit. On traditional devices, the source node is 
grounded during programming. On AM D's devices, the 
source node is raised to the same potential as the con
trol gate, as shown in Figure 9. This increases the 
coupling ratio of the cell. The coupling ratio is the per
centage of the applied field that appears across the 
tunnel oxide. When the source is grounded, the field 
across the tunnel oxide is reduced (since there is an
other capacitor in parallel with the tunnel oxide). By rais
ing the source voltage, more of the field is available for 
programming. The coupling ratio can therefore be 
thought of as a measure of the programming efficiency; 
since the efficiency is higher, lower voltages are 
required for programming. 

16507 A-015A 

Figure 9. Source is at Same Potential as Control 
Gate to Improve Coupling Ratio 

The split-cell configuration also allows a simpler pro
gramming algorithm, since the programmer can take 
advantage of the self-limiting nature of programming 
and erasure. The split cell places the read cell gate and 
the floating cell gate in "parallel" with each other. There
fore the floating cell can be either completely charged 
(with a net excess of electrons) or completely dis
charged (with a net deficit of electrons, or an excess of 
holes), as shown in the energy diagrams in Figure 10. 
This is simple to do, since the electrons that have 
crossed the barrier set up a field that opposes further 
tunneling. As more electrons cross the barrier the 
opposing field grows strong enough to block more 
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electrons from tunneling (Figure 11 ). Regardless of the 
state of the floating cell, the select line will turn on or off 
the read transistor; the cell will only be read, however, if 

both the read transistor and the the floating transistor 
are ON. 
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Figure 10. Stable EE Cell: a. Charged (Erased); b. Discharged (Programmed) 
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Figure 11. Self-Limiting Programming and Erasure: a. Energy Band Diagram; b. Fields vs Time 

In standard one-transistor cells, the two gates are actu
ally in "series". If the floating gate is charged, then the 
transistor is OFF, regardless of the state of the select 
line. In order to read the cell, the floating gate has to be 
neutralized so that the select line controls the transistor 
(Figure 12). If the floating gate were completely dis-

charged, then the transistor would be ON regardless of 
the state of the select line. The programming algorithm 
is therefore more complicated, since the amount of 
charge removed must be monitored to ensure that just 
enough charge is removed to neutralize the float
ing gate. 
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Figure 12. UV Cell: a. Charged (Programmed) State; b. Neutral (Erased) State 

Array Configuration 
The discussion above focused on individual cells. These 
cells must be hooked together to form a complete array 
that is driven by input lines and drives product terms. 

Bit Line 
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Floating Gate ----1 
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There are two configurations used in AM D's EE CMOS 
devices (see Figure 13). The configuration in Figure 13b 
provides some benefit because the parasitic capacitor 
does not couple the input line and the product term, but 
both approaches are actively used in designs. 

~-

Input Line o~-,._{____,I 

Floating Gate ----1 

Bit Line 
16507A-023A 

a ~ 
Figure 13. Two Array Configurations: a. Bit Line at the Drain; b. Bit Line at the Source 
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PROGRAM INTEGRITY 
Reliable programming of PLDs requires the use of well
calibrated, quality programming equipment. To ensure 
that the device is correctly programmed, the correct volt
ages and times must be applied. 

As discussed above, it is impossible to over-charge or 
over-discharge the programming cell since the mecha
nism is self-limiting. This provides more leeway and 
makes the programming algorithms less sensitive to 
programmer variations. This ultimately provides higher, 
more consistent programming yields under real-life 
production programming conditions. 

However, if the cell is under-programmed or under
erased, an insufficient amount of charge might transfer 
onto or off of the floating gate. When programming, this 
might not turn the read cell ON sufficiently, potentially 
slowing down the device. In the case of erasure, the 
read cell might be partially ON if it is not completely 
erased. This may cause "disconnected" inputs to ap
pear partially connected. Thus it is important to ensure 
that the programming pulsewidths are long enough to 
provide adequate programming. 

If the programming voltages are slightly inaccurate, 
CMOS devices often can still be programmed correctly. 
However, excessive voltage might cause device dam
age if breakdown voltages are exceeded. Extremely low 
voltages might fail to engage the programming circuitry 
completely. 

Because of the need for accurate programming, and for 
ensuring that the programming algorithms are up-to-

AMO~ 
date, we certify programmers that meet strict criteria for 
all products through our FusionPLD8M program. AMD 
guarantees the performance of any device when pro
grammed on an approved programmer. For a list of 
FusionPLD partners, please refer to the FusionPLD 
Catalog. 

Data Retention 
In an electrically erasable device, the floating cell is pro
grammed by forcing electrons to tunnel through the 
tunnel oxide into the floating gate. Ideally, these trapped 
electrons mean that the device remains programmed in
definitely. Actually, the charge cannot remain indefi
nitely, but its lifetime is normally extremely long. The 
stability of the program charge is called data retention; 
that is, the ability of the device to retain its charge as 
programmed. 

There are two basic leakage mechanisms: direct tunnel
ing and thermal leakage. These mechanisms occur in
dependent of whether the cell was programmed by 
electron injection or tunneling. The amount of direct 
tunneling is a function of the potential across the tunnel 
oxide, and is generally very low. Leakage is normally 
dominated by thermal charge decay. 

On one side of the energy barrier, there are electrons 
with a distribution of energies (see Figure 14). Some 
have enough energy to escape over the top of the bar
rier. As the temperature is raised, more electrons 
achieve the energy required to overcome the barrier. 
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Figure 14. Data Loss Mechanisms 
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The tendency of the gate to leak can be modelled as an 
Arrhenius function, which means the formula for the pro
gramming "decay time" td has the form: 

where 

Ea is the intrinsic activation energy 

T is the temperature in Kelvin 
k is Boltzmann's constant 
K is a scaling constant. 

If we can measure the rate at two known temperatures, 
then: 

tdl KeEa/kTl 

td2 KeEalkT2 

Note that the constant K drops out, so we need not be 
concerned with it's specific value. From this we find that 

Ea= Tzlntd1 - Tilntd2 

kT1T2 

This lets us measure Ea, which should be constant for a 
given process. The higher the value of Ea, the longer the 
decay time will be. This is because Ea roughly repre
sents an energy "barrier" that must be overcome for an 
electron to leak away. The higher the barrier, the fewer 
electrons have the energy to overcome Ea. 

Charge leakage can be aggravated by poor quality tun
nel oxide. Defects in the oxide provide a lower energy 
path for discharging, effectively lowering Ea. Baking a 
device accelerates this leakage, and identifies devices 
with weak oxide. AMD uses a bake for all EE products to 
ensure that the production devices have a high Ea and 
therefore good data retention. The average Ea for all de
vices, including those with weak oxide, is about 0.8 eV. 
After eliminating the weak devices by a 250°C 24-hr 
bake, the average Ea is about 1.8 eV. 

Data retention time depends on the temperature to 
which the devices are exposed. The higher the tempera
ture, the shorter the decay time because the electrons 
have more energy, and more can leak off the gate. 

There are two temperatures that may be of concern for 
differentreasons: the maximum device storage tem
perature (150°C) and the maximum operating 
temperature (125°C for military). In the first case, the 
idea is to know that if a programmed part sits on a shelf 
for some period of time before being used, that the pro
gram will remain intact for that time. The second case is 
intended to give an idea of how long a device will remain 
operational in-system. 

Using the equation above to solve for the decay time at 
these temperatures, the result is several decades for the 

storage temperature, and even longer for the operating 
temperature. For room temperature, the exponential na
ture of the function makes the decay time increase to 
centuries. 

AMD specifies 10 years at the maximum storage tem
perature (an industry standard for EPROMs and 
EEPROMs), and 20 years in-system under worst-case 
military conditions. That the calculated numbers are so 
much higher builds confidence in the numbers speci
fied. In general, the typical end-of-life failure mecha
nisms that affect all devices (and which are unrelated to 
the EE cells) will cause device wear-out before the 
program data is lost. 

The integrity of the charge in the electrically erasable 
cell also stands up to any electrical fields that exist in 
surrounding equipment. For charge to be transferred 
off, or onto, the floating gate, a field must be placed 
across the oxide. Such a field cannot be generated out
side the programming mode; an external field, no matter 
how strong, cannot set up the programming mode. 

The charge might also be pulled through some other 
oxide if the field were large enough. However, to remove 
the charge through anything but the tunnel oxide 
requires an external field so high that the rest of the de
vice would break down before any cell charge were ever 
lost. This would occur on any device, programmable or 
not. Therefore any external field strong enough to 
remove charge from a floating cell will destroy the rest of 
the device first. 

Cell Endurance 
Another factor that affects data retention in the long term 
is the cell endurance. The endurance is the number of 
times the device can been erased and reprogrammed. 
Over time, the oxide can wear out, resulting in a gradual 

reduction in Ea. This occurs as defects are created in the 
oxide. These defects trap electrons; these electrons 
then oppose the field that is required for programming. 
Given enough trapped charges, the established poten
tials will be insufficient for programming. This typically 
happens after hundreds of thousands of reprogramming 
cycles. 

The ability to charge up a cell with good data retention 
can be measured by the margin voltage. This is the volt
age that must be applied to the control gate to counter
act the charge on the floating gate. If the gate is highly 
charged, a larger margin voltage is needed to overcome 
the charge. Thus, put simplistically, a higher margin 
voltage indicates better cell charging. 

Figure 15 illustrates measurements of the margin volt
age as the number of program/erase cycles is 
increased. By 100,000 cycles, the margin voltage still is 
greater than 4 V; for the cell to fail, the margin voltage 
must fall to below about 1 V. 
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Figure 15. Cell Endurance: Margin Voltage Solid After 100,000 Program/Erase Cycles 

For EEPROMs, which often are reprogrammed 
in-system, it is important to know how many thousands 
of times the device can be reprogrammed. However, 
most EE PLDs are not intended to be programmed in
system, and probably are programmed very few times. 
Most production units are programmed only once by the 
user. Prototypes might be programmed tens of times at 
most. Therefore we specify a maximum number of 
100 erase/reprogram cycles. 

This does not imply that the devices are weaker than 
EEPROMs; it is just that more extensive testing would 
have to be done to justify specifying a larger number. 
Since this larger number is not needed, a cost savings is 
realized because of the test simplification. Note that the 
devices are actually programmed hundreds of limes in 
testing before they are shipped out, giving outstanding 
programming and functional yields; however, the num
ber of erase/reprogram cycles specified refers only to 
programming done by the user. 

DEVICE CHARACTERISTICS 

Power Dissipation 
CMOS technology is associated with low power, and in
deed, all CMOS PLDs provide lower power than their 
bipolar counterparts. However, most PLDs do not pro
vide the zero-standby power that standard CMOS logic 
parts provide. 

The basic CMOS inverter lowers operating power be
cause at any given time, only one of the two transistors 
can be fully ON. The other is OFF and blocks the flow of 
DC current. Thus, when the device is in a stable state, 
no current can flow. While the device is switching, both 
transistors are partially ON, allowing for a transient 

current spike. This means that power is consumed only 
when the device switches. Because a spike occurs for 
each transition, the average power consumption is af
fected by the frequency of operation (see Figure 16). 

This type of circuitry is found throughout most of a PLD 
circuit. However, one portion of the PLO circuit does not 
use a standard CMOS inverter: the programmable ar
ray. One of the necessary elements of zero-power 
operation is that the output of the inverter have a voltage 
swing from ground to Vee, so-called rail-to-rail opera
tion. In the array, such a wide swing makes the 
propagation delays too long. To speed up the device, 
the sense amps that determine the state of a product 
term are designed to have a much more limited swing. 
This means the sense amps are constantly drawing 
power, even when not switching. These are the half- and 
quarter-power CMOS PLDs; their power consumption is 
still less than that of a bipolar PLD. Since most CMOS 
PLDs are used in TTL sockets, the CMOS PLDs work 
well. 

For designs that require the absolute lowest-power op
eration, the half- and quarter-power CMOS PLDs are 
inadequate. Zero-power PLDs have been designed to 
address this range of applications. These devices oper
ate by turning off the sense amps in the array if no 
signals switch for a period of time. If the transition detec
tors at the inputs indicate that some signal is changing, 
then the array is activated to process the incoming data. 
In this manner, the average operating power consump
tion can be reduced, especially at low frequencies, and 
the standby power consumption is negligible (less than 
15 µA). The only penalty is a small wake-up delay of a 
few nanoseconds. 
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Figure 16. CMOS Inverter Power Dissipation: 
a. Vour =Static LOW; b. Vour =Static HIGH; 

c. Dynamic Power Dissipation 

Ice vs V1 and Loading 

The greatest external contributors to Ice are the input 
HIGH level (V1H) and the output load. 

As the V1H drops from its ideal level of Vee, the inverter 
starts to draw current. The worst case scenario would 
be a V1H at the minimum of 2.0 V, which could contribute 
some 5 mA per input buffer to the power consumption. 

The output load can have a dramatic effect on power 
dissipation, especially on devices that have many 1/0 
pins. For an output driving a purely capacitive load, the 
power dissipation contributed by the load for one output 
is determined by the load capacitance, the frequency at 
which the output is switching, and the output voltage 

swing (Vs). The output stage will go through a process 
of repeatedly charging and discharging the capacitor. 
Although the direction of charge flow reverses itself 
every other transition, the relative voltage change does 
too, so that the power contribution is the same for a 
charge and a discharge. 

If we consider the case of charging the capacitor, we will 
be placing a charge OL on the capacitor that is deter
mined by 

where CL is the load capacitance and Vo is the output 
voltage. The current contribution from this is 

dQL 

i = dt 

dVo 
=CL-

dt 

In one half the output transition period IP, the change in 
output voltage will be equal to the output swing Vs. This 
means that 

Vs 
i =CL t;° 

2 

=2CL~ 
tp 

=2CLVsfo 

where fo is the frequency at which the output is 
switching. 

The power dissipation is the product of the current and 
the voltage. Since the voltage is changing during the 
time that the power is being dissipated, we can approxi
mate by dividing the voltage swing by 2. 

P =iv 
Vs 

=2CL Vsfo 2 

=2CL V 2sfo 

This means that for a 100-output device (PLO or any 
other device) with each output driving 35 pF loads, 
where the output swing is 3 V and the output frequency 
is 50 MHz, the power dissipation contributed only by the 
load will be about 1.6 W regardless of the power dissipa
tion of the chip itself. 

Ice vs Frequency 

The operating current increases with frequency for both 
standard and zero-power CMOS devices. The 
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difference is the current at low frequencies. A standard 
device typically can draw 35 mA at 0 MHz; a zero-power 

device typically draws less than 10 µA. Figure 17 shows 
typical curves for standard and zero-power devices. 
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Figure 17. Ice vs frequency: a. Half-Power Device; b. Zero-Power Device 
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All but the PALCE16V8 and PALCE20V8 have their Ice 
specified at 0 frequency (that is, DC). For compatibility 
with existing specifications, the 16V8 and 20V8 have 
their Ice specified at a frequency level of 15 MHz. 

Ice vs Number of Product-Terms 

The number of product terms switching can sometimes 
affect Ice. On standard devices, however, the design of 
the particular sense amp determines whether the Ice will 
increase or decrease with more product terms. 
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Therefore, it cannot be predicted in general. From a 
practical standpoint, the change in Ice due to different 
numbers of product terms is negligible. 

AM D's zero-power devices have been designed with a 
product-term power-down feature that turns off those 
product terms not being used. The graph in Figure 18 
shows the effects. Because these devices are intended 
for low-power and battery-operated use, the substantial 
extra power savings can significantly help extend the 
time between battery charges. 
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Figure 18. Product-Term Power-Down on Zero-Power Devices 

Ice vs Temperature 

The amount of current drawn by a device depends on 
how much current can pass through the transistors. 
Simplistically speaking, the channel of a transistor can 
be modelled as a resistor. The resistance is affected by 
temperature, since temperature affects the mobility of 
electrons. The hotter the device is, the more the mole
cules are vibrating around, and the harder it is for 
electrons to pass through without a collision with a mole-

cule; that is, electrons are less mobile in a hot device. 
This means that the resistance of the channel is higher, 
which in turn means that the device conducts less 
current. Therefore Ice is greatest when the device is 
cold, and is minimized when the device is hot. A typical 
curve is shown in Figure 19. This curve has been 
generalized by normalizing the current to the room 
temperature current. 
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Figure 19. Ice vs Temperature, Normalized to Room Temperature 

Ice vs Vee V 2cc 
P = Vccicc = Reff 

The variation of Ice with changes in Vee should come as 
no surprise; as Vee increases, so does Ice. This means 
that the power consumption actually increases roughly 
as the square of Vee, since power consumption can be 
expressed as 

where Reff is defined as j~~ . This is a simplification, of 
course, since Rett is non-linear, and varies with Vee. A 
typical Ice vs Vee curve is shown in Figure 20. 
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Input/Output Structures 
The basic input and inpuUoutput structures are shown in 
Figure 21. The ESD circuits and the programming 
voltage detection circuits will be discussed in more 
detail later. 

Newer devices have pull-up resistors as shown below. 
In these devices, there is also a transistor in series with 
the resistor. 
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Figure 21. Equivalent Input/Output Schematics: a. Input with Pull-Up Resistor and overshoot Fiiter; 
b. Output with Pull-Up Resistor 
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l·V curves 

Figure 22 shows a typical 1-V curve for an input buffer. 
Within the range of normal input signals, the input buffer 
has extremely high impedance, with diodes and MOS 
transistors that turn on when the input is below ground. 
On higher speed devices, this has the effect of a high
speed diode capable of clamping negative overshoot on 
noisy signals. 
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AMO~ 
Since the input is effectively a capacitor, the impedance 
has no real component; the imaginary portion falls with 
increasing frequency. A typical device has an input ca
pacitance of 8 pF at 1 MHz. Assuming a capacitance 
around 8 pF at higher frequencies, this yields a capaci
tive reactance of 2.5 Kn at 50 MHz. 
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Figure 22. 1-V Curve for an Input with No Pull-Up Resistor 
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Figure 23 shows typical 1-V curves for high and low TTL
style outputs. The impedance of a low output is about 
1 O n: a high output has an impedance of about 30 n. 
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The fact that the impedances are somewhat more sym
metric than those found on a bipolar device makes it a bit 
easier to terminate long traces accurately. 
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Figure 23. 1-V Curves for a TTL-Style Output with No Pull-Up Resistor: a. Output LOW; b. Output HIGH 
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Figure 24 shows the curves for rail-to-rail switching out
puts. The p-channel impedance, when the output is 
HIGH ranges from 200 n when extremely heavily 
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loaded to about 50 n when lightly loaded. Then-channel 
impedance is lower, at about 10 n. 
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Figure 24. 1-V Curves for a CMOS-Style Output: a. Output LOW; b. Output HIGH 
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Open Inputs 

Newer devices have input pull-up resistors with a mini
mum resistance of 50 kQ. When unused, these inputs 
can be left unconnected. With older devices, an unused 
input should be pulled HIGH or LOW. A floating input 
may cause no trouble, but there are some potential 
concerns. 

First, if an input is floating with its voltage near threshold 
(1.5 V for a TTL-style device), the input buffer can con
duct tens of mA of current. This does not damage the 
device, but must be calculated into the power budget. Of 
course, as the input moves away from the threshold, the 
current decreases. In a noise-free environment, any 
floating inputs will generally tend to drift to ground. 

The second concern is the fact that the environment is 
not usually noise-free. The unused input is not directly 
connected to any internal logic, so there should be no 
interference between the input and the other logic. How
ever, if there is noise on an unused input floating near 
threshold, internal noise could be generated should the 
input buffer start to oscillate. This could disturb some of 
the surrounding circuitry as well as the internal ground, 
compounding the problem. 

On a device without pull-up resistors, an unused 1/0 pin 
can be pulled HIGH or LOW by programming it as an 
output with constant value 1 or 0. The output buffer itself 
then acts as the pull-up or pull-down. 

Output Drive vs Temperature and Vee 

The output drive varies with the temperature just as Ice 

does. As the temperature increases, electron mobility 
decreases, cutting the drive. Likewise, the drive in
creases as the temperature decreases. For example, at 
75° loL decreases by about 18% from its room tempera
ture value; loH decreases by about 7%. 

The drive also varies directly with Vee, although the ef
fect is most pronounced on loH; it increases by about 
18% when taken from 5.0 V to 5.25 V. Because a low 
output transistor is already ON hard, the little extra bit of 
drive that its gate gets as Vee goes to 5.25 V only 
increases loL by about 3%. 

There is no explicit current-limiting resistor on the pull
up. The resistance of the pull-up channel limits the 
current. The fact that this resistance is smaller than what 
one might find in a bipolar device contributes to the more 
symmetric impedances, but also gives a higher short

circuit current lsc. The slew-rate-limiting circuit also lim
its the drive; slew rate limiting is discussed below. 

AC Parameters 
AC parameters vary with a number of conditions. The 
data sheet specs pick one set of conditions that act as a 

benchmark for confirming the guaranteed performance, 
but as the application changes the conditions, the actual 
system performance may change for the better or 
worse. 

AC Test Conditions 

AC test conditions are sometimes treated differently for 
CMOS than they are for bipolar. However, since most of 
the CMOS products are designed to work in a TTL 
environment, the test conditions that AMO uses gener
ally are the same as those used for bipolar devices. The 
resistor network is chosen to match the output drive lev
els, and the load capacitor is normally 50 pF. JEOEC re
cently changed the load standards from what had to 
date been the industry de facto standard, but for TTL 
parts this only affects the resistor values; a 50 pF ca
pacitance is still part of the standard. Note that in the 
JEOEC standard, the decision affecting which load to 
use depends only on the interface level, not the technol
ogy. Thus all parts intended to operate at TTL levels are 
given the same load, whether bipolar or CMOS. 

AMO has made two exceptions to the 50-pF load. The 
first is for the zero-power devices, which are designed to 
operate at true CMOS levels. The JEOEC load standard 
is different for these devices; it has a different resistor 
network, and uses a 30-pF capacitor. The second ex
ception is the MACH family: in this density range, a 
precedent had been set at 35 pF, prior to the JEOEC 
standardization. To be compatible with existing devices, 
the MACH devices are measured with 35 pF loads. 

tpo vs Temperature 

Propagation delays decrease (that is, they speed up) at 
colder temperatures for the same reasons that Ice in
creases. In general, devices at 0°C operate about 15% 
faster than those at 75°C. 

tPo vs Vee 

As Vee is increased, more power is available, and the 
device can operate faster. However, the effect is less 
pronounced than that of temperature. A device operat
ing with a 5.25 V supply runs about 4% faster than one 
running with a 4.75 V supply. 

tPo vs Loading 

The tpo increases as the device load increases, al
though much of this results from the increase in rise and 
fall times of the outputs. For every 50 pF change in load, 
roughly a 2- to 5-ns change in the rise and fall time can 
be expected. In addition, as the load increases, more 
transient current is switched, creating more internal 
noise. This can slow the speed path inside the chip. 
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Power-Up Reset 
Power-up reset is a feature that forces a device to power 
up into a known state. Without this feature, the power-up 
state is not known. Power-up reset helps make system 
initialization and testing simpler. 

The ramp rate of Vee is not critical to the power-up reset 
function. However, there are two other requirements: 
the supply ramp must be monotonic, and the clock must 
be suppressed until power-up is complete. 

The monotonicity requirement basically says that there 
should be no low-going glitches in the power-up ramp 

' 

AMO~ 
(Figure 25). Thedanger in such glitches is that if the tim
ing and voltage are just right, the registers themselves 
may think that the device powered down temporarily, 
causing them to lose their state. If the glitch is fast 
enough, however, the power-up reset circuit may not 
notice the glitch, and may think that everything is pro
ceeding just fine. At the end, the registers may be in a 
random state. Even if the power glitches low enough for 
long enough to shut down all circuits, the power-up 
timing must be restarted from the end of the glitch. 

Internal Reset 

- -------~-~~~~~-h-~I~-
Time 

Power OFF----------! :------ Power Back ON 
Registers May Lose State T Reset Circuit May Not Restart 

If Duration Short, 
Reset Circuit May Not Notice 

16507A-041A 

Figure 25. Non-Monotonic Power-Up Can Cause Power-Up Reset To Fail 

There is also a requirement that the clock not be running 
during power-up (Figure 26a). If the clock is running 
while the device is powered up, then, as different parts 
of the device-and, indeed, the whole circuit board
turn on, parts of a single device, or different devices, 
may be out of synchronization with each other 
(Figure 26b). At some point, a part of a device will be ON 
enough to start recognizing the clock. It will then start to 
sequence as per the inputs it sees. If the inputs are not 
stable, the sequence may not be correct. In addition, if 

not all parts of the circuit or board recognize the clock at 
exactly the same time, some parts will start cycling 
before others, and the whole system will be out of 
synchronization. 

The other potential (although remote) problem with 
clocking during power-up is metastability. If a register 
powers ON in time to see the clock edge, its setup time 
might have been violated, making the results at the out
put unpredictable. 
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Figure 26. Clocklng During Power-Up Reset: a. Correct Operation; b. Free-Running Clock Places Part B 
One Clock Cycle Out of Sync with Part A 
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Powered-Down Characteristics 
Some applications place the CMOS PAL device in a 
situation where it is itself powered down, but it is driving 
or is driven by other devices that are still powered up. 
This is especially typical of devices that are talking 
directly to a bus (Figure 27). 

AMoit1 
The characteristics of the device in such a condition 
depend on how the power was removed. There are two 
ways of removing power: 

• opening up the Vee line (e.g., if Vee is fused, and 
the fuse blows; Figure 28) 

• grounding Vee (Figure 29) 

Bus - Powered Up 

PLD 

Board - Powered Down 

Figure 27. Powered-Down Device with Active Inputs and Outputs 

I 
Blown Fuse 

I Cs 

Figure 28. Power Down with Vee Open 
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Figure 29. Power Down with Vee Grounded 
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Figure 30. Powered-Down Current Paths with P-Channel Pull-Up: a. Vee Grounded; b. Vee Open 
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It is importantto know whether, for a given device, there 
is some kind of path from the pin to Vee when Vee is 
lower than the pin voltage. If any current can flow, it is 
not necessarily catastrophic, but there can be some ef
fect. If Vee is grounded, then there is a direct path to 
ground for any current flowing from the pin to Vee 
(Figure 30a). If Vee is open, then the only path from Vee 
to ground is through the device itself, and through the 
Vee lines of any other devices on the same Vee line 
(Figure 30b). In the latter case, the pin is essentially 

8 

6 

14 
2 

0 
0 2 4 6 

Vr(V) 
16507A-049A 
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powering up the device(s) itself; realistically, it cannot 
provide enough power to drive the chip, and this could 
result in the pin being loaded down. 

Most of AMD's CMOS PLDs have no such path when 
powered down. Figures 31 and 32 show the 1-V curves 
of inputs and 1/0 pins while Vee is open and Vee is 
grounded. Figure 31 is for TTL-compatible devices, 
which haven-channel pull-ups on the outputs. Figure 32 
is for the HC/HCT-compatible zero-power devices and 
the PALCE610H-15, which have p-channel pull-ups. 
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a ~ 
Figure 31. Power-Down Characteristics of TTL-style CMOS Inputs and Outputs: a. Standard; 

b. Older ESD Structure 
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Figure 32. Power-Down Characteristics of CMOS-Style Output: a. Vee Open; b. Vee Grounded 
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Note that for most of the TTL-compatible devices, there 
is no leakage on the pins. This means that signals on a 
pin are not affected by the powered-down device. 
Therefore it can be safely connected to an active bus. It 
also allows for safe hot insertion, where the device (or 
the board that contains the device) is plugged into a 
socket that has Vee applied. 

As a result of one of the ESD structures (which are dis
cussed below), some devices do conduct some current 
when Vee is powered down (Figure 31 b). Newer de
vices do not have this characteristic. 

Output 

p+ n+ 

With the HC/HCT-compatible devices, the input struc
tures are the same as for TTL devices, but the outputs 
conduct because of the p-channel pull-up. There is a 
parasitic diode between the output and Vee (Figure 33). 
This can cause latch-up if the output voltage is higher 
than Vee. Thus, it is not recommended that devices with 
p-channel outputs be directly connected to a bus if the 
device will be powered down while the bus is active. 
Hot-insertion of these devices should also be avoided. 

Vee Connection 

--- ----------N-------- --' 
n-well 

p-substrate 

16507A-057A 

Figure 33. Parasitic Diode in CMOS-Style Outputs 

DEVICE INTEGRITY AND ROBUSTNESS 
The reliability of AMD's CMOS processes is docu
mented in product and process qualification books. For 
EE4 process products generally, the extended life FIT 
rate is under 100 and declining. The rate for the devices 
with 2000 hours burn-in is around 30; similar devices 
with only 1000 hours burn-in have a FIT rate closer to 
100. With more burn-in experience, the FIT rate will 
decline even further due to the statistics used to calcu
late FIT rates. The FIT rate calculation is such that with 
fewer burn-in hours, a lower confidence factor is ap
plied, giving higher FIT rates on newer products even 
when there are no failures. 

ESD 
Every pin on the devices is protected against electro
static discharge (ESD), a formal name for static 
electricity shocks. Output pins rely on the large output 
drivers as protection. Inputs normally do not have large 
drivers, so a circuit must be added for input protection. 
These input protection circuits also provide clamping 
against negative overshoot. 

All new devices make use of the structures in 
Figures 34a and 34c for ESD protection. Most input pins 

use the circuit in Figure 34a. On pins requiring high volt
ages, the circuit has been modified as shown in 
Figure 34c. Some older devices have the configuration 
shown in Figure 34b. Because the active pull-down tran
sistor is not ON when Vee is disconnected, it cannot 
necessarily hold off the ESD transistors; this causes the 
current seen in Figure 31 b. This circuit is no longer be
ing used in new devices. 

Noise Generation and Sensitivity 
AMD's CMOS PLDs are designed with noise concerns 
in mind. This affects both the amount of noise gener
ated by the devices and the way in which the devices 
react to externally-generated noise. As more is under
stood about the nature of system-level noise, new 
design techniques are being used to make the devices 
quieter and more robust. 

Ground Bounce 

Ground bounce occurs when many outputs simultane
ously switch from HIGH to LOW. This occurs because 
of the fact that CMOS devices generally have outputs 
that switch very quickly. If left uncontrolled, ground 
bounce can make a device with many outputs unusable. 
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Input 

16507A-060A 

c. 
Figure 34. ESO Protection: a. Standard; 
b. Older Version; c. Supervoltage Pins 

Ground bounce is generated by the natural parasitic in
ductance in the ground lead (see Figure 35). When a 
large current surge goes through the inductor, the high 
~~ induces a voltage that puts the ground level on the 
chip at a higher voltage than the ground level seen on 
the board. 

AMO~ 

Vee 

--Causes Ground Bounce 

16507A-061A 

Figure 35. 
Origins of Ground Bounce 

Any output that is at a static LOW level maintains a Vol 
with respect to the chip ground. If the chip ground is 
bouncing with respect to the board ground, the LOW 
output will track the moving chip ground and will also ap
pear to bounce (see Figure 36). This is sometimes seen 
as a glitch by the next device. Even if there is no output 
glitch, instances of high ground bounce can slow the 
performance of the internal circuits by temporarily starv
ing them of power. In extreme cases, this can interrupt 
the internal circuits. 

LOW Output 

Vol I 
UJ 

""" g Chip Ground 

0 I 

Time 
16507A-062A 

Figure 36. Symptoms of Ground Bounce 

Excess ground bounce can be handled in two ways: by 
limiting the amount of ground inductance and by reduc

ing the ~~ . Inductance can be reduced by improving 
the configuration of the ground pin. On AM D's 28-pin de
vices with many outputs (PALCE24V10 and 
PALCE26V12), the ground pin has been moved from 
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the corner to the center of the DIP package, effectively 
reducing the inductance by a factor of about four. 

Ground bounce is also controlled by limiting the slew 
rate of all the output drivers (see Figure 37). This slows 
down the fall time and reduces the rate of current 
change by as much as 25%. 

Overshoot Sensttlvity 

Overshoot is a form of noise usually generated when 
signal traces act as transmission lines but have not been 
adequately terminated. The resulting reflections can 
cause significant overshoot, with as much as double the 
intended swing applied to the input in the negative or 
positive direction. 

Negative Overshoot 

Negative overshoot (Figure 38) poses no problems for a 
device that has been carefully designed. There is no 
detrimental effect as long as no unexpected parasitic 
behavior occurs due to the fact that ground is no longer 
the most negative voltage. However, the ringing that 
usually follows overshoot can slow down system per
formance, since the system has to wait for the ringing to 
subside. 

Clamp diodes are useful for stealing the energy present 
in the ringing, and cutting the ringing short. A fast clamp 
reacts to the overshoot as it occurs, cuts the amplitude 

Vee 

of the overshoot, and reduces or eliminates ringing. 
Figure 39 shows the ESD protection circuit used on 
most input pins. Parasitic p-n junction diodes exist be
tween the substrate and the n-type source and drain, 
although these diodes are relatively slow. Faster reac
tion is provided by the n-channel devices themselves. 
When the input is too negative, the gate-to-drain voltage 
is positive. If the drain is more negative than the thresh
old voltage, the transistors turn on in the reverse 
direction, with the drains acting as a sources. This 
happens very quickly and acts as a clamp. This will also 
happen on an 1/0 pin, with the low output driver acting as 
the clamp. 

While it might appear that parts with negative substrate 
bias can "tolerate" more negative overshoot, it is really 
more accurate to say that these parts allow more nega
tive overshoot, since there is no clamping. If there are 
effective input clamps, which are possible with a 
grounded substrate, then it will look like the part never 
gets as much negative overshoot. This does not mean it 
can't handle the overshoot; it means that it is clamping 
the overshoot. If you take the part out of the socket, you 
will see that when unclamped, the overshoot will 
increase dramatically, as illustrated in Figure 40. Since 
AMD's devices have a grounded substrate, they are 
inherently better equipped to handle negative 
overshoot. 

Output 

Figure 37. Output Drivers with Slew-Rate Control 

Undershoot 

Overshoot 

16507 A·064A 

Figure 38. Definition of Negative Overshoot and Undershoot 
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Figure 39. Negative Overshoot Clamping: a. Circuit Diagram; b. Cross-Section 
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Ch. 1 2.000 volts/div 
Timebase = 50.0 ns/div 
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Figure 40. The Effect of Clamping: a. Signal Driving Empty Socket; 

b. Signal Driving Same Socket with CMOS PAL Device In It 
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Positive Overshoot 

Large amounts of positive overshoot (Figure 41) can be 
a problem on most PLDs, regardless of technology or 
vendor. This is because most PLDs are programmed 
using supervoltages, and the pins therefore have super
voltage detectors that turn on the programming or test 
circuits, and potentially disable parts of the normal oper
ating circuitry. 

If there is too much positive overshoot, the signal can 
travel into the programming voltage range, briefly acti
vating the programming circuitry. This can result in func
tional interruptions, such as outputs momentarily 
starting to disable or going from HIGH to LOW. 

Overshoot 

Undershoot 

AMO~ 
For earlier devices, the problem can only be avoided by 
revising the design to reduce the overshoot. A particular 
design in a particular device might work, but this might 
be because that device has no supervoltage function on 
that particular pin. But if you use an alternate source with 
different supervoltage pins, the design might not work. 

New AMO CMOS devices incorporate a filter, or delay 
circuit, that delays the reaction of the programming cir
cuit for about 100 ns. This is enough to reject overshoot 
signals, which usually last for less than 30 ns. Positive 
overshoot wil not cause any functional interruptions on 
devices with this protection (see Figure 42). 

16507A-067A 

Figure 41. Definition of Positive Overshoot and Undershoot 
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Figure 42. Positive Overshoot Filter 

Inside AMD's CMOS PLO Technology 4.35 



~AMO 
Latch-Up 
Latch-up occurs as a result of parasitic bipolar transis
tors between the n-channel and p-channel devices (see 
Figure 43a). These transistors form a parasitic SCR 
(see Figure 43b), which turns ON when triggered, con
ducting large amounts of current. It is usually impossible 
to shut OFF without removing all power from the device. 
The amount of current drawn is so high that it can either 
overload a power supply or, if the power supply can sup
ply huge amounts of current, destroy the device. 

R p-substrate p-substrate 

a. 

Vee 

Rn-well 

b. 

Latch-up is normally triggered by an input or output at a 
voltage significantly above Vee or below ground, with 
enough current drawn to cause the SCR to turn on. This 
condition usually occurs when hot-socketing a vulner
able part; i.e., plugging a part into a powered up board or 
inserting a board into a powered-up system. When this 
happens, the inputs and Vee power up uncontrolled, and 
there is a risk of latch-up. 

16507A-069A 

Rp-substrate 

16507A·070A 

Figure 43. Latchup Mechanism: a. Cross-Section; b. Equivalent SChematlc 

TTL-compatible outputs are intrinsically less suscepti
ble to latch-up, since they have no p-channel pull-up. 
This accounts for nearly all of AMD's CMOS PLDs; 
these devices can be used for hot-insertion. 

For true CMOS outputs, the SCR is an intrinsic part of 
the CMOS structure and cannot be eliminated. The SCR 

must be made as difficult as possible to turn ON by using 
guard rings and very carefully laying out input and out
put circuits. All of AM D's CMOS devices are guaranteed 
to endure a current pulse of 100 mA into or out of the pin 
without inducing latch-up; most devices can actually 
withstand over 500 mA. Since AM D's zero-power parts 

4-36 Inside AMO's CMOS PLO Technology 



and the PALCE610H-15 have true CMOS outputs, hot 
insertion is not recommended. 

COMPATIBILITY WITH BIPOLAR 
Most of the CMOS PLDs are designed to be compatible 
with TTL circuits; indeed, many designers have re
placed bipolar TTL devices with a CMOS equivalent. 
Often this can be done blindly without affecting system 
performance. The interface levels are compatible and 
should pose no problems. Even the zero-power parts 
have been designed with input buffers that can respond 
to TTL or CMOS signals. 

However, when making such a conversion, some de
tails require attention, especially in cases where a 
straight conversion appears not to work. 

Ground Bounce 
Because CMOS devices generally have higher output 
slew rates, designs having many outputs switching at 
the same time (particularly if the outputs are heavily 
loaded) can cause more ground bounce than that 
generated by a comparable TTL device. It is important to 
use devices with output slew rate control. 

The slew-rate-limiting circuits help minimize the occur
rence of conversion problems, but even when the output 
slew rate is limited, the signal still can switch more 
quickly than that from a TTL output. If a design cannot be 
modified to accommodate the faster edge rates, this 
ground bounce may make a conversion unfeasible. If 
design changes are possible, any of the following can be 
tried: 

• Limit the number of outputs that can switch at once. 

• Reduce the loading on the outputs. 
• Go to a lower-lead-inductance package (like a 

PLCC). 

• Ensure that the ground path on the circuit board has 
low inductance. 

Overshoot 
The other possible problem when converting from bipo
lar to CMOS is reaction to signal overshoot in a noisy 
system. This is only an issue if the CMOS device has no 
overshoot protection. Overshoot sensitivity is not spe
cifically related to CMOS, but results from programming 
algorithms being different between the technologies. 
This also can occur when changing between bipolar 
vendors, or when changing between CMOS vendors. If 
the noise on a signal can disturb supervoltage circuitry, 
this can be troublesome. 

Different devices have different sensitivities; this 
accounts for some of the apparent incompatibility. How
ever, the culprit usually is the fact that supervoltages ap-

AMDlr1 

pear on different pins for different devices, and the 
supervoltage functions vary. Thus, overshoot on one pin 
of a particular bipolar device might have had no effect. 
Once that device is changed (whether to CMOS or any 
other device that has no overshootfilter), the new device 
might react to the overshoot and cause problems. 

The solution is to ensure that all signals are clean and 
have minimal overshoot, making them compatible with 
any device. Signal noise reduction can be accomplished 
most effectively by controlling the impedance of the sig
nal traces and terminating correctly. As an alternative, if 
the driving device has extremely fast edge rates, it can 
be replaced with a device that has better controlled out
put slew rates. 

Direct JEDEC File Conversions from 
Bipolar to CMOS 
With some CMOS devices (most notably the 
PALCE16V8 and PALCE20V8), converting logic from a 
bipolar device is particularly simple once the noise is
sues have been addressed. This can be done in the pro
grammer or by conversion software. It only affects the 
JEDEC file; the source file is not required. Generally, 
this is recommended only for designs whose source file 
is not available. If the source file is available, it is recom
mended that you change the device type in the source 
file, and then recompile to generate a new JEDEC file. 
This permits better documentation and revision control, 
since the source file is then consistent with the JEDEC 
file being used in production. 

SUMMARY 
By concentrating on the needs of CMOS PLO users, 
AMO has developed industry-leading CMOS technol
ogy that can provide cost-effective PL Os of unequalled 
quality, reliability, and performance. AMO provides 
value through: 

• AMO-owned labs, for better control of quality, 
reliability, volume, and costs 

• electrical erasure, for higher quality and lower cost 

• the highest performance available 
• robust technology that is quiet and yet tolerant of 

noise 

• an extremely broad offering of products; low and 
high density, low and zero power 

This application note has detailed many of the aspects 
of the technology that make it superior to any alterna
tives. This, together with the information in the individ
ual data sheets, qualification books, and a crew of 
applications engineers, should provide answers to your 
questions as you make use of AMD's CMOS PLO 
technology. 
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Electrical Characteristic Definitions 

Parameter 
Symbol Parameter Name Parameter Definition 

Timing 

!APR Asynchronous Preset Recovery Time The minimum time after the asynchronous preset 
becomes inactive to the next input clock triggering edge. 

1APW Asynchronous Preset Width The minimum pulse width required for the 
asynchronous preset signal. 

tH Hold Time The minimum time a valid data level is held 
after clock triggering edge. 

tHP Hold Time for Preload The minimum delay time for data to remain 
stable after the preload signal becomes inactive. 
This only applies to TTL-level preload. 

tSRR Synchronous Reset Recovery Time The minimum time between the synchronous 
reset going inactive and the next input clock 
triggering edge. 

ts Setup Time, Input or Feedback to Clock The minimum time a valid data level of input or 
feedback is stable before the next clock triggering edge. 

tsp Data Setup Time for Preload The minimum time for input data to be stable 
prior to the preload signal becoming inactive. 
This only applies to TTL-level preload. 

tWH Clock Width High The minimum width of the clock high from rising edge to 
the next falling edge. In some cases, simultaneous 
minimum clock widths (both high and low) will exceed the 
minimum period of the device. 

IWL Clock Width Low The minimum width of the clock low from falling 
edge to the next rising edge. In some cases, 
simultaneous minimum clock widths (both high and low) 
will exceed the minimum period of the device. 

twp Preload Pulse Width The minimum pulse width required to preload the 
registers. This only applies to TTL-level preload. 

tAP Asynchronous Preset to Output The maximum time required to preset the register 
output after the preset signal is asserted. 

!AR Asynchronous Reset to Output The maximum time required to reset the register 
output after the reset signal is asserted. 
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Parameter 

Symbol Parameter Name Parameter Definition 

Timing 

tco Clock to Register Output The maximum time it takes to obtain a valid data level on the 
output pin after an input clock triggering edge is applied. 

ICR Input or Feedback to Registered The minimum time from input or feedback to 
Output from Combinatorial Configuration; registered output as output mux selection changes 
Output Mux Select 1 to O from combinatorial to registered output 1 to 0). 

IEA Output Enable Time, Clock to Output The minimum delay between when an input is 
asserted and the output switches from a high-
impedance state to HIGH or LOW logic state. 

IER Output Disable Time, Input to Output The minimum delay between when an input is asserted and 
the output switches from a HIGH or LOW logic state to a 
high-impedance state. 

IF Fall Time The minimum time for a signal to fall from 80% to 20% of its 
stabilized high value. 

IPD Propagation Delay, Input or Feedback The time for a signal to propagate from input or 
to Combinatorial Output feedback to output. 

IPR Power-up Reset Time The minimum time for a registered output signal to 
be reset after the power is applied. 

tpxz Output Disable Time, OE to Output The minimum delay between when a dedicated enable signal is 
asserted and the output switches from a HIGH or LOW logic 
state to be a high-impedance state. 

tpzx Output Enable Time, OE to Output The minimum delay between when a dedicated enable signal is 
asserted and the output switches from a high-impedance state 
to a HIGH or LOW logic state. 

IR Rise Time The minimum time for a signal to rise from 20% to 80% of its 
stabilized high value. 

IRC Input or Feedback to Combinatorial The minimum time from input or feedback to combinatorial 
Output from Registered Configuration; output mux selection changes from registered to combinatorial 
Output Mux Select 0 to 1 output (0 to 1 ). 

Voltage 

Vee Supply Voltage, Positive Potential The voltage required across supply and ground 
terminals of a TTL or CMOS integrated circuit. 

V1 Input Clamp Voltage The maximum input clamp voltage limit on every input pin. 

V1H High-Level Input Voltage The minimum high-level input voltage that is guaranteed to 
represent a high logic level. 

V1L Low-Level Input Voltage The maximum low-level input voltage that is guaranteed to 
represent a low logic level. 

VoH High-Level Output Voltage The minimum high logic level guaranteed for all outputs. 

VOL Low-Level Output Voltage The minimum low logic level guaranteed for all outputs. 
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Parameter 

Symbol Parameter Name Parameter Definition 

Current 

Ice Supply Current, Corresponding to Vee The maximum current into the Vee terminal of a TIL or CMOS 
integrated circuit. 

h Input Current with Maximum Input Voltage The maximum current into an input pin when the input voltage is 
applied to the input pin. 

llH High-Level Input Current The maximum current into an input pin when a logic-high level 
is applied to the input pin. 

hL Low-Level Input Current The maximum current into an input pin when a logic-low level is 
applied to the input pin. 

IOH High-Level Output Current The maximum current into an output pin to guarantee an output 
logic-high level. 

IOI. Low-Level Output Current The maximum current into an output pin to guarantee an output 
logic-low level. 

lsc Output Short-Circuit Current The current into an output when that output is short-circuited to 
ground (0.5 V). 

IOZH High-Level Leakage Current The maximum current into a high-impedance state output pin 
when a high logic level is applied to the output pin. 

lozL Low-Level Leakage Current The maximum current into a high-impedance state output pin 
when a low logic level is applied to the output pin. 

Miscellaneous 

C1N Input Capacitance The input pin capacitance at a specified voltage and frequency. 

CouT Output Capacitance The output or 1/0 pin capacitance at a specified voltage and 
frequency. 

TA Operating Free Air Temperature The ambient homogeneous temperature of the environment 
during operation. 

Tc Operating Case Temperature The maximum chassis temperature during operation. 

IMAX Maximum External Frequency The IMAX, External is the maximum clocking frequency with 
external feedback. It is the reciprocal of the clock period 

(ts +tco). 

IMAX Maximum Internal Frequency The IMAX, Internal is the maximum clocking frequency with 
internal feedback. An internal counter is used to determine 

'1cNT." 

IMAX Maximum Frequency without Feedback The IMAX, No Feedback is the maximum clocking frequency with 
no feedback. It is the reciprocal of the sum of the data setup 

time (ts) and the data hold time (th). 
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fMAx Parameters 

The parameter fMAx is the maximum clock rate at which 
the device is guaranteed to operate. Because the flexi
bility inherent in programmable logic devices offers a 
choice of clocked flip-flop designs, fMAX is specified for 
three types of synchronous designs. 

The first type of design is a state machine with feedback 
signals sent off-chip. This external feedback could go 
back to the device inputs, or to a second device in a 
multi-chip state machine. The slowest path defining the 
period is the sum of the clock-to-output time and the in
put setup time for the external signals (ts+ tco). The re
ciprocal, fMAX, is the maximum frequency with external 
feedback or in conjunction with an equivalent speed de
vice. This fMAX is designated "fMAX external." 

The second type of design is a single-chip state ma
chine with internal feedback only. In this case, flip-flop 
inputs are defined by the device inputs and flip-flop out
puts. Under these conditions, the period is limited by the 

r-------------
1 
I 

internal delay from the flip-flop outputs through the inter
nal feedback and logic to the flip-flop inputs. This IMAX is 
designated "IMAX internal". A simple internal counter is a 
good example of this type of design, therefore, this pa
rameter is sometimes called "fcNT." 

The third type of design is a simple data path applica
tion. In this case, input data is presented to the flip-flop 
and clocked through; no feedback is employed. Under 
these conditions, the period is limited by the sum of the 
data setup time and the data hold time (ts+ tH). How
ever, a lower limit for the period of each IMAX type is the 
minimum clock period (twH + twL). Usually, this minimum 
clock period determines the period for the third IMAX, 
designated "IMAX no feedback." 

IMAX external and IMAX no feedback are calculated pa
rameters. fMAX external is calculated from ts and tco, and 
fMAX no feedback is calculated from twL and twH. fMAx in
ternal is measured. 
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20-Pin Plastic DIP (measured in inches) 
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28-Pin Plastic Leaded Chip Carrier (measured in inches) 
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Basic Design with PLDs 

INTRODUCTION 
The Programmable Array Logic device, commonly 
known as the PAL device, was invented at Monolithic 
Memories in 1978. The concept for this revolutionary 
type of device sprang forth as a simple solution to the 
short comings of discrete TTL logic. 

The successfully proven PROM technology which 
allowed the end user to "write on silicon" provided the 
technological basis which made this kind of device not 
only possible, but very popular as well. 

The availability of design software made it much easier 
to design with programmable logic. As designers were 
freed from the drudgery of low-level implementation 
issues, new complex designs were easier to implement, 
and could be completed more quickly. 

This chapter outlines some basic information essential 
to those who are unfamiliar with Programmable Logic 
devices (PLDs). The information may also be useful to 
those who are current users of programmable logic. The 
specific issues which need to be addressed are: 

• What is a PLD? 

• What other implementations are possible? 

• What advantages do PLDs have over other 
implementations? 

WHAT IS A PLO? 
In general, a programmable logic device is a circuit 
which can be configured by the user to perform a logic 
function. Most "standard" PLDs consist of an AND array 
followed by an OR array, either (or both) of which is 
programmable. Inputs are fed into the AND array, which 
performs the desired AND functions and generates 
product terms. The product terms are then fed into the 
OR array. In the OR array, the outputs of the various 
product terms are combined to produce the desired 
outputs. 

PAL Devices 
The PAL device has a programmable AND array 
followed by a fixed OR array (Figure 1 ). The fact that the 
AND array is programmable makes it possible for the 
devices to have many inputs. The fact that the OR array 
is fixed makes the devices small (which means less 
expensive) and fast. 

~ 
Advanced 

Micro 
Devices 

WHAT OTHER IMPLEMENTATIONS ARE 
POSSIBLE? 
There are essentially four alternatives to programmable 
logic: 

• Discrete Logic 

• Gate Arrays 

• Standard Cell Circuits 

• Full Custom Circuits 

Discrete Logic 
Discrete logic, or conventional TTL logic, has the 
advantage of familiarity; hence its popularity. It is also 
quite inexpensive when only unit cost is considered. The 
drawback is that the implementation of even a simple 
portion of a system may require many units of discrete 
logic. There are "hidden" costs associated with each unit 
that goes into a system, which can render the overall 
system more expensive. 

Designing with discrete chips can also be very tedious. 
Each design decision directly affects the layout of the 
board. Changes are difficult to make. The design is also 
more difficult to document, making it harder to debug 
and maintain later. These items all contribute to a long 
design cycle when discrete chips are used extensively. 

Gate Arrays 
Gate arrays have been increasing in popularity. The 
attractiveness of this solution lies in the device's 
flexibility. By packing the functions into the device, a 
great majority of the available silicon is actually used. 
Since such a device is customized for an application, it 
would seem to be the optimum device for that 
application. 

However, one also pays substantial development costs, 
especially in the case of a design which needs changes 
after silicon has already been processed. Even though 
the unit costs are generally quite low for gate arrays, the 
volumes required to make their use worthwhile excludes 
them as a solution for many designers. This fact, added 
to the long design cycle and high risk involved, make this 
solution practical for only a limited number of designers. 
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Figure 1. PAL Device Array Structure 

Standard Cell Circuits 
Standard cell circuits are quite similar to gate arrays, 
their main advantage being that they consist of a 
collection of different parts of circuits which have 
already been debugged. These circuits are then 
assembled and collected to perform the desired 
functions. This can ideally lead to reduced turn around 
from conception to implementation, and a much more 
efficient circuit. 

The drawback is that even though the individual 
components of the circuit have been laid out, a complete 
layout must still be performed to arrange the cells. 
Instead of just customizing the metal interconnections, 
as is done in a gate array, the circuit must be developed 
from the bottom up. Development costs can be even 
higherthan for gate arrays, and despite the standard cell 

concept, turn around time often tends to be longer than 
planned. Again, the volume must be sufficiently high to 
warrant the development costs. 

Full Custom Circuits 
Full custom designs require that a specific chip be 
designed from scratch to perform the needed functions. 
The intent is to provide a solution which gives the 
designer exactly what is needed for the application in 
question; no more and no less. Ideally, not a square 
micron of silicon is wasted. This normally results in the 
smallest piece of silicon possible to fit the needs of the 
design, which in turn reduces the system cost. 
Understandably, though, development costs and risks 
for such a design are extremely high, and volumes must 
be commensurately high in order for such a solution to 
be of value. 
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WHAT ADVANTAGES DO PLDs HAVE 
OVER OTHER IMPLEMENTATIONS? 
As user-programmable semicustom circuits, PLOs 
provide a valuable compromise which combines many 
of the benefits of discrete logic with many of the benefits 
of other semicustom circuits. The overall advantages 
can be found in several areas: 

• Ease of design 

• Performance 

• Reliability 

• Cost savings 

Ease of Design 
The support tools available for use in designing with 
PLOs greatly simplify the design process by making the 
lower-level implementation details transparent. In a 
matter of one or two hours, a first time PLO user can 
learn to design with a PAL device, program it, and 
implement the design in a system. 

The design support tools consist of design software and 
a programmer. The design software is used in 
generating the design; the programmer is used to 
configure the device. The software provides the link 
between the higher-level design and the low-level 
programming details. 

All of the available design software packages perform 
essentially the same tasks. The design is specified with 
relatively high-level constructs; the software takes the 
design and converts it into a form which the programmer 
uses to configure the PLO. Most software packages 
provide logic simulation, which allows one to debug the 
design before actually programming a device. The 
high-level design file also serves as documentation of 
the design. This documentation can be even easier to 
understand than traditional schematics. 

Many PLO users do not find it necessary to purchase a 
programmer; it is often quite cost effective and 
convenient to have either the manufacturer or an 
outside distributor do the programming for them. For 
design and prototyping, though, it is very helpful to have 
a programmer; this allows one to implement designs 
immediately. 

The convenience of programmable logic lies in the 
ability to customize a standard, off-the-shelf product. 
PLOs can be found in stock to suit a wide range of speed 
and power requirements. The variety of architectures 
available also allows a choice of the proper functionality 
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for the application at hand. Thus, a design can be 
implemented using a standard device, with the end 
result essentially being a custom device. If a design 
change is needed, it is a simple matter to edit the original 
design and then program a new device, or, in the case of 
reprogrammable CMOS devices, erase and reprogram 
the old device. 

Board layout is vastly simplified with the use of 
programmable logic. PLOs offer great flexibility in the 
location of inputs and outputs on the device. Since 
larger functions are implemented inside the PLO, board 
layout can begin once the inputs and outputs are known. 
The details of what will actually be inside the PLO can be 
worked out independently of the layout. In any cases, 
any needed design changes can be taken care of 
entirely within the PLO, and will not affect the PC board. 

Performance 
Speed is one of the main reasons that designers use 
PAL devices. The PAL devices can provide equal or 
better performance than the fastest discrete logic 
available. Today's fastest PAL devices are being 
developed on the newest technologies to gain every 
extra nanosecond of performance. 

Performance cannot come strictly at the expense of 
power consumption. Since PL Os can be used to replace 
several discrete circuits, the power consumption of a 
PLO may well be less than that of the combined discrete 
devices. As more PLOs are developed in CMOS 
technology, the option for even lower power becomes 
available, including zero standby power devices for 
systems which can tolerate only minute standby power 
consumption. 

Reliability 
Reliability is an area of increasing concern. As systems 
get larger and more complex, the increase in the amount 
of circuitry tends to reduce the reliability of the system; 
there are "more things to go wrong." Thus, a solution 
which inherently reduces the number of chips in the 
system will contribute to higher reliability. A 
programmable logic approach can provide a more 
reliable solution due to the smaller number of devices 
required. 

With the reduction in units and board space, PC boards 
can be laid out less densely, which greatly improves the 
reliability of the board itself. This also reduces crosstalk 
and other potential sources of noise, making the 
operation of the system cleaner and more reliable. 
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Cost 
For any design approach to be practical, it must be cost 
effective. Cost is almost always a factor in considering a 
new design or a design change. But, the calculation of 
total system cost can be misleading if not all aspects are 
considered. Many of the costs can be elusive or difficult 
to measure. For example, it is difficult to quantify the 
cost of market share lost due to late product 
introduction. 

Cost 

Weeks 

The greatest savings over discrete design are derived 
from the fact that a single PLD can replace several 
discrete chips. Board space requirements can drop 25% 
or more when PLDs are used. The relationship between 
the various alternatives is summarized in Figure 2. 

Months 

Full 
Custom 

Years 

Development Time 
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Figure 2. Development Cost vs. Time for Alternative Logic Implementations 
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Another economic benefit of the use of PLDs is that 
when one PAL device is used in several different 
designs, as is often the case, the user has not 
committed that device to any one of the particular 
designs until the device has been programmed. This 
means that inventory can be stocked for several 
different designs in the form of one device. As 
requirements change, the parts can be programmed to 
fit the need. And in the case of reprogrammable CMOS 
devices, one is not committed even after programming. 

One final subtle cost issue is derived from the ease with 
which a competitor can copy a design. PLDs have a 
unique feature called a security bit, whose purpose is to 
protect a design from being copied. By using secured 
PLDs extensively in a system, one can safely avoid 
having one's system easily deciphered. The added 
design security provided by this feature can buy extra 
market time, forcing competitors to do their own original 
design work rather that copying the designs of others. 

Summary 
Programmable logic provides the means of creating 
semi-custom designs with readily available standard 
components. There is a wide variety of PLDs; PAL 
devices are most widely used, and perform well for basic 
logic and some sequencing functions. 

AMDr. 

By assuming some of the attributes of gate arrays, 
programmable logic provides the cost savings of any 
other semicustom device, without the extra engineering 
costs, risks, and design delays. Reliability is also 
enhanced as quality increases and board complexity 
decreases. 

The design tasks are greatly simplified due to the design 
tools which are now available. Design software and 
device programmers allow top-down high-level designs 
with a minimum of time spent on actual implementation 
issues. Simulation allows some design debug before a 
device is programmed. 

For all of these reasons, programmable logic has 
become, and will continue to be, the design 
methodology of choice among digital systems 
designers. 
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PLO Design Basics 

INTRODUCTION 
This section is intended as a beginner's introduction to 
PLO design, although experienced users may find it a 
good review. We will take a step-by-step approach 
through two very simple designs to demonstrate the 
basic PLO design implementation process. Through this 
effort, you will be introduced to the concept of device 
programming. 

By "beginner," we mean a logic designer who is just 
beginning to use programmable logic. You may have a 
lot of experience with discrete digital logic, or you may 
have just graduated from college. We assume a basic 
understanding of digital logic. Some computer 
experience is helpful, but not essential. 

We will take no significant shortcuts for these examples, 
even though there may be times when we could. In this 
way, you can gain a better understanding of exactly 
what is happening as you implement your design. 

We will talk about device programming, describing all of 
the steps that are necessary to program a PLO. 
However, due to the wide variety of programmers 
available, we will not get down to the level of detail that 
tells you exactly which buttons to push. Although we will 
get as close as we can, we must defer the details to your 
programmer manual. 

Constructing a Combinatorial 
Design-Basic Gates 
The first example we will try is a very simple 
combinatorial circuit consisting of all of the basic logic 
gates, as shown in Figure 1. This will be helpful for those 
designs where you are integrating random logic into a 
PAL device to save space and money. 

As can be seen from the figure, there will be six separate 
functions involving a total of twelve inputs. It is important 
to bear in mind that programmable logic provides a 
convenient means of implementing designs. With a real 
design, some work would be required before this point to 
conceptualize the design, but due to the simplicity of 
these circuits, we are already in a position to start the 
implementation. 

A 

F 
G --i-----1 

I 
J 
K 

B 

E 

H 

L 

M --1----~.....,..I>-----1-- 0 
N 

p 
Q --+-----# R 
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Figure 1. The Basic Logic Gates 

Building the Equations 
We will start by generating Boolean equations. The first 
function to be generated is an inverter. This is specified 
according to Figure 1 as: 

B = /A 

Here the "equal" sign(=) is used to assign a function to 
output B. The slash (/) is used to indicate negation. 
Thus, this equation may be read: 

B is TRUE if NOT A is TRUE 

The next function is a simple AND gate. As shown in 
Figure 1, we can write: 

E = C*D 

Here we use the "equal" sign again, but this time we 
have introduced the asterisk (*) to indicate the AND 
operation. This equation may be read: 

E is TRUE if C AND D are TRUE 
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The third function is an OR gate, which may be written: 

H = F + G 

The "plus" sign(+) is used to specify the OR operation 
here. Because of the sum-of-products nature of logic as 
implemented in PLDs, it is often easy to place product 
terms on separate lines, which improves the readability. 
We may rewrite this equation as: 

H = F 
+ G 

This equation may be read: 

H is TRUE if F OR G is TRUE 

For the moment, we will assume that we have 
active-HIGH outputs on our device. The functions we 
have generated so far have essentially been 
active-HIGH functions. At times we wish to generate 
active-LOW functions; the next two functions are 
active-LOW functions that we wish to implement in an 
active-HIGH device. 

When we talk in terms of an active-HIGH or an 
active-LOW device, the real question is whether there is 
an extra inverter at the output. An active-HIGH device 
has an AND-OR structure; an active-LOW device has 
an AND-OR-INVERT structure which inverts the 
function at the output (see Figure 2). 

a. AND-OR Structure 

b. AND-OR-INVERT Structure 
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Figure 2. Active HIGH vs. Active LOW 

NANO and NOR gates could be generated very simply 
in an active-LOW device, because we would just have to 
generate AND and OR functions, and let the output 
inverter generate their complements. However, given 
that we wish to implement these functions in an 
active-HIGH device, we must invoke DeMorgan's 
theorem, as follows: 

l(X * Y) =IX+ IY 
l(X + Y) =IX* IY 
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We may generate our NANO function by writing: 

L = I (I * J * K) 

or, if preferred, 

L II 
+ IJ 
+ IK 

Likewise the NOR function may be specified as: 

0 

or 

I (M 

+ N) 

0 = IM * IN 

Finally, an exclusive-OR (XOR) gate may be specified 
either as: 

R = p :+: Q 

where :+: represents the XOR operation, or more 
explicitly as: 

R = P * IQ 
+ IP * Q 

We have now specified all of the functions in terms of 
their Boolean equations. The equations are 
summarized in Figure 3. 

B IA inverter 

E C * D AND gate 

H F OR gate 
+ G 

L II NAND gate 
+ IJ 
+ IK 

0 /M * IN NOR gate 

R p * IQ XOR gate 
+ IP * Q 

Figure 3. Basic Gates Equations 
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Understanding the Logic Diagram 
A portion of a logic diagram is shown in Figure 4. 

The logic diagram shows all of the logic resources 
available in a particular device. In each device, inputs 
are provided in true and complement versions, as 
shown in Figure 4. These drive what are often called 
"i~put lines," which are the vertical lines in the logic 
diagram. These input lines can then be connected to 
product terms. The name "product term" is really just a 
fancy name for an AND gate. However, PLDs provide 

very wide gates, which can be cumbersome to draw. To 
save space, the product terms are drawn as horizontal 
lines with a small AND gate symbol at one end to 
indicate the function being performed. 

Although you really do not need to be concerned with 
the actual implementation of these functions inside the 
PAL device, you may be curious. Figure 5 shows how 
the inverter and the AND gate are implemented. An 'X' 
indicates a connection. A product term that is not used is 
indicated by an 'X' in the small AND gate. 
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Figure 4. A Portion of a Logic Diagram 
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Figure 5. Implementation of NOT, AND Gates 

Building the Design File 
Once the design has been conceptualized, the design 
file must be generated. 

We now know exactly what our functions are going to 
be. We have twelve inputs, six outputs, and the NAND 
function requires three product terms. Note that if we 
had specified: 

L = I (I * J * K) 

instead of: 

L /I 
+ /J 
+ /K 

for the NAND gate, it would not be as obvious how many 
product terms would be needed. 

We are now in a position to create the design file. The 
design entry varies with the software package used. 
You must consult the manuals supplied with the 
software for design entry format. 

Generating a JEDEC File 
Once the design file has been entered, you can 
assemble the design to get a JEDEC file. We have two 
purposes here: to make sure there are no basic 
mistakes in the file, and to generate a JEDEC file for 
programming. Again, how this is done is determined by 
the software. 

Simulating the Gates 
After you have verified that your design file is correct, it 
is time to verify that the design itself is correct. This is 
done by simulating the design. Simulation provides a 
way for you to see whether your design is working as 
you expect it to. You provide a series of commands, or 
events, which are then simulated by the software. If 
requested, the software can tell you if the simulation 
matches what you expect, and, if not, where the 
problems are. 

The simulation section is the last part of the design file. It 
is not required, but is invariably helpful both in 
debugging the design, and in generating what can 
eventually be used as a portion of a test vector 
sequence. 

The simulator also converts the simulation results into 
test vectors, and appends the vectors to the JED EC file. 
This file can be used with programmers that provide 
functional tests. 

Constructing a Registered Design
Basic Flip-Flops 
Next we will do a very simple registered design: we will 
be designing all of the basicflip-floptypes (Figure 6). We 
will conceptualize the design by reviewing briefly the 
behavior of the D-type flip-flop. We will then present the 
results for T, J-K, and S-R flip-flops. 
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The devices we will be using in the examples only have 
D-type flip-flops. Thus, we will be emulating the other 
flip-flops with D-type flip-flops. 

CLK 

D 

T 

J 

K 

s 

R 

CLR 

l 
D Ca 

+-I> pa 

J 
J_ 

T Ca 

+-I> pQ 

J 

l 
J Ca 

+-I> 
K pa 

J 

l 
s Ca 

'--1> 
R pa 

J 

PR 

Figure 6. Basic Flip-Flops 
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Building the D-Type Flip-Flop Equations 
A D-type flip-flop merely presents the input data at the 
output after being clocked. Its basic transfer function 
can be expressed as: 

DT : = D 

where we have used pins DT(DTrue) and Das shown in 
Figure 6. 

Note the use of':=' here instead of'='. This indicates that 
the output is registered for this equation. The difference 
is illustrated in Figure 7. 

D --..---------.--- DT 

b. OT: D 

D D a DT 

CLK 

c. OT:= D 
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Figure 7. Registered vs. Combinatorial Equations 

We can also generate the complement signal (named 
DC) with the statement: 

DC : = /D 

As shown in Figure 6, we want to add synchronous 
preset and clear functions to the flip-flops. This can be 
done with two input pins, called PR and CLR. To add 
these functions to the true flip-flop signal, we add /CLR 
to every product term and add one product term 
consisting only of PR. Likewise, for the complement 
functions, we add /PR to every product term, and add 
one product term consisting only of CLR. With these 
changes, the equations now looks like: 

DT D * /CLR 
+ PR 

DC /D * /PR 
+ CLR 

In this way, when clearing the flip-flops, the active-HIGH 
flip-flops have no product terms true, and go LOW; the 
active-LOW flip-flops have the last product term true, 
and will therefore go HIGH. The reverse will occur for 
the preset function. 
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DT ·= D * /CLR 
+ PR * /CLR 

DC /D * /PR 
+ CLR 

AMO~ 
There is still one hole in this design: what happens if we 
preset and clear at the same time? As it is right now, 
both outputs will go HIGH. This makes no sense since 
one signal is supposed to be the inverse of the other. To 
rectify this, we can give the clear function priority over 
the preset function. We can do this by placing /CLR on 
every product term for the true flip-flop signal. The 
results are shown as follows: 

The same basic procedure can be applied to all of the 
other flip-flops. The equations are shown in Figure 8. 

EQUATIONS 

;emulating all flip-flops with D-type flip-flops 

DT := D * /CLR 
+ PR * /CLR 

DC := /D * /PR 
+ CLR 

TT := T * /TT * 
+ /T * TT * 
+ PR * /CLR 

TC := T * /TC * 
+ /T * TC * 
+ CLR 

JKT:= J * /JKT 
+ /K * JKT * 
+ PR * /CLR 

JKC:= /J * /JXC 

+ K * /JKC * 
+ CLR 

SRT:= S * /CLR 
+ /R * SRT * 
+ PR * /CLR 

SRC:= R * /PR 
+ /S * SRC * 
+ CLR 

/CLR 
/CLR 

/PR 
/PR 

* /CLR 
/CLR 

* /PR 
/PR 

/CLR 

/PR 

;output is D if not clear 
;or 1 if preset and not clear at the same time 

;output is /D if not preset 
;or 1 if clear 

;go HI if toggle and not clear 
;stay HI if not toggle and not clear 
;go HI if preset and not clear at the same time 

;go HI if toggle and not preset 
;stay HI if not toggle and not preset 
go HI if clearing 

;go HI if J and not clear 
;stay HI if not K and not clear 
;go HI if preset and not clear at the same time 

;go HI if not J and not preset 
;stay HI if not K and not preset 
;go HI if clear 

;go HI if set and not clear 
;stay HI if not reset and not clear 
;go HI if preset and not clear at the same time 

;go HI if reset and not preset 
;stay HI if not set and not preset 
;go HI if clear 

Figure 8. Flip-Flop Equation Section 

Building the Remaining Equations and 
Completing the Design File 
Notice that in some of the equations above, the output 
signal itself shows up in the equations. This is the way in 
which feedback from the flip-flop can be used to 
determine the next state of the flip-flop. An equivalent 
logic drawing of the TT equation is shown in Figure 9. 
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O..,...,__ __ TT 

ffil:= T* l1TTI* !CLR 

+ T* !ml* /CLR 

+ PR*/CLR 
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Figure 9. Feedback in the Equation for TT 

We are now in a position to complete the design file. You 
must follow the instructions included with your software 
package to complete the file. 

Simulating the Flip-Flops 
After processing the design and correcting any 
mistakes, we can run the simulation. 

The file can now be simulated in the same manner as 
the basic gates design. 

Programming a Device 
After simulating the design, and verifying that it works, it 
is time to program a device. There are several steps to 
programming, but the exact operation of the 
programmer naturally depends on the type of 
programmer being used. We will be as explicit as we can 
here, but you will need to refer to your programmer 
manual for the specifics. 

The first thing that must be done after turning the 
programmer on is to select the device type. This tells the 
programmer what kind of programming data to expect. 
The device type is usually selected either from a menu 
or by entering a device code. Your programmer manual 
will have the details. 

Next a JED EC file must be downloaded. To transfer the 
JED EC file from the computer to your programmer, you 
will need to provide a connection, as shown in Figure 1 o. 
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Figure 10. A Connector Must Be Provided 
Between the Computer and the Programmer 

If your programmer can perform functional tests, and 
you wish for those tests to be performed, you should 
download the JEDEC file containing the vectors; 
otherwise, you should download the JED EC file without 
vectors. 

To download data, the programmer must first be set up 
to receive data. The programmer manual will tell you 
how to do this. 

Communication must be set up between the computer 
and the programmer. Whichever communication 
program is installed must be invoked. This is used to 
transmit the JEDEC file to the programmer. Follow the 
instructions for your program to accomplish the 
next steps. 
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Before actually sending the data, you must verify the 
correct communication protocol. Check to make sure 
you know what protocol the programmer is expecting; 
then set up the baud rate, data bits, stop bits, and parity, 
to match the protocol. 

Once the protocol has been set up the JEDEC file must 
be downloaded. 

Enter the name of the JEDEC file you wish to use. The 
computer will then announce that it is sending the data, 
and tell you when it is finished. Note that just because it 
says it has finished sending data does not mean that the 
data was received. Your programmer will indicate 
whether or not data was received correctly. 

Once the data has been received, the programmer is 
ready to program a device. Place a device in the 
appropriate socket, and follow the instructions for your 
programmer to program the device. This procedure 
programs and verifies the connections in the device, 

AMO~ 
and, if a JEDEC file containing vectors was used, will 
perform a functional test. 

The programmer will announce when the programming 
procedure has been completed. You may then take the 
device and plug it into your application. 

If you have actually programmed one of the examples 
that we created above, you naturally don't have a board 
into which you can plug the device. If you do have a lab 
setup, you may wish to play with the devices to verify for 
yourself that the devices perform just as you expected 
them to. 

You will find much more detail on many issues that were 
not discussed in this section in the remaining sections of 
this handbook. This section should have provided you 
with the basic knowledge you need to understand the 
remaining design examples in this book, and to start 
your own designs. 
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PLO Design Methodology 

Programmable logic devices (PLDs) are used in digital 
systems design for implementing a wide variety of logic 
functions. These logic functions range from simple 
random logic replacement to complex control 
sequencers. Programmable logic devices offer the 
multiple advantages of low cost, high integration, ease 
of use, and easier design debugging capability not 
available in other systems design options. In the 
following discussion we will detail the PLO design 
process. 

Most PLDs have an AND-OR array structure with 
programmable connections in either or both of the 
arrays. A programmable array implies that the 
connections can be programmed by the user. The 
popular PAL (Programmable Array Logic) devices have 
a programmable AND array and a fixed OR array. PAL 
devices are used for a wide variety of combinatorial and 
registered logic functions. In this discussion we will also 
examine the various design constraints to be 
considered when selecting the correct architecture for a 
given application. 

All digital logic can be efficiently reduced to two 
fundamental gates, AND and OR, provided both true 
and complement versions of all input signals are 
available. Such logic is generally built around what is 
known as the sum-of-products (AND-OR) form. 
Programmable logic devices are ideal for implementing 
such two-stage logic in the AND and OR arrays. 

Various process technologies offer many design 
options for PLDs. The connections in the programmable 
arrays can be fuse-based, commonly used in both EGL 
and TTL bipolar technologies, E/EEPROM cell based in 
UV-EPROM and EEPROM CMOS technologies, and 
RAM cell-based in CMOS RAM technology. The 
selection of technology is mostly dependent upon the 
system speed and power constraints. Most design 
engineers are familiar with these constraints, which not 
only dictate the technology of PLDs but also all of the 
other logic used in a system. 

Designing with PLDs involves the use of design 
software and a device programmer (Figure 1). The 
design software eliminates the need to identify every 
connection to be programmed for implementing the 
desired sum-of-products logic. The design process 
begins with the creation of a design file which specifies 
the desired function. The function is typically 
represented by its sum-of-products form and can be 
derived directly from the timing diagram and/or truth 

tables. Occasionally Karnaugh maps and state 
diagrams are also used. The design file is then 
assembled to produce the "JEDEC" file. The JED EC file 
gets its name from the fact that it is an approved JEDEC 
standard for specifying the state of every connection on 
the device. Simulation can then be performed. If the 
design is correct, the JEDEC file is downloaded into a 
device programmer for programming the connections 
on the device. The device can then be plugged into the 
PC board where it will function. The entire procedure 
can often be performed with the designer never having 
to leave the desk. Most programmers interface to 
personal computers, so that the design file can be 
edited, assembled, simulated, and downloaded, and the 
device programmed, all in one place. 

DESIGN 
FILE 

JEOEC 
FILE 
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Figure 1. PLDs are Designed Using Software and a 
Device Programmer 

The first stage in a PLO design process (Figure 2) is the 
conceptualization of a design problem; the second is the 
selection of the correct device; the third is the 
implementation of the design, which also includes 
simulating the design with test vectors; and finally, the 
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actual programming and testing on a system board. We 
will take a simple design example and go through the 
various stages of this design process. 

Conceptualize A 
Design Problem 

I 
Select Device 

l 
Implement 

Design 

I 
Program PLO 

l 
Test PLO 

l 
Plug PLO 
Into Board 

101730-12 

Figure 2. Programmable Logic Device Design 
Process 

Conceptualizing a Design 
The first step in the PLO design process is also required 
for any SSl/MSI design. An advantage of PLDs is that at 
this stage the designer needs to be concerned only with 
the required logic function. With SSI or MSI, various 
device logic limitations must be accounted for before the 
design can be started. Clearly a designer needs to 
develop a brief and complete functional description, 
based upon the system design requirements. 

AMO~ 
We will take the example of a simple address decoder 
circuit required for a 68000 microprocessor. The 
microprocessor has 24 address lines along with 
separate read and write signals. It requires some ROM 
to store the boot-up code as well as some RAM for 
storing and executing programs. The purpose of the 
address decoder circuitry is to select one of the memory 
addresses at a time. The RAMs and ROMs are assigned 
addresses on the 68000 microprocessor address 
space. The Address decoder circuit has to select one of 
the RAMs or ROMs for a specific range of addresses, 
called the address space. This selection is 
accomplished by asserting the specific chip-select 
signal for the RAM or ROM when the microprocessor 
accesses one of the addresses in the address space. 
There is additional circuitry in a typical microprocessor 
system for addressing 1/0 devices (such as disk 
controllers). These devices also require that chip-select 
signals be asserted when the microprocessor 
addresses them. Figure 3 shows an example address 
map for a 68000 microprocessor. 

PROM 1 

PROM2 

DRAM 1 
-----------

DRAM2 
-----------

DRAM3 
-----------

DRAM4 

000000-0FFFFF 

100000-1FFFFF 

200000-2FFFFF 

300000-3FFFFF 

400000-4FFFFF 

500000-SFFFFF 

600000-6FFFFF 

101730-13 

Figure 3. Memory Address Map 
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Figure 4. Microprocessor to Memory Interface 

Figure 4 show the circuit diagram. The address signals 
from the 68000 microprocessor are inputs to the 
interface logic block. The outputs generated are 
ROMCS1, ROMCS2 and RAMCS. The generation of 
signals for selecting device I/Os is similar and is not 
shown here for the sake of simplicity. Other system 
inputs to the interface are the address strobe signal 
generated by the 68000 microprocessor as well as the 
read/write signal. The truth table for generating the 
outputs is shown in Table 1. This truth table is derived 
from the memory address map and the functional 
description of the design. 

Table 1. Truth Table for Chip-Select Signals 

Addresses Hex Size A23 A22 A21 S.!9._nal 
000000-0FFFFF 1 MB 0 0 0 ROMCS1 

100000-1 FFFFF 1 MB 0 0 1 ROMCS2 

200000-2FFFFF 1 MB 0 1 0 RAM CS 

300000-3FFFFF 1 MB 0 1 1 RAM CS 

400000-4FFFFF 1 MB 1 0 0 RAM CS 

500000-SFFFFF 1 MB 1 0 1 RAM CS 

Device Selection Considerations 
The first task for the designer is to identify the design 
problem and classify it as a combinatorial function or a 
registered function, depending upon whether or not 
registers are required. In most cases, this decision 

depends upon the functional nature of the problem. 
Sometimes timing and logic considerations can also 
dictate the use of registers; this will be discussed later. 
Registers are usually not required for such simple 
combinatorial functions such as encoders, decoders, 
multiplexers, demultiplexers, adders, and comparators. 
However, registers are required for functions such as 
counters, timers, control signal generation, and state 
machines. No registers are required for this simple 
address decoding example. 

The best choice for our combinatorial design would be a 
PAL device. The task now is to select a PAL device for 
implementing the desired function. General device 
selection considerations are listed below. These items 
are applicable to most designs. 

• Number of input pins 

• Number of output pins 

• Number of 1/0 pins 

• Device speed 

• Device power requirements 

• Number of registers (if any) 

• Number of product terms 

• Output polarity control 
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Figure 5. System Timing Requirements 

The first resource that must be provided in a PLO is the 
number of pins needed for the basic logic function. This 
consists of the number of input and output pins. Many 
PLDs have internal feedback, which allows the 
generated output signal to be reused as an input. The 
same feedback also allows the pin to be used as a 
dedicated input, if required. This is especially useful for 
fitting various designs with different input'output 
requirements on the same device. The 1/0 pin capability 
of certain PLDs can also be very useful for certain bus 
applications. 

The task is as simple as counting the number of input, 
output and 1/0 pins required by the design and picking a 
PLO which has the requisite number of pins. 

The next selection issue is the device speed. The most 
important timing consideration for combinatorial PLDs is 
the propagation delay (!po) of signals from the input to 
the output of the device. For registered PLDs, the 
important timing consideration is the device clocking 
frequency. This clocking frequency is in turn determined 
by sum of the register setup time (ts), and 
clock-to-output propagation delay (!co). Most systems 
impose some timing restrictions on the internal logic 
functions. These restrictions will determine the 
necessary tPo (for combinatorial devices) or fMAX (for 
registered devices). 

In our design example, the PLD will primarily perform 
address decoding. The critical system timing constraint 
is determined by the read/write cycle time of the 
microprocessor and the memory access time available 
(Figure 5). Most microprocessors allow anywhere from 
10 to 35 ns for address decoding. That is, 10 ns -35 ns 
after the address is available, the correct memory 
chip-select signal should be asserted. In our design 
example, the available cycle time of 240 ns and memory 
access time of 220 ns leaves barely 10 ns for address 
decode time. We can check the propagation delay and 
select the appropriate speed device for our design, 
which is tpo = 10 ns. 

We have already briefly discussed the types of 
applications where registers are needed. Sometimes 
the consideration of system timing can affect whether or 
not registers are needed. Devices with registers can 

hold a signal stable for the long durations required by the 
addressed peripheral or memory. However, this slows 
the initial response or access time of the device since 
the chip select must wait for the setup time before the 
rising edge of the clock cycle. Devices without registers 
provide fast access time but hold the signal valid only as 
long as the input conditions are valid. In most address 
decoders, the address signals are kept asserted by the 
microprocessor until the read/write cycle is completed. 
In this case, the registers are not required for holding the 
signals asserted. 

The remaining two general design considerations are 
the number of product terms and output polarity. We will 
discuss these two as we implement the design in the 
next section. 

Implementing a Design 
Implementing a design (Figure 6) requires the creation 
of a design file. The design file contains three types of 
information. 

• Basic bookkeeping information 

• Design syntax 

• Simulation syntax 

Once the design file is complete, it is then assembled 
and simulated. Once it passes assembly and 
simulation, the resultant JEDEC file is downloaded to a 
device programmer for configuring the device. 

Design Syntax 
In this example, as shown in Figure 6, there are two 
options available to the designer for expressing the 
design. The first is through traditional Boolean logic 
equations; the second is through a state machine 
syntax. The Boolean logic equations are the only option 
for combinatorial designs and can also be efficient for 
some registered designs. The Boolean equations can 
be derived from a combination of the functional 
description, the truth table and/or the timing diagrams 
(Figure 7). The state machine approach is ideal for large 
registered control designs, and can be derived from the 
functional description, state table, state diagram and/or 
the timing diagram (Figure 8). 
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Figure 6. Implementing a Design 
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Figure 7. Writing Boolean Logic Equations 
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Figure 8. State Machine Description 

Boolean Logic Equations 
Boolean equations are used to represent the 
sum-of-products logic form. The Boolean equations are 
ideally suited for representing the two-level AND-OR 
logic available in most PLDs. 

A conventional approach to the design is to convert the 
design problem to its discrete logic implementation. 
~uch randon:i SSI and MSI logic can be easily 
implemented in PLDs. This usually involves converting 
to sum-of-products Boolean logic form. This approach 
?an be a .chore, and much effort can be saved by 
implementing a design with PLDs in a sum-of-products 
form right from the start. This essentially means that the 
designer does not have to design around the limitations 
of fixed SSI and MSI functions. A direct implementation 
of a design in sum-of-products form in a PLD can also 
yield a faster circuit. 

Boolean equations can be directly derived from the truth 
table or timing diagram (Figure 7). The truth table is 
used more often in simple combinatorial designs. The 
timing diagram method is used more often in registered 
control designs. We will first discuss the truth table 
method and then discuss the details of the timing 
diagram method. 

In addition to specifying the logic function, the Boolean 
equations in the design file help document the design. 
There 1s no need to draw out an equivalent schematic. 
This allows design modularity; the schematic can just 
show a block for a particular PLD. Separate supporting 
documentation (the design file) provides the details 
without cluttering the drawing. 
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Truth-Table-Based Design 
The requirements for our particular design example can 
be easily converted to a truth table format (Table 2). This 

truth table is based upon the functional description of the 
design, and is derived from the address map (Figure 3) 
and the truth table (Table 1 ). 

Table 2. Truth Table for the Address Decoder 

A23 A22 A21 INIT 

0 0 0 1 

0 0 1 1 

0 1 0 1 

0 1 1 1 

1 0 0 1 

1 0 1 1 

There are three additional input signals in this design 
example. The first, RW, is generated by the 
microprocessor, and distinguishes between read and 
write cycles. Since the ROM data is only for reading, the 
ROMCS1 and ROMCS2 signals are asserted only when 
RW is high (when the microprocessor attempts to read 
the ROM) and are not asserted for the write cycle. On 
the other hand, RAMCS is generated for both read and 
write cycles and the state of signal RW is "don't care." 

The second additional signal, AS, is the address strobe 
signal generated by the microprocessor, and is asserted 
only when the address lines carry a valid address. All of 
the chip select signals need to be gated with the AS 
signal to ensure that they are only generated for valid 
addresses, and no spurious chip selects are generated. 

The last signal is the INIT signal, which is a system 
initialization signal. This signal is used to initialize the 
microprocessor for a ''warm boot," and none of the chip 
selects is allowed when this !NIT signal is asserted. 

Writing Boolean equations from the above logic is very 
straight forward. The output signal names, along with 
their polarity, are assigned to sum-of-product equations, 
which are based upon inputs and their polarities. 

/ROMCSl = /A23 * /A22 * /A21 * INIT * /AS 

/ROMCS2 = /A23 * /A22 * A21 * INIT * /AS 

/RAM CS = /A23 * A22 * /A21 * INIT * /AS 

+ /A23 * A22 * A21 * INIT * /AS 

+ A23 * /A22 * /A21 * INIT * /AS 

+ A23 * /A22 * A21 * INIT * /AS 

Figure 9. The Implementation In Boolean 
Equations 

* RW 

* RW 

AS 

0 

0 

0 

0 

0 

0 

Output Generated 

RW ROMCS1 ROMCS2 RAM CS 

1 0 1 1 

1 1 0 1 

x 1 1 0 

x 1 1 0 

x 1 1 0 

x 1 1 0 

The equations are derived directly from the truth tables. 
Each one of the AND equations uses up one product 
term of the device as shown in Figure 9. One device 
selection consideration is to ensure that all the outputs 
have sufficient product terms to accommodate the 
desired function. 

This brings us to the issue of output polarity. Suppose 
we had to generate active-HIGH outputs. In that case 
the output equations for the ROMCS1 signal would be: 

ROMCSl = /A23 + /A22 * /A21 * INIT */AS * RW 

If the device has active-LOW outputs only, this 
equation's output polarity needs to be inverted to be 
able to fit the device. Using DeMorgan's theorem for 
Boolean logic we get: 

/RCMCSl = A23 + A22 + A21 + /INIT + AS + /RW 

This equation requires a large number of product terms 
(six). Some signals are efficient and use fewer product 
terms in their true form, while others are more efficient in 
their inverted form. The device selection issues of 
product terms and output polarity also apply to 
registered designs. 

Timing-Diagram-Based Design 
Until now, we have discussed a PLO design using truth 
tables as the primary design vehicle. In this section we 
will attempt a design using a timing diagram as a design 
vehicle. 

Earlier in the address decoder design we mentioned the 
INIT signal. This INIT signal essentially an initialization 
signal for the entire system. The INIT signal is used 
internally (via feedback) for disabling the chip selects 
during initialization. Externally it can be used to initialize 
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other system signals. This INIT signal is generated from 
a RESET switch connected to the inputs of the device as 
shown in Figure 10. 

Most experienced designers understand the tradeoffs 
for device selection. They implicitly go through the steps 
of design conceptualization and device selection, 
explained earlier. They typically draw a block around the 
logic being designed, with the previous knowledge that it 
would fit a PLO which has sufficient inputs, outputs, IOs 
and product terms. 

Vee 

~ 
l"' 

~ "I" 

TOP PAL Device 
Debounce 

Circuit 
BOTTOM 

10173D-19 

Figure 10. RESET Switch for System Initialization 

To avoid unwanted initialization, the RESET switch 
must be debounced. That is, we want the INIT signal to 
remain HIGH until the switch actually contacts the 
bottom side. Once the bottom side is hit, INIT should be 
asserted active LOW. Once asserted, it should stay 
LOW and not change until the top side is hit again. The 
timing requirements of the debounce circuitry are shown 
in Figure 11 . Signals TOP and BOTTOM are inputs to 
the programmable logic device. These signals are 
activated when the RESET switch touches the top and 
the bottom contacts, respectively. 

We can formulate the equations by looking at the timing 
requirements of the debounce circuitry shown in 
Figure 11. The idea is to identify the key elements of this 
timing diagram. The arrows in Figure 11 show the critical 
events. The first arrow shows the normal state of all the 
pins when the RESET switch is not asserted. 
Subsequent arrows show each event in the timing of the 
INIT signal, depending upon the movement of the 
switch. 

RESET 
Switch 

Top 

Bottom 

Bottom 

Figure 11. Timing Diagram for the 
Debounce Switch 

AMO~ 
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The logic level of the signals at each critical event 
carries useful logic information for deriving Boolean 
equations. This logic information for each event is 
converted into direct Boolean equations as shown in 
below. For example, at instant 1 the IN IT signal remains 
HIGH as long as the TOP signal remains LOW; this is 
converted to INIT =/TOP* BOTTOM. 

1. Normal state INIT = /TOP 

2. Switch travels INIT = TOP * BOTTOM * 
from TOP to BOTTOM INIT 

3. Switch contacts 
BOTTOM 

4. Switch travels 
from BOTTOM to TOP 

5. Normal State Again 

/INIT /BOTTOM 

/INIT /INIT * 
BOTTOM * TOP 

We can combine the two active-LOW events into one 
equation: 

/INIT /BOTTOM 
+ /INIT * BOTTOM * TOP 
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Minimizing, this becomes: 

/!NIT = /BOTTOM 
+ / INIT * TOP 

This can also be done by way of a truth table and 
Karnaugh map. 

Table 3. Truth Table of INIT Logic 

TOP BOTTOM INIT- INIT+ 
1 1 1 1 

1 1 0 0 

1 0 1 0 

1 0 0 0 

0 1 1 1 

0 1 0 1 

0 0 1 x 
0 0 0 x 

Here TOP or BOTTOM will be LOW if contacted. Note 
that both TOP and BOTIOM can not be contacted at the 
same time. The truth table of Table 3 yields the 
Karnaugh map shown in Figure 12. Grouping the zeros 
(because we are using active-LOW outputs) yields the 
Boolean equation identical to the one derived from the 
timing diagram. 

10 
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Figure 12. Karnaugh Map of INIT Signal Logic 

There is essentially no difference between the truth 
table and timing diagram techniques for writing Boolean 
logic. Also, a careful analysis will indicate that we 
implicitly assumed a truth table in the timing diagram 
example. Some designers prefer to make a separate 
truth table (at least in the first few PLO designs), while 
others prefer to design directly from timing diagrams. 
While the truth table method allows a more optimal 
utilization of product terms, the timing diagram method 
is easier to visualize as it retains the design perspective. 
In both cases the logic should be minimized by the 
design software to ensure that the design is testable. 

Most experienced designers understand the tradeoffs 
for device selection. They implicitly go through the steps 
of design conceptualization and device selection, 
explained earlier. They typically draw a block around the 
logic being designed, with the previous knowledge that it 
would fit a PLO which has sufficient inputs, outputs, 10s 
and product terms. 

Simulation 
Design simulation is an integral part of the design 
process, as shown in Figure 13. The purpose is to 
exercise all of the inputs and test the response of 
outputs to verify that they will work as desired in the 
system. These are essentially test vectors which 
designate the state of every input on the device; the 
outputs are then checked for an appropriate response. 
The simulation test vectors identify any flaws in the 
design equations which could affect the logical 
operation of the devices programmed. Thus, the 
simulation vectors serve as a design debugging tool. 

Assemble 
Design File 

Simulate the 
Design with 

Simulation Vectors 

Fix No 
Errors ----.;....,i~ 

Download JEDEC 
File to the Device 

Programmer 

Program PLO Array 

Verify Array 

Program 
the PLO 
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Figure 13. Device Simulation and Programming 
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Simulation test vectors will eventually make up part of a 
larger set of test vectors called "functional test vectors". 
These functional test vectors are used to exercise a real 
device after programming to identify any individual 
devices which are defective. Other means of identifying 
defective devices, such as signature analysis, are also 
available. In this section we will strictly focus on 
simulation vectors. 

Simulation is included in the design file along with the 
logic equations. There is little standardization in these 

AMO~ 
simulation expressions among various PLO design 
software packages, although most of them rely on test 
vectors to exercise the logic. 

The simulation vectors or events can be directly derived 
from the truth table and the timing diagram of the design. 
The logic level and functions of all signals can be 
expanded and rewritten in a test vector form by the 
software. For example, the truth table for the address 
decoder example discussed earlier can be easily 
rewritten as shown in Table 4. 

Table 4. Truth Table Used to Derive Simulation Vectors 

A23 A22 A21 TOP BOTTOM AS 

0 0 0 0 1 1 
0 0 0 0 1 0 

0 0 1 0 1 1 
0 0 1 0 1 0 

0 1 0 0 1 1 
0 1 0 0 1 0 

0 1 1 0 1 1 
0 1 1 0 1 0 

1 0 0 0 1 1 
1 0 0 0 1 0 

1 0 1 0 1 1 
1 0 1 0 1 0 

1 0 1 0 1 x 
1 0 1 1 1 x 
1 0 1 1 0 1 
1 0 1 1 1 1 
1 0 1 0 1 1 

These are essentially the simulation vectors which will 
allow us to define the inputs to the device and check the 
outputs of the device. 

The simulator then interprets the design file and 
generates the output logic levels and/or waveforms, 
which can be checked by the designer. 

RW ROMCS1 ROMCS2 RAM CS INIT 

1 H H H H 
1 L H H H 

1 H H H H 
1 H L H H 

x H H H H 
x H H L H 

x H H H H 
x H H L H 

x H H H H 
x H H L H 

x H H H H 
x H H L H 

x H H H H 
x H H H H 

x H H H L 
x H H H L 
x H H H H 

Once the simulation is complete, the design file can be 
assembled to generate the JEDEC file. In the 
proceeding discussions we have assumed prior 
knowledge of the design file assembly. The procedure 
for assembly varies with different software packages. 
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Device Programming and Testing 
Once the design simulation is completed, the final step 
is device programming and testing (Figure 14). 
Programmers are available from a variety of vendors. It 
is important to note that Advanced Micro Devices, Inc., 
qualifies programmers upon verifying that the 
algorithms used by the programmers are correct and 
that other basic criteria are met. When purchasing a 
programmer, check that the programmer is qualified for 
the devices you intend to use. 

I 

Download JEDEC 
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Program PLO Array 

Verify Array 

1 Program 

PLD"" 
·------- _______ ,, 

Performed by 
Device 
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Other Test Vectors 

Program Security 
Fuse If Desired 

Use on a Board 

' Test 
I PLD 

/ Prog,omm•rn 
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Figure 14. Device Programming and Testing 

There are two types of programmers available: 
menu-driven or device code based. The menu-driven 
programmer directly indicates the part type being 
programmed, whereas the latter type requires the user 
to enter the device code before programming. 

Once the JEDEC fuse file has been downloaded, the 
programmer can program the device; the PLO is then 
ready for use. The programmer also verifies the 
connections after the programming cycle. Programmers 
also provide the capability of reading a previously 
programmed device and creating duplicates of that 
device. 

Testing PLDs 
The testing of PLDs can be performed by the device 
programmer or by other test equipment. For a 
manufacturing environment, where high yields are 
required, device testing is critical. After testing is 
complete, the device security bit may be programmed, if 
desired, to secure the design from copying. 

5-26 PLO Design Methodology 



Combinatorial Logic Design 

INTRODUCTION 
In this section we will take a detailed look at several as
pects of combinatorial logic design. Most combinatorial 
design applications can be easily segmented into five 
major fields. 

• Encoders and Decoders 

• Multiplexers 

• Comparators 

• Adders and Arithmetic Logic 

• Latches 

We will not only focus on the design methodology for 
these functions, but will also explore further function
specific PLD selection requirements. Generalized 
designs will be developed, which can be customized 
later to suit specific system applications. Ways of opti
mizing the design will also be discussed. 

Encoders and Decoders 
Two of the most important functions required in digital 
design are encoding and decoding. The encoding and 
decoding of data are used extensively in digital commu
nications as well as in peripherals. Both these areas use 
various complex encoding and decoding techniques. 
Most of these techniques are extensions of the simple 
encoding and decoding techniques often used in other 
digital designs. In this discussion we will focus on simple 
encoding and decoding techniques. More complex 
techniques will be discussed later. 

Encoders 
A binary code of n bits can be used to represent 2n dis
tinct pieces of coded data. A simple combinatorial 
encoder is a circuit which generates n bits of output in
formation based upon one of the 2n unique pieces of 
input data information. This encoding of information is 
controlled by other independent control signals in a typi
cal digital circuit. 

An illustration of a typical encoder is shown in Figure 1 . 
The design methodology typically followed is based on 
truth tables (Table 1), from which the Boolean equations 
are directly derived for the design. The same generic de
vice selection considerations discussed in the section 
on PAL device design methodology apply for encoder 
and decoder designs. 

A 

1 

0 

0 

0 

Encoder CO} Encoded 
C1 Outputs 
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Figure 1. A Block Diagram of an Encoder 

Table 1. Truth Table of a Typical Encoder 

Inputs Outputs 

B c D co C1 

0 0 0 L L 
1 0 0 L H 

0 1 0 H L 

0 0 1 H H 

The Boolean equations can then be optimized using 
Karnaugh maps or the software minimizer. 

The resulting Boolean equations are: 

Cl /A * B * /C * /D 
+ /A * /B * IC * D 

co /A * /B * c * /D 
+ /A * /B * /C * D 

A Priority Encoder 
Let us take another look at the encoder example of Ta
ble 1. In this example it is assumed that only one of the 
inputs A, B, C or Dis asserted HIGH at any one time. If 
two of the inputs are asserted HIGH simultaneously, a 
conflict would be created. To resolve this, a priority 
needs to be assigned to each of the inputs. Such a prior
ity assignment is used to select a particular element 
when several inputs are asserted simultaneously. Each 
input is assigned a priority with respect to the other in
puts. The output code generated is the code assigned to . 
the highest priority input asserted. 

Thus, a priority encoder is a combinatorial circuit block 
similar to a general encoder, except that the inputs are 
assigned a priority. Such priority encoders are used 
often in state machine applications, where they detect 
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the occurrence of the highest priority event. They are 
also used for microprocessor interrupt controllers, 
where they detect the highest priority interrupt. Another 
use for priority encoders is in bus control, where they are 
used in arbitration schemes for allowing selective ac
cess to the bus. 

The model of a priority encoder is shown in Figure 2. The 
four input signals are A, B, C and D. These are to be en
coded as LL, LH, HL and HH outputs. Let us assign 
priority to D over C, C over B, and B over A. The next 
design step would be to modify the truth table (Table 2) 
to reflect these priorities. 

A 

1 
0 
0 
0 

x 
x 
x 

A 

B 

c 
D 

Priority 
Encoder 

co 
C1 
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Figure 2. A Four-Input Priority Encoder 
Block Diagram 

Table 2. Priority Encoder Truth Table 

Inputs Outputs 

B c D co C1 

0 0 0 L L 
1 0 0 L H 
0 1 0 H L 
0 0 1 H H 

1 0 0 L H 
Priority x 1 0 H L 

x x 1 H H 
Assignments 

The Boolean equations, directly derived from the truth 
table, are: 

Cl /A * B * /C * /D 
+ /A * /B * /C * D 
+ B * /C * /D 
+ D 

co /A * /B * c * /D 
+ /A * /B * /C * D 
+ c * /D 
+ D 

These equations can be further optimized by the design 
software to the following: 

Cl D + /C * B 
Cl D + c 

Although a priority encoder is a purely combinatorial 
function, output registers are frequently used to hold the 
output signal stable for longer durations. 

Decoders 
A decoder performs the reverse function of an encoder. 
It converts an n-bit code to one of its 2" unique items. It is 
a combinatorial circuit designed such that at most one of 
its several outputs will be asserted based upon the 
unique input codes. 

A decoder may have as many outputs as there are pos
sible binary input selection combinations. As shown in 
the truth table (Table 3), only one output may be as
serted at any time. When a new combination is applied, 
another output is asserted and the original output is re
turned to its non-asserted state. 
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Table 3. The Truth Table of an Active-LOW 4-to-16 Decoder 

Input Select Lines 

A B c D QO Q1 Q2 Q3 Q4 

0 0 0 0 0 1 1 1 1 
0 0 0 1 1 0 1 1 1 
0 0 1 0 1 1 0 1 1 
0 0 1 1 1 1 1 0 1 
0 1 0 0 1 1 1 1 0 
0 1 0 1 1 1 1 1 1 
0 1 1 0 1 1 1 1 1 
0 1 1 1 1 1 1 1 1 
1 0 0 0 1 1 1 1 1 
1 0 0 1 1 1 1 1 1 
1 0 1 0 1 1 1 1 1 
1 0 1 1 1 1 1 1 1 
1 1 0 0 1 1 1 1 1 
1 1 0 1 1 1 1 1 1 
1 1 1 0 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 

The Boolean logic equations can be directly derived 
from the truth table shown in Figure 5. The procedure is 
the same as explained in the previous section on PLO 
design methodology. The Boolean equations derived 
are shown in Figure 3. 

/QO /D * /C * /B * /A 
/Ql /D * /C * /B * A 
/Q2 /D * /C * B * /A 
/Q3 /D * IC * B * A 
/Q4 /D * c * /B * /A 
/QS /D * c * /B * A 
/Q6 /D * c * B * /A 
/Q7 /D * c * B * A 
/Q8 D * /C * /B * /A 
/Q9 D * /C * /B * A 
/QlO D * /C * B * /A 
/Qll D * /C * B * A 
/Q12 D * c * /B * /A 
/Q13 D * c * /B * A 
/Q14 D * c * B * /A 
/QlS D * c * B * A 

Figure 3. Decoder Boolean Logic Equations 

Probably the most commonly used decoders are the ad-
dress decoders required by most microprocessors and 
bus interfaces. These also constitute the most common 
application of PLDs in digital designs. The design con-
siderations for address decoders have been covered 
earlier in the PLO Design Methodology section. Later we 
will develop a general Boolean equation for an address 
decoder circuit when we discuss range decoders. 

Q5 

1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Output Lines 
Q6 Q7 QB Q9 Q10 Q11 Q12 Q13 Q14 

1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
0 1 1 1 1 1 1 1 
1 0 1 1 1 1 1 1 
1 1 0 1 1 1 1 1 
1 1 1 0 1 1 1 1 
1 1 1 1 0 1 1 1 
1 1 1 1 1 0 1 1 
1 1 1 1 1 1 0 1 
1 1 1 1 1 1 1 0 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 

Encoder/Decoder Device Selection 
Considerations 

1 
1 
1 
1 
1 
1 
1 
1 
1 
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1 
0 
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Q15 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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The general device selection considerations are listed 
below. Based upon the number of inputs and outputs re
quired, a device can be selected. 

• Number of Input Pins 

• Number of Output Pins 

• Number of 1/0 Pins 

• Device Speed 

• Device Power Requirements 

• Number of Registers 

• Number of Product Terms 

• Output Polarity Control 

Encoders typically require a large number of inputs and 
fewer outputs, whereas decoders typically require a 
large number of outputs and fewer inputs. 

Notice from the truth table that there is no combination 
of inputs that will send all the outputs to their non-as
serted state. Many designs actually need to be able to 
make all outputs inactive. This can be done simply by 
putting enable lines in all of the output AND gates. Many 
such design modifications can be easily added once the 
basic Boolean equations have been derived, instead of 
redoing the truth table. 

Another important device selection consideration for en
coders and decoders is the number of product terms 
required for a design. A careful selection of code values 
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(and priority assignments in priority encoders) can often 
reduce the required number of product terms. This can 
sometimes determine whether or not a design fits a de
vice successfully. Figure 4shows the truth tables of two 
simple partial 3-to-2 encoders. The product terms re
quired for the two designs are different due to the 
different assignment of encoded bits. 

Inputs Outputs Inputs Outputs 

A B c X1 XO A B c X1 XO 
1 0 0 0 0 1 0 0 0 1 
0 1 0 0 1 0 1 0 1 0 
0 0 1 1 0 0 0 1 1 1 

Xl /A * /B * C Xl /A * B * /C 
+ /A */B * c 

XO /A * /B * /C XO A * /B * /C 
+ /A * /B * c 

101730-26 

Figure 4. Two Encoders with Different Product 
Term Requirements 

Another way of looking at a decoder is as a logic function 
which, depending upon the select code applied, con
nects one data input to the sel~cted outputs. Also known 
as a demultiplexer, a decoder essentially connects an 
input to one of 2" outputs based upon n select code bits. 
The reverse logic function, which combines data from 
multiple sources to an output signal, is called a multi
plexer and is discussed next. 

Multiplexers 
A multiplexer (sometimes referred to as a data selector) 
is a special combinatorial circuit, widely used in digital 
design. It is designed to gate one of several inputs to a 
single output. The input selected for connection to the 
output is controlled by a separate set of select inputs. 

The traditional use of a multiplexer is for "time division 
multiplexing" in data communication, when gating sev
eral data lines to a single data transmission line for short 
intervals of time. The data received is then de
multiplexed by using a demultiplexer. 

The design methodology employed for multiplexer de
sign is the truth-table approach. As an example, we can 
look at a three in put-to-one-output (3:1) multiplexer, 
which uses two select signals A and B. Based on these 
two select bits, the data on one of the three inputs is sent 
to the output. The truth table is shown in Table 4. 

B 

0 
0 
0 
0 
1 
1 

Table 4. Truth Table for a Three-to-One 
Multiplexer 

Select Inputs Output 

A 11CO 11C1 l1C2 01Y 

0 0 x x 0 
0 1 x x 1 
1 x 0 x 0 
1 x 1 x 1 
0 x x 0 0 
0 x x 1 1 

Deriving the Boolean equation from this truth table is a 
straight forward task. In this case no further minimiza
tion is possible. The Boolean equation is: 

/OlY /B 
+ /B 
+ B 

* /A * 
* A * 
* /A * 

/IlCO 
/IlCl 
/IlC2 

The equations derived in the above example can be 
easily generalized for other multiplexers. The symbol for 
a general 2"-inputs-to-one-output multiplexer is shown 
in Figure 5 where n select lines are used. 

Inputs 

10 

11 

12"-1 

Multiplexer YOutput 

. . . 
SO S1 Sn-1 
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Input Select Lines 

Figure 5. General Model of a 2"-to-1 Multi
plexer 
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The Boolean equations are: 

n=2 

y /Sl * /SO * (IO) 
+ /Sl * so * (Il) 

+ Sl * /SO * (I2) 
+ Sl * so * (I3) 

n=3 

y = /S2 * /Sl * /SO 
+ /S2 * /Sl * so 
+ /S2 * Sl * /SO 
+ /S2 * Sl * so 
+ S2 * /Sl * /SO 
+ S2 * /Sl * so 
+ S2 * Sl * /SO 
+ S2 * Sl * so 

Multiplexer Device Selection 
Considerations 

* (IO) 

* (Il) 

* (I2) 

* (I3) 

* (I4) 

* (IS) 

* (I6) 

* (I7) 

Multiplexers typically require more inputs than outputs, 
so the devices with a large number of inputs and I/Os are 
usually more useful. Careful consideration must also be 
given to the number of product terms available on 
each output. 

Several multiplexers are often used simultaneously to 
route multiple address and data bits, under the control of 
the same select lines. In such cases, multiple devices 
can be cascaded when the number of inputs and out
puts exceeds device limits. Cascading is also possible 
for large multiplexers that do not fit in a single device. In 
such cases, the select bits should also be judiciously se
lected for each PLD, to minimize the number of 
product terms. 

Another common trick for designing a multiplexer is to 
connect a number of outputs together and control the 
output enables using the select bits to multiplex data. 
Timing considerations for such designs include the out
put enable and disable times, which should be carefully 
selected to avoid output contentions. 

AMO~ 
Comparators 
A comparator is a combinatorial circuit designed primar
ily to compare the relative magnitude of two binary 
numbers. Table 5 shows the truth table for a two-bit co
mparator. 

Table 5. Truth Table for a Comparator 

Inputs Outputs 

A 8 EQL LES GTR 
A2 A1 82 81 A:8 A<8 A>8 

0 0 0 0 1 0 0 
0 0 0 1 0 1 0 
0 0 1 0 0 1 0 
0 0 1 1 0 1 0 
0 1 0 0 0 0 1 
0 1 0 1 1 0 0 
0 1 1 0 0 1 0 
0 1 1 1 0 1 0 
1 0 0 0 0 0 1 
1 0 1 0 1 0 0 
1 0 1 1 0 1 0 
1 1 0 0 0 0 1 
1 1 0 1 0 0 1 
1 1 1 0 0 0 1 
1 1 1 1 1 0 0 

A basic comparator compares two numbers only for 
equality, and generates the EQL signal (indicating 
A=B). An extension, called a magnitude comparator, 
also generates the LES signal (indicating A<B) and 
GTR signal (indicating A>B). Based on this truth table, 
the equations for the three output signals EQL, LES and 
GTR can be easily derived. These equations can then 
be optimized by using Boolean algebra, Karnaugh 
maps, or the minimization routine available with the 
software. 
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The final Boolean equations are: 

EQL /A2* /Al * /B2 * /Bl 
+ /A2 * Al* /B2 * Bl 
+ A2* /Al * B2 * 
+ A2 * Al * B2 * 

LES /A2 * /Al * /B2 * 
+ /A2 * /Al * B2 * 
+ /A2 * /Al * B2 * 
+ /A2 * A * B2 * 
+/A2 * Al * B2 * 
+ A2 */Al * B2 * Bl 

/Al * /B2 * Bl 
+ /A2 * /Al * Bl 
+ /A2 * B2 

GTR /A2 * Al * /B2 * 
+ A2 * /Al * /B2 * 
+ A2 * Al * /B2 * 
+ A2 * /Al * /B2 * 
+ A2 * Al * /B2 * 
+ A2 * Al * B2 * 

/Al * /B2 * /Bl 
+ /A2 * Al * /Bl 
+ /A2 * /B2 

Comparator Device Selection 
Considerations 

/Bl 
Bl 

Bl 
/Bl 
Bl 

/Bl 
Bl 

/Bl 
/Bl 
/Bl 
Bl 
Bl 

/Bl 

The number of product terms needed is directly related 
to the number of bits compared. For LES (less than) and 
GTR (greater than) functions, the number of product 
terms required depends upon the number of bits in the 
two operands compared, as well as their value. The LES 
and GTR equations can be written as follows: 

LES B2 * /A2 
+ (B2 :+: /A2) * Bl*/Al 

GTR A2 * /B2 
+ (A2 :+: /B2) * Al*/Bl 

These equations can then be extended for a general 
comparison of n-bit comparands as follows: 

LES Bn * /An 
+ (Bn :+:/An) 
+ (Bn :+:/An) 

*Bn-2 */An-2 

+ 
+ 
+ 

+ (Bn :+:/An) 
(B2 :+: /A2) 

GTR An * /Bn 

*Bn-1 * /An-1 
* (Bn-1: +: /An-1) 

*(Bn-1:+:/An-l) ... 
* Bl * /Al 

+ (An :+: /Bn) *An-1 * /Bn-1 

+ (An :+: /Bn) * (An-1 :+: /Bn-1) * 

+ 
+ 
+ 

An-2 * /Bn-2 

+ (An :+: /Bn) 
(A2 :+: /B2) 

*(An-l:+:/Bn-1) ... 
* Al* /Bl 

The total number of product terms required for an n-bit 
comparison is 2"-1 . Comparators required a large num
ber of product terms so, devices that offer many product 
terms can be used very effectively. 

As is obvious from these equations, comparators re
quire exclusive-OR functions. They can be efficiently 
implemented in devices that offers exclusive-OR func
tions but, can still be implemented in those devices that 
do not. 

The values of the comparands themselves affect the 
number of product terms used. When the comparison is 
made with comparands which are power-of-two num
bers, the number of product terms required can be 
reduced drastically. This essentially relies on the fact 
that when the lower bits of a comparand are all zeros 
only the highest bit needs to be compared, requiring 
only one product term. For example, in a two-bit compa
rator, if A1 is zero and A2 is one, the equation for the 
greater-than function becomes very simple and requires 
only one product term: 

GTR = /B2 

The general equation for the GTR signal can also be 
simplified when comparing a number B to a fixed power
of-two comparand A with p least significant zeros. 

A 000010000 . . . 00 
n p 1 

GTR = /Bn */Bn-1 ... */Bp+l */Bp 

This general GTR equation can also be considered as 
an equation for comparing a number to a range of num
bers extending from zero to number A. In fact, this trick 
is used very often by many system designers for ad
dress decoder functions. In the PLD design 
methodology section the ROMCS1 signal is one such 
signal that is generated for the address range from 
(000000) hex to (OFFFFF) hex. For this design n=23, the 
comparand A=(OFFFFF + 1)=100000, and P=21. Sub
stituting in the general equation we get the same 
address decoder Boolean logic equation. 

ROMCSl = /A23 * /A22* /A21 
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As such designs require few product terms and no XOR 
gates, they are efficiently implemented on standard 
combinatorial PLDs. A general form of range co
mparators with two boundary comparands will be 
discussed later. 

The third output signal is the EQL signal. The EQL 
Boolean equation tells us whether the two numbers are 
identical. Such information is useful not only in address 
decoders, but also in digital signal processing designs. 
This equation requires a large number of product terms. 
A closer examination reveals that it is essentially an ex
clusive-OR function. 

EQL /A2 * /B2 * (/Al * /Bl + Al * Bl) 
+ A2 * B2 * (/Al * /Bl + Al * Bl) 

EQL (Al:*:Bl)* (A2:*:B2);Exclusive-NOR 
;function 

Inverting this: 

/EQL = (Al:+:Bl) + (A2:+:B2); Exclusive-OR 
; function 

This equation can be extended to give a general equa
tion for equal-to comparison for two n-bit comparands. 

/EQL (An : +: Bn) 
+ (An-1 :+: Bn-1) 

+ (An-2 :+: Bn-2) 

+ (An-3 :+: Bn-3) 

+ 
+ 
+ (Al : +: Bl) 

This inverted equation is implementable in the sum-of
products form of the exclusive-OR functions, and can be 
easily expanded to the following: 

/EQL Al * /Bl + /Al * Bl 
+ A2 * /B2 + /A2 * B2 
+ A3 * /B3 + /A3 * B3 
+ 
+ 
+ An * /Bn + /An * Bn 

This gives us a general sum-of-products form of a co
mparator equation which is easily implemented in PAL 
devices. An-bit comparator requires 2n product terms. 

AMDir1 

Note that the EQL equation, as well as GTR and LES 
equations, rely upon the XOR function. Often the logic 
represented by the equations is implemented in two or 
more devices. 

Let us analyze these equations further. The LES and 
GTR outputs indicate whether one number is greater 
than or less that another. In fact, these equations can 
also be judiciously combined to get a comparison of a 
range of numbers such as A>X>B. Such range compari
sons are very useful for address decoder circuits. 

Range Decoders 
Range decoders implemented as address decoders are 
one of the most commonly used applications of PLDs in 
digital systems. A good example is the address decoder 
illustrated earlier. Range decoders compare a number 
(address) to a given range of comparands (addresses). 
One way to arrive at the range decoder Boolean equa
tions is to use the traditional truth table approach. 
Another way is to use the Boolean equations generated 
earlier in the comparator section for greater-than and 
less-than functions. To decode a range of three-bit num
bers from B to A, we must compare another number X 
such that A>X>B. The Boolean equations for the GTR 
(A>X) and LES (B<X) functions are illustrated below: 

GTR A3 */X3 
+ (A3 : +: /X3) 
+ (A3 :+: /X3) 

/Xl 

* A2* /X2 
* (A2: +: /X2 *Al * 

LES X3 * /B3 
+ (X3 :+: /B3) * X2 * /B2 
+ (X3 :+: /B3) * (X2:+: /B2)* Xl 

*/Bl 

Combining these two equations can give us a range sig
nal which will be asserted only when A is greater than X 
and X is greater than B. The combined Boolean equa
tion follows: 

RANG (A3 * /X3 
+ (A3 : +: /X3) * A2 * /X2 
+ (A3 : +: /X3) * (A2 : +: /X2) * Al * 

/Xl) * (X3* /B3 
+ (X3 :+: /B3) * X2 * /B2 
+ (X3 :+: /B3 * (X2 :+:/B2) * Xl 

*/Bl) 

Combinatorial Logic Design 5-33 



~AMO 
Using Boolean algebra we get the following equation: 

RANG 

(A3 :+: /X3) * (X3 :+: /B3) * 

+ (A3 :+: /X3) * (X3 :+: /B3) * 

+ (A3 :+: /X3) * (A2 :+: /X2) * 

+ (X3 :+: /B3) * (X2 :+: /B2) * 

+ (A3 :+:/X3) * A2 * /X2 * 

+ (X3 :+:/B3) * A3 * /X3 * 

The general equation for n-bit comparands can also be 
obtained by extending these equations. 

RANG (An * /Xn 

+ (An :+: /Xn) * An-1 * /Xn-1 

+ (An :+: /Xn) * (An-1 :+: /Xn-1) * 

+ 
+ 

+ (An :+: /Xn) * (An-l:+:/Xn-1) ... 

* 
(Xn * /Bn 

+ (Xn :+: /Bn) * Xn-1 * /Bn-1 

+ (Xn :+:/Bn) * (Xn-1: +: /Bn-1) * 

+ 
+ 
+ 

+ (Xn :+: /Bn) * (Xn-1:+:/Bn-l) ... 

The number of product terms required is clearly very 
large and can easily exceed one hundred for an eight-bit 
range comparator. Most microprocessors have ad
dresses which exceed 16 bits. In order to fit the design 
on a PAL device, one commonly used technique is to se
lect the address range defined by A and B such that the 
range extends from address B+ 1 to A-1, where A and 
B+ 1 are power-of-two numbers. Because the address 
space is aligned on the power-of-two boundaries, a 
number of bits of the address comparands will be zero. 
When implemented in Boolean equations, this substan
tially reduces the number of product terms required. 

The maximum number of product terms required for a 
three-bit range decoder shown above, with any com
parand values, is 28. If the address chosen is from 2 to 3, 
resulting in A=4 and B=1, then only one product term will 
be required. 

RANG = /X3 * X2 

Similarly, for a range from one to five, B =1 and A= 6 (a 
multiple-of-two), and the number of product terms re
quired is only two. 

RANG /X3 * X2 
+ X3 * /X2 

(A2 :+: /X2)* Al * /Xl * X2 * /B2 

(X2 :+: /B2)* A2 * /X2 * Xl * /Bl 

Al * /Xl * X3 * /B3 

A3 * /X3 * Xl * /Bl 

X3 * /B3 

X2 * /B2 

An-2 * /Xn-2 

(A2 :+: /X2)* Al * /Xl) 

Xn-2 * /Bn-2 

(X2 :+: /B2)* Xl * /Bl) 

Thus, a careful selection of range boundaries allows 
such logic functions to be implemented easily in PLDs. 
Such reduction in logic obviously also holds true for dis
crete implementations. Most address decoders are 
designed with address ranges with boundaries that are 
power-of-two numbers, and require few product terms 
for implementation. 

For a power-of-two address range, the comparand A 
would be a power-of-two; 2, 4 or 8. These are numbers 
whose least significant bits are all zeros. Similarly, com
parand B will be a power-of-two number (minus one); 1, 
3, and 7. These are numbers whose least significant bits 
are all ones. Substituting these in the general equation 
for range comparators we arrive at: 

A 0000100000000000 

B 

RANG 

n p 1 

0000000000011111 
n q 1 

/Xn * /Xn-1 *·· .* /Xp * 
(Xp-1 + Xp-2 + ... +Xq) 
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This is a general equation for a power-of-two range 
comparison. In the address decoder example, the 
ROMCS2 signal addresses the range from 100000 to 
1 FFFFF, in which case B=OFFFFF and A=2FFFFF. 
Here n=23, p=22, and q=21. The address decode equa
tion for the ROMCS2 signal can be arrived at by 
substituting: 

ROMCS2 = /A23 * /A22 * A21 

This is the same equation that was found from the truth 
table. 

Such designs are very common for address decoder ap
plications. These do not require any XOR gates, and 
can be implemented in standard combinatorial PLDs 
with only sum-of-products logic. 

Adders/Arithmetic Circuits 
Digital systems are designed to carry out a variety of 
arithmetic instructions on binary numerical data. A good 
example is the ALU (Arithmetic Logic Unit) used in digi
tal computers. The basic function of an ALU is that of an 
adder performing addition on two binary numbers. A bi
nary adder takes two inputs, adds them, and generates 
the binary sum. A full adder is a one-bit adder with carry
in and carry-out; this is the basic building block of any 
adding circuit. The truth table of such an adder is shown 
in Table 6. 

Table 6. Truth Table for a Full Adder 

Inputs Outputs 

A B C1N y CouT 

0 0 0 0 0 
0 0 1 1 0 
0 1 0 1 0 
0 1 1 0 1 
1 0 0 1 0 
1 0 1 0 1 
1 1 0 0 1 
1 1 1 1 1 

This truth table is then used to form the Boolean equa-
lions in the manner described earlier. 

y A * /B */Cin 
+ /A * /B * Cin 
+ A * B * Cin 
+ /A * B */Cin 

Cout A * Cin 
+ A * B 
+ B * Cin 

Larger binary adders can be made by cascading these 
full adders. Each carry-out is directed to carry-in for the 
next stage. Such adders are known as Ripple Adders. 

AMD;t1 

Combinatorial PAL devices are ideal for this purpose, 
since they also provide internal feedback. Thus, one 
strong consideration in such designs is the internal feed
back capability of the device, in addition to other general 
device selection considerations. 

These ripple adders have the advantage that they can 
be cascaded to any length. However, since the carry-out 
from the least significant bit has to travel all the way to 
the highest significant bit, which can take a long time, 
such large adders are inefficient. Adders with built in 
carry-look-ahead circuitry can save time by simultane
ously generating the carry-in signal for all of the bits. 

Rewriting the equations for the full adder from above 
gives: 

YO = AO:+: BO:+:Cin 

where the carry-out signal is: 

CO = AO * BO + (AO +BO) * Cin 

Extending these equations for an n-bit carry-look-ahead 
adder, we can directly get the following equations: 

YO AO:+: BO :+: Cin 

Yl Al:+: Bl :+: co 
where 

co AO * BO 
+ (AO +BO) * Cin 

Y2 A2 :+: B2 :+: Cl 

where 

Cl Al * Bl 
+ (Al +Bl) * (AO 
+ (Al +Bl) * (AO 

Y3 + A3:+: B3 :+: C2 

where 

C2 A2 * B2 
+ (A2 + B2) * (Al 
+ (A2 + B2) * (Al 
+ (A2 + B2) * (Al 

* Cin 

In general, 

Yn = An:+: Bn :+:Cn-1 
and Cn-1 =An-1 *Bn-1 

*BO) 
+BO) * Cin 

*Bl) 
+Bl) * (AO *BO) 
+Bl) * (AO+ BO) 

+ (An-1 +Bn-1) * (An-2 * Bn-2) 
+ 
+ 
+ (An-1 +Bn-1) * * (AO 
+ BO) * Cin 
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and finally the carry-out is: 

en An * Bn 
+ (An + Bn) * (An-1 *Bn-1) 

+ (An + Bn) * (An-1 +Bn-1) * 

+ 
+ 

(An-2* Bn-2) 

+ (An+ Bn) * * (AO + BO) * Cin 

These equations are essentially a combination of the 
traditional generate and propagate logic for ALU design. 

Adder Device Selection Considerations 
The number of product terms required for implementing 
a carry-look-ahead adder is enormous. The carry-out 
function alone for a four-bit carry-look-ahead adder re
quires over 36 product terms in the sum-of-products 
form. For a single-level AND-OR implementation the 
number of product terms required for the most signifi
cant bit Y3 is 28. 

A logic trick lies in the bit-pair decoding function. All of 
the bits of the first operand in the registers (A) and the 
second operand at the inputs (B) are bit-pair decoded. 
As illustrated in Figure 6, the results of this bit-pair de
coding are A + B, A + /B, /A + B, and /A + /B. These 
outputs are then fed to the AND array as inputs. 

·--------------· Input , Bit-Pair 
Decoding 

~---~1---~J-'--- A+ B 

Feedback _.......___ A+B 

101730-28 

Figure 6. Bit-Pair-Decoding Function 

Sixteen AND combinations of these four inputs can then 
be formed on every product term of the AND-OR array. 
These are shown in Figure 7, and include the standard 
true and complements of both the bits as well as XOR< 
XNOR and various other combinations. This bit pair de
coding essentially provides an extra two-level AND-OR 
logic level before the AND-OR array. The cost as well as 

extra propagation delay of the extra logic level is mini
mal, since the array size does not increase. 

The equations for the adder can obviously benefit from 
multi-level logic. The bit-pair decoding can be used to 
implement the first two levels of logic. The next level of 
logic can be implemented in the standard AND-OR ar
ray. Every product term of the AND-OR array can 
combine one of the sixteen possible functions of differ
ent inputs/feedbacks of the device. 

The product terms are then combined together through 
an OR gate to implement the CARRY-OUT function, 
shown in Figure 8. For adder outputs YO, Y1, Y2, and 
Y3, the product terms are combined through an XOR 
gate, as shown in Figure 9. 

A+B A+B 'A+B A+B Product Terms 

0 

'A+'B 

'A+B 

A+B 

A:*: B 

A*B 

A+B 

A:+:B 

B 

A* B 

A 

A*B 

A*B 
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Figure 7. Sixteen Possible Input Logic 
Combinations 
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Figure 8. Implementation of CARRY-OUT Function 
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Latches 
PAL devices are often used to implement latches. One 
of the most common uses for a latch is as a temporary 
storage for data or addresses. PLO-based latches are 
often used in address decoders to assert the decoded 
signal for long durations. These latches are also very 
useful for asynchronous digital designs, and are used 
often for control and arbitration functions. 

A latch is essentially a simple combinatorial circuit in 
which the output is a function of inputs and feedback. 
The most commonly used latch is the D-type latch. 
When the control signal latch-enable (LEN) is HIGH, the 
latch is in the "transparent mode" and the input signal /D 
is available at the outputs. When the LEN signal is LOW, 
the input data is latched on the outputs and is retained 
until LEN goes back HIGH. In a typical address decoder, 
the input will be a combination of various address sig
nals, decoded as explained earlier for range 
comparators. The latching signal in most microproces
sors is called AS (address strobe) or ALE (address latch 
enable). 

The truth table for a latch can be derived directly from 
this functional description, and is shown in Table 7. 

Table 7. Truth Table of a Simple Latch 

Inputs Outputs 

ID LEN IQ 

0 1 0 

1 1 1 

x 0 IQ (previous) 

The Boolean equations for this latch can be directly de
rived from the truth table: 

/Q = /D * LEN 
+ /Q * /LEN 

The logic implementation for this latch is shown in 
Figure 10. 

o------r~ 
LEN ---...--;_.,, 

Figure 10. A Transparent Latch 

101730-32 

Hazards 
Even when a combinatorial circuit has been designed 
correctly, it may still have erroneous outputs due to 
"hazards." Hazards exist because physical circuits do 
not behave ideally. Combinatorial complementary out
put functions based on the same inputs are prime 
candidates for such hazards. As the input changes, the 
two outputs will not respond simultaneously. Although 
this will not change the steady-state output of the circuit, 
it may cause a spurious pulse or a "glitch." Such hazards 
are even more dangerous in latches, where the glitch 
can cause incorrect data to be latched. 

There are two types of hazards, static and dynamic. 
Static hazards occur when the steady-state output of 
combinatorial logic is not supposed to change due to an 
input transition, but a momentary change does occur. 
Such a glitch can be further classified as a static 1 or a 
static 0 hazard as shown in Figure 11 . 

_lL 
Static O Hazard Static 1 Hazard 
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Figure 11. Static Hazards 

Dynamic hazards involve situations where the steady
state output is supposed to change due to an input 
transition. The hazard occurs when the transient output · 
changes several times before settling. Figure 12 shows 
dynamic hazards. 

101730-34 

Figure 12. Dynamic Hazards 

A Karnaugh map is a very good way of detecting hazard 
conditions. When trying to detect a static 0 or static 1 
hazard, only the mapping of the zeros and the ones, re
spectively, are required. For example, the latch 
equations in Figure 10 can be mapped to a Karnaugh 
map shown in Figure 13. The relationship between the 
Karnaugh mapping and the Boolean equation product 
terms is also illustrated. 
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Figure 13. Karnaugh Map for Transparent Latch 
Design 

The possibility of a hazard exists when the signal LEN 
changes. Initially, when D and LEN are HIGH, the output 
Q is also HIGH. When LEN switches to LOW, it is possi
ble for the output to go LOW momentarily. This is 
because when LEN goes LOW the first product term is 
disabled, and to maintain the output HIGH the second 

AMO~ 
product term should be enabled exactly at the same in
stant. Due to the uneven gate delays or routing 
conditions on board. these two events will not take place 
simultaneously. This is a static 1 hazard. It can also be 
identified directly in the Karnaugh map by the two adja
cent but disjoint sets of ones, grouped together to form a 
product term each. 

The hazard conditions can be easily avoided in the 
PLDs by providing an extra cover product term. This 
product term is shown with a dotted line in the Karnaugh 
map. This third product term will keep the output as
serted during the transition of the LEN signal, when the 
control changes from the first product term to the sec
ond. The modified Boolean equation is shown below. 

/Q /D * LEN 
+ /Q * /LEN 
+ /D * /Q (Cove.re product term) 

Devices on which latches are implemented need to pro
vide output feedback. All devices with 1/0 pins provide 
this necessary feedback. The only other consideration 
for selecting a device would be the provision of sufficient 
number of product terms for addressing the needs of 
glitch-free and testable design. 
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Registered Logic Design 

INTRODUCTION 
In the previous section we discussed combinatorial de
signs, circuits whose outputs are totally independent of 
any system clock. In this section we will discuss sequen
tial circuits, where outputs store their previous values 
until a new clock is applied. The storage elements which 
retain the previous output values are called flip-flops. A 
bank of these flip-flops forms a rGgister, although indi
vidual flip-flops are often called registers. 

Before we discuss purely registered designs, let us take 
a look at designs which combine both registered and 
combinatorial portions. Registered and combinatorial 
outputs are often mixed on a single device. There can be 
two distinct designs, one registered and one combinato
rial (often glue logic) combined on a single device for 
higher integration. There may also be a design require
ment where registered outputs need to be decoded us
ing combinatorial logic. 

There are a number of devices which provide both regis
tered and combinatorial outputs. Most devices provide 
programmable register bypass, which allows outputs to 
be programmed as registered or combinatorial. 

In most design software packages, the output registers 
are signified by the":=" assignment symbol, as opposed 
to the "="sign for a combinatorial output. This helps to 
easily identify registers in each equation. In devices 
which provide outputs configurable as either registered 
or combinatorial, this sign is also used by the software to 
configure the outputs. 

General Device Selection Considerations 
The same set of general device selection considera
tions discussed in the PLO design methodology section 
apply to registered designs. The list of items which must 
be considered is repeated in Figure 1 for convenience. A 
device can be conveniently selected based upon the 
specific input and output requirements. 

• Number of input pins 

• Number of output pins 

• Number of 1/0 pins 

• Device speed 

• Device power requirements 

• Number of registers 

• Number of product terms 

• Output polarity control 

Figure 1. General Device Selection Considerations 

Maximum Frequency 
For registered designs, speed is a parameter which 
needs careful consideration. Most combinatorial de
signs use the propagation delay (!po) for ensuring that 
enough time is allowed for the data from the inputs to ap
pear at the outputs. In registered designs the effects of 
the clock must be taken into account. This is reflected in 
the maximum frequency (fMAx) parameter. The flexibility 
inherent in PLO design provides a choice of configura
tions from which different fMAx parameters can be 
calculated. 

In the first type of design, the PLO is used for a stand
alone registered design. In order to decide the next logic 
level of the registers, the present logic level needs to be 
available at the inputs of the registers before they are 
clocked (Figure 2.) Under these conditions the clock pe
riod is limited by the internal delay from the flip-flop out
puts through the internal feedback and logic to the 
flip-flops inputs. This fMAX is designated "fMAX internal." A 
simple internal counter is a good example of this type of 
design, therefore, this parameter is sometimes 
called "fcNT." 

CLK 

IMAX Internal (fcNT) 
101730-36 

Figure 2. Internal fMAx 
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The second type of system configuration is when a num
ber of logic devices with registers, including PLDs, are 
clocked with a common clock. This is probably the most 
prevalent configuration. In this case, the registered out
puts are sent off-chip back to the device inputs or to the 
inputs of a second device. The slowest path defining the 
period (Figure 3) is the sum of the clock-to-output time 
and the input setup time for the external signals (ts+tco). 
The reciprocal, fMAX, is the maximum frequency with ex
ternal feedback or in conjunction with an equivalent 
speed device. This fMAx is designated "fMAx external." 

CLK 

(Second - " Chip) 
.A 1---1 h~ :--' Logic Register f--' 

~ 
~ ... 

I""'.,____ ___ ts ____ _. .... , • .__ tea __ _.., ... ,.,...ts-•~1 

fMAX External: 1 /(ts +tea) 
101730-37 

Figure 3. External fMAx 

The third type of design is a simple data path applica
tion. In this case, input data is presented, to the flip-flop 
and clocked; no feedback is employed (Figure 4). In this 
case, the period is limited by the sum of data setup time 
and data hold time (ts+tH). However, the minimum clock 
period (twH + twL) is usually a stricter limit. Thus, the third 
fMAX designated "fMAX no feedback"will be the lesser of 1 I 
(ts + tH) or 1 I (twH + twL). 

CLK 

., .. ,.,.,.,, .. 

v 

Logic I ~ Register ~ .. 
••• 

------ts-----
101730-38 

fMAX No Feedback: 1 /(ts + IH) or 1 /(lwH + twl) 

Figure 4. fMAX with No Feedback 
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fMAX external and fMAX no feedback are calculated pa
rameters. fMAX internal is measured. 

Flip-Flop Types 
There are four basic types of flip-flops; S-R, J-K, T and 
the popular D-type. 

In this section, we will assume that the reader is familiar 
with these flip-flops. 

Almost all registered PLDs provide the basic D-type flip
flops. D-type flip-flops are the simplest to design with 
and will be used throughout this section. Some PLDs 
provide the capability of configuring output registers as 
either D, T, J-K or S-R. Configurable flip-flops in some 
cases can reduce the number of product terms required 
for certain designs. The effect of the configurable flip
flops will be discussed wherever relevant. 

Synchronous vs. Asynchronous 
Registered designs can be easily classified into two 
categories; synchronous and asynchronous. In syn
chronous designs the clock inputs of all the registers are 
tied together to a common clock. With asynchronous de
signs, the flip-flops' clock inputs may not be tied to
gether, and the clocks may be gated or even driven by 
other flip-flops. We will first discuss synchronous regis
tered designs and then asynchronous registered 
designs. 

Synchronous Registered Designs 
Synchronous registered designs are used for two major 
functions: data handling and control. Registered syn
chronous designs for data handling include counters 
and shift registers. There are various types of counters. 
Some are; binary counters, modulo counters, Johnson 
counters, and Gray-code counters. These counters are 
differentiated by the sequence of values through which 
the counter travels. A binary counter is the simplest form 
of a counter, and is used most often for data functions. 
Any system requiring a regular count uses a binary 
counter. Modulo, Gray-code, and Johnson counters are 
also used for control. 

All counters are actually subsets of a larger class of digi
tal designs called state machines. State machines are 
discussed in detail in the next chapter of this handbook. 

Counters 
Counters are the most commonly used sequential cir
cuits. A set of registers, that cycles through a predeter
mined, unvarying sequence, is called a counter. A 
general model of a synchronous counter is illustrated in 
Figure 5. This shows a common clock to all the flip-flops, 
whose outputs are fed back to a combinatorial logic ar
ray called the next-state (count) decoder. The next 
count is generated by this logic based upon the present 
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count and control inputs. Most PLDs use the standard 
sum-of-products form of array for this logic. 

The relationship between a four-bit counter and its sig
nal timing diagram is illustrated in Figure 6. The count
ers can also be represented by state diagrams (Figure 
7). The state diagrams are bubble-and-arrow diagrams. 

Combinatorial 
Logic 

Control Inputs Next 
• State • • (Count) • • Decoder • 

Each bubble represents a count value and each arrow a 
transition from one count to the next. More detail on 
state diagrams is given in the next chapter on state ma
chine design. For counters, the state diagrams are a 
convenient representation tool and will be used in the 
discussion when necessary. 

CLK 

Outputs 
• Flip-Flops • • 

101730-39 

Figure 5. General Model of a Counter 

CLK 

XO 

X1 I _[ 

X2 I 
X3 

State 0 
(Count) 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 2 3 
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Figure 6. Timing Diagram of a Four-Bit Binary Counter 
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State 15 
1111 

State 0 
0000 

Sixteen States Numbered From 0-15 

State 8 
1000 

State 7 
0111 

Figure 7. State Diagram of a Four-Bit Binary Counter 
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Binary Counters 
Let us examine a four-bit binary counter. The truth table 
(also called the transition table) for such a counter is 
given in Table 1. The table lists the next state values of 
all the output registers based upon their present values. 

Table 1. The Truth Table for a Four-Bit Binary 
Counter 

Present State Next State 

X3 X2 X1 XO X3 X2 X1 XO 
0 0 0 0 0 0 0 1 
0 0 0 1 0 0 1 0 
0 0 1 0 0 0 1 1 
0 0 1 1 0 1 0 0 
0 1 0 0 0 1 0 1 
0 1 0 1 0 1 1 0 
0 1 1 0 0 1 1 1 
0 1 1 1 1 0 0 0 
1 0 0 0 1 0 0 1 
1 0 0 1 1 0 1 0 
1 0 1 0 1 0 1 1 
1 0 1 1 1 1 0 0 
1 1 0 0 1 1 0 1 
1 1 0 1 1 1 1 0 
1 1 1 0 1 1 1 1 
1 1 1 1 0 0 0 0 
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We derive Boolean equations for each bit directly from 
the above truth table by collecting all the product terms 
where outputs are asserted HIGH (ones). This yields: 

X3 ·= /X3 * X2 * Xl * XO 
+ X3 * /X2 * /Xl * /XO 
+ X3 * /X2 * /Xl * XO 
+ X3 * /X2 * Xl * /XO 
+ X3 * /X2 * Xl * XO 
+ X3 * X2 * /Xl * /XO 
+ X3 * X2 * /Xl * XO 
+ X3 * X2 * Xl * /XO 

X2 := /X3 * /X2 * Xl * XO 
+ /X3 * X2 * /Xl * /XO 
+ /X3 * X2 * /Xl * XO 
+ /X3 * X2 * Xl * /XO 
+ X3 * /X2 * Xl * XO 
+ X3 * X2 * /Xl * /XO 
+ X3 * X2 * /Xl * XO 
+ X3 * X2 * Xl * /XO 

Xl := /X3 * /X2 * /Xl * XO 
+ /X3 * /X2 * Xl * /XO 
+ /X3 * X2 * /Xl * XO 
+ /X3 * X2 * Xl * /XO 
+ X3 * /X2 * /Xl * XO 
+ X3 * /X2 * Xl * /XO 
+ X3 * X2 * /Xl * XO 
+ X3 * X2 * Xl * /XO 

XO := /X3 * /X2 * /Xl * /XO 
+ /X3 * /X2 * Xl * /XO 
+ /X3 * /X2 * /Xl * /XO 
+ /X3 * X2 * Xl * /XO 
+ X3 * /X2 * /Xl * /XO 
+ X3 * /X2 * Xl * /XO 
+ X3 * X2 * /Xl * /XO 
+ X3 * X2 * Xl * /XO 

These Boolean equations are for devices with active-
HIGH outputs. These equations can be inverted for de-
vices with active LOW outputs. The Boolean equations 
for active-LOW devices can also be directly derived 
from the truth table by collecting all the product terms 
where the active-LOW outputs (zeros) are asserted. 

Manipulating the equations with Boolean algebra, we 
obtain the Boolean logic equations: 

XO :=/XO 
Xl := Xl :+: XO 
X2 := X2 :+: (Xl *XO) 
X3 := X3 :+: (X2 * Xl * XO) 

Similarly, for active-LOW output devices (since /(A:+: B) 
=/A:+: B): 

/XO := XO 
/Xl := /Xl :+: XO 
/X2 := /X2 :+: (Xl *XO) 
/X3 := /X3 :+: (X2 * Xl * XO) 

These equations could also be obtained from the 
Boolean equations developed for an adder in the combi
natorial design section. 

Rewriting the equations for an adder: 

XO = AO :+: BO :+: Cin 
Xl = Al :+: Bl :+: co 
where 

co AO * BO + (AO+ BO) * Cin 

X2 A2 :+: B2 :+: Cl 
where 

Cl Al * Bl 
+ (Al + Bl) 

+ (Al + Bl) * (AO * BO) 
* (AO + BO) * Cin 

X3 A3 :+: B3 :+: C2 
where 

C2 A2 * B2 + (A2 + B2) * (Al * Bl) 
+ (A2 + B2) * (Al + Bl) * (AO * BO) 
+ (A2 + B2) * (Al+ Bl) *(AO* BO) 

* Cin 

Assuming one of the operands in the adder is the num
ber itself and the second operand is one (X3-XO = 
A3-AO, B3-BO = 0001 and Cin = 0) we get the following 
equations for a counter: 

XO := /XO 
Xl Xl :+: XO 
X2 : = X2 : +: (Xl *XO) 
X3 := X3 :+: (X2 * Xl * XO) 

These are, of course, the same equations as the ones 
derived directly from the truth table. The equations for a 
binary counter are very regular. The general equation 
for an n-bit binary counter can be directly expressed: 

Xn := Xn :+: (Xn-1* Xn-2 ... XO) 

For devices with active-LOW outputs, the general 
Boolean equations can be derived by inverting both 
sides of the equation: 

/Xn := /Xn :+: (Xn-1* Xn-2 ... XO) 

These equations represent a binary UP counter. Count
ing backwards for a DOWN counter, the Boolean equa
tions can be similarly generated, either from the truth 
table or from the adder Boolean equations. The general 
equation for a DOWN counter is: 

Xn := Xn :+: (/Xn-1* /Xn-2 ... /XO) 
This equation is for active-HIGH outputs. For active
LOW output devices the Boolean equation for a DOWN 
counter is: 

/Xn := /Xn :+: (/Xn-1* /Xn-2 ... /XO) 
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Further control functions can be added to these counter 
equations directly either at the truth-table stage or in the 
equations. For example, a load data function is required 
in most counters. This allows registers to be loaded with 
a count under the control of another input signal 
(LOAD). When the LOAD signal is HIGH the counter is 
loaded with the input data, and when the LOAD signal is 
LOW the counting is resumed. 

Binary Counter Device Selection 
Considerations 
One major device selection consideration is the logic 
requirement. 

The binary counter Boolean equations make use of ex
clusive-OR functions in the output. In most of the regis
tered PLDs, the XOR functions are implemented in their 
sum-of-products logic form. This usually requires a 
large number of product terms. Most standard PAL de
vices provide eight product terms per output. However, 
for larger counters, a greater number of product terms is 
required. 

Some PLDs provide a dedicated XOR gate on the out
puts. This allows an AND-OR-XOR implementation of 
the Boolean logic, and consequently requires fewer 
product terms. 

Cascading Binary Counters 
Situations are occasionally encountered in digital sys
tem designs where very long counters are required. 

AMO~ 
Binary counters can be easily cascaded into two or more 
devices to construct such large counters. The design of 
long counters is very simple. These are designed as 
simple binary counters with a count enable control. The 
less significant counters generate an extra output signal 
at the penultimate count. These signals are ANDed to
gether to form the count enable signal for the higher
order counter. For a down counter the reverse scheme 
is implemented. 

Cascading counters is a lot easier than cascading ad
ders because the carry-look-ahead circuitry is not re
quired. The only thing to remember is that the more 
significant counter toggles only when the penultimate 
count of all of the less significant counters is reached. 

Flip-Flop Selection 
Until now, all the designs have been implemented in de
vices with D-type flip-flops. What happens if the counter 
design is implemented in a device that allows both J-K 
and T-type registers? The Boolean logic equations for 
such a design can be derived from the truth table. This 
requires advanced knowledge of the functionality of the 
J-K and T-type registers. For the J-K register the output 
is asserted when the J input goes HIGH and the output is 
unasserted when the K input goes HIGH. Toggle type 
registers require the T input to be asserted for every 
change in the output level. 

Table 2. Truth Table for D, J-K and T-Type Flip-Flops 

Next State 
Present State 

X3 X2 X1 XO 

X3 X2 X1 XO D J K T D J K T D J K T D J K T 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 
0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 0 1 1 
0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 
0 0 1 1 0 0 0 0 1 1 0 1 0 0 1 1 0 0 1 1 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 
0 1 0 1 0 0 0 0 1 0 0 0 1 1 0 1 0 0 1 1 
0 1 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1 1 0 1 
0 1 1 1 1 1 0 1 0 0 1 1 0 0 1 1 0 0 1 1 
1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 
1 0 0 1 1 0 0 0 0 0 0 0 1 1 0 1 0 0 1 1 
1 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 
1 0 1 1 1 0 0 0 1 1 0 1 0 0 1 1 0 0 1 1 
1 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 
1 1 0 1 1 0 0 0 1 0 0 0 1 1 0 1 0 0 1 1 
1 1 1 0 1 0 0 0 1 0 0 0 1 0 0 0 1 1 0 1 
1 1 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
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Table 2 shows the truth table for both a J-K and a T-type 
register implementation for a binary counter. Deriving 
and optimizing the equations from the table, we get the 
following results: 

X3-J /X3 * X2 * Xl * XO 
X3-K X3 * X2 * Xl * XO 
X2-J /X2 * Xl *XO 
X2-K X2 * Xl XO 
Xl-J /Xl * XO 
Xl-K Xl * XO 
XO-J /XO 
XO-K XO 
X3-T X2 * Xl * XO 
X2-T Xl * XO 
Xl-T ·= XO 
XO-T ·= 1 

As we can see from these equations, the number of 
product terms used for J-K and T-type implementations 
are smaller than the number of product terms required 
for a D-type implementation. 

Which flip-flop is most efficient depends on the relative 
number of transitions or holds required. As a counter 
traverses from one count (state) to another, every out
put either makes a "transition" (changes logic level) or 

"holds" (stays at the same logic level). Small counters in 
general require more transitions and fewer holds. As the 
designs get larger, the higher-order bits require fewer 
transitions and more holds. 

D-type flip-flops use up product terms only for active 
transitions from logic LOW level to HIGH level, and for 
logic HIGH level holds only. J-K and T-type flip-flops use 
up product terms for both LOW-to-HIGH and HIGH-to
LOW transitions, but eliminate hold terms. Generally, 
the requirements of transition and hold terms depends 
upon the count sequence selection. D-type flip-flops are 
more efficient for small designs. Conversely J-K and T
type flip-flops can be more efficient for large designs, 
which require more hold terms. 

A comparison of product term requirements of 2-, 3-, 4-
and 5-bit binary counters can be representative for other 
types of counters and state machines. Table 3 shows 
the transition terms and the hold terms required for 
these counters. For a J-K type flip-flop implementation, 
after optimizing, total product terms required are 4, 6, 8, 
and 10 respectively. The D-type implementation re
quires 3, 6, 10, and 15 respectively, and is relatively less 
efficient for large counters. 

Table 3. Product Term Requirements for Configurable Flip-Flops 

D Product J-K Product T Product 
Binary Counter Transitions Holds Terms Terms Terms 

2-Bit 6 2 3 4 1 
3-Bit 14 10 6 6 1 
4-Bit 30 34 10 8 1 
5-Bit 62 98 15 10 1 

Modulo Counters Table 4. Truth Table for a BCD Counter 

The number of unique states a counter traverses is gen
erally referred to as the modulus. A typical n-bit binary 
counter has a maximum modulus of 2n. It is often neces
sary to introduce signal delays into the logic design to 
meet timing requirements. This makes it possible to al
low for bus-skew, access time, or differential propaga
tion delays between devices along two different signal 
paths. A typical example of this is the introduction of wait 
states to allow for access times of different memory ele
ments. Counters and delay lines are commonly used to 
introduce the delay. Counters in PLDs have the added 
advantage of programmability to select the required de
lay. Such applications where precise timing duration 
control is required usually use modulo counters with a 
non-power-of-two modulus. Other applications of 
modulo counters include waveform generators and 
arbiters. 

Present State 

03 02 Q1 

0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 0 0 
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QO 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 

Next State 

Q3 02 01 QO 

0 -> 1 0 0 0 1 
1 -> 2 0 0 1 0 
2 -> 3 0 0 1 1 
3 -> 4 0 1 0 0 
4-> 5 0 1 0 1 
5 -> 6 0 1 1 0 
6 -> 7 0 1 1 1 
7 -> 8 1 0 0 0 
8-> 9 1 0 0 1 
9 -> 0 0 0 0 0 



A good example of a modulo counter is a BCD counter. 
Such a counter is useful in applications where the com
puter's outputs are generated using a decimal system. 
While a four-bit binary counter can count to sixteen, the 
BCD counter terminates the count at the modulus of 1 0. 

Modulo counters can be designed in a variety of ways. 
One direct way is to use the truth table to implement a 
count to a modulus and directly derive the equations 
from it. The truth table for a BCD count (from zero to 
nine) is shown in Table 4. 

Now let us consider what happens if the device acciden
tally powers up in one of the count values from ten to fif
teen. These are illegal counts (states) and, for a good 
design, a mechanism must be built into the equations to 
allow it to recover back into a legal state. What we actu
ally need is to consider the truth table in Table 5 in con
junction with the one in Table 4 for deriving the Boolean 
equations. 

Table 5. Truth Table for Illegal State Recovery to 
Count Zero 

Present State Next State 

03 02 01 oo 03 02 01 oo 
1 0 1 0 10 -> 0 0 0 0 0 
1 0 1 1 11->0 0 0 0 0 
1 1 0 0 12-> 0 0 0 0 0 
1 1 0 1 13->0 0 0 0 0 
1 1 1 0 14->0 0 0 0 0 
1 1 1 1 15->0 0 0 0 0 

AMO~ 
A state diagram for the BCD counter is shown in Fig
ure 8. For active-LOW outputs, the Boolean equations 
can be derived directly from the truth table and opti
mized using Karnaugh maps or the software minimizer. 

The Boolean equation for 03 is: 

/Q3 := /Q3 * /Q2 * /Ql * /QO 
+ /Q3 * /Q2 * /Ql * QO 
+ /Q3 * /Q2 * Ql * /QO 
+ /Q3 * /Q2 * Ql * QO 
+ /Q3 * Q2 * /Ql * /QO 
+ /Q3 * Q2 * /Ql * QO 
+ /Q3 * Q2 * Ql * /QO 
+ Q3 * /Q2 * /Ql * QO 
+ Q3 * /Q2 * Ql * /QO 
+ Q3 * /Q2 * Ql * QO 
+ Q3 * Q2 * /Ql * /QO 
+ Q3 * Q2 * /Ql * QO 
+ Q3 * Q2 * Ql * /QO 
+ Q3 * Q2 * Ql * QO 

The equation can be reduced to the following: 

/Q3 := /Q3 * /Q2 
+ /Q3 * /Ql 
+ /Q2 * QO 
+ Q3 * Ql 
+ Q3 * Q2 

Similar Boolean equations can be generated for 02, 
012 and 00. 

Figure 9 shows the circuit diagram of a loadable dual 
BCD counter. 

Figure 8. State Sequence of a BCD Counter Showing Illegal State Recovery 
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Figure 9. Circuit of a Dual BCD Counter 

Modulo Counter Device Selection 
Considerations 
We have illustrated a counter that counts from zero to a 
fixed modulus. The same technique can be applied for a 
counter which counts down from a maximum power-of
two number to a fixed modulus, or even a counter which 
counts from one modulus to another. The important con
siderations will be the number of product terms used. 

The registered PLDs used for modulo counters are simi
lar to the ones selected for other counters. Since the 
counts used are binary, devices with J-K, T-type flip
flops, or XOR gates will help optimize the number of 
product terms used. The product term usage also de
pends upon the modulus selected. Generally, a power
of two or a multiple-of-two modulus will require fewer 
product terms. 

Another factor for flip-flop selection is the illegal states. 
D-type flip-flops are generally better suited for illegal 
state recovery than the J-K or T-type flip-flops. This is 
because when no product term is asserted, the D-type 
flip-flops reset to zero. Designers using J-K or T-type 
flip-flops must design-in illegal state recovery. 

Certain devices allow the use of a synchronous RESET 
product term for modulo counters. The idea is to use the 
minimal number of product terms to build a binary 
counter that counts up to a power-of-two number. How
ever, this counter is RESET to zero using the synchro
nous RESET product term when the desired modulus is 
reached. It then begins counting afresh from zero, and 
the procedure is repeated. Similar operation can also be 
achieved with a synchronous PRESET product term for 
a down counter. 

Using synchronous RESET and PRESET product terms 
allows the counter to recover from illegal states. Notice 
that the logic product terms in the counter are designed 
for a complete binary count. If the counter powers up in 
any illegal state (as shown in Figure 10), it will continue 
the count until the terminal count and then, return to 
zero, where the correct modulo count will begin. This il
legal state recovery will take an unpredictable number of 
clock cycles, and you may wish to design a more sys
tematic recovery system. 

Cascading Modulo Counters 
For large modulo counters, the technique of generating 
Boolean equations from the truth tables is very tedious 
and time consuming. Another approach for designing 
modulo counters is to divide it into two smaller modulo 
counters. In addition to simplifying the design, this ap
proach usually helps optimize the number of product 
terms. 

As an example, a modulo-360 counter can be directly 
implemented with nine register bits. However, instead of 
implementing this as a straight 9-bit counter, we can im
plement this as two counters: one four-bit counter 
(counting from zero to 14) and another five-bit counter 
(counting from zero to 23). Together, the two counters 
count up to 360. The terminal count output, MOUT, is 
asserted when the count reaches 360, as shown in 
Figure 11. 

The design requires nine inputs, nine outputs, one clock 
pin, one LOAD pin, one RESET and one MOUT (module 
output signal) pin. Note that no extra flip-flops or pins 
were needed. Obviously, the count values of this 
counter are not the same as a straight modulo-360 
counter. Actually, this is what contributes to the optimi
zation of the number of product terms used. 
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Figure 10. A BCD Counter Using Synchronous RESET Product Term 
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Counters with Encoding 
Until now, we have discussed counters thatgenerate bi
nary output sequences. Most peripherals require a pre
determined sequence of control signals. Custom control 
sequences can be generated by decoding the binary se
quence with combinatorial logic. Figure 12 shows a gen
eral model of a counter with combinatorial output 

decoding circuitry. This combinatorial circuit modifies 
the counter bits and generates output signals in the 
manner required for peripheral timing and control. Since 
these circuits require extra combinatorial logic, they are 
not very efficient. They are also more susceptible to haz
ards and output glitches. 

Combinatorial~ ,.........,__ 
Logic ._ ~ 

Control 
Inputs 

• • 

t 
~ 
Next 
State 

Decoder 

erk 
v 

• Flip-
• Flops • 

Output • 
Decoder • 

Outputs 

• • • 

J 
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Figure 12. Counter with an Output Decoder 

It is possible to have a different output coding for a four
bit counter, as shown in Table 6. This code, called Gray 
code, allows only one output bit to toggle for each new 
count value. This code can be easily derived from a four
bit binary counter code (also shown in Table 6) using an 
output decoder. 

X3 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

Table 6. Generating Gray Code from a 
Binary Code 

Binary Coda Gray Code 

X2 X1 XO G3 G2 G1 
0 0 0 0 0 0 
0 0 1 0 0 0 
0 1 0 0 0 1 
0 1 1 0 0 1 
1 0 0 0 1 1 
1 0 1 0 1 1 
1 1 0 0 1 0 
1 1 1 0 1 0 
0 0 0 1 1 0 
0 0 1 1 1 0 
0 1 0 1 1 1 
0 1 1 1 1 1 
1 0 0 1 0 1 
1 0 1 1 0 1 
1 1 0 1 0 0 
1 1 1 1 0 0 

GO 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 

We can derive the Boolean equations for the combinato
rial output decoder from the truth table. The equations 
are: 

G3 X3 
G2 X3 :+: X2 
Gl X2 :+: Xl 
GO Xl :+: XO 

A more efficient and easier technique for generating 
control signals is to implement the decode circuitry be
fore the registers. This alternative is shown in Figure 13. 
This essentially generates a non-standard counter with 
state values that are not a binary progression. It can be 
considered as a counter where the product terms for a 
binary count and encoding the outputs have been 
combined. 

Many different codes can be generated using such tech
niques. We will limit ourselves to the ones that are most 
commonly used: Gray-code counters and Johnson 
counters. 
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Figure 13. Counter with Combined Next State Generation and Output Encoding Circuit 

Gray-Code Counters 
Gray-code counters are often used in digital designs for 
control timing functions. The primary advantage of 
Gray-code counters stems from the characteristic that 
only one output bit changes value for every clock cycle. 
These output signals can be easily decoded using a 
combinatorial decoder without any risk of hazards. 
Gray-code counters are used extensively as system 
clocks, since the different output bits provide different 
clock pulses, without the risks of hazards. Gray-code is 
also used in high-speed data communication applica
tions, where data is transmitted from one part of the sys
tem to another, and where the error susceptibility 
increases with the number of bit changes between adja
cent numbers in a sequence. These are also used for 
such specialized applications as shaft encoders and 
real-time process control. 

The implementation of a Gray-code counter is very sim
ple. A truth table can be derived from the transition table 
as is done for a binary counter. The Boolean equations 
can then be directly derived from the truth table. The 
truth table for the Gray-code counter is shown in 
Table7. 

Table 7. Truth Table for a Four-Bit Gray-Code 
Counter 

Present State Next State 

X3 X2 X1 XO X3 X2 X1 XO 
0 0 0 0 0 0 0 1 
0 0 0 1 0 0 1 1 
0 0 1 1 0 0 1 0 
0 0 1 0 0 1 1 0 
0 1 1 0 0 1 1 1 
0 1 1 1 0 1 0 1 
0 1 0 1 0 1 0 0 
0 1 0 0 1 1 0 0 
1 1 0 0 1 1 0 1 
1 1 0 1 1 1 1 1 
1 1 1 1 1 1 1 0 
1 1 1 0 1 0 1 0 
1 0 1 0 1 0 1 1 
1 0 1 1 1 0 0 1 
1 0 0 1 1 0 0 0 
1 0 0 0 0 0 0 0 
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The Boolean logic equations for a Gray-code counter 
are: 

X3 /X3 * X2 * /Xl * /XO 
+ X3 * X2 * /Xl * /XO 
+ X3 * X2 * /Xl * XO 
+ X3 * X2 * Xl * XO 
+ X3 * X2 * Xl * /XO 
+ X3 * /X2 * Xl * /XO 
+ X3 * /X2 * Xl * XO 
+ X3 * /X2 * /Xl * XO 

X2 /X3 * /X2 * Xl * /XO 
+ /X3 * X2 * Xl * /XO 
+ /X3 * X2 * Xl * XO 
+ /X3 * X2 * /Xl * XO 
+ /X3 * X2 * /Xl * /XO 
+ X3 * X2 * /Xl * /XO 
+ X3 * X2 * /Xl * XO 
+ X3 * X2 * Xl * XO 

Xl ·= /X3 * /X2 * /Xl * XO 
+ /X3 * /X2 * Xl * XO 
+ /X3 * /X2 * Xl * /XO 
+ /X3 * X2 * Xl * /XO 
+ X3 * X2 * /Xl * XO 
+ X3 * X2 * Xl * XO 
+ X3 * X2 * Xl * /XO 
+ X3 * /X2 * Xl * /XO 

XO /X3 * /X2 * /Xl * /XO 
+ /X3 * /X2 * /Xl * XO 
+ /X3 * X2 * Xl * /XO 
+ /X3 * X2 * Xl * XO 
+ X3 * X2 * /Xl * /XO 
+ X3 * X2 * /Xl * XO 
+ X3 * /X2 * Xl * /XO 
+ X3 * /X2 * Xl * XO 

Johnson Counters 
A Johnson counter is part of a family of counters known 
as "ring counters." These counters are used for special 
applications where code symmetry is desired. Ring 
counters are also often used for timing purposes, since 
all the outputs are essentially a series of pulses. This 
code symmetry also allows use of the fewest possible 
product terms with a D-type register. Devices that pro-
vide a small amount of logic per cell, can implement 
Johnson counters very easily. 

Johnson counters are also known as circular-shift 
counters. The sequence for a five-stage Johnson 
counter is shown in Table 8. As can be seen in the truth 
table, the counter first fills up with 1 's from left to right 
and then it fills up with zeros again. Note from the output 
sequence that only one of the Johnson counter bits 
changes for every clock period, like the Gray-code 
counter. One major advantage of the Johnson counter is 
that it can be readily decoded with small two-input 
NAND gates and hence is suitable for high-speed 
applications. 

Note that the five-stage sequence has a table of 1 O legal 
states and 22 illegal states (Table9). In general, an n-bit 
Johnson counter will produce a modulus of 2n. Fig
ure 14 shows the state diagram of the five-bit counter. 

Table 8. Five-Bit Johnson Counter Truth Table 
Legal States 

Present State Next State 

Q4 Q3 Q2 Q1 QO Q4 Q3 Q2 Q1 QO 

0 0 0 0 0 1 0 0 0 0 
0 0 0 0 1 0 0 0 0 0 
0 0 0 1 1 0 0 0 0 1 
0 0 1 1 1 0 0 0 1 1 
0 1 1 1 1 0 0 1 1 1 
1 1 1 1 1 0 1 1 1 1 
1 1 1 1 0 1 1 1 1 1 
1 1 1 0 0 1 1 1 1 0 
1 1 0 0 0 1 1 1 0 0 
1 0 0 0 0 1 1 0 0 0 

The implementation of a Johnson counter is relatively 
straight-forward, and is the same regardless of the num
ber of stages. When D-type flip-flops are used, the Q 
output of each flip-flop is connected to the D input of the 
following stage. The single exception is the Q output of 
the last stage, which is complemented and connected to 
the D input of the first stage. 

Table 9. Illegal States for a Five-Bit 
Johnson Counter 

Illegal States 

Present State Next State 

Q4 Q3 Q2 Q1 QO Q4 Q3 Q2 Q1 

0 0 0 1 0 0 0 0 0 
0 0 1 0 0 0 0 0 0 
0 0 1 0 1 0 0 0 0 
0 0 1 1 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 
0 1 0 1 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 
0 1 1 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 0 
0 1 1 1 0 0 0 0 0 
1 0 0 0 1 0 0 0 0 
1 0 0 1 0 0 0 0 0 
1 0 0 1 1 0 0 0 0 
1 0 1 0 0 0 0 0 0 
1 0 1 0 1 0 0 0 0 
1 0 1 1 0 0 0 0 0 
1 0 1 1 1 0 0 0 0 
1 1 0 0 1 0 0 0 0 
1 1 0 1 0 0 0 0 0 
1 1 0 1 1 0 0 0 0 
1 1 1 0 1 0 0 0 0 

ao 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Figure 14. State Diagram of a Five-Bit Johnson 
Counter 

One disadvantage of the counter is the number of invalid 
(or illegal) states. The invalid states increase exponen
tially with the length of the counter. The bigger the 
counter becomes, the greater are its chances of enter
ing an illegal state. Johnson counters are very suscepti
ble to illegal states, and can "hang up" very easily. Noise 
or improper use can cause this counter to end up in an 
illegal state. Therefore, a design with illegal state recov
ery circuitry is always recommended. 

Figure 15 shows a nine-bit Johnson counter that can be 
derived by directly extending the design of a five-bit 
Johnson counter. 

AMO~ 
Shift Registers 
A Shift Register is a special digital circuit often used as a 
primary building block in digital computer systems. It is 
closely related to a ring counter. Its fundamental usage 
is for temporary data storage and bit-wise data manipu
lation for advanced arithmetic and multiplication opera
tions. Shift registers are also frequently used in 
communications, for converting parallel byte-wide data 
from the microprocessor to a serial data bit-stream for 
transmission. Shift registers are also used in graphics 
systems for serializing parallel data for use by the dis
play monitor. A number of examples of video shift regis
ters are included in the graphics section. 

The fundamental purpose of a shift register (Figure 16) 
is to shift data from one flip-flop to another. There are 
several types of shift registers. They are classified by 
the way in which incoming data is received (parallel or 
serial), and how outgoing data is transmitted (parallel or 
serial). 

In the following example, we will discuss a simple uni
versal shifter that provides both serial and parallel input 
and output functions. Depending upon the control sig
nals 10 and 11, the data is shifted from one flip-flop to an
other in the left or the right direction. These inputs also 
control when the new parallel data is loaded onto the 
registers. When shifting left or right, serial data can be 
received and transmitted on serial pins LIRO and RILO. 
Since the flip-flop outputs appear on the output pins at 
all times, the parallel output data is always available. 
The truth table is shown in Table 10. 

The Boolean logic equations can be directly derived 
from the truth table, and are shown Figure 17. 

Shift registers can be modified to suit various system de
sign requirements. This universal shift register can be 
used for serial in/serial out, parallel in/parallel out, serial 
in/parallel out and parallel in/serial out functions. 
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Figure 15. Block Diagram of a Nine-Bit Johnson Counter 
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Figure 16. A Shift Register Block Diagram 
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Table 10. The Truth Table for a Universal Shift Register 

Q6 Q5 Q4 Q3 Q2 Q1 QO 11 10 

06 05 04 03 02 01 oo 0 0 ;Retain Data 
07 06 05 04 03 02 01 0 1 ;Shift Right 
05 04 03 02 01 oo LIRO 1 0 ;Shift Left 
D6 D5 D4 D3 D2 D1 DO 1 1 ;Load Data 
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Equations 

/QO 
+ 

:+: 
+ 

/Ql 
+ 

:+: 
+ 

/Q2 ·= 
+ 

:+: 
+ 

/Q3 
+ 

:+: 
+ 

/Q4 
+ 

:+: 
+ 

/QS := 
+ 

:+: 
+ 

/Q6 
+ 

:+: 
+ 

/Q7 
+ 

:+: 
+ 
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/Il*/IO*/QO ;HOLD QO 
/Il*IO*Ql ;SHIFT RIGHT 
Il*/IO*/LIRO ;SHIFT LEFT 
Il*IO*/DO ;LOAD DO 

/Il*/IO*/Ql ;HOLD Ql 
/Il*IO*/Q2 ;SHIFT RIGHT 

Il*/IO*/QO ;SHIFT LEFT 
Il*IO*/Dl ;LOAD Dl 

/Il*/IO*/Q2 ;HOLD Q2 
/Il*IO*/Q3 ;SHIFT RIGHT 
Il*/IO*/Ql ;SHIFT LEFT 
Il*IO*/D2 ;LOAD D2 

/Il*/IO*/Q3 ;HOLD Q3 
/Il*IO*/Q4 ;SHIFT RIGHT 
Il*/IO*/Q2 ;SHIFT LEFT 
Il*IO*/D3 ;LOAD D3 

/Il* /IO* /Q4 ;HOLD Q4 
/Il*IO*/QS ;SHIFT RIGHT 
Il*/IO*/Q3 ;SHIFT LEFT 
Il*IO*/D4 ;LOAD D4 

/Il*/IO*/QS ;HOLD QS 
/Il* IO*/Q6 ;SHIFT RIGHT 
Il*/IO*/Q4 ;SHIFT LEFT 
Il* IO*/DS ;LOAD DS 

/Il*/IO*/Q6 ;HOLD Q6 
/Il*IO*/Q7 ;SHIFT RIGHT 
Il*/IO*/QS ;SHIFT LEFT 
Il*IO*/D6 ;LOAD D6 

/Il*/IO*/Q7 ;HOLD Q7 
/Il*IO*/RILO ;SHIFT RIGHT 
Il*/IO*/Q6 ;SHIFT LEFT 
Il*IO*/D7 ;LOAD D7 

/LIRO = /QO ;LEFT IN RIGHT OUT 
LIRO.TRST = /Il*IO 

/RILO = /Q7 ;RIGHT IN LEFT OUT 
RILO.TRST = Il*/IO 

Figure 17. Boolean Logic Equations for an Octal Shift Register 
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Barrel Shifters 
In most data processing systems, some form of data 
shifting or rotation is necessary. In typical computer sys
tems, the shifter is located at the output of the ALU, and 
usually requires a single-cycle shift and add function 
(Figure 18). For such applications as floating-point arith
metic or string manipulation, ordinary shift registers are 
inefficient, since they require n clock cycles for an 
n-bitshift. 

Shift Distance __ _ 

CLK---<> 

Input Data Bus 

Register 
File 

Output Data Bus 
101730-51 

Figure 18. Typical ALU Architecture 

A specialized shift register, called a "barrel shifter," is 
used to shift (or rotate) data by any number of bits in a 
single clock cycle. The name "barrel shifter" is used be
cause of the circular nature of the shift operation. The 
storage registers on the output of the shifter are used in 
this architecture to pipeline the data operation, increas
ing throughput. The three-state buffer on the output reg
isters is also useful for providing an interface to the 
data bus. 

The design of a barrel shifter proceeds in the same man
ner as a regular shift register. The truth table is drawn, 

and the Boolean equations are then written based upon 
the truth tables. An eight-bit barrel shifter requires at 
least eight data inputs, eight registered data outputs, 
three control lines to specify the shift distance, a clock 
input and an output enable that controls the three-state 
buffer on the register output. 

Figure 19 shows the block diagram for an eight-bit regis
tered barrel shifter, while Table 11 shows the truth table. 
The registered barrel shifter requires a total of 14 inputs 
and 8 outputs. 

so 
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S2 

CLK 

D7 D6 05 D4 03 D2 D1 DO 

Barrel Shifter 
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RST 

OE 
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Figure 19. Block Diagram of an Eight-Bit Barrel 
Shifter 

Table 11. Truth Table for an Eight-Bit Barrel 
Shifter 

52 51 so 07 06 as 04 03 02 01 
0 0 0 D7 06 D5 D4 D3 D2 D1 
0 0 1 D6 D5 D4 D3 D2 D1 DO 
0 1 0 05 D4 D3 D2 D1 DO D7 
0 1 1 04 D3 D2 D1 DO 07 06 
1 0 0 D3 02 01 DO 07 06 D5 
1 0 1 02 D1 DO D7 06 D5 D4 
1 1 0 01 DO D7 D6 05 D4 D3 
1 1 1 DO D7 D6 D5 D4 D3 02 

ao 
DO 
D7 
D6 
D5 
04 
D3 
D2 
01 

Gray-Code, Johnson Counter and Shift 
Register Device Selection Considerations 
Gray-code counters, Johnson counters and shift regis
ters are not very logic-intensive; the number of product 
terms required is minimal. The D-type flip-flops provide 
the most efficient implementations, allowing these de
signs to be easily implemented in most PAL devices. 

Since Gray-code counters are often used as system 
clocks, very high speed PAL devices provide the highest 
resolution clocks. 

Barrel shifters are very logic-intensive and require many 
product terms, since data from all the inputs needs to be 
accessible at any output. Registered PLDs with a large 
number of product terms are ideal for barrel shifters. 
Large barrel shifters can also be partitioned into a num
ber of PLDs. 
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Asynchronous Registered Designs 
Until now, we have discussed strictly synchronous reg
istered designs, where a common system clock is used. 
In asynchronous registered designs, a common clock is 
not used. The register clock may be generated by the 
output of another register, or by a logical combination of 
various other signals. Such designs are usually slow for 
such applications as timing generation, because when 
the output of one register is used to clock another, multi
ple delays are encountered before all the register out
puts stabilize. On the other hand, designs can be very 
fast for asynchronous applications such as bus arbitra
tion and control, where a fast response to a bus signal 
can be provided without waiting for a common sys
tem clock. 

Although asynchronous designs are easier to visualize, 
they present larger problems in implementation. 

RESET 
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Combinatorial hazard conditions can cause false clock
ing of registers, destroying the logic intended by the de
signer. The designer also needs to worry about race 
conditions when clocking a number of register simulta
neously. Careful design analysis is strongly recom
mended before implementing any asynchronous 
design. 

Ripple counters are probably the easiest examples of 
such asynchronous designs. Figure 31 shows the logic 
diagram of a five-bit binary ripple counter. These count
ers clearly have the advantage of design simplicity. The 
output from one stage is fed as the clock to the next 
stage. However, this results in a slower counting rate, 
since the clock signals need to propagate through all 
five registers before the next count is reached. 

CK SET 

r---------1 .__~+-~---1>----+~~.....-~-+-~~...-~+-~----, 

I 
I 
I 
I 

RD S 

I ao ao ao a o a o 
I 
I 
I 1 j 
L----<= J:=:-.:-.:1_~------~-----J 02 

Extra Circuit Required 
For Modulo 20 Counter 

01 00 
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Figure 20. A Five-Bit Ripple Counter 

Figure 20 shows the implementation of a modulo-20 
counter that.is RESET when output bits 04 and 02 are 
both HIGH. Since the RESET is implemented with a 
product term, the extra AND gate shown can be imple
mented directly within the PAL device. 

Asynchronous Designs Device Selection 
Considerations 
The device selection for asynchronous designs is easy. 
As the clock signals require logic, only PLDs that allow 
implementations of Boolean logic on the clock signals 
are useful. 
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OTHER APPLICATIONS OF REGISTERED 
PLDs 

Registered PLDs are used for a number of miscellane
ous applications that are not covered by the synchro
nous and asynchronous design applications discussed 
up to now. One such application is as a frequency 
divider. 

• Frequency dividers 

• Addressable Registers 

Frequency Dividers 
Standard synchronous counters provide the basic capa
bility of dividing an input frequency. A single register of a 
PAL device will let us divide by two. 

If we stack these registers, a binary counter provides 
symmetrical division by 2, 4, 8, 16, etc. This divider has 
been a standard for years, and the PAL device has al
ways been on excellent choice for such applications. 

One unique application of PAL devices is for dividing in
put frequencies by odd numbers. This has been done 
historically by designing a counter that cycles an odd 
number modulo, and decoding the specific states of the 
counter. The disadvantage of this approach is that the 
output is not symmetrical and the duty cycle is not 50%. 

Let us examine a simple divide-by-five counter. This 
counter can be implemented using three flip-flops that 
start at zero and reset at four, resulting in a five-state 
counter. Table 12 shows the outputs of the three individ
ual flip-flops. 

Table 12. Truth Table for a Five-Bit Counter 

Present State 

02 01 ao 02 01 
0 0 0 0 0 
0 0 1 0 1 
0 1 0 0 1 
0 1 1 1 0 
1 0 0 0 0 

The Boolean equations are: 

Q2 := /Q2 
Ql := /Ql 
QO := /Q2 

* Ql * QO 
* QO + Ql 
* /QO 

Next State 

oo 
1 
0 
1 
0 
0 

State zero to one. 
State one to two. 
State two to three. 
State three to four. 
State four to zero. 

;MSB bit 
* /QO 

;LSB bit 

The waveforms for this divider are shown in Figure 21. 
Notice that the 02 output goes HIGH for one state and 
that this output is one fifth of the input frequency, but it is 
a 20% duty cycle. 01 is active for two states; it provides 
the same frequency, but with a 40% duty cycle. If we 
want a 50% duty cycle, we are going to have to divide a 
state in half. 

To provide the 50% duty cycle, the two edges should be 
evenly spaced in the count sequence, one edge in the 
middle of state two and one at the beginning of state 
zero. The first edge can be formed by logically "ANDing" 
state_2 with the falling edge of the clock. The second 
edge can be formed by decoding state zero. 

edge_l =/clock * /Q2 * Ql*/QO 
;edge between 
;states two and 
;three 

edge_2= /Q2 */Ql */Ql ;edge at state 
; zero 

The logical "OR" of these two equations will provide the 
needed rising edges. To provide a clean output, this sig
nal should clock another output register. 

The next step in the design is to pick the appropriate 
PAL device to fit this design. Our biggest concern is that 
we need the capability of clocking the counter at one 
speed and the output flip-flop at another. To do this, we 
cannot use a PAL device that has a dedicated clock pin; 
we need an architecture that allows programmable 
clocks. 

The clock signal requires two product terms (one for 
each edge). Another technique is to use the independ
ent asynchronous SET and asynchronous RESET prod
uct terms of the output register. A HIGH on the SET 
product term asserts the register output, and a HIGH on 
the RESET product term unasserts the register output. 
Due to the asynchronous nature of the product terms 
some adjustment in timing is required. The SET product 
term is asserted when in state 0 (02=0, 01 =0 and 
00=0), and the RESET product term is asserted when 
between states two and three. 

OUTPUT.SET = /clock * /Q2 * Ql * /QO 
;set between 
;states 2 & 3 

OUTPUT.RESET /Q2 */Ql * /QO 
; reset at 
;state zero 
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Figure 21. Waveform for a Frequency Divider 

Addressable Registers 
Addressable registers are commonly-used MSI func
tions, often implemented in PAL devices. Addressable 

registers are used as building blocks for digital comput
ers. Depending upon the address input one of the many 
flip-flops in the register retain their previous values. 
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State Machine Design 

INTRODUCTION 
State machine designs are widely used for sequential 
control logic, which forms the core of many digital sys
tems. State machines are required in a variety of appli
cations covering a broad range of performance and 
complexity; low-level controls of microprocessor-to
VLSI-peripheral interfaces, bus arbitration and timing 
generation in conventional microprocessors, custom 
bit-slice microprocessors, data encryption and decryp
tion, and transmission protocols are but a few examples. 

Typically, the details of control logic are the last to be 
settled in the design cycle, since they are continuously 
affected by changing system requirements and feature 
enhancements. Programmable logic is a forgiving solu
tion for control logic design because it allows easy modi
fications to be made without disturbing PC board layout. 
Its flexibility provides an escape valve that permits de
sign changes without impacting time-to-market. 

A majority of registered PAL device applications are se
quential control designs where state machine design 
techniques are employed. As technology advances, 
new high-speed and high-functionality devices are be
ing introduced which simplify the task of state machine 
design. A broad range of different functionality-and-per
formance solutions are available for state machine de
sign. In this discussion we will examine the functions 
performed by state machines, their implementation on 
various devices, and their selection. 

Device 
Inputs 

~tale •I 

c 

Combinatorial Logic 

Next Output State Decode Decode 

What Is a State Machine? 
A state machine is a digital device that traverses through 
a predetermined sequence of states in an orderly fash
ion. A state is a set of values measured at different parts 
of the circuit. A simple state machine can consist of PAL
device based combinatorial logic, output registers, and 
buried (state) registers. The state in such a sequencer is 
determined by the values stored in the buried and/or 
output registers. 

A general form of a state machine can be depicted as a 
device shown in Figure 1. In addition to the device inputs 
and outputs, a state machine consists of two essential 
elements: combinatorial logic and memory (registers). 
This is similar to the registered counter designs dis
cussed previously, which are essentially simple state 
machines. The memory is used to store the state of the 
machine. The combinatorial logic can be viewed as two 
distinct functional blocks: the next state decoder and the 
output decoder (Figure 2). The next state decoder deter
mines the next state of the state machine while the out
put decoder generates the actual outputs. Although they 
perform two distinct functions, these are usually com
bined into one combinatorial logic array as in Figure 1. 

1--
1-- Outputs 

• Memory • • • • • 
1--

J 
10173D-55 

Figure 1. Block Diagram of a Simple State Machine 
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[ r--
J 
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Figure 2. State Machine, with Separate Output and Next State Decoders 

The basic operation of a state machine is twofold: 

1. It traverses through a sequence of states, where 
the next state is determined by next state decoder, 
depending upon the present state and input con
ditions. 

2. It provides sequences of output signals based 
upon state transitions. The outputs are generated 
by the output decoder based upon present state 
and input conditions. 

Using input signals for deciding the next state is also 
known as branching. In addition to branching, complex 
sequencers provide the capability of repeating se
quences (looping) and subroutines. The transitions from 
one state to another are called control sequencing and 
the logic required for deciding the next states is called 
the transition function (Figure 2). 

The use of input signals in the decision-making process 
for output generation determines the type of a state ma
chine. There are two widely known types of state ma
chines: Mealy and Moore (Figure 3). Moore state 
machine outputs are a function of the present state only. 
In the more general Mealy-type state machines, the out
puts are functions of both the state and the input signals. 
The logic required is known as the output function. For 
either type, the control sequencing depends upon both 
states and input signals. 

Most practical state machines are synchronous sequen
tial circuits that rely on clock signals to trigger the state 
transitions. A single clock is connected to all of the state 
and output edge-triggered flip-flops, which allows a 
state change to occur on the rising edge of the clock. 
Asynchronous state machines are also possible, which 
utilize the propagation delay in combinatorial logic for 
the memory function of the state machine. Such ma
chines are highly susceptible to hazards, hard to design 
and are seldom used. In our discussion we will focus 
solely on sequential state machines. 

State Machine Applications 
State machines are used in a number of system control 
applications. A sampling of a few of the applications, 
and how state machines are applied, is described 
below. 

As sequencers for digital signal processing (DSP) appli
cations, state machines offer speed and sufficient 
functionality without the overkill of complex micropro
cessors. For simple algorithms, such as those involved 
in performing a Fast Fourier Transform (FFT), a state 
machine can control the set of vectors that are multiplied 
and added in the process. For complex DSP operations, 
a programmable DSP may be better. On the other hand, 
the programmable DSP solution is not likely to be as fast 
as the dedicated hardware approach. 

Consider the case of a video controller. It generates ad
dresses for scanning purposes, using counters with 
various sequences and lengths. Instead of implement
ing these as actual counters, the sequences involved 
can be "unlocked" and implemented, instead, as state 
machine transitions. There is an advantage beyond 
mere economy of parts. A count can be set or initiated, 
then left to take care of itself, freeing the microprocessor 
for other operations. 

In peripheral control the simple state machine approach 
can be very efficient. Consider the case of run-length
limited (RLL) code. Both encoding and decoding can be 
translated into state machines, which examine the serial 
data stream as it is read, and generate the output data. 

Industrial control and robotics offer further areas where 
simple control functions are required. Such tasks as me
chanical positioning of a robot arm, simple decision 
making, and calculation of a trigonometric function, usu
ally does not require the high-power solution of micro
processors with stacks and pointers. Rather, what is 
required is a device that is capable of storing a limited 
number of states and allows simple branching upon 
conditions. 
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Figure 3. The Two Standard State Machine Models 

Data encryption and decryption present similar prob
lems to those encountered in encoding and decoding for 
mass media, only here it is desirable to make the 
scheme not so obvious. A programmable state machine 
device with a security Bit is ideal for this because mem
ory is internally programmed and cannot be accessed 
by someone tampering with the system. 

Functions Performed 
All the system design functions performed by controllers 
can be categorized as one of the following state ma
chine functions: 

• Arbitration 

• Event monitoring 

• Multiple condition testing 

• Timing delays 

• Control signal generation 

Later we will take a design example and illustrate how 
these functions can be used when designing a state 
machine. 

State Machine Theory 
Let us take a brief look at the underlying theory for all se
quential logic systems, the finite state machine (FSM), 
or simply state machine. 

Those parts of digital systems whose outputs depend on 
their past inputs as well as their current ones can be 
modeled as finite state machines. The "history" of the 
machine is summed up in the value of its internal state. 
When a new input is presented to the FSM, an output is 
generated which depends on this input and the present 
state of the FSM, and the machine is caused to move 
into new state, referred to as the next state. This new 
state also depends on both the input and present state. 
The structure of an FSM is shown pictorially in Figure 2. 
The internal state is stored in a block labeled "memory." 
As discussed earlier, two combinatorial functions are re
quired: the transition function, which generates the 
value of the next state, and the output function, which 
generates the state machine output. 
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State Diagram Representation 
The behavior of an FSM may be specified in graphical 
form as shown in Figure 4. This is called a state diagram, 
or state transition diagram. Each bubble represents a 
state, and each arrow represents a transition between 
states. Inputs that cause the transitions are shown next 
to each transition arrow. 

Figure 4. State Machine Representation 

Control sequencing is represented in the state transition 
diagram as shown in Figure 5. Direct control sequencing 
requires an unconditional transition from state A to state 
B. Similarly conditional control sequencing shows a 
conditional transition from state C to either state D or 
state E, depending upon input signal 11. 

a. Direct Control 
Sequencing 

b. Conditional Control 
Sequencing 
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Figure 5. Control Sequencing 

For Moore machines the output generation is repre
sented by assigning outputs with states (bubbles) as 
shown in Figure 6. Similarly, for Mealy machines condi
tional output generation is represented by assigning 
outputs to transitions (arrows), as was shown in 
Figure 4. More detail on Mealy and Moore output gen
eration is given later. 

a. Moore Machine 

AMO~ 

b. Mealy Machine 
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Figure 6. Output Generation 

For this notation, there is a specification uncertainty as 
to which signals are outputs or inputs, as they both occur 
on the drawing next to the arrow in which they are active. 
This is usually resolved by separating the input and out
put signals names with a line (Figures 4 and 6). Some
times an auxiliary pin list detailing the logic polarity and 
input or output designations is also used. 

State transition diagrams can be made more compact 
by writing on the transitions not the input values that 
cause the transition, as in Figure 4, but a Boolean ex
pression defining the input combination or combinations 
that cause this transition. For example, in Figure 7, 
some transitions have been shown for a machine with 
inputs START, X1, and X2. In the transition between 
states 1 and 2, the inputs X1 and X2 are ignored (that is, 
they are "don't cares") and thus do not appear on the 
diagram. This saves space and makes the function 
more obvious. 

101730-61 

Figure 7. State Transition Diagram with 
Mnemonics 

There can be a problem with this method if one is care
less. The state transitions in figure 8 show what can hap
pen. There are three input combinations, (10, 11, 12, 13) = 
(1011}, (1101} and {1111 }, which make both (/10 • /12 + 
13) and (10 * 11 + 10 * 12) true. Since a transition to two 
next states is impossible, this is an error in the 
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specification. It must either be guaranteed that these in
put combinations never occur, or the transition condi
tions must be modified. In this example, changing (10 • 11 
+ 10 * 12) to (10 * 11 + 10 * 12) * /13 would solve the problem. 

101730-62 

Figure 8. State Diagram with Conflicting Branch 
Conditions 

State Transition Table Representation 
A second method for state machine representation is 
the tabular form known as the state transition table, 
which has the format shown in Table 1. Listed along the 
top are all the possible input bit combinations and inter
nal states. Each row gives the next state and the next 
output; thus, the table specifies the transition and output 
functions. However, this type of table is not suitable for 
specifying practical machines in which there is a large 
number of inputs, since each input combination defines 
a row of the table. For example, with 10 inputs, 1024 
rows would be required! 

Table 1. A State Transition Table 

Present Outputs 
State Inputs Next State Generated 

SO-Sn 10-lm SO-Sn 00-0...£_ 

Flowcharts 
Another popular notation is based on flowcharts. In this 
notation, states are represented by rectangular boxes, 
and alternative state transitions are determined by 
strings of diamond-shaped boxes. The elements may 
have multiple entry points, but in general have only one 
exit. The state name is written as the first entry in the 
rectangular state box. Any Moore outputs present are 
written next in the state box, with a caret n following 
those that are unregistered. The state code assignment, 
if it is known, is written next to the upper right corner of 
the state box. Decision boxes are diamond or hexagonal 
shaped boxes containing either an input signal or a logic 
expression. Two exits labeled "O" and "1" lead to either 
another decision box, a state box, or a Mealy output. 

The rounded oval is used for Mealy machine outputs. 
Again, a caret follows those outputs that are unregis
tered. All the boxes may need to be expanded to accom
modate a number of output signals or a larger 
expression. 

The use of these symbols is shown in Figure 9. Each 
path, through the decision boxes from one state to an
other defines a particular combination or set of combina
tions of the input variables. A path does not have to 
include all input variables; thus, it accommodates "don't 
cares." These decision trees take more space than the 
expressions would, but in many practical cases, state 
machine controllers only test a small subset of the input 
variables in each state and the trees are quite manage
able. Also, the chain of decisions often mirrors the de
signer's way of thinking about the actions of the 
controller. It is important to note that these tests are not 
performed sequentially in the FSM; all are performed in 
parallel by the FSM's state transition logic. 

A benefit of this method of specifying transitions is that 
the problem of Figure 8 can be avoided. Such a conflict 
would be impossible as one path cannot diverge to de
fine paths to two states. 

This flowchart notation can be compacted by allowing 
more complex decisions, when there is no danger of 
conflicts due to multiple next states being defined, Ex
pressions can be tested, as shown in Figure 1 Oa, or mul
tiple branches can extend from a decoding box, as in 
Figure 1 Ob. In the second case, it is convenient to group 
the set of binary inputs into a vector, and branch on dif
ferent values of this vector. 

The three methods of state machine representation 
state diagrams, state tables, and flowcharts 

are all equivalent and interchangeable, since they all de
scribe the same hardware structure. Each style has its 
own particular advantages. Although most popular, the 
state transition diagrams are more complex for prob
lems where state transitions depend on many inputs, 
since the transition conditions are written directly on the 
transition arrows. Although cumbersome, the state ta
bles allow the designer tight control over signal logic. 
Flowcharts are convenient for small problems where 
there are not more than about ten states and where up to 
two or three inputs or input expressions are tested in 
each state. For larger problems, they can become 
ungainly. 

Once a state machine is defined, it must be imple
mented on a device. Software packages are then used 
to implement the design on a device. The task is to con
vert the state machine description into transition and 
output functions. Software packages also account for 
device-specific architectural variations and limitations, 
to provide a uniform user interface. 

5-64 State Machine Design 



AMO~ 
Some software packages accept all three different state 
machine representations directly as design inputs. 
However, the most prevalent design methodology is to 
convert the three state machine design representations 
to a simple textual representation. Textual representa
tions are accepted by most software packages although 
the syntax varies. 

Since the most common of all state machine represen
tations is the state transition diagram representation, we 
will use it in all subsequent discussions. Transition table 
and flowchart representation implementations will be 
very similar. 
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State 
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Figure 9. Flowchart Notation 
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State Machine Types: Mealy & Moore 
With the state machine representation clarified, we can 
no"."' return to the generic sequencer model of Figure 1 , 
which has been labeled (Figure 11) to show the present 
state (PS), next state (NS), and output (OB, OA). This 
will illustrate how Mealy and Moore machines are imple
mented with most sequencer devices that provide a sin
gle combinatorial logic array for both next state and 
output decode functions. There are four ways of using 
the sequencer, two of which implement Moore ma
chines and two Mealy. First, let us look at the 
Mealy forms. 

Combinatorial Logic 

Device 
Inputs Next Output 

State Decode 
Decode 

.-
[ 

The standard Mealy form is shown in Figure 12, where 
the signals are labeled as in Figure 11 to indicate which 
registers and outputs are used. The register outputs PS 
are fed back into the array and define the present state. 
The combinatorial logic implements the transition func
tion, which produces the next state flip-flop inputs NS, 
and the output function, which produces the machine 
output OB. This is the asynchronous Mealy form. 

-- OB 

~ --f----1 Memory --• • • (Registers) • • • 

Outputs 

OA 

1---1 
J 

... 
Prese 
PS 

nt State 
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Figure 11. Generic Model of an FSM 
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A 
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PS 

Clock 

Figure 12. Asynchronous Mealy Form 

An alternative Mealy form is shown in Figure 13. Here 
the outputs are passed through an extra output register 
(OA) and thus, do not respond immediately to input 
changes. This is the synchronous Mealy form. 
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Figure 13. Synchronous Mealy Form 
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Figure 14. Asynchronous Moore Form 
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Figure 15. Synchronous Moore Form 

The standard Moore form is given in Figure 14. Here the 
outputs OB depend only on the present state PS. This is 
the asynchronous Moore form. The synchronous Moore 
form is shown in Figure 15. In this case the combinato
rial logic can be assumed to be the unity function. The 
outputs (OB) can be generated directly along with the 

present state (PS). Although these forms have been de
scribed separately, a single sequencer is able to realize 
a machine that combines them, provided that the re
quired paths exist in the device. 
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In the synchronous Moore form, the outputs occur in the 
state in which they are named in the state transition dia
gram. Similarly, in the asynchronous Mealy and Moore 
forms the outputs occur in the state in which they are 
named, although delayed a little by the propagation de
lay of the output decoder. This is because they are com
binatorial functions of the state (and inputs in the Mealy 
case). 

However, the synchronous Mealy machine is different. 
Here an output does not appear in the state in which it is 
named, since it goes into another register first. It ap
pears when the machine is in the next state, and is thus 
delayed by one clock cycle. The state diagram in Fig
ure 16 illustrates all the possibilities on a state transition 
diagram. 

Synchronous 
Mealy Output 
Available 

Asynchronous 
Moore Output 
Available 
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Figure 16. State Diagram Labelling for Different 
Output Types 

As a matter of notation, Moore outputs are often placed 
within the state bubble and Mealy outputs are placed 
next to the path or arrow that activates them. 

The relationship of Mealy and Moore, synchronous and 
asynchronous outputs to the states is shown in 
Figure 17. 

Device Selection Considerations 
There are three major criteria for selecting the correct 
state machine device for a design: 

• Number of inputs/outputs 

- 1/0 flexibility 

- Number of output registers 

• Speed 

• Intelligence/functionality 

- Number of product terms 
- Type of flip-flops 
- Number of state registers 

Number of I/Os 
The number of inputs, outputs and 1/0 pins determine 
the signals that can be sampled or generated by a state 
machine. 

Timing and Speed 
The timing considerations for sequencer design are 
similar to those for registered logic design. A system 
clock cycle forms the basic kernel for evaluating control 
function behavior. For the most part, all input and output 
functions are specified in relationship to the positive 
edge. Registered outputs are available after a period of 
time tea, the clock-to-output propagation delay. Asyn
chronous outputs require an additional propagation de
lay (tpo) before they are valid. 

For the circuit to operate reliably, all the flip-flop inputs 
must be stable at the flip-flop by the minimum set-up 
time (ts) of the flip-flops before the next active clock 
edge. If one of the inputs changes after this threshold, 
then the next state or synchronous output could be 
stored incorrectly; the circuit may even malfunction. To 
avoid this, the clock period (tP) must be greater than the 
sum of the set-up time of the flip-flops and the clock to 
output time (ts + !co). This determines the minimum 
clock period and hence the maximum clock frequency, 
IMAX, of the circuit. Metastability and erroneous system 
operation may occur if these specifications are violated. 

The timing relationships are shown in Figure 18. In each 
cycle there are two regions: the stable region, when all 
signals are steady, and the transition region, when the 
machine is changing state and signals are unstable. The 
active clock edge causes the flip-flops to load the value 
of the new state that has been set up at their inputs. 
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Figure 17. State Machine Timing Diagram 
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Figure 18. Timing Diagram for Maximum Operating Frequency 
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At a time after this, the present state and output flip-flop 
outputs will start to change to their new values. After a 
time has elapsed, the slowest flip-flop output will be sta
ble at its new value. Ignoring input changes for the mo
ment, the changes in the state register cause the 
combinatorial logic to start generating new values for 
the asynchronous outputs and the inputs to the flip
flops. If the propagation delay of the logic is !po, then the 
stable period will start at a time equal to the sum of the 
maximum values of tea, and tpo. 

Asynchronous Inputs 
The timing of the inputs to an asynchronous state ma
chine is often beyond the control of the designer and 
may be ranaom, such as sensor or keyboard inputs, or 
they may come from another synchronous system that 
has an unrelated clock. In either case no assumptions 
can be made about the times when inputs can or cannot 

00 
Clock 

Input 

11 

81 

82 

arrive. This fact causes reliability problems that cannot 
be completely eliminated, but only reduced to accept
able levels. 

Figure 19 shows two possible transitions from state "S1" 
(code 00) either back to itself, or to state "S2" (code 11 ). 
Which transition is taken depends on input variable "A" 
which is asynchronous to the clock. The transition func
tion logic for both state bits 81 and 82 include this input. 
The input A can appear in any part of the clock cycle. For 
the flip-flops to function correctly, the logic for 81 and 82 
must stabilize correctly before the clock. The input 
should be stable in a window ts (setup time) before the 
clock and tH (hold time) after the clock. If the input 
changes within this window, both the flip-flops may not 
switch, causing the sequence to jump to states 01 or 1 O, 
which are both undefined transitions. This type of erro
neous behavior is called an input race. 

101730-73 

Figure 19. Asynchronous Input Cascading Race 
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A solution to this problem is to change the state assign
ment so that only one state variable depends on the 
asynchronous input. Thus, the 11 code must be 
changed to 01 or 1 o. Now, with only one un
synchronized flip-flop input, either the input occurs in 
time to cause the transition, or it does not, in which case 
no transition occurs. In the case of a late input, the ma
chine will respond to it one cycle later, provided that the 
input is of sufficient duration. 

There is still the possibility of an input change violating 
the setup time of the internal flip-flop, driving it into a me
tastable state. This can produce system failures that can 
be minimized, but never eliminated. The same problem 
arises when outputs depend on an asynchronous input. 

Very little can be done to handle asynchronous inputs 
without severely constraining the design of the state ma
chine. The only way to have complete freedom in the 
use of inputs is to convert them into synchronous inputs. 
This can be done by allocating a flip-flop to each input as 
shown in Figure 20. These synchronizing flip-flops are 
clocked by the sequencer clock, and may even be the 
sequencer's own internal flip-flops. This method is not 
foolproof, but significantly reduces the chance of me
tastability occurring. 

Functionality 
The functionality of different devices is difficult to com
pare since different device architectures are available. 
The number of registers in a device determines the 
number of state combinations possible. However, all the 
possible state combinations are not necessarily usable, 
since other device constraints may be reached. The 
number of registers does give an idea of the functionality 
achievable in a device. Other functionality measures in
clude the number of product terms and type of flip-flop. 
One device may be stronger than another in one of 
these measures, but overall may be less useful due to 
other shortcomings. Choosing the best device involves 
both skill and experience. 

In order to give an idea of device functionality, we will 
consider each of the architecture options available to 
the designer and evaluate its functionality. 
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Figure 20. Input Synchronizing Register 

PAL Devices as Sequencers 
A vast majority of state machine designs are imple
mented with PAL devices. Early versions of software re
quired the user to manually write the sum-of-products 
Boolean equations for using PAL devices. Second gen
eration software allows one to specify the design in 
"state machine syntax," and handles the translation to 
sum-of-products logic automatically. PAL devices im
plement the output and transition functions in sum-of
products form through a user-programmable AND array 
and a fixed OR array. 

PAL devices deliver the fastest speed of any sequencer 
and are ideally suited for simple control applications 
characterized by few input and output signals interact
ing within a dedicated controller in a sequential manner. 
The number of flip-flops in a typical PAL device range 
from 8 to 12, which offer potentially more than one thou
sand state values. Since some of the flip-flops are used 
for outputs, and the number of product terms is limited, 
the usable number of states is reduced drastically. Gen
erally, up to about 35 states can be utilized. 
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PAL Device Flip-Flops 
PAL device based sequencers implement small state 
machine designs, which have a relatively large number 
of. output transitions. Since the output registers change 
with most state transitions, they can be used simultane
ously as state registers, once the state values are care
fully selected. Most PAL devices are used for small state 
machines, and efficiently share the same register for 
o.utput and state functions. High-functionality PAL de
vice based sequencers provide dedicated buried state 
registers when sharing is difficult. 

As a state machine traverses from one state to another 
every output either makes a transition (changes logi~ 
level) or holds (stays at the same logic level). Small state 
machine designs require relatively more transitions and 
fewer holds. As designs get larger, state machines sta
tistically require relatively fewer transitions and more 
holds. 

Most PAL devices provide D-type output registers. D
type flip-flops use up product terms only for active transi
tions from logic LOW to HIGH level, and for holds for 
logic HIGH level only. J-K, S-R, and T-type flip-flops use 
up product terms for both LOW-to-HIGH and HIGH-to
L~W transitions, but eliminate hold terms. Thus, D-type 
flip-flops are more efficient for small state machine de
si~ns. Som~ PAL devices offer the capability of config
uring the flip-flops as J-K, S-R or T-types, which are 
more efficient for large state machine designs since they 
require no hold terms. 

Many examples of PAL-device-based sequencers can 
be found in system time base functions, special count
ers, interrupt controllers, and certain types of video dis
play hardware. 

PAL devices are produced in a variety of technologies 
for multiple applications, and provide a broad range of 
speed-power options. 
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Testability 

INTRODUCTION 

With digital logic design, it is all too easy to design a circuit which 
merely implements a specified function. When production starts 
it is suddenly found that the circuit cannot be tested, or perhaps 
that tests cannot be performed economically. Dealing with this 
situation can, at the very least, have a negative impact on the 
introduction of the system into the marketplace. 

Potential headache can be avoided by taking test issues into 
consideration during the initial design. Instead of just designing a 
circuit which implements a specified function, which is the bare 
minimum that must be accomplished, that function needs to be 
implemented in a manner which can be tested. 

The purpose of this section is to establish the notion of testability 
and its importance, and then to provide ways of avoiding the most 
common untestable circuits. The issues will be discussed primar
ily in the context of logic design in PLD's, although they are also 
relevant for general logic design. 

In addition, test vectors will be reviewed. Various kinds of vectors 
are mentioned, and the general tools available for vector genera
tion will be summarized. 

Defining Testability - A Qualitative Look 

A completely testable design is one in which any and all device 
faults can be systematically detected. 

First, note that the issue is one of devices, not designs. The 
design itself must work as specified; that is the main job of the 
design engineer. Once the design is implemented in a device, the 
issue is how to test the device to make sure that the design has 
been correctly implemented. Throughout this paper, then, it will 
be assumed that a particular design works as is; we will just be 
addressing its testability. 

The easiest and most effective means of testing a circuit is 
through a systematic series of tests. A random set of tests may 
also do well, but does not yield much information regarding the 
testability of a circuit itself. No number of random (or systematic) 
vectors can test an inherently untestable circuit. 

In order to be able to perform a systematic test sequence, every 
part of the circuit under test must be accessible, so that it can be 
controlled. Only then can each node be forced high or low as 
needed. This is essentially a requirement of complete controll
ability of the circuit. 
In order to be able to detect faults every part of the circuit must 
also be visible to the outside world, so that the results of each test 
can be observed. In this manner, each node can be inspected to 
determine its logic level. This requires complete observability. 

~ 
Advanced 

Micro 
Devices 

These are, of course, the age-old issues of controllability and 
observability, which are as important for digital logic circuits as 
they are for so many other kinds of systems. If any portion of a 
circuit is uncontrollable or unobservable, then the testability of the 
entire circuit is compromised. 

Figure 1 shows a couple of completely untestable circuits. The 
integrity of the top input in Figure 1 a can never be verified. No 
matter whether it is shorted to ground, to V , or whether it is 
functioning correctly, the output will be the sac~e. That is to say, 
any faults on the top input cannot be observed at the output. 

The circuit in Figure 1 a would appear pretty useless as is. It is 
possible, however, that instead of being directly grounded, the 
second input may be driven by some distant signal, possibly on 
a different PC board, which happens to be a a logic low. If you 
cannot bring this line to a logic high, then it might as well be 
grounded. 

The circuit in Figure 1 b essentially has no input. This circuit can 
be thought of as a latch, but there is no way to change its logic 
state. Therefore, it is completely uncontrollable. 

a. Unobservable 

b. Uncontrollable 

14099-001A 
Figure 1. Untestable Circuits 

Quantifying Testability 

In theory, if we want to quantify the testability of a given circuit, we 
might first attempt to make a list of all possible things that could 
go wrong with a circuit (no matter how unlikely), and then verify 
that all such "faults" can be tested, in all combinations and 
permutations. But for a circuit of any significance whatsoever, it 
will rapidly become apparent that this is not a practical solution. 
What we need instead is a measure which can give an empirically 
reliable indication of the testability of a circuit, or of the quality of 
a given set of tests. There are several different such measures 
but the most popular of these is the single stuck-at faults model'. 
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There are several ways of analyzing circuits for single stuck-at 
faults. For very large circuits, various testability analysis sch em es 
have been developed. However, for smaller circuits, especially of 
the size that would be put into a PLD, the more common method 
uses simulation. 

Simulating Single Stuck-At Faults 

A given circuit is first simulated. The quality of the simulation is 
important; the more complete the simulation the better. A thor
ough simulation can then serve as a benchmark test sequence 
later. In this way, the fault simulation procedure also allows us to 
measure the quality of a given simulation, or set of tests, in 
addition to the testability of the circuit. 

The results of the simulation are recorded. Next, one node in the 
circuit is modeled with a "stuck-at" fault - either stuck-at-one 
(SA 1) or stuck-at-zero (SAO), as shown in Figure 2. The circuit is 
now resimulated. If the simulation results of the modified circuit 
are different from the simulation results of the good circuit, then 
the fault was detected. If not, then we have a faulty circuit which 
appears to operate correctly. 

STUCK-AT-ONE (SA1) 

STUCK-AT-ZERO (SAO) 
14099-002A 

Figure 2. Single "Stuck-At" Faults 

This procedure is repeated for each node, one node at a time 
(hence the name "single" stuck-at faults). The nodes are modeled 
with both SA1 and SAO faults, so that for N nodes, we will have 
2N simulations. If of those 2N simulations, D of them produced 
simulation results different from those of the original circuit, then 
we say that this simulation tested this circuit with a test coverage 
of D/(2N)"100%. Whereas this specifically tests only for single 
faults, experience shows that it is also a good test for multiple 
stuck-at faults. 

Undetected Faults 

Why are some of the faults not detected? For simple combinato
rial logic, there are two basic reasons: either the simulation was 
not complete enough to find the fault, or the circuit itself cannot be 
tested for the fault. So when an undetected fault is located, the 
first step taken is to add vectors to the simulations which will 
exercise the node being tested. By doing this, we gradually 
improve the quality of the simulation, and thus the quality of the 
test sequence that we can use in production. 

It is possible that certain nodes will have undetectable faults for 
which no new vectors can be added. These are the result of an 
untestable design. It is the joint job of the test and design 
engineers to generate a test sequence that is as complete as 
possible. It is the design engineer's responsibility to provide a 
circuit which is testable. If both of these responsibilities are 
carried out, the result will be a testable circuit which can be tested 
with an exhaustive test sequence. This will yield the highest 
quality system. Note, however, that the overall responsibility is 
shared between the design and test engineers. 

Needless to say, this process of analyzing the testability of a 
circuit is not done all by hand; software aids are used. There are 
many different kinds of programs that run on many different kinds 
of systems, ranging from PCs to workstations to mainframes. 
Some of them are standalone programs; others are integrated 
into larger overall environments. Their specific capabilities also 
vary, but in general, they can simulate a given circuit with a given 
set of vectors; analyze the test coverage that the vectors provide 
for the circuit; and generate new tests, either from scratch or by 
improving on the coverage of a few manually generated "seed" 
vectors. Most can also point out potential problems areas of a 
circuit, such as race conditions and logic hazards. 

Finally, one frequently asked question is "So what if there is a fault 
that can never be detected. Who cares?" Theoretically, this 
question is not unreasonable. However, most companies will not 
feel comfortable telling a customer "We only tested half of the 
system, but if anything goes wrong with the other half, you'll never 
notice it." In addition, as will be seen, many untestable circuits 
occur as a result of poor design practices. 

Testability issues for sequential circuits have implications far 
beyond the test bed. Indeed, failure to take these issues into 
account can greatly affect the normal performance of a system. 
The key for state machines is controllability. The challenge is to 
make all elements of the circuit controllable, both for testing and 
for general functionality. 

Designing Testable Combinatorial Circuits 

All of the previous procedures dealt mostly with the ways in which 
existing circuits are treated. However, if a finished circuit is found 
to be untestable, then it must be redesigned for testability. An 
easier approach is to design for testability from the beginning. 
Unfortunately there is no direct recipe for a testable design. There 
are, however, many common ways of making a circuit untestable. 
Most of this section is devoted to pointing out such problems. 

The simplest kind of problem is redundant logic. Figure 3a shows 
one such circuit. It has a purely redundant product term. If the 
output of either of the product terms is stuck low, for any reason, 
then as long as the other product term is good, the fault will never 
be visible at the output. 

This may initially look like a benefit, since we have what we could 
call a "primary" circuit with a "backup." One can cover up some of 
the failures of the other (but not all failures). If this kind of 
redundancy is truly desired, this is not the way to achieve it. When 
you ship out this circuit, you do not know if you really have a 
working primary and backup. The primary may already be mal
functioning; since it was never tested, you will never know. If you 
want useful, reliable redundancy, test circuitry must be added, as 
in Figure 3b, so that each part of the circuit can be independently 
tested. 
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Figure 4 shows another redundant circuit. Although the product 
terms are not identical, the larger AND gate is really redundant. 
Any stuck-low faults at the output of this gate are not detectable. 

~~A·s + A·s = A'B 

a. A Purely Redundant Circuit 

A 

s--;::;:+:=1U 
PRIMARY 

BACKUP -----L_,1 
= A•B'PRIMARY 

+ A·s·sACKUP 

b. Testable Redundant Circuit 
14099-003A 

Figure 3. Making Redundancy Testable 

Reconvergent Fanout 

Redundant logic is a special case of what is called reconvergent 
fanout. This is a term that refers to circuits that have inputs 

c 

:~m,.o.,~o' 
14099-004A 

Figure 4. Circuit with a Redundant 3-input AND Gate 

splitting up, going through independent logic paths, and then 
reconverging to form a single output, as shown in Figure 5. When 
this happens, it is very easy to introduce untestable nodes. It may 
not be easy to identify where such nodes are. 

Figure 6 is an example of a reconvergent circuit. The inputs are 
shared between two different product terms, which are eventually 
summed. This circuit appears harmless enough, but it turns out 
that the node indicated by "SA 1" cannot be tested for a stuck-at-

a. Controllability: Forcing the Node Low 

A 

B -----1 .. +....,. .. 

c =, 

b. Observability: Sensitizing a Path to the Output 

AMO~ 

FANS OUT RECONVERGES 
14099-00SA 

Figure 5. Reconvergent Fanout 

one condition. In other words, there is no way that we can 
guarantee that that node is operating correctly. 

It is worth analyzing this circuit a bit more closely. This will give 
some insight into the kinds of analyses that are necessary when 
evaluating circuits and generating tests, and into the ways in 
which untestable nodes are created. 

A 

B-----1 

c 
= A·s·1c 
+ s·c 

14099-00SA 

Figure 6. A Reconvergent Circuit with an Untestable Node 

If we wish to prove that the node in question is not stuck high, then 
we must force it low and prove that we were successful in doing 
so. Thus we have two requirements: forcing the node low, and 
seeing the logic low on the output-controlling and observing the 
node. 

First we raise input C high to force the node to a logic low 
condition, as in Figure 7a. This satisfies our controllability require
ment. Next we need to provide a way to propagate this logic low 
to the output (Figure 7b). This is referred to as sensitizing a path 
to the output. The first step is to get the logic low past the AND 
gate. But if either input A or Bis low, then the output of the AND 
gate will be low regardless of the node being tested. Thus we must 
force both A and B to a logic high, so that if there is a low on the 
output of the AND gate, we will know for sure that it came from the 
node we are testing. This is shown in Figure 7c. 

Next we wish to get the logic low through the OR gate to the 
output. To do this, we must insure that the second OR input is 
always low; if it is high, then the output of the OR gate will be high 
regardless of the node being tested. If we can keep the lower OR 

A= 1 

B=1-----I 

c =, 

c. Propagating Past the AND Gate 

A= 1 

B = 1-----1 

c = 1 

d. Propagating Past the OR Gate Sets Up an 
Impossible Condition 14099-007 A 

Figure 7. Analyzing Testability 
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input low, then if the node we are testing was sucessfully forced 
into a low condition, then the output will be low. Otherwise the 
output will be high. This can be seen in Figure 7d. 

How do we keep the lower OR input low? By making the output 
of the lower AND gate low, which can be done by setting one of 
its inputs low. However, we have already required that all of the 
inputs be high. Thus we have required a set of conditions that 
cannot be met. One of three things will result: 

1. The lower AND gate has both inputs high, and therefore keeps 
the lower OR input high. In this case, we may have been 
successful in forcing the node under test low, but we cannot 
see it at the output. 

2. We bring input B low, allowing the lower OR input to go low. 
However, now the output of the upper AND gate will always be 
low. So we will see a low at the output, but we cannot be sure 
exactly where the low came from. 

3. We bring input Clow, allowing the lower OR input to go low. 
However, now we are no longer forcing the node under test 
low. 

So we can either force the node low, but cannot see the low atthe 
output; or, we can see a low at the output but cannot be sure of 
its source; or, we cannot force the node itself low. In any case, we 
will never be able to guarantee that the node under test is not 
stuck high. 

Note that the two "independent logic blocks" which generate the 
signals that eventually reconverge are testable by themselves; 
they are just AND gates. It is only when we hook them together 
via the OR gate that the overall circuit becomes untestable. Thus 
the testability of individual portions of a circuit does not guarantee 
that the entire circuit will be testable when the testable pieces are 
all connected. 

We can minimize this circuit using the following steps: 

A*B*c + B*C = A*B'c + B*C + A'B*B (by consensus) 
= A*B*c + B*C + A'B 
=A*B+B*C 

Thus the node we were trying to test is really not needed in the 
logic. The resultant circuit is shown in Figure 8, and is completely 
testable. 

Not all reconvergent circuits are so simple. Figure 9 shows a more 
complicated reconvergent circuit. Here some signals have to 
travel through several levels of logic to reach their final destina
tion. This introduces considerable skew into the circuit, and will 
produce glitches on the outputs during certain transitions. In 

A------r-"'\ 

= A•s 
+ s·c 

14099-00BA 

Figure 8. The Minimized Circuit is Testable 

Figure 9. A Messy Reconvergent Circuit 

addition to this, there is again a stuck-at-one fault that cannot be 
tested. 

Circuits like this can result from the design iteration process, as 
a designer tries to debug a circuit. By adding this and that, 
eventually the circuit works. But it is a mess, has poor timing 
characteristics, and is untestable. A little analysis of the logic itself 
shows that: · 

the bottom output is 
(A+B)=A*B 

thus the middle output is 
(kB)= 'A+ 8 

which makes the top output 

(A'B*c + C'(A + B)) = (A*B*c + A*B*C) 
= (A'B) 
=A+B 

That is, the top two outputs are actually the same, and the third 
output is just the inverse of the top two. As convoluted as the 
original circuit looks, the logic itself is actually trivial. So if three 
outputs are really needed for some reason, we can generate them 
independently, as in Figure 1 Oa. If only two outputs are needed, 
it is even easier. Figures 1 Ob and 1 De show two possibilities. 

These circuits are much easier to understand, their timing char
acteristics are better, and they are completely testable. 

The Importance of Minimization 

The common factor behind all of the untestable circuits we have 
examined is the fact that all of them were not minimal. By 
minimizing the logic, we made the circuits testable. This is true in 
general: UNMINIMIZED LOGIC CANNOT BE FULLY TESTED. 
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c. A Slower 2-0utput Version. 

14099-010A 

Figure 10. Simplifying the Circuit of Figure 9. 

Very often, especially when designing with PLDs, an attempt is 
made to minimize logic only to the point where it fits into a 
particular PLD. Any further minimization is considered an aca
demic waste of time. This is a grave misconception. Getting rid of 
all extra product terms, and eliminating all extra literals on the 
remaining productterms has real value. Failing to do so will result 
in untestable nodes in the circuit. 

Minimizing is not always enjoyable, since hand techniques are 
usually too tedious, and Karnaugh maps are essentially useless 
for more than four or five inputs. However, computers have long 
been used to minimize logic. In particular, PALASM® software 
(version 2.22 and later) has a minimization routine which can 
minimize logic automatically before assembly. 

Logic Hazards 

One occasional side effect of minimization can be the introduction 
of glitches into a circuit. Figure 11 a shows such a "glitchy" circuit. 
The waveform in Figure 11 b shows that under steady-state 
conditions, as long as inputs A and Care high, the output is high 
regardless of B. However, as B changes from high to low, causing 
the top product term to shut off and the bottom one to turn on, the 
inverter adds a bit of delay to the path that will turn on the lower 
product term. Thus the top term may shut off before the bottom 
one gets a chance to turn on. In this case, we have two logic low 
signals going into the OR gate, giving a low on the output. As soon 
as the lower product term turns on, the output goes back high, but 
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a. A Glitchy Circuit 

LJ 
b. Waveform for the Glitchy Circuit 
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c. "Gap" in the Karnaugh Map Indicates a Logic 
Hazard 

14099-011A 

Figure 11. Examining a Glitchy Circuit 

not before the appearance of the high-low-high glitch. 

Figure 11 c shows the Karnaugh map for this circuit. It is minimal, 
but there are two product terms which do not overlap; they are 
"adjacent" in one location. These represent the two AND gates in 
the circuit diagram. The arrows indicate the troublesome transi
tion: when A and Care high, and when B changes from high to low 
or the reverse. We can intuitively think of this as a "gap" between 
the two adjacent product terms, in which a glitch may occur. 

Note that glitching is not a certainty. It is called a hazard because 
in certain situation, given certain timing situations, there is a 
chance that a glitch will occur. 

Note also that the glitch is not really caused by the minimization 
process itself, but is caused by these "gaps" in the Karnaugh map. 
Unminimized logic with such gaps may also be glitchy. 

A PROM is a good example of such a circuit. PROMscan be used 
to implement any logic function of their inputs. However, regard
less of the function, it is implemented in a completely unminimized 
fashion, using complete minterms. So even a function as simple 
as the one in Figure 12 (which could be implemented using a 
single product term, grouping all 1 's into a single cell) is imple
mented with each 1 in its own cell. Thus there is a gap between 
every cell, meaning that every transition is a potential glitch. 
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PROMs are notoriously glitchy, and it is for this reason that the 
output of a PROM is actually undefined until its access time has 
elapsed. 

If we go back to the Karnaugh map in Figure 11 c, we see that we 
can eliminate the gap-and the glitch-by adding a product term 
which overlaps both existing product terms and covers the gap. 
This is shown in Figure 13a, with the resultant circuit shown in 
Figure 13b. 

This circuit is no longer glitchy. Unfortunately, it is also no longer 
testable, since we hlve added in a redundant product term that 

z y 00 01 11 10 w 
00 0 0 0 0 

01 0 0 0 0 

11 0 0 C) 0 

10 0 0 0 0 

14099-012A 

Figure 12. In a PROM, Every Transition Can Glitch 

cannot be tested (try it yourself). In order to have a circuit that is 
both testable and glitch-free, we must add a test inputto the circuit 
which we can use to shut off the outside gates, isolating the 
middle gate for testing (Figure 14a). When the circuit is operating 
normally, the extra input is kept at a logic high condition, where it 
does not interfere with the basic logic function. 

B 

A 

C B oo 01 11 10 

0 0 0 

a. A Redundant Product Term Can 
Eliminate the Glitch 

b. A Glitch-Free, but Untestable Circuit 

X = A"B 
+ /B"C 
+ A'C 

14099-013A 

Figure 13. Eliminating Glitches 

The Karnaugh map for this circuit is shown in Figure 14b. Note 
that all product terms overlap, but now the circuit is minimal. The 
size of the Karnaugh map has doubled, since we added another 

input. But if we isolate just that portion which corresponds to the 
test input being high, which is the normal operating mode (see 
Figure 14c), it looks exactly like the map of Figure 13a. Of course 
we should expect this, since we do not want the addition of a test 
circuit to affect the basic function. 

Thus, in general, these types of glitches can be eliminated first by 
adding some redundant logic to get rid of the gaps in the 
Karnaugh map, and then by adding a test input to make the circuit 
testable. 

B 
= A"B"fTEST 
+ /B'C'fTEST 
+ A'C 

a. A Tes table, Glitch-Free Circuit 
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c. Karnaugh Map Showing Non-Test-Mode Portion 
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Figure 14. Making a Glitch-Free Circuit Testable 
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Using Output Enable 

Most state machine PLDs are equipped with an enable pin for 
disabling the outputs. This is a key feature when the circuit board 
is to be tested in a bed-of-nails tester. When the devices driven 
by the PLD are tested, it is recommended that the PLD be 
disabled so that there is no output level contention. Since the 
enable pin is usually grounded to keep outputs permanently 
enabled, it can instead be made available for use during testing. 

Note that for combinatorial devices, there is generally no output 
enable pin. The disabling feature is instead implemented through 
a product term. This feature is called programmable three-state. 
Designing the part such that the outputs can be disabled during 
bed-of-nails testing is also encouraged for these combinatorial 
designs. 

A-------1 
e-..------1 ~ 

D 

10483A-171 

Figure 15. Untestable combinatorial circuit 
with programmable three-state 
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The user must be especially aware of the observability of outputs 
with programmable output three-state. In Figure 15, input B 
controls both the basic circuit logic and the three-state control 
logic. Therefore, any function which involves Bin a LOW state will 
not be observable, since the output will not be on. Figure 16a is 
a simplified representation of a register whose output cannot be 
observed because the three-state buffer is disabled when the 
output is LOW. Likewise, the circuitry in Figure 16b cannot be 
observed when the flip-flop output is HIGH. The user must make 
sure that an output will not be disabled when the results of a test 
are to be observed. 

a. LOW state observable 

D 01--+---1 

Q 

b. HIGH state unobservable 
14099-015A 

Figure 16. Untestable registered output with 
programmable three-state 
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Designing Testable Sequential Circuits 

The design of sequential circuits involves considerations above 
and beyond those required for simple combinatorial circuits. 
Latches and oscillators are circuits which appear combinatorial, 
but use feedback to introduce sequential properties. State ma
chines use flip-flops and feedback to generate what can be 
complex sequential circuits. 

Feedback 

Whereas combinatorial circuits depend only on the conditions of 
present inputs, sequential circuits depend on both present condi
tions and past behavior to determine future behavior. This is 
made possible primarily by feedback. Feedback takes an output 
signal and routes it back for use as an input to the same circuit, 
as shown in Figure 17. We now have a situation where an output 
depends on itself; this can introduce new testability problems. 

14099-016A 

Figure 17. Logic with Feedback 

Most sequential circuits (under varying circumstances also called 
state machines, finite state machines, and sequencers) make 
use of flip-flops as memory elements. These memory elements 
serve to remember a past condition (called a state) so that a future 
decision can be made based on it. This state is then fed back as 
input. With PLDs, the flip-flops and combinatorial logic are con
tained within a single device, as shown in Figure 18. 

====> 

14099-017A 

Figure 18. Structure of a Sequential PLO 

Of course, the effects of feedback may have to be considered 
even when there are no flip-flops. The circuit in Figure 17 has 
feedback, but has no flip-flops. Such a circuit will either function 
as a latch or as an oscillator, as will be seen. 

Before we look into the special needs of circuits with feedback, 
bear in mind that all of the testability criteria discussed for 
combinatorial logic still hold. The blocks of combinatorial logic 
shown in Figures 17 and 18 must be testable by themselves. 
What we will discuss here are issues which must be considered 
in addition to the issues involving combinatorial logic. 

Latches 

A combinatorial logic circuit which uses positive feedback is a 
latch. The simplest possible latch is shown in Figure 19a. The 
output is fed back as an input in its TRUE form. This means, of 
course, that the output will stay at its present level; hence the 
name "latch." 

a. Completely Uncontrollable 

b. Cannot Set Output HIGH 

c. Cannot Reset Output LOW 

14099-018A 

Figure 19. Uncontrollable Latches 

The circuit as shown is clearly not useful, since it will always 
remain in its power-up state. If another input is added, as in Figure 
19b, a HIGH output could be made to go LOW by setting the 
RESET input LOW. However, once the output goes LOW, there 
is no way to make it go HIGH again. Likewise, the circuit could be 
modified as in Figure 19c. Now a LOW output can be made HIGH 
by setting the SET input HIGH. However, once HIGH, the output 
can never be made to go back LOW. 

Controllable latches 

For a latch to be useful, it must be completely controllable. The 
previous latches cannot be completely controlled. In order for a 
latch to be controllable, it must have both SET and RESET 
controls, as shown in Figure 20. 

SET~ 

RESET~ 

14099-019A 

Figure 20. A Controllable Latch 
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J SET 

c. Latch with SET Only 

Figure 21. More Complex Latches 

14099-020A 

AMDl1 

In PLDs, a latch can be detected by simplifying the logic for each 
function. If an output is a function of itself in TRUE form, then it is 
a latch. To be controllable, 

product terms containing the feedback should have at least one 
other direct input in the product (providing RESET control). 

there should be at least one product term with no feedback 
(providing SET control). 

The circuit in Figure 21 a provides an example. At first it is not 
immediately obvious that the circuit is a latch, but when the logic 
is simplified, we see that indeed it is. It is controllable since it has 
both SET and RESET controls. If the logic were as shown in 
Figures 21 b or21c, the latch would be uncontrollable under some 
circumstances. 

Latch hazards 

The circuit of Figure 20 can be generalized to have several inputs 
on both the set and reset controls. Such a circuit is shown in 
Figure 22. In this case, we have two inputs on the set AND 
gate. If the two set inputs A and B change from o and 1 to 1 and 
0, respectively, then there will be a glitch or a false latch at the 
output if both inputs were 1 at some time during the transition 
(Figure 22). For this transition, it is important to make sure that 
the 1-0 transition be made before the 0-1 transition to avoid 
anomalous output behavior. Merely delaying one input will not 
help, since it will delay both rising and falling transitions. 

The simplest solution to this problem is the use of an edge-

a. Circuit 

A 

B 

c 
,,,_.--------FALSE LATCH 

x 

b. Glitch and False Latch 

14099-021A 

Figure 22. A Latch with More Complex SET Logic 

triggered flip-flop to synchronize the signals. This will eliminate 
any such glitches. If a flip-flop cannot be used, it is possible to 
delay reaction to a "11" condition to make sure that such a 
condition is not transitory. A circuit that accomplishes this is 
shown in Figure 23a. This is relatively efficient in that only one 
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delay circuit is required regardless of the number of inputs used 
on the set control (within the limits of the size of the AND gate). 
It will require an extra output on a PALdevice.Thisdelaycircuitwill 

A -t--i_..---L_ 
B _ _,_.__ __ __, 

DELAY 
GATE 

SET CONTROL 
AND GATE 

a. Circuit Which Delays "11...1" signals 

b. Testable Delay Circuit 

14099-022A 

Figure 23. Delay Circuit 

delay the effect of a "11" input by an extra propagation delay. 
However, it also provides a window of one propagation delay 
which will screen out any transitory "11" conditions that occur 
within that window. This allows up to one propagation delay's 
worth of skew between inputs during a transition from "01 "to "1 O." 

A 

B 

F 

c 

y 

NO GLITCH +.il'i
EXTRA DELAY 

Because we have introduced redundancy, the circuit must be 
modified to be testable. If the circuit is implemented in a 
combinatorial PAL device, then programmable three-state can 
be used to test the circuit, as shown in Figure 23b. By enabling 
output X, the redundant circuit can be observed without regard to 
Y. Then, to test Y, output Xis disabled and then the pin is used 
as an input to drive the circuitry for Y directly. This provides a 
simple means of testing the circuit, but it only works if pin X can 
be measured and driven. The complete circuit is shown in Figure 
24a. 

If node X is not so accessible, then additional circuitry and test 
inputs must be added. In the worst case, if node Xis completely 

TEST -------! 

F' 
~ ==t±==::::l__j 
c ------11"'

f----L.-/ 
y 

a. Complete Latch Circuit 

To control X _... TEST1 ---------~ 
independently "-. 

of A and B. TEST2 --;:===:f'r----L-" 

b. Circuit if Node X is Completely Inaccessible 

)' 
NO FALSE 

LATCH 
-+jt !+-

EXTRA DELAY 

CORRECT 
LATCHING 

y 

c. Latch Circuit Behavior 14099-023A 

Figure 24. A Testable Glitch-Free Latch 
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inaccessible, the resulting testable circuit is shown in Figure 24b. 
Note that although the three-state capability is not needed, the 
circuit requires two extra gates, and, worst of all, four test inputs. 

Figure 24c shows the behavior of either of the testable glitch-free 
latches. 

Transparent latches 

Many designers like to use PLDs to design standard D-type 
'1ransparent" latches. A D-type latch is a very simple circuit, 
shown in basic form in Figure 25a. As it turns out, however, this 
is a glitchy circutt of the type discussed in the combinatorial 
section. The problem is compounded in this case, since, given the 
right timing, the glitch can actually be latched; the glitching 
problem is no longer transitory. If this type of circuit is desired, it 
must be designed to be both glitch-free and testable; the resultant 
circuit is shown in Figure 25b. 

DATA-----r-..., 

GATE 

OUT = GATE.DATA 

+ /GATE.OUT 

a. Glitchy 

OUT= GATE.DATA.ITEST 

+ /GA TE.OUT •1TEST 

+ DATA.OUT 

b. Glitch-Free and Testable 

OUT 
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Figure 25. D-Type Transparent Latches 

Oscillators 

Circuits whose outputs are led back in TRUE form are latches. If 
the outputs are fed back in COMPLEMENT form, then the circuit 
is an oscillator. A simple oscillator circuit is shown in Figure 26. 

~] 
14099-025A 

Figure 26. A Simple Oscillator 

Latches are very often useful in circuits; oscillators rarely are. 
Crystals and other specialized oscillators are useful when it is 
necessary to generate a clock signal, for example. Trying to build 
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an oscillator out of standard logic or PLDs will not yield a very 
predictable, accurate oscillator; where these circuits occur, it is 
usually by accident. 

An oscillatory circuit may not always be obvious. It also may not 
oscillate all of the time. The oscillator shown in Figure 26 is 
uncontrollable; it always oscillates. However, just as we can 
design controllable latches, we can also design controllable 
oscillators (on purpose or by accident). This means that there 
may be an oscillator hidden in the circuit which will sometimes 
oscillate and sometimes be stable. Such a circuit is shown in 
Figure 27a. 

A 
B 

c 

r----l_J'--------- X = A"B"Z 
= A"B"D"E 
+ A"B"C"/X 

!--------'"--- Y = C"IX 
----"--L_.,> 

a. Complete Circuit 

X = A"B"D"E 
+ A"B"C"/X 

TERM 1 
TERM 1 

b. The Equation for X 

= /A"C 
+ /B"C 
+ c·10·1Y 

+ C"E•/Y 

Z = D"E 
+ y 

= D"E 
+ IA"C 

+ /B"C 
+ C"IZ 
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Figure 27. A Conditional Oscillator 

Detecting oscillators 

The oscillator in the circuit is not obvious. But if we simplify the 
logic completely, we can see that output X depends on IX; output 
Y depends on /Y; and output Z depends on /Z. Since the outputs 
are fed back to themselves in COMPLEMENT form, the circuit 
constitutes an oscillator. 

This circuit will sometimes be stable. If we examine the logic 
function determining X, we see that it has two product terms, 
shown in Figure 27b. Term 1 is independent of IX; term 2 is 
dependent on IX. If inputs A, B, D, and E are all TRUE, then term 
1 becomes TRUE, and the output stays HIGH regardless of the 
status of the rest of the circuit. It is thus stable. However, ii signals 
D and/or E are LOW, then term 1 will be FALSE. If, at the same 
time, input C is HIGH, then, as long as the output Xis LOW, term 
2 will be TRUE, making the output HIGH (which makes the 
productterm FALSE, which makes the output LOW, etc.). That is, 
the circuit oscillates. 

In this manner, we can identify the conditions under which a 
conditional oscillator will oscillate. The mere presence of an 
oscillator is usually an indication that the circuit needs to be 
changed. It may bethatthe circuit only oscillates under conditions 
that could never possibly exist. One must be very certain of the 
impossibility of such a condition, however, if a conditional oscil
lator is to be tolerated. In addition, a thorough test sequence will 
usually expose a circuit to conditions that it may never encounter 
in a real system. Thus oscillators may interfere with the test 
process even if they do not disrupt the system. 
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Using a Programmable Clock 

When using the programmable clock on an asynchronous device, 
caution must be exercised with data setup. Refer to Figure 28a, 
where A and Bare primary inputs. One setup time (t5 ) after signal 
A goes active, signal B goes active, clocking signal A into the 
register. In Figure 28b, Bis a primary input but signal A is fed back 
from another register. In this case it may be harder to ensure that 
the proper setup time is allowed before signal B is asserted, 
possibly causing improper information to be clocked into the 
register. 

This is a simplified scenario. It does not take into account the 
product term on the clock, which can be programmed with a 

C-------~ 

a. Using an input to drive the clock 

combination of any of the array inputs. A complex clock term can 
be a hidden source of frequently-violated setup time when feed
back terms are used. Always be aware of which input or 
combination of inputs and feedbacks will clock each register, and 
calculate setup time backwards from the last input which will 
assert the clock term. This is the best and probably the easiest 
method for determining when data must be made available at the 
D input of the register. 

This is an important testability issue because with a program
mable clock, the tester may no longer be in control of the clock 
timing. Automatic test equipment is capable of handling the 
timing for dedicated clock pins, but the programmable clock 
feature does not allow the tester the luxury of a single controlled 
clock pulse. 

D Q A 

Q c 

B 

b. Using feedback to drive the clock 
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Figure 28. Using a programmable clock 
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Designing Testable State Machines 

State machines have their own set of controllability issues. These 
essentially boil down to the concepts of initialization and illegal 
states. 

State machine initialization 

The nature of a state machine is that there is a well-defined 
sequence of states through which the machine will traverse as it 
operates. This implies the existence of a "first" state. Of course, 
these initial states vary from design to design. One obvious 
problem is the fact that many flip-flops - especially older varie
ties - do not power up in a predictable state. 

Power-up initialization 

Flip-flops that truly power up into a random state must be 
initialized explicitly. Lately, however, flip-flops have become 
available which have "power-up reset". This allows the flip-flops 
to power up into a predictable state every lime. This is helpful 
when the power-up state also happens to be the initial state. But 
even if it is notthe initial state, a predictable initialization sequence 
can bring the state machine into its start-up state. 

Unfortunately, such initialization schemes rely on the ability of the 
device to initialize itself when being powered up. If the system 
needs to be re-initialized, it will have to be completely turned off 
and then turned on again. Anyone who has had to tum off a 
computer in order to reboot will know that this is not an elegant 
way of re-initializing. By building initialization into the .design, .a 
means of performing a "warm boot" is provided. It 1s for this 
reason that initialization must be considered along with all other 
aspects of the design. 

Some devices have mechanisms specifically designed for initial
izing a state machine. These are usually in the form of global 
preset and reset product terms. By programming the conditions 
for initialization onto such terms, the device can be re-initialized 
at any time. 

Including initialization in a design 

Some of the simpler devices do not have specific provisions for 
initialization. However, the need is still present in these devices; 
here the initialization should be included in the design. This is a 
very simple process; it can be added in after all of the other design 
details have been worked out. Adding initialization will use up one 
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input pin and potentially one product term on some outputs; this 
can affect the choice of device for the design. 

To provide initialization in an otherwise complete design when 
Boolean equations are being used: 

• determine the start-up state. 
• assign each bit as being initialized active or inactive, based on 

the desired start-up state. 
• if a bit is to be initialized inactive, add "/INlr to every product 

term for that bit. 
• if a bit is to be initialized active, add one product term consisting 

solely of "INIT." 

Here we have assumed that the initialization pin has been called 
"!NIT." "Active" would mean HIGH for an active high device; LOW 
for an active low device. "Inactive" is just the reverse. 

The equation in Figure 29a can be initialized inactive as shown 
in Figure 29b, or active as shown in Figure 29c. Initialization is 
accomplished by asserting the INIT pin and clocking once. This 
"cookbook" approach is very reliable. 

00: = 01·02 

+ 02·103 

a. Uninitializable 

00: = 01•02•11NIT 

+ 02•103•11NIT 

b. Initialized Inactive 

00 := 01·02 

+ 02·103 

+ INIT 

c. Initialized Active 

Figure 29. Designing in Initialization 

14099-028A 

PALASM software also makes it possible to design state ma
chines with a special syntax which essentially allows the state 
diagram to be transferred directly into a design file. For devices 
which have no dedicated initialization features, the initialization 
branches should be explicitly built into the state diagram. The 
software then performs the remainder of the processing needed. 
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Illegal states 

A state machine is formed by using a set of flip-flops to remember 
states, and assigning a code to each state. Since there are 2" 
different codes that can be assigned to a group of n flip-flops, 
there is a good chance that some codes may not be used. For 
example, if a state machine is to have 6 states, 2 flip-flops will not 
be sufficient; 3 are needed. But 3 flip-flops allow 8 states, which 
will result in 2 unused states (see Figure 30). 

14099-029A 

Figure 30. Illegal States 

Assuming that the state machine has been designed correctly, 
there is no reason why these extra states should ever be entered; 
therefore they are called "illegal" states. Unfortunately, situations 
do occur, thanks to noise and other unpredictable occurrences, 
which result in the state machine being in an illegal state. When 
this happens, the immediate need is to return to a normal 
sequence of states: there must be a predictable means of getting 
from any illegal states into a legal state. 

Illegal state recovery is a controllability issue which actually 
affects functionality more than it affects testability. But the con
cepts used for functionality and testing are so closely related that 
it is worth treating here. 

Recovering from illegal states 

There are three basic ways to get out of an illegal state: 

• re-initialize 
• make sure that one can continue clocking until the machine 

recovers 
• design the machine such thatthe start-up state is reached from 

any illegal state in one clock cycle, independent of any condi
tional inputs 

Of course, re-initializing will take the machine back into its start
up state from any state, legal or illegal (Figure 31 ). The disadvan
tage here is that outside control is needed to force initialization. 

Very often, a path will exist which eventually takes the state 
machine back into a normal sequence (Figure 32). These paths 
are not usually designed in; they just happen to be there. In fact, 
if D-type flip-flops are used, it is surprisingly difficult to get a 
"closed" set of illegal states (that is, a set such that once one of 
the illegal states is entered, the machine will forever remain in 
illegal states) by accident. In most cases, there will be a path 

14099-030A 

Figure 31. Using Initialization to Recover 

14099-031A 

Figure 32. Cycling Back to a Legal State 

which eventually leads back to a legal state. In these cases, 
merely clocking enough times will cause the machine to recover. 

The drawback here is that one does not know ahead of time how 
many clock cycles will be needed. This necessitates some built
in way of knowing just when a legal state has been re-entered. 
And once that state has been reached, further cycling may be 
needed to get to a point where operation can resume. 

Designing-in one-step recovery 

The most predictable way of dealing with illegal states is to 
provide a one-step path back to a legal state. Depending on the 
state desired, more or less work may be involved to do this. For 
PAL devices, we can consider three cases: 

• all illegal states go to state 00 ... 0 
• all illegal states go to one state other than 00 ... 0 
• each illegal state goes to some legal state 

The cause of poor illegal state recovery can be illustrated concep
tually with Karnaugh maps (although realistically, Kamaugh 
maps are often not used). When calculating the equations for a 
particular bit, it is tempting to use Don't Care cells from the 
Karnaugh map (Figure 33) to simplify the logic. The success of 
illegal state recovery depends on how these Don't Care cells are 
treated. 

Recovering into state 00 ... 0 
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Figure 33. Illegal State 

This is the simplest case; it is illustrated in Figure 34. It is 
accomplished by not using any illegal states to generate the logic 
for any of the bits. Since most PAL devices have only D-type flip
flops, a bit will go HIGH only as a result of legal states. Any illegal 
states will cause all bits to be LOW. 

This procedure does not work when J-K or T-type flip-flops are 
used. In fact, it is deadly. Whereas a D-type flip-flop defaults to 
LOW, J-K and T-type flip-flops h Id their present state as a 

a. State Diagram 

G) x x x 

0 x x x 

ICD 0 x x 

0 0 0 CD 

b. Karnaugh Map 14099-033A 

Figure 34. Recovering to State 0 ... 0 

default. Thus if illegal states are not considered in the transfer 
functions, an illegal state will cause the state machine to be locked 
up in that state. 

Recovering into one fixed state 

This case is shown in Figure 35a. The procedure can be illus-
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!rated conceptually with a Karnaugh map. It must first be decided 
which legal state will be entered, and the resultant value of each 
state bit. The Don't Care cells for each bit are then filled with the 
corresponding next state bit value; if the next state for a bit is to 
be 1, then Don't Care cells are filled with 1 's forthat bit's Karnaugh 

a. State Diagram 

1 x x x 

0 "'-x x x 

1 1 x x 

0 0 0 1 

b. Karnaugh Map for Bit On 

~ 0 0 0 

0 ~ 0 0 

I'-1 1_; "2J 0 

0 0 0 CD 
c. Bit On Recovers to O 

i(1 1 1 1 

0 1 1 1 

1 1 1 1 

0 0 0 1 

d. Bit On Recovers to 1 14099-034A 

Figure 35. Recovering to a State Other Than 0 ... 0 
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map; the procedure for a 0-bit is analogous. The equations are 
now taken by including either all Don't Care cells if filled with 1 's, 
or none of them if filled with O's. This procedure is illustrated in 
Figures 35b, c, and d. 

When Karnaugh maps are not used, the same result can be 
obtained by explicitly considering all illegal states. When calculat
ing the Boolean equations for: 

• a bit that will be O after recovery, no illegal states should be 
included. 

• a bit that will be 1 after recovery, all illegal states should be 
included. 

When J-K flip-flops are used, then the transfer function for either 
J or K - but not both - will include all illegal states. 

• If a bit is to be HIGH after recovery, J should account for all 
illegal states; K should account for none. 

• If a bit is to be LOW after recovery, K should account for all 
illegal states; J should account for none. 

This must be done explicitly for J-K flip-flops even if state 0 ... 0 is 
the recovery state. 

When T-type flip-flops are used, there is no easy way out; any 
recovery must be explicitly designed-in as part of the original 
function. 

Recovering Into Any Legal State 

The third case allows one to fill in the Don't Care cells of a 
Karnaugh map in such a way that some legal next state is always 
reached in one clock cycle, but such thatthe 1 'sand O's are placed 
to keep the logic functions simple. This is shown in Figure 36. The 
disadvantage here is that since different illegal states result in a 
different legal state, some additional cycling may be required to 
allow operation to resume. 

When Karnaugh maps are not used, this can be implemented 
more simply by explicitly including the illegal states as part of the 
complete state diagram. 

a. State Diagram 

1(1 1 1 1 

0 0 0 1 

I (1 1 1 1 

0 0 0 \.!..! 

b. Kamaugh Map 
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Figure 36. Recovery Such That Logic Functions Are As 
Simple As Possible 
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Testing illegal state recovery 

One of the difficulties of designing illegal state recovery into a 
circuit is the fact that it is difficult to test. Because the state is 
illegal, it is impossible to force the circuit into such a state. The use 
of register preload circumvents this problem. With preload, any 
state - legal or illegal ,..--- can be loaded into the register. If an 
illegal state is loaded, then the circuit can be tested to verify that 
correct recovery does indeed occur. 

D p Q 

R 

Cannot Preload 1 

D P Q 

R 

Cannot Preload O 
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The use of preload must be considered carefully with devices 
having programmable asynchronous preset and reset features. If 
these are driven by feedback from an output, then situations can 
occur where preloading one state immediately causes a preset or 
resetto the opposite state (Figure 37). There are two alternatives: 
either avoid preloading such states, or include a control input in 
the preset and/or reset product terms which can disable the 
feature when testing. 

D p Q 

R 

Stable 

D 

R 

Stable 

Stable Case: Can preload any state 
Other Cases: Preloading any state will cause PRESET 

or RESET to opposite state. 

Figure 37. Preloading Registers with PRESET and RESET 

Testability 
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Using Test Vectors 

Digital systems are generally tested by applying a sequence of 
test vectors. A test vector is a group of signals which are applied 
(forced) and measured (sensed) on a device or a board. The 
vector thus defines all inputs and expected outputs for a given 
test. As we have noted, the sequence of tests performed greatly 
affects the quality of the overall tests, as measured by the fault 
coverage. 

In general, we can talk in terms of three kinds of vectors. 
Simulation (or application) vectors, functional test vectors and 
signature test vectors. 

Simulation vectors are generated during the design process. 
Their main purpose is to help the designer verify that the design 
has been correctly implemented. They represent the way in which 
the circuit was intended to operate. When PALASM software (or 
almost any other PLO design software package) is used, simula
tion may be performed prior to programming a device. The 
software simulates the operation of the circuit, and then gener
ates vectors from the simulation, adding the vectors to the JEDEC 
file. These vectors can then be used for testing by programmers 
that have the capability of performing functional tests. 

While simulation vectors may be adequate for verifying that the 
design is operating as expected, they generally do not provide 
very extensive test coverage. For this reason, we distinguish 
functional test vectors from simulation vectors. 

It is very difficult to generate a complete set of functional test 
vectors by hand; computer programs are generally used instead. 
The simulation vectors are often used as a basis for generating 
a more comprehensive set of functional test vectors; in this 
capacity, the simulation vectors serve as seedvectors. There are 
many programs which perform this function although many of the 
programs require larger computers and take a long time to run. 
AMO also generates functional test vectors for patterns that are 
used in ProPAL devices. 

Programs have been developed to generate vectors for use in 
testing PLDs. These programs use the programming information 
in the JEDEC file to generate tests. 

On most patterns, they can generate test sequences of high 

TYPE OF VECTOR PURPOSE 

quality. If complex internal feedback is used in a particular design, 
then some manual test generation may still be needed to improve 
the test coverage. Both of these programs support the use of 
register preload for initializing states. 

While functional vectors provide more extensive tests, they may 
not exercise the circuit in the manner in which it was meant to be 
used. Thus, for example, a conditional oscillator in a circuit (as 
discussed previously) may not be a problem during simulation, 
since the conditions causing oscillation are not thought to be 
possible by the designer. However, the functional vectors will take 
all situations (some of which may not be physically possible) into 
account in the tests. Thus more subtle design problems may 
become apparent when functional test vectors are generated. 

Signature vectors are random vectors which are first applied to a 
device which is known to be good in order to generate a "signa
ture". This same set of vectors is then applied to a device of 
unknown quality; if the same signature results, the device is said 
to be good; if a different signature results, then the device is 
assumed to be faulty. 

Signature vectors can vary greatly in the quality of testing they can 
provide. Since they are generated with no knowledge of the circuit 
being tested, many more vectors must be used to perform a good 
test. The quality of the test depends on the circuit being tested, the 
number of vectors used, the speed with which the tests are 
applied, and the algorithm used to generate the vectors. The 
tester must also be able to apply a preload sequence to devices 
that have registers; otherwise two devices may power up into two 
different states. In that case, both "devices will generate different 
signatures even if both are good devices. 

Quality signature testing can be very cost effective, since no 
advance knowledge of a device pattern is needed. This reduces 
the amount of resources that must be dedicated to test vector 
generation. 

The different types of vectors are summarized in Table 1 below. 

GENERATED BY: 

Simulation Used for verifying whether or not Sequence defined by the design engineer, 
(Application) a design will operate as expected usually by hand. Actual vectors generated 

when implemented. by design software, placed in the JEDEC file. 

Functional Used for verifying that Usually generated by a computer program. 
a device is operating The simulation vectors can 

correctly. be used as seed vectors 

Signature Used for verifying that a device The tester generates the 
is operating correctly without test sequence during the test. 

functional vectors. 

Table 1. Test vectors 
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SUMMARY 

The time to start considering ways of testing a circuit is before the 
circuit has been designed. The key to testability lies in the way the 
circuit is implemented. 

Basic combinatorial logic can be made completely testable sim
ply by minimizing logic. It is not even necessary to analyze the 
circuit for redundancy or reconvergent fanout; automatically 
minimizing all logic will eliminate any occurrences. 

Where a sequential circuit is generated from simple feedback 
paths in the logic, the circuit must be analyzed as a combinatorial 
circuit. All combinatorial logic must be included to determine 
whether the circuit is a latch or an oscillator. If a latch is desired, 
it should be completely controllable. If an oscillator is found, it is 
probably not desired, and will generally indicate a mistake in the 
design. If a conditional oscillator is to be tolerated, one must be 
sure that the oscillation conditions can never occur, and that the 
test procedure will not cause oscillation. 

In general, combinatorial circuits should be analyzed completely 
forthe presence of latches and oscillators (wanted or unwanted). 

AMDl1 

This can be done by simplifying each combinatorial logic block to 
see whether any signal ultimately depends on itself. 

When the sequential nature of a circuit is derived through the use 
of flip-flops to generate a state machine, the two key issues are 
initialization and illegal state recovery. A combination of device 
features and careful circuit design will yield circuits that can 
behave predictably even in unexpected situations. 

It is important to analyze the testability of a circuit before commit
ting it too far. Thus any changes can be made early on. In 
particular, if the test analysis software points out any logic 
hazards in your circuit, you can easily remedy them by modifying 
the design. 

These simple steps, taken early in the design phase, can help 
avoid later redesigns, and ultimately provide a higher quality 
system. 

Finally, the ultimate test quality depends also on the quality of the 
test sequence used for production, functional test vectors and 
high quality signature tests will provide you with the highest 
confidence in the quality of your system. 
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Ground Bounce 

INTRODUCTION 

The development of fast PAL devices has increased the 
importance of analog considerations the digital designer 
has been able to overlook in the past. One of these is 
ground bounce. Ground bounce refers to the ringing on 
an output signal when one or more outputs on the same 
device are being switched from HIGH to LOW. This 
ringing can be in excess of 3 V. The system cannot con
sider the data valid until the ringing settles to below the 
V1L of the receiving devices. The ringing in a fast device 
can last so long that a slower device with less ground 
bounce could actually be a faster solution. 

The phenomenon of ground bounce is associated with 
the inductance and resistance of the ground connection 
in the integrated circuit. As there is always some induc
tance and resistance, ground bounce cannot be totally 
eliminated; however, it can be reduced to a level toler
able to the system. 

This article will discuss the mechanism of ground 
bounce in CMOS circuitry and the utilization of slew-rate 
control used by AMO to keep ground bounce down to 
reasonable limits. 
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Figure 1. Simplified Schematic of an Output Driver 
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Figure 1 shows a schematic of an output driver and load 
including parasitic elements. The load capacitor is 
charged to the HIGH-level voltage. When the transistor 
turns on, the capacitor discharges into the transistor and 
lead impedance. The resultant RLC circuit will have a 
damped ringing (Figure 2). The peak amplitude de
pends on the edge rate of the switch and the RLC val
ues, while the frequency of the ringing and the rate of 
decay depend only on the RLC values. 

The ringing caused by a single output switching is nor
mally below the LOW-threshold voltage. However, the 
voltage at the ground pad of the device is proportional to 
the number of outputs switching simultaneously. In ad
dition, the voltage at the ground pad is coupled to any 
LOW output through its output transistor. Therefore, if 
enough outputs switch, ringing on the ground pad will be 
coupled to LOW outputs, causing the detection of false 
HIGHs. 

Most PAL devices used today have relatively low output 
drive current: 16 mA or 24 mA. It is tempting to think that 
the low current level will somehow limit the switching en-
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Figure 2. Ground Bounce 
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ergy and therefore ground bounce. Actually, even a low
power transistor can pass a relatively large current. The 
transistor 1-V curve in Figure 3a shows that a MOS tran
sistor designed for 16 mA at 0.5 Vwill pass 90 mA at3.0 
V. Figure 3b shows the V/I path when the output transis
tor switches between HIGH and LOW. Notice that the 
transistor switches from 3.5 Vat 0 mA to 3.0 Vat 90 mA. 
If eight outputs were to switch simultaneously, 90 mA X 
8, or 720 mA, would flow through the ground lead. 

This sudden current surge is actually self-limiting. As the 
ground-pad voltage rises due to the high current 
change, the internal Vos and the available gate bias volt
age are reduced, lowering the drive current. However, 
the ringing can still exceed 3 V. 
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3a. The DC Curve of an 
Output Driver Transistor 
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Controlled Edge Rate 

The parameters that influence ground bounce are the 
inductances and resistances of the device, the capaci
tance of the load, and the edge rate. Of these, the only 
one that the chip manufacturer can directly control is the 
edge rate. 

Turning on the output-driver transistor is equivalent to 
switching the charged load capacitor to ground. This 
can be represented by a step-voltage source in series 
with the capacitor (Figure 4a). Slowing down the rate 
that the output transistor can turn on changes the volt
age source from a step to a ramp (Figure 4b). With a 
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3b. The Path Followed as the 
Transistor Switches between the 
HIGH and LOW Levels 

Figure 3. 
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4a. Equivalent Circuit of an Output Driver 
Transistor with a Capacitive Load 

Figure 4. 

Ground Bounce 

4b. Output Driver Circuit 
with Slew-Rate Limiting 

13090-00SA 

5-93 



~AMO 
shallower slope, less energy is available for ringing and 
the ground-bounce amplitude is reduced. 

A Spice simulation (Figure 5) illustrates the effect. The 
device without risetime control will have a very high 
charging current with a large di/dt: 2.1 X 107 Als. 
Risetime control reduces the di/dt about 25%. This will 
result in a corresponding reduction in the voltage that 
can develop across the ground inductance. 

AMO has a proprietary technique that slows the edge 
rate of the output transistor, thereby reducing the ampli
tude of the ringing. Slowing down the fall time will add 
about a nanosecond to the output delay, but the system 
speed will still be greatly increased. On a high-capaci
tance load, a non-edge-rate-controlled device could ring 
for more than 25 ns. The additional delay required to al
low for the ringing would be intolerable. 

System Ground Bounce Solutions 

There are some things that the system designer can do 
to reduce the ground bounce to a tolerable level. 

1) Use AM D PAL devices that incorporate edge rate 
control. This the first line of defense against ground-
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bounce-related problems, and the most effective. 

2) Use shorter lead packages. The bonding wires in a 
PLCC are 1 /4 the length of the ground bonding wire in a 
DIP. The inductance is reduced proportionally. Any re
duction in inductance will reduce the amplitude of the 
ringing. 

Some devices have center power and ground pins. The 
ground pin will be substantially shorter and have a pro
portionately reduced inductance. This will reduce the 
coupling between outputs. A good example is the 
PALCE26V12. 

3) Reduce capacitive loading. Capacitive loading in any 
system should be reduced as much as possible. This 
may involve consideration of the transmission line char
acteristics of the layout. 

4) Limit the number of outputs switching simultaneously. 
If the load naturally has high-capacitance such as a bus 
or memory board would, ground bounce can be reduced 
by limiting the number of outputs that can switch simul
taneously in a single device. Many system designers 
consider 4 to be an acceptable upper limit. 
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Metastablility 

INTRODUCTION 
A significant number of digital systems must deal with in
puts not synchronized to their own internal clocks. 
These asynchronous signals can arise from any of the 
various asynchronous protocols, which are often used 
in bus designs; they can be the result of trying to share 
signals from systems with different clocks; or they may 
be the response of a system user, who is of course not 
synchronized with the system. The result can be metas
tability, a problem which can plague unwary designers. 
It is not a newly discovered phenomenon, but is nor
mally dealt with somewhat qualitatively, and, unfortu
nately, is usually ignored as much as possible. 

Causes of Metastability 
The flip-flop setup time is the parameter that is most 
often at the root of metastability. The setup time is basi
cally a requirement that data be made available at the 
input to the flip-flop before the clock signal arrives. The 
data must not only be there, but must also be stable. 

In a PAL device, the use of an array for the data adds to 
the setup time. The data passes through the array on its 
way to the flip-flop (Figure 1 ). The clock signal, on the 
other hand, goes directly from the clock pin to the flip
flop. Its path is much shorter than the data path. The 
setup time is therefore essentially a requirement that the 
data signal must be given more time to get to the flip-flop 
before the clock signal. 

If the published setup time is satisfied, the data arrives at 
the flip-flop well before the clock, and the output to the 
flip-flop will change as desired (Figure 2). If the setup 
time is violated, then no guarantee can be made about 
what the output will do. The output may be normal, since 
the published setup time is a worst-case number. How
ever, if the timing between the clock and data is just 
right, the output will be unstable for some time before it 
settles into some state. Neither the time the output re
mains unstable nor the final state is predictable (Figure 
3). This condition is metastability. 
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Ways of Dealing with Metastability 
The most common way of dealing with this problem is to 
synchronize the inputs with an extra flip-flop (Figure 4). 
If the first flip-flop goes metastable, hopefully the delay 
between clock pulses will allow the ringing to die down 
before clocking into the next flip-flop. This improves the 
chances of having good data in the second flip-flop. 

Extra Flip-Flop for Synchronization 

D Q D Q 

j..> Q ~ Q 

14104A-4 
Figure 4. Dual synchronizer 

This method is not without its costs. Each extra stage of 
flip-flop means an extra clock delay of the data which 
must be absorbed by the system. Moreover it is not fool
proof. The possibility of metastability is reduced, but not 
eliminated. A flip-flop can go metastable if the preceding 
stage does not recover quickly enough. 

The best way to avoid metastability is to avoid synchro
nization when possible. Many applications, such as bus 
arbitration schemes, use synchronization not because 
synchronization itself is necessary, but because it pro
vides the only convenient way to store data. This unfor
tunately takes a system that is inherently asynchronous 
and adds some synchronizing elements in the middle. 

SUMMARY 
Metastability can occur in a number of different kinds of 
asynchronous systems, usually due to the inability to 
guarantee that the setup time of the flip-flops will be sat
isfied. In standard synchronous systems, where the 
setup time (along with all other timing requirements) is 
specifically designed in, metastability will never be a 
problem. 

In some situations, metastability is caused by the need 
to interface systems with different clocks. In this case, it 
will never be possible to completely eliminate the possi
bility of metastability. Instead, the designer must take 
steps to reduce the probability of a system failure due to 
metastability. 
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Latch up 

Latchup Circuit 

Latchup is caused by an SCR (Silicon Controlled Rectifier) circuit. 
Fabrication of CMOS integrated circuits with bulk silicon process
ing creates a parasitic SCR structure. The behavior of this SCR 
is similar in principle to a true SCR. These structures result from 
the multiple diffusions needed for the formation of complemen
tary MOS transistors in CMOS processing. The SCR structure 
consists of a four layer device formed by diffused PNPN regions. 
These four layers create parasitic bipolar transistors illustrated in 
Figure 1. 
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Figure 1 

Figure 2a shows a typical CMOS inverter layout with the sche
matic of the parasitic bipolar SCR structure. Figure 2b is a cross 
sectional representation of the CMOS inverter, again with the 
schematic of the bipolar SCR structure. 
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Any CMOS diffusion can become part of the parasitic SCR 
structure, since all of these parts are interconnected through the 
bulk silicon substrate resistance. Other parasitic resistors shown 
result from doped regions of the semiconductor. The magnitude 
to which the resistors resist current flow depends upon geometric 
size and doping level. 

As illustrated in Figure 1, the complementary PNP and NPN 
transistors are cross-coupled, having common base-collector 
regions. The vertical PNP device, M1, has its base composed of 
the N-well diffusion while the emitter and collector are formed 
from P-type source-drain and substrate regions, respectively. 
The lateral bipolar transistor, M2, base is the P substrate with 
emitter and collector junctions formed from N-type source-drain 
and N-well diffusions, respectively. 

Latchup Conditions 

Under normal bias conditions the SCR conducts only leakage 
current and the SCR structure is in the blocking state. However, 
as current flows across any of the parasitic resistors, a voltage 
drop is developed, turning on the parasitic bipolar base-emitter 
junction. The forward bias condition of this junction allows 
collector current to flow in the bipolar transistor. This collector 
current flows across the base-emitter resistor of the complemen
tary bipolar transistor, creating a voltage sufficient to turn on the 
transistor. 

A regenerative loop is now created between the complementary 
bipolar transistors such that current conduction becomes self
sustaining. Even after removal of the stimulus thattriggered this 
action, the current conduction can continue. This region of 
operation is a high-current, low-resistance condition characteris
tic of a four layer PNPN structure. This is referred to as latchup. 
Once initiated, the excessive latchup current can permanently 
damage an integrated circuit by fusing metal lines or destroying 
junctions. 
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Figure 3 

Causes Of Latchup 

Latchup may be initiated in numerous ways. Just the critical 
causes frequently encountered in a systeni environment will be 
discussed. These include power up, supply overvoltage, and 
overshoot/undershoot at device pins. 

Power-Up 

Caution must be exercised when powering up CMOS ICs to avoid 
driving device pins before the supply voltage has been applied to 
the circuit. Placing a device or board in a "hot socket" will create 
this situation. When subjected to hot socket insertion, voltage 
conditions at the device pins are uncertain such that the input 
diodes may be forward biased. Forward biasing the input diodes 
with a delayed or uncontrolled application of V cc could cause the 
device to latch up. Advanced Micro Devices' CMOS circuits have 
substantial immunity to hot-socket power up, but since this 
condition is uncertain, and difficult to characterize, test, and 
guarantee, it should be avoided. 

Supply Overvoltage 

Supply levels exceeding the absolute maximum rating can cause 
a CMOS circuit to latch up. Elevated supply voltage may cause 
internal junctions to break down, producing substrate current 
capable of triggering latchup. Latch up is just one of the reasons 
overvoltage should be avoided; other undesirable effects may 
result from this. 

Overshoot/Undershoot 

Generally the 110 pins experience the noisiest electrical environ
ment. Fast switching signals with a large capacitive load may 
overshoot, creating a transient forward bias condition at the 110 
junction. These junction diodes are illustrated in Figures 3 and 4. 
Typically this is where latchup is most likely to be induced. Proper 
design of the input and output buffers is essential to minimize the 
risk of latchup due to overshoot. 
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Testing For Latchup 

Advanced Micro Devices characterizes the latch up sensitivity of 
its devices before they are released to the market. Testing is done 
in such a way as to completely cover every possible latchup 
condition, including V cc overvoltage, pin overcurrent, and pin 
overvoltage. 

V cc Overvoltage Test 

The V cc overvoltage test is applied to all power (V eel pins. The 
test is performed at the highest guaranteed operating tempera
ture of the device. All inputs and I/Os acting as inputs are tied to 
ground or V cc depending on the device logic, and outputs and I/ 
Os acting as outputs are floating (open). 

Vee max is applied to the Vee pin. A positive high voltage pulse 
is then applied to the V cc pin and returned to V cc max. The 
occurence of latch up is detected if the voltage across the device 
is less than V cc max, and the current through the device is greater 
than the normal DC operating current. 

Pin Overcurrent Test 

The pin overcurrent test is performed on every output, 1/0 pin, and 
non-current-limited input pin. Non-current-limited inputs are 
inputs which present a diode-like (or otherwise "infinite") current 
characteristic for input voltages in the range (GND -5 V) <Vin < 
(Vee+ 5 V). 

The pin overcurrent test is performed at the highest guaranteed 
operating temperature of the device. Input pins and 1/0 pins 
acting as inputs (which are not under test) are tied to ground or 

AMO~ 
V cc depending on the device logic, and outputs and I/Os acting 
as outputs should be floating (open). V cc max is applied to the 
Vee pin. 

One pin is tested at a time. A three-state output under test should 
be disabled. A non-three-state output type under test should be 
a logic High when applying a positive current and a logic Low 
when applying a negative current. An 1/0 pin should be placed 
into the input mode. 

A high current pulse is then applied to the pin under test. The 
magnitude of the pulse is stepped until latch up is induced. Both 
positive and negative currents are tested. Latch up is observed as 
described previously. The sensitivity of the device is the worst 
case sensitivity found on any pin of the device. 

Pin Overvoltage Test 

The pin overvoltage test is performed on current-limited inputs. 
Current-limited inputs are inputs which present a resistor-like (or 
otherwise "limited") current characteristic for input voltages in the 
range (GND - 5 V) <Vin < (V cc+ 5 V). 

The pin overvoltage test is performed at the highest guaranteed 
operating temperature of the device. Input pins and 1/0 pins 
acting as inputs (which are not under test) are tied to ground or 
V cc depending on the device logic, and outputs and I/Os acting 
as outputs are floating (open). V cc max is applied to the V cc pin. 

One pin is tested at a time. Both positive and negative voltage 
pulses are applied to the pin under test. Latch up is observed as 
described previously. The sensitivity of the device is the worst
case sensitivity found on any pin of the device. 
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Converting Bipolar PLO 
Designs to CMOS 

Application Note 
by Bryon Moyer 

The world learned about programmable logic through 
the use of bipolar PLDs. As PAL device designs prolifer
ated, bipolar fuse technology was the only production
worthy vehicle for implementing the programming 
feature. As CMOS floating-gate technology was 
adapted to programmable logic, CMOS has increas
ingly become the technology of choice for new system 
designs. By using CMOS, bipolar speeds can be at
tained with lower power consumption. Electrical 
erasability joins a number of other reasons why design
ers now prefer CMOS. 

Today bipolar PLDs are being purchased largely to sup
ply those designs that were done before CMOS was vi
able. Many systems makers are now looking for ways to 
convert their production systems to CMOS. The intent is 
always to have a seamless, "engineeringless" transi
tion, or as close to that as possible. Few companies 
have access to the engineers that designed a system 
five years earlier. The purpose of this application note is 
to discuss issues that may arise when converting a 
socket from a bipolar PLO to its CMOS equivalent. 

In theory, when converting from a bipolar device to a 
CMOS device, either of the two should work in the sock
et. In practice this is true for most designs, especially 
those that have been well adapted for high-speed sig
nals. Most designs will not require that you take any 
special actions. It is only with more sensitive designs 
that one may have some applications issues to deal 
with. 

The conversion issues discussed apply to devices from 
any manufacturer; the specific solutions apply primarily 
to AMO PAL devices. In particular, this article focuses 
on conversion where there is a direct CMOS architec
ture counterpart to the bipolar device, as shown in 
Table 1. For bipolar architectures where an exact 
CMOS equivalent is not available, or when using other 
CMOS architectures, additional logic design work may 
be needed. For more information on the CMOS archi
tectures available, please refer to the application note 
Selecting the Correct CMOS PLO. 

There are a number of specific areas that need to be dis
cussed for those designs that may have an easy archi
tectural conversion, but more difficult electrical 
conversion. They are: 

• Floating unused input pins 

• Edge rates, termination, and layout 
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• Ground bounce 

In addition, the issue of checksum consistency will be 
addressed where there is a chance of the checksum 
changing as a result of a conversion. 

Table 1. Bipolar/CMOS Direct Equivalents 

Bipolar CMOS Bipolar CMOS 
Device Equivalent Device Equivalent 

PAL16R8 PAL20R8 

PAL 16L8 PAL20L8 

PAL16R4 PAL20R4 

PAL16R6 PAL20R6 

PAL10L8 PAL12L10 PALCE20V8 
PAL 10H8 

PALCE16V8 
PAL14L8 

PAL12L6 PAL16L6 

PAL12H6 PAL18L4 

PAL14L4 PAL20L2 

PAL14H4 PAL22V10 PALCE22V10 

PAL16L2 PAL20RA10 PALCE20RA10 

PAL16H2 

Floating Unused Input Pins 
No input to a digital device likes to see its value kept at 
the threshold voltage for any length of time. These in
puts expect a high or low signal level; the input signal 
should switch quickly and smoothly from one state to an
other, passing cleanly through the threshold voltage. If 
an input lingers too long at threshold, the input transis
tors will be in the active region, and, essentially being 
high-gain amplifiers, may oscillate as they decide 
whether they should be high or low. 

On a PAL device, this oscillation will not typically cause 
any first-order problems on unused pins. However, 
since this oscillation involves the rapid switching of a lot 
of current, it could generate internal ground noise, and 
affect other internal circuits. 

Bipolar devices tend to pull unused input pins to a high 
state. Many designers count on this to give their unused 
pins a default level, although it is not a recommended 
practice. Despite pull-up capability (typically 50 kQ -
100 kQ effective), a standard TTL input will only pull up 
to at most a diode drop above threshold, as shown in 
Figure 1. In the presence of noise, the input can start to 
move across threshold and cause some disturbances. 
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It is therefore always better to tie an unused pin high or 
low on the board. 

17764A-1 

Figure 1. A Typical Bipolar Input. 
All Voltages Are Nominal. 

When tying a pin high or low, a resistor is not needed. 
However, many designers feel safer putting in a current
limiting resistor to protect the system if there is an acci
dental short on the pin. In addition, the resistor allows 
the pin to be used later without needing to break the pull
up or pull-down connection. 

It often makes no difference whether an unused input is 
tied high or low. However, when using a device with in
ternal pull-up capability, tying high can save some 
power. If an input has a pull-up and is tied low, then up to 
100 µA will be expended through the input. In addition, 
care must be taken to make sure that V1LiS not exceeded 
when tying an unused pin low through a resistor. The ex
ternal resistor will form a voltage divider with any on
chip pull-up. With a 50-k.Q internal pull-up, a 10-k.Q 
pull-down will bias the input at 0.8 V (maximum Vil) if 
Vccis 5.0 V. This is the maximum pull-down that should 
be left intact if the input has a built-in pull-up. 

17764A-2 

a. Current Flows if Pull-Down Used 

ill 
17764A-3 

b. No Current if Pull-Up Used 

5.0V 

0.8 v: 

17764A-4 
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c. Pull-Down Forms a Voltage Divider 

Figure 2. External Pull-Up/ 
Pull-Down Configurations 

Traditional CMOS devices have absolutely no pull-up or 
pull-down, so the pin is truly floating. Therefore it is com
pletely at the mercy of leakage and noise as it seeks out 
some default level. Recent CMOS PAL devices from 
AMO have pull-up resistors that provide a default high 
level. The input will be pulled to about a diode drop be
low Vee giving sufficient noise margin. The minimum ef
fective pull-up resistance is 50 kn, so it is still a high 
impedance input. Thus it is still a good idea to tie such an 
unused pin high for maximum noise immunity. The 
equivalent input schematic on the data sheet will indi
cate whether or not the product has built-in pull-up 
resistors. 

Converting Bipolar PLO Designs to CMOS 5-101 



~AMO 

Vee Vee 

ESD 
Protection 

and 
.. Clamping 

I 
I 
I 
I 
I 
IP . I rogrammmg · = 
L~!.£n_!i'. ___ _ Programming 

Voltage 
Detection 

Positive 
Overshoot 

Filter 

Programming 
Circuitry 

Typical Input 

Vee 

Provides ESD 
Protection and 
Clamping·· 

Vee 

Preload 
Circuitry 

Feedback· 
1np0t 

Typical Output 
17764A-5 

Figure 3. Input Pull-Up Resistors as Shown in the Datasheet 

This discussion applies primarily to unused input pins. 
There actually are three basic kinds of pin on a PLO: in
put, output, and 1/0. If an output pin is unused and has 
no three-state capability, then the output will be high or 
low, and does not need any external pull-up or pull
down. If the pin is an 1/0 pin, or an output with three
state, then the action taken depends on the default state 
of the unused 1/0 pin. Most software packages config
ure unused 1/0 pins as inputs; in this case, the 1/0 pin 
should be treated just like an input. If the 1/0 pin is con
figured like an output, then no extra action is needed. 
Note that PALASM software normally configures un
used 1/0 pins as inputs; in the case of MACH devices, 
however, the software gives the option of configuring 
unused 1/0 pins as outputs instead. 

What To Do 
What action you take when converting from bipolar to 
CMOS depends on the original design. 

• If the original design has unused pins tied directly 
to Vee or ground, then the new device can simply 
be dropped into the old socket. 

• If the original design has unused pins tied high 
through a resistor, then the new device can simply 
be dropped into the old socket. 

• If the original design has unused input pins tied low 
through a pull-down resistor: 

- if the replacement part has no internal pull-up re
sistors, drop the CMOS part into the socket 

- if the replacement part has internal pull-up resis
tors (as indicated in the data sheet), and the 
board's pull-down is less than about 10 kn, then 
drop the CMOS part into the socket 
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- if the replacement part has pull-up resistors (as 
indicated in the data sheet), and the board's pull
down resistor is greater than 1 O kn, then either 
remove the pull-down resistor when using the 
new CMOS part or replace it with a smaller resis
tor. 

• If the original design has unused pins that are 
floating, be sure to use one of AMD's newer 
CMOS devices that have pull-up resistors built in. 

Edge Rates, Termination, and Layout 
Sensitivity 
Edge rates are important when converting from bipolar 
to CMOS. While there are exceptions, CMOS devices 
tend to have faster edge rates than their bipolar equiva
lents. The edge rates determine whether or not a signal 
needs termination. The faster the edge rate is, the more 
a PCB trace looks like a transmission line, which can 
generate reflections that impact system performance. 
More information on these issues is available in the Ap
plication Note High-Speed Board Design Techniques. 

With slow edge rates, long traces can be fabricated with 
no need for termination. As edge rates speed up, even 
short traces will need termination. There is no standard 
cutoff, and the need for termination will depend on many 
variables. These include PC board materials, layout, the 
number and kind of other components on the line, and 
the amount of noise that the design can tolerate. If a de
sign is marginal with respect to edge rate sensitivity, 
then any changes in the edge rate of the component in 
that socket can affect the behavior of the system. 

As an example, the maximum unterminated line length 
for a particular trace may be 2"-4" with a 1.5-ns rise-time 
device, but 4"-7" with a 3-ns rise-time device. If a par
ticular trace is 5" long, it is within the window for the 
slower device, and might work. But this definitely quali
fies as marginal. If a replacement device has a 1.5-ns 
rise time, then this 5" line is now outside the allowable 
window for the faster device, and will require 
termination. 

Design sensitivity to edge rates is also affected by lay
out. The following items can contribute to increased 
noise in a system, and therefore may make it harder to 
replace one device with another that has a faster edge 
rate. 

• 90° corners: these are impedance discontinuities. 
Use two 45° corners instead. The ideal is to have a 
rounded corner. 

• Long unterminated stubs: these can introduce re
flections onto a line that may be otherwise termi
nated at the end. Keep the stubs shorter than the 
maximum critical line length. If they must be 
longer, then they will have to be individually termi
nated. Note that multiple DC terminations on a 

AMoit1 
single line may severely impact the DC loading on 
the drivers. 

• Too many vias (feedthroughs): each of these is a 
discontinuity. While some vias may be necessary 
for routing, use as few as possible. Do not route 
between an outside layer and an inside layer on 
multilayer boards. 

• Headers, sockets, and other components that act 
as discontinuities: these should be used as spar
ingly as possible, since they can cause reflections, 
excessive EMI, and add to the inductance of the 
line. 

• Poorly decoupled Vccand ground: this can sabo
tage the best attempts at termination. Good termi
nation relies on a solid ground system, and any 
noise being carried on the Vccor ground can make 
its way onto signals. It can also make an otherwise 
perfect termination ineffective, causing reflections. 

What To Do 
When converting from bipolar devices to CMOS devices 
in a given design, the following considerations apply, 
depending on how the original PAL device output is 
terminated. 

• If the original design has parallel-terminated lines, 
then conversion should pose no problem. 

• If the original design has series-terminated lines, 
then the conversion will likely pose no problems. 
Series-terminated lines tend to be a bit more deli
cate to design; parallel-terminated designs are 
generally more robust, but cause greater power 
dissipation. 

• If the original design has no termination, but the 
CMOS device has a slower edge rate than the bi
polar device (as in the case of the 10-ns 22V10, for 
example), then the conversion should pose no 
problem. 

• If the original design has no termination and the 
CMOS device has a faster edge rate than the bipo
lar device, then your action depends on the length 
of the trace. No absolute rule can be given, but the 
following rules of thumb should generally be safe: 

- if the line is longer than about 5 inches, add 
termination. 

- if the line is shorter than 2 inches, the direct con
version will likely work. 

- if the line is between 2 and 5 inches, try the direct 
conversion, but be prepared to add termination if 
noise proves to be excessive. 

In general, terminate if you feel that it will save you future 
headaches. 
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Overshoot 
A design that is well terminated will likely have very little 
overshoot. As reflections grow, overshoot increases in 
both the positive and negative direction (note that 
"negative overshoot" is sometimes called "undershoot", 
although this is technically a misnomer). The effects of 
overshoot on inputs to a PAL device differ depending on 
whether it is positive or negative overshoot. 

• Negative overshoot: AMD's CMOS devices on 
EE4 technology or later (comprising all of the bipo
lar-equivalent devices being manufactured today) 
are able to clamp negative overshoot effectively. 
Details can be found in the Application Note, Inside 

AMD's CMOS PLO Technology. Even in the pres
ence of large amounts of negative overshoot, no 
anomalous behavior has been observed in AMD's 
CMOS products. Negative overshoot should pose 
no conversion problem. 

• Positive overshoot: this can be an issue if the 
CMOS device used in the replacement has no 
positive overshoot filter. Not all PLD manufacturers 
use overshoot filters, but all of AMD's bipolar
equivalent CMOS devices are being given over
shoot filters; with these filters, positive overshoot 
will pose no conversion problems. The equivalent 
input schematic in the data sheet will indicate 
whether or not a device has overshoot filters. 

Typical Input 

Preload Feedback 
Circuitry Input 

Typical Output 
17764A-5 

Figure 4. Overshoot Clamping and Filters as Shown in the Datasheet 
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Ground Bounce 
CMOS devices of any kind have a reputation of causing 
more ground bounce than their bipolar counterparts. 
While this is changing on AMD's fastest devices, it is 
generally true on many devices. The actual amount of 
ground bounce encountered will depend on the output 
loading and the number of outputs switching. The more 
current being switched, whether due to more outputs or 
heavier loads, the greater the ground bounce may be. 

AM D's newer CMOS devices have a special design that 
uses a split leadframe, as conceptualized in Figure 5. 
This technique allows for CMOS devices with less 
ground bounce than their bipolar equivalents. This 
means that faster CMOS devices will be possible with
out ground bounce making them unusable. 

Vee or 
Ground Pin 

Noisy 
Line Line 

• • • 
Inside 

Package 

17764A-6 

Figure 5. Conceptualization of Split Vee and 
Ground Leads 

What To Do 
When converting from bipolar to CMOS, the following 
ground bounce considerations apply. 

• If the CMOS replacement part has a split 
leadframe design (as indicated in the data sheet), 
then there will likely be no conversion issue (the 
PALCE22V10H-7 is presently the best example of 
this). 

• If the outputs in the design are lightly loaded, then 
there will likely be no conversion issue. While the 
amount of loading that can be tolerated will vary 
from design to design, outputs with 75-100 pF or 
greater should be considered heavily loaded. 

• If the design has few outputs switching at a time, 
then there will likely be no conversion issue. 

• If many outputs switch at a time, or if the loads are 
heavy, the conversion may work just fine anyway; 
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try it, but observe ground and signal conditions 
closely to see if any design modifications will be 
needed. 

In the last case, design changes may be difficult to ac
complish, depending on the amount of ground bounce, 
the design flexibility, and the availability of engineering 
resources. Such changes will likely require more sub
stantial board changes than a simple conversion would 
require, and may not be feasible. If design changes are 
possible, however, the following are some things to try. 

• Reduce the loading on the outputs. 

• If using DIP packages, switching to PLCC pack
ages instead may help. PLCC packages have 
shorter, more uniform, lower-inductance leads, and 
offer lower ground bounce. 

• Keep the board-level ground inductance as low as 
possible to make sure that board-level ground 
bounce does not exacerbate any internal chip 
ground bounce. 

• Try to reduce the number of outputs switching. 
This may be difficult in many designs, but a good 
candidate for this would be a state machine. If the 
existing state bit assignment has transitions that 
switch many outputs at once, try redoing the state 
bit assignment so that fewer simultaneous transi
tions occur. Please refer to the Application Note, 
Basic Design with PLDs for more information on 
tailoring state machines. 

Keeping Consistent Fuse Checksums 
As shown in Table 1, direct bipolar conversions can only 
be made between 16XX families and the 16V8; 20XX 
families and the 20V8; the bipolar and CMOS 22V10s; 
and the bipolar and CMOS 20RA 1 Os. In the last two 
cases, the architectures are identical, and there will be 
no fuse checksum inconsistencies between the bipolar 
and CMOS versions. 

Note that there are actually two checksums in a JEDEC 
file: the fuse checksum and the transmission checksum. 
Only the fuse checksum reflects the array contents spe
cifically, and is usually the only one of interest. Trans
mission checksum changes will occur if anything at all in 
the JEDEC file changes-even a comment; this may not 
reflect any functional change to the pattern, and can 
generally be ignored. For more information on check
sums, please refer to JEDEC Standard 3. 

In the case of the 16R8 families and the 20R8 families, 
individual bipolar architectures are converted to a single 
universal CMOS architecture: the 16V8 and 20V8, re
spectively. The CMOS devices have extra architecture 
bits that determine the macrocell configuration. For ex
ample, the 16V8 can be configured differently to emu
late a 16R4 or a 16L8 (as well as other architectures). 
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Because of this, the CMOS equivalent will generally 
have a different fuse checksum from the bipolar original. 

If all outputs on a device are used, then converting from 
bipolar to CMOS will give a consistent CMOS check
sum, regardless of which software performs the conver
sions (of course, this checksum will be different from the 
original bipolar one). However, if some outputs are not 
used, then software defaults generally determine how 
the unused architecture bits are set. Different software 
programs may have different defaults; therefore they 
may generate different checksums forthe same design. 

Note that it is also possible to perform these conversions 
directly through cross-programming with no apparent 
change in checksum. However, this is not recom
mended as a long-term conversion mechanism, since it 
makes the production file being used inconsistent with 
the original source file. Cross-programming does not 
change the source file or the original JEDEC file. 

What To Do 
To convert designs with unused outputs, the following 
procedure is recommended if a consistent checksum is 
needed. The solution shown below uses PALASM syn
tax; similar equations can be specified in any PLD 
compiler. 

1. Obtain the original source file. If the original source 
file is unavailable, then disassemble the JEDEC 
file to obtain a source file. 

2. Change the device type in the source file from the 
original bipolar device type to the 16V8 or 20V8, as 
appropriate. 

3. For each unused output, add a "dummy" equation 
as follows: 

for a combinatorial output, add 

OUTPUT.TRST = GND 

/OUTPUT = GND 

for a registered output, add 

/OUTPUT : = GND 

4. Recompile the design. 

Summary 
Converting from bipolar to CMOS PLDs is generally a 
painless process. Most designs can convert easily. The 
more robust the original design, the easier the conver
sion will be. For those designs that do not convert as 
easily, there are steps that can be taken to make the 
conversion successful. These steps can often result in a 
design that is cleaner and more robust than the original. 
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Application Note 

INTRODUCTION 
The most important factor in the design of many sys
tems today is speed. 25-MHz processors are common; 
40- and 50-MHz processors are becoming readily avail
able. The demand for high speed results from: a) the re
quirement that systems perform complex tasks in a time 
frame considered comfortable by humans; and b) the 
ability of component manufacturers to produce high
speed devices. An example of a) is the large amount of 
information that must be processed to perform even the 
most rudimentary computer animation. Currently, Pro
grammable Array Logic (PAL) devices are available with 
propagation delays of 4.5 ns. While this might seem 
fast, it is not the propagation delay that creates the 
potential for problems, but rather the fast edge rates 
needed to obtain the fast propagation delays. In the 
future, much faster devices will become available, with 
correspondingly faster edge rates. 

Designing high-speed systems requires not only fast 
components, but also intelligent and careful design. The 
analog aspect of the devices is as important as the digi
tal. In high-speed systems, noise generation is a prime 
concern. The high frequencies can radiate and cause in
terference. The corresponding fast edge rates can re
sult in ringing, reflections, and crosstalk. If unchecked, 
this noise can seriously degrade system performance. 

This application note presents an overview of the design 
of high-speed systems using a PC-board layout. It 
covers: 

• the power distribution system and its effect on board-
noise generation, 

• transmission lines and their associated design rules, 

• crosstalk and its elimination, and 

• electromagnetic interference. 

1. POWER DISTRIBUTION 
The most important consideration in high-speed board 
design is the power distribution network. For a noise
free board, it is necessary to have a noise-free power 
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distribution network. Note that it is just as important to 
develop a clean Vee as it is to get a clean ground. For AC 
purposes, which is what this application note mainly dis
cusses, Vee is ground. 

The power distribution network also must provide a re
turn path for all signals generated or received on the 
board. This is often overlooked because the effect of the 
return path is less apparent at lower frequencies. Many 
designs work even when the nature of the return path is 
ignored. 

1.1 Power Distribution Network as a 
Power Source 

1. 1. 1 The Effect of Impedance 
Consider a 5" x 5" board with digital ICs and a power 
supply of +5.0 V. The goal is to deliver exactly +5.0 V to 
the power pins of every device on the board, regardless 
of its position relative to the power source. Furthermore, 
the voltage at the pins should be free of line noise. 

A power source with these characteristics would be 
schematically represented as an ideal voltage source 
(Figure 1a), which has zero impedance. Zero imped
ance would ensure that the load and source voltages 
would be the same. It also would mean that noise sig
nals would be absorbed because the noise generators 
have finite source impedance. Unfortunately, this is only 
an ideal. 

Figure 1 b illustrates a real power source with associated 
impedances in the form of resistance, inductance, and 
capacitance. These are distributed over the power dis
tribution network. Because of the network's impedance, 
noise signals can add to the voltage. 

The design goal is to reduce the power distribution net
work impedances as much as possible. There are two 
approaches: power buses and power planes. Power 
planes generally have better impedance characteristics 
than power buses; however, practical considerations 
might favor buses. 
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Figure 1. The Power Source. a) Ideal Representation; b) More Realistic Representation 
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Figure 2. Power Distributions System. a) Power Buses; b) Power Planes 

1.1.2 Power Buses vs Power Planes 
Two power-distribution schemes are shown in Figure 2. 
A bus system (Figure 2a) is composed of a group of 
traces with the various voltage levels required by the 
system devices. For logic, these are typically +5 V and 
ground. The number of traces required for each voltage 
level varies from system to system. A power-plane sys-

tern (Figure 2b) is composed of entire layers (or sections 
of layers) covered with metal. Each voltage level re
quires a separate layer. The only gaps in the metal are 
those needed for placing pins and signal feed-th roughs. 

Early designs favored buses because of the expense of 
devoting entire levels to power distribution. The power 
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bus shares layers with the signal lines. The bus must 
supply power to all devices, while leaving room for the 
signal traces; therefore, buses tend to be long, narrow 
ribbons. This results in a relatively small cross-sectional 
area with a small resistance. 

Although the resistance is small, it is significant. Even a 
small board can have 20 to 30 devices on it. If each de
vice on a 20-device board sinks 200 mA, the total cur
rent would be 4 A. A bus resistance of only 0.125 n has a 
0.5 V drop. With a 5 V power supply, the last device on 
the bus might receive only 4.5 V. 

Because the power plane fills an entire layer, the only 
area constraints are the dimensions of the board. The 
resistance of a power plane is a small fraction to that of a 
power bus supplying the same number of devices. Thus 
a power plane is more likely than a bus to supply full 
power to all the devices. 

On a bus, currents are restricted to paths defined by the 
bus. Any line noise generated by a high-speed device is 
introduced to other devices on that power bus. On the 
board in Figure 2a, noise generated by U9 is sent to U7 
by the bus. 

On the power plane, the noise currents are distributed 
because the current path is not restricted. This, along 
with lower impedance, makes power planes quieter 
than power buses. 

1.1.3 Line Noise Filtering 
The power plane alone does not eliminate line noise. 
Since all systems generate enough noise to cause prob
lems, regardless of the power distribution scheme, extra 
filtering is required. This is done with bypass capacitors. 
Generally, a 1 µF to 10 µF capacitor is placed across the 
power input to the board, and 0.01 µF to 0.1 µF capaci
tors are placed across the power and ground pins of 
every active device on the board. 

The bypass capacitor acts as a filter. The larger capaci
tor (= 10 µF) is placed across the power input of the 
board to filter lower frequencies (like the 60-Hz line fre
quency) that usually are generated off the board. Noise 
generated on the board by the active devices have har
monics in the range of 100 MHz and higher. A bypass 
capacitor is placed across each chip and generally is 
much smaller (= 0.1 µF) than the capacitor across the 
board. 

Since the goal is to filter out any AC component on the 
power supply, it might seem initially that the largest pos
sible capacitor is the best, minimizing the impedance as 
much as possible. However, this does not take into ac
count that real capacitors do not have ideal 
characteristics. 
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A capacitor, which is ideally represented in Figure 3a, is 
more realistically represented by Figure 3b. Resistance 
and inductance are the result of the construction of the 
plates and the leads necessary to build the capacitor. 
Because the parasitic components are effectively in se
ries with the capacitance, they are called equivalent-se
ries resistance (ESR) and equivalent-series inductance 
(ESL). 

Thus the capacitor is a series resonant circuit for which 

fR = _l_ 
m 

As shown in Figure 4a, it is capacitive at frequencies be
low fR, and inductive at frequencies above fR. As as re
sult, the capacitor is more a band-reject filter than a 
high-frequency-reject filter. 

As an example, the 10 µF capacitors used for the board
power connections are typically made with rolls of metal 
foils separated by an insulating material (Figure 5). This 
results in large ESLs and ESRs. Because of the large 
ESLs, fR is generally less than 1 MHz. They are good fil
ters for 60-Hz noise, but not good for the expected 
100-MHz and higher switching noise. 

The ESL and ESR result from the construction of the ca
pacitor and dielectric material used, rather than from ca
pacitance value. The high-frequency reject capabilities 
cannot be improved by replacing a capacitor with a 
larger one of the same type. The impedance of a large 
capacitor is smaller than that of a small capacitor at fre
quencies below the fR of the small capacitor. But at fre
quencies above fR, the ESL dominates and there is no 
difference between the impedance of the two capacitors 
(Figure 4b). This is because only the capacitance has 
changed; unless the construction is changed, the ESL 
remains essentially unchanged. To improve high-fre
quency filtering, one must replace the capacitor with a 
type that has a lower ESL. 

Various types of capacitors are available for specific fre
quencies and applications. Table 1 gives a small over
view of some available device types. 

-f------
a) 

16356A-003A 
Figure 3. a) Ideal Representation of a Capacitor 

b) Parasitic Components added to Emulate 
Real Conditions 
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Figure 4. a) Capacitor Impedance Versus Frequency; 
b) the Effect of Lowering Capacitance While Using the Same Type of Construction (Constant ESL) 
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Figure 5. Internal Construction of a 
Large (> µF) Capacitor 

The lowest ESL capacitors often are made with non-fer
romagnetic materials, which have a low voltage-capaci
tance product. Thus it is difficult to make large 
capacitors with practical breakdown voltages to prevent 
board failure. However, because of better filtering char
acteristics, larger values might not be needed. Figure 6 
compares a 0.01 µF capacitor of type COG (non-ferro
magnetic) to a 0.1 µF capacitor of another type. Note 
that the 0.01 µF capacitor gives better filtering at higher 
frequencies. 

The capacitor graphs imply that any one capacitor has a 
limited effective frequency operating range. Because 
systems have both high- and low-frequency noise, it is 
desirable to extend this range. This can be done by put
ting a high-capacitance, low-ESL device in parallel with 
a lower-capacitance, very-low-ESL device. Figure 7 
shows that this can significantly increase the effective 
filtering frequency range. 

1.1.4 Bypass Capacitor Placement 
After the filter capacitors have been chosen, they must 
be placed on the board. Figure Ba shows the standard 
placement for boards with slow device speeds. The ca
pacitor is placed near the top of the device to help en
sure its accessibility. While simple for layout, this does 
not give the best high-speed performance. 

Note that the Vee capacitor connection is quite close to 
the chip's Vee connection, but the ground connection is 
far away. Because noise is not uniform on a power 
plane, the capacitor is not filtering noise at the chip 
leads; it is only filtering noise near the chip. 

Table 1. Bypass Capacitor Groups 

Type Range of Interest Application 

Electrolytic 1µFto>20 µF Commonly used at power-supply connection 
on board. 

Glass-Encapsulated Ceramic 0.01 µF to 0.1 µF Used as bypass capacitor at the chip. Also 
often placed in parallel with electrolytic to 
widen the filter bandwidth and increase the 
rejection band. 

Ceramic-Chip 0.01 µF to 0.1 µF Primarily used at the chip. 
Also useful where low profile is important. 

COG < 0.1 µF Bypass for noise-sensitive devices. Often 
used in parallel with another ceramic chip 
to increase rejection band. 
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Figure 6. Frequency Response of X7R and COG Type Construction 
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Figure 7. Frequency Response of Two Capacitors in Parallel 
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Figure 8. a) Typical Placement of Bypass Capacitors; 
b) Preferred Placement of Bypass Capacitors 
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Better performance can be obtained by ensuring that 
the chip and the capacitor contact the Vee and ground 
planes at the same point. Because the capacitor size is 
different from that of the chip, it is necessary to run two 
traces from the Vee and ground plane contact points to 
the capacitor, as shown in Figure Bb. These "lead exten
sions" are placed on a non-power plane and should be 
kept as short as possible. It is generally bestto place the 
capacitor on the opposite side of the board, directly un
der the chip. A surface-mount chip capacitor works well 
here. 

Note that the "lead extension" traces from the capacitor 
to the power pins take up space that could have been 
used for signal-line routing. However, putting extra ef
fort into routing the signal lines now could prevent much 
noise-reduction work later on. 

For devices with multiple Vee and ground pins, how best 
to bypass depends on the device. In particular, it de
pends on whether the power pins are connected inter
nally. On some devices, such as the PAL 16R8-4 series, 
the ground pins are connected by a common ground 
bus. On these devices, it is only necessary to bypass 

Vee 

one ground pin to one Vee pin. If the power is kept sepa
rated internally, the separate Vee pins must be 
decoupled individually. In general, it is best to contact 
the device's manufacturer for specific recommenda
tions. 

1.2 Power Distribution Network as a 
Signal Return Path 

One of the more surprising functions of the power net
work is the provision of a return path for all signals in the 
system, whether generated on or off the board. Designs 
that accommodate this aspect of the power distribution 
system eliminate many high-speed noise problems. 

1.2. 1 The Natural Path of the Signal-Return Line 
Of greatest concern in high-speed design is the energy 
generated at the signal switching edges. Each time a 
signal switches, AC current is generated. Current re
quires a closed loop. As illustrated schematically in Fig
ures Sa and Sb, the return path needed to complete the 
loop can be supplied by the ground or Vee. The loop can 
be represented by Figure Sc. 

Signal Current Loop 
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GND 

a) 

Vee 

Signal Current Loop 

GND 

b) 

Signal Current Loop 

ACGND ACGND 
c) 

16356A-009A 

Figure 9. Current Loop of a Signal on the Board. 
a) Through Vee; b) Through Ground; c) The Equivalent AC Path 
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16356A-010A 

Figure 10. Inductance Increases as the Signal and 
Return Path are Separated 

Current loops have inductance and can be thought of as 
single-turn coils. They can aggravate ringing, crosstalk, 
and radiation. The current-loop inductance and associ
ated problems increase with loop size. Minimizing the 
size of the loop minimizes these problems. 

AC return signals have an entire plane in which to 
choose a path, but they take the path of least impedance 
(not necessarily least resistance) to the current. Imped
ance also includes inductance and capacitance. Metal 
has very little resistance; therefore, the impedance is 
primarily inductive. Because impedance increases with 
inductance, the path of least impedance is the path with 
the smallest inductance. 

If the signal line goes from A to Bon a random path, the 
natural return path is not necessarily a straight line, as 
would be dictated for least resistance. As noted in Fig
ure 10, the inductance of a signal line and its return line 
increases with the separation of the two paths. The path 

Return 
Signal"
Plane "'-

Out 
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of least impedance is the path bringing the signal-return 
line closest to the signal line. If it can, the signal return 
follows the signal line as closely as possible, resulting in 
the smallest loop. In multiple layer boards, "as closely as 
possible" usually means in a ground or Vee plane above 
or below the signal trace. In a two-layer board, this 
means the closest ground or Vee trace. 

1.2.2 Bus vs Planes fora Signal Return Path 
Figure 2a shows that a power bus has a fixed path. The 
return signal must follow this path, whether optimal or 
not. Unless the signal lines are purposely laid out near 
the power buses and oriented to minimize loop size, 
there will probably be large loops. If the layout of a board 
using buses for power distribution is not thought out 
carefully, it can result in a configuration that generates 
much noise. 

The power plane imposes no natural restrictions on cur
rent flow. Thus the return signal can follow the path of 
least impedance, which is the path closest to the signal 
line. This results in the smallest possible current loops, 
which makes it the preferred solution for high-speed 
systems. 

Although power planes have an advantage over buses, 
the benefits they provide can be defeated by the de
signer. Any break in the natural path of the return signal 
forces it to go around the break, increasing the loop size 
(Figure 11). Be careful about cuts in the ground and 
power planes. 

1.3 Layout Rules With Power 
Distribution Considerations 

The following layout rules will help you take advantage 
of power planes and avoid pitfalls. 

Break In 
Return Signal 
Plane 

In 

Current forced around 
break, increasinQ L 16356A-011A 

Figure 11. The Increase in Loop Size Due to a Break in the Power Plane 
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a. Be Careful with Feedthroughs 
Cuts in the power plane tend to show up at feed
throughs or vias. These are necessary for traces to 
cross sides of the board and to connect components 
and connectors to the board. They are surrounded by 
small gaps where the power planes are etched away to 
avoid shorts in the signal lines. If the vias are close and 
the etchings wide, they might touch and form a barrier to 
any return path. This can occur with backplane connec
tors and device sockets. 

For example, this can occur on the connectors on VME 
backplanes. The 104-pin connector has vias that can 
block the signal return. All the return signals are forced 
to the edge of the board. Not only are the loops longer, 
but the edge is shared by all the return signals; as we will 
see, this can result in crosstalk (Figure 12). 

b. Ground Cables Sufficiently 
Current loop considerations are also applicable for ca
bles going off the board. Every signal should be a two
wire pair: one for the signal, and one for the return. The 

two lines should be kept next to each other to minimize 
the loop size. Figures 13a and 13b illustrate poorer con
figurations. Figure 13c illustrates the proper configura
tion. 

c. Separate Analog and Digital Power Planes 
High-speed analog devices tend to be sensitive to digital 
noise. For example, amplifiers can amplify switching 
noise, making it appear as spikes. Thus on boards with 
analog and digital functions, the power planes are com
monly separated; the planes are tied together at the 
power source. This causes a problem for devices using 
both types of signals (such as DACs or voltage com
parators). The signal lines must cross the plane bounda
ries. These boundaries force the return path to the 
power source before returning to the driver. 

The solution is to place jumpers across the ground 
planes where signals cross (Figure 14). The jumper pro
vides a bridge across the break for the return signal; this 
helps minimize the current loop. 

Return Path 'A' 
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Return Path 'B' 

Common Return 
Path for A and B 

Figure 12. Common Paths of Signal Return Due to Vias 

High-Speed Board Design Techniques 

• 
16356A·012A 



AMO~ 

a) b) 

c) 16356A-013A 

Figure 13. Connector Configuration. a) Insufficient Grounds; b) Enough Grounds but Grounds lumped 
Together Resulting in Larger Current Loops; c) Grounds Evenly Distributed Among Signal Lines 

Digital Ground 

D 
A 
c 

Analog Ground 

Ground Bridge 
to Complete 
Current Loop 

16356A-014A 

Figure 14- Jumper Between Analog- and Digital-Power Planes for Signal-Return Path 

d. A void Overlapping Separated Planes 
When separate power-planes are used, do not overlap 
the power plane of the digital circuitry and the power 
plane of the analog circuitry. The analog and digital 

power planes are separated to isolate the currents from 
each other. If the planes overlap, there is capacitive cou
pling, which defeats isolation. 
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To ensure separation, take a board and cut between the 
separated planes. Then inspect the newly-exposed 
edges of the board. No metal should be showing, except 
where traces or connections are specifically designed to 
cross the boundary. 

e. Isolate Sensitive Components 
Certain devices, such as phase-locked loops, are par
ticularly sensitive to noise interference. They require a 
higher degree of isolation. 

Good isolation can be achieved by etching a horseshoe 
in the power planes around the device (Figure 15). All 
signals used by the device enter and leave through the 
narrow gap at the end of the horseshoe. Noise currents 
on the power plane must go around the gap and do not 
come close to the sensitive part. 

When using this technique, ensure that all other signals 
are routed away from the isolated section. The noise 
signals generated by these lines can cause the interfer
ence this technique was designed to avoid. 

f. Place Power Buses Near Signal Lines 
Sometimes, the designer must use two-layer boards 
and is forced to use power buses instead of planes. 
Even then it is possible to control loop size by placing the 
buses as close as possible to the signal lines. The 
ground bus could follow the most sensitive signals on 
the other side of the board (Figure 16). The loop for that 
signal is the same as it would be if the load used power 
planes. 

2. Signal Lines as Transmission Lines 
Controlling the relationship between the signal line and 
AC ground takes advantage of the return signal's ten
dency to take the path of least impedance. Another ad
vantage is the constant impedance along the signal line. 
Such signal lines are called controlled-impedance lines, 
and they provide the best medium for signal transmis
sion on the board. 

Gap in Power 
llllll•llllllllllllllllllllllllllllllllllillllllb./Planes 

Corresponding { 
Signal 
Lines -----------------1 

Noise
Sensitive 
Device 

Ground 
Plane 

----------------; 

Isolated 
Ground Plane 

Figure 15. Isolation of Noise Sensitive Components 

DOD 
Ground Line 

DODD 
Signal Line 

DOD 

16356A-015A 

16356A-016A 

Figure 16. Providing the Optimum Signal-Return Path with a Bus-Power Distribution System 
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However, when the signal delay is greater than a signifi
cant portion of the transition time, the signal line must be 
treated as a transmission line. An improperly terminated 
transmission line is subject to reflections, which distort 
the signal. The signal at the load end of the line can re
semble ringing (Figure 17), slowing down the system. It 
can also cause false clocking, destroying system 
functionality. 

A controlled-impedance signal line can be modeled as 
shown in Figure 18. Inductance and capacitance are 
evenly distributed along the length of the line. Their units 
are henrys per unit length and farads per unit length, re
spectively. 

From the model, we can derive two important parame
ters: impedance (Zo), and propagation delay (tPo). On a 

AMO~ 
lossless signal line, Zo is an AC resistance; i.e., Zo ap
pears to the driver as a pure resistor. Its units are ohms 
(Q), and it is equal to 

where 
Lo = Signal Line Inductance in henrys per unit length 
Co = Signal Line Capacitance in farads per unit length 

The propagation delay also depends on Lo and Co. It has 
units of time per unit length, and it is equal to 

tro = V L 0c0 

0 ---------------~---- --------- ------------- ---- ----

a) 

b) 16356A-017 A 

Figure 17. Reflections on a Signal Line. a) at the Driver; b) at the Load 

Lo Lo Lo Lo 16356A-018A 

Figure 18. Transmission Line 

Transmission Line Categories 
Given that the designs discussed in this paper are for 
printed circuit boards, the possible types of signal lines 
fall into one of two categories: stripline and microstrip 
(Figure 19). The stripline has the signal line sandwiched 
between two power planes. This technique theoretically 

offers the cleanest signals because the signal line is 
shielded on both sides. However, the lines are hidden; 
there is no easy access to the signal lines. Microstrip 
has the signal line on an outer layer. The ground plane is 
to one side of the signal line. This technique allows easy 
access to the signal line. 
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a) 

b) 16356A-019A 

Figure 19- Signal Line Construction on a Circuit 
Board. a) Stripline; b) Microstrip 

The parameters Co, Lo, Zo, and tpo can be determined 
from the physical dimensions of the signal line and the 
dielectric properties of the board material. They are dis
cussed below. 

For Stripline 

zo = __@.__ ln 4h n 
v-e; 0. 67 itw ( 0. 8 + _t) 

1000 tm pF I ft 
Zo 

2 
Lo= ZoCo pH/ft 

For Microstrip 

w 

z 0 = 87 ln 5.98h .Q 
VeR+l.41 0.8w+t 

1.017 V0.457t:R+ 0.67 ns/ft 

1000 tm pF/ft 
Zo 

2 
Lo= ZoCo pH/ft 

eR is the relative dielectric constant of the board mate
rial. A common material is epoxy-laminated fiberglass, 
which has an average eR of 5. 

Example 
The dimensions of the trace and board are restricted by 
certain rules. Generally, the vendor sells the board with 
1 oz of copper, so the metal thickness is about 1 mil. The 
trace width should be between 8 and 15 mils. Signal 
lines thinnerthan 8 mils tend to be harder to control. Sig
nal lines thicker than 15 mils tend to have excess ca
pacitance. A typical value is 10 mils. The layer 
separation is determined by the required board thick
ness and the number of layers to be used. For this ex
ample, 30 mils is adequate. 

Based on these assumptions, it is possible to calculate 
the parameters for a typical signal line: width = 10 mils, 
thickness= 1 mil, separation = 30 mils, and eR = 5. 

87 ln 5.98 * .03 .Q 
Vs + 1.41 0.8 * .001 + .01 

67.0 

1.017 Y0.456 * 5 + 0.67 ns/ft 

1. 75 n 

1000 * --1..J2... pF I ft 
67.05 

26.1 pF/ft 

67.05 2 * 26.1 pH/ft 

117 nH/ft 

Distributed Load Calculations 
The calculations above are for a signal line with a 
lumped load at the end of the trace (Figure 20). If the 
load is distributed along the signal line (Figure 21 ), the 
capacitance of the load devices is also distributed along 
the line and adds to the line capacitance. This changes 
the signal-line parameters Zo and tpo. The new parame
ters are derived from the original values based on the 
added capacitance, CL, in farads per unit length: 

Zo 
Zo .Q v1 + CL 

Co 

tpv tpn * v1 CL +- ns/ft 
Co 
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16356A-020A 

Figure 20. Transmission Line with a Lumped Load 

Figure 21. Transmission Line with a Distributed Load 

Distributed loading is common in memory banks. The in
put capacitance on these devices can range from 4 pF to 
12 pF. The following example uses 5 pF. The physical 
size of memory devices usually permits placing two of 
them per inch. The distributed added capacitance is 
then: 

5 pF 

0 . 5 in * ____l___fh_ 
12 in 

= 120 pF/ft 

The new values of Zo and !Po, based on distributed 
loading, are: 

67.05 f2 

~ 1 + 
120 pF/ft 

26.1 pF/ ft 

28.34 f2 

1.75 ns!ft * . /~ + 120 pF/ft 
'V 2 6 . 1 pF I ft 

4 .14 ns/ft 

With this distributed load, the impedance has been 
greatly reduced, and the signal is now much slower. 

Reflections 
The source generates a signal with an energy content 
determined by Zo n. Even though the line is seen as a 
resistance, the signal line does not dissipate energy. 
The energy in the signal must be dissipated by the load 
impedance (ZL), as shown in Figure 20. 

The maximum transfer of energy from source to load re
quires that the load impedance equal the source imped
ance. For the entire signal to be transferred to ZL, ZL 

must equal Zo. If they are not equal, some of the signal 
energy is dissipated, and the rest is reflected back to
ward the source. The source generator output then ad
justs to compensate for the "new" load. 

The waveform of the signal at the load can be thought of 
as the sum of the originally generated signal and the re
flection from the load. The appearance of the waveform 
depends on the mismatch of the load and line imped
ances and the ratio of the signal-transition time (tR) to 
the propagation delay of the line ('t), !Rh:. If the transition 
time is significantly longer than the propagation delay of 
the line, the reflection reaches the source when the 
original signal has changed only a small amount. The 
generator compensates forthe "new" load and transmits 
the corrected signal with little signal disturbance. The 
signal at the load then has a small overshoot. 

If the propagation delay of the line is long enough for the 
reflection to reach the source after the signal has 
changed a significant percentage, the generator must 
change significantly to compensate for the load. The 
load reflects the new transition, which results in the ring
ing shown in Figure 17. 

The amount of overshoot usually varies proportionally 
with the signal-line length until the signal-line delay is 
equal to the transition time. At this point, the overshoot 
can be as much as the original transition, effectively 
doubling the swing of the transition. 

A signal line long enough to produce significant reflec
tions acts like a transmission line. The point at which the 
signal line is considered a transmission line depends on 
the amount of tolerable distortion. A liberal rule of thumb 
is to consider a signal line a transmission line when the 
transition time of the original signal is less than four 
times the propagation delay of the signal (Figure 22); 
that is, when !Rh: 2'. 4. 
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Original Signal 
at Source 

Signal 
at Load 

t 
---------- t < _E 4 

16356A-022A 

Figure 22. Minimum Delay Between Original and Reflected Signal Which 
Results in a Transmission Line 

A more conservative rule is to consider the signal line a 
transmission line when tRh: is less than eight times the 
propagation delay. Generally, the larger the transition 
time is in relation to the propagation delay of the signal 
line, the cleaner the resultant signal. 

From this it is possible to determine what length of the 
microstrip line discussed above must be treated as a 
transmission line. On available devices, tR ranges from 
5 ns (especially those using bipolar technology) to 1 ns 
(newer bipolar and CMOS devices). The rise times and 
corresponding signal-line lengths are shown in Table 2 
for the example given above. 

Table2 
Example: tR and Corresponding Transmission-Line 
Length for .EB = 4 

r 

tR (ns) Line Length (inch) 

5 8.6 

4 6.9 
3 5.1 
2 3.4 
1 1.7 

For older devices with 5 ns transition times, signal lines 
shorter than 8.6" do not have to be treated as transmis
sion lines. For newer, high-speed devices, even a two
inch line is a transmission line. Practically all signal lines 
are transmission lines on boards with high-speed de
vices. 

If the transmission line has the distributed load in the ex
ample above, then the minimum transmission-line 
length must be reconsidered. As shown in Table 3, a 
four-inch line is a transmission line when tR = 5 ns. If 
tR = 1 ns, a signal line smaller than one inch is a trans
mission line. 

Table3 
Example: tR and Corresponding Transmission-Line 
Length with Lumped and Distributed Loads 
for 

.EB = 4 
r 

Line Length (inch) 
tR_in!&_ Lum..e_ed Load Distributed Load 

5 8.6 3.6 
3 5.1 2:17 
2 3.4 1.4 
1 1.7 0.75 
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Quantifying Reflections 
Given that the signal line is long enough to be consid
ered a transmission line, the size of the reflected signal 
depends on the difference between Zo and ZL. The nu
merical indicator of the percentage, or the original signal 
that is reflected, is called the reflection coefficient (KR). 
KR is equal to: 

The percentage of the original signal reflected 
back is 100 • KR. 

Referring back to the open load: 

For a shorted load: 

oo - z0 
KR=---

+ Zo 

1 

0 - z0 
KR= ---

0 + Zo 

= -1 

For open and shorted loads, the entire signal is reflected 
without attenuation. KR is negative for the shorted load. 
This indicates that the reflected signal is inverted from 
the original. 

With a printed-circuit board, it is possible to estimate the 
expected type of mismatch. Zo typically ranges from 30 
Q to 150 Q. Input impedances range from 10 kQ (for bi
polar devices) to over 100 kQ (for CMOS devices). Out
put impedances can be very low. A CMOS PAL device, 
such as the PALCE16V8, has a typical-output LOW volt
age of 0.2 Vat 24 mA for about 8 n. The output-HIGH 
impedance is about 50 Q, which is closer to the ex
pected Zo. 

Consider the microstrip line derived earlier, with a 
CMOS device as its load. The following discussion 
shows what happens on the HIGH to LOW transition. 

The driver's output impedance (Zs) is: 

= ...Q...,L.Y = 8.3 D 
24 mA 

A more accurate number can be obtained from an actual 
IN curve of the output. 

AMO~ 
The input impedance of the load is greaterthan 100 kQ. 
This is so much greater than Zo (67 Q), that KR at the 
load is practically equal to one. KR at the source is: 

K = 8.3 - 67 
R 8.3+61 

= -0.78 

The driver generates a signal switching from 3.5 V to 0.2 
V. Since the driver-output impedance and ZO make up a 
voltage divider, the generated signal is: 

.1 V = ( 0. 2 V - 3. 5 V) z0 

Zo + Zs 

( 0 • 2 V - 3 • 5 V) 50 

50 + 8 

2 .84 v 
The resultant signal at the source is: 

Vs= 3.5 V - .1V = 3.5 V - 2.84 V 

= .066 v 
When the signal reaches the load, VL changes by 
-2.84 V from the original transmission and a further 
-2.84 V from the reflection. Since VL originally was 3.5 
V, it is now-2.19 V. 

At the start, Vs= 0.66 V. The reflected signal returns to 
the source. Some of it is reflected per the source KR. VS 
is equal to the sum of the original signal, the reflected 
signal, and the second reflected signal. The second re
flection is equal to: 

VR = -.78 * -2.84 

2 .21 v 

Vs= 0.66 V + -2.84 V + 2.21 V 

-0. 035 v 
The second reflection goes to the load. When it arrives, 

VL = -2.19 + 2.21 + 2.21 

= 2.24 

The signal continues like this, bouncing back and forth, 
getting smaller each time. This is illustrated in the lattice 
diagram in Figure 23. The lines at the left and right are 
the voltage at the source and load, respectively. The an
gled lines show the value of the transmitted signal and 
the reflections. 
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Vs 

0.66V 
-2.84 

-2.19V 

-i.'04-

-0.04V 
Time 2.21 

j 
i.'1 \ 

2.24V 

0.59V 
-1.72 

-1.21 v 

_\.1'1 

0.26V 
l.]5 

1.5 
16356A-023A 

Figure 23. Lattice Diagram Representation of a Reflected Signal 

The same information in the time domain is shown in 
Figure 24. The top part of the Figure shows the source; 
the bottom shows the load signal. Note that it takes five 
complete cycles for the signal strength to drop below the 
input threshold. Propagation delays are typically from 
2 ns/ft to 5 ns/ft. With tpo = 3 ns/ft and a 6-inch line, the 
delay across the line is about 1.5 ns. The signal can be 
safely considered valid at about 13.5 ns after the original 
transition. 

TERMINATION 
The amount of reflections shown in the last example 
would be too much for most systems. A technique is 
needed to eliminated, or at least reduce, the reflections. 
Since the reflections are eliminated when ZL = Zo, it is 
necessary to change ZL to equal Zo. 

To understand this, look at the nature of the input and 
output impedances of the PAL devices. As noted above, 
input impedances tend to be high. Bipolar is in the 1 O kQ 
range, while CMOS is in the 100 kQ range. Output driv
ers tend to have low impedance. 

There are two schemes for termination: reduce ZL to Zo 
to eliminate load reflections, or increase Zs to Zo to elimi
nate secondary reflections at the source. ZL can be re
duced by placing a resistor in parallel with the 
load-parallel termination; Zs can be increased by plac
ing a resistor in series with the source and the line-se
ries termination. 

Parallel termination is shown in Figure 25a. Because of 
the extremely high input resistance of most devices, RL 
can be made equal to Zo. 
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b) 

Figure 24. Time Representation of a Reflected Signal; a) at the Source b) at the Load 

a) b) 

c) d) e) 
16356A-025A 

Figure 25. a) Parallel Termination; b) Thevenin Equivalent; 
c) Active Termination; d) Series Capacitor; e) Series Termination 
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This scheme has one disadvantage: the current drain is 
high for the HIGH-output state. For a 50-Q termination, it 
can be as much as 48 mA. Most drivers are rated for an 
loH of 3.2 mA. This is clearly above the level that the de
vice can support and still maintain an adequate VoH. 

Terminating to Vee can help, since loL is usually higher 
than loH. However, most CMOS devices designed for 
board-level applications have drivers rated for an loL of 
24 mA or less. This is still below the level that can sup
port and maintain an adequate VoL for a low-impedance 
transmission line. 

The current can be reduced considerably by using two 
resisters, as shown in Figure 25b. The resistors form a 

voltage divider with the Thevenin voltage equal to: 

The Thevenin resistance is equal to: 

Although this is a good solution, there is higher power
supply current because the resistors are between Vee 
and ground. 

Another approach to reducing load current is to refer
ence the resistor to a positive voltage between VoH and 
VoL (Figure 25c). The current flow from 3 V to 2.5 V 
through a 50-Q resistor is considerably less than the 
flow from 3 V to ground through the same resistor. This 
does not present any signal problems, because the DC 
voltage reference is AC ground. However, it is difficult to 
find a terminating voltage source that can switch from 
sinking current to sourcing current fast enough to re
spond to the transitions. 

Another technique is to replace the original terminating 
resistor with a resistor and capacitor series-RC network 
(Figure 25d). The resistor is equal to Zo. The capacitor 
can be on the order of 100 pF; the exact value is not im
portant. At these frequencies, the capacitor is an AC 
short but it blocks DC. Thus the driver does not see the 
DC loading effect of RL. This technique is referred to as 
AC termination. 

Techniques that terminate at the load are designed to 
eliminate the first reflection. An alternate approach is to 
increase Zs to equal Zo by placing a resistor in series 
with the source (Figure 25e). When added to Zs, this re
sistor makes the new source impedance look like Zo. 

This type of termination works best with a lumped load 
because the voltage divider formed by the Zs and Zo at
tenuates the signal (Figure 26 a and b). The original 
transition is cut in half by this voltage divider, since Zs+ 

RL = Zo. This half-transition tracks down the transmis
sion line until it is retlected at the load, which is unter
minated. Since the reflection causes the original 
half-transition to double, it brings the signal at the load to 
its final value (Figure 27a). The reflection then travels 
back up the line, completing the transition all along the 
line (Figure 27b). 

Vs 

a) 

b) 

Figure 26. a) Series Termination; 
b) Voltage Divider formed by Series Termination 

This can be illustrated by putting a series terminating re
sistor on the unterminated microstrip example consid
ered earlier. A 59-Q resistor (68Q - 9Q) is placed in 
series with the driver. For a LOW to HIGH transition, the 
signal at the source is: 

Av= (0.2 v - 3.5 V) Zo 

z8 + z 0 + 59 Q 

( 0. 2 V - 3. 5 V) * 67 Q 

8 Q + 67 Q + 59 Q 

-1. 65 v 

3.5V+AV 

3.5V-l.65V 

1.85 v 
If the load is effectively an open circuit, then a -1.65 V 
reflection returns. When the reflected signal reaches the 
source, no new reflections occur because Zs is matched 
to Zo by Rr. Vs is 1.85 V - 1.65 V = 0.2 V. 

The reflection at the load causes VL to equal 0.2 V when 
the original signal arrives. Vs does not equal 0.2 V until 
the reflected signal returns, in this example, 3 ns later 
(Figure 27). 
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Figure 27_ a) Signal at Source; b) Signal at Load end 

This can be a risky approach if the load is distributed 
along the line, since those loads not at the end of the line 
will see some intermediate voltage until the reflection 
cleans them up on its return to the source. In addition, 
this technique adds the delay of the return trip because 
the signal cannot be considered valid until the device 
closest to the driver has a valid input. The input to the 
device closest to the driver becomes valid upon the re
turn of the reflection. The delay is longer than indicated 
in the last example because the added capacitance of 
the distributed load reduces Zo and increases !Po. 

Despite this drawback, series termination is success
fully used with DRAM drivers, even when the DRAMs 
are distributed along the signal line. The risk of the sig
nal spending time near threshold and the extra delay are 
reduced by choosing Rr so that the resultant Zs is 
slightly less than Zo. The voltage swing at the line is 
larger, and the voltage level is closer to VoL, below the 
input threshold. If the line is terminated with 20 Q, Vs 
becomes: 

(0.2 V - 3_5 V) Zo 
Vs= 3_5 V + --------~ 

z8 + z 0 + 20 Q 

3 _5 V + (0.2 V - 3_5 V) * 67 Q 

8 Q + 67 Q + 20 Q 

1-17 v 

Because the termination is not an exact match, some 
ringing occurs. However, if the ringing is below a toler
able level, it can be used successfully. The designer 
must decide on the compromise. Furthermore, the high 
capacitance of memory lines often swamps out the 
ringing. 

Often, an exact match is not possible because of the dif
ferences between the HIGH- and LOW-output imped
ances. The outpl,lt impedance of TTL-compatible 
devices is different for HIGH and LOW levels. For exam
ple, the PALCE16V8 is 8 Q when LOW, and about 50 Q 
when HIGH. This complicates the choice of a terminat
ing resistor because no single value is ideal for both 
cases. A compromise value must be chosen that results 
in acceptable results in both transition directions. 

Layout Rules for Transmission Lines 
The controlled impedance signal line is the best practi
cal medium for signal transfer on a board, and proper 
termination helps ensure proper noise-free operation. 
However, it is still possible to generate noise with an in
efficient layout. The following layout rules further en
hance board operation. 
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1. A void Discontinuities 
Discontinuities are points where the impedance of the 
signal line changes abruptly; they cause reflections. The 
formula for KR is as valid here as it as at the end of the 
line. Because they cause reflections, they should be 
avoided. Discontinuities can be at sharp bends on the 
trace or at vias through the board. 

At bends on the trace, the cross-sectional area in
creases, and Zo decreases. It is possible to compensate 
for the bend by cutting the trace as shown in Figure 28. 
The cut is chosen so that the resulting diagonal is equal 
to the trace width. This minimizes the delta in cross-sec-

a) 

w 

w 

c) 

tional area, as well as the discontinuity. Using two 45° 
bends makes use of the same concept and is a common 
way of smoothing out bends. A smooth circular arc 
would be ideal but is harder to generate with many tools. 

Vias take signals through the board to the other side 
(Figure 29). The vertical run of metal between layers is 
an uncontrolled impedance, and the more of these there 
are, the greater is the overall amount of uncontrolled im
pedance in the line. This contributes to reflections. Also, 
the 90° bend from horizontal to vertical is a discontinuity 
that generates reflections. If vias cannot be avoided, 
use as few as possible. 

w 

b) 

w 

w 

w 

d) 

16356A·028A 

Figure 28. Reducing Discontin"!ity. a) Corner on PC Board Trace which Causes Discontinuity; Solved: 
b) by Shaving the Edge; c) by 45° Corner; d) by Using Curves 
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Uncontrolled 
Impedance 

16356A-029A 

Figure 29. a) Excessive Number of Vias; b) Preferred Solution 

Note that changing from an outer layer to an inside layer 
(or vice versa) generates an impedance change, since 
the design effectively is changed from stripline to micro
strip (or vice versa). While it is theoretically possible to 
change geometries to compensate and keep imped
ances the same, it is very difficult to do so in production. 
The best results are obtained if outside signals remain 
outside, and inside signals remain inside. 

2. Do Not Use Stubs or Ts 
When laying out the signal lines, it is often convenient to 
run stubs or Ts to the devices, similar to Figure 30a. 
Stubs and Ts can be noise sources. If long enough, they 

are transmission lines with the main line as the source 
and are subject to the same type of reflections. 

The signal lines should avoid long stubs and Ts. As long 
as the stubs are very short, a single line can be used with 
a single termination at the end, although Zo must then be 
derated to account for the distributed load. Given the ex
ample in Figure 30a, if the stubs are too long, the signal 
line could be made into two signal lines, as shown in Fig
ure 30b. Both are transmission lines and require termi
nating; however, this is preferable to terminating each 
long stub individually. 
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b) 
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Figure 30. a) Stubs off of Transmission Line; b) Preferred Solution 

C> Noise Source 
~~----1---~ 

CTrace 

Noise Receiver 

Noise Source 
Trace 

a) 

Noise Receiver 
o-----a Trace 

RIN> 10 kQ 

b) 16356A-031A 

Figure 31. a) Capacitive Crosstalk; b) Equivalent Circuit; c) Solution 

c) 

3. Crosstalk 
Crosstalk is the unwanted coupling of signals between 
traces. It is either capacitive or inductive. Crosstalk can 
be handled effectively by following a few simple rules. 

3.1 Capacitive Crosstalk 
Capacitive crosstalk refers to the capacitive coupling of 
signals between signal lines. It occurs when the lines 
are close to each other for some distance. 

The circuit representation in Figure 31 shows two signal 
lines, called the noise source and the noise receiver. Be
cause of capacitance between the lines, noise on the 
source can be coupled onto the receiving line. This oc
curs in the form of current injected into the receiving line. 
In a transmission line, the current sees Zo in both direc
tions, and propagates both ways, until it can be dissi
pated across the source and load. The voltage spike this 
causes on the line is determined by Zo. When the current 
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pulse gets to Zs and ZL, it dissipates across these resis
tors with a voltage proportional to the impedance. If 
there is an impedance mismatch at the source or load, 
reflections occur. In the case of an unterminated load, 
the voltage spike across ZL can be very large. Terminat
ing the load can significantly reduce the voltage noise 
seen at the input of the next device. 

Capacitive crosstalk can also be reduced by separating 
the traces. The farther apart the signal traces are, the 
less the capacitance, and the smaller the crosstalk. 

AMO~ 
Space constraints on the board may put limits on how far 
apart the signal lines can be placed. An alternate ap
proach is to put a ground trace between adjacent-signal 
lines, as shown in Figure 32. The signal is now coupled 
to ground, not to the adjacent-signal line. 

Note that the ground trace must be a solid ground. If it is 
only connected to the ground plane at the trace ends, 
the trace has a relatively high impedance. For good 
grounding, the ground trace should be connected to the 
ground plane with taps separated a quarter wavelength 
(A/4) of the highest frequency component of the signal. 

16356A-032A 

Figure 32. Isolating Traces with a Ground Trace 

The wavelength is the distance the signal travels in a 
single period or: 

A = vel * Period 

= _1_ * _1_ 
tm freq 

With digital signals, the highest significant frequency 
harmonic of interest is usually assumed to be 1/JttR. 
Consider an example where tR = 1.25 ns (possible for 
PAL 16R8-4 devices). The upper-frequency component 
is: 

fMAX 1 
1.25 ns * n 

255 MHz 

The distributed load delay for our example in section 2 
was 4.14 ns/ft. A. is equal to the period divided by tPo. 

A = 1 
255 MHz 

11.4 in 

= 2.8 in 

* -~1=--._ 
4 .14 ns 

ft 

For maximum isolation, the ground trace must have 
taps to the ground plane no more than 2.8 inches apart. 

3.2 Inductive Crosstalk 
Inductive crosstalk can be thought of as the coupling of 
signals between the primary and secondary coils of an 
unwanted transformer (Figure 33). The transformer 
windings are the current loops on the board (or system). 
These can be either artificial loops inadvertently created 
by inefficient layout (Figure 34a) or natural loops result
ing from the combination of the signal path and the sig
nal return path (Figure 34b). Artificial loops are 
sometimes hard to locate, but can be eliminated as 
shown in Figure 34c. 

The amount of unwanted signal coupled to the load de
pends on the proximity and size of the loops, as well as 
the impedance of the affected load. The amount of en
ergy transferred increases as the loops become larger 
and get closer together. The size of the signal seen at 
the load, on the secondary loop, increases with the load 
impedance. 

3.2.1 Loop Size and Proximity 
The inductance of a loop (L) increases with loop size. 
When two loops interact, one will have a primary induc
tance (LP) and the other will have a secondary induc
tance (LS), as shown in Figure 33b. Because the signal 
lines are not purposely designed to be transformers, the 
coupling is loose; however, it can create interference on 
the secondary loop. 
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a) b) 

Figure 33. a) Inductive Crosstalk; b) Transformer Equivalent 

a) b) c) 16356A-034A 

Figure 34. a) Artificial Loops; b) Schematic Equivalent; c) Solution 

16356A-035A 

a) b) c) 

Figure 35. a) Common Return Path; b) Loop; c) Autotransformer Equivalent Circuit 

If portions of the return paths of two signal lines coincide, 
the resulting loops might form an auto-transformer (Fig
ure 35 a and c). An example of this is the VME-back
plane example discussed above. Ensuring that each 
signal has its own return path can eliminate this source 
of crosstalk. 

3.2.2 Load Impedance 
If inductive crosstalk comes about due to artificial loops, 
the solution is to open the loops. Unfortunately, locating 
the loops can often be a challenge. If the crosstalk is 
generated by natural signal I return-signal loops, then 

clearly the loop cannot broken. But by keeping the load 
impedance low, the effect of the crosstalk can be mini
mized. Figure 36 shows a simplified schematic repre
sentation of a secondary "natural" loop with a load. Here 
Zs is the intrinsic impedance of the secondary loop. Note 
the series current (is). Because the impedances are in 
series, is is the same everywhere in the loop. With a con
stant is, the voltage drop is largest across the largest im
pedance. On an unterminated line, this usually is the 
load at the end of the line; i.e., at the input of the receiv
ing device. 
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Figure 36. Series Inductive Loop 

Large noise signals are most unwanted at the inputs, 
where noise signals should be minimal. If the maximum 
signal is developed across the largest impedance, the 
signal developed at the input can be reduced by termi
nating the signal line at the receiver end, which reduces 
R1N to RT. 

RT is usually in the 30 n to 150 n range. This reduction 
in R1N is at least two orders of magnitude. The voltage 
drop across R1N is reduced accordingly. The exact drop 
is difficult to predict because it depends on the value of 
Zs , which is difficult to determine. But reducing R1N by 
orders of magnitude should have a significant effect. 

3.3 Crosstalk Solutions Summary 
The following steps summarize the ways in which the ef
fects of crosstalk can be minimized. 

1. The effect of both capacitive and inductive crosstalk 
increases with load impedance. Thus all lines sus
ceptible to interference due to crosstalk should be 
terminated at the line impedance. 

2. Keeping the signal lines separated reduces the en
ergy that can be capacitively coupled between signal 
lines. 

3. Capacitive coupling can be reduced by separating 
the signal lines by a ground line. To be effective, the 
ground trace should be connected to the ground 
plane every IJ4 inches. 

4. For inductive crosstalk, the loop size should be re
duced as much as possible. Where possible, loops 
should be eliminated. 

5. For inductive crosstalk, avoid situations where signal 
return lines share a common path. 

4. ELECTRO-MAGNETIC INTERFERENCE 
(EMI) 

EMI is becoming more critical with speed. High-speed 
devices are naturally more susceptible to interference. 
They accept fast glitches, which slower devices ignore. 
Even if the board or system is not susceptible, the FCC 
in the United States, along with VOE and CCITT in 
Europe, places severe limitations on the high-frequency 
noise (both radiated and line noise) that the board can 
generate. 

The designer can reduce EMI through shielding, filter
ing, eliminating current loops, and reducing device 
speed where possible. Although shielding is outside the 
scope of this article, all the other issues are discussed 
as follows. 

AMO~ 
4.1 Loops 
Current loops are an unavoidable part of every design. 
They act as antennae. Minimizing the effects of loops on 
EMI means minimizing the number of loops and the an
tenna efficiency of the loops. Do not create artificial 
loops; and keep the natural loops as small as possible. 

1. Avoid artificial loops by ensuring that each signal line 
has only one path between any two points. 

2. Use power planes whenever possible. Ground 
planes automatically result in the smallest natural 
current loop. When using ground planes, ensure that 
the signal-return line path is not blocked. 

If power buses are necessary, have the fast-signal 
lines run either over or next to a power bus. 

4.2 Filtering 
Filtering is standard for power lines. It can also be used 
on signal lines, but is recommended only as a last resort, 
when the source of the signal noise cannot be 
eliminated. 

Three options are available for filtering: bypass capaci
tors, EMI filters, and ferrite beads. Bypass capacitors 
are discussed in section 1. EMI filters are commercially 
available filters; they are available over a wide fre
quency range. Ferrite beads are ferrite ceramics that 
add inductance to any wire within their proximity. They 
are used as high-frequency suppressors. 

4.2.1 EM/ Filters 
EMI filters are commercially manufactured devices de
signed to attenuate high-frequency noise. They are 
used primarily to filter out noise in power lines. They act 
to isolate the power outside the system (referred to as 
the line) from the power inside the system (referred to as 
the load). Their effect is bi-directional: they filter out 
noise going into, and coming out of, the device or board. 

EMI filters consist of combinations of inductors and ca
pacitors. In general, the configuration to use depends on 
the impedance of the nodes to be connected. A capaci
tor should be connected to a high-impedance node; an 
inductor should be connected to a low-impedance node. 
EMI filters are available in variations of the following 
configurations: feedthrough capacitor, L-Circuit, Pl-Cir
cuit, and T-Circuit. 

• The feedthrough capacitor's only component is a ca
pacitor (Figure 37a). It is a good choice when the im
pedances connected to the filter are high. Note that it 
provides no high-frequency current isolation be
tween nodes. 

• The L-Circuit has an inductor on one side of a capaci
tance (Figure 37b). It works best when the line and 
load have a large difference in impedance. The in
ductive element is connected to the lowest 
impedance. 
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• The Pl-Circuit has an inductor surrounded by two ca

pacitors (Figure 37c). Pl filters are best when the line 
and load impedances are high and when high levels 
of attenuation are needed. 

• The T-filter has inductors on either side of the capaci
tor in a T fashion (Figure 37d). It is a good choice 
when both line and load impedances are low. 

LC filters are rated according to insertion loss, which is 
the amount of signal lost due to the insertion of the filter. 
Insertion loss is usually stated in decibels. Filter manu-

0.-------

1
~0 

a) 

c) 

facturers provide graphs of their filters over prescribed 
frequency ranges. 

4.2.2 Ferrite Noise Suppressors 
Ferrite noise suppressors are ferrite ceramics placed in 
proximity to the conducting material. They are available 
as beads for single wires and clamps for cables. When 
using beads, the wire is placed through a hole in the 
bead (Figure 38a). When using clamps, the ferrite mate
rial is clamped around the cable (Figure 38b). Clamps 
are popular with ribbon cable. 

~ 

I 
b) 

d) 16356A·037A 

Figure 37. Line-Noise Filters. a) Capacitor; b) LC Filter; c) Pl Filter; d) T Filter 

/Ferrite Bead 

a) 

Ferrite Clamp~ 

16356A-038A 

b) 

Figure 38. a) Ferrite Bead; b) Ferrite Clamp 
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Ferrite suppressors work by adding inductance in series 
with the line (Figure 39). Ferrite manufactures supply 
graphs similar to those in Figure 40, which shows the 
added impedance as a function of frequency. The sys
tem designer must determine the insertion loss. The for
mula is: 

AMO~ 
Loss (db) = 20 LOG10 Zs + ZL + ZF 

Zs + ZL 

where Zs= Source Impedance 
ZL = Load Impedance 
ZF = Ferrite Impedance 

16356A-039A 

Figure 39. Ferrite Filter Equivalent Circuit 
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Figure 40. Frequency Response of Ferrite Filter 

Ferrite suppressors add inductance to the line without 
adding DC resistance. This makes an ideal choice for 
line-noise suppressors on the Vee pins of devices. 

Because ferrite beads are small and easy to handle, 
they can sometimes be used in signal lines to suppress 
high-frequency noise signals. This is not recommended 
for two reasons: first, it masks the cause of most prob
lems; second because it might affect the edge rates of 
the signal. However, when the board is already laid out, 
ferrite beads can be used on noisy signal lines as a last 
resort. 

4.3 Device Speed 
The less energy a device generates in a given frequency 
range, the less noise can be radiated in tHat range. 

Faster devices, by definition, have shorter transition 
times. Because shorter transition times have more en
ergy in the high-frequency range, faster devices can 
generate more high-frequency noise. 

Figure 41 a is an outline of the Fourier transform of a 
square wave (Figure 41 b). There are two corners of in
terest: 1ht!L(this frequency is determined by the period 
of the signal) and 1 httf (determined by the transition time 
of the signal; this is also the frequency we used in deter
mining the wavelength in the discussion on capacitive 
coupling). After 1httf, the curve drops off very rapidly. 
For practical purposes, 1httf is the highest significant 
frequency component of the signal. 
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Figure 41. a) Single Pulse; b) Fourier Transform of Pulse 

For example, the PAL 16R8-4 series has a typical transi
tion time of 2 ns. It can be as short as 1 .25 ns. The fre
quency component of the edge is: 

f 1 

7t * 1.25 ns 

254 MHz 

The output signal has a high-frequency component of 
254 MHz, regardless of the clock frequency. 

Because of the high-frequency component, the board 
might require extra filtering and possibly shielding in or
der to comply with EMI emissions restrictions required 
by regulatory agencies. 

If the system speed requirements are high enough (for 
example, clock rates over 80 MHz), devices this fast 
must be used, and the extra effort required to meet com
pliance is justified. However, if a slower device can meet 
system requirements, it should be used. By virtue of the 
longer transition time, the slower device generates less 
energy at the higher frequencies. In general, try to use 
devices that are fast enough to meet the system require
ments, but no faster. 

SUMMARY 
While faster technologies provide the theoretical possi
bility of faster systems, extra care must be taken to turn 

this possibility into reality. The largest noise compo
nents can be eliminated by addressing the following: 

• integrity and stability of power and ground; 

• termination and careful layout of transmission lines 
to eliminate reflections; 

• termination and careful layout to reduce the effects 
of capacitive and inductive crosstalk; 

• noise suppression for compliance with radiation 
regulations. 

There are many other second-order issues that could be 
addressed, but that are beyond the scope of the applica
tion note. Some references for additional information 
are listed below. 

1. Sherman Lee, Mark McClain, Dave Stoenner. 
"Am29000 32-Bit Streamlined Instruction Processor 
Memory Design Handbook," Advanced Micro De
vices Inc., Sunnyvale, CA, Appendix A, Memory Ar
ray Loading Calculations. 

2. William R. Blood Jr. "ECL Systems Design Hand
book," Motorola Semiconductor Products Inc., 
Mesa, AZ, May, 1983 (Fourth Edition) Chapters 3 
and 7. 

3. Ramo, Whinnery, and Van Duzer, "Fields and 
Waves in Communications Electronics," John Whil
ley & Sons, 1965, Chapter 1 . 
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Minimizing Power Consumption 
with Zero-Power PLDs ~ 

Advanced 
Micro 

Devices Application Note 

Zero-Power Programmable Logic Devices {PLDs) are 
advanced PAL devices designed with ultra low-power, 
high-speed, electrically-erasable CMOS technology. 
ZPAL™ devices provide zero-standby power and high 
speed for a variety of applications. At 15 µA maximum 
standby current, Zero-Power devices allow battery pow
ered operation for an extended period of time. Zero
Power CMOS devices can significantly reduce system 
power consumption by replacing equivalent CMOS and 
TTL devices. 

ZPAL devices are available in the following configura
tions: the industry-standard 20-pin PALCE 16V8Z family 
and the AMO-patented 24-pin PALCE22V1 OZ family. 

The PALCE16V8Z family is functionally compatible with 
all CMOS half- and quarter-power PALCE16V8 devices 
and will directly replace the bipolar PAL16R8 and 
PAL10H8 series devices with the exception of the 
PAL16C1. 

The PALCE22V10Z family is functionally compatible 
with all 24-pin 22V10 devices, and it provides user-pro
grammable logic for replacing conventional low-power 
CMOS SSl/MSI gates and flip-flops at a reduced chip 
count. 

POTENTIAL APPLICATIONS 
ZPAL devices may be used in any application where a 
standard 22V1Oor16V8 device would be used. Designs 
that are currently in a 20V8 will also fit in the 24-pin 
22V10 device. In addition, they are ideal for low-fre
quency or low-duty-cycle environments such as line 
card and peripheral applications, where low power con
sumption is a priority. Laptop computers and other bat
tery-operated or backed-up equipment, such as 
hand-held meters and portable communication units, 
would benefit from the Zero-Power devices. 

The PALCE16V8Z and PALCE22V10Z feature a zero
standby power mode. When none of the inputs switch 
for an extended period, the device will go into standby 
mode, shutting down most of its internal circuitry, caus
ing the current consumption to drop to almost zero 
{15 µA). The outputs will maintain the states held before 
the device went into the standby mode. When any input 
switches, the internal circuitry is fully enabled, and 
power consumption returns to normal. 

Since all of the features which cause the device to be a 
Zero-Power PLO are internal, the 16V8Z and the 
22V10Z PAL devices are pin-for-pin and JEDEC-file 
compatible with existing devices of the same families. 

Publication# 16948 Rev. A Amendment/O 
Issue Date: June 1992 

HINTS ON MINIMIZING POWER 
CONSUMPTION 
The quintessential feature of the ZPAL device's current 
reducing operation is the "sleep mode." When the de
vice is inactive for a period of time, certain portions of the 
PLO can be disabled or "put to sleep" by the presence of 
input transition detection circuitry. Any switching delays 
of about 50 nanoseconds or more, for the entire device, 
will place the PLO in sleep mode. This means that none 
of the inputs, including the clock, can be switching in 
order to utilize the significant power saving features. 
Therefore, during the design phase, special attention 
must be given to every signal that is being transferred to 
the device, so that the sleep mode feature may be en
gaged as much as possible. Refer to Figure 1 for ZPAL 
device features. 

Inputs 

Transition Detectors 

Input Buffer 

Programmable AND Array 

OR Plane 

Array Latches 

Macrocells, 
Output Buffers 

Transition Detectors 

110 Pins 
16948A-001A 

Figure 1. ZPAL Device Features 
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As sleep mode is asserted, all outputs will latch to the 
state they were in when the last input transition oc
curred. This state will be held as long as the device is 
asleep. 

When an input does experience a transition, the device 
will "wake up." The wake-up delay associated with the 
initial transition is included in the determined propaga
tion delay of the device. Therefore, there are no extra 
system delays to consider when the device utilizes the 
standby feature, since it quickly returns to full operation. 
However, if a designer is more interested in high speed, 
such as a burst mode application, a typical propagation 
delay would be closer to 5 nanoseconds faster while the 
device is awake. 

The inputs and 1/0 pins are monitored by an input transi
tion detection circuit. Any transition on any pin, including 
noise spikes, will disengage the sleep mode. Thus, dur
ing the design phase, care should be taken to ensure 
that all circuitry associated with the Zero-Power device 
is as quiet as possible. 

Effects of Frequency 
The sleep mode benefits are best realized in combin
atorial applications since sequential functions will be 
powered-up with every edge of the clock. However, sig
nificant power savings can still be realized when the 
clock is stopped or operating at a modest rate. For in
stance, when used in an application with a 5-MHz clock 
(200-ns period), the power consumption of the ZPAL 
device will be reduced by 50% from the consumption at 
the maximum frequency. 

The designer must also be careful when considering the 
true operating frequency. If the fastest input is 1 MHz, 
but there are two inputs 90 degrees out of phase, even 
though a transition occurs on each input every half-cycle 
(500 ns), there is a transition on some input every quar
ter cycle (250 ns). Thus, the effective frequency is dou
bled, and the 2-MHz point should be used to calculate 
the power consumption. This is not as important when 
the signal in question is greater than 1 O MHz, since with 
a 50% duty cycle the part would never enter sleep mode. 

Another way of realizing power savings is by decreasing 
the duty cycle of the clock and input signals. Dynamic 
Ice is a function of duty cycle and frequency. The two are 
mutually exclusive. As previously mentioned, at a fre
quency of 1 O MHz with a 50% duty cycle, the part would 
always be powered up. However, if the duty cycle was 
decreased to 20%, a 10-MHz signal would cause the 
part to shut down for 30 nanoseconds (80-50 ns), 
thereby reducing the Dynamic Ice of the device. 

Referring to the typical Ice versus Frequency Graphs of 
the corresponding data sheets, will clearly indicate the 
power savings that may be realized by optimizing the 
ZPAL device's operating frequency. 

Effects of Product Terms 
To further reduce power consumption, unused product 
terms are permanently disabled during programming. 
Each product term has a Sense Amp Off (SAOFF) bit, 
which will be programmed when the corresponding 
product term is unused, thereby shutting off the sense 
amp to save power. Note that the SAOFF bit is automati
cally configured and has no effect on the JEDEC file, so 
the designer does not even have to think about it. A 
typical power savings of approximately 300 µA per un
used product term will be achieved. Thus, a logic design 
that utilizes a minimum number of product terms will 
result in the maximum amount of power savings. 

Inverting simplified logic by using DeMorgan's theorem 
and changing the output polarity is one way that a de
signer may easily reduce product term requirements. 
For example, in the equation 

Z=X+Y 

the "OR" function denoted by the "+" sign, requires two 
product terms, one for each variable. However, if both 
sides of the equation are inverted to become 

/Z = /(X+Y) 

using DeMorgan's theorem yields 

/(X+Y) = IX*IY 

Here the "AND" function denoted by the "*" sign does 
not use the second product term, because one product 
term is shared by both variables. The resultant equation 
is now 

IZ = IX*IY 

and by switching the output polarity, the logic behaves 
the same way as it was originally intended as well as 
reducing a product term requirement. 

The choice of output polarity itself does not save power, 
but if chosen wisely, it may help to reduce product term 
usage. It should also be noted, however, that switching 
output polarity will also invert the Synchronous Preset 
(SP) and Asynchronous Reset (AR) functions at the 
output of the register of a 22V 10. 

1/0 Characteristics 
The output stage of the Zero-Power PAL devices con
sist of a P-channel pull-up transistor and an N-channel 
pull-down transistor, a true CMOS output with rail-to
rail switching. A P-channel pull-up is better for low
power applications than an N-channel transistor, since 
P-channel outputs can be driven up to the Vee level. 
This ensures that the following input buffer draws no 
current. The same amount of current is available for 
both high and low outputs with a P-channel pull-up, 
unlike the unequal, although slightly faster N-channel 
transistor used in other PLO products. 
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These devices are capable of driving and being driven 
by either TTL or CMOS devices. They are compatible 
with both HC and HCT standard specifications as illus
trated in Table 1. 

Table 1 

Parameter HC HCT ZPAL 

V1H 3.15 v 2.0V 2.0V 

V1L 0.9V O.BV 0.9 v 
VoL@ 6 mA 0.33V 0.33 v 0.33V 

VoL@ 20 µA 0.1 v 0.1 v 0.1 v 
VoH@ 6 mA 3.84V 3.84V 3.84V 

VoH@ 20µA Vcc-0.1 V Vcc-0.1 V Vcc-0.1 V 

One minor disadvantage of true CMOS outputs is the 
intrinsic SCR circuit that is developed in the CMOS 
structure and cannot be eliminated. The SCR has been 
made as difficult as possible to turn on by using guard 
rings and carefully laying out all input and output circuits. 
An excess current of 100 mA would be required on an 
individual pin to induce "latch-up". However, there is a 
potential to latch-up a ZPAL device through hot-socket 
insertion. If there is a possibility of the device or board 
being instantly powered-up, design care must be taken. 

Effects of Reducing VO Switching 
Since each input will draw up to a maximum of 5 mA 
each time it switches, additional power savings are pos
sible by reducing the number of inputs used. A CMOS 
transistor pair only draws current when it is switching or 
floating in an intermediate region, so unused inputs 
should be externally tied either HIGH or LOW. The num
ber of outputs switching will also affect the amount of 
current consumption. Therefore, minimizing output 
switching will also help to reduce the amount of current 
required. 

The potential for ground bounce problems will also be 
reduced by limiting the number of outputs switching. 
Built-in slew-rate-limiting circuits will help to slow down 
the fast CMOS falling edges that contribute to ground 
bounce. A fall rate of 1.25 V/ns is typical of the faster 
N-channel pull-down transistor, while a slower rise rate 
of 1 V/ns can be expected from the P-channel pull-up. If 
most of the outputs are required to switch simultane-

AMO~ 
ously, it is important to ensure that the ground path on 
the circuit board has low inductance, and to reduce the 
loading on the outputs. The lower-lead-inductance 
PLCC package will also reduce the possibility of ground 
bounce since the bonding wires are 1/4 the length of 
a DIP's bond wires. 

Effects of Loading 
Power dissipation of the outputs is greatly affected by 
the load. To minimize power dissipation, ZPAL device 
loads should have no DC components. If termination is 
required, an AC terminator like the one in Figure 2 
should be used to eliminate DC power drain. 

1/0 Pin 

16948A-002A 

Figure 2. Typical AC Terminator 

The capacitance should generally be kept as low as 
possible since the output stage will go through a process 
of constantly charging and discharging the capacitor. 
The formula for current consumption due to loading is 

i = C,Vsfo 

where i is the current, CL is the capacitive load, Vs is the 
voltage swing, and to is the frequency at which the out
put is switching. Therefore, current is consumed every 
high transition since the capacitor has to recharge. 

SUMMARY 
ZPAL devices provide zero-standby power and high 
speed for a variety of applications. Zero-Power CMOS 
devices can significantly reduce system power con
sumption by replacing equivalent CMOS and TTL de
vices. Since all of the features which cause the device to 
be a Zero-Power PLD are internal, the 16VBZ and the 
22V10Z PAL devices may be used in any application 
where a standard 22V10 or 16V8 device would be used. 
With a little extra attention given to the particular design 
involving a Zero-Power PAL device, a designer can real
ize significant system power savings. 
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Application Note 

The PALCE16V8HD is a High Drive PLO that combines 
the popular PALCE16V8 architecture with 64-mA cur
rent drivers. It has application anywhere a reasonably 
complicated function must control a high-current signal 
line. Examples of this are control signals for buses such 
as the VME bus, combination decoder and LED driver, 
3 V translator, and control lines for memory. 

Previously, this problem was solved by using a pro
grammable device, such as a PAL device, followed by a 
high current driver. The drawback to this solution is that 
it requires two devices to perform the functionality of one 
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device. The extra device increases part count and 
increases total propagation delay. 

The PAL CE 16V8HD is an ideal replacement for the pair 
of devices. First, it combines the full functionality of a 
PAL device and 64-mA current sink capability into one 
device. Second, it provides input latches to store infor
mation. Third, it provides the choice of either totem-pole 
or open-drain output drivers. Finally, it has a minimum of 
200-mV hysteresis on all input and 1/0 pins for in
creased noise immunity. The macrocell is shown in 
Figure 1. 

OE 

Vee 
i----- To Adjacent 

Macrocell 

----------11 1 

CLK 

LE 

a) 

*In macrocelfs MCo and MC7 
b) 

SG1 is replaced by SGO on the feedback multiplexer. 

ox 
...._ __ ...j10 

*SG1 

16677A-1 

From 
Adjacent 
Pin 

Figure 1. a) PALCE16V8HD 1/0 Macrocell; b) PALCE16VSHD Input Macrocell 
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The purpose of this application note is to guide the engi
neer in using the PALCE16V8HD high drive-current 
PAL device. What follows is a discussion of its features 
and hints on how to maximize their benefits. 

Input Latches 
All inputs to the device (including 1/0 pins) can be pro
grammed as a transparent latch. The latch enable (LE) 
signal is pin 4 (pin 5 for PLCC). The latches are transpar
ent when LE is HIGH and latched when LE is LOW. 

Input latches provide a convenient way to speed up data 
transfer while providing storage at the same time. With 
latches, the new data is available instantaneously, 
while with registers, the data is not available until the 
next clock edge. The input-latch setup time is also short 
because the product-term array is bypassed. The regis
ter-setup time is 10 ns, while the latch-setup time is only 
4 ns. This last feature makes it possible to capture sig
nals which tend to occur late in the clock cycle. 

The P ALCE 16V8H D is designed so that the transparent 
latch does not add extra delay to the signal. This makes 
the PALCE16V8HD faster than the usual PAL device 
and input latch combination. 

Register Configurations 
The output registers can be configured as either D-type 
or T-type flip-flops. The D-type register's Q output is 
equal to the D input at the rising edge of the clock. The 
T-type registers output toggles when the corresponding 
T input is HIGH and maintains the current state when the 
T input is LOW. The T-type register's action is also de
termined at the rising edge of the clock signal. 

The D-type register has the advantage of simplicity. It is 
straight forward and the easiest to determine the de
sired results. 

In many applications, such as counters, the T-type flip
flop requires fewer product terms. If the application is 
large enough, this can mean the difference between fit
ting or not fitting on the part. 

T-type flip-flops tend to reduce the number of product 
terms required in sequential applications such as count
ers and state-machines. They are not optimal for all ap
plications. For example, to load data takes two product 
terms with a T-type flip-flop and only one product term 
with a D-type flip-flop. Because the PALCE16V8HD can 
be configured as either type, it has a wider range of ap
plication than either one alone. 

Note that because there is no global initialization func
tion, designers should be sure that T-type flip-flops have 
a direct way of being initialized. This can most easily be 
done by ensuring that there is at least one LOAD prod
uct term. A LOAD product term is one that can be acti
vated with no other product term active, and which will 
have the flip-flop toggle only if the flip-flop state is pres-
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ently in the state opposite the desired initialized state. 
An example is shown below. 

OUTl. T = A*B*OUTl * /OUT2 

+ /A*/B*/OUTl* 
/OUT2 

+ INIT_LOW*OUTl 

+ INIT_HIGH*/OUTl 

;application 

;equations 

;" 

;toggles to 

;LOW if HIGH 
;toggles to 

;HIGH if LOW 

Output Driver Configurations 
The output macrocells can be independently configured 
as either totem-pole outputs or open-drain outputs. In 
the totem-pole configuration the driver has an n-channel 
pull-down transistor and an n-channel pull-up transistor. 
The output-LOW voltage is typically 0.3 V and the out
put-HIGH voltage is typically 3.5 V. In the open-drain 
configuration, the n-channel pull-up transistor off. The 
output-LOW voltage is the same as in the totem-pole 
configuration. The output-HIGH voltage is determined 
by the termination voltage and the load on the sig
nal line. 

Totem-Pole Output Configuration 

The totem-pole output driver conforms to TTL specifica
tions. Because the pull-up transistor is n-channel, the 
output-HIGH voltage is 1 to 1.5 volts below Vee, even 
under zero-load conditions. If rail-to-rail swings are re
quired, VoH can be raised by terminating the output with 
a resistor to Vee. 

Open-Drain Outputs 

The open-drain configuration has two types of applica
tions. The first is as a switch to apply power to devices 
such as a small lamp or even a small motor. The second 
is as an active-LOW signal source on a signal line with 
multiple asynchronous drivers. Because the pull-up 
transistor is always off, the risk of device damage due to 
contention is eliminated. If the output structure were to
tem-pole only, the state of the output would have to be 
set internally and then the output would be enabled. The 
open-drain structure eliminates this extra complexity. 

An example of asynchronous signals on one line is the 
bus request for VME buses. For open-drain outputs, the 
request line simply goes LOW. Simultaneous requests 
must be handled by an arbiter, but there is no risk of cir
cuit damage due to bus contention. 

Output Terminations 
The anticipated applications for the PALCE16V8HD in
clude relatively long signal-line lengths. At the rise and 
fall times of this device (2 to 3 ns), the signal lines re
semble transmission lines. The transmission line's pro
pensity for reflections requires the use of terminating 
techniques. It is beyond the scope of this article to pre-
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sent a detailed discussion of transmission lines, but we 
will discuss some of the more popular termination tech
niques that lend themselves well to high-drive devices. 
Those interested in studying transmission lines in more 
detail are encouraged to check out the references at the 
end of this application note. 

Terminating Totem-Pole Outputs 

The most effective termination is a resistor at the load 
end of the signal line that is equal to the line impedance 

a) b) 

Vee 

d) 

(Figure 2a). Because the input impedance of all PLDs is 
greater than 10 kQ, this is effectively an exact match. 

Because parallel termination increases the DC load, the 
output will be degraded for both VoH and VoL. The IN 
curves for the device (Figure 3) can be used with a load 
line to determine the degraded output levels. The 
dashed lines indicate simple termination to Vee or 
ground. 

c) 

Vee 

e) 

16677A-2 

Figure 2. Termination Alternatives: a) Parallel; b) Active; c) Thevenin; d) AC; e) Multiple Drivers 
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Figure 3. Terminating Load Lines: a) HIGH Output; b) LOW Output 
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If the degraded output is outside acceptable limits, the 
terminating resistor can be referenced to a separate 
power source (Figure 2b). The reference voltage is se
lected so that output drive currents for both HIGH and 
LOW levels are within the operating ranges of the de
vice. The solid load lines in Figure 3 show the output 
degradation when RT is referenced to 3.0 V. Note that 
the voltage source must also be chosen to be able to 
change between sourcing and sinking current at the fast 
switching speeds of the PALCE16V8HD. 

If a reference power supply is not a viable option, it may 
be replaced with its Thevenin equivalent (Figure 2c). 
The resistors are chosen so that the parallel combina
tion of R1 and R2 is equal to RT and Vo is equal VREF 
when the line is open. The loading effect of a 3-V 
Thevenin equivalent bias is also indicated by the solid 
load lines in Figure 3. 

Another option is to place a capacitor in series with RT 
(Figure 2d). Because the capacitor is a DC open, the ter
mination presents a load equal to Zo at the edges of the 
signal, where termination is needed. At other times the 
termination presents a negligible load. 

If multiple drivers are used on the same signal line, both 
ends of the line should be terminated as in Figure 2e. Al
though the AC load is RT, the DC load is the parallel 
combination of the loads at both ends of the line. This 
effectively doubles the DC load. This should be taken 
into consideration when selecting R1 and R2. 

VoH (Volts) 

0 2 3 4 5 6 
0 +-~-+~---it--~-t---,,-t-~-t~---1 

-20 

;;( -40 
.§. 
I 

.9 -60 

-80 

-100 

: d=30Q 

: 6=500 

a) 
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Another technique that reduces DC loading is series ter
mination. Here a resistor is placed in series with the 
driver and the signal line (Figure 4). RT is chosen so that 
it increase the value of the output impedance to match 
Zo. The advantage of this technique is that it does not 
add any load to the output driver. The disadvantage is 
that the device has different output impedances for 
HIGH and LOW output; therefore it is impossible to ex
actly match the device to the signal line for both HIGH 
and LOW transitions. 

Driver I 
Zo 

16677A-4 

Figure 4. Series Termination 

The output impedances are shown in Figure 5. Note that 
the output impedance is 2.5 n for a LOW output and 
50 n for a HIGH output. When using series termination, 
a compromise value is required for RT. The value de
pends on the Zo and the amount of ringing the system 
can tolerate. Because there will always be some ringing, 
this configuration should be avoided for noise-sensitive 
signals. 
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b) 
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Figure 5. Output Impedances: a) HIGH Output; b) LOW Output 
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Terminating Open-Drain Outputs 

The open-drain configuration is simply a single pull
down transistor with the drain connected to the output. 
The transistor turns on and off very fast. When the tran
sistor turns on, it provides a low impedance for the load 
capacitance to discharge into. Therefore, the fall time (ti) 
of the output is short, in the range of 2 ns to 3 ns. When 
the transistor turns off an extremely high impedance is 
presented to the load. The only discharge path is that 
provided by the load and any external termination. 

Vee 

Zo 
Rr 

a) 

Rr 
Vsias 

c) 

Therefore, the rise time (tR) depends on the RC-time 
constant formed by the line capacitance and the termi
nating resistance. 

The recommended termination scheme is shown in Fig
ure 6a. The value of RT should be equal to the imped
ance of the line. This is different from the usual resistor 
pair termination because the terminator itself must pro
vide the logic HIGH level. RT is placed at the load end of 
the line. 

Vee Vee 

fRT y y y y JRr 
l l l l 

b) 

Vsias 

16677A-6 

Figure 6. Termination for Open-Collector Outputs: 
a) Single Driver; b) Multiple Drivers; c) Alternative if Load Exceeds loL 

If multiple drivers are used, terminating resistors should 
be placed at both ends of the signal line as in Figure 6b. 
The DC load is the parallel combination of the loads at 
both ends of the signal line, effectively doubling the DC 
load. 

The DC current load can be reduced by connecting the 
terminating resistors to a bias voltage that is less than 
Vee as in Figure 6c. Because the PAL device provides 
no pullup in the open-collector configuration, Vs1As is 
VoH; therefore Vs1As must be high enough to ensure a 
valid logic HIGH to all the device inputs on the signal 
line. 

Hysteresis 
Buses tend to operate in a noisy environment. Voltage 
spikes from crosstalk can be expected on almost every 

signal line. In addition, series-terminated signals can 
hover at a mid-range until reflections cause them to set
tle to their final value. The mid-range is usually danger
ously close to the input thresholds of most devices. 

One technique that increases the devices tolerance to 
noise is hysteresis. Hysteresis moves the input thresh
old in the direction that requires a larger signal. For ex
ample, when the input signal crosses the threshold on a 
positive transition, the threshold moves lower (Figure 7). 
The input signal would have to move lower to cross the 
new threshold. Therefore, even a noisy signal will cause 
a single crossing per transition, not the multiple cross
ings that might occur without hysteresis. 
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16677A·7 

Figure 7. Response to Noisy Inputs: 
a) Device with no Input Hysteresis; b) Device with Input Hysteresis 

The PALCE16V8HD comes with a minimum of 200 mV 
hysteresis. Therefore, if the noise occurs when the input 
signal level is at the exact middle of the threshold range, 
the device can tolerate 200 mV peak-to-peak of noise 
before detecting multiple transitions. 

Ground Bounce 
An issue that is associated with high-current CMOS is 
ground bounce. This phenomenon is usually first no
ticed as a pulse or ringing on a LOW output. If these 
pulses are large enough they can generate false clock
ing or false data. The design of the PALCE16V8HD 
takes ground bounce into consideration so that it is 
minimized. 

The PALCE16V8HD has two features which make it re
sistant to ground bounce: multiple ground pins and slew 
rate limiting. The multiple ground pins share the switch-

ing current. Because there is less current in any one 
ground pin, there is less energy available to generate 
ground bounce. Slew rate limiting reduces the current 
surge in the ground pin. Together these features keep 
ground bounce down to a tolerable level. 

The following table shows ground-bounce data meas
ured under worst-case conditions: all eight macrocells in 
the registered configuration and seven outputs switch
ing simultaneously. The measured pin is in the LOW 
state during the test. The test was performed with the 
following AC test load: 80 n to Vee, 160 n to ground, and 
50 pF to ground. 

Note that the maximum transient VoL is 1.3 V, which 
shows that ground bounce on the PALCE16V8HD is 
equal to, or better than, ground bounce on devices with 
only 24-mA drive current capability. 
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Ground Bounce Peak Voltage with 

Seven Outputs Switching 

LOW Pin# Peak Voltage 

23 1.2 v 
22 1.1 v 
20 1.0 v 
19 1.1 v 
16 1.2 v 
15 1.3V 
14 1.3V 
13 1.2V 

Power Supply Considerations 
There are two special situations which should be con
sidered for devices used in bus applications: power 
down with live signals and "hot-socketing." Disabling 
Vee of certain sections of a system is a common tech
nique for power conservation. The devices on the dis
abled board should be able to tolerate live signals on the 
input and 1/0 pins while power is down. "Hot-socketing," 
the technique of inserting or removing boards while 
power is applied, is never recommended; however, al
most every system is subjected to it at one time or an
other. The PALCE16V8HD can withstand the stresses 
brought about by power shutdown and hot socketing. 

During power shutdown, Vee is either open or shorted to 
ground. The PALCE16V8HD has n-channel pull-up 
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transistors, which will not conduct or cause latchup 
when the output signal is higher than Vee. 

Hot socketing has two manifestations that concern us 
here: signal and ground connected before Vee, or signal 
and Vee connected before ground. If ground and signal 
lines are connected to the device before Vee is, the ef
fect on the device is similar to that presented by the 
power-down situation; the device inputs and outputs do 
not conduct current. 

When the ground pin is open with Vee and the inputs or 
outputs connected, the pull-up transistors conduct. This 
is because a solid ground is necessary to establish the 
proper bias voltages to allow the output transistors to 
turn off. If ground is floating the output transistors are bi
ased on. 

Figure 8a shows the IN curves on an 1/0 pin with Vee on 
and ground open. The driver starts to conduct at 4 V and 
crosses 0 V at -110 mA. It is interesting to note that 
there is also conduction at the input pins (Figure 8b). 
The ESD structure is a totem-pole configuration resem
bling an output driver; therefore, the ESD-protection 
transistor also conducts when ground floats. 

If the ground is disconnected for only a second or two, 
the device will not be damaged. 
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Figure 8. l/V Curves when Ground is Disconnected: a) 1/0 Pin; b) Input 

5-144 Designing with the PALCE16V8HD 



SUMMARY 
The PALCE16V8HD incorporates a number of features 
which make it ideal for applications involving high-cur
rent signal lines such as bus control lines. 

• There are input latches on every input and 1/0 pin. 
The latches allow the earlier capture of data, which 
effectively shortens the cycle time in many applica
tions. The use of the latch does not add any extra de
lay. Thus the PALCE16V8HD is faster than the PLO 
device and external latch combination. 

• The PALCE16V8HD macrocell can be programmed 
as either D-type or T-type flip-flops. The T-type flip
flops can reduce product-term usage in many appli
cations. Larger counters and state-machines can 
often be built with T-type flip-flops than with D-type 
flip-flops. 

AMO~ 
• The output drivers generate fast signals (2-ns to 3-ns 

rise and fall times). At these edge rates transmission 
line terminating procedures should be used. 

• The drivers can be individually programmed as 
either totem-pole or open drain. For open-drain out
puts, the terminating voltage determines VoH. 

• All input pins have a minimum of 200 mV hysteresis. 
This allows the PALCE16V8HD to operate more 
robustly in noisy environments such as buses. 

• The PALCE16V8HD incorporates slew-rate limiting 
and multiple grounds. This reduces ground bounce 
to levels more common in low-power devices. 

• The PALCE16V8HD has n-channel pullup transis
tors. Therefore, it is resistant to latchup caused by 
signals on input and 1/0 pins while Vee is off, or by 
hot-socketing. 
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Logic Reference Guide 

INTRODUCTION 
Throughout this data book and design guide we have 
assumed that you have a good working knowledge of 
logic. Unfortunately, there always comes a time when 
you are called on to remember something which can 
only be found in that logic textbook which you threw 
away years ago. 

This section is intended to provide a quick review and 
reference of the basic principles of digital logic. We will 
cover three general areas: 

• Basic logic elements 

• Basic storage elements 

• Binary numbers 

Throughout the text, we will use the notation that was 
used throughout this book. If you are unfamiliar with the 
syntax, you will probably find it easy to understand as 
you read; if you wish for a more detailed explanation of 
the symbols, please refer to the Basic Design with PLDs 
section where they are defined. 

As this is a logic reference only, we cannot take on 
lengthy discussions, nor can we train you in the basic 
principles of digital logic if you have not previously been 
trained. In such a case, we must refer you to your 
favorite logic textbook. 

BASIC LOGIC ELEMENTS 
In this section, we will discuss the concepts surrounding 
combinatorial logic functions. 

The Three Basic Gates 
There are three basic logic gates from which all other 
combinatorial logic functions can be generated. These 
functions are NOT, AND, and OR. A truth table indicat
ing these functions is shown in Table 1. Since they can 
be used to generate any function, they are said to be 
functionally complete. 

Table 1. Truth Table for the NOT, AND, and OR 
Functions 

A B /A A*B A+B 

0 0 1 0 0 

0 1 1 0 1 

1 0 0 0 1 

1 1 0 1 1 
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The standard schematic symbols used to represent 
these gates are shown in Figure 1. 

--{>o- NOT 

=D- AND 

OR ==D-- 101730-75 

Figure 1. Schematics Symbols for the Three 
Fundamental Gates 

The AND and NOT functions can be combined into the 
NANO function. This is equivalent to an AND gate fol
lowed by an inverter, as shown in Figure 2a. Likewise, 
the OR and NOT gates can be combined into the NOR 
function, as shown in Figure 2b. Each of these gates is 
functionally complete; any logic function can be ex
pressed solely as a function of NANO or NOR gates. 

a. The NANO Function 

b. The NOR Function 
101730-76 

Figure 2. The NANO and NOR Functions 

Precedence of Operators 
Logic functions may be created with any combination of 
the three basic functions. How those functions are ex
pressed affects the evaluation of the function. The 
normal order of evaluation is: 

NOT, AND, OR 

Evaluation proceeds in order from left to right. 
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This order may be altered by inserting parentheses in 
the function. The contents of the parentheses will al
ways be evaluated before the rest of the expression, 
from left to right. 

Some example functions are evaluated in Table 2. 

Table 2. Using Parentheses to Change the Order of Evaluation 

A B c D 

0 0 0 0 

0 1 1 0 

1 0 0 1 

1 1 1 1 

Commutative, Associative, and 
Distributive Laws 

A*B+/A* 
C+D 

0 

1 

1 

1 

The AND and OR functions are commutative and asso
ciative. This means that the operands can appear in any 
order without affecting the evaluation of the function. 
This is illustrated in Tables 3 and 4. 

Table 3. Commutativity 

A B A*B B*A A+B B+A 

0 0 0 0 0 0 

0 1 0 0 1 1 

1 0 0 0 1 1 

1 1 1 1 1 1 

Table 4. Associativity 

A B c (A*B)*C A*(B*C) (A+B)+C A+(B+C) 

0 0 0 0 0 0 0 

0 1 1 0 0 1 1 

1 0 1 0 0 1 1 

1 1 1 1 1 1 1 

There are actually two distributive laws; one of them re
sembles standard algebra more than the other. These 
two laws state that: 

A*(B+C) = (A*B) + (A*C) 
A+(B*C) = (A+B) * (A+C) 

A*B+/A* A*(B+/A)* A*(B+/A)* 
(C+D) C+D (C+D) 

0 0 0 

1 0 0 

0 1 0 

1 1 1 

Duality 
The two distributive laws give an example of the concept 
of duality. This principle states that: 

Any identity will also be true if the following substitutions 
are made: 

*for+ 
+for* 
1for0 
O for 1 

Thus, it is only necessary to prove the first of the distribu
tive laws; the second one will then be true by duality. 
Note that duality is not required to prove the second law; 
it can also be proven by truth table or by logic 
manipulation. 

Manipulating Logic 
Logic functions may be manipulated by the use of 
Boolean algebra. The logic functions may be expressed 
in one of the two canonical forms, or by using a simpli
fied expression. 
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Canonical Forms 
There are two fundamental canonical forms: sum-of
minterms and product-of-maxterms. The former is by far 
the most widespread. These are special cases of what 
are more generally referred to as sum-of-products and 
product-of-sums forms. Minterms and maxterms are 
products and sums of the variables involved in a func
tion. Each particular combination of noninverted and 
inverted variables in a product or sum is given a rninterm 

AMO~ 
or maxterm number, as shown in Table 5. Within each 
minterm or maxterm, the individual variables are re
ferred to as literals. 

For the case of sum-of-minterms form, the expression 
for a function may be found by ORing the minterms 
which correspond to the 1 's in the function's truth table. 
Likewise, the product-of-maxterms expression may be 
found by AN Ding the maxterms which correspond to the 
O's in the truth table. This is illustrated in Figure 3. 

Table 5. Minterms and Maxterms 

Table of Minterms for Three 
Variables 

Minterm Name 

lx*ly*lz mo 
lx*ly*z ml 

lx*y*lz m2 
lx*y*z m3 
x*ly*lz m4 
x*ly*z ms 
x*y*lz m6 
xyz m7 

Conversion Between Canonical Forms 
It is a simple matter to convert between canonical forms. 
Given a truth table for a function F, there are four differ
ent representations that can be used: 

• Sum-of-minterms form of F 

• Product-of-maxterms form of F 

• Sum-of-minterms form of /F 

• Product-of-maxterms form of /F 

Table of Maxterms for Three 
Variables 

Maxterm Name 

x+y+z MO 

x + y +lz Ml 
x +ly + z M2 
x +ly + lz M3 
Ix+ y + z M4 
Ix+ y + lz MS 
Ix +ly + z M6 

lx+!_J_+lz M7 

One can convert back and forth between these repre
sentations by using the rules shown in Table 6. 
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A B c 
0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 0 0 
1 0 1 

1 1 1 

x = mO+m2+m3+m5+m7+m8+m9 
=Im (0,2,3,5,7,8,9) 

IA * /B * IC * ID 
+ IA * /B * C * ID 
+ IA */B* c * D;m3 
+ IA * B * IC * D 
+ IA * B * c * D 
+ A * /B * IC * ID 
+ A */B* IC * D;m9 

Minterml 
Maxterm 

D x y Number 

0 1 1 0 
1 0 1 1 
0 1 1 2 
1 1 1 3 
0 0 1 4 
1 1 0 5 
0 0 0 6 
1 1 1 7 
0 1 1 8 
1 1 1 9 
0 0 0 10 

1 0 0 15 

a. Truth Table 

;mO 
;m2 

;m5 
;m7 
;m8 

X =Ml *M4*M6*MIO*Ml 1 *M12*M13*Ml4*Ml5 
ITM (1,4,6,10,11,12,13,14,15) 

;Mil 

;Ml 
;M4 
;M6 
;MIO 

;M12 

Y = m0+ml+m2+m3+m4+m7+m8+m9 
=Im (0,1,2,3,4,7,8,9) 

=(A+B+C+ID) 
*(A+/B+C+D) 
*(A+/B+IC+D) 
*(IA+B+IC+D) 
*(IA+B+IC+ID) 
*(/A+/B+C+D) 
*(IA+IB+C+ID) 
*(IA+IB+IC+D) 
*(IA+IB+IC+ID) 

;M13 
;M14 

;M15 

IA * IB * IC * ID 
+ IA */B* IC * D;ml 
+ IA *IB* c *ID;m2 
+ IA */B* c * D;m3 
+ IA * B * IC * ID 
+ IA * B * c * D 
+ A */B* IC * ID;m8 
+ A */B* IC * D;m9 

Y = M5*M6*MIO*Ml 1 *M12*M13*Ml4*Ml5 
;mO = ITM (5,6,10,11,12,13,14,15) 

;m4 
;m7 

=(A+/B+C+ID) 
*(A+IB+IC+D) 
*(IA+B+IC+D) 
*(IA+B+IC+ID) 
*(IA+IB+C+D) 
*(IA+IB+C+ID) 
*(IA+IB+IC+D) 
*(IA+/B+IC+ID) 

;Mll 

;MB 
;M14 

;M15 

;M5 
;M6 
;MIO 

;M12 

b. The Sum-of-Minterms Expression c. The Product-of-Maxterms Expression 

Figure 3. Finding the Canonical Form from the Truth Table 
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Table 6. Conversion of Forms Table 

Desired Form 

Given Form Minterm Maxterm Inverted Minterm Inverted Maxterm 
Expansion of F Expansion of F Expansion of F Expansion of F 

Minterm - Maxterm numbers List Minterms not Maxterm numbers 
expansion are those numbers present in F are the same as 
of F not in the Minterm Minterm numbers 

list of F 

Maxterm Minterm numbers -
expansion are those numbers 
of F not on the Maxterm 

list of F 

Simplifying Logic 
Canonical forms are convenient in that it is easy to de
rive and convert them. However, the representation is 
bulky, since all variables must appear in each sum or 
product. These expressions can be simplified by apply
ing the basic laws and theorems of Boolean algebra. 

of F 

Minterm numbers 
are the same as List Maxterms not 
Maxterm numbers present in F 
of F 

There are four basic postulates, two of which are the 
commutative and distributive laws which were dis
cussed above. From these postulates, it is possible to 
derive nine basic theorems. The postulates and theo
rems are listed in Table 7. 

Table 7. Postulates and Theorems of Boolean Algebra 

Postulate 1 (A) x + FALSE = x 
(B) X*TRUE = X 

Postulate 2 (A) x + /X = TRUE 
(B) x * /X = FALSE 

Postulate 3 (A) x + y = y + x 
(B) X*Y = Y*X 

Postulate 4 (A) x * (Y + Z) = (X*Y) + (X*Z) 
(B) x + (Y*Z) = (X + Y) * (X + X) 

Theorem 1 (A) x + x = x 
(B) x * x = x 

Theorem 2 (A) X + TRUE = FALSE 
(B) X*FALSE = FALSE 

Theorem 3 I (/X) = x 
Theorem 4 (A) x + (Y + Z) = (X + Y) + z 

(B) x * (Y*Z) = (X*Y) * z 
Theorem 5 (A) I (X + Y) = /X * /Y 

(B) I (X * Y) = /X + /Y 

Theorem 6 (A) x + (X * Y) = x 
(B) x * (X + Y) = x 

Theorem 7 (A) (X*Y) + (X*/Y) = x 
(B) (X + Y) * (X + /Y) = x 

Theorem 8 (A) x + (/X*Y) = x + y 
(B) x * (/X + Y) X*Y 

Theorem 9 (A) (X*Y) + (/X*Z) + (Y*Z) = (X*Y) + (/X*Z) 
(B) (X + Y) * (/X + Z) 

Notice that each theorem and postulate (with the excep
tion of theorem 3) has two forms. This is a result of the 
duality principle; once one form of a theorem is estab
lished, the dual representation follows immediately. 
Theorem 3 has no dual because it does not involve any 
of the elements that have duals(+,*, 1, or 0). 

* (Y + Z) = (X + Y) * (/X + Z) 

As the logic expression is simplified, it no longer con
tains minterms (or maxterms), since some of the 
minterms and literals are being eliminated. What was a 
sum-of-minterms (product of maxterms) representation 
is now simplified to a sum-of-products (product of 
sums). 
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DeMorgan's Theorem 
Once an expression has been simplified, it is no longer 
possible to invert the function by using Table 6. Inverting 
simplified logic requires DeMorgan's theorem: 

/(X*Y) = IX + IY 
/(X + Y) = IX*IY 

This is theorem 5 in Table 7. 

There is one shortcut which can be used. The effect of 
inversion can be accomplished by inverting all literals 
and then using the dual representation. For example, 
given the expression 

/(A*/B + A*C + /A*B*D) 

we can invert to obtain: 

/A*B + /A*/C + A*/B*/D 

(IA+ B)*(/A +IC)* 
(A+ IB +ID) 

;step one, 
invert 
literals 
;step two, 
take dual 

This expression must still be simplified to obtain a sum
of-products representation, but this shortcut eliminates 
some of the early steps. 

Karnaugh Maps: Minimizing Logic 
Simplifying by hand by using algebraic manipulation can 
be a tedious and error-prone procedure. When only a 
few variables are used (generally less than 5 or 6), 
Karnaugh maps (also called K-maps) provide a simpler 
graphical means of simplifying logic. K-maps not only al
low for logic simplification, but for logic minimization, 
where an expression has a minimal number of product 
terms (or sum terms) and literals. 

A Karnaugh map consists of a box which has one cell for 
each minterm. These cells are arranged so that only one 
literal is inverted when moving from one cell to an adja
cent cell. The headings placed by each row and column 
indicate the polarities of the literals for that row or col
umn. The literals themselves are indicated in the top left 
corner of the map. An example of a Karnaugh map for 
three variables is shown in Figure 4. 

,...----,,----.---,.--Values of A 

A l ! ! ! ! ! f r Values of B 

B Moving to an 
C 00 01 11 10 Adjacent Cell 

Values of C 

Changes the 
Value of one 
Variable only. 

[l_ """"' °"" Wrap Around 

101730-77 

Figure 4. A Karnaugh Map for Three Variables 

The truth table for a function is then transferred to the 
K-map by placing the 1 'sand O's in the appropriate cells. 

Since each cell differs from its neighbor only in the polar
ity of one of the literals, 1 's in adjacent cells can be 
combined by theorem ?a, which says that 

x*y + x*/y = x 

In this manner, two product terms are combined into 
one. This procedure can conceptually be repeated to al
low groupings of two, four, eight, or any group of 
adjacent cells whose size is a power of two. A cell may 
appear in more than one group. Just enough groups are 
found to include all of the 1 's. The groups should be as 
large as possible. 

This process provides a minimal sum of products. The 
product-of-sums form can be obtained by grouping O's 
instead of 1 's and inverting the header for each cell. 

The two functions from Figure 3 have been placed into 
K-maps in Figure 5. The groups are then used as indi
vidual product terms. When reading the product terms 
from the map, the only literals which will appear in the 
product term are the ones whose values are constant for 
each cell in the group. If that value is 1, then the non
inverted form of the literal is used. If the value is 0, then 
the inverted form of the literal is used. 

For active-LOW functions, the same procedure is used, 
except that the O's are grouped instead of the 1 's. The 
active-LOW version of the functions from Figure 3 are 
derived in Figure 6. 

Hand simplification and minimization is not needed as 
frequently today as in the past, since software is now 
available for handling these logic manipulations. Most 
software can perform logic simplification and minimiza
tion automatically. 
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/B*D 

01 

C*D 
11 

10 

x 

X /A*/B*/D 
+ A*/C*/D 
+ B*/C*D 
+ /A*C*/D 

B*/C*D 

/A*/B*/C 

/A*/D 

11 0 0 

y 

AMO~ 

A*B*/C 

0 0 

0 0 

y 

/A*/D 
+ /C*/D 
+ /A*/B*/C 
+ A*B*/C 

101730-78 

Figure 5. Using a K-map to Minimize the Functions in Figure 3 

A /A*B*D 

c B 
D 00 01 10 

00 
A*/B*D 

0 0 01 

C*D 
A*C 0 0 0 0 11 0 

0 0 10 0 0 

x A*C y 

IX C*D N C*D 
+ /B*D + A*D 
+ A*C + /A*B*D 
+ /A*B*/C*/D + A*/B*D 101730-79 

Figure 6. Finding Inverse Functions 
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Comparison and Equivalence: the XOR 
and XNOR Gates 
The Exclusive-OR (XOR) and Exclusive-NOR (XNOR) 
gates are two special gates which are relatively com
mon. These gates have schematic symbols as shown in 
Figure 7a. They are actually compound gates, and can 
be generated by AND, OR, and NOT gates using the 
functions: 

x :+: y = x*ly + lx*y ;XOR gate 
x :*: y = x*y + lx*ly ;XNOR gate 

The XOR and XNOR functions are actually inverses of 
each other; that is, 

x :+: y = l(x :*: y) 

The truth tables for these gates are shown in Figure 7b. 
Note that the XOR function is true if and only if the oper
ands are different. For this reason, it is useful as a 
comparator. The XNOR function is true if and only if its 
operands are the same; therefore it is used as an 
equivalence indicator. 

A 

0 
0 
1 
1 

==}D--xoR 

===} L>-- XNOR 

a. Schematic Symbols 

B A:+:B 

0 0 
1 1 
0 1 
1 0 

101730-80 

A:•:e 

1 
0 
0 
1 

b. XOR and XNOR Truth Table 

Figure 7. The Exclusive-OR and Exclusive-NOR 
Functions 

Some basic properties of the XOR and XNOR functions 
are listed in Table 8. 

Table 8. Properties of the XOR and XNOR Functions 

XOR 

x :+: 0 = x 

x :+ 1 =Ix 
x :+: x = 0 

x :+:Ix= 1 

x :+: y = y :+: x 

x :+: y = :+: z = (x :+: y) :+: z 

= x :+: (y :+: z) 

x :+: y =Ix :+: ly 
I (x :+: y) =Ix:+: y 

=X :+: ly 
=X :+: y 

x:+:y = x• ly + lx*y 
x :+: x• y = x•ly 
x :+: 1x•y = x + y 

x• (y :+: z) = (x•y) :+: (x•z) 

lx•(y :+: z) = (x + y) :+: (x + z) 

When deriving equations from a Karnaugh map, XOR 
and XNOR functions can usually be identified by their 
characteristic pattern. Exactly what the operands are 
may or may not be obvious for more complicated func
tions. Some examples are shown in Figure 8. 

XNOR 

x :•: 0 =Ix 
x :•: 1 = x 

x :•: x = 0 

x :•:Ix= 1 
x ·*· y = y :•: x 

x :•: y :•: z = (x :•: y) :•: z) 

= x :•: (y :•: z) 

x :•: y =Ix :•: ly 
l(x:•:y) =Ix:•: y 

= x :*: ly 
=X :+: y 

x :·: y = x• y + 1x•1y 
x :•: x• y =Ix+ y 

x :•: ix•y = Ix • ly 
x + (y :•: z) = (x + y) :•: (x + z) 

Ix + (y :•: z) = (x•y) :•: (x•z) 

The XOR gate can be used as an "UNLESS" operator. In 
other words, the function, A = X :+: Y can be 
interpreted as: 

"A will have the same value as X UNLESS Y is true." 

This can be helpful when trying to derive a logic equation 
for a function which can be described in words. 
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10 

00 0 0 

01 0 0 

11 0 

10 0 

0 

0 

J 

J /P*/Q*/R 
+ P*Q*/R 
+ /P*Q*R 
+ P*/Q*R 

((/P*/Q) + (P*Q))*/R 
+ ((/P*Q)+(P*/Q))*R 

(P:*:Q)*/R 
+ (P:+:Q)*R 

/(P:+:Q)*/R 
+ (P:+:Q)*R 

I = (P:+:Q):*:R I 

p 

R Q 

s 

00 

01 

11 

10 

00 

0 

'1"' 

1 
'-.../ 

0 

01 11 10 

0 0 v 
0 ~ 0 

0 1 
'-.../ 

0 

f'\ 
0 0 1 

K 

K /P*/Q*S 
+ P*Q*S 
+ P*/Q*/S 

((/P*/Q) + (P*Q))*S 
+ P*/Q*/S 

(P:*:Q)*S 
+ P*/Q/*/S 

AMO~ 
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Figure 8- Finding XOR and XNOR Functions in Karnaugh Maps 

Basic Storage Elements 
Storage elements provide circuits with the capability of 
remembering past conditions or events. The prototypi
cal storage element is just a pair of cross-coupled NANO 
gates, as shown in Figure 9. These elements are nor
mally called flip-flops. 

101730-82 

Figure 9. Basic Storage Element 

In general, there are two primary classes of flip-flops: 

• Unc/ockedflip-flops, or latches 

• C/ockedflip-flops 

Clocked flip-flops are sometimes referred to as regis
ters, although technically speaking, a register is a bank 
of several flip-flops with a common clock signal. 

Flip-flops can also be characterized by their control 
scheme. There are four types of flip-flops, each of which 
can be unclocked or clocked: 

• S-R 
• J-K 
• D 
• T 
The discussion below will be divided between un
clocked and clocked flip-flops. Each of the four flip-flop 
types will be treated for each section. 

Unclocked Flip-Flops-Latches 
S-R Latches 

An S-R latch can be built out of NOR gates as shown in 
Figure 10, and behaves according to the truth table in 
Table 9. 'S' stands for 'set' and 'R' stands for 'reset,' as 
suggested by the truth table. 

Note that the latch actually has two outputs, which are 
complementary. These are referred to as Q and Q. If 
both S and R are raised at the same time, then both Q 
and a will be HIGH; although this is physically possible, 
it does not make sense if Q and Qare to be complemen
tary signals. Thus, this condition is not allowed. 
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r---------, 
I I 

R a s a 

n----+- Q R Q S --t1---1__J I 
L---------.J 

101730-83 

Figure 10. An 5-R Latch 

Table 9. 5-R Latch Truth Table 

s R Q+ 

0 0 a 
0 1 0 

1 0 1 

1 0 Not allowed 

The transfer function for this latch can be derived with a 
Karnaugh map, as shown in Figure 11. By choosing 
either 1 's or O's, we can obtain two representations: 

s 

a. Q+ = S+/R *Q 
b. IQ+= R+IS*IQ 

a 
R 0 1 

00 0 1 
~ 

01 0 0 

11 x x 

r-.... 
10 1 1 

Q+ 

a. Q+ = S + IR*Q 

s a 
R 0 

00 0 

01 0 
~ 

11 x 

10 1 

1 

1 

0 

x 

1 

101730-84 

IQ+ 

b. IQ+= R + IS*IQ 

Figure 11. Karnaugh Map for an 5-R Latch 

Waveforms illustrating the operation of the S-R latch are 
shown in Figure 12. 

There are some applications where it is desirable for the 
input data to be effective only when another signal
usually called a control signal-is active. The circuit of 
Figure 10 can be modified to give an S-R latch with a 
control input, as shown in Figure 13. The operation of 
this circuit is summarized in Table 10 and Figure 14. 

The S-R latch is somewhat restrictive, since both inputs 
cannot be HIGH at the same time. The other latch types 
are based on the S-R latch, but have additional logic 
which removes the input restrictions. 

s 

R 

a 

101730-85 

Figure 12. 5-R Latch Behavior 

r-----------, 
I I 

fi 
s s a a 

c 

R R Q Q Q 

I I 
L-----------.J 

101730-86 

Figure 13. Adding a Control Input to an 5-R Latch 

Table 10. Truth Table for an 5-R Latch with a 
Control Input 

s R c Q+ 

x x 0 a 
0 0 1 a 
0 1 1 0 
1 0 1 1 

1 1 1 Not allowed 

6-12 Logic Reference Guide 



AMO~ 

s 

R 

c 

Q 

101730-87 

Figure 14. Behavior of an S-R Latch with a Control Input 

D-Type Latches (Transparent Latches) 

A single-input latch can be formed by adding some logic 
to the controlled S-R latch in Figure 13; this gives rise to 
the D-type latch in Figure 15. This latch is often called a 
transparent latch, since data on the input passes right 
through to the output as long as the control input is 
HIGH. If the control input is set LOW, then the latch 
holds whatever data was present when the control went 
LOW. With this type of latch, the control is usually called 
a gate. 

The behavior of the D-type latch is shown in Table 11 
and Figure 16. 

The basic transfer function for a D-type latch can be de
rived from the Karnaugh map in Figure 17. 

D 

r----------, 
I I 

s Q 

G---+----1c :n R a 
L----------_J 101730-88 

Figure 15. AD-Type (Transparent) Latch 

Table 11. Truth Table for a D-Type Latch 

D G Q+ 

x 0 Q 

0 0 

D 

G 

Q 

101730-89 

Figure 16. D-Type (Transparent) Latch Behavior 

Q+ = D*G + Q*IG 

D Q 
G 

00 

01 

11 

0 

0 

0 

10 0 

0 

Q+ 

a. Q+ = D*G + D*/G 

IQ+= ID*G + IQ*IG 

D Q 
G 

00 

01 

11 

0 

0 

10 0 

0 

IQ+ 

b. /Q+ = /D*G + /Q*/G 

101730-90 

Figure 17. Karnaugh Maps for a D-Type Latch 
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If realized exactly as the transfer function indicates, the 
result is actually a glitchy circuit. 

J-K Latches 

Another two-input latch can be derived from the S-R 
latch as shown in Figure 18. This is called a J-K latch, 
and operates in the same manner as an S-R latch, ex
cept that the condition where both inputs are HIGH is 
now allowed. The truth table is shown in Table 12; the 
waveforms are shown in Figure 19. 

-R-
---Li-

101730-91 

Figure 18. A J-K Latch 

Table 12. Truth Table for a J-K Latch 

J K Q+ 
0 0 Q 

0 1 0 

1 0 1 

1 1 a 

J 

K 

a 

There are still some potential problems here for the case 
where J and Kare both HIGH. If J and Kare left HIGH for 
too long, the output may change more than one time; if 
left HIGH forever, the output will oscillate. Thus, J and K 
should not be asserted for a time longer than the propa
gation delay of the latch. There are also potential race 
conditions if J and K are not asserted and removed at 
exactly the same time. If one of the inputs is raised 
slightly ahead of the other, it may give the output time to 
react, giving the wrong output once the second input is 
raised. The same problem can occur if one input is low
ered slightly before the other. This is illustrated in 
Figure20. 

There are several ways to derive transfer functions for 
J-K latches. Two can be derived directly from Karnaugh 
maps, as shown in Figure 21; the others are not as obvi
ous, and make use of the XOR gate described before. 
The basic transfer functions are listed in Table 13. 

Table 13. Transfer Functions for a J-K Latch 

Q+ = J *IQ IQ+ = IJ* IQ 

+ IK*Q + K*Q 

Q+ = Q IQ+ = IQ 

:+: (J* IQ :+: (J*IQ 

+ K*q}_ + K*Ql 
Q+ = IQ IQ+ = Q 

:+: (IJ*IQ :+: (IJ*IQ 

+ IK*Q) + IK*Q) 

101730-92 

Figure 19. Behavior of a J-K Latch 
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Q 

J 

K 

Q 
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tpoOF Latch 

a. Falling Edge Race Conditions 
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b. Rising Edge Race Conditions 
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Figure 20. Hazards Inherent in a J-K Latch 
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J Q J 

K 0 

00 0 00 0 

01 0 0 01 0 0 

11 0 11 0 

10 10 

Q+ IQ+ 

a. Q+ = J*/Q + /K*Q b. /Q+ = /J*/Q + K*Q 

101730-94 

Figure 21. Karnaugh Maps for a J-K Latch 

T-Type Latches 

T-type latches are formed by connecting the J and Kin
puts of a J-K latch together to form a single input, as 
shown in Figure 22. This latch has two possible func
tions: hold the present state or invert the output, as 
summarized in Table 14. 'T' stands for 'trigger' or 
'toggle' depending on who you talk to. That is, when Tis 
HIGH, a change at the output is triggered; or, put an
other way, raising T causes the output to toggle. 

T 

J Q Q -81= K a a a 

101730-95 

Figure 22. AT-Type Latch 

Table 14. The Truth Table for a T-Type Latch 

T Q+ 

0 Q 

IQ 

This Latch also has the problem that if Tis left HIGH for 
too long, the output will oscillate. However, since there is 
only one input, the race condition problems of the J-K 
latch have been eliminated. Unfortunately, this comes at 
the cost of initialization. There is now no way to get the 
output into a fixed state without knowing what the 
previous state was. Thus, this device is not very useful 
without some kind of initialization circuit. 

The general waveforms for a T-type latch are shown in 
Figure 23. 

T 

Q 

J ~ :v-· .. L_ 
~-----~ j----6-· .. 'm 

!poOF Latch 101730-96 

Figure 23. Behavior of a T-Type Latch 
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From the Karnaugh map in Figure 24, we can generate 
the following transfer functions: 

Q+ = T*IQ 
+IT*Q 

IQ+ = T*Q 
+ IT*IQ 

Q+ = Q:+:T IQ+ = IQ :+: T 
Q+ = IQ:+: IT IQ+ = Q :+: IT 

T Q 

0 

0 

oQ 
Qo 

Q+ 

T Q 
0 

IQ+ 

a. Q+ = T*/Q + /T*Q b. /Q+ = T*Q + /T*/Q 

101730-97 

Figure 24. Karnaugh Maps for a T-Type Latch 

Clocked Flip-Flops 
Latches can be modified by adding a clock input. The 
purpose of the clock is to delay any output changes until 
the clock signal changes. Whereas latch control inputs 
(such as the gate) are level-sensitive, clock inputs are 
generally edge-sensitive (or edge-triggered), meaning 
that output transitions can occur only when a clock tran-

AMO~ 
sition is detected. A device is classified as positive 
edge-triggered or negative edge-triggered, depending 
on whether it responds to the rising or falling edge of the 
clock signal, respectively. The behavior to a clocked 
S-R flip-flop is illustrated in Figure 25. 

The clock provides two basic advantages. It removes 
the hazards inherent in the J-K and T flip-flops, since all 
inputs will have settled by the time the clock edge ar
rives, and only one transition is possible for each clock 
edge. The clock also allows the design of synchronous 
systems, where all signals are coordinated with other 
signals. The entire system is then regulated by the 
clock. 

The basic behavior of the four flip-flops types does not 
change with the addition of a clock; the output changes 
are merely made to wait for the clock edge. Thus, the ba
sic transfer equations for most of the flip-flops are the 
same. We can indicate the clocked nature of the flip
flops by using the "registered" assignment ':=' instead 
of'=.' 

D-Type Flip-Flops 

This is the only flip-flop type whose basic transfer char
acteristic changes, because the clock input replaces the 
gate input. Thus the transfer equations become: 

Q+:= DIQ+ := ID 

That is, whatever data appears on the input will be trans
ferred to the output after the next clock edge. The input 
is not changed in any way. 
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The simplicity of this flip-flop makes it the most widely 
used flip-flop. However, functions are sometimes more 
conveniently expressed using J-K flip-flops, or using 
T-type flip-flops. If we replace the D signal with the 
transfer function for one of the other flip-flop types, we 
can then emulate that flip-flop type in the D-type flip-flop. 
This is equivalent to taking a latch and placing a clocked 
D-type flip-flop after the latch output for synchronization. 
Figure 26 illustrates how each flip-flop can be emulated 
in a D-type flip-flop. The standard schematic symbols for 
the flip-flop types are also shown. 

s 

R 

Clock 

Op 

On 

Table 15 summarizes the transfer functions for all of the 
flip-flop types. These functions can directly be used to 
emulate a particular flip-flop type in a D-type flip-flop. 
This can be particularly useful since D-type flip-flops are 
available in most registered PLDs. 

101730-98 

Figure 25. Behavior of a Clocked S-R Flip-Flop for Positive (Qp) and Negative 
(Qn) Edge-Triggered S-R Flip-Flops 
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D Q 

Clock Q 

a. Clocked D-Type Flip-Flop 

r------------------, 
I I 
I I 

J J Q D Q Q J Q 

K K Q Q Q K Q 

Clock 
L------------------~ 

b. Clocked J-K Flip-Flop 

r------------------, 
I I 
I I 
I Q D Q Q T Q 

T I T 

I 
Q Q Q I Q 

I 
Clock 

L------------------~ 
c. Clocked T-Type Flip-Flop 

r------------------, 
I I 

s I I s Q D Q Q s Q 

R T Q Q Q R Q 

Clock 
L------------------~ 101730-99 

d. Clocked S-R Flip-Flop 

Figure 26. Clocked Flip-Flops. All can be Emulated with a D-Type Flip-Flop 
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Table 15. Clocked Flip-Flop Transfer Functions 

0-Type Q+ .- D 

Q+ = J*IQ 
+ IK*Q 

Q+ = Q 
J-K-Type :+: (J*IQ 

+ K*Q) 

Q+ .- IQ 
:+: (IJ*IQ 
+ IK*q}_ 

Q+ := T*IQ 
+IT*Q 

T-Type Q+ = Q:+:T 
Q+ = IQ:+: IT 

S-R-Type Q+ .- s 
+ IR*Q 

Binary Numbers 
The concept of a number is taken for granted by most 
people. And most people equate numbers in general 
with the decimal system, with which we are most famil
iar. However, there is nothing particularly special about 
the decimal system; the choice of system is actually 
rather arbitrary. History has chosen the decimal system 
for most humans. 

For electronic systems, the binary system is more ap
propriate. It makes possible arithmetic and logical 
calculations that would be much more difficult-likely 
impractical-if implemented directly in a decimal sys
tem. Closely related to the binary system are the octal 
and hexadecimal systems, which will also be discussed 
here. Arithmetic is normally performed using binary 
numbers in a computer. Octal and hexadecimal repre
sentations are generally used as a way to "abbreviate" 
what might otherwise be lengthy binary numbers. This 
will be seen when conversion is discussed below. 

There are several terms which must be defined before 
proceeding further. A number is an abstract entity 
which is used to describe quantity. There are many 
ways of representing a number. Normally, the represen
tation is designed around a base. The number is 
expressed as a sum of multiples of the powers of the 
base. The decimal system is a base-10 system, mean
ing that 10 is used as the base. The binary system is 
base-2; the octal system is base-8; and the hexadecimal 
system is base-16. The binary, octal, and hexadecimal 
systems are closely related because 8 and 16 are both 
powers of 2. When different bases are being used, a 
number will often be followed by its base in subscript, to 
indicate exactly what the base is. For example, the 

IQ+ = ID 

IQ+ .- IJ* IQ 
+ K*Q 

IQ+ .- IQ 
:+: (J*IQ 
+ K*Q) 

IQ+ .- Q 
:+: (IJ*IQ 
+ IK*q}_ 

IQ+:= T*IQ 
+ IT*IQ 

IQ+ .- IQ:+: T 
IQ+ .- Q :+:IT 

IQ+ .- R 
+ IS*IQ 

decimal number 25 would be written 2510if its base were 
in doubt. 

A number can thus be expressed in terms of some base 
x as follows: 

The numbers an ... a-m are called digits. The value of 
each digit can range from o to x-1. Each digit is repre
sented by a symbol, called a numeral. X numerals are 
required to represent a number in base x. The most fa
miliar numerals are the symbols 'O,' '1 ,' .. .'9.' There are 
ten of them, since they are used for the decimal system. 
For binary numbers, only 'O' and '1' are used; for octal 
numbers, the numerals 'O' through '7' are used. Hexa
decimal numbers are more difficult, since sixteen 
numerals are required. Therefore, the numerals 'O' 
through '9' are used to represent the quantities 010 
through 91 o; the letters A through Fare used to represent 
the quantities 1010 through 1510. 

The number expressed by equation 1 is normally repre
sented as a string of digits: 

The digits representing negative powers of the base are 
separated from those representing non-negative pow
ers by a point. In the decimal system, this is referred to 
as a decimal point; in the binary system, it is referred to 
as a binary point. 

There are two basic classes of manipulation which will 
be discussed: conversions between bases and arithme
tic within a base. 
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Converting Between Bases 

Base-2 <-> Base-10 

Converting a binary number to a decimal number is 
accomplished by using equation 1 directly. 

Example: 

Converting 110100.0112 to decimal: 

y 110100.011 

1-25 + 1 ·24 + 0·23 + 1.22+ 0·21+ 0.2°+ 0.2-1 + 
1-2-2+ 1·2-(l 
32 + 16 + 4 +.25 + .125 
52.375 

When converting whole numbers from decimal to bi
nary, the decimal number is repeatedly divided by 2. 
Integer division is used, so the quotients are "rounded 
down" to the next integer. The remainders form the dig
its of the number. The least significant digit is the first 
one calculated. 

Example: 

Converting 6110 to binary: 

61/2 = 30 
30/2 = 15 
15/2 = 7 
712 = 3 
3/2 = 1 
1/2 = 0 

61rn =1111012 

remainder = 1 
remainder = O 
remainder = 1 
remainder = 1 
remainder = 1 
remainder = 1 

LSB 

MSB 

When converting a decimal fraction into a binary frac
tion, the decimal number is multiplied by 2. This results 
in a whole number and a fraction. The whole number is a 
digit; the procedure is repeated on the new fraction. This 
procedure is repeated until the fractional portion is zero. 
If the procedure does not terminate, then the result is a 
repeating fraction. The first digit calculated is the most 
significant digit. 

Example: 

Converting .162510 to binary: 

0.1625·2 = 0.3250 
0.3250·2 = 0.65 
0.65·2 = 1.3 
0.3·2 = 0.6 
0.6·2 = 1.2 
0.2.2 = 0.4 
0.4·2 = 0.8 
0.8·2 = 1.6 
0.6•2 = 1.2 

whole portion = 0 
whole portion = 0 
whole portion = 1 
whole portion = 0 
whole portion = 1 
whole portion = 0 
whole portion = O 
whole portion = 1 
whole portion = 1 

MSB 

AMO~ 
Here we see that the fraction will repeat, since we have 
already multiplied 0.6 earlier. Thus 

0.162510 = 0.00101001100110011 ... 2 

For mixed numbers, it is necessary to calculate the 
whole and fractional portions separately. Thus, for ex
ample, we know that 

61.162510 = 111101.0010100110011 ... 2 

These are actually general procedures which can be 
used to convert a decimal number into any base, and 
vice versa. 

Examples: 

1. Converting 321.54s to decimal: 

v = 3.s2+2.s1+1.s0+ 5.s-1+ 4.s-2 

= 192 + 16 + 1 + .625 + .0625 
= 209.6875 

321.54s = 209.687510 

2. Converting 106.1037510 to octal: 

106/8 = 13 
13/8 = 1 
1/8 = 0 

remainder = 2 
remainder = 5 
remainder = 1 

Thus, the whole portion is 151s. 

0.10375·8 = 0.83 
0.83·8 = 6.64 
0.64·8 = 5.12 
0.12·8 = 0.96 
0.96·8 = 7.68 
0.68·8 = 5.44 

whole portion = 0 
whole portion = 6 
whole portion = 5 
whole portion = 0 
whole portion = 7 
whole portion = 5 

LSB 

MSB 

MSB 

At this point we have enough significant digits. We could 
continue either until the procedure terminated, or until 
the pattern started repeating. However, those last digits 
are not likely to be significant. Thus, we can approxi
mate by saying that... 

106.1037510=152.065075s 

3. Converting 31 F.A2rn to decimal: 

Y = 31F.A216 
= 3·162+ 1·161+15·16°+ 10.1e-1+2·16-2 

= 768 + 16 + 15 + 0.625 + 0.0078125 
= 799.6328125 

31 F.A216 = 799.632812510 

4. Converting 7689.10085410 to hexadecimal: 

7689/16 = 480 
480/16 = 30 
30/16 = 1 
1/16 = 0 

remainder = 9 
remainder= O 
remainder= E 
remainder= 1 

LSB 

MSB 
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Thus, the whole portion is 1 E0916. 

0.100854•16 = 1.613664 whole portion= 1 MSB 
0.613664·16 = 9.818624 whole portion= 9 
0.818624·16 = 13.097984 whole portion= D 
0.097984·16 = 1.567744 whole portion= 1 
0.567744·16 = 9.083904 whole portion= 9 
0.083904·16 = 1.342464 whole portion= 1 

Again, we likely have enough digits at this point. The ex
act fraction could be either very long or a long repeating 
pattern. For our purposes, we can approximate the 
overall result as: 

7689.10085410 = 1E09.19D1911s 

Binary <-> Octal, Hexadecimal 

Converting between the binary-related systems is very 
easy. The procedure consists of dividing the binary dig
its into groups, and replacing each group with an 
appropriate digit. For this reason, octal and hexadeci
mal numbers are often used to shorten long binary 
numbers. 

To convert from binary to octal, group the digits by three, 
starting on each side of the binary point, and then con
vert each group of three digits into its corresponding 
octal digit. Leading and trailing zeroes may have to be 
added to the left of the whole portion and the right of the 
fractional portion, respectively, to make complete 
groups of three binary digits. 

Example: 

Converting 11011010110101.0010011012 to octal: 

Divide into groups of three digits: 

011 011 010 110 101 001 001 101 
3 3 2 6 5 1 1 5 

Thus 11011010110101.0010011012 = 33265.1150 

To convert from binary to hexadecimal, the digits are di
vided into groups of four digits, and then given their 
corresponding hexadecimal digits. Again, leading and/ 
or trailing zeroes may be needed. 

Example: 

Converting 100101011101100.1101100012 to hexa
decimal: 

Divide into groups of four digits: 

0100 1010 1110 1100 . 11011000 1000 
4 A E C D 8 8 

Thus 100101011101100.1101100012 = 4AEC.D8816 

To convert from octal or hexadecimal to binary, merely 
expand each digit into its corresponding binary 
representation. 

Examples: 

1. Convert 7324.34a to binary: 

7 3 2 4 
111 011 010 100 

3 4 
011 100 

Thus 7324.34a = 111011010100.01112 

2. Convert 1A2.3F51e to binary: 

1 A 2 3 F 5 
0001 1010 0010 . 0011 1111 0101 

Thus 1 A2.3F51s= 110100010.0011111101012 

Binary Arithmetic 
Positive binary arithmetic is very simple, and completely 
analogous to decimal arithmetic. However, if we are re
stricted to positive numbers, then we are also restricted 
to addition. We need a means of representing negative 
numbers. Using a dash'-' is unacceptable for represen
tation in a computer. There are two general schemes 
which can be used. In binary systems, they are referred 
to as ts complement and 2s complement representa
tion, although they can be generalized for any base 
system as diminished-radix complement and radix com
plement representation. 

One's Complement Representation 
The one's complement of a binary number can be calcu
lated by inverting all of the bits of the number. Fractions 
are handled exactly the same way, although this is con
venient only for fixed-point arithmetic. Floating-point 
arithmetic requires other methods, which will not be dis
cussed here. 

Example: 

Finding the one's complement of 110111.0101: 

110111.0101 
001000.1010 (Inverting each bit) 

Thus, the one's complement of 110111.0101 is 
001000.1010. 

The sign of a number is determined by the most signifi
cant bit. If the MSB is 0 the number is positive; ifthe MSB 
is 1 , then the number is negative. Zero is represented by 
all bits being zero. However, one normally thinks of zero 
as being its own complement. But if we take the one's 
complement of zero, 

0000 
1111 

we see that 1111 is another representation of zero. 
Thus, in an eight-bit representation, positive numbers 
range from 00000001 to 01111111; negative numbers 
range from 10000000 to 11111110. Note that there are 
just as many negative numbers as positive numbers. 
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This eight-bit code allows us to represent the numbers 
from -127 to +127. 

When performing addition with one's complement num
bers, it is important to watch for overflow results. 
Whenever an overflow occurs, a correction must be 
made by adding 1 to the result. 

In some cases, the results of an operation will not be 
meaningful, since the intended result cannot be repre
sented. For instance, in the eight-bit system above, 
adding 127 to 127 will give a meaningless result, since 
254 cannot be represented in this system. Thus, the op
eration must be evaluated to ensure that the result is 
meaningful. 

Examples: 

All examples will use 4-bit systems. Thus, the range of 
representable numbers is from -7 to +7. 

AMO~ 
Add 3+ 2: 

0011 3 
+ 0010 + 2 

0101 ---5 result meaningful 

Add 7 + 7 (14 cannot be represented): 

0111 7 
_,_+_---=.0_,_11:...:.1 _+ __ 7 

1110 -1 

Subtract 3 from 7: 

0111 7 
+ 1100 ~+ __ -=3 

10011 
+1 

result 
meaningless 

overflow - add 1, 
discard overflow 

0100 4 bit 

Subtract 5 from 2: 

0010 2 
+ 1010 _+ __ -_5~ 

1100 -3 result meaningful 

Subtract 6 from -5 (-11 cannot be represented): 

1010 -5 
+'--_..:.;:10:.::0~1 ~ 

10011 
+1 

0100 4 

overflow - add 1, 
discard overflow bit 
result meaningless 

Subtract 5.25 from 3.5 (fixed point; requires 6 bits): 

0011.10 3.5 
+ 1010.10 + -5.25 

1110.00 -1.75 result meaningful 

Subtract 7 from 7: 
0111 7 

+ 1000 _+ __ -~7 
1111 O one of the 

representations of O 
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The advantage of one's complement code is the fact 
that it is easy to compute the complement. However, the 
fact that there are two representations for zero is a prob
lem. In addition, the results of subtraction frequently 
have to be adjusted for overflow by adding 1. 

Two's Complement Representation 
The two's complement of a binary number is more diffi
cult to calculate. It is generated by taking the one's 
complement, and then adding 1. Any overflow is dis
carded. Fractions are again handled in the same way, 
although 1 is added to the least significant bit. 

Example: 

Finding the two's complement of 110111.0101: 

110111.0101 
001000.1010 

+1 
001000.1011 

(take one's 
complement) 

Thus, the two's complement of 110111.0101 is 
001000.1011. 

The sign of a number is again determined by the most 
significant bit. If the MSB is 0 the number is positive; if 
the MSB is 1, then the number is negative. Zero is repre
sented by all bits being zero. In this case, if we take the 
two's complement of zero, we get: 

0000 
1111 

+1 
0000 (overflow is discarded) 

giving only one representation for zero. 

Thus, in an eight-bit representation, positive numbers 
range from 00000001 to 01111111; negative numbers 
range from 10000000 to 11111111. This means that 
there is one more negative number than there are posi
tive numbers. So this eight-bit code allows us to 
represent the numbers from -128 to + 127. 

Addition is handled in the same fashion as with one's 
complement code, except that when an overflow oc
curs, the overflow bit is disregarded. No correction must 
be made to the results. 

After any operation, one must still make sure that the re
sults are meaningful. 

Examples: 

Add 3 + 2: 

+ 
0011 
0010 
0101 

3 
+ 2 

5 result meaningful 

Add 7 + 7 (14 cannot be represented): 

0111 7 
+ 0111 + 7 

1110 ~ result meaningless 

Subtract 3 from 7: 

0111 
+ 1101 

10100 

Subtract 5 from 2: 

0010 
+ 1011 

1101 

7 
+ -3 
--4 

2 
+ -5 
--=3 

overflow - discard 
overflow bit 

result meaningful 

Subtract 6 from -5 (-11 cannot be represented): 

1011 -5 
+ 1010 + -6 
--10"""1-'-o.:;...1 ---5 overflow - discard 

overflow bit result 
meaningless 

Subtract 5.25 from 3.5 (fixed point; requires 6 bits): 

0011.10 3.5 
+ 1010.11 + -5.25 

1110.01 -1.75 result meaningful 

Subtract 7 from 7: 

0111 
+ 1001 

10000 

7 
+ -7 
---0 overflow - disregard 

overflow bit 

The benefits of two's complement lie in the fact that 
there is only one representation for zero, and the fact 
that the results of operations never need adjusting due 
to overflow. The disadvantage is the fact that it is harder 
to generate the two's complement of a number. 
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Signal Polarity 

The polarity of signals, simple as it seems, turns out to 
be a potentially confusing issue. With such phrases as 
positive and negative logic, active HIGH, and active 
LOW, and with one person saying "asserted," another 
saying "active," and another saying "enabled," all of 
which may or may not be well defined, it is very difficult 
to explain the relationships between signals. This can 
also make the generation of the design file more difficult. 

In an attempt to sidestep the ambiguities in the lan
guage, this discussion contains tables instead of vague 
descriptions. The tables list the various possibilities. If 
you know what you want, you should be able to find how 
to specify your equations from the tables. The issues of 
input signal polarity, output signal polarity, and feedback 
signal polarity are treated separately. 

Input Pin Polarity 
Table 1 shows the relationships between the input pin 
names and the use of the input in a Boolean equation. 
As an example of how this table can be used, if you have 
a signal called /A on your schematic, and you wish for 
the output to go HIGH when both /A and B are HIGH, 
then from the second row of Table 1, declare the pins as 
/A and Bin the design file, and use the equation: 

X = /A*B 

The basic function A*B has been used throughout for 
the purpose of illustration. The same procedure holds 
regardless of the waveforms being used or generated. 

Output Pin Polarity 
The issue of output polarity is slightly more complicated 
because of the issue of active-HIGH and active-LOW 

outputs. The possibilities are shown in Table 2. As an 
example, if a signal Xis to go LOW only when inputs A 
and Bare HIGH, and this function is to be implemented 
in an active-HIGH device, then from the third row of Ta
ble 2, declare the output pin as X in the design file, and 
use the equation: 

x = I (A*B) 

Feedback Polarity 
Using feedback combines some of the polarity issues of 
inputs with some of the polarity issues of outputs. It is 
more difficult to use a simple example for this type of cir
cuit. In Table 3, an output is assumed to be fed back to 
itself. The basic principles can be extended to any out
put feeding back to any other output. The waveform 
shows the output level that is considered to be "TRUE," 
or "active." 

As an example, if the equation for a pin /X has to contain 
the inverse of the output, the output signal is to be active 
when HIGH, and an active-LOW device is to be used, 
then from the sixth row of Table 3, declare the output pin 
as IX in the design file, and specify the Boolean 
expression as: 

/X : = f (A, X) 

meaning that the Boolean equation uses X as an 
input term. 

Signal Polarity 6-25 



~AMO 
Table 1. Input Pin Polarity 

Desired Input Pin Boolean 
Schematic Waveform Definition Equation 

A _f1_fl_ 

:Bx ____IL_ A,B X= A*B 
B 

x __n_ 

A _f1_fl_ 

:Bx ____IL_ /A, B X=/A*B 
B 

x __n_ 

A _f1_fl_ 

:Bx ____IL_ A,B X = /A*B 
B 

x n 
A _f1_fl_ 

:Bx ____IL_ /A, B X=A·B 
B 

x __n_ 
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Table 2. Output Pin Polarity 

Desired Output Pin Boolean Device 
Schematic Waveform Definition Equation Restriction 

A _fUl_ 

:Bx Active-HIGH 

___JL_ x X=A·B Devices 
B x IX= /(NB) 

Active-LOW 
Devices 

x ______n_ 
A _fUl_ 

:B· Active-HIGH 

___JL_ IX IX= NB 
Devices 

B IX X =/(NB) Active-LOW 
Devices 

x ______n_ 
A _fUl_ 

:Bx Active-HIGH 

___JL_ x Devices 
B X =/(NB) 

x IX= NB Active-LOW 
Devices 

x n 
A _fUl_ 

:B· Active-HIGH 

___JL_ IX IX= /(NB) Devices 
B IX X =NB 

Active-LOW 
Devices 

x ______n_ 

Signal Polarity 6-27 



~AMO 
Table 3. Feedback Signal Polarity 

Desired Output Pin Boolean Device 
Schematic Waveform Definition Equation Restriction 

A -I 
~ x Active-HIGH 

x_fl_ 
x X =f(A,X) Devices 

r-1 H~ x IX= /f(A,X) i........... Active-LOW 
Devices 

,.....-- Active-HIGH A -I x 
Devices 

x_fl_ 
x X=f(A,/X) 

r-1 ~ x IX= /f(A,/X) Active-LOW ...__ 
Devices 

,.....--
Active-HIGH A- x 

x X=lf(A,X) Devices 

r- ~ xlJ x IX= f(A,X) Active-LOW - Devices 

,.....-- Active-HIGH A-

~x x X=lf(A,/X) Devices 

r- L.. xlJ x IX= f(A,/X) Active-LOW 
Devices 
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Table 3. Feedback Signal Polarity (continued) 

Desired Output Pin Boolean Device 
Schematic Waveform Definition Equation Restriction 

r----1 x A --1 Active-HIGH 

x_fl_ IX IX= f(A,/X) Devices 
rl ~ IX X=lf(A,/X) ......____. Active-LOW 

Devices 

r----1 x Active-HIGH A --1 

x_fl_ 
Devices 

~ 
IX IX= l(A,X) 

rl IX X=lf(A,/X) Active-LOW ......____. 
Devices 

~ 
A --1 x Active-HIGH 

xl_J IX IX=/l(A,/X) 
Devices 

rl .... I> IX X=l(A,/X) ............ Active-LOW 
Devices 

~ x Active-HIGH A-
Devices 

t> xl_J IX IX= /l(A,X) 
r-- IX X=f(A,/X) Active-LOW ~ 

Devices 
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10KH (adj.) A family of EGL devices. Circuits are 
temperature compensated. See also: EGL, 1 OOK, tem
perature compensation. 

100K (adj.) A family of EGL devices. Circuits are both 
temperature and voltage compensated. They have 
lower power dissipation and higher speed than their 
1 OKH counterparts. See also: EGL, temperature com
pensation, voltage compensation, power dissipation, 
10KH. 

A 

active high (adj.) See polarity. 

active low (adj.) See polarity. 

ALS (adj.) Advanced Low-power Schottky TTL family. 
Characterized as a lower power version of the AS 
family, and actually faster and lower power than the LS 
family. See also: AS, LS, TTL, Schottky TTL. 

AND 1. (adj.) One of the three elementary logic func
tions. Result of the AND operation is true if and only if all 
operands are true. 2. (v.t.) To perform the AND 
operation. 

AS (adj.) Advanced Schottky TTL family. High-speed 
versions of the standard Schottky TTL family. Generally 
use oxide isolated technology for very high speed. See 
also: Schottky TTL, TTL, oxide isolation. 

assertive high (adj.) Same as "active high''. See 
polarity. 

assertive low (adj.) Same as "active low''. See polarity. 

astable (adj.) Describes a system which has no stable 
state. Such a system will oscillate. Astable circuits can 
be used to generate timing and synchronizing clock sig
nals. See also: bistable, monostable. 

asynchronous 1. (adj.) Describes a sequential logic 
system wherein operations are not synchronized to a 
common clock. 2. (adj.) Describes signals whose be
havior and timing are completely unrelated to a particu
lar clock. Such signals can either be random or based on 
another clock which has a different frequency. 3. (adj.) 
Describes a communication protocol whereby the tim
ing of various operations is not determined by a system 
clock, but rather by events whose relationships are 
known, but whose exact timing cannot be precisely pre
dicted. See also: sequential, clock, synchronous. 
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BCD (n.) Binary Coded Decimal. Decimal numbers in 
4-bit binary. 

binary (adj.) Having only two possible states, which can 
be variously called on/off, 110, true/false, high/low, etc. 

bipolar (adj.) One of the two basic types of transistor. In 
logic design, used for TTL, EGL, and l2L families. See 
also: TTL, EGL, l2L, MOS. 

bistable (adj.) Describes a system which has 2 stable 
states. Any other state is unstable, and will eventually 
change to one of the stable states. A flip-flop is the most 
common electronic bistable circuit. See also: flip-flop, 
astable, monostable. 

bit 1. (n.) Binary Digit. One unit of binary information 
2. (n.) A measure of the storage capacity of a memory 
chip. See also: binary. 

blank (adj.) Describes the state of a programmable cell 
after manufacturing, and before any programming, or, in 
the case of an erasable device, after erasure. Opposite 
of "programmed". See also: programmable cell, pro
grammed, program, erase. 

buffer (n.) A logic gate which performs the logic identify 
function; i.e., the input is passed through unchanged. 
Used to isolate various parts of a system, or to provide 
voyage or current amplification. 

c 
chip (n.) A single piece of semiconductor material which 
contains an integrated circuit. Sometimes called a die if 
not in a package. See also: integrated circuit, die, 
package. 

clock 1. (adj.) A signal used to synchronize the opera
tion of a system. 2.(adj.) An input to a clocked flip-flop. 
The flip-flop will not change state until an appropriate 
pulse appears at the clock input. 3. (n.) A circuit which 
generates a clock signal. 4. (v.t.) To pulse the clock 
signal or the clock input of a clocked flip-flop. See also: 
flip-flop, clocked flip-flop. 

clocked flip-flop (n.) A flip-flop that does not change 
state until a clock signal is received. See also: flip-flop, 
unclocked flip-flop, clock. 

CMOS (n., adj.) Complementary MOS. A type of circuit 
which makes use of both N-channel and P-channel 



MOS transistors. Many CMOS logic circuits consume 
no power when not actually switching. See also: MOS, 
NMOS, PMOS, standby power. 

combinational (adj.) See combinatorial. 

combinatorial (adj.) Refers to a logic circuit which im
plements logic functions of present input signals only. 
Also called combinational. See also: sequential. 

complement 1. (adj). Refers to a signal which is identi
cal to some reference signal, except that it is of opposite 
polarity. Opposite of "true". 2. (v.t.) To invert. See also: 
true, polarity, invert. 

complementary (adj.) Refers to logic device outputs 
which implement identical logic functions, but with 
opposite polarities. Used on some PLDs and ECL de
vices. See also: polarity, PLO, ECL. 

D 

decimal (adj.) Based on the number 10. 

die (n.; plural: dice) Same as a chip, particularly before 
being placed in a package. See also: chip, package. 

digit (n.) Any number from 0 to 9. 

DIP (n.) Dual In-line Package. The most common inte
grated circuit package. It is rectangular in shape, with 
widths ranging from .300 inch to .900 inch, and has verti
cal leads along the length. See also: integrated circuit, 
package. 

disable 1. (v.t.) To turn off a three-state output. 2. (v.t.) 
To inhibit another function, such as "disabling the clock". 
See also: three-state, enable. 

download 1. (v.t.) To pass data from one machine to a 
less complex machine. 2. (n.) The act of downloading 
data. See also: upload. 

E 

ECL (n., adj.) Emitter Coupled Logic family. An ex
tremely high-speed family of bipolar logic and memory 
devices. See also: bipolar. 

EE cell (E2 cell) (n.) A floating gate cell which can be 
both programmed and erased with electrical signals. 

EEPROM (n.) Electrically Erasable Programmable 
Read-Only Memory. A nonvolatile read-only memory 
device which can be erased and reprogrammed, both 
with special electrical signals. See also: program, erase, 
EPROM, PROM, ROM, RAM, nonvolatile. 

enable 1. (v.t.) To turn on a three-state output. 2. (adj.) 
By itself, usually refers to a pin which is used to enable a 
three-state output. Also called "output enable". 3. (adj.) 
Used with other function names, indicates a qualifier or 
inhibitor of the function. For example, "clock enable" is a 
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function which qualifies the clock function. 4. (v.t.) To 
allow a signal which has been disabled to function; for 
example, "enabling the clock" removes any restraint 
which may disable the clock signal. See also: three
state, disable. 

EPROM (n.) Erasable Programmable Read-Only Mem
ory. A non-volatile read-only memory device which can 
be erased and reprogrammed. Erasure is accomplished 
by exposing the die to ultraviolet light for a period of 
time. Die must be packaged in a windowed package to 
allow erasure. See also: program, erase, EEPROM, 
PROM, ROM, RAM, non-volatile, windowed package. 

erase 1. (v.t.) To return a programmed device to its 
blank state. Opposite of "program". 2. (v.t.) To return an 
individual programmable cell to its blank state. See also: 
blank, programmable cell, program. 

ESD (n.) Electrostatic Discharge. The natural physical 
event of the transferring of electrical charges. If uncon
trolled, ESD can destroy or degrade both CMOS and bi
polar semiconductor devices with inadequate on-chip 
protection circuitry and/or insufficient packaging and 
handling protection. See also: ESDS Device, CMOS, 
bipolar. 

ESDS Device (n.) Electrostatic Discharge Sensitive De
vice. A device which is sensitive to damage at certain 
levels of ESD. Three classes exist at ESD levels of up to 
1999 V, to 3999 V and above 4000 V. See also: ESD. 

F 

finite state machine (FSM) (n.) A machine which can 
be in one of a finite number of states. Often used for logic 
circuits which sequence through various states. Such a 
circuit is referred to as sequential. See also: sequential. 

flip-flop (n.) A bistable digital circuit. The simplest vari
ety is called an S-R flip-flop. Other types are J-K,T, and 
D-type. May be unclocked or clocked. See also: bis
table, unclocked flip-flop, clocked flip-flop. 

floating gate (n.) A gate on an MOS transistor which is 
not connected to anything. Used to store charge; forms 
the basis of UV cells and EE cells. See also: MOS, gate, 
UV cell, EE cell. 

FPGA 1. (n.) Field Programmable Gate Array. A high
density PLO with multiple levels of logic and program
mable interconnect. 2. (n.) Field Programmable Gate 
Array. An array of logic gates whose configuration can 
be programmed by the customer. The gates are often 
NANO gates, but can also be NOR gates. See also: 
gate, program, NANO, NOR. 

FPLA (n.) Field Programmable Logic Array. See PLA. 

FPLS (n.) Field Programmable Logic Sequencer. A pro
grammable logic device which is intended for sequenc
ing or state machine applications. See also: finite state 
machine. 
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functionally complete (adj.) Refers to a logic operation 
or group of operations from which any complex logic 
function can be built. The NANO and NOR operators are 
functionally complete. See also: NANO, NOR. 

fuse (n.) As used in programmable logic, usually refers 
to a lateral metal link fuse. See also: lateral fuse. 

fuse map (n.) A graphic representation of the contents 
of a PLD. The state of each connection (fuse or other 
programmable cell) is represented, usually with "X" indi
cating an intact connection, and "-"indicating an open 
connection. See also: PLD, programmable cell. 

G 

gate 1. (n.) A fundamental logic element. The elemen
tary gates provide NOT, AND, and OR logic functions. 
2. (n.) The control terminal of a gated D-type latch. See 
also: latch, gated latch. 

gate array (n.) A logic device which consists of an array 
of logic gates (usually NANO) which can be intercon
nected during fabrication. A custom metallization pat
tern is used to configure the desired functions. See also: 
gate, NANO, metallization. 

gate equlvalency (n.) A rough measure of the complex
ity of a digital logic integrated circuit. Indicates the ap
proximate number of discrete logic gates that would be 
needed to implement the same function. See also: gate. 

gated latch (n.) Generally refers to an unclocked D-type 
flip-flop which has a control signal called a gate. When 
the gate is "open", the flip-flop output follows the data in
put. When the gate is "closed", the output holds its cur
rent state. Also called a transparent latch. See also: flip
flop, unclocked flip-flop, gate, latch. 

H 

HAL 111> device (n.) Hard Array Logic device. A version of 
a PAL device which is configured during fabrication with 
a custom metallization pattern. HAL is a registered 
trademark of Advanced Micro Devices. See also: PAL 
device, metallization. 

12L (Ill) (n., adj.) Integrated Injection Logic. A less com
mon bipolar logic design technique which, when used, is 
found primarily in portions of LSI and VLSI circuits. See 
also: bipolar, LSI, VLSI. 

Integrated circuit (n.) An electronic device which has 
many transistors and other semiconductor components 
integrated onto one piece of silicon. Often abbreviated 
IC. 

Invert (v.t.) To perform the logical NOT function on a 
digital signal. To reverse the polarity of a digital signal. 
See also: polarity, NOT. 

Inverter (n.) A logic gate which performs logical inver
sion, or the NOT operation. See also: gate, NOT. 

110 (Input/Output) 1. (n.) The methods and equipment 
used to pass information into and/or out of a system or 
device. 2. (adj.) On a programmable logic device, a pin 
which can function as an input and/or an output. 

J 

JEDEC 1. (n.) Joint Electronic Device Engineering 
Council. A council which creates, approves, arbitrates, 
and/or oversees industry standards for electronic 
devices. 2. (adj.) In programmable logic, refers to a 
computer file containing information about the 
programming of a device. The file format is a JEDEC
approved standard. Used for downloading to program
mers. See also: program, programmer, download. 

junction isolation (n.) A bipolar integrated circuit fabri
cation technique which uses P-N functions to isolate 
transistors. This is the original integrated circuit technol
ogy, and is being supplanted by oxide isolation in places 
where speed is critical. See also: oxide isolation, 
bipolar. 

K 

Karnaugh map (K-map) (n.) A graphic tool for minimiz
ing sum-of-products or product-of-sums logic functions. 
Useful for up to six logic variables. See also: sum-of
products, product-of-sums. 

L 

latch 1. (n.) A type of flip-flop. Means different things to 
different people. In general, an unclocked flip-flop. 
Sometimes used to refer specifically to a gated D-type 
flip-flop. 2. (v.t.) To capture a signal in a latch. See also: 
flip-flop, unclocked flip-flop, gate, gated latch. 

latch up (v.t.) To enter the latch-up condition. See also: 
latch-up. 

latch-up (n.) A condition in which a circuit draws uncon
trolled amounts of current, and certain voltages are 
forced, or "latched-up" to some level. Used especially in 
reference to CMOS devices, which can latch up if the 
operating conditions are violated. See also: CMOS, 
latch up. 

lateral fuse (n.) A thin metal link which is disconnected 
when programmed. Connected in the blank state, dis
connected in the programmed state. Usually just called 
a "fuse". See also: program, programmed, blank. 
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LCC (n.) Leadless Chip Carrier. A ceramic integrated 
circuit package having no leads. Connection is made to 
metal contacts which are flush with the package. See 
also: integrated circuit, lead, package. 

lead (n.) (led] A metal conductor which provides a con
nection from the inside of an integrated circuit package 
to the outside world for soldering or other mounting 
techniques. See also: integrated circuit. 

loglc array (n.) Generally an array of programmable 
cells which attach inputs to logic gates of a specified 
type. See also: program, gate, programmable cell. 

logic slmulatlon (n.) A means whereby a logic design 
can be evaluated on a computer before actually being 
built. The computer simulates the behavior of the com
ponents to predict the behavior of the overall circuit. 

LS (adj.) Low-power Schottky TTL family. Lower power 
version of the standard Schottky TTL family. See also: 
TTL, Schottky TTL. 

LSI (adj.) Large-Scale Integration. A rough measure of 
the complexity of a digital circuit. Characterized as hav
ing 100-5000 gate equivalents for logic chips, or 1 K-
16 K bits for memory chips. See also: gate equivalent, 
bit, VLSI, SSI, MSI. 

M 

macrocell (n.) Typically the output cell of a PLD, con
taining a flip-flop and path multiplexers. 

maxterm (n.) A sum in the canonical product-of-sums 
form. Each maxterm contains every input variable, in 
either true or complemented form. See also: product-of
sums, true, complement. 

metalllzatlon (n.) The process of connecting the vari
ous elements of an integrated circuit or printed circuit 
board by placing a layer of metal over the entire waler or 
board, and then selectively etching away unwanted 
metal. A photolithographic mask defines the pattern of 
connections. See also: integrated circuit, wafer, printed 
circuit board. 

mlnterm (n.) A product in the canonical sum-of-prod
ucts form. Each minterm contains every input variable, 
either in true or complemented form. See also: sum-of
products, true, complement. 

monolithic (adj.) In the electronics industry, refers to a 
circuit which has been integrated onto one semiconduc
tor chip. Integrated circuits are monolithic by definition. 
See also: integrated circuit. 

monostable (adj.) Describes a system which has 1 sta
ble state. Any other state is unstable, and will eventually 
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change to the stable state. The most common monos
table circuit is a "one-shot". See also: bistable, astable. 

MOS (n., adj.) Metal-Oxide-Semiconductor transistor. 
One of the two basic types of transistor. In logic design, 
used for NMOS, PMOS, and CMOS families. See also: 
NMOS, PMOS, CMOS, bipolar. 

MSI (adj.) Medium-Scale Integration. A rough measure 
of the complexity of a digital logic circuit. Characterized 
as having 10-100 gate equivalents. See also: gate 
equivalent, SSI, LSI, VLSI. 

N 

NANO (adj.) Not AND. A commonly used logic gate 
which is equivalent to an AND gate followed by an 
inverter. The NANO logic operation is functionally com
plete.See also: gate, inverter, functionally complete, 
AND. 

negative logic (n.) A physical implementation of logic 
wherein a low voltage level represents a logic 1, or 
"true", and a high voltage level represents a logic 0, or 
"false". See also: positive logic, polarity. 

NMOS (n., adj.) N-channel MOS. A type of circuit which 
makes exclusive use of N-channel MOS transistors. 
See also: MOS, PMOS, CMOS. 

non-volatile (adj.) Refers to memory devices which do 
not lose their contents when power is removed. See 
also: volatile. 

NOR (adj.) Not OR. A logic gate which is equivalent to 
an OR gate followed by an inverter. The NOR logic op
eration is functionally complete. See also: gate, inverter, 
functionally complete, OR. 

NOT (adj.) One of the three elementary logic functions. 
Unary operation whose result is true if and only if the op
erand is false. 

0 
OR 1. (adj.) One of the three elementary logic functions. 
Result of the OR operation is false if and only if all oper
ands are false. 2. (v.t.) To perform the OR operation. 

OTP (adj.) One-Time Programmable. Refers to pro
grammable devices which are UV-erasable, but which 
are not packaged in windowed packages. As a result, 
there is no way to erase the device, making it program
mable only once. See also: program, erase, UV-eras
able, windowed package. 

oxide isolation (n .) A bipolar integrated circuit fabrica
tion technique which uses silicon oxide to isolate tran
sistors. This results in higher speed and density. See 
also: junction isolation, bipolar. 
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package (n.) The encasement which protects a die and 
provides convenient electrical contact to the die. Materi
als used are generally ceramic or plastic compounds. 
There are a variety of shapes and sizes. See also: die. 

PAL~ device (n.) Programmable Array Logic device. A 
PLO which implements logic via a programmable AND 
logic array driving a fixed OR logic array. PAL is a regis
tered trademark of Advanced Micro Devices. See also: 
program, logic array, sum-of-products, PLO, AND, OR. 

PLA (n.) Programmable Logic Array. A programmable 
logic device which implements sum-of-products logic 
via a programmable AND logic array driving a program
mable OR logic array. See also: program, logic array, 
sum-of-products, AND, OR. 

PLCC (n.) Plastic Leaded Chip Carrier. A molded plastic 
integrated circuit package with leads shaped like a • J" 
(J-leads). Intended for surface mounting. See also: inte
grated circuit, lead, surface mounting, package. 

PLO (n.) Programmable Logic Device. Generic term for 
a logic device whose function can be configured by the 
customer after purchase. See also: program. 

PMOS (n., adj.) P-channel MOS. A type of circuit which 
makes exclusive use of P-channel MOS transistors. 
See also: MOS, NMOS, CMOS. 

polarity (n.) Specifies the sense of "active" and "inac
tive", or "true" and "false" in a digital signal. "Active high" 
represents "true" as a high signal; "active low" repre
sents "true" as a low signal. 

positive logic (n.) A physical implementation of logic 
wherein a high voltage level represents a logic 1 , or 
"true", and a low voltage level represents a logic 0, or 
"false". See also: negative logic, polarity. 

power dissipation (n.) The amount of electrical power 
used by a device. Calculated as the product of the oper
ating voltage and current. Measured in watts (W) or mil
liwatts (mW), as appropriate. Sometimes incorrectly 
used to refer to the operating current only. 

printed circuit board (PC board, PCB) (n.) A board for 
assembling electrical components. Component con
nections are made by metal traces which have been fab
ricated through a metallization process. See also: trace, 
metallization. 

product-of-sums (POS) (adj.) A representation of a 
logic function where the input signals are individually in
verted (if necessary), then ORed together to form sums 
which are ANDed together. Any combinatorial logic 
function can be represented in product-of-sums form. 
See also: sum-of-products, combinatorial, AND, OR. 

product term (pterm, p-term) (n.) An AND gate in a 
PLO which implements sum-of-products logic. See also: 
sum-of-products, PLO, AND, gate. 

product term sharing (n.) See product term steering. 

product term steering (n.) A means whereby product 
terms in a PAL device can be routed to one of two device 
outputs, instead of being dedicated only to one output. 
Sometimes called "product term sharing". See also: 
product term, PAL device. 

program 1. (v.t.) As used in programmable logic, to 
configure a blank device so that it can perform some de
sired function. Applies to memory and logic devices. 
Opposite of "erase". 2. (v.t.) To change an individual 
programmable cell from a blank state to a programmed 
state. See also: blank, programmable cell, pro
grammed, erase. 

programmable cell (n.) Any of a variety of cells which 
can be altered by applying certain electrical signals. 
Various types are lateral and vertical fuses, UV cells, E2 

cells, and even RAM cells. All but RAM cells are non
volatile. See also: lateral fuse, vertical fuse, UV cell, E2 

cell, RAM cell, non-volatile, volatile. 

programmed (adj.) Describes the state of a program
mable cell or device after programming. Opposite 
"blank". 

programmer (n.) A device or machine used for config
uring, or "programming", PLDs or PROMs. See also: 
program, PLO, PROM. 

PROM (n.) Programmable Read-Only Memory. A non
volatile memory device whose contents are pro
grammed by the customer. Once programmed, it cannot 
be erased. Also functions as a PLO with a fixed AND 
logic array which drives a programmable OR logic array. 
See also: program, erase, EEPROM, EPROM, ROM, 
RAM, non-volatile, AND, OR, logic array. 

R 

RAM (n.) Random-Access Memory. Sometimes called 
read/write memory. A type of memory device which can 
be written to and read at any time. Such memory is vola
tile. Actually a misnomer, since most types of memories 
can be accessed randomly. The distinguishing feature 
is the fact that RAM is designed specifically to be written 
to in normal usage. See also: ROM, volatile. 

RAM cell (n.) A cell which is used make one bit of vola
tile memory in a RAM. Can also form the basis of a pro
grammable logic connectivity array. See also: RAM, 
volatile. 
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ROM (n.) Read-Only Memory. A nonvolatile memory 
device which has its contents defined when manufac
tured. No changes can be made to the memory 
contents. See also: PROM, EPROM, EEPROM, RAM, 
nonvolatile. 

s 
Schottky TTL (adj.) Family of TTL devices which make 
use of Schottky diodes for higher speed. See also: TTL. 

security fuse (n.) A PLD feature which allows a user to 
"secure" the PLD after programming. This prevents sub
sequent copying of the contents of the PLD. See also: 
PLD, program. 

semicustom (adj.) Refers to a circuit which has been 
partially designed by the device vendor, and partially de
signed, or configured, by the customer. Primary types 
are PLDs, gate arrays, and standard cell circuits. See 
also: PLD, gate array, standard cell. 

sequential (adj.) Refers to a logic circuit whose opera
tion depends both on present input signals and previous 
operations, or states. Requires some kind of memory 
(usually flip-flops) for remembering past states. See 
also: flip-flop, combinatorial. 

SSI (adj.) Small Scale Integration. A rough measure of 
the complexity of a digital logic circuit. Characterized as 
having less than 10 gate equivalents. See also: gate 
equivalent, MSI, LSI, VLSI. 

standard cell (n.) A method of designing semicustom or 
full custom circuits whereby predefined cells are 
brought together to provide the specified function. Un
like gate arrays, all fabrication steps are customized, 
instead of just the metallization step. See also: semicus
tom, gate array, metallization. 

standby power (n.) The power consumed by a device 
when none of the device inputs are switching. Usually 
used in reference to CMOS devices, many of which con
sume practically no standby power. See also: CMOS. 

sum-of-products (SOP) (adj.) A representation of a 
logic function where the input signals are individually in
verted (if necessary), then ANDed together to form 
products which are ORed together. Any combinatorial 
logic function can be represented in sum-of-products 
form. See also: product-of-sums, combinatorial, AND, 
OR. 

surface mounting (n.) A printed circuit board assembly 
technique whereby the integrated circuit packages are 
placed on the board with no leads protruding through to 
the other side. Packages can thus be mounted on both 
sides of the board. See also: printed circuit board, lead, 
through-hole mounting. 

synchronous 1. (adj.) Describes a sequential logic sys
tem wherein all operations are synchronized to a 
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common clock. 2. (adj.) Describes signals whose be
havior and timing are synchronized to a clock. 3. (adj.) 
Describes a communication protocol whereby the tim
ing of various operations is determined by a system 
clock. See also: sequential, clock, asynchronous. 

T 

temperature compensation (n .) A circuit feature which 
allows some electrical characteristics to remain rela
tively constant with some variation in operating 
temperature. 

three-state (adj.) A type of logic device output which 
can be in one of three-states: HIGH, LOW, and OFF, or 
High-Z (high impedance). When enabled (on), performs 
as a normal binary output. When disabled (off), acts as 
an open pin. See also: enable, disable, binary. 

through-hole mounting (n.) A printed circuit board as
sembly technique whereby the leads of the various com
ponents extend through holes in the board. These leads 
are then soldered from the opposite side of the board. 
See also: printed circuit board, lead, surface mounting. 

trace 1. (n.) During logic simulation, the behavior of a 
signal or group of signals. The results can sometimes be 
stored in a "trace file" on disk for later analysis. 2. (n.) A 
thin layer of metal on a printed circuit board which pro
vides connections between components. Performs the 
function of a wire. See also: logic simulation, printed cir
cuit board. 

transparent latch (n.) See gated latch. 

TRI-STATE® (adj.) See three-state. TRI-STATE is a 
registered trademark of National Semiconductor Corp. 

true (adj.) Refers to a signal which is identical to some 
reference signal, with the same polarity. Opposite of 
"complement". See also: complement, polarity. 

TTL (adj.) Transistor-Transistor Logic family. The most 
widely used family of bipolar logic devices. The name re
fers to the particular circuit design technique used. See 
also: bipolar. 

u 
unclocked flip-flop (n.) A flip-flop that changes state as 
soon as the appropriate controls are applied.See also: 
flip-flop, clocked flip-flop. 

upload 1. (v.t.) To pass data from one machine to a 
more complex machine. 2. (n.) The act of uploading 
data. See also: download. 

UV cell (n.) A floating gate cell which can be erased by 
exposure to ultraviolet (UV) light. See also: floating 
gate, erase. 
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UV-erasable (adj.) Refers to devices or programmable 
cells which can be erased when exposed to ultraviolet 
(UV) light for a period of time. See also: programmable 
cell, erase. 

v 
vertical fuse (n.) A transistor arranged such that the 
emitter and base are shorted together when pro
grammed. Disconnected in the blank state, connected 
in the programmed state. See also: program, pro
grammed, blank. 

VLSI (adj.) Very Large Scale Integration. A rough meas
ure of the complexity of a digital circuit. Characterized as 
having 5000 or more gate equivalents for logic chips, or 
16K or more bits for memory chips. See also: gate 
equivalent, bit, SSI, MSI, LSI. 

volatile (adj.) Refers to memory devices which lose 
their contents when power is removed. See also: non
volatile. 

voltage compensation (n.) A circuit feature which al
lows some electrical characteristics to remain relatively 
constant with some variation in the supply voltage. 

w 
wafer (n.) A round slice of very pure silicon which is 
used in the fabrication of integrated circuits. Several 
circuits can be built on one wafer. See also: integrated 
circuit. 

windowed package (n.) A package which has a quartz 
window in the lid directly over the die. This makes it pos
sible to expose the die to ultraviolet light for erasing the 
device.See also: erase, die, package. 
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Worldwide Application Support 

The Worldwide Application Support Group is dedicated 
to making sure that the customer's need for technical 
support is met. 

It is the job of Applications Engineering to ensure that 
the customer engineer is familiar with our product line, 
that they have the information and tools necessary to 
get the appropriate part designed in, and that they have 
access to technical support throughout the lifetime of 
their product. 

Support is provided by two groups: 

Field Applications Engineers-With Applications 
Engineers located in our field sales offices throughout 
the world, our customers always have access to an 
engineer when they have problems or questions. Work
ing with Sales, our engineers teach seminars showing 
customers how to use our new parts, assist them during 
their design when technical questions come up, and 
provide troubleshooting support to help eliminate 

Advanced 
Micro 

Devices 

problems which might occur when the design reaches 
production. Call your local Sales Office for an FAE in 
your area. 

Factory Applications Suppon-This group, located 
within the factory, is responsible for centralized
technical support of all AMD's products. Their duties 
include developing seminars for training of FAEs and 
customers, and hosting the twice yearly Applications 
Conference. They are responsible for the coordination 
of customer training and giving the factory an insight into 
the customer's point of view. 

Additionally, the Factory Applications Support Group 
provides customer support for technical questions via a 
toll-free number: (800) 222-9323 (listed on the back of 
all databooks). Assistance is available from 7 a.m. to 
5:30 p.m. (Pacific time) Monday thru Friday. Currently 
80% of the questions are answered on the first call, 20% 
within 24 hours. 
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Sales Offices 

North American _________ _ 
ALABAMA ........................................................... (205) 830-9192 
ARIZONA ............................................................ (602) 242-4400 
CALIFORNIA, 

Culver City ..................................................... (714) 752-6262 
Irvine .............................................................. (714) 450-7500 
Sacramento(Roseville) ................................ (916) 786-6700 
San Diego ...................................................... (619) 560-7030 
San Jose ........................................................ (408) 922-0300 
Woodland Hills .............................................. (818) 878-9988 

CANADA, Ontario, 
Kanata ............................................................ (613) 592-0060 
Willowdale ..................................................... (416) 222-7800 

COLORADO ....................................................... (303) 741-2900 
CONNECTICUT ................................................. (203) 264-7800 
FLORIDA, 

Clearwater ..................................................... (813) 530-9971 
Boca Raton .................................................... (407) 361-0050 
Orlando (Longwood) .................................... (407) 862-9292 

GEORGIA ........................................................... (404) 449-7920 

IDAHO ................................................................. (208) 377-0393 
ILLINOIS, 

Chicago (Itasca) ........................................... (708) 773-4422 
Naperville ...................................................... (708) 505-9517 

MARYLAND ........................................................ (301) 381-3790 
MASSACHUSETTS ........................................... (617) 273-3970 
MINNESOTA ...................................................... (612) 938-0001 
NEW JERSEY, 

Cherry Hill ..................................................... (609) 662-2900 
Parsippany .................................................... (201) 299-0002 

NEW YORK, 
Brewster ......................................................... (914) 279-8323 
Rochester ...................................................... (716) 425-8050 

NORTH CAROLINA 
Charlotte ......................................................... (704) 875- 3091 
Raleigh ............................................................ (919) 878-8111 

OHIO, 
Columbus (Westerville) ............................... (614) 891-6455 
Dayton ............................................................ (513) 439-0268 

OREGON ............................................................ (503) 245-0080 
PENNSYLVANIA ................................................ (215) 398-8006 
TEXAS, 

Austin ............................................................. (512) 346-7830 
Dallas ............................................................. (214) 934-9099 
Houston ......................................................... (713) 376-8084 

International-----------
BELGIUM, Antwerpen ..... TEL ........................... (03) 248 43 00 

FAX ........................... (03) 248 46 42 
FRANCE, Paris ................ TEL ......................... (1) 49-75-10-10 

FAX ......................... (1) 49-75-10-13 
GERMANY, 

Bad Homburg .............. TEL .......................... (06172)-24061 
FAX .......................... (06172)-23195 

MOnchen ....................... TEL ............................. (089) 45053-0 
FAX ............................. (089) 406490 

HONG KONG, ................... TEL ........................... (852) 865-4525 
Wanchai FAX ......................... (852) 865-4335 

ITALY, Milano .................. TEL ............................. (02) 3390541 
FAX ........................... (02) 38103458 

JAPAN, 
Tokyo ........................... TEL ......................... (03) 3346-7550 

FAX ......................... (03) 3346-7848 
Osaka ........................... TEL ........................... (06) 243-3250 

FAX ........................... (06) 243-3253 
KOREA, Seoul ................. TEL ........................ (82) 2-784-0030 

FAX ........................ (82) 2-784-8014 

LATIN AMERICA, 
Ft. Lauderdale ............. TEL ......................... (305) 484-8600 

FAX ......................... (305) 485-9736 
SINGAPORE .................... TEL ............................. (65) 3481188 

FAX ............................. (65) 3480161 
SWEDEN, 

Stockholm area ........... TEL ............................ (08) 98 61 80 
(Bromma) FAX ............................ (08) 98 09 06 

TAIWAN, Taipei ............... TEL ....................... (886) 2-7153536 
FAX ....................... (886) 2-7122183 

UNITED KINGDOM, 
Manchester area ......... TEL ........................... (0925) 830380 
(Warrington) FAX ........................... (0925) 830204 
London area ................ TEL ........................... (0483) 740440 
(Woking) FAX ........................... (0483) 756196 

North American Representatives __ 
ARIZONA 

THORSON DESERT STATES .......................... (602) 998-2444 
CANADA 

Burnaby, B.C. - DAVETEK MARKETING ........ (604) 430-3680 
Kanata, Ontario - VITEL ELECTRONICS ...... (613) 592-0060 
Mississauga, Ontario -
VITEL ELECTRONICS ........................................... (905) 564-9720 
Lachine, Quebec - VITEL ELECTRONICS ..... (514) 636-5951 

ILLINOIS 
Skokie - INDUSTRIAL 
REPRESENTATIVES, INC ....................................... (708) 967-8430 

IOWA 
LORENZ SALES ..................................................... (319) 377-4666 

KANSAS 
Merriam - LORENZ SALES ................................ (913) 469-1312 
Wichita-LORENZ SALES .................................. (316) 721-0500 

MEXICO 
Chula Vista - SONIKA ELECTRONICA ............ (619) 498-8340 
Guadalajar - SONIKA ELECTRONICA ............. (523) 647-4250 
Mexico City - SONIKA ELECTRONICA ........... (523) 754-6480 
Monterrey - SONIKA ELECTRONICA ............... (523) 358-9280 

MICHIGAN 
Holland - COM-TEK SALES, INC ...................... (616) 335-8418 
Brighton - COM-TEK SALES, INC ..................... (313) 227-0007 

MINNESOTA 
MEL FOSTER TECH. SALES, INC ................... (612) 941-9790 

MISSOURI 
LORENZ SALES ..................................................... (314) 997-4558 

NEBRASKA 
LORENZ SALES ..................................................... (402) 475-4660 

NEW MEXICO 
THORSON DESERT STATES .......................... (505) 883-4343 

NEW YORK 
Hauppauge - COMPONENT 
CONSULTANTS, INC ............................................. (516) 273-5050 

OHIO 
Centerville - DOLFUSS ROOT & CO ............... (513) 433-6776 
Westlake - DOLFUSS ROOT & co .................. (216) 899-9370 

PENNSYLVANIA 
RUSSELL F. CLARK CO.,INC ............................... (412) 242-9500 

PUERTO RICO 
COMP REP ASSOC, INC ................................. (809) 746-6550 

UTAH 
FRONT RANGE MARKETING ............................... (801) 288-2500 

WASHINGTON 
ELECTRA TECHNICAL SALES ............................ (206) 821-7442 

WISCONSIN 
Brookfield - INDUSTRIAL 
REPRESENTATIVES.INC ....................................... (414) 574-9393 

Advanced Micro Devices reserves the right to make changes in its product without notice in order to improve design or performance characteristics. 
The performance characteristics listed in this document are guaranteed by specific tests, guard banding, design and other practices common to the 
Industry. For specific testing details, contact your local AMO sales representative. The company assumes no responsibility for the use of any circuits 
described herein. 
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Standard l tpo Ice 
Family Part Number Packages Technology ns mA Page 

STANDARD PAL DEVICES 
16R8 PAL16L8-4 28J TIL 4.5 210 2-3 

PAL16R8-4 
PAL16R6-4 
PAL16R4-4 

PAL16L8-5 20P, J 5 210 
PAL16R8-5 
PAL16R6-5 
PAL16R4-5 

PAL16L8-7 20P,J,D 7.5 180 
PAL16R8-7 
PAL16R6-7 
PAL16R4-7 

PAL 16L8D/2 20P,J 10 180 
PAL16R8D/2 
PAL16R6D/2 
PAL16R4D/2 

PAL16L8B 20N, J, NL 15 180 
PAL16R8B 
PAL16R6B 
PAL16R4B 

PAL16L8B-2 25 90 
PAL16R8B-2 
PAL16R6B-2 
PAL16R4B-2 

PAL16L8A 25 180 
PAL16R8A 
PAL16R6A 
PAL16R4A 

PAL16L8B-4 35 55 
PAL16R8B-4 
PAL16R6B-4 
PAL16R4B-4 

20R8 PAL20L8-5 24P,28J 5 210 2-169 
PAL20R8-5 
PAL20R6-5 
PAL20R4-5 

PAL20L8-7 24P, 28J, 7.5 210 
PAL20R8-7 240 
PAL20R6-7 
PAL20R4-7 

PAL20L8-10/2 24P, 28J 10 210 
PAL20R8-10/2 
PAL20R6-10/2 
PAL20R4-10/2 

PAL20L8B 24NS, 28NL, 15 210 
PAL20R8B 24JS 
PAL20R6B 
PAL20R4B 
PAL20L8B-2 25 105 
PAL20R8B-2 
PAL20R6B-2 
PAL20R4B-2 

PAL20L8A 25 210 
PAL20R8A 
PAL20R6A 
PAL20R4A 

18P8 AmPAL18P8B 20P, J 15 180 2-159 
AmPAL18P8AL 25 90 
AmPAL18P8A 25 180 
AmPAL 18P8L 35 90 

22P10 AmPAL22P10B 24P, 28J 15 180 2-259 
AmPAL22P10AL 25 90 
AmPAL22P10A 25 180 




