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ertek.

Cell Library
SSI/MSI
Cell Area

Identifier Description (sgq. um)
BAMO00000 Inverter 1.1K
BAMO00001 Inverter/Buffer 16K
BAMO00002 Inverter/Buffer 3.2K
BAMO00003 Inverter/Buffer 9.1K
BAMO00004 3-State Inverter/Buffer 21K
BAMO00005 Slow Inverter for Pulse Generator 3.2K
BAMO00006 TTL Compatible Inverter/Buffer 3.2K
BAMO00007 3-State Inverter/Buffer 43K
BAMO0008 3-State Inverter/Buffer 21K
BAMO00009 Non-Inverting TTL Compatible Buffer TBD
BAMO00010 2-In NAND 1.6K
BAMO00011 3-In NAND 21K
BAMO00012 4-In NAND 27K
BAMO00013 5-In NAND 3.2K
BAMO00014 6-In NAND 3.7K
BAMO00015 7-In NAND 43K
BAMO00016 8-In NAND 48K
BAMO00020 2-In NOR 1.6K
BAMO00021 3-In NOR 27K
BAMO00022 4-In NOR 27K
BAMO00023 5-in NOR 3.7K
BAMO00024 6-In NOR 3.7K
BAMO00025 7-In NOR 43K
BAMO00026 8-In NOR 4.8K
BAMO0O0030 2-In AND 21K
BAMO00031 3-In AND 27K
BAMO00032 4-In AND 3.2K
BAMO00033 5-In AND 3.7K
BAMO00034 6-In AND 43K
BAMO00035 7-In AND 48K
BAMO00036 8-In AND 53K
BAMO00040 2-in OR 2.2K
BAMO00041 3-In OR 27K
BAMO00042 4-In OR 3.2K
BAMO00043 5-In OR 43K
BAMO00044 6-In OR 43K
BAMO00045 7-In OR 48K
BAMO00046 8-in OR 53K
BAMO0050 XOR 27K
BAMO00051 XNOR 27K
BAMO00055 P-Channel Pull-up Transistor 1.1K
BAMO00056 N-Channel Pull-down Transistor 1.1K
BAMO00060 2,2 AND-NOR 2.7K
BAMO00061 2,1 AND-NOR 21K
BAMO00062 2,2 OR—NAND 27K
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ertek.

Cell Library
§SI/MSI (cont.)

Cell Area
Identifier Description (sq. um)
BAMO00063 2,1 OR-NAND 2.3K
BAMO00070 Transmission Gate ‘ 21K
BAMO00071 Transmission Gate with Enable Inverter 21K
BAMO00072 2-to-1 Mux 27K
BAMO00073 4-to-1 Mux 27K
BAMO00074 8-to-1 Mux 27.3K
BAMO00076 Mux Driver for BAM00072 21K
BAMO00077 Mux Decoder/Driver for BAM00073 20.3K
BAMO00078 Mux Decoder/Driver for BAM00074 52K
BAMO00080 D-Latch without Reset 37K
BAMO00081 D-Latch with Reset 43K
BAMO00082 D/FF with Reset 13.9K
BAMO00083 D/FF with Reset 8.5K
BAMO00084 D/FF with Set/Reset 9.1K
BAMO00086 T/FF with Reset 12.8K
BAMO00087 T/FF with Reset 8.5K
BAMO00088 T/FF with Set/Reset 11.7K
BAMO00089 T/FF with Set/Reset 9.6K
BAMO00090 J-K/FF with Set/Reset 171K
BAMO00091 J-K/FF with Set/Reset 149K
BAMO00092 Set/Reset Latch 27K
BAMO00093 Shift Register Front-end 8.5K
BAMO00094 Parallel Load Shift Register 12.8K
BAMO00095 D-Latch with 3-State O/P 11.7K
BAMO00096 D-Latch with 3-State O/P 7.5K
BAMO00097 BAMO00095/96 with Data Select I/P 22.4K
BAMO00098 BAMO00095/96 with Data Select I/P 12.8K
BAMO00099 Look-ahead Carry Counter TBD
BAMO00100 Look-ahead Carry Counter TBD
BAMO00101 Look-ahead Carry/Borrow Up/Down Counter TBD
BAMO00102 Look-ahead Carry/Borrow Up/Down Counter TBD
BAMO00103 D/FF without Reset . 6.4K
BAMO00104 D/FF with Reset 8.5K
BAMO00105 Binary Adder 16.0K
BAMO00106 Synchronous Clock Gate TBD
BAMO00107 Data Synchronizer TBD
BAMO00108 Serial In/Out Shift Register 10.1K
BAMO00109 Serial In/Out Shift Register 10.1K
BAMO00110 Serial In/Out Shift Register 10.1K
BAMO00200 Power-on Reset Generator 14.4K
BAMO00210 Pull-up Load 1.6K
BAMO00220 Pull-down Load 1.6K
BAMO00230 Capacitor to Ground 4.3K
BAMO00300 Internal Schmitt Trigger 47K




ertek.

Cell Library
SSI/MSI (cont.)
Cell Area
Identifier Description (sq. um) -
BAMO00800 Vss Pad 443K =
BAMO00801 Vss Pad 73K %
BAMO00810 Vpp Pad 44 3K -
BAMO0811 Vpp Pad 73K o
BAMO00820 TTL/CMOS O/P Driver 153K
BAMO00822 TTL/CMOS O/P Driver 76.4K
BAMO00823 TTL/CMOS O/P Driver 113K
BAMO00824 Versatile O/P Pad Driver 136K
BAMO00830 TTL/CMOS 3-State O/P Driver 153K
BAMO00832 TTL/CMOS 3-State O/P Driver 129K
BAMO00840 Open-Drain O/P Driver 93K
BAMO00841 Open-Drain O/P Driver 73K
BAMO00845 Open-Drain O/P Driver 50K
BAMOQ0846 Open-Drain O/P Driver 73K
BAMO00850 TTL Compatible I/P Buffer 77K
BAMO00851 TTL Compatible I/P Buffer 73K
BAMO00860 Schmitt Trigger I/P Buffer 101K
BAMO00861 Schmitt Trigger I/P Buffer 96K
BAMO00870 Fast TTL Compatible I/P Latch 89K
BAMO00880 I/P Pad with Protection Device 75K
BAMO00881 I/P Pad with Protection Device 73K
BAMO00890 Open-Drain Driver with Pull-up 137K
BAMO00891 LED Driver 239K
BAMO0O0900 Input Pad with Pull-up 78.3K
BAMO00901 Input Pad with Pull-up TBD
BAMO00910 1/0 Pad with Open-Drain O/P 79K
BAMO0911 1/O Pad with Open-Drain O/P 136K
BAMO00920 O/P Driver Pad for Clock Osc 109K
BAMO00921 Crystal Osc with Pads 143K
BAMO00923 O/P Driver Pad for Clock Osc 126.2K
BAMO00930 1/0 Pad with 3-State O/P 185K
BAMO00932 1/0 Pad with 3-State O/P 144 4K
BAMVDD Vbo Connection Cell 1.1K
BAMGND GND Connection Cell 1.1K
|
|
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Synertek.

Cell Library

$SI/MSI High-Speed Cells

Cell Area
Identifier Function (sg. um)

BAMO02001 Inverter/Buffer 1.6K
BAMO02002 Inverter/Buffer 3.2K
BAMO02003 Inverter/Buffer 9.1K
BAMO02004 3-State Inverter/Buffer 21K
BAMO02007 3-State Inverter/Buffer 43K
BAMO02008 3-State Inverter/Buffer 21K
BAMO02010 2-In NAND 21K
BAMO02011 3-In NAND 27K
BAMO02012 4-In NAND 54K
BAMO02013 5-In NAND TBD
BAMO02014 6-In NAND 43K
BAMO02020 2-In NOR TBD
BAMO02021 3-In NOR TBD
BAMO02022 4-In NOR 3.2K
BAMO02023 5-In NOR 5.9K
BAMO02024 6-In NOR 7.5K
BAMO02030 2-In AND TBD
BAMO02031 3-In AND TBD
BAMO02032 4-In AND/NAND 5.9K
BAMO02040 2-In OR/NOR 43K
BAMO02041 3-In OR/NOR 6.4K
BAMO02042 4-In OR/NOR 8.0K
BAMO02050 XOR 3.7K
BAMO02051 XNOR 37K
BAMO02060 2,2 AND-NOR 3.2K
BAMO02061 2,1 AND-NOR 27K
BAM02062 2,2 OR-NAND 3.2K
BAMO02063 2,1 OR-NAND 27K
BAMO02070 Transmission Gate 21K
BAMO02080 D-Latch, Transparent 54K
BAMO02082 D/FF with Reset 17.1K
BAMO02083 D/FF with Reset 11.7K
BAMO02084 D/FF with Set/Reset 20.3K
BAMO02085 D/FF with Set/Reset 20.3K
BAMO02086 T/FF with Reset 18.1K
BAM02087 T/FF with Reset 18.1K
BAMO02088 T/FF with Set/Reset 20.3K
BAMO02089 T/FF with Set/Reset 20.3K
BAMO02092 SR-Latch 3.7K
BAMO02093 Shift Register 8.5K
BAMO02094 Shift Register 8.5K
BAMO02110 D-Latch with Reset 9.1K
BAMO02111 D-Latch with Reset 9.1K
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ertek.

Cell Library
MSI Cells
Cell Area

Identifier Function (sq. um) -
BAMO04160 4-Blt Decade Counter (74160) TBD E
BAM04161 4-Bit Binary Counter (74161) TBD 2
BAMO04162 4-Bit Decade Counter (74162) TBD —
BAMO04163 4-Bit Binary Counter (74163) TBD S

MSI Schematic Macros

Cell Area
Identifier Function (sq. um)
BAM74042 BCD-to-Decimal Decoder 35.2K
BAM74083 4-Bit Full Adder with Carry Look-Ahead 79K
BAM74085 4-Bit Magnitude Comparator 742K
BAM74090 4-Bit Decade Counter 56K
BAM74093 4-Bit Binary Counter 66.7K
BAM74138 3-to-8 Line Decoder 48K
BAM74151 8-to-1 Multiplexer 82.8K
BAM74153 4-to-1 Multiplexer : 32K
BAM74157 Quad 2-to-1 Multiplexers 22 4K
BAM74160 4-Bit Decade Counter 1121K
BAM74161 4-Bit Binary Counter 1104K
BAM74162 4-Bit Decade Counter 120.6K
BAM74163 4-Bit Binary Counter 115.8K
BAM74164 8-Bit Serial-In/Parallel-Out Shift Register 95K
BAM74165 8-Bit Parallel-In/Serial-Out Shift Register 172.4K
BAM74182 4-Bit Look-Ahead Generator 53.9K
BAM74192 4-Bit Decade Up/Down Counter 121.9K
BAM74193 4-Bit Binary Up/Down Counter 121.7K
BAM74280 9-Bit Odd/Even Parity Generator 68.8K
BAM76610 7-Bit Universal Asynchronous Transmitter 330.8K
BAM76611 7-Bit Universal Asynchronous Receiver 331.2K
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ertek.

Cell Library
Memory Cells
Cell Area
Identifier Function (sg. um)
i ) BAM6010 8 x 8 Static RAM 380K
[ BAM6140 64 x 4 Static ROM 227K
r ‘ BAM6141 64 x 8 Static ROM 278K
i BAM6142 64 x 12 Static ROM 325K
Analog Cells
Area
(sq. um)
*Operational Amplifier TBD
*Voltage Comparator TBD
*8-Bit A/D Converter TBD
*8-Bit D/A Converter TBD
*Voltage Regulator TBD
*Voltage Reference TBD
*Analog Switch (Pad Cell TBD
*3-State Input (Pad Cell TBD
Microprocessor Core
Area
- (sq. pm)
*6502 Core Microprocessor TBD
*BAMO06610 UART (Transmitter Section) TBD
*BAMO06611 UART (Receiver Section) TBD
To recelve Synertek’s Cell Library Data Book, call or write your local sales office from listing in back of this
book.
*Available 4Q'84
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ertek.
Cell Library

TTL Cross Reference

TTL Cell
Equivalent Identifier Function Comment
7400 BAMO00010 2-Input NAND
7400 BAMO02010 Fast 2-Input NOR
7402 BAMO00020 2-Input NOR
7404 BAMO00000 Inverter
7404 BAMO00001-3 Inverter/Buffer
7404 BAMO00006 TTL-Compatible Buffer Functional Equivalent
7408 BAMO00030 2-Input AND
7410 BAMO00011 3-Input NAND
7410 BAMO02011 Fast 3-Input NAND
7411 BAMO00031 3-Input AND
7420 BAMO00012 4-Input NAND
7421 BAMO00032 4-Input AND
7425 BAMO00022 3-Input NOR
7427 BAMO00021 3-Input NOR
7432 BAMO00040 2-Input OR
7442 BAM74042 BCD-Decimal Decoder
7451 BAMO00060 2,2 AND-NOR
7474 BAMO00084 D Flip-Flop with Set-Reset
7483 BAMO00105 Binary Adder
7483 BAM74083 4-Bit Full Adder
7485 BAM74085 4-Bit Magnitude Comparator
7486 BAMO00050 Exclusive-OR
7490 BAM74090 4-Bit Decade Counter
7493 BAM74093 4-Bit Binary Counter
7496 BAMO00093/94 Parallel-Load Shift Register Cell without Clear
74107 BAMO00090/91 J-K Flip-Flop with Set/Reset
74125 BAMO00004,7,8 3-State Inverter/Buffer
74138 BAMO00078 3-to-8 Line Decoder
74138 BAM74138 3-to-8 Decoder
74151 BAM74151 1-of-8 Data Selector
74152 BAMO00074+78 8-to-1 Multiplexer
74153 BAMO00073+77 4-to-1 Multiplexer Cell without Strobe
74153 BAM74153 1-of-4 Data Selector
74155 BAMO0077 2-to-4 Line Decoder Cell without Strobe
74157 BAMO00072+76 2-to~-1 Multiplexer Cell without Strobe
74157 BAM74157 1-of-2 Data Selector
74160 BAM74160 4-Bit Decade Counter
74161 BAM74161 4-Bit Binary Counter
74162 BAM74162 4-Bit Decade Counter
74163 BAMO00099/100 Look-Ahead Carry Counter Cell without Count Enable
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Synertek.

Cell Library

TTL Cross Reference (cont.)

TTL Cell
Equivalent Identifier Function Comment
74163 BAM74163 4-Bit Binary Binary Counter
74164 BAM74164 8-Bit Serial-In Shift Register
74165 BAM74165 8-Bit Serial-In Shift Register
74182 BAM74182 Look-Ahead Carry Generator
74192 BAM74192 Syncr Up/Down 4-Bit Counter
74193 BAMO00101/102 Look-Ahead Up/Down Counter
74193 BAM74193 Syncr Up/Down 4-Bit Counter
74260 BAMO00023 5-Input NOR
74266 BAMO00051 Exclusive-NOR
74279 BAMO00092 Set-Reset Latch
74280 BAM74280 9-Bit Odd/Even Parity Generator
74363 BAMO00095/96 Transparent D-Latch with 3-State
74373 BAMO00080 D-Latch without Reset Cell without 3-State and Enable
74373 BAMO02080 Fast D-Type Flip-Flop Cell without 3-State and Enable




ertek.

Cell Library
CMOS Cross Reference
CMOSs Cell
Equivalent Identifier Function Comment

4001 BAMO00020 2-Input NOR

4002 BAMO00022 4-Input NOR

4008 BAMO00105 Binary Adder

4011 BAMO00010 2-Input NAND

4011 BAMO02010 Fast 2-Input NAND Functional Equivalent

4012 BAMO00012 4-Input NAND

4013 BAMO00084 D Flip-Flop with Set/Reset

4020 BAMO00086/87 T Flip-Flop with Reset

4021 BAMO00093/94 Parallel-Load Shift Register

4023 BAMO00011 3-Input NAND

4023 BAMO02011 Fast 3-Input NAND Functional Equivalent

4025 BAMO00021 3-Input NOR

4027 BAMO00090/91 J-K Flip-Flop with Set/Reset

4029 BAMO00101/102  Look-Ahead Up/Down Counter Cell has only Binary-Count

4042 BAMO00080 D-Latch without Reset Cell without Clock Polarity Select

4042 BAM02080 D-Latch, Transparent, Cell without Clock Polarity Select
High Speed

4044 BAMO00092 Set-Reset Latch Cell without 3-State

4049 BAMO00001-3 Inverter/Buffer

4049 BAMO00006 TTL-Compatible Buffer

4051 BAMO00074+75  8-to-1 Multiplexer Cell without Inhibit

4052 BAMO00073+77 4-to-1 Multiplexer Cell without Inhibit

4053 BAMO00072+76 2-to-1 Multiplexer Cell without Inhibit

4069 BAMO0000 Inverter

4070 BAMO0O0050 Exclusive-OR

4071 BAMO00040 2-Input OR

4072 BAMO00042 4-Input OR

4073 BAMO0031 3-tnput AND

4075 BAMO00041 3-Input OR

4077 BAMO00051 Exclusive-NOR

4081 BAMO00030 2-Input AND

4082 BAMO00032 4-Input AND

4085 BAMO00060 2,2 AND-NOR Cell without Inhibit

4502 BAMO00004,7,8 3-State Inverter/Buffer Cell without Inhibit

4555 BAMO00077 2-to-4 Line Decoder Cell without Enable

40161 BAMO00099/100  Look-Ahead Carry Counter

40174 BAMO00082/83 D Flip-Flop with Reset
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mertek

Cell Library

. General Deséripiion

The Synertek Cell Library combines the dense layout
characteristics of the HCMOS process technology with
the automation achieved by standard cell system
design. The cells adhere to a well-defined set of design
and layout structure rules, thereby relieving the chip
designer of the burden of electrical and physical con-
siderations and permitting a focus on system and logic
design efforts.

In general, the cells utilize a constant height and a vari-
able width and allow for placement adjacent to each
other in the horizontal direction The structure rules are
compatible with standard CAD interactive layout soft-
ware by including feedthroughs on all inputs and
outputs, and by accounting for power connections by
cell abutment. Interactive layout systems can utilize the
supplied physical outlines for each cell to minimize
layout data. In some cases, individual cells may have a
non-standard height or may not have feedthroughs for
all inputs and outputs in order to achieve a higher level
of packing density.

The HCMOS Cell Library incorporates this structured
approach to provide fundamental logic functions for
high speed, low power applications

The Synertek Cell Library

The Synertek Cell Library currently contains approxi-
mately 200 cells. These consist of gates, inverters,
multiplexers, flip-flops, shift registers, counters, adders,
I/0 circuits (pad cells), and LSI type functions, such as
RAMs and ROMs. Also included are analog functions
which permit direct interfacing to analog signal envir-
onments (OP AMPs, Comparators, etc). Finally, a
complete set of high-speed cells is also available for
those applications that need faster operation (at the
expense of somewhat larger cells). With this library of
cells to select from, nearly any conceivable circuit may
be constructed and designed in a very quick and low
cost fashion.

Hardware

Synertek uses a VAX based system to implement its
Standard Cell Library approach to semi-custom
design. The Library of cells resides on the computer
and 1s accessed via Genisco and Tektronix graphics
terminals for the schematic capture and place and
route design states. Alphanumeric terminals can also
be used for the Data Base access required during
netlist extraction and simulation. Digitizing and layout
of new cells I1s achieved on Calma graphics systems
as I1s the merging of the cell structures into the design.
The Synertek Cell Library will be ported over to a
range of popular workstations and is already available
on the Silvar Lisco and Daisy systems.

Design Flow

REVIEW CIRCUIT
SPECIFICATION

1
SCHEMATIC CAPTURE

LOGIC AND FAULT
SIMULATION

]
PLACE AND ROUTE

TEST VECTOR AND
WAVEFORM GENERATION

CRITICAL PATH
ANALYSIS

]

DATA BASE MERGE
AND DIGITIZE

LAYOUT VERIFICATION
DRC ERC LOGIC Y

TEST PROGRAM l
GENERATION

TOOLING OPERATION
SIZING FRAME PG MASK

]

ENGINEERING SAMPLE
FABRICATION

|

DEBUG TEST

PROGRAM CUT AND DC ASSEMBLY

I

CUSTOMER CUT AND
DC EVALUATION

|
PRODUCTION TOOLING

]

SCHEDULE
PRODUCTION

Software

Synertek’s comprehensive family of software pack-
ages provides the customer with a “thoroughly
checked to specification product” laid out in a state of
the art process by the best router available. These
user friendly packages cover schematic capture, logic
and circuit simulation through to 100% place and
route and a complete range of error checking.

Customer Interfaces

Three levels of sophistication in interfacing with Syn-
ertek are open to the Cell Library designer. This
allows him to do as httle or as much of the chip
design as he chooses.
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Level 1:

The customer provides Synertek’s engineering staff
with a schematic diagram of the design along with a
comprehensive specification Synertek engineers then
enter the design into the computer, extract the netlist
and logically simulate it before placement and rout-
ing. Critical path analysis Is then carried out to ensure
that the layout meets the timing specification. After
the cell structures have been merged with the design,
Electrical Rule and Design Rule checks are made.
The final check compadres the layout with the original
netlist. After PG tape and tooling generation, engi-
neering samples are run off and cut and go’s given
back to the customer for evaluation. Test program
generation occurs In parallel with the data base
development so as to be ready for the final phase
of the design program production scheduling.

Synertek offers all of the training necessary for the
first time Cell Library designer to develop his design
at one of the six demonstration centers maintained
throughout the country.

Level 2:

This level allows the customer to develop his netlist
on a workstation and provide 1t to Synertek Iin either
the simulated or unsimulated form. Synertek then
takes the design through the rest of the development
described in Level 1

Level 3:

The most sophisticated interface level, Level 3 pro-
vides for a customer who has a place and route
capability either on his VAX or workstation. He gives
his data base tape to Synertek who merges the cells
and creates the PG tape for the mask vendor.

Electrical Requirements

A. Absolute Maximum Ratings:

Parameter Value
Power Supply (Vpp) +6 V
-03VtoVpp+03V

Input Voltage

Output Voltage -03VtoVpp+03V
Temperature -55 to +150°C

B. Maximum Operating Conditions:
Parameter Value
Power Supply (Vpp) 20Vto60V
Input Voltage 0VtoVpp
Output Voltage 0V to Vpp
Temperature -55 to +125°C

C. Recommended Operating Conditions:

Parameter Value
50V +£10%
55 to +125°C

Power Supply (Vpp)
Temperature

D. Nominal Conditions:

Parameter Value
Power Supply (Vpp) 50V
Temperature 25°C

Il.  Physical Specifications

A. Cell Height: 69.3, and 98.7 um.
B. Cell Width: Increments of 77 um
C. Power: 56 um metal lines horizontally routed through

each cell.

D. Metal Interconnections: 2 8 um width, 35 um
spacing.

E. Polysilicon Interconnections: 2 1 um width, 25 um
spacing.

Electrical Specifications for
Individual Cells

A. Propagation Delay

The output propagation delay for each cell is indicated
in the individual cell data sheet. Both low-to-high and
high-to-low transitions are specified. Delays are con-
sistently measured at the 50% points. Individual cell
propagation delays are specified as a function of the
cell output load capacitance, C, in pF. Further, the
equation is valid at nominal conditions, only (Vpp =5.0
V, T = 25°C, nominal process). Actual delays at other
than nominal conditions are determined by utilizing
derating factors, as shown below:

(tpp) actual = (tpp) nominal « (X1) « (X2) « (X3)

X1 = derating factor for temperature.
X2 = derating factor for Vpp
X3 = derating factor for process variations.

The derating factors for temperature and Vpp level are
taken from the following curves.

>
(==~
<T
o=t
o
—
-
-
i
(5]
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when undergoing a high-to-low or low-to-high tran-
06 REF.5.0V sition. This occurs for very short periods when both

PROPAGATION DELAY DE-RATING FACTOR VS TEMPERATURE B. Power Dissipation
There are two components of power dissipation in the
16 HCMOQOS Cell Library cells. The first component is the
15 static or DC power and consists of three effects:
14 // e Internal leakage paths between Vpp and Vss. In
// most cases, the currents are less than 1 nA, but
13 Y’ sometimes they can be as high as 1 pA
PROPAGATION
' DELAY 12 e Output loads. Output loads (resistive elements with a
Di-RATTO'gG 11 p. current path to ground) require substantial currents
Ac 1o // when they are driven.
\_REF. 25°C e TTL input level effects. Inputs to the TTL-compatible
09 rd Input Buffer cell may cause significant power drain
08 ?% This results from both the pull-up and the pull-down
07 devices being simultaneously conducting when an
input level below Vpp and above Vss i1s applied The
060 0 20 180 120 +160 data sheet for this cell shows this effect quantitatively
) The second component of power dissipation 1s the
TEMPERATURE (°C) transient or AC power and consists of three parts
e |Internal capacitance charging. Whenever internal
levels change state from low to high levels, energy Is
PROPAGATION DELAY VS Vpp required to charge the node capacitance This
occurs only at the time of transition and is a function
1005 : of the amount of node capacitance and the Vpp
> 80 \¥\ level
<
z I\ T125°C e Output load capacitance. When external levels
EENANN\Y +25°C___ 2INV LOADS change state from low to high, energy 1s also
2 \\\ -55°C required for charging. In this case, however, node
g \x capacitance is typically orders of magnitude higher
< 20 N than internal nodes and consequently, power dissi-
g \ pation effects can be quite substantial
a e Transitional push/pull currents Internal cells will
5 :)g experience current paths between Vpp and Vss
!
o
o
2

the p-channel and n-channel transistors simultane-

ously conduct
The data sheets for each cell indicate the cell power
dissipation for internal node capacitance charging and
Vop (VOLTS) for transitional push/pull currents Output loads, TTL
input level effects, and output load capacitance must be
accounted for additionally Internal leakage paths will
not exceed 1 pA In total and hence, can usually be

0.4

2 3 4

o
=2

The derating factor for process variation is taken from
the following table:

neglected
Process Derating Factor Cell data sheets indicate power dissipation at fixed
Worst Cast 150 loading (usually 0.050 pF) and at nominal operating
Nominal 1.00 conditions. Note that the power i1s given in units of
uW/MHz In this way, the frequency of edge transitions
Best Case 065 directly effects power and can be readily calculated.
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In a like fashion, additional loading (greater than 0.050 cLK y \ \
pF) increases power dissipation according to the follow- —1 - J| -
ing relation
P =P nominal + 25 (CL —0.050) —
pIss = Ppiss no L - l( —!( N
where, =
Ppiss nominal = Nominal Power Dissipation (from data ™ Tosmv: ™ ‘;EGATW_E’ I~ =
sheet) SKEW SKEW -
CL = Load Capacitance on Node (pF) 3
(&)
POWER DISSIPATION VS. Vpp The maximum tolerable clock skew at nominal condi-
40 tions (Vpp = 50 V, T = 25°C, nominal process
10 parameters) is = 10 nsec. Skew effects get worse as
- Vbp goes higher, T goes lower, and as the process
g 20 - parameters increase the speed of the MOS transistors.
< Ta =25°C In short, unless otherwise indicated, maximum tolerable
a 2 INV LOADS i
2 REF 50v\ clock skew at the worst-case conditions may not
5 10 exceed * 5 nsec. This is not as bad as it seems, how-
& 08 i ever, since clock drivers get faster as the conditions for
§ 0.6 — worst-case skew are approached, a self-compensating
o 08 7 situation. Thus, If the nominal condition is met (+ 10
N 04 // nsec), then the worst-case condition will be met as well.
g 03
= L
E 4 lll.  Cell Structures
o1 A. Power and Ground Connections Through Cells
2 3 4 5 6 Voo and GND connections are routed through rows of
cells by means of cell abutment. Both Vpp and GND
Voo [VOLTS) (Vss) are bussed through the cells in the horizontal

direction by 5.6 um wide metal lines. The following dia-
By this relation, power dissipation at any particular gram illustrates the bussing for both 69.3 and 98.7 um
loading condition may be calculated. Further, the effect
of Vpp on power dissipation needs to be determined
for situations that call for Vpp levels other than nominal
(Vpp = 5.0 V). For this, the above curve is used.

Finally, it should be noted that temperature and pro-

Vpp AND GND ROUTING THROUGH CELLS

cess variations have no substantial effects on power 56
€ " .6 um 5.6 um
dissipation.
C. Other Timings Voo B Voo
There are other timing parameters sometimes specified T _—f

besides propagation delay Some examples are pulse
widths, clock rates, set-up and hold times, and three-

state turn-on and turn-off delays For these parameters, 69:3 um 987 um

the same derating factors are used as for propagation

delays, unless otherwise noted l ¢
D. Clock Skews GND - GND

Many cells require complementary clock input signals f f
Some examples are latches, flip-flops, and shift regis- 5.6 um 5.6 um

ters. For these cells, some degree of clock skew is
permitted, as shown below: Yy
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Note that the busses will be routed through a row of
cells, even when cell heights are mixed, providing that
the cells are centered the same. Connections to Vpp
and GND can be made at the ends of the cell rows.
This may be done either automatically (if the router
software 1s capable) or by manual edits.

B. Power and Ground Connections in Pad Cells

The same principle applies for pad cells as for internal
cells, as diagrammed below.

Vbp AND GND ROUTING THROUGH PAD CELLS
INSIDE EDGE ‘

Vbbp 17.5 um

"f

GND 175 um

OUTSIDE EDGE OF CHIP

Connections between adjacent cells for Vpp and GND
are made by means of cell abutment. However, one dif-
ference exists for pad cells. That difference is that pad
cells with different heights still-have Vpp and GND
busses on the top and bottom of the cell. This means
that, if cells of different heights are used, a gap must be
provided between the cells and the Vpp and GND
busses must be entered manually. In addition, the Vpp
and GND busses have standard widths of 17.5 um
(6.6 um is the bus width for internal cells).

C. Feedthrough Cell

A feedthrough cell is required by most router software
packages to permit routing a connection through a row
of contiguous cells to some point beyond. To achieve
this, a feedthrough cell I1s used, whose outline drawing
is shown below.

FEEDTHROUGH CELL

1=

“FEED99A" 69.3 um

“'l L— 7 pum
D. Contacts

Connections between metal and polysilicon lines are
achieved by means of contacts. The following figure
illustrates the required dimensions of the contact.

METAL (LAYER 8)

— 5.6 um
CONTACT
(LAYER 7)
r——="
2.8 um METAL )
_+__ CON 5.6 um

|

| |

! |

! |

Lo o
| |
|POLY| POLYSILICON
i " (LAVER 4)

—] le——2 1um

[

The polysilicon stripes (lines) are 2 1 microns wide and
the metal lines are 2.8 microns wide. The size of both
the metal and polysilicon contact coverage is 5.6 x 56
microns. The contact opening is 2.8 x 2.8 microns. The
layer numbers are indicated on the figure:

1-16
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RAM Selection Guide

Commercial Ty = 0°C to 70°C)

Access Maximum Current (mA) Power Package
Time Supply Number Type
Part Number Organization (ns) Operating Standby (Volts) of Pins (Note 1) Page No.
SY2148H 1024 x 4 70 150 30 +5 18 P 2-39
SY2148H-2 1024 x 4 45 150 30 +5 18 P 2-39
SY2148H-3 1024 x 4 55 150 30 +5 18 P 2-39
SY2148HL 1024 x 4 70 125 20 +5 18 P 2-39
SY2148HL-3 1024 x 4 55 125 20 +5 18 P 2-39
SY2149H 1024 x 4 70 150 - +5 18 P 2-43
SY2149H-2 1024 x 4 45 150 - +5 18 P 2-43
SY2149H-3 1024 x 4 55 150 - +5 18 P 2-43
SY2149HL 1024 x 4 70 125 - +5 18 P 2-43
SY2149HL-3 1024 x 4 55 125 - +5 18 P 2-43
SY2147H-2 4096 x 1 45 180 30 +5 18 P 2-35
SY2147H-3 4096 x 1 55 180 30 +5 18 P 2-35
SY2147H 4096 x 1 70 160 20 +5 18 P 2-35
SY2147HL-3 4096 x 1 55 125 15 +5 18 P 2-35
SY2147HL 4096 x 1 70 140 15 +5 18 P 2-35
SY2150 512x 9 45 132 - +5 24 o 2-47
SY2132-1 512 x 8l6] 100 170 40/11015) +5 48 C,P 2-24
SY2132-2 512 x 8l6] 120 170 40/110(5 +5 48 c.P 2-24
SY2132-3 512 x 8l6] 150 170 40/110051 +5 48 cP 2-24
SY2132-4 512 x 8l6] 200 170 40/110(5) +5 48 c.P 2-24
SY2133-1 512 x 8l6] 100 170 NAWM +5 48 c.P 2-24
$Y2133-2 512 x 8l6] 120 170 NAM +5 48 C.P 2-24
SY2133-3 512 x 816 150 170 NAM +5 48 c.P 2-24
SY2133-4 512 x 86l 200 170 NAM +5 48 c.P 2-24
SY2130-1 1024 x 4161 100 170 40/110091 +5 48 c.P 2-13
SY2130-2 1024 x 4(6] 120 170 40/110(5) +5 48 C.P 2-13
SY2130-3 1024 x 4(6) 150 170 40/11015) +5 48 c.P 2-13
SY2130-4 1024 x 4161 200 170 40/1100] +5 48 c.P 2-13
SY2131-1 1024 x 4161 100 170 NAW“ +5 48 C.P 213
SY2131-2 1024 x 416] 120 170 NAM +5 48 C.P 2-13
SY2131-3 1024 x 416} 150 170 NAWM +5 48 C.P 2-13
SY2131-4 1024 x 4161 200 170 NAWM +5 48 c.P 2-13
SY2158-2 1024 x 8 120 100 30 +5 24 P 2-48
SY2158-3 1024 x 8 150 100 30 +5 24 p 2-48
SY2158-4 1024 x 8 200 100 30 +5 24 P 2-48
SY2128-1 2048 x 8 100 100 20 +5 24 P 2-9
$Y2128-2 2048 x 8 120 100 20 +5 24 P 2-9
SY2128-3 2048 x 8 150 100 20 +5 24 p 2:9
SY2128-4 2048 x 8 200 100 20 +5 24 P 29
SY2128L-2 2048 x 8 120 80 15 +5 24 P 2-9
SY2128L-3 2048 x 8 150 80 15 +5 24 P 29
SY2128L-4 2048 x 8 200 80 15 +5 24 P 2-9
SY2168-70121 409 x 4 70 120 30 +5 20 P 2-56
SY2168-55 4096 x 4 55 120 30 +5 20 P 2-56
$Y2168-45 4096 x 4 45 120 30 +5 20 P 2-56
SY2169-70(2) 4096 x 4 70 120 - 5 20 P 2-60
SY2169-55 4096 x 4 55 120 - +5 20 P 2-60
SY2169-45 4096 x 4 45 120 30 +5 20 P 2-60
SY2167-70 16,384 x 1 70 120 30 5 20 P 2-52
SY2167-55 16,384 x 1 55 120 30 +5 20 P 2-52
SY2167-45 16,384 x 1 45 120 30 +5 20 P 2-52
NOTES:

1 P = Molded DIP, C = Ceramic
2 Preliminary Information




ROM Selection Guide

Access Maximum Current (mA) Power Compatible
Time Supply Number Packae EPROM/ Page
Part Number Orgamzation (ns) Max Operating Standby (Volts) of Pins Type PROM No
SY2316B 2048 x 8 450 98 — +5 24 P 2716 2-67
§$Y2316B-2 2048 x 8 200 98 — +5 24 P 2716 2-67
SY2316B-3 2048 x 8 300 98 — +5 24 P 2716 2-67
SYM2332 4096 x 8 450 100 — 5 24 P TMS2532 2-70
SY2332-2 4096 x 8 200 100 — +5 24 P TMS2532 | 270
5Y2332-3 4096 x 8 300 100 — +5 24 P TMS2532 2-70
S$Y2333 4096 x 8 450 100 — +5 24 P 2732/A 2-70
§$Y2333-2 4096 x 8 200 100 — +5 24 P 2132/A 2-70
SY2333-3 4096 x 8 300 100 — +5 24 P 2732/A 2-70
SY2364 8192x 8 450 100 — 5 24 P TMS2564 2-73
SY2364-2 8192 x 8 200 100 — 15 24 P TMS2564 2-73
SY2364-3 8192x 8 300 100 — 5 24 P TMS2564 2-73
SY2364A 8192x 8 450 100 12 +5 24 P TMS2564 2-73
SY2364A-2 8192 x 8 200 100 12 +5 24 P TMS2564 2-73
SY2364A-3 8192 x 8 300 100 12 +5 24 P TMS2564 2-73
SY2365 8192x 8 450 100 — +5 28 P 2764 2-76
SY2365-2 8192x 8 200 100 — +5 28 P 2764 2-76
S$Y2365-3 8192 x 8 300 100 — +5 28 P 2764 2-76
SY2365A 8192x 8 450 100 12 +5 28 P 2764 2-76
SY2365A-2 8192x 8 200 100 12 +5 28 P 2764 2-76
SY2365A-3 8192 x 8 300 100 12 +5 28 P 2764 2-76
Sy23128-2(2] 16.384 x 8 200 100 — +5 28 P 27128 2-79
SY23128-3(2) 16,384 x 8 300 100 — +5 28 P 27128 2-79
SY23128(2) 16,384 x 8 450 100 — +5 28 P 27128 2-79
SY23128A-22] 16,384 x 8 200 100 10 5 28 P 27128 2-79
SY23128A-3(2) 16,384 x 8 300 100 10 +5 28 P 27128 2-79
SY23128A12) 16,384 x 8 450 100 10 +5 28 P 27128 2-79
§Y23256-2(2] 32Kx 8 200 100 — +5 28 P 27256 2-82
$Y23256-3[2] 32K x 8 300 100 — +5 28 P 27256 2-82
SY2325612] 32K x 8 450 100 —_ +5 28 P 27256 2-82
SY23256A-2(2) 32K x 8 200 100 10 +5 28 P 27256 2-82
SY23256A-3[2] 32K x 8 300 100 10 t5 28 P 27256 2-82
SY23256A[2) 32K x 8 450 100 10 +5 28 P 27256 2-82
P = Molded DIP
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Synertek RAM Cross Reference Guide

Syneriek SY2128/ SY2147H SY2148H/ $Y2158/ 8Y2167 SY2168/
SY21494 8Y2169
AMD AM9128 AM9247 AM2148/
AM2149
Fujitsu MB8128 MBM2147H MBM2148/ MB8167A MB8168
MBM2149
Intel 2147 2148/ 2167 2168
2149
Mostek MK4104 MK4118A/
MK4801A
National NMC2116 NMC2147H NMC2148H
NEC uPD446 uPD2147
Toshiba TMM2016 TMM315
Hitachi HM6116 HM6148 HM6167
Tl TMS4016 TMS2147H TMS2149 TMS2167 TMS2168/
TMS2169
Mitsubishi M58725
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Synertek ROM Cross Reference Guide

Synertek 8Y23168 8Y2332 8Y2333 8Y2364 SY2365 SY23128 8Y23256
AMD AM9216 AM9232 AM9233 AM9264 AM9265 AM92128
AM9218
AMI S68A316 568332 $2333 S68A364 $2364 §23128
568318
G.l. R0-3-9316 R0-3-9332 R0-3-9333 RO0-3-9364 RO0-3-9365 R0-9128
MOSTEK MK34000 MK36000 MK37000 MK38000
Motorola MCM68316E MCM68A332 MCM68364 MCM63256
MCM68365
MCM68366
National MM52116 MM52132 MM52164
NEC uPD2316E 1PD2332 uPD2364
Signetics 2616 2632 2664A or 26128A
2664
2
Toshiba TMM334 TMM333 TMM2364P TMM23256 =
TMM2332 g
[¥F)
Rockwell R-03-1316 =
EA EA8316 EA8332 EA8333
Tl TMS4732 TMS4764
Fairchild 3516
Hitachi HN46332 HN48364
Intel 2316E 2332 2364A
Mitsubishi M58333 M58334
0Kl MSM3870
Panasonic MN2332
Siemens SAB8316 SAB8332
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Synertek.

SY2128

2048 x 8 Static
Random Access Memory

Features

® 100 nsec Maximum Access Time
® Fully Static Operation

No Clocks or Strobes Required
® Automatic CE Power Down
® Identical Cycle and Access Times
® Single +5V Supply ( + 10%)

® Pin Compatible with 16K ROMs, EPROMs,
and EEPROMs

® Totally TTL Compatible
All Inputs and Outputs

® Common Data Input and Output

® Three-State Output

® JEDEC Approved Pinout

Description

The Synertek SY2128 1s a 16,384 bit static
Random Access Memory organized 2048 words
by eight bits and is fabricated using Synertek'’s
new scaled n-channel silicon gate technology It
1s designed using fully static circuitry, therefore
requiring no clock or refreshing to operate. The
common data input and three-state output pins
optimize compatibility with systems utihzing a
bidirectional data bus.

The SY2128 offers an automatic power down
feature under the control of the chip enable
(CE) input When CE goes high, deselecting the

Pin Configuration

A7lj 1 ~ 24 [ vee
Aq 2 23] Ag
A3 22 [JAg
A4 21 [JWE
As]s 20 D()‘E
A, e 190 A
A7 18] CE
A s 17 1 1/0g
11049 16 ] 1/07
110, [} 10 15 7 1106
1oz 1 14 [J1/0s
GND [} 12 131104

chip, the device will automatically power down
and remain Iin a standby power mode as long as
CE remains high. This feature provides signifi-
cant system level power savings

The SY2128 s configured in the JEDEC
approved pinout for 24 pin byte organized
memories and 1s pin compatible with 16K
ROMs, EPROMs and EEPROMs This offers the
user the flexibility of being able to switch
between RAM, ROM, EPROM, or EEPROM ashis
needs dictate with a minimum of board changes

Block Diagram

Ag —
Ay —
ROW
A T
" ADDRESS | 16,384 BIT ARRAY
N DECODER (128 x 128)
7= DRIVER .
Ag
Ag
A1 COLUMN I l I ] [ ]
A;— ADDRESS |

A, — DECODER COLUMN 1/O CIRCUITS I

DRIVER

A —]
K | l[_,\( l o,
110,

_R 103

- N 104
WE N o

J— 5

j. ) WRITE

¢ N 106
N 110

LS 7

10g

ﬁﬁ OUTPUT ENABLE
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Synertek. | | SY2128

Absolute Maximum-Ratings* Comment* )
Temperature Under Bias ..... o -10°C to +85°C Stresses above those listed under “Absolute Maximum Rat-
Storage Temperature 65°C to +150°C Ings”” may cause permanent damage to the device Thisis a
"""""""" stress rating only and functional operation of the device at
Vo;(tage o?tArzsy Pin :"th 35V 1047V these or at any other condition above those indicated In the
espectto Ground .................... - 0

operational sections of this specification i1s not implied
Power Dissipation ...........oiiiiiiiiiiiienn 1.07W Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

D.C. Characteristics Ta = 0°Cto +70°C, Vee = 5V £10% (Unless otherwise specified)

2128-1/-2/-3/-4 | 2128L-2/L-3/L-4
Symbol Parameter Min. Max. Min. Max. | Unit Conditions
Iy Input Load Current 10 10 | MA Vce = Max, VN = Gnd to VCCj!
(All input pins)
Lo Output Leakage Current 10 10 | MA CE = VIH, Vce = Max
VouT =Gnd to 4.5V
Ice Power Supply Current 95 75 | mA TA=25C | Ve = Max, CE = vy
100 80 | mA Ta=0C | Outputs Open
IsB Standby Current 20 15 | mA Ve = Min to Max, CE = Viy
Ipo Peak Power-on Current 40 30 mA Ve =Gnd to Vg Min
Note 6 CE = Lower of Vg or ViH Min.
ViL Input Low Voltage -3.0 0.8 -3.0 08 | Vv
ViH Input High Voltage 2.0 6.0 2.0 6.0 \%
VoL Output Low Voltage 0.4 04 | V loL = 3.2mA
VOH Output High Voltage 2.4 2.4 \Y lIoH =-1.0mA
Capacitance T, =25°C, f= 1.0 MHz
Symbol Test Typ. Max. Unit
CouTt Output Capacitance 5 ) oF
Cin Input Capacitance 5 pF
NOTE This parameter is periodically sampled and not 100% tested.
A.C. Characteristics Ta = 0°C 10 +70°C, Vgc = 5V £10% (Note 7)
READ CYCLE
21281 2128-2/L-2 | 2128-3/L-3 | 2128-4/L-4
Symbol | Parameter Min. | Max. | Min. [ Max. | Min. | Max. | Min. | Max. | Unit | Conditions
tRC Read Cycle Time 100 120 150 200 ns
tAA Address Access Time 100 120 150 200 ns
tACE Chip Enable Access Time 100 120 160 200 ns
tAOE Output Enable Access Time 40 50 60 700 ns
toH Output Hold from Address Change 10 10 10 10 ns
tLz Output Low Z Time 10 10 10 10 ns
tHz Output High Z Time [0] 35 0] 40 o] 50 [¢] 60 ns
tpy Chip Enable to Power Up Time o] 0 (o] [0] ns
tpp Chip Disable to Power Down Time 50 60 80 100 ns
WRITECYCLE
twe Write Cycle Time 100 120 150 200 ns
tow Chip Enable to End of Write 80 20 120 150 ns
tAw Address Valid to End of Write 80 90 120 160 ns
tas Address Setup Time 0 0 0 0 ns
twp Write Pulse Width 60 70 90 120 ns
tWR Write Recovery Time o] 0 0 0 ns
tbw Data Valid to End of Write 40 50 70 90 ns
tDH Data Hold Time ] 0 0 0 ns
twz Write Enabled to Output in High Z (0] 35 0 40 0 50 0 60 ns Note 6
tow Output Active from End of Write (0] 0 0] 0 ns Note 5

(See following page for notes)
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Timing Diagrams
READ CYCLE NO. 1 (NOTES 1 and 2)

tRe

ADDRESS }(

taa
ton
DATA OUT PREVIOUS DATA VALID )( X X DATA VALID

READ CYCLE NO. 2 (NOTES 1 and 3)
i tace

T #

, tAOE tHz

o \ Y
— ——

HIGH IMPEDANCE / 7

DATA OUT {g \ < VALID DATA
|
|

tep

Igg == == == == = - - — e ——

Vce  CURRENT %50% 50%

Iss

?__
N

WRITE CYCLE NO. 1 (NOTE 4)

ADDRESS }( }(
= A\ X L/ L)
we T /
| tow toH =
DATA IN DATA VALID
= L[S AN

}v_.i
HIGH IMPEDANCE
DATA OUT

Notes:

WE is high for Read Cycles.

. Device 1s continuously selected, CE = OF = V-

. Addresses valid prior to or coincident with CE transition low.

If CE goes high simultaneously with WE high, the outputs remain in the high impedance state.

. Transition 1s measured +500mV f_rgm low or high impedance voltage with load B. This parameter is sampled and not 100% tested.

. A pullup resistor to Vg on the CE input s required to keep the device deselected’ otherwise, power-on current approaches Icc
active.

7. A minimum 0.5 ms time delay 1s required after application of Vo (+5V) before proper operation is achieved.

2-11
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WRITE CYCLE NO. 2 (OE = V) (NOTE 4)

twe
ADDRESS )( )(
tew
=\ N\ \ (AN
\N Z
t
AW e tyr—]
tas e T
N N 4
L\ X 7
| tow toH
DATA IN DATA VALID
wz |« tow
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED |
A.C. Testing Input, Output Waveform A.C. Testing Load Circuit
24v +5V +5V
20v 2.0V
> TEST POINTS < 12500 12500
0.8V 0.8V D
0.4v Pour 100pF oot
(INCLUDING
INPUT OUTPUT 7750 SCOPE AND 7750 5 pF
JG)
AC TESTING. INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1”
AND 0.4V FOR A LOGIC “0". TIMING MEASUREMENTS ARE
MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC "0". = =
INPUT PULSE RISE AND FALL TIMES ARE 5 ns.
LOAD A LOAD B
Package Availability 18 Pin Molded DIP
Ordering Information
Access | Operating | Standby
Order Time Current Current Package
Number (Max) (Max) (Max) Type
SYP2128-1 100ns 100mA 20mA Molded DIP
SYP2128-2 120ns 100mA 20mA | Molded DIP
SYP2128-3 150ns 100mA 20mA | Molded DIP
SYP2128-4 200ns 100mA 20mA | Molded DIP
SYP2128L-2 120ns 80mA 15mA Molded DIP
SYP2128L-3 1560ns 80mA 15mA Molded DIP
SYP2128L-4 200ns 80mA 15mA Molded DIP
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SY2130/SY2131

1024 x 8 Dual Port
Random Access Memory

Synertek.

PRELIMINARY
Features
® 100 ns Address Access Time e BUSY Function to Handle Contention.
e Fully Static Operation Open Drain for OR-tied Operation
e Full TTL Compatibility e SY2130 — Transparent Power Down (CE)
e Interrupt Function (INT) e SY2131 — Non-Power Down (CS)
Open Drain for OR-tied Operation e Qutput Enable Function (OE)
® Easy Microprocessor Interface e Both Ports Operate Independently

Description

The Synertek SY2130 and SY2131 are 8192 Bit Dual Port
Static Random Access Memories organized 1024 words by
8 bits They are designed using fully static circuitry and fab-
ricated using Synertek’s n-channel double poly silicon gate

this situation In one mode, contention is ignored and both
operations are allowed to proceed In the other mode, on-
chip control logic arbitrates delaying one port until the other
port’s operation 1s completed A BUSY flag 1s sent to the

technology

The SY2130 and SY2131 feature two separate |/0 ports
that each allow independent access for read or write to any
location Iin the memory The only situation where conten-
tion can occur 1s when both ports are active and both
addresses match Two modes of operation are provided for

7]
o
=
=]
-
v
=

side whose operation I1s delayed BUSY 1s driven out at
speeds that allow the port’s processor to preserve its
address and data

An interrupt function (iNT) i1s also provided to allow com-
munication between systems This function acts like a
writable flag When the flag’s location 1s written from one

(continued next page)

Pin Configuration Block Diagram
R/WL WRITE WRITE R/MWg
*(CSy) CEL ENABLE ENABLE CER (CSr)*
*(CSL) CEL[ 1 ~ 4 fVec ouTPUT OUTPUT
R/V_VL[ 2 47 jﬁR (C‘S‘R)v ﬁL ENABLE ENABLE O_ER
_ — 1/0, 1/0
8UsY, (] 3 46 )RR o : R
Nt [ 4 45 [JBUSYR 1/07) ————— /o
oE 05 44 PiNT, X.. ..X
Aol 6 43[]OEg
X% 421 Ap AgL Agr
Asl]8 a1 1A, M COLUMN COLUMN M
. 1/0 o B 1/0 .
Asllo a0 142 . LEFT : : RIGHT .
Aqlf 0 39 PAs Az Arr
As[f 1 38 [1Aq T T
A 37 [IA
6l 12 [l A Aot || Ao
A7 13 36 [J Ag . LEFT . o | RIGHT .
ROW MEMORY ROW
Al 14 S LY ° DECODER | * ARRAY | * | pECODER .
Ag[] 15 34 Ag . DRIVER | ® * | DRIVER .
AoL 1 — Aor
1/0, ] 16 33 Ag
10,0 17 32 [11/07
1/02[] 18 31 [1/06
1/030 19 30 P1/os
1/04[] 20 29 gl/oa . CONTENTION
BUSY INTERRUPT BUSY
1/0, 28 [11/0 USYL BUSYr
521 3 NTL LOGIC NTx
1/06{] 22 271110, *(CSu) CEL ————— CEr (Ca)*
11074 23 26 [11/04 O, — | OEg
GND [] 24 25 [11/0g R/, ————— L R

*CS APPLIES TO SY2131, CE APPLIES TO SY2130
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side, the other side’s INT pin goes LOW until the flag loca-
tion 1s read by that side. Both the BUSY and INT pins are
open drain outputs to allow OR-tied operation.

The SY2130 has an automatic power down feature which 1s
controlled by the Chip Enable inputs. Each Chip Enable con-
trols automatic power-down circuitry that allows it's
respective side of the device to remain in a standby power
mode.

The SY2131 chip select (no power down) access has been
designed to be faster than 1t’s address access so that the
chip select decode time will not add to the memory’s overall
access time This feature significantly improves system
performance.

_Pin Definitions

CE 10 Left Port Chip Enable. When CE, goes
HIGH, the left port of the RAM s de-
selected and the left port control circuitry
will automatically power down and re-
main in a standby power mode as long as

CE_ remains HIGH.

/19 Right Port Chip Enable. When CER goes
HIGH, the right port of the RAM s de-
selected and the nght port control cir-
cuitry will automatically power down and
remain in a standby power mode as long
as CEgR remains HIGH.

Left Port Chip Select. When CS_ goes
HIGH, the left port of the RAM Is de-
selected.

Right Port Chip Select. When CSg goes
HIGH, the right port of the RAM Is de-
selected.

Left Port Address Inputs. The 10-bit field
presented at the left port Address Inputs
selects one of the 1024 memory locations
to be read from or written into via the left
port Data Input/Output Lines.

Right Port Address Inputs The 10-bit field
presented at the nght port Address Inputs
selects one of the 1024 memory locations
to be read from or wnitten into via the
right port Data Input/Output Lines.

OE,_ Output Enable for Left Port When OE_ s
HIGH, the left port outputs are disabled,
when OE_ i1s LOW, the left port outputs
are enabled. Also controls contention
mode for left port

OEg Output Enable for Right Port. When OEg
1s HIGH, the right port outputs are dis-
abled. When OER i1s LOW, the right port
outputs are enabled. Also controls con-
tention mode for rnight port

Al
mi

Tsm

CSp

AOL-A9,

AOR-A9g

1700-1/07, Left Port Data Input/Output Lines
1/00g-1/07g Right Port Data Input/Output Lines.
R/W, Left Port Read/Write Enable. When O

1s LOW and R/W/_is HIGH, data from the
RAM location selected by the left address
field is present at the left port Data Input/
Output Lines When R/W, i1s LOW, data
present on the left port Data Input/

Output Lines is written into the RAM
location selected by the left address field
irregardless of the state of OE,. These
operations can be affected by contention.
(See Functional Description on page 9).

Right Port Read/Write Enable. When OEg
is LOW and R/Wpg 1s HIGH, data from the
RAM location selected by the left address
field 1s present at the right port Data
Input/Output Lines When R/Wpg 1s
LOW, data present on the right port Data
Input/Output Lines 1s written into the
RAM location selected by the right ad-
dress field irregardless of the state of
OER. These operations can be affected by
contention. (See Functional Description
page 9).

Left Port Busy Flag. BUSY| remains HIGH
at all times unless both ports Initiate an
operation to the same address location
and the left port 1s operating in contention
mode with the right port receiving priority.
When this occurs, the right port operation
will be completed first and BUSY | will go
LOW until the right port operation I1s com-
pleted.

Right Port Busy Flag BUSYg remains
HIGH at all times unless both ports
Initiate an operation to the same address
location and the nght port i1s operating in
contention mode with the left port receiv-
ing priority. When this occurs, the left
port operation will be completed first and
BUSYg will go LOW until the left port
operation 1s completed Both BUSY_ and
BUSYR are open drain outputs allowing
OR-tied operation.

R/Wgr

BUSY,(12)

BUSYR(12)

INT(12) Left Port Interrupt Flag. If the right port
writes to memory location 3FE then INT
1s latched LOW until the left port reads

data from memory location 3FE.

INTR12) Right Port Interrupt Flag. If the left port
writes to memory location 3FF, then
TNTg 1s latched LOW until the right port
reads data from memory location 3FF
Both INT_ and INTg are open drain

allowing OR-tied operation.

(see page 2-16 for notes)
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Absolute Maximum Ratings* Comment*
Temperature UnderBias ................. -10°C to 85°C Stresses above those listed under “Absolute Maximum
° ° Ratings’’ may cause permanent damage to the device. This
Storage Temperature ................... ~65°C 10 150°C 1s a stress rating only and functional operation of the device
Voltage on any Pin with at these_or at any other condition above those indicated 1n
RespecttoGround ..................... -35Vto+7V the operational sections of this specification i1s not implied.
Power DISSIpation .........vveiiiiiiiiiiiieean 10W

D.C. Characteristics Tao=0°C to +70°C, Ve =5V = 10% (Unless otherwise specified)

SY2130/8Y2131-1/-2/-3/-4
Symbol Parameter Min. Max. Unit | Conditions
Iy Input Load Current 10 uA Vce =Max, Viy = GND to Ve
(All input pins)
Lo Output Leakage Current 10 wA | CE =V, Vcec = Max.
Vout = GND to 4.5V
Icc Power Supply Current 150 mA  |Ta=25°C| Ve =Max, CE=V,
(Both Ports Active) 170 mA To=0°C Outputs Open
lsg1 Standby Current 40 mA | Vcc = Min. to Max,,
(Both Ports Standby) CE_ and CEg = V) (Note 10)
Isg2 Standby Current 110 mA  |Vcc = Min. to Max.,
(One Port Standby) CE( or CEg =V (Note 10)
ViL Input Low Voltage -05 08 Y
ViH Input High Voltage 22 60 \
VoL Output Low Voltage 04 \% lo. =3 2 mA (Note 12)
VoH Output High Voltage 24 \% loy = 1.0 mA (Note 12)

Capacitance 1,=25°C, f=1.0 MHz

Symbol Test Typ. Max. Unit
Cour Output Capacitance 5 pF
Cin Input Capacitance 5 pF

NOTE" This parameter 1s periodically sampled and not 100% tested

A.C. Characteristics T,=0°C to 70°C, Vo =5V + 10%
READ CYCLE (Note 12)

SY2130-1 | SY2130-2 | SY2130-3 | SY2130-4

SY2131-1 | SY2131-2 | SY2131-3 | SY2131-4 Condi-
Symbol | Parameter Min. [ Max. [ Min. | Max. | Min. [ Max. | Min. | Max. | Units | tions
tre Read Cycle Time 100 120 150 200 ns
tAA Address Access Time 100 120 150 200 ns
tACE Chip Enable Access Time 100 120 150 200 ns [10]
tAOE Output Enable Access Time 40 50 60 80 ns
toH Output Hold from Address Change 10 10 10 20 ns
tiz Output Low Z Time 10 10 10 20 ns [5]
thz Output High Z Time (0] 40 0 50 [¢] 60 0 80 ns [5]
tpy Chip Enable to Power Up Time 0 0 0 0 ns [10]
tpp Chip Disable to Power Down Time 50 60 70 100 ns [10]
tacs Chip Select Access Time 80 100 110 160 ns [11]

(see page 2-16 for notes)
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A.C. Characteristics T,=0°Cto 70°C, Ve =5V * 10% (continued) (Note 12)

WRITE CYCLE
SY2130-1 SY2130-2 SY2130-3 SY2130-4
SY2131-1 SY2131-2 SY2131-3 SY2131-4
Symbol | Parameter Min. Max. Min. Max. Min. | Max. Min. Max.
twe Write Cycle Time 100 120 150 200
tew Chip Enable to End of Write 90 105 120 180 [10]
tsw Chip Select to End of Write 70 85 90 140 [11]
taw Address Valid to End of Write 90 105 120 180
tas Address Setup Time 0 0 0 0
twe Write Pulse Width 60 70 80 120
twr Write Recovery Time 0 0 0 0
tow Data Valid to End of Write 40 50 60 80
toH Data Hold Time 0 0 0 0
twz Write Enabled to Output in High Z 0 40 0 50 0 60 0 80 [5]
tow Output Active from End of Write 0 0 0 0 [5]
BUSY TIMING
tre Read Cycle Time 100 120 150 200
twe Write Cycle Time 100 120 150 200
toEH Output Enable Hold Time 20 25 30 40
toER Output Enable Recovery Time 0 0 0 0
tgAA BUSY Access Time to Address 40 50 60 80
t8DA BUSY Disable Time to Address 40 50 60 80
tgaC BUSY Access Time to Chip Enable
or Chip Select 40 50 60 80
tapc BUSY Disable Time to Chip Enable
or Chip Select 40 50 60 80
taps Arbitration Priority Set Up Time 20 25 30 40
taos Arbitration Override Set Up Time 20 25 30 40
INTERRUPT TIMING (Note 12)
tas Address Set Up Time 0 0 0 0
taw Write Recovery Time (o] 0 (o] [¢]
NS Interrupt Set Time 40 50 60 80
tiNR Interrupt Reset Time 40 50 60 80
NOTES_
1 R/W s high for Read Cycles _ _
2 Device 1s continuously enabled/selected, CE = V)_or CS = Vy_
3 'Ad_(_j_ressE valid prior to or coincident with CE_or CS transition low
4 If CE or CS goes high simultaneously with R/W high, the outputs remain in the high impedance state
5 Transition 1s measured =500 mV from low or high impedance voltage with load B This parameter i1s sampled and not 100% tested
6

A pullup resistor to V¢ on the CE or CS input 1s required to keep the device deselected otherwise, power-on current approaches
lcc active

OE can be Vjy when contention arbitration mode occurs or Vi when contention override mode occurs, see Tables 2 and 3

CE =CEp=V|Lor G5 =CSp=V)_

Busy timing s identical to Contention Cycle Nos 1 and 2

Applies to SY2130 version (power down) only

Applies to SY2131 version (non-power down) only

The interrupt and busy signals (pins 3, 4, 44 and 45) are open drain outputs A pull-up resistor i1s required for system operation
Load C is used for A C testing these pins All other outputs use load A

13 Read or Write Cycle Timing after BUSY inactive as shown in previous timing diagrams

PN
N = OO0
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Timing Diagrams
READ CYCLE NO. 1 EITHER SIDE (Notes 1 and 2)

le— toEH *—(ogﬁﬂ

trRC

D ( X

tAA
. thz
toH
DATA OUT PREVIOUS DATA VALID )( X X DATA VALID 1K

READ CYCLE NO. 2 EITHER SIDE (Notes 1 and 3)

tace
CE/CS SK ]y
tA0E tHz
tz tHz —*
s
DATA OUT 7 < < VALID DATA }—
tLz |
le—— tpy __,f tPD

Iog == == = - e - —
Vcc  CURRENT %:0% 50%
Isg

WRITE CYCLE NO. 1 EITHER SIDE (Note 4)

wce

ADDRESS )ﬁ }ﬁ

=es/ N\ X £2///1L///

taw

®

\ ———tWR———

tas twp
o AN JR zF
i tou ’DH“-‘

cﬁf_/jl SREEE‘

HIGH IMPEDANCE

]

DATA OUT

(see page 2-16 for notes)
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WRITE CYCLE NO. 2 EITHER SIDE (OE = V) (Note 4)

twe

ADDRESS )

S

tew OR tsw
AN ;; 7£// /////
taw
le—— twg ——{
tas twp
" RN 7
| tow toH
DATA IN DATA VALID

twz |e—— tow

HIGH IMPEDANCE

DATAOUT DATA UNDEFINED

CONTENTION CYCLE NO. 1 (CE/CS CONTENTION ARBITRATION MODE) (Note 7)
CE_/CS| VALID FIRST:

ADDR
LANDR

ADDRESSES MATCH X ADDRESSES DO NOT MATCH x

_X
CEL/CSL 7[
taps
CERr/CSm
tBAC [e—————1tgp¢ —————>|
BUSYR

CER/CSR VALID FIRST:

ADDR
LANDR

ADDRESSES MATCH X ADDRESSES DO NOT MATCH x

CER/CSg

taps

i

[e]

EL/CSL

tsac le—————tgpc —————=

BUSY,

(see page 2-16 for notes)
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CONTENTION CYCLE NO. 2 (ADDRESS CONTENTION ARBITRATION MODE) (Notes 7 and 8)

ADDRESS, VALID FIRST:

trc OR twe
ADDRS( )( ADDRESSES MATCH )( ADDRESSES DO NOT MATCH X
taps trc OR twc
ADDRSR )( ADDRESSES MATCH ADDRESSES DO NOT MATCH x
tBAA | t8DA |
BUSYg SEE NOTE 13
ADDRESSRg VALID FIRST:
tre OR twe
ADDRSRr )<; ADDRESSES MATCH )( ADDRESSES DO NOT MATCH X
taPs trc OR twe
ADDRS_ )( ADDRESSES MATCH ADDRESSES DO NOT MATCH x
tBAA | tBDA |

CONTENTION CYCLE NO. 3 (CONTENTION OVERRIDE MODE) (Note 9)

LEFT PORT CONTENTION IGNORED:

= (LSS

-—— thAQs —

. (L[S

RIGHT PORT CONTENTION IGNORED:

=, ([

—— tAQS ——»

o, ([

(see page 2-16 for notes)
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INTERRUPT MODE (Note 8)

LEFT SIDE FLAGS RIGHT SIDE:

{«—twg—»

R,WR///////////////#{
EATTTATHNRRRRRRRRRRRRRRY 4

«——tins —>| '<—'INR—>
iNTr

RIGHT SIDE FLAGS LEFT SIDE:

\

S = taw
R/Wgr S

DDDDD RXKXIXRXIKRRK X
w77 7777777777777 |
SSLALL1AAALARALRRRRRRRN Y Jf

NS ——tNR —>|
INTL

2-20
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Functional Description

The SY2130 and SY2131 are 1024-word by 8-bit dual port
RAMs that feature two separate |/0 ports Each port allows
independent access for read or write to any location in the
memory

The SY2130 features separate left and right port Chip Ena-
ble controls (C—ZEL and CTR) Each Chip Enable activates its
respective port when 1t goes LOW and controls automatic
power-down circuitry that allows it’s respective side of the
device to remain In a standby power mode as long as it
remains HIGH When a port i1s active, 1t is allowed access to
the entire memory array

The SY2131 features separate left and right port Chip
Select controls (CS, and CSg) Each Chip Select activates its
respective port when it goes LOW and allows its respective
side of the device to remain selected as long as 1t remains
LOW. When a port is active, it is allowed access to the
entire memory array.

Each port has an Output Enable control (ﬁL and OEg) that
keeps its respective output in a high impedance mode when
HIGH When a port’'s OE 1s LOW, that port’s output drivers
are turned on providing its R/W control 1s HIGH

Separate Read/Write Enable inputs (R/W_and R/Wpg) con-
trol writing of new data into any location in the RAM from
either port When R/W, 1s LOW, new data I1s written into
the location selected by the left address field Likewise,
when R/Wpg i1s LOW, new data I1s written into the location
selected by the right address field When a port's Read/
Write Enable 1s HIGH, data can be read from that port if its
respective OE 1s LOW When R/W_ is HIGH and OE, 1s
LOW, data i1s read from the location selected by the left
address field When R/Wg 1s HIGH and OEg 1s LOW, data 1s
read from the location selected by the right address field

There 1s one situation where contention can occur It is
when both left and right ports are active and both addresses
match Two modes of operation are provided for this situa-
tion (i) on-chip control logic arbitrates the situation, or (i)
contention 1s ignored and both ports are given access to
that memory location OE controls the mode of operation

If CE or CS 1s LOW before OE goes LOW when both
addresses match, then on-chip control logic arbitrates the
situation Priority 1s given to the port whose CE or CS
became valid first, the other port will not be allowed access
to the memory core until that port’s operation 1s completed

If both port’s CE or CS controls became valid at the same
time while their OEs are HIGH, then the left port Is given
priority If both CE or CS pins are valid before their respec-
tive OE controls and an address change causes an address
match while OE 1s HIGH, then prionity is given to the port
whose address became valid first; the other port i1s not
allowed access to the memory until that port’s operation 1s
completed If both addresses became valid at the same time
and match, and OE 1s HIGH, then the left port Is given
priority

In the other mode, contention 1s ignored and one or both
ports have access to the memory core at all times This 1s
accomplished by having OE LOW when the contention
occurs That 1s, the RAM core 1s accessible from a port even
if the on-chip control logic would have delayed its access
provided (a) the port’s OE 1s LOW when its CE or CS goes
LOW during an address match, or (b) both ports are active
and 1ts OE 1s LOW when an address change causes an
address match Therefore, 1t 1s possible for both ports to
have access to the same memory location at the same time,
even in a WRITE -WRITER situation

Separate Busy Flags (BUSY_ and BUSYg) are provided to
signal when a port’s access to the memory core has been
delayed When both ports try to access the same memory
location, the on-chip arbitration logic causes the Busy Flag
to go LOW on the side that i1s delayed These flags are pro-
vided to allow the user to stop the processor If desired.
BUSY s driven out fast enough for the processor’s address
and data to be preserved if desired. The Busy Flags are
operational even when the device is operating in the mode
where contention 1s ignored and function the same as des-
cribed for contention mode operation. This permits their use
to signal that contention has occurred and data may have
been changed

Interrupt logic 1s included on-chip to provide a means for
two processors to communicate to one another If the left
port writes to memory location 3FF, then the right port
Interrupt Flag (INTg) 1s latched LOW until the right port
reads data from that same location If the right port writes
to location 3FE, then the left port Interrupt Flag (WI’L) 1S
latched LOW until the left port reads data from that loca-
tion If both ports are enabled and contention occurs, the
Busy circuitry will disable the address decoder from setting
or resetting the Interrupt Flags
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Table 1. Non-Contention Read/Write Control

Left Port Inp Right Ports Inputs Left Flags Right Flags
R/W_ | CE./CS, | OF_ | AO-A9, | R/WR |CER/CSR | OER | AOR-A9g | BUSY |INT, | BUSYR|INTR |Function
X H X X X X X X H X H X | Left Port in Power
Down Mode
X X X X X H X X H X H X | Right Port in Power
Down Mode
L L X X X X X X H X H X | Data on Left Port

Written to Memory
Location AO -A9_

H L L X X X X X H X H X | Data in Memory
Location A0 -A9
Output on Left Port

X X X X L L X X H X H X | Data on Right Port
Written to Memory
Location AOg-A9g

X X X X H L L X H X H X | Data in Memory
Location AOR-A9gr
Output on Right
Port

L L X 3FF X X X X H X H L | Left Side Flags Right
Side to Read Memory
Location 3FF

X X X X L L X 3FE H L H X 1 Right Side Flags Left

Side to Read Memory
Location 3FE

H =HIGH L=LOW X =Don’t Care
Table 2. CE/CS Contention Arbitration

Left Port Inputs Right Port Inputs Left Flags Right Flags
R/W_ | CE,/CS_ | OE. | R/WR | CEj/CSg | OEg | BUSY, | INT_ | BUSYR | INTR Function
X L1 X X L LAC H X L X Left Operation Allowed )
RAM Inaccesstble from Right
X L LAC X L1 X L X H X Right Operation Allowed
RAM Inaccessible from Left
X Both X X Both LAC H X L X Left Operation Allowed
RAM Inaccessible from Right
X L1 X X L LBC H X L X Left Operation Allowed
RAM Accessible from Right*
X L LBC X L1 X L X H X Right Operation Allowed
RAM Accessible from Left*
X Both X X Both LBC H X L X Left Operation Allowed
RAM Accessible from Right*
1 = Pin active before equivalent pin on other port LBC = LOW before chip enable
LAC = LOW after chip enable Both = Equivalent pins on both ports become active at the same time

*See Contention Override Mode Timing on page 7

Table 3. Address Contention Arbitration

Left Port Inputs Right Ports Inputs Left Flags Right Flags
R/W, | CE./CS, | OF, | A0\-A9, | R/Wg |CER/CSR | OER | AOR-A9g | BUSY, | INT| | BUSYR | INTR| Function
X L X Match1 X L X Match H X L X | Left Operation
Allowed**
X L X Match X L X Match1 L X H X | Right Operation
Allowed**
X L X Both X L X Both H X L X | Left Operation
Allowed**

Match = Addresses on left and right ports are 1dentical

Match 1 = Address valid on the port before becoming valid on opposite port

Both = Addresses match and become valid on both ports at the same time

**RAM inaccessible from other port unless that ports OE was low when the match occurred Also see Note 7
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A.C. Testing Input, Output Waveform A.C.Testing Load Circuit
24v 45V +5V
20V 20V
TEST POINTS <
1250 Q 1250
o8v 0.8V
04v Dour Dour
INPUT OUTPUT 100 pF
775 Q (SlglOCF!.EUEII\l'\IIJG 775 Q 5pF
AC TESTING INPUTS ARE DRIVEN AT 24V FOR A LOGIC “1” 16)
AND 0 4V FOR A LOGIC “0”. TIMING MEASUREMENTS ARE
MADE AT 20V FOR A LOGIC “1” AND 0.8V FOR A LOGIC “0"
INPUT PULSE RISE AND FALL TIMES ARE 5 ns =
LOAD A LOADB
+5V
1440 Q
INT
50 pF
(INCLUDING
SCOPE AND
L JiG)
LOAD C

Ordering Information

Access Operating Standby
Order Time Current Current Package
Number (Max.) (Max.) (Max.)t Type

SYP2130-1 100 ns 170 mA 40 mA/110 mA Molded DIP
SYC2130-1 100 ns 170 mA 40 mA/110 mA Ceramic
SYP2131-1 100 ns 170 mA NA* Molded DIP
SYC2131-1 100 ns 170 mA NA Ceramic
SYP2130-2 120 ns 170 mA 40 mA/110 mA Molded DIP
SYC2130-2 120 ns 170 mA 40 mA/110 mA Ceramic
SYP2131-2 120 ns 170 mA NA* Molded DIP
SYC2131-2 120 ns 170 mA NA Ceramic

SYP2130-3 150 ns 170 mA 40 mA/110 mA Molded DIP

SYC2130-3 150 ns 170 mA 40 mA/110 mA Ceramic
SYP2131-3 150 ns 170 mA NA* Molded DIP
SYC2131-3 150 ns 170 mA N A Ceramic

SYP2130-4 200 ns 170 mA 40 mA/110 mA Molded DIP

SYC2130-4 200 ns 170 mA 40 mA/110 mA Ceramic
SYP2131-4 200 ns 170 mA NA* Molded DIP
SYC2131-4 200 ns 170 mA NA Ceramic

*Not applicable
TBoth ports standby/one port standby.
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ADVANCED INFORMATION

SY2132/SY2133

512 x 8 Dual Port
Random Access Memory

Features

® 100 ns Address Access Time
e Fully Static Operation
e Full TTL Compatibility

¢ Interrupt Function (INT).
Open Drain for OR-tied Operation

® Easy Microprocessor Interface

e BUSY Function to Handle Contention

e SY2132"— Transparent Power Down (CE)
e SY2133 — Non-Power Down (CS)

e Output Enable Function (OE)

® Both Ports Operate Independently

e Each Port Accesses Entire Memory

Description

The Synertek SY2132 and SY2133 are 4096 Bit Dual Port
Static Random Access Memories organized 512 words by 8
bits. They are designed using fully static circuitry and fabri-
cated using Synertek’'s n-channel double poly silicon gate
technology

The SY2132 and SY2133 feature two separate 1/0 ports
that each allow independent access for read or write to any
location in the memory The only situation where conten-
tion can occur I1s when both ports are active and both
addresses match. Two modes of operation are provided for
this situation. In one mode, contention 1s ignored and both

operations are allowed to proceed. In the other mode, on-
chip control logic arbitrates delaying one port until the other
port’s operation i1s completed A BUSY flag i1s sent to the
side whose operation I1s delayed BUSY is driven out at
speeds that allow the port's processor to preserve its
address and data

An interrupt function (INT) 1s also provided to allow com-
munication between systems This function acts lhke a
writable flag When the flag's location 1s written from one
side, the other side’s INT pin goes LOW until the flag loca-
tion 1s read by that side The INTs have open drain drivers to

(continued next page)

Pin Configuration Block Diagram
R/WL - WRITE WRITE R/Wg
“(E8,) CEL ENABLE ENABLE CEr (CSR)*
wesueEds  ~  asPvee ouTPUT OUTPUT
- e OFL ENABLE ENABLE OFn
RW,_ (]2 47 ]CE_a (CSg) 1/00L — 1/Oon
BUSY_[] 3 46 [1R/WR . .
. .
iNT [ 4 45 [ BUSYR 1107, ~———— " |/O7n
OE []5 44 [JiNTg * o o o o o
Aoll6 43[10Es
a7 a2j1a Ao — e
COLUMN COLUMN
A2ll8 apa . 1/0 . 1/0 .
A3} o 40 1 A2 N LEFT H M RIGHT . .
Azl 10 39 [)As A7L r—l l—— A7r
AsTf 1 38 [1Aq | L
b 7 pas Rt LEFT RIGHT Ao
. L] . .
Arl1s s [As . row | .| wmemory | | mow .
Agl] 14 35 0A; DECODER ARRAY DECODER
. DRIVER | * * | DRIVER .
Vr(] 15 341 Ag Aol Aor
1100 ] 16 33 vq
11010 17 32 /o,
1/02(] 18 311/06
11030 19 30 P 1/0s
1/04(] 20 29} 1/0 N CONTENTION o
o ) 1/04 BUSY, INTERRUPT BUSYR
1105 [ 21 28 [11/03 NTL LoGic NTg
1/06 [} 22 27 o, *(CSy) CEL —— ——— CEr (CSg)"
11070 23 26 [11/0, OEL OEr
R/W — [ RMR
GND [} 24 25 [11/0o
*CS APPLIES TO SY2133, CE APPLIES TO SY2132
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S$Y2132/SY2133

mode.

allow OR-tied operation

The SY2132 has an automatic power down feature which is
controlled by the Chip Enable inputs Each Chip Enable con-
trols automatic power-down circuitry that allows it's re-
spective side of the device to remain in a standby power

The SY2133 chip select (no power down) access has been
designed to be faster than its address access so that the
chip select decode time will not add to the memory’s overall
access time This feature significantly improves system
performance

CEL

&l
m
o

&
wl

L
TS

A0 -A8

AOg-A8R

1/00.-1/07,
1/00g-1707R
R/W

Pin Definitions

Left Port Chip Enable When CE_ goes HIGH, the
left port of the RAM s deselected and the left
port control circuitry will automatically power
down and remain In a standby power mode as
long as CE| remains HIGH

Right Port Chip Enable When CER goes HIGH,
the right port of the RAM s deselected and the
right port control circuitry will automatically
power down and remain in a standby power
mode as long as CER remains HIGH

Left Port Chip Select When C_SL goes HIGH, the
left port of the RAM 1s deselected

Right Port Chip Select When CSg goes HIGH,
the right port of the RAM s deselected

Left Port Address Inputs The 9-bit field pre-
sented at the left port Address Inputs selects one
of the 512 memory locations to be read from or
written into via the left port Data Input/Output
Lines

Right Port Address Inputs The 9-bit field pre-
sented at the right port Address Inputs selects
one of the 512 memory locations to be read from
or written into via the right port Data Input/
Output Lines

Output Enable for Left Port When (ﬁ._ 1s HIGH,
the left port outputs are disabled, when OE|_ is
LOW, the left port outputs are enabled Also con-
trols contention mode for left port

Output Enable for Right Port When OER 1s
HIGH, the right port outputs are disabled When
OER 1s LOW, the right port outputs are enabled
Also controls contention mode for right port

Left Port Data Input/Output Lines

Right Port Data Input/Output Lines

Left Port Read/Write Enable When OE| 1s LOW
and R/W\_ 1s HIGH, data from the RAM location
selected by the left address field 1s present at the
left port Data Input/Output Lines When R/W
1s LOW, data present on the left port Data Input/

Output Lines I1s written into the RAM location
selected by the left address field irregardless of
the state of CﬁL These operations can be affected
by contention

R/Wg Right Port Read/Write Enable When OER is
LOW and R/Wg 1s HIGH, data from the RAM
location selected by the left address field 1s pre-
sent at the night port Data Input/Output Lines
When R/WRg is LOW, data present on the right
port Data Input/Output Lines is written into the
RAM location selected by the right address field
irregardless of the state of O_ER These opera-
tions can be affected by contention

BUSY_ Left Port Busy Flag BUSY| remains HIGH at all
times unless both ports initiate an operation to
the same address location and the left port 1s
operating in contention mode with the right port
receiving priority When this occurs, the nght
port operation will be completed first and BUSY |
will go LOW until the nght port operation 1s com-
pleted

BUSYR Right Port Busy Flag. BUSYR remains HIGH at all
times unless both ports initiate an operation to
the same address location and the right port 1s
operating In contention mode with the left port
receiving priority When this occurs, the left port
operation will be completed first and BUSYR will
go LOW until the left port operation 1s com-
pleted Both BUSY_ and BUSYR are open
drain outputs allowing OR-tied operation

IN_TL Left Port Interrupt Flag If the right port writes to
memory lecation 1FE then INT_ 1s latched
LOW until the left port reads data from
memory location 1FE

lN_TR Right Port Interrupt Flag If the left port writes to
memory location 1FF, then INTR is latched
LOW until the right port reads data from
memory location 1FF Both INT_ and INTR are
open drain allowing OR-tied operation

VR Pins 15 and 33 are reference inputs and
should be tied to V¢ for normal operation
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Absolute Maximum Ratings* Comment*
Temperature UnderBias ................. -10°C to 85°C Stresses above those listed under “Absolute Maximum
° ° Ratings” may cause permanent damage to the device. This
Storage Temperature ................... —65°Ct0 150°C Is a stress rating only and functional operation of the device
Voltage on any Pin with at these or at any other condition above those indicated Iin
Respectto Ground ..................... -3.6V to +7V the operational sections of this specification is not implied.
Power DISSIPation  ........c.oiiiiiniiiieiiiinan 1.0W

D.C. Characteristics 1,=0°c to +70°C, Vce =5V + 10% (Unless otherwise specified)

SY2132/8Y2133-1/-2/-3/-4
Symbol Parameter Min. Max. Unit | Conditions
I Input Load Current 10 uA Vee =Max., Viy = GND to V¢
(All input pins)
Lo Output Leakage Current 10 wA | CE =V, Vec = Max
Vout = GND to 4 5V

e Power Supply Current 150 mA  |Ta=25°C| V¢c = Max, CE=V,_
| (Both Ports Active) 170 mA TA=0°C Outputs Open
i Isg Standby Current 40 mA  |Vgc =Min to Max,
’ (Both Ports Standby) CE_ and CEg =V} (Note 10)

Isg2 Standby Current 110 mA | Vg =Min. to Max,
! (One Port Standby) CE| or CEg = V| (Note 10)
i Vi Input Low Voltage -05 0.8 v

Vi Input High Voltage 22 6.0 \

VoL Output Low Voltage 04 \ loL = 3 2 mA (Note 12)

Vou Output High Voltage 24 \ lon =-1 0 mA (Note 12)

Capacitance 1, =25°C, f = 1.0 MHz

Symbol Test Typ. Max. Unit
Cour Output Capacitance 5 pF
Cin Input Capacitance 5 pF

NOTE This parameter is periodically sampled and not 100% tested

A.C. Characteristics T,=0°C to 70°C, Vee =5V + 10%
READ CYCLE (Note 12)

SY2132-1 ySY21 32-2 SY2132-3 SY2132-4

SY2133-1 | SY2133-2 | SY2133-3 | SY21334 Condi-
Symbol | Parameter Min. | Max. | Min. [ Max. | Min. | Max. | Min. | Max. | Units | tions
trc Read Cycle Time 100 120 150 200 ns
taa Address Access Time 100 120 150 200 ns
tacE Chip Enable Access Time 100 120 150 200 ns [10]
tAOE Output Enable Access Time 40 50 60 80 ns
toH Output Hold from Address Change 10 10 10 20 ns
tz Output Low Z Time 10 10 10 20 ns [5]
tHz Output High Z Time 0 40 0 50 0 60 0 80 ns [5]
tpy Chip Enable to Power Up Time 0 0 0 0 ns [10]
tpp Chip Disable to Power Down Time 50 60 70 100 ns [10]
tacs Chip Select Access Time 80 100 110 160 ns [11]

(see page 2-27 for notes)
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A.C. CharacteristiCs T,=0°C 0 70°C, V¢ = 5V + 10% (continued) (Note 12)
WRITE CYCLE
SY2132-1 SY2132-2 SY2132-3 SY2132-4
SY2133-1 SY2133-2 SY2133-3 SY2133-4
Symbol | Parameter Min. Max. Min. Max. Min. Max. Min. Max.
twe Write Cycle Time 100 120 150 200
tew Chip Enable to End of Write 90 105 120 180 [10]
tsw Chip Select to End of Write 70 85 90 140 [11]
taw Address Valid to End of Write 90 105 120 180
tas Address Setup Time 0 0 0 0
twe Write Pulse Width 60 70 80 120
twR Write Recovery Time (o] 0 o] 0
tow Data Valid to End of Write 40 50 60 80
toH Data Hold Time 0 0 0 0
twz Write Enabled to Output in High Z [¢] 40 (0] 50 o] 60 (o] 80 [5]
tow Output Active from End of Write 0 0 0 0 5]
BUSY TIMING
tre Read Cycle Time 100 120 150 200
twe Write Cycle Time 100 120 150 200
toeH Output Enable Hold Time 20 25 30 40
toER Output Enable Recovery Time o] 0 0 (o]
tgAA BUSY Access Time to Address 40 50 60 80
tepA BUSY Disable Time to Address 40 50 60 80
tgaC BUSY Access Time to Chip Enable
or Chip Select 40 50 60 80
tspc BUSY Disable Time to Chip Enable
or Chip Select 40 50 60 80
taps Arbitration Priority Set Up Time 20 25 30 40
ta0s Arbitration Override Set Up Time 20 25 30 40
INTERRUPT TIMING (Note 12)
tas Address Set Up Time o] 0 0 (0]
taw Write Recovery Time 0 0 0 0
tins Interrupt Set Time 40 50 60 80
tiNR Interrupt Reset Time 40 50 60 80
NOTES
1 R/W s high for Read Cycles
2 Device Is continuously enabled/selected, CE = V)_or CS = V),
3 "Addresses valid prior to or coincident with CE or CS transition low
4 IfCEorCS goes high simultaneously with R/W high, the outputs remain in the high impedance state
5 Transition 1s measured £500 mV from low or high impedance voltage with load B This parameter 1s sampled and not 100% tested
6 A pullup resistor to V¢ on the CE or CS input is required to keep the device deselected otherwise, power-on current approaches .
lcc active i
7 OE can be Vi when contention arbitration mode occurs or V) when contention override mode occurs, see Tables 2 and 3
8 CE_=CER=V)LorCS =CSRg=V_ |
9 Busy timing s identical to Contention Cycle Nos 1 and 2
10 Applies to SY2132 version (power down) only
11 Apphes to SY2133 version (non-power down) only
12 The interrupt and busy signals (pins 3, 4, 44 and 45) are open drain outputs A pull-up resistor 1s required for system operation
Load C is used for A C testing these pins All other outputs use load A .
13 Read or Write Cycle Timing after BUSY inactive as shown in previous timing diagrams |
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Timing Diagrams
READ CYCLE NO. 1 EITHER SIDE (Notes 1 and 2)

l«— toEn [~—toER—>

/

tRC

ADDRESS )(

t
AA e ,
toH
DATA OUT PREVIOUS DATA VALID ( X X DATA VALID

READ CYCLE NO. 2 EITHER SIDE (Notes 1 and 3)

tace

CE/CS S (

tAOE thHz

tLz tHz —]

VALID DATA ‘}—
|

<—tpu—b{ tpp
I == == == o = o ——
Vcc  CURRENT %50% 50%
Isg

WRITE CYCLE NO. 1 EITHER SIDE (Note 4)

DATA OUT / /

-
-
LA

twe

e X X

v/ 0N - ST77T77T

taw

)

WR
|

tas twe
& X\ lk A
|

| D toH v‘

«/ )} RN\

[e——1tHz

HIGH IMPEDANCE
DATAOUT

(see page 2-27 for notes)
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WRITE CYCLE NO. 2 EITHER SIDE (OE = V) (Note 4)

twe

ADDRESS

tew OR tsw

CE/CS \

[N

N

|e—— tyr ——]
tas twe
n PN 7
| tow toH
DATA IN DATA VALID
twz [ tow
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED

EL/CS_ VALID FIRST:

CONTENTION CYCLE NO. 1 (CE/CS CONTENTION ARBITRATION MODE) (Note 7)

ADDR

ADDRESSES MATCH
L AND R

ADDRESSES DO NOT MATCH

X X_

EL/CSL

O

taps

7]
2
5
2
g

ul

tsac

BUSYR

l&—————tgpc —————>|

Er/CSg VALID FIRST:

ADDRESSES MATCH

ADDRESSES DO NOT MATCH

X X_

taps

l

tsac

BUSY,

l<—-»-~ ——tgpC —————>|

(see page 2-27 for notes)
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ADDRESS VALID FIRST:

CONTENTION CYCLE NO. 2 (ADDRESS CONTENTION ARBITRATION MODE) (Notes 7 and 8)

trc OR twe
ADDRS_ ADDRESSES MATCH ‘)( ADDRESSES DO NOT MATCH x
taps trc OR twe
ADDRSg ADDRESSES MATCH ADDRESSES DO NOT MATCH x
tBAA | t8DA |
BUSYg SEE NOTE 13
ADDRESSR VALID FIRST:
trc OR twc
ADDRSR ) ADDRESSES MATCH )( ADDRESSES DO NOT MATCH x
taPs trc OR twe

ADDRS,

ADDRESSES MATCH

ADDRESSES DO NOT MATCH x

tsaA

&l
hy

t8DA

LEFT PORT CONTENTION IGNORED:

CONTENTION CYCLE NO. 3 (CONTENTION OVERRIDE MODE) (Note 9)

(LSS

«—— tAQS —>

CEL/CS,

g
g

[

RIGHT PORT CONTENTION IGNORED:

/777777777777

«—— tA0S ——|

CER/CSR

([

(see page 2-27 for notes)
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INTERRUPT MODE (Note 8)

LEFT SIDE FLAGS RIGHT SIDE:

._'.Nsﬁ‘ [

\ /

RIGHT SIDE FLAGS LEFT SIDE:

e tas— = ] ta
R/Wg \K

CRXRRIXRKIIRKK A
|<— ]

w7 T7TTTTTTITT7777 .

SALELIANAIIRARANARRNRNY /

tins \4— tNR ——>
INTL
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Functional Description

The SY2132 and SY2133 are 512 word by 8-bit dual port
RAMs that feature two separate |/0 ports. Each port allows
independent access for read or write to any location in the
memory.

The SY2132 features separate left and right port Chip Ena-
ble controls (CE, and CEg). Each Chip Enable activates its
respective port when 1t goes LOW and controls automatic
power-down circuitry that allows 1t's respective side of the
device to remain In a standby power mode as long as it
remains HIGH. When a port is active, 1t is allowed access to
the entire memory array.

The SY2133 features separate left and right port Chip
Select controls (C§L and E§R) Each Chip Select activates its
respective port when 1t goes LOW and allows its respective
side of the device to remain selected as long as it remains
LOW When a port 1s active, it I1s allowed access to the
entire memory array.

Each port has an Output Enable control (f)—EL and OEg) that
keeps its respective output in a high impedance mode when
HIGH When a port’s OE 1s LOW, that port’s output drivers
are turned on providing its R/W control 1s HIGH

Separate Read/Write Enable inputs (R/W,_and R/Wpg) con-
trol writing of new data into any location in the RAM from
either port When R/W 1s LOW, new data ts written into
the location selected by the left address field Likewise,
when R/Wp 1s LOW, new data is written into the location
selected by the right address field. When a port's Read/
Write Enable 1s HIGH, data can be read from that port if its
respective OE 1s LOW When R/WL 1s HIGH and OE,_ 1S
LOW, data s read from the location selected by the left
address field. When R/Wg 1s HIGH and OER 1s LOW, data 1s
read from the location selected by the right address field

There 1s one situation where contention can occur It I1s
when both left and right ports are active and both addresses
match Two modes of operation are provided for this situa-
tion. (1) on-chip control logic arbitrates the situation, or (i)
contention 1s ignored and both ports are given access to
that memory location OE controls the mode of operation

If CE or CS 1s LOW before OE goes LOW when both
addresses match, then on-chip control logic arbitrates the
situation Priority 1s given to the port whose CE or CS
became valid first; the other port will not be allowed access
to the memory core until that port’s operation I1s completed

If both port’s CE o_r_(f controls became valid at the same
time while their OEs are HIGH, then the left port I1s given
priority If both CE or CS pins are valid before therr respec-
tive OE controls and an address change causes an address
match while OE 1s HIGH, then priority s given to the port
whose address became valid first, the other port I1s not
allowed access to the memory until that port’s operation is
completed If both addresses became valid at the same time
and match, and OE 1s HIGH, then the left port 1s given
priority.

In the other mode, contention i1s ignored and one or both
ports have access to the memory core at all times. This I1s
accomplished by having OE LOW when the contention
occurs. That is, the RAM core s accessible from a port even
if the on-chip control logic would have delayed its access
provided. (a) the port's OE i1s LOW when its CE or CS goes
LOW during an address match, or (b) both ports are active
and its OF is LOW when an address change causes an
address match Therefore, 1t 1s possible for both ports to
have access to the same memory location at the same time,
even in a WRITE -WRITER situation

Separate Busy Flags (BUSY_ and BUSYp) are provided to
signal when a port’s access to the memory core has been
delayed When both ports try to access the same memory
location, the on-chip arbitration logic causes the Busy Flag
to go LOW on the side that is delayed These flags are pro-
vided to allow the user to stop the processor if desired
BUSY s driven out fast enough for the processor’s address
and data to be preserved If desired The Busy Flags are
operational even when the device 1s operating in the mode
where contention s ignored and function the same as des-
cribed for contention mode operation This permits their use
to signal that contention has occurred and data may have
been changed

Interrupt logic 1s included on-chip to provide a means for
two processors to communicate to one another If the left
port writes to memory location 1FF, then the right port
Interrupt Flag (INTg) is latched LOW until the right port
reads data from that same location If the right port writes
to loation 1FE, then the left port Interrupt Flag (INT|) 1s
latched LOW until the left port reads data from that loca-
tion If both ports are enabled and contention occurs, the
Busy circuitry will disable the address decoder from setting
or resetting the Interrupt Flags
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Table 1. Non-Contention Read/Write Control

Left Port Inputs Right Ports Inputs Left Flags Right Flags
R/W, | CE./CS, | OE_ | A0,-A8; R/WR CER/CSg (ﬁn AOR-A8g | BUSY, |[INT | BUSYR|INTR | Function
X H X X X X X X H X H X [ Left Port in Power
Down Mode
X X X X X H X X H X H X | Right Port in Power
Down Mode
L L X X X X X X H X H X | Data on Left Port

Written to Memory
Location AQ|_-A8

H L L X X X X X H X H X | Data in Memory
Location AQ -A8
Output on Left Port

X X X X L L X X H X H X | Data on Right Port
Written to Memory
Location AOg-A8g
X X X X H L L X H X H X | Data in Memorv
Location AOg-A8g
Output on Right
Port

L L X 1FF X X X X H X H L [Left Side Flags Right
Side to Read Memory
Location 1FF

X X X X L L X 1FE H L H X | Right Side Flags Left
Side to Read Memory
Location 1FF

H = HIGH L=LOW X =Don’t Care
Table 2. CE/CS Contention Arbitration

Left Port Inputs Right Port Inputs Left Flags Right Flags
R/W_ | CE/CS, | OE_ | R/WR | CER/CSg | OEg | BUSY, | INT_ | BUSYR | INTg Function
X L1 X X L LAC H X L X Left Operation Allowed
RAM Inaccessible from Right
X L LAC X L1 X L X H X Right Operation Allowed
RAM Inaccessible from Left
X Both X X Both LAC H X L X Left Operation Allowed
RAM Inaccessible from Right
X L1 X X L LBC H X L X Left Operation Allowed
RAM Accessible from Right*
X L LBC X L1 X L X H X Right Operation Allowed
RAM Accessible from Left*
X Both X X Both LBC H X L X Left Operation Allowed
RAM Accessible from Right*
1 = Pin active before equivalent pin on other port LBC = LOW before chip enable
LAC = LOW after chip enable Both = Equivalent pins on both ports become active at the same time

*See Contention Override Mode Timing on page 7

Table 3. Address Contention Arbitration

Left Port Inputs Right Ports Inputs Left Flags Right Flags
R/W_ | CE_/CS, | OE_ | AO,-A8, | R/Wg |CER/CSRg | OER | AOR-A8R | BUSY| | INT, | BUSYR |INTR| Function
X L X Match1 X L X Match H X L X | Left Operation
Allowed**
X L X Match X L X Match1 L X H X | Right Operation
Allowed**
X L X Both X L X Both H X L X | Left Operation
Allowed**

Match = Addresses on left and right ports are identical

Match 1 = Address valid on the port before becoming valid on opposite port

Both = Addresses match and become valid on both ports at the same time

**RAM inaccessible from other port unless that ports OE was low when the match occurred Also see Note 7
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$Y2132/SY2133

A.C. Testing Input, Output Waveform

A.C. Testing Load Circuit

*Not applicable

tBoth ports standby/one port standby

24V
20v 20V 45V +5V
TEST POINTS
1250 1250 Q
osv 0.8v
04v Dout Dout
INPUT OUTPUT 100 pF
775 Q ‘s'é“g,:‘EUE,'\"‘I')G 7759 5pF
AC TESTING INPUTS ARE DRIVEN-AT 2.4V FOR A LOGIC “1” JIG)
AND 0.4V FOR A LOGIC “0” TIMING MEASUREMENTS ARE
MADE AT 20V FOR A LOGIC “1” AND 0.8V FOR A LOGIC "0".
INPUT PULSE RISE AND FALL TIMES ARE 5ns = —
LOAD A LOAD B
45V
1440 Q
NT
50 pF
(INCLUDING
SCOPE AND
L_JG)
LOAD C
Ordering Information
Access Operating Standby
Order Time Current Current Package
Number (Max.) {Max.) (Max.)t Type
SYP2132-1 100 ns 170 mA 40 mA/110 mA Molded DIP
SYC2132-1 100 ns 170 mA 40 mA/110 mA Ceramic
SYP2133-1 100 ns 170 mA NA* Molded DIP
SYC2133-1 100 ns 170 mA NA Ceramic
SYP2132-2 120 ns 170 mA 40 mA/110 mA Molded DIP
SYC2132-2 120 ns 170 mA 40 mA/110 mA Ceramic
SYP2133-2 120 ns 170 mA NA* Molded DIP
SYC2133-2 120 ns 170 mA N A Ceramic
SYP2132-3 150 ns 170 mA 40 mA/110 mA Molded DIP
SYC2132-3 150 ns 170 mA 40 mA/110 mA Ceramic
SYP2133-3 150 ns 170 mA NA* Molded DIP
SYC2133-3 150 ns 170 mA N A Ceramic
SYP2132-4 200 ns 170 mA 40 mA/110 mA Molded DIP
SYC2132-4 200 ns 170 mA 40 mA/110 mA Ceramic
SYP2133-4 200 ns 170 mA NA* Molded DIP
SYC2133-4 200 ns 170 mA NA Ceramic
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SY2147H

4096 x 1 Static
Random Access Memory

Features

45 ns Maximum Access Time

No Clocks or Strobes Required

Automatic CE Power Down

Identical Cycle and Access Times

Single +5V Supply (£10%)

Pinout and Function Compatible to SY2147

Direct Performance Upgrade for SY2147
Totally TTL Compatible All Inputs and Outputs
Separate Data Input and Output

High Density 18-Pin Package

Three-State Output

Description

The Synertek SY2147H is a 4096-Bit Static Random Access
Memory organized 4096 words by 1-bit and 1s fabricated
using Synertek’'s new scaled n-channel silicon gate tech-
nology It I1s designed using fully static circuitry, therefore
requiring no clock or refreshing to operate Address set-up
times are not required and the data 1s read out non-
destructively with the same polarity as the input data
Separate data input and output pins provide maximum
design flexibility The three-state output facilitates memory
expansion by allowing the outputs to be OR-tied to other
devices

Pin Configuration

Ao ~ 181 Vee
A2 1781 Ae
A2[]3 16 ]A7
Az 4 15 ] Ag
Aa[]s 1] A
As[1e 13[Aw0
Dour [}7 12 JAn
WE[]s 11[]Din
GND (]9 10[]CE

The SY2147H offers an automatic power down feature
Power down is controlled by the Chip Enable input When
Chip Enable (CE) goes high, thus deselecting the SY2147H,
the device will automatically power down and remain in a
standby power mode as long as CE remains high This uni-
que feature provides system level power savings as much
as 80%

The SY2147H s packaged in an 18-pin DIP for the highest
possible density The device is fully TTL compatible and has
a single +5V power supply

Block Diagram
A —P ] ] — e
n —P¥ ] <o
Az ——X MEMORY ARRAY
ROW 64 ROWS
ng — P fseLecT] 64 COLUMNS
A —P ]
A —P% ] -
Din COLUMN 1/0 CIRCUITS ——Drﬁ Dout
COLUMN SELECT
1
R y R
\ %#% |
Ao Az As Ay Ay An
CE —9

- D
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Synertek

SY2147H

Absolute Maximum Ratings

Temperature Under Blas  .............. -10°C to +85°C
Storage Temperature ................ -65°C to +150°C
Voltage on Any Pin with

Respectto Ground .................... 35 Vto+7V
Power DISsIpation ..........c.coiiiiiiiiiiiaaaann 1.2W

Comment*

Stresses above those listed under “Absolute Maximum
Ratings’’ may cause permanent damage to the device. This
1s a stress rating only and functional operation of the device
at these or at any other condition above those indicated in
the operational sections of this specification is not impled.

D.C. Characteristics T =0°Cto +70°C, Ve = 5V £10% (Unless otherwise specified) (Note 8)

2147HL/L-3 2147H-2/-3
Symbol | Parameter Min. | Max.| Min. Max. Unit | Conditions
I Input Load Current (All input pins) 10 10 uA Vee = Max, Viy = Gnd to Ve
|'L0[ Output Leakage Current 50 50 uA CE = V|y, Ve = Max,
Vout = Gnd to 4 5V
lcc Power Supply Current 115 150 mA | TA=25°C  Vgc=Max, CE=V)_
125 160 mA | To=0°C Outputs Open
Isg Standby Current 15 20 mA | Vce = Min to Max, CE = Vjy
lpo Peak Power-on Current 15 50 mA | Vgc = GndtoVee Min
(Note 9) CE = Lower of V¢ or Vi Min
ViL Input Low Voltage -30 08 -30 08 \
ViH Input High Voltage 20 60 20 60 \%
VoL Output Low Voltage 04 04 \% loL =8 mA
VoH Output High Voltage 24 24 \% lop=-40mA
Capacitance Ta =25°C, f= 1.0 MHz
Symbol Test Typ. Max Unit
CouT Output Capacitance 6 oF
CIN Input Capacitance 5 pF
NOTE This parameter 1s periodically sampled and not 100% tested.

A.C. Characteristics Ta =0°C to +70°C, Ve = 5V £10% (Unless otherwise specified) (Notes 8, 10)

READ CYCLE
2147H-2 2147H-3/HL-3 2147H/HL

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit | Notes
tRe Read Cycle Time 45 55 70 ns

tAA Address Access Time 45 55 70 ns

tACE1 Chip Enable Access Time 45 55 70 ns 1
tACE2 Chip Enable Access Time 45 65 80 ns 2
toH Output Hold from Address Change 5 5 5 ns

tz Chip Selection to Output in Low Z 5 10 10 ns 7
tHz Chip Deselection to Output in High Z 0 30 0 30 0 40 ns 7
tpy Chip Selection to Power Up Time 0 0 0 ns

tpp Chip Deselection to Power Down Time 20 20 30 ns

WRITE CYCLE

twe Write Cycle Time 45 55 70 ns

tew Chip Enabled to End of Write 45 45 55 ns

tAwW Address Valid to End of Write 45 45 55 ns

tas Address Setup Time 0 0 0 ns

twp Write Pulse Width 25 25 40 ns

twR Write Recovery Time 0 10 15 ns

tow Data Valid to End of Write 25 25 30 ns

tDH Data Hold Time 10 10 10 ns

twz Write Enabled to Output in High Z 0 25 0 25 0 35 ns 7
tow Output Active from End of Write 0 0 0 ns 7

(see following page for notes)
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Synertek, SY2147H

Timing Diagrams
READ CYCLE NO. 1 (NOTES 3 AND 4)

ADDRESS )(

taa -]
e
DATA OUT PREVIOUS DATA VALID ( X X DATA VALID

READ CYCLE NO. 2 (NOTES 3AND 5)

tRe
cE ﬁﬁ ]l
tACE
Wz
HIGH IMPEDANCE
DATA OUT DATA VALID
Vee lec
SUPPLY 50% 50% %
CURRENT Isg

WRITE CYCLE NO. 1 (WE CONTROLLED) (NOTE 6)

sooness Y 34
= N\ 1/ )

A\ X 7‘(
— tpy ———————=—tpy _>’
DATA IN DATA VALID *

- twg ——! - tow ——>|
\ HIGH IMPEDANCE N
DATA OUT DATA UNDEFINED )
‘ S ——

NOTES
1 Chip deselected for greater than 55ns prior to selection
2 Chip deselected for a finite time that is less than 55ns prior to selection (If the deselect time 1s Ons, the chip is by definition selected and
access occurs according to Read Cycle No 1)
WE 1s high for Read Cycles
Device is continuously selected, CE = V|
Addresses valid prior to or coincident with CE transition low
If CE goes high simultaneously with WE high, the outputs remain in the high impedance state
Transition 1s measured *500mV from low or high impedance voltage with load B This parameter 1s sampled and not 100% tested
The operating ambient temperature range I1s guaranteed with transverse air flow exceeding 400 linear feet per minute
A pullup resistor to Vcc on the CE input is required to keep the device deselected otherwise, power-on current approaches Icc active
. A miimum 0.5 ms time delay is required after application of Vcg (+5V) before proper device operation is achieved.

SOONO O AW

-
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we

A.C. Testing Input, Output Waveform

/
A.C.Testing Load Circuit

e tas s .
® | £
taw - S
SANNNNANNNNNN Y £/
' ow fon
DATAIN DATA VALID
hthﬁ
DATA OUT DATA UNDEFINED \ HIGH IMPEDANCE

20V +5V +5V
2.0V
1.5V<— TEST POINTS 5109 5102
osv Dout Dour
ov 30 pF
INPUT OUTPUT 3009 ggg&:ﬁ&a 3009 SpF -
4G)
A.C.TESTING INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC
“1” AND 0 0V FOR A LOGIC “0”. TIMING MEASUREMENTS
ARE MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC = =
0" AT THE OUTPUTS. THE INPUTS ARE MEASURED AT 15V.
INPUT RISE AND FALL TIMES ARE 5 ns. LOAD A LOAD B
Package Availibility 18 Pin Moided DIP
Ordering Information
Access Operating | Standby
Order Time Current Current | Package
Number (Max.) (Max.) (Max.) Type

SYP2147H-2 45ns 160mA 30mA | Molded DIP

SYP2147H-3 55ns 160mA 30mA | Molded DIP

SYP2147HL-3 55ns 125mA 15mA | Molded DIP

SYP2147H 70ns 160mA 20mA | Molded DIP

SYP2147HL 70ns 125mA 15mA | Molded DIP
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SY2148H

1024 x 4 Static
Random Access Memory

Features

45 ns Maximum Access Time
No Clocks or Strobes Required
Automatic CE Power Down
Identical Cycle and Access Times
Single +5V Supply (£10%)

[ J
[ ]
[
[
[ ]
® Pinout and Function Compatible to SY2148

Performance Upgrade for SY2148

Industry Standard 2114 Pinout

Totally TTL Compatible all Inputs and Outputs
Common Data Input and Output

High Density 18-Pin Package

Three-State Output

Description

The Synertek SY2148H 1s a 4096-Bit Static Random Access
Memory organized 1024 words by 4 bits and 1s fabricated
using Synertek’s new scaled n-channel silicon gate tech-
nology It 1s designed using fully static circuitry, therefore
requiring no clock or refreshing to operate. Address set-up
times are not required and the data is read out non-
destructively with the same polarnity as the input data
Common data input and output pins provide maximum
design flexibility The three-state output facilitates memory
expansion by allowing the outputs to be OR-tied to other
devices.

Pin Configuration

The SY2148 offers an automatic power down feature
Power down 1s controlled by the Chip Enable input When
Chip Enable (CE) goes high, thus deselecting the
SYM2148H, the device will automatically power down and
remain in a standby power mode as long as CE remains
high This unique feature provides system level power sav-
ings as much as 85%.

The SY2148H 1s packaged in an 18-pin DIP for the highest
possible density The device 1s fully TTL compatible and has
a single +5V power supply

Block Diagram

n——PF ] = —_—
As ——X <«—— GND
As —X MEMORY ARRAY
\.J SEE&T 64 ROWS
As )1 1817 Vee A _ﬁ: 64 COLUMNS
As[}2 17 A
Ag ——| z
A3 16 [ Ag
n—Pr]
Az[ 14 15 Aq
As[]s 14 {71/04 |
A 13J10; 1/04 = COLUMN 1/0 CIRCUITS
A7 12 []1/03 1/0; INPUT COLUMN SELECT
_ DATA
CE[]8 11[11/04 1103 D CONTROL
GND [} 9 10 [JWE 1/0a l';
1
Ao Aq

Az Az

A

D

D




Synertek.

SY2148H

Absolute Maximum Ratings*

Temperature UnderBias  ............. -10°C to +85°C
Storage Temperature ............... -65°C to +150°C
Voltage on Any Pin with

Respectto Ground ................... -35Vto+7V
Power DissIpation  ...........iiiiiiiiiiiiinan. 1.0W

Comment*

Stresses above those listed under “Absolute Maximum Rat-
Ings’’ may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or at any other condition above those indicated in the
operational sections of this specification 1s not implied.
Exposure to absolute maximum rating conditions for
extended periods may affect device reliability

D.C. Characteristics Ta =0°Cto +70°C, Ve = 5V +10% (Unless otherwise specified) (note 8)
2148H/H-2/H-3 2148HL/HL-3
Symbol Parameter Min. Max. Min. Max. Unit Conditions
X} Input Load Current 10 10 LA Vce =Max, VN =Gnd to Ve
(All input pins)
|I Lol Output Leakage Current 50 50 uA CE = Vi, Vec = Max
VouT =Gnd to 4.5V
Icc Power Supply Current 140 115 | mA | Ta=25°C | v = Max, CE =V,
150 125 mA Ta=0"C Outputs Open
IsB Standby Current 30 20 mA Vce = Min to Max, CE = Vjy
Ipo Peak Power-on Current 50 30 mA Vcc =Gnd to Vge Min
(Note 9) CE = Lower of V¢ or Vjy Min
ViL Input Low Voltage -3.0 0.8 -3.0 0.8 \%
VIH Input High Voltage 2.0 6.0 2.0 6.0 \%
VoL Output Low Voltage 0.4 0.4 \ oL =8mA
VOH Output High Voltage 2.4 2.4 v IoH=-4mA
Capacitance Ta =25°C, f= 1.0 MHz
Symbol Test Typ. Max Unit
Cout Output Capacitance 7 oF
CINn Input Capacitance 5 pF -
NOTE This parameter is periodically sampled and not 100% tested.
A.C. Characteristics Ta = 0°C to +70°C, Ve = 5V £10% (Unless otherwise specified) (note 8)
READ CYCLE
2148H-2 |2148H-3/HL-3| 2148H/HL
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Unit Conditions
tRC Read Cycle Time 45 55 70 ns
tAA Address Access Time 45 55 70 ns
tACE1 Chip Enable Access Time 45 55 70 ns Note 1
tACE2 | Chip Enable Access time 55 65 80 ns Note 2
tOH Output Hold from Address Change 5 5 5 ns
tLz Chip Selection to Output in Low Z 10 10 10 ns Note 7
tHZ Chip Deselection to Output in High Z 0 20 0 20 0 20 ns Note 7 +«*
tpy Chip Selection to Power Up Time 0 0 0 ns
tPD Chip Deselection to Power Down Time 30 30 30 ns
WRITE CYCLE
twe Write Cycle Time 45 55 70 ns
tcw Chip Enabled to End of Write 40 50 65 ns ,
tAW Address Valid to End of Write 40 50 65 ns
tAS Address Setup Time 0 0 0 ns
WP Write Pulse Width 35 40 50 ns
tWR Write Recovery Time 5 5 5 ns
tpw Data Valid to End of Write 20 20 25 ns
tDH Data Hold Time 0 0 0 ns .
twz Write Enabled to Output in High Z 0 15 0 20 0 | 5 ns Note 7
tow Output Active from End of Write 0 0 0 ns Note 7

(See following page for notes)
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SY2148H

Timing

READ CYCLE NO. 1 (NOTES 3AND 4)

Diagrams

- = - tge

ADDRESS

X

DATA OUT

taa
ton
PREVIOUS DATA VALID )(X x DATA VALID

READ CYCLE NO. 2 (NOTES 3AND 5)

CE \

tre

tace
t— tyz

Wz
HIGH IMPEDANCE

DATA OUT DATA VALID IMPE DANCE
— D
Vee lec
SUPPLY
CURRENT lsg
WRITE CYCLE NO. 1 (WE CONTROLLED) (NOTE 6)
- twe
ADDRESS )( }(
tew
- ) /
c X NNV
taw e—— tyyg —
tas twp
e X 1
l tow toH |
DATAIN DATA VALID
twz tow
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED
NOTES

DOWONO MM W

-

. A minimum 0.5 ms time delay 1s required after application of Vg (+5V) before proper device operation is achieved.

Chip deselected for greater than 55ns prior to selection

Chip deselected for a finite time that is less than 55ns prior to selection (If the deselect ime is Ons, the chip 1s by definition selected and
access occurs according to Read Cycle No 1)

WE 1s high for Read Cycles

Device 1s continuously selected, CE = V.

Addresses valid prior to or coincident with CE transition low

If CE goes high simultaneously with WE high, the outputs remain in the high impedance state

Transition i1s measured 500mV from low or high impedance voltage with load B This parameter is sampled and not 100% tested

The operating ambient temperature range Is guaranteed with transverse air flow exceeding 400 linear feet per minute

A pullup resistor to Vcc on the CE input 1s required to keep the device deselected otherwise, power-on current approaches Icc active
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SY2148H

WRITE CYCLE NO. 2 (CE CONTROLLED) (NOTE 6)

twe
ADDRESS )( 3{
e tas tow
® £
e - S
NN NN NNV NNNY L7/ 7777777
I tow toH |
DATA IN DATAVALID
]
DATA OUT DATA UNDEFINED HIGH IMPEDANCE

A.C.Testing Input, Output Waveform

A.C.Testing Load Circuit

3.0V +5V +5V
2.0v
1.5V<— TEST POINTS 48092 48092
0.8V D
ov Dourt 0pF out
(INCLUDING
INPUT OUTPUT 2550 SCOPE AND 255Q 5 pF
JG)
A.C. TESTING- INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC
“1” AND 0.0V FOR A LOGIC “0” TIMING MEASUREMENTS 4
ARE MADE AT 20V FOR A LOGIC “1” AND 0.8V FOR A LOGIC = =
0" AT THE OUTPUTS THE INPUTS ARE MEASURED AT 15V
INPUT RISE AND FALL TIMES ARE 5 ns LOAD A LOAD B
Package Availability 18 Pin Molded DIP
Ordering Information
Access Operating | Standby
Order Time Current Current Package
Number (Max.) (Max.) (Max.) Type

SYP2148H 70ns 150mA 30mA | Molded DIP

SYP2148H-2 45ns 150mA 30mA | Molded DIP

SYP2148H-3 56ns 150mA 30mA | Molded DIP

SYP2148HL 70ns 125mA 20mA | Molded DIP

SYP2148HL-3 55ns 125mA 20mA | Molded DIP
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SY2149H

1024 x 4 Static
Random Access Memory

Synertek.

Features

45 ns Maximum Address Access

Fully Static Operation:

No Clocks or Strobes Required

Fast Chip Select Access Time: 20ns Max.
Identical Cycle and Access Times

Single +5V Supply

Industry Standard 2114 Pinout
Totally TTL Compatible:

All Inputs and Outputs

Common Data Input and Outputs
High Density 18-Pin Package
Three-State Output

Description

The Synertek SY2149H s a 4096-Bit Static Random
Access Memory organized 1024 words by 4 bits and is
fabricated using Synertek’s new N-Channel Silicon-
Gate HMOS technology. It is designed using fully stat-
ic circuitry, therefore requiring no clock or refreshing
to operate. Address set-up times are not required and
the data is read out non-destructively with the same
polarity as the input data. Common data input and
output pins provide maximum design flexibility. The
three-state output facilitates memory expansion by
allowing the outputs to be OR-tied to other devices.

The SY2149H offers a chip select access that 1s faster
than its address access. In a typical application, the
address access begins as soon as the address is valid.
At this time, the high order addresses are decoded
and the desired memory is then selected. With the
faster chip select access, this decode time will not
add to the overall access time thus significantly im-
proving system performance.

The SY2149H 1s packaged in an 18-pin DIP for the

highest possible density. The device is fully TTL com-
patible and has a single +5V power supply.

Biock Diagram
P H —
Pin Configuration As __x - onD
AG——{ ow MEMORY ARRAY
Ar _z SELECT 64 COLUMNS
As [ ~ g [ Vee A _x
As[]2 170 Ar Ag—ﬁ ||
Aa]s 16 |1 Ag I
Asg 4 151 Ag
Ao )5 14 ]1/0¢ 1/0, COLUMN 1/0 CIRCUITS
A[]e 13[J1/0, 1/0, npuT COLUMN SELECT
A2 [7 12 [J1/03 1103 »_ CONTROL
cs[s 11]11/04 1104 D__ #%g#
GND [} 9 10 1 WE
Ao AT Az Ag
s

0

d




Synertek. |  SY2149H

Absolute Maximum Ratings* Comment*
Temperature Under Bias ... e -10°C 10 +85°C gg::;:s ri‘;‘:lvceaéggieer'{f;i‘in;";‘;f;a;:“:z"t';;e eaximum
-BHK° o .
\S,tTrage Teerer:ure‘ h """""""" 65°Cto+150°C 1s a stress rating only and functional operation of the device
oltage on Any Pin wit at these or at any other condition above those indicated in
Respect to Ground ..... ceeeeeeieiiees -35V10+7V  ine operational sections of this specification i1s not implied.
Power Dissipation ....... et 1.0W

D.C. Characiteristics Ta =0°Cto +70°C, Vg = 5V +10% (Unless otherwise specified) (Note 6)

2149H-2, 2149H-3,
2149HL-3, 2149HL 2149H
Symbol Parameter Min. Max. Min. Max. Unit | Conditions
TN} Input Load Current 10 10 KA Ve = Max, Viy =Gnd to Voo
(All input pins).
ll |_o| Output Leakage Current 50 50 MA CS = V|H, Ve = Max
VouT =Gnd to 4.5V
lcc Power Supply Current 115 140 mA | Tp=25°C | Vge =Max, CS= V)
125 150 mA [ Ta=0°C | OutputsOpen
ViL Input Low Voltage -3.0 0.8 -3.0 0.8
ViH Input High Voltage 2.0 6.0 2.0 6.0
VoL Output Low Voltage 0.4 0.4 IOL =8mA
VOH Output High Voltage 2.4 2.4 v IoH =-4.0 mA
los Output Short Circuit +200 +200 mA | VoyTt =GND to Vec
Current (Note 7)
Capacitance T, =25°C, f= 1.0 MHz
Symbol Test Typ. Max. Unit
CouT Output Capacitance 7 pF
CiN Input Capacitance 5 pF

NOTE: This parameter is periodically sampled and not 100% tested.

A.C. Characteristics Ta =0°C to +70°C, Ve = 5V £10% (Unless otherwise specified) (Notes 6, 8)
READ CYCLE

2149HL-3 2149HL
2149H-2 2149H-3 2149H

Symbol Parameter Min. { Max. | Min. | Max. | Min. | Max. | Unit | Conditions
tRC Read Cycle Time 45 55 70 ns

tAA Address Access Time 45 55 70 ns

tACS Chip Select Access Time 20 25 30 ns
tOH Output Hold from Address Change 5 5 5 ns
t 7 Chip Selection to Output in Low Z 5 5 5 ns | Note5
tHZ Chip Deselectio to Output in High Z 0 15 0 15 0 15 ns | Noteb

WRITE CYCLE

twe Write Cycle Time 45 55 70 ns

tcw Chip Selection to End of Write 40 50 65 ns

tAW Address Valid to End of Write 40 50 65 ns

tAS Address Setup Time 0 0 0 ns

twp Write Pulse Width 35 40 50 ns

tWR Write Recovery Time 5 5 5 ns

tpw Data Valid to End of Write 20 20 25 ns

tDH Data Hold Time 0 0 0 ns

twz Write Enabled to Output in High Z 0 15 0 20 0 25 ns | Note5
tow Output Active from End of Write 0 0 0 ns | Note5

(See following page for notes)
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Timing Diagrams

READ CYCLE NO. 1 (Notes 1 and 2)

tre

ADDRESS ‘>(

taa
H——ﬁtOH———b
DATA OUT PREVIOUS DATA VALID )( X X DATA VALID

READ CYCLE NO. 2 (Notes 1 and 3)

- tre
s X 7
tacs e tuz
tz
DATA OUT HIGH IMPEDANCE DATA VALID IMPEDANGE
WRITE CYCLE NO. 1 (WE controlled) (Note 4)
twe
ADDRESS )( )(
tew
_ T\ / 4
= N\ X 1/ /07707 /
tAW Fe—— tyg —
tas twp
WE \ \ 3( 7‘
l tow toH —|
DATA IN DATA VALID
twz tow
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED

NOTES:

1 WE 1s high for Read Cycles. _

2 Device is continuously selected, CS =V,

3 Addresses vald .

4 If CS goes high simultaneously with WE high, the outputs remain in the high impedance state

5 Transition 1s measured £500 mV from low or high impedance voltage with load B This parameter 1s sampled and not 100% tested
6 The operating ambient temperature range i1s guaranteed with transverse air flow exceeding 400 linear feet per minute

7 Duration not to exceed one minute

8 A mimimum O 5 ms time delay i1s required after application of Vcc (+5V) before proper device operation i1s achieved
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WRITE CYCLE NO. 2 (CS controlled) (Note 4)
| twe
ADDRESS X
le— tag tow
cs 7‘
taw
re— tyR —
twp
\ /
AN AAMAMANNN N Y SN,
L tow ton
DATA IN DATA VALID
‘ twz
i
DATA OUT DATA UNDEFINED HIGH IMPEDANCE
A.C. Testing Input, Output Waveform A.C.Testing Load Circuit
3.0v +5V +5V
2.0v
1.5V<— TEST POINTS 48082 4800
0.8V o o
'O
ov ouT 30 pF T
INPUT OUTPUT (INCLUDING
2550 SCOPE AND 2650 5eF
A.C. TESTING: INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC e
1" AND 0 0V FOR A LOGIC “0”. TIMING MEASUREMENTS
ARE MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC = ==
Q" AT THE OUTPUTS. THE INPUTS ARE MEASURED AT 1.5V. =
INPUT RISE AND FALL TIMES ARE 5 ns. LOAD A LoADB
Package Availability 18 Pin Molded DIP
Ordering Information
Access Supply
Order Time Current Package
Number (Max.) (Max.) Type
SYP2149H-2 45nsec 150mA Molded DIP
SYP2149H-3 55nsec 150mA Molded DIP
SYP2149HL-3 55nsec 125mA Molded DIP
SYP2149H 70nsec 150mA Molded DIP
SYP2149HL 70nsec 125mA Molded DIP
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SY2150
Cache Address Comparator

ertek.

ADVANCED INFORMATION

Features

e Fast Address to Match Valid Delay — Two Speed
Ranges. 45 ns, 55 ns

e 512 x 9 Internal RAM
e 300-Mil 24-Pin Ceramic Side Brazed Package
o Maximum Power Dissipation' 660 mW

e On-Chip Parity Generation and Checking

® Parity Error Output/Force Parity Error Input
® On-Chip Address/Data Comparator

® Asynchronous, Single-Cycle Reset

® Easily Expandable

e Fully Static, TTL Compatible

Description

The 8-bit slice cache address comparator consists of a high-
speed 512 x 9 static RAM array, parity generator, and parity
checker, and 9-bit high-speed comparator It is fabricated
using N-channel silicon gate technology for high speed and
simple interface with MOS and bipolar TTL circuits The
cache address comparator I1s easily cascadable for wider tag
addresses or deeper tag memories Significant reductions in
cache memory component count, board area, and power
dissipation can be achieved with this device

When S is low and W is high, the cache address compara-
tor compares the contents of the memory location
addressed by AO-A8 with the data on DO-D7 plus generated
parity An equality 1s indicated by a high level on the
MATCH output A low-level output from PE signifies a parity

Pin Configuration

ity error in the internal RAM data PE 1s an N-channel
open drain output for easy OR-tieing During a write cycle
(S and W low), data on DO-D7 plus generated even parity
are written 1n the 9-bit memory location addressed by AO-
A8. Also during write, a parity error may be forced by
holding PE low

A RESET input 1s provided for intialization When RESET
goes low, all 512 x 9 RAM locations will be cleared and the
MATCH output will be forced high

The cache address comparator operates from a single +5 V
supply and is offered in a 24-pin 300-mil side brazed pack-
age The device s fully TTL compatible and is guaranteed to
operate from 0° to 70°C

Block Diagram

\

RAM 512X9
R 8

\ ’ comp
reset ] ° 24 [ vee o . L.
As ]2 23 A1 N N ML:\QD——&MW
(41 Q
A4(]3 22 [ A0 ] ag
A5 2) 8
A3[]a 21[] A8 o 73_ "o
Azl]s 20 L1 A7 ~o o
INPUT
i
D3i[]se 19 [1 A6 ST -
po[]7 18 [ D5 o 3 »
(®) —
p1[]s 17 ] b4 oI T —
o5 18 F— | A
DZE 9 16 j D7 e 15 — »
(16} E—
w0 15 [ D6 '” . nd
PEQT 14 [ maTCH 2, e
vss [ 12 1308 8 [ zen _\:D_l
w o |




Synertek. SY2158

1024 x 8 Static
Random Access Memory

Features
® 120nsec Maximum Access Time ® Pin Compatible with 2716 16K EPROM
® Fully Static Operation: @ Totally TTL Compatible:
No Clocks or Strobes Required All Inputs and Outputs
® Automatic CE Power Down ® Common Data Input and Output
@® Identical Cycle and Access Times ® Three-State Output .
® Single +5V Supply ( + 10%) ® Output Enable Function (OE)
Description
The Synertek SY2158 1s a 8192 bit static Random Access as CE remains high. This feature provides significant sys-
Memory organized 1024 words by eight bits and is fabricated tem level power savings.

using Synertek’'s new scaled n-channel silicon gate tech-
nology It i1s designed using fully static circuitry, there-
fore requiring no clocks or refreshing to operate. The
common data Input and three-state output pins optimize
compatibility with systems utilizing a bidirectional data bus The SY2158 is pin compatible with 16K ROMs, EPROMs
and E2PROMs thus offering the user the flexibility of
switching between RAM, ROM, EPROM, and E2PROM with
a minimum of board layout changes.

The SY2158 is available in two versions. For the “A” ver-
sion, the select reference input (Ag) must be at V,_and for
the “B” version Ag must be at V.

The SY2158 offers an automatic power down feature under
the control of the chip enable ((f) input When CE goes
high, deselecting the chip, the device will automatically
power down and remain in a standby power mode as long

Pin Configuration Block Diagram
Ag —
::: ROW B
Ag—— SE(B)R[EES: . 8192 BIT ARRAY
A, \J 26 P vee 2:: DRIVER
Ag] 2 23] Ag fe
As (3 22 []Ag
Aa[: 4 21 ]m m— corom [ I l ......... I l l
A5 20 '] OE :2: oo [ = COLUMN 1/0 CIRCUITS
A, e 19 [ A An —] DRIVER I_k T
o
A 8 17 [ 1/0g ~ 103
110, ] 9 16 []1/0; We —D_ _> L '.'ZZ
110, [} 10 15 [ /06 43 WRITE I~ Yo
o3 [ 11 147105 1.><< [\ vor
GND [ 12 13[J 104 08
ﬁ—-& OUTPUT ENABLE
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Synertek, SY2158

- - *
Absolute Maximum Ratlngs* gtorre:gzesn;bove those hsted under “‘Absolute Maximum Rat-
Temperature UnderBias  ................ -10°Cto 85°C ings” may cause permanent damage to the device. This Is a
Storage Temperature ................. -65°C10 160°C stress rating only and functional operation of the device at
Voltage on Any Pin with these or at any other condition above those indicated in the
Respectto Ground ..................... -35Vto+7V operational sections of this specification 1s not implied.
Power DiSSIpation ...........coiiiiiiiiiiiinnn 10w Exposure to absolute maximum rating conditions for
extended periods may affect device rehability.
D.C. Characteristics  Ta =0°Cto +70°C, V¢ = 5V £10% (Unless otherwise specified)
2158-2/-3/-4
Symbol Parameter Min. Max. Unit | Conditions
Iy Input Load Current (All input pins) 10 pA | Vee =Max, Viy = Gnd to Ve
o Output Leakage Current 10 uA | CE =V, Vec =Max
Vour = Gnd to 4 5V
lee Power Supply Current 95 mA | T,=25°C Vee = Max, CE =V,
100 mA | To,=0°C Outputs Open
lsg Standby Current 20 mA | Vce = Min to Max, CE =V
Ipo Peak Power-on Current Note 6 40 mA | Ve =Gnd to Ve Min
CE = Lower of V¢ or Viy Min
Vi Input Low Voltage -30 08 \
Vi Input High Voltage 20 60 \
Vo Output Low Voltage 04 vV [1o.=832mA g
Vou Output High Voltage 24 V | loy=-1.0mA 2
Capacitance T, = 25°C, f= 1.0 MHz =
Symbol Test Typ. Max Unit
CouTt Output Capacitance 5 pF
CIN Input Capacitance 5 pF
NOTE This parameter 1s periodically sampled and not 100% tested.
A.C. Characteristics Ta = 0°C to +70°C, Ve = 5V £10% (Note 7)
READ CYCLE
2158-2 2158-3 2158-4
Symbol Parameter Min. | Max. | Min. |Max. | Min. | Max. | Unit Conditions
tRC Read Cycle Time 120 150 200 ns
tAA Address Access Time 120 150 200 ns
tACE Chip Enable Access Time 120 150 200 | ns
tAOE Output Enable Access Time 50 60 70 ns
tOH Output Hold from Address Change 10 10 10 ns
tLz Output Low Z Time 10 10 10 ns Note 5
tHZ Output High Z Time 0 40 ] 50 0 60 ns Note 5
tpy Chip Enable to Power Up Time 0 0 0] ns
tpD Chip Disable to Power Down Time 60 80 100 ns
WRITECYCLE
twe Write Cycle Time 120 150 200 ns
tow Chip Enable to End of Write 90 120 150 ns
tAW Address Valid to End of Write 90 120 150 ns
tAS Address Setup Time 0 0 0 ns
tWwp Write Pulse Width 70 90 120 ns
tWR Write Recovery Time 0 0 o] ns
tpw Data Valid to End of Write 50 70 90 ns
tDH Data Hold Time 0 0 0 ns
twz Write Enabled to Output in High Z 0 40 0 50 0 60 ns Note 5
tow Output Active from End of Write 0 0 0 ns Note 5
(See following page for notes)
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Synertek, SY2158

Timing Diagrams

READ CYCLE NO. 1 (NOTES 1 and 2)

trc
ADDRESS )(
taa
toH
DATA OUT PREVIOUS DATA VALID )( x x DATA VALID
READ CYCLE NO. 2 (NOTES 1 and 3)
i tace
=X e
tAOE tHz

|
|
tLz ——>1 i‘-‘— thz —=
HIGH IMPEDANCE 7
N

| DATAVALID

DATA OUT

N
N
LA

Lz | .
M— , "

e mm o mm m — |
Vcc  CURRENT ]{[ 50% 50% *

Iss

WRITE CYCLE NO. 1 (NOTE 4)

ADDRESS ‘)( )L
AN SISV
e T S
l tow toH —
DATA IN DATA VALID
=/ /f OO

}.._.Hz).

Notes:

. WE is high for Read Cycles.

. Device is continuously selected, CE = OE = VL.

. Addresses valid prior to or coincident with CE transition low.

If CE goes high simultaneously with WE high, the outputs remain in the high impedance state.

. Transition 1s measured +500mV from low or high impedance voltage with load B. This parameter is sampled and not 100% tested.

. A pullup resistor to Vcc on the CE input is required to keep the device deselected: otherwise, power-on current approaches Icc active.
. A minimum 0.5 ms time delay 1s required after application of Vcc (+5V) before proper device operation ts achieved

NooAwNS

2-50



Synertek, SY2158

WRITE CYCLE NO. 2 (OE = Vi) (NOTE 4)
twe
ADDRESS }( ’(
tew
=\ N\ N\ [/
&\ N Z /
taw
. le— typ—»|
AS twp
N N
e \ \ N 7!
l tow toH —|
DATA IN DATA VALID
twz tow
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED
A.C. Testing Input, Output Waveform A.C. Testing Load Circuit
24V +5V +5V
20v 20V
TEST POINTS 12500 12500
0.8V osv
04v Dout 1000F Dout
DING
INPUT ouTPUT 7750 ey 7750 5 pF
AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC “1” el
AND 0 4V FOR A LOGIC “0” TIMING MEASUREMENTS ARE
MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC “0” = —
INPUT PULSE RISE AND FALL TIMES ARE 5 ns -
LOAD A LOAD B
Package Availability 24 Pin Molded DIP
Ordering Information
Access | Operating | Standby
Order Time Current Current Package
Number (Max) (Max) (Max) Type Ag
SYP2158A-2 | 120ns 100mA 20mA Molded DIP I
SYP2158A-3 | 150ns 100mA 20mA Molded DIP ViL
SYP2158A-4 | 200ns 100mA 20mA Molded DIP ViL
SYP2158B-4 | 120ns 100mA 20mA Molded DIP ViL
SYP2158B-3 | 150ns 100mA 20mA Molded DIP ViL
SYP2158B-2 | 200ns 100mA 20mA Molded DIP Vi
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SY2167

16,384 x 1 Static
Random Access Memory

Synertek.

ADVANCED INFORMATION

Features

45 nsec Maximum Access Time
No Clocks or Strobes Required
Automatic CE Power Down
Identical Cycle and Access Times
Single +5V Supply

e Totally TTL Compatible
All Inputs and Outputs
Separate Data Input and Output
High Density 20 Pin Package

e Three-State Output

Description

The Synertek SY2167 is a 16,384-Bit Static Random Access
Memory organized 16,384 words by 1-bit and is fabricated
using Synertek’s new N-Channel Double Polysilicon Gate
HMOS technology. It 1s designed using fully static circuitry,
therefore requiring no clock or refreshing to operate. Address
set-up times are not required and the data is read out non-
destructively with the same polarity as the input data.
Separate data input and output pins provide maximum design
flexibilty The three-state output facilitates memory expansion
by allowing the outputs to be OR-tied to other devices.

The SY2167 offers an automatic power down feature. Power
down 1s controlled by the Chip Enable input. When Chip
Enable (CE) goes high, thus de-selecting the SY2167, the
device will automatically power down and remain in a standby
power mode as long as CE remains high. This unique feature
provides system level power savings as much as 80%.

The SY2167 1s packaged in a 20-pin DIP for the highest
possible density. The device 1s fully TTL compatible and has a
single +5V power supply.

Pin Configuration Block Diagram
\UJ Aq Vee
Ao 20 [J Vee Az __x GND
A2 191 A13 A -———X
A2[]3 18] Arz : ROW MEMORY ARRAY
A4 170 An re —E I, 126 COLUMNS
A 16 [1 A1 A —F ]
As e 15[ Ag Ag ‘——ﬁz
Ag 7 140 Ag re —F]
po[]s 130A
12
G:EE ?0 " g [:l: Din —?; COLUMN 1/0 CIRCUITS > Dout
COLUMN SELECT

WE —¢

5

i

Ao Az As Ajo A1 A12 Az




Synertek. SY2167

Absolute Maximum Ratings* Comment*

Temperature UnderBias ................ -10°C to 85°C Stresses above those listed under *’Absolute Maximum Ratings”’

Storage Temperature ................. -65°C to 150°C may cause permanent damage to the device. This is a stress

Voltage on Any Pin with rating only and functional operation of the device at these or any
Respect t0 Ground ...............oooun.. -35Vto +7V other conditions above those indicated in the operational sec-

Power DISSIPAtION . ..vuvvvr et 12W tions of this specification is not implied.

D.C. Characteristics 1, = 0°C to +70°C, V¢ = 5V £10% (Unless otherwise specified) (Note 6)

Symbol Parameter Min. Max. Unit | Conditions
Iy Input Load Current (All input pins) 10 A | Voo = Max, Viy = Gnd to Ve
'l,_o| Output Leakage Current 50 uA | CE =V, Ve = Max
Voutr = Gnd to 4 5V
lee Power Supply Current 110 mA | TA=25°C | Vcc=Max, CE=V,_
120 mA [ To,=0°C Outputs Open
Isg Standby Current 20 mA | Vge = Min to Max CE =V
lpo Peak Power-on Current (Note 7) 50 mA | V¢e = Gnd to Ve Min

CE = Lower of V¢ or V Min

Vi Input Low Voltage -30 08 Vv

Viy Input High Voltage 20 60 Vv

VoL Output Low Voltage 04 V | lor=16 mA

Vou Output High Voltage 24 \ loy =-4 0 mA

los Output Short Circuit Current (Note 8) -150 300 mA | Vour = GND to V¢ (Note 8)
Capacitance 1, =25°C, f =10 MHz

Symbol Test Typ. Max. Unit

Cout Output Capacitance 6 pF

Cin Input Capacitance 5 pF

NOTE This parameter 1s periodically sampled and not 100% tested
A.C. Characteristics T, = 0°C to +70°C, V¢ = 5V £10% (Unless otherwise specified) (Notes 6, 9)

READ CYCLE
2167 2167-3 2167-2
Symbol Parameter Min. Max. Min. Max. Min. Max. Unit
trc Read Cycle Time 70 55 45 ns
tAA Address Access Time 65 55 45 ns
tACE Chip Enable Access Time 70 50 40 ns
toH Output Hold from Address Change 5 5 3 ns
1z Chip Selection to Output in Low Z 5 5 5 ns
tHz Chip Deselection to Output in High Z 0 40 0 30 0 25 ns
tpy Chip Selection to Power Up Time 0o 0 0 ns
tpp Chip Deselection to Power Down Time 70 55 45 ns
WRITE CYCLE
Symbol Parameter Min. Max. Min. Max. Min. Max. Unit
twe Write Cycle Time 70 55 45 ns
tcw Chip Enabled to End of Write 65 50 40 ns
tAW Address Valid to End of Write 65 50 40 ns
tas Address Setup Time 0 (0] (o] ns
twp Write Pulse Width 35 25 20 ns
tWR Write Recovery Time 0 0 0 ns
tow Data Vald to End of Write 30 20 15 ns
tDH Data Hold Time 0 0 0 ns
twz Write Enabled to Output in High Z 0 35 0 25 0 20 ns
tow Output Active from End of Write 0 40 0 30 (o] 25 ns
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Synertek, SY2167

Timing Diagrams
READ CYCLE NO. 1 (Notes 1 and 2)

tre

ADDRESS )(

taa

ton

DATA OUT PREVIOUS DATA VALID

N

X X DATA VALID

READ CYCLE NO. 2 (Notes 1 and 3)

tre
TE 5( 7[
tace I t
[ thz
Wz
HIGH IMP
DATA OUT MPEDANCE DATA VALID
IMPEDANCE
le— tpp

Vee lcc

SUPPLY 50%

CURRENT lsg

WRITE CYCLE NO. 1 (WE Controlled) (Note 4)
twe
ADDRESS )( )(
tew
CE ( 7£ / / / / / / /
taw
[ tyR —
tas twe
N \ N /
We N K 7
l tow toH =]
DATAIN DATA VALID
twz tow
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED

Notes:
1 WE s high for Read Cycles _
2. Device 1s continuously selected, CE=V;
3 Addresses valid prior to or coincident with CE transition low
4 If CE goes high simultaneously with WE high, the outputs remain in the high impedance state
5 Transition is measured =500 mV from low or high impedance voltage with load B This parameter 1s sampled and not 100% tested
6 The operating ambient temperature range 1s guaranteed with transverse air flow exceeding 400 linear feet per minute
7 Anpullup resistor to Ve on the CE input is required to keep the device deselected otherwise, power-on current approaches ¢ active
8 Duration not to exceed one second
9. Aminimum 0 5 ms time delay 1s required after application of V¢c (+5V) before proper device operation Is achieved.
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Synertek. SY2167

WRITE CYCLE NO. 2 (CS Controlled) (Note 4)

twe

ADDRESS )(

T tew

taw

SANANNNNNNN Y 2L/

toH

DATA IN DATA VALID
SR W
|
\ HIGH IMPEDANCE
DATA OUT DATA UNDEFINED /l

A.C.Testing Input, Output Waveform A.C.Testing Load Circuit

3.0v +5V +5V
20v
1.5V<— TEST POINTS 480% 48052
os8v o
Dour ouT
ov 30 pF
INPUT OUTPUT (INCLUDING
25542 SCOPE AND 25582 5pF
JIG)
A.C TESTING INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC
1" AND 0.0V FOR A LOGIC “0” TIMING MEASUREMENTS
ARE MADE AT 20V FOR A LOGIC “1” AND 0 8V FOR A LOGIC - =
0" AT THE OUTPUTS THE INPUTS ARE MEASURED AT 15V
INPUT RISE AND FALL TIMES ARE 5 ns LOAD A LOAD B

Package Availability 20 pin Molded DIP

Ordering Information

Access | Operating| Standby
Order Time | Current | Current Package
Number (Max) (Max) (Max) Type
SYP2167-70| 70 ns 120 mA 20 mA | Molded DIP
SYP2167-55| 55ns | 120 mA | 20 mA | Molded DIP
SYP2167-45| 45 ns 120 mA 20 mA | Molded DIP
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SY2168
4096 x 4 Static
Random Access Memory

ertek.

ADVANCED INFORMATION

Features

45 ns Maximum Access Time
No Clocks or Strobes Required
Automatic CE Power Down
Identical Cycle and Access Times
Single +5V Supply (£10%)

JEDEC Standard Pinout

Totally TTL Compatible All Inputs and Outputs
Common Data Input and Output

High Density 20-Pin Package

Three-State Output

Description

The Synertek SY2168 1s a 16,384-Bit Static Random Access
Memory organized 4096 words by 4 bits and is fabricated
using Synertek’s scaled n-channel double poly silicon gate
technology. It is designed using fully static circuitry, therefore
requiring no clock or refreshing to operate. Address set-up
times are not required and the data i1s read out non-
destructively with the same polarity as the input data.
Common data input and output pins provide maximum design
flexibility. The three-state output facilitates memory expan-
sion by allowing the outputs to be OR-tied to other devices.

Pin Configuration

___[Z
<_w:
___.m:
19]7 A3 A3 —_"D:: ROW 128 ROWS
___§:
,_x

Ao
Aq
\J A2
As[]1 20 [Jvee
As[]2
Ac]3 18] A, Ag
A7[]a 17 Aq As
As[}5 167 Ao
'Y m [ 15 []1/04 he
Awl]7 14[71/0,
anl]s 131 1/03 101
CE[]9 12[]1/04 1102
GND[] 10 11 [ WE 1/03
1/04

Sy
b_

The SY2168 offers an automatic power down feature Power
down 1s controlled by the Chip Enable input. When Chip
Enable (CE) goes high, thus de-selecting the SY2168, the
device will automatically power down and remain in a standby
power mode as long as CE remains high. This unique feature
provides system level power savings as much as 85%.

The SY2168 1s packaged in a 20-pin DIP for the highest

possible density. The device is fully TTL compatible and has a
single +5V power supply

Block Diagram

4 -« Vcc

<-— GND

MEMORY ARRAY

SELECT 128 COLUMNS

I 1

-
— COLUMN 1/0 CIRCUITS

INPUT COLUMN SELECT

Ag A An 1 q

A




Synertek. SY2168

Absolute Maximum Ratings” Comment*
Stresses above those listed under “Absolute Maximum Rat-
Temperature Under Bias  .............. -10°Cto +85°C ings’”’ may cause permanent damage to the device. This is a
Storage Temperature  ................ -65°C to +150°C stress rating only and functional operation of the device at
Voltage on Any Pin with these or any other conditions above those indicated in the
Respectto Ground .................... -35Vto+7V operational sections of this specification is not implied.
Power DissIpation . .........c.oiiiiiiniiiinnenn. 1.0wW

D.C. Characteristics T, = 0°C to +70°C, Ve = 5V £10% (Unless otherwise specified) (Note 6)

Symbol Parameter Min. Max. Unit | Conditions

Iy Input Load Current (All input pins) 10 pA [ Vee = Max, Viy =Gnd to V¢
[1Lol Output Leakage Current 50 kA S_E; Z"&Xff:‘;'\g?/x

lec Power Supply Current 110 mA | TA=25°C | Vcc=Max, CE=V,

120 mA [T,=0°C Outputs Open

lsg Standby Current 30 mA | Vcc = Min to Max, CE =V,

lpo Peak Power-on Current (Note 7) 50 mA \&C==L%;1:%y\32cwgpvm i

Vi Input Low Voltage -30 08 \

Viy Input High Voltage 20 60 \

Voo Output Low Voltage 04 \ lop =8 mA @
Vou Output High Voltage 24 V. {lgp=-4 mA é

los Output Short Circuit Current -200 +200 mA | Vour = GND to V¢ (Note 9) g

Capacitance 1, =25°C, f=1.0 MHz

Symbol Test Typ. Max. Unit

Court Output Capacitance 7 oF

Cin Input Capacitance 5 pF

NOTE This parameter s periodically sampled and not 100% tested

A.C. Characteristics Ta=0°Cto+70°C, Vec = 5V £10% (Unless otherwise specified) (Notes 6, 8)
READ CYCLE

2168-3 2168 2168-2

Symbol | Parameter Min. Max. Min. Max. Min. Max.
tRc Read Cycle Time 55 70 45

taa Address Access Time 55 70 45
tACE Chip Enable Access Time 45 50 40
toH Output Hold from Address Change 3 5 3

tLz Chip Selection to Output in Low Z 20 20 20

tHz Chip Deselection to Output in High Z 0 25 ] 30 (o] 20
tpy Chip Selection to Power Up Time 0 0 0

tpp Chip Deselection to Power Down Time 55 70 45

WRITE CYCLE

Symbol | Parameter Min. Max. Min. Max Min. Max.
twe Write Cycle Time 55 70 45

tew Chip Enabled to End of Write 45 60 35

taw Address Valid to End of Write 45 60 35

tas Address Setup Time 0 0 0

twp Write Pulse Width 45 60 35

twR Write Recovery Time 3 5 3

tpw Data Valid to End of Write 20 25 15

toH Data Hold Time 0 0 0]

twz Write Enabled to Output in High Z 0 25 0 30 0 20
tow Output Active from End of Write 0 0 [¢]

(See following page for notes)
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Timing Diagrams
READ CYCLE NO. 1 (Notes 1 and 2)

tre |

ADDRESS )(

taa
ton
DATA OUT PREVIOUS DATA VALID )( X X DATA VALID

READ CYCLE NO. 2 (Notes 1 and 3)

tre
CE SR 7[
tACE
fe—1tyz
Wz
HIGH IMPEDANCE
DATA OUT / / DATA VALID
ANEEAN IMPEDANCE
[~——1trD

Vee lcc

SUPPLY

CURRENT lsg

WRITE CYCLE NO. 1 (WE Controlled) (Note 4)

twe
ADDRESS )( )(
tew
= A\ /L)
CE K 7
taw twi
le— tyyg —=]
tas twp
WE )( \ 3( 7‘
I tow oK
DATA IN DATA VALID
twz tow
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED

NOTES

1 WEs high for Read Cycles _

2 Device i1s continuously selected, CE=V,

3 Addresses valid prior to or coincident with CE transition low
4 |If CE goes high simultaneously with WE high, the outputs remain in the high impedance state

5 Transition is measured +500 mV from low or high impedance voltage with load B This parameter i1s sampled and not 100% tested
6. The operating ambient temperature range 1s guaranteed with transverse air flow exceeding 400 linear feet per minute

7 A puliup resistor to V¢ on the CE input is required to keep the device deselected. otherwise, power-on current approaches l¢c active
8 A minimum of O 5 ms time delay is required after application of V¢ (+5V) before proper device operation is achieved

9 Duration not to exceed one second
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SY2168

WRITE CYCLE NO. 2 (CS Controlled) (Note 4)

DATA UNDEFINED

ADDRESS )( )(
re— tas | tew
taw o e ]
ANNANNNNNNY £l
l tow toH
DATA IN DATA VALID
-tz ——]
DATA OUT HIGH IMPEDANCE

A.C.Testing Input, Output Waveform

A.C.Testing Load Circuit

30v
20v
1.5V<— TEST POINTS <
08V
ov

+5V +5V

48052 48092

Dout Dout
30 pF
INPUT OUTPUT 25650 (Sl(':\lOCPLEUELl"é)G 255 5 pF
JIG)
AC TESTING INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC
1 AND 0 0V FOR A LOGIC “0" TIMING MEASUREMENTS
ARE MADE AT 2 0V FOR A LOGIC “1" AND 0 8V FOR A LOGIC = =
“0” AT THE OUTPUTS THE INPUTS ARE MEASURED AT 15V
INPUT RISE AND FALL TIMES ARE 5 ns LOAD A LOAD B
Package Availability 20 pin Molded DIP
Ordering Information
Access| Operating | Standby
Order Time | Current | Current Package
Number (Max) (Max) (Max) Type
SYP2168-70| 70 ns | 120 mA | 30 mA | Molded DIP
SYP2168-55| 55 ns | 120 mA | 30 mA | Molded DIP
SYP2168-45| 45ns | 120 mA | 30 mA | Molded DIP
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ADVANCED INFORMATION

SY2169

4096 x 4 Static
Random Access Memory

Features

45 ns Maximum Address Access Times
e Fully Static Operation.
No Clocks or Strobes Required
® Fast Chip Select Access Time. 40 ns Max.
e |dentical Cycle and Access Times
e Single +5V Supply

e JEDEC Standard Pinout

e Totally TTL Compatible:
All Inputs and Outputs
Common Data Input and Outputs
High Density 20-Pin Package

e Three-State Output

Description

The Synertek SY2169 1s a 16,384-Bit Static Random Access
Memory organized 4096 words by 4 bits and 1s fabricated
using Synertek’s N-Channel double poly silicon gate HMOS
technology. It1s designed using fully static circuitry, therefore
requiring no clock or refreshing to operate. Address set-up
times are not required and the data i1s read out non-
destructively with the same polarity as the input data
Common data input and output pins provide maximum design
flexibilty. The three-state output facilitates memory expansion
by allowing the outputs to be OR-tied to other devices.

Pin Configuration Block Diagram

As

The SY2169 offers a chip select access that is faster than its
address access. In a typical application, the address access
begins as soon as the address 1s valid. At this time, the high
order addresses are decoded and the desired memory 1s then
selected. With the faster chip select access, this decode time
will not add to the overall access time thus significantly
improving system performance

The SY2169 is packaged in a 20-pin DIP for the highest

possible density. The device is fully TTL compatible and has a
single +5V power supply.

<«—— GND

MEMORY ARRAY
ROW 64 ROWS
SELECT 64 COLUMNS

COLUMN 1/0 CIRCUITS

A7 lj 1= 20 MVee o

As ]2 19 As A7

As 3 18[]Ag As

As 4 17 A1 Ao

Az 5 16 [ 1A o

Ao []e 15 [ 1/04

a7 14 [01/0, An

A2 s 131103

& e 12[] /04 Vo,
GND [] 10 1 [QWE Vs

1/03

1/04

T I
w1

wvvy sempy

INPUT COLUMN SELECT
DATA
CONTROL l
<l




Synertek. SY2169

Absolute Maximum Ratings* Comment*
Stresses above those listed under “Absolute Maximum
Temperature UnderBias ................ -10°C to 85°C Ratings” may cause permanent damage to the device This
Storage Temperature ................. -65°C to 150°C 1s a stress rating only and functional operation of the device
Voltage on Any Pin with at these or at any other condition above those indicated in
ResSpect 10 Ground ............oevueevnns _3.5Vto+7V the operational sections of this specification 1s not implied.
Power DISSIpation ..........ciiiiiiiiiiiiaiiann 10w

D.C. Characteristics T, = 0°C to +70°C, V¢ = 5V £10% (Unless otherwise specified) (Note 6)

Symbol Parameter Min. Max. Unit | Conditions
I Input Load Current (All input pins) 10 A | Voo = Max, Viy = Gnd to V¢
o Output Leakage Current 50 pA | CS =V, Vee = Max
Vour = Gnd to 4 5V
lce Power Supply Current 110 mA | Ty =25°C V¢ = Max, CS = Vi
120 mA | Tp=0°C Outputs Open
Vi Input Low Voltage -30 08 \
Viy Input High Voltage 20 60 \%
VoL Output Low Voltage 04 \% lo. =8 mA
Vou Output High Voltage 24 Vv loy = -4 mA
los Output Short Circuit Current -200 +200 mA | Voyr = Gnd to V¢ (Note 7)

Capacitance 1, = 25°C, f=1.0 MHz

Symbol Test Typ. Max. Unit
Cour Output Capacitance 7 pF
Cin Input Capacitance 5 pF

NOTE This parameter Is periodically sampled and not 100% tested

AC. Characteristics 1, = 0°C to +70°C, V¢ = 5V £10% (Unless otherwise specified) (Note 6, 8)

READ CYCLE
2169-3 2169 2169-2
Symbol| Parameter Min. Max. Min. Max. Min. Max.
tRC Read Cycle Time 55 70 45
tAA Address Access Time 50 65 40
tACS Chip Select Access Time 55 70 45
toH Output Hold from Address Change 3 5 3
tLz Chip Selection to Output in Low Z 20 20 20
tHz Chip Deselection to Output in High Z 0 25 0 30 0 20
WRITE CYCLE
Symbol| Parameter Min. Max. Min. Max. Min. Max.
twe Write Cycle Time 55 70 45
tew Chip Selection to End of Write 45 60 35
AW Address Vahd to End of Write 45 60 35
tas Address Setup Time 0 0 0
twp Write Pulse Width 45 60 35
twR Write Recovery Time 3 5 3
tow Data Valid to End of Write 20 25 15
tDH Data Hold Time 0 0 0
twz Write Enabled to Output in High Z 0 25 0 30 0 20
tow Output Active from End of Write 0 ] 0

(See following page for notes)
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Synertek.

SY2169

Timing Diagrams

READ CYCLE NO. 1 (Notes 1 and 2)

tre

ADDRESS X

DATA OUT

DATA OUT

taa
ton
PREVIOUS DATA VALID )( X X DATA VALID
READ CYCLE NO. 2 (Notes 1 and 3)
tre
s N 7
tacs
Wz
HIGH IMPEDANCE OATAVALID
IMPEDANCE
WRITE CYCLE NO. 1 (WE controlled) (Note 4)
twe

ADDRESS X

tew
= \ 1\ /L)
cs A Z /
t
AW re— tyg —
— tas twp
WE N /[
we O\ X 7
| tow toH =
DATA IN DATA VALID
-~ twz tow
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED

\
/

2
o
-
o
“w

Addresses valid

PNOOPWN =

WE is high for Read Cycles. _
Device 1s continuously selected. CE = V.

If CE goes high simultaneously with WE high, the outputs remain in-the high impedance state
Transition 1s measured 2500 mV from low or high impedance voltage with load B. This parameter 1s sampled and not 100% tested
The operating ambient temperature range Is guaranteed with transverse air flow exceeding 400 linear feet per minute

Duration not to exceed one second.
A minimum of 0 5 ms time delay 1s required after application of V¢ (+5V) before proper device operation is achieved
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WRITE CYCLE NO. 2 (CS Controlled) (Note 4)

ADDRESS X )(
e tps —a] o
& | s
" A
VAN AAMAMAMNNNN Y L7 7777777
l tow toH
oATA IN
<—'wz_—1
DATA OUT PR — ji HIGH IMPEDANCE

A.C. Testing Input, Output Waveform A.C. Testing Load Circuit

30V +5V +5V
2.0V
15V<— TEST POINTS < 48002 4800
08v Dout Dout
ov 30 pF
(INCLUDING
INPUT OUTPUT 2555 SCOPE AND 25582 5 pF
JIG)
AC TESTING INPUTS ARE DRIVEN AT 30V FOR A LOGIC
1 AND 0 OV FOR A LOGIC “0" TIMING MEASUREMENTS L
ARE MADE AT 20V FOR A LOGIC “1” AND 0.8V FOR A LOGIC = =
0" AT THE OUTPUTS THE INPUTS ARE MEASURED AT 15V
INPUT RISE AND FALL TIMES ARE 5 ns LOARE LOAD B
Package Availability 20 Pin Molded DIP
Ordering Information
Access| Operating| Standby
Order Time Current | Current Package
Number (Max) (Max) (Max) Type

SYP2169-70| 70ns | 120 mA | 20 mA | Molded DIP
SYP2169-55} 55 ns | 120 mA | 20 mA | Molded DIP
SYP2169-45| 45ns | 120 mA | 20 mA | Molded DIP
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SY2316B

2048 x 8 Static
Read Only Memory

Synertek.

Features

e Access Time 200/300/450 ns (max) e Completely TTL Compatible

e 2048 x 8 Bit Organization e Three-State Outputs for Wire-OR Expansion
e Single +5 Volt Supply ® Three Programmable Chip Selects

e Totally Static Operation e Pin Compatible with 2716 EPROM

e JEDEC Approved Pinout e Replacement for Two 2708s

Description

The SY2316B high performance Read Only Memories are
organized 2048 words by 8 bits with access times from 200 to
450 ns. The ROMs are designed to be compatible with all
microprocessor and similar applications where high perfor-
mance, large bit storage and simple interfacing are important
design considerations. This device offers TTL input and output
levels with a minimum of 0.4 Volt noise immunity in conjunc-
tion with a +5 Volt power supply.

Pin Configuration

The SY2316B operates totally asynchronously. No clock input
1s required. The three programmable Chip Select inputs allow
eight 16K ROMs to be OR-tied without external decoding The
device offers three-state output buffers for memory
expansion

Designed to replace the 2716 EPROM, the SY2316B can
eliminate the need to redesign printed circuit boards for
volume mask programmed ROMs after prototyping with
EPROMs.

Block Diagram

GND

T

Vee

T

A0 i I 24 [JVee
AGE 2 23 :]Ag —O 04
As[] 3 22[JA9 fo o _ 00,
Asl] 21[Jcsy el 2 oo
A3 s 20 [1CS1* A20- 2 &
N AR I I N
A7 18 [JCS* Az O—] § _[/ E —00s
Aol 8 17 [J0s ps O] % © |—oos
J1m K} 16 [J07 . = —O 07
02 10 15 [10s | 5o
03] 11 14 [10s

anb] 12 13104 4 4}

COLUMN DECODER (1 QF 16) CI;I:CSOE[I).EEgT

)

Ao

b1

CS1* CSy* CS3*

: 4o

*CHIP SELECTS (CS) ARE PROGRAMMABLE LOW ACTIVE, HIGH ACTIVE, OR DON'T CARE
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Synertek.

SY2316B

Absolute Maximum Ratings*

Temperature UnderBias  .............. -10°C to +80°C
Storage Temperature ................ -65°C to +150°C
Voltage on Any Pin with

Respectto Ground ...............c.une. -05Vto+7V
Power Dissipation ........civiiiiiiiiiiiiieenn 1.0wW

Comment*

Stresses above those listed under ““Absolute Maximum Rat-
ings’’ may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or at any other condition above those indicated in the
operational sections of this specification i1s not implied.
Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

D.C. Characteristics

Ta =0°C to +70°C, V¢c = 5.0V 5% (unless otherwise specified)

2 This parameter 1s periodically sampled and i1s not 100% tested

Timing Diagram

Symbol Parameter Min. Max. Units Test Conditions
VoH Output HIGH Voltage 24 Vce Volts | Vcc = 4.75V, lon = —200 uA
VoL Output LOW Voltage 0.4 Volts | Vcc=4.75V, loL = 2.1 mA
ViH Input HIGH Voltage 20 Vcec Volts
ViL Input LOW Voltage —-0.5 0.8 Volts | See Note 1
Iu Input Load Current 10 uA Vce = 5.25V, 0V < Vin < 5.25V
lLo Output Leakage Current 10 uA Chip Deselected
Vout = +0.4V to Vcc
Icc Power Supply Current 98 mA Output Unloaded
Vce = 5.25V, Vin= Vcc
A.C. Characteristics
Ta =0°C to +70°C, V¢c = 5.0V 5% (unless otherwise specified) (Note 3)
2316B-2 2316B-3 2316B
Symbol | Parameter Min. | Max. | Min. | Max. | Min. Max. | Test Conditions
tacc Address Access Time 200 300 450 | Output Load: 1 TTL load
tco Chip Select Delay 100 130 150 | and 100 pF
tor Chip Deselect Delay 100 100 150 | Input transition time: 20 ns
toH Previous Data Valid After 10 10 10 Timing reference levels:
Address Change Delay Input: 1.5V
Output: 0.8V and 2.0V
Capacitance
ta = 25°C, f = 1 OMHz, See Note 2
Symbol Parameter Min. Max. Units Test Conditions
Ci Input Capacitance 7 pF All pins except pin under
Co Output Capacitance 10 pF test tied to AC ground
Notes:

1. Input levels that swing more negative than —O 5V will be clamped and may cause damage to the device

3 A minimum O 5 ns time delay 1s required after application of Vcc (+5V) before proper device operation i1s achieved.

ADDRESS

INPUTS VALID

CHIP
SELECT
INPUTS

DISABLED

ENABLED

D >
oooowo
90000 DISABLED 505
00000959 9%%

l —ton

| tco

DATA
OUTPUTS

HIGH IMPEDANCE

R RN
20 S50
O’W‘Q’o‘

/ HIGH IMPEDANCE

tace
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ACCESS TIME vs CAPACITIVE LOAD

16
14 -
12
a TYPICAL
wo,
NE 0
—<-‘ I
£8 os
g
2
06
Ve = 450V
Ta=25C |
04 17TL LOAD
Cy = 100pF
0 100 200 300 400 500 600 700
CL —pF
SUPPLY CURRENT vs. AMBIENT TEMPERATURE
140
120
100
T 80
: TYPICAL
8 60
20
20 Vee =55V —]
0

0 10° 20° 30° 40° 50° 60° 70°

Ta — AMBIENT TEMPERATURE —°C

Programming Instructions

All Synertek Read Only Memories (ROM) utilize computer
aided techniques to manufacture and test custom bit
patterns. The customer’s bit pattern and address information
can be supplied to Synertek in a number of different ways.
Synertek can process customer inputs in EPROM, ROM,
PROM, paper tape, and computer punched cards. Contact
your Synertek sales representative for complete details on
each of the various data input formats.

Programming instructions are listed at the end of the Memory
Section.

Typical Characteristics

tacc — ns

09

NORMALIZED

0.8

07

ACCESS TIME vs. SUPPLY VOLTAGE

TYPICAL

Ta=25"C |

1TTL LOAD
Cy = 100pF

35 40 45 50 55 60 65 7.0

Vce — VOLTS

SUPPLY CURRENT vs SUPPLY VOLTAGE

140

120

100

80

60

Icc —mA

40

20

TYPICAL

Ta=25"C
1 1

0
35 40 45 50 55 60 65 70

Vce — VOLTS

Package Availability 24 pin Molded DIP

Ordering Information

Access Operating
Order Time Current Package
Number (Max.) (Max.) Type
SYP2316B 450 ns 98 mA Molded DIP
SYP2316B-2 200 ns 98 mA Molded DIP
SYP2316B-3 300 ns 98 mA Molded DIP
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Synertek

S$Y2332/SY2333

4096 x 8 Static
Read Only Memory

Features

SY2332 1s 2532 EPROM Pin Compatible
4096 x 8-Bit Organization

Single +5 Volt Supply (£x10%)

Access Time 200/300/450 ns (max )
Totally Static Operation

Completely TTL Compatible

® SY23331s 2732 EPROM Pin Compatible

® Three-State Outputs for Wire-OR Expansion
® Two Programmable Chip Selects

® EPROMS Accepted as Program Data Inputs
® JEDEC Approved Pinouts

Description

The SY2332 and SY2333 high performance read only memo-
res are organized 4096 words by 8 bits with access times
from 200 ns to 450 ns They are designed to be compatible
with all microprocessor and similar applications where high
performance, large bit storage and simple interfacing are
important design considerations. These devices offer TTL
input and output levels with a ' minimum of O 4 Voit noise
immunity 1n conjunction with a +5 Volt power supply

Pin Configurations

SY2332 SY2333
Al ® N~ 24 0vee A, [J1 @ e 24 v
As[] 2 237 As As 2 230 Ag
As[] 3 221 A9 Ag[] 3 2211 A,
IWa 210cs* A4 210A4,
a3 s 20cs* A5 20 [Jcsy*
A e 190Awe  A,[Js 19 A
A7 18 [ AN A7 181]CSy*
A ] s 170 0g Ao 8 170 og
0.9 16fJo; 0,09 16 o,
0,0 10 15 [J 0g 0,[] 10 15 []0g
o n 14 [Jos o[ 14 05
GNDp [ 12 1300, eno[ 12 1300,

The SY2332 and SY2333 operate totally asynchronously No
clock mnput 1s required The two programmable Chip Select
inputs allow four 32K ROMs to be OR-tied without external
decoding Both devices offer three-state output buffers for
memory expansion

Designed to replace 32K EPROMs, the SY2332 and
SY2333 can eliminate the need to redesign printed
circuit boards for volume mask programmed ROMs after
prototyping with EPROMs.

Block Diagram

vee GND

P

—0 01
Ao ;z: o7
o %© %)
N - & o003
A2 0— = i
ol g 32,768 BIT 5 oo
A3 Q ROM o2 05
As o CELL ARRAY 2 °
: 5 o0%e
As o = 2
E: 007
A
6 O on
COLUMN DECODER (1 of 32) CHIP SELECT
DECODER
A7 Ag  Ag A0 A1 CSyr CSp*

*CHIP SELECTS (CS) ARE PROGRAMMABLE LOW ACTIVE, HIGH ACTIVE OR
DON'T CARE
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Synertek.

$Y2332/SY2333

Absolute Maximum Ratings*

Temperature UnderBias .............. -10°C to +80°C
Storage Temperature ................ -65°C to +150°C
Voltage on Any Pin with

RespecttoGround .................... -35Vto+7V
Power Dissipation ..........cciiiiiiiiiainaaan 1.0W

D.C. Characteristics Ta =0°Cto +70°C, Ve = 5.0V £10% (unless otherwise specified)

Comment*

Stresses above those listed under “Absolute Maximum Rat-
Ings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or at any other condition above those indicated in the
operational sections of this specification 1s not implied.
Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

Symbol Parameter Min. Max. Units Test Conditions

VOH Output HIGH Voltage 24 vee Volts | Vgg = 4.5V, IoH = -400uA

VoL Output LOW Voltage 0.4 Volts | Vcc=4.5V, lgL=2.1TmA

VIH Input HIGH Voltage 20 vee Volts

ViL Input LOW Voltage -3.0 0.8 Volts

L) Input Load Current 10 uA | Vcc=55V,0VS VN <55V

Lo Output Leakage Current 10 uA | Chip Deselected
VouT =+0.4 Vto Vcc

Icc Power Supply Current 100 mA | Output Unloaded, Chip Enabled
Vee =5.5V, VIN=Vce

A.C. Characteristics T =0°C to +70°C, Ve = 5.0V £10% (unless otherwise specified) (Note 1)

SY2332-2 SY2332-3 8§Y2332
SY2333-2 SY2333-3 S§Y2333
Symbol | Parameter Min. Max. Min. Max. | Min.| Max. | Units
tacc Address Access Time 200 300 450 ns
tco Chip Select Delay 100 100 150 ns
tDF Chip Deselect Delay 100 100 150 ns
toH Previous Data Valid After Address Change Delay 20 20 20 ns
Capacitance t,=25°C, f=10 MHz (Note 2)
Symbol Parameter Min. Max. Units Test Conditions
Cy Input Capacitance 7 pF | All pins except pin under
Co Output Capacitance 10 pF test tied to AC ground
1 A minimum 0 5 mstime delay 1s required after application of V¢ (+5V) before proper device operation is achieved
2 This parameter is periodically sampled and 1s not 100% tested.
Timing Diagram
R RRIR e e e e I
e RS
%0%% 2070707076 76707°0 26 07070 00

CHIP
SELECT

K XX
S DISABLED XX XXX X X X > <
X2 0. 0. 0.9 0‘0'0.0’0.0‘00

INPUTS o RRRRIELERRRRLKS

DATA
OUTPUTS

HIGH IMPEDENCE

S0
HIGH IMPEDANCE
D
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Synertek,

S$Y2332/5Y2333

Typical Characteristics

NORMALIZED ACCESS TIME vs. CAPACITIVE LOAD

20

18
g 16 <
o -
g //
2 14 - >
N TVPICAV
3 12 ]
. -
&
g 10

Ta = 25°C
8 1
. |
0 100 200 300 400 500 600 700

CL-pF

NORMALIZED SUPPLY CURRENT vs. AMBIENT TEMPERATURE

1.3
1.2
o 11PN
o VN
o \
w N
N 10 ~
2 I~
s 9
o
£ TYPICAL
2 8
7
6
0 10 20 30 40 50 60 70

Ta — AMBIENT TEMPERATURE - °C

A.C. Testing Input, Output Waveform

A.C. Testing Load Circuit

NORMALIZED ACCESS TIME vs SUPPLY VOLTAGE

13
12
9
a 11 —
<
g 10 —|
w
5 —+T TvpicaL
g 9
H
4
El 8 Ta = 25°C —
1 TTL LOAD
7 Cp = 100pF —{
6
35 40 45 50 55 60 65 70
Ve - VOLTS
NORMALIZED SUPPLY CURRENT vs. SUPPLY VOLTAGE
14
1.3
8 2
[=]
N1 —
E —
s 10
g |_— TYPICAL
2z 9= IL
Ta = 25°C
8 |

7
35 40 45 50 55 60 65 70
Vce - VOLTS

20v 2.0V
TEST POINTS
0.8v 0.8V

0.4V

INPUT OUTPUT

AC TESTING" INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1”
AND 0.4V FOR A LOGIC “0”. TIMING MEASUREMENTS ARE
MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC "0".
INPUT PULSE RISE AND FALL TIMES ARE 5 ns.

31V
1K

DEVICE

UNDER ouTPUT

TEST
6K
Cp =100 pF
Ci INCLUDES SCOPE AND JIG CAPACITANCE

Programming Instructions

All Synertek Read Only Memories (ROM) utilize computer
aided techniques to manufacture and test custom bit
patterns. The customer’s bit pattern and address information
can be supplied to Synertek in a number of different ways.
Synertek can process customer inputs in EPROM, ROM,
PROM, paper tape, and computer punched cards. Contact
your Synertek sales representative for complete details on
each of the various data input formats.

Programming instructions are listed at the end

of the Memory
Secton. -

Package Availability 24 pin Molded DIP

Ordering Information

Order Access Operating Package
Number Time Current Type
SYP2332 450 ns 100 mA | Molded DIP
SYP2332-2 200 ns 100 mA Molded DIP
SYP2332-3 300 ns 100 mA Molded DIP

SYP2333 450 ns 100 mA Molded DIP
SYP2333-2 200 ns 100 mA Molded DIP
SYP2333-3 300 ns 100 mA Molded DIP

A custom number will be assigned by Synertek.
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SY2364/SY2364A

8192 x 8 Static
Read Only Memory

Synertek.

Features

® 8192 x 8 Bit Organization ® SY2364A — Automatic Power Down (CE)

® Single +5 Volt Supply ® SY2364 — Non Power Down Version

® Access Time — 200/300/450 ns (max) — Programmable Chip Select (CS)
@ Totally Static Operation ® Three State Outputs for Wire-OR Expansion
® Completely TTL Compatible ® EPROMSs Accepted as Program Data Input
® 24 Pin JEDEC Approved Pinout ® 2564 EPROM Compatible

Description

The SY2364 and SY2364A high performance Read Only
Memories are organized 8192 words by 8 bits with access
times from 200 ns to 450 ns The ROMs are designed to be
compatible with all microprocessor and similar applications
where high performance, large bit storage and simple
interfacing are important design considerations Both
ROMs conform to the JEDEC approved pinout for 24 pin
64K ROMs

The SY2364 offers the simplest operation (no power
down ) Its programmable chip select allows two 64K ROMs
to be OR-tied without external decoding

Pin Configurations

SY2364 SY2364A
A, e ~ 24 [ Vee ArQ1e ~ 24 [ Ve
Ag 2 23] Ag As (]2 23] Ag
s O3 208 A3 227 A
A4 211 Agp As[]a 211 Ap,
A; s 20[Jcs~ Az s 20[]cCE
AZEG 1917 A A2 Qe 19gA10
Az 18 7 A A7 1811 Ay
A8 17 [ 0g Ao [ 17 {1 0g
0,9 16[] 0y (o7l §:] 1610,
0, [] 10 15 [] 0g 0, [} 10 15 [ 0g
o1 1] 05 oz 1 14 [] 0s
GND [ 12 13[] 04 GND [] 12 13[J0,

The SY2364A offers an automatic power down feature.
Power down 1Is controlled by the Chip Enable (CE) input
When CE goes high, the device will automatically power
down and remain in a low power standby mode as long as
CE remains high This unique feature provides system level
power savings as much as 90%.

Both the SY2364 and SY2364A are pin compatible with
the 2564 EPROM thus eliminating the need to redesign
printed circuit boards for volume mask programmed ROMs
after prototyping with EPROMs.

Block Diagram
Ay =]
Ay ——|
A5 ——] °
o1 Row
» o 65,536 81T
n—a T AOM ARRAY
hy — . 256 x 256)
Ay =i .
Arg —] —]
—
e o o o o o o
fy—>
n—rel S | e COLUMN SELECT
L) oewer | o CIRCUITRY
he—1™] vora _I_J 8 OF 256)
Ajg —1]
Ay —g
} [ 1
'D_Un
1 [
1 POWER | D | 0
CE——a=1 DOWN N N 3
CIRCUITRY __D___O‘
| |
>'_"05
LN LIS
IJ\D [
1 % 0g
* cHip”
o5 —m] SELECT POWER DOWN
CIRCUITRY QUTPUT ENABLE

*CHIP SELECT (CS) ISPROGRAMMABLE LOW ACTIVE, HIGH ACTIVE
OR DON'T CARE
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Synertek.

SY2364/SY2364A

Absolute Maximum Ratings*

Temperature Under Bias
Storage Temperature
Voltage on Any Pin with

Respect to Ground
Power Dissipation

-10°C to +80°C
-65°C to +150°C

-05Vto+7V
1.0W

Comment*

Stresses above those histed under “Absolute Maximum
Ratings’” may cause permanent damage to the device These
are stress ratings only Functional operation of this device at
these or any other conditions above those indicated on the
operational sections of this specification 1s not implied and
exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

D.C. Characteristics T4 =0°Cto+70°C, Voe = +5V + 10%

Symbol Parameter Min. Typ. Max. Unit Conditions

Vou Output HIGH Level 2.4 Vee \Y lon = -10 mA

Voo Output LOW Level 04 \4 loL = 3.2 mA

Vi Input HIGH Level 20 Vee \

Vi Input LOW Level -0.5 0.8 \

Iy Input Leakage Current 10 MA Vin = OV to Ve

Lo Output Leakage Current 10 HA Vout = OV to V¢

lcc Operating Supply Current 100 mA Note 1

Isg Standby Supply Current 12 mA Note 2

los Output Short Circuit Current 90 mA Note 3
Capacitance T1,=25°C,f=10MHz

Symbol Parameter Min Max. Unit Conditions

C, Input Capacitance 5 pf Viy = OV

Co Output Capacitance 5 pf Vout = OV

Note This parameter is periodically sampled and is not 100% tested

A.C. Characteristics 15o=0°Cto+70°C, Voe=+5V + 10% (Note 7)

2364-2 2364-3 2364
Symbol | Parameter 2364A-2 2364A-3 2364A Unit | Conditions
Min. Max. Min. Max. Min. Max.
teye Cycle Time 200 300 450 ns
taa Address Access Time 200 300 450 ns
toH Output Hold After Address | 10 10 10 ns
Change
taACE Chip Enable Access Time 200 300 450 ns Note 4
tacs Chip Select Access Time 85 100 150 ns
t 7 Ouput LOW Z Delay 10 10 10 ns Note 5
tyz Output HIGH Z Delay 85 100 150 ns Note 6
tpy Power Up Time 0 0 0 ns Note 4
tpp Power Down Time 85 100 150 ns Note 4
Notes:
1 Measured with device selected and outputs unloaded
2 Applies to “A” versions only and measured with CE = 2 OV
3 For a duration not to exceed one second
4 Apphes to “A” versions (power down) only _
5 Output low impedance delay (tz) 1s measured from CE going low or CS going active
6 Output high impedance delay (tyz) 1s measured from CE going high or CS going inactive
7

A minimum O 5 ms time delay 1s required after application of Vcc (+5V) before proper device operation Is achieved
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Synertek; SY2364/SY2364A

Timing Diagrams
Propagation Delay from Address (CE LOW or CS = Active)

ADDRESS VALID ADDRESS
INPUTS
[ taa [«————1OH
DATA PREVIOUS DATA DATAVALID

ouT

Propagation Delay from Chip Enable, Chip Select(Address Valid)

4
'Ac=( !

o X J[

cs ( VALID ;

(3]
UL

(s)
wz
DATA HIGH IMPEDANCE / / /
ouT NARY DATA VALID e
15
0w
[P — r _—— - —— - —_—
Vce CURRENT 50% 50%

Iss

-~ tpy

AC.Testing Input, Output Waveform A.C. Testing Load Circuit
2.4v -y
20v 20V
TEST POINTS 125082
0.8v <0:8V Doyt ————
04v

100pf (INCLUDING SCOPE AND JIG)

<
INPUT OUTPUT 7759 ::
AC TESTING" INPUTS ARE DRIVEN AT 24V FOR A LOGIC 1"

AND 04V FOR A LOGIC “0” TIMING MEASUREMENTS ARE
MADE AT 2.0V FOR A LOGIC “1” AND 0 8V FOR A LOGIC “0".
INPUT PULSE RISE AND FALL TIMES ARE 5 ns

Figure 1.
Programming Instructions Package Availability 24 Pin Moided DIP
All Synertek Read Only Memories (ROM) utilize computer
asided techniques to manufacture and test custom bit
patterns. The customer’s bit pattern and address information Ordering Information
can be supplied to Synertek in a number of different ways.
Synertek can process customer inputs in EPROM, ROM, Order Access | Operating | Standby | Package
PROM, paper tape, and computer punched cards Contact Number Time Current Current Type
your Synertek sales representative for complete details on SYP2364 | 450 ns | 100 mA NA* | Molded DIP
each of the various data input formats SYP2364-3 | 300 ns | 100 mA NA Molded DIP
Programming instructions are listed at the end of the Memory SYP2364-2 | 200 ns | 100 mA N A Molded DIP

Section. SYP2364A |450ns | 100mA | 12mA | Molded DIP

SYP2364A-3| 300 ns | 100 mA 12 mA | Molded DIP
SYP2364A-2| 200 ns | 100 mA 12 mA | Molded DIP

*Not Applicable
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SY2365/SY2365A

8192 x 8 Static
Read Only Memory

Features

® 2764 EPROM Pin Compatible

o 8192 x 8 Bit Organization

e Single +5 Volt Supply

® Access Time — 200/300/450 ns (max)
e Totally Static Operation

o Completely TTL Compatible

e 28 Pin JEDEC Approved Pinout

® SY2365A — Automatic Power Down (CE)
— Output Enable Function (OE) .
— Two Programmable Chip Selects (CS)
0 SY 2365 — Non Power Down Version
— Four Programmable Chip Selects (CS)
® Three State Outputs for Wire-OR Expansion
® EPROMs Accepted as Program Data Input

Description

The SY2365 and SY2365A high performance Read Only
Memories are organized 8192 words by 8 bits with access
times from 200 ns to 450 ns The ROMs are designed to be
compatible with all microprocessor and similar applications
where high performance, large bit storage and simple inter-
facing are important design considerations Both ROMs
conform to the JEDEC approved pinout for 28 pin 64K ROMs

The SY2365 offers the simplest operation (no power
down ) lts four programmable chip selects allow up to sixteen
64K ROMs to be OR-tied without external decoding

The SY2365A offers an automatic power down feature
Power down 1s controlled by the Chip Enable (CE) nput
When CE goes high, the device will automatically power
down and remain in a low power standby mode as long as CE
remains high This unique feature provides system level
power savings as much as 90% An additional feature of the
SY2365A 1s the Output Enable (OE) function This

Pin Configurations
SY2365 SY2365A

nerfie >~ 2P vee e ~  2sPvec
a2 ]2 27 ] csix A2 2 Z7bCS|w
A3 26 [] CSo» A s 26 ] csy +
As[] 4 25 Ag As[] 4 25 ] Ag
As s 24 [ Ag As 15 241 A
As s 23 An As e zaEAn
Az 7 22[] Csy Az 7 22 [] O
A2 [ e 217 Ao A []s 2117 Ao
Ao 20 [ cs4 % Ao 0[] cE
Ao 10 19 Og Ao [0 197 0g
o dn 18107 o gdn 18107
02 12 173 0Cse 02 112 17 [0 Os
0313 16 {1 0s 0313 16105
GND [ 14 15 [J 0a GND [] 14 15 Boa

eliminates bus contention In multiple ‘bus microprocessor
systems. The two programmable Chip Selects (CS) allow up to
four 64K ROMs to be OR-tied without external decoding.

Both the SY 2365 and SY 2365A are pin compatible with
the 2764 EPROM thus eliminating the need to redesign
printed circuit boards for volume mask programmed ROMs
after prototyping with EPROMs

Block Diagram

[T
Ay =]
R =]
As —>1 UE%?]\I’JlER
a—d D
[
Rg =i
g =]

£5.536 BIT
ROM ARRAY
(256 x 256)

i

3?531')“5: . COLUMN SELECT
DRIVER CIRCUITRY
(10F32)

i

1
(AEAA

Ay g

A

POWER
0OWN
CIRCUITRY

TF —]
m ‘ .

o5y 2 sELECT l POWER DOWN ‘
05 =] CIRCUITRY OUTPUT ENABLE

€84 =1 ] .

“CHIP SELECTS (CS ' ARE PROGRAMMABLE LOW ACTIVE, HIGH AGTIVE OR
DON'T CARE ‘ N
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Synertek.

SY2365/SY2365A

=
I

Absolute Maximum Ratings*

Temperature UnderBias  .............. -10°C to +80°C
Storage Temperature ................ -65°C to +150°C
Voltage on Any Pin with

RespecttoGround .................... -056Vto+7V
Power Dissipation ...........oviiiiiiiiiineannn 1.0w

Comment*

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress ratings only. Functional operation of this device at
these or any other conditions above those indicated on the
operational sections of this specification 1s not implied and
exposure to absolute maximum rating conditions for
extended periods may affect device reliability

D.C. Characteristics To=0°Cto+70°C, Ve =+5V + 10%

Symbol Parameter Min. Typ. Max. Units Conditions

Von Output HIGH Level 24 Vee \Y lon=-10mA

VoL Output LOW Level 04 \) lor=32mA

Vin Input HIGH Level 20 Vee \

ViL Input LOW Level -0.5 08 \%

I Input Leakage Current 10 uA Vin=0V to Vce

Lo Output Leakage Current 10 uA Voutr=0V toVcc

lec Operating Supply Current 100 mA Note 1

Ise Standby Supply Current 12 mA Note 2

los Output Short Circuit Current 70 mA Note 3
Capacitance T1,=25°C,f=10MHz

Symbol Parameter Min. Max. Unit Conditions

C Input Capacitance 5 pf ViN=0V

Co Output Capacitance 5 pf Vout=0V

Note This parameter is periodically sampled and is not 100% tested

A.C. Characteristics T4 =0°Cto +70°C, Ve = +5V = 10% (Note 7)

2365-2 2365-3 2365
Symbol | Parameter 2365A-2 2365A-3 2365A Unit | Condition
Min. | Max. | Min. | Max. | Min Max.

teve Cycle Time 200 300 450 ns

tan Address Access Time 200 300 450 ns

toH Output Hold After Address 10 10 10 ns

Change

tACE Chip Enable Access Time 200 300 450 ns Note 4
tacs . | ChipSelect Access Time 85 100 150 ns

tAOE Output Enable Access Time 85 100 150 ns Note 4
tz Ouput LOW Z Delay 10 10 10 ns Note 5
tHz Output HIGH Z Delay 85 100 150 ns Note 6
tpy Power Up Time 0 0 0 ns Note 4
tpp Power Down Time 85 100 150 ns Note 4

Notes:

Measured with device selected and outputs unloaded
Applies to “A” versions only and measured with CE = 2 OV
For a duration not to exceed one second

Applies to A" versions (power down) only

NOOPWN =

Output low impedance delay (t,7) 1s measured from CE and OF going low and CS going active, whichever occurs last
Output high impedance delay (tyz) 1s measured from either CE or OE going high or CS going nactive, whichever occurs first
A minimum O 5 ms time delay is required after application of Vcc (+5V) before proper device operation is achieved
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Timing Diagrams

Propagation Delay from Address (CE = OE = LOW, CS/CS = Active)

SY2365/SY2365A

A.C.Testing Input, Output Waveform

A.C.Testing Load Circuit

ADDRESS
\NPUTS )( VALID ADDRESS
[e——taa | toH ——|
D(fJ-ﬁ PREVIOUS DATA VALID DATA
Propagation Delay from Chip Enable, Chip Select (Address Vahid)
)
o \ -
N\ /
tacs tHz el
e XRXRRIRRNC X
!Ac‘m 'Nz‘i]——>
= ANV N T
<—th1&> |<—‘Hzl—€]>
wzl5)
%Jﬁ HIGH IMPEDANCE < < < £ DATA VALID )r__
(sl
. tLz
Iec ———_+ ——————— ————
Vce CURRENT 50% 50%
Iss
try tpD

24v
20v 2.0V
> TEST POINTS <
0.8V 08V
0.4v

INPUT OUTPUT

AC TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1”
AND 0 4V FOR A LOGIC “0”. TIMING MEASUREMENTS ARE
MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC ‘0",
INPUT PULSE RISE AND FALL TIMES ARE 5 ns.

DOUT-‘ﬁ

<
7750

—

12509

Figure 1.

100pf (INCLUDING SCOPE AND JIG) ,

Programming Instructions

All Synertek Read Only Memories (ROM) utilize computer
aided techniques to manufacture and test custom bit
patterns. The customer’s bit pattern and address information
can be supplied to Synertek in a number of different ways.
Synertek can process customer inputs in EPROM, ROM,
PROM, paper tape, and computer punched cards. Contact
your Synertek sales representative for complete details on
each of the various data input formats.

Programming instructions are listed at the end of the Memory
Section.

Package Availability 28 Pin Ceramic DIP
28 Pin Molded DIP

Ordering Information

Order Access | Operating | Standby | Package
Number Time | Current Current Type
SYP2365 450 ns| 100 mA N.A* | Molded DIP

SYP2365-3 [ 300 ns| 100 mA N.A. | Molded DIP
SYP2365-2 [ 200 ns| 100 mA N.A. | Molded DIP
SYP2365A | 450 ns| 100 mA 12 mA | Molded DIP
SYP2365A-3| 300 ns| 100 mA 12 mA Molded DIP
SYP2365A-2{ 200 ns| 100 mA 12 mA | Molded DIP

*Not applicable
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SY23128/SY23128A
ynertek, 16,384 x 8 Static

Read Only Memory

PRELIMINARY
Features
¢ EPROM Pin Compatible e SY23128A — Automatic Power Down (CE)
* 16,384 x 8 Bit Organization — Output Enable Function (OE) -
e Single +5 Volt Supply — One Programmable Chip Select (CS)
e Access Time — 200/300/450 ns (max) e SY23128 — Non Power Down Version
* Totally Static Operation — Three Programmable Chip Selects
e Completely TTL Compatible e Three State Outputs for Wire-OR Expansion
e 28 'Pin JEDEC Approved Pinout * EPROMS Accepted as Program Data Input
Description:
The SY23128 and‘$Y23128A high performance Read Only eliminates bus contention 1n multiple bus microprocessor
Memories are organized 16,384 words by 8 bits with systems The programmable chip select allows two 128K

access times from 200 ns to 450 ns The ROMs are ROMs to be OR-tied without external decoding

designed to be compatible with all microprocessor and Both the SY23128 and SY23128A are pin compatible with
similar applications where high performance, large bit EPROMs thus eliminating the need to redesign printed

storage and simple nterfacing are important design circuit boards for volume mask programmed ROMs after
considerations Both ROMs conform to the JEDEC approved prototyping with EPROMs

pinout for 28 pin 128K ROMs

The SY23128 offers the simplest operation (no power Block Diogram
down ) Its three programmable chip selects allow up to

o
u
@<
(==}
=
w
=

eight 128K ROMs to be OR-tied without external decoding p—
The SY23128A offers an automatic power down feature Ay = —
Power down Is controlled by the Chip Enable (CE) nput Rs —>> e |
When CE goes high, the device will automatically power :5___: us%%‘n’]lzn . S
down and remain in a low power standby mode as long as A;_, |.D3LV5E|Rz| L 'l'g"g:'izw
CE remains high This unique feature provides system level [ M
power savings as much as 90% An additional feature of Arp = hd
the SY23128A is the Output Enable (OE) function This Ry =1 —
4
Pin Configurations N )
b COLUMN _\1
$Y23128 $Y23128A M A T
— 1™ oran |
ne []1e 28 7 vee ne [ 1@ 28 [J Ve Ayp —] t—_’r—
a2 [} 2 T27 [ est A ]2 27 [ cst Ay — —
A3 ‘26 [ 1 Az A3 26 [ A1z & P\—Dl—u,
A4 251 Ag As[] 4 251 Ag 0,
As [ s 240 A AsOs 24 [ Ag & 'L%"v’f'f —:——D:——ﬂg
As s 237 An As]s 23] An CIRCUITRY _ID__IU‘
Ay C2fdcs’ Az} 7 22| OF ——-I—'\-Di—us
Az s 213 A Az []8 afdAn 'n D
AT o 20 {1'Cs3 Ao 207 CE —-———-I__J:DI_"’
. Ao ] 10 19f10¢ Ao (10 19 EOS [ 1> O
o dn 18107 o dn 181107 08— SE&"’:; _l POWER DOWN
© oy [ 12 17106 0, 12 17 306 o5y — CIRCUITRY OUTPUT ENABLE |
0513 16[70s os[]13 161705 055 ——>
"aND s 15[ 04 GND [ 14 150 04

*CHIP SELECTS (CS) ARE PROGRAMMABLE LOW ACTIVE, HIGH ACTIVE, OR
DON'T CARE
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ertek. SY23128/SY23128A

Absolute Maximum Ratings* Comment* ,

Temperature UnderBias ................. —10°C to +85°C Stresses above those listed under ““Absolute Maximum Rat-

Storage Temperature. . .................. —65°C to +150°C ings’’ may cause permanent damage to the device. These are

Voltage on Any Pin with stress ratings only. Functional operation of this device at these
RespecttoGround . ..................... —-3.5Vto +7V or any other conditions above those indicated on the opera-

Power Dissipation . . ....... ..o 1.0W tional sections of this specification is not implied and exposure

to absolute maximum rating conditions for extended periods
may affect device reliability.

D.C. Characteristics 14= 0°Cto+70°C, Vcc = +5V £10%

Symbol Parameter Min. Typ. Max. Units Conditions
Vo Output HIGH Level 2.4 Vee \% lon=—1.0mA
Voo Output LOW Level 0.4 \% lo,=3.2mA
Viu Input HIGH Level 22 Vee \ '

ViL Input LOW Level -3.0 08 \
Iy Input Leakage Current 10 A ViN=0V to V¢
o Output Leakage Current 10 uA Vout=0V to Vcc
Icc Operating Supply Current 100 mA Note 1
lsg Standby Supply Current 10 mA Note 2
los Output Short Circuit Current 90 mA Note 3
Capacitance Ta=25°C, f=1.0MHz
Symbol Parameter Min. Max. Units Conditions.
C Input Capacitance 5 pF Vin=0V
Co Output Capacitance 5 pF Vout=0V

Note: This parameter s periodically sampled and 1s not 100% tested

A.C. Characteristics 14= 0°Cto+70°C, Ve = +5V £10% (Note 7)

23128-2 23128-3 23128

23128A-2 23128A-3 23128A .
Symbol Parameter Min. Max. Min. Max. Min. Max. Unit Conditions
tcye Cycle Time 200 300 450 ns '
LIVN Address Access Time 200 300 450 ns
toH QOutput Hold After Address 10 10 10 ns

Change ' .

tACE Chip Enable Access Time 200 300 450 ns . Note 4
tacs Chip Select Access Time 85 100 150 ns
tAOE Output Enable Access Time 85 100 150 ns | Noted
tz Output LOW Z Delay 10 10 10 ns |  Noteb
tHz Output HIGH Z Delay 85 100 150 ns Note 6
tpy Power Up Time 0 0 0 ns | Note4
tpp Power Down Time 100 120 150 ns Note 4

Notes: L.
1 Measured with device selected and outputs unloaded.

2 Applies to /A" versions only and measured with CE=2.0V.

3. For a duration not to exceed one second with Vot =0V.

4. Applies to ““A” versions (power down) only.

5. Output low impedance delay (t, 7) is measured from CE and OE going low or CS going active, whichever occurs last.

6. Output high impedance delay (tyz) 1s measured from either CE or OE going high or CS going inactive, whichever occurs first.

7. A minimum 0.5ms time delay is required after application of V¢ (£5V) before proper device operation i1s achieved
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Syoertek, SY23128/SY23128A

Timing Diagrams
Propagation Delay from Address (CE=0E=LOW, CS/CS = Active)

ADDRESS
INPUTS VALID ADDRESS
| taq ———| +———1tO0H ——»|
DsJ-? PREVIOUS DATA VALID VALID DATA

Propagation Delay from Chip Enable, Chip Select (Address Valid)

{a)

tace
s T Y Y
tacs tHz el
e XORHRCRK %
tAOE 1a - tnzw]—’
« T : 7777
= ANOONAMNNNNNVNNNY
<——'LZE]—> }<_mzﬂ
w2
D(;\JTA HIGH IMPEDANCE < < < < DATA VALID )L——
N [s]
Lz
e e e P —
Vcc CURRENT 50% 50%
tpy tPD |
A.C.Testing Input, Output Waveform A.C.Testing Load Circuit
24v
2.0V 2.0V +5V
TEST POINTS 12500
0.8V 0.8V
04V Dout -
INPUT OUTPUT 7759 I; 100pf (INCLUDING SCOPE AND JIG)
AC TESTING INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” %
AND 0.4V FOR A LOGIC “0”. TIMING MEASUREMENTS ARE -
MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC “0". =
INPUT PULSE RISE AND FALL TIMES ARE 5 ns.
Figure 1.
Programming Instructions Package Availability 28 Pin Molded DIP

All Synertek Read Only Memories (ROM) utilize computer
aided techniques to manufacture and test custom bit
patterns. The customer’s bit pattern and address information Order ing Information
can be supplied to Synertek in a number of different ways.

Synertek can process customer inputs in EPROM, ROM, Order Access p g | Standby Pack
PROM d hed ds. C Number Time Current Current Type
, paper tape, and computer punched cards. Contact SVP23128 450 s 100 A NA Micided DIF
your Synertek .sales representative for complete details on SYP23128-3 300 ns 100 mA NA Molded DIP
each of the various data input formats. SYP23128-2 200 ns 100 mA NA Molded DIP
Programming instructions are listed at the end of the Memory SYP23128A 450ns | 100 mA 10mA | Molded DIP
Section SYP23128A-3 | 300 ns 100 mA 10 mA Molded DIP
’ SYP23128A-2 | 200 ns 100 mA 10 mA Molded DIP
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Sémertek. $Y23256/SY23256A
32,768 x 8 Static

Read Only Memory

PRELIMINARY
Features
e EPROM Pin Compatible e SY23256A— Automatic Power Down (CE)
* 32,768 x 8 Bit Organization — Output Enable Function (OE)
¢ Single +5 Volt Supply e SY23256 — Non Power Down Version
¢ Access Time — 200/300/450 ns (max) — Two Programmable Chip Selects (CS)
e Totally Static Operation ® Three State Outputs for Wire-OR Expansion
e Completely TTL Compatible * EPROMs Accepted as Program Data Input

e 28 Pin JEDEC Approved Pinout

Description

The SY23256 and SY23256A high performance Read the SY23256A s the Output Enable (OE) function. This
Only Memories are organized 16,384 words by 8 bits eliminates bus contention in multiple bus microprocessor
with access times from 200 ns to 450 ns. The ROMs are systems

designed to be compatible with all microprocessor and
similar apphcations where high performance, large bit
storage and simple interfacing are important design
considerations Both ROMs conform to the JEDEC approved
pinout for 28 pin 256K ROMs

Both the SY23256 and SY23256A are pin compatible
with EPROMs, thus eliminating the need to redesign printed
circuit boards for volume mask programmed ROMs after
prototyping with EPROMs

The SY 23256 offers the simplest operation (no power
down ) Its two programmable Chip Selects allow up to four

Block Diagram

256K ROMs to be OR-tied without external decoding b
The SY23256A offers an automatic power down feature. Ay — —
Power down 1s controlled by the Chip Enable (CE) input Ry — . . |
When CE goes high, the device will automatically power :6:: acconen | o -
ggwn and remain in a low power standby mode as long as n;_, .I“Sévs‘% M 731’““5"\“27
CE remains high This unique feature provides system level Ag ——> *
power savings as much as 90% An additional feature of :‘7:: -
13 4 —
Pin Configurations e e e ene
Ay —4|
Ay =11 coLumn
$Y23256 $Y23256A kAR Rk
wdie Y mhve N 5—\1.  a— e :.U——-A {1 OF 64) L_I.J [80F 512)
A2 2 27 ] As A2 27 [ A A:;_T: ’_—r
A3 26 ] A3 A3 ZSDA13 i 0,
As[] 4 257 As As [ 4 25 [ Ag | | o
As s 24 [ As As s 247 As " F;]%v#nﬂ :—.D_:_ 0,
A s 23] An A6 23 [ An CIRCUITRY —'D_O‘
A7 20 cs As )7 268 —lbl——ﬂs
A s 21[3 Ao A s 21 A0 i +{> : o
Ao 20 [ cs, ar e 200 cE ——_I_J;DT—D’
A, 10 19008 Ao [ 10 19108 o V 0
oy n 18[]07 o, n 18107 D=
05, —] srees POWER DOWN
0,12 7 aoe 0, E 12 7 :Jge 5y | CCUTRY —l _uuTuv—EH—T
0313 16 ] 0s 03 []13 16 5
GND [ 14 15 [ 04 GND [] 14 15 Em

*CHIP SELECTS (CS) ARE PROGRAMMABLE LOW ACTIVE, HIGH ACTIVE,
OR DON'T CARE
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ertek.

SY23256/SY23256A

Absolute Maximum Ratings*

Temperature UnderBias . ........ ....... —10°C to +85°C
Storage Temperature.................... —65°C to +150°C
Voltage on Any Pin with

Respectto Ground .. ................... -3.5Vto +7V
Power Dissipation . ...t 1.0W

D.C. Characteristics

Comment*

Stresses above those listed under “Absolute Maximum Rat-
ings’”’ may cause permanent damage to the device. These are
stress ratings only. Functional operation of this device at these
or any other conditions above those indicated on the opera-
tional sections of this specification is not implied and exposure
to absolute maximum rating conditions for extended periods
may affect device reliability.

Ta= 0°Cto +70°C, Vcc = +5V +10%

Symbol Parameter Min. Typ. Max. Units Conditions
Vo Output HIGH Level 2.4 Vee \ loh=—-1.0mA
VoL Output LOW Level 0.4 \ loL=3.2mA
ViH Input HIGH Level 2.0 Vee \
Vi Input LOW Level -3.0 0.8 \
I Input Leakage Current 10 HA ViN=0V to V¢c
Lo Output Leakage Current 10 HA Vout=0V to V¢¢
lec Operating Supply Current 100 mA Note 1
Isg Standby Supply Current 10 mA Note 2
los Output Short Circuit Current 90 mA Note 3
Capacitance Ta=25°C, f=1.0MHz
Symbol Parameter Min. Max. Units Conditions
C Input Capacitance 5 pF Vin=0V
Co Output Capacitance 5 pF Vour=0V
Note. This parameter is periodically sampled and i1s not 100% tested
A.C. Characteristics 1,= 0°Cto +70°C, Ve = +5V £10% (Note 7)
23256-2 23256-3 23256
23256A-2 23256A-3 23256A
Symbol Parameter Min. Max. | Min. Max. Min. Max. Unit | Conditions
teye Cycle Time 200 300 450 ns
tAA Address Access Time 200 300 450 ns
toH Output Hold After Address 10 10 10 ns
Change
taCE Chip Enable Access Time 200 300 450 ns Note 4
tacs Chip Select Access Time 85 100 150 ns
taAOE Output Enable Access Time 85 100 150 ns Note 4
tz Output LOW Z Delay 10 10 10 ns Note 5
thz Output HIGH Z Delay 85 100 150 ns Note 6
tpy Power Up Time 0 0 0 ns Note 4
tpp Power Down Time 100 120 150 ns Note 4
Notes*

Measured with device selected and outputs unloaded
Applies to A" versions only and measured with CE=2 0V
For a duration not to exceed one second with Voy1=0V
Applies to ““A” versions (power down) only

NoOoaswN

Output low impedance delay (t; ) 1s measured from CE and OE going low or CS going active, whichever occurs last.
Output high impedance delay (ty7) 1s measured from erther CE or OE going high or CS going inactive, whichever occurs first.
A minimum 0 5ms time delay Is required after application of V¢ (£5V) before proper device operation Is achieved.
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Swertek, SY23256/SY23256A

Timing Diagrams
Propagation Delay from Address (CE=0E=LOW, CS/CS =Active)
ADDRESS
INPUTS VALID ADDRESS
e taA [——toH~ >
DOAJ;-\ PREVIOUS DATA VALID VALID DATA
Propagation Delay from Chip Enable, Chip Select (Address Valhd)
o4l
= X d
tacs Hz el
e XXRXRXXRX "
tnoel?! wz®
= AN T
. <—ﬁLz—>[5] lq—!nzl—ﬂ-
tLz
D(’,‘Jf HIGH IMPEDANCE {( < < DATA VALID )
o8
Lz
IcC == e e - - —— ——— —
Vce CURRENT 50% 50%*
Ise
-—————— tpy D |
A.C.Testing Input, Output Waveform A.C.Testing Load Circuit
2.4v
2.0v 2.0V +5V
> TEST POINTS < 12500
0.8V 0.8v
0.4V Dout
INPUT OUTPUT 7759 :: 100pf (INCLUDING SCOPE AND JIG)
<
AC TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1”
AND 0.4V FOR A LOGIC “0". TIMING MEASUREMENTS ARE =
MADE AT 2.0V FOR A LOGIC 1" AND 0.8V FOR A LOGIC “0”
INPUT PULSE RISE AND FALL TIMES ARE 5 ns. X
Figure 1.
Programming Instructions Package Availability 28 pin Molded DIP
All Synertek Read Only Memories (ROM) utilize computer
aided techniques to manufacture and test custom bit . :
patterns. The customer’s bit pattern and address information Orderlng Information
can be supplied to Synertek in a number of different ways. Order Access | Operating Standby Package
Synertek can process customer inputs in EPROM, ROM, Number Time Current Current Type
PROM, paper tape, and computer punched cards. Contact SYP23256 450 ns | 100 mA NA Molded DIP
your Synertek sales representative for complete details on SYP23256-3 | 300ns | 100 mA NA Molded DIP
ach of the various data input formats SYP23256-2 200 ns 100 mA NA Molded DIP
e : SYP23256A 450 ns 100 mA 10 mA Molded DIP
Programming instructions are listed at the end of the Memory SYP23256A-3 | 300 ns 100 mA 10 mA Molded DIP
Section. SYP23256A-2 | 200 ns 100 mA 10 mA Molded DIP
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N Programming Instructions

All Synertek Read Only Memories utilize computer aided
techniques to manufacture and test custom bit patterns The
custom bit pattern and address information are supplied on
standard 80 column computer cards in the format described
below

All addresses and related output patterns must be completely
defined Each deck of cards defining a specific ROM bit pattern
consists of 1) four Title Cards and 2) address and bit pattern
Data Cards Positive logic I1s generally used on all input cards
alogic "1 is the most positive or HIGH level, and a logic “0""1s
the most negative or LOW level Synertek can also accept
ROM data in other formats, compatible with most micropro-
cessorsand PROMs Consult your Synertek representative for
details

Title Cards

A set of four Title Cards should accompany each data deck
These cards give our computer programs additional informa-
tion necessary to accurately produce high density ROMs.
These four Title Cards must contain the following information

Column Information
First Card 1-30 Customer name
31-50 Customer part number
60-72 Synertek part number
Second Card 1-30 Customer contact (name)
31-50 Customer telephone number
Third Card 1-6 Leave blank — pattern number to be

assigned by Synertek

29 CSchip selectlogic level (if LOW selects
chip, punch “0”, f HIGH selects chip,
punch “1”,if DON'T CARE, punch “2")

30 CS chip select logic level
31 CS chip select logic level
32 CS chip select logic level
Fourth Card 1-8 Data Format Synertek, or Intel data

card format may be used. Specify for-
mat by punching “Synertek,” or “Intel”
starting in column one

15-28 Logic format, punch “POSITIVE LOGIC”
or “NEGATIVE LOGIC "
35-57 Truth table verification code, punch

either “"VERIFICATION HOLD" (manu-
facturing starts after customer approval
of bit pattern data supplied by Synertek)
or “VERIFICATION NOT NEEDED" (manu-
facturing starts immediately upon re-
ceipt of customer card deck)

Third Card Chip Select Setups

Synertek Data Card Format

All addresses are coded in decimal form (O through 2047) All
output words are coded both in binaryand octal forms Output
8 (Og) 1s the MSB, and Output 1 (O4) 1s the LSB.

Column Information
Data Cards 1-4 Decimal address
6-13 Output (MSB-LSB)
15-17 Octal equivalent of output data
22-25 Decimal address
27-34 Output (MSB-LSB)
36-38 Octal equivalent of output data
43-46 Decimal address
48-55 Output (MSB-LSB)
57-59 Octal equivalent of output data
64-67 Decimal address
69-76 Output (MSB-LSB)
78-80 Octal equivalent of output data

Intel Data Card Format

Output data i1s punched as either a “P” or an “N”, a “P"1s
defined as a HIGH, and an “N" is defined as a LOW Output 8
(Og) 1s the MSB and Output 1 (O4) is the LSB. The four Title
Cards listed above must accompany the Intel card deck.

Column Information
Data Cards 1-5 Punch the 5-digit decimal equivalent of

the binary coded address which begins
each card This i1s the imtial input
address The address is right justified,
1e 00000, 00008, 00016, etc

7-14 Output data (MSB-LSB) for initial input
address.

16-23 Output data for initial input address +1

25-32 Output data for initial input address +2.

34-41 Output data for imitial input address +3.

43-50 Output data for imitial input address +4

52-59 Output data for initial input address +5

61-68 Output data for initial input address +6

70-77 Output data for imitial input address +7

79-80 ROM pattern number (may be left blank)

Send bit pattern data to the following special address:
Synertek — ROM
P.O. Box 552
Santa Clara, CA 95052

Column | SY2316B | SY2332/3 | SY2364 | SY2365/A | SY23128 | SY23256 | SY3308 | SY3316
29 CS3/CS3* | cs1/CS1 | cs4/CSa
30 €s3/CS3 CS2/CS2 CsS3/CS3* | ¢s2/CS2 | €S2/C82* | ¢S3/CS3 | €S3/CS3
31 Cs2/C82 cs1/Cs1 CS2/CS2 | cs1/Cs1 CS2/CS2 | cs2/Cs2
32 cs1/C87 cs/CS €s1/CS1 Cs1/CS1 | cs1/CS1

*For “A" version leave blank




Programming Instructions (cont.)

Intel Paper Tape Format

The paper tape which should be used is 1" wide paper tape
using 7 or 8 bit ASCll code, such as a model 33 ASR teletype
produces.

BPNF Format

The format requirements are as follows:

1. All word fields are to be punched in consecutive order,
starting with word field O (all addresses low). There must
be exactly N word fields for the N x 8 ROM organization.

2. Each word field must begin with the start character B and
end with the stop character F. There must be exactly 8 data
characters between the B and F for the N x 8 organization.
NO OTHER CHARACTERS, SUCH AS RUBOUTS, ARE
ALLOWED ANYWHERE IN A WORD FIELD. If in preparing
a tape, anerror is made, the entire word field, including the
B and F must be rubbed out. Within the word field, a P
resultsin a high tape level output, and an N resultsina low
level output.

3. Preceding the first word field and following the last word
field, there must be a leader/trailer length of at least 25
characters. This should consist of rubout punches (letter
key for Telex tapes)

4. Between word fields, comments not containing Bs or Fs
may be inserted. Carriage return and line feed characters
should be inserted (as a “comment”) just before each word
field (or at least between every four word fields). When
these carriage returns, etc. are inserted, the tape may be
easily listed on the teletype for purposes of error checking.
The customer may also find it helpful to insert the word
number (as a comment) at least every four word fields.

5. Included in the tape before the leader should be the custo-
mer’'s complete Telex or TWX number and if more than one
pattern s being transmitted, the ROM pattern number.

6. MSB and LSB are the most and least significant bit of the
device outputs. Refer to the data sheet for the pin numbers.

Hexadecimal Program Tape Format

The hexadecimal tape format used by the INTELLEC 8 system
is a modified memory image, blocked into discrete records.
Each record contains record length, record type, memory
address, and checksum information in addition to data. A
frame by frame description is as follows:

Record_mark. Signals the start of a
record. The ASCll character colon (*":"'
HEX 3A) is used as the record mark.
Record length. Two ASCII characters
representing a hexadecimal number
in the range O to ‘FF' (O to 255). This is
the count of the actual data bytes in
the record type or checksum. A record
length of O indicates end of file.
Load Address. Four ASCII characters
that represent the initial memory will
be loaded. The first data byte is stored
in the location pointed to by the load
address, succeeding data bytes are
loaded into ascending addresses.
Record type. Two ASCIl characters.
Currently all records are type O, this
field is reserved for future expansion.
Data. Each 8 bit memory word is repre-
sented by two frames containing the
ASCIl characters (O to 9, A to F) to
represent a hexadecimal value O to
‘FF’ (O to 255).

Checksum. The checksumis the nega-
tive of the sum of all 8 bit bytes in the
record since the record mark (")
evaluated modulus 256. That is, if you
add together all the 8 bit bytes, ignor-
ing all carries out of an 8-bitsum, then
add the checksum, the result is zero.

Frame O

Frames 1,2
(0-9, A-F)

Frames 3to 6

Frames 7,8

Frames 9 to 9+2*
(Record Length) -1

Frames 9+2*
(Record Length) to
9+2* (Record
Length) +1

Example: If memory locations 1 through 3 contain 53F8EC,
the format of the hex file produced when these locations are
punched is:

:0300010053F8ECCS

Send bit pattern data to the following special address-
Synertek — ROM
P.O. Box 552
Santa Clara, CA 95052
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SYPJ2365/A
SYPJ23128/A
SYPJ23256/A

Packaging Information 28 Lead Surface Mounted Device *

SY2365/A A | A7 |A12| NC | Vcc| €S | €S
SY23128/A Ag | A7 |A12| NC | Vec| CS | Atz
SY23256/A Ag | A7 | A1z | NC | Ve | Ava| Arz

4 3 2 1 28 27 26 )
As | As| As I: 5 5[] | As|Ag|Ag
Al As|ac|  []e 2 Ag | Ag | Ag
Az | Az| A3 E 7 23 ':I A [An[An
TOP - 0
Ay[Ay|A 8 22 OF | OF | OF al
2| A2 | A2 E VIEW :l =
[==)
Atlar|a e 21 | A0 |AlAr e
wd
Ao Ao| Ao| [0 207 |cE|ce|cE =
orfor|or|  [In 197 |08 (0s |08
L 12 13 14 15 16 17 18

02 { 03 [GND| 04 | O5 | 06 | 07

02 | O3 (GND| O4 | Os | Og | O7

0, | 03 [GND| 04 | O5 | Og | 07

*Available second half '85
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Military Selection Guide

Access Maximum Current (mA} Power Packae Compatible

Time Supply Number Type EPROM/ Page
Part Number Organization [ns) Operating Standby {Volts) of Pins (Note 1) PROM No.
SYM2148H-3 1024 x 4 55 150 30 +5 18 C,D F K 313
SYM2148H 1024 x 4 70 150 30 +5 18 C,D,F K 3-13
SYM2149H-3 1024 x 4 70 150 30 +5 18 C,D,F K 317
SYM2149H 1024 x 4 70 150 30 +5 18 C,D,F K 317
SYM2147H-3 1024 x 4 70 160 30 +5 18 C, D FK 39
SYM2147H 1024 x 4 70 160 30 +5 18 C,DFK 39
SYM2128-3 2048 x 8 150 100 30 +5 24 C,D K 33
SYM2128-4 2048 x 8 200 100 30 +5 24 C,D, K 33
SYM2168(2] 4096 x 4 70 3 3] +5 24 C,D, K 3-21
SYm2169[2] 4096 x 4 70 [3) — +5 24 C,D,K 325
SYM2167(2] 16,348 x 1 70 (3] (3 +5 24 C,D K 3-29
SYM2130 1024 x 8 150 [3) (3) +5 40 C 37
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SYM2128

Military 2048 x 8 Static

Random Access Memory
Extended Temperature Range

(-55°C to +125°C)

Synertek.

Features

® 150 nsec Maximum Access Time
® Fully Static Operation:

No Clocks or Strobes Required
® Automatic CE Power Down
Identical Cycle and Access Times
® Single +5V Supply (£10%)

® Pin Compatible with 2716 16K EPROM
® Totally TTL Compatible:

All Inputs and Outputs
® Common Data Input and Output
Three-State Output
JEDEC Approved Pinout

Description

The Synertek SYM2128 is a 16,384 bit static
Random Access Memory organized 2048 words
by eight bits and s fabricated using Synertek’s
new scaled n-channel silicon gate technology It
1s designed using fully static circuitry, therefore
requiring no clock or refreshing to operate. The
common data input and three-state output pins
optimize compatibility with systems utilizing a
bidirectional data bus

The SYM2128 offers an automatic power down
feature under the control of the chip enable
(CE) input. When CE goes high, deselecting the

S
(-1
=

Pin Configuration Block Diagram 2

Ay —
\ m] wow
A0 24 [ v A ADDRESS 16,384 BIT ARRAY
¢ N DECODER (128 x 128)
Ag[] 2 23] Ag A;—“ DRIVER
As (3 22 [ Ag Ag
a4 21 b WE
A5 20 [1GE N — [ IT ......... l ﬂ
A L6 1911 A Az it COLUMN 1/0 CIRCUITS
A7 18 [ CE AA‘ DRIVER T
10
A8 17 [ 1og l_IE 101
10
11019 16 )10, |/o:
110, ] 10 15 [ 1/06 _ 1104
4 We 1/05
1/03 : 1 14 E 1/0g CE WRITE N Vo
6
GND [ 12 13[J 1104 N o,
{}\ 1/0g

chip, the device will automatically power down
and remain in a standby power mode as long as
CE remains high. This feature provides signifi-
cant system level power savings.

The SYM2128 s configured in the JEDEC
approved pinout for 24 pin byte organized
memories and is pin compatible with 16K
ROMs, EPROMs and EEPROMs. This offers the
user the flexibility of being able to switch
between RAM, ROM, EPROM, orEEPROM ashis
needs dictate with a minimum of board changes.

(ﬁ@ OUTPUT ENABLE




Synertek, SYM2128

Absolute Maximum Ratings* Comment* oL

Temperature Under Bias  ............. -65°C to +135°C Stresses above those listed under “Absolute Maximum

Storage Temperature ................ -65°C to 160°C Ratings” may cause permanent damage to the device. This

Voltage on Any Pin with is a stress rating only and funptjonal operation of the device
RESPECt t0 GrOUND v veesernsennnnns 15Vto4+7V at these or at any other condition above those indicated in

. he operational sections of this specification is not imphed.
Power DISSIPation .........oeeuiirnernnerniennns 1.0W the opera P pl

D.C. Characteristics T4 =-55°Cto +125°C, Ve = 5V #10% (unless othérwise specified)

SYM2128-3/-4
Symbol Parameter Min. Max. Unit Conditions
Y] Input Load Current (All input pins) 10 HA Vec = Max, Viy = Gnd to V};c
ILo Output Leakage Current 10 uA CE = Vi, Vg = Max
VouT = Gnd to 4.5V

lcc Power Supply Current mA Ta = 25°C| Ve = Max, CE =V,

100 mA | Ta =-55°C | Outputs Open
Isg Standby Current 30 mA Ve = Min to Max, CE = iy
ViL Input Low Voltage 0.8 Vv
ViH Input High Voltage 2.0 6.0 \%
VoL Output Low Voltage 0.4 \Y% loL = 3.2mA
VoH Output High Voltage 2.4 \Y lon =-1.0mA

Capacitance 7, - 25°C, f= 1.0 MHz
Symbol Test Typ. Max. Unit

Cout Output Capacitance 5 pF-
Cin Input Capacitance 5 pF .

NOTE This parameter is periodically sampled and not 100% tested.

A.C. Characteristics T4 =-55°C to +125°C, Ve = 5V £10%

READ CYCLE
SYM2128-3 SYM2128-4
Symbol Parameter Min. Max. Min. Max. Unit Conditions
tRe Read Cycle Time 150 200 ns
taa Address Access Time 150 200 ns
tACE Chip Enable Access Time 150 200 ns
tAOE Output Enable Access Time 60 70 ns
toH Output Hold from Address Change 10 10 ns
tLz Output Low Z Time 10 10 ns Note 5
tHz Output High Z Time 0 50 0 60 ns Note 5
tpy Chip Enable to Power Up Time 0 0 ns
tpp Chip Disable to Power Down Time 80 100 ns
WRITE CYCLE
twe Write Cycle Time 150 200 ns
tew Chip Enable to End of Write 120 150 ns
taw Address Valid to End of Write 120 150 ns
tas Address Setup Time 0 0 ns
twp Write Pulse Width 920 120 ns
tWR Write Recovery Time 0 0 ns
tow Data Valid to End of Write 70 920 ns
tpH Data Hold Time 0 0 ns
twz Write Enabled to Output in High Z 0 50 0 60 ns Note 5
tow Output Active from End of Write 0 0 ns Note5 -




Synertek. SYM2128

Timing Diagrams

READ CYCLE NO. 1 (NOTES 1 and 2)

tRe —

ADDRESS }(

taa
S ton _—
DATA OUT PREVIOUS DATA VALID ( X X DATA VALID

READ CYCLE NO. 2 (NOTES 1 and 3)
|‘ tace

TN /

< tAoE H
-

X I
] -

HIGH IMPEDANCE 7 7 7
DATA OUT VALID DATA
A\ \ 3 }
|
|

Lz
DA " I

IgC == == o= o o= e - - —— ——

Vce  CURRENT fso% 50% k
Iss

WRITE CYCLE NO. 1 (NOTE 4)

oY X
« X% [TTTT777
WE - \lW N 7l -

- T
=L/ AN

—
DATA OUT

Notes:

. WEs high for Read Cycles.

. Device is continuously selected, CE = OE = Vj .

. Addresses valid prior to or coincident with CE transition low.

I CE goes high simultaneously with WE high, the outputs remain in the high impedance state.

. Transition 1s measured +500mV from low or high impedance voltage with load B. This parameter is sampled and not 100% tested.

. A pullup resistor to Vg on the CE input is required to keep the device deselected: otherwise, power-on current approaches Icc
active.

OO A WN =




SYM2128

WRITE CYCLE NO. 2 (OE = V) (NOTE 4)

twe
ADDRESS )( X
tew
=\ \ \ \ N /L)
t,
AW le—— twg —»]
tas twe
- N /
\L\ N 7
| tow toH
DATA IN DATA VALID
twz e tow
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED
5V +5V
A.C. TEST CONDITIONS
12500 12500

INPUT PULSE LEVELS 0.8t02.4V VOLTS
INPUT RISE AND FALL 10 nsec Dour Dour

TIMES 100pF .
INPUT AND OUTPUT 15VOLTS 7750 ‘S'é“oc‘}EUE,'q"l')G 7750 5pF

TIMING REFERENCE M

LEVELS
OUTPUT LOAD SEE LOAD A

LOAD A LoAD B

Package Availability 24 lead Cerdip
24 lead Ceramic

Ordering Information

Access | Operating | Standby
Order Time Current | Current | Package
Number (Max) (Max) (Max) Type

SYMD2128-3 | 150 ns | 100 mA | 30 mA Cerdip
SYMC2128-3 | 150 ns | 100 mA | 30 mA | Ceramic
SYMD2128-4 | 200 ns | 100 mA 30 mA Cerdip
SYMC2128-4 | 200 ns | 100 mA 30 mA Ceramic




ertek.

ADVANCED INFORMATION

SYM2130/SYM2131

Military 1024 x 8 Dual Port

Random Access Memory

Temperature Range
(-855°C to +125°C)

Features

® 150 ns Address Access Time
e Fully Static Operation

e Full TTL Compatibility

e Interrupt Function (INT):
Open Drain for OR-tied Operation

e Easy Microprocessor Interface

e BUSY Function to Handle Contention:
Open Drain for OR-tied Operation

® SYM2130 — Transparent Power Down (CE)
e SYM2131 — Non-Power Down (CS)

e OQutput Enable Function (OE)
e Both Ports Operate Independently

Description

The Synertek SYM2130 and SYM2131 are 8192 Bit Dual
Port Static Random Access Memories organized 1024 words
by 8 bits They are designed using fully static circuitry and
fabricated using Synertek’s n-channel double poly silicon gate
technology

The SYM2130 and SYM2131 feature two separate 1/0 ports
that each allow independent access for read or write to any
location in the memory. The only situation where conten-
tion can occur is when both ports are active and both
addresses match. Two modes of operation are provided for

Pin Configuration Block Diagram
R/V_VL

this situation. In one mode, contention is ignored and both
operations are allowed to proceed. In the other mode, on-
chip control logic arbitrates delaying one port until the other
port’s operation 1s completed. A BUSY flag is sent to the
side whose operation is delayed. BUSY s driven out at
speeds that allow the port’s processor to preserve its
address and data.

An interrupt function (INT) is also provided to allow com-
munication between systems. This function acts like a
writable flag When the flag’s location 1s written from one

(continued next page)

WRITE
ENABLE

WRITE R/MWg

U *(CSL) CE. CERg (CSg)*
*(CSLICELT 48 P Ve OUTPUT OUTPUT & I
R, (] 2 47 [ CEg (CSa)* /O_EL ENABLE OFgq
— . 1/00L 1/0gr
BUSY (] 3 46 [IRWg B B
iNT (] 4 45 [1BUSYR 1/07, ————q = 1/07m
oe.l]s as it K X
Aoll 6 43[)OEq
A1q 7 421Ao AgL Agr
Az(]8 a1 A, * COLUMN COLUMN °
. 1/0 B o 1/0 .
Asllo a0 PA; . LEFT : B RIGHT o
Aql) 10 39 A3 AL A7R
As [} 11 38 PA, T
Asl] 12 37 flA
6] [ As st __{ Ao
A7 (d 13 36 [1Ag . LEFT . e | RIGHT .
ROW MEMORY ROW
Ag(] 14 s [1a; * DECODER | * ARRAY * | pecober *
aqgl] 15 34 [JAg . DRIVER | ® * | DRIVER .
g F] AoL — Aor
1/00(] 16 33[] Ag
11010 17 2 o,
11020 18 31 11/06
1/03(] 19 30 []1/05
1/04[] 20 29 [11/04 B CONTENTION
BUSY INTERRUPT BUSY,
1105 [} 21 28 [11/03 padds SR
s p NT, LoGIC NTh
1/06{} 22 27 f11/0; *(E5y) C_hEL———-— | CEr (GSa)*
17070 23 26 [11/04 OF | ——— |——— OEg
GND [] 24 25 [1/09 R~ T RMg

*CS APPLIES TO SYM2131, CE APPLIES TO SYM2130
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Synertek.

side, the other side’s INT pin goes LOW until tfﬁ_ﬂag loca-
tion Is read by that side. Both the BUSY and INT pins are
open drain outputs to allow OR-tied operation.

The SYM2130 has an automatic power down feature which
1s controlled by the Chip Enable inputs Each Chip Enacle con-
trols automatic power-down circuitry that allows it's
respective side of the device to remain in a standby power
mode.

SYM2130/SYM2134

The SYM2131 chip select (no power down) access has been
designed to be faster than i1t's address access so that the
chip select decode time will not add to the memory’s overall
access time This feature significantly improves system
performance

Pin Definitions
CE 0 Left Port Chip Enable When CE,_ goes
HIGH, the left port of the RAM s de-
selected and the left port control circuitry
will automatically power down and re-
main in a standby power mode as long as
CE_ remains HIGH

Right Port Chip Enable. When CER goes
HIGH, the right port of the RAM 1s de-
selected and the right port control cir-
cuitry will automatically power down and
remain in a standby power mode as long
as CEg remains HIGH.

Left Port Chip Select. When CS,_ goes
HIGH, the left port of the RAM s de-
selected

Right Port Chip Select When 6§R goes
HIGH, the right port of the RAM 1s de-
selected.

Left Port Address Inputs The 10-bit field
presented at the left port Address Inputs
selects one of the 1024 memory locations
to be read from or written into via the left
port Data Input/Output Lines

Right Port Address Inputs. The 10-bit field
presented at the right port Address Inputs
selects one of the 1024 memory locations
to be read from or written into via the
rnight port Data Input/Output Lines

Output Enable for Left Port When OE, i1s
HIGH, the left port outputs are disabled,
when O_EL 1s LOW, the left port outputs
are enabled. Also controls contention
mode for left port

Output Enable for Right Port When OEg
1s HIGH, the right port outputs are dis-
abled When OEg 1s LOW, the right port
outputs are enabled Aiso controls con-
tention mode for rnght port

Left Port Data
Right Port Data Input/Output Lines

Left Port Read/Write Enable When OE,
1s LOW and R/W__is HIGH, data from the
RAM location selected by the left address
field is present at the left port Data Input/
Output Lines When R/W_ 1s LOW, data
present on the left port Data Input/

AOR-A9g

1/00,-1/07,
1/00g-1/07g
R/W,

Input/Output Lines.

R/Wg

BUSY (12

BUSYR!12)

T, 012

INTA12)

Output Lines is written into the RAM
location selected by the left address field
irregardless of the state of OE,. These
operations can be affected by contention
(See Functional Description ‘on page 9).

Right Port Read/Write Enable When OEg
1s LOW and R/Wp 1s HIGH, data from the
RAM location selected by the left address
field i1s present at the rlghi port Data
Input/Output Lines When R/Wg 1s
LOW, data present on the rnight port Data
Input/Output Lines 1s written into the
RAM location selected by the right ad-
dress field irregardless of the state of
OER. These operations can be atfected by
contention (See Functional Description
page 9).

Left Port Busy Flag BUSY_ remains HIGH
at all tmes unless both ports initiate an
operation to the same address location
and the left port 1s operating in contention
mode with the right port receiving priority
When this occurs, the right port operation
will be completed first and BUSY_ will go
LOW until the nght port operéf:dn 1S com-
pleted

Right Port Busy Flag BUSYR remains
HIGH at all times unless both ports
initiate an operation to the same address
location and the right port 1s operating in
contention mode with the left port receiv-
ing priority When this occurs, the left
port operation will be completed first and
BUSYr will go LOW until the left port
operation i1s completed Both BUSY, and
BUSYR are open drain outputs allowing
OR-tied operation

Left Port Interrupt Flag If the right port
writes to memory locatien 3FE then INT,
is latched LOW until the left port reads
data from memory location 3FE

Right Port Interrupt Flag If the left port
writes to memory location 3FF, then
Tl\ﬁ'ﬂ 1s latched LOW until the right port
reads data from memory location 3FF
Both INT_ and INTR are open drain
allowing OR-tied operation

(see page 4 for notes)
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SYM2147H

Military 4096 x 1 Static

Random Access Memory
Extended Temperature Range
(-55°C to +125°C)

Features

® 55 ns Maximum Access

No Clocks or Strobes Required
Automatic CE Power Down
Identical Cycle and Access Times
Single +6V Supply (x10%)

® Totally TTL Compatible
All Inputs and Outputs
® Separate Data Input and Output
High Density 18-Pin Package
® Three-State Output

Description

The Synertek SYM2147H 1s a 4096-Bit Static Random
Access Memory organized 4096 words by 1-bit and s fabri-
cated using Synertek’s new N-Channel Silicon-Gate HMOS
technology. It 1s designed using fully static circuitry, there-
fore requiring no clock or refreshing to operate. Address
set-up times are not required and the data Is read out non-
destructively with the same polarity as the input data.
Separate data input and output pins provide maximum
design flexibility. The three-state output facilitates memory
expansion by allowing the outputs to be OR-tied to other
devices.

>
(==
=<
=
. . . . =
Pin Configuration Block Diagram =
a —PF - — Ve
A 1 18 V, N -
0 cc A3 ‘*‘X oW MEMORY ARRAY
M2 1704 ag — P sELeCT 64'COLUMNS
A3 16 1A, a —PF ]
A e 15[ As Ag =
A5 140A, i J
A A
s [ e 13[1Aw Diy COLUMN 1/0 CIRCUITS ——D»—— Dour
Dout [} 7 12 3Aq COLUMN SELECT
we []s 110w
GND (]9 10[1CE

The SYM2147H offers an automatic power down feature
Power down s controlled by the Chip Enable input. When
Chip Enable (CE) goes high, thus deselecting the
SYM2147H, the device will automatically power down and
remain 1n a standby power mode as long as CE remains
high This unique feature provides system level power sav-
ings as much as 80%

The SYM2147H 1s packaged in an 18-pin DIP for the high-
est possible density The device 1s fully TTL compatible and
has a single +5V power supply.

Ao A4 As Ag Ajp Ang

Z
L
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SYM2147H

Temperature Under Bias .............
Storage Temperature
Voltage on Any Pin with

Respect to Ground (under bias) .........
Power Dissipation

Absolute Maximum Ratings*

-65°C to +135°C
-65°C to +150°C

-35Vtot7V
1.2W

D.C. Characteristics T, =-55°C to +125°C, Ve = 5V * 10% (Unless otherwise specified) (Note 8)

Comment*

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device. This
is a stress rating only and functional operation of the device
at these or at any other condition above those indicated in
the operational sections of this specification I1s not implied.

. M2147H-3
Symbol Parameter Min. Max. Unit| Conditions
(M Input Load Current (All input pins) 10 pA | Voc =Max, Viy = Gnd to V¢
Lo Output Leakage Current 50 wA | €5 =V, Vce = Max
VOUT =Gndto45V
lcc Power Supply Current 140 mA | Tp =25°C Vce = Max, €S =V
160 mA | Tp =-55°C Outputs Open ‘
Isg Standby Current 30 mA [ Vee =Min to Max, C5 = Vi
lpo Peak Power-on Current (Note 9) 50 mA | Vce = Gnd to Ve Min
(fg = Lower of V¢ or Viy Min
ViL Input Low Voltage -30 0.8 \Y
ViH Input High Voltage 20 60 \
VoL Output Low Voltage 04 V [lor=8mA
VoH Output High Voltage 24 V |loy=-40mA
Capacitance T, =25°C, f= 1.0 MHz NOTE  This parameter 1s periodically sampled and not 100% tested.
Symbol Test Typ. Max. Unit
CouT Output Capacitance 6 pF
Cin Input Capacitance 5 pF

A.C.Test Conditions T, =-55°C to +125°C, V¢ = 5V * 10% (Unless otherwise specified) (Note 8)

READ CYCLE
M2147H-2 M2147H

Symbol | Parameter Min. Max. Min. Max. | Unit | Conditions
tRc Read Cycle Time 55 70 ns

taAA Address Access Time 55 70 ns

tACE1 Chip Enable Access Time 55 70 ns Note 1
tACE2 Chip Enable Access Time 65 80 ns Note 2
toH Output Hold from Address Change 5 5 ns

tz Chip Enabled to Output in Low Z 10 10 ns Note 7
thz Chip Disabled to Output in High Z o 40 0 40 ns Note 7
tpy Chip Enabled to Power Up Time 0 0 ns

tpp Chip Disabled to Power Down Time 30 30 ns

WRITE CYCLE

twe Write Cycle Time 55 70 ns

tew Chip Enabled to End of Write 45 55 ns

taw Address Valid to End of Write 45 55 ns

tas Address Setup Time 0 0o ns

twp Write Pulse Width 35 40 ns

tWR Write Recovery Time 10 15 ns

tow Data Valid to End of Write 25 30 ns

tpH Data Hold Time 10 10 ns

twz Write Enabled to Output in High Z 0 30 0 35 ns Note 7
tow Output Active from End of Write o] 0] ns Note 7
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Timing Diagrams

READ CYCLE NO. 1 (NOTES 3AND 4)

R tRe
ADDRESS )(
e taa
- ton
DATA OUT PREVIOUS DATA VALID X X DATA VALID
READ CYCLE NO. 2 (NOTES 3AND5)
tae -

R 3 7

e — i - tACE -

Wz

HIGH IMPEDANCE
DATA OUT DATA VALID

IMPEDANCE

le——tpp

Vee lec
SUPPLY 50% 50%%
CURRENT lsg

WRITE CYCLE NO. 1 (WE CONTROLLED) (NOTE 6)

twe
ADDRESS )( )(
l tew
s A\ ) 1/ /L1017 )
tas - twe T wRT
e /
| tow (DH"‘
DATA IN DATA VALID X
twz ~—tow ——>|

HIGH IMPEDANCE

DATA OUT DATA UNDEFINED

NOTES

1 Chip disabled for greater than 55ns prior to selection

2 Chipdisabled for a finite ime thatis less than 55ns prior to selection (If the deselect time is Ons, the chip 1s by definition selected and access
occurs according to Read Cycle No 1)

3 WEs high for Read Cycles

4 Device 1s continuously selected, CE= ViL

5 Addresses valid prior to or coincident with CE transition low

6 If CE goes high simultaneously with WE high, the outputs remain in the high impedance state

7 Transition is measured 500mV from low or high impedance voltage with load B This parameter 1s sampled and not 100% tested

8 The operating ambient temperature range I1s guaranteed with transverse air flow exceeding 400 Iinear feet per minute

9 A pullup resistor to Vcc on the CE input is required to keep the device deselected otherwise, power-on current approaches Icc active

0 A minimum of 0 5 ms time delay is required after apphcation of VCC (+5V) before proper device operation i1s achieved
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 §YM2147H

WRITE CYCLE NO. 2 (CS CONTROLLED) (NOTE 6)

]

ADDRESS ><

le— tas —}

!

C_S—-ﬂ

tew

taw -

f‘————‘wr

WR——

AN NNV NNMNVNNNY /7777777,
ow i toH
DATA OUT DATA UNDEFINED j\L HIGH IMPEDANCE
/)

A.C. Testing Input, Output Waveform

A.C. Testing Load Circuit

3.0V
20v
1.5V<— TEST POINTS <
0.8V
ov
INPUT OUTPUT

A.C. TESTING: INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC
1" AND 0.0V FOR A LOGIC “0”. TIMING MEASUREMENTS
ARE MADE AT 20V FOR A LOGIC “1” AND 0.8V FOR A LOGIC
0" AT THE OUTPUTS. THE INPUTS ARE MEASURED AT 1.5V
INPUT RISE AND FALL TIMES ARE 5 ns.

5V

5100
Dour Dour
30 pF
(INCLUDING
SCOPE AND
G)

30052

LOAD A

+5V

51082

30052 :’ 5 pF

L

LOAD B

Package Availability 18 pin cerdip

18 Pin Ceramic
18 Pin Leadless Chip Carrier

Ordering Information

Access | Operating | Standby
Order Time Current Current | Package
Number (Max.) (Max.) (Max.) Type
SYMC2147H-3 55 ns 160 mA 30 mA Ceramic
SYMD2147H-3 55 ns 160 mA 30 mA Cerdip
SYMF2147H-3 55 ns 160 mA 30 mA Flatpak
SYMC2147H 70 ns 160 mA 30 mA Ceramic
SYMD2147H 70 ns 160 mA 30 mA Cerdip
SYMF2147H 70 ns 160 mA 30 mA Flatpak

3-12



SYM2148H

Military 1024 x 4 Static

Random Access Memory
Extended Temperature Range
(-55°C to +125°C)

Synertek.

Features

® 55ns Maximum Access ® [ndustry Standard 2114 Pinout

® No Clocks or Strobes Required ® Totally TTL Compatible All Inputs and Outputs
® Automatic CE Power Down ® Common Data Input and Output

® |dentical Cycle and Access Times ® High Density 18-Pin Package

® Single +5V Supply (£10%) ® Three-State Output

Description

The Synertek SYM2148H 1s a 4096-Bit Static Random
Access Memory organized 1024 words by 4 bits and 1s fab-
ricated using Synertek’s new N-Channel Silicon-Gate
HMOS technology It is designed using fully static circuitry,
therefore requiring no clock or refreshing to operate
Address set-up times are not required and the data is read
out non-destructively with the same polarity as the input
data Common data input and output pins provide maximum
design flexiblity The three-state output facilitates memory
expansion by allowing the outputs to be OR-tied to other
devices

Pin Configuration

The SYM2148H offers an automatic power down feature
Power down 1s controlled by the Chip Enable mput When
Chip Enable (CE) goes high, thus deselecting the SY2148H,
the device will automatically power down and remain in a
standby power mode as long as CE remains high This unt-
que feature provides system level power savings as much
as 85%

The SYM2148H 1s packaged in an 18-pin DIP for the high-
est possible density The device 1s fully TTL compatible and
has a single +5V power supply.

Block Diagram

A4——X H— -~ Vec
N __m «~——— GND
____x MEMORY
Ae lj 1 A 18 Vee :5 —X sgl?l‘slcv:T ST%JLC&TS:: ’
As ]2 70 A ’
A3 16 [ Ag m—PF
Az [}a 1511 Ag Af’_w: [ |
Ao s 147 1/04 l
A e 13[d1/0, 1104 _+ =]  COLUMN 1/0 CIRCUITS
A7 121 1/03 /0 D_ INPUT COLUMN SELECT
cE E 8 1[0, o D_CODNATE’EL '
GND []9 101 WE ) % % ¥ #
1/04 b—‘
—
Ay A Ay Ag

T
0

w

B

>
«c
fad
=
=
=




ertek.

SYM2148H

Absolute Maximum Ratings*

Temperature Under Bias  ....... e
Storage Temperature ................
Voltage on Any Pin with

Respect to Ground (under bias) .......
Power Dissipation ..........oevvunnnn.

D.C. Characterisitcs

-65°C to +135°C
-65°C to +150°C

.. -36Vto+7V

1.0w

Comment*

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This Is a
stress rating only and functional operation of the device at
these or at any other condition above those indicated in the
operational sections of this specificatiori is not implied.

Ta =-55°Cto +125°C, V¢ = 5V + 10% (Unless otherwise specified)-(note 8)

Symbol Parameter Min. Max. Unit Condition
Iy Input Load Current (All input pins) 10 kA Ve = Max, ViN =Gnd to Ve
II LO' Output Leakage Current 50 uA TS = V|4, Voe = Max
VouT = Gnd to 4.5V
Icc Power Supply Current 130 mA Ta=25°C Vee = Max, CS = ViL
150 mA | T =-55°C | Outputs Open
IsB Standby Current 30 mA Vg = Min to Max, CS = Vg
lpo Peak Power-on Current (Note 9) 50 mA Vce = Gnd to V¢ Min
CS = Lower of Vg or ViH.Min
ViL Input Low Voltage -3.0 0.8 \%
ViIH Input High Voltage 241 6.0 \Y
VoL Output Low Voltage 0.4 \Y loL =8mA
VoH Output High Voltage 2.4 v loH = -4mA
Capacifance Ta = 25°C, f=1.0MHz NOTE  This parameter is periodically sampled and not 109% tested.
Symbol Test Typ. Max. Unit -
CouTt Output Capacitance 7 pF
CiNn Input Capacitance 5 . T pF L
A.C. Characteristics Ta = -55°C to +125°C, Ve = 5V + 10% (Unless otherwise specified) (note 8)
READ CYCLE
M2148H-3 M2148H ,
Symbol | Parameter Min. Max. Min. Max. Conditions
tRC Read Cycle Time 55 70
tAA Address Access Time 55 70
tACE1 Chip Enable Access Time 55 70 | Note1
tACE2 Chip Enable Access Time 65 80 Note 2 ,
toH Output Hold from Address Change 5 5
tLz Chip Enabled to Output in Low Z 10 10 Note 7
tHz Chip Disable to Output in High Z 0 20 o] 20 Note 7
tpy Chip Enabled to Power Up Time 6] 0 ’
tpp Chip Disable to Power Down Time 30 30
WRITE CYCLE
twe Write Cycle Time 55 70
tew Chip Enabled to End of Write 50 65
tAwW Address Valid to End of Write 50 65 PRI
taAs Address Setup Time [0} (o] : ‘
twp Write Pulse Width 40 50
twR Write Recovery Time 5 5 L
tpw Data Valid to End of Write 20 25 '
tDH Data Hold Time 0 0 -
twz Write Enabled to Output in High Z 0 20 0 25 Note 7
tow Output Active from End of Write 0 0 Note 7 ~

(See following page for notes)




Synertek; SYM2148H

Timing Diagrams

READ CYCLE NO. 1 (NOTES 3AND 4)
|

tre

ADDRESS

taa
ton
DATA OUT PREVIOUS DATA VALID )( X X DATA VALID

READ CYCLE NO. 2 (NOTES 3AND 5)

tRe
& X% v
taCE ¢
*— thz
Wz
HIGH IMPEDANCE
DATA OUT DATA VALID
IMPEDANCE
e—tpp

Vee lce
SUPPLY
CURRENT lsg

WRITE CYCLE NO. 1 (WE CONTROLLED) (NOTE 6)

twe —
ADDRESS )( }(
tew
e ) [/ L[/
E N\ i /
‘AW <—twR~—->
tas twe
WE A\ X 7[
l tow toH |
DATA IN DATA VALID
-~ tyz— tow
\l HIGH IMPEDANCE
DATA OUT DATA UNDEFINED ﬁ

NOTES 1 Chip disabled for greater than 55ns prior to selection
2 Chip disabled for a finite time that is less than 55 ns prior to selection (If the deselect time is Ons, the chip 1s by definition selected and
access occurs according to Read Cycle No 1))
WE s high for Read Cycles
Device 1s continuously selected, CE = Vj_
Addresses valid prior to or coincident with CE transition low
1t CE goes high simultaneously with WE high, the outputs remain in the high impedance state
Transition 1s measured £500mV from low or high impedance voltage with load B This parameter is sampled and not 100% tested
The operating ambient temperature range 1s guaranteed with transverse air flow exceeding 400 linear feet per minute
A pullup resistor to Vcc on the CE input 1s required to keep the device deselected. otherwise, power-on current approaches Icc active
10 A mimimum of O 5 ms time delay is required after application of VCC (+5V) before proper device operation is achieved

WONOO LW
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WRITE CYCLE NO. 2 (CE CONTROLLED) (NOTE 6)

T
iy

ADDRESS >(

e tag |

tew
CE *

j[

taw

S ANNNANANNNNNX

fe—— tyg ——|

A A —

I

(77777777

DATA IN

tow Ton
* DATA VALID

|-—— tyz
HIGH IMPEDANCE

DATA OUT DATA UNDEFINED

A.C. Testing Input, Output Waveform

/

A.C.Testing Load Circuit

 SYM2148H

3.0V

1.5V~ TEST POINTS

0.8v
ov

INPUT OUTPUT

A.C. TESTING: INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC
“1" AND 0.0V FOR A LOGIC “0”. TIMING MEASUREMENTS
ARE MADE AT 2.0V FOR A LOGIC 1" AND 0.8V FOR A LOGIC
“0" AT THE OUTPUTS. THE INPUTS ARE MEASURED AT 1.5V.
INPUT RISE AND FALL TIMES ARE 5 ns.

+5V

48052

Dout 206F
»
(INCLUDING
2556 SCOPE AND
4G}

LOAD A LOAD B

Package Availability

18 Pin Cerdip
18 Pin Ceramic

Ordering Information

Access|Operating | Standby]
Order Time | Current | Current |Package
Number (Max.)| (Max.) (Max.) Type
SYMC2148H-3| 55 ns | 150 mA | 30'mA { Ceramic
SYMD2148H-3| 55 ns | 1560 mA | 30:mA | Cerdip
SYMC2148H | 70 ns | 150 mA | 30 an« Ceramic
SYMDZ148H | 70 ns { 150 mA | 30mA | Cerdip
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SYM2149%H

Military 1024 x 4 Static

Random Access Memory
Extended Temperature Range

Synertek.

(-55°C to +125°C)

Features

® 55 ns Maximum Address Access
® Fully Static Operation:
No Clocks or Strobes Required
® Fast Chip Select Access Time: 25 ns Max.
Identical Cycle and Access Times
® Single +5V Supply (£10%)

® |ndustry Standard 2114 Pinout
® Totally TTL Compatible:
All Inputs and Outputs
® Common Data Input and Outputs
® High Density 18-Pin Package
® Three-State Output

Description

The Synertek SYM2149H 1s a 4096-Bit Static Random
Access Memory organized 1024 words by 4-bits and is fab-
ricated using Synertek’s new N-Channel Silicon-Gate
HMOS technology. It 1s designed using fully static circuitry,
therefore requiring no clock or refreshing to operate
Address set-up times are not required and the data i1s read

The SYM2149H offers a chip select access that Is faster
than address access. In a typical application, the address
access begins as soon as the address is valid. At this time,
the high order addresses are decoded and the desired
memory Is then selected. With the faster chip select access,
the decode time will not add to the overall access time thus

out non-destructively with the same polarity as the input
data Common data input and output pins provide maximum
design flexibility The three-state output facilitates memory
expans]on by allowing the outputs to be OR-tied to other

significantly improving system performance

The SYM2149H 1s packaged in an 18-pin DIP for the high-
est possible density. The device 1s fully TTL compatible and
has a single +5V power supply.

devices
Block Diagram
A -__x || — e
Pin Configuration s — ] oo
A __x MEMORY ARRAY
ROW 64 R S
‘__E: SELECT 64COL(I)J\;VVINS
A7
" —5
As 1 1811 Ve e
s ‘A5[:‘2 171 Ay A ]
o, A3 16 [ Ag L L
‘ ‘A3‘E 4 1511 Ag 1104 COLUMN 1/0 CIRCUITS
' ‘ A() s 14 1/0, 110, INPUT COLUMN SELECT
. S e 137 1/0, o > coNTROL '
X 3
A []7 121 1/03
1/0.
cs s 110 1/04 ¢ D
GND (]9 10 ] WE Ao Ay A Ag
<l
* D ;
e




Synertek.

SYM2149H

Temperature UnderBias  .............
Storage Temperature
Voltage on Any Pin with

Respect to Ground (under bias) ......... -3.5Vto+t7V
Power Dissipation

Absolute Maximum Ratings*

-65°C to+135°C
................ -65°C to +150°C

1.0wW

Comment*

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device. This
Is a stress rating only and functional operation of the device
at these or at any other condition above those indicated in
the operational sections of this specification is not implied.

D.C. Characterisitcs Ta= -55°C to +125°C, V¢ = 5V £10% (Unless otherwise specified) (Note 6)

Symbol Parameter Min. Max. Unit | Conditions

[IN] Input Load Current (all input pins). 10 MA | Vo =Max, Viy =Gnd to Voo
Lo Output Leakage Current 50 sA | C8 =V, Vcc = Max

VouT= Gnd to 4.5V
Icc Power Supply Current 130 mA Ta= 25°C Vce = Max, Cs= ViL
150 mA | Ta =-55°C| Outputs Open

ViL Input Low Voltage -3.0 0.8 \Y

ViH Input High Voltage 2.0 6.0 \%

VoL Output Low Voltage 0.4 \ loL =8mA

VOoH Output High Voltage 2.4 \ IoH =-4.0mA

los Output Short Circuit Current +200 mA VouT =GND to Vce (Note 8)

Capacitance 71, =25°C, f= 1.0 MHz

Symbol Test Typ. Max. Unit
CouT Output Capacitance 7 i pF
Cin Input Capacitance 5 pF

NOTE: This parameter is periodically sampled and not 100% tested.

A.C. Characteristics Ta =-55°C to +125°C, Ve = 5V * 10% (Unless otherwise specified) (Note 6)

READ CYCLE
M2149H-3 M2149

Symbol | Parameter Min. Max. Min. Max. Unit Conditions
tRe Read Cycle Time 55 70 ns

taa Address Access Time 55 70 ns

tacs Chip Select Access Time 25 30 ns

toH Output Hold from Address Change 5 5 ns

1z Chip Selection to Output in Low Z 5 5 ns Note 5
tHz Chip Deselection to Output in High Z o] 15 ] 15 ns Note 5

WRITE CYCLE

twe Write Cycle Time 55 70 ns

tew Chip Selection to End of Write 50 65 ns

tAW Address Valid to End of Write 50 65 ns

tas Address Setup Time (o] 0 ns

twp Write Pulse Width 40 50 ns

twR Write Recovery Time 5 5 ns

tow Data Valid to End of Write 20 25 ns

tpH Data Hold Time 0 0 ns

twz Write Enabled to Output in High Z 0 20 0 25 ns Note 5
tow Output Active from End of Write (0] 0 ns Note 5

(See following page for notes)




Synertek, SYM2149H

Timing Diagrams

READ CYCLE NO.1 (NOTES 1AND 2)

tRe

ADDRESS }(

taa
toH
DATA OUT PREVIOUS DATA VALID )( X X DATA VALID

READ CYCLE NO.2 (NOTES 1 AND 3)

cs \ /

tacs

Wz

HIGH IMPEDANCE
DATA OUT DATA VALID

WRITE CYCLE NO. 1 (WE CONTROLLED) (NOTE 4)

twe
ADDRESS y( )(
tew
cs ( N 7[)//// /,/71/1/
t
AW le—— tyr —>
tas twp
we X i
( tow toH =
DATAIN DATA VALID
- twz tow
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED /‘

NOTES: WE is high for Read Cycles.
Device is continuously selected, CS = V| .
Addresses valid.
. If CS goes high simultaneously with WE high, the outputs remain in the high impedance state.
. Transition is measured :500mV from low or high impedance voltage with load B. This parameter is
sampled and not 100% tested.
. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear
feet per minute.
7. A minimum of 0.5 ms time delay is required after application of Vog (+5V) before proper device operation is achieved.
Duration not to exceed one minute.

o wAawN=

[
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SYM24149H

WRITE CYCLE NO. 2 (CS CONTROLLED) (NOTE 4)

we

ADDRESS >(:

e sl

—

taw

WR—

SANNNMNNNNNNK

2L/

ow

ToH

DATA IN

X

DATA VALID

DATA OUT

DATA UNDEFINED

4_th‘1

HIGH IMPEDANCE

/

A.C. Testing Input, Output Waveform

A.C. Testing Load Circuit

3.0v

20V
1.5V<— TEST POINTS

0.8v
ov

INPUT OUTPUT

Dout

2550

+5V

48092

30 pF
(INCLUDING
SCOPE AND
JG)

Dour

A.C. TESTING: INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC
“1" AND 0.0V FOR A LOGIC “0”. TIMING MEASUREMENTS
ARE MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC
“0" AT THE OUTPUTS. THE INPUTS ARE MEASURED AT 1.5V.

LOAD A

+5V

2559 5pF

LOAD B

INPUT RISE AND FALL TIMES ARE 5 ns.
Package Availability 18 pin cerdip
18 Pin Ceramic
Ordering Information
Access Supply

Order Time Current Package

Number (Max) (Max) Type
SYMC2149H-3 | 55 nsec 150 mA Ceramic

SYMD2149H-3 | 55 nsec 150 mA Cerdip
SYMC2149H 70 nsec 150 mA Ceramic

SYMD2149H 70 nsec 150 mA Cerdip
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PRELIMINARY INFORMATION

SYM2167
Military 16,384 x 1 Static

Random Access Memory
Extended Temperature Range

(-55°C to +125°C)

Features

55 ns Maximum Access

No Clocks or Strobes Required
Automatic CE Power Down
Identical Cycle and Access Times
Single +5V Supply

® Avallable in Ceramic (C), Cerdip (D), Flatpack (F), and
Leadless Chip Carrier (K)

e Totally TTL Compatible
All Inputs and Outputs

e Separate Data Input and Output

e High Density 20 Pin Package

e Three-State Output

Description

The Synertek SYM2167 is a 16,384-bit Static Random Ac-
cess Memory organized 16,384 words by 1-bit and is fabrica-
ted using Synertek’s new N-channel Double Polysilicon Gate
HMOS technology. It is designed using fully static circuitry,
therefore requiring no clock or refreshing to operate. Address
set-up times are not required and the data I1s read out non-
destructively with the same polarity as the input data.
Separate data input and output pins provide maximum design
flexibility. The three-state output facilitates memory expan-
sion by allowing the outputs to be OR-tied to other devices

Pin Configuration Block Diagram
———
A 20 1 vee Aq —] <« Vee
a2 19 A Az —— ¥ GND
A3 18] A2
Az[]a 170 An A3 ——Iz
g MEMORY ARRAY
A s 16 [J Ao Ag ——XBS&NCT 128 ROWS
ABE 6 157 Ao A, I 128 COLUMNS
As ] 7 14 Ag
po[]s 13{0 A As '——{}:
WE [ o 12[Jomn Ag ———ﬁ: —
GND [} 10 1 [Jce
Diy COLUMN 1/0 CIRCUITS —{}—— Dout
COLUMN SELECT
Aq 3 A3
Ag 4 As
Ag 5 A7
A0 6 Ag Ao As As A1g A11 A2 Az
A2 7 An cE
a(our 8 A13 '_D~

W E
Vss D(pin)

vTe—«»—LOD

The SYM2167 offers an automatic power down feature.
Power down is controlled by the Chip Enable input. When
Chip Enable (CE) goes high, thus deselecting the SYM2167,
the device will automatically power down and remain in a
standby power mode as long as CE remains high. This unique
feature provides system level power savings as much as 80%.

The SYM2167 is available in 20-pin DIP and 20-lead Lead-
less Chip Carrier packages for the highest possible density.
The device is fully TTL compatible and has a single +5V
power supply.
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Simertelc

SYM2167

D.C. Characteristics

Absolute Maximum Ratings*

Temperature UnderBias ................. —65°Cto +135°C
Storage Temperature . ................... —65°Cto +150°C
Voltage on Any Pin with

RespecttoGround ...................... -3.5Vto +7V
PowerDissipation .................... .. ... ..., 1.0W

Comment*

Stresses above those listed under *’Absolute Maximum Ratings’
may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any
other conditions above those indicated in the operational sec-
tions of this specification is not implied.

Ta= —56°Cto +125°C, V¢ =5V = 10% (Unless otherwise specified) (Note 6)

Symbol Parameter Min. Max. Units Conditions
M Input Load Current (All input pins) 10 uA Vcc = Max., Viy = Gnd to Vc¢
|I|_o| Output Leakage Current 50 uA CE = Vi, Vec = Max.
Vout = Gnd to 4.5V
Icc Power Supply Current 110 mA Ta=25°C |Vce=Max., CE=V_
150 mA Ta = —55°C| Outputs Open
Isg Standby Current 30 mA Ve = Min. to Max., CE = Viy
lpo Peak Power-on Curent (Note 7) 60 mA Vec = Gnd to Ve Min.
CE = Lower of Vcc or VIH Min.
Vi Input Low Voltage -3.0 0.8 \
Vi Input High Voltage 2.0 6.0 Y,
VoL Output Low Voltage 0.4 Vv loL = 16mA
Vou Output High Voltage 2.4 \'% lon = —4mA
los Output Short Circuit Current (Note 8) —150 300 mA Vour = GND to V¢c (Note 8)
COpOCifClnce Ta=25°C,f=1.0MHz Note: This parameter is periodically sampled and not 100% tested.
Symbol Test Typ. Max. Units
Court Output Capacitance 6 pF
Cin Input Capacitance 5 pF
A.C. Characteristics Ta= —55°C, to +125°C, V¢ = 5V £ 10% (Unless otherwise specified) (Notes 6, 9)
2167-70 2167-55
Symbol | Parameter Min. 7 Max. Min. Max. | Unit Conditions
READ CYCLE
tre Read Cycle Time 65 55 ns
taa Address Access Time 65 50 ns
tacE Chip Enable Access Time 70 55 ns
toH Output Hold from Address Change 5 5 ns
iz Chip Selection to Output in Low Z 5 5 ns
thz Chip Deselection to Output in High Z 0 40 0 30 ns
tpu Chip Selection to Power Up Time 0 0 ns
tpp Chip Deselection to Power Down Time 0 70 55 ns
WRITE CYCLE
twe Write Cycle Time 65 55 ns
tow Chip Selection to End of Write 60 50 ns
taw Address Valid to End of Write 55 50 ns
tas Address Setup Time 8 0 ns
twp Write Pulse Width 30 25 ns
twR Write Recovery Time 10 0 ns
tow Data Valid to End of Write 23 20 ns
toH Data Hold Time 8 0 ns
twz Write Enabled to Output in High Z 0 28 0 25 ns
tow Output Active from End of Write 0 40 0 30 ns
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Synertek, SYM2167

Timing Diagrams
READ CYCLE NO. 1 (Notes 1 and 2)

tRe

ADDRESS )K

taa
toH
DATA OUT PREVIOUS DATA VALID )( X X DATA VALID

READ CYCLE NO. 2 (Notes 1 and 3)

tRe

tACE
e— tyz

Wz

HIGH IMPEDANCE
DATA OUT DATA VALID

IMPEDANCE

le——tpp

Vee lee
SUPPLY 50% %
CURRENT lsg
WRITE CYCLE NO. 1 (WE Controlled) (Note 4)
- twe
-
ADDRESS )( )( E
=
tow =
— 4
& _\ \ X\ £1// L0/ /17
taw [ twp —*
tas twp
e T 7
| tow ‘DH"’
DATA IN DATA VALID X

- th‘—. tow

HIGH IMPEDANCE

DATA OUT DATA UNDEFINED )]]

Notes:

. WE is high for Read Cycles.

. Device is continuously selected, CE=V| .

. Addresses valid prior to or coincident with CE transition low.

. If CE goes high simultaneously with WE high, the outputs remain in the high impedance state.

. Transition is measured +500mV from low or high impedance voltage with load B. This parameter is sampled and not 100% tested.

. The operating ambient temperature range is guaranteed with transverse air flow excedding 400 linear feet per minute.

. A pullup resistor to Ve on the CE input is required to keep the device deselected; otherwise, power-on current approaches Icc active.
. Duration not to exceed one second.

. A minimum 0.5ms time delay is required after application of V¢ (+5V) before proper device operation is achieved.

OCONOHWN =
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SYM2167

WRITE CYCLE NO. 2 (CE Controlled) (Note 4)

twe

ADDRESS )(

taw SN
=AM VN NNV NN\ X 2/ /[
l ow toy
DATA IN DATA VALID
DATA OUT DATA UNDEFINED T\} HIGH IMPEDANCE

/

A.C.Testing Input, Output Waveform

A.C. Testing Load Circuit

3.0V
2.0V 45V +BV
1.5V<— TEST POINTS
48052 48052
0.8v
ov Dout 00F Dout
INPUT OUTPUT 2550 ‘S"':“OC;-EUEL""JG 2560 5 pF
JIG)
A.C. TESTING: INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC
1" AND 0.0V FOR A LOGIC “0”. TIMING MEASUREMENTS = =
ARE MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC
#0"” AT THE OUTPUTS. THE INPUTS ARE MEASURED AT 1.5V. LoAD A LoAD B
INPUT RISE AND FALL TIMES ARE 5 ns
Package Availability 20 Lead Cerdip
20 Lead Ceramic
20 Lead Flatpack
20 Lead LCC
Ordering Information
Access | Operating | Standby
Order Time Current Current Package
Number (Max) (Max) (Max) Type
SYMC2167-70( 70 ns 150 mA 30 mA Ceramic
SYMD2167-70] 70 ns 150 mA 30 mA Cerdip
SYMK2167-70) 70 ns 150 mA 30 mA LCC
SYMF2167-70| 70 ns 150 mA 30 mA Flatpack
SYMC2167-55| 55 ns 150 mA 30 mA Ceramic
SYMD2167-55| 55 ns 150 mA 30 mA Cerdip
SYMK2167-55| 55 ns 150 mA 30 mA Lcc
SYMF2167-55| 55 ns 150 mA 30 mA Flatpack
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PRELIMINARY INFORMATION

SYM2168
Military 4096 x 4 Static

Random Access Memory
Extended Temperature Range

(-55°C to +125°C)

Features

55 ns Maximum Access Time
No Clocks or Strobes Required
Automatic CE Power Down
Identical Cycle and Access Times
Single +5V Supply (+10%)

e Available in Ceramic (C), Cerdip (D), Flatpack (F), and
Leadless Chip Carrier (K)

JEDEC Standard Pinout

TTL Compatible: Inputs and Outputs

Common Data Input and Output

High Density 20-Pin Package

Three-State Output

Description

The Synertek SYM2168 is a 16,384-bit Static Random Ac-
cess Memory organized 4096 words by 4 bits and is fabrica-
ted using Synertek’s scaled N-channel double poly silicon
gate technology. It is designed using fully static circuitry,
therefore requiring no clock or refreshing to operate. Ad-
dress set-up times are not required and the data is read out
non-destructively with the same polarity as the input data.
Common data input and output pins provide maximum design
flexibility. The three-state output facilitates memory expan-
sion by allowing the outputs to be OR-tied to other devices.

The SYM2168 offers an automatic power down feature.
Power down is controlled by the Chip Enable input. When
Chip Enable (CE) goes high, thus deselecting the SYM2168,
the device will automatically power down and remain In a
standby power mode as long as CE remains high. This unique
feature provides system level power savings as much as 85%.

The SYM2168 1s available in 20-pin DIP and 20-lead Lead-
less Chip Carrier packages for the highest possible density.
The device is fully TTL compatible and has a single +5V
power supply.

Pin Configuration Block Diagram
Ao
\J
A 20 Vee *X
Aq - -~ Ve
As[2 1901 A3
Asl3 18] A, Az——m <«~—— GND
A ] a 170 A
7] (] A AS_X MEMORY ARRAY
Agc 5 167 Ao ROW 128 ROWS
SELECT 128 COLUMNS
A6 157170 As —x
Anl]7 14 []1/0,
anl]e 1310, AS——‘X
CE[]9 12{J1/04 AB___E ]
GND[] 10 1 [ WE
1/04 —r—D—- COLUMN 1/0 CIRCUITS
20 PAD LCC ~>— COLUMN SELECT
1/0 INPUT
Ay A3 ? DATA
A5 Vcc , CONTROL
1/03 { >—
21219
1/04
Ag 3 A2 ’
A7 4 A1 A7  Ag Ag A An
s s 0 <
Ag 6 1701
A0 7 1/02 l
A11 8 1/03 CE ——

>
<
<
=
=
=
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Absolute Maximum Ratings*

Comment*

Temperature UnderBias ................. —65°Cto +135°C Stresses above those listed under ““Absolute Maximum Rat-
Storage Temperature .................... —65°Cto +150°C ings”” may cause permanent damage to the device. This is a
Voltage on Any Pin with stress rating only and functional operation of the device at
RespecttoGround ...................... —3.5Vto +7V these or any other conditions above those indicated in the
Power Dissipation . ......... ...t 1.0W operational sections of this specification is not implied.
D.C. Characteristics Ta= —55°C to +125°C, Vo = 5V + 10% (unless otherwise specified) (Note 6)
Symbol Parameter Min. Max. Units Conditions
Iy Input Load Current (All input pins) 10 A Vee = Max., Viy = Gnd to Ve
Iiol Output Leakage Current 50 uA CE = Vi, Ve = Max.
Vout = Gnd to 4.5V
lee Power Supply Current 110 mA Ta=25°C |Vcc = Max., CE=V,
150 mA Ta = —55°C| Outputs Open
lsg Standby Current 30 mA Ve = Min. to Max., CE = Viy
lpo Peak Power-on Curent (Note 7) 60 mA Vcc = Gnd to V¢c Min.
CE = Lower of V¢ or Viy Min.
ViL Input Low Voltage -3.0 0.8 \'4
ViH Input High Voltage 2.0 6.0 Vv
VoL Output Low Voltage 0.4 \' loL = 8mA
Vou Output High Voltage 2.4 \' lon = —4mA
los Output Short Circuit Current —200 +200 mA Vour = GND to V¢ (Note 9)
Capacitance Ta = 25°C, f = 1.0MHz
Symbol Test Typ. Max. Units
Cout Output Capacitance 7 pF
Cin Input Capacitance 5 pF
Note: This parameter is periodically sampled and not 100% tested.
A.C. Characteristics Ta= —55°C, to +125°C, V¢ = 5V % 10% (Unless otherwise specified) (Notes 6, 8)
2168-70 2168-55
Symbol | Parameter Min. Max. Min. J Max. Unit Conditions
READ CYCLE
tre Read Cycle Time 70 55 ns
tan Address Access Time 70 55 ns
tace Chip Enable Access Time 70 55 ns
toH Output Hold from Address Change 3 3 0 ns
tz Chip Selection to Output in Low Z 20 20 ns
thz Chip Deselection to Output in High Z 0 30 0 25 ns
tpy Chip Selection to Power Up Time 0 0 ns
tpp Chip Deselection to Power Down Time 0 70 55 ns
WRITE CYCLE
twe Write Cycle Time 70 65 ns
tow Chip Enabled to End of Write 65’ 45 ns
taw Address Valid to End of Write 65 45 ns
tas Address Setup Time 0 6] ns
twp Write Pulse Width .65 45 ns
twR Write Recovery Time 5 3 ns
tow Data Valid to End of Write 30 20 ns
tDH Data Hold Time 5 (o] ns
twz Write Enabled to Output in High Z 0 30 (0] 25 ns
tow Output Active from End of Write 0 ns
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Timing Diagrams
READ CYCLE NO. 1 (Notes 1 and 2)

ADDRESS )(

taa
S toy ———]
DATA OUT PREVIOUS DATA VALID ( X X DATA VALID

READ CYCLE NO. 2 (Notes 1 and 3)

trc
= X
— tACE |
le— tyz —=!
Wz '
HIGH IMPEDANCE YA A | HIGH
DATA OUT DATA VALID
ANEEAN IMPEDANCE
 — 'PDA_-‘
Vee lcc |
SUPPLY )4
CURRENT s |
WRITE CYCLE NO. 1 (WE Controlled) (Note 4)
twe
aooress W X
>
[
T
—-
tew =
=
== NN / /
|CE| N / /
taw
| fe— tyg —>
tas ’ twp
WE * \ }( jl
l tow toH >
DATA IN DATA VALID
— th——’!‘ tow
|
¢ HIGH IMPEDANCE
DATA OUT DATA UNDEFINED /r
NOTES
1. WE is high for Read Cycles _
2. Device is continuously selected, CE=V, __
3. Addresses valid prior to or coincident with CE transition low
4 If CE goes high simultaneously with WE high, the outputs remain in the high impedance state.
5. Transition is measured =500 mV from low or high impedance voltage with load B. This parameter 1s sampled and not 100% tested
6. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute.
7. A pullup resistor to V¢ on the CE input 1s required to keep the device deselected: otherwise, power-on current approaches I active.
8. A minimum 0.5 ms time delay 1s required after application of Vcc (+5V) before proper device operation is achieved.
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WRITE CYCLE NO. 2 (CS Controlled) (Note 4)

twe

s Y X

—_
CS
taw - e twr—»
NN MV NN N X 1/ /777y
f tow toH —>|
DATA IN DATA VALID
< twz
{
DATA OUT DATA UNDEFINED \AL HIGH IMPEDANCE
A.C. Testing Input, Output Waveform A.C. Testing Load Circuit
3.0v
2.0V 45V 45V
1.5Ve— TEST POINTS
48052 48052
0.8V
ov Dout 0o Doyt ——————4
INPUT OUTPUT 2550 lS.C’\‘(?PLEUE:\II\I‘)G 2550 > 5pf
JIG)

A.C. TESTING: INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC
“1" AND 0.0V FOR A LOGIC “0” TIMING MEASUREMENTS =
ARE MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC
“0" AT THE OUTPUTS. THE INPUTS ARE MEASURED AT 1.5V. LOAD A LOAD B
INPUT RISE AND FALL TIMES ARE 5 ns.

L

Package Availability 20 pin Ceramic 20 Pin Flatpack
20 Pin Cerdip 20 Lead LCC

Ordering Information

Access | Operating | Standby
Order Time Current | Current Package
Number (Max) (Max) (Max) Type

SYMC2168-70] 70 ns 150 mA 30 mA Ceramic
SYMD2168-70| 70 ns 150 mA 30 mA Cerdip
SYMF2168-70| 70 ns 150 mA 30 mA Flatpack
SYMK2168-70| 70 ns 150 mA 30 mA LCC
SYMC2168-55| 55 ns 150 mA 30 mA Ceramic
SYMD2168-55| 55ns 150 mA 30 mA Cerdip
SYMF2168-55| 55 ns 150 mA 30 mA Flatpack
SYMK2168-55| 55 ns 150 mA 30 mA LCC
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ADVANCED INFORMATION

SYM2169

Military 4096 x 4 Static
Random Access Memory
Extended Temperature Range
(-55°C to +125°C)

Features

e 55 ns Maximum Address Access Times
e Fully Static Operation.
No Clocks or Strobes Required
e Fast Chip Select Access Time 50 ns Max
e Identical Cycle and Access Times
e Single +5V Supply

e Available in Ceramic (C), Cerdip (D), Flatpack (F), and
Leadless Chip Carrier (K)

e JEDEC Standard Pinout

e TTL Compatible
Inputs and Outputs
Common Data Input and Outputs

e High Density 20-Pin Package

e Three-State Output

Description

The Synertek SYM2169 is a 16,384-bit Static Random Ac-
cess Memory organized 4096 words by 4 bits and is fabrica-
ted using Synertek’s N-channel double poly silicon gate
HMOS technology. It is designed using fully static circuitry,
therefore requiring no clock or refreshing to operate. Ad-
dress set-up times are not required and the data is read out
non-destructively with the same polarity as the input data.
Common data input and output pins provide maximum design
flexibility. The three-state output facilitates memory expan-
sion by allowing the outputs to be OR-tied to other devices

The SYM2169 offers a chip select access that is faster than
its address access. In a typical application, the address access
begins as soon as the address Is valid At this time, the high
order addresses are decoded and the desired memory 1s then
selected. With the faster chip select access, this decode time
will not add to the overall access time thus significantly
improving system performance

The SYM2169 is available in 20-pin DIP and 20-lead Lead-
less Chip Carrier packages for the highest possible density.
The device is fully TTL compatible and has a single +5V
power supply.

Pin Configuration Block Diagram
o —PF |
\ - -—
A7 0 200 vee Ao _x Vee
As ]2 19 As <«—— GND
As (3 18] Ag A7 ———m
MEMORY ARRAY
As []a 17040 . ___X 64 ROWS
A 16 ROW 64 COLUMNS
sgs An SELECT
Ao []s 15[71/0 Ag —x
a7 141/0, N
Az s 13010, ° X -
cs [: 9 127 1/04 Au———m
GND [} 10 1M WE
1/0q —‘P—‘D—— E COLUMN /0 CIRCUITS
20 PAD LCC 1105 D INPUT COLUMN SELECT
DATA
103 D CONTROL
1/04
Ag 3 A2
A7 4 Aq Ap A1 Az Az A
Ag 5 Ag ﬂ [
Ag 6 1701
A0 7 1102 ﬁ
A1l 8 1/03 cs —————v—D_
1D
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Absolute Maximum Ratings*

Comment*
Temperature Under Bias ................. —65°Cto +136°C Stresses above those listed under “Absolute Maximum Rat-
Storage Temperature .................... —65°C to +150°C ings” may cause permanent damage to the device. This is a
Voltage on Any Pin with stress rating only and functional operation of the device at
RespecttoGround ...................... —-3.5Vto +7V these or any other conditions above those indicated in the
Power Dissipation .................. ... ol 1.0W operational sections of this specification is notimplied.
D.C. Characteristics Ta= —55°C to +125°C, Ve =5V + 10% (Unless otherwise specified) (Note 6)
Symbol Parameter Min. Max. Units Conditions
Iy Input Load Current (All input pins) 10 uA Vce = Max., Vin = Gnd to Ve
ILo Output Leakage Current 50 WA CS = Vi, Ve = Max.
Vout = Gnd to 4.5V
lcc Power Supply Current 110 mA Tpo=25°C |Vec=Max., CS =V,
150 mA Ta = —55°C| Outputs Open
ViL Input Low Voltage -3.0 0.8 \Y
Vin Input High Voltage 2.0 6.0 \Y
VoL Output Low Voltage 0.4 \' loL = 8mA
VoH Output High Voltage 2.4 \ lon = —4mA
los Output Short Circuit Current -200 | +200 mA Vourt = Gnd to V¢c (Note 7)
Capacitance Tp = 25°C, f = 1.0MHz
Symbol Test Typ. Max. Units
Cout Output Capacitance 7 pF
Cin Input Capacitance 5 pF

Note: This parameter is periodically sampled and not 100% tested.

A.C. Characteristics Ta = —55°C, to +125°C, Vice = BV % 10% (Unless otherwise specified) (Notes 6, 8)

2169-70 2169-55
Symbol | Parameter Min. Max. Min. Max. | Units Condition
READ CYCLE
tre Read Cycle Time 70 55 ns
tan Address Access Time 65 50 ns
tacE Chip Select Access Time 70 55 ns
ton Output Hold from Address Change 5 3 ns
tz Chip Selection to Output in Low Z 20 20 ns
thz Chip Deselection to Output in High Z (0] 30 0 25 ns
WRITE CYCLE
twe Write Cycle Time 70 55 ns
tow Chip Selection to End of Write 60 45 ns
taw Address Valid to End of Write 60 45 ns
tas Address Setup Time 0 0 ns
twe Write Pulse Width 60 45 ns
twir Write Recovery Time 5 3 ns
tow Data Valid to End of Write 25 20 ns
toH Data Hold Time 0 0 ns
twz Write Enabled to Output in High Z 0 30 0 25 ns
tow Output Active from End of Write 0 0 ns

(See following page for notes)
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Timing Diagrams

READ CYCLE NO. 1 (Notes 1 and 2)

tRe
ADDRESS )(
taa
ton
DATA OUT PREVIOUS DATA VALID ) X X DATA VALID
READ CYCLE NO. 2 (Notes 1 and 3)
tre
/
s X 7
tacs N
te ’-— HZ
DATA OUT HIGH IMPEDANCE DATA VALID
IMPEDANCE
WRITE CYCLE NO. 1 (WE controlled) (Note 4)
[ twe
ADDRESS X
tew
_ T\ / 7y
AN f//0///7/
taw
fe—— t —
tas twe WR
WE A\ X Vi
l tow tpH |
DATA IN DATA VALID
-~ twz—> tow
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED

Notes:

Addresses valid.

ONONPWN =

. WEis high for Read Cycles.
. Device is continuously selected, CS =V .

. If CS goes high simultaneously with WE high, the outputs remain in the high impedance state.
. Transition is measured +500mV from low or high impedance voltage with load B. This parameter is sampled and not 100% tested.
. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute.

. Duration not to exceed one second.
. A minimum 0.5ms time delay is required after application of V¢ (15V) before proper device operation is achieved.

3-31



Synertek; SYM2169

WRITE CYCLE NO. 2 (CS controlled) (Note 4)

Wwe
ADDRESS X X
le— tas > tow
cs—__lL( 7
taw e tyr—
twe
SSANMAAANNN NN X ([ [y
| ow toH
DATA IN DATA VALID
twz
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED
A.C. Testing Input, Output Waveform A.C. Testing Load Circuit
3.0v
2.0v +5V +5V
1.6Ve— TEST POINTS
48052 48052
0.8V
ov Dout - Dout
INPUT OUTPUT 2550 {INCLUDING 2650 S 5 pF

SCOPE AND
06) 3

A.C. TESTING: INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC
“1” AND 0.0V FOR A LOGIC “0”. TIMING MEASUREMENTS
ARE MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC
0" AT THE OUTPUTS. THE INPUTS ARE MEASURED AT 1.5V LOAD A LOAD B
INPUT RISE AND FALL TIMES ARE 5 ns.

L

Package Availability 20 pin ceramic 20 Pin Flatpack
20 Pin Cerdip 20 Lead LCC

Ordering Information

Access Operating
Order Time Current Package
Number (Max) (Max) Type
SYMC2169-70 70 ns 160 mA Ceramic
SYMD2169-70 70 ns 150 mA Cerdip
SYMF2169-70 70 ns 150 mA Flatpack
SYMK2169-70 70 ns 150 mA LCcC
SYMC2169-55 55 ns 150 mA Ceramic
SYMD2169-55 55 ns 150 mA Cerdip
SYMF2169-55 55 ns 150 mA Flatpack
SYMK2169-55 55 ns 150 mA LCC
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Enhanced Programmable
Communications Interface

Features
SYNCHRONOUS OPERATION

e Automatic serial echo mode (echoplex)
® |ocal or remote maintenance loop back mode

® 5 to 8-bit characters plus parity -
® Single or double SYN operation * Baud rate’ dc to 1M bps (1X clock)
e Internal or external character synchronization — dc to 62.5K bps (16X clock)
e Transparent or non-transparent mode = dc to 15 625K bps (64X clock)
e Transparent mode DLE stuffing (Tx) and detection (Rx)
e Automatic SYN or DLE-SYN insertion OTHER FEATURES
e SYN, DLE and DLE-SYN stripping o | | baud lock
e 0dd, even, or no parity : ;Eern: or externa266a1u ! ratze 030c
e Local or remote maintenance loop back mode . 16 au rat:a sets(f .h, 2,-3)
* Baud rate: dc to 1M bps (1X clock) internal rates for each set
e Double buffered transmitter and receiver
e Dynamic character length switching
ASYNCHRONOUS OPERATION e Full or half duplex operation
e 5 to 8-bit characters plus parity e TTL compatible inputs and outputs
e 1,1% or 2 stop bits transmitted e RxC and TxC pins are short circuit protected
e (dd, even, or no parity ® 3 open drain MOS outputs can be wire-ORed
e Parity, overrun and framing error detection ® Single 5V power supply
® Line break detection and generation ® No system clock required
® False start bit detection ® 28-pin dual-in-line package
Pin Configuration Block Diagram
DATA BUS DATA BUS SYN/DLE
Dg-D CONTROL
o7 <,‘:> BUFFER Ny ;J> SN 1
1 REGISTER
SYN 2
\ OPERATION 7| eeosren
D 1 28 [10y RESET ——>1 conTROL REglLsETER
MODE
DQE z z gD" Bo | | ReGisTER 1 <‘—‘_‘J
RxD 26 [Ivee A MODE
GND [ 4 25 [ I RxC/BKDET B ! _%‘L'_;TKE“’?_DZ_ ’_J Ti::i'vs';:"
D45 24 [1BTR RW > | REGISTER B DATA b—TxRDOY
o:]o 2 pars o —d [ A, =] | e
D“E ? 22 1SR [ TRANSMIT | |—=TxD
D[ 8 21 _E_IIRESET e SHIFT
TxC/SYNC[] 9 20 [ BRCLK ﬂ.i( — BAngngE r_‘ REGISTER
A 10 19 bTxD TxC «— GENERATOR
ND CLf
33 R 18 [ TXEMT/BSCAG RxC <—= Acow?rn%iK RECEIVER
Ao} 12 17 gﬁ - RECEIVE-
Rw([]13 16 | ] DCD P L] Hg&;ﬁ(; P—RxRDY
RxRDY[] 14 15 [] TxRDY 5¢B q REGISTER
i MODEM Rsﬁlr;FnT/E le— RxD
RS ——o  CONTROL REGISTER
DTR <—(
TXEMT/
oserie )

)
e«
=
=

PROCESSORS
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Table 1

Baud Rate Generator Characteristics
2661-1 (BRCLK =4.9152 MHz)
MR 2 Actual Frequency
3 2 1 [\] Baud Rate 16X Clock (KHz) Percent Error Divisor
0 0 0 (o] 50 08 — 6144
(o} 0 (o] 1 75 12 — 4096
0 0 1 0 110 1.7598 -0.01 2793
(o] 0 1 1 1345 2152 — 2284
(o] 1 0 (o] 150 24 — 2048
0 1 0 1 200 32 — 1536
0 1 1 0 300 4.8 — 1024
0 1 1 1 600 9.6 e 512
1 0 0 0 1050 16 8329 0.196 292
1 0 0 1 1200 19.2 — 256
1 0 1 (o] 1800 28.7438 -0.19 171
1 0 1 1 2000 31.9168 -0.26 154
1 1 (o] (o] 2400 38.4 — 128
1 1 0 1 4800 76 8 — 64
1 1 1 0 9600 153.6 — 32
1 1 1 1 19200 307.2 — 16
2661-2 (BRCLK = 4.9152 MHz)
MR 2 Actual Frequency
3 2 1 0 Baud Rate 16X Clock (KHz) Percent Error Divisor
0 0 (o] (o] 455 0.7279 0.005 6752
(o] [¢] (o] 1 50 0.8 — 6144
0 0 1 0 75 1.2 — 4096
0 0 1 1 110 1.7598 -0.01 2793
0 1 0 0 1345 2.152 — 2284
0 1 0 1 150 24 — 2048
0 1 1 0 300 4.8 — 1024
0 1 1 1 600 96 — 512
1 0 0 0 1200 19.2 — 256
1 0 0 1 1800 28 7438 -0.19 171
1 0 1 0 2000 319168 -0.26 154
1 0 1 1 2400 384 e 128
1 1 [o] 0 4800 76.8 — 64
1 1 0 1 9600 1536 e 32
1 1 1 0 19200 307.2 e 16
1 1 1 1 38400 614.4 — 8
2661-3 (BRCLK = 5.0688 MHz)
MR 2 Actual Frequency
3 2 1 [0} Baud Rate 16X Clock (KHz) Percent Error Divisor
0 0 0 0 50 0.8 — 6336
0 0 0 1 75 1.2 — 4224
0 0 1 0 110 1.76 — 2880
0 0 1 1 1345 2.1523 0016 2355
0 1 0 0 150 2.4 — 2112
0 1 0 1 300 48 — 1056
0 1 1 0 600 9.6 — 528
0 1 1 1 1200 192 — 264
1 (o] (o] (0] 1800 28.8 — 176
1 0 0 1 2000 32081 0.253 158
1 0 1 0 2400 384 — 132
1 0 1 1 3600 57.6 — 88
1 1 0 0 4800 76.8 — 66
1 1 0 1 7200 1152 — 44
1 1 1 0 9600 1536 — 33
1 1 1 1 19200 3168 3125 16

Note 16X CLK 1s used in asynchronous mode In synchronous mode, clock multiplier 1s 1X and BRG can be used only for TxC
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Signal Descriptions

CPU Interface

RESET (Reset)

A high on this input performs a master reset on the SY2661.
This signal asynchronously terminates any device activity
and clears the mode, command and status registers. The

device assumes the idle state and remains there until initial-
1zed with the appropriate control words

Ao, Aq (Address O, 1)
Address lines used to select the internal registers.
R/W (Read/Write)

The direction of data transfers between the EPCI and the
CPU is controlled by the R/W input. When CE and R/W are
both low the contents of the selected registers will be trans-
ferred to the data bus. With CE low and R/W high a write to
the selected register 1s performed

CE (Chip Enable)

When low, the selected register will be accessed When high
the Dp-D> lines will be placed in the high impedance state

DBy-DBy (Data Bus)

An 8-bit three-state positive true data bus used to transfer
commands, data and status between the EPCl and the CPU

TxRDY (Transmitter Ready)

This output 1s the complement of status register bit SRO
When low, 1t indicates that the transmit data holding register
(TxHR) is ready to accept a data character from the CPU. It
goes high when the data character i1s loaded. This output I1s
valid only when the transmitter is enabled It1s an open drain
output which can be “wire-ORed” to the CPU interrupt.

RxRDY (Recelver Ready)

This output 1s the complement of status register bit SR1
When low, it indicates that the receive data holding register
(RxHR) has a character ready for input to the CPU It goes
high when the RxHR is read by the CPU and also when the
receiver iIs disabled It 1s an open drain output which can be
“wire-ORed"" to the CPU interrupt line

TxEMT/DSCHG

This output 1s the complement of status register bit SR2
When low, 1t indicates that the transmitter has completed
serialization of the last character loaded by the CPU, or that a
change of state of the DSR or DCD inputs has occurred This
output goes high when the status register 1s read by the CPU
if the TXEMT condition does not exist Otherwise, the TxHR
must be loaded by the CPU for this line to go high It i1s an
open drain output which can be “wire OR-ed” to the CPU
interrupt line

Transmitter/Receiver Signals

BRCLK (Baud Rate Clock)
Clock input to the internal baud rate generator. This 1s not

required when external receiver and transmitter clocks are
used.

RxC/BKDET (Receiver Clock, Break Detect)
When the EPCI 1s programmed for External Receiver Clock,
this pin will act as an input and control the rate at which a

character is received The frequency 1s programmed in Mode
Register 1 and may be 1X, 16X or 64X the baud rate Data

are sampled on the rising edge. If internal Receiver Clock is
programmed this pin will provide an output, either a 1X/16X
clock or Break Detect signal determined by programming
Mode Register 2

TxC/XSYNC (Transmitter Clock/External SYNC)

When the EPCI i1s programmed for External Transmitter
clock, this pin will act as an input and control the rate at
which the character 1s transmitted The frequency is pro-
grammed in Mode Register 1 and may be 1X, 16X or 64X the
baud rate Data changes on the falling edge of this clock. If
the UPCI i1s programmed for Internal Transmitter clock, this
pin can be either an output providing a 1X/16X clock or an
input for External Synchronization determined by Mode Reg-
Ister 2 programming.

RxD (Receive Data)

RxD is the serial data input to the receiver.

TxD (Transmit Data)

TxD i1s the serial data output from the transmitter. When the

transmitter is disabled the output will be in the high, “Mark”,
state

DSR (Data Set Ready)

DSRisan input that can be used to indicate to the UPCI Data
Set Ready or Ring Indicator. Its complement appears in the
Status Register as bit SR7. A change of state on DSR will
cause TXEMT/DSCHG to go low If either CRO or CR2 = 1.

DCD (Data Carrier Detect)

The DCD input must be low for the receiver to operate If
DCD goes high while receving, the RxC 1s internally inhi-
bited The complement of DCD appears in the Status
Register as bit SR6 A change of state in DCD will cause
TXEMT/DSCHG to go low if either CRO or CR2 = 1.

CTS ( Clear To Send)
Ib_e_ CTS input must be low for the transmitter to operate. If
CTS goes high while transmitting, the character currently in

the Transmit Shift Register will be transmitted before termi-
nation TxD will then go to the high level (Mark)

DTR (Data Terminal Ready)

The DTR output 1s the complement of CR1 It 1s normally
used to Iindicate Data Terminal Ready

RTS (Request To Send)

The RTS output 1s the complement of CR5. If the Transmit

Shift Register 1s not empty when CR5 is reset, RTS will not
go high until one TxC after the last serial bit 1s transmitted.

Functional Description

The internal organization of the EPCI consists of six major
blocks, (see Fig 1) These are the Transmitter, Receiver,
Clock Control, Operation Control, Modem Control and SYN-
/DLE Control These blocks internally communicate over
common data and control buses The data bus is also linked
to the CPU via a bi-directional three-state interface

Briefly, these blocks perform the following functions:

Transmitter

The Transmitter receives parallel data from the CPU and
converts 1t to a serial bit stream, inserting Start, Stop, and
Parity bits, as selected by the user, and outputs a composite
serial data stream

4-5
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Receiver

The Receiver accepts serial data from the sending device,
converts it to a parallel format checking for appropriate Start,
Stop and Parity bits and Control Characters, as selected by
the user, and sends the assembled character to the CPU.

Timing Control

The Timing Control block contains a programmable Baud
Rate Generator (BRG) which is able to accept external
Transmit (17(3) or Receive (RxC) clocks or to divide external
clock (BRCLK) for controlling data transfers. The BRCLK input
allows the user to program one of 16 commonly used baud
rates.

Operating Control

The Operation Control block contains four registers; Mode
Registers 1 and 2, (MR1, MR2) the Command Register (CR)
and Status Register (SR). These registers are used to store
configuration and operation commands from the CPU. They
generate the necessary internal control signals for proper
device operation, and maintain status information for the
CPU.

Modem Control

The modem control section provides interfacing for three
input signals and three output signals used for ““handshak-
ing”" and status indication between the CPU and a modem

SYN/DLE Control

This section contains control circuitry and three 8-bit regis-
ters storing the SYN1, SYN2, and DLE character provided by
the CPU. These registers are used in the synchronous mode
of operation to provide the characters required for synchroni-
zation, idle fill and data transparency.

Operation

The EPCl's operation is determined by programming the
Mode and Command Registers. Baud rate, asynchronous or
synchronous communication, and SYN characters are deter-
mined before enabling the transmitter or receiver

Asynchronous Receiver Operation

After the Mode Registers are configured the receiver Is
enabled when the RxEN bit in the Command Register (CR2)
1s settoa 1 and DCD is low. The EPCI then monitors the RxD
input waiting for a high to low transition If a transition is
detected, the RxD input is again sampled one-half bit time
later. If RxD 1s now high, a search for a valid start bit 1s begun
again If RxD is still low a valid start bit 1s assumed and the
receiver continues to sample the RxD input at one bit time
intervals until the correct number of data bits, parity bit and
one stop bit have been assembled. The character I1s then
transferred to the Receive Data Holding Register (RxHR);
RxRDY In the status Register i1s set (SR1); the RxRDY output
goes low. If the character length i1s less than 8 bits, the high
order unused bits in the holding register are set to zero. The
parity error, framing error, and overrun error status bits are
strobed into the status register on the positive going edge of
RXC corresponding to the received character boundry. See
Figure 6 and 8

If the stop bit is present, the receiver will iImmediately begin
1ts search for the next start bit. If the stop bitis absent (fram-

ing error), the receiver will interpret a space bit if it persists
into the next bit time interval. If a break condition is detected
(RxD 1s low for the entire character as well as the stop bit),
only one character consisting of all zeros (with the FE status
bit set) will be transferred to the holding register. The RxD
input must return to a high condition before a search for the
next start bit begins See Figure 9

Pin 25 can be programmed as a Break Detect (BKDET) output
by setting both bits 4 and 7 of Mode Register 2 (MR2). When
these bits are set and a break is detected, the BKDET output
will go high. If RxD returns high for at least one RxD time,
BKDET will return low.

Synchronous Receiver Operation

When the EPCI 1s programmed for synchronous operation
the receiver will remain idle until the receiver enable bit
(CR2) is set. At this time the EPCIl enters the hunt mode Data
are shifted into the receive data shift register (RxSR) one bit
at a time. The contents of RxSR are then compared to the
contents of the SYN1 register. If the two are not equal, the
next bit 1s shifted in and the comparison 1s repeated. When
the two registers match, the hunt mode I1s terminated and
character assembly mode begins. If single SYN operation 1s
programmed, the SYN DETECT status bit is set If double SYN
operation 1s programmed, the first character assembled after
SYN1 must be SYN2 in order for the SYN DETECT bit to be
set. Otherwise the EPCI returns to the hunt mode. (Note
that the sequence SYN1-SYN1-SYN2 will not achieve
synchronization). See Figure 6

When synchronization has been achieved, the EPCI con-
tinues to assemble characters and transfer them to the
holding register, setting the RxRDY status bit and asserting
the RxRDY output each time a character 1s transferred. The
PE and OE status bits are set as appropriate. Further receipt
of the appropriate SYN sequence sets the SYN DETECT sta-
tus bit If the SYN stripping mode 1s commanded, SYN
characters are not transferred to the holding register Note-
the SYN characters used to establish initial synchronization
are not transferred to the holding register in any case

By setting MR24 (MR2 bit 4) and MR27 = 1 pin 9
(RxC/XSYNC) will be programmed as an external jam syn-
chronization input When XSYNC is selected internal SYNT,
SYN1-SYN2 and DLE-SYN1 detection 1s disabled Each posi-
tive going signal on XSYNC will cause the recewver to
establish synchronization on the rising edge of the next RxC
pulse Character assembly will start with the RxD input at
this edge. XSYNC must be lowered prior to the next rising
edge of RxC. This external synchronization will cause the
SYN DETECT status bit to be set until the status register is
read Refer to XSYNC timing diagram.

Asynchronous Transmitter Operation

When the EPCI i1s programmed to transmit the transmitter
will remain idle untit CTS 1s low and the TXEN bit (CRO) 1s set
The EPCI will respond by setting status register (SR) bit 0 and
asserting the TxRDY output When the CPU writes a charac-
ter into the transmit data holding register (TxHR), SRO 1s
reset and TxRDY returns high. The character is then trans-
ferred to the transmit shift register (TxSR) when 1t is idle or
has completed transmission of the previous character. SRO
1s again set, and TxRDY goes low See Figure 7.
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In the asynchronous mode, the transmitter automatically
sends a start bit followed by the programmed number of data
bits, the least significant bit being sent first. It then appends
an optional odd or even parity bit and the programmed
number of stop bits [f, following transmission of the data bits,
a new character 1s not available in the transmit holding regis-
ter, the TxD output remains in the marking (high) condition
and the TXEMT/DSCHG output and its corresponding status
bit are asserted Transmission resumes when the CPU loads
a new character into the holding register The transmitter
can be forced to output a continuous low (BREAK) condition
by setting CR3

Synchronous Transmitter Operation

When the EPCI 1s initially programmed for synchronous
transmission 1t will remain in the idle state (RxD high) until
TxEN is set At this point TxD remains high, TXRDY wiil go
low and both will stay in this state until the first character
(usually a SYN character) is written into the TxHR This starts
transmission, with TxRDY going low each time a character is
shifted from the TxHR to the TxSR If TxRDY 1s not serviced
before the previous character i1s shifted out of the TxSR, the
TXEMT output will go low and the EPCI will automatically fill
the pending gap with SYN1, SYN1, SYN2 doublets, or DLE-
SYN1 doublets, depending on the state of MR6 and MR17
Transmission will be continuous until TXEN is reset to O
See Figure 7

If the send DLE bit (CR3) 1s set, the DLE character 1s automat-
ically transmitted prior to the transmission of any character
stored in the TxHR Since this is a one time command, CR3
does not have to be reset

EPCI Programming

Before data communications can be started the EPCI must be
programmed by writing to 1its mode and command registers
Additionally, if synchronous communication has been selec-
ted the appropriate SYN1, SYN2 and DLE registers must be
loaded Reference the Register Addressing Table and Initiah-
zation Flow Chart for address requirements and program-
ming procedure

The Register Addressing table shows MR1 and MR2 at the
same address The EPCI has an internal pointer that initially
directs the first read or write to MR1, then on the next access
at that same address the pointer directs the operation to
MR2 A similar sequence occurs for the SYN and DLE regis-
ters, first SYN1 then SYN2 then DLE. If more than the
required number of accesses are made the internal pointer
resets to the first register The pointer is also reset to MR1
and SYN1 by a RESET input or a read of the Command Regis-
ter, but unaffected by any other read or write operation.

Register Formats

The register formats are summarized in Figures 2 through 5.
MR1 and MR2 define the general operating characteristics
The Command Register controls the basic operation defined
by MR1 and MR2 The Status Register indicates the EPCI
operating status and the condition of external inputs These
registers are cleared by a RESET input (SR6 and SR7
excepted).

Mode Register 1 (MR1)

MR11 and MR10 select the communication mode and baud
rate multiplier Note. the multiplier in asynchronous mode
applies only if the external input option is selected by MR24
and MR25

MR13 and MR12 select Character length. Character length
does not include the parity bit, when selected, and does not
include the start and stop bits in asynchronous operation
MR14, when set, selects parity A parity bit will be transmit-
ted with each character, and a parity check will be performed
on each character received.

MR15 selects erther odd or even parity.

In the asynchronous mode MR16 and MR17 select the
number of stop bits; 1, 15 or 2. If 1X baud rate 1s pro-
grammed 1.5 stop bits defaults to 1 on transmit

In the synchronous mode MR17 controls the number of SYN
characters used to establish synchronization, and the
number of fill characters to be transmitted when TxRDY and
TXEMT are O

MR16 controls selection of the transparent mode When
MR16 is set (transparent selected) DLE-SYN1 1s used for
character fill and SYN detect (SR 5), but the normal syn-
chronization sequence is used to establish character sync
When transmitting in the synchronous transparent mode, a
DLE character in the TxHR will cause a second DLE character
to be transmitted Note: if the send DLE command (CR3) is
active when a DLE character 1s in the TxHR only one addi-
tional DLE will be transmitted

The bits in the mode register affecting character assembly
and disassembly (MR12-MR16) can be changed dynamically
(during active receive/transmit operation) The character
mode register affects both the transmitter and receiver,
therefore in synchronous mode, changes should be made
only in half duplex mode (RXEN =1 or TXEN = 1, but not both
simultaneously = 1) In asynchronous mode, character
changes should be made when RxEN and TxEN =0 or when
TxEN = 1 and the transmitter is marking in half duplex mode
(RXEN =0)

To effect assembly/disassembly of the next received/trans-
mitted character, MR12-15 must be changed within n bit
times of the active going state of RxRDY/TxRDY. Transparent
and non-transparent mode changes (MR16) must occur
within n-1 bit times of the character to be affected when the
recelver or transmitter 1s active (n = smaller of the new and
old character lengths )

Mode Register 2 (MR2)

MR20 through MR23 select the internal Baud Rate Genera-
tor (BRG) There are sixteen selectable rates for each version
as outhned in Table 1.

MR24 through MR27 define the receive and transmit clock
source and the function of pins 9 and 25. Reference Figure 3
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Table2 SY2661 Register Addressing

CE A, Ao R/W | Function

1 X X X Three-state Data Bus

0 0 0 0 Read Receive Holding Register (RxHR)

0 0 0 1 Write Transmit Holding Register (TxHR)
0 (0] 1 (o] Read Status Register (SR)

0 0 1 1 Write SYN1/SYN2/DLE Registers

0 1 0 0 Read Mode Registers (MR1, MR1/MR2)
0 1 0 1 Write Mode Registers (MR1, MR1/MR2)
[o] 1 1 (o] Read Command Register

0 1 1 1 Write Command Register

EPCI Initialization Flow Chart

INITIAL RESET

LOAD

MODE REGISTER 1

|
LOAD

MODE REGISTER 2

“

LOAD NOTE SYN1 REGISTER
MUST BE WRITTEN

NOTE MODE REGISTER 1 MUST BE
WRITTEN BEFORE 2 CAN BE WRIT-
TEN. MODE REGISTER 2 NEED NOT
BE PROGRAMMED IF EXTERNAL
CLOCKS ARE USED

BEFORE SYN2 CAN BE
WRITTEN, AND SYN2
BEFORE DLE CAN BE

SYN1 REGISTER
DOUBLE N I WRITTEN.
TRANSPARENT
MODE?

LOAD
SYN2 REGISTER

TRANSPARENT
MODE?

LOAD
DLE REGISTER
|
{_ LOAD
l COMMAND REGISTER

—T:'::i.__

-1

1 OPERATE 1

I |

DISABLE
RCVR AND XMTR

I
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UOODEouY

MODE SELECT
N
ASYNC MODE =" SAUD ATE
7 | 6 | STOPBITS 1|0 | MODE FACTOR
5 (4 | TYPE | CONTROL
INVALID SYNC 1x
1 x DISABLED ASYNC | 1x
1% ODD | ENABLED ASYNC }‘st—
2 x DISABLED ASYNC | 64x
EVW ENABLED
CHARACTER LENGTH
SYNC MODE No OF
SYNC TRANSPARENCY | FILL SYNC 3|2 BITS
7 | 6 | CHAR CONTROL CHAR MODE
YN1-SYN2 | NORMAL YN1-SYN2
VN1-SYN2 | TRANSPARENT | DLE-SYN1 | DOUBLE
M NORMAL YNT
Y TRANSPARENT | DLE-SYNT | S'NGLE
Figure 2. Mode Register 1

7165431210

]

J E— SEE BAUD RATE TABLES
7|6 5|4 | TxC|RxC| PIN PIN25 MODE
ofofo0}lo0 E E TxC RxC SYNC/ASYNC
0|0 |0 1 E | TxC 1x SYNC/ASYNC
0|0 |1]|0 | E 1x RxC SYNC/ASYNC
oo |11 | | 1x 1x SYNC/ASYNC
0|10 )0 E E TxC RxC SYNC/ASYNC
0O |1 /|01 E | TxC 16x SYNC/ASYNC
of1ri14o0 I E 16x RxC SYNC/ASYNC
o 1|1 I ! 16x 16x SYNC/ASYNC
10|00 | E |XSYNC| RxC SYNC
170101 E | TxC | BKDET ASYNC
10| 1]0 t E | XSYNC| RxC SYNC
110011 |1 I ! 1x BKDET ASYNC
1]11]0|0 | E |XSYNC| RxC SYNC
111 {0 E | TxC | BKDET ASYNC
T11]1]0 | E | XSYNC| RxC SYNC
T 1 | I 16x BKDET ASYNC

Figure 3. Mode Register 2

Command Register (CR)

CRO (TxEN) will enable or disable the transmitter When
TxEN =0, TxD, TxRDY and TXxEMT are all high, the transmit-
ter 1s disabled When TxEN goes active, TXRDY will go low
requesting the first character to be written to the TxHR, and
the TxD output will be enabled to transmit When TxEN goes
inactive, the UPCI will complete transmission of any charac-

ter still in the TxXSR TxD will then go to the marking state and
TxRDY and TxEMT will go high. Refer to Transmit timing
diagram

CR1 controls the DTR output. The DTR output Is a logical
complement of CR1

CR2 (RxEN) will enable or disable the receiver. When RxEN =
0, the receiver is 1n an idle mode with RxRDY high. AO to 1
transition of RXEN will initiate a start bit search in asynchro-
nous mode or Initiate the hunt mode in synchronous
transmission A 1 to O transition of RXEN immediately termi-
nates receiver operation

In the asynchronous mode setting CR3 will force the TxD
output low (break condition) at the end of the current trans-
mitted character TxD will then remain low until CR3 is
cleared; at that time TxD will go high for a minimum 1 bit
time before resuming normal transmission.

In the synchronous mode setting CR3 will force the trans-
mission of the DLE character prior to sending the character
in the TxHR Because this is a one-time command, bit 3 will
automatically reset.

CR5 controls the state of the RTS output. When CR5 = 1,
RTS will go low and the transmit logic will be enabled. A 1 to
0 transition of CR5 will cause RTS to go high one TxC time
after the last serial bit 1s transmitted, (if the TxSR was not
already empty)

CR7 and CR6 provide four alternate modes of operation in
both synchronous and asynchronous operation When both
bits are O normal operation is selected

In the asynchronous mode, when only CR6 s set automatic
echo mode Is selected Clocked, regenerated received data
are automatically directed to the TxD line while normal
receiver operation continues The receiver must be enabled
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(CR2 = 1), but the transmitter need not be enabled. CPU to
receiver communications continues normally, but the CPU to
transmitter link is disabled. Only the first character of a break
condition I1s echoed. The TxD output will go high until the
next valid start is detected. The following conditions are true
while in automatic echo mode:

1. Data assembled by the receiver are automatically placed
in the transmit holding register and retransmitted by the
transmitter on the TxD output.

2. Transmit clock = receive clock.

3. TxRDY output = 1.

4. The TXEMT/DSCHG pin will reflect only the data set
change condition.

5. The TXEN command (CRO) 1s ignored.

In the synchronous mode, when only CR6 1s set automatic

SYN/DLE stripping is performed. The state of MR17 and

MR16 controls which characters are stripped. Reference

Figure 6 for a detailed example of the characters stripped.

Note' automatic stripping does not affect setting of the SYN

and DLE detect status bits.

Two diagnostic modes are achievable in both synchronous

and asynchronous operation; local loop back with CR7 =1

and CR6 =0, and remote loopback with both bits = 1.

Local Loop Back

. The transmitter output is connected to the receiver input
. DTR s connected to DCD and RTS Is connected to CTS.
. Transmut clock 1s connected to the receive clock.

The DTR, RTS and TxD outputs are held high.

The CTS, DCD, DSR and RxD inputs are ignored.

B WN =

Note: CR bits O, 1 and 5 must be set, CR2 is a don’t care.

Remote Loop Back

1. Data assembled by the receiver are automatically placed
in the transmit holding register and retransmitted by the
transmitter on the TxD output.

2. Receive clock is connected to the transmit clock.

3. No data are sent to the local CPU, but the error status
conditions (PE, OE, FE) are set.

4. The RxRDY, TxRDY, and TXEMT/DSCHG outputs are held
high

5. CR1 (TxEN) is ignored.

6. All other signals operate normally.

Status Register

SRO is the transmitter ready (TxRDY) status, it is the logical
complement of the TxRDY output. This bit indicates the state
of the TxHR when the transmitter 1s enabled (TXEN =1). AO
indicates TxHR is full, a 1 indicates TxHR 1s empty and
requires servicing by the CPU. This bit is cleared by writing to
TxHR or by disabling the transmitter (TXEN = 0). Note: SRO is
not set In either the auto echo or remote loop back modes.
SR1 is the receiver ready (RxRDY) status, it 1s the logical
complement of the RxRDY output. This bit indicates the state
of the RxHR when the receiver is enabled (RXEN = 1). AO
indicates the RxHR 1s empty, a 1 indicates the RxHR is full
and requires servicing by the CPU. This bit is cleared by
writing to the TxHR or by disabling the receiver. (RXEN = 0).
SR2 indicates a change of state of either DSR or DCD or that
the TxSR 1s empty. This bit is the logical complement of the
TXxEMT/DSCHG output. A read of the status register will
clear bit 2 if a state change on DSR or DCD has occurred. If a

[7le[s]ala]2]1]0]

OPERATING MODE
716
0 | 0 | NORMAL OPERATION
0 | 1 | ASYNC AUTO ECHO
SYNC SYN AND/OR
DLE STRIPPING
1| 0 | LOCAL LOOP BACK
1 | REMOTE LOOP BACK

REQUEST TO SEND
5 | RTS

0 | FORCE RTS HIGH

1 TxC AFTER LAST

BIT IN TxSR IS
TRANSMITTED

1 | FORCE RTS LOW AND
ENABLE TRANSMITTER

RESET ERROR

4 | AFFECTONSR
0 | NONE

RESETS SR BITS
3,4,&50NLY

TRANSMIT CONTROL (TxEN)
0 | TRANSMITTER
DISABLED

ENABLED

alo

DATA TERMINAL READY
1 | DTR

0 | FORCE DTR HIGH
1 | FORCE DTR LOW

RECEIVE CONTROL (RxEN)

2 | RECEIVER
0 | DISABLED
1 | ENABLED

ASYNC FORCE BREAK
3 | TxD |
0 | NORMAL |
1 | FORCED BREAK |

SYNC SEND DLE
3 | CHAR SENT
0 | NONE

1 | DLE SENT

Figure 4. Command Register
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second successive read of the status register indicates bit 2
=0, then DCD or DSR changed If bit 2 is still set, then the
TxSR 1s empty. Because the transmitter does not start until
the first character has been written to the TxHR, TXEMT sta-
tus will not be reflected until trangmission of the first
character is complete, TXEMT status is cleared by writing to
the TxHR or disabling the transmitter. Note. TXEMT status
will be set in synchronous mode even though “fill" charac-
ters are being transmitted

SR3 when set reflects a parity error when parity checking is
enabled in both the synchronous and asynchronous modes
In the synchronous transparent mode, (MR16 = 1) and the
party enable bit (MR14) 1s O, SR3 will then indicate DLE
detect when set This indicates that a character matching
DLE register was received and the present character Is
neither SYN1 nor DLE This bit 1s cleared when the next
character following the above sequence is loaded into the
RxHR, when the receiver i1s disabled or by a reset error
command.

SR4 indicates an overrun error when set An overrun condi-
tion exists when the CPU does not read the RxHR before the
next received character i1s transferred to i1t. (The previous
character is lost.) SR4 s cleared by the reset error command
and when the receiver is disabled

In the asynchronous mode SR5 indicates that the received
character was not framed by a stop bit. If the RxHR 1s all O's
when bit 5 is set, a break condition was present. In synchro-
nous non-transparent mode, it indicates receipt of the SYN1
character in single SYN mode or the SYN1-SYN2 pair in
double SYN mode In synchronous transparent mode this bit
1s set upon detection of the initial synchronizing characters
(SYN1 or SYN1-SYN2) and after synchronization has been
achieved, when a DLE-SYN1 pair i1s received. The bit is reset
when the receiver i1s disabled, when the reset error com-
mand is given in asynchronous mode, and when the status
register is read by the CPU in the synchronous mode

SR6 and SR7 reflect the condition of the DCD and DSR
inputs respectively. Their state i1s the logical complement of

their respective inputs

Llelsfals[z]1]0

WHEN SET (= 1) THESE BITS INDICATE

TxEMT/DSCHG| STATE CHANGE ON

CONDITION RESET BY

TxRDY| TxHR EMPTY WRITING TO TxHR
TxRDY =0

RxRDY| RxHR FULL READ RxHR, DISABLE
RxRDY =0 RECEIVER

TxSR EMPTY OR

WRITING TO TxHR

PE/DLEDET| SYNC: PARITY ERROR

DCD OR DSR
TxEMT/DSCHG = 0

READING STATUS REGISTER

ASYNC PARITY ERROR

IF ENABLED OR
DLE DETECT

RESET ERROR CMD

DISABLE RECEIVER

P.E RESET BY RESET ERROR CMD
AND DISABLE RECEIVER

DLE DETECT RESET BY NEXT
CHARACTER LOADING INTO RxHR

OE| OVERRUN DETECTED

FE/SYNDET

RESET ERROR CMD OR DISABLE
RECEIVER

ASYNC FRAMING
ERROR

SYNC. SYN DETECT

RESET ERROR CMD OR DISABLE
RECEIVER

READ STATUS REGISTER OR
DISABLE RECEIVER

DCD| COMPLEMENT OF N/A
DCD INPUT

DSR| COMPLEMENT OF N/A
DSR INPUT
7165|413 2|1(0

MAs‘rERRESET‘-I—|o|o|o|o|o!o|

RESET ERROR CMD | — -|o|o]o|_|_[_|

~SYMBOL INDICATES NO EFFECT

Figure 5. Status Register
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Absolute Maximum Ratings* Comment*

All inputs contain protection circuitry to prevent damage to high
Rating Symbol | Allowable Range static charges Care should be exercised to prevent unnecessary

Supply Voltage Vee —0.3Vto +7.0V application of voltages in excess of the allowable mits
Input/Output Voltage Vin —0.3Vto +7 0V Stresses above those listed under “Absolute Maximum Ratings”
5 " may cause permanent damage to the device This Is a stress rating
Operating Temperature Top 0°C to 70°C only and functional operation of the device at these or any other
_B5o o conditions above those indicated In the operational sections of this

Storage Temperature TstG 55°C to 150°C specification 1s not imphed

D.C. Characteristics Vee =50V £5%, Ty = 0-70°C, unless otherwise noted

Characteristic Symbol Min. Typ. Max. Unit
Input High Voltage ViH 20 Vce \%
Input Low Voltage ViL 0.8 \%
Input Leakage Current

VIN =0to 5.5V IIN 10 HA
Input Leakage Current for High
Impedance State ITs| 10 pA
Output High Voltage: I oAD = —400 uA VOH 24 \%
Output Low Voltage: IL0AD = 2.2 mA VoL 04 \Y
Input Capacitance' fc =1 MHz CIN 20 pF
Output Capacitance Cout 20 pF
Power Dissipation (V¢c=5.25V) Pp 650 | mWwW

Receiver/Transmitter Signal Timing

Clocks Transmit Timing

e—Tr/mH T —

TXC/RxC \ TxC
——/ (INPUT)
far

JR—— %
BRCLK

§, TxC
BRG (ouTPUT)

1.16 OR 64 CLOCKS ————————»

—.‘ Treo Trxo

Receive Timing
Symbol | Characteristic MIN | TYP MAX UNIT
RxD TR/TH | TxC or RxC HIGH 500 ns
TR/TL | TxC or RxC LOW 500 1.0 ns
fR/T | TxC or RxC freq. DC 1.0 MHz
_ TBRH | BRCLK HIGH 70 ns
RxC (1X) TgrL | BRCLK LOW 70 ns
fBRG | BRCLK freq. [1] 4,9152 MHz
TRxS RxD SETUP 300 ns
TRxH RxD HOLD 350 ns
TTxD | TxD DELAY FROM TxC 650 ns
C =150 pF
TTcs | SKEW TxD vs TxC 0 ns
Cp =150 pF
Note

1 FBRG =4 9152 applicable for -1 and -2, Fgrg = 5 0688 for -3
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Read/Write Timing Characteristics
Ve =50V 5%, Ta =0-70°C, unless otherwise noted

. Tee—s Teeo Symbol | Characteristic MIN | MAX UNIT
_ Tce | CE Pulse Width 250 ns
cE Tcep | CE to CE Delay 600 ns
TseT | Address and RIW 10 ns
Set Up _
Ag. Aq THLD | Address and R/W Hold 10 ns
RIW Tps Write Data Set Up 150 ns
TpH | Write Data Hold 0 ns
Tpp | Read Data Delay 200 ns
Dy-D; CL =150 pF
WRITE TDF READ DATA HOLD 10 | 100 ns
CL =150 pF
Dy-Dy
READ
Table 3 Effect of MR17 and MR16 on Character Fill and Character Stripping (Synchronous Mode)
Synchronizing Character(s)
MR17 | MR16 | Mode Sequence Character Fill Stripped CR7 =0, CR6 =1
[¢] (] Double SYN SYN1-SYN2 SYN1-SYN2 SYN1
Normal SYN1-SYN2(
1 (o] Single SYN SYN1 SYN1 SYN1M
Normal
0 1 Double SYN SYN1-SYN2 DLE-SYN1 DLE-SYN1(1
Transparent SYN1-SYN2U'1(Only Initial Synchronizing
Sequence)
DLE (also Sets SR3 if Parity Disabled and
it 1s not Following a DLE or SYN1)
In a DLE-DLE Sequence Only the First DLE
1s Stripped
1 1 Single SYN SYN1 DLE-SYN1 DLE-SYN1M1
Transparent SYN1 (only Initial Synchronizing Sequence)
DLE and DLE-DLE same as Double SYN
Transparent
Note

1 Symbol indicates SYN DET status set upon detection of initial synchronizing characters and after SYNC has been achieved by detection of a

DLE-SYN1 pair

Test Load

PIN

24kQ

C =130 pF MAX. FOR DB0-DB7

24k

A
N
Q

C =30 pF MAX. FOR ALL OTHER QUTPUTS =

OPEN COLLECTOR
OUTPUT TEST LOAD

5V

3KQ

PIN

100 pF

a—

413

=)
=3
=
=
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SYNCHRONCUS MODE 7-BIT CHARACTER, NO PARITY

RxC
=]
=]
DTR I
RxEN l [

i - Ll i i el I Il 1 L Ll 1 1 bl Lol Ll 1 bl L Ll 1
RxD L SYN1 [ DATA 1 I DATA2 J DATA3 I DATA 4 I DATA5
.
— N
CE [
WRITE ENABLE READ SR | READSR READ RxHR READ RxHR READ RxHR READ RxHR READ RxHR
RECEIVER/SET DTR N DATA1 DATA 2 DATA 3 DATA 4 DATA 4
I i
RxRDY [ D1 D2 l D3 D4
| |
| |
SYN DETECT
SRBITS
ASYNCHRONOUS MODE 7-BIT CHARACTER, NO PARITY, 1 STOP BIT
RxEN I
E | MARK
a
RxD |5r DATA 1 ng l DATA 2 J l I DATA 3 l l I DATA 4 I l [ DATA 5 I l |

WRITE ENABLE
RECEIVER/SET DTR

READ RxHR
DATA1

READ RxHR READ RxHR
DATA 2 DATA 3

RxRDY | I

OVERRUN
SRBIT4

| S N B

READ RxHR
DATAS
DATA 4 LOST

——

Figure 6. Receiver Operation Timing Diagram
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SYNCHRONOUS MODE 7-BIT CHARACTER, NO PARITY

TxC (IX)

RTS

T T N S B | TS R A NN SN NN S S S S S 1 PR T T S R U S T S 1 IS S R N T
TxD [ DATA1 I DATA 2 ] DATA 3 I SYN1 I DATA 4 I DATAS J
CE
WRITE DATA1  WRITE DATA 2 WRITE DATA 3 WRITE DATA 4 WRITE DATA S

TxEN I I

e LT LT [ LI 1

TxEMT I |

ASYNCHRONOUS MODE 7-BIT CHARACTER, NO PARITY, 1 STOP BIT
MARK

I T N Y YRS S W NS W N 1 S S W S T S

=S N S U T T L —
<
TxD ];[ DATA1 lé] [ DATA 2 I ll DATA3 J I [ DATA 4 J I
w

cE ]—l
WRIT

E DATA1 WRITE DATA 2 WRITE DATA 3 WRITE DATA 4 WRITE FOR LE BREAK CMD

TxEN I
TxRDY | l | | | l I

TXEMT l I

Figure 7. Transmitter Operation Timing Diagram
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a ]

RxD DATAN Iglﬁl DATAN+1 I I I DATA N+2 I ] l DATA N+3 [ l r
173 §2)

RXEN OR l

SR BIT 6 (DCD)

RXRDY | I | [
CE IJREAD | IREAD | I READ
DATAN DATA N+1 DATA N+2

Figure 8. Asynchronous Receiver Operation with Loss of DCD or Disabling RxEN

Ly 1,2,3,4,5,6,7

1.2 3 4 5 6 MISSING STOP BIT

= el Bl B W |

EI ] I I FALSE START BIT

= I /

() 7o yy ¥, 1,2,3,4,5,6,7 %,

SRBITS I

FRAMING ERROR

BKDET |

Figure 9. Framing Error and Break Detection Timing

Package Availability 40 Pin Molded DIP

Ordering Information

Part No. Package
SYP2661-X Molded DIP

X=1,20r3
(See Table 1)
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8-Bit Microprocessor
Family

Features

Single 5 V 5% Power Supply

N Channel, Silicon Gate, Depletion Load Technology
Eight Bit Parallel Processing

56 Instructions

Decimal and Binary Arithmetic
Thirteen Addressing Modes

True Indexing Capability
Programmable Stack Pointer
Variable Length Stack

Interrupt Capability

Non-maskable Interrupt

Use with Any Type or Speed Memory
Bi-directional Data Bus

Instruction Decoding and Control
Addressable Memory Range of up to 65K Bytes
“Ready” Input

Direct Memory Access Capability

Bus Compatible with MC6800

Choice of External or On-board Clocks
1 MHz, 2 MHz Operation

On-chip Clock Options

— External Single Clock Input

— Crystal Time Base Input

40 and 28 Pin Package Versions
Pipeline Architecture

Description

The SY6500 Series Microprocessors represent the first
totally software compatible microprocessor family. This fam-
ily of products Includes a range of software compatible
microprocessors which provide a selection of addressable
memory range, interrupt input options and on-chip clock
oscillators and drivers. All of the microprocessors In the
SY6500 family are software compatible within the group
and are bus compatible with the MC6800 product offering.

Members of the Family
Part
Number Clocks |Pins | IRQ | NMI|RYD | Addressing
sv6502 | on-Chip[ 40 [ | v | v 64K
SY6507 - 28 N; 8K
SY6512 | External| 40 | / | « | v/ 64K

The family includes six microprocessors with on-board clock
oscillators and drivers for four microprocessors driven by
external clocks The on-chip clock versions are aimed at
high performance, low cost applications where single phase
Inputs or crystals provide the time base. The external clock
versions are geared for the multi-processor system applica-
tions where maximum timing control is mandatory. All
versions of the microprocessors are available in 1 MHz, 2
MHz, 3 MHz and 4 MHz maximum operating frequencies.

Ordering Information

SYP6502A

SYNERTEK INC.:] [SPEED

No Suffix=1 MHz

A=2 MHz
PACKAGE TYPE
P = Molded DIP SPECIFIC TYPE
02-07
65XX FAMILY 12

=
=3
=
=

PROCESSORS
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Comments on the Data Sheet

The data sheet 1s constructed to review the basic “Common
Characteristics” — those features which are common to the
general family of microprocessors. Subsequent to a review
of the family characteristics will be sections devoted to each
member of the group with specific features of each.

SY6500 Internal Architecture

ABO <+—

AB1 -]

AB2 -—

AB3 <—

AB4 <«—

AB5 <—

AB6 <«—

AB7 -—

REGISTER SECTION

CONTROL SECTION ————————>

ADDRESS J
BUS

AB8 <+—

AB9 <—

AB10 ~«—

AB11 -+—

AB12 <-—

AB13 <]

AB14 <+—]

AB15 «—

RES TRQ WM
r INDEX <:>
INTERRUPT
REGISTER LOGIC
Y
INDEX <:___-> 1 1 J
REGISTER
X }«—————————— RDY
AL K -l—___l
STACK
POINTER
M REGISTER
(S)
ALU INSTRUCTION
< <::> @ DECODE
2
]
<
-
<
a
)
<
4
5 |3 &
4 Q . ]
= - ACCUMULATOR = TIMING
2 S A <::> “1 conTrOL
o o |
w w
= E
2 z )
- Z\ T fe—p, 0N
PCL <:> 9, SY651X
9, (IN)
< > PCH
PROCESSOR
ABH STATUS CLOCK |, cLocK] o aco
REGISTER GENERATOR INPUT
<: INPUT DATA P
LATCH
@ G L our
9, ouT
K= [——
DATA BUS INSTRUCTION DBE
BUFFER REGISTER
[ DBO
LEGEND DB1
:> - 8BITLINE pB2
DB3
DATA BUS
——— =1BITLINE DB4
DBS
DB6
DB7

NOTE

1 CLOCK GENERATOR IS NOT INCLUDED QN SY651X
2 ADDRESSING CAPABILITY AND CONTROL OPTIONS VARY WITH
EACH OF THE SY6500 PRODUCTS
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Absolute Maximum Ratings* Comment*
Ratng [ Symbol | Value [ U | [ e contains mout proecionagast damage due to
Supply Voltage Vee -0.3to+7.0 \% should be taken to avoid application of voltages higher than
Input Voltage Vin -0.3t0 +7.0 \% the maximum rating.
Operating Temperature N 0 to +70 °c
Storage Temperature Ts.rG -5510+150 | °C
D.C. Characteristics (v = 5.0V 5%, T, = 0-70°C)
(@4, B2 applies to SYB51X, @, ) applies to SYE50X)
Symbol Characteristic Min. Max. Unit
Viu Input High Voltage
Logic and @, (in) for } { 1,2,3MHz +2.0 Vee v
all 650X devices 4 MHz +3.3 Vee \%
@, and @, only for
all 651X devices. Logic All Speeds Vce -0.5 Vee +0.25 \%
as 650X
VIL Input Low Voltage
Logic, @, ) (650X) -0.3 +0.8
01 , 02 (651X) -0.3 +0.2 \%
IIL Input Loading
(V, =0V, Ve =525V) -10 -300 uA
RDY, S.O.
|m Input Leakage Current
(V,=0t05.25V, V.. =0)
Logic (Excl. RDY, S.0.) - 25 uA
01, 02 (651X) - 100 uA
e, () (650X ) — 10.0 HA
'TSl Three-State (Off State) Input Current
(V,=041t024V, V. =525V)
DBO0-DB7 - +10 HA
VOH Output High Voltage
“LOAD = -100uAdc, Vo =4.75 \i) 1,2 MHz 2.4 - \Y
SYNC, DB0-DB7, A0-A15, R/W
VOL Output Low Voltage
(Ioap = 16MAdc, Ve =4.75V) 1,2 MHz - 0.4 \Y &
SYNC, DB0-DB7, A0-A15, R/W 29
Pp Power Dissipation 1 MHz and 2 MHz - 700 mwW E é
(Vce = 5.25V) o
C Capacitance
(V,,=0,T, =25°C, f=1MHz)
C, RES, NMI, RDY, TRQ, S.0., DBE - 10
DBO-DB7 - 15
Cout A0-A15, R/W, SYNC - 12 pF
Coo(ln) Q)O (in) 650X B 15
C@1 @, (651X) - 50
002 0, (651X) - 80




S

ertek.

SY6500

650X
CLOCKS

0 (IN)

$1(0OUT)

92 (OUT)

RW

ADDR

DATA
(READ)

DATA
(WRITE)

SYNC

RDY

651X
CLOCKS

S1(IN)

62 (IN)

h— /r ' ﬁ‘

Ry —

ma i ) |

TRws T—o; B TRWH J
X/ X _
XU X_
~ —

,Tmﬁ Tow ]

/ N
I, X/
_— N\ I
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Dynamic Operating Characteristics
(Vce = 5.0 £ 6%, Ta = 0° to 70°C)
1 MHz 2 MHz

Parameter Symbol Min. Max. Min. Max. Units

651X

Cycle Time Tcye 100 40 050 40 us

@, Pulse Width Tewro, 430 — 215 — ns

@, Pulse Width TewHo, 470 — 235 — ns

Delay Between @, and @, To [0] — 0 — ns

0, and @, Rise and Fall Times!] Ta T¢ 0 25 0 20 ns

650X

Cycle Time Teve 100 40 050 40 us

Bon) Low Timel2] Tio, 480 — 240 - ns

Boun) High Timel2! Tha, 460 — 240 - ns

@, Neg to @, Pos Delay!5) Tor+ 10 70 10 70 ns

0, Neg to @, Neg Delayl5! Toa— 5 65 5 65 ns

0, Pos to #; Neg Delayl5! Tor— 5 65 5 65 ns

@, Pos to @, Pos Delay!®! Tozs 15 75 15 75 ns

By Rise and Fall Timel' Tro Tro 0 30 o] 20 ns

@1(0uT) Pulse Width Thwho, Two-20 Tio, T,_%-2O T, ns

@40uT) Pulse Width Tewno, |Tio,40 | Tig,-10 | Tup 40 [ Tip -10 | ns

Delay Between @, and 0, Tp 5 — 5 — ns

0, and @, Rise and Fall Times(13! Tr Te — 25 - 25 ns

650X, 651X

R/W Setup Time Trws - 225 - 140 ns

R/W Hold Time Tawn 30 — 30 - ns

Address Setup Time Taps — 225 — 140 ns

Address Hold Time TaoH 30 — 30 — ns

Read Access Time Tacc — 650 _ 310 ns

Read Data Setup Time Tosu 100 — 50 — ns

Read Data Hold Time Thr 10 — 10 — ns

Wnrite Data Setup Time Tmos 20 175 20 100 ns

Write Data Hold Time Taw 60 150 60 150 ns

Sync Setup Time Tsys — 350 - 176 ns

Sync Hold Time Tsvyn 30 — 30 — ns

RDY Setup Timel4! Trs 200 — 200 — ns
Notes:
1. Measured between 10% and 90% points. Timing Diagram Note: B4
2 Measured at 50% points Because the clock generation for the SY650X and SY651X is dif- =2
3. Load =1 TTL load +30 pF. ferent, the two clock timing sections are referenced to the main S8
4 RDY must never switch states within Trg to end of ¢5. timing diagram by three reference lines marked REF ‘A’, REF ‘B’ =8
5. Load =100 pF and REF ‘C’. Reference between the two sets of clock timings is T
6 The 2 MHz devices are identified by an “A” suffix. without meaning. Timing parameters are referred to these lines

and scale variations in the diagrams are of no consequence.
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Pin Functions

Clocks (¢1, ¢2)

The SY651X requires a two phase non-overlapping clock
that runs at the V¢ voltage level.

The SY650X clocks are supplied with an internal clock gen-
erator. The frequency of these clocks is externally
controlled. Clock generator circuits are shown elsewhere in
this data sheet.

Address Bus Ag-Aq5)

(See sections on each micro for respective address lines on
those devices.)

These outputs are TTL compatible, capable of driving one
standard TTL load and 130 pF.

Data Bus (DBy-DB-)

Eight pins are used for the data bus. This is a bi-directional
bus, transferring data to and from the device and peripher-
als. The outputs are three-state buffers, capable of driving
one standard TTL load and 130 pF.

Data Bus Enable (DBE)

This TTL compatible input allows external control of the
three-state data output buffers and will enable the micro-
processor bus driver when in the high state. In normal
operation DBE would be driven by the phase two (¢5) clock,
thus allowing data output from microprocessor only during
¢7. During the read cycle, the data bus drivers are internally
disabled, becoming essentially an open circuit. To disable
data bus drivers externally, DBE should be held low. This
signal is available on the SY6512, only.

Ready (RDY)

This input signal allows the user to halt the microprocessor
on all cycles except write cycles. A negative transition to the
low state during or coincident with phase one, (¢1) will halt
the microprocessor with the output address lines reflecting
the current address being fetched. This condition will
remain through a subsequent phase two (¢3) in which the
Ready signal is low. This feature allows microprocessor
interfacing with low speed PROMS as well as fast (max. 2
cycle) Direct Memory Access (DMA). If ready is low during a
write cycle, it is ignored until the following read opeation.
Ready transitions must not be permitted during ¢, time.

Interrupt Request (IRQ)

This TTL level input requests that an interrupt sequence
begin within the microprocessor. The microprocessor will
complete the current instruction being executed before rec-
ognizing the request. At the time, the interrupt mask bit in
the Status Code Register will be examined. If the interrupt
mask flag is not set, the microprocessor will begin an inter-
rupt sequence. The Program Counter and Processor Status
Register are stored in the stack. The microprocessor will
then set the interrupt mask flag high so that no futher inter-
rupts may occur. At the end of this cycle, the program
counter low will be loaded from address FFFE, and program
counter high from location FFFF, therefore transferring pro-
gram control to the memory vector located at these
addresses. The RDY signal must be in the high state for any
interrupt to be recognized. A 3KQ external resistor should
be used for proper wire-OR operation.

Non-Maskable Interrupt (NMI)

A negative going transition on this input requests that a
non-maskable interrupt sequence be generated within the
microprocessor.

NMI is an unconditional interrupt. Following completion of
the current instruction, the sequence of operations defined
for IRQ will be performed, regardless of the state interrupt
mask flag. The vector address loaded into the program
counter, low and high, are locations FFFA and FFFB respec-
tively, thereby transferring program control to the memory
vector located at these addresses. The instructions loaded
at these locations cause the microprocessor to branch to a
non-maskable interrupt routine in memory.

NMI also requires an external 3K() resistor to V¢ for proper
wire-OR operations.

Inputs IRQ and NMI are hardware interrupts lines that are
sampled during ¢, (phase 2) and will begin the appropriate
interrupt routine on the ¢4 (phase 1) following the comple-
tion of the current instruction.

Set Overfiow Flag (S.0.)

A NEGATIVE going edge on this input sets the overflow bit
in the Status Code Register. This signal 1s sampled on the
trailing edge of ¢q.

SYNC

This output line is provided to identify those cycles in which
the microprocessor Is doing an OP CODE fetch. The SYNC
line goes high during ¢y of an OP CODE fetch and stays
high for the remainder of that cycle. If the RDY line 1s pulled
low during the ¢4 clock pulse in which SYNC went high, the
processor will stop in its current state and will remain in the
state until the RDY line goes high. In this manner, the SYNC
signal can be used to control RDY to cause single instruc-
tion execution.

Reset (RES)

This input is used to reset or start the microprocessor from
a power down condition. During the time that this line is
held low, writing to or from the microprocessor Is inhibited.
When a positive edge is detected on the input, the microp-
rocessor will iImmediately begin the reset sequence.

After a system Initialization time of six clock cycles, the
mask interrupt flag will be set and the microprocessor will
load the program counter from the memory vector locations
FFFC and FFFD. This Is the start location for program
control.

After V¢ reaches 4.75 volts in a power up routine, reset
must be held low for at least two clock cycles. At this time
the R/W and SYNC signal will become valid.

When the reset signal goes high following these two clock
cycles, the microprocessor will proceed with the normal
reset procedure detailed above.

Read/Write (R/W)
This output signal is used to control the direction of data
transfers between the processor and other circuits on the

data bus. A high level on R/W signifies data into the pro-
cessor; a low 1s for the data transfer out of the processor.
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Programming Characteristics
INSTRUCTION SET — ALPHABETIC SEQUENCE

ADC Add Memory to Accumulator with Carry
AND “AND” Memory with Accumulator
ASL Shift left One Bit (Memory or Accumulator)

BCC Branch on Carry Clear

BCS Branch on Carry Set

BEQ Branch on Result Zero

BIT Test Bits in Memory with Accumulator
BMI Branch on Result Minus

BNE Branch on Result not Zero

BPL Branch on Result Plus

BRK Force Break

BVC Branch on Overflow Clear

BVS Branch on Overflow Set

CLC Clear Carry Flag

CLD Clear Decimal Mode

CLI  Clear Interrupt Disable Bit

CLV Clear Overflow Flag

CMP Compare Memory and Accumulator
CPX Compare Memory and Index X

CPY Compare Memory and Index Y

DEC Decrement Memory by One
DEX Decrement Index X by One
DEY Decrement IndexY by One

EOR “Exclusive-or” Memory with Accumulator

INC Increment Memory by One
INX Increment Index X by One
INY Increment Index Y by One

JMP Jump to New Location
JSR Jump to New Location Saving Return Address

LDA Load Accumulator with Memory

LDX Load Index X with Memory

LDY Load Index Y with Memory

LSR Shift One Bit Right (Memory or Accumulator)

NOP No Operation
ORA "OR” Memory with Accumulator

PHA Push Accumulator on Stack
PHP Push Processor Status on Stack
PLA Pull Accumulator from Stack
PLP Pull Processor Status from Stack

ROL Rotate One Bit Left (Memory or Accumulator)
ROR Rotate One Bit Right (Memory or Accumulator)
RTI  Return from Interrupt

RTS Return from Subroutine

SBC Subtract Memory from Accumulator
with Borrow
SEC Set Carry Flag

SED Set Decimal Mode

SEl Set Interrupt Disable Status
STA Store Accumulator in Memory
STX Store Index X in Memory

STY Store Index Y in Memory

TAX Transfer Accumulator to Index X
TAY Transfer Accumulator to Index Y
TSX Transfer Stack Pointer to Index X
TXA Transfer Index X to Accumulator
TXS Transfer Index X to Stack Pointer
TYA Transfer Index Y to Accumulator

ADDRESSING MODES
Accumulator Addressing

This form of addressing 1s represented with a one byte
instruction, implying an operation on the accumulator.

Immediate Addressing

In iImmediate addressing, the operand is contained in the
second byte of the instruction, with no further memory
addressing required.

Absolute Addressing

In absolute addressing, the second byte of the instruction
specifies the eight low order bits of the effective address
while the third byte specifies the eight high order bits.
Thus, the absolute addressing mode allows access to the
entire 65K bytes of addressable memory

Zero page Addressing

The zero page instructions allow for shorter cqde and
execution times by only fetching the second byte of the
instruction and assuming a zero high address byte. Careful
use of the zero page can result in significant increase in
code efficiency.

Indexed Zero Page Addressing — (X, Y indexing)

This form of addressing 1s used in conjunction with the
index register and 1s referred to as “Zero Page, X" or “Zero

Page, Y "’ The effective address s calculated by adding the
second byte to the contents of the index register. Since this
1s a form of “Zero Page” addressing, the content of the
second byte references a location in page zero Additionally
due to the "“Zero Page” addressing nature of this mode, no
carry I1s added to the high order 8 bits of memory and
crossing of page boundaries does not occur.

Indexed Absolute Addressing — (X, Y indexing)

This form of addressing is used in conjunction with X and Y
index register and 1s referred to as “Absolute, X,” and
“Absolute, Y.” The effective address 1s formed by adding
the contents of X or Y to the address contained in the
second and third bytes of the instruction. This mode allows
the index register to contain the index or count value and
the instruction to contain the base address. This type of
indexing allows any location referencing and the index to
modify multiple fields resulting in reduced coding and
execution time.

Implied Addressing

Inthe implied addressing mode, the address containing the
operand is implicitly stated in the operation code of the
instruction.
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Relative Addressing

Relative addressing i1s used only with branch instructions
and establishes a destination for the conditional branch.

The second byte of the instruction becomes the operand
which is an “Offset” added to the contents of the lower
eight bits of the program counter when the counter is set at
the next instruction. The range of the offset 1s -128 to +127
bytes from the next instruction.

Indexed Indirect Addressing

In indexed indirect addressing (referred to as [Indirect, X]),
the second byte of the instruction i1s added to the contents
of the X index register, discarding the carry. The result of
this addition points to a memory location on page zero
whose contents is the low order eight bits of the effective
address. The next memory location In page zero contains
the high order eight bits of the effective address. Both
memory locations specifying the high and low order bytes of
the effective address must be in page zero.

Programming Characteristics

PROGRAMMING MODEL

~
L)

|

ACCUMULATOR

~
LY

I

INDEX REGISTER

~
=

INDEX REGISTER

I

b-]
o
T
°
o
-
e =

PROGRAM COUNTER

~
=

|

STACK POINTER

“pCr

Indirect Indexed Addressing

In indirect indexed addressing (referred to as [Indirect], Y),
the second byte of the instruction points to a memory loca-
tion in page zero. The contents of this memory location is
added to the contents of the Y index register, the resuit
being the low order eight bits of the effective address. The
carry from this addition is added to the contents of the next
page zero memory location, the result being hte high order
eight bits of the effective address.

Absolute Indirect

The second byte of the instruction contains the Iwo order
eight bits of a memory location. The high order eight bits of
that memory location is contained in the third byte of the
instruction. The contents of the fully specified memory loca-
tion is the low order byte of the effective address. The next
memory location contains the high order byte of the effec-
tive address which 1s loaded into the sixteen bits of the
program counter.

PROCESSOR STATUS REG “P"

L CARRY 1=TRUE
—— ZERO 1= RESULT ZERO
—— IRQDISABLE 1= DISABLE
‘——————> DECIMAL MODE 1=TRUE
~———————— BRK COMMAND 1=BRK
———————— OVERFLOW 1=TRUE
———————— NEGATIVE 1=NEG
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INSTRUCTION SET — OP CODES, EXECUTION TIME, MEMORY REQUIREMENTS

INSTRUCTIONS MAMEDIATE] ABSOLUTE ZERO PAGE ACCum WPLIED {IND X ND) ¥ 2 PAGE X ABS X ARS Y RELATIVE | INDIRECT Z PAGE ¥ CONDITION CODES
wnemonic orenaTion op[n] s op[n] <] o [n] |or[n [ or[n] A4 o[n] eJor[N] o o]n] efor[N] =for[n] <|op[n] =[or|N] efor[n o] N 2 ¢ + b v
apc| Aa+M+C—-A (@1(es]2]2[e0(a[3]6s[3]2 6116]2[71]5|2|75]a [2]70fa [3]7a]a [3] T | S - -
AND| AAM-A m29(2|2|20]a |3[25(3]2 216 2|31|s5|2]35 |4 |2|30|a|3]39/a |3 voi- - - -
ast | c«l____0Jwo oe (6 |306(5|2]eal2 1 16(6|2|1E|7|3 S - -
BCC | BRANCHONC=0  (2) 9[22 L
BCS | BRANCHONC=1 (2 | 8|2 2| | - - - - -
BEQ | BRANCHON z=1  (2) Fo2]2] | [
BIT | AAm 2cla (32432 My s - - M,
BMI | BRANCHONN=1  (2) 30(2 2 R
BNE | BRANCHON Z=0  (2) Do|2 {2 .- -
BPL | BRANCHONN=0  (2) 10]2]2 - - - -
BRK | (SeeFig 1) 0071 [ —
BV C | BRANCHON V=0  (2) 502 |2 .- e - - -
BVS | BRANCHONV=1  (2) 0|2 [
cLc |e-c 18[2 (1 -0 - - -
cLp|e-0 D82 |1 - - _ o -
cLl [ o-1 58[2 |1 T e - -
cLV [ 0=V 88[2 |1 .- - _ 0
cMP | A-M (]ca|2|2|col4|3|csl3|2 ci1|6| 2[o1|s | 2|os|4 |2|o0|a | 3094 |3 PRV
CPX | Xx-M 0|2 |2|ec|a|3|eal3 |2 PV
cey | vm co|2 |2|cc|a|3]cal3]2 R
DEC | M1-M cel6[3|cel5]2 D66 | 2|DE|7 |3 T
DEX | X-1=x ca2 |1 Jou - -
DEY | v-a1-v 88(2 |1 VIV
EOR | AyM=aA (492 |2]aD|a|3|as|3 |2 a1]6| 2[s1(5|2|55(a |2]s0]a|3[s9]a |3 A
INC [M+1=M eel6|3€6)5|2 Fel6 |2|Fe|7]3 S - - -
INX | X+1=X €8[2 |1 S/ - - - -
INY | Yeioy cs2 |1 V- -
JMP | JUMP TO NEW LOC ac|3|3 6c|s |3 . - -
JSR | (See Fig 2) JUMP SUB 20(6|3 [
LDA|M=aA (m|as|2 |2|ap|a |3]as|3 ]2 a1{6|2|81|5|2|85|a |2|8D|4 [3(B9|a|3 I - - - -
MEMEDIATE | ABSOLUTE | ZEROPAGE| ACCUM WPLIED (mo xj' umo) v T PAGE X AR X AR Y RELATIVE | mWOIRECT T PAGE Y CONDITION CODES
watMonIC ovenaTion op[n | #lor|n] #lorin] #|op|n | #[or|n [ # or[n] #|or|n] #|op|n | #|op[N | #]op|n | #[or|n | #|op|N] #lop[n [#]N 2 ¢ 1 O v
LOX | M=x (a2[z [2|a€|a|3[A6[3]2 BE| 4|3 B6la|2|v v - - - -
Loy [ M-y (|ae|2 |2|ac(a|3|as[3|2 8ala|2[8C|a|3 - - - -
Lsr|e»lz____o»c 4€(6|3]46(s|2]|aal2 1 s6(6|2|5e|7 3 v v - - -
NOP | NOOPERATION EAl2 |1 [
ORA|AVM=aA 992 [2]o0[a]3]0s[3 ]2 o1l6|2[11{s] 2[15]a]2|10]a]3|19]a[3 Vv - - =
PHA | A—Ms 5-1-5 a8[3 |1 [ ——
PHP | P=Ms 515 8|3 |1 - - -
PLA | S+1=5S Ms—A 6841 PV
PLP |S+1-5 Ms—P 2841 (RESTORED)
ROL <«{C] 2€|6(3[26|5]|2]|2A]2 |1 366 |2[3€|7|3 VoV o- - =
ROR |Go[cp| 6€]6]3]66(5[2[6A[2 |1 766 2[7€|7]3 R
RTI | (See Fig 11 RTRANINT 406 |1 RESTORED)
RTS | (See Fig 2) RTRN SUB 606 |1 R
SBC | A-MC~A (n|es|2 |2|eola|3]|es|3 |2 e1l6| 2|F1]s| 2|Fs|a|2[ro|a|3[Fol 4|3 PVt R
SEC [1-C 3821 [
sep|1-0D £8l2 |1 I
SEl | 1=1 7821 P R
STA [ A-Mm aol43les|3|2 81l6| 2|91]6|2|95]a|2[oo|s|afeslsfal | [ | | || | ||-=--—==~
STX | X=M 8e(a|3[86(3]2 %(4(2| - - - - - -
STY | v=m ac|a|3|8a(3|2 9alal2 R
TAX | A=X anl2 |1 V- - -
TAY | A=Y A8[2 1 T - - -
TSX | $-X BA[2 |1 PRI,
TXA| x=A 8al2 |1 Vv ==
TXS [ x=s salzfol [PVttt ----- -
TYA|v-a 982 |1 PRV
(1) ADD1TO “N" IF PAGE BOUNDARY IS CROSSED X INDEX X + ADD - NOT MODIFIED
(2) ADD 1 TO “N" IF BRANCH OCCURS TO SAME PAGE Y INDEX ¥ -~ SUBTRACT M, MEMDRY BIT 7
ADD 2 TO “N* IF BRANCH OCCURS TO DIFFERENT PAGE A ACCUMULATOR A AND Mg MEMORY BIT &
(3) CARRY NOT = BELOW M MEMORY PER EFFECTIVE ADDRESS vV OR N NO CYCLES
(4) IF IN DECIMAL MODE Z FLAG IS INVALID Ms MEMORY PER STACK POINTER ¥ EXCLUSIVE OR # NO BYTES
ACCUMULATOR MUST BE CHECKED FOR ZERO RESULT + MODIFIED
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Synertek.

SY6500

S§Y6502 — 40 Pin Package

Vss O
RDY ]
¢, (oun ]
Ra ]
NC [
i [
syne [
Vee [
ABo [
AB1[]
AB2[]
AB3[]
ABa[]
AB5 [
AB6 [
AB7 [}
AB8 ]
ABa[]
AB10(]}
AB11[]

A\

[ RES
(19, (OUT)
;l so
18, (N)
Anc
nc
) R/W
] DBO
[oB1
[ D82
D83
ap:
] DBS
] oB6
DB7
§A315
[ AB14
AB13
AB12

Vss

Features

e 65K Addressable Bytes of Memory

« IRQ Interrupt

e On-the-chip Clock
v TTL Level Single Phase Input
J/ Crystal Time Base Input

e SYNC Signal
(can be used for single instruction execution)

e RDY Signal
(can be used for single cycle execution)

o NMI Interrupt

e Two Phase Output Clock for Timing of Support Chips

SY6503 — 28 Pin Package

RES(]
Vss [
iRa []
i ]
Vee O
aso ]
a1}
AB2[]
AB3[]
A4 ]
ABs (]
AB6 [
AB7 ]

AB8 ]

© ©® N O A W N =

A\

28
27
26
25
24

#, (0UT)
g, (IN)
R/W
DBO
DB1

[ o82
[1DB3

[ 1084

[ o8s

DB6
DB7
AB11

] AB10
] ABY

Features

e 4K Addressable Bytes of Memory (AB0OO-AB11)
e On-the-chip Clock

. ﬁc‘z Interrupt

. W Interrupt

o 8 Bit Bi-Directional Data Bus

SY6504 & SY6507 — 28 Pin Package

© © N O AW N =

C

e, (ouT)
19, (IN)
FIR/W
[Moso
081

[ 1oB2

| 1083
[JoBa
[1DBS
M DBe

[ 1DB7
M AB12
[]AB11

[1AB10

Features

« IRQ Interrupt (6504 only)

e RDY Signal (6507 only)

o 8K Addressable Bytes of Memory (AB00-AB12)
e On-the-chip Clock

e 8 Bit Bi-Directional Data Bus
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SY6505 — 28 Pin Package

RES[]
Vss O
ROY ]
iRa]
Vee
ABo[]
As1[]
AB2[]
AB3[]}
AB4[]
ABs [}
AB6[]

AB7(]

© @ N O A W N =

S

19, ouT)

[18, (IN)

[ JR/W

{1080

[]DoB1

[]D0B2

[1D0B3

[ ]DB4

[ JoBS

1 10B6

{1087
AB11

gAmo

[ ] AB9

Features

e 4K Addressable Bytes of Memory (ABOO-AB11)
e On-the-chip Clock

¢ [RQ Interrupt

e RDY Signal

e 8 Bit Bi-Directional Data Bus

SY6506 — 28 Pin Package

bl
g
21

<
4
11

=

1

E
1:1

C

19, (0uT)
[14, (IN)
[IR/W

[ JoBO

[ 1DB1
{1DB2
E]Daz

[ 1DB4
o85S

[ 1DB6
DB7
AB11
AB10
AB9

Features

e 4K Addressable Bytes of Memory (AB0O-AB11)
e On-the-chip Clock

« [RQ Interrupt

e Two phases otf

e 8 Bit Bi-Directional Data Bus

SY6512 — 40 Pin Package

Vss
RDY [
LA
ral]
VSSE
i O}
sync [
VCC E
ABo [}
AB1[J
AB2 ]
AB3 [}
AB4 []
ABs [
A6 [
As7 [}
AB8
AB9 []
As10 (]
A1

1
2
3
4
5
6
7
8
9

\J

[RES
[19, (OUT)
[Iso
e,
[JDBE

NC
e
[JoBO
[1DB1
1082
[oB3
[jDB4

[1o85
[]DB6

[JoB7
[1AB15
[ 1AB14
| 1AB13
[1AB12

[ Vss

Features

e 65K Addressable Bytes of Memory
¢ IRQ Interrupt

o NMI Interrupt

e RDY Signal

e 8 Bit Bi-Directional Data Bus

e SYNC Signal

e Two phase input

e Data Bus Enable
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Synertek; SY6500

SY6513 — 28 Pin Package

[\ __Hhas
Vss (1 28 [JRES
s z Features
ra]s 26 [ IR/
nmil] 4 25 [(1pBO
Vec[] 5 24 [1DB1 e 4K Addressable Bytes of Memory (AB0O-AB11)
D
i:E j :2 gozz e Two phase clock input
as2[] 8 21[Joea
aB3[] 9 20 [10BS o |IRQ Interrupt
asa[]10 19 (1086 . _NMI. Interrupt
a5 11 18 1087
ABs[] 12 17 A8 « 8 Bit Bi-Directional Data Bus
aB7[]13 16 [JaB10
s[4 15 [ AB9

SY6514 — 28 Pin Package

Ut e Features
[ A F 27 [19,
ira]3 26 [ JR/W
e o e o 8K Addressable Bytes of Memory (AB0O-AB12)
AB1[]s6 23| ]DB2
aB2[] 7 22 []D8B3 e Two phase clock input
AB3[] 8 21[]DB4
ABa(]9 20 {DBS =
aB5 10 10 Fross e |RQ Interrupt
aBs [ 11 18 [JoB7
AB7[] 12 17 P AB12 e 8 Bit Bi-Directional Data Bus
AB8[]13 16 [JABY1
AB9[] 14 15 [JAB10

SY6515 — 28 Pin Package

vt~ 2spRes Features
RDY[] 2 27 [19,
2,3 26 IR/
iRa[] 4 25 []DBO e 4K Addressable Bytes of Memory (AB0OO-AB11)
Vec s 24 [oB1
aso] s 23[Jos2 .
as1]7 22 [1bBs e Two phase clock input
AB2[] 8 21[JpB4
a3} o 20 [1DBS e IRQ Interrupt
AB4[] 10 19 D88
ABS . .
ABGE :; : 322:1 e 8 Bit Bi-Directional Data Bus
AB7([] 13 16 [1AB10
aBs[] 14 15 [J ABg
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Clock Generation Circuits* *For further details refer to Synertek SY6500 Applications Information Note AN2.
Crystals used are CTS Knight MP Series or equivalents. (Series Mode)

r ______ e} ;C—II..LATOR CIRCUIT T_ DI%E ;2 OHTS CTR‘C[; - —I
| (ONE TTL PACKAGE REQUIRED) | (ONE TTL PACKAGE REQUIRED) |
N If 05 uF +5V +5V
: " : ba A A1 |
R - R 9, (650X)
| g:‘;;v | 21° o5 . 2]° e ?‘T’ o? (651X)
22K 22K | g = |
| —AAMN— ——AN——¢ 1/2 74LS74 1/2 74LS74
| 74L504 XTA? J4LS04 741504 | '
| a a L
I 5 6 ‘—H:II 3 4 1 2 T 316 s @ T KO £ L
I [ 4 10 |
| L ! |
f[ 500 pF I |
I = | +5V +5V |
I | JUMPER “A" |
L e JUMPER “B"
— . — ——— — — — — — — — — — ——— —— — e, e e ]
CRYSTAL OUTPUT FREQUENCY
FREQUENCY -2 -4

3579545 MHz | 17897 MHz 0894886 MHz
4194304 MHz | 2097152 MHz | 1048576 MHz

SY650X
18K 18K
AAA *—AAAr——
A A4
741504 74504
1 4
2 3 %
33K
-
el SYSTEM
= —Ur cLock
XTAL
SYesox 74504 741504
2 3 4 2,
8, SYSTEM
cLock
10pF 7R

330K

o, A

= XTAL

+5V
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SY6522/SY6522A

Versatile Interface
Adapter (VIA)

Synertek.

.Features

® Two 8-Bit Bidirectional /0 Ports ® Expanded “Handshake’” Capability Allows Positive
® Two 16-Bit Programmable Timer/Counters Control of Data Transfers Between Processor and
® Serial Data Port Peripheral Devices

® Single +5V Power Supply ® Latched Output and Input Registers

® TTL Compatible ® 1 MHz and 2 MHz Operation

® CMOS Compatible Peripheral Port A lines

Description

The SY6522 Versatile Interface Adapter (VIA) is a
very flexible 1/0 control device. In addition, this de-
vice contains a pair of very powerful 16-bit interval
timers, a serial-to-parallel/parallel-to-serial shift re-
gister and input data latching on the peripheral ports.
Expanded handshaking capability allows control of
bi-directional data transfers between VIA's in multiple
processor systems.

Control of peripheral devices is handled primarily
through two 8-bit bi-directional ports. Each line can

be programmed as either an input or an output. Several
peripheral 1/0 lines can be controlled directly from
the interval timers for generating programmable fre-
quency square waves or for counting externally gen-
erated pulses. To facilitate control of the many power-
ful features of this chip, an interrupt flag register, an
interrupt enable register and a pair of function con-
trol registers are provided.

INTERRUPT TRQ
CONTROL
FLAGS INPUT LATCH
_ : (IFR) (IRA)
b —————— - — - ———— e ————
ENABLE "T'-‘ > OUTPUT BUFFERS
(IER) (ORA) PA) PORT A
DATA DATA .J DATA DIR
BUS <:> BUS (DDRA)
BUFFERS ]
PORT A REGISTERS
PERIPHERAL
:> (PCR)
AUXILIARY PORT A cA1
(ACR) :> __________ CA2
FUNCTION PORT B
CONTROL
HANDSHAKE
CONTROL
LATCH LATCH
— T1L-H TIL-
::;?r :>__L___)__q,__(_l"_".)__ > SHIFT REG cB1
—
2 COUNTER COUNTER (SR) cB2
¢ > (T1C-H) (T1C-L)
had | cHip TIMER 1 PORT B REGISTERS
CS2———] ACCESS
RSO .| contrOL TIMER 2 INPUT LATCH
. (IRB)
RSt LATCH v
RS2 (T2L-1) OUTPUT BUFFERS PORT B
RS3———»] (ORB) (PB)
:‘|> COUNTER | COUNTER | — Y| ___ "7 |
(T2CH) - (T2CL) DATA DIR
(DDRB)

Figure 1. SY6522 Block Diagram
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Absolute Maximum Ratings* Comment*

- . This device contains circuitry to protect the inputs
| Val Unit .
Rating Symbo aue against damage due to high static voltages. However,
Supply Voltage Vee |-0.3t0+7.01 V it is advised that normal precautions be taken to
Input Voltage Vin |-0.3t0+7.0( V avoid application of any voltage higher than maxi-
Operating Temperature mum rated voltages.
Range Ta 0to+70 | °C
Storage Temperature
Range Teg |-B5to+150| °C
Electrical Characteristics (Ve = 5.0V £ 5%, Ta = 0-70°C unless otherwise noted)
Symbol Characteristic Min. Max. Unit
Vin Input High Voltage (all except ¢2) 2.4 Vee \%
VcH Clock High Voltage 2.4 Vee \Y
ViL Input Low Voltage -0.3 0.4 \Y
Iin Input Leakage Current — Viy =0 to 5 Vdc - 2.5 MA
R/W, RES, RSO, RS1, RS2, RS3, CS1, CS2,
CA1, 2
ITsi Off-state Input Current — V;y = .4 to 2.4V - +10 MA
Vee = Max, DO to D7
Iy Input High Current — V| = 2.4V -100 - HA
PAO-PA7, CA2, PBO-PB7, CB1, CB2
IS Input Low Current — V|_=0.4 Vdc - -1.6 mA
PAO-PA7, CA2, PBO-PB7, CB1, CB2
VoH Output High Voltage 2.4 - \%

Vee = min, ljgag = -100 uAdc
PAO-PA7, CA2, PBO-PB7, CB1, CB2

VoL Output Low Voltage - 0.4 \Y
Vee = min, ligag = 1.6 mAdc

loH Output High Current (Sourcing)
VoH = 2.4V -100 - MA
Vou = 1.5V (PBO-PB7) -1.0 - mA
loL Output Low Current (Sinking) 1.6 - mA
VoL = 0.4 Vdc
[
loeg Output Leakage Current (Off state) - 10 HA o S
iRQ £S5
=3
Cin Input Capacitance — Tp = 25°C, f=1 MHz =9
(R/W, RES, RS0, RS1, RS2, RS3, CS1, CS2, — 7.0 pF e
DO0-D7, PAO-PA7, CA1, CA2, PBO-PB7)
(CB1, CB2) - 10 pF
(®2 Input) - 20 pF
CouT Output Capacitance — Tp = 25°C, f= 1 MHz — 10 pF
Pp Power Dissipation (V¢g = 5.25V) - 700 mW
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SY6522/SY6522A

R L G M ¢

Test Load
OPEN COLLECTOR
5v OUTPUT TEST LOAD
5V
2.4k
3KQ
PIN _L 1'(} PIN
CpF
I 24kQ 100 pF
C = 130 pF MAX. FOR DB0-DB7
C =30 pF MAX. FOR ALL OTHER OUTPUTS =
Figure 2. Test Load (for all Dynamic Parameters)
| Tach Tey
[e— Tg
&2 _\— ‘__/ \
CLOCK
te—Tcpr—>| —> e——Tg
CHIP SEIE.ECTS,
;,E%;IST;R SELECTS, \\\
Tpcr ——>] le—TcaAR—> ’
PERIPHERAL
DATA
— Tug |—
a
L o HD
MY 2/
Figure 3. Read Timing Characteristics
Read Timing Characteristics (Figure 3)
SY6522 SY6522A

Symbol Parameter Min. Max. Min. Max. Unit
Tey Cycle Time 1 50 0.5 50 us
TACR Address Set-Up Time 180 - 90 - ns
Tcar Address Hold Time 0 — 0 - ns
Tpcr Peripheral Data Set-Up Time 300 — 300 - ns
Tcor Data Bus Delay Time - 340 - 200 ns
THR Data Bus Hold Time 10 — 10 - ns

NOTE: tr, tf = 10 to 30ns.
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Tey |
Tc
h
b,
CLOCK
T,

AN W b\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

- =

Figure 4. Write Timing Characteristics

Write Timing Characteristics (Figure 4)

SY6522 SY6522A

Symbol Parameter Min. Max. Min. Max. Unit
Tey Cycle Time 1 50 0.50 50 Mus
Tc ¢2 Pulse Width 0.44 25 0.22 25 us
Tacw Address Set-Up Time 180 - 90
Tcaw Address Hold Time 0 - 0
Twew R/W Set-Up Time 180 - 90
Toww R/W Hold Time 0 - 0
Tocw Data Bus Set-Up Time 300 - 150 ) ‘2
THw Data Bus Hold Time 10 - 10 g %
Tepw Peripheral Data Delay Time - 1.0 - 1.0 us = g
Temos Peripheral Data Delay Time

to CMOS Levels - 2.0 - 2.0 us
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Peripheral Interface Characteristics

Symbol Characteristic Min. Max. Typ. Unit | Figure

., t Rise and Fall Time for CA1, CB1, CA2, and CB2 — 1.0 us —
Input Signals

Tcaz Delay Time, Clock Negative Transition to CA2 — 1.0 us 5a, 5b
Negative Transition (read handshake or pulse mode)

Trs Delay Time, Clock Negative Transition to CA2 Positive — 1.0 us ba
Transition (pulse mode)

Trs2 Delay Time, CA1 Active Transition to CA2 Positive — 20 us 5b
Transition (handshake mode)

TwHs Delay Time, Clock Posttive Transition to CA2 or CB2 0.05 1.0 us 5c, 5d
Negative Transition (write handshake)

Tbs Delay Time, Peripheral Data Valid to CB2 Negative 0.20 1.5 us 5c, 5d
Transition

Trs3 Delay Time, Clock Transition to CA2 or CB2 — 1.0 us 5¢c
Positive Transition (pulse mode)

Trsa Delay Time, CA1 or CB1 Active Transition to CA2 or — 2.0 us 5d
CB2 Positive Transition (handshake mode)

To1 Delay Time Required from CA2 Output to CA1 400 — ns 5d
Active Transition (handshake mode)

T Set-up Time, Peripheral Data Valid to CA1 or CB1 300 — ns 5e
Active Transition (input latching)

Tsri Shift-Out Delay Time — Time from ¢, Falling Edge — 300 ns 5f
to CB2 Data Out

Tsr2 Shift-In Setup Time — Time from CB2 Data in to 300 — ns 5g
7 Rising Edge

Tsr3 External Shift Clock (CB1) Setup Time Relative to 100 Tey ns 5g
¢ Trailing Edge

Tipw Pulse Width — PB6 Input Pulse 2 xTey — 5i

Tiew Pulse Width — CB1 Input Clock 2xTey —_ 5h

Tips Pulse Spacing — PB6 Input Pulse 2xTey — 51

Tics Pulse Spacing — CB1 Input Pulse 2xTey — 5h

TaL CA1, CB1 Set Up Prior to Transition to Arm Latch Tc +50 — ns be

TepH Peripheral Data Hold After CA1, CB1 Transition 150 — ns 5e

Tewi Set Up Required on CA1, CB1, CA2 or CB2 Prior to Tc +50 — ns 5)
Tnggering Edge
Shift Register Clock — Delay from ¢,

Torr to CB1 Rising Edge 200 ns 5k

TopL to CB1 Falling Edge 125 ns 5k
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/N

/S

CA1
“DATA READY”

READ IRA
OPERATION /
—
“DATA TAKEN'"'
Teaz Trs1
Figure 5a. CA2 Timing for Read Handshake, Pulse Mode
READ IRA / \
OPERATION
/ A
75
- \
“DATA TAKEN"

Trs2

/L
7/

Figure 5b. CA2 Timing for Read Handshake, Handshake Mode

ACTIVE

TRANSITION

b2

WRITE ORA, ORB
OPERATION

CA2, CB2
“DATA READY"

PA, PB
PERIPHERAL
DATA

N N

-/

/ \

Twns

Trss

\

Tos

./

Figure 5c. CA2, CB2 Timing for Write Handshake, Pulse Mode
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“N\__/  \__/ ./

CCCCCC
AAAAAA

PPPPP
PPPPPPPPPP
DATA

_
.
_
-
|
.

Figure 5d. CA2, CB2 Timing for Write Handshake, Handshake Mode

ﬁ%ﬁw§§§§§§§§ . _ X
X
. |

TTTTTTTT
UUUUUUUU

(((((((
UUUUUUU

DELAY TIME MEASURED FROM THE FIRST ¢3
FALLING EDGE AFTER CB1 FALLING EDGE.

Figure 5f. Timing for Shift Out with Internal or External Shift Clocking
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b2
Tsr2
v
CB2
SHIFT DATA
(INPUT)
.
cB1
SHIFT CLOCK
(INPUT OR
OUTPUT)
SETUP TIME MEASURED TO THE FIRST ¢,
RISING EDGE AFTER CB1 RISING EDGE
Ters e—

Figure 5g. Timing for Shift In with Internal or External Shift Clocking

-
cB1
SHIFT CLOCK
INPUT

Tiew Tics

Figure 5h. External Shift Clock Timing

A
PB6
PULSE COUNT
INPUT
—

Tiew Ties

Figure 5i. Pulse Count Input Timing

e &\\\\VFiw%m}}&\

EDGE

L L L L

cB1

— Torr — TorL

Figure 5k. Shift-in/out with Internal Clock
Delay CD2 to CB1 Edge

Figure 5j. Setup Time to Triggering Edge
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Pin Descriptions
RES (Reset)

The reset input clears all internal registers to logic O
(except T1 and T2 latches and counters and the Shift
Register). This places all peripheral interface lines in
the input state, disables the timers, shift register, etc.
and disables interrupting from the chip.

¢2 (Input Clock)
The input clock is the system ¢2 clock and is used to

trigger all data transfers between the system processor
and the SY6522.

R/W (Read/Write)

The direction of the data transfers between the
SY6522 and the system processor is controlled by the
R/W line. If R/W is low, data will be transferred out
of the processor into the selected SY6522 register
(write operation). If R/W ishigh and the chip is select-
ed, data will be transferred out of the SY6522 (read
operation).

DB0O-DB7 (Data Bus)

The eight bi-directional data bus lines are used to
transfer data between the SY6522 and the system
processor. During read cycles, the contents of the sel-
ected SY6522 register are placed on the data bus lines
and transferred into the processor. During write
cycles, these lines are high-impedance inputs and data
is transferred from the processor into the selected re-
gister. When the SY6522 is unselected, the data bus
lines are high-impedance.

CS1, CS2 (Chip Selects)

The two chip select inputs are normally connected to
processor address lines either directly or through de-
coding. The selected SY6522 register will be accessed
when CS1 is high and CS2 is low.

RS0O-RS3 (Register Selects)
The four Register Select inputs permit the system pro-

cessor to select one of the 16 internal registers of the
SY6522, as shown in Figure 6.

Register RS Coding Register Description
Number RS3 | RS2 | RS1 | RSO Desig. Write Read
0 0 0 0 0 ORB/IRB Output Register “’B” Input Register “B”’
1 0 0 0 1 ORA/IRA Output Register “A"” Input Register “A""
2 0 0 1 0 DDRB Data Direction Register “'B”"
3 0 0 1 1 DDRA Data Direction Register A"’
4 0 1 0 0 TiC-L T1 Low-Order Latches | T1 Low-Order Counter
5 0 1 0 1 T1C-H T1 High-Order Counter
6 0 1 1 0 TIL-L T1 Low-Order Latches
7 0 1 1 1 T1L-H T1 High-Order Latches
8 1 0 0 0 T2C-L T2 Low-Order Latches | T2 Low-Order Counter
9 1 0 0 1 T2C-H T2 High-Order Counter
10 1 0 1 0 SR Shift Register
11 1 0 1 1 ACR Auxiliary Control Register
12 1 1 0 0 PCR Peripheral Control Register
13 1 1 0 1 IFR Interrupt Flag Register
14 1 1 1 0 IER Interrupt Enable Register
15 1 1 1 1 ORA/IRA | Same as Reg 1 Except No “Handshake’’

Figure 6. SY6522 Internal Register Summary
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1RQ (Interrupt Request)

The Interrupt Request output goes low whenever an
internal interrupt flag is set and the corresponding in-
terrupt enable bit is a logic 1. This output is “open-
drain’’ to allow the interrupt request signal to be
“wire-or'ed’”” with other equivalent signals in the
system.

PAO-PA7 (Peripheral A Port)

The Peripheral A port consists of 8 lines which can
be individually programmed to act as inputs or out-
puts under control of a Data Direction Register. The
polarity of output pins is controlled by an Output
Register and input data may be latched into an in-
ternal register under control of the CA1 line. All of
these modes of operation are controlled by the sys-
tem processor through the internal control registers.
These lines represent one standard TTL load in the
input mode and will drive one standard TTL load in
the output mode. Figure 7 illustrates the output
circuit.

CA1, CA2 (Peripheral A Control Lines)

The two Peripheral A control lines act as interrupt in-
puts or as handshake outputs. Each line controls an
internal interrupt flag with a corresponding interrupt
enable bit. In addition, CA1 controls the latching of
data on Peripheral A port input lines. CA1 is a high-
impedance input only; while CA2 represents one stan-
dard TTL load in the input mode. CA2 will drive one
standard TTL load in the output mode.

+5V

PAO-PA7,
CA2

[}

1/0 CONTROL 1
OUTPUT DATA ]
I

INPUT DATA

Figure 7. Peripheral A Port Output Circuit

PB0-PB7 (Peripheral B Port)

The Peripheral B port consists of eight bi-directional
lines which are controlled by an output register and a
data direction register in much the same manner as the

PA port. In addition, the PB7 output signal can be
controlled by one of the interval timers while the
second timer can be programmed to count pulses
on the PB6 pin. Peripheral B lines represent one
standard TTL load in the input mode and will drive
one standard TTL load in the output mode. In addi-
tion, they are capable of sourcing 1.0mA at 1.5VDC
in the output mode to allow the outputs to directly
drive Darlington transistor circuits. Figure 8 is the
circuit schematic.

CB1, CB2 (Peripheral B Control Lines)

The Peripheral B control lines act as interrupt inputs
or as handshake outputs. As with CA1 and CA2, each
line controls an interrupt flag with a corresponding in-
terrupt enable bit. In addition, these lines act as a
serial port under control of the Shift Register. These
lines represent one standard TTL load in the input
mode and will drive one standard TTL load in the
output mode. Unlike PBO-PB7, CB1 and CB2 cannot
drive Darlington transistor circuits.

+5V

INPUT/
OuUTPUT
CONTROL

PBO-PB7,
> cB1,CB2

OUTPUT
DATA

INPUT DATA

Figure 8. Peripheral B Port Output Circuit

FUNCTIONAL DESCRIPTION

Port A and Port B Operation

Each 8-bit peripheral port has a Data Direction Reg-
ister (DDRA, DDRB) for specifying whether the peri-
pheral pins are to act as inputs or outputs. A 0 in a
bit of the Data Direction Register causes the corres-
ponding peripheral pin to act as aninput. A 1 causes
the pin to act as an output.

When programmed as an output each peripheral pin
is also controlled by a corresponding bit in the Out-
put Register (ORA, ORB). A 1 in the Output Regis-
ter causes the output to go high, and a “’0"" causes the
output to go low. Data may be written into Output
Register bits correspending to pins which are pro-
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grammed as inputs. In this case, however, the output
signal is unaffected.

Reading a peripheral port causes the contents of the
Input Register (IRA, IRB) to be transferred onto the
Data Bus. With input latching disabled, IRA will always
reflect the levels on the PA pins. With input latching
enabled and the selected active transition on CA1
having occurred, IRA will contain the data present
on the PA lines at the time of the transition. Once
IRA is read, however, it will appear transparent, re-
flecting the current state of the PA lines until the
next ““latching” transition.

The IRB register operates similar to the IRA register.
However, for pins programmed as outputs there is a
difference. When reading IRA, the level on the pin
determines whether a0 ora 1 is sensed. When reading
IRB, however, the bit stored in the output register,

REG 1 — ORA/IRA

I7 6|5I4|3|2l1 OI
| L pad]
PA1
OUTPUT REGISTER “A” (ORA)

I OR
PA4

INPUT REGISTER “A” (IRA)

Pin

Data Direction WRITE READ
Selection

DDRA ="1" (OUTPUT) | MPU writes Output Level | MPU reads level on PA pin
(Input latching disabled) | (ORA)
DDRA = “1" (OUTPUT)
(Input latching enabled)

MPU reads IRA bit which is
the level of the PA pin at the
time of the last CA1 active
transition

DDRA = "0" (INPUT) MPU writes into ORA, but | MPU reads level on PA pin
(Input latching d*sabled) | no effect on pin level, until
DDRA changed

ORB, is the bit sensed. Thus, for outputs which have
large loading effects and which pull an output “1”
down or which pull an output ““0"" up, reading IRA
may result in reading a 0" when a “1"" was actually
programmed, and reading a ‘’1”" when a ““0"" was pro-
grammed. Reading IRB, on the other hand, will read
the ““1" or ""0” level actually programmed, no matter
what the loading on the pin.

Figures 9,10, and 11 illustrate the formats of the port
registers. In addition, the input latching modes are
selected by the Auxiliary Control Register (Figure
16.)

Handshake Control of Data Transfers

The SY6522 allows positive control of data transfers
between the system processor and peripheral devices

REG 0 — ORB/IRB

|7 s[5|4 3|z 1]0'
| Ity
PB1

pPB2
B3 OUTPUT REGISTER “B” (ORB)
- OR
PB4 INPUT REGISTER "“B” (ORB)
PB5
PB6
PB7_
Pin
Data Direction WRITE READ

Selection

DDRB = “1" (OUTPUT) | MPU writes Output Level |MPU reads output register bit
(ORB) 1n ORB_Pin level has no affect

DDRB = “0” (INPUT) MPU writes into ORB, but | MPU reads input level on PB

(Input latching disabled) | no effect on pin level, until | pin

DDRB changed

DDREB = 0" (INPUT)
(Input latching enabled)

MPU reads IRB bit, which 1s
the level of the PB pin at the
time of the last CB1 active
transition

Figure 9. Output Register B (ORB),
Input Register B (IRB)

DDRA = 0" (INPUT)
(Input latching enabled)

MPU reads IRA bit which 1s
the level of the PA pin at the
time of the last CA1 active
transition

Figure 10. Output Register A (ORA),
Input Register A (IRA)

REG 2 (DDRB) AND REG 3 (DDRA)

|7 6|5 4[3 21 OI
;PBO/PAOW
PB1/PA1

PB2/PA2

PB3/PA3| DATA DIRECTION REGISTER

“B” OR “A” (DDRB/DDRA)

PB4/PA4

PBS/PAS

PB6/PA6

PR7/PA7)
“0" ASSOCIATED PB/PA PIN IS AN INPUT
(HIGH IMPEDANCE)

“1” ASSOCIATED PB/PA PIN IS AN OUTPUT,
WHOSE LEVEL IS DETERMINED BY
ORB/ORA REGISTER BIT

Figure 11. Data Direction Registers (DDRB, DDRA)

through the operation of “handshake’ lines. Port A
lines (CA1, CA2) handshake data on both a read and
a write operation while the Port B lines (CB1, CB2)
handshake on a write operation only.

Read Handshake

Positive control of data transfers from peripheral de-
vices into the system processor can be accomplished
very effectively using Read Handshaking. In this case,
the peripheral device must generate the equivalent of
a “Data Ready” signal to the processor signifying that
valid data is present on the peripheral port. This signal
normally interrupts the processor, which then reads
the data, causing generation of a ’Data Taken’’ signal.
The peripheral device responds by making new data
available. This process continues until the data trans-
fer is complete.
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e LI L s reri e ririero

'DATA READY"
(CAT} l/

TRQ OUTPUT

READ IRA OPERATION

“DATA TAKEN"

HANDSHAKE MODE
(CA2)

“DATA TAKEN"

PULSE MODE
(CA2)

Figure 12. Read Handshake Timing (Port A, Only)

WRITE ORA, ORB
OPERATION

“DATA READY"" ——————————————

HANDSHAKE MODE

(CA2,CB2)
“DATA READY"

PULSE MODE | J

(CA2,CB2)

“DATA TAKEN
(CA1,cCB1)

|,

IRQ OUTPUT

L

Figure 13. Write Handshake Timing

In the SY6522, automatic ‘“Read’” Handshaking is
possible on the Peripheral A port only. The CA1 in-
terrupt input pin accepts the ‘‘Data Ready’’ signal
and CA2 generates the ““Data Taken’’ signal. The
‘“Data Ready" signal will set an internal flag which
may interrupt the processor or which may be polled
under program control. The ““Data Taken’’ signal can
either be a pulse or a level which is set low by the sys-
tem processor and is cleared by the ““Data Ready”’
signal. These options are shown in Figure 12 which
illustrates the normal Read Handshaking sequence.

Write Handshake

The sequence of operations which allows handshaking
data from the system processor to a peripheral device

is very similar to that described for Read Handshaking.

However, for Write Handshaking, the SY6522 gener-
ates the ““Data Ready” signal and the peripheral de-
vice must respond with the ““Data Taken’ signal. This
can be accomplished on both the PA port and the
PB port on the SY6522. CA2 or CB2 act as a “‘Data
Ready’’ output in either the handshake mode or pulse
mode and CA1 or CB1 accept the ‘‘Data Taken” sig-
nal from the peripheral device, setting the interrupt
flag and cleaning the “Data Ready’ output. This
sequence is shown in Figure 13.

Selection of operating modes for CA1, CA2, CB1,
and CB2 is accomplished by the Peripheral Control
Register (Figure 14).

Timer Operation

Interval Timer T1 consists of two 8-bit latches and a
16-bit counter. The latches are used to store data
which is to be loaded into the counter. After loading,
the counter decrements at ¢2 clock rate. Upon reach-
ing zero, an interrupt flag will be set, and TRQ will go
low if the interrupt is enabled. The timer will then
disable any further interrupts, or (when programmed
to) will automatically transfer the contents of the
latches into the counter and begin to decrement
again. In addition, the timer may be programmed to
invert the output signal on a peripheral pin each time
it ““times-out’’. Each of these modes is discussed sep-
arately below.

The T1 counter is depicted in Figure 15 and the
latches in Figure 16.

REG 12 — PERIPHERAL CONTROL REGISTER

I7 6|5 4|3|2 'IIOl

! LA 1] T l'. L
CB2 CONTROL CA1 INTERRUPT CONTROL
0]0 0 [INPUT-NEGATIVE ACTIVE EDGE 1=POSITIVE ACTIVE EDGE
0/ 01| INDEPENDENT INTERRUPT
INPUT-NEG EDGE M CA2CONTROL
0[1[0[INPUT-POSITIVE ACTIVE EDGE 3[2]1] opERATION
0[7[17[INDEPENDENT INTERRUPT 00]0] INPUT-NEGATIVE ACTIVE EDGE
INPUT-POS EDGE 00| 1| INDEPENDENT INTERRUPT
HANDSHAKE OUTPUT INPUT-NEG EDGE
PULSE OUTPUT 011]0[ INPUT-POSITIVE ACTIVE EDGE
LOW OUTPUT 0[1|1] INDEPENDENT INTERRUPT
HIGH OUTPUT INPUT-POS EDGE
7[00 HANDSHAKE OUTPUT
CB1INTERRUPT CONTROL ToT1TPuLSE GUTPUT
0=NEGATIVE ACTIVE EDGE 1]1[0[LOW OUTPUT
1=POSITIVE ACTIVE EDGE 1]1]1[HIGH OUTPUT

*SEE NOTE ACCOMPANYING FIGURE 25

Figure 14. CA1,CA2,CB1, CB2 Control
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Two bits are provided in the Auxiliary Control Reg- ating modes. The four possible modes are depicted
ister (bits 6 and 7) to allow selection of the T1 oper- in Figure 17.
REG 4 — TIMER 1 LOW-ORDER COUNTER REG 5 — TIMER 1 HIGH-ORDER COUNTER

|7|6|5l4|3|2| |0| 7]|6|5)4]3]|2]|1}|0

[__ 17 l—— 256 7]
2 512
4 1024
8 | _ COUNT 2048 | COUNT
VALUE VALUE
16 L— 409
32 —3192
64 L 16384
128) 32768
WRITE —8 BITS LOADED INTO T1 LOW-ORDER WRITE — 8 BITS LOADED INTO T1 HIGH-ORDER
LATCHES. LATCH CONTENTS ARE LATCHES. ALSO, AT THIS TIME BOTH
TRANSFERRED INTO LOW-ORDER HIGH AND LOW-ORDER LATCHES
COUNTER AT THE TIME THE HIGH- TRANSFERRED INTO T1 COUNTER,
ORDER COUNTER IS LOADED (REG 5). AND INITIATES COUNTDOWN. T1
READ — 8 BITS FROM T1 LOW-ORDER COUNTER INTERRUPT FLAG ALSO IS RESET
TRANSFERRED TO MPU. IN ADDITION, READ — 8 BITS FROM T1 HIGH-ORDER COUNTER
T1INTERRUPT FLAG IS RESET (BIT 6 TRANSFERRED TO MPU.
IN INTERRUPT FLAG REGISTER)
Figure 15. T1 Counter Registers
REG 8 — TIMER 1 LOW-ORDER LATCHES REG 7 — TIMER 1 HIGH-ORDER LATCHES

I7|6|5l4|3|2|1|0| 7|16]5|4|3|2]1]0

I— 17] l— 256 ]
2 512
4 L1024
8 | count 2048 | COouNT
L [ vaLue L e | VALUE
32 8192
64 J 16384
128 32768)
WRITE — 8 BITS LOADED INTO T1 LOW-ORDER WRITE — 8 BITS LOADED INTO T1 HIGH-ORDER
LATCHES THIS OPERATION IS NO LATCHES UNLIKE REG 4 OPERATION
DIFFERENT THAT A WRITE INTO NO LATCH-TO-COUNTER TRANSFERS
REG 4 TAKE PLACE.
READ — 8 BITS FROM T1 LOW-ORDER LATCHES READ — 8 BITS FROM T1 HIGH-ORDER LATCHES
TRANSFERRED TOMPU UNLIKE REG 4 TRANSFERRED TO MPU.

OPERATION, THIS DOES NOT CAUSE
RESET OF T1 INTERRUPT FLAG

Figure 16. T1 Latch Registers

REG 11 — AUXILIARY CONTROL REGISTER

|7I6 5(4]3 2l1 0|

1 1
T | PA

T1 TIMER CONTROL LATCH ENABLE/DISABLE
7] 6] OPERATION PB7 P8 |0=DISABLE
0[0[TIMED INTERRUPT 1=ENABLE LATCHING

EACH TIME T1 1S

LOADED DISABLED
0 1|CONTINUOUS

INTERRUPTS
1[0 TIMED INTERRUPT | ONE-SHOT

EACHTIMET11S | OUTPUT b —————————— SHIFT REGISTER CONTROL
TTTTCONTINGGUS SQUARE 41312 | OPERATION

INTERRUPTS WAVE 010 DISABLED.

OUTPUT 0[1[SHIFT IN UNDER CONTROL OF T2
1[0 SHIFT IN UNDER CONTROL OF 02
T2 TIMER CONTROL 1 SHIFT IN UNDER CONTROL OF EXT CLK
5] OPERATION 00 [SHIFT OUT FREE-RUNNING AT T2 RATE
0| TIMED INTERRUPT 1[0 1[SHIFT OUT UNDER CONTROL OF T2
1| COUNT DOWN WITH 1|1[0[{SHIFT OUT UNDER CONTROL OF 02
PULSES ON PB6 77171 [SHIFT OUT UNDER CONTROL OF EXT CLK

Figure 17. Auxiliary Control Register

Note: The processor does not write directly into the low order counter (T1C-L). Instead, this half of the counter is loaded auto-
matically from the low order latch when the processor writes into the high order counter. In fact, it may not be necessary to
write to the low order counter in some applications since the timing operation is triggered by writing to the high order counter.
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RGP [ N N Sy S Ny Ny N NN Iy Ny I

WRITE T1CH

OPERATION

TRQ OUTPUT

PB7OUTPUT — ]

(T1,ONLY) —

T1 COUNT N | N-1 I N-2 | N-3 I | 0 |FFFFI N I N-1 ' N-2 I

}

T2 COUNT NN | N2 | e | | o | reer | erre | FreD | FRRC |

e N+iS5CYOLES— >

Figure 18. Timer 1 and Timer 2 One-Shot Mode Timing

Timer 1 One-Shot Mode

The interval timer one-shot mode allows generation
of a single interrupt for each Timer load operation.
In addition, Timer 1 can be programmed to produce
a single negative pulse on PB7.

To generate a single interrupt ACR bits 6 and 7 must
be 0 then either TIL-L or TIC-L must be written with
the low-order count value. (A write to TIC-L is effec-
tively a Write to TIL-L). Next the high-order count
value is written to TIC-H, (the value is simultan-
eously written into TIL-H), and TIL-L is transferred
to TIC-L. Countdown begins on the ¢2 following the
write TIC-H and decrements at the ¢ rate. T1 inter-
rupt occurs when the counters reach 0. Generation
of a negative pulse on PB7 is done in the same manner
except ACR bit 7 must be a one. PB7 will go low
after a Write TIC-H and go high again when the
counters reach 0.

The T1 interrupt flag is reset by either writing TIC-H
(starting a new count) or by reading TIC-L.

Timing for the one-shot mode is illustrated in
Figure 18.

Timer 1 Free-Run Mode

The most important advantage associated with the
latches in T1 is the ability to produce a continuous
series of evenly spaced interrupts and the ability to
produce a square wave on PB7 whose frequency is
not affected by variations in the processor interrupt
response time. This is accomplished in the “free-
running”’ mode.

In the free-running mode, the interrupt flag is set and
the signal on PB7 is inverted each time the counter
reaches zero. However, instead of continuing to decre-
ment from zero after a time-out, the timer automati-
cally transfers the contents of the latch into the
counter (16 bits) and continues to decrement from
there. It is not necessary to rewrite the timer to en-
able setting the interrupt flag on the next time-out.
The interrupt flag can be cleared by reading TIC-L,
by writing directly into the flag as described later,
or if a new count value is desired by a write to TIC-H.

All interval timers in the SY6522 are “re-triggerable”’.
Rewriting the counter will always re-initialize the
time-out period. In fact, the time-out can be prevent-
ed completely if the processor continues to rewrite
the timer before it reaches zero. Timer 1 will operate
in this manner if the processor writes into the high
order counter (T1C-H). However, by loading the
latches only, the processor can access the timer dur-
ing each down-counting operation without affecting
the time-out in process. Instead, the data loaded into
the latches will determine the length of the next time-
out period. This capability is particularly valuable in
the free-running mode with the output enabled. In
this mode, the signal on PB7 is inverted and the in-
terrupt flag is set with each time-out. By responding
to the interrupts with new data for the latches, the
processor can determine the period of the next half
cycle during each half cycle of the output signal on
PB7. In this manner, very complex waveforms can be
generated. Timing for the free-running mode is shown
in Figure 19.
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WRITE T1C-H 1
OPERATION I

SY6522/SY6522A

TRQ OUTPUT

PB7 OUTPUT

L———- N+ 15CYCLES

N +2 CYCLES |

Note: A precaution to take in the use of PB7 as the timer output concerns the Data Direction Register contents for PB7. Both
DDRB bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer output. If either isa 0, then PB7 functions as a normal

output pin, controlled by ORB bit 7.

Figure 19. Timer 1 Free-Run Mode Timing

Timer 2 Operation

Timer 2 operates as an interval timer (in the “‘one-
slot’”” mode only), or as a counter for counting nega-
tive pulses on the PB6 peripheral pin. A single con-
trol bit is provided in the Auxiliary Control Register
to select between these two modes. This timer is com-
prised of a “write-only”” low-order latch (T2L-L), a
“read-only’’ low-order counter and a read/write high
order counter. The counter registers act as a 16-bit
counter which decrements at $2 rate. Figure 20 illus-
trates the T2 Counter Registers.

Timer 2 One-Shot Mode

As an interval timer, T2 operates in the ‘‘one-shot”
mode similar to Timer 1. In this mode, T2 provides a
single interrupt for each “‘write T2C-H'’ operation.
After timing out, (reading 0) the counters “‘roll-over”
to all 1’s (FFFF4g) and continue decrementing, al-
lowing the user to read them and determine how long
T2 interrupt has been set. However, setting of the
interrupt flag will be disabled after initial time-out
so that it will not be set by the counter continuing to
decrement through zero. The processor must rewrite
T2C-H to enable setting of the interrupt flag. The
interrupt flag is cleared by reading T2C-L or by
writing T2C-H. Timing for this operation is shown in
Figure 18.

REG 8 — TIMER 2 LOW-ORDER COUNTER

716f{5(43(2(1(0

8 COUNT
VALUE

e

WRITE — 8BITS LOADED INTO T2 LOW-ORDER
LATCHES.

READ — 8 BITS FROM T2 LOW-ORDER COUNTER
TRANSFERRED TOMPU T2 INTERRUPT
FLAG IS RESET

REG 9 — TIMER 2 HIGH-ORDER COUNTER

I7|sls|4|3|2|1|o|
l—2567
L——mz

1024

2048 | COUNT
VALUE

——— 4096

8192

16384

32768

WRITE — 8BITS LOADED INTO T2 HIGH-ORDER
COUNTER ALSO, LOW-ORDER LATCHES
TRANSFERRED TO LOW-ORDER
COUNTER IN ADDITION, T2 INTERRUPT
FLAG IS RESET

READ — 8BITS FROM T2 HIGH-ORDER COUNTER
TRANSFERRED TO MPU

Figure 20. T2 Counter Registers
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Timer 2 Pulse Counting Mode

In the pulse counting mode, T2 serves primarily to
count a predetermined number of negative-going
pulses on PB6. This is accomplished by first loading
a number into T2. Writing into T2C-H clears the in-
terrupt flagand allows the counter to decrement each
time a pulse is applied to PB6. The interrupt flag will
be set when T2 reaches zero. At this time the counter
will continue to decrement with each pulse on PB6.
However, it is necessary to rewrite T2C-H to allow
the interrupt flag to set on subsequent down-counting
operations. Timing for this mode is shown in Figure
21. The pulse must be low on the leading edge of ®2.

Shift Register Operation

The Shift Register (SR) performs serial data transfers
into and out of the CB2 pin under control of an in-
ternal modulo-8 counter. Shift pulses can be applied
to the CB1 pin from an external source or, with the
proper mode selection, shift pulses generated inter-
nally will appear on the CB1 pin for controlling ex-
ternal devices.

The control bits which select the various shift register
operating modes are located in the Auxiliary Control
Register. Figure 22 illustrates the configuration of the
SR data bits and the SR control bits of the ACR.

Figures 23 and 24 illustrate the operation of the vari-
ous shift register modes.

Interrupt Operation

Controlling interrupts within the SY6522 involves
three principal operations. These are flagging the in-
terrupts, enabling interrupts and signaling to the pro-
cessor that an active interrupt exists within the chip.
Interrupt flags are set by interrupting conditions
which exist within the chip or on inputs to the chip.
These flags normally remain set until the interrupt
has been serviced. To determine the source of an in-
terrupt, the microprocessor must examine these flags
in order from highest to lowest priority. This is ac-
complished by reading the flag register into the pro-
cessor accumulator, shifting this register either right
or left and then using conditional branch instructions
to detect an active interrupt.

Associated with each interrupt flag is an interrupt
enable bit. This can be set or cleared by the proces-
sor to enable interrupting the processor from the cor-
responding interrupt flag. If an interrupt flag is set to
a logic 1 by an interrupting condition, and the corres-
ponding interrupt enable bit is set to a 1, the Inter-
rupt Request Output (IR—O) will go low. 1RQ is an
““open-collector’” output which can be “wire-or'ed”
with other devices in the system to interrupt the
processor.

In the SY6522, all the interrupt flags are contained
in one register. In addition, bit 7 of this register will
be read as a logic 1 when an interrupt exists within
the chip. This allows very convenient polling of sev-
eral devices within a system to locate the source of
an interrupt.

N J N-1

Figure 21. Timer

A |
L U ’ L LT
TRQ OUTPUT I

2 Pulse Counting Mode

REG 10 — SHIFT REGISTER

7]16|5|4]3]|2}1}0

I:j

SHIFT
- REGISTER
BITS

NOTES

1 WHEN SHIFTING QUT. BIT 7 IS THE FIRST BIT
OUT AND SIMULTANEOUSLY IS ROTATED BACK
INTOBITO

2 WHEN SHIFTING IN, BITS INITIALLY ENTER
BIT 0 AND ARE SHIFTED TOWARDS BIT 7

Figure 22. SR and ACR Control Bits

REG 11 — AUXILIARY CONTROL REGISTER

‘ SHIFT REGISTER

MODE CONTROL

OPERATION

DISABLED

SHIFT IN UNDER CONTROL OF T2

SHIFT IN UNDER CONTROL OF &,

SHIFT IN UNDER CONTROL OF EXT CLK
SHIFT OUT FREE-RUNNING AT T2 RATE
SHIFT OUT UNDER CONTROL OF T2
SHIFT OUT UNDER CONTROL OF &,
SHIFT OUT UNDER CONTROL OF EXT CLK

alalafalololo|ofs
alalojofa]-leole|w

NENNENCNEAN
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SR Disabled (000)

The 000 mode is used to disable the Shift Register. In this mode the microprocessor can write or read the SR, but the
shifting operation is disabled and operation of CB1 and CB2 is controlled by the appropriate bits in the Peripheral
Control Register (PCR). In this mode the SR Interrupt Flag is disabled (held to a logic 0).

Shift in Under Control of T2 (001)

In :che 001 mode the shifting rate is controlled by the low order 8 bits of T2. Shift pulses are generated on the CB1 pin
to control shifting in external devices. The time between transitions of this output clock is a function of the system
clock period and the contents of the low order T2 latch (N).

The shifting operation is triggered by writing or reading the shift register. Data is shifted first into the low order bit
of SR and is then shifted into the next higher order bit of the shift register on the negative-going edge of each clock
pulse. The input data should change before the positive-going edge of the CB1 clock pulse. This data is shifted into
the shift register during the ¢, clock cycle following the positive-going edge of the CB1 clock pulse. After 8 CB1
clock pulses, the shift register interrupt flag will be set and TRQ will go low.

= UM Ui
WRITE OR READ m
SHIFT REG

N+2 e
N+2CYCLES CYCLES

e outmur ] . 1L 71T
S/ SRR iy S i SSES, i i, S, 1,

iRa

Shift in Under Control of ¢ (010)

In mode 010 the shift rate is a direct function of the system clock frequency. CB1 becomes an output which
generates shift pulses for controlling external devices. Timer 2 operates as an independent interval timer and has no
effect on SR. The shifting operation is triggered by reading or writing the Shift Register. Data is shifted first into

bit 0 and is then shifted into the next higher order bit of the shift register on the trailing edge of each ¢ clock pulse.
After 8 clock pulses, the shift register interrupt flag will be set, and the output clock pulses on CB1 will stop.

L i
READ SR I I |
OPERATION

ona - IR - K2 X3 X2 X_s X s X7 X s X/
s L

Shift in Under Control of External CB1 Clock (011)

In mode 011 CB1 becomes an input. This allows an external device to load the shift register at its own pace. The
shift register counter will interrupt the processor each time 8 bits have been shifted in. However, the shift register
counter does not stop the shifting operation; it acts simply as a pulse counter. Reading or writing the Shift
Register resets the Interrupt flag and initializes the SR counter to count another 8 pulses.

Note that the data is shifted during the first system clock cycle following the positive-going edge of the CB1 shift
pulse. For this reason, data must be held stable during the first full cycle following CB1 going high.

J p———
ST eLocK L e I L= LT 71z
gt TIID W 11,11 1 111 S

IRQ

Figure 23. Shift Register Input Modes
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Shift Out Free-Running at T2 Rate (100)

Mode 100 is very similar to mode 101 in which the shifting rate is set by T2. However, in mode 100 the SR Counter
does not stop the shifting operation. Since the Shift Register bit 7 (SR7) is recirculated back into bit 0, the 8 bits
loaded into the shift register will be clocked onto CR2 repetitively. In this mode the shift register counter is disabled,

and IRQ is never set.
|1
st T | 1
N+2 CYCLES N+2CYCLES ‘ ' | i
S Ll lriri-rir
ezorr N X=X, X

U

Shift Out Under Control of T2 (101)
In mode 101 the shift rate is controlled by T2 (as in the previous mode). However, with each read or write of the shift
register the SR Counter is reset and 8 bits are shifted onto CB2. At the same time, 8 shift pulses are generated on CB1
to control shifting in external devices. After the 8 shift pulses, the shifting is disabled, the SR Interrupt Flag is set and
CB2 remains at the last data level.

Y

]wmmm ,.I—LJ_LrLl_Ll—L
i | | {
e oureur | . e e |
/L
pr T mmmmsmng 1 X 2 X3 J! // X_ s

Shift Out Under Control of ¢, (110)
In mode 110, the shift rate is controlled by the ¢, system clock.

([Jz
= | L
WRITE SR
OPERATION
CB10OUTPUT

gezovT NN X=X U/_Xf X :

IRQ

Shift Out Under Control of External CB1 Clock (111)

In mode 111 shifting is controlled by pulses applied to the CB1 pin by an external device. The SR counter sets the SR
Interrupt flag each time it counts 8 pulses but it does not disable the shifting function. Each time the microprocessor
writes or reads the shift register, the SR Interrupt flag is reset and the SR counter is initialized to begin counting the
next 8 shift pulses on pin CB1. After 8 shift pulses, the interrupt flag is set. The microprocessor can then load the
shift register with the next byte of data.

WRITE SR
OPERATION
CB1INPUT I 1 l | 2 I ;} | 8 I
SHIFT CLOCK

.

SN NN\ a— X X

Q

=
=3
1=
=

PROCESSORS

Figure 24. Shift Register Output Modes
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The Interrupt Flag Register (IFR) and Interrupt En-
able Register (IER) are depicted in Figures 25 and
26, respectively.

The |FR may be read directly by the processor. In ad-
dition, individual flag bits may be cleared by writing
a '“1" into the appropriate bit of the IFR. When the
‘proper chip select and register signals are applied to
the chip, the contents of this register are placed on
the data bus. Bit 7 indicates the status of the IRQ out-
put. This bit corresponds to the logic function: IRQ =
IFR6 x IER6 +IFR5 x IER6+1FR4 x IER4 + [FR3 x
IER3 + IFR2 x IER2 + IFR1 x IER1 + IFRO x IERO.
Note: X = logic AND, + = Logic OR.

The IFR bit 7 is not a flag. Therefore, this bit is not
directly cleared by writing a logic 1 into it. It can
only be cleared by clearing all the flags in the register
or by disabling all the active interrupts as discussed
in the next section.

REG 13 — INTERRUPT FLAG REGISTER

CB2 ACTIVE EDGE
CB1 ACTIVE EDGE

SETBY CLEARED BY
CA2 ACTIVE EDGE READ OR WRITE
REG 1 (ORA)*
CA1 ACTIVE EDGE READ OR WRITE
REG 1 (ORA)
COMPLETE 8 SHIFTS | READ OR WRITE
SHIFT REG

READ OR WRITE ORB*
READ OR WRITE ORB

TIME-OUT OF T2 READ T2 LOW OR
WRITE T2 HIGH
TIME-OUT OF T1 READ T1 LOW OR
WRITE T1 HIGH
ANY ENABLED CLEAR ALL
INTERRUPT INTERRUPTS

* IF THE CA2/CB2 CONTROL IN THE PCR IS SELECTED AS
“INDEPENDENT” INTERRUPT INPUT, THEN READING OR
WRITING THE OUTPUT REGISTER ORA/ORB WILL NOT
CLEAR THE FLAG BIT. INSTEAD, THE BIT MUST BE
CLEARED BY WRITING INTO THE IFR, AS DESCRIBED
PREVIOUSLY

Figure 25. Interrupt Flag Register (IFR)

For each interrupt flag in IFR, there is a corres-
ponding bit in the Interrupt Enable Register. The
system processor can set or clear selected bits in
this register to facilitate controlling individual inter-
rupts without affecting others. This is accomplished

by writing to address 1110 (IER address). If bit 7 of
the data placed on the system data bus during this
write operation is a 0, each 1 in bits 6 through 0
clears the corresponding bit in the Interrupt Enable
Register. For each zero in bits 6 through 0, the cor-
responding bit is unaffected.

Setting selected bits in the Interrupt Enable Register
is accomplished by writing to the same address with
bit 7 in the data word set to a logic 1. In this case,
each 1 in bits 6 through O will set the corresponding
bit. For each zero, the corresponding bit will be un-
affected. This individual control of the setting and
clearing operations allows very convenient control of
the interrupts during system operation.

In addition to setting and clearing IER bits, the pro-
cessor can read the contents of this register by placing
the proper address on the register select and chip
select inputs with the R/W line high. Bit 7 will be
read as a logic 1.

REG 14 — INTERRUPT ENABLE REGISTER

|7|5I5I4|3|2|1|o|
l-——cAz n
CcA1

SHIFT REG
CB2 0=INTERRUPT DISABLED

CcB1 1= INTERRUPT ENABLED

TIMER 2
TIMER 1
SET/CLEAR|

NOTES*

1 IFBIT 71S A 0", THEN EACH “1” IN BITS 0 - 6 DISABLES THE
CORRESPONDING INTERRUPT

2.IFBIT71S A 1", THEN EACH “1” INBITS 0 - 6 ENABLES THE
CORRESPONDING INTERRUPT.

3 IF A READ OF THIS REGISTER IS DONE, BIT 7 WILL BE ““1” AND
ALL OTHER BITSWILL REFLECT THEIR ENABLE/DISABLE STATE

Figure 26. Interrupt Enable Register (IER)
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Synertek;  8Y6522/SY6522A

Pin Configuration

Vss 11 a0 ca1
PAO M2 39] caz
PA1[]3 38}:) RSO
PA2 [a 370 Rs1
PA3 [] s 36| Rs2
PA4[T6 35{] Rs3
Pas []7 34@ RES
Pas []8 33[] oo
pa7 Q9 32g D1
reo 1o nfdo2
PB1 11 30 t] D3
pe2 []12 29[ ] pa
PB3 513 28] b5
pea []14 27[] D6
PBS 515 26[] D7
res []16 251 #2
P87 [J17 24[] cs1
cB1 Ij 18 23] €52
cs2 [J19 22[] RAW
vee [J20 21 irRa

Package Availability 40 pin Molded DIP

Ordering Information

Order Package Frequency
Numbrer Type Option
SYP6522 Molded DIP 1 MHz

SYP6522A Molded DIP 2 MHz
SYPJ6522 Molded J Lead 1 MHz
SYPJ6522A | Molded J Lead 2 MHz

=
=
=
=

PROCESSORS
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SY6532

RAM, |/O,
Timer Array

Features

@ 8-Bit Bi-directional Data Bus for Direct Communication
with the Microprocessor

@® Programmable Edge-sensitive Interrupt

® 128 x 8 Static RAM

® Two 8-bit Bi-directional Data Ports for Interface to
Peripherals

® Two Programmable 1/0 Peripheral Data Direction
Registers

® Programmable Interval Timer

® Programmable Interval Timer Interrupt

® TTL & CMOS Compatible Peripheral Lines

@ Peripheral Pins with Direct Transistor Drive Capability
® High Impedance Three-State Data Pins

Description

The SY6532 s designed to operate in conjunction with the
SY6500 Microprocessor Family. It 1s comprised of a 128 x 8
static RAM, two software controlled 8-bit bi-directional data
ports allowing direct interfacing between the microproces-

sor unit and peripheral devices. a software programmable
interval timer with interrupt capable of timing in various
intervals from 1 to 262,144 clock periods, and a program-
mable edge-detect interrupt circuit.

Block Diagram
PAO PA7 PBO PB7
[N N N} LN N N J
v y
DATA DATA
DIRECTION QUTPUT - PERIPHERAL PERIPHERAL - OouTPUT DIRECTION
REGISTER REGISTER — DATA BUFFER DATA BUFFER - REGISTER REGISTER
A A B B B
A
] ' A A
Y 1 Y \ Y \
[ A 3
Y Y
DATA ADDRESS CHIP SELECT 128x 8 INTERRUPT o INTERVAL
BUS DECODER oI STATIC CONTROL |- v
BUFFER RAM LOGIC ™
X X X} LE X N J T T
DO D7 A0 A6 RS cs1 CSZ2 @2 RM RES iRQ




Synertek, SY6532

Maximum Ratings

Rating Symbol Voltage Unit
Supply Voltage Vee -0.3t0+7.0 \Y%
Input/Output Voltage Vin -0.3to +7.0 \
Operating Temperature Range Tor Oto70 °C
Storage Temperature Range Tsta -55 to +150 °C
D.C. Characteristics (v .=5.0v +5%, Vgg=0V, To=0-70°C)
Characteristic Symbol Min. Typ. Max. Unit
Input High Voltage Vin 24 Vee \
Input Low Voltage Vi -0.3 04 \
Input Le_z&age gxrrent, Vin = Vgg 5V In 10 25 MA
AO-A6, RS, R/W, RES, 02, CS1, CS2
Input Leakage Current; for High Impedance State Irsi *1.0 +10.0 uA
(Three State), V)y = 0.4V to 2 4V, DO-D7
Input High Current, Viy = 2.4V (™ -100 -300 uA
PAO-PA7, PBO-PB7
Input Low Current; Viy =0 4V M 1.0 1.6 mA
PAO-PA7, PBO-PB7
Output High Voltage Vou \%
Vce = MIN, I pap < -100 pA (PAO-PA7, PBO-PB7, DO-D7) 24
ILoap < 3 MA(PBO-PB7) 15
Output Low Voltage; Vcc = Min, | pap =16 mA VoL 04 \Y
Output High Current (Sourcing), lon
Vo = 2 4V (PAO-PA7, PBO-PB7, DO-D7) -100 -1000 uA
> 1.5V Available for direct transistor drive (PBO-PB7) 30 5.0 mA
Output Low Current (Sinking); Vo < 0.4V loL 1.6 mA
Clock Input Capacitance Cek 30 pF
Input Capacitance Cin 10 pF
Output Capacitance Cout 10 pF
Power Dissipation (Vec = 5.25V) Pp 680 mw
Test Load 2
OPEN COLLECTOR 2 z:
5v OUTPUT TEST LOAD (X
=8
o
a.

=

100 pF

5V
24k
3KQ
PIN PIN
C pF
24k I

C =130 pF MAX. FOR DB0-DB7
C =30 pF MAX FOR ALL OTHER OUTPUTS =
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Write Timing Characteristics

Tevy |
Tc
X
2 / \
cLock
*—Tacw—" Teaw
CHIP SELECTS, \
REGISTER SELECTS \
1
[ Twew—>] ™ Tocw % Tcww —’1
RW \ /
] THW
X \ "4
DATA \ &
BUS & § § § \
\ \
N\ N
I<— Tcmos ———vee
~— Tcpw"’i 7
PERIPHERAL
DATA
Read Timing Characteristics
[< Tacr Tey
e,
: L_/ —
cLock
—
le—Tcon—>] —| S—
CHIP SELECTS, N
REGISTER SELECTS,
R/W

TpcR ——— [—Tcar—>

PERIPHERAL
DATA

DATA BUS

N

4-52



Synertek. SY6532

Write Timing Characteristics

SY6532 SY6532A

Symbol Parameter Min. Max. Min. Max. Unit
Tey Cycle Time 1 50 0.50 50 Ms
Tc ¢2 Pulse Width 0.44 25 0.22 25 us
Tacw Address Set-Up Time 180 - 90 - ns
Tcaw Address Hold Time 0 - 0 - ns
Twew R/W Set-Up Time 180 - 90 - ns
Teww R/W Hold Time 0 - 0 - ns
Tocw Data Bus Set-Up Time 265 - 100 - ns
Thw Data Bus Hold Time 10 - 10 - ns
Tepw Peripheral Data Delay Time - 1.0 — 1.0 s
Temos Peripheral Data Delay Time

to CMOS Levels - 2.0 - 2.0 Mus

NOTE tr, tf = 10 to 30ns.
Read Timing Characteristics
SY6532 SY6532A

Symbol Parameter Min. Max. Min. Max. Unit
Tcy Cycle Time 1 50 0.5 50 Mus
Tacr Address Set-Up Time 180 — 90 - ns
Tear Address Hold Time 0 — 0 - ns
Tecr Peripheral Data Set-Up Time 300 - 300 - ns
Tcor Data Bus Delay Time - 340 - 200 ns
THR Data Bus Hold Time 10 - 10 - ns

NOTE:" tr, tf = 10 to 30ns.

Interface Signal Description

Reset (RES)

During system initialization a Logic *“0”” on the RES input will cause a zeroing of all four I/O registers. This in turn
will cause all I/O buses to act as inputs thus protecting external components from possible damage and erroneous data
while the system 1s being configured under software control. The Data Bus Buffers are put into an OFF-STATE during
Reset. Interrupt capability 1s disabled with the RES signal. The RES signal must be held low for at least one clock
period when reset 1s required.

Input Clock

I'he input clock 1s a system Phase Two clock which can be either a low level clock (Vi < 0.4, V{4 > 2.4) or high
level clock (Vi < 0.2, Vi = Vee 3).

Read/Write (R/W)

The R/W signal is supplied by the microprocessor and is used to control the transfer of data to and from thi SY6532.
A high on the R/W pin allows the processor to read (with proper addressing) the SY6532. A low on the R/W pin
allows a write (with proper addressing) to the SY6532.

=)
=3
e
=

PROCESSORS

Interrupt Request (IRQ)
The IRQ output is derived from the interrupt control logic. It will normally be high with a low indicating an

interrupt from the SY6532. IRQ 1s an open-drain output, permitting several units to be wire-or’ed to the common IRQ
microprocessor input pin. The IRQ output may be activated by a transition on PA7 or timeout of the Interval Timer.

Data Bus (D0-D7)

The SY6532 has eight bi-directional data lines (D0O-D7). These lines connect to the system’s data bus and allow transfer
of data to and from the microprocessor. The output buffers remain in the off state except when a Read operation occurs.

453
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Peripheral Data Ports (PAO-PA7, PBO-PB7_)

The SY6532 has two 8-bit peripheral I/O Ports, Port A (lines PAQ-PA7) and Port B (lines PBO-PB7). Each line is
individually programmable as either an input or an output. By writing a “0’’ to any bit position of the Data Direction
Register (DDRA or DDRB) the corresponding line will be programmed as an input. Likewise, by writing a “1”’ to any
bit position in DDRA or DDRB will cause the corresponding line to act as an output.

When a Port line is programmed as an input and its ouput register (ORA or ORB) is read by the MPU, the TTL level on
the Port line will be transferred to the data bus. When the Port lines are programmed as outputs, the lines will reflect the
data written by the MPU into the output registers. See Edge Sense Interrupt Section for an additional use of PA7.

Address and Select Lines (A0-A6, RS, CS1 and CS2)

A0-A6 and RS are used to address the RAM, I/O registers, Timer and Flag register. CS1 and CS2 are used to select
(enable access to) the SY6532.

Internal Organization

A block diagram of the internal architecture 1s shown 1n Figure 1. The SY6532 1s divided into four basic sections:
RAM, I/0, Timer, and Interrupt Control. The RAM 1nterfaces directly with the microprocessor through the system
data bus and address lines. The I/O section consists of two 8-bit halves. Each half contains a Data Direction Register
(DDR) and an I/O register.

RAM 128 Bytes (1024 Bits)

A 128 x 8 static RAM 1s contained on the SY6532. It is addressed by A0-A6 (Byte Select), RS, CS1, and CS2.
Internal Peripheral Registers

There are four 8-bit internal registers: two data direction registers and two output registers. The two data direction
registers (A side and B side) control the direction of the data into and out of the peripheral I/0O. A logic zero in a bit
of the data direction register (DDRA and DDRB) causes the corresponding line of the I/O port to act as an input. A
logic one causes the corresponding line to act as an output. The voltage on any line programmed as an output is deter-
mined by the corresponding bit in the output register (ORA and ORB).

Data is read directly from the PA lines during a peripheral read operation. For a PA pin programmed as an output, the
data transferred into the processor will be the same as the data in the ORA only if the voltage on the line is allowed to
be = 2.4 volts for a logic one and < 0.4 volts for a zero. If the loading on the line does not allow this, then the data
resulting from the read operation may not match the contents of ORA.

The output buffers for the PB lines are somewhat different from the PA buffers. The PB buffers are push-pull devices
which are capable of sourcing 3 mA at 1.5 volts. This allows these lines to directly drive transistor circuits. To assure that
the processor will read the proper data when performing a peripheral read operation, logic is provided in the peripheral

B port to permit the processor to read the contents of ORB, instead of the PB lines.

Interval Timer

The Timer section of the SY6532 contains three basic parts: preliminary divide down register, programmable 8-bit register
and interrupt logic. These are illustrated in Figure 2.

The Interval Timer can be programmed to count up to 256 time intervals. Each time interval can be either 1T, 8T, 64T, or
1024T increments, where T is the system clock period. When a full count is reached, the interrupt flag is set to a logic
“1”. After the interrupt flag is set the internal clock continues counting down, but at a 1T rate to a maximum of -255T.
This allows the user to read the counter and then determine how long the interrupt has been set.

The 8-bit system Data Bus is used to transfer data to and from the Interval Timer. If a count of 52 time intervals were
to be counted, the pattern 00 1 1 0 1 0 0 would be put on the Data Bus and written into the Interval Time register.
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At the same time that data 1s being written to the Interval Timer, the counting intervals of 1, 8, 64, 1024T are decoded
from address lines AO and Al. During a Read or Write operation address line A3 controls the interrupt capability of
IRQ, i.e., A3 =1 enables IRQ, A3 = 0 disables IRQ. In either case, when timeout occurs, bit 7 of the Interrupt Flag
Register 1s set. This flag is cleared when the Timer register is ether read from or written to by the processor. If IRQ is
enabled by A3 and an interrupt occurs IRQ will go low. When the Timer is read prior to the interrupt flag being set, the
number of time intervals remaining will be read, i.e., 51, 50, 49, etc.

When the Timer has counted down to 00 0 0 0 0 0 0 an interrupt will occur on the next count time and the counter will
read 1111111 1. After interrupt, the Timer register decrements at a divide by “1” rate of the system clock. If after
interrupt, the Timer is read and a value of 1 11 0 0 1 0 O is read, the time since interrupt is 28T. The value read is in two’s

complement.
Value read =11100100
Complement =00011011
Add 1 =00011100=28.

Figure 2. BASIC ELEMENTS OF INTERVAL TIMER

R/W PA7 A3 D7 D6 D5 D4 D3 112 LI 110 R/W Al1 /10
5 - INTERRUPT | o PROGRAMMABLE DIVIDE
fRa CONTROL REGISTER DOWN

Y

D7 D6 D5 D4 D3 D2 D1 DO

Thus, to arrive at the total elapsed time, merely do a two’s complement and add to the original time written into the Timer.
Again, assume time writtenas 001 10 1 00 (=52). With a divide by 8, total time to interrupt 1s (52 x 8) + 1 =417T.
Total elapsed time would be 416T + 28T = 444T, assuming the value read after interrupt was 1 1 10010 0.

After an interrupt, whenever the Timer is written or read the interrupt is reset. However, the reading of the Timer at the
same time the interrupt occurs will not reset the interrupt flag.

Figure 3 illustrates an example of interrupt.

Figure 3. TIMER INTERRUPT TIMING

=
=3
]
=

PROCESSORS

@ ® O O
en oL TLITLTS ng1suz14pga1su41eL,JmL_JsmL

WRITET l |

3
—
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1. Data written into Interval Timersis00110100=5219 4. Interrupt has occurred at (2 pulse #416

2. Datain Interval timer1is00011001=251¢ Data in Interval Timer=11111111
57 _ 2;3 1=52-26-1=25 5. Data in Interval Timeris10101100
two’s complement1s01010100=841¢
3. Data in Interval Timeris0 0000000 =019 84 + (52 x 8)=5001¢

415
52- g -1=52-51-1=0

When reading the Timer after an interrupt, A3 should be low so as to disable the IRQ pin. This is done so as to avoid
future interrupts until after another Write operation.

Interrupt Flag Register

The Interrupt Flag Register consists of two bits: the timer interrupt flag and the PA7 interrupt flag. When a read
operation is performed on the Interrupt Flag Register, the bits are transferred to the processor on the data bus, as
the diagram below, indicates.

Figure 4. INTERRUPT FLAG REGISTER
nledslalaf2]1]o]
\ /
I'I
‘ "0
PA7 FLAG

TIMER FLAG

The PA7 flag 1s cleared when the Interrupt Flag Register 1s read. The timer flag is cleared when the timer register 1s
either written or read.

Addressing

Addressing of the SY6532 is accomplished by the 7 address inputs, the RS input and the two chip select inputs CS1 and
CS2. To address the RAM, CS1 must be high with CS2 and RS low. To address the I/O and Interval Timer CS1 and RS must
be high with CS2 low. As can be seen to access the chip CS1 is high and CS2 is low. To distinguish between RAM or
1/0-Timer Section the RS input is used. When this input is low the RAM is addressed, when high the I/O Interval Timer
section is addressed. To distinguish between Timer and I/0, address line A2 is utilized. When A2 is high the Interval Timer
is accessed. When A2 is low the I/O section is addressed. Table 1 illustrates the chip addressing.

Edge Sense Interrupt

In addition to its use as a peripheral I/O line, PA7 can function as an edge sensitive input. In this mode, an active
transition on PAT will set the internal interrupt flag (bit 6 of the Interrupt Flag Register). When this occurs, and
providing the PAT interrupt is enabled, the IRQ output will go low.

Control of the PA7 edge detecting logic is accomplished by performing a write operation to one of four addresses.
The data lines for this operation are “don’t care’” and the addresses to be used are found in Table 1.

The setting of the internal interrupt flag by an active transition on PA7 is always enabled, whether PAT7 is set up as an
input or an output. '

The RES signal disables the PA7 interrupt and sets the active transition to the negative edge-detect state. During the
reset operation, the interrupt flag may be set by a negative transition. It may, therefore, be necessary to clear the flag
before its normal use as an edge detecting input 1s enabled. This can be achieved by reading the Interrupt Flag Register.

1/0 Register - Timer Addressing

Table 1 1llustrates the address decoding for the internal elements and timer programming. Address line A2 distin-
guishes I/O registers from the Timer. When A2 is low and RSis high, the I/O registers are addressed. Once the I/O
registers are addressed, address lines Al and AO decode the desired register.

When the timer 1s selected Al and AO decode the “divide-by’” matrix. This decoding is defined in Table 1. In addition,
Address A3 1s used to enable the interrupt flag to IRQ.
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Table 1T ADDRESSING DECODE

FUNCTION RS A6 AS A4 A3 A2 Al A0 WR RD
RAM L X X X X X X X vV Vv
ORA H - - - — L L L Vv v
DDRA H — - — — L L H Vv v
ORB H - - - — L H L Vv Vv
DDRB H — — — L H H N4 vV
Timer, +1, IRQ ON H - - H H H L L Vv
Timer, +8, IRQ ON H - - H H H L H Vv
Timer, +64, IRQ ON H - - H H H H L v
Timer, +1024, IRQ ON H - — H H H H H Vv
Timer, +1, IRQ OFF H — - H L H L L Vv
Timer, +8, IRQ OFF H — - H L H L H v
Timer, +64, IRQ OFF H - — H L H H L N4
Timer, <1024, IRQ OFF H — — H L H H H N4
Read Timer, IRQ ON H - - — H H — L v
Read Timer, IRQ OFF H — — - L H - L v
Read Interrupt Flags H - - - - H - H Vv
PA7 IRQ OFF, NEG H — — L - H L L *
EDGE

PA7 IRQ OFF, POS H — — L — H L H *
EDGE

PA7 IRQ ON, NEG H — - L - H H L ®
EDGE

PAT7 IRQ ON, POS H — — L - H H H *
EDGE

NOTES: X=ADDRESS -= ADDRESS BITS DON’T CARE % = DATA BITS ARE “DON'T CARE”

Package Availability 40 Pin Molded DIP Pin Configuration

vss[]1 a0[] A6
A5} 2 39[] @
a3 3g[] cs1
A3[]a a[]¢s2
RS (24
Ordering Information 5= M =
Aol 7 34| RES et
Part Number Package Speed paor] s o™ §
SYP6532 Molded DIP | 1 MHz pa1l] 9 32001 o-
SYP6532A Molded DIP | 2 MHz Pa2[10 s1f] o2
PA3 11 30[] D3
PA4 12 29[ ] D4
Pas[]13 28105
pas[]14 27[ o6
PA7 15 26[] 07
PB7[J16 25[11RQ
PB6 []17 241 pB0
PB5[]18 23] pB1
PB4[ |19 22[]PB2
vVee 20 21[]PB3
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SY6845R
CRT Controller

Features
® Single +5 volt (*56%) power supply. ® External light pen capability.
® Alphanumeric and limited graphics capabilities. ® (Capable of addressing up to 16K character Video
® Fully programmable display (rows, columns, blank- Display RAM.
Ing, etc.). ® No DMA required.
® Interlaced or non-interlaced scan. e Compatible with MC6845R.
® 50/60 Hz operation. ® Straight-binary addressing for Video Display RAM.

Fully programmabile cursor.

Description

The SY6845 is a CRT Controller intended to provide
capability for interfacing any microprocessor family to
CRT or TV-type raster scan displays. A unique feature

Pin Designation

is the inclusion of several modes of operation, so that the
system designer can configure the system with a wide
assortment of techniques.

Interface Diagram

o]t ~  wfvsvne Vec  GND
RES[] 2 39 [THSYNC
LPEN[] 3 38 [1RAO
CCO/MAO [} 4 37 [1RA1 DBO-DB7 <::> ——— HSYNC
cc1/MAI] 5 36 [JRA2 ———— VSYNC
ccz/mA2 [ 6 35 [JRA3 e Sv6a45 CRTC | DISPLAY ENABLE
cc3/mA3 [} 7 34 gRAA s |———= CURSOR
cca/mas 8 33 [JDBO oy [«—— LPEN
ccs/mAas [ 9 32[7oB1 RS [ EK
cce/mAas [ 10 31[]DB2 [~ RES
cc7/ma7 O 1 30[JoB3
CRO/MAS [] 12 29 [1DB4
CR1/MA9 []13 28 [} pBS
cR2/MA10 [] 14 27[]pBe MAO-MA13 RAO-RA4
cramaniCy1s s 31‘37 VIDEO DISPLAY RAM AND CHARACTER ROM
cra/ma12 [ 16 25[]Cs
crs/MA13 [ 17 24 []RS
DISPLAY ENABLE [} 18 23[1€
CURSOR [] 19 22 1R/
Vee [ 20 n[JccLk
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Absolute Maximum Ratings*

Supply Voltage, Ve -0.3V to +7.0V
Input/Output Voltage, Vin -0.3V to +7.0V
Operating Temperature, Top 0°Cto 70°C
Storage Temperature, TsTg -55°C to 150°C

Comments*

Stresses above those histed under “Absolute Maximum Ratings'
may cause permanent damage to the device. These are stress
ratings only Functional operation of this device at these or any
other conditions above those indicated in the operational sec-
tions of this specification is not implied and exposure to absolute
maximum rating conditions for extended periods may atfect
device rehiability

All inputs contain protection circuitry to prevent damage
due to high static discharges. Care should be exercised
to prevent unnecessary application of voltages in excess

of the allowable limits.

Electrical Characteristics (vec = 5.0V + 5%, Ta = 0-70°C, unless otherwise noted)

Symbol Characteristic Min. | Typ.| Max. Unit
Vin Input High Voltage 2.0 Vee \%
A/ Input Low Voltage -0.3 0.8 \
N Input Leakage (¢2, R/w, RES, CS, RS, LPEN, CCLK) — 2.5 HA
ITs) Three-State Input Leakage (DB0-DB7) - +10.0 MA
Vin = 0.4 to 2.4V
VoH Output High Voltage 2.4 - \
ILoap = —205uA (DBO-DB7)
ILoap = —100uA (all others)
VoL Output Low Voltage - 0.4 \%
ILoap = 1.6mA
Pp Power Dissipation — | 325 650 mW
Cin Input Capacitance
$2, R/w, RES, CS, RS, LPEN, CCLK - 10.0 pF
DBO-DB7 - 12.5 pF
CouT Output Capacitance - 10.0 pF
Test Load

24KQ

SY6545 PIN

a——

Vee
o la %
'~
R
R = 11K FOR DBo-DB7
R = 24K FOR ALL OTHER OUTPUTS

C =130 pF TOTAL FOR Do-D7
C =30 pF ALL OTHER OUTPUTS

=]
&«
=
=

PROCESSORS
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MPU Bus Interface Characteristics

WRITE CYCLE READ CYCLE

teye tcye

~—PWEH *—PWEH
— —
E / C PWEL E / ~— PwEL

tcH s L
s Nt T/ RN s

{
DATA BUS le—tpsw —=="1W. DATA BUS  smme——

a
3

Y
|« DDR DHR

—* DA

Write Timing Characteristics |(vec=5.0v+5%, Ta=0-70°C, unless otherwise noted)

SY6845R SY6845RA SY6845RB SY6845RC
Symbol Characteristic Min. | Max.| Min. | Max.| Min.| Max.| Min. | Max. | Unit
teye Cycle Time 1.0 — 0.5 - 0.33 - 0.25 — us
PWEH E Pulse Width, High 440 — 200 — 150 - 115 — ns
PWEL E Pulse Width, Low 420 — 190 — 140 — 100 — ns
tas Address Set-Up Time 80 — 40 - 30 — 20 — ns
tAH Address Hold Time 0 — 0 - 0 — 0 — ns
tcs R/W, CS Set-Up Time 80 - 40 - 30 — 20 - ns
teH R/W, CS Hold Time 0 - 0 - 0 - 0 - ns
tosw Data Bus Set-Up Time 165 - 60 - 60 - 60 - ns
toHw Data Bus Hold Time 10 - 10 - 10 — 10 — ns

(t;andts = 10to 30ns)

Read Timing Characteristics (vcc=5.0V 5%, To=0-70°C, unless otherwise noted)

SY6845R SY6845RA SY6845RB SY6845RC
Symbol Characteristic Min. | Max.| Min. | Max. | Min.| Max. | Min. | Max. | Unit
teye Cycle Time 1.0 — 0.5 — 0.33 - 0.25 — us
PWEH E Pulse Width, High 440 — 200 — 150 — 115 — ns
PWEL E Pulse Width, Low 420 — 190 - 140 - 100 - ns
tas Address Set-Up Time 80 — 40 — 30 — 20 — ns
taH Address Hold Time 0 — 0 - 0 — 0 — ns
tes R/W, CS Set-Up Time 80 — 40 - 30 -~ 20 — ns
tpDR Read Access Time (Valid Data) — 290 - 150 - 100 — 85 ns
tpHR Read Hold Time 20 60 20 60 20 60 20 60 ns
tpa Data Bus Active Time (Invalid Data) 40 - 40 — 40 - 40 — ns

(t-and t; = 10to 30ns)
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Memory and Video Interface Characteristics (Vcc=50V 5%, Ta= 010 70°C, unless otherwise noted)
' tcey
PWe,
A Y
20V 20V { —/t
cCLK \
08V KO8V 4 08V
te—t, -t
tceH | YV %
MAO-MA13
04V
l*— tmaD [ '™MAD
AR
24V N
RAO-RA4
04V
le—— trAD [~ 'RAD
d )
24v AR j\\
DISPLAY ENABLE
04V
< 'oTD bTD
—
HSYNC, VSYNC / 24V
04v
tHsD tHsD
tvsp tvsp
) e
24V AN
CURSOR
04V
tcpb [+—— tcpD
Symbol Parameter Min. Typ. Max. Unit
TecH Minimum Clock Pulse Width, High 200 ns
Teev Clock Frequency 25 MHz
ter 4 Rise and Fall Time for Clock Input 20 ns
tMAD Memory Address Delay Time 100 160 ns
trRAD Raster Address Delay Time 100 160 ns
tpTD Display Timing Delay Time 160 300 ns
tHsD Horizontal Sync Delay Time 160 300 ns
tysp Vertical Sync Delay Time 160 300 ns
tcop Cursor Display Timing Delay Time 160 300 ns
. _ cCLK
Light Pen Strobe Timing
SEE NOTE —{ ;1 N
[e— LPH‘_—-l
tp2 \
““Safe”” time position for LPEN positive edge to cause
address n+2 to load into Light Pen Register
tLp2 and t py are time positions causing uncertain results
MAG-MA43 n X n+1 X n+2 X
SY6845R SY6845RA SY6845RB SY6845RC
Symbol Characteristic Min. | Max.| Min. |Max. | Min. | Max. | Min. | Max. | Unit
tLpH LPEN Strobe Width 100 - 100 — 100 - 100 — ns
tLp LPEN to CCLK Delay - 120 - 120 - 120 — 120 ns
tLp2 CCLK to LPEN Delay - 0 - 0 —- 0 — 0 ns
trand t; = 20ns (max.)
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MPU Interface Signal Description
E (Enable)

The enable signal is the system input and is used to trigger
all data transfers between the system microprocessor and
the SY6845. Since there is no maximum limit to the
allowable E cycle time, it is not necessary for it to be a
continuous clock. This capability permits the SY6845 to
be easily interfaced to non-6500-compatible micropro-
cessors.

R/W (Read/Write)

The R/W signal is generated by the microprocessor and is
used to control the direction of data transfers. A high on
the R/W pin allows the processor to read the data sup-
plied by the SY6845; a low on the R/W pin allows a write to
the SY6845.

CS (Chip Select)

The Chip Select input is normally connected to the pro-
cessor address bus either direc’ﬂx or through a decoder.
The SY6845 is selected when CS is low.

RS (Register Select)

‘The Register Select input is used to access internal re-
lgisters. A low on this pin permits writes into the Address
‘Register and reads from the Status Register. The contents
of the Address Register is the identity of the register
accessed when RS is high.

DB(-DB7 (Data Bus)

The DBg-DB7 pins are the eight data lines used for trans-
fer of data between the processor and the SY6845. These
lines are bi-directional and are normally high-impedance
except during read cycles when the chip is selected.

Video Interface Signal Description
HSYNC (Horizontal Sync)

The HSYNC signal is an active-high output used to deter-
mine the horizontal position of displayed text. It may
drive a CRT monitor directly or may be used for com-
posite video generation. HSYNC time position and width
are fully programmable.

VSYNC (Vertical Sync)

The VSYNC signal is an active-high output used to
determine the vertical position of displayed text. Like
HSYNC, VSYNC may be used to drive a CRT monitor
or composite video generation circuits. VSYNC position
and width are both fully programmable.

DISPLAY ENABLE

The DISPLAY ENABLE signal is an active-high output
and 1s used to indicate when the SY6845 is generating

active display information. The number of horizontal

displayed characters and the number of vertical displayed
characters are both fully programmable and together
are used to generate the DISPLAY ENABLE signal.

CURSOR

‘The CURSOR signal is an active-high output and is used

to indicate when the scan coincides with the programmed
cursor position. The cursor position may be programmed
to be any character in the address field. Furthermore,
within the character, the cursor may be programmed to
be any block of scan lines, since the start scan line and
the end scan line are both programmable.

LPEN

The LPEN signal is an edge-sensitive input and is used to
load the internal Light Pen Register with the contents of
the Refresh Scan Counter at the time the active edge
occurs. The active edge of LPEN is the low-to-high tran-
sition.

CCLK

The CCLK signal is the character timing clock input and

is used as the time base for all internal count/control
functions.

RES

The RES signal is an active-low input used to initialize
all internal scan counter circuits. When RES is low, all
internal counters are stopped and cleared, all scan and
video outputs are low, and control registers are unaf-
fected. RES must stay low for at least one CCLK period.
All scan timing is initiated when mgoes high. In this
way, RES can be used to synchronize display frame
timing with line frequency.

Memory Address Signal Description

MAO0-MA13 (Video Display RAM Address Lines)

These signals are active-high outputs and are used to
address the Video Display RAM for character storage
and display operations. The starting scan address is fully
programmable and the ending scan address is determined
by the total number of characters displayed, which is
also programmable, in terms of characters/line and lines/
frame.

® Binary Addressing
Characters are stored in successive memory locations.
Thus, the software must be developed so that row and
column co-ordinates are translated to sequentially-
numbered addresses for video display memory opera-
tions.
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RAO0-RA4 (Raster Address Lines)

These signals are active-high outputs and are used to
select each raster scan within an individual character row.
The number of raster scan lines is programmable and
determines the character height, including spaces bet-
ween character rows.

Description of Internal Registers

Figure 1 illustrates the format of a typical video display
and 1s necessary to understand the functions of the
various SY6845 internal registers. Figure 2 illustrates
vertical and horizontal timing. Figure 3 summarizes the
internal registers and indicates their address selection
and read/write capabilities.

Address Register

This is a 5-bit register which is used as a “pointer’” to
direct SY6845 data transfers to and from the system
MPU. Its contents is the number of the desired register
(0-31). When RS is low, then this register may be
loaded; when RS is high, then the register selected is the
one whose identity is stored in this register.

Status Register

This 2-bit register is used to monitor the status of the
CRTC, as follows:

Clelsfefa]2]]o]

|

NOT USED J

VERTICAL BLANKING

0" Scan currently not in vertical blanking portion
of its timing

“1”” Scan currently Is in its vertical blanking time

LPEN REGISTER FULL

““0"" This bit goes to 0" whenever either register R16 or
R17 1s read by the MPU

‘1" This bit goes to ““1”” whenever a LPEN strobe occurs

NOT USED

Horizontal Total (RO)

This 8-bit register contains the total of displayed and
non-displayed characters, minus one, per horizontal line.
The frequency of HSYNC is thus determined by this
register.

Horizontal Displayed (R1)

This 8-bit register contains the number of displayed char-
acters per horizontal line.

Horizontal Sync Position (R2)

This 8-bit register contains the position of the HSYNC
on the horizontal line, in terms of the character location
number on the line. The position of the HSYNC deter-

mines the left-to-right location of the displayed text
on the video screen. In this way, the side margins are
adjusted.

Horizontal and Vertical SYNC Widths (R3)
This 4-bit register programs the width of HSYNC.

lefsfefa]2] Te]

8 4 2 1
|

HSYNC WIDTH

(NUMBER OF CHARACTER
CLOCK TIMES)

VSYNC width is set to 16 scan line times.

Vertical Total (R4)

The Vertical Total Register is a 7-bit register containing
the total number of character rows in a frame, minus
one. This register, along with R5, determines the overall
frame rate, which should be close to the line frequency
to ensure flicker-free appearance. If the frame time is
adjusted to be longer than the period of the line fre-
quency, then RES may be used to provide absolute
synchronism.

Vertical Total Adjust (R5)

The Vertical Total Adjust Register is a 5-bit write only
register containing the number of additional scan lines
needed to complete an entire frame scan and 1s intended
as a fine adjustment for the video frame time.

Vertical Displayed (R6)

This 7-bit register contains the number of displayed
character rows In each frame. In this way, the vertical
size of the displayed text is determined.

1HOR TOTAL

HOR DISPLAYED
—

EQogooonon

scan
T Cines

NUMBER OF
SCAN LINES

VERT
DISPLAVED

VERT i
TOTAL

PER
CHARACTER
ROW

veRr
ToTAL
¥ howst

Figure 1. Video Display Format
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Vertical Sync Position (R7) Cursor Start (R10) and Cursor End (R11)

This 7-bit register is used to select the character row These 5-bit registers select the starting and ending scan
time at which the VSYNC pulse is desired to occur and, lines for the cursor. In addition, bits 5 and 6 of R10 are
thus, is used to position the displayed text in the vertical used to select the cursor mode, as follows:

direction.

Mode Control (R8) BIT

CURSOR MODE

This register is used to select the operating modes of the 6 5
SY6845 and is outlined as-follows: —
0 0 No Blinking
I7|615|4]3[2[1[°| 0 1 No Cursor
INTERLACE MODE CONTROL 1 0 Blink at 16x field rate
18”0 OPERATION 1 1 Blink at 32x field rate
X | 0 | Non-Interlace
0/ 1 Interlace SYNC Raster Scan
1| 1| Interlace SYNC and Video Raster Scan Note that the ability to program both the start and end
. scan line for the cursor enables either block cursor or
Scan Line (R9) underline to be accommodated. Registers R14 and R15
This 5-bit register contains the number of scan lines per are used to control the character position of the cursor
character row, including spacing minus one. over the entire 16K address field.

Address Reg Reg Register Bit
CS (RS |4(3/2|1/0]| No. Register Name Stored Info. RD |WR|[7|6|5(4(3|2(1|0
BESEEEEEE T
0 | 0 |=|={=|-|-1 = |AddressReg Reg No N AalAz|Az|Al|Ag
0| o |-]-]-]-[-] - [statusReg. V] L [vARRR
0 1 10({0/0|0|0| RO |Horiz Total # Charac. -1 V |o|le|leleeje|e|e
0 1 ]0{0(0{0|1 R1 |Horiz Displayed = Charac V| el lele|lele|e® L)
0 | 1 |o]lo|o[1/0| R2 |Horz Sync % Charac Vv 1 1P P P S P P
Position
o [ 1 [ofofo[1]1] R3 JvsvNC,HSYNC [= Scan Lines and MNNNN\\TH
Widths 2 Char. Times \ 3772|7110
0 | 1 (o{0|1/0|/0| R4 [|Vert Total = Charac. Row -1 N oejo0o0oj0 e
o | 1 [olof1]o][1] Rs [Vert Total Adjust |# Scan Lines v \ e eleele
0 1 [0|0f[1]{1|0| R6 |Vert Displayed = Charac Rows Vv oo 0o 000
0 1 10|0|1[1|1 R7 |Vert Sync Position |5 Charac Rows vV o e/ 0000
\'
o | 1 |ol1[ojo|o| R8 |Mode Control Y AR Il 1g
0 1 {0|1|0[{0|1 R9 |Scan Line % Scan Lines -1 Vv AR I 3K 2K )
(3
0 1 ]0]|1[{0{1|0| R10 |Cursor Start Scan Line No N BiBo|ee|@|@|@® =
o
o | 1 ]oft]o[1]1] R11 [cursor End Scan Line No vV N olele|e =3
=
o | 1|of1|1]0]/0| R12 [Display Start Vv =
Addr (H) eoojojoo|e <
0 [ 1 {0f{1[1{0[1| R13 |Display Start Vv
Addr (L) [ A AL K BE AR B AN J
o | 1]ol1|1|1]0| R14 |Cursor Position (H) NERY olojeo|ele
0 | 1 |of1[1{1|1] R15 |Cursor Position (L) V|V |eleeleleleee
ol 1|10 0! R16 |Light Pen Reg (H) vV olojojolole
0 1 11]0|0|0|1| R17 |Light Pen Reg (L) v eo(oofoj0oj00 0

Notes: E Designates binary bit
Demgnates unused bit. Reading this bit is always 0"’

Figure 3. Internal Register Summary.
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Display Start Address High (R12) and Low (R13)

These registers together comprise a 14-bit register whose
contents is the memory address of the first character of
the displayed scan (the character on the top left of the
video display, as in Figure 1). Subsequent memory
addresses are generated by the SY6845 as a result of
CCLK input pulses. Scrolling of the display is accom-
plished by changing R12 and R13 to the memory address
assaciated with the first character of the desired line of
text to be displayed first. Entire pages of text may be
scrolled or changed as well via R12 and R13.

Cursor Position High (R14) and Low (R15)

These registers together comprise a 14-bit register whose
contents is the memory address of the current cursor
position. When the video display scan counter (MA lines)
matches the contents of this register, and when the scan
line counter (RA lines) falls within the bounds set by
R10and R11, then the CURSOR output becomes active.
Bit 5 of the Mode Control Register (R8) may be used
to delay the CURSOR output by a full CCLK time to
accommodate slow access memories.

LPEN High (R16) and Low (R17)

These registers together comprise a 14-bit register whose
contents is the light pen strobe position, in terms of the

video display address at which the strobe occurred. When
the LPEN input changes from low to high, then, on the
next negative-going edge of CCLK, the contents of the
internal scan counter is stored in registers R16 and R17.

r TOTAL =90
!7 DISPLAY =80 —]
o1 |2 |-~-|---|77|78|79]80|81|--|80
80 | 81 | 82 |---|---| 157 158 {150 | 160 [ 161 |- --| 169
& | 160|161 (162 |---|---| 237|238 | 239 | 240 | 241 |- - -| 249
W
z | | .
s - T T T
I : 1 '
2z [ : :
° 1760]1761[1762[- - - |- - -| 1837| 1838|1839] 1840 1841~ ~ - 1849
1840(1841[1842|-- - | - - -[1917]1918]1919]1920{1921]- - -| 1929
1920{1921[1922(- - -| - --| 1997| 1998|1999 |2000|2001|- - -| 2009
000{2001{2002|- - - | - - -| 2077| 2078|2079 | 2080|2081~ - -| 2089
i i i
26402641(2642|- - - |- - -[2717]2718[2719]2720(2721|- - - [ 2729
L

STRAIGHT BINARY ADDRESSING SEQUENCE

Figure 4. Display Address Sequences (with Start
Address = 0) for 80 x 24 Example

SYSTEM VSYNC —
R,
BUS
M HSYNC
SY6545
CRT CONTROLLER DISPLAY ENABLE
CURSOR TO
MAO-MA13 RAO-RA4 |——————————— | \iDEo

MPU <:>
ADDRESS
:@:> CONTENTION
CONTROL
MPU
ADDRESS

VIDEO
DISPLAY
RAM
~  MPU
DATA
BUS

BUS
@ VIDEO ADDRESS

CHARACTER
DATA DOT PATTERN

CIRCUITS
DISPLAY ADDRESS

SCAN LINE
SHIFT
COUNT REGISTER ]

CHARACTER
GENERATOR
ROM
SCAN LINE

Figure 5. Shared Memory System Configuration
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Memory Contention Schemes for
Shared Memory Addressing

From the diagram of Figure 5, it is clear that both the
SY6845 and the system MPU must be capable of address-
ing the video display memory The SY6845 repetitively
fetches character information to generate the video sig-
nals in order to keep the screen display active. The MPU
occasionally accesses the memory to change the displayed
information or to read out current data characters. Three
ways of resolving this dual-contention requirement are
apparent:

® MPU Priority

In this technique, the address lines to the video display
memory are normally driven by the SY6845 unless the
MPU needs access, in which case the MPU addresses
immediately override those from the SY6845 and the
MPU has immediate access.

® $1/$2 Memory Interleaving

This method permits both the SY6845 and the MPU
access to the video display memory by time-sharing
via the system ¢1 and ¢2 clocks. During the ¢1 por-
tion of each cycle (the time when E is low), the
SY6845 address outputs are gated to the video display
memory. In the ¢2 time, the MPU address lines are
switched In. In this way, both the SY6845 and the
MPU have unimpeded access to the memory. Figure 6
illustrates the timings.

MPU CYCLE —t=—— MPU CYCLE

$1 —wf— 2 —]

VIDEO ' t
DISPLAY SY6545 MPU SY6545 MPU
MEMORY MAO-MA13/\ ADDRESS AMA0-MA13/\ ADDRESS
ADDRESSES + ; : +

Figure 6. ¢1/¢2 Interleaving.

Interlace Modes

There are three raster-scan display modes (see Figure 7).

a) Non-Interlaced Mode. In this mode each scan line is
refreshed at the vertical field rate (50 or 60 Hz).

In the interlaced scan modes, even and odd fields
alternate to generate frames. The horizontal and ver-
tical timing relationship causes the scan lines in the
odd fields to be displaced from those in the even
fields. The two additional raster-scan display modes
pertain to interlaced scans.

b) Interlace Sync Mode. This mode is used when the
same information is to be displayed in both odd and
even fields. Enhanced readability results because the
spaces between adjacent rows are filled and a higher
quality character is displayed. This is achieved with
only a shght alteration in the device operation: in
alternate fields, the position of the VSYNC signal is
delayed by % of a scan line time. This is illustrated in
Figure 8 and is the only difference in the SY6845
operation in this mode

c) Interlaced Sync and Video Mode. This mode is used
to double the character density on the screen by dis-
playing the even lines in even fields and the odd lines
in odd fields. As in the Interlace-Sync mode, the
VSYNC position is delayed in alternate display fields.
In addition, the address generation is altered.

EVEN oDD EVEN oDD
FIELD FIELD FIELD FIELD
0 0 0 | |
[ & o
1 Va 1 Va @D 1 — |
¢ N4 K
@ ] ! 7 P, NN N !
2 © © 2 P R 2 OO -,
TS 7 28 = -
4 C} d AV 2B 74 () 4 —l‘_“ — 3 4 7] r s
a A T D D 4 ] b N 4
5 N4 Ay 5 — 5 —f
— 5 — 5
61— & s %:— . 6 = .
. _:g
oD oD - p— x
7 N4 hd 7 pard 7 7 PN N N 7
Y Y 'Y ¥ Y 1
NON-INTERLACED INTERLACED-SYNC INTERLACED SYNC AND VIDEO

Figure 7. Comparison of Display Modes.
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1 COMPLETE FIELD
DISPLAY
ENABLE
FOR ODD
FIELD ==
o

VSYNC

ODD FIELD

RAO-RA4

% SCAN LINE TIME'—>| }‘—

VSYNC

|
|
EVEN FIELD |
|
DISPLAY
ENABLE
FOREVEN ] 1
FIELD 1 SCAN LINE
DELAY

Figure 8. Interface Sync Mode and Interface Sync &
Video Mode Timing

Package Availability 40 Pin Molded DIP

Ordering Information

Part Number Package | CPU Clock Rate
SYP6845 Molded DIP 1 MHz
SYP6845RA Molded DIP 2 MHz
SYP6845RB Molded DIP 3 MHz
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CRT Controller

Features

® Single +5 volt (£5%) power supply. ® No DMA required.

® Alphanumeric and limited graphics capabilities. ® Pin-compatible with MC6845R.

® Fully programmable display (rows, columns, blank- ® Row/Column or straight-binary addressing for Video
ing, etc.). Display RAM.

® |nterlaced or non-interlaced scan. ® Video Display RAM may be configured as part of

® 50/60 Hz operation. microprocessor memory field or independently slaved

® Fully programmable cursor. to 6845

® External light pen capability. ® Internal status register.

® (Capable of addressing up to 16K character Video ® 3.7 MHz Character Clock

Display RAM. ® Transparent Address Mode
Description
The SY6845E 1s a CRT Controller intended to provide capa- feature is the inclusion of several modes of operation, so
bility for interfacing any 8 or 16 bit microprocessor family that the system designer can configure the system with
to CRT or TV-type raster scan displays. A unique a wide assortment of techniques.
Pin Configuration Interface Diagram
Vec  GND
GND [ 1 e 40 [ VSYNC
RES[] 2 39 [ JHSYNC
LPEN[] 3 38 [JRAO HSYNG
-
ccomao [ 4 37 [Arat o80-087 ¥ vevne
;:E;//'::;E : 36 SRAZ ——— DISPLAY ENABLE
35 [JRA3 E—
| cuRsOR
cc3/mas[]7 34 [JRA4/STB R/ ———» SY6845E CRTC LPEN
cca/maa [} 8 33 [JDBO s —— coLK
ccs/mas [ 9 32 []DB1 RS ————» RES
cce/mA6 [] 10 31{JoB2
cc7r/ma7 [ 1 30 [JoB3
CRO/MAS [] 12 29 [JDB4
CR1/MA9 [] 13 28 []DB5 L
cR2/mMA10 ] 14 27 [ ] DB6 MAO-MA13 RAO-RA4 oY
CR3/MA11[] 15 26 [1]DB7 VIDEO DISPLAY RAM AND CHARACTER ROM éﬁ a
cra/ma12 [ 16 25 [1Cs = é
CR5/MA13[] 17 24 [1RS a
DISPLAY ENABLE [] 18 23[]€
CURSOR [ 19 22 [QRWw
Vee [ 20 21[]ceLk
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Absolute Maximum Ratings* Comment*

Stresses above those listed under ““Absolute Maximum Ratings’’
Supply Voltage -0. +7.
ppRly g€, VCC 0.3V to +7.0V may cause permanent damage to the device. These are stress

InPUt/QUtpUt Voltage, V|N '0‘3Y to +7'2V ratings only. Functional operation of this device at these or any
Operating Temperature, Top 0Cto70 C other conditions above those indicated In the operational sec-
Storage Temperature, TgTg -55°C to 150°C tions of this specification 1s not implied and exposure to absolute

maximum rating conditions for extended periods may affect

. . N d lability.
All inputs contain protection circuitry to prevent damage evice rehiabulity

due to high static discharges. Care should be exercised
to prevent unnecessary application of voltages in excess
of the allowable limits.

Electrical Characteristics (vc=5.0V + 5%, Ta = 0-70°C, unless otherwise noted)

Symbol Characteristic Min. Typ. Max. Unit

Vin Input High Voltage 20 Vee \Y

ViL Input Low Voltage -0.3 0.8 \Y

Iin Input Leakage (¢2, R/W, RES, CS, RS, LPEN, CCLK) — 25 nA

hrsi Three-State Input Leakage (DBO-DB7) — +10.0 uA
Vin = 0.4 to 2.4V

Vou Output High Voltage 24 - \%

ILoap = —205uA (DBO-DB7)
ILoap = —100uA (all others)

Vor Output Low Voltage — 04 \
lLOAD =1.6mA
Pp Power Dissipation — 325 650 mw
Cin Input Capacitance
¢2, R/W, RES, CS, RS, LPEN, CCLK — 10.0 pF
DBO-DB7 — 12,5 pF
Cout Output Capacitance — 10.0 pF
Test Load

SY6545 PIN

R = 11KQ2 FOR DB(-DB7
R = 24KS2 FOR ALL OTHER OUTPUTS
C =130 pF TOTAL FOR Dg-Dy

C =30 pF ALL OTHER OUTPUTS
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MPU Bus Interface Characteristics

WRITE CYCLE READ CYCLE
teye ~——ttyer
*—PWEH "] *—PWEH
E } " PweL f E / ~PwEC

tas tAn RS tAs tAH

e peee————e
\ - —1-tcg / CS, R/W
=~ 'cs —>|_tooR,, 'DHR
t,
DATA BUS —tpgw—=f=""" 7 DATA BUS =~ ee— >_—

3l
o
el
B

Write Timing Characteristics (vcc=5.0V+£5%, Ta=0-70°C, unless otherwise noted)

SY6845E SY6845EA SY6845EB SY6845EC
Symbol Characteristic Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
tcye Cycle Time 1.0 — 0.5 — 0.33 — 0.25 — us
PWEH E Pulse Width, High 440 - 200 - 150 — 115 - ns
PWEL E Pulse Width, Low 420 - 190 — 140 — 100 — ns
tas Address Set-Up Time 80 - 40 — 30 - 20 - ns
tAH Address Hold Time 0 — 0 — 0 - 0 - ns
tcs R/W, CS Set-Up Time 80 — 40 — 30 - 20 - ns
tcH R/W, CS Hold Time 0 — 0 — 0 — 0 — ns
tpsw Data Bus Set-Up Time 165 - 60 — — 60 - ns
toHwW Data Bus Hold Time 10 — 10 — 10 — 10 — ns

(t;and ty = 10to 30ns)

Read Timing Characteristics (vcc=5.0V+5%, To=0-70°C, unless otherwise noted)

SY6845E SY6845EA SY6845EB SY6845EC
Symbol Characteristic Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit ) é’
teve Cycle Time 0] — o5 | — [o033| — o[ — us £3
PWEH 42 Pulse Width, High 440 - 200 — 150 - 115 - ns = §
PWEL 42 Pulse Width, Low 20 | — [190 | — [ | — [1w00]| — | ns .
tas Address Set-Up Time 80 — 40 - 30 — 20 - ns
taH Address Hold Time 0 - 0 — 0 - 0 - ns
tcs R/W, CS Set-Up Time 80 - 40 — 30 - 20 - ns
topr Read Access Time (Valid Data) — 290 — 150 — 100 - 85 ns
tDHR Read Hold Time 10 — 10 — 10 - 10 — ns
tpa Data Bus Active Time (Invalid Data) 20 60 20 60 20 60 20 60 ns
trap MAO-MA13 Switching Delay 100 | 160 100 160 90 130 60 95 ns
(Refer to Figure Trans. Addressing) typ. typ. typ. typ.

(t;and t; = 10to 30ns)
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Memory and Video Interface Characteristics (Vcc=50V + 5%, Ta =010 70°C, unless otherwise noted)

[ teey {
CCLK 20v
0.8V 08V 0.8V
—t, —tf
———tgep———= v \
MAO-MA13 .
0.4V
—tmaD [ MAD
)
AS\Y
RAO-RA4 24V
04V
*—'RAD *'RAD
24v 1t
DISPLAY ENABLE \
(o0av
[~ 'DTD oTD
d A
A% I
HSYNC, VSYNC 24v
04V
tHSD e ‘tHSD
tvsD N VSD
A
CURSOR 24V \
04V
tcop tcop R

Symbol Parameter Min. Typ. Max Unit
tceH Minimum Clock Pulse Width, High 130 ns
teey Clock Frequency 37 MHz
t,, t¢ Rise and Fall Time for Clock Input 20 ns
tmMAD Memory Address Delay Time 100 160 ns
tRAD Raster Address Delay Time 100 160 ns
tpTD Display Timing Delay Time 160 250 ns
tysp Horizontal Sync Delay Time 160 250 ns
tvsp Vertical Sync Delay Time 160 250 ns
tcop Cursor Display Timing Delay Time 160 250 ns

Transparent Addressing
(¢1/¢2 Interleaving)

| _tTAD

tTAD

Light Pen Strobe Timing

CCLK

Nl

—

SEE NOTE

A\

- ILPH

E j x / LPEN / ///" N\
AT R ) wowag 0 X e X ez X
NOTE “Safe’” time position for LPEN positive edge
to cause address n+2 to load into Light Pen Register
1t pp and t| pq are time positions causing uncertain results
SY6845E SY6845EA SY6845EB SY6845EC
Symbol Characteristic Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
L pH LPEN Strobe Width 100 - 100 - 100 — 100 - ns
1 p1 LPEN to CCLK Delay - 120 - 120 - 120 — 120 ns
t1p2 CCLK to LPEN Delay - 0 — 0 — 0 - 0 ns

trand t; = 20ns (max.)

;
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MPU Interface Signal Description
E (Enable)

The enable signal is the system input and is used to trigger
all data transfers between the system microprocessor and
the SY6845. Since there is no maximum limit to the
allowable E cycle time, it is not necessary for it to be a
continuous clock. This capability permits the SY6845 to
be easily interfaced to non-6500-compatible micropro-
cessors.

R/W (Read/Write)

The R/W signal is generated by the microprocessor and is
used to control the direction of data transfers. A high on
the R/W pin allows the processor to read the data sup-
plied by the SY6845; a low on the R/MW pin allows a
write to the SY6845.

CS (Chip Select)

The Chip Select input is normally connected to the pro-
cessor address bus either directly or through a decoder.
The SY6845 is selected when CS is low.

RS (Register Select)

The Register Select input is used to access internal re-
gisters. A low on this pin permits writes into the Address
Register and reads from the Status Register. The contents
of the Address Register is the identity of the register
accessed when RS is high.

DBy-DB7 (Data Bus)

The DBo-DB7 pins are the eight data lines used for trans-
fer of data between the processor and the SY6845. These
lines are bi-directional and are normally high-impedance
except during read cycles when the chip is selected.

Video Interface Signal Description
HSYNC (Horizontal Sync)

The HSYNC signal is an active-high output used to deter-
mine the horizontal position of displayed text. It may
drive a CRT monitor directly or may be used for com-
posite video generation. HSYNC time position and width
are fully programmable.

VSYNC (Vertical Sync)

The VSYNC signal is an active-high output used to
determine the vertical position of displayed text. Like
HSYNC, VSYNC may be used to drive a CRT monitor
or composite video generation circuits. VSYNC position
and width are both fully programmable.

DISPLAY ENABLE

The DISPLAY ENABLE signal is an active-high output
and is used to indicate when the SY6845 is generating
active display information. The number of horizontal
displayed characters and the number of vertical displayed
characters are both fully programmable and together
are used to generate the DISPLAY ENABLE signal.

DISPLAY ENABLE may be delayed by one character
time by setting bit 4 of R8toa “1".

CURSOR

The CURSOR signal is an active-high output and is used
to indicate when the scan coincides with the programmed
cursor position. The cursor position may be programmed
to be any character in the address field. Furthermore,
within the character, the cursor may be programmed to
be any block of scan lines, since the start scan line and
the end scan line are both programmable. The CURSOR

position may be delayed by one character time by"

setting bit 5of R8toa “1”.

LPEN

The LPEN signal is an edge-sensitive input and is used to
load the internal Light Pen Register with the contents of
the Refresh Scan Counter at the time the active edge
occurs. The active edge of LPEN is the low-to-high tran-
sition.

CCLK

The CCLK signal is the character timing clock input and

is used as the time base for all internal count/control
functions.

RES

The RES signal is an active-low input used to initialize
all internal scan counter circuits. When RES is low, all
internal counters are stopped and cleared, all scan and
video outputs are low, and control registers are unaf-
fected. RES must stay low for at least one CCLK period.
All scan timing is initiated when RES goes high. In this
way, RES can be used to synchronize display frame
timing with line frequency.

Memory Address Signal Descriplion
MAO0-MA13 (Video Display RAM Address Lines)

These signals are active-high outputs and are used to
address the Video Display RAM for character storage
and display operations. The starting scan address is fully
programmable and the ending scan address is determined
by the total number of characters displayed, which is
also programmable, in terms of characters/line and lines/
frame.
There are two selectable address modes for MAO-MA13:
® Binary
Characters are stored in successive memory locations.
Thus, the software must be developed so that row and
column co-ordinates are translated to sequentially-
numbered addresses for video display memory opera-
tions.

® Row/Column
In this mode, MAO-MA?7 function as column addresses
CCO0-CC7, and MA8-MA13, as row addresses CRO-
CR5. In this case, the software may handle addresses
in terms of row and column locations, but additional
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address compression circuits are needed to convert
CCO-CC7 and CRO-CR5 into a memory-efficient
binary scheme.

RAO0-RA4 (Raster Address Lines)

These signals are active-high outputs and are used to
select each raster scan within an individual character row.
The number of raster scan lines is programmable and
determines the character height, including spaces bet-
ween character rows.

The high-order line, RA4, is unique in that it can also
function as a strobe output pin when the SY6845 is pro-
grammed to operate in the “Transparent Address Mode"’.
In this case the strobe is an active-high output and is true
at the time the Video Display RAM update address is
gated on to the address lines, MAO-MA13. In this way,
updates and readouts of the Video Display RAM can be
made under control of the SY6845 with only a small
amount of external circuitry.

Description of Internal Registers

Figure 1 illustrates the format of a typical video display
and is necessary to understand the functions of the
various SY6845 internal registers. Figure 2 illustrates
vertical and horizontal timing. Figure 3 summarizes the
internal registers and indicates their address selection
and read/write capabilities.

Address Register

This is a 5-bit register which is used as a “pointer” to
direct SY6845 data transfers to and from the system
MPU. Its contents is the number of the desired register
(0-31). When RS is low, then this register may be
loaded; when RS is high, then the register selected is the
one whose identity is stored in this register.

Status Register

This 3-bit register is used to monitor the status of the

HOR TOTAL
!

[ HOR DISPLAYED
L

CRTC, as follows:

[rlelsfafa]z]r]o]

NOT USED

VERTICAL BLANKING

’0" Scan currently not in vertical blanking portion
of 1ts timing

“1" Scan currently 1s In 1ts vertical blanking time

LPEN REGISTER FULL

“0" This bit goes to 0" whenever ejther register
R16 or R17 1s read by the MPU

- 1" This bit goes to ““1” whenever a LPEN strobe

occurs

UPDATE READY

“0” This bit goes to “0" when register R31 has
been either read or wntten by the MPU

“1" This bit goes to 1" when an Update Strobe
occurs

Horizontal Total (RO)

This 8-bit register contains the total of displayed and
non-displayed characters, minus one, per horizontal line.
The frequency of HSYNC is thus determined by this
register.

Horizontal Displayed (R1)

This 8-bit register contains the number of displayed char-
acters per horizontal line.

Horizontal Sync Position (R2)

This 8-bit register contains the position of the HSYNC
on the horizontal line, in terms of the character location
number on the line. The position of the HSYNC deter-
mines the left-to-right location of the displayed text
on the video screen. In this way, the side margins are
adjusted.

- SCAN
AlBICID|E[F|G[HII|JIK]|L LINES
MIN|O|P
VERT - 04— T H
DISPLAYED ] = - M | NUMBEROF
/ | ] | SCANLINES
VERT ] H
ToTAL | PER
L . N CHARACTER
= . | row
T JANEEENE
T Ty
VERT
TOTAL
7 avaust

Figure 1. Video Display Format
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SY6845E

Horizontal and Vertical SYNC Widths (R3)

This 8-bit register contains the widths of both HSYNC
and VSYNC, as follows:

[7]efs[efe]2]1]o]

4 2 1 8 4 2

T LI

VSYNC WIDTH*  HSYNC WIDTH

(NUMBER OF SCAN
LINES)

{(NUMBER OF CHARACTER
CLOCK TIMES)

*IF BITS 4.7 ARE ALL “0”, THEN VSYNC WILL BE
16 SCAN LINES WIDE

Control of these parameters allows the SY6845 to be

interfaced to a variety of CRT monitors, since the
HSYNC and VSYNC timing signals may be accommo-
dated without the use of external one-shot timing.

Vertical Total (R4)

The Vertical Total Register is a 7-bit register containing
the total number of character rows in a frame, minus
one. This register, along with R5, determines the overall
frame rate, which should be close to the line frequency
to ensure flicker-free appearance. If the frame time is
adjusted to be longer than the period of the line fre-
quency, then RES may be used to provide absolute
synchronism.

Address Reg. Reg Register Bit

CS | RS |4|3|2|1|0| No Register Name Stored Info. RD [WR|[7|6(|{5|4(3|2|1|0
1 -1=l- - NN
0 0 |=|{=|={-I-} - Address Reg Reg No N Ag|Az|A2|Aq|Ag
0 0 |=|=|-|-- - Status Reg N4 LV \ w‘
0| 1]0lojojojo} RO |Honz Total # Charac. -1 V|elelelele|eiele
0 1 ]010[0{01 R1 |Horz Displayed # Charac N4 o000 00 0
0 | 1]olojo|1|o| R2 |Honz Sync # Charac. N O S S 1 Y

Position
0 1 10(0{0|1]1] R3 |VSYNC, HSYNC = Scan Lines and N

Widths # Char. Times V3| V2| Vi| Vo Ha|H2|Hi|Ho

0 1 10|01 0 R4 |Vert Total % Charac. Row -1 N4 oo o000
0 1 oi0|1 1 R5 |Vert Total Adjust |# Scan Lines \/ \ [ 2K BE BK BN )
o | 1 ]ojof1]1|0] R6 [Vert Displayed [ Charac Rows VNelolelololo|e
0 1T 10(0(1(1([1 R7 |Vert Sync Position |5 Charac. Rows Vv &0 o o000
0 1101170100} R8 |Mode Control vV {UlUolC DT RC|Iy [ 1g
o | 1 {of1]ojof1]| R9 [Scan Line = Scan Lines -1 NN olelojole
0 1 |0[1](0/1]0| R10 |[Cursor Start Scan Line No \/ BiBpje @ @ |@®|@®
0 1 [0[1({0|1{1] R11 |Cursor End Scan Line No v \ o o000
0 | 1 {ol1{1/0]0| R12 |Display Start Row v

Addr (H) e 0|0 000
0 | 1]0|1{1]0]1| R13 |Display Start Col v

Addr (L) LB BN AKX AN AN BN AN J
0 1 111/1/0] R14 |Cursor Position (H) |Row Vv N oo o 0 0 o
0|1 111[1[1] R15 |Cursor Position (L) |Col ViV ieleeeeeee
0 1 [1]0/0{0{0| R16 [Light Pen Reg (H) N DI
0 | 1 [1]0l0l0{1| R17 |Light Pen Reg (L) NG ololojo/o/o|ee
0 | 1 |1|0/0[1|0| R18 Up((d:‘t)e Location Vv ololelelole
0 1 11]0(0{111] R19 Up((ji';e Location olololelo|o]ele
0 T ]1{111]1}11| R31 |{Dummy Location

Notes E]Demgnates binary bit

which operates likewise.

Designates unused bit Reading this bit 1s always “0”', except for
R31, which does not drive the data bus at all, and for CS=""1"

Figure 3. Internal Register Summary
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Vertical Total Adjust (R5)

The Vertical Total Adjust Register is a 5-bit write only
register containing the number of additional scan lines
needed to complete an entire frame scan and is intended
as a fine adjustment for the video frame time.

Vertical Displayed (R6)

This 7-bit register contains the number of displayed
character rows in each frame. In this way, the vertical
size of the displayed text is determined.

Vertical Sync Position (R7)

This 7-bit register is used to select the character row
time at which the VSYNC pulse is desired to occur and,
thus, is used to position the displayed text in the vertical
direction.

Mode Control (R8)

This register is used to select the operating modes of the
SY6845 and is outlined as follows:

Glelels 32 Ts]

INTERLACE MODE CONTROL

[BIT
1T o OPERATION
X [ 0 | Non-Interlace
0 [ 1 | Interlace SYNC Raster Scan
1] 1| Interlace SYNC and Video Raster Scan

“~ VIDEO DISPLAY RAM ADDRESSING
0" for straight binary
“1" for Row/Column
\—- VIDEO DISPLAY RAM ACCESS
“0" for shared memory
““1"" for transparent memory addressing

DISPLAY ENABLE SKEW
0" for no delay
““1” to delay Display Enable one character time

CURSOR SKEW
0" for no delay
1" to delay Cursor one character time

UPDATE STROBE (TRANSPARENT MODE, ONLY)
“0” for pin 34 to function as memory address
“1” for pin 34 to function as update strobe

UPDATE/READ MODE (TRANSPARENT MODE, ONLY)

0" for updates to occur during horizontal and vertical
blanking times with update strobe

“1” for updates to be interleaved in ¢2 portion of cycle

Scan Line (R9)

This 5-bit register contains the number of scan lines per
character row, including spacing minus one.

Cursor Start (R10) and Cursor End (R11)

These 5-bit registers select the starting and ending scan
lines for the cursor. In addition, bits 5 and 6 of R10 are
used to select the cursor mode, as follows:

BIT
CURSOR MODE
6 5
0 0 No Blinking
0 1 No Cursor
1 0 Blink at 16x field rate (fast)
1 1 Blink at 32x field rate (slow)

Note that the ability to program both the start and end
scan line for the cursor enables either block cursor or
underline to be accommodated. Registers R14 and R15
are used to control the character position of the cursor
over the entire 16K address field.

Display Start Address High (R12) and Low (R13)

These registers together comprise a 14-bit register whose
contents is the memory address of the first character of
the displayed scan (the character on the top left of the
video display, as in Figure 1). Subsequent memory
addresses are generated by the SY6845 as a result of
CCLK input pulses. Scrolling of the display is accom-
plished by changing R12 and R13 to the memory address
associated with the first character of the desired line of
text to be displayed first. Entire pages of text may be
scrolled or changed as well via R12 and R13.

Cursor Position High (R14) and Low (R15)

These registers together comprise a 14-bit register whose
contents is the memory address of the current cursor
position. When the video display scan counter (MA lines)
matches the contents of this register, and when the scan
line counter (RA lines) falls within the bounds set by
R10and R11, then the CURSOR output becomes active.
Bit 5 of the Mode Control Register (R8) may be used
to delay the CURSOR output by a full CCLK time to
accommodate slow access memories.

LPEN High (R16) and Low (R17)

These registers together comprise a 14-bit register whose
contents is the light pen strobe position, in terms of the
video display address at which the strobe occurred. When
the LPEN input changes from low to high, then, on the
next negative-going edge of CCLK, the contents of the
internal scan counter is stored in registers R16 and R17.
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Update Address High (R18) and Low (R19)

These registers together comprise a 14-bit register whose
contents is the memory address at which the next read or
update will occur (for transparent address mode, only).
Whenever a read/update occurs, the update location
automatically increments to allow for fast updates or
réadouts of consecutive character locations. This is
described elsewhere in this document.

Dummy Location (R31)

This register does not store any data, but is required to
detect when transparent addressing updates occur. This

is necessary to increment the Update Address Register:

and to set the Update Ready bit in the status register.

Description of Operation

Register Formats

Register pairs R12/R13, R14/R15, R16/R17, and R18/
R19 are formatted in one of two ways:
1. Straight binary if register R8, bit 2 is a 0"’

2. Row/Column if register R8, bit 2 is a ““1”. In this
case the low byte is the Character Column and the
high byte is the Character Row.

l————— TOTAL=90 —
[—— DISPLAY =80 ————‘
0 1 2 |---|---1 77|78 |79]80|81}|--| 89
80 | 81 | 82 |---|---1157| 158|159 | 160 | 161 |- ~-| 169
2 160 | 161 | 162 |- - -|- —-| 237 | 238 | 239 | 240 | 241 |- --| 249
! i 1 1
> ' | '
<
Sl : :
L2 T [ I
FSN I i i
:é 1760[1761{1762|- - - | - - - 1837| 1838|1839 1840|1841}~ - - | 1849
1840|1841|1842|-- - |- - -|1917|1918{1919]1920|1921|- --| 1929
1920{1921{1922|- - -| - --|1997| 1998|1999 2000|2001|- ~ -| 2009
2000|2001 |2002|- - -~ - -|2077{2078|2079 |2080(2081{- - - [ 2089
: : i
2640)2641)|2642|- - -] ---{2717|2718]2719|2720)2721|- -- {2729

STRAIGHT BINARY ADDRESSING SEQUENCE

Figure 4 illustrates the address sequence for the video
display control for each mode.

Note from Figure 4 that the straight-binary mode has
the advantage that all display memory addresses are
stored in a continuous memory block, starting with
address 0 and ending at 1919. The disadvantage with this
method is that, if it is desired to change a displayed
character location, the row and column identity of the
location must be converted to its binary address before
the memory may be written. The row/column mode, on
the other hand, does not need to undergo this conver-
sion. However, memory is not used as efficiently, since
the memory addresses are not continuous, but gaps exist.
This requires that the system be equipped with more
memory than is actually used and this extra memory is
wasted. Alternatively, address compression logic may be
employed to translate the row/column format into a
continuous address block.

In this way, the user may select whichever mode is best
for the given application. The trade-offs between the
modes are software versus hardware. Straight-binary
mode minimizes hardware requirements and row/column
requires minimum software.

TOTAL =90

DISPLAY =80

COLUMN ADDRESS (MA0-MA7) ‘—]
0 1 2 77 78 79 ‘ 80 81 89

B ofo 12 [---]--{77]m|79]8 |8 [---| 80
lrl—i 256 | 257 | 258 |- -|- --| 333 | 334 | 335 | 336 | 337 |- --| 345
& 2512|513 514 |---|-—| 589 |590 | 591 | 592 | 693 |- --| 601
! 1l T T

1z R : :

Ty I l

255 2 ' '

5 | & 22 [s632(5633(5634 |-~ |---|5700]5710[5711 [5712|5713|- - -[5721

h tg 23 [s888 0[---[---|5965 5077

g 24 [o1aaforas[sias |- |- [oz21 62226223 o224 6225 - 6233
€ 25 |5400[6401|6402|- - |- - -|6477|6478|6479 |6480| 6481 |- - -] 6489

] ' |
li 8428 o|---|---|8s25 7 |8528|8529 |- -| 8537

ROW/COLUMN ADDRESSING SEQUENCE

Figure 4. Display Address Sequences (with Start Address = 0) for 80 x 24 Example
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Video Display RAM Addressing

There are two modes of addressing for the video display multiple access requirement. Figure 5 illustrates the

memory: system configuration.

1. Shared Memory 2. Transparent Memory Addressing
In this mode the memory is shared between the MPU For this mode, the display RAM is not directly acces-
address bus and the SY6845 address bus. For this sible by the MPU, but is controlled entirely by the
case, memory contention must be resolved by means SY6845. All MPU accesses are made via the SY6845
of external timing and control circuits. Both the MPU and a small amount of external circuits. Figure 6
and the SY6845 must have access to the video display shows the system configuration for this approach.

RAM and the contention circuits must resolve this

SYSTEM VSYNC -
BUS -
M HSYNC
SY6845
CRT CONTROLLER DISPLAY ENABLE
MAO-MA13 RAORA4 | CURSOR | TO

I— VIDEO

CIRCUITS
DISPLAY ADDRESS

wo KT
—N covrenion S T
COUNT
CONTROL REGISTER —
MPU
ADDRESS

DEO ADDRESS

BUS
\%

VIDEO CHARACTER
¢@::> DISPLAY GENERATOR
RAM ROM

~  mpU CHARACTER SCAN LINE
DATA DATA DOT PATTERN
BUS

Figure 5. Shared Memory System Configuration

SYSTEM
BUS
s
SY6845
CRT CONTROLLER
RA4 MAO-MA13 RAO-RA3
UPDATE DISPLAY/UPDATE | | SCAN LINE

MPU ¢:> STROBE ADDRESS COUNT

L
DATA VIDEO CHARACTER
<:@f\> HOLD DISPLAY GENERATOR
LATCH RAM ROM
W wmpu
DATA
BUS CHARACTER CHARACTER
DATA DATA

Figure 6. Transparent Memory Addressing System Configuration
(Data Hold Latch needed for Horizontal/Vertical Blanking updates, only).
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Memory Contention Schemes for
Shared Memory Addressing

From the diagram of Figure 4, it is clear that both the
SY6845 and the system MPU must be capable of address-
ing the video display memory. The SY6845 repetitively
fetches character information to generate the video sig-
nals in order to keep the screen display active. The MPU
occasionally accesses the memory to change the displayed
information or to read out current data characters. Three
ways of resolving this dual-contention requirement are
apparent:

® MPU Priority

In this technique, the address lines to the video dis-
play memory are normally driven by the SY6845
unless the MPU needs access, in which case the
MPU addresses immediately override those from the
SY6845 and the MPU has immediate access.

¢1/¢2 Memory Interleaving

This method permits both the SY6845 and the MPU
access to the video display memory by time-sharing
via the system ¢1 and ¢2 clocks. During the ¢1 por-
tion of each cycle (the time when E is low), the
SY6845 address outputs are gated to the video dis-
play memory. In the ¢2 time, the MPU address lines
are switched in. In this way, both the SY6845 and the
MPU have unimpeded access to the memory. Figure 7
illustrates the timings.

MPU CYCLE ———«—— MPU CYCLE

$1 —>f——— 2 —=]

T
SY6845 MPU SY6845 MPU
MAO-MA13 /\ ADDRESS /AMAO-MA13/\ ADDRESS
4. Il L
T

! T L

VIDEO
DISPLAY
MEMORY
ADL

Figure 7. ¢1/¢2 Interleaving

® Vertical Blanking

With this approach, the address circuitry is identical
to the case for MPU Priority updates. The only differ-
ence is that the Vertical Retrace status bit (bit 5 of
the Status Register) is used by the MPU so that access
to the video display memory is only made during
vertical blanking time (when bit 5is a ““1”). In this
way, no visible screen perturbations result.

Transparent Memory Addressing

In this mode of operation, the video display memory
address lines are not switched by contention circuits,
but are generated by the SY6845. In effect, the conten-
tion is handled by the SY6845. As a result, the schemes
for accomplishing MPU memory access are different:

® $1/¢2 Interleaving

This mode is similar to the Interleave mode used
with shared memory. In this case, however, the ¢2
address is generated from the Update Address Register
(Registers R18 and R19) in the SY6845. Thus, the
MPU must first load the address to be accessed into
R18/R19 and then this address is always gated onto
the MA lines during ¢2. Figure 8 shows the timing.

|+—— MPU CYCLE ——r«—— MPU CYCLE

/N

¢1—><—¢2—J

T U
DISPLAY UPDATE DISPLAY UPDATE
ADDR ADDR[ ADDR ADDR

. .

T I T 1

MAO-MA13

X

Figure 8. ¢1/¢2 Transparent Interleaving

® Horizontal/Vertical Blanking

In this mode, the Update Address is loaded by the
MPU, but is only gated onto the MA lines during
horizontal or vertical blank times, so memory accesses
do not interfere Wwith the display appearance. To
signal when the update address is on the MA lines, an
update strobe (STB) is provided as an alternate func-
tion of pin 34. Data hold latches are necessary to
temporarily retain the character to be stored until
the retrace time occurs. In this way, the system MPU
is not halted waiting for the blanking time to arrive.
Figure 9 illustrates the address and strobe timing for
this mode.

Transparent address modes are quite complex and offer
significant advantages in system implementation. The
details of their application are covered thoroughly in a
related Technical Note available from Synertek.
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a)

b)

CCLK

|
HORIZONTAL/VERTICAL BLANKING —————»|

WAVAVAVAVAVAVAY

|
DISPLAY ! i | |
DISPLAY | | | [
ENABLE | | | | NON-DISPLAY 7
CRT DISPLAY | ‘[ T T 1 44
ADDRESSES A | | i | CRT DISPLAY ADDRESSES
1
! | | . n | L T
MAO- UPDATE
MA13 ADDRESS
— .
| i | i
| | | |
| | |
I |
UPSTB | |
! I
T I ! .

Figure 9. Retrace Update Timings

Interlace Modes

There are three raster-scan display modes (see Figure 10).

Non-Interlaced Mode. In this mode each scan line is
refreshed at the vertical field rate (50 or 60 Hz).

In the interlaced scan modes, even and odd fields
alternate to generate frames. The horizontal and ver-
tical timing relationship causes the scan lines in the
odd fields to be displaced from those in the even
fields. The two additional raster-scan display modes
pertain to interlaced scans.

Interlace-Sync Mode. This mode is used when the
same information is to be displayed in both odd and
even fields. Enhanced readability results because the

[

spaces between adjacent rows are filled and a higher
quality character is displayed. This is achieved with
only a slight alteration in the device operation: in
alternate fields, the position of the VSYNC signal is
delayed by % of a scan line time. This is illustrated in
Figure 11 and is the only difference in the SY6845
operation in this mode.

Interlaced Sync and Video Mode. This mode is used

to double the character density on the screen by dis-
playing the even lines in even fields and the odd lines
in odd fields. As in the Interlace-Sync mode, the
VSYNC position is delayed in alternate display fields.
In addition, the address generation is altered.

0DD
FIELD

0oDD
FIELD

EVEN
FIELD

N
P

1
1 _:i
| 2 p. N .

PP
3
3 —r—é

&

e

EVEN
FIELD
[ [
1 g @D 1 2N
2 - @ 2
3 D D 3 —
4 D J Va o oD
YTV 4 )
D—p—p
DY ¢ e
6 D 5% 6
—
71§ 4 7 $
) ¥

NON-INTERLACED

+
&
]
I 5 — d
G : —?%

INTERLACED-SYNC

—u;aeiae?—»eaqu‘Tsx»—

N o o & w N

94

D

INTERLACED SYNC AND VIDEO

Figure 10. Comparison of Display Modes.
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SY6845E

DISPLAY
ENABLE

FOR ODD
FIELD

VSYNC
ODD FIELD

AINIRIRIRIRIRIRinigipiniy

1 COMPLETE FIELD

RAO-RA4

VSYNC EVEN FIELD

% SCAN LINE TIME—-1 ‘4—

DISPLAY
ENABLE
FOR EVEN
FIELD

Cursor and Display Enable Skew Control

ARIRARIRIRIRIRipiRaRinin

Figure 11. Interlace Sync Mode and Interlace Sync &

Video Mode Timing

CCLK | | I I | I | I | |

Bits 4 and 5 of the Mode Control register (R8) are used
to delay the Display Enable and Cursor outputs, respec- r
tively. Figure 12 illustrates the effect of the delays.

v
|
i

Jl_L
—

1 SCAN LINE
DELAY

¥ T
1l |
] i
'
|

(NO DELAY)
CURSOR —|
(WITH DELAY)
L i
— 1
DISPLAY (NO DELAY)
ENABLE _|
POSITIVE
EDGE
(WITH DELAY)
—
(NO DELAY) I
DISPLAY
ENABLE |
NEGATIVE
(WITH DELAY) I

Figure 12. Cursor and Display Enable Skew
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FRAME

VERTICAL DISPLAYED FRAME

VERTICAL
BLANKING

DISPLAY i
ENABLE )

VERTICAL

BLANKING
STATUS
BIT [ I
(STATUS | ur = : I |
REGISTER 0" = DISPLAY ACTIVE
BIT 5)
“1” = VERTICAL
SWITCHES STATE AT BLANKING
END OF LAST DISPLAYED ACTIVE

SCAN LINE

Figure 13. Operation of Vertical Blanking Status Bit

Package Availability 40 pin Molded DIP

Ordering Information

Part Number Package CPU Clock Rate
SYP6845E Molded DIP 1 MHz
SYP6845EA Molded DIP 2 MHz
SYP6845EB Molded DIP 3 MHz

Detailed help in Application Notes 7 and 8 avarlable from Synertek sales offices.

S
=
=4
=

PROCESSORS
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NON-INTERLACE

CRTC Register Comparison

MCEB45R
REGISTER SY6845R HDB845R HD6845S SY6545-1 SY6845E
RO HORIZONTAL TOT | TOT-1 TOT-1 TOT-1 TOT- TOT-1
R1 HORIZONTAL DISP | ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL
R2 HORIZONTAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL
SYNC
R3 HORIZONTAL AND | HORIZONTAL HORIZONTAL HORIZONTAL HORIZONTAL HORIZONTAL
VERT SYNC WIDTH AND VERTICAL AND VERTICAL AND VERTICAL
R4 VERTICALTOT | TOTA TOTA TOTA TOT1 TOT-1
R5 VERTICAL ANY VALUE ANY VALUE ANY VALUE ANY VALUE ANY VALUE
TOT ADJ EXCEPT RS
=(R9H) * X
R6 VERTICAL ANY VALUE ANY VALUE ANY VALUE ANY VALUE ANY VALUE
DISP <R4 <R4 <R4 <R4 <R4
R7 VERTICAL ACTUALA ACTUALA ACTUAL- ACTUALA ACTUAL-1
SYNC POS
R8 MODE REG INTERLACE INTERLACE INTERLACE INTERLACE INTERLACE
BITS 0 AND 1 MODE SELECT MODE SELECT MODE SELECT MODE SELECT MODE SELECT
BITS 2 - - - ROW/COLUMN OR | ROW/COLUMN OR
STRAIGHT STRAIGHT
BINARY BINARY
ADDRESSING ADDRESSING
BITS 3 - - - SHARED OR SHARED OR
TRANSPARENT TRANSPARENT
ADDR ADDR
BITS 4 — — DISPEN SKEW DISPEN SKEW DISPEN SKEW
BITS 5 — — DISPEN SKEW CURSOR SKEW CURSOR SKEW
BITS 6 - - CURSOR SKEW RA4/UPSTB RA4/UPSTB
BITS 7 - - CURSOR SKEW TRANSPARENT TRANSPARENT
MODE SELECT MODE SELECT
R9 SCAN LINES TOTA TOT-1 TOT-1 TOT-1 TOTA1
R10 CURSOR START | ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL
R11 CURSOR END | ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL
R12/R13 DISP ADDR | WRITE ONLY WRITE ONLY READ/WRITE WRITE ONLY WRITE ONLY
R14/R15 CURSOR READ/WRITE WRITE ONLY READ/WRITE READ/WRITE READ/WRITE
POS
R16/R17 LPEN REG | READ ONLY READ ONLY READ ONLY READ ONLY READ ONLY
R18/R19 UPDATE N/A N/A N/A TRANSPARENT TRANSPARENT
ADDR REG MODE ONLY MODE ONLY
R31 DUMMY REG N/A N/A N/A TRANSPARENT TRANSPARENT
MODE ONLY MODE ONLY
STATUS REG YES NO NO YES YES
INTERLACE SYNC
RO TOT-1=0DD TOT-1=0DD TOT-1=0DD TOT-1=0DD TOT-1=0DD
OR EVEN OR EVEN
INTERLACE SYNC AND VIDEO
R4 VERTICAL TOT-1 TOT-1 TOT-1 TOT/2-1 TOTA
R6 VERT DISP TOT TOT/2 TOT TOT/2 TOT
R7 VERT SYNC ACTUALA ACTUAL-1 ACTUAL-1 ACTUAL/2 ACTUALA
R9 SCAN LINES TOT- TOT-1 TOT-2 TOT-1 TOT-1
ODD/EVEN ONLY EVEN ODD/EVEN ODD/EVEN ODD/EVEN
R10 CURSOR START | ODD/EVEN BOTH ODD OR ODD/EVEN ODD/EVEN ODD/EVEN
R11 CURSOR END . | ODD/EVEN BOTH EVEN ODD/EVEN ODD/EVEN ODD/EVEN
CCLK 2.5 MHz 2.5 MHz 3.7 MHz 2.5 MHz 3.7 MHz
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SY6551

Asynchronous Communication

Interface Adapter

Features

® On-chip baud rate generator: 15 programmable baud
rates derived from a standard 1.8432 MHz external
crystal {50 to 19,200 baud).

® Programmable interrupt and status register to simpli-
fy software design.

® Single +5 volt power supply.

Serial echo mode.

® False start bit detection.

® 8-bit bi-directional data bus for direct communication
with the microprocessor.

® External 16x clock input for non-standard baud rates
(up to 125 Kbaud).

® Programmable. word lengths; number of stop bits;

and parity bit generation and detection.

Data set and modem control signals provided.

Parity: (odd, even, none, mark, space).

Full-duplex or half-duplex operation.

5,6, 7, 8 and 9 bit transmission.

Description

The SY6551 is an Asynchronous Communication Adap-
ter (ACIA) intended to provide for interfacing the 6500/
6800 microprocessor families to serial communication

data sets and modems. A unique feature is the inclusion
of an on-chip programmable baud rate generator, with
a crystal being the only external component required.

Pin Configuration Block Diagram
6551
GND []1 ~  28[1RW
CSo [ 2 27 {092 I;m’:%’: }e———CTS
cs; E{ 3 26 [ ] IRQ
RES [] 4 25 [ 7] DB, 1
mxc s 24 |7 086 TRANSMIT TRANSMIT
DATA SHIFT  |——— TxD
xTAL1 [ 6 23] DBy REGISTER REGISTER
XTAL2 [] 7 22[] DB,
RTS (] 8 21| ] DB3 ET-T1
= STATUS INTERRUPT
e o 20 {1 DB, " REGISTER Loaic oeo
>0 [] 10 19 [] DBy RAW SELECT - PSR
DTR 1 18 [ DBo g_:o AND
— [*— RxC
RxD [ 12 17 [1bsR s, C?_’;ET(?L CONTROL BAUD X: AL
RSo 555 RS REGISTER RATE !
g3 16 ] e GENERATOR | y7a10
RS 14 15 7 Vee
RECEIVE RECEIVE
DATA K SHIFT RxD
DBO.T, DATA REGISTER REGISTER
] BUS f
o8, -1 . |BUFFERS]
7= COMMAND RECEIVE
REGISTER CONTROL

[ on
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SY6551

Absolute Maximum Ratings*

Rating Symbol | Allowable Range
Supply Voltage Vee -0.3V to +7.0V
Input/Output Voltage ViNn -0.3V to +7.0V
Operating Temperature Top 0°Cto 70°C

Storage Temperature Tstg | -55°C to 150°C

All inputs contain protection circuitry to prevent damage to
high static charges. Care should be exercised to prevent unneces-
sary application of voltages in excess of the allowable limits.

D.C. Characteristics

Comment*

Stresses above those listed under “Absolute Maximum
Ratings”” may cause permanent damage to the device.
This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification
is not implied.

(Vgg = 6.0V £ 5%, T, =0-70°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage V|H 2.0 — VCC \
Input Low Voltage V”_ -0.3 - 0.8 A
Input L.eakage Current: Vin = 0to 6V
i N i ___ S I - $1.0 | 25 uA
(92, R/W, RES, CS,, CS,, RSy, RS,, CTS, RxD, DCD, DSR) IN
Input Leakage Current for High Impedance State (Three State) ITSI - +2.0 +10.0 MA
Oquut High Voltage: 'LOA_D_= ~100uA v 24 B _ y
(DB, - DB, TxD, RxC, RTS, DTR) OH
Output Low Voltage: || 5op = 1.6mA v _ _ 04 v
(DBg - DB, TxD, RxC, RTS, DTR, TRQ) oL
Qutput High Current (Sourcing): V., = 2.4V
putRig (Sourcing): Vo | -100 - - pA
(DB, - DB, TxD, RxC, RTS, DTR) OH
Qutput Low Current (Sinking): V. L= 0.4V
oL T | 1.6 - — mA
(DB0 - DB7, TxD, RxC, RTS, DTR, IRQ) oL
Qutput Leakage Current (Off State): VouT = 5V (IRQ) lOFF - 1.0 10.0 uA
Clock Capacitance (¢2) CCLK — - 20 pF
Input Capacitance (Except XTAL1 and XTAL2) CIN — — 10 pF
Output Capacitance COUT - — 10 pF
Power Dissipation (See Graph) (TA =0°C) Vcc =5.25V Po - 170 300 mwW

Power Dissipation vs. Temperature

200
175 \

TYPICAL

POWER 50 \\
DISSIPATION o —
(mW)
126
100
[ 20 40 60 80
Tamsient (°C)
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teve

©2

~
r
\]

re—tacw —J 4—‘CAH-1

Vin
B8 o By W W
d Vi

twew —| le—towH _)
Vin
R/W /
) Vi
toew thw

Vin
DATA BUS
Vi

Figure 2. Write Timing Characteristics

Write Cycle (Vg = 5.0V £5%, Ta =0 to 70°C, unless otherwise noted)

SY6551 SY6551A
Characteristic Symbol | Min Max Min Max Unit
Cycle Time teve 1.0 - 0.5 - Ms
¢2 Pulse Width tc 400 — 200 - ns
Address Set-Up Time tacw 120 - 70 - ns
Address Hold Time TCAH 0 - 0 — ns
R/W Set-Up Time twew 120 - 70 - ns
R/W Hold Time tewH 0 - 0 - ns
Data Bus Set-Up Time tbew 150 - 60 - ns
Data Bus Hold Time tHw 20 — 20 - ns
(tr and tf = 10 to 30 ns)
o
(=
e . =
Crystal Specification Clock Generation S8
=2
o
1. Temperature stability + 0.01% (0° to 70°C)
2. Characteristics at 25°C + 2°C xtaLif ¢ EXTERNAL__ xTau1] o
a. Frequency (MHz) 1.8432 cLock
b. Frequency tolerance (%) 0.02
c. Resonance mode Series D
d. Equivalent resistance (ohm) 400 max.
e. Drive level mW 2 xtaLz| OPEN xtaLz}
f. Shunt capacitance pF 7 max. o551 cireurT
g. Oscillation mode Fundamental
No other external components should be in the INTERNAL CLOCK EXTERNAL CLOCK

crystal circuit
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c——i ]

- / ViL
le— tACR —>{ le—tCAR—]
Vin
1 Vin
R/W
e— tWerR — ViL
|#¢—————1CDR ———> f— tHR —=
DATA BUS }
< tcoa —| ~
Figure 3. Read Timing Characteristics
Read Cycle (vcc =5.0V + 5%, Ta =0 to 70°C, unless otherwise noted)
SY6551 SY6551A
Characteristic Symbol Min Max Min Max Unit
Cycle Time tevye 1.0 - 0.5 - us
Pulse Width (¢2) tc 400 - 200 - ns
Address Set-Up Time tACR 120 - 70 - ns
Address Hold Time tcAR 0 - 0 - ns
R/W Set-Up Time twer 120 - 70 - ns
Read Access Time (Vahid Data) tcpr - 200 - 150 ns
Read Data Hold Time tHR 20 - 20 — ns
Bus Active Time (Invalid Data) cpa 40 - 40 - ns
Test Load
OPEN COLLECTOR
5V OUTPUT TEST LOAD
5V
24k
3KQ
PIN J|<} PIN
CpF
24kQ

I

C =130 pF MAX. FOR DB0-DB7

C =30 pF MAX. FOR ALL OTHER OUTPUTS =

100 pF

—
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tecy
ten 2

XTAL1
(TRANSMIT le—tory—sl
CLOCK INPUT)
<« tcL — o
¢ DTR, ATS
DD——I
T X‘
’-'|Ro
NOTE TxD rate 1s 1/16 TxC rate
RQ
Figure 4a. Transmit Timing with External Clock (CLEAR)

Figure 4b. Interrupt and Output Timing

tecy

ten

_

RxC
(INPUT)

|—— teL ——|

NOTE  RxD rate s 1/16 RxC rate

Figure 4c. Receive External Clock Timing

Transmit/Receive Characteristics

SY6551 SY6551A
Characteristic Symbol Min Max Min Max Unit
Transmit/Receive Clock Rate tcey 400" - 400" - ns
Transmit/Receive Clock High Time tcH 175 - 175 - ns
Transmit/Receive Clock Low Time toL 175 - 175 - ns
XTAL1 to TxD Propagation Delay tpp - 500 - 500 ns
Propagation Delay (RTS, DTR) oLy - 500 - 500 ns
TRQ Propagation Delay (Clear) tira — 500 - 500 ns

(tr. tf = 10 to 30 ns input clocks only) 1

*The baud rate with external clocking is: Baud Rate = ———F—
16 x Tcey

several devices to be connected to the common IRQ
microprocessor input. Normally a high level, IRQ goes
low when an interrupt occurs.

Interface Signal Description
RES (Reset)

During system initialization a low on the RES input will
cause internal registers to be cleared. DBg - DB; (Data Bus)

The DBg-DB7 pins are the eight data lines used for trans-
fer of data between the processor and the SY6551.
These lines are bi-directional and are normally high-im-

pedance except during Read cycles when selected.

CSg, CSq  (Chip Selects)

The two chip select inputs are normally connected to

¢2 (Input Clock)

The input clock is the system ¢2 clock and is used to
trigger all data transfers between the system micropro-
cessor and the SY6551.

R/W (Read/Write)

(=
=3
=
=

PROCESSORS

The R/W s generated by the microprocessor and is used
to control the direction of data transfers. A high on the
R/W pin allows the processor to read the data supplied
by the SY6551. A low on the R/W pin allows a write to
the SY6551.

IRQ (Interrupt Request)

The IRQ pin is an interrupt signal from the interrupt
control logic. It is an open drain output, permitting

the processor address lines either directly or through de-
coders. The SYB551 is selected when CSp is high and
CS; is low.

RSg, RS; (Register Selects)

The two register select lines are normally connected to
the processor address lines to allow the processor to
select the various SY6551 internal registers. The follow-
ing table indicates the internal register select coding:
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RS4 RSo Write Read

0 0 | Transmit Data | Receiver Data
Register Register

0 1 Programmed Status Register
Reset (Data is
“Don't Care”’)

1 0 Command Register

1 1 Control Register

The table shows that only the Command and Control
registers are read/write. The Programmed Reset opera-
tion does not cause any data transfer, but is used to clear
the SY6551 registers. The Programmed Reset is slightly
different from the Hardware Reset (RES) and these
differences are described in the individual register de-
finitions.

ACIA/Modem Interface
Signal Description

XTAL1, XTAL2 (Crystal Pins)

These pins are normally directly connected to the exter-
nal crystal (1.8432 MHz) used to derive the various baud
rates. Alternatively, an externally generated clock may
be used to drive the XTAL1 pin, in which case the
XTAL2 pin must float.

TxD (Transmit Data)

The TxD output line is used to transfer serial NRZ (non-
return-to-zero) data to the modem. The LSB (least
significant bit) of the Transmit Data Register is the first
data bit transmitted and the rate of data transmission is
determined by the baud rate selected.

RxD (Receive Data)

The RxD input line is used to transfer serial NRZ data
into the ACIA from the modem, LSB first. The receiver
data rate is either the programmed baud rate or the rate
of an externally generated receiver clock. This selection
is made by programming the Control Register.

RxC (Receive Clock)

The RxC is a bi-directional pin which serves as either the
receiver 16x clock input or the receiver 16x clock out-
put. The latter mode results if the internal baud rate
generator is selected for receiver data clocking.

RTS (Request to Send)

The RTS output pin is used to control the modem from
the processor. The state of the RTS pin is determined
by the contents of the Command Register.

CTS (Clear to Send)

The CTS input pin is used to control the transmitter
operation. The enable state is with CTS low. The trans-
mitter is automatically disabled if CTS is high.

DTR (Data Terminal Ready)

This output pin is used to indicate the status of the
SY6551 to the modem. A low on DTR indicates the
SY6551 is enabled and a high indicates it is disabled.
The processor controls this pin via bit 0 of the Com-
mand Register.

DSR (Data Set Ready)

The DSR input pin is used to indicate to the SY6551 the
status of the modem. A low indicates the ‘ready’’ state
and a high, “not-ready.” DSR is a high-impedance input
and must not be a no-connect. If unused, it should be
driven high or low, but not switched.

Note: If Command Register Bit 0 = 1 and a change of
state on DSR occurs, TRQ will be set, and Status Regis-
ter Bit 6 will reflect the new level. The state of DSR
does not affect either Transmitter or Receiver operation.

DCD (Data Carrier Detect)

The DCD input pin is used to indicate to the SY6551
the status of the carrier-detect output of the modem. A
low indicates that the modem carrier signal is present
and a high, that it is not. DCD, like DSR, is a high-
impedance input and must not be a no-connect.

Note: If Command Register Bit 0 = 1 and a change of
state on DCD occurs, TRQ will be set, and Status Regis-
ter Bit 5 will reflect the new level. The state of DCD
does not affect Transmitter operation, but must be low
for the Receiver to operate.

Internal Organization

The Transmitter/Receiver sections of the SY6551 are
depicted by the block diagram in Figure 5.

RECEIVER RxD
SHIFT REGISTER X

CLOCK
RxC DIVIDER e
-16)
CONTROL
REGISTER
BIT4="1"
XTAL1
BAUD cLOCK
[} RATE DIVIDER
GENERATOR -16)
XTAL2 -
e—
BITS03 IN
CONTROL

REGISTER TRANSMITTER D
SHIFT REGISTER

Figure 5. Transmitter/Receiver Clock Circuits

Bits 0-3 of the Control Register select the divisor used
to generate the baud rate for the Transmitter. If the
Receiver clock is to use the same baud rate as the Trans-
mitter, then RxC becomes an output pin and can be
used to slave other circuits to the SY6551.
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Control Register

The Control Register is used to select the desired mode
for the SY6551. The word length, number of stop bits,
and clock controls are all determined by the Control
Register, which is depicted in Figure 6.

CONTROL REGISTER

[716]s5]afs]2]1]0]
J | BAUD RATE
STOP BITS L GENERATOR
0=1Stop Bit 0] o] o] o] 16x EXTERNAL CLOCK
1= 2 Stop Bits olofo]1 50 BAUD
1 Stop Bit if Word Length 1
= 8 Bits and Parity* 0l 0 75
1% Stop Bits if Word Length L I L 109 92
=5 Bits and No Parity 0|1]|0/}0 134 58
WORD LENGTH ojrjolt 150
BIT |DATA WORD ofritio 300
[6]5] LENGTH L L L 600
oo 3 1Jofo]o 1200
K 7 1{o]o] 1800
To 5 1fol1]o0 2400
T3 5 1o 1] 3600
1[1]o0]o0 4800
RECEIVER CLOCK SOURCE 'RERERE 7200
0 = External Receiver Clock 1 1 110 9600
1= Baud Rate Generator 1 1 1 1 19,200
*This allows for 9-bit transmission (8 data bits plus parity)
7 6 5 4 3 2 1 0
HARDWARE RESET [0 Jo0JoJoJoJoJo o]
PROGRAM RESET =1-1-1=1=-1-1T-1T=]
Figure 6. Control Register Format
Command Register
The Command Register is used to control Specific Trans-
mit/Receive functions and 1s shown in Figure 7.
COMMAND REGISTER
7]e[s]a]3]2]1]0]
I
PARITY CHECK CONTROLS L— — DATA TERMINAL READY
BIT OPERATION 0 = Disable Receiver and All
Interrupts (DTR high)
70615
— | = | 0 | Parity Disabled - No Parity Bit 1= Enable Recewer and All
Generated - No Parity Bit Recewed Interrupts (DTR low)
0|01 0Odd Parity Receiver and Transmitter
0 [ 1 [ 1 | Even Parity Recener and RECEIVER INTERRUPT ENABLE »
Transmitter 0 = IRQ Interrupt Enabled from Bit 3 , g
1| 0 | 1 | Mark Panity Bit Transmitted, of Status Register 22
Parity Check Disabled 1= IRQ Interrupt Disabled = uu-l
1 1 1 Space Parity Bit Transmitted, =S
Parity Check Disabled TRANSMITTER CONTROLS &
BIT | TRANSMIT RTS
372 | INTERRUPT | LEVEL | TRANSMITTER
0|0 Disabled High off
NORMAL/ECHO MODE 01 Enabled Low On
FOR RECEIVER 1]0 Disabled Low On
0 = Normal 111 Disabled Low Transmit BRK
1= Echo (Bits 2and 3
must be “0")
7 6 5
HARDWARERESET [0 [0 ofJoJofoo] o
PROGRAMRESET | -| -| -Jolofo[o] o

Figure 7. Command Register Format
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Status Register

The Status Register is used to indicate to the processor
the status of various SY6551 functions and is outlined
in Figure 8.

CLEARED BY

Self Clearing**

L STATUS SET BY
0 = No Error
Parity Error* 1= Error

0 = No Error

Framing Error* Self Clearing**

1= Error
=N
Overrun* ? = E:’mf""' Self Clearing®*
Receive Data 0 = Not Full Read Recewve
Register Full 1= Full Data Register

Transmut Data 0 = Not Empty Write Transmit

Register Empty 1= Empty Data Register
R - DcD Not Resettable
B §2E2 Low | Reflects DCD
9 State
- DSR Not Resettable
BSR Q2SR Low | Reflects DSR
i State
IRQ 0 = No Interrupt | Read
1 = Interrupt Status Register

*NO INTERRUPT GENERATED FOR THESE CONDITIONS.
**CLEARED AUTOMATICALLY AFTER A READ OF RDR AND
THE NEXT ERROR FREE RECEIPT OF DATA.

7 6 5 4 3 2 1 0
HARDWARE RESET [0 [ - [ -1 JoJoJo o]
PROGRAMRESET [ — [ —[-[-[-[o[-]-]

Figure 8. Status Register Format

Transmit and Receive Data Registers
These registers are used as temporary data storage for
the 6551 Transmit and Receive circuits. The Transmit
Data Register is characterized as follows:

® Bit O is the leading bit to be transmitted.

® Unused data bits are the high-order bits and are
“’don’t care’” for transmission.

The Receive Data Register is characterized in a similar
fashion:

® Bijt 0 is the leading bit received.

® Unused data bits are the high-order bits and are
“0" for the receiver.

® Parity bits are not contained in the Receive Data
Register, but are stripped-off after being used for

external parity checking. Parity and all unused
high-order bits are “0".

Figure 9 illustrates a single transmitted or received
data word, for the example of 8 data bits, parity, and
1 stop bit.

“MARK" “MARK""

DATABITS
START PARITY
BIT BIT

STOP BIT

Figure 9. Serial Data Stream Example

Package Availability 28 pin Molded DIP

Ordering Information

Part No.

Package

Clock Rate

SYP6551
SYPB551A

Molded DIP 1 MHz
Molded DIP 2 MHz
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S$Y65C02
CMOS 8-Bit
Microprocessor Family

ertek.

PRELIMINARY

Features

e High Performance n-Well HCMOS Family of
Microprocessors

® | ow Power Consumption, 4 mA at 1 MHz, 10 uA In ®
Standby Operation Allowing Battery Operation °
Pin and Software Compatible with the NMOS 6500
Improved Software Performance

27 New Operation Codes

15 Addressing Modes

66 Microprocessor Instructions

178 Total Operation Codes

e External or On-Board Clock Generation

On-Board Clock Generator can be Driven by an

External Single-Phase Clock Input, an RC Network,
or a Crystal Circuit
1,2,3 or 4 MHz Operation
Advanced Memory Access Timing Option
Early Address Valid Allows High Speed
Microprocéssor Use with Slow Memories
Early Write Data for Dynamic Memories
Decimal and Binary Arithmetic
Programmable Stack Pointer
Variable Length Stack
Improved Operational Capabilities

Description

The CMOS 65C02 microprocessor is compatible with the
NMOS 6500 family of microprocessors This 8-bit micropro-
cessor unit designed i1n Synertek’'s proprietary high
performance N-well silicon gate technology offers higher
performance than the original NMOS 6502 The design
allows for operating frequencies up to 4 MHz, and below 1
MHz further reducing its already low power consumption

Not only 1s the 65C02 a low power version of the popular
6500 microprocessor, it also has these new features Ability
to tri-state the R/W line, address and data bus for DMA
applications Improved Tpacc specs allowing use with slower
memory devices A new optional output enhancing multi-
processing capabilityles Two new addressing modes, an a
larger instruction set providing the user with more compact

programming capabilities

Pin Configuration Block Diagram

REGISTER SECTION ! CONTROL SECTION—————

—— =1BIT LINE

- RES T NNl
ABO =] moex KX INTERRUPT
SY65C02 REGPTER Losic
AB1
\ — T
V, 1 RES woex . K2
" 40 j ]
RDY E 2 39 :I 42 (OuT) AB3 <—] X — |«———————RDY
¢1(0uT)[] 3 38[]50 P C— TR
AB4 ~—] POINTER
irRal] 4 37 [J 40 (IN) M — REG(ISS]TER
ne.[]s 36 [INC A8 =]
Nmi[] e 3sNC AB6 =] <:> AL " INSTRUC-
— =1 TION
syncl 7 34 :IR/W AB7 =—| <L 2 DECODE g:;
g
Voo []8 33 ’:IDO :gsﬁnsss___ 3 =) %
Ao 32[1p1 ] E{ S2
< < § =0
A1 10 31[]D2 AB8 2 2 Accumu- w TIMING ==
HEE A 2 CONTROL| =]
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Aal] 13 28 | 105 62 (IN)
As[] 4 27 [Jp6 " e PRATUS cLock ocK
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aB12 REGISTER (GENERATOR]™ inpuT | SYE50X
A6[] 15 26 D7 INPUT DATA 3
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a7[] 16 25 A5 1 —1 42 (OUT)
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o080
a1} 20 21 Ves LEGEND o
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DB4

DBS
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Figure 1.
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Absolute Maximum Ratings

(Vop=5.0V*5%, Vgs=0V, To=0°C to 70°C)

Supply Voltage (Vpp)  «vvvvvvnneennnn.. -0.3t0+7.0V
Input Voltage (Vi) «ovvveviennnnnan.. 0.3 to +7.0V
Operating Temperature (Ta) «..vevvnnn.. 0°Cto+70°C
Storage Temperature (Tstg) ««ovovven -55°C to+150°C

Pin Function

Comment*

Stresses above those listed under “Absolute Maximum Rat-
ings’”’ may cause permanent damage to the device. This I1s a
stress rating only and functional operation of the device at
these or at any other condition above those indicated in the
operational sections of this specification 1s not imphed

Pin Function Pin Function

Ao-As Address Bus So* Set Overflow

Do-D7 Data Bus NC No Connection

IRQ* Interrupt Request R/W Read/Write

RDY* Ready Vop Power Supply (+5V)

ML Memory Lock Vss Internal Logic Ground

NMI* Non-Maskable Interrupt b0 Clock Input

SYNC Synchronize b1, 2 Clock Output

RES* Reset *This pin has an optional internal pullup for a No Connect

condition
DC Characteristics
Symbol Min. Typ. Max. Unit
Input High Voltage

6o (IN) Vin Vgst24 — Voo \Y

RES, NMI, RDY, IRQ, Data, S.O. Vgs + 2.0 — — \Y
Input Low Voltage

¢o (IN) ViL Vgs—0.3 — Vgs+0.4 \Y

RES, NMI, RDY, IRQ, Data, S.0. — — Vgs+0.8 \
Input Leakage Current

(Vin=0105.25V, Vpp = 5.25V) Iin

With Pullups -30 — +10 HA
Without Pullups — - +1.0 HA
Three State (Off State) Input Current

(Vin=0.4t0 2.4V, Vcc = 5.25V)

Data Lines Irsi — — 10 wA
Output High Voltage

“OH =-100 p,AdC, VDD =475V,

SYNC, Data, Ag-A;5, R/W) VoH Vgst2.4 — — \%
Output Low Voltage

(|o|__ =16 mAdC, VDD = 475V,

SYNC, Data, Ag-A15, R/W) VoL — — Vgs +0.4 \"
Supply Current f =1 MHz lop — — 4 mA
Supply Current f =2 MHz lop — — 8 mA
Capacitance C pF

(Vin=0,Tao=25°C, f=1 MHz)

Logic Cin — — 5

Data — — 10
Ap-Aqs, R/W, SYNC Cout — — 10
%o (IN) Caoo (IN) — — 10
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Microprocessor Operational Enhancements

Function

NMOS 6502 Microprocessor

SY65C02 Microprocessor

Indexed addressing across page
boundary

Extra read of invalid address

Extra read of last instruction byte

Execution of invalid op codes

Some terminate only by reset Results
are undefined

All are NOPs (reserved for future use)

Op Code Bytes Cycles
X2 2
X3, X7, XB, XF 1
44 2
54,D4, F4 2
5C 3
DC, FC 3

PODAW-N

Jump indirect, operand = XXFF

Page address does not increment

Page address increments and adds
one additional cycle.

Read/modify/write instructions at
effective address

One read and two write cycles

Two read and one write cycle

Decimal flag

Indeterminate after reset

Initialized to binary mode (D = O) after
reset and interrupts

Flags after decimal operation

Invalid N, V and Z flags

Valid flag adds one additional cycle.

Interrupt after fetch of BRK instruc-

tion

Interrupt vector Is loaded, BRK vector
1s ignored

BRK 1s executed, then interrupt i1s
executed

Microprocessor Hardware Enhancements

NMOS 6502 SY65C02

Stops processor during ¢

Function

Assertion of Ready RDY during
write operations

Unused input-only pins (IRQ, NMI,

Ignored

Must be connected to low impedance | Connected internally by a high-

RDY, RES, S0) signal to avoid noise problems resistance to Vpp (approximately 250K
ohm).
New Instruction Mnemonics
HEX Mnemonic Description
80 BRA Branch relative always [Relative]
3A DEA Decrement accumulator [Accum] . g
1A INA Increment accumulator [Accum] = 2
DA PHX Push X on stack [Implied] ‘;’ o
5A PHY Push Y on stack [Implied] 2
FA PLX Pull X from stack [Implied] o
7A PLY Pull Y from stack [Implied]
9C STZ Store zero [Absolute]
9E STZ Store zero [ABS, X]
64 STZ Store zero [Zero Page]
74 STZ Store zero [ZPG, X]
1C TRB Test and reset memory bits with accumulator [Absolute]
14 TRB Test and reset memory bits with accumulator [Zero page]
oc TSB Test and set memory bits with accumulator [Absolute]
04 TSB Test and set memory bits with accumulator [Zero page]
89 BIT Test immediate with accumulator [IMMEDIATE]
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Additional Instruction Addressing Modes

HEX Mnemonic Description
72 ADC Add memory to accumulator with carry [(ZPG)]
32 AND “AND” memory with accumulator [(ZPG)]
3C BIT Test memory bits with accumulator{ABS, X]
34 BIT Test memory bits with accumulator [ZPG, X]
D2 CMP Compare memory and accumulator [(ZPG)]
52 EOR “Exclusive OR” memory with accumulator [(ZPG)]
7C JMP Jump (New addressing mode) [ABS(IND, X)]
B2 LDA Load accumulator with memory [(ZPG)]
12 ORA “OR" memory with accumulator [(ZPG)]
F2 SBC Subtract memory from accumulator with borrow [(ZPG)]
92 STA Store accumulator in memory [(ZPG)]
teyepin
toINLO | trpIN
REF 65C02 Oy 5 x
N
1 f——
— l«——togo RN toINHI

$lout \

—>»| |e——1Dg1

$2ouT 5
teveoin

—» [——1tDp2 tRYIN—| — tEgIN

REF 65C12 62N 5
65C112 \ —

BINLO t THINHI

Iq——tADS——» tAH

Ao-Ass, R/W 4
SYNC, ML

1l

e

SR (NN D 8

\ -
WRITE DATA y z

[

tpcs

_ -
RQ, NMI
DY, RE!
ta——t50 ——»

-
Eg

Figure 2. AC Characteristics, SY65C02

o =
l
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AC Characteristics, SY65C02 v, =50V +5%, To=-40°C to +85°C

1 MHz 2 MHz 3 MHz 4 MHz
Parameter Symbol Min. { Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
Delay Time, ¢0 (IN) to ¢2 (OUT) tpgo — 100 — 100 — 100 — 100 ns
Delay Time, ¢2 (IN) to ¢2 (OUT) tpe2 — 75 — 75 — 75 — 75 ns
Delay Time, ¢1 (OUT) to ¢2 (OUT) tpg1 — 50 — 50 — 50 — 50 ns
Cycle Time teycoiN 1.0 DC (050 | DC | 033 | DC |0.25 | DC us
Clock Pulse Width Low trwigine | 470 — 240 — 160 — 115 — ns
Clock Pulse Width High towigintl | 470 | — 240 — 160 | — 115 — ns
Fall Time, Rise Time trpIN: tRaIN — 25 — 25 — 15 — 15 ns
Address Hold Time tAH 30 — 30 — 15 — 10 — ns
Address Setup Time taps — 225 — 140 — 110 — 90 ns
Access Time tacc 650 [ — 310 — 170 | — 110 — ns
Read Data Hold Time tDHR 10 — 10 - 10 — 10 —_ ns
Read Data Setup Time tosr 100 — 50 — 50 — 50 — ns
Write Data Delay Time tvps — 175 — 100 — 75 — 70 ns
Write Data Hold Time toHw 30 — 30 — 30 — 30 — ns
SO Setup Time ts0 100 | — 50 | — 35 | — | 25 - ns
Processor Control Setup Time tpcs 200 — 200 — 150 — 120 — ns

=
=
=
=

PROCESSORS
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7 0
z 9 [n]v[1[e]o]1[z]c] PROCESSORSTATUS
[ A | AccumuLaTOR A REG "P
7 0
[ Y '] INDEX REGISTER Y CARRY 1 =TRUE
7 [ ZERO 1= RESULT ZERO
[ X | npex ReGisTER X {RG DISABLE 1 = DISABLE
15 7 o DECIMAL MODE 1=TRUE
C PCH | PCL ] PROGRAM COUNTER PC BRK COMMAND 1 = BRK
8 7 Y OVERFLOW 1=TRUE
L1 s ] sTAck POINTER S

NEGATIVE 1= NEG.

Figure 4. Microprocessor Programming Model

Functional Description

Timing Control

The timing control unit keeps track of the instruction cycle
being monitored. The unit 1s set to zero each time an
instruction fetch 1s executed and is advanced at the begin-
ning of each phase one clock pulse for as many cycles as is
required to complete the instruction. Each data transfer
which takes place between the registers depends upon
decoding the contents of both the instruction register and
the timing control unit.

Program Counter

The 16-bit program counter provides the addresses which
step the microprocessor through sequential instructions in
a program.

Each time the microprocessor fetches an instruction from
program memory, the lower byte of the program counter
(PCL) 1s placed on the low-order bits of the address bus and
the higher byte of the program counter (PCH) is placed on
the high-order 8 bits The counter 1s iIncremented each time
an instruction or data is fetched from program memory.

Instruction Register and Decode

Instructions fetched from memory are gated onto the inter-
nal data bus. These instructions are latched into the
instruction register, then decoded, along with timing and
interrupt signals, to generate control signals for the various
registers.

Arithmetic and Logic Unit (ALU)

All anthmetic and logic operations take place in the ALU
including incrementing and decrementing internal registers
(except the program counter). The ALU has no internal
memory and is used only to perform logical and transient
numerical operations.

Accumulator

The accumulator 1s a general purpose 8-bit register that
stores the results of most arithmetic and logic operations,
and in addition, the accumulator usually contains one of the
two data words used in these operations.

Index Registers

There are two 8-bit index registers (X and Y), which may be
used to count program steps or to provide an index value to
be used in generating an effective address.

When executing an instruction which specifies indexed
addressing, the CPU fetches the op code and the base
address, and modifies the address by adding the index reg-
ister to 1t prior to performing the desired operation Pre-or
post-indexing of indirect addresses Is possible{see address-
ing modes).

Stack Pointer

The stack pointer i1s an 8-bit register used to control the
addressing of the variable-length stack on page one The
stack pointer is automatically incremented and decremented
under control of the microprocessor to perform stack
manipulations under direction of either the program or
interrupts (NMI and iRQ). The stack allows simple imple-
mentation of nested subroutines and multiple level
interrupts. The stack pointer should be initialized before any
interrupts or stack operations occur

Processor Status Register

The 8-bit processor status register contains seven status
flags. Some of the flags are controlled by the program, oth-
ers may be controlled both by the program and the CPU
The 6500 Instruction set contains a number of conditional
branch instructions which are designed to allow testing of
these flags (see microprocessor programming model).

CLK (IN) OR ¢0 (IN) ' J| }

a L
G —"

c2

OSC (OUT) OR ¢1 (OUT) ! JI }
€1,62=51pF ._L
R1  =200K -

X1 =1MHz

Figure 5 (a). Crystal Circuit for Internal Oscillator

$2 (OUT)

¢0 (IN)

[

¢1(0OUT)

Figure 5 (b). Suggested RC Network Configuration
for Internal Oscillator
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Addressing Modes

Fifteen addressing modes are available to the user of the
SY65C02 microprocessor The addressing modes are des-
cribed in the following paragraphs

Implied Addressing (Implied)

In the nnplied addressing mode, the address containing the
operand 1s implicitly stated in the operation code of the
instruction

Accumulator Addressing (Accum)
This form of addressing 1s represented with a one byte
instruction and implies an operation on the accumulator

Immediate Addressing (Immediate)

With immediate addressing, the operand is contained in the
second byte of the instruction, no further memory address-
ing 1s required

Absolute Addressing (Absolute)
For absolute addressing, the second byte of the instruction
specifies the eight low-order bits of the effective address,
while the third byte specifies the eight high-order bits
Therefore, this addressing mode allows access to the total
64K bytes of addressable memory

Zero Page Addressing (Zero Page)

Zero page addressing allows shorter code and execution
times by only fetching the second byte of the instruction
and assuming a zero high address byte The careful use of
zero page addressing can result in significant increase In
code efficiency

Absolute Indexed Addressing (ABS, X or ABS, Y)
Absolute indexed addressing 1s used in conjunction with X
or Y index register and s referred to as “‘Absolute, X,” and
“Absolute, Y.” The effective address is formed by adding the
contents of X or Y to the address contained in the second
and third bytes of the instruction This mode allows the
index register to contain the index or count value and the
instruction to contain the base address This type of index-
ing allows any location referencing and the index to modify
multiple fields, resulting in reduced coding and execution
time

Zero Page Indexed Addressing (ZPG, X or ZPG, Y)

Zero page absolute addressing i1s used in conjunction with
the index register and is referred to as “Zero Page, X' or
Zero Page, Y " The effective address 1s calculated by adding
the second byte to the contents of the index register Since
this is a form of “Zero Page” addressing, the content of the
second byte references a location in page zero Additionally,
due to the ““Zero Page” addressing nature of this mode, no
carry is added to the high-order eight bits of memory, and
crossing of page boundaries does not occur

Relative Addressing (Relative)

Relative addressing Is used only with branch instructions; it
establishes a destination for the conditional branch. The
second byte of the instruction becomes the operand which
1s an “‘Offset’”” added to the contents of the lower eight bits
of the program counter when the counter s set at the next
instruction The range of the offset 1s —128 to +127 bytes
from the next instruction

Zero Page Indexed Indirect Addressing [(IND, X)]

With zero page indexed indirect addressing (usually referred
to as indirect X) the second byte of the instruction 1s added
to the contents of the X index register, the carry is dis-
carded The result of this addition points to a memory
location on page zero whose contents 1s the low-order eight
bits of the effective address The next memory location in
page zero contains the high-order eight bits of the effective
address Both memory locations specifying the high- and
low-order bytes of the effective address must be in page
zero

*Absolute Indexed Indirect Addressing [ABS(IND, X)]
(Jump Instruction Only)

With absolute indexed indirect addressing the contents of
the second and third instruction bytes are added to the X
register The result of this addition, points to a memory loca-
tion containing the lower-order eight bits of the effective
address The next memory location contains the higher-
order eight bits of the effective address

Indirect Indexed Addressing [(IND), Y]

This form of addressing 1s usually referred to as Indirect, Y.
The second byte of the instruction points to a memory loca-
tion In page zero The contents of this memory location are
added to the contents of the Y index register, the result
being the low-order eight bits of the effective address. The
carry from this addition 1s added to the contents of the next
page zero memory location, the result being the high-order
eight bits of the effective address.

*Zero Page Indirect Addressing [(ZPG)]

In the zero page indirect addressing mode, the second byte
of the instruction points to a memory location on page zero
containing the low-order byte of the effective address. The
next location on page zero contains the high-order byte of
the effective address

Absolute Indirect Addressing [(ABS)]

(Jump Instruction Only)

The second byte of the instruction contains the low-order
eight bits of a memory location. The high-order eight bits of
that memory location is contained In the third byte of the
instruction The contents of the fully specified memory loca-
tion is the low-order byte of the effective address. The next
memory location contains the high-order byte of the effec-
tive address which i1s loaded into the 16 bit program
counter

NOTE * = New Address Modes
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Signal Description

Address Bus (Ag-A15)

Ao-A15 forms a 16-bit address bus for memory and 1/0
exchanges on the data bus. The output of each address line
1s TTL compatible, capable of driving one standard TTL load
and 130 pF.

Clocks (¢o. ¢1. and ¢2)

o is a TTL level input that is used to generate the internal
clocks in the 6502. Two full level output clocks are gener-
ated by the 6502. The ¢, clock output is in phase with ¢g.
The ¢4 output pin is 180° out of phase with ¢g. (See timing
diagram.)

Data Bus (Dgy-D7)

The data lines (Dg-D7) constitute an 8-bit bidirectional data
bus used for data exchanges to and from the device and
peripherals. The outputs are three-state buffers capable of
driving one TTL load and 130 pF.

Interrupt Request (IRQ)

This TTL compatible input requests that an interrupt
sequence begin within the microprocessor. The IRQ 1Is
sampled during ¢, operation; if the interrupt flag in the pro-
cessor status register i1s zero, the current instruction is
completed and the interrupt sequence begins during ¢4.
The program counter and processor status register are
stored in the stack. The microprocessor will then set the
interrupt mask flag high so that no further IRQs may occur.
At the end of this cycle, the program counter low will be
loaded from address FFFE, and program counter high from
location FFFF, transferring program control to the memory
vector located at these addresses The RDY signal must be
In the high state for any interrupt to be recognized. A 3K
ohm external resistor should be used for proper wire OR
operation.

Memory Lock (ML)

In a multiprocessor system, the ML output indicates the
need to defer the rearbitration of the next bus cycle to
ensure the integrity of read-modify-write instructions. ML
goes low during ASL, DEC, INC, LSR, ROL, ROR, TRB, TSB
memory referencing instructions. This signal is low for the
modify and write cycles.

Non-Maskable Interrupt (NMI)

A negative-going edge on this input requests that a non-
maskable interrupt sequence be generated within the
microprocessor. The NMI is sampled during ¢5; the current
instruction 1s completed and the interrupt sequence begins
during ¢1 The program counter 1s loaded with the interrupt
vector from locations FFFA (low byte) and FFFB (high byte),
thereby transferring program control to the non-maskable
interrupt routine.

NOTE: Since this interrupt is non-maskable, another NMI
can occur before the first is finished. Care should be taken
when using NMI to avoid this.

Ready (RDY)

This input allows the user to single-cycle the microproces-
sor on all cycles including write cycles A negative transition
to the low state, during or coincident with phase one (¢1),
will halt the microprocessor with the output address lines
reflecting the current address being fetched. This condition
will remain through a subsequent phase two (¢5,) in which
the ready signal is low. This feature allows microprocessor
interfacing with low-speed memory as well as direct
memory access (DMA).

Reset (R—f§)

This input 1s used to reset the microprocessor. Reset must
be held low for at least two clock cycles after Vpp reaches
operating voltage from a power down. A positive transition
on this pin will then cause an initialization sequence to
begin. Likewise, after the system has been operating, a low
on this line of at least two cycles will cease microprocessing
activity, followed by nitialization after the positive edge on
RES.

When a positive edge is detected, there 1s an initialization
sequence lasting six clock cycles. Then the interrupt mask
flag 1s set, the decimal mode is cleared, and the program
counter 1s loaded with the restart vector from locations
FFFC (low byte) and FFFD (high byte). This is the start loca-
tion for program control. This input should be high in
normal operation.

Read/Write (R/W)

This signal 1s normally in the high state indicating that the
microprocessor is reading data from memory or 1/0 bus. In
the low state the data bus has valid data from the micropro-
cessor to be stored at the addressed memory location

Set Overflow (SO)

A negative transition on this line sets the overflow bit in the
status code register. The signal is sampled on the trailing
edge of ¢1.

Synchronize (SYNC)

This output hne 1s provﬁied to identify those cycles during
which the microprocessor is doing an OP CODE fetch The
SYNC line goes high during ¢4 of an OP CODE fetch and
stays high for the remainder of that cycle. If the RDY line 1s
pulled low during the ¢1 clock pulse in which SYNC went
high, the processor will stop in its current state and will
remain in the state until the RDY line goes high. In this
manner, the SYNC signal can be used to control RDY to
cause single instruction execution.
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Instruction Set — Alphabetical Sequence

Note L)

= New Instruction

ADC Add Memory to Accumulator with Carry LDY Load Index Y with Memory

AND  "AND" Memory with Accumulator LSR  Shift One Bit Right

ASL  Shift One Bit Left NOP  No Operation

BCC Branch on Carry Clear CRA  "OR” Memory with Accumulator

BCS Branch on Carry Set PHA  Push Accumulator on Stack

BEQ Branch on Result Zero PHP  Push Processor Status on Stack

BIT Test Memory Bits with Accumulator ® PHX Push Index X on Stack

BMI  Branch on Result Minus ® PHY Push Index Y on Stack

BNE  Branch on Result Not Zero PLA  Pull Accumulator from Stack

BPL  Branch on Resuilt Plus PLP  Pull Processor Status from Stack
® BRA Branch Always ® PLX Pullindex X from Stack

BRK  Force Break ® PLY Pull Index Y from Stack

BVC  Branch on Overflow Clear ROL  Rotate One Bit Left

BVS  Branch on Overflow Set ROR Rotate One Bit Right

CLC  Clear Carry Flag RTI Return from Interrupt

CLD Clear Decimal Mode RTS  Return from Subroutine

CLt Clear Interrupt Disable Bit SBC  Subtract Memory from Accumulator with Borrow

CLV  Clear Overflow Flag SEC  SetCarry Flag

CMP  Compare Memory and Accumulator SED  Set Dectmal Mode

CPX  Compare Memory and Index X SEI Set Interrupt Disable Bit

CPY  Compare Memory and index Y STA  Store Accumulator in Memory

DEC Decrement by One STX  Store Index X in Memory

DEX Decrement Index X by One STY  Store Index Y in Memory

DEY Decrement Index Y by One ® STZ Store Zero in Memory

EOR  "Exclusive-or" Memory with Accumulator TAX  Transfer Accumulator to Index X

INC  Increment by One TAY  Transfer Accumulator to Index Y

INX Increment Index X by One ® TRB Test and Reset Memory Bits with Accumulator

INY Increment Index Y by One ® TSB Test and Set Memory Bits with Accumulator

JMP  Jump to New Location TSX  Transfer Stack Pointer to Index X

JSR  Jump to New Location Saving Return Address TXA  Transfer Index X to Accumulator

LDA  Load Accumulator with Memory TXS  Transfer Index X to Stack Pointer

LDX  Load Index X with Memory TYA  Transfer Index Y to Accumulator

LSD
MSD 0 1 8 E F
0 BRK ORA PHP ASL
ind, X abs
1 BPL ORA cLC ASL
rel ind, Y abs, X
2 JSR AND PLP ROL
abs ind, X abs
3 BMI AND SEC ROL
rel ind, Y abs, X
4 RTI EOR PHA LSR
ind, X abs
5 BvVC EOR CLl LSR
rel ind, Y abs, X
6 RTS ADC PLA ROR
ind, X abs
7 BVS ADC SEI ROR
rel ind, Y abs, X
8 BRA STA DEY STX
|
rel ind, X abs <4
9 | BCC STA TYA >R
%]
rel ind, Y 0 [
so
A LDY LDA TAY LDX g
imm ind, X abs Q-
B BCS LDA CLv LDX
rel ind, Y abs, Y
C CPY CMP INY DEC
imm ind, X abs
D BNE CMP CLD DEC
rel ind, Y abs, X
E CPX SBC INX INC
imm ind, X abs
F BEQ SBC SED INC
rel ind, Y abs, X
0 1 8 9 A B C D E F

Note [l = New Op Codes
Figure 6. Microprocessor Op Code Table
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Operational Codes, Execution Time, and Memory Requirements

3 Add1to“n"
4V bit equals memory bit 6 prior to execution
N bit equals memory bit 7 prior to execution

if decimal mode.

Memory per effective address
Memory per stack pointer

Ezr»<x
K<>1 +

IMME- | ABSO PROCESSOR
DIATE( LUTE STATUS CODES
76543210
MNE OPERATION n|# 0P| n n|# #{[NV_ B DI Z C|MNE
ADC|A+M+C*A 2|2|6D|4 3f2 3 PIRY z c|abc
AND|AAM=A 2|2(20(4 32 3 2|N Z |AND
ASL [@-F—"9+o OE|6| 5|2 N Z c|asL
BCC |Branch if C=0 2 BCC
BCS |Branch if C=1 2 BCS
BEQ |Branch f Z=1 BEQ
BIT |[AAM 2|2|2¢ 7Mg z (BT
BMI {Branch if N=1 2 BMI
BNE |Branch if 2 BNE
BPL |Branch if N=0 2 BPL
BRA |Branch Always 2 BRA
BRK |Break 11 BRK
BVC |Branch if V=0 2 BVC
BVS |Branch if V=1 2 0/BVS
CLC [0+C 1 0 cLC
cLbjo+p 1 [4 cLD
CLI [0=1 1 0 cLl
CLV 0=V 1 0 cLv
CMP A ™ 2/2|co| 2 2(N z clemp
CPX [X M 2|2|EC 2 N Z clepx
CPY (Y M 2|2{cc N z cjcpy
DEA|A-1+A N Zz |DEA
DEC|M 1+Mm CE N z |DEC
DEX|X -1+X N z |DEX
DEY|Y 1+Y N z |oev
EOR|AVMM~»A 22140 2(N z |EOR
INA [A+1+A N z |INA
INC [M+1+M EE N z |INC
INX X +1+X N z [INX
INY [Y+12Y N AT
IMP {Jump to new loc 4C|3|3 IMP
JSR | Jump Subroutine 2016|3 JSR
LDA[M=A 2(2|AD|4(3 2 3 2|N Zz |LbA
LDX[M=*X 2|2|AE|4|3 2 3 N z |Lbx
LDY M~y 2|2|ac|a[3] 2 N z {Loy
LSR |0~ o~ 4€E(6(3 2 0 Z c|LSR
NOP |PC + 1 +PC NOP
ORA[AVM*A 2|2|oD 2N z |oRA
PHA[A*M; 5 15 1 PHA
PHP [P+M{ S -1+s 1 PHP
PHX |X*M; S-1+S 1 PHX
PHY |Y+M; S 1+5 1 PHY
PLA [S+1+5 Mg*A 1 N z |PLA
PLP S+ 15 Mg+P 1 NV 1D 1 Zc|pPLp
PLX [S+1+5 Mg»X 1 PLX
1 PLY
2€ 2 3 N z groL
3 2 3 N Z c[ROR
6 NV 1Dt ZCRTI
RTS |Return from Subr 6 RTS
SBC|A-M-T+A 2|2/ED 2|N Vv z c[sBC
SEC [1+C 2 11SEC
SED [1+D 2 1 SED
SEl |11 2 1 SEI
STA [A+M 8D|4 2 2 STA
STX [X*+M 8E[a 2 STX
STY |Y+M 8c|a 2 2 STY
STZ {00 *M 9c |4 2 2 sTZ
TAX|A=*X 2 N z |TAX
TAY|A-Y 2 N Z |TAY
TRB|AAM=*M 1c Mg z |TRB
TSBIAVM=+M oc MoMg z |Tse
TSX S+ X 1 N z |Tsx
TXA[X+A 1 N z |TXA
TXS |X+s 1 TXS
TYALY+A 1 N z |Tva
Notes
1. Add 1 to “'n"’ if page boundary Is crossed n No. Cycles
2 Add 1to “n” if branch occurs to same page # No. Bytes
Add 2 to “n” if branch occurs to different page Mg Memory bit 6

M7 Memory bit 7
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Package Availability 40 Pin Molded DIP

Ordering Information

SY P 65CXX X
-\7
PREFIX PACKAGE DEVICE TYPE SPEED RANGE
P — Molded DIP No Designator — 1 MHz
A — 2 MHz
B — 3 MHz
C— 4 MHz

=)
=
=
=

PROCESSORS
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CMQOS Versatile Interface
Adapter (VIA)

ertek.

PRELIMINARY
Features
® Two 8-Bit Bi-directional 1/0 Ports ® Expanded “Handshake’ Capability Allows Positive
® Two 16-Bit Programmable Timer/Counters Control of Data Transfers Between Processor and
® Serial Data Port Peripheral Devices
® Single +5V Power Supply ® Latched Output and Input Registers
® TTL Compatible ® 1 MHz, 2 MHz Bus Operation
® CMOS Compatibie Peripheral Port A Lines

Description

The SY65C22 Versatile Interface Adapter (VIA) i1s a very
flexible 170 control device. In addition, this device contains
a pair of very powerful 16-bit interval timers, a seral-to-
parallel/parallel-to-serial shift register and input data
latching on the peripheral ports. Expanded handshaking
capability allows control of bi-directional data transfers
between VIA's in multiple processor systems.

Control of peripheral devices 1s handled primarily through
two 8-bit bi-directional ports Each line can be programmed

as either an input or an output. Several peripheral 1/0 lines
can be controlled directly from the interval timers for gener-
ating programmable frequency square waves or for
counting externally generated pulses. To facilitate control of
the many powerful features of this chip, an interrupt flag
register, an interrupt enable register and a pair of function
control registers are provided.

INTERRUPT TRQ
CONTROL
FLAGS INPUT LATCH
,__> (IFR) (IRA)
ENABLE T ouTPUT BUFFERS
(IER) ) (ORA) (PA) PORT A
DATA pATA || DATADIR
BUS BUS (DDRA)
BUFFERS |
PORT A REGISTERS
PERIPHERAL
(PCR)
¥ ---—---- .
AUXILIARY PORT A cA1l
(ACR) :'\>}_ ________ cA2
FUNCTION PORTB
CONTROL
HANDSHAKE
CONTROL
LATCH LATCH
—_— (TIL-H) TIL-L|
RES—— | | IR\ T 4 fmen SHIFT REG cB1
R/W———— " (SR) cB2
52 COUNTER COUNTER
- {T1C-H) (T1C-L)
CS1———]
CHIP TIMER 1 PORT B REGISTERS
CS2———1 ACCESS
RSO CONTROL TIMER 2 INPUT LATCH
ast (IRB)
] LATCH | | F—————-—--4
RS2 ———»] (T2L-L) OUTPUT BUFFERS
Rs3 (ORB) (PB) PORT B
— COUNTER counter | VL ___ T __ |
__: > (T2CH) 1 (T2CL) DATA DIR
(DDRB)
Figure 1. SY65C22 Block Diagram
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Absolute Maximum Ratings* Pin Configuration
Rating Symbol Value Unit Vss [ a0l can
PAO 1 2 39[] ca2
Supply Voltage Vop |-03to+70] Vv " E : mg o
Input Voltage Vin -03to \ paz s 3 Rt
Vpp +03 PA3 5 36[1 Rs2
Operating Temperature Ta —40to +85 | °C PAd § 6 35 Rs3
Range PA5 [] 7 34[] RES
Storage Temperature Tqg |B5t0+160| °C a8 s3p] oo
Range pa7 [ 9 3200 o1
pBo [J10 311 02
Comment* pB1 11 30[] D3
This device contains circuitry to protect the inputs against pez 12 29[ s
damage due to high static voltages However, it 1s advised PB3 13 23105
that normal precautions be taken to avoid application of any pea [f14 a7 06
voltage higher than maximum rated voltages pes [J1s 261 07
res []16 25[] 42
PB7 [17 24[ cs1
cB1 18 23[7] Cs2
cB2 (1o 22[] RIW
vee 20 217 iRa

Electrical Characteristics (Vpp =50V = 10%, To =-40 to 85°C, unless otherwise noted)

Symbol Characteristic Min. Max. Unit
Vi Input High Voltage (all except ¢2) 24 Vpp 0.3 \Y
ViL Input Low Voltage -0.3 0.8 \
Iin Input Leakage Current, Viy =0.4t0 24V - 10 A
R/W, RES, RSO, RS1, RS2, RS3, CS1, CS2, CA1, $2 - ’U'
lrs) Off-state Input Current, Viy =04 t0 2.4 V _ i
Vcc = Max., DO to D7 100 KA
M Input High Current, Viy =24V ~ _
PAO-PA7, CA2, PBO-PB7, CB1, CB2 200 HA
i Input Low Current, V| =04 V _ 24 mA
PAO-PA7, CA2, PBO-PB7, CB1, CB2
VoH Output High Voltage, Vec = min, I pap = —200 A 24 _ v
PAO-PA7, CA2, PBO-PB7, CB1, CB2 :
VoL Output Low Voltage, Vce = min, ligap =3 2 mA — 0.4 \Y
lon Output High Current (Sourcing) _ B
Vo =15 V (PBO-PB7) 3.0 100 mA "
Pp Power Dissipation, Vpp =5.5V, f=1 MHz — 11.0 mwW = %
O w
Psgy Standby Power Dissipation (¢2 = V), Inputs = Vgg or _ 11.0 uW ES
Vpp. No Loads) &
Iop Supply Current f=1MHz — 20 mA
f=2MHz — 4.0 mA
Cout Output Capacitance, f =1 MHz — 10 pF
CiN Input Capacitance, f =1 MHz — 5.0 pF
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Test Load

OPEN COLLECTOR
5v OUTPUT TEST LOAD

5V
24kQ
3KQ
PIN

PIN
CpF
100 pF
C =130 pF MAX. FOR DB0-DB7

C =30 pF MAX. FOR ALL OTHER OUTPUTS

M
—

Figure 2. Test Load (for all Dynamic Parameters)

r' Tacr Tey
[— Ty
¢2
CLOCK
|*—Tcpr—> —| f—— Tg
\
CHIP SELECTS,
REGISTER SELECTS,
R/W
Tper ——>| [*—Tcar—>

PERIPHERAL
DATA

VIV T NER N\
AN\ S 7774

Figure 3. Read Timing Characteristics

AC Characteristics — Processor Interface Timing: vy, =5.0 V + 10%, Vs =0V, To = —40°C to +85°C

65C22 65C22A 65C22B

Parameter Symbol Min. Max. Min. Max. Min. Max. Unit
Cycle Time teve 1000 — 500 — 330 — ns
Phase 2 Pulse Width High tPwH 470 — 240 - 160 — ns
Phase 2 Pulse Width Low tpwL 470 — 240 — 160 — ns
Phase 2 Transition R, F — 30 — 30 — 30 ns
Read Timing (Figure 3)

Select, R/W Set-Up tACR 160 — 90 — 65 — ns
Select, R/W Hold tcar 0 — 0 — 0 — ns
Data Bus Delay tcor — 320 — 190 — 130 ns
Data Bus Hold tHR 10 - 10 — 10 — ns
Peripheral Data Set-Up tpcr 300 — 150 — 110 — ns
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b2
cLock

[—Tacw—> ! Tcaw
CHIP SELECTS,
REGISTER SELECTS
I
I—Twew—>| [ Tocw —>T= Teww "’
R \ /r
—_—

s
DATA DATA
BUS VALID
A N

[*— Temos

——————————————— V¢
[— Tepw—n] ; cc
PERIPHERAL
DATA k

Figure 4. Write Timing Characteristics

AC Characteristics — Processor Interface Timing: v, = 5.0V + 10%, Vsg =0V, T4 = —40 to +85°C

65C22 65C22A 65C22B

Parameter Symbol Min. Max. Min. Max. Min. Max. Unit

Cycle Time tcve 1000 — 500 — 330 — ns

Phase 2 Pulse Width High tPwH 470 - 240 — 160 — ns

Phase 2 Pulse Width Low tewiL 470 — 240 — 160 — ns

Phase 2 Transition R F - 30 — 30 — 30 ns

Write Timing (Figure 4)

Select, R/W Set-Up tACR 160 — 90 — 65 — ns

Select, R/W Hold tcaR 0 — 0 — 0 — ns

Data Bus Setup tocw — 195 — 90 — 65 ns L

Data Bus Hold R 10 _ 10 - 10 — ns 22

Peripheral Data Set-Up toeR _ 1000 — 500 — 330 ns 238
(=
a.
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Peripheral Interface Characteristics

Symbol Characteristic Min. Max. Typ. Unit | Figure

te, t Rise and Fall Time for CA1, CB1, CA2, and CB2 — 1.0 us —
Input Signals

Teaz Delay Time, Clock Negative Transition to CA2 — 1.0 us 5a, bb
Negative Transition (read handshake or pulse mode)

Trs Delay Time, Clock Negative Transition to CA2 Positive — 1.0 us ba
Transition (pulse mode)

Trs2 Delay Time, CA1 Active Transition to CA2 Positive — 20 us 5b
Transition (handshake mode)

TwHs Delay Time, Clock Positive Transition to CA2 or CB2 005 1.0 us 5¢, bd
Negative Transition (write handshake)

Tos Delay Time, Peripheral Data Valid to CB2 Negative 0.20 15 us 5¢, bd
Transition

Trs3 Delay Time, Clock Transition to CA2 or CB2 — 1.0 us 5¢
Positive Transition (pulse mode)

Trsa Delay Time, CA1 or CB1 Active Transition to CA2 or — 20 us 5d
CB2 Positive Transition (handshake mode)

T4 Delay Time Required from CA2 Output to CA1 400 — ns 5d
Active Transition (handshake mode)

To Set-up Time, Peripheral Data Valid to CA1 or CB1 300 — ns 5e
Active Transition (input latching)

Tsr1 Shift-Out Delay Time — Time from ¢, Falling Edge — 300 ns 5f
to CB2 Data Out

Tsr2 Shift-In Setup Time — Time from CB2 Data in to 300 — ns 59
¢2 Rising Edge

Tsr3 External Shift Clock (CB1) Setup Time Relative to 100 Tey ns 59
¢, Trailing Edge

Tipw Pulse Width — PB6 Input Pulse 2 xTey — 51

Tiew Pulse Width — CB1 Input Clock 2 xTey - 5h

Tips Puise Spacing — PB6 Input Pulse 2 xTey — 51

Tics Pulse Spacing — CB1 Input Pulse 2 xTey — 5h

TaL CA1, CB1 Set Up Prior to Transition to Arm Latch Tc +50 — ns 5e

TepH Peripheral Data Hold After CA1, CB1 Transition 150 — ns 5e

Tewi Set Up Required on CA1, CB1, CA2 or CB2 Prior to Tc +50 — ns 5)
Triggering Edge
Shift Register Clock — Delay from ¢o

Toer to CB1 Rising Edge 200 ns 5k

TorL to CB1 Falling Edge 125 ns 5k
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b2

READ IRA
OPERATION
CA2
“DATA TAKEN"

Teaz Tas1

Figure 5a. CAZ2 Timing for Read Handshake, Pulse Mode

¢2

READ IRA
OPERATION
/ fm
7/
CA2
“DATA TAKEN"
.

Teaz < Trs2
da '
CA1
“DATA READY"
— -
7/
t ACTIVE
TRANSITION
Figure 5b. CA2 Timing for Read Handshake, Handshake Mode
b2
1723
[= 3
Twhs | Trs3 9
o
Sl
WRITE ORA, ORB =8
OPERATION =
(-9
CA2, CB2
“DATA READY"
Tos
PA, PB
PERIPHERAL
DATA

Figure 5c. CA2, CB2 Timing for Write Handshake, Pulse Mode
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fe——— Tyyus—>

WRITE ORA, ORB
OPERATION
ya

7/

=
CA2, CB2
“DATA READY"
K

Figure 56d. CA2, CB2 Timing for Write Handshake, Handshake Mode

I
PA, PB

PERIPHERAL

INPUT DATA

Tio TeoH ——*]
CA1, CB1 7
INPUT LATCHING
CONTROL
1_ ACTIVE
TRANSITION
TaL

Figure 5e. Peripheral Data Input Latching Timing

b2

CcB2
SHIFT DATA
(OUTPUT)

| Tsra

CcB1

SHIFT CLOCK
(INPUT OR
OUTPUT)

DELAY TIME MEASURED FROM THE FIRST ¢2
FALLING EDGE AFTER CB1 FALLING EDGE

Figure 5f. Timing for Shift Out with Internal or External Shift Clocking
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b2
Tsr2
s
cB2
SHIFT DATA
(INPUT)
-
cB1
SHIFT CLOCK
(INPUT OR
OUTPUT)
SETUP TIME MEASURED TO THE FIRST ¢,
" RISING EDGE AFTER CB1 RISING EDGE
Ters =
Figure 5g. Timing for Shift In with Internal or External Shift Clocking
cB1
SHIFT CLOCK
INPUT

Tiew

Figure 5h. External Shift Clock Timing

L ——"

PB6
PULSE COUNT
INPUT

Figure 5i. Pulse Count Input Timing

— Tipg———————

Tewi
CA1,CA2 \
CB1,CB2 |
INTERRUPT
GENERATING
EDGE

Figure 5j. Setup Time to Triggering Edge

02

cB1

B I O A

Topr - & TopL

Figure 5k. Shift-in/out with Internal Clock
Delay CD2 to CB1 Edge
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Pin Descriptions

RES (Reset)

The reset input clears all internal registers to logic O
(except T1 and T2 latches and counters and the Shift
Register). This places all peripheral interface lines in the
input state, disables the timers, shift register, etc. and
disables interrupting from the chip

#2 (Input Clock)
The input clock 1s the system ¢2 clock and 1s used to
trigger all data transfers between the system processor
and the SY65C22

R/W (Read/Write)

The direction of the data transfers between the SY65C22
and the system processor i1s controlled by the R/W line.
If R/W is low, data will be transferred out of the proces-
sor Into the selected SY65C22 register (write operation).
If R/W 1s high and the chip is selected, data will be
transferred out of the SY65C22 (read operation).

DBO0-DB7 (Data Bus)

The eight bi-directional data bus lines are used to
transfer data between the SY65C22 and the system pro-
cessor. During read cycles, the contents of the selected
SY65C22 register are placed on the data bus lines and
transferred into the processor. During write cycles, these
lines are high-impedance inputs and data 1s transferred
from the processor into the selected register. When the
SY65C22 1s unselected, the data bus lines are
high-impedance.

CS1, CS2 (Chip Selects)

The two chip select inputs are normally connected to
processor address lines either directly or through decod-
ing The selected SY65C22 register will be accessed
when CS1 i1s high and CS2 is low.

RSO0-RS3 (Register Selects)

The four Register Select inputs permit the system pro-
cessor to select one of the 16 internal registers of the
SY65C22, as shown in Figure 6

Register RS Coding Register Description
Number RS3 | RS2 | RS1 | RSO Desig. Write Read
0 0 0 0 0 ORB/IRB Output Register “‘B"” Input Register “B"’
1 0 0 0 1 ORA/IRA Output Register A" Input Register “A"
2 0 0 1 0 DDRB Data Direction Register “B"”
3 | oo | 1 | DDRA Data Direction Register “A”
4 0 1 0 0 T1C-L T1 Low-Order Latches T1 Low-Order Counter
5 0 1 0 1 T1C-H T1 High-Order Counter
6 0 1 1 0 TIL-L T1 Low-Order Latches
7 0 1 1 1 T1L-H T1 High-Order Latches
8 1 0 0 0 T2C-L T2 Low-Order Latches | T2 Low-Order Counter
9 1 0 0 1 T2C-H T2 High-Order Counter
10 1 0 1 0 SR Shift Register
11 1 0 1 1 ACR Auxiliary Control Register
12 1 1 0 0 PCR Peripheral Control Register
13 1 1 0 1 IFR Interrupt Flag Register
14 1 1 1 0 IER Interrupt Enable Register
15 1 1 1 1 ORA/IRA | Same as Reg 1 Except No ““Handshake’’

Figure 6. SY65C22 Internal Register Summary
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IRQ (Interrupt Request)

The Interrupt Request output goes low whenever an
internal interrupt flag 1s set and the corresponding inter-
rupt enable bit 1s a logic 1 This output 1s “open-drain” to
allow the interrupt request signal to be “wire-or'ed” with
other equivalent signals in the system

PAO-PA7 (Peripheral A Port)

The Peripheral A port consists of 8 lines which can be
individually programmed to act as Inputs or outputs
under control of a Data Direction Register The polarity of
output pins is controlled by an Output Register and input
data may be latched into an internal register under con-
trol of the CA1 line All of these modes of operation are
controlled by the system processor through the internal
control registers These lines represent one standard TTL
load In the input mode and will drive one standard TTL
load in the output mode Figure 7 illustrates the output
circuit

CA1, CA2 (Peripheral A Control Lines)

The two Peripheral A control lines act as interrupt inputs
or as handshake outputs Each line controls an internal
interrupt flag with a corresponding interrupt enable bit.
In addition, CA1 controls the latching of data on Peri-
pheral A port input ines CAT1 i1s a high-impedance input
only, while CA2 represents one standard TTL load in the
input mode CA2 will drive one standard TTL load In the
output mode

+5Vv

PAO-PA7,
CA2

—>
1

1/0 CONTROL |
OUTPUT DATA i
[

INPUT DATA

Figure 7. Peripheral A Port Output Circuit

PBO-PB7 (Peripheral B Port)

The Peripheral B port consists of eight bi-directional lines
which are controlled by an output register and a data
direction register in much the same manner as the PA
port. In addition, the PB7 output signal can be controlled
by one of the interval timers while the second timer can
be programmed to count pulses on the PB6 pin. Peri-
pheral B lines represent one standard TTL load in the

input mode and will drive one standard TTL load in the
output mode In addition, they are capable of sourcing
10 mA at 15 V DC in the output mode to allow the
outputs to directly drive Darlington transistor circuits.
Figure 8 1s the circuit schematic

CB1, CB2 (Peripheral B Control Lines)

The Peripheral B control lines act as interrupt inputs or
as handshake outputs As with CA1 and CA2, each line
controls an interrupt flag with a corresponding interrupt
enable bit. In addition, these lines act as a serial port
under control of the Shift Register. These lines represent
one standard TTL load in the input mode and will drive
one standard TTL load in the output mode Unlike PBO-
PB7, CB1 and CB2 cannot drive Darlington transistor
circuits

INPUT/
OUTPUT !
CONTROL t
I

!

|

|

l

PBO-PB7,

CB1,CB2

QUTPUT
DATA

INPUT DATA

Figure 8. Peripheral B Port Output Circuit

Functional Description

Port A and Port B Operation

Each 8-bit peripheral port has a Data Direction Register
(DDRA, DDRB) for specifying whether the peripheral pins
are to act as inputs or outputs A O in a bit of the Data
Direction Register causes the corresponding peripheral
pin to act as an input. A 1 causes the pin to act as an
output.

When programmed as an output each peripheral pin s
also controlled by a corresponding bit in the Output Reg-
ister (ORA, ORB). A 1 in the Output Register causes the
output to go high, and a 0" causes the output to go low.
Data may be written into Output Register bits corres-
ponding to pins which are programmed as inputs. In this
case, however, the output signal I1s unaffected.

Reading a peripheral port causes the contents of the
Input Register (IRA, IRB) to be transferred on to the Data
Bus. With input latching disabled, IRA will always reflect
the levels on the PA pins. With input latching enabled
and the selected active transition on CA1 having
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occurred, IRA will contain the data present on the PA
lines at the time of the transition. Once IRA is read,
however, it will appear transparent, reflecting the cur-
rent state of the PA lines until the next “latching”
transition.

The IRB register operates similar to the IRA register.
However, for pins programmed as outputs there is a dif-
ference. When reading IRA, the level on the pin
determines whether a O or a 1 I1s sensed. When reading
IRB, however, the bit stored in the output register, ORB,
i1s the bit sensed Thus, for outputs which have large
loading effects and which pull an output “1”" down or
which pull an output “0” up, reading IRA may result in
reading a “0” when a “1” was actually programmed,
and reading a “1” when a “0” was programmed. Read-
ing IRB, on the other hand, will read the “1” or “0" level
actually programmed, no matter what the loading on the
pin.

Figures 9, 10, and 11 1llustrate the formats of the port
registers In addition, the input latching modes are
selected by the Auxihary Control Register (Figure 16.)

Handshake Control of Data Transfers

The SY65C22 allows positive control of data transfers
between the system processor and peripheral devices
through the operation of “handshake’ lines. Port A lines
(CA1, CA2) handshake data on both a read and a write
operation while the Port B lines (CB1, CB2) handshake
on a write operation only.

Read Handshake

Positive control of data transfers from peripheral devices
into the system processor can be accomplished very
effectively using Read Handshaking In this case, the
peripheral device must generate the equivalent of a
“Data Ready” signal to the processor signifying that vahid

REG 0 — ORB/IRB

|7le 5]4 3|21 ol
l | YTy
PB1
——_]
PB3

L rBa

OUTPUT REGISTER “B” (ORB)
OR
INPUT REGISTER “B” (ORB)

PBS
PB6
B7 |
Pin
Data Direction WRITE READ

Selection
DDRB = 1" (OUTPUT) | MPU writes Output Level |MPU reads output register bit
(ORB) 1n ORB_Pin level has no affect
DDRB = 0" (INPUT) MPU writes into ORB, but | MPU reads input level on PB
(Input latching disabled) | no effect on pin level, until| pin
DDRB changed

DDRB = 0" (INPUT)
(Input latching enabled)

MPU reads |RB bit, which 1s
the level of the PB pin at the
time of the last CB1 active
transition

Figure 9. Output Register B (ORB),
Input Register B (IRB)

REG 1 — ORA/IRA

|7]6 5 4I3|Z|1|0I

L ¢ad)
PA1
PA2
UTPUT REGISTER “A” (ORA)
paz| © !
oR
PA%] INPUT REGISTER "A" (IRA)
s
PAG
a7
Pin
Data Direction WRITE READ

Selection

DDRA = “1" (OUTPUT) | MPU wnites Output Level | MPU reads level on PA pin
(Input latching disabled) | (ORA)

DDRA = 1" (OUTPUT)

(Input latching enabled)

MPU reads IRA bit which is
the level of the PA pin at the
time of the last CA1 active
transition

DDRA = "0" (INPUT) MPU writes into ORA, but | MPU reads level on PA pin
(Input latching dsabled) | no effect on pin level, until
DDRA changed

DDRA = 0" (INPUT)
(Input latching enabled)

MPU reads IRA bit which 1s
the level of the PA pin at the
time of the last CA1 active
transition

Figure 10. Output Register A (ORA),
Input Register A (IRA)

REG 2 (DDRB) AND REG 3 (DDRA)

|7l6 5]4 3 zl1 oI
L—-—PBO/PAE‘
PB1/PAT

——————— PB2/PA2

PB3/PA3| DATA DIRECTION REGISTER
peajpas| “B”OR “A” (DDRB/DDRA)
PBS/PAS

PB6/PAG

PB7/PA7)

““0” ASSOCIATED PB/PA PIN IS AN INPUT
(HIGH IMPEDANCE)

“1"" ASSOCIATED PB/PA PIN IS AN OUTPUT,
WHOSE LEVEL IS DETERMINED BY
ORB/ORA REGISTER BIT

Figure 11. Data Direction Registers (DDRB, DDRA)

data i1s present on the peripheral port This signal nor-
mally interrupts the processor, which then reads the
data, causing generation of a “Data Taken" signal The
peripheral device responds by making new data availa-
ble. This process continues until the data transfer 1s
complete.

In the SY65C22, automatic “Read”” Handshaking is pos-
sible on the Peripheral A port only The CA1 interrupt
Input pin accepts the “Data Ready” signal and CA2 gen-
erates the “Data Taken" signal. The “Data Ready" signal
will set an internal flag which may interrupt the proces-
sor or which may be polled under program control The
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DATA READY"
{CAT) l/

IRQOUTPUT

READ IRA OPERATION

“DATA TAKEN""

HANDSHAKE MODE
(CA2)

“DATA TAKEN™

PULSE MODE
(CA2)

Figure 12. Read Handshake Timing (Port A Only)

e_LILrire e rereruye Jgrrirre

WRITE ORA, ORB
OPERATION

“DATA READY"
HANDSHAKE MODE

(CA2,CB2)
“DATA READY"”

PULSE MODE
(CA2,CB2)

“DATA TAKEN
(CA1,CB1)

TRQ OUTPUT

Figure 13. Write Handshake Timing

“Data Taken” signal can either be a pulse or a level
which is set low by the system processor and is cleared
by the “Data Ready” signal These options are shown In
Figure 12 which illustrates the normal Read Handshak-
Ing sequence

Write Handshake

The sequence of operations which allows handshaking
data from the system processor to a peripheral device 1s
very similar to that described for Read Handshaking
However, for Write Handshaking, the SY65C22 gener-
ates the “Data Ready” signal and the peripheral device
must respond with the ““Data Taken™ signal This can be
accomplished on both the PA port and the PB port on the
SY65C22 CA2 or CB2 act as a “Data Ready’ output in
either the handshake mode or pulse mode and CA1 or
CB1 accept the “Data Taken” signal from the peripheral
device, setting the interrupt flag and cleaning the “Data
Ready” output This sequence is shown in Figure 13

Selection of operating modes for CA1, CA2, CB1, and
CB2 1s accomplished by the Peripheral Control Register
(Figure 14)

Timer Operation

Interval Timer T1 consists of two 8-bit latches and a
16-bit counter The latches are used to store data which
1s to be loaded into the counter After loading, the coun-
ter decrements at ¢2 clock rate Upon reaching zero, an
interrupt flag will be set, and IRQ will go low If the inter-
rupt i1s enabled The timer will then disable any further
interrupts, or (when programmed to) will automatically

transfer the contents of the latches into the counter and
begin to decrement again In addition, the timer may be
programmed to invert the output signal on a peripheral
pin each time 1t “times-out” Each of these modes 1s dis-
cussed separately below.

The T1 counter is depicted in Figure 15 and the latches
in Figure 16

Two bits are provided in the Auxiliary Control Register
(bits 6 and 7) to allow selection of the T1 operating
modes The four possible modes are depicted in Figure
17

REG 12 — PERIPHERAL CONTROL REGISTER

[o]s][s]2]]o]
s —
CB2 CONTROL CA1 INTERRUPT CONTROL

7165 OPERATION 0= NEGATIVE ACTIVE EDGE
[0 0|INPUT-NEGATIVE ACTIVE EDGE 1= POSITIVE ACTIVE EDGE
0(0[1|INDEPENDENT INTERRUPT
INPUT NEG EDGE . CA2 CONTROL
0] 1[0 [INPUT POSITIVE ACTIVE EDGE 3]2]1[ oPERATION
0[7[7|INDEPENDENT INTERRUPT 0]0]0] INPUT NEGATIVE ACTIVE EDGE
INPUT-POS EDGE 00| 1] INDEPENDENT INTERRUPT _
1/0]0|HANDSHAKE OUTPUT INPUT NEG EDGE
1[0]1[PULSE OUTPUT 017 |0] INPUT POSITIVE ACTIVE EDGE
1]1]o]Low ouTPUT 0]7|7[INDEPENDENT INTERRUPT
111 [1]HIGH OUTPUT INPUT POS EDGE .
81 INTERRUPT CONTROL HANOSHAKE QUTPUT

PULSE OUTPUT

0

1
0=NEGATIVE ACTIVE EDGE 1 [ 0/ LOWOUTPUT
1=POSITIVE ACTIVE EDGE 1m| HIGH OUTPUT

*SEE NOTE ACCOMPANYING FIGURE 25

Figure 14. CA1, CA2, CB1, CB2 Control
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REG 4 — TIMER 1 LOW-ORDER COUNTER

|7|6|5|4|3|2|1|0|

L_"_\

ok
16

32

64

12|

WRITE — 8 BITS LOADED INTO T1 LOW-ORDER
LATCHES LATCH CONTENTS ARE
TRANSFERRED INTO LOW-ORDER
COUNTER AT THE TIME THE HIGH-
ORDER COUNTER IS LOADED (REG 5).

READ - 8 BITS FROM T1 LOW-ORDER COUNTER
TRANSFERRED TO MPU IN ADDITION,
T1INTERRUPT FLAG IS RESET (BIT 6
IN INTERRUPT FLAG REGISTER)

Figure 15. T1 Counter Registers

REG 5 — TIMER 1 HIGH-ORDER COUNTER

|7|6l5|4|3|2|1|0|

2048 | COUNT
VALUE
L4096

8192
16384

32768]

WRITE — 8 BITS LOADED INTO T1 HIGH-ORDER
LATCHES ALSO, AT THIS TIME BOTH
HIGH AND LOW-ORDER LATCHES
TRANSFERRED INTO T1 COUNTER,
AND INITIATES COUNTDOWN. T1
INTERRUPT FLAG ALSO IS RESET

READ — 8 BITS FROM T1 HIGH-ORDER COUNTER
TRANSFERRED TO MPU

REG 6 — TIMER 1 LOW-ORDER LATCHES

I7|6|5|4|3|2| IDI
.-

2
4

R —
8 | COuNT
VALUE

16
32

64

128)

WRITE — 8 BITS LOADED INTO T1 LOW-ORDER
LATCHES THIS OPERATION ISNO
DIFFERENT THAT A WRITE INTO
REG4

READ — 8 BITS FROM T1 LOW-ORDER LATCHES
TRANSFERRED TO MPU UNLIKE REG 4
OPERATION, THIS DOES NOT CAUSE
RESET OF T1 INTERRUPT FLAG

Figure 16. T1 Latch Registers

REG 7 — TIMER 1 HIGH-ORDER LATCHES

|7|6|5|4|3|2| IOI

2048 | COUNT
006 | VALUE

8192

16384

32768,
—

WRITE — 8 BITS LOADED INTO T1 HIGH-ORDER
LATCHES UNLIKE REG 4 OPERATION
NO LATCH-TO-COUNTER TRANSFERS
TAKE PLACE

READ — 8 BITS FROM T1 HIGH-ORDER LATCHES
TRANSFERRED TO MPU

REG 11 — AUXILIARY CONTROL REGISTER

716|5[4]3(2

T2 TIMER CONTROL

T T
PA LATCH ENABLE/DISABLE
PB 0 =DISABLE

L_'.?_l
T1 TIMER CONTROL
7] 6] OPERATION PB7
[0 TIMED INTERRUPT
EACH TIME T1 1S
LOADED DISABLED
0] 7] CONTINUOUS
INTERRUPTS
7] 0| TIMED INTERRUPT | ONE-SHOT
EACHTIME T11S | OUTPUT
LOADED
7] 71|CONTINUOUS SOUARE
INTERRUPTS WAVE
OUTPUT

5| OPERATION

0 TIMED INTERRUPT
1{ COUNT DOWN WITH
PULSES ON PB6

Figure 17. Auxiliary Control Register

ENABLE LATCHING

SHIFT REGISTER CONTROL
OPERATION
DISABLED
SHIFT IN UNDER CONTROL OF T2 '
SHIFT IN UNDER CONTROL OF 02 !
SHIFT IN UNDER CONTROL OF EXT CLK
SHIFT OUT FREE-RUNNING AT T2 RATE
SHIFT OUT UNDER CONTROL OF T2
SHIFT OUT UNDER CONTROL OF 02
SHIFT OUT UNDER CONTROL OF EXT CLK

S{=lele]-
Slol=lo[=[o]=]c]~™

Note. The processor does not write directly into the low order
counter (T1C-L). Instead, this half of the counter 1s loaded
automatically from the low order latch when the processor
writes into the high order counter In fact, it may not be

necessary to write to the low order counter in some applica-
tions since the timing operation Is triggered by writing to the
high order counter.
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LC [ I [ S S s S SVPUS oy N IS Yy Sy Ny I
WRITE TICH
OPERATION
ya
TRG OUTPUT
[R—
PB7 OUTPUT
(T1, ONLY)
T1 COUNT N I N-1 I N-2 t N-3 | l 0 |FFFF’ N } N-1 ‘ N-2 l
T
T2 COUNT NN | N2 | N | o | FFrE | FrrE | rero | FrrC |
—————— N+15CYCLES —————— »

Figure 18. Timer 1 and Timer 2 One-Shot Mode Timing

Timer 1 One-Shot Mode

The interval timer one-shot mode allows generation of a
single interrupt for each Timer load operation In addi-
tion, Timer 1 can be programmed to produce a single
negative pulse on PB7

To generate a single interrupt ACR bits 6 and 7 must be
0 then erther TIL-L or TIC-L must be written with the
low-order count value (A write to TIC-L 1s effectively a
Write to TIL-L) Next the high-order count value Is writ-
ten to TIC-H, (the value 1s simultaneously written into
TIL-H), and TIL-L 1s transferred to TIC-L Countdown beg-
Ins on the ¢, following the write TIC-H and decrements
at the ¢, rate T1 interrupt occurs when the counters
reach O Generation of a negative pulse on PB7 i1s done
in the same manner except ACR bit 7 must be a one
PB7 will go low after a Write TIC-H and go high again
when the counters reach O

The T1 interrupt flag i1s reset by either writing TIC-H
(starting a new count) or by reading TIC-L.

Timing for the one-shot mode is illustrated in Figure 18

Timer 1 Free-Run Mode

The most important advantage associated with the
latches in T1 1s the ability to produce a continuous series
of evenly spaced interrupts and the ability to produce a
square wave on PB7 whose frequency s not affected by
variations In the processor interrupt response time This
1s accomplished in the ““free-running” mode

In the free-running mode, the interrupt flag i1s set and
the signal on PB7 is inverted each time the counter
reaches zero However, instead of continuing to decre-
ment from zero after a time-out, the timer automatically
transfers the contents of the latch into the counter (16
bits) and continues to decrement from there, It is not
necessary to rewrite the timer to enable setting the

interrupt flag on the next time-out The interrupt flag can
be cleared by reading TIC-L, by writing directly into the
flag as described later, or if a new count value 1s desired
by a write to TIC-H.

All interval timers in the SY65C22 are ‘“‘re-triggerable”
Rewriting the counter will always re-initialize the time-
out period In fact, the time-out can be prevented
completely If the processor continues to rewrite the
timer before it reaches zero Timer 1 will operate in this
manner if the processor writes into the high order coun-
ter (T1C-H). However, by loading the latches only, the
processor can access the timer during each down-
counting operation without affecting the time-out In
process. Instead, the data loaded into the latches will
determine the length of the next time-out period This
capability i1s particularly valuable in the free-running
mode with the output enabled In this mode, the signal
on PB7 1s inverted and the interrupt flag 1s set with each
time-out By responding to the interrupts with new data
for the latches, the processor can determine the period
of the next half cycle during each half cycle of the output
signal on PB7 In this manner, very complex waveforms
can be generated Timing for the free-running mode 1s
shown in Figure 19

Timer 2 Operation

Timer 2 operates as an interval timer (in the “one-slot”
mode only), or as a counter for counting negative pulses
on the PB6 peripheral pin. A single control bit 1s provided
in the Auxiliary Control Register to select between these
two modes. This timer 1s comprised of a “write-only”
low-order latch (T2L-L), a “read-only” low-order counter
and a read/write high order counter. The counter regis-
ters act as a 16-bit counter which decrements at $2
rate Figure 20 illustrates the T2 Counter Registers.
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w Lo e ruriery sy
WRITE T1C-H 1 ‘
OPERATION |
TRQ OUTPUT _7// l—
cor——
PB7 OUTPUT I l

|<————N¢15CVCLES

N +2CYCLES !

Note: A precaution to take in the use of PB7 as the timer output concerns the Data Direction Register contents for PB7. Both
DDRB bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer output. If either isa 0, then PB7 functions as a normal

output pin, controlled by ORB bit 7.

Figure 19. Timer 1 Free-Run Mode Timing

Timer 2 One-Shot Mode

As an interval timer, T2 operates in the “one-shot” mode
similar to Timer 1, In this mode, T2 provides a single
interrupt for each “write T2C-H"* operation After timing
out, (reading 0) the counters “roll-over” to all 1's
(FFFF1g) and continue decrementing, allowing the user
to read them and determine how long T2 interrupt has
been set. However, setting of the interrupt flag will be
disabled after initial time-out so that it will not be set by
the counter continuing to decrement through zero. The
processor must rewrite T2C-H to enable setting of the
interrupt flag. The interruput flag is cleared by reading
T2C-L or by writing T2C-H. Timing for this operation Is
shown in Figure 18.

Timer 2 Pulse Counting Mode

In the pulse counting mode, T2 serves primarily to count
a predetermined number of negative-going pulses on
PB6. This is accomplished by first loading a number into
T2. Wnting into T2C-H clears the interrupt flag and
allows the counter to decrement each time a pulse 1s
applied to PB6. The interrupt flag will be set when T2
reaches zero. At this time the counter will continue to
decrement with each pulse on PB6. However, it is
necessary to rewrite T2C-H to allow the interrupt flag to
set on subsequent down-counting operations Timing for
this mode is shown in Figure 21 The pulse must be low
on the leading edge of ®2

REG 8 — TIMER 2 LOW-ORDER COUNTER

|7|si5l4|3|2|1 [}
Lf“

2

8 | COUNT
VALUE

WRITE — 8BITS LOADED INTO T2 LOW ORDER
LATCHES
8 BITS FROM T2 LOW-ORDER COUNTER

TRANSFERRED TO MPU T2 INTERRUPT
FLAG IS RESET

READ —

REG 9 — TIMER 2 HIGH-ORDER COUNTER

|7|6 5 4|3|2 1 OI
[—256"

512

1024

2048 COUNT
VALUE

4096

8192

16384

32768

WRITE — 8BITS LOADED INTO T2 HIGH ORDER
COUNTER ALSO, LOW-ORDER LATCHES
TRANSFERRED TO LOW-ORDER
COUNTER IN ADDITION, T2 INTERRUPT
FLAG IS RESET

8 BITS FROM T2 HIGH-ORDER COUNTER
TRANSFERRED TO MPU

READ —

Figure 20. T2 Counter Registers
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Shift Register Operation

The Shift Register (SR) performs serial data transfers
into and out of the CB2 pin under control of an internal
modulo-8 counter. Shift puises can be applied to the CB1
pin from an external source or, with the proper mode
selection, shift pulses generated internally will appear on
the CB1 pin for controlling external devices.

The control bits which select the various shift register
operating modes are located in the Auxiliary Control Reg-
ister Figure 22 illustrates the configuration of the SR
data bits and the SR control bits of the ACR

Figures 23 and 24 illustrate the operation of the various
shift register modes.

Interrupt Operation

Controlling interrupts within the SY65C22 involves three
principal operations These are flagging the interrupts,
enabling interrupts and signaling to the processor that
an active interrupt exists within the chip. Interrupt flags
are set by interrupting conditions which exist within the
chip or on Inputs to the chip. These flags normally
remain set until the interrupt has been serviced To
determine the source of an interrupt, the microprocessor
must examine these flags in order from highest to lowest
priority. This 1s accomplished by reading the flag register
Into the processor accumulator, shifting this register

either right or left and then using conditional branch
instructions to detect an active interrupt.

Associated with each interrupt flag 1s an interrupt enable
bit. This can be set or cleared by the processor to enable
interrupting the processor from the corresponding Inter-
rupt flag. If an interrupt flag is set to a logic 1 by an
interrupting condition, and the corresponding interrupt
enable bit i1s set to a 1, the Interrupt Request Output
(Tﬁa) will go low. IRQ 1s an “open-collector”” output
which can be “wire-or'ed” with other devices In the sys-
tem to interrupt the processor.

In the SY65C22, all interrupt flags are contained in one
register. In addition, bit 7 of this register will be read as a
logic 1 when an nterrupt exists within the chip. This
allows very convenient poliing of several devices within
a system to locate the source of an interrupt.

SR Disabled (000)

The 000 mode 1s used to disable the Shift Register. In
this mode the microprocessor can write or read the SR,
but the shifting operation 1s disabled and operation of
CB1 and CB2 is controlled by the appropriate bits in the
Peripheral Control Register (PCR). In this mode the SR
Interrupt Flag i1s disabled (held to a logic 0).

WRITE T2C-H m
OPERATION

PB6 INPUT u

TRQOUTPUT

Figure 21. Timer 2 Pulse Counting Mode

N-2 1/

REG 10 — SHIFT REGISTER

|7|6|5‘4|3|2|1|0|

[

SHIFT
r REGISTER
BITS

-

NOTES

1 WHEN SHIFTING QUT BIT 7 IS THE FIRST BIT
OUT AND SIMULTANEOUSLY IS ROTATED BACK
INTOBITO

2 WHEN SHIFTING IN, BITS INITIALLY ENTER
BIT 0 AND ARE SHIFTED TOWARDS BIT 7

Figure 22. SR and ACR Control Bits

REG 11 — AUXILIARY CONTROL REGISTER

SHIFT REGISTER
MODE CONTROL

OPERATION

DISABLED

SHIFT IN UNDER CONTROL OF T2

SHIFT IN UNDER CONTROL OF ¢p

SHIFT IN UNDER CONTROL OF EXT CLK
SHIFT OUT FREE-RUNNING AT T2 RATE
SHIFT OUT UNDER CONTROL OF T2
SHIFT OUT UNDER CONTROL OF ¢,
SHIFT OUT UNDER CONTROL OF EXT CLK

ala=l=lolole]o]s
—lmlo|o|=|=|lojlojw
=|lOo[=|O|=|O|=(O]Nn
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Shift in Under Control of T2 (001)

In the 001 mode the shifting rate is controlled by the low
order 8 bits of T2 Shift pulses are generated on the CB1
pin to control shifting in external devices. The time
between transitions of this output clock 1s a function of
the system clock period and the contents of the low
order T2 latch (N)

The shifting operation 1s triggered by writing or reading
the shift register Data is shifted first into the low order

bit of SR and is then shifted into the next higher order bit
of the shift register on the negative-going edge of each
clock pulse. The input data should change before the
positive-going edge of the CB1 clock pulse. This data 1s
shifted into the shift register during the ¢, clock cycle
following the positive-going edge of the CB1 clock pulse.
After 8 CB1 clock pulses, the shift register interrupt flag
will be set and IRQ will go low.

WRITE OR READ I'-I
SHIFT REG

N+2 CYCLES

N+2

CYCLES

/L
I/

CB10OUTPUT 1 l
SHIFT CLOCK

I3I7/f/|s|

/I SES i S i SES. I i S, i

iRQ

Shift in Under Control of ¢, (010)

In mode 010 the shift rate is a direct function of the sys-
tem clock frequency CB1 becomes an output which
generates shift pulses for controlling external devices
Timer 2 operates as an independent interval timer and
has no effect on SR. The shifting operation s triggered

L 1
READ SR J_l |
OPERATION

by reading or writing the Shift Register. Data 1s shifted
first into bit O and 1s then shifted into the next higher
order bit of the shift register on the trailing edge of each
¢, clock pulse. After 8 clock pulses, the shift register
interrupt flag will be set, and the output clock pulses on
CB1 will stop.

CB1OUTPUT |
SHIFT CLOCK

oara - K = X X X X_s X_s X7 X s X,

Shift in Under Control of External CB1 Clock (011)

In mode 011 CB1 becomes an input This allows an
external device to load the shift register at its own pace.
The shift register counter will interrupt the processor
each time 8 bits have been shifted in. However, the shift
register counter does not stop the shifting operation; 1t
acts simply as a pulse counter Reading or writing the

Shift Register resets the Interrupt flag and initializes the
SR counter to count another 8 pulses.

Note that the data is shifted during the first system clock
cycle following the positive-going edge of the CB1 shift
pulse. For this reason, data must be held stable during
the first full cycle following CB1 going high

o AR NAEN I BERN

1

3 s WP e WO

svet " T S XTI XOX XK~ T Y

1RQ

Figure 23. Shift Register Input Modes
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Shift Out Free-Running at T2 Rate (100)

Mode 100 1s very similar to mode 101 in which the shift-
ing rate is set by T2, However, in mode 100 the SR
Counter does not stop the shifting operation. Since the

Shift Register bit 7 (SR7) 1s recirculated back into bit O,
the 8 bits loaded into the shift register will be clocked
onto CR2 repetitively In this mode the shift register
counter is disabled and IRQ Is never set

1 ‘ I
GPERATION I ‘ ‘ ’ ,
N+2 CYCLES N+ZCIVCLES I 1 ‘ 1 :
CB10OUTPUT 1 l r——l 3 4 '-//L_l 8 9 ,_
SHIFT CLOCK

sara U I

XX XX X

Shift Out Under Control of T2 (101)

In mode 101 the shift rate 1s controlled by T2 (as in the
previous mode). However, with each read or write of
the shift register the SR Counter s reset and 8 bits are
shifted onto CB2 At the same time, 8 shift pulses are

@
2
el [ L LML LML LALLM iy U

[

WRITE SR —r-l
OPERATION

generated on CB1 to control shifting in external devi-
ces. After the 8 shift pulses, the shifting 1s disabled, the
SR Interrupt Flag i1s set and CB2 remains at the last
data level

N+2 CYCLES

N+2 CYCLES
|

l_-. 3 8

Bara " AT : A

IRQ

Shift Out Under Control of ¢, (110)
In mode 110, the shift rate is controlled by the ¢, system

WRITE SR m
OPERATION l I

clock

cglouTPUT T 1 2

SHIFT CLOCK

3 4|; 7 8

Zrm XX

) GE

/D R S

IRQ

Shift Out Under Control of External CB1 Clock (111)

In mode 111 shifting i1s controlled by pulses applied to
the CB1 pin by an external device. The SR counter sets
the SR Interrupt flag each time 1t counts 8 pulses but it
does not disable the shifting function. Each time the
microprocessor writes or reads the shift register, the SR

Interrupt flag is reset and the SR counter 1s initialized to
begin counting the next 8 shift pulses on pin CB1. After
8 shift pulses, the interrupt flag i1s set. The microproces-
sor can then load the shift register with the next byte of
data.

WRITE SR
OPERATION
CB1INPUT I 1 I I 2 I ; / I 8 I
SHIFT CLOCK
J b
CB2 OUTPUT
2 JIIITC 1 X X
Il
IRQ L——_

Figure 24. Shift Register Output Modes
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The Interrupt Flag Register (IFR) and Interrupt Enable
Register (IER) are depicted in Figures 25 and 26,
respectively.

The IFR may be read directly by the processor. In add-
tion, individual flag bits may be cleared by writing a ‘1"
into the appropriate bit of the IFR When the proper chip
select and register signals are appled to the chip, the
contents of this register are placed on the data bus. Bit 7
indicates the status of the IRQ output. This bit corres-
ponds to the logic function: IRQ = IFR6 x IER6 + IFR5 x
IER5 + IFR4 x IER4 + IFR3 x IER3 + IFR2 x IER2 + IFR1 x
IER1 + IFRO x IERO. Note X = logic AND, + = Logic OR.

The IFR bit 7 is not a flag Therefore, this bit I1s not
directly cleared by writing a logic 1 into 1t. It can only be
cleared by clearing all the flags in the register or by dis-
abling all the active interrupts as discussed in the next
section.

REG 13 — INTERRUPT FLAG REGISTER

SETBY CLEARED BY

address). If bit 7 of the data placed on the system data
bus during this write operation 1s a O, each 1 in bits 6
through O clears the corresponding bit in the Interrupt
Enable Register, For each zero in bits 6 through O, the
corresponding bit 1s unaffected

Setting selected bits in the Interrupt Enable Register i1s
accomplished by writing to the same address with bit 7
in the data word set to a logic 1. In this case, each 1 In
bits 6 through O will set the corresponding bit. For each
zero, the corresponding bit will be unaffected. This indi-
vidual control of the setting and clearing operations
allows very convenient control of the interrupts during
system operation

In addition to setting and clearing IER bits, the processor
can read the contents of this register by placing the
proper address on the register select and chip select
inputs with the R/W line high. Bit 7 will be read as a
logic 1.

REG 14 — INTERRUPT ENABLE REGISTER

CA2 CA2 ACTIVE EDGE READ OR WRITE
{ REG 1 (ORA)*

CA1—— CA1 ACTIVE EDGE READ OR WRITE
REG 1 (ORA)

SHIFT REG{COMPLETE 8 SHIFTS | READ OR WRITE
SHIFT REG
READ OR WRITE ORB*

CB2 ACTIVE EDGE

TIME-OUT OF T2 READ T2 LOW OR

WRITE T2 HIGH

————1CB1 ACTIVE EDGE READ OR WRITE ORB

L TIMER 2
TIMER 1 TIME-OUT OF T1 READ T1 LOW OR

WRITE T1 HIGH

L ANY ENABLED
IRQ —|INTERRUPT

CLEARALL
INTERRUPTS

* IF THE CA2/CB2 CONTROL IN THE PCR IS SELECTED AS
“INDEPENDENT” INTERRUPT INPUT, THEN READING OR
WRITING THE OUTPUT REGISTER ORA/ORB WILL NOT
CLEAR THE FLAG BIT INSTEAD, THE BIT MUST BE
CLEARED BY WRITING INTO THE IFR, AS DESCRIBED
PREVIOUSLY

Figure 25. Interrupt Flag Register (IFR)

For each interrupt flag in IFR, there 1s a corresponding bit
in the Interrupt Enable Register The system processor
can set or clear selected bits in this register to facilitate
controlling individual interrupts without affecting others
This 1s accomplished by writing to address 1110 (IER

Clelel«f=[2["]]
L

cA2 B

CcA1

SHIFT REG
CcB2 0= INTERRUPT DISABLED

cB1 1=INTERRUPT ENABLED

TIMER 2

—————————— TIMER1

SET/CLEAR]

NOTES

1 IFBIT7ISA”0”, THEN EACH 1" IN BITS 0 - 6 DISABLES THE
CORRESPONDING INTERRUPT

2 IFBIT71SA 1", THEN EACH “1” IN BITS 0 - 6 ENABLES THE
CORRESPONDING INTERRUPT

3 IF AREAD OF THIS REGISTER IS DONE, BIT 7 WILL BE “1” AND
ALL OTHER BITSWILL REFLECT THEIR ENABLE/DISABLE STATE

Figure 26. Interrupt Enable Register (IER)

Package Availability 40 pin Molded DIP
Ordering information

sY M P 65C22 X
T T -[
PREFIX TEMPERATURE RANGE PACKAGE TYPE DEVICE TYPE BUS SPEED
NO DESIGNATOR -40 to +85 P MOLDED DIP NO DESIG
M -55 to +125 A1 MHz
X SPECIAL B 2 MHz
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CMOS Asynchronous
Communication
Interface Adapter

Synertek.

PRELIMINARY

Features

® On-Chip Baud Rate Generator 15 Programmable Baud
Rates Derived from a Standard 1 8432 MHz External
Crystal (50 to 19,200 Baud)

® Programmable Interrupt and Status Register to Simplify
Software Design

e External 16x Clock Input for Non-Standard Baud Rates
(Up to 125 Kbaud)

e Programmable Word Lengths, Number of Stop Bits,
and Panty Bit Generation and Detection

e Data Set and Modem Control Signals Provided

® Single Power Supply, 3 to 6 Vpc Parity (Odd, Even, None, Mark, Space)
e Serial Echo Mode e Full-Duplex or Half Duplex Operation
e False Start Bit Detection e 5,6,7,8and9 Bit Transmission
e 8 Bit Bi-Directional Data Bus for Direct Communication e |ow Power Consumption

with the Microprocessor e 1,2, 3, or4 MHz MPU Bus Operation
Description

The SY65C51 1s a CMOS Asynchronous Communications
Adapter Its inherent low power requirements and noise
immunity make it an ideal communications device for
remote site monitoring installations, military, industnal and
harsh environment applications. It was initially intended for
interfacing the 6500 and 6800 microprocessors to serial

communication data sets and modems, but i1s easily inter-
faced to all popular microprocessors A unique feature Is
the inclusion of an on-chip programmable baud rate gener-
ator, with a crystal being the only external component
required

Pin Configuration Block Diagram
TRANSMIT .
conTROL [ °™°
SY65C51 -
et ~ sprW | TRANSMIT TRANSMIT
c ) DATA N SHIFT [ T0
% 2 714 v’ REGISTER REGISTER
cs; (s 26 {] IRQ
RES [ 4 25 [] DB, ———— iRQ
RxC 24 [ DB, STATUS INTERRUPT
gs H 0% 2 REGISTER LOGIC beb
xTAL1 ] 6 23 [ DBg A e Bsm o
SELECT o
XTAL2 [ 7 221 DBy cso,——  AND e g S
=T B cs e~ R« a
RTS [ 8 21 [ DBy o1 7| CONTROL CONTROL BAUD ) S48
cTs o 20 [ 08, R’ Logic REGISTER RATE [~ xTAL1 =8
LA GENERATOR o y1a2 =
Txb [ 10 19 [J 0B, RES —— e
DTR []1 D
E ! s i" RECEIVE RECEIVE
RxD [] 12 17 |1 BSR DATA <: SHIFT RxD
RSy (J13 16 [] OCD REGISTER REGISTER
RS []1a 15 [ Ve t
COMMAND RECEIVE
REGISTER CONTROL

DTR
RTS

Figure 1. Block Diagram

4-123




Synertek. SY65C51

Absolute Maximum Ratings* Comment*
Rating Symbol | Allowable Range Stresses above those listed under ““Absolute Maximum Rat-
ings’’ may cause permanent damage to the device. This is a
Supply Voltage Voo 03V 170V stress rating only and functional operation of the device at
Input/Output Voltage Vin -03Vto+t7.0V these or any other conditions above those indicated in the
Operating Temperature Toe 0°C to +70°C operational sections of this specification is not impled.
Storage Temperature Tste -55°C to 150°C

All 1nputs contain protection circurtry to prevent damage to high static
charges. Care should be exercised to prevent unnecessary application of
voltages in excess of the allowable limits

D.C. Characteristics (vpp =5.0V £ 5%, To =-40 to +85°C, unless otherwise noted)

Characteristic Symbol Min. Typ. Max. Unit
Input High Voltage ViH 2.0 — Vpp +0.3 \
Input Low Voltage ViL -0.3 — 0.8 \%
Input Leakage Current: Viy=0.41024V,Vpp=5.25V | . 10 A
(62, R/W, RES, CSp, CS1, RS, RSy, CTS, RxD, DCD, DSR) IN - a
Input Leakage Current for High Impedance State (Three State) s — — *+10.0 pA
Output High Voltage: | oap = —200 A _ _
(DBy - DBy, TxD, RxC, RTS, DTR) Von 24 v
Output Low Voltage: Io, = 3.2 mA - _
(DB, - DB, TxD, RxC, RTS, DTR, IRQ) Vo o N
Supply Current (No Loads) f=1MHz Iop_ 2 mA
f=2 MHz ) 4 mA
Standby Power Dissipation (¢2 = V|, Inputs = Vgg or Vpp, No P _ 1 W
Loads, with Internal XTAL Feedback Disconnected sBY - ®
Output Leakage Current (Off State): Voyr = 5 V (IRQ) lorr — 10 10.0 A
Clock Capacitance (¢2) Celk — — 20 pF
Input Capacitance (Except XTAL1 and XTAL2) Cin —_ — 10 pF
Output Capacitance Cout — — 5.0 pF
Power Dissipation (See Graph) (Tpo = 0°C) Ve = Pp — 170 300
Power Dissipation vs. Temperature
200
175
TYPICAL
POWER 50 I~
DISSIPATION p—
(mw)
125
100
0 20 40 60 80
Tamsient (°C)
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tcye

. / \ S

Vi
e——tacw M——‘CAH—-‘

Vin
Vi

twew —T le—— towH—>]
Vin
- /
Vie
I
tbew thw

Figure 2. Write Timing Characteristics

Write Cycle (vpp=5.0V £ 5%, Ta =40 to +85°C, unless otherwise noted)

SY65C51 SY65C51A
Characteristic Symbol Min. Max. Min. Max. Unit
Cycle Time teve 10 — 05 — us
@2 Pulse Width tc 470 — 240 — ns
Address Set-Up Time tacw 160 — 920 — ns
Address Hold Time tcaH 0 — 0 — ns
R/W Set-Up Time twew 160 — 920 — ns
R/W Hold Time tcwH 0 — 0 — ns
Data Bus Set-Up Time tbcw 195 — 90 - ns
Data Bus Hold Time thw 10 — 10 — ns
(tg and tg = 30 ns MAX)
(24
[= 4
=37
Crystal Specification Clock Generation =2
1. Temperature stability = 0.01% (0° C to 70°C) &
2. Characteristics at 26°C = 2°C
EXTERNAL TAL1
a. Frequency (MHz) 18432 XIAL 6 clock | — e
b. Frequency tolerance (%) 0.02
c. Resonance mode Series
d. Equivalent resistance (ohm) 400 max. [:I
e. Drive level MW 2
f. Shunt capacitance pF 7 max L"TAL? 7 c&f&r —XTAL2Y,
g. Oscillation mode Fundamental 6551
No other external components should be in the crystal
circutt. INTERNAL CLOCK EXTERNAL CLOCK
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le— tACR —>

tc

|e—tcAR—»

OS0SR-S w

/r—__ Vin
ViL

Vin

B | Vin
R/W
—4@— twer —| Vi
tcor le— tHR —>
DATA BUS N or
l<—tcpa 4 VoL
Figure 3. Read Timing Characteristics
Read Cycle (Vpp =5.0 V= 5%, To =-40 to +85°C, unless otherwise noted)
SY65C51 SY65C51A
Characteristic Symbol Min. Max. Min. Max. Unit
Cycle Time teve 1.0 — 0.5 — us
Puise Width (¢2) tc 470 — 240 — ns
Address Set-Up Time tACR 160 —_ 90 — ns
Address Hold Time tcar [¢] — 0 — ns
R/W Set-Up Time twer 160 — 90 — ns
Read Access Time (Valid Data) tcor — 320 — 190 ns
Read Data Hold Time tHR 10 — 10 — ns
Bus Active Time (Invalid Data) tcpa 40 — 40 — ns

Test Load 5

A

PIN

3\
2.4kQ

CpF

I

C =30 pF MAX. FOR ALL OTHER OUTPUTS =

24k
C = 130 pF MAX. FOR DB0-DB7

Pl

OPEN COLLECTOR
OUTPUT TEST LOAD

N

M

100 pF
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teey

XTAL1 aaman
(TRANSMIT \
CLOCK INPUT)
-———— teL —

4—‘DD—>l
TxD x

NOTE. TxD rate 1s 1/16 TxC rate.

[<—tpLy —>]

—
DTR, RTS X

e—tiRQ:

iRQ
Figure 4a. Transmit Timing with External Clock (CLEAR)
teey Figure 4b. Interrupt and Output Timing
tcH
RxC
(INPUT) \
-« tcL
NOTE  RxD rate 1s 1/16 RxC rate.
Figure 4c. Receive External Clock Timing

Transmit/Receive Characteristics

Characteristic Symbol Min. Max. Unit

Transmit/Receive Clock Rate tcey 400* — ns

Transmit/Receive Clock High Time tcH 175 — ns

Transmit/Receive Clock Low Time toL 175 — ns

XTAL1 to TxD Propagation Delay tbp — 500 ns

Propagation Delay (RTS, DTR) toLy — 500 ns

IRQ Propagation Delay (Clear) tira — 500 ns
*The baud rate with external clocking 1s.  Baud Rate =!

6 x chy

Interface Signal Description IRQ (Interrupt Request)

RES (Reset)

During system initialization a low on the RES input will
cause Internal registers to be cleared.

®2 (Input Clock)

The input clock is the system ¢2 clock and is used to trigger
all data transfers between the system microprocessor and
the SY65C51.

R/W (Read/Write)

The R/W is generated by the microprocessor and is used to
control the direction of data transfers. A high on the R/W
pin allows the processor to read the data supplied by the
SY65C51. A low on the R/W pin allows a write to the
SY65C51.

The IRQ pin 1s an interrupt signal from the interrupt control
logic. It 1s an open drain output, permitting several devices
to be connected to the common IRQ microprocessor input.
Normally a high level, TRQ goes low when an interrupt
occurs.

DBy-DBy (Data Bus)
The DBg-DB5 pins are the eight data lines used for transfer
of data between the processor and the SY65C51. These

lines are bi-directional and are normally high-impedance
except during Read cycles when selected.

CSg. CS4 (Chip Selects)

The two chip select inputs are normally connected to the
processor address lines either directly or throungecoders.
The SY65C51 is selected when CSg is high and CS; is low.

4-127

=)
<
=
=

PROCESSORS




Synertek.

SY65C51

RS,, RS, (Register Selects)

The two register select lines are normally connected to the
processor address lines to allow the processor to select the
various SY65C51 internal registers. The following table
indicates the internal register select coding:

RS, RSqo Write Read

0 O | Transmit Data Receiver Data
Register Register

0 1 Programmed Status Register
Reset (Data i1s
“Don’t Care”)

1 0 Command Register

1 1 Control Register

The table shows that only the Command and Control regis-
ters are read/write. The Programmed Reset operation does
not cause any data transfer, but 1s used to clear the
SY65C51 registers. The Programmed Reset is slightly dif-
ferent from the Hardware Reset (RES) and these differences
are described in the individual register definitions.

ACIA/Modem Interface Signal Description
XTAL1, XTAL2 (Crystal Pins)

These pins are normally directly connected to the external
crystal (1.8432 MHz) used to derive the various baud rates.
Alternatively, an externally generated clock may be used to
drive the XTAL1 pin, in which case the XTAL2 pin must
float.

TxD (Transmit Data)

The TxD output line 1s used to transfer serial NRZ (non-
return-to-zero) data to the modem. The LSB (least
significant bit) of the Transmit Data Register is the first data
bit transmitted and the rate of data transmission is deter-
mined by the baud rate selected.

RxD (Receive Data)

The RxD input line is used to transfer serial NRZ data into
the ACIA from the modem, LSB first. The receiver data rate
1s either the programmed baud rate or the rate of an exter-
nally generated receiver clock This selection 1s made by
programming the Control Register.

RxC (Receive Clock)

The RxC is a bi-directional pin which serves as either the
receiver 16x clock Input or the receiver 16x clock output.
The latter mode results If the internal baud rate generator 1s
selected for receiver data clocking.

RTS (Request to Send)
The RTS output pin 1s used to control the modem from the

processor. The state of the RTS pin is determined by the
contents of the Command Register.

CTS (Clear to Send)

The CTS input pin 1s used to control the transmitter opera-
tion. The enable state 1s with CTS low. The transmitter i1s
automatically disabled if CTS 1s high.

CLOCK
RxC 9| DIVIDER SYNC,
(-16)
CONTROL
REGISTER
BIT4="1"
XTAL1 T
BAUD CLOCK
a RATE DIVIDER
—<—_,{ GENERATOR (-16)
XTAL2 f f f f
el
BITS0-3 IN
CONTROL
REGISTER

DTR (Data Terminal Ready)

This output pin 1s used to indicate the status of the
SYB5C51 to the modem. A low on DTR indicates the
SY65C51 1s enabled and a high indicates it 1s disabled. The
processor controls this pin via bit O of the Command
Register.

DSR (Data Set Ready)

The DSR input pin is used to indicate to the SY65C51 the
status of the modem. A low indicates the “ready’’ state and
a high, “not-ready”. DSR is a high-impedance input and
must not be a no-connect. If unused, it should be driven
high or low, but not switched.

Note. If Command Register Bit 0 = 1 and a change of state
on DSR occurs, IRQ will be set, and Status Register Bit 6
will reflect the new level. The state of DSR does not affect
either Transmutter or Receiver operation.

DCD (Data Carrier Detect)

The DCD input pin 1s used to indicate to the SY65C51 the
status of the carrier-detect output of the modem. A low
indicates that the modem carrier signal is present and a
high, that 1t 1s not. DCD, like DSR, i1s a high-impedance
input and must not be a no-connect.

Note. If Command Register Bit 0 = 1 and a change of state
on DCD occurs, IRQ will be set, and Status Register Bit 5
will reflect the new level. The state of DCD does not affect
Transmitter operation, but must be low for the Receiver to
operate.

Internal Organization

The Transmitter/Receiver sections of the SY65C51 are
depicted by the block diagram in Figure 5.

RECEIVER
SHIFT REGISTER

1

RxD

TRANSMITTER

F—————————»
SHIFT REGISTER ™D

Figure 5. Transmitter/Receiver Clock Circuits

Bits Q-3 of the Control Register select the divisor used to
generate the baud rate for the Transmitter. If the Recewver
clock 1s to use the same baud rate as the Transmitter, then
RxC becomes an output pin and can be used to slave other
circuits to the SY65C51.

4-128




rtek; SY65C51

Control Register

The Control Register 1s used to select the desired mode for
the SY65C51. The word length, number of stop bits, and
clock controls are all determined by the Control Register,
which 1s depicted in Figure 6.

CONTROL REGISTER

I7IF1'ISI4i3[2J110]
l BAUD RATE
STOP BITS L l [ l | GENERATOR
0 =1 Stop Bit 00|00 | 16x EXTERNAL CLOCK
1=2 Stop Bits oj{of{o0}1 50 BAUD
1 Stop Bit if Word Length 5
= 8 Bits and Parity* 00 : 0 17 2
1% Stop Bits if Word Length 00 1 09.9
=5 Bits and No Parity 0j1j0]0 134.58
WORD LENGTH 011 e L 150
BIT_|DATA WORD 011 119 300
6]5] LENGTH L L 600
olo 8 1 0|00 1200
K] 7 1 0|01 1800
170 5 1 011 0 2400
K] 5 1]0]1}1 3600
1 1 0|0 4800
RECEIVER CLOCK SOURCE 1(1]0]1 7200
0 = External Receiver Clock 1 1 110 9600
1= Baud Rate Generator 1]1 111 19,200
*This allows for 9-bit transmission (8 data bits plus parity)
7 6 5 4 3 2 1 0
HARDWARERESET [0 [oJoJoJoJoJoo]
prROGRAMRESET [ - [-|-]-[-1-1-1-]
Figure 6. Control Register Format
Command Register
The Command Register 1s used to control Specific Trans-
mit/Receive functions and 1s shown in Figure 7.
COMMAND REGISTER
[7]efsJaf3T2T1T0]
d
PARITY CHECK CONTROLS ‘t——rno——-———o DATA TERMINAL READY
BIT OPERATION 0 = Disable Receiver and All
7165 Interrupts (DTR high)
— | — | 0 | Panity Disabled - No Parity Bit 1= Enable Receiver and All
Generated - No Parity Bit Receved Interrupts (DTR low)
0|10} 1 Odd Parity Receiver and Transmitter
0 1 1 Even Parity Recewver and RE_CEIVER INTERRUPT ENABLE [72]
Transmitter 0 = IRQ Interrupt Enabled from Bit 3 =3
1| 0 [ 1| Mark Parity Bit Transmitted, of Status Register E g
Parity Check Disabled 1= IRQ Interrupt Disabled 2w
1 1 1 Space Panity Bit Transmitted, = g
Parity Check Disabled TRANSMITTER CONTROLS a
BIT | TRANSMIT RTS
31 2 | INTERRUPT | LEVEL | TRANSMITTER
0|0 Disabled High Off
NORMAL/ECHO MODE 0ol 1 Enabled Low On
FOR RECEIVER 1]0 | Disabled Low On
0 = Normal 1]1 Disabled Low Transmit BRK
1= Echo (Bits 2and 3
must be ““0"’)

7 6 5 4 3 2 1 0
HARDWARERESET |0 (0 {0 JO0]JO0ofO0|[O0]|O
PROGRAM RESET -{-{-]0j0}j0]o0)o0O

Figure 7. Command Register Format
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Status Register

The Status Register 1s used to indicate to the processor the
status of various SY65C51 functions and 1s outlined in Fig-
ure 8.

L STATUS SET BY CLEARED BY
" "| 0=No Error .

Parity Error 1= Ermror Self Clearing
0 = No Error .

Framing Error* 1 = Error Self Clearing
0 = No Error e

Overrun* 1= Error Self Clearing
Receive Data 0 = Not Full Read Receive
Register Full 1= Full Data Register
Transmit Data 0 = Not Empty Write Transmit

Register Empty. | 1= Empty Data Register

Not Resettable

Transmit and Receive Data Registers

These registers are used as temporary data storage for the
65C51 Transmit and Receive circuits. The Transmit Data
Register is characterized as follows:

e Bit O is the leading bit to be transmitted.

e Unused data bits are the high-order bits and are “don’t
care’ for transmission.

The Receive Data Register is characterized in a similar
fashion:

e Bit O is the leading bit received.

e Unused data bits are the high-order bits and are “0" for
the receiver.

e Parity bits are nof contained in the Receive Data Regis-
ter, but are stripped-off after being used for external ‘
parity checking. Parity and all unused high-order bits are

M— -55°C to +125°C

bco - Reflects DCD
1 = DCD High State 0.
oS’ 0=DSR Low | nop Resetiable Figure 9 Illustrates a single transmitted or received data
1 = DSR High .
State word, for the example of 8 data bits, parity, and 1 stop bit.
IRQ 0 = No Interrupt | Read
1 = Interrupt Status Register
*NO INTERRUPT GENERATED FOR THESE CONDITIONS. “MARK"” “MARK"”
**CLEARED AUTOMATICALLY AFTER A READ OF RDR AND v
THE NEXT ERROR FREE RECEIPT OF DATA | Jol1[2]s]a]s]e]7]r] 1
DATA BITS
7 6 5 4 3 2 1 0 START PARITY
HARDWARE RESET [0 [ —[-J1JoJoJo o] BIT BIT
PROGRAMRESET [ —[-[-[-[-Jo[-[—] STOP BIT
Figure 8. Status Register Format Figure 9. Serial Data Stream Example
Package Availability 28 pin Molded DIP
Ordering Information
§lx 65C51 X
PREFIX TEMPERATURE RANGE PACKAGE DEVICE TYPE BUS SPEED
No Designator — -40°C to +85°C P — Molded DIP No Designator — 1 MHz
X — Special A —2MHz
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/8 Family of Single-Chip
Microcomputers

Features

e Complete microcomputer with on-chip RAM, ROM and
170
— 128 bytes of on-chip RAM
— 2K bytes of on-chip ROM
— 321/0 lines
® Two programmable 8-bit counter/timers, each with a
6-bit programmable prescaler
Full-duplex UART clocked by an internal timer
® 144-byte register file includes
— 124 general-purpose registers, each of which can
be used as an accumulator, index register, storage
element, address register or part of the internal
stack
— Four 170 port registers
— Sixteen status and control registers

® Register pointer permits shorter, faster instructions to
access one of nine working-register groups
® Vectored, prioritized interrupts for |/0, counter/timers
and UART
* Expandable bus interfaces up to 62K bytes each of
external program memory and external data memory
® On-chip oscillator can be driven by a crystal, RC, LC or
external clock source
e High-speed instruction execution
— Working-register operations = 15 us
— Auverage Instruction execution = 2 2 us
— Longest instruction =5 us
e Low-power standby mode retains contents of general-
purpose registers
e Single +5 V supply
e All1/0 pins TTL compatible

Description

The Z8 microcomputer introduces a new level of sophistica-
tion to single-chip architecture Compared to earlier
single-chip microcomputers, the Z8 offers faster execution,
more efficient use of memory, more sophisticated interrupt,
input/output and bit-manipulation capabilities, and easier
system expansion

XTAL AS DS R/W RESET

OUTPUT INPUT

[

PORT 3

PROGRAM
MEMORY
2048 x 8 BIT

TIMER/
COUNTERS
@

INTERRUPT
CONTROL

Ls s

REG POINTER ]

REGISTERFILE
124 x 8 BIT

PROGRAM
COUNTER

PORT 0

i

1o ADDRESS OR /O ADDRESS/DATA OR 110
(BITPROGRAMMABLE) (NIBBI EPROGRAMMABLE) (BYTE PROGRAMMABLE)

Figure 1. Block Diagram

Under program control, the Z8 can be tailored to the needs
of its user It can be configured as a stand-alone microcom-
puter with 2K of internal ROM, a traditional microprocessor
that manages up to 124K of external memory, or a parallel-
processing element in a system with other processors and
peripheral controllers linked by the Z-Bus. In all configura-
tions, a large number of pins remain available for 1/0

Pin Description

P0,-P0O,, P1,-P1,, P2,-P2,, P3,-P3,. //O Port Lines
(Input/Outputs, TTL compatible) These 32 lines are divided
into four 8-bit I/0 ports that can be configured under pro-
gram control for I/0 or external memory interface

AS. Address Strobe (output, active Low) Address Strobe I1s
pulsed once at the beginning of each machine cycle
Addresses are output via Ports O and 1 for internal and
external program fetches and external data memory
transfers The addresses for all external program or data
memory transfers are valid at the trailing edge of AS Under
program control, AS can be placed in the high-impedance
state along with Ports O and 1, Data Strobe and Read/Write

DS. Data Strobe (output, active Low) Data Strobe Is acti-
vated once for each external memory transfer

R/W. Read/Write (output) R/W is Low when the Z8 is
writing to external program or data memory

Copyright 1979 by Zilog, Inc All rights reserved No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in
any form or by any means, electronic, mechanical, photocopying, recording, or otherwise, without the prior written permission of Zilog

Reproduced by permission

*Z8 is a trademark of Zilog Inc
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Pin Description (Cont.)

XTAL1, XTAL2. Crystal 1, Crystal 2 (time-base input and
output). These pins connect a series-resonant crystal (8
MHz maximum), LC network, RC network or an external
single-phase clock (8 MHz maximum) to the on-chip clock
oscillator and buffer.

RESET. Reset (input, active Low). RESET initializes the Z8.
When RESET is deactivated, the Z8 begins program execu-
tion from internal program location 000C,,.

Vee 1@ [] 40 P3¢
xTaL2 2 [] [} 39 p3,
xTaL1 3 [} [ 38 P2,

P3, 4[] [ 37 P2

P3, 5 [] [ 36 P2,
RESET 6 [} [ 35 p2,

RW 7 (] [ 34 P2,

53 8 [] [] 33 P2,

A3 9 [} [] 32 P2,

P35 10 [] 31 P2,

GND 11 [] 30 P3,

P3, 12 [] 29 P3,

PO, 13 ] 28 P1,

Po, 14 [} [ 27 P1s

PO, 15 [] [1 26 P1,

PO, 16 [] [] 25 P1,

PO, 17 [] [] 24 P1,

P05 18 [] [] 23 P1,

POs 19 [] [ 22 P1,

PO, 20 ] 21°1,

Figure 2. Pin Assignments

RESET 6 1 Vee
TN | AW 7 11 }+—anD
CONTROL DS -8 3f——XTALY
— cLoCcK
AS +—9 2 XTAL2
POy w—413 31 > P2,
PO, {14 32 fa—> P2,
PO, w15 33 j—>-P2,
PORT 0 PORT 2
(NIBBLE PO, «—»-{16 34 j—> P2, (BIT PRO-
PROGRAMMABLE) GRAMMABLE)
IO OR Ag-Arg | PO >V i nant i 1)
PO; <118 36 - P2
POy w119 37 f—> P2,
PO, <w—»-§ 20 38 fe—>- P2,
Plp a—121 § f—P3,
P, <—af22 39 f—0P3,
P1, <o) 23 12}e—7p3, |PORTS
PORT 1 (FOUR INPUT;
PROGRAMM(AB AL Pl; @—>124 30 fe——P3, FOUR OUTPUT).
BLE) — > SERIAL AND
1/0 OR ADo-AD; Pl % » P34 PARALLEL /0
P1; -] 26 10— P34 AND CONTROL
Pl >y 27 40 p—> P34
P1; «—»128 Ap—>P3;

Figure 3. Pin Functions

Architecture

Z8 architecture is characterized by a flexible 1/0 scheme,
an efficient register and address space structure and a
number of ancillary features that are helpful in many
applications.

Microcomputer applications demand powerful 1/0 capabili-
ties. The Z8 fulfills this with 32 pins dedicated to input and
output. These lines are grouped into four ports of eight lines
each and are configurable under software control to provide
timing, status signals, serial or parallel I/0 with or without
handshake, and an address/data bus for interfacing exter-
nal memory.

Because the multiplexed address/data bus 1s merged with
the 1/0-oriented ports, the Z8 can assume many different
memory and 1/0 configurations. These configurations range
from a self-contained microcomputer to a microprocessor
that can address 120K of external memory

The Z8 offers three basic address spaces to support this
wide range of configurations: program memory (internal
and external), data memory (external) and the register file
(internal). The 144-byte random-access regster file s com-
posed of 124 general-purpose registers, 4 1/0 port registers,
and 16 control and status registers.

To unburden the program from coping with real-time prob-
lems such as serial data communication and
counting/timing, the Z8 offers an on-chip asynchronous
receiver/transmitter (UART), and two counter/timers with a
large number of user-selectable modes. Hardware support
for the UART is minimized because one of the on-chip
timers supplies the bit clock with selectable baud rates

Address Spaces

Program Memory. The 16-bit program counter addresses
64K bytes of program memory space. Program memory can
be located in two areas: one internal and the other external
(Figure 4). The first 2048 bytes consist of on-chip mask-
programmed ROM. At addresses 2048 and greater, the Z8
executes external program memory fetches.

The first 12 bytes of program memory are reserved for the
interrupt vectors. These locations contain six 16-bit vectors
that correspond to the six available interrupts.

Data Memory. The Z8 can address 62K bytes of external data
memory beginning at locations 2048 (Figure 5).
External data memory may be included with or separated
from the external program memory space. DM, an optional
170 function that can be programmed to appear on pin P3,,
1s used to distinguish between data and program memory
space.

Register File. The 144-byte register file includes four 1/0
port registers (RO-R3), 124 general-purpose registers (R4-
R127) and sixteen control and status registers (R240-R255).
These registers are assigned the address locations shown
in Figure 6.
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Address Spaces (Cont.)

Z8 nstructions can access registers directly or indirectly
with an 8-bit address field The Z8 also allows short 4-bit
register addressing using the register pointer (one of the
control registers). In the 4-bit mode, the register file I1s
divided into nine working-register groups, each occupying
sixteen contiguous locations (Figure 7). The register pointer
addresses the starting location of the active working-
register group.

65535 FFFF
EXTERNAL
ROM OR RAM
4096
4095 OFFF
ON CHIP
Location of ROM
frst byte of
Instruction
erecwes ™4 ]
atterreset 1> Fa oooc
" IRQS
10 1RQS
9 1RQ4
8 IRQ4
Interrupt 7 'Ra3
Vector g IRQ3
(Lower Byte)
B 1RQ2
4w IRQ2
Internupt
Ve, 3 IRQ1
wpper Byt o
1 1RQO
o IRQO 0000

Figure 4. Program Memory Map

LOCATION IDENTIFIERS
255 STACK POINTER (BITS 7-0) SPL
254 STACK POINTER (BITS 15-8) SPH
253 REGISTER POINTER RP
252 PROGRAM CONTROL FLAGS FLAGS
251 INTERRUPT MASK REGISTER IMR
250 INTERRUPT REQUEST REGISTER IRQ
249 INTERRUPT PRIORITY REGISTER IPR
248 PORTS 0-1 MODE POIM
247 PORT 3 MODE P3M
246 PORT 2 MODE P2m
245 T0 PRESCALER PREO
244 TIMER/COUNTER 0 To
243 T1 PRESCALER PRE1
242 TIMER/COUNTER 1 ™
241 TIMER MODE TMR
240 SERIAL /0 sio

NOT
IMPLEMENTED
127
GENERAL PURPOSE
REGISTERS
4
3 PORT 3 P3
2 PORT 2 P2
1 PORT 1 P1
0 PORT 0 PO

Figure 6. The Register File

Stacks. Either the internal register file or the external data
memory can be used for the stack A 16-bit stack pointer
(R254 and R255) is used for the external stack, which can
reside anywhere in data memory between locations 2048
and 65535 An 8-bit stack pointer (R255) i1s used for the
internal stack which resides within the 124 general-
purpose registers (R4-R127)

65535
EXTERNAL
DATA
MEMORY
4096
4095
NOT ADDRESSABLE
0

Figure 5. Data Memory Map

ll 255
__»_>: 7t fs T J 0000 253
240
The upper nibble of the register file address
provided by the register pointer speciiies
the active wrking register group
127
- :
L. {
L :
L]
l The lower
fibble of
' the o
SPECIFIED WORKING e
| —— REGISTER GROUP T e non
points to the
specitied
| register
- — - l
L _*i
15
Lo
b——————————— —3
1/0 PORTS

REGISTER FILE

Figure 7. The Register Pointer
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1/O Ports

The Z8 has 32 lines dedicated to input and output. These
lines are grouped into four ports of eight lines each and are
configurable as input, output or address/data. Under soft-
ware control, the ports can be programmed to provide
address outputs, timing, status signals, serial 1/0, and
paralled 170 with or without handshake All ports have
active pull-ups and pull-downs compatible with TTL loads.

Port 1

Port 1 can be programmed as a byte 1/0 port or as an
address/data port for interfacing external memory. When
used as an /0 port, Port 1 may be placed under handshake
control In this configuration, Port 3 lines P3; and P3, are
used as the handshake controls RDY1 and DAV1 (Ready
and Data Available)

Memory locations greater than 2048 are referenced
through Port 1. To interface external memory, Port 1 must
be programmed for the multiplexed address/data mode
(ADy-AD;) If more than 256 external locations are required,
Port O must output the additional lines.

Port 1 can be placed in the high-impedance state along with
Port 0, AS, DS and R/W, allowing the Z8 to share common
resources In multiprocessor and DMA applications. Data
transfers can be controlled by assigning P3; as a Bus
Acknowledge input, and P3, as a Bus Request output

PORT 1
(IO OR AD,-AD;)

DAV1 AND RDY1

} HANDSHAKE CONTROLS
(P3; AND P3,)

le—
L

PORT 1

Port 0

Port O can be programmed as a nibble |/0 port, or as an
address port for interfacing external memory. When used as
an 1/0 port, Port 0 may be placed under handshake control.
In this configuration, Port 3 lines P3, and P3g are used as
the handshake controls DAVO and RDYO.

For external memory references, Port O can provide address
bits Ag-A;, (lower nibble) or Ag-A;g (lower and upper nib-
ble) depending on the required address space. If the address
range requires 12 bits or less, the upper nibble of Port O can
be programmed independently as /0O while the lower nib-
ble 1s used for addressing. When Port O nibbles are defined
as address bits, they can be set to the high-impedance state
along with Port 1 and the control signals AS, DS and R/W.

m}?&"&% "
<I> (IO ORAy-A

- HANDSHAKE CONTROLS
} DAVO AND RDYO
[/ (p3, AND P3g)

PORTO

Port 2

Each bit of Port 2 can be programmed independently as an
Input or an output, and 1s always available for 1/0 opera-
tions. In addition, Port 2 can be configured to provide
open-drain outputs.

Like PortsO and 1, Port 2 may also be placed under handshake
control. In this configuration, Port 3 lines P3, and P3g are
used as the handshake controls lines DAV2 and RDY2. The
handshake signal assignment for Port 3 lines P3, and P3g is
dictated by the direction (input or output) assigned to bit 7 of
Port 2.

PORT 2(1/0)

HANDSHAKE CONTROLS
} DAV2 AND RDY2
(P3, AND P3g)

R

PORT 2

Port 3

Port 3 lines can be configured as /0 or control lines. In either
case, the direction of the eight lines is fixed as four input
(P3,-P33) and four output (P3,-P3,). For serial 170, lines P3,
and P3; are programmed as serial in and serial out
respectively

Port 3 can also provide the following control functions:
handshake for Ports 0, 1 and 2 (DAV and RDY); four exter-
nal interrupt request signals (IRQO-IRQ3); timer input and
output signals (T, and Tq ;1) and Data Memory Select (DM).

[¢—— | PORT 3
(110 OR CONTROL)

PORT 3
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Serial Input/Output

Port 3 hines P3, and P3; can be programmed as serial I/0
lines for full-duplex serial asynchronous receiver/transmitter
operation. The bit rate is controlled by counter/timer O, with a
maximum rate of 62 5 kilobits per second.

The Z8 automatically adds a start bit and two stop bits to
transmitted data (Figure 8) The Z8 can also provide odd parity
Eight data bits are always transmitted, regardless of parity

TRANSMITTED DATA — NO PARITY

[sp]sP]o:]oe[os] 0] 0s]0:] 0, ] Do]ST]

STA“T BIT
EIGHT DATA BITS

TWO STOP BITS

TRANSMITTED DATA — WITH PARITY

[s]sP] 7 [os] 0] 02 03] 0] 5. 04 57)
l—START BIT

SEVEN DATA BITS
ODD PARITY
TWO STOP BITS

selection. If parity 1s enabled, the eighth biti1s the odd parity bit
An interrupt request (IRQ4) i1s generated on all transmitted
characters.

Received data must have a start bit, eight data bits and at least
one stop bit If parity 1s on, bit 7 of the received data is replaced
by a parity error flag Received characters generate the IRQ3
Interrupt request

RECEIVED DATA — NO PARITY

[sp]o,[os[0s] 0. ] D] D] 0, [ 0o [ 5T]

L———START BIT
EIGHT DATA BITS

ONE STOP BIT

RECEIVED DATA — WITH PARITY

[sp]PTos]0s]0.]0s]02[0:] 0 [5T]

l—— START BIT
SEVEN DATA BITS

PARITY ERROR FLAG
ONE STOP BIT

Figure 8. Serial Data Formats.

Counter/Timers

The Z8 contains two 8-bit programmable counter/timers (T
and T;), each driven by its own 6-bit programmable pres-
caler The T, prescaler can be driven by internal or external
clock sources, however, the T, prescaler 1s driven by the
internal clock only

The 6-bit prescalers can divide the input frequency of the
clock source by any number from 1 to 64 Each prescaler
drives its counter, which decrements the value (1 to 256)
that has been loaded into the counter When the counter
reaches the end of count, a timer interrupt request — IRQ4
(To) or IRQ5 (T;) — 1s generated

The counters can be started, stopped, restarted to continue,
or restarted from the initial value The counters can also be
programmed to stop upon reaching zero (single-pass mode),
or to automatically reload the initial value and continue
counting (modulo-n continuous mode) The counters, but
not the prescalers, can be read any time without disturbing
their value or count mode

The clock source for T, is user-definable and can be the
internal microprocessor clock (4 MHz maximum) divided by
four, or an external signal input via Port 3 The Timer Mode
register configures the external timer input as an external
clock (1 MHz maximum), a trigger input that can be
retriggerable or non-retriggerable, or as a gate input for the
internal clock. The counter/timers can be programmably
cascaded by connecting the T, output to the input of T,

Port 3 line P3¢ also serves as a timer output (Toyr) through
which Ty, T; or the internal clock can be output

Interrupts

The Z8 allows six different interrupts from eight sources' the
four Port 3 hines P3,,-P3;, Serial In, Serial Out, and the two
counter/timers. These Interrupts are both maskable and
prioritized The Interrupt Mask Register globally or individually
enables or disables the six interrupt requests. When more
than one Interrupt I1s pending, priorities are resolved by a
programmable priority encoder that is controlled by the Inter-
rupt Priority Register.

All Z8 interrupts are vectored When an interrupt request 1s
granted, the Z8 enters an interrupt machine cycle that dis-
ables all subsequent interrupts, saves the program counter
and status flags, and branches to the program memory vector
location reserved for that interrupt. This memory location and
the next byte contain the 16-bit address of the interrupt ser-
vice routine for that particular interrupt request.

The_ Z8 also supports polled systems. To accommodate a
polled structure, any or all of the interrupt inputs can be
masked and the Interrupt Request Register polled to deter-
mine which of the interrupt requests needs service.
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Clock

The on-chip oscillator has a high-gain, series-resonant amplh-
fier for connection to a crystal or to any suitable external clock
source (XTAL1 = Input, XTAL2 = Output).

The crystal source i1s connected across XTAL1 and XTAL2,
using the recommended capacitors (C; = 15 pF) from each
pin to ground. The specifications for the crystal are as
follows:

— AT cut, series resonant
— Fundamental type, 8 MHz maximum
| — Series resistance Rg < 10002

Power Down Standby Option

The low-power standby mode allows power to be removed
without losing the contents of the 124 general-purpose regis-
ters. This mode Is available to the user as a bonding option
whereby pin 2 (normally XTAL2) 1s replaced by the Vum
| (standby) power supply input. This necessitates the use of an
' external clock generator (input = XTAL1) rather than a crystal
source.

" The removal of power, whether intended or due to power
failure, must be preceded by a software routine that stores the
appropriate status into the register file. Figure 9 shows the
recommended circuit for a battery back-up supply system

| 28602 Development Device

'The 64-pin development version of the 40-pin mask-

' programmed Z8 allows the user to prototype the system In

hardware with an actual Z8 device, and develop the code
that I1s eventually mask-programmed into the on-chip ROM
of the Z8601.

exceptions:
— The internal ROM has been removed

— The ROM address lines and data lines are buffered and
brought out to external pins

— Control lines for the new memory have been added

+5V Voo

TRICKLE
CHARGE
8

-5

XTAL2
(Vmax)

L

Figure 9. Recommended Driver Circuit for Power
Down Operation.

. The Z8602 s identical to the 28601 with the following

Addressing Modes

The following notation 1s used to describe the addressing
modes and instruction operations as shown in the instruc-
tion summary.

IRR Indirect register pair or indirect working-register pair
address

Irr Indirect working-register pair only

X Indexed address

DA Direct address

RA Relative address

IM Immediate

R Register or working-register address

r  Working-register address only

IR Indirect-register or indirect working-register address
Ir  Indirect working-register address only

RR Register pair or working register pair address

Symbols

dst Destination focation or contents
src Source location or contents

cc Condition code (see list)

@ Indirect address prefix

SP Stack pointer (control registers 254-255)
PC Program counter

FLAGS Fiag register (control register 252)

RP Register pointer (control register 253)

IMR Interrupt mask register (control register 251)

Assignment of a value is indicated by the symbol “~" For
example,
dst — dst + src

indicates that the source data is added to the destination
data and the result is stored in the destination location. The
notation “‘addr(n)” is used to refer to bit ‘n”* of a given loca-
tion. For example,

dst (7)
refers to bit 7 or the destination operand.
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Flags
Control Register R252 contains the following six flags Affected flags are indicated by’
C Carry flag V Overflow flag 0 Cleared to zero
Z Zero flag D Decimal-adjust flag 1 Settoone
S Sign flag H Half-carry flag * Set or cleared according to operation
— Unaffected
X Undefined
Condition Codes
Condition Codes
Value Mnemonic Meaning Flags Set
+ 1000 Always true -
o111 (o Carry c=1
1M NC No Carry C=0
0110 z Zero Z=1
1110 Nz Not zero Z=0
1101 PL Plus S=0
0101 Mi Minus S=1
0100 ov Overflow V=1
1100 NOV No overflow V=0
0110 EQ Equal Z=1
1110 NE Not equal Z=0
1001 GE Greater than or equal (SXORV)=0
0001 LT Less than (SXORV)=1
1010 GT Greater than [ZOR (S XOR V)]=0
0010 LE Less than or equal [ZOR(S XOR V)1 =1
1M1 UGE Unsigned greater than or equal c=0
0111 ULT Unsigned less than c=1
1011 UGT Unsigned greater than (C=0andZ=0)=1
0011 ULE Unsigned less than or equal (Cor2)=1
0000 Never true ===
Instruction Formats
oPC CCF, DI, El, IRET, NOP,
RCF, RET, SCF
[Cast [ opc ] INC
ONE-BYTE INSTRUCTIONS
L o»zs”s:oue_l oR [1 11 0] dstsrc | EEE?E&’:&‘?‘Z’:"‘)"- OPC_| MODE ADC, ADD, AND, CP,
RRC. SRA, SWAP src or[1110] sc | %B‘M‘??-,f’;%:“&
[opc ] JP. CALL (indirect) = orfirrol e |
[ ast Jor [T 110 ast | w
OoPC MODE ADC, ADD, AND, CP, (-
— o on [Cral ) G 22
Qui
.:m’l:]:]: , ADC, ADD, AND, MopE ' Llas o = g
o T we ] o oo e e ]
m@:, toebhei ™" m;]l ore Lo
ADDRESS
dstisrc | OPC LD
[ srciast__Jor [1110[ sre | e ] opc »
DA,
[ast [ opc | Lo DA,
OPC CALL
[asvcc [ orc_| DJNZ, JR zAu
A
TWO-BYTE INSTRUCTIONS THREE-BYTE INSTRUCTIONS
Figure 11. Instruction Formats.
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28 Opcode Map

Lower Nibble (Hex)

0 1 2 3 4 5 6 7 8 9 A B Cc D E F
6,5 6,5 6,5 6,5 [ 105 | 105 [ 105 ] 105 6,5 65 |1210 512100 65 | 12100{ 65

0 DEC | DEC | ADD | ADD | ADD | ADD | ADD | ADD| LD LD | DINZ| JR LD P INC
R IRy | rr2 | raIrz [ Rz, Ry [IRg,Ry [ RiIM | IRy, IM| 1Rz | 1z Ri| 11, RA| cc,RA| 11 IM| cc,DA| 1

6,5 6,5 6.5 6.5 10,8 10,5 10,5 10,5
1 RLC | RLC | ADC | ADC | ADC | ADC | ADC | ADC
Ry IRy r,r2 | r,lrz | Rz, Ry IRz, R | Ry, IM [ IRy, IM
6,5 6,5 6,5 6.5 16,5 10,5 10,5 10,5
2 INC | INC | SUB | SUB | SUB | SUB | SUB | SUB
Ri IRy r,rz | rlrz [ Rz, Ry [IR2, Ry | Ry, IM | IRy, IM
8,0 6,1 6,5 6,5 10,5 10,5 10,5 10,5
3 P SRP | SBC | SBC | SBC | SBC | SBC | SBC
IRR M 11,12 r1,Ir2 { Rz,Ri [ IRz, Ri | R1,IM | IR1, IM
8,5 8,5 6,5 6,5 10,5 10,5 10,5 10,8
4 DA DA OR OR OR OR OR OR
R1 IR ri,r2 | ri,Irz | R2,Ry {IRz, Ry | Ry, IM | IRy, IM
10,5 10,5 6,5 6,5 10,5 10,5 10,8 10,5
5 POP | POP | AND | AND | AND | AND ( AND | AND
Ry IRy ry,rz | r,Irz | Rz, Ry |IR2, Ry | R1,IM | IRy, IM
6,5 6,5 6,5 6,5 10,5 10,5 10,5 10,5
6 COM | COM [ TCM | TCM | TCM | TCM | TCM | TCM

H Ri | B | mro | [Re R [1ReRi | RiIM [ IR IM
=) 1012,1[12:14,1] 6,5 6,5 105 {105 [ 10,5 [ 10,5
i 7 PUSH | PUSH | TM ™ ™ ™ ™ ™
[ R2 IRz ri,r2 | ry,Irz | R2, Ry |[IR2,Ry | Ry, IM | IRy, IM
= 105 | 105 | 120 | 180 61
S 8 DECW [DECW | LDE | LDEI DI
& RR: IRy | r, Iz [Irg, Dz
6.5 6,5 12,0 | 18,0 61
9 RL RL LDE | LDEI El
R IRy |rz, Ly [Inz, Iy
105 { 105 | 65 6.5 10,5 | 10,5 | 10,5 [ 10,5 14,0
A INCW | INCW | CP cp cp CcpP cpP CP RET
RR. IRi | ri,r2 | rilz [R2, Ry {IRz,Ri [ Ry, IM [ IRy, IM
6,5 6,5 6,5 6.5 10,5 | 10,5 | 10,5 | 10,5 16,0
B CLR CLR | XOR | XOR | XOR | XOR | XOR | XOR IRET
Ry IRy | ri,r2 | n,liz | Ry, Ry IRz, Ry | Ry, IM [ IR),IM
6.5 6,5 | 120 | 180 10,5 6.5
C RRC | RRC | LDC | LDCI LD RCF
R IRy ry, iz [Iry, I 1, x, Rz
6,5 65 | 12,0 | 18,0 | 20,0 20,0 | 10,5 6,5
D SRA SRA LDC | LDCI CALL* CALL LD SCF
R) IRy [rz, I {Irz, Iy | IRR) DA |rz x, R1
6,5 6,5 6,5 105 105 {105 | 105 6,5
E RR RR LD LD LD LD LD CCF
R IR, r1, Iz [R2,Ri [IRz, Ry |Ri,IM | IRy, IM
6,7 6.7 6,5 10,5 6,0
F SWAP | SWAP LD LD } { { NOP
R| IR I, 12 B2, IRy y v Y Y J
~—— N——
~— ~-
Bytes Per
Instruction 2 3 2 3 !
Lower Opcode Nibble Legend:
R = 8-Bit Address
Execution Cycles Pipeline Cycles r = 4-Bit Address
. Ry or r; = Dst Address
Rz or r2 = Src Address
0
Upper Opcode Nibble —» A CP 4———Mnemonic Sequence:
R Ry Opcode, First Operand, Second Operand
Note: The blank areas are reserved
First Operand Second Operand instructons

*2 byte instruction, fetch cycle appears as a 3 byte instruction
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Instruction
Summary

Instruction Addr Mode Ogcn:do Flags Affected Instruction Addr Mode O;code Flags Affected
d O ti yte =~ —————— i - yte ———
and Operation 4.0 .. (Hox) CZSVDH and Operation dst  src How) CZSVDH
ADC dst,src (Note 1) I * o« o x 0 * LDEI dst,src Ir Irr 83 --=----
dst — dst + src + C dst — src Irr Ir 93
ADD dst src (Note 1) 0L ++«ws0- forrlimomel
dst — dst + src NOP FF - == - - -
AND dst,src (Note 1) St - % * 0 - - OR dst,src (Note 1) 4L, - % x 0 - -
dst — dst AND src dst — dst OR src
CALL dst DA D6 - - - - == POP dst R 50 ------
SP —SP-2 IRR D4 dst — @SP IR 51
@SP — PC, PC — dst SP—SP + 1
CCF EF - - - - - PUSH src R 70 @ ------
C - NOTC SP —SP-1, @SP — src IR 71
CLR dst R BO ------ RCF CF 0-----
dst — 0 IR Bl C-0
COM dst R 60 -+ 0 - - RET AF - - - - - -
dst — NOT dst IR 61 PC -~ @SP, SP—SP + 2
CP dst,src (Note 1) AO *ok N~ = RL dst R 90 R g
dst - src IR 91
DA dst R 40 R G- RLC dst [ —— 1 R 10 owoh k-
dst — DA dst IR 41 D 11
DEC dst R 00 -k ok x - - RR dst ——=] R EOQ * ok * % — -
dst — dst - | IR 0l L—F r El
DECW dst RR 80 -k k= - RRC dst R Co * ok ok k- =
dst — dst - | IR 8l L g Cl
DI 8F  _ _ _ _ _ _ SBC dst,src (Note 1) 30 L
IMR (7) — 0 dst — dst-src-C
DJNZ r,dst RA A - - - - - = SCF DF I - ==--
r—r-1 r=0-F C -1
ifr # 0 PC —PC + dst SRA dut R Do 0
R 127,-128 S e U= -
ange ¥ A DI
El 9F - - =-- - -
IMR (7) - 1 SRP src M 31 - - - -~ -
RP — src
INC dst r rE -k k- -
dst — dst + 1 r=0-F SUB dst,src (Note 1) 2C LA T
R 20 dst ~ dst - src
IR 21 s oA X - —
SWAP dst L1 R FO X X
INCW dst RR AO - w o w - - R Fl
dst — dst + 1 IR Al TCM dstsrc (Note 1) 60 -« v 0 - -
IRET BF - (NOT dst) AND src,
FLAGS — @SP, SP —SP + 1 TM dst,src (Note 1) 70 - * x0 - -
PC —~ @SP, SP—SP + 2, IMR(7) ~1 dst AND src
IP codst DA - XOR dst src (Note 1)  BL - »+0 - -
ifee is true ¢=0-F dst — dst XOR src
PC — dst IRR 30
JR cc,dst RA cB - - ===
if cc 1s true, c=0-F
PC — PC + dst Note 1
Range +127,-128 Ihese instructions have an identical set of addressing
LD dst,src r M C - - - - - - modes, which are encoded for brevity in this table The
dst — src r R 8 higher opcode nibble 1s found 1n the instruction set table
R r9 above The lower nibble 1s expressed symbohcally by a
r=0-F in the table above, and 1ts value 1s found in the following
r X C7 table to the right of the applicable addressing mode pair
X r b7 For example, the opcode of an ADC 1nstruction using
r Ir E3
Ir . F3 the addressing modes r (destination) and Ir (source) 15 13
R R E4
R IR ES
R _AddrMode  Lower
IR M E7 Opcode Nibble
R R 5 dst sIc
LDC dst,src r Irr C2 - - === r r
dst — src Irr r D2 r Ir
LDCI dst,src Ir I C3  ---- - R R oy
dst — src Irr Ir D3 R IR
r—r+1l, rr—rr+1 R M )
LDE dst,src r Irr 82 - - - - - -
dst — src Irr r 92 IR M
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28 Control Registers

R240 SIO
SERIAL 1I/0 REGISTER
(FO,; READ/WRITE)

D; Dg Dy D Dy D, D, D

SERIAL DATA (D, = LSB)

R241 TMR
TIMER MODE REGISTER
(F1,; READ/WRITE)

D, Dy D, D, D; D, D, D,

Tour MODES L

RESERVED = 00

To OUT = 01

T,0UT = 10

INTERNAL CLOCK OUT = 11

T,, MODES

EXTERNAL CLOCK INPUT = 00

GATE INPUT = 01

TRIGGER INPUT = 10

(NON RETRIGGERABLE)
TRIGGER INPUT = 11
(RETRIGGERABLE)

= NO FUNCTION
= LOAD T,

= DISABLE T, COUNT
= ENABLE T, COUNT

0

1

0

1

0 = NO FUNCTION
1= LOADT,

0 = DISABLE T, COUNT
1 = ENABLE T, COUNT

R242T1
COUNTER TIMER 1 REGISTER
(F2,;; READ/WRITE)

[0 [o.]o,[o.[0:]0: 0, o]

d

“ R243 PRE1
PRESCALER 1 REGISTER
(F3,, WRITE ONLY)

[o: Joe[os [ouTo Jos o, Too]

T, INITIAL VALUE (WHEN WRITTEN)
(RANGE 1 256 DECIMAL 01 00 HEX)
T, CURRENT VALUE (WHEN READ)

R244 70
COUNTER/TIMER 0 REGISTER
(F4,;; READ/WRITE)

D, Dg Dy D, D, D; D, Dy

To INITIAL VALUE (WHEN WRITTEN)
(RANGE 1 256 DECIMAL 01 00 HEX)

T, CURRENT VALUE (WHEN READ)

R245 PREO
PRESCALER 0 REGISTER
(F5,;; WRITE ONLY)

D; DgiD, D, D; D, D, Dy

LCOUNT MODE
0 = T, SINGLE PASS
1 = T, MODULON

RESERVED

PRESCALER MODULO &
(RANGE 1-64 DECIMAL
01-00 HEX)

R246 P2M
PORT 2 MODE REGISTER
(F6y,; WRITE ONLY)

DB

P2, P2; IO DEFINITION
0 DEFINES BIT AS OUTPUT

5 1 DEFINES BIT AS INPUT

R247 P3M
PORT 3 MODE REGISTER
(F7,; WRITE ONLY)

DRDRDHRR

Lcoum MODE l_o PORT 2 PULL UPS OPEN DRAIN
0 = T, SINGLE PASS 1 PORT 2 PULL UPS ACTIVE
1 = T, MODULO N RESERVED
CLOCKPSOURCE
0P32  INPUT P35 OUTPUT
0 &j";g:’;“ TIMING INPUT 1P32 DAVOIRDYO P35  RDYOIDAVD
1 T, INTERNAL 00 P33 INPUT P34 OuTPUT
01
PRESCALER MODULO 10/P33  INPUT P34 DM
lOR‘A&GSE;;“ DECIMAL 11 P33 DAVI/RDY1 P34  RDY1/DAVY
0P31  INPUT(T,) P36  OUTPUT (Toyy)
1P31  DAV2RDY2 P36  RDY2/DAV2
0P30  INPUT P37 OUTPUT
1P30 SERIALIN P37  SERIAL OUT
— 0 PARITY OFF
1 PARITY ON
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R248 POTM
PORT 0 AND 1 MODE REGISTER
(F8,;; WRITE ONLY)

[0:]0.]o,o.To, [0, [0, o, ]
PO,-PO; MODE P0,-PO; MODE
OUTPUT = 00 00 = OUTPUT
INPUT = 01 01 = INPUT
A12-Ats = 1X 1X = Ag-Ay,
EXTERNAL MEMORY TIMING STACK SELECTION
NORMAL = 0 0 = EXTERNAL
EXTENDED = 1 1 = INTERNAL
P1,-P1, MODE
00 = BYTE OUTPUT
01 = BYTE INPUT

As-A11, Ar2-A1s IF SELECTED

R249 IPR
INTERRUPT PRIORITY REGISTER
(F9y;, WRITE ONLY)

[>: [0 os ]2, [0 Joa [ou o

RESERVED j—
IRQ3, IRQS PRIORITY (GROUP A)
0 = IRQ!

INTERRUPT GROUP PRIORITY
000

5 > IRQ3 A>8B>C =010

1 = IRG3 > IRQS A>C>B8=-on

B>C>A =100

IRQO, IRQ2 PRIORITY (GROUP B) CoBoAC 00
0 = IRQ2 > IRQD E>A>C =110

1 = IRQO > IRQ2 RESERVED = 111

IRQ1, IRQ4 PRIORITY (GROUP C)
0 = IRQ1 > IRQ4
1 = IRQ4 > IRQ1

R250 IRQ
INTERRUPT REQUEST REGISTER
(FA;; READ/WRITE)

/=

RESERVED IRQO = P3; INPUT

IRQ1 = P3; INPUT

iRQ2 = P3y INPUT

IRQ3 = P3 INPUT, SERIAL INPUT
IRQ4 = To, SERIAL OUTPUT

IRQ5 = Ty

R251 IMR
INTERRUPT MASK REGISTER
(FB,; READ/WRITE)

| 1 ENABLES IRQO-IRQ5
(Do = IRQO)
1 ENABLES INTERRUPTS

AD,-AD; —_——
11 = HIGH IMPEDANCE ADo-AD7, AS, DS, R/W,

R252 FLAGS
FLAG REGISTER
(FCy; READ/WRITE)

USER FLAG F1

USER FLAG F2

HALF CARRY FLAG
DECIMAL ADJUST FLAG
OVERFLOW FLAG

SIGN FLAG

ZERO FLAG

CARRY FLAG

i
=

R253 RP
REGISTER POINTER
(FDy; READ/WRITE)

REGISTER POINTER J l——L~DON T CARE
] DON'T CARE
s DON T CARE
Ts DON T CARE
o

R254 SPH
STACK POINTER
(FEy: READ/WRITE)

2 [oc 0, [0, 0,0, [oo]

STACK POINTER UPPER
BYTE (SPy-SP,g)

R255 SPL
STACK POINTER
(FFy, READ/WRITE)

[0 [ococo. [o,]o: [0, oo

STACK POINTER LOWER
BYTE (SPy-SP;)
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Comment*
Absolute Maximum quings* Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
Volta'ges on All Inputs and Outputs This is a stress rating only; operation of the device at any
with Respect to Ground ............. '0;3\/ to +7~9V condition above those indicated in the operational sections
Operating Ambient Temperature ......... 9 Cto +70°C of these specifications is not implied. Exposure to absolute
Storage Temperature ................ -65°C to +160°C maximum rating conditions for extended periods may affect
device reliability.
Standard Test Conditions
The characteristics below apply for the following standard
test conditions, unless otherwise noted All voltages are
referenced to GND Positive current flows into the reference
pin. Standard conditions are as follows*
— +4.75V <V <5.25V
— GND =0V
— 0°C=<T,<+70°C
DC Characteristics
Symbol Parameter Min. Max. Unit | Condition Notes
Veu Clock Input High Voltage 38 Vee \Y Driven by Ext- 1
ernal Clock Gen-
erator
Veo Clock Input Low Voltage 03 08 \ Driven by Ext-
ernal Clock Gen-
erator
Vi Input High Voltage 20 Vee \Y
ViL Input Low Voltage -0.3 08 \%
VeH Reset Input High Voltage 3.8 Vee Vv
VaL Reset Input Low Voltage 0.3 0.8 \
Vou Output High Voltage 24 \ lon = 250 wA 1
Vou Output Low Voltage 04 \% lop = +2.0 mA 1
e Input Leakage *10 uA OV =V < +5 25V
loL Output Leakage +10 uA 0V =V, =+6.25V
s Reset Input Current -50 BA | Voo =1525V,
VgL =0V
lec V¢c Supply Current 180 mA | Voo =525V
Ium Vym Supply Current 10 mA Power Down Mode
Vum Backup Supply Voltage 3.0 Vee \ Power Down Mode
1 For Ag-A11. MDS, SYNC, SCLK and IACK on the 28602 version, Igy =-100 pA and Ig =10 mA.
Test Load Circuits
Vee Vee Vce Vee
15K 15K
21K 18K
CLOCK IN XTAL 2
FROM OUTPUT FROM OUTPUT CL = 15 pF MAX
UNDER TEST UNDER TEST ]_:
250 00
150 ’F]: Y 50 pF ]: :«A II c :(:::: MAX
' ' o EXTERNAL CLOCK
TESTLOAD 1 TEST LOAD 2 INTERFACE CIRCUIT
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External I/O or Memory Read and Write Cycle

8601/02 8601A/02A

Symbol Parameter Min. Max. Min. Max. Units Notes
TdA(AS) Address Valid to ASt Delay 50 35 ns 1,2
TdAS(A) AS! to Address Float Delay 60 45 ns 1.2
TdAS(DR) AS! to Read Data Required Vahd 320 220 ns 12,34
TWAS AS Low Width 80 55 ns 1,2
TdA(D!) Address Float to DS! 0 0 ns 1
TwDS DS (Read) Low Width 250 185 ns 1,234
TwDS DS (Write) Low Width 160 110 ns 1,234
TdDS(DI) DS! to Read Data Required Valid 200 130 ns 1234
ThDS(DI) Read Data to DS! Hold Time 0 0 ns 1
TdDS(A) DS! to Address Active Delay 70 45 ns 1,2,3
TdDS(AS) DSt to AS! Delay 70 55 ns 1,2,3
TdR/W(AS) | R/W Valid to AS! Delay 50 30 ns 1,23
TdDS(R/W) | DSt to R/W Not Valid 60 35 ns 1.2,3
TdDO(DS) Write Data Valid to DS (Write) | Delay 50 35 ns 1,23
TdDS(DO) DSt to Write Data Not Valid Delay 70 45 ns 1,23
TdA(DR) Address Valid to Read Data 410 255 ns 1,234

Required Valid
TdAS(DS) AS! to DS! Delay 80 55 ns
Notes:
1 Test Load 1
2 Timing numbers given are for minimum TpC
3 Also see Clock Cycle Time Dependent Characteristics Table
4 When using extended memory timing add 2 TpC
5. All iming references use 2 OV for a logic 1" and O 8V for a logic “0”

PORT As-Ari OR As-Ass S
Il TdAS(DI) |e— TdDS(A) —»
PORT 1 P Ao-Ar Dy-D; OUT Do-D; IN I out K
le—TdAAS) — | TdAS(A) ~ l+— TdDS(DO) —|
AS TwAS -——’z TdDO(DS) ThDS(DI)
L—J TAA(DS) —| |
'EGDS(DI) t=— TdDS(AS)
x| |
ps TwDS }
TdR(AS) X f 4 TADS(R =
—Tawias) — "“Tdng‘(w))_’ S
=

PROCESSORS

me( h
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1 Test Load 1
2 Input handshake
3 Output handshake

Handshake Timing
28601/ Z8601A/
Symbol Parameter 02 02A Units Notes
Min. Max. Min. Max.
TsDI(DAV) Data In Set Up Time 0 0 ns
ThDI(DAV) Data In Hold Time 230 160 ns
TwDAV Data Available Width 175 120 ns
TdDAVIf(RDY) DAV! Input to RDY! Delay 175 120 ns 1,2
TdDAVOf(RDY) DAV! Output to RDY! Delay 0 0 ns 1,3
TdDAVIr(RDY) DAV! input to RDY! Delay 175 120 ns 1,2
TdDAVOr(RDY) DAV! Output to RDY! Delay 0 (0] ns 1.3
TdDO(DAV) Data Out to DAV! Delay 50 30 ns 1
TdRDY(DAV) RDY! Input to DAV! Delay [¢] 200 0 140 ns 1
Notes:

4 All iming references use 2 OV for a logic 1" and O 8V for a logic “0"”

DATA IN

A

DATA IN VALID X

Ts DI (DAV) —-L—-—l fe——— TH DI (DAV) ——]

DAV
(INPUT)

Td DAV I (RDY) Ae—{

\.—— Tw DAV

RDY
(OUTPUT)

N\

le— Td DAV Ir (RDY)T

Input Handshake

DATA OUT

N

DATA OUT VALID

t=Td DO(DAV).’

DAV
(OUTPUT)

N

}e— T4 DAV OF (RDV)—T\———l

RDY
(INPUT)

AN

L Td DAV Or (RDY)
Td RDY (DAV)
l

\
Output Handshake M~ _."

Memory Port Timing 28602, Z8603

1 Test Load 2

Symbol Parameter 28602 28602A Units Notes
Min. Max. Min. Max.
TdA(DI) Address Valid to Data Input Delay 460 320 ns 1,2
ThDI(A) Data In Hold Time 0 0 ns 1
Notes:

2 This s a clock cycle dependent parameter For clock frequencies other than maximum frequency use the following formula
28602 and Z8603 = 5TpC — 165
Z8602A and Z8603A = 5TpC — 95.

Ag—A1y x_

ADDRESS VALID

TdA(DI)

ThDI(A)

Do—D7

DON'T CARE

o
X DATA IN VALID DON'T CARE
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Package Availability 40 pin Molded DIP

Ordering Information

Temperature Number
Part Number Range of Pins Package Description
28601 PS 0°Cto+70°C 40 Plastic 8-Bit Single-Chip Microcomputer Circuit
Z8601A PS 0°Cto +70°C 40 Plastic 12 MHz Single-Chip Microcomputer Circuit

Notice Z8 and Z-bus are trademarks of Zilog, Inc
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28681

/8 Family
/8681 Microcomputer

Synertek.

Features

® “ROMless” version of the Z8601 Single-Chip
Microcomputer, capable of Addressing up to 128K Bytes
of External Memory Space

e Up to 24 Programmable 1/0 Lines

® 40-pin Package, Single +5 V supply, all Pins TTL
Compatible

Description

The 28681 MCU 1s the “ROMless” version of the Z8601
single-chip microcomputer and offers all the outstanding fea-
tures of the Z8 Family architecture Using the Z8681, 1t I1s
possible to design a powerful microprocessor system incorpo-
rating a minimum number of support devices

Port 1 1s configured to function as a multiplexed Address/
Data bus (ADyp-AD+), while Port O 1s software configurable to
output address bits Ag-Ays This provides for program

Pin Configuration

—| FEsEr +5V fa—
"";:g «— RIW GND je—
CONTROL | «—] DS XTALY jt—
— cLock
D s L XTAL2 }—v
| PO, P2, fa—>
<] PO, P2, la—>
<] Po, P2, fa—>
PORT 0 PORT 2
(NIBBLE | <] PO, P2, fe— | (81T PRO
PROGRAMMABLE) | o o{ pg, P2, Ja—s | GRAMMABLE)
8-Ass e}
<] Po, P2 |a—n
<—>{ PO, P2 fa—n
< PO, P2, fe—s
- P1, P3; je—o
-] Py, 3, fa—oo
-] P1, P3; fe— | PORT 3
PORT 1 oy P (FOUR INPUT,
(BYTE ) <> P1 s [+ | Four outPUT
PROGRAMMABLE) | o .| P3, —» [ SERIAL AND
1/0 OR AD;-AD; Pl ‘ PARALLEL 110
<] P1g P35 |— | AND CONTROL
<—] P1g P3g p—>
«—»] P1; P3;

Figure 1. Pin Functions

*Z81s a trademark of Zilog Inc

memory and data memory space of up to 64K bytes each
Located on-chip are 144 bytes of RAM, organized as a register
file of 124 general-purpose registers, 16 control and status
registers, and three |/0 port registers (Port 1 cannot be util-
1ized as an 1/0 register.) This file 1s divided into groups of
working registers in such a way that short format instructions
may be used to quickly access a register within a certain
group

+s5v [ 40 [] P3,
xtaz [J 2 39 [] p3,
xTaL [ 3 38 [] P2,
p3, [ a7 [ P2,
P, s 38 [] P2,
RESET (] 6 3s [ P2,
RW [ 7 3] r2,
os s 33[] r2,
asde a2[] p2,
p3s [ 10 31 [] P2
ano [ 11 30 [] P3,
P3, [ 12 2] p3,
Po, [ 13 28[] Py,
PO, E 14 27 P1g
po, [ 15 26§ P1s
Po; [ 16 257 p1,
po, [ 17 4[] e,
po, [ 18 23{] e,
Pog ] 19 2] e,
po, [ 20 21 [ Py

Figure 2. Pin Assignments
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Functional Description

Register File. The internal register organization of the Z8681
centers around a 144-byte random-access register file com-
posed of 124 general-purpose registers, 16 control registers,
andthe threel/0 portregisters Any general-purpose register
can be an accumulator, address pointer, index register, or part
of the internal stack The register file i1s divided into nine
groups of 16 working registers A register pointer uses short-
format instructions to quickly access any one of the nine
groups, resulting in fast and easy task-switching

1/0 Ports. The 170 ports (Ports O, 2, and 3) are software
configurable as nput, output, or addrtional address lines
These ports can also provide timing, status signals, and serial
or parallel 170 (with or without handshake)

170 port space 1s mapped into the register file, creating an
efficient and convenient means of moving data

Interrupts. The Z8681 can respond to six separate interrupts
from eight sources The interrupts are maskable and priorit-
1zed by software control, thus allowing greater design
flexibility

Using vectored interrupts, control is automatically passed to
the appropriate service routine The interrupts are organized
as four external lines and four internal status signals The
internal interrupts control the senal port handshake and the
two counter/timers

UART. The 28681 also offers the serial I/0 capability of
interfacing to asynchronous data communications The on-
chip counter (TO) 1s used to supply the baud rate for the serial
data transfer The UART is capable of transferring data at a
rate of up to 62 5K b/s

PORT 2 A___ADg-AD;
(=) WK » »
Ag-A1s MEMORY MEMORY
15 110 Po 58
LINES PORT 3 28681 . s o

<3

Counter/Timers. Also on-chip are two 8-bit programmable
counter/timers (TO and T1), each driven by its own 6-bit
programmable prescaler Both counter/timers can operate
independently of the processor instruction sequence, thereby
unburdening the program from such time-critical operations
as event-counting or elapsed-time calculations The counters
can be started, stopped, continued, or restarted from the initial
value by program control.

Instruction Set for the 28681

The basic instruction set for the Z8681 consists of 47 instruc-
tion types and utilizes seven addressing modes The
Instructions can operate on several types of data elements,
including individual bits, 4-bit BCD characters, bytes, or
words

All 124 general-purpose registers can be used as accumula-
tors, address pointers, index registers, or as internal stack,
resulting in fast data manipulation for real-time applications
The internal pipelining of instructions dramatically increases
throughput by allowing instruction fetches during the pre-
vious Instruction execution cycles.

28681 Applications

The Z8681 1s a Z-BUS-compatible device and can be inter-
facedto various Z-BUS peripherals such as the Z-CIO, Z-SCC,
or FIO Due to the flexibility of Port O and the data memory
select feature, the Z8681 can also support a great variety of
memory configurations Figures 3 and 4 illustrate two design
approaches using the Z8681

Z-BUS

A

—r il

DATA PROGRAM

CS

PORT 3
<4 ), [

>

Figure 3. Z8681 Interfacing to External Memory.
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28681

28681

z.8us
Z.BUS COMPATIBLE
PERIPHERAL CHIP
zupc
2ci0
FI0
zsce
CRT
ADg-AD; DMA
Py & .
MEMORY- .
MAPPED
As-his cs LoaIc
Pof ¥ ;
28681
INT REQ

P o L

Py %

P3

Paf—

84K
PROGRAM
MEMORY

SERIAL OUT

SERIAL IN

15232

DRIVER [

RECI

Figure 4. Z8681 Interfacing to Memory-Mapped 1/0.

Ordering Information

Product Package/ Product Package/

Number Temp. Speed Description Number Temp. Speed Description

78681 CE 80 MHz | Z8 MCU 78681 DS 8.0 MHz | Z8 MCU
(ROMless, 40-pin) (ROMless, 40-pin)

78681 CS 80 MHz | Same as above 28681 PE 8.0 MHz | Same as above

28681 DE 80 MHz | Same as above 28681 PS 80 MHz | Same as above

Notes C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, S = 0°C to +70°C
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Single Component
8-Bit Microcontroller

ertek.

ADVANCED INFORMATION

Features

® On-Chip Oscillator Circuit and Clock (or External Source)
e 27 1/0O Lines

e Expandable Memory and I/O

e 8-Bit Timer/Counter

® Single-Level Interrupt

® 96 Instructions (Most Single-Byte)

® Binary and BCD Anthmetic

e Single +5V Power Supply

e Low Standby Power Mode

e Low Voltage Standby

e 8-Bit CPU, RAM, ROM, I/O in a Single Package

o 25 usec Cycle, 6 MHz Clock, 1 36 usec Cycle, 11 MHz
Clock

General Description

The SY8048/SY8035 are totally self-sufficient 8-bit parallel
computers fabricated on single silicon chips using Synertek’s
advanced N-channel silicon gate MOS process The SY8048
contains a 1Kx8 program memory, a 64x8 data memory, 27
1/0 Iines, and an 8-bit timer/counter in addition to on-board
oscillator and clock circuits These microcomputers are
designed to be efficient controllers as well as arithmetic

well as facilities for both binary and BCD anthmetic Efficient
use of program memory resuits from an instruction set
consisting predominantly of single byte instructions and no
instructions over two bytes in length For systems requiring
extra capability, the SY8048 can be expanded using
standard memory and peripheral devices The SY8035 is the
equivalent of the SYB048 without resident program memory

processors They have extensive bit handling capability as and can be used with external ROM and RAM

- PORT Yoe
CLOCK 1024 WORDS 64 WORDS -1 i
PROGRAM DATA XTAL P27
MEMORY MEMORY —

P26

D™

> = P24

SINGLE __.] P17

STEP > READ P16

8 BIT EXTERNAL _p] P15
cPu MEM P14 @
] > WRITE P13 S 8
TEST P12 S 8
PROGRAM P11 =0
™ L > STORE P10 =2
ENABLE =

INTERRUPT ~—po} Voo

8 BIT . »:E%sss PROG
TIMER —>
EVENT COUNTER FOLINES ENABLE :2223
|- EXPANDER
STROBE P20

FIGURE 3. SY8048
Pin Configuration
(top view)

FIGURE 2.
SY8048 Logic Symbol

FIGURE 1
SY8048 Block Diagram
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xant—@— SO a——l]
a2 —(3)—»4 _
INTIALIZE (RESET) ——(2)—} ",'f,.':“ © ‘l’:l:::mjm
e o bxeawgen,
SINGLE STEP (ss)_@_.o wl'&'.'.?‘ PROGRAM STORE
INTERRUPT (INT) _®_.Q @ ENABLE (PSEN)
b——()——————— Aooness e
EXTERNAL MEMORY ——(7 ) ENABLE (ALE)

ACCESS (EA)

2

TEST O O DECODER
W] BRANCH 0 AND
~@-+| o INSTRUCTION
m&", o REGISTER

PROGRAM
STATUS
WORD

6458 PROGRAM

RAM
ARRAY COUNTER

0S¢ ’
FREQ
TEST 1 i |

BUS
BUFFER

00-07 P10-P17 P20-P27
(12-19) (21-24, 35-38)
TO/FROM MEMORY 1/0 EXPANDER

0
ADDITIONAL 110

FIGURE 4. SY8048 Detailed Block Diagram

Functional Pin Description

Input Signals

Reset (RESET): An active low (0) input that initializes the
processor and Is used to verify program memory.

Single Step (SS): Active iow (0) Input which, In conjunction
with ALE, can single step the processor through each
instruction

External Access (EA): An active high (1) input that forces
all program memory fetches to reference external program
memory.

Testable Input 0 (T0): Testable input pin using conditional
branch functions JTO (TO = 1) or JNTO (TO = 0) TO can be
designated as the clock output using tnstruction ENTO CLK

Testable Input 1 (T1): Testable input pin using conditional
branch functions JT1 (T1 = 1) or JNT1 (T1 = 0) T1canbe
designated as the Timer/Counter input from an external
source using Instruction STRT CNT

interrupt (INT): An active low input that initiates an inter-
rupt when interrupt I1s enabled Interrupt 1s disabled after a
RESET Also can be tested with instruction JNI (INT = 0)

Output Signals

Read Strobe (RD): An active low output strobe activated
during a Bus read Can be used to enable data onto the Bus
from an external device Used as a Read Strobe to External
Data Memory

Write Strobe (WR): An active low output strobe activated
during a Bus write Used as a Write Strobe to External Data
Memory

Program Store Enable (PSEN): An active low output that
occurs only during an external program memory fetch

Address Latch Enable (ALE): An active high output that
occurs once during each cycle and i1s useful as a clock out-
put The negative going edge of ALE strobes the address
into External Data or Program Memory

Program (PROG): This output (active out) provides the output
strobe for an 8243 1/O Expander

Input/Output Signals

Crystal Input (XTAL1, XTAL2): These two pins connect the
crystal for internal oscillator operation. XTAL1 1s the timing
input for external source

Port 1 (P10-P17): 8-bit quasi-bidirectional port

Port 2 (P20-P27): 8-bit quasi-bidirectional port. During an
external program memory fetch, the 4 high-order program
counter bits occur at P20-P23. They also serve as a 4-bit /O
Expander Bus when an 8243 I/O Expander 1s used

Bus (DB(-DBy): True bidirectional port, either statically
latched or synchronous. Can be written to using WR Strobe,
or Read from using RD Strobe. During an External Program
Memory fetch, the 8 lower-order program counter bits are
present at this port The addressed instruction appears on
this bus when PSEN 1s low During an external RAM data
transaction, this port presents address and data under con-
trol of ALE, RD, WR

Vgg: Processor Ground potential

Vpp: Vpp functions as the Low Power Standby Voltage Can
be tied to V¢ if power-down operation 1s not required

Vcc (Pin 40): Primary power source for the SY8048
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Functional Description

The following paragraphs contain the functional description of
the major elements of the SY8048 microcomputer/controller
The SY8048 contains the system timing and control logic
necessary to implement dedicated control functions The data
paths are illustrated In simplified form (see Figure 4) to show
how the various logic elements communicate with each other to
implement the SY8048 instruction set

Program Memory

The Program Memory (ROM) contained on the SY8048 is
comprised of 1024 bytes As seen by examining the SY8048
instruction set, these bytes may be program instructions,
program data or ROM addressing data The ROM for the
SY8048 must be mask programmed at the Synertek factory The
SY8035 ROMIess microcomputer uses external program mem-
ory ROM addressing, up to a maximum of 4K bytes, Is
accomplished by a 12-bit Program Counter (PC) The SY8048
will automatically address external memory when the boundary
of the internal 1K memory Is exceeded The binary value of the
address selects one of the 8-bit bytes contained in ROM A new
address Is loaded into the PC register during each instruction
cycle Unless the instruction 1s a transfer of control instruction,
the PC register i1s loaded with the next sequential binary count
value

With reference to the Program Memory Map (see Figure 5) there
are three ROM addresses which provide for the control of the
microcomputer

1 Memory Location 0000 — Asserting the RESET (negative
true) input to the microcomputer forces the first instruction
to be fetched from address 0000

2 Memory Location 0003 — Asserting the interrupt (negative
true) input to the microcomputer (when interrupt Is enabled)
forces a jump to subroutine

3 Memory Location 0007 — A Timer/Counter interrupt that
results from Timer/Counter overflow (when enabled) forcing
a Jump to subroutine

Data Memory (RAM)

The resident RAM data memory s arranged as 64 bytes RAM
addressing 1s implemented indirectly via either of two 8-bit RAM
pointer registers RO or R1 These pointer registers are
essentially the first two locations in the RAM (see Figure 6),
addresses 00 and 01 RAM addressing may also be performed
directly by 11 direct register instructions The register area of
the RAM array 1s made up of eight working registers that occupy
eirther the first bank (0), locations O to 7, or the second bank (1),
locations 24 to 31 The second bank of working registers Is
selected by using the Register Bank Switch instruction (SEL
RB) If this bank is not used for working regsters, it can be used
as user RAM

There 1s an 8-level stack after Bank O that occupies address
locations 8 to 23 These RAM locations are addressed indirectly
through RO, R1 or the 3-bit Stack Pointer (SP) The stack pointer
keeps track of the return address and pushes each return
address down Into the stack There are 8 levels of subroutine
nesting possible In the stack because each address occuples
10 bits or more using two bytes in RAM When the level of
subroutine nesting 1s less than 8, the stacks not used may be
utilized as user RAM locations

1024 %\l

ADDRESS 00007-
7 <e— TIMER/COUNTER
INTERRUPT VECTOR

ADDRESS 0003-
3 <& EXTERNAL INTERRUPT
SUBROUTINE VECTOR

ADDRESS 0000-
™ RESET VECTOR

o

7[615T4I3|2,1[0

ADDRESS

FIGURE 5. SY8048 Resident ROM Program Memory Map

63
USER RAM
T 32x8 T
32
3
BANK 1
WORKING
REGISTERS DIRECTLY
ADDRESSABLE
WHEN
POINTER R1 SELECTED
REGISTER RO ADDRESSED
P INDIRECTLY
STACK REGISTER BY R1OR RO
OR
USER RAM
8 16x8
7
BANK 0
WORKING DIRECTLY
REGISTERS ADDRESSABLE
WHEN
POINTER R1 SELECTED
REGISTER
o RO J

FIGURE 6. SY8048 Resident RAM Data Memory Map
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Symertek, SY8048/SY8035

Functional Description (Continued)

Input/Output Vee
The SY8048 has 27 Iines of input/output organized as three 8-bit
ports plus three test inputs. The three ports may be used as
inputs, outputs or bidirectional ports. Ports 1 and 2 differ from
Port 3 (Bus Port) in that they are quasi-bidirectional ports Ports

1 and 2 can be used as input and output while being statically STANDARD
latched If more 1/O lines are required, Port 2 can also serve as a LATCH E\';ET;WE

4-bit /O bus expander when used in conjunction with an 8243
1/0 Expander

l gb

The bus port is a true bidirectional port and Is either statically

latched or synchronous It can be written to using WR strobe or -

read from using RD strobe During an external program memory

fetch, the 8 lower-order program counter bits are present at this

port. The addressed instruction appears on this bus when PSEN

is low During an external RAM data transaction, this port FIGURE 7. Ports 1 and 2 Input/Output Circuit
presents address and data under control of ALE, RD, and WR

Power-Down Mode

During the power-down mode, Vpp, which normally maintains
the RAM cells, is the only pin that receives power Vg, which
serves the CPU and ports, I1s dropped from a voltage of nominal
5 to 0 after the CPU is reset, so that the RAM cells are unaltered
by the loss of power When power is restored, the processor
goes through the normal power-on procedure

Instruction Set mnemonic, function, and description, instruction code, number

Table 1 details the 96 instructions common to both the micro- of cycles and, where applicable, flag settings

computers and the microprocessors The table provides the

TABLE 1. Instruction Set

Fla
Mnemonic Function Description Cycles | Bytes 9
C| AC |FO | F1
CONTROL
EN-I Enable the External Interrupt 1 1
input.
DIS | Disable the External Interrupt 1 1
input.
ENTO CLK Enable TO as the Clock Output. 1 1
SEL MBO (DBF) — 0 Select Bank 0 (locations 0-2047) 1 1
of Program Memory. .
SEL MB1 (DBF) — 1 Select Bank 1 (locations 2048- 1 1
4095 of Program Memory.
SEL RBO (BS) — 0 Select Bank 0 (locations 0-7) of 1 1
Data Memory.
SEL RB1 (BS) — 1 Select Bank 1 (locations 24-31) 1 1
of Data Memory.
DATA MOVES
MOV A, #data (A) — data Move Immediate the specified 2 2
data into the Accumulator.
MOV A, Rr (A) — (Rn; r = 0-7 Move the contents of the 1 1
designated registers into the
Accumulator.
MOV A, @ Rr (A) — ((Rr), r = 0-1 Move Indirect the contents of 1 1
data memory location into the
Accumulator.
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TABLE 1. Instruction Set (Continued)

Mnemonic

Function

Description

Flags

Cycles Bytes
C | AC | F0O| F1

DATA MOVES (Continued)

MOV A, PSW

(A) — (PSW)

Move contents of the Program
Status Word into the
Accumulator.

MOV Rr, #data

(Rr) — data; r = 0-7

Move Immediate the specified
data into the designated
register.

MOV Rr, A

(R) — (A), r = 0-7

Move Accumulator contents
into the designated register.

MOV @ Rr, A

(Rr) —(A);r = 0-1

Move Indirect Accumulator
contents into data memory
location.

MOV @ Rr, #data

((Rr) — data; r = 0-7

Move Immediate the specified
data into data memory.

MOV PSW, A

(PSW) — (A)

Move contents of Accumulator
into the Program Status Word.

MOVP A @ A

(PC 0-7) — (A)
(A) — ((PC)

Move the content of program
memory location in the current
page addressed by the content
of Accumulator into the
Accumulator.

MOVP3 A, @ A

(PC 0-7) — (A)
(PC 8-10) — 011
(A) — ((PC))

Move the content of program
memory location in page 3
addressed by the content of
Accumulator into the
Accumulator.

MOVX A, @ R

(A) — ((Rn); r = 0-1

Move Indirect the contents of
external data memory into the
Accumulator.

MOVX @ R, A

(Rn) — (A);r = 0-1

Move Indirect the contents of
the Accumulator into external
data memory.

XCH A, Rr

(A) = (Rr); r = 0-7

Exchange the Accumulator and
designated register’s contents.

XCHA, @ Rr

(A) —~ ((Rn); r = 0-1

Exchange Indirect contents of
Accumulator and location in
data memory.

XCHD A, @ Rr

(A0-A3) — (((Rr) 0-3);
R = 0-1

Exchange Indirect 4-bit contents
of Accumulator and data
memory.

TIMER COUNTER

EN TCNTI Enable Internal Interrupt Flag 1
for Timer/Counter output.

DIS TCNTI Disable Internal Interrupt Flag 1
for Timer/Counter output.

MOV AT (A) —(T) Move contents of Timer/Counter 1
into Accumulator.

MOV T, A (T) — (A) Move contents of Accumulator 1
into Timer/Counter.

STOP TCNT Stop Count for Event Counter. 1

STRT CNT Start Count for Event Counter. 1

STRTT Start Count for Timer. 1
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TABLE 1. Instruction Set (Continued)

!
Mnemonic Function Description Cycles Bytes Flags
C [ AC | FO l F1
ACCUMULATOR
ADD A, #data (A) — (A) + data Add Immediate the specified 2 2 . .
Data to the Accumulator.
ADD A, Rr (A) — (A) + (Rn) Add contents of designated 1 1 . .
forr = 0-7 register to the Accumulator.
ADD A, @ Rr (A) — (A) + ((Rr) Add Indirect the contents of 1 1 . .
forr = 0-1 data memory location of the
Accumuiator.
ADDC A, #data (A) — (A) (C) + data Add Immediate with carry the 2 2 . .
specified data to the
Accumulator.
ADDC A, Rr (A) —(A) + (C) + (Rn Add with carry the contents of 1 1 . .
forr = 0-7 the designated register to the
Accumulator.
ADDC A, @ Rr (A) — (A) + (C) + ((Rr) | Add Indirect with carry the 1 1 . .
forr = 0-1 contents of data memory
location to the Accumulator.
ANL A, #data (A) — (A) AND data Logical AND specified Immedi- 2 2
ate Data with Accumulator.
ANL A, Rr (A) — (A) AND (Rn) Logical AND contents of 1 1
forr = 0-7 designated register with
Accumulator.
ANL A, @ Rr (A) — (A) AND ((Rr) Logical AND Indirect the 1 1
forr = 0-1 contents of data memory with
Accumulator.
CPL A (A) — NOT (A) Complement the contents of 1 1
the Accumulator.
CLR A A-0 CLEAR the contents of the 1 1
Accumulator.
DA A DECIMAL ADJUST the contents 1 1 .
of the Accumulator.
DEC A (A) —(A) - 1 DECREMENT by 1 the 1 1
Accumulator’s contents.
INC A (A) —(A) + 1 Increment by 1 the 1 . 1
Accumulator’s contents.
ORL A, #data (A) — (A) OR data Logical OR specified immediate 2 2
data with Accumulator.
ORL A, Rr (A) — (A) OR (Rn) Logical OR contents of 1 1
forr = 0-7 designated register with
Accumulator.
ORL A, @ Rr (A) — (A) OR ((Rn) Logical OR Indirect the con- 1 1
forr = 0-1 tents of data memory location
with Accumulator.
RLA (An + 1) — (An) Rotate Accumulator left by 1-bit 1 1
forn = 0-6 without carry.
(A0) — (A7)
RLC A (An + 1) — (An); n = 0-6 | Rotate Accumulator left by 1-bit 1 1 o
(A0) — (C) through carry
(C) — (A7)
RR A (An) —(An + 1),n = 0-6 | Rotate Accumulator nght by 1 1
(A7) — (A0) 1-bit without carry
RRC A (An) —(An + 1),n + 0-6 | Rotate Accumulator right by 1 1 .
(A7) — (C) 1-bit through carry.
(C) — (AD)

4-154




ertek.

$Y8048/SY8035

TABLE 1. Instruction Set (Continued)

Mnemonic Function Description Cycles | Bytes Flags
C|AC|FO | F1
ACCUMULATOR (Continued)
SWAP (A4-A7) — (AD-A3) Swap the 2 4-bit nibbles In the 1 1
Accumuiator.
XRL A, #data (A) — (A) XOR data Logical XOR Immediate speci- 2 2
fied data with Accumulator.
XRL A, Rr (A) — (A) XOR (Rr) Logical XOR contents of 1 1
forr = 0-7 designated register with
Accumulator.
XRL A, @ Rr (A) — (A) XOR ((Rn)) Logical XOR Indirect the con- 1 1
forr = 0-1 tents of data memory location
with Accumulator.
BRANCH
DJNZ Rr, addr (Rr) —(Rr) —, r = 0-7 Decrement the specified 2 2
if (Rr) #0, register and test contents.
(PC 0-7) — addr
JBb addr (PC0-7) —addrif Bb = 1 | Jump to specified address if 2 2
(PC) — (PC) + 2if Bb = 0 | Accumulator bit is set.
JC addr (PC 0-7) — addrif C = 1 | Jump to specified address if 2 2
(PC) —(PC) + 2ifC = 0 | carry flag is set.
JFO addr (PC0-7) —addrif FO = 1 | Jump to specified address if 2 2
(PC) — (PC) + 2if FO = 0 | Flag FO is set.
JFI addr (PC0O-7) —addrif F1 = 1 | Jump to specified address if 2 2
(PC) —(PC) +2if F1 = 0 | Flag F1 is set.
JMP addr (PC 8-10) — 8-10 Direct Jump to specified 2 2
(PC 0-7) — addr 0-7 address with the 2K address
(PC 11) — DBF block.
JMPP @ A (PC 0-7) — ((A)) Jump Indirect to specified 2 1
address pointed to by the
Accumulator in current page.
JNC addr (PC 0-7) —addrif C = 0 | Jump to specified address if 2 2
(PC) — (PC) + 21fC = 1 | carry flag is low.
JNI addr (PC 0-7) —addrifl = 0
(PC) — (PC) + 2ifl = 1 | Jump to specified address if 2 2
interrupt is low.
JNTO addr (PC 0-7) —addrif TO = 0 | Jump to specified address If 2 2
(PC) —(PC) + 2ifTO = 1 | Test O is low.
JNT1 addr (PC0-7) —addrif T1 = 0 | Jump to specified address if 2 2
(PC) —(PC) + 2ifT1 =1 | Test 11s low.
JNZ addr (PC 0-7) — addr if A #0 | Jump to specified address If 2 2
(PC) — (PC) + 2if A = 0 | Accumulator is non-zero.
JFT addr (PCO0-7) —addrif TF = 1 | Jump to specified address if 2 2
(PC) —(PC) + 2if TF = 0 | Timer Flag is set to 1.
JTO addr (PC0-7) —addrif TO = 1 | Jump to specified address if 2 2
(PC) —(PC)+ 21fTO=0| TestOisa .
JT1 addr (PCO-7) —ifT1 = 1 Jump to specified address if 2 2
(PC) —(PC) + 2ifT1=0| Test1isa .
JZ addr (PC 0-7) — addr if A = 0| Jump to specified address if 2 2
(PC) — (PC) + 1if A = 1| Accumulator is 0.
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TABLE 1. Instruction Set (Continued)

Mnemonic Function Description Cycles Bytes Flags
C |AC|FO | F1
INPUT/OUTPUT
ANL BUS, #data | (BUS) — (BUS) AND Logical AND Immediate speci- 2 2
data fied data with contents of BUS
ANL Pp, #data (Pp) — (Pp) AND data; Logical AND Immediate speci- 2 2
p=1-2 fied data with designated port
(1 or2).
ANLD Pp, A (Pp) — (Pp) AND Logical AND contents of 2 1
(AO-A3); p = 4-7 Accumulator with designated
port (4-7).
IN A, Pp (A) — (Pp);p = 1-2 Input data from designated port 2 1
(1-2) into Accumulator
INS A, BUS (A) — (BUS) Input strobed BUS data into 2 1
Accumulator.
MOVD A, Pp (A0-A3) — (Pp); Move contents of designated 2 1
p = 4-7 (A4-A7) -0 port (4-7) into Accumulator.
MOVD Pp, A (Pp) — (AO-A3); Move contents of Accumulator 2 1
p = 4-7 to designated port (4-7).
ORL BUS, #data | (BUS) — (BUS) OR data | Logical OR Immediate specified 2 2
data with contents of BUS.
ORLD Pp, A (Pp) — (Pp) OR (A0-A3); | Logical OR contents of 2 1
p = 4-7 Accumulator with designated
port (4-7).
ORL Pp, #data (Pp) — (Pp) OR data; Logical OR Immediate specified 2 2
p=1-2 data with designated port (1-2)
OUTL BUS, A (BUS) — (A) Output contents of 2 1
Accumulator onto BUS.
OUTL Pp, A (Pp) — (A),p = 1-2 Output contents of 2 1
Accumulator to designated
port (1-2).
REGISTERS
DEC Rr (Rr) — (Rr) — 1, r = 0-7 | Decrement by 1 contents of 1 1
designated register.
INC Rr (Rr) — (Rr) + 1;r = 0-7 | Increment by 1 contents of 1 1
designated register.
INC @ Rr ((Rn) — ((Rr) + 1; Increment Indirect by 1 the con- 1 1
r=0-1 tents of data memory location
SUBROUTINE
CALL addr ((SP)) — (PC) Call designated Subroutine. 2 2
((SP)) — (PSW 4-7)
(SP) — (SP) + 1
(PC 8-10) — addr 8-10
(PC 0-7) — addr 0-7
(PC 11) — DBF
RET (SP) — (SP) — 1 Return from Subroutine without 2 1
(PC) — ((SP)) restoring Program Status Word.
RETR (SP) — (SP) — 1 Return from Subroutine restor- 2 1 . .
(PC) — ((SP)) ing Program Status Word.
(PSW 4-7) — ((SP))
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TABLE 1. Instruction Set (Continued)
Mnemonic Function Description Cycles Bytes Flags
C |AC|FO | F1
FLAGS
CPLC (C) — NOT (C) Complement Content of 1 1 .
carry bit.
CPL FO (FO) — NOT (F0) Complement Content of 1 1 .
Flag FO
CPL F1 (F1) — NOT (F1) Complement Content of 1 1 .
Flag F1
CLR C (C) -0 Clear content of carry bit to 0 1 1 .
CLR FO (FO) — 0 Clear content of Flag 0 to 0 1 1 .
CLR F1 (F1) — 0 Clear content of Flag 1to 0 1 1 .
MISCELLANEOUS
NOP l No operation 1 1 I l | l
Symbol Definitions
Symbol Description Symbol | Description
A Accumulator p Port Designator (p = 1, 2 or 4-7)
AC Auxiliary Carry Flag PSW Program Status Word
addr Program Memory Address (12 bits) r Register Designator (r = 0, 1 or 0-7)
b Bit Designator (b = 0-7) SP Stack Pointer
BS Bank Switch T Timer
Bus Bus Port TF Timer Flag
C Carry Flag TO0, T1 | Testable Flags 0, 1
CLK Clock Signal X External RAM
CNT Event Counter # Prefix for Imnmediate Data
D Nibble Designator (4 bits) @ Prefix for Indirect Address o
data Number or Expression (8 bits) $ Program Counter’s Current Value
DBF Memory Bank Flip-Flop (x) Contents of Register
Fo. Fy Flags 0, 1 ((xx)) Contents of Memory Location Addressed by
| Interrupt the Contents of Register
P “In-Page’’ Operation Designator Replaced by
(724
=
g4
. . =3
Absolute Maximum Ratings 2
Temperature Under Bias -20°C to +85°C
Storage Temperature -65°C to +150°C
All Input or Output Voltages with Respect to Vgg -05Vito +7V
Power Dissipation 15 Watt
Note Absolute maximum ratings indicate imits beyond which permanent damage may occur Continuous operation at these mits i1s not intended operation should
be limited to those conditions specified under DC Electrical Characteristics
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DC Electrical Characteristics
Ta = 0°C to +70°C, Voo = +5V +10%, Vgg = OV, unless otherwise specified.
Symbol Parameter Test Conditions Min Typ Max [ Units
Vi Input Low Voltage
R . K \
(Except XTAL1, XTAL2, RESET) 05 08
Viu Input Low Voltage
A, -0. .6 v
(XTAL1, XTAL2, RESET) 05 0
Viy Input High Voltage
—_ . V, \'
(Except XTAL1, XTAL2, RESET) 20 ce
ViHe Input High Voltage
(XTAL1, XTAL2, RESET) 38 Vee v
VoL Output Low Voltage (Bus) loL = 2mA .45 Vv
Vous Output Low Voltage _
(ﬁ—D—’ —W_R-, _PSEN, ALE) |o|_ = 1.8 mA .45 \
VoL2 Output Low Voltage (PROG) lo. = 1.0 mA 45 \"
Vo Output Low Voltage _
(Ports and Others) lo. = 1.6 mA 45 v
Vou Output High Voltage (Bus) lon = —-400 A 24 "
Vo1 Output High Voltage _
(RD, WR, PSEN, ALE) lon = ~100 4A 24 v
VoHz Output High Voltage _
(Ports and Others) lon = -404A 24 v
| Input Leakage Current
. (T‘:, NT EA? Vss = Vin = Vee £10 | 4A
[ Input Leakage Current Ports Vgs + 0.45 < V|y = Vg -500 A
ILi2 Input Leakage Current N
(55, RESET) Vgg + 0.45 < Vy =< Ve 300 pA
Lo Output Leakage Current (Bus, Tg)
V 045 = V| =
High Impedance State ss + s w = Vee £10 wA
lop Standby Current 4 8 mA
Iop + lec Total Supply 55 80 mA
Voo Standby Power Supply 22 Voo v
BUS (P1, P2) (BUS, P1, P2)
-50 -500 -50
h TYPICAL—|
N /
= -3 = -300f Zz -3
E TYPICAL\ = ":'m \\ g /
3 \ 3 K
-10 \ -100 N -10
N -
N :
0 4 4 0 4
Vou (V) Vou (V) Vou (V)
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AC Characteristics 7, = 0°Cto +70°C, Vec = Vpp = 5V +10%, Vsg = OV
f (toy) 11 MHz

Symbol Parameter (Note 3) Min Max Units

e ALE Pulse Width (Note 1) 7/30 tcy — 170 150 ns

taL Address Setup to ALE (Note 1) - 2/15 tcy - 110 70 ns

tia Address Hold from ALE (Note 1) 1/15 tcy — 40 50 ns

tees Control Pulse Width (RD, WR) (Note 1) 1/2 toy - 200 480 ns

tcce Control Pulse Width (PSEN) (Note 1) 2/5 tcy - 200 350 ns

tow Data Setup Before WR (Note 1) 13/30 tey - 200 390 ns

twp Data Hold After WR (Notes 1, 2) 115 tgy - 50 40 ns

tor Data Hold (RD, PSEN) (Notes 1, 4) 1/10 tey - 30 0 110 ns

tRD1 RD to Data In (Note 1) 2/5 toy - 170 370 ns

tro2 PSEN to Data In (Note 1) 3/10 tey — 170 240 ns

taw Address Setup to WR (Note 1) 1/3 toy - 150 300 ns

taD1 Address Setup to Data (RD) (Note 1) 21/30 toy - 220 730 ns

tapz Address Setup to Data (PSEN) (Note 1) 1/2 tgy - 200 480 ns

tarcs Address Float to RD, WR (Notes 1, 2) 2/15 tey - 40 140 ns

tarce Address Float to PSEN (Notes 1, 2) 1/30 tcy - 40 10 ns

tLarct ALE to Control (RD, WR) (Note 1) 1/5 toy - 75 200 ns

tLarc2 ALE to Control (PSEN) (Note 1) 110 tcy - 75 60 ns

tcar Control to ALE (RD, WR, PROG) (Note 1) 1/15 tgy — 40 50 ns

tcas Control to ALE (PSEN) (Note 1) 4/15 tcy - 40 320 ns

tcp Port Control Setup to PROG (Note 1) 1/10 tcy ~ 80 50 ns

tec Port Control Hold from PROG (Note 1) 4/15 toy — 260 100 ns

tpR PROG to P2 Input Valid (Note 1) 17/30 tcy ~ 140 630 ns

tpe Input Data Hold from PROG (Notes 1, 4) 1/10 toy 0 140 ns

top Output Data Setup (Note 1) 2/5 tcy - 290 260 ns

trp Output Data Hold (Note 1) 1/10 tey - 90 40 ns

tpp PROG Pulse Width (Note 1) 7110 toy - 250 700 ns

tpL Port 2 /0 Setup to ALE (Note 1) 4/15 toy - 200 160 ns

tp Port 2 1/0 Hold to ALE (Note 1) 1/10 tcy - 120 15 ns

tpy Port Output From ALE (Note 1) 3/10 tcy + 100 510 ns

toy Cycle Time (Note 3) 1.36 15 us

torRR Ty Rep Rate 3/15 tey 270 ns
Note 1: Control outputs C, = 80 pF, Bus outputs C, = 150 pF , é’
Note 2: Bus High Impedance Load = 20 pF g 2
Note 3: tc, = 15/f (assumes 50% duty cycle) g §
Note 4- Maximum spec listed is for user information only to prevent system bus contention o
Note 5: V,, = 38V, V, = 045V &

0:’: X — ¢
Note: AC testing inputs are driven at 2 4V for a logic *1" and 0 45V for a logic 0" Output timing measurements are made at 2 OV for a logic *"1" and 0 8V for a logic
“0" (except X1, X2, and RESET) (Note 5)
Input and Output for AC Tests
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Timing Waveforms

1st CYCLE

ALE / \

2nd CYCLE

*——-M—-H‘Pv——

[\ __

"N/

A

o~
P20-23
uu",m:x PCH )(7 P20-23 DATA X NEW P20-23 DATA X PCH
P24-27 ’
P10-17 P24-217, P10-17 DATA X NEW PORT DATA
OUTPUT
1/0 Port Timing
toy )
e | «——tuarc ~—1lcaz —~—>‘
ALE |
"urc‘ tece
PSEN 1
—taL— )4———1302-—*‘ l*-v'nn —’l
BUS

% ADDRESS

|

Note: Diagonal lines indicate interval of high impedance

——tarct——|

ALE I

Instruction Fetch from External Program Memory

X @( S /i

WR

tawy————————

!
l ICA1

-

]

S XK

ADDRESS

DATA

Note- Diagonal lines indicate interval of high impedance

Write to External Data Memory

LU
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Timing Waveforms (continued)

"_— taFci——|

] T

—

|

tec

!
| CAt |

‘<— urm——}

‘ toR
s

S ) S U &

DATA W/// / % /////A

‘ {<—lnm—>

I taD1 1
Note: Diagonal lines indicate interval of high impedance
Read from External Data Memory
1st CYCLE 2nd CYCLE

ALE

—| tear "—

tLp

I |<——lpL———><—> '

]

‘ {<—luv—————' tpo I‘—

EXPANDER
PORT 2p. PORT
PORT PCH x 0-3 X X OUTPUT DATA
OUTPUT :X DATA CONTROL
. N |
e e N I I ey
Emﬁ%m PCH X PORT 29 3 X PORT X X INPUT
NPUT x DATA CONTROL DATA x
| | || 1] e | |
| letpc>
tpp
PROG I I o
Port 2 Timing
12V VERIFY MODE TIMING

EA -J

ALE

RESET | 1

BUS % ADDRESS IN W %DATA % NEXT ADDRESS
/ M ADDRESS IN W /Wn ADDRESS

P20-P23

Recommended Test Methods.

RESET must be low before EA goes high

Sync to falling edge of ALE Falling edge of ALE 1s machine cycle 4

Force address in with RESET low for 21 machine cycles starting machine cycle 5
Force address in with RESET high for 4 machine cycles

Force RESET high for 12 machine cycles

Force RESET high for 4 machine cycles Data is valid on bus

Force RESET low for 4 machine cycles

® N DDA WN o

Repeat steps 3 through 7 for other addresses

ROM Verify Mode Timing
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Typical Application

Figure 8 shows a typical way to use the SY8048 microcontroller in a stand-alone system Crystal used Is parallel resonant, AT cut and
1MHz to 6MHz All outputs are standard TTL compatible at 5V

XTAL1 P10 |- 27

P11 =28

P12 =29
XTAL2 P13 }—30 | PORT 1

P14 b= 31 [ (INPUT/OUTPUT)
RESET P15 =32
P16 |- 33
P17 |- 34
P20 |~ 21
P21 = 22
P22 |- 23
P23 =24 | PORT2

1 =g T0 p2a |35 { (NPUT/OUTPUT)
INPUT [ 39 = T1 P25 b= 36
6wt INT P26 = 37

P27 |- 38
DBy = 12
DBy |- 13
DB = 14
DB; |15 [ BUS PORT
DBy |— 16 [ (NPUT/OUTPUT)
DBs p= 17
DBs |- 18

DB; rm
ALE PSEN PROG WR RD

FIGURE 8. Stand-Alone SY8048 System

Package Availability 40 Pin Molded DIP
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High-Speed 16 x 16
CMOS Parallel Multiplier

ertek.

PRELIMINARY

Features

High-Speed 16 x 16 Parallel Array Multiplier
145 nsec Typical Multiply Time

Low Power (lcc = 30 mA Typical)

Full Product Multiplexed at Output

2's Complement, Unsigned or Mixed Operands
Input/Output Latches Selectable for Clocked or
Transparent Mode of Operation

Advanced CMOS Technology

Input/Output Levels TTL Compatible

Single +5V Power Supply

64-Pin Package

SY66C016 Pin-for-Pin Functional Replacement for TRW
TRW MPY 16HJ and AMD 29516

Description

The SY66C016 1s a parallel array multipher built using
Synertek’s advanced CMOS process technology By use of a
modified Booths algorithm and the state-of-the-art 2 u
design rules, the SY66C016 provides a performance com-
parable to existing bipolar TTL multipliers at a fraction of the
power consumption (Icc = 30 mA typical)

Input data is accepted in the form of 16-bit 2's comple-
ment and unsigned magnitude or mixed operands. At the
output of the array a format adjust control (FA) allows
the user to select a full 32-bit product or a left shifted
31-bit product suitable for 2’s-complement only.

The two halves of the product may be routed to a 16-bit
three-state output port via a multiplexer. In addition, the

Pin Configuration

——
Xq 5 1 640 Xs Xp x| 16 RND Ym \2 30
X3 2 630 Xg ‘ t l ‘
X2 03 620 X,
X, 0a 610 Xg I REGISTER I i REGISTER] REGISTER
Xo ES :gg X9 CLKY. [ 1 J|
OEL s X10
cike Oz 580 X1y CLﬁ—l———-{:{:)__l L
cLkY (s 57 El] X12
Po.Yo 09 561 Xq3 -
P Y, g0 551 Xqa —] | ot A\ »
P2, Y2 On 5400 Xis ) g
P3, Y3 {12 53[0 CLKX gg
Ps.Yq (13 52[1 RND Su
P, Ys (14 510 Xm MULTIPLIER =S
Ps. Y (15 501 Ym ARRAY £
g 16 x 16
Py, Y7 16 491 +Vee
Pg. Yg 517 481 +Vge
Py Yo [18 470 GND T
P10, Y10 519 460 GND
P11, Y91 {20 45 g MSPSEL fa -]  FORMAT ADJUST
P12, Y12 21 431 FT
P13, Y13 {22 43P RS = —> Reg:ssp;ml RE(LZ?:TER
Pia, Y14 (23 42[1 OEP
Pis, Yis 024 41f) cLkm CLKM [ 4 0
Po.P1g (J25 40@ P31, P1s CLKL
Py. Py Q26 3900 Py, Prg
Py, Pig 27 381 Pag, Py3 NSPSEL |
P3 Py (J28 370 Pgg, Py2 MULTIPLEXER
Pa, P2o (29 360 Py7,Pyq
Ps, Py (30 35(] Pae, Pio OFF
Pg, Py 31 3413 Py, Py
P7. P2y (32 3300 oy Py

LSP is connected to the Y-input through a separate
three-state buffer.

Applications of the SY66C016 multipher include a variety
of digital signal-processing systems including floating-
point processors, FFT processors, array processors, im-
agel/video processors, speech recognition and syn-
thesis, digital filtering, modems, missile guidance, etc.

In the SY66C016 the X, Y, MSP and LSP registers have in-
dependent clocks (CLKX, CLKY, CLKM, CLKL). The out-
put multiplexer control (MSPSEL) uses a pin which is a
supply ground in the TRW MPY 16HJ. When this control
is LOW the function is that of the MPY 16HJ, thus allow-
ing full compatibility.

Block Diagram
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Absolute Maximum Ratings*

Supply Voltage,Veg -+ o oo -0.3Vto+7.0V
Input/Output Voltage,ViN .. ..ovvnnnnn. -0.3Vto+7.0V
Operating Temperature,Top +......cvnnnenn. 0to 70°C
Storage Temperature, Tstg - - vv - -55°Cto +150°C

All inputs contain protection circuitry to prevent damage
dueto high static discharges. Care should be exercised to
prevent unnecessary application of voltages in excess of
the allowable limits.

Comment*

Stresses above those listed under “Absolute Maximum Ratings”
may cause permanent damage to the device. These are stress
rating only. Functional operation of this device at these or any
other conditions above those indicated in the operational sec-
tions of this specification is not implied and exposure to ab-
solute maximum rating conditions for extended periods may af-
fect device reliability.

D.C. Characteristics (voc= —5.0V £5%, Vgg = 0, Ta = 0to 70°C, unless otherwise noted)

Symbol Parameter Min. Typ. Max. Units
Vin Input High Voltage 2.0 — Vee Vv
ViL Input Low Voltage -0.3 — 0.8 \
Iu Input Leakage Current (Vo = 5V) 10 uA
Output Leakage Current _
Lo (3State: Vo = 0.4V) 10 uA
Output Leakage Current
Lo (3-State: Vg = 2.4V) 20 uA
Output High Voltage
Vou (Voo = Min., lop = —1004A) 24 v
Output Low Voltage
Vou (Voe = Min., lo, = 1.6A) 0.4 v
I Supply Current
cc (Voo = 5.25V 300 400 mA
Pin Description
Xo-X1s5 MSPSEL

These 16 lines are the Multiplicand and Data inputs.
Data are loaded on the rising edge of CLKX.

Yo-Yis

These 16 pins share functions between the Multiplier
Data inputs (Yp-Y1s) and least significant product, LSP
(Po- P15), outputs. The input data are loaded on the rising

edge of CLKY. The output (LSP) data are loaded on the
rising edge of CLKL.

XM! YM

Mode control inputs for each data word.

(TCX, TCY)*

Xm,Ym = 0; unsigned data

Xm Ym = 1;2's complement data

Xwm is clocked by CLKX; Yy is clocked by CLKY.

FA(RS)*

Format Adjust control selects either a full 32-bit product
(HIGH) or a left shifted 31-bit product with the sign bit
replicted in the LSP (LOW). This control is normally high
except for certain fractional 2's complement applica-
tions.

FT

Feedthrough control (HIGH) makes both MSP and LSP
registers transparent.

Selects either MSP (LOW) or LSP (HIGH) to be available
at the product output port.

RND

Round control for the rounding of the MSP by adding 1to
the least significant product output. RND is strobed by
CLKXor CLKY.

OEP (TRIM)*
Three-state enable for product output (MSP) port.
OEL (TRIL)*

Three-state enable for routing LSP through Y input/out-
put port.

CLKX
Register Clock for Xo-X15, Xp, RND

CLKY
Register Clock for Yo-Y1s, Ym, RND

CLKM
MSP Register Clock

CLKL
LSP Register Clock

*TRW MPY 16HJ pin designation.
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SY4x2901B

16-bit CMOS
Microprocessor Slice

ertek.

ADVANCED INFORMATION

Distinctive Characteristics

e Quad Replacement for 2901B with On-board Look-
ahead Carry Generation
Extremely Low Power Consumption
Full TTL Compatibility
Single +5 V Power Supply
Expandable
— Any number of SY4x2901Bs can be cascaded
together to form longer word lengths!1]
e Speed
— 100 ns cycle time (typical)
e Eight-function ALU
— Performs addition, two subtraction operations, and
five logic operations
® Two-address Architecture
— Independent simultaneous access to two working
registers saves machine cycles

e Flexible Data Source Selection
— ALU data 1s selected from five source ports for a
total of 203 source operand pairs for every ALU
function

e Left/right Shift Independent of ALU
— ADD and SHIFT operations take only one cycle

e Microprogrammable
— Three groups of three bits each for source operand,
ALU function, and destination control

® Four STATUS FLAGS
— Carry, overflow, zero, and negative

e Operating Range
— Both commercial and military temperature ranges
available

® Packaging
— 64-pin Molded and Ceramic DIP
— 68-pin ceramic leadless chip carrier

Description

The SY4x2901B 1s a CMOS Quad implementation of the
industry standard 2901B 4-bit microprocessor slice with on-
board multilevel look-ahead carry generation capability It 1s
designed to provide a high-speed cascadable ALU, intended
for use in CPUs, peripheral controllers, programmable
microprocessors, or any application where performance and
hardware/software flexibility are system prerequisites

The SY4x29018B provides all the features of its bipolar coun-
terparts, 1n addition to the inherent advantages of its low

Block Diagram

A ADDR B ADDR i

power requirements, 16-bit data 1/0, and on-board look-
ahead carry capabilities. It 1s also microcode compatible with
the 2901B This 1s a definite advantage, since existing soft-
ware can be utiized in a new or upgraded hardware design
The microinstruction flexibility of this device will allow effi-
cient emulation of almost any digital computing machine. In
addrtion, 1t also has three-state outputs and provides various
STATUS FLAG outputs from the ALU

(continued on next page)

DIRECT DATA IN

Ly
— COMMON INPUTS —* T
CLOCK —
4 4 U Av T{}
RAM15 RAM3 RAMg RAM3 RAMo F—{ RAM3. RAM; F—{RAM3 RAMg RAMg &:
Q Q; (7Y o [} . Q Q; Qg Q .
" * 20018 0 5 eom 2 20018 1 20018 o o =
F1s ]
OVERFLOW =
P G Cp P G Cn PG Cy =3
o
| QTR H—H—J ] g
l L
= l |1 [
P4 Gq P3 G3 P21G2 Py Gq
G
2902
Cour — _ LOOK-AHEAD CARRY Cn
o} Ij— 4
1
Cn+z Cn+y Cn+x
Voo — ——;————l
Vss ] 64-PIN PACKAGE CMOS
OE A4 Yo-Yi5
THREE STATE DATA

CONTROL out

Figure 1. SY4x2901B General Block Diagram
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CLOCK

A (READ)
ADDRESS

B
(READ/WRITE)
ADDRESS

DIRECT
DATA IN
DO-D15

CARRY IN

OUTPUT
ENABLE

I
8 I 7 I 6 5 l 4 I 3 2 I 1 ] 0
DESTINATION ALU ALU
CONTROL FUNCTION SOURCE

MICROINSTRUCTION DECODE

~<~—>RAMO RAM SHIFT RAM 15 f—s Q-SHIFT
-1 Q0 Q15 fa—n
B DATA IN J
——{ A ADDRESS cp F Q
L»{cP  QREGISTER
16 ADDRESSABLE REGISTERS o
~|BADDRESS  \patAa  BDATA
ouT ouT -
LOGIC 0
D A B 0 Q
ALU DATA SOURCE SELECTOR
A s Cour

OVERFLOW
F15 = SIGN

— Cin 8-FUNCTION ALU [
P

F F = ZERO
— A F
ot OUTPUT DATA SELECTOR
v
DATA OUT
Y0-Y15

Figure 2. Functional Block Diagram
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Synertek.

SY4x2901B

The SY4x2901B, as shown in Figure 1, consists of four
4-bit 2901s, and one and one-quarter 2902s As shown in
Figure 2, the device consists of a 16-word by bit two-port
RAM, and eight function ALU, and the associated shifting,
decoding, and multiplexing circuitry The 9-bit microin-
struction word 1s organized into three groups of three bits
each which select the ALU source operands, the ALU func-
tions, and the ALU destination register

The partial 2902 (Figure 1) 1s provided so as to reduce chip
count when implementing either a 24-bit or 32-bit design.
The three signals provided by the look-ahead carry circuitry
are Coyr, propagate (P), and generate (G). Moreover, Coyr 1S
the only carry signal needed when cascading with either a
SY2x2901Bl'], or another SY4x2901B device (24-bit and
32-bit configurations respectively) — thus eliminating the
need for an additional look-ahead carry device For system
configurations greater than 32-bits, the carry propagate and
generate signals can be used This on-board look-ahead
carry capability provides the user with a truly economical
and versatile alternative for design

Note 1:

The SY2x2901B 1s an 8-bit CMOS processor slice which is availa-

ble in a 48-pin package The SY2x2901B may be cascaded with a
SY4x2901B to form word lengths in any multiple of 8-bits

Pin Definitions

Ag.3 The four address inputs to the register stack used
to select one register whose contents are dis-
played through the A-port

Bo.3 The four address inputs to the register stack used
to select one register whose contents are dis-
played through the B-port and into which new
data can be written when the clock goes LOW.

lo-g The nine instruction control lines Used to deter-
mine what data sources will be applied to the ALU
(lp12). what function the ALU will perform (l34s),
and what data 1s to be deposited In the Q-register
or the register stack (lg7g)

Q15 A shift ine at the MSB of the Q register (Q;5) and

RAM;5 the register stack (RAM;s) Electrically these lines
are three-state outputs connected to TTL inputs
internal to the device When the destination code
on lg7g Indicates an up shift (octal 6 or 7) the
three-state outputs are enabled and the MSB of
the Q register 1s available on the Q5 pin and the
MSB of the ALU output is available on the RAM5
pin. Otherwise, the three-state outputs are OFF
(high-impedance) and the pins are electrically LS-
TTL inputs. When the destination code calls for a
down shift, the pins are used as the data inputs to
the MSB of the Q register (octal 4) and RAM (octal
4 or 5).

Qo Shift ines like Q15 and RAM;5, but at the LSB of

RAM, the Q-register and RAM. These pins are tied to the
Q15 and RAMy5 pins of the adjacent device to
transfer data between devices for up and down
shifts of the Q register and ALU data.

Do.15

Yo.15

ol
|

OVR

Fis
Ch
Cour
CP

Direct data inputs A 16-bit data field which may be
selected as one of the ALU data sources for enter-
ing data into the device Dp is the LSB.

The 16 data outputs. These are three-state output
lines. When enabled, they display either the 16
outputs of the ALU or the data on the A-port of the
register stack, as determined by the destination
code I678

Output Enable When OE 1s HIGH, the Y outputs
are OFF, when OE i1s LOW, the Y outputs are
active (HIGH or LOW)

The carry generate and propagate outputs of the
internal ALU. These signals can be used with
another 2902 for carry-lookahead of word lengths
greater than 32-bits

Overflow. This pin 1s logically the Exclusive-OR of
the carry-in and carry-out of the MSB of the ALU.
At the most significant end of the word, this pin
indicates that the result of an anthmetic two's
complement operation has overflowed into the
sign-bit.

This i1s an open drain output which goes HIGH
(OFF) if the data on the 16 ALU outputs Fg_15 are
all LOW. In positive logic, it indicates the resuit of
an ALU operation is zero.

The most significant ALU output bit.
The carry-in to the internal ALU.

The carry-out of the SY4x2901B.

The clock input The Q register and register stack
outputs change on the clock LOW-to-HIGH transi-
tion The clock LOW time is internally the write
enable to the 16 x 4 RAM.

vodi. ~ wb v
vs o 2 63p v
vs O 3 62p cp
v; O 4 61p ¢y
Y, 5 60 Q
v, g6 5901 RAMg
Yo 7 5sg Az
Do (] 8 570 Az
Dy 9 s6[ A
D, 10 550 Ag
o3 gn 541 I3
Ds @12 53[0 1g
D5 13 5201 15
Dg 14 510 1y
D7 15 500 1y
Vss 16 49p
gﬁ gy SYaxas01 L B ‘fm
Dy (18 470 GE
Dio Ew 461 By
D1 §20 4501 8,
D12 g 21 Mg By
D13 22 430 B3
Dys 23 421 1
D15 f24 a1p 1y
vis 25 40[ 1g
Yia 426 9P G
viz 27 38 B
Yi2 28 370 RAMi5
vi1 429 360 Q5
Ya0 Ezo 35[0 Cout
Yo 31 340 ovR
F=0 (}32 33 Frs

Figure 3. Pin Configuration
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Ordering Information

SY M C 2114 3

Prefix Temperature Range Package Type 4 Digit Device
No Designator — 0°C to 70°C  C - Ceramic Code
M — -565°C to +125°C P - Molded
X — Special D - Cerdip
E—-40°Cto +85°C X - Dice
F - Flat Pack

K - Leadless Chip Carrier
PJ — Molded J Lead Surface Mount

Please make note of the Leadless Chip Carrier (LCC) designator.

3 Digit Performance
or Processing Designator




Packaging Information

Molded DIP—
8 Leads
AT s WAt .
255
245
PINNO | i
IDENT. e o7 %7
.400 310
T 3m0 * 290
060
155 .020
25 ¥
.150 ) } 015
25 008
o) 085
032 I ] 025
REF. L L_—‘“’-"A.j
' ' 110 290
.065 090
.045
023
015
Molded DIP—
14 Leads
255
245
PIN NO. 1 i
R PAVAVAVARAVAY
710
.645 4—%—-»
060
140 .020
120
015
_150 4 —\\*"" To0s
125
o6 | s L a0
045 || (™ 025 290

-
=<
-
w
xz
wd
[3-}

023 .110
2 ) | —
015 .090

032 REF —»{ |=—

INFORMATION
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Packaging Information

Molded DIP—
16 Leads
\NWAYAYAYAYAYAYY!
.256
PIN NO. 1 s
IDENT. = ———L
810
785 [« 310 -
060 290
140 020
20
015
.150 —_—
T f .008
065 063 .400
X 025 290
.032 REF.
Molded DIP—
18 Leads
ATANATATATANATANA :
265
.245
e A

\vAvAVAvAVAVEAVAGRY

920
890 060

w
=
=)

T

.400
290
065 10 .065
1040 090 045
032 REF.
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Packaging Information

Ceramic—
18 Leads
(.910)
(:070)
(490)
(:400) _J
InEninlnEnEaEnEN
B (:310)
PIN NO. 1 .280
IDENT. \f' (-280)
ogOooogogouaguuy
(.065)
oa0) | [
£ ] o,
(.080)y 060) 11
{50 1020 (015)
(-125) (:008)
*“*(.ozn m_o)*{
(:015) (:290)
(.110),
(.080)’
0.32 REF.
Cerdip—
18 Leads
0.320
0.290
o ™ 128 [
(7 366)
PINNO 1.
IDENT \)
N\ 0.310
0260
(7.874)
0.900 (22.860) MAX (6.604)
0.060 (1.524) —
0.015 (0.381) 0.180 (4.572)
¥ H | 0.7a0 (3.556]
} 0.200 (5.08) 0.015
‘l L 0.125 (3175) 0:008
: (0.381)
—i —’”‘— {0.203)
10 (2.794) 0.070 (1778) 0.023 (0.584)
90 (2.286) 0.030 (0.762) 0.015 (0.381) 0.400 (10.16)
™10.330 (8.382) I~

-
<
o
w
z
(Y]
(3]

INFORMATION




Packaging

Information

Chip Carrier—
18 Leads
265+ 015 057 + .020 045 (1.14)
(673 .38) (145: 051 ‘ > 10 PLCS 012 (0.30) R
\ ' 050 (1.27)
f ] 14 PLCS
(4.06)
405 + 015 f
(10.29 + .38)
} .080 (2.03)
7PLCS
L 2/ Hﬁ 1025 (0.64) \_ D‘\I:I [] J
18PLCS
008 (0.200 R .022 (0.56) x 45°
18 PLCS
DIMENSIONS IN INCHES AND (MILLIMETERS).
Flat Package—
18 Leads
1 950 + .030
(24.13 + 0.76)
310:.015
I (7.86 + 0.38) *
- £ — —
L ]
L .
= g |
400 = .015 440 (11.18)
(10.16 + 0.38) C 1YY
L )
b :
j' —_ = = | ]
1050 + 005 j ' .320+ .030
(1.27 0.13) -7 - (8.13 + 0.76) g
017+ 003 | 1
(0.43 + 0.08)
079: 015 o 230(584)___| f
: (2.00 + 0.38) REF. s 2 002
. M K + .w1
| 013+ g:gg;
I o

NOTCH PIN NO. 1 INDEX
DIMENSIONS IN INCHES AND (MILLIMETERS).
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Packaging Information

Molded DIP—
20 Leads
PIN O o o o o 0
NO 1
IDENT D
\.
L% Q) 655 B G g UGB Gy G gy G g G gy S8 gy &5 gy = o
(020)
(010)
(145) " (260)
(135) e (240)
l (135)
(125)
(.025) ' (110) —f
015) | (090)
_,|
(022) (065)
(015) (.055)
Ceramic—
20 Leads
——} {«—.oso:.ozo
| 1.00+.020 i 1100 =.015
035 +.020 “—‘1
I,“o:_ms <—.290 +.010 — ||«— .010 +.002
055+ .015—»| |<— .305+.015 —»’ L— —»1 L—.om:.oos l<—.305=.015—>l

5-7
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Packaging Information

Cerdip—
20 Leads
—>‘ ‘<— .030 +.020
I 1.00.020 | 100+ .015
.035 +.020 g -——I—
I 140+.015  ||<—-290.010 —{l«— 010 = .002
055 +.015 —= - .305+.015 —J L— —», '4—.016 +.003 l<—.305 E .015—»‘
Chip Carrier—
20 Leads
.008 R 20 PLCS
290 +.015 067 +.020 —»| -
/.012 R4PLCS
( w 025 -
20 PLCS o2

425+ .015

.250 =.010
2PLCS

045 +.015
19 PLCS



Packaging Information

Molded DIP—
22 Leads
OooCoooon
PINNO. 1 ° 410 (10.414)
IDENT. e e o o e o = 380 {9.652)
<~ 1.200 (30 48) MAX —————| 360 (9.144)
175 (4.445) 330 (8.382)
MAX = -
(— 015 (0.381)
J L 7008 (0.2032)
S 470 (11.938)
™ | I" 310 (10. 414)_’|
060 (1.524) 110 (2.794) ,.090 (2 286) 023 (.5842) 160 (4.064)
015 (0.381) 090 (2286) 075 (1905) .015 (:3810) 100 (2.540)
Molded DIP—
24 Leads

OO0 O 0 ;0 ;rcyoyr

0550
0530
PIN NO. 1
IDENT.
jEEREEERERERERERERRRR)
I 1.260 I
=~ 1230 0.160
0.120

J L _.l L_ g (1;;8 0.050
0. o4o 0.020
0.023 0.032 REF. 0.150

0015 0125

0.700

[
I

0.600

-
<
o
w
=
w
(-]

INFORMATION




Packaging Information

Ceramic—
24 Leads
) 0.610
0.580
PIN NO. 1
IDENT.—=o
0.530
0.450
»{te 0.015
0.008
Cerdip—
24 Leads
N e B e B s B v W e B e B e WY e B s B e UG e OO e O
PIN NO. 1
IoENT. Lo 0550
" QU VU QU NN B UNIN R NI [ G G GONR Buuy GEN QR GRS Ju Gu ua Gm e s g “
‘4———-———1.290 MAX ———————————|

_t

o|e
alhy
N

ale

0.070 0.023
0.015

N )
0.060 0.110
0.015 0.090 0.030 0.015



Packaging Information

Molded DIP—
28 Leads

000NN nonon

0520

> + 030
PIN NO. 1

IDENT. ihd l

gutuuuggudduouougouy

1470 MAX
0130
0.050 A < 0600 _I 0.060
‘ " TVYP £0005 150 0.620
—1  MIN
I 7

0100 0018 H 0125 ] +0.025 ,
~“1vp 0003 "1™ <+—0.625 ™

0.075

£0015 | "_ _" ‘

Molded DIP—
40 Leads
_ (2.070)
[ (2.040) ]
(.550)
P (:530)
PIN NO. 1 >
(.170)
(140) l" — 625 ’|
v
.L ._!LV_ =
(.150) (.015) =
{125) I {:008) ==
o (.060) (.700) ==
: {.020) (.600) sl
=
(.110) (.065) 032TYP. =
(.090) (.045)



Packaging Information

Molded DIP—
48 Leads

U
o|o
2l
olo

0.625 |
MAX. '
0.015
0.008
0700 I
0.600 1
o.oso 0.045 0.015 TYP.
Molded DIP—
64 Leads
3.195
3205
I-—o.eoo—————
|
o W e Wk ¥ e Wk ¥ che Ve Wk 1T ok Wk W |
| TOP/BOTTOM | [ 0.015 BORDER SMOOTH SURFACE.
0.125R
| X
| U
¢
! 0.125R
| 0.895 |
——— 0.905
"u" % 0.175 | 0.795 ]
o 010 7 0.185 0.805
- —CTTTTTY L_/_'\I‘\ ‘
- _F ‘|‘
- ‘ __L_ﬁl | 0340
0.360
~ Foos

0.045 l 0.010
P
0.048 l I 0.016 | | 0.095 0.125 | 0.945 l
0.052 0.020 0.105 0.135 I 0975
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Packaging Information

Surface Mounted Device—

28 Leads *
PIN 1 IDENT.
. g.g_xxz SYNERTEK 0.042
045 OPTION L % 0.045
~0.
l imimim imimim) W l
—f 0 a 0.165
0.180
0.042
ooas L ] 1
E :l 0.485 | 0. 013*I LJ
n 0450 0.495 0.021 0.020
oAy 0.050 MIN.
[] 9.256 :
0 N 0.300 REF. i
0.390
E ] 0.430
\
T 0 J U ) U ) U G N I O |
0.000 DIMENSIONS IN INCHES
0.020
0.450
0.456
0.485
0495
Surface Mounted Device—
44 Leads *
0042 __PIN 1 IDENT
0.045"’ ~ SYNERTEK
OPTION 0026 0420
nnhnn onnoQ r r 003? \ ¥_ 0.045
0 oazj H 5760 .
|
0045 ?j . Y ¥
0.685 > {0050 _p||le 0013 T o020
j g
0.695 0.021 MIN
(] 0.500 REF. |
g 0.650 | 0.590 {
0.656 0.630
a
(]
[
T
Y
L.l | U 0 N N N N B
o 000
0020 X 0.650
0.656
0.685
' 069

*Available second half '85

-
<<
[
[T
z
w
[<-]

INFORMATION




Packaging Information

Surface Mounted Device—

68 Leads*

PIN 1 IDENT.
0.042>] 0.042 SYNERTEK
s 0.045 OPTION
* /miminlininlinlslsl mlnlelelalsl el shauaa———y
Y |
[
0
0
0
O
E 0.950
d 0.956
0
g 0.985
E 0.995
g
0
0
\
0.000 OO0 oo oo oo OO O
~—— 3X > I-n——
0.020 0.950
0.956
0.985
’ 0.995

*Avallable second half '85

0.165 0026 0042
[‘o.zoo "] I‘o.osz 6.0_431
! 1 U_t
L 0013 H., 0.020
e oo I | T
| 0.700 REF. .
0.890
| 0.930



Syneriek Application Notes

Below is a listing of Synertek Applications Information available. These Notes are available in their entirety from
your local Synertek Sales Office, nearest Sales Representative, or Distributor.

Microprocessor Application Notes

Application Note

Number Title
AN1 SY6551 Asynchronous
Communications Interface
Adapter (ACIA)
AN2 SY6500 Microprocessor Family
AN5 SY6522 Versatile Interface
Adapter (VIA)
AN7 SY6845 Smooth Scrolling with
the 6545
AN8 SY6845 CRTC Design and
Applications Manual
AN10 SY2661 EPCI Implements
Binary Synchronous Protocol
AN11 SY66016 High Speed

16 x 16 Parallel Multiplier

Memory Application Notes

Application Note

Number Title
ANG6 SY2128/2129 2K x 8-Bit
Static RAM Access Memory
AN12 SY2130/2131 1024 x 8
Dual Port Random Access
Memory

-
<<
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o
=
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Conversion Tables

1. Convert Hexadecimal to Decimal
1AF616=1x163+Ax 162+ Fx 161+ 6 x 160 = 4096 + 2560 + 240 + 6 = 69024

2. Convert Octal to Decimal
2147g=2x83+1x82+4x81+7x80=1024+64+32+7=1127

3. Convert Binary to Decimal
101101,=1x25+0x24+1x23+1x224+0x21+1x20=32+0+8+4+1=45,

4. Convert Decimal to Hexadecimal

120740 0
—>  163[1207 |
0 4 |
1207 —» 162 1207
1024 B
183 —>» 161 (183
) 176 7
5. Convert Decimal to Octal 7 1601_7_ =487
15310 —_— 2
82 [153
128 3
"25 —» 8l ’75—
24 1
6. Convert Decimal to Binary 1 —> 80 ,1_ =231g
5310 1
— 25[53
32 1
21 == 2421
16 0
5 —»23[5
o 1
5 —®22|5
4 0
T =211
0 1
1 —»20[1
1 =110101,
0

Recommended Decimal Multiples and Submultiples

Multiples and

Submultiples Prefixes Symbols
1018 exa E
1015 pecta P
1012 tera T
109 giga G
106 mega M
103 kilo k
102 hecto h
10 deca da
10-1 deci d
10-2 centi c
10-3 milli m
10-6 micro m

(greek mu)

10-9 nano n
10-12 pico p
10-15 femto f
10-18 atto a
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Conversion Tables ...,

Constants and Conversion Factors
Conversion Factors — General

To Obtain

Degree (angle)

Ergs

Feet

Feet of water @ 4°C

Foot-pounds

Foot-pounds

Foot-pounds per min

Horsepower

Inches of mercury
@0°C

Joules

Joules

Kilowatts

Kitowatts

Kilowatts

Knots

Miles

Nautical miles

Radians

Square feet

Watts

Multiply

Radians
Foot-pounds

Miles

Atmospheres
Horsepower-hours
Kilowatt-hours
Horsepower
Foot-pounds per sec

Pounds per square inch

BTU
Foot-pounds
BTU per min
Foot-pounds per min.
Horsepower
Miles per hour
Feet

Miles

Degrees
Acres

BTU per min

Temperature Factors
°F=9/5(°C)+ 32

By

57 2958
1356 x 107
5280
33.90
1.98 x 106
2 655 x 106
33x104
1.818 x 10-3
2 036

1054.8
135582
1.758 x 10-2
2.26 x 10-5
0.745712
0.86897624
1.894 x 104
0.86897624
1.745 x 102

43560
17.56796

Fahrenheit temperature — 1.8 (temperature In kelvins) -459.67

°C=5/9 ((°F) — 32]

Celsius temperature = temperature in kelvins — 273.15
Fahrenheit temperature = 1 8 (Celsius temperature) + 32

*Boldface numbers are exact, others are given to ten significant figures where so
indicated by the multiplier factor

Conversion Factors — Metric to English

To Obtain

Inches

Feet

Yards

Miles

Ounces
Pounds
Gallons (U.S Liquid)
Fluid ounces
Square inches
Square feet
Square yards
Cubic inches
Cubic feet
Cubic yards

Multiply

Centimeters
Meters
Meters
Kilometers
Grams
Kilograms
Liters
Milliliters (cc)
Square centimeters
Square meters
Square meters
Milhliters (cc)
Cubic meters
Cubic meters

5-17

By
03937007874
3.280839895
1093613298
0.6213711922
3527396195 x 102
2.204622622
0.2641720524
3.381402270 x 102
0.15650003100

10.76391042
1.195990046
6 102374409 x 10-2
35.31466672
1.307950619

-
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Conversion Tables ...,

Conversion Factors — English to Metric*

To Obtain Muiltiply By
Microns Mils 25.4
Centimeters Inches 2.54
Meters Feet 0.3048
Meters Yards 0.9144
Kilometers Miles 1.609344
Grams Ounces 28.34952313
Kilograms Pounds 0.45359237
Liters Gallons (U.S Liquid) 3.785411784
Milliliters (cc) Flud ounces 29.57352956
Square centimeters Square inches 6.4516
Square meters Square feet 0.09290304
Square meters Square yards 0.83612736
Milliliters (cc) Cubic inches 16.387064
Cubic meters Cubic feet 2.831684659 x 10-2
Cubic meters Cubic yards 0.764554858

Conversion Factors — General*

To Obtain Multiply By
Atmospheres Feet of water @ 4°C 2950 x 102
Atmospheres Inches of mercury @ 0°C 3.342 x 102
Atmospheres Pounds per square inch 6.804 x 10-2
BTU Foot-pounds 1285 x 10-3
BTU Joules 9480 x 104
Cubic feet Cords 128

*Boldface numbers are exact, others are given to ten significant figures where so
indicated by the multiplier factor

Miscellaneous Constants

Physical Constants

Equatorial radius of the earth = 6378 388 km = 3963.34 miles (statute)

Polar radius of the earth, 6356.912 km = 3949.99 miles (statute)

1 degree of latitude at 40° = 69 miles.

1 international nautical mile = 1.15078 miles (statute) = 1852 m = 6076 115 ft.
Mean density of the earth =5 522 g/cm3 = 344.7 Ib/ft3.

Constant of gravitation, (6 673 = 0 003) x 10-8 cm3 gm-1 S-2

Acceleration due to gravity at sea level, latitude 45° = 980.665cm/s2 = 32 1740 ft/sec2
Length of seconds pendulum at sea level, latitude 45° =99 3574 cm =39 1171 iIn

1 knot (international) = 101 269 ft/min = 1.6878 ft/sec = 1.1508 miles (statute)/hr.
1 micron = 10-4cm

1 angstrom = 10-8 cm.

Mass of hydrogen atom =(1.67339 £ 00031) x 10-24 g.

Density of mercury at 0°C = 13.5955 g/ml.

Density of water at 3 98°C = 1 000000 g/ml

Density, maximum, of water, at 3.98°C = 0.999973 g/cm3

Density of dry air at 0°C, 760 mm =1 2929 g/Iiter.

Velocity of sound in dry air at 0°C =331 36 m/s — 1087 1 ft/sec.

Velocity of light in vacuum =(2 997925 + 0.000002) x 1010 cm/s

Heat of fusion of water 0°C = 79.71 cal/g

Heat of vaporization of water 100°C =539 55 cal/g.

Electrochemical equivalent of silver 0 001118 g/sec international amp

Absolute wave length of red cadmium light in air at 15°C, 760 mm pressure = 6438 4696 A
Wave length of orange-red line of krypton 86 = 6057 802 A
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ertek.

Synertek Inc.

A Honeywell Subsidiary
3001 Stender Way, MS/30

Santa Clara, CA 95054
Tel: (408) 988-5600
TWX 910-338-0135

South Central
Regional

Sales Office
14350 Proton Rd
P.O Box 344569
Dallas, TX 75234

Northwest Regional
Sales Office

150 So. Wolfe Road
Sunnyvale, CA 94086
Tel. (408) 735-0221
TWX: 910-339-9500

Northeast Regional
Sales Office

20 Walnut St
Wellesley, MA 02181
Tel. (617) 431-7630
TWX 710-383-1582

Southwest Regional
Sales Office

4401 Atlantic Ave,
Suite 101

Long Beach, CA 90807
Tel (213) 428-8776
TWX 910-341-7705

Southeast Regional
Sales Office

5600 Mariner St
Suite #219

Tampa, FL 33609
Tel (813) 870-2222
TWX 810-876-9148

North Central Regional
Sales Office

621 Route 83
Bensenville, IL 60106
Tel (312) 860-3859
TWX 910-256-1672

Mid-Atlantic
Regional Sales Office
555 Broadhollow Rd
Melville, NY 11747
Tel (516) 752-0900
TWX 510-224-6247

Tel (214) 387-5300
TWX 910-860-5442

U.S. Sales Representatives

Alabama

Electronic Marketing
Associates

500 Wynn Dr

P O Box 5306
Executive Plaza,
Suite 304A
Huntsville, AL 35805
Tel (205) 837-7363

Alaska

14230 N E 8tr ot

Bellevue, WA 98007
Tel (206) 747-9424
TWX 910-443-2483

Arkansas

lon Associates Inc
9726 E 42nd St ,

Suite 122

Tulsa, OK 74145

Tel (918) 664-0186,7, 8
TWX 910-845-3084

Arizona

MR Engineering Sales Co
P O Box 15270

3020 N 44th St

Phoenix, AZ 85018

Tel (602) 956-4670

TWX 910-950-1291

California

Brooks Technical Group
883 Stierlin Road
Mountain View, CA 94043
Tel (415) 960-3880

TWX 910-379-5061
Elsco Electronics Inc
11562 Knott Street

Suite #3

Garden Grove, CA 92641
Tel (714) 891-4621

TWX 910-596-2400
Reider Associates

2660 Bernardo Ave
Escondido, CA 92025
Tel (619) 741-0496

TWX 910-332-1157

Colorado

Wescom Marketing, inc
7985 Vance Dr , Suite 102
Arvada, CO 80003

Tel (303) 422-7619

Connecticut

Dynasel Associates Inc
22 Green St

Waltham, MA 02154
Tel (617) 890-6777
TWX 710-324-0202
DYNASEL WAL

Delaware

Conroy Sales

26 W Pennysylvania Ave
Baltimore, MD 21204

Tel (301) 296-2444

District of Columbia
Conroy Sales

26 W Pennsylvania Ave
Baltimore, MD 21204
Tel (301) 296-2444

Florida
Dyne-A-Mark Corp
300 So Duncan Ave
Suite 283
Clearwater, FL 33615
Tel (813)441-4702,3
TWX 810-866-0438
DYNEMARK CWTR
Dyne-A-Mark Corp
1001 N W 62nd St
Suite 107

Ft Lauderdale, FL 33309
Tel (305) 771-6501,2,3
TWX 510-956-9872
DYNEMARK FTL
Dyne-A-Mark Corp
PO Box 33
Maitland, FL 32751
Tel (305) 831-2097
TWX 810-853-5039
DYNEMARK ALMS

Florida (Cont)
Dyne-A-Mark Corp

P O Box 339

115 Palm Bay Rd , #550-9
Palm Bay, FL 32905

Tel (305) 727-0192

TWX 510-959-6000

Georgia

Electronic Marketing

Assoclates

6695 Peach Tree
Industnal Bivd

Atlanta, GA 30360

Tel (404) 448-1215

TWX 810-766-0483

Hawaii

Brooks Technical Group
8830 Stierlin Rd
Mountain View, CA 94303
Tel (415) 960-3880

TWX 910-379-5061

Idaho

SDR 2

14230 N E 8th St
Bellevue, WA 98007
Tel (206) 747-9424
TWX 910-443-2483

Illinois

KMA Sales Company

5105 Tollview Dr,

Suite 275

Rolling Meadows, IL 60008
Tel (312) 398-5300

TWX 910-687-0263

Indiana
Corrao/Marsh

RR2, Box 142
Greenfield, IN 46140
Tel (317) 894-0377
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Gassner & Clark

1834 Blairs Ferry Rd . N E
Cedar Rapids, |A 52402
Tel (319) 393-5763

TWX 910-525-2051

Kansas

C-TRON, Inc

815 Clairborne St ,
Suite 2758

Olathe, Kansas 66062
Tel (913) 829-0073

Kentucky

Call your nearest Synertek
Sales Office

Louwsiana

lon Associates Inc

1504 109th St

Grand Prairie, TX 75050
Tel (214) 647-8225
TWX 910-866-4645

lon Associates Inc
6300 Westpark Dr
Suite 310

Houston, TX 77057
Tel (7131 977-4354
TWX 910-881-3776
ION ASSOC HOU

Maine

Dynasel Associates Inc
22 Green St

Waltham, MA 02154
Tel (6171 890-6777
TWX 710-324-0202
DYNASEL WAL

Maryland

Conroy Sales

26 W Pennsylvania Ave
Baltimore, MD 21204
Tel (301) 296-2444
TLX 87770 BAL

Massachusetts
Dynasel Assoclates
22 Green St
Waltham, MA 02154
Tel (617) 890-6777
TWX 710-324-0202
DYNASEL WAL

Michigan

Rathsburg Associates
16621 E Warren Ave
Detroit, MI 48224

Tel (313) 882-1717
TWX 235-229 RAI DET

Minnesota

TLC Electronics
2499 Rice St
Roseville, MN 55113
Tel (612) 483-2226
TWX 910-333-8543

Mississippt

Electronic Marketing
Assoclates

P O Box 5306

Executive Plaza, Suite 304A
Huntsville, AL 35805

Tel (205) 837-7363

Missoun

C-TRON, Inc

815 Clairborne St ,
Suite 2758

Olathe, Kansas 66062
Tel (913) 829-0073

Montana

SDR 2

14230 N E 8th St
Bellevue, WA 98007

Tel (206) 747-9424
TWX 910-443-2483

Nebraska

C-TRON, Inc

815 Clairborne St ,
Suite 275B

Olathe, Kansas 66062
Tel (913) 829-0073
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Nevada

Brooks Technical Group
8830 Stierlin Rd
Mountain View, CA 94303
Tel (415) 960-3880

TWX 910-379-5061

New Hampshire
Dynasel Associates
22 Green St
Waltham, MA 02154
Tel (617) 890-6777
TWX 710-324-0202
DYNASEL WAL

Dynasel Associates
P O Box 313
Salem, N H 03079
Tel (603) 893-1443
TWX 710-324-0202

New Jersey (Northern)
Trionic Associates Inc
320 Northern Blvd
Great Neck, NY 11021
Tel (516) 466-2300
TWX 510-223-0834

New Jersey (Southern)
Sunday O'Brien
15 Potter St
Haddonfield, NJ 08033
Tel (609) 429-4013
(215) 923-5195
TWX 710-896-0679
SUN O'BRIEN

New Mexico

MR Engineering Sales Co
P O Box 15270

3020 N 44th St

Phoenix, AZ 85018

Tel (602) 956-4670

TWX 910-950-1291

New York

Quality Components
116 E Fayette St
Manlius, NY 13104
Tel (315) 682-8885
TWX 710-545-0663

New York (Cont)
Quality Components
3343 Harlem Rd
Buffalo, NY 14225
Tel (716) 837-5430

Trionic Associates Inc
320 Northern Blvd
Great Neck, NY 11021
Tel (516) 466-2300
TWX 510-223-0834

North Carolina

Electronic Marketing
Associates

9225 Honeycutt Creek Rd
Raleigh, NC 27609

Tel (919) 847-8800

TWX (510) 928-0594

Ohio

J N Bailey and Assoc
13071 Old Dayton Rd
New Lebanon, OH 45345
Tel (513) 687-1325

J N Balley & Associates
28325 Center Ridge Rd ,
Suite C17

Westlake, OH 45145

Tel (216) 892-1513

Oklahoma

lon Associates Inc
9726 E 42nd St

Suite 122

Tulsa, OK 74145

Tel (918) 664-0186,7,8
TWX 910-845-3084

Oregon

SDR 2

14230 N E 8th St
Bellevue, WA 98007
Tel (206) 747-9424
TWX 910-443-2483

Pennsylvania (Eastern)
Sunday O’'Brien
15 Potter St
Haddonfield, NJ 08033
Tel (609) 429-4013
(215) 923-5195
TWX 710-896-0679
SUN O'BRIEN

Pennsylvania (Western)
J N Bailey and Assoc
13071 Old Dayton Rd
New Lebanon, OH 45345
Tel (513) 226-0512

J N Bailey and Assoc
5341 Windfall Rd
Madina, OH 44256
Tel (216) 723-6808
Dynasel Associates
Florention Roman
P-34 Villa San Anton

Carolina, Puerto Rico 00630

Tel (809) 752-1961
TWX 710-324-0202

Rhode Island
Dynasel Associates
22 Green St
Waltham, MA 02154
Tel (617) 890-6777
TWX 710-324-0202
DYNASEL WAL

South Carolina
Electronic Marketing
Assoclates

210 W Stone Ave
Greenville, SC 29609
Tel (803) 233-4637, 4638
TWX 810-281-2225

Tennessee
Electronic Marketing
Associates

P O Box 5306

Executive Plaza, Suite 304A

Huntsville, AL 35805
Tel (205) 837-7363

Texas

lon Associates Inc
3933 Steck Ave
Suite B121A
Austin, TX 78759
Tel (512) 346-7160
TWX 910-874-1355

lon Associates Inc
1504 109th St
Grand Prairie, TX 75050
Tel (214) 647-8225
TWX 910-866-4645
ION ASSOC DAL
lon Associates Inc
6300 Westpark Dr
Surte 310

Houston, TX 77057
Tel (713) 977-4354
TWX 910-881-3776
I0ON ASSOC HOU

Utah

Wescom Marketing, Inc
1321 S State St, #201
Salt Lake City, UT 84115
Tel (801) 466-9594

Vermont

Dynasel Associates
22 Green St
Waltham, MA 02154
Tel (617) 890-6777
TWX 710-324-0202
DYNASEL WAL
Virginia

Conroy Sales

26 W Pennsylvania Ave
Baltimore, MD 21204
Tel (3011 296-2444

Washington

SDR 2

14230 N E 8th St
Bellevue, WA 98007

Tel (206) 747-9424
TWX 910-443-2483

Washington D.C.
Conroy Sales

26 W Pennsylvania Ave
Baltimore, MD 21204
Tel (301) 296-2444

TLX 87770 BAL

West Virginia

J N Bailey and Assoc
13071 Old Dayton Rd
New Lebanon, OH 45345
Tel (513) 226-0512

J N Bailey and Assoc
5341 Windfall Rd
Madina, OH 44256
Tel (216) 723-6808

Wisconsin

KMA Sales Company
2360 N 124th St
Milwaukee, WI 53226
Tel (414) 259-1771
TWX 910-262-3315

Wyoming

Wescom Marketing, Inc
7985 Vance Dr ,

Suite 102

Arvada, CO 80003

Tel (303) 422-7619

Canadian Sales Representatives

Byte Wide Marketing
5020 Fairway Ave.,
Suite 226

Lachine, Quebec
Canada H8T 1B8
Tel: (514) 636-4121
TLX: 05-82270

Byte Wide Marketing

151 Carlingview Dr., Unit 5
Rexdale, Ontario

Canada M5W 584

Tel: (416) 675-1868

TLX: 2155 6206

U.S. Distributors

Alabama

Milgray Electronics
17 Dunwoody Park
Suite 102

Atlanta, GA 30338
Tel (404) 393-9666

Arizona
Anthem Electronic, Inc
1707-1 Weber Dr
Tempe, AZ 85281
Tel (602) 244-0900
(602) 968-3888
TWX 910-950-0110
Bell Industries
1705 W 4th St
Tempe, AZ 85281
Tel (602) 966-7800
TWX 910-980-0133

Arnizona (Cont)

Kierulff Electronics
4134 East Wood St
Phoenix, AZ 85040
Tel (602) 437-0740
TWX 910-951-1550

Kierulff Electronics

1806 W Grant Rd , Suite 102
Tucson, AZ 85703

Tel (602) 624-9986

TWX 910-952-1119

Kierulff Electronics
5580 S Nogales Hwy
Bldg 845

Tucson, AZ 85734
Tel (602) 573-3507
TWX 910-952-1213

Arizona (Cont )

Western Microtechnology
7740 E Redfield Dr

Suite 105

Scottsdale, AZ 85260

Tel (602) 948-4240

TWX 910-950-1188

Arkansas

Carlton Bates

P O Box 9649

3600 W 69th St

Little Rock, AR 72209
Tel (501) 562-9100

California (Northern)
Anthem Electronics inc
174 Component Dr
San Jose, CA 95131
Tel (408) 946-8000
TWX 910-338-2038
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California (Northern) (Cont :

Kierulff Electronics

3969 E Bayshore Rd
Palo Alto, CA 94303

Tel (415) 968-6292

TWX 910-379-6430
Western Microtechnology
10040 Bubb Rd
Cupertino, CA 95014

Tel (408) 725-1660

TWX 910-338-0013

California (Southern)
Anthem Electronics
20640 Bahama St
Chatsworth, CA 91311
Tel (818) 700-1000
TWX 910-493-2083
Anthem Electronics Inc
4125 Sorrento Valley Blvd
Suite A

San Diego, CA 92121
Tel (619) 279-5200
TWX 910-335-1515
Anthem Electronics Inc
2661 Dow Ave

Tustin, CA 92680

Tel (714) 730-8000
TWX 910-595-1583
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California (Southern) (Cont)
IEC

20600 Plummer St
Chatsworth, CA 92122
Tel (818)998-2200
TWX 910-494-4828

IEC

17062 Murphy Ave
frvine, CA 92714
Tel (714) 660-1055
TWX 910-595-2895

Kierulff Electronics
2585 Commerce Way
Los Angeles, CA 90008
Tel (213) 725-0325
TWX 910-580-3106

Kierulff Electronics
21053 Devonshire St
Chatsworth, CA91311
Tel (818)341-2211
TWX 910-580-3106

Kierulff Electronics
8797 Balboa Ave
San Diego, CA 92123
Tel (619)278-2112
TWX 910-335-1182

Kierulff Electronics, Inc
14101 Franklin Ave
Tustin, CA 92680

Tel (714)731-5711
TWX 910-595-2599

Zeus Electronics
1130 Hawk Circle
Anaheim, CA 92807
Tel (714) 632-6880

Colorado

Anthem Electronics
8200 S Akron St
Englewood, CO 80112
Tel (303) 790-4500
TWX 910-935-0113

Industrial Electronics Inc
8755 E Orchard Rd , #605
Englewood, CO 80111

Tel (303) 694-9444
Kierulff Electronics

7060 S Tucson Way
Englewood, CO 80112
Tel (303) 790-4444

TWX 910-932-0169

Connecticut

Kierulff Electronics

169 No Plains Industrial Rd
Wallingford, CT 06492

Tel (203) 265-1115

TWX 710-476-0450

Milgray Electronics
378 Boston Post Rd
Orange, CT 06477
Tel (203) 795-0711

Delaware

Kierulff Electronics

825 D Hammond Ferry Rd
Linthicum, MD

Tel (301) 636-5800

TWX (710) 234-1971

Milgray Electronics
11820 Parklawn Dr
Rockville, MD 20852
Tel (302(468-6400

Zebra Electronics
2400 York Rd

Suite 100

Timonium, MD 21093
Tel (301)252-6576
TWX 710-232-9353

District of Columbia
Kierulff Electronics

825 D Hammond Ferry Rd
Linthicum, MD

Tel (301) 636-5800

TWX (710) 234-1971

Milgray Electronics
11820 Parklawn Dr
Rockville, MD 20852
Tel (301)468-6400

Zebra Electronics
2400 York Rd

Suite 100

Timonium, MD 21093
Tel (301) 252-6576
TWX 710-232-9353

Florida

Kierulff Electronics
4850 N State Rd 7
Suite E

Ft Lauderdale, FL 33319
Tel (305) 486-4004

TWX 510-955-9801
Kierulff Electronics
3247 Tech Dr

St Petersburg, FL 33702
Tel (813) 576-1966

TWX 810-863-5625

Milgray Electronics
1850 Lee Road #104
Winter Park, FL 32789
Tel (305) 647-5747
TWX 810-863-5625

Georgia

Kierulff Electronics

5824 E Peachtree Corners E
Norcross, GA 30092

Tel (404) 447-5252

TWX 810-766-4527

Milgray Electronics
17 Dunwoody Park
Suite 102

Atlanta, GA 30338
Tel (404) 393-9666

Hawan
Anthem Electronics
5020 148th Ave NE,
Suite 103
Redmond, WA 98052
Tel (206) 881-0850
TWX 910-997-0118
IEC
1750 124th Ave N E
Bellevue, WA 98005
Tel (206) 455-2727
(800) 426-7999
TWX 910-443-3018
Kierulff Electronics
1005 Andover Park E
Tukwila, WA 98188
Tel (206) 575-4420
Western Microtechnology
1778 N E 95th St
Redmond, WA 98052
Tel (206) 881-6737
TWX 910-935-0113

Idaho
Anthem Electronics
5020 148th Ave ,NE ,
Suite 103
Redmond, WA 98052
Tel (206) 881-0850
TWX 910-997-0188
IEC
1750 124th Ave N E
Bellevue, WA 98005
Tel (206) 455-2727
(800) 426-7999
TWX 910-443-3018
Kierulff Electronics
1005 Andover Park E
Tukwila, WA 98188
Tel (206) 575-4420

Western Microtechnology
1778 N E 95th St
Redmond, WA 98052

Tel (206) 881-6737

llhnois

GBL Goold Electronics
610 Bonnie Ln

Elk Grove Vill, IL 60007
Tel (312) 593-3220

Kierulff Electronics
1536 Landmeier Rd

Elk Grove Vill, IL 60007
Tel (312) 640-0200
TWX 910-222-0351
Pioneer

1551 Carmen Dr

Elk Grove Vill, IL 60007
Tel (312) 437-9680
TWX 910-222-1834

Indiana

Advent Electronics
8446 Molter Rd
Indianapolis, IN 46268
Tel (317)872-4910
TWX 810-341-3228

Indiana (Cont)
Pioneer

8408 Castle Place Dr
Indianapolis, IN 46250
Tel (317) 849-7300
TWX 810-260-1794

lowa

Advent

682 58th Ave Court, SW
Cedar Rapids, |A 52404
Tel (319) 363-0221

TWX 910-525-1337

Kierulff Electronics
7667 Cahill Rd
Edina, MN 55435
Tel (612) 941-7500
TWX 910-576-2721

Kansas

Milgray Electronics

6901 W 63rd St

Suite 214

Overland Park, KS 66202
Tel (913) 236-8800

Kentucky

Advent Electronics
8446 Moller Rd
Indianapolis, IN 46268
Tel (317) 872-4910
TWX 810-341-3228

Loussiana

Carlton Bates

3600 W 69th St

Little Rock, AR 72209
Tel (501) 562-9100
Kierulff Electronics
10415 Landsbury Dr,
Suite 210

Houston, TX 77099
Tel (713) 530-7030
TWX 910-880-4057

Pioneer

5853 Point West Dr
Houston, TX 77036
Tel (713) 988-5555
TWX 910-881-1606

Maine

Gerber Electronics
128 Carnegie Rd
Norwood, MA 02062
Tel (617) 769-6000
TWX 710-394-0634

Kierulff Electronics
13 Fortune Dr
Billerica, MA 01865
Tel (617) 667-8331
TWX 710-390-1449

Lionex Corp

1 North Ave
Burlington, MA 01803
Tel (617) 272-9400
TWX 710-332-1387

Milgray Electronics
79 Terrace Hall Ave
Burlington, MA 01803
Tel (617) 272-6800

Zeus Electronics

25 Adams St
Burlington, MA 01803
Tel (617) 273-0750

Maryland

Kierulff Electronics
825 D Hammond Ferry Rd
Linthicum, MD

Tel (301) 636-5800
TWX 710-234-1971
Milgray Electronics
11820 Parklawn Dr
Rockville, MD 20852
Tel (301) 468-6400
Zebra Electronics
2400 York Rd

Suite 100

Timonium, MD 21093
Tel (301) 252-6576
TWX 710-232-9353

Massachusetts
Gerber Electronics
128 Carnegie Row
Norwood, MA 02062
Tel (617) 769-6000
TWX 710-394-0634
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Massachusetts (Cont)
Kierulff Electronics
13 Fortune Dr
Billerica, MA 01865
Tel (617) 667-8331
TWX 710-390-1449

Lionex Corp

1 North Ave
Burlington, MA 01803
Tel (617) 272-9400
TWX 710-332-1387

Milgray Electronics
79 Terrace Hall Ave
Burlington, MA 01803
Tel (617) 272-6800
Zeus Electronics

378 Adams St
Burhngton, MA 01803
Tel (617) 273-0750

Michigan

RS Electronics
34443 Schoolcraft
Livonia, MI 48150
Tel (313) 525-1155
TWX 810-242-2996
Pioneer

13485 Stamford
Livonia, MI 48150
Tel (313) 525-1800
TWX 810-242-3271
Ann Arbor (313) 525-1800

Minnesota

Kierulff Electronics
7667 Cahill Rd
Edina, MN 55435
Tel (612) 941-7500
TWX 910-576-2721
Pioneer

10203 Bren Rd E
Minnetonka, MN 55343
Tel (612) 935-5444
TWX 910-422-2210
Mississippi

Milgray Electronics
17 Dunwoody Park
Suite 102

Atlanta, GA 30338
Tel (404) 393-9666

Missouri
Kierulff Electronics, Inc
2608 Metro Park Blvd

Maryland Heights, MO 63043

Tel (314) 739-0855
TWX 910-762-0721

Montana

Anthem Electronics
5020 148th Ave , N E,
Suite 103

Redmond, WA 98052
Tel (206) 881-0850
TWX 910-997-0118

Kierulff Electronics

10053 Andover Park E
Tukwila, WA 98188

Tel (206) 575-4420

TWX 910-444-2034
Western Microtechnology
14778 N E 95th St
Redmond, WA 98052

Tel (206) 881-6737

TWX 910-935-0113

Nebraska

Milgray Electronics

6901 W 63rd St ,

Suite 214

Overland Park, KS 66202
Tel (913) 236-8800

Nevada

Anthem Electronics
174 Component Dr
San Jose, CA 95131
Tel (408) 946-8000
TWX 910-338-2038
Kierulff Electronics
3969 E Bayshore Rd
Palo Alto, CA 94303
Tel (415) 968-6292
TWX 910-379-6430
Western Microtechnology
10040 Bubb Rd
Cupertino, CA 95014
Tel (408) 725-1660
TWX 910-338-0013

New Hampshire
Gerber Electronics
128 Carnegie Row
Norwood, MA 02062
Tel (617) 769-6000
TWX 710-394-0634
Kierulff Electronics
13 Fortune Dr
Billerica, MA 01865
Tel (617)667-8331
TWX 710-390-1449

Lionex Corp

1 North Ave
Burlington, MA 01803
Tel (617) 272-9400
TWX 710-332-1387

Milgray Electronics
79 Terrace Hall Ave
Burlington, MA 01803
Tel (617) 272-6800

Zeus Electronics

378 Adams St
Burlington, MA 01803
Tel (617) 273-0750

New Jersey

General Radio & Supply
600 Penn St

Camden, NJ 08102

Tel (609) 964-8560
TWX 710-891-1356

Kierulff Electronics
37 Kulick Rd
Fairfield, N J 07006
Tel (201) 575-7960
TWX 710-734-4372
Lionex Corporation
311 Route 46 West
Fairfield, N J 07006
Tel (201) 227-7960
TWX 710-734-4312

Milgray Electronics

3002 Greentree Executive
Campus, Suite B

Marlton, NJ 07444

Tel (609 983-5010

Zebra Electronics

11 Kent P!

Pompton Plains, NJ 07444

Tel (201) 839-9040

TWX 710-988-5369

New Mexico

Bell Industries

11728 Linn Ave N E
Albuquerque, NM 87123
Tel (505) 292-2700
TWX 910-989-0625

New York

Add Electronics

7 Adler Dr

E Syracuse. NY 13057
Tel (315)437-0300

Lionex Corp

400 Oser Ave
Hauppauge, NY 11787
Tel (516) 273-1660
TWX 510-227-1042
Milgray Electronics
77 Schmitt Blvd
Famingdale, NY 11735
Tel (516) 420-9800

TWX 510-225-3673

Milgray Electronics

57 Monroe Ave
Pittsford, NY 14534

Tel (716) 385-9330
Zeus Components

100 Midland Ave

Port Chester, NY 10573
Tel (914) 937-7400
TWX 710-567-1248
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North Carolina

Kierulff Electronics, Inc
5249 N Blvd

Raleigh, NC 27604

Tel (919)872-8410

North Dakota
Kierulff Electronics
7667 Cahill Rd
Edina, MN 55435
Tel (612)941-7500
TWX 910-576-2721

Ohio

Kierulff Electronics, Inc
23060 Miles Rd
Cleveland, OH 44128
Tel (216) 587-6558
TWX 810-427-2282

Milgray Electronics
6155 Rockside Rd
Cleveland, OH 44131
Tel (216) 447-1520

Pioneer

4433 Interpoint Blvd
Dayton, OH 45404
Tel (513)236-9900
TWX 810-459-1622

Pioneer

4800 E 131st St
Cleveland, OH 44105
Tel (216)587-3600
TWX 810-422-2211

Oklahoma

Kierulff Electronics, Inc
Metro Park

12318 East 60th St
Tulsa, OK 74145

Tel (918)252-7537
TWX 910-845-2150

Oregon
Anthem Electronics
15812 SW Upper Boones
Ferry Rd
Lake Oswego, OR 97030
Tel (503)684-2661
IEC
1750 124th Ave N E
Bellevue, WA 98005
Tel (206) 455-2727
(800 426-7999
TWX 910-443-3018

Kierulff Electronics
10053 Andover Park E
Tukwila, WA 98188

Tel (206) 575-4420

TWX 910-444-2034
Western Microtechnology
14778 N E 95th St
Redmond, WA 98052

Tel (206)881-6737

TWX 910-935-0113

Pennsylvania (Eastern)
General Radio & Supply
600 Penn St

Camden, NJ 08102

Tel (609) 964-8560
TWX 710-891-1356

Milgray Electronics

3002 Greentree Executive
Campus

Marlton, NJ 08053

Tel (609) 983-5010

Zebra Electronics*
1465 Rose Lawn Dr
Bethlehem, PA 18017
Tel (215) 868-0685

Pennsylvania (Western)
Kierulff Electronics, Inc
23060 Miles Rd
Cleveland, OH 44128
Tel (216) 587-6558
TWX 810-427-2282

Milgray Electronics
6155 Rockside Rd
Cleveland, OH 44131
Tel (216) 447-1520
Pioneer

259 Kappa Dr
Pittsburgh, PA 15238
Tel (412)782-2300
TWX 710-795-3122

Zebra Electronics

11 Kent P

Pompton Plains, NJ 07444
Tel (201) 839-9040

Rhode Island
Gerber Electionics
128 Carnegie Rd
Norwood, MA 02062
Tel (617)769-6000
TWX 710-394-0634

Kierulff Electronics
13 Fortune Dr
Billerica, MA 01865
Tel (617)667-8331
TWX 710-390-1449

Kierulff Electronics
165 No Plains Industrial Rd
Wallingford, CT 06492
Tel (203) 265-1115
TWX 710-476-0450
Lionex Corp

1 North Ave
Burlington, MA 01803
Tel 1617) 272-9400
TWX 710-332-1387
Milgray Electronics
79 Terrace Hall Ave
Burlington, MA 01803
Tel 617)272-6800

Rhode Island (Cont ) Utah
Zeus Electronics Kierulff Electronics
25 Adams St 2121 S 3600 West
Buriington, MA 01803 Salt Lake City, UT 84119
Tel 617)273-0750 Tel (801)973-6913

TWX 910-925-4072
South Carolina

Kierulff Electronics Vermont
1800 E Fairfax Rd Gerber Electronics
Greensboro, NC 27407 128 Carnegie Rd
Tel (919) 852-9440 Norwood, MA 02062
TWX 510-922-7384 Tel (617) 769-6000
South Dakota TWX 710-394-0634
Kierulff Electronics Kierulff Electronics
7667 Cahill Rd 13 Fortune Dr
Edina, MN 55435 Billerica, MA 01865
Tel (612)941-7500 Tel (617) 667-8331
TWX 910-576-2721 TWX 710-390-1449
Lionex Corp
Texas
Kierulff Electronics 1 North Ave

Burlington MA 01803
3007 Longhorn Blvd Tel (617)275-9400
Suite 105

Austin, TX 78758 TWX 710-332-1387

Tel (512) 835-2090 Milgray Electronics

TWX 910-874-1359 79 Terrace Hall Ave

K Burlington, MA 01803
terulff Electronics Tel (617) 272-6800

9610 Skillman Ave

Dallas, TX 75243 Zeus Electronics

Tel (214) 343-2400 25 Adams St

TWX 910-861-9149 Burlington, MA 01803
9 v Tel 617)273-0750
Kierulff Electronics

10415 Landsbury Dr Virginia
Suite 210 Kierulff Electronics
Houston, TX 77099 825 D Hammond Ferry Rd
Tel (713) 530-7030 Linthicum, MD
TWX 910-880-4057 Tel (301) 636-5800
Pioneer TWX (710) 234-1971
5853 Point West Dr Milgray Electronics
Houston, TX 77036 11820 Parklawn Dr
Tel (713) 988-5555 Rockville, MD 20852
TWX 910-881-1606 Tel (301) 468-6400
Pioneer Zebra Electronics
9901 Burnett Rd 2400 York Rd
Austin, TX 78758 Suite 100
Tel (512) 835-4000 Timonium, MD 21093
TWX 910-874-1323 Tel (301) 252-6576
Ploneer TWX 710-232-9353
13710 Omega Rd Washington
Dallas, TX 75240 Anthem Electronics
Tel (214) 386-7300 5020 148th Ave NE,
TWX 910-860-5563 gulte 103 WA 98052
edmond,
Zeus Electronics Tel (206) 881-0850

Sute 250 TWX 910-997-0118

Dallas, TX 75240 IEC

Tel (214)783-7010 1750 124th Ave N E
Bellevue, WA 98005

Texas (West) Tel (206) 455-2727

Bell Industries

11728 Linn Ave , N E
Albuquerque, NM 87123
Tel (505) 292-2700
TWX 910-989-0625

(800) 426-7999
TWX (910) 443-3018
Kierulff Electronics, Inc
10053 Andover Park E
Tukwila, WA 98188
Tel (206) 575-4420
TWX 910-444-2034

Washington (Cont )
Western Microtechnology
14778 N § 95th St
Redmond, WA 98052 !
Tel (206) 881-6737

TWX 910-935-0113

Washington D.C.

Kierulff Electronics

825 D Hammond Ferry Rd
Linthicum, MD

Tel (301)636-5800

TWX 710-234-1971
Milgray Electronics

11820 Parklawn Dr
Rockville, MD 20852

Tel (301) 468-6400

Zebra Electronics

2400 York Rd

Suite 100 '
Timonium, MD 21093

Tel (301) 252-6576

TWX 710-232-9353

West Virginia

Kierulff Electronics, Inc
23060 Miles Rd
Cleveland, OH 44128
Tel (216) 587-6558
TWX 810-427-2282
Milgray Electronics
6155 Rockside Rd
Cleveland, OH 44131
Tel (216)447-1520

Wisconsin

Kierulff Electronics, Inc |
2236G West Bluemound Rd |
Waukesha, Wi 53186

Tel (414) 784-8160

TWX 910-265-3653

Taylor Electric Co

P O Drawer 11N
Milwaukee, WI 53201
Tel (414)241-4321
TWX 910-262-3414

Wyoming

Anthem Electronics

8200 S Akron St
Englewood, CO 80112
Tel (303) 790-4500

TWX 910-935-0113
Industnal Electronics, Inc
8755 E Orchard Rd #605
Englewood, CO 80111
Tel (303) 694-9444
Kierulff Electronics

7060 S Tucson Way
Englewood, CO 80112
Tel (303) 790-4444

TWX 910-932-0169

Canadian Distributors

Future Electronics

237 Hymus Bivd

Pointe Claire tMontreal:
Quebec

Canada H9R 5C7

Tel (514)694-7710
TWX 610-421-3251

Future Electronics
4800 Dufferin St
Downsview, Ontario
Canada M3H 559
Tel (416) 663-5563
TWX 610-491-1470

Future Electronics
Baxter Centre
1050 Baxter Rd
Ottawa, Ontario
Canada K2C 3P2
Tel (613) 820-9471
TWX 610-421-3251
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Future Electronics
3070 Kingsway
Vancouver, B C
Canada U1R 5J7
Tel (604) 438-5545
TWX 610-922-1668
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International Sales Offices

Northern European
Zone Manager
Honeywell House
Charles Square

Bracknell, Berkshire, U K

Rg 121 EB

Tel 03] (44) 424555

, or 422258
TWX (815) 847064

Central European
Zone Manager
Freischuetzstrasse 92
D-8000 Muenchen 81
West Germany

Tel [49] (089)9597-100

Southern European
Zone Manager

Rue Emile Verhaeren 6
92210 St Cloud
France

Tel [33] (01) 7711071

European Design Center
Freischuetzstrasse 92
D-8000 Muenchen 81
West Germany

Tel [49] (089) 9597130
TWX (841) 5216884

TWX (841) 5216884

To dial telephone numbers listed below,
Dial 011 (International Access Code) + [Country Code| + (City Code) + Local Number

TWX (842) 200841

Australia

Ampec Engineering Co
114 Terry St

Rozelle, N S W 2039
Australia

‘Tel [61](02) 818-1166
TLX (790) 27136

Honeywell Pty Ltd
Garden Grove Centre
Garden Grove Parade
Adamstown, N S W 2289
Tel (049) 52 4411

TWX AA 28338
Honeywell Pty Ltd
Units 8/9 Townsville St
Fyshwick, Australia
Tel (062) 80 5021

TWX AA 61583

Honeywell Pty Ltd
62 Hopkins St
Moonah, Tasmania
Tel (002) 28 0087

Honeywell Pty Ltd
150-151 Greenhill Rd
Parkside, S A 5063
Tel (08) 271-5022
TWX AA 89553

Honeywell Pty Ltd
27 Church St
Richmond, Victoria
Tel (03) 429 1933
TWX AA 31805

Honeywell Pty Ltd
389 Stanley St
South Brisbane
Tel (07) 246-1255
TWX AA 42630

Honeywell Pty Ltd
Industrial Services Branch
P O Box 102

Tamworth, NS W

Tel (067)67 3172

Honeywell Pty Ltd

1 Thorgood St
Victoria Park, W A
Tel (09) 362 1577
TWX AA 93063
Honeywell Pty Ltd
276 Cowper St
Warrawong, Australia
Tel (042) 74 0657
Honeywell Pty Ltd
Lot 1217 Winnellie Rd
Winnelli, N T

Tel (089) 84 4492

Australia (cont )

Royel Micro Systems Pty Ltd
27 Normanby Rd

Notting Hill, 3149

Australia

Tel |61](03) 543-5122

TWX 790-32673

VSI Elec (Austr) Pty Ltd
21 Chandos St

P O Box 578

Crows Nest, N SW 2065
Australia

Tel |61](02) 439-4655
TLX (790) 22846

Energy Control

P O Box 6502

Goodna, 4200 Australia
Tel (07) 288-2757

Austria

Bacher Elek Gerate GmbH
Rotenmuhlgasse 26

1120 Wien

Austria

Tel |43] (222) 835646
TWX (47) 131532

Ing Ernst Steiner
Hummelgasse 14
A-1130 Vienna

Austria

Tel [43](222) 82-74-74
TWX 847-135026

Belgium

Microtron
Tremelobaan 131
2850 Keerbergen
Belgium

Tel (32) 016-60-05-86
TLX (846) 22606

Denmark

Kokkedal Industrial Park 42A
DK-2980 Kokkedal

Denmark

Tel |45] (02) 244-888

TLX 855-41198 CEIGTY DK

England

Macro Marketing
Burnham Lane
Slough, Berkshire
England

Tel Burnham |44| (6) 936-4422
TWX (851) 847945
Pronto Elec Sys Ltd
466-478 Cranbrook Rd
Gants Hill, liford Essex
1G2 6LE England

Tel |44 (01) 5546222
TWX (851) 8954213

England (Cont)

Thame Components Ltd
Unit E, Bandet Way

Thame Park Industrial Estate
Thame, Oxon

England, OX9 3XD

Tel [44](84) 421-3146

TLX (851) 837917

Finland
Saehkoelikkeiden OY
Saehkoemetsae
SF-01300 VANTAA 30
Finland

Tel (358) 083-82201
TWX 12-4431

France

Datadis

10-12, Rue Emile Landrin
92100 Boulogne, France
Tel |33] (1) 605-6000
TWX 201905

Germany

Astek GmbH
Carl-Zeiss-Strasse 3
D2085 Quickborn, W Germany
Tel [04] (106) 71084
TLX 0214082

Ditronic GmbH

1M Asenwald 48

7000 Stuttgart 70

W Germany

Tel [49](711) 722079
TWX 7255638
Electronic-2000 GmbH
Hirschlanderstrasse 2
7257 Ditzingen

West Germany

Tel |49]| (7156) 7083
TWX 841-7245265
Electronic-2000 GmbH
Werftener Dorfstrasse 27
4000 Duesseldorf
West Germany

Tel [49](211) 767141
TWX 841-8586810
Electronic 2000 GmbH
Langer Weg 18

6000 Frankfurt 90

W Germany

Tel |49] (611) 784028
TWX (841) 89486
Electronic-2000 GmbH
Meisenweg 10

3012 Hanover-Langenhagen 7
West Germany

Tel [49] (511) 789878
TWX 841-923430
Electronic-2000 GmbH
D-8000 Munchen 80
Neumarkter Str 75
Munchen

West Germany

Tel |49] (89) 434061
TLX (841) 522561
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Germany (Cont )
Electronic-2000 GmbH
Vestner Torgraben 3
8500 Nuernberg

West Germany

Tel |49](911) 36739
TWX 841-626495

Hilmar Frehsdorf GmbH
ECS Elec Comp Serv
Carl-Zeiss-Strasse 3
2085 Quickborn
Hamburg, West Germany
Tel [49] (40) 7 10 58/59
TWX (841) 213693

Hilmar Frehsdorf GmbH
Schlueterstrasse 39
1000 W Berlin 12

W Germany

Tel [49] (30) 8839040
TWX 185418

Hong Kong

Conmos Products

Hay Mien Bldg , 11th Floor
Kwun Tong, Kowloon,
Hong Kong

Tel |852](3) 420103
TLX (780) 85448

Ireland

Neltronics Ltd

John F Kennedy Rd
NAAS Road

Dublin 12, Ireland
Tel (01) 501845
TLX 852-4837

Israel

Aviv Electronics Ltd
Kehilet Venezia
Street 12

69010 Tel-Aviv
Israel

Tel [972] (3) 494450
TWX 922-33572

Italy

Comprel SR L

60025 Loreto

Via Dante Alighieri, 26/b
Ancona, Italy

Tel (071) 977693

TLX 332484 COMPRL
Comprel SR L

40137 Bologna

Piazza Azzarita, 6
Bologna, Italy

Tel (051) 551306

TLX 332484 COMPRL
Comprel SR L

50127 Firenze

ViaT Mabellini, 4
Firenze, Italy

Tel (055) 412018

TLX 332484 COMPRL

Italy (Cont)

Comprel SR L
160043 Chiavar

Via$S Chiara, 22
Genova, Italy

Tel |01} (85) 301100
TLX 332484 COMPRL

Comprel SR L
20092 Cinisell Balsamo
Milano, Italy
Tel [39](02) 6120641,2,3,4,5
TLX (843) 332484
Comprel SR L
00173 Roma Via

U Comandini, 49
Roma, Italy
Tel [06] (61) 33060
TLX 332484 COMPRL

Comprel SR L

10144 Torino

Via G Fagnano, 10
Torino, Italy

Tel (011) 489655

TLX 332484 COMPRL

Comprel SR L

36100 Vicenza

ViaV Veneo, 3

Vicenza, Italy

Tel |04] (44) 26912

TLX 332484 COMPRL
Japan

Synerdyne, Inc
Ishibashi Bldg

1-20-2 Dogenzaka
Shibuya-Ku

Tokyo 150, Japan

Tel |81](03) 461-9311
TLX (781) J32457
Tomen Electronics Corp
1-1 Uchisawai-Cho

2 Chome, Chiyoda-Ku
Tokyo 100, Japan

Tel |86](03) 506-3474
TLX (781) J23548 TMELC

Korea

Yeonil & Co Ltd

#498-5, Dapsipri-Dong
Dongdaemoon-Ku, Seoul
Tel 244-7492, -7493
TWX K24123 SEOUL

Latin America, Mexico
Intectra

2629 Terminal Bivd
Mountain View, CA 94043
USA

Tel (415) 967-8818

TLX 345545 INTECTRA MNTV
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Luxembourg
Microtron
Tremelobaan 131
2850 Keerbergen
Belgium

Tel. [32] (01) 6600586
TWX (846) 22606

Netherlands

Alcom Electronics Lapella
Hollandsche Diep 57

2904 EP Capelie AD
Holland .

Tel (010) 519533

TLX. 84426161

New Zealand
ECS

Div. of Airspares Ltd

P O Box 1048

Palmerston North

New Zealand

Tel (64] (63) 77-407

TLX (791) 3766

Honeywell Control
Systems Ltd

P O Box 2196

8 Monohan Rd

Auckland 6

New Zealand

Tel 575-479

TWX NZ2487

New Zealand (Cont)

Professional Electronics, Ltd.

22 Miiford Rd
Milford, Auckland 9
New Zealand

Tel. 493-029

TWX 791-21084

Southmark Electronics Ltd.

100 Anzac Ave

Auckland 1

P.O Box 3407

Auckland, New Zealand

Tel [64] (9) 798-005, 798-078

TLX (791) 2838 BUREAUX
NZ2838

VS| Elec Austr Pty Ltd
21 Chandos St

P O Box578

Crows Nest, NSW 2065
Australia

Norway

Elektronix A/S

P O Box 4329, Torshov
Sandakervn 72

Oslo 4, Norway

Tel [47] (2) 229850
TWX 72738

Portugal
Semiconductores S A
Clara Del Rey 39
Oficina 128

Madrnd 2, Spain

Tel [34] (1) 4164071
TWX 47441

Singapore

Desner Electronics PTE Ltd
190 Middie Road

16-07 Fortune Centre
Singapore 0718

Tel 337-3188

TWX RS 39191DTD

South Africa
Radiokom (PTY) Ltd
P O Box 56310
Johannesburg

South Africa

Tel |27] (11) 789-1400
TWX 960-424822
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Spain
Semiconductores S A
General Mitre, 240
Barcelona 6

Spain

Tel [34] (3) 217-23-40
TWX (831)97787 SMCD E
Semiconductores S A
Clara Del Rey 39

Oficina 128

Madrid 2 Spain

Tel |34 (1) 416-4071

Sweden

SATTCO AB
Dalvaegen 10

$-171 36 Solna
Sweden

Tel [46] (08) 734-00-40
TLX 854-11588

Switzerland

Datacomp AG
Zucherstrasse 20
CH-8952 Zurich-Schlieren
Switzerland

Tel |41] (01) 730-21-69
TWX 53533 DACO

Switzerland (Cont)
Stolz AG
Taefernstrasse 15
CH-5404 Baden-Daettwil
Switzerland

Tel |41} (056) 84-01-51
TWX 845-54070

Stolz AG

Ave Louis Casal 81
2116 Geneve
Switzerland

Tel |41](2) 2987877
TLX 854-54070
Taiwan

General Industries

P O Box 1076

Taipel, Taiwan,RO C
Tel [86] (02) 7645126-9

President Enterprises

SF, 66-1 Chung Ching S Road

Sec 1,
Taipei, Taiwan 100,RO C



Notes

NOILVWHOANI

ILELEL]




ertek.

COPYRIGHT 1984 BY SYNERTEK

All nights reserved No part of this publication may be reproduced, stored In a retrieval system, or
transmitted, in any form or by any means, electronic, mechanical, photo copying, recording, or
otherwise, without the prior written permission of Synertek

The information contained herein I1s subject to change without notice Synertek assumes no
responsibility for the use of any circuitry other than circuitry embodied in a Synertek product

No other circuit patent licenses are implied
Z81s a trademark of Zilog Inc

The information contained 1n this document has been carefully checked and is believed to be reliable, however, Synertek shall not be responsible for any loss or
damage of whatever nature resulting from the use of, or reliance upon. the information contaned in this document Synertek makes no guarantee or warranty
concerning the accuracy of such information, and this document does not in any way extend Synertek's warranty on any product beyond that set forth in
Synertek’s standard terms and conditions of sale Synertek does not guarantee that the use of any information contained herein will not infringe upon the patent or
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