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Introduction

Synertek, founded in 1973, has developed a broad line of MOS/LSI
circuits. Today, these devices include Shift Registers, “N”"MOS Static
RAMs, “C”"MOS Static RAMs, ROMs, EPROMs, a full complement of
Systems, an expanding family of Microprocessors, timekeeping circuits,
and finally a unique capability for custom MOS circuits. Synertek'’s
fabrication capability includes advanced “N” channel, “P” channel,
CMOS depletion load and HMOS Silicon Gate processes.

Synertek, a recognized leader in ROM capability, can handle many
different types of customer inputs with turn-around times for prototypes
of less than 2 to 3 weeks. Assembly capacity is located both here in the
U.S. as well as in offshore facilities.

Custom MOS circuit design and production are an integral part of
Synertek’s present and future business plans. Whether the circuit

design project starts at the feasibility stage or at the point where our
customers provide tooling (reticles, tapes, etc.), Synertek is organized to
quickly and efficiently handle the most difficult custom design.

This catalog provides complete technical information on our expanding
line of Synertek Memories, Microprocessors, Timekeeping Circuits,
Systems, and Custom capability. Additional information may be obtained
by contacting your local Synertek Representative or Distributor, or by
contacting Product Marketing in Santa Clara, California at (408) 988-
5600.

©1979 Synertek, Inc.
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SY1402A
SY1403A
SY1404A

SY2101-1
SY2101A
SY2101A-2
SY2101A-4
SY21H01
SY21HO01-2
SY2102-1
SY2102A-2
SY2102A-4
SY2102-1L
SY2102-6
SY21H02
SY21H02-2
SY21L02

SY21L02-1
SY21L02A
SY21L02B

SY2111-1
SY2111A
SY2111A-2
SY2111A-4
SY21H11
SY21H11-2
SY2112-1
SY2112A
SY2112A-2
SY2112A-4
SY21H12
SY21H12-2
SY2114
SY2114-2
SY2114-3
Sy2114L

SY2114L-2
SY2114L-3

SY2114LV
SY2114LV-2
SY2114LV-3
SY2142
§Y2142-2
8SY2142-3
SY2142L
SY2142L-2
SY2142L-3
Sy2142Lv
SY2142LV-2
SY2142LV-3
SY2147
S§Y2147-3
SY2147L
SYM2114

SYM2114-3

SY2316A
SY2316B
SY2316B-3

Numerical Index

Quad 256 Bit Dynamic MOS Shift Register .. 2
Dual 512 Bit Dynamic MOS Shift Register .. 2-
Single 1024 Bit Dynamic MOS

Shift Register ........c.coiiiiiiiiniiinies 2-2
256x4 Bit Static MOS RAM (500 nsec) ...... 3-3
256x4 Bit Static MOS RAM (350 nsec) ...... 3-3
256x4 Bit Static MOS RAM (250 nsec) ...... 3-3
256x4 Bit Static MOS RAM (450 nsec) ...... 3-3
256x4 Bit Static MOS RAM (175 nsec) ...... 3-7
256x4 Bit Static MOS RAM (200 nsec) ...... 3-7
1024x1 Bit Static MOS RAM (500 nsec) . 3-11
1024x1 Bit Static MOS RAM (250 nsec) .... 3-11
1024x1 Bit Static MOS RAM (450 nsec) .... 3-11
1024x1 Bit Static MOS RAM (500 nsec) .. 3-11
1024x1 Bit Static MOS RAM (650 nsec) .. 3-11
1024x1 Bit Static MOS RAM (175 nsec) .... 3-15
1024x1 Bit Static MOS RAM (200 nsec) .... 3-15
1024x1 Bit Static MOS RAM

Low Power (1 uS) .....covvinvnvninininnn.s 3-17
1024x1 Bit Static MOS RAM

Low Power (500 nsec) .........c..cviuinnn 3-17
1024x1 Bit Static MOS RAM

Low Power (350 nsec) .......ccoivvnnnnns 3-17
1024x1 Bit Static MOS RAM

Low Power (400 nsec) .......ceeveinnnnnn 3-17
256x4 Bit Static MOS RAM (500 nsec) ..... 3-21
256x4 Bit Static MOS RAM (350 nsec) ..... 3-21
256x4 Bit Static MOS RAM (250 nsec) ..... 3-21
256x4 Bit Static MOS RAM (450 nsec) ..... 3-21
256x4 Bit Static MOS RAM (175 nsec) ..... 3-25
256x4 Bit Static MOS RAM (200 nsec) ..... 3-25
256x4 Bit Static MOS RAM (500 nsec) ..... 3-29
256x4 Bit Static MOS RAM (350 nsec) ..... 3-29
256x4 Bit Static MOS RAM (250 nsec) ..... 3-29
256x4 Bit Static MOS RAM (450 nsec) ..... 3-29
256x4 Bit Static MOS RAM (175 nsec) ..... 3-35
256x4 Bit Static MOS RAM (200 nsec) ..... 3-35
1024x4 Bit Static MOS RAM (450 nsec) 3-39
1024x4 Static MOS RAM (200 nsec) ....... 3-39
1024x4 Bit Static MOS RAM (300 nsec) 3-39
1024x4 Bit Static MOS RAM

Low Power (450 NSEC) ...evvvenenenannnn. 3-39
1024x4 Bit Static MOS RAM

Low Power (200 NSEC) ..eevrrvennnernnns 3-39
1024x4 Bit Static MOS RAM

Low Power (300 NSeC) ....covveevveennnnn 3-39
1024x4 Bit Static MOS RAM (450 nsec) .... 3-47
1024 x4 Bit Static MOS RAM (200 nsec) .... 3-47
1024x4 Bit Static MOS RAM (300 nsec) .... 3-47
1024x4 Bit Static MOS RAM (450 nsec) .... 3-51
1024x4 Bit Static MOS RAM (200 nsec) .... 3-51
1024x4 Bit Static MOS RAM (300 nsec) .... 3-51
1024x4 Bit Static MOS RAM (450 nsec) .... 3-51
1024 x4 Bit Static MOS RAM (200 nsec) .... 3-51
1024 x4 Bit Static MOS RAM (300 nsec) .... 3-51
1024x4 Bit Static MOS RAM (450 nsec) .... 3-55
1024x4 Bit Static MOS RAM (200 nsec) .... 3-55
1024x4 Bit Static MOS RAM (300 nsec) .... 3-55
4096x1 Bit Static MOS RAM (70 nsec) ..... 3-59
4096x1 Bit Static MOS RAM (55 nsec) ..... 3-59
4096x1 Bit Static MOS RAM (70 nsec) ..... 3-59
Military 1024x4 Static MOS RAM

(-55°C to +125°C) (450 nsec) ............ 3-43
Military 1024x4 Static MOS RAM

(-55°C to +125°C) (300 nseC) ............ 3-43
2048x8 Static MOS ROM (550 nsec) ........ 4-3
2048x8 Static MOS ROM (450 nsec) ........ 4-3
2048x8 Bit Static MOS ROM (300 nsec) ..... 4-7

S§Y2332
SY2333
SY2364
SY2401
SY2401-1

SY2533
§Y2534

SY2534A
SY2535
SY2535A
SY2716
SY2716-1
§Y2716-2
SY2802A
SY2803A
SY2804A
SY2825A
SY2826

SY2827

S$Y2833
SY2833A
SY2833B
S$Y2833C
SY4600
SY5009A
SY5101L
SY5101L-1
SY5101L-3

SY5101-8

SY6500/1

SY6500/1A

8Y6502
SY6502A
SY6502B
SY6503
SY6503A

SY6503B

4096x8 Static MOS ROM (450 nsec) ....... 4-11
4096x8 Bit Static MOS ROM (450 nsec) .... 4-11
8192x8 Bit Static MOS ROM .............. 4-15
Dual 1024 Bit Dynamic MOS

Shift Register (1 MHz) ....... ..ot 2-6
Dual 1024 Bit Dynamic MOS

Shift Register (25 MHz) .................. 2-6
1024 Bit Static MOS Shift Register ........ 2-9
Dual 512 Bit Static MOS Shift

Register (1.5 MHz) .........c ... 2-13
Dual 512 Bit Static MOS Shift

Register (3.0 MHz) .........cciiiiile, 2-13
Dual 480 Bit Static MOS Shift

Register (1.5 MHz) ............ooviiiiit, 2-13
Dual 480 Bit Static MOS Shift

Register (.0MHz) ............ ..o 2-13

2048x8 Bit Static MOS EPROM UV
Erasable (450 nse¢) .........o.uuts e 4-19
2048x8 Bit Static MOS EPROM UV

Erasable (350 NSEC) ...vvvvvininivnnnnnns 4-19
2048x8 Bit Static MOS EPROM UV

Erasable (390 nsec) .......ccvvviiennn..n 4-19
Quad 256 Bit Dynamic MOS Shift

Register (10 MHz) ...........ooviot. 2-15
Dual 512 Bit Dynamic MOS Shift

Register (10 MHz) ............cooiieeeet. 2-15
Single 1024 Bit Dynamic MOS Shift

Register (10 MHz) ................. ..ol 2-15
Dual 1024 Bit Dynamic MOS Shift

Register, Recirculating (6 MHz) .......... 2-19
Dual 1024 Bit Dynamic MOS Shift

Register, Separate Recirculate (6 MHz) . 219
Single 2048 Bit Dynamic MOS Shift

Register (6 MHz) ....... ..ot 2-19
1024 Bit Static MOS Shift Register (2 MHz) 2-9
1024 Bit Static MOS Shift Register (3 MHz) 2-9
1024 Bit Static MOS Shift Register (4 MHz) 2-9
1024 Bit Static MOS Shift Register (5 MHz) 2-9
2048x8 Static MOS ROM (550 nsec) ....... 4-25
CMOS Chronograph, 6 Digit LCD, Alarm,

Stopwatch Modes  .............oeviiinl. 6-3
256x4 Static CMOS RAM

Power Down (650 NS€C) .....cvvvenennnn.. 3-63
256x4 Static CMOS RAM

Power Down (450 nNSec) ........ccveuinnnn 3-63
256x4 Static CMOS RAM

Power Down (650 nsec) ...........cc..vnnn 3-63
256x4 Static CMOS RAM

Power Down (BOONSEC) ...c.vvnurerinnnnn 3-63
40 Pin Single Chip Microcomputer with

2K Bytes of ROM, 64 Bytes of RAM, 32 1/0

Lines and an Interval Timer. Software

Compatible with SY6502. (1 MHz) ........ 5-14
40 Pin Single Chip Microcomputer with

2K Bytes of ROM, 64 Bytes of RAM, 32 I/O

Lines and an Interval Timer. Software

Compatible with 6502A. (2 MHz) ......... 5-14
40 Pin CPU, On-Chip Clock, 65K

Addressable Bytes (1 MHz) ............... 5-2
40 Pin CPU, On-Chip Clock, 65K

Addressable Bytes (2 MHz) ............... 5-2
40 Pin CPU, On-Chip Clock, 65 K

Addressable Bytes (3 MHz) ............... 5-2
28 Pin CPU, On-Chip Clock, 4K

Addressable Bytes (1 MHz) ............... 5-2
28 Pin CPU, On-Chip Clock, 4K

Addressable Bytes (2 MHz) ............... 5-2
28 Pin CPU, On-Chip Clock, 4K

Addressable Bytes (3MHz) ............... 5-2




SY6504
SY6504A
SY6504B

SY6505

SY6505A

SY6505B8

SY6506

SY6506A

SY65068B

8Y6507
SY6507A
SY65078
S§Y6512
SY6512A
SY6512B
8Y6513
SY6513A
SY8513B
SY6514
SY6514A
SY6514B

SY6515

28 Pin CPU, One Interrupt, On-Chip Clock,

8K Addressable Bytes (1 MHz) ............ 5-2
28 Pin CPU, One Interrupt, On-Chip Clock,

8K Addressable Bytes (2 MHz) ............
28 Pin CPU, One Interrupt, On-Chip Clock,

8K Addressable Bytes (3 MHz) ............
28 Pin CPU, One Interrupt, On-Chip Clock,

RDY Feature, 4K Addressable Bytes

(1 MHz)
28 Pin CPU, One Interrupt On-Chip Clock

RDY Feature, 4K Addressable Bytes

(2 MHz) .
28 Pin CPU, One Interrupt On -Chip Clock,

RDY Feature, 4K Addressable Bytes

(BMHZ) ..viviiiiiiiiiiiiiiiaiiees
28 Pin CPU, On-Chip Clock, 2 Phases

Brought Out, 4K Addressable Bytes

(TMHZ) i
28 Pin CPU, On-Chip Clock, 2 Phases

Brought Out, 4K Addressable Bytes

(@MHZ) i e e
28 Pin CPU, On-Chip Clock, 2 Phases

Brought Out, 4K Addressable Bytes

(3 MHz) ...
28 Pin CPU, On-Chip Clock, RDY

Feature, 8K Addressable Bytes (2 MHz) ....
28 Pin CPU, On-Chip Clock, RDY

Feature, 8K Addressable Bytes ............
28 Pin CPU, On-Chip Clock, RDY

Feature, 8K Addressable Bytes (3 MHz) ....
40 Pin CPU, External Clock, 65K
Addressable Bytes (1 MHz)
40 Pin CPU, External Clock, 65K
Addressable Bytes (2 MHz) ...............
40 Pin CPU, External Clock, 65K
Addressable Bytes (3 MHz) ...............
28 Pin CPU, External Clock, 4K

Addressable Bytes (1 MHz) ...............
28 Pin CPU, External Clock, 4K

Addressable Bytes (2 MHz)
28 Pin CPU, External Clock, 4K
Addressable Bytes (3 MHz)
28 Pin CPU, External Clock, 8K

Addressable Bytes (1 MHz) ...............
28 Pin.CPU, External Clock, 8K

Addressable Bytes (2 MHz) ...............
28 Pin CPU, External Clock, 8K

Addressable Bytes (3 MHz)
28 Pin CPU, One Interrupt, External Clock,
RDY Feature, 4K Addressable Bytes

(1 MHz)

5-2

5-2

SY6515A 28 Pin CPU, One Interrupt, External Clock,

RDY Feature, 4K Addressable Bytes

(2MHzZ) ..o e 5-2
SY6515B 28 Pin CPU, One Interrupt External Clock

RDY Feature, 4K Addressable Bytes

(BMHZ) it 5-2
SY6520 40 Pin Peripheral Interface Adapter — Plug

Replaceable to Motorola’s PIA

(TMHZ) coviiiiiiiiiiiiiiiei e vevs. 527
SY6520A 40 Pin Peripheral Interface Adapter — Plug

Replaceable to Motorola’s PIA

(2MHZ) L.t 5-27
SY6522 40 Pin Versatile Interface Adapter, Features

of 6520 Plus Two Interval Timers, Latching

on I/0 Pins, Shift Register for P/S and S/P

Interface, Interrupt Flag and Enable

Registers for Ease of Use ................ 5-39
SY6522A 40 Pin Versatile Interface Adapter, Features

of 6520 Plus Two Interval Timers, Latching

on |/0 Pins, Shift Register for P/S and S/P

Interface, Interrupt Flag and Enable

Registers for Ease of Use (2 MHz) ........ 5-39
SY6530 40 Pin Combo, 64 Bytes RAM, 1K Bytes ROM

16 1/0 Channels, Interval Timer .......... 5-59
SY6532 40 Pin Combo, 128 Bytes RAM, 16 1/O

Channels, Interval Timer ................. 5-71
SY6532A 40 Pin Combo, 128 Bytes RAM, 16 1/0

Channels, Interval Timer (2 MHz) ......... 5-71
8Y6545 40 Pin CRT Controller for Raster Scan

Type Display (1 MHz) ...........coovvene 5-79
SYB545A 40 Pin CRT Controller for Raster Scan

Type Display (2 MHz) ....ooovnviiiiiil. 5-79
SY6551 28 Pin Asynchronous Communications

Interface Adapter with On-Board

Programmable Baud Rate Generator

(PMHZ) i 5-91
SY6551A 28 Pin Asynchronous Communications

Interface Adapter with On-Board

Programmable Baud Rate Generator

(2MHZ) oo 5-91
Custom Applications — MOS/LSI ......ciiiiiiiiiinnnnnens 7-2
System 65 Microcomputer Development System ...... 5-99
SYM-1 Single Board Computer with Keyboard

and Display .........coovvninn
CP110 Super Jolt O.E.M. Board
KTM-2 Keyboard Terminal Module ................ 8-4
GENERAL INFORMATION
Product Replacement Guide ...........covviiiiiiiiinnnn 1-7
Ordering Information .........cocivevninnen. e, 9-2
Packaging Information ...........coiiiiiiiiiiiiiiieieien, 9-2



Functional Index

SHIFT REGISTERS

Dynamic
SY1402A

SY1403A
SY1404A
SY2802A
SY2803A
SY2804A
SY2401

§Y2401-1
SY2825A
SY2826

S§Y2827

Static
8Y2533

SY2534
SY2534A
SY2535
SY2535A
§Y2833
SY2833A
$Y28338B

§Y2833C

Quad 256 Bit Dynamic MOS Shift
Register (5 MHz)
Dual 512 Bit Dynamic MOS Shift
Register (5 MHz)
Single 1024 Bit Dynamic MOS Shift
Register (5 MHz)
Quad 256 Bit Dynamic MOS Shift
Register (10 MHz)
Dual 512 Bit Dynamic MOS Shift
Register (10 MHz)
Single 1024 Bit Dynamic MOS Shift
Register (10 MHz)
Dual 1024 Bit Dynamic MOS Shift
Register (1 MHz)
Dual 1024 Bit Dynamic MOS Shift
Register (2.5 MHz)
Dual 1024 Bit Dynamic MOS Shift
Register Recirculate (6 MHz)
Dual 1024 Bit Dynamic MOS Shift
Register Separate Recirculate (6 MHz) ....
Single 2048 Bit Dynamic MOS Shift
Register (6 MHz)

1024 Bit Static MOS Shift Register
(1.5 MHz)
Dual 512 Bit Static MOS Shift
Register (1.5 MHz)
Dual 512 Bit Static MOS Shift
Register (3.0 MHz)
Dual 480 Bit Static MOS Shift
Register (1.5 MHz)
Dual 480 Bit Static MOS Shift
Register (3.0 MHz)
1024 Bit Static MOS Shift Register
(2 MHz)
1024 Bit Static MOS Shift Register
(3 MHz)
1024 Bit Static MOS Shift Register
(4 MHz)
1024 Bit Static MOS Shift Register
(5 MHz)

RANDOM ACCESS MEMORIES

Static
SY2101-1
SY2101A
SY2101A-2
SY2101A-4
SY21H01
SY21H01-2
SY2102-1
SY2102A-2
SY2102A-4
SY2102-1L
SY2102-6
SY21H02
SY21H02-2
SY21L02

SY21L02-1
SY21L02A
SY21L028
SY2111-1
SY2111A

SY2111A-2
SY2111A-4

256x4 Bit Static MOS RAM (500 nsec)
256x4 Bit Static MOS RAM (350 nsec)
256x4 Bit Static MOS RAM (250 nsec)
256x4 Bit Static MOS RAM (450 nsec)
256x4 Bit Static MOS RAM (175 nsec)
256x4 Bit Static MOS RAM (200 nsec)
1024x1 Bit Static MOS RAM (500 nsec)
1024x1 Bit Static MOS RAM (250 nsec) ....
1024x1 Bit Static MOS RAM (450 nsec) ....
1024x1 Bit Static MOS RAM (500 nsec)
1024x1 Bit Static MOS RAM (650 nsec)

(

(

1024x1 Bit Static MOS RAM (175 nsec)
1024x1 Bit Static MOS RAM (200 nsec)
1024x1 Bit Static MOS RAM
Low Power (1 usec)
1024x1 Bit Static MOS RAM
Low Power (500 nsec)
1024x1 Bit Static MOS RAM
Low Power (350 nsec)
1024x1 Bit Static MOS RAM
Low Power (400 nsec)
256x4 Bit Static MOS RAM (500 nsec)
256x4 Bit Static MOS RAM (350 nsec)
256x4 Bit Static MOS RAM (250 nsec)
256x4 Bit Static MOS RAM (450 nsec)

2-6
2-6
2-19
2-19

2-19

2-9

2-13

2-13

2-13

2-13

2-9

2-9

2-9

2-9

SY21H11 256x4 Bit Static MOS RAM (175 nsec) ..... 3-25
SY21H11-2 256x4 Bit Static MOS RAM (200 nsec) ..... 3-25
Sy2112-1 256x4 Bit Static MOS RAM (500 nsec) ..... 3-29
SY2112A 256x4 Bit Static MOS RAM (350 nsec) ..... 3-29
SY2112A-2 256x4 Bit Static MOS RAM (250 nsec) ..... 3-29
SY2112A-4 256x4 Bit Static MOS RAM (450 nsec) ..... 3-29
SY21H12 256x4 Bit Static MOS RAM (175 nsec) ..... 3-35
SY21H12-2 256x4 Bit Static MOS RAM (200 nsec) ..... 3-35
SY2114 1024x4 Bit Static MOS RAM (450 nsec) 3-39
SY2114-2 1024x4 Static MOS RAM (200 nsec) ....... 3-39
SY2114-3 1024x4 Bit Static MOS RAM (300 nsec) .... 3-39
SY2114L 1024x4 Bit Static MOS RAM

Low Power (450 nseC) ..........civeinunn 3-39
SY2114L-2 1024x4 Bit Static MOS RAM

Low Power (200 nsec) .......... PN 3-39
SY2114L-3 1024x4 Bit Static MOS RAM

Low Power (300 nsec) .........coovvennnn 3-39
SY2114LV 1024x4 Bit Static MOS RAM (450 nsec) 3-47
SY2114LV-2  1024x4 Bit Static MOS RAM (200 nsec) .... 3-47
SY2114LV-3 1024x4 Bit Static MOS RAM (300 nsec) . 3-47
SY2142 1024x4 Bit Static MOS RAM (450 nsec) ...: 3-51
SY2142-2 1024x4 Bit Static MOS RAM (200 nsec) . 3-51
SY2142-3 1024x4 Bit Static MOS RAM (300 nsec) . 3-51
Sy2142L 1024x4 Bit Static MOS RAM (450 nsec) .... 3-51
SY2142L-2 1024x4 Bit Static MOS RAM (200 nsec) . 3-51
SY2142L-3 1024x4 Bit Static MOS RAM (300 nsec) .... 3-51
Sy2142LvV 1024x4 Bit Static MOS RAM (450 nsec) . 3-55
SY2142LV-2  1024x4 Bit Static MOS RAM (200 nsec) . 3-55
SY2142LV-3  1024x4 Bit Static MOS RAM (300 nsec) . 3-55
SY2147 4096x1 Bit Static MOS RAM (70 nsec) ..... 3-59
SY2147-3 4096x1 Bit Static MOS RAM (55 nsec) ..... 3-59
SY2147L 4096x1 Bit Static MOS RAM (70 nsec) ..... 3-59
SYM2114 Military 1024x4 Static MOS RAM

(-565°C to +125°C) (450 nseC) .......evnn. 3-43
SYM2114-3 Military 1024x4 Static MOS RAM

(-55°C to +125°C) (300 NS€C) ...vuvvnnnnn 3-43
SY5101L 256x4 Bit Static CMOS RAM

Power Down (650 NS€C) ....c.vvvinivnnnnn 3-63
SY5101L-1 256x4 Bit Static CMOS RAM

Power Down (450 nseC) .............o0v0n 3-63
SY5101L-3 256x4 Bit Static CMOS RAM

Power Down (650 nsec) .......oovvvnnnnns 3-63
SY5101-8 256x4 Bit Static CMOS RAM

Power Down (800 NSEC) ......vvnvuvennnnns 3-63
READ ONLY MEMORIES
Static
SY2316A 2048x8 Bit Static MOS ROM (550 nsec) ..... 4-3
SY23168B 2048x8 Bit Static MOS ROM (450 nsec) ..... 4-3
SY2316B-3 2048x8 Bit Static MOS ROM (300 nsec) ..... 4-7
SY2332 4096x8 Bit Static MOS ROM (450 nsec) .... 4-11
SY2333 4096x8 Bit Static MOS ROM (450 nsec) .... 4-11
SY2364 8192x8 Bit Static MOSROM .............. 4-15
SY2716 2048x8 Bit Static MOS EPROM UV

Erasable (450 nsec) .......cviinniiinnnn. 4-19
SY2716-1 2048x8 Bit Static MOS EPROM UV

Erasable (350 nsec) .........ciiiiinn, 4-19
SY2716-2 2048x8 Bit Static MOS EPROM UV

Erasable (390 nsec) ......v.ovvvnnvennnnnn. 4-19
SY4600 2048x8 Bit Static MOS ROM (550 nsec) .... 4-25
Timekeeping Products
SY5009A CMOS Chronograph, 6 Digit LCD, Alarm,

Stopwatch Modes  ...........cviiiant, 6-3
Microprocessors
SY6500/1 40 Pin Single Chip Microcomputer with

2K Bytes of ROM, 64 Bytes of RAM, 32 1/0

Lines and an Interval Timer. Software

Compatible with SY8502. (1 MHz) ........ 5-14
SY6500/1A 40 Pin Single Chip Microcomputer with

2K Bytes of ROM. 64 Bytes of RAM, 32 I/0

Lines and an Interval Timer. Software

Compatible with 6502A. (2 MHz) ......... 5-14




SY6502
‘SY6502A
SY6502B
SY8503
SY6503A
SY65038
SY6504
SY6504A
§Y65048

SY6505

SYB505A

SY6505B

SY6506

SY6506A

SY6506B
SY6507
SYB507A
SY6507B
SY6512
SYB512A
SY6512B
SY6513
SY6513A
$Y6513B
SY6514

SY6514A

40 Pin CPU, On-Chip Clock, 65K

Addressable Bytes (1 MHz) ............... 5-2
40 Pin CPU, On-Chip Clock; 65K

Addressable Bytes (2 MHz) ............... 5-2
40 Pin CPU, On-Chip Clock, 65K

Addressable Bytes (3 MHz) ............... 5-2
28 Pin CPU, On-Chip Clock, 4K

Addressable Bytes (1 MHz) ............... 5-2
28 Pin CPU, On-Chip Clock, 4K

Addressable Bytes (2 MHz) ............... 5-2
28 Pin CPU, On-Chip Clock, 4K

Addressable Bytes (3 MHz) ............... 5-2
28 Pin CPU, One Interrupt, On-Chip Clock,

8K Addressable Bytes (1 MHz) ............ 5-2
28 Pin CPU, One Interrupt, On-Chip Clock,

8K Addressable Bytes (2 MHz) ............ 5-2
28 Pin CPU, One Interrupt, On-Chip Clock,

8K Addressable Bytes (3 MHz) ............ 5-2
28 Pin CPU, One Interrupt, On-Chip Clock,

RDY Feature, 4K Addressable Bytes
(TMHZ) i 5-2
28 Pin CPU, One Interrupt, On-Chip Clock,

RDY Feature, 4K Addressable Bytes

(MHZ) ottt 5-2
28 Pin CPU, One Interrupt, On-Chip Clock,

RDY Feature, 4K Addressable Bytes

(BMHZ) Lot 5-2

28 Pin CPU, On-Chip Clock, 2 Phases

Brought Out, 4K Addressable Bytes

(1 MHz) ...l e 5-2
28 Pin CPU, On-Chip Clock, 2 Phases

Brought Out, 4K Addressable Bytes

(2 MHz)
28 Pin CPU, On-Chip Clock, 2 Phases

Brought Out, 4K Addressable Bytes (3 MHz) 5-2
28 Pin CPU, On-Chip Clock, RDY

Feature, 8K Addressable Bytes
28 Pin CPU, On-Chip Clock, RDY

Feature, 8K Addressable Bytes (12 MHz) ... 5-2
28 Pin CPU, On-Chip Clock, RDY

Feature, 8K Addressable Bytes (3 MHz) .... 5-2
40 Pin CPU, External Clock, 65K

Addressable Bytes (1 MHz) ............... 5-2
40 Pin CPU, External Clock, 65K

Addressable Bytes (2 MHz) ............... 5-2

40 Pin CPU, External Clock, 65K

Addressable Bytes (3 MHz) ............... 5-2
28 Pin CPU, External Clock, 4K

Addressable Bytes (1 MHz) ............... 5-2
28 Pin CPU, External Clock, 4K

Addressable Bytes (2 MHz) ............... 5-2
28 Pin CPU, External Clock, 4K

Addressable Bytes (3 MHz) ............... 5-2
28 Pin CPU, External Clock, 8K

Addressable Bytes (1 MHz) ............... 5-2
28 Pin CPU, External Clock, 8K

Addressable Bytes (2 MHz) ............... 5-2

1-6

8Y6514B

SY6515

SYB515A

SY6515B

28 Pin CPU, External Clock, 8K
Addressable Bytes (3 MHz)
28 Pin CPU, One Interrupt, External Clock,
RDY Feature, 4K Addressable Bytes
(1 MHz)
28 Pin CPU, One Interrupt, External Clock,
RDY Feature, 4K Addressable Bytes
(2 MHz)
28 Pin CPU, One Interrupt, External Clock,
RDY Feature, 4K Addressable Bytes
(3 MHz)

Microprocessor Peripheral Circuits

SY6520

SY6520A

§Y8522

SY6522A

8Y6530
SY6532
SY6532A
SY6545
SYE545A

§Y6551

SY6551A

40 Pin Peripheral Interface Adapter — Plug

Replaceable to Motorola’s PIA

(1 MHz)
40 Pin Peripheral Interface Adapter — Plug

Replaceable to Motorola's PIA

(2MHZ) o e
40 Pin Versatile Interface Adapter,

Features of 6520 Plus Two Interval

Timers, Latching On I/O Pins Shift

Register for P/S and S/P Interface,

Interrupt Flag and Enable Registers

for Ease of Use (1 MHz)
40 Pin Versatile Interface Adapter,

Features of 6520 Plus Two Interval

Timers, Latching on /O Pins, Shift

Register for P/S and S/P Interface,

Interrupt Flag and Enable Registers

for Ease of Use (2 MHz)
40 Pin Combo, 64 Bytes RAM, 1K Bytes

ROM, 16 I/0 Channels, Interval Timer ....
40 Pin Combo, 128 Bytes RAM, 16 I/O

Channels, Interval Timer (1 MHz) .........
40 Pin Combo, 128 Bytes RAM, 16 I/O

Channels, Interval Timer (2 MHz) .........
40 Pin CRT Controller for Raster Scan

Type Display (1 MHz) .................0.
40 Pin CRT Controller for Raster Scan

Type Display (2 MHz) .......oovevvuiinnan
28 Pin Asynchronous Communications

Interface Adapter with On-Board

Programmable Baud Rate Generator

(TMHZ) o 5-91
28 Pin Asynchronous Communications

Interface Adapter with On-Board

Programmable Baud Rate Generator

Custom Circuits

Custom Capabilities — MOS/LSI

System Components

System 65
SYM-1

KTM-2
CP110

(2MHZ) i et e 5-91

.......................... 7-2

Microcomputer Development System ...... 5-99
Single Board Computer with Keyboard

and Display ...eiiiiiiiiiiiiiiens eeveee.. B8-2

Keyboard Terminal Module ... 84

Super Jolt O.EIM. Board ..........ccovuvnnn 8-5



Product Replacement
Guide

Synertck Random Access Memory (RAM)

INCORPORATED

PART NUMBER REPLACE WITH

PART NUMBER REPLACE WITH

PART NUMBER REPLACE WITH

AMD

AM9114BPC
AM9114BDC
AM91L14BPC
AM91L14BDC
AM9114CPC
AM9114CDC
AM91L14CPC
AM91L14CDC
AM9114EPC
AM9114EDC
AMS142BPC
AM9142BDC
AM91L42BPC
AM91L42BDC
AM9142-3BPC
AM9142-3BDC
AM91L42-3BPC
AM91L42-3BDC
AM9142-2BPC
AMS142-2BDC
AM91L42-2BPC
AM91L42-2BDC
AM9102APC
AMS8102ADC
AM9102DPC
AM9102DDC
AM9102EPC
AM9102EDC
AMZ1L02APC
AM91L02ADC
AM91L02BPC
AM91L02BDC
AM9101APC
AM9101ADC
AM9101BPC
AM9101BDC
AM9101DPC
AM9101DDC
AM9101EPC
AM9101EDC
P2111

c2111
AM9111APC
AM9111ADC
AM9111BPC
AM9111BDC
AM9111DPC
AM9111DDC

SYP2114
SYC2114
SYP2114L
SYC2114L
SYP2114-3
SYC2114-3
SYP2114L-3
SYC2114L-3
SYP2114-2
SYC2114-2
SYP2142
SYC2142
SYP2142L
SYC2142L
SYP2142-3
SYC2142-3
SYP2142L-3
SYC2142L-3
SYP2142-2
sYC2142-2
SYP2142L-2
SYC2142L-2
SYP2102-1
SYC2102-1
SYP2102A-2
SYC2102A-2
SYP21H02-2
SYC21H02-2
SYP21L02-1
SYC21L02-1
SYP21L02B
SYC21L02B
SYP2101-1
SYC2101-1
SYP2101A
SYC2101A
SYP2101A-2
SYC2101A-2
SYP21HO1-2
SYC21HO01-2
SYP2111
syc2111
SYP2111-1
SYC2111-1
SYP2111A
SYC2111A
SYP2111A-2
SYC2111A-2

AM9111EPC SYP21H11-2
AM9111EDC SYC21H11-2
P2112 SYP2112
c2112 syc2112
AM9112APC SYP2112-1
AMS112ADC SYC2112-1
AM9112BPC SYP2112A
AM9112BDC SYC2112A
AM9112DPC SYP2112A-2
AM9112DPC SYC2112A-2
AM9112EPC SYP21H12-2
AM9112EDC SYC21H12-2
AMI

52114-3 SYP2114-3
$2114L-3 SYP2114L-3
S$2114-2 SYP2114-2
$2114L-2 SYP2114L-2
EMM

2114UCB SYP2114
2114UCA sYC2114
2114UCE SYD2114
L2114UCB SYP2114L
L2114UCA SYC2114L
L2114UCE SYD2114L
2114-3CB SYP2114-3
2114-3CA SYC2114-3
2114-3CE SYD2114-3
L2114-3CB SYP2114L-3
L2114-3CA SYC2114L-3
L2114-3CE SYD2114L-3
2114-2CB SYP2114-2
2114-2CA SYC2114-2
2114-2CE SYC2114-2
L2114-2CB SYP2114L-2
L2114-2CA SYC2114L-2
L2114-2CE SYD2114L-2
Fairchild

2102P SYP2102
2102D SYC2102
2102-2P SYP2102-1
2102-2D SYC2102-1
2102-1P SYP2102A-4
2102-1D SYC2102A-4
2102FP SYP2102A-2
2102FD SYC2102A-2

21L02AP SYP21L02-1
21L02AD SYC21L02-1
21L02BP SYP21L02B
21L02AP SYP21L02-1
21L02AD SYC21L02-1
21L02BP SYP21L02B
21L02BD SYC21L02B
Fujitsu

MB8114N SYP2114-3
MB8114NL SYP2114L-3
MB8114E SYP2114-2
MB8114EL SYP2114L-2
MB8102 SYP2102A-4
UBB101N SYP2101A-4
UBSB101E SYP2101A-2
UB8111IN SYP2111A-4
UBS111E SYP2111A-2
UB8112N SYP2112A-4
UB8112E SYP2112A-2
Hitachi

HM472114-4 SYC2114L
HM435101-1 SYC5101L-1
HM435101 SYC5101L
Intel

P2114 SYP2114
Cc2114 sycz2114
D2114 SYD2114
P2114L SYP2114L
c2114L SYC2114L
D2114L SYD2114L
P2114-3 SYP2114-3
C2114-3 SYC2114-3
D2114-3 SYD2114-3
P2114L-3 SYP2114L-3
C2114L-3 SYC2114L-3
D2114L-3 SYD2114L-3
P2114-2 SYP2114-2
Cc2114-2 SYC2114-2
D2114-2 SYC2114-2
P2114L-2 SYP2114L-2
C2114L-2 SYC2114L-2
D2114L-2 SYD2114L-2
P2142 SYP2142
C2142 SYC2142
P2142L SYP2142L
c2142L SYC2142L
P2142-3 SYP2142-3




PART NUMBER REPLACE WITH

PART NUMBER REPLACE WITH

PART NUMBER REPLACE WITH

C2142-3 SYC2142-3
P2142L-3 SYP2142L-3
C2142L-3 SYC2142L-3
P2142-2 SYP2142-2
Cc2142-2 sSyCc2142-2
P2142L-2 SYP2142L-2
C2142L-2 SYC2142L-2
P2102A-4 SYP2102A-4
C2102A-4 SYC2102A-4
D2102A-4 SYD2102A-4
P2102A-2 SYP2102A-2
C2102A-2 SYC2102A-2
D2102A-2 SYD2102A-2
P2102A SYP21L02B
C2102A sSYC21L028
D2102B SYD21L028B
P2102AL-4 SYP21L02BL
P2102AL SYP21L02AL
P2101A-4 SYP2101A-4
C2101A-4 SYC2101A-4
P2101A SYP2101A
C2101A SYC2101A
P2101A-2 SYP2101A-2
C2101A-2 SYC2101A-2
P2111A-4 SYP2111A-4
C2111A-4 SYC2111A-4
D2111A-4 SYD2111A-4
P2111A SYP2111A
C2111A SYC2111A
D2111A SYD2111A
P2111A-2 SYP2111A-2
C2111A-2 SYC2111A-2
D2111A-2 SYD2111A-2
P2112A-4 SYP2112A-4
C2112A-4 SYC2112A-4
D2112A-4 SYD2112A-4
P2112A SYP2112A
Cc2112A SYC2112A
D2112A SYD2112A
P2112A-2 SYP2112A-2
C2112A-2 SYC2112A-2
D2112A-2 SYD2112A-2
P5101L-1 SYP5101L-1
C5101L-1 SYC5101L-1
P5101L SYP5101L
C5101L SYC5101L
P5101L-3 SYP5101L-3
C5101L-3 SYC5101L-3
Intersil

P2114 SYP2114
D2114 SYD2114
P2114L SYP2114L
D2114L SYD2114L

P21143 SYP2114-3
D21143 SYD2114-3
P2114L3 SYP2114L-3
D2114L3 SYD2114L-3
P21142 SYP2114-2
D21142 SYC2114-2
P2114L2 SYP2114L-2
D2114L2 SYD2114L-2
Motorola

MCM2114P-45 SYP2114
MCM2114C-45 SYC2114
MCM21L14P-45  SYP2114L
MCM21L14C-45  SYC2114L
MCM2114P-30 SYP2114-3
MCM2114C-30  SYC2114-3
MCM21L14P-30  SYP2114L-3
MCM21L14C-30  SYC2114L-3
MCM2114P-20 SYP2114-2
MCM2114C-20  SYC2114-2
MCM21L14P-20  SYP2114L-2
MCM21L14C-20  SYC2114L-2
National

MM2102N SYP2102
MM2102D SYC2102
MM2102N SYP21L02
MM2102D SYC21L02
MM2102-1N SYP21L02-1
MM2102-1D SYC21L02-1
MM2102AN SYP21L02A
MM2102AD SYC21L02A
MM2102A-4N SYP21L02B
MM2102A-4D SYC21L02B
MM2101-1N SYP2101-1
MM2101-1D SYC2101-1
MM2111N SYP2111
MM2111D sYc2111
MM2111-1N SYP2111-1
MM2111-1D SYC2111-1
MM2112N SYP2112
MM2112D SYC2112
NEC

MPD5101L-1 SYP5101L-1
MPD5101L SYP5101L
Signetics

2102B SYP2102
21021JA SYC2102
2102-1B SYP2102-1
2102-11JA SYC2102-1
2102A-4B SYP2102A-4
2102A-41JA SYC2102A-4

1-8

2102A-2B SYP2102A-2
2102A-21JA SYC2102A-2
21L02B SYP21L02
21L021JA SYC21L02
21L02-1B SYP21L02-1
21L02-11JA SYC21L02-1
21F02B SYP21L02B
21F021JA SYC21L02B
2102AB SYP21L02A
2102A1JA SYC21L02A
2102AL-4B SYP21L02BL
2102AL-41JA SYC21L02BL
2102ALB SYP21L02AL
2102ALIJA SYC21L02AL
2101XC SYP2101-1
2101IMA SYC2101-1
2101-1XC SYP2101-1
2101IMA SYC2101-1
2111XA SYP2111
21111KA SYC2111
2111-1XA SYP2111-1
2111-11KA SYC2111-1
2112B SYP2112
21121JA SYC2112
2112-1B SYP2112-1
2112-11JA SyC2112-1
T.l

TMS4045-45NL SYP2114
TMS4045-45JL SYC2114
TMS40L45-45NL  SYP2114L
TMS40L45-45JL  SYC2114L
TMS4045-30NL SYP2114-3
TMS4045-30JL SYC2114-3
TMS40L45-30NL  SYP2114L-3
TMS40L45-30JL  SYC2114L-3
TMS4045-20NL SYP2114-2
TMS4045-20JL SYC2114-2
TMS4035-NL SYP2102
TMS4035JL SYC2102
TMS4033NL SYP2102A-4
TMS4033JL SYC2102A-4
TMS4039NL SYP2101-1
TMS4039JL SYC2101-1
TMS4039-1NL SYP2101A-4
TMS4039-1JL SYC2101A-4
TMS4042NL SYP2111
TMS4042JL SYC2111
TMS4042-2NL SYP2111A-4
TMS4042-2JL SYC2111A-4
TMS4043NL SYP2112
TMS4043JL SYC2112
TMS4043-2NL SYP2112A-4
TMS4043-2JL SYC2112A-4



Read-Only Memory (ROM)

PART NUMBER REPLACE WITH

PART NUMBER REPLACE WITH

PART NUMBER REPLACE WITH

AMD

AM9217BPC SYP2316A
AM9217BDC SYC2316A
AM9218BPC SYP2316B
AM9218BDC SYC2316B
AM9218CPC SYP2316B-3
AM9218CDC SYC2316B-3
AM9232BPC SYP2332
AM9232BDC SYC2332
AMI

S6831A SYP2316A
$6831B SYP23168
EA

EA2316A SYP2316A
EA2316E SYP2316B
Gl

RO-3-9316A SYP2316A
RO-3-93168 SYP2316B

Shift Registers

RO-3-9316C SYP2316B-3
RO-3-93328B SYP2332
Intel

P2316A SYP2316A
C2316A SYC2316A
P2316E SYP2316B
C2316E SYC2316B
Motorola

MCM68316A SYP2316A
MCM68316E SYP2316B
MCM68332 SYP2332
National

MM2316A SYP2316A
MM5258 SYP2316B
MM52116 SYP2316B
MM52132 SYP2332

NEC

UPD2316A SYP2316A
UPD2316E SYP23168B
UPD2332 SYP2332
Signetics

2616N SYP2316B
2616INC SYC2316B
2616-1N SYP2316B-3
2616-1INC SYC2316B-3
2633N SYP2332
2633INC SYC2332
T.l.

TMS4732NL SYP2332
TMS4732JL SYC2332

PART NUMBER REPLACE WITH

PART NUMBER REPLACE WITH

PART NUMBER REPLACE WITH

AMD

AM1402APC
AM1402A
AM1403APC
AM1403A
AM1404APC
AM1404A
AM9401PC
AM9401DC
AM2825PC
AM2825DC
AM2826PC
AM2826DC
AM2827PC
AM2827DC
AM2533V
AM2533DC
AM2833PC
AM2833DC
AM2802PC
AM2802DC

SYP1402A
SYC1402A
SYP1403A
SYT1403A
SYP1404A
SYT1404A
SYP2401
SYC2401
SYP2825A
SYC2825A
SYP2826
SYC2826
SYP2827
SYC2827
SYP2533
SYC2533
SYP2833
§YC2833
SYP2802A
SYC2802A

AM2803PC SYP2803A
AM2803HC SYT2803A
AM2804PC SYP2804A
AM2804HC SYT2804A
Intel

P2401 SYP2401
C2401 SYC2401
National

MM1402AN SYP1402A
MM1402AD SYC1402A
MM1403AN SYP1403A
MM1403AH SYT1403A
MM1404AN SYP1404A
MM1404AH SYT1404A
MM5025N SYP2825A
MM5025D SYC2825A
MM5026N SYP2826
MM5026D SYC2826
MM5027N SYP2827

MM5027D SYC2827
MM5058N SYP2533
MMS5058D SYC2533
Signetics

25028 SYP1402A
2502 SYC1402A
2503V SYP1403A
2503TA SYT1403A
2504V SYP1404A
2504TA SYT1404A
2533V SYP2533
2502 SYP2802A
2503 SYP2803A
2504 SYP2804A
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1024-Bit Dynamic
Shift Registers
Quad, Dual, Single

SY1402A,
SY1403A, SY1404A

MEMORY
PRODUCTS

Svnertek

INCORPORATED

© Synertek ion implanted silicon gate process
® 5 MHz data rate—minimum
© 2.5 MHz clock rate

® TTL, DTL compatible
@ Reduced clock capacitance, 85 pF
® Reduced power dissipation, 80 uW/bit at 1.0 MHz

The SY1402A, 1403A and 1404A 2¢ dynamic shift
registers utilize 1/0 multiplexing techniques to attain
a 5.0 MHz data rate with a clock rate of only 2.6 MHz.
The inputs and outputs are bipolar and MOS compati-
ble for ease of implementation in a TTL, DTL and a
high- or low-threshold MOS system.

Clock power and Vpp current have been significantly
reduced due to the advantages inherent in an ion
implanted silicon gate design over a conventional

PIN CONFIGURATION

PIN CONFIGURATION

%

silicon gate design. These savings directly affect the
cost of the overhead circuitry (clock drivers, power
supplies) for a shift register memory system.

The SY1402A, 1403A and 1404 A are used effectively
in applications requiring low cost serial memory such
as CRT refresh, line and page storage for facsimile
transmitters and receivers, and character stofage' for
high speed printers.

PIN CONFIGURATION

ouTPUT 1.1 163 IN4
NC ]2 15 21 NC
IN1C]3 14 0UT 4
134 13FnNe
Vee E5 123 Voo
ouUT 26 MEIe2
NC [ 7 10 IN3
SYM1403A IN2E] 8 9 ouT3
SYM1404A
SYP1402A
out2r]1e 8 Vec SYC1402A
N2 2 b e outr]1e 8 Vcc
e2]3 6F IN1 2092 7:";’0
3
Vpp =1 4 53 0UT 1 NC 6™
VppE 4 5 IN
SYP1403A
ORDERING INFORMATION SYP1404A
Order Package Temperature
Number Type Organization Range
SYP1404A Plastic Dip 1024 x 1 0°C to +70°C
SYM1404A TO Can 1024 x 1 0°C to +70°C
SYP1403A Plastic Dip 512 x 2 0°C to +70°C
SYM1403A TO Can 512 x 2 0°C to +70°C
SYP1402A Plastic Dip 256 x 4 0°C to +70°C
SYC1402A  Ceramic Dip 256 x 4 0°C to +70°C

2-2




5 SY1402A, SY1403A, SY1404A

ABSOLUTE MAXIMUM RATINGS '

Temperature Under Bias 0°C to 70°C Data and Clock Input Voltages
Storage Temperature -65°C to +160°C and Supply Voltages with
Power Dissipation (2) 1 Watt respect to Vee +0.5V to -20V

D.C. CHARACTERISTICS Tx =0°C to 70°C, V¢ = +5V 5%, unless otherwise specified
Vpp = -5V 5% or -9V 5%

Symbol Test Min. Typ.(3) Max. Unit Conditions

I Input Load Current <10 500 nA Ta =25°C

Lo Output Leakage Current <10 1000 nA VouT =00V, Tp = 25°C
ILc Clock Leakage Current 10 1000 nA Max. Vi c. Ta = 25°C
ViL Input “Low"’ Voltage Vee-10 Vee—4.2 \%

VIH lnput ““High”* Voltage Vee-2 Veet3 \

VDD = -5V +5%

| Power Supply Current 15 20 mA Ta=25"C Output at Logic "'0",
b1 A 5MHz Data R
z Data Rate,
33% Duty Cycle,
Continuous Operation,

IDD2 Power Supply Current 22 mA Tc=0°C ViLc = Vee -17V
ViLe Clock Input Low Voltage Vee-17 Vee-15 Vv
ViHC Clock Input High Voltage Vee-1 Veet3 \%
VoL Output Low Voltage -3 0.5 \ RL1=3KtoVpp.lgL =16mA
VOH1 Qutput High Voltage 2.4 35 \ _ _

Driving TTL RL1=3K toVpp. IoH = -100kA
VoH2  Output High Voltage B B : R p=4.7K to Vpp

Driving MOS Vee-1.6 Vee-! v (See p. 4 for connection)

Vpp = -9V 5%

IDD3 Power Supply Current 15 20 mA Ta= 25°C\ gthput at Logic 0",
Hz Data Rate,
26% Duty Cycle,
Continuous Operation,

Ippa  Power Supply Current 22 mA Tc=0°C ViLc = Vee-14.7v
ViLe Clock Input Low Voltage Vce-14.7 Vee-126  V
VIHC Clock Input High Voltage Vee-1 Vee+.3 \% Ry1=47Kto Vpp. gL = 1.6 mA
VoL Output Low Voltage -3 0.5 \% RL1=4.7K to Vpp. loL = 1.6 mA
VOH1 Output High Voltage = =_
Driving TTL 24 35 \ R 1=4.7K to Vpp. loH =-100 uA
VoH2  Output High Voltage _ RL2=6.2K to Vpp (See p. 4 for
Driving MOS Vee-19 Vee-t v RL3=39K to Vcc connection)

Note 1:  Stresses 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. Exposure to absolute maximum rating conditions for extended
pericds may affect device reliability.

Note 2: The 1 watt dissipation is not to be construed.as an operating rating (see note 1). For operating at elevated temperatures
the device must be derated based as shown on page 4. When operating at Vpp = -5V 5% the maximum duty cycle is
33% and at Vpp = -9V+5% the maximum duty cycle is 26%. In applications the duty cycle should be a minimum to
reduce power dissipation. Duty cycle = [tgpyy + 1/2 (1R + tg}] x clock rate.

Note 3:  Typical values are at Tp = 25°C and at nominal voltages.




SHIFT
REGISTERS

5

A.C. CHARACTERISTICS T, =0°C to 70°C; V¢ = +5V 5%

VoD = -5V £5% VpD = -9V 5%
Symbol Test (Test Load 1) (Test Load 2) Unit
Min. Max. Min. Max.
Frequency Clock Rep Rate 2.5 1.5 MHz
Frequency Data Rep Rate Note 1 5.0 Note 1 3.0 MHz
toPw Clock Pulse Width .130 10 .170 10 usec
teD Clock Pulse Delay 10 Note 1 10 Note 1 nsec
tR. tf Clock Pulse Transition 1000 1000 nsec
tpw Data Write Time (Set Up) 30 60 nsec
tDH Data To Clock Hold Time 20 20 nsec
tA+. tA- Clock To Data Out Delay 90 110 nsec

CAPACITANCE 2 V¢ = +5V 5%, Vpp = -5V 5% or -9V 5%, Ta = 25°C

Symbol Test Typ. Max. Conditions

CiN Input Capacitance 5 pF 10 pF VIN = Vce

CouT Qutput Capacitance 5 pF 10 pF VouT=Vce f=
Cd> Clock Capacitance 70 pF 85 pF Vg = Vee 1MHz
Co1¢2 Clock to Clock Capacitance 11 pF 16 pF Vg =Vce

Note 1: See page 4 for guaranteed curve. Note 2: This parameter is periodically sampled and is not 100% tested.

SWITCHING CHARACTERISTICS

Conditions of Test
Input rise and fall times: 10 nsec
Output Load is 1 TTL gate

I CrotaL= 10pF I CrotaL = 10pF

Vpp = -5V £+ 5% D4 Vpp = -9V £ 5% D5

Timing Diagram
BITN | BITN+1**| BITN+2
I BTt | BIT2

Vin
———————— ViLe
ty1pw |<—>I! | | 1 tp-»{}--—«r«- tR
L K} W "
¢2 11 10% v f
CLOCK :I {
DW=
| 'f_ 90% s i
fDH* —tm = I
| g2PW - |
veaoe Asm - V,
pDATAIN Y “ H vIH
INBIT1 INBIT2 - —{ = tar=] =ta— -

—————— —emmemmmmem—e——— e ' | cmam== Vo

DATA OUT 1 Y X Vou

o OUTBIT1 OUTBIT2 D6

*tpw and tpy same for 52 **N- 256 for SY1402A, N=512 for SY 1403A, N=1024 for SY 1404A

24

SY1402A, SY1403A, SY1404A




5 SY1402A, SY1403A, SY1404A

TYPICAL CHARACTERISTICS

600 =
>
48 10k _-410"4 g
s 8<€ “~~'3C'/(4G ANTEE—Q"" - %
< 400 o ( T 1k cuhfis 103 g
. ~ - -
z Ny £ 400 1 A3
= 044/ E 100 L e \CP‘\‘,/ 102 &
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10 20 30 40 50 60 70 80 90 100 0 10 20 25 30 40 50 60 70
AMBIENT TEMPERATURE (°C) D7 AMBIENT TEMPERATURE (°C) [o1:]
MAXIMUM ALLOWABLE MINIMUM OPERATING DATA RATE
POWER DISSIPATION OR MAXIMUM CLOCK PULSE DELAY
VS. TEMPERATURE
DTL/TTL MOS Interfaces
Vee

Vee Vee
SY1402A/3A/4A SY 1402A/3A/4A
[0} o]

g
!
.
%
!
™ uT 4 uT |
DTL/TTL % DTL/TTL
|

o1 92 Vpp 21 22 Vpp

Voo
Ry Load Resistor Values
for Different Vpp Supplies
01 92 Ve =5V Vee =5V
Vi Vi
|HC-|-_|— -l_.l- ) e o
R 3.0k 4.7k
Vice Vite L
R, 4.7k 6.2k
o9 Ry 3 Not 3.9k
required
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Svnertek

| Registers

INCORPORATED

2048-Bit Dynamic
Recirculating Shift

SY2401

- MEMORY
PRODUCTS

® Single Supply Voltage - +5V

® Fully TTL Compatible - Inputs, Outputs and
Clock

® Guaranteed 1MHz Operation (SY2401) or 2.5MHz
Operation (SY2401-1) With 100pF Load, Over
Temperature

® Low Power Dissipation - 150 uW/Bit Typical at
Maximum Clock Rate

® Low Ciock Capacitance - 7pF

® Write/Recirculate and Chip Select Logic Incorpo-
rated on Chip

® Standard Configuration - Dual 1024 Bit

The SY2401 is a 2048-bit dynamic recirculating shift
register. It is directly TTL compatible in all respects:
inputs, outputs, clock and a single +5V power supply.

Write/recirculate controls are provided to eliminate
the need for external logic elements when recirculating
data.

Two Chip Select inputs have been provided to allow
easy selection of an individual package when outputs
of several devices have been ““OR-tied.” A separate

PIN CONFIGURATION

out 1 16 3 vee
RL1]2 1573 g
N3 14 ] ouTs,

w/ry ] 4 130 AL,
sx s 123 wr,
sy 117 cLock
ne. 47 10 ne.
eno s 9 ne.

ORDERING INFORMATION

Order Package Clock Temperature
Number Type Frequency Range
SYP2401 Plastic DIP 1 MHz 0°Cto 70°C
SYC2401 Ceramic DIP 1 MHz 0°C to 70°C
SYP2401-1 Plastic DIP 25MHz  0°Cto70°C
SYC2401-1 Ceramic DIP 2.5 MHz 0°C to 70°C

PIN NAMES
IN Data Input ouT Data Output
W/R Write/Recirculate | Ry Internal Load
__ __ Control Resistor
CSx,CSy Chip Select Input | N.C. No Connection

internal “‘pull-up” resistor (R} is provided which can
be externally connected to the output pin to achieve
full signal swing.

This shift register is fabricated with ion-implanted
N-channel silicon gate technology. This technology
provides the designer with high performance, easy to
use MOS circuits. Only a single +5V Power supply is
needed and all devices are directly TTL compatible,
including clocks.

LOGIC DIAGRAM

vee

INTERNAL
LoAD

TOR
RESISTO! -

@_"Iocuwut

CSx Note: This repres
csy select mputs o

TRUTH TABLE

PIN SYMBOL
FUNCTION W/R CSx CSy
WRITE MODE H L L
RECIRCULATE L X X
X H X
X X H
READ MODE X L L

H = Logic High Level L = Logic Low Level
X = Don't Care Condition




5 SY2401

ABSOLUTE MAXIMUM RATINGS* *COMMENT:

Ambient Temperature Under Bias 0°C to 70°C Stresses above those listed under ‘“Absolute Maximum

Storage Temperature -65°C to 150°C Ratings’’ may cause permanent damage to the device.

Power Dissipation 1w This is a stress rating only and functional operation of g

Voltage on Any Pin with the device at these or at any other condition above o ‘£

Respect to Ground -0.5V to +7V those indicated in the operational sections of this a5

specification is not implied. Exposure to absolute g -
maximum rating conditions for extended periods o,

may affect device reliability.

D.C. CHARACTERISTICS
Ta= 0°C to 70°C, Ve = 5V 5%, unless otherwise specified.

SY2401 SY2401-1

Symbol Parameter Min. Typ.('” Max. | Unit Test Conditions

Ly Input Leakage 10 MA | VIN =5.25V

ILo QOutput Leakage 100 | wA | VouT =5.25V

Icc Power Supply 70 | mA | To=25°C } Vee =5.25V;
Current 80 | mA | TA=0°C J 80% Duty Cycle

VIH Input High Level Voltage (All Inputs) | 2.2 5.25 \

ViL Input Low Level Voltage (All Inputs) | -0.3 065 | V

loL Output Low Sink Current 6.3 10 mA | VoL =045V

VOH Output High Level Voltage 24 Vee | V| loH =-1mA, Ry Connected

VoL Output Low Level Voltage ] 0.45 V [ loL=1.6mA, Rt Connected

Rp Internal Load 0.8 1.3 22 | KQ

NOTE: {1) Typical values are at 25°C and at nominal voltage.

A.C. CHARACTERISTICS

MINIMUM DATA RATE AND MAXIMUM CLOCK DELAY
VS. AMBIENT TEMPERATURE

100KHz 10us
25KHz | — 74 40us
10KHz . 100us
AY] i
<&
I o> I
MINIMUM oA me | MAXIMUM

> CLOCK DELAY

DATA RATE 4
/ / 4?&>/ o)
<

100 Hz P 10ms

e

10 Hz 100ms
0 10 20 30 40 50 60 70

AMBIENT TEMPERATURE (°C)

2-7



5 SY2401

A.C. CHARACTERISTICS

TA =0°C to 70°C, Ve = +5V 5%, unless otherwise specified.

7]
e SY2401 | SY2401-1
% § Symbol Parameter Min | Max | Min | Max { Units Test Conditions
'w§ Freq. Max. | Max. Data Rep. Rate 1 2.5 | MHz
' Freq. Min. | Min. Data Rep. Rate 1 1 KHz | Ta=25°C
25 25 KHz | Ta=70°C
topw Clock Pulse Width 080 | 10 | 0.32 10 us
%D Clock Pulse Delay 0.20 | 1000 | 0.08 |[1000) ps |Ta=25°C
020 | 40 | 0.08 | 40 us | TA=70°C
tr, tf Clock Rise and Fall Time . 50 50 ns
tw Write Time 200 80 ns
tH Hold Time 150 60 ns
tA Access Time From Clock 500 230 ns | RL Connected, C|_= 100pF
or Chip Select One TTL Load

CAPACITANCE

Ta=25°C
Limits
Symbol Parameter Min. Typ. Max. | Units Test Conditions
CIN Data, W/R & CS Input 4 7 pF
Capacitance All Pins at AC Ground;

CouTt Output Capacitance 10 14 pF | 250 mV Peak to Peak,

Co Clock Capacitance ‘ 4 7 pF | 1 MHz
WAVEFORMS

BIT 1 BIT 2 BIT n+1 BIT n+2

.
tCYCLE = freg

PPW—]<— t@D:
VIH
cLock
VIL
tw | tH
DATA, VIH
W/R, 1.5V
cs ViL
OUTPUT IF CHIP —
CONTINUOUSLY 1 out
SELECTED
cs “g” OUT
OUTPUT
UTIFCS IS 15V

PULSED (OUTPUT
IS HIGH WHEN
UNSELECTED)

OUTPUT
“1” OUT

“0” ouT

2-8



1024 Bit Static
Shift Registers

Syvnertek

INCORPORATED

SY2533
SY2833/A/B/C

MEMORY
PRODUCTS

P
m
24
7
-
m
P
o

® Single +5V Power Supply
® High Speed Operation — 5.0 MHz
® Totally TTL compatible — inputs, output, clock

® Military temperature range operation
® 400 mvolt noise immunity
® Replaces AMD 2833 Series and Signetics 2533

The SY2533/SY 2833 Series of Static Shift Registers,
organized 1024x1, are completely TTL compatible
and capable of high speed operation. Only a single
+5V power supply is needed, and all inputs, clock and
outputs operate at TTL voltage levels. On chip logic
is provided to accept input data from either of two
inputs, allowing simple external system recirculate
operation. Data is entered into the register on the
positive to negative transition of the clock pulse, and
1023 clock cycles later, is available at the output, a
delay time after the positive to negative transition of

METAL
CAN PACKAGE

Vee

CONNECTION DIAGRAMS

DUAL
IN-LINE PACKAGE

[}
ouTt V
ut [0} 18] Vee Ing
Ne (2] [7]IN,
STREAM 3]
SELECT
GND [4] 5] INy SELECT
SS
GND
TOP VIEW W Inp
C-Package ToPVI
P-Package T-Package
ORDERING INFORMATION
Order Package Clock Temperature
Number Type Frequency Range
SYP2533  Plastic Dip 1.5 MHz 0°Cto +70°C
SYT2533 TO-Can  1.5MHz 0°Cto +70°C
SYC2533 Ceramic Dip 1.5MHz 0°C 1o +70°C
SYP2833  Plastic Dip 2MHz 0°Cto+70°C
SYT2833 TO-Can 2MHz  0°Cto +70°C
SYC2833  Ceramic Dip 2MHz  0°Cto+70°C
SYP2833A Plastic Dip 3MHz  0°Cto +70°C
SYT2833A  TO-Can 3MHz 0°Cto+70°C
SYC2833A Ceramic Dip 3MHz  0°Cto+70°C
SYP2833B Plastic Dip 4 MHz 0°Cto +70°C
SYT28338  TO-Can 4MHz  0°Cto+70°C
SYC2833B Ceramic Dip 4 MHz  0°Cto +70°C
SYP2833C Plastic Dip 5MHz  0°Cto +70°C
SYT2833C  TO-Can 5MHz 0°Cto+70°C
SYC2833C Ceramic Dip 5MHz  0°Cto +70°C
SYMC2833 CeramicDip  2MHz -55°C to +125°C

the clock pulse. Since all internal storage is implemen-
ted with static, DC logic, the clock input may be held
indefinitely at a logic ‘0" state without loss of data.

The SY2533/SY2833 Static Shift Registers, manufac-
tured with Synertek’s ion-implanted silicon gate N-
channel MOS technology, are totally compatible, plug
in replacements for AMD’s 2833 Series as well as
Signetics 2533. These devices are intended for serial
data storage in systems where single power supply, high
speed operation and low system cost are important
design parameters.

BLOCK DIAGRAM

CLOCK
GENERATOR

1024 BIT
REGISTER

-—D—‘—OUT

|
1

(JUMPER FOR RECIRCULATE)_I

TRUTH TABLE
STREAM SELECT

FUNCTION

0
1

IN 1
IN2

NOTE: “0” =0V, “1” = +5V

14IHS




SHIFT
REGISTERS

5

SY2533, SY2833/A/B/C

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature Under Bias 0°C to 70°C
Storage Temperature -65°C to +150°C
Voltage On Any Pin

With Respect to Ground -0.5V to +7V
Power Dissipation 1 Watt

D.C.CHARACTERISTICS

COMMENT

Stresses above those listed under “*Absolute Maximum
Rating”” 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. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

Ta =0°C to +70°C (SY2533, 2833, 2833A, 2833B, 2833C), -55°C to +125°C (SYM2833)

Vee =15V £5%

Parameters Description Min Typ Max Units Test Conditions
VoH Output HIGH Voltage 24 3.5 Volts | Ve = MIN, lgy =-100 uA
VoL Output LOW Voltage 0.2 04 Volts [ Vgc =MIN, Ig = 1.6 mA
ViH Input HIGH Level 2.0 Vee+0.3 | Volts | Guaranteed input logical HIGH
voltage for all inputs
VL Input LOW Level -0.3 0.8 Volts | Guaranteed input logical LOW
voltage for all inputs
I Input LOW Current 10 MA | Vge = MAX, Vg =0V, TA=25°C
Ice Ve Power Supply 16 30 =1.5 MHz | SY2533
Current (Note 1) 16 35/42 | mA | £=2.0 MHz | SY2833/SYM2833
20 40 f=3.0 MHz | SY2833A
lee V¢ Power Supply 40 60 mA |f=4.0MHz | SY2833B
Current (Note 1) 50 75 f=5.0 MHz | SY2833C
Note 1: Power supply currents are with outputs open.
A.C. CHARACTERISTICS
TA =0°C to +70°C (SY2533, 2833, 2833A), -55°C to +125°C (SYM2833)
Vce=+5V £ 5% }
SY2533 SY2833/SYM2833 SY2833A
Parameters Description Min |Typ! | Max | Min [ Typ' | Max | Min {Typ' [ Max |Units| Test Conditions
fmax Maximum Clock Frequency | 1.5 | 2.0 20| 3.0 3.0 { 35 MHz
t¢pr Clock LOW Time 0.250  10.200 « 10.170 o us
topwH Clock HIGH Time 0.350 100 |0.250 100 |0.165 100 | us
e, tf Clock Rise and Fall Times 1 1 1 us
ts (1) Setup Time, Ig or 14 Input 50 50 50 | ns
th (1) Hold Time, Ig or |1 Input 50 50 50 ns
. tr =t < 25ns
ts (S) Setup Time, S Input 80 80 80 ns
th (S) Hold Time, S Input | 50 50 50 | ns
tpd Delay, Ciock to Output i 300 300 200 ns RL=2.9k,CL=20pf
LOW or HIGH
tor tpf Outplt Rise and Fall Times | 150 150 150 | ns 10% to 90%
Cin Capacitance, Any Input® 3 5 3 5 3 5 pF f=1MHz

Note 1: Typical limits are at Vgg = 5.0V, and Tp = 25°C

Note 2: This parameter is periodically sampled but not 100% tested. |t is guaranteed by design.

2-10




5 SY2533, SY2833/A/B/C

A.C. CHARACTERISTICS
Ta =0°Cto +70°C
Ve = 6V £ 6%

SY2833B SY2833C
Parameters Description Min Typ1 Max | Min Typl Max |Units] Test Conditions
fmax Maximum Clock Frequency 40 | 50 50 | 6.0 MHz
topwl Clock LOW Time 0.125 e 10.100 ° s
topwH Clock HIGH Time 0.125 100 |0.100 100 | us
tr, tf Clock Rise and Fall Times 1 1 us
t5(l) Setup Time, Ig or 11 Input 30 30 | ns
th(l) Hold Time, Ig or Iq Input 50 50 ns tr = t§ < 25ns
t5(S) Setup Time, S Input 50 50 ns
th(S) Hold Time, S Input 50 50 | ns
tpd Delay, Clock to Output 150 110 | ns R =2.9k,C| =20pf
LOW or HIGH
tpr, tpf Qutput Rise and Fall Times 150 180 | ns 10% to 90%
Cin Capacitance, Any Input? 3 5 3 5 pF f=1MHz
Note 1: Typical limits are at Vgc=5.0V, and Tp=25°C.
Note 2: This parameter is periodically sampled but not 100% tested. It is guaranteed by design.
TIMING DIAGRAM
— |t—
Vin R 50%
CLOCK PULSE 50% 50% 1 < t; MAX
0, f 0/
viL topuH 5 ; 10% 4 . 10%
a2t} 1,(1) MAX
(1) MAX
ViH
QOO
INPUT 2 50% 50% 0 QQQQQ Q
ViL | XXXX

Eilise (1) MAX
a—>la—o|-t 1 MA

INPUT 1 ‘V”".” ‘v
‘0 0 ONNA.

DON'T CARE

I
o —-—1,,(S) MAX th(S) MAX
v t(S) MAX t(S) MAX
IH
SELECT DON'T CARE
ViL

“"—_tpd MAX — ]

Vou b'¢ 2.0V
OUTPUT INVALID
VoL 0.8V

\ / \ /
4

WRITE DATA FROM IN, WRITE DATA FROM INq

2-11
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SY2533, SY2833/A/B/C

DEFINITION OF TERMS

Static Shift Register. A shift register capable of main-
taining stored datawithoutcontinuously beingclocked.
Most static shift registers are constructed with dynamic
master and static slave flip-flops. The data is stored
dynamically while the clock is HIGH and is transfer-
red to the static slaves while the clock is LOW. The
clock may be stopped indefinitely in the LOW state,
but there are limitations on the time it may reside in
the HIGH state.

PHYSICAL DIMENSIONS

8 Lead Plastic Dip

PINNO.1
IDENT. hd

8 Lead Ceramic Dip

g p— ey

PINND.1
IDENT

. (.490)
| (400}

@

Setup and Hold Times. The shift register will accept
the data present on its input around the time the
clock goes from HIGH to LOW. Because of variations
in individual devices, there is some uncertainty as to
exactly when, relative to this clock transition, the data
will be stored. The setup and hold times define the
limits on this uncertainty. To guarantee storing the
correct data, the data inputs should not be changed
between the maximum setup time before the clock
transition and the maximum hold time after the clock
transition. Data changes within this interval may or
may not be detected.

8 Lead TO-Can

1.335) »
(.305)

{.040)

lrm Corgy INSULATOR
N . 'T_L
T TRFIR —

(.045)




512 Bit and 480 Bit Dual
Static Shift Registers

SY2534,
SY2535

MEMORY
PRODUCTS

L4IHS *

Svnertek

INCORPORATED

-3
m
.oy
7]
i
-m
X
RN

e +5 Volts Only—No Negative Power Supplies
® Reduce System Cost—Eliminate One Power Supply
® Available to 3.0 MHz

o Double Density Replacement For Signetics
2527/2529
o All Inputs, Outputs and Clocks TTL Compatible

These dual 512-bit and 480-bit static shift registers
employ Synertek’s ion-implanted silicon gate tech-
nology to achieve full TTL compatibility. All inputs
and outputs are TTL levels and the only supply
necessary is +5 volts, For applications requiring

CONNECTION DIAGRAMS

TOP VIEW TOP VIEW
Sl (8] vce 512/480 BIT D -
o [ 7] N1 REGISTER ouTg
outo 5] outy — 11
iNg ——
GND [4] (5] o
° cLOCK
GENERATOR
GND
C=PACKAGE INY —] T
P = PACKAGE T = PACKAGE
ouT
512/480 BIT —
REGISTER

ORDERING INFORMATION

dynamic storage, these same compatibility features
are available on the 2048-bit SY2401. Pinouts are
essentially the same as Signetics’ 2527/2529, allowing
the user to reduce package count by a factor of two
with the double density SY2534/SY2535.

BLOCK DIAGRAM

Order Package Register Clock  Temperature
Number Type Length Frequency Range

SYP2534  Plastic DIP 512 1.5MHz 0°Cto +70°C
SYT2534  TOCan 512 1.5MHz 0°Cto +70°C TRUTH TABLE
SYP2534A Plastic DIP 512 3.0MHz 0°Cto+70°C s Function
SYT2534A TO Can 512 3.0MHz 0°Cto+70°C -
SYP2535 Plastic DIP 480  15MHz 0°C to+70°C 0 Recirculate
SYT2535  TOCan 480 1.5MHz 0°C to +70°C 1 Write

3.0MHz 0°Cto +70°C
3.0MHz 0°Cto+70°C

SYP2535A Plastic DIP 480
SYT2535A TO Can 480

ABSOLUTE MAXIMUM RATINGS*

Note: “0” =0V."1" =45V

*COMMENT

Ambient Temperature Under Bias 0°C to 70°C Stresses above those listed under ‘*Absotute Maximum
Storage Temperature -65°C to +150°C Rating”” may cause permanent damage to the device.
] L. - . ; P
Voltage on Any Pin TthSdIS e.z stretsihratlng only a:: fl::r;ct;92alnoap:;:z f:o(:e
With Respect to Ground -0.5V to +7V t € device at these or any o er condition 3 "
L indicated. in the operational sections of this specifica-
Power Dissipation 0.6W

tion is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect
device reliability.

2-13




5 SY2534, SY2535

OPERATING RANGE: Ve =+5.0V £5%; 0° to 70°C
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Parameters Description Test Conditions Min Typ Max Units
g ) VOH Output HIGH Voltage Vee = MIN, IoH = -100uA 24 3.5 Volts
e ‘{E VoL Output LOW Voltage Ve = MIN, gL = 1.6mA 0.2 0.4 Volts
-] \ Input HIGH Level Guaranteed input logical
I IL pu put log +
e 8 HIGH voltage for all inputs 20 Vee +0.3 | Volts
[+ N
\Y Input LOW Level Gu teed input logical
L npu eve aranteed inpu o.glca 03 08 Volts
LOW voltage for all inputs
hL Input LOW Current Vce = MAX, VIN =0V,
) 10 /.lA
Ta=25C
| V¢ Power Supply f=1.5MHz SY2534/2535 16 35 mA
€C | current (Note 1) f=3.0 MHz SY2534A/2535A 25 45 mA

Note 1: Power Supply currents are with inputs and outputs open.
SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted)

SY2534,8Y2535 |SY2534A, SY2535A
Parameters Description Test Conditions | Min | Typ! | Max | Min | Typ!| Max | Units
fmax Maximum Clock Frequency 15 | 2.0 3.0 | 35 MHz
tdppwl Clock LOW Time 0.250 o [0.170 0 us
tdpwH | Clock HIGH Time 0.350 100 |0.165 100 | uS
tr, tf Clock Rise and Fall Times 1 1 us
tg (1) Setup Time Ig or 11 Input ty = t§ < 2bns 50 50 ns
th (1) Hold Time Ig or |1 Input tr = tf < 25ns 50 50 ns
ts (S) Setup Time, S Input ty = tf < 25ns 80 80 ns
th (S) Hold Time, S Input ty = t§ < 26ns ) 50 50 ns
tpd | Delay Clock toQutput 1 _, o ¢| ~20pF 300 200 | ns
LOW or HIGH
tpr, tpf | Output Rise and Fall Times 10% to 90% 150 150 ns
Cin Capacitance, Any Input? =1 MHz 3 5 3 5 pF

Note 1: Typical limits are at Vgg = 5.0V, and TA = 25°C.
Note 2: This parameter is periodically sampled but not 100% tested. It is guaranteed by design.
TIMING DIAGRAM

Y

@pwL.
CLOCK PULSE - -
3 % %
ov, I 50% 10% e tMAX 0%
BowH———) uMAX

w

5V, 1(IMAX 1~ th(MAX

INg, 1Ny, 50% 50%
ov

45V
SELECT!
oV

TR KKK XXX I XY
SRR

45V,
ouTPUT
ov.

" [————
WRITE DATA FROM I1 WRITE DATA FROM lo

DEFINITION OF TERMS

Static Shift Register. A shift register capable of maintaining stored data without continuously being clocked. Most static shift
registers are constructed with dynamic master and static slave flip-flops. The data is stored dynamically while the clock is HIGH
and is transferred to the static slaves while the clock is LOW. The clock may be stopped indefinitely in the LOW state, but there
are limitations on the time it may reside in the HIGH state.

Setup and Hold Times. The shift register will accept the data present on its input around the time the clock goes from HIGH to
LOW. Because of variations in individual devices, there is some uncertainty as to exactly when, relative to this clock transition,
the data will be stored. The setup and hold times define the limits on this uncertainty. To guarantee storing the correct data, the
data inputs should not be changed between the maximum setup time before the clock transition and the maximum hold time
after the clock transition. Data changes within this interval may or may not be detected.
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SY2802A,
SY2803A, SY2804A

MEMORY
PRODUCTS

1024-Bit Dynamic
Shift Registers
Quad, Dual, Single

INCORPORATED

© Synertek ion implanted silicon gate process
© 10 MHz data rate—minimum
o 5 MHz clock rate

o TTL, DTL compatible
o Reduced clock capacitance, 85pF
.0 Reduced power dissipation, 80 uW/bit at 1.0 MHz

The SY2802A, 2803A and 2804A 2¢ dynamic
shift registers utilize 1/0 multiplexing techniques
to attain a 10 MHz data rate with a clock rate of only

silicon gate design. These savings directly affect the
cost of the overhead circuitry (clock drivers, power
supplies) for a shift register memory system.

5 MHz. The inputs and outputs are bipolar and MOS
compatible for ease of implementation in a TTL,
DTL and a high- or low-threshold MOS system.

The SY2802A, 2803A and 2804 A are used effectively
in applications requiring low cost serial memory such
as CRT refresh, line and page storage for facsimile
transmitters and receivers, and character storage for
high speed printers.

Clock power and Vpp current have been significantly
reduced due to the advantages inherent in an ion
implanted silicon gate design over a conventional

PIN CONFIGURATION PIN CONFIGURATION PIN CONFIGURATION

OUTPUT 1 3 IN 4
NC =3 NC
IN 17 ouT 4
¢ 1] NC
Vee 5 Voo
OoUT 2 62
NC ] IN3
IN 2 ] ouT 3
SYM2803A SYM2804A
SYP2802A
out 2] 1e 8 Vee SYC2802A oured py Y
" * cc
IN 2 o1
H? B %242 78anNc
%23 6 IN1 s )
Vpp £ 4 5 FI0UT 1 NC 6 !
Voo 4 53 IN
SYP2803A
ORDERING INFORMATION SYP2804A
Order Package Temperature
Number Type Organization Range
SYP2804A Plastic Dip 1024 x 1 0°C to +70°C
SYM2804A TO Can 1024 x 1 0°C to +70°C
SYP2803A Plastic Dip 512x 2 0°C to +70°C
SYM2803A TO Can 512x 2 0°C to +70°C
SYP2802A Plastic Dip 256 x 4 0°C to +70°C
SYC2802A Ceramic Dip 256 x 4 0°C to +70°C




SHIFT
REGISTERS

5 SY2802A,SY2803A,SY2804A

ABSOLUTE MAXIMUM RATINGS '

Temperature Under Bias 0°C to 70°C
Storage Temperature -65°C 10 +160°C
Power Dissipation (2) 1 Watt

Vpp = -5V 5%

Data and Clock Input Voltages
and Supply Voltages with

respect to Vg

D.C. CHARACTERISTICS T, =0°C to 70°C, Ve = +5V #5%, unless otherwise specified

+0.5V to =20V

Driving MOS Vee-16 - Vee-t

(See p. 4 for connection)

Symbol Test Min. Typ.3)  Max. Unit  Conditions

I Input Load Current <10 500 nA Ta =25°C

Lo Output Leakage Current <10 1000 nA VouT = 0.0V, Tp = 25°C

ILe Clock Leakage Current 10 1000 nA Max. Vg, Ta = 25°C

ViL Input “Low" Voltage Vee-10 Vce-4.2

ViH Input “"High"" Voltage Vee-2 Veet.3

VDD =-5V £5%

IDD1 Power Supply Current 35 40 mA TaA=25°CY Outputat Logic 0",
10 MHz Data Rate,
40% Duty Cycle,
Continuous Operation,

Ipp2  Power Supply Current 45 mA Tc=0°C ViLc = Vee =17V

ViLe Clock Input Low Voltage Vee-17 Vee-15 \

VIHC Clock Input High Voltage Vee-1 Veet.3 \

VoL Qutput Low Voltage -3 0.5 \% RL1=3KtoVpp.loL =1.6mA

VOH1 gﬂfﬁﬁ; -':Jfgltl Voltage 24 3.5 \% RL1= 3K to Vpp. loH = ~1004A

VoH2  Output High Voltage v RrL2=4.7K to Vpp

A.C.CHARACTERISTICS T4 =0°C to 70°C; Ve = +5V 5%

Symbol Test VDD = -5V 6% Unit
Frequency Clock Rep Rate 5.0 MHz
Frequency Data Rep Rate Note 1 10.0 MHz
toPw Clock Pulse Width .07 10 usec
toD Clock Pulse Delay 10 Note 1 nsec
tR. tf Clock Pulse Transition 1000 nsec
tpw Data Write Time (Set Up) 30 nsec
tpH Data To Clock Hold Time 20 nsec
tA+, TA- Clock To Data Out Delay 0 nsec

periods may affect device reliability.

(tr + tF)] x clock rate.
Note 3: Typical valuesareat Tp = 25°C and at nominal voltages.

Note 1: Stresses 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. Exposure to absolute maximum rating conditions for extended

Note 21 The 1 watt dissipation is not to be construed as an operating rating (see note 1). For operating at elevated temperatures
the device must be derated based as shown on page 4. When operating at Vpp = -6V5% the maximum duty cycle is
40%. In applications the duty cycle should be a minimum to reduce power dissipation. Duty cycle = [t¢pw+1/2




5 SY2802A,SY2803A, SY2804A

CAPACITANCE 2 V¢ = +5V 5%, Vpp = -5V 6%, T = 25°C
Symbol Test Typ. Max. Conditions
CIN Input Capacitance 5 pF 10 pF VIN = Vce
Cout Output Capacitance 5pF 10 pF VouT=Vce f=
Co Clock Capacitance 70 pF 85 pF Vg =Vee 1 MHz
Co1 2 Clock to Clock Capacitance 11 pF 16 pF V¢ =Vce
Note 1: See page 4 for guaranteed curve.
Note 2: This parameter is periodically sampled and is not 100% tested.
SWITCHING CHARACTERISTICS
Conditions of Test
Input rise and fall times: 10 nsec
Output Load is 1 TTL gate
| CrotaL=10pF
VDD = -5V +£5% D4
Timing Diagram
| BIT1 | BIT2 | | BITN | BITN+1**[ BIT N+2
I I ﬁ N [ BiT1 | BIT2
K = : Vit
10%
1 | 14D |
="
CLOCK g0%dmkt U kst 90%  00% el _____ Vi
—=t ¢D |-— 1|
[ le— CLOCK RATE—=
to1pw |<——>l| | l |
62
CLOCK
DATAIN f X ’
INBIT1 INBIT2 o — =t -
- A+ . v OH
DATA OUT “ X_— X VoL
OUTBIT1 OQUTBIT2
*tpy and tpyy same for tyo Dé
**N = 256 for SY2802A, N = 512 for SY2803A, N = 1024 for SY2804A
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5 SY2802A,SY2803A,SY2804A

TYPICAL CHARACTERISTICS

n
I 600 ~go T
[y N E004 | g
w = ~e3L Iy x
= @ NG ““.5/"/5/: 10k 4104 S
n O P S 1Ak 3P e c
w = 4 SNOAG, ANTE=S H
T < 400 6‘40% G o K Bt 103
7~ N o -
= W 100 fopae=t L 1
: ’ o :
D r
7 < 10 ] 1014
=) = L
14 g / g
& 200 a o
=2 1 1 >
H <
& <
0.1 Vpp=-5V —J10 °©
. @
m
|| 8
0
10 20 30 40 50 60 70 80 90 100 0 10 20 25 30 40 50 60 70
AMBIENT TEMPERATURE (°C) D7 AMBIENT TEMPERATURE (°C) D8
MAXIMUM ALLOWABLE MINIMUM OPERATING DATA RATE
POWER DISSIPATION OR MAXIMUM CLOCK PULSE DELAY

VS. TEMPERATURE

DTL/TTL MOS Interfaces

T
[}
1}
3k RL3§
Vee . Vec
SY2802A/3A/4A 1 SY2802A/3A/4A
IN ouT—+4 IN out »
DTL/TTL 91 02 Vpp 61 62 Voo DTL/TTL
Rz Riq
T
Voo
Ry Load Resistor Values
for Different Vpp Supplies
41 62 Ve =5V
V Vi .
IHC-Ll- -I_I- ) o
ViLe ViLe At 30k
RL2 4.7%
b9 Ri3 Not
required
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2048-Bit Dynamic
Shift Registers

SY2825A,
SY2826/7

MEMORY
PRODUCTS

14IHS

Synertek

INCORPORATED

o)
m
2]
w
=
~m
2
w-

® 6 MH; Data Rate

® Recirculate Gates On Chip

The SY2825/26/27 are 2048-bit dynamic shift reg-
isters designed with Synertek’s ion-implanted silicon
gate technology. The 2825 is a dual 1024-bit device
with on-chip recirculate and a load control (LC)
common to both registers. When LC is HIGH, the two
registers recirculate data; when LC is LOW new data
is entered through the data inputs. The SY2826 is
similar, but each register has two data inputs selected
by separate input select (IS) signals. The SY2827 is

CONNECTION DIAGRAMS

SY2825A SY2826

bNC

QUTA

a single 2048-bit register with on-chip recirculate and
a load control. All the devices can drive one standard
TTL load. The select, load command, and data inputs
may be driven by TTL signals. Two high-voltage clock
signals, ¢1 and ¢2, are required. Internally, each shift
register consists of two multiplexed registers so that
a data shift occurs on each ¢1 or ¢2 clock pulse. The
data rate, therefore is double the frequency of either
clock signal.

BLOCK DIAGRAMS

W N s WN =

Vss

1 Ne 1SB
m 1B
[ @2 NC
[jouts Vss

1128
NG
o2

ouTB

® N OO s W N =

OUT A =
»1 [ vop i 3 voo I
1024-8IT 1
Lc [Jina ISA [ 11a SHIFT REGISTER ouTA
NC [ vge 12A (vgg a2

1024.BIT
SHIFT REGISTER

lﬂ” oute

INB Z(T)I

]7(10) Vss = PIN 5(8)

VGG = PIN 8(13)

% %2 VDD = PIN 10(15)
SY2827
1SA
V
51 _]Vop 2a 4|3
6f I 1024-BIT 1 ouT A
71 Vvee “ SHIFT REGISTER
B2 A
1S8
128 3215
1024-BIT 0 OiJT 8
ORDERING INFORMATION e S:IlFT HEGISI‘::E)R e
=PIN 13
Order Package Temperature (3] 02 zgg - 2:,\, 5
Number Type Range
SY2827
SYP2825A Plastic DIP 0°C to 70°C 2T
SYC2825A Ceramic DIP 0°Cto 70°C
SYP2826 Plastic DIP 0°Cto 70°C Py .
SYC2826 Ceramic DIP 0°Cto 70°C sHiFTREGISTER [ oo
SYP2827 Plastic DIP 0°C to 70°C n? [ 5 vee-rins
SYC2827 Ceramic DIP 0°C to 70°C » w2 VoD = Pin 8
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SY2825A, SY2826/7

ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Storage Temperature . . ........ -65°C to +150°C Stresses above those listed under ‘“Absolute Maximum
Temperature (Ambient) Ratings” may cause permanent damage to the device.
UnderBias .. ............. .. 0°Cto +70°C this is a stress rating only and functional operation of

DC Input Voltage

the device at these or any other conditions above

veee.. =20V 10 +0.3V those indicated in the operational sections of this

specification is not implied.

with Respect to Vsg ...

w
i
=

37
5o
w
= )

OPERATING RANGE
Vgs = +5.0V 5%, VGG = -10.0V to -11.0V, Ta = 0°C to +70°C.

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Parameters Description Test Conditions Min. Typ. Max. Units
(Note 1)

VoH Output High Voltage lIoH = -0.5mA 24 Vss Volts

VoL Output Low Voltage loL =1.6mA 0.0 0.4 Volts
Guaranteed input logical High Voltage

ViH Input High Level Vgs -1.0 Vss +0.3 | Volts
for all inputs except clocks
Guaranteed input logical Low Voltage

Vio Input Low Level Vgs -10 Vgs -4.2 | Volts
for all inputs except clocks

1l Input Leakage Current VIN =-10V, Tp = 25°C 10 600 nA

Iy Clock Input Leakage Current | Vg =-15V,Tp = 25°C 50 1000 nA

VeH Clock High Level Vgs -1.0 Vss +0.3 | Volts

VoL Clock Low Level Vagg -0.3 VGG +0.8| Volts
Ta=25°C 01MH2z<f;,<0.1MHz 25 5

Fele Vgg Current Vgg =5.26V fo = 1.0MHz 25 5 mA
Vgg =-11.0V f = 3.0MHz 2.5 5
VgL =-11.0V 01 MH2z<;<0.1MHz 3 4

IpD Vpp Current topw = 115ns f = 1.0MHz 15 20 mA
Data = 11110000... | fg =3.0MHz 30 40

Note: 1. Typical Limits are at Vgg = 5.0V, Vgg = -10.5V and 25°C ambient.

SWITCHING CHARACTERISTICS AND OPERATING REQUIREMENTS OVER OPERATING RANGE

Typ.

Parameters Definition Test Conditions Min. }(Note1)] Max. | Units
fp Data Rate {Note 2) 0.02 6.0 MHz
o Clock Frequency 0.01 3.0 MHz
tpd Delay Between Clocks (Note 3) 10 ns
topw Clock Low Time tptr = 20ns 0.115 10 us
tht Clock Rise and Fall Times 10% to 90% 0.5 us

Set-Up Time, Data and Select Inputs
ts . 40 ns
{See Definitions)
Hold Time, Data and Select Inputs
th - . 20 ns
(See Qefinitions)
tpd Delay, Clock to Data Out C| =15pF 80 ns
C(p) Capacitance, Data Input 5 pF
C(s) Capacitance, Select Input or L f=1MHz, Vy =0V 7 pF
C(g) Capacitance, Clock Input All other pins at GND 80 110 pF

Note: 2. The Data Rate is twice the frequency of either clock phase.

2-20



5

SY2825A, SY2826/7

DEFINITION OF TERMS

Dynamic Shift Register A shift register in which data
storage occurs on small capacitive nodes rather than
in bistable logic circuits. Dynamic shift registers must
be clocked coritinuously to maintain the charge stored
on the nodes.

¢1, ¢2 The two clock pulses applied to the register.
The clock is ON when it is at its negative voltage level
and OFF when it is at Vgg. Data is accepted into the
master of each bit during one phase and is transferred
to the slave of each bit during the other phase.

tgd Clock delay time. The time elapsing between the
LOW-to-HIGH transition of one clock input and the
HIGH-to-LOW transition of the other clock input.
During t3q both clocks are HIGH and all data is
stored on capacitive nodes.

tppw Clock pulse width. The LOW time of each clock

- signal. During tgpw one of the clocks is ON, and the
data transfer between master and slave or slave and
master occurs,

tpt  Clock rise and fall times. The time required
for the clock signals to change from 10% to 90% of
the total level change occuring.

ts(D) Dataset-up time. The time prior to the LOW-to-
HIGH transition of & during which the data on the
data input must be steady to be correctly written into
the memory.

th{D) Data hold time. The time following rhe LOW-
to-HIGH transition of ® during which the data must
be steady. To correctly write data into the register,
the data must be applied by t5(D) before this transi-
tion and must not be changed until th(D) after this
transition.

tpd  The delay from a HIGH-to-LOW clock transi-
tion to correct data present at the register output.

SWITCHING WAVEFORMS

| BIT 1 | BIT 2 [

BITN | BITN+1 | BIT N +2

i I l

| BIT1 [ BIT2
VgH

10% —_——
o1
CLOCK
fl Ftw* [e— tod—| L

90% t+————+ 90%

tolpw— l
l‘ l¢——————CLOCK RATE ———»{

VoL
tf—-bl - —>|<—t,

v
2 0% ’ oH
cLock
0% +———-1 0%t ——— 90%
VgL
q.-} |-4-t¢2pw><——DATA RATE —>]
_.|‘s e
ViH
DATAIN
LC,18
ViL

INBIT 2

DATAOQUT

e

tpd-
VOH
15v X

X

OUTBIT1 OUT BIT 2

Clock Rise Time 20ns
Clock Fall Time 20ns
Output Load 1 TTL Load

x.
m
2
w
=
m
b
(%2}

LdIHS. .
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o
b

=5
2
L5
o

]

SY2825A, SY2826/7

TRUTH TABLES

SY2825A and 2827 SY2826
LC IN ouT DATA ENTERED IS INPUT1INPUT2 DATA ENTERED
L L X L L L X L
L H X H L H X H
H X L L H X L L
H X H H H X H H

FUNCTIONAL EQUIVALENT OF EACH REGISTER

BITS2,4,6...
| N/2 BITS o
M s
DATA INPUT ——¢ :D— ouTPUT
| N/2 BITS o
M s
BITS1,3,5... T M = MASTER ENABLE
S = SLAVE ENABLE

01 02

S I e N
S e e

DATA IN A I B I o l D I E I F I G

DATA
ouTt |A | B |
(FOR N =4)

Since the two registers shift on opposite clock pulses, a new data bit is entered on both ¢1 and ¢2. Data entering
the register on @1 will appear at the output on ¢1 (from the negative edge of ¢1 to the negative edge of ¢2).

2-22









SY2101

MEMORY
PRODUCTS

256 x 4 Static

Random Access Memory

Synertek

INCORPORATED

® 256x4 Organization to Meet Needs For Small Sys-
tem Memories

Access Time — 250/350/450/500/ns

Single +5V Supply Voltage

Directly TTL Compatible — All Inputs and Outputs
Static MOS — No Clocks or Refreshing Required
Simple Memory Expansion — Two Chip Enable
Inputs

® |nputs Protected — All Inputs Have Protection
Against Static Charge

® | ow Cost Packaging — 22 Pin Plastic Dual-In-Line
Configuration

® Low Power — Typically 150 mW

Three-State Output — OR-Tie Capability

® QOutput Disable Provided For Ease of Use in
Common Data Bus Systems

The SY2101 is a 256 word by 4 bit static random
access memory element using N-channel MOS devices
integrated on a monolithic array. It uses fully DC
stable (static) circuitry and therefore requires no
clocks or refreshing to operate. The data is read out
nondestructively and has the same polarity as the in-
put data.

The SY2101 is designed for memory applications
where high performance, low cost, large bit storage,
and simple interfacing are important design objectives.

It is directly TTL compatible in all respects: inputs,
outputs, and a single +5V supply. Two Chip Enables
allow easy selection of an individual package when
outputs are OR-tied. An output disable is provided

PIN CONFIGURATION

ORDERING INFORMATION

Order Package Access Temperature
Number Type Time Range
SYP2101-1 Plastic DIP 500 ns 0°Cto 70°C
SYC2101-1  Ceramic DIP 500ns 0°Cto 70°C
SYP2101A2 Plastic DIP 250 ns 0°C to 70°C
SYC2101A-2 Ceramic DIP 250 ns 0°Cto 70°C
SYP2101A Plastic DIP 350 ns 0°Cto 70°C
SYC2101A  Ceramic DIP 350 ns 0°Cto 70°C
SYP2101A4 Plastic DIP 450 ns 0°Cto 70°C
SYC2101A-4 Ceramic DIP 450 ns 0°C to 70°C

so that data inputs and outputs can be tied for com-
mon 1/Q systems. Qutput disable is then used to eli-
minate any bi-directional logic.

The SY2101 is fabricated with N-channel ion im-
planted silicon gate technology. This technology
allows the design and production of high-performance,
easy-to-use MOS circuits and provides a higher func-
tional density on a monolithic chip than either con-
ventional MOS technology or N-channel silicon gate
technology.

Synertek’s ion implanted silicon gate technology also
provides excellent protection against contamination.
This permits the use of low cost plastic packaging.

BLOCK DIAGRAM

g @
Ao —Zovee
o=
MEMORY ARRAY <——°GND
Az ROW 32 ROWS
SELECT 32 COLUMNS
A:%u:
A4°—E |
1 1
® L—{coLumn vocircurts
DI|°6§: COLUMN SELECT
INPUT
o
e
P @l ®lE} @
o1y o—={F ] As As A7
CE;
a D (O = PN NUMBERS
OD
PIN NAMES
[J]Y] DATA INPUT oD OUTPUT DISABLE
Ap-A7  ADDRESS INPUTS Dour DATA OUTPUT
R/W READ/WRITE INPUT Vce POWER (+5V)
CE1,CE2 CHIP ENABLE
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5 SY2101

ABSOLUTE MAXIMUM RATINGS COMMENT:

Ambient Temperature Under Bias 0°C to 70°C Stresses above those listed under **Absolute Maximum

Storage Temperature -65°C to +150°C Rating’’ may cause permanent damage to the device.

Voltage On Any Pin With This is a stress rating only and functional operation
Respect to Ground -0.5V to +7V of the device at these or at any other condition above

Power Dissipation 1 Watt those indicated in the operational sections of this

specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

D.C. AND OPERATING CHARACTERISTICS
Ta=0°Cto 70°C, VCC = 5V +5% unless otherwise specified.

2101A-2
21011 2101A, 2101A4
Symbol Parameter Min. [ Typ.{1) | Max. | Min. | Typ.{1) | Max. | Unit Test Conditions
IN] Input Current 10 10 uA | VN =01t05.25V
I oH | 1/0 Leakage Current(2) 15 10 pA | CE=22v, VouT = 4.0V
ILoL | 1/O Leakage Current{2) -50 -10 BA CE= 2.2V, VouyT = 045V
VIN =5.25V, 10 = 0mA
lcct1 | Power Supply Current 30 60 30 50 mA Ta=25°C
ViN =5.25V, Ig =0mA
Icc2 | Power Supply Current 70 55 mA A _ o°c
ViL | Input Low Voltage -05 +065 | -05 +w08 | v |
ViH Input High Voltage 22 Vee 20 Vee A\
VoL | Output Low Voltage +0.45 104 | v [loL732mA
(IoL = 2.0mA 2101-1)
VoH | Output High Voltage 22 24 \% IoH = -1650pA

NOTE: 1. Typical Values are for Tp = 25°C and nominal supply voltage.
2. Input and Output tied together.

A.C. CHARACTERISTICS — SY2101-1
Ta=0°C to 70°C, VCC = 5V £5% unless otherwise specified.

Symbol Parameter l Min. l Max. | Unit
READ CYCLE
tRCY Read Cycle 500 ns
tA Access Time 500 ns
tco Chip Enable To Output 350 ns
tOD Output Disable To Output 300 ns
tpel1] Data Output to High Z State 0 150 ns
tOH Previous Data Read Valid after change of Address 0 ns
WRITE CYCLE
twey Write Cycle 500 ns
tAW Write Delay 100 ns
tcw Chip Enable To Write 400 ns
tDW Data Setup 280 ns
tDH Data Hold . 100 ns
tWwp Write Pulse 300 ns
tWR Write Recovery 50 ns
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5 SY2101

A.C. CHARACTERISTICS — SY2101A-2
TA =0°C to 70°C, V¢ = 5V +5% unless otherwise specified.

Symbol Parameter I Min. | Max. Unit
READ CYCLE
tRCY Read Cycle 250 ns
tA Access Time 250 ns
tCco Chip Enable To Output 180 ns
t0D Output Disable To Output 130 ns
tpgl1] Data Qutput to High Z State 0 180 ns
tOH Previous Data Read Valid after change of Address 40 ns
WRITE CYCLE
twey Write Cycle 250 ns
tAW Write Delay 20 ns
tcw Chip Enable To Write 150 ns
tpw Data Setup 150 ns
tDH Data Hold 0 ns
twp Write Pulse 150 ns
tWR Write Recovery 0 ns
DS Output Disable Setup 20 ns

A.C. CHARACTERISTICS — SY2101A
Ta =0°Cto 70°C, Vcc = 5V +5% unless otherwise specified.

Symbol Parameter | Min. I Max. [ Unit
READ CYCLE
tRCY Read Cycle 350 ns
tA Access Time 350 ns
tco Chip Enable To Output 240 ns
tOD Qutput Disable To Qutput 180 ns
tpel1] Data Output to High Z State 0 150 ns
tOH Previous Data Read Valid after change of Address 40 ns
WRITE CYCLE
twey Write Cycle 350 ns
tAW Write Delay 20 ns
tcw Chip Enable To Write 200 ns
i\ Data Setup 200 ns
tDH Data Hold 0 ns
twpP Write Pulse 200 ns
tWR Write Recovery 0 ns
DS Output Disable Setup 20 ns

NOTE: 1 tpg is with respect to the trailing edge of CET, CE2, or OD, whichever occurs first.
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SY2101

A.C.CHARACTERISTICS — SY2101A4
TA=0°Cto 70°C, VcC = 5V 5% unless otherwise specified.

Symbol Parameter Min. Max. Unit
READ CYCLE
tRCY Read Cycle 450 ns
tA Access Time 450 ns
tco Chip Enable To Qutput 310 ns
10D Output Disable To Output 250 ns
tDF[” Data Output to High Z State 0 200 ns
tOH Previous Data Read Valid after change of Address 40 ns
WRITE CYCLE
twey Write Cycle 450 ns
tAW Write Delay 20 ns
tcw Chip Enable To Write 250 ns
tDW Data Setup 250 ns
tDH Data Hold 0 ns
twp Write Pulse 250 ns
tWR Write Recovery 0 ns
tps Output Disable Setup 20 ns
A.C. CONDITIONS OF TEST 2101A-2 2101A 2101A4 21011
Input Pulse Levels: . ... ... .. i, +0.8Vto20V ............ +0.65V to 2.2V
Input Pulse Rise & Fall Times: . ... .ot it i iennneennnnnn 10ns ..o e 10ns
Timing Measurement Reference Level: Inputs: . .............. 15V e 1.5V
Outputs: . ........ 08V &20V .............. 0.8V & 2.0V
Output Load: .......... ... i, 1TTL Gate & C_=100pF .... 1 TTL Gate & C|_=100pF
CAPACITANCE Ta =25°C, f='1MHz
Symbol Test Typ. Max. Unit
CIN Input Capacitance {All Input Pins) VN = 0V 4 8 pF
CouT Output Capacitance VoyT = 0V 8 12 pF

TIMING DIAGRAMS
READ CYCLE WRITE CYCLE

)
i \ / - ﬁ_—_-—\\
\]

- —_

- I[N

—_— tOD—i] e (2) ',
0D 101 oo
(COMMON 1/0) (3) —
m
[ 1A 1DF —-1 — tpg —{tDH

DATA DATA OUT DATA DATA IN
out VALID IN STABLE

|- 0!
NOTES: 1. tpf is with respect to the trailing edge of CET, CE2, or OD, whichever ocours first. —a taw I‘—

2. During the write cycle, OD is a logical 1 for common 1/0 and “don‘t'care” for separate v
1/0 operation. ™
3. OD should be tied low for separate 1/O operation.
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256 x 4 Static SY21HO1

Random Access Memory
MEMORY
Svnertek PRODUCTS

INCORPORATED

® 256x4 Organization to Meet Needs for Small System
Memories

Access Time — 175/200 ns

Single +5V Supply Voltage

Directly TTL Compatible — All Inputs and Outputs
Static MOS — No Clocks or Refreshing Required
Simple Memory Expansion — Two Chip Enable
Inputs

@ Inputs Protected — All Inputs Have Protection
Against Static Charge

©® Low Cost Packaging — 22 Pin Plastic Dual-In-Line
Configuration

® Three-State Qutput — OR-Tie Capability

o Qutput Disable Provided for Ease of Use in Com-
mon Data Bus Systems

“The SY21HO1 is a 256-word by 4-bit static random
access memory element using N-channel MOS devices
integrated on a monolithic array. It uses fully DC
stable (static) circuitry and therefore requires no
clocks or refreshing to operate. The data is read out
nondestructively and has the same polarity as the
input data.

The SY21HO1 is designed for memory applications

where high performance, low cost, large bit storage,
and simple interfacing are important design objectives.

It is directly TTL compatible in all respects: inputs,
outputs, and a single +5V supply. Two Chip Enables
allow easy selection of an individual package when

PIN CONFIGURATION

ORDERING INFORMATION

Order Package Access Temperature
Number Type Time Range
SYP21H01 Plastic DIP  176ns 0°C to 55°C
SYC21H01 Ceramic DIP  176ns  0°C to 55°C
SYP21H01-2  PlasticDIP 200ns 0°C to 55°C
SYC21H01-2 Ceramic DIP 200ns 0°C to 55°C

outputs are OR-tied. An output disable is provided so
that data inputs and outputs can be tied for common
1/0 systems. Qutput disable is then used to eliminate
any bi-directional logic.

The SY21HO01 is fabricated with N-channel ion implan-
ted silicon gate technology. This technology allows
the design and production of high performance, easy-
to-use MOS circuits and provides a higher functional
density on a monolithic chip than either conventional
MOS technology or N-channel silicon gate technology.

Synertek’s ion implanted silicon gate technology also
provides excellent protection against contamination.
This permits the use of low cost packaging.

BLOCK DIAGRAM

Aoogl}: || @ e
Ao P -© e
@ ROW CELL ARRAY
32 ROWS
Az°6{z SELECT oS
Ago—=L5 |
AaoJQ{}:
I I I
R/W COLUMN 1/0 CIRCUITS
biy °—®_K COLUMN SELECTOR
INPUT
Duzo@X DATA po1
@ CONTROL @
o1 =3 002
m“@_{z As As A7 D03
CE1 ® @ DOg
CE2
oo (O =pinNUMBERS
PIN NAMES
DIN DATA INPUT ob OUTPUT DISABLE
Ao—A7  ADDRESS INPUTS Doyt DATA QUTPUT
RW  READ/WRITE INPUT | Vce POWER (+5V)
CE1,CE2 CHIP ENABLE
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5

SY21HO01

ABSOLUTE MAXIMUM RATINGS COMMENT:
Ambient Temperature Under Bias 0°C to 55°C Stresses above those listed under ’Absolute Maximum
Storage Temperature -65°C to +160°C Rating’”’ may cause permanent damage to the device.
Voltage On Any Pin This is a stress rating only and functional operation of
With Respect to Ground -0.5V to +7V the device at these or at any other condition above
Power Dissipation 1 Watt those indicated in the operational sections of this
specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.
D.C. CHARACTERISTICS
Ta =0°C to +55°C, Ve = 5V 5% (Unless Otherwise Specified)
Symbol Parameter . Min Typm Max Units Test Conditions
L Input Current 10 uA Vin=0 td 5.25V
1LOH 1/0 Leakage Current(2] 15 MA CE=2.2V, VouTt = 4.0V
lLoL 1/0 Leakage Currentl(2] -50 uA CE = 2.2V, Voyut =045V
lceq Power Supply Current 50 80 mA Vin = 5.25V, Ig = OmA
Ta =25°C
lcc2 Power Supply Current 920 mA Vin =5.25V, Ig = 0mA
Ta =0°C
Vi Input “Low’’ Voltage -0.5 +0.8 \
ViH Input ““High"” Voltage 2.0 Vee \
VoL Output ""Low’’ Voltage +0.4 \ loL =3.2mA
Vou Output '‘High'’ Voltage 2.4 \ lon =-150uA
NOTES: 1. Typical values are for T 5 = 25°C and nominal supply voltage.
2. Input and Output tied together. '
A.C. CHARACTERISTICS — SY21HO01
Ta =0°Cto 55°C, Ve = 5V 5% unless otherwise specified
Symbol Parameter Min | Typ Max Unit
READ CYCLE '
trcy Read Cycle 175 ns
tA Access Time 175 ns
tco Chip Enable to Output 110 ns
tobp Output Disable to Output 90 ns
tpr (1] Data Output to High Z State 0 70 ns
¢ Previous Data Read Valid 0
OH after change of Address ns
WRITE CYCLE
twey Write Cycle 175 ns
taw Write Delay 0 ns
tew Chip Enable to Write 100 ns
tow Data Setup 100 ns
tpH Data Hold 0 ns
twp Write Pulse 150 ns
twR Write Recovery 0 ns
NOTES: 1. tpF is with respect to the trailing edge of CE1, CE2, or OD, whichever occurs first.
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5 ‘ SY21H01

A.C. CHARACTERISTICS — SY21H01-2
Ta =0°C to +65°C, V¢ = BV +5% unless otherwise specified.

Symbol Parameter I Min _[ Typ | Max | Unit
READ CYCLE
tRcy Read Cycle 200 ns
tA Access Time 200 ns
tco Chip Enable to Output 120 ns
top Output Disable to Output 100 ns
tpel1) Data Output to High Z State 0 80 ns
" Previous Data Read Valid 0 ns
OH after change of Address
WRITE CYCLE
twey Write Cycle 200 ns
Cotaw Write Delay 0 ns
tow Chip Enable to Write 120 ns
tow Data Setup 120 ns
tbH Data Hold 0 ns
twp Write Pulse 170 | ns
twR Write Recovery 0 ns

NOTE: 1. tpF is with respect to the trailing edge of CE1, CE2, or OD, whichever occurs first.

A.C. CONDITIONS OF TEST

Input Pulse Levels: . . ..ottt e e e e e e e +0.8V to 2.0V
Input Pulse Rise & Fall Times: . .. ..ot i it it it ittt s ettt tete e 10 ns
Timing Measurement 1Yo 108 S 1.5V
Reference Level [ T ' 0.8V & 2.0V

OUtPUL Load: & .ttt e e e e e e e e i e e e et e 1 TTL Gate & C|_ =100 pF

CAPACITANCE T, =25°C, f= 1MHz

Symbol Test Typ Max Units
Cin Input Capacitance (All Input Pins} V| =0V 4 8 pF
Cout Output Capacitance VoyT = 0V 8 12 pF

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

TIMING DIAGRAMS
READ CYCLE WRITE CYCLE

t, we
ADDRESS (

C =X o

N

/
| f N \L_

tCO- ——
| t W} ———————

E—— top—a-] I /
oD 10H-3{ |- oo
(COMMON 1/0) (3! d
— l m

1
[——— tA —————— | 1DF —] - of ~—==1DH|

DATA DATA OUT DATA DATA IN
out VALID IN STABLE

1. tpF is with respect to the trailing edge of CET, CE2, or OD, whichever occurs first. — .
2. During the write cycle, OD is a logical 1 for common 1/0 and “don’t care”" for separate * Y/

1/0 operation. RW
3. 0D should be tied low for separate 1/Q operation.
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SY21HO01

PACKAGING DIAGRAM
CERAMIC PACKAGE PLASTIC PACKAGE

- e R NAANAANNANANA

(a0
! (360}
nooogononnn e

1 s 1 |
IDENT .

e ) e AT

[+ N |
o000 adaisd oy

120 (148

r 1201 u 0 ___|
100! (390 ™
Losst | { 1200 .
0401 I (oB0) | o)
i (020,
i 11501 (o15)
| 125 (008}
(osoy
by 1015 (oeey i
- (040)
h o8 Lo <os5)
,! \ (v tozn ».[_ (150) L e - ‘ (040}
(o0 (018) (125 (390} i mz:) i
o151 0327
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1024 x 1 Static Random SY2102

Access Memory MEMORY
PRODUCTS

Synerte

INCORPORATED

© Single +5 Volt Operation
® Directly TTL Compatible
® Standby Power Mode

o 3-State Outputs
® | ow Power Dissipation

The 2102 family is a series of 1024 word by one bit
static random access memory devices fabricated using
Synertek’s silicon gate technology. It uses fully DC
stable (static) circuitry and therefore requires no clocks
or refreshing to operate. The data is read out nonde-
structively and has the same polarity as the input data.

The 2102 family is designed for memory applications
where high performance, low cost, large bit storage,
and simple interfacing are important design objectives.

PIN CONFIGURATION

A low standby power version is also available. It has
all the same operating characteristics of the 2102-1
with the added feature of 35mW maximum power
dissipation in standby and 174mW in operations.

The family is directly TTL compatible in all respects:

inputs, output, and a single +5 volt supply. A separate
chip enable (CE) lead allows easy selection of an
individual package when outputs are OR-tied.

BLOCK DIAGRAM

———
rscd =1
As [} 2 15 Ag ®
pwC]s 14 = _e,.
as 13{1CE e D
Az2]s 12[pATA OUT ® rom e
‘zf’—{ﬁ seléeron B
A3[]s 11[C]DATAIN ® 32 CoLumns
As]7 10vee " DB‘_
ro s s onD «2 |
I I
wwz»@—{>: o [EoT—— @, oams
PIN NAMES ogl;:
Din Data Input CE Chip Enable ® - | S S S U 0 S S0
Ag-Ag Address Inputs Doyt Data Output m’_kij A
R/W Read/Write Input | Ve Power (+5V) o o & o @
O onmsess o e 8
3 ‘6 7 Ag Ay
ORDERING INFORMATION
Order Package Access Temperature
Number Type Time Standby Range
SYP2102A-2 Plastic DIP 250nsec  No  0°Cto 70°C
SYC2102A-2 Ceramic DIP 250nsec No 0°Cto70°C — TRUTH TABLE
SYP2102A-4 Plastic DIP 450nsec  No  0°Cto 70°C CE R/W Din DouTt MODE
SYC2102A-4 Ceramic DIP 450nsec  No  0°C to 70°C
SYP2102-1  Plastic DIP 500nsec  No  0°C to 70°C H X X HIGHZ  NOTSELECTED
SYC2102-1 Ceramic DIP 500nsec  No  0°Cto 70°C L L L L WRITE “0"
SYP2102-1L. Plastic DIP 500nsec  Yes 0°Cto 70°C L L H H WRITE “1""
SYC2102-1L Ceramic DIP 500nsec Yes 0:C to 70:0 L H X DOUT READ
SYP2102-6  Plastic DIP 650nsec  No  0°Cto 70°C
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SY2102

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature Under Bias -10°C to 70°C

Storage Temperature -65°C to +150°C
Voltage On Any Pin

With Respect To Ground -0.5V to +7V
Power Dissipation 1 Watt

COMMENT

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

D.C. AND OPERATING CHARACTERISTICS
Ta=0°C to 70°C, Vi = 5V £5% unless otherwise specified.

2102-1, 2102-1L
2102A4 2102A-2 2102A-6
Limits Limits Limits
Symbol Parameter Min. Typ. Max.| Min. Typ. Ma;. Min. Typ. Max. | Unit Test Conditions
[TN] Input Load Current 1 10 1 10 1 10 uA | VN =0to 5.25V
ILOH |Output Leakage 1 5 1 5 1 5 uA | CE=20v,
Current VouT = VOH
ILoL |Output Leakage -1 -10 -1 -10 -1 10 | A [ CE=20vV,
Current VouT =04V
lce Power Supply 33 55 45 65 33 55 mA | All Inputs = 5.25V,
Current Data Out Open,
Ta=0°C
ViL Input Low Voltage -0.5 08| -05 0.8 |-05 0.65 v
ViH Input High Voltage 20 Vecel| 20 Vee | 2.2 Vee \
VoL Output Low Voltage 0.4 04 0.4 A\ loL=2.1mA
VOoH Output High Voltage 24 24 22 \Y 10H = 100LA
STANDBY CHARACTERISTICS — 2102-IL
Ta=0°Cto 70°C
Limits
Symbol Parameter Min, Typ. Max. Unit Test Conditions
Vpp V¢ in Standby 15 \
Vees(1) CE Bias in Standby 20 \Y% 2.0V < Vpp < V¢ Max
Vpp \ 1.5V < Vpp < 2.0V
IpDY Standby Current 15 23 mA All Inputs = Vppq = 1.5V
IpD2 Standby Current 20 30 mA All Inputs = Vpp2 = 2.0V
tcp Chip Deselect to Standby Time 0 ns
trl2) Standby Recovery Time tRe ns
STANDBY MODE
STANDBY
WAVEFORMS
NOTES:

1. Consider the test conditions as shown: if the standby voltage (Vpp) is between 525V (Ve Max.) and 2.0V, then CE
must be held at 2.0V Min. (V). If the standby voltage is less than 2.0V but greater than 1.5V (Vpp Min.}, then CE and standby
voltage must be at least the same value or, if they are different, CE must be the more positive of the two.

2. tR = tgc (READ CYCLE TIME).




5 SY2102

A.C. CHARACTERISTICS Ta =0°Cto 70°C, Vg = 5V +5% unless otherwise specified.

READ CYCLE
2102A-2 | 2102-1, 2102-1L 2102A-4 2102A-6
Limits (ns) Limits (ns) Limits (ns} Limits (ns)
Symbol Parameter Min. Max.| Min. Max. | Min. Max. { Min. Max.
tRC Read Cycle 250 500 450 650
tA Access Time 250 500 450 650
tco Chip Enable to Output Time 130 350 230 400
toH1 Previous Read Data Valid with 40 40 0 50

Respect to Address

Previous Read Data Valid with

t 0 0 0 0
OH2 Respect to Chip Enable

WRITE CYCLE

twe Write Cycle 250 500 450 650
AW Address to Write Setup Time 20 150 20 200
twp Write Pulse Width 180 300 300 400
tWR Write Recovery Time 0 50 0 50
tpw Data Setup Time 180 330 300 450
tDH Data Hold Time 0 100 0 20
tcw Chip Enable to Write Setup Time 180 400 300 550
A.C.CONDITIONS OF TEST
InpUt Pulse Levels . . .. oot e e e e e e e 0.8 Volt to 2.0 Volt
Input Rise and Fall Times . .. ...ttt it ittt et et et et et e e 10nsec
Timing Measurement Reference Levels Inputs .. .. .. ... ... it 1.5 Volts
OULPULS &« o v vttt e e et e e e e 0.8 and 2.0 Volts
Output Load . ... e 1 TTL Gate and C|_= 100pF

CAPACITANCEI[1] Tp=25°C, f=1MHz

Symbol Test Typ. Max. Unit
CiN Input Capacitance (All Input Pins) VN = OV 3 5 pF
CouT Output Capacitance VouT = 0V 7 10 pF

TIMING DIAGRAMS
READ CYCLE WRITE CYCLE

tre we
ADDRESSX@ )< ADDRESS ®

[e————tco——| wr
— | 1,
CHIP CHIP o
ENABLE ENABLE
toH,

| 1, |

!

ta- > |- |~ taw —| twe

DATA ® READ/ Y/
out @r WRITE /1

(@ 15voLTs —={ton ,a— “o| Je—tpy

! | ‘ow
@ 20voLTs
DATA DATACAN DATA STABLE DATA CAN
(@ o0svoLTs IN  CHANGE CHANGE

NOTE: 1. This parameter is periodically sampled and is not 100% tested.
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$Y2102

PACKAGING DIAGRAM

CERAMIC PACKAGE PLASTIC PACKAGE

ey o e W W W e W e W

3100 2t
p 2651
Lot 1.285)
PINNO. 1 Y PINNO 1
IDENT. _L 1DENT —L

e, TUUTUUUT

(020} (.1200 1.810)
™ 10801

10801

1.0201 L310n
r . = L29m ‘

o

1,785

-] 015

015
" (o08) e
Comsor (065 (.400)
. H;g; :::g: (0451 l‘-‘l I“ o 4:54;; ! 200
. : 0231 | s o6y 12
1015) 1.025)

1.060) 032 REF 1.090) i
1045} 032 REF
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11024 x 1 Static Random SY21H02
Access Memory

MEMORY
Synertek . PRODUCTS

INCORPORATED

® 175/200 nsec Maximum Access Times
® Maximum Times Apply over Temperature Range
and Supply Voltage Variation

PIN CONFIGURATION BLOCK DIAGRAM

>

———0vVee

®

«——=0GND

>

CcELL
ARRAY

>

ROW
SELECTOR WS
32 coLumNs

DATA
weot COLUMN 1/0 CIRCUITS out
DATA

conTRoL COLUMN SELECTOR
j - I I I SUNUN S SR S S |

>

Y HY Y

2]
2P
=
=
=

ORDERING INFORMATION

Order Package Access Temperature oara
Number Type Time Range
SYP21H02 Plastic DIP  175ns 0°C to +55°C
SYC21H02  Ceramic DIP 176ns 0°C to +55°C
SYP21H02-2  Plastic DIP 200 ns 0°C to +55°C

2
F

O wiwnumses

SYC21H02-2 Ceramic DIP 200 ns 0°C to +55°C I A
ABSOLUTE MAXIMUM RATINGS COMMENT
Temperature Under Bias -10°C to 80°C Stresses above those listed under ‘*Absolute Maximum
Storage Temperature -65°C to 1560°C Ratings”’ may cause permanent damage to the device.
Voltage on Any Pin with This is a stress rating only and functional operation of
Respect to Ground -0.5V to +7V the device at these or any other conditions above
Power Dissipation 1.0W those indicated in. the operational sections of this

specification is not implied.

D.C. CHARACTERISTICS Ta =0°C to +55°C, VCC = 5V 5% unless otherwise specified.

Symbol Parameter in Tl;:jl(t:) Mox. Unit Test Conditions

Ly Input Load Current (All Input Pins) 10 uA | VIN=0t05.25V

ILOH | Output Leakage Current 5 uA | CE=2.0V,VouT=24toVce
ILoL | Output Leakage Current -10 | pA | CE=2.0V,VouT =04V

Icet Power Supply Current 50 80 mA | All Inputs = 5.25V, Data Out Open,

Ta=25°C
lcc2 | Power Supply Current 90 mA | All Inputs = 5.25V, Data Out Open,
. Ta=0°C

ViL Input “‘Low’’ Voltage -0.5 0.8 \4

VIH Input ““High"’ Voltage 2.0 vee \

VoL | Output “Low’’ Voltage 0.4 V [loL=2.1mA

VOH | Output “High” Voltage 24 V | IoH =-100uA

NOTE: 1. Typical values are for TA = 25°C and nominal supply voltage.

3-156



5 SY21H02

A.C. CHARACTERISTICS Ta =0°C to +55°C, Vg = 5V +5% unless otherwise specified.
SY21H02 SY21H02-2
Symbot Parameter (All Limits in ns) Min. l Max. | Min. | Max.
READ CYCLE
tRC Read Cycle 175 200
tA Access Time 175 200
tco Chip Enable to Output Time 110 120
tOH1 Previous Read Data Valid with Respect to Address 40 40
tOH2 Previous Read Data Valid with Respect to Chip Enable 0 0
WRITE CYCLE
twe Write Cycle 175 200
tAW Address to Write Setup Time 20 20
twp Write Pulse Width 120 150
twR Write Recovery Time 0 0
tDw Data Setup Time 120 150
tDH Data Hold Time 0 0
tcw Chip Enable to Write Setup Time 120 150
A.C. TEST CONDITIONS
Input Pulse Levels . . oo oo ittt i i i e 0.8 t0 2.0 Volts
Input Rise and Fall Times .. ... v v ittt it it ees tn s et aeteeetnneeenstnennnnson 10 nsec
Timing Measurement Reference Levels: Inputs .. .. ... ... it 1.5 Volts
OULPULS .+ .ttt e i et e e 0.8 and 2.0 Volts
OUtPUL Load . . v ittt i i e i e e et e 1 TTL Gate and C|_ = 100 pF
CAPACITANCE (1) Ta = 25°C, f = TMHz
Symbol Test Typ (2) Max it
CIN Input Capacitance {All input pins} VN = OV 3 5 pF
CouTt Qutput Capacitance VoyT = 0V 7 10 pF
NOTE: 1. This parameter is periodically sampled and not 100% tested.
NOTE: 2. Typical values are for Ta = 25°C and nominal supply voltage.
TIMING DIAGRAMS
READ CYCLE WRITE CYCLE
| tRe I we |
ADDRESSX@ )( ADDRESS ®
co— WA [«
[T \\ CHIP | fow
ENABLE ‘Oﬂz ENABLE
A -] |- - AW ] twp
4
oot ® wente ‘L N
@ 15voLts @ toH, I'— | Tow e
@ 20vours -
oo oaTe oaTacas AT




1024 x 1 Static Random SY21L02
Access Memory

MEMORY
PRODUCTS

Synertek

INCORPORATED

® Low Power Maximum Icc = 15mA {SY21L02)
® Directly TTL Compatible
® 200mV Noise Immunity

® Single +5V Supply
® Standby Power Mode — 23mW

The Synertek SY21L02 is a 1024 word by one bit
static random access memory element using N-channel
depletion mode silicon gate devices. It uses fully
stable (static) circuitry and therefore requires no
clocks or refreshing to operate. The data is read out
nondestructively and has the same polarity as the
input data.

PIN
CONFIGURATION

The SY21L02 is designea for rhemory applications
where very low power dissipation is required in the
operating and standby modes. It is directly TTL
compatible in all respects: inputs, output, and a
single +5 volt supply. A separate chip enable (CE)
lead allows easy selection of an individual package
when outputs are OR-tied.

BLOCK DIAGRAM

AT 16[ 147 k% 1 o,..

As[]2 15[ ]Ag .,o% O

rw[ )3 14[ T4 cewt

.,OQ{\/‘_— Row ARRAY

a]a 13[]eE ® seveeren 32 coromms

A s 12[_Joataout . ‘3°_>—

A3 e 1| _JpATaIN A.o%

a7 10[JVee ® L D, oara

N I: . . oo AW ot - COLUMN 1/0 CIRCUITS pos

° muo% CONTROL COLUMN SELECTOR
" T T 1 1 1 11
@ O G @
Omnmstss 6 e e e s
ORDERING INFORMATION
Order Package Access ' Temperature 21L02
Number Type Time Range PIN NAMES
SYP21L02 Piastic DIP Tusec 0°Cto 70°C
SYC21L02 Ceramic DIP  1usec  0°Cto 70°C Din DATA INPUT
SYP21L02-1 Plastic DIP 500nsec  0°Cto 70°C Ap-A ADDRESS INPUTS
R a 0-A9

SYC21L02-1 Ceramic DIP 500nsec  0°C to 70°C R/W READ/WRITE INPUT
SYP21L02A Plastic DIP 350nsec 0°Cto 70°C = E
SYC21L02A Ceramic DIP 350nsec  0°Cto 70°C CE CHIP ENABFI; T
SYP21L028 Plastic DIP  400nsec  0°C to 70°C Dout DATA OUTPU
SYC21L02B Ceramic DIP  400nsec  0°C to 70°C vece POWER (+5V)

NOTE: An “L" suffix (SYP21L02L, SYC21L02BL, etc.) indicates standby operation.
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SY21L02

ABSOLUTE MAXIMUM RATINGS* *COMMENTS

Ambient Temperature Under Bias 0°C to 70°C Stresses above those listed under “’Absolute Maximum

Storage Temperature -65°C to +150°C Rating’* may cause permanent damage to the device.

Voltage On Any Pin With This is a stress rating only and functional operation
Respect to Ground -0.5V to +7V of the device at these or at any other conditions above

Power Dissipation 1 Watt those indicated in the operational sections of this

specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

DC AND OPERATING CHARACTERISTICS (SY21L02)
Ta= 0°C to +70°C, Vee= '5V £5% unless otherwise specified

Symbol | Parameter Min. Typ.(! Max. Unit Test Conditions
I Input Load Current 10 MA V|N = 0.to 5.256V
{All Input Pins)
ILoH |Output Leakage Current ] 10 MA CE =22V, VouTt = 4.0V
lLoL |Output Leakage Current -100 LA CE =22V, Vgyr = 045V
Icct Power Supply Current 11 14 mA All Inputs = 5.25V
Data Out Open
Ta=25°C
Icca | Power Supply Current 12 15 mA All Inputs = 5.26V
Data Out Open
Tap=0°C
ViL Input “Low” Voltage -0.5 +0.65 \%
VIH Input “High"’ Voltage 2.2 Vee \
VoL |[Output “Low" Voltage +0.45 \ loL = 1.9mA
VoH | Output “High” Voltage | 2.4 \% loy = —100uA

(1) Typical values are for Tp = 25°C and nominal supply voltage.

DC AND OPERATING CHARACTERISTICS (SY21L02-1, SY21L02A, SY21L02B)
Ta=0°C to 70°C, Vo = 5V £5% unless otherwise specified.

Symbol Parameter Vin .:_';I:l(t,ls) Mo, Unit Test Conditions
IR} Input Load Current (All Input Pins) 10 [ wA | VIN=0105.25V
1LOH | Output Leakage Current 5 pA | CE=2.0V,VouT =241t Vce
ILOL | Output Leakage Current -10 | pA | CE=2.0V,VoyT =04V
ViL Input ““Low’’ Voltage -05 0.8 \Y
VIH Input ““High’’ Voltage 20 Vece \%
VoL | Output “Low" Voltage 0.4 V | loL=3.2mA
VOH | Output “High’’ Voltage 2.4 \Y loH = -100uA
lcc1 | Power Supply Current: SY21L02B 20 26 mA | All inputs = 5.25V, Data
SY21L02A 22 26 | mA | OutOpen, Ta =25°C
) SY21L021 24 34 | mA
lcc2 | Power Supply Current: SY21L02B 30 mA | All Inputs = 5.25V, Data
SY21L02A 30 | mA | OutOpen, To=0°C
SY21L02-1 40 | mA

NOTE: 1. Typical values are for Tp = 25°C and nominal supply voltage.
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5 | SY21L02

STANDBY CHARACTERISTICS (SY21L02L, SY21L02-1L, SY21L02AL, SY21L02BL)
Tp =0°Cto70°C

Symbol | Parameter Min. Typ.‘” Max. Unit Test Conditions

Vpp |Vccin Standby 1.5 \Y

Vceg(2| CE Bias in Standby 20 v 2.0V <Vpp < V¢ Max.

Vpp \ 1.5V <VPD <2.0v
lpD1 Standby Current Drain 9 10 mA All Inputs = Vpp1 = 1.5V
lppp  [Standby Current Drain 11 12 mA All Inputs = Vppp = 2.0V
tcp Chip Deselect to Standby | 0 ns
Time
tr(3) |Standby Recovery Time |tgpc ns

NOTE 1: Typical values are for Tp = 25°C and nominal supply voltage.

NOTE 2: Consider the test conditions as shown: If the standby voltage (Vpp) is between 5.25V (V¢ Max.) and 2.0V, then C__E
must be held at 2.0V Min. (V|y). If the standby voltage is less than 2.0V but greater than 1.5V (Vpp Min.), then CE
and standby voltage must be at least the same value or, if they are different, CE must be the more positive of the two.

NOTE 3: tg = tgc (READ CYCLE TIME).

AC CHARACTERISTICS
Ta =0°C to 70°C, Vo = 5V 5% unless otherwise specified

Symbol Parameter SY21L02 |SY21L02-1| SY21L02A | SY21L.028 Unit
MirL[ Max | Min I Max | Min | Max | Min I Max

READ CYCLE
trc | Read Cycle 1000 500 350 400 nsec
tA Access Time 1000 500 350 400 | nsec
tco | Chip Enable to Output Time 500 350 180 150 | nsec
toH1 | Previous Read Data Valid with Respect to Address 50 50 40 40 nsec
toH2 | Previous Read Data Valid with Respect to Chip Enable 0 0 0 0 nsec

WRITE CYCLE
twe | Write Cycle 1000 500 350 400 nsec
tAW | Address to Write Setup Time 200 150 20 20 nsec
twp | Write Pulse Width 750 300 250 150 nsec
twRr | Write Recovery Time 50 50 0 0 nsec
tpw | Data Setup Time 800 330 250 125 nsec
tpH | Data Hold Time 100 100 0 0 nsec
tcw Chip Enable to Write Setup Time 900 400 250 150 nsec

CAPACITANCE T =25°C, f=1MHz

Symbol Test Typ. Max. Units
CIN Input Capacitance (All Input Pins) VN = 0V 3 5 pF
CouT Output Capacitance VoyT = 0V 7 10 pF

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

AC TEST CONDITIONS

Input Pulse Levels: +0.65 Volt to 2.2 Volt Timing Measurement Reference Level: 1.5 Volt
Input Pulse Rise and Fall Times: 20nsec Output Load: 1 TTL Gate and C|_= 100 pF

319
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TIMING DIAGRAMS

READ CYCLE WRITE CYCLE

| the twe

Anoasss}k ® >K ADDRESS ®
le———— 10— , tWR ]
— | 4
CHIP CcHIP o
ENABLE ENABLE
oH,
ey

ta - taw —] twp
I

DATA READ/ Y/
out >§‘_ WRITE L /

@ 15voLts —{tom, |<— | tow sl |e—ton

(@ 20voLts

DATA DATACAN DATA CAN
+ DATA STABLE
@® osvouts . IN  CHANGE CHANGE
STANDBY WAVEFORMS

STANDBY MODE

TYPICAL DC CHARACTERISTICS
POWER SUPPLY CURRENT VS.
AMBIENT TEMPERATURE

|

15 vee = 5.25V ]

N
\\~~~
-
14 nd

\ ;:t---- bkl ] IR .
A
13 SPEC.
POINTS

16

TYPICAL

1cc AVERAGE (mA)

0 10 20 30 40 50 60 70
AMBIENT TEMPERATURE (°C)
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256x4 Static SY2111

Random Access Memory
MEMORY

PRODUCTS

Swvnertek

INCORPORATED

Organization 256 Words By 4 Bits

Common Data Input And Output

Single +5V Supply Voltage

Directly TTL Compatible — All Inputs and Outputs
Static MOS — No Clocks or Refreshing Required
Access Time — 250/350/450/500ns

Simple Memory Expansion — 2 Chip Enable Inputs

Fully Decoded — On-Chip Address Decode

Inputs Protected — All Inputs have Protection
Against Static Charge

Low Cost Packaging — 18 Pin Plastic Dual-In-Line
Configuration

Low Power — Typically 1560mW

Three - State Output — OR - Tie Capability

The SY2111 is a 256 word by 4 bit static random ac-
cess memory element using N-channel MOS devices in-
tegrated on a monolithic array. It uses fully DC stable
(static) circuitry and therefore requires no clocks or
refreshing to operate. The data is read out nondestruc-
tively and has the same polarity as the input data.
Common input/output pins are provided.

The SY2111 is designed for memory applications in
small systems where high performance, low cost, large
bit storage, and simple interfacing are important design
objectives.

It is directly TTL compatible in all respects: inputs,
PIN CONFIGURATION

A3 18 DVCC
a2 17[daq
a3 16 [ riw
a4 15 [] CE4
as[1s 18 [Jog
as[]e 13[Jvos
Ly2 . 12 [ 1oz
ano |8 1 [To,
oo[]e 10 [] CE,

ORDERING INFORMATION

Order Package Access Temperature
Number Type Time Range
SYP2111-1 Plastic DIP  500ns 0°Cto 70°C
SYC2111-1  CeramicDIP 500ns 0°C to 70°C
SYP2111A-2  PlasticDIP ~ 250ns 0°C to 70°C
SYC2111A-2 CeramicDIP  250ns 0°C to 70°C
SYP2111A Plastic DIP  350ns 0°C to 70°C
‘SYC2111A  Ceramic DIP 350ns 0°Cto 70°C
SYP2111A-4 PlasticDIP 450ns 0°Cto 70°C
SYC2111A-4 Ceramic DIP 450ns 0°Cto 70°C

outputs, and asingle +5V supply. Separate Chip Enable
leads allow easy selection of an individual package
when outputs are OR-tied.

The SY2111is fabricated with N-channelion-implanted
silicon gate technology, which allows the design and
production of high performance, easy-to-use MOS cir-
cuits and provides a higher_ functional density on a
monolithic chip than either conventional MOS tech-
nology or N-channel silicon gate technology.

Synertek’s silicon gate technology also provides excel-
lent protection against contamination. This permits
the use of low cost plastic packaging.

BLOCK DIAGRAM

Ao'ojo—x | | <—o Vee
Aiﬁx
now MEMORY ARRAY < °GND
AZDQX oo 32 ROWS
® 32 COLUMNS
A3°—‘t
A4°@E 1
] i
o | {coLumn vocircuiTs]
10, COLUMN SELECT
vore g BT
)¢ CONTROL
/0. 1.3
= ele©
1/04 -ﬁ As Ag A7

ARAA

(O = PN NUMBERS

Ag-A7  ADDRESS INPUTS €Eq CHIP ENABLE 1
oD OUTPUT DISABLE CE2 CHIP ENABLE 2
RIW READ/WRITE INPUT 1/01-1/04 DATA INPUT/OUTPUT
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SY2111

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature Under Bias 0°C to 70°C
Storage Temperature -65°C to +150°C
Voltage on Any Pin

With Respect to Ground -0.5V to +7V
Power Dissipation 1 Watt

D.C. AND OPERATING CHARACTERISTICS

COMMENT

Stresses above those listed under ‘' Absolute Maximum
Rating’’ 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. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

Ta =0°C to 70°C, Vo = 5V £5%, unless otherwise specified.

2111A
21111 2111A-2,2111A4
Symbol Parameter Min. | Typ.M{Max. | Min. | Typ.(|Max. | Unit Test Conditions
I Input Load Current 10 10 #A | ViN =0to 5.25V
ILoH | 1I/0 Leakage Current 15 10 uA | CE=22V, V|0 =4.0v
lLoL | /O Leakage Current -850 -10 | uA [CE=2.2V,V|/0=0.45V
V|IN = 5.25V
Icc1 | Power Supply Current 30 60 30 50 mA IN °
lyjo=0mA, Tao=25C
VIN = 5.25V
lcc2 | Power Supply Current 70 55 | mA IN °
lyjo=0mA, To=0"C
ViL |!nput Low Voltage -0.5 +0.65 | -0.5 +08 | V
VIH Input High Voltage 22 Vee | 2.0 Vee Vv
loL = 3.2mA
VoL |Output Low Voltage 045 0.4 \Y) oL m
(loL = 2.0mA - 2111-1)
VOH [ Output High Voltage 22 24 Y IoH = -150uA
NOTES: 1. Typical values are for T A = 25°C and nominal supply voltage.
A.C. CHARACTERISTICS — SY2111-1
Ta= 0°C to 70°C, Ve = 5V £5%, unless otherwise specified.
Symbol l Parameter Min. Max. Unit
READ CYCLE
tRCY Read Cycle 500 ns
tA Access Time 500 ns
t1co Chip Enable To Output 350 ns
toD Output Disable To Output 300 ns
tpr(1] Data Output To High Z State 0 150 ns
tOH Previous Data Read Valid After Change Of Address 0 ns
WRITE CYCLE
twey Write Cycle 500 ns
tAW Write Delay 100 ns
tow Chip Enable To Write 400 ns
tDW Data Setup 280 ns
tDH Data Hold 100 ns
twp Write Pulse 300 ns
tWR Write Recovery 50 ns
tps Output Disable Setup 20 ns

NOTE: 1. tpF is with respect to the trailing edge of CE1, CE2, or OD, whichever comes first.
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SY2111

A.C. CHARACTERISTICS — SY2111A-2
TaA =0°Cto 70°C, Vg = 5V 5%, unless otherwise specified.
Symbol Parameter Min. Max. | Unit
READ CYCLE
tRCY Read Cycle 250 ns
tA Access Time 250 ns
tco Chip Enable To Output 180 ns
toD Output Disable To Output 130 ns
tprl1] Data Qutput To High Z State 0 180 ns
tOH Previous Data Read Valid After Change Of Address 40 ns
WRITE CYCLE
twey Write Cycle 250 ns
tAW Write Delay 20 ns
tcw Chip Enable To Write 150 ns
tpw Data Setup 150 ns
tDH Data Hold 0 ns
twp Write Pulse 150 ns
tWR Write Recovery 0 ns
tDsS Output Disable Setup 20 ns
A.C. CHARACTERISTICS - SY2111A
TA= 0°C to 70°C, Vce = 5V 5%, unless otherwise specified.
Symbol Parameter Min. Max. l Unit
READ CYCLE
tRCY Read Cycle 350 ns
tA Access Time 350 ns
tco Chip Enable To Output 240 ns
toD Output Disable To Output 180 ns
tprl1] Data Output To High Z State 1] 150 ns
tOH Previous Data Read Valid After Change Of Address 40 ns
WRITE CYCLE
twey Write Cycle 350 ns
tAW Write Delay 20 As
tcw Chip Enable To Write 200 ns
tpw Data Setup 200 ns
tDH Data Hold 0 ns
twp Write Pulse 200 ns
tWR Write Recovery 0 ns
tps Output Disable Setup 20 ns
NOTE: 1. tpg is with respect to the trailing edge of CET, CEZ, or OD, whichever comes first.
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5 SY2111

A.C. CHARACTERISTICS —SY2111A4
TA= 0°C to 70°C, Vcg = 5V 5%, unless otherwise specified.

Symbol Parameter l Min. I Max. I Unit
READ CYCLE
tRCY Read Cycle 450 ns
tA Access Time 450 ns
tco Chip Enable To Output 310 ns
toD Output Disable To Output 250 ns
tpr (1] Data Output To High Z State 0 200 ns
tOH Previous Data Read Valid After Change Of Address 40
WRITE CYCLE
twey Write Cycle 450 ns
tAW Write Delay 20 ns
tcw Chip Enable To Write 250 ns
tDW Data Setup 250 ns
tDH Data Hold 0 ns
twp Write Pulse 250 ns
tWR Write Recovery ] ns
tps Output Disable Setup 20 ns
A.C. CONDITION
o S OF TEST 2111A, 2111A-2, 2111A4 21111
InputPulse Levels. ... ... v, +08Vto20V ............ +0.65V to 2.2V
Input Pulse Rise & Fall Times: . . ... cv vt 0Nns e 10ns
Timing Measuremnt Reference Level Inputs: . .............. 15V e 1.5V
Outputs: ......... 0.8V&20V .............. 0.8V & 2.0V
Output Load: . .........c e, 1TTL Gate & C_=100pF ... .. 1 TTL Gate & C_ = 100pF
CAPACITANCE Ta = 25°C, f = 1 MHz
Symbol Test Typ. Max Unit
CiN Input Capacitance (All Input Pins) VN = 0V 4 8 pF
CouT Output Capacitance VoUT = 0V 10 15 pF
TIMING DIAGRAMS
READ CYCLE WRITE CYCLE
tRCY twey

ADDRESS )( j ADDRESS )( )
CHIP tCO — I tew

ENABLES™ | /' CHIP™

(CE1TE2) ENABLES /

ouTPUT |
toH - DISABLE

DISABLE t ‘_—__"‘I: t | N 4
ouTeuT_ _ " _ AT T DF(1}> tos — oW DH|=—
DATA1/0 I :)h DATA OUT VALID DATA 1/0 DATA IN STABLE

twp tWR—|

READ/ %
WRITE ¢ N/

AW

I M

l
IR

NOTE: 1. tpF is with respect to the trailing edge of CE1, CE2 or OD, whichever comes first.
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256 x 4 Static SY21H11

Random Access Memory

MEMORY
Svnertek PRODUCTS

INCORPORATED

Organization — 256 Words By 4 Bits

Common Data Input and Qutput

Single +5V Supply Voltage

Directly TTL Compatible — All Inputs and Outputs
Static MOS — No Clocks or Refreshing Required
Access Time — 175/200 ns

Fully Decoded — On-Chip Address Decode

® |Inputs Protected — All Inputs Have Protection
Against Static Charge

® Low Cost Packaging — 18 Pin Plastic Dual-In-Line
Configuration

® Three-State Output — OR-Tie Capability

® Simple Memory Expansion — 2 Chip Enable Inputs

The SY21H11 is a 2566-word by 4-bit static random
access memory element using N-channel MOS devices
integrated on a monolithic array. It uses fully DC
stable (static) circuitry and therefore requires no
clacks or refreshing to operate. The data is read out
nondestructively and has the same polarity as the
input data. Common input/output pins are provided.

The SY21H11 is designed for memory applications in
small systems where high performance, low cost, large
bit storage, and simple interfacing are importantdesign
objectives.

It is directly TTL compatible in all respects: inputs,

PIN CONFIGURATION

\

a3 181 Jvee
a2[]2 17[As
ar]s 16 [ Jrw
a4 15 [ CEq
as[]s 14 [ ]10a
as[]6 13 [ o3
a7 12 [T 102
ano[T]8 1 [Jvos
op[]e 10 []cE,

ORDERING INFORMATION

Order Package Access Temperature
Number Type Time Range
SYP21H11 Plastic DIP  175ns 0°C to 55°C
SYC21H11 Ceramic DIP 175ns 0°C to 55°C
SYP21H11-2  Plastic DIP 200ns 0°Cto 55°C
SYC21H11-2 Ceramic DIP 200ns 0°Cto 55°C

outputs, and a single +5V supply. Separate Chip
Enable leads allow easy selection of an individual
package when outputs are OR-tied.

The SY21H11 is fabricated with N-channel ion-
implanted silicon gate technology, which allows the
design and production of high performance, easy-to-
use MOS circuits and provides a higher functional
density on a manolithic chip than either conventional
MOS technology or N-channel silicon gate technology.

Synertek’s silicon gate technology also provides excel-,
lent protection against contamination. This permits
the use of low cost packaging.

BLOCK DIAGRAM

@ .
vy B @
Al °®_D: MEMORY ARRAY GND
A2 ,,___.E ROW 32 ROWS

® SELECT 32 COLUMNS
A3 °@—x
As L

) T

COLUMN 1/0
RW °7®——EZ 1  circuits
1109 °—® > weur COLUMN SELECT
1o [s—] pata
2 @ CONTROL P‘ﬂ—
1/03 { > i L A,
o oyt G, | s
Ag Ag Al_]
>0 <
.8 S
CEg
op ® (O =PIN NUMBERS
PIN NAMES
AQ-A7 ADDRESS INPUTS (_:—_E*) CHIP ENABLE 1
oD OUTPUT DISABLE CE2 CH!P ENABLE 2
R/W READ/WRITE INPUT 1/01-1/04 DATA INPUT/OUTPUT
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SY21H11

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature Under Bias 0°C to 65°C
Storage Temperature -65°C to +160°C
Voltage On Any Pin

With Respect to Ground -0.5V to +7V
Power Dissipation 1 Watt

COMMENT

Stresses above those listed under ‘‘Absolute Maximum
Rating’’ 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. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

D.C. CHARACTERISTICS
Ta =0°C to 55°C, Ve = 6V 5%, unless otherwise specified.
Symbol . Parameter Min | Typ.(1}] Max Unit Test Conditions
Iy Input Load Current 10 uA VN =0to 5.25V
ILoH 1/0 Leakage Current 15 uA CE =22V, V)p =4.0V
oL 1/0 Leakage Current -50 uA CE=2.2V, Vo =045V
lcet Power Supply Current 50 80 mA VN = 5.25V
o =0mA, Tp = 25°C
lec2 Power Supply Current 90 mA V|n = 5.25V
tijo = OmA, T =0°C
ViL - Input Low Voltage -0.5 +0.8 \
ViH Input High Voltage 2.0 “Vee \
Vor- Output Low Voltage 04 \ loL =3.2mA
Vou Output High Voltage 24 \% lon =-150uA
NOTES: 1. Typical values are for Tp = 25°C and nominal supply voltage.
A.C. CHARACTERISTICS — SY21H11
READ CYCLE Tp =0°C to 55°C, Vg = 5V £5% unless otherwise specified.

Symbol Parameter Min. Typ. Max. Unit
tRCY Read Cycle 175 ns
tA Access Time 175 ns
tco " Chip Enable to Output 100 ns
oD . Output Disable to Output 90 ns
tDFE (1] Data Output to High Z State 0 70 ns
tOH Previous Data Read Valid After Change of Address 0 ns

WRITE CYCLE

Symbol ) Parameter Min. | Typ. | Max. | Unit
twey Write Cycle 175 ns
tAW Write Delay 0 ns
tcw Chip Enable to Write 100 ns
tDW Data Setup 100 ns
tDH Data Hold 0 ns
twp Write Pulse 150 ns
tWR Write Recovery 0 ns

NOTE: 1. tpf is with respect to the trailing edge of CE1, CE2, or OD, whichever comes first.




5 SY21H11

A.C. CHARACTERISTICS — SY21H11-2
READ CYCLE Tp =0°Cto 55°C, V¢ = 5V 5% unless otherwise specified.

Symbol Parameter Min. Typ. Max. Unit
tRCY Read Cycle 200 ns
tA Access Time 200 ns
1Co Chip Enable to Output 120 ns
toD Output Disable to Output 100 ns
tpfr[1] Data Output to High Z State .0 80 ns
tOH Previous Data Read Valid After Change of Address 0 ns

WRITE CYCLE

Symbol Parameter Min. Typ. Max. Unit
twey Write Cycle 200 ns
tAW Write Delay 0 ns
tcw Chip Enable to Write 120 ns
tow Data Setup 120 ns
tDH Data Hold 0 ns
twp Write Pulse 170 ns
tWR Write Recovery 0 ns

A.C. CONDITIONS OF TEST
Input Pulse Levels: . .. .. ittt it ittt ittt ettt e +0.8V to 2.0V
InpUt Rise & Fall Times: .« o vttt ittt e it ettt te et ettt et e e te sttt ein e 10 ns
Timing Measurement Reference Level 0T« T 1.5V
OULPUL: . . ittt it e e e e i 0.8V & 2.0V
[0 17 {1 I Y 1 TTL Gate & C_= 100pF
CAPACITANCE Tp =25°C, f=1MHz
Symbol Test Typ. Max Unit
CIN Input Capacitance {All Input Pins) ViN = 0V 4 8 pF
CouT Output Capacitance VoyT = 0V 10 15 pF
TIMING DIAGRAMS
READ CYCLE WRITE CYCLE
tRCY twey
roones Y. X soones Y -
CHIP__ | -—1tCO — oH | tew
ENABLES 1P L
(CEq CE2) / ENABLES * /_
10D =
—_— - —— outPuT
* OH==1 |~ DISABLE__/
E(’)‘S#Eb‘?_ I s =-'DF —=| toF | tow tDH
DATA I/0 :X DATA OUT VALID DATA 1/0 *DATA IN STABLE
twp TWR—|
ReAD/— |\ |
WRITE —t Aw_,ﬂ___—ﬁ
NOTE: 1. tDF is with respect to the trailing edge of ﬁﬁ?ﬁz or OD, whichever occurs first.
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SY21H11

10

PACKAGING DIAGRAM
CERAMIC PACKAGE PLASTIC PACKAGE
T AYATATAYARATATATA!

| 870)
1490}
| nl nondnn __j—gjg;
‘ PINNO 1 _L
3101, IDENT L
PINNO. 1 L2800 IUVVVUUUUU
IDENT.

| 1.920) _
T e T b :050'

ul

1310)
—!

guoguoooud b
B

1015}
1.008)

13201
7901

|

P ) 015}
70087~
a0
(10 | 2901
ri)

{032 REF 032 REF.
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SY2112

MEMORY
PRODUCTS

256 x 4 Static Random
Access Memory

Svnertek

INCORPORATED

Organization 256 Words by 4 Bits

Common Data Input and Output

Single +5V Supply Voltage

Directly TTL Compatible - All Inputs and Outputs
Static MOS - No Clocks or Refreshing Required
Access Time - 250/350/450/500 ns

Simple Memory Expansion - Chip Enable Input

Fully Decoded - On-Chip Address Decode

Inputs Protected - All Inputs Have Protection
Against Static Charge

Low Cost Packaging - 16 Pin Plastic Dual-In-Line
Configuration

Low Power - Typically 150 mW

Three-State Qutput - OR-tie Capability

The SY2112 is a 256 word by 4 bit static random
access memory element using N-channel MOS devices
integrated on a monolithic array. It uses fully DC
stable (static) circuitry and therefore requires no clocks
or refreshing to operate. The data is read out nonde-
structively and has the same polarity as the input data.
Common input/output pins are provided.

The SY2112 is designed for memory applications in
small systems where high performance, low cost,
large bit storage, and simple interfacing are important
design objectives.

It is directly TTL compatible in all respects: inputs,
outputs, and a single +5V supply. A separate Chip

Enable lead allows easy selection of an individual
package when outputs are OR-tied.

The SY2112 is fabricated with ion implanted N-
channel silicon gate technology. This technology
allows the design and production of high performance,
easy-to-use MOS circuits and provides a higher func-
tional density on a monolithic chip than either con-
ventional MOS technology or N-channel silicon gate
technology.

Synertek’s ion implanted silicon gate technology also
provides excellent protection against contamination.
This permits the use of low cost plastic packaging.

PIN BLOCK DIAGRAM
CONFIGURATION ®
——
XY O 16 Jvee AOW — Vcc
Alo—=—P>5— ~—=0GND
lmm 5[] A4 a. @ ROW MEMORY ARRAY
e 32 ROWS
A R/W
1]s 1] N *—(D—'m SELECT 32 COLUMNS
ao[a [ ]cE ®
A4 °_§: -
A5: 5 12 : 1/04 T T
COLUMN 1/0
s e n[Jves ® - “Clacorrs
a7+ o[ Jroz 01 °_ 1 iweut COLUMN SELECT
1102 DATA
ano[ s a[Juos XCONTROL
OIS —
vor 21 ool
A5 Ag A7
ORDERING INFORMATION I_ﬁ
Order Package Access Temperature ||
Number Type Time Range ﬁ® ;_]
SYP2112A-2 Plastic DIP 250nsec 0°Cto 70°C ! h )
SYC2112A-2  Ceramic DIP  250nsec  0°Cto70°C  R/W - PIN NUMBERS
SYP2112A Plastic DIP 350nsec  0°C to 70°C
SYC2112A Ceramic DIP 350nsec  0°Cto 70°C PIN NAMES
SYP2112A-4 Plastic DIP 450nsec  0°C to 70°C :?;7 222355&.'?!‘.’,13 .
SYC2112A4  Ceramic DIP 450nsec 0°C to 70°C o CHIP ENABLE mle’n
SYP2112-1 Plastic DIP 500nsec 0°C t0 70°C 1/01-1/04 DATA INPUT/QUTPUT
SYC21121 Ceramic DIP 500nsec  0°Cto 70°C Vee POWER (+5V)
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SY2112

ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Ambient Temperature Under Bias 0°C to 70°C Stresses above those listed under “Absolute Maximum
Storage Temperature -65°C to +150°C Rating’’ may cause permanent damage to the device.
Voltage On Any Pin This is a stress rating only and functional operation

With Respect to Ground -0.5V to +7V of the device at these or at any other conditions above
Power Dissipation 1 Watt those indicated in the operational sections of this

specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

D. C. AND OPERATING CHARACTERISTICS —SY2112A, SY2112A-2, SY2112A-4
Ta = 0°C to 70°C, Vg = 5V 5% unless otherwise specified.

Symbol Parameter Min. | Typ. (1) | Max. Unit Test Conditions

Lt Input Current 10 HA VIN =0 to 5.25V

ILOH | 1/0 Leakage Current 10 pA | CE=22V,Vy0=4.0V

ILoL | I/O Leakage Current -10 uA | CE=22V,V|/0=045V

lcc1 | Power Supply Current 30 50 mA [ V|N=5.25V, I|/0 = 0mA
Ta =25°C

Icc2 | Power Supply Current 55 mA [ VIN=5.25V, /0 = 0mA
Ta=0°C "

ViL Input ““Low’’ Voltage -0.5 +0.8 \

VIH Input ““High’’ Voltage 20 Vee \%

VoL [ Output “Low’ Voltage +0.4 \ loL =3.2mA

VOH | Output “High" Voltage 24 \ IoH = -150uA

NOTES: 1. Typical values are for TA= 25°C and nominal supply voltage.

D.C. AND OPERATING CHARACTERISTICS — SY2112-1
TA =0°C to 70°C, V¢ = 5V 5% unless otherwise specified.

Symbol Parameter ‘Min. | Typ. (1) | Max. | Unit Test Conditions
L Input Current 10 MA | VIN=0to5.25V
ILOH | I/0 Leakage Current 15 pA | CE=2.2v,V|/0=4.0V
ILoL | 1/0 Leakage Current -50 uA | CE=2.2V,V|/0=045V
Icc1 | Power Supply Current 30 60 mA | ViN=5.25V, l|/0 = 0mA

Ta =25°C
lcc2 | Power Supply Current 70 mA | VIN=5.25V, lj/0 = 0mA
| Ta=0C

ViL Input “Low’’ Voltage -0.5 +0.65 \
VIH Input ““High’* Voltage 2.2 vee \%

- VoL [ Output “Low" Voltage +0.45 \% oL =2mA
VOH | Output “High” Voitage 2.2 \Y 10H = -150uA

NOTES: 1. Typical values are for T = 25°C and nominal supply voltage.
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A.C.CHARACTERISTICS — SY2112A-2

READ CYCLE Ta =0°C to 70°C, V¢ = 5V 5% unless otherwise specified.

Symbol Parameter Min. Max. Unit
tRCY Read Cycle 250 ns
tA Access Time 250 ns
tco Chip Enable to Output Time 180 ns
tcD Chip Enable to Output Disable Time 0 120 ns
tOH Previous Read Data Valid After Change 40 ns

of Address
WRITE CYCLE NO.1 Tp =0°C to 70°C, Vcg = 5V 5%

Symbol Parameter Min. Max. Unit
twey1 Write Cycle 250 ns
tAW1 Address to Write Setup Time 20 ns
tDW1 Write Setup Time 180 ns
twpP1 Write Pulse Width 180 ns
tcs Chip Enable Setup Time 0 100 ns
tCH1 Chip Enable Hold Time 0 ns
tWR1 Write Recovery Time 0 ns
tDH1 Data Hold Time 0 ns
tcwi Chip Enable to Write Setup Time 180 ns

WRITE CYCLE NO.2 Ta =0°Cto 70°C, Vgc = 5V 5%

Symbol Parameter Min, Max. Unit
twey?2 Write Cycle 250 ns
tAW?2 Address to Write Setup Time 20 ns
tDW2 Write Setup Time 180 ns
twD?2 Write To Output Disable Time 120 100 ns
tcs2 Chip Enable Setup Time 0 ns
tCH2 Chip Enable Hold Time 0 ns
twR2 Write Recovery Time 0 ns
tDH2 Data Hold Time 0 ns

A. C. CHARACTERISTICS — SY2112A
READ CYCLE Ta =0°C to 70°C, Ve = 5V 5% unless otherwise specified.

Symbol Parameter Min. Max. Unit
tRCY Read Cycle 350 ns
tA Access Time 350 ns
tco Chip Enable to Qutput Time 240 ns
tcD Chip Enable to Output Disable Time 0 200 ns
tOH Previous Read Data Valid After Change 40 ns

of Address
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A.C. CHARACTERISTICS — SY2112A (Cont.)
WRITE CYCLE NO.1 Ta =0°C to 70°C, Vee =5V 5%

Symbol - Parameter Min. Max. Unit
twey1 Write Cycle ’ 350 ns
tAW1 Address to Write Setup Time 20 ns
tDW1 Write Setup Time 250 ns
twP1 Write Pulse Width 250 ns
tcs1 Chip Enable Setup Time : 0 100 ns
tCH1 Chip Enable Hold Time 0 ns
tWR1 Write Recovery Time 0 ns
tDH1 Data Hold Time 0 ns
tcw1 Chip Enable to Write Setup Time 250 ns

WRITE CYCLE NO.2 Tp = 0°C to 70°C, V¢ = 5V £5%

Symbol Parameter Min. Max. Unit
twey?2 Write Cycle 350 ns
tAW?2 Address to Write Setup Time 20 ns
tpw2 " Write Setup Time 250 ns
twD2 Write To Output Disable Time 200 130 ns
tcS2 Chip Enable Setup Time 0 ns
tCH2 Chip Enable Hold Time 0 ns
tWR?2 Write Recovery Time 0 ns
tDH2 Data Hold Time [¢] ns

A.C.CHARACTERISTICS — SY2112A4
READ CYCLE TA =0°Cto 70°C, Ve = 5V 5% unless otherwise specified.

Symbol Parameter Min. Max. Unit
tRCY Read Cycle 450 ns
tA Access Time 450 ns

‘tco Chip Enable to Output Time 200 ns
tcD Chip Enable to Output Disable Time 0 260 ns
tOH Previous Read Data Valid After Change 40 ns

of Address

WRITE CYCLE NO. 1 Ta =0°Cto 70°C, Vg = 5V 5%

Symbol Parameter - Min. Max. Unit
tweyl Write Cycle o 450 ns
tAW1 Address to Write Setup Time 20 ns
tDW1 Write Setup Time 300 ns
twpr1 Write Pulse Width 300 ns
1cs1 Chip Enable Setup Time ) 0 ’ 100 ns
tCH1 Chip Enable Hold Time 0 ns
tWR1 Write Recovery Time 0 ns
tDH1 Data Hold Time 0 ns
tCcW1 Chip Enable to Write Setup Time 300 ns
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A. C.CHARACTERISTICS — SY2112A-4 (Cont.)

WRITE CYCLE NO. 2 Tp =0°C to 70°C, Ve = 5V 5%

Symbol Parameter Min. Max. Unit
twcy?2 Write Cycle 450 ns
tAW?2 Address to Write Setup Time 20 ns
tDW2 Write Setup Time 300 ns
twD?2 Write To Output Disable Time 260 150 ns
tcs2 Chip Enable Setup Time 0 ns
tCH2 Chip Enable Hold Time 0 ns
tWR2 Write Recovery Time 0 ns
tDH2 Data Hold Time 0 ns

A. C. CHARACTERISTICS — SY2112-1
READ CYCLE Ta =0°C to 70°C, Vcc = 5V 5%, unless otherwise specified.

Symbol Parameter Min. Max. Unit Test Conditions
tRCY Read Cycle 500 ns ty, tf <20ns
tA Access Time 500 ns 0.65V = VN = 2.2V
tco Chip Enable To Output Time 350 ns Timing Reference = 1.6V
tcD Chip Enable To Output Disable Time 0 150 ns Load =1 TTL Gate
tOH Previous Read Data Valid After Change 0 ns Cp = 100pF
of Address

WRITE CYCLE NO. 1 Tp =0°C to 70°C, Vg = BV 5%

Symbol Parameter Min. Max. Unit Test Conditions
twey1 | Write Cycle 500 ns ty, tf <20ns
tAW1 Address To Write Setup Time 100 ns 0.65V = VN = 2.2V
tDW1 Write Setup Time 200 ns Timing Reference = 1.5V
tWP1 Write Pulse Width 300 ns Load = 1 TTL Gate
tcs1 Chip Enable Setup Time 0 100 ns CL = 100pF
tCH1 Chip Enable Hold Time 0 ns
tWR1 Write Recovery Time 50 ns
tDH1 Data Hold Time 100 ns
tCW1 Chip Enable to Write Setup Time 200 ns

WRITE CYCLE NO.2 Ta =0°C to 70°C, Vcg = 5V +5%

Symbol Parameter Min. Max. Unit Test Conditions
twey?2 | Write Cycle 500 ns ty, tf <20ns
tAW?2 Address To Write Setup Time 100 ns 0.65V = VN = 2.2V
tDwW2 Write Setup Time 200 ns Timing Reference = 1.5V
twD2 | Write To Output Disable Time 100 ns Load =1 TTL Gate
1CcS2 Chip Enable Setup Time 0 ns CL = 100pF
tcH2 | Chip Enable Hold Time 0 ‘ ns
tWR2 Write Recovery Time 50 ns
tDH2 Data Hold Time 100 ns
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K210

INPUT/OUTPUT

WRITE CYCLE #1 Ta =0°Ct0 70°C, Vg = 5V56%

READ CYCLE WAVEFORMS CAPACITANCE
tRCY y
1A Symbol Test Limits (pF)
ADDRESSDL ymbe e Typ. | Max.
tco—>| c Input Capacitance 4 8
C”_"’ENABLE_/ IN (All Input Pins) VN = OV
—>{toH[~— tCo— Ci/0 1/0 Capacitance V|jo =0V | 10 18

WRITE CYCLE #2 75 =0°Cto70°C, Ve = 5V45%

tWCY1 wey2
ADDRESSDL y( ADDRESS 3( )(
—> tcs1 «—tCS2 le—| tCH2
tcw1—s tCH1 E— - — e
CHIP ENABLE CHIP ENABLE
| «—tDW1—>| Y
DATA IN DATA INI
INPUT/OUTPUT STABLE * INPUT/OUTPUT STABLE
ton1 N —] tWp2—> —  |etpu2(1
READ/WRITE 'N f READ/WRITE \ /
taw
tWp1—>te—tWR1—>| [ taw2->{ «—tWR2—>|
NOTE 1. Data Hold Time. (Tpy) is reference to the trailing edge of CHIP
ENABLE (CE)or READ/WRITE {R/W) whichever comes first.
A.C.CONDITIONS OF TEST
Input Pulse Leads . .. ... i it it i e e e e et e e 0.8 t0 2.0 Volt
Input Pulse Rise and Fall Times . . . .. .. ittt it ittt ettt et ta e e aeenan 10 nsec
Timing Measurement Reference Level: Input . .. .. ... .. ittt netenonnnnenennns 1.6 Volt
[ L3« 0.8 and 2.0 Volt
[0 1034« TV G I T o 1 TTL Gate and C_ = 100 pF
PACKAGE DIAGRAM
CERAMIC PACKAGE MOLDED PACKAGE
E 13100
frec (2801
N"“’N‘Z‘T" o _i‘ "TD';%;' .'\_l o —
[ | 18301 | 1060)
06 [ (7407 | 020} _ (.120)
065 | | 1 (.490) l» rw
(020)_| 4

f (.c15)
oo

(0211 L £150) (.320)
(015} s [ i
——I 110}
1.060) 032 REF. 16301
(045

w
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256 x 4 Static Random SY21H12
Access Memory

— MEMORY
Synerick PRODUCTS

® Organization-256 Words By 4 Bits ® Fully Decoded - On-Chip Address Decode

® Common Data Input and Output o Inputs Protected - All Inputs Have Protection
® Single +5V Supply Voltage Against Static Charge

® Directly TTL Compatible - All Inputs and Outputs ® |ow Cost Packaging - 16 Pin Plastic Dual-In-Line
® Access Time -175/200 ns Configuration )

® Simple Memory Expansion - Chip Enable Input ® Three-State Output - OR-Tie Capability

The SY21H12 is a 256 word by 4 bit static random Enable lead allows easy selection of an individual
access memory element using N-channel MOS devices package when outputs are OR-tied.
integrated on a monolithic array. It uses fully DC The SY21H12 is fabricated with ion implanted N-

stable (static) circuitry and therefore requires no
clocks or refreshing to operate. The data is read out
nondestructively and has the same polarity as the
input data. Common input/output pins are provided.

channel silicon gate technology. This technology
allows the design and production of high performance,
easy-to-use MOS circuits and provides a higher func-
tional density on a monolithic chip than either

The SY21H12 is designed for memory applications in conventional MOS technology or N-channel silicon
small systems where high performance, low cost, large gate technology.
bit storage, and simple interfacing are important design

Synertek’s ion implanted silicon gate technology also

objectives. provides excellent protection against contamination.
It is directly TTL compatible in all respects: inputs, This permits the use of low cost packaging.
outputs, and a single +5V supply. A separate Chip
PIN BLOCK DIAGRAM
CONFIGURATION a0 | B,
[~ ] Ay ,&m
A v ) ~—=oGND
3lj‘ 16[ Jvee npo @ Row MEMORY ARRAY
A2 2 15 Ag ° _lz 32 ROWS
] ] N &m SELECT 32 COLUMNS
m[]s 14 b RIW ®
— Agq
ac[Ja 3[]cE T r
A 1/0. COLUMN I/0 |
s[]s 1z[ 110 ® clRcUITS =
- 110 1101 =5
as[_Je 1 FJ 3 INPUT COLUMN SELECT
| 1/0 DATA
~ [ 1ol _jvo2 02 T3 CONTROL __&
1/03 -
eno[ )8 s _Jvo ® ®|e|®
1/04 5:
A5 Ag A7 ;_]
A +—J
__\3 g
ORDERING INFORMATION “Em
R/W
Order Package Access Temperature O= PIN NUMBERS
Number Type Time Range
SYP21H12 Plastic DIP 175nsec  0°C to 55°C PIN NAMES
SYC21H12 Ceramic DIP 175nsec 0°C to 55°C AgA7 ADDRESS INPUTS
SYP21H12-2 Plastic DIP 200nsec 0°C t0 55°C R/W READ/WRITE INPUT
SYC21H12-2  Ceramic DIP 200nsec  0°C to 55°C CE CHIP ENABLE INPUT
1/04-1/04 DATA INPUT/OUTPUT
[Vee POWER (+5V]
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SY21H12

ABSOLUTE MAXIMUM RATINGS* *COMMENTS
Ambient Temperature Under Bias 0°C to 55°C Stresses above those liste under “Absolute Maximum
Storage Temperature -65°C to 150°C Ratings’’ may cause damage to the device. This is a
Voltage On Any Pin stress rating only and functional operation of the
With Respect to Ground -0.5V to +7V device at these or any other condition above those
Power Dissipation 1 Watt indicated in the operational sections of this specifica-
tion is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect
device reliability.
D.C. AND OPERATING CHARACTERISTICS
TA= 0°C to 55°C, Vee = 5V £5%, unless otherwise specified.
Symbol Parameter Min. | Typ.(1) [ Max. | Unit Test Conditions
L1 Input Current 10 MA | VIN =0t05.25V
ILOH | I/0 Leakage Current 15 | pwA | CE=22V,V|/0=4.0V
ILoL | I/0O Leakage Current -50 | wA | CE=22v, Vy)/0 = 0.45V
icc1 | Power Supply Current 50 80 mA VIN =5.25V, l}/0 = 0mA
Ta=25°C
Icc2 | Power Supply Current 90 | mA | VIN=5.25V, l|/0 =0mA
©
ViL Input “Low’’ Voltage -0.5 +0.8 \% Ta=0C
VIH Input ““High”” Voltage 20 Vee \
VoL | Output “Low’ Voltage +0.4 \Y) loL=3.2mA
VoH | Output “High”” Voltage 24 \ IoH = ~150uA
NOTE: 1. Typical values are for Ta = 25°C and nominal supply voltage.
A.C.CHARACTERISTICS — SY21H12
READ CYCLE Ta = 0°C to 55°C, Vg = 5V +5% unless otherwise specified
Symbol Parameter Min. Max. Unit
tRCY Read Cycle 175 ns
tA Access Time 175 ns
tCo Chip Enable to Output Time 110 ns
tch Chip Enable to Output Disable Time 0 70 ns
tOH Previous Read Data Valid After Change 0 ns
of Address
WRITE CYCLE NO. 1 Ta =0°C to 55°C, Vcg = 5V 5%
Symbol Parameter Min. Max. Unit
twey1 Write Cycle 175 ns
tAW1 Address to Write Setup Time 0 ns
tDW1 Write Setup Time 100 ns
tWP1 Write Pulse Width 150 ns
tcS1 Chip Enable Setup Time 0] 50 ns
tCH1 Chip Enable Hold Time 0 ns
tWR1 Write Recovery Time 0 ns
tDH1 Data Hold Time 0 ns
tcw1 Chip Enable to Write Setup Time 100 ns




5 SY21H12

WRITE CYCLE NO. 2 Ta =0°Cto55°C, Vog = 5V 5%

Symbol Parameter Min. Max. Unit
twey?2 Write Cycle 175 ns
tAW?2 Address to Write Setup Time 0 ns
tDW2 Write Setup Time 100 ns
twD2 Write to Output Disable Time 70 ns
tcs2 Chip Enable Setup Time 0 ns
tCH2 Chip Enable Hold Time 0 ns
tWR2 Write Recovery Time 0 ns
tDH2 Data Hold Time 0 ns

A.C.CHARACTERISTICS — SY21H12-2
READ CYCLE Tp = Q°C to 55°C, Vce = 5V 5% unless otherwise specified

Symbol Parameter Min. Max. Unit
tRCY Read Cycle 200 ns
tA Access Time 200 ns
tco Chip Enable to Output Time 120 ns
tcD Chip Enable to Output Disable Time 0 80 ns
tOH Previous Read Data Valid After Change 0 ns

of Address

WRITE CYCLE NO.1 Tp =0°C to 55°C, Vo = 5V 5%

Symbol Parameter Min. Max, Unit
twCY1 Write Cycle 200 ns
tAW1 Address to Write Setup Time 0 ns
tDW1 Write Setup Time 120 ns
twP1 Write Pulse Width 170 ns
tcs1 Chip Enable Setup Time 0 50 ns
tCH1 Chip Enable Hold Time 0 ns
tWR1 Write Recovery Time 0 ns
tDH1 Data Hold Time 0 ns
tCW1 Chip Enable to Write Setup Time 120 ns

WRITE CYCLE NO. 2 Ta =0°C to 55°C, Vo = 5V 5%

Symbol Parameter Min. Max, Unit
twey?2 Write Cycle 200 ns
tAW2 Address to Write Setup Time 0 ns
tpw2 Write Setup Time 120 ns
twD2 Write to Output Disable Time 80 ns
tCS2 Chip Enable Setup Time 0 ns
tCH2 Chip Enable Hold Time 0 ns
tWR2 Write Recovery Time 0 ns
tDH2 Data Hold Time 0 ns
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5 SY21H12

READ CYCLE WAVEFORMS CAPACITANCE
tRCY : Limits (pF)
ta Symbol ‘Test Typ. | Max.
ADDRESS:)( c Input Capacitance 4 8
tco—>| IN (Al Input Pins) Vi = 0V
WENABLE_/ r Ci/0 1/0 Capacitance V|/o=0V | 10 18
—>ltoH«— ~—>{tCDj{e—

INPUT/OUTPUT ////M////I \——_m

WRITE CYCLE #1 WRITE CYCLE #2

wey1 twev2

ADDRESSD( )( ADDRESDQ )(

— tcsa fe—> |«—1tCS2 f—n]
tow1—»| 'CH1 ] tCH2
CHIP ENABLE CHIP ENABLE .

«—tDW1—>| tow2

INPUT/OUTPUT %‘{‘.ZQL'Q * INPUT/QUTPUT 2?,{3{2‘ *
top1{H—] Wp2—>| —  leton2®

READ/WRITE '| A READ/WRITE \ "

tAaw1

WP ——>le—tWR1—> [ tAW2->] j«—tWR2—|

NOTE 1. Data Hold Time. (TOH) is reference to the trailing edge of CHIP
ENABLE (CE) or READ/WRITE (R/W) whichever comes first.

Ta =0°C to 55°C, V¢g = 5V+5%

A.C. CONDITIONS OF TEST

InputPulseLevels. . .................. e e e e e e e e e +0.8 Volt to 2.0 Volt

Input Rise and Fall Times . . . ... ittt ettt e e ittt e et e it 10 nsec

Timing Measurement Reference Levels: [nput .. ... ... ... . . ... it irennennnnn 1.5 Volt
OUPUL & .o v it e 0.8 and 2.0 Volt

Output Load . .. ... e e e e A TTL Gate and Cy_ = 100 pF

PACKAGE DIAGRAM

CERAMIC PACKAGE PLASTIC PACKAGE
e \YaYaYaYa¥a¥ald
(.stm —(:!;I
s e S
}— 1830} | (.060) (.060)

1.065)
{.020

7401 ! (6201 (.120) :::g; 10200 (3100
(4901 1080} ) (140) (290
- 1 400) - -

f ’ . 1015)
™ (.008)

1.150) (.320)
125 I 1.290)

e e

(1251

1101
1.060) 032REF.  (090)

032 REF.
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Svneriek

INCORPORATED

1024 x4 Static Random
Access Memory

' SY2114

® 200 ns Maximum Access

® Low Operating Power Dissipation
0.1 mW/Bit

® No Clocks or Strobes Required

® Identical Cycle and Access Times

® Single +5V Supply

® Totally TTL Compatible:

All Inputs, Outputs, and Power Supply
Common Data 1/0

400 mv Noise Immunity

High Density 18 Pin Package

The SY2114 is a 4096-Bit static Random Access
Memory organized 1024 words by 4-bits and is fabri-
cated using Synertek’s N-channel Silicon-Gate MOS
technology. It is designed using fully DCstable (static)
circuitry in both the memory array and the decoding’
and therefore requires no clock or refreshing to
operate. Address setup times are not required and
the data is read out nondestructively with the same
polarity as the input data. Common Input/Output
pins are provided to simplify design of the bus oriented
systems, and can drive 1 TTL load.

PIN CONFIGURATION

Vee
A7
As
Ay
I/D1
110,
1/03

ORDERING INFORMATION

Supply
Order Package Access Current Temperature
Number Type Time (Max) Range

syc2114 Ceramic  450nsec  100mA 0°C to 70°C
SYP2114 Molded 450nsec  100mA 0°C to 70°C
SYC2114-3 Ceramic 300nsec 100mMA 0°C to 70°C
SYP2114-3 Molded 300nsec 100mA 0°C to 70°C
SYC2114L  Ceramic  450nsec  70mA 0°C to 70°C
SYP2114L Molded 450nsec  70mA 0°C to 70°C
SYC2114L-3 Ceramic 300nsec  70mA 0°C to 70°C
SYP2114L-3 Molded 300nsec  70mA 0°C to 70°C
SYC2114-2 Ceramic  200nsec 100mA 0°C to 70°C
SYP2114-2 Molded 200nsec  100mA 0°C to 70°C
SYC2114L-2 Ceramic  200nsec 70mA 0°C to 70°C
SYP2114L-2 Molded 200nsec  70mA 0°C to 70°C

The SY2114 is designed for memory applications
where high performance, low cost, large bit storage,
and simple interfacing are important design objectives.
It is totally TTL compatible in all respects: inputs,
outputs, and the single +5V supply. A separate Chip
Select (C_S—) input allows easy selection of an individ-
ual device when outputs are or-tied.

The SY2114 is packaged in an 18-pin DIP for the
highest possible density and is fabricated with N-
channel, lon Implanted, Silicon-Gate technology — a
technology providing excellent performance charac-
teristics as well as improved protection against con-
tamination.

BLOCK DIAGRAM

Ao
A - Ve
3 <—— GND
A.
2 Row MEMORY ARRAY
SELECT 64 ROWS
Az 64 COLUMNS

Ay

A

@

SR

1 1

N COLUMN
1/0 CIRCUITS

110,

T

1/0,
INPUT COLUMN SELECT

DATA
CONTROL

1/03

1/04

Ag A7 Ag Ag

MEMORY
PRODUCTS
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SY2114

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

—0.5V to +7V
1.0W

COMMENT

Stresses above those listed under "Absolute Maximum Rat-
ings’ may cause permanent damage to the device. This isa
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.

D.C. CHARACTERISTICS T = 0°C to +70°C, Vgc = 5V £ 5% (Unless otherwise specified)

2114-2 2114L-2
2114-3,2114 [2114L,2114L-3
Symbol Parameter Min | Max | Min | Max Unit Conditions
Il Input Load Current 10 10 kA VN =0 to 5.25V
(All input pins) _
ILo 1/O Leakage Current 10 10 pA CS=2.0v,
Vi/0=0.4V to Vce
Icct Power Supply Current 95 65 mA | Vg =5.25V, l1/0 =0 mA,
Ta=25°C
Icc2 Power Supply Current 100 70 mA | Vee =5.25V, lj/0 =0 mA,
Ta=0°C
ViL Input Low Voltage -0.5| 08 |[-05 | 0.8 \Y
VIH Input High Voltage 20 | Vec | 20 | Vee \
VoL Output Low Voltage 0.4 0.4 \Y loL=3.2mA
VOH Output High Voltage 24 | Vee |l 24 | Vee \ IoH=-1.0mA
CAPACITANCE Tp = 25°C, f= 1.0 MHz
Symbol Test Typ Max Units
Ci/0 Input/Output Capacitance 5 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, V¢ = 5V #5% (Unless Otherwise Specified)
2114-2,2114L-2| 2114-3,2114L-3| 2114,2114L
Symbol Parameter Min. | Max. | Min, | Max. [Min, | Max. | Unit
Read Cycle
tre Read Cycle Time 200 300 450 nsec
tA Access Time 200 300 450 | nsec
tco Chip Select to Output Valid 70 100 120 | nsec
tcx Chip Select to Output Enabled 20 20 20 nsec
toTD Chip Deselect to Output Off 0 60 0 80 0 100 | nsec
toHA Output Hold From Address Change 50 50 50 nsec
Write Cycle
twe Write Cycle Time 200 300 450 nsec
taw Address to Write Setup Time 0 0 0 nsec
tw Write Pulse Width 120 150 200 nsec
twr Write Release Time 0 0 0 nsec
totw | Write to Output Off 0 60 0 80 0 100 | nsec
tow Data to Write Overlap 120 150 200 nsec
tDH Data Hold 0 0 0 nsec
A.C. Test Conditions
Input Pulse Levels . . .. ... i i i i i e e e e e 0.8V to 2.0V
Input Riseand Fall Time . .. .. ... . ittt ittt it e 10 n sec
Timing Measurement Levels: Input .. ... ittt ittt ittt ittt tantoansnnennns 1.5V
[ 3 o 17 SN 0.8 and 2.0V
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SY2114

TIMING DIAGRAMS

Read Cycle ®
- tRe
A
ADDRESS )(— 3(
[
‘co I<— toTp —|
f—— e — ‘cxf——ﬂ toHA m
Sout N:::::: |
Write Cycle
twe |
ADDRESS )(
s DEITN
ty @
/
'\ y
WE —— N
taw
RRRRRRRIRRITIRITN
Oourt
XXX XXX
| ow DH |
Dy
NOTES:

(@ WE is high for a Read Cycle

@ tw is measured from the latter of CS or WE going low to the earlier of CS or WE going high.

DATA STORAGE

When WE is high, the data input buffers are inhibited
to prevent erroneous data from being written into
the array. As long as WE remains high, the data stored
cannot be affected by the Address, Chip Select, or
Data I/0 logic levels or timing transitions.

Data storage also cannot be affected by WE, Addresses,
or the 1/0 ports as long as CS is high. Either CS or
WE or both can prevent extraneous writing due to
signal transitions.

Data within the array can only be changed during
Write time — defined as the overlap of CS low and

WE low. The addresses must be properly established
during the entire Write time plus "WR.

Internal delays are such that address decoding prop-
agates ahead of data inputs and therefore no address
setup time is required. |f the Write time precedes the
addresses, the data in previously addressed locations,
or some other location, may be changed. Addresses
must remain stable for the entire Write cycle but the
Data Inputs may change. The data which is stable
for tpw at the end of the Write time will be written
into the addressed location.
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SY2114

TYPICAL CHARACTERISTICS
SUPPLY CURRENT SUPPLY CURRENT ACCESS TIME VS
VS VOLTAGE VS TEMPERATURE VOLTAGE
120 I | 120 300 I
T 25°C Vi 5.25V ta 720
A= CcC = 5.
100 I 100 250 Ny 2114.2114L
sor \&5,1\‘ Z 80 -~
< o2 > N E 211422114 21103 £ 0 N, 2114L:3.21143
S 60 RO » S coPSS= 211 £
3 2\‘“.7.. L2214 2174, 5 N{_2114L-2.21142 L
150
40
20 20 100
2 3 4 5 6 7 4] 20 40 60 80 100 4.0 45 5.0 55 60
vee (V) Ta (°C)
Vee (V)
ACCESS TIME VS INPUT VOLTAGE LIMITS ACCESS TIME VS
TEMPERATURE VS TEMPERATURE CAPACITIVE LOAD
400 25 400
av
cC = a2\
250 Ve = 4.75V ’o 350 25 Vee =5V —
2, - Ta =25°C
N VIH vee =5V
—_ P L\ 300 —
g 300 PN 15 3 wl‘.\g\; —
_i 2 W s Vie 2 250 2\
= 250 1 Z 40 & P Al B
I\_.s,m“” L~ | 5 200 BRYE RS !
2114
200 05
T 2 150
M
150 0 100
0 20 40 60 80 100 0 20 40 60 80 100 0 100 200 300 400 500 600
T C) o
At Ta (°C) CL (pF)
PACKAGE DIAGRAM
CERAMIC PACKAGE MOLDED PACKAGE
(910)
—T T Tt(.B70) T —>
I_ (490
{.400)
a noonnon ATATATATANATATARA -
(310} 1.255)
T280) (.245)
PIN NO. 1 ° r-280) PINNO- ° i
1DENT. )
TOoUogoouog %\)UVVUVVVR“
(920) |
| (890} = 1.060)
(.065) 1.020} (—— :;;g: ]
(‘.m | ——t—
=y e ]
+ i 1
(150 ‘ :
L35 L2 os) ::8'1’2: =~ ‘ ] J 0| %ﬁ:
1 (080} L2271 -
—..I F _,.H___ ' o (.320) :33;_‘”* 150 (400}
(280) (.065) " :’:‘z;g; Loss) (1251 e
(110} (.021) (o5} ' : (.040)
. 1.090} 015 032 REF
.032 REF.
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Military 1024x4 Static
Random Access Memory

Extended Temperature
Synertek Range (-55°C to +125°C)

INCORPORATED

SYM2114

- MEMORY
PRODUCTS

® 300 ns Maximum Access

® [ ow Operating Power Dissipation
0.1 mW/Bit

® No Clocks or Strobes Required

® |dentical Cycle and Access Times

® Single +5V Supply

@ Totally TTL Compatible:

All Inputs, Outputs, and Power Supply
Common Data 1/0

400 mv Noise Immunity

High Density 18 Pin Package

Operation over full military temperature
range. (—55°C to +125°C)

The SYM2114 is a 4096-Bit static Random Access
Memory organized 1024 words by 4-bits and is fabri-
cated using Synertek’s N-channel Silicon-Gate MOS
technology. It is designed using fully DC stable (static)
circuitry in both the memory array and the decoding
and therefore requires no clock or refreshing to
operate. Address setup times are not required and
the data is read out nondestructively with the same
polarity as the input data. Common Input/Output
pins are provided to simplify design of the bus oriented
systems, and can drive 1 TTL load.

PIN CONFIGURATION

18 [ vee
17 [ A,
16 [1 Ag
15[ ag
2% 44 [ o,
13 [ o,
12 ] 1104
1 [ o,
10 7] we

ORDERING INFORMATION

Supply
Order Package Access Current Temperature
Number Type Time (Max) Range

SYMC2114  Ceramic
SYMC2114-3 Ceramic

450nsec  100mA -55°C to 125°C
300nsec 100mA -55°C to 125°C

The SYM2114 is designed for memory applications
where high performance, low cost, large bit storage,
and simple interfacing are important design objectives.
It is totally TTL compatible in all respects: inputs,
outputs, and the single +5V supply. A separate Chip
Select (C_S-) input allows easy selection of an individ-
ual device when outputs are or-tied.

The SYM2114 is packaged in an 18-piniDIP for the
highest possible density and is fabricated with N-
channel, lon Implanted, Silicon-Gate technolo/qy —a
technology providing excellent performance charac-
teristics as well as improved protection against con-
tamination.

BLOCK DIAGRAM

Ao
A ‘l § - Veo
1 H
~——— GND
A
2 _’—m MEMORY ARRAY
ROW
SELECT 64 ROWS
Aa————l > 64 COLUMNS
As
T T
1 -
101 H COLUMN
H ocireurTs
1/0.
2 INPUT COLUMN SELECT
DATA
103 CONTROL
110,

Ag A7 Ag Ag

i
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SYM2114

ABSOLUTE MAXIMUM RATINGS

Temperature Under Bias
Storage Temperature
Voltage on Any Pin with
Respect to Ground
Power Dissipation

—55°C to 125°C
—65°C to 150°C

—0.5V to +7V
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 sections of this

specification is not implied.

D.C. CHARACTERISTICS Ta =-55°Cto +125°C, V¢ = 5V £10% (Unless Otherwise Specified)

2114-3,2114
Symbol Parameter Min Max Unit Conditions
I Input Load Current 10 HA 1 V|N=0tob5.5V
(All input pins)
ILo 1/0 Leakage Current 10 uA |CS=20v,
V|/0 =0.4V to V¢
Icet Power Supply Current 70 mA | Vg 5.5V, 170 = 0mA,
Ta =25°C
lcc2 Power Supply Current 100 mA | Vee = 5.5V, Ijjo =0maA,
Ta =-55°C
ViL Input Low Voltage -0.5 0.8 \
ViH Input High Voltage 2.0 Vee \
VoL Output Low Voltage 0.4 V [loL=20mA
Von Output High Voltage 24 Vee V | lion = 200uA
CAPACITANCE Tp = 25°C, f= 1.0 MHz
Symbol ’ Test Typ Max Units
Ci/o Input/Output Capacitance 5 pF
CIN Input Capacitance 5 pF

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

A.C.CHARACTERISTICS Tp =—55°Cto +125°C, Veg = 5V £10% (Unless Otherwise Specified)

2114-3 2114
SYMBOL PARAMETER MIN MAX MIN MAX UNIT
READCYCLE
tRC Read Cycle Time 300 450 nsec
tA Access Time 300 450 nsec
tco Chip Select to Output Valid 100 120 nsec
tcx Chip Select to Output Enabled 20 20 nsec
tOTD Chip Deselect to Output Off 0 80 0 100 nsec
tOHA Output Hold From Address Change 50 50 nsec
WRITECYCLE
tWe Write Cycle Time 300 450 ‘ nsec
tAW Address to Write Setup Time 0 0 nsec
W Write Pulse Width 150 200 nsec
tWR Write Release Time 0 0 nsec
tOTW Write to Output Off : o] 80 0 100 nsec
tpw Data to Write Overlap 150 200 nsec
tDH Data Hold 0 , 0 nsec
A.C. Test Conditions
Input Pulse Levels . . .. ... 0.8V to 2.0V
Input Riseand Fall Time . . ... .. .. e e 10 n sec
Timing Measurement Levels: Tnput . .. .. .o et e e e 1.5V
L0 103 U 0.8 and 2.0V
Output Load . . . oot e e e e e e e e e e e e 1TTL Gate and 100pF
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SYM2114

TIMING DIAGRAMS

Read Cycle ©
'RC
‘A
ADDRESS )(— ‘)L
cs
‘co |—~— 1OTD —==|
tex -] toHA H
Bout :YZZXXXZ W\‘
Write Cycle
twe |
ADDRESS

WE

Dout

Py

ng et D

NOTES:

(@ WE is high for a Read Cycle

-

@ tw is measured from the latter of TS or WE going low to the earlier of CS or WE going high.

DATA STORAGE

When WE is high, the data input buffers are inhibited
to prevent erroneous data from being written into
the array. As long as WE remains high, the data stored
cannot be affected by the Address, Chip Select, or
Data I/O logic levels or timing transitions.

Data storage also cannot be affected by WE, Addresses,
or the 1/O ports as long as CS is high. Either CS or
WE or both can prevent extraneous writing due to
signal transitions.

Data within the array can only be changed during
Write time — defined as the overlap of CS low and

WE low. The addresses must be properly established
during the entire Write time plus twR.

Internal delays are such that address decoding prop-
agates ahead of data inputs and therefore no address
setup time is required. If the Write time precedes the
addresses, the data in previously addressed locations,
or some other location, may be changed. Addresses
must remain stable for the entire Write cycle but the
Data Inputs may change. The data which is stable
for tpw at the end of the Write time will be written
into the addressed location.
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SYM2114

TYPICAL CHARACTERISTICS

ououoogouogOog

1032 REF.

SUPPLY CURRENT SUPPLY CURRENT ACCESS TIME VS
VS. VOLTAGE VS. TEMPERATURE VOLTAGE
120 200 T 350
Ta =25C Vee =55V
Ta =25°C
100 160 "
300
g 8 120 —
E I 8 N 211
" LT 1143, 2114 £ 2 250 e
© 1} <
60 S 80 <
el 200 ™
40 40 T —
21143
20 0 - 5.0 5.5 6.0
4 5 6 “60 20 20 60 100 140 4.0 45 . I X
Ve (V) TAlC) Vee (V)
ACCESS TIME VS. INPUT VOLTAGE LIMITS ACCESS TIME VS
TEMPERATURE VS. TEMPERATURE CAPACITIVE LOAD
650 T 55 T 450
Veg =45V Vee =55V
550 a5 400 ——
2118t
350 Ve =5V
_. 450 < 35 cc
3 2 = 1 Tpa=25C
8 3
£ Z £ 300
= 350 25 = Lt
L~ Vin 250
2114 ] P gl
250 —— 15
[ o~ v 200
LmT" 21143 L
1
150 M= 05
%60 20 20 6 100 140 %0 20 20 60 100 140  O0em505""500 400 500 600
TAlC) TAlC) Ce (pF)
PACKAGE DIAGRAM
CERAMIC PACKAGE
(.910}
{.870) by
- 14000
{.400)
000 aMnnaQ nm .
(.310)
(.280)
PINNO.1 o
IDENT -

(065)
{.040)

—

i T

Lo15)
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1024x4 Static Random
Access Memory

Low Power Standby

SY2114LV

MEMORY
PRODUCTS

Svnertek

INCORRORATE D

[ 200 ns Maximum Access
[ Low Power: 0.1 mW/Bit Operating
.03 mW/Bit Standby
[ No Clocks or Strobes Required
L] Identical Cycle and Access Times
[ Single Supply: +5V Operating
+2.5V Standby

® Totally TTL Compatible:
All Inputs, Outputs, and Power Supply
® Common Data 1/0
400 mv Noise Immunity
® High Density 18 Pin Package

The SY2114LV is a 4096-Bit static Random Access
Memory organized 1024 words by 4-bits and is fabri-
cated using Synertek’s N-channel Silicon-Gate MOS
technology. These advanced processing techniques
allow the SY2114LV to maintain memory with Voo
reduced to 2.5V. This reduces standby power by
60% and simplifies the design of battery back-up
systems. It is designed using fully DC stable {static)
circuitry in both the memory array and the decoding
and therefore requires no clock or refreshing to
operate. Address setup times are not required and
the data is read out nondestructively with the same
polarity as the input data. Common Input/Qutput
pins are provided to simplify design of the bus oriented
systems, and can drive 2 TTL loads.

PIN CONFIGURATION

A 1 |sgvcC
as [ 2 17 Ay
A, 3 16 [ Ag
e BT
a s 1w Jio,
A Cls 13 o,
Yy o ) 12103
es [ 1o,
ano [ o 10 [ we

ORDERING INFORMATION

Supply
Order Package Access Current Temperature
Number Type Time {Max) Range

SYC2114LV Ceramic 450nsec 70mA 0°C to +70°C
SYP2114LV Molded 450nsec 70mA 0°C to +70°C
SYC2114LV-3 Ceramic 300nsec 70mA 0°C to +70°C
SYP2114LV-3 Molded 300nsec 70mA 0°C to +70°C
SYC2114LV-2 Ceramic 200nsec 70mA 0°C to +70°C
SYP2114LV-2 Molded 200nsec 70mA 0°C to +70°C

The SY2114LV is designed for memory applications
where high performance, low power, large bit storage
and simple interfacing are important design objec/tives.
It is totally TTL compatible in all respects: inputs,
outputs, and the single +5V supply. A separate Chip
Select (C_S—) input allows easy selection of an individ-
ual device when outputs are or-tied.

The SY2114LV is packaged in an 18-pin DIP for the
highest possible density and is fabricated with N-
channel, lon Implanted, Silicon-Gate technology — a
technology providing excellent performance charac-
teristics as well as irﬁproved protection against con-
tamination.

BLOCK DIAGRAM

Au——{ 3
A m 1 - Ve
-+——— GND
Az ﬁl §
ROW MEMORY ARRAY
SELECT 64 ROWS
A3A& 64 COLUMNS
Ay | § | |
As—l E
T —
0 H coLumMN
[ 1'O CIRCUITS
' 02 INPI
ut COLUMN SELECT
DATA
103 CONTROL
10,
AS Az Aa Ag
cs
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SY2114LV

ABSOLUTE MAXIMUM RATINGS COMMENT
. (] o
Temperature Under Bias - 100 Cto80°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 isa
Voltage on Any Pin with stress rating only and functional operation of the device at
Respect to Ground ~0.5V to +7V these or any other conditions above those indicated in the
Power Dissipation 1.0W operational sections of this specification is not implied.

D.C. CHARACTERISTICS T, =0°Cto +70°C, Ve = 5V * 5% (Unless otherwise specified)

2114LV-2,
2114LV-3, 2114LV
Symbol Parameter Min Max Unit Conditions
Ll Input Load Current 10 wA | VIN=01t05.25V
(All input pins)
Lo 1/0 Leakage Current 10 uA CS=2.0v,
Vi/0=0.4V to VcC
Icet Power Supply Current 65 mA | Vg =5.25V, l1/0 =0 mA,
Ta=25°C
lce2 Power Supply Current 70 mA | Vee=5.25V, lj/g = 0 mA,
Ta=0°C
ViL Input Low Voltage -0.5 0.8 \
VIH Input High Voltage 2.0 Vee \%
VoL Output Low Voltage 2.4 0.4 \% loL =3.2mA
VOH Output High Voltage Vee \ IOH =-1.0mA
CAPACITANCE Tp = 25°C, f = 1.0 MHz
Symbol Test Typ Max Units
Ci/o Input/Qutput Capacitance 5 pF
CIN Input Capacitance 5 pF

NOTE: This parameter is periodically sampled and not 100% tested.
A.C.CHARACTERISTICS Ta =0°Cto 70°C, V¢ = 5V 5% (Unless Otherwise Specified)

2114LV-2 2114LV-3 2114LV
Symbol Parameter Min. | Max. | Min. [ Max. |Min. | Max. | Unit
Read Cycle
tRc Read Cycle Time 200 300 450 nsec
ta Access Time 200 300 450 | nsec
tco Chip Select to Output Valid 70 100 120 | nsec
tex Chip Select to Output Enabled 20 20 20 nsec
toTDp Chip Deselect to Output Off 0 60 0 80 0 100 | nsec
toHA Output Hold From Address Change 50 50 50 nsec
Write Cycle
twe Write Cycle Time 200 300 450 nsec
taw Address to Write Setup Time 0 0 0 nsec
tw Write Pulse Width 120 150 200 nsec
twr Write Release Time 0 0 0 nsec
toTw Write to Output Off 0 60 0 80 0 100 | nsec
tow Data to Write Overlap 120 150 200 nsec
tpH Data Hold 0 0 0 nsec
A.C. Test Conditions
Input Pulse Levels . . .. .o e e e 0.8V to 2.0V
Input Rise and Fall Time .. . ... ... e e e e 10 n sec
Timing Measurement Levels: Input .. . ... . i i i e e 1.5V
L 11§« 0 0.8 and 2.0V
OULPUL Load - o o v ottt ettt e e e e e e 1TTL Gate and 100pF
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SY2114LV

STANDBY CHARACTERISTICS
Ta=0°C to 70°C

Symbol Parameter Min, Max. Unit Test Conditions
VeD V¢ in Standby 2.5 \
Vess(2) CS Bias in Standby 2.5 \Y 2.5V < Vpp < V¢ Max.
IPD Standby Current Drain 50 mA All Inputs = Vpp = 2,5V
tcP Chip Deselect to Standby 0 ns
Time
tR Standby Recovery Time 500 ns
TIMING DIAGRAMS Write Cycle

Read Cycle!3)

ADDRESS __ X
os T

tco

o |

|

tex tona be-mi |
, |

of

Standby Operation

‘ STANDBY

tep
¢ MODE

tR

| twe |

ADDRESS * ¥

A ToN SO

NOTES

1. Typical values are for Tp = 25°C and nominal
supply voltage.

2. Consider the test conditions as shown: If the
standby voltage (Vpp) is between 5.25V {Vge
Max.) and 2.5V, then CS must be held at 2.5V Min.

3. WE is high for a Read Cycle.

4. ty is measured from the latter of CS or WE going
low to the earlier of CS or WE going high,

5. 4.75 Volts

6. 2.5 Volts

DATA STORAGE

When WE is high, the data input buffers are inhibited
to prevent erroneous data from being written into
the array. As long as WE remains high, the data stored
cannot be affected by the Address, Chip Select, or
Data 1/0 logic levels or timing transitions.

Data storage also cannot be affected by WFZ, Addresses,
or the |/O ports as long as CSis high. Either CS or
WE or both can prevent extraneous writing due to
signal transitions. .

Data within the array can only be changed during
Write time — defined as the overlap of CS low and

WE low. The addresses must be properly established
during the entire Write time plus twR

Internal delays are such that address decoding prop-
agates ahead of data inputs and therefore no address
setup time is required. If the Write time precedes the
addresses, the data in previously addressed locations,
or some other location, may be changed. Addresses
must remain stable for the entire Write cycle but the
Data Inputs may change. The data which is stable
for tpw at the end of the Write time will be written
into the addressed location.
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SY2114LV

TYPICAL CHARACTERISTICS
SUPPLY CURRENT SUPPLY CURRENT ACCESS TIME VS
VS VOLTAGE VS TEMPERATURE VOLTAGE
120 120 300 T
th=25C
TA=25°C Ve = 5.25V
100 100 cc 20 N 2w
80 ! 80 T Nl 2114Lv-3
;é ey < £ 200 o t
E N-3 S 2 <
60 A18L 2 60 V-2, 214 =
8 2‘“\_\1:& N TV 2100 Ny 21ev2 L
150
40 /1 40
20 20 100
2 3 4 5 6 7 0 20 40 60 80 100 40 45 5.0 55 60
vee (V) TA(C)
cC A Vee (V)
ACCESS TIME VS INPUT VOLTAGE LIMITS ACCESS TIME VS
20 TEMPERATURE VS TEMPERATURE 400 CAPACITIVE LOAD
0 2.5
l 'L\\“\‘\J
350 Vvee = 4.75V »0 350 Vee =5V —
2. - Ta=25C
_ / \ VIH vee =5V 300 .
g 300 15 - Iiag -
£ P 5 L f 20 7"/
< 2z £
- 2 <
< S 2 gt
- IS =l B 10 200 -~ PRU .
2
200 — 05 -
P a2 150
150% 0 100
0 20 40 60 80 100 0 20 40 60 80 100 0 100 200 300 400 500 600
Ta(C) Tal Cl L (oF)
PACKAGE DIAGRAM
CERAMIC PACKAGE MOLDED PACKAGE
(910}
: (870}
{490) _
{.400)
lmAnnnonon ATAVATANATATATATA!
(.310) 1255
(280 1 2451
PINNO. T "'I‘D'R"‘ °
1DENT -
OoouUouoouuoyg 'UUVVUUUUUy
| (920i
! (890! ’l r ::ggl 3100
a0 ! (2900 T™
[ |201
1 _L
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(.008) . om _ To08/
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1 A
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1024x4 Static Random
Access Memory

SY2142

MEMORY
PRODUCTS

Svnertek

INCORPORATED

@ 200ns Maximum Access

® Low Operating Power Dissipation
0.1mW/Bit

® No Clocks or Strobes Required

® ldentical Cycle and Access Times

® Single +5V Supply

® Totally TTL Compatible:
All Inputs, Outputs, and Power Supply
® Common Data I/0
® 400mv Noise Immunity
® High Density 20 Pin Package
® Two Chip Selects and Output Disable
Functions Simplify Memory Expansion

The 2142 is a 4096-bit static Random Access The SY2142 is designed for memory applications

Memory organized 1024 words by 4-bits and is fabri-
cated using Synertek’s N-channel Silicon-Gate MOS
technology. Itis designed using fully DC stable (static)

where high performance, low cost, large bit storage,
and simple interfacing are important design objec-
tives. It is totally TTL compatible in all respects:

circuitry in both the memory array and the decoding
and therefore requires no. clock or refreshing to
operate. Address setup times are not required and
the data is read out nondestructively with the same
polarity as the input data. Common Input/QOutput
pins are provided to simplify design of bus oriented
systems, and the outputs can drive 2 TTL loads.

inputs, outputs, and the single +5V supply.

Two Chip Selects (CS; and CS,) are provided to
simplify systems where memory expansion is
implemented by OR-tying several 2142's. Also an
Output Disable directly controls the output stages.

The SY2142 is packaged in a 20-pin DIP and is
fabricated with N-channel, lon Implanted, Silicon-
Gate technology — a technology providing excellent
performance characteristics as well as protection
against contamination allowing the use of low cost

PIN CONFIGURATION

A1 20 [ Vee packaging techniques.
As ]2 19 ] A7
A k] 18] Ag
aslle 7 BLOCK DIAGRAM
cs s 16 ] oo
Al]s 15 [ W0y Ao——w
a7 1411 1/02 A - Ve
a0 133 103 1 m 1 - anD
e e 121104 2 IX MEMORY ARRAY
Gnop o 1w S:&WéT 64 ROWS
Az ——k 64 COLUMNS
A, :
ORDERING INFORMATION 4 IDZ
Supply A5
Order Package Access Current Temperature L 1
Number Type Time (Max) Range 1704 I? [ COLUMN
SYC2142 Ceramic 450nsec 100mAmp 0°C to 70°C o [ V/ociRcuITs
SYP2142 Molded  450nsec  100mAmp 0°C to 70°C 2 INPUT COLUMN SELECT
. DATA
S§YC2142-3  Ceramic 300nsec 100mAmp 0°C to 70°C 1o CONTROL
SYP2142-3 Molded 300nsec 100mAmp 0°C to 70°C
SYC2142L Ceramic 450nsec 70mAmp 0°C to 70°C ™
SYP2142L Molded 450nsec 70mAmp  0°C to 70°C M A Ay An A
SYC2142L-3 Ceramic  300nsec  70mAmp  0°C to 70°C s 7 8 8
SYP2142L-3  Molded 300nsec 70mAmp  0°C to 70°C
SYC2142-2 Ceramic 200nsec 100mAmp 0°C to 70°C C5
SYP2142-2 Molded 200nsec 100mAmp 0°C to 70°C sy
SYC2142L-2 Ceramic 200nsec 70mAmp  0°C to 70°C _
SYP2142L-2 Molded  200nsec  70mAmp  0°C to 70°C wE




5 SY2142

ABSOLUTE MAXIMUM RATINGS COMMENT

Temperature Under Bias ......... -10°C to 80°C Stresses above those listed under “Absolute Maximum

Storage Temperature ........... -65°C to 150°C Ratings” may cause permanentdamage to the device. This

Voltage on Any Pin with is a stress rating only and functional operation of the
ReSpEct t0 Ground ....vovvvvnr.. L0.5V 10 +7V device at these or any other conditions above those

o indicated in the operational sections of this specificationis
Power Dissipation ............coviiini.. 1.0W not implied.

D.C. CHARACTERISTICS Ta =0°Cto +70°C, VG = 5V #5% {Unless Otherwise Specified):

2142,2142-2 |2142L,2142L-2
2142-3 2142L-3
Symbol Parameter Min | Max | Min | Max | Unit Conditions
L Input Load Current 10 10 pA VIN =0to0 5.25V
{All input pins)
L0 1/0 Leakage Current 10 10 | wA [CS=20vV,
Vy/0 =0.4V to Vce
lcet Power Supply Current a5 65 mA | Vee =5.25V, 1j/0 =0 mA,
TA=25°C
lcc2 Power Supply Current 100 70 mA | Vce =5.25V, 10 =0mA,
Ta=0°C
ViL Input Low Voltage -05| 08 |[-05 | 0.8 Vv
VIH - Input High Voltage 20 | Vce | 20 | Vee v
VoL Qutput Low Voltage 0.4 0.4 \ loL=3.2mA
VOH Output High Voltage 24 | Vcc | 24 | Vece \ IoH=-1.0mA
CAPACITANCE Tp = 25°C, f = 1.0 MHz
Symbol Test Typ Max Units
Ci/0 Input/Output Capacitance 5 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, VcC = 5V #5% (Unless Otherwise Specified)

2142-2,21421L.-2 2142-3,2142L-3 2142,2142L
Symbol Parameter Min. Max. Min, Max. Min. Max. Unit
READ CYCLE
tre Read Cycle Time 200 300 450 ns
ta Access Time 200 300 450 ns
top Output Enable to Output Valid 70 100 120 ns
topx Output Enable to Output Active 20 20 20 ns
tco Chip Selection to Output Valid 70 100 120 ns
tex Chip Selection to Output Active 20 20 20 ns
toTp Qutput 3-state from Disable 0 60 0 80 0 100 ns
tOHA Output Hold from Address Change 50 50 50 ns
WRITE CYCLE
twe Write Cycle Time 200 300 450 ns
t AW Address to Write Setup Time 0 0 0 ns
tw Write Pulse Width 120 150 200 ns
twr Write Release Time 0 0 0 ns
toTDp Qutput 3-state from Disable 0 60 80 100 ns
tow Data to Write Time Overlap 120 150 200 ns
tpH Data Hold from Write Time 0 0 0 ns

See following page for A.C. Test Conditions
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5 SY2142

A.C. Test Conditions

INPUL PUISE LEVEIS ..ttt ittt i i et et e 0.8V to 2.0V
Input Rise and Fall Time .......... .. 10nsec
Timing Measurement Levels: Input ... .. . i e e 1.6V

[ 117 o1 PP 0.8V and 2.0V
OUPUL Load oot e it 1TTL Gate and 100pF

TIMING DIAGRAMS

Read Cyclem

trC

ADDRESS X )(

ST
SRRRIRRRKK

&2 X R

7 R,

tco toTD

fe—— tex ——
cx toHA

Dout
. [2}
Write Cycle
twe
ADDRESS )( )(
N
oD 3
{a—10TD -3
533
KOOI
o5 S F K
W
we @ R 7l
taw
Dout

[;:jjif——’uq—tnn—>
O }

NOTES: o
1. A Read occurs during the overlap of a low TS, high CS; and a high WE.
2. A Write occurs during the overlap of a low CTSt, high €S and a low WE.
3. WE must be high during all address transitions.
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5 SY2142

TYPICAL CHARACTERISTICS

SUPPLY CURRENT SUPPLY CURRENT ACCESS TIME VS
VS VOLTAGE VS TEMPERATURE VOLTAGE
120 120 300 7
I | ta =25°C
TA=25°C Vce = 5.25V
100 2142, 21421
100 I 250 e
- N
80 402 < 80 —
2.2 T~ 2 g 2142L-3,2142-3
I 2182 £ 142,214 3 2 200 h X
E \ b \ <
< 2182% k> ] =
g 60 TV 60 ,\2142._' 214205 N[ 214212, 21422 Lo
150
40 40
20 20 100
2 3 4 5 6 7 0 20 40 60 80 100 4.0 45 5.0 55 60
vce (V) Ta(°C)
cC Al Vee (V)
ACCESS TIME VS INPUT VOLTAGE LIMITS ACCESS TIME VS
TEMPERATURE VS TEMPERATURE CAPACITIVE LOAD
400 25 400 I
. | et
450 VEC = 4.75V 350 — 2042, Vee =5V —]
2.0 o Ta =25°C
\J VIH vee =5V 1300
§ s v <~ 15 3 Aﬂ)‘n\ﬂ/g
::—( 1‘A7_,2\A E VL £ 20 24 l
- < 2
250 [ 2 S //[ a2\ e
[ s ™ | > 10 200 vn'zlvﬂf(
21023 /4
200 0.5 o
LY 150
214\2’2'
150] 0 100
0 20 40 60 80 100 0 20 40 60 80 100 0 100 200 300 400 500 600
o
Ta (°C) Ta (°C) Cy (pF}

PACKAGE DIAGRAMS

20 PIN CERAMIC DIP ) 20 PIN MOLDED DIP

(.055)
(.010) ooanoonono
—

oo oo oooor

o000 oo oo

| g g gy e o (.020)
™ (oo

{1.020) (.320) {.260}
1.980) (200 (.145) (1.040) :
(.135) (1.020) Lzl
—]
T < (.055) l' (.135)
((.(1’;2; (015) e —

_L
_*— .012) 1 T—
.0[_>

|

T

(.320)
f " (290) "1
15
™ T
e p oo oz (o o
(.022) (070} (o15) 055) {.008)
(:015) {

.040.
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1024x4 Static Random
Access Memory

Low Power Standby

SY2142LV

MEMORY
PRODUCTS

crtek

INCORPORATED

® 200 ns Maximum Access ® Totally TTL Compatible:

® Low Power: 0.1 mW/Bit Operating All Inputs, Outputs, and Power Supply
.03 mW/Bit Standby Common Data 1/0

® No Clocks or Strobes Required 400 mv Noise Immunity

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

® Single Supply: +5V Operating Two Chip Selects and Output Disable
+2.5V Standby Functions Simplify Memory Expansion

The SY2142LV is a 4096-Bit static Random Access
Memory organized 1024 words by 4-bits and is fabri-
cated using Synertek’s N-channel Silicon-Gate MOS
technology. These advanced processing techniques
allow the SY2142LV to maintain memory with Vg
reduced to 2.5V. This reduces standby power by

The SY2142LV is designed for memory applications
where high performance, low power, large bit storage
and simple interfacing are important design objectives.
It is totally TTL compatible in all respects: inputs,
outputs, and the single +5V supply.

Two Chip Selects (CSq and CSy) are provided to

60% and simplifies the design of battery back-up
systems. It is designed using fully DC stable (static)
circuitry in both the memory array and the decoding
and therefore requires no clock or refreshing to
operate. Address setup times are not required and
the data is read out nondestructively with the same
polarity as the input data. Common Input/Output
pins are provided to simplify design of the bus oriented
systems, and can drive 2 TTL loads.

simplify systems where memory expansion is imple-
mented by OR-tying several 2142LVs. Also an QOut-
put Disable directly controls the output stages.

The SY2142LV is packaged in a 20-pin DIP and is
fabricated with N-channel, lon Implanted, Silicon-
Gate technology — a technology providing excellent
performance characteristics as well as protection
against contamination allowing the use of low cost
packaging techniques.

PIN CONFIGURATION BLOCK DIAGRAM

——
Asd 1 20 17 Vee Ag
As [ 2 19 [0 Ay Vee
A3 18] As "_{}: F - GND
Asa E : ‘:; g ZQD Az ROW MEMORY ARRAY
c [:Z
A: e 242y [ 1/04 A3——-—k SELECT 64 CorumNs
A g7 14 71102 " ]
A s 13 [ 1vos3 [:Z
& e 12| /04 As__lz
anD [ 10 1] WE 1
"0 ?— H COLUMN
] 10 CIRCUITS
ORDERING INFORMATION 1o weur | [corumnseceet
ATA
Supply 1104 CODNTROL
Order Package Access Current Temperature
Number Type Time  (Max) Range 10,4
Ag Ay Ag Ag
SYC2142LV  Ceramic 450nsec 70mA 0°C to +70°C
SYP2142LV Plastic  450nsec 70mA 0°C to +70°C _
SYC2142LV-3 Ceramic 300nsec 70mA 0°C to+70°C ol
SYP2142LV-3 Plastic  300nsec 70mA 0°C to +70°C wE
SYC2142LV-2 Ceramic 200nsec 70mA 0°C to +70°C ob

SYP2142LV-2 Plastic  200nsec 70mA 0°C to +70°C
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ABSOLUTE MAXIMUM RATINGS COMMENT

Temperature Under Bias -10°C to 80°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 isa

Voltage on Any Pin with stress rating only and functional operation of the device at
Respect to Ground —0.5V to +7V these or any other conditions above those indicated in the

Power Dissipation 1.0W operational sections of this specification is not implied.

D.C.CHARACTERISTICS Ta =0°C to +70°C, V¢ = 5V * 5% (Unless otherwise specified)

2142LV-2
2142LV-3, 2142LV
Symbol Parameter Min Max Unit Conditions
L Input Load Current 10 uA VIN =0to 5.25V
{All input pins)
1LO 1/0 Leakage Current 10 uA CS = 2.0V,
V170 = 0.4V to Ve
Icect Power Supply Current 65 mA Vee =5.25V, I/ = 0mA,
Tp=25C
Icc? Power Supply Current 70 mA | Vge =5.25V, lj/0 =0 mA,
TA=0°C
ViL Input Low Voltage . -0.5 0.8 \Y%
VIH Input High Voltage 2.0 Vce \
VoL Qutput Low Voltage 2.4 0.4 \Y loL =3.2mA
VOH Output High Voltage Vee \ IoH =-1.0mA
CAPACITANCE Tp = 25°C, f = 1.0 MHz
Symbol : Test Typ Max Units
Ci/o Input/Output Capacitance 5 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, VC = 5V #5% (Unless Otherwise Specified)

2142LV-2 2142LV-3 2142LV
Symbol Parameter Min. | Max. | Min. | Max. |Min. | Max. | Unit
Read Cycle
tRC Read Cycle Time 200 300 450 nsec
tA Access Time 200 300 450 | nsec
top Output Enable to Output Valid 70 100 120 | nsec
toDX Output Enable to Output Active 20 20 20 nsec
tco. Chip Select to Output Valid 70 100 120 | nsec
tcx Chip Select to Output Enabled 20 20 20 nsec
toTD Chip Deselect to Output Off 0 60 0 80 0 100 | nsec
tOHA Output Hold From Address Change 50 50 50 nsec
Write Cycle
twe Write Cycle Time 200 300 450 nsec
taw Address to Write Setup Time 0 0 o] nsec
tw Write Pulse Width 120 150 200 nsec
twr Write Release Time 0 9] 0 nsec
toTw Write to Output Off 0 60 0 80 0 100 | nsec
tow Data to Write Overlap 120 150 200 nsec
tDH Data Hold 0 : 0 0 nsec
A.C. Test Conditions Timing Measurement Levels: Input........ 1.5V
Input Pulse Levels. ............. 0.8V to 2.0V . Output. . .0.8and 2.0V
Input Rise and Fall Time ............ 10 n sec Output Load. . .......... 1TTL Gate and 100pF
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SY2142LV

Ta =0°C to 70°C

STANDBY CHARACTERISTICS

Read Cycle ‘3!

ADDRESS X
os TR0,

Dout

Standby Operation

I STANDBY

tep
¢ MODE

Symbol Parameter Min. Max. Unit Test Conditions
VPD V¢ in Standby 2.5 v
Vess(2) CS Bias in Standby 2.5 v 2.5V < Vpp < V¢C Max.
Ipp Standby Current Drain 50 - mA All Inputs = Vpp = 2.5V
tcp Chip Deselect to Standby 0 ns
Time
tR Standby Recovery Time 500 ns
TIMING DIAGRAMS Write Cycle

| twe

|
ADDRESS X

|
os SR
w@
;
T 7
WE _—(AVT_ ~toTW—
RERRRRIRIITTTR,
DouT SRR
—~—tpW—=—f-toH
|
Din mﬂ LRSI
NOTES

1. Typical values are for Tp = 25°C and nominal
supply voltage.

2, Consider the test conditions as shown: If the
standby voltage (Vpp) is between 5.25V (Vcc
Max.) and 2.5V, then TS must be held at 2.5V Min.

3. WE is high for a Read Cycle.

4. ty is measured from the latter of CS or WE going
low to the earlier of CS or WE going high.

to prevent erroneous data from being written into
the array. As long as WE remains high, the data stored
cannot be affected by the Address, Chip Select, or
Data 1/0 logic levels or timing transitions.

Data storage also cannot be affected by WE, Addresses,
or the 1/O ports as long as CS is high. Either CS or
WE or both can prevent extraneous writing due to
signal transitions.

Data within the array can only be changed during
Write time — defined as the overlap of CS low and

5. 4,75 Volts
6. 2,5 Volts
DATA STORAGE
When WE is high, the data input buffers are inhibited WE low. The addresses must be properly established

during the entire Write time plus twR.

Internal delays are such that address decoding prop-
agates ahead of data inputs and therefore no address
setup time is required. If the Write time precedes the
addresses, the data in previously addressed locations,
or some other location, may be changed. Addresses
must remain stable for the entire Write cycle but the
Data Inputs may change. The data which is stable
for tpw at the end of the Write time will be written
into the addressed location.
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TYPICAL CHARACTERISTICS

SUPPLY CURRENT

SUPPLY CURRENT

VS VOLTAGE VS TEMPERATURE
120 120
Ta=25°C Ve = 5.25V
100 100 cc
80 Z 80
3 £
£ Y Q 214;
E PAL o S 21421y
© 60 W3 2 60 2142,
2 W2 212 S~ V. 21420y 4
982
40 40
20 20
2 3 4 5 6 7 0 20 40 60 80 100
vee (V) TA(C)
ACCESS TIME VS INPUT VOLTAGE LIMITS
TEMPERATURE VS TEMPERATURE
400 I 25
Vce = 4.75V
350 20
M~ VIH vee = 5V
g 300 5 -~ 15
2 —~
£ 482\ / ViL
< 2 ?é [ ——
= 250(- S 10
S
lwzul'3 —
200 05
2142\-\"2
150“,/1/ .
0 20 40 60 80 100 6 20 40 60 8 100
Tate TAlC)

ta insec)

ta {nsec)

VOLTAGE
300 T
ta=25C
2142LY
250 .
2142LV-3
200 N
N 2142Lv-2 g
150
100
4.0 45 5.0 55 60
Vee (V)
ACCESS TIME VS
CAPACITIV|
200 : E LOAD
'I_\A'I—\*\'
350 Vee =5V =
-1 Ta =25°C
300 —_—
2‘\“2\‘\‘.’3 -~
250 T
P N%3 —
200 NI et
150 (—}
100
0 100 200 300 400 500 600

ACCESS TIME VS

CyL (pF)
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Swvnertek

INCORPORATED

4096 x 1 Static Random SY2147
Access Memory

MEMORY
PRODUCTS

Preliminary

55 ns Maximum Access

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

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

The Synertek SY2147 is a 4096-Bit Static Random
Access Memory organized 4096 words by 1-bit 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 on 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

Ao
A
Az
A3
A
As[]
Dout[]
weld
GND[]

© 0O N O A W N =

ORDERING INFORMATION

Supply Standby
Order Package Access Current Current
Number Type Time {Max} (Max)
SYC2147-3 Ceramic 55nsec 180mA 30mA
SYC2147 Ceramic 70nsec 160mA 20mA
SYC2147L  Ceramic 70nsec 140mA 10mA

The SY 2147 offers an automatic power down feature.
Power down is controlled by the Chip Select input.
When Chip Select (CS) goes high, thus de-selecting the
SY2147, the device will automatically power down
and remain in a standby power mode as long as CS
remain high. This unique feature provides system level
power savings as much as 80%.
Al

The SY2147 is 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.

BLOCK DIAGRAM

>

«-—— GND

>
[

R

MEMORY ARRAY
ROW 64 ROWS
SELECT| 64 COLUMNS

> >
S o

>
@

Din COLUMN 1/0 CIRCUITS —D— Dout

COLUMN SELECT

A

Ao A4 As Ag Agg Ay

3
Ep
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SY2147

ABSOLUTE MAXIMUM RATINGS COMMENT
Temperature Under Bias ........ -10°C to 80°C Stresses above those listed under “Absolute Maximum
Storage Temperature . ......... -65°C to 150°C Ratings” may cause permanentdamage to the device. This

Voltage on Any Pin with is a stress rating only and functional operation of the
device at these or any other conditions above those

Respect to Ground . ......... -0.5V to +7V indicated in the operational sections of this specification is
Power Dissipation .................. 1.0W not implied.

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

2147-3 2147 2147L
Symbol Parameter Min. | Max. | Min. | Max. Min. | Max. | Unit Conditions
Iy Input Load Current 10 10 10 MA Vee =Max, Vin=Gnd to Voo
(All input pins}
o Output Leakage Current 50 50 50 HA CS=Vy, Ve = Max
VouT =Gnd to 4.5V
lcc Power Supply Current 170 150 135 mA TA=25°C Ve =Max, CS=Vj_
180 160 140 | mA | Ta=0°C  Outputs Open
Isg Standby Current 30 20 10 mA Vee =Min to Max, CS=Vy
Ipo Peak Power-on Current 70 50 30 mA Vce =Gnd to Vgg Min
CS = Lower of Vg or V|H Min
ViL Input Low Voltage -0.3| 08 | -0.3) 0.8 -0.3 | 0.8 \
VY Input High Voltage 2.0 | 6.0 20 | 6.0 20 | 6.0 \"
VoL Output Low Voltage 0.4 0.4 0.4 A\ loL =8mA
VOH Output High Voltage 2.4 2.4 2.4 \Y IoH = 4.0mA
CAPACITANCE  Tp =25°C,f=1.0 MHz
Symbol Test Typ. . Max. Unit
CouT Output Capacitance 7 " pF
CINn Input Capacitance 5 pF

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

A.C. CHARACTERISTICS Ta =0°Cto +70°C, Ve = 5V £10% (Unless otherwise specified)

READ CYCLE
2147-3 2147,2147L

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

tAA Address Access Time 55 70 ns

tACS1 Chip Select Access Time 55 70 ns Note 1
tACS2 Chip Select Access Time 65 80 ns Note 2
tOH Qutput Hold from Address Change 5 5 ns

tLz Chip Selection to Output in Low Z 10 10 ns

tHZ Chip Deselection to Output in High Z 0 40 0 40 ns

tpy Chip Selection to Power Up Time 0 0 ns

tPD Chip Deselection to Power Down Time 30 30 ns

WRITE CYCLE

twe Write Cycle Time 55 70 ns

tcw Chip Selection to End of Write 45 55 ns

taw Address Valid to End of Write 45 55 ns

tAS Address Setup Time 0 0 ns

twp Write Pulse Width 35 40 ns

tWR Write Recovery Time 10 15 ns

tpw Data Valid to End of Write 25 30 ns

tDH Data Hold Time 10 10 ns

twz Write Enabled to Qutput in High Z 0 30 0 35 ns

tow Output Active from End of Write (o} 0 ns

(See following page for notes)
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5 SY2147

TIMING DIAGRAMS

READ CYCLE NO. 1(34]

tre

ADDRESS )(

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

READ CYCLE NO. 2 {3.5]

tre
[+ 5( 7[
tacs tuz
Wz
HIGH IMPEDANCE
DATA OUT DATA VALID
IMPEDANCE
[~—1D

Vee lee
SUPPLY
CURRENT lsa

NOTES: 1. Chip deselected for greater than 55ns prior to selection.
2. Chip deselected for a finite time that is less than 65ns prior to selection. (If the deselect time is Ons, the chip is by
definition selected and access occurs according to Read Cycle No. 1.)

3. WEis high for Read Cycles.
4. Device is continuously selected, CS = ViL.
5. Addresses valid prior to or coincident with CS transition low.
WRITE CYCLE
twe
ADDRESS )( X
tew
s N\ VNN
cs NN Z /
taw
t— tywr —
tas twp
VE 3{ \ )'( 7‘
! tow toH
DATAIN DATA IN VALID
[ tyyz ——] tow
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED
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SY2147

PACKAGE DIAGRAM

CERAMIC PACKAGE
(910)
(870)
| (490) "l
(.400)
nn l_l anon amn.
(310)
(:280)
PINNO. T _ L g
IDENT

guUoguuoau

.032 REF.

BIT MAPPING INFORMATION (X,Y)

I

{.015)
{.008)

(.320)

= 200™"

00 ©3n] [0321 (063

S

=

3]

w

-

w

"

z

<}

|3
(63,0) 63,31) (63,32) (63,63)
T T eoLUMN SELEOT (V) "
L _ _ COLUMNSELECTIY) _ _

ROW ADDRESSES COLUMN ADDRESSES
msB Lse msB Lss
X5 X4 X3 Xz X1 Xo Ys Ys Y3 Y2 Y1 Yo
Az Az A1 Ag A7 Ag Ao Ap Ag Ag As Ay
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CMOS 256 x 4 Static
Random Access Memory

SY5101

MEMORY
PRODUCTS

Svnertek

INCORPORATED

® Very Low Power — 100mW operating
— B50uW standby
® Pin compatible with SY2101 RAM-operates in
same sockets
® Standby operation whenever chip is not selected

Single +5V power supply

Power Down (2 volt) memory retention

Totally TTL compatible—inputs and outputs
3-state output

The SY5101, a 256 word x 4 bit CMOS static RAM is
a low power pin-for-pin replacement for the industry
standard 2101. The device is fabricated with Syner-
tek’s silicon gate, ion implanted CMOS process which
allows production of very low power, high perform-
ance memories.

The 5101 is a completely static design, requiring no
refresh or clocks. Low standby power can be achieved
without external power down circuits—whenever the
device is not enabled (CE2 = Logic 0} minimum stand-
by current is drawn from the +5 volt supply. To sim-
plify design of systems using battery backup for non
volatility, the SY5101L will also maintain memory
storage at supply voltages as low as 2.0 volts.

PIN
CONFIGURATION

ORDERING INFORMATION

Order Access Standby 2,0 Volt
Number Time Current Memory
uA/Device  Retention

SYP5101L-3  650nsec 200 Yes
SYC5101L-3  650nsec 200 Yes
SYP5101L 650nsec 10 Yes
SYC5101L 650nsec 10 Yes
SYP5101L:1+ 450nsec 10 Yes
SYC5101L-1 ! 450nsec 10 Yes
SYP5101-8 800nsec 500 No
SYC5101-8 800nsec 500 No

An output disable input controls the 3-state output
to make construction of large memory systems sim-
ple. Write and Read cycles are selected by applying
the appropriate logic signal to the R/W input with
Ve at 5 volts.

The 5101 is intended for use in memory systems using
battery backup and/or power down techniques in or-
der to reduce standby power dissipation and in bat-
tery powered systems where low operating power is
needed. The 5101 will extend battery life in an exist-
ing 2101 design and will also permit the elimination
of expensive power down circuits.

BLOCK DIAGRAM

Ao | | D .
M GND

CELL ARRAY
Row 32ROWS

SELECT 32 COLUMNS

COLUMN 1/0 CIRCUITS

COLUMN SELECTOR

INPUT
DATA
CONTROL

ROk —
o
Dy
Q{):
°@{§:
)| I I
25—
»@{}:
°@{}:
R =

(O =PINNUMBERS
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SY5101

ABSOLUTE MAXIMUM RATINGS
0°C to 70°C
-65°C to + 150°C

Ambient Temperature Under Bias
Storage Temperature
*Voltage on Any Pin

COMMENT

Stresses above those listed under *’Absolute Maximum
Rating’” may cause permanent damage to the device.
This is a stress rating only and functional operation of

With Respect to Ground
Maximum Power Supply Voltage
Power Dissipation

-0.3V to Ve +0.3V
+7.0V
1 Watt

*Note: During application of power care must be ta-
ken to assure that the input voltage on any pin (V|N)
is constrained as follows: -0.3V <V|N < Vcct0.3V

the device at these or at any other condition above
those indicated in the operational sections of this
specification is not implied. Exposure to absolute
rating conditions for extended periods may affect de-
vice reliability.

D.C. CHARACTERISTICS T4 =0°Cto70°C, Vce =5V +5% unless otherwise specified.

5101L and 5101L-1 5101L -3 5101-8
Limits Limits Limits
Symbol Parameter Min. Typ.[1] Max. | Min. Typ.[1] Max. | Min. Typ.[1] Max. |Units Test Conditions
1L212] Input Current .005 1 .005 1 .005 1 uA |VIN =0.0V to VCC
1LO[2] | Output Leakage Current 1 1 2 uA [CE1 =22V,VouT=
0to VCcC
Icc1 Operating Current 8 22 8 22 10 25 mA |VIN = VCC, Except
CE1 <0.65V,
Outputs, Open
Icc2 Operating Current " 27 1 27 13 30 mA |VIN = 2.2V, Except
' CE1 <065V,
Outputs Open
IccL[2] | Standby Current 10 200 500 | uA |CE2<0.2V,TA=
70°C
VIL Input Low Voltage -0.3 065 | -0.3 0.65 | -0.3 065 | V
VIH Input High Voltage 2.2 vee | 22 vee | 2.2 vee| v
VoL Output Low Voltage 04. 04 0.4 V |[loL=2.0mA
VOH Output High Voltage 24 24 24 V |IOH=-1.0mA

Low Vg Data Retention Characteristics (For 5101L, 5101L-1 and 5101L-3) Tp =0°C to 70°C

Symbol Parameter Min. | Typ.[1] | Max. | Units Test Conditions
VDR Vg for Data Reteption 2.0 A\
lccoR1 [5101L or 5101L-1 Data Retention 0.14 10 HA VpR=2.0V,
Current CE2<0.2V Ta=70°C
IccDR2 | 5101L-3 Data Retention Current 0.70 200 | mA VpRr=2.0V,
TaA=70°C
tCDR Chip Deselect to Data Retention Time 0 ns
R Operation Recovery Time trc(3! ns
NOTES:
1. Typical values are Ta = 25°C and nominal supply voltage.
2. Current through all inputs and outputs included in Icc measurement.
3. trc = Read Cycle Time.
Low V¢ Data Retention Waveform
DATA RETENTION
MODE
—
SUPPLY @ @ 4.75v
VOLTAGE (Vce) ™ VDR

tCDR

@ ViH
CHIP ENABLE (CE2) @ \ @ @ fG)E) @o‘zv

W e —— ——
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5 SY5101

A.C. CHARACTERISTICS Ta = 0°C to 70°C, VCC = 5V #5% unless otherwise specified.

READ CYCLE
5101L and
5101L-1 5101L-3 5101-8
Limits (ns) Limits (ns) Limits (ns)
Symbol Parameter Min. Max. Min. Max. Min. Max.
tRC Read Cycle 450 650 800
tA Access Time 450 650 800
tCO1 Chip Enable (CE 1) to Output 500 600 800
tco2 Chip Enable (CE 2) to Output 500 700 850
toD Output Disable to Qutput 250 350 450
tDF Data Output to High Z State 0 130 0 150 (o} 200
tOH1 Previous Read Data Valid with
Respect to Address Change
tOH2 Previous Read Data Valid with 0 0 0
Respect to Chip Enable
WRITE CYCLE
twe Write Cycle 450 650 800
tAW Write Delay 130 150 200
tcwi Chip Enable (CE 1) to Write 350 550 650
tcw?2 Chip Enable (CE 2} to Write 350 550 650
DWW Data Setup 250 400 450
tDH Data Hold 50 100 100
twe Write Pulse 250 400 450
twR Write Recovery 50 50 100
tps Output Disable Setup 130 150 200
TIMING DIAGRAMS
READ CYCLE
tRC
ADDRESS ( ) ADDRESS ’( )
ft—tco1 ——1 1
N N\
10H2 p-—
CE2 CE2 4 \-
—_/Lxcoz —] _—'/ —
— 10D~ m /
oo ‘0H|—D] o0
(COMMON 1/0} @ —_L_—{ —A
tA 1DF —] —] tDH
DATA Tttt 3< DATA QUT T DATA DATA IN
ouT VALID IN STABLE
NOTES: —a] 1AW tﬂ— 7—IWH—>
1. During the write cycle, OD is a logical 1 for common R L /l

1/0 and “don’t care” for separate 1/O operation.
2. OD may be tied low for separate /O operation.

CAPACITANCE? Ta=25°C,f=1MHz

Symbol Test Typ. Max. Unit
CIN Input Capacitance (All Input Pins) VN = OV 4 8 pF
CouTt Output Capacitance VouT = OV 8 12 pF

Note 3: This Parameter is periodically sampled and is not 100% tested.
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PACKAGING DIAGRAM

CERAMIC PACKAGE PLASTIC PACKAGE

t1.1001
11051
(450)
- (%0 ™

L‘_“_‘” e I ANANNNANNN

(3801 (.400)
(290} (380}

13600
1.340)

ono 1 )
t o oent | L2 .

|SgEgEEEEEEERENuyERERN] : RV AVAVAVAVAVIVAVAVAVAY)

145)
(oess | . 1201 (11200 A_l “
- - (o8 11000) (120 [
s ) 0 | os0) | (mn
14 ‘ 10201
Yo
I {.015) 1150} | -‘ 1.015)
1.008) €125 i 1.008)
- 4060)
- o 1021 _"_ (1501 _ 1420 (0201
>l ‘ tosor  (o1s Tl (128 (390) ~ (.065) [ (500 |
(o400 - (00 -
(101 Loes)
o
1023 1.090) oo
1015} 032 TYP.
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2048 x 8 Static SY2316A/B

Read Only Memory

MEMORY

Synertek PRODUCTS

INCORPORATED

2048x8 Bit Organization

Single +5 Volt Supply

Metal Mask Programming

Two Week Prototype Turnaround
Access Time—550ns /450ns (max.)
Totally Static Operation

Completely TTL Compatible

Three-State Outputs for Wire-OR Expansion

Three Programmable Chip Selects

SY2316A — Replacement for Intel 2316A

SY2316B — Pin Compatible with 2708 EPROM
— Replacement for Two 2708s

The SY2316A and SY2316B high performance read
only memories are organized 2048 words by 8 bits
with access times of less than 550 ns and 450 ns.
These 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. These devices
offer TTL input and output levels with a minimum of
0.4 Volt noise immunity in conjunction with a +5
Volt power supply.

PIN CONFIGURATION

The SY2316A/B operate totally asynchronously. No
clock input is required. The three programmable Chip
Select inputs allow eight 16K ROMs to be OR-tied
without external decoding. Both devices offer three-
state output buffers for memory expansion.

Designed to replace two 2708 8K EPROMs, the
SY2316B can eliminate the need to redesign printed
circuit boards for volume mask programmed ROMs
after prototyping with EPROM:s.

BLOCK DIAGRAM

SY2316A SY23168 Vee GND
T amn Y
Ar [ B 24 ) vee = b 24 [ ] Vee T T
As [] 2 2377 o As ] 2 23| As
Ao []3 22| 02 As [}3 221 A L oo
A} 4 21 E 03 A ]2 210 css Ao g | oo
Ac[] s 20 (2 A ] 20 7] s Ar b g | 605
A1 6 1907 os A2 [] 6 19 [ A A2 i 16,384 BIT g | o0,
A7 18 ] Os A ]7 18 [ cse Az O w ROM 2
- K 73 o A [C]8 173 0s Ae 9 CELL ARRAY 5 [o0s
¥ ) 163 0s oo Ly mpes 2 "g 'g 0 0s
As []10 15 |1 ¢S 0z 1o 15 [ 0s Ao O o —O0 07
As 11 1417 ¢S O3 n 141 0s —o 08
GND 12 13]7] csa GND |12 133 04 1/\r 'I/\f
COLUMN DECODER (1 0f 16) CBECSOE[;‘égT
ORDERING INFORMATION J, L l L
A A A A €St €S2 CS:
Order Package  Access Temperature ! : s Bt
Number Type Time Range
SYC2316A  Ceramic  550ns  0°Cto+70°C
SYP2316A Plastic 550ns 0°Cto+70°C
SYC23168 Ceramic  450ns 0°Cto+70°C
SYP2316B Plastic 450ns  0°Cto+70°C

A custom number will be assigned.by Synertek.
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SY2316A/B

ABSOLUTE MAXIMUM RATINGS*

0° to +70°C
-65°C to +150°C
Supply Voltage to Ground Potential -0.5V to +7.0V

Ambient Operating Temperature
Storage Temperature

COMMENT*

Stresses above those listed under ““Absolute Maxi-
mum Ratings” may cause permanent damage to the
device. These are stress ratings only. Functional
operation of this device at these or any other condi-

Applied Output Voltage ~0.5V to +7.0V tions above those indicated in the operational sec-
Anolied | y V to +7.0V tions of this specification is not implied and exposure
pplied Input Voltage -0.5V t0 +7.0 to absolute maximum rating conditions for extended

Power Dissipation 1.0W periods may affect device reliability.
D.C. CHARACTERISTICS
Ta = 0°C to +70°C, Vce = 5.0V % 5% (unless otherwise specified)
Symbol Parameter Min, Max. Units Test Conditions
VoH Output HIGH Voltage ) 2.4 Vee Volts | Vcc=4.75V, loH = —200 nA
VoL Output LOW Voltage 0.4 Volts | Vcc=4.75V, loL = 2.1 mA
ViH Input HIGH Voltage 2.0 \Vce Volts
ViL Input LOW Voltage -0.5 0.8 Volts | See Note 1
Iu Input Load Current 10 uA Vce = 5,25V, OV < Vin < 5,25V
Io Output Leakage Current 10 uA Chip Deselected

Vout = +0.4V to Vcc
lcc Power Supply Current 98 mA | Output Unloaded

Vce =5.25V, Vin = Vce

Note 1: Input levels that swing more negative than —0.5V will be clamped and may cause damage to the device.

A.C. CHARACTERISTICS

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

SY2316B SY2316A . .

Symbol Parameter Vi e T Min. Max. Units Test Conditions
tacc Address Access Time 450 5560 ns Output load: 1 TTL load
tco Chip Select Delay 250 300 | ns and 100 pf
toF Chip Deselect Delay 150 150 ns Input transition time: 20ns
ton Previous Data Valid After | 20 20 ns | Timing reference levels:

Address Change Delay Input: 1.5V

Output: 0.8V and 2.2V

CAPACITANCE
ta = 25°C, f = 1.0MHz, See Note 2
Symbol Parameter Min. Max. Units Test Conditions
C Input Capacitance 7 pF All pins except pin under
Co Output Capacitance 10 pF test tied to AC ground

Note 2: This parameter is periodically sampled and is not 100% tested.

TIMING DIAGRAM

ADDRESS

INPUTS VALID

cHIp OO0V 9.9

SELECT 0:0:0 DISABLED ENABLED
INPUTS SO <

DATA

OUTPUTS  HiGH IMPEDANCE
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SY2316A/B

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 is supplied on standard 80 column com-
puter cards in the format described below.

All addresses and related output patterns must be completely de-
fined. 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 is generally used on all input cards: a logic 1"
is the most positive or HIGH level, and a logic 0" is the most nega-
tive or LOW level. Synertek can also accept ROM data in other
formats, compatible with most microprocessors and PROMS. Con-
sult your Synertek représentative for details.

TITLE CARDS

A set ‘of four Title Cards should accompany each data deck. These
cards give our computer programs additional information 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 {(punch "2316A""

or “2316B")

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

30 CS3/CSa chip select logic level (if LOW
selects chip, punch “0”;if HIGH selects
chip, punch “1")

31 CSz/Ei_z chip select logic level,
32 CS1/CS1 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"” (man-
ufacturing starts after customer approval
of bit pattern data supplied by Synertek)
or “VERIFICATION NOT NEEDED"
(manufacturing starts immediately upon
receipt of customer card deck)

SYNERTEK DATA CARD FORMAT

All addresses are coded in decimal form (0 through 2047). All out-
put words are coded both in binary and octal forms. Output 8 (Os)
is the MSB, and Output 1 (01} is 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 is punched as either a “P* or an “N”’; a P is defined
as a HIGH, and an “N” is defined as a LOW. Output 8 (Os} is the
MSB and Output 1 (O1) 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 is the initial input
address. The address is right justified,
i.e. 00000, 00008, 00018, 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 initial input address +3

43-50 Output data for initial input address +4

52-59 Output data for initial input address +5

61-68 Output data for initial input address +6

70-77 Qutput data for initial 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
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SY2316A/B

ACCESS TIME VS. CAPACITIVE LOAD ACCESS TIME VS, SUPPLY VOLTAGE
700 700
600 600
500 SYPICAL 5Y2316A | 500
2 400 ] 168 2 400 TYPICAL SY2316A
! |
A1 LT
§ 200 ] 8 300 TYPICAL $Y23168
- I
200 200
Vee =475V
7 Ta =25°C
Ta =25°C
100 17TL LOAD | 100 HL‘};S‘SE—
CL = 100 pF %
0 Ll 0
0 100 200 300 400 500 600 700 35 40 45 50 65 60 65 1.0
CuL — pF Vece — Volts
SUPPLY CURRENT VS. AMBIENT TEMPERATURE SUPPLY CURRENT VS. SUPPLY VOLTAGE
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2048x8 Static SY2316B-3
Read Only Memory
MEMORY

Svnertek PRODUCTS

INCORRPORATED

® Access Time—300ns (max.) ® Completely TTL Compatible
® 2048x8 Bit Organization ® Three-State Outputs for Wire-OR Expansion
@ Single +5 Volt Supply ® Three Programmable Chip Selects
® Totally Static Operation ® SY2316B — Pin Compatible with 2708 EPROM
— Replacement for Two 2708s
The SY2316B-3 high performance Read Only Mem- The SY2316B-3 operates totally asynchronously. No
ory is organized 2048 words by 8 bits with an access clock input is required. The three programmable Chip
time of less than 300 ns. This ROM is designed to be Select inputs allow eight 16K ROMs to be OR-tied
compatible with all microprocessor and similar appli- without external decoding. The device offers three-
cations where high performance, large bit storage and state output buffers for memory expansion.
simple interfacing are important design considerations. Designed to replace two 2708 8K EPROMs, the
This device offers TTL input and output levels witha  gy»316p.3 can eliminate the need to redesign printed
minimum of 0.4 Volt noise immunity in conjunction circuit boards for volume mask programmed ROMs
with a +5 Volt power supply. after prototyping with EPROMs.
PIN CONFIGURATION BLOCK DIAGRAM
SY23168 Vce GND
Ar :'1._-\/—24':1 vee T T
As []2 23] As
As 13 2213 As —O0 O1
A« 14 21 [Jcss ) o0 02
A [s 20 |7 s 5 2 loos
A [] 6 19 [ Ao i 16,384 BIT g [—0 04
a7 18 [ cs2 o ROM @
= B = % CELL ARRAY § L 005
o s 6o g 3 [
02 10 15177 06 < —o 07
O3 n 1“fJos —O Os
ano[]i2 137 0 4} {}
COLUMN DECODER (1 of 16) CEECS;DL:ST
ORDERING INFORMATION (L l l i l (L l
Order Package Access Temperature AT A he Al GG CS
Number Type Time Range
SYC2316B-3  Ceramic 300ns 0°C to +70°C
SYP2316B-3 Plastic 300ns  0°C to +70°C
A custom number will be assigned by Synertek.
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SY2316B-3

ABSOLUTE MAXIMUM RATINGS*

Ambient Operating Temperature 0° to +70°C
Storage Temperature -65°C to +150°C
Supply Voltage to Ground Potential -0.5V to +7.0V
Applied Output Voltage -0.5V to +7.0V
Applied I'nput Voltage -0.5V to +7.0V
Power Dissipation 1.0W

COMMENT*

Stresses above those listed under ‘‘Absolute Maxi-
mum Ratings’” may cause permanent damage to the
device. These are stress ratings only. Functional
operation of this device at these or any other condi-
tions 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 affect device reliability.

D.C. CHARACTERISTICS

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

Symbo! Parameter Min. Max. Units Test Conditions
VoH Qutput HIGH Voltage 24 Vcc Volts | Vcc=4.75V, loH = —-200 uA
Vou Output LOW Voltage 0.4 Volts | Vec=4.75V, loL = 2.1 mA
ViH Input HIGH Voltage 2.0 Vce Volts
Vie Input LOW Voltage -0.5 0.8 Volts | See Note 1
Iul Input Load Current 10 uA Vee = 5.25V, OV < Vin < 5,25V
ILo Output Leakage Current 10 uA Chip Deselected
Vout= +0.4V to Vcc
lcc Power Supply Current 98 mA | Output Unloaded
Vcec = 5.25V, Vin= Vcc

Note 1: Input levels that swing more negative than —0.5V will be clamped and may cause damage to the device.

A.C. CHARACTERISTICS
Ta =0°C to +70°C, Vcc = 5.0V * 5% {unless otherwise specified)
Symbol Parameter Min. Max. Units Test Conditions
tacc Address Access Time 300 ns | Outputload: 1 TTL load
tco Chip Select Delay 130 ns and 100 pF
torF Chip Deselect Delay 130 ns Input transition time: 20ns
toH Previous Data Valid After 20 ns Timing reference levels:

Address Change Delay Input: 1.6V

Output: 0.8V and 2.0V

CAPACITANCE
ta = 25°C, f = 1.0MHz, 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

Note 2: This parameter is per_iodically sampled and is not 100% tested.

TIMING DIAGRAM

ADDRESS

INPUTS VALID

cHIP KKK X RSN
£330 <X

SELECT DISABLED ENABLED 0\’;.:’:.:.

DATA

OUTPUTS HIGH IMPEDANCE
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SY2316B-3

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 is supplied on standard 80 column com-
puter cards in the format described below.

All addresses and related output patterns must be completely de-
fined. 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 is generally used on all input cards: a logic 1"
is the most positive or HIGH level, and a logic “*0" is the most nega-
tive or LOW level. Synertek can also accept ROM data in other
formats, compatible with most microprocessors and PROMS. Con-
sult 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 information 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 {punch

“2316B-3")

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

30 CS3/CS3 chip select logic level (if LOW
selects chip, punch “0"; if HIGH selects
chip, punch *“1")

31 CS2/CS2 chip select logic level.

32 CS1/CS1 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" (man-
ufacturing starts after customer approval
of bit pattern data supplied by Synertek)
or “VERIFICATION NOT NEEDED"
{manufacturing starts immediately upon
receipt of customer card deck)

SYNERTEK DATA CARD FORMAT

All addresses are coded in decimal form (0 through 2047). All out-
put words are coded both in binary and octal forms. Qutput 8 (Os)
is the MSB, and Qutput 1 {O1) is 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)

67-59 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 is punched as either a “P" oran ““N*’; a P is defined
as a HIGH, and an “N” is defined as a LOW. Qutput 8 (Os) is the
MSB and Output 1 {O1) 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 heqing
each card, This is the initial input
address. The address is tight justified,
i.e. 00000, 00008, 00016, ctc.

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 initial input address +3

43-50 Output data for initial 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 initial input address +7

79-80 ROM pattern number (may be left

blank)

Send bit pattern data to the following special address:
Synertek — ROM

P.0O. Box 552
Santa Clara, CA 95052
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TYPICAL CHARACTERISTICS

ACCESS TIME VS. CAPACITIVE LOAD

700
600
500
"
& am0
8 300
3 e
s TYPICAL
1
200 Ve = 4,75V
-1 ‘cc = 4.
Ta=25°C
100 1TTLLOAD ]
CL = 100pF
0 L
0 100 200 300 400 500 600 700
CL —pF
SUPPLY CURRENT VS. AMBIENT TEMPERATURE
140
120
100
Eow TYPICAL
L [ —t—
8 60 =
40
20 Ve =5.25V
0 "
0 100 200 30° 40° 50° 60° 70°

Ta — AMBIENT TEMPERATURE —°C

PACKAGING DIAGRAM

ACCESS TIME VS. SUPPLY VOLTAGE

700
600
500
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¢ 400
Q
g 300
3
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200 —
Ta=25C
100 1TTL LOAD |
Cy = 100pF
o L
35 40 45 50 55 60 65 7.0
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4096 x 8 Static
‘Read Only Memory

SY2332/33

MEMORY
PRODUCTS

S)'rl( K

INCORPORATED

SY2333-2732 EPROM Pin Compatible
4096 x 8 Bit Organization

Single +5 Volt Supply

Access Time—450ns (max)

Totally Static Operation

Completely TTL Compatible

SY2332-2716 EPROM Pin Compatible

Three-State Outputs for Wire-OR Expansion

Two Programmable Chip Selects

2708/2716/2732 EPROMs Accepted as
Program Data Inputs

The SY2332/3 high performance read only memory The SY2332/3 operates totally asynchronously. No

is organized 4096 words by 8 bits with access times
of less than 450 ns. This ROM is designed to be com-
patible with all microprocessor and similar applica-

clock input is required. The two programmable Chip
Select inputs allow four 32K ROMs to be OR-tied
without external decoding. Both devices offer three-

tions where high performance, large bit storage and
simple interfacing are important design considerations.
This device offers TTL input and output levels with
aminimum of 0.4 Volt noise immunity in conjunction
with a +5 Volt power supply.

state output buffers for memory expansion.

Designed to replace 2716 or 2732 32K EPROMs, the
SY2332/3 can eliminate the need to redesign printed
circuit boards for volume mask programmed ROMs
after prototyping with EPROMs.

PIN
CONFIGURATION BLOCK DIAGRAM
SY2332 SY2333
A ] 24 [vee A, l1e N 23
As[ 2 230 As Asl] 2 230 A, vee GND
As(] 3 220 A As] 3 22[1Ag
A s 21[cs; A0 4 21JAy
A3l s 20[Jcs; Az s 20 [7cs,
A 6 19 JAw A0 s 19{JA Ao O =
a7 18[JAn a7 18 [dcs, Ao = ”
Aol 8 17[J0s Apl] 8 17 [Jo, A2 0 - g
0,09 16[J0;7 0, 9 16 [J0g A3 O E 32,768 BIT é
0.( 10 1510; 0,40 15 110s A4 O é CELF‘:’:RAY .é
o: [ n 14 [o0s o0, n 120, s g 15
GND [ 12 130, ano] 12 1300, as : 8 ©
COLUMN DECODER (10f 32) CHIP SELECT
ORDERING INFORMATION (L DECODER
Order Package Access Temperature e A‘LB ;Lg Al‘ 0 A%‘ 0181 Cls;
Number Type Time Range

SYC2333 Ceramic ~ 450ns  0°C to +70°C

SYP2333 Plastic 450ns  0°Cto+70°C

SYC2332 Ceramic 450ns 0°C to +70°C

SYP2332 Plastic 450ns 0°C to +70°C

A custom number will be assigned by Synertek.




ROMs
EPROMs

10

SY2332/33

ABSOLUTE MAXIMUM RATINGS*

Ambient Operating Temperature 0°C to +70°C
Storage Temperature -65°C to +150°C
Supply Voltage to Ground Potential -0.5V to +7.0V
Applied Output Voltage -0.5V to +7.0V
Applied Input Voltage -0.5V to +7.0V
Power Dissipation 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 is not implied and exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

D.C. CHARACTERISTICS

TA =0°C to +70°C, V= 5.0V £5% (unless otherwise specified)
cc

Symbol Parameter Min. Max. Units Test Conditions
VOH Output HIGH Voltage 24 Vee Volts | Vcg =4.75V, IQH = -200uA
VoL Output LOW Voltage 04 Volts | Ve =4.75V, IgL = 2.1 mA
VIH Input HIGH Voltage 20 vece Volts
ViL Input LOW Voltage -0.5 0.8 Volts | See Note 1
It Input Load Current 10 MA | Vce =5.25V, 0V <V <5.25V
Lo Output Leakage Current 10 #A | Chip Deselected
VouT =+0.4 V to Vg
lcc Power Supply Current 100 mA | Output Unloaded, Chip Enabled
Vcee =5.25V, VIN = Vce

Note 1: Input levels that swing more negative than -0.5V will be clamped and may cause damage to the device.

A.C. CHARACTERISTICS

Ta=0°Cto+70°C, Vce = 5.0V £5% {unless otherwise specified)

Symbol P. SY2332 Uni Test Conditi
ymbo arameter Min. MaX. nits est Conditions
tACC Address Access Time 450 ns | Output load: 1 TTL load
tco Chip Select Delay 150 ns and 100pF
tDF Chip Deselect Delay 150 ns Input transition time: 20ns
tOH Previous Data Valid After 20 ns | Timing reference levels:
Address Change Delay Input: 1.5V
Output: 0.8V and 2.0V
CAPACITANCE
ta = 25°C,f = 1.0MHz, See Note 2
Symbol Parameter Min. Max. Units Test Conditions
C| Input Capacitance 7 pF | All pins except pin under
Co Output Capacitance 10 pF test tied to AC ground

Note 2: This parameter is periodically sampled and is not 100% tested.

TIMING DIAGRAM

ADDRESS
INPUTS

CHIP
SELECT
INPUTS

DATA
OUTPUTS

HIGH IMPEDENCE
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SY2332/33

PROGRAMMING INSTRUCTIONS

All Synertek read only memories utilize computer aided tech-
niques to manufacture and test custom bit patterns. The cus-
tom bit pattern and address information is supplied on stan-
dard 80 column computer cards or 1" wide paper tape.

CARD FORMAT

All addresses and related output patterns must be completely
defined. Each deck of cards defining a specific ROM bit pat-
tern consists of 1) four Title Cards and 2} address and bit pat-
tern Data Cards. Positive logic is generally used on all input
cards: a logic “*1"* is the most positive or HIGH level, and a
logic “’0"" is the most negative or LOW level. Synertek can
also accept ROM data in other formats, compatible with
most microprocessors and 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 (punch
2333 or 2332)
Second Card 1-30  Customer contact (name)
31-560 Customer telephone number
Third Card 16 Leave blank — pattern number to
be assigned by Synertek
30 CS2/CS2 chip select logic level (if
LOW selects chip, punch “0"'; if
HIGH selects chip, punch ““1"; if
DON’'T CARE, punch 2"
31 CS1/CS1 chip select logic level.
Fourth Card 18 Data Format. Punch “‘Intel”’ starting
in column one.
15-28 Logic Format; punch “POSITIVE
LOGIC"” or NEGATIVE LOGIC.”
35-37 Truth table verification code;punch

either “VERIFICATION HOLD"”
{manufacturing starts after customer
approval of bit pattern data supplied
by Synertek} or “VERIFICATION
NOT NEEDED” (manufacturing
starts immediately upon receipt of
customer card deck)

INTEL DATA CARD FORMAT

Qutput data is punched as either a “'P" or an “N’";a P is
defined as a HIGH and an N’ is defined as a LOW. OQutput
8 (Og or O7) is the MSB and Output 1 (01 or Og) is the LSB.
The four Title Cards listed above must accompany the Intel
card deck.

COLUMN

15

INFORMATION

Punch the 5-digit decimal equivalent
of the binary coded address which
begins each card. This is the inital
input address. The address is right
justified, i.e. 00000, 00008, 00016,
etc.

Output data (MSB-LSB)
input address.

16-23 Output data for initial input address +1
25-32 OQutput data for initial input address +2

Data Cards

7-14 for initial

34-41
43-50
52-59
6168
70-77
79-80

Output data for initial input address +3
Output data for initial input address +4
Output data for initial input address +5
Output data for initial input address +6
Qutput data for initial input address +7
ROM pattern number (may be left
blank)

INTEL PAPER TAPE FORMAT

The paper tape which should be used is 1’ wide paper tape
using 7 or 8 bit ASCI| 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 fieid @ (al! 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 organ-
ization.
NO OTHER CHARACTERS, SUCH AS RUBOUTS, ARE
ALLOWED ANYWHERE IN A WORD FIELD. If in pre-
paring a tape, an error is made, the entire word field, in-
cluding the B and F must be rubbed out. Within the word
field, a P resuits in a high tape level output, and an N re-
sults in a 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 B's or F's
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 helpfu! 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 cus-
tomer’s complete Telex or TWX number and if more than
one pattern is 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 sys-
tem 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:

Frame O Record mark. Signals the start of a
record. The ASCI1 character colon (**:"”
HEX 3A) is used as the record mark.
Frames 1, 2 Record length. Two ASCI] characters
(0-9, A-F) representing a hexadecimal number in

the range 0 to ‘FF’ (0 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 ASCIl 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.

Frames 3 to 6
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Frames 7,8 Record type. Two ASCIl characters. ing all carries out of an 8-bit sum, then
Currently all records are type O, this add the checksum, the result is zero.
field is reserve‘d for future exp?ansnon. Example: 1f memory locations 1 through 3 contain 53F8EC,

Frames 9 to 9+2* Data. Each 8 bit memory word is repre- . .

o the format of the hex file produced when these locations are

(Record Length) -1 sented by two frames containing the punched is:

ASCII characters (0 to 9, A to F) to !
represent a hexadecimal value 0 to 'FF’ :0300010053F8ECCS
(0 to 255).
i fol i ial add H

Frames 9+2*% Checksum. The checksum is the nega- Sen;l bit ;:a':terr::;:)al\t: to the following special address

{Record Length) to  tive of the sum of all 8 bit bytes in the PygerBe 552

9+2* (Record record since the record mark { **:"* ) 2080 gx o Dri

Length) +1 evaluated modulus 256. That is, if you s CcIJronaC: 9;'0\’;1
add together all the 8 bit bytes, ignor- anta Clara,

TYPICAL CHARACTERISTICS
ACCESS TIME VS. CAPACITIVE LOAD ACCESS TIME VS. SUPPLY VOLTAGE
700 700
600 600
500 500
- "
1 400 € 400
CAL
S g
£ 300 2 300 TYPICAL
, &
7
200 200
vee =475V o6
1?;3-25,0 Ta=25°C
100 -] 100 1TTL LOAD |
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CL = 100pF IL |
0 L 0
0 100 200 300 400 500 600 700 36 40 45 50 55 60 65 70
CL—pF Vee - VOLTS
SUPPLY CURRENT VS. AMBIENT TEMPERATURE SUPPLY CURRENT VS. SUPPLY VOLTAGE
140 140
120 120
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£ Py ! |
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40 40
20 Ve = 5.25V 20 Ta=25C—
. || )
0° 10° 20° 30° 40° 50° 60° 70° 35 40 45 50 55 60 65 70
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PACKAGING DIAGRAM
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8192 x 8 Static SY2364

Read Only Memory

MEMORY
PRODUCTS

PRELIMINARY

Svnertek

INCZOIFRORATE D

e SY2716—2732 EPROM Pin Compatible ® Three-State Outputs for Wire-OR Expansion
® 8192 x 8 Bit Organization ® Programmable Chip Select

® Single +5 Volt Supply ® 2708/2716/2732 EPROMs Accepted as

®  Access Time—450ns {max) Program Data Inputs

® Totally Static Operation e SY2316-SY2332 ROM Pin Compatible

e Completely TTL Compatible

The SY2364 high performance Read Only Memory The SY2364 operates totally asynchronously. No

is organized 8192 words by 8 bits with access times
of less than 450 ns. This ROM is designed to be com-
patible with all microprocessor and similar applica-

clock input is required. The programmable Chip
Select input allows two 64K ROMs to be OR-tied
without external decoding. The SY2364 offers three-

tions where high performance, large bit storage and
simple interfacing are important design considerations.
This device offers TTL input and output levels with
aminimum of 0.4 Volt noise immunity in conjunction
with a +5 Volt power supply.

state output buffers for memory expansion.

Designed to replace 2716 or 2732 EPROMs, the
SY2364 can eliminate the need to redesign printed
circuit boards for volume mask programmed ROMs
after prototyping with EPROMs.

PIN
CONFIGURATION BLOCK DIAGRAM
SY2364
A1 ® ~ 24 [Jvee
sl 2 23 [JAs vee GND
As(] 3 22{1Ag
A4 210 A
A s 20 [Jcs/CsS
Al e 1910 Ao Ao _ [
A7 18[JAn Ao 8 " | 02
alls 1700 Azo—y B g [o%
o9 1630, A3O— 3 65,536 BIT :> § [—004q
023 10 15 [og a0 8 ROM = |—oos
o3 1 1 [Jos as o] E CELL ARRAY é 006
ano ] 12 13{00, A6 0] § ° t cor
a7 o 008
ORDERING INFORMATION corumoscooen 1o | | “gipren”
Order Package Access Temperature } ;L Alm Al” ACL \L_
Number Type Time Range 8, " cs/es
SYC2364  Ceramic  450ns  0°C to +70°C
SYP2364 Plastic 450ns  0°C to +70°C

A custom number will be assigned by Synertek.
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ABSOLUTE MAXIMUM RATINGS* COMMENT*

Ambient Operating Temperature 0°C to +70°C Stresses above those listed under ‘“Absolute Maximum
Storage Temperature -65°C to +150°C Ratings’ may cause permanent damage to the device.

These are stress ratings only. Functional operation of
Supply Voltage to Ground Potential -0.5V to +7.0V this device at these or any other conditions above
Applied Output Voltage -0.5V to +7.0V those indicated on the operational sections of this
Applied Input Voltage _05V to +7.0V specification is not implied and exposure to absolute

maximum rating conditions for extended periods may
Power Dissipation 1.0W affect device reliability.

D.C.CHARACTERISTICS
TA =0°C to +70°C, Ve = 5.0V #5% (unless otherwise specified)

Symbol Parameter Min. Max. Units Test Conditions
VOH Output HIGH Voltage 24 Vee Volts | Ve = 4.75V, IgH = -200uA
VoL Output LOW Voltage 0.4 Volts | Vcc =4.75V, IgL = 2.1 mA
VIH Input HIGH Voltage 2.0 vee Volts
ViL Input LOW Voltage -0.5 0.8 Volts | See Note 1
TR Input Load Current 10 uA | Vee=5.25V, 0V VN <5.25V
Lo Output Leakage Current 10 uA | Chip Deselected
VouT =+0.4 V to VcC
Icc Power Supply Current 120 mA | Output Unloaded, Chip Enabled
Ve =5.25V, VIN = Ve

Note 1: Input levels that swing more negative than -0.5V will be clamped and may cause damage to the device.

A.C.CHARACTERISTICS
TA= 0°C to +70°C, Vee = 5.0V £5% (unless otherwise specified)

Symbol Parameter Min. Max. Units Test Conditions
tACC Address Access Time 450 ns | Output load: 1 TTL load
tco Chip Select Delay 150 ns and 100pF
tDF Chip Deselect Delay 150 ns Input transition time: 20ns
tOH Previous Data Valid After 20 ns | Timing reference levels:

Address Change Delay Input: 1.5V
Qutput: 0.8V and 2.0V

CAPACITANCE
ta = 25°C,f = 1.0MHz, See Note 2

Symbol Parameter Min. Max. Units Test Conditions
C| Input Capacitance 7 pF | All pins except pin under
Co Output Capacitance 10 pF test tied to AC ground

Note 2: This parameter is periodically sampled and is not 100% tested.

TIMING DIAGRAM

ADDRESS
INPUTS

&L

930395

(XK

(00K SRRRARRS
00000000000%00000000
SRRLIKRRIHS SRXRRKIRKS
030%0%%0%% %% %% 20 %0700 %0 e %6 0 0 % %6 % % %

CHIP
SELECT
INPUTS

DATA
QUTPUTS HIGH IMPEDENCE
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PROGRAMMING INSTRUCTIONS

All Synertek read only memories utilize computer aided tech-
niques to manufacture and test custom bit patterns. The cus-
tom bit pattern and address information is supplied on stan-
dard 80 column computer cards or 1’ wide paper tape.

CARD FORMAT

All addresses and related output patterns must be completely
defined. Each deck of cards defining a specific ROM bit pat-
tern consists of 1) four Title Cards and 2) address and bit pat-
tern Data Cards. Positive logic is generally used on all input
cards: a logic “'1"* is the most positive or HIGH level, and a
logic ‘0" is the most negative or LOW level. Synertek can
also accept ROM data in other formats, compatible with
most microprocessors and 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 (punch
2364)
Second Card 1-30  Customer contact {name)
31-560 Customer teiephone number
Third Card 16 Leave blank — pattern number to
be assigned by Synertek
30 CS/CS chip select logic level (if
LOW selects chip, punch “0"; if
HIGH selects chip, punch ‘1"
Fourth Card 18 Data Format. Punch “Intel’ starting
in column one.
16-28 Logic Format; punch “POSITIVE
LOGIC"” or NEGATIVE LOGIC.”
35-37 Truth table verification code; punch

either “VERIFICATION HOLD"
{manufacturing starts after customer
approval of bit pattern data supplied
by Synertek) or “VERIFICATION
NOT NEEDED” {manufacturing
starts immediately upon receipt of
customer card deck)

INTEL DATA CARD FORMAT

Qutput data is punched as either a ““P'" or an “N'’; a “P" is
defined as a HIGH and an N’ is defined as a LOW. Output
8 (0g or O7) is the MSB and Output 1 (Oq or Og) is the LSB.
The four Title Cards listed above must accompany the Intel
card deck.

COLUMN

1-5

INFORMATION

Data Cards Punch the 5-digit decimal equivalent
of the binary coded address which
begins each card. This is the inital
input address. The address is right
justified, i.e. 00000, 00008, 00016,
etc.

Output data
input address.
16-23 OQutput data for initial input address +1
25-32 Output data for initial input address +2

7-14 (MSB-LSB) for initial

34-41
43-50
52-69
6168
70-77
79-80

Qutput data for initial input address +3
Output data for initial input address +4
_Output data for initial input address +5
Output data for initial input address +6
Qutput data for initial input address +7
ROM pattern number {(may be left
blank)

INTEL PAPER TAPE FORMAT

The paper tape which should be used is 1’ wide paper tape
using 7 or 8 bit ASCII 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 @ (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 organ-
ization.
NO OTHER CHARACTERS, SUCH AS RUBOUTS, ARE
ALLOWED ANYWHERE IN A WORD FIELD. If in pre-
paring a tape, an error is made, the entire word field, in-
cluding the B and F must be rubbed out. Within the word
field, a P results in a high tape level output, and an N re-
sults in a low level output.

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

4. Between word fields, comments not containing B's or F's
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 heipfut 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 cus-
tomer’s complete Telex or TWX number and if mare than
one pattern is being transmitted , the ROM pattern number.

6. MSB and LSB are the most and lesst 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 sys-
tem 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:

Frame 0 Record mark. Signals the start of a
record. The ASC!I character colon (**:"
HEX 3A) is used as the record mark.
Frames 1,2 Record length. Two ASCII characters
{0-9, A-F) representing a hexadecimal number in

the range O to 'FF' (0 to 255). This is
the count of the actual data bytes in
the record type or checksum. A record
length of 0 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.

Frames 3 t0 6
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Frames 7,8 Record type. Two ASCIl characters. ing all carries out of an &-bit sum, then
Currently all records are type 0, this add the checksum, the result is zero.
field is reserve.d for future expfansnon. Example: |If memory locations 1 through 3 contain 53F8EC,

Frames 9 to 9+2* Data. Each 8 bit memory word is repre- . .

. the format of the hex file produced when these locations are

(Record Length) -1 sented by two frames containing the punched is:

ASCII characters {0 to 9, A to F) to '
represent a hexadecimal value O to ‘FF’ :0300010053FBECCS
(0 to 255). Send bit pattern data to the following special address:

Frames 9+2* Checksum. The checksum is the nega- ens "t pak er ROaMa e ° 9 5 '

(Record Length) to  tive of the sum of all 8 bit bytes in the Pyge;e ;52 MS/34-A

9+2* (Record record since the record mark ( “*:") ot ;x W )

Length) +1 evaluated modulus 256. That is, if you 3045 Stender Way
add together all the 8 bit bytes, ignor- Santa Clara, CA 95052

TYPICAL CHARACTERISTICS
ACCESS TIME VS. CAPACITIVE LOAD ACCESS TIME VS. SUPPLY VOLTAGE
700 700 T
600 600
500 500
2 4
L a0 RCAL = a00
g 8 TYPICAL
300 < 300 —
/,
200 4
. R veen
e
100 17TL LOAD 100 17TL LoAD.
CL = 100pF |'~ | P
0 T [
0 100 200 300 400 500 600 700 35 40 45 50 55 60 65 7.0
CL-pF Ve - VOLTS
SUPPLY CURRENT VS, AMBIENT TEMPERATURE SUPPLY CURRENT VS. SUPPLY VOLTAGE
140 140
120 120 l
100 100 -
i - T Lo
I 80 > T e - -
IS YPICAT—— " TYPICAL
T 60 S 60
|
a0 40 i
20 Vee = 5.25V 20 JJ Ta=25C—
o | | . | |
0 10 20 30 40 50" 60 707 35 40 45 50 55 60 65 70
Ta — AMBIENT TEMPERATURE —0°C Vee - VOLTS
PACKAGING DIAGRAM
CERAMIC PACKAGE PLASTIC PACKAGE
A = o O B e B B e B s W B ey B o O s W o |
0810 o5
D] I o5
nno 1
el oo

L — OUoUoo0oUooouUooOoog

| = 2| oo | L0

o 530 1% 0020 053 1230 0050

— R [iim
0120 y 1 T s
o wax o2
b geffeoon
Foom || o Fow o018
0128 01, 0008
oon3 1
oo ] oo oo r ooss 0022 oaszner oo
0045 0040 0015
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2048 x 8 EPROM SY2716

UV Erasable MEMORY

PRODUCTS

Preliminary

Synertek

INCORPORATED

® Single +5 Volt Power Supply
® Low Power Dissipation
-525 mW Maximum
132 mW Standby
® Access Time - 350nsec to 450nsec
@ Totally Static Operation

® Pin Compatible With SY2316B, and
SY 2333 Mask Programmable ROMs

® Single Address Programming with
50msec Pulse

® TTL Compatible - Read and Program
On All Inputs and Outputs

The SY2716is a 16384-Bit electrically programmable,
ultra-violet erasable, read-only memory. Organized
2048 words by 8 bits, the SY2716 operates from a
single 5 volt power supply and is completely static in
operation, requiring no clocks. In addition, a Chip
Enabled controlled standby mode reduces the active
power dissipation of 525 milliwatts to 132 milliwatts
in standby, a 75% power savings.

The SY2716 is pin compatible with the existing
16K and 32K ROMs (SY2316B, SY2332), permitting

Programming the SY2716 is completely TTL compat-
ible and requires no high voltage pulses. The SY2716
therefore can easily be programmed on PC boafds in
the system. In addition, each word can be individually
programmed with the SY2716's single address pro-
gramming. Total programming time for all 16384 bits
is less than two minutes.

The high speed operation of the SY2716 (350nsec to
450nsec) makes this device ideal for use with high
performance microprocessor systems now in pro-

simple conversion from EPROM prototype systems duction.
to mask programmable ROM production systems.
PIN CONFIGURATION BLOCK DIAGRAM
2716
A0 N~ Evtc
Asl] 2 23[]As .
As[] 3 22 Ag OE 0—] OUTPUT ENABLE, CHIP
A R =V cepono| VAR IREN [T oo
A3 s 20 [1OE —o 04
A2 6 19 [J A0 o 0,
a7 18[JCE
A‘E 8 7o Aro 0] outpur [0
0 7 g 0—] BUFFER 04
0[] 9 16]10¢ g 0—]
01 10 15|05 A row —N] 1s3sanmir Os
o n 1 Jo, ;: DECODER |— /] CELL ARRAY Lo 06
oND [ 12 13[10, A:O— [—° 07
As
ORDERING INFORMATION ﬂ
o— Vg
Order Atfcess Temperature o— GND COLUMN DECODER
Number Time Range o— Vep
SYC2716 450nsec  0°C to +70°C P L
SYC2716-1 350nsec 0°C to +70°C fo M fe A
SYC2716-2 390nsec 0°C to +70°C
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ABSOLUTE MAXIMUM RATINGS

Temperature Under Bias -10°C to 80°C
Storage Temperature -65°C to 150°C
Voltage on Any Pin with

Respect to Ground -0.5V to +7V
Power Dissipation 1.0W
Vpp (Program Voltage) -0.3V to +26.5V

NOTE: During application of power, care must be taken to
assure that Vo is applied before or simultaneously with Vpp.
Vpp must be removed before or simultaneously with V¢g.

READ D.C. CHARACTERISTICS Ta =0°C to+70°C; Ve = 5.0V 5% (2716, 2716-2); Vo = 5.0V£10%

(2716-1); Vpp = Ve +0.6V (Unless otherwise specified)

COMMENT

Stresses above those listed under ‘“Absolute Maximum Rat-
ings” may cause permanent damage to the device. This isa
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.

Symbol Parameter Min L-lrn;:s Max Unit Conditions

L Input Load Current 10 HA Vin = 5.25V

lo Output Leakage Current 10 uA VouTt = 5.25V Note 1

Ipp1 Vpp Current 5 mA Vpp = 5.85V Note 1

lect Ve Current (Standby) 10 25 mA CE=Vjy,0E=V)_ Note 1
Tccz Vcc Current {Active) 57 100 mA | OE=CE=V,_

ViL Input Low Voltage -0.1 0.8 Vv

ViH Input High Voltage 2.0 Vecet! \

VoL Output Low Voltage 0.45 \ loL =2.1mA

Vou Output High Voltage 2.4 Vv loy = -400uA

NOTE 1. Vpp may be connected directly to Vo except during programming. The supply current would then be the sum of

Icc and Ippq.

READ A.C. CHARACTERISTICS Tp = 0°C to +70°C; Ve = 5.0V £5% (2716, 2716-2); Ve = 5.0V £10%

(2716-1); Vpp = Vec £0.6V (unless otherwise specified)

Symbol Parameter 2716 Limits | 2716-1 Limits | 2716-2 Limits Unit Test
Min Typ Max |Min Typ Max [Min Typ Max Conditions
tacc Address to Output Delay 450 350 390 | ns |CE=0E=V)_ .
tce CE to Output Delay 450 350 390 | ns [OE=V|_
toE Output Enable to 120 120 120 | ns |CE=V|L
Output Delay
tpE Qutput Enable High to -
Output Float [ 100 { O 100 | © 100 | ns [CE=V|_
toH Address to Output Hold | O [1] 0 ns |CE=0E=V_
A.C. Test Conditions
INput Pulse Levels . ... .ttt i it et et et e e e e 0.8V to 2.0V
Input Rise and Fall Time . ...ttt ittt et i n e et entan e o e nas et ennanes 20nsec
Timing Measurement Levels: Input . . ...........c...v.n.. e e e e e e et e 1.5V
OUTPUL .ttt et et e e e e e e e s 0.8 and 2.0V
[ TH R TV 1 - [ 1 TTL Gate and 100pF
CAPACITANCE Tp =25°C, f=1 MHz
Symbol Parameter Typ Max Unit Conditions
CIn Input Capacitance 4 6 pF Vin = 0V
Cout QOutput Capacitance 8 12 pF Vout = 0V

NOTE: This parameter is sampled and not 100% tested.
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READ TIMING DIAGRAM
ADDRESS ADDRESS VALID X
CE
/
T e
OF
toET— ™ @
tace or |
ouTPUT — R VALID OUTPUT E HiGHz
NOTE 2: tpg IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST.
PROGRAMMING D.C. CHARACTERISTICS
Ta = 25°C + 5°C; Vg = BV + 5%; Vpp = 25V £ 1V
Symbol Parameter Min. Typ. | Max. Units Test Conditions
Iy Input Current (for any input) 10 uA [ VN =5.25V/0.45
lpp1 Vpp Supply Current 5 mA | CE/PGM = V,_
Ipp2 Vpp Supply Current During _
Programming Pulse 30 mA | CE/PGM =V |y
lce Vece Supply Current 100 mA
ViL Input Low Level -0.1 0.8 \
Vin Input High Level 2.0 Veetl \
NOTE: During programming care must be taken to avoid Vpp transients exceeding the +26 volt maximum.
PROGRAMMING A.C. CHARACTERISTICS
Ta = 25°C £ 5°C; Veg = BV £56%; Vpp = 25V = 1V
Symbol Parameter Min. Typ. Max. Units | Test Conditions
tAs Address Setup Time 2 us
toes | OE Setup Time 2 s
tps Data Setup Time 2 us
tAH Address Hold Time 2 us
togn | OE Hold Time 2 s
tpH Data Hold Time 2 us
tpg Output Enable to Output Float Delay 0 120 ns | CE/PGM = V)
toe Output Enable to Output Delay 120 ns | CE/PGM =V
tpw Program Pulse Width 45 50 55 ms
tpRT Program Pulse Rise Time 5 ns
tPET Program Pulse Fall Time 5 ns
NOTE: During application of power, care must be taken to assure that Vg is applied before or simultaneously with Vpp. Vpp must
be removed before or simultaneously with Vge. The maximum allowable voltage during programming which may be applied to the
Vpp with respect to ground is +26V. Care must be taken when switching the Vpp supply to prevent overshoot exceeding the 26V
maximum specification. For convenience in programming, the 2716 may be verified with the Vpp supply at 25V £ 1V, During normal
read operation, however, Vpp must be at V¢g.
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PROGRAMMING TIMING DIAGRAM

PROGRAM
PROGRAM RosRA
ADDRESS y ADDRESS 1 K ADDRESS 2
tAs taH
R i DATA IN 3 HiGHz 4 DATA OUT DATAIN
DATA '4 \ STABLE ADD 1 { vaLDabD1 STABLE ADD 2
7 K 7
t0E
tOF —»|  je— ] o
_ s
= 7 \ o
|e— tDS [e— tDH —a
tow
toes toEH
CE/PGM /
7
tPRT —»] le— tPET
ERASURE A.C. CONDITIONS OF TEST:

Erasure of the SY2716 begins to occur when exposed
tolight with wavelengths shorter than 4000 angstroms.
Certain types of ambient light contain wavelengths in
this range. Although exposure to sunlight or fluo-
rescent light for a relatively long time is required to
cause erasure, care should be taken to avoid exposure
to this type of light for extended periods.

Erasing the SY2716 is accomplished by exposing the
device to ultra violet light with a wavelength of 25637
angstroms. The minimum dose (integrated) required
for erasure is 15 W-sec/cm? (intensity at the device x
expasure time). A 12 mW/cm?2 lamp (without filter)
placed one inch from the device will require about 20
minutes for complete erasure. After erasure, all bits
are in the logic “1" state.

VEC tvvernmmonriinnnaan s BV £5%
VPP tiitie it i 25V £1V
Input Rise and Fall Times

(10%t090%) «.vvvvrnin i iirernrnnnsns 20 ns
InputPulse Levels ............... 0.8V to 2.2V
Input Timing Reference Level ........ 1V and 2V
Output Timing Reference Level ..... 0.8V and 2V
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OPERATIONAL DESCRIPTION
PINS | .

MODE CE/PGM OE Vpp Vee OUTPUTS

Read ViL ViL +5 +5 DouT

Standby ViH Don’t Care +5 +5 High Z

Program Pulsed ViH +25 +5 Din

Program Verify ViL ViL +25 +5 DouT

Program Inhibit Vi ViH +25 +5 High Z
1. Programming 4, Read Mode
Initially, at delivery, all bits of the SY2716 have been The read mode is selected by holding both CE/PGM
erased, and, therefore, are in the logic "*1’* state. Data and OE Inputs at a TTL logic *‘0" level while apply-
is programmed into each memory word by introduc- ing 5.0V power to both Vgc and Vpp inputs. Ap-
ing logic '0"'s at each desired bit. The 2716 pro- propriate data previously programmed into theselected
gramming mode is selected by applying +25 voits to address then appears in the Data Output pins. Chip
the Vpp power pin and holding the OE Input in a Enable (CE) is the power control, and m)a/st be used
logic 1" state. The data to be programmed is applied to select the device. Qutput Enable (OE) controls only
in an 8 bit parallel format to the Data Qutput pins, the output stages and must be used to gate data to the
Addresses, as well as the data applied to the output Output pins independently of device selection.
pins, are completely TTL compatible. A 50 milli-
second TTL level programming pulse is then applied 5. Standby Mode
to the CE/PGM input to complete programming. Power dissipation of the SY2716 is controlled by the

CE input and can be reduced to standby power level
A TTL level Program pulse must be applied for each (132 milliwatts max) simply by applying a TTL logic
address location to be programmed. However, address “1" signal to the CE Input. Whenever CE is in the
locations may be selected at random, either individ- logic ““1"" state, Outputs are in a high impedance state,
ually or sequentially. independent of the OE input status.
Because of this simple programming procedure, mul- 6. Output Control
tiple 2716s can easily be programmed in parallel. The outputs of multiple SY2716s may be or-tied to
Inputs of each of the devices are simply connected provide memory expansion. Since these outputs will
together and then common Data, Address and Pro- be tied in common to the same data bus, only one
gram signals are applied to all devices simultaneously. SY2716 should be selected (OE Logic 0"’ level) to
prevent data bus contention between SY2716s or

2. Program Inhibit other memory circuits connected to the bus. The out-
Because programming of the SY2716 is totally con- put of the desired SY2716 is enabled simply by pro-
trolled by the CE/PGM input, multiple 2716s can be viding a TTL logic “0" signal to the OE Input. Con-
simply programmed in parallel with different data. versely, outputs of other 2716s are deselected by
Addresses and Data Output pins of each device are applying a logic ““1”" signal to their OE Inputs.
connected in common to the desired data source. The
specific 2716 to be programmed is then selected by
applying a TTL logic 1" voltage level to the CE/PGM PROGRAMMING
pin of the desired device. Programming of all other The SY2716 is programmed by selectively program-
devices connected in parallel is inhibited with a TTL ming logic “/0’s in the memory matrix set initially in
logic “0" input on the CE/PGM input. the all logic 1" state by erasure. Only logic 0's can
3. Program Verify be programmed electrically; logic ‘“1"'s can only be
Immediately following the programming of an SY2716 obtained by UV erasure. Programming is accomplished
EPROM, each of the data words should be read to by applying a 50msec TTL pulse to the CE/PGM
assure accurate programming. This verify may be per- pulse with 25V +1V applied to Vpp and a TTL logic
formed with Vpp held at +25 volts by applying a low 1 applied to the OE input. The specific word to be
level TTL logic signal {“0”) to the OE Input. Except programmed is selected with the address inputs, and
during the verify and programming operations, V pp the data to be programmed is applied to the data
should be held at +5 volts (Vg ). output pins.
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TYPICAL CHARACTERISTICS

Icc CURRENT VS. TEMPERATURE
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60 —
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50 e
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Vpp =Vce =5V
I 40
E
8 a0
20 ] J S—
M%E =V
Vpp = Vec =5V
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2048 x 8 Static SY4600
Read Only Memory

J MEMORY
SynerteK PRODUCTS

INCORPORATED

® 2048x8 or 4096x4 Bit Organizations ® Completely TTL Compatible
® Single +5 Volt Supply ® Two Programmable Output Enables
® Two Week Prototype Turnaround ® Three-State Outputs for Wire-OR Expansion
® Access Time — 550 ns. (max.) ® On-Chip Address Registers
@ Totally Static Operation ® Low Power Dissipation — 31 uW/Bit (max.)
® Synchronous or Asynchronous Operation ® Pin-for-Pin Replacement for EA4600
*The SY4600 is a high performance 16,384 bit static Synchronous or asynchronous operation offers max-
read only memory organized 2048 words by 8 bits or imum design flexibility. Clocking the Address Read
4096 words by 4 bits. The device is designed to be (AR) input stores the applied address information.
compatible with all microprocessor and similar appli- The outputs appear and remain stable until a new
cations where large bit storage and simple interfacing address is read. With the AR input HIGH, output data
are important design considerations. Synertek’s N- asynchronously appear 550ns after the application of
channel ion-implanted silicon gate process produces a new address. Two programmable Output Enables
a +5 Volt TTL compatible ROM with a minimum control four outputs each permitting 4 bit or 8 bit
noise immunity of 0.4 Volt. operation.
PIN CONFIGURATION BLOCK DIAGRAM
Vee GND
= K3 24 |73 0B1/0E: ? ?
Ao g 2 23] 0o Ao g —1 52 —o0 0o
a3 2 o Ao BS e
r ] 4 2 g 02 N 28 ]33 oo
As 5 203 o0s 20 ;5 J\ 16,384 81T
A s 19E 0a Ao g CELL ARRAY
as (] 7 18 0s A‘OT guz —l/ Lo 04
N I 173 o o EZ g4 00
vee T} 9 61 o7 s O T 8§ ——Ogj
As (10 157 Ao
A [In 14 7] OE2/0E2 {}
as (12 130 AR COLUMN DECODER (1 OF 16)
AR O— COt. ADDRESS REGISTER
A7 Zg }; Ao OE1/0E1 OEz/OE2
ORDERING INFORMATION
Order Package Access Temperature
Number Type Time Range
SYC4600 Ceramic 550ns  0°Cto+70°C
SYP4600 Plastic 550ns  0°C to +70°C
A custom number will be assigned by Synertek.
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ABSOLUTE MAXIMUM RATINGS COMMENT

Ambient Operating Temperature 0° to +70°C Stresses above those listed under ‘‘Absolute Maxi-

Storage Temperature -65°C to +150°C mum Ratings' may cause permanent damage to the
. device. These are stress ratings only. Functional

Supply Voltage to Ground Potential -0.5V to +7.0V operation of this device at these or any other condi-

Applied Output Voltage ~0.5V to +7.0V tions above those indicated in the operational sec-

. tions of this specification is not implied and exposure
Applied Input Voltage -0.5V to +7.0V to absolute maximum rating conditions for extended
Power Dissipation 1.0W periods may affect device reliability.

D.C. CHARACTERISTICS
Ta = 0°C to +70°C, Vcc = 5.0V * 5% {unless otherwise specified)

Symbol Parameter Min. Max. Units Test Conditions
VoH Output HIGH Voltage 24 Vce Volts | Vcc=4.75V, loH = —-200 nA
VoL Output LOW Voltage 0.4 Volts | Vcc =4.75V, loH =24 mA
Vin Input HIGH Voltage 2.0 Vce Volts
ViL Input LOW Voltage -0.5 0.8 Volts | See Note 1
[N} Input Load Current 10 uA Vce = 5.25V, 0V < Vin< 5,25V
fLo Output Leakage Current 10 uA Chip Deselected

Vout= +0.4V to Vcc
lcc Power Supply Current 98 mA Output Unloaded

Vce = 5.25V, Vin = Vcc

Note 1: Input levels that swing more negative than —0.5V will be clamped and may cause damage to the device.

A.C. CHARACTERISTICS
Ta=0°C to +70°C, Vcc = 5.0 V + 5% (unless otherwise specified)

CLOCKED MODE TIMING SPECIFICATIONS (See Figure 1)

Symbol Parameter Min. Max. Units Test Conditions
tc Cycle Time 500 ns Output load: 1 TTL load
tacc Address to Output and 100 pf

Delay Time 550 ns Input transition time: 20 ns
trw Address Read Pulse Width 300 ns Timing reference levels:
tLp Address Lead Time 100 ns Input: 1.5V
tLe Address Lag Time 150 ns Qutput: 0.8V and 2.2V
tARD AR Input to Output 75 ns

Disturb Delay

FIGURE 1 — CLOCKED MODE TIMING DIAGRAM

ADDRESS READ
INPUT

" /qvv\
e A i

fe———taro —-I
XXX CHX X KRR XX RKKL 039
ooTeuTS :0:0:0:0:0:0.0’0.0‘ Q\/}z L)!Z :‘:Q:Q:Q:Q:Q:Q:Q:Q:Q VALID X »‘0’0’0‘0’0’ :0:0:0:.:‘} VALID Y

i
e
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UNCLOCKED MODE TIMING SPECIFICATIONS (See Figure 2)

L=
X RSN SEIIR
Bitaurs  S00RXK ks XL

Symbol Parameter Min. Max. Units Test Conditions
tc Cycle Time 500 ns AR = Vcc
tacc Address Access Time 550. ns See clocked mode timing
toH Previous Data Valid After 75 ns specifications
Address Change Delay
FIGURE 2 — UNCLOCKED MODE TIMING DIAGRAM
(AR = Vce)
Ir7 tc i
ADDRESS VALID X x VALID Y VALIDZ
|

X
VALID
-

|
X
VALID X IN VALIDY INVALID X
ta

OUTPUT ENABLE TIMING SPECIFICATIONS (CLOCKED OR UNCLOCKED) (See Figure 3)

Symbol Parameter Min. Max. Units Test Conditions
tco Output Enable Delay 300 ns See clocked mode timing
tor Qutput Disable Delay 300 ns specifications

FIGURE 3 — OUTPUT ENABLE TIMING DIAGRAM
(CLOCKED OR UNCLOCKED MODES)

C. - pF

Vce — Volts

X XKL
THAMR S A A S0 ENABLED "0‘0‘0‘.”.’0.0‘0 DISABLED .0.000’000”"
ENABLES > X ’00’."0”0 00.’0’00’.
OOV 0009, ’A’A‘.‘..‘.A.A.A.A.A S A’AAA’A‘AA‘.
L—xco————-' toF ———-1
ga::ms HIGH IMPEDANCE ; 51 OUTPUT VALID 7‘( HIGH IMPEDANCE
CAPACITANCE
ta = 25°C, f = 1.0MHz, 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
Note 2: This parameter is periodically sampled and is not 100% tested.
TYPICAL CHARACTERISTICS
ACCESS TIME VS. CAPACITIVE LOAD ACCESS TIME VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE
200 700 140
600 600 120
500 oy 500 100
e PSR
2 400 2 400 T 80 -
b _ ! F~—]__TYPICAL : t—Lreicar |
2 300 £ 200 g 60 —
200 200 40
Vec = 4.75Y Ta = 25%
Ta = 25°C
100 g}'}tg;,?— 100 1(:1:}1163/;'9——1 20 Vee = 5.25V —
%0700 200 300 400 500 600 700 %5 40 45 50 55 60 65 70 °F 0 20 a0 a0 50 oo 70"

Ta — AMBIENT TEMPERATURE — 0°C
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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 is supplied on standard 80 column com-
puter cards in the format described below.

All addresses and related output patterns must be completely de-
fined. 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 is generally used on all input cards: a logic 1"
is the most positive or HIGH level, and a logic 0" is the most nega-
tive or LOW level. Synertek can also accept ROM data in other
formats, compatible with most microprocessors and PROMS. Con-
sult 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 information 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 {punch “4600")
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
31 OE2/0E2 output enable logic level (if
LLOW selects chip, punch “0”; if HIGH
selects chip, punch 1)
32 OE1/0En output enable logic level,
Fourth Card 1-8 Data Format. Synertek, or Electronic
Arrays data card format may be used.
Specify format by punching “Synertek”
or “EA" starting .in column one.
15-28 Logic format: punch “POSITIVE
LOGIC” or “NEGATIVE LOGIC.”
35-37 Truth table verification code; punch
either “VERIFICATION HOLD"" (man-
ufacturing starts after customer approval
of bit pattern data supplied by Synertek)
or “VERIFICATION NOT NEEDED"
(manufacturing starts immediately upon
receipt of customer card deck),

SYNERTEK DATA CARD FORMAT

All addresses are coded in decimal form {0 through 2047). All out-
put words are coded both in binary and octal forms. Qutput 7 (O7)
is the MSB, and Output 0(0o) is 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

ELECTRONIC ARRAYS DATA CARD FORMAT

All addresses are coded in octal form {address 0 = 0000, address
2047 = 3777, A1o = MSB and Ao = LSB). All output words are also
coded in actal. Output 7 (O7) is the MSB, and Output 0 (Qo} is the
LSB. The four Title Cards discussed above must accompany the EA
card deck.

COLUMN INFORMATION
Data Cards 1-4 Octal equivalent of initial input address.
5-7 Octal equivalent of output data for
initial input address.
8-10 Octal equivalent of output data for

initial input address +1.
11-13 Octal equivalent of output data for
. initial address +2

50-52 Octal equivalent of output data for
initial address +15.

69-80 ROM pattern number (may be left
blank).

Send bit pattern data to the following special address:
Synertek — ROM
P.0. Box 552
3050 Coronado Drive
Santa Clara, CA 95051

PACKAGING DIAGRAM

CERAMIC PACKAGE

PINNO 1
IDENT ~—4o

mll—lﬂlfflw’fllr

0023 J_ 0110
6015 0065 0090
il

PLASTIC PACKAGE

im0 e s T o I O B o O s B o B e B

ot
b e
o

WENT e

ISR U0 [ N [ 0 G I N [ [ 450 6 o
178,
- B 1230

1

G 050

[n 070

i
0160
! 0140

e 0015
017 0008

i

o ow

o032 REF
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Family

Svnertek

INCORPORATED

8-Bit Microprocessor

SY6500

MICROPROCESSOR
PRODUCTS

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 65 K bytes
““Ready” input

Direct memory access capability

Bus compatible with MC6800

Choice of external or on-board clocks
1 MHz, 2 MHz, and 3 MHz operation
On-chip clock options

* External single clock input

* Crystal time base input

40 and 28 pin package versions
Pipeline architecture

The SY6500 Series Microprocessors represent the first totally software compatible microprocessor family. This family 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.

The family includes six microprocessors with on-board clock oscillators and drivers and 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 applications where
maximum timing contro! is mandatory. All versions of the microprocessors are available in 1 MHz, 2 MHz, and 3 MHz

maximum operating frequencies.

MEMBERS OF THE FAMILY

PART NUMBERS — S
- - CLOCKS PINS iRQ NMI RDY ADDRESSING
Plastic Ceramic

SYP6502 SYC6502 On-Chip 40 v v Vv 16 (64 K)
SYP6503 SYC6503 " 28 v Vi 12 (4 K)
SYP6504 SYC6504 " 28 v 13 (8 K)
SYP6505 SYC6505 " 28 N4 Vv 12 (4 K)
SYP6506 SYC6506 " 28 v 12 (4 K)
SYP8507 SYC6507 " 28 vV 13 (8 K)
SYP6512 SYC6512 External 40 v Vv v 16 (64 K)
SYP6513 SYC6513 " 28 v v 12 (4 K)
SYP6514 SYC6514 " 28 N 13 (8 K)
SYP6515 SYC6515 " 28 v vV 12 (4 K)

5.2



5 SY6500

COMMENTS ON THE DATA SHEET

The data sheet is constructed to review first 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

REGISTER SECTION CONTROL SECTION e
RES TRQ NMI
ABO =— Ré’(“}?S?:ER INTERRUPT
v LOGIC
AB1 -] r
B2 ] INDEX <:> 1
REGISTER
X e RDY
AB3 +—]
asL K <:>
STACK
AB4 _ POINT
REGISTER
(s)
ABS 4—{
AB6 ~—1 <:>
ALY INSTRUCTION
87 DECODE
ADDRESS |
BUS
I -
[=} a
AB8 -— 2 2
o4 o ACCUMULATOR TIMING
2 2 ]
A CONTROL
HIE - -
AB9 <— = =
z z 0
T e, N
AB10 +— PCL w o, SY651X
8, (N}
AB11 =— Kl > PCH
ABH <\‘: PROCESSOR o
STATUS CLOCK CLOCK
AB12 +—] REGIPSTER GENERATOR "_mpuT]' SY650X
K ,_I__ INPUT DATA
LATCH
AB13 <— L. @, ouT
(DL} 1
8, 0UT
AB14 =—— <: RW
DATA BUS INSTRUCTION DBE
AB15 <— L BUFFER REGISTER
L DBO
LEGEND: DB1
l:> = 8BIT LINE 082
0B3
DATA BUS
——— = 1BITLINE DB4
DB5
DB6
pB7

NOTE:

1. CLOCK GENERATOR IS NOT INCLUDED ON SY651X.

2. ADDRESSING CAPABILITY AND CONTROL OPTIONS VARY WITH
EACH OF THE SY6500 PRODUCTS.
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5 SY6500

D.C. CHARACTERISTICS
MAXIMUM RATINGS COMMENT

. . This device contains input protection against damage due to high
Rating Symbol Value Unit static voltages or electric fields; however, precautions should be
Supply Voltage Vee -0.3t0+7.0 \ taken to avoid application of voltages higher than the maximum
Input Voltage Vin | -0310+70] Vv rating.
Operating Temperature| T, 0 to +70 °c
Storage Temperature Tsrg | ~55t0+150 | °C

ELECTRICAL CHARACTERISTICS (Vcc = 5.0V + 5%, Ta = 0-70°C)
(@1, B2 applies to SY651X, @, () applies to SY650X)

Symbol Characteristic Min. Max. Unit
Viu Input High Voltage
Logic, 8, ) (650X) +2.4 Vee
8. 0, (651X) Vec - 0.5 Veet 0.25 \
V|L Input Low Voltage
Logic, 0, {in) (650X) -0.3 +0.4
01 . 02 (651X) -0.3 +0.2 \%
l”_ Input Loading
(V;, =0V, Ve =525V) -10 -300 MA
o RDY, S.0.
Oé Iin Input Leakage Current
37 (V,=0t0525V,V..=0)
oy Logic (Excl. RDY, 5.0.) - 25 uA
29 0,9, (651X) - 100 A
a. ' (in) (650X) - 10.0 HA

Three-State (Off State) Input Current

™ (V,,=041024V,V,=525V)
DBO-DB7 - 10 7
VOH QOutput High Voltage
{l oap = ~100uAde, Vo = 4.75 V)
SYNC, DB0-DB7, A0-A15, R/W 24 - \
VOL Qutput Low Voltage
{l_oap = 1-6mAdc, Ve = 4.75 V)
SYNC, DB0-DB7, AD-A15, R/W — 0.4 \Y
Pp Power Dissipation
1 MHz and 2 MHz - 700 mwW
3 MHz - 800 mW
C Capacitance
(V,, =0, T, =25°C, f= 1 MHz)
Cin RES, NMI, RDY, IRQ, S.0., DBE - 10
DBO-DB7 — 15
ot A0-A15, RW, SYNC - 12 pF
CQ‘o(in) Qo (in) (650X) = 15
001 @, (651X) - 50
sz o, (651X) - 80

Note: IRQ and NMI require 3 K pull-up resistors.




5 SY6500

TIMING DEFINITIONS
SY651X INPUT CLOCK TIMING

s 4 C
: r F -/
T Towhgt | Towrigz

-
— -

REF “A" REF “B" REF “C”

SY650X INPUT CLOCK TIMING

TLO

By (N} S( /L ﬁ-\

Tewnat

g, (ouT) / ]

I Toz- To J ™ Toi- ’LTD ' Towngz
n
#, (ouT) \

REF “A" REF 8" REF “C"

SUAMNNNWE o M
~ NIIMMMITX_ AN

DBO-DB7

£ h!
(READ) y ji

DS
|
DBO-DB7
(WRITE) x
Tsvs Trw
|
SYNC /

{OP CODE

FETCH CYCLE)
Tas Tovu

- JHIINnHA]DOEO]T]T];H

REF “A” REF "B" REF “C"

ot

PN

55



5 | SY6500

DYNAMIC OPERATING CHARACTERISTICS
{Vee = 5.0 5%, T = 0° to 70°C)
Device 1 MHz 2MHz (6) amHz (@)
Type Parameter Note Symbol Min. Max. Min. Max. Min. Max. | Unit
Cycle Time Teve 1.00 40 050 40 0.33 40 us
@, Pulse Width TowHg, 430 - 215 - 150 - ns
651X (2)2 Pulse Width TPWHQ)Z 470 - 235 - 160 - ns
Delay Between 01 and 02 TD 0 — 0 - 0 — ns
@, and 0, Rise and Fall Times @ Te Te 0 25 0 20 0 15 ns
Cycle Time TCYC 1.00 40 0.50 40 0.33 40 us
@i Low Time @ Lo, 480 - 240 - 160 - ns
0, (1) High Time ® The, 460 - 240 - 160 - ns
0o Neg to @, Pos Delay ® Tors 10 70 10 70 10 70 | ns
@ Neg to 0, Neg Delay ® Too 5 65 5 65 5 65 ns
6sox | % Pos to 8 Neg Delay ® To1. 5 65 5 65 5 65 | ns
0 Pos to @, Pos Delay ® Toos 15 75 15 75 15 75 ns
00(|N) Rise and Fali Time @ TRO'TFO 0 10 0 10 o] 10 ns
01 {ouT) Pulse Width TPWH01 TL%—ZO TL 9 TL0°'20 TLOO TL0°'20 TL% ns
0,0ur) Pulse Width TowHay | TLog?0 | TLeg!® | TLeg%0 TL00-10 TLogH0 | TLo, 19| ms
Delay Between 01 and 02 TD 5 - 5 - 5 - ns
@, and 0, Rise and Fall Times | (D@ | Tg. T - 25 - 25 - 15 ns
R/W Setup Time TRWS - 225 - 140 - 110 ns
K " g R/W Hold Time TRwH 30 - 30 - 15 - ns
6_0 . Address Setup Time TADS - 225 - 140 — 110 ns
2 Address Hold Time TADH 30 - 30 - 15 - ns
2 8 Read Access Time Tace - 650 - 310 — 170 ns
=0
Yoae 650X | Read Data Setup Time TDSU 100 - 50 - 50 - ns
&
651X | Read Data Hold Time THR 10 - 10 - 10 - ns
Write Data Setup Time TMDS - 175 - 100 - 75 ns
Write Data Hold Time THW 60 - 60 - 30 - ns
Sync Setup Time TSYS — 350 — 175 — 100 ns
Sync Hold Time Tovn 30 - 30 - 15 - | ns
RDY Setup Time @ TRrs 200 - 200 - 150 - ns
NOTES:
(D) Measured between 10% and 90% points on (® Load = 100 pF.
waveform. (® The 2 MHz devices are identified by an “A”
@ Measured at 50% points. suffix.
(® Load=1TTL load +30 pF. (@) The 3 MHz devices are identified by a “B"
@ RDY must never switch states within TRS to suffix,
end of 02.
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SY6500

PIN FUNCTIONS

Clocks (8,, 6,)

The SY651X requires a two phase non-overlapping clock
that runs at the Vcc voltage level.

The SY650X clocks are supplied with an internal clock
generator. The frequency of these clocks is externally con-
trolled. Clock generator circuits are shown elsewhere in this
data sheet.

Address Bus (AO-A1 ) (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 (DBO-DB7)

Eight pins are used for the data bus. This is a bi-directional
bus, transferring data to and from the device and peripherals.
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 (02) clock,
thus allowing data output from microprocessor only during
@,,. 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 (@;) will
halt the microprocessor with the output address lines
reflecting the current address being fetched. This condition
will remain through a subsequent phase two (@,) 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 opera-
tion. Ready transitions must not be permitted during (62
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
recognizing the request. At that 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 interrupt 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 further
interrupts 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
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 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.

NMT1 is an unconditional interrupt. Following completion of
the current instruction, the sequence of operations defined
for TRQ will be performed, regardless of the state interrupt
mask flag. The vestor address loaded into the program
counter, low and high, are locations FFFA and FFFB
respectively, 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 3KQ resistor to V. for
proper wire-OR operations.

Inputs TRQ and NMI are hardware interrupts lines that are
sampled during @, (phase 2) and will begin the appropriate
interrupt routine on the 01 (phase 1) following the comple-
tion of the current instruction.

Set Overflow Flag (S.0.)

A NEGATIVE going edge on this input sets the overflow
bit in the Status Code Register. This signal is sampled on
the trailing edge of 01 .

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 @, of an OP CODE fetch and
stays high for the remainder of that cycle. If the RDY line
is pulled low during the @; 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.

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 isinhibited.
When a positive edge is detected on the input, the micro-
processor will immediately 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 Ve 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 is for data transfer out of the processor.
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5 SY6500

PROGRAMMING CHARACTERISTICS
INSTRUCTION SET — ALPHABETIC SEQUENCE

w
5
Ne)
‘m%
QLIJ
=38
o
£

ADC  Add Memory to Accumulator with Carry DEC  Decrement Memory by One PHA  Push Accumulator on Stack
AND ““AND" Memory with Accumulator DEX Decrement Index X by One PHP  Push Processor Status on Stack
ASL  Shift left One Bit (Memory or Accumulator) DEY Decrement Index Y by One PLA  Pull Accumulator from Stack
PLP  Pull Processor Status from Stack
BCC  Branch on Carry Clear EQR  “Exclusi * Memory with
BCS  Branch on Carry Set ROL Rotate One Bit Left (Memory or Accumulator)
BEQ Branch on Result Zero INC  Increment Memory by One ROR  Rotate One Bit Right (Memory or Accumulator)
BIT  Test Bits in Memory with Accumulator INX  Increment Index X by One RT1  Return from Interrupt
BM!  Branch on Result Minus INY  Increment Index Y by One RTS  Return from Subroutine
BNE  Branch on Result not Zero
BPL  Branch on Result Plus JMP  Jump to New Location SBC  Subtract Memory from Accumulator with Borrow
BRK Force Break JSR Jump to New Location Saving Return Address SEC  SetCarry Flag
BVC Branch on Overflow Clear SED  Set Decimal Mode
BVS  Branch on Overflow Set LDA  Load Accumulator with Memory SEl  Set interupt Disable Status
LDX Load Index X with Memory STA  Store Accumulator in Memory
CLC  Clear Carry Flag LDY Load Index Y with Memory STX  Store Index X in Memory
CLD  Clear Decimal Mode LSR  Shift One Bit Right (Memory or Accumulator) STY  Store Index Y in Memory
CL!  Clear Interrupt Disable Bit
CLV  Clear Overflow Flag NOP  No Operation TAX  Transfer Accumulator to fndex X
CMP  Compare Memory and Accumulator TAY Transfer Accumulator to Index Y
CPX  Compare Memory and Index X . ORA “OR* Memory with Accumulator TSX  Transfer Stack Pointer to Index X
CPY  Compare Memory and Index Y 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 is represented with a one byte
instruction, implying an operation on the accumulator.

Immediate Addressing

In immediate 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 instruc-
tion 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 code and
execution times by only fetching the second byte of the
instruction and assuming a zero high address byte. Care-
ful use of the zero page can result in significant increase
in code efficiency.

Indexed Zero Page Addressing — (X, Y indexing)

This form of addressing is used in conjunction with the
index register and is referred to as ““Zero Page, X" or
“Zero Page, Y.” The effective address is calcuated 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’’ address-
ing nature of this mode, no carry is 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 is 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 indexing allows any location
referencing and the index to modify multiple fields
resulting in reduced coding and execution time.

Implied Addressing

In the implied addressing mode, the address containing
the operand is implicitly stated in the operation code of
the instruction.

Relative Addressing

Relative addressing is 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 is
-128 to +127 bytes from the next instruction.

Indexed Indirect Addressing

In indexed indirect addressing (referred to as (Indir-
ect, X)), the second byte of the instruction is 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 specify-
ing the high and low. order bytes of the effective address
must be in page zero.

Indirect Indexed Addressing

In indirect indexed addressing (referred to as (Indir-
ect),Y), the second byte of the instruction points to a
memory location in page zero. The contents of this
memory location is 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 is added
to the contents of the next page zero memory location,
the result being the high order eight bits of the effective
address.

Absolute Indirect

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 location is the low order byte of the
effective address. The next memory location contains
the high order byte of the effective address which is
loaded into the sixteen bits of the program counter.
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5 SY6500

PROGRAMMING CHARACTERISTICS r :
N|V B|D{I1|Z|C PROCESSOR STATUS REG !
PROGRAMMING MODEL 7 g
CARRY  1=TRUE
7 ]
INDEX REGISTER Y —— ZERO 1=RESULT ZERO
7 g =" IRQDISABLE 1=DISABLE
INDEX REGISTER X L DECIMAL MODE TRUE
15 7 g ‘——————— BRK COMMAND BRK
| PCH I PCL | ProGRAMcounTER “PC”
7 #
NEGATIVE 1=NEG.
INSTRUCTION SET — OP CODES, EXECUTION TIME, MEMORY REQUIREMENTS
msracnons wetoure] assowore | zinorace] accow | mecwo | wo x| oy | zeacea] assx | v | wearwe ] momecr | 2racrv]  coworrioncooes
MHEMONIC OPERATION OPIN OPIN| =|OP|N| #JOP|N | =|OP|N | 4 OP|N| =|OP|N| =|OP|N | =]OP|N IOPIN 'OPlN HOFIN =|OPIN[=fN 2 C | D V
aDc|Aa+MeCc—a @nes]22[eo(a[3[65]3]2 616]2[11(5|2[75]a [2[707a]3[2a]a 5] T )
AND! AAM-—-A mj29fz2 |2)2oja |3/25(3]2 2116, 2)31(5|2)35}4 [2|3D{4|3|39(4 |3 1 4o - = -
asL | c«____olwo oef6|3fos|s2fealz |1 616 |2f1El7 (3 | PRV
BCC | BRANCHONC-0  (2) sel2]2| | - - -
BCS | BRANCHONC=1 (2 | 80]2 ]2 - - - - -
8EQ | BRANCHONZ=1 (2 | Folz 2| | [
BIT | AAM 2c|4{3[24]3 2 | M, 4 - - - M
BMI BRANCH ON N=1 2 30|22 -~ - = = =
BNE | BRANCHON Z-0  (2) 00|22 - -
BPL | BRANCHONN=G  (2) 1022 - - - - -
BRK | (SeeFig 1l ea[7 1 ] [
BVC | BRANCHONV-®  (2) 50|22 oo
BVS BRANCH ON V=1 12)] 70(2 |2 - - - - - =
cLc|e-c 18(2 | -0 - - -
cLD ! 9-D o082 |1 - - - -0 - .
cL [e—1 58]2 [1 T - -9 - - o]
CLV |8~V B8|Z |1 ----20 ool
cme | am m)|ca|2 |2[cola|3[cs3|2 c1i6[ 2[o1(s | 2|ps (4 {2[onj4 [3{os]a 3 PR - ko]
CPX | X-M E®|2 |2|EC|a|3]|E4a|3 |2 s i o4 - - L el
cPy | v-m co|2{2fcc|a[3]cal3]2 IR ‘m
DEC | M-1=M T T T Jeele 3] cels [ 2 066 |2[0El 7|3 R &
DEX [ X-1=X CAl2(1 V- - - - o
DEY | va1-v 88(2 (1 S - - -
EOR AgM—=A 11]49(2 [2]4D 4 |3}45(3 |2 4116 2(51|65|2155[4 {21504 31594 {3 14 - - - - wn
INC M+1-M EE|B[3)E6|5 (2 F616 |2[FE[7]3 4 - - - a
INX [ X+1=X Eal2 |1 7. - - -
INY [ Yer—v cal2 |1 - -
JMP | JUMP TO NEW LOC ac(3(3 6cis |3 .,
ISR | (See Fig. 2) JUMP SUB 2063 [
LDA | M—A (1|A9[2 |2]{AD|4 | 3)A5(3 |2 A1|6|2|B1|S|2|85{4 |2|BD[4 |3|BI|a|3 1 - - - -
MaEOIATE | ABSOLUYE | ZERQ PAGE ACTu LED o, X) umey ¥ 2.PA6E% A X Aty RELATIVE | mDiRECT T hAGE Y CONDITION COOES
[— orinarion op[n [ #[or(n] #jor N[ #lorin [«forn | #or(N] wlor{n| #lorn | wlorn #ioe]n [ #lorin ]| #lopINT #lopln]a]n 2 c 1+ D v
LDX | M—=X (1}{A2|2 [2]AE[4 [3[AB|3] 2 BE|4 |3 B6|4|2fv v - - - -
LoY | M=oY (11]a0|2 | 2|aca | 3[ad|3 |2 B4la|2lBCc|4|3 - -
tsa|o»[l___ _o»c ael6 [ 3[a6|s|2[aa(2 |1 56 [6|2|5e|7|3 v - - -
NOP | NOOPERATION EA[2 |1 = = = = = =
ORA[AVM=A 99{2 [2{ap |4 {3[es5[3]2 01]6)2[11}s5]2{15]a| 2|10} [3]19]4]3 V=== -
PHA A= Ms 5-1—~§ agiz3(+f (VL P r ot rtbrrrrrrrrrE---=--=---
PHP [ Pams s1-5 L5161 T I I I (PSS
PLA | S+1-5 Ms— A 68(4 (1 Vv -
PLP {54125 My =P 28(a |1 (RESTORED)
ROL «{C] 2e{6 {3265 (2[2a{2 |1 36(6/2|3€f7]3 VY- - -
ROR | Go[cp>] se[6[3[es (5[ 2[6a[2 |1 76[6[2[7€[7(3 v - - -
RTI | (Ses Fig. 1T ATAN INT. 49(6 1 RESTORED)
RTS | (See Fig.2) RTAN SUB 60(6 |1 .
s8C | AMT~A (|es|2 | 2|ep|a|3|es|3 |2 e1f6| 2[r1|s| 2|Fs|at2|rola{a|Fola|3 FEFRTII—
SEC | 1~C (21 B
SED [1-D £8|2 |1 - - - -1 -
SEI 11 781211 - - =1 - -
sTA | A=m 804 [3[es|s 81/6| 2{91|6]| 2|95 |4 | 2[9p|5]3|00|5}3 - - -
STX | x=m sea|3[86(3 2 96j4|2[- - - = - -
STY [ v-m scla|afsal3|2 9aa]2 - - - - -
TAX | A=X AAl2 1 V4=~ e -
TAY | A-vY AB|2 {1 V7 - —< <
TSX [ s-x BA|2 |1 Ve —
TXA | X=A BA(2 (1 B A
TXS X=5 9A[2 1 _— - = - =
TYA|v-a 98l2 1 VoY= m— =
1) ADD 1 TO “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 Y -- SUBTRACT M, MEMORY BIT 7
ADD 2 TO “N" IF BRANCH OCCURS TO DIFFERENT PAGE A ACCUMULATOR A AND M MEMORY BIT 6
{3) CARRY NOT = BELOW M MEMORY PER EFFECTIVE ADDRESS VvV OR N NO CYCLES
{4) IF IN DECIMAL MODE Z FLAG 1S INVALID Ms MEMORY PER STACK POINTER ¥ EXCLUSIVE OR # NO BYTES
ACCUMULATOR MUST BE CHECKED FOR 2ERO RESULT ¢ MODIFIED
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5 SY6500

SY6502 — 40 Pin Package

VssOJ ~ wpess

1
RDY[] 2 39 gnz (ouT) Features
g, oun[]3 38 [Js.0.
ma(] s 37 [3%, (N)
ne.Os 36 [nC. o 65K Addressable Bytes of Memory
M} e 35 [JN.C. -
syne[] 7 3a [IRW e |RQ Interrupt o NMI Interrupt
v“E 8 3311080 e On-the-chip Clock
ABO[ 9 32 [Jo81
a1} 0 31[7os2 V TTL Level Single Phase Input
AB2[] 11 sogoes +/ Crystal Time Base Input
ae3[] 12 20 [DB4
aa[] 13 28] D85 e SYNC Signal
aBs(] 14 27[JpB6 (can be used for single instruction execution)
ass(] 15 26 []DB7 « RDY Signal
AR7[] 16 25 [1AB15 ) A
ass] 17 24 [ am1s (can be used for single cycle execution)
ABa[] 18 23[J 4813 e Two Phase Qutput Clock for Timing of Support Chips
AB10(] 19 22 (] AB12
aB11[] 20 213 Vss

SY6503 — 28 Pin Package

rEs ] N~ e, oum

g 0 ! D o Features

o Vss [ 2 27 {16, IN

Ig § ma] 3 26 [JRW

= NMi[] 4 25 [JpBO

= § Vec [ 5 24 P oe1 ¢ 4K Addressable Bytes of Memory (ABOO-AB11)

o ABo[]6 23[]DB2 .
- el 7 22| oea o On-the-chip Clock
AB2[] 8 21 ;]maa —_—
neslo 2 Foes ¢ IRQ Interrupt
AB4[] 10 19 088 o NMI Interrupt
AB5[] 11 18 [JDB7
AB6[] 12 17 P Asn ¢ 8 Bit Bi-Directional Data Bus
AB7[J13 16 ] AB10
a8} 1a 15 gm
SY6504 & SY6507 — 28 Pin Package
rss Y asps,oum Features
Vgs [} 2 27 {78, (1IN}
*IRQor RDY [} 3 26 [ JR/W ——

Vee [f 4 25 {Joso ¢ IRQ Interrupt (6504 only)
ABo[] s 24 []pB1 .
a1 23 Joe2 * RDY Signal (6507 only)
AB2[] 7 22 [}oB3
asa] s 21 Flosa o 8K Addressable Bytes of Memory (AB00-AB12)
aa[] e 20 [Joss the.chi
nes 10 19 Foss o On-the-chip Clock
Ags 11 18 (1087 o 8 Bit Bi-Directional Data Bus
aB7[]12 17 [JAB12
ass[] 13 16 [JAB11
AB9[] 14 15 []AB10
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SY6500

SY6505 — 28 Pin Package

RES[]
Vss [
ROY []
Ra[]
Vee O
ABo[]
AB1[]
AB2[]
AB3[]
AB4[] 10
AB5[]
aBs[] 12
AB7[] 13
ABs[] 14

© ® N s W N =

C

19, ©ouT)
8, (IN)
JR/W

[ oBo
1081
[]oB2
[JDB3
[JoB4
[JoBS
[JoBe
o087
[AB11
[JAB10
[]AB9

Features

o 4K Addressable Bytes of Memory (ABOQ-AB11)
e On-the-chip Clock

« IRQ Interrupt

e RDY Signal

o 8 Bit Bi-Directional Data Bus

SY6506 — 28 Pin Package

RES(]
VSSC
g, (ouni[J
irRa[]
VCC E
Ao ]
AB1[]
AB2[]
AB3[]
AB4[] 10
ABs [ 1
AB6 [] 12
AB7([] 13
AB8[] 14

© ® NN AW N =

C

9, (ouT)
19, (IN)
rRwW
[MoBo
JDB1

{ 1DB2

| ]DB3
(]DB4
[JpBes
[DB6
[pB?7
[1AB11
[JAB10
[]AB9

Features

e 4K Addressable Bytes of Memory (ABO0-AB11)
e On-the-chip Clock

« IRQ Interrupt

e Two phases off

¢ 8 Bit Bi-Directional Data Bus

SY6512 — 40 Pin Package

C

38
37
36
35
34
33
32

30
29
28
27
26
25
24
23
22

[IRES
19, (ouT)
[1s.0.
[10,
[1DBE
In.C.
[ R/W
[JoBO
[o8.1
[1DB2
o83
1DB4
[]oBS
[JDBS
[pe?
I 1AB15
[ AB14
[ 1AB13
[1AB12

[1Vss

Features

e 65K Addressable Bytes of Memory
¢ [RQ Interrupt

o NMI Interrupt

e RDY Signal

o 8 Bit Bi-Directional Data Bus

o SYNC Signal

e Two phase input

e Data Bus Enable

5-11
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5 SY6500

SY6513 — 28 Pin Package

Ves[ 1 ) nl=
od2 A Features
ira[] s 26 [IRW
il 4 25 [1pBO
veed s 2 Fos1 o 4K Addressable Bytes of Memory (AB00-AB11)
DB2 :
i‘:E '; ;: g{m o Two phase clock input
aB2[] s 21[JoB4
s Y = e |RQ Interrupt
Asa[]1e 19 [ oes o NMI Interrupt
as[] 1 18 Qo7
AB6[] 12 17 A AB1 o 8 Bit Bi-Directional Data Bus
aB7[]13 16 [JAB10
aBs[] 14 15 [J ABg

SY6514 — 28 Pin Package

Wt 7 apee Features
8,02 27 08,
gg Ral]s 26 [JRW
,?: % ZEEE ; :: gs:? e 8K Addressable Bytes of Memory (AB00-AB12)
ow At e 23[]oB2
s 8 aBz2[}7 22[do83 - e Two phase clock input
T aB3[] s 21{Jo84
asal] o 20 [10B5 o {RQ Interrupt
ABs[] 10 19 [JDBE
ABs ] 11 18 [pB?
As7[] 12 17 [0 aB12 ¢ 8 Bit Bi-Directional Data Bus
ABs[] 13 16 [JAB11
ABo[14 15 [JAB10

SY6515 — 28 Pin Package

vt~  spREs Features
RDY[] 2 27 [19,

L2 . K] 26 [JrRw
mag 4 25 [10B0 e 4K Addressable Bytes of Memory (AB0O0-AB11)
Vecd 5 24 (JoB1

o[} 6 DB2
:BIE 7 zz guss e Two phase clock input
aB2[]s 21[]D8a
aB3[}o 20 []DBS e {RQ Interrupt
AB4[]10 19 {]DBS
= e Hos? « 8 Bit Bi-Directional Data Bus
ass[] 12 17 JAB11
AB7[J13 16 [ JAB10
AB8[] 14 15 [JAB9

5-12



5 SY6500

CLOCK GENERATION CIRCUITS
r OSCILLATOR CIRCUIT T DIVIDE BY 2 OR 4 CIRCUIT 1
| (ONE TTL PACKAGE REQUIRED) | (ONE TTL PACKAGE REQUIRED) |
I 11.0-05 KF | +5V +6Y |
| M | 1 A 13 |
R . R
MW ——1P ap—< D Q 9, (650X)
| 15K | 2 5, 12 9 | 0,651
22K 2.2 | ¢ - |
| e AAA—— — AAA——¢ 7474 7474
| XTAL | |
[T} } a al—pt— 0, (651%)
l 5 6 10Ul 3| %% 2 ! 3¢ s @ ¢ s GerT:
| I 4 10 l
l %5009F | |
I = I +5V +6V |
I | JUMPER * [
L JUMPER B
————— e —— e A e ——— i a1
CRYSTAL OUTPUT FREQUENCY
FREQUENCY ) -4
3.579545 MHz | 1.7897 MHz | 0.894886 MHz
4.194308 MHz | 2.097152 MHz | 1.048576 MHz
SY650X
Ry Ry
———AA—— ———A——
R = 1.8K ohms
XTAL = 1MHz - 5 MHz
7404 7404 % (CTS KNIGHT MP SERIES
33K 5, OR EQUIVALENT)
1111 — svsTem
= 1L cLoCcK
XTAL
SY650X
BZ
8, 7404 7404 SYSTEM
cLock
& Ry = 330K ohms
A C,=10pF
) XTAL - CTS KNIGHT MP SERIES
% VWA OR EQUIVALENT
IDI
[15§]
= XTAL
+5v
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One-Chip 8-Bit
Microcomputer

SY6500/1

Microprocessor
Products
%ﬂg};{gj&, Preliminary

(7,28
. &
Q
<37
ou
20.
N o
[- %

® Single +5 volt (+5%) power supply.

Separate +5 volt power pin for RAM, providing very
low standby power.

2048 bytes of ROM.

64 bytes of RAM.

32 bi-directional 1/0 lines.

16-bit programmable interval timer/event counter.
Five Interrupts

Software-compatible to SY6502.

Pipeline architecture for high-performance.

Thirteen address modes with true indexing capability.
Variable length stack.

Two index registers

40-pin dual in-line package.

64-pin emulator device available for system and pro-
gram development.

The SY6500/1 is a completely self-contained microcom-
puter system fabricated on a single chip. Included in
the SY6500/1 are 2048 bytes of mask-programmable
ROM, 64 bytes of RAM, 32 1/O lines, a 16-bit timer/
counter, and an on-chip clock oscillator. The internal
processor architecture is identical to the SY6502 to pro-
vide software compatibility and to assure high-perform-
ance operation.

PRODUCT SUPPORT

To allow prototype circuit development Synertek offers
a 64 pin Emulator device. This device provides all 6500/1
interface lines plus routing the address bus, data bus, and
all control lines off-chip to external memory.

BLOCK DIAGRAM

RES —» e XTO
8-BIT CLOCK
PROCESSOR OSCILLATION
NMI — [ e———XTI
L)
IRQ I
| PROGRAM
| —N ROM
| /] 2048xs8
|
|
l RAM
i eixt le—————— V¢ (RAM)
1
|
F—aFr=— e
| —N TIMER/ ONTR
— EVEN
: COUNTER
|
e E— U
L
L N 32
/0
T V| e K e
L

Extensive hardware and software development support
is available with our versatile System 65, and our per-
sonality module allows complete in-circuit useremulation
of the 6500/1 microcomputer.

Support products available:

® System 65 Microcomputer Development System:
SYS65-101

1 MHz personality board: M65-081

2 MHz personality board: M65-082

1 MHz Emulator Device: SYC6500/1E

2 MHz Emulator Device: SYC6500/1EA

PIN CONFIGURATION

vee (Ramd1 7 a0
PD; [ 2 39 [1RES
PDg ] 3 38 [1PAg
PDs [ 4 37 [Ara,
PD4[]5 36 [JPA;
PD3}6 35 [gPAs
P07 3a[IPA,
PDy 5 8 syeso0/133 PPAs
PDo [ 9 32 [1PAg
xTi] 10 31[QPA;
xTo 1 30 P Ve
GNDO 12 29 1PBy
Pc; Q13 28 [1PB,
pcg (] 14 27 QP82
PCs ] 15 26 [IPB3
PCs[}16 25 [1PB,
pcz 17 24 [1pBg
pc, []18 23 [1rBe
pci19 22 [ pB;
PCo ] 20 21[JcNTR

ORDERING INFORMATION

Order Temp.
Number Package Frequency Range
SYP6500/1 Plastic 1 MHz 0°-70°C
SYPG500/1A Plastic 2 MHz 0°-70°C
SYC6500/1 Ceramic 1 MHz 0°-70°C
SYC6500/1A Ceramic 2 MHz 0°-70°C
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5

SY6500/1

MAXIMUM RATINGS

Allowable
Rating Symbol Range Unit
Supply Voltage Vee -0.3t0 +7.0 \%
Input/Output
Voltage VIN -0.3t0+7.0 \%
Operating Temp. { Top 0to70 °c
Storage Temp. Tste -55 to +150 °c

All inputs contain protection circuitry to prevent damage due to
static discharge. 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
ratings only. Functiona! 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 affect
device reliability.

STATICD.C. ELECTRlCAL CHARACTERISTICS. (V¢c = 5.0V 5%, T = 0-70°C, unless otherwise noted)

Index Registers

There are two 8-bit index registers X and Y. They may
be used to count program steps or to provide an index
value, which is added to a base address to generate 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
register to it prior to performing the desired operation.
Indexing simplifies many types of programs, especially
when data tables are referenced.

Stack Pointer

The Stack Pointer is an 8-bit register used to control the
addressing of the Stack Memory. It is automatically de-
cremented and incremented by the CPU whenever the
Stack is accessed.

The Stack is used automatically by the CPU for interrupt
processing and subroutine calling and may also be used
by the programmer for other storage functions.

Symbol Characteristic Min. Typ. Max. Unit
ViH Input High Voltage 2.0 - Vee \Y%
ViL Input Low Voltage -0.3 - 0.8 \
VIHXT Input High Voltage (XTL1) 2.4 - Vee \%
ViLxT Input Low Voltage (XTL1) -0.3 = 0.4 \%
Iin Input Leakage (RES, NMI) - - 25 HA
g1 Three-State Input Leakage (PAg-PA7, PBp-PB7, PCo-PCy,

PDg-PD7, CNTRY), Vi = 0.4 to 2.4V - - 10.0 uA
VoH Output High Voltage, I gap = 100uA 24 - - \%
VoL Output Low Voltage, I gap = 1.6mA - - 0.4 \%
Po Power Dissipation - 500 - mwW
lrr Standby Current (RAM only) — 10 - mA
Cin Input Capacitance (RES, NM1) - - 10.0 pF
Crsi Three-State Input Capacitance (PAg-PA7, PBg-PBy, PCy-PC7,

PDg-PD7, CNTR) - - 10.0 pF
Cinx Input Capacitance (XTL1) - - 50.0 pF
CouTt Output Capacitance: Vy = 0V, Ta = 25°C, = 1.0 MHz - - 10.0 pF

ARCHITECTURE

Arithmetic and Logic Unit (ALU)

All arithmetic and logical operations are done in the
ALU. The ALU has no internal memory and is used only
to perform momentary numerical operations.

Accumulator

The Accumulator is an 8-bit register which is used to
hold the results of most arithmetic and logical operations.

Program Counter

The 16-bit Program Counter provides the addresses which
step the processor through sequential instructions in a
program. Each time the processor fetches an instruction
from program memory, the lower byte of the Program
Counter (PCL) is 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 is
incremented each time an instruction or data is fetched
from program memory.

5-16

*

)
p]
O.

0
m
177]
173
(o]
o]
2]

=
o
=
e




(7]

&
o
3]
=43]
20
&
Q.

5

SY6500/1

Instruction Register and Instruction Decode

Instructions are fetched from ROM or RAM and gated
onto the internal 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.

Timing Control

The Timing Control Unit keeps track of the specific in-
struction cycle being executed. Thisunit isset to Tg each
time an instruction fetch is executed and is advanced at
the beginning of each Phase One clock pulse for as many
cycles as are required to complete the instruction. Each
data transfer which takes place between the registers is
caused by decoding the contents of both the instruction
register and timing control unit.

Interrupt Logic

The interrupt logic controls the processor interface to
the interruptinputs to assure proper timing, enabling and
sequencing of the interrupt signals which the processor
recognizes and services.

Clock Oscillator

The Clock Oscillator provides all the timing signals used
by the CPU. A 2MHz crystal must be used with the
1MHz SY6500/1 and a 4MHz crystal for the 2MHz
SYG6500/1A.

2K x 8 ROM

The 2048 byte Read Only Memory (ROM) usually con-
tains the program instructions and other fixed constants.
These program instructions and constants are permanent-

ly stored in the ROM by metal mask programming during
fabrication of the SY8500/1.

64 x 8 RAM

The 64-byte Random Access Memory (RAM) contains
the user program stack and is used for scratchpad mem-
ory during system operation. This RAM is completely
static in operation and requires no clock or dynamic re-

TRANSFER AND LOAD GROUP

fresh. A standby power pin allows RAM memory to be
maintained at a reduced operating power. In the event
that power is lost and execution stops, this standby
power retains RAM data until execution resumes.

Status/Control Register

The 8-bit status/control register controls and reports the
status of eight signals — five control signals and three
status signals.

Counter/Latch

The counter/latch consists of a 16-bit counter and a
16-bit latch register. The counter contains either a count
of $2 clock periods or a selected external event, depend-
ing on the counter mode selected in the status control
register. The latch contains the counter initialization
value,

Input/Output (1/0) Ports

The SY6500/1 provides four 8-bit 1/0 ports — PA, PB,
PC, PD. The 32 1/0O lines of the I/O ports are completely
bidirectional; all signals may be used for either input or
output. (See page 7 ‘‘Hardware Details'’ for further de-
tails and mask options).

INSTRUCTION SET

The SY6500/1 can execute a wide range of instructions.

The instructions can be divided into the following groups:
® Transfer and Load

Arithmetic and Logic

Rotate and Shift

Stack Manipulation

Bit Manipulation (set, reset, test)

Jumps, Calls and Returns

The following tables summarize the various instructions
and their functions, by group:

Operation Mnemonic Function
Load Accumulator with Memory LDA M->A
Load Index X with Memory LDX M~ X
Load Index Y with Memory LDY M->Y
Store Accumulator in Memory STA A->M
Store Index X in Memory k STX X->M
Store Index Y in Memory STY Y->M
Transfer Accumulator to Index X TAX A->X
Transfer Accumulator to Index Y TAY A->Y
Transfer Stack Pointer to Index X TSX S—->X
Transfer Index X to Accumulator TXA X=>A
Transfer Index Y to Accumulator TYA Y->X
Transfer Index X to Stack Register TXS XS




5 SY6500/1

ARITHMETIC AND LOGIC GROUP
Operation Mnemonic Function
Add Memory to Accumulator with Carry ADC A+M+C - A
AND Memory with Accumulator AND AsM > A
Compare Memory and Accumulator CMP A-M
Compare Memory and Index X CMX X-M
Compare Memory and index Y cMyY Y-M
Decrement Memory by One DEC M-1->M
Decrement Index X by One DEX X-1->X
Decrement Index Y by One DEY Y-1->Y
Exclusive-Or Memory with Accumulator EOR AvM-> A
Increment Memory by One INC M+1->M
Increment Index X by One INX X+1=>X
Increment Index Y by One INY Y+1>Y
ROTATE AND SHIFT GROUP
Operation Mnemonic Function
Shift Left One Bit (Memory or Accumulator) ASL c+7 (4] 0
Shift Right One Bit (Memory or Accumulator) LSR 07 0 C
Rotate One Bit Left (Memory or Accumulator) ROL @
Rotate One Bit Right {(Memory or Accumulator) ROR C »7 Q
STACK MANIPULATION GROUP
Operation Mnemonic Function o
Push Accumulator on Stack PHA A->Ms,5-1—>S§ nggw
Push Processor Status on Stack PHP P—>Ms, S-1—>S 2 o
Pull Accumulator from Stack PLA S+1>S,Ms—~> A 3 8
Pull Processor Status from Stack PLP S+1—>§,Ms > P 8 '
7]
BIT MANIPULATION GROUP
Operation Mnemonic
Branch on Carry Clear BCC
Brancy on Carry Set BCS
Branch on Result Zero BEQ
Test Bits in Memory with Accumulator BIT
Branch on Result Minus BMI
Branch on Result not Zero BNE
Branch on Result Plus BPL
Branch on Qverflow Clear BVC
Branch on Overflow Set BVS
Clear Carry Flag CLC
Clear Decimal Mode CLD.
Clear Interrupt Disable Bit CLI
Clear Overflow Flag CLV
Set Carry Flag SEC
Set Decimal Mode SED
Set Interrupt Disable Status SEI
JUMPS, CALLS, RETURNS GROUP
Operation Mnemonic Function
Force Break BRK
Jump to New Location JMP
Jump to New Location Saving Return Address JSR Jump to subroutine
Return from Interrupt RTI
Return from Subroutine RTS
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SY6500/1

ADDRESSING MODES
Accumulator Addressing

This form of addressing is represented with a one byte
instruction, implying an operation onthe accumulator.

Immediate Addressing

In immediate 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 code and
execution times by only fetching the second byte of the
instruction and assuming a zero high address byte. Care-
ful use of the zero page can result in significant increase
in code efficiency.

Indexed Zero Page Addressing (X, Y Indexing)

This form of addressing is used in conjunction with the
index register and is referred to as “Zero Page, X"’ or
“Zero Page, Y". The effective address is calculated by
adding the second byte to the contents of the index reg-
ister. 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
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 is 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 ad-
dress. This type of indexing allows any location referenc-
ing and the index to modify multiple fields resulting in
reduced coding and execution time.

Implied Addressing

In the implied addressing mode, the address containing
the operand is implicitly stated in the operation code of
the instruction.

Relative Addressing

Relative addressing is 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 is
-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 is 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 effec-
tive address. Both memory locations specifying the high
and low order bytes of the effective address must be in
page zero.

Indirect Indexed Addressing

In indirect indexed addressing [referred to as((lndirect),
Y)], the second byte of the instruction points to a mem-
ory location in page zero. The contents of this memory
location is 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 is added to the
contents of the next page zero memory location, the
result being the high order eight bits of the effective
address.

Absolute Indirect

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 location is the low order. byte of the
effective address. The next memory location contains
the high order byte of the effective address which is
loaded into the sixteen hits of the program counter.
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PROGRAMMING MODEL z 9
NV B|D ZiCc PROCESSOR STATUS REG. "P”
7 [
A ] accumurator A
7 [} CARRY 1=TRUE
INDEX REGISTER ¥ ~ZERO 1= RESULT ZERO
7 [} L IRQ DISABLE 1= DISABLE
INDEX REGISTER X L .~ DECIMAL MODE 1- TRUE
18 z 9 L BRK COMMAND
L PCH | PCL | PROGRAM COUNTER “PC”
8 7 [} t—————————— OVERFLOW 1=TRUE
STACK POINTER s
NEGATIVE 1= NEG.
INSTRUCTION SET — OP CODES, Execution Time, Memory Requirements
ANSTRUCTIONS MMEDIATE] ABSOLUTE | ZERO PAGE] ACCum WAPLIED N0, N NgL Y Z,PAGE ¥ ASS, X AR Y RECATIVE | wwDIRECT TPAGE Y CONDITiON CORES
MNEMONIC OPERATION CP[N [ s{OP|N|[ #«]OP|N! #|OP|N | #]OP|N OP{N| #JOP|N| #|OP|N | #JOPIN| =1OPIN | z|OPIN | #|OP|N| =JOP|N =N Z C | D V
ADC| Arm+c-a  in)es]z[2[en[4[3[6s(3]2 61]6]2[71(5[2[75[4 [2[70]4{3[79]a [3 Y
AND| AAM-A w29]2|2|20(a|3]25(3 ]2 21|6| 2|31 (5| 2|35|4 |2|30|4 3|30} |3 PRV
asL | c«f____ol«o 0e(6 [3]96[5 | 2]oal2 [1 166 |2}1E|7 |3 AR
BCC | BRANCHONC-8  (2) 9|22 [ -
BCS BRANCH ON C=1 2) gaj2(2f | [ | L {)]-=--=-- =
BEQ | BRANCHON Z-1  (2) rol2f2 || [ [-<~-<--~-
BIT | AAM 2¢c|a|3]2a |32 Mys - - M,
BMI BRANCH ON N=1 2] 30(292 - —_ - - - -
BNE | BRANCHONZ=0  (2) oe|2 |2 (PO
BPL BRANCH ON N=Q (2)] w22y [ )Y -=-=~==
BRK | (See Fig 11 o7 11V 1T 7T T T T T i T I riif--====
BV C | BRANCHON V=0 {2)] sel2(2) [t | | }|----—- =
BVS BRANCH ON v=1 {2)] 0212 [ | | {=-=====
cLc je-c 18f2 |1 C o - - -
cLo | e~o 8|2 |1 - - - -9 -
cLt @=1 582 |1 - - -0 - -
cLv |o-v ssl2f¢ [0 0V LU L E 0Pttt -=-==- °
cMP | Am m)fcal2 |2[cols |3|cs3|2 ctle| 2{o1|5|2|os|4 |2|on|a |3]os|4 |3 VPRV i
cPx | x-m 0|z |2|ec|a |3|eaf3 |2 V44— - ;
CPY | Y-M co{2{2|ccla|3]cala|2 43I - - - "O‘g
DEC | MI=M cel6[3[cs5]2 D66 [2[DE[7[3 - - ¢ o=
DEX | X-1=X cal2 |1 V4 - - = = ‘moy:
DEY | Y-i=v 8812 {1 v o— - - ‘&'m
EOR | AyM—=A (1)|49|2 | 2|4D|4 |3]45]3 | 2 4116]2|51(5]|2]55(4 [2|50[4}3|59(4 (3 Jd - == - o'o
INC M+1-M EE(6 (3|E6(S5 2 F6/6 [2{FE{7]3 J S - - = = m
INX | X+1=X €821 77 - - - = wn.-
INY | Yerov csl2 |1 V4 o— - =
JMP | JUMP TO NEW LOC ac|3| 3| eclsfal | 1 ]-- - - - _
ISR | (See Fig. 2) JUMP SUB afsls| [T 10Tttt ------
LDA|[M=A (1)JA9(2 [2[AD|4 | 3] A5{3 |2 A1(6|2|B1(5|2|B5(4(2|BD(4{3(BI[4(3 A
MMEDIATE | ABSOLUTE | ZEMD PAGE ACCUM. PLIED 1m0. x) ompl, ¥ T,PAGEX A, X AR Y RELATIVE | MDIRECT LPAGE Y CONDITION CODES
watuonc ovenation op|n [ #]orn] #lop(n] #lor]n | #lopn] M or|n] #lop]n] #[or]n] #|op|n | #[or|n] #|or[nT slop[n] elor[n]e]n 2 c 1 0 v
LDX | M=X |az|z [2|Ae]e|3[a6[3 ]2 8E[4 (3 6|4 (2| v v - - - —
Loy | My ]ael2|2}acls|3|aa|3]2 Bafa|2|Bc(s|3 VY-
Lsa | o»[___o»c €6 |3)a6 |5 |2anl2 |1 565 | 2|sel7|3 @ v v - - -
NOP | NOOPERATION eal2(yy v ¢ttt tyrtrtrtrtrrrtrtrrrrt------
ORA| AVM=A 99|2|2[eD(4a |3 3|2 01|6] 2|11|5] 2|15]|a|2|1D[4|3]|19[4 (3 v /- = - =
PHA | AeMs B w ] 1T T I T T T T T T T T T T T T T T ==--===
PHP | PomMs s-1~5 esla|f 1L LT VLt itlrtl---=---
PLA | S+1-5 Ms— A 68(4 |1 VY- - - -
PLP |S+i-s M~ 2841 (RESTORED)
<] 2E(6]3|26(5|2|2A]2 (1 36)6 | 2]|3E[7|3 Vv - ==
6E[6|3[66[5] 2(6A]2 ] 76|6] 2| 7€|7]3 R
ITATANINT. 40(6 |1 RESTORED)
2) RTRN SUB eolsiol |t Tt Yt pe-ee--
es2 [2|en|a|3|es|s |2 e1)6| 2|F1|s| 2|Fs|a|2|FD|4|3]Fo|4]3 RN p——
38|21 - -1 - - -
F8)2 1 - - 1=
78(2]1 R .
B8D|4}3|85|3|2 81|6| 2|9116] 2|95]4 | 2f9D|5[3]99|5 | 3! - - =
8E{4|3]86(3]2 |42 - - - - - -
sc|a(3leafa|2 9ala|2 - - -
AAl2 (Y Vo e = = -
AB|2 (1 P
BAf2 |1 vuo- - - -
8a|2 |1 VRV
9A[211 - - - - - .
TYA | Y=A 98{2 (1 vy o- - - -
(1) ADD 1 TO “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 Y -- SUBTRACT M, MEMORY BIT 7
ADD 2 TO "N" IF BRANCH OCCURS TO DIFFERENT PAGE A ACCUMULATOR A AND My MEMORY BIT 6
{3) CARRY NOT = BELOW M MEMORY PER EFFECTIVE ADDRESS v OR N NO. CYCLES
(4) IF IN DECIMAL MODE Z FLAG IS INVALIO Ms MEMORY PER STACK POINTER v EXCLUSIVE OR # NO.BYTES
ACCUMULATOR MUST BE CHECKED FOR ZERO RESULT v MODIFIED
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EXPLANATION OF SYMBOLS

Legend Meaning
A Accumulator
X, Y Index Registers
M Memory
P Processor Status Register
S Stack Pointer
+ Add
A Logical AND
- Subtract
M Logical Exclusive OR
-, < Transfer to

HARDWARE DETAILS
Memory Address Map

Figure 1 indicates the internal memory address assignments

for the SY6500/1.

Peripheral 1/0 Ports (PA, PB, PC, PD)

These four 8-bit ports can be used for either input or
output functions. There are no direction registers asso-
ciated with any of these ports so care must be used to
always leave the pins which are to be used as inputs in
the off (high) state. Each port consists of an active tran-
sistor to Vgg and a “‘passive” pull-up transistor to +5.

NOTE: These pull-up devices may be deleted as a mask option
in 8-bit groups for dedicated input functions or cases in which
the pull-up is to be located external to the SY6500/1.

Each output pin on the four ports is capable of sinking
1 TTL load (1.6 ma. at Vg = 0.4 volts max). When an
output is “off”, it is pulled high (to +5 volts) by a “’load
resistor’’ {pull-up transistor) of approximately 6- 8K
ohms.

All four ports are located in the processor’s ‘‘zero-page’’
memory area and thus may be serviced very quickly with
simple two-byte instructions.

The two lower bits of the PA port (PA1 and PAOQ) also
serve as edge sensing inputs for generating IRQ interrupt.

Edge Detect Capability (PAQ, PA1)

The two LSB's of the PA port, PA1 and PAO, function
as edge detecting inputs in addition to their normal input
foutput functions. The minimum pulse width that can be
detected at these inputs is twice the period of the ¢2
clock. For example, with ¢2= 1MHz, the input pulse
should be 2 microseconds or longer.

PAO will detect an asynchronous rising edge and set bit
6 in the 1/0 status register. This bit can be cleared by
attempting to write any data to the CLEAR INTO Ad-
dress (89 hex).

PA1 will detect an asynchronous falling edge and set bit
5 in the 1/O status register. This bit can be cleared by
attempting to write any data to the CLEAR INT1 Ad-
dress (8A hex).

Non-Maskable Interrupt (NM1)

This input is identical to the similarly named pin in the
SY6502. It provides fast falling edge sensitive interrupt
service for high priority events such as power fail. NMI
vector location is FFA and FFB.

" EXTERNAL ///
N o
000

T~ —<o080 PAq - PA;

7 08F 1/0 Status

7 08A Clear Interrupt 1

089 Clear Interrupt 0

088 Transfer Latches to Counter (Write Only)

087 Lower Counter (Read Only)

086 Upper Counter {Read Only)

085 Lower Latches (Write Only)

084 Upper Latches (Write Only}

083} PDp-PD;

02| pc-PC,

081 PBy - PB;

Figure 1. Memory Map
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[7lsfs]al=]2]1]0]

COUNTER/TIMER STATUS
[ “0” = NO UNDERFLOW HAS OCCURRED

“1" = UNDERFLOW HAS OCCURRED

PAO STATUS

“0" = NO POSITIVE EDGE HAS OCCURRED
“1"" = POSITIVE EDGE HAS OCCURRED

PA1STATUS
| “0" = NO NEGATIVE EDGE HAS OCCURRED

“1” = NEGATIVE EDGE HAS OCCURRED

L COUNTER/TIMER MODE CONTROL

BIT MODE

FREE-RUN, CNTTIM = HIGH
FREE-RUN, CNTTIMTOGGLES
EXTERNAL EVENT COUNT
PULSE WIDTH MEASURE

alalolola
=|o|=|o|e

PA1 INTERRUPT ENABLE
{NEGATIVE EDGE)

1" ENABLE

PAO INTERRUPT ENABLE INTERRUPT
(POSITIVE EDGE)

“0" DISABLE

INTERRUPT

COUNTER/TIMER

INTERRUPT ENABLE

Figure 2. 1/O Status Register

/0 STATUS REGISTER

The 1/0 STATUS REGISTER is the zero page memory
byte located ataddress 8F (hex). This register consists of
timer underflow status (bit 7), edge detect input status
{(bits 6 and 5), interrupt enables (bits 4, 3 and 2), and
‘timer mode controls (bits 1 and 0).

The timer underflow bit will be set each time the coun-
ter underfiows in any of the four possible modes. This
bit is cleared to a logic ‘0’ at reset (power on). However,

since the counter and latch are not initialized by RES,.

this bit could be at a logic ‘1’ state very quickly after
RES goes to a logic ‘1".

Status register bits 5 and 6 reflect the history on the
edge detecting inputs (PA1 and PAO). Bit 5 will be set
any time a falling edge occurs on PA1 and bit 6 will be
set by a rising edge on PAO. Note that this condition can
also be a result of these parts being used as outputs,
since the edge detecting circuitry is sensitive to any ac-
tivity on this pin regardless of the source.

The intetrupt enable bits (4, 3, and 2) can be set to ‘1’
to enable any of the three possible interrupt sources or
cleared to ‘0’ to mask the associated interrupt activity.
The two mode bits {1 and 0) control the timer counter
operating maodes; they are both initialized to ‘0’ at power
on. The counter timer modes are more fully explained in
a later paragraph.

IRQ Generation

An IRQ request can be initiated by any or all of three
potential sources. These sources are all software maskable
via the use of the appropriate interrupt enable bits in the
1/0 status register.

One of the interrupt sources is the counter/timer under-
flow indicator. Whenever the underflow status bit is set
due to an underflow condition in the counter register

(transition from 0000~ FFFF), an internal IRQ Request
will be made if appropriate interrupt enable bit (bit 4)
in the 1/0 status register has been set.

The other two interrupt sources are the edge detecting
inputs (PA1 and PAO). If a rising (PAQ) or falling (PA1)
edge is detected at either of these inputs, and their asso-
ciated interrupt enable bit has been set (bit 3 for PAO or
bit 2 for PA1) aninternal IRQ Request will be generated.
In all three cases, the IRQ Request is a result of logical
‘OR’ function of the logical ‘AND’ of each of the poten-
tial interrupting sources and their respective interrupt
enable bits. Multiple simultaneous interrupts will cause

the IRQ Request to remain active until all interrupting
conditions have been serviced and cleared. |IRQ vector

location FFE and FFF.

Counter-Timer

The counter-timer consists of a 16-bit counter and a 16-

bit latch. The two 8-bit halves of the counter (UC, LC)

are loaded only via a download from the dual 8-bit latch

(UL, LL). The latches are two zero page “write-only”

locations and the counter consists of two “read-only”

zero page locations.

1. Free Run Modes (Modes 00 and 01)
There are two free-run timer modes. In both of these
modes the counter decrements by 1 for each internal
2 clock cycle. In mode 00 the counter timer 1/0 pin
{CNTR) is in the high state continuously (output
disabled). Power-on reset (RES low) forces the coun-
ter timer status bits into this mode.
Mode 01 will cause the CNTR I/O port to toggle on
each counter underflow; it will also toggle each time a
write to address 88 occurs (A=>UL; UL, LL=UC, LC).
This mode can be used to generate symmetric or a-
symmetric output waveforms. A one-shot mode can
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also be synthesized by changing from mode 01 {out-
put enabled) to mode 00 {output high) after only one
occurrence of the output toggle condition.

2. External Event Count Mode (Mode 10)
Mode 10 causes the counter to decrement each time
a rising edge is detected on the CNTR pin. The
maximum rate at which these edges can be detected is
one-half the internal ¢2 clock rate.

3. Pulse Width Measurement Mode (Mode 11)

This mode (11) enables the measurement of negative
pulses. The counter will count internal ¢2 clocks as
long as the CNTR pin is in the low state (<0.8V).
If the CNTR pin is left unconnected, this mode
may be used to stop the counter since the internal
pull-up device will cause the input to be in the high
(>2.0V) state.

In all of the counter/timer modes, the counter is auto-
matically reloaded with the contents of the latch after
each counter underflow from 0000, i.e., the counter will
go from 0000 to UL, LL {not FFFF). The most signifi-
cant bit (7) of the 1/O status register will be set each time
the counter/timer underflows. This bit can be cleared by
either reading the lower eight bits of the counter/timer
or by loading the upper eight bits of the latch with ad-
dress 88 (hex). Accessing this address also causes the
fatch to download to the counter.

Power-On Reset Considerations

The occurrence of RES going from low to high will cause
the SY6500/1 to set the interrupt mask bit in the pro-
cessor status register and will initiate a reset vector fetch
to begin program execution. All of the peripheral 1/0
ports (PA, PB, PC, PD) and CNTR /O will be set to
the off (high) state. The /O status register will be cieared
to 00 (hex), thus selecting timer mode Q0, and resetting
all interrupt enable bits. (Reset vector location is FFC
and FFD).

NOTE: Neither thelatch nor counter are initialized with RESET.

SY6500/1E Emulator Version {64 Pin Device)

The SY6500/1E is provided to permit simplified soft-
ware development and construction of prototype sys-
tems. All capabilities of the 40-pin SY6500/1 are also
retained in the SYB6500/1E, except there is no mask-
programmable ROM in the latter. Instead, the internal
Address Bus (A0-A11), Data Bus (DB0O-DB7), and Con-
trol Bus {¢2, R/W, RDY, SYNC) are provided so that
external 2708/2716 EPROM or other PROM’s for the
2 MHz version of the emulator, may be used for
development.

A typical prototype system may require as few as two
components — the SY6500/1E and 2716 or 2708. The
electrical characteristics of the 1/O lines are identical to
the final 40-pin device, ensuring a smooth transition
from prototype to production. Software characteristics

are also identical, except for the fact that the program
memory is external in the prototype system. All timing,
addressing, and program commands are identical.

Since the Address Bus {12 lines) is available on the
SY6500/1E, this permits using up to 3K bytes of pro-
gram storage (400-FFF in hex) available for prototyping.
Thus, a large program may be utilized for system check-
out and a reduced version for the production system.
This would permit a gradual reduction or compression
of the program during the development phase.

The remaining addresses, 000-3FF, contain four pages
of memory ({each page being 256 bytes). It is possible to
use part of this address space for additional program
storage, as long as the page zero addresses used for 1/0
and RAM are not utilized. Processor read operations
from page zero addresses are internal to the SY6500/1E
and do not use the Data Bus at all. This ensures proper
1/0 and RAM functioning, independent of the external
configuration.

SY6500/1E Pin-Outs

The pin assignments for the 64-pin emulator device are
shown below:

o2 e 64 []xT0
GND] 2 s3[]xm
ROY[]3 62[JRW
RES[] 4 61[]PCo
w3 60[JPCq

sync[]s s9[1PC;

PB;[]7 58| ]PC3
"BBE 8 57 :]PC4
(=¥ u E] 56 [ PCs
pe,[]10 55 [ PCq
pB3 11 54[]PC;
PB,[]12 53] ] 0By
8, []13 ’ 527 o8,
PBy[] 14 s1[]D8,
ra;] 15 50[] 0B,
PAg(] 16 29[ ] DB,
P%E “ SY6500/1E “ 3055
129 47[J DB
PA3(] 19 4s[] 0B,
pAz[] 20 4507] PD;
PA ] 21 44[] PDg
Pag[] 22 43|} PDs

Ve RAM[] 23 42[]PD,
oNTR[] 24 a1[] PD;

Al 4[]0,

A 26 39 { ] PD,

¥ k2 38f] PDy

Az[] 28 37[JAn

A 20 360 J A0

As[] 30 B[] A

As(] 31 34[7As

A 32 33[] Vee
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5 SY6500/1

SY6500/1E — EMULATOR TIMING CHARACTERISTICS
(Vge = 5.0 £ 6%, Tp = 0-70°C)
1 MHz 2 MHz
Symbol Parameter Min, Max. Min. Max. Unit
Teve Cycle Time 1.00 40 0.50 40 us
TrwHe2 $2 Pulse Width 470 - 235 - ns
TR, Tr ¢2 Rise and Fall Timesl1] - 25 - 25 ns
TrRwS R/W Setup Time - 300 - 150 ns
TRWH R/W Hold Time 30 - 30 - ns
TaDs Address Setup Time - 300 - 150 ns
TapH Address Hold Time 30 - 30 - ns
Tacc Read Access Time - 575 - 300 ns
Tosu Read Data Setup Time 100 - 50 - ns
THR Read Data Hold Time 10 - 10 - ns
TmDps Write Data Setup Time - 200 - 100 ns
Thw Write Data Hold Time 30 - 30 - ns
Tsys Sync Setup Time - 350 - 175 ns
TsyH Sync Hold Time 30 - 30 - ns
Tgrs RDY Setup Timel2] 200 - 200 - ns
NOTES: 1. Measured between 10% and 90% points on waveform
2. RDY must never switch states within TRg of end of ¢2, ©
X
8=
moO
E
SY6500/1E — READ/WRITE TIMING 2
Teve
TrwHo2 i
92 -\ / N
Taws [ TrWH —]
READ
R WRITE
Taps Tacc Tosu TaDH
DBy-DB7 Z S——-
(READ) X
Twmos T =1 AR
DBg-DB; N
(WRITE) N\ y
fe——— Tsvs ‘—'Tsvu—’i
SYNC '\—
(OP CODE FETCH CYCLE)
Trs
D
S\ LN
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TIMING CHARACTERISTICS (PORTS AND COUNTER)

N /

- 2.4v
PA, PB, PC, PD OUTPUT
0.4v

2.0v
PA, PB, PC, PD INPUT
08V

¢2

7
o [+ Teosu _’l
°3 s
22 2.0V 2.0V
ow PAO OR PA1
s 8 0.8V 0.8V
e Tew
a
02
Trosu —>]
2.0v 20v
CNTR
0.8V 0.8v
I Tow 1 Tow )
TIMING CHARACTERISTICS Tp =0°Cto 70°C, Ve = +5V 5%
1MHz 2MHz
P .
Symbol arameter Min. Max. Min. Max. Unit
Teye XTL! Input Clock Cycle Time 0.500 5.0 0.250 5.0 usec
Trow Internal Write to Peripheral Data Valid 1.0 - 0.5 — usec
Tepsu Peripheral Data Setup Time 400 — 200 — nsec
Tew Count and Edge Detect Pulse Width 1.0 - 0.5 — usec
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SY6500/1 Mask ROM Input Format

The Synertek SY6500/1 one-chip microcomputer pro-
vides 2048 x 8 bits of mask programmable ROM.
Synertek uses computer-aided techniques to generate
and test the ROM bit patterns. The customer patterns
can be provided on every media including: 80-column
punched cards, paper tape, 2708/2716 EPROM:s, as well
as a System 65 Floppy Diskette.

Acceptable Formats are:

System 65 Assembler Output on mini-floppy diskette
Synertek Data Card Format

Intel Data Card Format

Intel Hex

AMI ASCII Hex Format

EA Data Card Format

MOS Technology Hex Interface File Format
Intel BPNF

ASCII BPNF

Binary Format

Details on these formats can be found in Synertek
Technical Note SY6500/1 ROM Programming Input
Formats. Copies of this Technical Note are available
from Synertek on request.

PACKAGING DIAGRAM

10° MAX
40 21 %
0.600 MAX 0625 (15.87)
2o LogaTe 1 (15.24 MM) 0595 (15.11)
PIN NO. 1 . l L
e B 20 —
i
_2020MAX __ |
l (51.30 MM)
0.190 MAX
(4.82 MM)
" - —-—-——— 0.155 MAX
0310MAX © o i i (3.93 MM)
787Mm) Y i T
-— 0.010 MIN
. == (1.65) 0.065 (0.25 MM)
0.100 MIN {1.01) 0.040
aea ~\= 505 (oaB)
TYP,
1.910 (48.51 MM)
G 1.890 (48.00 MM) ¢

19 EQUAL SPACES
0.100 € TOL NONCUM.

{2.54 MM)

NOTE: Pin No. 1is in lower {eft corner when symbolization is in normal orientation.

40 LEAD PLASTIC DUAL IN-LINE PACKAGE

b

)
)
o=
73
w
o°
A
w
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10.

11.

12.

Complete this form and mail to:
Synertek Inc., P.O. Box 552, Santa Clara, CA 95052

S§Y6500/1 Customer Specification Form

. Date:
. Customer Name:
. Customer Part No. (maximum 10 digits)
. Synertek “C” Number
. Customer Contact:
. Customer Phone Number:
. ROM Start and Stop Address in Submitted Media (Tapes, Cards, Diskette).
ROM Data Start Address is: (min = 800)
(Three hexadecimal digits)
ROM Data Stop Address is: (max = FFF)
(Three hexadecimal digits)
. External Frequency Reference is:
L C = Crystal or Clock
R = RC Network
. Specify I/0 Port Internal Pullup Resistance Option
a. I/0 Port A Internal Pullups aretobedeleted (Y orN)
b. I/0 Port B Internal Pullups aretobedeleted (Y orN)
c. 1/0 Port C Internal Pullups aretobedeleted (Y orN)
d. I/O Port D Internal Pullups aretobedeleted (Y orN)
Customer's Input
O Punched Cards 0O 2716 EPROM
O Punched Tape O System 65 Mini-floppy
0O 2708 EPROM 0O Other (specify)
Fill code to be used for unused ROM locations is: i —
(Two hexadecimal digits)
Data Format
[ Synertek Data Card 13. Logic Format
O Intel Hex O Positive
O BPNF O Negative
O Binary
O System 65 Assembler 14. Verification Status
O MOS Technology O Hold
0O AMI ASCII Hex O Not Required
O EA Data Card
O ASCII BPNF
O Intel Data Card
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Peripheral Interface SY6520
& Adapter (PIA) SY6520A

MICROPROCESSOR

Synertek PRODUCTS

® Direct Replacement for MC6820 ® Automatic “Handshake” Control of Data Transfers
® Single +5V Power Supply ® Programmable Interrupt Capability
® Two 8-bit Bi-directional 1/0 Ports with Individual ® Automatic Initialization on Power Up
Data Direction Control ® 1 and 2 MHz Versions
® CMOS-Compatible Peripheral Control Lines
The SY6520 Peripheral Interface Adapter (PIA) is de- 1/0 ports. Each 1/0 line may be programmed to be
signed to provide a broad range of peripheral control either an input or an output. In addition, four peri-
to microcomputer systems. Control of peripheral de- pheral control lines are provided to perform “hand-
vices is accomplished through two 8-bit bi-directional shaking” during data transfers.
BASIC SY6520 INTERFACE DIAGRAM PIN ASSIGNMENTS o
3
Vss q 1~ 1 ca,; 210,
[ ] pAs [] 2 197 cay g’,g 3
pA 3 38 [1 iRQA 8
@cowmm PA; [ 4 37 [0 iRGE wl
8BIT <:> pAs [ 5 36 {1 RSo .
DATA BUS
<:> Lyel) PERIPHERAL P Qe sH E
PRocessORs SY6520 DATAPORT | pEVices - PAs 7 34 [ RES
SY650X SBIT DISPLAYS, ETC. Phs L]8 3P Do
<:> DATA PORT PA; Qo 321 Dy
comnm@ PBy [}10 Sves20 31[1 Dy
¢>CONTROL PBy O 11 30{1 03
PB; [ 12 29[] Da
P83 []13 28[] Ds
- - PBy [ 14 27{] Ds
PBs [] 15 26 [1 D7
PBs ] 16 257 o2
PB; [J 17 247 cs4
ce [} 18 23[] T5;
cB; [ 19 221 cso
Vee [ 20 21[] rRW
ORDERING INFORMATION
Part Number Package Speed
SYC6520 Ceramic 1 MHz
SYP6520 Plastic 1 MHz
SYC6520A Ceramic 2 MHz
SYP6520A Plastic 2 MHz

5-27



5 SY6520/SY6520A

MAXIMUM RATINGS
Rating Symbol Value Unit Thif device contains circ.uitry t? protect the inputs
against damage due to high static voltages, however,
Supply Voltage Vee -03t0+7.0 | V it is advised that normal precautions be taken to avoid
Input Voltage Vin -0.3t0 +7.0 v application of any voltage higher than maximum rated
N Itages to this circuit.
Operating o vo
+
Temperature Range Ta 0ta+70 c
Storage °
- +
Temperature Range Tetg 55 to +150 ¢
D.C. CHARACTERISTICS (Vcc = 5.0V + 5%, Vgg = 0, Ta = 0-70°C unless otherwise noted)
Characteristic Symbol Min. Max. Unit
Input High Voltage ViH +2.0 Vee \
Input Low Voltage . ViL -0.3 +0.8 \
Input Leakage Current hN HA
Viy =0to 5.0V . - 2.5
R/W, Reset, RSp, RSy, CSp, CSy, CS,, CA¢, CBy, ¢
Three-State (Off State Input Current) ITs)
2 (Vin = 0.4 to 2.4 V, Ve = max), Dg-D7, PBg-PB7,
89’ CB,y - +10 uA
[3) I Input High Current
=8 {(Vin = 2.4 V); PAG-PA;, CA, " 100 - A
o
o. Input Low Current
(V)L = 0.4 V), PAg-PA;, CAy ' - -1.6 mA
Output High Voltage VoH
{(Vee = min, lgy = -100 pA) 2.4 - Y
Output Low Voltage VoL
(Vce = min, lgL - 1.6mA) - +0.4 \%
Output High Current (Sourcing) loH
(VoH = 2.4 V) -100 - HA
(Vo = 1.5V, the current for driving other than TTL,
e.g., Darlington Base ), PBp-PB7, CBo -1.0 -10 mA
Output Low Current (Sinking) loL
(VoL =0.4 V) 1.6 - mA
Output Leakage Current (Off-State), IRQA, IRQOB loFe - 10 HA
Power Dissipation Pp - 500 mW
Input Capacitance ' Cin pF
(Vin — 0, Ta = 25°C, f= 1.0 MHz)
Do-D7, PAg-PA;, PBp-PB, CAg, CBy — 10
R/W, Reset, RSp, RSy, CSg, CSq, CSo, - 7.0
CA1, CBq, 92 = 20
Output Capacitance Cout
(Vin — 0, Ta = 25°C, f = 1.0 MHz) - 10 pF
Note: Negative sign indicates outward current flow, positive indicates inward flow.
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tAEW [+

N / \ .., / \

e o e
ADDRESS X

—>{tgpR[*+—
le— tppsty >l

PERIPHERAL 20V
DATA 0.8V
— le—— tHR

- 2.0v R
DATA BUS
0.8V 4

—=] tcaz —_— '._ tRs1

cA2 ‘ 2.0V
(PULSE OUT)

tytg—] f—

2.0v x
CA1
0.8V
[*—tRs2

CAZ 2.0v
(HAND SHAKE)

Figure 1. Read Timing Characteristics

[e—1tg

_/ ._/r—\__/ \_/

— 1050 ’._
taew—s]  J— | —teanl—

2.0V 3
ADDRESS o8V

] tHw f—
 20v X
DATA BUS
0.8V
- tcmos
Vee
trow e ——
20v
PERIPHERAL DATA
0.8V

] fe— tcg2 — "—'RS'I
CB 2 (PULSE OUT) \ / 20v

—] toc f— —] et
2.0v
CB1 0.8V
—*1 trs2
2.0v 2.0v
CB 2 (HAND SHAKE)

Figure 2. Write Timing Characteristics
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5 SY6520/SY6520A

SWITCHING CHARACTERISTICS (V¢ = +5V £ 5%, Ta = 0-70°C, unless otherwise noted)
SY6520 SY6520A
(1 MHz) (2 MHz)
Characteristic Symbol | Min. { Max. | Min. | Max. | Unit
READ TIMING CHARACTERISTICS
Delay Time, Address Valid to ¢, Positive Transition Taew 180 - 90 — ns
Delay Time, ¢5 Positive Transition to Data Valid on Bus Tebr — 395 - 190 ns
Peripheral Data Setup Time Tepsu | 300 - 150 - ns
Data Bus Hold Time Tur 10 - 10 - ns
Delay Time, ¢o Negative Transition to CA2 Negative Transition Tcaz - 1.0 - 0.5 us
Delay Time, ¢ Negative Transition to CA2 Positive Transition Trs1 - 1.0 - 0.5 us
Rise and Fall Time for CA1 and CA2 Input Signals t,, ts — 1.0 - 0.5 us
Delay Time from CA1 Active Transition to CA2 Positive
Transition Trs2 - 2.0 — 1.0 us
Rise and Fall Time for ¢, Input te, tig - 25 - 25 ns
WRITE TIMING CHARACTERISTICS
¢5 Pulse Width Te 0470 | 25 0.235( 25 us
Delay Time, Address Valid to ¢ Positive Transition Taew 180 - 90 - ns
Delay Time, Data Valid to ¢, Negative Transition Tpsu 300 - 150 - ns
e Delay Time, Read/Write Negative Transition to ¢ Positive
S 8 Transition Twe 130 - 65 - ns
54 Data Bus Hold Time Thw 10 - 10 - ns
E 8 Delay. Time, ¢ Negative Transition to Peripheral Data Valid Teow — 1.0 - 0.5 us
E Delay Time, ¢2 Negative Transition to Peripheral Data Valid
. CMOS (Vcc - 30%) PAO-PA7, CA2 Temos - 2.0 - 1.0 us
Delay Time, ¢ Positive Transition to CB2 Negative Transition Tea2 - 1.0 - 0.5 us
Delay Time, Peripheral Data Valid to CB2 Negative Transition Toc 0 1.5 0 0.75 us
Delay Time, ¢ Positive Transition CB2 Positive Transition Trs1 - 1.0 - 0.5 Mus
Rise and Fall Time for CB1 and CB2 Input Signals ty, tf - 1.0 - 0.5 us
Delay Time, CB1 Active Transition to CB2 Positive Transition Trs2 - 2.0 - 1.0 us
Delay Time, ¢ Negative Transition to Read/Write Positive
Transition Taw 50 - 25 - ns
TEST LOAD
Vee
2.4k2
Y6520 PIN _L %{‘r
13008 I 24Kk
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INTERFACE SIGNAL DESCRIPTION

RES (Reset)

This signal is used to initialize the PIA. A low signal
on the RES input causes all internal registers to be
cleared.

¢o (Input Clock)

This input is the system ¢5 clock and is used to trig-
ger all data transfers between the microprocessor and
the PIA.

R/W (Read/Write)

This signal is generated by the microprocessor and is
used to control the direction of data transfers. A high
on the R/W signal permits the processor to read data
supplied by the PIA; a low on the R/W signal permits
the processor to Write into the PIA,

IRQA, IRQB (Interrupt Requests)

IRQA and IRQB are interrupt lines generated by the
PIA for ports A and B respectively. These signals are
active low signals and have open-drain outputs, thus
allowing multiple IRQ signals from multiple PIA’s to
be wire-ORed together before connecting to the pro-
cessor |RQ signal input.

IRQA

Do-D7 (Data Bus)

These eight data bus lines are used to transfer data
information between the processor and the P1A. These
signals are bi-directional and are normally high-
impedance except when selected for a read operation.

CS1, €S2, CS3 (Chip Selects)

The PIA is selected when CS1 and CS2 are high and
CS3 is low. These three chip select lines are normally
connected to the processor address lines either dir-
ectly or through external decoder circuits.

RS0, RS1 (Register Selects)
These two signals are used to select the various regis-
ters inside the PIA,

INTERNAL ARCHITECTURE

The SY6520 is organized into two independent sec-
tions referred to as the ‘A Side”” and the “B Side.”
Each section consists of a Control Register (CRA,
CRB), Data Direction Register (DDRA, DDRB), Out-
put Register (ORA, ORB), Interrupt Status Control
and the buffers necessary to drive the Peripheral Inter-
face buses. Figure 3 is a block diagram of the 8Y6520.

j«—— CA1

—

INTERRUPT STATUS

CONTROL A le—ca2

N CONTROL
REGISTER A
(CRA) DATA DIRECTION
DO e} REGISTER A
L N| (DDRA)
D1 +-————] ‘/
b2 * |« [ OUTPUT BUS ,
03 4 DATABUS K.
D4 BUFFERS PAO
(oBE) le—— Pa1
D5 +—————» PERIPHERAL ony
—N OUTPUT PERIPHERAL [
pe > —1/] RecisTERA > INTERFACE [«— Pa3
D7e— (ORA) l BUFFER le— PA4
A «—— PAS
le——Pas
fe—Pa7
DATA INPUT ]« PBo
REGISTER PB1
(DIR) PERIPHERAL )
OUTPUT N PERIPHERAL pe2
REGISTER B 1 INTERFACE
(ORB) BUFBFER PB4
PBS
cst— PBS
cs2 ———— PB7
css ] cHiP 1 r
RSO — o SELECT INPUT BUS
AND
RST—— >
coﬁﬂzon. I | DATA DIRECTION
—
A CONTROL "ig’;;g:‘ 8
ENABLE —————» :> REGISTER B
RESET —— s (CRB)
t—___. le——— cB1
INTERRUPT STATUS
IRQB CONTROL B e+ CB2

Figure 3. SY6520 Block Diagram
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7 6 5 4 3 2 1 0

CRA IRQA1 IRQA2 CAZ2 Control DDRA CA1 Control
f L— 1 Access

7 6 5 4 3 2 1 0

CRB IRQB1 IRQB2 CB2 Control DDRB CB2 Control
I . 1 Access

Figure 4. Control Registers

Data Input Register

When the microprocessor writes data into the SY6520,
the data which appears on the data bus during the
Phase Two clock pulse is latched into the Data Input
Register. It is thén transferred into one of six internal
registers of the SY6520 after the trailing edge of Phase
Two. This assures that the data on the peripheral out-
put lines will make smooth transitions from high to
low or from low to high and the voltage will remain
stable except when it is going to the opposite polarity.

Control Registers (CRA and CRB)

Figure 4 illustrates the bit designation and functions
in the Control Registers. The Control Registers allow
the microprocessor to control the operation of the
Interrupt Control inputs (CA1, CA2, CB1, CB2), and
Peripheral Control outputs (CA2, CB2). Bit 2 in
each register controls the addressing of the Data Dir-
ection Registers (DDRA, DDRB) and the Output Reg-
isters (ORA, ORB). In addition, two bits (bit 6 and
7) are provided in each control register to indicate the
status of the interrupt input lines (CA1, CA2, CB1,
CB2). These interrupt status bits (IRQA1, IRQB1)
are normally interrogated by the microprocessor dur-
ing the interrupt service routine to determine the
source of an active interrupt. These are the interrupt
lines which drive the interrupt input (TRQ, NMI) of
the microprocessor.

Data Direction Registers (DDRA, DDRB)

The Data Direction Registers allow the processor to
program each line in the 8-bit Peripheral 1/0 port to
be either an input or an output. Each bit in DDRA
controls the corresponding line in the Peripheral A

port and each bit in DDRB controls the corresponding
line in the Peripheral B port. Placing a “0” in a bit
position in the Data Direction Register causes the
corresponding Peripheral 1/0 line to act as an input;
a “"1'" causes it to act as an output.

Peripheral Output Registers (ORA, ORB)

The Peripheral Qutput Registers store the output data
which appears on the Peripheral 1/0 port. Writing a
“0"” into a bit in ORA causes the corresponding line
on the Peripheral A port to go low {< 0.4V) if that
line is programmed to act as an output. A “*1’’ causes
the corresponding output to go high. The lines of the
Peripheral B port are controlled by ORB in the same
manner.

Interrupt Status Control

The four interrupt/peripheral control lines (CA1, CA2,
CB1, CB2) are controlled by the Interrupt Status Con-
trol logic (A, B). This logic interprets the contents of
the corresponding Control Register, detects active
transitions on the interrupt inputs and performs those
operations necessary to assure proper operation of
these four peripheral interface lines.

Peripheral Interface Buffers (A, B) and Data Bus
Buffers (DBB)

These Buffers provide the necessary current and
voltage drive on the peripheral 1/O ports and data
bus to assure proper system operation and to meet
the device specifications.
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FUNCTIONAL DESCRIPTION

Bit 2 (DDR) in each Control Register (CRA and
CRB) controls the accessing to the Data Direction
Register or the Peripheral interface. |f bit 2 is a 1"}
a Peripheral Output register (ORA, ORB) is selected,
and ifbit2isa ’0"”,a Data Direction Register (DDRA,
DDRB) is selected. The Data Direction Register Access
Control bit, together with the Register Select lines
(RSO, RS1) selects the various internal registers as
shown in Figure 5.

In order to write data into DDRA, ORA, DDRB, or
ORB registers, bit 2 in the proper Control Register
must first be set. The desired register may then be
accessed with the address determined by the address
interconnect technigque used.

Register Select Lines (RS0), (RS1)

These two register select lines are used to select the
various registers inside the SY6520. These input lines
are used in conjunction with internal control regis-
ters to select a particular register that is to be ac-
cessed by the microprocessor. These lines are normal-
ly connected to microprocessor address output lines.
These lines operate in conjunction with the chip-select
inputs to allow the microprocessor to address a single
8-bit register within the microprocessor address space.
This register may be an internal register (CRA, ORA,
etc.) or it may be a Peripheral I/0 port.

The processor may write directly into the Control
Registers (CRA, CRB), the Data Direction Registers
(DDRA, DDRB) and the Peripheral Output Registers
(ORA, ORB). In addition, the processor may directly
read the contents of the Control Registers and the
Data Direction Registers. Accessing the Peripheral Out-
put Register for the purpose of reading data back into
the processor operates differently on the ORA and the
ORB registers and therefore are discussed separately
below.

Reading the Peripheral A 1/0 Port

The Peripheral A /O port consists of 8 lines which
can be programmed to act as inputs or outputs. When
programmed to act as outputs, each line reflects the
contents of the corresponding bit in the Peripheral
Output Register. When programmed to act as inputs,
these lines will go high or low depending on the input
data. The Peripheral Qutput Register {(ORA) has no
effect on those lines programmed to act as inputs, The
eight lines of the Peripheral A 1/O port therefore con-
tain either input or output data depending on whether
the line is programmed to act as an input or an output.

Performing a Read operation with RS1 = 0, RS0=0
and the Data Direction Register Access Control bit
{CRA-2) = 1, directly transfers the data on the Pe-
ripheral A 1/Q lines into the processor (via the data
bus). This will contain both the input and output
data. The processor must be programmed to recognize
and interpret only those bits which are important to
the particular peripheral operation being performed.

Since the processor always reads the Peripheral A 1/0
port pins instead of the actual Peripheral Output Reg-
ister (ORA), it is possible for the data read into the
processor to differ from the contents of the Peripheral
Output Register for an output line. This is true when
the /O pin is not allowed to go to a full +2.4V DC
when the Peripheral Output register contains a logic 1.
In this case, the processor will read a 0 from the
Peripheral A pin, even though the corresponding bit
in the Peripheral Output register is a 1.

Reading the Peripheral B 1/0 Port

Reading the Peripheral B 1/O port yields a combina-
tion of input and output data in a manner similar to
the Peripheral A port. However, data is read directly
from the Peripheral B Output Register {ORB) for

Register
Select

Data Direction
Register Access
Pin Control Bit

CRA-2

CRB-2

Register Selected

Peripheral Interface A

Data Direction Register A

Control Register A

R = k= =]
o|o
o

Peripheral Interface B

Data Direction Register B

a |-
2 |lolo| =
|

Control Register B

Figure 5. Register Addressing
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SY6520/SY6520A

those lines programmed to act as outputs. it is there-
fore possible to load down the Peripheral B Output
lines without causing incorrect data te be transferred
back into the processor on a Read operation.

Interrupt Request Lines (IRQA, IRQB)

The active low Interrupt Request lines (IRQA and
TRQB) act to interrupt the microprocessor either di-
rectly or through external interrupt priority circuitry.
These lines are “open drain’’ and are capable of sink-
ing 1.6 milliamps from an external source. This per-
mits all interrupt request lines to be tied together in a
“‘wired-OR'" configuration. The “A’ and “‘B" in the
titles of these lines correspond to the “A” peripheral
port and the ‘B’ peripheral port. Hence each inter-
rupt request line services one peripheral data port.

Each Interrupt Request line has two interrupt flag
bits which can cause the Interrupt Request line to go
low. These flags are bits 6 and 7 in the two Control
Registers. These flags act as the link between the
peripheral interrupt signals and the microprocessor
interrupt inputs. Each flag has a corresponding inter-
rupt disable bit which allows the processor to enable
or disable the interrupt from each of the four inter-
rupt inputs (CA1, CA2, CB1, CB2).

The four interrupt flags are set by active transitions
of the signal on the interrupt input {CA1, CA2, CB1,
CB2).

Control of IRQA

Control Register A bit 7 is always set by an active
transition of the CA1 interrupt input signal. Interrupt-
ing from this flag can be disabled by setting bit O in
the Control Register A (CRA) to a logic 0. Likewise,
Control Register A bit 6 can be set by an active tran-
sition of the CA2 interrupt input signal. Interrupting
from this flag can be disabled by setting bit 3 in the
Control Register to alogic O.

Both bit 6 and bit 7 in CRA are reset by a “Read
Peripheral Output Register A”" operation. This is de-
fined as an operation in which the proper chip-select
and register-select signals are provided to allow the
processor to read the Peripheral A 1/0 port.

Control of IRQB

Control of TRQB is performed in exactly the same
manner as that described above for IRQA. Bit 7 in
CRB is set by an active transition on CB1; interrupt-
ing from this flag is controlled by CRB bit 0. Like-
wise, bit 6 in CRB is set by an active transition on
CB2; interrupting from this flag is controlled by CRB
bit 3.

Also, both bit 6 and bit 7 are reset by a ‘’Read Periph-
eral B Output Register” operation.

SUMMARY:

IRQA goes low whenCRA-7=1and CRA-0=1 or
when CRA-6=1and CRA-3=1

IRQB goes low when CRB-7=1 and CRB-0=10r
when CRB-6 = 1 and CRB-3=1

It should be stressed at this point that the flags act as
the link between the peripheral interrupt signals and
the processor interrupt inputs. The interrupt disable
bits allow the processor to control the interrupt func-
tion.

Interface Between SY6520 and Peripheral Devices

The SY6520 provides two 8-bit bi-directional ports
and 4 interrupt/control lines for interfacing to periph-
eral devices. These ports and the associated interrupt/
control lines are referred to as the “A’’ side and the
“‘B’" side. Each side has its own unique characteristics
and will therefore be discussed separately below.

Peripheral 1/0 Ports

The Peripheral A anri Peripheral B 1/0 ports allow the
microprocessor to interface to the input lines on the
peripheral device by loading data fnto the Peripheral
Qutput Register. They also allow the processor to
interface with the peripheral device output lines by
reading the data on the Peripheral Port input lines
directly onto the data bus and into the internal regis-
ters of the processor.

Peripheral A 1/O Port (PAQ-PA7)

Each of the Peripheral 1/O lines can be programmed
to act as an input or an output. This is accomplished
by setting a ‘1"’ in the corresponding bit in the Data
Direction Register for those lines which are to act as
outputs. A 0" in a bit of the Data Direction Register
causes the corresponding Peripheral 1/O lines to act
as an input.

The buffers which drive the Peripheral A /O lines
contain “passive’’ pull-ups as shown in Figure 6. These
pull-up devices are resistive in nature and therefore
allow the output voltage to go to Ve for a logic 1.
The switches can sink a full 1.6mA, making these
buffers capable of driving one standard TTL load.

In the input mode, the pull-up devices shown in Fig-
ure 6 are still connected to the |/O pin and stitl supply
current to this pin. For this reason, these lines rep-
resent one standard TTL load in the input mode.

Peripheral B 1/0 Port (PB0O-PB7)

The Peripheral B I/O port duplicates many of the
functions of the Peripheral A port. The process of
programming these lines to act as an input or an out-
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put has been discussed previously. Likewise, the effect
of reading or writing this port has been discussed.
However, there are several characteristics of the buff-
ers driving these lines which affect their use in periph-
eral interfacing.

The Peripheral B 1/O port buffers are push-pull de-
vices as shown in Figure 7. The pull-up devices are
switched “OFF’ in the “0” state and “ON" for a
logic 1. Since these pull-ups are active devices, the
logic ““1"" voltage is not guaranteed to go higher than
+2.4V. They are TTL compatible but are not CMOS
compatible. :

However, the active pull-up devices can source up to

1mA at 1.5V. This current drive capability is pro-
vided to allow direct connection to Darlington tran-
sistor switches. This allows very simple control of
relays, lamps, etc. :

Because these outputs are designed to drive tran-
sistors directly, the output data is read directly from
the Peripheral Output Register for those lines pro-
grammed to act as inputs.

The final characteristic which is a function of the
Peripheral B push-pull buffers is the high-impedance
input state. When the Peripheral B 1/0 lines are pro-
grammed to act as inputs, the output buffer enters
the high impedance state.

________________ . R,
+5V :
1
i
PASSIVE i
PULL-UP |
RESISTOR :
: QUTPUT TO CHIP
|
|
I
FROM CHIP »———] 1 I
|
i
Y6520 | SY6520
1
— ]
OUTPUT MODE INPUT MODE
RESISTOR PULL-UP REMAINS IN CIRCUIT
Figure 6. Port A Buffer Circuit (PAg-PA7)
_______________ - D
+5V | ; +5V
} |
| |
—i |
— ] !
| I TOCH
w
———1|—> ouTPUT :
— |
FROM CHIP »m—]§ ! INPUT »—{——“
‘ |
|
SY6520 : :
= | | =
______________ 1 L
OUTPUT MODE INPUT MODE

Figure 7. Port B Buffer Circuit (PBo-PB7)

-NOPULL-UP IN CHIP
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Interrupt Input/Peripheral Control Lines (CA1, CA2,
CB1, CB2)

The four interrupt input/peripheral control lines pro-
vide a number of special peripheral contro! functions.
These lines greatly enhance the power of the two gen-

eral purpose interface ports (PAO-PA7, PBO-PB7).

Figure 8 summarizes the operation of these control
lines.

Peripheral A Interrupt Input/Peripheral Control Lines
(CA1, CA2)

CA1 is an interrupt input only. An active transition
of the signal on this input will set bit 7 of the Control
Register A to a logic 1. The active transition can be
programmed by setting a ‘0" in bit 1 of the CRA if
the interrupt flag (bit 7 of CRA) is to be set on a nega-
tive transition of the CA1 signal ora 1" if it is to be
set on a positive transition.

NOTE: A negative transition is defined as a transition

from a high to a low, and a positive transition is de-
fined as a transition from a low to a high voltage.

Setting the interrupt flag will interrupt the processor
through IRQA if bit O of CRA is a 1 as described
previously.

CA2 can act as a totally independent interrupt input
or as a peripheral control output. As an input (CRA,
bit 5=0) it acts to set the interrupt flag, bit 6 of CRA,
to a logic 1 on the active transition selected by bit 4
of CRA.

These control register bits and interrupt inputs serve
the same basic function as that described above for
CA1. The input signal sets the interrupt flag which
serves as the link between the peripheral device and
the processor interrupt structure. The interrupt dis-
able bit allows the processor to exercise control over
the system interrupts.

In the Output mode (CRA, bit 5= 1), CA2 can oper-
ate independently to generate a simple pulse each
time the microprocessor reads the data on the Peri-
pheral A 1/0 port. This mode is selected by setting
CRA, bit 4 to a 0" and CRA, bit 3 to a ““1”". This
pulse output can be used to control the counters,
shift registers, etc. which make sequential data avail-
able on the Peripheral input lines.

A second output mode allows CA2 to be used in con-
junction with CA1 to “handshake’ between the pro-
cessor and the peripheral device. On the A side, this
technique allows positive control of data transfers
from the peripheral device into the microprocessor.
The CA1 input signals the processor that data i3 avail-
able by interrupting the processor. The processor reads
the data and sets CA2 low. This signals the peripheral
device that it can make new data available.

The final output mode can be selected by setting bit 4
of CRA to a 1. In this mode, CA2 is a simple peri-
pheral contro! output which can be set high or [ow by
setting bit 3 of CRA to a 1 or a O respectively.

Peripheral B Interrupt Input/Peripheral Control Lines
(CB1, CB2)

CB1 operates as an interrupt input only in the same
manner as CA1. Bit 7 of CRB is set by the active
transition selected by bit 0 of CRB. Likewise, the CB2
input mode operates exactly the same as the CA2
input modes. The CB2 output modes, CRB bit5 =1,
differ somewhat from those of CA2. The pulse out-
put occurs when the processor writes data into the
Peripheral B Output Register. Also, the “handshaking”
operates on data transfers from the processor into the
peripheral device.
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CA1/CB1 CONTROL

CRA (CRB) Active Transition
Bit 1 Bit 0 of Input Signal* IRQA (IRQB) Interrupt Outputs
0 0 Negative Disable — remain high
0 1 Negative Enable — goes low when bit 7 in CRA (CRB) is set by active
transition of signal on CA1 (CB1)
1 0 Positive Disable — remain high
1 Positive Enable — as explained above

*Note: Bit 7 of CRA (CRB) will be set to a logic 1 by an active transition of the CA1 (CB1) signal. This is independent of the
state of Bit 0 in CRA (CRB).

CA2/CB2 INPUT MODES

CRA (CRB) Active Transition
Bit5 | Bit4 | Bit3 of Input Signal* IRQA (IRQB) Interrupt Outputs
0 0 0 Negative Disable — remains high
0 0 1 Negative Enable — goes low when bit 6 in CRA (CRB} is set by active
transition of signal on CA2 (CB2)
1 0 Positive Disable — remains high
0 1 1 Positive Enable — as explained above

*Note: Bit 6 of CRA (CRB) will be set to a logic 1 by an active transition of the CA2 {CB2) signal. This is independent of the
state of Bit 3 in CRA (CRB).

CA2 OUTPUT MODES
CRA
Bit5 Bit 4 Bit 3 Mode Description
1 0 0 “Handshake’’ CAZ2 is set high on an active transition of the CA1 interrupt
on Read input signal and set low by a microprocessor ‘’Read A Data”
operation. This allows positive control of data transfers from
the peripheral device to the microprocessor.

1 0 1 Pulse Output CAZ2 goes low for one cycle after a “Read A Data’ operation.
This pulse can be used to signal the peripheral device that
data was taken.

1 1 0 Manual Output CA2 set low

1 1 1 Manual Qutput CA2 set high

CB2 OUTPUT MODES
CRB
Bit5 Bit4 | Bit3 Mode Description
1 0 0 “‘Handshake’ CB2 is set low on microprocessor ‘“Write B Data’’ operation
on Write and is set high by an active transition of the CB1 interrupt
input signal. This allows positive control of data transfers
from the microprocessor to the peripheral device.

1 0 1 Pulse Output CB2 goes low for one cycle after a microprocessor “Write B
Data’’ operation. This can be used to signal the peripheral
device that data is available.

1 1 0 Manual Output CB2 set low

1 1 1 Manual Output CB2 set high

Figure 8. Summary of Operation of Control Lines
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PACKAGE OUTLINE

10° max.
40 21 l —
DOT OR NOTCH .600 max. (15.87) .625
TO LOCATE (15.24 mm) (15.11) 595
PIN NO.1—xe ‘
1 20 T —_—
.155 max.
2.020 max. {3.93 mm)
(51.30 mm)
) .190 max.
(4.82 mm)
310 max.
- (7.87 mm)
ot
(1.65) .065 TYP L
{Ton 040 ' T TNITT .100 min.
(2.54 mm)
(.55) .022
{45) o0ig TYP- |~ 010 min,
1.910 (48.51 mm) (.25 mm)

1.890 (48.00 mm)

19 EQUAL SPACES
.100 G TOL. NONCUM.
(2.54 mm)

NOTE: Pin No. 1 is in lower left corner when
symbolization is in normal orientation
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MICROPROCESSOR
PRODUCTS

Preliminary

Versatile
Interface Adapter
(VIA)

Synertek

INCORPORATED

Two 8-Bit Bidirectional 1/0 Ports

Two 16-Bit Programmable Timer/Counters
Serial Data Port

Single +5V Power Supply

TTL Compatible

CMOS Compatible Peripheral Control Lines

© Expanded ““Handshake’ Capability Allows Positive
Control of Data Transfers Between Processor and
Peripheral Devices

® Latched Output and Input Registers

o 1 MHz and 2 MHz Operation

The SY6522 Versatile Interface Adapter (VIA) is a
very flexible I/0O 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

be programmed as either an input or an output. Several
peripheral 1/O 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-

processor systems. trol registers are provided.

Control of peripheral devices is handled primarily
through two 8-bit bi-directional ports. Each line can

INTERRUPT 'RQ
CONTROL
FLAGS INPUT LATCH
__> (IFR) (IRA)
ENABLE N OouTPUT BUFFERS PORT A
(IER) _/ {ORA) (PA)
DATA DATA |— DATA DIR.
BUS BUS (DDRA)
BUFFERS {7
PORT A REGISTERS
PERIPHERAL
:> (PCR)
AUXILIARY PORT A a1
(ACR) :> _________ CA2
FUNCTION r PORT B
CONTROL
HANDSHAKE
CONTROL
LATCH LATCH
—_— TILH -
;;; :"]> | _Tiew 1 men > SHIFT REG. cB1
[
) COUNTER COUNTER SR) caz
02— (T1C-H) (T1c-L)
CS1—————»
CHIP TIMER 1 PORT B REGISTERS
€2———— AccEss
RS0———»] CONTROL TIMER 2 INPUT LATCH
(IRB)
RS1———n] tatch | | F-————----
RS2 ————] (T2t-4) ouTPUT BUFFERS
Rs3 - .__: ) (ORB) (PB) PORT B
—— :> COUNTER counter | — vV L____T____]
{T2cH) 1 (T2 DATA DIR.
(DDRB)

Figure 1. SY6522 Block Diagram

5-39



5 SY6522/SY6522A

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit Thi.s device contains circ_:uitry t.o protect the inputs
against damage due to high static voltages. However,

Supply Voltage Vec |-0.3t0+7.0( 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 Oto+70 | °C
Storage Temperature

Range Tag |-B5to+150| °C

ELECTRICAL CHARACTERISTICS (Vcc = 5.0V £5%, Ta =0-70°C unless otherwise noted)

Symbol Characteristiq Min. Max. Unit
Viy Input High Voltage (all except ¢$2) 2.4 Vee v
VcH Clock High Voltage 2.4 Vee \
ViL Input Low Voltage -0.3 0.4 \
TN Input Leakage Current — Vjy =0to 5 Vdc - 2.5 HA
R/W, RES, RSO, RS1, RS2, RS3, CS1, CS2,
CA1, &2
ITs) Off-state Input Current — V) = .4 to 2.4V - +10 HA
Vce = Max, DO to D7 ]
! g:) Iy Input High Current — Vi = 2.4V -100 - . MA
I 8 PAO-PA7, CA2, PBO-PB7, CB1, CB2
'5 & he Input Low Current — V). = 0.4 Vdc - -1.6 mA
= 8 PAO-PA7, CA2, PBO-PB7, CB1, CB2
P =
o Von Output High Voltage 2.4 - \

Vee = min, liggg = -100 uAdce

PAQO-PA7, CA2, PBO-PB7, CB1, CB2
VoL Output Low Voltage - 0.4 Vv
Vee = min, ligad = 1.6 mAdce

lon Output High Current (Sourcing)
Vou = 2.4V -100 - uA
Vouy = 1.5V (PBO-PB7) -1.0 — mA
loL QOutput Low Current (Sinking) 1.6 - mA
VoL = 0.4 Vdc
lore Outp_ut Leakage Current (Off state) - 10 uA
IRQ
Cin Input Capacitance — Ta = 256°C, f=1 MHz
(R/W, RES, RS0, RS1, RS2, RS3, CS1, C82, - 7.0 pF
D0-D7, PAOD-PA7, CA1, CA2, PBO-PB7)
(CB1, CB2) - 10 pF
(92 Input) - 20 pF
Cout Output Capacitance — Tp = 25°C, f= 1 MHz - 10 pF
Po Power Dissipation - 700 mW
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Vee

% 2.4KQ
SY6522 . o IA
PIN N

130pF 24K

I

Figure 2. Test Load (for all Dynamic Parameters)

- Tacr Tey

: h—/
clock

lae—Tcpg—> — le—ty

CHIP SELECTS,
REGISTER SELECTS,
R/W

_
|

TpcR =] e—Tcan—]

PERIPHERAL
DATA
Tur |*—
DATA BUS X

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 s
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 - 395 - 200 ns
THR Data Bus Hold Time 10 - 10 - ns

NOTE: tr, tf = 10 to 30ns.
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2
CLOCK

la—T oy —] — Tcaw

CHIP SELECTS,
REGISTER SELECTS

[ Twew—>1 [*— Tocw ™% Tcww —"'I

N

71
7

e
s &s W \ \ *:} { .

Figure 4. Write Timing Characteristics

g
= § WRITE TIMING CHARACTERISTICS (FIGURE 4)
> SY6522 SY6522A

Symbol Parameter Min. Max. Min. Max. Unit
Tey Cycle Time 1 50 0.50 50 us
Tc ¢2 Pulse Width 0.47 25 0.25 25 us
Tacw Address Set-Up Time 180 - 90 - ns
Teaw 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 300 - 150 - ns
THw Data Bus Hold Time 10 - 10 - ns
Teew Peripheral Data Delay Time - 1.0 - 1.0 us
Temos Peripheral Data Delay Time

to CMOS Levels - 2.0 - 2.0 us

NOTE: tr, tf = 10 to 30ns.
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PERIPHERAL INTERFACE CHARACTERISTICS

Symbol Characteristic Min. Max. Unit Figure
tr, tf Rise and Fall Time for CA1, CB1, CA2, and CB2 — 1.0 us -

Input Signals
Tcaz Delay Time, Clock Negative Transition to CA2 Negative

Transition (read handshake or pulse mode) - 1.0 us Ba, 5b
TRrs1 Delay Time, Clock Negative Transition to CA2 Positive

Transition (pulse mode) - 1.0 us 5a
Trs2 Delay Time, CA1 Active Transition to CA2 Positive

Transition (handshake mode) — 2.0 s 5b
TwHs Delay Time, Clock Positive Transition to CA2 or CB2

Negative Transition (write handshake) - 1.0 us 5¢c, 5d
Tps Delay Time, Peripheral Data Valid to CB2 Negative

Transition 0 1.5 us B¢, bd
Trs3 Delay Time, Clock Paositive Transition to CA2 or CB2

Positive Transition (pulse mode) - 1.0 us bc
Trsa Delay Time, CA1 or CB1 Active Transition to CA2 or

CB2 Positive Transition (handshake mode) - 2.0 us 5d
TiL Set-up Time, Peripheral Data Valid to CA1 or CB1

Active Transition {input latching) 300 — ns Be
Tsr1 Shift-Out Delay Time — Time from ¢ Falling Edge

to CB2 Data Out - 300 ns 5f
Tsr2 Shift-In Setup Time — Time from CB2 Data In to

@7 Rising Edge 300 - ns 5g
Tipw Pulse Width — PB6 Input Pulse 2 — us 5i
Ticw Pulse Width — CB1 Input Clock 2 - us 5h
lies Pulse Spacing — PB6 Input Pulse 2 - us 5i
lics Pulse Spacing — CB1 Input Pulse 2 - us 5h
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* _\__/—\t—/—\L__/__\__
READ IRA
OPERATION
CA2
“DATA TAKEN"

tcaz st |

Figure 5a. CA2 Timing for Read Handshake, Pulse Mode

N _\_/——\ﬂ
READ IRA
OPERATION .
/
7/
CA2
“DATA TAKEN"

tcaz RS2

2
o)
€8
g2
=3
o

Ee
~
-

CA1
“DATA READY"”

7/ |

ACTIVE

TRANSITION
Figure 5b. CA2 Timing for Read Handshake, Handshake Mode
N -\_-—/_-—\—/
tWHs I tRs3

WRITE ORA, ORB / \
OPERATION

—
CA2, CB2 \ 7
“DATA READY"”

tos

PA, PB
PERIPHERAL
DATA

Figure 5¢c. CA2, CB2 Timing for Write Handshake, Pulse Mode
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. \_/—\Jc \ J__\—
tWHS

WRITE ORA, , ORB

ooooooooo

e NN

AAAAAA
TTTTTTTTTT

AAAAAA
TTTTTTTTTT

Figure 5e. Peripheral Data Input Latching Timing

s

tsR1
[

EEEEEEEEEEEEEEEEEEEEEEEE
FALLING EDGE AFTER CB1 FALLING EDGE.

ure 5f. Timing for Shift Out with Internal or External Shift Clocking
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2
]
1sR2
a I
cB2
SHIFT DATA |
(INPUT) |
C .
}
|
cB1
SHIFT CLOCK
(INPUT OR
OUTPUT)
SETUP TIME MEASURED TO THE FIRST ¢

RISING EDGE AFTER CB1 RISING EDGE.

Figure 5g. Timing for Shift In with Internal or External Shift Clocking

RO-

LM

v .
3
(@]
7]
[N
u
Q.
o
o«
a.

B
CB1
SHIFT CLOCK
INPUT
2

ticw I tics

Figure 5h. External Shift Clock Timing

PB6 3
PULSE COUNT
INPUT

- 7

tipw f tips

Figure 5i. Pulse Count Input Timing
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PIN DESCRIPTIONS

RES (Reset)

The reset input clears all internal registers to logic 0
(except T1 and T2 latches and counters and the Shift
Register). This places all peripherdl interface lines in
the input state, disables the timers, shift register, etc.
and disables interrupting from the chip.

92 {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 iscontrolled 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, C52 (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.

RSO-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 TI1C-H T1 High-Order Counter
6 0 1 1 0 TI1L-L T1 Low-Order Latches
7 0 1 1 1 TI1L-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 | T2CH T2 High-Order Counter
10 1 0 1 0 SR Shift Register
1 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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IRQ (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 1
[}

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 polarity of 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 PB0O-PB7, CB1 and CB2 cannot
drive Darlington transistor circuits.

+5V

INPUT/
OUTPUT
CONTROL

PBO-PB7,
> ce1,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 an input. A 1 causes
the pin to act as an output.

Each peripheral pin is also controlled by a bit in the
Qutput Register (ORA, ORB) and an Input Register
(IRA, IRB). When the pin is programmed as an out-
put, the voltage on the pin is controlled by the cor-
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responding bit of the Output Register. A 1in the Out-
put Register causes the output to go high, and a 0"
causes the output to go low. Data may be written into
Qutput Register bits corresponding to pins which are
programmed as inputs. In this case, however, the out-
put 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, IRA will reflect the levels on the PA pins at
the time the latching occurred {via CA1).

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
1RB, however, the bit stored in the output register,

REG 1 — ORA/IRA

716j514(312{1|0

L paj]
PA1

OUTPUT REGISTER “A” (ORA)
- OR

PAGl  INPUT REGISTER "A” (IRA)
PAS
PAG
pa7)
Pin
Data Direction WRITE READ
Selection

DDRA = “1” (QUTPUT)
(input latching disabled}

MPU writes Output Levet
(ORA).

MPU reads level on PA pin.

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)
{input latching disabled)

MPU writes into ORA, but | MPU reads level on PA pin,
no effect on pin fevel, untit
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 contro! of data transfers
between the system processor and peripheral devices

REG 0 — ORB/IRB

|7Ie 5 4|3 2|1|o|
l——PBﬂ
PB1

PB2

OUTPUT REGISTER “'B” (ORB)
- OR

- P83

P
B4l \NPUT REGISTER “B” (ORB)
PBS
PB6
PB7.
Pin
Data Direction WRITE READ
Selection

DDRB = “1” (QUTPUT) | MPU writes Output Level |MPU reads output register bit

(OR8) in ORB. Pin level has no affect.

DDRB = “0” {INPUT)
{Input latching disabled}

MPU writes into ORB, but | MPU reads input level on PB
no effect on pin level, until | pin.
DDRB changed.

DDRB = 0" (INPUT)
{taput latching enabled)

MPU reads IRB bit, which is
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 iatching enabled)

MPU reads IRA bit which is
the level of the PA pin at the
time of the fast CA1 active

transition.

Figure 10. Output Register A {ORA),
Input Register A (IRA)

REG 2 (DDRB) AND REG 3 (DDRA)

I7 6 5|4 3|21 DI

]
—— peorpad]
PB1/PAT

PB2/PA2

PBIPA3] DATA DIRECTION REGISTER

“B” OR “A” (DDRB/DDRA)

PB4/PA4

PBS/PAS

PB6/PAB

PB7/PAT]
“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. tn this case,
the peripheral device must generate the equivalent of
a ““Data Ready’’ signal to the processor signifying that
valid datais 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 L e rirero

“DATA READY"
(cAl | A

RQ ouTPUT

READ IRA OPERATION

“DATA TAKEN"
HANDSHAKE MODE
{CA2)

“DATA TAKEN"
PULSE MODE
(CA2}

Figure 12. Read Handshake Timing (Port A, Only)

e L1, rrrireriye, i
WRITE ORA, ORB [ ]
OPERATION
“DATA READY”  momeeecememmeeeey ‘

HANDSHAKE MODE
(CA2,CB2)

“"DATA READY"

PULSE MODE I | ——

{CA2,CB2)

“DATA TAKEN
(CA1,CB1) V

IRQ QUTPUT l

Figure 13.. Write Handshake Timing

In the SY6522, automatic “Read’’ Handshaking is Timer Operation
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
itlustrates the normal Read Handshaking sequence.

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 will automatically
transfer the contents of the latches into the counter
and will continue to decrement. In addition, the timer
may be programmed to invert the output signal on a
Write Handshake peripheral pin each time it “times-out’. Each of
these modes is discussed separately below.

[72]
. &
o

37
QLU
=3
0@
a

The sequence of operations which allows handshaking

data from the system processor to a peripheral device The T1 counter is depicted in Figure 15 and the
is very similar to that described for Read Handshaking. latches in Figure 16.

However, for Write Handshaking, the SY6522 gener-
ates the ““Data Ready’ signal and the peripheral de- REG 12 — PERIPHERAL CONTROL REGISTER

vice must respond with the “Data Taken’’ signal. This [7]s 5] «]3]2[+]o]
can be accomplished on both the PA port and the cazcontroL T | — T AT INTERRUPT CONTAGL

PB port on the SY6522. CA2 or CB2 act as a ‘Data TTeTs[GPERATION
r” B B 0|0 }0[INPUT-NEGATIVE ACTIVE EDGE 1= POSITIVE ACTIVE EDGE
Ready”” output in either the handshake mode or pulse oTo 1T INDEPENDENT INTERRUPT Prve—
" "o INPUT-NEG EDGE
mOde and CA1 or CB1 accept the Data Taken S|g- 0[1[0|INPUT-POSITIVE ACTIVE EDGE 3121 OPERATION
nal from the eri heral device Settin the intcrr t 0111 [INDEPENDENT INTERRUPT 0!0[0] INPUT-NEGATIVE ACTIVE EDGE
p' P B ’ ,g, UD' INPUT-POS EDGE 0[0| 1| INDEPENDENT INTERRUPT
flag and cleaning the ‘’Data Ready’’ output. This 1100 [HANDSHAKE QUTPUT INPUT-NEG EDGE
. ; . 1]0|1[PULSE QUTPUT ] 0| INPUT-POSITIVE ACTIVE EDGE
sequence is shown in Figure 13, {10 [LOW OUTPUT 0[1]7| INDEPENDENT INTERRUPT
1]1[1]|HIGH QUTPUT INPUT-POS EDGE
1|0j0| HANDSHAKE QUTPUT
CB1INTERRUPT CONTROL
. H 1[0]1|PULSE OUTPUT
Selection of operating modes for CA1, CA2, CB1, ot eow GUTRoT
and CB2 is accomplished by the Peripheral Control 1=POSITIVE ACTIVE EDGE 111 1] HIGH OUTPUT

Register (Figure 14).
Figure 14. CA1,CA2, CB1, CB2 Control
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Two bits are provided in the Auxiliary Control Reg-
ister (bits 6 and 7) to allow selection of the T1 oper-

ating modes. The four possible modes are depicted
in Figure 17.

REG 4 — TIMER 1 LOW-ORDER COUNTER

|7|G|5|4|3|2|1|0|

I_1_‘

8 | _ count
VALUE

128

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 (BIT6
IN INTERRUPT FLAG REGISTER).

REG 5 - TIMER 1 HIGH-ORDER COUNTER

7])6)5)4|3y2}1]0

‘_256

512

1024

2048 | COUNT
VALUE
4096

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.
T1INTERRUPT FLAG ALSO IS RESET.

READ ~ 8 BITS FROM T1 HIGH-ORDER COUNTER
TRANSFERRED TO MPU.

Figure 15. T1 Counter Registers

REG 6 — TIMER 1 LOW-ORDER LATCHES

l7|6|5|4|3|2|1lj|

8 |_ counT
VALUE

128
=

WRITE — 8 BITS LOADED INTO T1 LOW-ORDER
LATCHES. THIS OPERATION IS NO
DIFFERENT THAT A WRITE INTO
REG4.

READ ~ 8 BITS FROM Tt LOW-ORDER LATCHES
TRANSFERRED TO MPU. UNLIKE REG 4
OPERATION, THIS DOES NOT CAUSE
RESET OF T1 INTERRUPT FLAG.

REG 7 — TIMER 1 HIGH-ORDER LATCHES

|7|6|5|4|3|2|1|0|
l———zss"

512

1024

2048 | counT
a005 | 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 71 HIGH-ORDER LATCHES
TRANSFERRED TO MPU.

Figure 16. T1 Latch Registers

REG 11 — AUXILIARY CONTROL REGISTER

|7 S|5 4|3 2I OI

T1 TIMER CONTROL -

7] 6| OPERATION PB7

00| TIMED INTERRUPT
EACHTIMET1IS
LOADED DISABLED

0] 1|CONTINUOUS
INTERRUPTS

1[0|TIMED INTERRUPT | ONE-SHOT
EACH TIME T1 1S QUTPUT
LOADED

1| 1{CONTINUOUS SQUARE
INTERRUPTS WAVE

OUTPUT

T2 TIMER CONTROL

5| OPERATION

o] TiMED NTERRUPT |
1

COUNT DOWN WITH
PULSES ON PB6

]
L LATCH ENABLE/DISABLE
PB

SHIFT REGISTER CONTROL
OPERATION
DISABLED
HIFT IN UNDER CONTROL OF T2
HIFT IN UNDER CONTROL OF 02
HIFT IN UNDER CONTROL OF EXT. CLK
HIFT 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.

Sl=Tele]=[=]eolefw

Slel=lel=[el=[o|~

1
1
1
1

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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w_ 1L e rerere

WRITE T1IC-H
OPERATION

|

IR

[=

QUTPUT

PB7 QUTPUT

[¢—————————— N+15CYCLES

N l N-1 ‘ N2 l N-3 |

.olr;ll;s'rn'm‘

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. As
with any interval timer, the delay between the “write
T1C-H" operation and generation of the processor
interrupt is a direct function of the data loaded into
the timing counter. In addition to generating a single
interrupt, Timer 1 can be programmed to produce a
single negative pulse on the PB7 peripheral pin. With
the output enabled (ACR7=1) a “write T1C-H"’ oper-
ation will cause PB7 to go low. PB7 will return high
when Timer 1 times out. The result is a single pro-
grammable width pulse.

In the one-shot mode, writing into the high order
latch has no effect on the operation of Timer 1. How-
ever, it will be necessary to assure that the low order
latch contains the proper data before initiating the
count-down with a “write T1C-H" operation. When
the processor writes into the high order counter, the
T1 interrupt flag will be cleared, the contents of
the low order latch will be transferred into the low
order counter, and the timer will begin to decrement
at system clock rate. If the PB7 output is enabled,
this signal will go fow on the phase two following the
write operation. When the counter reaches zero, the
T1 interrupt flag will be set, the TRQ pin will go low
(interrupt enabled), and the signal on PB7 will go
high. At this time the counter will continue to decre-
ment at system clock rate. This allows the system
processor to read the contents of the counter to de-
termine the time since interrupt. However, the T1
interrupt flag cannot be set again unless it has been
cleared as described in this specification.

Timing for the SY6522 interval timer one-shot modes
is shown 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. The interrupt flag can be cleared by writing
T1C-H, by reading T1C-L, or by writing directly into
the flag as described later. However, it is not neces-
sary to rewrite the timer to enable setting the inter-
rupt flag on the next time-out.

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. Ins’kead, 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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RGPS I T Ty VA oy I s Sy S s V2 S g Oy Ny
WRITE T1CH 1 ‘
OPERATION J
/ L
RG OUTPUT 7/ // I
—————————— —
PB7 OUTPUT , f 7/ 1

|<— N+ 1.5CYCLES

N+ ZCYCLES———DI

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. |f one is 1 and the other is 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, the counter will continue to decre-
ment. 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

716]|5(a|3)2]|1]0

L_q

L——2

8 | COUNT
VALUE

64

128

WRITE — 8BITS LOADED INTO T2 LOW-ORDER
* LATCHES.

READ — 8BITS FROM T2 LOW-ORDER COUNTER

TRANSFERRED TO MPU. T2 INTERRUPT
FLAG IS RESET.

REG 9 — TIMER 2 HIGH-ORDER COUNTER

|7|6|5]4|3|2 1|o|
I—zse"‘

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.

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 (IRQ) will go low. TRQ 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.

WRITE T2C-H l I
OPERATION
P
PB6 INPUT LI L 7/ LI I |
TRG OUTPUT |
N l N1 ] N-2 17/ 2 ‘ 1 I 0

Figure 21. Timer 2 Pulse Counting Mode

REG 10 — SHIFT REGISTER

|7|6|5|4|3|2|‘I|0|

[

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

HOEEEERE

| SLENY

‘ 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 &5
SHIFT GUT UNDER CONTROL OF EXT CLK

N Y M CICICIET
alalolo|a|=lo]o]w
slol=lol=lol=|oln
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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 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 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 RQwill go low.

WRITE OR READ rl
SHIFT REG.

N+2 CYCLES

OveLes 7I/,
S | 2| e ]
sovsr I Y T ST T

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.

)
oo
8=
mo
E:
of
o)

7]

e | }
e v K X e X X X XX X 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; 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/ R
SHIFT oL ook i S L2t L= L I 7/ 1=
111 S, SR 1 11 1 11 G

IRC

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 CB2 repetitively. In this mode the shift register counter is disabled.

WRITE SR l—| l
OPERATION |
. !

N+2CYCLES N+2 CYCLES l |

S R0 N K 2 ey ICH e I
/
SN NN\ S SR SN S/ SR S

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.

@,

2
cLock
[
wnresn ]
OPERATION

T
N+2 CYCLES N+2CYCLES

| .
e : . L .
e NN X XX

IRQ e t——

w
.‘g
o

& A
gul
£98
o4
a

Shift Out Under Control of ¢ (110)
In mode 110, the shift rate is controlled by the ¢ system clock.

g aipiglipinigipgiplgipipiGigipipinisigh

WRITE SR rj |
OPERATION L J l ] ' |

CB10UTPUT

SHIFT CLOCK ! 2 3 —4-r7/ ? £
CB2 OUTPUT

OATA I T \\(‘)C’J("m7x d

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.

pipipigipgipipisinigipinialiaigipipinh
| |
WRITE SR
OPERATION
CB1INPUT I 1 I | 2 I
SHIFT CLOCK
- J &

CB2 QUTPUT
B NN 1 X X

IRQ

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 IER5+1FR4 x IER4 + IFR3 x
IER3 +{FR2 x IER2 + IFR1 x IER1 + IFRO x |EROQ.
Note: X = logic AND, + = Logic OR.

The IFR bit 7 is not a flag. Therefore, this bitis 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

SET BY CLEARED BY
CA2 ACTIVE EDGE READ OR WRITE
. REG 1 (ORA)
CA1ACTIVE EDGE READ OR WRITE
REG 1(0ORA)
COMPLETE 8 SHIFTS | READ OR WRITE
SHIFT REG

TIME-QUT OF T2

CB2 ACTIVE EDGE

READ OR WRITE ORB

DB1 ACTIVE EDGE

READ T2 LOW OR

READ CR WRITE ORB

WRITE T2 HIGH

TIME-OUT OF T1

READ T1LOW OR
WRITE T1 HIGH

ANY ENABLED
INTERRUPT

CLEARALL
INTERRUPTS

Figure 25. Interrupt Flag Register (IFR)

For each interrupt flag in IFR, there is a correspond-
ing 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 is accomplished by writing to

address 1110 (IER address). | bit 7 of the data placed
on the system data bus during this write operation is
a 0, each 1 in bits 6 through O clears the correspond-
ing bit in the Interrupt Enable Register, For each zero
in bits 6 through 0, the corresponding bit is un-
affected.

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 0.

REG 14 — INTERRUPT ENABLE REGISTER

|7|6|5|4|3|2|1|0|
L—(:Az ]

cAl

SHIFT REG
CcB2 0= INTERRUPT DISABLED

cB1 1= INTERRUPT ENABLED

TIMER 2
TIMER 1

SET/CLEAR

NOTES:

1. IFBIT 7 1S A “0”, THEN EACH "1” INBITS 0 - 6 DISABLES THE
CORRESPONDING INTERRUPT.

2.1FBIT71S A “1”, THEN EACH “1” IN BITS O - 6 ENABLES THE
CORRESPONDING INTERRUPT.

3.1F A READ OF THIS REGISTER IS DONE, BIT 7WILL BE “0” AND
ALL OTHER BITS WILL REFLECT THEIR ENABLE/DISABLE STATE,

Figure 26. Interrupt Enable Register (IER)
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PACKAGE OUTLINE ORDERING INFORMATION
10° max. \ Order Package Frequency
2 2 ‘ —— Number Type Option
SYP 6522 Plastic 1 MHz
§ gt I I SYP6522A  Plastic 2 MHz
: | SYC 6522 Ceramic 1 MHz
‘ ' “oorornorcn 2| | SYC6522A  Ceramic 2 MHz
TO LOCATE
PIN NO. 1 .155 max.
| (3.93 mm)
2,020 max.
P— —_— 190 max.
(51.30 mm) [ (4.82 )
[} 310 max.
¥ (7.87 mm)
(1.65) .065 L f
‘ ~~{on oa0 "™ 100 min.
(2,54 mm)
(.55) 022
—l* (a5 018 TV 010 min.
910 {48.51 mm) (.25 mm}

1.890 {48.00 mm)
19 EQUAL SPACES
.100 QTOL NONCUM.
(2,54 mm)

NOTE: Pin No. 1 is in lower left corner when
symbolization is in normal orientation

PIN CONFIGURATION

vss] 0[] ca
PAO 2 39[] cA2
PAT[ 3 38 RS0
PAZ[a 371 RS1
PA3[] s 36 Rs2
PA4 6 35| ] Rs3
pAs[] 7 34[1 RES
2 n 33[] oo
pa7 [ 9 32[0 o1
?80 (10 syesz2 31f D2
ra1 Qun 30 j D3
pez (12 29[ pa
P83 []13 28] o5
pBa (4 27|] 06
pBs [J1s 26[] 07
re6 []16 25[] @2
P87 [J17 24[] cs1
c81 [Jig 23| ¢s2
cs2 19 22[] R
vee 20 21[7] iRQ

5-568



SY6530

MICROPROCESSOR
PRODUCTS

Memory, /0,
Timer Array

Svnertek

INCORPORATED

8 bit bi-directional Data Bus for direct communication ® Programmable Interval Timer

with the microprocessor ® Programmable Interval Timer Interrupt

1024 x 8 ROM ® TTL & CMOS compatible peripheral lines

64 x 8 static RAM ® Peripheral pins with Direct Transistor Drive Capability

Two 8 bit bi-directional data ports for interface to ® High Impedence Three-State Data Pins

peripherals ® Allows up to 7K contiguous bytes of ROM with no
® Two programmable |/O Peripheral Data Direction external decoding

Registers

The SY6530 is designed to operate in conjunction with the SY6500 microprocessor Family. It is comprised of a mask
programmable 1024 x 8 ROM, a 64 x 8 static RAM, two software controlled 8 bit bi-directional data ports allowing
direct interfacing between the microprocessor unit and peripheral devices, and a software programmable interval timer
with interrupt, capable of timing in various intervals from 1 to 262,144 clock periods.

2
a
2
°

FIGURE 1. SY6530 BLOCK DIAGRAM

)
-]
.Q
0
-m
a
o
|
(7

PAO PA7 PBO PB7
L N N ] LN NN ]
VY ¥ \i
DATA ouTPUT PERIPHERAL NTERVAL PERIPHERAL ouTPUT
CONTROL REGISTER DATA BUFFER ! DATA BUFFER |- REGISTER
REGISTER N A TIMER B 8
A
A [} [ | l}
\i \ ' \
3 I} [
i Y Y /
DATA
D;JSA ADDRESS SEL”E'ZT 64X 8 1K X8 CONTROL
BUEFER DECODER o RAM ROM REGIBSTER
I e t 1. N .T T 1 t 1 r f
DO D7 AO A9 RS CS1 CS2 92 RAW RES
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ABSOLUTE MAXIMUM RATINGS COMMENT
Supply Voltage (Veg) vvvvvenniinenns -3to+7.0V Stresses above those listed under ““Absolute Maximum
Input/Output Voltage (Vin) . oo v ntt -3 to +7.0V Ratings’’ may cause permanent damage to the device. This
Operating Temperature (Top) .. ... cvvvn 0to 70°C is a stress rating only and functional operation of the de-
Storage Temperature Range (Tstg). . ... -55 to +150°C vice at these or any other conditions above those indicated
in the operational sections of this specification is not
implied.
ELECTRICAL CHARACTERISTICS (Vcc = 5.0V 5%, Vsg = 0V, Ta = 0°C to 70°C)
Symbol| Min. Typ. Max. Unit
Input High Voltage VIH 2.4 Vee \Y
Input Low Voltage ViL -0.3 0.4 \%
; = Vgg +6V
Input LeakageE_urre_r_\_t, VIN *SS . IIN 1.0 2.5 uA
AB-A9, RS, R/W, RES, 82, PB6™, PB5
Input Leakage Current for High Impedence State ITs| £1.0 £10.0 A
(Three State); VN = .4V to 2.4V; D@-D7
i : =24V
Input High Current; VN =2 Iy 2100, | -300. A
PAQ-PA7, PB@-PB7
; =.4V
Low Input Current; V|N m 1.0 16 mA
PAD-PA7, PB@-PB7
Output High Voltage VOH Y
Vee = MIN, ILpaD < -100uA (PAQ-PA7, PBO-PB7, DO-D7) 24
n ILOAD < -3mA (PAG, PBO) 1.5
o
o 8 Output Low Voltage VoL 04 v
5& Vee =MIN, ILoAD < 1.6mA
s 8 ) Output High Current (Sourcing); IOH
«c VoH = 2.4V (PAG-PA7, PBO-PB7, DB-D7) -100 | -1000 uA
2 1.5V Available for other than TTL
. -3.0 -5.0 mA
(Darlingtons) (PAQ, PBG)
Output Low Current (Sinking); VoL < 4V loL 1.6 mA
Clock Input Capacitance CeLk 30 pF
Input Capacitance CIN 10 pF
Output Capacitance CouT 10 pF
Power Dissipation . Pp 500 700 mwW

*When Programmed as address pins All values are D.C. readings

WRITE TIMING CHARACTERISTICS

Characteristic Symbol | Min. Typ. Max. Unit
Clock Period Tecye 1 10 us
Rise & Fall Times TR. TF 25 ns
Clock Pulse Width Tc 470 ns
R/W valid before positive transition of clock Twcw | 180 ns
Address valid before positive transition of clock Tacw 180 ns
Data bus valid before negative transition of clock Tpcw 300 ns
Data Bus Hold Time THW 10 ns
Peripheral data valid after negative transition of clock TcpPw 1 us
Peripheral data valid after negative transition of clock driving CMOS | TcmoOS 2 us
(Level = Ve ~-30%)
R/W hold time after negative clock transition Tocww 0 ns
Address hold time TCAH 0 ns
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READ TIMIMG CHARACTERISTICS

Characteristic Symbol | Min. Typ. Max. Unit
R/W valid before positive transition of clock TWCR 180 ns
Address valid before positive transition of clock TACR 180 ns
Peripheral data valid before positive transition of clock TpCR 300 ns
Data bus valid after positive transition of clock TCDR 395 ns
Data Bus Hold Time THR 10 ns
TRQ (Interval Timer Interrupt) valid before positive transition of clock Tic 200 ns
R/W hold time after negative clock transition TCWR 0 ) ns
Address hold time TcAH 0 ns

Loading = 30 pF + 1 TTL load for PAQ-PA7, PBO-PB7
=130 pF + 1 TTL load for D@-D7

INTERFACE SIGNAL DESCRIPTION
Reset (RES)
During system initialization a low (<0.4V) on the RES input will cause a zeroing of all four 1/0 registers. This in turn
will cause all 1/O buses to act as inputs thus protecting external components from possible damage and erroneous data
while the system is being configured under software control. The Data Bus Buffers are put into an OFF-STATE during
reset. Interrupt capability is disabled with the RES signal. The RES signal must be held low for at least one clock period
when reset is required.

Input Clock (¢2)

The input clock is a system Phase Two clock which can be either a low level clock (V| < 0.4, V{4 > 2.4 or high level
- +.3

clock V| <0.2,ViH = Ve J3).

Read/Write (R/W)

The R/W is supplied by the microprocessor array and is used to control the transfer of data to and from the micropro-
cessor array and the SY6530. A high on the R/W pin allows the processor to read (with proper addressing) the data
supplied by the SY6530. A low on the R/W pin allows a write (with proper addressing) to the SY6530.

Interrupt Request (IRQ)

The IRQ pin is an interrupt pin from the interval timer. This same pin, if not used as an interrupt, can be used as a
peripheral 1/0 pin (PB7). When used as an interrupt, the pin should be set up as an input by the data direction register.
The pin will be normally high with a low indicating an interrupt from the SY6530. An external pull-up device is not
required; however, if collector-OR’d with other devices, the internal pulilup may be omitted with a mask option.

Data Bus (D0-D7)

The SY6530 has eight bi-directional data pins (D0-D7). These pins connect to the system’s data lines and allow transfer
of data to and from the microprocessor array. The output buffers remain in the off state except when a Read operation
occurs.

Peripheral Data Ports (PA0-PA7, PBO-PB7)

The SY6530 has 16 pins available for peripheral {/0 operations. Each pin is individually software programmable to act
as either an input or an output. The 16 pins are divided into 2 8-bit ports, PAO-PA7 and PBQ-PB7. PB5, PB6 and PB7
also have other uses which are discussed in later sections. The pins are set up as an input by writing a 0"’ into the
corresponding bit of the data direction register. A “1’" into the data direction register will cause its corresponding bit
to be an output. When in the input mode, the peripheral output buffers are in the ‘1" state and a pull-up device acts as
less than one TTL load to the peripheral data lines. On a Read operation, the microprocessor unit reads the peripheral
pin. When the peripheral device gets information from the SY6530 it receives data stored in the data register. The
microproccessor will read correct information if the peripheral lines are greater than 2.0 volts for a ‘“1"" and less than
0.8 volts for a ‘0" as the peripheral pins are all TTL compatible. Pins PAQ and PBO are also capable of sourcing 3 ma at
1.5V, thus making them capable of direct transistor drive.

Address Lines {A0-A9)

There are 10 address pins. In addition to these 10, there is the ROM SELECT (RS) pin. The above pins, A0-A9 and
ROM SELECT, are always used as addressing pins. There are 2 additional pins which are mask programmable and can
be used either individually or together as CHIP SELECTS. They are pins PB5 and PB6. When used as peripheral data
pins they cannot be used as chip selects.

el
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FIGURE 2. WRITE TIMING CHARACTERISTICS

Ve -30%

Tcye
TR— |-—TC | TF
CLOCK INPUT V 24v
, 0.4V
Twew  jea— Toww |
-
R/W
0.8V
T e
acw —TCAH|*+—

2.0V

ADDRESS 0.8V

—] THW
2.0V
DATA BUS 0.8V
Toew |a—TCPy— J — — — — — —
2
PERIPHERAL —X 2.0V
DATA k |08V
|~ TCMQS ]

FIGURE 3. READ TIMING CHARACTERISTICS

24V 24V
CLOCK INPUT 7 v 7
2.0Vt
RW /
TWCR
— —
—»| TcwR
— TACR |-—
- 2.0v
ADDRESS 08V
—| TcAH [+
TPCR [-—
PERIPHERAL 2.0V
DATA 0.8V
|-e—TCDR THR
/ 20V =
DATA BUS )
N\ 0.8V
Tic [<—
PB7(IRQ}

. R
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INTERNAL ORGANIZATION

A block diagram of the internal architecture is shown in Figure 1. The SY6530 is divided into four basic sections, RAM,
ROM, 1/0 and TIMER. The RAM and ROM interface directly with the microprocessor through the system data bus and
address lines. The 1/O section consists of 2 8-bit halves. Each half contains a Data Direction Register (DDR) and an 1/0
Register.

ROM 1 K Byte (8 K Bits)

The 8K ROM is in a 1024 x 8 configuration. Address lines A0-A9, as well as RS are needed to address the entire ROM.
With the addition of CS1 and CS2, seven SY6530’s may be addressed, giving 7168 x 8 bits of contiguous ROM.

RAM - 64 Bytes (512 Bits)

A 64 x 8 static RAM is contained on the SY6530. It is addressed by A0-A5 (Byte Select), RS, A6, A7, A8, A9, and,
depending on the number of chips in the system, CS1 and CS2.

Internal Peripheral Registers

There are four internal registers, two data direction registers and two peripheral 1/0 data registers. The two data direc-
tion registers (A side and B side) control the direction of the data into and out of the peripheral pins. A /1’ written
into the Data Direction Register sets up the corresponding peripheral buffer pin as an output. Therefore, anything then
written into the 1/O Register will appear on that corresponding peripheral pin. A ““0’’ written into the DDR inhibits the
output buffer from transmitting data to or from the I/O Register. For example, a ““1"’ loaded into data direction A,
position 3, sets up peripheral pin PA3 as an output. If a “’0’’ had been loaded, PA3 would be configured as an input and
remain in the high state. The two data 1/O registers are used to latch data from the Data Bus during a Write operation
until the peripheral device can read the data supplied by the microprocessor array.

During a read operation the microprocessor is not reading the 1/O Registers but in fact is reading the peripheral data
pins. For the peripheral data pins which are programmed as outputs the microprocessor will read the corresponding
data bits of the I/O Register. The only way the 1/0 Register data can be changed is by a mis:roprocessor Write operation.
The 1/O Register is not affected by a Read of the data on the peripheral pins.

o
X
o
O.
m
(723
|73
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X
7]

Interval Timer

“O4OIN

The Timer section of the SY6530 contains three basic parts: preliminary divide down register, programmable 8-bit
register and interrupt logic. These are illustrated in Figure 4.

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, an interrupt flag is set to a logic
“1". After the interrupt flag is set the internal clock begins counting down to a maximum of -255T. Thus, after the
interrupt flag is set, a Read of the timer will tell how long since the flag was set to a maximum of 255T.

The 8 bit system Data Bus is used to transfer data to and from the Interval Timer. If a count of 52 time intervls were to
be counted, the pattern 0 0 1 1 0 1 O 0 would be put on the Data Bus and written into the Interval Time register.

At the same time that data is being written into the Interval Timer, the counting intervals of 1, 8 64, 1024T are decoded
from address lines AO amd A1. During a Read or Write operation address line A3 controls the interrupt capability of
PB7, i.e., A3 = 1 enables {RQ on PB7, A3 = 0 disables TRQ on PB7. When PB7 is used as an interrupt flag with the
interval timer it should be programmed as an input. If PB7 is enabled by A3 and an interrupt occurs PB7 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 0 0 0 0 0 0 0 0 on the next count time an interrupt will occur and the counter
will read 111 1111 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 111 0 0 1 1 1 is read, the time since interrupt is 28T. The value read
is in two’s complement.

Valueread =11100100

Complement=00011011

ADD 1 =00011100=28.
Thus to arrive at the total elapsed time, merely do a two's complement add to the original time written into the timer.
Again, assume time written as 0 0 1 1 0 1 0 0 (=52). With a divide by 8, total time to interrup is (52 x 8) +1 = 417T.
Total elapsed time would be 416T + 28T = 444T, assuming the value read after interruptwas 11100100.

After 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 5 illustrates an example of interrupt.

5-63



10

S$Y6530

FIGURE 4. BASIC ELEMENTS OF INTERVAL TIMER

| | [17 !16 [15 | '13 D[ Dll [I) 1 11 Alo
T INTERRUPT PROGRAMMABLE ) DIVIDE
pre— - |p——— 02
fRa CONTROL REGISTER DOWN

| S

\j

D7 D6 D5 D4 D3 D2 D1 DO

FIGURE 5. TIMER INTERRUPT TIMING

WRITE T

® @ & © 6
021N 0 1 2 3 213 214 L#_I 415 u 416 l+J 500 L_J 501 L
g1

|

3|
ol

1. Data written into Interval timeris00110100=521g

2. Data in Interval timeris00011001=2510

52 - 2:33 -1=52-26-1=25

[77]
. &
o)

& R
Qu.l
=8
[+ o
a

3. Data in Interval timeris00000000=01q
52 —4;5 ~1=52-51-1=0
4. Interrupt has occured at ¢2 pulse #416
Datz in Interval timer=11111111

5. Data in Interval timeris1 0101100
two’s complementis01010100=2841¢
84 + (52 x 8) =5001p

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 another Write timer operation.

ADDRESSING

Addressing of the SY6530 offers many variations to the user for greater flexibility. The system may be configured
with RAM in lower memory, ROM in higher memory, and 1/O registers with interval timers between the extremes.
There are 10 address lines (A0-A9). In addition there is the possibility of 3 additional address lines to be used as chip-
selects and to distinguish between ROM, RAM, 1/O and interval timer. Two of the additional lines are CS1 and CS2.
The chip-select pins can also be PB5 and PB6. Whether the pins are used as chip-selects or peripheral 1/O pins is a mask
option and must be specified when ordering the part. Both pins act independently of each other in that either or both
pins may be designated as chip-select. The third additional address line is RS. In a 2-chip system, RS would be used to
distinguish between ROM and non-ROM sections of the SY6530. With the addressing pins available, a total of 7K
contiguous ROM may be addressed with no external decode. Below is an example of a 1-chip and a 7-chip SY6530
addressing scheme,

One-Chip Addressing
Figure 6 illustrates a 1-chip system for the SY6530.
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FIGURE 6. SY6530 ONE CHIP ADDRESS ENCODING DIAGRAM

INT. TIMER SEL.
A3
INTERVAL
—1A! TIMER
—] A0
1/0 TIMER SEL.
1/0 SEL.
p—1 A1l 1/0
A8
RAM SEL.
A5
USRI U o
‘: Al
{ A3 RAM
: A2
cs2 ] b1 ] A1
!
| =
!
1]
]
RSO —4 i
: X * ; ROM SEL.
A9 i [
i : A9
; L|><> !
A8 — v A8
{ [>o- :'
AT } A7 o,
|D° \ o
A6 4N i AB Bz
H-Dc : oF
A5 — : A5 ‘a9
PV Wiudeintdelsinidsinisininiininlsisslsiniistsisistlsistisisisleisiaistsiisistealsinel - A4 80
A3 A3 2
A2 A2 .
Al Al
A0 A0

A. X indicates mask programming
i.e.  ROM select = CS1¢RSO
RAM select = C510RSO®A0eA7*AG
1/0 TIMER SELECT = C51eRSOeA%e ABe A7e AG

B.  Notice that A8 is a don't care for
RAM select

C. The CS2/PB5 pin functions as PB5 in this example.

Seven-Chip Addressing

In the 7-chip system the objective would be to have 7K of contiguous ROM, with RAM in low order memory. The 7K
of ROM could be placed between addresses 65,5635 and 1024. For this case, assume A13, A14, and A15 are all 1.when
addressing ROM, and 0 when addressing RAM or 1/O. This would place the 7K ROM between addresses 65,5635 and
58,367. The 2 pins designated as chip-select or I/O would be mask programmed as chip-select pins. Pin RS would be
connected to address line A10. Pins CS1 and CS2 would be connected to address lines A11 and A12 respectively. See
Figure 7.

The two examples shown would allow addressing of the ROM and RAM; however, once the |/O or timer has been
addressed, further decoding is necessary to select which of the 1/O registers is desired, as well as the coding of the
interval timer.

1/0O Register - Timer Addressing

Figure 8 illustrates the address decoding for the internal elements and timer programming. Address lines A2 distinguishes
1/0 registers from the timer. When A2 is high and 1/O timer select is high, the 1/O registers are addressed. Once the 1/0
registers are addressed, address lines A1 and AO decode the desired register.

When the timer is selected A1 and AO decode the divide by matrix. This decoding is defined in Figure 8. In addition,
address A3 is used to enable the interrupt flag to PB7.
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The addressing of the ROM select, RAM select and 1/0 timer select lines would be as follows:
FIGURE 7. SY6530 SEVEN CHIP ADDRESSING SCHEME
Ccs2 cs1 RSO
A12 Al1 A10 A9 A8 A7 AB
SY6530 #1, ROM SELECT 0 0 1 X X X X
RAM SELECT 0 0 0 0 0 0 0
1/0 TIMER 0 0 (o] 1 0 0 0]
SY6530 #2, ROM SELECT 0 1 0 X X X X
RAM SELECT 0 0 0 0 0 0 1
1/0 TIMER 0 0 0 1 0 0 1
SY6530 #3, ROM SELECT 0 1 1 X X X X
RAM SELECT 0 0 0 0 0 1 0
1/0 TIMER 0 0 0 1 0 1 0
SY6530 #4, ROM SELECT 1 0 0 X X X X
RAM SELECT 0 0 0 0 0 1 1
1/0 TIMER 0 0 0 1 0 1 1
SY6530 #5, ROM SELECT 1 0 1 X X X. X
RAM SELECT 0 0 0 0 1 0 0
1/0 TIMER 0 0 0 1 1 0 0
SY6530 #6, ROM SELECT 1 1 0 X X X X
RAM SELECT 0 0 0 0 1 0 1
1/0 TIMER 0 0 0 1 1 0 1
SY6530 #7, ROM SELECT 1 1 1 X X X X
RAM SELECT 0 0 0 0 1 1 0
1/0 TIMER 0 0 0 1 1 1 0
2
o8 * RAM select for SY6530 #5 would read = A12 ¢ ATi e A10 e A e A8 e A7 o AB
§$ FIGURE 8. ADDRESSING DECODE FOR 1/0 REGISTER AND TIMER
s § ADDRESSING DECODE
e ROM RAM 1/0 TIMER _
SELECT SELECT SELECT R/W A3 A2 Al A0
READ ROM 1 0 0 1 - — -
WRITE RAM 0 1 0 0 - - — -
READ RAM 0 1 0 1 — - _ -
WRITE DDRA 0 o] 1 0 — 0 0 1
READ DDRA 0 0 1 1 - 0 0 1
WRITE DDRB 0 0 1 0 - 0 1 1
READ DDRB 0 0 1 1 - 0 1 1
WRITE PER. REG. A 0 0 1 0 - 0 0 0
READ PER. REG. A 0 0 1 1 - 0 0 0
WRITE PER. REG. B 0 0 1 0 - 0 1 0
READ PER. REG. B 0 0 1 1 — 0 1 0
WRITE TIMER
1T 0 0 1 0 % 1 0 0
+8T 0 0 1 0 % 1 0 1
+64T 0 0 1 0 > 1 1 0
+ 10247 0 0 1 0 * 1 1 1
READ TIMER 0 0 1 1 % 1 - 0
READ INTERRUPT FLAG 0 0 1 1 - 1 — 1
— =Don’t care condition
% A3 =1 Enables IRQ to PB7
A3 =0 Disables IRQ to PB7
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10° max.
//\3‘ Vss[]1 401 _IPA1
40 2 l — T pao[] 2 39l Jpa2
DOT OR NOTCH 600 max. (15.87) 625 2 []3 38[dras
TO LOCATE (15.24 mm) (15.11) 595
PIN NO. 1—st-® } rs []4 37[draa
1 20 t —_— A f]s 3s[Jpas
As[]e 35 g PAG
.1565 max.
2.020 max. F——'(3.93 mm) A7 E 7 34L1PA7
(51.30 mm) ’ 190 max. AG l; 8 33 oo
(4.82 mm) rw(]o 32[p1
| as 10 geay  31[D2
WW [ 310 max. As O 30[Jo3
] (7.:7 mm) Az d 12 20 ps
(1.65) 065 _ L t Az 13 28[]ps
(1.01) .040 : .100 min. 14
(2.54 mm) a1 27p1o6
(.55) 022 a0 [1s 26
{45 oig 1 YP—— .010 min. U [Jo7
1.910 (48.51 mm) (.25 mm) Res [}16 26 1pBo
1890 {48.00 mm) wra per 7 2Fis;
19 EQUAL SPACES
.100  TOL. NONCUM. csi/pes []18 230 ]pe2
(254 mm) Cs2/PBS I; 19 22[Jre3
NOTE: Pin No. 1 is in lower left corner when
symbolization is in normal orientation Vee 1420 21 PB4

PACKAGE OUTLINE
PIN DESIGNATION

-OHOIN

o
X
Q.
(2]
m
9]
173
]
sl
»

PROGRAMMING INSTRUCTIONS

The SY6530 utilizes computer aided techniques to manufacture and test custom ROM patterns. The pattern and
address coding is supplied to Synertek in any of several formats.
1) 2708-type EPROM:s.

2) Synertek data card formats.
3) Other input formats, providing they can be translated into one of the above.

Synertek Data Card Format

A. The format for the first and all succeeding records, except for the last record, in a file is as follows:
;N1Ng A3A2A1AQ (D1Do)1 (D1Do)2 X3X2X1Xp
where:
1. All characters {N,A,D,X) are the ASCII characters 0 through F, each representing a hexadecimal digit.
2. ;is arecord mark indicating the start of a record.

3. N1Ng = the number of bytes of data in this record (in hexadecimal). Each pair of hexadecimal characters
(D1Dg) represents a single byte in the record.

4. A3A2A1AQ = the hexadecimal starting address for the record. A3 represents address bits 15 through 12, etc.
The 8-bit byte represented by (D1Dg)1 is stored in address A3A2A1Ag; (D1Dg)2 is stored in (A3A2A1Ap)
+ 1, etc.

5. (D1Dg) = two hexadecimal digits representing an 8-bit byte of data. (D1 = high order 4 binary bits and Dg =
low-order 4 bits). A maximum of 18 (Hex) or 24 (decimal} bytes of data per record is permitted.

6. X3X2X1Xg = record check sum, This is the hexadecimal sum of all characters in the record, including N7Ng
and A3A2A1Aq but exclucing the record mark and the check sum characters. To generate the check sum, each
byte of data (represented by two ASCII characters), is treated as 8 binary bits. The binary sum of these 8-bit
bytes is truncated to 16 binary bits (4 hexadecimal digits) and is then represented in the record as four ASCII
characters (X3X2X1Xp).
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B. The format for the last record in a file is as follows:
00 C3C2C1Cp X3X2X1Xp
1. 00 = zero bytes of data in this record. This identifies this as the final record in a file.
2. C3C2C1Cq = the total number of records (in hexadecimal) in this file, including the last record.
3. X3X2X1Xg = check sum for this record.

C. Example

The following example illustrates the exact format of the hex interface file in both listing and punched paper tape
form.

;18FO00CA86004CO0FO0FDF9212D21FF292DBF2161F5F7FF657D677D0D40
;18F018E564672DFD7575E50000CF4112F800925198D200539192F20C98
;18F03008DB02880810DE12D894189AC2830E9800FBB6232F087F650AA5
;18F048036E20EF2FA58D4465E8 FDF93DE775EF257FB520ED64657C0DEB
;18F0607F11D0O5S5A1EDF0250B0DAFE009252909912DB108A0298DEC8BOCOD
;18F078D95058DF82D2D79A00ED65E68724EE05212764A5F5BDA9050E2C
;18FO090EC20FF652525246933213F20FF31293B7E18D65042DE40500A92
;18FOA81ES5ES5B02534A53DE4A9B189259969F589E5E92DF52DEIEJAQCA2
;18F0C000B3268D2400EF6765E7A0B5606725217D20AF35EDF5202F0C08
;18F0D8692525342B35256CDF12F2785FFF547FD2E2D6525BDF5A720D26
;10FOF012DB020F1A1ABF86D2DA9ADAC8DECATBOAT2

;0000080008

2]
, S
o

& &
ou
o
o

ADDITIONAL PATTERN INFORMATION

In addition to the ROM data patterns, it is necessary to provide the information outlined below.

CUSTOMER NAME

CUSTOMER PART NO.

CUSTOMER CONTACT {NAME)

CUSTOMER TELEPHONE NO.

CS1/PB6 (ENTER ““CS1"” OR ‘PB6"')

CS2/PB5 (ENTER ‘/CS2* OR ‘“PB5")

PULL-UP RESISTOR ON PB7 {“YES” OR “NO")
LOGIC FORMAT ("POS"” OR “NEG")

DEVICE ADDRESSING (Enter ““H" for High, “L" for Low, or ‘N for don’t care)

RS Cs1 Ccs2 A9 A8 A7

ROM SELECT I LA

RAM SELECT
1/0 TIMER SELECT

Send Information To:

Synertek — ROM
P.0. Box 552
Santa Clara, CA 95052
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SY6530 CUSTOMER SPECIFICATION FORM

Date.
Customer name.

Customer part no.
(maximum 10 digits)

Synertek ‘C"” number.
Customer Contact.
Customer phone number

Chip Select Code
(Check one square in each block)

CS1 CS2

PB6 PB5

PULL UP
ON PB7

YES

NO

ROM/RAM/I1-O SELECTS (Specify H or L or N {don't care} in each box.

RS CS1 CS2 A9 A8 A7 AB
ROM SELECT N N N N
RAM SELECT
I/0 SELECT

Customer’s Input

Punched Cards O
Punched Tape 0O

Data Format

MOS Technology 0O
Intel Hex O
Intel BPNF 0O
Binary O

Logic Format

Positive [
Negative [

Verification Status

Hold O
Not Required 0O
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MICROPROCESSOR
PRODUCTS

RAM, 1/O, Timer Array

Svnertek

INCORPORATED

The SY6532 is designed to operate in conjuction with the SY6500 Microprocessor Family. It is comprised of a
128 x 8 static RAM, two software controlled 8 bit bi-directional data ports allowing direct interfacing between the
microprocessor 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 programmable edge-detect interrupt circuit.

e 8bit bi-directional Data Bus for direct communication e Programmable Interval Timer
with the microprocessor e Programmable Interval Timer Interrupt
e Programmable edge-sensitive interrupt e TTL & CMOS compatible peripheral lines
e 128 x 8 static RAM e Peripheral pins with Direct Transistor Drive Capability
e Two 8 bit bi-directional data ports for interface to ¢ High Impedance Three-State Data Pins
peripherals
e Two programmable I/O Peripheral Data Direction s
Registers 3
82
2%
8°
&
Figure 1. 6532 BLOCK DIAGRAM
PAO PA7 PBO PB7
[ N N ] LN N J
Y A
DATA DATA
omecrion | | oo || sememens || senvvea || oumr || oeeron
REGISTER REGISTER
A A B B .
A B
A [} 4 3
Y \ Y i \ Y

\ \ Y |
DATA
popls ADDRESS CHIP SELECT 128x 8 INTERRUPT INTERVAL
DECODER LoGIC STATIC CONTROL  }wt—a TER
BUFFER RAM LOGIC
oo oo L NN ] T
DO D7 A0 A6 RS cs1 €S2 02 RMW RES iRQ
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MAXIMUM RATINGS

RATING SYMBOL VOLTAGE UNIT
Supply Voltage vce -3to+7.0 v
Input/Output Voltage VIN -3t0+7.0 v
Operating Temperature Range Top 0to 70 °c
Storage Temperature Range TSTG -55to +150 °C

ELECTRICAL CHARATERISTICS (Ve = 5.0V £5%, Vs = 0V, TA = 25° C)

CHARACTERISTIC SYMBOL| MIN. TYP. MAX. | UNIT
Input High Voltage Vig |Vss+24 Vee \Y
Input Low Voltage VIL Vgs -.3 Vss + 4 v
Input Leakage Current; VIN = Vg + 5V IIN 1.0 2.5 uA
AQ-A6, RS, R/W, RES, #2,CS1,CS2 :
Input Leakage Current for High Impedance State ITSI +1.0 +10.0 HA
(Three State); VIN = 4V to 2.4V;D@-D7
Input High Current; VIN = 2.4V IIH ~100. -300. HA
PAD-PA7, PBY-PB7
Input Low Current; VIN = 4V IL . -1.0 -i.6 MA
o PAQ-PA7, PBY-PB7
. g Output High Voltage VOH v
8 474 Vee = MIN, I 0AD < -100uA (PA@-PA7, PB-PB7, D-D7) Vgg +24
g %’ ILOAD < 3 MA (PBJ-PB7) Vs + 1.5
T Qutput Low Voltage
Vee =MIN, I oAD € 1.6MA VoL Vgs+4| V
QOutput High Current (Sourcing); IoH
VOH =24V (PA@-PA7, PBY-PB7, D}-D7) -100 -1000 vA
> 1.5V Available for direct transistor 3.0 50 MA
drive (PB(-PB7) )
Output Low Current (Sinking); VoL < 4V IoL 1.6 MA
Clock Input Capacitance Cclk 30 pf
Input Capacitance CIN 10 pf
Output Capacitance Court 10 pf
Power Dissipation . Icc 100 125 mA

All inputs contain protection circuitry to prevent damage due to high static charges. Care should be exercised to pre-
vent unnecessary application of voltage outside the specification range.
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WRITE TIMING CHARACTERISTICS

—-— Tcye
TR—p{ |w—TC le—TF

0.4v

Y
CLOCK INPUT V 24

Twew  |[a—
24V

R/W
0.8v ; 0.4V

Tacw [w—

2,0v
ADDRESS 0.8V

—] |a—THw

24V
2.0v
DATA BUS 0.8V A

24v

0.4v

0.4V
Vee -30%
Tpcw la—TCPW p— ——— —— — —— cc
A
e 2.4v
PERIPHERAL 2.0V
DATA 0.8V )
0.4V
[~ TCcmos —b]

z
o
2
©

READ TIMING CHARACTERISTICS

CLOCK IN zav zav
P /] /)
vt 4V
2.0Vt
R/W /
0.4v

—! TWCR  |egg—
—1 TACR [-—

2.4V
><Cz.ov
ADDRESS
KO.SV

0.4v

°
X
0
(2]
m
a
o
X
(%]

TPCR | i

PERIPHERAL 2.0v 24y

DATA 0.8v

04v

24V
DATA BUS

0.4v

Tic [

24v

04v
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WRITE TIMING CHARACTERISTICS

CHARACTERISTIC SYMBOL | MIN. | TYP.| MAX. | UNIT
Clock Period Tcyc 1 uS
Rise & Fall Times TR, TF 25 NS
Clock Pulse Width TC 470 NS
R/W valid before positive transition of clock TWCW | 180 NS
Address valid before positive transition of clock TACW | 180 NS
Data Bus valid before negative transition of clock TDCW | 300 NS
Data Bus Hold Time THW 10 NS
Peripheral data valid after negative transition of clock TCPW 1 uS
Peripheral data valid after negative transition of clock driving CMOS TCMOS 2 uS
(Level = Ve = 30%)

READ TIMING CHARACTERISTICS

CHARACTERISTIC SYMBOL | MIN. | TYP.| MAX.| UNIT
R/W valid after positive transition of clock TWCR | 180 NS
Address valid before positive transition of clock TACR | 180 NS
Peripheral data valid before positive transition of clock TPCR | 300 NS
Data Bus valid after positive transition of clock TCDR 395 NS
Data Bus Hold Time THR 10 NS
IRQ (Interval Timer Interrupt) valid before positive transition of clock TIC 200 NS

Loading= 30 pf+ 1 TTL load for PAQ-PA7, PB)-PB7
=130 pf+ 1 TTL load for D@-D7

w
.5
(o]
I~
Qm
=3
[+
a.

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 is being configured under software control. The Data Bus Buffers are put into an OFF-STATE during
Reset. Interrupt capability is disabled with the RES signal. The RES signal must be held low for at least one clock
period when reset is required.

Input Clock

The input clock is a system Phase Two clock which can be either a low level clock (Vi1 <0.4, VIH > 2.4) or high
level clock (V11,<0.2, VIH = Vce ':'%).

Read/Write (R/W)

The R/W signal is supplied by the microprocessor array and is used to control the transfer of data to and from the
microprocessor array and the SY6532, A high on the R/W pin allows the processor to read (with proper addressing)
the data supplied by the SY6532. A low on the R/W pin allows a write (with proper addressing) to the SY6532.

Interrupt Request (IRQ)

The IRQ pin is an interrupt pin from the interrupt control logic. It will be normally high with a low indicating an
interrupt from the SY6532. IRQ is an open-drain output, permitting several units to be wire-or’ed to the common IRQ
microprocessor input pin. The IRQ pin 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 pins (D0-D7). These pins connect to the system’s data lines and allow transfer
of data to and from the microprocessor array. The output buffers remain in the off state except when a Read operation
occurs,
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Peripheral Data Ports

The SY6532 has 16 pins available for peripheral 1/O operations. Each pin is individually programmable to act as either
an input or an output. The 16 pins are divided into two 8-bit ports, PAG-PA7 and PBO-PB7. PA7 may also function

as an interrupt input pin. This feature is described in another section. The pins are set up as an input by writing a

“0” into the corresponding bit of the data direction register. A “1” into the data direction register will cause its
corresponding bit to be an output. When in the input mode, the peripheral output buffers are in the “1” state and a
pull-up device acts as less than one TTL load to the peripheral data lines. On a Read operation, the microprocessor unit
reads the peripheral pin. When the peripheral device gets information from the SY6532 it receives data stored in the
data register. The microprocessor will read correct information if the peripheral lines are greater than 2.4 volts for a “1”
and less than 0.4 volts for a “0” as the peripheral pins are all TTL compatible. Pins PBO-PB7 are also capable of
sourcing 3 ma at 1.5 v thus making them capable of direct transistor drive.

Address Lines (A0-AB)

There are 7 address pins. In addition to these, there is the RS pin. The above pins, A0-A6 and RS, are always used as
addressing pins. There are 2 additional pins which are used as CHIP SELECTS. They are pins CS1 and CS2.

INTERNAL ORGANIZATION

A block diagram of the internal architecture is shown in Figure 1. The SY6532 is divided into four basic sections:
RAM, I/0, Timer, and Interrupt Control. The RAM interfaces 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 is 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 data into and out of the peripheral 1/O pins. A logic zero in a bit
of the data direction register (DDRA and DDRB) causes the corresponding pin of the I/O port to act as an input. A
logic one causes the corresponding pin to act as an output. The voltage on any pin 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 pins during a peripheral read operation. Thus, 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 pin is allowed
to be = 2.4 volts for a logic one and < 0.4 volts for a zero. If the loading on the pin 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 pins are somewhat different from the PA buffers. The PB buffers are push-pull devices
which are capable of sourcing 3ma at 1.5 volts. This allows for these pins 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 pins as is the case for the

PA port.

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 1024 T increments, where T is the system clock period. When a full count is reached, and interrupt flag is set to
alogic ““1.”” After the interrupt flag is set the internal clock begins counting down to a maximum of -255T. Thus, after
the interrupt flag is set, a Read of the timer will tell how long since the flag was set up to a maximum of 255T.

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 is 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., A3z =1 enables IRQ, A3 =0 disables IRQ. In either case, when timeout occurs, bit 7 of the Interrupt Flag
Register is set. This flag is cleared when the Timer register is either 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 on the next count time an interrupt will occur and the counter
willread 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 1 1 00 1 O 0 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 017 D6 D5 D4 D3 D2 D1 DO R/W 111 Alo
— INTERRUPT PROGRAMMABLE - ) o DIVIDE
- - |——— 02
frRQ CONTROL REGISTER . DOWN 0
[7;]
< |
o
ea §
g ) L |
8 D7 D6 D5 D4 D3 D2 D1 DO
o

Thus, to arrive at the total elapsed time, merely do a two’s complement add to the original time written into the timer.
Again, assume time writtenas 0011 0 1 00 (=52). With a divide by 8, total time to interrupt is (52 x 8) + 1 =417T.
Total elapsed time would be 416T + 28T = 444T, assuming the value read after interrupt was 111001 00.

After 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

O, ©, ® O O
o Lo L L LTl ool ol = Tl

3l
—
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5 SY6532

1. Data written into interval timersis00110100=5219 4. Interrupt has occurred at §2 pulse #416

2. Datain Interval timeris0001 1001 =251¢ Datain Interval timer=11111111
52- 7% - 1=52-26-1=125 5. Data in Interval timeris 10101100
two’s complementis01010100=84;g
3. Datain Inlterval timeris00000000=0;9 84 +(52x 8)=50010

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

7 6 5 4 3 2 1 0

\ T /
-~ 0”
l———' PA7 FLAG

TIMER FLAG

The PA7 flag is cleared when the Interrupt Flag Register is read. The timer flag is cleared when the timer register is
either written or read.

ADDRESSING

Addressing of the SY6532 is accomplished by the 7 addressing pins, the RS pin and the two chip select pins CS1 and
CS3. To address the RAM, CS1 must be high with CS2 and RS low. To address the 1/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/O Timer the RS pin is used. When this pin is low the RAM is addressed, when high the I/O Interval timer
section is addressed. To distinguish between timer and I/O 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 /O line, the PA7 pin can function as an edge sensitive input. In this mode, an
active transition on PA7 will set the internal interrupt flag (bit 6 of the Interrupt Flag Register). When this occurs,
and providing the PA7 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 Figure 4.

The setting of the internal interrupt flag by an active transition on PA7 is always enabled, no matter whether PA7

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 is enabled. This can be achieved by reading the Interrupt Flag Register,
as defined by Figure 4 immediately after reset.

1/0 Register - Timer Addressing

Table 1 illustrates the address decoding for the internal elements and timer programming. Address line A2 distin-
quishes 1/0 registers from the timer. When A2 is low and RS is high, the 1/O registers are addressed Once the I/0
registers are addressed, address lines Al and AQ decode the desired register.

When the timer is selected Al and AO decode the “divide-by’’ matrix. This decoding is defined in Table 1. In addition,,
Address A3 is used to enable the interrupt flag to IRQ.
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Table 1 ADDRESSING DECODE
OPERATION RS R/W Ad A3 A2 Al A0
Write RAM 0 0 - - - - -
Read RAM 0 1 - — - - -
Write DDRA 1 0 - - 0 0 1
Read DDRA 1 1 - - 0 0 1
Write DDRR 1 0 - 0 1 !
Read DDRB 1 1 - - 0 1 1
Write Output Reg A 1 0 — - 0 0 0
Read Output Reg A 1 1 - — 0 0 0
Write Output Reg B 1 0 - — 0 1 0
Read Output Reg B 1 1 - — 0 1 0
Write Timer
+1T 1 0 1 (a) 1 0 0
+8T 1 0 1 (a) 1 0 1
+ 64T 1 0 1 (a) 1 1 0
+1024T 1 0 1 (a) 1 1 1
Read Timer 1 1 - (a) 1 — 0
Read Interrupt Flag 1 1 - - 1 - 1
Write Edge Detect Control 1 0 0 - 1 (b) (c)
0’ NOTES:  — = Don’t Care, “1” = High level (232.4V), “0” = Low level (<0.4V)
S g (a) A3 =0 to disable interrupt from timer toI_TE) (c) A0 = 0 for negative edge-detect
S § A3 =1 to enable interrupt from timer to_@ AO =1 for positive edge-detect
= 8 (b) A1 =0 to disable interrupt from PA7 toLRQ
< Al =1 to enable interrupt from PA7 to IRQ
PACKAGE OUTLINE PIN DESIGNATION
max
40 21_L— /’/B/ vss[]1 A6
DOT OR NOTCH 600 max. (15 15.87) 625 = =
Toplfn?ﬁg.rs >. {15.24 mm) (15.11) 595 A4[]3 cst
1 20 } ———L AL fz
A2ds RS
- A1[]e al:
2.020 max. 155 max. RFe
51.30 mm) ‘iggn':‘:;’ ot K 3aL] Res
(4.82 mm) PAS E 8 33 j Do
l‘ pa1[] 9 g 321 D1
paz[io 3 3[dp2
310 max. 2
Al ‘ Y— PA4 12 29[ 04
%—g—?; % TvP. ~ (100mm) PAs[}13 28] ] D5
2.54 mm,
%} .g_f‘g‘ TYP. j .010 min. :jg :: Z g Zj
1.910 (48.51 mm) (.25 mm) —
1.890 (3800 mm) PB7 116 251 IRQ
19 EQUAL SPACES pB6 []17 247 rBo
06 JoL NonGun A I S
NOTE: Pin No. 1 is in lower left corner when PB4 1o 22[]PB2
symbolization is in normal orientation vee 2o 21| eB3
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CRT Controller SY6545

MICROPROCESSOR
PRODUCTS

PRELIMINARY

Svnertek

INCORPORATED

® Single +5 volt (£5%) power supply. ® No DMA required.
® Alphanumeric and limited graphics capabilities. ® Pin-compatible with MC6845.
® Fully programmable display (rows, columns, blank- ® Row/Column or straight-binary addressing for refresh
ing, etc.). RAM.
® Interlaced or non-interlaced scan. ® Refresh RAM may be configured as part of micro-
® 50/60 Hz operation. processor memory field or independently slaved to
® Fully programmable cursor. 6545.
® External light pen capability. ® Internal 8-bit status register.
© Capable of addressing up to 16K character refresh ® CRTC-controlled memory update modes:
RAM. Interleaved and during blanking

The SY6545 is a CRT Controller intended to provide
capability for interfacing the 6500/6800 microprocessor
families to CRT or TV-type raster scan displays. A unique

feature is the inclusion of several modes of operation, so
that the system designer can configure the system with
a wide assortment of techniques.

‘o
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O
Q
m

]
1]
o
o]
7]

INTERFACE DIAGRAM

-OHOIW

PIN DESIGNATION

GND (1 40 [JVSYNC
RES[} 2 39 [JHSYNC
Vec  GND tren[] 3 38 [IRA0
cco/mao ] 4 37 [IRrAY
MPU I/F cci/mal] s 36 [1RA2
cc2/maz2 )6 35 [JRA3
DBO-DB7 [ HSYNC ccamas ]z 3 Pragsste
[ VSYNC ccamasa [ 8 33 [JoBso
$2 ———* SY6545 CRTC _>—> ZLS:;:: e cosmasCio | svests w2 poe
R/ —— cce/MA6 [ 10 31[]DB2
s ] [ LPEN ccrmar 11 30 [Joe3
RS —— [« ccLk cromas ] 12 29 [JoBa
[~ RES crimas 13 28 [Jo8s
cr2/MA10 [] 14 27 [JoBs
CR3/MAN[] 15 26 [1DB7
cra/mA12[] 16 25 [JCs
MAO-MA13 RAO-RA4 crs/MA13 [ 17 24 [RS
REFRESH RAM AND CHARACTER ROM oispLAY EnaBLE [] 18 23802
CURSOR ] 19 2[R/
Vee [ 20 21{JccLk
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MAXIMUM RATINGS COMMENT

Supply Voltage, Vee -0.3V to +7.0V Stresses above those listed under "Absolut? Maximum Ratings”
may cause permanent damage to the device. These are stress

Input/Output Voltage, Vin 'O'SY to +7‘0°V ratings only. Functional opera.tion 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 is not implied and exposure to absolute

maximum rating conditions for extended periods may affect

. . . Lo devi liability.
All inputs contain protection circuitry to prevent damage evice reliability

PP 7 U T PUULPS PN | PO RSN o claneild bn nvinwa Taadd
daue 10 1tign Swuid Gistinaiges. waic 50Ut ge excidiscd

to prevent unnecessary application of voltages in excess
of the allowable limits,

ELECTRICAL CHARACTERISTICS (Ve = 5.0V 5%, Ta = 25°C, unless otherwise noted)

Symbol Characteristic Min. Max. Unit
Vi Input High Voltage 2.0 Vee \
ViL Input Low Voltage -0.3 0.8 \%
hn Input Leakage (¢2, R/w, RES, CS, RS, LPEN, CCLK) - 25 MA
ITsi Three-State Input Leakage {DB0O-DB7) - 10.0 MA
cclzi Vin = 0.4 to 2.4V
03 VoH Output High Voltage 24 - \%
54 ILoAD = 205uA (DBO-DB7)
=8 ILoaD = 100uA (all others)
£ VoL Output Low Voltage _ 0.4 v
ILOAD = 1.6mA
Pp Power Dissipation - 700 mW
Cin Input Capacitance
¢2, R/w, RES, TS, RS, LPEN, CCLK - 10.0 pF
DBO-DB7 - 12.5 pF
Cout Qutput Capacitance — 10.0 pF

5-80



5 SY6545

WRITE TIMING CHARACTERISTICS

¢
2 /-
w D= =X
ema—
RW N—»—‘wcw /
X

DATA BUS re—tocw ty

(Vce = 5.0V + 5%, Ta = 0 to 70°C, unless otherwise noted)

SY6545 SY6545A

Symbol Characteristic Min. Max. Min. Max. Unit

© teye Cycle Time 1.0 40 0.5 40 us
tc 2 Pulse Width 470 - 235 - ns
tacw Address Set-Up Time 180 - 90 - ns
tean Address Hold Time 0 - 0 S é <
twew R/W Set-Up Time 180 - 90 - ns Qs
towH RAW Hold Time 0 - 0 - ns 43
tpow Data Bus Set-Up Time 300 - 150 - ns 3
thw Data Bus Hold Time 10 - 10 - ns

{tr and tf = 10 to 30 ns)

TEST LOAD

2.4KQ

SY6545 PIN

130 pF

A

Vee
. la %
™
R

R = 11K FOR DB(-DB7
=24KQ FOR ALL OTHER OUTPUTS
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READ TIMING CHARACTERISTICS
tcye
i
7 N/
02
CS, RS : tacr AR ;W%
R ﬁ Wer — R
e tcoR-{
DATA BUS [
(Vec =5.0V£56%, Ta =0to 70° C, unless otherwise noted)
SY6545 SY6545A
Symbol Characteristic Min, Max. Min. Max. Unit
tcye Cycle Time 1.0 40 0.5 40 us
te ¢2 Pulse Width 470 — 235 - ns
tACR Address Set-Up Time 180 - 90 - ns
tcAR Address Hold Time 0 - 0 - ns
twcR R/w Set-Up Time 180 - 90 - ns
tcoR Read Access Time - 395 - 200 ns
tHR Read Hold Time 10 - 10 - ns
(ty and tf = 10 to 30 ns)
SYSTEM TIMING DEFINITIONS
tecy
le—tccn Output Parameter
e
coLx / MAO-MA13 tMAD
X RAO-RA4 tRAD
P
OUTPUTS
s ey // // // / 7 L DISPLAY-ENABLE toTD
HSYNC tHsD
VSYNC tvsD
CURSOR tcobp
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LIGHT PEN STROBE TIMING DEFINITIONS

CCLK

SEE NOTE ——={ et

X -+ X = X

NOTE: “Safe’” time position for LPEN positive edge to cause
address n+2 to load into Light Pen Register.
t p2 and t py are time positions causing uncertain results.

SYSTEM TIMING PARAMETERS (V¢c = 5.0V +5%, Ta = 0 to 70°C, unless otherwise noted)

SY6545 SYG6545A
Symbol Characteristics Min. Max. Min. Max. Unit
tcey Character Clock Cycle Time 400 - 400 - ns
tceH Character Clock Pulse Width 200 - 200 - ns
tMAD MAO-MA13 Propagation Delay - 160 - 160 ns
tRAD RAOQ-RA4 Propagation Delay - 160 - 160 ns ;
IbT1D DISPLAY ENABLE Propagation Delay - 300 - 300 ns g =
thso HSYNC Propagation Delay = 300 - 300 | s 2 %
tvsD VSYNC Propagation Delay - 300 — 300 ns % *
tcop CURSOR Propagation Delay - 300 — 300 ns
tLPH LPEN Strobe Width 100 - 100 — ns
tLp LPEN to CCLK Delay 120 - 120 - ns
ten CCLK to LPEN Delay 0 - - - ns

tr, 1§ = 20 ns (max)

LOGICAL TIMING FOR UPDATE STROBE

1 | !
| 1 1
1 | |
1

]
|
|
DISPLAY ENABLE ! !
HORIZONTAL OR VERTICAL BLANKING
1
|
t
) !

[

RA4 (UPDATE
STROBE}
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MPU INTERFACE SIGNAL DESCRIPTION
$2 (Clock)

The input clock is the system ¢2 clock and is used to
trigger all data transfers between the system micropro-
cessor and the SY6545.

R/wW (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 SY6545; a low on the R/W pin allows a
write to the SY6545.

CS (Chip Select)

The Chip Select input is normally connected to the pro-
cessor address bus either directly or through a decoder.
The SY6545 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.

DBg-DBy (Data Bus)

The DB-DB7 pins are the eight data lines used for trans-
fer of data between the processor and the SY6545. 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 SY6545 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 can be delayed by one character time by setting
bit4of 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 hne 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 ﬁgoes high. In this
way, RES can be used to synchronize display frame
timing with line frequency.

MEMORY ADDRESS SIGNAL DESCRIPTION
MAO0-MA 13 (Refresh RAM Address Lines)

These signals are active-high outputs and are used to ad-
dress the Refresh RAM for character storage and display
operations. The starting scan address is fully program-
mable and the ending scan address is determined by the
total number of characters displayed, which is also pro-
grammable, in terms of characters/line and lines/frame.

There are two selectable address modes for MAO-MA13:

In the straight binary mode, characters are stored in
successive memory locations. Thus, the software must be
designed so that row and column character co-ordinates
are translated into sequentially-numbered addresses. In
the row/column mode MAOQO-MA7 become column ad-
dresses CCO-CC7 and MA8-MA13 become row addresses
CRO-CRS. In this case, the software can manipulate char-
acters in terms of row and column locations, but addi-
tional address compression circuits are needed to convert
the CCO-CC7 and CRO-CR5 addresses into a memory-
efficient binary address scheme.
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RAO-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 SY6545 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 Refresh RAM update address is gated on
to the address lines, MAO-MA13. In this way, updates
and readouts of the Refresh RAM can be made under
control of the SY6545 with only a small amount of ex-
ternal circuitry.

Address Register

This is a 5-bit register which is used as a “’pointer” to
direct CRTC/MPU data transfers within the CRTC. 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
CRTC, as follows:

lefs]efa]z]1]0]

NOT USED

VERTICAL RE-TRACE

“0” Scan currently not in vertical re-trace portion
of its timing.

1" Scan currently is in its vertical re-trace time.

LPEN REGISTER FULL

“0” This bit goes to 0" whenever either register
R16 or R17 is read by the MPU.

1" This bit goes to 1" whenever a LPEN strobe
oceurs,

UPDATE READY

“0" This bit goes to 0" when register R31 has
been either read or written by the MPU.

1" This bit goes to ‘1" when an Update Strobe
occurs,

Note: The Status Register takes the state,

CTofa[-T-T-T-T-1.

immediately after power {(Vgc) turn-on.

Horizontal Total (R0)

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 horizontal
SYNC on the horizontal line, in terms of the character
location number on the line.

Horizontal and Vertical SYNC Widths (R3)

This 8-bit register contains the widths of both HSYNC
and VSYNC, as follows:

[lefs]sfa]z]t]o]

2 1 8 4 2

HSYNC WIDTH

T
VSYNC 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.

Vertical Total (R4) and Vertical Total Adjust (R5)

The Vertical Total Register is a 7-bit register containing
the total number of character rows in a frame. The Ver-
tical Total Adjust Register is a 5-bit write only register
containing the number of additional scan lines needed to
complete an entire frame scan. These two registers to-
gether determine the overall frame frequency and, con-
sequently, the frequency of the VSYNC pulse.

Vertical Displayed (R6)

This 7-bit register contains the number of displayed char-
acter rows in each frame.

Vertical Sync Position (R7)

This 7-bit register is used to select the character row
time at which the vertical SYNC pulse is desired to oc-
cur.
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5 SY6545

INTERNAL REGISTER DESCRIPTION
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 X | X|X|X]|X]X| X
0 | 0 |[X|X|X|X|X| X [Address Reg. Reg. No. v 413(2(1|0
0 | 0 |X|X|X|X|X| X [Status Reg. v 716|5
o] 1 |o|olo|olo| Ro |Horiz Total # Charac. NAKIGE 2|1
0 1 |]0[0|0(0O|1 R1 |Horiz. Displayed # Charac. v |716]|5 1
0 1 {0(0|0f1|0]| R2 [Horiz. Sync # Charac. Vv |7]6(5 110
Position
0 | 1 |{0]0(0f1{1| R3 |VSYNC, HSYNC |# Scan Lines/ v |7/6|5[4]|3]|2i1|0
Widths # Char.
0| 1 |0{0f[1]0{0| R4 |Vert. Total # Charac. Row Vv 6|5|4|3[2]1!/0
0 | 1]0{0f{1]|0{1| R5 |Vert. Total Adjust |# Scan Lines N 4|3[2|1]0]
0| 1]ofo]1|1]|0| R6 [Vert. Displayed # Charac. Rows v 4(3|211]0
0 1T (001|111 R7 [Vert. Sync Position |# Charac. Rows N 4132 1~F(
0| 1]|0[1|/0|0|0| R8 |Mode Control v |7 413|2]1|0
0 1 (0{1]|0]0(1 R9 |Scan Line # Scan Lines v 413(2]|110
0 1 |0}1[(0|110| R10 |[Cursor Start Scan Line No. \/ B|P|4]|3]|2|110
g 0 1 [0|1[{0f111| R11 |Cursor End Scan Line No. N4 4(3|2|1|0
2% 0| 1{0[1]1|0{0| R12 |Display Start v 5(4(3|2]|1]0
o 8 Addr (H)
28 0 1 ]0(1 0|1| R13 |Display Start Vv 17|6|8{4|3]|2|1
o Addr (L)
0|1 111[1]0| R14 |Cursor Position (H) ViV 5(4(3|2|1]|0
0|1 1/1[1]1| R15 [Cursor Position (L) vV |716]|5]413[2]|1]0
] 1 |1]{0]0{0|0| R16 [Light Pen Reg (H) V4 5|4|3[2]1]0
0! 1 [1]0{0|0|1| R17 |Light Pen Reg (L) Vv 7\6|5(4|3|2)|1]|0
0 | 1 |1]/o|lo[1]|0{ R18 |Update Location v 514(3(2(1]0
(H)
0 | 1 |1]0l0|1|1| R19 [Update Location v |7]6|5(4|3[2]|1]|0
(L)
0| 1 [t]1{1{1]1| R31 |Dummy Location
Table 1. Overall Register Structure and Addressing
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Mode Control (R8)

This register is used to select the operating modes of the
CRTC and is outlined, as follows:

[lels[afa]z]1]0]

INTERLACE MODE CONTROL

T OPERATION

X | 0 | Non-Interlace

0 | 1 [ Interlace SYNC Raster Scan

1| 1| Interlace SYNC and Video Raster Scan

“ REFRESH RAM ADDRESSING
0" for straight binary
“1" for Row/Column

L—— REFRESH 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
retrace times with update strobe

“1" for updates to be interleaved in ¢1 portion of cycle

Scan Line (R9)

This 5-bit register contains the number of scan lines per
character row, including spacing.

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 described later in this
document.

Display Start Address High (R12) and Low (R13)

These registers together comprise a 14-bit register whose
contents is the address of the first character of the dis-
played scan.

Cursor Position High (R14) and Low (R15)

These registers together comprise a 14-bit register whose
contents is the current position of the cursor,

Light Pen High (R16) and Low (R17)

These registers together comprise a 14-bit register whose
contents is the light pen strobe position. When the LPEN
signal makes a transition from high to low, the contents
of the internal scan counter is gated into the light pen
register.

Update Address High (R18) and Low (R19)

These registers together comprise a 14-bit register whose
contents is the refresh RAM address at which the next
read or update will occur (for transparent address mode,
only). Whenever a read/update occurs, the update loca-
tion automatically increments to allow for fast updates
or readouts of consecutive character locations. This is
described elsewhere in this document.

Dummy Location (R31)

This register does not exist, but is required to detect
when Refresh RAM updates occur. This is necessary for
the ‘“‘transparent” addressing only, and is used to incre-
ment the Update Address Register and to set the Update
Ready bit in the status register.

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 isa "“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.

DESCRIPTION OF OPERATION

Refresh RAM Addressing

There are two modes of addressing for the refresh RAM

{or character storage RAM):

1. Shared Memory
In this mode the memory is shared between the MPU
address bus and the CRTC address bus. For this case,
memory contention must be resolved by means of
external timing and control circuits. Both the MPU
and the CRTC must have access to the refresh RAM
and the contention circuits must resolve this multiple
access requirement.

2. Transparent Memory
For this mode, the refresh RAM is not directly ac-
cessible by the MPU, but is controlled entirely by the
CRTC. All MPU accesses are made via the CRTC and
a small amount of external circuits.

Detailed examples of how each of these modes is imple-

mented are described later in this spec.

In addition, there are two addressing organizations selec-

table:

1. Row/Column
In this mode, the CRTC address lines (MAQ-MA13)
are generated as 8 column (MAO-MA7) and 6 row
(MA8-MA13) addresses. Extra hardware is needed to
compress this addressing into a straight binary se-
quence in order to conserve memory in the refresh
RAM.
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2. Binary
In this mode, the CRTC address lines are straight
binary and no compression circuits are needed. How-
ever, software complexity is increased since the CRT
characters cannot be stored in terms of their row and
column locations, but must be sequential.

Cursor Operation

The Cursor Start (R10) and End (R11) Registers permit
a variable number of scan lines for the cursor output sig-
nal. In addition, 5 and 6 of register R10 select blinking
modes, as follows:

BIT
e CURSOR MODE
0 0 No Blinking
0 1 No Cursor
1 0 Blink at 1/16 field rate
1 1 Blink at 1/32 field rate

Registers R14 and R15 are used to control the character
position of the cursor over the entire 16K address field.
Cursor can be delayed by one character time by setting
bit5of R8toa ‘1"

Interlace Modes

There are three raster-scan display modes (see Figure 1).
a) Non-Interlaced Mode. In this mode each scan line is
refreshed at the vertical field rate (50 or 60 Hz).

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 interfaced scans.

b

-~

Interlace-Sync Mode. This mode is used when the
same information is to be displayed in both odd and
even fields and results in enhanced readability.

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.

c

Some restrictions on interlace mode operation are:

a) The Horizontal Total Character count (register RO)
must be odd, in order to represent an even number of
character times.

b

For Interlaced Sync and Video mode, only, the fol-
lowing registers must be programmed in a non-standard
fashion:

— R4 (Vertical Total) must be programmed to one-
half the actual number desired, minus one. For ex-
ample, for a total of 24 characters high, R4 must
contain 11 (decimal).

— R6 (Vertical Displayed) must be programmed to
one-half the actual number desired. For example,
for 16 displayed characters high, R6 must contain
8 (decimal).

— R7 (Vertical Sync Position) must be programmed
to one-half the actual number desired, identical to

. R6.
In the interlaced scan modes, even and odd fields
EVEN opD EVEN oDD
FIELD FIELD FIELD FIELD
| !
0 0 1 ° 0 PN P 0
1 & d 1 PN D 1 — Pt
A" 4 A4 _ 1 )(‘ 1
2 2N a 2 [ 2 . . N [
4 A ] 2 ( AS AN AN 2 4 2
3 A e N 3 - 3 B
; ¢ - R . 2 8T .
4 —O— DO 4 & 8&—5 ~ . 4 .
5 —@ & 5 & — 5
- 5 5
6 & @ 6 — 6
- 6 6
7 - © 7 — 7
7
& 7

NON-INTERLACED

INTERLACED-SYNC

INTERLACED SYNC AND VIDEO

Figure 1. lllustration of the various scan modes for the example of the letter ‘'H’’ in a 5x7 font.
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REFRESH RAM ADDRESSING
Shared Memory Mode

In this mode, the Refresh RAM address lines {MAO-
MA13) directly reflect the contents of the internal re-
fresh scan character counter. Multiplex control, to per-
mit addressing and selection of the RAM by both the
MPU and the CRTC, must be provided external to the
CRTC. In the Row/Column address mode, lines MAO-
MA7 become character column addresses (CC0-CC7) and
MAB-MA13 become character row addresses (CRO-CR5).

Transparent Memory Mode

In this mode, the RAM address lines (MAO-MA13) switch
between the internal refresh scan counter and the update
register, based on the update/read mode selected (register
R8).

a) No update strobe (register R8, bit 6 a ““0”). In this
case, package pin 34 functions as RA4, not as update
strobe. This selection should be made only when one
of the following modes is used:

1. “SHARED' memory mode.

2. “TRANSPARENT’ memory mode requiring 16
Scan lines/character using interleaved updating of
refresh RAM, so control can be external to CRTC.
For this case, then MAO-MA13 reflect the update
register during ¢1 time and the scan counter during

¢2.

b) Interleaved Updates (register R8, bit 7 a *“1"”). In this
case the address lines reflect the update register during
¢1 time and the scan counter during ¢2.

¢) Horizontal and Vertical Retrace updates (R8, bit 7 a
“0”). In this case, the update strobe is used to in-
dicate when the update address is present on the ad-
dress lines. This will occur during the first available
re-trace time and the strobe is used to enable external
circuits to write or read the Refresh RAM. The CRTC
is alerted that data has been latched into the external
circuits by a write into register R31. Although data is
not stored in the CRTC, the CRTC now operates to
enable the update. When the update occurs (strobe
and address), the status register indicates this (bit 7
becomes a ““1’’') and subsequent writes into R31 cause
the process to repeat (each time, the update counter
advances). Reading the Refresh RAM is accomplished
in a like manner.
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Synertek

INCORPORATED

Asynchronous
Communication
Interface Adapter MICROPROCESSOR

SY6551

PRODUCTS

Preliminary

® 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.

The SY6551 is an Asynchronous Communication Adap- data sets and modems. A unique feature is the inclusion
ter (ACIA) intended to provide for interfacing the 6500/ of an on-chip programmable baud rate generator, with
6800 microprocessor families to serial communication a crystal being the only external component required.
o
2
,O.EW:‘
g O
23
TRANSMIT o ‘
CONTROL ~ fe———— ETS 3
'
TRANSMIT TRANSMIT
DATA SHIFT ———— TxD
REGISTER REGISTER
—— iRQ
STATUS INTERRUPT ===
REGISTER Logic [« beo
62 ———— .
| ¢-———— DSR
RV
o ——f ST
CS; — ] CONTROL BAUD RxC
RS LOGIC :> CONTROL pATE e x7ALt
AS; — o] REGISTER GENERATOR
=ce fe—— XTAL2
RES —— |
RECEIVE |  RECEIVE
DATA SHIFT RxD
REGISTER | REGISTER
DBy <—r—s]
| DATA
i BUS t
1 BUFFERS )
]
D87 ———= COMMAND RECEIVE
REGISTER CONTROL

L

|

l=]
pi
x

|

e
=1
vl

Figure 1. Block Diagram
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ABSOLUTE MAXIMUM RATINGS

Rating Symbol | Allowable Range Stresses above those listed under ““Absolute Maximum
Supply Voltage Vee -0.3V to +7.0V Ratings”” may cause permanent damage to the device.
Input/Output Voltage Vin 0.3V 10 +7.0V This is 'a stress rating only and funct!o.nal operation of

the device at these or any other conditions above those
Operating Temperature Top 0°Ct070°C indicated in the operational sections of this specification
Storage Temperature Ts7o | -55°C 16 150°C is not implied, :

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.

ELECTRICAL CHARACTERISTICS (Vcc = 5.0V * 5%, Ta = 25°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage VIH 2.0 - Vce \%
Input Low Voltage ViL -0.3 - 0.8 \%
Input Leak_igeﬂ'rent: Yﬁ\!:O to 5V. L _ N
(92, R/W, RES, CSq, CS4, RS, RSy, CTS, RxD, DCD, - 1.0 25 | uA
DSR)
Input Leakage Current for High Impedance State st — +2.0 | +10.0| uA
2 (Three State)
2 g Output High Voltage: I gap=-100uA VoH 2.4 — — v
o o Output Low Voltage: ILoAD_=1.6_m_;_A. - Vou. - - 0.4 \
= l:c:) (DBg-DB57, TxD, RxC, RTS, DTR, IRQ)
a Output High Current (Sourcing): Vo =2.4V loH -100 | -1000 - MA
Output Low Current {Sinking): Vo =0.4V loL 1.6 — - uA
OutpﬁLeakage Current (off state): VouTt=5V lorr - 1.0 10.0 | uA
(IRQ)
Clock Capacitance (¢2) CcLk — - 20 pF
Input Capacitance (except XTAL1 and XTAL2) Cin - - 10 pF
Output Capacitance } Cout - - 10 pF
Power Dissipation Pp - 350 500 | mw
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Vi
[— tacw — <—-‘cm—-|
Vi
%o G 0. 15 m

\ Vi

twew _T te—towH—>]
Vin

R /
] Vi

tocw thw

L

Figure 2. Write Timing Characteristics

WRITE CYCLE (Vcc = 5.0V £ 5%, Ta = 0 to 70°C, unless otherwise noted)

SY6551 SY6551A ”gé
Characteristic Symbol | Min Max Min Max Unit ,-‘?, o
Cycle Time teye 1.0 40 0.5 40 Mus % (JD)
¢2 Pulse Width tc 470 - 235 — ns 3,
Address Set-Up Time tacw 180 - 90 - ns ‘
Address Hold Time tcAH 0 - 0 - ns
R/W Set-Up Time twew 180 - 90 - ns
R/W Hold Time towH 0 - 0 - ns
Data Bus Set-Up Time tpew 300 - 150 — ns
Data Bus Hold Time tHw 10 - 10 - ns

(trand tf= 10 to 30 ns)
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teve
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62 / /
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[e— tacR —> le—tcAR—]
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e Vi
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R/W
ViL
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tcor [e—tHR —{

Vou

Figure 3. Read Timing Characteristics

<
o7
‘é S READ CYCLE (Vg =5.0V £ 5%, Ta = 0 to 70°C, unless otherwise noted)
g SY6551 SY6551A
Characteristic Symbol Min Max Min Max Unit
Cycle Time ’ tcye 1.0 40 0.5 40 Ms
Pulse Width (¢2) tc 470 - 235 - ns
Address Set-Up Time tacr 180 - 90 - ns
Address Hold Time tcAR 0 - 0 - ns
R/W Set-Up Time twer 180 | - 90 - ns
Read Access Time tcor - 395 - 200 ns
Read Hold Time tHR 10 - 10 - ns

(tr and t§ = 10 to 30 ns)
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teey

XTAL1

{TRANSMIT . \
CLOCK INPUT}
-—— L —»|
r—‘on-»l

NOTE: TxDrateis 1/16 TxC rate.

Figure 4a. Transmit Timing with External Clock

teeoy

—_— r
RxC
(INPUT)

_

- tCL —»

NOTE: RxD rateis 1/16 RxC rate.

Figure 4c. Receive External Clock Timing

TRANSMIT/RECEIVE CHARACTERISTICS

e

[—TRTS —

le—1RQ:

iRQ
(CLEAR)

Figure 4b. Interrupt and RTS Timing

SY6551 SY6551A
Characteristic Symbol Min Max Min Max Unit _g -
Transmit/Receive Clock Rate tecy 0.5* - 0.5% - us ”g o
Transmit/Receive Clock High Time tcH 235 - 235 - ns g g
Transmit/Receive Clock Low Time toL 235 - 235 - ns a
XTAL1 to TxD Propagation Delay tpp - 500 - 500 ns
RTS Propagation Delay tRTS - 500 - 500 ns
TRQ Propagation Delay (Clear) tira - 500 - 500 ns
(tr, tf = 10 to 30 nsec) 1
*The baud rate with external clocking is: Baud Rate = ——r8——
16 x Teey

INTERFACE SIGNAL DESCRIPTION

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 micropro-
cessor and the SY6551,

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 SY6551. A low on the R/W pin allows a write to
the SY6551.

{RQ (Interrupt Request)

The IRQ pin is an interrupt signal from the interrupt
control logic. It is an open drain output, permitting
several devices to be connected to the common IRQ
microprocessor input. Normally a high level, iRQ goes
low when an interrupt occurs.

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.

CSo, CS; (Chip Selects)

The two chip select inputs are normally connected to
the processor address lines either directly or through de-
coders. The SY6551 is selected when CSg is high and
CS; is low.
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RS¢, RSy

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 folfow-
ing table indicates the internal register select coding:

(Register Selects)

RS RSpo 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. XTAL1 is the input pin for the
transmit clock.

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".

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.

INTERNAL ORGANIZATION

The Transmitter/Receiver sections of the SY6551 are
depicted by the block diagram in Figure 5.

RECEIVER
SHIFT REGISTER

CLOCK
DIVIDER

RxC v
CONTROL f16)
REGISTER
BIT4="1"
cLOCK

BAUD T
RATE DIVIDER
XTAL2 ——»] GENERATOR (:16)

L_._T—‘
| SL?F‘}I'N:AE’?}T;I?;R I ™0

BITS0.3 IN
Figure 5. Transmitter/Receiver Clock Circuits

RxD

SYNC
LOGIC

XTAL1 —>

CONTROL
REGISTER

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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5 SY6551

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
7|6|5[4]3)12[1]0

f BAUD RATE
STOP BITS L GENERATOR
0 = 1 Stop Bit 00|00 | 16x EXTERNAL CLOCK
1 =2 Stop Bits ofojoln 50 BAUD

1 Stop Bit if Word Length olo|1]0 75
= 8 Bits and Parity*

1% Stop Bits if Word Length 0joj1 1 109.92

=5 Bits and No Parity. 0|1 0|0 134.58
0oj1j0}1 150
oo AL —
[6]5] LENGTH L L U 600
o]0 8 1{0[0;0 1200
K] 7 1701011 1800
110 s 1/0)]1]0 2400
T 5 1]0[1 ] 3600
1 1 0|0 4800
RECEIVER CLOCK SOURCE 11|01 7200
0 = External Receiver Clock 11171|0 9600
Baud Rate Generator 111111 19,200

*This allows for 9-bit transmission (8 data bits plus parity).

7 6 5 4 3 2 1.0
HARDWARERESET [0 [oJoJoJoJoJo[o]
JE N I ]

PROGRAM RESET [ =1 -[=1=-1=1T-1

o
X
(o}
&
m
723

R
[}
X
7

Figure 6. Control Register Format

. -OHDIW

COMMAND REGISTER

The Command Register is used to control Specific Trans-
mit/Receive functions and is shown in Figure 7.

COMMAND REGISTER

Glelslalalz[i1e]
i

DATA TERMINAL READY

PARITY CHECK CONTROLS

BIT OPERATION 0 = Disable Receiver/Transmitter
71616 {DTR high)

— { — | 0 | Parity Disabled - No Parity Bit 1 = Enable Receiver/Transmitter
Generated - No Parity Bit Received (DTR low)

0|01 Qdd Parity Receiver and Transmitter
[ 1 Even Parity Receiver and

RECEIVER INTERRUPT ENABLE

Transmitter 0= TRQ Interrupt Enabled from Bit 0
1| 0 | 1 | Mark Parity Bit Transmitted, of Status Register
Parity Check Disabled 1 = IRQ Interrupt Disabled
1 1 | 1 | Space Parity Bit Transmitted,
Parity Check Disabled TRANSMITTER CONTROLS
BIT TRANSMIT RTS OTHER
3| 2 INTERRUPT LEVEL
0] 0 Disabled High -
NORMAL/ECHO MODE ol 1 Enabled Low -
FOR RECEIVER 1]0 Disabled Low -
111 Disabled Low Transmit BRK

7 6 5 4 3 2 1 0
HARDWARE RESET | 0 {0 | 0 | O oj110
PROGRAM RESET -|-|/-{0jofofrio0

Figure 7. Command Register Format
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SY6551

STATUS REGISTER

The Status Register is used to indicate to the processor
the status of various SY6551 functions and is outlined
in Figure 8.

STATUS REGISTER
[7le[sJaJa2]1]0]

[— Parity Error*
0 = No Parity Error
1 = Parity Error Detected

Framing Error*

0 = No Framing Error
1= Framing Error Detected

Overrun*

0= No Overrun
1= Overrun Has Occurred

Receiver Data Register Full

Data Register Empty

Data Carrier Detect (DCD)

m
3

el
S

<

0 = DCD low {Detect)
1= DCD high (Not Detected)

Data Set Ready (DSR)

0 = No Interrupt
*No interrupt occurs for these conditions. | 1 = Interrupt Has Occurred

Figure 8, Status Register Format

PIN CONFIGURATION

%

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 0 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:
® Bit 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",

PACKAGE OUTLINES

28 LEAD CERAMIC

o P oo =

0 = DSR low (Ready)
1= DSR high (Not Ready)
Interrupt (IRQ) ) :ggg:

oo T

(.115)
(1.420) ), (080
{1.380)
7 65 3 2 1 0 =
HARDWARERESET [0 | - | -|1]o[ofo o
PROGRAMRESET [ -] -[=-[=]=1]0o

| L012)
.008)
{.070} (.620)
e (:040) 4_’ L(.no) (:5%0)
1.055) (022) {090}

(010) I<—(015, (.155) (.065)
{125) (015}

28 LEAD PLASTIC

oo O kil ANANAARDBAANNN
CS ]2 27 [ 2
c5 s 26 []iRa (5500
RES [ 4 2508, (530)
RxC [ 5 24 [108s PIN NO. 1 .
XTAL1[{ 6 23[] DB; IDENT.
XTAL2 [] 7 6551 2 ] 0B, YYAVRVAVAY, k‘{ }1}70(»} VUVYY (.160)
RTS [ 8 21[] 0By {1.240) ‘i “3‘” (.610)
e o 20 [ 08, 1.590)
=D [] 10 19 [] DB,
oTR [ n 18 [} DBo ((:g—;g,)
RxD [] 12 17 [ DSR 1.065) (.700)
RS [J13 16 | ] OCD (:045) (600}
(.023) .032 REF
RS []14 15 [ Vee ‘035' (”‘” (.150) (.060)
{:065) {ot8) (090)  {3125) (020)
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System 65

Microcomputer
Development System

Svnertek

INCORPORATED

SYSTEM 65, the fully integrated microcom-
puter development system, built for expansion.
START WITH IT, GROW WITH IT, STAY
WITH IT.

SYSTEM 65

SYSTEM 65 is a new, easy to use, powerful, complete
development system for the 6500 family of micro-
computers. The basic configuration inciudes two built-
in mini-floppy disc drives, 16K bytes of user memory
and 16K bytes of resident operating system. Monitor
commands are self-prompting whenever memory,
peripheral, or disk file assignment is required. Text
editor provides line, string, and character editing
functions. A resident two-pass assembler and dynamic
debug package complete the operating system. Both
source and object code may be maintained in memory
for fast editing, assembling, and checkout. Since the
total monitor, editor debugger and assembler are res-
ident in ROM, 100% of the disk storage and drive
utilization is available to the user. The mini-floppy
diskettes may be used as storage for source and object
code and documentation. Each diskette has the capa-
city for 78K bytes of information in a maximum of
60 files.

SYSTEM 65 supports a variety of terminals with
serial data from 110 baud to 9600 baud. Connectors
are provided for both RS-232C and current loop inter-
facing. Reader ON/OFF signals and RTS/CTS control
signals are standard. Included is a paraliel port pro-
viding automatic control to high speed printers, such
as Diablo, Centronics, and Tally.

FUTURE GROWTH is the key to the SYSTEM 65
architecture and design philosophy. SYNERTEK
realizes that requirements change and therefore we
want the System to grow with you. That is why the
System has been incorporated with extra card slots
for systems expansion.
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GROWTH IS IN THE CARDS. In coming months the
following new optional printed circuit cards will be-
come available: PROM Memory Module, PROM Pro-
grammer, ADD-ON Memory, System Evaluator Mod-
ule and Card Extenders.

SYNERTEK is aware that major enhancements will be
provided by the users themselves in the form of user-
generated software. That’s why SYNERTEK has pro-
vided the flexible and versatile tools necessary to
promote efficiency and productivity. Our DEBUG
Monitor provides eight (8) software breakpoints, one
hardware breakpoint with Scope Sync, a single-step
feature, and a versatile TRACE output with OP Code
mnemonics and Symbolic names. Other DEBUGGER
features include Execution Path History, Register and
memory display, as well as memory write protect.
The System 65 resident text editor will provide the
users with facilitated control at their fingertips.

The resident two-pass Assembler pro'vides the pro-
grammer with powerful software tools. The Assembler
gives the user control of the output which may
optionally be spooled to the diskettes or print out
only error messages or list the entire program. Errors
in listings are “‘chained’’ together and highlighted by
arrows. The user may optionally relocate the code
to another location. A powerful link capability is also
provided which will allow multiple files on different
media to be treated as a single assembler.

v

o
X
(o]
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m
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STANDARD PERIPHERAL INTERFACES

The System 65 offers the user the option to incorpo-
rate his own set of standard peripheral interfaces. The
user then has the ability to place units of their own
choosing and familiarity onto the system. The RS-232
port provides the capability for the placement of most
Keyboard Printers or Display Terminals onto the Sys-
tem 65. If a high speed printer is required the parallel
port connector located on the rear panel of the unit
provides that interface flexibility.

EASE OF USE is a major feature of the System 65.
The front panel controls are minimal consisting of a
RESET Switch, RUN/SINGLE-STEP Switch and a
““power on’’ indicator. System operation is straight
forward with the majority of command functions
being entered from the terminal. A PROM socket
conveniently located on the front panel allows pro-
gramming of 2708/2716 erasable PROMS.

[ Syertek oo e

system 65

System 65
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Multi-Function, Six Digit LCD SY5009A
Watch Circuit With Alarm,

Three Stopwatch Modes, and Event Counter
WATCH PRODUCTS

Synertek

INCORPORATED

BASIC FUNCTIONS

Six Digit LCD display (2 alphanumerics)
Low power (one 1.5V battery operation)
On chip voltage doubler and tripler
Hours/minutes/seconds

Month/date/day

100 year calendar

— Automatic leap year update

12 and/or 24 hour operation

® Complete stopwatch functions

—Time accumulation (start/stop, start/stop ... .)
— Standard split

—Taylor split
— Seconds/100 or minutes/100 resolution
® Event counter
® Alarm
— Hours/minutes - 24 hour alarm
— 7 minutes snooze control
— Momentary warning of pending alarm
— Alarm output for either coil or ceramic resonator
® User adjustable frequency correction
® Single step and fast roll in set modes

The SY5009A is a six digit LCD drive chip containing
the complete circuitry required for time display,
chronograph/stop watch, event count and alarm func-
tions. Additional functional flexibility is obtained by
mask options allowing the customer to define a pro-

duct most suitable for his unique requirements. The
circuit is fabricated with Synertek’s high density
Silicon Gate CMOS process resulting in a reliable
and cost effective product.

ADDITIONAL FEATURES

The following items may be programmed by a mask
option:

Order and number of set modes

Crystal frequency

European date option

Stopwatch resolution (sec/100 or min/100)

User selectable or mask preset 12/24 hour operation
Month/date/day or promotional display

Alarm output polarity

Alarm frequency: The SY5009A is now available
i two versions: The SY5009A-02 with a 2.048
Khz frequency alarm output for a piezo-electric

alarm, and the SY5009A-04 with a 4.096 Khz
frequency alarm output for a speaker alarm or a
piezo-electric alarm.

® Positive or negative case
® Additional segment identifiers
— Stopwatch mode indicator
— Alarm indicator
— Month/date/day or promotional iridicator
® |leading zero suppression on hours, month and
date display
® No rollover in set mode
® Debounce protection on all button inputs

Five basic watches may be obtained by using only certain combinations of the four buttons available as follows:

FEATURES

Time + Date

Time + Date + Stopwatch (no split)

Time + Date + Alarm

Time + Date + Stopwatch (with split)

Time + Date + Alarm + Stopwatch (with split)

BUTTONS REQUIRED

Time (T}, Set (S)

Time (T), Set (S), Start/Stop (S/S)

Time (T}, Set (S}, Split (C)

Time (T), Set (S), Split (C), Start/Stop (S/S)
Time (T), Set (S), Split (C), Start/Stop (S/S)
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5 SY5009A

ELECTRICAL AND OPERATING CHARACTERISTICS

SUPPLY VOLTAGE DEFINITION ABSOLUTE MAXIMUM RATINGS*

VREF Input and Output Voltages +.3 to -5V
Supply Voltages +.3 to -5V

VBAT v Storage Temperature -55°C to 100°C

Ve v * Exceeding the absolute maximum ratings may cause

permanent damage to the device. Functional opera-
tion of the device at these or any other conditions

VREF: Reference Voltage - positive battery terminal not specified in section 3.0 is not implied. Extended
VBAT: Negative battery terminal periods of exposure to absolute maximum ratings
Vpis: Negative display operating voltage may affect device reliabity. )

Ta =25°C, VBAT = VREF -1.5V, VDIS = VREF -3.0Vunless otherwise specified.

SYMBOL PARAMETER MIN TYP MAX UNIT TEST CONDITION
VBAT | Battery operating -1.35 | -1.5 -1.6 \%
voltage
IBAT | Supply current -3.0 -5.0 MA Oscillator running at 32768 Hz.
All inputs and outputs floating.
Vpis | Display operating -2.2 -3.0 -5.0 Vv
voltage
ID1s | On chip display -1.0 uA Vpis =-4.5V
current
I, OL | Inputs/outputs 1.0 uA
leakage
Ic Input pull-up 1.0 LA Inputs activated
current )
VD Doubler voltage -3.0 \
VT Tripler voltage -4.5 \
Va Alarm output 1.0 \
voltage .
A Alarm output 1.0 mA vVa =10V
current

SYSTEM CONNECTIONS

VOLTAGE TRIPLER AND COIL ALARM VOLTAGE DOUBLER AND CERAMIC
RESONATOR ALARM

oispLAY oIsPLAY
Viee
51SEGMENTS S1SEGMENTS,
l [ com com
ALARM 1 cara 0oLF lALARM|
ALARM 2 caP3 ALARM 2
caP2 oor.F
v
8ar e s cap1 -t s
o 500H; o—1 500He
— 1 5000 - 50048
o— vois ooLF o—
s wdn 5 5
o] VREF 0——1
e |
5 | L. =< |
vear
TEST 1 Ojscm" | 150 TEST 1
TEST2 - TEST 2
>t
oscin 7 4 atpF

64
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DISPLAY DEFINITION

COLON

Y=

(6)

Alarm indicator is turned off
and buzzer is disarmed. Alarm
will not go off at the preset
time.

Push C button once

Alarm indicator is on again.
Buzzer is armed and alarm will

@ (I ime. Conti
a ™j1™j| sound at preset time. Continous
4

pushes of button “C” will
1)
isai i i S

toggle the watch between

—_—
MONTH/DATE/DAY
STOPWATCH
ALARM

states (6) and (7).

At the preset time, and with buzzer armed, the alarm

(4)

(5)

L.ﬂ i

LC!]

l.c

Continous display of alarm set
time in hours and minutes, AM/
PM or HR indicator {on digits
5 and 6), and colon. Alarm in-
dicator is flashing regardless of
whether or not the buzzer is
armed.

As soon as T is released, the
display will revert to (3).

Arming and Disarming the Buzzer

During the display mode, if the
alarm indicator is on the alarm
mechanism (coil or piezoelec-
tric disk) is armed and alarm
will sound when preset time is
reached.

Push C button once

FUNCTIONAL DESCRIPTION is about to go off
Basic Time Functions 7 seconds silence - allowing the user
to turn off the alarm
(1) (=t (1 Continous display of hours, before it goes off
' '- - -l '-l minutes, seconds, and colon. If allarmhwz;s not tl:jrned off
- “="| Alarm indicator will be shown fiurmg the 7 seconds
o = Il | only when buzzeris armed (see: interval F 60 seconds
A = | Alarm Functions). 1 second on
l T Push T button and hold 1 second off
1 second on
(2} - == For as'long as T is held, contin- 1 second off
(| ous display of month, date, 1second on [ For a total of 52 seconds
= “= | weekdayand month/date/w?ek- 1 second off
H.‘ I | day identifier. Alarm identifier 1 second on
(i will be shown only when alarm 1 second off
is armed. As soon as T is re- 1 second on
leased, the display will revert . . i
Q ” to (1) At any time after the first beep is heard, the user has
E 5 Al E i three courses of action:
arm Functions: L .
bl 8 1. Push button Tonce This will activate snooze
58 (3) =TI Continous time display control. The alarm sound
Eg ()= = ()| Push T button twice and hold will stop and the alarm

will sound in the following manner:

1 second beep - a warning that alarm

sequence will repeat 7 min-
utes later. This snooze se-
quence can be repeated
every 7 minutes for as ma-
ny times as desired.

2. Push button Conce Alarm sequence is termin-
ated and the buzzer is dis-
armed.

then

Buzzer rearmed. Alarm will
resound 24 hours later.
The alarm mechanism will
complete the 60 seconds se-
quence and will then turn
itself off. Next alarm se-
quence will sound 24 hours
later, or at a newly preset
alarm time.

Push button C again

3. No action

6-6
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SY5009A

STOPWATCH FUNCTIONS

Basic Stopwatch Mode
Basic stopwatch (no split) capability is achieved through addition of the start/stop (S/S) button.

(1)

(2)

(3)

(4)

(8)

29g

l S/s

0o:08
=14

S/s
\ 4

AR
~— .Y

S/s

He:35

Push T
and hold

(6)

7

elease T

<__
ey

P=H=1

u

Push T
and hold

To next state

(9)

(10)

s/s

v
YY:YY
s YY

ITand S/s

(2155
22

Normal time of day display — hours/minutes/
seconds.

Push S/S button once (start)

Stopwatch starts counting. Display shows
running elapsed time in minutes, seconds and
seconds/100. Stopwatch indicator is on.

Push S/S button once (stop)

Stopwatch and display are stopped. Display is
showing elapsed time.

Push S/S button once (start)

Stopwatch and display continue to run from
last stopped time value. Sequence (3) (4) may
be continued indefinitely.

While in any stopwatch state (5), the user may
request and obtain the time of day display or
the month/date/weekday by using the T button
as described in the flow chart to the left (states
[6], [7), [8]). The stopwatch indicator will
remain on during this mode.

Acquiring time of day during stopwatch mode
will not interfere with the running stopwatch.
Button S/S will override during stopwatch mode.
Activating this button will always take the watch
to the next stopwatch state (9), i.e. stop or re-
start the stopwatch. Alarm set time can also be
obtained as described in ALARM FUNCTIONS.

Push T and S/S simultaneously.

The stopwatch is reset to zero. Stopwatch indica-
tor is turned off and display reverts to normal
time of day display.
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SY5009A

(n

(2)

(3)

(4)

(5)

(6)

(7)

STOPWATCH — STANDARD SPLIT MODE

l |
[

24

v CS/S

O
R (|
o )

1 (=7 ™
S e |
~ 3E
vC
T l- ll'l
Le
3 /s
T (|
JJ g T

veC

e { H
v T.S/S
=z
I == El

3b

Normal time of day display
hours/minutes/seconds.

Hold button “C” down and
push button S/S once.

The stopwatch is now in the
standard split mode. No count-
ing started. Stopwatch indicator
is on and digits 5 and 6 show
the display indicating standard
split.

Push S/S button once (start).

The stopwatch starts count-
ing. Display shows running time
in minutes, seconds and seconds
/100.

Push “C" button once (capture)

The display will stop at the cap-
tured time while the stopwatch
keeps running.

Push “C" button once {capture)

A new captured time value will
be displayed. The stopwatch
keeps running uninterrupted.

Any time “C" is pushed, a new
captured time will be displayed.
This can be repeated indefini-
tely.

Push S/S once.

Stopwatch stops running. Dis-
play still retains the previous
captured time (5).

Push C button once {recall).

The display will show the
stopped time. Thus, the user
may record two events which
are very close together by se-
quences 6 and 7.

Push T and S/S button simul-
taneously.

Stopwatch is reset to zero. The
display reverts to the normal
time of day display.

While in this stopwatch mode (anywhere in states 2
through 7), the time of day can be displayed using the
T button in the manner shown in the flow chart of
the basic stopwatch, states 5,6, and 7. This acquisi-
tion of time will not interfere with the stopwatch
operation, but will erase the last captured time.

STOPWATCH — TAYLOR SPLIT MODE

i
I
. E o
C&S/S ¥ -S/S

v S/S

O O
Y
N

STorwaTEn

¥c

N
S R

3B

Y

=0z
bl ()l ot
0
4,
Tec
¥ /s
RRHE=
.
vC
e

R R R
95

$T&S/S
(=212
U= =21
o

.3k

Normal time of day display —
hours/minutes/seconds.

Hold down button ““C""and push
button S/S twice.

The display will indicate (TS on
digits 5 and 6) that the watch
is in Taylor Split Mode. Stop-
watch indicator is on.

Push button S/S once (start).

The stopwatch starts counting.
The display is showing the run-
ning time in minutes, seconds,
and seconds/100.

Push button “C’*once (capture).

The display will show captured
time. The stopwatch is reset to
zero and counting from zero
again.

Push button ““C" once (capture).

Again captured time isdisplayed
indicating the time difference
between this capture and the
previous capture. Thestopwatch
again is reset to zero and coun-
ting up.

Any time "“C" is pushed, a new
capture time will be displayed
showing the difference between
the latest capture and the one
preceding it.

Push S/S once (stop).
Stopwatch stops running. The

display still shows last captured
time.

Push C once.
The display will show the dif-

ference between the stopped
time and last captured time.

Push T and S/S simultaneously
(reset).

Stopwatch is reset to zero. The
display reverts to the normal
time of day.

As in the other stopwatch modes, the time of day dis-
play and month/date/weekday display can be obtained
by using button T without interfering with the stop-
watch operation. (see description: states 6,7, and 8 -
basic stopwatch model). Although the last captured

time will be erased.
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5 SY5009A

EVENT COUNT MODE

p— — Normal time of day display— $ Push S/S any number of times.
( _‘ B '-l ._‘ hours/minutes/seconds. v S/S
(| E— Each subsequent push of S/S
-1 1 Hold down button “C” and '_ '_ { will increase the count by one
IZ° 1 | push button S/S three times. | e R to a maximum of 5999.
C&S/S v ,S/S5S/S T ol
The display will indicate EC - Push buttons T and S/S simul-
on digits 5 and 6 for “Event +T&S/S taneously.
Count”. Stopwatch indicator - = o
e Jo I | will be on. -" '— 1 The event counter is reset to
e e L R zero and the display will re-
+ S/S Push button S/S once. L.{ E'|] vert to the normal time of day.
e e The display will indicate 1"
L R
count,
fromicc ) o 1 As in the previous stopwatch modes, here too, the time
- - Push button S/S once. of day display may be obtained using button T in the
+ S/S manner described in states 6, 7, and 8 of the basic
l-‘ r" ™ :l The display will indicate the stopwatch mode. Doing so will not interfere with the
)l )_l)_ | countof2. event counter.
[(rosaren "3 E "~
g W

FREQUENCY CORRECTION

During the Frequency correction set mode, the user may choose to speed up or slow down the watch to compen-
sate for an inaccurate time keeping. The correction range is plus or minus 1 second per day and it is achieved as
follows:

Each digit increment in this set mode will speed up the watch by 0.1 seconds per day. Each digit decrement wil!

slow down the watch by the same amount. -]
8 mi,
o
Direction of Count g m-
— Az
.0- .- .2- 3- 4- 5- 6- .7- 8- 9- 0+ .1+ 2+ 3+ 4+ 5+ B+ 7+ 8B+ 9+ 0- 2
Center Each increment equals
Position 0.1 seconds per day

Example

The user finds out that his watch is fast by 1 second in 5 days (or 0.2 seconds per day). When getting into the set
mode the display indicates .7+; to slow down the watch by 0.2 seconds he must subtract two (2) increments from
the display shown or change the setting to .5+. The user holds down button T for the following count and releases
T when desired display is reached.

T+ 8+ 9+ .0- - 2- L. .9- .0+ A+ 2+ 3+ 4+ 5+
N I
Initial Final
Value (corrected)
Value




5 SY5009A

SET MODES
General
Entering the set mode is achieved by using the set (S) button {normally recessed).
The SY5009 has 16 set states {not all being used). Since the order of the set states is programmable, the customer may place
blank states anywhere in the sequence as well as determine the last set state at which the watch will return to the rest mode, i.e.
time of day display. Modification of the set information is done by button T in either single step or fast roll manner {2HZ rate
when T is held down. Atany time during the set mode, a push on the “/C" button will return the watch to the rest mode {time of day
display) even if the set sequence was not completed. A typical set sequence is shown in the flow chart below:
Set State No. Mode Typical Display Comments
0 Rest 12:48 Time of day display — Hours/minutes/seconds
1 Set alarm c Display shows hours set for alarm (AM, PM or HR).
hours 4‘7“ Colon and alarm indicator are flashing.
2 Set alarm c Display shows minutes set. Ml indicator is on. Colon
minutes AVA and alarm indicator are flashing.
3 Blank . c Flashing colon.
. :}
vs
4 Set month 2: 2lc_o Digits 1 and 2 display the month, Digit 4 displays the
L year (in a 4 year cycle, leap year is number 4). Colon
+MD flashing. Rotate months through 12 to change year.
S
5 Set date .E 1 c Display CA in digits 5 and 6 for calendar. Digits 3 and
" CR », 4 show the date and colon is flashing.
vs
6 Set weekday . c Flashing colon. Digits 5 and 6 display weekday:
- . :A Monday-MO Wednesday-WE Friday-FR Sunday-SU
; TH Tuesday-TU Thursday-TH  Saturday-SA
s
7 Set hour g, c Flashing colon. Digits 5 and 6 display AM, PM, or HR
. >, if the watch is in 24 hour mode.
PR
S
. 8 Set minutes *. Flashing colon. Digits 5 and 6 indicates MI for ““min-
Q -5 -| c4> utes’. For synchronization to a time standard, set
2 E m 4 minutes to next minute and push “C" or *§” button
& 8] vs at time signal to set seconds to 00.
2 .
w o 9 Blank . c Flashing colon.
b4 o) . -
by >,
s o
=a
= Vs
10 Blank s c Flashing colon.
H >
i 3
vs
n Set frequency : ¢ Flashing colon. Decimal point is on. Digit 5 will showa
correction —, number between 0 and 9. Digit 6 will show (+ or (-) signs.
+'E hd See instructions on preceeding page for set procedures.
S
12 Blank - Flashing colon.
. (34=
A
v
13 Blank . Flashing coton.
. C
e 3
‘ s
14 Blank . c Flashing colon.
15 Blank Flashing colon.
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Synertek

INCORPORATED

Since the inception of the company, Synertek has
played a very aciive iote i the CUSTOM MOS markert-
place. We have found that by maintaining a leadership
position in high-technology standard products, we are
able to offer our custom product customers the most
competitive design/process solutions available in the
industry. Our standard products employ the latest in
design and process techniques in the P-Channe!, N-
Channel and CMOS silicon gate technologies including
the use of ion implanted, depletion-mode devices and
on-chip substrate bias generators. These same tech-
nigues allow the design of the most competitive custom
circuits which in turn gives the desired overall result
for our customer..... an advantage in his marketplace.

The use of custom MOS and CMOS circuits has been
so pervasive that it is impossible to discuss the full
range of potential applications. A sampling of
Synertek’s experience illustrates the extremes:

® Two different 16-bit microprocessors: one
program’s purpose was to reduce the cost of a
top line Minicomputer, and the other for use in
a Distributed Process Control System.

® A printer and keyboard controller in a micro-
processor-based Word Processing System.

® All the digital logic for an electric utility two-
way Load Management System.

® The CMOS logic for a Pocket Paging System.

® The analog and digital circuitry for a Tire Pres-
sure Sensing System.

® The digital circuitry for a Bell-system approved
Touch-Tone Receiver and Repertory Dialer.

This list could go on but the point is that CUSTOM
MOS is being used in almost every sector of the
electronics market and the applications are steadily
advancing into the electromechanical and mechanical
strongholds as well. If the production volume is suffi-
cient, the lower cost and higher reliability of a custom
MOS solution cannot be ignored.

There are several possible levels of interface between
Synertek and our Customers in the design of acustom
product. Some companies prefer that Synertek design
the entire electronic subsystem so that they are free
to concentrate on system design. Other companies

Custom MOS/LSI
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have in-house MOS design groups and they prefer to
provide us with working piates and test tapes. We pre-
fer to work closely with each customer to evolve the
best interface for a specific program at a specific point
in time. The best interface point depends on many fac-
tors including {a) technical difficulty and performance
requirements of the chip, (b) anticipated)aroduction
volume, (c) availability of customer’s design engineers
when the program must begin, and so on. Synertek
has the ability to work at any of the interface levels
and indeed that is the first topic of discussion on any
program. The flow chart on the next page shows the
activities that must be executed promptly and accurat-
ely for a successful program. The amount of time re-
quired for each task depends on the complexity of the
circuit; a realistic range is shown next to each activity.
Before a program is begun, however, our customer
knows the exact schedule for his particular circuit.

A. CONCEPT REVIEW

The initial step in the development of a custom
circuit is a concept review meeting which consists
of detailed discussions reviewing system require-
ments. The purpose of this meeting is to assure that
Synertek’s MOS-LSI Design Engineers fully under-
stand all pertinent system requirements such as:

® Functional Operation.

® Subsystem, or chip, interface requirements,
especially those that may determine which pro-
cess (P, N, or CMOS), must be used.

® Environmental or packaging - requirements.

B. SYSTEM DEFINITION

The block diagrams/flow charts and electrical speci-
fications are established in this phase. These are a
result of contributions by both Synertek and the
customer.

C. LOGIC DESIGN

Conversion of the system functions to MOS logic
implementation is done entirely by Synertek De-
sign Engineers. This logic is optimized for the
particular process and application involved and
will differ substantially from any prior (e.g. TTL)
implementation.



D. CIRCUIT DESIGN

During this phase the individual transistors are
designed to implement the logic, to have the pro-
per /O characteristics, and to execute the intended
function at the proper speed. Particular attention
is paid to critical speed paths in this phase as well
as in composite design.

E. COMPOSITE DESIGN

This is the most time-consuming phase since the
overall chip size directly affects the cost of the
final device. The composite is designed, usually at
1000X, ““by hand’’ as opposed to using a computer
aided placement and wiring program. Creative lay-
out designers are still far superior to computers
and the smaller chips result in very real production
savings. Composite design and circuit design over-
lap somewhat, especially in the area of critical
speed paths.

F. MASK FABRICATION

This phase actually consists of three separate criti-
cal activities.

Digitizing - As sections of the circuit become com-
plete they are digitized on Synertek’s Calma system.
The digitized information is then used to generate
check plots which then are compared to the orig-
inal section of the composite to assure no errors.
This is an iterative procedure which usually requires
several interactions before the data base tape is
approved for the entire composite.

Pattern Generation - All Synertek circuits are, and
always have been, produced without the use of
rubilith (rubies). We go directly from digitizing to
reticle generation, or pattern generation. The reticle
is usually manufactured at 10X. Photographic
“blowbacks’’ are then compared, once again, to
the original composite as one last check to assure
that the tooling is correct.

Working Plate Manufacture - The approved reticle
is then used to step-and-repeat a master plate which
is ultimately used for generation of the working
plates.

G. WAFER FABRICATION

Fabrication of wafers will be performed in one of
Synertek’s modern manufacturing areas. Exactly
which area will be used for a particular device is
determined mainly by the process technology in-
volved. During the fabrication phase, numerous
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quality and electrical inspections are performed on
each wafer to assure that each wafer run is within
the allowable bounds of Synertek’s manufacturing
process.

H. TEST AND ASSEMBLY

Following the fabrication of devices, wafers are
then tested using computer controlled state-of-the
art LSI testers. Each of these machines contains its
own mini-computer and, after being properly pro-
grammed, is capable of doing both functional and
parametric tests. Initial prototype devices will then
be assembled in Santa Clara and subjected to a
complete final test prior to shipment.

BREADBOARD

Since many of our custom circuits contain on the
order of 4,000 gates, a great deal of attention is
required to assure that these chips work right the
first time out. The checking required in composite
design and mask fabrication was touched on above.
We have found, however, that computer-aided pro-
grams for checking logic and circuit design are not
adequate in verifying proper operation of the entire
chip.

In parallel with the logic and circuit design,
Synertek constructs a breadboard which is essen-
tially a transistor-for-transistor duplicate of the cir-
cuit being designed. The breadboard is checked out
by Synertek and then given to the customer for
approval. The breadboard can be wired into the
customer’s system, for example, and the whole
system can be checked out for proper performance.
Perhaps features are added or deleted at this point,
since the customer’s engineering and marketing
people get their first “hands on’’ exposure to this
new product. After approval, the breadboard is
then used by Synertek’s Test Program Development
group to generate and debug the test program prior
to the time wafers are available.

To determine if your application is technically and/or
economically a realistic candidate for Custom MOS
implementation, Synertek can perform a preliminary
analysis in approximately one week. Such items as
functional specifications, logic diagrams if the equip-
ment is already in production using standard compo-
nents, and/or block diagrams improve the accuracy of
the preliminary analysis. If the analysis is promising,
Synertek will then issue a firm quotation.
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SYM-1 Microcomputer Development Board

4 2716 SOCKETS
4K BYTE

ROM EXPANDABLE
TO 16K BYTE
EPROM OR
24K BYTE ROM

ADPDLICATIONS

CONNECTOR

AUDIO

CASSETTE
LOGIC

KEYBOARD
DISPLAY

CONNECTOR
TTY/CRT
INTERFACE 0
LoGIC
SY6522 =
EXPANSION e
SOCKET ?
AUXILLIARY
APPLICATIONS

CONNECTOR

5Y6522

POWER
CONNECTOR

8 2114 SOCKETS
1K BYTE

RAM EXPANDABLE
TO 4K |

EXPANSION
CONNECTOR

SY6522

4 INPUT/QUTPUT
BUFFERS

MEMO

RY
RECONFIGURATION

JUMPER
OPTIONS

Microprocessor Applications

e Experimentation/Training/Engineering/Prototyp-
ing/ Instrumentation/Testing

SYM-1 Features Include:

e Ready to use because it's fully assembled, tested
and completely integrated as soon as you open the
shipping container.

e 51 total 1/0 lines, expandable to 71.

e The powerful SY6502 8-bit microprocessor with
advanced architectural features which make it one
of the largest selling “micros” on the market today.

e Five on-board programmable interval timers
available to the user for timing loops, watchdog
functions, and real-time communications pro-
tocols.

e 4K-byte ROM SUPER-MON resident monitor and
user expandable.

e Single 5-volt power capability is all that isrequired.

e 1K-bytes of static RAM on-board with sockets
provided for immediate expansion to 4K bytes on-
board, with total memory addressability to 65,536
bytes.
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DECQDING 1MHz CORNER
LOGIC CRYSTAL MOUNTING
HOLES

User PROM/ROM — the system is equipped with 4
PROM/ROM expansion sockets for SY2316/
SY2332 ROMs or 2716/2732 EPROMSs, up to 28K
bytes.

Standard interfaces: digital audio cassette recorder
interface with remote control; full duplex 20mA
teletype interface; system expansion bus interface;
TV/KB controller board interface; RS232 compat-
ible interface; four strappable relay drivers orinput
buffers; and a 32-character single line oscilloscope
display interface.

Application port — 15 bidirectional TTL lines for
user applications with expansion capability for
added lines.

Expansion port for add-on modules (51 1/O linesin
basic system)

Separate power supply connector for easy
disconnect of the DC power.

Uses same hardware interface busses as KIM-1
(MOS Technoiogy)



Expansion Features Include:

TV/CRT Keyboard Terminal Module KTM-2
e Resident 8K BASIC interpreter BAS-1

e Port expansion kit PEX-1

* RAM expansion kit SRM-1, SRM-3

On-Board Expansion

The printed circuit board includes in its layout the
capability to add additional ROM, PROM, RAM or
peripheral ports when you require them. SYM-1
doesn’t require you to build up wire-wrap boards to
use these options. SYM-1 options are merely plugged
into the basic unit to give you the added capability
you require. The system is neatly configured and you
won't have to have a “rat’s nest of wires” hanging off
the basic board. We've also maintained KIM hardware
compatibility. Our SYM-1 plugs into any KiIM
motherboard and card cage.

Super Software

Our standard SYM-1 system can be programmed
either in machine language for those users wishing to
gain an in-depth understanding of microprocessor
operations, or it can be loaded with object code
developed on a cross-assembler resident in another
system. Those users wishing to use a higher level
language can purchase our BAS-1 BASIC, a
nominally priced option. Machine status is easily
accessible, and our SUPER-MON monitor gives the
user the same full functional capability of the TTY.
Other software enhancements include:

e Write protect of selectable memory areas.
e Byte search capability

® Break function to halt program

e Enhanced Programmable DEBUG Control
¢ Block Move and Memory Fill functions

e User definable vector branches, and more

Versatility Unlimited

Future growth and expansion is a key requirementin
any system. Both are designed into SYM-1. Unlike
any other system which you “discard” once you've
mastered it, SYM-1 grows with your needs.

You can store your programs in the 1K Static RAM
and debug by simply using the single-step feature of
the monitor. User static RAM is easily expandable to
4K bytes on board the basic unit. The 51 I/O lines
which are available to control your custom appli-
cations can be expanded via an additional socket
provided for Synertek’s Versatile Interface Adapter —
SY6522 to a total of 71 1/0 lines. Our TV/KB interface
board includes an ASCIl keyboard which enables any
home TV (connected through a standard RF adapter)
or CRT monitor to be turned into a versatile video
terminal.
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Applications Unlimited

A Stand-Alone Microcomputer. With the addition of a
user-provided 5-volt power supply, the SYM-1
becomes a functional stand-alone microcomputer
development system. In this configuration, the user
can select any memory addresses; read/modify data;
and execute or single-step programs.

Audio Tape Cassette. By providing the power supply
required together with any audio cassette, the user
will have enhanced his system to include low-cost file
capability and external memory store. The SYM-1
user can create files and block data into records on
tape from SYM-1 memory (with error detection)
choosing either the (KIM compatible) 8 characters/
sec or SYM-1's 185 characters/sec mode.

Teleprinter Interface. The standard 20mA teleprinter
interface which is on-board SYM-1 allows for the
easy installation 'of a Model 33 Teletype, or RS232
Terminal. Once interfaced, theuser can list programs
and maintain permanent data records. The use of the
full Alpha-Numeric keyboard expands the character
set available to the user. The paper tape reader/
punch options allow the user alternative methods for
storing programs and data. The SYM-1 automatically
adjusts for a variety of baud rates.

TV/CRT Interface. With the addition of our KTM-2
option board and a standard RF adapter, the SYM-1
becomes a complete computer system with your TV
or CRT monitor. The full Alpha-Numeric keyboard on
the KTM-2 interface card has the same capability
found in larger and more expensive computer
systems.

Reliability Unlimited

SYM-1 incorporates the tried and tested SY6502 8-bit
microprocessor. This “micro” — with its powerful
architecture — has been incorporated into a
multitude of system designs. It has been used
extensively in TV games where reliability is a must.
The powerful COMBO’s and VIA's (SY6532 and
SY6522), RAM (SY2114) and ROM (SY2332) also
have been extensively used and proven in the field.
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KTM-2 KEYBOARD TERMINAL MODULE

Description
The KTM-2 provides keyboard/display capability to

e Operating Mode

.support any mini or microcomputer terminal require- — Conversational (character operations)

:ment. The keyboard is full ASCII with cursor control e Transmission Mode-Half/Full Duplex
functions keys. The display interface -provides e Scrolling (top-to-bottom then scroll up)
.composite video for an external user provided e Keyboard

monitor or RF modulator for standard T.V.'s. The
screen format is 24 lines x 40 characters.

The KTM-2 hardware is designed to provide flexibility
over screen and character size as well as user
functions. The design is economical using several
Synertek components with custom programming
only, i.e. without hardware modifications.

Features

e Screen Size: 24 lines x 40 characters

e Alpha Character Set — Upper and Lower

o Numeric Character Set

e Graphic Characters, 128 Characters (256 with
reverse video)

Control/Special Characters

6x7 dot matrix character size; 8x8 matrix field size
Full Cursor Control

Addressable Cursor and Data (absolute and
relative)

— Standard TTY layout
— Typamatic (auto repeat after 1 second)
— Tab control
e Communication-programmable baud rates 75-
9600
e Editing
— Erase screen/line
e Auxiliary 1/0 Port (RS232)
e Interlaced screen (switch selectable)
e European version available

User Interface

The KTM-2 operates as a standard terminal with full
ASCIl keyboard and cursor/edit control pad.
Characters are transmitted as they are typed. The
character set available consists of 96 alphanumeric
characters, 32 control characters, and 128 graphics
characters. Any combination of characters may
occupy the screen simultaneously.



CP110 Super Jolt Single Board Computer

MEMORY
EXPANSION
CONNECTOR

SOCKETS FOR
2K BYTE EPROM
OR 4K BYTE ROM

ADDRESS BUS
BUFFERS

1K BYTE
RAM

ADDRESS
DECODE
LOGIC

General

The CP110 SUPER JOLT CPU board is the most
versatile microcomputer on a single PC board.
Connected to a terminal, the CPU card provides
everything necessary to begin writing, debugging,
assembling and executing microcomputer programs.
Stand-alone, the CP110 is a single board OEM
microcomputer suited to a wide range of dedicated
applications.

Measuring a mere 4-1/4" x 7", SUPER JOLT is the
most compact single board computer available.
Consider these features:

® A Synertek SY6502 NMOS 8-bit microprocessor

® 1,024 bytes of static program RAM memory

e 64 bytes of interrupt vector RAM

e 28 bidirectional and programmable 1/0 lines

e A 1 MHz crystal controlled clock

® An interval timer

e Four interrupts, including a timer interrupt and a
non-maskable interrupt

e Three serial interfaces — 20mA current loop,
RS232 and TTL

DATA BUS
BUFFERS

1MHz
CRYSTAL
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RESET
LOGIC

INPUT/QUTPUT

SY6502 SY6530 SY6520 CONNECTOR

SERIAL
INTERFACE
LOGIC

20mA CURRENT
LOOP SERIAL
INTERFACE

TTL SERIAL
INTERFACE

EIA RS232
SERIAL
INTERFACE

POWER
/ CONNECTOR

1 CORNER
&2 —— MOUNTING

ADDRESS DECODE

-5V
LOGIC REGULATOR

e Buffered address and data lines

e 1,024 bytes of resident ROM program memory
containing DEMON, a powerful Debug Monitor
program

e Optional 4,096 bytes of resident ROM program
memory that includes a complete single pass
Resident Assembler Program and a resident TINY
BASIC interpretive language designed especially
for SUPER JOLT systems. Our incredible SUPER
JOLT, with its Resident Assembler Program (RAP)
ROM, functions as a single board development
system permitting assemblies to be made with only
a single pass of a source program from a terminal
or via a TTY paper tape reader. Following
assembly, the programs can be debugged using
the debugging facilities of the DEMON Debug
Monitor program.

For those perferring a higher level language, TINY
BASIC (a subset of Dartmouth BASIC) is available
in ROMs to plug on-board (SW101) and permits
immediate entry and execution of TINY BASIC
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language programs. The ROM software has been
designed so that most any 1/0 device can be used.

By removing the RAP and TINY BASIC ROM, the
CP110 SUPER JOLT board becomes a compact
general purpose microcomputer suitable for any
dedicated application. The vacated ROM sockets
may be used for the user's programmed ROMs or
for the user’s programmed 2708 type PROMs.
CPuU
The heart of the CP110 SUPER JOLT is an SY6502
CPU chip, a parallel 8-bit NMOS microprocessor with
16 address lines. The 8-bit data bus (D0-D7) is
bidirectional and will drive one TTL (1.6mA, 130pf)
load directly. The 64K byte address space is used to
address program memory and to select I/0 devices
for communications with the CPU. Each address line
will also drive one TTL load directly. The chip’s

internal oscillator is stabilized using an on-board 1
MHz crystal.

There are 1,024 bytes of program RAM provided on
the CPU board. The program RAM is hard-wire
addressed as the first 1,024 bytes of the CPU’s 64K of
memory address space.

Programmable 1/0

The programmable 1/0 lines available from the CPU
board are provided by an SY6520 Peripheral Interface
Adapter (PIA) and an SY6530 I/0 chip.
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The PIA has two 8-bit ports with two interrupt-
causing control lines each. Two jumpers are provided
on the board which connect one or both PlA interrupt
outputs to the CPU IRQ interrupt line. A Data
Direction Register for each port determines whether
each 1/0 line is an input or an output.

The SY6530 ROM chip provides 10 additional 1/O
lines that may also be specified as input or output
lines under program control. These 1/0 lines may be
used in conjunction with DEMON for interfacing a
high speed paper tape reader to the CPU board.

Interfacing

The CP110 SUPER JOLT CPU board provides direct
interfacing via RS232, 20mA current loop and TTL.
The 20mA current loop requires +5V and -10V
whereas the RS232 interface requires +12Vand -10V.
All interfaces are wired in parallel on the input and
output, thereby allowing any combination of
interfaces to be used simultaneously.

The CP110 SUPER JOLT is available only as an
assembled board with or without the RAP and TINY
BASIC mask ROM. Other SUPER JOLT Family
support boards are available, including a 4K static
RAM board, MM100. A prototyping board is now
available (AS200) — it has.1inch centers and accepts
wire wrap sockets.






Ordering Information

SY M 2114 L3
Prefix Temperature Range Package Type 4 Digit Device 3 Digit Performance
No Designator — 0°C to 70°C  C - Ceramic Code or Processing Designator
M — -55°C to +125°C P - Molded
X — Special D - Cerdip
X - Dice
F - Flat Pac
T-TO Can

For specially programmed devices (ROM’s, 6630 Combo, etc.) Synertek will assign a special custom
number. This number must be used when ordering these devices.

EXAMPLE:SYP 2316B, C28000: 2048 x 8 .Read Only Memory, plastic 24 pin Dip, 0°C to +70°C,
bit pattern as defined by C28000.

Plastic Dual In-Line —
8 Leads

PIN NO.1 °
DENT.

.032 REF.



Packaging Information
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8 Leads
(.310)
1.280)
PIN NO. 1 o l
1DENT.
i‘—— LE;Z%’ ——’l 1.060)
™ 020y

i |
[ 1

1120)
1.0807

3} (015)
(150} {.008)
| [ A28 — |
1 i
fe— 13200 o
t.021) _,| I._ 1,130 12901
{015] 10.80)
_” F— (.110)
0901

032
REF.

Plastic Dual In-Line —

Plastic D (YaVaVavavata¥i

(.255)
(.245)

PIN NO. 1 l
IDENT, -

PAVAVAVAVAVAVAY

.810)

e ] .31
7a5) 1.060) fear
1.6201

e

L.015)
(008}
00
o 3 —,
032 REF
Ceramic Dual In-Line — N V=N
16 Leads
1.310)
) (280)
PIN NO.
et —e-® l
| :aag{ — 1.060)
lv(oes, i | (0201 1.120)
1.0201 1.080)
- 1.430)
. (.4001 >
A | -
'
—T-‘— 015}
| T'o08]
) (150 —w{la—
T2s)
. h
1.320
s (7290t
——.l F— 1o
(090}
(.060) .032 REF.
1.045)




Packaging Information
Plastic Dual In-Line — AANAAAAAN
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Packaging Information
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Packaging Information

Plastic Dual In-Line —
24 Leads
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Ceramic Dual In-Line — .
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Plastic Dual In-Line —
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Packaging Information

Plastic Dual In-Line —
40 Leads o R
(2.040) ’]

(.550)
{5300
PIN NO. 1
IDENT L]
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Ceramic Dual In-Line —
40 Leads
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CerDIP Dual In-Line —
16 Leads
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Packaging Information

CerDIP Dual In-Line —

18 Leads NN AN IS ININ AN A T
(10}

(.250)

Toer ° l

PV YAV AV AV AV AVAN

CerDIP Dual In-Line —

22 Leads
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{.350)
PINNO. 1 °
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| PV VANV ANV A VPV A (1800
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Los0)___ '
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{1.100 (-390}
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::lo) (110} 032 REF,
(050}
Metal Can —
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