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About the Company...

Xilinx was founded in 1984, based on the revolutionary
idea to combine the logic density and versatility of gate
arrays with the time-to-market advantages and off-the-
shelf availability of user-programmable standard parts.
One year later, Xilinx introduced the world’s first Field-
Programmable Gate Array (FPGA). Since then, the com-
pany has continually improved device densities and
speeds, while lowering costs. In fact, over the last eight
years, Xilinx devices boasted a 35%-per-year improve-
ment in speed, a 55%-per-year increase in density and a
46%-per-year decrease in cost per function.

In 1992, Xilinx expanded its product line to include ad-
vanced EPLDs (EPROM technology-based complex Pro-
grammable Logic Devices). The company has since
added EPLDs designed for high performance and high
density on the same chip. For the user, EPLDs are an
attractive complement to FPGAs, offering simpler soft-
ware and more predictable timing.

As the marketleader in the fastest-growing segment of the
semiconductor industry, Xilinx strategy is to focus its
resources on creating new ICs and development system

software, on developing markets, and on building a di-
verse customer base across a broad range of geographic
and market-application segments. The company avoids
the large capital commitment and overhead burden asso-
ciated with owning a wafer fabrication facility by establish-
ing manufacturing alliances with several high-volume
state-of-the-art CMOS memory manufacturers. Using
standard high-volume memory processes assures lowest
manufacturing cost, produces programmable logic de-
vices with well-established reliability, and provides for an
early access to advances in CMOS technology.

The company markets its products in North America
through a network of seven direct-sales offices, manufac-
turers’ representatives in 75 locations, as well as five
distributors. Outside North America, the company sells its
products through direct-sales offices in England, Ger-
many, Japan, and Hong Kong, and through representa-
tives and distributors in 36 countries.

With 1993 revenues of over $230 million, Xilinx is the
world’s largest supplier of CMOS programmable logic and
the market leader in Field Programmable Gate Arrays.




Introduction to Programmable Logic Devices

One Source for FPGAs and EPLDs

For designers most comfortable with the speed, design
simplicity, and predictability of PALs, the XC7000 Family
of complex EPLDs provide a higher level of integration,
with the same famifiar PALASM and ABEL design meth-
odology.

For a move up to higher density designs that combine an
abundance of gates and I/Os with fast system speed,
Xilinx offers the ideal logic device, the FPGA: Three
complete families with over 30 different devices, including
the world’s largest FPGA, the 25,000-gate XC4025. There
are more than 500 product types, plus more than 40
varieties of devices for military and aerospace applica-
tions. Design software is also available that is fully inte-
grated, highly automated, easy to use, and works with
existing CAE tools.

Programmable Logic vs Gate Arrays

Faster Design and Verification—- Xilinx FPGAs and EPLDs
canbe designed and verified in a few days, while the same
process requires several weeks with gate arrays. There
are no non-recurring engineering (NRE) costs and no
prototypes to wait for.

Design Changes without Penally — Because the devices
are software configured via instant programming, modifi-
cations are much less risky and can be made anytime, in
a matter of hours instead of the weeks it would take with a
gate array. This adds up to significant cost savings in
design and production.

Shortest Time fo Market— Designing with Xilinx program-
mable logic vs gate arrays, time-to-market is measured in
days or afew weeks, rather than the months required when
designing with gate arrays.

A study by McKinsey & Co. concludes that a six-month
delay in getting to market can cost a product one-third of its
lifetime potential profit. With a custom gate array, design
iterations can easily add that much time, and more, to a
product schedule.

Once the decision has been made to use Xilinx program-
mable logic, a choice must be made from a number of
proaduct families, device options, and product types. The
following guides simplify the selection process.

Selecting the Right Device

Step 1 - Choose a Family
The Family Architecture Comparison and Speed and
Density charts help you determine whether an XC7000
series EPLD, XC2000/XC3000/XC3100 Series FPGA or
XC4000/XC4000A/XC4000H Series FPGA is right for
your application. Comparative information is provided on
productarchitecture, logic capacity, design timing, system

features, etc.

Step 2 - Choose a Device
Now that you've determined which Family of Xilinx
products works best for you, use the Proaduct Comparison
chart to select specific device(s) within the Family.
Comparisons are provided for gate-count, number of I/Os,
flip-flops, RAM bits, CLBs and Macrocells.

Step 3 - Choose a Package
Finally, the charts entitled Package Options and /O Pins
Per Package show the 300+ package/speed/temperature
and qualification level options Xilinx offers. Since many
products come in common packages with common
footprints, designs can often be migrated to higher or lower
density devices without any board changes.




Family Architecture Comparison

Architecture

EPLDs

FPGAs

XC7200A Family

XC7300 Family

XC2000/L XC3000/A/L
XC3100 Family

XC4000/AH Family

PAL-like, AND-OR plane
Macrocells and product

Advanced PLD - high
speed, high density

Gate array - like
Many small blocks

Gate array — like
Many small blocks

terms function blocks (FB)
in the same device

Logic 36 — 72 macrocells 18 - 144 macrocells 600 - 7,500 gates 1,600 — 25,000 + gates
Capacity Integrate 4 - 8 PALY Integrate 2 - 16 PAL/ Integrate TTL, MSI, PLDs Integrate TTL, MSI, PLDs,

22V10s 22V10s RAM
Design Fixed, PAL-like Fixed, PAL-like Gate array-like — depends on Gate array-like — depends on
Timing 60 MHz — predictable 167 MHz - predictable application application

Can be >100 MHz Can be >100 MHz,

typically 25 —40 MHz (XC3000) or
50 - 80 MHz (XC3100)

typically 30 — 50 MHz

Consumption

0.5-1.25 W static
0.75-1.5 W typical

0.5-2.25 W typical
Programmable power

Number of I/0s | 36-72 38-156 58-176 64 -256
Number of FF 72-144 18-234 122-1,320 256 -2,560

plus on-chip RAM - up to 18.4 k bits
Power 0.4-2.0 W static Very low, mW static Very low, mW static

Dynamic — depends on application
0.1-1.0 Wiypical

Dynamic - depends on
application

management 0.25-2.0 W typical
System 100% interconnect 100% interconnect Two global clock buffers Eight global clock buffers
Features guaranteed guaranteed Programmable output slew rate Programmable output slew rate
Arithmetic carry logic Arithmetic carry logic Internal 3-state busses Internal 3-state busses
ALU per macrocell ALU per macrocell Power-down mode RAM for FIFOs and registers
3.3V/5VI/0 capability | 3.3 V/5V /0 capability | 8 mA output drive for XC3100 JTAG for board test
for XC7200A/XC7300 for XC7200A/XC7300 Fast carry logic for arithmetic
3 global clocks Wide decode
12 mA/24 mA output drive 12 mA output drive, 24 mA per pair
Carry look ahead (24 mA/48 mA for A/H families)
High output drive
Process CMOS EPROM CMOS EPROM CMOS static RAM CMOS static RAM
Programming PROM programmer PROM programmer Programmed in circuit Programmed in circuit
Method OTP or UV erasable OTP or UV erasable Four modes Six modes
Configuration on chip Configuration on chip Configuration stored externally Configuration stored externally
Re- Yes - after UV erasure Yes —after UV erasure Yes - in milliseconds Yes - in milliseconds
programmable Reprogrammable in circuit Reprogrammable in circuit
Factory Tested Yes Yes Yes Yes
Key Complex state machines | High speed graphics Simple state machines Simple state machines
Applications Complex counters Multiport memory General logic replacement Complex logic replacement
Bus & peripheral controllers Reprogrammable applications Board integration
interface High speed bus interface | Battery-powered logic Adders/comparators
Memory control 51 MHz, 18 bit 3V operation Reprogrammable applications
PAL-cruncher accumulators Very fast counters RAM application: FIFOs, buffers
Accumulators/ DMA controllers Fast/compact counters
incrementors Wide decoders JTAG boards
Magnitude/window High speed state machines Bus interfacing
comparators Complex controllers
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Speed and Density

EPLDs FPGAs
XCT200A (-16) | XC7336 (-5)* |XC7354 (-10)| ~ XC3000A (-7) XC3100 (-3) XC4000 (-5)

16-Bit Synchronous Binary Counter 62 MHz 125 MHz 83MHz | 51 MHz 24 CLBs | 102 MHz 24 CLBs {111 MHz 17 CLBs
16-Bit Unidirectional Max Density 62 MHz 125 MHz 83MHz |18 MHz 16CLBs | 31 MHz 16 CLBs | 43 MHz 9 CLBs
Loadable Counter ~ Max Speed 62 MHz 125 MHz 83MHz |32MHz 24CLBs | 55 MHz 24 CLBs | 43 MHz 9 CLBs
16-Bit U/D Counter  Max Density 62 MHz 125 MHz 83MHz | 15MHz 16 CLBs | 28 MHz 16 CLBs [ 43 MHz 9 CLBs

Max Speed 62 MHz 125 MHz 83MHz |30 MHz 27 CLBs | 50 MHz 27 CLBs | 43 MHz 9 CLBs
8:1 Multiplexer 22ns 5ns 10 ns 16ns 8CLBs | 10ns 8CLBs | 16ns 5CLBs
12-Bit Decode From Input Pad 22 ns 5ns 10 ns 15ns 4 CLBs 12ns 4CLBs | 12ns 0CLBs
16-Bit Accumulator 42 MHz 40 MHz 51 MHz |21 MHz 29 CLBs | 36 MHz 29 CLBs | 39 MHz 9 CLBs
Data Path ! 62 MHz 125 MHz 83MHz | 50 MHz 16 CLBs | 95 MHz 16 CLBs | 85 MHz 12 CLBs
Timer Counter 2 62 MHz 50 MHz 83MHz |28 MHz 23 CLBs | 52 MHz 23 CLBs | 40 MHz 12 CLBs
State Machine 3 62 MHz 102 MHz 83MHz | 18 MHz 34 CLBs | 30 MHz 34 CLBs | 30 MHz 26 CLBs
Arithmetic 4 22 MHz 28 MHz 34MHz |17 MHz 23 CLBs | 29 MHz 23 CLBs | 20 MHz 16 CLBs
16 Channel, 32-Bit DMA n/a n/a nfa n/a n/a n/a n/a 20 MHz 72 CLBs

* Estimated
Notes:

1. 32 inputs, 4:1 mux, register, 8-bit shift register
2. 8-bit T/C, fatch, mux, compare

3. 16 states, 40 transistions, 10 inputs, 8 outputs
4. 4x4 multiplier, 8-bit accumulator

Ordering Information

All speeds are worst case temperature and voltage.

Example XC4005 -5 PE 156 C
Device W -L Temperature
T Range
e (C,1,M, B)
Speed
-70) Toggle Number
-100 | Rate of Ping
-125  (XC2000/L,
1?3 XC3000/A/L)
-8
-7 | Block %3;';393
-6 ¢ Delay (XC3100,
f; XC4000)
-3
%g Sequential Cycle Time
:16 (XC7200A)
-20
:Fz) Pin-to-Pin Delay
“10 [ (xc7300)
-7

X5231

X5461
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Product Comparison

Typical
Typical Gates Available
Gates Using RAM | Max 1/0s | Flip-Flops | RAM bits | Macrocells CLBs
EPLDs | XC7200A Family
XC7236A 1600 na 36 68 n/a 36 n/a
XC7272A 3200 n/a 72 120 n/a 72 na
XC7300 Family '
XC7318 500 nfa 38 18 na 18 na
XC7336 1000 n/a 38 36 n/a 36 nfa
XC7354 2200 nfa 66 108 na 54 nfa
XC7372 3000 nfa 84 126 n/a 72 n/a
XC73108 © 4600 n/a 120 198 n/a 108 n/a
XC73144 6200 n/a 156 234 na 144 n/a
FPGAs XC2000 Family
XC2064/L 0.6k-1.0k n/a 58 122 0 n/a 64
XC2018/L 1.0k-1.5k n/a 74 174 0 n/a 100
XC3000/XC3100 Family
XC3020/A/L/XC3120 1.3k-1.8k n/a 64 256 0 n/a 64
XC3030/A/L/XC3130 2.0k-2.7k n/a 80 360 0 n/a 100
XC3042/AL/XC3142 3.0k-3.7k na 96 480 0 n/a 144
XC3064/A/L/XC3164 4.0k-5.5k n/a 120 688 0 n/a 224
XC3090/A/L/XC3190 5.0k-7.5k n/a 144 928 0 na 320
XC3195 6.5k—9.0k n/a 176 1,320 0 n/a 484
XC4000 Family
XC4002A 1.6k-2.0k | 2.2k-2.8k* 64 256 2,048 n/a 64
XC4003/XC4003A 2.5k-3.0k 3.5k—4.2k* 80 360 3,200 n/a 100
XC4003H 2.5k-3.0k 3.5k—4.2k* 160 200 3,200 n/a 100
XC4004A 3.2k-4.0k 4.6k-5.6k* 96 480 4,608 nfa 144
XC4005/XC4005A 4.0k-5.0k 6.0k-7.0k* 112 616 6,272 n/a 196
XC4005H 4.0k-5.0k 6.0k-7.0k* 192 392 6,272 n/a 196
XC4006 5.0k-6.0k 7.5k-8.5k* | 128 768 8,192 n/a 256
XC4008 6.5k-8.0k | 9.7k-11.2k* 144 936 10,368 n/a 324
XC4010 ) 8.0k-10.0k | 12.0k-14.0k* 160 1,120 12,800 n/a 400
XC4010D 8.0k-10.0k n/a 160 1,120 12,800 n/a 400
XC4013 10.0k-13.0k | 16.0k-19.0k* 192 1,536 18,432 n/a 576
XC4020 16.0k-20.0k | 22.0k—26.0k* 224 2,016 25,088 n/a 784
XC4025 20.0k-25.0k | 30.0k-35.0k* 256 2,560 32,768 |- n/a 1,024
* Assumes 10% of device used as RAM. : X5462




Introduction to Programmable Logic Devices

Package Options
Surface Mount Through-hole

PLCC PQFP TQFP VQFP CQFP BGA PGA
Standard JEDEC EIAJ EIAJ EIAJ JEDEC JEDEC JEDEC
Lead Pitch 50 mil 0.65/0.5 mm 0.5 mm 0.5 mm 25 mil 1.5mm 100 mil
Body Plastic Plastic Plastic Plastic Ceramic FR4 Ceramic/Plastic
Temp Options (o] C, | C, I C,| M, B C C,LMB
Ordering Code PC PQ TQ vQ CB WB, BG PG, PP
XC7236A 44
XC7272A 68, 84 84
XC7318 44 44
XC7336 44 44
XC7354 44, 68
XC7372 68, 84 100
XC73108 84 100, 160 225 144
XC73144 160 225 184
XC2064 44, 68 68
XC2018 44, 68, 84 100 100 84
XC3020/XC3120 68, 84 100 100 84
XC3030/XC3130 44, 68, 84 100 100 100 84
XC3042/XC3142 84 100 100 100 100 84,132
XC3064/XC3164 84 160 132
XC3090/XC3190 84 160, 208 164 175
XC3195 84 160, 208 175, 223
XC4002A 84 100 100 100 120
XC4003A 84 100 100 120
XC4003 84 100 120
XC4003H 208 191
XC4004A 84 160 144 164 120
XC4005A 84 160, 208 144 164 156
XC4005 84 160, 208 164 156
XC4005H 240 223
XC4006 84 160, 208 156
XC4008 84 160, 208 191
XC4010 84 160, 208 196 225 191
XC4010D 84 160, 208 225
XC4013 208, 240 225 223
XC4020 208, 240 223,299
XC4025 240 299

X5471

Number of Available I/0O Pins

Max Number of Package Pins

VO |44 |64 | 68 | 84 |100|120 (132|144 |156 [160 [164 | 175|176 [184 | 191|196 208 | 223 | 225 | 240 | 299
XC7236A 36 | 36
XC7272A 72 56 | 72
XC7318 38138
XC7336 38 |38
XC7354 58 | 38 58
XC7372 84 57|72 | 84
XC73108 120 72 | 84 120 120 120 120 120
XC73144 156 136 156 156
XC2064/L 58 |34 | 54 | 58
XC2018/L 74 134 64 |74 | 74
XC3020A/XC3120A| 64 58 | 64 | 64
XC3030A/XC3130A! 80 |34 |54 (58 | 74 | 80
XC3042A/XC3142A| 96 74 | 82 96 | 96
XC3064A/XC3164A( 120 70 110{120 120
XC3090A/XC3190A( 144 70 138 (142(144 {144 144
XC3195A 176 70 138 144 176|176
XC4002A 64 61 | 64|64
XC4003A 80 61| 77180
XC4003 80 61| 77|80
XC4003H 160 160 160
XC4004A 96 61 95 96 96
XC4005A 112 61 112112112 112
XC4005 112 61 112(112 112 112
XC4005H 192 192 192
XC4006 128 61 125128 128
XC4008 144 61 129 144 144
XC4010 160 61 129 160{160 | 160 160
XC4010D 160 61 160|160 160 160
XC4013 192 1601192192192
XC4020 224 160|192 193(224
XC4025 256 1931256

X5472

1-6
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HardWire Gate Arrays

The No-Risk Gate-Array Migration Path For Xilinx FPGAs
The HardWire gate array provides an easy, transparent
migration path — providing a low-cost, no-risk solution for
high-volume-production applications.

Unlike ordinary, general-purpose gate arrays, the Hard-
Wire gate array is architecturally identical to its FPGA
counterpart. The programmable elementsinthe FPGA are
simply removed and replaced with fixed metal connec-
tions. The resulting HardWire gate array die is consider-
ably smaller and lower cost.

Convert With Confidence
The HardWire gate array offers the same proven, qualified
process technology as the FPGA it replaces. And, since
the architectures are identical, FPGAs and HardWire gate
arrays have similar timing.

In addition, the interchangeability of the FPGA and the
HardWire gate array means that FPGAs can always be
substituted — to quickly boost production to meet demand,
or to avoid gate-array inventory worries toward the end of
the product life cycle.

The Fastest, Easiest Way To Save

Converting from an FPGA to a HardWire gate array
couldn’t be easier. The mask and test programs are
generated by Xilinx from the user's existing FPGA file.
The time-consuming and costly re-design and resimula-
tion usually associated with FPGA-to-gate array migration
is virtually eliminated, along with the risk.

Xilinx built-in test logic and Automatic Test Generation
(ATG) software guarantee 100% fault coverage, while
eliminating the need for test vectors. With migration this
simple, designers spend less time on rework and more
time on new projects.

In addition to engineering savings from easy conversion
and the elimination of opportunity costs, the HardWire gate
array architecture also means that NRE costs are low —
usually <$10K (depending on size). The HardWire gate
array offers typical device savings of 50 - 80% over the
equivalent FPGA.

For more information and to request the HardWire Data
Book, contact the nearest Xilinx Sales Office.

Military Devices

Xilinx was the first company to offer military FPGAs by
introducing 883 qualified versions of the XC2000 and
XC3000 Families in 1989. The MIL-STD-883 qualified
versions of our XC4000 Family will soon be available.
These products offer a number of key benefits to military
users.

Increased Design Flexibility. Xilinx parts are standard
production ASICs, where one spec can be used for
multiple applications. Since there is no fab turnaround
time, design changes can be made in minutes, reducing
product development time. In addition, our Class B de-
vices are available from distributor stock.

Reprogrammability. Because Xilinx parts are reprogram-
mable, design changes can be made while in production.
And, the same logic can be used for multiple,
nonconcurrent tasks.

Low Total Cost Because there are no non-recurring
engineering (NRE) costs, Xilinx devices are very cost
effective for military volumes.

Reliable. Our parts are fully compliant to MIL-STD-883
Class B, with very low FIT rates. Products built and tested
to Standard Military Drawings (SMDs) are also available.

Fully Tested. Because our parts are fully tested with
100% fault coverage, the user need not generate test
programs or vectors.

Available in die form. Xilinx is the only vendor supplying
FPGAs in die form, tested and qualified for use in
military hybrids and multi-chip modules. These are avail-
able through Chip Supply, Melbourne, Florida, at (407)
298-7100.

For more information on military devices, contact the
nearest Xilinx Sales Office.
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A Guide to Xilinx Part Numbers

FPGA, LCA, EPLD, CPLD, PLD

FPGA(Field Programmable Gate Array) is the generic name
for all channel-routed, user-programmable logic devices like
the XC2000, XC3000, and XC4000 families. LCA (Logic Cell
Array), a reference to the Xilinx FPGA architecture, is a Xilinx
trademark, and should, therefore, only be used as an adjec-
tive e.g., LCA device, LCA architecture. EPLDs (Erasable
Programmable Logic Devices or EPROM-based Program-
mable Logic Devices) are more structured, coarse-grained
devices based on a PAL architecture (PAL is an AMD trade-
mark), like the XC7200 and XC7300 families. CPLD (Com-
plex Programmable Logic Device) typically is used as a more
generic-sounding synonym for EPLD. PLD (Programmable
Logic Device) describes all programmable logic, from the
smallest PAL device to the largest FPGA. To confuse matters,
the trade press and some vendors occasionally use FPGA
and/or CPLD as an all-encompassing label for both channel-
routed and PAL-structured high-density PLDs.

XC2064 to XC4025

The XC2064 was the first Xilinx device and the first FPGA.
There never was an XC1000 family. XC became the recog-
nized Xilinx prefix, like i for Intel or Am for AMD.

The very first device was called the XC2064 to describe its
8 x 8 = 64 CLB structure. This nomenclature was never used
again; all later Xilinx FPGAs use the two trailing digits to
describe the claimed gate density, expressed in multiples of
100 gates for the XC2000 and XC3000 families, and in
multiples of 1000 gates for the XC4000 family.

The XC2000 and XC3000 families count the highest number
of gates that can be implemented, assuming that all function
generators and flip-flops are being used. A typical gate-count
value is 40% lower, since some function generators may be
used to implement simple logic, some flip-flops may be
unused, and some CLBs may not be routable. The XC4000
family uses a more conservative method of counting gates. A
typical design will pack the claimed number of gates, and
substantially more when some function generators are used
as RAM.

XC3100 describes a speed-enhanced version of the XC3000
family, with identical functionality and bitstream compatibility.
The XC3195 is a new member with 50% higher CLB count
than the XC3090 or XC3190.

XC2300, XC3300, and XC4300 are non-programmable
HardWire derivatives of the respective FPGA families, offer-
ing lower cost for high-volume production.

XC7000 describes the Xilinx EPLD offerings. The original
devices are the XC7236 and XC7272, with 36 and 72
Macrocells respectively. The new devices using the Dual
Block Architecture are called the XC7336 through XC73108,
with 36 to 108 Macrocells. '

What about the A?

The different product lines use the suffix A for different
purposes.

XC3000A, XC3100A

XC3000A and XC3100A are new, functionally enhanced
variations of the XC3000 and XC3100 families.They have
better connectivity, bitstream error checking, and better start-
up behavior. Any XC3000 or XC3100 design can be upgraded
to the XC3000A or XC3100A with no change, not even to the
bitstream.

XC4000A

XC4000A describes the smaller members of the XC4000
family, that do not need the generous interconnect structure
of the larger devices. Only the XC4003 and XC40005 exist in
both flavors: the XC4003A and XC4005A have the optimized
interconnect structure, and are less expensive; the XC4003
and XC4005 have the full interconnect structure, and are
more expensive. Though not bitstream compatible, A and
non-A devices come in the same packages and with the same
pinout.

XC7236A and XC7272A

The “A” parts are functionally identical to the original parts, but
are manufactured on a more advanced process, requiring a
different programming algorithm with a lower programming
voltage. This mandates a new part number, although the “A”
parts behave identically in the user application.

XC1736A

The XC1736 was the original device. When it was changed to
a more advanced process, the programming algorithm and
voltage changed. This mandates a new part number, al-
though the “A” part behaves identically in the user application.

The new, redesigned and unified family of XC17000 devices
uses the suffix D, since A was already used for the XC1736A,
B denotes military devices, and C is overused to indicate
commercial temperature or ceramic packages.

XC4010D
Thisis alow-cost version of the XC4010 without on-chip RAM.

Speéd Designations

Early Xilinx FPGA devices, XC2000 through XC3000, describe
device speed by the guaranteed worst-case toggle rate of the
CLB lip-flops. As devices become faster, this toggle frequency
approaches 300 MHz, and is no longera meaningful indicator.
The newer families, starting with the XC4000 and XC3100,
use the combinatorial delay through a function generator,
Two, expressed in nanoseconds, to designate speed.

EPLDs designate device speed by the fastest combinatorial
delay from input pin to output pin, in nanoseconds.

There is no speed designation in the Serial PROM part
number; see the data sheet for details.
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A Technical Overview For the First-Time User

In the XC2000, XC3000, and XC4000 devices, Xilinx
offers three evolutionary and compatible generations of
Field Programmable Gate Arrays (FPGAs). Here is ashort
description of their common features.

Every Xilinx FPGA performs the function of a custom LS|
circuit, like a gate array, but the Xilinx device is user-
programmable and even reprogrammable in the system.
Xilinx sells standard off-the-shelf devices in three families,
and many different sizes, speeds, operating temperature
ranges, and packages. The user selects the appropriate
Xilinx device, and then converts the design idea or sche-
matic into a configuration data file, using the Xilinx devel-
opment system software running on a PC or workstation,
and loads this file into the Xilinx FPGA.

This overview describes two different aspects of the Xilinx
FPGA,

* what kind of user-defined logic it can implement, and

* how the device is programmed.

User Logic

Different in structure from traditional logic circuits, PALs,
EPLDs and even gate arrays, all Xilinx FPGAs implement
combinatorial logic in small look-up tables (16 x 1 ROMs);
each such table either feeds the D-input of a flip-flop or
drives other logic or I/O. Each device contains a matrix of
identical logic blocks, usually square, from 8 x 8 in the
XC2064 to 32 x 32 in the XC4025. Short and long metal
lines run horizontally and vertically in-between these logic
blocks, selectively interconnecting them or connecting
them to the input/output blocks.

This modular architecture is rich in registers and powerful
function generators that can implement any function of up-
to-five variables, all with the same speed. For widerinputs,
function generators are easily concatenated. Generous
on-chip buffering makes block delays insensitive to load-
ing by the interconnect structure, but all interconnect
delays are layout-dependent and must be analyzed if the
design is performance-critical.

Clock lines are well-buffered and can drive all flip-flops
with <2 ns skew from corner to corner, even throughout the
biggest device. The user need not worry about clock
loading or clock-delay balancing, or about hold-time is-
sues on the chip, if the designated clock lines (eight in the
XC4000 devices, two in all other devices) are used.

XC3000/3100 and XC4000 devices can implement inter-
nal bidirectional busses. The XC4000 devices have dedi-
cated fast carry circuits that improve the efficiency and
speed of adders, subtractors, comparators, accumulators
and synchronous counters. XC4000 also supports bound-
ary scan on each pin.

Almost all device pins are available as bidirectional user
1/0, with the exception of 4 to 24 supply connections (Ve
and GND) and a few pins dedicated to the configuration
process. All inputs and outputs within each family have
identical electrical characteristics, but output current capa-
bility varies among families: The XC2000 and XC3000
outputs can sink and source 4 mA, XC3100 can sink 8 mA,
XC4000 12 mA and XC4000H 24 mA. The outputs on
XC2000/XC3000/XC3100 devices swing rail-to-rail, while
XC4000 outputs are n-channel-only, “totem-pole”, with
lower Vg for higher speed.

XC2000/XC3000/XC3100 inputs can be globally pro-
grammed for either TTL-like input thresholds or CMOS
thresholds. XC4000 has fixed TTL-like input thresholds.
Allinputs have hysteresis (Schmitt-trigger action) of 100 to
200 mV.

All Xilinx FPGAs have a global asynchronous reset input
affecting all device flip-flops. In the XC4000-family de-
vices, any pin can be configured as a reset input, in the
other families, RESET is a dedicated pin.

Since all Xilinx FPGAs use CMOS-SRAM technology,
their quiescent or stand-by power consumption is very low,
a few microwatts for XC2000/XC3000 devices and max
25 mW for XC3100, max 50 mW for XC4000 devices. The
operational power consumption s totally dynamic, propor-
tional to the rate of change of inputs, outputs, and internal
nodes. Typical power consumption is between 100 mW
and 2 W, depending on the device size.

XC2000 and XC3000 devices can be powered-down and
their configuration can be maintained by a >2.3 V battery.
Current consumption is only a few microamps. The device
3-states all outputs, ignores all inputs, and resets its flip-
flops, but retains its configuration.

XC3000/XC3100/XC4000 devices monitor Ve continu-
ously and shut down when they detect a Ve drop to 3 V.
The device then 3-states all outputs and prepares for re-
configuration. XC2000 devices need an external monitor,
if there is any danger of V¢ dropping significantly without

going all the way to ground. .
Continued on Page 2-4




Component Availability

Pins 44 48 64 68 84 100 120 132 144

Type Plastic | Plastic | Plastic | Plastic | Ceramic | Plastic | Ceramic | Plastic | Plastic | Plastic BI:;d Ceramic | Plastic | Ceramic | Plastic

PLCC DIP VQFP | PLCC PGA PLCC PGA PQFP | TQFP | VQFP | copp PGA PGA PGA TQFP

Code PC44 PD48 VQs4 PCé8 PG68 PC84 PG84 | PQ100 | TQ100 [ vQ100 | CB100 | PG120 | PP132 | PG132 | TQ144
XC2064 > v

XC2018
XC2064L
XC2018L
XC3020
XC3030
XC3042
XC3064
XC3090
XC3020A
XC3030A
XC3042A
XC3064A
XC3090A
XC3020L
XC3030L
XC3042L
XC3064L
XC3090L
XC3120
XC3130
XC3142
XC3164
XC3190
XC3195
XC4002A
XC4003
XC4003A
XC4003H
XC4004A
XC4005
XC4005A
XC4005H
XC4006
XC4008
XC4010
XC4010D
XC4013
XC4020
XC4025

ASANAN ANANAN AN AN AN AN AN AN AN AN AN AR ANANANANANANAN AN

X5488

2-2



LN

Component Availability (continued)

Pins 156 160 164 175 176 191 196 208 223 225 240 299

Type Ceramic | Plastic B.Ir:gd Plastic | Ceramic | Plastic | Ceramic B.ll'-:zpe.d Plastic | Metal | Ceramic | Ceramic | Plastic | Metal | Ceramic

PGA PQFP | corp PGA PGA TQFP PGA carp | PQFP | MQFP PGA BGA PQFP | MQFP PGA

Code PG156 | PQ160 | CB164
XC2064
XC2018
XC2084L
XC2018L
XC3020
XC3030
XC3042
XC3064
XC3090
XC3020A
XC3030A
XC3042A
XC3064A
XC3090A
XC3020L
XC3030L
XC3042L
XC3064L
XC3090L
XC3120
XC3130
XC3142
XC3164
XC3190
XC3195
XCA4002A
XC4003
XC4003A
XC4003H
XC4004A
XC4005
XCA4005A
XC4005H
XC4006
XC4008
XC4010
XC4010D
XC4013
XC4020
XC4025

PG175 | TQ176 | PG191 | CB

G:

Q20
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Programming or Configuring the Device

Adesign usually starts as a block diagram or schematic,
drawn with one of the popular CAE tools, e.g. ViewDraw.
Many of these tools have an interface to XACT, the
Xilinx development system, running on PCs or popular
workstations.

After schematic- or equation-based entry, the design is
automatically converted to a Xilinx Netlist Format (XNF).
The XACT software first partitions the design into logic
blocks, then finds a near-optimal placement for each
block, and finally selects the interconnect routing. This
process of Partitioning, Placement, and Routing (PPR)
runs automatically, but the user may also affect the out-
come by imposing specific constraints, or selectively edit-
ing critical portions of the design, using the graphic Design
Editor (XDE). The user thus has a wide range of choices
between a fully automatic implementation and detailed
involvement in the layout process.

Once the design is complete, it is documented in an LCA
file, from which a serial bitstream file can be generated.

The user then exercises one of several options to load this
file into the Xilinx FPGA device, where it is stored in
latches, arranged to resemble one long shift register. The
data content of these latches customizes the FPGA to
perform the intended digital function. The number of con-
figuration bits varies with device type, from 12,038 bits for
the smallest device (XC2064) to 422,168 bits for the
largest device presently available (XC4025). Multiple LCA
devices can be daisy-chained and configured with a com-
mon, concatenated bitstream. Device utilization does not
change the number of configuration bits.

Inside the device, these configuration bits control or define
the combinatorial circuitry, flip-flops, interconnect struc-
ture, and the I/O buffers. Upon power-up, the device waits

for Vg to reach an acceptable level, then clears the
configuration memory, holds all internal flip-flops reset,
and 3-states almost all outputs but activates their weak
pull-up resistors. The device then initiates configuration,
either as a master, clocking a serial PROM to receive the
serial bitstream, or as a slave, accepting an external clock
and serial or 8-bit parallel data from an external source.

The Xilinx serial PROM is the simplest way to configure the
device, using only four device pins. Typical configuration
time is around 1 ps per bit, but there are ways to reduce it
by a factor of up to ten. Configuration thus takes from a few
to a few hundred milliseconds. Xilinx serial PROMs come
in sizes from 18,000 to 128K bits (256K bits in the near
future); PROMs can also be daisy-chained to store a
longer bitstream.

The LCA device can also be configured with byte-wide
data, either from an industry-standard PROM or from a
microprocessor. The LCA device drives the PROM ad-
dresses directly, orit handshakes with the microprocessor
like atypical peripheral. The byte-wide data is immediately
converted into an internal serial bitstream, clocked by the
internal Configuration Clock (CCLK). Parallel configura-
tion modes are, therefore, not faster than serial modes.

The user can reconfigure the device at any time by pulling
the DONE pin Low, which instigates a new configuration
sequence. During this process, all outputs not used for
configuration are 3-stated. Partial re-configuration is not
possible.

After the device has been programmed, the content of the
configuration “shift register” can be read back serially,
without interfering with device operation. XC4000 devices
include a synchronized simultaneous transfer of all user-
register information into the configuration registers. This
addsin-circuit-emulation capability to the readback function.
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Overview

Introduced in 1990, the XC4000 family has found rapid
acceptance by demanding users. The RAM capability
offers a new freedom to design, the dedicated carry logic
speeds up arithmetic and counters, and the wide decoders
eliminate the need for external decoding.

Xilinx has met this enthusiastic user response with the
rapid introduction of new device types. Stretching from
2,000 to 25,000 gate capacity, the XC4000 family now has
14 part types available.

The XC4005, XC4006, XC4008, XC4010, XC4013 and
XC4025 represent the original concept, a structure with
abundant routing resources to accomodate even the most
complex design. Since smaller devices require
disproportionally less routing resources, the low-end
XC4000A family saves silicon area and thus cost by
having fewer interconnect lines. The XC4000A family

consists of the XC4002A, XC4003A, XC4004A, and
XC4005A. At the XC4005 level, both device types are
available; the XC4005A is more economical, the XC4005
has more routing resources. Since the devices are pin-
compatible, the user can start the design with the sure-to-
route XC4005, then later switch to the more economical
XC4005A, if it is sufficient to implement the design.

Some applications require more I/O than available in the
XC4000 and XC4000A families. This is especially true in
very large logic emulators where many XC4000 devices
are interconnected in a big matrix of devices. In these
applications, the classical Xilinx FPGA structure with two
10Bs at each end of each CLB row and column represents
an I/O bottleneck. For these and similar applications, Xilinx
offers the XC4003H and XC4005H devices with approxi-
mately twice the 1/0O count of the corresponding XC4000
device.

Xilinx Now Guarantees Pin-to-Pin Timing

Input set-up and hold times as well as output delays are
traditionally specified with respect to the internal clock.
That makes these parameters independent of device
size, since it is only the clock delay that differs between
different size devices of one family and one speed
designation.

To arrive at the real pin-to-pin values, the user has to
include the on-chip clock delay by addingit to the output
delay, subtracting it from the input set-up time, and
adding it to the hold time value.

The pin-to-pin set-up time can be difficult to assess,
because it is not obvious what percentage of the clock
delay should be subtracted. Subtracting 100% of the
worst-case value would be overly optimistic, assuming
perfect delay tracking on the chip. Xilinx recommends
that the user subtract 70% of the guaranteed maximum
clock delay. This may be overly conservative, but is a
safe method that understates device performance.

For XC4000 devices, the Data Book now publishes
tested and guaranteed pin-to-pin parameters. These
published values are slightly better than the values

calculated from the speeds files. The user can be
assured that these 100% tested pin-to-pin values are
more authentic than the calculated values. This is the
only case where the Data Book numbers have a higher
authority than the data in the speeds files and other
simulation and report files,

Here are two examples, using the XC4005-5:

Clock-to-Output Delay:
calculated by adding worst-case Togpor (clock-to-
pad delay, fast slew rate) and Tpg (global clock
delay):

70ns+6.0ns=13.0ns

measured and guaranteed:
13.0 ns (i.e., same as calculated)

Input Set-up Time:
calculated by subtracting 70% of Tpg (global clock

delay) from Tpickp (set-up time, pad-to-clock [IK]
with delay):

24.0ns-(.70* 6.0 ns) =19.8 ns

measured and guaranteed:
18.0 ns (i.e., 1.8 ns better than calculated)




XC4000, XC4000A, XC4000H
Logic Cell Array Families

Product Description

Features

® Third Generation Field-Programmable Gate Arrays
- Abundant flip-flops
- Flexible function generators
— On-chip ultra-fast RAM
— Dedicated high-speed carry-propagation circuit
— Wide edge decoders
— Hierarchy of interconnect lines
- Internal 3-state bus capability
— Eight global low-skew clock or signal distribution
network

® Flexible Array Architecture
- Programmable logic blocks and I/O blocks
— Programmable interconnects and wide decoders

® Sub-micron CMOS Process
— High-speed logic and Interconnect
— Low power consumption
® Systems-Oriented Features
— |IEEE 1149.1-compatible boundary-scan logic support
— Programmable output slew rate
— Programmable input pull-up or pull-down resistors
— 12-mA sink current per output (XC4000 family)
— 24-mA sink current per output (XC4000A and
XC4000H families)
® Configured by Loading Binary File
— Unlimited reprogrammability
- Six programming modes
* XACT Development System runs on '386/'486-type PC,
NEC PC, Apollo, Sun-4, and Hewlett-Packard 700
series
- Interfaces to popular design environments like
Viewlogic, Mentor Graphics and OrCAD
- Fully automatic partitioning, placement and routing
- Interactive design editor for design optimization

— 288 macros, 34 hard macros, RAM/ROM compiler
Description

The XC4000 families of Field-Programmable Gate Arrays
(FPGAs) provide the benefits of custom CMOS VLSI, while
avoiding the initial cost, time delay, and inherent risk of a
conventional masked gate array.

The XC4000 families provide a regular, flexible, program-
mable architecture of Configurable Logic Blocks (CLBs),
interconnected by a powerful hierarchy of versatile routing
resources, and surrounded by a perimeter of program-
mable Input/Output Blocks (IOBs).

XC4000-family devices have generous routing resources to
accommodate the most complex interconnect patterns.
XC4000A devices have reduced sets of routing resources,
sufficient for their smaller size. XC4000H high I/O devices
maintain the same routing resources and CLB structure as
the XC4000 family, while nearly doubling the available I/O.

The devices are customized by loading configuration data
into the internal memory cells. The FPGA can either actively
read its configuration data out of external serial or byte-
parallel PROM (master modes), or the configuration data
can be written into the FPGA (slave and peripheral modes).

The XC4000 families are supported by powerful and so-
phisticated software, covering every aspect of design: from
schematic entry, to simulation, to automatic block place-
ment and routing of interconnects, and finally the creation
of the configuration bit stream.

Since Xilinx FPGAs can be reprogrammed an unlimited
number of times, they can be used in innovative designs
where hardware is changed dynamically, or where hard-
ware must be adapted to differentuser applications. FPGAs
are ideal for shortening the design and development cycle,
but they also offer a cost-effective solution for production
rates well beyond 1000 systems per month.

Table 1. The XC4000 Families of Field-Programmable Gate Arrays

Device XC4002A 4003/3A 4003H 4004A 4005/5A 4005H 4006 4008 4010/10D 4013 4020 4025
Appr. Gate Count 2,000 3,000 3,000 4,000 5000 5000 6,000 8000 10,000 13,000 20,000 25,000
CLB Matrix 8x8 10x10 10x10 12x12 14x14 14x14 16x16 18x18 20x20 24x24 28x28 32x 32
Number of CLBs 64 100 100 144 196 196 256 324 400 576 784 1,024
Number of Flip-Flops 256 360 200 480 616 392 768 936 1,120 1,536 2,016 2,560
Max Decode Inputs 24 30 30 36 42 42 48 54 60 72 84 96
(per side)

Max RAM Bits 2,048 3200 3200 4608 6272 6272 8,192 10,368 12,800* 18,432 25,088 32,768
Number of I0OBs 64 80 160 96 112 192 128 144 160 192 224 256
*XC4010D has no RAM
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XC4000, XC4000A, XC4000H Logic Cell Array Families

XC4000 Compared to XC3000

For those readers already familiar with the XC3000 family
of Xilinx Field Programmable Gate Arrays, here is a
concise list of the major new features in the XC4000 family.

CLB has two independent 4-input function generators.
Athird function generator combines the outputs of the
two other function generators with a ninth input.

All function inputs are swappable, all have full access;
none are mutually exclusive.

CLB has very fast arithmetic carry capability.

CLB function generator look-up table can also be used as
high-speed RAM.

CLB flip-flops have asynchronous set or reset.

CLB has four outputs, two flip-flops, two combinatorial.

CLB connections symmetrically located on all four edges.

I0B has more versatile clocking polarity options.
I0B has programmable input set-up time:
long to avoid potential hold time problems,
short to improve performance.
I0B has Longline access through its own TBUF.
Outputs are n-channel only, lower Vo increases speed.
XC4000 outputs can be paired to double sink current to
24 mA. XC4000A and XC400H outputs can each sink
24 mA, can be paired for 48 mA sink current.

IEEE 1149.1-type boundary scan is supported in the I/O.

Wide decoders on all four edges of the LCA device.

Increased number of interconnect resources.

All CLB inputs and outputs have access to most inter-
connect lines.

Switch Matrices are simplified to increase speed.

Eight global nets can be used for clocking or distributing
logic signals.

TBUF output configuration is more versatile and 3-state
control less confined.

Program is single-function input pin,overrides everything.
INIT pin also acts as Configuration Error output.

Peripheral Synchronous Mode (8 bit) has been added.

Peripheral Asynchronous Mode has improved hand-
shake.

Start-up can be synchronized to any user clock (this is a
configuration option).

No Powerdown, but instead a Global 3-state input that
does not reset any flip-flops.

No on-chip crystal oscillator amplifier.

Configuration Bit Stream includes CRC error checking.

Configuration Clock can be increased to >8 MHz.

Configuration Clock is fully static, no constraint on the
maximum Low time.

Readback either ignores flip-flop content (avoids need for
masking) or it takes a snapshot of all flip-flops at the
start of Readback.

Readback has same polarity as Configuration and can be
aborted.

Table 2. Three Generations of Xilinx Field-Programmable Gate Array Families

Parameter XC4025 XC3090/3190 XC2018
Number of flip-flops 2,560 928 174
Max number of user /O 256 144 74
Max number of RAM bits 32,768 0 0
Function generators per CLB 3 2 2
Number of logic inputs per CLB 9 5 4
Number of logic outputs per CLB 4 2 2
Number of low-skew global nets 8 2 2
Dedicated decoders yes no no
Fast carry logic yes no no
Internal 3-state drivers yes yes no
Output slew-rate control yes yes no
Power-down option no yes yes
Crystal oscillator circuit no yes yes
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Architectural Overview

The XC4000 families achieve high speed through ad-
vanced semiconductor technology and through improved
architecture, and supports system clock rates of up to 50
MHz. Comparedto older Xilinx FPGA families, the XC4000
families are more powerful, offering on-chip RAM and
wide-input decoders. They are more versatile in their
applications, and design cycles are faster due to a combi-
nation of increased routing resources and more sophisti-
cated software. And last, but not least, they more than
double the available complexity, up to the 20,000-gate
level.

The XC4000 families have 13 members, ranging in com-
plexity from 2,000 to 25,000 gates.

Logic Cell Array Families

Xilinx high-density user-programmable gate arrays in-
clude three major configurable elements: configurable
logic blocks (CLBs), input/output blocks (IOBs), and inter-
connections. The CLBs provide the functional elements
for constructing the user’s logic. The IOBs provide the
interface between the package pins and internal signal
lines. The programmable interconnect resources provide
routing paths to connectthe inputs and outputs of the CLBs
and IOBs onto the appropriate networks. Customized
configuration is established by programming internal static
memory cells that determine the logic functions and inter-
connections implemented in the LCA device.

The first generation of LCA devices, the XC2000 family,
was introduced in 1985. It featured logic blocks consisting
of a combinatorial function generator capable of imple-
menting 4-input Boolean functions and a single storage
element. The XC2000 family has two members ranging in
complexity from 800 to 1500 gates.

In the second-generation XC3000 LCA devices, intro-
ducedin 1987, the logic block was expanded to implement
wider Boolean functions and to incorporate a second flip-
flop in each logic block. Today, the XC3000 devices range
in complexity from 1,300 to 10,000 usable gates. They
have a maximum guaranteed toggle frequency ranging
from 70 to 270 MHz, equivalent to maximum system clock
frequencies of up to 80 MHz.

The third generation of LCA devices further extends this
architecture with a yet more powerful and flexible logic
block. I/O block functions and interconnection options
have also been enhanced with each successive genera-
tion, further extending the range of applications that can be
implemented with an LCA device.

This third-generation architecture forms the basis of the
XC4000 families of devices that feature logic densities up
to 25,000 usable gates and support system clock rates of

up to 50 MHz. The use of an advanced, sub-micron CMOS
process technology as well as architectural improvements
contribute to this increase in FPGA capabilities. However,
achieving these high logic-density and performance levels
also requires new and more powerful automated design
tools. IC and software engineers collaborated during the
definition of the third-generation LCA architecture to meet
an important performance goal — an FPGA architecture
and companion design tools for completely automatic
placement and routing of 95% of all designs, plus a
convenient way to complete the remaining few designs.

Configurable Logic Blocks

A number of architectural improvements contribute to the
increased logic density and performance levels of the
XC4000 families. The most important one is a more
powerful and flexible CLB surrounded by a versatile set of
routing resources, resulting in more “effective gates per
CLB.” The principal CLB elements are shown in Figure 1.
Each new CLB also packs a pair of flip-flops and two
independent 4-input function generators. The two function
generators offer designers plenty of flexibility because
most combinatorial logic functions need less than four
inputs. Consequently, the design-software tools can deal
with each function generator independently, thus improv-
ing cell usage.

Thirteen CLB inputs and four CLB outputs provide access
to the function generators and flip-flops. More than double
the number available in the XC3000 families, these inputs
and outputs connect to the programmable interconnect
resources outside the block. Four independent inputs are
provided to each of two function generators (F1 — F4 and
G1 - G4). These function generators, whose outputs are
labeled F' and G', are each capable of implementing any
arbitrarily defined Boolean function of their fourinputs. The
function generators are implemented as memory look-up
tables; therefore, the propagation delay is independent of
the function being implemented. A third function genera-
tor, labeled H', can implement any Boolean function of its
three inputs: F' and G' and a third input from outside the
block (H1). Signals from the function generators can exit
the CLB on two outputs; F' or H' can be connected to the
X output, and G' or H' can be connected to the Y output.
Thus, a CLB can be used to implement any two independ-
ent functions of up-to-four variables, or any single function
of five variables, or any function of four variables together
with some functions of five variables , or it can implement
even some functions of up to nine variables. Implementing
wide functions in a single block reduces both the number
of blocks required and the delay in the signal path, achiev-
ing both increased density and speed.

The two storage elements in the CLB are edge-triggered
D-type flip-flops with common clock (K) and clock enable
(EC) inputs. A third common input (S/R) can be pro-
grammed as either an asynchronous set or reset signal
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Figure 1. Simplified Block Diagram of XC4000-Families Configurable Logic Block

independently for each of the two registers; this input also
can be disabled for either flip-flop. A separate global Set/
Reset line (not shown in Figure 1) sets or clears each
register during power-up, reconfiguration, or when a dedi-
cated Reset net is driven active. This Reset net does not
compete with other routing resources; it can be connected
to any package pin as a global reset input.

Each flip-flop can be triggered on either the rising or falling
clock edge. The source of a flip-flop data input is program-
mable: it is driven either by the functions F', G', and H', or
the Direct In (DIN) block input . The flip-flops drive the XQ
and YQ CLB outputs.

In addition, each CLB F' and G' function generator con-
tains dedicated arithmetic logic for the fast generation of
carry and borrow signals, greatly increasing the efficiency

and performance of adders, subtracters, accumulators,
comparators and even counters.

Multiplexers in the CLB map the four control inputs, la-
beled C1 through C4 in Figure 1, into the four internal
control signals (H1, DIN, S/R, and EC) in any arbitrary
manner.

The flexibility and symmetry of the CLB architecture facili-
tates the placement and routing of a given application.
Since the function generators and flip-flops have inde-
pendent inputs and outputs, each can be treated as a
separate entity during placement to achieve high packing
density. Inputs, outputs, and the functions themselves can
freely swap positions within a CLB to avoid routing conges-
tion during the placement and routing operation.
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Speed Is Enhanced Two Ways

Delaysin LCA-based designs are layout dependent. While
this makes it hard to predict a worst-case guaranteed
performance, there is a rule of thumb designers can
consider — the system clock rate should not exceed one
third to one half of the specified toggle rate. Critical
portions of a design, shift registers and simple counters,
can run faster — approximately two thirds of the specified
toggle rate.

The XC4000 family can run at synchronous system clock
rates of up to 60 MHz. This increase in performance over
the previous families stems from two basic improve-
ments: improved architecture and more abundant routing
resources.

Improved Architecture

More Inputs: The versatility of the CLB function genera-
tors improves system speed significantly. Table 3 shows
how the XC4000 families implement many functions more
efficiently and faster than is possible with XC3000 devices.
A 9-bit parity checker, for example, can be implemented in
one CLB with a propagation delay of 7 ns. Using a
XC3000-family device, the same function requires two
CLBs with a propagation delay of 2 x 5.5 ns = 11 ns. One
XC4000 CLB can determine whether two 4-bit words are
identical, again with a 7-ns propagation delay. The ninth
input can be used for simple ripple expansion of this
identity comparator (25.5 ns over 16 bits, 51.5 ns over
32 bits), or a 2-layer identity comparator can generate the
result of a 32-bit comparisonin 15 ns, atthe cost of a single
extra CLB. Simpler functions like multiplexers also benefit
from the greater flexibility of the XC4000-families CLB. A
16-input multiplexer uses 5 CLBs and has a delay of only
13.5ns.

More Outputs: The CLB can pass the combinatorial
output(s) to the interconnect network, but can also store
the combinatorial result(s) or other incoming data in one or
two flip-flops, and connect their outputs to the interconnect

network as well. With XC3000-families CLBs the designer
has to make a choice, either output the combinatorial
function or the stored value. In the XC4000 families, the flip
flops can be used as registers or shift registers without
blocking the function generators from performing a differ-
ent, perhaps unrelated task. This increases the functional
density of the devices.

When a function generator drives a flip-flop in a CLB, the
combinatorial propagation delay overiaps completelywith
the set-up time of the flip-flop. The set-up time is specified
between the function generator inputs and the clock input.
This represents a performance advantage over competing
technologies where combinatorial delays must be added
to the flip-flop set-up time.

Fast Carry:As described earlier, each CLB includes high-
speed carry logic that can be activated by configuration.
The two 4-input function generators can be configured as
a 2-bit adder with built-in hidden carry that can be ex-
panded to any length. This dedicated carry circuitry is so
fast and efficient that conventional speed-up methods like
carry generate/propagate are meaningless even at the
16-bit level, and of marginal benefit at the 32-bit level.

A16-bitadder requires nine CLBs and has a combinatorial
carry delay of 20.5 ns. Compare that to the 30 CLBs and
50 ns, or 41 CLBs and 30 ns in the XC3000 family.

The fast-carry logic opens the door to many new applica-
tions involving arithmetic operation, where the previous
generations of FPGAs were not fast and/or not efficient
enough. High-speed address offset calculations in micro-
processor or graphics systems, and high-speed addition in
digital signal processing are two typical applications.

Faster and More Efficient Counters: The XC4000-fami-
lies fast-carry logic puts two counter bits into each CLB and
runs them at a clock rate of up to 42 MHz for 16 bits,
whether the counters are loadable or not. For a 16-bit

Table 3. Density and Performance for Several Common Circuit Functions

XC3000 (-125) XC4000 (-5)

16-bit Decoder From Input Pad 15ns 4 CLBs 12ns 0 CLBs
24-bit Accumulator 17 MHz 46 CLBs 32 MHz 13 CLBs
State Machine Benchmark* ) 18 MHz 34 CLBs 30 MHz 26 CLBs
16:1 Multiplexer 16 ns 8 CLBs 16 ns 5 CLBs
16-bit Unidirectional Max Density 20 MHz 16 CLBs 40 MHz 8 CLBs
Loadable Counter Max Speed 34 MHz 23 CLBs 42 MHz 9 CLBs
16-bit U/D Counter Max Density 20 MHz 16 CLBs 40 MHz 8 CLBs
' Max Speed 30 MHz 27 CLBs 40 MHz 8 CLBs

16-bit Adder Max Density 50 ns 30 CLBs 20.5 ns 9 CLBs

Max Speed 30 ns 41CLBs 20.5ns 9CLBs

* 16 states, 40 transitions, 10 inputs, 8 outputs
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Figure 2. Fast Carry Logic in Each CLB

up/down counter, this means twice the speed in half the
number of CLBs, compared with the XC3000 families.

Pipelining Speeds Up The System: The abundance of
flip-flops in the CLBs invites pipelined designs. This is a
powerful way of increasing performance by breaking the
function into smaller subfunctions and executing them
in parallel, passing on the results through pipeline flip-
flops. This method should be seriously considered wher-
ever total performance is more important than simple
through-delay.

Wide Edge Decoding: For years, FPGAs have suffered
from the lack of wide decoding circuitry. When the address
or datafield is wider than the function generatorinputs (five
bits in the XC3000 families), FPGAs need multi-level
decoding and are thus slower than PALs. The XC4000-
family CLBs have nine inputs; any decoder of up to nine
inputs is, therefore, compact and fast. But, there is also a
need for much wider decoders, especially for address
decoding in large microprocessor systems. The XC4000
family has four programmable decoders located on each
edge of each device. Each of these wired-AND gates is
capable of accepting up to 42 inputs onthe XC4005 and 72
on the XC4013. These decoders may also be split in two
when a large number of narrower decoders are required
for a maximum of 32 per device. These dedicated decod-
ers accept 1/0 signals and internal signals as inputs and
generate adecoded internal signalin 18 ns, pin-to-pin. The
XC4000A family has only two decoder AND gates per
edge which, when split provide a maximum of 16 per
device. Very large PALs can be emulated by ORing the

decoder outputs in a CLB. This decoding feature covers
what has long been considered a weakness of FPGAs.
Users often resorted to external PALs for simple but fast
decoding functions. Now, the dedicated decoders in the
XC4000 can implement these functions efficiently and
fast.

Higher Output Current: The 4-mA maximum output
current specification of today’s FPGAs often forces the
user to add external buffers, cumbersome especially on
bidirectional /O lines. The XC4000 families solve many of
these problems by increasing the maximum output sink
current to 12 mA. Two adjacent outputs may be intercon-
nected to increase the output sink current to 24 mA. The
FPGA can thus drive short buses on a pc board. The
XC4000A and XC4000H outputs can sink 24 mA per
output and can double up for 48 mA.

While the XC2000 and XC3000 families used complemen-
tary output transistors, the XC4000 outputs are n-channel
forboth pull-down and pull-up, somewhat analogous to the
classical totem pole usedin TTL. The reduced output High
level (VOH) makes circuit delays more symmetrical for
TTL-threshold systems. The XC4000H outputs have an
optional p-channel output transistor.

Abundant Routing Resources

Connections between blocks are made by metal lines with
programmable switching points and switching matrices.
Compared to the previous LCA families, these routing
resources have been increased dramatically.The number
of globally distributed signals has been increased from two
to eight, and these lines have access to any clock or logic
input. The designer of synchronous systems can now
distribute not only several clocks, but also control signals,
all over the chip, without having to worry about any skew.

There are more than twice as many horizontal and vertical
Longlines that can carry signals across the length or width
of the chip with minimal delay and negligible skew.The
horizontal Longlines can be driven by 3-state buffers, and
can thus be used as unidirectional or bidirectional data
buses; or they can implement wide multiplexers or wired-
AND functions.

Single-length lines connect the switching matrices thatare
located at every intersection of a row and a column of
CLBs. These lines provide the greatest interconnect flexi-
bility, but cause a delay whenever they go through a
switching matrix. Double-length lines bypass every other
matrix, and provide faster signal routing over intermediate
distances. :

Compared to the XC3000 family, the XC4000 families
have more than double the routing resources, and they are
arranged in a far more regular fashion. In older devices,




inputs could not be driven by all adjacent routing lines. In
the XC4000 families, these constraints have been largely
eliminated. This makes it easier for the software to com-
plete the routing of complex interconnect patterns.

Chip architects and software designers worked closely
together to achieve a solution that is not only inherently
powerful, but also easy to utilize by the software-driven
design tools for Partitioning, Placement and Routing. The
goal was to provide automated push-button software tools
that complete almost all designs, even large and dense
ones, automatically, without operator assistance. Butthese
tools will still give the designer the option to getinvolved in
the partitioning, placement and, to a lesser extent, even
the routing of critical parts of the design, if that is needed
to optimize the performance.

On-Chip Memory

The XC4000, XC4000A and XC4000H family devices are
the first programmable logic devices with RAM accessible
to the user.

An optional mode for each CLB makes the memory look-
up tables in the F' and G' function generators usable as
either a 16 x 2 or 32 x 1 bit array of Read/Write memory
cells (Figure 3). The F1-F4 and G1-G4 inputs to the
function generators act as address lines, selecting a
particular memory cell in each look-up table. The function-
ality of the CLB control signals change in this configura-
tion; the H1, DIN, and S/R lines become the two data inputs
and the Write Enable (WE) input for the 16 x 2 memory.
When the 32 x 1 configuration is selected, D1 acts as the
fifth address bit and DO is the data input. The contents of
the memory cell(s) being addressed are available at the F'
and G' function-generator outputs, and can exit the CLB
through its X and Y outputs, or can be pipelined using the
CLB flip-flop(s).

Configuring the CLB function generators as Read/Write
memory does not affect the functionality of the other
portions of the CLB, with the exception of the redefinition
of the control signals. The H' function generator can be
used to implement Boolean functions of F', G',and D1, and
the D flip-flops can latch the F', G, H', or DO signals.

The RAMs are very fast; read access is the same as logic
delay, about 5.5 ns; write time is about 8 ns; both are
several times faster than any off-chip solution. Such dis-
tributed RAM is a novel concept, creating new possibilities
in system design: registered arrays of multiple accumula-
tors, status registers, index registers, DMA counters, dis-
tributed shift registers, LIFO stacks, and FIFO buffers. The
data path of a 16-byte FIFO uses four CLBs for storage,
and six CLBs for address counting and multiplexing (Fig-
ure 4). With 32 storage locations per CLB, compared to two
flip-flops per CLB, the cost of intelligent distributed memory
has been reduced by a factor of 16.
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Figure 3. CLB Function Generators Can Be Used as
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Input/Output Blocks (I0Bs), XC4000 and XC4000A
Families (for XC4000H family, see page 2-82)
User-configurable 10Bs provide the interface between
external package pins and the internal logic (Figure 5).
Each I0B controls one package pin and can be defined for
input, output, or bidirectional signals.

Two paths, labeled 11 and 12, bring input signals into the
array. Inputs are routed to an input register that can be
programmed as either an edge-triggered flip-flop or a
level-sensitive transparent latch. Optionally, the data input
to the register can be delayed by several nanoseconds to
compensate forthe delay onthe clock signal, that firstmust
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Figure 4. 16-byte FIFO
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pass through a global bufferbefore arriving atthe IOB. This
eliminates the possibility of a data hold-time requirement
atthe external pin. The 11 and 12 signals that exit the block
can each carry either the direct or registered input signal.

Output signals can be inverted or not inverted, and can
pass directly to the pad or be stored in an edge-triggered
flip-flop. Optionally, an output enable signal can be used to
place the output buffer in a high-impedance state, imple-
menting 3-state outputs or bidirectional 1/0. Under con-
figuration control, the output (OUT) and output enable
(OE) signals can be inverted, and the slew rate of the
output buffer can be reduced to minimize power bus
transients when switching non-critical signals. Each
XC4000-families output buffer is capable of sinking 12 mA;
two adjacent output buffers can be wire-ANDed externally
to sink up to 24 mA. In the XC4000A and XC4000H
families, each output buffer can sink 24 mA.

There are a number of other programmable options in the
I0OB. Programmable pull-up and pull-down resistors are
useful for tying unused pins to V¢ or ground to minimize
power consumption. Separate clock signals are provided
for the input and output registers; these clocks can be
inverted, generating either falling-edge or rising-edge trig-
gered flip-flops. As is the case with the CLB registers, a
global set/reset signal can be used to set or clear the input
and output registers whenever the RESET net is active.

Embedded logic attached to the IOBs contains test struc-
tures compatible with IEEE Standard 1149.1 forboundary-
scan testing, permitting easy chip and board-level testing.

Programmable Interconnect

Allinternal connections are composed of metal segments
with programmable switching points to implement the
desired routing. An abundance of different routing re-
sources is provided to achieve efficient automated routing.
The number of routing channels is scaled to the size of the
array; i.e., it increases with array size.

In previous generations of LCAs, the logic-block inputs
were located on the top, left, and bottom of the block;
outputs exited the block on the right, favoring left-to-right
data flow through the device. For the third-generation
family, the CLB inputs and outputs are distributed on all
four sides of the block, providing additional routing flexibil-
ity (Figure 6). In general, the entire architecture is more
symmetrical and regular than that of earlier generations,
and is more suited to well-established placement and
routing algorithms developed for conventional mask- pro-
grammed gate-array design.

There are three main types of interconnect, distinguished
by the relative length of their segments: single-length lines,
double-length lines, and Longlines. Note: The number of
routing channels shown in Figures 6 and 9 are for illustra-
tion purposes only; the actual number of routing channels
varies with array size. The routing scheme was designed
for minimum resistance and capacitance of the average
routing path, resulting in significant performance improve-
ments.

The single-length lines are a grid of horizontal and vertical
lines that intersect at a Switch Matrix between each block.
Figure 6 illustrates the single-length interconnect lines
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surrounding one CLB in the array. Each Switch Matrix
consists of programmable n-channel pass transistors used
to establish connections between the single-length lines
(Figure 7). For example, a signal entering on the right side
of the Switch Matrix can be routed to a single-length line on
the top, left, or bottom sides, or any combination thereof,
if multiple branches are required. Single-length lines are
normally used to conduct signals within a localized area
and to provide the branching for nets with fanout greater
than one.

Compared to the previous generations of LCA archi-
tectures, the number of possible connections through the
Switch Matrix has been reduced. This decreases capaci-
tive loading and minimizes routing delays, thus increasing
performance. However, a much more versatile set of
connections between the single-length lines and the CLB
inputs and outputs more thah compensate for the reduc-
tion in Switch Matrix options, resulting in overall increased
routability.

The function generator and control inputs to the CLB (F1-
F4, G1-G4, and C1-C4) can be driven from any adjacent
single-length line segment (Figure 6). The CLB clock (K)
input can be driven from one-half of the adjacent single-
length lines. Each CLB output can drive several of the
single-length lines, with connections to both the horizontal
and vertical Longlines.

The double-length lines (Figure 8) consist of a grid of metal
segments twice as long as the single-length lines; i.e, a
double-length line runs past two CLBs before entering a
Switch Matrix. Double-length lines are grouped in pairs
with the Switch Matrices staggered so that each line goes
through a Switch Matrix at every other CLB location in that
row or column. As with single-length lines, all the CLB
inputs except K can be driven from any adjacent double-
length line, and each CLB output can drive nearby double-
length lines in both the vertical and horizontal planes.
Double-length lines provide the most efficient imple-
mentation of intermediate length, point-to-point inter-
connections.
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Longlines form a grid of metal interconnect segments that
run the entire length or width of the array (Figure 9).
Additional vertical longlines can be driven by special global
buffers, designed to distribute clocks and other high fanout
control signals throughout the array with minimal skew.
Longlines are intended for high fan-out, time-critical signal
nets. Each Longline has a programmable splitter switch at
its center, that can separate the line into two independent
routing channels, each running half the width or height of
the array. CLB inputs can be driven from a subset of the
adjacent Longlines; CLB outputs are routed to the Lon-
glines via 3-state buffers or the single-length intercon-
nected lines.
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Communication between Longlines and single-lengthlines
is controlled by programmable interconnect points at the
line intersections. Double-length lines do not connect to
other lines.

Three-State Buffers

A pair of 3-state buffers, associated with each CLB in the
array, can be used to drive signals onto the nearest
horizontal Longlines above and below the block. This
feature is also available in the XC3000 generation of LCA
devices. The 3-state buffer input can be driven from any
X, Y, XQ, or YQ output of the neighboring CLB, or from
nearby single-length lines; the buffer enable can come
from nearby vertical single-length or Longlines. Another 3-
state buffer with similar access is located near each 1/O
block along the right and left edges of the array. These
buffers can be used to implement multiplexed or bidirec-
tional buses on the horizontal Longlines. Programmable
pull-up resistors attached to both ends of these Longlines
help to implement a wide wired-AND function.

Special Longlines running along the perimeter of the array
can be used to wire-AND signals coming from nearby IOBs
or from internal Longlines.

Taking Advantage of Reconfiguration

LCA devices can be reconfigured to change logic function
while resident in the system. This gives the system de-
signer a new degree of freedom, not available with any
other type of logic. Hardware can be changed as easily as
software. Design updates or modifications are easy. An
LCA device can even be reconfigured dynamically to
performdifferent functions at differenttimes. Reconfigurable
logic can be used to implement system self diagnostics,
create systems capable of being reconfigured for different
environments or operations, or implement dual-purpose
hardware for a given application. As an added benefit, use
of reconfigurable LCA devices simplifies hardware design
and debugging and shortens product time-to-market.

Development System

The powerful features of the XC4000 device families
require an equally powerful, yet easy-to-use set of devel-
opment tools. Xilinx provides an enhanced version of the
Xilinx Automatic CAE Tools (XACT) optimized for the
XC4000 families.

As with otherlogic technologies, the basic methodology for
XC4000 FPGA design consists of three inter-related steps:
entry, implementation, and verification. Popular ‘generic’
tools are used for entry and simulation (for example,
Viewlogic System’s ViewDraw schematic editor and
ViewSim simulator), but architecture-specific tools are
needed for implementation.

All Xilinxdevelopment system software is integrated under
the Xilinx Design Manager (XDM), providing designers

with a common user interface regardiess of their choice of
entry and verification tools. XDM simplifies the selection of
command-line options with pull-down menus and on-line
help text. Application programs ranging from schematic
capture to Partitioning, Placement, and Routing (PPR) can
be accessed from XDM, while the program-command
sequence is generated and stored for documentation prior
to execution. The XMAKE command, a design compilation
utility, automates the entire implementation process, auto-
matically retrieving the design’s input files and performing
all the steps needed to create configuration and report
files.

Several advanced features of the XACT system facilitate
XC4000 FPGA design. The MEMGEN utility, a memory
compiler, implements on-chip RAM within an XC4000
FPGA. Relationally Placed Macros (RPMs) ~ schematic-
based macros with relative locations constraints to guide
their placement within the FPGA - help ensure an opti-
mized implementation for common logic functions. XACT-
Performance, a feature of the Partition, Place, and Route
(PPR) implementation program, allows designers to enter
their exact performance requirements during design entry,
at the schematic level.

Design Entry

Designs can be entered graphically, using schematic-
capture software, or in any of several text-based formats
(such as Boolean equations, state-machine descriptions,
and high-level design languages).

Xilinx and third-party CAE vendors have developed library
and interface products compatible with a wide variety of
design-entry and simulation environments. A standard
interface-file specification, XNF (Xilinx Netlist File), is
provided to simplify file transfers into and out of the XACT
development system.

Xilinx offers XACT development system interfaces to the
following design environments.

Viewlogic Systems (ViewDraw, ViewSim)

Mentor Graphics V7 and V8 (NETED, Quicksim,
Design Architect, Quicksim I1)

OrCAD (SDT, VST)

Synopsys (Design Compiler, FPGA Compiler)
Xilinx-ABEL

X-BLOX

Many other environments are supported by third-party
vendors. Currently, more than 100 packages are sup-
ported.

The schematic library for the XC4000 FPGA reflects the
wide variety of logic functions that can be implemented in
these versatile devices. The library contains over 400
primitives and macros, ranging from 2-input AND gates to
16-bit accumulators, and including arithmetic functions,
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comparators, counters, data registers, decoders, encod-
ers, 1/O functions, latches, Boolean functions, RAM and
ROM memory blocks, multiplexers, shift registers, and
barrel shifters.

Designing with macros is as easy as designing with
standard SSI/MSI functions. The ‘soft macro’ library con-
tains detailed descriptions of common logic functions, but
does not contain any partitioning or routing information.
The performance of these macros depends, therefore, on
how the PPR software processes the design. Relationally
Placed Macros (RPMs), on the other hand, do contain pre-
determined partitioning and relative placement informa-
tion, resulting in an optimized implementation for these
functions. Users can create their own library elements —
either soft macros or RPMs — based on the macros and
primitives of the standard library.

X-BLOX is a graphics-based high-level description lan-
guage (HDL) that allows designers to use a schematic
editor to enter designs as a set of generic modules. The X-
BLOX compiler optimizes the modules for the target de-
vice architecture, automatically choosing the appropriate
architectural resources for each function.

The XACT design environment supports hierarchical de-
sign entry, with top-level drawings defining the major
functional blocks, and lower-level descriptions defining the
logic in each block. The implementation tools automati-
cally combine the hierarchical elements of a design. Differ-
ent hierarchical elements can be specified with different
design entry tools, allowing the use of the most convenient
entry method for each portion of the design.

Design Implementation

The design implementation tools satisfy the requirement
for an automated design process. Logic partitioning, block
placement and signal routing, encompassing the design
implementation process, are performed by the Partition,
Place, and Route program (PPR). The partitioner takes the
logic from the entered design and maps the logic into the
architectural resources of the FPGA (such as the logic
blocks, I/O blocks, 3-state buffers, and edge decoders).
The placer then determines the best locations for the
blocks, depending on their connectivity and the required
performance. The routerfinally connects the placed blocks
together. The PPR algorithms result in the fully automatic
implementation of most designs. However, for demanding
applications, the user may exercise various degrees of
control over the automated implementation process. Op-
tionally, user-designated partitioning, placement, and rout-
ing information can be specified as part of the design entry
process. The implementation of highly-structured designs
can greatly benefit from the basic floorplanning techniques
familiar to designers of large gate arrays.

The PPR program includes XACT-Performance, a feature
that allows designers to specify the timing requirements

along entire paths during design entry. Timing path analy-
sis routines in PPR then recognize and accommodate the
user-specified requirements. Timing requirements can be
entered on the schematic in a form directly relating to the
system requirements (such as the targeted minimum clock
frequency, or the maximum allowable delay on the data
path between two registers). So, while the timing of each
individual netis not predictable (nor does it need to be), the
overall performance of the system along entire signal
paths is automatically tailored to match user-generated
specifications.

The automated implementation tools are complemented
by the XACT Design Editor (XDE), an interactive graphics-
based editor that displays a model of the actual logic and
routing resources of the FPGA. XDE can be used to
directly view the results achieved by the automated tools.
Modifications can be made using XDE; XDE also performs
checks for logic connectivity and possible design-rule
violations.

Design Verification

The high development cost associated with common mask-
programmed gate arrays necessitates extensive simula-
tion to verify a design. Due to the custom nature of masked
gate arrays, mistakes or last-minute design changes can-
not be tolerated. A gate-array designer must simulate and
test all logic and timing using simulation software. Simula-
tion describes what happens in a system under worst-case
situations. However, simulation is tedious and slow, and
simulation vectors must be generated. A few seconds of
system time can take weeks to simulate.

Programmable-gate-array users, however, can use in-
circuit debugging techniques in addition to simulation.
Because Xilinx devices are reprogrammable, designs can
be verified in the system in real time without the need for
extensive simulation vectors.

The XACT development system supports both simulation
and in-circuit debugging techniques. For simulation, the
system extracts the post-layout timing information from
the design database. This data can then be sent to the
simulator to verify timing-critical portions of the design.
Back-annotation — the process of mapping the timing
information back into the signal names and symbols of the
schematic — eases the debugging effort.

Forin-circuit debugging, XACT includes a serial download
and readback cable (XChecker) that connects the device
in the system to the PC or workstation through an RS232
serial port. The engineer can download a design or a
design revision into the system for testing. The designer
can also single-step the logic, read the contents of the
numerous flip-flops on the device and observe internal
logic levels. Simple modifications can be downloaded into
the system in a matter of minutes.
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The XACT system also includes XDelay, a static timing

analyzer. XDelay examines a design’s logic and timing to

calculate the performance along signal paths, identify pos-
sible race conditions, and detect set-up and hold-time
violations. Timing analyzers do not require that the user
generate input stimulus patterns or test vectors.

Summary

The result of eight years of FPGA design experience and
feedback from thousands of customers, the XC4000 families
combine architectural versatility, on-chip RAM, increased
speed and gate complexity with abundant routing resources

and new, sophisticated software to achieve fully automated
implementation of complex, high-performance designs.

7400 Equivalents

# of CLBs
‘138
‘139
‘147
‘148
‘150
‘151
‘152
‘153
‘154
‘157
‘158
‘160
‘161
‘162
‘163
‘164
‘165s
‘166
‘168
‘174
‘194
‘195
‘280
‘283
‘298
352
‘390
‘5618
‘521

-

WWWNNOWWAWNNORROOIONDNOINWWOOOND O

Barrel Shifters

brishft4 4
brishft8 13
4-Bit Counters

cd4ce 3
cd4cle 5
cd4rle 6
cb4ce 3
cb4cle 6
cbdre 5
8- and 16-Bit Counters
cb8ce 6
cb8re 10
ccibee 10
cciéele 11
cci6cled 21
Identity Comparators
comp4 1
comp8 2
comp16 5

Magnitude Comparators

compm4 4
compm8 9
compm16 20

Decoders

d2-4e
d3-8e
d4-16e 16

AN

Figure 10. CLB Count of Selected XC4000 Soft Macros

Multiplexers

m2-1e
m4-1e
m8-1e
mi6-1e

W = =

Registers

rd4r
rd8r
rd16r

o AN

Shift Registers

sr8ce 4
sri6re 8

RAMs
ram 16x4 2

Explanation of counter nomenclature

cb = binary counter
cd = BCD counter
cc = cascadable binary counter

d = bidirectional

| = loadable

X = cascadable

e = clock enable

r = synchronous reset
¢ = asynchronous clear
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Detailed Functional Description

XC4000 and XC4000A Input/Output Blocks

(For XC4000H family, see page 2-82)

The |OB forms the interface between the internal logic and
the I/O pads of the LCA device. Under configuration con-
trol, the output buffer receives either the logic signal (.out)
routed from the internal logic to the IOB, or the complement
of this signal, or this same data after it has been clocked
into the output flip-flop.

As a configuration option, each flip-flop (CLB or IOB) is
initialized as either set or reset, and is also forced into this
programmable initialization state whenever the global Set/
Reset net is activated after configuration has been com-
pleted. The clock polarity of each IOB flip-flop can be
configured individually, as can the polarity of the 3-state
control for the output buffer.

Each output buffer can be configured to be either fast or
slew-rate limited, which reduces noise generation and
ground bounce. Each I/O pin can be configured with either
an internal pull-up or pull down resistor, or with no internal
resistor. Independent of this choice, each IOB has a pull-
up resistor during the configuration process.

The 3-state output driver uses a totem pole n-channel
output structure. Vou is one n-channel threshold lower
than V¢g, which makes rise and fall delays more
symmetrical.

PerlOB PerlOB PerlOB #Slew
Family Source Sink Pair Sink Modes
XC4000 4 12 24 2
XC4000A 4 24 48 4
XC4000H 4 24 48 2

*XC4000H devices can sink only 4 mA configured for SoftEdge mode

3-State TS

TS INV
TSIOE
7
TS - capture

Boundary
Scan
TS - update 3o

PULL PULL
DOWN up

EXTEST SLEW

RATE

OUTPUT
INVERT D
OUTPUT
sd
Ouput Data O I > b a
I%\mvsm‘
Ouput Clock OK ,D_ >

rd out

H{m] sm SEL

O - capture <«
Boundary ) Q - capture <—
Scan
O - update »——
| - capture qi
Boundary N1 T D) ™
Input Data 1 11
| - update /l 1
e N p ~{m[u]
> a i
L b———— | I
v a nput Data 2 12
INVERT L |
FLIP-FLOPLATCH
Input Clock IK v -
M) sr
INPUT |
GLOBAL
SR X3025

Figure 11. XC4000 and XC4000A /O Block
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The inputs drive TTL-compatible buffers with 1.2-V input
threshold and a slight hysteresis of about 300 mV. These
buffers drive the internal logic as well as the D-input of the
input flip-flop.

Under configuration control, the set-up time of this flip-flop
can be increased so that normal clock routing does not
result in a hold-time problem. Note that the input flip-flop
set-up time is defined between the data measured at the
device I/0 pin and the clock input at the IOB. Any clock
routing delay must, therefore, be subtracted from this set-
up time to arrive at the real set-up time requirement on the
device pins. A short specified set-up time might, therefore,
result in a negative set-up time at the device pins, i.e. a
hold-time requirement, which is usually undesirable. The
optional long set-up time can tolerate more clock delay
without causing a hold-time requirement.

The input block has two connections to the internal logic,
11 and 12. Each of these is driven either by the incoming
data, by the master or by the slave of the input flip-flop.

Wide Decoders

The periphery of the chip has four wide decoder circuits at
each edge (two in the XC4000A). The inputs to each
decoder are any of the |1 signals on that edge plus one
local interconnect per CLB row or column. Each decoder
generates High output (resistor pull-up) when the AND
condition of the selected inputs, or their complements, is
true. This is analogous to the AND term in typical PAL
devices. Each decoder can be split at its center.

The decoder outputs can drive CLB inputs so they can be
combined with other logic, or to form a PAL-like AND/OR
structure. The decoder outputs can also be routed directly
to the chip outputs. For fastest speed, the output should be
on the same chip edge as the decoder.

INTERCONNECT

10B 10B

M M

A [¢] B

(o) [¢] [¢]
( [
(A*BeC).....
(A B C)..
(A B C)...

X2627

Figure 12. Example of Edge Decoding. Each row orcolumn of
CLBs provide up to three variables (or their complements)

Configurable Logic Blocks

Configurable Logic Blocks implement most of the logic in
an LCA device. Two 4-input function generators (F and G)
offer unrestricted versatility. A third function generator (H)
can combine the outputs of F and G with a ninth input
variable, thus implementing certain functions of up to nine
variables, like parity check or expandable-identity com-
parison of two sets of four inputs.

The four control inputs C1 through C4 can each generate
any one of four logic signals, used in the CLB.

® Enable Clock, Asynchronous Preset/Reset, DIN, and
H1, when the memory function is disabled, or

* Enable Clock, Write Enable, DO, and D1, when the
memory function is enabled.

Since the function-generator outputs are brought outinde-
pendently of the flip-flop outputs, and DIN and H1 can be
used as direct inputs to the two flip-flops, the two combina-
torial and the two sequential functions in the CLB can be
used independently. This versatility increases logic den-
sity and simplifies routing.

The asynchronous flip-flop input can be configured as
either set or reset. This configuration option also deter-
mines the state in which the flip-flops become operational
after configuration, as well as the effect of an externally or
internally applied Set/Reset during normal operation.

Fast Car:y Logic

The CLBs can generate the arithmetic-carry output for
incoming operands, and can pass this extra output on to
the next CLB function generator above or below. This
connection is independent of normal routing resources
anditis, presently, only supported by Hard Macros. A later
software release will accomodate Soft Macros and will
permit graphic editing of the fast logic circuitry. This fast
carry logic is one of the most significant improvements in
the XC4000 families, speeding up arithmetic and counting
into the 60-MHz range.

Using Function Generators as RAMs

Using XC4000 devices, the designer can write into the
latches that hold the configuration content of the function
generators. Each function generator can thus be used as
a small Read/Write memory, or RAM. The function gen-
erators in any CLB can be configured in three ways.

* Two 16 x 1 RAMs with two data inputs and two data
outputs — identical or, if preferred, different address-
ing for each RAM

One 32 x 1 RAM with one data input and one data
output

®* One 16 x 1 RAM plus one 5-input function generator
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Figure 13. Simplified Block Diagram of XC4000 Configurable Logic Block
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Figure 14. Fast Carry Logic in Each CLB

Figure 15. CLB Function Generators Can Be Used as
Read/Write Memory Cells
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Boundary Scan

Boundary Scan is becoming an attractive feature that
helps sophisticated systems manufacturers test their PC
boards more safely and more efficiently. The XC4000
family implements |IEEE 1149.1-compatible BYPASS,
PRELOAD/SAMPLE and EXTEST Boundary-Scaninstruc-
tions. When the Boundary-Scan configuration option is
selected, three normal user I/O pins become dedicated
inputs for these functions.

The “bed of nails” has been the traditional method of
testing electronic assemblies. This approach has become
less appropriate, due to closer pin spacing and more
sophisticated assembly methods like surface-mount tech-
nology and multi-layer boards. The IEEE Boundary Scan
standard 1149.1 was developed to facilitate board-level
testing of electronic assemblies. Design and test engi-
neers can imbed a standard test logic structure in their
electronic design. This structure is easily implemented
with the serial and/or parallel connections of a four-pin
interface on any Boundary-Scan-compatible IC. By exer-
cising these signals, the user can serially load commands
and data into these devices to control the driving of their
outputs and to examine their inputs. This is an improve-
ment over bed-of-nails testing. It avoids the need to over-
drive device outputs, and it reduces the user interface to
four pins. An optional fifth pin, a reset for the control logic,
is described in the standard but is not implemented in the
Xilinx part.

The dedicated on-chip logicimplementing the IEEE 1149.1
functions includes a 16-state machine, an instruction reg-
ister and a number of data registers. A register operation
begins with a capturewhere a set of data is parallel loaded
into the designated register for shifting out. The next state
is shift, where captured data are shifted out while the
desired data are shifted in. A number of states are provided
for Wait operations. The last state of a register sequence
is the ypdate where the shifted content of the register is
loaded into the appropriate instruction- or data-holding
register, either for instruction-register decode or for data-
register pin control.

The primary data register is the Boundary-Scan register.
For each IOB pin in the LCA device, it includes three bits
of shift register and three uypdatelatches for: in, out and 3-
state control. Non-IOB pins have appropriate partial bit
population forin or out only. Each Extest Capture captures
all available input pins.

The other standard data register is the single flip-flop
bypass register. It resynchronizes data being passed
through a device that need not be involved in the current
scan operation. The LCA device provides two user nets
(BSCAN.SEL1 and BSCAN.SEL2) which are the decodes
of two user instructions. For these instructions, two corre-
sponding nets (BSCAN.TDO1 and BSCAN.TDO2) allow

user scan data to be shifted out on TDO. The data register
clock (BSCAN.DRCK) is available for control of test logic
which the user may wish to implement with CLBs. The
NAND of TCK and Run-test-idle is also provided
(BSCAN.IDLE).

The XC4000 Boundary Scan instruction set also includes
instructions to configure the device and read back the con-
figuration data.

Table 4. Boundary Scan Instruction

Instruction Test TDO I/0 Data
L Selected Source Source
ojo0|o Extest DR DR
00 }|1 Sample/Preload DR Pin/Logic
of1]o0 User 1 TDO1 Pin/Logic
o1 |1 User 2 TDO2 Pin/Logic
1(0/(0 Readback Readback Data Pin/Logic
1]0 (1 Configure DOUT Disabled
11110 Reserved — —
1011 Bypass Bypass Reg Pin/Logic

X2679
Bit Sequence

The bit sequence within each IOB is: in, out, 3-state.
From a cavity-up (XDE) view of the chip, starting in the
upper right chip corner, the Boundary-Scan data-register
bits have the following order.

Table 5. Boundary Scan Order

TDO.T
TDO.O

Bit 0 ( TDOemd)
Bit1

Bit2 ,
{ Top-edge I0Bs (Right to Left)

{ Left-edge I0Bs (Top to Bottom)

MD
MD1.T
MD1.0
MD1.1
MDO.I
MD2.I

{ Bottom-edge 10Bs (Left to Right)

{ Right-edge I10Bs (Bottom to Top)

B SCANT.UPD

(TDlend)

X2674

The data register also includes the following non-pin bits:
TDO.T, and TDO.|, which are always bits 0 and 1 of the
data register, respectively, and BSCANT.UPD which is
always the last bit of the data register. These three Bound-
ary-Scan bits are special-purpose Xilinx test signals. PRO-
GRAM, CCLK and DONE are not included in the Bound-
ary-Scan register. For more information regarding Bound-
ary Scan, refer to XAPP 017.001, Boundary Scan in
XC4000 Devices. '
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Figure 16. XC4000 Boundary Scan Logic. Includes three bits of Data Register per 10B, the IEEE 1149.1 Test Access Port
controller, and the Instruction Register with decodes.
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Interconnects
The XC4000 families use a hierarchy of interconnect
resources.

® General purpose single-length and double-length
lines offer fast routing between adjacent blocks, and
highest flexibility for complex routes, but they incur a
delay every time they pass through a switch matrix.

* Longlines run the width or height of the chip with
negligible delay variations. They are used for signal
distribution over long distances. Some Horizontal
Longlines can be driven by 3-state or open-drain
drivers, and can thus implement bidirectional buses
or wired-AND decoding.

® Global Nets are optimized for the distribution of clock
and time-critical or high-fan-out control signal. Four
pad-driven Primary Global Nets offer shortest delay
and negligible skew. Four pad-driven Secondary
Global Nets have slightly longer delay and more
skew due to heavier loading.

Each CLB column has four dedicated Vertical Longlines,
each of these lines has access to a particular Primary
Global Net, or to any one of the Secondary Global Nets.
The Global Nets avoid clock skew and potential hold-time

i 7
(=, -0
e,
\ I PRIMARY
GLOBAL NETS
O 0
! ]

X1027
Figure 17. XC4000 Global Net Distribution. Four Lines per
Column; Eight Inputs in the Four Chip Corners.

problems. The user must specify these Global Nets for all
timing-sensitive global signal distribution.

+5V

~5kQ Z=Dp*Dg*(Dc+Dp)* (DE+DF)...
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-

n > o> o]

o |
Dr

X1008

Open Drain Buffers Implement a Wired-AND Function. When all the buffer
inputs are High the pull-up resistor(s) provide the High output.

~100 kQ
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3-State Buffers Implement a Multiplexer. The selection is accomplished by the buffer 3-state signal.

Righihe

Active High T is Identical to
Active Low Output Enable.

Figure 18. TBUFs Driving Horizontal Longlines.
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Oscillator

An internal oscillator is used for clocking of the power-on
time-out, configuration memory clearing, and as the source
of CCLK in Master modes. This oscillator signal runs at a
nominal 8 MHz and varies with process, V¢c and
temperature between 10 MHz max and 4 MHz min. This
signal is available on an output control net (OSCO) in the
upper right corner of the chip, if the oscillator-run control bit
is enabled in the configuration memory. Two of four
resynchronized taps of the power-on time-out divider are
also available on OSC1 and OSC2. These taps are at the
fourth, ninth, fourteenth and nineteenth bits of the ripple
divider. This can provide output signals of approximately
500 kHz,16 kHz, 490 Hz and 15 Hz.

Special Purpose Pins

The mode pins are sampled prior to configuration to
determine the configuration mode and timing options. After
configuration, these pins can be used as auxiliary connec-
tions: Mode 0 (MDO.l) and Mode 2 (MD2.1) as inputs and
Mode 1 (MD1.0 and MD1.T) as an output. The XACT
development system will not use these resources unless
they are explicitly specified in the design entry. These
dedicated nets are located in the lower left chip corner and
are near the readback nets. This allows convenient routing
if compatibility with the XC2000 and XC3000 family con-
ventions of MO/RT, M1/RD is desired.

Table 6. Configuration Modes
MO CCLK Data

Mode M2 M1

Configuration

Configuration is the process of loading design-specific
programming data into one or more LCA devices to define
the functional operation of the internal blocks and their
interconnections. This is somewhat like loading the com-
mand registers of a programmable peripheral chip. The
XC4000 families use about 350 bits of configuration data
per CLB and its associated interconnects. Each configura-
tion bit defines the state of a static memory cell that
controls either a function look-up table bit, a multiplexer
input, or an interconnect pass transistor. The XACT devel-
opment system translates the design into a netlist file. It
automatically partitions, places and routes the logic and
generates the configuration data in PROM format.

Modes , '

The XC4000 families have six configuration modes se- -
lected by a 3- bit input code applied to the MO, M1, and M2
inputs. There are three self-loading Master modes, two
Peripheral modes and the Serial Slave mode used prima-
rily for daisy-chained devices. During configuration, some
of the 1/O pins are used temporarily for the configuration
process. See Table 6.

For a detailed description of these configuration modes,
see pages 2-32 through 2-41.

Master

The Master modes use an internal oscillator to generate
CCLK for driving potential slave devices, and to generate
address and timing for external PROM(s) containing the
configuration data. Master Parallel (up or down) modes
generate the CCLK signal and. PROM addresses and
receive byte parallel data, whichis internally serialized into
the LCA data-frame format. The up and down selection
generates starting addresses at either zero or 3FFFF, to
be compatible with different microprocessor addressing
conventions. The Master Serial mode generates CCLK
and receives the configuration data in serial form from a
Xilinx serial-configuration PROM.

Peripheral

The two Peripheral modes accept byte-wide data from a
bus. A READY/BUSY status is available as a handshake
signal. In the asynchronous mode, the internal oscillator
generates a CCLK burst signal that serializes the byte-
wide data. In the synchronous mode, an externally sup-
plied clock input to CCLK serializes the data.

Serial Slave

In the Serial Slave mode, the LCA device receives serial-
configuration data on the rising edge of CCLK and, after
loading its configuration, passes additional data out,
resynchronized on the next falling edge of CCLK. Multiple
slave devices with identical configurations can be wired
with parallel DIN inputs so that the devices can be config-
ured simultaneously.
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11111111 ~ EIGHT DUMMY BITS MINIMUM
0010 - PREAMBLE CODE

< 24-BIT LENGTH COUNT > - CONFIGURATION PROGRAM LENGTH (MSB FIRST) HEADER
111 - DUMMY BITS (4 BITS MINIMUM)

0 < DATA FRAME # 001 > eeee
0 < DATA FRAME # 002 > eeee

0 < DATA FRAME # 003 > eeee PROGRAM DATA
. : : (E:\\(S)!-rl ::TA&? g)())NSISTS OF:

0 <DATA FRAME # N-1 > cece FOUR ERROR CHECK BITS (seee) CELL ARRAY I A DASY GHAN

0 <DATA FRAME # N > eeee

o111 1111 POSTAMBLE CODE

- X1526

Device XC4002A | XC4003A | XC4003/H | XC4004A | XC4D05A | XC4005/H | XC4006 | XC4008 | XC4010/D| XC4013 | XC4020 | XC4025
Gates 2,000 3,000 3,000 4,000 5000 5,000 6,000 8,000 10,000 13,000 | 20,000 | 25,000
CLBs 64 100 100 144 196 196 256 324 400 578 784 1,024
(Row x Col) (8x8) |(10x10)| (10x10) {(12x12)| (14x 14)| (14 x 14) [(16x 16) [ (18 x 18) | (20 x 20) | (24 x 24) | (28 x 28) | (32 x 32)
10Bs 64 80 80/.160 96 112 | 112(192) | 128 144 160 192 224 256
Flip-tiops 256 360 360/300 | 480 616 |616(392)| 768 936 1,120 1,536 2,016 2,560
Horizontal
TBUF Longlines 16 20 20 24 28 28 32 36 40 48 56 64
TBUFs/Longline 10 12 12 14 16 16 18 20 22 26 30 34
Bits per Frame 102 122 126 142 162 166 186 206 226 266 306 346
Frames 310 374 428 438 502 572 644 716 788 932 1,076 1,220
Program Data 31,628 | 45,636 | 53,936 | 62,204 | 81,332 | 94,960 |119,792 | 147,504 | 178,096 | 247,920 | 329,264 | 422,128
PROM size (bits) | 31,668 | 45676 | 53,976 | 62,244 | 81,372 | 95,000 |119,832 | 147,544 | 178,136 | 247,960 | 329,304 | 422,168

XC4000, 4000H: Bits per Frame = (10 x number of Rows) + 7 for the top + 13 for the bottom + 1 + 1 start bit + 4 error check bits
Number of Frames = (36 x number of Columns) + 26 for the left edge + 41 for the right edge + 1

XC4000A: Bits per Frame = (10 x number of Rows) + 6 for the top + 10 for the bottom + 1 + 1 start bit + 4 error check bits
Number of Frames = (32 x number of Columns) + 21 for the left edge + 32 for the right edge + 1

Program Data = (Bits per Frame x Number of Frames) + 8 postamble bits

PROM Size = Program Data + 40

The user can add more "one" bits as leading dummy bits in the header, or, if CRC = off, as trailing dummy bits at the end of any

frame, following the four error check bits, but the Length Count value must be adjusted for all such extra "one" bits,

even for leading extra ones at the beginning of the header.

Figure 19. Internal Configuration Data Structure.

Format last seven data bits. Detection of an error results in
The configuration-data stream begins with a string of ones, suspension of data loading and the pulling down of the INIT
a 0010 preamble code, a 24-bit length count, and a four- pin. In master modes, CCLK and address signals continue
bit separator field of ones. This is followed by the actual to operate externally. The user must detect INIT and
configuration data in frames, each starting with a zero bit initialize a new configuration by pulsingthe PROGRAM pin

and ending with a four-bit error check. For each XC4XXX or cycling Vcc. The length and number of frames depend
device, the MakeBits software allows a selection of CRC on the device type. Multiple LCA devices can be con-
or non-CRC error checking. The non-CRC error checking nected in a daisy chain by wiring their CCLK pinsin parallel
tests for a 0110 end of frame field for each frame of a and connecting the DOUT of each to the DIN of the next.
selected LCA device. For CRC error checking, MakeBits The lead-master LCA device and following slaves each

software calculates a running CRC of inserts a unique passes resynchronized configuration data coming from a
four-bit partial check at the end of each frame. The 11-bit single source. The Header data, including the length
CRC check of the last frame of an LCA device includes the count, is passed through and is captured by each LCA

L
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Figure 20. Start-up Sequence

device when it recognizes the 0010 preamble. Following
the length-count data, any LCA device outputs a High on
DOUT until it has received its required number of data
frames.

After an LCA device has received its configuration data, it
passes on any additional frame start bits and configuration
data on DOUT. When the total number of configuration
clocks applied after memory initialization equals the value
of the 24-bit length count, the LCA device(s) begin the
start-up sequence and become operational together.

Configuration Sequence

Configuration Memory Clear

When power is first applied or reapplied to an LCA device,
an internal circuit forces initialization of the configuration
logic. When V¢ reaches an operational level, and the
circuit passes the write and read test of a sample pair of
configuration bits, a nominal 16-ms time delay is started
(four times longer when MO is Low, i.e., in Master mode).
During this time delay, or as long as the PROGRAM input
is asserted, the configuration logic is held in a Configura-
tion Memory Clear state. The configuration-memory frames
are consecutively initialized, using the internal oscillator.
At the end of each complete pass through the frame
addressing, the power-on time-out delay circuitry and the
level of the PROGRAM pin are tested. If neither is as-
serted, the logic initiates one additional clearing of the
configuration frames and then tests the INIT input.

Initialization

During initialization and configuration, user pins HDC,
LDC and INIT provide status outputs for system interface.
The outputs, LDC, INIT and DONE are held Low and HDC
is held High starting at the initial application of power. The
open drain INIT pin is released after the final initialization
pass through the frame addresses. There is a deliberate
delay of 50 to 250 us before a Master-mode device
recognizes an inactive INIT. Two internal clocks after the
INIT pin is recognized as High, the LCA device samples
the three mode lines to determine the configuration mode.
The appropriate interface lines become active and the
configuration preamble and data can be loaded.

Configuration

The 0010 preamble code indicates that the following
24 bits represent the length count, i.e., the total number of
configuration clocks needed to load the total configuration
data. After the preamble and the length count have been
passed through to all devices in the daisy chain, DOUT is
held High to prevent frame start bits from reaching any
daisy-chained devices. A specific configuration bit, early in
the first frame of a master device, controls the configura-
tion-clock rate and canincrease it by a factor of eight. Each
frame has a Low start bit followed by the frame-configura-
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tion data bits and a 4-bit frame error field. If a frame data
erroris detected, the LCA device halts loading, and signals
the error by pulling the open-drain INIT pin Low.

After all configuration frames have been loaded into an
LCA device, DOUT again follows the input data so that the
remaining data is passed on to the next device.

Start-Up

Start-up is the transition from the configuration process to
the intended user operation. This means a change from
one clock source to another, and a change from interfacing
parallel or serial configuration data where mostoutputs are
3-stated, to normal operation with /O pins active in the
user-system. Start-up must make sure that the user-logic
“wakes up” gracefully, that the outputs become active
without causing contention with the configuration signals,
and that the internal flip-flops are released from the global
Reset or Set at the right time.

Figure 21 describes Start-up timing for the three Xilinx
families in detail.

The XC2000 family goes through a fixed sequence:

DONE goes High and the internal global Reset is de-
activated one CCLK period after the 1/0 become active.

The XC3000 family offers some flexibility: DONE can be
programmed to go High one CCLK period before or after
the I/0 become active. Independent of DONE, the internal
global Reset is de-activated one CCLK period before or
after the 1/0O become active.

The XC4000 family offers additional flexibility: The three
events, DONE going High, the internal Reset/Set being
de-activated, and the user I/O going active, can all occur
in any arbitrary sequence, each of them one CCLK period
before or after, or simultaneous with, any of the other.

The default option, and the most practical one, is for DONE
to go High first, disconnecting the configuration data
source and avoiding any contention when the I/Os become
active one clock later. Reset/Set is then released another
clock period later to make sure that user-operation starts
from stable internal conditions. This is the most common
sequence, shown with heavy lines in Figure 21, but the
designer can modify it to meet particular requirements.

The XC4000 family offers another start-up clocking option:
The three events described above don’t have to be trig-
gered by CCLK, they can, as a configuration option, be
triggered by a user clock. This means that the device can
wake up in synchronism with the user system.

The XC4000 family introduces an additional option: When
this option is enabled, the user can externally hold the
open-drain DONE output Low, and thus stall all further
progress in the Start-up sequence, until DONE is released
and has gone High. This option can be used to force
synchronization of several LCA devices to acommon user
clock, or to guarantee that all devices are successfully
configured before any 1/Os go active.

Start-up Sequence

The Start-up sequence begins when the configuration
memory is full, and the total number of configuration clocks
received since INIT went High equals the loaded value of
the length count. The next rising clock edge sets a flip-flop
QO (see Figure 22), the leading bit of a 5-bit shift register.

The outputs of this register can be programmed to control
three events.

The release of the open-drain DONE output,

® The change of configuration-related pins to the

user function, activating all IOBs.
The termination of the global Set/Reset initialization
of all CLB and IOB storage elements.

The DONE pin can also be wire-ANDed with DONE pins of
other LCA devices or with other external signals, and can
then be used as input to bit Q3 of the start-up register. This
is called “Start-up Timing Synchronous to Done In” and
labeled: CCLK_SYNC or UCLK_SYNC. When DONE is
not used as an input, the operation is called Start-up
Timing Not Synchronous to DONE In, and is labeled
CCLK_NOSYNC or UCLK_NOSYNC. These labels are
not intuitively obvious.

As a configuration option, the start-up control register
beyond QO can be clocked either by subsequent CCLK
pulses or from an on-chip user net called STARTUP.CLK.

Start-up from CCLK

If CCLK is used to drive the start-up, Q0 through Q3
provide the timing. Heavy lines in Figure 21 show the
defaulttiming whichis compatible with XC2000 and XC3000
devices using early DONE and late Reset.The thin lines
indicate all other possible timing options.

Start-up from a User Clock (STARTUP.CLK)

When, instead of CCLK, a user-supplied start-up clock is
selected, Q1 is used to bridge the unknown phase relation-
ship between CCLK and the user clock. This arbitration
causes an unavoidable one-cycle uncertainty in the timing
of the rest of the start-up sequence.
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Figure 21. Start-up Timing
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X1528

Al Xilinx FPGAs of the XC2000, XC3000, XC4000 families
use a compatible bitstream format and can, therefore, be
connectedin adaisy-chaininan arbitrary sequence. There
is however one limitation. The lead device must belong to
the highest family in the chain. If the chain contains
XC4000 devices, the master cannot be an XC2000 or
XC3000 device; if the daisy-chain contains XC3000 de-
vices, the master cannot be an XC2000 device. The
reason for this rule is shown in Figure 21 on the previous
page. Since all devices in the chain store the same length
count value and generate or receive one common se-
quence of CCLK pulses, they all recognize length-count
match on the same CCLK edge, as indicated on the left
edge of Figure 21. The master device will then drive
additional CCLK pulses until it reaches its finish point F.
The different families generate or require different num-
bers of additional CCLK pulses until they reach F.

Not reaching F means that the device does not really finish
its configuration, although DONE may have gone High, the

outputs became active, and the internal RESET was
released. The user has some control over the relative
timing of these events and can, therefore, make sure that
they occur early enough.

But, for XC4000, not reaching F means that READBACK
cannot be initiated and most Boundary Scan instructions
cannot be used.This limitation has been criticized by
designers who want to use an inexpensive lead device in
peripheral mode and have the more precious I/O pins of
the XC4000 devices all available for user I/O. Here is a
solution for that case.

One CLB and one I0OB in the lead XC3000 device are used
to generate the additional CCLK pulse required by the
XC4000 devices. When the lead device removes the
internal RESET signal, the 2-bit shift register responds to
its clock input and generates an active Low output signal
for the duration of the subsequent clock period. An exter-
nal connection between this outputand CCLK thus creates
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the extra CCLK pulse. This solution requires one CLB, one
I0B and pin, and an internal oscillator with a frequency of
up to 5 MHz as available clock source. Obviously, this
XC3000 master device must be configured with late Inter-
nal Reset, which happens to be the default option.

Using Global Set/Reset and Global 3-State Nets

The global Set/Reset (STARTUP.GSR) net can be driven
by the user at any time to re-initialize all CLBs and IOBs to
the same state they had at the end of configuration. For
CLBs that is the same state as the one driven by the
individually programmable asynchronous Set/Reset in-
puts. The global 3-state net (STARTUP.GTS), whenever
activated after configuration is completed, forces all LCA
outputs to the high-impedance state, unless Boundary
Scan is enabled and is executing an EXTEST instruction.

Readback

The user can read back the content of configuration
memory and the level of certain internal nodes without
interfering with the normal operation of the device.

Readback reports not only the downloaded configuration
bits, but can also include the present state of the device
represented by the content of all used flip-flops and latches
in CLBs and IOBs, as well as the content of function
generators used as RAMs.

XC4000 Readback does not use any dedicated pins, but
uses four internal nets (RDBK.TRIG, RDBK.DATA,
RDBK.RIP and RDBK.CLK) thatcan be routed to any IOB.

After Readback has been initiated by a Low-to-High tran-
sition on RDBK.TRIG, the RDBK.RIP (Read In Progress)
output goes High on the next rising edge of RDBK.CLK.
Subsequent rising edges of this clock shift out Readback

data on the RDBK.DATA net. Readback data does not
include the preamble, but starts with five dummy bits (all
High) followed by the Start bit (Low) of the first frame. The
first two data bits of the first frame are always High.

Note that, in the XC4000 families, data is not inverted with
respect to configuration the way it is in XC2000 and
XC3000 families.

Each frame ends with four error check bits. They are read
back as High. The last seven bits of the last frame are also
read back as High. An additional Start bit (Low) and an
11-bit Cyclic Redundancy Check (CRC) signature follow,
before RIP returns Low.

Readback options are: Read Capture, Read Abort, and
Clock Select.

Read Capture

When the Readback Capture option is selected, the
readback data stream includes sampled values of CLB
and IOB signals imbedded in the data stream. The rising
edge of RDBK.TRIG located in the lower-left chip corner,
captures, in latches, the inverted values of the four CLB
outputs and the 0B output flip-flops and the input signals
11, 12.. When the capture option is not selected, the values
of the capture bits reflect the configuration data originally
written to those memory locations. If the RAM capability of
the CLBs is used, RAM data are available in readback,
since they directly overwrite the F and G function-table
configuration of the CLB.

Read Abort

When the Readback Abort option is selected, a High-to-
Low transition on RDBK.TRIG terminates the readback
operation and prepares the logic to accept another trigger.
After an aborted readback, additional clocks (up-to-one
readback clock per configuration frame) may be required
to re-initialize the control logic. The status of readback is
indicated by the output control net (RDBK.RIP).

Clock Select

Readback control and data are clocked on rising edges of
RDBK.CLK located in the lower right chip corner. CCLK is
an optional clock. If Readback must be inhibited for secu-
rity reasons, the readback control nets are simply not
connected.

XChecker

The XChecker Universal Download/Readback Cable and
Logic Probe uses the Readback feature for bitstream
verification and for display of selected internal signals on
the PC or workstation screen, effectively as a low-cost in-
circuit emulator. !
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Master Serial Mode
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In Master Serial mode, the CCLK output of the lead LCA
device drives a Xilinx Serial PROM that feeds the LCA DIN
input. Each rising edge of the CCLK output increments the
Serial PROM internal address counter. This puts the next
data bit on the SPROM data output, connected to the LCA
DIN pin. The lead LCA device accepts this data on the
subsequent rising CCLK edge.

The lead LCA device then presents the preamble data
(and all data that overflows the lead device ) on its DOUT
pin. There is an internal pipeline delay of 1.5 CCLK
periods, which means that DOUT changes on the falling
CCLK edge, and the next LCA device in the daisy-chain
accepts data on the subsequent rising CCLK edge. The
user can specify Fast ConfigRate, which starting some-
where in the first frame, increases the CCLK frequency
eight times, from a value between 0.5 and 1.25 MHz, to a
value between 4 and 10 MHz. Note that most Serial
PROMs are not compatible with this high frequency.

The SPROM CE input can be driven from either LDC or
DONE. Using LDC avoids potential contention on the DIN
pin, if this pin is configured as user-1/0, but LDC is then

restricted to be a permanently High user output. Using
DONE can also avoid contention on DIN, provided the
early DONE option is invoked.

How to Delay Configuration After Power-Up
There are two methods to delay configuration after power-
up: Put a logic Low on the PROGRAM input, or pull the

proach, and is recommended when the power-supply rise
time is excessive or poorly defined. As long as PROGRAM
is Low, the XC4000 device keeps clearing its configuration
memory. When PROGRAM goes High, the configuration
memory is cleared one more time, followed by the begin-
ning of configuration, provided the INIT input is not exter-
nally held Low. Note that a Low on the PROGRAM input

automatically forces a Low on the INIT output.

Using an open-collector or open-drain driver to hold INIT
Low before the beginning of configuration, causes the LCA
device to wait after having completed the configuration
memory clear operation. When INIT is no longer held Low
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externally, the device determines its configuration mode up to 250 ps to make sure that all slaves in the potential
by capturing its status inputs, and is ready to start the daisy-chain have seen INIT being High.
configuration process. A master device waits an additional

Master Serial Mode Programming Switching Characteristics

CCLK
(Output)

@ Texkos

Serial Data In n n+1 \ X n+2 X
Serial DOUT n-3 n-2 n- 1\> n
(Output)

X3223
Description Symbol Min Max Units
CCLK Data In setup 1 Tosck 20 ns
Data In hold 2 Tckos 0 ns
Notes: 1.

At power-up, Vcc must rise from 2.0 V to Vce min in less than 25 ms, otherwise delay configuration by pulling
PROGRAM Low until Vgis valid.

2. Configuration can be controlled by holding INIT Low with or until after the INIT of all daisy-chain slave mode devices
is High.
3. Master-serial-mode timing is based on testing in slave mode.
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Slave Serial Mode
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In Slave Serial mode, an external signal drives the CCLK
input(s) of the LCA device(s). The serial configuration
bitstream must be available at the DIN input of the lead
LCA device a short set-up time before each rising CCLK
edge. The lead LCA device then presents the preamble
data (and all data that overflows the lead device) on its
DOUT pin.

There is an internal delay of 0.5 CCLK periods, which
means that DOUT changes on the falling CCLK edge, and
the next LCA device in the daisy-chain accepts data on the
subsequent rising CCLK edge.

How to Delay Configuration After Power-Up

There are two methods to delay configuration after power-
up: Put a logic Low on the PROGRAM input, or pull the
bidirectional INIT pin Low, using an open-collector (open-
drain) driver. (See also Figure 20 on page 2-27.)

A Low on the PROGRAM input is the more radical ap-
proach, and is recommended when the power-supply rise
time is excessive or poorly defined. As long as PROGRAM
is Low, the XC4000 device keeps clearing its configuration
memory. When PROGRAM goes High, the configuration
memory is cleared one more time, followed by the begin-
ning of configuration, provided the INIT input is not exter-
nally held Low. Note that a Low on the PROGRAM input
automatically forces a Low on the INIT output.

Using an open-collector or open-drain driver to hold INIT
Low before the beginning of configuration, causes the LCA
device to wait after having completed the configuration
memory clear operation. When INIT is no longer held Low
externally, the device determines its configuration mode
by capturing its status inputs, and is ready to start the
configuration process. A master device waits an additional
max 250 ps to make sure that all slaves in the potential
daisy-chain have seen INIT being High.
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DIN * Bitn % Bitn+1
<—(DToce >} @ Tcco— e———®TccL

CCLK ]{ \\ l

I @TCCH — <_GDTC(:O
(o?n?:ld:; Bitn -1 Bitn
X5379

Description Symbol Min Max Units

CCLK DIN setup 1 Toce 20 ns
DIN hold 2 | Teep 0 ns
to DOUT 3 Tcco 30 ns
High time 4 | TeeH 45 ns
Low time 5 | Tea 45 ns
Frequency Fec 10 MHz

Note: Configuration must be delayed until the INIT of all daisy-chained LCA devices is High.
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Master Parallel Mode
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LCA DEVICES WITH
CCLK ——> DIFFERENT CONFIGURATIONS
— bouT
A7 |—
— e At b— - USER CONTROL OF HIGHER
ORDER PROM ADDRESS BITS
GENERAL- | —q LDC AlS|— --- CAN BE USED TO SELECT FROM
PURPOSE ALTERNATIVE CONFIGURATIONS
USER 110 § —9 RCLK Al4|— .-
PINS | o it A3l - |  Eeprom
(8K x 8)
Atz (OR LARGER)
;1 | oTHER At
“1 [ o PiNS
— A10 At0
PROGRAM ———9 PROGRAM A9 A9
o7 A8 A8
,—{Ds  xca00 A7 A7 74 N\
a3 A6 A6 D6 [\
Yall A5 A5 D5 [\
D3 Ad A4 D4\
/—‘ D2 A3 A3 D3 B\
D1 A2 A2 L N
a DO Al At D1 N
I A0 A0 LY SN
DONE OE
[——= CE
8

DATA BUS

X3394

In Master Parallel mode, the lead LCA device directly ad-
dresses an industry-standard byte-wide EPROM, and ac-
cepts eight data bits right before incrementing (or
decrementing) the address outputs.

The eight data bits are serialized in the lead LCA device,
which then presents the preamble data ( and all data that
overflows the lead device ) on the DOUT pin. There is an
internal delay of 1.5 CCLK periods, after the rising CCLK
edge that accepts a byte of data (and also changes the
EPROM address) until the falling CCLK edge that makes
the LSB (DO0) of this byte appear at DOUT. This means that
DOUT changes on the falling CCLK edge, and the next
LCA device in the daisy-chain accepts data on the subse-
quent rising CCLK edge.

How to Delay Configuration After Power-Up

There are two methods to delay configuration after power-
up: Put a logic Low on the PROGRAM input, or pull the
bidirectional INIT pin Low, using an open-collector (open-
drain) driver. (See also Figure 20 on page 2-27).

A Low on the PROGRAM input is the more radical ap-
proach, and is recommended when the power-supply rise
time is excessive or poorly defined. As long as PROGRAM
is Low, the XC4000 device keeps clearing its configuration
memory. When PROGRAM goes High, the configuration
memory is cleared one more time, followed by the begin-
ning of configuration, provided the INIT input is not exter-
nally held Low. Note that a Low on the PROGRAM input
automatically forces a Low on the INIT output.
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Using an open-collector or open-drain driver to hold INIT capturing its status inputs, and is ready to start the configura-
Low before the beginning of configuration, causes the LCA tion process. A master device waits an additional max 250 ps
device to wait after having completed the configuration to make sure that all slaves in the potential daisy-chain have
memory clear operation. When INIT is no longer held Low seen INIT being High. '

externally, the device determines its configuration mode by

Master Parallel Mode Programming Switching Characteristics

(’:‘)‘L"mg X Address for Byte n >f Address for Byte n + 1
—

\ \ - D Trac

KRR | X
@ Torc— OIS
RCLK
(output) « /|
2y

l 7 CCLKs CCLK
CCLK
(output)
DOUT
(output) >< b6 \X o7

Byten-1 X5380
Description Symbol Min Max Units
RCLK Delay to Address valid 1 Trac 0 200 ns
Data setup time 2 | Tore 60 ns
Data setup time 3 | Trep 0 ns

Notes: 1. At power-up, Vg must rise from 2.0 V to Ve min in less than 25 ms, otherwise delay configuration using PROGRAM
until Veg is valid.
2. Configuration can be delayed by holding INIT Low with or until after the INIT of all daisy-chain slave mode devices
is High.
This timing diagram shows that the EPROM requirements are extremely relaxed: EPROM access time can be longer than
500 ns. EPROM data output has no hold-time requirements.
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Synchronous Peripheral Mode

+5V
MO M1 M2
Optional
+5V ceLk Daisy-Chained
Data Bus D LCA Devices with
07 Different
DOUT [——)—> Configurations
XC4000
+5V
HDC [— | General-
LDC b— Purpose
5k < User /O
3 — | Pins
Other ) | $
I/O Pins .
Control RDY/BUSY [
Signals > INIT
Reprogram ————————— PROGRAM
X3395

Synchronous Peripheral mode can also be considered
Slave Parallel mode. An external signal drives the CCLK
input(s) of the LCA device(s). The first byte of parallel
configuration data must be available at the D inputs of the
lead LCA device a short set-up time before each rising
CCLK edge. Subsequent data bytes are clocked in on
every eighth consecutive rising CCLK edge. The same
CCLK edge that accepts data, also causes the RDY/BUSY
output to go High for one CCLK period. The pin name is a
misnomer. In Synchronous Peripheral mode it is really an
ACKNOWLEDGE signal. Synchronous operation does
not require this response, but it is a meaningful signal for
test purposes.

The lead LCA device serializes the data and presents the
preambledata (and all data that overflows the lead device)
on its DOUT pin. There is an internal delay of 1.5 CCLK
periods, which means that DOUT changes on the falling
CCLK edge, and the next LCA device in the daisy-chain
accepts data on the subsequent rising CCLK edge. In
order to complete the serial shift operation, 10 additional
CCLK rising edges are required after the last data byte has
been loaded, plus one more CCLK cycle for each daisy-
chained device.

How to Delay Configuration After Power-Up

There are two methods to delay configuration after power-
up: Put a logic Low on the PROGRAM input, or pull the
bidirectional INIT pin Low, using an open-collector (open-
drain) driver. (See also Figure 20 on page 2-27).

A Low on the PROGRAM input is the more radical ap-
proach, and is recommended when the power-supply rise
time is excessive or poorly defined. As long as PROGRAM
is Low, the XC4000 device keeps clearing its configuration
memory. When PROGRAM goes High, the configuration
memory is cleared one more time, followed by the begin-
ning of configuration, provided the INIT input is not exter-
nally held Low. Note that a Low on the PROGRAM input
automatically forces a Low on the INIT output.

Using an open-collector or open-drain driver to hold INIT
Low before the beginning of configuration, causes the LCA
device to wait after having completed the configuration
memory clear operation. When INIT is no longer held Low
externally, the device determines its configuration mode
by capturing its status inputs, and is ready to start the
configuration process. A master device waits an additional
max 250 us to make sure that all slaves in the potential
daisy-chain have seen INIT being High. '
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Synchronous Peripheral Mode Programming Switching Characteristics

§
o | - dre-

YTE [/ BYTE \

B
o / 1/
BYTE 0 OUT —»| BYTE 10UT

pout ‘(LX1X2X3X4XSM7*0)G
RDY/BUSY /_\ / \ .

X1524

Description Symbol Min Max Units
CCLK INIT (High) Setup time required 1| Te 5 us
DIN Setup time required b 60 ns
DiN Hold time required 3 | T 0 ns
CCLK High time chn 50 ns
CCLK Low time Tea 60 ns

CCLK Frequency Fec 8 MHz

Notes: Peripheral Synchronous mode can be considered Slave Parallel mode. An external CCLK provides timing, clocking in

the first data byte on the second rising edge of CCLK after INIT goes High. Subsequent data bytes are clocked in on
every eighth consecutive rising edge of CCLK.

The RDY/BUSY line goes High for one CCLK period after data has been clocked in, although synchronous operation
does not require such a response.

The pin name RDY/BUSY is a misnomer; in Synchronous Peripheral mode this is really an ACKNOWLEDGE signal.

Note that data starts to shift out serially on the DOUT pin 0.5 CLK periods after it was loaded in parallel. This obviously
requires additional CCLK pulses after the last byte has been loaded.
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Asynchronous Peripheral Mode

+5V
Mo M1 M2
8
Dé‘Jé DO-7 CCLK |———— oPTIONAL
DAISY-CHAINED
LCA DEVICES WITH
DIFFERENT
5V — DOUT |—— y ——» CONFIGURATIONS
ADDRESS
S cso
ADDRESS . DECODE
Eoe{ LOGIC .
Xc4000 GENERAL
LDC p | PURPOSE
USER /O
] cs1 PINS
RS -
OTHER
ws /0 PINS
CONTROL RDY/BUSY )
SIGNALS
INIT
DONE
REPROGRAM
L PROGRAM -
Write to LCA D7 = High indicates Ready

Asynchronous Peripheral mode uses the trailing edge of
the logic AND condition of the CS0, CS1 and WS inputs to
accept byte-wide data from a microptocessor bus. In the
lead LCA device, this data is loaded into a double-buffered
UART-like parallel-to-serial converter andis serially shifted
into the internal logic. The lead LCA device presents the
preamble data (and all data that overflows the lead device)
on the DOUT pin.

The RDY/BUSY output from the lead LCA device acts as
a handshake signal to the microprocessor. RDY/BUSY
goes Low when a byte has been received, and goes High
again when the byte-wide input buffer has transferred its
information into the shift register, and the buffer is ready to
receive new data. The length of the BUSY signal depends
on the activity in the UART. If the shift register had been
empty when the new byte was received, the BUSY signal
lasts for only two CCLK periods. If the shift register was still
full when the new byte was received, the BUSY signal can
be as long as nine CCLK periods.

Note that after the last byte has been entered, only seven
of its bits are shifted out. CCLK remains High with DOUT
equal to bit 6 (the next-to-last bit) of the last byte entered.

Status Read

The logic AND condition of the CS0, CS1and RS inputs
puts the device status on the Data bus.

D7 - Low indicates Busy
DO through D6 go unconditionally High

Itis mandatory thatthe whole start-up sequence be started
and completed by one byte-wide input. Otherwise, the pins
used as Write Strobe or Chip Enable might become active
outputs and inteffere with the final byte transfer. If this
transfer does not occur, the start-up sequence will not be
completed all the way to the finish (point F in Figure 21 on
page 2-29). At worst, the internal reset will not be released;
at best, Readback and Boundary Scan will be inhibited.
The length-count value, as generated by MAKEPROM, is
supposed to ensure that these problems never occur.

Although RDY/BUYSY is brought out as a separate signal,
microprocessors can more easily read this information on
one of the data lines. For this purpose, D7 represents the
RDY/BUSY status when RS is Low, WS is High, and the
two chip select lines are both active.

How to Delay Configuration After Power-Up

There are two methods to delay configuration after power-
up: Put a logic Low on the PROGRAM input, or pull the
bidirectional INIT pin Low; using an open-collector (open-
drain) driver. (See also Figure 20 on page 2-27).

A Low on the PROGRAM input is the more radical ap-
proach, and is recommended when the power-supply rise
time is excessive or poorly defined. As long as PROGRAM
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is Low, the XC4000 device keeps clearing its configuration
memory. When PROGRAM goes High, the configuration
memory is cleared one more time, followed by the begin-
ning of configuration, provided the INIT input is not exter-
nally held Low. Note that a Low on the PROGRAM input
automatically forces a Low on the INIT output.

Using an open-collector or open-drain driver to hold INIT
Low before the beginning of configuration, causes the LCA

device to wait after having completed the configuration
memory clear operation. When INIT is no longer held Low
externally, the device determines its configuration mode
by capturing its status inputs, and is ready to start the
configuration process. A master device waits an additional
max 250 ps to make sure that all slaves in the potential
daisy-chain have seen INIT being High.

Asynchronous Peripheral Mode Programming Switching Characteristics

Write to LCA

WS/CS0

RS, Cst

D0-D7

Read Status

WS, cst

READY
BUSY

S

—3|
___ g @ Teusy Y
RDY/BUSY N
.
............... E

DOUT X Previous Byte D6 x D7 x Do X D1 X D2
X3397
Description Symbol Min Max Units
Write Effective Write time required 1 Tca 100 ns
(CS0, WS = Low, RS, CS1 = High)
DIN Setup time required 2 | Tpc 60 ns
DIN Hold time required 3 | Tep 0 ns
RDY/BUSY delay after end of WS 4 | Twrrs 60 ns
RDY Earliest next WS after end of BUSY 5 | Trewr 0 ns
BUSY Low output (Note 4) 6 | Tgusy 2 9 CCLK
Periods
Notes: 1. Configuration must be delayed until the INIT of all LCA devices is High.

2. Time from end of WS to CCLK cycle for the new byte of data depends on completion of previous byte processing and
the phase of the internal timing generator for CCLK.

. CCLK and DOUT timing is tested in slave mode.

. Tsusy indicates that the double-buffered parallel-to-serial converter is not yet ready to receive new data.

The shortest Teusy occurs when a byte is loaded into an empty parallel-to-serial converter. The longest Tsusy occurs
when a new word is loaded into the input register before the second-level buffer has started shifting out data.

This timing diagram shows very relaxed requirements: e
Data need not be held beyond the rising edge of WS. BUSY will go active within 60 ns after the end of WS.
WS may be asserted immediately after the end of BUSY.
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General LCA Switching Characteristics

Vee lL

Tpor >
~ RE-PROGRAM
— <— >300ns
PROGRAM J3 ‘ t ¢ \
“““““““““““““““ ~ T
INIT ——
/
> Ticex e—Teowk
CCLK OUTPUT or INPUT
—» |+— <300ns
MO, M1, M2 >
(Required) : VALID x DONE RESPONSE
X1532

—— <300 ns
o

Master Modes

Symbol Min Max Units
Power-On-Reset MO = High Tror 10 40 ms
MO = Low Tror 40 130 ms
Program Latency Te 30 200 us per
CLB column
CCLK (output) Delay Ticek 40 250 us
period (slow) Teowk 640 2000 ns
period (fast) Teewk 100 250 ns
Slave and Peripheral Modes
Symbol Min Max Units
Power-On-Reset Tror ' 10 33 ms
Program Latency Tey 30 200 us per
CLB column
CCLK (input) Delay (required) Ticek 4 us
period (required) Teowk 100 ns

Note: At power-up, Vcc must rise from 2.0 V to Ve min in less than 25 ms,
otherwise delay configuration using PROGRAM until Vc is valid.
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Pin Functions During Configuration

CONFIGURATION MODE: <M2:M1:M0>
SLAVE MASTER-SER | SYN.PERIPH ASYN.PERIPH MASTER-HIGH | MASTER-LOW USER
:1: :0: <0:1:1> <1:0:1> <1:1:0> <1:0:0> OPERATION
T = A16 A16 PGI-I/O
A17 /0
TDI-/O
TCK-/O
TMS-/O
: .. .. SGI-/0
M1 (HIGH) (1) M1 (LOW) (1) M1 (HIGH) (I) M1 (LOW) (1) M1 (HIGH) (1) M1 (LOW) () ©)
MO (HIGH) (1) Mo (LOW) (1) MO (HIGH) (I) Mo (HIGH) () [ Mo (Low) (1) MO (LOW) (1) _(
M2 (HIGH) (I M2 (LOW) (I M2 (LOW) () M2 (HIGH) (I M2 (HIGH) (I M2 (HIGH) (1 1
e PGI-/O
HDC (HIGH) HDC (HIGH) HDC (HIGH) HDC (HIGH) HDC (HIGH) HDC (HIGH) o
LDC (LOW) LDC (LOW) LDC (LOW) LDC (LOW) LDC (LOW) LDC (LOW) o
INIT RROR_ NIT-ERROR INIT ERROR INIT-ERROR Wr ERHOR ()
. e L . SGI-/O
DONE DONE DONE DONE DONE DONE
PROGRAM (I PROGRAM (I PROGRAM (| PROGRAM (I PROGRAM (I PROGRAM
o : DATA 7 () DATA7() . : /0
. PGI-I/O
DA_TA6 [ DATA6 (I [l[e]
_DATAS(l) _DATAS(l) 110
o CSo0.(l) /0
| DATA4() DATA4 () [Ts)
. DATA 3 _ DATA3{(l). e}
. RS() [Is)
_ DATA2() DATA 2 (I 6]
_ DATA1() . DATA1() 110
'RDY/BUSY. “RDY/BUSY. : /0
 DATAO () _DATAO() \TA /o
DOUT DOUT DOUT DOUT SGI-/0
< CCLK (0) CCLK (O) CCLK(O) CCLK (0) CCLK (I)
TDO TDO TDO TDO ~__1D0 TDO TDO-(0)
o o *ws t A0 A0 [[s)
o Al Al PGI-//O
: 'cs1 | A2 A2 /0
: A3 A3 10
Ad Ad [Ils)
A5 A5 s
A6 A6 110
A7 A7 /0
A8 A8 ]
o A9 A9 /0
] A10 A10 )
A A1 /0
. A12 A12 o
A13 A13 e
Al4 A4 e
A15 SGI-/O
: ALL OTHERS
] Represents a 50 kQ to 100 kQ pull-up before and during configuration
* INIT is an open-drain output during configuration
(1) Represents an input X5391

Before and during configuration, all outputs that are not used for the configuration process are 3-stated with
a 50 kS2 to 100 k<2 pull-up resistor.
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Pin Descriptions
Permanently Dedicated Pins
Vee

Eight or more (depending on package type) connections to
the nominal +5 V supply voltage. All must be connected.

GND

Eight or more (depending on package type) connections to
ground. All must be connected.

CCLK

During configuration, Configuration Clock is an output of
the LCA in Master modes or asynchronous Peripheral
mode, but is an input to the LCA in Slave mode and
Synchronous Peripheral mode.

After configuration, CCLK has a weak pull-up resistor and
can be selected as Readback Clock.

DONE

This is a bidirectional signal, configurable with or without a
pull-up resistor of 2 to 8 kQ.

As an output, it indicates the completion of the configura-
tion process. The configuration program determines the
exact timing, the clock source for the Low-to-High transi-
tion, and enable of the pull-up resistor.

As an input, a Low level on DONE can be configured to
delay the global logic initialization or the enabling of
outputs

PROGRAM

This is an active Low input that forces the LCA to clear its
configuration memory.

When PROGRAM goes High, the LCA finishes the current
clear cycle and executes another complete clear cycle,
before it goes into a WAIT state and releases INIT.

Note:

User /O Pins that can have Special Functions
RDY/BUSY

During peripheral modes, this pin indicates when it is
appropriate to write another byte of data into the LCA
device. The same status is also available on D7 in asyn-
chronous peripheral mode, if a read operation is per-
formed when the device is selected. After configuration,
this is a user-programmable 1/O pin.

RCLK

During Master Parallel configuration, each change on the
AO-15 outputs is preceded by a rising edge on RCLK, a
redundant output signal. After configuration, this is a user-
programmable 1/O pin.

Mo, M1, M2

As Mode inputs, these pins are sampled before the start of
configuration to determine the configuration mode to be
used.

After configuration, MO and M2 can be used as inputs, and
M1 can be used as a 3-state output. These three pins have
no associated input or output registers.

These pins can be user inputs or outputs only when called
out by special schematic definitions.

TDO

If boundary scan is used, this is the Test Data Output.

If boundary scan is not used, this pin is a 3-state output
without a register, after configuration is completed.

This pin can be user output only when called out by special
schematic definitions.

TDL,TCK, TMS

If boundary scan is used, these pins are Test Data In, Test
Clock, and Test Mode Select inputs respectively coming
directly from the pads, bypassing thelOBs. These pins can
also be used as inputs to the CLB logic after configuration
is completed.

If the boundary scan option is not selected, all boundary
scan functions are inhibited once configuration is com-
pleted, and these pins become user-programmable 1/O.

The XC4000 families have no Powerdown control input; use the global 3-state net instead.
The XC4000 families have no dedicated Reset input. Any user I/O can be configured to drive the global Set/Reset net.
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HDC

High During Configuration is driven High until configura-
tion is completed. Itis available as a control output indicat-
ing that configuration is not yet completed. After configu-
ration, this is a user-programmable 1/O pin.

LDC

Low During Configuration is driven Low until configuration.
Itis available as a control output indicating that configura-
tion is not yet completed. After configuration, this is a user-
programmable I/O pin.

INIT

Before and during configuration, this is a bidirectional
signal. An external pull-up resistor is recommended.

As an active-Low open-drain output, INIT is held Low
during the power stabilization and internal clearing of the
configuration memory. As an active-Low input, it can be
used to hold the LCA device in the internal WAIT state
before the start of configuration. Master mode devices stay
in a WAIT state an additional 30 to 300 ps after INIT has
gone High.

During configuration, a Low on this output indicates that a
configuration data error has occurred. After configuration,
this is a user-programmable 1/O pin.

PGCK1 - PGCK4

Four Primary Global Inputs each drive a dedicated internal
global net with short delay and minimal skew. Ifnot  used
for this purpose, any of these pins is a user-programmable
I/O.

SGCK1 - SGCK4

Four Secondary Global Inputs can each drive a dedicated
internal global net, that alternatively can also be driven
frominternallogic. If not used for this purpose, any of these
pins is a user-programmable /O pin.

CS0, CS1, WS, RS

These four inputs are used in Peripheral mode. The chip
is selected when CS0 is Low and CS1 is High. While the
chipis selected, a Low on Write Strobe (WS) loads the data
present on the DO - D7 inputs intc the internal data buffer;
a Low on Read Strobe (RS) changes D7 into a status
output: High if Ready, Low if Busy, and DO...D6 are active
Low. WS and RS should be mutually exclusive, but if both
are Low simultaneously, the Write Strobe overrides. After
configuration, these are user-programmable I/O pins.

A0 - A17

During Master Parallel mode, these 18 output pins
address the configuration EPROM. After configuration,
these are user-programmable /O pins.

Do - D7

During Master Parallel and Peripheral configuration
modes, these eight input pins receive configuration data.
After configuration, they are user-programmable I/O pins.

DIN

During Slave Serial or Master Serial configuration modes,
this is the serial configuration data input receiving data on
the rising edge of CCLK.

During parallel configuration modes, this is the DO input.
After configuration, DIN is a user-programmable I/O pin.

DOUT

During configuration in any mode, this is the serial configu-
ration data output that can drive the DIN of daisy-chained
slave LCA devices. DOUT data changes on the falling
edge of CCLK, one-and-a-half CCLK periods after it was
received at the DIN input. After configuration, DOUT is a
user-programmable 1/O pin.

Unrestricted User-Programmable /O Pins
vo

A pin that can be configured to be input and/or output after
configuration is completed. Before configuration is com-
pleted, these pins have an internal high-value pull-up
resistor that defines the logic level as High.

Before and during configuration, all outputs that are not used for the configuration process are 3-stated with
a 50 k to 100 kQ pull-up resistor.
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For a detailed description of the device architecture, see page 2-9 through 2-31.

For a detailed description of the configuration modes and their timing, see pages 2-32 through 2-55.

For detailed lists of package pinouts, see pages 2-57 through 2-67, 2-70, 2-81 through 2-85, and 2-100 through 2-101.
For package physical dimensions and thermal data, see Section 4.

Ordering Information

Example: XC4010-5PG191C
Device Type Temperature Range
Speed Grade Number of Pins
Package Type
Component Availability
PINS 84 100 120 | 144 | 156 | 160 | 164 | 191 | 196 208 223 | 225 240 299
TOP TOP TOP
TYPE PLAST. | PLAST. | PLAST. | BRAZED|CERAM. | PLAST. | CERAM | PLAST. | BRAZED| CERAM. | BRAZED| PLAST. | METAL [CERAM. | PLAST. | PLAST. | METAL | METAL
PLCC | PQFP | VQFP | CQFP | PGA | TQFP | PGA | PQFP | CQFP [ PGA | CQFP | PQFP | PQFP | PGA BGA | PQFP | PQFP { PQFP
copE PC84 | PQ100| VQ100| CB100| PG120| TQ144 | PG156| PQ160| CB164 | PG191| CB196 | PQ208 | MQ208| PG223 | BG225| PQ240| MQ240] PG299
Cl Cl
XC4003 c c
XC4005
XC4006
XC4008
XC40010
XC4010D
Cl (M B)
XC4013 ¢i
9
€N
XC4020 )
©
XC4025
XC4002A
XC4003A
XC4004A
XC4005A
XC4003H
XC4005H
0°10 +70° C Industrial = -40° 1o +85° C M = Mil Temp = -55° to +125° C
B = MIL-STD-883C Class B Parentheses indicate future product plans
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XC4000
Logic Cell Array Family

Product Specifications

Features

® Third Generation Field-Programmable Gate Arrays
— Abundant flip-flops
- Flexible function generators
— On-chip ultra-fast RAM
— Dedicated high-speed carry-propagation circuit
— Wide edge decoders (four per edge)
— Hierarchy of interconnect lines
- Internal 3-state bus capability
— Eight global low-skew clock or signal distribution
network
® Flexible Array Architecture
- Programmable logic blocks and 1/O blocks
- Programmable interconnects and wide decoders

® Sub-micron CMOS Process
— High-speed logic and Interconnect
— Low power consumption

® Systems-Oriented Features
— IEEE 1149.1-compatible boundary-scan logic support
— Programmable output slew rate (2 modes)
— Programmable input pull-up or pull-down resistors
— 12-mA sink current per output
— 24-mA sink current per output pair

* Configured by Loading Binary File
— Unlimited reprogrammability
— Six programming modes

* XACT Development System runs on '386/'486-type PC,
NEC PC, Apollo, Sun-4, and Hewlett-Packard 700
series
— Interfaces to popular design environments like

Viewlogic, Mentor Graphics and OrCAD
— Fully automatic partitioning, placement and routing
— Interactive design editor for design optimization
— 288 macros, 34 hard macros, RAM/ROM compiler

Description

The XC4000 family of Field-Programmable Gate Arrays
(FPGAs) provides the benefits of custom CMOS VLSI,
while avoiding the initial cost, time delay, and inherent risk
of a conventional masked gate array.

The XC4000 family provides a regular, flexible, program-
mable architecture of Configurable Logic Blocks (CLBs),
interconnected by a powerful hierarchy of versatile routing
resources, and surrounded by a perimeter of program-
mable Input/Output Blocks (IOBs).

XC4000 devices have generous routing resources to ac-
commodate the most complex interconnect patterns. They
are customized by loading configuration data into the inter-
nal memory cells. The FPGA can either actively read its
configuration data out of external serial or byte-parallel
PROM (master modes), or the configuration data can be
written into the FPGA (slave and peripheral modes).

The XC4000 family is supported by powerful and sophisti-
cated software, covering every aspect of design: from
schematic entry, to simulation, to automatic block place-
ment and routing of interconnects, and finally the creation
of the configuration bit stream.

Since Xilinx FPGAs can be reprogrammed an unlimited
number of times, they can be used in innovative designs
where hardware is changed dynamically, or where hard-
ware mustbe adapted to differentuser applications. FPGAs
are ideal for shortening the design and development cycle,
but they also offer a cost-effective solution for production
rates well beyond 1000 systems per month.

For a detailed description of the device features, architec-
ture, configuration methods and pin descriptions, see
pages 2-9 through 2-45.

Table 1. The XC4000 Family of Field-Programmable Gate Arrays

Device XC4003  XC4005 XC4006 XC4008 XC4010/10D XC4013 XC4020 XC4025
Appr. Gate Count 3,000 5,000 6,000 8,000 10,000 13,000 20,000 25,000
CLB Matrix 10x 10 14 x 14 16 x 16 18 x 18 20x 20 24x24 28x28 32x32
Number of CLBs 100 196 256 324 400 576 784 1,024
Number of Flip-Flops 360 616 768 936 1,120 1,536 2,016 2,560
Max Decode Inputs (per side) 30 42 48 54 60 72 84 96
Max RAM Bits 3,200 6,272 8,192 10,368 12,800* 18,432 25,088 32,768
Number of IOBs 80 112 128 144 160 192 224 256

*XC4010D has no RAM
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XC4000 Logic Cell Array Family

Absolute Maximum Ratings

Symbol | Description ' Units
- Vee Supply voltage relative to GND -0.5t0 +7.0 \
Vin Input voltage with respect to GND -0.5to Vg +0.5 \%
V1s Voltage applied to 3-state output —-0.5to Vg +0.5 \
Tsta Storage temperature (ambient) -65 to + 150 °C
TsoL Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) + 260 °C
Ty Junction temperature + 150 °C

Note: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.
These are stress ratings only, and functional operation of the device at these or any other conditions beyond
those listed under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings
conditions for extended periods of time may affect device reliability.

Operating Conditions

Symbol Description Min Max | Units
Vee Supply voltage relative to GND Commercial 0°C to 70°C 475 | 5.25 "
Supply voltage relative to GND  Industrial —-40°C to 85°C 4.5 5.5 \
Supply voltage relative to GND  Military -55°C to 125°C 4.5 5.5 \
ViH High-level input voltage (XC4000 has TTL-like input thresholds) 2.0 | Ve \
Vi Low-level input voltage (XC4000 has TTL-like input thresholds) 0 08| V
Tin Input signal transition time 250 ns

DC Characteristics Over Operating Conditions

Symbol Description Min Max | Units
Vou High-level output voltage @ loy = -4.0 mA, Vec min 2.4 Vv
VoL Low-level output voltage @ lp = 12.0 mA, Vcc max (Note 1) 0.4 \Y
leco Quiescent LCA supply current (Note 2) 10 mA
in Leakage current -10 +10 pA
Ci Input capacitance (sample tested) 15 pF
IRIN Pad pull-up (when selected) @ V| = 0V (sample tested) 0.02 0.25 mA
lrLL Horizontal Long Line pull-up (when selected) @ logic Low 0.2 25 mA

Note: 1. With 50% of the outputs simultaneously sinking 12 mA.
2. With no output current loads, no active input or longline pull-up resistors, all package pins at V¢c or GND, and
the LCA configured with a MakeBits tie option.
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Wide Decoder Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing
patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5 -4
Description Symbol Device Max Max Max Units
Full length, both pull-ups, Twar XC4003 9.0 8.0 ns
inputs from OB I-pins XC4005 10.0 9.0 ns
XC4006 11.0 10.0 ns
XC4008 12.0 11.0 ns
XC4010 13.0 12.0 ns
XC4013 15.0 14.0 ns
Full length, both pull-ups TwarL XC4003 12.0 11.0 ns
inputs from internal logic XC4005 13.0 12.0 ns
XC4006 14.0 13.0 ns
XC4008 15.0 14.0 ns
XC4010 16.0 15.0 ns
XC4013 18.0 17.0 ns
Half length, one pull-up Twao XC4003 9.0 8.0 ns
inputs from IOB I-pins XC4005 10.0 9.0 ns
XC4006 11.0 10.0 ns
XC4008 12.0 11.0 ns
XC4010 13.0 12.0 ns
XC4013 15.0 14.0 ns
Half length, one pull-up TwaoL XC4003 12.0 11.0 ns
inputs from internal logic XC4005 13.0 12.0 ns
XC4006 14.0 13.0 . ns
XC4008 15.0 14.0 11.0 ns
XC4010 16.0 15.0 12.0 ns
XC4013 18.0 17.0 14.0 ns

Note: These delays are specified from the decoder input to the decoder output. For pin-to-pin delays, add the input delay (Tpip)
and output delay (Topg or Tops), as listed on page 2-52.
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XC4000 Logic Cell Array Family

Global Buffer Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing
patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5 -4
Description Symbol Device Max Max Max | Units
Global Signal Distribution
From pad through primary buffer, to any clock K Tea XC4003 7.8 5.8 ns
XC4005 8.0 6.0 ns
XC4006 8.2 6.2 ns
XC4008 8.6 6.6 ns
XC4010 9.0 7.0 ns
XC4013 10.0 8.0 ns
From pad through secondary buffer, to any clock K Tsa XC4003 8.8 6.8 ns
XC4005 9.0 7.0 ns
XC4006 9.2 7.2 ns
XC4008 9.6 7.6 ns
XC4010 10.0 8.0 ns
XC4013 11.0 9.0 ns

Horizontal Longline Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing
patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5 -4
Description Symbol Device Max Max Max | Units

TBUF driving a Horizontal Longline (L.L.) Tio1 XC4003 8.8 6.2 ns
| going High or Low to L.L. going High or Low, XC4005 10.0 7.0 ns
while T is Low, i.e. buffer is constantly active XC4006 10.6 7.5 ns
XC4008 11.1 8.0 ns

XC4010 1.7 8.5 ns

XC4013 13.0 9.5 ns

1 going Low to L.L. going from resistive pull-up Tio2 XC4003 9.3 6.7 ns
High to active Low, (TBUF configured as open drain) XC4005 10.5 7.5 ns
XC4006 111 8.0 ns

XC4008 11.6 8.5 ns

XC4010 12.2 9.0 ns

XC4013 13.5 10.0 ns

T going Low to L.L. going from resistive pull-up or Ton XC4003 10.7 9.0 ns
floating High to active Low, (TBUF configured as XC4005 12.0 10.0 ns
open drain or active buffer with | = Low) XC4006 12.6 10.5 ns
XC4008 13.2 11.0 ns

XC4010 13.8 11.5 ns

XC4013 15.1 12.6 ns

T going High to TBUF going inactive, not driving L.L. Torr All devices 3.0 2.0 ns
T going High to L.L. going from Low to High, Teus XC4003 240 20.0 ns
pulled up by a single resistor XC4005 26.0 22.0 ns
XC4006 28.0 24.0 ns

XC4008 30.0 26.0 ns

XC4010 32.0 28.0 ns

XC4013 36.0 32.0 ns

T going High to L.L. going from Low to High, Teur XC4003 11.6 9.0 ns
pulled up by two resistors XC4005 12.0 10.0 ns
XC4006 13.0 11.0 ns

XC4008 14.0 12.0 ns

XC4010 15.0 13.0 ns

XC4013 17.0 15.0 ns
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Guaranteed Input and Output Parameters (Pin-to-Pin)

All values listed below are tested directly, and guaranteed over the operating conditions. The same parameters can also be derived
indirectly from the OB and Global Buffer specifications. The XACT delay calculator uses this indirect method. When there is a
discrepancy between these two methods, the values listed below should be used, and the derived values must be ignored.

Speed Grade -6 -5 -4
Description Symbol Device Units
Global Clock to Output (fast) using OFF TickoF XC4003 15.1 125 11.6 ns
o XC4005 15.5 13.0 120 | ns
Tra OFF : XC4006 15.7 || 13.2 122 | ns
> > : (Max) XC4008 16.1 13.6 126 | ns
Global Clock-to-Output Delay . XC4010 16.5 14.0 13.0 ns
Xa202 XC4013 17.5 15.0 140 | ns
Global Clock to Output (slew limited) using OFF Ticko XC4003 19.9 15.2 14.4 ns
XC4005 20.5 16.0 150 | ns
—>
Trg OFF . XC4006 20.7 || 16.2
o > : (Max) XC4008 21.1 || 16.6
Global Clock-to-Output Delay . XC4010 21.5 17.0
X3202 XC4013 22.5 18.0
Input Set-up Time, using IFF (no delay) Tpsur XC4003 2.4 2.0
XC4005 2.0 1.5
S;:%Lg S . XC4006 18| 1.3
(Min) XC4008 1.4 0.9
Hold | >—>——
Time XC4010 10|] 05
X3201 XC4013 0.5 0
Input Hold time, using IFF (no delay) TeuF XC4003 5.1 4.0
out o XC4005 5.5 45
set-%g & o - XC4006 57 || 47
(Min) XC4008 6.1 5.1
Hold | E>—>——
Time XC4010 65| 55
X3201 XC4013 7.5 6.5
Input Set-up Time, using IFF (with delay) Tesu XC4003 215 18.5 ns
inout o XC4005 21.0 18.0 ns
S F XC4006 208 || 17.8 ns
e (Min) XC4008 204 || 174 ns
Hold | >—>——
Time XC4010 20.0 17.0 120 | ns
X3201 XC4013 19.0 16.0 120 | ns
Input Hold Time, using IFF (with delay) Ten XC4003 0 0 0 ns
XC4005 0 0 0 ns
N G L XC4006 0 0 0 | ns
& (Min) XC4008 0 0 0 ns
Hold | >—>——
Time XC4010 0 0 o | ns
X3201 XC4013 0 0 0 ns

Timing is measured at pin threshold, with 50 pF external capacitive loads (incl. test fixture). When testing fast outputs, only one
output switches. When testing slew-rate limited outputs, half the number of outputs on one side of the device are switching. These
parameter values are tested and guaranteed for worst-case conditions of supply voltage and temperature, and also with the most
unfavorable clock polarity choice.

TppLi for -4 Speed Grade TpickD for -4 Speed Grade
Pad to 1, 12 XC4003 17.6ns Input set-up time ~ XC4003 15.6 ns
via transparent XC4005 17.9ns pad to clock (IK)  XC4005 15.9 ns
latch, with delay ~ XC4006 - 18.0 ns with delay XC4006 16.0 ns
XC4008 18.3 ns XC4008 16.3 ns
.+ XC4010 18.6 ns - XC4010 16.6 ns
© XC4013 19.3ns XC4013 17.3ns

X5282
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XC4000 Logic Cell Array Family

10B Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing

patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5 -4
Description Symbol | Min | Max|| Min |Max | |Min |Max| Units
Input
Propagation Delays
Padto I1, 12 Teip 4.0 ns
Pad to I1, 12, via transparent latch (no delay) Teu 8.0 ns
Pad to I1, 12, via transparent latch (with delay) Teou 26.0 ns
Clock (IK) tol1, 12, (flip-flop) Tikri 8.0 ns
Clock (IK) to I1, 12 (latch enable, active Low) Tiku 8.0 ns
Set-up Time (Note 3)
Pad to Clock (IK), no delay Trick 7.0 6.0 ns
Pad to Clock (IK) with delay Trickp 25.0 24.0 ns
Hold Time (Note 3)
Pad to Clock (IK), no delay Tikpi 1.0 1.0 ns
Pad to Clock (IK) with delay TikpiD neg neg ns
Output
Propagation Delays
Clock (OK) to Pad (fast) Tokpor 7.5 ns
same (slew rate limited) Tokpos 115 ns
Output (O) to Pad (fast) Torr 9.0 ns
same (slew-rate limited) Tops 13.0 ns
3-state to Pad begin hi-Z (slew-rate independent) Trsuz 9.0 ns
3-state to Pad active and valid (fast) Trsone 13.0 ns
same (slew -rate limited) Trsons 17.0 ns
Set-up and Hold Times
Output (O) to clock (OK) set-up time Took 8.0 6.0 ns
Output (O) to clock (OK) hold time Toko 0 0 ns
Clock
Clock High or Low time TewTeL 5.0 4.5 4.0 ns
Global Set/Reset
Delay from GSR net through Q to I1, 12 TrRi 14.5 13.5 135]| ns
Delay from GSR net to Pad Trro 18.0 17.0 140 ns
GSR width* TumrRwW 21.0 18.0 18.0 ns

* Timing is based on the XC4005. For other devices see XACT timing calculator.

** See preceding page

Notes: 1. Timing is measured at pin threshold, with 50 pF external capacitive loads (incl. test fixture). Slew rate limited output
rise/fall times are approximately two times longer than fast output rise/fall times. For the effect of capacitive loads on

ground bounce, see pages 8-8 through 8-10.

2. Voltage levels of unused (bonded and unbonded) pads must be valid logic levels. Each can be configured with the
internal pull-up or pull-down resistor or alternatively configured as a driven output or be driven from an external source.

3. Input pad setup times and hold times are specified with respect to the internal clock (IK). To calculate system setup time,
subtract clock delay (clock pad to IK) from the specified input pad setup time value, but do not subtract below zero.
Negative hold time means that the delay in the input data is adequate for the external system hold time to be zero,
provided the input clock uses the Global signal distribution from pad to IK.
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CLB Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing
patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5 -4

Description Symbol | Min | Max || Min | Max || Min | Max | Units
Combinatorial Delays

F/G inputs to X/Y outputs To 6.0 45 40| ns

F/G inputs via H' to X/Y outputs HO 8.0 7.0 6.0| ns

C inputs via H' to X/Y outputs HHO 7.0 5.0 45] ns
CLB Fast Carry Logic

Operand inputs (F1,F2,G1,G4) to Cout Topcy 7.0 5.5 5.0| ns

Add/Subtract input (F3) to Cout L 8.0 6.0 55| ns

Initialization inputs (F1,F3) to Cout Tiney 6.0 4.0 35| ns

C,, through function generators to X/Y outputs Toum 8.0 6.0 55| ns

C,, to C,;, bypass function generators. Tave 2.0 1.5 15| ns
Sequential Delays

Clock K to outputs Q Teko 5.0 3.0 ns
Set-up Time before Clock K

F/G inputs Tick 6.0 4.5 ns

F/G inputs via H’ Tinck 8.0 6.0 ns

C inputs via H1 Tanek | 70 5.0 ns

C inputs via DIN Toick 4.0 3.0 ns

C inputs via EC Tecok | 70 4.0 ns

C inputs via S/R, going Low (inactive) Tack 6.0 4.5 ns

C,y input via F'/G' Teok 8.0 6.0 ns

C,y input via F/G' and H' Tenck | 100 7.5 ns
Hold Time after Clock K

F/G inputs Tex 0 0 ns

F/G inputs via H’ Texin 0 0 ns

C inputs via H1 Tom | © 0 ns

C inputs via DIN Texor 0 0 ns

C inputs via EC Tokee | © 0 ns

C inputs via S/R, going Low (inactive) Tokn 0 0 ns
Clock

Clock High time Ton 5.0 4.5 4.0 ns

Clock Low time Ta 5.0 45 4.0 ns
Set/Reset Direct

Width (High) Teew 5.0 4.0 4.0 ns

Delay from C inputs via S/R, going High to Q RIO 9.0 8.0 70| ns
Master Set/Reset*

Width (High or Low) Turw |21.0 18.0 18.0 ns

Delay from Global Set/Reset net to Q MRQ 33.0 31.0 28.0| ns

* Timing is based on the XC4005. For other devices see XACT timing calculator.
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XC4000 Logic Cell Array Family

CLB Switching Characteristic Guidelines (continued)

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing

patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

CLB RAM Option Speed Grade -6 -5 -4
Description Symbol Min |Max || Min | Max [|Min | Max |Units
Write Operation
Address write cycle time 16x2 | T, 9.0 8.0 ns
32x1 Twer 9.0 8.0 ns
Write Enable pulse width (High) 16x2 | Typ 5.0 4.0 ns
32x1 Twer 5.0 4.0 ns
Address set-up time before beginning of WE 16x2 | T, 2.0 2.0 ns
32x1 Tast 20 20 ns
Address hold time after end of WE 16x2 Tan 2.0 2.0 ns
32x1 Taur 2.0 2.0 ns
DIN set-up time before end of WE 16x2 Tos 4.0 4.0 ns
32x1 Tost 5.0 5.0 ns
DIN hold time after end of WE both Tour 2.0 2.0 ns
Read Operation
Address read cycle time 16x2 | T 7.0 5.5 ns
32x1 Teer | 100 7.5 ns
Data valid after address change 16x2 | T4 6.0 45 ns
(no Write Enable) 32x1 To 8.0 7.0 ns
Read Operation, Clocking Data into Flip-Flop
Address setup time before clock K 16x2 | T, 6.0 45 ns
32x1 Tk 8.0 6.0 ns
Read During Write
Data valid after WE going active 16x2 | Tyq 12.0 10.0 ns
(DIN stable before WE) 32x1 Twor 15.0 12.0 ns
Data valid after DIN 16x2 | Tyg 11.0 9.0 ns
(DIN change during WE) 32x1 Toor 14.0 11.0 ns
Read During Write, Clocking Data into Flip-Flop
WE setup time before clock K 16x2 | Ty |12.0 10.0 9.5 ns
32x1 Twekr | 150 12.0 115 ns
Data setup time before clock K 16x2 | Ty |11.0 9.0 9.0 ns
32x1 ockr | 14-0 11.0 11.0 ns

Note: Timing for the 16 x 1 RAM option is identical to 16 x 2 RAM timing
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CLB RAM Timing Characteristics
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XC4000 Logic Cell Array Family

XC4003 Pinouts

* Indicates unconnected package pins.

1 Contributes only one bit (.i) to the boundary scan register.

Boundary Scan Bit 0 = TDO.T
Boundary Scan Bit 1 =TDO.O
Boundary Scan Bit 247 = BSCANT.UPD

Pin Bound Pin Bound
Description PC84 | PQ100 | PG120 | Scan Descripti PC84 | PQ100 | PG120 | Scan
vce 2 92 G3 - GND 43 41 G11 =
1/0 (A8) 3 93 G1 32 /0 44 42 G13 | 157
/O (A9) 4 94 F1 35 /O 45 43 H13 | 160
/0 - 95 E1 38 /0 - 44 J13 [ 163
e - 96 F2 4 /0 - 45 H12 | 166
1/0 (A10) 5 97 F3 44 /10 46 46 H11 | 169
1/0 (A11) 6 98 D1 47 10 47 47 K13 | 172
- - - E2* - 110 48 48 J1i2 | 175
1/0 (A12) 7 99 [ 50 /10 49 49 L13 | 178
1/0 (A13) 8 100 | D2 53 - - - K12* =
- - - E3* - - = - J11* -
= - - B1* - 110 50 50 | M13 [ 181
/0 (A14) 9 1 c2 56 SGCKS3 (/0) 51 51 L12 | 184
SGCK1 (A15,1/0) 10 2 D3 59 GND 52 52 K11 -
vcC 1 3 c3 - DONE 53 53 L1 -
GND 12 4 C4 - vce 54 54 L10 -
PGCK1 (A16, I/0) 13 5 B2 62 PROG 55 55 | M12 -
1/0 (A17) 14 6 B3 65 10 (D7) 56 56 | M11 | 187
- - - A1* - PGCKS3 (1/0) 57 57 N13 | 190
- - - A2* - - - - N12* -
1/O (TDI) 15 7 C5 68 - - - L9* =
1/0 (TCK) 16 8 B4 71 1/O (D6) 58 58 | M10 | 193
- - - A3* - 1/0 - 59 Ni1 | 196
VO (TMS) 17 9 BS 74 /0 (D5) 59 60 M9 | 199
10 18 10 A4 77 1/0 (CS0) 60 61 N10 | 202
/0 - - C6 80 /0 - 62 L8 205
/0 - 1 A5 83 1/0 - 63 N9 | 208
110 19 12 B6 86 1/O (D4) 61 64 M8 | 211
/O 20 13 A6 89 /0 62 65 N8 | 214
GND 21 14 B7 - vce 63 66 M7 -
vce 22 15 c7 - GND 64 67 L7 -
) 23 16 A7 92 /0 (D3) 65 68 N7 | 217
/10 24 17 A8 95 1/0 (RS) 66 69 N6 | 220
/0 - 18 A9 98 /0 - 70 N5 | 223
/10 - - B8 101 10 - - M6 | 226
10 25 19 C8 104 1/0 (D2) 67 71 L6 229
/0 26 20 | A0 | 107 /0 68 72 N4 | 232
/0 27 21 B9 110 1/0 (D1) 69 73 Ms | 235
/0 - 22 | A11 | 113 1/0 (RCLK-BUSY/RDY) 70 74 N3 | 238
- - - B10* - - - - M4* -
10 28 23 [ 116 - - - L5* -
SGCK2 (/0) 29 24 | A12 | 119 1/O (DO, DIN) 71 75 N2 | 241
O (M1) 30 25 B11 | 122 SGCK4 (DOUT, 1/0) 72 76 M3 | 244
GND 31 26 | c1o0 - CCLK 73 77 L4 -
1 (MO) 32 27 c11 | 1257 vcC 74 78 L3 B
vce 33 28 D11 - 0 (TDO) 75 79 M2 -
1 (M2) 34 29 B12 | 1267 GND 76 80 K3 -
PGCK2 (1/0) 35 30 | ci12 ] 127 1/O (A, WS) 77 81 L2 2
1/0 (HDC) 36 31 A13 | 130 PGCK4 (A1, 1/0) 78 82 N1 5
- -~ - B13" - - - - M1* =
- - - E11* - - - - J3* -
/0 - 32 D12 | 133 1/0 (CS1, A2) 79 83 K2 8
1/0 (EBC) 37 33 [ c13 | 136 /0 (A3) 80 84 L1 11
1/0 38 34 E12 | 139 /0 (Ad) 81 85 J2 14
1/0 39 35 | D13 | 142 1/0 (A5) 82 86 K1 17
/0 - 36 F11 145 /10 - 87 H3 20
/10 - 37 E13 | 148 /10 - 88 J1 23
/0 40 38 F12 | 151 1/O (A6) 83 89 H2 26
1/O (ERR, INIT) 41 39 F13 | 154 /O (A7) 84 90 H1 29
vce 42 40 | G12 - GND 1 91 G2 -
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XC4005 Pinouts
Pin Bound Pin Bound Pin Bound
Descripti PC84 | PQ160 | PQ208 | PG156 | Scan Descrip PC84 | PQ160 | PQ208 | PG156 | Scan pti PC84 | PQ160 | PQ208 | PG156 | Scan
vce 2 142 | 183 | H3 - 9 - 35 45 | c12 | 161 /0 - 88 | 114 | T13 | 274
/O (A8) 3 143 | 184 | H1 44 - - - - - - - - 89" | 115" | R12¥ -
/O (A9) 4 144 | 185 | G1 47 [3) 28 36 46 | B13 | 164 - - 89" [ 115" | R12* [ -
13 - 145 | 186 | G2 50 SGCK2 (/0) 29 37 47 | B14 | 167 - - 901 | 116" | T12" [ -
VO - 146 | 187 | G3 | 53 O (M1) 30 | 38 48 | A15 | 170 - - - [nwr | - -
- = - [ 188" [ - - GND 31 39 49 | c13 - - - - [18" ] - -
- - - | 189" | - - 1(MO) 32 40 50 | A16 | 173t GND - 91 119 | P11 -
1/O (A10) 5 147 | 190 | F1 56 - - - 51° - - 9 - 92 [ 120 [ R11 [ 277
VO (A11) 6 148 | 191 | F2 59 - = 52" - - Vo - 93 | 121 | T11 | 280
Vo - 149 | 192 | E1 62 - - - 53¢ - = 1/0 (D5) 59 94 | 122 | T10 | 283
VO ~ 150 | 193 | E2 65 - - - 54" - - /O (CS0) 60 95 | 123 | P10 | 286
GND - 151 | 194 | F3 vee 33 | 4 55 | c1a | - - - [ 124t | - -
- - - 195" - = 1 (M2) 34 42 56 B15 | 174t = - — 125" - =
- - - [196™ | - - PGCK2 (I/0) 35 | 43 57 | B16 [ 175 ) - 96 | 126 | R10 | 289
- - 152" | 197" | D1* /O (HDC) 36 44 58 | D14 | 178 o - 97 127 [ T9 | 292
= - | 153" | 198 | D2* - /0 - 45 59 | C15 | 181 VO (D4) 61 98 | 128 | R9 | 295
VO (A12) 7 154 | 199 | E3 - - - - - - ) 62 99 | 129 | P9 | 298
VO (A13) 8 155 | 200 | C1 7 Vo - 46 60 | D15 | 184 vce 63 | 100 | 130 | R8 -
- - - - - - o 47 61 | E14 | 187 GND 64 | 101 | 131 | P8 -
I8 = 156 | 201 | C2 74 1O (LDC) 37 48 62 | C16 | 190 V/O (D3) 65 | 102 | 132 | T8 [ 301
9 - 157 | 202 | D3 77 - - 49" | 63" [E15" | - 1/O (RS) 66 | 103 | 133 | T7 | 304
V/O (A14) 9 158 | 203 | B1 80 - - 50" | 64* [ D16" | - /0 - 104 | 134 [ 16 | 307
SGCK1(A15,1/0) | 10 | 159 | 204 | B2 83 - - -~ 65" - - Vo - 105 | 135 | R7 | 310
vce 1" 160 | 205 [ C3 - - - - 66" - - - - - 188" | - -
- - - 206" [ - - GND - 51 67 | Fi4 - - - - [ ] - -
- - - (207" [ - - /0 52 68 | F15 | 193 1/0 (D2) 67 | 106 | 138 | P7 | 313
= = 208" | - - 0 - 53 69 | E16 | 196 /0 68 | 107 | 139 | 15 | 316
= - - 1™ - - 18] 38 | 54 70 | F16 | 199 6] - 108 | 140 | R6 | 319
GND 12 1 2 C4 /0 39 | 55 71 | G14 | 202 /0 109 | 141 | T4 | 322
- - - 3" - - - - 72* - - GND - 110 | 142 | P8 -
PGCK1 (A16,1/0) | 13 2 4 B3 | 86 - - - 73% - - - - - [ 143" | - =
VO (A17) 14 3 5 Al 89 ) 56 74 | G15 | 205 = - - e - =
/0 - 4 6 A2 92 [ - 57 75 | G16 | 208 - 111" | 145" | RS -
) - 5 7 c5 95 Vo 40 58 76 | H16 [ 211 - - [112"[1a6" [ - -
- - - - - - /O (ERR, INIT) 41 59 77 H15 | 214 /O (D1) 69 113 | 147 T3 325
VO (TDI) 15 6 8 B4 | 98 vce 42 | 60 | 78 | H14 | - 1O (RCLK-BUSY/RDY) | 70 | 114 [ 148 | Ps | 328
VO (TCK) 16 7 9 A3 | 101 GND 43 | 81 79 | J4 - 7] - 115 | 149 | Ra | 331
- - 8" 10" | A4” - Vo 44 62 80 | J15 | 217 - - - - - -
- - o | 117 = - V0o 45 | 63 81 | Jie | 220 V0 - 116 | 150 | R3 | 334
- - - 127 - - 2 - 64 82 | K16 | 223 /O (DO, DIN) 71 | 117 [ 151 [ Pa | 337
= = - 13% = = /0 - 65 83 | K15 | 226 SGCK4 (DOUT,VO) [ 72 | 118 | 152 | T2 | 340
GND - 10 14 | Ce - - - 84" - - CCLK 73 | 119 | 153 | R2 -
Vo - 1 15 B5 | 104 - - 85" - - vee 74 | 120 | 154 | P3 -
VO - 12 16 B6 | 107 Vo 46 | 66 86 | K14 | 229 - - - 155" [ - -
VO (TMS) 17 13 17 | A5 [ 110 /0 47 67 87 | L6 | 232 - - - [ 156" [ - -
) 18 14 18 | c7 | 113 /0 = 68 88 | M16 | 235 - - - 57 | - =
- - - 19% - - VO = 69 89 | L15 | 238 - - - [ 158" [ - -
- - - 20* - - GND - 70 9 | Li4 - 0 (TDO) 75 | 121 | 159 | T -
Vo - 15 21 B7 | 116 - - - 91* - - GND 76 | 122 | 160 [ N3 -
) = 16 22 A6 | 119 - - = 92" - = VO (AOWS) 77 | 123 | 161 | R1 2
Vo 19 17 23 A7 | 122 - - 71" | 93" [N16™ | - PGCK4 (A1,V0) 78 124 | 162 | P2 5
Vo 20 18 24 A8 | 125 - - 72" [ 94" [M15" [ - ) - 125 [ 163 | N2 8
GND 21 19 25 | c8 - 110 48 | 73 95 | P16 | 241 - - - - - -
vce 22 20 26 B3 - 9] 49 | 74 96 | Mi4 | 244 Vo - 126 | 164 | M3 | 11
9 23 21 27 | Cco [ 128 o - 75 97 | N15 [ 247 /O (CS1,A2) 79 [ 127 [ 165 [ P1 14
Vo 24 22 28 B9 | 131 0o = 76 98 | P15 | 250 VO (A3) 80 | 128 | 166 | N1 17
Vo = 23 29 A9 | 134 VO 50 77 99 | N14 | 253 - - [ 129" | 167" | m2” -
) = 24 30 [ B10 [ 137 SGCK3 (/0) 51 78 | 100 | R16 | 256 - - [130" [ 168" | M1* | -
- = 317 — = GND 52 79 101 | P14 - = - - 169" - =
- - - 32" - - - = - [ - - - - - [70" [ -
Vo 25 25 33 | c10 | 140 DONE 53 80 | 103 | R15 | - GND - 131 | 171 | 13 -
Vo 26 34 | A10 | 143 - - - [10a" | - - VO - 132 | 172 | 2 20
) - 27 35 | A1l [ 146 - - - |05 | - - VO - 133 | 173 [ 1 23
vo 28 36 | B11 | 149 vee 54 | 81 | 106 | P13 | - 1O (A4) 81 | 134 | 174 | K3 | 26
GND = 29 37 | cil - - = - [0 - - VO (A5) 82 | 135 | 175 | K2 | 29
- = = 38" - - PROG 55 82 | 108 | R14 - - - - [17e" [ - -
- - - 39" - - /0 (D7) 56 | 83 | 109 | T16 | 259 = - (w17 [ - =
- 30" | 40" [A12" | - PGCK3 (/0) 57 | 84 | 110 [ T15 [ 262 [e) - 137 | 178 [ K1 32
- = 31" | ar* = - [ - 85 | 111 | R13 | 265 ) - 138 [ 179 | 35
2 27 32 42 | B12 | 152 = = = = - - 1/O (A6) 83 | 139 [ 180 [ J2 38
VO = 33 43 | A3 | 156 ) = 86 | 112 | P12 | 268 10 (A7) 84 | 140 | 181 | J3 41
) - 3 44 | Aa14 | 158 VO (D6) 58 87 | 113 | T14 | 211 GND 1 141 | 182 | H2 -

* Indicates unconnected package pins.

1 Contributes only one bit (.i) to the boundary scan register.

Boundary Scan Bit 0 =TDO.T
Boundary Scan Bit 1 =TDO.O
Boundary Scan Bit 343 = BSCANT.UPD
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XC4000 Logic Cell Array Family

XC4006 Pinouts

Pin Boundary Pin Boundary
Description PC84 | PG156 | PQ160| PQ208| Scan Order Description PC84 | PG156| PQ160 | PQ208| Scan Order
vccC 2 H3 142 183 - /O 23 Cc9 21 27 146
1/O (A8) 3 H1 143 184 50 /0 24 B9 22 28 149
/0 (A9) 4 G1 144 185 53 /0 - A9 23 29 152
/O - G2 145 186 56 lie] - B10 24 30 155
/o - G3 146 187 59 - - - - 31" -
- - - - 188" - - - - - 32" -
- - - - 189" - /0 25 c10 25 33 158
/0 (A10) 5 F1 147 190 62 /O 26 A10 26 34 161
1/0 (A11) 6 F2 148 191 65 /0 - A1 27 35 164
[lie] - E1 149 192 68 /0 - B11 28 36 167
[l{e] - E2 150 193 71 GND - c1 29 37 -
GND - F3 151 194 - - - - - 38* -
- - - - 195* - - - - - 39" -
- - - - 196* - 110 - A12 30 40 170
/O - D1 152 197 74 [l{e] - - 31 41 173
/0 - D2 153 198 77 /0 27 B12 32 42 176
/0 (A12) 7 E3 154 199 80 /O - A13 33 43 179
/0 (A13) 8 C1 155 200 83 10 - Al4 34 44 182
/o - Cc2 156 201 86 lie] - Ci12 35 45 185
/0 - D3 157 202 89 /O 28 B13 36 46 188
/O (A14) 9 B1 158 203 92 SGCK2 (I/0) 29 B14 37 47 191
SGCK1 (A15, I/0)] 10 B2 159 204 95 M1 30 A15 38 48 194
vcC 11 C3 160 205 - GND 31 C13 39 49 -
- - - - 206 - MO 32 A16 40 50 1971
- - - - 207" - - - - - 51* -
- - - - 208" - - - - - 52" -
- - - - 1" - - - - 53" -
GND 12 Cc4 1 2 - - - - - 54* -
- - - - 3 - vceC 33 C14 41 55 -
PGCK1 (A16, /O) 13 B3 2 4 98 M2 34 B15 42 56 1981
/O (A17) 14 Al 3 5 101 PGCK2 (I/0) 35 B16 43 57 199
l[e] - A2 4 6 104 /O (HDC) 36 D14 44 58 202
[lle] - C5 5 7 107 /0 - Ci5 45 59 205
1/O (TDI) 15 B4 6 8 110 /O - D15 46 60 208
1/0 (TCK) 16 A3 7 9 113 /0 - Ei14 47 61 211
/0 - A4 8 10 116 1/O (LDC) 37 C16 48 62 214
o - - 9 11 119 /0 - E15 49 63 217
- - - - 12 - /0 - D16 50 64 220
- - - - 13* - - - - - 65" -
GND - C6 10 14 - - - - - 66* -
/O - B5 11 15 122 GND - F14 51 67 -
10 - B6 12 16 125 /0 - Fi15 52 68 223
1/0 (TMS) 17 A5 13 17 128 /O - E16 53 69 226
/0 18 c7 14 18 131 /O 38 F16 54 70 229
- - - - 19* - /0 39 G14 55 71 232
- - - - 20* - - - - - 72* -
/0 < B7 15 21 134 - - - - 73" -
/O - A6 16 22 137 /0 - G15 56 74 235
/0 19 A7 17 23 140 /0 - G16 57 75 238
/0 20 A8 18 24 143 [l[e] 40 H16 58 76 241
GND 21 C8 19 25 - 1/0 (ERR,INIT) 4 H15 59 77 244
vce 22 B8 20 26 - vCcC 42 H14 60 78 -

* Indicates unconnected package pins.
1 Contributes only one bit (.i) to the boundary scan register.
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XC4006 Pinouts (continued)

Pin Boundary Pin Boundary
Description PC84 | PG156 | PQ160 | PQ208| Scan Order Description PC84 | PG156 | PQ160 | PQ208 | Scan Order
GND 43 J14 61 79 - GND 64 P8 101 131 -
/0 44 J15 62 80 247 1/0 (D3) 65 T8 102 132 343
/10 45 J16 63 81 250 1/0 (RS) 66 17 103 133 346
/0 - K16 64 82 253 /0 - T6 104 134 349
/0 - K15 65 83 256 /0 - R7 105 135 352
- - - - 84" - - - - - 136* -
- - - - 85" - - - - - 137* -
/0 46 K14 66 86 259 1/0 (D2) 67 P7 106 138 355
/0 47 L16 67 87 262 /10 68 15 107 139 358
/0 - M16 68 88 265 (o] - R6 108 140 361
/0 - L15 69 89 268 /0 - T4 109 141 364
GND - L14 70 90 - GND - P6 110 142 -
- - - - 91* - - - - - 143" -
- - - - 92* - - - - - 144* -
/0 - N16 71 93 271 /0 - R5 111 145 367
/0 - M15 72 94 274 /0 - - 112 146 370
/0 48 P16 73 95 277 /0 (D1) 69 T3 113 147 373
/0 49 M14 74 96 280 1/0 (RCLK-BUSY/RDY)| 70 P5 114 148 376
/0 - N15 75 97 283 /0 - R4 115 149 379
/0 - P15 76 98 286 /10 - R3 116 150 382
/0 50 N14 77 99 289 1/0 (DO, DIN) 71 P4 117 151 385
SGCKa (1/0) 51 R16 78 100 292 SGCK4 (DOUT, 1/0)f 72 T2 118 152 388
GND 52 P14 79 101 - CCLK 73 R2 119 153 -
- - - - 102* - vccC 74 P3 120 154 -
DONE 53 R15 80 103 - - - - - 155* -
- - - - 104* - - - - - 156* -
- - - - 105* - - - - - 157* -
vcC 54 P13 81 106 - - - - - 158* -
- - - - 107* - TDO 75 T 121 159 -
PROG 55 R14 82 108 - GND 76 N3 122 160 -
/0 (D7) 56 T16 83 109 295 /0 (A0, WS) 77 R1 123 161 2
PGCK3 (I/0) 57 T15 84 110 298 PGCK4 (I/0, A1)] 78 P2 124 162 5
/0 - R13 85 111 301 /0 - N2 125 163 8
/0 - P12 86 112 304 /0 - M3 126 164 11
1/0 (D6) 58 T14 87 113 307 /0 (CS1,A2) 79 P1 127 165 14
/0 - T13 88 114 310 1/0 (A3) 80 N1 128 166 17
/0 - R12 89 115 313 /0 - M2 129 167 20
/0 - T12 90 116 316 /0 - M1 130 168 23
- - - - 117* - - - - - 169* -
- - - - 118" - - - - - 170* -
GND - P11 91 119 - GND - L3 131 171 -
/0 - R11 92 120 319 /0 - L2 132 172 26
/0 - T11 93 121 322 /0 - L1 133 173 29
/O (D5) 59 T10 94 122 325 1/0 (A4) 81 K3 134 174 32
1/0 (CS0) 60 P10 95 123 328 1/0 (A5) 82 K2 135 175 35
- - - - 124* - - - - - 176* -
- - - - 125* - - - - 136 177* -
/0 - R10 96 126 331 /0 - K1 137 178 38
le] - T9 97 127 334 /0 - J1 138 179 41
1/0 (D4) 61 R9 98 128 337 1/O (A6) 83 J2 139 180 44
/0 62 P9 99 129 340 1/0 (A7) 84 J3 140 181 47
vCcC 63 R8 100 130 - GND 1 H2 141 182 -

* Indicates unconnected package pins.

Boundary Scan Bit 0 = TDO.T
Boundary Scan Bit 1 = TDO.O
Boundary Scan Bit 391 = BSCAN.UPD
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XC4000 Logic Cell Array Family

XC4008 Pinouts

Pin Boundary Pin Boundary
Description PC84 | PQ160| PG191| PQ208| Scan Order Description PC84 | PC160| PG191| PQ208| Scan Order
VvCC 2 142 J4 183 - vccC 22 20 D10 26 -
1/0 (A8) 3 143 J3 184 56 /O 23 21 C10 27 164
1/0 (A9) 4 144 J2 185 59 /0 24 22 B10 28 167
/O - 145 J1 186 62 /0 - 23 A9 29 170
/0 - 146 H1 187 65 /0 - 24 A10 30 173
/0 - - H2 188 68 /0 - - A1 31 176
/O - - H3 189 71 /0 - - C11 32 179
1/0 (A10) 5 147 G1 190 74 /0 25 25 B11 33 182
1/0 (A11) 6 148 G2 191 77 /0 26 26 A12 34 185
/10 - 149 F1 192 80 /10 - 27 B12 35 188
/10 - 150 E1 193 83 /0 - 28 A13 36 191
GND - 151 G3 194 - GND - 29 C12 37 -
- - - F2* 195* - - - - B13* 38" -
- - - D1* 196* - - - - A14* 39" -
/0 - 152 C1 197 86 /0 - 30 A15 40 194
/0 - 153 E2 198 89 /0 - 31 C13 41 197
1/0 (A12) 7 154 F3 199 92 /0 27 32 B14 42 200
1/0 (A13) 8 155 D2 200 95 /O - 33 A16 43 203
/0 - 156 B1 201 98 /0 - 34 B15 44 206
- - - - - ~ /0 - 35 C14 45 209
110 - 157 E3 202 101 /O 28 36 A17 46 212
1/0 (A14) 9 158 Cc2 203 104 SGCK2 (1/0) 29 37 B16 47 215
SGCK1 (A15, 1/0) 10 159 B2 204 107 M1 30 38 C15 48 218
vcC 11 160 D3 205 - GND 31 39 D15 49 -
- - - - 206" - MO 32 40 A18 50 2211
- - - - 207" - - - - - 51* -
- - - - 208" - - - - - 52* -
- - - - 1* - - - - - 53* -
GND 12 1 D4 2 - - - - - 54* -
- - ~ - 3 - vCC 33 41 D16 55 -
PGCK1 (A16, 1/O) 13 2 C3 4 110 M2 34 42 C16 56 222t
1/0 (A17) 14 3 C4 5 113 PGCK2 (1/0) 35 43 B17 57 223
/0 - 4 B3 6 116 1/0 (HDC) 36 44 E16 58 226
/O - 5 C5 7 119 1/0 - 45 C17 59 229
1/0 (TDI) 15 6 A2 8 122 /0 - 46 D17 60 232
1/O (TCK) 16 7 B4 9 125 /0 - 47 B18 61 235
/0 - 8 C6 10 128 1/0 (LDC) 37 48 E17 62 238
/10 - 9 A3 11 131 /0 - 49 F16 63 241
- - - B5* 12* - /0 - 50 C18 64 244
- - - B6* 13* - - - - D18* 65* -
GND - 10 C7 14 - - - - F17* 66* -
/0 - 11 Ad 15 134 GND - 51 G16 67 -
/0 — 12 A5 16 137 /0 - 52 E18 68 247
1/0 (TMS) 17 13 B7 17 140 110 - 53 F18 69 250
/0 18 14 A6 18 143 /0 38 54 G17 70 253
/10 - - C8 19 146 /0 39 55 G18 71 256
/O - - A7 20 149 /0 - - H16 72 259
/0 - 15 B8 21 152 /0 - - H17 73 262
/0 - 16 A8 22 155 /0 - 56 H18 74 265
/0 19 17 B9 23 158 /0 - 57 J18 75 268
1/0 20 18 C9 24 161 /0 40 58 J17 76 271
GND 21 19 D9 25 - /O (ERR, TNIT) 41 59 J16 77 274
vcc 42 60 J15 78 -

* Indicates unconnected package pins.
1 Contributes only one bit (.i) to the boundary scan register.
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EXILINX

XC4008 Pinouts (continued)

Pin Boundary Pin Boundary
Description PC84 | PQ160 | PG191| PQ208| Scan Order Description PC84 | PQ160 | PG191 | PQ208| Scan Order
GND 43 61 K15 79 - 1/O (D3) 65 102 T9 132 385
/O 44 62 K16 80 277 1/0 (RS) 66 103 U9 133 388
/O 45 63 K17 81 280 /0 - 104 V9 134 391
/0 - 64 K18 82 283 /O - 105 V8 135 394
/0 - 65 L18 83 286 /0 - - V3 136 397
/0 - - L17 84 289 /O - - T8 137 400
/0 - - L16 85 292 1/0 (D2) 67 106 V7 138 403
/O 46 66 M18 86 295 /0 68 107 U7 139 406
/0 47 67 M17 87 298 1/0 - 108 V6 140 409
110 - 68 N18 88 301 /0 - 109 Ue 141 412
/0 - 69 P18 89 304 GND - 110 T7 142 -
GND - 70 M16 90 - - - - V5* 143* -
- - - N17* 91* - - - - v4* 144* -
- - - R18* 92* - /O - 111 U5 145 415
/0 - 71 T18 93 307 /0 - 112 T6 146 418
/O - 72 P17 94 310 1/0 (D1) 69 113 V3 147 421
110 48 73 N16 95 313 1/0 (RCCR-BUSY/RDY) 70 114 V2 148 424
/0 49 74 T17 96 316 1/0 - 115 U4 149 427
/0 - 75 R17 97 319 /0 - 116 T5 150 430
/O - 76 P16 98 322 1/0 (DO, DIN) 71 117 U3 151 433
/0 50 77 U18 99 325 SGCK4 (DOUT, 1/0) 72 118 T4 152 436
SGCK3 (I/0) 51 78 T16 100 328 CCLK 73 119 \2l 153 -
GND 52 79 R16 101 s vccC 74 120 R4 154 -
- - - - 102* - - - - - 155* -
DONE 53 80 uU17 103 - - - - - 156" -
- - - - 104* - - - - - 157* -
- - = = 105* - - - - - 158 -
VCC 54 81 R15 106 - TDO 75 121 U2 159 -
- - - - 107* - GND 76 122 R3 160 -
PROG 55 82 V18 108 - 1/0 (A0, WS) 77 123 T3 161 2
1/0 (D7) 56 83 T15 109 331 PGCK4 (1/0,A1) 78 124 U1 162 5
PGCK3 (I/0) 57 84 U16 110 334 - - - - - -
- - - - - - /0 - 125 P3 163 8
/O ~ 85 T14 111 337 /0 - 126 R2 164 11
1/0 - 86 U15 112 340 /O (CS1, A2) 79 127 T2 165 14
1/0 (D6) 58 87 V17 113 343 1/0 (A3) 80 128 N3 166 17
/0 - 88 V16 114 346 /0 - 129 P2 167 20
/0 - 89 T13 115 349 /0 — 130 T 168 23
/0 - 90 U14 116 352 - - - R1* 169* -
- - - Vi5* 17" - - - - N2* 170* -
- - - Vi4* 118* - GND - 131 M3 171 -
GND - 91 T12 119 - /0 - 132 P1 172 26
110 - 92 U13 120 355 /0 - 133 N1 173 29
/O — 93 V13 121 358 /O (A4) 81 134 M2 174 32
1/0 (D5) 59 94 U12 122 361 1/O (A5) 82 135 M1 175 35
1/0 (CSO) 60 95 V12 123 364 /0 - - L3 176 38
/0 - - T11 124 367 /0 - 136 L2 177 M
/0 - - U11 125 370 /0 - 137 L1 178 44
1/0 = 96 Vi1 126 373 1/0 - 138 K1 179 47
/O - 97 V10 127 376 1/0 (A6) 83 139 K2 180 50
1/0 (D4) 61 98 U10 128 379 1/0 (A7) 84 140 K3 181 53
/0 62 99 T10 129 382 GND 1 141 K4 182 -
vccC 63 100 R10 130
GND 64 101 R9 131

* Indicates unconnected package pins.
Boundary Scan Bit 0 = TDO.T
Boundary Scan Bit 1 = TDO.O
Boundary Scan Bit 439 = BSCAN.UPD
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XC4000 Logic Cell Array Family

XC4010 Pinouts

Pin B Boundary Pin - Boundary
Description PC84 | PQ160| PG191| PQ208 | BG225| Scan Order Description PC84 | PQ160 | PG191 {PQ208 | BG225| Scan Order
vcce 2 142 J4 183 D8 - /o - 24 A10 30 Ji 191
1/0 (A8) 3 143 J3 184 E8 62 /0 - - A1 31 J3 194
/0 (A9) 4 144 J2 185 B7 65 110 - - c11 32 J 197
[lie] - 145 Ji 186 A7 68 /10 25 25 B11 33 K2 200
/0 : 146 Hi1 187 c7 71 ] 26 26 A2 34 K3 203
/0 - - H2 188 D7 74 /0 - 27 B12 35 6 206
/0 - - H3 189 E7 77 /0 - 28 A13 36 L1 209
/0 (A10) 5 147 G1 190 A6 80 GND - 29 C12 37 - -
/0 (A11) 6 148 G2 191 B6 83 /0 - - B13 38 L3 212
[lie] - 149 F1 192 A5 86 [l[e] - - A14 39 M1 215
/o - 150 E1 193 B5 89 /o - 30 A15 40 K5 218
GND - 151 G3 194 hd - /0 - 31 C13 41 M2 221
/o - - F2 195 D6 92 [l{e] 27 32 B14 42 L4 224
/0 - - D1 196 C5 96 /0 - 33 A16 43 N1 227
[l{e] - 152 C1 197 A4 98 [l{e] - 34 B15 44 M3 230
[lje] - 1563 E2 198 E6 101 [l[e] - 35 C14 45 N2 233
/0 (A12) 7 154 F3 199 B4 104 1o 28 36 A7 46 K6 236
/O (A13) 8 165 D2 200 Ds 107 SGCK2 (I/0) 29 37 B16 47 P1 239
[l{e] - 156 B1 201 B3 110 M1 30 38 Cis 48 N3 242
/0 - 157 E3 202 F6 113 GND 31 39 D15 49 * -
/0 (A14) 9 158 c2 203 A2 116 MO 32 40 A18 50 P2 245t
ISGCK1 (A15, /O 10 159 B2 204 C3 119 - - - - 51* - -
vcc 1 160 D3 205 B2 - - - - - 52* - -
- - - - 206" - - - - - - 53* - -
- - - - 207" - - - - - - 54" - -
- - - 208" - - vce 33 M D16 55 R1 -
- - - - 1" - - M2 34 42 C16 56 M4 2461
GND 12 1 D4 2 At - PGCK2 (I/0) 35 43 B17 57 R2 247
- - - - 3 - - /O (HDC) 36 44 E16 58 P3 250
PGCK1 (A16, I/O 13 2 Cc3 4 D4 122 /O - 45 C17 59 LS 253
1/0 (A17) 14 3 c4 5 B1 125 /0 - 46 D17 60 N4 256
[l{e] - 4 B3 6 Cc2 128 [l[e] - 47 B18 61 R3 259
/o - 5 Cs5 7 E5 131 1/0 (LDC) 37 48 E17 62 P4 262
/O (TDh) 15 6 A2 8 D3 134 l{e] - 49 F16 63 K7 265
/O (TCK) 16 7 B4 9 C1 137 /0 - 50 C18 64 M5 268
/10 - 8 Cc6 10 D2 140 /o - - D18 65 R4 271
/0 - 9 A3 1" G6 143 /0 - - F17 66 N5 274
lie] - - B5 12 E4 146 GND - 51 G16 67 e -
/o - - B6 13 Dt 149 /0 - 52 E18 68 RS 277
GND - 10 c7 14 ” - /0 - 53 Fi18 69 M6 280
/0 - 1 A4 15 F5 152 /0 38 54 G17 70 N6 283
[lle] - 12 A5 16 E1 155 [lje] 39 55 G18 YAl P6 286
voams) | 17 13 B7 17 F4 158 /0 - - Hi6 | 72 R6 289
/0 18 14 A6 18 F3 161 /0 - - H17 73 M7 291
[l{e] - - c8 19 G4 164 /0 - 56 H18 74 R7 295
lie] - - A7 20 G3 167 l{e] - 57 J18 75 L7 298
/0 - 15 B8 21 G2 170 /0 40 58 J17 76 N8 301
/o - 16 A8 22 G1 173 [l{e] (ﬁ. iNIT) 4 59 J16 77 P8 304
o 19 17 B9 23 G5 176 vceC 42 60 J15 78 R8 -
[{e] 20 18 C9 24 H3 179 GND 43 61 Ki5 79 M8 -
GND 21 19 D9 25 H2 - 1o 44 62 K16 80 L8 307
vcce 22 20 D10 26 H1 - /0 45 63 K17 81 P9 310
/0 23 21 Cc10 27 H4 - 182 /0 - 64 K18 82 R9 313
/0 24 22 B10 28 H5 185 /10 - 65 L18 83 N9 316
[l{e] - 23 A9 29 J2 188 /0 - - L17 84 M9 319
[Ife) - - L16 85 L9 322
*  Indicates unconnected package pins. vo 46 56 M18 86 NTo 325

The following BGA225 balls are connected to ground:

F8, G7, G9, H6, H7, H8, H9, H10, J7, J8, J9, K8

The following BG225 balls are unconnected:

E3, E2, F1, F2, J5, K1, L2, K4, P5, L6, N7, P7, R10, P10, M10,
N11, N15, M14, L15, K12, G10, E15, E14, F12, F9, D11, C10,
B10, C6, F7, A3, C4

1 Contributes only one bit (.i) to the boundary scan register.
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& XLNX

XC4010 Pinouts (continued)

Pin " Boundary Pin - Boundary
Description PC84 | PQ160| PG191 | PQ208 | BG225| Scan Order Description PC84 | PQ160| PG191 | PQ208 | BG225| Scam Order
/o] 47 67 M17 87 K9 328 {8} - - V4 144 D15 460
o - 68 N18 88 R11 331 110 - 111 us 145 Fi1 463
/0 - 69 P18 89 P11 334 e} - 112 T6 146 D14 466
GND - 70 M16 90 e - /0 (D1) 69 113 V3 147 E12 469
[l[e] - - N17 91 R12 337 1/O (RCLK-BUSY/RDY)l 70 114 V2 148 C15 472
[l[e] - - R18 92 L10 340 /0 - 115 U4 149 D13 475
/0 - 71 T18 93 P12 343 /0 - 116 T5 150 | c14 478
[lle] - 72 P17 94 M11 346 1/O (DO, DIN) 71 117 u3 151 F10 481
[lle] 48 73 N16 95 R13 349 SGCK4 (DOUT, /0) | 72 118 T4 152 B15 484
[l[e] 49 74 T17 96 N12 352 CCLK 73 119 Vi 153 Cc13 -
[l[e) - 75 R17 97 P13 355 vce 74 120 R4 154 B14 -
/o] - 76 P16 98 K10 358 - - - - 155* - -
[lie] 50 77 URK:] 99 R14 361 - - - - 156* - -
SGCKa3 (I/0) 51 78 T16 100 N13 364 - - - - 157 - -
GND 52 79 R16 101 i - - - - - 158* - -
- - - - 102* - - TDO 75 121 U2 159 A15 -
DONE 53 80 u17 103 P14 - GND 76 122 R3 160 D12 -
- - - - 104" - - 1/O (A0, W3) 77 123 T3 161 A14 2
- - - - 105* - - PGCK4 (1/0, A1) 78 124 [§]] 162 B13 5
vce 54 81 R15 106 R15 - lie] - 125 P3 163 | E11 8
- - - - 107* - - /0 - 126 R2 164 C12 1
PROG 55 82 vig | 108 [ Mm12 - /O (CS1, A2) 79 127 T2 165 | A13 14
1/0 (D7) 56 83 T15 109 P15 367 /O (A3) 80 128 N3 166 B12 17
PGCK3 (I/0) 57 84 ute | 110 | Nit4 370 [l[e] - 129 P2 167 A12 20
[l[e] - 85 T4 111 L1 373 Vo - 130 T1 168 Cc11 23
o - 86 uU15 112 | M13 376 [lie] - - Ri 169 B11 26
1/0 (D6) 58 87 vi7 | 113 J10 379 [lle] - - N2 170 E10 29
o - 88 vie | 114 L12 382 GND - 131 M3 171 - -
Vo - 89 T13 116 | M15 385 110 - 132 P1 172 | A1t 32
/0 - 90 U14 116 L13 388 /0 - 133 N1 173 D10 35
/0 - - V15 117 L14 391 1/0 (A4) 81 134 M2 174 A10 38
[lle] - - V14 118 K11 394 1/O (A5) 82 135 M1 175 D9 41
GND - 91 T12 119 - - [l[e] - - L3 176 c9 44
[lls] - 92 U13 | 120 K13 397 Vo - 136 L2 177 B9 47
[lle] - 93 V13 121 K14 400 110 - 137 L1 178 A9 50
1/0 (DS5) 59 94 u12 122 K15 403 o - 138 K1 179 E9 53
1/0 (CSO) 60 95 Vi2 123 J12 406 1/0 (A6) 83 139 K2 180 c8 56
[l[e] - - T 124 13 409 /0 (A7) 84 140 K3 181 B8 59
[lls] - - ut1 125 J14 412 GND 1 141 K4 182 A8 -
[l[e] - 96 ARl 126 J15 415
o - 97 vio [ 127 | Ji1 418 Boundary Scan Bit 0 = TDO.T
1/O (D4) 61 98 u1o | 128 H13 421 Boundary Scan Bit 1 = TDO.O
o 62 99 T10 129 H14 424 Boundary Scan Bit 487 = BSCAN.UPD
vce 63 100 R10 130 H15 -
GND 64 101 R9 131 - -
Vo (D3) 65 102 9 132 H12 427
1/0 (RS) 66 103 U9 133 | H11 430
lle} - 104 V9 134 G14 433
/0 - 105 v8 135 G15 436
[lle] - - us 136 G13 439
[l[e] - - T8 137 G12 442
1/0 (D2) 67 106 \24 138 G11 445
lle] 68 107 u7 139 F15 448
/o - 108 \3 140 F14 451
[l[e] - 109 Us 141 F13 454
GND - 110 7 142 = -
/10 - - V5 143 E13 457

Indicates unconnected package pins.

The following BGA225 balls are connected to ground:

F8, G7, G9, H6, H7, H8, H9, H10, J7, J8, J9, K8

*** The following BG225 balls are unconnected:

E3, E2, F1, F2,J5, K1, L2, K4, P5, L6, N7, P7, R10, P10, M10,
N11, N15, M14, L15, K12, G10, E15, E14, F12, F9, D11, C10,
B10, C6, F7,A3,C4 ¢
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XC4000 Logic Cell Array Family

XC4013 Pinouts

Pin Boundary Pin Boundary
Description PQ208 | PG223 | BG225 | PQ240| Scan Order Description PQ208 | PG223 | BG225| PQ240| Scan Order
vce 183 HA D8 212 - o 27 c10 H4 31 218
VO (A8) 184 J3 E8 213 74 Vo 28 B10 H5 32 221
VO (A9) 185 J2 B7 214 77 [lie} 29 A9 J2 33 224
[lls} 186 J1 A7 215 80 [lie} 30 A10 J1 34 227
[l{e] 187 H1 c7 216 83 Vo 31 A1 J3 35 230
o 188 H2 D7 217 86 o 32 c11 J 36 233
o 189 H3 E7 218 89 - - - - 3r -
- - - - 219" - o - D11 J5 38 236
1/O (A10) 190 G1 A6 220 92 Vo - D12 K1 39 239
/0 (A11) 191 G2 B6 221 95 vcce - - - 40 -
vce - - - 222 - o 33 B11 K2 41 242
[l[e] - H4 Ce 223 98 o 34 A12 K3 42 245
[l[e] - G4 F7 224 101 [lle} 35 B12 J6 43 248
Vo 192 F1 A5 225 104 [lie} 36 A13 L1 44 251
o 193 E1 B5 226 107 GND 37 c12 b 45 -
GND 194 G3 b 227 - Vo - D13 L2 46 254
/o 195 F2 D6 228 110 Vo - D14 K4 47 257
Vo 196 D1 cs 229 113 [Ts) 38 B13 L3 48 260
o 197 [o3] A4 230 116 10 39 A4 M1 49 263
[lie} 198 E2 E6 231 119 10 40 A15 K5 50 266
/0 (A12) 199 F3 B4 232 122 [lle] 41 c13 M2 51 269
/O (A13) 200 D2 D5 233 125 o 42 B14 L4 52 272
[l[e} - F4 A3 234 128 o 43 A16 N1 53 275
Vo - E4 c4 235 131 /0 44 B15 M3 54 278
lis} 201 B1 B3 236 134 o 45 Cc14 N2 55 281
[lls} 202 E3 F6 237 137 [lle] 46 A17 K6 56 284
/0 (A14) 203 c2 A2 238 140 SGCK2 (1/0) 47 B16 P1 57 287
SGCK1 (A15, 1/0) 204 B2 C3 239 143 M1 48 C15 N3 58 290
vce 205 D3 B2 240 - GND 49 D15 b 59 -
- 206" - - - - Mo 50 A18 P2 60 293t
- 207* - - - - - 51* - - - -
- 208* - - - - - 52* - - - -
- 1 - - - - - 53* - - - -
GND 2 D4 Al 1 - - 54* - - - -
- 3 - - - - vce 55 D16 R1 61 -
PGCK1 (A16,1/0) 4 c3 D4 2 146 M2 56 Ci16 M4 62 294t
/0 (A17) 5 c4 B1 3 149 PGCK2 (/0) 57 B17 R2 63 295
o 6 B3 c2 4 152 1/O (HDC) 58 E16 P3 64 298
Vo 7 cs5 E5 5 155 o 59 Cc17 L5 65 301
/O (TDY) 8 A2 D3 6 158 Vo 60 D17 N4 66 304
1/0 (TCK) 9 B4 [o}] 7 161 [lle] 61 B18 R3 67 307
/0 10 C6 D2 8 164 /0 (LDC) 62 E17 P4 68 310
o 1 A3 G6 9 167 o 63 F16 K7 69 313
Vo 12 B5 E4 10 170 10 64 c18 M5 70 316
o 13 B6 D1 1 173 o 65 D18 R4 7 319
o - D5 E3 12 176 /0 66 F17 N5 72 322
o - D6 E2 13 179 [lle} - E15 P5 73 325
GND 14 cr - 14 - o - F15 L6 74 328
o 15 A4 F5 15 182 GND 67 G16 b 75 -
e} 16 A5 E1 16 185 o 68 E18 R5 76 331
/O (TMS) 17 B7 F4 17 188 lie} 69 F18 M6 77 334
{l[e] 18 A6 F3 18 191 /0 70 G17 N6 78 337
vce - - - 19 - o 71 G18 P6 79 340
/O - D7 F2 20 194 vcc - - - 80 -
10 - D8 F1 21 197 [l[e] 72 H16 R6 81 343
- - - - 22* - Vo 73 H17 M7 82 346
[l{e] 19 Cc8 G4 23 200 - - - - 83" -
o 20 A7 G3 24 203 o - G15 N7 84 349
o 21 B8 G2 25 206 110 - H15 P7 85 352
Vo 22 A8 G1 26 209 o 74 H18 R7 86 355
[lle} 23 B9 G5 27 212 /0 75 J18 L7 87 358
/10 24 c9 H3 28 215 /0 76 J17 N8 88 361
GND 25 D9 H2 29 - 1O (ERR, INIT) 77 J16 P8 89 364
vcc 26 D10 H1 30 - vcce 78 Ji5 R8 90 -
* Indicates unconnected package pins. ** The following BGA225 balls are connected to ground:
T Contributes only one bit (.i) to the boundary scan register. F8, G7, G8, G9, H6, H7, H8, H9, H10, J7, J8, J9, K8
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XC4013 Pinouts (continued)

Pin Boundary Pin Boundary
Description PQ208 | PG223 | BG225 | PQ240| Scan Order Description PQ208 | PG223 | BG225 | PQ240| Scan Order
GND 79 K15 | M8 91 - GND 131 R9 - 151 -
/10 80 Ki6 | L8 92 367 VO (D3) 132 T9 H12 | 152 511
/10 81 K17 | P9 93 370 1O (RS) 133 v H11 | 153 514
/0 82 K18 | R9 94 373 [7e) 134 vo | G14 | 154 517
e} 83 L18 N9 95 376 ) 135 v8 | Gi5 | 155 520
e} 84 L17_| M9 96 379 [7e) 136 us | G13 | 156 523
/0 85 L16 L9 97 382 s 137 T8 G12 | 157 526
- - - - 98* - - - - - 158" -
/0 - L15 | Rio [ 99 385 10 (D2) 138 vz_| 611 | 159 529
s} - M15 | P10 | 100 388 /0 139 u7 F15_| 160 532
vce - - - 101 - vce : - - 161 -
s} 86 | M18 | N10 | 102 391 /0 140 V6 F14_| 162 535
[Te) 87 | M17 | K9 103 394 /0 141 U6 F13 | 163 538
110 88 N18 | Ri11 | 104 397 [Te) - R8 G10 | 164 541
e} 89 P18 | P11 | 105 400 [Te) - R7 E15 | 165 544
GND 90 | Mmi6 - 106 - GND 142 4 - 166 -
[Te) - N15 | M10 | 107 403 [Te) - R6 E14 | 167 547
110 - P15 | N11 | 108 406 /0 - R5 F12 | 168 550
110 91 N17 | R12 | 109 409 o) 143 V5 E13 | 169 553
[Te) 92 R18 | L10 | 110 412 o) 144 V4 D15 | 170 556
110 93 Ti8 | P12 | 111 415 /0 145 us F11_| 171 559
/0 94 P17 | M11 | 112 418 7o) 146 T6 D14 | 172 562
110 95 N16 [ R13 | 113 421 10 (D1) 147 v3 E12 | 173 565
/0 96 T17_| N12 | 114 424 /O (RCLK-BUSY/RDY)| 148 v2 ci5 | 174 568
110 97 R17 | P13 | 115 427 /0 149 U4 D13 | 175 571
/0 98 P16 | K10 | 116 430 [7e) 150 15 c14 | 176 574
/0 99 uig | R14 | 117 433 1/O (DO, DIN) 151 u3 F10 | 177 577
SGCK3 (I/0) 100 | T16 [ N13 | 118 436 SGCK4 (DOUT, 1/0) | 152 T4 B15 | 178 580
GND 101 _| Ri16 - 119 - CCLK 153 Vi1 c13 | 179 -
- 102* - - - - vce 154 R4 B14 | 180 -
DONE 103 | U1z | P14 [ 120 - - 155" - - - -
- 104* - - - - - 156* - - -
- 105* - - - - - 157" - - -
vce 106 | R15 | R15 | 121 : - 158" - - - -
- 107* B - - K DO 159 u2 | A15 | 181 -
PROG 108 | vis | M12 | 122 - GND 160 R3 D12 | 182 -
1/0 (D7) 109 | T15 | P15 | 123 439 1/O (A0, WS) 161 T3 A14 | 183 2
PGCK3 (1/0) 110 | u1e | N14 | 124 442 PGCK4 (1/0, A1) 162 U1 B13 | 184 5
/o 111 | 114 | 111 | 125 445 /0 163 P3 E11 | 185 8
/0 112 | uis | M13 | 126 448 0 164 R2 | c12 | 186 1
0 - R14 | Ni5 | 127 451 1O (CS1, A2) 165 T2 A13 | 187 14
110 - R13 | M14 | 128 454 1/O (A3) 166 N3 B12 | 188 17
/O (D6) 113 | viz | J1o | 129 457 0 - P4 F9 189 20
10 114 | vie | 112 | 130 460 [Te) - N4 | D11 | 190 23
/0 115 | 113 | M15 | 131 463 ) 167 P2 | A2 | 191 26
o) 116 | U14 | L13 | 132 466 [Te) 168 T c11 | 192 29
[Ts) 117 | vis | L14 | 133 469 [Te) 169 R1 B11 | 193 32
e} 118 | V14 | K11 | 134 472 7] 170 N2 E10 | 194 35
GND 119 | T12 - 135 - - - - - 195* -
10 - R12 | L15 | 136 475 GND 171 M3 - 196 -
[Te) - R11 | K12 | 137 478 /0 172 P1 A11 | 197 38
7o) 120 | u13 | K13 | 138 481 o) 173 N1 D10 | 198 41
/0 121 | vi13 | K14 | 139 484 e} - M4 | c1o | 199 44
vce - - - 140 - 7o) - L4 B10 | 200 47
VO (D5) 122 | U12 | K15 | 141 487 vce - - - 201 -
1/0 (CSO) 123 | vi2 | s12 | 142 490 1/O (A4) 174 M2 | A10 | 202 50
- - - - 143* - VO (A5) 175 | M1 D9 | 203 53
[T 124 | T11 | 013 | 144 493 - - - - 204* -
7o) 125 | U1 | J14 | 145 496 e 176 L3 o | 205 56
[Te) 126 | Vi1 | J15 | 146 499 [Te) 177 L2 B9 | 206 59
7o) 127 | vio | J11 | 147 502 [Te) 178 L1 A9 | 207 62
VO (D4) 128 | U0 | H13 | 148 505 7o) 179 K1 E9 | 208 65
[Te) 129 | 7110 | H14 | 149 508 1/O (A6) 180 K2 c8 | 209 68
vce 130 | R10 [ H15 | 150 - 1O (A7) 181 K3 B8 | 210 71
GND 182 K4 A8 | 211 -
* Indicates unconnected package pins.
** The following BGA225 balls are connected to ground: Boundary Scan Bit 0 = TDO.T
F8, G7, G8, G9, H6, H7, H8, H9, H10, J7, J8, J9, K8 Boundary Scan Bit 1 = TDO.O

Boundary Scan Bit 583 = BSCAN.UPD
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XC4000 Logic Cell Array Family

XC4020 Pinouts
Pin Bound Pin Bound Pin Bound
Description | PQ208 | PQ240| PG233 | PG299| Scan Description PQ208 | PQ240 | PG233| PG299| Scan Description P0208 | PO240)| PG233 | PG299| Scan
vce 3 2 J4 1 - /0 34 42 | A [9] 287 /0 - - - R17 | 487
1/O (A8) _ 4 J3 K2_| 86 /0 35 43 | B B14 | 290 /0 - - - T 49
/O (A9) 5 4 J2 K3 89 /0 36 44 | A D 293 0] 9! 3 | N6 | U 4
/0 86 5 J1 5 92 GND 3 45 | C A15 - o] el 4 1T1I7 |V 49¢
¢] 87 6 H K4 95 [® - 4 D C14 | 296 (9] 97 5 | R17 | R1 499 |
10 88 7 H J1 98 0 - 47 D14 | A17 | 299 | (o] 9 6 | P T17 | 502 |
[0} 9 8 H J2 01 0 38 | 4 B13 | D14 | 302 | [0 99 71lu U18 | 50
/O (A10) 0 | 220 | G H1 04 0 39 49 | A4 | B16 | 30! SGCK3 (I/0) 00 8 | T1 X20 | 50¢
/O (A11) 11221 | G2 J3 07 o) 40 50 1A15]C 308 GND 0 9 | R W20 -
[l[e] - - - H2 10 /0 a4 1 [¢] E14 DONE 0 20 | U17 | Vi1 -
/o] - - - G 13 /0 - - - A18 4 VCC 0 21 | R X1
VvCC - 222 - E - /0 - : - D 7 PROG 08 22 |V [V} -
/0 - 223 | H4 H: 16 0 42 52 | B14 | C 320 /0 (D7) 09 3 | T1 W 1
(9} - 224 | G4 G2 19 (o) 43 53 | A1E 323 PGCK3 (I/O) 0 4 | U W 4
[¢) 92 | 225 F1 H4 | 122 | (o) 44 54 | B 326 0 1 5 | T14 | T15 7
(o) 3 | 226 E1 F2 25 o) 45 55 | Ci4 329 [0 2 6 | U U16 | 520
GND 4 | 227 | G3 F1 - 0 46 56 | A17 | D 332 o] - 7 | R14 | V17 ] 523
10 5 | 228 | F2 D1 28 SCGK2 (/0) 47 7 B16 | C 335 [9] - 28 | R13 | X 526
/0 36 | 229 | D1 G4 1 M1 48 8 C15 | A20 38 /O - - - V) 529
/0 7 30 | C1 E2 34 GND 49 9 D15 | A19 - [*] - - - T14 | 532
/0 8 31 E2 F3 7 Mo 50 0 | A C18 | 341 1/O (D6) 13 29 | V17 | Wt 535
/0 (A12) 9 32 | F3 | G5 40 vce 55 1 | D B20 - 0 14 30 | V16 | V16 | 538
1O (A13) 00 {233 [ D2 | C 4 M2 56 | 62 | C D17 | 342 [¢] 15 | 131 | T13 | X17 | 541
10 - - - F4 4 PGCK?2 (1/0) 57 63 B B 343 0 6 32 | U14 | U14 544
lis) - - E: 4 /O (HDC) 58 64 Ei6 | C 346 Q 7 3 | VIS | V 547 |
1) - 34 F4 D! 52 o 59 65 Ci7 | F1 349 /O 8 4 | V14 | T 550
/0 - E4 C. 55 (0] 60 56 D17 | E 52 GND 9 5 | T12 | X -
/0 0 6 B F5 58 (o] 61 7 B18 | D18 | 355 /O - 6_| R 1) 553
/0 02 E E4 /O (LDC) 62 8 | E17 | C20 | 35! 0 - 7 | R V14 | 556
/O (A14) 0; 38 C. D. 4 [I[e] - - - F17 0 120 38 | U W14 | 559
SGCK1(A15,/0) 04 | 239 | B2 | C 7 110 - - - |Gt 4 o] 121 9 | V13 | Vi3 | 562
vCC 05 [ 240 | D3 | A2 /0 63 | 69 | Fi D1 67 VCC - 40 - x5 -
GND 2 D4 B - 0o 4 70 | C1 E1 70 /O (D5 122 41 | Ui2 | T12
PGCK1 (A16,1/0) 4 2 C3 D4 70 0o 5 7 D1 D20 | 373 | /O (CS0) 123 42 | V12 | X14 BE
170 (A17) 5 C4 | B2 | 17 0 6 72 | F G17 | 376 /0 - p - [ X
[I[e]) 6 4 B B3 7 o] - I E15 | F1 79 /0 - - - Vv 74
o) 7 C5 | E6 | 17! /0 - |74 [F H16 | 382 | 0 24 | 144 | T11 | Wi 77
1/O (TDI) 8 A 5 82 GND 7 7 G E2 - 0 25 45 U | T1 580
1/O (TCK) 9 B4 C4 5 /O 8 7 E H1 38! o) 26 46 | Vi1 | X 583
/0 - - - 8 /0 9 7 F1 G 38 0 27 47 | Vio | U 586
/O - - - Dé /0 0 78 G G 391 ] /O (D4) 28 48 | U10 | V 589
/0 0 8 (o] E7 4 /0 Al 79 |G H18 | 394 | [I[e] 29 49 | T10 | W 592
10 9 A B4 7 vcC - 0 - F20 - vcc 30 50 | R10 | X10 -
0] 2 0 B! Cs 00 0o 72 1 H16 | J16 | 397 GND 31 51 R9 | X11 -
10 B A4 03 o] 73 2 | H17 | G20 | 40C /O (D3) 32 | 152 | T W10 | 595
9} - 2 D5 D7 06 o - - - H20 | 402 /O (RS) 33 53 | U V10 | 598
/0 - D6 | Cf 09 o] - - - J1 40€ /0 34 >4 \i T10 01
GND 14 4 c7 | A - /0 - 84 |G J 40! [¢] 35 5 Vi U10 | 604
/0 15 5 A4 B6 12 /0 - 85 | H K1 4 (¢] 36 6 V] X! 07
/0 6 6 A5 | D8 5 /0 74 6 | H J20 | 415 [0) 137 7 | T Wi 10
1/O (TMS) 7 7 B7 Cc7 8 /0 75 7 | J1 K17 | 418 [¢] - - - X 13
/0 8 8 A6 B7 1 (*] 76 8 | J17 | K18 | 4 o] - - - V! 16
vCcC - 9 - A6 - VO (ERR, INIT) 77 9 | J16 | K19 | 424 /0 (D2) 138 59 | V7 | Wi 19
/0 - 0 D7 | C8 4 VvCC 7 0 | J15 | L20 - o 139 0 | U7 X7_| 622
/0 - 1 D8 E9 7 GND 79 5 | K20 - vcc - 1 - X5 -
9] - - B 0 0 80 2 6L 427 _| /0 140 62 | v6 [ V8 | 625
/0 - - - Al 3 /0 81 Kiz | L 430 (9] 141 63 | U6 | W7 | 628
/0 9 | 23 | c8 | C 6 /0 82 4 | Kis [ L 433 [¢] - 4 | R8 | Us | 631
(] 20 24 A7 B! 9 /0 83 L L 436 0 - 5 R7 | Wi 634
0 21 | 25 | B8 | E10 | 24 0 84 L17_| M20 | 439 | GND 142 6 | 17 | X -
0 22 26 A A9 4 /O 85 L16 | M19 | 442 o - 7 R X4 37
0 3 27 B D10 | 24 /O - - - N20 | 44 /0 - 68 | R u 540
/0 4 28 C C10 | 251 | /0 - - - M18 | 44 /O 43 69 | V. W! 543
GND 5 29 [8] A10 - /0 9 L15 | N19 | 45 /0 44 70 | V4 ve 546
vCC 6 30 | D10 { A11 - /0 - 00 | M15 | P20 | 454 (o) 45 7 V] 17 -
0 7 31 C10 | B10 | 254 VvCC - 0 - T20 - /0 46 7 T6 X 4
/0 28 32 | B10 | B 257 0 6 0. Mi8 | N1 457 /o !012 147 7 V: [¥]
/0 29 33 A9 | C 260 (0] 7 0 M17 | P19 | 460 VO (RCLK-! /RDY)| 148 74 \ N
10 0 34 A10 | E 263 /0 38 04 | N 7] 463 (0} - - - W4
0o 1 A1l | D 66 /0 9 05 | P R19 | 466 0 - - - W3 3¢
/0 2 Cit ] A 6! GND 0 06 | M R20 - /0 49 75 1 U4 | T6 34
/0 - - - B 7. /0 - 07 | N15 | U20 | 469 /0 50 76 | T5 uUs 7
/0 - - - A 75 /0 - 08 | P15 | P17 | 472 1/0 (DO, DIN) 51 7 1 U V4 0
0 - 38 |DI1|E 78 /0 9 09 | N7 1 T 475 SGCK4 (DOUT, I/0)| 152 78 | T4 X1 73
) 3 [D12|B 81 /0 2 OlR R 478 CCLK 531179 [ V 3 -
vCcC - 40 - A - 0 3 1T P 481 vCC 54 80 | R4 | W -
[I[e) 33 41 B11 | A14 | 284 0 4 2 | P17 | V20 | 484 TDO 59 81 U2 [VZ3 -

1 Contributes only one bit (.i) to the boundary scan register.
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XC4020 Pinouts (continued)

Pin Bound Pin Bound Pin Bound
Description | PQ208 | PO240 | PG233| PG299| Scan Description __| PQ208| P240| PG233| PG299| Scan Description Pm P0240| PG233| PG299| Scan
GND 160 | 182 | R3 | X2 | - 0 [ 167 [ 191 | P2 | U1 | 32 o) - - - [ P1[ 59
/0 (AO, WS) 61 33 | 13 | W2 | 2 0 58 | 192 | 71 | P4 | 35 VO (Ad) 74 | 202 | M2 | N1 | 62
PGCK4 (/0, A1) | 162 34 | U1 | V2 | 5 ) 9 3 | R R3 | 38 VO (A5) 75 | 203 | M1 | M3 | 65
0 3 5 | P RS | 8 ) 4 | N N5 | a1 9] 76_| 20! 3 | M2 | 68
/0 4 6 | R2 | T4 | 11 GND 7 6 | M T1 - &) 77 | 206 | 2 | 15 | 7
1/0 (CS1, A2) 5 7 | 12 | U 4 /0 72 P N4 | 44 Is) 78 | 20 L M1_|_ 74
1O (A3) 66 | 188 | N3 | V 7 ) 7 N P. a7 Is) 79 | 20 L4 77
®) - - - | R4 | 20 /0 - 99 | M4 | P2 | 50 1/0 (A6) 0 | 209 | K2 | L 80
9 - - - [ P5 | 23 I®) - | 200 [ 14 [ N3 [ 53 /O (A7) 1| 210 | K L2 3
) - [ 189 | P4 | U2 | 26 VCC - 201 | - R B GND 82 | 211 | K4 | L -
/0 - [ 190 | N4 | T3 | 20 /0 - - - | M5 [ 56
XC4025 Pinouts
Pin Bound Bound Pin Bound Pin Bound
Description MQ240| PG299| Scan Descripti MQ240| PG299| Scan iption MQ240| PG299| Scan Description MQ240| PG299| Scan
vcC 2 | K - VCC 9 | A6 - VO 66 | E17 | 400 0 112_| V20 | 556
1/0 (A8B) 3 | K2 | 98 /0 20 | c8 | 254 o) 67 | D18 | 40 0 - | R17 | 559
/0 (A9) 4| K 01 [e) 21 | E9 | 257 /O (LDC) 68 | C20 | 40€ ) B s 62
/0 K! 04 GND 22 - - ) - | F17 | 40¢ 0 3|U 565
[Ie) 6 | K4 07 o) - | _A7 | 260 ) - |G 2 /0 4 | Vi 68
[le) 17 | ) 10 o) - | D /0 69 | D19 | 4 /0 R 7
o) 18 | J2 | 113 o) - | B 0 70 | E 2 /0 T17_| 574
GND 19 | - - o) - | A /0 71| D20 | 42 0 U18 | 577
/0 (A10) 220 | H1 | 116 /0 > C 3 /0 72 | G17 | 424 | C_SGCK3 (/O] % 8 | X20 | 580
/O (A11) 221 | J3 19 /0 4 | B! 7! /0 73 | Fi8 | 427 | —vcC—— - [T16 | -
/0 - | Ja 22 /0 5 | E10 | 271 /0 74_| Hi6 | 430 GND 9 [W20 [ -
/0 - J5 25 /o 26 | A9 |28 ) - | E19 | 433 DONE 20 | Vi -
/0 - | H 28 /0 27 | D10 | 284 /0 - | F19 | 436 VCC 21 [ x19 | -
/0 - [ G1 [ 131 /0 28 | C10 | 287 GND 75 | E20 | - PROG 22 {Ui7 | -
vce 222 | E1 - GND 29 A0 - /0 76 _| H17 | 439 23 | W19 | 583
0 223 | H3 | 134 vcC 0 | A1 [ - /0 77 |G 442 PGCK3 (1O} | 124 | W18 | 586
® 224 | G2 | 137 /0 1_| B10 | 290 9 78 |G 445 7O | 125 | T15 | 589
10 225 | _H4_| 140 0 32_| B11 | 29 ) 79 | H18 | 448 /0 26 | U16 | 592
0 226 | F2_| 143 /0 33_| C11 | 29¢ VCC 80| F20 | - /0 27 |V 595
GND 227 | F1 - Is) 34| E11_| 29 /0 1| Ji6 | 451 0 128 | X 98
/0 - H5 | 14¢ /0 5 | D11 | 30. VO 82 | Goo | 454 /0 B Y 501
/0 - G3 4 o) 6 A12 0! GND 83 - - o - T14 504
0 228 | D 52 /0 - [ B1 08 /0 - [ J17 | 457 VO (D6) 29 | W17 | 607
@) 229 | G4 | 155 /0 - [ Al 1 0 - H19 | 460 /0 30 | V16 | 610
0 0 | E2 | 158 ) C12 | 314 /0 - H20 | 463 Is) 31 | X17
0 1| F3 [ 161 ) -_| D12 | 317 ) - Ji8 | 466 /0 32 | Ul
VO (A12) _ 2 | G5 | 164 GND 37 - - 0 34| J19 | 469 /0 33 [ Vi
/O (A13) 233 | C1 | 167 /O 38 | E12 | 320 0 5 | Ki6 | 47: /0 34 | T13 | 622
0 - F4 70 /0 39 | B13 | 323 /0 J20 | 47 /0 - | W16 | 625 |
® - E 7 vcC 40 | A - /0 7 | K17 | 47 /0 - | Wi5 | 628
/0 34 | D2 | 17 /0 41 | A14 | 326 /0 K 48 GND 35 | X16 | -
/0 36 | C2 | 17 /0 42 | C13 | 329 | VO (ERR,INIT) | 89 484 /0 36 | U 1
/0 6 | F5 | 182 /0 43 | B14 | 332 vCC 90 | 20 B 0 7 | V14 34
/0 7 | E4 | 185 /0 44 | D13 | 335 GND 91 B 0 Wi4 | 637
L ) 8 |_D: 88 GND 45 | A15 | - /0 92 | L 487 ) 5 [V 540
C SGCK1 (A15, /O)9| 239 | C 91 /0 -_| B15 | 338 1) 93| L 490 vcC 40 [ X B
[———CT 40 | A2 - /0 - [ E13 | 341 /0 54| L 4 VO (D5) 41 | 712 | 643
_GND___ 1 B - /0 46 | C1a | 344 /0 5 | L 49¢ 1/0 (CS0) 42 | X14 | 646
 PGCK1 (A16, I/O 2 D4 194 o 47 A17 347 /0 96 M20 | 4 GND 4 - -
——vee— - | E5 - /0 2 D14 | 350 /0 7_| M19 | 50: /O - | Ui2 | 649
/0 (A17) 3 B2 [ 197 /0 49 | B16 | 353 /0 - | N20 | 50 o) - [Wi3 | 652
[le) 4 B3 | 200 /0 50 | C15 | 356 ) - | Mi8 | 50 [[e) - [xa 55
o) E6 | 20 /0 51 | E14 | 359 [le) - [ M17 | 51 /0 - Vi 5t
VO (TDl) _ D5 | 20¢ /0 - [ Al 62 o) - | M6 | 514 /0 44 | W12 | 6¢
1/0 (TCK) 7_|_Ca_| 20¢ o) —_| D15 | 365 GND 98 - - 0 45 | 11 564
/0 - A Is) 52 | C16 | 368 VO 99 | N19 [ 517 /0 46 | x12 7
/0 B ] /0 5: B17 | 37 VO 100 | P20 | 520 /0 47 | Uil 0
/0 8 E 2 /0 4 B1 74 vCcC 10 T20 - /O (D4) 4 Vi1 | 673
/0 9 B4 | 221 /0 5 | E 77 ) 02 | N 523 /0 49 [W11 | 676
/0 0 | C5 | 224 | U0 6_| D16 | 380 ) 03 | P19 | 526 vcc 50 | X10 | -
/0 A4 | 227 |C_SCGK2 (1O} | 57 | C17 | 383 0 04 | N17 | 529 GND 151 | x11 |-
/0 D7 30 | ™ 58 | A20 | 386 0 05 | R19 | 532 /0 (D3) 52 | W10 | 679
/0 C6 3 GND 59 | A19 | - GND 06 | R20 | - /O (RS) 53 | V10 | 682
/0 - | Es 6 MO 60 | C18 | 3891 /0 - IN 35 /0 54 | T10 | 6¢
) S 9 vCC 61 | B20 | - ) - | P18 | 538 /0 55 | U10
GND 4 | A B 62 | D17 | 3901 0 07 | U20 | 541 /0 56 | X
0 86 | 242 | CPGCK2 (Op | 63 | B19 [ 391 ) 08 | P17 | 544 0 57 | W )4
/0 D8 | 24 1/0 (HDC) 64 | C19 | 394 0 09 | T19 | 547 /0 - [ X8 | 697
/O (TMS) 7 | C7 |24 GND - | El B ) 110 | R18 | 550 [1e) - | ve | 700
/0 18 | B7 | 25 o) 65 | Fi6 | 397 0 111_| P16 | 553 o) - [ U9 [ 703
Boundary Scan Bit 0 = TDO.T

Boundary Scan Bit 1 = TDO.O
Boundary Scan Bit 775 = BSCAN.UPD
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XC4000 Logic Cell Array Family

XC4025 Pinouts (continued)

Pin Boun: Bound| Pin Bound Pin Bound
Description MQ240| PG299| Scan Description MQ240| PG299| Scan | Description MQ240| PG299| Scan Description MQ240| PG299| Scan
/o - T9 | 706 /0 72 X 748 /0 86 T4 1 /o 200 N3 59
GND 58 - - /O (D1) 7. V] 751 /O (CS1, A2) 87 U 4 vcc 201 R1 -
/0 (D2) 9 | W8 | 709 |vO (RCLK-BUSY/RDY)| 174 V! 754 /O (A3) 88 Vv 7 /0 - M5 62
[[e] 0 X7 | 712 /0 - W4 | 757 o - R4 20 ¢] - P1 65
vce 1 X - /0 - W3 | 760 /o - P5 23 /0 - M4 68
/0 62 | V8 | 7 /0 75 | 16 | 76: 9] 89 | U2 | 26 0 - N7
/0 3 | w7 | 7 /0 76 | U5 | 76 0 90 | 13 | 29 1O (Ad) 02 | N1_| 74
/0 54 | Us | 72 oD DIN)_| 177 | V4 [ 76 0 91 | U1 | 32 /O (A5) 03 | M3 | 77
/0 5 | W6 | 72¢” [SGCK4 (DOUT, VO)[ 1783 X1 | 77 0 92 | P4 |35 GND 04 | - | -
GND 6 X - ——TCLK _ V3 - /0 3 R 36 o) 0! M2 0
/0 - | T8 | 727 GND - |15 [ - /0 34 | N5 | 4 /O 06 | L5 | 8¢
o - Vi 730 vcc 80 | W /0 5 T2 44 0o 0 M1 3€
/0 7 X4 | 7 TDO 81 U4 10 - R2 47 /0 208 4
/0 U7 _| 7 GND 82 X2 - GND 96 T - /O (A6) 209 L. 92
/0 9 | W5 | 7 ,P_QML W 2 /0 97 | Na | 50 V/O (A7) 210 | L2 | 95
/0 0 V6 | 74 GCK4 (/0, A1) V2 5 0 98 P3 53 GND 211 -
/0 Al T7_| 74 /0 5 R 8 10 99 P2 56
For a detailed description of the device architecture, see pages 2-9 through 2-31.
For a detailed description of the configuration modes and their timing, see pages 2-32 through 2-55.
For detailed lists of package pinouts, see pages 2-57 through 2-67.
For package physical dimensions and thermal data, see Section 4.
Ordering Information
Example: XC4010-5PG191C
Device Type ———]— T— Temperature Range
Speed Grade Number of Pins
Package Type
Component Availability
PINS 84 100 120 144 156 160 164 191 196 208 223 225 240 299
TOP TOP TOP
TYPE PLAST. | PLAST. | PLAST. | BRAZED|CERAM. | PLAST. | CERAM | PLAST. | BRAZED|CERAM. | BRAZED| PLAST. | METAL |CERAM. | PLAST. | PLAST. | METAL | METAL
PLCC | PQFP VQFP CQFpP PGA TQFP PGA PQFP | CQFP PGA CQFP | PQFP PQFP PGA BGA PQFP PQFP PQFP
CODE PC84 | PQ100 | VQ100 [ CB100 | PG120 | TQ144 | PG156 | PQ160 | CB164 | PG191 | CB196 | PQ208 | MQ208 | PG223 | BG225 | PQ240 | MQ240 | PG299
Ccl
XC4003
XC4005 44444444444
T
XC4008
XC4010
XC4010D
XC4013
XC4020
XC4025

C = Commercial =
B =MIL-STD-883C Class B

0°to +70° C |

Industrial

40° to +85° C
Parentheses indicates future product plans

M = Mil Temp = -55° to +125° C
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XC4010D
Logic Cell Array

Product Specifications

Features

® Third Generation Field-Programmable Gate Array
— Abundant flip-flops
— Flexible function generators
— No on-chip RAM
— Dedicated high-speed carry-propagation circuit
— Wide edge decoders (four per edge)
- Hierarchy of interconnect lines
— Internal 3-state bus capability
— Eight global low-skew clock or signal distribution
network
* Flexible Array Architecture
— Programmable logic blocks and I/O blocks
— Programmable interconnects and wide decoders

¢ Sub-micron CMOS Process
— High-speed logic and Interconnect
— Low power consumption

® Systems-Oriented Features
— IEEE 1149.1-compatible boundary-scan logic support
— Programmable output slew rate (2 modes)
- Programmable input pull-up or pull-down resistors
- 12-mA sink current per output
- 24-mA sink current per output pair

* Configured by Loading Binary File
— Unlimited reprogrammability
— Six programming modes

® XACT Development System runs on '386/'486-type PC,
NEC PC, Apollo, Sun-4, and Hewlett-Packard 700
series
— Interfaces to popular design environments like

Viewlogic, Mentor Graphics and OrCAD

- Fully automatic partitioning, placement and routing
- Interactive design editor for design optimization
— 288 macros, 34 hard macros, RAM/ROM compiler

Description

The XC4010D is a RAM-less, lower-cost version of the
XC4010. ltis identical to the XC4010 in all respects, except
for the missing on-chip RAM.

The XC4010D is available in 84-pin PLCC and in 160-lead
Plastic Quad FlatPak packages.

For complete electrical specifications, see pages 2-47
through 2-55.

For a detailed description of the device features,
architecture and configuration methods, see pages 2-9
through 2-45.

For detailed lists of package pinouts, see page 2-70.

For package physical dimensions and thermal data, see
Section 4.

Ordering Information and Component Availability

XC4010D-6PC84C
XC4010D-6PC84!
XC4010D-5PC84C
XC4010D-5PC84I
XC4010D-6PQ160C
XC4010D-6PQ160!
XC4010D-5PQ160C
XC4010D-5PQ160!

Table 1. The XC4000 Family of Field-Programmable Gate Arrays

Device XC4003 XC4005 XC4006  XC4008 XC4010/10D XC4013 XC4020 XC4025
Appr. Gate Count 3,000 5,000 6,000 8,000 10,000 13,000 20,000 25,000
CLB Matrix 10x 10 14 x 14 16 x 16 18x 18 20x 20 24x24 28x28 32x32
Number of CLBs 100 196 324 400 576 784 1,024
Number of Flip-Flops 360 616 936 1,120 1,536 2,016 2,560
Max Decode Inputs (per side) 30 42 54 60 72 84 96
Max RAM Bits 3,200 6,272 8,192 10,368 12,800* 18,432 25,088 32,768
Number of I0Bs 80 112 144 160 192 224 256

*XC4010D has no RAM




XC4000 Logic Cell Array Family

XC4010D Pinouts

Boundary Scan Bit0 = TDO.T
Boundary Scan Bit 1 = TDO.O
Boundary Scan Bit 487 = BSCAN.UPD

Pin Boundary Pin Boundary Pin Boundary
Description PC84 | PQ160 | Scan Description PC84 | PO160 | Scan Descripti PC84 | PQ160 | Scan
vce 2 142 - /0 - 35 233 110 - 88 382
=]
VO (A8) 3 143 62 [Te) 28 36 236 [7s) - 89 385
/O (A9) 4 144 65 SGCK2 (1/0) 29 37 239 Vo - [ 388
1) - 145 68 M1 30 38 242 GND - 91 -
/0 - 146 71 GND 31 39 - Vo - 92 397
/O (A10) 5 147 80 MO 32 40 245t Vo - 93 400
1O (A1) 6 148 83 vce 33 41 - VO (D5) 59 94 403
13} - 149 86 M2 34 42 246t /0 (CS0) 60 95 406
1) - 150 89 PGCK2 (1/0) 35 43 247 /o - 96 415
GND - 151 - /O (HDC) 36 44 250 110 - 97 418
[7e) - 152 98 s} - 45 253 1/O (D4) 61 98 421
Vo - 153 101 ) - 46 256 110 62 99 424
1O (A12) 7 154 104 /0 - a7 259 vce 63 100 -
/O (A13) 8 155 107 1/O (LDC) 37 48 262 GND 64 101 -
/o - 156 110 /o - 49 265 /0 (D3) 65 102 427
/0 - 157 113 1/0 - 50 268 1O (RS) 66 103 430
1O (A14) 9 158 116 GND - 51 - Vo - 104 433
SGCK1 (A15, 1/0) 10 159 119 Vo 52 277 1) - 105 436
vce 1 160 - Vo - 53 280 /0 (D2) 67 106 445
GND 12 1 . o 38 54 283 o 68 107 448
PGCK1 (A16, 1/0) 13 2 122 1) 39 55 286 ) - 108 451
1O (A17) 14 3 125 [Is) - 56 295 10 - 109 454
) - 4 128 /o - 57 298 GND B 110 .
1) - 5 131 /0 40 58 301 110 - 111 463
1/O (TDI) 15 6 134 VO (ERR, INIT) 41 59 304 /0 - 112 466
/O (TCK) 16 7 137 vce 42 60 - 10 (D1 69 113 469
/0 - 8 140 GND 43 61 - VO (RCLK-BUSY/RDY) | 70 114 472
Vo - 9 143 Vo 44 62 307 Vo - 115 475
GND - 10 - /0 45 63 310 110 - 116 478
/0 - 1 152 7s) - 64 313 1/O (DO, DIN) 71 117 481
Vo - 12 155 /0 - 65 316 SGCK4 (DOUT, I/0) 72 118 484
/O (TMS) 17 13 158 Vo 46 66 325 CCLK 73 119 -
Vo 18 14 161 10 a7 67 328 vce 74 120 -
/0 - 15 170 /0 - 68 331 DO 75 121 -
/o - 16 173 [7s) - 69 334 GND 76 122 -
Vo 19 17 176 GND - 70 - VO (A0, WS) 77 123 2
) 20 18 179 73} 71 343 PGCK4 (1/0, A1) 78 124 5
GND 21 19 - o - 72 346 o - 125 8
vee 22 20 - 78} 48 73 349 /o - 126 1
[Te) 23 21 182 Vo 49 74 352 /O (CS1, A2) 79 127 14
) 24 22 185 [7s) - 75 355 /0 (A3) 80 128 17
) - 23 188 e - 76 358 o - 129 20
[7e) - 24 191 [7) 50 77 361 [7s) - 130 23
) 25 25 200 SGCK3 (/0) 51 78 364 GND - 131 -
[7e) 26 26 203 GND 52 79 - [Ie) - 132 32
/0 - 27 206 DONE 53 80 - /o - 133 35
/o - 28 209 vce 54 81 - 10 (Ad) 81 134 38
GND - 29 - PROG 55 82 - /O (AS5) 82 135 41
7 - 30 218 /0 (D7) 56 83 367 s . 136 47
) - 31 221 PGCKS3 (1/0) 57 84 370 Vo 137 50
[7) 27 32 224 [7s) - 85 373 Vo - 138 53
[7e) - 33 227 Vo - 86 376 VO (A6) 83 139 56
[7e) - 34 230 1O (D6) 58 87 379 VO (A7) 84 140 59
GND 1 141 :
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XC4000A
Logic Cell Array Family

Product Specifications

Features

* Third Generation Field-Programmable Gate Arrays
— Abundant flip-flops
- Flexible function generators
— On-chip ultra-fast RAM
- Dedicated high-speed carry-propagation circuit
— Wide edge decoders (two per edge)
— Hierarchy of interconnect lines
— Internal 3-state bus capability
- Eight global low-skew clock or signal distribution
network

* Flexible Array Architecture
-~ Programmable logic blocks and I/O blocks
~ Programmable interconnects and wide decoders

® Sub-micron CMOS Process
- High-speed logic and Interconnect
— Low power consumption

* Systems-Oriented Features
- |[EEE 1149.1-compatible boundary-scan logic support
— Programmable output slew rate (4 modes)
— Programmable input pull-up or pull-down resistors
— 24-mA sink current per output (48 per pair)

® Configured by Loading Binary File
~ Unlimited reprogrammability
- Six programming modes

® XACT Development System runs on '386/486-type PC,
NEC PC, Apollo, Sun-4, and Hewlett-Packard 700 Series
- Interfaces to popular design environments like
Viewlogic, Mentor Graphics and OrCAD
- Fully automatic partitioning, placement and routing
- Interactive design editor for design optimization
— 288 macros, 34 hard macros, RAM/ROM compiler

Description

The XC4000A family of FPGAs offers four devices at the low
end of the XC4000 family complexity range. XC4000A
differs from XC4000 in four areas: fewer routing resources,
fewer wide-edge decoders, higher output sink current, and
improved output slew-rate control.

® The XC4000 routing structure is optimized for smaller
designs, naturally requiring fewer routing resources. The
XC4000A devices have four Longlines and four single-
length lines per row and column, while the XC4000
devices have six Longlines and eight single-length lines
per row and column. This results in a smaller chip area
and lower cost per device.

XC4000A has two wide-edge decoders on every device
edge, while the XC4000 has four. All other wide-decoder
features are identical in XC4000 and XC4000A.

* XC4000A outputs are specified at 24 mA, sink current,
while XC4000 outputs are specified at 12 mA. The source
current is the same 4 mA for both families.

* The XC4000A family offers a more sophisticated output
slew-rate control structure with four configurable options
for each individual output driver: fast, medium fast, me-
dium slow, and slow. Slew-rate control can alleviate
ground-bounce problems when multiple outputs switch
simultaneously, and it can reduce or eliminate crosstalk
and transmission-line effects on printed circuit boards.

Note that the XC4003 and XC4005 devices are available in
both flavors, the lower-priced XC4003A/XC4005A with re-
duced routing, and the higher-priced XC4003/XC4005 with
more abundant routing resources. The XC4000A devices
are intended for less demanding and more structured
designs, and the XC4000 devices for more random designs
requiring additional routing resources.

The equivalent devices are pin-compatible and are avail-
able in identical packages, but they are not bitstream
compatible. In order to move from a XC4000A to a XC4000,
or vice versa, the design must be recompiled.

Table 1. The XC4000A Family of Field-Programmable Gate Arrays

Device XC4002A XC4003A XC4004A XC4005A
Appr. Gate Count 2,000 3,000 4,000 5,000
CLB Matrix 8x8 10x 10 12x 12 14x14
Number of CLBs 64 100 144 196
Number of Flip-Flops 256 360 480 616
Max Decode Inputs (per side) 24 30 36 42
Max RAM Bits 2,048 3,200 4,608 6,272
Number of IOBs 64 80 96 112
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Absolute Maximum Ratings

Symbol | Description Units
Vec | Supply voltage relative to GND -0.5t0 +7.0 \
Vin  |Input voltage with respect to GND -0.5t0 Vg +0.5 \
Vrs |Voltage applied to 3-state output -0.5t0 Vg +0.5 \
Tste |Storage temperature (ambient) -65 to + 150 °C
TsoL |Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) + 260 °C
Ty Junction temperature + 150 °C

Note:  Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.

These are stress ratings only, and functional operation of the device at these or any other conditions beyond those
listed under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions
for extended periods of time may affect device reliability.

Operating Conditions

Symbol | Description Min | Max | Units|
Vee Supply voltage relative to GND  Commercial 0°C to 70°C 4.75 5.25 \Y
Supply voltage relative to GND  Industrial —-40°C to 85°C 45 5.5 \Y
Supply voltage relative to GND  Military -55°C to 125°C 4.5 5.5 \
Viu High-level input voltage (XC4000 has TTL-like input thresholds) 2.0 | Vcc \
' Low-level input voltage (XC4000 has TTL-like input thresholds) 0 08| V
Tin Input signal transition time 250 ns
DC Characteristics Over Operating Conditions
Symbol Description Min Max | Units
Vo High-level output voltage @ loy = —4.0 mA, Vcc min 2.4 \Y
Voo Low-level output voltage @ I =24 mA, Ve max (Note 1) 0.4 v
leco Quiescent LCA supply current (Note 2) 10| mA
e Leakage current -10 +10 | pA
Cin Input capacitance (sample tested) 15| pF
lrin Pad pull-up (when selected) @ V,y = 0V (sample tested) 0.02 0.25 | mA
IrLL Horizontal Long Line pull-up (when selected) @ logic Low 0.2 25| mA
Note: 1. With 50% of the outputs simultaneously sinking 24 mA.

2. With no output current loads, no active input or longline pull-up resistors, all package pins at V¢ or GND, and

the LCA configured with a MakeBits tie option.
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Wide Decoder Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many internal timing parameters cannot be measured directly, there derived from benchmark timing pattens. The following
guidelines relflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more up-to-date
timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5 -4
Description Symbol Device Max Max Max Units
Full length, both pull-ups, Twar XC4002A 8.5 75 ns
inputs from IOB I-pins XC4003A 9.0 8.0 ns
XC4004A 9.5 8.5 ns
XC4005A 10.0 9.0 ns
Full length, both pull-ups TwarL XC4002A 115 10.5 ns
inputs from internal logic XC4003A 12.0 11.0 ns
XC4004A 12.5 11.5 ns
XC4005A 13.0 12.0 ns
Half length, one pull-up Twao XC4002A 8.5 7.5 ns
inputs from OB I-pins XC4003A 9.0 8.0 ns
XC4004A 9.5 8.5 ns
XC4005A 10.0 9.0 ns
Half length, one pull-up TwaoL XC4002A 115 10.5 ns
inputs from internal logic XC4003A 12.0 11.0 ns
XC4004A 12.5 115 ns
XC4005A 13.0 12.0 ns

Note: These delays are specified from the decoder input to the decoder output. For pin-to-pin delays, add the input delay (Tpp)
and output delay (one of 4 modes), as listed on page 2-70.

Global Buffer Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing patterns. The
following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more
up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5 -4
Description Symbol Device Max Max Max |Units
Global Signal Distribution ‘ :
From pad through primary buffer, to any clock k Teg XC4002A 7.7 5.7 ns
XC4003A 7.8 5.8 ns
XC4004A 7.9 59 ns
XC4005A 8.0 6.0 ns
From pad through secondary buffer, to any clock k Tsa XC4002A 8.7 6.7 ns
XC4003A 8.8 6.8 ns
XC4004A 8.9 6.9 ns
XC4005A 9.0 7.0 ns

2-73



XC4000A Logic Cell Array Family

Horizontal Longline Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing patterns. The
following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more
up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5 -4
Description Symbol Device Max Max Max | Units
TBUF driving a Horizontal Longline (L.L.)
| going High or Low to L.L. going High or Low, Tio1 XC4002A 8.2
while T is Low, i.e. buffer is constantly active XC4003A 8.8
XC4004A 94
XC4005A 10.0
I going Low to L.L. going from resistive pull-up Tio2 XC4002A 8.7
High to active Low, (TBUF configured as open drain) XC4003A 9.3
XC4004A 9.9
XC4005A 10.5
T going Low to L.L. going from resistive pull-up Ton XC4002A 10.1
or floating High to active Low, (TUBF configured XC4003A 10.7
as open drain) XC4004A 114

XC4005A 12.0

T going High to TBUF going inactive, not driving L.L. | Togr All devices 3.0

T going High to L.L. going from Low to High, Tpus XC4002A 23.0
pulled up by a single resistor XC4003A 24.0
XC4004A 25.0
XC4005A 26.0

T going High to L.L. going from Low to High, Teur - XC4002A 10.5
pulled up by two resistors XC4003A 11.0
XC4004A 11.5
XC4005A 12.0
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Guaranteed Input and Output Parameters (Pin-to-Pin)

All values listed below are tested directly. and guaranteed over the operating conditions. The same parameters can also be derived
indirectly from the 0B and Global Buffer specifications. The XACT delay calculator uses this indirect method. When there is a discrepancy
between these two methods, the directly tested values listed below should be used, and the derived values should be ignored.

Speed Grade -6 -5 -4
Description Symbol Device Units
Global Clock to Output (fast) Tickoe XC4002A 14.9 ns
XC4003A 15.1 ns
(Max) XC4004A | 15.3 ns
XC4005A 15.5 ns
Global Clock to Output (slew limited) Ticko XC4002A 19.9 ns
XC4003A 20.1 ns
(Max) XC4004A 20.3 ns
XC4005A 20.5 ns
Input Set-up Time, using IFF (no delay) Tpsue XC4002A 2.6 ns
XC4003A 24 ns
(Min) XC4004A 22 ns
XC4005A 2.0 ns
Input Hold time, using IFF (no delay) Teur XC4002A 4.9 ns
XC4003A 5.1 ns
(Min) XC4004A 5.3 ns
XC4005A 5.5 ns
Input Set-up Time, using IFF (with delay) Trsu XC4002A 21.8 ns
XC4003A 215 ns
(Min) XC4004A 21.2 ns
XC4005A 21.0 ns
Input Hold Time, using IFF (with delay) TeH XC4002A 0 ns
XC4003A 0 ns
(Min) XC4004A 0 ns
XC4005A 0 ns

Input
Set-Up

Hold
Time

[ s

IFF OFF

‘D};l_ [

Global Clock-to-Output Delay

X3192

Timing is measured at pin threshold, with 50 pF external
capacitive loads (incl. test fixture). When testing fast out-
puts, only one output switches. When testing slew-rate
limited outputs, half the number of outputs on one side of the
device are switching. These parameter values are tested
and guaranteed for worst-case conditions of supply voltage
and temperature, and also with the most unfavorable clock
polarity choice.

TppLi for -4 Speed Grade

Padto 1, 12 XC4002A 17.4 ns
via transparent XC4003A 17.6ns

ith del XC4004A 17.8 ns
# XC4005A 17.9ns

Tpickp for -4 Speed Grade

Input set-up time  XC4002A 15.4 ns
pad to clock (IK)  XC4003A 15.6 ns
with delay XC4004A 158 ns

£ ang XC4005A 159 ns

X5283
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10B Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally-
tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing patterns. The following
guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more up-to-date
timing information, use the values provided by the XACT timing calculator and used in the simulator.

-6 -5 -4
Description Symbol |Min [Max || Min [Max || Min |Max | Units
INPUT
Propagation Delays
Padto I1, 12 Teio 4.0 ns
Pad to 1, 12, via transparent latch (no delay) Tew 8.0 ns
Pad to I1, 12, via transparent latch (with delay) Teou 26.0 ns
Clock (IK) tol1, 12, (flip-flop) Tikri 8.0 ns
Clock (IK) to 11, 12 (latch enable, active Low) Tiku 8.0 ns
Set-up Time (Note 3)
Pad to Clock (IK), no delay Trick 7.0 6.0 ns
Pad to Clock (IK) with delay Teickp |25.0 24 .0 ns
Hold Time (Note 3)
Pad to Clock (IK), no delay Tikpi 1.0 1.0 ns
Pad to Clock (IK) with delay TikpiD neg neg ns
OUTPUT
Propagation Delays
Clock (OK) to Pad (fast) Tokror 7.5 ns
Output (O) to Pad (fast) Torr 9.0 ns
3-state to Pad begin hi-Z (slew-rate independent) Trshz 9.0 ns
3-state to Pad active and valid (fast) TrsonF 13.0 ns
Additional Delay
For medium fast outputs 2.0 ns
For medium slow outputs 4.0 ns
For slow outputs 6.0 ns
Set-up and Hold Times
Output (0) to clock (OK) set-up time Took 8.0 6.0 ns
Output (O) to clock (OK) hold time Toko 0.0 0.0 ns
Clock
Clock High or Low time TewTe| 5.0 4.0 4.0 ns
Global Set/Reset
Delay from GSR net through Q to I1, 12 Trri 145 13.5 135 ns
Delay from GSR net to Pad Trro 18.0 17.0 14.6 ns
GSR width* Turw |21.0 18.0 18.0 ns

* Timing is based on the XC4005. For other devices see XACT timing calculator.
** See preceding page.

Notes: 1. Timing is measured at pin threshold, with 50 pF external capacitive loads (incl. test fixture).

2. Voltage levels of unused (bonded and unbonded) pads must be valid logic levels. Each can be configured with the
internal pull-up or pull-down resistor or alternatively configured as a driven output or be driven from an external source.

3. Input pad setup times and hold times are specified with respect to the internal clock (IK). To calculate system setup time,
subtract clock delay (clock pad to IK) from the specified input pad setup time value, but do not subtract below zero.
Negative hold time means that the delay in the input data is adequate for the external system hold time to be zero,
provided the input clock uses the Global signal distribution from pad to IK.
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CLB Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing patterns. The following
guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more up-to-date
timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade| -6 -5 -4

Description Symbol | Min| Max || Min | Max|| Min |[Max |Units
Combinatorial Delays

F/G inputs to X/Y outputs To 6.0 4.5 40| ns

F/G inputs via H' to X/Y outputs TiHo 8.0 7.0 6.0| ns

C inputs via H' to X/Y outputs ThHO 7.0 5.0 45| ns
CLB Fast Carry Logic

Operand inputs (F1 ,F2,G1 ,G4) to COUT Topcy 7.0 ns

Add/Subtract input (F3) to Coyr Tascy 8.0 ns

Initialization inputs (F1,F3) to Coyt Tiney 6.0 ns

C\ through function generators to X/Y outputs Tsum 8.0 ns

Cin to Cour, bypass function generators. Teyp 2.0 ns
Sequential Delays

Clock K to outputs Q Teko 5.0 ns
Set-up Time before Clock K

F/G inputs Tick 6.0 4.5 ns

F/IG inputs via H' TIHCK 8.0 6.0 ns

C inputs via H1 THHek 7.0 5.0 ns

C inputs via DIN Toick 4.0 3.0 ns ‘

C inputs via EC Tecck 7.0 4.0 ns |

C inputs via S/R, going Low (inactive) Trek 6.0 4.5 ns !

Cninput via F/G' 8.0 6.0 ns

Cininput via F/G' and H' 10.0 75 ns
Hold Time after Clock K

F/G inputs Texi 0 0 ns

F/G inputs via H' Texm 0 0 ns

C inputs via H1 Tekun 0 0 ns

C inputs via DIN Tekor 0 0 ns

C inputs via EC Texec 0 0 ns

C inputs via S/R, going Low (inactive) Tekr 0 0 ns
Clock

Clock High time Ten 5.0 4.0 4.0 ns

Clock Low time TeL 5.0 4.0 4.0 ns
Set/Reset Direct

Width (High) Trew 5.0 4.0 4.0 ns

Delay from C inputs via S/R, going High to Q Trio 9.0 8.0 70| ns
Master Set/Reset*

Width (High or Low) Turw 21.0 18.0 18.0 ns

Delay from Global Set/Reset net to Q Tura 33.0 31.0 28.0| ns

* Timing is based on the XC4005. For other devices see XACT timing calculator.
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XC4000A Logic Cell Array Family

CLB Switching Characteristic Guidelines (continued)

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many internal timing parameters cannotbe measured directly, they are derived from benchmark timing patterns. The following
guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more up-to-date
timing information, use the values provided by the XACT timing calculator and used in the simulator. -

CLB RAM OPTION Speed Grade -6 -5 -4
Description Symbol Min |Max || Min | Max ||Min | Max|Units
Write Operation
Address write cycle time 16x2 | Twe 9.0 8.0 ns
32x1 Twer 9.0 8.0 ns
Write Enable pulse width (High) 16x2 | Twp 5.0 4.0 ns
32x1 Twer 5.0 4.0 ns
Address set-up time before beginning of WE 16x2 | Tas 20 20 ns
32x1 Tast 2.0 2.0 ns
Address hold time after end of WE 16x2 | Tan 2.0 2.0 ns
32x1 TAHT 2.0 2.0 ns
DIN set-up time before end of WE 16x2 | Tps 4.0 4.0 ns
32x1 Tost 5.0 5.0 ns
DIN hold time after end of WE both | Tpur 2.0 2.0 ns
Read Operation
Address read cycle time 16x2 | Tgre 7.0 55 ns
32x1 | Trer 10.0 7.5 ns
Data valid after address change 16x2 | Two 6.0 45 ns
(no Write Enable) 32x1 TiHo 8.0 7.0 ns
Read Operation, Clocking Data into Flip-Flop
Address setup time before clock K 16x2 | Tick 6.0 4.5 ns
32x1 TiHck 8.0 6.0 ns
Read During Write
Data valid after WE going active 16x2 | Two 12.0 10.0 ns
(DIN stable before WE) 32x1 Twort 15.0 12.0 ns
Data valid after DIN 16x2 | Tpo 11.0 9.0 ns
(DIN change during WE) 32x1 Toor 14.0 11.0 ns
Read During Write, Clocking Data into Flip-Flop
WE setup time before clock K 16x2 | Twek 12.0 10.0 9.5 ns
32x1 TWCKT 15.0 12.0 11.5 ns
Data setup time before clock K 16x2 | Tpek 11.0 9.0 9.0 ns
32x1 | Tpexr |14.0 11.0 11.0 ns

Note: Timing for the 16 x 1 RAM option is identical to 16 x 2 RAM timing
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CLB RAM Timing Characteristics

TRe
Y X
WRITE <~—Tas i Twe -t TAH—>
WRITE ENABLE *
DATAIN REQUIRED
READ
XY OUTPUTS

READ, CLOCKING DATA INTO FLIP-FLOP

} Tick TcH

CLOCK

XQ,YQ OUTPUTS \(/SH)E; mé_‘;%

READ DURING WRITE
Twp
WRITE ENABLE
> ToH
DATA IN
(stable during WE)
XY OUTPUTS VALID
DATA IN
(changing during WE) oLD NEW
[=Two—> Too——»|
VALID VALID
X,Y OUTPUTS (PREVIOUS) Yoo

READ DURING WRITE, CLOCKING DATA INTO FLIP-FLOP

WRITE ENABLE

DATA IN

CLOCK

< Twp >

XQ,YQ OUTPUTS
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XC4002A Pinouts

Pin Bound Pin Bound Pin Bound
PC 84 | PQ100 | vQ100 { PG120| Scan Descriptk PC84|PQ100 | vQ100| PG120)| Scan Descripti PC 84| PQ100 | VQ100 | PG120 | Scan
vce 2 | 92 |8 |Gg3 | - [Te) 28 | 23 | 20 | c9 | 92 - - | - - | -
1/0 (AB) 3 |93 |9 |G1] 2 SGCK2(/0) | 29 | 24 | 21 | A12| 95 1/O (D6) 58 | 568 | 55 | M10 | 157
1/O (A9) 4 | 94|91 | F1| 2 0 (M1) 30 | 25 | 22 [ B11| 98 1o - | 59 | 56 | N11 | 160
- - | os* [ 92* | E1* | - GND 31 | 26 | 23 {c10| - 1/O (D5) 59 | 60 | 57 | M9 | 163
- - | 96* [ 93" | F2* | - 1(Mo) 32 | 27 | 24 | c11 | 101t 1/O (CS0) 60 | 61 [ 58 | N10 | 166
/0 (A10) 5 | 97 [ 94 | F3 | 32 vce 33 (28 | 25 | D11 | - - - | 62" | 59* | 18* | -
1/0 (A11) 6 | 98| 95 | D1 ] 35 1 (M2) 34 | 29 | 26 | B12 | 102t - - | 63* | 60* | No* | -
- -1 - - | E2 [ - PGCK2(10) | 35 | 30 | 27 [ c12 | 103 1/O (D4) 61 | 64 | 61 | M8 | 169
10 (A12) 7 | 99 | 96 | c1 | 38 1/O (HDC) 36 | 31 | 28 [ A13 | 106 /0 62 | 65 | 62 | N8 | 172
1/0 (A13) 8 |100| 97 | D2 | 41 - - | - - |B13*| - vce 63 | 66 | 63 | M7 | -
< -] - - | E3* | - - - | - - |E1*| - GND 64 | 67 | 64 | L7 | -
- - - - |B1*| - o - | 3 [ 29 [ D12 | 109 1/0 (D3) 65 | 68 | 65 | N7 | 175
/O (A14) 9 1 |98 | c2| 44 1/0 ([BT) 37 | 3 | 30 |c13] 112 1O (RS) 66 | 69 | 66 | N6 | 178
SGCK1 (A15,1/0)| 10 | 2 | 99 | D3 | 47 [le] 38 | 34 | 31 [E12] 115 - - | 70" | 67" [ Ns* | -
vce 11| 3 [100]| c3 | - 0 39 | 35 | 32 | D13 | 118 - - | - - | ™me*| -
GND 12| a 1 | ca| - - - | 36* | 33 |F11*| - VO (D2) 67 | 71 | 68 | L6 [ 181
PGCK1 (A16,1/0)| 13 | 5 2 | B2 | 50 - - | a7 | 34 [E13*| - [le) 68 | 72 | 69 | N4 | 184
1/0 (A17) 14| 6 3 | B3| 53 [le) 40 | 38 | 35 | F12 | 121 1/0 (D1) 69 | 73 | 70 | ms5 | 187
- -] - - At ] - vo (ErR,INm) | 41 | 39 | 36 | F13 | 124 | | vomowsusvroy| 70 | 74 | 71 | N3 | 190
- -] - - | A2t | - vce 42 | 40 | 37 |Gg12| - - -] - - | mMa| -
1/O (TDI) 15| 7 4 | cs5 | 56 GND 43 | 41 | 38 [G11| - - -] - - || -
1/O (TCK) 16| 8 5 | B4 | 59 [le) 44 | 42 | 39 | G13 | 127 ¥O(@Oo,DIN) | 71 | 75 | 72 | N2 | 193
- - | - - | A3 | - [le) 45 | 43 | 40 [ H13 | 130 | [sacka (pout,vo)| 72 | 76 | 73 | M3 | 196
1/O (TMS) 17| 9 6 | B5 | 62 - - | 44 | a1 013t ] - CCLK 73| 77 | 74 | 14| -
1) 18] 10| 7 | AMa]| 65 - - | 45* | 42* [H12*]| - vce 74 | 78 | 75 | LB | -
- - | - - jce | - 110 46 | 46 | 43 | H11 | 133 0 (TDO) 75| 79| 76 | M2| -
- - | 11* | 8 | A5t | - 0 47 | 47 | 44 [ K13 | 136 GND 76 | 80 | 77 | k3 | -
Vo 19| 12| 9 | Bs | 68 [le) 48 | 48 | 45 | 12 | 139 VoMAo,Ws) | 77 | 81 | 78 [ 12 ]| 2
[le) 20| 13| 10| A6 | 71 o) 49 | 49 | 46 | L13 | 142 | | PcCka(OAN | 78 | 82 | 79 [ N1 | 5
GND 21 | 14 | 11 | B7 | - - - | - - k12| - - - | - - M1t -
vce 2|15 |12 |c7| - - - | - - || - - -] - - g | -
/o 23| 16| 13 | A7 | 74 /o 50 | 50 | 47 [ M13 | 145 VO(CS1,A2) | 79 | 83 | 80 [ k2 | 8
110 24 | 17 | 14 | AB | 77 SGCK3(V0) | 51 | 51 | 48 | L12 | 148 1/O (A3) 80 | 84 | 81 | L1 | 1
- - | 18 [ 15* | A9t | - GND 52 | 52 | 49 [ K11 | - VO (Ad) 81 | 85 [ 82 | J2 | 14
— -] - - | B8 | - DONE 53 | 53 | 50 | L11]| - I/O (AS5) 82 | 86 | 83 | K1 | 17
[Te) 25 | 19 | 16 | c8 | 80 vce 54 | 54 | 51 |L0] - - - | 87 [ 84 [ H3* | -
0 26 | 20 | 17 | A10 | 83 PROG 55 | 55 | 52 | M12| - = - |88 |8 | u1*| -
[le) 27| 21| 18 | B9 | 86 1/0 (D7) 56 | 56 | 53 | M11 | 151 1/O (AB) 83 | 89 [ 86 | H2 | 20
e - | 22 | 19 | A11] 89 PGCK3(10) | 57 | 57 | 54 | N13 | 154 /O (A7) 84 | 90 | 87 | H1 | 23
- -] - - |B10*| - - - | - - N2 - GND 1191 |8 |G| -

* Indicates unconnected package pins.

1 Contributes only one bit (.i) to the boundary scan register.
Boundary Scan Bit 0 = TDO.T

Boundary Scan Bit 1 = TDO.O

Boundary Scan Bit 199 = BSCANT.UPD
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XC4000A Logic Cell Array Family

XC4003A Pinouts
Pin Bound Pin Bound
p PC84 | VQ100 | PQ100 | PG120 | Scan Descript PC84 | VQ100 | PQ100 | PG120 | Scan
vcc 2 89 92 G3 - GND 43 38 LAl G11 -
1/O (A8) 3 920 93 G1 32 /0 44 39 42 G13 157
1/O (A9) 4 91 94 F1 35 o] 45 40 43 H13 160
/0 - 92 95 E1 38 /0 - 41 44 J13 163
/o - 93 96 F2 M /o - 42 45 H12 166
1/0 (A10) 5 94 97 F3 44 /0 46 43 46 H11 169
1/0 (A11) 6 95 98 D1 47 /o] 47 44 47 K13 172
- = - - E2* = o] 48 45 48 J12 175
/O (A12) 7 96 99 C1 50 /o 49 46 49 L13 178
/O (A13) 8 97 100 D2 53 - - - - K12* -
- - - - E3* - = - - - J11* -
- - - - B1* - /0 50 47 50 M13 181
/0 (A14) 9 98 1 Cc2 56 SGCK3 (/0) 51 48 51 L12 184
SGCK1 (A15,1/0) 10 99 2 D3 59 GND 52 49 52 K11 -
vce 11 100 3 C3 ~ DONE 53 50 53 L11 -
GND 12 1 4 C4 - vcc 54 51 54 L10 -
PGCK1 (A186, I/O) 13 2 5 B2 62 PROG 55 52 55 M12 -
1/0 (A17) 14 3 6 B3 /O (D7) 56 53 56 M11 187
- - - - Atl* PGCK3 (I/0) 57 54 57 N13 190
- - - - A2* - - -~ - - N12* -
1/O (TDI) 15 4 7 C5 68 - - - - Lo* -
/O (TCK) 16 5 8 B4 n 1/O (D6) 58 55 58 M10 [ 193
- - - - A3* - /0 - 56 59 N11 196
/O (TMS) 17 6 9 BS 74 1/O (D5) 59 57 60 M9 199
o 18 7 10 A4 77 1/0 (CS0) 60 58 61 N10 202
/o - - - Ceé 80 /o] - 59 62 L8 205
o] - 8 11 A5 83 /o - 60 63 N9 208
/0 19 9 12 B6 86 I/O (D4) 61 61 64 M8 211
/o 20 10 13 A6 89 /0 62 62 65 N8 214
GND 21 1 14 B7 - vcc 63 63 66 M7 -
vce 22 12 15 c7 - GND 64 64 67 L7 -
/o 23 13 16 A7 92 1/O (D3) 65 65 68 N7 217
/0 24 14 17 A8 95 I/O (RS) 66 66 69 N6 220
/o - 15 18 A9 98 /0 - 67 70 NS 223
/o - - - B8 101 /o - - - Mé 226
/o 25 16 19 Ccs8 104 1/0 (D2) 67 68 14! L6 229
/o 26 17 20 A10 107 /o 68 69 72 N4 232
/o 27 18 21 B9 110 /O (D1) 69 70 73 M5 235
/o - 19 22 A1 113 I/O (RCLK-BUSY/RDY) 70 71 74 N3 238
- - - - B10* - - - - = M4* -
/o 28 20 23 C9 116 - - = - Ls* -
SGCK2 (1/0) 29 21 24 A12 119 /O (DO, DIN) Al 72 75 N2 241
o M1) 30 22 25 B11 122 SGCK4 (DOUT, I/0) 72 73 76 M3 244
GND 31 23 26 C10 - CCLK 73 74 77 L4 -
1 (MO) 32 24 27 C11 | 1257 vcc 74 75 78 L3 -
vcc 33 25 28 D11 - O (TDO) 75 76 79 M2 -
1(M2) 34 26 29 B12 | 1267 GND 76 77 80 K3 -
PGCK2 (I/0) 35 27 30 C12 127 /O (A0, WS) 77 78 81 L2 2
1/O (HDC) 36 28 31 A13 130 PGCK4 (A1, 1/0) 78 79 82 N1 5
- - - B13" - - - - M1 -
- - - - E11* - = - - - J3* =
o - 29 32 D12 133 I/0 (CS1, A2) 79 80 83 K2 8
1/0 (CBC) 37 30 33 C13 136 1/0 (A3) 80 81 84 L1 "
/o 38 31 34 E12 139 /O (A4) 81 82 85 J2 14
/o 39 32 35 D13 142 /O (AS) 82 83 86 K1 17
/o = 33 36 F11 145 /o - 84 87 H3 20
/o - 34 37 E13 148 /0 - 85 88 J1 23
/o 40 35 38 F12 151 1/O (A6) 83 86 89 H2 26
I/O (ERR, INIT) Ll 36 39 F13 154 1/0 (A7) 84 87 20 H1 29
vcc 42 37 40 G12 - GND 1 88 91 G2 -

* Indicates unconnected package pins.

1 Contributes only one bit (.i) to the boundary scan register.
Boundary Scan Bit 0 = TDO.T

Boundary Scan Bit 1 =TDO.O

Boundary Scan Bit 247 = BSCANT.UPD
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XC4004A Pinouts

Pin Bound Pin Bound Pin Bound
ipti PC84 [ TQ144 | PQ160 | PG120 | Scan Descrip PC84 | TQ144 | PQ160 | PG120 | Scan [ p PC84 | TQ144 | PQ160 | PG120{ Scan
vcc 2 | 128 | 142 | G3 - /O 28 | 32 | 36 | C9 | 140 - - - 90* - -
1/O (A8) 3 | 129 | 143 | G1 38 SGCK2 (/0) 29 | 33 | 37 | A12 | 143 GND - 81 91 - -
1/O (A9) 4 | 130 | 144 | F1 41 O (M1) 30 | 34 | 38 | B11 | 146 - - | 82" | 92* - -
/10 - | 131 | 145 | E1 4 GND 31 3 | 39 |Cl0| - - - | 83" | 93" - -
/O ~ | 132 | 146 | F2 47 | (MO) 32 | 36 | 40 | c11 ] 149" 1/O (DS) 59 | 84 94 | M9 | 241
/O (A10) 5 | 133 | 147 | F3 50 VCC 33 | 37 | 41 | D11 - 1/O (CS0) 60 | 85 95 | N10 | 244
/O (A11) 6 | 134 | 148 | D1 53 1 (M2) 34 | 38 | 42 | B12 [ 1501 /0 - 86 96 L8 | 247
- - | 135 | 149" | - - PGCK2 (/0) 35 | 39 | 43 | C12 | 151 /0 - 87 97 | N9 | 250
- - | 136* | 150" | - - /0 (HDC) 36 | 40 | 44 | A13 | 154 /O (D4) 61 88 98 | M8 | 253
GND - | 137 | 151 | E2 - /0 - 4 45 | B13 | 157 /O 62 | 89 99 | N8 | 256
- - - 152" | - - /o - 42 E11 [ 160 vcc 63 | 90 | 100 | M7 -
- - - |1583*| - - /o - 43 | 47 | D12 | 163 GND 64 | 91 | 101 | L7 -
1/0 (A12) 7 | 138 | 154 | C1 56 /O (CBC) 37 | 44 48 | C13 | 166 /O (D3) 65 | 92 | 102 | N7 | 259
/O (A13) 8 | 139 | 155 | D2 59 - - - | 49* = - /O (RS) 66 | 93 | 103 | N6 | 262
/0 - | 140 | 156 | E3 62 - - - 50" - - /[e] - 94 | 104 | N5 | 265
/O - | 141 | 157 | B1 65 GND - 45 51 - - /0 - 95 | 105 | M6 | 268
/0 (A14) 9 | 142 | 158 | C2 68 - - | 46" | 52" - - 1/O (D2) 67 | 96 | 106 | L6 | 271
SGCK1 (A15,1/0)] 10 | 143 | 159 | D3 71 - - | 47" | 53" - - /(] 68 | 97 | 107 | N4 | 274
vCcC 11 | 144 | 160 | C3 - /0 38 | 48 54 | E12 | 169 - - | 98" [108"] - =
GND 12 1 1 C4 - [{e] 39 | 49 55 | D13 | 172 - - | 99* [109*] - -
PGCK1 (A16, /O)| 13 2 2 B2 74 /0 - 50 56 | F11 | 175 " GND - | 100 | 110 | - -
/O (A17) 14 3 3 B3 77 /0 - 51 57 E13 | 178 - - - 111 - -
/0 - 4 4 Al /0 40 | 52 58 | F12 | 181 - - - |n2*] - -
/0 - 5 5 A2 83 /O (ERR, INIT) | 41 53 | 59 | F13 | 184 /O (D1) 69 | 101 | 113 | M5 | 277
1/O (TDI) 15 6 6 C5 86 vcc 42 | 54 60 [G12 | - 1/0 (RCLK-BUSY/RDY) [ 70 | 102 | 114 | N3 | 280
1/O (TCK) 16 7 7 B4 89 GND 43 | 55 61 | G11 - /o - | 103 | 115 | M4 | 283
- - = 8" - - /0 44 | 56 62 | G13 | 187 /O - | 104 | 116 | L5 | 286
- - = 9" - - /0 45 57 63 | H13 | 190 1/0 (DO, DIN) 71 105 | 117 N2 | 289
GND - 8 10 | A3 - [/[e] - 58 64 | J13 | 193 | [sGck4(DOUT, VO)| 72 | 106 | 118 | M3 | 292
= - 9* | 11" - - e] - 59 65 | H12 | 196 CCLK 73 | 107 | 119 | L4 =
- - 10" | 12* - - /O 46 | 60 | 66 | H11 | 199 vce 74 | 108 | 120 | L3 -
/O (TMS) 17 | 11 13 B5 92 /O 47 | 61 67 | K13 | 202 O (TDO) 75 | 109 | 121 | M2 -
/0 18 | 12 14 | M 95 - - | 62* | 68" - - GND 76 | 110 | 122 | K3 -
/O - 13 15 | C6 | 98 - - | 63" | 69" - - 1/O (A0, WS) 77 | 111 [ 123 | L2 2
/0 = 14 16 | A5 | 101 GND - 64 70 - - PGCK4 (V/O,A1) | 78 | 112 | 124 | N1 5
[e] 19 | 15 17 | B6 | 104 - - - 7" - - /0 - | 113 | 1256 | M1 8
e} 20 | 16 18 | A6 | 107 - - - 72" - /0 - | 114 ] 126 | J3 11
GND 21 17 19 B7 - /O 48 | 65 73 | J12 | 205 /O (CS1, A2) 79 | 115 | 127 | K2 14
vCC 22 | 18 20 | C7 - /o 49 | 66 74 | L13 | 201 /O (A3) 80 | 116 | 128 | L1 17
/0 23 | 19 | 21 A7 | 110 /0 ~ 67 75 | K12 | 211 - - |17 j129*] - ~
/O 24 | 20 | 22 | A8 | 113 /o - 68 76 | J11 | 214 - - - |130*] - -
/0 - 21 23 | A9 | 116 /o 50 | 69 77 | M13 | 217 GND - | 118 | 131 - -
/0 = 22 | 24 | B8 | 119 SGCK3 (I/0) 51 70 78 | L12 | 220 - - |119*[132* ] - -
/o 25 | 23 | 25 | C8 | 122 GND 52 | 71 79 | Ki1 - - - | 120 | 133" | - -
/0 26 | 24 26 | A10 | 125 DONE 53 | 72 80 | L1 - /O (A4) 81 | 121 | 134 | J2 20
- - | 25* | 27* - - VvCC 54 | 73 81 | L10 - /O (A5) 82 | 122 | 135 | K1 23
- - | 26" | 28* - = PROG 55 | 74 82 | M12| - - - - |136*]| - -
GND - 27 29 - = /O (D7) 56 | 75 83 | M11 | 223 /o - | 123 | 137 | H3 | 26
- = - 30" - - PGCKS3 (/0) 57 | 76 84 | N13 | 226 /o - | 124 | 138 | J1 29
- = - 31" - - /o - 77 85 | N12 | 229 1/O (A6) 83 | 1256 | 139 | H2 | 32
10 27 | 28 | 32 B9 | 128 /o - 78 | 86 L9 | 232 /O (A7) 84 | 126 | 140 | H1 35
/0 = 29 | 33 | A11 | 131 1/O (D6) 58 | 79 87 | M10 | 235 GND 1 127 | 141 | G2 -
lie] - 30 | 34 [ B10 ] 134 /o - 80 88 | N11 | 238
/0 - 31 35 - 137 - - - 89* - -

* Indicates unconnected package pins.

1 Contributes only one bit (.i) to the boundary scan register.
Boundary Scan Bit 0 = TDO.T

Boundary Scan Bit 1 = TDO.

Boundary Scan Bit 295 = BSCANT.UPD
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XC4000A Logic Cell Array Family

* Indicates unconnected package pins.

1 Contributes only one bit (.i) to the boundary scan register.

XC4005A Pinouts
Pin Bound Pin Bound

Descripti PC84 | TQ144 | PQ160 | PQ208 | PG156 | Scan ipti PC84 | TQ144 | PQ160 | PQ208 | PG156 | Scan
vce 2 128 142 183 H3 - Vo - 31 35 45 c12 161
VO (A8) 3 129 143 184 H1 44 - - - - = - -

VO (A9) 4 130 144 185 G1 a7 VO 28 32 36 46 B13 164

VO - 131 145 186 G2 50 SGCK2 (VO) 29 33 37 a7 B14 167

VO - 132 146 187 G3 53 O (M1) 30 34 38 48 A5 170
- ~ - - 188" - - GND 31 35 39 49 C13 -

- - - - 189" - - 1(M0) 32 36 40 50 A16 1737
/O (A10) 5 133 147 190 F1 56 - - - ~ 51" - -
VO (A11) 6 134 148 191 F2 59 - - - - 52" - -
/0 - 135 149 192 E1 62 - - - - 53" - -
VO - 136 150 193 E2 65 - = = - 54" - -
GND = 137 151 194 F3 - vce 33 37 41 55 cl4 =

- - - - 195" - 1(M2) 34 38 42 56 B15 1747

- - - - 196" - - PGCK2 (/0) 35 39 43 57 B16 175

- - - 152° | 197" | D17 VO (HDC) 36 40 44 58 D14 178

- - - 153" | 198* D2* - Vo - 41 45 59 C15 181
/0 (A12) 7 138 154 199 E3 68 = - - - - - -

1O (A13) 8 139 155 200 c1 7 9 - 42 46 60 D15 184

- - - - - - - [ - 43 47 61 E14 187

VO = 140 156 201 c2 74 1/O (LDC) 37 44 48 62 C16 190
Vo = 141 157 202 D3 77 - - - 49" 63" E15" -
/O (A14) 9 142 158 203 B1 80 - - - 50" 64" D16™ -
SGCK1 (A15, /0) 10 143 159 204 B2 83 - - - - 65" - -
vce 11 144 160 205 c3 - = - - - 66" - -
- - - - 206" - GND - 45 51 67 F14 -

- - - - 207" - o - 46 52 68 F15 193

- - - - 208" - VO - 47 53 69 E16 196

- - - - 1" - - o 38 48 54 70 F16 199

GND 12 1 1 2 Ca4 VO 39 49 55 7 G14 202
- - - - 3" - - - - - 72* = -
PGCK1 (A16, /O) 13 2 2 4 B3 86 - - - - 73" - -

/0 (A17) 14 3 3 5 Al 89 & 50 56 74 G15 205

V0 = 4 4 6 A2 92 VO = 51 57 75 G16 208
[e) - 5 5 7 [ 95 [2) 40 52 58 76 H16 211

- - - - - - - /O (ERR, INIT) 41 53 59 77 H15 214
/O (TDI) 15 6 6 8 B4 98 vce 42 54 60 78 H14 =
/O (TCK) 16 7 7 9 A3 101 GND 43 55 61 79 J14 =

- - - 8" 10" Ad” - [ 44 56 62 80 J15 217

- - - 9" 1" - - /0 45 57 63 81 J16 220

- - - - 127 - - /0 - 58 64 82 K16 223

- - - - 13% - - Vo - 59 65 83 K15 226
GND - 8 10 14 [ - - - - 84* - -
o) - 9 1 15 B5 104 - - - - 85" - -

VO - 10 12 16 B6 107 /0 46 60 66 86 K14 229

/O (TMS) 17 1 13 17 A5 110 /0 47 61 67 87 L16 232

5 18 12 14 18 c7 113 /0 - 62 68 88 M16 | 235

- - - - 19* - - VO - 63 69 89 L15 238
- - - - 20% - - GND - 64 70 90 L14 -
0o - 13 15 21 B7 116 = - - - 91% - -
o) - 14 16 22 A8 19 - - - - 92* - -
VO 19 15 17 23 A7 122 - [ 93" | N16* -
Vo 20 16 18 24 A8 125 - - - 72* 94* | M15" -
GND 21 17 19 25 c8 - ) 48 65 73 95 P16 241

vce 22 18 20 26 B8 - [s) 49 66 74 96 M4 | 244

/o 23 19 21 27 [ 128 VO - 67 75 97 N15 247

/0 24 20 22 28 B9 131 VO - 68 76 98 P15 250

/0 - 21 23 29 A9 134 VO 50 69 77 99 N14 253

/0 - 22 24 30 B10 137 SGCK3 (I/0) 51 70 78 100 R16 256
- - - - 31% - - GND 52 7 79 101 P14 -
- - - - 32% = - - - = - 102% - -
7o) 25 23 25 33 C10 140 DONE 53 72 80 103 R15 -
o) 26 24 26 34 A10 143 - - = - 1047 - -
(o) - 25 27 35 A1l 146 - - = - 105" - -
VO - 26 28 36 B11 149 vee 54 73 81 106 P13 -
GND - 27 29 37 c11 - - - - - 107" - -
- - - - 38* - - PROG 55 74 82 108 R14 -

- - - - 39* - - 1/0 (D7) 56 75 83 109 T16 259

- = - 30° 40" | A" —~ PGCK3 (VO) 57 76 84 110 T15 262

- - - 31" 417 - - /0 - 85 111 R13 | 265
o) 27 28 32 42 B12 152 = = = - - - -

1) - 29 33 43 A13 155 VO - 78 86 112 P12 268
/0 - 30 34 44 A4 158 1/O(DS6) 58 79 87 113 T14 271
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XC4005A Pinouts (continued)

Pin Bound
PC84 TQ144 PQ160 PQ208 PG156 Scan
[1s) - 80 88 114 T13 274
- - - 89" 115" R12¥ -
- - - 90" 116" T12* -
- - - - 17" - -
= - = - 1187 - -
GND - 81 91 119 P11 =
@ - 82 92 120 R11 277
VO - 83 93 121 T11 280
VO (D5) 59 84 122 T10 283
/O (CS0) 85 95 123 P10 286
- - - - 1247 - -
- - - 1257 - -
8 - 86 9% 126 R10 289
o) - 87 o7 127 T9 292
VO (D4) 61 98 128 R9 295
) 62 89 99 129 P9 298
vce 63 90 100 130 R8 -
GND 64 91 101 131 P8 =
VO (D3) 65 92 102 132 T8 301
/0 (RS) 66 93 103 133 7 304
/0 - 94 104 134 T6 307
9] - 95 105 135 R7 310
— - - - 136" - -
- - - - 137° - -
VO (D2) 67 96 106 138 P7 313
/0 97 107 139 T5 316
VO - 98 108 140 R6 319
10 - 99 109 141 T4 322
GND - 100 110 142 P6 -
= = - = 143° - =
- - - - 144% x -
- - - 1117 145~ R5" -
- - = 112% 146" - -
VO (D1) 69 101 113 147 T3 325
/O (RCLK-BUSY/RDY) 70 102 14 148 P5 328
o) - 103 115 149 R4 331
[s) = 104 116 150 R3 334
VO (DO, DIN) 7 105 17 151 P4 337
SGCK4 (DOUT, VO) 72 106 118 152 T2 340
CCLK 73 107 119 153 R2 -
vCcC 74 108 120 154 P3
- = = = 155% - ~
= = — - 156" - -
- - - - 157" - -
- - - - 158~ - -
0 (TDO) 75 109 121 159 T -
GND 76 110 122 160 N3 -
1/O (AO,WS) 77 111 123 161 R1 2
PGCK4 (A1,1/0) 78 112 124 162 P2 5
VO - 13 125 163 N2 8
9 - 14 126 164 M3 11
1O (CS1,A2) 79 115 127 165 P1 14
1/O (A3) 80 116 128 166 N1 17
- = 17 129" 167" M2* -
- - 130" 168~ M1Y =
- = - - 169" ~
- - - - 170" -
GND - 118 131 171 L3 -
VO - 119 132 172 L2 20
VO - 120 133 173 L1 23
VO (A4) 81 121 134 174 K3 26
VO (AS) 82 122 135 175 K2 29
- - = = 176" - -
= = = 136" 177" -
VO - 123 137 178 K1 32
o) - 124 138 179 J1 35
1/0 (A6) 83 125 139 180 38
/0 (A7) 84 126 140 181 J3 41
GND 1 127 141 182 H2 =
* Indicates unconnected package pins. Boundary Scan Bit 1 =TDO.O
Boundary Scan Bit 0 = TDO.T Boundary Scan Bit 343 = BSCANT.UPD
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XC4000A Logic Cell Array Family

For a detailed description of the device architecture, see pages 2-9 through 2-31.

For a detailed description of the configuration modes and their timing, see pages 2-32 through 2-55.

For detailed lists of package pinouts, see pages 2-57 through 2-81 through 2-85.

For package physical dimensions and thermal data, see Section 4.

Ordering Information

Example: XC4005A-5 PQ160C
Device Type Temperature Range
Speed Grade Number of Pins
Package Type
Component Availability
FINS 84 100 120 | 144 | 156 | 160 | 164 | 191 | 196 208 223 | 225 240 299 ]
TOP TOP TOP
TYPE PLAST. | PLAST. | PLAST. | BRAZED|CERAM. | PLAST. | CERAM | PLAST. | BRAZED|CERAM. | BRAZED| PLAST. | METAL |CERAM.| PLAST. | PLAST. | METAL | METAL
PLcc | PaFP | vaFp | caFP | PGA | TaFP | PGA | PaFP | caFP | PGA | caFp | PaFP | PQFP | PGA | BGA | PaFP | PaFP | PQFP

CODE PC84 | PQ100|VQ100 PG120 G191 08 | M
-6[ ci [ cl ci S HiEH:
XC4002A -5
-4
-1 OI
-6
XC4003A 5
-4
6 cl
XC4004A -5 Cc [
4l © ©
-6[ ci [ cl
XC4005A -5 cCI [ cl
4 ¢ c [ [
C = Commercial = 0° to +70° | = Industrial = -40° to +85° C M = Mil Temp = -55° to +125° C
B = MIL-STD-883C Class B Parentheses indicate future product plans
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XC4000H
High I/O Count
Logic Cell Array Family

Product Specifications

Features
® - Third-generation Field-Programmable Gate Arrays
— Very high number of I/O pins
— Abundant flip-flops
— Flexible function generators
— On-chip ultra-fast RAM
— Dedicated high-speed carry-propagation circuit
— Wide edge decoders (four per edge)
— Efficient implementation of multi-level logic
— Hierarchy of interconnect lines
- Internal 3-state bus capability
- Eight global low-skew clock or signal distribution
network
— IEEE 1149.1-compatible boundary-scan logic support
— Programmable output slew rate with (two modes
including SoftEdge)
® Per-pin individually configurable input threshold and
output high level, either TTL or CMOS
- Programmable input pull-up or pull-down resistors
* Flexible Array Architecture
— Programmable logic blocks and I/O blocks
— Programmable interconnects and wide decoders

® Sub-micron CMOS Process
- High-speed logic and interconnect
— Low power consumption

® Configured by Loading Binary File
— Unlimited reprogrammability
- Six programming modes
® XACT Development System runs on '386/'486-type PC,
NEC PC, Apollo, Sun-4, and Hewlett Packard 700
Series
Interfaces to popular design environments like
Viewlogic, Mentor Graphics and OrCAD
Fully automatic partitioning, placement and routing
Interactive design editor for design optimization
— 288 macros, 34 hard macros, RAM/ROM compiler

Description

The XC4000 family of Field-Programmable Gate Arrays
(FPGAs) provides the benefits of custom CMOS VLSI,
while avoiding the initial cost, time delay, and inherent risk
of a conventional masked gate array.

The XC4000 family provides a regular, flexible, program-
mable architecture of Configurable Logic Blocks (CLBs),

Device XC4003H  XC4005H
Approximate Gate Count 3,000 5,000
Number of IOBs 160 192
CLB Matrix 10x 10 14x 14
Number of CLBs 100 196
Number of Flip-Flops 200 392
Max Decode Inputs 30 42
(per side)

Max RAM Bits 3,200 6,272

interconnected by a powerful hierarchy of versatile routing
resources, and surrounded by a perimeter of program-
mable Input/Output Blocks (I0OBs).

The XC4000H family is intended for I/O-intensive applica-
tions. Compared to the XC4000, the XC4000H devices
have almost double the number of IOBs and I/O pins, and
offer a choice of CMOS- or TTL-level outputs and input
thresholds, selectable per pin. The XC4000H outputs sink
24 mA and offer improved 3-state and slew-rate control.

The devices are customized by loading configuration data
into the internal memory cells. The FPGA can either
actively read configuration data out of external serial or
byte-parallel PROM (master modes), or the configuration
data can be written into the FPGA (slave and
peripheral modes).

The XC4000H family is supported by the same powerful
and sophisticated software as the XC4000 family, covering
every aspect of design: from schematic entry, to simula-
tion, to automatic block placement and routing of intercon-
nects, and finally to the creation of the configuration
bit stream.

Since Xilinx FPGAs can be reprogrammed an unlimited
number of times, they can be used in innovative designs
where hardware is changed dynamically, or where hard-
ware must be adapted to different user applications.
FPGAs are ideal for shortening the design and develop-
ment cycle, but they also offer a cost-effective solution for
production rates well beyond 1000 systems per month.

For a detailed description of the device features, architec-
ture, configuration methods and pin descriptions, see
pages 2-9 through 2-45.
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XC4000H High /O Count Logic Cell Array Family

XC4000H Compared to XC4000

For readers already familiar with the XC4000 family, here
is a concise list of the major new features in the XC4000H
family.

* Number of IOBs is, roughly, doubled compared to the
XC4000.

Output slew-rate control is significantly improved.

Resistive Load means a strong pull-down all the way to
ground, capable of sinking 24 mA continuously. If many
outputs switch simultaneously, the resulting ground
bounce might be objectionable.

Capacitive Load, or SoftEdge, means a more sophisti-
cated pull-down that decreases in strength as it ap-
proaches ground. It can only sink4 mA atV, , which is
irrelevant when driving capacitive loads. The benefit is
a substantial reduction in ground bounce when several
outputs switch simultaneously.

In the XC4000, limiting the slew rate of the output
reduces ground bounce, but also introduces a signifi-
cant additional delay. In the XC4000H, the additional
delay in the capacitive-load mode is usually insignifi-
cant.

Allinputand outputflip-flops have been eliminatedin the
XC4000H family. Use the CLB flip-flops instead.

Outputs can sink 24 mA, guaranteed at V, = 0.5V,
compared to the 12 mA at 0.4 V of the XC48b0 family.

Number of decoder inputs per side

Each output may be individually configured as one of the
following.

— TTL-compatible (like the XC4000) that uses
n-channel transistors for both pull-down and pull-up,

- A totem-pole output structure with reduced V,,,

— CMOS-compatible (like the XC2000 and XC3000)
that means n-channel pull-down and p-channel pull-
up with V,, close to the Vcc rail.

Each input can individually be configured for either TTL-
compatible threshold (1.2 V) or for CMOS-compatible
threshold (V./2). Each input can be configured to be
inverting or non-inverting.

Any combination of programmable input and output
levels on any 1/O pin is possible, even the dubious
combination of TTLoutputand CMOS inputonthe same
1/0 pin.

Output 3-state operation is controlled by a two-input
multiplexer.

The first activation of outputs after the end of the
configuration process, as they change from 3-state to
their active level, is always in the SoftEdge mode. This

prevents potential ground-bounce problems when all
outputs turn on simultaneously. A few nanoseconds
later, each output assumes the current-sink capability
determined by its configuration. This soft wake-up op-
eration is transparent to the user.

Architectural Overview

Except for the I/O structure, the XC4000H family is identi-
cal to the original XC4000 family. A matrix of Configurable
Logic Blocks is interconnected through a hierarchy of
flexible routing resources. The powerful system-integra-
tion features of the XC4000 family, such as on-chip RAM,
dedicated fast carry, and wide decoders, are retained in
the XC4000H family.

The XC4000H family almost doubles the number of input/
output pins compared to the XC4000, an attractive feature
for I/O-intensive applications. The output drivers were
redesigned to be more powerful and more flexible.

Input/Output Blocks (I0Bs)

The 10Bs form the interface between the internal logic and
the I/O pads of the XC4000H device. Each IOB consists of
a programmable output section that can drive the pad, and
a programmable input section, that can receive data from
the pad. Aside from being connected to the same pad, the
input and output sections have nothing else in common.

Input
In XC4000H devices, there are no input flip-flops.

The input section receives data from the pad. Each input
can be configured individually with TTL or CMOS input
thresholds. As a configuration option, the input can be
either inverted or non-inverted, before it is made available
to the internal logic.

Pad
Each I/0 pad can be configured with or without a pull-up or
pull-down resistor, independent of the pin usage.

Boundary Scan
The XC4000H I0Bs have the same IEE 1149.1boundary-
scan capabilities as the I0OBs in the original XC4000.

Output

in an XC4000H IOB, there is no output flip-flop. The output
section receives data and 3-state control information from
the CLB interconnect structure.

Under configuration control, the data can be inverted or
non-inverted. The output driver assumes one of the follow-
ing states.

- Permanently disabled, making the pad an input only
pad
- 3-state controlled from the internal logic
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There are two potential sources of the 3-state-control
information, selected by a multiplexer. The output of the
multiplexer driving the 3-state control can be inverted as a
configuration option. The signal can be active High 3-state,
which is identical to the more popular connotation of
active-Low Output Enable, or it can be active-High Output
Enable, which is identical to active Low 3-state.

Each output can be individually configured as either TTL-
or CMOS-compatible. A TTL-compatible output uses n-
channel transistors for both pull-down and pull-up. As a
result, the output High voltage, V. is at least one thresh-
old voltage drop below V.. Depending on the load cur-
rent, this means a voltage drop of 1.0t0 2.4 V. In a system
using TTL input thresholds of 1.2 V, this lower output
voltage results in shorter delays when switching from High
to Low, and thus a better delay balance between the two
signal directions. The smaller signal amplitude also gener-
ates less noise. The reduction in High-level noise margin
is irrelevant because it is still much better than the Low-
level noise margin. TTL-level outputs are, therefore, the
best choice for systems that use TTL-level input thresh-
olds. (XC4000 and XC4000A devices have only TTL-level
outputs and have only TTL-level input thresholds).

When the output is configured as CMOS-compatible, an
additional p-channel transistor pulls the output towards the
Vg rail. This results in an unloaded rail-to-rail signal
swing, ideal for systems that use CMOS input thresholds.
(XC2000 and XC3000 devices have only CMOS-level
outputs).

Each output can be configured for either of two slew-rate
options, which affect only the pull-down operation. When
configured for resistive load, the pull-down transistor is
driven hard, resulting in a practically constant on-resis-
tance of about 10 Q. This results in the fastest High-to-Low
transition, and the capability to sink 24 mA with a voltage
of 500 mV. When many outputs switch High to Low
simultaneously, especially when they are discharging a
capacitive load, this configuration option might result in
excessive ground bounce.

When configured for capacitive load, or SoftEdge, the
High-to-Low transition starts as described above, but the
drive to the pull-down transistor is reduced as soon as the
output voltage reaches a value around 1 V. This results in
a higher resistance in the pull-down transistor, a slowing
down of the falling edge, and a significantly reduced
ground bounce.

OUTPUT

TS INV
3-State TS TS/OE ! >

TS - Capture <
Boundary Scan

TS - Update

INVERT
OUTPUT

N -

Ouput Data O

[e]
Boundary Scan

- Capture <——

O - Update

EXTEST SLEW

RATE

PULL PULL
DOWN up

U

INPUT

Input Data 1 <-———

Input Data 2 12

I - Update
Boundary Scan
1 - Capture

INVERT INPUT

—

X3213

Figure 1. XC4000H Input/Output Block
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Slew-Rate Control with SoftEdge

The XC4000H outputs use a novel, patent-pending
method of slew-rate control that reduces ground bounce
without any significant delay penalty. Each output is con-
figured with a choice between two slew-rate options. Both
options reduce the positive ground bounce that occurs
when the output currentis turned on. They differ in the way
the output current is turned off.

® The slew-rate-limited default mode is called capacitive,
or SoftEdge. At the beginning of a High-to-Low transi-
tion, the pull-down transistor is gradually turned on, and
kept fully conductive until the output voltage has
reached +1V.The pull-down transistor is then gradually
turned off, so thatit finally has an on-resistance of about
100 Q, low enough to sink 4 mA continuously. Gradually
turning off the sink current reduces the max value of
current change (di/dt) that is normally responsible for
the negative voltage spike over the common ground
inductance (bonding wires), called ground bounce.

The capacitive, or SoftEdge, mode is the best choice for
capacitively loaded outputs, or foroulputs requiring less
than 4 mA of dc sink current.

® The non-slew-rate limited mode is called resistive. At
the beginning of a High-to-Low transition, the pull-down
transistor is gradually turned on, and kept fully conduc-
tive as long as the output data is a logic Low. The pull-
down transistor has an impedance of <20 Q, capable of
sinking 24 mA continuously.

Resisitive mode is required for driving terminated trans-
mission lines with 4 to 24 mA of dc sink current. The
abrupt current change when the output voltage reaches
zero causes a voltage spike over the ground inductance
(bonding wire) and can result in objectionable ground
bounce when many outputs switch High-to-Low simul-
taneously.

The following figures show output rising and falling edges
when one output drives different loads. The tests were
performed on a multi-ground-plane test PC board, manu-
factured by Urban Instruments (Encino, CA). Measure-
ments were done with a Tektronix TDS540 digital storage
oscilloscope. The figures below are unedited files from
these measurements, the time scale is 2 ns/division.

The upper trace in each figure shows a second output
driven from the same internal signal, but unloaded. It acts
as a timing reference, and triggers the oscilloscope.

Resistive mode and capacitive mode transitions start with
practically the same delay from the internal logic.
Resisitive mode falls faster, and has more undershoot;
capacitive mode rises slightly faster. For a 200-Q pull-up,
330-Q pull-down termination, only resisitive mode is
meaningful. A TTL-output with a 1000-Q puli-up, 150-pF
termination has a slow (150 ns) final rise time that extends
outside the 10-ns timing window of these figures.

Trace A shows Resistive mode with CMOS outputs
Trace B shows Resistive mode with TTL outputs
Trace C shows Capacitive mode with CMOS outputs
Trace D shows Capacitive mode with TTL outputs

Summary

Use resistive mode for applications that require >4 mA of
dc sink current, and for heavy capacitive loads when they
must be discharged fast. Use capacitive mode for all other
applications, especially for light capacitive loads
(50 to 200 pF) and for all timing-uncritical outputs that
require <4 mA dc current. The Low-to-High transition is not
affected by the choice of slew-rate mode.

i Lol
1.00V  M200ns

bl Lol
Cht 600V Ch2 Chi/ 25V

X3342

Figure 2. Falling Edge, 50 pF Load

[T SUUUR TOUUN DUUEE JUUUR DEUNE SEUUN DO
Chi 6.00V Eﬁ 100V M200ns Chi/ 25V
X3343

Figure 3. Rising Edge, 50 pF Load

2-90



[TUUUN DUU DUUUR SUNR: JUUUR FUUUL UUSE DUUNN
Chl 600V Ch2 100V M200ns Chi/ 25V

X3344

Figure 4. Falling Edge, 200/330 Q, 50 pF Load

SO TOUE B bl i
Chi 600V Ch2 100V M200ns Chi/ 25V

X3345

Figure 5. Rising Edge, 200/330 Q, 50 pF Load

[SUOE FUUUT DUUGH DUV SUUUE U SUUOH OO
Ch1 600V Ch2 100V M200ns Chi/ 25V
X3346

Figure 6. Falling Edge, 200/330 Q, 150 pF Load

ov

b i ] DU B T
Chi 600V Ch2 100V M200ns Chl/ 25V

X3347

Figure 7. Rising Edge, 200/330 Q, 150 pF Load

M SR R o
HHHHHHH

DU UUUE TUUOR DU JOUNE i
Chi 600V Ch2 100V M200ns Chi/ 25V

X3348

Figure 8. Falling Edge, 1000 Q, 150 pF Load

DSOS FOUE FUUUE TUUU: JUUTN DUUN DUUEE DUUHN
Chi 6.00V EE 100V M200ns Chi/ 25V
X3349

Figure 9. Rising Edge, 1000 Q, 150 pF Load
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Absolute Maximum Ratings

Symbol| Description Units
Vec | Supply voltage relative to GND -0.5t0+7.0 \"
Vin Input voltage with respect to GND -0.5to Vgc +0.5 \
V1s Voltage applied to 3-state output -0.5t0 Vg +0.5 \"
Tstg | Storage temperature (ambient) —-65 to + 150 °C
Ty Junction temperature + 150 °C

Note:  Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device.
These are stress ratings only, and functional operation of the device at these or any other conditions beyond those listed
under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for extended
periods of time may affect device reliability.

Operating Conditions

Symbol Description ’ Min Max | Units
Vee Supply voltage relative to GND Commercial 0°C to 70°C 4.75 525 | V
Supply voltage relative to GND  Industrial -40°C to 85°C 4.5 5.5 \
Supply voltage relative to GND  Military -55°C to 125°C 45 5.5 \
Vin High-level input voltage for TTL threshold 2.0 Vee \
Vi High-level input voltage for CMOS threshold 70% | 100% | Vcc
Vi Low-level input voltage for TTL threshold 0 08 | V
Vi Low-level input voltage CMOS threshold 0 20% | Ve

DC Characteristics Over Operating Conditions

Symbol Description Min Max |Units
Vou High-level output voltage, TTL option @ lgy = -4.0 mA 2.4 \'
Vou High-level output voltage, CMOS option @ gy =-1 mA Vee -0.5 \
VoL Low-level output voltage @ Il =24 mA, Vcc max (Note 1) 0.5 \
lcco Quiescent LCA supply current (Note 2) 10 mA
n Leakage current -10 +10 pA
Cin Input capacitance (sample tested) 15 pF
RN Pad pull-up (when selected) @ Vy = OV (estimate) 0.02 0.20 mA
lrLL Horizontal Long Line pull-up (when selected) @ logic Low 0.2 25 mA

Note: 1. XC4003H-with 50% of the outputs simultaneously sinking 24 mA. XC4005H-with 33% of the outputs simultaneously sinking 24 mA.
2. With no output current loads, no active input or long line pull-resistors, all package pins at Vcc or GND, and the LCA configured with
a MakeBits tie option.
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Wide Decoder Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing patterns. The
following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more
up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5 -4
Description Symbol Device Max Max Units
Full length, both pull-ups, Twar XC4003H 9.0 8.0 ns
inputs from I0B i-pins XC4005H 10.0 9.0 ns
Full length, both pull-ups TwarL XC4003H 12.0 11.0 ns
inputs from internal logic XC4005H 13.0 12.0 ns
Half length, one pull-up Twao XC4003H 9.0 8.0 ns
inputs from IOB i-pins XC4005H 10.0 9.0 ns
Half length, one pull-up TwaoL XC4003H 12.0 11.0 ns
inputs from internal logic XC4005H 13.0 12.0 9.0 ns

Note: These delays are specified from the decoder input to the decoder output. For pin-to-pin delays, add the input delay (Tg)p) and
output delay (Topg or Topc), as listed on page 2-93.

Global Buffer Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing patterns. The
following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more
up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5 -4
Description Symbol Device Max Max Units
Global Signal Distribution Tea XC4003H 7.8 5.8 ns
From pad through primary buffer, to any clock k XC4005H 8.0 6.0 ns
From pad through secondary buffer, to any clock k Tsa XC4003H 8.8 6.8 ns
XC4005H 9.0 7.0 ns
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Horizontal Longline Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing patterns, The
following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more
up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5 -4
Description Symbol|{ Device Max Max Units
TBUF driving a Horizontal Longline (L.L.)
I going High or Low to L.L. while T is Low, i.e. buffer Tio XC4003H 8.8 6.2 ns
is constantly active i XC4005H 10.0 7.0 ns
1 going Low to L.L. going from resistive pull-up High Tio2 XC4003H 9.3 6.7 ns
to active Low, (TBUF configured as open drain) XC4005H 10.5 7.5 ns
T going Low to L.L. going from resistive pull-up or float- | Ton XC4003H 10.7 9.0 ns
ing High to active Low, (TBUF configured as open drain) XC4005H 12.0 10.0 ns
T going High to TBUF going inactive, not driving the L.L.| Torr | All devices 3.0 2.0 ns
T going High to L.L. going from Low to High, Teus | XC4003H 24.0 || 20.0 ns
pulled up by single resistor XC4005H 26.0 22.0 ns
T going High to L.L. going from Low to High, Teur | XC4003H 11.0 9.0 ns
pulled up by two resistors XC4005H 12.0 10.0 ns
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Input and Output Parameters (Pin-to-Pin)

All values listed below are tested directly and guaranteed over the operating conditions. The same parameters can also be derived
indirectly from the IOB and Global Buffer specifications. The XACT delay calculator uses this indirect method. When there is a
discrepancy between these two methods, the directly tested values listed below should be used, and the indirectly derived values must

be ignored.
Speed Grade -6* -5* -4*

Description Symbol Device Units
Global Clock to Output (fast) using nearest CLB FF Tickor XC4003H ns
(Max) XC4005H ns
Global Clock to Output (slew limited) using nearest Ticko XC4003H ns
CLBFF (Max) XC4005H ns
Input Set-up Time, using nearest CLB FF Tesur XC4003H ns
(Min) XC4005H ns
Input Hold time, using nearest CLB FF TeuE XC4003H ns
(Min) XC4005H ns

* Data not available at press time -

= S
e o cs cs .
P FF FF .
Hod | Tea .
Time

Global Clock-to-Output Delay

X3192

Timing is measured at pin threshold, with 50 pF external
capacitive loads (incl. test fixture).

When testing fast outputs, only one output switches.When
testing slew-rate limited outputs, half the number of out-
puts on one side of the device are switching.

These parameter values are tested and guaranteed for
worst-case conditions of supply voltage and temperature,

and also with the most unfavorable clock polarity choice.
The use of a rising-edge clock reduces the effective clock
delay by 1to 2 ns.

The use of a rising clock edge, therefore, reduces the
clock-to-output delay, and ends the hold-time requirement
earlier. The use of a falling clock edge reduces the input
set-up time requirement.

In the tradition of guaranteeing absolute worst-case pa-
rameter values, the table above does not take advantage
of these improvements. The user can chose between a
rising clock edge with slightly shorter output delay, or a
falling clock edge with slightly shorter input set-up time.
One of these parameters is inevitably better than the
guaranteed specification listed above, albeit by only
one to two nanoseconds.
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XC4000H High VO Count Logic Cell Array Family

CLB Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing patterns. The
following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more
up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5 -4

Description Symbol | Min |Max || Min | Max|| Min |Max | Units
Combinatorial Delays

F/G inputs to X/Y outputs Tio 6.0 4.5 4.0| ns

F/G inputs via H' to X/Y outputs TiHo 8.0 7.0 6.0 ns

C inputs via H' to X/Y outputs ThHo 7.0 5.0 45| ns
CLB Fast Carry Logic

Operand inputs (F1,F2,G1,G4) to Coyt Torcy 7.0 5.5 ns

Add/Subtract input (FS) to COUT TASCY 8.0 6.0 ns

Initialization inputs (F1,F3) to Coyr Tincy 6.0 4.0 ns

C)n through function generators to X/Y outputs Tsum 8.0 6.0 ns

C)n to Coyr, bypass function generators. Teyp 2.0 15 ns
Sequential Delays

Clock K to outputs Q Teko 5.0 3.0 ns
Set-up Time before Clock K

F/G inputs Tick 6.0 45 ns

F/G inputs via H' TiHek 8.0 6.0 ns

C inputs via H1 ThHck 7.0 5.0 ns

C inputs via DIN Toick 4.0 3.0 ns

C inputs via EC Tecck 7.0 4.0 ns

C inputs via S/R, going Low (inactive) Trek 6.0 4.5 ns

Cninput via F'/G' 8.0 6.0 ns

C\ninput via F/G' and H' 10.0 7.5 ns
Hold Time after Clock K

F/G inputs Tek 0 0 ns

F/G inputs via H' TCKIH 0 0 ns

C inputs via H1 TckHH 0 0 ns

C inputs via DIN Tekpi 0 0 0 ns

C inputs via EC Tekec 0 0 0 ns

C inputs via S/R, going Low (inactive) Tekr 0 0 0 ns
Clock

Clock High time Ten 5.0 4.0 4.0 ns

Clock Low time TeL 5.0 4.0 4.0 ns
Set/Reset Direct

Width (High) Trew 5.0 4.0 4.0 ns

Delay from C inputs via S/R, going High to Q Trio 9.0 8.0 7.0 ns
Master Set/Reset*

Width (High or Low) Tuvrw 21.0 18.0 18.0 ns

Delay from Global Set/Reset net to Q Tumra 33.0 31.0 28.0| ns

* Timing is based on the XC4005H. For other devices see XACT timing calculator.
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CLB Switching Characteristic Guidelines (continued)

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing patterns. The
following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more
up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

CLB RAM Option Speed Grade -6 -5 -4
Description Symbol Min | Max | | Min | Max | [Min | Max [Units
Write Operation
Address write cycle time 16x2 | Twe 9.0 8.0 ns
32x1 | Twer 9.0 8.0 ns
Write Enable pulse width (High) 16x2 | Twe 5.0 4.0 ns
32x1 Twer 5.0 4.0 ns
Address set-up time before beginning of WE 16x2 | Tas 2.0 2.0 ns
32 x1 TAST 2.0 2.0 ns
Address hold time after end of WE 16x2 | Tau 2.0 2.0 ns
32x1 TauT 2.0 2.0 ns
DIN set-up time before end of WE 16x2 | Tps 4.0 4.0 ns
32x1 Tost 5.0 5.0 ns
DIN hold time after end of WE both Tour 2.0 2.0 ns
Read Operation
Address read cycle time 16x2 | Tge 7.0 5.5 ns
32x1 Trer 10.0 7.5 ns
Data valid after address change 16x2 | Tro 6.0 4.5 ns
(no Write Enable) 32x1 TiHo 8.0 7.0 ns
Read Operation, Clocking Data into Flip-Flop
Address setup time before clock K 16x2 | Tick 6.0 4.5 ns
32x1 TiHek 8.0 6.0 ns
Read During Write
Data valid after WE going active 16x2 | Two 12.0 10.0 9.0| ns
(DIN stable before WE) 32x1 | Twor 15.0 12.0 11.0] ns
Data valid after DIN 16x2 | Tpo 11.0 9.0 85| ns
(DIN change during WE) 32x1 | Tpor 14.0 11.0 11.0| ns
Read During Write, Clocking Data into Flip-Flop
WE setup time before clock K 16x2 | Twek | 12.0 10.0 95 ns
32x1 | Twekr| 15.0 12.0 11.5 ns
Data setup time before clock K 16x2 | Tpex | 11.0 9.0 9.0 ns
32x1 | Tpekr | 140 11.0 11.0 ns

Note: Timing for the 16 x 1 RAM option is identical to 16 x 2 RAM timing
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CLB RAM Timing Characteristics

ADDRESS )(

TrRC

WRITE

WRITE ENABLE

DATA IN REQUIRED

READ

X,Y OUTPUTS VALID

READ, CLOCKING DATA INTO FLIP-FLOP

[ Tick | TCH |

CLOCK

XQ,YQ OUTPUTS ‘('8,'_‘,'3? Yﬁ‘é&%

READ DURING WRITE
Twp
WRITE ENABLE
> ToH
DATAIN
(stable during WE)
X,Y OUTPUTS VALID
DATAIN
(changing during WE) OLD NEW
VALID VALID
X,Y OUTPUTS (PREVIOUS) (NEW)

READ DURING WRITE, CLOCKING DATA INTO FLIP-FLOP

Twp >
WRITE ENABLE *

DATAIN

CLOCK

XQ,YQ OUTPUTS
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10B Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing patterns. The
following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more
up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Inputs

-6 -5 -4
Description Symbol Min|Max | |Min | Max | [Min | Max| Units
Propagation Delays from CMOS or TTL Levels
Pad to I1, 12 Teip 4.0 ns
Outputs
-6
Description Symbol Min|Max | [Min Units
Propagation Delays to TTL Levels
Output (O) to Pad (Resistive Mode) Torr 9.5 ns
Otuput (O) to Pad (Capacitive Mode) Torc 10.5 ns
3-state to Pad begin hi-Z (Resistive Mode) T1sHzR 10.5 ns
3-state to Pad begin hi-Z (Capacitive Mode) TisHze 8.0 ns
3-state to Pad active and valid (Resistive Mode) Trsonr 14.0 ns
3-state to Pad active and valid (Capacitive Mode) Ttsonc 16.0 ns
Propagation Delays to CMOS Levels
Output (O) to Pad (Resistive Mode) Torr 9.5 ns
Otuput (O) to Pad (Capacitive Mode) Torc 9.0 ns
3-state to Pad begin hi-Z (Resistive Mode) TysHzr 105 ns
3-state to Pad begin hi-Z (Capacitive Mode) TrsHze 8.0 ns
3-state to Pad active and valid (Resistive Mode) Trsonr 14.0 ns
3-state to Pad active and valid (Capacitive Mode) | Tysonc 14.0 ns

Notes: 1. Timing is measured at pin threshold, with 50 pF external capacitive loads (incl. test fixture).
2. Output delays change with capacitive loading as described in the following table.

TTL Levels CMOS Levels Units
Resistive Mode 0.03 0.03 ns/pF
Capacitive Mode 0.04 0.03 ns/pF

3. Voltage levels of unused (bonded and unbonded) pads must be valid logic levels. Each can be configured with the internal
pull-up or pull-down resistor, or alternatively, configured as a driven output or be driven from an external source.
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XC4000H High /O Count Logic Cell Array Family

XC4003H Pinouts

Pin Bound Pin Bound Pin l Bound Pin L Bound
ipti PG191 [PQ208 | Scan Descripti PG191 PQ208 | Scan Description G191 PQ208 | Scan Descripti PG191 PQ208 Scan
vcc J4 | 183 - /o C10 | 27 | 182 GND KI5 | 79 - GND R9 | 131 -
I/O (A8) J3 | 184 | 62 /o B10 | 28 | 185 o] K16 | 80 | 307 1/0 (D3) T9 | 132 | 427
/0 (A9) J2 | 185 | 65 /o A9 | 29 | 188 /o K17 | 81 | 310 /O (BS) U9 | 133 | 430
/0 J1 | 186 | 68 /o A10 | 30 | 191 /o K18 | 82 | 313 /0 V9 | 134 | 433
/o Hi | 187 | 71 /o A1l | 31 | 194 /o L18 | 83 | 316 /0 V8 | 135 | 436
/0 H2 | 188 | 74 |lle] Ci11 | 32 | 197 o L17 | 84 | 319 /0 Us | 136 | 439
/0 H3 | 189 | 77 /o B11 | 33 | 200 /o L16 | 85 | 322 /0 T8 | 137 | 442
1/0 (A10) G1 [ 190 | 80 /o A12 | 34 | 203 /o M18 | 86 | 325 /O (D2) V7 | 138 | 445
/0 (A11) G2 | 191 | 83 Vo B12 | 35 | 206 /o M17 | 87 | 328 /0 U7 | 139 | 448
/0 F1 [ 192 | 86 /o A13 | 36 | 209 o Ni8 | 88 | 331 /0 V6 | 140 | 451
/o E1 | 193 | 89 GND C12 | 37 - /(o] P18 | 89 | 334 /0 U | 141 | 454
GND G3 | 194 - /o B13 | 38 | 212 GND Mi6 | 90 - GND T7 | 142 -
/0 F2 | 195 | 92 o A14 | 39 | 215 o N17 [ 91 | 337 /0 V5 | 143 | 457
[/[e] D1 | 196 | 95 /o A15 | 40 | 218 /o R18 | 92 | 340 [l{e] V4 | 144 | 460
/0 C1 | 197 | 98 o C13 | 41 | 221 o T18 | 93 | 343 /0 U5 | 145 | 463
[/[e] E2 | 198 | 101 /0 B14 | 42 | 224 /o P17 | 94 | 346 /0 T6 | 146 | 466
/0 (A12) F3 | 199 | 104 o A16 | 43 | 227 /o N16 | 95 | 349 /O (D1) V3 | 147 | 469
/O (A13) D2 | 200 | 107 /0 B15 | 44 | 230 /o T17 | 96 | 352 | | 0 (RCLK-BUSV/RDY) | V2 | 148 | 472
/o B1 | 201 | 110 /o C14 | 45 | 233 /o R17 | 97 | 355 /0 U4 | 149 | 475
[/[e] E3 | 202 | 113 /0 A17 | 46 | 236 /() P16 | 98 | 358 /0 TS5 | 150 | 478
/0 (A14) C2 | 203 | 116 SGCK2 (/0) B16 | 47 | 239 /o Uig | 99 | 361 1/O (DO, DIN) U3 | 151 | 481
SGCK1 (A15,1/0)| B2 | 204 | 119 O (M1) C15 | 48 | 242 SGCK3 (I/0) T16 | 100 | 364 | [SGCK4 (DOUT,I/0)| T4 | 152 | 484
vcc D3 | 205 - GND D15 | 49 - GND R16 | 101 - CCLK V1 | 153 -
- - 206" | - | (MO) A18 | 50 |245¢t - - 102t | - vcc R4 | 154 -
- - |207*| - - - 51" - DONE U17 | 103 - - - | 185* | -
= - |208"| - - - 52" - - - 104" | - - - | 156" [ -
- . 1" - - - 53" - - - 105" | - - - |157* | -
GND D4 2 - - - 54* - vCcC R15 | 106 - - - 158" -
- - 3* - vcec D16 | 55 - - - (107"} - O (TDO) U2 | 159 -
PGCK1 (A16, 1/0)| C3 4 122 1 (M2) C16 | 56 | 246t PROG V18 | 108 - GND R3 | 160 -
I/0 (A17) C4 5 125 PGCK2 (/0) B17 | 57 | 247 /O (D7) T15 | 109 | 367 I/O (A0, WS) T3 | 161 2
/0 B3 6 128 /0.(HDC) E16 | 58 | 250 PGCKS3 (I/0) U16 | 110 | 370 PGCK4 (/0, A1) | U1 | 162 5
/o Cs5 7 131 /o C17 | 59 | 253 Vo T14 | 111 | 373 o P3 | 163 8
I/ (TDI) A2 8 134 /0 D17 | 60 | 256 /o U15 | 112 | 376 /o R2 | 164 | 11
I/O (TCK) B4 9 137 /0 B18 | 61 | 259 I/O (D6) V17 | 113 | 379 1/0 (CS1, A2) T2 | 165 | 14
/0 Cé | 10 | 140 /O (LDC) E17 | 62 | 262 /o V16 | 114 | 382 1/O (A3) N3 | 166 | 17
/0 A3 1 143 /0 F16 | 63 | 265 /o T13 | 115 | 385 /O P2 | 167 | 20
/0 BS 12 | 146 /0 Ci18 | 64 | 268 [/[e) U14 | 116 | 388 /10 T1 | 168 | 23
/0 B6 13 | 149 /o D18 | 65 | 271 Vo V15 | 117 | 391 o R1 | 169 | 26
GND Cc7 14 - [lle] F17 | 66 | 274 /o V14 | 118 | 394 /0 N2 170 | 29
/o A4 15 | 152 GND G16 | 67 - GND T12 | 119 i GND M3 | 171 -
[/[e] A5 16 | 155 /o E18 | 68 | 277 /o U13 | 120 | 397 /0 P1 | 172 | 32
/O (TMS) B7 17 | 158 /o F18 | 69 | 280 /o Vi3 | 121 | 400 /o N1 | 173 | 35
/0 A6 18 | 161 /o G17 | 70 | 283 1/O (DS5) U12 | 122 | 403 /O (A4) M2 | 174 | 38
/o Cc8 19 | 164 /o G18 | 71 | 286 /0 (CS0) Vi2 | 123 | 406 1/O (A5) M1 [ 175 | 41
/0 A7 | 20 | 167 /o H16 | 72 | 289 /o T11 | 124 | 409 /O L3 | 176 | 44
/0 B8 21 170 /0 H17 | 73 | 292 /o U11 | 125 | 412 /O L2 | 177 | 47
/o A8 | 22 | 173 /0 H18 | 74 | 295 /o V11 | 126 | 415 /0 L1 | 178 | 50
/0 B9 | 23 | 176 /o Ji1g8 | 75 | 298 /o V10 | 127 | 418 /O K1 | 179 | 53
/0 C9 | 24 | 179 /o J17 | 76 | 301 /O (D4) U10 | 128 | 421 1/O (A6) K2 | 180 | 56
GND D9 | 25 - /O (ERR, INIT) | J16 | 77 | 304 /o T10 | 129 | 424 /O (A7) K3 | 181 | 59
vcc D10 | 26 - vcc Ji5 | 78 - vce R10 | 130 - GND K4 | 182 | -

* Indicates unconnected package pins.
1 Contributes only one bit (.i) to the boundary scan register.
Boundary Scan Bit 0 = TDO.T
Boundary Scan Bit 1 = TDO.O
Boundary Scan Bit 487 = BSCANT.UPD
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XC4005H Pinouts

Pin Bound Pin Bound Pin Bound Pin Bound
Description PG223 | MQ240| Scan Description PG223 |MQ240| Scan Description PG223 |MQ240| Scan Descripti PG223 | MQ240| Scan
vcc J4 | 212 - /0 B10 | 32 [ 221 /0 K16 | 92 | 367 1/O (D3 T9 | 152 | 511
1/0 (A8) J3 [ 213 | 74 110 A9 | 33 | 224 10 K17 | 93 | 370 /O (RS) U9 | 153 | 514
1/0 (A9) J2 [ 214 | 77 /O A10 | 34 | 227 /0 K18 | 94 | 373 /0 V9 | 154 | 517
/0 Ji [ 215 | 80 /0 A11 | 35 | 230 o] L18 | 95 | 376 /0 V8 | 155 | 520
/0 H1 | 216 | 83 /0 Ci11 | 36 | 233 [e] L17 | 96 | 379 110 Us | 156 | 523
/0 H2 217 86 GND 37 /10 L16 97 382 110 T8 157 | 526
/0 H3 218 89 /0 D11 38 236 GND - 98 - GND 158
GND - 219 - [e] D12 | 39 | 239 /10 L15 | 99 | 385 1/0 (D2) V7 | 159 | 529
1/O (A10) G1 [ 220 | 92 vcc - 40 - 10 M15 | 100 | 388 /0 U7 | 160 | 532
/O (A11) G2 [ 221 | 95 /0 B11 | 41 | 242 vcc - 101 - vcc - 161 -
vce - | 222 - o] A12 | 42 | 245 /0 M18 | 102 | 391 /0 V6 | 162 | 535
/0 H4 | 223 | 98 /0 B12 | 43 | 248 /0 M17 | 103 | 394 /0 U6 | 163 | 538
/0 G4 | 224 | 101 110 A13 | 44 | 251 /0 N18 | 104 | 397 /0 R8 | 164 | 541
/0 F1 225 | 104 GND C12 | 45 - 1/0 P18 | 105 | 400 /0 R7 165 | 544
/0 E1 | 226 | 107 [/[e] D13 | 46 | 254 GND M16 | 106 - GND T7 [ 166 | -
GND G3 | 227 - /0 D14 | 47 | 257 /0 N15 | 107 | 403 /0 R6 | 167 | -
/0 F2 | 228 | 110 [e] B13 | 48 | 260 110 P15 | 108 | 406 /0 R5 | 168 | 550
/0 D1 | 229 | 113 /0 A14 | 49 | 263 110 N17 | 109 | 409 /0 V5 | 169 | 553
110 C1 | 230 | 116 /0 A15 | 50 | 266 110 R18 | 110 | 412 /0 V4 | 170 | 556
[e] E2 | 231 [ 119 /0 C13 | 51 | 269 110 T18 | 111 | 415 /0 Us | 171 | 559
/0 (A12) F3 | 232 | 122 /0 B14 | 652 | 272 /0 P17 | 112 | 418 /0 T6 | 172 | 562
1/0 (A13) D2 | 233 | 125 /0 A16 | 53 | 275 /0 N16 | 113 [ 421 /0 (D1) V3 | 173 | 565
/0 F4 234 | 128 /0 B15 54 278 /0 T17 | 114 | 424 1/0 (RCLK-BUSY/RDY) | V2 174 | 568
/0 E4 | 235 | 131 /0 C14 | 55 | 281 /0 R17 | 115 | 427 /10 U4 | 175 | 571
/0 B1 | 236 | 134 /0 A17 | 56 | 284 /0 P16 | 116 | 430 /0 T5 | 176 | 574
[le] E3 | 237 | 137 SGCK?2 (1/0) B16 | 57 | 287 110 U18 | 117 | 433 1/0 (DO, DIN) U3 | 177 | 577
/O (A14) C2 | 238 | 140 O (M1) C15 | 58 | 290 SGCK3 (I/0) T16 | 118 | 436 | | sGcka(DOUT,¥O0)| T4 | 178 | 580
SGCK1 (A15,1/0)| B2 | 239 | 143 GND D15 | 59 - GND R16 | 119 - CCLK Vi | 179 | -
vce D3 | 240 - 1 (MO) A18 | 60 | 293t DONE U17 | 120 - vcc R4 | 180 | -
GND D4 1 - vccC D16 | 61 - vcc R15 | 121 - O (TDO) U2 | 181 -
PGCK1 (A16,/0) | C3 2 146 1 (M2) C16 | 62 | 294t PROG V18 | 122 - GND R3 | 182 | -
/0 (A17) C4 3 149 PGCK2 (1/0) B17 | 63 | 295 110 (D7) T15 | 123 | 439 /0 (A0, WS) T3 | 183 | 2
/0 B3 4 152 1/O (HDC) E16 | 64 | 298 PGCK3 (I/0) U16 | 124 | 442 PGCK4 (/O,A1) | Ut | 184 | 5
/0 Ccs 5 155 /0 C17 | 65 | 301 /0 T14 | 125 | 445 [e] P3 | 185 | 8
1/O (TDI) A2 6 158 /0 D17 | 66 | 304 /10 U15 | 126 | 448 o] R2 | 186 | 11
I/O (TCK) B4 7 161 /0 B18 | 67 | 307 /0 R14 | 127 | 451 1/0 (CS1, A2) T2 | 187 | 14
] Cé 8 164 1/0 (LDC) E17 68 310 /10 R13 | 128 | 454 1/0 (A3) N3 188 17
(o] A3 9 167 || /0 F16 69 313 1/0 (D6) V17 | 129 | 457 /0 P4 189 20
/0 BS 10 | 170 /0 Ci8 | 70 | 316 /0 V16 | 130 | 460 110 N4 | 190 | 23
110 B6 11 | 173 10 D18 | 71 | 319 /0 T13 | 131 | 463 /0 P2 | 191 | 26
/0 D5 12 | 176 /0 F17 | 72 | 322 /0 U14 | 132 | 466 /0 Tt | 192 | 29
/0 D6 13 | 179 /0 E15 | 73 | 325 /10 V15 | 133 | 469 /0 R1 | 193 | 32
GND c7 14 - /o F15 | 74 | 328 /0 V14 | 134 | 472 /0 N2 | 194 | 35
110 A4 15 182 GND G16 | 75 - GND T12 | 135 - - - 195* -
/0 A5 16 | 185 /0 E18 | 76 | 331 110 R12 | 136 | 475 GND M3 | 196 | -
1/O (TMS) B7 17 | 188 /0 F18 | 77 | 334 /0 R11 | 137 | 478 /0 P1 | 197 | 38
/0 A6 18 | 191 /0 G17 | 78 | 337 10 U13 | 138 | 481 /0 N1 | 198 | 41
vcc - 19 - /0 G18 | 79 | 340 /0 V13 | 139 | 484 /0 M4 | 199 | 44
/0 D7 | 20 | 194 ‘vece - 80 - vCcC - 140 - /0 L4 | 200 | 47
/0 D8 | 21 | 197 110 H16 | 81 | 343 1/0 (DS) U12 | 141 | 487 vcc - 201 -
GND - 22 - 110 H17 | 82 | 346 1/0 (CSO) vi2 | 142 | 490 1/0 (A4) M2 | 202 | 50
/0 C8 | 23 | 200 GND - 83 - GND - 143 | - 1/O (A5) M1 | 203 | 53
/O A7 | 24 | 203 110 G15 | 84 | 349 /0 T11 | 144 | 493 GND - 204 | -
/0 B8 | 25 | 206 /O Hi5 | 85 | 352 /0 U1t | 145 | 496 /0 L3 | 205 | 56
/0 A8 | 26 | 209 /0 H18 | 86 | 355 /10 V11 | 146 | 499 o] L2 | 206 | 59
/0 B9 | 27 | 212 le] J18 | 87 | 358 /0 V10 | 147 | 502 /0 L1 | 207 | 62
/0 Co | 28 | 215 /0 J17 | 88 | 361 1/0 (D4) U10 | 148 | 505 /0 K1 | 208 | 65
GND D9 | 29 - VO (ERR,INIT) | J16 | 89 | 364 /0 T10 | 149 | 508 1/O (A6) K2 | 209 | 68
vce D10 | 30 - vce Ji15 | 90 - vcc R10 | 150 - /0 (A7) K3 |210| 71
/0 C10 | 31 | 218 GND K15 | 91 - GND R9 | 151 - GND K4 | 211 -

* Indicates unconnected package pins.

1 Contributes only one bit (.i) to the boundary scan register.
Boundary Scan Bit 0 =TDO.T

Boundary Scan Bit 1 =TDO.O

Boundary Scan Bit 583 = BSCANT.UPD
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XC4000H High /O Count Logic Cell Array Family

For a detailed description of the device architecture, see page 2-9 through 2-31.

For a detailed description of the configuration modes and their timing, see pages 2-32 through 2-55.
For detailed lists of package pinouts, see pages 2-100 through 2-101.

For package physical dimensions and thermal data, see Section 4.

Ordering Information

Example: XC4005H-5 PG223C
Device Type Temperature Range
Speed Grade Number of Pins
Package Type
Component Availability
PINS 84 100 720 | 144 | 156 | 160 | 164 | 191 | 196 208 223 | 225 240 299_]
TOP TOP TOP
TYPE PLAST. | PLAST. | PLAST. | BRAZED|CERAM. | PLAST. | CERAM | PLAST. | BRAZED| CERAM. | BRAZED| PLAST. | METAL |CERAM.| PLAST. | PLAST. | METAL { METAL
PLCC | PQFP | VQFP | CcQFP | PGA | TaFP | PGA | PaFP | caFP | PGA | CQFP | PQFP | PQFP | PGA | BGA | PQFP | PQFP | PQFP
cope PQ100| VQ100] CB100 | PG120| TQ144 | PG156] PQ160]| CB164 | PG191| CB196 [PG223] [PQ240]
%
XC4003H 5
-4
)

XC4005H -5

C = Commercial =0°to +70° C | = Industrial = -40° to +85° C M = Mil Temp = -55° to +125° C
B = MIL-STD-883C Class B Parentheses indicate future product plans
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Overview

Introduced in 1987/88, XC3000 is the industry’s most
successful family of FPGAs, with over 10 million devices
shipped. In 1992/93, Xilinx introduced three additional
families, offering more speed, functionality, and a new
supply-voltage option.

There are now four distinct family groupings within the
XC3000 class of LCA devices.

XC3000 Family
XC3000A Family
XC3000L Family
XC3100 Family

All four families share a common architecture, develop-
ment software, design and programming methodology,
and also common package pin-outs. An extensive Product
Description covers these common aspects. (Page 2-99).

The much shorter individual Product Specifications then
provide detailed parametric information for the four indi-
vidual product families.

Here is a simple overview.

XC3000 Family

The basic XC3000 family forms the cornerstone for the
rest of the XC3000 class of devices. The basic XC3000
family offers five different device densities with guaran-
teed toggle rates from 70 to 125 MHz.

XC3000A Family

The XC3000A is an enhanced version of the basic XC3000
family, featuring additional interconnect resources and
other user-friendly enhancements. The ease-of-use of the

XC3000A family makes it the obvious choice for all new
designs that do not require the speed of the XC3100 or the
3-V operation of the XC3000L.

XC3000L Family

The XC3000L is identical in architecture and features to
the XC3000A family, but operates at a nominal supply
voltage of 3.3 V. The XC3000L is the right solution for
battery-operated and low-power applications.

XC3100 Family

The XC3100 is a performance-optimized relative of the
basic XC3000 family. While both families are bitstream
and footprintcompatible, the XC3100 family extends toggle
rates to 270 MHz and in-system performance to 80 MHz.
The XC3100 family also offers one additional array size,
the XC3195. The XC3100 is best suited for designs that
require the highest clock speed or the shortest net delays.

XC3100A Family

The XC3100A combines the enhanced feature set of the
XC3000A with the performance of the XC3100. it offers the
highest functionality, speed and capacity of all XC3000
families.

The figure below illustrates the relationships between the
families. Compared to the original XC3000 family, XC3000A
offers additional functionality and, coming soon, increased
speed. The XC3000L family offers the same additional
functionality, but reduced speed due to its lower supply
voltage of 3.3 V. The XC3100 family offers no additional
functionality, but substantially higher speed, and higher
density with its new member, the XC3195.

T punctionality

speed

l Gate 002"
X3447
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XC3000,XC3000A, XC3000L,
XC3100, XC3100A
Logic Cell Array Families

Product Description

Features

* Complete line of five related Field Programmable
Gate Array product families
— XC3000, XC3000A, XC3000L, XC3100, XC3100A

* |deal for a wide range of custom VLSI design tasks
— Replaces TTL, MSI, and other PLD logic
— Integrates complete sub-systems into a single
package
— Avoids the NRE, time delay, and risk of
conventional masked gate arrays

® High-performance CMOS static memory technology
— Guaranteed toggle rates of 70 to 325 MHz, logic
delays from 9to 2.2 ns
— System clock speeds over 80 MHz
— Low quiescent and active power consumption
* Flexible FPGA architecture
— Compatible arrays ranging from 1,000 to 7,500
gate complexity
— Extensive register, combinatorial, and 1/O

* Complete XACT Development System
— Schematic capture, automatic place and route
- Logic and timing simulation
- Interactive design editor for design optimization
- Timing calculator
- Interfaces to popular design environments like
Viewlogic, Cadence, Mentor Graphics, and others

Description

The CMOS XC3000 Class of Logic Cell Array (LCA)
families provide a group of high-performance, high-den-
sity, digital integrated circuits. Their regular, extendable,
flexible, user-programmable array architecture is com-
posed of a configuration program store plus three types of
configurable elements: a perimeter of I/O Blocks (IOBs), a
core array of Configurable Logic Bocks (CLBs) and re-
sources for interconnection. The general structure of an
LCA device is shown in Figure 1 on the next page. The
XACT development system provides schematic capture
and auto place-and-route for design entry. Logic and

capabilities L . . N . ;
— High fan-out signal distribution, low-skew clock tlmlpg sumglgthn, and |n-01'rcu1t emulatlop are ayanlgble as
nets design verification alternatives. The design editor is used

- Internal 3-state bus capabilities
— TTL or CMOS input thresholds
— On-chip crystal oscillator amplifier

® Unlimited reprogrammability
— Easy design iteration
- In-system logic changes

* Extensive Packaging Options
— Over 20 different packages
— Plastic and ceramic surface-mount and pin-grid-
array packages
— Thin and Very Thin Quad Flat Pack (TQFP and
VQFP) options
® Ready for volume production
- Standard, off-the-shelf product availability
— 100% factory pre-tested devices
— Excellent reliability record

forinteractive design optimization, and to compile the data
pattern that represents the configuration program.

The LCA user logic functions and interconnections are
determined by the configuration program data stored in
internal static memory cells. The program can be loaded in
any of several modes to accommodate various system
requirements. The program data resides externally in an
EEPROM, EPROM or ROM on the application circuit
board, oron a floppy disk or hard disk. On-chip initialization
logic provides for optional automatic loading of program
data at power-up. The companion XC17XX Serial
Configuration PROMs provide a very simple serial config-
uration program storage in a one-time programmable
package.

User I/Os Horizontal Configuration
Device CLBs Array Max Flip-Flops Longlines  Data Bits
XC3020, 3020A, 3020L, 3120, 3120A 64 8x8 64 256 16 14,779
XC3030, 3030A, 3030L, 3130, 3130A 100 10x 10 80 360 20 22,176
XC3042, 3042A, 3042L, 3142, 3142A 144 12x 12 96 480 24 30,784
XC3064, 3064A, 3064L, 3164, 3164A 224 16 x 14 120 688 32 46,064
XC3090, 3090A, 3090L, 3190, 3190A 320 16 x 20 144 928 40 64,160
XC3195, 3195A 484 22 x 22 176 1,320 44 94,984
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The XC3000 Logic Cell Array families provide a variety of
logic capacities, package styles, temperature ranges and
speed grades.

Architecture

The perimeter of configurable IOBs provides a pro-
grammable interface between the internal logic array and
the device package pins. The array of CLBs performs
user-specified logic functions. The interconnect resources
are programmed to form networks, carrying logic signals
among blocks, analogous to printed circuit board traces
connecting MSI/SSI packages.

The blocklogic functions are implemented by programmed
look-up tables. Functional options are implemented by
program-controlled multiplexers. Interconnecting networks
between blocks are implemented with metal segments
joined by program-controlled pass transistors.

These LCA functions are established by a configuration
program which is loaded into an internal, distributed array
of configuration memory cells. The configuration program
is loaded into the LCA device at power-up and may be
reloaded on command. The Logic Cell Array includes logic
and control signals to implement automatic or passive

configuration. Program data may be either bit serial or byte
parallel. The XACT development system generates the
configuration program bitstream used to configure the
LCA device. The memory loading process is independent
of the user logic functions.

Configuration Memory

The static memory cell used for the configuration memory
in the Logic Cell Array has been designed specifically for
high reliability and noise immunity. Integrity of the LCA
device configuration memory based on this design is
assured even under adverse conditions. Compared with
other programming alternatives, static memory provides
the best combination of high density, high performance,
high reliability and comprehensive testability. As shown in
Figure 2, the basic memory cell consists of two CMOS
inverters plus a pass transistor used for writing and read-
ing cell data. The cell is only written during configuration
and only read during readback. During normal operation,
the cell provides continuous control and the pass transistor
is off and does not affect cell stability. This is quite different
from the operation of conventional memory devices, in
which the cells are frequently read and rewritten.

‘/IIO Blocks
v_

=

3-State Buffers With Access
to Horizontal Long Lines
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JStichm . R |
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Figure 1. Logic Cell Array Structure.
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It consists of a perimeter of programmable 1/O blocks, a core of configurable logic blocks and their interconnect resources.
These are all controlled by the distributed array of configuration program memory cells.
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Figure 2. Static Configuration Memory Cell.
It is loaded with one bit of configuration program and
controls one program selection in the Logic Cell Array.

The memory cell outputs Q and Q use ground and Vee
levels and provide continuous, direct control. The addi-
tional capacitive load together with the absence of address
decoding and sense amplifiers provide high stability to the
cell. Due to the structure of the configuration memory cells,
they are not affected by extreme power-supply excursions
or very high levels of alpha particle radiation. In reliability
testing, no soft errors have been observed even in the
presence of very high doses of alpha radiation.

The method of loading the configuration data is selectable.
Two methods use serial data, while three use byte-wide
data. The internal configuration logic utilizes framing
information, embedded in the program data by the XACT
development system, to direct memory-cell loading. The
serial-data framing and length-count preamble provide
programming compatibility for mixes of various LCA device
devices in a synchronous, serial, daisy-chain fashion.

/0 Block

Each user-configurable IOB shown in Figure 3, provides
an interface between the external package pin of the
device and the internal user logic. Each I0B includes both
registered and direct input paths. Each IOB provides a
programmable 3-state output buffer, which may be driven
by a registered or direct output signal. Configuration
options allow each IOB an inversion, a controlled slew rate
and a high impedance pull-up. Each input circuit also
provides input clamping diodes to provide electrostatic
protection, and circuits to inhibit latch-up produced by
input currents.

Vee
PROGRAM-CONTROLLED MEMORY CELLS
s
out 3-STATE OUTPUT SLEW PASSIVE |
INVERT INVERT SELECT RATE PULL UP
3- STATE LT L\D—-—-‘
(OUTPUT ENABLE) 7 | L—[
out _,_0____)2 > D @ | ouTPUT
FLIP BUFFER
FLOP
—— 1o PAD
R
’ |
DIRECT IN 1
REGISTERED IN a Q D <]I
FLIP TTLor

FLOP CMOS
or INPUT

LATCH THRESHOLD =
R

oK K I (GLOBAL RESET)

CK1

PROGRAM
CONTROLLED
MULTIPLEXER

Figure 3. Input/Output Block.

CK2

I+
=

O = PROGRAMMABLE INTERCONNECTION POINT or PIP X3029

Each 10B includes input and output storage elements and I/O options selected by configuration memory cells. A choice of two
clocks is available on each die edge. The polarity of each clock line (not each flip-flop or latch) is programmable. A clock line that

triggers the flip-flop on the rising edge is an active Low Latch Enable (Latch transparent) signal and vice versa. Passive pull-up can

only be enabled on inputs, not on outputs. All user inputs are programmed for TTL or CMOS thresholds.
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The input-buffer portion of each 10B provides threshold
detection to translate external signals applied to the
package pin to internal logic levels. The global input-buffer
threshold of the IOBs can be programmed to be
compatible with either TTL or CMOS levels. The buffered
input signal drives the data input of a storage element,
which may be configured as either a flip-flop or alatch. The
clocking polarity (rising/falling edge-triggered flip-flop,
High/Low transparent latch) is programmable for each of
the two clock lines on each of the four die edges. Note that
a clock line driving a rising edge-triggered flip-flop makes
any latch driven by the same line on the same edge Low-
level transparent and vice versa (falling edge, High
transparent). All Xilinx primitives in the supported
schematic-entry packages, however, are positive edge-
triggered flip-flops or High transparent latches. When one
clock line must drive flip-flops as well as latches, it is
necessary to compensate for the difference in clocking
polarities with an additional inverter either in the flip-flop
clock input or the latch-enable input. I/O storage elements
are reset during configuration or by the active-Low chip
RESET input. Both direct input (from IOB pin I) and
registered input (from IOB pin Q) signals are available for
interconnect.

For reliable operation, inputs should have transition times
of less than 100 ns and should not be left floating. Floating
CMOS input-pin circuits might be at threshold and produce
oscillations. This can produce additional power dissipation
and system noise. A typical hysteresis of about 300 mV
reduces sensitivity to input noise. Each user I0B includes
a programmable high-impedance pull-up resistor, which
may be selected by the program to provide a constant High
for otherwise undriven package pins. Although the Logic
Cell Array provides circuitry to provide input protection for
electrostatic discharge, normal CMOS handling precau-
tions should be observed.

Flip-flop loop delays for the IOB and logic-block flip-flops
are about 3 ns. This short delay provides good perfor-
mance under asynchronous clock and data conditions.
Short loop delays minimize the probability of a metastable
condition that can result from assertion of the clock during
data transitions. Because of the short-loop-delay charac-
teristic in the Logic Cell Array, the 10B flip-flops can be
used to synchronize external signals applied to the device.
Once synchronized in the I0B, the signals can be used
internally without further consideration of their clock rela-
tive timing, except as it applies to the internal logic and
routing-path delays.

10B output buffers provide CMOS-compatible 4-mA
source-or-sink drive for high fan-out CMOS or TTL-
compatible signal levels (8 mA in the XC3100 family). The
network driving OB pin O becomes the registered or direct
data source for the output buffer. The 3-state control signal

(I0B) pin FT can control output activity. An open-drain
output may be obtained by using the same signal for
driving the output and 3-state signal nets so that the buffer
output is enabled only for a Low.

Configuration program bits for each 10B control features
such as optional output register, logic signalinversion, and
3-state and slew-rate control of the output.

The program-controlled memory cells of Figure 3 control
the following options.

® Logic inversion of the output is controlled by one
configuration program bit per I0OB.

® Logic 3-state control of each IOB output buffer is
determined by the states of configuration program bits
which turn the buffer on, or off, or select the output buffer
3-state control interconnection (I0B pin T). When this
10B output control signal is High, a logic one, the buffer
is disabled and the package pin is high impedance.
When this 10B output control signal is Low, a logic zero,
the buffer is enabled and the package pin is active.
Inversion of the buffer 3-state control-logic sense (output
enable) is controlled by an additional configuration
program bit.

* Direct or registered output is selectable for each IOB.
The register uses a positive-edge, clocked flip-flop. The
clock source may be supplied (IOB pin OK) by either of
two metal lines available along each die edge. Each of
these lines is driven by an invertible buffer.

Increased output transition speed can be selected to
improve critical timing. Slower transitions reduce
capacitive-load peak currents of non-critical outputs and
minimize system noise.

* Aninternal high-impedance pull-up resistor (active by
default) prevents unconnected inputs from floating.

Summary of /O Options

® Inputs
— Direct
- Flip-flop/latch
— CMOS/TTL threshold (chip inputs)
- Pull-up resistor/open circuit

* Outputs
- Direct/registered
- Inverted/not
- 3-state/on/off
— Full speed/slew limited
- 3-state/output enable (inverse)
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Configurable Logic Block

The array of CLBs provides the functional elements from
which the user’s logic is constructed. The logic blocks are
arranged in a matrix within the perimeter of IOBs. The
XC3020 has 64 such blocks arranged in 8 rows and 8
columns. The XACT development system is used to com-
pile the configuration data which is to be loaded into the
internal configuration memory to define the operation and
interconnection of each block. User definition of CLBs and
their interconnecting networks may be done by automatic
translation from a schematic-capture logic diagram or
optionally by installing library or user macros.

Each CLB has a combinatorial logic section, two flip-flops,
and an internal control section. See Figure 4. There are:
five logic inputs (A, B, C, D and E); a common clock input
(K); an asynchronous direct RESET input (RD); and an
enable clock (EC). All may be driven from the interconnect
resources adjacent to the blocks. Each CLB also has two
outputs (X and Y) which may drive interconnect networks.

Data input for either flip-flop within a CLB is supplied from
the function F or G outputs of the combinatorial logic, or the
block input, DI. Both flip-flops in each CLB share the

DI
DATA IN
0
\l MUX D Q
F 1
: I
_ Gyl — ~
RD ax
Qax X
A . ]
B |
LOGIC c COMBINATORIAL
VARIABLES b FUNCTION CLB OUTPUTS
E I~
G G
Qy v
F ' ay
DIN L
G 0
MUX D Q
1
%
EC r‘
ENABLE CLOCK .
1 (ENABLE) J
K
CLOCK
DIRECT RD
RESET
0 (INHIBIT)
(GLOBAL RESET)

X3032

Figure 4. Configurable Logic Block. Each CLB includes a combinatorial logic section, two flip-flops and a program

memory controlled multiplexer selection of function. It has.

five logic variable inputs A, B, C, D, and E

a direct data in DI

an enable clock EC

a clock (invertible) K

an asynchronous direct RESET RD
two outputs X and Y )
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5a. Combinatorial Logic Option FG generates two functions
of four variables each. One variable, A, must be common
to both functions. The second and third variable can be
any choice of of B, C, QX and QY The fourth variable
can be any choice of D or E.

5b. Combinatorial Logic Option F generates any function of
five variables: A, D, E and and two choices out of B, C,
Qx, Qy.

5c. Combinatorial Logic Option FGM allows variable E to
select between two functions of four variables: Both have
common inputs A and D and any choice out of B, C, QX
and QY for the remaining two variables. Option 3 can
then implement some functions of six or seven variables.

Count Enable

Parallel Ea?g: —‘—‘

D ___Terminal
+ Count

Dual Function of 4 Variables

D i
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D1

Function of 5
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D L [ D Q l Q2
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Function of 6 Variables
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X5383

Figure 6. CBBCP Macro.

The C8BCP macro (modulo-8 binary counter with parallel
enable and clock enable) uses one combinatorial logic block
of each option.

2-110



S xINX

asynchronous RD which, when enabled and High, is
dominant over clocked inputs. All flip-flops are reset by the
active-Low chip input, RESET, or during the configuration
process. The flip-flops share the enable clock (EC) which,
when Low, recirculates the flip-flops’ present states and
inhibits response to the data-in or combinatorial function
inputs on a CLB. The user may enable these control inputs
and select their sources. The user may also select the
clock net input (K), as well as its active sense within each
CLB. This programmable inversion eliminates the need to
route both phases of a clock signal throughout the device.
Flexible routing allows use of common or individual CLB
clocking.

The combinatorial-logic portion of the CLB uses a 32 by 1
look-up table to implement Boolean functions. Variables
selected from the five logic inputs and two internal block
flip-flops are used as table address inputs. The combina-
torial propagation delay through the network is indepen-
dent of the logic function generated and is spike free for
single input variable changes. This technique can gener-
ate two independent logic functions of up to four variables
each as shown in Figure 5a, or a single function of five
variables as shown in Figure 5b, or some functions of
seven variables as shown in Figure 5c. Figure 6 shows a
modulo-8 binary counter with parallel enable. It uses one
CLB of each type. The partial functions of six or seven
variables are implemented using the input variable (E) to
dynamically select between two functions of four different
variables. For the two functions of four variables each, the
independent results (F and G) may be used as data inputs
to either flip-flop or either logic block output. For the single
function of five variables and merged functions of six or
seven variables, the F and G outputs are identical. Sym-
metry of the F and G functions and the flip-flops allows the
interchange of CLB outputs to optimize routing efficiencies
of the networks interconnecting the CLBs and 10Bs.

Programmable Interconnect

Programmable-interconnection resources in the Logic
Cell Array provide routing paths to connect inputs and
outputs of the IOBs and CLBs into logic networks. Inter-
connections between blocks are composed of a two-layer
grid of metal segments. Specially designed pass transis-
tors, each controlied by a configuration bit, form program-
mable interconnect points (PIPs) and switching matrices
used to implement the necessary connections between
selected metal segments and block pins. Figure 7 is an
example of a routed net. The XACT development system
provides automatic routing of these interconnections. In-
teractive routing (Editnet) is also available for design
optimization. The inputs of the CLBs or IOBs are multiplex-
ers which can be programmed to select an input network
from the adjacent interconnect segments. Since the

switch connections fo block inputs are unidirec-
tional, as are block outputs, they are usable only for
block input connection and not for routing. Figure 8
illustrates routing access to logic block input variables,
control inputs and block outputs. Three types of metal
resources are provided to accommodate various network
interconnect requirements.

¢ General Purpose Interconnect
* Direct Connection
 Longlines (multiplexed busses and wide AND gates)

General Purpose Interconnect

General purpose interconnect, as shown in Figure 9,
consists of a grid of five horizontal and five vertical metal
segments located between the rows and columns of logic
and I0OBs. Each segment is the height or width of a logic
block. Switching matrices join the ends of these segments
and allow programmed interconnections between the
metal grid segments of adjoining rows and columns. The
switches of an unprogrammed device are all non-
conducting. The connections through the switch matrix
may be established by the automatic routing or by using
Editnet to select the desired pairs of matrix pins to be
connected or disconnected. The legitimate switching
matrix combinations for each pin are indicated in Figure 10
and may be highlighted by the use of the Show-Matrix
command in the XACT system.

INTERCONNECT SWITCHING
“PIPs” MATRIX
B A b

b

AR R
CONFIGURABLE INTERCONNECT
LOGIC BLOCK BUFFER s
Figure 7.

An XACT view of routing resources used to form a typical
interconnection network from CLB GA.
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Figure 8. XACT Development System Locations of interconnect access, CLB control inputs, logic inputs and outputs. The dot
pattern represents the available programmable interconnection points (PIPs).

Some of the interconnect PIPs are directional. This is indicated on the XACT design editor status line:
ND is a nondirectional interconnection.
D:H->V is a PIP that drives from a horizontal to a vertical line.
D:V->H is a PIP that drives from a vertical to a horizontal line.
D:C->T is a “T” PIP that drives from a cross of a T to the tail.
D:CW is a comner PIP that drives in the clockwise direction.
PO indicates the PIP is non-conducting , P1 is on.
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Figure 9. LCA General-Purpose Interconnect.

Composed of a grid of metal segments that may be intercon-
nected through switch matrices to form networks for CLB and
I0OB inputs and outputs. 2684

TN
20

1105 13
Figure 10. Switch Matrix Interconnection Options for Each
Pin. Switch matrices on the edges are different. Use Show
Matrix menu option in the XACT system

Special buffers within the general interconnect areas pro-
vide periodic signal isolation and restoration for improved
performance of lengthy nets. The interconnect buffers are
available to propagate signals in either direction on a given
general interconnect segment. These bidirectional (bidi)
buffers are found adjacent to the switching matrices,
above and to the right and may be highlighted by the use
of the Show BIDI command in the XACT system. The other
PIPs adjacent to the matrices are accessed to or from
Longlines. The development system automatically de-
fines the buffer direction based on the location of the
interconnection network source. The delay calculator of
the XACT development system automatically calculates
and displays the block, interconnect and buffer delays for
any paths selected. Generation of the simulation netlist
with a worst-case delay model is provided by an XACT
option.

Direct Interconnect

Directinterconnect, shown in Figure 11, provides the most
efficient implementation of networks between adjacent
CLBs or I/0O Blocks. Signals routed from block to block
using the directinterconnect exhibit minimum interconnect
propagation and use no general interconnect resources.
For each CLB, the X output may be connected directly to
the B input of the CLB immediately to its right and to the C
input of the CLB to its left. The Y output can use direct
interconnect to drive the D input of the block immediately
above and the A input of the block below. Direct intercon-

e

X1198

Figure 11. CLB X and Y Outputs.
The X and Y outputs of each CLB have single contact, direct
access to inputs of adjacent CLBs
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GLOBAL BUFFER DIRECT INPUT GLOBAL BUFFER INTERCONNECT

o QFG .:;3::3:5{;" _ zrf::;ff.{ f |

Pt MR E | r : SR E SE K SR SER E SR E AR

*UNBONDED IOBs (6 PLACES) ALTERNATE BUFFER DIRECT INPUT
Figure 12. XC3020 Die-Edge I0Bs. The XC3020 die-edge IOBs are provided with direct access to adjacent CLBs.
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nect should be used to maximize the speed of high-
performance portions of logic. Where logic blocks are
adjacent to I0OBs, direct connect is provided alternately to
the 10B inputs (I) and outputs (O) on all four edges of the
die. The right edge provides additional direct connects
from CLB outputs to adjacent IOBs. Direct interconnec-
tions of I0Bs with CLBs are shown in Figure 12.

Longlines

The Longlines bypass the switch matrices and are in-
tended primarily for signals that must travel a long dis-
tance, or must have minimum skew among multiple des-
tinations. Longlines, shown in Figure 13, run vertically and
horizontally the height or width of the interconnect area.
Each interconnection column has three vertical Longlines,
and each interconnection row has two horizontal
Longlines. Two additional Longlines are located adjacent
to the outer sets of switching matrices. In devices larger
than the XC3020, two vertical Longlines in each column
are connectable half-length lines. On the XC3020, only the
outer Longlines are connectable half-length lines.

Longlines can be driven by a logic block or IOB output on
a column-by-column basis. This capability provides a
common low skew control or clock line within each column
of logic blocks. Interconnections of these Longlines are
shown in Figure 14. Isolation buffers are provided at each
input to a Longline and are enabled automatically by the
development system when a connection is made.

A buffer in the upper left corner of the LCA chip drives a
global net which is available to all K inputs of logic blocks.
Using the global buffer for a clock signal provides a skew-
free, high fan-out, synchronized clock for use at any or all
of the IOBs and CLBs. Configuration bits for the K input to
each logic block can select this global line or another
routing resource as the clock source for its flip-flops. This
net may also be programmed to drive the die edge clock
lines for IOB use. An enhanced speed, CMOS threshold,
direct access to this buffer is available at the second pad
from the top of the left die edge.

A buffer in the lower right corner of the array drives a
horizontal Longline that can drive programmed connec-
tions to a vertical Longline in each interconnection column.
This alternate buffer also has low skew and high fan-out.
The network formed by this alternate buffer’s Longlines
can be selected to drive the K inputs of the CLBs. CMOS
threshold, high speed access to this buffer is available
from the third pad from the bottom of the right die edge.

Internal Busses

A pair of 3-state buffers, located adjacent to each CLB,
permits logic to drive the horizontal Longlines. Logic op-
eration of the 3-state buffer controls allows them to
implement wide multiplexing functions. Any 3-state buffer
input can be selected as drive for the horizontal long-line
bus by applying a Low logic level on its 3-state control line.
See Figure 15a. The user is required to avoid contention
which can result from multiple drivers with opposing logic

GLOBAL
BUFFER

PULL-UP

3 VERTICAL LONG LINES
ﬁﬁ \ww

RESISTORS

FOR ON-CHIP <
OPEN DRAIN .
SIGNALS P L
. "\ t-.. - : 4 4 [
D " 2 HORIZONTAL LONG LINES ‘

m

Pt o . f'

Figure 13. Horizontal and Vertical Longlines. These Longlines provide high fan-out low-skew signal distribution in each row and

a e’ BC teete [)
.
.
. .

0 T T e

X1243

column. The global buffer in the upper left die corner drives a common line throughout the LCA device.
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levels. Control of the 3-state input by the same signal that
drives the buffer input, creates an open-drain wired-AND
function. A logic High on both buffer inputs creates a high
impedance, which represents no contention. A logic Low
enables the buffer to drive the Longline Low. See Figure
15b. Pull-up resistors are available at each end of the

Longline to provide a High output when all connected
buffers are non-conducting. This forms fast, wide gating
functions. When data drives the inputs, and separate
signals drive the 3-state control lines, these buffers form
multiplexers (3-state busses). In this case, care must be
used to prevent contention through multiple active buffers

* FOUR OUTER LONG LINES ARE

CONNECTABLE HQLF-LENGTH LINES

110 BLOCK CLOCK NETS

(] C‘ (2 PERDIE EDGE)

W

HORIZONTAL
LONG LINES

3-STATE
BUFFERS

X1244

Figure 14. Programmable Interconnection of Longlines. This is provided at the edges of the routing area. Three-state buffers
allow the use of horizontal Longlines to form on-chip wired AND and multiplexed buses. The left two non-clock vertical Longlines
per column (except XC3020) and the outer perimeter Longlines may be programmed as connectible half-length lines.

Z=Dp*Dg*Dc*..*DN %

N

inputs are driven by the control signals or a Low.

g

Figure 15a. 3-State Buffers Implement a Wired-AND Function. When all the buffer 3-state
lines are High, (high impedance), the pull-up resistor(s) provide the High output. The buffer

Dc Dy —i X3038

Z=DasA+Dg*B+DceC+...+DyN

5

CIRCUIT

KEEPER A B c N

Figure 15b. 3-State Buffers Implement a Mulitiplexer. The selection is accomplished by the buffer 3-state signal.
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of conflicting levels on a common line. Each horizontal
Longline is also driven by a weak keeper circuit that
prevents undefined floating levels by maintaining the pre-
vious logic level when the line is not driven by an active
buffer or a pull-up resistor. Figure 16 shows 3-state buff-
ers, Longlines and pull-up resistors.

Crystal Oscillator

Figure 16 also shows the location of an internal high speed
inverting amplifier which may be used to implement an on-
chip crystal oscillator. It is associated with the auxiliary
buffer in the lower right corner of the die. When the
oscillator is configured by MakeBits and connected as a
signal source, two special user IOBs are also configured to
connect the oscillator amplifier with external crystal oscil-
lator components as shown in Figure 17. A divide by two

BIDIRECTIONAL
INTERCONNECT

option is available to assure symmetry. The oscillator
circuitbecomes active early in the configuration process to
allow the oscillator to stabilize. Actual internal connection
is delayed until completion of configuration. In Figure 17
the feedback resistor R1, between the output and input,
biases the amplifier at threshold. The inversion of the
amplifier, together with the R-C networks and an AT-cut
series resonant crystal, produce the 360-degree phase
shift of the Pierce oscillator. A series resistor R2 may be
included to add to the amplifier output impedance when
needed for phase-shift control, crystal resistance match-
ing, or to limit the amplifier input swing to control clipping
at large amplitudes. Excess feedback voltage may be
corrected by the ratio of C2/C1. The amplifier is designed
to be used from 1 MHz to about one-half the specified CLB
toggle frequency. Use at frequencies below 1 MHz may
require individual characterization with respect to a series

3 VERTICAL LONG

BUFFERS GLOBAL NET \ / LINES PER COLUMN
Y . | | l,»-. » 1 ,—llocLocks
3 & o b |EE2TIPY
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% LL x| DIRECTINPUT OF P47
Pi7}4¢ /TO AUXILIARY BUFFER
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F 3 w1 /,_ PhH—BUFFER
: — =|| H—3-STATEINPUT
. e ]“ @ v O [ 3-STATE CONTROL
e 1 —
é H J‘{7 P4} 3-STATE BUFFER
oI T .q-0k-8-4

11147

—
i
T T
o
o—=a-

[ ALTERNATE BUFFER

P40 P4l

RST

b S 4 > 4

X1245

OSCILLATOR
AMPLIFIERINPUT

Figure 16. XACT Development System. An extra large view of possible interconnections in the lower right corner of the XC3020.
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D Q
Zk Internal : External
1 ||
\l Do i
Altemate XTAL1
Clock Buffer ‘
XTAL2
™[] L]
R1
Suggested Component Values o
R1 05-1MQ i A2
R2 0-1kQ o l vy
(may be required for low frequency, phase)t 1 Y1
(shift and/or compensation level for crystal Q)
C1,C2 10-40pF c1 c2
Y1 1 -20 MHz AT-cut parallel resonant = =
44 PIN | 68 PIN 84 PIN 100 PIN 132 PIN | 160 PIN | 164 PIN | 175 PIN | 208 PIN
PLCC | PLCC | PLCC | PGA.| CQFP| PQFP PGA PQFP | CQFP PGA | PQFP
XTAL 1 (OUT) 30 47 57 J11 67 82 P13 82 105 T14 110
XTAL 2 (IN) 26 43 53 L11 61 76 Mi13 76 99 P15 100
' X5302

Figure 17. Crystal Oscillator Inverter. When activated in the MakeBits program and by selecting an output network for its buffer,
the crystal oscillator inverter uses two unconfigured package pins and external components to implement an oscillator. An optional

divide-by-two mode is available to assure symmetry.

resistance. Crystal oscillators above 20 MHz generally
require a crystal which operates in a third overtone mode,
where the fundamental frequency must be suppressed by
aninductor across C2, turning this parallel resonant circuit
to double the fundamental crystal frequencys, i.e., 2/3 ofthe
desired third harmonic frequency network. When the oscil-
lator inverter is not used, these IOBs and their package
pins are available for general user I/O.

Programming
Table 1

MO M1 M2 CCLK  Mode

Data

Initialization Phase

Aninternal power-on-reset circuit is triggered when power
isapplied. When Vcc reaches the voltage at which portions
of the LCA device begin to operate (nominally 2.5 to 3 V),
the programmable 1/0 output buffers are 3-stated and a
high-impedance pull-up resistor is provided for the user
I/O pins. A time-out delay is initiated to allow the power
supply voltage to stabilize. During this time the power-
down mode is inhibited. The Initialization state time-out
(about 11 to 33 ms) is determined by a 14-bit counter
driven by a self-generated internal timer. This nominal 1-
MHz timer is subject to variations with process, tempera-
ture and power supply. As shown in Table 1, five configu-
ration mode choices are available as determined by the
input levels of three mode pins; MO, M1 and M2.

In Master configuration modes, the LCA device becomes
the source of the Configuration Clock (CCLK). The begin-
ning of configuration of devices using Peripheral or Slave
modes must be delayed long enough for their initialization
to be completed. An LCA device with mode lines selecting
a Master configuration mode extends its initialization state
using four times the delay (43 to 130 ms) to assure that all
daisy-chained slave devices, which it may be driving, will
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be ready even if the master is very fast, and the slave(s)
very slow. Figure 18 shows the state sequences. At the
end of Initialization, the LCA device enters the Clear state
where it clears the configuration memory. The active Low,
open-drain initialization signal INIT indicates when the
Initialization and Clear states are complete. The LCA
device tests for the absence of an external active Low
RESET before it makes a final sample of the mode lines
and enters the Configuration state. An external wired-AND
of one or more INIT pins can be used to control configura-
tion by the assertion of the active-Low RESET of a master
mode device or to signal a processor that the LCA devices
are not yet initialized.

If a configuration has begun, a re-assertion of RESET for
aminimum of three internal timer cycles will be recognized
and the LCA device will initiate an abort, returning to the
Clear state to clear the partially loaded configuration
memory words. The LCA device will then resample RE-
SET and the mode lines before re-entering the Configura-
tion state.

Are-programis initiated.when a configured XC3000 family
device senses a High-to-Low transition and subsequent
>6 us Low level on the Done/PROG package pin, or, if this
pin is externally held permanently Low, a High-to-Low
transition and subsequent >6 pus Low time on the RESET
package pin.

The LCA device returns to the Clear state where the
configuration memory is cleared and mode lines re-
sampled, as for an aborted configuration. The complete
configuration program is cleared and loaded during each
configuration program cycle.

Length count control allows a system of multiple Logic Cell
Arrays, of assorted sizes, to begin operation in a synchro-
nized fashion. The configuration program generated by
the MakePROM program of the XACT development sys-
tem begins with a preamble of 111111110010 followed by
a 24-bit length count representing the total number of
configuration clocks needed to complete loading of the
configuration program(s). The data framing is shown in
Figure 19. All LCA devices connected in series read and
shift preamble and length count in on positive and out on
negative configuration clock edges. An LCA device which
has received the preamble and length count then presents
a High Data Out until it has intercepted the appropriate
number of data frames. When the configuration program
memory of an LCA device is full and the length count does
notyet compare, the LCA device shifts any additional data
through, as it did for preamble and length count.

When the LCA device configuration memory is fulland the
length count compares, the LCA device will execute a
synchronous start-up sequence and become operational.
See Figure 20. Two CCLK cycles after the completion of
loading configuration data, the user I/O pins are enabled
as configured. As selected in MakeBits, the internal user-
logic RESET is released either one clock cycle before or
after the I/0 pins become active. A similar timing selection
is programmable for the DONE/PROG output signal.
DONE/PROG may also be programmed to be an open
drain or include a pull-up resistor to accommodate wired
ANDing. The High During Configuration (HDC) and Low
During Configuration (LDC) are two user I/O pins which are
driven active while an LCA device is in its Initialization,

All User I/O Pins 3-Stated with High Impedance Pull-Up, HDC=High, LDC=Low
A

INIT Output = Low

Initialization
Power-On
Time Delay

Active RESET

Clear
Configuration
Memory

RESET

Active No Mode Pins

N

Configuration
Program Mode

Low on DONE/PROGRAM and RESET

Power Down
No HDC, LDC
or Pull-Up
PWRDWN
Inactive
PWRDWN
Active

Operational

Start-Up Mode

Active RESET
Operates on
User Logic

Power-On Delay is
214 Cycles for Non-Master Mode—11 to 33 ms
216 Cycles for Master Mode—43 to 130 ms

Clear Is
~ 200 Cycles for the XC3020—130 to 400 ps
~ 250 Cycles for the XC3030—165 to 500 ps
~ 290 Cycles for the XC3042—195 to 580 ps
~ 330 Cycles for the XC3064—220 to 660 jis
~ 375 Cycles for the XC3090—250 to 750 ps X3399

Figure 18. A State Diagram of the Configuration Process for Power-up and Reprogram.
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Clear or Configure states. They and DONE/PROG provide
signals for control of external logic signals suchas RESET,
bus enable or PROM enable during configuration. For
parallel Master configuration modes, these signals pro-
vide PROM enable control and allow the data pins to be
shared with user logic signals.

User I/O inputs can be programmed to be either TTL or
CMOS compatible thresholds. At power-up, all inputs
have TTL thresholds and can change to CMOS thresholds

at the completion of configuration if the user has selected
CMOS thresholds. The threshold of PWRDWN and the
direct clock inputs are fixed at a CMOS level.

Ifthe crystal oscillator is used, it will begin operation before
configuration is complete to allow time for stabilization
before it is connected to the internal circuitry.

Configuration Data
Configuration data to define the function and interconnec-
tion within a Logic Cell Array is loaded from an external

1mMnin —Dummy Bits*
0010 —Preamble Code Header
< 24-Bit Length Count > —Configuration Program Length
111 —Dummy Bits (4 Bits Minimum)
0 <Data Frame # 001 > 111 For XC3120
0 <Data Frame # 002 > 111
0 <Data Frame # 003 > 111 197 Configuration Data Frames
. . . Program Data
(Each Frame Consists of:
A Start Bit (0) Repeated for Each Logic
. . . A 71-Bit Data Field Cell Array in a Daisy Chain
0 <Data Frame # 196 > 111 Three Stop Bits
0 <Data Frame # 197 > 111
111 Code (4 Bits Mini
*The LCA Device Require Four Dummy Bits Min; XACT Software Generates Eight Dummy Bits X5300
XC3020 XC3030 XC3042 XC3064 XC3090
XC3020A XC3030A XC3042A XC3064A XC3090A
XC3020L XC3030L XC3042L XC3064L  XC3090L
XC3120 XC3130 XC3142 XC3164 XC3190 XC3195
Device XC3120A XC3130A XC3142A XC3164A XC3190A XC3195A
Gates 1,000 to 1,500 to 2,000 to 3,500 to 5,000 to 6,500 to
1,500 2,000 3,000 4,500 6,000 7,500
CLBs 64 100 144 224 320 484
Row x Col (8x8) (10x10) (12x12) (16x14) (20x16) (22x22)
10Bs 64 80 96 120 144 176
Flip-flops 256 360 480 688 928 1,320
Horizontal Longlines 16 20 24 32 40 44
TBUFs/Horizontal LL 9 1 13 15 17 23
Bits per Frame 75 92 108 140 172 188
(including? start and 3 stop bits)
Frames 197 241 285 329 373 505
Program Data = 14,779 22,176 30,784 46,064 64,160 94,944
Bits x Frames + 4 bits
(excludes header)
PROM size (bits) = 14,819 22,216 30,824 46,104 64,200 94,984
Program Data

+ 40-bit Header

Figure 19. Internal Configuration Data Structure for an LCA Device. This shows the preamble, length count and data frames

generated by the XACT Development System.

The Length Count produced by the MakeBits program = [(40-bit preamble + sum of program data + 1 per daisy chain device)
rounded up to multiple of 8] - (2 < K < 4) where K is a function of DONE and RESET timing selected. An additional 8 is added
if roundup increment is less than K. K additional clocks are needed to complete start-up after length count is reached.
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Preamble l Length Count

The configuration data consists of a composite

* 40-bit preamble/length count; followed by one or
more concatenated LCA programs, separated by
4-bit postambles. An additional final postamble bit
is added for each slave device and the result rounded
up to a byte boundary. The length count is two less
than the number of resulting bits.

Timing of the assertion of DONE and
termination of the INTERNAL RESET
may each be programmed to occur

one cycle before or after the I/O outputs
become active.

Heavy lines indicate the default condition
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PROGRAM : DONE
i
I
|
i
Intemal Reset :
X5303

Figure 20. Configuration and Start-up of One or More LCA Devices.

storage at power-up and after are-program ssignal. Several
methods of automatic and controlled loading of the re-
quired data are available. Logic levels applied to mode
selection pins at the start of configuration time determine
the method to be used. See Table 1. The data may be
either bit-serial or byte-parallel, depending on the configu-
ration mode. The different LCA devices have different
sizes and numbers of data frames. To maintain compatibil-
ity between various device types, the Xilinx product fami-
lies use compatible configuration formats. For the
XC3020, configuration requires 14779 bits for each de-
vice, arranged in 197 data frames. An additional 40 bits are
used in the header. See Figure 20. The specific data
format for each device is produced by the MakeBits
command of the development system and one or more of
these files canthen be combined and appended to alength
count preamble and be transformed into a PROM format
file by the MakePROM command of the XACT develop-
ment system. A compatibility exception precludes the use
of an XC2000-series device as the master for XC3000-
series devices if their DONE or RESET are programmed
to occur after their outputs become active.

The Tie Option of the MakeBits program defines output
levels of unused blocks of a design and connects these to
unused routing resources. This prevents indeterminate
levels that might produce parasitic supply currents. If
unused blocks are not sufficient to complete the tie, the

Flagnet command of EDITLCA can be used to indicate
nets which must not be used to drive the remaining unused
routing, as that might affect timing of user nets. Norestore
will retain the results of tie for timing analysis with Querynet
before Restore returns the design to the untied condition.
Tie can be omitted for quick breadboard iterations where
a few additional milliamps of Icc are acceptable.

The configuration bitstream begins with eight High pre-
amble bits, a 4-bit preamble code and a 24-bit length count.
When configuration is initiated, a counter in the LCA device
is set to zero and begins to count the total number of
configuration clock cycles applied to the device. As each
configuration data frame is supplied to the LCA device, itis
internally assembled into a data word, whichis then loaded
in parallel into one word of the internal configuration
memory array. The configuration loading process is com-
plete when the current length count equals the loaded
length count and the required configuration program data
frames have been written. Internal user flip-flops are held
Reset during configuration.

Two user-programmable pins are defined in the unconfig-
ured Logic Cell array. High During Configuration (HDC)
and Low During Configuration (LDC) as well as
DONE/PROG may be used as external control signals
during configuration. In Master mode configurations it is
convenient to use LDC as an active-Low EPROM Chip
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Enable. After the last configuration data bit is loaded and
the length count compares, the user /O pins become
active. Options in the MakeBits program allow timing
choices of one clock earlier or later for the timing of the end
of the internal logic RESET and the assertion of the DONE
signal. The open-drain DONE/PROG output can be AND-
tied with multiple LCA devices and used as an active-High
READY, an active-Low PROM enable ora RESET to other
portions of the system. The state diagram of Figure 18
illustrates the configuration process.

Master Mode

In Master mode, the LCA device automatically loads
configuration data from an external memory device. There
are three Master modes that use the internal timing source
to supply the configuration clock (CCLK) to time the
incoming data. Master Serial mode uses serial configura-
tion data supplied to Data-in (DIN) from a synchronous
serial source such as the Xilinx Serial Configuration PROM
shown in Figure 21. Master Parallel Low and High modes
automatically use parallel data supplied to the DO-D7 pins
in response to the 16-bit address generated by the LCA
device. Figure 22 shows an example of the parallel Master
mode connections required. The LCA HEX starting ad-
dress is 0000 and increments for Master Low mode and it
is FFFF and decrements for Master Highmode. These two
modes provide address compatibility with microproces-
sors which begin execution from opposite ends of memory.

Peripheral Mode

Peripheral mode provides a simplified interface through
which the device may be loaded byte-wide, as a processor
peripheral. Figure 23 shows the peripheral mode connec-
tions. Processor write cycles are decoded from the com-
mon assertion of the active low Write Strobe (WS), andtwo
active low and one active high Chip Selects (CSO0, CS1,
CS2). The LCA device generates a configuration clock
from the internal timing generator and serializes the paral-
lel input data for internal framing or for succeeding slaves
on Data Out (DOUT). A output High on READY/BUSY pin
indicates the completion of loading for each byte when the
input register is ready for a new byte. As with Master
modes, Peripheral mode may also be used as a lead
device for a daisy-chain of slave devices.

Slave Serial Mode

Slave Serial mode provides a simple interface for loading
the Logic Cell Array configuration as shown in Figure 24.
Serial data is supplied in conjunction with a synchronizing
input clock. Most Slave mode applications are in daisy-
chain configurations in which the data input is driven from
the previous Logic Cell Array’s data out, while the clock is
supplied by a lead device in Master or Peripheral mode.
Data may also be supplied by a processor or other special
circuits.

Daisy Chain

The XACT development system is used to create a com-
posite configuration for selected LCA devices including: a
preamble, a length count for the total bitstream, muiltiple
concatenated data programs and a postamble plus an
additional fill bit per device in the serial chain. After loading
and passing-on the preamble and length count to a pos-
sible daisy-chain, a lead device will load its configuration
data frames while providing a High DOUT to possible
down-stream devices as shown in Figure 22. Loading
continues while the lead device has received its configura-
tion program and the current length count has not reached
the full value. The additional data is passed through the
lead device and appears on the Data Out (DOUT) pin in
serial form. The lead device also generates the Configura-
tion Clock (CCLK) to synchronize the serial output data
and data in of down-stream LCA devices. Data is read in
on DIN of slave devices by the positive edge of CCLK
and shifted out the DOUT on the negative edge of CCLK.
A parallel Master mode device uses its internal timing
generator to produce an internal CCLK of 8 times its
EPROM address rate, while a Peripheral mode device
produces aburst of 8 CCLKs for each chip select and write-
strobe cycle. The internal timing generator continues to
operate for general timing and synchronization of inputs in
all modes.

Special Configuration Functions

The configuration data includes control over several spe-
cial functions in addition to the normal user logic functions
and interconnect.

Input thresholds

Readback disable

DONE pull-up resistor

DONE timing

RESET timing

Oscillator frequency divided by two

Each of these functions is controlled by configuration data
bits which are selected as part of the normal XACT
development system bitstream generation process.

Input Thresholds

Prior to the completion of configuration all LCA device
input thresholds are TTL compatible. Upon completion of
configuration, the input thresholds become either TTL or
CMOS compatible as programmed. The use of the TTL
threshold option requires some additional supply current
for threshold shifting. The exception is the threshold of the
PWRDWN input and direct clocks which always have a
CMOS input. Prior to the completion of configuration the
user I/O pins each have a high impedance pull-up. The
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configuration program can be used to enable the IOB pull-
up resistors in the Operational mode to act either as an
input load or to avoid a floating input on an otherwise
unused pin.

Readback

The contents of a Logic Cell Array may be read back if it
has been programmed with a bitstream in which the
Readback option has been enabled. Readback may be
used for verification of configuration and as a method of
determining the state of internal logic nodes during debug-
ging. There are three options in generating the configura-
tion bitstream.

¢ “Never” inhibits the Readback capability.

* “One-time,” inhibits Readback after one Readback
has been executed to verify the configuration.

¢ “On-command” allows unrestricted use of Readback.

Readback is accomplished without the use of any of the
user 1/O pins; only MO, M1 and CCLK are used. The
initiation of Readback is produced by a Low to High
transition of the MO/RTRIG (Read Trigger) pin. The CCLK
input must then be driven by external logic to read back the
configuration data. The first three Low-to-High CCLK
transitions clock out dummy data. The subsequent Low-
to-High CCLK transitions shift the data frame information
outon the M1/RDATA (Read Data) pin. Note that the logic
polarity is always inverted, a zero in configuration be-
comes a one in Readback, and vice versa. Note also that
each Readback frame has one Start bit (read back as a
one) but, unlike in configuration, each Readback frame
has only one Stop bit (read back as a zero). The third
leading dummy bit mentioned above can be considered
the Start bit of the first frame. All data frames must be read
back to complete the process and return the Mode Select
and CCLK pins to their normal functions.

Readback data includes the current state of each CLB
flip-flop, each input flip-flop or latch, and each device pad.
These data are imbedded into unused configuration bit
positions during Readback. This state information is used
by the XACT development system In-Circuit Verifier to
provide visibility into the internal operation of the logic
while the system s operating. To readback a uniform time-
sample of all storage elements, it may be necessary to
inhibit the system clock.

Reprogram
To initiate a re-programming cycle, the dual-function pin
DONE/PROG must be given a High-to-Low transition. To

reduce sensitivity to noise, the input signalis filtered for two
cycles of the LCA device internal timing generator. When
reprogram begins, the user-programmable I/O output buff-
ers are disabled and high-impedance pull-ups are pro-
vided for the package pins. The device returns to the Clear
state and clears the configuration memory before it indi-
cates ‘initialized’. Since this Clear operation uses chip-
individual internal timing, the master might complete the
Clear operation and then start configuration before the
slave has completed the Clear operation. To avoid this
problem, the slave INIT pins must be AND-wired and used
to force a RESET on the master (see Figure 22). Repro-
gram control is often implemented using an external open-
collector driver which pulls DONE/PROG Low. Once a
stable request is recognized, theDONE/PROG pin is held
Low until the new configuration has been completed. Even
ifthe re-program request is externally held Low beyond the
configuration period, the LCA device will begin operation
upon completion of configuration.

DONE Pull-up

DONE/PROG is an open-drain |/O pin that indicates the
LCA device is in the operational state. An optional internal
pull-up resistor can be enabled by the user of the XACT
development system when MAKEBITS is executed. The
DONE/PROG pins of multiple LCA devices in a daisy-
chain may be connected together to indicate all are DONE
or to direct them all to reprogram.

DONE Timing

The timing of the DONE status signal can be controlled by
aselection inthe MakeBits program to occur eithera CCLK
cycle before, or after, the outputs going active. See Figure
20. This facilitates control of external functions such as a
PROM enable or holding a system in a wait state.

RESET Timing

As with DONE timing, the timing of the release of the
internal reset can be controlled by a selection in the
MakeBits program to occur either a CCLK cycle before, or
after, the outputs going active. See Figure 20. This reset
keeps all user programmable flip-flops and latches ina
zero state during configuration.

Crystal Oscillator Division

A selection in the MakeBits program allows the user to
incorporate a dedicated divide-by-two flip-flop between
the crystal oscillator and the alternate clock line. This
guarantees a symmetrical clock signal. Although the fre-
quency stability of a crystal oscillator is very good, the
symmetry of its waveform can be affected by bias or
feedback drive.

The following seven pages describe the different configuration modes in detail
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Master Serial Mode

* IF READBACK IS
ACTIVATED, A
5-kQ RESISTOR IS
REQUIRED IN
SERIES WITH M1

DURING CONFIGURATION
THE 5 kQ M2 PULL-DOWN
RESISTOR OVERCOMES THE
INTERNAL PULL-UP,

BUT IT ALLOWS M2 TO

BE USER /0.

Figure 21. Master Serial Mode
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(LOW RESETS THE XC17XX ADDRESS POINTER) X3027

In Master Serial mode, the CCLK output of the lead LCA
device drives a Xilinx Serial PROM that feeds the LCA DIN
input. Each rising edge of the CCLK output increments the
Serial PROM internal address counter. This puts the next
data bit on the SPROM data output, connected to the LCA
DIN pin. The lead LCA device accepts this data on the

subsequent rising CCLK edge.

The lead LCA device then presents the preamble data
(and all data that overflows the lead device) on its DOUT
pin. There is an internal delay of 1.5 CCLK periods, which

means that DOUT changes on the falling CCLK edge, and
the next LCA device in the daisy-chain accepts data on the
subsequent rising CCLK edge.

The SPROM CE input can be driven from either LDC or
DONE . Using LDC avoids potential contention on the DIN
pin, if this pin is configured as user-1/0, but LDC is then
restricted to be a permanently High user output. Using
DONE also avoids contention on DIN, provided the early
DONE option is invoked.
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Master Serial Mode Programming Switching Characteristics

CCLK
(Output)

@ Tekos

@ Toox
Serial Data In n n+1 \ X n+2 X
ST GEETEED G GERTRD &

X3223
Speed Grade Min Max Units
Description Symbol
CCLK Data In setup 1 Tbsck 60 ns
Data In hold 2 ckps 0 ns

Notes: 1. At power-up, Vcc must rise from 2.0 V to Vg min in less than 25 ms. If this is not possible, configuration can be
delayed by holding RESET Low until V¢ has reached 4.0 V (2.5 V for the XC3000L). A very long V¢ rise time of
>100 ms, or a non-monotonically rising Vgc may require >6-us High level on RESET, followed by a >6-us Low
level on RESET and D/P after V¢ has reached 4.0 V (2.5 V for the XC3000L).

2. Configuration can be controlled by holding RESET Low with or until after the INIT of all daisy-chain slave-mode
devices is High.

3. Master-serial-mode timing is based on slave-mode testing.
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Master Parallel Mode

* 45V * 45V * *
If Readback is +5V _]_T_I_ +5V
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Figure 22. Master Parallel Mode

In Master Parallel mode, the lead LCA device directly
addresses an industry-standard byte-wide EPROM and
accepts eight data bits right before incrementing (or
decrementing) the address outputs.

The eight data bits are serialized in the lead LCA device,
which then presents the preamble data (and all data that
overflows the lead device) on the DOUT pin. There is an

internal delay of 1.5 CCLK periods, after the rising CCLK
edge that accepts a byte of data, and also changes the
EPROM address, until the falling CCLK edge that makes
the LSB (DO) of this byte appear at DOUT. This means that
DOUT changes on the falling CCLK edge, and the next
LCA device in the daisy chain accepts data on the subse-
quent rising CCLK edge.
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Master Parallel Mode Programming Switching Characteristics

Address for Byte n

AO0-A15
(output)

* Address for Byte n + 1
- @TnAc

Do-D7

X

e— @ Taco

o

RCLK
(output) / : £¢

7 CCLKs CCLK
CCLK /——\—_}
(output)
DOUT ><
(output) D6 \X D7
Byten-1 X5380
Description Symbol Min Max Units
RCLK To address valid 1 Trac 0 200 ns
To data setup 2 Tore 60 ns
To data hold 3 Trep 0 ns
RCLK ngh TreH 600 ns
RCLK Low TheL 4.0 us

Notes: 1. At power-up, Ve must rise from 2.0 V to Ve min in less than 25 ms. If this is not possible, configuration can be
delayed by holding RESET Low until V¢ has reached 4.0 V (2.5 V for the XC3000L). A very long V¢ rise time of
>100 ms, or a non-monotonically rising Ve may require a >6-us High level on RESET, followed by a >6-us Low
level on RESET and D/P after V¢ has reached 4.0 V (2.5 V for the XC3000L).

2. Configuration can be controlled by holding RESET Low with or until after the INIT of all daisy-chain slave-mode

devices is High.

This timing diagram shows that the EPROM requirements are extremely relaxed:
EPROM access time can be longer than 4000 ns. EPROM data oulput has no hold time requirements.
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Peripheral Mode
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N of RESET
Figure 23. Peripheral Mode. 3031

Peripheral mode uses the trailing edge of the logic AND
condition of the CS0, CST, CS2, and WS inputs to accept
byte-wide data from a microprocessor bus. Inthe lead LCA
device, this data is loaded into a double-buffered UART-
like parallel-to-serial converter and is serially shifted into
the internal logic. The lead LCA device presents the
preamble data (and all data that overflows the lead device)
on the DOUT pin.

The Ready/Busy output from the lead LCA device acts as
a handshake signal to the microprocessor. RDY/BUSY
goes Low when a byte has been received, and goes High

again when the byte-wide input buffer has transferred its
information into the shift register, and the buffer is ready to
receive new data. The length of the BUSY signal depends
on the activity in the UART. If the shift register had been
empty when the new byte was received, the BUSY signal
lasts for only two CCLK periods. If the shift register was still
full when the new byte was received, the BUSY signal can
be as long as nine CCLK periods.

Note that after the last byte has been entered, only seven
of its bits are shifted out. CCLK remains High with DOUT
equal to bit 6 (the next-to-last bit) of the last byte entered.
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Peripheral Mode Programming Switching Characteristics

WRITE TO LCA

RDY/BU_—S—v '," * lI }
pout b :X: :x :‘.:: :{’ X D7 * Do X o1 Xo2
Previous Byte —»| New Byte —»
X3249
Description Symbol Min Max Units
Write Effective Write time required 1 Tea 100 ns
(Assertion of CS0, CS1, CS2, WS)
DIN Setup time required 2 Toc 60 ns
DIN Hold time required 3 Tep 0 ns
RDY/BUSY delay after end of WS 4 Twrrs 60 ns
RDY Earliest next WS after end of BUSY 5 | Trewr 0 ns
BUSY Low time generated 6 Teusy 25 9 CCLK
Periods

Notes:

1. At power-up, Vcc must rise from 2.0 V to Vo min in less than 25 ms. If this is not possible, configuration can be
delayed by holding RESET Low until V¢ has reached 4.0 V (2.5 V for the XC3000L). A very long V¢ rise time of
>100 ms, or a non-monotonically rising V¢ may require a >6-ps High level on RESET, followed by a >6-us Low level
on RESET and D/P after V¢ has reached 4.0 V (2.5 V for the XC3000L).

2. Configuration must be delayed until the INIT of all LCAs is High.

3. Time from end of WS to CCLK cycle for the new byte of data depends on completion of previous byte processing and
the phase of the internal timing generator for CCLK.

4. CCLK and DOUT timing is tested in slave mode.

5. Tgysy indicates that the double-buffered parallel-to-serial converter is not yet ready to receive new data. The shortest

Tgusy occurs when a byte is loaded into an empty parallel-to-serial converter. The longest Tgysy occurs when a new
word is loaded into the input register before the second-level buffer has started shifting out data.

This timing diagram shows very relaxed requirements: Data need not be held beyond the rising edge of WS. BUSY will
go active within 60 ns after the end of WS. BUSY will stay active for several microseconds. WS may be asserted immedi-
ately after the end of BUSY.
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Slave Serial Mode
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Figure 24. Slave Serial Mode.

X3157

In Slave Serial mode, an external signal drives the CCLK
input(s) of the LCA device(s). The serial configuration
bitstream must be available at the DIN input of the lead
LCA device a short set-up time before each rising CCLK
edge. The lead LCA device then presents the preamble

data (and all data that overflows the lead device) on its
DOUT pin. There is an internal delay of 0.5 CCLK periods,
which means that DOUT changes on the falling CCLK
edge, and the next LCA device in the daisy-chain accepts
data on the subsequent rising CCLK edge.
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Slave Serial Mode Programming Switching Characteristics

DIN { Bitn * Bitn+ 1
®Tocc >~ @Tecco— ®Tecr |
CCLK }{ \\ ;

@chn @cho
(O?%:'T) Bitn- 1 Bitn
X5379

Description Symbol Min Max Units

CCLK To DOUT 3 |Tcco 100 ns
DIN setup 1 |Tocc 60 ns
DIN hold 2 TCCD 0 ns
High time 4 |Tcen 0.05 us
Low time (Note 1) 5 |TeoL 0.05 5.0 us
Frequency Fcc 10 MHz

Notes: 1. The max limit of CCLK Low time is caused by dynamic circuitry inside the LCA device.
2. Configuration must be delayed until the INIT of all LCA devices is High.
3. Atpower-up, Vcc must rise from 2.0 V to Ve min in less than 25 ms. If this is not possible, configuration can be de-

ms, or a non-monotonically rising Ve may require a >6-us High level on RESET, followed by a >6-us Low level on
RESET and D/P after V¢ has reached 4.0 V (2.5 V for the XC3000L).

Program Readback Switching Characterisctics

DONE/PROG
(OUTPUT)

D @ TRTH _’l
RTRIG (M0) kk

‘—@ Tec, —
CCLK(1) b

@ Tccrp
M1 Input/ et VALID >< VALID
RDATA Output READBACK OUTPUT READBACK OUTPUT
X4395
Description Symbol Min Max Units

RTRIG RTRIG High 1 | Trmu 250 ns
CCLK RTRIG setup 2 | Trrcc 200 ns
RDATA delay 3 | Tecrp 100 ns
High time 5 | Teehr 0.5 us
Low time 4 | Tcowr 0.5 5 us

Notes: 1. During Readback, CCLK frequency may not exceed 1 MHz.

2. RETRIG (MO positive transition) shall not be done until after one clock following active 1/O pins.
3. Readback should not be initiated until configuration is complete.
4

. Tcowr is 5 ps min to 15 us max for XC3000L.
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General LCA Switching Characteristics

<— T,
" @ MRW
RESET

- TMR—>
@~ *«@Tw

MO/M1/M2

<—®TPGw————;’(

DONE/PROG

-~ @ Teal
|
(Output) User State Cl ea[,‘,State Configuration State
PWRDWN \ O

|<— Note 3
Ve (Valid) T “ Veern
X5387
Description Symbol Min Max Units
RESET (2) MO, M1, M2 setup time required 2 Tur 1 us
M0, M1, M2 hold time required 3 Trm 3 us
RESET Width (Low) req. for Abort 4 Tmrw 6 us
DONE/PROG | Width (Low) required for Re-config. | 5 Traw 6 us
INIT response after D/P is pulled Low | 6 Teal 7 us
PWRDWN (3) | Power Down V¢c Veeen 23 \Y

Notes: 1. At power-up, V. must rise from 2.0 V to Vg min in less than 25 ms. If this is not possible, configuration can be de-
layed by holding RESET Low until V¢ has reached 4.0 V (2.5 V for XC3000L). A very long V rise time of >100 ms, or
a non-monotonically rising V. may require a >1-us High level on RESET, followed by a >6-ps Low level on RESET and
D/P after V¢ has reached 4.0 V (2.5 V for XC3000L).
2. RESET timing relative to valid mode lines (M0, M1, M2) is relevant when RESET is used to delay configuration. The
specified hold time is caused by a shift-register filter slowing down the response to RESET during configuration.

3. PWRDWN transitions must occur while V¢ >4.0 V(2.5 V for XC3000L).
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Performance

Device Performance

The XC3000 families of FPGAs can achieve very high

performance. This is the result of

¢ A sub-micron manufacturing process, developed and
continuously being enhanced for the production of
state-of-the-art CMOS SRAMs.

* Careful optimization of transistor geometries, circuit
design, and lay-out, based on years of experience
with the XC3000 family.

* A look-up table based, coarse-grained architecture
that can collapse multiple-layer combinatorial logic
into a single function generator. One CLB canimple-
ment up to four layers of conventional logic in as little
as 2.7 ns.

Actual system performance is determined by the timing of
critical paths, including the delay through the combinato-
rial and sequential logic elements within CLBs and IOBs,
plus the delay in the interconnect routing. The ac-timing
specifications state the worst-case timing parameters for
the various logic resources available in the XC3000-
families architecture. Figure 25 shows a variety of ele-
ments involved in determining system performance.

Logic block performance is expressed as the propagation
time from the interconnect point at the input to the block to
the output of the block in the interconnect area. Since
combinatorial logic is implemented with a memory lookup
table within a CLB, the combinatorial delay through the
CLB, called Ty o, is always the same, regardless of the
function being implemented. For the combinatorial logic
function driving the data input of the storage element, the
critical timing is data set-up relative to the clock edge
provided to the flip-flop element. The delay from the clock
source to the output of the logic block is critical in the timing
signals produced by storage elements. Loading of a logic-

block output is limited only by the resulting propagation
delay of the larger interconnect network. Speed perfor-
mance of the logic block is a function of supply voltage and
temperature. See Figure 26.

Interconnect performance depends on the routing re-
sources used to implement the signal path. Direct inter-
connects to the neighboring CLB provide an extremely fast
path. Local interconnects go through switch matrices
(magic boxes) and suffer an RC delay, equal to the
resistance of the pass transistor multiplied by the capaci-
tance of the driven metal line. Longlines carry the signal
across the length or breadth of the chip with only one
access delay. Generous on-chip signal buffering makes
performance relatively insensitive to signal fan-out; in-
creasing fan-out from 1 to 8 changes the CLB delay by only
10%. Clocks can be distributed with two low-skew clock
distribution networks.

The tools in the XACT Development System used to place
and route a design in an XC3000 FPGA (the Automatic
Place and Route [APR] program and the XACT Design
Editor)automatically calculate the actual maximum worst-
case delays along each signal path. This timing informa-
tion can be back-annotated to the design’s netlist for use
in timing simulation or examined with X-DELAY, a static
timing analyzer.

Actual system performance is applications dependent.
The maximum clock rate that can be used in a system is
determined by the critical path delays within that system.
These delays are combinations of incremental logic and
routing delays, and vary from design to design. In a
synchronous system, the maximum clock rate depends on
the number of combinatorial logic layers between re-
synchronizing flip-flops. Figure 27 shows the achievable
clock rate as a function of the number of CLB layers.

Clock to Output Combinatorial Setup
| Tcko | Tio | Tick | I Top |
CcLB cLB CLB 10B
Logic Logic D—‘
PAD
K) (K)
cLock B | >
T
oh |'— cko — >
PAD N
| N | |

| Tpip |

f Tokro !
X3178

Figure 25. Primary Block Speed Factors. Actual timing is a function of various block factors combined with routing
factors. Overall performance can be evaluated with the XACT timing calculator or by an optional simulation.
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SPECIFIED WORST-CASE VALUES
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Figure 26. Relative Delay as a Function of Temperature, Supply Voltage and Processing Variations
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Figure 27. Clock Rate as a Function of Logic Complexity
(Number of Combinational Levels between
Flip-Flops)

Power

Power Distribution

Power for the LCA device is distributed through a grid to
achieve high noise immunity and isolation between logic
and I/O. Inside the LCA device, a dedicated Ve and
ground ring surrounding the logic array provides power to
the /O drivers. An independent matrix of Vgc and
groundlines supplies the interior logic of the device. This
power distribution grid provides a stable supply and ground
for all internal logic, providing the external package power
pins are all connected and appropriately decoupled. Typi-
cally a 0.1-uF capacitor connected near the Vgc and
ground pins will provide adequate decoupling.

Output buffers capable of driving the specified 4- or 8-mA
loads under worst-case conditions may be capable of
driving as much as 25 to 30 times that current in a best
case. Noise can be reduced by minimizing external load
capacitance and reducing simultaneous output transitions
in the same direction. It may also be beneficial to locate
heavily loaded output buffers near the ground pads. The
I/O Block output buffers have a slew-limited mode which
should be used where output rise and fall times are not
speed critical. Slew-limited outputs maintain their dc drive
capability, but generate less external reflections and inter-
nal noise.
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Dynamic Power Consumption

XC3042 XC3042A XC3042L XC3142A
One CLB driving three local interconnects 0.25 0.17 0.07 0.25 mW per MHz
One global clock buffer and clock line 2.25 1.40 0.50 1.70 mW per MHz
One device output with a 50 pF load 1.25 1.25 0.55 1.25 mW per MHz

Power Consumption

The Logic Cell Array exhibits the low power consumption
characteristic of CMOS ICs. For any design, the configu-
ration option of TTL chip input threshold requires power for
the threshold reference. The power required by the static
memory cells that hold the configuration data is very low
and may be maintained in a power-down mode.

Typically, most of power dissipation is produced by exter-
nal capacitive loads on the output buffers. This load and
frequency dependent power is 25 uW/pF/MHz per output.
Another component of I/O power is the external dc loading
on all output pins.

Internal power dissipation is a function of the number and
size of the nodes, and the frequency at which they change.
In an LCA device, the fraction of nodes changing on a
given clock is typically low (10-20%). For example, in a
long binary counter, the total activity of all counter flip-flops
is equivalent to that of only two CLB outputs toggling at the
clock frequency. Typical global clock-buffer power is be-
tween 2.0 mW/MHz for the XC3020 and 3.5 mW/MHz for
the XC3090. The internal capacitive load is more a func-
tion of interconnect than fan-out. With a typical load of
three general interconnect segments, each CLB output
requires about 0.25 mW per MHz of its output frequency.

Because the control storage of the Logic Cell Array is
CMOS static memory, its cells require a very low standby
current for data retention. In some systems, this low data
retention current characteristic can be used as a method
of preserving configurations in the event of a primary

power loss. The Logic Cell Array has built in Powerdown
logic which, when activated, will disable normal operation
of the device and retain only the configuration data. All
internal operation is suspended and output buffers are
placed in their high-impedance state with no pull-ups.
Different from the XC3000 family which can be powered
down to a current consumption of a few microamps, the
XC3100 draws 5 mA, even in power-down. This makes
power-down operation less meaningful. In contrast, lccpp
for the XC3000L is only 10 pA.

Toforce the Logic Cell Array into the Powerdown state, the
user must pull the PWRDWN pin Low and continue to
supply a retention voltage to the V¢c pins. When normal
power is restored, V¢ is elevated to its normal operating
voltage and PWRDWN is returned to a High. The Logic
Cell Array resumes operation with the same internal se-
quence that occurs at the conclusion of configuration.
Internal-l/O and logic-block storage elements will be reset,
the outputs will become enabled and the DONE/PROG pin
will be released.

When Vg is shut down or disconnected, some power
might unintentionally be supplied from an incoming signal
driving an I/O pin. The conventional electro-static input
protection is implemented with diodes to the supply and
ground. A positive voltage applied to an input (or output)
will cause the positive protection diode to conduct and
drive the Vg connection. This condition can produce
invalid power conditions and should be avoided. A large
series resistor might be used to limit the current or abipolar
buffer may be used to isolate the input signal.
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Pin Descriptions
Permanently Dedicated Pins.

Vee
Two to eight (depending on package type) connections to
the positive V supply voltage. All must be connected.

GND
Two to eight (depending on package type) connections to
ground. All must be connected.

PWRDWN

A Low on this CMOS-compatible input stops all internal
activity, but retains configuration. All flip-flops and latches
are reset, all outputs are 3-stated, and all inputs are
interpreted as High, independent of their actual level.
When PWDWN returns High, the LCA device becomes
operational with DONE Low for two cycles of the internal
1-MHz clock.Before and during configuration, PWRDWN
must be High. If not used, PWRDWN must be tied to Vcc.

RESET
This is an active Low input which has three functions.

Prior to the start of configuration, a Low input will delay the
start of the configuration process. An internal circuit
senses the application of power and begins a minimal
time-out cycle. When the time-out and RESET are com-
plete, the levels of the M lines are sampled and configura-
tion begins.

If RESET is asserted during a configuration, the LCA
device is re-initialized and restarts the configuration at the
termination of RESET.

provides a global asynchronous RESET of all IOB and
CLB storage elements of the LCA device.

CCLK

During configuration, Configuration Clock is an output of
an LCA device in Master mode or Peripheral mode, but an
input in Slave mode. During Readback, CCLK is a clock
input for shifting configuration data out of the LCA device

CCLK drives dynamic circuitry inside the LCA device. The
Low time may, therefore, not exceed a few microseconds.
When used as an input, CCLK must be “parked High”. An
internal pull-up resistor maintains High when the pin is not
being driven.

DONE/PROG (D/P)

DONE is an open-drain output, configurable with or without
an internal pull-up resistor of 2 to 8 k Q. At the completion of
configuration, the LCA device circuitry becomes active in a
synchronous order; DONE is programmed to go active High
one cycle either before or after the outputs go active.

Once configuration is done, a High-to-Low transition of this
pin will cause an initialization of the LCA device and start
a reconfiguration.

MO/RTRIG

As Mode 0, this input is sampled on power-on to determine
the power-on delay (2'* cycles if MO is High, 26 cycles if
MO is Low). Before the start of configuration, this input is
again sampled together with M1, M2 to determine the
configuration mode to be used .

A Low-to-High input transition, after configuration is com-
plete, acts as a Read Trigger and initiates a Readback of
configuration and storage-element data clocked by CCLK.
By selecting the appropriate Readback option when gen-
erating the bitstream, this operation may be limited to a
single Readback, or be inhibited altogether.

M1/RDATA

As Mode 1, this input and MO, M2 are sampled before the
start of configuration to establish the configuration mode to
be used. If Readback is neverused, M1 can be tied directly
to ground or V¢c. If Readback is ever used, M1 must use
a 5-kQ resistor to ground or V¢g, to accommodate the
RDATA output.

As an active-Low Read Data, after configuration is com-
plete, this pin is the output of the Readback data.
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User /O Pins that can have special functions.

M2

During configuration, this inputhas a weak pull-up resistor.
Together with MO and M1, itis sampled before the start of
configuration to establish the configuration mode to be
used. After configuration, this pin is a user-programmable
1/O pin.

HDC

During configuration, this output is held at a High level to
indicate that configuration is not yet complete. After con-
figuration, this pin is a user-programmable 1/O pin.

LDC

During Configuration, this output is held at a Low level to
indicate that the configuration is not yet complete. After
configuration, this pin is a user-programmable I/O pin.
LDCiis particularly useful in Master mode as a Low enable
for an EPROM, but it must then be programmed as a High
after configuration.

INIT

This is an active Low open-drain output with a weak pull-
up and is held Low during the power stabilization and
internal clearing of the configuration memory. It can be
used to indicate status to a configuring microprocessor or,
as a wired AND of several slave mode devices, a hold-off
signal for a master mode device. After configuration this
pin becomes a user-programmable 1/O pin.

BCLKIN
This is a direct CMOS level input to the alternate clock
buffer (Auxiliary Buffer) in the lower right corner.

XTL1
This user I/O pin can be used to operate as the output of
an amplifier driving an external crystal and bias circuitry.

XTL2

This user I/O pin can be used as the input of an amplifier
connected to an external crystal and bias circuitry. The /O
Block is left unconfigured. The oscillator configuration is
activated by routing a net from the oscillator buffer symbol
output and by the MakeBits program.

CS0, CS1, CS2, WS

These four inputs represent a set of signals, three active
Low and one active High, that are used to control configu-
ration-data entry in the Peripheral mode. Simultaneous
assertion of all four inputs generates a Write to the internal
data buffer. The removal of any assertion clocks in the DO-
D7 data. In Master-Parallel mode, WS and CS2 are the AO
and A1 outputs. After configuration, these pins are user-
programmable I/O pins.

RDY/BUSY

During Peripheral Parallel mode configuration this pin
indicates when the chip is ready for another byte of data to
be written to it. After configuration is complete, this pin
becomes a user-programmed I/O pin.

RCLK

During Master Parallel mode configuration, each change
on the A0-15 outputs is preceded by a rising edge on
RCLK, a redundant output signal. After configuration is
complete, this pin becomes a user-programmed I/O pin.

D0-D7

This set of eight pins represents the parallel configuration
byte for the parallel Master and Peripheral modes. After
configuration is complete, they are user-programmed
1/0 pins.

A0-A15

During Master Parallel mode, these 16 pins present an
address output for a configuration EPROM. After configu-
ration, they are user-programmable 1/O pins.

DIN

During Slave or Master Serial configuration, this pin is
used as a serial-data input. In the Master or Peripheral
configuration, this is the Data 0 input. After configuration is
complete, this pin becomes a user-programmed /O pin.

DOUT

During configuration this pin is used to output serial-
configuration data to the DIN pin of a daisy-chained slave.
After configuration is complete, this pin becomes a user-
programmed 1/O pin.

TCLKIN

This is a direct CMOS-levelinput to the global clock buffer.
This pin can also be configured as a user programmable
I/O pin. However, since TCLKIN is the preferred input to
the global clock net, and the global clock net should be
used as the primary clock source, this pin is usually the
clock input to the chip.

Unrestricted User /O Pins.

Vo

An I/O pin may be programmed by the user to be an Input
oran Output pin following configuration. All unrestricted I/
O pins, plus the special pins mentioned on the following
page, have a weak pull-up resistor of 50 kQ to 100 kQ that
becomes active as soon as the device powers up, and
stays active until the end of configuration.

Before and during configuration, all outputs that are not used for the configuration process are 3-stated with
a 50 K to 100 kQ pull-up resistor.
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XC3000, XC3000A, XC3000L, XC3100, XC3100A Logic Cell Array Families

Pin Functions During Configuration

Configuration Mode <M2:M1:M0> el Ll
SLAVE MASTER-SER  PERIPHERAL  MASTER-HIGH  MASTER-LOw | 44 [ €8 [ 84 | 84 | 100 | 100 | 132 | 160 | 175 | 208 User
<1:1:1> <0:0:0> <1:0:1> <1:1:0> <1:0:0> PLCCIPLCCIPLCC| PGA [PQFP | TQFP| PGA |PQFP|PGA |PQFP|  Operation
PWRDWN () PWRDWN (1 PWRDWN (1) PWRDWN () PWRDWN (1) 7 |10f12fe2]|2 [26|m [150]B2| 3 | PWROWN() |
vee vCC VCC vCC VCC 12 | 18 | 22 | Fa | 41 | 38 | c8 | 20 | 0o [ 26 R
M1 (HIGH) (I 1 (LOW) (1 M1 1 1 (HIGH) (1 M1 (LOW) (1 16 | 25 | 31 | J2 | 52 | 40 [B13 | 40 | B14 | 48 RDATA
MO (HIGH) (1 MO (LOW) (1) MO (HIGH) (1 MO (LOW) () MO(OW)(®) | 17 | 26 | 32 | 11 | 64 | 51 |A1a | a2 | B15 | 50 RTRIG ()
M2 (HIGH) (1) M2 M2 (HIGH] M2 (HIGH) (I M2 (HIGH) (1 18 | 27 | 33 | K2 | 56 | 53 |C13 | 44 |C15 | 56 vo
19 | 28 | 34 | K3 | 57 | 54 [B14a | 45 [E14 | 67 Vo
20 | 30 | 36 | 13 | 50 | 56 |D1a| 49 | D16 | 61 o
22 | 34 | 42 | ke | 65 | 62 |G1a | 50 | Hi5 | 77 Vo
23 | 35 | 43 | J6 | 66 | 63 [H12 | 19 | J1a | 79 GND
26 | 43 | 53 | 111] 76 | 73 [M13 | 76 | P15 | 100 | xT20RWO |
m RESET () RESET () RESET () 27 | 44 | 54 | k10| 78 | 75 | P1a| 78 | R15 | 102 |  AESET®M |
28 | 45 | 55 [J10| 80 | 77 |N13 | 80 | R14 | 107 | PROGRAM ()
26 | 56 [Ki1| 81 | 78 |[mi2| 81 | N13 | 109 o)
30 | 47 | 57 | J11 | 82 | 79 | P13 | 82 | T14 | 110 | _XTL1ORIO
26 | 56 [H10] 83 | 80 | N11 | 86 | P12 | 115 )
29 | 60 | F10] 87 | 84 | M9 | o2 | T11 | 122 o
50 | 61 | Gi0| 88 | 85 | N9 | 93 | R10 | 123 o
51 | 62 | Gi1| 89 | 86 | N8 | 98 | R9 | 128 o
52 |64 [ Fo [ o1 88 [ M8 [100 | No | 130 Voo
53 | 65 [ Fi1| 92 | 8o | N7 | 102 132 )
54 | 66 | EN1| 93 | 90 | Ps | 103 | A8 | 133 o
55 | 67 | E10| 94 | 91 | Me | 108 | R7 | 138 o
56 | 70 [D10] 98 | 95 | M5 | 114 | RS | 145 o
57 | 71 [C11] 90 | 9 | N4 | 115 | P5 | 146 1o
g 38 | 58 | 72 [B11] 100 | o7 | N2 | 119 | A3 | 151 o
DouT 30 | 59 | 73 [C10] 1 | 98 | M3 [ 120 | na | 152 o
CCLK(O) CCLK(O) 4 |60 [ 74 [A11] 2 [ 99 1Pt [121 | R2 | 153 ‘CCLK{(l)
A0 A0 61 | 75 [B10| 5 | 2 | M2 | 124 | P2 | 161 )
Al A1 62 | 76 | B9 | 6 | 3 | N1 [ 125 | M3 | 162 Vo
A2 2 63 | 77 [A10] 8 | 5 | L2 | 128 | P1 | 165 0
A3 A3 64 | 78 | A9 | 9 | 6 | L1 | 129 | N1 | 166 o
A15 A1S 65 | 81 | B6 | 12 | 9 | K1 | 132 | M1 | 172 o
A4 A4 66 | 82 | B7 | 13 | 10 | 02 [133 | 12 | 173 o
Al4 Al4_ 67 | 83 | A7 [ 14 | 11 [ W | 136 | k2 | 178 o
AS AS 68 | 84 | C7 | 156 | 12 | H2 | 137 | K1 | 179 v
GND. GND GND GND GND 1 1 [ ce| 16 [ 13 | H3 {139 | J3 | 182 GND
A13_ A13 2 | A6 | 17 [ 1a | G2 [ 141 | H2 | 184 73]
A6 A6 3 | A5 | 18 [ 15 | G1 [ 142 | W1 | 185 o
Al12 A12 4 4 BS 19 16 F2 | 147 | F2 | 192 vo
A7 A7 5 | 5 | C5 ] 2 | 17 | E1 [148 | €1 | 193 o
A1 A1 8 | A3 | 23 | 20 [ D1 [ 451 | D1 | 199 o
A8 A8 7 | o | A2 | 2a | 21 [ D2 [152 | C1 | 200 w0
A0 A0 10 | B3 | 25 | 22 | B1 [ 155 | E3 | 203 o
A9 A9 9 11 [ A1 ] 26 | 26 [ C2 |156 | C2 | 204 o
Al Others
X | X | X [ x XC3020 etc.
X | x [ x X | x XC3030_efc.
X | X | x | x| x XC3042_efc.
X X XC3064 etc.
X~ X | X | X | xC3090 etc.
X X | X | x XC3195

Represents a 50-kQ to 100-kQ pull-up before and during configuration

INIT is an open drain output during configuration

Represents an input

Pin assignmnent for the XC3064/XC3090 and XC3195 differ from those shown. See page 2-138.
Peripheral mode and master parallel mode are not supported in the PC44 package. See page 2-135.
****  Pin assignments for the XC3195 PQ208 differ from those shown. See page 2-146.

Pin assignments of PGA Footprint PLCC sockets and PGA packages are not electrically identical.

Generic I/0 pins are not shown.

The information on this page is provided as a convenient summary. For detailed pin descriptions, see the preceding two pages.
For a detailed description of the configuration modes, see pages 2-190 through 2-200.

For pinout details, see pages 2-136 through 2-146.

Before and during configuration, all outputs that are not used for the configuration process are 3-stated with
a 50 kQ to 100 kQ pull-up resistor.
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XC3000 Families Pin Assignments

Xilinx offers the six different array sizes in the XC3000
families in a variety of surface-mount and through-hole
package types, with pin counts from 44 to 223.

Each chip is offered in several package types to
accomodate the available pc board space and manufac-
turing technology. Most package types are also offered
with different chips to accomodate design changes without
the need for pc board changes.

Note that there is no perfect match between the number of
bonding pads on the chip and the number of pins on a
package. In some cases, the chip has more pads than
there are pins on the package, as indicated by the informa-
tion (“unused” pads) below the line in the following table.
The I0Bs of the unconnected pads can still be used as
storage elements if the specified propagation delays and
set-up times are acceptable.

In other cases, the chip has fewer pads than there are
pins on the package; therefore, some package pins are
not connected (n.c.), as shown above the line in the
following table.

Number of Package Pins

Device Pads 44 64 68 84 100 132 144 160 175 176 208 223
3020 74 — — 6u — — — — — — —
3030 98 54u  34u 30u — — — — — — —
3042 118 —_ — - 34u —_ — - —_
3064 142 - —_ —_ 58u — - —_ — -
3090 166 —_— —_ _ 82u —_ —_ _— 6u 9nc 10nc. 42nc. —
3195 198 — — —  14u  — - - — | %% | — 10nc 25nc.
n.c. = Unconnected package pin
u = Unbonded device pad X5392
Number of Available I/O Pins
Number of Package Pins
MaxVO | 44 | 64 | 68 | 84 (100|120 | 132|144 | 156 |160 | 164 |[175 [ 176 | 191 | 196 | 208 | 223 | 240
XC3020/XC3120 64 58 | 64 | 64
XC3030/XC3130 80 34 | 54|58 |74/| 80
XC3042/XC3142 96 74 | 82 96
XC3064/XC3164 120 70 110 120
XC3090/XC3190 144 70 138 | 142 (144 | 144 144
XC3195 176 70 138 144 176 (176

X3478
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XC3000, XC3000A, XC3000L, XC3100, XC3100A Logic Cell Array Families

XC3000 Family 44-Pin PLCC Pinouts
XC3000, XC3000A, XC3000L, XC3100 and XC3100A families have identical pinouts

Pin No.

XC3030

GND

/o

/o

/o

/o

/o

PWRDWN

0 [N (o | | N

TCLKIN-/O

0

Vo

10

/o

11

Vo

12

vcC

13

/o

14

l[e]

15

/0

16

M1-RDATA

17

MO-RTRIG

18

M2-/0

19

HDC-I/O

20

LDC-/O

21

/o

22

INIT-VO

Peripheral mode and Master Parallel mode are not supported in the PC44 package

Pin No. XC3030
23 GND
24 o
25 1o
26 XTL2(IN)-VO
27 RESET
28 DONE-PGM
29 /o
30 XTL1(OUT)-BCLK-/O
31 Vo
32 1o
33 s}
34 vce
35 /o
36 10
a7 1o
38 DIN-IO
39 DOUT-I/0
40 CCLK
41 1o
42 1o
43 1o
44 110

XC3030 Family 64-Pin Plastic VQFP Pinouts
XC3000, XC3000A, XC3000L and XC3100 families have identical pinouts

Pin No. XC3030
1 AO-WS-I/O
2 A1-CS2-1/0
3 A2-/0
4 A3-/0
5 A4-/0
6 A14-/O
7 A5-/0
8 GND
9 A13-/0
10 A6-1/0
11 A12-1/0
12 A7-/0
13 A11-/O
14 A8-I/0
15 A10-/0
16 A9-/0
17 PWRDN
18 TCLKIN-I/O
19 /o
20 /o
21 /O
22 o
23 /o
24 VCcC
25 /{e]
26 /o
27 [l{e]
28 [I[e]
29 /o
30 /0
31 M1-RDATA
32 MO-RTRIG

Pin No. XC3030
33 M2-/0
34 HDC-/O
35 1/0
36 LDC-I/0
37 /0
38 /{e]

39 /0

40 INIT-/O

41 GND

42 /0

43 /o

44 110

45 /0

46 /o

47 XTAL2(IN)-I/O
48 RESET

49 DONE-PG
50 D7-1/0

51 XTAL1{OUT)-BCLKIN-I/O
52 D6-1/0

53 D5-1/0

54 CS0-/0
55 D4-1/0

56 vcc

57 D3-/0

58 CS1-1/0
59 D2-/0

60 D1-/0

61 RDY-BUSY-RCLK-/O
62 DO-DIN-I/O
63 DOUT-I/O
64 CCLK
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XC3000 Families 68-Pin PLCC, 84-Pin PLCC and PGA Pinouts
XC3000, XC3000A, XC3000L, XC3100 and XC3100A families have identical pinouts

68 PLCC 68 PLCC
XC3020 XC3030 XC3020
XC3030 | XC3020 | XC3030,XC3042 | 84 PLCC | 84 PGA XC3020 XC3030, XC3042 84PLCC | 84PGA

10 10 PWRDN 12 B2 44 RESET 54 K10
1 11 TCLKIN-/O 13 c2 45 DONE-PG 55 J10
12 — vo* 14 B1 46 D7-/0 56 K11
13 12 Vo 15 c1 47 XTL1(OUT)-BCLKIN-/O 57 J1
14 13 o 16 D2 48 D6-1/0 58 H10
— — o 17 D1 — 1o 59 H11
15 14 Vo 18 E3 49 D5-/0 60 F10
16 15 o 19 E2 50 CS0-10 61 G10
— 16 [l[e] 20 E1 51 D4-/0 62 G11
17 17 o 21 F2 — Vo 63 G9
18 18 vee 22 F3 52 vee 64 F9
19 19 o 23 G3 53 D3-/0 65 F11
— — o 24 G1 54 CS1-1/0 66 E11
20 20 o 25 G2 55 D2-/0 67 E10
— 21 o 26 F1 — o 68 E9
21 22 [lle} 27 H1 — vo* 69 D11
22 — o 28 H2 56 D1-/0 70 D10
23 23 1o 29 J1 57 RDY/BUSY-RCLK-//O 7 c11
24 24 o 30 K1 58 DO-DIN-I/O 72 B11
25 25 M1-RDATA 31 J2 59 DOUT-/O 73 c10
26 26 MO-RTRIG 32 L1 60 CCLK 74 A1l
27 27 M2-1/0 33 K2 61 AO-WS-/0 75 B10
28 28 HDC-/0 34 K3 62 A1-CS2-1/0 76 B9
29 29 o 35 L2 63 A2-1/0 77 A10
30 30 LDC-/0 36 L3 64 A3-/0 78 A9
— 31 1o} 37 K4 - vo* 79 B8
— vo* 38 L4 - vo* 80 A8
31 32 o 39 Js 65 A15-/0 81 B6
32 33 o 40 K5 66 A4-1/0 82 B7
33 - vo* 4 LS 67 A14-/0 83 A7
34 34 INIT-//O 42 K6 68 AS5-/O 84 c7
35 35 GND 43 J6 1 GND 1 cé

36 Vo 44 J7 2 A13-/0 2 A6
37 37 /o 45 L7 3 A6-/0 3 A5
38 38 Vo 46 K7 4 A12-1/0 4 B5
39 39 /0 47 L6 5 A7-/0 5 c5
— 40 [l[e} 48 L8 - vo* 6 A4
- 41 [l[e} 49 K8 — vo* 7 B4
40 vo* 50 L9 6 A11-/0 8 A3
41 vo* 51 L10 7 A8-1/O 9 A2
42 42 Vo 52 K9 8 A10-/0 10 B3
43 43 XTL2(IN)-//O 53 L11 9 A9-I/0 11 Al

Unprogrammed IOBs have a default pull-up. This prevents an undefined pad level for unbonded or unused I0Bs. Programmed
outputs are default slew-rate limited.

This table describes the pinouts of three different chips in three different packages. The pin-description column lists 84 of the 118
pads on the XC3042 (and 84 of the 98 pads on the XC3030) that are connected to the 84 package pins. Ten pads, indicated by an
asterisk, do not exist on the XC3020, which has 74 pads; therefore the corresponding pins on the 84-pin packages have no
connections to an XC3020. Six pads on the XC3020 and 16 pads on the XC3030, indicated by a dash (—) in the 68 PLCC column,
have no connection to the 68 PLCC, but are connected to the 84-pin packages.
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XC3000, XC3000A, XC3000L, XC31 00, XC3100A Logic Cell Array Families

XC3064/XC3090/XC3195 84-Pin PLCC Pinouts
XC3000, XC3000A, XC3000L, XC3100 and XC3100A families have identical pinouts

PLCC PLCC

Pin Number | XC3064, XC3090, XC3195 Pin Number | XC3064, XC3090, XC3195
12 PWRDN 54 RESET
13 TCLKIN-/O 55 DONE-PG
14 ) 56 D7-V0
15 ) 57 XTL1(OUT)-BCLKIN-I/O
16 110 58 D60
17 10 59 )
18 o 60 D5-/0
19 110 61 CS0-/0
20 10 62 D4-/O
21 GNDx 63 )
22 vCC 64 vce
23 ) 65 GNDx
24 ) 66 D3-/Ox
25 110 67 CS1-I0*
26 110 68 D2-/Ox
27 110 69 10
28 110 70 D1-/0
29 ) 7 RDY/BUSY-RCLK-/O
30 10 72 DO-DIN-VO
31 M1-RDATA 73 DOUT-/O
32 MO-RTRIG 74 CCLK
33 M2-/0 75 AO-WS-1/0
34 HDC-/O 76 A1-CS2-/0
35 ) 77 A2-/0
36 LDC-/0 78 A3-/O
37 110 79 10
38 110 80 )
39 ) 81 A15-/0
40 ) 82 A44/0
4@ INIT//Ox 83 A14-/0
42 veex 84 A5-/0
43 GND 1 GND
44 10 2 VCCx
45 ) 3 A13-10%
46 ) 4 AB-/Ox
47 110 5 A12-1/0%
48 110 6 A7-YOx
49 ) 7 10
50 10 8 A11-10
51 10 9 AB/O
52 110 10 A10-10
53 XTL2(IN)-/O 1 A9-/0

Unprogrammed IOBs have a default pull-up. This prevents an undfined pad level for unbonded or unused IOBs. Programmed
ouptuts are default slew-rate limited.

*In the PC84 package, XC3064, XC3090 and XC3195 have additional Vcc and GND pins and thus a different pin definition than
XC3020/XC3030/XC3042.
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XC3000 Families 100-Pin QFP Pinouts
XC3000, XC3000A, XC3000L, XC3100 and XC3100A families have identical pinouts

Pin No. XC3020 Pin No. XC3020 Pin No. XC3020

carp|parp VOED | XC30a2 carp |parp |JOFR | X304 carp|parp JOED | XE3012

1 16 13 GND 35 50 a7 vo* 69 84 81 vo*

2 17 14 A13-/0 36 51 48 vo* 70 85 82 vo*

3 18 15 AB-I/O 37 52 a9 M1-RD 71 86 83 [le)

4 19 16 A12-1/0 38 53 50 GND* 72 87 84 DS5-I/0

5 20 17 A7-10 39 54 51 MO-RT 73 88 85 CS0-/0

6 21 18 Vo 40 55 52 vce* 74 89 86 D4-I/O

7 22 19 vo* 41 56 53 M2-1/0 75 90 87 o

8 23 20 A11-1/0 42 57 54 HDC-/O 76 91 88 vcc

9 24 21 A8-I/0 43 58 55 110 77 92 89 D3-/0

10 25 22 A10-1/O 44 59 56 LDC-/0 78 93 90 Csi1-l0

1 26 23 A9-/O 45 60 57 vo* 79 94 91 D2-1/0

12 27 24 vce* 46 61 58 1/0* 80 95 92 [/[e]

13 28 25 GND* 47 62 59 0 81 96 93 vo*

14 29 26 PWRDN 48 63 60 [lle) 82 97 94 vo*

15 30 27 TCLKIN-I/O 49 64 61 o 83 98 | 95 D1-/0

16 31 28 vo* 50 65 62 INIT-VO 84 99 96 |RCLK-BUSY/RDY-I/O

17 32 29 vo* 51 66 63 GND 85 | 100 | 97 DO-DIN-1/O

18 33 30 vo* 52 67 64 /0 86 1 98 DOUT-I/0O

19 34 31 110 53 68 65 110 87 2 99 CCLK

20 35 32 /0 54 69 66 [lie] 88 3 100 vee*

21 36 33 lie) 55 70 67 [lle) 89 4 1 GND*

22 37 34 110 56 71 68 /0 90 5 2 AO-WS-/0

23 38 35 /o 57 72 69 [le) 91 6 3 A1-CS2-/0

24 39 36 [lie) 58 73 70 [le) 92 7 4 vo*

25 40 37 /0 59 74 71 vo* 93 8 5 A2-1/0

26 41 38 vce 60 75 72 Vo’ 94 9 6 A3-1/0

27 42 39 [lie) 61 76 73 XTL2-/O 95 10 7 vo*

28 43 40 110 62 77 74 GND* 96 11 8 vo*

29 44 41 110 63 78 75 RESET 97 12 9 A15-1/0

30 45 42 l[e} 64 79 76 vce* 98 13 10 A4-1/0

31 46 43 /o | 65 80 77 DONE-PG 99 14 " A14-/0

32 47 44 o) 66 81 78 D7-/0 100 | 15 12 A5-/0

33 48 45 /0 67 82 79 | BCLKIN-XTL1-1/O

34 49 46 /o , 68 83 80 D6-1/0

Unprogrammed IOBs have a default pull-up. This prevents an undefined pad level for unbonded or unused I0Bs.
Programmed outputs are default slew-rate limited.

* This table describes the pinouts of three different chips in three different packges. The pin-description column lists 100 of the 118
pads on the XC3042 that are connected to the 100 package pins. Two pads, indicated by double asterisks, do not exist on the
XC3030, which has 98 pads; therefore the corresponding pins have no connections. Twenty-six pads, indicated by single or double
asterisks, do not exist on the XC3020, which has 74 pads; therefore, the corresponding pins have no connections. (See table on
page 2-139.)
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XC3000, XC3000A, XC3000L, XC3100, XC3100A Logic Cell Array Families

XC3000 Families 132-Pin Ceramic and Plastic PGA Pinouts
XC3000, XC3000A, XC3000L, XC3100 and XC3100A families have identical pinouts

PGA Pin XC3042 PGA Pin XC3042 PGA Pin XC3042 PGA Pin XC3042

Number XC3064 Number XC3064 Number XC3064 Number XC3064
C4 GND B13 M1-RD P14 RESET M3 DOUT-/O
Al PWRDN c11 GND M11 vce P1 CCLK
c3 VO-TCLKIN A4 MO-RT N13 DONE-PG M4 vce
B2 VO D12 vce M12 D7-/0 L3 GND
B3 o C13 M2-1/0 P13 XTL1-/O-BCLKIN M2 AO-WS-/O
A2 vo* B14 HDC-/0 N12 Vo N1 A1-CS2-/0
B4 /0 C14 ) P12 /0 M1 )
C5 ) E12 o) N11 D6-1/0 K3 5]
A3 vo* D13 o) M10 Vo L2 A2-1/0
A4 [[e] D14 LDC-I/0 P11 vo* L1 A3-/0
BS /10 E13 vo* N10 ) K2 /0
C6 1o} F12 o P10 ) J3 o)
A5 o) E14 /0 M9 D5-1/0 K1 A15-1/0
B6 o F13 =) N9 T30-1/0 J2 A4-/10
A6 s} F14 /10 P9 vo* 1 o’
B7 /0 G13 110 P8 vo* H1 A14-//0
c7 GND G14 INIT-I/0 N8 D4-/0 H2 AS-1/O
cs vce Gi2 vce P7 o H3 _GND
A7 /0 H12 GND M8 vcc G3 \'(]
B8 o H14 /0 M7 GND G2 A13-/0
A8 [7e) H13 /0 N7 D3-1/0 G1 A6-1/0
A9 /0 J14 o] P6 CSi-/10 F1 vo*
B9 /10 J13 [ N6 vo* F2 A12-/0
c9 /0 K14 [7e) P5 vo* E1 A7-1/0
A10 s} J12 1o Mé D2-/0 F3 o
B10 e} K13 /0 NS /0 E2 110
A1 vo* L14 vo* P4 /0 D1 A11-/0
c10 [/[e] L13 /O P3 /0 D2 A8-/0
B11 e] K12 /0 M5 D1-/O E3 [Tle)
A12 vo* Mi14 [l[e] N4 RCLK-BUSY/RDY-I/O C1 Vo
B12 /0 N14 ) P2 110 B1 A10-1/0
A13 vo* M13 XTL2(IN)-/O N3 /0 C2 A9-/0
c12 10 Li2 GND N2 DO-DIN-I/O D3 vce

Unprogrammed IOBs have a default pull-up. This prevents an undefined pad level for unbonded or unused IOBs. Programmed
outputs are default slew-rate limited.

* Indicates unconnected package pins (14) for the XC3042.
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XC3030/XC3064 Families 144-Pin Plastic TQFP Pinouts
XC3000, XC3000A, XC3000L, XC3100 and XC3100A families have identical pinouts

Pin XC3042 Pin XC3042 Pin XC3042

Number XC3064 Number XC3064 Number XC3064
1 PWRDN 49 /o] 97 /o
2 VO-TCLKIN 50 vo* 98 1o
3 vo* 51 Vo 99 vo*
4 Vo 52 o 100 o
5 o 53 INIT-/O 101 vo*
6 0* 54 vee 102 | D1-/0
7 Vo 55 GND 103 RCLK-BUSY/RDY-I/O
8 Vo 56 8] 104 o
9 o* 57 Vo 105 Vo
10 Vo 58 /0 106 DO-DIN-I/O
11 /0 59 /0 107 DOUT-/0
12 Vo 60 o 108 CCLK
13 /10 61 ) 109 vce
14 o 62 /o 110 GND
15 vo* 63 /o* 11 AO-WSI/O
16 110 64 10" 112 A1-CS2-1/0
17 110 65 [Te} 113 110
18 GND 66 o 114 /0
19 vce 67 Vo 115 A2-1/0
20 ] 68 o 116 A3-/0
21 /] 69 XTL2(IN)-/O 117 [/[e]
22 110 70 GND 118 [/[e]
23 10 7 RESET 19 A15-/0
24 /o] 72 vce 120 A4-/10
25 1o 73 DONE-PG 121 yo*
26 /o] 74 D7-/0 122 1o*
27 [lfe) 75 XTL1(OUT)-BCLKIN-//O 123 A14-/0
28 Vo* 76 o 124 A5-/0
29 /o 77 1o 125 -
30 Vo 78 D6-/0 126 GND
31 vo* 79 /0 127 vce
32 vo* 80 ro* 128 A13-1/0
33 Vo 81 o 129 A6-1/10
34 /o* 82 Vo 130 vo*
35 [l[e] 83 vo* 131 -
36 M1-RD 84 D5-/O 132 vo*
37 GND 85 CS0-1/0 133 A12-/0
38 MO-RT 86 /O* 134 A7-/10
39 vce 87 vo* 135 o
40 M2-/0 88 D4-1/0 136 o
41 HDC-/O 89 o 137 A11-/0
42 10 90 vcC 138 A8-1/0
43 1o 91 GND 139 o
44 110 92 D3-1/0 140 o
45 LDC-I/0 93 CS1-10 a4 A10-/0
46 vo* 94 vo* 142 Ag-l/0
47 o 95 vo* ) 143 vce
48 0 96 D2-/0 144 GND

Unprogrammed IOBs have a default pull-up. This prevents an undefined pad level for unbonded or unused IOBs. Programmed
outputs are default slew-rate limited.

* Indicates unconnected package pins (24) for the XC3042.
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XC3000, XC3000A, XC3000L, XC3100, XC3100A Logic Cell Array Families

XC3000 Families160-Pin PQFP Pinouts
XC3000, XC3000A, XC3000L, XC3100 and XC3100A families have identical pinouts

PQFP XC3064, XC3090, PQFP XC3064, XC3090, PQFP XC3064, XC3090, PQFP XC3064, XC3090,

Pin Number XC3195 Pin Number XC3195 Pin Number XC3195 Pin Number XC3195

1 Vo* LAl GND 81 D7-/0 121 CCLK

2 vo* 42 MO-RTRIG 82 XTL1-/O-BCLKIN 122 vce

3 VO* 43 vcC 83 1/O* 123 GND

4 0 44 M2-/0 84 o 124 A0-WS-1/0

5 /o 45 HDC-/O 85 o 125 A1-CS2-/0

6 [[e] 46 ) 86 D6-/0 126 Vo

7 /10 47 s} 87 s 127 /o

8 /0 48 /0 88 o 128 A2-/0

9 [/[e] 49 LDC-10 89 110 129 A3-I/0

10 ) 50 /O* 90 I8 130 /10

1 /0 51 VO* 91 [ 131 [l[e]

12 [l[e} 52 o 92 D5-1/0 132 A15-1/0

13 o 53 /o 93 CS0-/0 133 A4-110

14 [e] 54 ] 94 /O* 134 /0

15 e} 55 /10 95 1/O* 135 ]

16 10 56 ] 96 /10 136 A14-1/0

17 1) 57 ] 97 s 137 A5-1/0

18 [l[s} 58 /10 98 D4-1/0 138 1O+

19 GND 59 INIT-VO 99 /0 139 GND

20 vce 60 vce 100 vce 140 vce

21 Vo 61 GND 101 GND 141 A13-/0

22 o 62 s} 102 D3-/0 142 A6-/0

23 /0 63 /10 103 CS1-1/0 143 1/O*

24 o 64 o 104 o 144 yo*

25 [l[e] 65 [l[e] 105 o 145 /0

26 1o} 66 ] 106 /o= 146 Vo

27 /0 67 /0 107 VO* 147 A12-/0

28 ) 68 o 108 D2-1/0 148 A7-/10

29 o 69 o 109 /10 149 o

30 o 70 o 110 [l[e] 150 o

31 e] 71 ] 1 o 151 A11-/0

32 /10 72 Vo 112 /10 152 A8-l/0

33 [/[e] 73 /o 113 [l[e] 153 o

34 o 74 Vo 114 D1-/0 154 o

35 Vo 75 Vo* 115 RDY-BSY/RCLK-l/O 155 A10-/0

36 [l 76 XTL2-/0 16 /10 156 A9-/0

37 o 77 GND 117 /0 157 vee

38 o+ 78 RESET 118 /O 158 GND

39 Vo* 79 vce 119 DO-DIN-I/O 159 PWRDWN

40 M1-RDATA 80 DONE/PG 120 DOUT-I/O 160 TCLKIN-/O

Unprogrammed IOBs have a default pull-up. This prevents an undefined pad level for unbonded or unused 10Bs. Programmed
IOBs are default slew-rate limited.

*Indicates unconnected package pins (18) for the XC3064.
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XC3000 Families 175-Pin Ceramic and Plastic PGA Pinouts
XC3000, XC3000A, XC3000L, XC3100 and XC3100A families have identical pinouts

"’ﬁ: ;’:'f' XC3090, XC3195 "’ﬁ; :;'r‘ XC3090, XC3195 :ﬁ:‘ I':."" XC3090, XC3195 ',’ﬁ; 2"‘ XC3090, XC3195
B2 PWRDN D13 0 R14 DONE-PG R3 DO-DIN-/O
D4 TCLKIN-/O B14 M1-RDATA N13 D7-/0 N4 DOUT-/0
B3 Vo c14 GND T14 XTL1(OUT)-BCLKIN-/O R2 CCLK
ca o B15 MO-RTRIG P13 110 P3 vce
B4 ) D14 vece R13 /0 N3 GND
A4 o c15 M2-/0 T13 Vo P2 AO-WS-i/O
D5 o E14 HDC-/O N12 10 M3 A1-CS2-/0
[ o) B16 ) P12 D6-/0 R1 /0
B5 ) D15 /0 R12 110 N2 Vo
A5 o) C16 o T12 /0 P1 A2-/0
[ o D16 BC-/0 P11 ) N1 A3-/0
D6 10 F14 [5) N11 ) L3 o
B6 110 E15 () R11 Vo M2 o
A6 ) E16 [I5) ™ D5-/0 M1 A15-/0
B7 1) F15 6) R10 CS0-1/0 L2 A4-/0
c7 /o F16 /o P10 0 L1 1)
D7 7o) G14 110 N10 1o K3 Vo
A7 o) G15 /0 T10 ) K2 A14-/0
A8 o G16 Vo T9 s} K1 A5-/O
B8 ) H16 0 R9 D4-/0 J1 o
c8 110 H15 INIT-1/O P9 ) J2 /0
D8 GND H14 vCC N9 vCcC J3 GND
D9 vcC Ji4 GND N8 GND H3 VvCC
Co [ J15 ) P8 D3-V/0 H2 A13-V0
B9 110 J16 ) R8 TS1-/0 H1 A6-/0
A9 110 K16 /0 T8 110 G1 73}
A10 [179) K15 1/0 T7 110 G2 )
D10 110 K14 1/0 N7 /0 G3 1)
c10 110 L16 ) P7 /0 F1 o
B10 o L15 o R7 D2-/0 F2 A124/0
A1 1o M16 ) 76 110 E1 A7-/0
B11 110 M15 ) R6 Vo E2 )
D11 78 L14 110 N6 1) F3 )
c11 [I5) N16 110 P6 o D1 A11-/0
A12 o P16 o 15 ) [ A8-/O
B12 1) N15 /0 RS D1-/0 D2 )
c12 [77e) R16 1) PS5 RDY/BUSY-RCLK-I/O B1 1o
D12 /0 M14 10 N5 ) E3 A10-V0
A13 ) P15 XTL2(IN)-/O T4 o c2 A9-/0
B13 /0 N14 GND R4 o D3 vee
C13 7o) R15 RESET P4 Vo c3 GND
Al4 /] P14 vcc

Unprogrammed I0Bs have a default pull-up. This prevents an undefined pad level for unbonded or unused 10Bs. Programmed
outputs are default slew-rate limited.

Pins A2, A3, A15, A16, T1, T2, T3, T15 and T16 are not connected. Pin A1 does not exist.
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XC3000, XC3000A, XC3000L, XC3100, XC3100A Logic Cell Array Families

XC3090 176-Pin TQFP Pinouts
XC3000, XC3000A, XC3000L, XC3100 and XC3100A families have identical pinouts

Pin Pin Pin Pin

Number XC3090 Numb XC3090 Numb XC3090 Numb XC3090
1 PWRDWN 45 M1-RDATA 89 DONE-PG 133 VSS
2 TCLKIN-/O 46 GND 90 D7-/0 134 GND
3 o 47 MO-RTRIG 91 XTAL1(OUT)-BOLKIN-VO 135 AO-WS-/O
4 [1e) 48 vce 92 Vo 136 A1-CS2-/0
5 3 49 M2-/0 93 Te) 137 -
6 /o 50 HDC-/O 94 [le) 138 o
7 o 51 Vo 95 Vo 139 [le)
8 1o 52 Vo 96 D6-I/O 140 A2-/0
9 1o 53 Vo 97 o 141 A3-/0
10 o 54 LDC-/0 98 Vo 142 -
" Vo 55 - - 99 o 143 -
12 o 56 Vo 100 110 144 1o
13 1o 57 Vo 101 Vo 145 [l[e}
14 o 58 /0 102 D5-/0 146 A15-4/0
15 o 59 o 103 CS0-/0 147 A4-/0
16 Vo 60 Vo 104 /0 148 [lle)
17 [I3) 61 o 105 e} 149 o
18 0 62 110 106 Vo 150 A14-1/0
19 o 63 o 107 ) 151 A5-/0
20 o 64 o) 108 D4-/0 152 o
21 1o 65 INIT-VO 109 /o 153 )
22 GND 66 vce 110 vce 154 GND
23 vce 67 GND 11 GND 155 vee
24 1o 68 Vo 112 D3-/0 156 A13-/0
25 [le) 69 Vo 113 C§1-10 157 A6-lI0
26 o 70 o 114 [le) 158 Vo
27 /o 7 [{e] 115 /[e] 159 110
28 /O 72 o) 116 /o 160 -
29 Vo 73 o 117 /o 161 -
30 /o 74 Vo 118 D2-1/0 162 7o)
31 o 75 o 119 o 163 o
32 o 76 7o) 120 o 164 A12-/0
33 Vo 77 Vo 121 o 165 A7-I/0
34 o 78 Vo 122 Vo 166 ¥o
35 /o 79 o 123 o 167 yo
36 o 80 Te} 124 D1-VO | 168 _
37 o 81 Vo 125 RDY/BUSY-RCLK-1O 169 A11-VO
38 /0 82 - 126 110 170 A8-/O
39 o 83 - 127 7o} 171 o
40 o 84 Vo 128 o 172 vo
4 Vo 85 XTAL2(IN)-/O 129 o 173 A10-1/0
42 o 86 GND 130 DO-DIN-HO 174 A9-/O
43 o 87 RESET 131 DOUT-I/O 175 vce
44 - 88 vcce 132 CCLK 176 GND

Unprogrammed IOBs have a default pull-up. This prevents an undefined pad level for unbonded or unused I0Bs. Programmed
outputs are default slew-rate limited.
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& XILINX

XC3090 208-Pin PQFP Pinouts
XC3000, XC3000A, XC3000L, XC3100 and XC3100A families have identical pinouts

Pin Pin Pin Pin

Number XC3090 Number XC3090 Number XC3090 Number XC3090
1 - 53 - 105 - 157 -
2 GND 54 - 106 vcC 158 -
3 PWRDWN 55 vce 107 D/P 159 -
4 TCLKIN-I/O 56 M2-/0 108 - 160 GND
5 Vo 57 HDC-/O 109 D7-1/0 161 WS-A0-1/0
6 /o 58 /0 110 XTL1-BCLKIN-I/O 162 CS2-A1-1/0
7 /o 59 /O 111 /O 163 [[e]
8 /o 60 /O 112 /0 164 (]
9 8] 61 LDC-/O 113 ] 165 A2-1/0
10 o] 62 /(] 114 /O 166 A3-1/0
1 /o] 63 /0 115 D6-1/0 167 /O
12 /o 64 - 116 (o] 168 /O
13 /0 65 - 117 (o] 169 -
14 {e] 66 - 118 (e} 170 -
15 - 67 - 119 - 17 -
16 /o 68 /0 120 /0 172 A15-/10
17 /0 69 10 121 /0 173 A4-1/0
18 /o 70 /0 122 D5-/0 174 /o
19 [/{e] 71 /0 123 CSo-//0 175 7[o]
20 [/[e] 72 - 124 /0 176 -
21 [/[e] 73 - 125 /o 177 -
22 /o 74 /0 126 [/[e] 178 A14-1/0
23 Vo 75 /o 127 [[e] 179 A5-1/0
24 [/{e] 76 /O 128 D4-1/0 180 /O
25 GND 77 INIT-//O 129 /0 181 /0
26 vce 78 vce 130 VvCC 182 GND
27 /o 79 GND 131 GND 183 vcc
28 /O 80 /0 132 D3-1/0 184 A13-/0
29 /o 81 /o 133 Csi-/o 185 A6-1/0
30 /o 82 /O 134 /0 186 /0
31 /o 83 - 135 /0 187 /o
32 /0 84 - 136 /0 188 .
33 /0 85 /0 137 /0 189 -
34 /0 86 /0 138 D2-1/0 190 /O
35 /0 87 /0 139 /0 191 /O
36 /o 88 /0 140 /0 192 A12-1/0
37 - 89 /[e] 141 {e] 193 A7-/0
38 /0 90 - 142 - 194 -
39 (o] 91 - 143 /0 195 -
40 o] 92 - 144 /o 196 -
41 /o] 93 /O 145 D1-l/10 197 /o]
42 /o] 94 /0 146 BUSY/RDY-RCLK-1/0 198 /0
43 Vo 95 /0 147 /0 199 A11-/0
44 /o 96 /O 148 /0 200 A8-I/0
45 /o] 97 /[e] 149 /O 201 {/[e]
46 /0 98 /o 150 /0 202 /0
47 o 99 o] 151 DIN-DO-1/O 203 A10-/0
48 M1-RDATA 100 XTL2-/0 152 DOUT-I/O 204 A9-I/0
49 GND 101 GND 153 CCLK 205 vcc
50 MO-RTRIG 102 RESET 154 vcc 206 -
51 - 103 - 155 - 207 -
52 - 104 - 156 - 208 -

Unprogrammed I0Bs have a default pull-up. This prevents an undefined pad level for unbonded or unused IOBs. Programmed
outputs are default slew-rate limited.

*In PQ208, XC3090 and XC3195 have different pinouts.
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XC3000, XC3000A, XC3000L, XC3100, XC3100A Logic Cell Array Families

XC3195 PQ208 and PG223 Pinouts

Pin j Pin Pin Pin
Description | PG223 | PQ208* Description | PG223 | PQ208* Description | PG223 | PQ208* Description | PG223 | PQ208*
A9-/0 B1 206 DO-DIN-I/0 u3 154 /o uis 102 1o B16 49
A10-/0 E3 205 /o] V3 153 /0 P15 101 [/{e] A16 48
[} E4 204 /o] R5 152 /o T17 100 /{e] D14 47
/0 c2 203 110 T4 151 /0 T18 99 [/{e] C15 46
/0 Cc1 202 o] va4 150 /o] P16 98 [/{e] B15 45
/O D2 201 IRDY/BUSY-RCIK-VO| u4 149 110 R17 97 /o A15 44
A8-1/0 E2 200 D1-/0 us 148 /10 N15 96 /0 C14 43
A11-/0 F4 199 /0 R6 147 /10 R18 95 /o D13 42
/0 F3 198 /0 T5 146 /O P17 94 /o B14 41
110 D1 197 /O (V3] 145 /O N17 93 /0 C13 40
/O F2 196 110 T6 144 /0 N16 92 /0 B13 39
/[e] G2 194 /(o] v7 141 [/[e] M15 89 /o] B12 38
A7-/0 G4 193 110 R7 140 /10 M18 88 110 D12 37
A12-/0 G1 192 110 u7 139 /o M17 87 110 A12 36
/0 H2 191 D2-/10 V8 138 [/[e] L18 86 110 B11 35
/o] H3 190 110 us 137 110 L17 85 /0 C11 34
/0 H1 189 110 T8 136 /o] L15 84 /0 Al 33
/0 H4 188 /] R8 135 [/[e] L16 83 /0 D11 32
/0 J3 187 /0 V9 134 /10 K18 82 /0 A10 31
110 J2 186 Csi-/l0 U9 133 /o] K17 81 /0 B10 30
A6-1/0 Ji 185 D3-1/0 T9 132 {e] K16 80 /0 Cc10 29
A13-/10 K3 184 GND R9 131 GND K15 79 /0 Cc9 28
vcec J4 183 vce R10 130 vceC J15 78 vcC D10 27
GND K4 182 /0 T10 129 INIT J16 77 GND D9 26
/0 K2 181 D4-/0 u10 128 /O J17 76 /0 B9 25
110 K1 180 /0 V10 127 /0 J18 75 110 A9 24
A5-1/0 L2 179 110 R11 126 /0 H16 74 /0 c8 23
A14-/10 L4 178 /0 T 125 /0 H15 73 /0 D8 22
/0 L3 177 /0 U1 124 /0 H17 72 [e] B8 21
/0 L1 176 CS0-1/0 Vi1 123 /O H18 71 110 A8 20
/0 M1 175 D5-1/0 U12 122 /o] G17 70 /0 B7 19
/0 M2 174 110 R12 121 /o G18 69 /o A7 18
A4-1/0 M4 173 /0 Vi2 120 /0 G15 68 110 D7 17
A15-/0 N2 172 /0 T13 119 /o F16 67 /0 B6 14
/0 N3 171 /0 U13 118 1/0 F17 66 /0 Cé 13
/o P2 169 110 T14 117 110 E17 63 [/[e] B5 12
/0 R1 168 1/0 R13 116 /0 Cc18 62 /(] A4 1
/(o] N4 167 1o U4 115 /0 F15 61 [/[e] Dé 10
A3-/0 T1 166 D6-1/0 u1s 114 /o] D17 60 [/[e] Ccs 9
A2-1/0 R2 165 /0 V15 113 LDC-I0 E16 59 /o] B4 8
/0 P3 164 /0 T15 112 /0 C17 58 /0 B3 7
110 T2 163 110 R14 111 /0 B18 57 /0 C4 6
/o] P4 162 /0 V16 110 /O E15 56 /0 D5 5
10 U1 161 XTL1(OUT)BCLKN-VO u16 109 HDC-I/O A18 55 110 Cc3 4
A1-CS2-/0 Vi 160 D7-/0 T16 108 M2-1/10 A17 54 1o A3 3
A0-WS-/O T3 159 D/P V17 107 vce D16 53 TCLKIN-/O A2 2
GND R3 158 vCC R15 106 MO-RTIG B17 52 PWRDN B2 1
vccC R4 157 RESET u17 105 GND D15 51 GND D4 208
CCLK u2 156 GND R16 104 M1/RDATA C16 50 vcc D3 207
DOUT-I/0 V2 155 XTL2(IN)-I/O vis 103

Unprogrammed IOBs have a default pull-up. This prevents an undefined pad level for unbonded or unused IOBs. Programmed
outputs are default slew-rate limited.

In the PQ208 package, pins 15, 16, 64, 65, 90, 91, 142, 143, 170 and 195 are not connected.
*In PQ208, XC3090 and XC3195 have different pinouts.
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XC3000 Component Availability

PINS 44 64 68 84 100 . 132 144 160 164 175 176 208 223

TOP- TOP-
TYPE PLAST. | PLAST. | PLAST. | PLAST. | CERAM | PLAST. | PLAST. | PLAST. | BRAZED| PLAST. | CERAM. | PLAST. | PLAST. | BRAZED| PLAST. |CERAM. | PLAST. | PLAST. |CERAM.
PLCC | VQFP | PLCC | PLCC PGA PQFP | TQFP | VQFP | CQFP PGA PGA TQFP | PQFP | CQFP PGA PGA TQFP | PQFP PGA

CODE PC44 | VQ64 | PC68 | PC84 | PG84 | PQ100 | TQ100 | VQ100 | CB100 | PP132 | PG132 | TQ144 | PQ160 | CB164 | PP175 | PG175 | TQ176 | PQ208 | PG223

XC3020

XC3030

XC3042

XC3064

XC3090

XC3020A

XC3030A

XC3042A

XC3064A

XC3090A

XC3020L
XC3030L
XC3042L
XC3064L
XC3090L

XC3120
XC3120A

XC3130
XC3130A

XC3142
XC3142A

XC3164
XC3164A

XC3190
XC3190A

XC3195
XC3195A

C = Commercial = 0°to +70° C | = Industrial = -40° to +85° C M = Mil Temp = -55° to +125° C B = MIL-STD-883C Class B
Parentheses indicate future product plans
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XC3000, XC3000A, XC3000L, XC3100, XC3100A Logic Cell Array Families

For a detailed description of the device architecture, see pages 2-105 through 2-123.

For a detailed description of the configuration modes and their timing, see pages 2-124 through 2-132.
For detailed lists of package pin-outs, see pages 2-140 through 2-150.

For package physical dimensions and thermal data, see Section 4.

Ordering Information

Example:
Device Type

Block Delay

XC3130- 3 PC44C

Temperature Range

Number of Pins

Package Type

XC3000, XC3000A, XC3000L.,, XC3100, XC3100A

The features of the original XC3000 family are described
on the preceding pages.

XC3100 is functionally identical with XC3000, but offers
substantially faster performance. There is also an addi-
tional high-end family member, the XC3195.

XC3000L uses a 3.3 V supply voltage and has lower
power-down current.

The XC3000A, XC3000L and XC3100A families all offer
identical enhanced functionality. They are thus supersets
of the XC3000 and XC3100 families:

Additional routing resources provide improved perfor-
mance and higher density. There is now a direct connec-
tion from each CLB output to the data input of its nearest
TBUF. This speeds up the path and preserves general
routing resources that can be used for other purposes.

The CLB clock enable and the TBUF output enable are
now driven by two different vertical Longlines. In the
XC3000/3100 devices, the CLB clock enable signal and
the adjacent TBUF output enable signal can both be driven
only from the same vertical Longline. That makes these
two functions mutually exclusive, and thus creates place-
ment constraints. Using separate Longlines for these two
functions leads to improved density and performance,
especially in bus-oriented applications.

Bitstream error checking protects against erroneous
configuration.

Each Xilinx FPGA bitstream consists of a 40-bit preamble,
followed by a device-specific number of data frames. The
number of bits per frame is also device-specific; however,
each frame ends with three stop bits (111) followed by a
start bit for the next frame (0).

All devices in all XC3000 families start reading in a new
frame when they find the first 0 after the end of the previous
frame. XC3000/XC3100 devices do not check for the
correct stop bits, but XC3000A/XC3100A and XC3000L
devices check that the last three bits of any frame are
actually 111.

Under normal circumstances, all these FPGAs behave the
same way; however, if the bitstream is corrupted, an
XC3000/XC3100 device will always start a new frame as
soon as it finds the first O after the end of the previous
frame, even if the data is completely wrong or out-of-sync.
Given sufficient zeros in the data stream, the device will
also go Done, but with incorrect configuration and the
possibility of internal contention.

An XC3000A/XC3100A/XC3000L device starts any new
frame only if the three preceding bits are all ones. If this
check fails, it pulls INIT Low and stops the internal configu-
ration, although the Master CCLK keeps running. The user
must then start a new configuration by applying a >6 us
Low level on RESET.

This simple check does not protect against random bit
errors, but it offers almost 100 percent protection against
erroneous configuration files, defective configuration data
sources, synchronization errors between configuration
source and FPGA, or PC-board level defects, such as
broken lines or solder-bridges.

A separate modification slows down the RESET input
before configuration by using a two-stage shift register
driven from the internal clock. It tolerates submicrosecond
High spikes on RESET before configuration, and simpli-
fies the Shorter Power-on Delay application described on
page 9-xx. The XC3000 master can be connected like an
XC4000 master, but with its RESET input used instead of
INIT. (On XC3000, INIT is output only).

Soft start-up. After configuration, the outputs of all LCA
device in a daisy-chain become active simultaneously, as
a result of the same CCLK edge. In the original XC3000/
3100 devices, each output becomes active in either fast or
slew-rate limited mode, depending on the way it is config-
ured. This can lead to large ground-bounce signals. In the
new XC3000A/XC3000L/XC31000A devices, all outputs
become active firstin slew-rate limited mode, reducing the
ground bounce. After this soft start-up, each individual
output slew rate is again controlled by the respective
configuration bit.
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XC3000
Logic Cell Array Family

Product Specification

Features

* Industry-leading FPGA family with five device types
- Logic densities from 1,000 to 6,000 gates
— Up to 144 user-definable 1/0s

* Guaranteed 70- to 125-MHz toggle rates, 9 to 5.5 ns
logic delays

® Advanced CMOS static memory technology
~ Low quiescent and active power consumption

® XC3000-specific features

- Ultra-low current option in Power-Down mode

~ 4-mA output sink and source current

- Broad range of package options includes plastic and
ceramic quad flat packs, plastic leaded chip carriers
and pin grid arrays

— 100% bitstream compatible with the XC3100 family

-~ Commercial, industrial, military, “high rel”, and MIL-
STD-883 Class B grade devices

— Easy migration to XC3300 series of HardWire mask-
programmed devices for high-volume production

Description

XC3000 is the original family of devices in the XC3000
class of Field Programmable Gate Array (FPGA) architec-
tures. The XC3000 family has a proven track record in
addressing a wide range of design applications, including
general logic replacement and sub-systems integration.
For a thorough description of the XC3000 architecture see
the preceding pages of this data book.

The XC3000 Family covers a range of nominal device
densities from 2,000 to 9,000 gates, practically achievable
densities from 1,000 to 6,000 gates. Device speeds,
described in terms of maximum guaranteed toggle fre-
quencies, range from 70 to 125 MHz. The performance of
a completed design depends upon placement and routing
implementation, so, like with any gate array, the final
verification of device utilization and performance can only
be known after the design has been placed and routed.

User I/Os Horizontal Configuration
Device CLBs Array Max Flip-Flops Longlines Data Bits
XC3020 64 8x8 64 256 16 14,779
XC3030 100 10x 10 80 360 20 22,176
XC3042 144 12x12 96 480 24 30,784
XC3064 224 16x 14 120 688 28 46,064
XC3090 320 16 x 20 144 928 40 64,160
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XC3000 Logic Cell Array Family

Xilinx maintains test specifications for each product as controlled documents. To insure the use of the most recently
released device performance parameters, please request a copy of the current test-specification revision.

Absolute Maximum Ratings

Symbol | Description Units
Vec | Supply voltage relative to GND -0.5t0+7.0 v
Vin Input voltage with respect to GND -0.5to Vg +0.5 v
Vis Voltage applied to 3-state output -0.5to Ve +0.5 \'
Tsta ' Storage temperature (ambient) ' —65 to +150 °C
TsoL | Maximum soldering temperature (10 s @ 1/16 in.) +260 °C

Junction temperature plastic +125 °C
B Junction temperature ceramic +150 °C

Note: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.
These are stress ratings only, and functional operation of the device at these or any other conditions beyond
those listed under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum
Ratings conditions for extended periods of time may affect device reliability.

Operating Conditions
Symbol | Description Min Max |Units

Vee Supply voltage relative to GND Commercial  0°C to +70°C 4.75 5.25 \
Supply voltage relative to GND  Industrial  —40°C to +85°C 4.5 5.5 A

Viur High-level input voltage — TTL configuration 2.0 Vee \

Vit Low-level input voltage — TTL configuration 0 0.8 \

Vine High-level input voltage — CMOS configuration 70% 100% | Vee

Vie Low-level input voltage — CMOS configuration 0 20% | Vce

Tin Input signal transition time 250 ns
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DC Characteristics Over Operating Conditions

Symbol | Description Min Max |Units
VoH High-level output voltage (@ loy = —4.0 mA, Ve min) 3.86 \'
Commercial
Voo Low-level output voltage (@ lo = 4.0 mA, V¢c max) 040 | V
Vo High-level output voltage (@ lgy = —4.0 mA, Ve min) 3.76 \")
Industrial
Vou Low-level output voltage (@ lo. = 4.0 mA, Ve max) 0.40 Vv
Veeep | Power-down supply voltage (PWRDWN must be Low) 2.30 Vv
lccPp Power-down supply current (Veemax) @ Twax)' XC3020 50 | pA
XC3030 80 | pA
XC3042 120 | pA
XC3064 170 | pA
XC3090 250 | pA
leco Quiescent LCA supply current in addition to lccpp?
Chip thresholds programmed as CMOS levels 500 | pA
Chip thresholds programmed as TTL levels 10 | mA
" Input Leakage Current -10 +10 | pA
Cin Input capacitance, all packages except PGA175
(sample tested)
All Pins except XTL1 and XTL2 10 | pF
XTL1 and XTL2 15 | pF
Input capacitance, PGA 175
(sample tested)
All Pins except XTL1 and XTL2 15 | pF
XTL1 and XTL2 20 | pF
RN Pad pull-up (when selected) @ Viy=0 V (sample tested) 0.02 0.17 [ mA
lRLL Horizontal Longline pull-up (when selected) @ logic Low 34 |mA

Note: 1. Devices with much lower Iccpp tested and guaranteed at Ve = 3.2 V, T = 25°C can be ordered with a
Special Product Code.
XC3020 SPC0107: Igcpp = 1 pA
XC3030 SPC0107: lccpp = 2 pA
XC3042 SPC0107: lgcpp = 3 pA
XC3064 SPC0107: lgcpp= 4 pA
XC3090 SPC0107: lgcpp= 5 pA

2. With no output current loads, no active input or Longline pull-up resistors, all package pins at V¢c or GND,
and the LCA configured with a MakeBits tie option.
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XC3000 Logic Cell Array Family

CLB Switching Characteristic Guidelines
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Buffer (Internal) Switching Characteristic Guidelines

Speed Grade -70 -100 -125 |Units
Description Symbol Max Max Max
Global and Alternate Clock Distribution*
Either: Normal IOB input pad through clock buffer
to any CLB or IOB clock input TriD 8.0 7.5 7.0 ns
Or: Fast (CMOS only) input pad through clock
buffer to any CLB or IOB clock input Trioc 6.5 6.0 5.7 ns
TBUF driving a Horizontal Longline (L.L.)*
I to L.L. while T is Low (buffer active) To 5.0 4.7 4.5 ns
T4 to L.L. active and valid with single pull-up resistor Ton 11.0 10.0 9.0 ns
T to L.L. active and valid with pair of pull-up resistors Ton 12.0 11.0 10.0 ns
TT to L.L. High with single pull-up resistor Teus 24.0 22.0 17.0 ns
TT to L.L. High with pair of pull-up resistors Teur 17.0 15.0 12.0 ns
BIDI
Bidirectional buffer delay Teior 2.0 1.8 1.7 ns

* Timing is based on the XC3042, for other devices see XACT timing calculator.
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. CLB Switching Characteristic Guidelines (continued)

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing
patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -70 -100 -125

Description Symbol | Min| Max || Min [ Max || Min | Max | Units
Combinatorial Delay

Logic Variables A, B, C, D, E, to outputs X or Y 1{Two 9.0 7.0 55| ns
Sequential delay

Clock k to outputs X or Y 8 [Tcko 6.0 5.0 45| ns

Clock k to outputs X or Y when Q is returned

through function generators F or G to drive X or Y Talo 13.0 10.0 80| ns

Set-up time before clock K

Logic Variables A,B,C,D,E 2 [Tick 8.0 7.0 55 ns

Data In DI 4 (Tpick | 5.0 4.0 3.0 ns

Enable Clock EC 6 [Tecexk | 7.0 5.0 45 ns

Reset Direct inactive RD 1.0 1.0 1.0 ns
Hold Time after clock K

Logic Variables A B,C,D,E 3| Tex 0 0 0 ns

Data In DI 5 TCKDI 4.0 2.0 15 ns

Enable Clock EC 7| Tckee | O 0 0 ns
Clock

Clock High time 11 [Ten 5.0 4.0 3.0 ns

Clock Low time 12 |TeL 5.0 4.0 3.0 ns

Max flip-flop toggle rate Fok |70 100 125 MHz
Reset Direct (RD)

RD width 13 |Trew | 8.0 7.0 6.0 ns

delay from rd to outputs X or Y 9 | Trio 8.0 7.0 60| ns
Global Reset (RESET Pad)*

RESET width (Low) Tumrw | 25.0 21.0 20.0 ns

delay from RESET pad to outputs X or Y Tura 23.0 19.0 170 | ns

*Timing is based on the XC3042, for other devices see XACT timing calculator.

Note: The CLB K to Q output delay (Tcko, #8) of any CLB, plus the shortest possible interconnect delay, is always longer than
the Data In hold time requirement (Tckps, #5) of any CLB on the same die.
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XC3000 Logic Cell Array Family

10B Switching Characteristic Guidelines
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I0B Switching Characteristic Guidelines (continued)

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing
patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -70 -100 -125 Units

Description Symbol Min | Max || Min | Max || Min | Max
Propagation Delays (Input)

Pad to Direct In (1) 3 | Tep 6 4 3 ns

Pad to Registered In (Q) with latch transparent Tera 21 17 16 | ns

Clock (IK) to Registered In (Q) 4 | Tikm 55 4 3 ns
Set-up Time (Input)

Pad to Clock (IK) set-up time 1 | Teick 20 17 16 ns
Propagation Delays (Output)

Clock (OK) to Pad (fast) 7 | Tokro 13 10 9 | ns

same (slew rate limited) 7 | Tokpo 33 27 24| ns

Output (O) to Pad (fast) 10 | Torr 9 6 5 ns

same (slew-rate limited) 10 | Tops 29 23 20 | ns

3-state to Pad begin hi-Z (fast) 9 | Tysuz 8 8 7 ns

same (slew-rate limited) 9 | Trshz 28 25 24| ns

3-state to Pad active and valid (fast) 8 | Trson 14 12 11 ns

same (slew -rate limited) 8 | Trson 34 29 27 | ns
Set-up and Hold Times (Output)

Output (O) to clock (OK) set-up time 5 | Took 10 9 8 ns

Output (O) to clock (OK) hold time 6 | Toko 0 0 0 ns
Clock

Clock High time 11 | Tion 5 4 3 ns

Clock Low time 12 | TioL 5 4 3 ns

Max. flip-flop toggle rate Few 70 100 125 MHz
Global Reset Delays (based on XC3042)

RESET Pad to Registered In (Q) 13 | Tgrri 25 24 23| ns

RESET Pad to output pad (fast) 15 | Tgrpo 35 33 29 | ns

(slew-rate limited) 15 | Trpo 53 45 42 | ns

Notes: 1. Timing is measured at pin threshold, with 50 pF external capacitive loads (incl. test fixture). For larger capacitive loads,
see XAPP 024. Typical slew rate limited output rise/fall times are approximately four times longer.
2. Voltage levels of unused (bonded and unbonded) pads must be valid logic levels. Each can be configured with the
internal pull-up resistor or alternatively configured as a driven output or driven from an external source.
3. Input pad set-up time is specified with respect to the internal clock (IK). In order to calculate system set-up time, subtract

clock delay (pad to IK) from the input pad set-up time value. Input pad holdtime with respect to the internal clock (IK) is
negative. This means that pad level changes immediately before the internal clock edge (IK) will not be recognized.
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XC3000 Logic Cell Array Family

For a detailed description of the device architecture, see pages 2-105 through 2-123.

For a detailed description of the configuration modes and their timing, see pages 2-124 through 2-132.
For detailed lists of package pin-outs, see pages 2-140 through 2-150.

For package physical dimensions and thermal data, see Section 4.

Ordering Information

Example: XC3030-70PC44C
Device Type Temperature Range
ToggleRate —————— Number of Pins
Package Type
Component Availability
PINS 4 64 68 84 100 132 144 160 164 175
TOP- TOP-
TYPE PLAST. | PLAST. | PLAST. | PLAST. |CERAM. | PLAST. | PLAST. | PLAST. |BRAZED | PLAST. | CERAM. | PLAST. | PLAST. |BRAZED| PLAST. | CERAM.
PLCC | VOFP | PLCC | PLCC PGA PQFP | TQFP | VQFP | CQFP PGA PGA TQFP | PQFP | CQFP PGA PGA

CODE VQ64 | PC68 CB100 | PP132 | PG132 PP175

PG175
i & :

C C e &
B = MIL-STD-883C Class B

Commercial = 0° to +70° C | = Industrial
Parentheses indicate future product plans

-40° to +85° C
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ATV XC3000A
X XILINX Logic Cell Array Family

Product Specifications

Features Description

The XC3000A family offers the following enhancements

* Enhanced, high performance FPGA family with five over the popular XC3000 family:

device types

— Improved redesign of the basic XC3000 LCA The XC3000A family has additional interconnect resources
Family to drive the |-inputs of TBUFs driving horizontal Longlines.

- Logic densities from 1,000 to 6,000 gates The CLB Clock Enable input can be driven from a second

— Up to 144 user-definable 1/0s vertical Longline. These two additions result in more

efficient and faster designs when horizontal Longlines are
used for data bussing.

Superset of the industry-leading XC3000 family
- ldentical to the basic XC3000 in structure, pin out,

design methodology, and software tools During configuration, the XC3000A devices check the
—~ 100% compatible with all XC3000, XC3000L, bitstream format for stop bits in the appropriate positions.
and XC3100 bitstreams Any error terminates the configuration and pulls INIT Low.

- Improved routing and additional features When the configuration process is finished and the device

* Additional programmable interconnection points starts up in user mode, the first activation of the outputs is
(PIPs) automatically slew-rate limited . This feature, called Soft
— Improved access to longlines and CLB clock Startup, avoids the potential ground bounce when all
enable inputs outputs are turned on simultaneously. After start-up, the
— Most efficient XC3000-class solution to bus-ori- slew rate of the individual outputs is, as in the XC3000
ented designs family, determined by the individual configuration option.
® Advanced 0.8 p CMOS static memory technology The XC3000A family is a superset of the XC3000 family.
- Low quiescent and active power consumption Any bitstream used to configure an XC3000 or XC3100
« Performance specified by logic delays, faster than ‘c:leawce configures an XC3000A device exactly the same
- N y.
corresponding XC3000 versions
* XC3000A-specific features
— 4 mA output sink and source current
- Error checking of the configuration bitstream
- Soft startup starts all outputs in slew-limited mode
upon power-up
~ Easy migration to the XC3400 series of HardWire
mask programmed devices for high-volume
production.
User /Os Horizontal Configurable
Device CLBs Array Max Flip-Flops Longlines Data Bits
XC3020A 64 8x8 64 256 16 14,779
XC3030A 100 10x 10 80 360 20 22,176
XC3042A 144 12x 12 96 480 24 30,784
XC3064A 224 16x 14 120 688 32 46,064
XC3090A 320 16 x 20 144 928 40 64,160
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XC3000A Logic Cell Array Family

Xilinx maintains test specifications for each product as controlled documents. To insure the use of the most recently
released device performance parameters, please request a copy of the current test-specification revision.

Absolute Maximum Ratings

Symbol| Description Units
Vece | Supply voltage relative to GND -0.5t0 +7.0 \
Vin Input voltage with respect to GND -0.5to Vcc +0.5 Vv
Vis | Voltage applied to 3-state output -0.5to Vcc +0.5 v
Tsta | Storage temperature (ambient) -65 to +150 °C
TsoL | Maximum soldering temperature (10 s @ 1/16 in.) +260 °C

Junction temperature plastic +125 °C
g Junction temperature ceramic +150 °C

Note: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.
These are stress ratings only, and functional operation of the device at these or any other conditions beyond
those listed under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum
Ratings conditions for extended periods of time may affect device reliability.

Operating Conditions

Symbol | Description Min Max |Units
Vee Supply voltage relative to GND Commerciall 0°C to +70°C 4.75 5.25 \
Supply voltage relative to GND  Industrial  —-40°C to +85°C 4.5 5.5 \
Viur High-level input voltage — TTL configuration 2.0 Vce \
Vit Low-level input voltage — TTL configuration 0 0.8 \'%
Vi High-level input voltage — CMOS configuration 70% 100% | Ve
Vie Low-level input voltage — CMOS configuration 0 20% | Vee
Tin Input signal transition time 250 ns
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DC Characteristics Over Operating Conditions

Symbol | Description Min Max | Units
Vou High-level output voltage (@ loy = 4.0 mA, Ve min) 3.86 \
Commercial
VoL Low-level output voltage (@ lo. = 4.0 mA, Ve max) ) 0.40 \
VoH High-level output voltage (@ loy = -4.0 mA, Vg min) 3.76 v
Industrial
VoL Low-level output voltage (@ lo. = 4.0 mA, V¢c max) 0.40 \
Veero | Power-down supply voltage (PWRDWN must be Low) 2.30 \
lecrp Power-down supply current (Vocguax) @ Tumax) XC3020A 50 HA
XC3030A 80 pA
XC3042A 120 A
XC3064A 170 A
XC3090A 250 HA
leco Quiescent LCA supply current in addition to lccpp™
Chip thresholds programmed as CMOS levels 500 HA
Chip thresholds programmed as TTL levels 10 mA
e Input Leakage Current -10 +10 uA
Cin Input capacitance, all packages except PGA175
(sample tested)
All Pins except XTL1 and XTL2 10 pF
XTL1 and XTL2 15 pF
Input capacitance, PGA 175
(sample tested)
All Pins except XTL1 and XTL2 15 pF
XTL1 and XTL2 20 pF
lrin Pad pull-up (when selected) @ V;y=0 V (sample tested) 0.02 0.17| mA
la Horizontal Longline puli-up (when selected) @ logic Low 34 mA

* With no output current loads, no active input or Longline pull-up resistors, all package pins at Vcc or GND, and the
LCA device configured with a MakeBits tie option.
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XC3000A Logic Cell Array Family

CLB Switching Characteristic Guidelines
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Buffer (Internal) Switching Characteristic Guidelines

X5424

Speed Grade -7 -6
Description Symbol Max Max Units
Global and Alternate Clock Distribution*
Either: Normal IOB input pad through clock buffer
to any CLB or IOB clock input Teip 7.5 7.0 ns
Or: Fast (CMOS only) input pad through clock
buffer to any CLB or 10B clock input Trioc 6.0 57 ns
TBUF driving a Horizontal Longline (L.L.)*
I to L.L. while T is Low (buffer active) Tio 4.5 4.0 ns
Tl to L.L. active and valid with single pull-up resistor Ton 9.0 8.0 ns
T to L.L. active and valid with pair of pull-up resistors Ton 11.0 10.0 ns
TT to L.L. High with single pull-up resistor Teus 16.0 14.0 ns
TT to L.L. High with pair of pull-up resistors Teur 10.0 8.0 ns
BIDI
Bidirectional buffer delay Teioi 1.7 15 ns

* Timing is based on the XC3042A, for other devices see XACT timing calculator.
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CLB Switching Characteristic Guidelines (continued)

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing
patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -7 -6
Description Symbol Min | Max || Min | Max Units
Combinatorial Delay
Logic Variables A, B, C, D, E, to outputs X or Y
FG Mode 1 Two 5.1 4.1 ns
F and FGM Mode 5.6 4.6 ns

Sequential delay
Clock k to outputs X or Y 8 | Tcko 4.5 4.0 ns
Clock k to outputs X or Y when Q is returned

through function generators F or G to drive X or Y

FG Mode Tawo 9.5 8.0 ns
F and FGM Mode 10.0 8.5 ns
Set-up time before clock K
Logic Variables A,B,C,D,E
FG Mode 2 | Tk 4.5 35 ns
F and FGM Mode 5.0 4.0 ns
Data In DI 4 Toick 4.0 3.0 ns
Enable Clock EC 6 Tecck 4.5 4.0 ns
Hold Time after clock K
Logic Variables A B,CDE 3 | Tex 0 0 ns
Data In DI 5 Tekol 1.0 1.0 ns
Enable Clock EC 7 | Tckec 2.0 2.0 ns
Clock
Clock High time 11 Ten 4.0 3.5 ns
Clock Low time 12 | T 4.0 3.5 ns
Max. flip-flop toggle rate Fok [113.0 135.0 MHz
Reset Direct (RD)
RD width 13 | Trew 6.0 5.0 ns
delay from RD to outputs X or Y 9 | Tro 6.0 5.0 ns
Global Reset (RESET Pad)*
RESET width (Low) Tmrw | 16.0 14.0 ns
delay from RESET pad to outputs X or Y TmRQ 19.0 17.0 ns

*Timing is based on the XC3042A, for other devices see XACT timing calculator.

Notes: The CLB K to Q output delay (Tcko, #8) of any CLB, plus the shortest possible interconnect delay, is always longer than
the Data In hold time requirement (Tckp;, #5) of any CLB on the same die.
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XC3000A Logic Cell Array Family

10B Switching Characteristic Guidelines
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I0B Switching Characteristic Guidelines (continued)

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing
patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -7 -6

Description Symbol Min | Max || Min | Max Units
Propagation Delays (Input)

Pad to Direct In (1) 3 | Tep 4.0 3.0 ns

Pad to Registered In (Q) with latch transparent Tera 15.0 14.0 ns

Clock (IK) to Registered In (Q) 4 | Tkn 3.0 25 ns
Set-up Time (Input)

Pad to Clock (IK) set-up time 1 | Trick 14.0 12.0 ns
Propagation Delays (Output)

Clock (OK) to Pad (fast) 7 | Tokro 8.0 7.0 ns

same (slew rate limited) 7 | Tokeo 18.0 15.0 ns

Output (O) to Pad (fast) 10 | Topr 6.0 5.0 ns

same (slew-rate limited) 10 | Toes 16.0 13.0 ns

3-state to Pad begin hi-Z (fast) 9 | Trsuz 10.0 9.0 ns

same (slew-rate limited) 9 | Tysuz - 120.0 12.0 ns

3-state to Pad active and valid (fast) 8 | Trson 11.0 10.0 ns

same (slew -rate limited) 8 | Trson 21.0 18.0 ns
Set-up and Hold Times (Output)

Output (O) to clock (OK) set-up time 5 | Took 8.0 7.0 ns

Output (O) to clock (OK) hold time 6 | Toko 0 (o] ns
Clock

Clock High time 11 | Tion 4.0 35 ns

Clock Low time 12 | TioL 4.0 3.5 ns

Max. flip-flop toggle rate Foax [113.0 135.0 MHz
Global Reset Delays (based on XC3042A)

RESET Pad to Registered In (Q) 13 | Trmi 24.0 23.0 ns

RESET Pad to output pad  (fast) 15 | Trro 33.0 29.0 ns

(slew-rate limited) 15 | Treo 43.0 37.0 ns

Notes: 1. Timing is measured at pin threshold, with 50 pF external capacitive loads (incl. test fixture). For larger capacitive loads,
see page XAPP024. Typical slew rate limited output rise/fall times are approximately four times longer.
2. Voltage levels of unused (bonded and unbonded) pads must be valid logic levels. Each can be configured with the
internal pull-up resistor or alternatively configured as a driven output or driven from an external source.
3. Input pad set-up time is specified with respect to the internal clock (IK). In order to calculate system set-up time, subtract
clock delay (pad to IK) from the input pad set-up time value. Input pad holdtime with respect to the internal clock (IK) is
negative. This means that pad level changes immediately before the internal clock edge (IK) will not be recognized.

4. Te, Tere, and Tpiek are 3 ns higher for XTL2 when the pin is configured as a user input.
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XC3000A Logic Cell Array Family

For a detailed description of the device architecture, see pages 2-105 through 2-123.

For a detailed description of the configuration modes and their timing, see pages 2-124 through 2-132.
For detailed lists of package pin-outs, see pages 2-140 through 2-150.

For package physical dimensions and thermal data, see Section 4.

Ordering Information

Example: XC3020A-6PC84C
Device Type Temperature Range
Block Delay Number of Pins
Package Type
Component Availability
PINS 44 | 64 | e8 84 100 132 144 | 160 | 164 175 176 | 208 [ 223
TOP- ) TOP-
TYPE . . . PLAST. | PLAST. | PLAST. | BRAZED CERAM. | PLAST. | PLAST. | BRAZED| PLAST. | CERAM. | PLAST. | PLAST.
PQFP | TQFP | VQFP | CQFP PGA TQFP | PQFP | CQFP PGA PGA TQFP | PQFP

CODE PQ100] TQ100|VQ100|CB100 PG132| TQ144 | PQ160| CB164 | PP175 [PG175| TQ176 | PQ208

XC3020A . Slod

i g

i C
XC3030A ; 4!

XC3042A

XC3064A

XC3090A
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XC3000L Low Voltage
Logic Cell Array Family

Product Specifications

Features
® Part of the ZERO+ family of 3.3 V FPGAs

* Low supply voltage FPGA family with five device
types
— JEDEC-compliant 3.3 V version of theXC3000A
LCA Family
- Logic densities from 1,000 to 6,000 gates
— Up to 144 user-definable 1/0Os

® Advanced, low power 0.8 u CMOS static memory
technology
- Very low quiescent current consumption, < 20pA
— Operating power consumption 56% less than
XC3000A, 66% less than previous generation 5 V
FPGAs

® Superset of the industry-leading XC3000 family
— Identical to the basic XC3000 in structure, pinout,
design methodology, and software tools
— 100% compatible with all XC3000, XC3000A,
XC3100 and XC3100A bitstreams
— Improved routing and additional features

® Additional programmable interconnection points
(PIPs)
- Improved access to Longlines and CLB clock
enable inputs
- Most efficient XC3000-class solution to bus-oriented
designs

® XC3000L-specific features

— Guaranteed over the 3.0 to 3.6 V Vcc range

— 4 mA output sink and source current

— Error checking of the configuration bitstream

- Soft startup starts all outputs in slew-limited mode
upon power-up

- Easy migration to the XC3400 series of HardWire
mask programmed devices for high-volume

Description

The XC3000L family of FPGAs is optimized for operation
fromanominally 3.3 V supply. Aside from the electricaland
timing parameters listed in this data sheet, the XC3000L
family is in all respects identical with the XC3000A family,
and is a superset of the XC3000 family.

The operating power consumption of Xilinx FPGAs is
almost exclusively dynamic, and it changes with the square
of the supply voltage. For a given complexity and clock
speed, the XC3000L consumes, therefore, only 44% of the
power used by the equivalent XC3000A device. In accor-
dance with its use in battery-powered equipment, the
XC3000L family was designed for the lowest possible
power-down and quiescent current consumption.

In mixed supply-voltage systems, the XC3000L, fed by a
3.3 V (nominal) supply, can directly drive any device with
TTL-like input thresholds. When a 5 V device drives the
XC3000L, a current-limiting resistor (1 kQ) or a voltage
divider is required to prevent excessive input current.

Like the XC3000A family, XC3000L offers the following
functional improvements over the popular XC3000 family:

The XC3000L family has additionalinterconnect resources
to drive the I-inputs of TBUFs driving horizontal Longlines.
The CLB Clock Enable input can be driven from a second
vertical Longline. These two additions result in more
efficient and faster designs when horizontal Longlines are
used for data bussing.

During configuration, the XC3000L devices check the
bitstream format for stop bits in the appropriate positions.
Any error terminates the configuration and pulls INIT Low.

When the configuration process is finished and the device
starts up in user mode, the first activation of the outputs is
automatically slew-rate limited. This feature, called Soft
Startup, avoids the potential ground bounce when all
outputs are turned on simultaneously. After start-up, the

production slew rate of the individual outputs is, as in the XC3000
family, determined by the individual configuration option.
The XC3000L family is a superset of the XC3000 family.
Any bitstream used to configure an XC3000 device config-
ures an XC3000L device the same way.
User I/Os Horizontal Configurable
Device CLBs Array Max Flip-Flops Longlines Data Bits
XC3020L 64 8x8 64 256 16 14,779
XC3030L 100 10x10 80 360 20 22,176
XC3042L 144 12x12 96 480 24 30,784
XC3064L 224 16 x 14 120 688 32 46,064
XC3090L 320 16 x 20 144 928 40 64,160
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XC3000L Logic Cell Array Family

Xilinx maintains test specifications for each product as controlled documents. To insure the use of the most recently
released device performance parameters, please request a copy of the current test-specification revision.

Absolute Maximum Ratings

Symbol| Description Units
Ve | Supply voltage relative to GND -0.5t0 +7.0 "
Vin Input voltage with respect to GND -0.5t0 Vg +0.5 \
Vts Voltage applied to 3-state output -0.5to Ve +0.5 Vv
Tste | Storage temperature (ambient) —-65 to +150 °C
TsoL | Maximum soldering temperature (10 s @ 1/16 in.) +260 °C

Junction temperature plastic +125 °C
B Junction temperature ceramic . +150 °C

Note: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.
These are stress ratings only, and functional operation of the device at these or any other conditions beyond
those listed under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum
Ratings conditions for extended periods of time may affect device reliability.

Operating Conditions

Symbol | Description Min Max |Units
Vee Supply voltage relative to GND Commercial 0°C to +70°C 3.0 36 | V
ViH High-level input voltage 20 |Vgc+03| V
Vi Low-level input voltage -0.3 08 | V
TN Input signal transition time 250 ns

Although the present (1994) devices operate over the full supply voltage range from 3.0 to 5.25 V, Xilinx reserves the
right to restrict operation to the 3.0 to 3.6 V range later, when smaller device geometries might preclude operation at 5 V.
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DC Characteristics Over Operating Conditions

Symbol | Description Min Max |Units
Vou High-level output voltage (@ loy = —4.0 mA, Ve min) 2.40 Vv
VoL Low-level output voltage (@ lo. = 4.0 mA, Ve max) 040 | V
Vou High-level output voltage (@ -100 pA, Ve min) Vee -0.2 v
VoL Low-level output voltage (@ 100 pA, Vcc max) 0.2 \"
Veerp | Power-down supply voltage (PWRDWN must be Low) 2.30 \"
lecpro Power-down supply current (Vcomax) @ Twax) 10 | pA
leco Quiescent LCA supply current*

Chip thresholds programmed as CMOS levels 20 | pA
I Input Leakage Current, all I/O pins in parallel -10 +10 | pA
CiNn Input capacitance, all packages except PGA175

(sample tested)

All Pins except XTL1 and XTL2 10 | pF

XTL1 and XTL2 15 | pF

Input capacitance, PGA 175

(sample tested)

All Pins except XTL1 and XTL2 15 | pF

XTL1 and XTL2 20 | pF
lrin Pad pull-up (when selected) @ V,y=0 V (sample tested) 0.02 0.17 | mA
IRLL Horizontal Longline pull-up (when selected) @ logic Low 250 | mA

* With no output current loads, no active input or Longline pull-up resistors, all package pins at V¢ or GND, and the
LCA device configured with a MakeBits tie option. lcco is in addition to Iccpp.
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XC3000L Logic Cell Array Family

CLB Switching Characteristic Guidelines

CLB Output (X, Y)
(Combinatorial)

<——® Tio—>

CLB Input (A,B,C,D,E) )(

@ Tick

CLB Clock *

@ Tcx:—»%

@ Teu

@ Ton |

CLB Input
(Direct In)

*4_-@ TDICK ———»

<—@ Tekor ————»*

CLB Input
(Enable Clock)

<——-—@ TecCK ——

® Ta(

CLB Output
(Flip-Flop)

Toxo—o1
X

CLB Input
(Reset Direct)

«—@ TrPW —

@Tmo

CLB Output
(Flip-Flop)

Buffer (Internal) Switching Characteristic Guidelines

X5424

Speed Grade -8
Description Symbol Max Units
Global and Alternate Clock Distribution*
Either: Normal IOB input pad through clock buffer
to any CLB or I0B clock input Trac 9.0 ns
Or: Fast (CMOS only) input pad through clock
buffer to any CLB or OB clock input Teacc 7.0 ns
TBUF driving a Horizontal Longline (L.L.)*
I to L.L. while T is Low (buffer active) Tio 5.0 ns
T! to L.L. active and valid with single pull-up resistor Ton 12.0 ns
T7 to L.L. High with single pull-up resistor Tpus 24 .0 ns
BIDI
Bidirectional buffer delay Teii 2.0 ns

* Timing is based on the XC3042L, for other devices see XACT timing calculator.

Note: The use of two pull-up resistors per Longline, available on other XC3000 devices, is not a valid design option for XC3000L

devices
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CLB Switching Characteristic Guidelines (continued)

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing
patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -8
Description Symbol Min | Max Units
Combinatorial Delay
Logic Variables A, B, C, D, E, to outputs X or Y
FG Mode 1 Two 6.7 ns
F and FGM Mode 7.5 ns

Sequential delay
Clock k to outputs X or Y 8 | Tcko 75 ns
Clock k to outputs X or Y when Q is returned

through function generators F or G to drive X or Y

FG Mode Tawo 14.0 ns
F and FGM Mode 14.8 ns
Set-up time before clock K
Logic Variables A,B,C,D,E
FG MODE 2 Tick 5.0 ns
F and FGM Mode 5.8 ns
Data In DI 4 Toick 5.0 ns
Enable Clock EC 6 Tecek| 5.0 ns
Hold Time after clock K
Logic Variables A/B,C,D,E 3 | Tex 0 ns
Data In DI 5| Texkoo | 20 ns
Enable Clock EC 7 | Tekec| 2.0 ns
Clock
Clock High time 11 | Ten 5.0 ns
Clock Low time 12 | TeL 5.0 ns
Max. flip-flop toggle rate Fowx | 80.0 MHz
Reset Direct (RD)
RD width 13 | Trew | 7.0 ns
delay from RD to outputs X or Y 9 | Tro 7.0 ns
Global Reset (RESET Pad)*
RESET width (LOW) Tmrw | 16.0 ns
delay from RESET pad to outputs X or Y Tmra 23.0 ns

*Timing is based on the XC3042A, for other devices see XACT timing calculator.

Notes: The CLB K to Q output delay (Tcko, #8) of any CLB, plus the shortest possible interconnect delay, is always longer than
the Data In hold time requirement (Tckpy, #5) of any CLB on the same die.
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XC3000L Logic Cell Array Family

10B Switching Characteristic Guidelines
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10B Switching Characteristic Guidelines (continued)

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing
patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -8

Description Symbol Min | Max || Min | Max || Min | Max | Units
Propagation Delays (Input)

Pad to Direct In (I) 3 | Tep 5.0 ns

Pad to Registered In (Q) with latch transparent Tera 24.0 ns

Clock (IK) to Registered In (Q) 4 | Tkni 6.0 ns
Set-up Time (Input)

Pad to Clock (IK) set-up time 1] Teick | 22.0 ns
Propagation Delays (Output)

Clock (OK) to Pad (fast) 7 | Tokpo 12.0 ns

same (slew rate limited) 7 | Tokpo 28.0 ns

Output (O) to Pad (fast) 10 | Topr 9.0 ns

same (slew-rate limited) 10 | Toes 25.0 ns

3-state to Pad begin hi-Z (fast) 9 | Tyshz 12.0 ns

same (slew-rate limited) 9 | Trshz 28.0 ns

3-state to Pad active and valid (fast) 8 | Trson 16.0 ns

same (slew -rate limited) 8 | Trson 32.0 ns
Set-up and Hold Times (Output)

Output (O) to clock (OK) set-up time 5 | Took 12.0 ns

Output (O) to clock (OK) hold time 6 | Toko 0 ns
Clock

Clock High time 11 | Tion 5.0 ns

Clock Low time 12 | TioL 5.0 ns

Max. flip-flop toggle rate Fok 80.0 MHz
Global Reset Delays (based on XC3042L)

RESET Pad to Registered In (Q) 13 | Tgrri 25.0 ns

RESET Pad to output pad (fast) 15 | Tgrpo 35.0 ns

(slew-rate limited) 15 | Trpo 51.0 ns

Notes: 1. Timing is measured at pin threshold, with 50 pF external capacitive loads (incl. test fixture). For larger capacitive loads,
see page XAPP024. Typical slew rate limited output rise/fall times are approximately four times longer.
2. Voltage levels of unused (bonded and unbonded) pads must be valid logic levels. Each can be configured with the .
internal pull-up resistor or alternatively configured as a driven output or driven from an external source.
3. Input pad set-up time is specified with respect to the internal clock (IK). In order to calculate system set-up time, subtract
clock delay (pad to IK) from the input pad set-up time value. Input pad holdtime with respect to the internal clock (IK) is
negative. This means that pad level changes immediately before the internal clock edge (IK) will not be recognized.

4. The slew-limited delays for Tokpo, Tshz: Trson, @nd Treo are guaranteed by design and not tested.
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XC3000L Logic Cell Array Family

For a detailed description of the device architecture, see pages 2-105 through 2-123.

For a detailed description of the configuration modes and their timing, see pages 2-124 through 2-132.
For detailed lists of package pin-outs, see pages 2-140 through 2-150.

For package physical dimensions and thermal data, see Section 4.

Ordering Information

Example: XC3042L-8VQ100C
Device Type Temperature Range
Block Delay Number of Pins
Package Type
Component Availability
PINS 44 | 64 | 68 84 100 132 144 | 160 | 164 175 176 | 208 | 223
TOP- TOP-

TYPE PLAST. | PLAST. | PLAST. | PLAST. | CERAM | PLAST. | PLAST. | PLAST. | BRAZED| PLAST. | CERAM. | PLAST. | PLAST. | BRAZED| PLAST. | CERAM. | PLAST. | PLAST. | CERAM.

PLCC | VQFP PLCC PLCC PGA PQFP | TQFP | VQFP | CQFP PGA PGA TQFP | PQFP | CQFP PGA PGA TQFP | PQFP PGA
cobE PC44 | VQ64 | PC68 | PC84 | PG84 | PQ100] TQ100| VQ100| CB100] PP132| PG132| TQ144]PQi60[CB164
XC3020L o :

PP175| PG175| TQ176 | PQ208| PG223

XC3030L o o

XC3042L e

XC3064L S

XC3090L . KT -
C = Commercial = 0° to +70° C Industrial = -40° to +85° C M = Mil Temp = -55° to +125° C B = MIL-STD-883C Class B
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XC3100, XC3100A
Logic Cell Array Families

Product Specifications

Features
¢ Two ultra-high-speed FPGA families with six members
each
— 50-80 MHz system clock rates
- 190 to 270 MHz guaranteed flip-flop toggle rates
- 2.7 to 4.1 ns logic delays

¢ High-end additional family members in the 22 X 22
CLB array-size XC3195 and XC3195A devices

* 8 mA output sink current and 8 mA source current
¢ Maximum power-down and quiescent current is 5 mA

* Both families are 100% architecture and pin-out
compatible with other XC3000 families

* Beyond this, XC3100 is also software and bitstream
compatible with the XC3000 family, while XC3100A is
software and bitstream compatible with the XC3000A
and XC3000L families

The XC3100A family is recommended for all new de-
signs, since it offers improved functionality and en-
hanced development system support

XC3100A combines the features of the XC3000A and
XC3100 families.

* Additional interconnect resources for TBUFs and CE
inputs

* Error checking of the configuration bitstream

* Soft startup holds all outputs slew-rate limited during
initial power-up

¢ More advanced CMOS process

Description

XC3100 and XC3100A are performance-optimized rela-
tives of the XC3000 and XC3000A families. While all
families are footprintcompatible, the XC3100 and XC3100A
families extend the system performance beyond 80 MHz.

The XC3100 and XC3100A families follow the XC4000
speed-grade nomenclature, indicating device performance
with a number that is based on the internal logic-block
delay, in ns.

The XC3100A family offers the following enhancements
over the popular XC3100 family.

The XC3100A family has additional interconnect resources
to drive the I-inputs of TBUFs driving horizontal Longlines.
The CLB Clock Enable input can be driven from a second
vertical Longline. These two additions result in more
efficient and faster designs when horizontal Longlines are
used for data bussing.

During configuration, the XC3100A devices check the
bitstream format for stop bits in the appropriate positions.
Any error terminates the configuration and pulls INIT Low.

When the configuration process is finished and the device
starts up in user mode, the first activation of the outputs is
automatically slew-rate limited. This feature, called Soft
Startup, avoids the potential ground bounce when all
outputs are turned on simultaneously. After start-up, the
slew rate of the individual outputs is, as in all XC3000
families, determined by the individual configuration option.

The XC3100A family is a superset of the XC3000 families.
Any bitstream used to configure an XC3000, XC3000A,
XC3000L or XC3100 device, will configure the same-size
XC3100A device exactly the same way.

User VO Horizontal Configuration

Device CLBs Array Max Flip-Flops Longlines Data Bits
XC3120/ XC3120A 64 8x8 64 256 16 14,779
XC3130/XC3130A 100 10x 10 80 360 20 22,176
XC3142/ XC3142A 144 12x 12 96 480 24 30,784
XC3164 / XC3164A 224 16x 14 120 688 28 46,064
XC3190/ XC3190A . 320 16 x 20 144 928 40 64,160
XC3195/ XC3195A © 484 22 x 22 176 1,320 44 94,944
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XC3100, XC3100A Logic Cell Array Family

Xilinx maintains test specifications for each product as controlled documents. To insure the use of the most recently
released device performance parameters, please request a copy of the current test-specification revision.

Absolute Maximum Ratings

Symbol| Description Units
Vece | Supply voltage relative to GND -0.5t0 +7.0 \"
Vin Input voltage with respect to GND -0.5to Vg +0.5 Vv
V1s Voltage applied to 3-state output -0.5 to Vg +0.5 \"
Tste | Storage temperature (ambient) —-65 to +150 °C
Tso. | Maximum soldering temperature (10 s @ 1/16 in.) +260 °C

Junction temperature plastic +125 °C
E Junction temperature ceramic +150 °C

Note: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These
are stress ratings only, and functional operation of the device at these or any other conditions beyond those listed
under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for
extended periods of time may affect device reliability.

Operating Conditions

Symbol | Description Min Max | Units
Vee Supply voltage relative to GND Commercial 0°C to +70°C 4.75 5.25 Vv
Supply voltage relative to GND  Industrial  —40°C to +85°C 45 5.5 \"
Viur High-level input voltage — TTL configuration 2.0 Vee \Y
Vit Low-level input voltage — TTL configuration 0 0.8 Vv
Vive High-level input voltage — CMOS configuration 70% 100%| Ve
Vie Low-level input voltage — CMOS configuration 0 20% | Vcc
Tin Input signal transition time 250 ns
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DC Characteristics Over Operating Conditions

Symbol | Description Min Max | Units|
Vo High-level output voltage (@ loy = -8.0 mA, V¢ min) 3.86 \"
Commercial
VoL Low-level output voltage (@ lo. = 8.0 mA, Ve max) 0.40 \
VoH High-level output voltage (@ loy = —8.0 mA, Ve min) 3.76 v
Industrial

Vo Low-level output voltage (@ lg. = 8.0 mA, Ve max) 0.40 \"
Veepo | Power-down supply voltage (PWRDWN must be Low) 2.30 \
lcco Quiescent LCA supply current

Chip thresholds programmed as CMOS levels' 8| mA

Chip thresholds programmed as TTL levels 14| mA
I Input Leakage Current -10 +10 | pA
Cin Input capacitance, all packages except PGA175

(sample tested)

All Pins except XTL1 and XTL2 10| pF

XTL1 and XTL2 15| pF

Input capacitance, PGA 175

(sample tested)

All Pins except XTL1 and XTL2 15| pF

XTL1 and XTL2 20| pF
IRIN Pad pull-up (when selected) @ V= 0V (sample tested) 0.02 0.17 | mA
IRLL Horizontal long line pull-up (when selected) @ logic Low 0.20 280 mA

Note: 1. With no output current loads, no active input or long line pull-up resistors, all package pins at V¢ or GND,
and the LCA configured with a MakeBits tie option.
2. Total continuous output sink current may not exceed 100 mA per ground pin. The number of ground pins varies
from two for the XC3120 in the PC84 package, to eight for the XC3195 in the PQ208 or PG223 package.
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XC3100, XC3100A Logic Cell Array Family

CLB Switching Characteristic Guidelines

CLB Output (X, Y)
(Combinatorial)
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CLB Input
(Direct In)

|
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CLB Output
(Flip-Flop)
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(Reset Direct)
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<——® TRF‘W —>

CLB Output
(Flip-Flop)

Buffer (Internal) Switching Characteristic Guidelines

X5424

Speed Grade -5 -4 -3 -2

Description Symbol Max Max Max Max | Units
Global and Alternate Clock Distribution*
Either: Normal IOB input pad through clock buffer

to any CLB or I0B clock input Teip 6.8 6.5 5.6 5.2 ns
Or:  Fast (CMOS only) input pad through clock

buffer to any CLB or IOB clock input Trioc 5.4 5.1 4.3 4.0 ns
TBUF driving a Horizontal Long line (L.L.)*
Ito L.L. while T is Low (buffer active) (XC3100) Too 41 3.7 3.1 ns

(XC3100A) To 3.6 3.6 3.1 3.1 ns

Tl to L.L. active and valid with single pull-up resistor Ton 5.6 5.0 4.2 4.2 ns
T! to L.L. active and valid with pair of pull-up resistors Ton 71 6.5 5.7 5.7 ns
T7 to L.L. High with single pull-up resistor Teus 15.6 13.5 11.4 11.4 ns
TT to L.L. High with pair of pull-up resistors Teur 12.0 10.5 8.8 8.1 ns
BIDI
Bidirectional buffer delay Teipi 14 1.2 1.0 0.9 ns

* Timing is based on the XC3142, for other devices see XACT timing calculator.
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CLB Switching Characteristic Guidelines (continued)

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directiy, they are derived from benchmark timing
patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -5 -4 -3 -2

Description Symbol | Min | Max||Min | Max | Min | Max || Min | Max | Units
Combinatorial Delay

Logic Variables A, B, C, D, E,

to outputs X or Y 1| Two 4.1 3.3 2.7 22| ns
Sequential delay

Clock K to outputs X or Y 8| Tcko 3.1 25 2.1 17| ns

Clock K to outputs X or Y when Q is returned

through function generators F or G

to drive X or Y Tao 6.3 5.2 4.3 35| ns
Set-up time before clock K

Logic Variables A/ B,CD,E 2| Tick | 341 25 21 1.8 ns

Data In ]} 4| Tpick | 2.0 1.6 1.4 1.3 ns

Enable Clock EC 6 | Tecek| 3.8 3.2 2.7 2.5 ns

Reset Direct inactive ~ RD 1.0 1.0 1.0 1.0 ns
Hold Time after clock k

Logic Variables A,B,C,D,E 3| Texi 0 0 0 0 ns

Data In DI 5| Tekor | 1.0 1.0 0.9 0.9 ns

Enable Clock EC 7| Tekec| 1.0 0.8 0.7 0.7 ns
Clock

Clock High time 11| Tch | 24 2.0 1.6 1.3 ns

Clock Low time 12| Toe |24 2.0 1.6 1.3 ns

Max. flip-flop toggle rate Feowc | 190 230 270 325 MHz
Reset Direct (RD)

RD width 13| Trew | 3.8 3.2 27 23 ns

delay from RD to outputs X or Y 91 Trio 4.4 3.7 3.1 27| ns
Global Reset, from RESET Pad,

based on XC3142 and XC3142A
RESET width (Low) (XC3142) Tmrw | 18.0 15.0 13.0 ns
(XC3142A) Tmrw | 14.0 14.0 12.0 12.0 ns
delay from RESET pad to outputs X or Y Tura 17.0 14.0 12.0 12.0| ns

Notes: The CLB K to Q output delay (Tcko, #8) of any CLB, plus the shortest possible interconnect delay, is always longer than
the Data In hold time requirement (Tckp,, #5) of any CLB on the same die.

Tiwo, TaLo and Tick are specified for 4-input functions. For 5-input functions or base FGM functions, each of these
specifications for the XC3100 family increases by 0.60 ns (-5), 0.6 ns (-4) and 0.5 ns (-3) and each of these specifications .
for the XC3100A family increses by 0.50 ns (-5), 0.42 ns (-4) and 0.35 ns (-3).
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10B Switching Characteristic Guidelines
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10B Switching Characteristic Guidelines (continued)

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing

patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -5 -4 -3 -2
Description Symbol | Min | Max|| Min | Max || Min | Max || Min | Max |Units
Propagation Delays (Input)
Pad to Direct In (I) 3 |Tep 2.8 25 2.2 20| ns
Pad to Registered In (g) with
latch transparent (XC3100A) Tera 14.0 12.0 11.0 11.0| ns
(XC3100) Tera 16.0 15.0 13.0 ns
Clock (IK) to Registered In (Q) 4 (Tkri 2.8 25 2.2 19| ns
Set-up Time (Input)
Pad to Clock (IK) set-up time
XC3100 Fami!y 1 TPICK 15.0 14.0 12.0 ns
XC3120A,XC3130A 10.9 10.6 9.4 8.9 ns
XC3142A 11.0 10.7 9.5 9.0 ns
XC3164A 11.2 11.0 9.7 9.2 ns
XC3190A 11.5 11.2 9.9 9.4 ns
XC3195A 12.0 11.6 10.3 9.8 ns
Propagation Delays (Output)
Clock (OK) to Pad (fast) 7 | Toxkpo 55 5.0 44 40| ns
same (slew-rate limited) 7 | Tokro 14.0 12.0 10.0 97| ns
Output (O) to Pad (fast) 10 | Topr 4.1 3.7 3.3 30| ns
same (slew-rate limited) (XC3100A) {10 | Teps 121 11.0 9.0 87| ns
(XC3100) (10 | Tope 13.0 11.0 9.0 ns
3-state to Pad begin hi-Z (fast) 9 [Trsnz 6.9 6.2 55 50| ns
same (slew-rate limited) 9 | Trsuz 6.9 6.2 55 50| ns
3-state to Pad active and valid (fast) (XC3100A) | 8 | Tyson 10.0 10.0 9.0 85| ns
same (slew-rate limited) 8 [Trson 18.0 17.0 15.0 142 | ns
3-state to Pad active and valid (fast) (XC3100) | 8 | Trson 12.0 10.0 9.0 ns
same (slew-rate limited) 8 | Trson 20.0 17.0 15.0 ns
Set-up and Hold Times (Output)
Output (O) to clock (OK) set-up time,(XC3100A) | 5 |Toox | 5.0 4.5 4.0 3.6 ns
(XC3100) (5 |Took | 6.2 56 5.0 ns
Output (O) to clock (OK) hold time 6 |Toko | O 0 0 0 ns
Clock
Clock High time 11 {Tion 2.4 20 1.6 1.3 ns
Clock Low time 12 (TioL 24 2.0 1.6 1.3 ns
Max. flip-flop toggle rate Fowk [190.0 230.0 270.0 325.0 MHz
Global Reset Delays
RESET Pad to Registered In (Q),
(XC3120/XC3120A) {13 |Tgm 18.0 15.0 13.0 13.0| ns
(XC3195/XC3195A) 29.5 25.0 21.0 21.0| ns
RESET Pad to output pad  (fast) 15| Trro 24.0 20.0 17.0 170 ns
(slew-rate limited) |15 Treo 32.0 27.0 23.0 230 ns

Notes: 1. Timing is measured at pin threshold, with 50 pF external capacitive loads (incl. test fixture). For larger capacitive loads,
see XAPP 024. Typical slew rate limited output rise/fall times are approximately four times longer.

2. Voltage levels of unused (bonded and unbonded) pads must be valid logic levels. Each can be configured with the
internal pull-up resistor or alternatively configured as a driven output or driven from an external source.

3. Input pad set-up time is specified with respect to the internal clock (IK). In order to calculate system set-up time, subtract
clock delay (pad to ik) from the input pad set-up time value. Input pad holdtime with respect to the internal clock (IK) is
negative. This means that pad level changes immediately before the internal clock edge (IK) will not be recognized.

4. T, Tere, @and Tpiek @are 3 ns higher for XTAL2 when the pin is configured as a user input.
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For a detailed description of the device architecture, see pages 2-105 through 2-123.

For a detailed description of the configuration modes and their timing, see pages 2-124 through 2-132.
For detailed lists of package pin-outs, see pages 2-140 through 2-150.

For package physical dimensions and thermal data, see Section 4.

Example: XC3030-70PC44C
Ordering Information Device Type Temperature Range
Toggle Rate —— Number of Pins
Package Type

Component Availability

PINS 44 64 68 84 100 132 144 160 164 175 176 208 223

TOP- TOP-
TYPE PLAST. | PLAST. | PLAST. | PLAST. | CERAM | PLAST. | PLAST. | PLAST. | BRAZED| PLAST. |CERAM. [ PLAST. | PLAST. | BRAZED| PLAST. | CERAM.| PLAST. | PLAST. [CERAM.

PLCC | VQFP PLCC PLCC PGA PQFP TQFP | VQFP | CQFP PGA PGA TQFP PQFP CQFP PGA PGA TQFP PQFP PGA

CODE PC44 | vQ64 | PC68 | PC84 | PG84 | PQ100|TQ100|VQ100|CB100| PP132 | PG132| TQ144 | PQ160|CB164 | PP175|PG175| TQ176 | PQ208 | PG223
cl CI(MB) M B)
XC3120 cl [
[4 c
cl cl
XC3130 ci (3]
[ c : . :
| JCIMB) C1(MB)
XC3142 ci [}
c c
cl
XC3164 ST i
B
XC3190
C1(MB)
XC3195 ci
[
XC3120A
[
XC3130A Cc
c
c
c C CIMB)
XC3142A [ c cl
c c c
c [ c
cl )
XC3164A 1]
c
’ ¢ .
C1(MB)
XC3190A
C1(MB)
XC3195A : cl
c
_ C

° to +70° C | -40° to +85° C M = Mil Temp = -55° to +125° C B = MIL-STD-883C Class B
Parentheses indicate future product plans
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XC2000 Logic Cell Array Families

Overview

Introduced in 1985, the XC2000 family has seen continu- While the XC3000/XC3100 families offer more speed, a

ously increasing sales for 8 years. In 1993, Xilinx intro- wider range of device capacities and more packaging

duced the ZERO+ Family of 3.3 V devices, intended for the options, and the XC4000 family offers more advanced

fast growing market of battery-operated portable comput- systems features, the XC2064 and XC2018 are the world’s

ers and instruments. lowest cost FPGAs, and they remain the most economical
solution forall applications where the XC3020 or XC4002A
features are not required.
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Product Description

Features

* Fully Field-Programmable:
= I/O functions
- Digital logic functions
- Interconnections

® General-purpose array architecture
* Complete user control of design cycle

* Compatible arrays with logic cell complexity equiva-
lent from 600 to 1,500 gates

¢ Available in 5-V and 3.3-V versions

* 100% factory tested

¢ Selectable configuration modes

* Low-power, CMOS, static-memory technology
* Performance equivalent to TTL SSI/MSI

® TTL or CMOS input thresholds

* Complete development system support
— XACT Design Editor

Schematic Entry

Macro Library

Timing Calculator

Logic and Timing Simulator

Auto Place / Route

Description

The Logic Cell Array (LCA) is a high density CMOS
integrated circuit. Its user-programmable array architec-
ture is made up of three types of configurabie elements:
Input/Output Blocks, logic blocks and Interconnect. The
designer can define individual I/O biocks for interface to
external circuitry, define logic blocks to implement logic
functions and define interconnection networks to compose
larger scale logic functions. The XACT Development Sys-
tem provides interactive graphic design capture and auto-
matic routing. Both logic simulation and in-circuit emula-
tion are available for design verification.

The Logic Cell Array is available in a variety of logic
capacities, package styles, temperature ranges and speed
grades.

Typ. Logic User

Capacity ] Config.
Device Vee (gates) CLBs Max Dbits
XC2064 5.0V 600 -1,000 64 58 12,038
XC2064L 3.3V 600 -1,000 64 58 12,038
XC2018 5.0V 1,000 -1,500 100 74 17,878
XC2018L 3.3V 1,000 -1,500 100 74 17,878

The XC2000 family operates with a nominal 5.0 V supply.
The XC2000L family operates with nominal 3.3 V supply.

The LCA logic functions and interconnections are deter-
mined by data stored in internal static-memory cells. On-
chip logic provides for automatic loading of configuration
data at power-up. The program data can reside in an
EEPROM, EPROM or ROM on the circuit board or on a
floppy disk or hard disk. The program can be loaded in a
number of modes to accommodate various system re-
quirements.

Architecture

The general structure of a Logic Cell Array is shown in
Figure 1. The elements of the array include three catego-
ries of user programmable elements: /O Blocks (IOBs),
Configurable Logic Blocks (CLBs) and Programmable
Interconnections. The I/OBs provide an interface between
the logic array and the device package pins. The CLBs
perform user-specified logic functions, and the intercon-
nect resources are programmed to form networks that
carry logic signals among the blocks.

LCA configuration is established through a distributed
array of memory cells.The XACT development system
generates the program used to configure the Logic Cell
Array which includes logic to implement automatic con-
figuration.

Configuration Memory

The configuration of the Logic Cell Array is established by
programming memory cells which determine the logic
functions and interconnections. The memory loading pro-
cess is independent of the user logic functions.
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The static memory cell used for the configuration memory
in the Logic Cell Array has been designed specifically for
high reliability and noise immunity. Based on this design,
which has been patented, integrity of the LCA configura-
tion memory is assured even under adverse conditions.
Compared with other programming alternatives, static
memory provides the best combination of high density,
high performance, high reliability and comprehensive test-
ability. As shown in Figure 2, the basic memory cell
consists oftwo CMOS inverters plus a pass transistor used
for writing data to the cell. The cell is only written during
configuration and only read during readback. During nor-
mal operation the pass transistor is off and does not affect
the stability of the cell. This is quite different from the
normal operation of conventional memory devices, in
which the cells are continuously read and rewritten.

The outputs Q and Q control pass-transistor gates directly.
The absence of sense amplifiers and the output capacitive
load provide additional stability to the cell. Due to the
structure of the configuration memory cells, they are not

affected by extreme power supply excursions or very high
levels of alpha particle radiation. In reliability testing no soft
errors have been observed, even in the presence of very
high doses of alpha radiation.

Input/Output Block

Each user-configurable 1/O block (IOB) provides an inter-
face between the external package pin of the device and
the internal logic. Each I/O block includes a programmable
input path and a programmable output buffer. It also
provides input clamping diodes to provide protection from
electro-static damage, and circuits to protect the LCA from
latch-up due to input currents. Figure 3 shows the general
structure of the 1/0 block.

The input buffer portion of each I/O block provides thresh-
old detection to translate external signals applied to the
package pin to internal logic levels. The input buffer
threshold of the 1/O blocks can be programmed to be
compatible with either TTL (1.4 V) or CMOS (2.2 V) levels.
The buffered input signal drives both the data input of an

1/0 Block

i

Configurable

Logic B|ock\

1L

11l

TS T Y G D
A e A A |

Figure 1. Logic Cell Array Structure
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Figure 2. Configuration Memory Cell

edge-triggered D flip-flop and one input of a two-input
multiplexer. The output of the flip-flop provides the other
input to the multiplexer. The user can select either the
direct input path or the registered input, based on the
content of the memory cell controlling the multiplexer. The
I/0 Blocks along each edge of the die share common
clocks. The flip-flops are reset during configuration as well

as by the active-low chip RESET input.

Output buffers in the /0 blocks provide 4-mA drive for high
fan-out CMOS or TTL-compatible signal levels. The output
data (driving I/O block pin O) is the data source for the I/O

block output buffer. Each 1/O block output buffer is con-
trolled by the contents of two configuration memory cells
which turn the buffer ON or OFF or select 3-state buffer
control. The user may also select the output buffer 3-state
control (/O block pin TS). When this /O block output
control signal is High (a logic one), the buffer is disabled
and the package pin is high-impedance.

Configurable Logic Block

An array of Configurable Logic Blocks (CLBs) provides the
functional elements from which the user’s logic is con-
structed. The logic blocks are arranged in a matrix in the

]

Off

TS (Output Enable)
On

Out

Figure 3. VO Block

/O Clock

~ Program-Controlled
Multiplexer

X5398
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Figure 4. Configurable Logic Block

center of the device. The XC2064 has 64 such blocks
arranged in an 8-row by 8-column matrix. The XC2018 has
100 logic blocks arranged in a 10 by 10 matrix.

Each logic block has a combinatorial logic section, a
storage element, and an internal routing and control sec-
tion. Each CLB has four general-purpose inputs: A, B, C
and D; and a special clock input (K), which may be driven
fromthe interconnect adjacentto the block. Each CLB also
has two outputs, X and Y, which may drive interconnect
networks. Figure 4 shows the resources of a Configurable
Logic Block.

The logic block combinatorial logic uses a table look-up
memory to implement Boolean functions. This technique
can generate any logic function of up to four variables with
a high speed sixteen-bit memory. The propagation delay
through the combinatorial network is independent of
the function generated. Each block can perform any
function of four variables or any two functions of three
variables each. The variables may be selected from
among the four inputs and the block’s storage element
output Q. Figure 5 shows various options which may be
specified for the combinatorial logic.

If the single 4-variable configuration is selected (Option 1),
the F and G outputs are identical. If the 2-function alterna-
tive is selected (Option 2), logic functions F and G may be
independent functions of three variables each. The three
variables can be selected from among the four logic block
inputs andthe storage element output Q. A third form of the

combinatorial logic (Option 3) is a special case of the 2-
function form in which the B input dynamically selects
between the two function tables providing a single merged
logic function output. This dynamic selection allows some
5-variable functions to be generated from the four block
inputs and storage element Q. Combinatorial functions are
restricted in that one may not use both its storage element
output Q and the input variable of the logic block pin “D” in
the same function.

If used, the storage element in each Configurable Logic
Block (Figure 6) can be programmed to be either an edge-
sensitive “D” type flip-flop or a level-sensitive “D” latch. The
clock or enable for each storage element can be selected
from:

® The special-purpose clock input K
® The general-purpose input C
® The combinatorial function G

The user may also select the clock active sense within
each logic block. This programmable inversion elimi-nates
the need to route both phases of a clock signal throughout
the device.

The storage element data input is supplied from the
function F output of the combinatorial logic. Asynchro-
nous SET and RESET controls are provided for each
storage element. The user may enable these controls
independently and select their source. They are active
High inputs and the asynchronous reset is dominant. The
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Figure 5. CLB Combinatorial Logic Options
Note: Variables D and Q can not be used in the same function.

storage elements are reset by the active-Low chip RESET
pin as well as by the initialization phase preceding configu-
ration. If the storage element is not used, it is disabled.

The two block outputs, X and Y, can be driven by either the
combinatorial functions, F or G, or the storage element
output Q (Figure 4). Selection of the outputs is completely
interchangeable and may be made to optimize routing
efficiencies of the networks interconnecting the logic blocks
and /O blocks.

Programmable Interconnect

Programmable interconnection resources in the Logic Cell
Array provide routing paths to connect inputs and outputs
of the I/O and logic blocks into desired networks. All
interconnections are composed of metal segments, with
programmable switching points provided to implement the
necessary routing. Three types of resources accommo-
date different types of networks.

» General purpose interconnect
¢ Longlines
* Direct connection

General-Purpose Interconnect

General-purpose interconnect, as shown in Figure 7a, is
composed of four horizontal metal segments between the
rows and five vertical metal segments between the col-
umns of logic and I/O blocks. Each segment is only the
height or width of a logic block. Where these segments
would cross at the intersections of rows and columns,

switching matrices are provided to allow interconnections
of metal segments from the adjoining rows and columns.
Switches in the switch matrices and on block outputs are
specially designed transistors, each controlled by a con-
figuration bit.

Logic-block output switches provide contacts to adjacent
generalinterconnect segments and therefore to the switch-
ing matrix at each end of those segments. A switch matrix

RES

/ \

s

Figure 6. CLB Storage Elememt
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can connect an interconnect segment to other segments
to form a network. Figure 7a shows the general intercon-
nect used to route a signal from one logic block to three
other logic blocks. As shown, combinations of closed
switches in a switch matrix allow muitiple branches for
each network. The inputs of the logic or I/O blocks are
multiplexers that can be programmed with configuration
bits to select an input network from the adjacent intercon-
nect segments. Since the switch connections to block
inputs are unidirectional (as are block outputs) they are
usable only for input connection. The development sys-
tem software provides automatic routing of these intercon-
nections. Interactive routing is also available for design
optimization. This is accomplished by selecting a
networkand then toggling the states of the interconnect
points by selecting them with the “mouse”. In this mode,
the connections through the switch matrix may be estab-
lished by selecting pairs of matrix pins. The switching
matrix combinations are indicated in Figure 7b.

Special buffers within the interconnect area provide peri-
odic signal isolation and restoration for higher general
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interconnect fan-out and better performance. The repow-
ering buffers are bidirectional, since signals must be able
to propagate in either direction on a general interconnect
segment. Direction controls are automatically established
by the Logic Cell Array development system software.
Repowering buffers are provided only for the general-
purpose interconnect since the direct and Longline re-
sources do not exhibit the same R-C delay accumulation.
The Logic Cell Array is divided into nine sections with
buffers automatically provided for general interconnect at
the boundaries of these sections. These boundaries can
be viewed with the development system. For routing
within a section, no buffers are used. The delay calculator
ofthe XACT development system automatically calculates
and displays the block, interconnect and buffer delays for
any selected paths.

Longlines

Longlines, shown in Figure 8a, run both vertically and
horizontally the height or width of the interconnect area.
Each vertical interconnection column has two Longlines;
each horizontal row has one, with an additional Longline
adjacent to each set of I/0O blocks. The Longlines bypass
the switch matrices and are intended primarily for signals

that must travel a long distance or must have minimum
skew among multiple destinations.

A global buffer in the Logic Cell Array is available to drive
a single signal to all B and K inputs of logic blocks. Using
the global buffer for a clock provides a very low skew, high
fan-out synchronized clock for use at any or all of the logic
blocks. At each block, a configuration bit for the K input to
the block can select this global line as the storage element
clock signal. Alternatively, other clock sources can be
used.

A second buffer below the bottom row of the array drives
a horizontal Longline which, in turn, can drive a vertical
Longline in each interconnection column. This alternate
buffer also has low skew and high fan-out capability. The
network formed by this alternate buffer’s Longlines can be
selected to drive the B, C or K inputs of the logic blocks.

Alternatively, these Longlines can be driven by a logic or
1/0 block on a column by column basis. This capability
provides a common, low-skew clock or control line within
each column of logic blocks. Interconnections of these
Longlines are shown in Figure 8b.

1 |
— CLB |- T CLB —
I I
Switch
Matrix
|A |
B— —
X
Cc— CB — — CLB —
K—. b — -
Y
pl I
Switch
Matrix
P — ——— Horizontal
| | Long Lines
—{ CLB |~ — CLB |—
I I
Two Vertical Global
Long Lines Long Lines X5402

Figure 8a. Longline Interconnect
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Figure 8b. XC2064 Longlines, VO Clocks, VO Direct Interconnect
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Direct Interconnect

Direct interconnect, shown in Figure 9, provides the most
efficient implementation of networks between adjacent
logic or I/O blocks. Signals routed from block to block by
means of direct interconnect exhibit minimum intercon-
nect propagation and use minimum interconnect re-
sources. For each Configurable Logic Block, the X output
may be connected directly to the C or D inputs of the CLB
above and to the A or B inputs of the CLB below it. The Y
output can use directinterconnectto drive the Binput of the
block immediately to its right. Where logic blocks are
adjacent to I/O blocks, direct connect is provided to the
I/0 block inpit (1) on the left edge of the die, the output (O)
on the right edge, or both on I/O blocks at the top and
bottom of the die. Direct interconnections of I/O blocks with
CLBs are shown in Figure 8b.

Crystal Oscillator

Figure 8b also shows the location of an internal high speed
inverting amplifier which may be used to implement an on-
chip crystal oscillator. It is associated with the auxiliary
buffer in the lower right corner of the die. When the
oscillator is configured by MAKEBITS and connected as a
signal source, two special user IOBs are also configured to
connect the oscillator amplifier with external crystal oscil-
lator components as shown in Figure10. The oscillator
circuitbecomes active early in the configuration processin
order to allow the oscillator to stabilize. Actual internal
connection is delayed until completion of configuration. In
Figure 10, the feedback resistor R1, between the output
and input, biases the amplifier at threshold. The inversion
of the amplifier, together with the R-C networks and an AT-
cutseries resonant crystal, produce the 360-degree phase
shift of the Pierce oscillator. A series resistor R2 may be
included to add to the amplifier output impedance when
needed for phase-shift control, crystal resistance match-
ing, or to limit the amplifier input swing to control clipping
at large amplitudes. Excess feedback voltage may be
corrected by the ratio of C2/C1. The amplifier is designed
to be used from 1 MHz to about one-half the specified CLB
toggle frequency. Use at frequencies below 1 MHz may
require individual characterization with respect to a series
resistance. Crystal oscillators above 20 MHz generally
require a crystal which operates in a third overtone mode,
where the fundamental frequency must be suppressed by
aninductor across C2, turning this parallel resonant circuit
to double the fundamental crystal frequency, i.e., 2/3 of the
desired third harmonic frequency network. When the oscil-
lator inverter is not used, these I0Bs and their package
pins are available for general user 1/O.

I— cB
T

cLB

.

A

c— CcB

-<l><

cLB

il

— CB

Figure 9. Direct Interconnect
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R1 05-1MQ
R2 0-1kQ

48 DIP

(may be required for low

68 PLCC

frequency, phase

68 PGA

J10

shift and/or compensation
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level for crystal Q)

84 PGA

K11

C1,C2 10-40pF
Y1 1-20 MHz AT cut series
resonant

Figure 10. Crystal Oscillator
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Programming

Table 1. Configuration Mode Selection

MO M1 M2CCLK Mode Data

Configuration data to define the function and intercon-
nection within a Logic Cell Array are loaded automatically
at power-up or upon command. Several methods of auto-
matically loading the required data are designed into the
Logic Cell Array and are determined by logic levels applied
to mode selection pins at configuration time. The form of
the data may be either serial or parallel, depending on the
configuration mode. The programming data are indepen-
dent of the configuration mode selected. The state dia-
gram of Figure 11 illustrates the configuration process.
Input thresholds for user I/O pins can be selected to be
either TTL-compatible or CMOS-compatible. At power-up,
allinputs are TTL-compatible and remain in that state until
the LCA begins operation. If the user has selected CMOS
compatibility, the input thresholds are changed to CMOS
levels during configuration.

Figure 12 shows the specific data arrangement for the
XC2064 device. Future products will use the same data
format to maintain compatibility between different devices
of the Xilinx product line, but they will have different sizes
and numbers of data frames. For the XC2064, configura-
tion requires 12,038 bits for each device. For the XC2018,
the configuration of each device requires 17,878 bits. The
XC2064 uses 160 configuration data frames and the
XC2018 uses 197.

The configuration bit stream begins with preamble bits, a
preamble code and a length count. The length count is
loaded into the control logic of the Logic Cell Array and is
used to determine the completion of the configuration
process. When configuration is initiated, a 24-bit length
counter is set to 0 and begins to count the total number of
configuration clock cycles applied to the device. When the
current length count equals the loaded length count, the
configuration process is complete. Two clocks before
completion, the internal logic becomes active and is reset.
Onthe next clock, the inputs and outputs become active as
configured and consideration should be given to avoid
configuration signal contention. (Attention must be paid to
avoid contention on pins which are used as inputs during
configuration and become outputs in operation.) On the
last configuration clock, the completion of configuration is

signalled by the release of the DONE / PROG pin of the
device as the device begins operation. This open-drain
outputcan be AND-tied with multiple Logic Cell Arrays and
used as an active-High READY or active-Low , RESET, to
other portions of the system. High during configuration
(HDC) and low during configuration (LDC), are released
one CCLK cycle before DONE is asserted. In master mode
configurations, it is convenient to use LDC as an active-
Low EPROM chip enable.

As each data bit is supplied to the LCA, it is internally
assembled into a data word. As each data word is com-
pletely assembled, it is loaded in parallel into one word of
the internal configuration memory array. The last word
must be loaded before the current length count compare is
true. If the configuration data are in error, e.g., PROM
address lines swapped, the LCA will not be ready at the
length count and the counter will cycle through an addi-
tional complete count prior to configuration being “done”.

Table 1 shows the selection of the configuration mode
based on the state of the mode pins MO and M1. These
package pins are sampled prior to the start of the configu-
ration process to determine the mode to be used. Once
configuration is DONE and subsequent operation has
begun, the mode pins may be used to perform data
readback, as discussed later. An additional mode pin,
M2, must be defined at the start of configuration. This
package pin is a user-configurable 1/O after configuration
is complete.

Initialization Phase

When power is applied, an internal power-on-reset circuit
is triggered. When Vcc reaches the voltage at which the
LCA device begins to operate (nominally 2.5 to 3 V), the
chip isinitialized, outputs are made high-impedance and a
time-out is initiated to allow time for power to stabilize. This
time-out (11 to 33 ms) is determined by a counter driven by
a self-generated, internal sampling clock that drives the
configuration clock (CCLK) in master configuration mode.
This internal sampling clock will vary with process, tem-
perature and power supply over the range of 0.5 to 1.5
MHz. LCA devices with mode lines set for master mode
will time-out of their initialization using a longer counter (43
to 130 ms) to assure that all devices, which it may be
driving in a daisy chain, will be ready. Configuration using
peripheral or slave modes must be delayed long enough
for this initialization to be completed.

The initialization phase may be extended by asserting the
active-Low external RESET. If a configuration has begun,
an assertion of RESET will initiate an abort, including an
orderly clearing of partially loaded configuration memory
bits. After about three clock cycles for synchronization,
initialization will require about 160 additional cycles of the
internal sampling clock (197 for the XC2018) to clear the
internal memory before another configuration may begin.
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Figure 11. A State Diagram of the Configuration Process for Power-up and Reprogram

1111111
0010
<24-Bit Length Count>

Dummy Bits (4 Bits Minimum), XACT 2.10 Generates 8 Bits

Preamble Code
Configuration Program Length

Header

111

0 <Data Frame # 001> 111
0 <Data Frame # 002> 111

0 <Data Frame # 159> 111
0 <Data Frame # 160> 111

1nm

Start-Up Requires Three Configuration Clocks Beyond Length Count

Figure 12. XC2064 Internal Configuration Data Arrangement

Reprogramming is initialized by a High-to-Low transition
on RESET (after RESET has been High for at least 6 us)
followed by a Low level (for at least 6 us) on both the
RESET and the open-drain DONE/PROG pins. This re-
turns the LCA device to the CLEAR state, as shown in

Figure 11.

Master Mode

In Master mode, the Logic Cell Array automatically loads
the configuration program from an external memory de-
vice. The Master Serial mode uses serial configuration
data, synchronized by the rising edge of CCLK, as shown
in Figure 13.

Dummy Bits (4 Bits Minimum)

Postamble Code (4 Bits Minimum)

0 <Data Frame # 003> 111 XC2018 XC2064
. . . Configuration Program Data
Frames 196 160
Data Bits Repeated for Each Logic
Per Frame 87 7 Cell Array in a Daisy Chain

X5405

In Master Parallel mode (Figure 14), the Logic Cell Array
provides 16 address outputs and the control signals RCLK
(Read Clock), HDC (High during configuration) and LDC
(Low during configuration) to execute Read cycles from
the external memory. Parallel 8-bit data words are read
and internally serialized. As each data word is read, the
least significant bit of each byte, normally DO, is the next bit
in the serial stream.

Addresses supplied by the Logic Cell Array can be se-
lected by the mode lines to begin at address 0 and
incremented to reach the memory (master Low mode), or
they can begin at address FFFF Hex and be decremented
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(master High mode). This capability is provided to allow
the Logic Cell Array to share external memory with another
device, such as a microprocessor. For example, if the
processor begins its execution from Low memory, the
Logic Cell Array can load itself from High memory and
enable the processor to begin execution once configura-
tionis completed. The Done/PROG output pin can be used
to hold the processor in a Reset state until the Logic Cell
Array has completed the configuration process

Peripheral Mode (Bit Serial)

Peripheral mode provides a simplified interface through
which the device may be loaded as a processor peripheral.
Figure 15 shows the peripheral mode connections. Pro-
cessor Write cycles are decoded from the common asser-
tion of the active-Low write strobe (IOWRT), and two
active-Low and of the active-High chip selects (CS0 CS1
CS2). If all these signals are not available, the unused
inputs should be driven to their respective active levels.
The Logic Cell Array will accept one bit of the configuration
program on the data input (DIN) pin for each processor
Write cycle. Data is supplied in the serial sequence de-
scribed earlier.

Since only a single bit from the processor data bus is
loaded per cycle, the loading process involves the proces-
sor reading a byte or word of data, writing a bit of the data
to the Logic cell Array, shifting the word and writing a bit
until all bits of the word are written, then continuing in the
same fashion with the next word, etc. After the configura-
tion program has been loaded, an additional three clocks
(a total of three more than the length count) must be
supplied in order to complete the configuration process.
When more than one device is being used in the system,
each device can be assigned a different bit in the proces-
sor data bus, and multiple devices can be loaded on each
processor write cycle. This broadside loading method
provides a very easy and time-efficient method of loading
several devices.

Slave Mode

Slave mode, Figure 16, provides the simplest interface for
loading the Logic Cell Array configuration. Data is supplied
in conjunction with a synchronizing clock. For each Low-
to-High input transition of configuration clock (CCLK), the
data present on the data input (DIN) pin is loaded into the
internal shift register. Data may be supplied by a processor
or by other special circuits. Slave mode is used for down-
stream devices in a daisy-chain configuration. The data
for each slave LCA device are supplied by the preceding
LCA device in the chain, and the clock is supplied by the
lead device, which is configured in master or peripheral
mode. After the configuration program has been loaded,
an additional three clocks (a total of three more than the
length count) must be supplied in order to complete the
configuration process.

Daisy Chain

The daisy-chain programming mode is supported by Logic
Cell Arraysin all programming modes. In master mode and
peripheral modes, the LCA device can act as a source of
data and control for slave devices. For example, Figure 14
shows a single device in master mode, with two devices in
slave mode. The master-mode device reads the external
memory and begins the configuration loading process for
all of the devices.

The data begins with a preamble and a length count which
are supplied to all devices at the beginning of the configu-
ration. The length count represents the total number of
cycles required to load all of the devices in the daisy chain.
After loading the length count, the lead device will load its
configuration data while providing a High DOUT to down-
stream devices. When the lead device has been loaded
and the current length count has not reached the full value,
memory access continues. Data bytes are read and seri-
alized by the lead device. The data is passed through the
lead device and appears on the data out (DOUT) pin in
serial form. The lead device also generates the configura-
tion clock (CCLK) to synchronize the serial output data. A
master-mode device generates an internal CCLK of eight
times the EPROM address rate, while a peripheral mode
device produces CCLK from the chip select and write
strobe timing.

Operation

When all of the devices have been loaded and the length
count is complete, a synchronous start-up of operation is
performed. On the clock cycle following the end of loading,
the internal logic begins functioning in the reset state. On
the next CCLK, the configured output buffers become
active to allow signals to stabilize. The next CCLK cycle
produces the DONE condition. The length count control of
operation allows a system of multiple Logic Cell Arrays to
begin operation in a synchronized fashion. If the crystal
oscillator is used, it will begin operation before configura-
tion is complete to allow time for stabilization before it is
connected to the internal circuitry.

Reprogram

The Logic Cell Array configuration memory may be re-
written while the device is operating in the user’s system.
The LCA device returns to the Clear state where the
configuration memory is cleared, I/O pins disabled, and
mode lines re-sampled. Reprogram control is often imple-
mented using an external open collector driver which pulls
DONE/PROG LOW. Once it recognizes a stable request,
the Logic Cell Array holds DONE/PROG LOW until the
new configuration has been completed. Even if the DONE/
PROG pin is externally held LOW beyond the configura-
tion period, the Logic Cell Array begins operation upon
completion of configuration. To reduce sensitivity to noise,
these re-program signals are filtered for 2-3 cycles of the
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LCA internal timing generator (2 to 6 us). Note that the
Clear time-out for a master-mode reprogram or abort does
not have the 4 times delay of the Initialization state. If a
daisy chain is used, an external RESET is required, long
enough to guarantee clearing all non-master mode de-
vices. For XC2000-series LCA devices, this is accom-
plished with an external time delay.

In some applications the system power supply might have
momentary failures which can leave the LCA control logic
in an invalid state. There are two methods to recover from
this state. The first is to cycle the V¢ supply to less than
0.1V and re-apply valid Vcc. The second is to provide the
LCA device with simultaneous Low levels of at least 6 us
on RESET and DONE/PROG pins after the RESET pin
has been High following a return to valid V¢c. This guaran-
tees that the LCA device will return to the Clear state.
Either of these methods may be needed in the event of an
incomplete voltage interruption. They are not needed fora
normal application of power from an off condition.

Battery Backup

Because the control store of the Logic Cell Array is a
CMOS static memory, its cells require only a very low
standby current for data retention. In some systems, this
low data-retention current characteristic facilitates pre-
serving configurations in the event of a primary power loss.
The Logic Cell Array has built in power-down logic which,
when activated, clears all internal flip-flops and latches,
but retains the configuration. All outputs are placed in the
high-impedance state, and allinputlevels are ignored. The
internal logic considers all inputs to be ones (High). Con-
figuration is not possible during power down.

Power-down data retention is possible with a simple bat-
tery-backup circuit because the power requirement is
extremely low. For retention at 2.0 V, the required current
is typically on the order of 500 nA. Screening to this
parameter is available. To force the Logic Cell Array into
the power-down state, the user must pull the PWRDWN
pin Low and continue to supply a retention voltage to the
Vcc pins of the package. When normal power is restored,
Vec is elevated to its normal operating voltage and
PWRDWN is returned to a High. The Logic Cell Array
resumes operation with the same internal sequence that
occurs at the conclusion of configuration. Internal I/0 and
logic block storage elements will be reset, the outputs will
become enabled and then the DONE/PROG pin will be
released. No configuration programming is involved.

Special Configuration Functions

In addition to the normal user logic functions and inter-
connect, the configuration data include control for several
special functions:

* Input thresholds
* Readback disable
* DONE pull-up resistor

Each of these functions is controlled by a portion of the
configuration program generated by the XACT Develop-
ment System.

Input Thresholds

During configuration, all input thresholds are TTL level.
After configuration, input thresholds are established
as specified, either TTL or CMOS. The PWRDWN input
threshold is an exception; it is always a CMOS level input.
The TTL threshold option requires additional power for
threshold shifting.

Readback

After a Logic Cell Array has been programmed, the con-
figuration program may be read back from the device.
Readback may be used for verification of configuration,
and as a method of determining the state of internal logic
nodes during debugging. Three Readback options are
provided: on command, only once, and never.

An initiation of Readback is produced by a Low-to-High
transition of the MO/ RTRIG (Read Trigger) pin. The CCLK
input must then be driven by external logic to read back the
configuration data. The first three Low-to-High CCLK
transitions clock out dummy data. The subsequent Low-
to-High CCLK transitions shift the data frame information
outonthe M1/RDATA (Read Data) pin. Note that the logic
polarity is always inverted, a zero in Configuration be-
comes a one in Readback, and vice versa. Note also that
each Readback frame has one Start bit (read back as a
one) but, unlike in Configuration, each Readback frame
has only one Stop bit (read back as a zero). The third
leading dummy bit mentioned above can be considered
the Start bit of the first frame.

All data frames must be read back to complete the process
and return the Mode Select and CCLK pins to their normal
functions. Readback data includes the state of all internal
storage elements. This information is used by the XACT
development system In-Circuit Debugger to provide visi-
bility into the internal operation of the logic while the
system is operating. To read back a uniform time sample
of all storage elements, it may be necessary to inhibit the
system clock.

DONE Pull-up

The DONE / PROG pin is an open drain I/O that indicates
programming status. As an input, it initiates a reprogram
operation. An optional internal pull-up resistor may be
enabled.

The following seven pages describe the four configuration
modes in detail.
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Master Serial Mode

* IF READBACK IS
ACTIVATED, A . +5V
5-kQ RESISTOR 1 I l
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SERIES WITH M1 Mo M1 PWROWN
DURING CONFIGURATION . OPTIONAL
THE 5 kQ M2 PULL-DOWN L. { —] bour DAISY-CHAINED
RESISTOR OVERCOMES LCAs WITH
THE INTERNAL PULL-UP, —dwe DIFFERENT
BUT IT ALLOWS M2 TO CONFIGURATIONS
BE USER /0. HDG
—d oc
GENERAL-
PURPOSE |
USER /0
PINS
OTHER
1O PINS
LCA OPTIONAL
SLAVE LCAs
WITH IDENTICAL
CONFIGURATIONS
+5V
RESET —<¢—0| RESET
Vce Vep
DIN DATA
CCLK CLK CASCADED
scp SERIAL
Loc —-o ce CEO F—o MEMORY
DONE DiP ] CE
XC17XX

(LOW RESETS THE XC17XX ADDRESS POINTER)

Figure 13. Master Serial Mode

X3033

In Master Serial mode, the CCLK output of the lead LCA
device drives a Xilinx Serial PROM that feeds the LCA DIN
input. Each rising edge of the CCLK output increments the
Serial PROM internal address counter. This puts the next
data bit on the SPROM data output, connected to the LCA
DIN pin. The lead LCA device accepts this data on the
subsequent rising CCLK edge.

The lead LCA device then presents the preamble data
(and all data that overflows the lead device) on its
DOUT pin.

There is an internal delay of 1.5 CCLK periods, which
means that DOUT changes on the falling CCLK edge, and
the next LCA device in the daisy-chain accepts data on the
subsequent rising CCLK edge.

The SPROM CE input can be driven from either LDC or
DONE. Using LDC avoids potential contention on the DIN
pin, if this pin is configured as user-1/0, but LDC is then
restricted to be a permanently High user output. Using
DONE also avoids contention on DIN, provided the “early
DONE?” option is invoked
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Master Serial Mode Programming Switching Characteristics

CCLK
(Output)

(@) Texos

@ Tosck
Serial Data In & X
Serial DOUT X >< \_9(
(Output)

X5406
Speed Grade -50 -70 -100 Units|
Description Symbol Min | Max || Min | Max || Min | Max
CCLK? Data In setup 1 Tosck 60 60 60 ns
Data In hold 2 TCKDS 0 0 0 ns

Notes: 1. At power-up, Vcc must rise from 2.0 V to Vcc min in less than 25 ms.  If this is not possible, configuration can be de-
layed by holding RESET Low until V¢ has reached 4.0 V (2.5 V for XC2000L). A very long Vcc rise time of >100 ms, or

a non-monotonically rising Vcc may require a >1-us High level on RESET, followed by a >6-ps Low level on RESET and
D/P after V¢ has reached 4.0 V (2.5 V for XC2000L).

2. Master-serial-mode timing is based on slave-mode testing.
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Master Parallel Mode
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REPROGRAM N Cotiector «
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SYSTEM RESET ) o 4%
I X5407

Figure 14. Master Parallel Mode Configuration with Daisy Chained Slave Mode Devices. All are configured from the common
EPROM source. A well defined termination of SYSTEM RESET is needed when controlling multiple LCA devices.

In Master Parallel mode, the lead LCA device directly
addresses an industry-standard byte-wide EPROM and
accepts eight data bits right before incrementing (or
decrementing) the address outputs.

The eight data bits are serialized in the lead LCA device,
which then presents the preamble data (and all data that
overflows the lead device) on the DOUT pin. There is an
internal delay of 1.5 CCLK periods, after the rising CCLK
edge that accepts a byte of data, and also changes the

EPROM address, until the falling CCLK edge that makes
the LSB (DO) of this byte appear at DOUT. This means that
DOUT changes on the falling CCLK edge, and the next
LCA device in the daisy-chain accepts data on the subse-
quent rising CCLK edge.

Any XC3000 slave driven by an XC2000 master mode
device must use early DONE and early internal reset.
(The XC2000 master will not supply the extra clock re-
quired by a late programmed XC3000.)
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Master Parallel Mode Programming Switching Characteristics

AO-A15
(output) K
\ @ Tare le— @Trac
®Torc—> |<—®Tnco
RCLK 4
(output) }
®Tact ®Tren

CCLK
(output)

DOUT
(output) >< D6 \X D7

Byten- 1 X5408
Description Symbol Min Max Units
RCLK From address invalid 1 Tarc 0 ns
To address valid 2 | Trac 200 ns
To data setup 3 | Tobre 60 ns
To data hold 4 | Treo 0 ns
RCLK high 5 | Tren 600 ns
RCLK low 6 TreL 4.0 us

Note: 1. CCLK and DOUT timing are the same as for slave mode.

2. At power-up, Ve must rise from 2.0 V to Ve min in less than 25 ms. |f this is not possible, configuration can be de-
layed by holding RESET Low until Vg has reached 4.0 V (2.5 V for XC2000L). A very long Vg rise time of >100 ms, or
a non-monotonically rising Vec may require a >1-us High level on RESET, followed by a >6-us Low level on RESET and
D/P after V¢ has reached 4.0 V (2.5 V for XC2000L).

This timing diagram shows that the EPROM requirements are extremely relaxed: EPROM access time can be longer than
4000 ns, EPROM data oulput has no hold time requirement
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Peripheral Mode

+5V

ADDRESS DATA .
BUS BUS * IF READBACK IS
= ACTIVATED, A
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MO MIPWR | 3 REQUIRED IN SERIES
DWN WITH M1
Do
DIN CCLK OPTIONAL
TOWRT f et DAISY-CHAINED
LCAs WITH DIFFERENT
N pouUT CONFIGURATIONS
N___ | aooress |
DECODE [ €S0 M2 1=
: | woaic
HDC p——
N LCA ___
LOC [—— | GENERAL-
cst PURPOSE
° [— [ UsER O
cs2  OTHER PINS
1O PINS
DONE — D/P |
RESET —9| RESET

X5397

Figure 15. Peripheral Mode. Configuration data is loaded using serialized data from a microprocessor.

Peripheral mode uses the trailing edge of the logic AND device, this data is serially shifted into the internal logic.

condition of the CS0, CS1, CS2, and WRT inputs to accept The lead LCA device presents the preamble data (and all
bit-serial data from a microprocessor bus. In the lead LCA data that overflows the lead device) on the DOUT pin.
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Peripheral Mode Programming Switching Characteristics

@ Tea > @ T

cso RRRRANS X00COOCOOCKCK
cst NARMANE RSN
W \\\\\\k 2000000000

cs2 f{{f{{/ \
(3 Teoec — — @ Tece
outRUT N e \
/ I<— Toc —>

= ®Teo
DN XX
\
SO ~—X X

X5384

Description Symbol Min Max Units
C_)o_nt_rols‘ Active (last active 1 Tea 0.25 5.0 us
(CSo, CSt, input to first inactive)
CS2, WRT)

Inactive (first inactive 2 | Tg 0.25 us

input to last active)

CCLK? 3 chc 75 ns

DIN setup 4 | Toc 50 ns

DIN hold 5 | Teo 0 ns

Notes: 1. Peripheral mode timing determined from last control signal of the logical AND of (CS0, CS1, CS2, WRT) to transition to
active or inactive state. i
2. CCLK and DOUT timing are the same as for slave mode.
3. At power-up, Vcc must rise from 2.0 V to Ve min in less than 25 ms. If this is not possible, configuration can be de-
layed by holding RESET Low until Vcc has reached 4.0 V (2.5 V for XC2000L). A very long Ve rise time of >100 ms, or a
non-monotonically rising Ve may require a >1-ps High level on RESET, followed by a >6-us Low level on RESET and
D/P after V¢c has reached 4.0 V (2.5 V for XC2000L).
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Slave Serial Mode

MICRO
COMPUTER

STRB

MO M1 PWRDWN

Do

CCLK M2

D1 b—
vo D2 |—

PORT

D3 |—

D4 b—

D5 f—

DIN DouT
HDC
Loc

LCA

D6
07—

l—c RESET

Figure 16. Slave Serial Mode. Bit-serial configuration data are read at rising edge of the CCLK. Data on DOUT are provided on the

OTHER
O PINS
oP

——| RESET

* IF READBACK IS

GENERAL-
PURPOSE
USER IO
PINS

OPTIONAL
DAISY-CHANED

—» LCAs WITH DIFFERENT
CONFIGURATIONS

ACTIVATED, A

5-kQ RESISTOR IS

REQUIRED IN SERIES
5kQ WITHM1

X3034

falling edge of CCLK. Identically configured non-master mode LCAs can be configured in parallel by connecting DINs and CCLKs.

In Slave Serial mode, an external signal drives the CCLK
input(s) of the LCA device(s). The serial configuration
bitstream must be available at the DIN input of the lead
LCA device a short set-up time before each rising CCLK

edge. The lead LCA device then presents the preamble
data (and all data that overflows the lead device) on its

DOUT pin.

Slave Serial Mode Programming Switching Characteristics

BITN+1

@ Toce —>=— @ Tcep "I

@ TeoL

There is an internal delay of 1.5 CCLK periods, which
means that DOUT changes on the falling CCLK edge, and
the next LCA device in the daisy-chain accepts data on the
subsequent rising CCLK edge.

CCLK 71 R\
(OU%?UUT‘; BITN-1 BITN
X5385

Description Symbol Min Max Unit

CCLK To DOUT 1| Teco 65 ns

DIN setup 2 | Tpeo 10 ns

DIN hold 3 TCCD 40 ns

High time 4 | Teen 0.25 us

Low time 5 | Tea 0.25 5.0 us
Frequency Fec 2 MHz

Note: At power-up, Ve must rise from 2.0 V to Ve min in less than 25 ms. If this is not possible, configuration can be delayed
by holding RESET Low until V¢ has reached (2.5 V for the XC2000L). A very long Vcc rise time of >100 ms, or a non-
monotonically rising Vgc may require a >1-us High level on RESET, followed by a >6-us Low level on RESET and D/P

after Vg has reached (2.5 V for the XC2000L).
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Program Readback Switching Characteristics

DONE/PROG 4
Oupa)y A
@ ToRT @ TRTH
RTRIG 7£ 3(\\\
@ TrTCC
CCLK(1) 7Z ﬂ ) \
TccrRp 1
RDATA )
(Output) Valid
X3168
Description Symbol Min Max Units
RTRIG PROG setup 11 | Tprr 300 ns
RTRIG high 12 | Trm 250 ns
CCLK RTRIG setup 13 | Tgrrce 100 ns
RDATA delay 14 | Teerp 100 ns

Notes: 1. CCLK and DOUT timing are the same as for slave mode, but T¢g, for XC2000L is 0.5 us min.
2. DONE/PROG output/input must be HIGH (device programmed) prior to a positive transition of RTRIG (MO0).
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General LCA Switching Characteristics

PWRDWN / H
@2 Tes @ Teu
Ve (VALID) / \ —"—J v
N K PD
[~ @ TorRRW @ TMRW
_ / X 1‘ u
RESET ®) Tan
r@ TMR —><——>r @ TRM
VVVVV VVVVVVV

wonne JOOOOCK_—vao X0CCCQQRRAKRRRREHIKXXKK

@ Teaw [ @ Torow

r— (®) Tea

USER /O User State

Initialization State

F ToltH—>j—— @ Tol——>
CLOCK

X5386

Description Symbol Min Max Units

RESET? M2, M1, MO setup 2 | Twm 60 ns
M2, M1, MO hold 3 Tem 60 ns

Width—FF Reset 4 Tmrw 150 ns

High before RESET* 5 Tau 6 us

Device Reset* 6 | Torrw 6 us

DONE/PROG | Progam width (Low) 7 | Teaw 6 us
Initialization 8 Tral 7 us

Device Reset * 9 Torow 6 us

CLOCK Clock (High) 10 Town 8 ns
Clock (Low) 11 Tew 8 ns

Notes: 1. At power-up, Vcc must rise from 2.0 V to Ve min in less than 25 ms. If this is not possible, configuration can be

delayed by holding RESET Low until V¢ has reached (2.5 V for the XC2000L). A very long V¢ rise time of >100
ms, or a non-monotonically rising Vec may require a >1-ps High level on RESET, followed by a >6-us Low level
on RESET and D/P after V¢ has reached (2.5 V for the XC2000L).

2. RESET timing relative to power-on and valid mode lines (M0, M1, M2) is relevant only when RESET is used to

delay configuration.

3. Minimum CLOCK widths for the auxillary buffer are 1.25 times the Teun, ToLt
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Performance

The high performance of the Logic Cell Array results from
its patented architectural features and from the use of an
advanced high-speed CMOS manufacturing process.
Performance may be measured in terms of minimum
propagation times for logic elements.

Flip-flop loop delays for the 1/0 block and logic block flip-
flops are about 3 ns. This short delay provides very good
performance under asynchronous clock and data condi-
tions. Short loop delays minimize the probability of a
metastable condition which can result from assertion of
the clock during data transitions. Because of the short loop
delay characteristic in the LCA device, the I/O block flip-
flops can be used very effectively to synchronize external
signals applied to the device. Once synchronized in the
/0 block, the signals can be used internally without further
consideration of their clock relative timing, except as it
applies to the internal logic and routing path delays.

Device Performance

The single parameter which most accurately describes the
overall performance of the Logic Cell Array is the maxi-
mum toggle rate for a logic block storage element config-
ured as a toggle flip-flop. The configuration for determining
the toggle performance of the Logic Cell Array is shown in
Figure 17. The clock for the storage element is provided
by the global clock buffer and the flip-flop output Q is fed
back through the combinatorial logic to form the data input
for the next clock edge. Using this arrangement, flip-flops
in the Logic Cell Array can be toggled at clock rates from
33-100 MHz, depending on the speed grade used.

1D QI XY

X3166
Figure 17. Logic Block Configuration for Toggle Rate
Measurement

Actual Logic Cell Array performance is determined by the
critical path speed, including both the speed of the logic
and storage elements in that path, and the speed of the
particular network routing. Figure 18 shows a typical
system logic configuration of two flip-flops with an extra
combinatorial level between them. To allow the user to
make the best use of the capabilities of the device, the
delay calculator in the XACT Development System deter-
mines worst-case path delays using actual impedance
and loading information.

Logic Block Performance

Logic block propagation times are measured from the
interconnect point at the input of the combinatorial logic to
the output of the block in the interconnect area. Com-
binatorial performance is independent of logic function

Combinatorial CLB
Inputs
P F
Source CLB Destination CLB
Inputs F D Q F D Q
General
Interconnect

Global —
Clock

Figure 18. Typical Logic Path

Global
Clock

X3167
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because of the table look-up based implementation. Tim-
ing is different when the combinatorial logic is used in
conjunction with the storage element. For the combinato-
rial logic function driving the data input of the storage
element, the critical timing is data set-up relative to the
clock edge provided to the storage element. The delay
from the clock source to the output of the logic block is
critical in the timing of signals produced by storage ele-
ments. The loading on a logic block output is limited only
by the additional propagation delay of the interconnect
network. Performance of the logic block is a function of
supply voltage and temperature, as shown in Figure 19 .

Interconnect Performance

Interconnect performance depends on the routing re-
source used to implement the signal path. As discussed
earlier, direct interconnect from block to block provides a
minimum delay path for a signal.

The single metal segment used for Longlines exhibits low
resistance from end to end, but relatively high capa-
citance. Signals driven through a programmable switch
will have the additional impedance of the switch added to
their normal drive impedance.

General-purpose interconnect performance depends on
the number of switches and segments used, the presence
of the bidirectional repowering buffers and the overall

loading on the signal path at all points along the path. In
calculating the worst-case delay for a general interconnect
path, the delay calculator portion of the XACT develop-
ment system accounts for all of these elements. As an
approximation, interconnect delay is proportional to the
summation of totals of local metal segments beyond each
programmable switch. In effect, the delay is a sum of R-C
delays each approximated by an R times the total C it
drives. The R of the switch and the C of the interconnect
are functions of the particular device performance grade.
For a string of three local interconnects, the approximate
delay at the first segment, after the first switch resistance,
would be three units; an additional two delay units after the
next switch plus an additional delay after the last switch in
the chain. The interconnect R-C chain terminates at each
repowering buffer. Nearly all of the capacitance is in the
interconnect metal and switches; the capacitance of the
block inputs is not significant.

Power

Power Distribution

Power for the LCA is distributed through a grid to achieve
high noise immunity and isolation between logic and I/O.
For packages having more than 48 pins, two V¢ pins and
two ground pins are provided (see Figure 20). Inside the
LCA device, a dedicated V¢¢ and ground ring surrounding
the logic array provides power to the I/O drivers. An

SPECIFIED WORST-CASE VALUES

1.00 -8
- .
L]
L}
1]
L]
080 | '
L}
>
3 '
w 1
a e '
o600 |- - TYPICAL COMMERCIAL :
3 .- (+5.0V, 25°C) '
2 | . .
o] v !
z ' TYPICAL .MILITARY '
' 1
040 45V) - -
: MIN C MIN MITARY {422 A=
------ ]
R MIN MILITARY (85 V) _ .-
: ____________________________________
020 | F=="""77  eeee==mmmTTTT
L
1 1 1 i 1 1 1 1 1 J
-55 -40 -20 0 25 40 70 80 100 125

TEMPERATURE (°C)

X1045

Figure 19. Relative Delay as a Function of Temperature, Supply Voltage and Processing Variations
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One device output with a
XC2000 L 50 pF load (1.5 mW/MHz)
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A7
10 -
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Figure 20. Typical Power Consumption by Element
GND independent matrix of Ve and ground lines supplies the
1 interior logic of the device. This power distribution grid
————— L — S;gu;ii ;?gr provides a stable supply and ground for all internal logic,
'T"T"T“T“T“ el /O Drivers providing the external package power pins are appropri-
JE A S s el et S s ately decoupled. Typically a 0.1 uF capacitor connected
JES SRS PN RO NNt SIS N R I between the V¢ and ground pins near the package will
o b provide adequate decoupling.
Vee E *L_T“T“T“T“T“T" T-_T_*‘E} Vee
'“:““ T” T" T" ’:““ T“ et Output buffers capable of driving the specified 4 mA loads
E A s et e & Lo under worst-case conditions may be capable of driving 25
UUTSEROR O R P A I e Powii Grid to 30 times that current in a best case. Noise can be
I S N S O B T reduced by minimizing external load capacitance and
Lo Lo ) gt i 1| reducing simultaneous output transitions in the same
. o - .
7 direction. It may also be beneficial to locate heavily loaded
GND X5422 output buffers near the ground pads. Multiple V¢¢ and
ground pin connections are required for package types
Figure 21. LCA Power Distribution which provide them.
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Power Consumption

The Logic Cell Array exhibits the low power consumption
characteristic of CMOS ICs. Only quiescent power is
required for the LCA configured for CMOS input levels.
The TTL input level configuration option requires addi-
tional power for level shifting. The power required by the
static memory cells which hold the configuration data is
very low and may be maintained in a power-down mode.

Typically most of power dissipation is produced by capaci-
tive loads on the output buffers, where the incremental
power consumption is 25 uW / pF / MHz . Another compo-
nent of I/O power is the dc loading on each output pin. For
any given system, the user can calculate the /0O power
requirement based on the sum of capacitive and resistive
loading of the devices driven by the Logic Cell Array.

Internal power supply dissipation is a function of clock
frequency and the number of nodes changing on each
clock. In an LCA the fraction of nodes changing on a given
clock is typically low (10-20%). For example, in a 16-bit
binary counter, the average clock produces a change in
slightly less than 2 of the 16 bits. In a 4-input AND gate
there will be 2 transitions in 16 states. Typical global clock
buffer power is about 2.5 mW / MHz for the XC2064 and
3.2 mW /MHz for the XC2018. With a typical load of three
general interconnect segments, each Configurable Logic
Block output requires about 0.22 mW / MHz of its output
frequency. At 3.3 V, the dynamic power consumption is
reduced by the square of the voltage ratio, i.e, about 56%.

Dynamic Power Consumption

XC2018 at 5.0V

One CLB driving three local interconnects  0.22 mW/MHz
One device output with a 50-pF load 2.0 mW/MHz
One global clock buffer and line 3.2 mW/MHz

Pin Descriptions

Permanently Dedicated Pins.

Vee
One or two (depending on package type) connections to
the nominal +5 V supply voltage. All must be connected.

GND
One or two (depending on package type) connections to
ground. All must be connected.

PWRDWN

A Low on this CMOS-compatible input stops all internal
activity, but retains configuration. All flip-flops and latches
are reset, all outputs are 3-stated, and all inputs are
interpreted as High, independent of their actual level.
While PWRDWN is Low, V¢ may be reduced to any value
>2.3 V. When PWDWN returns High, the LCA becomes
operational with DONE Low for two cycles of the internal
1-MHz clock. During configuration, PWRDWN must be
High. If not used, PWRDWN must be tied to V.

RESET
This is an active Low input which has three functions.

Prior to the start of configuration, a Low input will delay the
startof the configuration process. Aninternal circuitsenses
the application of power and begins a minimal time-out
cycle. When the time-out and RESET are complete, the
levels of the Mlines are sampled and configuration begins.

If RESET is asserted during a configuration, the LCA
device is re-initialized and restarts the configuration at the
termination of RESET.

If RESET is asserted after configuration is complete, it
provides a global asynchronous reset of all |IOB and CLB
storage elements of the LCA device.

RESET can also be used to recover from partial power
failure. See section on Re-program under “Special Con-
figuration Functions.”

CCLK

During configuration, Configuration Clock is an output of
an LCA in Master mode or Peripheral mode, but an input
in Slave mode. During a Readback, CCLK is a clock input
for shifting configuration data out of the LCA.

CCLK drives dynamic circuitry inside the LCA. The Low
time may, therefore, not exceed a few microseconds.
When used as an input, CCLK must be “parked High”. An
internal pull-up resistor maintains High when the pin is not
being driven.
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DONE/PROG (D/P)

DONE is an open-drain output, configurable with or with-
out an internal pull-up resistor. At the completion of con-
figuration, the LCA circuitry becomes active in a synchro-
nous order; DONE goes active High one cycle after the
I0OB outputs go active.

Once configuration is done, a High-to-Low transition of
this pin will cause an initialization of the LCA and start a
reconfiguration.

MO/RTRIG

As Mode 0, this input and M1, M2 are sampled before the
start of configuration to establish the configuration mode to
be used.

A Low-to-High input transition, after configuration is com-
plete, acts as a Read Trigger and initiates a Readback of
configuration and storage-element data clocked by CCLK.
By selecting the appropriate Readback option when gen-
erating the bitstream, this operation may be limited to a
single Readback, or be inhibited altogether.

M1/RDATA

As Mode 1, this input and M0, M2 are sampled before the
start of configuration to establish the configuration mode to
be used. If Readback is never used, M1 can be tied directly
to ground or V. If Readback is ever used, M1 must use
a 5-kQ resistor to ground or V¢, to accommodate the
RDATA output.

As an active Low Read Data, after configuration is com-
plete, this pin is the output of the Readback data.

User /O Pins that can have special functions.

M2

During configuration, this input has a weak pull-up resistor.
Together with MO and M1, itis sampled before the start of
configuration to establish the configuration mode to be
used. After configuration, this pin is a user-programmable
1/O pin.

HDC

During configuration, this output is held at a High level to
indicate that configuration is not yet complete. After con-
figuration, this pin is a user-programmable 1/O pin.

LDC

During Configuration, this output is held at a Low level to
indicate that the configuration is not yet complete. After
configuration, this pin is a user-programmable /O pin.
LDC is particularly useful in Master mode as a Low enable
foran EPROM, but it must then be programmed as a High
after configuration. '

XTL1
This user I/O pin can be used to operate as the output of
an amplifier driving an external crystal and bias circuitry.

XTL2

This user I/O pin can be used as the input of an amplifier
connected to an external crystal and bias circuitry. The I/O
Block is left unconfigured. The oscillator configuration is
activated by routing a net from the oscillator buffer symbol
output and by the MakeBits program.

CS0, CS1, CS2, WRT

These four inputs represent a set of signals, three active
Low and one active High, that are used to control
configuration-data entry in the Peripheral mode.
Simultaneous assertion of all four inputs generates a
Write to the internal data buffer. The removal of any
assertion clocks in the D0-D7 data. In Master mode,these
pins become part of the parallel configuration byte, D4, D3,
D2, D1. After configuration, these pins are user-
programmable 1/O pins.

RCLK
During Master mode configuration RCLK represents a
“read” of an external dynamic memory device (normally
notused). After configuration, this is a user-programmable
1/O pin.

D0-D7

This set of eight pins represents the parallel configuration
input for the parallel Master mode. After configuration is
complete they are user programmed 1/O pins.

A0-A15

During Master Parallel mode, these 16 pins present an
address output for a configuration EPROM. After configu-
ration, they are user-programmable I/O pins.

DIN

During Slave or Master Serial configuration, this pin is
used as a serial-data input. In the Master or Peripheral
configuration, this is the Data 0 input. After configuration,
this is a user-programmable 1/O pin.

DOUT

During configuration this pin is used to output serial-
configuration data to the DIN pin of a daisy-chained slave.
After configuration, this is a user-programmable 1/O pin.

Unrestricted User /O Pins.

Vo

An |/O pin may be programmed by the user to be an Input
oran Output pin following configuration. Allunrestricted 1/
O pins, plus the special pins mentioned on the following
page, have a weak pull-up resistor of 40 to 100 kQ that
becomes active as soon as the device powers up, and
stays active until the end of configuration.
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XC2064 Configuration Pin Assignments

Configuration Mode: <M2:M1:M0> User
MASTER-SET SLAVE PERIPHERAL MASTER-HIGH I 44 | 48 | 68 | 68 Operation
<0:0:0> <1:1:1> <1:0:1> <1:1:0> PLCC| DIP [PLCC{ PGA
GND 1 1 B6 GND
A13 O) 2 | A6
A6 O) 2 1 3 BS
A12 O) 4 A5
A7 O) 3 2 5 | B4 Vo
A1l O) 4 3 6 | A4
A8 O] 5 4 7 |83
A10 O) 6 5 8 | A3
A9 O) 71619 |A2
8 7 10 | B2 PWR DWN
9 8 11 | B1
10 12 | C2
11 9 13 | C1
14 | D2 o
10 ] 15 | D1
16 | E2
1 17 | E1
vcc 12112 | 18 | F2 vcc
13119 | F1
20 | G2
1412161
22 | H2 vo
15 | 23 | H1
16 | 24 | J2
17 |25 | o RDATA (0)
Hi MO (HIGH M W) W) 17 ] 18 | 26 | K1 RTRIG (1)
12 (HIGH 1819 ]27 |k
IDC (HI 19120 |28 | L2
<HIGH: K3
LDC (LOW) 20 | 21 L3
K4 vo
22 L4
K5
23 LS
GND 23 | 24 K6 GND
L6
25 K7
L7
26 K8 Vo
L8
K9
L9
XTL2 OR /O
RESET __|

K11 PROG (1)
J10 | XTL1ORVO
Ji

2|2|2|R|R|B|R|2|B|B|B|2|B|R|R|B[B|2|B|8|B|R (GG IR[BB[2[B[8|8|QS AR S[R]|2|8[S

H10
H11 Vo
G10
G11
F vcc
F1
E1
E1
D1 Vo
D1
(%
DOUT (0) a1 C
CCLK (0) 38 | 42 1
A0 ) 39 | 43 0
Al ©) 40 | 44 0
A2 ©) 41 | 45 B
A3 ©) 42 | 46 A Vo
A5 () D
A4 ©) 43 | 47 AE
Al4 ©) B7
AS 0) 44 | 48 A7
<<HIGH>> is high impedance with a 20-50 k intemal pull-up during configuration X3401

Note: A PLCC in a “PGA-Footprint” socket has a different signal pinout than a PGA device.
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XC2018 Configuration Pin Assignments

CONFIGURATION MODE: <M2:M1:M0>
MASTERSER | SLAVE PERIPHERAL | MASTER-HIGH | MASTERLOW | *4 | 84 | 68 | 84 | 84 | 100 USER
<00:0> <ttt <10:1> <:10> <1:00> VQFP|PLOC|PLCC) PGA | TQFP| OPERATION
GND T8 1|1 ]celis GND
9 | 2|2 [As|1a
3 | A5 [ 15
4 |85 |16
0| 3 |5 o517
11 A4 |18 o
12 B4 | 19
13 A3 | 20
14 A2 | 21
15| 8 [ 10832
6] 9 |11 |Al2s
17 | 10 | 12 | B2 | %6 | PWRDWN
18 | 11 | 13 | c2 |27 |
19 | 12 | 14 | B1 | 20
20 | 13 | 15 | €1 | 30
14 | 16 | D2 | @@
21 15 17 D 33 v
18 | E3 [ 34
16 E_‘ E2 | 3
20 | E1 | 3
23 | 17 |21 [ F2 | 37
24 | 18 | 22 | F3 | 38 Voo
25 | 19 | 23 | G3 | 39
24 | 61| 40
26 | 20 [ 25 | G2 [ &
2 | F1 |42 o
27 21 27 H1 43
28 | 22 | 28 | Ho | 45
29| 23 | 20 | J1 | 47
30|24 o0 | ki [ 48
31 | 25 | 31 | J2 | 499 | RDATA(O)
32 [ 26 |32 |11 |51 | RTRIG()
33 | 27 [ 33 | k2 | 53
34| 28 | 34 | K3 |54
35 |29 [ 35 [ 12 | 55
3 | 30 | 3 | 3|5
37 | 31 | a7 | ke | 67 o
38 | 32 [ 38 | 1a |58
30 | &5 | 59
59 |
39 | 33 [ 40 [ K5 [ 60
40 [ 34|41 [ 15 |61
2 | ke | 62
41 |35 [ 43 [0 |63 GND
24 | 07 |64
2 3 |47 |6
37 | 46 | K7 | 66
43 |38 47 [ 16 [ o7
48 | 18 |68 o
44 [ 39 | 49 [ K8 | 69
40 [ 50 [ Lo [ 70
24 | 45 | a1 | 51 [0 7
25 | 46 | 42 | 62 | ko | 72
2 | 47 | 43 | 63 | 111 | 73 | X1L20RIO
RESET () 27 | 48 | aa | 54 [Ki0] 756 | RESET |
DONE (0) 28 |49 | 45 | 55 [sto[ 77 | PROG()
20 | 50 | 46 | 66 | k11| 78 | XT10RIO
51 | 47 | 57 |11 ] 79
52 | 48 | 58 [H10| 80
59 | H11 | 82
53 | 49 | 60 | F10 | 84 )
61 |G10] 85
54 | 50 | 62 [G11] 86
55 | 51 | 63 | Go | &7
56 ’_52 64 | Fo | 88 vce
57 | 63 | 65 | F11| 89
56 | 54 | 66 [E11[ 90
67 | E10] 01
59 55 68 E9 | 92
69 |D11] 93 )
5 | 56 [ 70 [D10] 95 |
61 | 57 | 71 [c11] 96
62 | 58 | 72 [B11] o7
63 | 50 | 73 [c10] 98
64 | 60 | 74 [A11] 99
161 |75 [B1O] 2
2 |62 |76 89| 3
3 63 77 A0} 5
4 |ea |78 A0l
6 | 70 [ B3 | 7 o
5 |66 |80 | A8 | 8
6 |67 |8 | 86| 9
82 | B7 | 10
83 | A7 [ 1
7 e leslcr|e
<<HIGH>> IS HIGH IMPEDANCE WITH A 20-50 k2 INTERNAL PULL-UP DURING CONFIGURATION Xa461
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For a detailed description of the device architecture, see pages 2-187 through 2-195.
For a detailed description of the configuration modes and their timing, see pages 2-200 through 2-208.
For package physical dimensions and thermal data, see Section 4.

Ordering Information

Example: XC2064-70PC44C
Device Type Temperature Range
Toggle Rate ————————— Number of Pins
— Package Type
Component Availability
PINS 44 48 64 68 84 100
TYPE PLAST. | PLAST. | PLAST. | PLAST. | CERAM. | PLAST. | CERAM. | PLAST. | PLAST.
PLCC DIP VQFP PLCC PGA PLCC PGA TQFP | VQFP
CODE PC44 | PD48 | vOB4 | PCB8 | PGE8 | PC84 | PGB4 | TQ100 [ vQ100
XC2064
XC2018
Xc064L | i (O
XC2018L i
C = Commercial = 0° to +70° C | = Industrial = -40° to +85° C
M = Mil Temp = -55°to +125° C B = MIL-STD-883C Class B

Parentheses indicate future product plans
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EXILINX

XC2000
Logic Cell Array Family

Product Specifications

Features

* Fully Field-Programmable:
- 1/O functions
- Digital logic functions
— Interconnections

® General-purpose array architecture
* Complete user control of design cycle

® Compatible arrays with logic cell complexity equiva-
lent from 600 to 1,500 gates

® Standard product availability

® 100% factory-tested

® Selectable configuration modes

® Low-power, CMOS, static-memory technology
® Performance equivalent to TTL SSI/MSI

® TTL or CMOS input thresholds

® Complete development system support
— XACT Design Editor

Schematic Entry

Macro Library

Timing Calculator

Logic and Timing Simulator

Auto Place/Route

1

Description

The Logic Cell Array (LCA) is a high density CMOS
integrated circuit. Its user-programmable array architec-
ture is made up of three types of configurable elements:
Input/Output Blocks, logic blocks and Interconnect. The
designer can define individual I/O blocks for interface to
external circuitry, define logic blocks to implement logic
functions and define interconnection networks to compose
larger scale logic functions. The XACT Development Sys-
tem provides interactive graphic design capture and auto-
matic routing. Both logic simulation and in-circuit emula-
tion are available for design verification.

The Logic Cell Array is available in a variety of logic
capacities, package styles, temperature ranges and speed
grades.

Logic User

Capacity Vo Config.
Device (gates) CLBs Max bits
XC2064 600-1,000 64 58 12038
XC2018 1,000-1,500 100 74 17878

The LCA logic functions and interconnections are
determined by data stored in internal static-memory cells.
On-chip logic provides forautomatic loading of configuration
data at power-up. The program data can reside in
an EEPROM, EPROM or ROM on the circuit board or
on a floppy disk or hard disk. The program can be loaded
in a number of modes to accommodate various system
requirements.
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XC2000 Logic Cell Array Family

Xilinx maintains test specifications for each product as controlled documents. To insure the use of the most recently
released device performance parameters, please request a copy of the current test-specification revision.

Absolute Maximum Ratings

Symbol | Description Units
Vee Supply voltage relative to GND -0.5t0 +7.0 Vv
Vin Input voltage with respect to GND -0.5to Ve +0.5 \Y
Vts Voltage applied to 3-state output -0.5to Vg +0.5 \'
Tsta Storage temperature (ambient) —65 to +150 °C
TsoL Maximum soldering temperature (10 s @ 1/16 in.) +260 °C

Note: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These
are stress ratings only, and functional operation of the device at these or any other conditions beyond those listed
under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for
extended periods of time may affect device reliability.

Operating Conditions

Symbol Description Min Max (Units
Vee Supply voltage relative to GND Commercial  0°C to +70°C 4.75 5.25 Vv
Supply voltage relative to GND  Industrial  —40°C to +85°C 4.5 5.5 Vv
Supply voltage relative to GND = Military -55°C to +125°C 4.5 5.5 \"
Viur High-level input voltage — TTL configuration 2.0 Vce \
Vit Low-level input voltage — TTL configuration 0 0.8 Vv
Vine High-level input voltage — CMOS configuration 70% 100% | Vee
Vic Low-level input voltage — CMOS configuration 0 20% | Vee
Tin Input signal transition time 250 ns
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DC Characteristics Over Operating Conditions

Symbol Description Min Max Unitsl
VoH High-level output voltage (@ loy = —4.0 ma Vgc min) | Commercial | 3.86 \'
Voo Low-level output voltage (@ lo. = 4.0 ma V¢ max) 032 | V
Vou High-level output voltage (@ loy = —4.0 ma V¢c min) Industrial 3.76 \Y
VoL Low-level output voltage (@ lg = 4.0 ma Ve max) Military 0.37 Vv
Vecep | Power-down supply voltage (PWRDWN must be Low) 23 Vv
leco Quiescent operating power supply current

CMOS thresholds (@ V¢ Max) 5 mA

TTL thresholds (@ V¢ Max) 12 mA

lccpp Power-down supply current (Vcomax) @ Tumax) 500 | pA
I Input Leakage Current -10 +10 | pA
Cin Input capacitance (sample tested) All Pins except XTL1 and XTL2 10 pF
XTL1 and XTL2 15 pF
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XC2000 Logic Cell Array Family

CLB Switching Characteristic Guidelines

INPUT (A,B,C,D)

[~ @ To — !
OUTPUT (X,Y) X>d<
(COMBINATIONAL)

@ Tiro
— XXX
(TRANSPARENT LATCH)

@ Tick @ Texi—>

CLOCK (K) ]{

-~ @ Tice @ Teor—>
CLOCK (C) ]/

-~ @lel Ton —>
CLOCK (G) ]/ ®Toro

Teco
@ Tecio

OUTPUT (VIA FF) XXX

SET/RESET DIRECT (A,D) /r

@ Trio
SET/RESET DIRECT (F,G) *
I @ TRLO

| Teu [ @ Teo [
CLOCK (ANY SOURCE) ﬂ_—]l/—
X5389
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CLB Switching Characteristic Guidelines (Continued)

Speed Grade -70 -100 -130 |Units
Description Symbol Min| Max | Min | Max | Min | Max
Logic Input Combinatorial 1 Two 10 8 55| ns
to Output Transparent latch 2 | Tro 14 10 8] ns
Additional for Q
through F or G to out Talo 6 6 37| ns
K Clock To output 9 | Texo 10 7 7| ns
Logic-input setup 3 | Tiek 7 6 2.5 ns
Logic-input hold 4 | Tex 0 0 1.0 ns
C Clock To output 10 | Teco 13 9 7| ns
Logic-input setup 5 | Tice 6 5 3 ns
Logic-input hold 6 | Tea 0 0 1 ns
Logic Input To output 11 | Teo 20 13 13| ns
to G Clock Logic-input setup 7 | Tia 3 2 0 ns
Logic-input hold 8 cn 4 3 5 ns
Set/Reset direct | Input AorDtooutputx,y | 12 | Tro 16 10 8| ns
Through F or G to output 13 | Tro 21 14 11| ns
Reset pad to output x, y TMRa 20 17 13| ns
Separation of set/reset Trs 7 6 5 ns
Set/Reset pulse-width Trew 7 6 5 ns
Flip-flop Toggle | Q through F to flip-flop Feik 70 *100 130 MHz
rate
Clock Clock High 14 | Ten 7 *5 3.5 ns
Clock Low 15 | TaL 7 *5 3.5 ns

Notes: 1. All switching characteristics apply to all valid combinations of process, temperature and supply with a nominal chip
power dissipation of 250 mW.

* These parameters are for clock pulses generated within a CLB. For an externally generated pulse, derate these
parameters by 20%.
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XC2000 Logic Cell Array Family

10B Switching Guidelines

Pad
(Package Pin)

X_____

(In) X

Output Signal

<—®TPID—>‘

Input
(Direct)

XXX

@TPL

@ Te

L
(/0 Clock) 1

L

@Tu I<——

F—

3-State

(Registtler:gg; XXX \ &—
@TR|—> -~ «®TRC
RESET
X5433
Speed Grade -70 -100 -130 Units
Description Symbol Min | Max | Min | Max | Min | Max
Pad To input (direct) 1 Teip 6 4 3.5| ns
(package pin)
I/0 Clock To input (storage) 5 Ty 11 8 75| ns
To pad-input setup 2 TeL 6 4 2 ns
To pad-input hold 3 T 0 0 4 ns
Pulse width 4 Tow 7 *5 3.5 ns
Frequency 70 *100 MHz
Output To pad (output enabled) 8 Top 9 7 55| ns
Three-state To pad begin hi-Z 9 Tthz 15 11 7 ns
To pad end hi-Z 10 Tron 15 13 11 ns
RESET To input (storage) 6 T 25 17 15 ns
To input clock 7 Tre 20 14 10 ns

Note: Timing is measured at 0.5 Vcc levels with 50 pF output load.

*These parameters are for clock pulses generated within an LCA device. For an externally applied clock, derate these
parameters by 20%.
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XC2000L Low-Voltage
Logic Cell Array Family

Product Specifications

Features

* Part of the ZERO+ Family of 3.3 V FPGAs

* Low-power, low-supply-voltage FPGA family with two
device types
~ JEDEC-compliant 3.3 V version of the XC2000
LCA Family
— Logic densities from 600 to 1,500 gates
— Up to 74 user-definable I/Os

® Advanced, low power 0.8 p CMOS static-memory
technology
— Very low quiescent current consumption, <20 pA,
25 times less than XC2000
— Operating power consumption 66% less than
previous generation 5 V FPGAs; 56% less than
XC2000

® |dentical to the basic XC2000 in structure, pin out,
design methodology, and software tools
— 100% compatible with XC2000 bitstreams

® XC2000L-specific features
— Guaranteed over the 3.0 to 3.6 V V¢ range
— 4 mA output sink and source current
— Advanced packaging using thin and very thin quad
flat packs

Description

The XC2000L family of FPGAs is optimized for operation
froma 3.3 V (nominal) supply. Aside from the electricaland
timing parameters listed in this data sheet, the XC2000L
family is in all respects identical with the XC2000 family.

The operating power consumption of Xilinx FPGAs is
almost exclusively dynamic; it changes with the square of
the 'supply voltage. For a given complexity and clock
speed, the XC2000L consumes, therefore, only 44% of the
power used by the equivalent XC2000 device. Consistent
with its use in battery-powered equipment, the XC2000L
family was designed for the lowest possible power-down
and quiescent current consumption.

Logic User

Capacity Vo Config.
Device (gates) CLBs Max bits
XC2064L 600 - 1,000 64 58 12,038
XC2018L 1,000 - 1,500 100 74 17,878

LCA logic functions and interconnections are determined
by data stored in internal static-memory cells. On-chip
logic provides for automatic loading of configuration data
at power-up. Program data can reside in an EEPROM,
EPROM or ROM on the circuit board or on a floppy disk or
hard disk. The program can be loaded in a number of
modes to accommodate various system requirements.
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XC2000L Logic Cell Array Family

Xilinx maintains test specifications for each product as controlled documents. To insure the use of the most recently
released device performance parameters, please request a copy of the current test-specification revision.

Absolute Maximum Ratings

Symbol | Description Units|
Vee Supply voltage relative to GND -0.5t0 +7.0 \"
Vin Input voltage with respect to GND -0.5to Vg +0.5 \'
V1s Voltage applied to 3-state output -0.5 to Vg +0.5 \
Tsta Storage temperature (ambient) —-65 to +150 °C
TsoL Maximum soldering temperature (10 s @ 1/16 in.) +260 °C
Junction temperature plastic +125 °C
B Junction temperature ceramic +150 °C

Note: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These
are stress ratings only, and functional operation of the device at these or any other conditions beyond those listed
under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for
extended periods of time may affect device reliability.

Operating Conditions

Symbol Description Min Max |Units
Vee Supply voltage relative to GND  (Commercial 0°C to +70°C) 3.0 3.6 \
Vi High-level input voltage 2.0 Vec+0.3 \"
Vi Low-level input voltage 0.3 0.8 \
Tin Input signal transition time 250 ns

Although the present (1994) devices operate over the full supply voltage range from 3.0 to 5.25 V, Xilinx reserves the
right to restrict operation to the 3.0 to 3.6 V range later, when smaller device geometries might preclude operation at 5 V.
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DC Characteristics Over Operating Conditions

Symbol Description Min Max |Units
Vou High-level output voltage (@ lgy = —2.0 mA V¢c min) 2.4 \
VoL Low-level output voltage (@ lo_ = 4.0 mA V¢c max) 04 Vv
Von High-level output voltage (@ —100 pA Ve min) Vce-0.2 \
VoL Low-level output voltage (@ 100 pA Ve min) 0.2 Vv
Vecrp | Power-down supply voltage (PWRDWN must be Low) 23 \"
leco Quiescent operating power supply current* 20 HA
lccrp Power-down supply current (Vcomax) @ Tuax) 10 HA
" Input Leakage Current, all I/O pins in parallel -10 +10 A
Cin Input capacitance (sample tested) All Pins except XTL1 and XTL2 10 pF

XTL1 and XTL2 15 pF

*  With no output current loads, no active input or Longline pull-up resistors, all package pins at Vg or GND, and the
LCA device configured with a MakeBits tie option. Igco is in addition to lecpp.
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XC2000L Logic Cell Array Family

CLB Switching Characteristic Guidelines

INPUT (A,B,C,D) T

v
< @ To ——
OUTPUT (X,Y) W
(COMBINATIONAL)

@Tmo
OUTPUT (X.Y) X)d(
(TRANSPARENT LATCH)
@ Tick @ Tekt—>

CLOCK (K) ]{
— @ Tice @ Tec1—>
CLOCK (C) ]{
@ Ta Ton —>
CLOCK (G) ]{ e ®)Toro
e @ Tcco
@ Tcio —>
OUTPUT (VIA FF) XX)
SET/RESET DIRECT (A,D) ]|(
@ Trio
SET/RESET DIRECT (F,G) *. @Tno

I 14) Tcu | @TCL |
CLOCK (ANY SOURCE) M
X5389
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CLB Switching Characteristic Guidelines (Continued)

Speed Grade -10
Description Symbol Min | Max Units
Logic Input Combinatorial 1 Two 9.5 ns
to Output Transparent latch 2 | Tio 14.0 ns
Additional for Q
through F or G to out Tawo 7.0 ns
K Clock To output 9 | Teko 9.5 ns
Logic-input setup 3 | Tiex 7.0 ns
Logic-input hold 4 | Tex 0 ns
C Clock To output 10 | Teco 13.0 ns
Logic-input setup 5 | Ticc 3.5 ns
Logic-input hold 6 | Tea 0 : ns
Logic Input To output 11 Teio 20.0 ns
to G Clock Logic-input setup 7 | Tia 0 ns
Logic-input hold 8 | Ten 5.0 ns
Set/Reset direct | Input A or D to output x, y 12 | Troo 10.0 ns
Through F or G to output 13 | Trwo 17.0 ns
Reset pad to output x, y Tumra 20.0 ns
Separation of set/reset Trs 7.0 ns
Set/Reset pulse-width Trew 7.0 ns
Flip-flop Toggle | Q through F to flip-flop Feoik 70.0 MHz
rate
Clock Clock High 14 | Tey 7.0 ns
Clock Low 15 | TaL 7.0 ns

Notes: 1. All switching characteristics apply to all valid combinations of process, temperature and supply with a nominal chip
power dissipation of 250 mW.
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XC2000L Logic Cell Array Family

I0B Switching Guidelines

Pad
(Package Pin)

E—D

Output Signal

Y
<-®TPlD —»l

Input
(Direct)

XXX

L
(/O Clock) /

@TPL

—low

@TLP

W

Input

— @Tu I<_
XXX

\\l_

3-State

(Registered)
oL O
RESET
X5433
Speed Grade -10
Description Symbol Min | Max Units
Pad To input (direct) 1 Teip 7.0 ns
(package pin)
I/O Clock To input (storage) 5 Tu 10.0 ns
To pad-input setup 2 TeL 5.0 ns
To pad-input hold 3 Tp 1.0 ns
Pulse width 4 Tww 7.0 ns
Frequency MHz
Output To pad (output enabled) 8 Top 10.5 ns
Three-state To pad begin hi-Z 9 Trhz 15.0 ns
To pad end hi-Z 10 Tron 20.0 ns
RESET To input (storage) 6 T 25.0 ns
To input clock 7 Tre 20.0 ns

Note: Timing is measured at 0.5 Vcc levels with 50 pF output load.
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Overview

Serial Configuration PROMs

Xilinx offers several pin- and function-compatible serial
one-time-programmable PROMs in plastic and ceramic
packages.

The original family consists of the XC1736A, XC1765
followed by the XC17128.

The XC1736A is the only serial PROM that lacks the
programmable Reset polarity option, and the XC17128 is
the only serial PROM that can be clocked at the full 10 MHz
required by the XC4000 in fast configuration mode. All
other serial PROMs can be clocked at up to 5 MHz.

In early 1993, Xilinx introduced the D-series of serial
PROMSs, the XC1718D, XC1736D, and XC1765D, all with
programmable Reset polarity, improved ESD protection,
and all withmax 5 MHz clock frequency. These devices are
programmed with a lower voltage and a different program-
ming algorithm than the older parts. The user needs the
appropriate update from the programmer vendor. These
devices will become the mainstream serial PROMs, and,
beyond the traditional packages, they are also available in
the space-saving SO8 package.

In 1994, Xilinx will also ship the L-series of serial PROMs,
the XC1718L and XC1765L. These devices operate at the
new industry-standard low supply voltage of 3.3V (3.0 to
3.6V).

Capacity

Device Configuration Bits
XC1718Dor L 18,144
XC1736D or L 36,288
XC1765D or L 65,536
XC17128 131,072

polarity control
Component Availability

Pins 8 20

Type Plast. Ceram. Plast. Plast.
DIP DIP SoIC PLCC

Code PD8 DD8 SO8/VO8 | PC20

XC1718D cl Cl cl

XC1736D Cl Cl Cl

XC1765D Cl Cl Cl

XC1718L (C)

XC1765L (C)

XC17128 c*

C = Commercial = 0° to +70°C M = Mil Temp = -55° to +125°C
| = Industrial = -40° to +85°C R = High Rel = -55° to +125°C
*XC17128 C = 0° to +70°C or -40° to +85°C
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XC17000 Family of
Serial Configuration PROMs

Preliminary Product Specifications

Features

Extended family of one-time programmable (OTP) bit-
serial read-only memories used for storing the configu-
ration bitstreams of Xilinx FPGAs

On-chip address counter, incremented by each rising
edge on the clock input

Simple interface to the FPGA requires only one user /O
pin
Cascadable for storing longer or multiple bitstreams

Programmable reset polarity (active High or active Low)
for compatibility with different FPGA solutions, (the older
XC1736A has active-High reset only)

XC17128 supports XC4000 fast configuration mode
(10 MHz)

Low-power CMOS EPROM process
Available in 5V and 3.3 V versions

Available in plastic and ceramic packages, and commer-
cial, industrial and military temperature ranges

Space efficient 8-pin DIP, 8-pin SOIC or 20-pin surface-
mount packages.

Programming support by leading programmer
manufacturers.

Description

The XC17000 family of serial configuration PROMs (SCPs)
provides an easy-to-use, cost-effective method for storing
Xilinx FPGA configuration bitstreams.

When the FPGA is in master serial mode, it generates a
configuration clock that drives the SCP. A short access time
after the rising clock edge, data appears on the SCP DATA
output pin that is connected to the FPGA DIN pin. The
FPGA generates the appropriate number of clock pulses to
complete the configuration. Once configured, it disables
the SCP. When the FPGA is in slave mode, the SCP and
the FPGA must both be clocked by an incoming signal.

Multiple devices can be concatenated by using the CEO
output to drive the CE input of the following device. The
clock inputs and the DATA outputs of all SCPs in this chain
are interconnected. All devices are compatible and can be
cascaded with other members of the family.

For device programming, the XACT development system
compiles the LCA design file into a standard Hex format,
which is then transferred to the programmer.

Vec  Vep  GND

ED F+d »—D
RESET/ > D
OE or -E—-) [
OF/
RESET
CLK > Address Counter Tc
EPROM OE
Cell Output > DATA
Matrix
X3185

Figure 1. Simplified Block Diagram (does not show programming circuit)
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XC17000 Serial Configuration PROM

Pin Assignments

DATA

Data output, 3-stated when either CE or OE are inactive.
During programming, the DATA pin is I/O. Note that OE can
be programmed to be either active High or active Low.

CLK

Each rising edge on the CLK input increments the internal
address counter, if both CE and OE are active. Note that
OE can be programmed to be either active High or active
Low.

RESET/OE

When High, this input holds the address counter reset and
3-states the DATA output. The polarity of this input pin is
programmable as either RESET/OE or OE/RESET. To
avoid confusion, this document describes the pin as
RESET/OE, although the opposite polarity is possible on
all devices except the older XC1736A.

CE

When High, this pin disables the internal address counter,
3-states the DATA output, and forces the device into low-
Icc standby mode.

CEO

Chip Enable output, to be connected to the CE input of the
next SCP in the daisy chain. This output is Low when the
CE and OE inputs are both active AND the internal address
counter has been incremented beyond its Terminal Count
(TC) value. In other words: when the PROM has been read,
CEO will follow CE as long as OE is active. When OE goes
inactive, CEO stays High until the PROM is reset. Note that
OE can be programmed to be either active High or active
Low.

Vep

Programming voltage. No overshoot above the specified
max voltage is permitted on this pin. For normal read oper-
ation, this pin must be connected to V. Failure to do so
may lead to unpredictable, temperature-dependent opera-
tion and severe problems in circuit debugging. Do not
leave Vpp floating!

Vee
Positive supply pin.

GND
Ground pin

Serial PROM Pinouts

Pin Name 8-Pin 20-Pin
DATA 1 2
CLK 2 4
RESET/OE (OE/RESET) 3 6
CE 4 8
GND 5 10
CEO 6 14
Vpp 7 17
Vee 8 20
Capacity
Device Configuration Bits
XC1718Dor L 18,144
XC1736D or L 36,288
XC1765D or L 65,536
XC17128 131,072

plus 32 bits for reset polarity control

Number of Configuration Bits, Including Header
for all Xilinx FPGAs and Compatible SCP Type

Device Configuration Bits SCP
XC2064 12,038 XC1718
XCc2018 17,878 XC1718
XC3020/3120 14,819 XC1718
XC3030/3130 22,216 XC1736
XC3042/3142 30,824 XC1736
XC3064/3164 46,104 XC1765
XC3090/3190 64,200 XC1765
XC3195 94,984 XC17128
XC4002A 31,668 XC1736
XC4003A 45,676 XC1765
XC4003H 63,967 XC1765
XC4004A 62,244 XC1765
XC4005A 81,372 XC17128
XC4005/4005H 95,000 XC17128
XC4006 119,832 XC17128
XC4008 147,544 XC17128 + XC1718
XC4010 178,136 XC17128 + XC1765
XC4013 247,960 XC17128 + XC17128

XC17128 + XC17128 +

%4025 422,168 XC17128 + XC1736
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Controlling Serial PROMs

Most connections between the LCA device and the Serial
PROM are simple and self-explanatory.

¢ The DATA output of the PROM drives DIN of the LCA
devices.

¢ The master LCA CCLK output drives the CLK input of
the Serial PROM.

e The CEO output of any Serial PROM can be used to
drive the CE input of the next serial PROM in a cascade
chain of PROMs.

* Vpp must be connected to V. Leaving Vpp open can
lead to unreliable, temperature-dependent operation.

There are, however, two different ways to use the inputs
CE and OE.

1. The LCA D/P or LDC output drives both CE and OE in
parallel. This is the simplest connection, but it fails if a
user applies RESET during the LCA configuration pro-
cess. The LCA device aborts the configuration and then
restarts a new configuration, as int@?‘@, but the Serial
PROM does not reset its addres € ter, since it never
saw a High level on its @k input;THe new configuration,
therefore, reads the ¥gmajring-data in the PROM and
interprets it as pream ﬁ%%gth count etc. Since the
LCA device is the magfersit issues the necessary num-
ber of CCLK pulseg,up to 16 million (224) and D/P goes
High. However, iﬁ% A configuration will be completely
wrong, with potential contentions inside the LCA device
and on its output pins. 7his method must, therefore,
never be used when there is any chance of external
reset during configuration.

2. The LCA D/P or LDC output drives only the CE input of
the Serial PROM while its OE input is driven by the LCA
RESET input. This connection works under all normal
circumstances, even when the user aborts a configura-
tion before D/P has gone High. The Low level on the OE
input during reset clears the PROM internal address
pointer, so that the reconfiguration starts at the begin-
ning. The reset polarity should be inverted for this mode
to be used. It is strongly recommended that this method,
shown in Figure 2, be used whenever possible.

LCA Master Serial Mode Summary

The I/O and logic functions of the Logic Cell Array and their
associated interconnections are established by a configu-
ration program. The program is loaded either automatically
upon power up, or on command, depending on the state of
the three LCA mode pins. In Master Mode, the Logic Cell
Array automatically loads the configuration program from
an external memory. The Serial Configuration PROM has
been designed for compatibility with the Master Serial
Mode.

Upon power-up or reconfiguration, an LCA device enters
the Master Serial Mode whenever all three of the LCA

mode-select pins are Low (M0=0, M1=0, M2=0). Data is
read from the Serial Configuration PROM sequentially on a
single data line. Synchronization is provided by the rising
edge of the temporary signal CCLK, which is generated
during configuration.

Master Serial Mode provides a simple configuration inter-
face. Only a serial data line and two control lines are
required to configure an LCA device. Data from the Serial
Configuration PROM is read sequentially, accessed via the
internal address and bit counters which are incremented on
every valid rising edge of CCLK.

If the user-programmable, dual-function DIN pin on the
LCA device is used only for configuration, it must still be
held at a defined level during normal operation. The
XC3000 and XC4000 families take care of this automati-
cally with an on-chip default pull-up resistor. With XC2000-
family devices, the user must either configure DIN as an
active output, or provide a defined level, e.g., by using an
external pull-up resistor, if DIN is configured as an input.

Programming the LCA With Counters Unchanged
Upon Completion

When multiple LCA-configurations for a single LCA are
stored in a Serial Configuration PROM, the OE pin should
be tied Low as shown in Figure 3. Upon power-up, the inter-
nal address counters are reset and configuration begins
with the first program stored in memory. Since the OE pin is
held Low, the address counters are left unchanged after
configuration is complete. Therefore, to reprogram the LCA
with another program, the D/P line is pulled Low and con-
figuration begins at the last value of the address counters.

Cascading Serial Configuration PROMs

For multiple LCAs configured as a daisy-chain, or for future
LCAs requiring larger configuration memories, cascaded
SCPs provide additional memory. After the last bit from the
first SCP is read, the next clock signal to the SCP asserts
its CEO output Low and disables its DATA line. The second
SCP recognizes the Low level on its CE input and enables
its DATA output. See Figure 2.

After configuration is complete, the address counters of all
cascaded SCPs are reset if the LCA RESET pin goes Low,
assuming the SCP reset polarity option has been inverted.

If the address counters are not to be reset upon comple-
tion, then the RESET/OE inputs can be tied to ground, as
shown in Figure 3. To reprogram the LCA device with
another program, the D/P line goes Low and configuration
begins where the address counters had stopped. In this
case, avoid contention between DATA and the configured
I/O use of DIN.

When more than a few SCPs are daisy-chained, the
designer must evaluate the worst-case CCLK-to-DATA
delay resulting from the cascaded CE-to-CEO delays. All
Xilinx LCA devices require valid input data a set-up time
before the next rising CCLK edge.
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* If Readback is
Activated, a
5-kQ Resistor is
Required in
Series With M1

During Configuration
the 5 kQ M2 Pull-Down
Resistor Overcomes the
Internal Pull-Up,

but it Allows M2 to

be User 1/O.

AAA
WA—

. * +5V
A B
MO M1 PWRDWN
s L —{pour
L— | —m2 L, OPTIONAL
Daisy-chained
—1HDC LCAs with
Different
General- I e Configurations
Purpose < — INIT
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Pins ]
3 { other
¢| | VO Pins
L—
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Device Slave LCAs
with Identical
Configurations
+5V
RESET —¢—9 RESET |m—————— 1
Vec  Vep |
DIN DATA \ DATA i
COLK Ok o ———-: CLK cassecadued :
D/P ———| CE b——o| CE o
I Memory 1
—| OE/RESET OE/RESET 1
e ]
(Low Resets the Address Pointer)
CCLK
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r——u<—>
DIN >< X
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w2 Y X

X3184

Figure 2. Master Serial Mode. The one-time-programmable Serial Configuration PROM supports automatic loading of configuration pro-
grams. Multiple devices can be cascaded to support additional LCA devices. An early D/P inhibits the PROM data output one
CCLK cycle before the LCA 1/Os become active.
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EaLUNX
Daisy-chain DOUT DIN DATA
to Other
LCA Devices <— CCLK CCLK CLK
SCP  CEO CE
LCA | CE
Serial Mo RESET/OE RESET/OE
Master M1

Mode M2 D/P

= = X5284

Notes:

1. If programmed for active High Reset, tie RESET to V.

2. If M2 is tied directly to ground, it should be programmed as an input during operation.
3. Ifthe LCA is reset during configuration, it will abort back to initialization state. An external signal is then required to reset

the XC17XX counters.

Figure 3. Address Counters Not Reset at the End of Configuration

Standby Mode

The PROM enters a low-power standby mode whenever CE
is asserted High. In this mode, the SCP consumes less than
0.5 to 1.5 mA of current (depending on the device type). The
output remains in a high impedance state regardless of the
state of the OE input.

(A technique for further reducing the standby current of a
Serial Configuration PROM is described in the XCELL jour-
nal, Issue 11, page 13.)

Programming the XC17000 Family Serial PROMs

The devices can be programmed on programmers supplied
by Xilinx or qualified third-party vendors. The user must
ensure that the appropriate programming algorithm and volt-
age are used. Different product types use different algorithms
and voltages, and the wrong choice can permanently dam-
age the device.

2-235



XC17000 Serial Configuration PROM

XC1718D, XC1736D, XC1765D, XC17128

Absolute Maximum Ratings

Symbol Description Units
Vee Supply voltage relative to GND -0.5t0 +7.0

Su;;ply voltage relative to GND: XC1718D, XC1736D, XC1765D -0.5to0 +12.5 \
Ver Supply voltage relative to GND: XC17128 0510 +155 v
Vin Input voltage relative to GND -0.5 to Vg +0.5 \
Vis Voltage applied to 3-state output -0.5 to Vg +0.5 \
Tsta Storage temperature (ambient) -65 to +125 °C
TsoL Maximum soldering temperature (10 s @ 1/16in.) +260 °C

Note:  Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, and functional operation of the device at these or any other conditions beyond those listed under Operating Conditions
is not implied. Exposure to Absolute Maximum Ratings conditions for extended periods of time may affect device reliability.

Operating Conditions

Symbol Description Min Max Units
Commercial Supply voltage relative to GND -0 °C to +70°C 4.75 5.25 \
Vee Industrial Supply voltage relative to GND -40°C to +85°C 4.5 5.5 \
Military Supply voltage relative to GND -55°C to +125°C 4.5 5.5 \
DC Characteristics Over Operating Condition
Symbol Description Min Max Units
Vi High-level input voltage 2.0 Vee
Vi Low-level input voltage 0 0.8 \
Von High-level output voltage (loy = -4 mA) 3.86 Vv
Commercial
VoL Low-level output voltage (Ig_ = +4 mA) 0.32 \
Vou High-level output voltage (loy = -4 mA) 3.76 \
Industrial
VoL Low-level output voltage (Ig, = +4 mA) 0.37 \"
Vou High-level output voltage (o = -4 mA) 3.7 \'
Military
VoL Low-level output voltage (Ig_ = +4 mA) 0.4 \'
lcca Supply current, active mode 10 mA
Supply current, standby mode, XC17128 0.5 mA
lecs
Supply current, standby mode, XC1718D, XC1736D, XC1765D 15 mA
I Input or output leakage current -10 10 HA

Note: During normal read operation Vpp mustbe connected to Voo
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XC1718L and XC1765L

Absolute Maximum Ratings
Symbol Description Units
Vee Supply voltage relative to GND -0.5t0 +6.0 Vv
Vpp Supply voltage relative to GND -0.5to +12.5 \"
Vin Input voltage with respect to GND -0.5t0Vgc +0.5 \'
Vs Voltage applied to 3-state output -0.5toVgg +0.5 \
Tsta Storage temperature (ambient) -65 to +150 °C
TsoL Maximum soldering temperature (10 s @ 1/16in.) +260 °C

Note:  Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, and functional operation of the device at these or any other conditions beyond those listed under Operating Conditions
is not implied. Exposure to Absolute Maximum Ratings conditions for extended periods of time may affect device reliability.

Operating Conditions

Symbol Description Min Max Units

Vee Commercial Supply voltage relative to GND -0 °C to +70°C 3.0 3.6 \'

DC Characteristics Over Operating Condition

Symbol Description Min Max Units
ViH High-level input voltage 2.0 Vee \
Vi Low-level input voltage 0 0.8 \
Vou High-level output voltage (Io = -4 mA) 24 \'
Voo Low-level outputv voltage (I, = +4 mA) 0.4 \'
lcca Supply current, active mode 5 mA
lccs Supply current, standby mode, XC1718L, XC1765L 1.5 mA
I Input or output leakage current -10 10 pA

Note: During normal read operation Vpp mustbe connected to Vg
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AC Characteristics Over Operating Conditions

ce X

f—— ® Tsce —

RESET/OE \

N\

@) Thoe
r g ™ Y"C chc—'
CLK
= = /o ©
oe ® 1 Teac [ ™ Tonw [T T ®Tor
DATA ~ @ To f ) K
. . A
1 @ Tou
X2634
XC1718D,
XC1736D, XC1718L,
XC1765D XC1765L XC17128
Symbol Description Min | Max | Min | Max | Min | Max | Units
1 |Thoe |OE to Data Delay 45 45 50 ns
2 |Te  |CE to Data Delay 60 60 50 | ns
3 |Tcac |CLK to Data Delay 150 200 60 ns
4 |Toy |Data Hold From CE, OE, or CLK 0 0 0 ns
5 |Tor  |CE or OE to Data Float Delay? 50 50 50 | ns
6 |Tcyc |Clock Periods 200 400 100 ns
7 T CLK Low Time? 100 100 25 ns
8 |THC |CLK High Time?® 100 100 25 ns
9 (TSCE |CE Setup Time to CLK (to guarantee proper counting) 25 40 25 ns
10 [Tyce |CE Hold Time to CLK (to guarantee proper counting) 0 0 0 ns
11 [Tyoe |OE High Time (guarantees counters are reset) 100 100 20 n
RESET/OE 7[_—\_—_
CE ]Z NK
CLK /
@Teor -
DATA X Lnslﬂit: ; \ First Bit
®Tocx "‘ - ®Tooe
=
®TOCE* ~ @TOCE X3183
XC1718D, XC1718L,
XC1736D, XC1765D XC1765L XC17128
Symbol |Description Min Max Min Max Min Max Units
12 |Tcpr  |CLK to Data Float Delay? 50 50 50 ns
13 |Tock |CLK to CEO Delay 65 65 40 ns
14 |Toce |CE to CEO Delay 45 45 40 ns
15 |Tooz |RESET/OE to CEO Delay 40 40 45 ns

Notes: 1. AC test load = 50 pF

2. Float delays are measured with minimum tester ac load and maximum dc load.

3. Guaranteed by design, not tested.

4. All ac parameters are measured with Vy =0.0V andV|y=3.0V.
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Ordering Information

XC17128 - PC20 C

T— Operating Range/Processing
C = Commercial/Industrial (-40° to + 85°C)
M = Military (-55° to + 125°C)

Device Number

Package Type

! K Valid Ordering Combinations
PD8 = 8-Pin Plastic DIP .

DD8 = 8-Pin CerDIP ig:;} ggggga
PC20 = 20-Pin Plastic Leaded Chip Carrier XG17128PC20C
X3179
XC17XXX - PC20 C
Device Number Operating Range/Processing
XC1718D C = Commercial (0° to + 70°C)
XC1718L | = Industrial (-40° to + 85°)
)’gg};ggg M = Military (-55° to + 125°C)
XC1765L R = Military (-65° to + 125°C) with
MIL-STD-883 Level B Equivalent
Package Type Processing
PD8 = 8-Pin Plastic DIP
DD8 = 8-Pin CerDIP
S08 = 8-Pin Plastic Small-Outline Package
VOB8 = 8-Pin Plastic Small-Outline Thin Package X3180
PC20 = 20-Pin Plastic Leaded Chip Carrier )
Valid Ordering Combinations
XC1718DPD8C XC1736DPD8C XC1765DPD8C XC1718LPD8C XC1765LPD8C
XC1718DPD8I XC1736DPD8I XC1765DPD8I XC1718LS0O8C XC1765LS08C
XC1718DS08C XC1736DS0O8C XC1765DS08C XC1718LVO8C XC1765LvVO8C
XC1718DVO8C XC1736DVO8C XC1765DV08C XC1718LPC20C XC1765LPC20C
XC1718DS08I XC1736DS08I XC1765DS08I
XC1718DVOS8I XC1736DVO8I XC1765DVvO8I
XC1718DPC20C XC1736DPC20C XC1765DPC20C
XC1718DPC20! XC1736DPC20! XC1765DPC20I1
XC1736DDD8M XC1765DDD8M
XC1765DDD8R

X3181

Marking Information

Due to the small size of the serial PROM package, the complete ordering part number cannot be marked on the package.
The XC prefix is deleted and the package code is simplified. Device marking is as follows.

17XXX P C

Device Number Operating Range/Processing

XC1718D C = Commercial (0° to + 70°C)
ig:;’;glé I = Industrial (-40° to + 85°)
XC1765D M = Military (-55° to + 125°C)
XC1765L

Package Type Code

P = 8-Pin Plastic DIP

D = 8-Pin CerDIP

S = 8-Pin Plastic Small-Outline Package X3182
J = 20-Pin Plastic Leaded Chip Carrier
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EPLD Product Descriptions
and Specifications

Overview — XC7300/XC7200A
OVENVIEW — XCT7300 ...evviieieieiieeeieeeteereeeerreeeesesanee e e s censrnreeeee e s sanneees
XC7300 CMOS EPLD Family ......ccoueveeeeieiceieeeieeecieeeeeeee e eeeneneens
XC7318 18 Macrocell CMOS EPLD
XC7336 36 Macrocell CMOS EPLD
XC7354 54 Macrocell CMOS EPLD
XC7372 72 Macrocell CMOS EPLD
XC73108 108 Macrocell CMOS EPLD
XC73144 144 Macrocell CMOS EPLD
OvervieW — XCT7200A ...t e e et e e ber e e s eeeaaeeeee s
XC7236A 36 Macrocell CMOS EPLD
XC7272A 72 Macrocell CMOS EPLD

Overview

In the XC7000 family, Xilinx offers two evolutionary and
compatible generations of Erasable Programmable Logic
Devices (EPLDs). Xilinx EPLDs combine the advantages
of LSI-high-level of integrations, small size, low cost, high-
reliability — with the user’s need to create applications-
specific circuits, without incurring the cost, delay, and risk
of mask-programmable gate arrays.

Every Xilinx EPLD provides multiple programmable logic
structures, called Function Blocks (FBs), interconnected
together through an unrestricted Universal Interconnect
Matrix (UIM). Each FB contains nine Macrocells driven by
aprogrammable AND/OR array. Any device inputand any
Macrocell output can be connected to the input of any other
Macrocell. This unrestricted programmable interconnect

structure, guarantees 100% routability. In addition, the
familiar AND/OR logic of the traditional PAL architecture,
makes Xilinx EPLDs easy to use.

The delay through a device is predictable. Any function
that can be implemented in one Function Block will run at
the specified device speed.

Xilinx offers the industry’s only /ow-cost, fully-functional
EPLD design software. XEPLD Translator software allows
the user to create, implement, and verify digital logic
circuits targeting the full range of XC7000 devices.

The EPLD devices are based on a state-of-the-art CMOS
EPROMtechnology and are 100% tested overall operating
conditions.
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XC7300 EPLD Family
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Overview

Introduced in 1993, the XC7300 EPLD family is designed
to address customer needs for high performance and high
density in a single complex programmable logic device.
The XC7300 features an innovative Dual Block architec-
ture consisting of two types of Functions Blocks (FBs)
interconnected by a Universal Interconnect Matrix (UIM).
The Fast Function Blocks are optimized for high perfor-
mance and High Density Function Blocks for highest
possible logic density. This innovative Dual-Block archi-
tecture combined with the 100% interconnect capability of
the UIM, makes the XC7300 family ideal for new CPLD
designs and PAL conversion.

Xilinx XC7300 family offers four advantages.

* Dual-Block architecture optimized for speed and
density

¢ Unrestricted Universal Interconnect Matrix (UIM) for
guaranteed interconnect

* Dedicated high-speed arithmetic carry logic for
efficient implementation of fast adders, subtractors,
accumulators, and magnitude comparator

¢ Mixed voltage I/O operation providing 3.3V or5V
interface configurations

Component Availability

Pins 44

100 144 184 225

Type Plastic

PQFP

Plastic
PLCC

Ceramic
CcLCcC
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PLCC
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:
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XC73108
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-15
XC73144 -12
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| = Industrial = -40° to 85°C
Parentheses indicate future product plans

C = Commercial = 0° to +70°C
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XC7300 CMOS EPLD Family

Product Description

Features

* High-performance Erasable Programmable Logic
Devices (EPLDs)
— 5 to 10 ns pin-to-pin speeds on all fast inputs
— Up to 167 MHz maximum clock frequency

¢ Advanced Dual-Block architecture
— Fast Function Blocks
~ High-Density Function Blocks

* 100% interconnect matrix

» High-speed arithmetic carry network
— 1 ns ripple-carry delay per bit
— 43 to 61 MHz 18-bit accumulators

* Multiple independent clocks

* Each input programmable as direct, latched, or
registered

* High-drive 24 mA output

* |/O operationat3.3Vor5V

¢ Meets JEDEC Standard (8-1A) for 3.3 V 0.3 V
* Power management options

* Multiple security bits for design protection

» Supported by industry standard design and verification

tools

Description

The XC7300 family employs a unique Dual-Block architec-
ture, which provides high speed operations via Fast Func-
tion Blocks and/or high density capability via High Density
Function Blocks.

Fast Function Blocks (FFBs) provide fast, pin-to-pin
speed and logic throughput for critical decoding and ultra-
fast state machine applications. High-density Function
Blocks (FBs) provide maximum logic density and system-
level features to implement complex functions with pre-
dictable timing for adders and accumulators, wide func-
tions and state machines requiring large numbers of
product terms, and other forms of complex logic.

In addition, the XC7300 architecture employs the Univer-
sal Interconnect Matrix (UIM) which guarantees 100%
interconnect of all internal functions. This interconnect
scheme provides constant, short interconnect delays for
all routing paths through the UIM. Constant interconnect
delays simplify device timing and guarantee design perfor-
mance, regardless of logic placement within the chip.

All XC7300 devices are designed in 0.8y CMOS EPROM
technology.

All XC7300 EPLDs include programmable power manage-
ment features to specify high-performance or low-power
operation on an individual Macrocell-by-Macrocell basis.
Unused Macrocells ‘are automatically turned off to mini-

The XC7300 Family

XC7318 XC7336 XC7354 XC7372 XC73108 XC73144
Typical 22V10 Equivalent 15-2 3-4 6 8 12 16
Number of Macrocells 18 36 54 72 108 144
Number of Function Blocks 2 4 6 8 12 16
Number of Flip-Flops 18 36 108 126 198 234
Number of Fast Inputs 12 12 24 30 42 54
Number of Signal Pins 38 38 58 84 120 156




XC7300 EPLD Family
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Figure 1. XC7300 Device Block Diagram

mize power dissipation. Designers can operate speed-criti-
cal paths at maximum performance, while non-critical
paths dissipate less power.

Xilinx development software supports XC7300 EPLD
design using third-party schematic entry tools, HDL com-
pilers, or direct equation-based text files. Using a PC or a
workstation and one of these design capture methods,
designs are automatically mapped to an XC7300 EPLD in
a matter of minutes.

The XC7300 devices are available in plastic and ceramic
leaded chip carriers, pin-grid-array (PGA), and quad flat
pack (QFP) packages. Package options include both win-
dowed ceramic for design prototypes and one-time pro-
grammable plastic versions for cost-effective production
volume.

Architecture

The XC7300 architecture consists of multiple programma-
ble Function Blocks interconnected by a UIM as shown in
Figure 1. The Dual-Block architecture contains two types of
function blocks: Fast Function Blocks and High-Density
Function Blocks. Both types of function blocks, and the I/O
blocks, are interconnected through the UIM.

Fast Function Blocks

The Fast Function Block has 24 inputs which can be indi-
vidually selected from the UIM, 12 fast input pins, or the
nine Macrocell feedbacks from the Fast Function Block.
The programmable AND array in each Fast Function Block
generates 45 product terms to drive the nine Macrocells in

each Fast Function Block. Each Macrocell can be config-
ured for registered or combinatorial logic. See Figure 2.

Five product terms from the programmable AND array are
allocated to each Macrocell. Four of these product terms
are ORed together and may be optionally inverted before
driving the input of a programmable D-type flip-flop. The
fifth product term drives the asynchronous active-High pro-
grammable Reset or Set Input to the Macrocell flip-flop.
The flip-flop can be configured as a D-type or Toggle flip-
flop, or transparent for combinatorial outputs.

Two fast function block Macrocell differences exist when
comparing the XC7336 FFB to the XC7354, XC7372 and
XC73108 FFBs.

In the XC7336, five product terms from the programmable
AND array are allocated to each Macrocell. Four of these
product-terms are ORed together and may be optionally
inverted before driving the input of a programmable D-type
flip-flop. The fifth product-term drives the asynchronous
active High programmable Set or Reset input to the Macro-
cell flip-flop. The flip-flop can be configured as a D-type or
Toggle flip-flop, or transparent for combinatorial outputs.
See Figure 2.

In the XC7354, XC7372 and XC73108, five product terms
from the programmable AND array are allocated to each
Macrocell. Four of these product-terms are ORed together,
inverted and drive the input of a programmable D-type flip-
fiop. The fifth product-term drives the asynchronous active
High programmable Set input to the Macrocell flip-flop. The
flip-flop can be configured as a D-type flip-flop or transpar-
ent for combinatorial outputs. See Figure 3.
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XC7300 EPLD Family

The programmable clock source is one of two global Fast-
Clock signals (FCLKO or FCLK1) that are distributed with
short delay and minimal skew over the entire chip.

The Fast Function Block Macrocells drive chip outputs
directly through 3-state output buffers. Each output buffer
can be individually controliled by one of two dedicated
Fast Output Enable inputs or permanently enabled or dis-
abled. The Macrocell output can also be routed back as
an input to the Fast Function Block and the UIM.

Product Term Assignment

Each Macrocell sum-of-product OR gates can be expanded
using the Fast Function Block product term assignment
scheme. Product-term assignment transfers product-terms
in increments of four product-terms from one Macrocell to
the neighboring Macrocell (Figure 4). Complex logic func-
tions requiring up to 36 product-terms can be implemented
using all nine Macrocells within the Fast Function Block.
When product-terms are assigned to adjacent Macrocells,
the product-term normally dedicated to the Set or Reset
function becomes the input to the Macrocell register.

From Previous Global
Macrocell Clocks Single-Product-
Term Assignment
DT Q
DDy}
Output P
Polarity
MCy =
Eight-Product-
Term Assignment
SR
D,
71 T Q
>
Output
Polarity | ¢
MCy,4 =

X5220

Figure 4. Fast Function Block Product-Term Assignment

High-Density Function Blocks

Each member of the XC7300 family contains muiltiple,
High-Density Function Blocks linked though the UIM.
Each Function Block contains nine Macrocells. Each
Macrocell can be configured for either registered or com-
binatorial logic. A detailed block diagram of the XC7300
FB is shown in Figure 5.

Each FB receives 21 signals and their complements from
the UIM and an additional three inputs from the Fast Input
(FI) pins.

Shared and Private Product Terms

Each Macrocell contains five private product terms that
can be used as the primary inputs for combinatorial func-
tions implemented in the Arithmetic Logic Unit (ALU), or
as individual Reset, Set, Output-Enable, and Clock logic
functions for the flip-flop. Each Function Block also pro-
vides an additional 12 shared product terms, which are
uncommitted product terms available for any of the nine
Macrocells within the Function Block.

Four private product terms can be ORed together with up
to four shared product terms to drive the D1 input to the
ALU. The D2 input is driven by the OR of the fifth private
product term and up to eight of the remaining shared
product terms. The shared product terms add no logic
delay, and each shared product term can be connected to
one or all nine Macrocells in the Function Block.

Arithmetic Logic Unit

The functional versatility of each Macrocell is enhanced
through additional gating and control functions available
in the ALU. A detailed block diagram of the XC7300 ALU
is shown in Figure 6.

The ALU has two programmable modes; /ogic and arith-
metfic. In logic mode, the ALU functions as a 2-input
function generator using a 4-bit look-up table that can be
programmed to generate any Boolean function of its D1
and D2 inputs as illustrated in Table 1.

The function generator can OR its inputs, widening the
OR function to a maximum of 17 inputs. It can AND
them, which means that one sum-of-products can be
used to mask the other. It can also XOR them, toggling
the flip-flop or comparing the two sums of products.
Either or both of the sum-of-product inputs to the ALU
can be inverted, and either or both can be ignored.
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Figure 5. High-Density Function Block and Macrocell Schematic

Table 1. Function Generator Logic Operations

Function

D1:+: D2 D1:+: D2
D1* D2 D1*D2
D1+ D2 D1+D2
D1 D2

D1 D2
D1*D2 D1 *D2
D1+ D2 D1+ D2

Arithmetic Logic Unit (ALU)

Carry Output
]

—LO—

I

D1
Sum-of- D1
Products Function
D2 Generator ‘D— — ;:‘ o
Sum-of- D2 ip-Flop
Products
Arithmetic
Carry Control
Carry Input X3206

Figure 6. ALU Schematic

Therefore, the ALU can implement one additional layer
of logic without any speed penalty.

In arithmetic mode, the ALU block can be programmed to
generate the arithmetic sum or difference of the D1 and
D2 inputs. Combined with the carry input from the next
lower Macrocell, the ALU operates as a 1-bit full adder
generating a carry output to the next higher Macrocell.
The carry chain propagates between adjacent Macrocells
and also crosses the boundaries between Function
Blocks. This dedicated carry chain overcomes the inher-
ent speed and density problems of the traditional EPLD
architecture when trying to perform arithmetic functions.

Carry Lookahead

Each Function Block provides a carry lookahead genera-
tor capable of anticipating the carry across all nine Mac-
rocells. The carry lookahead generator reduces the
ripple-carry delay of wide arithmetic functions such as
add, subtract, and magnitude compare to that of the first
nine bits, plus the carry lookahead delay of the higher-
order Function Blocks.

Macrocell Flip-Flop

The ALU block output drives the input of a programmable
D-type flip-flop. The flip-flop is triggered by the rising edge
of the clock input, but it can be configured as transparent,
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making the Q output identical to the D input, independent
of the clock, or as a conventional flip-flop.

The Macrocell clock source is programmable and can be
one of the private product terms or one of two global Fast-
CLK signals (FCLKO and FCLK1). Global FastCLK sig-
nals are distributed to every Macrocell flip-flop with short
delay and minimal skew.

The asynchronous Set and Reset product terms override
the clocked operation. If both asynchronous inputs are
active simultaneously, Reset overrides Set.

In addition to driving the chip output buffer, the Macrocell
output is routed back as an input to the UIM. One private
product term can be configured to control the Output
Enable of the output buffer and/or the feedback to the
UIM. If it is configured to control UIM feedback, the Output
Enable product term forces the UIM feedback line High
when the Macrocell output is disabled.

Universal Interconnect Matrix

The UIM receives inputs from each Macrocell output, 1/0
pin, and dedicated input pin. Acting as an unrestricted
crossbar switch, the UIM generates 21 output signals to
each High-Density Function Block and 24 output signals
to each Fast Function Block.

Each UIM input can be programmed to connect to any UIM
output. The delay through the interconnect matrix is con-
stant, regardless of the routing distance, fan-out, or fan-in.

When multiple inputs are programmed to be connected to
the same output, this output produces the logical AND of
the input signals. By choosing the appropriate signal
inversions at the input pins, Macrocell outputs and Func-
tion Block AND-array input, this AND logic can also be
used to implement wide NAND, OR or NOR functions.
This offers an additional level of logic without any speed
penalty.

A Macrocell feedback signal that is disabled by the output
enable product term represents a High input to the UIM.
Programming several such Macrocell outputs onto the
same UIM output emulates a 3-state bus line. If one of the
Macrocell outputs is enabled, the UIM output assumes
the enabled output’s level.

Input/Output Blocks

Macrocells drive chip outputs directly through 3-state out-
put buffers, each individually controlled by the Output
Enable product term mentioned above. The Macrocell
output can be inverted. An additional configuration option
allows the output to be disabled permanently. Two dedi-
cated FastOE inputs can also be configured to control
any of the chip outputs instead of, or in conjunction with,
the individual Output Enable product term. See Figure 7.

< ] Fast OEO

Macrocell

Feedback
to UM

ToUM

To Function Block
AND-Array (on
Fast Input

Pins Only)

Input and /

/O Pins Only

Figure 7. Input/Output Schematic

< ] Fast OE1

1O. FCLK/O, CKEN/O
and FOE/O
Pins Only

<> VoPin

<] CKENO
<] CKEN1

<___] FastCLKO

<{___] FasiCLK1
] FastCLK2
Gilopal
£ Select
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XC7300 EPLD Family

Each signal input to the chip is connected to a program-
mable input structure that can be configured as direct,
latched, or registered. The latch and flip-flop can use one
of two FastCLK signals as latch enable or clock. The two
FastCLK signals are FCLKO and a global choice of either
FCLK1 or FCLK2. Latches are transparent when FastCLK
is High, and flip-flops clock on the rising edge of FastCLK.
The flip-flop includes an active-low clock enable, which
when High, holds the present state of the flip-flop and
inhibits response to the input signal. The clock enable
source is one of two global Clock Enable signals (CEO
and CET). An additional configuration option is polarity
inversion for each input signal.

3.3V or 5V Interface Configuration

XC7300 devices can be used in systems with two differ-
ent supply voltages: 3.3 V and 5 V. Each XC7300 device
has separate Vg connections to the internal logic and
input buffers (Voont) and to the I/O drivers (Vgio)-
Veoint Must always be connected to a nominal 5 V sup-
ply, while Vccio may be connected to either 3.3V or 5V,
depending on the output interface requirement.

When Vo is connected to 5V, the input thresholds are
TTL levels, and thus compatible with 3.3 V and 5 V logic.
The output High levels are also TTL compatible. When
Vcelo is connected to 3.3V, the input thresholds are still
TTL levels, and the outputs pull up to the 3.3 V rail. This
makes the XC7300 ideal for interfacing directly to 3.3 V
components. In addition, the output structure is designed
so that the I/O can also safely interface to a mixed 3.3 V
and 5V bus.

Power-On Characteristics/Master Reset

The XC7300 device undergoes a short internal initializa-
tion sequence upon device powerup. During this time
(treseT), the outputs remain 3-stated while the device is
configured from its internal EPROM array and all registers
are initialized. If the MR pin is tied to Voo the initializa-
tion sequence is completely transparent to the user and is
completed in tgeget after Voont has reached 4.75 V. If
MR is held low while the device is powering up, the inter-
nal initialization sequence begins and outputs will remain
3-stated until the sequence is complete and MR is
brought High. V¢ rise must be monotonic to insure the
initialization sequence is performed correctly.

For additional flexibility, the MR pin is provided so the
EPLD can be reinitialized after power is applied. On the
falling edge of MR, all outputs become 3-stated and the
initialization sequence is started. The outputs will remain
3-stated until the internal initialization sequence is com-
plete and MR is brought High. The minimum MR pulse
with is tymg. If MR is brought high after tyg, but before
treseT, the outputs will become active after tgeger

During the initialization sequence, all input registers or
latches are preloaded High and all FB and FFB Macrocell
registers are preloaded to a known state. For FFB Macro-
cell registers where the Set/Reset product-term is
defined, the preload is accomplished by asserting the
product-term shortly before the end of the initialization
sequence. When the Set/Reset product-term is defined
and configured as Reset, the register preload value is
Low. When the Set/Reset product-term is defined and
configured as a Set, the register preload value is High.
For FFB Macrocell registers where the Set/Reset prod-
uct-term is not used, the register preload value is High.

For FB Macrocell registers, the preload value is defined
by a separate preload configuration bit, independent of
the Set and Reset product-terms. The value of this pre-
load configuration bit is determined by the schematic cap-
ture library or in the user’s design. If not specified, the
register preload value is Low.

Power Management

The XC7300 family of devices feature a power-manage-
ment scheme which permits non-speed-critical paths of a
design to be operated at reduced power. Overall power
dissipation is often reduced significantly, since, in most
systems only a small part is speed critical.

Macrocells can individually be specified for high perfor-
mance or low power operation by adding attributes to the
logic schematic, or declaration statements to the behav-
ioral description. To further conserve power, unused Mac-
rocells are automatically turned off.

Erasure Characteristics

In windowed packages, the content of the EPROM array
can be erased by exposure to ultraviolet light of wave-
lengths of approximately 4000 A. The recommended era-
sure time is approximately 1 hr. when the device is placed
within 1 in. of an ultraviolet lamp with a 12,000 pW/cm?
power rating. To prevent unintentional exposure, place
opaque labels over the device window.

When the device is exposed to high intensity UV light for
much longer periods, permanent damage can occur. The
maximum integrated dose the XC7300 EPLD can be
exposed to without damage is 7000 W * s/cm?, or approx-
imately one week at 12,000 uW/cm?2.

Design Recommendations

For proper operation, all unused input and 1/O pins must
be connected to a valid logic level (High or Low). The rec-
ommended decoupling for all Vg pins should total 1 uF
using high-speed (tantalum or ceramic) capacitors.




Use electrostatic discharge (ESD) handling procedures
with the XC7300-series EPLDs to prevent damage to the
device during programming, assembly, and test.

Design Security

Each member of the XC7300 family has a multibit security
system that controls access to the configuration pro-
grammed into the device. This security scheme uses
multiple EPROM bits at various locations within the
EPROM array to offer a higher degree of design security
than other EPROM and fused-based devices. Pro-
grammed data within EPROM cells is invisible-even
when examined under a microscope—and cannot be
selectively erased. The EPROM security bits, and the
device configuration data, reset when the device is
erased.

High-Volume Production Programming

The XC7300 family offers flexibility for low-volume proto-
types as well as cost-effectiveness for high-volume pro-
duction. The designer can start with ceramic window
package parts for prototypes, ramp up initial production
using low-cost plastic parts programmed in-house, and
then shift into high-volume production using Xilinx factory
programmed and tested devices.

The Xilinx factory programmed concept offers significant
advantages over competitive masked PLDs, or ASIC
redesigns:

* No redesign is required — Even though masked devices
are advertised as timing compatible, subtle differences
in a chip layout can mean system failure.

* Devices are factory tested — Factory-programmed
devices are tested as part of the manufacturing flow,
insuring high-quality products.

* Shipments are delivered fast — Production shipments
can begin within a few weeks, eliminating masking
delays and qualification requirements.

For factory programming procedures, contact your local
Xilinx representative.

XEPLD Development System

The designer can create, implement, and verify digital
logic circuits for EPLD devices using the Xilinx XEPLD
Development System. Designs can be represented as
schematics consisting of XEPLD library components, as
behavioral descriptions, or as a mixture of both. The
XEPLD translator maps the design quickly and automati-
cally onto a chosen EPLD device, produces documenta-
tion for design analysis and creates a programming file to
configure the device.

The following lists some of the XEPLD Development Sys-
tem features.

¢ Familiar design approach similar to TTL and PLD
techniques

* Converts netlist to fuse map in minutes using a '486
PC or workstation platform

« Interfaces to standard third-party CAE schematics,
simulation tools, and behavioral languages

¢ Schematic library with familiar and powerful TTL-like
components, including PLDs and ALUs

* Predictable timing even before design entry, using
library components and Boolean equations

Timing simulation using Viewsim, OrCAD VST, and other
tools controlled by the Xilinx Design Manager (XDM)
program

Timing Model

Timing within the XC7300 EPLDs is accurately deter-
mined using external timing parameters from the device
data sheet, using a variety of CAE simulators, or with the
timing model shown in Figure 8.

The timing model is based on the fixed internal delays of
the XC7300 architecture which consists of four basic
parts: /O Blocks, the UIM, Fast Function Blocks and
High-Density Function Blocks. The timing model identifies
the internal delay paths and their relationships to ac char-
acteristics. Using this model and the ac characteristics,
designers can easily calculate the timing information for a
particular EPLD.
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Figure 8. XC7300 Timing Model

Synchronous Clock Switching Characteristics

I<— tewr —>| tcwr —>]
Fck Pin l \

tsuin
> le—
tsucein tHIN
—
tHCEIN
Data/CE at Input
1/0 Register
—»| lcon
> "— tuim
Input, 1/O Register
to UM

trelkl — I<—
Fast Clock
Input Delay

—| /N
f — tum [+

Data at Input !
/0 Pin
:LOG" tsul th
FLoGt ™1 tesul tFH
Data at Input
Register
tcor tour
trcol trout
Register to {
Output Pin \
X3494




Combinatorial Switching Characteristics
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S XILINX

XC7318
18-Macrocell CMOS EPLD

Preliminary Product Specifications

Features

¢ Ultra high-performance EPLD
. — 5 ns pin-to-pin speed on all fast inputs

— 167 MHz maximum clock frequency

100% routable with 100% utilization
~ Eliminates pin-out changes during design iterations

Incorporates two PAL-like 24V9 Fast Function Blocks

L]

18 Output Macrocells
—Programmable 1/O architecture
—24 mA drive

High-performance pP compatible

Peripheral Component Interface (PCI) compatible
JEDEC standard 3.3 V or 5 V I/O operation
Muiltiple security bits for design protection

44-pin leaded chip carrier and 44-pin quad flat pack
packages

General Description

The XC7318 is a member of the Xilinx XC7300 EPLD fam-
ily. It consists of two PAL-like 24V9 Fast Function Blocks
interconnected by the 100%-populated Universal Intercon-
nect Matrix (UIM™).

Each Fast Function Block has 24 inputs and contains nine
Macrocells configurable for registered or combinational
logic. The nine Macrocell outputs feed back to the UIM and
can simultaneously drive the output pads.

The UIM allows 100% connectivity between all function
blocks and input pins, providing the ability to utilize 100%
of the device while eliminating routing issues.

Device logic is automatically configured to the user’s spec-
ifications using the XEPLD software. The XEPLD V5.0
software is capable of optimizing and collapsing logic. The
SMARTSswitch software/hardware feature allows imple-
mentation of buried combinatorial logic functions in the
UIM, thus increasing device utilization. The XEPLD soft-
ware supports third party schematic capture and HDL
entry tools, as well as direct equation-based text files.
Using a workstation or PC platform, designs are automati-
cally mapped into the XC7318 in a matter of minutes.

1
i ‘1—‘" 1
PQ44 PCa4 ‘2 Frer N l PC44 PQ44
- 39 1 UFIMR > MC1-1 > voF 7 1
12 MC1-2 >0 8 2
40 2 VR > e o . :
a1 3 VR > s MC1-4 —>w N 5
AND
42 4 VR > pivd [T —Swo 12 6
MC1-6 —Sw 13 7
12 18 VFI > 9 — = . :
13 19 VR > s w15 0
14 20 VR > MC1-9 > 16 10
22 28 VT l 9
36 42 [} umM 12 FFB2
MC2-9 —>w 29 23
37 43 VR > e o =
12
38 44 R MCo7 = Vo 3 27
117 ] e S 4 MC26 —>w 34 28
P AND o]
6 22 [ S — Pl L3 S 3B . 29
MC2-4 S0 3% 30
o = 2 MC2:3 —w 37 3
19 25 o— MC2-2 S 38 32
20 26 [ s NS l— MC2-1 o 39 33
5
21 27 [ e S |F .
L ——<JFOE0 40 34
t————————<JFCLKO 5 43
‘'————————JFCLK1 6 44

Figure 1. XC7318 Functional Block Diagram
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XC7318 CMOS EPLD

Fast Function Blocks (FFB)

The XC7318 provides two Fast Function Blocks which
have 24 inputs that can be individually selected from the
UIM, 12 fast input pins, or the 9 Macrocell feedbacks from
the Function Block. The programmable AND array in each
Fast Function Block generates 45 product terms to drive
nine Macrocells in each FFB. Each Macrocell (Figure 2),
can be configured for registered or combinatorial logic.

Five product terms from the programmable AND array are
allocated to each Macrocell. Four of these product terms
are ORed together and may be optionally inverted before
driving the input of a programmable D-type flip-flop. The
fifth product term drives the asynchronous active-High
programmable Reset or Set Input to the Macrocell flip-
flop. The flip-flop can be configured as a D-type or Toggle
flip-flop or transparent for combinatorial outputs.

The programmable clock source is one of two global
FastCLK signals (FCLKO or FCLK1) that are distributed
with short delay and minimal skew over the entire chip.

I/0 Block

The Fast Function Block Macrocells drive chip outputs
directly through 3-state output buffers. Each output buffer
can be individually controlled by one of two dedicated
active-High Fast Output Enable inputs or permanently

enabled or disabled. The Macrocell output can also be
routed back as an input to the Fast Function Block, and
the UIM.

Power-On Characteristics/Master Reset

The XC7318 device undergoes a short internal initializa-
tion sequence upon device powerup. During this time
(treseT), the outputs remain 3-stated while the device is
configured from its internal EPROM array and all registers
are initialized. If the MR pin is tied to Voot the initializa-
tion sequence is completely transparent to the user and is
completed in tRESET after VCCINT has reached 4.75 V. If
MR is held low while the device is powering up, the inter-
nal initialization sequence begins and outputs will remain
3-stated until the sequence is complete and MR is brought
High. V¢ rise must be monotonic to insure the initializa-
tion sequence is performed correctly.

For additional flexibility, the MR pin is provided so the
EPLD can be reinitialized after power is applied. On the
falling edge of MR, all outputs become 3-stated and the
initialization sequence is started. The outputs will remain
3-stated until the internal initialization sequence is com-
plete and MR is brought High. The minimum MR pulse
width is twyg. If MR is brought High after tyyg, but
before treseT, the outputs will become active after treser

2 Global
Fast OE >

12 from Fast
Input Pins

24

Pin

Inputs from
UM
Sum-of-Products
- from Fast
: Previous Clocks I/O Block
. Macrocell 01
9 from FFB 5 1 of 9 Macrocells
Macrocell {9 _—
Feedback 5 Private
P-Terms per
Macrocell
Feedback
to UM T
Sum-of-Products to
Succeeding Macroce!
Pin Feedback J
to UM

Figure 2. Fast Function Block and Macrocell Schematic

X5218
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Figure 3. Fast Function Block Product Term Assignment

Product Term Assignment

Each Macrocell sum-of-product OR gate can be
expanded using the Export product-term assignment fea-
ture. The Export function transfers product-terms in incre-
ments of four from one Macrocell to the neighboring
Macrocell (Figure 3). Complex logic functions requiring
up to 36 product-terms can be implemented using all nine
Macrocells within the Fast Function Block. When product-
terms are assigned to adjacent Macrocells, the product-
term normally dedicated to the Set or Reset function
becomes the input to the Macrocell register.

Universal Interconnect Matrix

The UIM receives input from Macrocell outputs, 1/O pins,
and dedicated input pins. Acting as an unrestricted cross-
bar switch, the UIM generates 24 output signals to each
Fast Function Block. Each UIM input can be programmed
to connect to any UIM output. The delay through the inter-
connect matrix is constant.

When multiple inputs are programmed to be connected to
the same output, this output produces the logical AND of the
input signals. By choosing the appropriate signal polarities
at the input pins, Macrocell outputs and Fast Function Block
AND-array inputs, this AND logic can also be used to imple-
ment wide NAND, OR or NOR functions. This offers an addi-
tional level of logic without additional speed penalty.

3.3V or 5V Interface Configuration

The XC7318 can be used in systems with two different
supply voltages: 3.3 V and 5 V. Each XC7318 device has
separate Vg connections to the internal logic (Vo) and
to the I/O pads (Vccio)- Veoint must always be connected
to a 5V supply. Veeio may be connected to either 3.3 V or
5V, depending on the output interface requirement.

When Vggio is connected to 5V, the input thresholds are
TTL levels, and thus compatible with 3.3 V and 5 V logic.
The output High levels are also TTL compatible. When
Vecio is connected to 3.3 V, the input thresholds are still
TTL levels, and the outputs pull up to the 3.3 V. This
makes the XC7318 ideal for interfacing directly to 3.3 V
components. In addition, the output structure is designed
so that the 1/0 can also safely interface to a mixed 3.3 V
and 5V bus simultaneously.

Design Security

The XC7318 has a multibit security system that controls
access to the configuration programmed into the device.
This security scheme uses multiple EPROM bits at vari-
ous locations within the EPROM array to offer a higher
degree of design security than other EPROM and fused-
based devices.

Prototyping and Programming

If prototype systems require erasable devices, the XC7336
in a windowed ceramic LCC should be used. The XC7336-
WC44 is pin-compatible with the XC7318-PC44. The
XC7336 can be programmed to emulate the XC7318 by
turning off FFB3 and FFB4. Production requirements are
supported with the XC7318 in 44-pin Plastic Leaded Chip
Carrier or Quad Flat Pack packages.

Xilinx offers the HW-120 programmer for use during
prototyping as well as support from major third party
programmer companies. For production volumes, Xilinx
and their licensed distributors offer factory programming of
the XC7318 devices.

For factory programming procedures, contact your local
Xilinx representative.

XEPLD Translator Software

The designer can create, implement, and verify digital logic
circuits for EPLD devices using the Xilinx XEPLD V5.0
software. Designs can be represented as schematics
consisting of XEPLD library components, as behavioral
descriptions (Boolean, HDL etfc.), or as a combination of
both techniques. The XEPLD translator automatically opti-
mizes, collapses, and implements the design as well as
writing a programming file without user intervention. At the
completion of the compilation process, the XEPLD transla-
tor writes detailed report files for design analysis and
documentation.
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XC7318 CMOS EPLD

Here are just a few of the XEPLD Development System

features:

* N-to-1 PAL Conversion Ulility

* Automatic Optimization and Mapping
Designs are automatically minimized and mapped into
the devices for optimal efficiently and high
performance. Critical logic functions are automatically
assigned to special resources such as high speed
clocks and global output enable signals. This allows
the user to concentrate on design functionality without
concern for physical implementation.

* Automatic use of UIM Resources — SMARTswitch
The Universal Interconnect Matrix (UIM) used in Xilinx
EPLDs provides an additional level of logic at no
additional delay. XEPLD 5.0 automatically uses the
inherent logic capability of the UIM when possible to
reduce Macrocell requirements and increase speed.

XEPLD automatically combines 20- and 24-pin
standard PAL files into one top-level design file, checks
for errors, and compiles the design into one or more
EPLDs. The N-to-1 PAL converter is ideal for one step
logic consolidation and board space reduction.

Complete Design Control

Users have the option to override the automatic
features of XEPLD and selectively control any or all
device resources.

Multjple Platform Support
XEPLD runs on IBM Compatible PCs, Sun, HP700,
and IBM RS6000 platforms.

Notice: The information contained in this data sheet pertains to products in the initial production phases of development.
These specifications are subject to change without notice. Verify with your local Xilinx sales office that you have the latest

data sheet before finalizing a design.

Absolute Maximum Ratings

Symbol Parameter Value Units
Vee Supply voltage with respect to GND -0.5t07.0 Y
Vin DC Input voltage with respect to GND -0.5to Vg +0.5 \
Vis Voltage applied to 3-state output with respect to GND -0.5t0 Vgg +0.5 \"
Tsta Storage temperature -65 to +150 °C
TsoL Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) +260 °C

Warning. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.
These are stress ratings only, and functional operation of the device at these or any other conditions beyond those listed
under Recommended Operating Condiitions is not implied. Exposure to Absolute Maximum Ratings conditions for

extended periods of time may affect device reliability.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Veeint/

Veeio Supply voltage relative to GND @ 5V Commercial T, =0°Cto70°C 4.75 5.25 v
Veeio I/0 supply voltage relative to GND @ 3.3 V 3.0 3.60 \
Vi Low-level input voltage 0 0.80 \
Viu High-level input voltage 2.00 | Vgc+05 v
Vo Output voltage 0 Veeio \
TN Input signal transition time 50 ns
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DC Characteristics Over Recommended Operating Conditions

Symbol | Parameter Test Conditions Min Max Units
5 V TTL High-level output voltage loq=-4.0mA
Vce =Min 24 \%
Vor -
3.3 V High-level output voltage loH=-32mA
Vee = Min 24 \%
5V TTL Low-level output voltage loL=24 mA
VCC = Min 0.5 \"
Voo
3.3 V Low-level output voltage loL =24 mA
VCC = Min 0.4 \%
I Input leakage current Ve = Max
ViN=GND orVeeio +10.0 HA
loz Output high-Z leakage current Vec = Max
Vin=GND or Voo +10.0 HA
CiN Input capacitance for Input and I/O pins Vin =GND
f-1.0 MHz 6.0 pF
CiN Input capacitance for global control pins Vin = GND
(FCLKO, FCLK21, FOEO, FOE1) f-1.0 MHz 8.0 pF
Cout' | Output capacitance ViN = GND
f-1.0 MHz 10.0 pF
Icc? Supply current Vin = Ve or GND
VeeINT = Veeio = 5V 90
f=1.0 MHz @ 25°C Typ mA

Power-up/Reset Timing Parameters

Symbol Parameter Min Typ Max Units
twMmR Master Reset input Low pulse width 100 ns
tresET Configuration completion time 80 160 ps

Notes: 1. Sample tested.
2. Measured with device programmed as a 16-bit counter.
3. The initial state of the registers is user selectable. The default initialization is a logical 1.

e—— tWMR ——>|

MR \

tRESET

-, 4
Output 8 g ‘r Hi-z 4

X5349

Figure 4. Global Reset Waveform
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XC7318 CMOS EPLD

Fast Function Block (FFB) External AC Characteristics*

Symbol | Parameter
tpp Fast input to output valid
1/0 or input to output valid ®
tsy Fast input setup time before FCLK
I/O or input setup time before FCLK
th Fast, I/O or input hold time after FCLK
tco FCLK input to output valid
troe Fast output enable/disable buffer delay
fiax Max count frequency®
twiH Fast Clock pulse width

Preliminary

Notes:

4. All appropriate ac specifications tested using Figure 6 as test load circuit.
5. Assumes four product terms per output.

XC7318-7 Units
Min Max

7.5 ns
12.0 ns
4.0 ns
8.5 ns
0 ns
55 ns
7.5 ns

125.0 MHz
4.0 ns

Fast Input * *
1
< tsu H

FCLK {
tc

Output

-

Output

FCLK

Input or /O X
t
E___ tsu f<H

Output

Figure 5. Switching Waveform

FOE Pin M
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2000
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Figure 6. AC Load Circuit
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Figure 7. XC7318 Timing Model

Timing Model The timing model is based on the fixed internal delays of
the XC7318 architecture which consists of three basic
parts: I/O Blocks, the UIM and Fast Function Blocks. The
timing model identifies the internal delay paths and their
relationships to ac characteristics. Using this model and
the ac characteristics, designers can easily calculate the
timing information for the XC7318.

Timing within the XC7318 is accurately determined using
external timing parameters from the device data sheet,
using a variety of CAE simulators, or with the timing
model shown in Figure 7.

Fast Function Block (FFB) Internal AC Characteristics

XC7318-7
Units

Symbol | Parameter Min Max

trLoa! FFB logic array delay © 1.5 ns
trlogie | Low-power FFB logic array delay ©) 3.5 ns
tesul FFB register setup time 1.5 ns
el FFB register hold time 25 ns
tecor FFB register clock-to-output delay 1.0 ns
tepPDI FFB register pass through delay 0.5 ns
teaol FFB register async. set delay 2.0 ns
terxi FFB p-term assignment delay 0.8 ns
trrD FFB feedback delay 4.0 ns

Notes: 6. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.

Internal AC Characteristics

XC7318-7
Symbol | Parameter Min Max Units
tin Input pad and buffer delay 25 ns
trout FFB output buffer and pad delay 3.0 ns
tum Universal Interconnect Matrix delay 45 ns
teoLk Fast clock buffer delay 1.5 ns




XC7318 CMOS EPLD

Combinatorial Switching Characteristics
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Asynchronous Clock Switching Characteristics
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Synchronous Clock Switching Characteristics
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XC7318 Pinouts
PQ44 | 44LCC Input XC7318  Output PQ44 44LCC Input XC7318 Output
39 1 I/F1 MR 17 23 GND
40 2 I/FI 18 24 |
4 3 I/F1 19 25 |
42 4 I/F1 20 26 |
43 5 FCLKO 21 27 |
44 6 FCLK1 22 28 I/F1
1 7 I/O/FI MC1-1 23 29 /0 MC2-9
2 8 /0 MC1-2 24 30 /0 MC2-8
3 9 e} MC1-3 25 31 GND
4 10 GND 26 32 Veoio
5 11 /o] MC1-4 27 33 /O MC2-7
6 12 /0 MC1-5 28 34 /0 MC2-6
7 13 /10 MC1-6 29 35 l{e} MC2-5
8 14 e} MC1-7 30 36 /0 MC2-4
9 15 /0 MC1-8 31 37 /0 MC2-3
10 16 le} MC1-9 32 38 110 MC2-2
11 17 | 33 39 FOE1/0 MC2-1
12 18 " WFI 34 40 FOEO
13 19 I/FI 35 41 Veont/Vep
14 20 I/FI 36 42 I/FI
15 21 Voot 37 43 I/FI
16 22 | 38 44 I/FI
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XC7318 CMOS EPLD

Ordering Information
XC7318 -5 PC44C

Device Type Temperature Range
Speed Number of Pins
Package Type
Speed Options

-7 7.5 ns pin-to-pin delay (commercial only)
-5 5 ns pin-to-pin delay (commercial only)

Packaging Options
PC44 44-Pin Plastic Leaded Chip Carrier
PQ44 44-Pin Plastic Quad Flat Pack

Temperature Options
o] Commercial  0°C to 70°C

Component Availability

C = Commercial = 0° to +70°C

Pins 44 68 84 100 144 160 184 225
Type Plastic |Ceramic | Plastic | Plastic |Ceramic| Plastic (Ceramic | Plastic |Ceramic| Plastic |Ceramic | Plastic |Ceramic
PLCC | CLCC | PQFP | PLCC | CLCC | CLCC | PGA PQFP | PGA | PQFP | PGA BGA BGA
Code PC44 | WC4a4 | PQ44 | PC68 | WCB4 | PCB4 | WC84 | PQ100 | PG144 | PQ160 | PG184 | BG225 | WB225
-7 (9] C
XC7318 5 C C
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e e XC7336
X}@éé&?}é 36-Macrocell CMOS EPLD

Preliminary Product Specifications

General Description

The XC7336 is a member of the Xilinx XC7300 EPLD fam-
ily. It consists of four PAL-like 24V9 Fast Function Blocks
interconnected by the 100%-populated Universal Intercon-
nect Matrix (UIM™),

Each Fast Function Block has 24 inputs and contains nine
Macrocells configurable for registered or combinational
Incorporates four PAL-like 24V9 Fast Function Blocks logic. The nine Macrocell outputs feed back to the UIM and
18 Output Macrocells can simultaneously drive the output pads.

—Programmable 1/O architecture The UIM allows 100% connectivity between all function
—24 mA drive blocks and input pins, providing the ability to utilize 100%
of the device while eliminating routing issues.

Features

 Ultra high-performance EPLD
- 5 ns pin-to-pin speed on all fast inputs
- 167 MHz maximum clock frequency

100% routable with 100% utilization
— Eliminates pin-out changes during design iterations

¢ High-performance uP compatible

Device logic is automatically configured to the user’s spec-
ifications using the XEPLD software. The XEPLD V5.0
» JEDEC standard 3.3 V or 5 V I/O operation software is capable of optimizing and collapsing logic. The
SMARTSswitch software/hardware feature allows imple-
mentation of buried combinatorial logic functions in the
* 44-pin leaded chip carrier and 44-pin quad flat pack UIM, thus increasing device utilization. The XEPLD soft-

packages ware supports third party schematic capture and HDL
entry tools, as well as direct equation-based text files.
Using a workstation or PC platform, designs are automati-
cally mapped into the XC7336 in a matter of minutes.

¢ Peripheral Component Interface (PCl) compatible

* Multiple security bits for design protection

PQ44 PC4a4 PC44 PQ44
22 28 VFI J] VFI 42 36
19 15
12 34 12
FFB1 FFB2
1 7 VFO/FI MC1-1 MC2-9 N— VFO 29 23
2 8 o | MCT2 {I*{Q" h’;—D. czs —— wo__|30 24
3 9 VFO mMc13] 2 ™ 5. | Mc27 N— VFO 33 27
5 " VFO MCt-4| & = [ mc26 — VFO 34 28
6 12 o | mc15| % -3 3| Z [weczs —— o 3 29
7 13 VFO — MC1-6| 2 2 ['mca4 VFO 36 30
8 14 VFO — MC17| < 9 9 < [wmc23 VFO 37 31
9 15 VFO MC1-8 —[i D- MC2-2 e— VFO 38 32
10 16 o |- MC1-9 ‘I l’ MC2-1 FOFOET__ | 39 33
) 9
12 12
FFB4 UM FFB3
21 27 VFO |y MC4-1 MC3-9 FO/FOEOQ 40 34
20 26 VFO MC4-2 _[!'75‘/ \T;—D, MC38 — _wom 43 37
19 25 VFO mMca3| ey % 5. | MC37 | vFoFI 44 38
18 24 VFO — MC4-4| & £ [ mc36 ——|  VFO/FVMR 1 39
16 22 FO mcas| & -3 3. T [wmcas — VFOIFT 2 40
14 20 VFO/FI MC4-6| 2 2 [MC34 VFOIFI 3 41
13 19 vFOoFl A mca7| < 9 9 < 'mcas | VFOIFI 4 42
12 18 vFOF T MC4-8 «U D‘ MC3-2 FO/FCLKO 5 43
1 17 FO — MC4-9 '1 [ MC3-1 FO/FCLK1 6 44
9 9
X5452

Figure 1. XC7336 Functional Block Diagram
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XC7336 CMOS EPLD

Fast Function Blocks (FFB)

The XC7336 provides four Fast Function Blocks which
have 24 inputs that can be individually selected from the
UIM, 12 fast input pins, or the 9 Macrocell feedbacks from
the Function Block. The programmable AND array in each
Fast Function Block generates 45 product terms to drive
nine Macrocells in each FFB. Each Macrocell (Figure 2),
can be configured for registered or combinatorial logic.

Five product terms from the programmable AND array are
allocated to each Macrocell. Four of these product terms
are ORed together and may be optionally inverted before
driving the input of a programmable D-type flip-flop. The
fifth product term drives the asynchronous active-High
programmable Reset or Set Input to the Macrocell flip-
flop. The flip-flop can be configured as a D-type or Toggle
flip-flop or transparent for combinatorial outputs.

The programmable clock source is one of two global
FastCLK signals (FCLKO or FCLK1) that are distributed
with short delay and minimal skew over the entire chip.

I/0 Block

The Fast Function Block Macrocells drive chip outputs
directly through 3-state output buffers. Each output buffer
can be individually controlled by one of two dedicated
active-High Fast Output Enable inputs or permanently

enabled 6r disabled. The Macrocell output can also be
routed back as an input to the Fast Function Block, and
the UIM.

Power-On Characteristics/Master Reset

The XC7336 device undergoes a short internal initializa-
tion sequence upon device powerup. During this time
(treseT), the outputs remain 3-stated while the device is
configured from its internal EPROM array and all registers
are initialized. If the MR pin is tied to Ve, the initializa-
tion sequence is completely transparent to the user and is
completed in tgeset after Vegint has reached 4.75 V. If
MR is held low while the device is powering up, the inter-
nal initialization sequence begins and outputs will remain
3-stated until the sequence is complete and MR is brought
High. V¢ rise must be monotonic to insure the initializa-
tion sequence is performed correctly.

For additional flexibility, the MR pin is provided so the
EPLD can be reinitialized after power is applied. On the
falling edge of MR, all outputs become 3-stated and the
initialization sequence is started. The outputs will remain
3-stated until the internal initialization sequence is com-
plete and MR is brought High. The minimum MR pulse
width is twwvg. If MR is brought High after tyyg, but
before tgeseT, the outputs will become active after tgeseT:

2 Global 2
Fast OE >—

12 from Fast
Input Pins

24
Inputs from
um

Sum-of-Products
from
Previous
Macrocell

9 from FFB 5
Macrocell 19
Feedback 5 Private

P-Terms per
Macrocell

Feedback

Fast
Clocks
01

1/0 Block

1 of 9 Macrocells

o
Pin

to UM

Sum-of-Products to
Succeeding Macrocell

Pin Feedback

to UM

Figure 2. Fast Function Block and Macrocell Schematic

X5218
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Figure 3. Fast Function Block Product Term Assignment

Product Term Assignment

Each Macrocell sum-of-product OR gate can be ex-
panded using the Export product-term assignment fea-
ture. The Export function transfers product-terms in incre-
ments of four from one Macrocell to the neighboring
Macrocell (Figure 3). Complex logic functions requiring
up to 36 product-terms can be implemented using all nine
Macrocells within the Fast Function Block. When product-
terms are assigned to adjacent Macrocells, the product-
term normally dedicated to the Set or Reset function
becomes the input to the Macrocell register.

Universal Interconnect Matrix

The UIM receives input from Macrocell outputs, I/O pins,
and dedicated input pins. Acting as an unrestricted cross-
bar switch, the UIM generates 24 output signals to each
Fast Function Block. Each UIM input can be programmed
to connect to any UIM output. The delay through the inter-
connect matrix is constant.

When multiple inputs are programmed to be connected to
the same output, this output produces the logical AND of the
input signals. By choosing the appropriate signal polarities
at the input pins, Macrocell outputs and Fast Function Block
AND-array inputs, this AND logic can also be used to imple-
ment wide NAND, OR or NOR functions. This offers an addi-
tional level of logic without additional speed penalty.

3.3V or 5V Interface Configuration

The XC7336 can be used in systems with two different
supply voltages: 3.3 V and 5 V. Each XC7336 device has
separate V¢ connections to the internal logic (V¢ent) @and
to the I/O pads (Vccio)- Veoint Must always be connected
to a 5 V supply. Vecio may be connected to either 3.3 V or
5V, depending on the output interface requirement.

When V¢gio is connected to 5V, the input thresholds are
TTL levels, and thus compatible with 3.3 V and 5 V logic.
The output High levels are also TTL compatible. When
Vecio is connected to 3.3V, the input thresholds are still
TTL levels, and the outputs pull up to the 3.3 V. This
makes the XC7336 ideal for interfacing directly to 3.3 V
components. In addition, the output structure is designed
so that the 1/O can also safely interface to a mixed 3.3 V
and 5 V bus simultaneously.

Design Security

The XC7336 has a multibit security system that controls
access to the configuration programmed into the device.
This security scheme uses multiple EPROM bits at vari-
ous locations within the EPROM array to offer a higher
degree of design security than other EPROM and fused-
based devices.

Prototyping and Programming

Xilinx offers the HW-120 programmer for use during
prototyping as well as support from major third party
programmer companies. For production volumes, Xilinx and
their licensed distributors offer factory programming of the
XC7336 devices.

For factory programming procedures, contact your local
Xilinx representative.

XEPLD Translator Software

The designer can create, implement, and verify digital logic
circuits for EPLD devices using the Xilinx XEPLD V5.0
software. Designs can be represented as schematics
consisting of XEPLD library components, as behavioral
descriptions (Boolean, HDL etc.), or as a combination of
both techniques. The XEPLD translator automatically opti-
mizes, collapses, and implements the design as well as
writing a programming file without user intervention. At the
completion of the compilation process, the XEPLD transla-
tor writes detailed report files for design analysis and
documentation.

Here are just a few of the XEPLD Development System
features:
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XC7336 CMOS EPLD

Automatic Optimization and Mapping

Designs are automatically minimized and mapped into
the devices for optimal efficiently and high
performance. Critical logic functions are automatically
assigned to special resources such as high speed
clocks and global output enable signals. This allows
the user to concentrate on design functionality without
concern for physical implementation.

Automatic use of UIM Resources — SMARTswitch
The Universal Interconnect Matrix (UIM) used in Xilinx
EPLDs provides an additional level of logic at no
additional delay. XEPLD 5.0 automatically uses the
inherent logic capability of the UIM when possible to
reduce Macrocell requirements and increase speed.

» N-to-1 PAL Conversion Utility
XEPLD automatically combines 20- and 24-pin
standard PAL files into one top-level design file, checks
for errors, and compiles the design into one or more
EPLDs. The N-to-1 PAL converter is ideal for one step
logic consolidation and board space reduction.

Complete Design Control

Users have the option to override the automatic
features of XEPLD and selectively control any or all
device resources.

Multjple Platform Support
XEPLD runs on IBM Compatible PCs, Sun, HP700,
and IBM RS6000 platforms.

Notice: The information contained in this data sheet pertains to products in the initial production phases of development.

These specifications are subject to change without notice
data sheet before finalizing a design.

Absolute Maximum Ratings

. Verify with your local Xilinx sales office that you have the latest

Symbol Parameter Value Units
Vee Supply voltage with respect to GND -0.5t07.0 \
Vin DC Input voltage with respect to GND -0.5t0 Vg +5.0 \
V1s Voltage applied to 3-state output with respect to GND -0.5to Vg +5.0 \'
Tsta Storage temperature -65 to +150 °C
TsoL Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) +250 °C

Warning. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage fo the device.
These are stress ratings only, and functional operation of the device at these or any other conditions beyond those listed
under Recommended Operating Condiitions /s not implied. Exposure to Absolute Maximum Ratings condiitions for

extended periods of time may affect device reliability.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Supply voltage relative to GND @ 5V Commercial T = 0°C to 70°C 4.75 5.25 Vv
xgg:g’l Supply voltage relative to GND @ 5V  Industrial Ty = -40°C to 85°C 4.50 5.50 v
Supply voltage relative to GND @ 5V  Military Ta =-55°C to T = +125°C 4.50 5.50 \
Veeio 1/O supply voltage relative to GND @ 3.3V 3.0 3.60 \Y
Vi Low-level input voltage 0 0.80 \
Vin High-level input voltage 2.00 | Vg +0.5 \
Vo Output voltage 0 Veeio \
Tin Input signal transition time 50 ns
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DC Characteristics Over Recommended Operating Conditions

Symbol | Parameter Test Conditions Min Max Units
5 V TTL High-level output voltage lon=-4.0mA
Vee = Min 2.4 \'
Vou -
3.3 V High-level output voltage loH=-3.2mA
Veg = Min 24 Vv
5V TTL Low-leve! output voltage loL=24 mA
VCC = Min 0.5 \Y)
VoL
3.3 V Low-level output voltage loL =24 mA
VCC = Min 0.4 \
I Input leakage current Vce = Max
Vin=GND or Veeio +10.0 HA
loz Output high-Z leakage current Vee = Max
Vin = GND or Veoio +10.0 HA
CiN Input capacitance for Input and I/O pins Vin=GND
f-1.0 MHz 6.0 pF
Cin Input capacitance for global control pins Vin=GND
(FCLKO, FCLK21, FOEO, FOE1) f-1.0 MHz 8.0 pF
Cout' | Output capacitance Vin = GND
f-1.0 MHz 10.0 pF
Icc? Supply current Vin = Vg or GND
Veeint =Veeio =5V 126
f=1.0 MHz @ 25°C Typ mA
Power-up/Reset Timing Parameters
Symbol Parameter Min Typ Max Units
twMmR Master Reset input Low pulse width 100 ns
tRESET Configuration completion time 80 160 s
Notes: 1. Sample tested.

2. Measured with device programmed as a 16-bit counter.
3. The initial state of the registers is user selectable. The default initialization is a logical 1.

MR \

le—— tWMR —>|

tRESET

Output g g > Hi-z

Figure 4. Global Reset Waveform

X5349
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XC7336

CMOS EPLD

Fast Function Block (FFB) External AC Characteristics*

XC7336-7 | XC7336-10 | XC7336-12 | XC7336-15
Symbol | Parameter - - Units
Min | Max | Min [ Max | Min | Max | Min | Max
tep Fast input to output valid 7.5 10.0 12.0 150]| ns
1/0 or input to output valid > 12.0 15.0 19.0 230| ns
tsy Fast input setup time before FCLK 4.0 5.0 6.0 7.0 ns
1/0 or input setup time before FCLK 8.5 10.0 13.0 15.0 ns
th Fast, /O or input hold time after FCLK 0 0 0 0 ns
tco FCLK input to output valid 5.5 8.0 9.0 120 ns
troE Fast output enable/disable buffer delay 7.5 10.0 12.0 15.0| ns
fuax | Max count frequency® 125.0 100.0 80.0 66.7 ns
twiH Fast Clock pulse width 4.0 5.0 5.5 6.0 ns

Notes: 4. All appropriate ac specifications tested using Figure 6 as test load circuit.
5. Assumes four product terms per output.
Fast Input
FOE Pin
¢ '“
Su tFOE———>| |«——1tFOE——>
FCLK |
‘oo — oupt o
Input or /O * X
tsu ] twH
FoLK couk m
tco —>
-t —
Output
X5350
Figure 5. Switching Waveforms
VTEST
> Ry
Device Output © l ® Test Point
Ry CL
Device Input
Rise and Fall
Times < 3ns 1
Vociolevel | Vyest Ry Ry C,
5V 50V 160 120 35 pF
3.3V 3.3V 260 Q 360Q 35 pF
. X5222
Figure 6. AC Load Circuit
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X5221

Timing Model

Timing within the XC7336 is accurately determined using
external timing parameters from the device data sheet,
using a variety of CAE simulators, or with the timing

model shown in Figure 7.

The timing model is based on the fixed internal delays of
the XC7336 architecture which consists of three basic
parts: I/O Blocks, the UIM and Fast Function Blocks. The
timing model identifies the internal delay paths and their
relationships to ac characteristics. Using this model and
the ac characteristics, designers can easily calculate the
timing information for the XC7336.

Fast Function Block (FFB) Internal AC Characteristics

Symbol | Parameter

trioa | FFB logic array delay ©

tr ogiLp | Low-power FFB logic array delay (©)
tesul FFB register setup time

ter FFB register hold time

tecor FFB register clock-to-output delay
tepp) FFB register pass through delay
traol FFB register async. set delay

terxi FFB p-term assignment delay

treD FFB feedback delay

XC7336-7 | XC7336-10 | XC7336-12 | XC7336-15
| Min | Max| Min | Max | Min | Max | Min | Max | ynits

1.5 1.5 2.0 20 ns
35 5.5 7.0 8.0 ns

1.5 25 3.0 4.0 ns

25 25 3.0 3.0 ns
1.0 1.0 1.0 1.0 ns
0.5 0.5 1.0 1.0 ns
2.0 25 3.0 4.0 ns
0.8 1.0 1.2 1.5 ns
4.0 5.0 6.5 8.0 ns

Notes: 6. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.

Internal AC Characteristics

 XC7336-5 | XC7336-7 | XC7336-10 | XC7336-12 | XC7336-15

Symbol | Parameter

LTV Input pad and buffer delay

teoyr | FFB output buffer and pad delay
tum Universal Interconnect Matrix delay
trcLk Fast clock buffer delay

Preliminary

Max | Min | Max | Min | Max | Min | Max | Units
25 3.5 4.0 5.0 ns
3.0 4.5 5.0 7.0 ns
4.5 5.0 7.0 8.0 ns
1.5 25 3.0 4.0 ns
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XC7336 CMOS EPLD

Combinatorial Switching Characteristics

Input, /O Pin

UIM Delay

Logic Delay

P-Term
Assignment
Delay

Transparent
Register
Delay

Output Buffer

Output Pin

fe— tn —>

- tym —>

— Yoal f—
tFLoal
— P |fe—
—»| lrDi | -—
tFPDI
tout
’ trout  [©

X3339

Asynchronous Clock Switching Characteristics
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Synchronous Clock Switching Characteristics
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XC7336 Pinouts
PQ44 PC44 Input XC7336  Output PQ44 PC44 Input XC7336 Output
39 1 I/FO/FI MR MC3-6 17 23 GND
40 2 I/FO/FI MC3-5 18 24 I/FO MC4-4
41 3 I/FO/FI MC3-4 19 25 I/FO MC4-3
42 4 1/FO/FI MC3-3 20 26 I/FO MC4-2
43 5 FO/FCLKO MC3-2 21 27 I/FO MC4-1
44 6 FO/FCLK1 MC3-1 22 28 I/F1
1 7 I/FO/FI MC1-1 23 29 I/FO MC2-9
2 8 I/FO MC1-2 24 30 I/FO MC2-8
3 9 I/FO MC1-3 25 31 GND
4 10 GND 26 32 Veoio
5 1 I/FO MC1-4 27 33 I/FO MC2-7
6 12 I/FO MC1-5 28 34 I/FO MC2-6
7 13 I/FO MC1-6 29 35 I/FO MC2-5
8 14 I/FO MC1-7 30 36 I/FO MC2-4
9 15 /FO MC1-8 31 37 I/FO MC2-3
10 16 I/FO MC1-9 32 38 I/FO MC2-2
11 17 I/FO MC4-9 33 39 FO/FOE1 MC2-1
12 18 I/FO/FI MC4-8 34 40 FO/FOEO MC3-9
13 19 I/FO/FI MC4-7 35 a Vet Vep
14 20 I/FO/FI MC4-6 36 42 I/FI
15 21 Voot 37 43 I/FO/FI MC3-8
16 22 I/FO MC4-5 38 44 //FO/FI MC3-7
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XC7336 CMOS EPLD

Ordering Information
XC7336 -5 PC44C

Device Type Temperature Range

Speed Number of Pins

——— Package Type

Speed Options
-15 15 ns pin-to-pin delay
-12 12 ns pin-to-pin delay
-10 10 ns pin-to-pin delay (commercial and industrial only)
-7 7.5 ns pin-to-pin delay (commercial only)
-5 5 ns pin-to-pin delay (commercial only)

Packaging Options
PC44 44-Pin Plastic Leaded Chip Carrier
WC44 44-Pin Windowed Ceramic Leaded Chip Carrier
PQ44  44-Pin Plastic Quad Flat Pack

Temperature Options

C Commercial 0°C to70°C
| Industrial -40°C to 85°C
M Military -55°C (Ambient) to +125°C (Case)
Component Availability
Pins 44 68 84 100 144 160 184 225
Type Plastic |Ceramic | Plastic | Plastic |Ceramic| Plastic |Ceramic| Plastic |Ceramic | Plastic |Ceramic| Plastic |Ceramic
PLCC | CLCC | PQFP | PLCC | CLCC | CLCC PGA PQFP | PGA PQFP | PGA BGA BGA
Code PC44 | WC44 | PQ44 | PC68 | WC84 | PC84 | WC84 | PQ100 | PG144 | PQ160 | PG184 | BG225 | WB225
15| ¢ | cim) [¢
12| Cl Cl(M) C
XC7336 -10{ CI | CI(M) C
-7 C C C
-5 C [9] Cc .
C = Commercial = 0° to +70°C | = Industrial = -40° to 85°C" X5470
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XC7354
54-Macrocell CMOS EPLD

Product Specifications

Features

* High-Performance EPLD
- 7.5 ns pin-to-pin speed on all fast inputs
- 125 MHz maximum clock frequency

¢ Advanced Dual-Block architecture
— Two Fast Function Blocks
- Four High-Density Function Blocks

¢ 100% interconnect matrix

* High-Speed arithmetic carry network
- 1 ns ripple-carry delay per bit
- 51 MHz 18-bit accumulators

» 54 Macrocells with programmable 1/O architecture

* Upto 54 inputs programmable as direct, latched, or
registered

* 18 outputs with 24 mA drive

e 3.3Vor5VI/O operation

* Meets JEDEC Standard (8-1A) for 3.3 V +0.3 V
* Power management options

* Multiple security bits for design protection

* 44- and 68-pin leaded chip carrier package

General Description

The XC7354 is a member of the Xilinx Dual-Block EPLD
family. It consists of two Fast Function Blocks and four
High-Density Function Blocks interconnected by a central
Universal Interconnect Matrix (UIM).

The six Function Blocks in the XC7354 (Figure 1) are
PAL-like structures, complete with programmable product
term arrays and programmable multilevel Macrocells.
Each Function Block receives 24 inputs, contains nine
Macrocells configurable for registered or combinatorial
logic and produces nine outputs which feedback to the
UIM.

The Universal Interconnect Matrix connects the Function
Blocks to each other and to all input pins, providing 100%
connectivity between the Function Blocks. This allows
logic functions to be mapped into the Function Blocks and
interconnected without routing restrictions.

Xilinx development software (XEPLD) supports all mem-
bers of XC7300 family. The designer can create, imple-
ment, and verify digital logic circuits for EPLD devices
using the Xilinx XEPLD Development System. Designs
can be represented as schematics consisting of XEPLD
library components, as behavioral descriptions, or as a
mixture of both. The XEPLD translator automatically per-
forms logic optimization, collapsing, mapping and routing
without user intervention. After compiling the design,
XEPLD translator produces documentation for design
analysis and creates a programming file to configure the
device.

The following lists some of the XEPLD Development Sys-
tem features.

» Familiar design approach similar to TTL and PLD
techniques

¢ Converts netlist to fuse map in minutes using a 386/
486 PC or workstation platform

* Interfaces to standard third-party CAE schematics,
simulation tools, and behavioral languages

 Timing simulation using Viewsim, OrCAD VST, Mentor,
* LMC and other tools compatible with the Xilinx Netlist
Format (XNF)

The XC7354 device is available in plastic and ceramic
leaded chip carriers. Package options include both win-
dowed ceramic for design prototypes and one-time pro-
grammable plastic versions for cost-effective production
volume.
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XC7354 CMOS EPLD
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24 36 VO/Fi MC5-9 MC4-1 0 38 —_
kk Serial Shift ))
Arithmetic Carry X5458

Figure 1. XC7354 Functional Block Diagram
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Power Management

200
The XC7354 power management scheme allows design- —"
ers to control on-chip power dissipation by configuring bower
individual Macrocells to operate in high-performance or 150 ____‘-0‘" ?‘2”/
low-power modes of operation. Unused Macrocells are — | i
turned off to minimize power dissipation.

High Performance

Operating current for each design can be approximated for
specific operating conditions using the following equation:

'CC (mA) = MCHP (30) + MCLp (26) +
MC (0.006 mA/MHz)

Where:

100

Typical 'CC (mA)

50

MChp = Macrocells in high-performance mode
MCyp
MC

f

Macrocells in low-power mode 0 50 100
Total number of Macrocells used Clock Frequency (MHz)

X5286

Clock frequency (MHz) Figure 2. Typical Icc vs Frequency for XC7354

Figure 2 shows a typical power calculation for the
XC7354 device, programmed as three 16-bit counters
and operating at the indicated clock frequency.
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XC7354 CMOS EPLD

Notice: The information contained in this data sheet pertains to products in the initial production phases of development.
These specifications are subject to change without notice. Verify with your local Xilinx sales office that you have the latest
data sheet before finalizing a design.

Absolute Maximum Ratings

Symbol | Parameter Value Units
Vee Supply voltage with respect to GND -0.5t07.0 \"
VN DC Input voltage with respect to GND -0.5t0 V¢ +5.0 \"
V1s Voltage applied to 3-state output with respect to GND -0.5t0 V¢ +5.0 \"
Tsta Storage temperature -65 to +150 °C
TsoL Maximum soldering temperature (10 s @ 1/16 in. = 1.5 mm) +260 °C

Warning. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the
device. These are stress ratings only, and functional operation of the device at these or any other conditions beyond
those listed under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings condl-
tions for extended periods of time may affect device reliability.

Recommended Operating Conditions

Symbol | Parameter Min Max | Units
Supply voltage relative to GND @ 5V Commercial Tp =0°C to 70°C 5.25 \
xgg:gﬂ Supply voltage relative to GND @ 5V Industrial Tp=-40°C 10 85°C | 4.5 5.5 v
Supply voltage relative to GND @ 5V Military Tp=-55°C to T +125°C | 4.5 5.5 \%
Veeio I/O supply voltage relative to GND @ 3.3 V 3.0 A3.6 \
ViL Low-level input voltage 0 0.8 v
ViH High-level input voltage 2.0 [Vgc+05| V
Vo Output voltage 0 Veeio \"
Tin Input signal transition time 50 ns
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DC Characteristics Over Recommended Operating Conditions

Symbol | Parameter Test Conditions Min Max Units
5V TTL High-level output voltage '\?H = ;\1/'0 mA 24 v
Y cc =Min
OH
o IOH =-3.2mA 2.4
3.3 V High-level output voltage Vg = Min \
|0|_ =24 mA
5V Low-level output voltage loL=12mA 0.5 \'
VOL VCC = Min
3.3 V Low-level output voltage {?‘- = 1&.’“ A (V0) 0.4 v
cc =Min
I Input leakage current Vee = Max +10.0 pA
I Vin = GND or Vegio -
P VCC = Max
loz Output high-Z leakage current Vo = GND or Vggio +10.0 pA
. X Vin=GND
Cin Input capacitance for Input and I/O pins f=1.0 MHz 10.0 pF
c Input capacitance for global control pins Vin =GND 15.0 F
IN (FCLKO, FCLK1, FCLK2, FOEO, FOE1) f=1.0 MHz : P
. Vo =GND
(1) o
Cout Output capacitance f=1.0 MHz 20.0 pF
le = VCC or GND
leci® Supply Current (low power mode) Veeint =Vecio=5V 140 mA Typ
f=1.0MHz @ 25°C
Noes: 1. Sample tested
2. Measured with device programmed as three 16-bit counters
Power-up/Reset Timing Parameters
Symbol | Parameter Min Typ Max Units
twMmR Master Reset input Low pulse width 100 ns
tRESET Configuration completion time 200 300 us
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XC7354 CMOS EPLD

Fast Function Block (FFB) External AC Characteristics®

)((g,:?f,:;: Cras10 | xcr3saz | xcrasas Unite
Symbol | Parameter ‘Max | Min | Max | Min | Max | Min | Max
for Max count frequency (1+2) 100.0 80.0 66.7 MHz
tsur | Fast input setup time before FCLK T (1) -I 5.0 6.0 7.0 ns
te Fast input hold time after FCLK T 0 0 0 ns
tcor FCLK T to output valid 55 8.0 9.0 12.0 | ns
tpro | Fast input to output valid (1+2) 7.5 10.0 12.0 15.0 | ns
tepry | /O to output valid (- 2) 12.0 16.0 19.0 230 | ns
towr Fast clock pulse width 4.0 5.0 5.5 6.0 ns
High-Density Function Block (FB) External AC Characteristics
’(‘g’:z“‘lyz (L‘fn;’"‘fz“;lg) XCT354-12 | XCTISAS |
Symbol | Parameter Min Max—I Min | Max [ Min | Max | Min | Max
fc Max count frequency 1+ 2) 95.2 76.9 66.7 55.6 MHz
tsy I/0 setup time before FCLK T (1:2) 10.5 13.0 15.0 18.0 ns
th IO hold time after FCLK T 0 0 0 0 ns
tco FCLK T to output valid 7.0 10.0 12.0 150 | ns
tpsy | VO setup time before p-term clock T @] 4.0 6.0 7.0 9.0 ns
tpy I/O hold time after p-term clock T 0 0 0 0 ns
tpco P-term clock T to output valid 13,5 17.0 20.0 240 | ns
tpp /O to output valid ('+2) 16.5 22,0 27.0 320 | ns
tow Fast clock pulse width 4.0 5.0 5.5 6.0 ns
trcw P-term clock pulse width 5.0 6.0 7.5 8.5 ns
[Advance Information |
Notes: 1. This parameter is given for the high-performance mode. In low-power mode, this parameter is increased due to

additional logic delay of tr ogiLp — trLoGI O t LogiLe — tLoar:
2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.
3. AC test load used for all parameters except where noted.
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Fast Function Block (FFB) Internal AC Characteristics

o (gfnfnﬁ‘;:s) XCT354-12 | XCT3541S |

Symbol | Parameter | Min | Maxl Min | Max | Min | Max | Min | Max

trioa | FFB logic array delay () . 15 20 20| ns
trLoaiLp | Low-power FFB logic array delay () 55 7.0 80| ns
tesul FFB register setup time 25 3.0 4.0 ns
teH FFB register hold time 25 3.0 3.0 ns
tecor FFB register clock-to-output delay 1.0 1.0 10| ns
trpD) FFB register pass through delay 0.5 1.0 10| ns
teaol FFB register async. set delay 25 3.0 40| ns
terxi FFB p-term assignment delay 1.0 12 15| ns
trrD FFB feedback delay 5.0 6.5 8.0| ns

o a1y | xcr3sa-12 | XC7354-15 e

Symbol | Parameter m _Max | Min | Max | Min | Max | Min | Max
tioa | FB logic array delay () = 35 4.0 50| ns
tioaie | Low power FB logic delay (1) , 7.5 9.0 11.0| ns
tsul FB register setup time 18] | 25 3.0 4.0 ns
thi FB register hold time - 35 4.0 5.0 ns
tcor FB register clock-to-output delay 1.0 1.0 1.0| ns
tpp FB register pass through delay 2.5 4.0 40| ns
taol FB register async. set/reset delay , 3.0 4.0 50| ns
™ | 160 18.0 21.0 ns
tHa Set/reset hold time after FCLKT | 0 | | o 0 0 ns

Set/reset recovery time before p-term
tpra clock T 10.0 12.0 15.0 ns
toua | Setfreset hold time after ptermclock 1| 50| | 6.0 8.0 9.0 ns
tpcy FB p-term clock delay 0 0 0 ns
togr FB p-term output enable delay 4.0 5.0 70| ns
tcarvs | ALU carry delay within 1 FB @ 6.0 8.0 120 | ns

Carry lookahead delay per additional
tcarvrs | Functional Block 2 15 2.0 30| ns

. Advance Information

Notes: 1. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.
2. Arithmetic carry delays are measured as the increase in required set-up time to adjacent Macrocell(s) for adder with
registered outputs.
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XC7354 CMOS EPLD

I/O Block External AC Characteristics

Symbol | Parameter

Max pipeline freciuency (input registerto FFB |

fin or FB register) (!
tsuin Input register/latch setup time before FCLK T |
[ Input register/latch hold time after FCLK T

tcoin FCLK T to input register/latch output
tcesuin | Clock enable setup time before FCLK T
tcerin | Clock enable hold time after FCLK T
townHin | FCLK pulse width high time

towun | FCLK pulse width low time

Internal AC Characteristics

Symbol | Parameter

tin Input pad and buffer delay

trour | FFB output buffer and pad delay

tour FB output buffer and pad delay

tum Universal Interconnect Matrix delay
troE Fast output enable/disable buffer delay
troLki | Fast clock buffer delay

| XC7354-7 | XC7354-10

XC7354-10
(Com/ind only) | XC7354-12 | XC7354-15
Min | Max | Min | Max | Min | Max | Units
76.9 66.7 55.6 MHz
5.0 6.0 7.0 ns
0 0 0 ns
3.5 4.0 50| ns
7.0 8.0 10.0 ns
0 0 0 ns
5.0 5.5 6.0 ns
5.0 5.5 6.0 ns
| (Ccomind only) | XC7354-12 | XC7354-15
Min | Max | Min | Max | Min | Max | Units
3.5 4.0 50| ns
4.5 5.0 70| ns
6.5 8.0 10.0] ns
6.0 7.0 8.0( ns
10.0 12.0 15.0( ns
2.5 3.0 40| ns

Note: 1. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.

Vrgsm‘

>

2

Device Output ©

>

Ry
Device Input
Rise and Fall

Times <3 ns

J- @® Test Point
j[ )

Output Type | Vecio Viest Ry Ry C,
FO 50V 50V 160Q 120Q | 35pF
33V 33V 260 @ 3600 | 35pF

Figure 3. AC Load Circuit

X3491
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XC7354 CMOS EPLD
XC7354 Pinouts
PC68 PC44 Input XC7354 Output PC68 PC44 Input XC7354 Output
1 1 I/FI/ MR 35 - /0 MC5-3
2 2 I/F1 36 24 I/O/FI MC5-9
3 3 I/FI 37 - /0 MC5-4
4 - I/FO MC1-1 38 - /10 MC4-1
5 4 I/FI 39 25 I/O/FI MC4-7
6 - I/O/FI MC6-7 40 26 I/O/FI MC4-8
7 - GND M - GND
8 5 O/FCLKO MC6-3 42 27 I/O/Fi MC4-9
9 6 O/FCLK1 MC6-4 43 28 I/FI
10 - O/FCLK2 MC6-5 44 - I/O/FI MC3-7
11 7 I/FI 45 - I/O/FI MC3-8
12 8 I/FO MC1-2 46 29 I/FO MC2-9
13 9 I/FO MC1-3 47 - I/O/FI MC3-9
14 10 GND 48 30 I/FO MC2-8
15 11 I/FO MC1-4 49 31 GND
16 - /0 MC5-5 50 32 Veeio
17 12 I/FO MC1-5 51 33 I/FO Mc2-7
18 - /10 MC5-6 52 34 I/FO MC2-6
19 13 I/FO MC1-6 53 - /0 MC4-2
20 - Veeio 54 - /10 MC4-3
21 14 I/FO MC1-7 55 35 I/FO MC2-5
22 15 I/FO MC1-8 56 36 I/FO MC2-4
23 16 I/FO MC1-9 57 37 I/FO MC2-3
24 - 1/O/F1 MCé6-8 58 38 I/FO MC2-2
25 17 1/O/FI MC5-7 59 - VeeInt
26 - //O/FI MC6-9 60 39 O/CKENO MC3-3
27 18 1/O/FI MC6-1 61 - O/CKENT MC3-4
28 19 I/O/FI MC6-2 62 40 O/FOEO MC3-5
29 20 I/O/FI MC6-6 63 41 Veeint/Vep
30 21 Veeint 64 - O/FOE1 MC3-6
31 22 I/O/FI MC5-8 65 42 I/FI
32 - /0 MC5-1 66 - I/FO MC2-1
33 - /O MC5-2 67 43 I/FI
34 23 GND 68 44 I/FI
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XC7354 CMOS EPLD

For a detailed description of the device architecture, see the XC7300 CMOS EPLD Family data sheet, page 3-1
through 3-7.

For a detailed description of the device timing, see pages 3-9, 3-10 and 3-24 through 3-26.

For package physical dimensions and thermal data, see Section 5.

Ordering Information

Device Ty,

XC7354-_7PC84C

— ]|

Speed Options

-15
-12
-10

-7

15 ns pin-to-pin delay
12 ns pin-to-pin delay

10 ns pin-to-pin delay (commerial and industrial only)

Temperature Range

Number of Pins

Package Type

7.5 ns pin-to-pin delay (commercial only)

Packaging Options
PC44 44-Pin Plastic Leaded Chip Carrier
WC44 44-Pin Windowed Ceramic Leaded Chip Carrier
PC68 68-Pin Plastic Leaded Chip Carrier
WC68 68-Pin Windowed Ceramic Leaded Chip Carrier

Temperature Options

C Commercial 0°C to 70°C
| Industrial  -40°C to 85°C
M Military -55°C (Ambient) to 125°C (Case)
Component Availability
Pins 44 68 84 100 144 160 184 225
Type Plastic |Ceramic | Plastic | Plastic |Ceramic| Plastic |Ceramic | Plastic |Ceramic| Plastic {Ceramic | Plastic |Ceramic
PLCC | CLCC | PQFP | PLCC CLCC | CLCC PGA PQFP PGA PQFP PGA BGA BGA
Code PC44 | WC44 | PQ44 | PC68 | WCB4 | PCB4 | WC84 | PQ100 | PG144 | PQ160 | PG184 | BG225 | WB225
450 o [am | | -
-12| Cl CI(M) | a
XC7354 -10| CI Cl Cl
71 © ©) (C)

C = Commercial = 0° to +70°C

I = Industri

ial = -40° to 85°C

X5469
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XC7372
72-Macrocell CMOS EPLD

Preliminary Product Specifications

Features

¢ High-Performance EPLD
- 7.5 ns pin-to-pin speed on all fast inputs
- 125 MHz maximum clock frequency

¢ Advanced Dual-Block architecture
- Two Fast Function Blocks
— Six High-Density Function Blocks

¢ 100% interconnect matrix

* High-Speed arithmetic carry network
-1 ns ripple-carry delay per bit
- 61 MHz 18-bit accumulators

* 72 Macrocells with programmable I/O architecture

* Up to 84 inputs programmable as direct, latched, or
registered

¢ 18 outputs with 24 mA drive

e 3.3 Vor5VI/O operation

* Meets JEDEC Standard (8-1A) for 3.3V £0.3 V
¢ Power management options

* Multiple security bits for design protection

* 68-, 84-pin leaded chip carrier and 100-pin plastic quad
flat pack

General Description

The XC7372 is a member of the Xilinx Dual-Block EPLD
family. It consists of two Fast Function Blocks and six
High-Density Function Blocks interconnected by a central
Universal Interconnect Matrix (UIM).

The eight Function Blocks in the XC7372 (Figure 1) are
PAL-like structures, complete with programmable product
term arrays and programmable multilevel Macrocells.
Each Function Block receives 24 inputs, contains nine
Macrocells configurable for registered or combinatorial
logic and produces nine outputs which feedback to the
UIM.

The Universal Interconnect Matrix connects the Function
Blocks to each other and to all input pins, providing 100%
connectivity between the Function Blocks. This allows

logic functions to be mapped into the Function Blocks and
interconnected without routing restrictions.

The XC7372 device is designed in 0.8u CMOS EPROM
technology.

In addition, the XC7372 includes a programmable power
management feature to specify high-performance or low-
power operation on an individual Macrocell-by-Macrocell
basis. Unused Macrocells are automatically turned off to
minimize power dissipation. Designers can operate
speed-critical paths at maximum performance, while non-
critical paths dissipate less power.

Xilinx development software (XEPLD) supports all mem-
bers of the XC7300 family. The designer can create,
implement, and verify digital logic circuits for EPLD
devices using the Xilinx XEPLD Development System.
Designs can be represented as schematics consisting of
XEPLD library components, as behavioral descriptions,
or as a mixture of both. The XEPLD translator automati-
cally performs logic optimization, collapsing, mapping and
routing without user intervention. After compiling the
design, XEPLD translator produces documentation for
design analysis and creates a programming file to config-
ure the device.

The following lists some of the XEPLD Development Sys-
tem features.

* Familiar design approach similar to TTL and PLD
techniques

¢ Converts netlist to fuse map in minutes using a 386/
486 PC or workstation platform

* Interfaces to standard third-party CAE schematics,
simulation tools, and behavioral languages

¢ Timing simulation using Viewsim, OrCAD VST, Mentor,
LMC and other tools compatible with the Xilinx Netlist
Format (XNF)

The XC7372 device is available in plastic and ceramic
leaded chip carriers and plastic quad flat packs. Package
options include both windowed ceramic for design proto-
types and one-time programmable plastic versions for
cost-effective production volume.
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XC7372 CMOS EPLD
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Figure 1. XC7372 Functional Block Diagram
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Power Management

The XC7372 power management scheme allows design-
ers to control on-chip power dissipation by configuring
individual Macrocells to operate in high-performance or
low-power modes of operation. Unused Macrocells are
turned off to minimize power dissipation.

Operating current for each design can be approximated for
specific operating conditions using the following equation:

'CC (mA) = MCHp (31) + MCLp (26) +

MC (0.012 mA/MHz) f
Where:
MCpp = Macrocells in high-performance mode

MC_p = Macrocells in low-power mode
MC

f

Total number of Macrocells used

Clock frequency (MHz)

Figure 2 shows typical power calculation for the XC7372
programmed as four 16-bit counters and operating at the
indicated clock frequency.

400

300 <mance
< pow
R e R 5
£ 200
8
s
[

100

0

50

Clock Frequency (MHz)

100

X5287

Figure 2. Typical Igc vs Frequency for XC7372
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XC7372 CMOS EPLD

Notice: The information contained in this data sheet pertains to products in the initial production phases of development.
These specifications are subject to change without notice. Verify with your local Xilinx sales office that you have the latest

data sheet before finalizing a design.

Absolute Maximum Ratings

Symbol Parameter Value Units
Vee Supply voltage with respect to GND -0.5t07.0 \Y
VN DC Input voltage with respect to GND -0.5to Ve +5.0 \
Vts Voltage applied to 3-state output with respect to GND -0.5to Ve +5.0 \Y
Tsta Storage temperature -65 to +150 °C
TsoL Maximum soldering temperature (10 s @ 1/16 in. = 1.5 mm) +260 °C

Warning. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the
device. These are stress ratings only, and functional operation of the device at these or any other conditions beyond
those listed under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conal-

tions for extended periods of time may affect device reliability.

Recommended Operating Conditions

Symbol | Parameter Min Max Units
Supply voltage relative to GND @ 5V Commercial Tpo=0°Cto70°C| 4.75 5.25 \Y
xgg:{")“l Supply voltage relative to GND @ 5V Industrial Ta =-40°C to 85°C| 4.5 5.5 \Y
Supply voltage relative to GND @ 5V Military  Tp=-55°CtoTg+125°C| 4.5 55 \
Veeio I/O supply voltage relative to GND @ 3.3 V 3.0 3.6 \
Vi Low-level input voltage 0 0.8 \
\m High-level input voltage 20 |Vgc+05| V
Vo Output voltage 0 Veeio \"
Tin Input signal transition time 50 ns
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DC Characteristics Over Recommended Operating Conditions

Symbol | Parameter Test Conditions Min Max Units
5V TTL High-level output voltage lop =-4.0 mA 2.4 v
VCC = Min
Yor 3.3V High-level output voltage lon =-3.2mA 24 v
=V g d 9 Ve = Min :
loL =24 mA (I/O)
5V Low-level output voltage loL =12 mA, 0.5 \
VoL Voo =Min
IOL =10mA
3.3 V Low-level output voltage Ve = Min 0.4 \
VCC = Max +
i Input leakage current Vi = GND or Vegio +10.0 pA
- Vee = Max
loz Output high-Z leakage current Vg = GND or Vggio +10.0 pA
. . Vin=GND
Cin Input capacitance for Input and I/O pins f=1.0 MHz 10.0 pF
c Input capacitance for global control pins Vin=GND 15.0 E
IN (FCLKO, FCLK1, FCLK2, FOEO, FOE1) f=1.0 MHz : P
Vo =GND
(1) i o
Cout Output capacitance f=1.0 MHz 20.0 pF
VlN = VCC or GND
lcct® Supply Current (low power mode) Veeint=Vecio=5V | 187 mA Typ
f=1.0MHz @ 25°C
Notes: 1. Sample tested
2. Measured with device programmed as four 16-bit counters
Power-up/Reset Timing Parameters
Symbol | Parameter Min Typ Max Units
twmr | Master Reset input Low pulse width 100 ns
treser | Configuration completion time 200 300 us
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XC7372 CMOS EPLD

Fast Function Block (FFB) External AC Characteristics

XC7372-7 | XC7372-10
Symbol | Parameter (°°"‘3°m (Comnd only) | XC737212 | XC737213 Units

Min | Max | Min | Max | Min | Max | Min | Max
for Max count frequency (1 2) 125.0 100.0 80.0 66.7 MHz
tsur Fast input setup time before FCLK T (| 4.0 5.0 6.0 7.0 ns
the Fast input hold time after FCLK T 0 0 0 0 ns
tcor FCLK T to output valid 5.5 8.0 9.0 120 ns
tepro | Fast input to output valid (1) 75 10.0 12.0 15.0| ns
tory | VO to output valid (-2 | 120] 17.0 20.0 240 ns
towr | Fast clock pulse width !— 4.0 | 50 5.5 6.0 ns

High-Density Function Block (FB) External AC Characteristics

)((;1333,; (gf:/ﬁ:‘::fy’) XCT37212 | XCT3T215 |
Symbol | Parameter Min | Max | Min | Max | Min | Max | Min | Max
fe Max count frequency (12 95.2 71.4 62.5 52.6 MHz
tsy /O setup time before FCLK T (1:2) 10.5 14.0 16.0 19.0 ns
ty I/O hold time after FCLK T 0 0 0 0 ns
tco FCLK T to output valid 7.0 10.0 12.0 15.0 | ns
tpsu I/O setup time before p-term clock T @) 4.0 6.0 7.0 9.0 ns
tpy /0 hold time after p-term clock T 0 0 0 0 ns
trco P-term clock T to output valid 13.5 18.0 21.0 250 ns
tpp /O to output valid (12 16.5 23.0 28.0 33.0| ns
tow Fast clock pulse width 4.0 5.0 5.5 6.0 ns
toow | P-term clock pulse width | 50 6.0 75 8.5 ns

Advance Information

Notes: 1. This parameter is given for the high-performance mode. In low-power mode, this parameter is increased due to
additional logic delay of tFLOGlLP - tFLOG| ort LOGILP — tLOGl'
2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.
3. AC test load used for all parameters except where noted.
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Fast Function Block (FFB) Internal AC Characteristics

oorsT21 | Xerar242 | XCT372-15 Units

Symbol | Parameter Min | Max | Min | Max | Min | Max

trioal | FFB logic array delay (¥ 15 2.0 20| ns
tr oaiLp | Low-power FFB logic array delay () 5.5 7.0 80| ns
tesur FFB register setup time 25 3.0 4.0 ns
teRi FFB register hold time 25 3.0 3.0 ns
trcol FFB register clock-to-output delay 1.0 1.0 1.0| ns
tepDI FFB register pass through delay 0.5 1.0 10| ns
traol FFB register async. set delay 25 3.0 40| ns
terxa FFB p-term assignment delay 1.0 1.2 15| ns
terD FFB feedback delay 5.0 6.5 80| ns

High-Density Function Block (FB) Internal AC Characteristics

é‘f’ﬁﬁ:& Xerarz-iz | Xerarzs |

Symbol | Parameter Min | Max | Min | Max | Min | Max
tioa | FBlogic array delay (" 3.5 4.0 50| ns
tiocip | Low power FB logic delay (") 75 9.0 1.0 ns
tsul FB register setup time 25 3.0 4.0 ns
th FB register hold time 3.5 4.0 5.0 ns
tcor FB register clock-to-output delay 1.0 1.0 10| ns
tpp) FB register pass through delay 25 4.0 40| ns
taol FB register async. set/reset delay 3.0 4.0 50| ns
tRa Set/reset recovery time before FCLK T 17.0 19.0 22.0 ns
tha Set/reset hold time after FCLK T ] 0 0 ns

Set/reset recovery time before p-term
tpRA clock T 10.0 12.0 15.0 ns
tPHA Set/reset hold time after p-term clock T| 5. 6.0 8.0 9.0 ns
trcy FB p-term clock delay 0 0 0 ns
torl FB p-term output enable delay 4.0 5.0 70| ns
tcarvs | ALU carry delay within 1 FB @ 6.0 8.0 120 | ns

Carry lookahead delay per additional
tcaryrs | Functional Block 1.5 2.0 30| ns

Notes: 1. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.
2. Arithmetic carry delays are measured as the increase in required set-up time to adjacent Macrocell(s) for adder with
registered outputs.
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XC7372 CMOS EPLD

/O Block External AC Characteristics

XC7372-10
(Com/nd only) | XC7372-12 | XC7372-15
Symbol | Parameter _ Min | Max | Min | Max | Min | Max | Units
Max pipeline frequency (input register to
fin FFB or FB register) () 71.4 62.5 52.6 MHz
Input register/latch setup time before
tsuin FCLK T - 5.0 6.0 7.0 ns
LY Input register/latch hold time after FCLK T | 0 0 0 ns
tcoin FCLK T to input register/latch output 3.5 4.0 50| ns
tcesuin | Clock enable setup time before FCLK T 7.0 8.0 10.0 ns
tcerin | Clock enable hold time after FCLK T 0 0 0 ns
tcwnin | FCLK pulse width high time 5.0 5.5 6.0 ns
tcowun | FCLK pulse width low time 5.0 5.5 6.0 ns

Internal AC Characteristics

| XC7372-10
only) | (Comindonly) | XC7372-12 | XC7372-15
Symbol | Parameter \ m Min | Max | Min | Max | Min | Max | Units
tiN Input pad and buffer delay . 35 4.0 50| ns
trout | FFB output buffer and pad delay 45 5.0 70| ns
tour FB output buffer and pad delay 6.5 8.0 100 ns
tum Universal Interconnect Matrix delay 7.0 8.0 90| ns
troE Fast output enable/disable buffer delay 10.0 12.0 150 | ns
trcLki | Fast clock buffer delay 25 3.0 40| ns

Advance Information

Note: 1. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.

Vrgst
(3}

>
$h

Device Output © ' ® Test Point
< l
I )

Device Input
Rise and Fall
Times <3 ns

Output Type Veeio Vrest Ry Ry CL
FO sov soV 180 Q 1200 35pF
33V 33V 260 Q 360 Q 35 pF
X3491

Figure 3. AC Load Circuit
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XC7372 CMOS EPLD
XC7372 Pinouts

PQ100| PC84 | PC68 | Input XC7372  Output PQ100| PC84 | PC68| Input XC7372  Output
15 1 1 MR 65 43 35 I/OIFI MC6-9
16 2 2 I/FI 66 44 36 /0 MC5-1
17 3 3 I/FI 67 45 37 /0 MC5-2
18 4 4 I/F1 68 46 38 110 MC5-3
19 5 5 ] 69 47 39 /0 MC5-4
20 6 6 I/FI 70 48 40 110 MC5-5
21 - - VO/FI MC8-8 71 49 41 GND
22 7 - VF1 72 50 42 I7e) MC5-6
23 8 7 GND 73 51 - 170) MC4-5
24 9 8 | O/FCLKO MC8-3 74 52 - 110 MC4-4
25 10 9 | O/FCLK1 MC8-4 75 - - 0 MC3-1
26 - - FO MC1-1 76 53 43 I/OIFI MC5-7
27 11 - IVOIFI MC8-9 77 - - GND
28 - - Veeio 78 54 44 I/OJF MC5-8
29 12 10 | O/FCLK2 MC8-5 79 55 45 I/O/FI MC5-9
30 13 11 FO MC1-2 80 56 46 Ie) MC4-1
31 14 12 FO MC1-3 81 - - 0 MC3-2
32 15 13 FO MC1-4 82 - - I/OJFI MC3-8
33 16 14 GND 83 57 47 /0 MC4-2
34 17 15 FO MC1-5 84 58 - o) MC4-6
35 18 16 FO MC1-6 85 59 48 /0 MC4-3
36 - - o) MC8-1 86 60 49 GND
37 19 17 FO MC1-7 87 61 - 1/O/FI MC4-7
38 20 18 FO MC1-8 88 62 - I/O/FI MC4-8
39 21 19 FO MC1-9 89 63 - I/OJFI MC4-9
40 22 20 Veeio 90 64 50 Veeio
41 23 - 110 MC7-1 91 65 51 FO MC2-9
42 24 - 110 MC7-2 92 66 52 FO MC2-8
43 25 - 110 MC7-3 93 67 53 FO MC2-7
44 26 21 /0 MC7-6 94 - - I/OIF MC3-9
45 - - o) MC8-2 95 68 54 FO MC2-6
46 27 - GND 96 69 55 FO MC2-5
47 28 22 I/O/FI MC7-7 97 70 56 FO MC2-4
48 - - o MC8-6 98 71 57 FO MC2-3
49 29 23 I/O/F1 MC7-8 99 72 58 FO MC2-2
50 30 24 IVO/FI MC7-9 100 73 59 VeeInt
51 31 25 1/0 MC6-1 1 74 60 | O/CKENO MC3-3
52 32 26 /0 MC6-1 2 - - GND
53 - - Veeio 3 75 61 | O/CKENI MC3-4
54 33 27 110 MC6-3 4 - - FO MC2-1
55 34 - 11O MC7-4 5 76 62 | O/FOEO MC3-5
56 35 - 110 MC7-5 6 77 - O/FOE1 MC3-6
57 36 28 1e) MC6-4 7 78 63 Veeint/Vep
58 37 20 /0 MC6-5 8 79 - I/FI
59 38 30 Veeint 9 - - IVOJFI MC3-7
60 39 31 110 MC6-6 10 80 64 I/FI
61 - - I/O/FI MC 8-7 1 81 65 I/FI
62 40 32 I/O/FI MC6-7 12 82 66 I/FI
63 41 33 I/O/FI MC6-8 13 83 67 I/FI
64 42 34 GND 14 84 68 I/FI
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XC7372 CMOS EPLD

For a detailed description of the device architecture, see the XC7300 CMOS EPLD Family data sheet, page 3-1

through 3-7.

For a detailed description of the device timing, see pages 3-9, 3-10 and 3-34 through 3-36.

For package physical dimensions and thermal data, see Section 5.

Ordering Information -

XC7372 -

Device Type

Speed —

Speed Options

-15 15 ns pin-to-pin delay
-12 12 ns pin-to-pin delay
-10 10 ns pin-to-pin delay (commercial and industrial only)

-7 7.5 ns pin-to-pin delay (commercial only)

Packaging Options

7 PC84C

Temperature Range

Number of Pins

PC68 68-Pin Plastic Leaded Chip Carrier
WC68 68-Pin Windowed Ceramic Leaded Chip Carrier
PC84 84-Pin Plastic Leaded Chip Carrier
WC84 84-Pin Windowed Ceramic Leaded Chip Carrier
PQ100 100-Pin Plastic Quad Flat Pack

Temperature Options

Package Type

C Commercial 0°C to 70°C
| Industrial -40°C to 85°C
M Military -55°C (Ambient) to 125°C (Case)
Component Availability
Pins 44 68 84 100 144 160 184 225
Type Plastic |Ceramic | Plastic | Plastic |Ceramic| Plastic |Ceramic | Plastic |Ceramic | Plastic |Ceramic | Plastic |Ceramic
PLCC | CLCC | PQFP | PLCC | CLCC | CLCC PGA PQFP | PGA PQFP | PGA BGA BGA
Code PC68 | WC84 | PC84 | WC84 | PQ100 | PG144 | PQ160 | PG184 | BG225 | WB225
Cl ClL (M) Cl Cli(M) Cl
B Cl Ci(M) Cl Cl cl
Xcar2 Cl Cl Cl Cl (o))
T C) © ©) ©) ©)
C = Commercial = 0° to +70°C | = Industrial = -40° to 85°C

Parenthesis indicate future product plans
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XC73108
108-Macrocell CMOS EPLD

Preliminary Product Specifications

Features

* High-Performance EPLD
- 7.5 ns pin-to-pin speed on all fast inputs
- 125 MHz maximum clock frequency

¢ Advanced Dual-Block architecture
- 2 Fast Function Blocks
- 10 High-Density Function Blocks

¢ 100% interconnect matrix

* High-Speed arithmetic carry network
- 1 ns ripple-carry delay per bit
- 56 MHz 18-bit accumulators

* 108 Macrocells with programmable 1/0O architecture

¢ Up to 120 inputs programmable as direct, latched, or
registered

* 18 outputs with 24 mA drive

e 3.3 Vor5VI/O operation

* Meets JEDEC Standard (8-1A) for 3.3V £0.3 V
* Power management options

* Multiple security bits for design protection

* 84-pin leaded chip carrier, 144-pin pin-grid-array
packages, 100-, 160-pin plastic quad flat pack and 225-
pin ball grid array

General Description

The XC73108 is a member of the Xilinx Dual-Block EPLD
family. It consists of two Fast Function Blocks and ten
High-Density Function Blocks interconnected by a central
Universal Interconnect Matrix (UIM).

The eight Function Blocks in the XC73108 (Figure 1) are
PAL-like structures, complete with programmable product
term arrays and programmable multilevel Macrocells.
Each Function Block receives 24 inputs, contains nine
Macrocells configurable for registered or combinatorial
logic and produces nine -outputs which feedback to the
UiM.

The Universal Interconnect Matrix connects the Function
Blocks to each other and to all input pins, providing 100%
connectivity between the Function Blocks. This allows

logic functions to be mapped into the Function Blocks and
interconnected without routing restrictions.

The XC73108 device is designed in 0.8 CMOS EPROM
technology.

In addition, the XC73108 includes a programmable power
management feature to specify high-performance or low-
power operation on an individual Macrocell-by-Macrocell
basis. Unused Macrocells are automatically turned off to
minimize power dissipation. Designers can operate
speed-critical paths at maximum performance, while non-
critical paths dissipate less power.

Xilinx development software (XEPLD) supports all mem-
bers of the XC7300 family. The designer can create,
implement, and verify digital logic circuits for EPLD
devices using the Xilinx XEPLD Development System.
Designs can be represented as schematics consisting of
XEPLD library components, as behavioral descriptions,
or as a mixture of both. The XEPLD translator automati-
cally performs logic optimization, collapsing, mapping and
routing without user intervention. After compiling the
design, XEPLD translator produces documentation for
design analysis and creates a programming file to config-
ure the device.

The following lists some of the XEPLD Development Sys-
tem features.

¢ Familiar design approach similar to TTL and PLD
techniques

» Converts netlist to fuse map in minutes using a 386/
486 PC or workstation platform

« Interfaces to standard third-party CAE schematics,
simulation tools, and behavioral languages

¢ Timing simulation using Viewsim, OrCAD VST, Mentor,
LMC and other tools compatible with the Xilinx Netlist
Format (XNF)

The XC73108 device is available in plastic and ceramic
leaded chip carriers, pin-grid-arrays, plastic quad flat packs
and ball-grid-array packages. Package options include
both windowed ceramic for design prototypes and one-
time programmable plastic versions for cost-effective pro-
duction volume.
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XC73108 CMOS EPLD

BG225/ BG225/

PC84 PQ100 PG144 PQ160 PQ160 PG144 PQ100 PC84
84 14 H1 19 VFL — VFI 22 J1 16 2
83 13 H2 18 VFI — VI 23 K1 17 3
82 12 G1 17 VFL — VFI 24 J2 18 4
81 1 G3 15 VFI —— VI 26 K3 19 5
80 10 E1 13 VFI F— VFI 28 L2 20 6
79 8 F3 " VFI — VFI 30 N1 22 7

6 } 6
12t f2
FFB1 FFB2
— 26 N3 36 FO MC1-1 MC2-9 FO 142 A7 91 65
13 30 P4 44 FO MC1-2 MC2-8 FO 143 A6 92 66
14 31 P5 47 FO MC13]| 7 % N =2 FO 144 B7 93 67
15 32 N6 49 FO Mci1-4| £ [mc26 FO 146 Cé 95 68
17 34 P7 54 FO mcis| % |3 3. & [wcas FO 148 B5 96 69
18 35 R6 56 FO mMCi6| 2 2 [mcza FO 152 A3 97 70
19 37 P8 58 FO mMCi7| < 9 9 < [mcz3 FO 154 C5 98 7
20 38 RS 5 [ ro Wi 8 "'D— =3 Fo |16 A2 99 72
21 39 N8 60 FO MC1-9 l‘ MC2-1 FO 4 B1 4 —
9 9
39 39
45
Arithmetic Carry
( Serial Shitt
(oo | res
— — F14 105 1) I MC12-1 MC3-9 VOIFI 96 K15 61 —
— — E15 107 VO - MC12-2| MC3-8 VO/FI 93 L15 — —_
—_ —_— D15 109 Vo — mc123| 5 | Mca7 VO/FI 91 K13 — —
_ — E13 112 [ — MCi2-4| £ £ [Mc3s K ) 89 L14 — -_
—_ — B15 114 - mCi2-5|  [.2L | 21 .| T [(vcas [ 87 L13 —_ —
— — A4 123 ) ] mMC12-6| 2 2 ['mMc34 Vo 84 P15 _— —_
— — cn 125 VOIFI mciz7| < < 'mca3 K Vo 78 N13 — —_
—_ - A12 128 VO/FI MC12:8] MC3-2 Vo 76 R14 - —
—_ 75 C13 116 VOIFI MC12-9] MC3-1 — VO 74 N11 —_ —
l I FB11 FB4 l ]
- - B10 130 Vo h— MC11-1 MC4-9 VO/FI 72 R13 48 -
— — A5 147 [ == MC11-2 MC4-8 VO/FI 69 R11 45 —
— - Ad 151 ) I~ MC113| 5 | Mca7 VOIFI 57 R7 36 —
_ — B4 153 ) o Mc11-4| Z [mcas NS [ 67 P10 — —
— — B3 155 ) = mciis| £ |-2. | | 2% .| T Mcas S— ) 55 N7 — —
— — C3 158 ) - MC11-5] % UIM 2 [wmcaa — o 50 P6 — —
—_ 81 C10 129 VOIFI [MC11-7] < ['mcas vo 48 R4 —_ —
— 82 AN 133 [ vom LR == o 45 N5 — —
— 94 B6 145 VO/FI MC11-9) MCa-1 Vo 43 R2 —_ —
l I FB10 FBS l I
—_ - K2 25 o MC10-1 MC5-9 VO/FI 16 F1 — -—
— _ L1 27 [ MC10-2] MC5-8 VO/FI 14 G2 —_ —_
9 24 N2 33 O/FCLKO mci03| 5. [ Mcs7 VO/FI 12 F2 9 _—
10 25 M3 35 [ oFcki MCi10-4| = [ mMcs6 OIFOET 8 Ci1 6 77
12 29 P3 42 O/FCLK2 mcio5| |2 | 21 | T ["Mcss O/FOED 6 D2 5 76
— — P1 34 o MC106| 9 g MC5-4 OICKENT 2 c2 3 75
- — L3 32 VOIFI mcio7| < MC53 OICKEND | 159 B2 1 74
—_ 21 M1 29 VO/FI MC10-8] MC5-2 [ 9 E2 — _
1 27 P2 37 VOIFI MC10-9 MC5-1 o 7 E3 —_ —_
[] roo o ||
23 4 R9 62 V0 = MC9-1 MC6-9 VO/FI 140 c8 89 63
24 42 R10 63 Vo — MC9-2 MC6-8 VO/FI 139 A8 88 62
25 43 P9 64 ) | MCo3| | 5. [MCe7 VO/FI 138 B8 87 61
34 55 M14 86 Vo — MCo4| & X [mces ) 135 C9 84 58
35 56 N15 88 ) v mco5| & [-2L ] 2L .|  wces Vo 113 Ci4 73 51
26 44 N10 68 73] - MCo-6| 2 2 ['mce4 Vo 115 D13 74 52
28 47 R12 71 VO/FI mco7| < < [mce3 — ) 136 A10 85 59
29 49 P12 73 VOIFI MC98 MC6-2 ) 134 B9 83 57
30 50 P13 75 VOIFI MC9-9 MC6-1 Vo 126 A13 80 56
l l FB8 FB7
31 51 N12 77 0 — MC8-1 MC7-9 VO/FI 124 B12 79 55
32 52 P14 79 Vo - MC8-2 MC7-8 VOIF1 122 B13 78 54
33 54 N14 82 2] I mcs3| 5 | Mo77 VOIFI 117 B14 76 53
36 57 M15 90 3 - MC84| £ X [mc76 Vo 11 D14 72 50
37 58 K14 92 ) - mces| & |-2L ] | 2L .| € [‘mcrs [ 108 E14 70 48
39 60 J13 95 [ ) mcs6| 2 2 [mc74 ) 106 F13 69 47
40 62 J15 97 VOIFI mce7| < < [mcr3 Vo 104 G14 68 46
a1 63 H14 98 VO/FI MC8-8 MC7-2 ) 103 F15 67 45
43 65 Gi3 101 VOIF1 MC8-9 MC7-1 — 3 102 G15 66 44
k L Serial Shif ) ) woasa
Arithmetic Carry

Figure 1. XC73108 Functional Block Diagram
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Power Management 600

The XC73108 power management scheme allows
designers to control on-chip power dissipation by config-
uring individual Macrocells to operate in high-perfor-
mance or low-power modes of operation. Unused
Macrocells are turned off to minimize power dissipation.

450

formen ™
\—\'\g“ pe! /

Operating current for each design can be approximated for
specific operating conditions using the following equation:

lec (MA) = MCyp (2.4) + MCip (2.1) +
MC (0.015 mA/MHz) f

Where:

300

/ oW

Typical Il (MA)

150

MCyp = Macrocells in high-performance mode

MC.r = Macrocells in low-power mode 0
MC

f Figure 2. Typical Igc vs Frequency for XC73108
Figure 2 shows a typical calculation for the XC73108 device. l

50 100
Total number of Macrocells used Clock Frequency (MHz)

X5288

Clock frequency (MHz)

Notice: The information contained in this data sheet pertains to products in the initial production phases of
development. These specifications are subject to change without notice. Verify with your local Xilinx sales office that
you have the latest data sheet before finalizing a design.

Absolute Maximum Ratings

Symbol Parameter Value Units
Vee Supply voltage with respect to GND -0.5107.0 \
Vin DC Input voltage with respect to GND -0.5to Vg¢ +5.0 \
Vrs Voltage applied to 3-state output with respect to GND -0.5to V¢ +5.0 \
Tsta Storage temperature -65 to +150 °C
TsoL Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) +260 °C

Warning. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the
device. These are stress ratings only, and functional operation of the device at these or any other conditions beyond
those listed under Recommended Operating Condiitions is not implied. Exposure to Absolute Maximum Ratings conai-
tions for extended periods of time may affect device reliability.

Recommended Operating Conditions

Symbol | Parameter Min Max Units
Supply voltage relative to GND @ 5V Commercial Ta =0°C to 70°C 4.75 5.25 v
Veant! Supply voltage relative to GND @ 5V Industrial T, =-40°C to 85°C 4.5 5.5 \
Veceio Supply voltage relative to GND @ 5V Military Tc =-55°C to 125°C 4.5 5.5 \
Vecio 1/O supply voltage relative to GND @ 3.3V 3.0 3.6 \
Vi Low-level input voltage 0 0.8 \"
Viy High-level input voltage 2.0 Ve 0.5 Vv
Vo Output voltage 0 Veeio Vv
Tin Input signal transition time 50.0 ns
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XC73108 CMOS EPLD

DC Characteristics Over Recommended Operating Conditions

Symbol Parameter Test Conditions Min Max Units
lOH =-4.0mA
5V TTL High-level output voltage Vee =Min 2.4 \"
lon=-32mA 24
Vou 3.3 V High-level output voltage Vee =Min v
loL =24 mA (FO)
loL = 12 mA (I/O)
5V Low-level output voltage Vee =Min 0.5 v
lOL =10mA
VoL 3.3 V Low-level output voltage Vee =Min 0.4 v
Vcc = Max
M Input leakage current Vin=GND or Veeio +10.0 pA
VCC = Max
loz Output high-Z leakage current Vo =GND or Vggio +10.0 pA
Vin = GND
Cin Input capacitance for Input and I/O pins f=1.0MHz 10.0 pF
Input capacitance for global control pins Vin =GND
Cin (FCLKO, FCLK1, FCLK2, FOEO, FOE1) f=1.0 MHz 15.0 pF
Vo = GND
Cout'” Output capacitance f=1.0 MHz 20.0 pF
V|N = VCC or GND
Veeint =Vecio =5V
|cc1(2) Supply Current (low power mode) f=1.0 MHz @ 25°C 227 mA Typ
Notes: 1. Sample tested
2. Measured with device programmed as six 16-bit counters
Power-up/Reset Timing Parameters
Symbol Parameter Min Typ Max Units
twMmR Master Reset input Low pulse width 100 ns
tReSET Configuration completion time 200 300 us
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2
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g

Fast Function Block (FFB) External AC Characteristics

’((g)f‘"ootﬁ;; X(gZ:" Pl éim\zsolfy) XC73108-15 | XC73108-20
Symbol | Parameter Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Units
fop Max count frequency (-2 125.0 100.0 80.0 66.7 50.0 MHz
tsur Fast input setup time before FCLK T("| 4.0 5.0 6.0 7.0 10.0 ns
thr Fast input hold time after FCLK T 0 0 0 0 0 ns
tcor FCLK T to output valid 55 8.0 9.0 12.0 15.0| ns
tepro | Fastinput to output valid (-2 75 10.0 12.0 15.0 20.0| ns
tpoFu /O to output valid (-2 135 19.0 220 27.0 35.0| ns
tewr Fast clock pulse width 4.0 5.0 55 6.0 6.0 ns
High-Density Function Block (FB) External AC Characteristics
xéﬁ: i x&;s::t())sn; e | XC73108-15 | XC73108-20

Symbol | Parameter Min. | Max | Min | Max | Min | Max | Min | Max { Min | Max | Units
fc Max count frequency (-2 833 625 55.6 455 35.7 MHz
tsu I/O setup time before FCLK T (12 12.0 16.0 18.0 22,0 28.0 ns
ty I/O hold time after FCLK T 0 0 0 0 0 ns
tco FCLK T to output valid 7.0 10.0 12.0 15.0 200| ns
tpsu 1/O setup time before p-term clock T @ 40| 60 7.0 9.0 12.0 ns
teH I/O hold time after p-term clock T 0 0 0 0 0 ns
trco P-term clock T to output valid 15.0 20.0 23.0 28.0 36.0| ns
tpp /O to output valid (-2 18.0 25.0 30.0 36.0 45.0| ns
tew Fast clock pulse width 4.0 5.0 5.5 6.0 6.0 ns
teow P-term clock pulse width 5.0 6.0 75 8.5 12.0 ns

Advance Information

Notes: 1. This parameter is given for the high-performance mode. In low-power mode, this parameter is increased due to
additional logic delay of tg ogiLp — trLoGI OF t LoGiLe — tLog!- )

2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.
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XC73108 CMOS EPLD

Fast Function Block (FFB) Internal AC Characteristics

7
f&f"g’&z ’igo;f gg;;)" (ﬁfﬁlgms) XC73108-15 | XC73108-20
Symbol | Parameter Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Units
trLoa | FFB logic array delay @ 15 1.5 2.0 20 30| ns
trLoaiLp | Low-power FFB logic array delay 35 55 7.0 8.0 11.0| ns
trsur FFB register setup time 1.5 2.5 3.0 4.0 6.0 ns
ter FFB register hold time 25 2.5 3.0 3.0 4.0 ns
trcol FFB register clock-to-output delay 1.0 1.0 1.0 1.0 1.0 ns
tepol FFB register pass through delay 0.5 0.5 1.0 1.0 20| ns
traor | FFB register async. set delay 2.0 25 3.0 4.0 6.0 ns
terxi FFB p-term assignment delay ' 0.8 1.0 1.2 1.5 20| ns
treD FFB feedback delay 4.0 5.0 6.5 8.0 100| ns

High-Density Function Block (FB) Internal AC Characteristics

bl oot (éfﬁ:gg:;) XC73108-15 | XC73108-20

Symbol | Parameter Min [ Max | Min [ Max | Min | Max [ Min | Max | Min | Max | Units
tioa | FB logic array delay @ 35 35 4.0 5.0 60 | ns
tiocie | Low power FB logic delay @ 7.0 75 9.0 11.0 140 | ns
tsul FB register setup time 1.5 2.5 3.0 4.0 6.0 ns
th) FB register hold time 3.5 3.5 : 4.0 5.0 6.0 ns
tcol FB register clock-to-output delay 1.0 1.0 1.0 1.0 10 | ns
tpp FB register pass through delay 1.5 2.5 4.0 4.0 4.0 ns
taoi FB register async. set/reset delay 2.5 3.0 4.0 5.0 7.0 ns
trA Set/reset recovery time before FCLK T | 15.0 19.0 21.0 25.0 31.0 ns
tha Set/reset hold time after FCLK T 0 0 0 0 0 ns

Set/reset recovery time before p-term
tpra | Clock T 75 10.0 12.0 15.0 20.0 ns
tpHA Set/reset hold time after p-term clock T | 5.0 6.0 8.0 9.0 12.0 ns
tecl FB p-term clock delay 1.0 0 0 0 0 ns
toEl FB p-term output enable delay 3.0 4.0 5.0 7.0 9.0 ns
tcarvs |ALU carry delay within 1 FB ©® 5.0 6.0 8.0 12.0 150 | ns

Carry lookahead delay per additional
tcarves | Functional Block () 1.0 1.5 2.0 3.0 40 | ns

Advance Information

Notes: 2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.

3. Arithmetic carry delays are measured as the increase in required set-up time to adjacent Macrocell(s) for adder with
registered outputs.
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XC73108 Programmable Logic Device X }iﬁ}%x

1/0 Block External AC Characteristics

XC73108-7 | XC73108-10 | XC73108-12
(Com Only) | “(Com Only) | (ConVind Only)| XC73108-15 | XC73108-20

Symbol| Parameter “Min | Max| ‘Min | Max | Min | Max | Min | Max | Min | Max | Units
Max pipeline frequency (input register

fin to FFB or FB register) @ 83.3 62.5 55.6 455 35.7 MHz
Input register/latch setup time before

tsun | FCLK T 4.0 5.0 6.0 7.0 10.0 ns
Input register/latch hold time after .

tHlN FCLK T 0 0 ; 0 0 0 ns

tcon FCLK T to input register/latch output 2.5 3.5 4.0 5.0 6.0| ns

tcesuin | Clock enable setup time before FCLK T| . 5.0 7.0 8.0 10.0 12.0 ns

tcenin | Clock enable hold time after FCLK T 0 0 0 0 0 ns

townin | FCLK pulse width high time 4.0 5.0 5.5 6.0 6.0 ns

towun | FCLK pulse width low time 4.0 5.0 5.5 6.0 6.0 ns

Internal AC Characteristics

XC73108-7 | XC73108-10 | XC73108-12
(Com Only)| '(Com Only) | (Com/Ind Only)| XC73108-15 | XC73108-20

Symbol | Parameter Min | Max | Min- |Max |Min |Max |Min |Max |Min |Max | Units
tin Input pad and buffer delay 25 3.5 4.0 5.0 6.0 | ns
trout | FFB output buffer and pad delay 3.0 45 5.0 7.0 90| ns
tour FB output buffer and pad delay 4.5 6.5 8.0 10.0 140 | ns
tum Universal Interconnect Matrix delay 6.0 9.0 10.0 12.0 150 | ns
trorl Fast output enable/disable buffer delay 75| 10.0 12.0 15.0 20.0 ns
tecui | Fast clock buffer delay 1.5 25 3.0 4.0 50|