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INTRODUCTION

This book contains detailed spacifications for 111 semiconductor memory integrated circuits manufactured and supplied
warldwide by Texas Instruments. & continuous upgrading of process and design technolagy has resulted in a wide spectrum
of memaory products with information retrieval times from a few nanoseconds to a few microseconds. They cover the basic
mamary functions of serlal storage, random-access mass sterage, permanent read-only storage and programmable read-only
starage of binary information. These LSI high-technology products include:

* 59 MOS Memory products to provide systern econemy and large storage capacity from:
— 11 state-of-the-art high-density single transistor cell 4096-bit RAM's designed specifically for mass storage
systems

— 12 economical industry-standard 1024-bit static RAM's for simplified application in small or medium size
systems

— 24 different shift registers featuring highly efficient arganizations for implementing serial and recirculating

memorics in data communications and display systerns

® A3 TTL high-performance memories, 38 with Schottky clamping, including:

— 266-bit and 1024-bit RAM's featuring modified 121 cell design and single-level metalization to enhance
reliability

—  PROMs featuring Titanium-Tungsten fuse links for fast and reliable programming

—  Maw high density 20-pin 2048-bit and 4096-bit PROM's for reduced board area and system cost

& 7 ECL ultra-high performance memories including:
- B RAM's with access times from 10 ns to 15 ns typically

— 1256-bit PROM using Titanium-Tungsten fuse links with a typical access time of 15 ns

Also included are brief product descriptions of 4 ricroprocessor products from Texas Instruments, 3 manufactured with
MOS technolegy and the other with Integrated Injection Logic {I12L), a revolutionary new semiconductor technology. These
new microprocessor products are directly compatible with most of the semiconducter memary products included in this
hoak,

An eight-page glossary defines symbols and terms vsed with memory integrated circuits in aceordance with current
deliberations by the EIA/JEDEC |Electranic Industries Association) and IEC (International Electrotechnical Commission),

Ordering instructions and mechanical data for the package types available are given at the end of the section for each
iechnalogy {(MOS, TTL, and ECL).

The 38510/MACH IV Procurement Specification is included in its entirety and has been updated to include provisions for
memory circuits and for the CMOS technology, A current listing of JAN MIL-M-3B510 integrated circuits provideds
cross-reference from circuit type numbar to 38810 slash sheet and from 3BB10 slash sheet to cireuit type number, Also
covered are the 4096-bit RAMs processed to level 111 of the MACH IV specification,

The final section in the book is on 1C sockets and intereennection panels. T1 produces a complate lineg of these products, and
their inclusion here provides a handy reference for the design engineer.
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SHIFT REGISTERS
SELECTION GUIDE

SHIFT REGISTERS

BITS PER REGISTERS PER PACKAGE
REGISTER 1 2 4 4] o
TMS 3112
32 TMS 3122
TMS 3123
THMS 3121
64
TMS 3417
TS 3120
B0 TMS 3135
TMS 3408
96 TMS 3126
TMS 3107
100 TMS 3137
TME 3127
TMS 3114
128 TMS 3138
THS 3128
132 TS 2129 TMS 3139
THS 3113
132 TS 3140
TMS 2120
136 TMS 313
144 TMS 3132
512 TS 3401
1024 TM5 3133
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GLOSSARY
MEMORY INTEGRATED CIRCUIT TERMS AND DEFINITIONS

INTRODUCTION

This glossary consists of three parts: {1) general concepts and types of memories, {2) operating conditions and
characteristics {including letter symbols), and {3) graphic symbols and [ogic conventions. The terms, symhbols,
ubbreviations, and definitions used with memory integrated circuits have not, gs yet, been standardized, Al are
currently under consideration by the EIA/JEDEC (Electronic Industries Association) and the 1EC {International
Electrotechnical Commission), The following are as consistént with the past and future works of these organizations as
is pussible to anticipate at this time,

PART I-GENERAL CONCEPTS AND TYPES OF MEMORIES
Chip-Enable Input

A control input to an integrated circuwit that, depending on the logic level applicd to it, will either permit or prevent
operation of the device for input, internal transfer, manipulation, refreshing, and output of data.
NOTES: 1. Retention of data by a static memory is nat affected by the logic level of the chip-enable input.

2, See "Chip-Select Input.”

Chip-Salect Input, Output-Enable Input

A control input to an integrated circuit that, depending on the logic level applied ta it, will either permit or prevent the

output of data lrom the device. ’

MOTES: 1. A chip-select input usually differs from a chip-snable input in that the chip-select input does not
necessarily prevent input and internal manipulation of data when it disables the output, while the
chip-enable input has that broader functian,

2. When disahled by a chip-enable or chip-select signat, the outputs will assume a low lavel, a high level, ar a
floating fhigh-impedance) state, depending on the design of the particular circuit.

Dynamic {Read/Write} Memory
A readfwrite memory in which the cells require the repetitive application of contral signals in order to retain the data
stored.
NOTES: 1. The words “read/write” may be omitted from the term when no misunderstanding will result.
2. Such repetitive application af the conlrol signals is narmally called a refresh operation.
3. A dynamic memary may use static addressing or sensing circuits.
4. This definition applies whether the control signals are generated inside or outside the integrated circuit.

First-In, First-Out (FIFO) Memory; Digital Storage Buffer

A memory from which data bytes ar words can be réad in the same order, but nat necessarily at the same rate, as that
cf the data entry.

Last-In, First-Out {L1FO} Memary
A memary from which data bytes or words can be read with the order reversed from that of data entry.
Mask-Programmed Read-Only Memory

A read-only memory in which the data content of each cell is determined during manufacture by the use of a mask, the
data content thereafter being unalterabla.

Memory Cell

The smallest subdivision of a memory into which data has been or can be entered, in which it is or can be stored, and
fram which it can be relrigved.

TEXAS INSTRUMENTS
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GLOSSARY
MEMORY INTEGRATED CIRCUIT TERMS AND DEFINITIONS

Memaory Integrated Circuit

An integrated circuit consisting of memory eells and usually including associated circuits such as those for address
selection, amplifiers, ete,

Parallel Access

A feature of a memory by which all the bits of 2 byte or word are entered simultanequsly at several inputs or retrieved
simultaneausly from several outputs.

Programmable Read-Only Memory (PROM)
A read-only memory that after being manufactured can have the data cantent of each memery cell altered once anly,

Random-Access Memory (RAM)

A memory that provides access 1o any of its address locations in any desired sequence with similar nominal access time
for each location.

NOTE: Although this term can be used with either read/write or read-only memories, it Ts often used by itself in
referring to a read/write memory,

Read-Only Memory {ROM)

A memaory intended to be read only.
MOTE: Unless otherwise qualified, the term “read-only memory™ implies that the content is unalterable and defined
by construction,

Read/Write Memory

A memory in which each cell may be selected by applying appropriate electronic input signals and the stored data may
be either (a) sensed at appropriate output terminals, or (b} changed in response to other similar electranic input signals.

Reprogrammable Read-Only Memory

A read-only memory that after being manufactured can have the data content of each memory cell altered more than
once.

Serial Access

A feature of a memary by which ail the bits of a byte or word are entered sequentially at a single input or retrieved
sequentially from a single output.

Static (Read/Write) Memory
A read/write memory in which the data is retained in the absence of control signals.
MNOTES: 1. The words “read/write” may be omitted from the term when no misunderstanding will result.
2. A static memory may use dynamic addressing or sensing circuits.

Volatile Memory

A memory the data content of which is lost when power is removed,

TEXAS INSTRUMENTS
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GLOSSARY
MEMORY INTEGRATED CIRCUIT TERMS AND DEFINITIONS

PART II—DPERATING CONDITIONS AND CHARACTERISTICS (INCLUDING LETTER SYMBOLS)
The symbols for quantities involving time usc upper and lower case letters according to the following historically
evolved principles:

a, Time itself, is always represented by a lower case t.

b, Subseripts are lower case when one or more letters represent single words, e.g. d far delay, su for setup, rd for
read, wr for write,

¢, Multiple subscripts are upper case when cach letter stands for a different word, e,g, CS for chip select, PLH for
propagation delay from [ow 10 high, RMW for read, modify write,

Access Time

The time between the application of a specified input pulse during a read cycle and the availability of valid data signals
at an output.

Exarnple syrmbolagy:

tafad,LH} Aceess time from address, low-to-high-level output
tajad,HL) Access time from address, high-to-low-leve| output
2{CE} Access time from chip enable
talCs) Access time from chip select

Current

High-level input current, 1|4
The current into” an input when a high-level voltage is applied to that input.

High-level output current, IpH
The current into® an output with input conditions applied that according to the product specification will establish a
high level at the cutput.

Low-level input current, 1|
The current into™ an input when a low-level voltage is applied 1o that input.

Low-level output current, gL
The current inte® an output with input conditions applied that according to the product specification will establish a
low level at the output,

Off-state {high-impedance-state} output current (of a three-state output), lgz
The current inte® an output having three-state capability with input conditions applied that according to the product
specification will establish the high-impedance state at the output,

Short-cirguit cutput eurrent, 135
The current inte™ an output when the autput is short-circuited to ground (or other specified potential) with input

conditions applied to establish the output logic level farthest from ground potential {or ather specified potential).

Supply current, ICc. 1DD, |EE. 1GG. 1SS
The current into*, respectively, the Voo, VDD, VEE. VGG. or V85 supply terminal of an integrated circuit.

*Current nut of a terminal is given as a negative valut.

TEXAS INSTRUMENTS 12
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GLOSSARY
MEMORY INTEGRATED CIRCUIT TERMS AND DEFINITIONS

Cycle Time

Read cycle time, toird} (see note)
The time interval between the start of a read cycle and the start of the next cycle,

Read, modify write cycle time, te(RMw) (see nota]
The time interval between the start of a eycle in which the memory is read and new data is entered and the start of the
next cycle,

Write cycle time, tc(wy) {see note)

The time interval between the start of a write cycle and the start of the next cycle.

NOTE: The read, write, or read, modify write cycle time is the actual interval between two impulses and may be
insufficient for the completion of operations within the memory. A minimurm value is specified that is the
shortest time in which the memory will perform its read and/for write function correcily.

Data Valid Time

Data valid time with respect te chip select, tpy(CS)
The interval following chip deselection during which cutput data continues to be valid,

Data valid time with respect to address, tpy(ad)
The intarval following an initial change of address during which data stored at the initial address continues to be valid at
the output,

Delay Time

The time between the specified reference points an two waveforms,

Example symbology:

Hold Time

tdlp1-62) Delay time, clock 1 to clock 2
td{PH-CEH) Dielay tirme, precharge high to chip enable high
Hold time, t,

The interval during which a signal is retained at a specified input terminal after an activa transition occurs at another

specified input terminal,

NOTES: 1. The hold time is the actual time between two events and may be insufficient to accomplish the intended
result. A minimum value is specified that is the shortest interval for which correct operation of the lopic
elemeant is guaranteed.

2. The hold time may have a negative value in which case the minimum limit defines the longest interval
{between the release of data and the active transition) for which correct operation of the logic element is
guaranteed,

Example symbology:

thiad) Address hold time
thida) Data held time
third} Read hold time
thiwr) Write hold time
thirs) Resat hold time
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GLOSSARY
MEMORY INTEGRATED CIRCUIT TERMS AND DEFINITIONS

Output Enable and Disable Time

Output enable time (of a three-state output) to high level, tpzH (or Jow level, tpz| )
The propagation delay time between the specified reference points on the input and ocutput voltage waveforms with the
three-state cutput changing from a high-impedance {off} state to the defined high (or low) level,

Cutput enahle time (of a three-state output) to high or low level, tpzx
The propagation delay time between the specified reference points on the input and output voltage waveforms with the
three-state output changing from a high-impedance {off} state to either of the defined active levels {high or law),

Output disable time (of a three-state output} from high level, tpyz lor low level, tp_Z)
The propagation delay time between the specified reference points an the input and output voltage waveforms with the
three-state output changing from the defined high {or low) level ta a high-impedance {off) state.

Cutput disable time (of a three-state output) from bigh or low level, tpxz
The propagation delay time hetween the specified reference points on the input and autput voltage waveforms with the
three-state autput changing from either of the defined active levels {high or law} to a high-impedaznce [off} state.

Propagation Time

Propagation delay time, tpp
The time between the specilied reference points on the input and output voltage waveforms with the output changing
from one defined level {high or low) to the other defined leval,

Propagation delay time, low-ta-high-level output, tpLH
The time between the specified reference points on the input and output voltage waveforms with the output changing
from the defined law level to the defined high leval.

Propagation delay time, high-to-low-level output, tpH),
The time between the specified reference points on the input and output voltage waveforms with the output changing
from the defined high level to the defincd low level,

Pulse Width

Pulse width, 1y
The time interval between specified reference points on the leading and trailing edges of the pulse waveform.

-

Example symbology:

WwiCEH) Pulse width, chip enable high
WwiCEL) Pulse width, chip enable low
twe(clr) Clear pulse width

twiCs) Chip-select pulse width
tyy() Clock pulse width

twe(rs) Reset pulse width

tuwfwr) Write pulse width

TEXAS INSTRUMENTS
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GLOSSARY
MEMORY INTEGRATED CIRCUIT TERMS AND DEFINITIONS

Recovery Time

Sense recovery time, tsg
The time Interval needed to switch a memory from a write mode to a read mode and to obtain valid data signals at the
output,

Write recavery time
The time inter¢al between the termination of a write pulse and the initiation of & new cycle.

Refresh Time

Refresh time, trafyesh (see note}

The time interval between successive signals that are intended to restore the level in a dynamic memory cell to its

original level,

NOTE: The refresh time is the actual time between two refresh operations and may be insufficient to protect the
stored data. A maximurn value is specified that is the longest interval for which correct operation is guaranteed.

Setup Time

Setup time, tg;

The time interval between the application of a signal that is maintained at a specified input terminal and a consecutive

active transition at anather specified input terminal,

NOTES: 1. The setup time is the actual time between two events and may be insufficient to sccomplish the setup, A
minimum value is specified that is the shortest interyal for which correct operation of the logic element is
quaranteed.

2. The setup time may have a negative value in which case the minimum limit defines the longest interval
{between the active transition and the application of the other signal} for which correct operation of the
logic element is guaranteedl.

Example symbology:

tsufad) Address setup time
teuidal Data setup time
tsulrd) Read setup time
tou{wr) Write setup time

Transition Time

Transition time, low-to-high-level, tTLH
The time between a specified low-level voltage and a2 specified high-level voltage on 3 waveform that is changing from
the defined !ow level to the defined high level.

Transition time, high-to-low-level, tyHL
The time between a specified high-level voltage and a specified low-level voltage on a waveform that is changing from
the defined high leve! to the defined low level.

Voltage

High-level input valtage, V|H

An input voltage within the more positive lless negative) of the two ranges of values used to represent the binary

variables.

NOTE: A minimum or B-limit value {V|HR. VIH'B) is specified that is the least pasitive {most negative} value of
high-leve! input voltage for which operation of the logic element within specification limits is guaranteed, For
ECL cireuits, a least-negative-limit value (V14 Al is also specified.
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GLOSSARY
MEMORY INTEGRATED CIRCUIT TERMS AND DEFINITIONS

High-level output voltage, VOH
The voltage at an output terminal with input conditions applied that according 1o the product specification will

establish a high level at the output.

Input clamp voltage, VK
An input voltage in a region of relatively low differential resistance that serves to limit the input voltage swing.

Low-level input voltage, VL
An input valtage level within the less positive {more negativel of the two ranges of valucs used to represent the binary

variables.

NOTE: A maximum or A-limit value (VLA or VI a) is specified that is the most positive {least negative} value of
low-level input voltage for which operation of the logic element within specification limits is guaranteed. For
ECL circuits, a most-negative-limit value (VL g} is also specified.

Low-level output voltage, Vor
The voltage at an output terminal with input conditions applied that according to the product specification will

estahblish a low level at the output.
PART II—GRAPHIC SYMBOLS AND LOGIC CONVENTIONS

All graphic symbols shown in this section are standard in the USA (ANSI and 1EEE] and internationally {IEC].

MNegation and Polarity Indication, Use of Bars
In this baok, the logic negation symbal @ and the polarity indicator o= are used interchangeably to indicate:

a. & control input {e.g. chip select} that is active when it is at its low logic level.

b, A dynamic input {e.q, clock} that is active on its high-ta-low transition.

c. A data input that is out of phase with a data output that is not marked with a negation symbo! or polarity
indicator,

d. A data output that is cut of phase with a data input that is not marked with a negation symbol or polarity
indicator.

MOTE: If both data input and output are marked with a negation symbol or polarity indicator, thay are in phase with
each other. When used with a memory, the terms ““in phase,” “out of phase,” and “inverted’' refer to the
relationship between the level at the input when a particular data bit is entered and the level at the cutput
when that same bit is retrieved, not to the inpuet and output levels at a given instant,

Thess three symbols are equivalent and represent a noninverting function:

These four symbols are equivalent and represent an inverting functian:

N N
L
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GLOSSARY
MEMORY INTEGRATED CIRCUIT TERMS AND DEFINITIONS

Letter abbraviations that represent inputs or ouiputs meeting criteria a, b, ¢, or d above are vsually used with a bar,
Examples: CS and E represent chip-select and enable inputs that select and enable when low and do not select
and enable when high. DO represents a data output the signal levels of which are inverted {out of phase] with

respect to data input DI,

Transistor Graphic Symbols

B B B
E E E
SCHOTTKY-CLAMPED
N-P-N BIPOLAR N-P-N BIPOQLAR P-N.-P BIPOLAR
TRANSISTCOR TRANSISTOR TRANSISTOR
[»] D
l U (SUBSTRATE) I U ISUBSTARATE]
G G
5 3
MN-CHANNEL MOS P.CHANMWEL MDS
DEPLETION.-TYPE DEFLETION-TYPE
FIELD-EFFECT TRANSISTOR FIELD-EFFECT TRANSISTOR
v} [a]
| = U (SUBSTRATE) l j—— U [SUBSTRATE)
G |—‘ G [—]
-] s
MN-CHANNEL MDS P-CHAMNNEL MOS
ENHANCEMENT-TYPE ENHANCEMENT-TYPE
FIELD-EFFECT TRANSISTOR FIELD-EFFECT TRANSISTOR
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INTERCHANGEABILITY GUIDE

Direct replacements wers hased on similarity of electrical and mechanical characteristics as shown in currently
published data. Interchangeability in particular applications is not quaranteed. Before using a device as a substitute, the
user should compare the specifications of the substitute device with the specifications of the ariginal.

Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use thereof. No
liability is assumed for damages resulting from the use of the information contained in this list.

ECL CIRCUITS
{alphabetically by manufacturers}

ECL package cross-reference:

Tl Fairchild Motorola Signetics
Ceramic dual-in-line J D L F

Ceramic and metal dugl-in-line JE AL

FAIRCHILD SEMICONDUCTOR

FSC TI DIRECT
TYPE REPLACEMENT
Fi0405 SN10147
F10410 SN10144
MOTOROLA

MOTOROLA TI DIRECT

TYPE REPLACEMENT
MMC10140 SN10140
MMC 10142 5MN10142
MMC10144 SN10144
MMC10145 SN10145
MMC10147 SN1D747
MMC10148 SN10148

SIGNETICS

SIGNETICS TI DIRECT

TYPE REPLACEMENT
510129 SN10139
510140 SN10140
510144 SMN1D0144
S10146 SN101456
510148 SMN10148
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MOS CIRCUITS

{alphabetically by manufacturers)

ADVANCED MICRO DEVICES

AMD Ti DIRECT RECOMMEMNDELD
TYPE DESCHIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
AR 1002 2% 128 SER TME 3128/3138 2 x 128 55RO x 128 55R
AM 14024 4 x 256 DER TMS 3133 1 x 1024 35R
AM 14034 2xB51205R TMS 3123 1 x 1024 551
AN 14044 1x 1024 DSR TMS 2133 T % 1024 55R
AR 1406 2 x 100 D3R TMS 3127/3137 2 % 100/9 x 100 55R
AR 1407 2 x 100 D3R TMS 312713137 2 % 100/9 x 100 55R
AR 205 1x512 DER TMS 3133 1 x 1024 85R
Al 2812 1 % 1024 DER TS 3133 1 x 1024 55R
Alt 2521 2 %128 55R TS 3128/3138 2 % 128 S88R/9 x 128 55R
AN 2524 1 xE812D5R TMS 3133 1 x 1024 85R
AN 2525 1 x 1024 DER TMS 3133 1 x 024 S5R
AN 2R33 1 x 1024 55R TMS 3133 TMS 3133 1 x 1024 85R
AM 2803 2 x 512 DSR TMS 3133 1 x 1024 §58
AM 2804 1 x 1024 DSR TME 3133 1 x 1024 §5R
AN 2805 1xE61Z2D5R TS 31332 1 % 1024 55R
AR 2B08E 1 x 1024 DSR TMS 3133 1 x 1024 55R
AN 2807 1% 512 DSR TMS 3133 1 x 1024 55R
Al 2808 1 %1024 DSR TME 3133 1 % 10324 551
AM ZEOZ 2% 128 85K TMS 3128/3138 2 x12855R/9 x 128 55R
AN 2810 2 x 128 55R TME 3128/3138 2% 128 S5R{Y % 126 55R
AN 2814 2 x 128 85F TMS 2114 TMS 3128 2 x 128 55R
AN 2833 1 %1024 S5R TMS 3133 THS 3133 1 x 1024 85R
Abl 7841 &4 x 4 FIFD TMS 4024 64 2D FIFQ
Al 3114 2% 128 53R TS 3114 TMS 3128/3138 2 x 128 55R/9 x 128 55R
AM 3341 6d x 4 FIFD TS 4024 G4 x9 F|FQ
AR 4057 12512 8ER TMS 31332 1 x 1024 55R
AM BDET7 1 x51285R THS 3133 1 x 1024 S8R
AME102 1= 1024 5RAM TMS 3034 TS 4051 1 x 4D96 DRAM
AMS102A 1 = 1024 SRAM TMS 4033 ThS 4051 1 x 4096 DRAM
AMERICAN MICROSYSTEMS INCORPORATED
Al TI DIRECT RECOMMENDED
TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
51463 2 x 64 S5R TWME 3121 4 % 64 550
51670 2 x 100 85R TMS 3127/3137 2 x 100/9 x 100 55R
51687 1 % 1024 D3R TMS 3133 1 x 1024 85R
51701 2x 612 D5R TMS 3133 1 x 1024 55R
51708 Ex 13FIFD THWS 40249 64 x93 FIFC
$ 2103 1 x 1024 DEAM {TMS ADBZ/M063 1 = 1024 DRAM
THMS 4030 1 x 4096 DRAM
591456 t x 1024 DAAM {TMS 40582/4062 1 x 1024 DRAM
THS 4030 1 %4096 DRAM
53102 1 x 1024 SRAM TME 4035 THME 4051 1 = 409G DRAM
531024 1 % 1024 SRAM TME 4033 TS 4051 1 » 4096 DRAM
s 31028 1 x 1024 SRAM TS 4034 THES 4051 1 = 4096 DRAM
S 3103 1 % 1024 DRAM {TMS 4062/4083 1 x 1024 DRAM
TMS 4050 1 = 1096 DRAM
lex)e\sI INSTRUMENTS

NL{OHPORATED

FOST DFFICE HOX RD1E « DALLAS. TENAS 75722

25




INTERCHANGEABILITY GUIDE

AMERICAN MICRO5YSTEMS INCORPORATED

Al Tt DIRECT RECOMMENDED
TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
s 4005 1 % 1024 DRAM {TMS 40624063 1 x 1024 BRAM
TS 4050 1 x 4098 CRAM
% 4008 1 x 1024 DRAM {TMS ADG2/4063 1 x 1024 GRAM
TS 4050 1 % 4096 DRAM

ELECTAONIC ARRAYS

EA Ti DIRECT RECOMMENDED
TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
EA 1004 2= 100 558 TMS 3127/3137 2 % 100/9 x 100 55R
EA 1005 2 x 100 5H TMS 312773137 2 x 100/9 x 100 53R
EA 1008 2 x B0 5S8R TMS 212043135 4 x 80/8 x 80 S8R
EA 1008 2 x B0 S5R TMS 312043135 4 » 80/9 x 80 SSR
EA 1012 2 x 50 $5R TMS 3002 2 x 50 SSR
EA 1200 4 x 32 OSSR THS 3132/23 g x 32 55R
EA 1201 4q x 32 D5R TMS 3122723 G x 32 38R
EA 1206 1 xB12D5R TMS 3133 1 %1024 38R
EAa 1212 1 x 512 DER TMSE 3133 1 x 1024 85R
EA 1212 4 x 80 DSR TMS 3120/3126 4 x 80/9 x 80 SSR
EA 1214 4 x 80 D5R TMS 3120/3135 4 % 80/9 x B0 5SR
EA 2102 1 x 1024 SRAM TKS 4035 TMS 4035 1 % 1024 5RAM
EA 3501 ASCH GEN THMS 2501 ASCI GEN
EA 3701 ASCII GEN ™S 4103 ABCIL GEN
EA 4501 ASCII GEN THS 2501 ASCI GEN
8 x 2048 ROM
€A 4800 8 x 2048 AOM TMS 4300 TMS 4800 { 4 x 4096 ROM
EA 4900 B x 2048 ROM TS 4800 T3 4800 { 8 x 2048 ROM
4 » 4086 ROM
FAIRCHILD SEMICONDUCTOR
FSC TI DIRECT RECOMMENDED
TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
3325 4 % 64 DSR TMS 3121 4 x G4 DSA
3229 1 x512D05R TMS 3133 1 x 1024 S5R
334 4 x &4 FIFQ TMS 4024 64 x 9 FIFD
3342 4 x 64 S5R TMS 3121 TMS 3121 4% 64 S8R
3343 2% 128 55R TMS 312873138 2 x 128 88R/% x 128 8%R
3344 2% 13258R TMS 312013138 2 x 132 5SR/9 x 128 SSA
3345 2 x 136 58R ™S 3131 8 x 136 S5
3346 2 x 144 55R TMS 3132 B x 144 SSR
3347 4 = B0 S8R TS 3120 TMS 3120/3135 4 x 80/9 x B0 S5R
3348/9 6 x 3255R TS 3112122 TMS 2112/22 6x 3255R
3305 1 x 1024 558 TS 3133 TMS 3133 1 x 1024 SSR
2383 1 = 256 DER TMS 3417 4 x B4 D5A
{ TMS 4062/63 { 1 % 1024 DRAM
3524-5 1 x 1024 DRAM
THMS 4050 1 % 4096 DRAM
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GENERAL INSTRUMENT

Gl TI BIRECT RECOMMENDED
TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
SL-5-2100 2x 128 55R TMS 3128/2138 2 % 128 S5R/9 % 128 §5R
SL-5-C2100 2 x 100 58R TMS 312713137 2 % 100/9 x 100 $5R
5154032 4 x 32 35R TMS 2122 6 x 32 S8R
SL-6-2084 2 x 64 55R T™S 3121 4 x £4 85R
£18.1612 1% 513 85R TMS 3132 1x 1024 5SR
5L-9-4080 4 x 80 SSR TMS 3120/3136 4 x 80 S5R/9 x 80 SSR
DL-9-14024 4 x 256 DSR TMS 3133 1 % 1024 S5R
DL-9-1403A 2 x 512 DSR TWS 3133 1 x 1024 8SR
DL-g-14044 1x 1024 DSA T™MS 3123 1 x 1024 S8R
DL-6-2100 2 x 100 DSR TWS 212743137 2 % 100/9 x 100 55R
DL-6-2128 2x 128 DSR TMS 3128/3138 2 x 128 55R/9 x 128 58R
A 91103 1 % 1024 DRAM {TMS 4062/63 {1 x 1024 DRAM
TMS 4050 1 x 4096 DRAM
AY-51012 UART TS 6011 TMS 6011 UART
INTEL
INTEL TI DIRECT RECOMMENDED
TYPE DESCRIPTION REPLACEMENT FOH NEW DESIGN DESCRIPTION
1103 ! x 1024 DRAM NS 1103 {TMS 405074051 {1 x 4096 DRAM
TMSA060 1 x 4096 DRAM
13112013 ASCII GEM TMS 2501 ASCIl GEN
C14024 4 x 266 DSR TMS 3133 1x 1024 55R
C1403A 2% 512 DSA TMS 3133 1 x 1024 38R
C14044 1 x 1024 DOSR T™S 3132 1 x 1024 85R
C1405A 1 x 512 DSR THS 3133 1 x 1024 §5R
1406/ 1506 8 x 100 DSA TMS 3127/3137 3 % 10049 x 100 85A
140741507 2% 100 50R TMS 3127/3137 2 x 100/8 x 100 S5R
2101 4 x 266 SRAM TMS 4038 TMS 4039 4 x 756 SRAM
21011 4 x 266 SRAM TMS 40382 TMS 4038-2 q x 256 SRAM
210t.2 4 x 256 SRAM THMS 40391 TS 4039-1 4 x 256 SRAM
2102-1 1 x 1024 SRAM TMS 4033 TMS 4033 1 % 1024 SRAM
21022 1 x 1024 SRAM TMS 4034 TMS 4034 1 x 1024 SRAM
3102 1 x 1024 SRAM TMS 4035 TMS 4035 1% 1024 SRAM
2111 4 x 256 SRAM TMS 4042 TMS 4042 4 x 256 SRAM
211141 4 x 266 SRAM TMS 4042-2 TMS 4042-2 4 x 256 SRAM
21112 4 x 286 SRAM TME 4042-1 THS 40431 4 x 256 SRAM
2112 4 x 256 SRAM TS 4043 TMS 4043 4 x 756 SRAM
21122 4 x 258 SRAM TMS 40431 THS 4043-1 4 x 256 SRAM
TMS 4043-2
F2406 1 x 1024 BSR TMS 2123 1 x 1024 558
21074 1 x 4006 DRAM TMS 4030/4060 TMS 4030/4060 1 % 4056 DRAM
8308 8 x 1024 ROM TME 4700 TMS 4700 8 x 1024 RCM

TEXASI lNSTngDM ENTS

MNCORPORAT
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INTERCHANGEABILITY GUIDE

INTERSIL

INTERSIL TI DIRECT RECOMMENDED

TYPE DESCRIPTION REPLAGCEMENT FOR NEW DESIGN DESCRIPTION
IM 7652 1 x 1024 SRAM THS 4035 TMSE 4035/4051 1 x 1024 5RAM
IM 7E52-2 1 % 1029 SRAM THS 4034 TMS 4034/3051 1 » 1024 SRAM
I 7552-1 1 % 1024 SRAM TMS 4033 TMS 40334051 1 x 1024 SRAM
1M 7702 4 % 256 DSR TMS 2133 1 x 1024 558
IM 7703 2 x 512 DER TMS 3123 1 x 1024 85R
1M 7704 1 x 1024 O5R TMS 2133 1 x 1024 SSR
M2 1x 1024 DSR THMS 2123 1 % 1024 38R
IM 7722 1% 1024 O5R TMS 3133 1 x 1024 35R
1M 7780 4% B0 DSR TMS 3400 TMS 31203135 4 x 80 DSASSR/9 x BO S8R

MOSTEK

MOSTEK TI DIRECT RECOMMENDED

TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
ooz 2x 128 58R TMS 3128/3138 2 » 128 55R/9 x 128 S5R
1007 4 x 30 D5R TMS 3409 TMS 312043135 4 x B0 DSASSRA/Y » 80 S5R
4096 1 % 4036 DRAM THMS 4050/3060 1 x 4096 DRAM
ayaze 1= 1024-5RAM TMS 4035 TMS 4051 1 x 1024 5RAM
4102P-1 1 %1024 SRAM TMS 4033 TMS 4051 T x 1024 SRAM

NATIONAL SEMICONDUCTOR

NATIONAL T DIRECT RECOMMENDED

TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPFLON
MM 402/3 2x5005R TMS5 3002 8 x B0 55R
KM 4067 2x100D5R TME 312713137 2 x 10049 x 100 58R
MM 1103 1 x 1024 DRAM TS 1103 TMS 3050 1 x 1024 DRAM
M 14024 4 x 256 DSR TMS 3133 1% 1024 38R
MM 14034 2% 612 BSA TMS 3133 1 x 1024 SSR
MM 14044 1x 1024 DSR THMS 3133 1% 1024 38R
M 2102 1 x 1024 5RAM TS 4035 TME 4035 1 %1024 SRAM
MM 4006A 2 100 05R TMS 31273137 2 % 10049 x 100 SSR
MK 4013 1= 1024 B3R THMS 2133 1 x 1024 85R
M 2016 1x 612 DER TMS 3133 1 x 1024 35R
MM 4020 4 % 80 DSRA TMS 3120¢3136 4 x 80/9 x 80 S5R
MM 4105 4 x 64 DSR TMS 3129 4 x B4 35R
MR 4052 2 x B0 88R TMS 3120/3136 2 x 80/9 x 80 S5R
M 4053 2 x 100 S5R TME 3127337 2 x 100/9 x 100 SSR
MM 4055 2 x 256 SSR TMS 3132 1 x 1024 35R
MM 4057 1= 51255R TMS 3133 1 x 1024 SSA
Med 4060 2 x 128 SSR TMS 2128 THMS 3128/3138 2 x 128 SSR/Y x 128 S5A
MM 5062 1 x 1024 S8R TME 3133 TMS5 3133 1 x 1024 85R
MY 5260 1% 1024 DRAM {TMS A062Z/E3 {‘I x 1024 CRAM

TMS 4050/4060

1 x 4096 DRAM

28
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INTERCHANGEABILITY GUIDE

SIGMETICS
TYPE

1103

2502
2503
2504
2505
2506
2507
2510
2812
2513
2517
2518
2521
2522
2624
2625
2532
2633
2635
2602
260241

Wwo
TYPE
TR 1602
FR 1502E

SIGNETICS
TIGIRECT RECCMMENDED
DESCRIPTION REFLACEMENT FOR NEW DESIGHN DESCRIPTION
TMS 4062/63 1 % 1024 DRAM

1 x 1024 DRAM TS 1103

{TMS 4050/4060 {1 x 4086 CRAM
4 » 256 DSA TS 3133 12 1024 55R
2 x 512 DSH TMS 3133 1 x 1024 S5R
1% 1024 PSR TMS 3133 1x 1024 S5R
1x 5812 DR TMS 3133 1 % 1024 S5R
2x 100 DSA TMS 3122/3137 2 % 100/9 x 100 SSR
2x 100 DSR TMS 31273137 2 x 10049 x 100 S5R
2 x 100 38R TMS 2127/3137 2 x 10049 x 100 55R
121024 DR TMS 3133 1 x 1024 S5R
2560 ROM THS 2501 2860 ASCIH GEN
2 x 100 DSR TMS 3127/3137 2 % 10043 x 100 SSR
6 x 32 35R TMS5 3122 TMS 3122 G x 32SSR
2 x 128 55R TMS 3128 THMS 3128/3138 2x 128 53R/ x 128 SER
2 x 132 88K THS 3129 TMS 2128/3139 2x 122 35R/9 x 132 88R
1x512 D8R THS 3133 1 x 1024 55R
1x 1024 BSR TMS 3133 1 x 1024 35R
4 % 80 S5R THMS 3120 TMS 212043136 4 x 80/8 x 80 55R
1 x 1024 55R TMS 3133 TMS5 3133 1 x 1024 55R
32x 8 FIFD TMS 4024 64 x 9FIFQ
1 x 1024 5RAM TM5 4035 TMS 4051 1x 1024 SRAM
1 x 1024 SRAM THS 4033 TMS 4051 1 x 1024 SRAM

WESTERN DIGLTAL
TIDIRECT ARECOMMENDED

DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
UART TMS &011 TMS 8011 UART
40 x D FIFQ TS 4024 64 x §FIFD

TEXAS INSTRUMENTS
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Example of AMD order code:

TTL MEMORIES

{alphabetically by manufacturers}

ADVANCED MICRO DEVICES

Prefix Typs Suffix
AN 7603 oM
Bipolar Package —T -L—Temperatum I:ange
Mermory D= TP C=D°Cl°o FLV R
P = Molded M= —55°C te 125°C
AMD T DIRECT RECOMMENDED AMD Ty DIRECT RECOMMENDGED
TYPE REPLACEMENT FOR NEW DESIGNS TYPE AEPLACEMENT FOR NEW DESIGNS
20 SN745201 SN7452H 27508M ENGAS188 SNB45188
2701 SN745301 SN7453N 27509C SN745288 SN745288
27502C SN745289 SN745239 27509M SNB45288 SMNSB45288
27502M SN545289 SNG45289 275810C SMN745387 SN48387
27503C SM745189 SN745189 27510M SNBAE387? SNS45387
27503M SNB4S1E9 SN545189 27511C SN745287 SN748287
27508C SN7435188 EMT743188 27511M SNE4ASZET SMNbBASZ23T7
FAIRCHILD SEMICONDUCTOR
Example of Fairchild order code:
Prefix Typa Buffix
F 83410 DM
Packag T T Temperature Range
D = Ceramiz DIP C=0°C 1o 70°Cor 75°C
P = Plastic DIP =-55'C10125'C
F5C T DIRECT RECOMMENDED FSC TI DIRECT RECOMMENDED
TYPE REPLACEMENT FOR NEW DESIGHNS TYPE REPLACEMENT FOR NEW DESIGN
83403 SN745289 SN745288 93421C BN745201 SM745201
93406C SM74187 SM74187 93421M SNBE45201 SNBA5201
9341040 BNT45301 SN745301 83426AC SN745209 SN745209
a3nc SM745301 SN745301 93425C SNF45209 SN 745208
93470M SN545301 SNB48301 93426C SM745287 SMN745287
293411C SN74520 SN745201 93426M SN545287 SNBASZ8T
S311M SM54521 BNB4S201 93434 SN748BA SN74518E
9341840 SNT745309 SN245309 934360 8N745270 SN745270
93416C SN745308 SN745309 93435M SNS4A5270 SNE45270
936l SM745337 SN745387 83446C {SN748370 ROM} SM745472
934178 SN545237 SNBAS3ET 924460 [SNBAS370 ROM} SNE43472
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INTERCHANGEABILITY GUIDE

Example af Harris arder eodr:

HARRIS SEMICONDUCTOR

ﬁ Type Suflix
HM1 76520 5
Memory Packaga -T—Temperature Range
1= DIP 2= -65°C t0 125°C
9= Flat Pack 5-<0"C 0 75°C
HARRIS TI DIRECT RECOMMENDED HARRAIS TI DIRECT RECOMMENDED
TYPE REPLACEMENT FOR NEW DESIGNS TYPE REPLACEMENT FOR NEW DESIGNS
HO512-38510 SMNJG4126 SNJIG4528T/SMI545387 HM_76415 SN745387/SN748473
HM_7602-2 $N545188 SNG545188 HM_76422 SNE54528 /SNSASA71
HM_7602-5 SN745188 SN745188 HM_7642-5 SN748472
HM_7603-2 SN545238 SN5452838 HM _7643-2 SN545387/SN545470
HM_7603-5 5N74528B SN745288 HM_7643-5 SN?745473
HM_7610-2 SN543387 SN545387 HM _7644-2 SN545287/5MN5A5471
HM_7610-5  SN745387 SN745387 HM_7644-5 SN745472
HM_7611-2 SNS45237 SNE45287 HPROMO0S12-2 SNE4186 SNEAS470/SN545471
HM_7611-5  SN745237 SN745287 HPROMOS126 SN74186 SN745470
HM_7620-2  (SNS45270 ROM) SNB45387 HPROM1024.2 SNE45287 SN545287
HM_3620-5  {SM745270 ROM) SN743387/SN745473 HPROM1024-5 SN745287 SN7452387
HM_7821-2  (SN545370 ROM) $SN545227 HPROM1024A-2 5M545387 5N545387
HM_7521-5  (3N745370 ROM) SN745787/SN745472 HPROM1024A5  SN745387 SN745387
HM_7640-2 SNB4SZE7/SNESSAT HAPOM&256.2 5M545188 SNE4S188
HM_7640.5 SN745287/SN 745472 HAPOMB256-2 $N545188 SN745188
HM_7641-2 SNB4S387/SNEAS4T0
INTEL
Exarnple of Intel order code:
Prefix Type Subiix
P 30 {Mone)
Package — 7T
C=CDIP {Metal lid)
o= CcDIP
F = Plastic DIP
INTEL TI DIRECT RECOMMENDED INTEL TI DIRECT RECOMMENDED
TYPE REPLACEMENT FOR NEW DESIGNS TYPE REPLACEMENT FOR NEW DESIGNS
3m SNB43280/SN745289 SNL45ZBI/SNTAS2ET 3110 SNYP45309 SN748208
3101A SNE45289/SN745289 SN54S299/SN74528 2301A SNEA187/SN 74187 SNBA187/SN 74187
3106 SNBAS201/SN745201  SNB45201/5N745201 3304 SN545473/SN745473
31084 SNB45201/SN743201 SNEIS201/SNTAS2M 3601 SNE4S3287/5N745387 SNG45387/SN745287
3107 SNE45301/5N745301  SN545301/SNT45301 3604 SN545473/5N7954 73
31074 SN545301/8N745301 SNBAS3O1/SNTAS301 3624 SNE4S472/SN745472
TEXAS INSTRUMENTS

NCORFORATED
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INTERSIL
Exampla of Intersil order eode:
Prefix Type Suffix
M 5801 CDE
T—Memory Bipolar -——T-[ T—-ﬂi Pins
&= RAM Package
€= ROM Temperature Aange D = Ceramic DIP
C=0°C to 75°C P = Plastic DIP
= —85°C to 125°C
INTERBIL Tl DIRECT RECOMMENDED INTERSIL TI DIRECT RECOMMENDED
TYPE REPLACEMENT FOR NEW DESIGNS TYFE REPLACEMENT FOR NEW DESIGNS
IMB501C SNVA5289 SN745289 IM5E00C SMNT45188 SN745188
IMS501M SN545289 5N545238 IMSE00CF SN745188 SN745188
IMB503AC SN7452 SMNT453M IMEGOOM SNG45188 SN545188
IMS503AM SN545301 SN545301 IM5603AC SMN745387 SMNT45387
IMS5503C SN745301 SN745301 IMB6O3AM SNE45387 SMN545387
IMBE03M SNE45301 BNE45301 IM5E04C ISN745270 ROM} SNT7A8470
IMB523AC SN745201 50245201 IM5604/ 1SN545270 ROM) SNEB43470
IMS5234M SMN548201 SM545201 IM5610C SN745288 SN745288
IMBEZ3C SN745201 SN745201 1M5510F SN745288 SMNT745288
1M5523M SNEA5201 SH545201 1M5610M SNE45288 SN545288
IMB533AC SN74330 SN745301 IMbBE23C SM745287 SN745287
IME533AM SN5458307 SNE45301 IMEE23M SN545287 SN545287
IM5533C SN745201 SM745301 IMEE24C ISMNT745370 ROM} SN745471
1M5533M SNS45301 SNGAS3I0M IM5624 ISNEBAS3T0 ROM) SNBA5471
MONOLITHIC MEMDRIES, INC,
HE 2 a0 D
Parformance ————T T T— Function Package ———
A= AND Enable 2=ROM B =CoIP
H = High Speed 3=PROM N = EFOXY
5=RAaM
Temperature Range
5= _55°C 1t 135°C
6= 0°C 1w 70°C
MM TI DIRECT RECOMMENDED MM TI DIRECT RECOMMENDED
TYPE REPLACEMENT FOR NEW DESIGNS TYFPE REPLACEMENT FOR NEW DESIGNS
AB200 SN545473 5206 SNB4S370 SN5AS370
AS24 SN545472 6210 SMN5458470
AB240 SNT45473 5225 SNEJSATO
ABGI41 EN745472 5230 SNB488A SNEd3BA
H5200 SNS4187 SNBAB7 5231 (SMEAS188 PROM} SMB4S3TY
H5201 |5M545227 FROM) SNBAS370 E236 SN545470
HS240 SNB4S473 5300 SNB45387 SNS45387
H5241 EMNB4E4T2 53 SN545287 SME45287
HB201 ISN745287 PROM) SN745370 5205 {5NG54S270 ROM) SNBAS470
HE240) SN745473 5306 (SWNS45370 ROM) SN545471
HB241 SN745472 85330 SN545188 SN5435188
5200 SN54187 SN54187 5331 SNEA5288 SN545288
52 ISNBAS3BT PROM) SND45270 §335 SNE43470
B202 BNE45270 SN545270 5340 SN545473
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MONOLITHIC MEMORIES, INC. [eontinued)

Mnai TI DIRECT RECOMMENDED MM TI DIRECT RECOMMENDED
TYPE AEPLACEMENT FOR NEW DESIGNS TYPE REPLACEMENT FOR NEW DESIGNS
5530 SNEA5301 SN545301 6255 SN745470
5531 SN545201 SNE45Z0 6300 SMNY45337 5N 745387
5560 SNB45289 SN545789 6301 SN745287 SNTF45287
5561 SN51S188 3NEAS189 6305 ISN745270 ROM} SN743470
6200 SM74187 SN7A187 6306 ISN745370 ROM} SN745471
6201 (SN?45387 PROM) SN7A5270 £330 SMN745188 SN 745188
6209 SN745270 SN745270 6331 SMN745288 SN745288
6206 SN745370 SN745370 8335 50745470
6210 SNT45470 6340 SN745473
6226 SN748473 6530 SM745301 3N745301
6230 SN74BBA SMN74384 6531 SMRA52(1 SN745201
6231 {SNT45188 PROM) SN748371 GLED SN745289 SN745289
6561 SN745189 SN745189

NATIONAL SEMICONSUCTOR

Prefix Type Suffix
Elﬁ 7599 ‘I_\!I_
Digital Monalithic Tl:mpl:ratl.l-rl; Range Package
7=-65"Cto 125°C B = Glass/Metal DIP
8=0°Ctw 70°C F = Flat Package
M = Mnlded OIP
MEC TiI OIRECT RECOMMENDED NSC TI DIRECT RECONMMENDED
TYPE REPLACEMENT FOR NEW DESIGNS TYPE REPLACEMENT FOR NEW DESIGNS
OmM7573 5NB45387 SNE45387 DrM35T4 SMN745237 SN745287
DM7574 SNB45287 SNG45287 oDeAgs?7 SMN745188 SN745188
OM7577 SNBAS188 SME45188 DtA3573 SN745288 SN745238
DM7578 SNB45233 5NE45288 OMa2a8e2 SNTASZ0M SN7453M
DM7EQG 5NE48473 DMB595 SMNY48473
DM7596 SNE45472 DMB596 SMN745472
OM7E07 ENGAS370 SNE45370 DMEsa7 SN74S270 SN745370
OM7598 SHEASATT DrAz633 SNTF45471
OM7899 SN545189 SME4S1ED DMBas29 SN43139 SN745189
OM7795 SN545473 DMESS3S 5N 745189 SNT745189
DM?756 SNGA3472 DrM3785 SN745473

DMBETS SN745387 SN745387 DMETIE6 SN745472

TEXAS INSTRUMENTS

INCORIPPORATED
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SIGNETICS
Example of Signetics order code:
Prefix Type Suffix
N 8204 B

Temperature Range Package 4‘[‘

N=0Cto75°C B = 16-Pin Plastic DIP

5= -E5'Clo 125°C F = Ceramic QP

N = 24.Fin Plastic DIP
0 = Ceramic Flat Pack
SIGNETICS TI DIRECT AECOMMENDED SIGNETICS TI DIRECT RECOMMENDED
TYPE REPLACEMENT FOR NEW DESIGNS TYPE REPLACEMENT FOR NEW DESIGNS
Mg204 SM745471 MNE25130 SN745473
NE205 SMNTIS4T2 N825131 SNTA5472
NB2506 SN745201 SN745201 MB25226 SMT87 SNT4187
NB2507 SN7453M ENTFA53I0M MNE25229 {8N745287 PROM) SN245370
NB2508 SN748309 SNT745308 MNB25230 EM745270 SMN748270
NB2510 SN745300 SMTF45309 NE25231 SN745370 SM745370
NE2511 SN745209 SN745200 532807 SNS45301 5N545301
NBZE16 SN748201 BN74521 582516 EMNEAS201 SNBEASIM
NB2317 SNT745301 ENF45301 582517 SNE45301 SMN545301
NB223 SN748188 EM745188 £B2523 SN545188 5N54S5188
MNE2523 SN745188 EN74S188 583525 BNE4531 SMNB4S301
N3G SN745189 SN743189 5825114 EMNB4EATH
N§2525 SN745301 SN745301 5828115 SMN5A5472
NB2E110 SM745309 SN?45303 5825123 SNS45288 SMNE452BE
NE825111 SN745209 SN745209 SB25126 SNE45387 SN545387
NE25114 SNT45471 5825129 SN845287 SNB45287
MNB25115 SN745472 5825130 EMB45473
NE25116 SN745201 SN745201 58251 SNBAS4T72
NEB25117 SN745301 SMN745301 5825226 SNB4187 SNB4187
N825123 SN745288 SN?45288 5825229 (SNSAS2ET7 PROM) SNBS3T0
NEZ5126 SM745387 SNT45387 £825230 SNE45270 SNB45270
NBZ512a SN745287 SNF45287 5725231 SNBA5370 SNE4E3T0
TEXAS INSTRUMENTS
INCORPORATED
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MOS TMS 1103 JL, NL; TMS 1103-1 JI, NL
LSI 1024-BIT DYNAMIC RANDOM-ACCESS MEMORIES

BULLETIN NQ, DL-5 7912234, JANUARY 1975

1024 x 1-Bit Organization IB.PIN CERAMIC AND PLASTIC
Low Power Dissipation DUAL-IN-LINE PACKAGES
{TOP VIEW)
Input Interface T
— Fully Decoded, On-Chip Address Decode a3 1 E’ U ole  rW
— Static Charge Protection
Ouiput Interface Az 2 E 017 Vss
— QR-Tie Capability A0 3 E ol1e TE
Address Access Time
— TMS 1103 JL, NL . .. 300 ns a1 a4 g pj1s  Ad
— TMS 1103-1JL, NL ., . 150 ns F s E |14 DO
P-Channel Silicon-Gate Technology
® 18-Pin 300-Mil Dual-in-Line Packages A3 6 E 313 A8
a6 7 E ﬂu pI
25 ] E 0y11 Vpo
description A7 B E nl10  veg

The TMS 1103 JL, NL and TM5 1103-1 JL, ML are manolithic random-access memory devices organized as 1024
ong-hit wards. Outputs may be OR-tied for simple memaory expansion since a particular device can be activated by a
chip-enable signal. Stored information is read nondestructively and all cells in any row are refreshed by addressing that
row at least once every 2-milliseconds for the TMS 1103, 1-millisecond for the TMS 1103-1. These RAMs are fabricated
with P-channgl silicon-gate enbancement-type technolagy. Two power supplies and three control clock signals are
required with address inputs decoted on the chip, The TMS 1103-1 is a faster-access version of the TMS 1103 with
improved cycle times, The TMS 1103 and TMS 1103-1 are offered in bath 18-pin ceramic (JL suffix) and plastic
{ML sutfix) dual-in-line packages.

operation

addresses (AD-AB)

Address terminals are used {0 activate a particular cell in a 32 x 32 array. Each row address (AD—A4) and each
column address (A5—A9) of 5 bits uniquely specify a 10-bit address for a single memory cell. All address signals must
be stable during transitions of the chip-enable, read/write, or data-in control signals,

chip enahle (CE)

The chip-enable terminal enables one particular device of an array whose outputs are connected to a common data bus,
Chip enable must be low during any read or write interval to allow data 1o enter or exit,

precharge (I_D']

The precharge terminal must be low at the start of any read or write eycle and remain low for a specified time interval
after chip enable drops to a low. This overlap interval must be maintained between a specified minimum and maximum
time in order ta maintain the integrity of stored data.

read/write [RAW)

The readfwrite input terminal gates data out of or into the addressed memory cell. Read/write is low when data is
written and high during a read interval,

data in {DI)
The data-in terminal connects the incoming data bus to the addressed cell for a write operation.
data out {DO)

Stored data appears at the datz-out terminal as the complement of the data-in logic level. Infermation on the data-out
terminal is sensed just prior to the rise of chip enshle in a read-only cycle and prior to the fall of read/writeina
read, madify write cycle.

TEXAS INSTRUMENTS
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TMS 1103 JL, NL; TMS 1103-1 JL, NL
1024-BIT DYNAMIC RANDOM-ACCESS MEMORIES

functional block diagram

w oAl o—f
nr
2 Al o ADORESS 1 0F 22 MEMORY MATRIX:
E Goaz o | tartcH - ROW i BEAD/WRITE o 32 ROWS
i AND 3
2 A3 o eND SELECTOR AMPLIFIERS 32 COLUMNS
Al g | {(1024) BITS
[
g
REFRESH
v AMPLIFIERS  [F—=2 DI
By O—— — READ/WRITE —
COLUMN ——0 Do
Vss o— GATING
Vph 00— = v‘.
CE o = 1 OF 32
COLUMN
RW o pm SELECTDR
P o—
ADDRESS LATCH
AND INVERTERS

AS AB A7 AB A9
COLUMN ADDRESSES

ahsolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Vpp fsee Mote 1} . . . . . . . . . . . . . . . . . . . . . . . .-251003V
Supply voltage, Vgg(see Note 13 . . . . . . . . . . . . . . . . . . . . ... .-261003V
Input voitage fany input) . . . . . . . . . . . . . . . . . . . . .. . . 0. . —2Bw03V
Continupous power dissipatian, . . . . . . . . L L o L L e e e e 1W
Qperating free-air temperature range: TMST103 . . . . . . . . . . . . . . . .. . . @0cw7?cC

TMSI103-1 . . . . . . . . . . . . . . ... .0CtsC
Storage temperature range . . . . . . . . . . . 4 4 e e e e e e . . . .. —B5Ctlo1B0°C

NOTE 1: Under absolute maximum ratings, voliage valucs are with rospece ta the most-pasitive supply veltaga, Vgg {sunbstrare), Thraughout
the remainder ot this duta sheet, voltage vatues ure with respect o Vop.

recommended operating conditions

THS 1103 TMS 11031
PARAMETER UNIT
MIN NOM MAX [MIN NOM MAX
Supply valtage, Vpp 0 0 v
Supply voltage, Vgg 152 16 188 13 12 20 v
Supply voltage, Vap—Vgg Isec Note 2] 3 4 3 4 v
Operating free-air temperature, Tpa o] 70 g B5 c
NOTE 2. Vggp—Vsgg supply should ke applied at the same time as or before Vgg,
TEXAS INSTRUMENTS 37
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electrical characteristics at specified free-air temperatures
vgg = 16.8 'V, {VRR—Vsgs) =3 V, VpD = 0 V (TMS 1103 JL, NL)
Vgg=20V, (VBB—Vssl =3V, Vpp =0 V [TMS 1103-1 JL, NL}

PARAMETER TEST CONDITIONS Y TS 1103 TMS 11831 usIT
MIN TYerf  max MIN TYPF  max
Ta =MIN Vgg —1 Ves +1 A | Veg +1
Vi Highdevel input voltago A 58 55 38 58 v
Ta =MAX Veg —0.7 Vgg+1 Vee —1 Vgg +1
v Low-level input voltage {all addresses Ta=MIN Vgg —17 Vg5 —14.2 |Vgg 20 Vgg =18 v
'L and data-in tines! TA = MAX Vag —17 Vgg - 145 |Vgg —20 Vgs 18
v Low-level input voltage iprecharge, chip- Ta = MIN Vgg =17 Vgs —14.7 | VWsg 20 Vg5 —18 v
It enable, and read/write inputs} lsec Note 3} Ta = MAY Vgg —17 Vgg =16 | Vgg —20 Vg —1B
| H_ = 10051, Ta-20C 60 at 500 118 130 a00
VoH High-level output voltage my
RL - 100 4T, Ta = WAX 50 80 500 90 115 900
[l Input current V=0V, Ta = MIN ta MAX 1 10 wA
| High-level output N R = 100 52, Ta= 5 600 900 5oad 180 1130 000 : A
igh-level output curren
OH 9 P RL - 100 52, Ta = MAX 500 860 5000 s00 110 soo0 | ¢
101affy  Offstate putput current Yg=0V, Ta = MIN o MAX 1 10 kA
IBB Supply eurrent fram Vgp Ta = MIN to MAX 100 100 LA
Supply ¢ nt i W i All addresses =0 V Vg, V=W
oDt poly curre rl?m oo during addresses = 3 ¥, CE at Es Vj=vgg a7 56 5 &0 ma
precharge pulse width Frecharge = 0V, Ta=25C
Supply current from ¥ durin All addresses = 0V, CE at 0V, V=W
TR o DD €Lrng MG 3 59 50 68 | ma
precharge and chip-enable overlap Prechargas = 0V, Ta =25°C
Supply current from v pp durin Precharge = Vg5, CEat0V, V(=V
Ippizy -PRlY curren DD during fecharge = Vsg 2 1=Vs§ 5.5 1 8.5 11 ah
precharge to end of chip enable Ta=25C
Suppl t from Vg duri Prech -V CE st Vgg, V= ¥
IDDia) u_ppv curren DD during rec argf [ st Vg5, V) =Vss 3 4 3 4 mA
chip enable to precharge delay Ta=25"C
. l TMS 1103 -trw['ﬁ,gszzo ns, te = 680 ns,
Verage su current =
DDt o 3 - :A =105ns, 1= 380ms v » ° B} mA
oo TS 1103 | WL T RS T
Ta=35"C

tFar conditions shawn a3 M1N or MA X, use the appropriate value specified under recommended operating conditions,

T AN typical values are at Ta™ 25"C,

MOTE 3. The maximum valués far V| for precharge, chip-enabla, and read/write of the TMS 4103 may te incressed to Veg — 14.2 Vat 0°Cand Vgs —14.5 v at 70°C (same values as

these specified for the address and data-In |ines) with s 20-ns degradation [worst case) in toy {gd.CE} WWFL CELY teird, te(RWI- talad), and 1573

SIIHOWIW SSIIIV-WOONVH JINVNAO Li9-t2ol

“IN 1P £0U SWL

N Ir 1-E0LL SWL



TMS 1103 JL, NL; TMS 1103-1 JL, NL
1024-BIT DYNAMIC RANDOM-ACCESS MEMORIES

dynamic electrical characteristics over operating free-air temperature range {unless otherwise noted}
Ta=0Cto70°C, Vgg =16V t 6%, (Vgg — Vgg) =3V 104 V, Vpp =0V (TMS 1103 JL, NL}
Ta=0"CtoB5°C, Vgg =19V £ 5%, (Vpg — Vgg) =3V 104V, Vpp =0V (TMS 1103-1JL, NL)

capacitance at 25°C free-air temperature

PLASTIC PKG CERAMIC PKG
t ¥R | LER. .
EtﬁF}rETEHISTICS TEST CONDITIONS TVP MAX e MAX UNIT
Cifad) Address input capacitance Vi=Vss 5 P10 12 | _BF
Citly Precharge input capacitanca W) = Vg LE] 18 16.5 195 pF
CiiTE) Chip-enable input capacitance Vi=Vgs 14 18 18 Fil pF
CilRAY} Feadfwrite input capacitanca V| =Vgs 11 15 15,5 19.5 BF
v V= 4 5 (5 7.5
Citdlal Data input capacitance CEatOV, L= Vss pF
CEatVgg, Vi-Vss 2 4 5.6 6.5
Co Data output czpagitance V-0V 2 3 =] ? nF
T w1 MHz, and al| unused pins are at ¢ ground,
read, write, and read, modify write cycle )
. TMS 1103 TMS 1103-1
[ METER T DITE | T
ARA TEST CON ONS WiN MAR WIN WIAX UNI
tetrish} Refresh cycle tima 2 1 mg
teulad-CE} Address-to-chip-enable setup time o= tr= 20 ns 15 30 ns
th{CE-ad} Chip-enable-to-address hold time o N 20 10 ng
— - . C| =100 pF {1103},
TdiPL-CEL}  Precharge low to chip-enable low delay tima 125 60 ns
. - - - | =52 pF 11103-1},
td{FEH-FL) Chip-enable high to precharge low delay time Rp =100 22 BB a0 ns
i | h igh del 1 '
YQICELPHIT Chip-enable low to prec alrge high detay tirme Vit = 40 MV 11103, 25 75 5 10 s
between Iow raference points
d - - viaf = BAmY 11103-1)
c Chip-anabla low to precharge high delay time 140 a5 ns
HCEL-FHY2 between high reference points
read cycle
TMS 1103 TMS 11031
PARAMETER TEST CONDITIONS MIN MAX MIN MAX UNIT
Teird) Read cycle time ] - t =14 = 20 ng, 420 300 ns
14{PH-CEHI  Precharge high to chip-enable high delay time CpL =100 pF 11103), 165 500 1ns 500 ns
Precharge high to gutput propagatign C = 50 pF {11031},
n(PH} delay time RL = 100 22, 120 i ns
talad) Accass time from address {see Note 4) Vrgs = 40 mV (1103), 300 150 ng
(F Access timn from precharge {see Note 5i vref = BOmV (1103-1} o 180 ns
NOTES:
4. Tatad) ™ Yufad-CE} * WTEN * WITELFHIN * 4(F) + toiFH)-
5. (P} = Ta(FL.CEL) = W(EEY * T{EEL-PHIT * tr(P) * tp(FH)-
write or read, modify writa cycle
ST TMS 1103 TMS 11031
P
ARAMETER o TEST CONDITIONS“ MIN MAX N NAX UNIT
| telwr] Write cycle timp S8O U0 ns
te{ RV Read, modify write cycla lime 580 uo ns
i {PH-wr) Pracharge high to write delay time tr =t = 20 ns, 165 500 15 500 ns
Twlyer] __ WWrite pulse width - CL= 100 pF (1103), 50 0 ’ ns
Teufwur) Write setup time Cp =50 pF {1103-1], 80 20 ns
tauidal Data setup time R =100 £, 105 40 ns
thidal Data hald time vrgf = 40 mV (1103, 0 10 s
toiFH) Prechal:ge high to cutput propagation \ vpef = B mY 11103-1}) 120 75 ns
delay time ,
tdtwr-CEH}  Write Lo chip-enable high delay time —| 0 0 ng
TEXAS INSTRUMENTS 39
INCORPURATED
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TMS 1103 JL. NL; TMS 1103-1 JL, NL
1024-BIT DYNAMIC RANDOM-ACCESS MEMORIES

PARAMETER MEASUREMENT INFORMATION

[+ T teind)
ADRRESS boNT 4R Nore = o’owi;.o.o %

| [ GCELPHIZ W ad)
preciarce N\ dCE 7 —

— ta{FLLE Li—
CHIP ENABLE " ITELPHI ¥’

e—— d{PH.EEH} ———
READAWRITE _/
T tlFH)

T T T T Ty
PATA QUT Voot f Er“ref b

‘L o - taind)

MNOTES:
A, The high-level tlme refarence on each waveform except data autis Vgg —2 V.
B. The ow-leve] tlmae refarence on dach waveform exceprt data out s Vo +2 W,

FIGURE 1-REAG CYCLE

|
telwr} o tolRMW) .
::::::::g NOTE A
ADDRESS DON'T CARE NOTE B m
tuiad-TF) -+ td(CEL-FHI2 "I-’hlt'l!-adl
PRECHARGE Y
K ; .,Z td{CEH-FLI S
f—1d{FL - ZEL} —-»
L —
CHIP ENABLE W ELFH) o tsutwr) ———e7
I
B T — ta(wr-TEH)
ja—  Twiwr} —
READMWRITE h \ Z
) X
! * Yen (da) - |ty da|
LR ATATATATA) N
DATA IN DON'T CARE DON'T CARE
AN -
tp{FH}
|- 3
vigt cvref 3 DONICARE
———— Mafad] —m
La|F)
NOTES:
A, Tha high-level time rafarence gn each waveform except data outis Vgg —2 V.
B. Tha low-leve! time reference on cach waveform except data out 1s Vpop +2 V.
FIGURE 2 — WRITE OR READ, MODIFY WRITE CYCLE
PRINTEL N U3 A 17¢
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MOS TMS 4030 JL, NL; TMS 4030-1 JL, NL; TMS 4030-2 JL, NL
LSI 4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

BULLETIN NO. OL-5 7512240, FERRLIARY 1975

22-PIN CERANIC AND PLASTIC

* 4096 x 1 Organization DUAL.IN-LINE PACKAGES
» 3 Performance Ranges: ITOP VIEW}
READ, Vap 1 . 22 Vg
READOR  MODIFY g [ s
ACCESS WRITE WRITE s 2 [d W21 s
TIME CYCLE CYCLE
{MAXI {MIN) (MIN) , a0 3 [ 20 a7
TMS 4030 300 ns 470 ns 710 ns -
TMS 4030-1 250 ns 430 ns 840 ns A1l 4 ([ HRER:
TMS 4030-2 200 ns 400 ns 580 ns
* Full TTL Compatibility on All Inputs (No Pull-up ts 5[] H| 18 veop
Resistors Neet'iet_i]l . o e o ce
¢ Low Power Dissipation
— 400 mW Operating (Typical) oo 7] hl 16 nic
— 0.2 mW Standby {Typical}
15 AB
» Singla Low-Capacitance Clock RO 8 [E i] |
N-Channel Silicon-Gate Technology At e ﬂ 12 a4 H
» 22.Pin 400-Mil Dual-in-Line Package
az 1o [ ﬂ 13 A3 |
vee 1 E | j 12 RAW

description

The TMS 4030 series is composed of high-speed dynamic 4086-bit MOS random-access memarizs, organized as 4096
ane-bit words. N-channe| silican-gate technology is employed to optimize the speed/power/density trade-off. Three
performance options are offered: 300 ns access for the TMS 4030, 250 ns access for the TMS 4030-1, and 200 ns far
TMS 4030-2. These options allow the system designer to more clesely match the memory performance to the capability
of the arithmetic processar,

All inputs except the chip enahle are fully TTL-compatible and require no pull-up resistors. The low capacitance of the
address and control inputs precludes the nead for specialized drivers. When driven by a Series 74 device, the guaranteed
de input neise immunity is 200 mY. The TTL-compatible bufter is guaranteed to drive two Series 74 TTL gates. The
TMS 4030 series uses only one clock (chip enable) to simplify system design. The low-capacitance chip-enable input
requires a positive voltage swing (12 volts), which can be driven by a variety of widely available drivars,

The typical power dissipation of these RAM's is 400 mW active and 0.2 mW standby. To retain data only 6 m\W average
power is required, which includes the power consumed to refresh the contents of the memory.

The TMS 4030 series is offered in both 22-pin ceramic {JL sulfix} and plastic {NL suffix] dualin-line packages. The
series is guarantted for operation from 0°C ta 70°C. These packages are designad tor insertion in mounting-hole rows
on 0.400-mil centers.

operation
chip select (CS)

The chip-select terminal, which can be driven from standard TTL circuits without an external pull-up resistar, affects
the data-in, data-out and read/write inputs. The data input and data output terminals are enabled when chip select is
law. Thereforz, the read, write, and read, modify write operations are parformed only when chip select is low. If the
chip is to be selected for a given cycle, the chip-select input must be low on or before the rising edge of the chip enable,
It the chip is not to be selected for a given cycle, chip select must be held high as long as chip enahble is high. A register
for the chip-sefect input is provided on the chip to reduce overhead and simplify system design.

chip enahle {CE)

A single external clock input is required, All read, write, and read, modify write operations take place when the chip
enable input is high, When the chip enable is low, the memary is in the low-power standby mode. Mo read/write
operatians can take place because the chip is automatically precharging.

PRELIMINARY DATA SHEET:

Supplementary data may be TEXAS INSTRUMENTS M

published at a laler date, INCORFPORATED
POST OFFICE BOX 5017 » DALLAS, TEXAS 75772



TMS 4030 JL, NL; TMS 4030-1 JL, NL; TMS 4030-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

operation {continued}

rmode select {R/W)

The read or write mode is selected through the read/write (R/W) input. A togic high on the H;’Winput selects the read
maode and a logic low selects the write mode. The read/write terminal can be driven from standard TTL circuits without
a pull-up resistor, The data input is disabled when the read mode is selected.

address {AD-AT1)

All addresses must be stable on or before the rising edge of the chip-enable pulse. All address inputs can be driven from
standard TTL circuits without pull-up resistors. Address registers are provided on chip to reduce overhead and simplify
system design,

data-in (DI}

Data is written during a write or read, modify write cyele while the chip epable is high. The data-in terminal can be
driven from standard TTL circuits withaut a pull-up resistor, There is no register on the data-in terminal.

data-out (DO}

The three-state output buffer provides direct TTL compatibility with a fan-out of two Series 74 TTL gates, The output
is in the high-impedance {floating) state when the chip enable is low. It remains in the high-impedance state if the
chip-selzct input is high when chip enable goes high and provided that chip select remains high as long as chip enable is
high. If the chip select is set up low prior to the rise of chip enable and held low an interval after that rise, the output
will be enabled as long as chip enable stays high regardless of subsequent changes in the level of chip select. A data-valid
mode is always preceded by a low output state, Data-out is inverted from data-in.

refresh functional black diagram

Refresh must be performed every owo millisecands by
cycling through the 64 addresses of  the

lower-order-address inputs, AQ through A5 (pins 8, 9, —
10, 13, 14, 158}, or by addressing every row within pro

any  Z-millisccond  period,  Addressing  any  row
refreshes all 64 bits in that row. The chip daes not
need to be selected during the refresh. If the chip is

AL ..__:I I_

AL — ADD BUFFER _i COLUMN BECODE I
¥

AQ

A5 ADD BUFFEH

COLUMY AMP

refreshed during a write mode, then chip select must 1 I I ¥

be high. The column addresses (A8 through A11) can A

be indeterminate during refresh. ROW DECODE ﬂ_..—
OUMMY CELL

IHTERNAL

CLOF_K GEN.

FRECHAMLE
WL TRGE
GENE RATCH

£HIF ENABLE COLUMM SENSE

DUMMY CELL

PONW OFCOLE
CELL MATRIX

absofute maximurm ratings over gperating free-air temperature range {unless otherwise noted)

Supply voltage, Vo fseeMNote} . . . . . 0 . . . L . L L0 0L L, L L0, —03t020V
Supply voltage, Vpp fseeNote) . . . . . . . . . . . . . . . .. .. . ... . =03tw20V
Supply vollage, Vgg [seeNoted . . . . . . . . . . . . . . . . . . . . . ... .-03tw20V
Allinputvaltages fsee Noted . . . . . . . . . ., . . . . . . . . ... .. .. .=03t020V
Chip-enable voltage {see Note) | O U L L P Y
Output voitage {operating, with respectto Vgg! . . . . . . . . . . . . . . .. L2V
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . . .. .0cw7C
Storage temperature range . . . . . . . . . . .. . —55°C 1o 180°C

NOTE: Under absalute maximum ratings, voltage values are with respect 1o the most-nagative supply voliage, Veg [substrate], wnless otherwise
noted, Throughoput the remaindar of this data sheet, valtage values are with respect to Vesg.

TEXAS INSTRUMENTS
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TMS 4030 JL, NL: TMS 4030-1 JL, NL; TMS 4030-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

recommended operating conditions {see Note)

PARAMETER MIN NOM MAX UMt
Supply valtage, Voo 4.75 [ 5256 W
Supply veltage, Vpp 1.4 12 126 v
Supply voltage, Vg5 a v
Supply voltage, VR 2.7 -3 =332 W
High-level inpul valtage, ¥ | {ell inputs except chip enabla} 2.2 9.256 Ay
Higtitevel chip enable input voltage, VR(CE) Vpp -06 Vpop+1.0 W
[ "Cow-level input voltage, V| lall inputs except chip enable) (see Note) —04 0.6 ki
Lowelevel chip enatla input voltane, V]Wﬁ -1 06 W
Refresh timao, teafrpsh 2 ms
Operating free-aic temperawre, Ty, a 70 c

MOTE: The algebraic convention wherg the most nagativa limit is degignated as minimum iz used In this data sheet for lagic voltage [evels only.

electrical characteristics over full ranges of recommended operating conditions, Ta = 0°C to 70°C {unfess
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYRt MA X UNIT
VoH High-level output valiage Ig=-2mé& 24 Vee \d
VoL Low-level output voltage lg=3.2mA Vg 0.4 v
I |n|.}ut current lall inputs excepr V=0 t;:; 5.25 v 10 wA
chip enabla)
1ICE) Chip enable input current V=01t 132V 2 T
1oz High-impedance-state (off-state Vo =010 525 V 10 uA
Qutput Eyrfent
Fals] Supply current from Ve 2 Series 74 TTL loads 1 mA
oo Supply current from Vpp ViH{CE) = 126V 30 60 mA
lpo Supply current from Vpp, standby ViLICE =08 Vv 20 200 Iy
Average supply current from Vgp TMS 4030 32
|DD{auJ during read or write cycla Ths 40301 38 mA
) Minimum eycle TS 4030-2 38
time TS 4030 32
Avarage supply current from Vg
IDDav) during read, modify write cycle THS 4020-1 35 mA
TS 40302 33
Igg Supply current fram Vgp iiz_::gg :: igsc;osjs Ve =5 =100 HA
1A typicei valaes araat Tg = 25°C
S

capacitance at Vpp = 12V, Vgs =0V, Vpp= -3V, Ve =5V, VI{CE] =0V,V|=0V, f=1MHz,
Tp = 0°C to 70°C {unless otherwise noted}

PARAMETER [ TEST CONDITIONS MmN Tvet  mMax | umiT
Cifad!t Input capacitance address inputs 5 7 |I pF
e T T T T ey T 168 | T T e 22|
[u Input capacitance clock input F
HCE) Vitoer- 7OV 7 FEE
J
Ciics) Inpuy capacitance chip select input 4 [ J pF
Ciidatal Inpur capacitance data input 4 6 | pF
Ciiriw} Input capacitance read/write input 2] 7 il rF
[~ Cutput capacitance 5 7t pF |
YAl typical values are at Ta = 25°C.
TEXAS INSTRUMENTS 3
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TMS 4030 JL, NL; TMS 4030-1 JL, NL; TMS 4030-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read cycle timing requirements over recommended supply voltage range, Ta=0°C1070°C

" TMs d030 " TNS 40301 ~TMS a030-2
PARAMETER UNIT

MIN MAX MIN MAX MIN MAX
ta{rd} Fead cycle time 430 430 400 ne |
Ly |CEH)  Pulse width, chip enable high 300 4000 260 4000 230 4000 s g
{cEL) Pulse width, chip enable low 130 120 130 ns
ticE} Chip-anable rige time 40 40 40 ns
trieEt Chip-enable Fail time 40 40 40 ns
teulad) Address setup time at at of ns
(g} Chip-select setup time ot of of ions
Tonird} Read setup tima ot ot ot ng
thiadl Address hald time 1501 1501 1501 ns
thiEE) Chip-sglect hold 1ime 150 1501 1501 ns
third} Rrad hald tims d0] A0 40| ns

”r The arrow Indicates the edge of the chip enable pulse used for rafarence: T for the rising edge, § tar the falllng adge,

read cycle switching characteristics over recommended supply voltage range, Tp=0"Cto70°C

PAHAMETER TMS 4030 TMS 4030-1 TMS 4030-2 UNIT
MIN MaX MIN MAX MIN MAX
talCE) Arcess time from ¢hip enable? 280 230 180 g
tatad) Necess time from address 3 300 250 200 | ns
tpyz or Qutput disable time from high 30 30 10 \ ne
tpLZ or low leveld [
tBZL QOutput enable time to low levalT 250 200 150 : ns_|
' Test conditions: C 550 pF, tpop) = 20 ns, Lead = 1 Series 74 TTL gate.
*Test conditions: C|_ = 50 pF, Load = ] Series 74 TTL gate.
write cycle timing requirements over recommended supply voltage range, Ta= 0°Cto 70°C
PARAMETER ’ I Teas q030 TMS 4030-1 [ tms a0302 I UNIT
| min max | aun ooMAX Tmin max |
tefwa) Write eycle time | a7 | 430 400 ns
twi{CEH!  Pulse width, chip enabile high | 300 4000 | 260 4000 230 4000 ns
tw(ceL) Pulse width, chip enable low Y130 130 130 ns |
i} Write pulse width 200 190 | 180 ns |
1 (CE) Chip-enahbie rise time 40 a0, 40 ns
U tycE) Chip-enable fall 1ime a0 an 40 ns
 teulagl Address setup time ot ot of ng |
D tey 175 Chip-select setup time ot B ' o ot ns
U tgyfdaswr)  Deta-to-write selup time® 0 ! 0 0 ny |
| tsutbwr} Writa-pulse setup time 240] | 220} . 210} ns |
atnd} Address hold time 1501 I 150 1507 ns
h{TT} Chip-select hold time 150t | 150% 1501 ns
Thida) Prata hold time 40/ | 40] 404 ns

Tl The arrow indicates the edge of the chip enable pulse used for reference: T far the rising cdae, | for the falling edpe,
*If RV is low before CE gocs high then DI musy be valid when CE goes high,

TEXASIJ NSTRUMENTS
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TMS 4030 JL, NL; TMS 4030-1 JL, NL; TMS 4030-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read cycle timing

P e Mpfpd) —— e e
[ = e — WICEM) - ———e] |1 cEL—
CHIF ENABLE, CE b
. Ji N
] thiad} .

—= o — tsulad)

ADDRESS, AQ - &11

CHIP SELECT, CS

LA —
—- "‘l'—‘su[CSI

=W i) | bt - — tirg)

e e 00
READ/WRITE, RAW &9’& L — wicE -

) ———— 1pzL 4" —_—1 tPH2
DATA OQUTPUT, D0 ' VALID -

FLOATING — 7 ) FLOATING
—’ll o n
NGTE: For she chip-enable input, high and law wming points are 90% and 10% of V) pep). Other input timing points ara 0.6 V {lowhand

2.2 W {heghi, Duiput timing points are 0.4 ¥ [owl and 2.4 ¥ (highy.

write cycle timing

i
l—— e lwer}

= ———— twiCEH) — R
CHIP ENABLE, CE

T IYR.00.900
¢ XXX i {7
e thics) — ‘
= P KRR Bony Ca g XX
. 7
CHIP SELECT, £8 u : DON'T CAR
| e S— TR [V 3] '_"'_""I_.‘I |
_  ————— 1, ]
READ/WRITE, RN m ::: ; { et lg ;Qﬁ?ﬁ{f&“ﬁf,&;; ~;= ::: :\
i T
— | 4 tuidawn) ' i

YYYVYYY
DATA INPUT, DI W 0o TCAEEM_

ADDRESS, A0 — AT

MOTE: Far the chip-enalle input, b and low Timiog pots are 90% and 104 of Ve, Qther input timing pointy are 0.6 v lpw) and
2.2 W Iiight, Cutpud timing paints are 04 W lowl arl 2.4 Y thigh). During the time fram the ¢ise of CE to the 1all al BAY, AR s per
multed to change from high 10 low aniy
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TMS 4030 JL, NL; TMS 4030-1 JL, NL; TMS 4030-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMGRIES

read, modify write cycle timing requirements over recommended supply voltage range, Ty = 0°C to 70°C
TMS 4030 TMVS 40301 TMS 40202
PARAMETER VNIT
MIN MAX MIN MAX NIN MAaX

teiRnw)  Read, modify write cycle time” EALL &840 580 ns
twlCEH)  Pulse width, chip enable high® 540 4000 470 4000 410 4000 ns
twiCEL)  Pulse width, chip ensble low 130 13¢ 120 ns
Tyglwr} Write-pulse width 200 190 180 ng
tH{CE) Chip-enabie rise time 40 40 402 ns
1{CE) Chip-enable fall 1ime 40 40 40 ns
touiad) Address setup time of ot ot ns
tulTS)  Chip-select setup time ot at ot ns
tsujda-wr) _ Data-to-write setup time 0 o] o - ns

" tena{rd) Read pulse setup time ot ot ot ns
tsulwer) Write pulse setup time 240 224} 210 ns
thiad) Address ho'd time 160% 150t 1504 ns
1h{E} Chip-select hold time 1501 1601 1501 ns

| hird} Fead hald time 2801 2301 1301 ns
Fh{da! Data hold time A0 40} 40 ns

Tl The arrow indicates the edge of the chip-enable pulse used for refaranca; t for tha rlsing cdge, | for the falling edge.

"Test canditions. Yy = 20 na.

read, modify write cycle switching characteristics over recommencded supply voltage range, T = 0°C 10 70°C

TS 4030 TMS 4030-1 TINS 4030-2 i
PARAMETER UNIT &
MiN MAX MIN MaX MIN MAX i
13|CE] Aceess Lme from chip enablet 280 230 [EY ns o
13iad) Access time from addresst 200 250 200 ns |
Propagation delay time, |ow-to-high |
BLH pagan v a 30 30 0 ns
level ourput Trom write pulsed
1pHZ Qutput disable linme from_h_igh lever 30 30‘ n ns
7L Qutput enable time to low level T 250 200 150 ns

TTest conditions. €| =50pF. tcEy - 20 N3, Load - 1 Series 74 TTL gate.

I Test Conditions: | = 50 pF, Load = 1 Series 74 TTL gata.

read, modify write cycle timing

tel RV

CHIP ENABLE, CE

tw{CEH)—————————

‘h ‘MCELI";E

-
Alp——
toulageel [ hlad) — e
soosess, so-arn RO RORARXRRKR B ERE X QOCRRRRK
th (T 11
cHipsELECT, 5 YOO I::,u{c'g DONT AR
| p————  hirdl —— - - :su{wr]—ﬂ |
—_ —  lw{wr
READ/WRITE, A/W m s ted) tird) ~>
| el b tou [da-wr] bt — ¢
S o ot ldavy s
oatameur, o XXXKXXEENT EARARR OO
T e
. -+ o tpyz
DATA OUTPUT, DD DATA MODIFIED CIBATING

FLOATING
fo—tpzL

NOTE; For the chip enable input, high and low timing points are 90% and 10% of V1H(CE]- Other input timlng peints are 0.6 Vv [low) and

2.2 V [high), Output timirg points are 0.4 ¥ [low) and 2.4 ¥ thiogh).
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TMS 4030 JL, NL; TMS 4030-1 JL, NL; TMS 4030-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

timing diagram conventions

TIMING DIAGRAM

SYMBOL

A
v/
PR

MEANING

INPUT

FORCING FLUNCTIONS

Wust be steady high or low

High-to-low changes
permitted

Low-to-high changes
permitted

Don’t Care

{Does not apply)

QuTPUT
AESPONSE FUNCTIONS

Will be steady high or low

Will be changing from high
to low sometime during
designated interval

Will e changing from low

ta high sometime during
designated mterval

State unknown or changing

Canter |ing is high-impedance
ofl-state

TYPICAL WAVEFORMS

VIH

CHIP ENABLE

tpp ImA}

li{cE) mAl

I {mA)
{Al inputs
except CE)

ViL
100

50

0.3 ~
ol [L

-

Ipp (Standby|

\_

1]

470
TIME (ns}

240
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TMS 4030 JL, NL; TMS 4030-1 JL, NL; TMS 4030-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

ACCESS TIMES vs TEMPERATURE ACCESS TIMES vs LOAD CAPACITANCE
350 | | 350 |
300 LTMS 4030 MAX a00 |TMS 4030 MAX .
MAX | TMS 40301 MAX |
250 [TMS 4030-1 MA , o= . 250 A . _ |
H | L AL TVS AT = |
I M
2 200 TMS 4030-2 MAX TY?iCP‘LTMS 4030 £ 200 TMS 4030,
£ [— E
~ I b=
" 30-2 -
Z e el (oALIMS AR 4 R
£ 150 L - TP § 150 e
b4 B . < |
I |t i | —
—. 100 : = 100 :
k] TYPICAL SLOPE = 0,75 ns/°C | 2 | g
F \ & TYPICAL SLOPE = 0.25 ns/pF |
50 , 50 | {
G| =50pF | Ta=25°C
I} | | 0 i | |
] 10 20 30 40 50 60 70 O 25 B0 75 100 125 160 175 200
Tp — Free-Air Temperature — °C C — Load Capacitance — pF
REFRESH TIME vs TEMPERATURE AVERAGE CURRENT vs TEMPERATURE
]
1000 Py 45 ,
|E 1 £ i
: '\ | 140 [ —— TYP:‘CA T !
E 1y 5 S
= \ pfcq g [~—— Typy 2030.
5 100 Lan 3 35 AL T T
= e o 05—t~
I ‘ g 3 i
% \ 1 ! )
T 0 % 25 I
< 5 CURRENT MEASURED AT
8 MINIMUM CYCLE TIMES
20 ; I
) MAXIMUM RECOMMENDED ! !
| I "
0 1 20 30 40 50 60 70 0 10 20 30 4 50 60 70
Tpa — Free-Air Temperature — °c T g, — Free-Air Temperature — °C
FrixTI0 I8 LS & 27
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MOS TMS 4033 JL, NL; TMS 4034 JL, NL; TMS 4035 JL, NL
LS| 1024-WORD BY 1-BIT STATIC RANDOM-ACCESS MEMORIES

BULLETIN NO. OL-5 76512184, OCTOBER 1874—-REVISED MAY 1975

¢ 1024 x 1-Bit Organization 16-PIN CERAMIC AND PLASTIC
¢ Static Operation {No Clocks, DUAL'I?;(I;LN‘!E':%?“GES
No Refresh)

s Input Interface A6 1 U _EJ 18 A7
Fully Decoded A5 2o olis as
TTL Compatible _
Static Charge Protection W3 E El 14 A9

e Output Interface Al 4 E af13 o€
3-State AZ 5 E 0]12 DATA OUT
Fan-out 1 Series 74 TTL Load
OR-Tie Capability A8 E 11 pATAW

* Access Time Aa 7 E 0j1e vee
TMS 4033 JL, NL . . . 450 ns Max av 8o )]s ono
TMS 4034 JL, NL ... 650 ns Max

TMS 4035 JL, NL ... 1000 ns Max
# Interchangeable with lntel 2102-1,
2102-2, and 2102 Respectively
«  N-Channel Silicon-Gate Technology

description

This series is a tamily of static randoem-access memories, each organiced as 1024 one-bit words. Due to their static
design, system overhead costs are minimized by elimination of refresh-clocking circuitry and by simplification of the
timing reguirernents, [n addition all inputs and outputs are fully compatible with Series 74 TTL, including the single
5-volt power supply. These memories are fabricated by means of the same technology employed with the TMS 4030
JL, NL 4K RAM — N-channel! silicon-gate. This technalagy praovides optimum chip density and pzrfarmance when cost
is considered. Three perfarmance ranges allow the designer to better match the memory to the specific system
requirements, thereby maximizing the cost/perfarmance trade-off.

The TS 4033, TMS 4034, and TMS 4035 are offered in 16-pin dual-in-line ceramic {JL suffix) and plastic (NL suffix)
packages designed for insertion in mounting-hole rows on 300-mil centers. These devices are characterized for operation
from 0°C to 70°C.

operation

Addresses {AD-AD)

Address inputs are used to select individual storage locations within the RAM. Since the addresses are not latched, the
address-valid time determines the ¢ycle time during both the read and write cycle. Therefore, the address-valid time
must be a minimurm of 450 nanoseconds for the TMS 4033, 650 nanoseconds for the TMS 4034, and 1000
nanoseconds far the TMS 4035, The address inputs can be driven from standard Series B4/74 TTL wilh no externa)
pull-up rasistors,

TEXAS INSTRUMENTS 49
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TMS 4033 JL, NL; TMS 4034 JL, NL; TMS 4035 JL, NL
1024-WORD BY 1-BIT STATIC RANDOM-ACCESS MEMORIES

operation {continued}

Chip Enable (CE}

The CE input is used to enable the memory chip for a reading or writing operation, In a single-chip system, this pin can
be hardwired to ground so that the chip is continugusly enabled. For the read cycle, chip-enable low must extend past
the address to ensure valid data for that address. Once the chip-gnable goes high, the output buffer will immediately
return to the high-impedance state. For the write cycle, chip-gnable low must occur before the read fwrite input goes to
the write state ensuring no ambiguity in the chip enabled for a particular write cycle. This input can be driven from
Series 54/74 TTL with no external pull-up resistors.

Read/Write {R/W}

In the write mode prior to an address change, R/W must be in the read state {high level] and must remain in that state for
a minimum period to eliminate the possibility of data being written into an unwanted location, The read/write input is
TTL compatible without external pull-up resistors,

Diata n {DV]

The DI input accepts the input data during the write mode, During a write cycle, data must be valid for a minimum
time period hefore the read/write input is hrought to the read state ensuring that proper data will enter the location
selected. To eliminate any data ambiguity, data must be held valid past the end of the write pulse.

Data Qut (DO)

Data out is a three-state terminal contralled by the chip-enable input, which supplies output data during a read cycle, A
high level anchipenable places the data-out terminal in the high-impedance state.

functional black diagram

A FUNCTION TABLE
A1

Al — e

A2 ' CE| RAW| 1O

A2 10F 32 32 AOWS BY
a2 ——[E. now 32 COLUMNE L| L [jwriTE

— i DECCDE STATIC MEMORY

Lo STORAGE ELEMENTS L H |READ
a3 % | x |HigHz

Ad H = HIGH LEVEL
M At L= LOW LEVEL

Ver —————— -
GROUND — & jE
R
R 4' E R : 143 CONTROL
AEAD!
DATA IN o WRITE
CONTROL 3

& —

1 QF 32 COLUMN DECODE

)
2| q%| qfe| R 2T 2
QUTPUT

DATAQUT =% SUFFER -] y
i

!

|
. l | |

A5 A5 AT AB AS

a 2]
LU
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TMS 4033 JL, NL; TMS 4034 JL, NL: TMS 4035 JL, NL
1024-WORD BY 1-BIT STATIC RANDOM-ACCESS MEMORIES

absolute maximum ratings over operating free-air ternperature range {unless otherwise noted}*

Supply voltage, Voo tsee Note 1) . 0 0 . . . . . . . . . . . . . . . . . . ... —0Bto7V
Inputvoltage {any inputd {see Note 1), . . . . . . . . . . . . . . . . . . ... . —05te7V
Continuous power dissipation. . . . . . . . L L L L L L . 0 00w
Operating free-air temperature rangg . . . . . . . . . . « « « . . . . . . . . ..0CwwcC
Storage temperatUre range . . . . . . 4 . 4 . . v e e e e e e e e e . ... —B5°C10180°C

MOTE 1 Woltage values are with respect to the ground terminal.

*COMMEMNT: Stressas beyand those listad under "Absolute Maxlmum Ratings’” may cause permanent damaeps to tte deévice, This is o strass
rating unly and functignal operation of the device at these or any gther conditions beyond those Indlcated in the *Accommended Opcrating
Conditions'* zection ol this specification is not implied, Exposure to absolute-maximum-rated conditions for axtended perinds may affect
deyice reliabillty.

recommended operating conditions

. MIN NOM MAX UMNIT
Supply veltage, Ve 4.75 5 5.25 v
High-lpvei input voltage, Vi 2.2 Ve v
Low-leve! input voltage, V1 ises Note 2) —0.3 ] 0.65 v
Qperating free-air temparature, Ta B a 70 °C

NOTE 2: The algebraic convention whare the most negative limit [ designated as minirmuin is used in this data sheet lorlagic voliage lavels only.

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER __ e TESTCONDITIONS MIN _ TYPT  MAX | umMIT
Vo Migh-level output voltage loH = =100 pA. Vep =475V 2.2 v
VoL Low-level output voltage oL =18 mA, Vee =525V 045 v
I Input current V) -Dto5.25 V ) ) | 10 KA
Dif-state autput current .
| . . =
OZH  pbiyhevel valtage applied CEar22V, Vo=4V 10 A
Off-state outpur current, ==
loze low-level voltage applied CEat22V, Vo =045YV -1 —100 ua
Voo =925 Y, Data out apen,
lec Supply current from Ve All inputs at 5.25 V 45 70 ma
Ci Input capacitance Ta=25'C, i=1MHz 3 b pF
Co Oulpul capacilance Ty = 26°C, f=1MH=z 7 | pE
TAIll typical valuss ara at Vo =5V, T = 25°C.
conditions for testing timing requirements
Input high levels . . . . . . L L L L L Lo o 22V
Input low levels T 4 N 15V
Input rise and fall times e 20 ns
Output load C e e e e e o a0 e e e e o e e <  1Series 7 TTL load, CpL =100 pF
All timing requirements e e e e e e e e L 5% point of waveform
TEXAS INSTRUMENTS 51
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TMS 4033 JL, NL; TMS 4034 JL, NL; TMS 4035 JI, NL
1024-WORD BY 1-BIT STATIC RANDOM-ACCESS MEMORIES

read cycle timing requirements over recommended supply voltage range, Ta = 0°C to 70°C

{unless otherwise noted)

PARAMETER TMS 4033 TME 40343 TMS 4035 UNIT
M TYPT Max | MIN Tvet max | MIN_TYPT max
teird} Read cycle time 460 650 1000 ns
taladl Access time from address 300 480 450 650 500 1000 ns
13{&' Access time from chip enahle 200 300 500 | ns
DV ad) Previous output data valid from address | S0 50 50 ns
tpHz or tpLz  Qutput disable time from chip enable o 200 a 200 o] 200 | ns
t Al typical values are at VMep =5V, Ty = 25%¢.
ot Telrd) *
ADDRESS D( ADDRESS VALID >[<
1
| |
|
l |
ARy R I
CHIP ENAELE B DON'T CARE |
| |
| L— %aiTE) —.1 t 1
| ! [ —DI lﬂ— PHZ
I
DATA OUT ! ><DATA VAL|D>|—
| 1
L ! - le—to1z
- talad) » tDV(ad)
write cycle timing requirements over recommended supply voltage range, Ta = 0°C to 70°C
PARAMETER TMS 4032 TMS 4034 TMS 4035 UNIT
R MIN Max | MIN MAX | MIN MAX
Telwr) Write cycle time 450 650 1000 s
Tyulver] Write pulse width 260 400 750 ns
tsutad) Address setup time 160 200 200 ng
Lsu{EE} Chip cnable to write selup time 350 I ] 850 ng
Teurfeln) Data-in 1@ write setup tima 00 450 800 ns
thiad) Address hald time 50 &0 50 ns
thida) Data hgld time 50 ) 50 ns
rlf- tefwrl 'r'|"
ADDRESS X X
= toutacy — |
READ/MWRITE ﬂ il" I
- twiw)  ———————— ol thiaa)
™ | |
CHIP ENABLE !
|“__‘— tsulCE) H
}‘7 tufds) ——anl
N AL |
DATAIN DoN- TEAREW DATA VALID I >i<

e
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MOS TMS 4036 J1, NL; TMS 4036-1 JL, NL; TMS 4036-2 JL, NL
LSI G4-WORD BY 8-BIT STATIC RANDOM-ACCESS MEMORIES

BULLETIM NO. DL 5 751223%7, MAY 1975

64 x & Organization 20-PIN CERAMIC AND PLASTIC

. . BUAL-IN-LINE PACKAGES
Static Operation (No Clocks, No Refresh) \TOP VIEW)
Gompact 20-Pin 300-Mil Dual-in-Line Package

3 Performance Ranges: Hor o u} 20 1/O6
ACCESS READ OR WRITE [
TIME CYCLE AS 2i0 EI 19 1105
{MAX] {MIN}
TMS 4036 1000 ns 1000 ns AQ 3 IE E[ 18 K
TMS 4036-1 650 ns G650 ns
TS 4036-2 450 ns 450 ns A1 4E E] 7 vod
¢ Multiplexed Commaon Bus 1/0
® input Interface Az EIE ﬂ 6 OE
Fully Decaded aND GE ﬂ 5 vee
TTL Compatible
Statéic Charge Protection A4 7E E| 4 CE
#» Output Interface _
P A3 3E E' 13 RAV
3-5tate
Fan-Out 1 Series 74 TTL Load woa  elo @ 2 o3
OR-Tie Capability
o1 19|0 E[ 1 a2

e Power Dissipation . . . 450 mW Maximum
& N-Channel Silicon-Gate Technology
* 3.Bit Word Length ldeal for Microprocessor-Based Systerns

description

This series of static random-aceess memories is organized as 64 words of 8 bits. Data inputs and outputs are muitiplexed
an an 8-bit, bidirectional bus controlled by the combination of chip enable and output enable. Static design results in
reduced overhead costs by elimination of refresh-cloeking circuitry and by simplification of the timing reguirements. In
arddition, all inputs and outputs are fully compatible with Series 74 TTL, including the single S-volt power supply, The
TMS 4036 series is manufacturad using TI’s reliable M-channel silicon-gate technology to optimize the cost/performance
relationship. Readout is nondestructive and the output data polarity is not inverted from data-in,

The TWMS 4036 is affered in compact 20-pin ceramic {JL suffix]} and plastic (ML suffix) dual-in-line packagss designe:l
for insartion in mounting-hole rows on 300-mil centers, The series is guarantead Tor operation fram 0°C 10 70°C.

operation

addresses (A0-A5)

The fi-bit address selects one of 64 B-hit waords, The address-valid time determines ¢yele time during both the read and
write cyclos. The address inputs can be driven directly from standard Series S3/74 TTL with no external pull-up
resistars required,

s PRELIMINARY DATA SHEET:
Supplementary data may be TEXAS INSTRUMENT
published at a later date. INCORFPDRATED

POST OFFICE BOX 5412 « DALLAS, TEXAS 75222
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TMS 4036 JL, NL; TMS 4036-1 JL, NL; TMS 4036-2 JL, NL
64-WORD BY 8-BIT STATIC RANDOM-ACCESS MEMORIES

operation {continued}

chip enable (CE)

The €E terminal is used 1o enable a specific memory device. 14 CE is low, the device is enabled for sither a read or write
cycle, depending on the state of the read/write and output-enable terminals. When EE is high, the 1/O buffers are in the
high-impedancs state. CE may be driven from Series 74 TTL. For a more complete understanding of CE, see the section
on output enable,

read/write (R/W)

The RAWV input must be high during read and low during write operations. Prior te an address change, RN must be in
the read state and must remain in that state for a minimum period 1o eliminate the possikility of data being written into
an unwanted position, The R/W input is TTL-compatible and does not require external resistors.

output enable {OE)

The output enable terminal controls the 1/O buffer and determines whether the bus is i an input or sutput mode,
When OF is low, the 1/Q terminals are in the input cenfiguration; when QF is high, the 1/Q terminals are in the output
configuration. The read cycle and write cycle timing diagrams show in detail the relation between EI_E, OE, and the
other signals {reter to the function table}. This input is also compatible with Series 74 TTL circuits.

inputfoutput huffer (1/00-1/07}

Each of these terminals interface directly with the external data bus and have the capability of being both an input and
an output buffer, These buffers are cantrolled by a combination of CE and QE as described in the cutput enahle
section. Each buffer is three-state and fully TTL compatible, both as an input and an output.

functional block diagram

. i FUNCTION TABLE
A1 a 64 ROWS BY R | TE | o OPERATION
[:Z 2 B COLUMNS L | L [ H | Notrecommenced
az — 5 ° L|L,L |wisto=2
|
H L H Read
a5 & ?
o X H X Device disabled {1/0 = Z)
1]
A —EZ w STATIC MEMORY H X | L. | Device disabled {1fQ = 2}
as _m 2 STORAGE ELEMENTS H = High
L= Low
X = [rrelevant
Z = High Impedanca {Qff)
1Y) CONTROL
CE wd 1700
SEE w Vot
=4 b 1702
— w
RiW ¥z2 &0z
3] v TO 1/0 BUS
2 —voa
© +—1uos
“ —vos
O OE BUFFER o7
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TMS 4036 JL, NL; TMS 4036-1 JL. NL: TMS 4036-2 JL. NL
G4-WORD BY 8-BIT STATIC RANDOM-ACCESS MEMORIES

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)*

Supply voltage, Vg (see Notes 1 and 2} e e e e e e e e e B ALIAY

lnput voltage lany input} {see Motes 1and 2} . . . . . . . . . . . . . . . . 05wV

QOperating free-air temperature range . . . . . . . . . . . .. e e . 0°C to 70°C

Slorage 1emperature range . . . . . . 4 e e e e e e e e e e . ... —85°Crs0C
NGTES:

1, voltage values are with respect 1o tha ground tarminal,

2. For all combinations of Inputs, the 1/ lines may be shorted ta VSS ar VCC tor a period not to exceed five milliscconds,
*Strasses bovond thaoso listed under “*Absoluts Maximum Ratings” may caus2 permanent damaga to the device, Thisis o stress raung anly and
functiena! gperation of the devlce at these ar any other conditions beyond thass indlcaed in the "Recommended Operatng Conditians™
zection of this specification is not implied. Expasure to absolum-maximum-rated canditions for exiended periods may alfect device retiability.

recommended operating conditions

TMS 4036 TMS 4036-1 TMS 4035-2
PARAMETER UNIT
MIN NOM_MAX |MIN NOM MAX | MIN NOM MAX
Supply voltage, Vop 4.75 . & 623 [4.75 § 9525 [4.7% 5 525 v
Supply valtage, Vgg 0 0 | 0 v
High-level input veltage, Vg 2.2 Vee 2.2 Ve |22 Voo v
Low-level input volrage, Vi {see Nowe 32} —0.3 0.8 (-0.3 08 '-03 0.3 \Y
Read cycle time, tafpd) 1000 650 450 ns
Write cyele time, toiwr) : 1000 650 450 ns
Write pulse width, tu(ar) 50 300 200 ng
Address setup time, g, (ad} 480 . 300 200 ng
Chip-enable setup time, g, (CE) 700 500 400 ns
BData sctup time, tsulda) 600 430 300 ns
Address hold time, thgd) 50 50 50 ns
Data hold time, thida) 50 50 50 ns
Operating free-air temperature, T a 70 0 0 a it C |

NOTE 3: The glbegraic convention whara tha most negative limit is designatad as minimum is wsed in 1this daca sheer for logic voltege levels only.

eleetrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX UNIT
YOH High-level output valtage lgn = —100 pA, Vop =475V 2.4 W
VoL Low-level output voltage lpr = 1.9 maA, Voo =475V 2.4 v
i Higtl-la_ve'l input current inte address, v =525V 10 uh
R/W.CE. or OE
E =525V, QEat0QV, 10
CEat525V
Off-state curput current, high-level voltagn Vg =528V, QEat5.25Y,
lozH . . — 10 A
applied at 140 terminal CEat22Vv
V_O =525V, OE2 08BV, 10
CEato v
\J"_o =0V, QF gt 5.25 V., _100
lozL Off-state output current, low-level volrags CEat22V oA
applied at 1/O terminal ! V_g =0V, QEat 0.3 Vv, —100
i CEatOVW
I Supply current from Vi a5 m#A
Ci Input capacitance f=1MHz, Ta=25C 10 aF
Cita 1/ tarmina! capacitance ) f=1MHz, Tp=25°C 20 pF
TEXAS INSTRUMENTS 5

INCORPORATED
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TMS 4036 JL, NL; TMS 4036-1 JL, NL; TMS 4036-2 JL, NL
64-WORD BY 8-BIT STATIC RANDOM-ACCESS MEMORIES

switching characteristics over recommended supply voltage ranges, Ty = 0°C 10 70°C

PARAMETER TMS 4036 TMS AD36-1 TMS 4036-2 UNIT
MIN TYPT mAX | MIN TYPT MAX | MIN TYPT MAX
tatag) Access time from address 1000 650 450 ns
ta{CE) Access time from chip gnable 200 190 180 ns
ta(0E) Access time from output enable 200 190 130 ns
tpxz  Qutput disable time from chip enable 0 &0 200 o 80 200 0 &0 200 ns
tpyz  Output disable time from autput enable Isee Note 4] a B0 200 0 60 200 0 60 200 ns

MNQDTE 4: This parameter datings the delay for the I/D bus ta enter the inpot mode,
i
TAIL typical values are at Tpa=250C

read cycle timing

Te{rd}

el
!

ADDRESS, AD-AS DI< ADDRESS VALID X
’ |

READ/WRITE, RAV |
—/I le—— wicE —b] __[ |_‘_ N

i I |

CHIP ENABLE, CE >_< DON'TCAREE k | A | |
NN

| fe— 'h(adﬂ—vl

|
|
OUTPUT ENABLE, OE | /|/ i \\ |
|
|

f— ‘alOE}—.'! |~—tpxz—>’

INPUT/OUTPUT  1/O0-1/O7 DATA VALID

f————————— talaa) %—bl

write eycle timing

Lt

[ telwrl ‘é]‘]

ADDRESS, AD-AS )k ADDRESS VALID
I

|
!L‘— tsu{ad) —’| ‘——.1 [ thiad}

READ/WRITE, RAY \ ,i(

L* tw{wr] —_—

e ulCE}

CHIP ENABLE, CE DONT CARE k ] /__
AV VAN

OUTPUT ENABLE, GE N [

Xy tulds) —— |

AN
INPUT/OUTPUT, 1/00-1/07 DON'T CARE DATA VALID | X
ANV

NOTE: For measuring timing requirerncnts and characteristios, Vg - 2.2V, V|~ 65 W, 1p = ¢ = 20 ns and all timing points are 5% poants,

Fé MIED 1+ P 5 A
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MOS TMS 4039 JL, NL; TMS 4039-1 JL, NL; TMS 4039-2 JL, NL
LS| 256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

BULLETIN NO. OL-5 7512271, MAY 1975

¢ 256 x 4 Organization 22-PIN CERAMIC AND PLASTIC
. . AL-IN-LINE P
» Static Operation {No Clocks, No Refresh) by LINE PACKAGES

{TOP VIEW}
e 3 Performance Ranges:
ACCESS  READ OR WRITE a3 1o U 22 wee
TIME CYCLE -
{MAX) {MIN Az 2o 9,2 A4
TMS 4039 1000 ns 1000 ns Al 3 E EJ 20 RAW
TMS 40391 554 ns 650 ns _
TMS 4038-2 450 ns 450 ns A0 4 E ﬂ” CcEl
e Input Interface A 5 [of E]m ot
Fully Decoded A6 6 E En CE2
TTL-Compatible at 7 0g Ew poa
Static Charge Protection -
GND 8 E E|15 DI
s  Cutput Interface = .
Two Chip-Enable Inputs for OR-Tie Capability B9 g o1 o003
Fan-out to 1 Series 74 TTL Load Do 10 E o1z 3
3-State Outputs and Qutput Enable Control DIz 11 E 12 DOz

for Comman /0 Data Bus Systems
e Power Dissipation ...175 mW Typical
= Organized for Microprocessor-Based Systems

= Interchangeable with Intal 2101, 2101-2, and 2101-1, Respectively

description

This series of static random-access memaories is organized as 256 words of 4 bits. Static design resuits in reduced
overhead costs by elimination of refresh-clocking eircuitry and by simplification of timing requirernents. All inputs and
outputs are fully compatible with Series 74 TTL, including the single 5wolt power supply. The TMS 4039 series is
manufaciured using TI's reliable M-channel enhancement-type silicon-gate technology to optimize the cost/performance
relationship. Readout is nondestructive and output data is not inverted lram data in.

The TMS 4039 series is offered in 22.pin dual-in-line ceramic {JL suffix) and plastic {NL suffix} packages designed for
insertion in meunling-hale rows on 400-mil centers. The series is characterized for operation fram 0°C to 70°C.

operation

addresses |AD-A7)

The eight address inputs select one of 256 4-bit words. The address inputs can be driven directly from standard Series
54/74 TTL with no external pull-up resistors,

chip enable {CET and GE2)

To enable the device, CE1 must be low and CE2 must be high. The twa chip-enable terminals can be driven from a
common source with an inverter or either terminal can be hard wired to its enabled level. When the memory is disabled,
data carnet be entered and the outputs are in the high-impedance state.

578 PRELIMINARY DATA SHEET:
Supplementary  data may be TEXAS INST RUM E'N TS 57
published at a later date. INCORPORATED
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TMS 4039 JL, NL; TMS 4039-1 JL, NL; TMS 4039-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

operation {continued)

readfwrite {R/W}

The RA input must be high during read and low during write operations, Prior to an address change, B/W must be in
the read state and must remain in that state for a minimum period 1o eliminate the possibility of data heing written inta
an unwanted position, The R/W input is TTL-compatible and does not require external resistors.

output enable (OE}

The output enable must be low to read for when it is high the oulputs are in the high-impedance state wseful for
OR-ties or common input/output operation. When the device is not used in the common-input/output configuration,
the output enable terminal can be hard wired low.

data in (D11-DI4}
The DI inputs accept input data during & write operation. During a write eyele, data must be set up a minimum time

befare RAN qoes to the read state {high) to ensure that correct data will enter the addressed memaory cell. Also, input
data must be held valid a minimum time after the rise of R/W.

data qut (DQ1-DO4)

Data out is a threa-state terminal contralled by CE, EL and CE2. To read data, CE1 and OE must be low with CE2
high. When OE or CE1 goes high or CE2 goes low, the output terminals are forced to the high-impedance state.

functional hlock diagram

AD
Al
A2
A3

Ad

R/W
o1
iz
DI3

Dia

CE1

CE2

FUNCTION TABLE

—Is— RAW|CE1]cE2| OE| _ OPERATION
L L ML) write (DO =2)

—E L| L | H|H]wieiDO=2)

CELL ARRAY H L H | L | Read
-—r— ROW SELECT 37 ROWS X H x X | Device Disabled (DO = Z)

32 COLUMNS X X L | X | Device Disabled (DD = Z}
_H H X X H | Deviee Disabled (DD = 2}

H = High

— —

X = [reslavant

| | Z = High Impedance

_[§: —{ coLUMN 170 CIRCUITS 7= Inaeterminate

_E COLUMN SELECTOR
INPUT oot
[ CONTROL B_ Doz
A5 A6 A7
L
I\ E— D04
L

TEXASI INSTRUMENTS
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TMS 4039 JL, NL; TMS 4039-1 JL, NL; TMS 4039-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

absolute maximum ratings over operating free-air temperature range (unless otherwise nated)*

Supply voltage, Vg {see Note 1)
input voltage lany input) {see Note 1}
Continuous power dissipation
Operating free-alr temperature range
Storage temperature range . .,

MOTE 1: Yoltage values are with respect to the pround terminal,
"Sqresses beyond those listed under "Apsolute Maximum RAatings’” may cause permanent damage ta

. 05107V
.. —DHta?V

W

0°C 10 70°C

. —85°C 1w 150°C

the devica, Thiz js a siress rating only and

functionat operation of the device at these or any other conditions heyond those indicated in the "Recommended Operating Condltions'
section ol this specifizcation is nat implied. Exposure to absalute-maximum-rated conditions (or extended periods may affect devica raliability.

recommended operating conditions

NQTE

electrical characteristics aver recommended operating free-air temperature range {unless otherwise noted)

TMS 4039 TS 4039-1 TMS 4033-2
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
Supply voltags, Vep 4.75 5 5.25 [ 4.5 B 525 | 4375 5 526 W
High-level input veltags, V4 2.2 Ve 2.2 Ve 2.2 Voo W
Low-level input voltage, V| lsee Note 2} ~0.5 0.65 |08 0.85 [ =D.5 0.65 v
Read cyele time, tz{rd) 1000 650 450 ns
Write cyele time, tofyy) 1000 850 450 ng
Write pulse width, tyjpr) eoo 450 no ns
Address setup time, tg,{z4} 180 160 100 ns
Chip-gnable setup time, ty, icE) 900 550 400 ns
Data selup 1ime, ty{da) 700 | aco 280 ns
Address held time, thiad} 50 50 B0 ns
Data hold time, th{da) 100 100 100 g
Operating free-air temperature, T a a 70 1] 70 a 0| ‘o
2: The glgebraic convention where the most nagative limit is designatéd as minimurm is uged in this data sheet for lpgic voltage leyels only,

PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
VaH High-level output valtage loH = —150 pA, Voo =495V 2.2 W
Vo Lowelevel output voltage lgl = 2mhA, Ve =625V 0.45 W
1y Input current Vi =055V +10 A
Off-state aurput current, high-level —
1 CEat22V, V=4V 15 A
oZH vpltage applied i o H
Qrf-state output current, low-leve! -
1 ' CEat2.2v, Vo =045V —50 A
OzZL voltage applied 0 ¥
lae Supply eurrent from Ve Vecg=525V, Ta - 205-0 50 m#A,
lo =0 mA Ta=0"C 0
. V=0V, Ta=25C,
o] Input capacitance 4 g pF
i P ' {-18Hz
, Yo=0V Ta=25¢C
c Cutput L ' ' B 12 F
o utpyt capacitance £ 1 MHz P

TAll typical valaes are at Voo =8V, Ta= 25°C,

switching characteristics over recommended supply voltage range, Ta= 0°C to 70°C, 1 Series 74 TTL load,

€ =100 pF
PARAMETER TMS 4039 | TMS 40391 | TMS 4039-2 UNIT
MIN  MAX MIN MAX | MIN MAX
talad) Access time from address 1000 650 450 ns
ta(cE]  Access time from chip enable CE1 or CEZ 800 400 350 ng
t3{OE) Aceess time from output enable 700 360 300 ns
t0y|ad) Previous sutput data valid afrer address change 40 40 40 ng
tpxz  Qutput disable time from output enable {see Mote 3} o 200 i} 150 Q 150 ns_

MOTE 3: With the gutputs DR-tied to the inputs, this paramater daflnes the delay for the /0 bus 1o enter the input made.

575
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TMS 4039 JL, NL; TMS 4039-1 JL, NL; TMS 4039-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

read cycle timing

o Teird)

ADDRESS, AD-A7 }— ADDRESS VALID
|
1

[

. tacei—») :

|
N ! /] 0V(ad) -14—-‘bl
I

e tpxz— 4l

i

|

|

|

|

| tmE

Jl alOE) ! | ]
1

_ >.<_ L

QUTPUT ENABLE, OE

DATA CUT, DC1-DD4

K ’ DATA VALID )——

[ tatad) |

write cycle timing

telwr} gl

1
ADDRESS VALID X

r‘_—""_tsu{adl |"_‘h|ad] —.I

READ/WRITE, RAV SL ;il

|
tsulCE)

tP)(Z

QUTPUT ENABLE, DE / |1—tsulda
! l[--———thidan——pl
| i

NOTE: For measuring timing requiremants and characteristics, Vg = 2.2V, V| = 0.65 V, t; = ty = 20 ns and all timing poiats are BO% points.

ADDRESS, A0-AT

_>'< Iy

PR IR A 575
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MOS TMS 4042 JL, NL; TMS 4042-1 JL, NL; TMS 4042-2 JL, NL

LSl 256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

BULLETIN MNQ., DOL-5 7812268, mMaAY 1975

* 256 x 4 Organization 18-PIN CERAMIC AND PLASTIC
e Common I/0 num_-l{hlr-;:’n\i::ﬁxmss
* 18-Pin Package e
e Static Qperation {No Clocks, No Refresh} AT 1 E U ﬂ 18 Vee
e 3 Performance Ranges:
ACCESS  READ OR WRITE A2 2 E E]” Ad
TIME CYCLE —
(MAX) {MIN) A3 E 0] 16 AW
TMS 4042 1000 ns 1000 ns A 4 E ol 15 EE1
TMS 404241 650 ns G50 ns
TS 4042-2 450 ns 450 ns A5 5 E ni 14 o4
s | erface
nput Interfac AG B E Elrz 103
Fully Decoded
TTL-Compatible a7 7 [0l 0]12 voz
Static Charge Protection GND B E ol 11 1o
s Qutput Interface _ _
Twa Chip-Enable Inputs for OR-Tie Capability G 3 E 010 ce2
Fan-gut to 1 Series 74 TTL Load
3-State Cutputs and Qutput Enable Control
for Common 1/0 Data Bus Systems
* Power Dissipation .. . 1756 mW Typical
Organized for Microprocessor-Based Systems
* |nterchangeable with Intel 2111, 2111-2, and 2111-1, Respectively
description

This series of static random-access memories is organized as 256 words of 4 bits, Static design results in reduced
overhead costs by elimination of refresh-clocking circuitry and by simplification of timing reguirements. The use of
comman input/autput terminals, cantralled by the chip enable and output enable terminals, allows the use of an 18-pin
package and saves board space in comparison to the TMS 4038, The commaon inputfoutpuls are fully compatible with
Scries 74 TTL. The device requires a single S-volt power supply, The TMS 4042 series is manufactured wsing TI%s
relialzle M-channel enhancement-type silicon-gate technology to optimize the cost/performance relationship, Readout is
nondestructive and output data is not inverted from data in.

The TMS5 4042 series is offered in 18-pin dual-in-line ceramic {(JL suftix} and plastic {(NL suffix) packages designed for
insertion in mounting-hole rows on 300-mil canters. The series is characterized for operation from 0°C to 70°C.

aperation

addresses [AQ-A7)

The eight address inputs select one of 256 4-bit words. The addrass inputs can be driven directly from standard Series
54/74 TTL with no external pull-up resistors.

chip enable 1 and chip enahle 2 (CE7 and CE 2)

To enable the device, CEi and CEZ must be low. The two chip-enable tarminals ¢an be driven from & common source
ar either terminal can be hard wired low. YWhen the memaery is disabled, data cannot be entered and the outputs are in
the high-impedance state.

PAELIMINARY DATA SHEET:

Supplementary data may be TEXAS INST RUMENTS

published at a later date. INCORPORATED
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TMS 4042 JL, NL; TMS 4042-1 JL, NL; TMS 4042-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

operation {continued}

read/write [R/W)

The B/W input must be high during read and low during write operations. Priar 1o an address change, RAW must be in
the read state and must remain in that state for a minimum period to eliminate the possibility of data being written into
an unwanted position. The R/W input is TTL-compatible and does not require external resistars,

output epahle {OE]

The autput enable must be low to read Tor when it is high the cutputs are in the high-impedance state.

inputfoutput {1/01-1/04)

The common inputfoutput terminals gre used for both read and write operations, During a write cycle, data must be set
up a minimum time before R/W goes to the read state {high) to ensure that correct data will enter the addressed
memory cell. Also, input data must be held valid a minimum time after the rise of R/W.

The cutput buffers are three-state and are controlled by ﬁ, E-E_l, and CE2, The input buffers are controlled by R/T'V.
C_El, and CE2. To read data, ﬁ‘l, EZ, and OE rmust be low. If any one of these three inputs goes to the high level,
the output terminals are forced to the high-impedance state. The cammon 1/O terminals can be driven directly by
Series 74 TTL and the buffers can drive Series 74 TTL circuits without external resistors.

functional block diagram

AD
AT
A2
A3

Ad

RW
1701
g2
103

104

Al &l
mi m
L

FUNCTION TABLE
R/W | CE1/ cEz | OF OPERATION
L L L L Not recommendad
ROW MEMORY ARRAY L L L H Write (/O = 2}
SELECT 32 ROWS H L L L Read o l
x H X X Crevice Disabled {1/0 = Z
32 COLUMNS X X H X Device Disabled (110 = 2§
H X X H Device Disabled (1/0 = 7)
H = High
L = Low

X & [rrelavant
Z = High Impedance

. OLUMN /0 CIRCUITS

COLUMN SELECT

INFLT
DATA
CONTROL
AS AB A7

e A

A
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TMS 4042 JL, NL; TMS 4042-1 JL, NL; TMS 4042-2 Ji, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)*

Supply voltage, Ve (see Note 1)

Imput voltage lany input) {see Note 1}
Continuous power dissipation .o
Operating free.air (emperature range . .
Storage témperature range . . . . .

NOTE 1: Woltage values are with respect to the ground terminal_
"Srresses heyond those listed under “'Absolute Maximurm Batings’” may cause permanent damage 1o the device, This is a stress rating only and
functional operation of the device at these or any other canditions beyend those indicated in the “Resommended Qperatng Conditions'
section of this specificatien is notamplied. Exposure to absalute-maxirmum-rated eonditipns for extendad perinds may alfect device raliability.

recommended operating conditions

—05t07V
~05107V

W

0°Cto 70°C

. —B5°C 1o 150°C

TME 4042 TMS 30421 THS 4042.2
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
Supply voltage, Vi@ 4,75 5 B.25 (475 & 525 147k 5 825 W
High-level input voltage, VY - 2.2 Voo | 2.2 Vee | 2.2 Ve v
Low-tevel input voltage, V| {see Note 2) -0.5 0.66 |—0.5 .65 |-0.5 0.65 v
Read cysle time, telrg) T 1009 650 450 ns
Write cycle 1ime, tojur) 1000 650 450 ns
Write pulse width, tyfur} 8§00 450 300 ns
Address setup time, Ty iad) | 150 150 100 s
Chip enable setup time, t5y{TE) 900 850 400 15
Data setup time, to fdaj it 400 280 ns
Auddress hold time, th{ad) &0 50 50 ns
Diata hold time, th{da) 100 100 130 ns
Operating free-air temperature, Ta 0 70 ] 70 4] 0 c

NOTE 2t The algabraie canventian whera the maost negative limit is designated as minimum is used in this data sheet for logic voltaga levels only.

electrical characteristics over recommended operating free-air temperature range {unless othenwvise noted}

PARAMETER TEST CGNDITIONS MIN TYP! MAX UNIT
Vou  High-level autput voltage lgH = =160 pA, VNpp=4.75Y 2.2 v
VoL  Low-lovel outpul voltage loL =2mA, VYo~ 5.20V 0.45 i
I Input current Vi=0to 528V 10 1
| Off-state output current, high-level FEat2 2y Vo eay 15 A
OzH voltage applied = Q *
| Qff-state output current, low-lavel _
GCZL ., CEat 2.2V, Vo =045Y —50 fTT:
voltage applied =
Vee =528V, Ta=-25¢C 50
1 Supply cutrent from W B mA
ce pety © ce I =0 ma Ta-0°C 70
] vi=av, Ta=1257C,
Ci Input capacitance 4 a F
i puteap F=1MWHz B
Vo=0V, Ta=25"C,
Co Output capacitance o A 10 15 BF
F=1MH=z

T Adl eypical values areat Vo = B Y, Ty = 26°C.
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TMS 4042 JL, NL; TMS 40421 JL, NL; TMS 4042-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

switching characteristics over recommended supply voltage range, T 5 = 0°C to 70°C, 1 Series 74 TTL load,

C, =100 pF
TMS 4042 TMS 4042-1 TMS 4042-2
PARAMETER UNIT
MIN MAX MIN MAX MIN  MAX
talag] Access time from address 1000 650 450 ns
15[ TE) Access time from chip enable CE1 or TE2 800 400 350 ns
ta(TTE) Access time from output enable 00 350 300 ns
DY {ad) Previous output data valid atter address change 40 40 40 ns
tpxE CQutput disable time from output enable (saa Note 3} 0 200 a 180 sl 160 nsg
NOTE 3: This parameter defines the delay for the [/0 bus to enter the input mode,
read cycle timing
[ tclrd) ;I

ADDRESS, AD-A7

CHIP ENABLE 1 AND
CHIP ENABLE 2, CE1, CE2

QUTPUT ENABLE, OE

INPUT/QUTPUT, 17011704

write cycle timing

ADDRESS, AD-A7

AEAD/WRITE, RN

CHIP ENABLE 1 AND
CHIP ENABLE 2, CE1, CE2

OUTPUT ENABLE, OE

INPUT/QUTPUT, I/O1-1/C4

ADDRESS VALID

——

|

NN

1ﬂ[l:l_El'—i"_’l

[t ——————— talad} —_—

I‘— oxz

[
fDV{ad)—Iﬂ——>|

i/_
_I'\

DATA VALID

tefwrl

X

ADDRESS VALID

I"—.r *sufad}

h—thz—>|

|‘— ‘su{da}—h!

|-¢— thida) —n-{

XXXXHXAKXXXK

DATAVALID

KXXXX

NOTF: Far measuring timing requirdments and characteristics, Vg = 2.2 ¥, W - 0.85 V. ¢, - ty -~ 20 ns and all nming guints ara 50% poinis.
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MoS : TMS 4043 JL, NL; TMS 4043-1 JL, NL; TMS 4043-2 JL, NL
LS| 256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

HULLETIM NO, DL-5 7512270, MAY 1475

s 256 x 4 Organization 16-PIN CERAMIC AND FLASTIC
e Common 1/0 DUAL-II;II:‘;IPN‘EI:J:U{;KAGES
»  16-Pin Package
s Static Operation {No Clocks, No Refrash} A3 101 U EI 16 Vce
* 3 Performance Ranges: Az 2 E o] t5 A4
ACCESS READORWRITE _
TIME CYCLE Al 3 E E“‘ RAN
[MAX) {MIN} —
A0 4E E|13 TE
TVS 4043 1000 ns 1000 ns
TMS 4043-1 650 ns 650 ns a5 5 [o @1: Vo4
TMS 4043-2 450 ns 450 ns
A6 6 E 0l 11 vos
«  Input Interface
Fully Decaded - A7 7 E EI 10 /o2
TTL-Compatible GND B E ol 9 o1
Static Charge Protection

= Qutput interface
Chip-Enable Input and 3-State Outputs for OR-Tie
Capability in Comman 1/0 Data Bus Systems
Fan-out to 1 Series 74 TTL Load
s Power Dissipation . . . 175 mW Typical
®  Organized for Microprocessar-Based Systems

s TMS 4043 and TMS 4043-1 Are Interchangeable with Intel 2112 and 2112-2, Respectively
description

This series of static random-access memaries is organized as 256 words of 4 bits. Static design resutts in reduced
overhead costs by elimination of refresh-clocking circuitry and by simplification of timing requifcmcnts. The use of
common input/output terminals, controlled by the chip enable and read/write terminals, allows the use of a 16-pin
package and saves board space in comparison to the TMS 4039 or TMS 4042, The common input/outputs are fully
compatible with Series 74 TTL, The device requires a single b-volt power supply. The TMS 4043 series is manufactured
using Tl's reliable M-channel enhancement-type silicongate technology to optimize the costperformance relationship,
Readout is nondestructive and ouiput data is not inverted from data io.

The TMS 4043 series is offered in 16-pin dual-in-line ceramic [JL suffix} and plastic {NL suffix} packages designed for
insertion in mounting-hole rows on 300-mil centers. The series is characterized for operation from 0°C 1o 70°C.

operation

addresses (AQ-A7)

The eight address inputs select ane of 256 4-bit words, The address inputs can ba driven directly from standard Series
54/74 TTL with no external pull-up resistors,

chip enable ([CE}

To enable the device, CE must be low. Whan the memory i5 disabled, data cannot be entered and the autputs are in the
high-impedance state.

PRELIMINARY DATA SHEET:

Supplementary data may be TEXAS INSTRUM ENTS

published at a later date, INCORFORATED
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TMS 4043 JL, NL; TMS 40431 JL, NL; TMS 4043-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

operation [cantinued)

read/write (R/W}

The R/W input must be high during read and fow during write operations. Prior 1o an address change, RAN must be in
the read state and must rema'm_in that state for a minimum period to eliminate the possibility of data being written into
an unwanted position. The R/W input is TTL-compatible and does not require external resistors.

inputfoutput {1/01-1/04}

The common input/output terminals are used for both read and write operations. During a write cycle, data must be set
up a minimum time befare RAY goes to the read state {high} to ensure that correct data will enter the addrassed
memary cell. Also, input data must be held valid a minimum time after the rise of BAN.

The gutput buffers are three-state and they are controlled by CE and R/W, If CE goes high ar RW goes low, the output
terminals are forced to the high-impedance state. The input buffers are also controlled by CE and R/W. To read data,
CE must be low and R/W high, The common 1/Q terminals can be driven directly by Series 74 TTL and the buffers can
drive Series 74 TTL circuits without external resistors.

functional block diagram

FUNCTION TABLE

X = |rrelavant
Z = High Impedance

Ad

po—— {3
RV | CF OPERATION
at —[Z L | L | writeiia = 73
oW MEMORY ARRAY il L | Read
Az ——K 32 ROWS o _
SELECT x H | Device disabled {1/0 = Z|
A2 COLLIMNS
A3 _X H = High
L =Low

COLUMN 1/0 CIRCUITS
(Lo} —q—m COLUMN SELECT
voz b{l\: INPUT DATA |!
CONTRGL
WN: el
1/03
AD AB AT L-
104 {5 <1
LI
CE — 4
RAW E'“
66 TEXAS INSTRUMENTS
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TMS 4043 Ji, NL; TMS 4043-1 JL, NL; TMS 4043-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

absolute maximum ratings over operating free-air tamperature range (unless atherwise noted)*

Supply voitage, Voo fsee Note 1) O A LAY
Input voltage {arny input} (sec Note 1) e e e e e s, 0517V
Continuous poweer dissipation . . - . . . . L L L. L . 0 L L L 0w
Operating free-air tamperature range . . . . . . . . . « « . e e e . . . OCWC
Storage terperature FraNg9e . . . . . . . . . . . . .« . . .+ . . . . . . —BECto180°C

NOTE 1: Voltage values arg with respact to the ground terminal,

*Stresses beyond those listed under "Absolute Maxinium RAatings™” may cause parmanent darmage to the device. This iz a stress rating only and
functional operation of the device at thesa gr any pthér conditions beyond those [ndicowed In the “Recommended Operatlng Conditions™
saction of Lhis specilication is not implied, Exposure to absolute-maximum.roed conditions for exwended periods may affect device reliability.

recommended operating conditions

TMS 4043 TMS 4043-1 TS 2043.2
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX |MIN NOM MAX
Supply veltage, Voo 4.75 & 5256|4726 5 525 |4.75 5 5.25 v
High-level input voltage, ViH 22 vee | 22 Voo | 22 Voo v
Low-level input voltage, VY (see Note 20 —0.5 .65 | 0.5 0.65 |05 065 v
Read eyele time, tofrg) 1000 50 450 ns
Wirite eyele time, toipy) 1000 B850 450 ns
Acdudress setup time, tgylaq) 160 100 50 ns
Chip-enable setup time, tg,(1TF) 0 a 0 ns
Drata setup time, tgy{da) &00 300 150 ns
Address hold time, thiad) 50 50 &0 ns
Chipenabla hold time, th(TF) 0 o o ns
Data held time, Thida) 100 g0 80 ns
Operating free-air temperature, Ta i 0 a 70 ] 70 'c

NOTE 2: The algebraic convention whers the most negative llmit is gosignated as minimum is userd in this dara sheet for logic voltage levels only.

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

PARAMETER TEST CONDITICNS MIN TYpt MAX UNIT
Voo High-level nutput voltage IgH = —160 pA, Vop =495V 22 W
VoL  Low-evel sutput voltage loL =2 mA, Voo =528V 045 ¥
h Input current Vi=Dwbh2hv =10 MA
Off-stare output current, high-level —
lozH e e CEat2.2v, Vo=4V 15 HA

valtage applied

| O ff-state qutput current, law-level EEat22v v 045 v 50 A
at 2. . - {. -
ozL woltage applied o "

| Suppt from v Vep =525 Y, Ta=25'C &0 R

u current from - m
cc i ce Ig=0ma TA=0C 70

. Vi=0ov, Ta=25"C,
G Input capacitance f-1MH 4 B pF
= z
¢ Output capacit Vo =ov, Ta=28C, 10 15 F
u £ Pl nco

o put capacits f= 1 MHz "

TAll typical valugs ara at Vgp =S W, T4 = 25 C.
TEXAS INSTRUMENTS 67
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TMS 4043 JL, NL; TMS 49043-1 JL, NL: TMS 4043-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

switching characteristics over recommended supply voltage range, T4 =0°C 1o 70°C

. 1 Series 74 TTL load,

c L= 100 pF
TMS 4043 TMS 4043-1 TS 4043-2
PARAMETER UNIT
MIN MAX [ MIN MAX |MIN MAX
tafag}  Access time from address 10040 &0 450 ns
tyiTE} Access time trom chip enable 200 500 350 ns
0y (ad} Previous output data valld afrer address change 40 40 40 ns
tpxz  Qutput disable time from chip anable [see Note 31 q 200 1] 150 0 150 LhH
tpxz  Cutput disable time from readfwrite {see Note 3) 200 200 200 ns
MOTE 3: This parameter defines the delay for the 170 bus to enter the input moda,
read cycle timing
= totrd) |
ADDAESS, AQ-A7 ;( ADDRESS VALID Xﬁ
| I
| |
CHIPENRaLE, TE QOO XXX
|
— +
: fe—— ta(csl——b{l 10V (ad)
|
F————— tfaa) ———l ]"‘ tPxz "‘ll
INPUT/OUTPUT, 1/O01-1/D4 l I/- DATAVALID )—

write cycle timing

—~«

tefwr)

ADDRESS, AD-A7

ADDRESS VALID

F'—-*:-tsu:am

READ/WRITE, RFW

—4

CHIP ENABLE, CE

N

I"_ tsu{CE}

me - AXTXXRAKD

P ———— thiay) —

|4—h-|— th{TE)

‘su(dul—’!
f——— tmual—-|

PxZ

INPUT/QUTPRUT, /O1-1/04

XK

DATA VALID

XSO

NOTE: For measuring timing requirements and characterlstics, Vg " 2.2 ¥, ¥ | = 065 ¥, 4, = t5 = 20 ns and all timing points are 50% paints.
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MOS TMS 4050 JL, NL; TMS 4050-1 JL, NL; TMS 4050-2 JL, NL
LSI 4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

BULLETIN NQ, DL-5 7612242, FEERUARY 1875 —REVISED MAY 1975

* 4096 x 1 Organization 18-PIN CERAMIC AND PLASTIC
« 18-Pin 300-Mil Package Configuration DUM'IF-:-';LNEEM:?KAGES
e Multiplexed Data Input/Qutput
o 3 Perf BS:
3 Performance Ranges READ, Vea Ves
READ OR MODIFY
ACCESS WRITE WRITE #O AN
TIME CYCLE CYCLE
[MAX) (VIIND {RIN) A0 AlD
TS 4050 300 ns 470 ns 730 ns Al F-1:]
TS 4050-1 250 ns 430 ns G660 ns
TMS 4050-2 200 ns 4900 ns 600 ns Az AR
¢ Full TTL Compatihility on All Inputs B
{No Pull-up Resistars Needed) R/ A7
® HRegisters for Addresses Provided on Chip CE AB
e« QOpen-Drain Output Buffer
s Single Low-Capacitance Clock A3 AB
¢ Low-Power Dissipation
. . Ad Vop
— 420 mW Operating (Typical)

— 0.1 mw Standby (Typical)
¢ N-Channel Silicon-Gate Technology

description

The TMS 4060 saries is cornposed of high-speed dynamic 4096-bit MOS random-access memaries, organized as 4096
one-bit words. N-channe! silicon-gate technology is employed to optimize the speed/power/density trade-off. Three
perfarmance options are offered: 300 ns acoess Tor the TMS 4050, 250 ns access for the TWMS 4080-1, and 200 ns for
TMS 4050-2. These options allow the system designer to more closely match the memory performance to the capability
af the arithmetic processor.

All inputs except the chip enable are fully TTL-compatible and reguire no pull-up resistors. The input buffers allow a
minimum 200 mY noise margin when driven by a scries 74 TTL device, The TTL-compatible epen-drain buffer is
guaranteed to drive 1 series 74 TTL gate. The low capacitance of the address and control inputs precludes the need for
specialized drivers, The TMS 4050 series uses only one clock [chip enable} to simplify systemn design. The low-
capatitance chip-enable input requires a positive voltage swing {12 volts), which can be driven by a variety of widely
avallable drivers. The data input and output are muitiplexed to facilitate compatibility with a common bus system.
A 12 line address is available, which minimizes external contral logic and optimizes system performance,

The typical power dissipation of these RAM's is 420 mW active and 0.1 mW standby. To retain data only 6 mW average
power is required, which includes the power consumed to refresh the contents of the memory.,

The TMS 4050 series is offered in both 18-pin ceramic (JL suffix) and plastic (NL suffix) dual-in-line packages. The
series is guaranteed for operation from 0°C to 70°C. Packages are designad far insertion in mounting hole rows on
300-mil centers.

operation

chip enable {CE}

A single external clock input is reguired, All read, write, and read, modify write operations take place when the chip
enable input is high, When the chip enable is low, the memory i3 in the low-power standby mode and is not selected. Na
readfwrite operations can take place during the standby mode because the chip is deselected and is automatically
precharging.

PRELIMINARY DATA SHEET:
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TMS 4050 JL, NL; TMS 4050-1 JL, NL; TMS 4050-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMGRIES

operation {continued})

mode select [RAV)

The read or write mode is selected through the read/write (RAW) input. A logic high on the RAW input selects the read
mede and a logic low selects the write mode. The readfwrite terminal can be driven from standard TTL circuTts without
a pull-up resistar, The data input is disabled when the read mode is selected and the data output is disabled when the
write mode is selected,

address (AQ—A11)

All addresses must be stable on or before the rising edge of the chip-enable pulse. &ll address inputs can be driven from
standard TTL circuits without pull-up resistars, Address registers are provided an chip to reduce overhead and simplify
system design.

data input/output {I/O}

Data input and output are multiplexed on a commeon input/output terminal, which is controlled by the R/W input. Data
is written during a write or read, modify write cycle while the chip enable is high. The I/0 terminal requires connection
to an external pull-up resistor singe the autput buffer has an open-drain configuration. The open-drain output buffer
provides direct TTL sink compatibility with a fan-out of one Series 74 TTL gate. A low logic level results from conduc-
tion in the open-drain output buffer while a high level occurs with the buffer in its high-impedance state. Data written
into the memory is read out in its true form,

refresh

Refresh of the cell matrix is accomplished by performing a memaory cycle at each of the B4 row addresses {AD thraugh
AB] every 2 milliseconds or less. Addressing any row refreshes all 84 bits in that row. The column addresses  {AB
through A11) can be indeterminate during refresh,

ahsolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Vpp (see Note 1) . . . . . . . . . . . . . . . .+ . . . .+ . D32V
Supply voltage, ¥gglseeNote 1) . . . . . . . . . . . . . . . o .. 4 e . . . .=D3w02V
Allinputvoltages (see Nete 1) . . . . . . . ., . . . . . . . . . . . . . .. . .=0D3w20V
Chip-enablevoltage fseeMote 1) . . . . . . . . . . . « . « . v « « 4 « v v v . .=03w20V
Output voltage [operating, withrespect o Mgg) . . . . . . . . . . . . . . . .« . . . .=2w007V
Operating free-air temperaturé range . . . . . - . . . +« « + +« « « « « . . - . . .0Cw°C
Storage temperature range . . . . . . . . . - .« « 4+ « « « +« .« « . . . . . =B5"Cto180°C

NGTE: 1, Under sbsolute maximum ratings, veltags values aré with respect 1o the most-nagative supply voltage, Vgg (substrate), unless

otherwise noted, Throughout the remainder of this data sheet, voltage values are with respect ta Vgs,

functional block diagram

CHIF ENABLE

~—VDpp
-— Vgo

= Vgg
e iy
¢ :,ADDBUFFEH COLUMN DECDDE
All
t 4 110 o — o
jnnnau#snl | COLUMN AP ] oatavo | o WNTERNAL <
H i Ry |23 paTaIn <
[EXTERNAL) |q|: R/
CELLMATRIX vt IEU oE -
ROW DECODE i
DURMMY CELL i EZ -
| i i PRECHARGE |=g veRTED j
INTERNAL { at i CATA QUT
CLOCK GEN COLUMN SENSE VOLT A 1 Vs
GENERATOR e —_——_———— 2]
DLUMMY CELL 1/0 LOGIC
ROW DECODE
CELL MATRIX
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TMS 4050 JL, NL; TMS 4050-1 JL, NL; TMS 4050-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

recommended operating conditions

PARAMETER MIN NOM MAX UNIT
Supply voltage, Vpp 11.4 12 126 1Y
Supply voltage, Vgg 0 \
Supply voltage, Vg —4.5 -5 —-55 A7
High-level input valtage, ¥y lall inputs except chip enable) 2.2 85 W
High-level chip enable input voltage, ViHICE} Vpp —-0.6 Voot W
Low-level input veltage, Yy {all inputs except chip enablel (sea Mote 2) —0.6 .6 v
Low-level chip enable input voltage, Vi {pE) (see Note 2} -1 0.6 W
Refrash ime, trefresh 2 ms
Operating frea-air temperature, Ta 1] 70 °c

MNOTE 2: Thealgebraic convenlion where the mast nagative limit is 2esignated as minimum is used jn this data sheet far logic valtage levols only,

electrical characteristics over full ranges of recommended operating conditions, Ta = 0°C 10 70°C
{unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYPT mMaAX |UMIT
VaH High-level autput woltage ta = guranieed maximum aseess time, 2.4 v
RL=22kte85Y, C_=50pF,
VoL Low-level oupul valtyge Luad = 1 Series 74 TTL gate \yg 0.4 W
ty = guaranteed maximum access time,
loL Lawe-leve| autput current 5 ma,
C| = 50pF, VoL~ 04V
| t t {all inputs includi
1 nput curren . all inpeets including Vi- 061065V 16| ea
1/2 except chip 2nabiel
I{CE) Chip enable input current Vi =—1t0132V 10 | wA
TM54050
35 60
Ipp Supply cusrent from Wpp ViHigE} = 13.2 Vv TME4050-1 maA
TME4050-2 35 70
oo Supply current from Voo, standby VILICE =08V 10 200 | sA
A . ‘ v TME 4000 32
rage FrE
IDD{ev dw. * su:py L ee TMS 4050-1 35 mA
1
HIInG rEas or e eyele Miruimum cycle TME 4050-2 38
A . ‘ v timing THS 4050 32
r. 5 currenl from
IBDiav d"'e_ il ”dpp" dl'lr _ lDD TMS 40501 35 mA
uring read, modify writa eycle -
° TS 40502 38
Vgg =-55V, Vpp =126V, .
leg Supply ¢urrent from Vgg v:: -av oo =1 100 | wa
TAll typinal values are at Ta= 257,
capacitance at Vop =12V, Vgg =0V, Vgp = -5V, VI(CE} =0V,V =0V, {=1MHz,
Ty = 0°C 1o 70°C {unless otherwise noted)
PARAMETER TEST CONDITIONS KMIN TYPT MAX UNIT
Citad) Input eapacitance address inputs 5 7 pF
c | . lock i Ve =12 24 28 E
i t nput p
HEE) nput capacitance clock inp Viee) <0V 5 =
CIIFL"W! Input capagitance readfwrite input <] 7 pF
Ci/o) 1/0 terminal capacitance 7 ] pF
TAl typical values are at Ta= 28"c.
Texas INSTRUMENTS
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TMS 4050 JL, NL; TMS 4050-1 JL, NL; TMS 4050-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read cycle timing requirements over recommended supply voltage range, Ta= 0°Cto 70°C

TMS 4050 TMS 4050-1 TMS 4050-2
PARAMETER UNIT
MIN  MAX MIN MAX MIN MAX
Tefrd) Read cycls time 470 430 400 ns
LwiCEH) Pulse width, chip enable high 300 4000 260 4000 230 4000 P
twICEL) Pulse width, chip enable {ow 130 130 130 ns
tICEl Chip-gnable rise time 40 10 a0 ns
t%{0E) Chip-enable 1all time 40 40 ETs) ns
tojad) Address setup time ot ot ot ns
teurd} Read setup lime ot ot ot ns
thiad) Address hold time 1501 1501 1504 ns
third) Read hold time 40} A 40, ns
11 The arrew indicates the edge of the chip enable pulse used for reference: T far the rising edge, L for the falling edge,
read cycle switching characteristics over recommended supply veltage range, T =v0°C to 70°C
TMS 4050 TME 4050-1 TMS 4050-2
PARAMETER UNIT
MIN MAX MIN MAX MIN MAX
t3lCE} Aceess time from chip enahte 280 230 180 ns
alad) Access time from addresses T 300 250 200 ns
tPLH :;:a:::izreridelav time, love-to-high {evel cutput from 40 40 40 ns
* Test canditions: € =80pF, AL = 2.2 kil w2 5.5 V, Load = 1 Series 74 TTL gara.
TTesteonditons: €| =50pF, AL =22 kil to 5.5V, Load = 1 Series 74 TTL gate, tycpy — 20 ns,
write cycle timing requiremants over recommeénded supply voltage range, T p = 0°Cto 70°C
PARAMETER TME 4050 TMS 40501 TMS 4050-2 UNIT
MIN MAX MIN MAX MIN MAX
Telwr) Write eyele time 470 430 400 ns
tw{CEH) Pulse width, chip enable high 300 4000 260 4000 230 4000 ns
twi{CEL} Pulse width, chip enable low 120 130 130 ns
i) Write pulse width 200 190 180 ns
tCE} Chip-enable rise time 40 40 40 ns
t[CE) Chip-enable fall tima 40 40 40 ns
tsutad) Address setup time ot ot of ns
Lsutdawe! Data-to-write setup tima* 0 0 0 ns
tou bwr Write-pulse setup time 240y 220 210} ns
YICER-wr}  Chipenable-high-to-write delay timet 401 401 a0t ns
thiad} Address hold time 1501 1501 1501 ns
thida) Data hold time a0} 40 40) ns

T4 The arrow indicates the edga of the chip-enable pulse used for raference: T for the rising edpe, 4 for the falling edpe.
*If B/W is law hefore CE goes high, ther 1/O [data in) must be valid when CE goes high,
TThe writa pulse must go low at least tyutwr) Mitmum before CE goss low. If RAN remains high more than tg(CEH wr) Maximum (40 ns)

after CE goaes high, the data-in driver must be disabled until R/W goes low since additional power to overcome the autput buffer may he
required when writing in a high with sorme of the fasrer devices {see comments on Region 1 under resd, modify write timing diagram}.

'l
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TMS 4050 JL, NL; TMS 4050-1 Ji, Ni; TMS 4050-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read or refrash cycle timing

teird) -
M WCEHW) ——— [ —— el —
CHIP ENABLE, CE —oif— e — 15{CE] V/
——) o
hiad) —= I
— M 5lad)
o X AR AR A
| KR £ XK
- o
Loulrd)

— 1n(rd) *|

READ/WRITE, R/W

S

(4 WiCE) ——~

RXXXXK

[—tpL s

OATA INPUT/QUTPUT, 17O

[ talaq) .

DATA OUT VALID:_/

NOTE: For the chig-enable Input, high and law timing points zre 3.0 V (high) and 1.0 ¥ {low]. Other input timing points are 0.6 V {low) and
2.2 ¥ thigh). Qutput timing points ars 0.4 W {low} and 2.4 V' [high},
Far minimurm eyels, I cpy and tf{CE ) are equal 1o 20 ns.

write cycle timing

teiwr) L

[———————— twiceH) —————— l—— by(CEL}] —

—wi/ i trice) —wh\e—trice) ¥

CHIP ENABLE, CE

l———— th{ad)——#= |
=g — toy ad) [
"B C B A )
AODRESS, Al-AT1 <>O< We}ow CARE
e LT L TIRY)

THICEH-wr)”
- uiwr}

[ twlwr) —
RN AR

. X WNoN MW

READ/WRITE, RAW

S\

1
—o! e b (da ) [ thida)
MAAAAA AR AT
DATA INPUT/OUTPUT, If/O_ DON'T CARE x WDUN'T CAREW
¥¥.ow W b Ny N Y

NOTE: For the chipwnable input, high and law timing points are 3.0 ¥ thighl and 1.0 V {iow). Other timing points are 0.6 V {lgw) and 2.2 ¥
(nioh). Qutput timing points are 0.4 V [low} and 2.4 ¥ jhigh}.

"Tha write pulse must 9o low at least tg |y} Minimum balora C_E_gaes high. 1f R/W remains high more than tH{CE L-wr) Maximum {60 ns)

after CE gues low, 1he datain drivar must be disabled until R/W goes low since additional power to avercoms tha autput hutfer may ba

required when writing in a high with some of the faster devices. QUFING tgiCE H-wr)- /W is parmitted to changa from high to low only.

75
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TMS 4050 JL, NL; TMS 4050-1 JL, NL; TMS 4050-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read, modify write cycle timing requirements over recommended supply voltage range, Ta= 0°Cto 70°C

PARAMETER TMS 4050 TMS 40501 TMS 4050-2 UNIT
MIN MAX MIN  MAX MIN  MAX
oI RMW) Read, madify write eycle timaT 730 660 600 ns
twlCEH) Pulse width, chip enable high? 560 4000 | “49¢ 4000 | 430 4000 ns
twlCEL| Pulse width, chip enable low 130 130 130 ns
Tt} Write pulse width 200 190 180 ns
t{CE) Chip-enabla rise tima 40 40 a0 ne
THEE) Chip-enable fall time 40 40 4G ng
T boer-dal) Write to data-in-low delay time 20 20 70 ns
ey tad) Address setup time ot ot ot ne
YsutdaH} Data-in-high setup time 240) 220} 210} ns
toyfrd} Read-pulse setup 1ime ot ot ot ne
togbwr | Write-pulse setup time 240} 220[ 210} ns
thiad) Address hald time 150+ 1801 1501 ns
third) Read hald time 3001 2501 200t ns
thida) Data hald time 40} 40) 404 ns

Tv]- The arrow indicates the adge of the chip-enable pulse for referanca: 1 far the rising edge; Ltor the falling edga,
tTest conditians: try,q) = 20 n3.

read, modify write cycle switching characteristics over reeommended supply voltage range, Tp =0°C 1o 70°C

TS 4050 TMS 4050-1 THS 4050.2
PARAMETER UNIT
MIN @ MAX MIN  MAX MIN MAX
ta{CE) Access time from chip enable” 280 230 180 s
ta{ad) Access Time from addressest 300 280 200 ns

*Test conditions: C = 30 pF, A = 2.2 k{2, Load = 1 Series 74 TTL gae.
tTest conditions: CL=50pF, Ry, =2.2 kLt Load = 1 Serjes 74 TTL gate. tr(CE} = 20 Ny

read, modify write cycle timing

TgIAEmY
P iEH | TwiCELE
CHIF ENABLE. CE —= /e riCE} —-j\n— HCE| /
— —a

Slad}
el bt tai20} |

3 I
oot so-ar IXXQOOC 4 3 XXX XXXAXK
L LELYIRY

third! Csulerl
7 M Ywlar) T T 5
READMWRITE, AAY 1 no\n:;r\ﬁa\n}
— e dau |-l ¥
- GCE —m huideHI 1
tdiwrdaly .
g
- talad) - hidat

|
s LSRN e NS

REGIGMT  REGICN 2

REGION 1 - It ragion 1_d3t8-5ut u valdd until the 11D REGION 2 = In regian 2 a singin transition is permitted.
terminal iz bareid Bigh or [owr by the data in I 13 NOT & yrwa D’y Cara™ ragam.
driver. & Vrumsitun From luw tohgh ic IF i Grw #1 10 be wrahes of prust be vilsd by
peamipsibale: but add tional pover to ovrrcame i end gt regian 2.

the cutput buffer will be requiret, A tramatian
Irom high fu low is pesmitted withoul pawer
pemalty.
NOTE: For the chip enable input high and low tiring paints are 90% and 10% of VygE). Qther input timing polnts are 0.6 V [tow) and
2.2 ¥ {high}. Qutput timing points are 0.4 V {low) and 2.4 V (high}.
Far minimum tycle, tp ey and ty(eEy are equal o 20 ns,
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TMS 40560 JL, NL; TMS 4050-1 JL, NL; TMS 4050-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

timing diagram conventions

MEANING
TIMING DIAGRAM INPUT OUTPUT
SYMBOL FORCING FUNCTIONS RESPONSE FUNCTIONS
Must be steady high or tow Will b steady high or low

Will be changing from high

High-ta-l
w igh-ta-low changes to low sometime during
permitted N )
designated interval
Low-to-high changes Will be changipg from_ low
permitted to high sometime during
designated interval
TR
. Dan‘t .
"“,.‘.‘&""". an‘t care State unknu\m ar changing n

TYPICAL WAVEFORMS

VIH —
CHIP ENABLE

VLl

100 —

Ipp tmA} S0

0 Ipp {Standhy}
25 -
L {CE) mA)
o L. .
-25 L
I} (maAl 03 n
[All inputs “
except CE) (1 .
1] 470 240
TIME {ns}
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TMS 4050 JL, NL; TMS 4050-1 JL, NL; TMS 4050-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

trofresh—Refresh Time—ms

1000

100

10

REFRESH TIME vs TEMPERATURE

\ rPP;c

Ay Re

N

|
MAXIMUMl RECC;MM EI\|DED

' |
| !

10 20 30 40 50 60 70
Tp — Free-Air Temperature — °C

tajad} — Access Time — ns

350

g

&

8

a—y
o
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[}
(e}

g

=]

ACCESS TIMES vs TEMPERATURE

TMS 4050 MAX
il
TMS 4050-1 MAX |mermt=e
—
TMS 4050-2 MAX
601
T L1
0-2
| ———T7YPICAL TMS 4°|5
|
Vpp =12V
VYppr=-5V
VIH{CE} = 12 V]
CL = 50 pF
] )
0 10 20 i) 40 b0 860 70

T — Free-Air Temperature — °C
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MOS TMS 4051 JL, NL; TMS 40511 JL, NL
LSI 4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

BULLETIN NO. DL-5 7512365, MAY 1875

« 4096 x 1 Organization
« 18-Pin 300-Mil Package Configuration 1EFIN CERAMIC AND PLASTIC
» Single Low-Capacitance TTL-Compatible Clock DUAL-IN-LINE PACKAGES
¢ Mubltiplexed Data Input/Qutput (TOP VIEW:
s 2 Performance Ranges:
READ, VBB 1 @ ﬂ 1B Vgg
READ OR MODIFY [ ﬂ
ACCESS WRITE WRITE vo 2 17 A
TIME CYCLE CYCLE
(MAX) _{MIN] (MIN} o afg 6 a0
TMS 4051 300ns 470 ns 730 ns G
TMS 40511 250ns 430ns 660 ns a o afl 15 no
¢  Full TTL Compatibility on All Inputs _ Az s [l'i JJra a8
{No Pull-up Resistors Needed Except with CE} R & E E 13 a7
Registers for Addresses Provided on Chip
Open-Drain Output Buffer CE 70 E 12 A6
Low-Power Dissipation A3 5o E M As
— 460 mW Operating (Typical)
— 60 mW Standby (Typical) A2 o [0} ] 10 Vo

e N-Channe! Silicon-Gate Technology
description

The TMS 4051 series is composed of high-speed dynamic 4096-bit MOS random-access memories, organized as 4096
ong-bit words. N-channel silicon-gate technology is employed to optimize the speed/power/density trade-off. Two
performance options are offered: 300 ns access for the TMS 4051 and 250 ns access far the TMS 4051-1, These options
allow the system designer 1o more closely match the memory performance to the capability of the arithmetic
pProcessor.

The address, data input/output, and read/write inpuis czn be driven directly from Series 74 TTL cireuits. A 200-mV
noise margin is guaranteed in this configuration, which eliminates the need for specialized drivers, The chip-enable input
is TTL-compatible and can interface with a Series 74 TTL circuit as long 2s a pull-up resistor to VoQ is employed in
order to provide a high-level input voltage of 3 V minimum, The data input and output are multiplexed to facilitate
compatibility with a common bus system. A 12-line address is available, which minimizes external conlrel logic and
optimizes systemn performance.

The typical power dissipation of these RAM’s 15 460 mW active and 60 mW standby, To retain data only 70 m\W average
power is required, which includes the power consumed to refresh the contents of the memory.

The TS 4051 series is offered in both 18-pin ceramic (JL suffix} and plastic (NL suffix) dual-in-line packages, The
series is guarantecd for operation from 0°C to 70°C. Packages are designed for insertion in mounting-hole rows an
300-mil centers.

operation

chip cnable [CE}

A single external clock input is required. All read, write, and read, modify write operations take place when the chip
enable input is low. When the chip enable is high, the memaory is in the low-power standby mode and is not selected. No
readfwrite operations can take place during the standby mode because the chip is deselected and is automatically
precharging. The CE input can be driven by a standard TTL circuit with a pull-ug resistor,

PRELIMINARY DATA SHEET:

Supplamantary data may be TEXAS INSTRUMENTS

published at a later date. INCOHFORATED
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TMS 4051 JL, NL; TMS 40511 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

operation {continued)

mode select {R/W)}

The read or write mode is selected through the readfwrits [RAW) input. A logic high on the R/AN input selects the read
mode and a logic low selects the write mode. The read/write terminal can be driven from standard TTL circuits without
a pull-up resistor, The data input is disabled when the read mode is selected and the data output is disabled when the
write mode is selected,

address {A0—A11)

Al addrasses must be stable on or before the falling edge of the chip-enable pulse. All address inputs can be driven frem
standard TTL circuits without pull-up resistors. Address registers are provided on chip to reduce overhead and simplify
systam design,

data inputfoutput {1/0}

Data input and output are multiplexed on a common inputfoutput terminal, which is controlled by the R/W input,
Data is written during a write or read, modify write cycle while the chip enable is low. The /O terminal requires
connection to an external pullup resistor since the output buffer has an open-drain configuration. The cpen-drain
output buffer provides direct TTL sink campatibility with a fan-out of one Series 74 TTL gate. A low logic level results
from conduction in the open-drain output buffer while a high level ocours with the buffer in its high-impedance state,
Data written into the mermory is read out in 7ts true form.

rafrash

Refresh of the cell matrix is accomplished by performing a mermory cycle at sach of the 64 row addresses {AD through
AS) every 2 milliseconds or less. Addressing any row refreshes all 64 bits in that row, The column addresses (AG
through A11) can be indeterminate during refresh.

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Vpp (see Mote 1) . . . . . . . . . . . .. ... ... oo ... 03020V
Supply valtage, Vg (seeNote 1) . . . . . . . . . . . 0 o e i e e e s e e e .. =03w20V
All input valtages (see Note 1) e e e e e e e e e e e e e e e e h e e e . =D3t020V
Chip-enable voltage lsee Mote 1} . . ., . . - . . . . . . . . . .. .. ... ..., —03w20V
Output voltage (operating, withrespectto Vss) . . . . . . . . . .« o v 0 v e e ... 207V
Operating free-air temperature range . . - . . . . « « v « + + e i e i e i e .. 0CTOC
Storage temperature range . . . . . . - . . 4 . e e e e e e e e e e e e . ... -BEC101B0°C

NOTE: 1, Under absoluta maximum ratings, valtage valugs arc with rospect 1o the mast-negative supply voltage, Vgg (substratel, unless

atherwise noted, Throughout the remainder af this data sheet, volzage valuas are with raspect to Vgg.

functional block diagram

- ¥np
+— V35

+—— Vgg
A8 RN
! ::IADDEUFFEHI::]COLUMN DECODE
All
i : 1o [——————=————=—==— - g
AD =
1 jmu BUFFEFtl I coLumn amr | oatare | o NTERNAL S
a8 2 e
T 3 RL | 2% BATAIN 1 g
{FXTERNAL] |7 R/ i
CELL MATRIX e l%u = |
ROW DECODE w
DUMMY CELL = }
PRECHARGE I=g INvERTED |
|
INTERNAL DATA QUT
€ 3 VOLTAGE
e Lotk GER COLUMN SENSE L Ves |
I | I ¥ GENERATOR}] b e e E
DUMMY CELL | 1/0 LOGIC
ROW DECODE

CELL MaTRIX
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TMS 4051 JL, NL; TMS 40511 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

recommended aperating conditions

PARAMETER MIN  NOM MAX {UNIT
Supply voltage, Vpp -1 114 12 126 V¥
Supply voitage, Vgg 0 v
Supply voltage, Vg —-45 -5 -B&| V¥V
High-lavel input vollage, V| (all inputs except chip enablel 2.2 5.5 Ay
High-level chip enable input valtage, V| HICE) 3 5| W
Law-level input woltage, V| tall inputs except chip enablel (see Note 21 —0& 06| ¥V
Laww-level chip enable input valtage, V| (CE) lsee Note 2} —06 06| V¥
Refresh time, trafrash 2| s
Operating free-air tomperature, Ta o 70| °C

WOTE 2: The algebraic convention where the mast negative {imit iz designated as minimum is uged in this data sheat {or |ogic voltage lavels
only,

electrical characteristics over full ranges of recommended operating conditions, TA = 0°C to 70°C
{unless otherwise naoted)

76

PARAMETER TEST CONDITIONS MmN FYPE max |umiT
VoH High-level output voltage iz = guaranteed maximum access time, 2.4 v
RL=22k2te 55V, Cp =&0pF,
VoL Law-level output voltage Load = 1 Series 74 TTL gate V5g 04| Vv
13 = guarantced maximum access time,
oL Low-level output current 1) A
CL = 50 pF, VoL=04V
Input current (all inputs including
I . V)~ =0.6t0 5.5V 10 [ wA
1/Q exeapt chip enabla}
IH{EE) £hip enable input current V| =—-0BIp&E5V 30 | an
[Ials} Supply current from Vppo VI|LICE} =06V 37 FO | mA
Ipn Supply current from Vo, standby VIHICE} =35V L] B | mA
Awverage supply current from Vg TME 4051 45
1DD{av] , . . mA
durinn read ar write cycle Minimum cycle TMS 40511 47
Awverage supply eurrent fram Voo timing TMS 4051 50
'DD{av] . . mé
during read, modify write cycle TME 405141 54
Vpp =55V, v =126V,
Igg Supply current from Vgg BB bo 5 100 | wA
Vgg =0V

T Al typical values ara at Ta = 25°C,

capacitance at Vpp =12V, Vggs =0V, V=-S5V, VIICE} =0V, V1 =0V, =1 MHz,

Ta = 0°C 10 70°C {unless otherwise noted)

PARAMETER MIN TYPT MAX [UNT
Cilad) Input capacitanee address inputs 5 7 ) pF
CiCE)  Input capacitance clock input 5 7 oF
CitR/An  Input capacitance readfwrite input 5 7t pF
Cl/o) 1/C rerminal capacitance 7 g | pF

Vol typical values ara at Tp = 25" 0.
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TMS 4051 JL, NL; TMS 40511 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read cycle timing requirements over recommended supply voltage range, T = 0°C to 70°C

TMS 4051 TMS 40511

: PARAMETER MIN MAX | M MAX UNIT
tetrd) Read cycle time 470 430 ns
TwlCEHI Pulse width, chip enable high 130 130 ns
tW{CEL) Puise width, chip enable low 300 4000 [ 260 4000 | ns
YCE) Chip-nable rise time 40 40 | ns
HICE) Chip-enable fall time 40 40| ns
tsu(ad) Address setup time . X8 o0 ns
teurd} Read setup time 04 o1 ns
thiad) Address hald time 1804 1654 ng
third) Aead hold time il 8Ot

11 The arrow indicates the edge of the chip-enable pulse used for reference: 1for the rising edge, Lfor the falling edge.

read cycle switching characteristics over recommended supply voltage range, Ta = 0°C wo 70°C

TMS 4051 TMS 40511
PARAMETER UNIT
TYRT max [ Tyet max
ta{CEl Accass time from chip enabled 280 220 | ns
talad Aceess tirna from addresses® 300 250 | ns
tPLH Propagation delay time, low-ta-high level sutput fram chip enabled &0 60 ns

TAlktypical values are at Ta = 25°C.
¥ Test canditions; C|_=50pF, R_=22 kit to 5.5 Y, Load = 1 Series 74 TTL gate.
‘Test conditlons: ¢ =50 pF, R ~2.2 k1o 5.5, Load ~ 1 Series 74 TTL gats, ‘HE] - 20 ns.

write cycle timing requirements over recommended supply voltage range, Ta = 0°C to 70°C

PARAMETER TMS A051 | TMS 4051-1 UNIT
MIN  MAX | MIN MAX
tefwr} Write oycle time 470 430 ns
Ll CEH) Pulse width, chip enable high 130 130 ns
twlTEL] Pulse width, chip enatsle law 0 4000 | 260 4000 | ns
Ll Write pulse width 200 190 ns
triCE) Chip-enable rise time 40 40 [ ns
tHCE) Chip-anabla fall time an 40 | ns
tsy tad) Address setup time ol o4 ng
touldamar)  Data-to-wwite setup time* o] i ng
tsufwr) Write-pulse setup time 240t 220t ns
tQCEL.wtl Chip-enable-low-to-write delay timet B0 B0l ns
thiad) Address hold time 180t 165) ns
thidal Data hold time 80t a0t ns

t LThe arreww indicates the edge of the chip-enabie pulse used for reference: {for the rising edge, Lfar the falling cdye.

*1f R/AN is tow batare &€ gors low, then 1/0 [data in} must be valid when CE gaes low,

1The write pulse must go low at least gy minimum bafare GE goes high, If R/ remains high more than tyyTEL e Maximum (60 nsh
after CE poes low, the data-in driver must be disabled until AAN goes low since additional power to overcome the output buffer may be
required when writing kv a high with some of the faster devices (see comments en Reglon 1 under read, modify write timing diagram?),
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TMS 4051 JL. NL; TMS 40511 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read or refresh cycle timing

CHIP ENABLE, CE

ADDRESS, A0-AT1

READ/WRITE, R/W

DATA INPUT/OUTPUT 11D

MQTE: For the chip-enable input, high and low timing points are 3.0V [highl and 1.0 ¥ (low), Qther input timing paints aro 0.6 V [low} and

telrd)

—e e

o ——————— tw{CEL } —————— ]

—

[ Thad)—™

———— t W { CEH) ————]

— 1 EE)

— [ gy}
= P! ATRLRATA
XLl XXX e Lo X KRR
LY AT TN
—i- tsulfret)

W

[——————— t3|CE) ———————#

RXEXXY
[—tpLH —P‘

————— oo

—

DATA OUT VALID

/

2.2 ¥ (high}. Dutput timing points are 0.4 V {low) and 2.4 ¥ (high),
For minimum cycle, ‘r(C_E} and 1;cE) 8re equal 1o 24 ns,

write cycle timing

CHIP ENABLE, CE

ADDRESS, AD-AT

READ/WRITE, RN

NOTE: Far the chip-chnable input, high ond low timing points ara 3.0V (high) and 1.8 ¥ tlow}. Other timing pointsare 0.G ¥ (low) and 2,2 v

—_——

—

— 1{{CE)

SWCEL—————®

tefwrl

—I;Zd—'r(c_l-il

o Ihtad}~————=|
[t ladi

- ——— Ty { CEH] ——n|

X

LY A
X Mox A L

td{CEL-wrl"

P Ysu{wr)
L e

ORI

=

— Usu (eda-wr )

—

TE R EEX
DATA INPUT/QUTPUT, I/Q DON'T CARE
)~ I Y ARV I,

{highl. Qutpur 1iming points are 0.4 V {low] and 2.4V {high).

*Tha write pulse must go low at least ty) ) minimum before CE goes hugh. 1t RAN remains high mars then tgiCE Layry Maximum (60 ne)
after CE goes low, the data-in driver must be digabled until R/W goes low since additional power to overcome tha sutput buffar may be

requirad when writing in a high with soma of the faster devices. Duning tgZE L wr), RAW is peninitted to change 1rom high to low only.
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TMS 4051 JL, NL; TMS 40611 JL, NL

4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read, modify write cycle timing requirements over recommended supply voltage range, Ta = 0°C to 70°C

TM5 40561 TMS 4051-1
PARAMETER MIN MAX | MIN MAX uNIT
Te{ MW} Read, madify write cycle time? 130 BED s
1wITER) Pulse width, chip cnable highT 130 130 P
twiCEL) Pulse width, chip enable low 560 4000 [430 4000 | ns
Twfwr) Write pulse width 200 180 ns
t{CE} Chip-enable rize time 40 A0 ns
t{CE} Chip-nable fall time 40 201 s
tdlwr-dal}  Write to data-in-low delay time 20 20| ns
tsulad) Address setup time o4 o4 NS
tsuldaH) Data-in-high setup time 2401 2201 s
tyurl} Read-pulse setup time 0+ 01 ns
taulwwr) Write-pulse setup time 2401 2201 ns
thiad} Address hold 1ime 1804 1651 ns
third) Read hald time 3201 2701 ns
thldal Drata hold time zot 80t n

14 The arrow indicates the edge of the chip-enable puise for referenca: tior the rising edge; [for the falling edge.
fTest canditions: Te(rg) = 20 N3,

read, modify write cycle swithcing characteristics over recommended supply voltage range, Ta = 0°Cto 70°C

TMS 4051 | TMS 40511
PARAMETER uNIT
KiK' MAX | MIN  MAX
1a2{CE| Accass time from chip enabla® 220 230 ns
taiag) Aceess time from addresses? 300 260 [ ns

*Testeonditions: G = S0pF, R = 2.2 k1, Load = 1 Series 74 TTL gate
1t Test eonditions: C|=SO0pF. R_=22%{, Load = 1Saries 74 TTL gate. ty;gg} = 20 ns.

read, modify write cycle timing

CHIP C&ABLL,

ADGARESS, A0-a1] <><>(

HEALMWHIIE,

DATA IMPUT
HITPUT, Lo

REGION 1

£t —b\-—luE{u
*

————— T i b CEH; -
—— WITE) -\

TR

s

] o Tau

TOOOOOIL EE 80000
. CON'T CARE
s 5, v

hird

0]

—r] P Vi |rd|

fa—— 141 TE ) e

(Pt 11 1) et

il wrdal

LE-F]

[,

X

77 e 2777777

R
HEGIUN T

I regean T, da1a-dul o3 v hidd wieed the 450
earenanal iy loroed high or low by the dataan
Aliwiar A grpnastion Irom w1 highos

et el but o< 1D sl powir B wrernome
the purput buller wil: be required A transiion
1 Ruigh 191 T s por et el s thtaut o
rERalty.

REGION 7

REGION Z = In regian 2 & nngle eranntion o pevmetted.
164 HOT 2 vus “THs Care™ vegun,
It & Nerw 0t e wrtRen it ba vahd by
e end of regian 2.

MOTE: For the chip enable input high and low timing points are 3.0 ¥ {high! and 1.0 ¥ {low), Other input timing polnts are 0.6 V¥ {low) and
2.2 ¥ |high}, Dutpurt timing polmts are 0.4 V (low) and 2.4 ¥V (high).
Far minlmum cycle, tyCE) and H(CE) are equal 10 20 hs.
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TMS 4051 JL, NL; TMS 40511 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

timing diagram conventions

MEANING
TIMING DIAGRAM INPUT QUTPUT
SYMBOL FORCING FUNCTIONS RESPONSE FUNCTIONS
Must be steady high or low Will be steady high or low

High-to-low changes Will be l:hung_lng ‘frl:)l'l:l high
K to law sometime during
permitted . X
designated interval
) Will be changing from low
Law-ta-high
M— ow-ta-high changes to high sometime during

ermitted . .
P designated interval

W Daon’t Care State unknown or changing
Canter line is high-impedance
M {Does not apply) rier Ting Is mgn-ime

off state

TYPICAL WAVEFORMS

YIH
CHIP ENABLE
ViL

100 —

lpp {mAl 50 |-

Ipp {Standhy)

I{ZE) 1Al 0

-1

1] imAld 0.3
{All inpl.lls ‘ \
axgept CE) 0 —t

o 470 940

TIME ins)
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TMS 4051 JL, NL; TMS 40511 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

trefresh—Refresh Time—ms

1000

100
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REFRESH TIME vs TEMPERATURE
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f
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ACCESS TIMES vs TEMPERATURE
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e
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Vgg=-5V
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MOS TMS 4060 JL, NL; TMS 4060-1 JL, NL; TMS 4060-2 JL, NL
LSI 4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

BULLETIM M€ DL-53 7512241, FEBRUARY 1975

22-PIN CERAMIC AND PLASTIC

» 4096 x 1 Organization DUAL‘I?{SLN&:&?KAGES

» 3 Performance Ranges:
v, 1] 7z v
READ, e 1[] ] 55
READ QR MODIFY
A_E::“f:s WRITE WAITE a0 20 ] 21 4e
CYCLE CYCLE
{MAX) (MIN) {MIN} a0 3 g I] 20 a7
TS 4060 300 ns 470 ns 710 ns A1 4 E ﬂ 19 AS
TS 4060-1 250 ns 430 ns 640 ns
TS 4060-2 200 ns 400 ns 580 ns 3 5 E ﬂ 17 Vpp
» Fuli TTL Compatihility on All Inputs {No Pull-up
Resistors Needed) o s[g 1] 17 cx
s Low Power Dlssmatlo_n _ 56 7 E ﬂ 6 N
— 400 mW Operating {Typical)
— 0.2 mW Standby {Typical} A0 8 E ﬂ 15 AB
& Single Low-Capacitance Clock
1 14 A4
# N-Channel Silicon-Gate Technalogy i ® E i]
& 22-Pin 400-Mil Dual-in-Line Package AZ 10 E il 13 A3
description vee 11 [ )12 RW

The TMS 4060 series is composed of high-speed dynamic 4096-bit MOS random-access memories, organized as 4096
one-bit words. M-channel silicon-gate technology is employed to optimize the speed/power/dansity trade-off, Three
performance options are offered: 300 n: access for the TMS 4080, 250 ns access Tor the TMS 4080-1, and 200 ns for
TME 4060-2. These options allow the system designer to more closely match the memory perfarmance to the capability
of the arithmetic processor,

All inputs except the chip enahble are fully TTL-compatible and require no pull-up resistors, The low capacitance of the
address and control inputs precludes the need tor specialized drivers. When driven by a Series 74 device, the guaranteed
de input noise immunity is 200 mY, The TTL-compatible buffer is guaranteed to drive two Series 74 TTL gates. The
TMS 4080 series uses only one clock (chip enable} to simplify system design. The low-capacitance chip-enable input
reqquires @ positive valtage swing (12 volts), which can be driven by a variety of widely available drivers,

The typical power dissipation of these RAM’s 1= 400 mW active and 0.3 mW standby. To retain data only 6§ mWY average
power is required, which includes the power consumed 1o refresh the contents of the memory,

The TMS 4060 series is offered in both 22-pin ceramic {JL suffix} and plastic (ML suffix} dual-in-line packages. The
serigs is guaranteed for operation from 0°C to 70°C. These packages are designed for insertion in mounting-hole raws
ort 0.400-mil centers.

operation
chip select {CS5)

The chip-select terminal, which can be driven from standard TTL circuits without an external pull-up resistar, affects
the data-in, data-out and read/write inputs. The data input and data output terminals are enabled when chip selectis
low. Therefore, the read, write, and read, modify write operations are parfornmed only when chip select is low. If the
chip is to be selepted for a given cyele, the chip-select input must be low on or belore the rising cdge of the chip enable.
If the chip is not 1o be selected for a given cyele, chip salect must be held high as long as chip enable is high. A register
for the chip-select input is provided on the chip ta reduce averhead and simplify system design.

chip enable {CE)

A single external clock input is required, All read, write, and read, modify write operations take place when the chip
enable input is high, When the chip enable is low, the memary is in the low-power standby mode. No read/write
operations can take place because the chip is automatically precharging.

PRELIMINARY DATA SHEET:

Supplementary data may be TEXAS [NSTRUMENTS 85
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TMS 4060 JL, NL; TMS 4060-1 JL, NL; TMS 4060-2 JL, NL
4096-B!T DYNAMIC RANDOM-ACCESS MEMORIES

operation {continued}

mode select { R /W)

The read or write made is selected through the read/write {R/W) input. A logic high on the RAV input selects the read
mode and a logic low selects the write mode. The read/fwrite terminal can be driven from standard TTL circuits without
a pull-up resistor. The data input is disabled when the read mode is selected.

address [A0-A11)

Al addresses must be stable on or before the rising edge of the chip-enable pulse, All address inputs can be driven from
standard TTL circuits without pull-up resistors. Address registers are provided on chip to reduce overhead and simplify
system design.

data-in (D1}

Data is written during a8 write or read, modify write cycle while the chip enable is high. The data-in terminal can be
driven from standard TTL circuits without a pull-up resistor. There is no register an the data-in terminal.

data-out (DO)

The three-state output buffer provides direct TTL compatibility with a fan-out of two Series 74 TTL gates. The output
is in the high-impedance |floating) state when the chip enable is low. It remains in the high-impedance state if the
chip-select input is high when chip enable goes high and provided that chip select remains high as long as chip enable is
high, If the chip select is set up low prior to the rise of chip enable and held low an interval after that rise, the output
will be enabled as long as chip enable stays high regardless of subsequent changes in the level of chip select. A data-vaiid
maode is always preceded by a low output state, Data-out is inverted from data-in,

refresh functional block diagram

Refresh must be performed every two milliseconds by
cycling  through the 64 addresses of  the

lower-order-address inputs, AQ through AS {pins 8, 9, - Yo
10, 13, 14, 15), or by addressing every row within SV
: L . B - — v
any 2-millisecond period. Addressing any row At - ____é_:':
refreshes all 64 bits in that row. The chip does not H —_— A
need to be s:?iected c[uring the refresh.llf the chip is a0 _1‘°°““"'“ ] { corumn ane I e
refreshed during a write mode, then chip select must 1 1 T i
be high. The column addresses (A6 through A11} can T
be indeterminate during refresh. ROWDECODE | f——ee—
T A ]
ur cunens o] T |— Tt [
GENERATOR
— DLWIMY CELL
At DECODE [ ]
CELL MATRIX
absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, VeefseeNoted . 0 0 0 L . L L L L L0 L L L L L. L . ... L0302V
Supply voltage, Vpp fseeMNote) . . . . ., . . . . . . . . . . . . . ... ... .403w20V
Supply voltage, YgglseeNote} . . . . . . . . . . . .. . . .. ... . ... .=03t020V
Al input voltages {see Mote) . . . . . . . . . . L. . . . v . o e e e e . .03 w20V
Chip-enable voltage [see MNote) e e e e e e e e e . .. . .. .. .-03tc20V
Output valtage {operating, with respecttoVgg) . . . . . . . . . . . . . . . . . . . .=2W07V
Opersting free-air temperaturerange . . . . . . . . . . b 4 e e e e e e e . ... OCTOC
Storage temperaturerange . . . . . . . . 4 4 4« 4« 4 o« e e e v . . . . . .—BSCto180°C

NOTE: Under absolute maximum ratings, veltage values are with respect to the most-neyative supply voltaye, Vgg (substrate), unless gtherwise
noted, Throuohout the remainder of this data sheer, voltage valugs are with respect 1o Vgg,
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TMS 4060 JL, NL; TMS 4060-1 JL, NL: TMS 4060-2 JL, NL
4096-B!T DYNAMIC RANDOM-ACCESS MEMORIES

recommended gperating canditions (see Note)

PAAAMETER MIN NOM MAX Um
Supply voltage, Voo 4,75 ) %25 W
Supply voltage, Vpp 11.4 12 12.6 v
Supply voltage, Vg o] v
Supply voltage, Vg -4.5 -8 -5.5 W
High-level input valtage, My {all inputs except chip enabiel 2.2 5.25 v
High-lovel chip enable input voltage, ViHICE} Vpp —0.6 Vopt1.0 v
Low-level inpul valtage, V| lall inputs except chip enable} {see Notel -06 06 v
Lowv-lavel cl-\‘i'p enab!eﬂinput vollage, V.I'GEEI [5ae Mote) i -1 0.6 W
Refresh time, trafrosh 2 ms
Operating free-air temperature, Ta 1] 70 v

NOTE: The algabraic convention where the most megative lirit is designated as minimum is nsed in this data sheet for logic voltage levels only,

electrical characteristies over full ranges of recommended operating conditions, Ty = 0°C to 70°C (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN Tvpt MAaX UNIT
VoM High-lavel cutput voltage Ip=—2mA 24 Voo W
VoL Low-level putput voltage lo=32mA Vgsg Q.4 W
Input rnt all input: t
|I I'IPU current all INgpUts excep \,I'I —0105.25 V 10 HA
chip enable)
W{CE) Chip enable input current Vi=0w 122V 2 -
High-impedance-state (off-state)
gz Sl Vo=01wh2EV 10 nA
. _owiput current 3
oo Supply current from Vg 2 Serigs 74 TTL loads 1 ma
DD Supply current from Vpp VIH{CE) =126 V 30 =] mA
oD Supply current from Vpp, standby V)LICE} =08V 20 200 b
A ' ; v THAS 4060 32
rrent
1DDtaw dve_'age Su:p ¥ c‘f‘ En Irom Do TS 40601 75 mA
uring read or write cycle
ring reactor v Minimum cycle TMS 40602 ) 38
A . ‘ v time TME 4060 32
urrant from
10 0ay) d“e_rage 5"':" ¥ :_f ent e | oo THMS 4060-1 35 mA
. i rit: C
uring read, modify write cycle TMS 40602 -
Vgg = -5.8V, Voo=525Y,
! Supply current fram v -5 —100 A
58 upely curr BB Vpp - 128V, Vg =0V
Yall tywical values are ax Ta = 25°c.
capacitance at Vpp = 12V, Vgg =0V, Vpg=-BV, Ve =5V, V(cg) =0V, V| =0V, f=1MHz,
Tp = 0°C to 70°C {unless otherwise noted)
PARAMETER [ TEST CONDITIONS MIN TYP! MAX UNIT
Citad} Input capacitance address inputs ' 5 ¥ pF
. i Vnegy=1wsv T 7
o] Input capacitance clock input | F
i(CE) ' T Vitce) =10V 23 ST
Citcs) Input capacitance chip select input 4 4] pr
Citdamial  Input capacitanca daga input 4 6 RF
CHAMN Inpul capacitance read/write input 5 7 PF
Cqy Cuiput capacitance 5 7 pF

tall typical valuas are 8t T = 25°C.

375

TEXAS INSTRUMENTS

IRCORFORATED
POST DFFICE BOX 5012 + GALLAS TEXAS 75222

87



TMS 4060 JL, NL; TMS 4060-1 JL, NL; TMS 4060-2 JL, NL
4096-B1T DYNAMIC RANDOM-ACCESS MEMORIES

read cycle timing requirements over recommended supply voltage range, Tp= 0°C 1o 70°C

PARAMETER TMS 4060 TMS 40607 TS 4060-2 UNIT
MIN MAX MIN MAXY MIN MAX
telrad) Raad cycle time 470 430 400 n§
tw({CEH]  Pulse width, chip enable high 300 4000 | 260 4000 | 230 4000 ns
telCEL}  Puise width, chip enable low 130 130 130 ns
Tr{CE) Chip-gnahle rise time o 40 40 ns
[ 4icE) Chip-gnable fall time 40 a0 40 ns
tsutad} Address selup time ot ot of ns
suiC8)  Chip-select setup time | ot ot ot ns
tontry " Fizad setp Gme of of of ns
th{ad) Address hold time 1501 150+ ! 150t ns
hCE} Chip-select hold time 150t 150} 1507 ns |
third) Read bald time } 4a0] ) a0 40 "Li
‘N The arrow indicaies the edge of the chip enable pulse used lor reference: trar the rising edge, {tor the fatling edge,
read cycle switching characteristics over recommended supply voltaga range, Tp = 0°Cto 70°C
PARAMETER TWS 2060 TMS 40601 | TMS 4060-2 NI
MIN MAX MIN MAX M MaX
talCE) Arcess time from chip enablet 280 230 | 180 ns
tafad) Access time from address T 300 250 200 ns
TPHZ Or Dutput dlsalllﬂe time from high 10 30 20 s
tpLZ ar law levet ¥
tpzL Qutput cnatsle time to low Toval $ 250 200 150 ns
tTesteonditions: €y =S0pF, tyenE; = 20 0y, Load = 1 Series 74 TTL gate.
¢Test conditions: ©) = b0 pF, Load — 1 Serles 74 TTL gate.
writz eycle timing requirements over recommended supply voltage range, Tp = 0°C 10 70°C
TMS 4080 [ TMSE 40601 TMS 4060-2
PARAMETER b e P UNIT
MIN MaX MIN MAX MIN MAX_I
Tefwr) Write cycle time 470 430 400 ns
tw(CEH)] Pulse width, chip enabla high 300 4000 260 4000 230 4000 ns
Wﬁise width, cHip enable low i 130 T 130 ns."-
Tarfwr] Write pulse width B Tz00 190 180 ns
tr[CE) Chip-gnabla rise time 40 40 40 ns
HICE) Chip-enab'e fall time 40 40 4 ns
toulad) Addrrss setup time ) ot ot et o ms
[ teu(csl  Chip=elect satup time ot ot of ns
tsutda-wr) Data-to-write sEtUp tmes | o o o ns
[F— Wirite-pulse setup tima T 2ang 220 I I ns
thiad) Address hald time 1507 1501 1501 ns
Wil Chip-select hold tirme 150t 1501 150t ns
[ thidal Oata hold time a0} 40 40} ns

N Tre arrow indicates the edge of the chip enable pulse used far reference: T for the rising adge, 1 4ar the falling adge,
*1 R is low betgre CE poes high then 01 must be valid when CE goes high,
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TMS 4060 JL, NL; TMS 4060-1 J1, NL; TMS 4060-2 JL, NL
4096-BI1T DYNAMIC RANDOM-ACCESS MEMORIES

rzad cycle timing

" teirdi P
r‘ e tWICEH'_ _-""'_"_‘_ﬁ IW|CEL|
CHIP ENABLE, CE A
—
st thiad)
—4=  to - Tsulad)
ADDRESS, AQ — A11 W
4-‘ 4— 150{CS}
CHIP SELECT. CS g&).( I taiCE}
: [
1= Tsuird)

— -

- = tafad) .
F‘— e tQ{CE} - ——————

READ/MWRITE, RAW
[ —— tp2L

i At ‘J;f PHZ
DATA OUTPUT, OO FLOATING \ VALID P FLOATIvG

— tpLz

el

MOTE: For the chup-enable inpui, high and |ow tireang points ara 30% and 10% af VipyoE), Other input timing pamis are 0.6 ¥ llow] and
2.2 W [Righl. Cutput timing points arc 0.4 ¥ [ow) and 2.4 ¥ (high).

write cycle timing

—_——me— —— — = tgiwr} —— e ———— ]
- YWICEH) !l tylCEL) —
CHIP ENABLE, CE )
T -~ —— hiad) —i
M tulad)
4
ADDRESS, A0 — Al1 M |
oy th(ES) —
b+ - tucs
CHIPSELECT, CS | j y
] — - lsulwrl - ’,i
.- T bl s
READMRITE, RAY R,P'AR%“E,\ \ QQQ?\

J _’I t'-—‘sulda-wrl k—")— Thidal
m Y \ﬁ}(v ik
DATA INFUT, DI q{ou vTucxi\\H:E ;5 ;{ x;\'

MOTE: Fos the chip-gnable spul bigh and dow tinung paints are 90% and 10% of W yrapy Dther input bming paints ae 06 W Uowl and
2.2V highl, Quput brmengpeints are 0.4 ¥ (low] and 2.4 ¥ {highh. Duning the time Trom the nse of CF 1o the Lall of B RO 15 per
mitted to change from high (o 10w andy.
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TMS 4060 JL, NL; TMS 4060-1 JL, NL; TMS 4060-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read, modify write cycle timing requirements over recommended supply voltage range, Tp = 0°C1o70°C

!_ PARAMETER TMS 4060 TMS 40601 TMS 4060-2 uNIT

| MIN MAX MIN MAX MIN MAX

{ tetAmwy  Read, modify write cycla time* 710 640 530 ns

| twiGEH}  Pulse width, chip enable high*® 540 4000 470 4000 410 4000 ns
twiCEL]  Pulse widlh, chip enable low 130 130 120 ns
tylver} Write-pulse width 200 190 130 s
tr{CE} Chip-enable rite time 40 40 40 ns
IGE) Chip-enabls fall time 40 40 40 ns
Tou ad) Address setup Lime ot ot or [ s

'Ts‘;gcgp Cﬁip-selé';s_e_li;aﬁe ot ot ot ne |
teu[da-wrj Data-to-write setup timn 0 Q o ns

mtsu[m; Fead pulse setup 1ime ot at ot s
Yot fwr} Wirite pulse setup time 240 2204 210] ns
thiad) Address hold time 1501 1501 180t ns |
1 FE) Chip-select hold time 150t 1501 150t ns
third) Read hold time T 2Bot L

[ thiday Data hold time 0] i a0 0] ns

T4 The arrow ingicates the edpe of the chip-enahle pulse used for referance: 1 for e rlslng edge, | for the falling edge.
o

*Testconditions: Ly = 20 ns,

read, modify write eycle switching characteristics over recommended supply voltage range, T = 0°C 10 70°C

PARAMETER [ Ttmsaoso TMS 4060-1 TMS 40602 UNIT
] Min MAX MIN KMAX MIN MAX
talCE} Access time from chip enableT 280 230 180 nsg
talad) Access time from address 1 300 250 00 ng
Propagation delay time, low-to-high J
TRLH level gutput from wwrire pulse¢ 30 30 i s
tpHZ Output disable time from high reverd I 30 30 30 ns
‘TPEL.d_ . .O‘_utput enablet_iTait_tJFIow leveld ‘ 260 200 ; 150 ns

tTestconaitions: € = 80 pF, yoE) - 20 ns, Load - 1 Saries 74 TTL gara,
TTest conditions: T =50 pF, Load = {1 Series 74 TTL gate.

read, modify write cycle timing

CHIP ENABLE, CE

CHIP SELECT, CS W p:
READMWRITE AW XL
|

DATA INPUT, OI

DATA OUTPUT, DO

™

T RMW]

E_F
= thlad) —

r . 3

L
ADDRESS, A0-A1 W I

tWwiCEH) fw(cst.r*g‘
DON'T CARE
L I . ]

Th{TE—w |1
DON'T CAR
B WMo
| ——— Hiled) - p——— gy fr) ——4 |
S e XK
SEird) — NS —
—o! o tsuida-wr) e — Thida)
= = L
o ERRaX KRN
fe Galadh —* L._, tPLH
[+ ta[CE] ——— | -»l P tpuz

U 1 g h—
FLOATING / DATA MODIFIED FLOATING
jo—tpzL

MOTE: Far the chip anable input, high and low jiming pounts ara 90% and 10% of VIH[CE}- Other input timing points ere 0,6 ¥V {low) and
2.2 % {high], Qutpul timing points are 0.4 ¥ (owl and 2.4 ¥ (high).
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TMS 4060 JL, NL; TMS 4060-1 JL, NL; TMS 4060-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

timing diagram conventions

MEANING
TIMING DIAGRAM INPUT ouTPuT
SYMBOL FORCING FUNCTLONS RESPONSE FUNCTIONS
Must be steady high ar low Will be steady high or low

High-to-low changes Will be changing from high
_m— permitted to low sometime during
designated interval
Lows-to-high changss Will be changing from lew
_W permitted to high sometime during
designated interval

AR F TR
2‘:"”"’"’2'{ Dan't care State unknown or changing
ik T ATAY
Canter ling is high-impedance
M {Does not apply} off-state
TYPICAL WAVEFORMS
VIH —
CHIP ENABLE
VL =
100 —
lpp imA} [
oL Ipp |Standbyl
25 —
llice) tmAl
1]
—-26
Iy tma) 0.3~ n
(All inputs
except CE} ol

Q 470 940
TIME ins)
575
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TMS 4060 JL, NL; TMS 4060-1 JL, NL; TMS 4060-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

ta{ad) — Access Time — ns

tefrishy — Refresh Time -~ ms

350

300

200

150

100

1000

100

ACCESS TIMES vs TEMPERATLIRE

TMS 4060 MAX

TMS 4060-1 MAX

2060
TIS 4060.2 MAX W 2050

..---""""'—‘-—-‘-I
TYPICAL

--'.."-.—-
f;_-’_
] ’

TYPICAL SLOPE = 0.75 ns/°C

S0

Cy =50 pF

0 |
o] 10 20 30 40 50 [i1H] 70
Tp — Free-Air Temperature — °C

REFRESH TIME vs TEMPERATURE

\ X
”pfc

|| Qe .
y !QE‘D

N

/

‘DD(av} — Supply Current —mA,

10

MAXIMUM RECOMMENDED
| [ ] l
1

0 20 30 40 &0 60 70
Tp — Free-Air Temperature — °c

tafad) — Access Time — ns

380

300

[l
o
=

]
o
=

—
L
(=]

—_
[
=]

o
=

45

40

35

30

25

20

15

ACCGESS TIMES vs LOAD CAPACITANCE

TMS 4060 MAX

TMS 4060-1 MAX

| -
TMS 4060-2 MAX = PICAL THE 406804
"1 | -2
]

—____...---"'"'1|-"—
.--"""'....-‘

—-—_______....--

TYPICAL SLOPE = 0.25 ns/pF

Ta =25°C

[ |

0 25 50 75 100 1285 150 175 200
G — Load Capacitance — pF

AVERAGE CURRENT vs TEMPERATURE

[T
"‘1-..._‘_-

CURRENT MEASURED AT
—MINIMUM CYCLE TIMES I

0 10 20 30 40 50 60 70
T — Free-Air Temperature — °C
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MOS TMS 4062 JL, NL; TMS 4063 JL, NL
LSI 1024-WORD BY 1-BIT DYNAMIC RANDOM-ACCESS MEMORIES

EULLETIN MN. DOLS 7512272, MAY 1975

+ 1024 x 1 Organization TMS 2062 JL, NL
22PIN CERAMIC AND PLASTIC

&  Agcess Time . .. 130 ns Maximum OUAL-N-LINE PACKAGES

»  Cycle Time ... 200 ns Maximum (TOP VIEW)
*  Low P(fwer Dissipation: Vgg 1 E U lE]zz &
Operating . . . 120 mW Typical v 2 E E| ,
. 85 21 Vpp
Standby . .. 2 mW Typical
e Differential Output s 3 [d EET
* Wire-OR Capability a8 a g d1s wo
» Chip Select For Simplified Memory Expansicn A7 5 E ﬂm N/C
+ 22-Pin ar 18-Pin Dual-In-Line Package A6 B E an ek
L A5 T o 616 N/C
description [ ]
N 8 E E|15 AQ
The TMS 4062 JL, ML and TMS 4063 JL, ML v 5 14
are highspeed, 1024-word by 1-bit, dynamic REF E q Al
random-access memaories fabricated on a single AS 1w IE E|13 AZ
monolithic chip with P.channel enhancement-type
MOS processing. The devices are designed for use in A4 M E El‘z Al
low—cost, high-performance memary  applications.
High perfl:‘:rmance and !ow power dissipation are TMS 4053 JL, ML
achieved with a four-transistor storage cell and unigue 18-PIN CERAM!C AND FLASTIC
support cirecuitry. Low-capacitance inputs mintmize DUAL-IN-LINE PACKAGES
driver-circuit power requirements, simplify (TOP VIEW}
TTL-te-MO5 conversion, and reduce averall system
costs, vpg 1 E 18 vgg
The memory is fully decoded and its differential A9 20 E“ Voo
oltputs cap bhe OFi-_tleq,_Thu chip-select mpu't allows AR 3 E E 1% 1o
the selection of individual companents in large
memaory arrays, Stored information is A7 4 IE Eﬁ o
nondestructively read and  the dilferential output . _
vollzge is of the same polarity as the differential AB & E E]T“ €S AND CX
input vo?tage dur.ing_ the write aperation. Singe the A5 6 E E§13 A0
memory is dynamic, it must be relreshed periodically, }:A
VREF 7 IE 5'12 Al
The TRIS 4062 is offered in 22-pin dual-in-line —
ceramic {JL suffix) and plastic (ML suflix} packages RS @ E ﬂ'n Az
designed {or insertion in mounting-hole rows on
400-mit centers. The TMS 4083 is offered in 18-pin A4 D IE "':I 10 A3
ceramic (JL suffix) and plastic (NL suffix)

dual-in-line  packages designed for insertion in
mounting-hole rows on 300-mil centers.

operation

Reset (RS}

Every deyice cycle begins with the raset pulse, When the reset input is {ow, the internal circuits are precharged and the
address inverters are turned off. Address inputs must be valid and stable before reset goes high and musl be held stable a
minimum time after reset goes high to allow the row and column decoders to function.
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TMS 4662 JL, NL; TMS 4063 JL, NL
1022-WORD BY 1-BIT DYNAMIC RANDOM-ACCESS MEMORIES

operation {continued}

Clock and Chip-Select Clack {TK. TS)

The clack input is gated by the row decoders 1o activate a row the address of which is specified by AQ-Ad. The
chip-select elock input is gated by the column decoders to select a column of address AG-A9. Thus, the clock and
chip-select clock pulses, at the |ow level and alang with a 10-bit address, isolate a single memory cell and allow transfer
of information 1o or from the inpur/output lines, which are also gated by the chip-select clock. After output data is
read, the clock and chip-select clock must return to the high level before the start of the next cyele.

Address {AQ-A9}

Addresses must be valid before reset goes high. The address inputs exhibit small input capacitances since these inputs
are connected to the drains of MOS transistors that are turned off during the reset and clock pulses.

Data Input/Qutput {1/0)

Data is read or written through two input/output terminals that operate in a differential mede, To write, ane 1/Q input
is taken high while the other remains at Vrep. During a later read cycle, the input that was taken high will source
current while the other will not. The I/O terminals may be connectad by resistors to Vep for valtage sensing or
directly to a current sense amplifier such as the SN75370. The 1/0 terminals are gated by chip select.

Refresh

Each cell must be refreshed at lzast once in every 2-millisecond period by cyeling thraugh the lower arder row addresses
{40-A4} or by addressing sach row at least onge in that period, Addressing any row refreshes all 32 cells in that row.
The chip-sclect clock need not be activated during refresh; however, the clock input must be cycled fram high to low to
high.

functional block diagram

1
Ag — T MEMORY MATRIX
Al — R
A 10F 32 : 52 :WS
2 ROW DECODER | 32 COLUMNS
Az — .
g _ . {1024 BATS}
- 3z
cLOCK, TR 4(') Ll T L
L
e—w INPLIT/QUTPUT
MULTIFLEXER a—a INPUT/OUTPUT
TMeme o m e =32
—_ 10F 32
RESET. RS 9 COLUMN DECODER @ veB
O V55
I [ | I I o——-VREF
o——Vop
A5 Ag A7 Ag Ag CHIPSELECT
CLOCK, &8
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TMS 4062 JL, NL; TMS 4063 JL, NL
1024-WORD BY 1-BIT DYNAMIC RANDOM-ACCESS MEMORIES

ahsolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltages:
Vpp and VEgE, with respect o Vgg e .
Yoo and Vgeg, with respect to Vgg

Vgp.withrespecttoVgg . . . . . . . . . . . . . .
All input voltages, with respectto Vgg . . . . . . . . . . .
Operating free-afr temperature range . . . . . . . . . .

Storage temperatura range . . . . L . . L . .. ..o

recommended operating conditions

27V 105V
—30V105V
05Vt 10V
—30V 1005V
-0°C to 70°C
—~55°C to 125°C

PARAMETER MIN NOM MAX UNIT
Supply voltage, Vgg—Vsg (see Nates 1 and 2) 2.3 25 2.7 v
Supply veltage, Vpp 1] W
Supply voltage, V55 19 70 21 v
Supply voltage, VREF 6.6 7 7.4 v
High-level input valtage, alt inputs, Vy Vgs -2 Vog bov
Loww-lavel address input voltage, V) {ag) lsee Note 3} -2 Ju] 1 0 v
Low-level inpui voltage at raset and both clocks, Vi) (s, @] I5e2 Mowe 3} =5 0 0.4 v
Low-level input voltage at 1f0, V| iy0) VREE —! VREF VREF 1 v
Refresh time, trafrash 2 ms
Operating free-air temperaware, T 0 70 ‘c

NOTES: 1.
2. Vgg must ba applied prior o Veg.

Threwghout this data shaet supply voltage values are with respect to V. unless otherwise nored.

4. Ihe algepraic convention where the mosti positive limit is desipnated as maxbhmJdm is used |n 1hais data sheet for logle voltage levels

anly,

glectrical characteristics over full ranges of recommended operating conditions {unless otherwise noted)

PARAMETER TEST CONDITIONS "MIN TYPt mAX | uniT
lapH  High-level differential oulput eurrent 100 iz
{ Niad)  Address input current Vi=vpp oV 1 ey
|I[rs, @l Reset or either clack input current V)= VoD {0 v 10 T
Loy MO input current V| = VREE 2 HA
Ige Supply current from Vpg All inputs at Vgg 10 ey
IgeF  Supply current Irom VREF All inputs at Vgg 10 i)
All address and reset inputs at Vee,
15541} Supply current from Vg5 A P 58 100 HA
{see Figure 1)
' Reset at Vp 10 W1,Clocks at Veg,
Isgizy  Supply current irem Vg 2 oo 58 ] 15 ma
| R Ta~25C
Reset and buth clocks at Vgg,
| Peak supply current from Vgg All add N v t WSS 18 20 A
83 isee Note 4} 2 risses VoD ) m
Ta=26C
Resat at Vgg,
[} Supply current from W . 100 A
5514} ad 58 All other inputs at Vg (0 V) .
All supply voltages nominal,
I85{ay) Average supply current from Vgg o & mA
g = 290ns3

tan typical valuesareat Ty = 257C,

NOTE d: The steady-state value al Iggyay is less than 100 pA.
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TMS 4062 JL, NL; TMS 4063 JL, NL

1024-WORD BY 1-BIT DYNAMIC RANDOM-ACCESS MEMORIES

VES
RESET
VDD
Vss
CLOCKS
VoD
vss
ALL ADODRESSES
YDD
}o— Iss2 ——I-lss:v-l-— 1384 —-l-— Iss2 -Jl‘ Isg1 --JI
FIGURE 1—TIME INTERVALS FOR MEASURING SUPPLY CURRENTS
capacitances over full ranges of recommended operating canditions {unless otherwise noted)
PARAMETER TEST CONDITIOGNS TYP? MAX UNIT
Ciizd} |nput capacitance, address inpuls V| = Vg5, f=1MHz 25 3.5 pF
Ci{rs]  Input capacitance, raset inputs V| = Vgs, f=1MHz 30 40 pF
Ci{z} Input capacitance, bath dogk inputs V)= Vgg, f=1MHz 15 18 pF
Ciryg) 110 werminal capacitance V| = Vgs, f=1MHz 25 a5 pF
Tall typical values ara at Ta= 257¢C.
TYPICAL DYNAMIC CURRENT WAVEFORMS
["——— 260 ns 4,,
Vss
RESET -_j_—J | |
Yoo
Vss
CLOCKS l I | ‘
vVpD
Vg
ADDRESS, AQ-A9 1 [
Voo
-850 4
=40 T
Ipg ImA) —30 T
=20 T
=10 =+
od
50 -4
a0 T
lpep imal 30T
ES S \ .
10 T
0 & A
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TMS 4062 JL, NL; TMS 4063 JL. NL
1024-WORD BY 1-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read cycle timing requirements over recommended supply voltage ranges, T = 0°C to 70°C

il

PARAMETER TEST CONDITIONS MIN MaXx UNIT
v W} =0V 290
telrd} Read cycle time Woirs, o} ns
ViLis, 1 =5V 00
W =0V a 2000
Yrlrs) Pulse width, reset fow IL{rs, 1} 4 ns
Vilirs, g} =5V 20 2000
Vv A0W O 2000
twip Pulse width, either clock low ILirs, 3} & ng
ViLfrs, @1 = 5 Y 40 2000
t Rise time of reset or either clock 20 ns
i Fall time of reset or either clack 20 ns
tdirs-a1} Delay time, reset high to either clock &0 2000 ns
tdf5rs) Delay time, either elock high to reset i} ns
Tsulad) Address setup time ] ns
[ thaa Address hold time 5Q ns
read cycle switching characteristics over recaommended supply voltage ranges, T AT 0°'C1o070°C,
Ry =400%,Cp = 10pF
PARAMETER TEST CONDITIONS MIN MAX UNIT
W =0V 150
tairs) Access time from reset IL.frs, &) ns
ViLirs, ¢) = —5 V¥ 130
. ) v =0V 20
taip} Propagation delay time 1o output Lz, ) ng
ViLirs, @) =8V 0
read cycle timing diagram
o Teird} '
! = el -
— Vi —— "wlrsl'—"l N
REBEY, RS
Vi) I ‘ "
‘dﬂrsﬁkl‘_-‘l "_ td IQ-rs’_’I
CLOCK, CK OR W} ey

CHIP-SELECT

- P tyigr ] 4
cLOCK, €5 ViL{a) | | |

fa—te - =t

H"‘I"wlad}
L

|
|

VIH WA AR A : O A O A W)
ADDRESS, AQ-A9 ViLiad) DON'T CARE ADDRESS VALID DON'T CARE
a
! i)
[ tairs) —-'11
toH = 100 1A —r HIGH
INPUT/QUTPUT, /O /"F-\ — oW

NOTE: All refersnca points an Inputs sre 80% and 10% points.
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TMS 4062 JL, NL: TMS 4063 JL. NL
1024-WORD BY 1-BIT DYNAMIC RANDOM-ACCESS MEMORIES

write cycle timing requirements over recommended supply voltage ranges, Ta=0Cta70°C

PARAMETER TEST CONDITIONS MIN MAX UNIT
3 ViLls o} =0V 20
t Write cyele tim ns
clwr) rite cyele tune ViLlrs, &} =5V 200
v =0V o0 2000
Tipglrs} Pulse wirdth, reset low iLies, o} ns
ViLirs, g} = -8V 20 2000
v =0V 60
Yl Pulse width, either clock low fLirs, o) — 2000 ng
ViLfrs, 0} =5V 40__ 2000
1y Rise time of resat or gither clock 20 ns
1 Fall timg of reset or either clack 20 ng
Tdirs-p) Dalay time, reset high to either clock &0 2000 ns
i lgrs} Delay time, either clock high ta reset 0 ns
tsufad) Address setup time o ns
v 4} =0V 70
ey tda) Data setup time fLirs, o) ns
ViLirs, g} = =2V 60
thad) Address hold time 50 ns
thida) Data hald time 0 ng

write cycle timing diagram

RESET, RS

CLOCK, CKOR
CHIPSELECT
CLOCK,CS

ADDRESS, AD-A%

INPUT/QUTPUT, 11O

oot — tevir) ='i
—- rl— t
Dl i —

VK 1 |
| |

ViLirs) [ r r
ILirs v e tarss) —] b tarc el

ViH { M—twici-i
VIL i} | *?l-__.qi
; 1 1
l““’l“w{aﬂ r-_ ' .’|
| |"—P|'thtad} |

VIH ! 1

NOTE: all refarence pafnts on Inputs are 90% and 10% points,
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TMS 4062 JL, NL; TMS 4063 JL, NL

1024-WORD BY 1-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read, modify write cycle timing requirements over recommended supply voltage ranges, Ty = °C to 70°C

PARAMETER TEST CONDITIONS MIN MAX UNIT
) . . Vilfrs, o} =0V 370
telRMW)  Read, modify write eycle time = ng
ViLtrs, o) =8V 290
v =QV a0 2000
tlrs) Pulse width, reset low ILirs, ¢} ns
Vitlrs, 0} =9V 20 2000
W =gV 180 2000
tyla} Pulse width, either clock low ILls, 9} ns
ViLlrs, ¢} = =0V 140 2000
. fise time of reset or either clock 20 ns
1§ Fall time of reset or either clock 20 ns
tdirs-) Delay time, reset high to either clock B 2000 ng
taisrs) Delay time, either cloek high to reset ] ns
tsutad) Address setup tima ] ng
v =0V 70
tsyida)  Datasetup time Lirs, @} = ns
ViLtrs, o} = =3V 60
thiad) Address hold time 50 ns
thigal Bata hold time o : ng
read, modify write cycle switching characteristics over recommended supply voltage ranges,
Tp=0°Cto70°C, Ry =4002,C =10 pF
FPARAMETER TEST CONDITIONS MIN MaX UNIT
. W =0V 150
talrs) Ageess time from reset I {rs, o) — ns
ViLirs, ¢) =5V 130
ViLirs, ) =0V 90
1 Fropagation delay time to output L ns
ple) ViLirs, ¢} =5V 70
read, modify write cycle timing diagram
P tetRMwW) |
I — f— 1 |
|l tyfrs) —f | !
ViH | |
RESET, AS | | [
ViLirs)
[ ‘dlrs-c)i | |-¢—E—1M¢ rsh
— v
CLOCK, CK OR IH -. i) ————————]
CHIP-SELELT | \
cLoCK, €8 VLt | .
—ri '4— ] f— v
e [
[ Ptisutes) Lt
L P l
VIR X

ADDRESS, AG-A2

AYAYAYAT. A Y ATA AR
DON'T CARE ADDRESS VALID ON'T CARE
VILiad} YN VYN 3 o b

INFUT/OUTPUT, I/O

L o t;,m} — '.'l I“-‘hlda}
—

h — = —Ttajrs) L“‘w{da].‘i :
HIGH ~

lon = 100%)000@&;”5 DATA
Low VALID

NOTE: All refarence paints on inputs are 90% and 10% points.
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TMS 4062 JL, NL; TMS 4063 JL, NL
1024-WORD BY 1-BIT DYNAMIC RANDOM-ACCESS MEMORIES

TYPICAL CHARACTERISTICS

REFRESH
¥s
FREE-AIR TEMPERATURE

1000 N . .

E
| \
@ ?‘}'p
E Cq \
= 100 <4, L\
8 0”’?@
;'é 4} \
|
5 ™~
£ 10

2 MAXIMUN BECOMMENDED

1 | { i |

0 10 20 30 40 50 G0 70

Tp = Free-Air Temperature — °C

ACCESS TIME FROM RESET

vs

ACCESS TIME FROM RESET

Vs
SUPPLY VOLTAGE, Vgg SUPPLY VOLTAGE, VREF
130 7 130
tefrd) = 290 ns F te(rd} = 290 ns
VBB - ¥§5= 2.5V VB —Vss=25V
120 VREF =7V 120\‘ V5= 19V
Ta=25"C ~ Ta =25"C
Z a ~ g e -~
i 1 -
(= \ E Rl o
g g
g 100 g
ql‘: \ — & 100
- I
F 90 F 90
80 80
18 19 20 21 22 5 [ 7 8 9
Vgg — Supply Voltage — V VREF — Supply Voltage — W
PRIMITO IR L5 A 575
100 TEXAS INSTRUMENTS
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MOS TS 4030 JR, TMS 4050 JR, TMS 4060 JR
LS| SMC 4030 JR, SMC 4050 JR, SMC 4060 JR
4096-BIT RANDOM-ACCESS MEMORIES

BULLETIN MO, DL-§ 7513276, MAY 1975

EXTENDED TEMPERATURE RANGE AND HI-REL DEVICES

4096 x 1 Organization TMS 4030 R, TMS 4060 JR
Extended Temperature Range {—55°C to 85°C) 22PIN ciﬂimi“;&iﬂ:ﬁ;%‘g“ AGE
SMC Type Processed to Class B of MIL-STD-883 ITOR VIEW)

per Level 111 of TI 38510/MACH-IV Program ves 1 []® b 2 Vs

o Maximum Access Time . .. 300 ns

¢ Minimum Read or Write Cycle. .. 470 ns A3 2 E ﬂ 21 a8
&  Minimum Read, Modify Write Cycle: a0 2 E EI 20 A7
710 ns {730 ns for TMS 4050} A1 4 E ﬂ 5 Ag
e  Full TTL Caompatibility on All [nputs
{No Pull-Up Resistors Needed) & s 1] 18 Voo
@ Single Low-Capacitance Clocl o6 E ﬂ 17 CE
description 5 1 [E ] 16 e
A0 B 15 AS
The TMS 4030 JR, TMS 4050 R, and TMS 4060 JR E i
are extended temperature range [—65°C to 85°C} Al QE i] 14 A4
versions of the TMS 4030 JL, TMS 4050 JL, and
TMS 4060 JL. These devices are ideal for critical AZ 10 E ﬂ 13 A3
ecruipment applications in asrospace, industrial, and _
military environments. Vee 1 E :I 7 RW

The SMC 4030 JR, 5MC 4050 JR, and SMC 4060 JR
are also rated to operate (rom —65 C 1o B5°C. These
SMC devices are specifically processed and 100%

screened to the requirements of Class B of TMS 4050 JR, SMC 4050 JR
MIL-STD-883 per level (11 of the Texas Instruments ‘“"NCE““M'fT%g’\‘";;x‘]'-'NE"“C*‘AGE
38510/MACH-IV program,
; i : vVes 1 ]"B vgs
The SMC series of 40986-bit RAMs receive the
following sflccml screening tests: o 2[: ]I? Al
Precap wisual . . . . . . method 2010.2
Stabilization bake e . methad 1006.1 AD 3[ . ]15 A10
Temperiature cycling . . . method 10101
Centrifuge e e e e method 2001.1 Al 4[ ]!5 AS
Fine and gross leak . . . . method 10741
Burn-in for 168 hours at Az 5[ ]'4 A3
125°C . . . . . . . method 1015.] A n[ ]13 a7
Final electrical testing at 25 C and high
temperatures CcE 7[ ]‘2 AB
These two series of devices are offered only in A3 s[ ]” A5
eeramic {JR suffix) dual-in-line packages. The 22-pin
package (TMS 4030, TMS 40860, SMC 4030, and 5MC Ad 9[ ]ID Vpo
4060) inserts in mounting-hale rows on 400-mil

centers, The 18.pin package (TMS 40560, SMC 4080)
is designed for insertion in mounting-hole rows on
300-rmil  cerwers and is ideal f{or hioh-density
applications,

PRELIMINARY DATA SHEET:

Supplementary data may be TeEXAS INSTRUMENTS 101

published at & later date, INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 7A222
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TMS 4030 JR, TMS 4050 JR, TMS 4060 JR
SMC 4030 JR, SMC 4050 JR, SMC 4060 JR
4096-BIT RANDOM-ACCESS MEMORIES

operation

For a complete description of the device aperation see the appropriate data sheets on the commergial temperature
range 10°C to 70°C, JL, NL suffix} 4K RAM praducts. All timing parameters on these extended-temperature range and
high-reliability devices are identical with the associated 306-ns-access-time commereial device types.

For detailed infarmation on processing, refer to TI's MACH !V program and High-Reliability Microelectronics
Procurement Specifications, MIL-STD-883.

absolute maximum ratings over operating free-air temperature range (unlass otherwise noted)

Supply voltage, VDD {see Note 1)
Supply voltage, Vgg {see Note 1)
All input voltages (see Note 1)
Chip-enable vaoltage {see Note 1)

Output voltage (operating, with respect 1o VSSJ

Operating free-air temperature range
Storage temperature range

. . . . -D3tc20V
-03w20V
—03t20V
—031t020V

—2to?V

—B5°C 10 86°C

—E5°C 10 150°C

HNOTE: 1. Under absolute maximum ralings, voltag? valucs are with respect to the most négative supply veltage, Vag (substrate}, unless
atherwise noted. Throughout the remainder of this data sheet valtgge values ary with respect 1o Veg,

functional block diagram

CHIF EMABLE

a5

B30 e p] DO BUFFER

AQ
s ADD BUFFER

COLUMN DECODE

COLUMN AMPF

rROW DECODE

CELL MaTHIA

QLAY CELL

INTEANAL
CLOCK GEM.

COLLIMM SENSE

T
]

i

ROw OECODE

DLMAMY CELL

CELL MATRIN

|

FRECHARGE
VOLTALE
CEMEAATOR

L

TS 4030/SMT 4030, TMS 4060/SME 4080

Af

ATl

4 ADD BUFFER I:jcowmw DECODE

_L

| COLUMN AMP

AQ
1 ::1 ADD BUFFEF:I
AL I

{

i

RO DECODE

CELL MATRIX

DUMMY CELL

TN TERMNAL
CLOCK GEN

[ [

CHIF ENABLE

AW DECCDE|

CELL MATRIX

~—— Vpo
-—— Vss

DATA /D

lE XTERMAL)

,: : PARECHARGE
| | COLUMN SENSE J VOLTAGE

GENERATOR

i ] i
DUMMY CELL

INTERNAL
DATA N

Frof
CE

INTERMNAL

INVERTED
DATA OUT

CONMECTIONS

'____
!

TS 40B0/SMC 4050

DATA /0

HO—"

1O LOGIC
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TMS 4030 JR, TMS 4060 JR
SMC 4030 JR, SMC 4060 JR
4096-BIT RANDOM-ACCESS MEMORIES

recommended operating conditions

TMS 4030 JR TKS 4060 JR
PARAMETER SMC 4030 JR EMC 4060 JR UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, Ve 4.75 5 5.25 4.75 g 6.25 Y
Supply veltage, Vppo 1.4 12 126 1.4 12 128 A
Supply vahage, Vgg ] o] W
Supnly voltage, VRR —2.7 -2 —3.3 —4.5 -5 =55 v
High-lewe| input valtase, V| {all inputs except chip enable} 2.2 5.25 2.2 6.26 v
High-level chip enable input voltage, VIH{CE) Vopp —0.6 Voo ! |Vpp 0.6 Vop +1 v
Low-level input valtage, V1 (3!l inputs except chip enable) —ogt 06 —n4a7 n.e W
Low-level chip enable input voltage, VL {(:E) ~1t 0.6 11 0.6 v
Refresh time, trefrash 1 1 ms
Qperating free-air temperature, Ta —55 8o —55 85 c

Trhe algebraic canvention where the most negative limit is designated as minimom is used in this data sheet for logic voltaga levels onby,

electrical characteristics over full ranges of recommended operating conditions, Ta= —b5°C to 85°C (unless
otherwise noted}

PARAMETER TEST CONDITIONS MIN Tvpt MAX UNIT
Vor Highdevel autpur voltage Iy = —2ma 2.4 Voo W
VaL Low-lgvel cutput voltage 1 = 3.2 mA Vss 0.4 v
I L:?:te::;::?t {all inputs except V(=010 525V 10 wA
l{CE) Chip-enable input current Vi=0to 132V 2 1Y

High-impedance-state (offstatal
oz Yg=0t0535V 10 uA
outpul current

oo Supply current from Voo | 2 Series 74 TTL louds 1 mA
Ipo Supply current fram Vo ! VHicE) = 126V 30 80 mA
Ipp Supply current from Vo, standby ViLice) =06V 20 200 za
A | t i v
IDDtav) vshrage supply m_"ren rem Yoo Minirem eycle time 32 ma
during read or write ¢ycle
Average supply eurrent from W .
1DD{av} A 9 ¥ i . oD Minimem gycle tima 32 ma
during read, modily write eycle
Vag = Maxt, Vee = h25Y,
Ipg Supply current from Vgp BE cen -5 —100 LA
Vpp =128V,  vYg3=0V

Tall typical values are a1 Ta= 25°¢C.
MaX = —3.3 v for TMS 4030; —6.5 V for TMS 4060,

capacitance at Voo = 12V, Vg =0V, Vgg = NOM, Ve =8B V, VI{CE} =0V, V=0V, f=1MHz,
Ta = —55°C 10 85°C (unless otherwise noted)

PARAMETER o ) ) TEST CONDITIONS MIN Tvpt MAX LNIT

Citad) Input capacitance address inpues 5 7 pFE
: V) =108V 18 22

CitCE} Input capacitance clock input ol 3} pF
Viigcey = -1V 22 27

Ci{CS) Input capacitance chip-select input 4 6 pF

Citdaa) Input capacitance data input 4 8 pF

CilR/W) Input capacitance read/wrile input 5 7 pF

Cq Qutput capacitance 5 7 pF

tall typical values ara at Ta= 28" ¢,
TEXAS INSTRUMENTS 103
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TMS 4050 JR, SMC 4050 JR
4096-BIT RANDOM-ACCESS MEMORIES

recommended operating conditions

PARAMETER MIN NOM MAX UNIT
Supply voltage, ¥op i1.4 12 126 V_‘
Supply voltage, Vg 1] v
Supply voltage, VRR —-4.5 -5 -55 v
High-level input valtage, V4 {all inputs except chip enable) 22 5.5 v
Highdevel chip-enabla input valtage, VH{CE) vpp 086 vpp +1 v
Low-level input voltage, Vi all inputs except chip enable) -0.61 0.6 \i
Lavelevel chip-gnabls input voltags, Vi ICE} —it 0.6 v
Refresh time, trefrash 1 ms
Operating freeair temperature, Ta —&6 85 "c

Trhe algebraic conventian where the mest negativa Nmit is designated as minimum is used in this data sheeat for [ogic voltage lsvals only,

electrical characteristics over full ranges of recommended operating conditions, Ta= —B5°C to 85°C {unless
otherwise noted}

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT
1g = guaranteed maximum sccess time,
VoH High-level output voliags a = ¢ ' ‘me 24 v
A =22k 10 5.5V, C =50 pF,
VaL Low-level output voltage . Vss 04 )
! Load = 1 Serigs 74 TTL gate
, 1o = guaranteed maximum access time,
loL Low-level output current a = guara Aximim ace ma 5 mA
C =50pF, Vo n D4 v
Input current [al! inputs including
I . V| =-061t055V 10 uh
110 xcept chip enatyle) i i _
hice) Chip-enable input current Vi=—1t013.2V 10 ey
oo Supply current from Voo VIR{cE) = 13.2 V 35 g0 A
Ioo Supply current from Vpp, standby | Vi {cE) =06 V 10 200 A
Average supply current from Vpop i
| Minimurn eyzle timi 32 A
DD{avi during read or write cycle nim cysle timing m
Average supply current from VYpp
1 Minimu 1 timi 32 A
DD{avi during read, madify write gycle fnimum cycle timing m
Vg =—-5B5V, Vpp= 126V,
Ipg Supaly current from Vgg BB oD |3 100 A
. Vge=0V

YAl typical values ara at Ta =~ 25°c,

capacitance at Vpp =12V, Vgg =0V, Vgg= -5V, VI(CE] =0V,V;=0V,f=1MHg,
Ta =—55°C to 85°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP! MAX UNIT
Cilad) Input capacitance address inputs 5 ? pF
Vicey=12v 24 23
Ci input capacitance clock input pF
ICE Viicer =0 ¥ 79 33
CitRAvl  Input capacitance read/write input . 5 7 pF
Cilyo) 170 terminal caparitance ki 9 pF

T Al typical values are at Ty = 26°C,

PRIMNTED IR XS A 575
104 TEXAS INSTRUMENTS
INCORPORATED
POST GFFICE BOx %012 « BALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TQ MAKE [HANGES AT ARY TIME

IN DROER TD IMPROVE DESIGN AND T SURPLY THE BEST PRODUCT POSSIBLE.



575

MOS

TMS 2501 JC, NC
LS| G4 x 5 x 7 STATIC USASCII CHARACTER GENERATOR

MAY {975

*  QOrganization ... 64 Characters of 35 Bits ina
5 x 7 Matrix

®  Access Time... 250 ns Typical

v
* Inputs and Qutpuis Fully TTL-Compatible G":
o
*  Two Chip-Select Inputs
0z
¢ 3-State Qutput Buffers for OR-Ties o3
* Row Cutput {Seven 5-Bit Rows in Sequence} o8
description 05
0B
The TMS 2501 generates 64 USASCIL characters for o7
driving & Bx 7 matrix display. All inputs can be
driven directly from Series 74 TTL circuits and the o8
3-state push-pull output buffers can drive Series 74 1
TTL circuits without external resistors, The 5-bit row
o1 1

words appear on the odd-numbered outputs with 19
tow and on the even-numbered sutputs with 19 high. Voo 1
Outputs 01 and 02, 03 and 04, ... 02 and 010

mus‘ﬂe externally OR-tied in pairs. C31 must be high

and C52 low to enable the device.

24-FIN CERAMIC AND PLASTIC

CUAL-IN-LINE PACKAGES

(TOP VIEW]

1
2]
a ]
a[]
5[]
5[]
7[]
8 (]
a[]
0[]
1

i

2[]

jz4
] 22
] 22
]Z'l
] 20
] 19
] 18
] 57
] 16
115
] 14

] 13

Vss

The TMS 2501 is offered in 24-pin ceramic {JC suffix) or plastic (NC suffix} packages designed for insertion in
rnaunting-hole rows on 800-mil centers. The devices are characterized for aperation from —25°C ta 85°C.

functional block diagram

11213 ¢81 C82

auTeuTsg JIFOTH

| — 0102 o0
:2 | cHAR- How 03.04 ot
” ACTER | MEMORY MATRIX | = FUFFER:‘ 05,06 01 7
o SELECT LEC — o708 100
5 —

——oeo10 1o

ROW SELECT

SIGNAL CGN 11-13
1 = high = dgt
0 = low = blank

A complete data sheet for the TMS 2500 Series may ba obtained by writing directly to:

Marketing and Information Services
Texas Instruments Incorporated
P.O. Box 5012 MS 308

Dallas, Texas 76222
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MOS TMS 4103 JC, NC

LS) 64 x 5 x 7 STATIC USASCH CHARACTER GENERATOR
MAY 1875
* QOrganization ... 64 Characters of 35 Bits ina 28-PIN CERAMIC AND PLASTIC
5 x 7 Matrix DUAL-I:\-II:;LN‘E[:%(;:KAGES
¢ Access Time .. . 500 ns Typical
. o1 1 1
» Inputs and Outputs Fully TTL-Compatible E U % ®ov
B NC 2 27 3]
s 7-Bit Input Address
. oz 3 [] ]26 2
e Open-Drain Output Buffers Ne 4[] Jos 12
e Column Output (Five 7-Bit Columns in Sequence} 03 5[] J2a 14
NG & [] 23 1
dascription o1 7 [] []22  «cE
ne 8 [ (121 co
The TMS 4103 generates 84 USASCII characters for o5 9 E J20 o
driving & Bx 7 matrix display. Qutput buffers are NC 10 | | :I 1% CB
open-drain and are capable of driving Series 74 TTL Q8 11 ]: :l 18 ©CA
cir.cuits 'without externél resistors. %\II i‘nputs can he NC 12 [ ] 17 vsg
driven directly from Series 74 TTL eircuits. o7 13 E ] ® 1
[
The five 7-bit column words appear on Q1 through Vop 14 D 16 Vgg
Q7 as column select inputs CA through CE are NC — No Connection

strobed in sequence with a high level pulse. The
device is enabled with a high level on 17.

The TMS 4103 is affered in 28-pin ceramic (JC suffix) ar plastic (NC suffix} packages designed for insertion in
mounting-hole rows on 600-mil centers. The devices are characterized for operation from —25°C to 85°C.

functional block diagram

CB €D
A |cc |ce 5
NN
coLUmMN
S CA £
|1 01 gerEeT o QX
12 — o
13 — CHAR COLUMN 03 02
14— actEr | MEMORY MATRIX BUFFER 04
SELECT : o
t5 — sELECT P o4
i o 06
ICE) 17 ——] o o
oUTPUT

A complete data sheet for the TMS 4100 Series may be obtained by writing directly to:
Marketing and Infarmation Services
Texas Instruments Incorporated
P.0O. Box 5012 M5 308
Crallas, Texas 75222
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Mos TMS 4700 JL, NL
LSI 1024-WORD BY 8-BIT READ-ONLY MEMORY

BULLETIN MO, DL-S 7512273, MAY 1975

* 1024 x 8 Organization

. 24.PIN CERAMIC AND PLASTIC
® All Inputs and Outputs TTL:Compatible DUA L-IN-LINE PACKAGES
® Maximum Access Time . .. 450 ns (TOP VIEW!

® Minimum Cycle Time . .. 450 ns A7 1 [ U ]za Vee
¢ Typical Pawer Dissipation . . . 310 mW as 2 [ ]23 AS
« 3-State Outputs for OR-Ties as 2] 22 a0
- D.u.tput Enable Control Al 4 I: ]21 ves
* Silicon-Gate Technology Az 5[ [J20 o1
» 8-Bit Quiput for use in Microprocessor Az &[] 19 vpp

Based Systems a1 7 % :| 18 OEZor OE2

L. : 17 08B

description Ao i
01 9 [] []16 o7

The TMS4700 JL, NL is an 8,192-bit read-only 0z 10 (] [J15 o8

memor\;‘organlz—ed as 102f1 words of 8-hit Ieln‘gth, The 6z 1 [ :| 14 05

device i3 fabricated wsing N-channel silicon-gate

technalogy far high speed and simple interface with Vgg 12 [ ]13 04

bipolar circuits., All inputs can he driven by Series 74
TTL circuits with the use of external pull-up resistors
and each output can drive one Series 74 TTL eircuit
without external resistors. The data outputs are three-state for OR-tieing multiple devices on a comman bus. Two
output-enable controls, one customer programmable, allow data 1o be read. The option an output enable 2 is explained
in the section “Software Package”™.

The TMS 4700 is designed for high-density fixed-memory applications such as logic-function generation and
microprogramming. This ROM is supplied in 24-pin dual-in-line ceramic {JL suffix] and plastic {ML suffix} packages
designed for insertion in mounting-hole rows on 600-mil centers. The device is characterized for operation from 0°C to
70°C.

operation

address (A0-A9)

The address-valid interval determines the device eycle time, The 10:hit positive-logic address is decoded on-chip 1o
select ane of 1024 words of 8.bit length in the momaory array. AQ is the least-significant bit and AD the most-significant
bit of the ward address,

output enable (GE1 and QE2Y)

OE1 is active when it is fow. DE2 can be pregrammed, during mask fabricalion, 1o he active with a high or a low leve|
input, When bath cutput enables are active, all eight outputs are enabled and the eight-hit addressed word can be read.
When either gutput enable is not active, all eight outputs are in a high-impedance state.

data out {01-08)

The eight outputs must be enabled by both output enable contrals before the output word can be read. Data will
remain valid until the address is changed or the outputs are disabled. When disabled, the three-state outputs are in a
high-impedance state, The outputs will drive TTL circuits withoul external components.

Ta&ymbal OE2 assumes sutput enable 2 is pragrammed active high. If activa low, the symbol would be OE2.

PRELIMIMARY DATA SHEET:

Supplementary data may ba TEXAS INSTRUMENTS 107
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TMS 4700 JL, NL
1024-WORD BY 8-BIT READ-ONLY MEMORY

functional block diagram

GATA OUTFUTS
01-08

L]

oGE1 —
CHIP-SELECT LOGIC
OE2
OUTPUT BUFFERS
.
——— Y DECODER ¥ GATING
AO-AD
ADDRESS { —
INFUTS 1024 x 8
——— X DECODER MEMORY MATRIX
L.

absolute maximum ratings over aperating free-air temperature range (unless otherwise noted}*

Supply voltage, Vo {see Note 1) e e e e
Supply voltage, Vo {see Note 1) T
Supply voltage, Vgg {see Note 1} . . . . . ., ..
Operating free-air temperature range . . . . . . . . .
Storage temperature range . . . . . . . . . . . .

the remainder of this data sheet voltage valuas are with raspect 10 Vgg,

=03vVto20V
—-03Vw20V
—0D3Vio20V
. dg'Cio70°C
—B8°C to 125°C

NOTE 1: Under absolute maxImum ratings, valtage valugs are with respect to the normally most positive supply, Vgg [tubstrate). Throughout

TSressey beyang those |lsted under "Absolute Maximum Ratings™ may cause permanent darmage ta the devlea. This is a stress rating only and
functonal operatlon af the device at these or any other conditions beyond these indicared In the “RAecommended Qperating Conditions™
saction of this specification s nat implied. Exposure to absalute-maximum.rated conditions for extended periads may affect device raliahility,

recommended operating conditions

PARAMETER MIN NGM MAX UNIT
Supply vo'tage, Vpg —4.75 -5 525 v
Supply valtage, Voo 4.76 3] 5.35 W
Supply voltage, Yoo 11.4 12 128 WV
Supply voltage, Vgg a v
High-level input voltage, V4 3.3 Ve v
Low-level input voltage, VL Veg 0.8 v
Read cycle time, tg)d} 430 ns
Output-enable rise time, tr(DE1) and tr|QE2) 10 20 ng
Qutput-enable fall time, t4{5E{) and H{0E) 10 20 ns
Operating free-air temperature, Ta 1] Fitl ‘c

108 TeExAs INSTRUMENTS
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TMS 4700 JL, NL
1024-WORD BY 8-BIT READ-ONLY MEMORY

electrical characteristics over recommended supply voltage ranges, T 5 = 0°Cto 70°C
{unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPY MAX UNIT
Vpiw  Higheleve! output voltage Iy = =1 mA 3.7 W
761_ Low-level putput voltage lpL=2mA n45 AY
I Input current V=Dt EsY +10 ub
Igg Supply current from Vg —-0.41 ma
[Fele Supply current from Voo Both outpul enables active ) ma
[Fa]s) Supply current from Yoo 25 mA
PO Power dissipation 310 i

Tan tyPical valuesareat Ty - 25 & and nominal voliages.

switching characteristics over recommended supply voltage ranges, Tp = 0°Cte 70°C

PARAMETER TEST CONDITIDNS MIN MAX UNIT
falad} Access ume from address 420 ns
13[DE1) Actess time fram output enable 1 CL =80pF, 20 ns
ta(E7) Access time from ouiput enable 2 1 Series 74 TTL load 130 ns
tpxz  Cutput disable lime from eithar chip enable 80 ns

voltage waveforms

teiral hatl

4
A

VIH

ADDRESS, A0-AD ADDRESS VALLD
ViL

d le— tarBE1) —0d
|
|

OUTPUT ENABLE, YIH

OE1 1
ViIL | I |
1
‘ 1 ]4— thz—bl
| | |
oy B2l | | L
OUTPUT ENABLE, ! _\//:L | - I
OE2/0E2
. 0E2 _] -k ______ 1|_ —_ ]
| |
| |<— —— tjpEzi— e l
1
| | Pz
1
(i talad) ﬁ""i |
VoH /1'-— |
OUTPUTS, O1.08 Nz STATE \L DATA VALID |
VoL {

NOTE: Timing peints ara 0% (high) and 10% (low).
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TMS 4700 JL, NL
1024-WORD BY 8-BIT READ-ONLY MEMORY

SOFTWARE PACKAGE

The TMS 4700 JL, NL is a fixed-program memary in which the pragramming is performed by Tl at the factory during the
manufacturing cycle to the specific customer inputs supplied in the format shown, The device is organized as 1024 8-hit
words with address locations numbered 0 to 1023, Any 8-bit word can be coded as a 2-digit hexadecimal number between 00
and FF. All stored words and addresses in the following format are coded in hexadecimal numbers. In coding, all binary
words must be in positive lagic before conversion to hexadecimal. Q1 is considered the least-significant bit and 08 the
most-significant bit. For addresses AQ is least significant and A9 is most significant,

Every card should include the Tl Custom Device Number in the form ZAXXXX (4-digit number to be assigned by TI} in
columns 75 through 80.

Qutput enable 2 is customer programmable. Every card should include in column 74 a 1 if the qutput is to be enabled with a
high-level input at OE2 or a 0 far enabling with a low-level input.

The 1024 coded words must be supplied on 64 cards with 16 2-digit hex numbers per card.

H CARD COLUMN HEXADECIMAL INFORMATION
1 1-9 BLANK
10 : {ASCI character colon)
11-12 10 {specifies 16 words per card)
13 BLANK
14-16 Hex address of 15t word on 1st card (Oth word, address narmally 000}
1718 BLANK
19-20 Oth word in Hex
49-50 15th word in Hex
51-73 BLANK
64 1-9 BLANK
1% ; {ASCII character colon)
11-12 10
13 BLAMEK
14-16 Hex address of 1st word on 64th card {1008th word, address normally 3F0)
17-18 BLANK
19-20 1008th word in Hex
4550 1023rd word in Hex
51-73 BLAMNK
FRIMIED I U S A 57%
110 TEXAS INSTRUMENTS
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MOS TMS 4800 JL, NL
LSI 16384-BIT READ-ONLY MEMORY

BULLETIN NO, DL-8 7512260, MAY 1876

24-FIN CERAMIC AND PLASTIC

2048 x 8 or 4096 x 4 Organization DUAL-TN-LINE PACKAGES
Total TTL-Compatibility iToP ViEw)
Maximum Access Time . .. 700 ns Vgs 1[ - U [ |24 o081
Minimum Cycle Time . .. 1000 ns a1 z2[] 23 o
Typical Power Dissipation . . . 450 mW AZ 3[ ]2z o2
Open-Drain Qutput for Wire-OR Configurations a1 af] []21 o3
24-Pin 600-Mil Dual-in-Line Packages a4 8] :lzo o4
® Twa Chip-Enable Contrals A5 B[ ]19 o5
description as 7] 18 o6
. A0 B[ ]17 o7
The TMS$ 4800 JL, NL is a 16384-bit read-only vea o] s o
mematy, arganized as either 2048 words of 8-bits or ag
4096 words of 4-bits. All inputs are TTL-compatible, A9 10[ ]15 AN
The eight open-drain outputs must be connected by AB 11[ ]14 DE2
1l-d istors t :xternal tive Iy t
gy QWwn resistors 1o an external negatve supply 1o A7 12[ ]13 AR

drive standard TTL circuits. Two cutput-enable
terminals allow each 2048 x 4-bit array to be read
independently as 4-bit wards or simultanepusly as
B-bit words,

Two devices can be OR-lied, with proper choige of programming on the culput-enable terminals Lo be specifiad by the
customer. Addresses may change up to 60 ns after the clock cycle begins. This allows TTL address-decoding circuits to
synchronize on the rise of the clock and stabilize during this interval effectively shartening the device read-access time.
The TMS 4800 is designed with P-channal enhancement-type technology for high-density, fixed-memory applications
such as logic function generation and microprogramming. This ROM is supplied in a ceramic [JL suHix) or plastic {NL
suffin} 24-pin package designed for insertion in mounting-hole rows an 600-mil centars.

operation
address read (AR)

Address read constitutes the master timing signal of the device, After AR goes high, address and output enable inputs
latch. The address-read clock is high during the address-valid and output-enable-valid intervals. Data out is valid both
hefore and after AR goes low, singe enabled outputs tatch during the oyele.

address (A1-A11)

Any of the 2048-word addresses are selected by an 11-bit positive-logic binary word, A1 teing the least-significant bit
progressing through to A11, which is the most-significant bit. Address inputs can change up to 50 ns after the AR clock
goes high and must remain valid 250 ns after AR goes high. This input latching feature allows the user to change address
while data is being read. These system advantages result from latching of the internal address register during a short
address-valid interval.

output enable (QE1 and OE2|

The BROM consists of two side-by-side 2048-word-by-4-bit arrays. OE1 enables output terminals O1 through 04 and
QOEZ cutputs 05 throvgh 08 with the two arrays being enabled independently. The user may chooss any of lour
combinations by enabling with, either a low or high level on OE1 or OE2. To read 8-bit words with a single address,
both QE1 and OE2 must be enabled. For B-bit readout, two devices may be OR-tied to increase the effective size of the
ROM system by programming complementary enable levels on corresponding device termimals.

76 PRELIMINARY DATA SHEET:
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TMS 4800 JL, NL
16384-BIT READ-ONLY MEMORY

operation (continued)

Output terminals on a single device are OR-tied for 2 4096-word x 4-bit organization as follows: 01 to 05; 02 1o 05;
03 to O7; and 04 te 08. Since the OE1 and QE2 inputs latch internally, the enable signals may change hefore or
during the cutput datawvalid interval. For additional information on QR-ties, see the section on Expanded Memory
Configurations.

data out {01-08)

Qutputs 01 through 04 are enabled by QE1 with cutputs OS5 throwgh 08 enabled by QEZ. Output transistars are
open-drain and compatible with TTL circuits when connected te an external negative supply through a pull-down
resistor, All outputs go low immediately after the rise of AR. A disabled output rises to a high level after a propagation
delay following the fall of the AR clock if a high logic level was stared. If devices are QR-tied, an enabled output should
be read before AR goes low in order ta distinguish a stored high frem a high coming from the QR-tied disabled cutput.
Because the qutputs latch, data on an enabled output remains valid until the next rise of the AR clock.

functional block diagram

Vag DE1
AR » »
& ]
Al " o1
[,
Az w 2 g, 0z
a3 . 8 é z 0z
&
Ad w w 04
A5 14 b
AS 2 by 2048 x 8
e« z MEMORY MATRIX
A7 5 8
[4 [=] 05
w0 2| & 5 2
06
A E E3
A0 < 3z o7
A1 o8
Vgg OEZ2
absolute maximum ratings over operating free-air temperature range {unless otherwise noted}*
Supply valtage, Vg [see Note 1) e e e e e e e e e -20t003V
All input voltages (see Note 1) e e e e e e e ~-20t0 0.3V
Operating free-air temperature range . . . . . . . . . . . .0cti0C

Storage temperature range . . —B5°C to 150°C

NOTE: 1. Under absolute maximum ratings, voltage values are with réspect to Vaglsubstrate). Throughout the remainder of this data sheet
voltage values are with respect 1o a floating ground.

*COMMENT: Stresses beyond those |ised under “Absolute Maximum Ratings™ may cause permanent damane to the device, This is 8 stress
rating only and furctional operation of the device at these or any other conditions beyand those ndicated in the “Recommended Qpargting

Conduilions' section of this specificatian is not Implied, Exposure ta absolutenaximum-raed conditions {or extended periods may affect
device reliability.
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TMS 4800 JL, NL
16384-BIT READ-ONLY MEMORY

recommmended aperating conditions

A PARAMETER MIN  NOM  MAX | UNIT
Supply voltage, Vgsg 4,75 5 5.25 v
Supply voltage, Vg . -1 -12 =13 W
High-level input voltage, V)i lall inputs} T Vgg 15 Vss v
Low-lovel input voltage, VL lall inputs) {see Note 2} —4 .6 1
Read cycle tima, 10{rd} 1000 ns

| Pulse width, address read high, tu{aRH} 500 _ 100000 ns
Pulse width, address read low, ty|aRL) 450 T T “-ns o
Address-read rise time, t{aR) 40 hs
Address-read fall vime, traR) 40 ns
Address-read-high-to-address detay time, ta(aRH-ad) 50 ns
Address-read-high-ta-output-enable delay time, tgf ARH-OE) 50 ns
Address hold 1ime, {4} 250 ns
Qutput-enable hold time, thigg) 250 ns

_Iib'eré_t-iﬁg free-air temperature, T a o 0 70 °c

NOTE 2. The algehraic convention where the most pasitive limit is designated a3 maximum is uged in thiz data shast for logic voltage levels anly, n

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPRT MAX UNIT
VgH  High-level guiput voltage IpH = 2.4 mA 2.5 Y
loL Low-level output current VoL =04V 4] wA
I Inpur current fall inputs} Vo= Vg 1 A
Isg Supply current from Vgg 23 40 ma
IgG Supply current from Vo —29 —40 mA,

F Al wpical values are at Ta - 257'¢,

switching characteristics over recommended supply voltage range, T 5 = 0" C 10 70°C {unless otherwise noted}

PARAMETER MIN TYeE MAX UNIT
talag) Access time from address 550 700 ns
tpLH Propagation delay time, low-to-high level cutput from 200 ns

address read {autput disabled)
tpp Propagation delay tima From address read to data valid 600 750 ns

ETypical valuss are measured at Vg =SV, Vo =—12V and Ty = 25°¢,

MOTES: 3. Enobled outputs remain valid until next AR pulse, Ditabled autputs may be considered valid writy) 200 ns after tha high-to-low
trangition of AR,
4. All rise and 1a) times are %20 ns.

75
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TMS 4800 JL, NL
16384-BIT READ-ONLY MEMORY

voltage waveforms

I= tofed) "‘I
| f———tw{ARHI———] |
I

ADDRESS READ, AR

—P1 rt—tdIARH ad)

—. ¥ VAaLID
ADDRESS, A0—AN VAYEY

otk thiad) —
tdi ARH-OE}

FAVAVAWS
QUTPUT ENABLE, OE1 OR DE2 \/D\?,N\}Q}RE X VALID \/DSNJ 0 £

i thioE}

G—Q[;j :
!
I

tatad)—*]

OUTPUT, 01-08, ENABLED AN / VALID \
’ “0” STORED
j—tpLy
| “I7 STORED
QUTPUT, O1-08, DISABLED \ ( N

“0” STORED

EXPANDED READ-ONLY MEMORY CONFIGURATIONS

8K xd 4K« 8
DE1
| o ] OEA1
o1 3 [
- -
. >z 01
o2 cm . g
=1 2 @
o6 ~ e 5
. = . Zm
. . @
o] [o}:]
1
0OEZ
OF 0DE2
QE3
1 QOE3 !
o1
. o1 —
04 - 1
o5 . e
o o8 |—-
1
QE4 D — Disable
1 oEa E — Enable
_worps | oei | oez | oez | oea
0-2048 E D D D 02048
2049--4096 D 13 D D 20494096 D
40976144 D o E D
6149-8192 D D o E NOTE: One device pragrammed to enable with OE1 = 0E2 = 1
Other device programmed 3o enable with OE1=0DEZ2 =0
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TMS 4800 JL, NL
16384-BIT READ-ONLY MEMORY

SOFTWARE PACKAGE

The TMS 4800 JL, NL is a fixed program memory in which the programming is performed by TL at the factary during
the manufacturing cycle,ta the specific custamer inputs supplied in the format shown, The device is organized so that it
can be used for storing either 2048 words af 8 bits or 4026 words of 4 bits. Words of 8- or 4-bit lengths are read by
proper enable levels on OE1 and DE2. Qutput 01 is the least-significant bit in an 8-bit word, 05 and Q1 in 4-bit words.
All addresses and stored words in either organizatian are coded in octal. Any address up to 2048 can be written as a
4-digit octal number. Any 8bit binary ward can be converted to a 3-bit octal number. In coding, all binary words must
be in positive fogic and right justified before conversion to octal.

Every card must include the following cotded information.
Column 73—0E 1 enable code
Column 74=0E2 enable code
Columns 76—80 — TI CUSTOM DEVICE NUMBER ZAXXXYX {4-DIGIT NUMBER ASSIGNED BY TI)

The output cnable [OE} option is programmed on the chip with the customer pattern, A high valtage level enable is
specified by a 1" in calumns 73 or 74, a low voltage leve] enable by a “0"’.

2048-word by 8-bits

Code deck farmat —

Card Column Octal Information
1 1—4 Oclal address {N} of 15t output word on 15l card
5-7 1st stored 8-bit word f{in octal}
8-10 2nd stored S-bit word (in octal)
50-52 16th slored 8-bit word (in octal )
2 1-4 Octal address (N + 16} of 1st output word on 2nd eard
57 17th stared B-bit word
5052 32nd stored 8-bit word
128 -4 Octal address (N + 2032) of st output word an 128th card
57 20:33rd stored &-bit word
5052 204 8th stored 8-bit ward

4096-word by 2-bits

Terminals OE1 and OE2 independently enable outputs 01-04 and 06-08. Each enable terminal can be programmed to
enable with a high or low level input.

Ta read only 4 bits simultaneously fraom either set of ocutput terminals, the stored information mest be coded as an
B-bit positive logic binary word canverted to octal, Each 4-bit binary word is right justified before forming the 8-hit
word. In coding, words 1 and 2049, 2 and 2050, , .. and 2048 and 4096 are combined (03-05 on the left of 04-01) a5
B-bit words and converted to actal as in the case of the 2045 by 8 coding instrucrions. This coding format alsa requires
128 cards with 16 octal words {32 4-hit binary words} per card.
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TMS 4800 JL, NL
16384-BIT READ-ONLY MEMORY

OUTPUT INTERFACE

single resistor TTL interface

vgg = —12 V NOM

TTL

R1
ool

=

[

e
o

Lo

DO8 D_

C1 TTL

L
i

Vgg = 5 V NOM

R1=6.8 kst
C1=15pF
MAX TTL FAN-OUT =1

)

MOS interface

Vgg = —12 V NOM

R1

,_J_ . DO1

J 1 . c1
T

|

| R1

' DoS
|

_1E

5

Vgg = 5 V NOM

R1=12k0n
Cc1=10pF

TYPICAL CHARACTERISTICS

ACCESS TIME vs TEMPERATURE

w MAXIMUM
T 700 ;
2 !
¢ :
Z 650 //
£ /
S
% 600 ~
E -
e /
g TYPICAL
£ 550 //
<l /
|
5 500 ,/
N toulagy ~ 50 ns
450
0 MW 20 30 40 50 B0 70

Tp = Free-Air Temperature - °C

IGG' ISS — Supply Currents — mA
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SUPPLY CURRENT vs TEMPERATURE

MAX IMUM
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'---.._________‘
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T — Free-Air Temperature — °C
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MOS TMS 5001 NL
LS| 4-MODE DYNAMIC 90-KEY KEYBOARD ENCODER

AULLETIN NO. bL-5 7512274, MAY 1975

ASCIl Logical Bit-Pairing and Typewriter Codes 40 PIN PLASTIC
ASR33 Teletype Code PUALINLINE PACKAGE
Baudot Paper Tape Punch Code car 1[] U Hao Rt
N-Key Roll-Over or Lockout Mode com  2[] (38 Re
« Data-Ready Pulsed Qutput RES 3[] 138 R3
= Internal Oscillator LO/RC  4{] 137 Ra
Dol 5 36 RS
+ Latched Data Outputs g I
) ) ) Do 6] 135 Re
* Adjustable Key-Noise Protection pos 7[] (]3¢ A7
» Keyhoard Columin Leakage Compensation pDo7 B[] ]33 R8s
« Compatible with Reed and Mechanical Switches pog 9}: j]"'z R9
. DOS 10 31 DN
. E le |
TTL-Compatible Inputs and Outputs —y a0 ves
= 10-Bit Qutput Words po3 12[] (29 ms2
Doz 1a[] []28 ms1
description Dot 14[] (127 vgg
vop 15{] 126 c10
The TMS 5001 NL is an MOS LSI dynamic encoder or 16[] 125 <o
for use with standard keyboards having up to 90 c1 17{] []24 c8
keys. The encader is pre-programmed to generate in cz 18] 23 7
pasitive logie two ANSI-standard codes — the logical c3 19]: o2 o
bit pairing and the typewriter codes — the ASR33 ca 2IJE 121 s

teletype code, and the Baudot paper tape code. The
device wutilizes a 3600-bit ROM ({40 x 90
organization}, a 9-row by 10-column key-scanning matrix, driver and sense amplifier interface cireuits, a contral circuit,
a shift-register memary, and an an-chip oscillator with frequency determined by an external resistar and capacitor.

The circuit can operate in the N-key roll-over or N-key lockout mode with external lagic control. Key-make and
key-break noise is ignored after initial key identification because scanning is terminated for a time interval that can he
adjusted with another axternal capacitor at the delay-nade terminal,

DOne of four key modes is selected by proper input levels at two mode-select terminals. A data-ready pulse is generated
1o indicate that a key is depressed, the binary word has been encoded, and that word is available at the 10 terminals.

The control inputs are compatible with Series 74 TTL circuits using pull-up resistors. Each data output can drive one
Series 74 TTL circuit without external resistors.

The TWMS 5001 ML is offered in a 40-pin dual-in-line plastic (ML suffix) package designed for insertion in mounting-hale
rows on 600-mil centers. The device is characterized for operation from 0°C ta 70°C.

operation

The TMS 5001 subsystem consists basically of an ascillatar, row and eolumn matrix scanners, a control section with
memary, and a ROM with bufiered outputs,

oscillator

The internal ascillator generates two internal clock signals at the oscillator frequency that control the precharge of the
calumn inputs and drive the row and column scanning counters. The oscillator frequency is set by an external resistor
connected between the resistar (RES) and common {COM) terminals and an external capacitar connected between the
capagitor {CAF| and common [COM] terminals.
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TMS 5001 NL
4-MODE DYNAMIC 90-KEY KEYBOARD ENCODER

operation {continued}

row and coburmn matrix scanners

The keyboard is connected to the column {C1-C1Q) inputs and the row {R1-RD} outputs. During one half of an
oscillator cycle, the column inputs and row outputs are precharged to a negative voltage. In the next half-cycle, the
maoadulo-10-caunter column scanner enables one of the ten column-input gates and the modulo-B-countar row scanner
allows one row to be connected to Vgg (nominally 5 V} through an MOS transistor having an impedance of about 600
ohms, If the keyboard switch for that row and column is closed, the column input line capacitance discharges through
the MOS load to Vgg. At a voltage Vg (ncar Vgg) the key closure is dletected and scanning immediately stops. The
raw and column position is uniquely identified and stored as a single bit in a 90-bit shift register (s2e contro! section],
Any single key depression is detected within one keyboard scan cycle, which is 20 oscillator or clock cycles, Within
one-half clock cycle after detection, the output word becomes valid at the data out {DO1-DO10) terminals.

In the roll-over mode, two clock cycles plus one delay-node interval after detection of a depressed key the scanning
operation resumes and the next depressed-key location is detected and stored in the memory. Any new output word
becormes valid one-half clock cyele after detection, If multiple keys are depressed simultaneously, the scanners will
ultimately locate and store all locations in the memory and each output word will become valid in rapid sequence.

In the lockout mode as the delay node voltage drops through Vg, scanning does not resume until the first key is
released and the first output remains valid until the secand depressed key is detected. Thus the second and salseguent
depressed keys are ignored until the first key is released.

In either mode when a key is released, scanning in the next cycle is halted when that key location is reached. The halt
signal is ohtained from the information in the memory identifying that key location. Key-release noise is therefore
ignared until the delay node again precharges to Wy . Then scanning resumes and the next depressed key is identified
and its location stored in the memaory,

control section

The delay nade {DN) terminal voltage controls the time during which seanning stops after key detection. An external
capacitor may be connected between DN and Vo to lengthen this delay. Key-nuise immunity can therefore be
adjusted accarding to the key-switch characteristics.

A high-level data ready {DR) cutput pulse having a length of one clock cycle appears one-half clock cycle after the
gutput data becomes valid to indicate that the encoded output word is available at the ten outputs.

The lockout/roll-over {LO/RO) terminal places the device in the lockout operating mode when the LO/RO input is high
or in the roll-over mode when LO/RO is low.

ROM and output buffers

The row counter output addresses the ROM 1o generate a unique 10-bit binary word {or each of the four modes and
each of the 90 key positions. One of the four modes is selected by combinations of high- and low-level inputs at the
mads select terminals {MS1 and M52 as shown in the Character Qutput Charts.

The data outputs (DO1-DO8) can drive Series 74 TTL circuits without external resistors. Qutput data becomes valid
within one-hall clock cycle after a key is detected.

In the lockout mode, output words are latched and data remains valid untii all three of the follawing events oceur:
1) the key is released, 2} the delay mode precharges to Vg and scanning starts, and 3} a new key is depressed and
detected.

In the roll-over mode, output data remains valid only until the delay node charges to Vg and anaother key is detected.
The DR pulse is generated within one cycle after key detection.
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TMS 5001 NL
4-MODE DYNAMIC 90-KEY KEYBOARD ENCODER

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)*

Supply voltane, Vpp (see Note 1} e e e e e
Supply voltage, Vg g (see Note 1} e e e e e e
Input voltages (all inputs) {see Note 13 . . . . , . . . .
Operaling free-air temperature range . . . . . . . . . . . . .
Storage temperature range . e e e e e e e T
NQTE 1: Undar ghiplute maximum ratlngs, voltage values are with respect 1o the normally most pesitive supply, Ve [substrate), Throughaat
the remaindar of this data sheert voltage values are with respoet o Voo,
TStrezses buyond those listed under "Absolute Maximum Ratings™™ may caust permanent damage to the device. This is a stress rating anly and

funetional pperation af the device at these or any other conditions beyend thase indicated in the “Aecommended Operating Conditians'™
soctign gf this specifleation iz not Implied. Exposure 1o ahsolute-maximum-rated condltions far exwended periods may affoct device reliability.

functional block diagram
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TMS 5001 NL

4-MODE DYNAMIC 90-KEY KEYBOARD ENCODER

recommended operating conditions

PARAMETER MIN NOM MAX UNIT
Supply veltage, VpD 0 v
Supply voltage. Vo —11 —-12 —-13 W
Supply voltage, Vgg 4.75 5 6.25 v
High-level input voltage [MS and LO/ROinputsh, Vg Vg —1.6 Vg Vi
Lowelevel input voltage {MS and LOJRO inputs], V) Vgg —3.9 v
Oscillator frequency, fpee 10 100 kHz
Operating free-air temperature, Ta o 70 °c
electrical characteristics over recommended operating free-air temperature range
PARAMETER TEST CONDITIONS MIN MAX UNIT
High-level sense voltage, Vg Vgg =22 Vss v
Low-leval sense voltage (see Note 2), Vg Vgs =28 W
High-level output voltags, data ready and DO outputs, Vo lgH = 100 pA Vgg —1 Vss v
Low-level autput voltage, data ready and DO outputs, Vo I0|___= 18 mA T o 0.5 v
Precharge voltage at column inputs lses Note 2) Vgg +7.56 W
Supply current from V56, GG —42 ma
Row or column line capacitance f =100 kHz 1000 pF
NOTE 2: The slgebraic canvention ywhera the mast positiva {least nag I limit is 1g: d as maximum is used in this data sheet for sense

and precharge voltage levels

onty.

OSCILLATOR FREQUENCY vs EXTERNAL

TYPICAL OPERATING CHARACTERISTICS

DELAY NODE INTERVAL

RESISTANCE AND CAPACITANCE vs EXTERNAL CAPACITANCE

100 ~q —— T 100 e s
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TMS 5001 NL

4-MODE DYNAMIC 90-KEY KEYBOARD ENCODER

character output charts
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TMS 5001 NL
4-MODE DYNAMIC 90-KEY KEYBOARD ENCODER

character output charts
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MOS
LsI

TMS 3101 LC, NC
DUAL 100-BIT STATIC SHIFT REGISTER

MAY 1975

e DC to 2.5-MHz Operation

+ Static Configuration

e Ipputs and Ouiputs Fully TTL-Compatible
¢ Push-Pull Output Buffers

& Power Supplies. .. 5V, =12V

* Low-Threshald Technalogy

description

The TMS 3107 LC, NC is & dual 100-bit static shift
register with independent inputs and autputs for each
register, Two external clocks are common ta both
registers. All inputs and outputs are fully compatible
with Series 74 TTL and require no external resistors.

The TMS 3101 is offered in 10-pin TO-100 (LC

suffix) and 16-pin dual-in-line plastic (NL suffix)

packages. The 16-pin package is designed for insertion

in mounting-hple rows on 300-mil centers.
applications

The TS 3101 can be used in display, terminal, and

card read/punch equipment.

functional block diagram

TO-100 HERMETICALLY SEALED PACKAGE
{TOP VIEW)

Vg

NO CONNECTION

16-PIN PLASTIC DUAL-N-LINE PACKAGE
[TOP VIEW)

-

CLOCKZ2 1 E NO CONNECTION

NO CONNECTION 2 ﬂ 15  NO CONNECTION
CLDCK1 3 E! 14 OuT1
INT 4 E 12 Vpp
INZ E 12 oUT2

NO CONNECTION

[Elle]l=]=]1le][=][=]

NO CONNECTION

] 11
E‘ID
EE

NO CONNECTIDN

~l

NO CONNECTION

<
4]
o

w

Vag

CFTT T T T T T T T T T
I
INPUT 1 —1—-l 100-BIT REGISTER Isusrsn |——|— DUTPUT 1
I
")
CLOCK 3t ————§ [~ Vss
. \ I VoD
CLOCK o2 ! L ® i GG
INPUT 2 —I—I 100-BIT REGISTER [BUFFER ]—I— CUTPUT 2

L ——

—_—_ = _41

A complete data sheet may be obtained by writing directly to:

Marketing and Information Services
Texas Instruments Incorparatad
P.O. Box 6012 M5 308

Dallas, Texas 75222
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TMS 3112 JC, NC: TMS 3122 JC, NC; TMS 3123 JC, NC
HEX 32-BIT STATIC SHIFT REGISTERS

BULLETIN NG, DL-5S ?512261, MAY 1978

DC to 2-MHz Operation

Static Configuration

Single TTL-Compatible Clock
Inputs and Outputs are Fully
TTL-Compatible

Single-Ended (Open-Drain) Buffers
On-Chip Recirculate Logic

» Gated-Output Contral {TMS 3112,
TMS 3123}

Power Supplies ... 5V, =12V
MOS Low-Threshold

P-Channel Technalogy

description

The TMS 3112, TMS 3122, and TMS 3123 JC, NC
are B-channel by 32-bit shift reoisters on a single
manolithic chip with separate inputs and outputs and
a8 gomman recirculate contrel. The TMS 3112 and
TMS 3123 feature a common cutput gating control.
The clock and all inputs can be driven directly froam
Series 74 TTL circuits and all outputs are capable of
driving one Series 74 TTL circuit,

Crass-coupled inverters {flip-flops} are employed ta
implement each bit storage location. This static
design allows input data rates from de 10 2 MHz and
Iang-term data storage.

P-ghannel enhancement-type low-threshold processing
has been employed to reduce power dissipation and
provide simple interfaces with bipalar circuits.

The TMS 3122 and TMS 3123 are offered in 16-pin
and 18pin dual-indine packages, respectively, The
TMS 3112 is offered in a 24-pin dual-in-line packaga.
All three devices are available in ceramic {JC suffix)
ar plastic {NC suffix] packages. The 16- and 18-pin
packages are designed for insertion in mounting-hole
rows on 300-mil centers. These devices are charac-
terized for operation from —25°C to 856°C,

applications

The TMS 3112, TMS5 3122 and TMS 3123 can be
used in printers, terminals, and peripheral {IBM

Systemn 3] applications where 32, 64, or 96 bits of

serial storage are needed,

INPUT 4
INPUT &
INPUTG
NG CONNECTION

oW N -

REC CCNTROL

Vao
CLOCK

DUTPUT &

LI - B I

MO CONNECTION
MO CONMNECTION

=
=

e Y e 2 e

QUTPUTE T
OUTPUT 4 12

tNPUT 4
INPUT &
INPUT &
RECIRCULATE
Voo

cLOCK
OUTPUT &

OUTPUT &

INPUY 4

INFUT &

INFUT &
RECIRCULATE
Yoa

CLOCK
QUTPUT &
CUTPUT 5

NO CONNECTICN

CERAMIC AND FLASTIC
DUAL-IN-LINE PACKAGES

TMS 3112
[TOP VIEW)

U
i

J

™S 3122
ITOP VIEW)

X0

i

E]m

2 E E 15
3 [ o] 14
4 E o132
] E oftz
-] E ort1
7 E ar1o0
s o o] &
TMS 3123
{TOP VIEW|,

o«
FllEllel=][=]l=1[=1E=]s]

J

=) =] =] &) (5 L&)

1?

16

15

14

[=]
-
-

] 25
] 22
] 22
] 21
] 20 wvge
] 10
] 18
] 17
] 16
] 15
] 14
IRE

INFUT 2
INFUT 2
INFUT ¥
HD CONNECTION

ND CONNECTION
OUTPUT CONTROL
QUTPUT 1

WO CONMECTION
MO CONNECTION
CUTPUT 2
CUTPUT 3

Vgs

INFUT 3
INPUT 2
INPUT Y
QUTFUT 1
QUTFUT 2
QUTPUT 3

CUTPUT 4

Vsg
THPUT 3
INPUT 2
WPUT 1
OUTFUT 1
OUTPUT 2
oUTPUT 3
OUTPUT 4

OUTPUT CONTROL

NOTE: The TMS 3122 and TMS 31232 are campatible pin far pin
except far output gate contral, which necessitates one extra pin,
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TMS 3112 JC, NC; TMS 3122 JC, NC; TMS 3123 JC, NC
HEX 32-BIT STATIC SHIFT REGISTERS

operation

Transfer of data into and out of the shift register accurs on tha low-to-high transition of the cleck. Input data must be
st up g minimum time before the low-to-high transition and must be held for a minimum tme after that transition,
For long-term data storage, the clock must be maintained high, and in this mode the recirculate and data input levels
may change without affecting the data autput levels,

Recirculate occurs on the low-to-high clock transition with the recirculate control high. The recirculate control level
must be set up 3 minimum time befare this transition and held a2 minimum time after the transition. Data is entered
with the recirculate control low, During recirculation, data is cantinuously available at the outputs when the output
gate control is low, A high level on the output gate control forces all outputs low. Data inputs are inhibited during
recirculation.

functional block diagram

FUNCTION TABLE

Ves il 1‘1‘2‘“::“;:3:;"23;“ RECIRCULATE | INPUT | FUNCTION
H L Recirculate
H H Recirculate
L L L iswritten
L H H is written

H = high level
L - low level

RECIRCULATE CLOCK Vag
CONTROL

NOTE: TMS 3122 dads not have output gating,

absolute maximurmn ratings over operating free-air temperature range {unless otherwise noted) *

Supply voltags, Vg (see Note 1) S AR AV AY)
Clock input voltage {(sce Note 1) . . . . . . . . . . . . . . . . . . . . . “Viod3v
Data input valtage {see Note 1} e e e e e e e e e e e e e e . =20V 1003V
Operating free-air temperaturerange ., . . . . « . . + « .« 4 4+ 4 - « . .+ . . —25°Cta85°C
Storage temperaturc range . . . . . . . 4 .« .+« 4 e 4 e e 4w W . . . —BEC0180°C

NOTE 1: Under absolute maximurm ratings, valtage values are with raspect to the normatly most-pasitive supply, Vgg [substratel, Thraughaut
the remainder of this data sheet voltage values are with raspect 1o a floating oround.

*Comment: Stresses boyand thase listed under ' ahsolute Maximum Ratings™ may cause permanent damage ta the deviee. Thls is a stress rating

only and funetional operation of the device at these or any other conditions beyond those Indicated in the “Recommended Operating

Canditlons” section of this specification js not implied, Expasure to absolute-maximum-rated conditions fer oxmnded periads may affect

device reliahbitity,
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TMS 3112 JC, NC; TMS 3122 JC, NC; TMS 3123 JC, NC
HEX 32-BIT STATIC SHIFT REGISTERS

recommended operating conditions

PARAMETER MIN NOM Max UNIT
Supply voltage, Vag -1 —12 —13 v
Supply voltage, Veg 4.75 5 5.25 v
High-level input voltage, VY Vgg —1.3 _Vss v
High-level clack voltage, Y|y is) Vgg —1.3 Vg5 v
Lowe-level input voltage, Vi Ygg—4 ¥
Low-level elack voltage, ¥ () Vgg v
Clock pulse transition time, low-to-high-level, 1T H{g) 5000 ns
Clack pulse trangition time, high-to-low-level, tTTHI (3] 5000 s
Pulse width, clack high, t, (s 1) 300 = ns
Pulse width, clock low, ty{a|) ' 150 50000 ns
Recirculate pulse width, tyires) 250 i
Data setup time, taida) 60 ns
Racireulate setup time, tsirec) 120 ns
Data hold time, th{ga) &0 ns
Recireulate hold time, th(eg) 100 ns
Clock frequenr:v,‘f¢ o 2 MHz2
Operating frec-air temperature, T4 —25 85 t

electrical characteristics under nominal operating conditions, T, = —25°C to 85°C {unless otherwise noted)
A

PARAMETER TEST CONDITIONS MIN Typl MAX UNIT

VoH  High-level output voltage RL=75kfl o Vgg Vgg —1 v
Ry = 7.5 kil w0 Vs,

VoL  Lowlevel autput voltage L Ga 0.6 v
logL = —1.8 mA .

I Input current fall inputs) V=0V —500 na

| Sunpl ; v Load = 1 TTL gate [see Note 2, 15 25 a

u current from - -

GG el rom Vaa f=1MHz, Ta=25°C "
Load = 1 TTL gate lsee Note 2),

1 Supply current from ¥, 25 30 mA,

58 PRY ss f=1MHz, T =25°C
Load = 1 TTL gate {see Note 21,

P Power dissipation 425 500 W
e fin fu 1 MHz, Ta=25C "
G Input capacitance, all inputs except clock | V| = Vgs, F=1MH2z 5 7 pF
Ci(s)  Clock input capacitance Viis = Vgs. f=1MHz 8 7 pF

tall typical values are at T4 = 25°C.
MNOTE Z: For final test purposes, 3 worst-case T VL Ioad is simulated by a load of 2.7 kil and a capacitance af 10 pF,

switching characteristics under nominal operating conditions, Tp= —25°C to 85°C {unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP! MAX UNIT
Propagation delay time, low-ta-high-
1PLH 380 440 ns
level putput Jrom clock Ry =78kl to VGG,
Propagation delay time, high-to-law- Cp =70 pF
t 440 ns
PHL level ouzput from clack - — 3
Propagation delay time, low-to-high-
TALH 180 280 ns
level utput from output control R =75kl to VGG
Propagation delay time, high-to-low- CL=70pF
tPHL peg v a L=/we 180 250 ns
level putput from output control

T AN yynical values are at Ty - 25°¢C.
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES A1 ANY TIME

TMS 3112 JC, NC; TMS 3122 JC, NC; TMS 3123 JC, NC
HEX 32-BIT STATIC SHIFT REGISTERS

voltage waveforms

CLOCK INPUT

DATA INPUT

RECIRCULATE
CONTROL

GATE QUTPUT
CONTROL

DATA QUTPUT

ft—ml- twioL s

ViHlgl

ViLie} | l £ |
‘h(“ tTHLtcal-»I i<— —bl I‘—‘TLHlo]
a

Yy —_ — —|— —————————
ViL

1
VM thirec} ]
\r'”_ \_..__ !_.._.____.__._..__

!
L
L
nligilt

T

VoL

NOTE: Magsuramants are made at 90% {high! and 10% llow] timing points.

PRIMTED LM U5 A
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MOS TMS 3113 JC, NC; TMS 3114 JC, NC
LSI DUAL 133-, 128-BIT STATIC SHIFT REGISTERS

BULLETIN NO, DL-S 7512262, MAY 1975

description

s DC to 2-MHz Operation 16-PIN CERAMIC AND PLASTIC
» Static Configuration puaL :\Jr';",”fl:;?m“s

» Single TTL-Compatible Clock

¢ Inputs and Qutputs Fully TTL-Compatible No Connection 1 E| 16 No Cannection
- AR . .
On-Chip Recirculate Logic P El 15 Jnput B
* Power Supplies...5V,-12V
¢ Low-Threshold Technology Rectnput A 3 |0 El " Rec npur B
Rec Control A 4 E ﬂ 13 Rec Control B
Gutput A & E El 12 QutputB
The TMS 3113 JC, NC and TMS 3114 JC, NC are Vop 6 E E| 1 Vg
dual static shift registers with independent input,
output, and recirculate controls for each register, A Vgg 7 E ﬂ 13 Mo Connection
single-phase clock is common to both registers, The .
clock and all inputs can be driven from Series 74 TTL Ne Connection g IE El 9 Ctock Input

circuits and each cutput can drive ane Series 74 TTL
circuit,

Three clocks are generated internally. Cross-coupled inverters ({lip-flops) are employed to implement each bit storage
location. This static design allows data rates from de to 2 MHz and |ang-term data storage.

P-channel enhancement-type low-threshald processing has been employed to reduce power dissipation and provide
simple [nterfaces with bipolar sircuits.

The TMS 3113 and TMS 32114 are offered in 16-pin dual-in-line ceramic {JC suffix) or plastic {NC suffix] packages
designed for insertion in mounting-hole rows on 300-mil centers, These devices are characterized for operation from
—25°C to 85°C.

applications

The TMS 3113 and TMS 3114 can be used in printers, peripherals, and display equipment.

operation

Transfer of data into and out of the shift register occurs on the low-to-high transition of the clock. Input data must be
set up a minimum time before the low-to-high transition and must be held for a minimum time after that transition.
Far long-term data storaye, the clock must be maintained high, and in this mode the recirculate and datd input levels
may change without affecting the data output levels.

Data recirculation is accomplished by externally connecting each output to the carresponding input. Recirculate accurs
on the low-to-high clock transition with the recirculate control high, The recirculate control level must be set up a
minimum time before this transition and held 2 minimum time after the transition. Data is entered with the recireulate
control low. During recirculation, data is continuously available at the oulputs and data inputs are inhibited.

TEXASI INSTRUMENTS
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TMS 3113 JC, NC; TMS 3114 JC, NC
DUAL 133-, 128-BIT STATIC SHIFT REGISTERS

functional block diagram

Vj-[;
AEC INPUT A L i
REC CONTROL A !
o AR

! HEGISTER A OUTPUT A

{ |

INPUT A —, :

REC INPUT B ! :

REC CONTROL B !
| REGISTERE | — | ouTPuTE

| |

INPUT B — | I

I INTERNAL CLOCK I

I GENERATOR |

S S S S

Voo CLOCK INPUT Vgg

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)*

Supply voltage Vo isee Note 1} e e e e e e
Supply voltage Vg (see Nete 1) e e e e e
Clock input voltage (see Note 1) . . . . . . . . . . . . . . .
Data input voltage {see Note 1) e e e e e e e e e
Operating free-air termperature range . . . . . . . . . . . . . . .
Storage temperaturg rangs . . . . . . . . . .. ... PR

-6¥ 03V
—20V 1003V
—15Vt00.3V
=15V w03V
—25°C 10 85°C

—B6°C 1 150°C

NOTE 1! Under absolute maximum ratings, voltags valuas are with reéspact to the normally most-pesitive supply, Ve [substratel, Throughout

tha remainder af this data sheet valtage values are with respect to Voo

“Cgrmment: Stresses beyond those listed under “Absplue Maximum Ratings™ may ceuse permanent damage to the device, Thig is a stress rating
only and luncilonal operation of the device at these or any gther conditions beyond thoss indicated in the “"Recommended Operating
Condlhlons' seclion qf this spaciflicatian is not implied, Exposurg to apsolute-maximum-rated conditions for extended periods may affact

ddevice reliability.

recommended operating conditions

PARAMETER MIN NOmM MAX UNLT
Supply valtage, Vop ] W
Supply voltage, V3g -1 —12 —-13 A"
Supply voltage, Vg 4.7b 5 5.25 1Y
High-level input voltage, V4 3.5 W
High-leve| lock input voltage, ViH (g} ) B 3.5 v
Low-level input voltage, VL 0.6 W
Low-Teval clock input voltage, V|| ja) 0.6 W
Clock pulse transition time, low-to-high-level, (7 1y 0.02 5 B
Clack pulse transition time, high-to-low-level, tTTHY (@) 2.02 5 B
Pulse width, clock high, teiaH) 320 el ns
Pulse width, clock low, byigL) 130 S0000 ng
Data setup time, tg,{da) 100 ns
Recirculate setup time, by, frae] 00 ng
Drata hold time, thigs) 100 ng
Recirculate hold time, thiree} 160 ns
Clock frequency, fy a 2 MHz
Operating free-air temperature, T —25 85 c

TEXAS INSTRUMENTS
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TMS 3113 JC, NC; TMS 3114 JC, NC
DUAL 133-, 128-BIT STATIC SHIFT REGISTERS

electrical characteristics under nominal operating conditions, T 5 = —25°C to 85°C {unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYef MAX UNIT
VYol  High-level output voltage IgH = 0.2 mA 4 v
YoLr  bow-level outpur voltage IgL = 1.6 mA 0.5 v
I tnput current (all Inputs} V=D&V —500 nA
lgg Supply current from Vg Load = 1 TTL gate (see Note 2) —17? m#
Igs Supply current from Vgg Load =1 TTL gate [sem Note 2) 32 ma
Pp Power dissipation Load =1 TTL gate lsee Note 2} 360 mwy
[+] Input capacitance, all inputs except clock Vi=6YV, f=1MHz 8 12 pF
Ciigl  Clock input capacitance Viggt=BV. f=1MHz ) 13 nF

PAIl typical values are at Ta= 25°C.

NOTE 2! Far final 1est purposes, a worstcase TTL Joad is simulamed by a load of 2,7 kil and a capacitance of 10 pF,

switching characteristics under nominal operating conditions, T 5 = —25°C to 85°C {unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
Propagation delay time, law-to-high-level 1 Serics 74 TTL Load + 10 pF
‘PLH output from clock OR 300 380 ns
Propagation delay time, high-to-low-level 10 Miz + 10 pF {MOS Load)
PHL  outpat from clock {see Note 34 300 30 ns

PAIl typicst valucs aré at T4 = 25°C.

MOTE 3 For final test purposes, A worst.-case [TL load is simulated by a load of 2.7 kI and a capacitance ot 10 pF, A worstcase MOS lgad is
simulated by aload of 10 MI2 and 10 pF_ All lgads are connected between output and Vgg.

THLi2)

voltage waveforms
FFLHI) —F'! e —bl
ViHig) ESO%H
CLDCK |4‘wI¢Lll'1 |<—D|-‘wI¢HJ
ViLi) [ '
tsuidal —F—NL—.'— thida)
i
ViH = —
\ I 7
DATA INPUT | (
\ | Jf
R
taairec) —’r‘—ﬁh—.\l-"h {rac)
|
VIH == —

RECIRCULATE

r————

CONTROL
VIL ———— e —- —*
1
htPLle
|
VoH ————_———— ]
| A
DATA GUTPUT | \
Yoo ! *—n—

LetPHL

MNOTE: Timing points ara at 90% {high! and 104% {low) unless otherwise noted.
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MO0S TMS 3120 JC, NC; TMS 3121 JC, NC
LSt QUADRUPLE B0-, 64-BIT STATIC SHIFT REGISTERS

BULLETIN NO, DLS 7512267, MAY 15976

¢ DC to 2,5-MHz Operation 16-PIN CERAMIC AND PLASTIC
* Static Configuration DUAL'IT{;LNSIETM?MGES
¢ Single TTL-Compatible Clock
& Inputs and Outputs Fully TTL-Compatible ouTA 1 E ﬂ 16 Vss
e  Push-Pull Qutput Buffers RECA 2 E 0j 15 IND
L DI‘I-Chip Recirculate Logic NA 2 |0 0] 44 RECD
» Power Supplies...5V, =12V
OUTE 4 E Ul 13 OUTD
e Low-Threshgld MOS Technology
RECE 5 E E 12 Vgg
INE & E Eln CLOCK
outc 7 E E' 10 INC
.. Veo 9 |0 0l 9 RECC
description [

The TMS 3120 and TMS 3121 are quad 80-bit and guad 64-kit shilt registers with independent inputs, outputs, and
recirculate contrals for each register. A single-phase clock is commaon to all registers, The clock and data inputs can be
driven from Series 74 TTL circuits and the push-pull cutput bufters can drive one TTL load or low-level MOS loads
without externat pull-up resistors.

Cross-coupled inverters (flip-fleps) are employed Lo implement each bit storage location. This slatic design allows input
data rates from de to 2.5 MHz and long-term data storage.

P-channel enhancement-type low-threshold processing has been employed to reduce power dissipation and provida
simple interface with hipolar circuits.

The TMS 3120 and TMS 3127 are offered in 16-pin dual-in-line ceramic {JC suffix] or plastic (NC suffix} packages
designed for insertion in mounting-hole rows an 300-mil centers, These devices are characterized for operation from
—25°C 10 85°C.

applications

The ThS 3120 can be used in card punch, key-to-tape, key-lo-disk, printer, and CRT dizsplay equipment for bath 40-
and 80-column applications. The TMS 3121 is used in general purpose buffer memaries.

operation

Transfer of data into and out of the shift register occurs on the high-to-low transition of the clock. Input data must be
set up 8 minimum time before the high-to-low clock transition and muost be held for a mirmmum lime after that
transition. Far long term data starage, the clock must be maintained law, and in this mode the recirculate and data
input levels may change without affecting the data output levels.

Recirculate oceurs an the high-to-low clock transition with the recirculate contral high. The recirculate control must be
set up a minimum time befgre this transition and held @ minimum time after the transition. Data is entered with the
recircalate control low. During recirculation, data is continuously available at the ocutput and the data input is
inhibited.
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TMS 3120 JC, NC; TMS 3121 JC, NC
QUADRUPLE 80-, 64-BIT STATIC SHIFT REGISTERS

functional block diagram

MN-Blt
Register

N-Bit

i
ouTe Henlstar

Hegister

RECD

Cleck e fioex

Generatar

| M-Bit
e
|
\rpg—| RECE
]
|

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) ™

Supply voltage, Vpp (see Note 1) e e e e e

Supply voltage, Vg (see Note 1) O

Clock input voltage {(see Note T} . . . . . . . . . . . . . .
Data input voltage {see Note 1) e e e e e e e e e e
Operating freg-air temperaturerange . . . . . . . . . . .

Storage temperaturerange . . . . . . . . . 4 . .

tha remainder of thls data sheat valtage values are with respect to Vop-

*Comment: Strasses heyond thase listed under “Absolute Maxirnum Ratings” may cause permanant damage to the devica. This is a stress rating
aaly and functional gperation af the davice at these or any other conditians beyond those indicated in the "Recormmended Operating
Canditions” =section of this specification is not implied, Exposure to absolure-maximumerated condltions for extended periads may affect

dévice ralliabllity.

recommended operating conditions

—20V1003V
—20V1003V
—20V 1003V
-0V to 0.3V
—25°C to 85°C

—55°C 10 150°C

NETE 1: Under absolute maximum ratings, voltage values are with respect 1o the narmally most-positive supply, Vg (substratel, Thraughaut

PARAMETER i B MIN _ NOM  MAX [unIT
Supply valtage. Vpp a ¥
Supply voltage, Vo —11 —12 —13 i
Supply vohage, Vag 4,75 5 5.25 W
High-Teve! input voltage, ¥ 11 v ) Vgg —~1.6 v
High-level clock input voltage, ViHig) Vg =16 v
Low-level input voltage, VL a8 v
Lowe-level clock input valtage, V1t (a) a8 v
Clock pulse transition time, row-to-hig_ﬁ;level.tTLH@] 10 4]
Clock pulse transitign time, high-to-lovwe-tevel, tTHL{g) 10 s
Pulse width, clack high, te{oH) } ) 200 100000 | ns
Pulse width, clock low, twieL) 200 i ns
Data setup Hme, ty,{da) 190 ng
Racirculate selup time, Ly rec} 190 ns
Data held time, thida} 90 ns
Recirculate hold time, th{rng) o n3
Clock frequency, Ty (see Note 2) | 0 25 MHz
Dperating freeair temperature, Ta, | —25 85 C

NOTE 2: For cascading, dara input frenuency = 2 MHz maximum.
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TMS 3120 JC, NC; TMS 3121 JC, NC
QUADRUPLE 80-, 64-BIT STATIC SHIFT REGISTERS

electrical characteristics under nominal operating conditions, T4 = —25"C to 85°C {unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYet MAX UNIT
Yo High-lewel output voltage Iy = 100 A Vgg -1 Vg 08 v
Yor  Low-level output vollage loL = 1.6 mA a.2 0.4 v
1) Input current {all inpurs} V=0 =01 HA
| Supol : v Load = 1 TTL gate {see Nowe 3) 10 5 A
pply turrent from - - m
GG Supply current from VGG f-1MHs,  Tp-25°C 2
Load = t TTL gate {see MNote 3)
! Suppl t1 i 30 13 mA
55 upply current irom Vg f=1MHz, Ta= 5°C
. Load = 1 TTL gate {see Note 3}
PO Powaer dissipation 355 myy¥
=1 MHz, Ta=25C
Ci Input capacitance, all inputs except clock V| =Vsg, f=1MHz 3.5 5 oF
Cilgy  Clock input capacitance Vifpy = Vsg., f=1MHz 35 B pF
TAll typical valaes are at Ta = 25°¢c,
NOTE 3: For test purposes, a TTL load is simulated by a load of 2,7 kil and 20 pF between the output and Vgs.
switching characteristics under neminal operating conditions, Ty = -25°C o B5°C
PARAMETER TEST CONDITIONS MiN Max UNIT
P tian delay time, low-1o-high-level
- ropagatian delay time, low-1o-high-leve . 100 200 s
output from clock 1 Series 74 TTL Load + 10 pF
Propagatian delay time, high-to-low-level {see Note 4)
tPHL e e 100 a0 | s

output lrom elock

Propagation delay time, high-ta-low-lavel
tPLH pags ¥ b R =10MQ, 100 300 ns

cutput from clock
oo i ; CL = 10 pF {MDS Load), —_
Prapagation delay time, love-to-high-level

tPHL fsee Nowe 4 100 300 ns
output fram clock

NOTE 4: For final test purposes, a worst-casd TFL load is simulated by a Inad of 2,7 kiZ and a capacitance of 10 pF_ & worstcase MOS Ioad is
simulated by a load ot 10 MIE and 10 pF. All loads are connectsd between output and Vg,

voltage wavefarms

VIR

TLH [@1“—"']

P tTHLIG)

CLOCK p#— twipH)—w= b tipr)—d
ViLig)
E-—*suwal—ﬁ-—-r—*htdal
ViH
INPUT DATA
ViL

Tsusiree) thirec|
ViH ————

RECIRCULATE CONTROL

ViL —_
e YPLH oF tPHL
Vou b-—-- - —---
OUTFUT DATA
VoL

NQTE: For the clock input and output data, timing points are 90% (high) and 10% (lawl. All ather timing paints are 3t 50%,
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MOS TMS 3126, 3127, 3128, 3129, 3130, 3131, 3132 LC. NC
DUAL 96-, 100-, 128-, 132-, 133-, 136-, 144-BIT
LSI STATIC SHIFT REGISTERS

BULLETIN NQ. DL-5 7512263, MAY 1975

description

*  DC to 2.5-MHz Operation T0-9¢ HERMETICALLY SEALED PACKAGE
) . . ITOP VIEW)
L] tic Configuration
Statie Configura vaa

e Single TTL-Compatible Clock

» Inputs and Outputs Fully TTL-Compatible
®»  Push-Pull Qutput Buffers

e  On-Chip Recirculate Logic

s Power Supplies...5V,-12 V¥

s« Seven Standard Bit Lengths

This series is a family of MOS dual static shift
registers. These circuits are monolithically 8-PIN PLASTIC BUAL-IN-LINE FACKAGE

constructed by use of thick-oxide techniques and {TOP VIEW)
P-channe! enhancement-type transistors, which allow
TTL-compatibility far ease of system design. REC 1@ | I E 2 vgg

. . N1 2]0 0l7 nz
An on-chip clock generator provides three internal E ]
phases from a single external TTL-leve! clock. All ouT1 3|E EB ouT 2
inPuts including the to?w—capacitance‘ clcn.ck can be Vag dli E 5 CLOCK
driven directly from Series 74 TTL circuits without

the need for pull-up resistors. The push-pull autputs

are compatible with Series 74 TTL and have a fan-out

capability of one TTL load. A current limiter has been incorporated in the cutput buffers to reduce power dissipation
when driving bipolar logic. No external components are needed for TTL interface.

Cross-cougled inverters (flip-flops) are employed to implement each bit storage location. This static design allows input
data rates from dc to 2.5 MHz and long-term data storage. Recirculate logic bas been incorporated on the chip to
simplify system design.

These devices are offered in the TO-99 hermetically sealed package (suffix LC] and in the 8-pin dual-indine plastic
package [suffix MC}. The B-pin dual-in-line package is designed for insertion in mounting-hele raws an 300-mil centers,
These cevices are characterized for operation from —25°C to 85°C.

applications

Various bit lengths are offered to cover most computer peripheral applications such as printers, buffer mernories, and
CRT refresh memories,

operation

Transfer of data inta and out of the shift registers occurs on the low-to-high transition of the clock. Input data must be
set up & minimum time bafore the low-to-high clock transition and must be held for a minimum time after that
transition. For long-term data storage, the clock must be maintained high, and in this mode the recirculate and data
input levels may change without affecting the data output levels. '

Recirculate occurs on the low-to-high clock transition with the recirculate control low. The recirculate contral must be
set up a minimum time befare this transition and held a minimum time after the transition. Data is entered with the
recirculate contrel high. During recireulation, data is continuously available at the output and the data input is
inhibited,

Tl-:)oeus:»I INSTRUMENTS
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TMS 3126, 3127, 3128, 3129, 3130, 3131, 3132 LC, NC
DUAL 96-, 100-, 128-, 132-, 133-, 136-, 144-BIT STATIC SHIFT REGISTERS

functional bleck diagram

o m—me————— ——— e

| |

( |

1 L2 1 push- ]
t N BITREGISTER | 5 | PULL ! ouT 1

1 | 9 | gpurFeR 1

INT  —T] ¢1f ¢zf aa? ]l

|
I CLOCK

cLock i GENERATQR ;

1 o w2 ©3 = 1

N2 ] L Y Y 9 | pusH- |
GISTER PULL } ouT 2

1 ! M BITRE | © | BUFFER t

1 |

i |

1 t

T e ——— . —— — —— — ————— - N

RE

absofute maximum ratings over operating free-air temperature range (unless otherwise noted)*

Supply voltage, Vg5 (see Note 1} e AU R
Clock input voltage (see Mote 1} . . . . . . . . . . . . . . . . . . . . . =20¥t003V
Data input voltage (see Mote 1) e AT R 1A T
Operating Iree-air temperature range . . . . . . .+ . « +« & « « . 4+ + + . ., =25CtoB8K°C
Storage temperature range . . . . . . . . 4+ .+ « + « 4w 4 4w « . + . . . . —5E5Cto1B0°C

NOTE 1: Under absolute maximum ratings, voltage values are with réspact to the normally most-positive supply, Vgg {substrate), Throughout
the remainder of this data thaer voltage values are with respect to a floating ground,

*Commant; Stresses bayond thosa listed under “Absolure Maxirnum Ratings’’ may cayse permanent damage to the device, This is a stress raling

only and functicnal cperation of the device at these Or any other conditions béyand those indicated in the "Recormmendad Operating

Conditians™ seetion of this specification is not implied. Exposura to absolute-maximum-rated conditlons for extended periods may affect

devica reliahility,

recommended operating conditions

PARAMETER MIN  NOM  MAX | UNIT
Supply voltage, V5 11 -12 —13 _ \.-’_
Supply voltage, Vgg 45 5 56 | ¥
High-level input voltage, V|4 Vag—1.8 A
Low-level input veltage, V. } ) Vg —3.8 A
Clock pulse transition time, {ow-to-high levet, 1T H(g) 0.02 5 L]
Clack pulss 1ransition time, high-ta-low fevel, tTHL [3) 0.02 S S
Pulse width, elaek high, tyaH) 300 = ns
Pulse width, clock 6w, tulsl) 100 1000000 ns
["Recirculata pulse width, tyfieg) 125 ns |
Data setup time, g (da) 80 ng
Recirculate setup time, toy{rec) e ns
Bata hold time, th{da} 80 ns
Recirculae hold time, thirec) ' ’ 25 ns
Clock frequency, f Q ) 2.5 KMH2
Operating free-air temperature, Ta —25 - 85 i
575
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TMS 3126, 3127, 3128, 3129, 3130, 3131, 3132 LC, NC
DUAL 96-, 100-, 128-, 132-, 133-, 136-, 144-BIT STATIC SHIFT REGISTERS

electrical characteristics under nominal operating conditions, T4 = —25°C to 86°C
{unless otherwise notad)

PARAMETER TEST CONDITIONS Mk TYp! MAX UNIT
YoH  High-level cutput voltage lgH = 0.2 mA 4 v
VoL  Lowlevel output voltage IgL=16mA 0.4 v
I Input current {afl inputs} V=08V =500 nA
los Short-circuit output current Vo =0V, Vag=—11V =10 ;| mA
I5G Supply current from Vg f= 2.5 MHz, 1 TTL load [see Note 2) 22 =30 | mA
Po Power disstpation =25 MHz, T TTL load (see Nate 2| 3714 510 myy
Input capacitance, all inputs
c; V=5V, =1 MHz 35 5 oF
except clock
Ciiw)  Clock input capacitance Vila =5V, f=1MHz 3.5 5 pF

TAll typical values are at Ta= 2w,
NOTE 2: For test purposes, a TTL |oad is simulated by a load of 2.7 kil and 20 pF between the output and VYge.

switching characteristics under nominal operating conditions, T = —25°C to 85°C

PFARAMETER TEST CONDITIONS MIN MAX UNIT

Fropagation delay time, low-to-high-
tPLH 250 ns

level cutput from clack
" - - Load = 1 TTL gate {see Nate 3]
T Propagation delay time, high-to-low- 250
ng
PHL level output fram clock -

MOTL 3: For tast purposes, 8 TTL load is simulated by a load of 2,7 kit and 20 pF between the output and Veg.

voltage waveforms

———tyyiaH) l
T '
CLOCK |
ViL{a! |
| tw{thlH 4 )-—l—#tmum
to(dal ‘h(dal —-LJ_-—tTLHm
R
INPUT DATA I
viL S
|4——I-[—+‘wlrec] |
t 1)
Vin su (rec) hirec)
RECIRCULATE
CONTROL
ViL
Vou
DUTPUT DATA
VoL

MNOTE: All timing measurements are made at 10% or 90% paints,
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MOS TMS 3133 NC
LSI 1024-BIT STATIC SHIFT REGISTER

BULLETIN NQ, OL-5 7512264, MAY 1975

¢ DC to 2-MHz Operation 8-PIN FLASTIC
*  Static Configuration ey AGE
# Single TTL-Compatible Clock
*  Inputs and Outputs Fully TTL-Compatible cuTPuUT 1 E U 0/ 8 Vgg
&  Push-Pull Output Buffers Vog 2 E ol 7 INPUT 2
® Power Supplies,..5V, =12V
* MOS Low-Threshold P-Channel Technolo INPuT SELECT 3 [o o] s croc
ay
Vpp 4 E E 5 INPUT 1

description

The TMS 3133 NC iz a 1024.bit static shift register designed with on-chip pull-up resistors on the inputs and the
|low-capacitance clock. The input can be driven directly from Series 74 TTL circuits without the use of external
components, The push-pull cutput buffer will drive a TTL or MOS load without external components.

Two input terminals are provided. Data can be entered in either input depending on the state of the nput select
control. Crosscoupled inverters (flip-fleps) are employed to implement each bit storage location, This static design
allows input data rates fram dc to 2 MHz and long-term data storage,

lon-implant depletion-type Pchannel |ow-threshold processing has been employed to reduce power dissipation and
pravide simple interfaces with bipolar circuits,

The TMS 3133 NC is offered in an 8-pin plastic (NC suffix) package designed for insertion in mounting-hole rows on
300-mil centers. The device is characterized for operation from —25°C 10 85°C.

applications

The TMS 3133 NC is ideally suited for applications requiring a long serial memory where ease of use and low overhead
cirguitry are reguired. These applications inglude low-cost sequential-acgess memoeries, CRT refresh memories, drum
memory reglacements, and delay lines.

operation

Transfer of data into and out of the shift register occurs on the high-to-low transition of the clock. Input data must be
set up 3 minimum time befure the high-todow transition and must be held for @ minimum time after that transition.
For long-term data storage, the clock must be maintained low, and in this mode the input select and data input levels
may change without affecting the data output levels.

Data recirculation is accomplished by externally connecting the output to either input. Recirculate oceurs an the
high-te-low clock transition with the input select contral set to enter data at the input connected to the output. The
input select control level must be sel up a minimuwm time before this transition and held a minimum time after the
transition. During recirculation, data is continuatsly available at the output and the unselected data input is inhibited.

578 PAELIMINARY DATA SHEET:
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TMS 3133 NC
1024-BIT STATIC SHIFT REGISTER

functional block diagram

QUTPUT 1024-BIT REGISTER

CLOCK GENERATOR

o

INPUT SELECT ——p————

INPUT 2

CLOCK

INPLT 1

absolute maximum ratings over opetating free-gir temperature range {unless otherwise noted}*

Supply voltage, Vpp (see Note 1} e e e e e
Supply voltage, Ve {see Note 1) e e e e e
Clock input voltage {see Note 1} . . . . . .
Data input voltage (see Nate 1) ..

Opcrating frec-air temperature range . .
Starage temperatureérange . . . . . . . .

device reliability,

recommended operating conditions

—20V1003V
—20V ta 03V
=20V 103V
20V ta 03V
-25°C to 85°C
. . . oo ~85°C 10 150°C
NOTE 1: Under ahsalute maximum ratings, voltage values are with respect to the normally mast-positive supply, Vgg {substrate). Throughout
the remainder af this data sheet veltage values are wirth respect 10 Vg,
“Comment: Stresses bayond thase listed under “Absolut Maximum Ratings™” may cause permanant damage to the device. This is a stress rating

only snd funetional operation of the deviea at these or any other conditions beyend those indicated in the “"Recommended Operating
Conditions™ scoction of this specificatien |5 nat implied, Exposure 1o absolute-maximum-rated conditions for extended perlods may affect

PARAMETER MIN NOM MAX LNIT
Supply voltage, Vpno ] W
Supply voltage, VGG —-11 -12 —~13 v
Supply veltae, Vgs 4.75 B 525 v
. High-level input voltage, V| lsee Note 2) Vg5 —1.4 3
Low-level input voltage, V) 0.8 v
Clock pulse transition time, love-to-high-level, T H{g) 10 i)
Clock pulse transition time, high-to- ow-level, t7) 4 t} 10 s
Pulse width, clock high, ty{sH) 200 100000 iH
Pulse width, elock love, tiy{sL) 200 e ns
Data setup time, toy(ga) 100 ns
Irput select setup time, Ty zel) 100 ng
Data hold time, thiga) 100 ns
Input sclect hold time, th{g) 100 nsg
Clock frequency, fs Qg z MHz
Operating free-air temperature, Ta -5 85 °c

NOTE 2: TTL compatiiility of all inputs is ensured by incorporatien of internal pull-up resisters on the chip.
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TMS 3133 NC
1024-BIT STATIC SHIFT REGISTER

electrical characteristics under nominal operating conditions, Tp = —-25°C 1o 85°C
{unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP? MAX UNIT
YgH  High-level putpur voltage lgR = 100 ¢ A Vg —1 Wgs —0.5 v
VgL  Lowdevel output voltage lgL = 1.6 ma 3.2 0.4 W
I Input current {all inputs) vi=eo Va' Veg =B V. — 0.8 ma

Ta=25"C

lag Supply current from Vgg f=1MHz, Dutycycle =50%, -10 -14 ma
Iss Supply current from Vgg 1 Series 74 TTL Load Isee Note 3) 35 50 mA
PO Power dissipation Ta=25"C | 280 420 miy
¢ Input capacitance V| = V¥gg, F=1MHz | 5 ? pF

TAN typical values areat Ty ® 25°C,
MOTE 3: For final test purpases, a worst-case TTL load is sivnulated by a load of 2.7 ¥§) and a capacitance of 10 pF.

switching characteristics under nominal operating conditions, T = —25°C 10 85°C

FARAMETER TEST CONDITIONS MIN MAX
Propagation delay time, low-to-high-level 1 Series 74 TTL Load + 10 pF,
pLH 110 360
output from clock OR
Propagation delay time, high-ta-low-evel 10MI + 10 pF (MOS Load},
tEHIL no ki-]
output from clock see Note 4)

MOTE 4: For fingl tes: purposes, a worstcase TTL load is simulated by & lead of 2.7 kit and a capacitance of 10 pF, A worst<ase MOS load 15

simulated bry a load of 10 Wil and 10 pF. All leads are connecied between sutput and Vas,

voltage waveforms

F‘tTHLlo]

l'TLHI@]—-|
VIH ()

CLOCK
Vit o)
‘su{dal—id—b-lﬂ—.’—'h(da}
ViH —_—_— — — | —— - — — —_—
7
INPUT DATA M [
¢
' - w .t )
Vin su(sall —l‘:’__—_-\.‘{* hizal)
(NPUT SELECT 4 |
CONTROL ) | \
Vi, —— — — — — e o — —
|4——1P|.H — -
VoH y-_—
| /
OUTPUT DATA | |
/
VoL — e —— o — — — —
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MOS TMS 3135, 3137, 3138, 3139, 3140 JC, NC
LSI 9- BY 80-, 100-, 128-, 132-, 133-BIT STATIC SHIFT REGISTERS

BULLETIN NO, DL-5 7512265, MAY 1975

* DC to 1.5-MHz Operation 24.PIN CERAMIC AND PLASTIC
. . . DUAL-IN-LINE PACKAGES
* Static Configuration AGE

(TOP VIEW}
» Single TTL-Compatible Clock [ U ot ves

* Inputs and Outputs Fully TTL-Compatible wr 2] 122 ourt
«  Push-Pull Output Buffers Nz 3E %“ ourz
* On-Chip Recirculate Logic :3 :E ]: x:
s Master-Clear Pin ws ¢l 19 ours
*  Power Supplies... bV, 12V LU E %"’ OUTE
- N B 17 ouT?

*  MOS P-Channel Depletion-Type Technology wa o (] fie oura
we 1o [] (115 ouma

L MASTER GLEAR 11 | 12 veo

description vop 12 [ [J13  crockie

The TMS 3135, 3137, 3138, 3139, 3140 JC, NC series is a family of MOS 9 x N static shift registers fabricated by
means of P-channel ion-implant depletion-load technology. The nine registers permit the use of eight-bit storage plus a
marker or parity bit. The design incorporates an-chip pull-up resistors on all inputs including the low-capacitance clock,
allowing all inputs to be driven directly from Series 74 TTL without the use of external companents, The push-pull
output buffer, tied between Vo and VSSI will drive TTL or MOS loads without the use of external components.

An on-chip generator provides three internal phases from the single external TTL clock. Cross-coupled inverters
{flip-flops) are employed to implement each bit, praviding far static operation as well as dynamic operation from dc to
1.5 MHz. Recirculate logic has been incorporatad on the chip to simplify system desinn. A master-clear pin permits
simultaneous clearing of all registers to a low logic level, again simplifying system design,

The TMS 3135, 3137, 3138, 3139, 3140 series is affered in a dual-in-line 24-pin ceramic [JC suffix] or plastic (NC
suffix) package designed for insertion in mounting-hole rows an 800-mil centers. These devices are characterized for
operation from —25°C to 85°C.

applications

The TMS 3135, 3137, 3138, 3139, and 3740 can be used in grinter, terminal, peripheral, CRT display, card punch,
key-to-tape, key-to-disk, and general purpose buffer memory applications as replacements for two, four, or nine quad,
dual, or single shift registers. Both component and board space cost savings result from higher replication of the serial
storage function in a sinale package,

operation

Transfer of data into and out of the shift registers occurs on the high-to-low transition of the clock. Input data must be
set up a minimum time before the high-todow clock transition and must be held for a minimum time after that
transition, For long-term data storage, the clock must be maintained low, and in this mode the recirculate and data
input levels may change without affecting the data cutput lavels.

Recireulate occurs on the high-to-low transilion with the recirculate control low. The recirculate control must be set up
a minimum time before this transition and held a minimum time after the transition, Data is entered with the
recirculate control high. During recirculation, data is continuously available at the output and the data input is
inhibited.

All nine registers are cleared simultaneously by a high-evel pulse on the master-clear pin with the clock in either state.
The master-clear input must be inactive {low} at least 250 ns prior to a low-to-high transition of the clock on which
transfer of new data is to oocur.

PRELIMINARY DATA SHEET:
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TMS 3135, 3137, 3138, 3139, 3140 JC, NC
9- BY 80-, 100-, 128-, 132-, 133-BIT STATIC SHIFT REGISTERS

functional black diagram
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MASTEACLEAR  WVpo cLoCK,

absaolute maximum ratings over operating free-air temperature range (unless otherwise noted}*

Supply voltage, Vpp (see Note 1) e e e e e e e s sl e . 20w DY
Supply voltage, Vi [see Note 1) VAR (N E R T
Clock input voltage (see Mote 1) . . . . . . . . . . . . . . . . . . . . . “20vto03V
Data input voltage {see Note 1) O A R R H Y
Opcrating free-air temperature range . . . . . . . . . . . . . . . . . . . . -—?CwEEC
Storage temperature range . . .. . . . -B5°Cto150°C

NOTE  1: Under absolute maximum ratlngs, voltage values ara with respect to the narmably most pesitvo supply, Vg (substrate). Throughout
the remaincer af this data sheet voltage values are with respect 1o Vo

"Comment: Stresses hoyond those histed under “Absolute Maximum Ratings'” may cause permanent damage to the devies, This is a stress rating

only and functlonal ppéradon aof the device at these ar any othar conditions beyond those incicated in the “"Accommended Operating

Conditians™ section ot this spacification is not implied, Exposure to absolute-maximum-rated conditions tor extencad periads may affece

device reliability.

recommended operating conditions

! PARAMETER

. [ min nom  max  [umiT

| Supply veltage, Ypp i o v

. Supply voltage, Vg I —11 —-12 —13 v

i Supply voltage, Ves | 4.75 L) 5.25 W

[ High-tevel input voltage, Vi fser Mote 2} Vg —1.4 v

| Lovwlevel input voltage, | (see Notwe 2} 08 | v |

Clack pulse transition tima, [ow-to-high fevel, tTHE () 10 S

_ Clock pulsg transition lime, high-to-low level, 15| g 10 H5

| Pulse width, clock high, tyipHi 300 100090 ns

[ Putse widih, claek low, tolal} ] 300 b ns

| Width of clear pulse, tyiir) 40 HE

[ Clear inactive state setup tima, tauielr L) f 258 ns

! Data satup time, sy (da) 100 ns
Recirculale setup time, tgy(reg) ’ 120 ns
Data h;l&ﬁ;, th(.d:“ - 100 ] ns
Recirculaie hold time, th{ree) T 120 ns
Clock freguency, fy ] 15 MHz
Operating freeair 1emperature, Ty -2b 35 K

MOTE 2. TTL compatibillty of all inputs is ansured by the incarperatien of internal pull-up resistors on the chip,

TEXAS INSTRUMENTS
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TMS 3135, 3137, 3138, 3139, 3140 JC, NC
9- BY 80-, 100-, 128-, 132-, 133-BIT STATIC SHIFT REGISTERS

electrical characteristics under nominal operating conditions, T = —26°C to 85°C (unless otherwise noted)

PARAMETER TEST CONDITIONS NMIN TYPt MAX UNIT
¥oH  High-level output voltage lon = 100 uA Vg5 —1 Vg5 ~0.5 v
Vo) Low-evel output veltage lgL = 1.6 mA 0.2 0.8 v
1} Input current (all inputs} vi=o —0.5 -0.8 ma
Load = T TTL gate |see Note 3},
laG Supply current fram VGG f=1MHz, Ta=25°C, -5 =12 mA
Duty cycle = 50%
Load = 1 TTL gate (see Note 3,
Igg Supply current from Vgg f=1 MHz, Ta =25°C, 45 60 ma
Duty eycle = 50%
Load = T TTL gale Isee Note 3},
Fp Power dissipation f=1MHz, Ta=25°C, 330 450 mw
Duty cycle = 50%
Ci Input capacitance, all inputs except clock V| = Vsgs. f=1MHz 5 ? pF
Cite Clack input capacitance Vg = V5. f=1MHz 5 7 pF
t Al wpical values are at Ta=™ 257 and naminal operating conditions.
MNOTE 2: For test purposes, 3 TTL |oad Is simulated by a load of 2,7 k€2 and 20 pF betwesn the sutputand Vge.
switching characteristics under nominal operating conditions, Tp = —25°C to 85°C
PARAMETER TEST CONDITIONS MIN MAX UNIT
Propagation delay time, low-to-high- .
teLy < v virteg 1 Series 34 TTL lgad + 10 pF 1o 850 ns
level output from clock
aor
Propagation delay time, high-to-lowv-
BHL pagaty ¥ time, gh-toow RL = 10 M, Cp_ = 10 pF {MOS load)| 110 550 ns
level output from clock
voltage waveforms
tTLRIo —-{ — I-—tmm:
ViHie)
cLock LO—‘w(oH}—"‘] ]4—twl¢|.|
VIL)
|"-tsu Ida}"‘i"‘—"}—’hl’da]
VIH ——.-—.-——ﬁl ,————_.___-—
INPUT DATA | f
ViL R g
!‘—tsulrecl"k—-l—'hlre{:l
ViH P T T
RECIRCULATE 4 Y
CONTROL
Vi PR — e —
1
ViH E‘—“—'su[l:lrLi—'i
MASTER CLEAR i
|
ViL
}‘— tPLH —“1
VaH —_—— —_——
| i
OQUTPUT DATA |
|
VoL _—-———-_—-————/’
f— toHL —*
MATE: For the clock input and guiput data, timing points are 90% ihigh! and 10% (low), All other tming points sre 50%.
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TMS 3401 LC, NC
512-BIT DYNAMIC SHIFT REGISTER

MAY 1975

o  1-kHz to 5-MHz Qperation

*  Dynamic Configuration

¢ Inputs and Qutputs Fully TTL-Compatible
& Push-Pull Output Buffers

e Power Supplies .. .5V, =12V

¢ Low-Threshold Technology

description

The TMS 3401 LC, NC is a single 512-bit dynamic
shift register designed for high speed and low power
dissipation.  The input and output  are  fully
campatible with Sgries 74 TTL and require no
external resistors.

The TMS 3401 is offered in 10-pin TQ-100 {LC
suffix] and 18-pin dual-in-line plastic (NC suffix)

packages, The 16-pin package is designed for insertion
in maunting-hole rows on 300-mil centers.

applications
The TWMS 3407 can be used in display, delay line, and

long serial storage applications,

funetional block diagram

TO-100 HERMETICALLY -SEALED PACKAGE
{TOP VIEW)

CLOCK 1

Voo 2 CLOCK 2

NO CONNECTION

16FIN PLASTIC DUAL-IN-LINE PACKAGE

{TOP VIEW)
IN 1 U[16 Vss
R2 2 |0 ol 15 R1
cLOCK2 3 [0 0l14 NO CONNECTION
NO CONNECTION 4 0|13 NO CONNECTION
CLOGCK 1 5 0[12 NOCONNECTION
Vop & NO CONNECTION

NO CONNECTION 7 NOD CONNECTION

(si=1{e])[=]=]

outT 8 ule  vgg
r———"——"—">" " —-—T-—-—--== A
| |
Vpp ———f——] |
INPUT ——}——{ S12BITREGISTER  [BUFFER 1 OUTPUT
CLOCK 1 :
] T |
CLOCK 2 } 4 vGo
6 K2 NOMINAL
[ } R2
1.5 k§2 NOMINAL I
| AN | R1
N

A complete data sheet may be obtained by writing directly to!

Marketing and Information Services
Teaxas Instruments Incorporation
F.0O. Box 5012 MS 308

Dallas, Texas 75222
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Mas TMS 3409 JC, NC; TMS 3417 JC, NC
LSI QUADRUPLE 80-, 64-BIT DYNAMIC SHIFT REGISTERS

BULLETIN NO., DL-5 7512268, MaY 1975

description

® 10-kHz to 5-MHz Operation 16-PIN CERAMIC AND PLASTIC
* Dynamic Configuration DUAL"?I:;LN\El:?U?KAGES
#» Single TTL-Compatible Clock
& Inputs and Outputs Fully TTL-Compatible outa 1 E U ﬂ 16 Wgg
] On-ChIp Recirculate Loglc REC A 2 ( ﬂ 15 IND
*  Power Supplies...5V, =12V
. INA 3 Dl 14 RECD
»  MOS Low-Threshold Self-Aligned-Gate
Technologv aur e a3 ol 13 OUTOD
RECE 5 |0 0] 12 Vgg
INB B E El 11 CLOCK
The TMS 3409 and TMS 3317 are quad 80-bit and
guad B4-hit  shift registers, respectively, with ouTcC 7 E EI I INC
independent inputs, outputs, and recirculate controls
for each register. A single external clock signal VDp B E E 8 RECC

generates two internal clock phases to each register,
The clock and all inputs can be driven from Series 74
TTL circuits and all autputs can drive TTL circuits
without the use of external resistors.

P-channel enhancement-type low-threshold precessing with self-aligned gates has been emploved to reduce power
dissipation and provide simple interfaces with bipolar circuits,

The TMS 3409 and TMS 3417 are offered in 16-pin dual-in-line ceramic {JC suffix) or plastic {NC suffix) packages
designed for insertion in mounting-hole rows on 300-mil centers. These devices are characterized for operation from
—25°C to 85°C,

applications

The TMS 3409 and TMS 3417 can be used in terminals, CRT displays, key-to-tape, Key-to-disk, and card-punch
applications.

operation

Transfer of data inte and out of the shift register ocours on the high-to-low transition of the cleck with output data
becorning valid after a specified propagation delay fallowing that transition. Input data must be set up a minimum time
before the high-to-low transition and must be held for a minimum time after that transition.

Recirculate occurs on the high-tedow clock transition with the recirculate contral high. The recirculate control level
mwust be set up a minimum time before this transition and held a minimum time after the transition, Data s entered
with the recirculate contro! low. During recirculation, data is continuously available at the outputs and data inputs are
inhibited,

szmsI INSTRUMENTS

NUGRPORATED
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TMS 3409 JC, NC; TMS 3417 JC, NC
QUADRUPLE 80-, 64-BIT DYNAMIC SHIFT REGISTERS

functional block diagram
Vgg IND RECD OUT D ¥gg CLOCK INC RECC

GENERATCR

Yo

L

i +0Jf"3 T T T 7 gmece! | Toutc

IN A INB vop

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)*

Supnly voltage, Vp (see Note 1) e r e e e e e e e e e e . 20V 03V
Supply voltage, Vaa (see Note 1} e I A
Clock input voltage {see Mote 1} . . . . . . . . . . . . . . . . . . . . . “2VWied3V
Data input voltage {see Mote 1) e e e e e e e . ... =20V 03V
Operating free-air teMPerature range . . . . .+ v 4« 4 e e e —25°C 10 85°C
Storage temperature range . . . . . C e e e . . . . —BB5°Cto150°C

NOTE 1: Under ansalute maxlmum ratings, voltage values are with respact to the normnally mast-pasitive supply, Vag {substrata). Throughout
the remainder of this data sheet voltage vatues are with respect to Vpp.

*Camment: Stresses beyond those listed under “Absolute Maximum Ratings'’ may causa permanent damage to the device. This is a stress rating

anly and functional operation of the device at thase ar any other conditions beyond those indicated in the “Recommendag Operating

Conditions™ section of this specificatlen is not implied, Exposure 1@ absolute-maximum-rated conditions for extended periods may affect

devijce raliakility.

recommended operating conditions

PARAMETER MIN NOM MAX UNIT
Supply veltage, Vpp i) W
Supply veltage, VGG —11 -12 -13 W
Supply voltage, Vgg ' ‘2.75 5 525 v
High-level input voltage, V| Vgg —2 Vg v o
High-level elock input valtage, Vs Veg —2 Veg v
Low-level input voltage, V| ’ ’ . 1] 08 V—
Low-level elock input voltage, Vi) g a a4 v
Pulse width, clogk high, ty(aH) 75 m0000 ns
Pulse width, clock Tow, ty{s ) 125 50000 ns )
Data setup time, tg,dg) 50 ng
Recirculate setup time, toy (yen} 200 ns
Data hold time, thdg) 50 ns
Recirculate hold 1ime, th(roc) 100 ns
Clock frequency, fg 0.01 5 MHz |I
Operating free-air temperature, T a —20 B5 G |‘
TExAs INSTRUMENTS 145
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TMS 3409 JC, NC; TMS 3417 JC, NC
QUADRUPLE 80-, 64-BIT DYNAMIC SHIFT REGISTERS

electrical characteristics under nominal operating conditions, Ty = —25°C to 856°C
{unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYp! MAX UNIT
VYogH  High-level gutput voltage IgH = 0.5 mA Vg —1 Wgg 05 Vg v
VoL  Lowdevel output voltage IgL =16 mA 0.3 04 v
Iy Irnput eurrent {atl inputs) V=0 =100 nA
Load =1 TTL gate Isee Note 21,
lgs  Supply current from Vg g _ 9 ~10 =12 mA
=1 MHz
Load = {1 TTL gate {see Note 2},
Igg Supply current from Vgg _ 33 47 ma
=1 MHz
Load = 1 TTL gate (see Nore 2),
issipati 285 40
Po Power dissipation F=1MHz 0 mw
G Input capacitance, all inputs except clock Vi =Vgs. f=1MHz 10 pF
Citpl  Clock input capacitance Vgl = ¥g5. f=1MHz 25 pF
TAN typical values are at T = 25° €.
NOTE 2: For flnal test purposes, a worst-case TTL |oad is sirnulated by a load of 2.7 k{} and a capacitance of 10 pF.
switching characteristics under nominal operating conditions, Ty = —25°C to g5°C
{unless otherwise noted}
PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT
F [t i T o igh-l 1 i
tPLH ropagation delay time, low-to-high-level 1 Series 74 TTL Load + 10 pF 100 160 e
output from clock DR
tPHL Prapagation dalay time, high-to-low-evel 10 M2 + 10 pF IMOS Load) 100 180 ns
output from clock {see Mote 3}
tTLH  Transition time, low-to-high-lavel output 1 Beries 74 TTL Load + 10 pF . 60 ns
tTHL  Transition time, high-to- ow-tevel autput {zee Naote 3) 50 ns

1Al typical valuss are at Ta= 25°C.

NOTE 3: For final test purposes a worstcase TTL Ioad is simulated by a load of 2.7 Kl and a copacitance of 10 pF. A worst-case MOS Igad i3

simulated by a load of 10 MI2 and 10 pF. All Ioads are connected between cutput and Vgg,.

voltage waveforms

ViH{)
CLOCK
ViLis)
ViH
INPUT DATA
VL
VIH
AECIACULATE
CONTROL
ViL
Vo Id—rl—tpLH ortpy|
Tt — i S— — — —r 1
I ﬁ‘.
|
OUTPUT DATA :
3
VoL L_._ —_———— — =

NOQOTE 4. All timlngs are with respect to 50% points of transitions with the exception of clock transition thmes, which are measured at D0%

thigh) and 10% {law},
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MOS TMS 4024 JC, NC
LSI 9 X 64 DIGITAL STORAGE BUFFER (FIFO)

BEULLETIN MO, DL-5 7512268, MAY 1075

64 Words of 9 Bits of Elastic Storage 28PIN CERAMIC AND PLASTIC
s TTL-Compatibility on All tnputs A ey o
Including Clocks
o 3-State Output Buffers wriTE 1 [] U 128 vpp
s 3 Contral Inputs (Read, Write, Glear) AEAD 2 [] 127 veo
e DC to 250-kHz Data Rate cockz 3 [] 126 vss
= Status Qutputs {Full, Empty) oty 4[] []25 1
e Synchronous and Asynchronous Operation ourz 5 (] ] 24 Nz
* 2-Cycle {4-us) Throughput outs 6 [] ] 23 N3
e Long-Term Data Retention ouTs 7 [} ] 2z N4
e Qutput Pins Directly Opposite OuTs 8 [] [] 21 s
Corresponding Inputs ouTs 9 [ [] 20 INg
out? 10 (] ] 18 7
description outs 11 [| (] 18 1na
The TMS 4024 JC, NC is a first-in, first-out digital outs 12 [| 117 1N n
storage buffer that wil) store up to 64 nine-bit words. FULL FLAG 13 [] [] 16 cLocks '
The major components of the device include a 9 x 64 EMPTY FLAG 14 [ ] 15 CLEAR
dynamic RAM, three shift counters, and comparison

and control logic, A RAM-type organization results in

minimal ripple-through time. Data written at the

input when the RAM is empty is available at the output two clock cycles later, The input and cutput are completaly
independent of each other, Input and output timing can be dependant on the clock timing (synchrongus mode) or can
be operated independently {asynchronous mode}, The dynamic RAM reguires two-phase continuous clacking at a
specified minimum freguency. The clacks can be driven directly from TTL logic.

Law-threshald, thick-oxide, MOS p-channel enhancement-type technology is employed 10 allow interfacing with TTL
circuits without external companents.

The TMS 4024 is suitable for many applications as an inlerface beltween systems clocked at different speeds and in
keyboard buffers, data concentrators, ete.

This deviee is affered in 28-pin dual-in-line ceramic {JC suffix} and plastic (NC suffix) packages designed for insertion in
mounting-hole rows on 600-mil centers. The TMS 4024 is characterized for operation from —25°C 10 B5°C.

operation {refer to diagram “basic internal operation’’)

The TMS 4024 will process data at any dasired rate rom de to one-half the continuous clock frequency with every
other cycle used for automatic refresh. At a nominal 500-kHz clock rate the maximum data rate is 260 kHz, Data is
processed in parallel format, word by word,

Writing and reading may be done either synchronously ar asynchranously in relation to the clocks. Asynchronous
aperation is limited to data rates of less than ane-third of the clock frequency. Read and write commands must have a
minimum separation of one clock cycle.

A positive-going transition at the read or write input is recognized as a command and must gecur @ minimum time
hefare Lhe rise of clock 2.

A write command causes the data present at the input to be transferred into the buffer. Data-in must be valid for the
period during which clock 2 is low. For asynchronous operation, data-in must be valid for two periods after a write
command is given because a write command may be given at any time in relation to the clock,
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TMS 4024 JC, NC
9 X 64 DIGITAL STORAGE BUFFER {FIFO)

operation (continued)

If beth read and write inputs are brought to a high logic level, the read and write operations are disabled and the data

outputs float. The data prezent in the RAM is retained while the read and write operations are disabled.

A clear cormnmand will clear all contents of the digital starage buffer, except for the output latches. When the clear input
is hrought to a high level, it invalidates all other commands, Completion of a clear operation Is detected by a high level
at the empty status output. The clear command should be synchronized with clock 2.

Status outputs lempty and full) are provided to avaid invalid operation and to facilitate cascading of the device. A high
level at the full status cutput invalidates write commands and a high level at the empty status output invalidates read

commands.

functional block diagram
DATA INPUTS

7 ~
INT INZ IN3 IN4 INS ING (N7 INE IND

(25?1124]1 1231L122}l{21|l (20!l{19l l{181l(1?] l

DATA AMFLIFIERS

RW-REFRESH
SELECT
' 4
DECODE F/E
I T (16]
i E DRIVERS DETECTOR, o E l——cLOCK 1

e Zf— -4 Z

[ro= 1 ) " u 3| 115

[T &£ ¢ M———CLEAR
x| o
&1 £
WIRITE ——— g a' 9 x 32 RAM DECODE o 9 x 32 RAM ‘L”. E
12} [ Ez
READ —= gl 1= 3 o 3
3 | § 8 | =3
CLOCK ? —2° 8 ] i
L 4 1
UFFER m.'I:MF-"TY
OUTPUT BUFFERS {13}
UFFER ——#fyLL

OEEETEDD

07 08 08

1 02 03 04 05 0§

el
DATA QUTPUTS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vpp {see Note 1) o e e e e e
Supnly valtage, Vg (see Nota 1) e e e
Clock input voltage range {see MNote 1) . . . . . . . .
Data input voltage range {see Note 1) e e
Operating free-air temperature range . . . . . . . .
Storage temperaturerange . . . . . . . . . .

—15V1003V
20V 103V
-5Vt 03V
15Vt 03V
—26°C to 85°C

—55°C 10 150°C

NOTE 1! Undaer gbsolute onaximum rawngs voltage values are with respect to Vgg (substrate}. Throughout the remainder of this dats sheet

viltage values gre with respact to a floating ground,
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TMS 4024 JC, NC
9 X 64 DIGITAL STORAGE BUFFER (FIFO)

recommended operating conditions

PARAMETER MIN NOM MAX UNIT

Supply voltage, Vo p [see Mote 2) —-4.75 -5 —5.25 Vi
Supply voltage, V6 fsee Note 2) -10.8 =12 132 v
Supply voltage, Vgg (see Nate 2} 4.75 5 5.25 v
High-level input voltage, all inputs including clocks, V) [see Mote 3) Veg —1.8 3.5 Veg v
Low-level input voltage, all inputs including clacks, VL [see Note 30 —5.5 i} 0.3 v
Clock pulse rise 1ime, 1rta} a5 50 ns
Clock pulse fall time, i) 25 50 ns
Cleck-1 pubse width, tia1) 400 700 ns
Clock-2 pulse width, Tyl 2] 700 1000 ns
Fead pulse widih, tyfrd) 200 000 ng
Write pulse witth, tyfyyr) 300 2000 ns
Clear pulse widlh, ty,{pir) 1 ck eye
Delay time, clock 1 to clock 2, tyis1 .07} 300 ng
Delay time, clock 2 to clock 1, tqfa2w1) ] 300 ns
Detay time, clock 2 to clock 1, plus clock-1 pulse width, tgia2.11 + twta1) 1000 ng
Dielay time, read to clock 2, tgiydp2) 400 B00 ng
Delay time, write 10 clock 2, 14 {wr42) 400 500 ns
Drata setul (e, ty fda} 350 ns
Data hold time, thda) 380 ns
Data input frequency, fyata } 0 250 kHz
Clock frequency, fy L 500 | kHz
Operating free-air temperature, Ta —25 85 'C

MNOTES:

2. Voltage values are with respect to o floating ground,

A. The algebraic convention where the moest negative limit is designated as ininimum iz used in thiz daa sheat for logic voltage Tevels only,
4. Maminal timing is given far 500 kHz opuratian,

electrical characteristics under nominal operating conditions, Tp = —256°C to 856°C {unless otherwise noted)

PARAMETER TEST CONDITIONS MIN Tvpt MAX UNIT
Va High-level output voltage IoH - —0.5 mA Vgg —1 Vgg 05 Ves W
VaL Lonv-level cutput voltage loL = 1.6 mA isee Note &) 0 0.4 v
Input current, all inputs includin
] ’ 1000 nA
clocks
Average supply current from Vpp
1DD{ava} tsee Note &1 MOS load -8 mA
e Average supply current from Vgg
I MOS | A
GGlaval {500 Nt 6 aad - m
Po Powver dissipation MOS laad 182 miy
Input capacitance, all inputs
G et capa " f = 100 kHz 7 pF
including clock

YAl typical values are at Ta = FoN

MNOTES:

B VgL 05 measurad with a 1.5-k42 rasstor in series with the output and includes the drop acrass the rasistor,

8. Typical values of Inpiavg) @09 1GGLavg) 878 =25 MA and —8 ma at 85°C, each Butput driving a Seriss 74 TTL Josd with a 1.5-k{ resistor

in serias, 3 25% clock duty cycle (% of time clock is highl and a 75% output eurrent duty cycle [% of time outputs are lowl,

Typical values of Inp(avg) AN |GGlayg) 278 —60 mA and —& mA at 85°C, each guiBut driving 8 Serles 74 TTL Inad with no risistor in

sarles, a 25% clock duty cycle and all putputs low contlinuousiy.,
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TMS 4024 JC, NC
9 X 64 DIGITAL STORAGE BUFFER (FIFOD)

switching characteristics under nominal operating conditions, Ta = —25°C to 85°C (unless otherwise noted)

PARAMETER TEST CONDITIONS

MIN TYP?

MAX UNIT

ta{p1) Access time from clock 1

1 Series 74 TTL load,

1, Access time from clock 2
alpz) 25 pF in parallel,

Propagation delay time, low-to-high 15k i .
t . . in series
FLH level flag outputs fram clock 2

400

ng

950 1000

1200 ns

400

ns

AN typical values are at T4 = 25°C.

timing diagram and voltage waveforms

o —ettyiot)  fe—eHldioz-01}

CLOCK 1,91 .

; |.\ f [;\ f \
| |
CLOCK 2, ¢2 LA | | 1

| fe—wiTnioz!

Hip102) -ty [-——--1i— Tafszs1) ¥ Wwlp1d
1

} r T X
WRITE -t wr 2} | l

f—twiswrt—— |

I
READ [ | tdtm¢zim

|
[
I
|
1
1
|
|
] t et

I
+ |
DATA IN 1 } ‘ﬁ
_./q—-———t,u{da:.—-r] pe-thidal—»f | o3
| | 2
DATA QUT | | |
te—ad- tpLH .
| - - — = = = i
FULL ! |
pLH .
____________ A Eaie S
EMPTY \ ]
[ WRAITE |  REFRESH ] READ | REFRESH |

MOTE: Timlng points are 0% (high) ang 10% (low),

basic internal operation

o [\ [\

N

RivY i Praviously bliched AM —aiw— Address counters Hext command
commands [ address of R/W counters | autputs | shifted 1o naxt address | agcapted
accepted ' |-_ BAM - sampled laFun and - |
1 | on read |
| | autpuls 1 | N | empty |
precharged cperation | cutputs
! le—— RAM outputs b pled |
' valid for reading I I
b Internal oR I-H nternakee
ead orwritel Data written inta RAM rafrech |
signal | storts |
" becomes | | |
[ tue | |
- INPUT DATA —Il
| rust be valid
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TMS 4024 JC, NC
9 X 64 DIGITAL STORAGE BUFFER (FIFOQ)

interface circuits

a} TTL

12V -5 ¥

—L_JE_‘ML

Y

15 k"

AAM
W

ERY

TVL Sn54/74 SERIES
"1.8 kI resiszor oprional

T™MS 4024

TTL SN54/74 SERIES
the pregence of this resistar helps ta reduce power dissipalion 1 the TMS 4024 while griving TTL,

[+1] Mas
=5y =12V -5V -5 -12v -5V
J 4 Al
_— 1

L e N o u
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TYPICAL CHARACTERISTICS
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MOS TMS 6011 JC, NC
LSl ASYNCHRONOUS DATA INTERFACE {UART)

BULLETIN ND. DL-8 7912275, MAY 1975

»  Transmits, Receives, and Formats Data 40-PIN CERAMIC AND PLASTIC
®  Full-Duplex or Half-Duplex Operation DUA""T":;LN\EIPE;?KAGES
® QOperation from DC to 200 kHz
® Static Logic Vgs 1 E U :_]40 TC
v 2z .39 PS
= Buffered Parallel Inputs and Qutputs ca o
. vpp 3 [ 1138 wLst
&  Pragrammable Word Lengths ... 5, 6, 7, 8 Bits RoD 4 [] Na7 wisz
® Programmable Information Rate RO8 5 [] 26 sBs
* Programmable Parity Generation/Verification RO7 6 [] Nas e
# Programmable Parity Inhibit rRos 7 [] L34 CRL
* Automatic Data Formatting ROS 8 E 3‘,33 I8
) i RD4 9 132 TI?
*  Automatic Status Generation =
RO3 10 [ Na1 T
»  3-State Push-Pull Buffers ROz 11 [ N30 TIs
* Low-Threshold Technology RO1 12 [] l2z0 TIa
s Standard Power Supplies.. .5V, =12 V PE 13 [| 28 ™3
s Full TTL Compatibility . . . No External FE 14 [ Uzz vz
Components O 15 [ 26 T
SFD 16 [] |26 TO
description _RC W7 o 122 TRE
DRE 18 [ l23 TBALC
The TMS 6011 JC, NC is an MOS/LS! subsystem DR 19 [ |22 TBRE
designed to provide the data interface between a RI 20 :| 21 MR

serial communications link and data processing
equipment such as a peripheral or a computer, The
device is often referred to as an asynchronous data
interface or as a universal asynchronous
receiver/transmitter [UART),

The receiver section of the TM3 8011 will accept serial data from the transmission line and convert it to parallel data.
The serial word will have start, data, and stop bits. Parity may be generated and verified. The receiver section will
validate the received data transmission by checking proper start, parity, and stop bits, and will convert the data to
parallel,

The transmitter section will accept parallel data, canvert it to serigl form, and generate the start, parity, and stop bits,

The TWMS 6011 is a fully programmable circuit allowing maximum flexibility of operation, defined as follows:

® The receiver and transmitter sections are separate and can operate either in full-duplex (simultaneous
transmission and reception) or in half-duplex mode {alternate transmission and reception).

® The dataword may be externally selected to be 5§, 6, 7, or B bits long.
®  Baud rate is externally selected by the clock frequency. Clock frequency can vary between 0 and 200 kHz,

&  Parity, which is generated in the transmit mode and verified in the receive mode, can be selected as either odd
or even, It is also possible to disable the parity bit by inhibiting the parity generation and verification.

® The stop bit can be selected as either a single- or a double-bit stap.

®  Static logic is used to maximize flexibility of operation and to simplify the task of the user. The data holding
registers are static and will hold a data word until it 15 replaced by anather word.

®  Agynchronous operation allows the use of a single transmission line. The clock period has ta be within £4% of
1/16 af the time far ong bit far the transmitter and/for receiver but no phase relationship is required.

To allow for 2 wide range of possible configurations, three-state push-pull buffers have been used on all outputs except
Transmitter Output (TO) and Transmitter Register Empty (TRE). They allow the wire-GR configuration.
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TMS 6011 JC, NC
ASYNCHRONOUS DATA INTERFACE {UART)

description {continued}

The TMS 6011 can be used in a wide range of data handling equipment such as moderns, peripherals, printers, data
displays, and minicomputers. By taking full advantage of the {atest MOS/LS| design and processing technigues, it has
been possible ta implerment the entire transmit, receive, and format function necessary for digital data communication
in a single package, avoiding the cumbersome circuilry previously necessary.

Pchannel enhancement-type low-threshald technology permits the use of standard power supplies {8 V, —12 V) as well
as direct TTL interface. No external components are necded.

The TMS G011 is offered in both 40-pin dual-indine ceramic {JC suffix] and plastic {NC suffix} packages designed for
insartion in mounting-hole rows on BO0-mil centers. The device is characterized for operation from —-25°C to 85°C.

aperatian

The operation can be best understood by visualizing the TMS 6011 as three separate sections: 1) common
contral, 2} transmitter, and 3) rcceiver, The transmitter and receiver sections are independent while the contral
section directs both receive and transmit.

cammon ¢ontrol section
The cammen control section will direct bath the receiver and the transmitter sections.

The inititalization of the TMS 6011 is performed through the Master Reset (MR} terminal. The MR terminal is strobed
to a high level after power turn-an to reset all status and transmitter registers and to reset Transmitter Qutput (TQ) to a
high level. The Receiver Outputs {RO1-RO8) are nat controlled by the MR terminal.

Status Mlsgs Parity Error, Framing Error, Overrun Error, Data Ready, and Transmitter Buffer Register Empty arc
disabled when the Status Flags Disable {SFD} is at a high level. When disabled, the status flags float {three-state buffers
are in the high-impedance state). The Transmitter Register Empty {TRE} status flag is not a thres-state output.

The number of bits per word is controlled by the Word Length Select 1 {WLS1) and Word Length Select 2 {WLS2}
inputs. The ward length may be 5, 6, 7, ar 8 bits. Selection is as follows:

WORD LENGTH WLS1 wisz
5 Low Lowe
53 High Lowe
7 Lowy High
| High High

The parity to be checked by the receiver and generated by the transmitter is determined by the Parity Select {PS] input.
A high level on the PS input selects even parity and 3 low level selects odd parity.

The parity will not be checked or generated if a high level is applied to Parity Inhibit {(P1); in this case the stop bit or
bits will immediately fellow the data hit.

When a high level is applied to PI, the Parity Errar {PE} status flagis brought to a low leve! indicating a no-parity errer
because parity is disregarded in this moda,

To select either ane or two stop bits, the Stop Bit{s} Select (SBS} terminal is used. A high level at this terminal will
result in twa stop hits while a low leval will produce only ane,

To load the control bits (WLS1, WLS2, PS, P1, and 8BS} a high level is applied to the Cantral Register Load (CRL)
terrminal, This terminal may be strobed or hard wired to a high level.
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TMS 6011 JC, NC
ASYNCHRONOUS DATA INTERFACE (UART)

operation {continued}

transmitter section

The transmitter section will accept data in parallel farm, then serialize, format, and transmit the data in serfal form.
Parallel input data is received thraugh the Transmitter lnputs {TI1-TI8).

Serial output data is transmitted from the Transmitter Qutput (TO) terminal.

Input data is stored in the transmitter-buffer register. A low level at the Transmitter Buffer Register Load (TERL)
command terminal will load a word in the transmitter-huffer register, The length of this word is determined by Word
Length Select 1 {WLST} and Word Length Select 2 (WLS2). If a word of length greater than this appears at TI8 through
TI1, only the least significant bits are accepted. The ward is justified into the |east significant bit, TI7.

The data is transferred to the transmitter register when the TBRL terminal goes from low to high. The loading of the
transmmitter register is delayed if the transmitter section is presently transmitting data. In this case the loading of the
transmitter register is dalayed until the transmission has been performed.

Output serial data {transmitted from the TO terminallis clocked cut by Transmitter Clock (TCl. The clock rate is 16
times faster than the data rate.

The data is formatted as follows: start bit, data, parity bit, stop bits {1 or 2}. Start bits, parity bits, and stop bits are
generated by the TMS 6011, When no data is transmitted the cutput TO remains at a high level.

The start of transmission is defined as the transition of TO from a high to a low logic leve!,

Two flags are provided, A high level at the Transmitter Buffer Register Empty {TBRE} flag indicates that a word has
been transferred to the transmitier/receiver and that the transmitter buffer register is naw ready to accept a new word.
A high level at the Transmitter Register Empty {TRE) flag indicates that the transmitter section has completed the
transmission of a complete word including stop bits. The TRE flag will remain at a high level until the start of
transmission of a new ward.

Both the transmitter buffer register and the transmitter register are static and will perform long-term storage of data.

receiver section

The data is received in serial form at the Receiver Input (R1}. The data from R enters the receiver register at a point
determined by the character length, the parity, and the number of stop bits. Rl must be maintained high when no data
is being received. The data is clocked by the Receiver Clock {RC). The clock rate is 16 times faster than the data rate.

Data is transferrad from the receiver register to the receiver huffer register. The output data is then presented in parallel
form at the 2ight Receiver Qutputs (RO1 through ROB). The MOS output buffers used for the eight RO terminals are
three-state push-pull putput buffers that permit the wire-OR configuration through use of the Receiver Output Disable
(ROD) terminal. When a high level is applied to ROD the RO outputs are floating. 1f the word length is less than B hits,
the most significant bits wil! be at a low level. The output word is right justified. RO1 is the least significant bit and
R04& is the most significant bit.

A low level applied to the Data Ready Reset {DRR] terminal resets the Data Ready {DR) output to a low level.

Several flags are provided in the receiver section. There are three grrar frags (Parity Error, Framing Errar,and QOverrun
Errar) and a DR flag. These status flags may be disabled by a high level at the Status Flags Disable (SFD} terminal.

A high level at the Parity Error (PE} terminal indicates an error in parity.

A high level at the Framing Error {FE) terminal indicates a framing error that is an invalid or nonexistent stop bit in the
received ward,

TEXAS INSTRUMENTS
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TMS 6011 JC, NC
ASYNCHRONOUS DATA INTERFACE {(UART)

operation {continued)

A high level at the Overrun Error {OF} terminal indicates an overrun. An overrun accurs when the previous word has
mnot been read, i.e., when the DR output has nat been reset before the present data was transferred to the receiver
buffer registar,

A high tevel at the DR terminal indicates thal a word has been received, stored in the receiver-buffer register and that
the data is available at outputs ROT through ROB, The DR terminal can be reset through the DRR terminal.

functional block diagram

oo} - —e— CONTROL SECTION
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TMS 6011 JC, NC
ASYNCHRONOUS DATA INTERFACE (UART)

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)*

Supply voltage, Vo (see Note 1} e T T N 1 AT
Supply voltage, Vg (see Nate 1) O AR T R A
{nput voltage (any input) fseeMote 1) . . . . . . . . . . . . . . . . . . . “20¥t03V
Operating free-air temperaturcrange . . . . . . . . . « « + « . . . . . . . —25Ctw085°C
Storage temperature range . . . . - . . +« + .« 0+ 4« 4 4w« w w . . . . . . -BE'Cto1BO°C

MOTE 1: Under absolute maximum ratings, voltage values are with respect 1o the normally most positive supply, VSS [sunstratel, Throughout
the remaindar of this data sheer veltage values are with respect o Voo

"Stresies beyond those listed under “Absglute Maximum Ratings’™ may cause permanent damage to the device. This is a stress rating only and

funclional operation of the device at these gr any pther vonditions beyond thosa indicated in the “Recommendad Cperating Conditions'’

section of this specification is not implied. Exposure to absolute-maximum-rated conditions Tor extended periods may affect device refiability.

recommended operating conditions

PARAMETER MIN NOM MAX UNIT
Supply yoltage, Voo 4] W
Supply voltage, Vg —11.5 —-12 =125 W
Supply voltage, Vgg 4.7% 5 5.25 v
High-level input voltage, all inputs, V| (see Notes 2 and 3) Vgg —1.5 Vgg +0.3 v
Low-fevel input voltags, all inputs, V), {see Nows 2 and 3} —12 0.8 Y
Clack 2.5 ]
Transmitter buffer register load 400 ns
Control registar load 250 ns
) Parity inhibit {see Motes 4 and B) 400 ns
Pulse width, ty, -
Parity select {see Notes 4 and 5) 300 ns
Word length select and stop bit salect {see Notes 4 and 5) 300 ns
Master reser 1.5 us
Data ready reset 250 ns
Data setup time, tgyjda) 10] ns
Data hold time, thida} 20t ng
Clock frequency, {4 (see Note 6) n 200 kHz
Operating Iree-air temperature, Ta, —25 85 "¢

NOTES: 2. All data, clock, and command [nputs have internal pull-up resistars to allow direct ¢locking by any TTL circuit,
3. The algebraic canvéntion where the most negativa Himlo is deslgnated as minlmuwm is used in thizs data sheet for legic voltage levels
anly.,
4, Inputs to PIL, PSS WLST, WLSZ, and 5BS are normally static signals, & minimum pulse width has been indicawed for possible pulsed
operation. -
5. 4l control signal pulses should be centarad with respect 1o CRL o ansure maxirmum setup and hold ime.
&, Clock frequency is 16 times the band rate,
'TlTha arrow indicates the edge of the TBFL pulse used for referance: T for the rising edge, | for the falling edge.

electrical characteristics over full ranges of recommended operating conditions {unless otherwise noted)

PARAMETER TEST CONDI TIONS MIN Tyet MAX UNIT
VYpH  High-level output voltage lpH = =200 A 2.4 v
VoL  Low-leval output voltage gL = 1.6 maA 0.6 v
hH High-level input current, all inputs V=5V 10 ua
W Law-level input current, all inpuls V=0V -1.6 A
GG Supply current from VG All inputs at a high level -7 =12 mA
Igg Supply current fram Vgg All inputs at a high lavel 20 30 mA
o Power dissipation All inputs a1 a high level 180 300 mw
Cj Input capacitance, alb inputs V| =Vgg, =1 MHz 10 20 BF

Tall typical values are at Ta = 25°C and hominal voltages.
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TMS 6011 JC, NC
ASYNCHRONOUS DATA INTERFACE (UART)

switching characteristics over full ranges of recommended operating conditions {unless otherwise noted)

PARAMETER TEST CONDITIONS MIN Tvpl MAX UNIT

. Propagation delay time, high-to-low 200 1000
_ ns
FHL level DR output from DRA

Prapagation delay time, high-to-low

¢ 800 1000
PRL  \ovel TBRE output from TBRL "
H Enable time, receiver output from ROD 300 ] ns
Pzx - - - P 1 Series 24 TTL Ipad
1pxz  Disable uime, receiver output from ROD 300 500 ns
Enable time, outputs PE, FE, OE, DR, ar
pzx 300 510 ns

TERE from 5F0

Disahle time, cutputs PE, FE, OE, OR, or
PXZ 300 500 ns
TBRE fram S5FD

YAt typical values ara at Ta= 257 ¢ and norninal wvoltages,
voltage waveforms

VIH
INPUT AQD OR SFD /1 \L
VL |

— tpxz — l‘—_tpzx —

VoH *, 7[‘7
OUTPUT RO OR FLAGS 2
HL-Z2 STATE R S —

ENAEBLE AND DISABLE TIMES

_ . Mm
INPUT DRR OR TBRL —u
ViL

VoH
QUTPUT DR OR TRRE \L

VIH
INPFUT TERL 50%\ 740%
ViL I |

— [ gud PN [ )
1

ViH |
INPUTS TH-TIB 509( %u%
ViL

DATA SETUP ANG HOLD TIMES

MNOTE: All enable, ditakle, and ropagation delay tmes are raferencad 10 the 90% or 10% paints. All pulse widths are referenced to the 50%
points.
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TMS 6011 JC, NC
ASYNCHRONOUS DATA INTERFACE (UART)

operation timing diagram

TRANSMITTER TIMINGT

TEAL | | See Note 3 l

TBRE [35TATE| “ See Note 4 I

—{ [#—Seo Note 2

TO (NOT " odundate it Sdiralii it S et Sttt T Iimin

3STATE) L Ls_w.".._.' Data 1| Data 2)Data 3iData 4 JData 5 jData 6 jData 7 |Data 8 | Parity [Stop 1 Stop 2 L_ann ;Data
LSB —» e BET TIME(ses Note 17 MSE

TRE INOT 3-5TATE} I (%2 CLOCK CYCLE) —.lﬂ—

T Tranzmitter initially assumed inactive at start of diagrem, shown for 8 lavel code and parity and 2 stops.
NOTES: 1. Bit time is 156 ¢lock cycles.
2, If rransmitter | inactive the start pulse will appear on line within ane clock cycle of Lime date strebe occurs [see detail betow).
TBRL |

CLOCK

- /16 BIT
TO STARAT

d. Because transmittar is double huifered, angther date strobe can occur anywhere durlng transmission of character 1,
4. TBRE goes to & low for a period of appraximataly one clock cycle following 8 TERL pulse.

RECEIVER TIMING

H Start Data1 Data2 Data 3 Darad Data5 Data6 Data 7 Data 8 Parity Stop 1 Stop 2 Start Data ]
RimeNoed) =) Tl T T T 3T T Tws: 5 LT
L = U U N [t T | ———
INTERNAL
BATA SAMPLING
PULSE Isea Note ) | | | I I | I | | | | | I !

PE SeeNotda 1 ———puf
FE See Note 1 —b-l

RO1-ROA

1CLOCK CYCLE
— 1/16 BIT TIME

Sea Note 2 ——————p]

QE See Mote 1 __..__’I

MOTES. 1, This is the polnt at which the error condition is detected, if error accurs.

2. & high-to-low transition on the DA pin indicatas that the conrants of the receiver registear has been transferrad tp the recaiver

buifer register and that the three error-tiag signals are valid. Qutput data ramalns valid untll the next word Is transferred inte the

recaiver bu ffer register,
3. The R| waveform illustrates an aight-bit word with parity and two stop bits. )f parity [s inhiblted, the stop bits immediately fallew

the last data bit, For alt word lengths, the data in the butfer reglster must be right justified, i.e. RQ1 (pin 12} is the least significent

bit,
4. Data sampling occurs at tha canter of Bach data bit (8 clock cycles after the beginning of the bit),
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MOS MEMORY SYSTEM COMPATIBILITY

MOS MEMORY SYSTEM COMPATIBILITY
1] POWER SUPPLIES

In P-channal MOS Memuories the substrate is normally biased positive with respect to the drain or sourge nodes, The
substrate bias is normally negative for N-channel devices. In order 1o provide compatible interfaces with bipolar integrated
circuits, power supply voltages are translated for most MOS Memaory devices of recent design to maintain the recommended
substrate bias conditions and {o provide input and output voltage levels between ground {0 velts) and Vo (+5 volis), the
standard system supply voltage in equipment using TTL integrated circuits.

The chart below shows the recommended supply voltages for the MOS Memory devices in this catalog alang with the
symbols used for the various supply terminals.

MOS5 MEMORY NOMINAL POWER SUPPLY VOLTAGES AND TERMINAL SYMBOLOGY

TECHNOLOGY P-CHANNEL | N-CHANNEL
METAL GATE T SILICON GATE
SUPFLY VOLTAGE I | } : _‘;
25y ———— | vpg——!
i [ 1 | |
MY — Vs —— | | 1 l
DY ———— | 1 VBg—— | ! I
I I | 1
18V ! | Vss—— | i |
' | | ' 1
| | |
;
12V — ! I | 1 Vpo VDD
| VO
[ I | ! |
1 |
L 1
7v | VREF— ! : | :
5V vss : : ) Ve | | Ve
|
) [ : | '
: | \ | |
0 VDD VDD YD | GND o +Vs5
1 I ! !
-3V | | : | v |
BB
-5V : | | : | ves
] I | I :
| ' | | [
[ ' l |
12V VGG I | I ! I
_ | | | |
S S B |_
PRODUCT TYPE Static and |I Dynamic Dynamie ] Statie TS Dynamic -1 ROM
dynamic shift i RAM's | RAM | RAM's | RAMs I
registers, ROM"s, i | | i
keyboard | I | | i
encader, UAHTl [ |
: | 1
TYPE NUMBERS [ TMS5 3101 thru | TMS 4062 | TMS 1103 | TMS 4033 © TMS 4030 series | TMS 5300
Tmssigc_usi iall | vms 2053 | TMS 4034 | |
s TS5 4035 | TMS 4050 series
TMS 4800 | | | TMS 40386 series | i
mg i?g; | : | TM5 4030 series | TMS 4051 series :
E—— | | TMS 4042 seriest TMS 4060 series 1
TMS 6011 | 1 | TME 4043 series : |
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MOS MEMORY SYSTEM COMPATIBILITY

2)  INPUT COMPATIBILITY

Figure 1 illusirates how Series 74 TTL eircuits are
specified to guarantee that any Series 74 circdit will drive
or can be driven by any other Series 74 circuit. The 0.4-volt
difference Tn output and input specifications is called the
noise margin. These margins guarantee that any Series 74
citcuil is compatible with any other Series 74 cireuit and
that the probability of false data inputs from spurious
switching transients or induced voltage levels is minimized.

All TI shift registers and most ROM’s and RAM's are
designed with inputs that can be driven directly without
level-shifter or amplifier circvits. The phrass “““fully
TTL-compatible’ has been used to indicate that a MOS
Memoaty devige will drive or be driven by Series 74 circuits
with adeguate noise margins without the use of external
pull-up or pull-down components, Some P-channel MOS
Memaories require a pull-up resistor on the input to meet the
minimum input voltage high level, V4 min, Figure 2
ilusirates the interface with TTL. In all cases, the input of
the MOS circuit has a very high impedance. Therefore, TTL
input compatibility is easily achieved.

SERIES 74 TTL INPUT AND
QUTPUT SPECIFICATIONS

5 3\\\ upply \
\\\\\\\\\\&
o
B el
] “HIGH™
=
o
s al.
§ Yoy min =24V .
3 vav] Vip min= 20 V
% Series 74 TTL Series 74 TTL
> Qutput Moise Margins Input
1=
04vl v max=08YV
Vor max =04V “Low" Iy max =—1.86mA
o
FIGURE 1
+8 V
Vss
R*
Lo —
THRESHOLD
KMO3
SN7A00
OR OTHER
TTL GATE
LVGG |voo
-1z v )
*The value of the R resistor varies depending on

speed-power requirements. In many cases this resistor is
diffused on the MOS chip. For low-threshold MOS the
resistor assures that the worst-case TTL output is pulled
up to at least 3.5 V for proper MOS circuit operation.

FIGURE 2
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MOS MEMORY SYSTEM COMPATIBILITY

3] QUTPUT COMPATIBILITY
Three types of huffers are commenly used on MOS devices:
& QOpen-drain
* Internal pull-up
#  Push-pull

a}  Open-drain and internal pull-up

The buffer is simply a current switeh. In the “off” state the impedance of the buffer is extremely large, while in the
“on'* siate it is Lypically under 1kQ. A discrete resistor or an MOS transistor may be used as a lead with an open-drain
buffer, This resistor or transistor may be internal to the MOS circuit.

fOUTPUT
|
1 Vs

DATA DATA

V&G vaa
[
QUTPUT
J q OUTPUT

OPEN-DRAIN BUFFER INTERNAL INTERNAL
PULL-UP BUFFER PULL-UP BUFFER
WITH LOAD RESISTOR WITH MOS LOAD TRANSISTOR

In every case coampatibility with MOS is easily achieved. For instance, for an epen-drain buffer with MOS:

+y +5y o SERIES
74 LOGIC
r r 1
[ l t
| I - I 4 kN ‘
l |

I 1
l l

|
|

|
t |

| —12v | I |

B2 provides the necessary current sink for the TTL input; Ry is sametimes used to limit power dissipation or the positive
excursion of the TTL input to +5 V. If R2 is on the chip, no external components may be necessary.
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MO0S MEMORY SYSTEM COMPATIBILITY

1zv 5V SERIES
74 LOGIC
e G | r——7~-~"7
! ! I akn l
| > i | |
| | |
l ¥ [
| * '
| J 1 i H
| JH, | | |
DATA: | L 1
L__L_1 I |
+5v Lvgg

Two types are commen. The unsaturated push-pull buffer is the most commanly used for low-threshold circuits singe
the smaller drain-source voltage permits the upper output transistor to operate in the dnsaturated or low-resistance region of
the Ip vs Vg characteristic curve. As a result, the ouliput voltage swings hear Vpp without going negative and permits direct
TTL compatibility without external components.

Vaal-12 v Viagl—12 V) Yool Vi
| | t 1
-
ouUTPUT OUTPUT
1 1

DATA l—-—| DATA —

v 14

Vgg[+5 VI Vggl+h vl
SATURATED PLISH-PULL BUFFER UNSATURATED PUSH-PULL BUFFER

4t  CLOCKS
Depending on the circuit type, there are different clock requirements:

Na elacks — Static RAMs, ROMs, etc.
1 clock — with other clacks generated internally
2 clocks — most dynamic shift registers

a) One external clock

An internal circuit generates the clocks from a single outside clock signal. The outside glock signal has the same swing as
the data input signal and the compatibility is identical {see preceeding paragraph 3}.

Single-glock low-threshold MOS circuits will accept a TTL clock without adding components,
tt  Two or four clocks

The clock signals must swing between Vgg and VGG, To go from a single-TTL-level clock to a multiple-MOS-level
clock, two circuits are required: 1) a clock generator to generate the necessary clock pulses, and 2) a clock driver to hring the
clock levels to the required values. In most cases anly one clock circuit is needed for an entire MOS LS| system.
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MOS LSI MECHANICAL DATA

general
Electrical characteristics presented in this catalog, unless olherwise noted, apply for circuit type(s) listed in the page
heading, regardless of package. Factory orders for circuits described should include the complete part-type numbers

listed on each page,

MOS NUMBERING SYSTEM

EXAMPLE: TM § 4030 N L
\——(EA Temperature Range )
F Flat C —25Cto85C
J Ceramic dual-in-line L 0°Cto 70°C
S Standard devices N Plastic dual-in-line M —55°C 10 125°C
X Prototype ar experimental L Metal can R -55°C 10 85°C
c Custom design U Unencapsulated & Special range
T High reliability {beam lead, etc.)

(3. Unique Product Identification Number

manufacturing information
Alloying is performed in an inert atmosphere. A silicen gold eutectic is formed during the alleying operation.

Thermal compression bonding is used. Typical bond strength is 5 grams. Bond strength is monitored on a ot-to-lot
basis. Any bond strength of less than 2 grams causes rejection of the entire lot of devices.

Tl uses a low-temperature alloy brazing to seal ceramic packages. Metal-can packages are welded. Glass leaks are
eliminaled by testing in 3 fiuarocarbon solution heated to 150°C, Fine-leak elimination is performed through mass
spectrometer technigues. All MOS LS! devices praduced by TI are capable of withstanding 5 x 10—7 ppm fine-leak
inspection, and may be sgreened to 5 x 10-8 ppm fine leak, if desired by the customer, for special apphications.

All packages are capable of withstanding & shock of 3,000 G. All packages are capable of passing a 20,000.G
acceleration {centrifuge) test in the Y axis. Pin strength is measured by a pin-shearing test, All pins are able to withstand
the application of a force of G pounds at 45° in the peel-off direction,

dual-in-line packages

A pin-to-pin spacing of 100 mils has been selected for all dual-in-line packages.

TI uses several hermetically sealed ceramic dual-in-line packages, each af which consist of a ceramic base, plated metal
cap, and tin-plated leads.

The following dual-in-line packages are available in plastic or ceramic:

8 10 16 18 22 24 28 40
PIN PIN PIN PIN PIN PIN PIN PIN

300 mils between rows xt xt X X
400 rmils between rows X Xt
GO0 rnils belween rows X X X

Trhere are na praduets shown in this data book an the B-pin ceramic package or the coramie ar plastic 10pin or 24.pin, 400-mil package.
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MOS LS| MECHANICAL DATA

16-PIN CERAMIC DUAL-

IN-LINE PACKAGE

INDEX
boT \‘
‘e
& 0.300
.—to 010 0.840 MAX
0,020
MIN f —
| 0.185 MAX
|_SEATING )
PLANE ‘
0.150 + 0.030
0.032 NOM
0,070 NOM‘JL’ PII:ISSPJ:JCINiJU.'IUU TP -J 0.018 + 0003
ee Note
N
—= 0.050 = 0.070 0.050 + 0.020
18-FIN CERAMIC DUAL-IN-LINE PACKAGE
—0910 MAXY —————m
P B B e B B e B e B e B e B e |
INDEX—\\
pat »
| Sy gy s m— gy e e gy
& &
0300
r"t{],ﬂﬂ.’l
0.020
Min
— F y
0.186 MAX
__SEATING
PLANE 0.150.1 0,030
L ]
4| __” —0.032 NOM
0.010 NOM 00718 2 0,003
le—0.050 £ 0.020
FIN SPACING 0100 TP
{Sea Note A) 0.050 £ 0.010
MOTES: A, Each pin centerling is located within 0.010 of its true langitudinal
positian,
B, Atll linear dimensigns are in inches,
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MOS LSI MECHANICAL DATA

22-FIN CERAMIC DUAL-IN-LINE PACKAGE

oor

0.400
—pr
10070
_SEATING
PLANE
——e{fs— 0.010 NOM
FIN §

INDEX.
——\

1.100 MAX

(@)~

4

®

0.020
MIN
¥
0.185 MAX
0,180 £ 0.030

_J L_D.{)‘IB —J - |-l———0.032 NOM

+0.003 I 0,050 £ 0,020
0.050 + 0.010

-

PACING 0,700 TP
{Bee Note Al

24-PIN CERAMIC DUAL-IN-LINE PACKAGE

DaT

&
0.600 &
t0.010 ’
e
_SEATING
PLANE
—+ = 0010 NOM

INDEX

PIN SPACING 0,100 TP

1.290 MAX

(@ ®

e T e T e RO e B e B e Y — S W W |

N

T T T T T T o T T

0.020
ML
r 1 ]
0,185 MAX
I 0.150 £+ 0.030
[ [—0.032 ROM
bi— 0.050 £ 0.020

0.050 * 0.010

|See Note A}

NOTES: A, Each pin centcorlime is located within 0.010 af its true longitudingl

position.
B. All lincar dimengians are in inches.

875
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MOS LSI MECHANICAL DATA

28-PIN CERAMIC DUAL-IN-LINE PACKAGE

-

1.415 MAX

o O e T e O s O e O e Y e Y e IO B i B vy 2 s Y e

.

INDEX
BoT _\

O OO0 OO0 O OO J W L LT

0,050 0010

& 3 —
be— 0.600 £ §.070 -l 0020
MIN .
' I3
i b scarive O (L] ([0 P Jjuy 0185 MAX
PLANE
0.150 = 0.030
i | t
oo M |Q—
1oN0 |—'| PIN SPACING 0100 T.F, L
0.018 £ 0003 {5ne Mot Al p— 0,032 NOM
— le—un50: 0020

A0PIN CERAMIC DUAL-IN-LINE PACKAGE

2 MAX

(0} »

P N T W

INDE X
oY

X T T T T T Ty LT o LT T e Y T e T T
& %

M-— O 00 * 0.0 —J onzd

TIVITYTS

_EEATING -L
[ BLANE 1
ams + 0,003+ jo-
0010 NOM—ifle— FIM EPACTNG 0.100 TF.
T5ee Nare &l

T

7

|

i

1

7

0185 MAK

[

0150 F0.030

l

0032 MO
M 0050 * G070

0.090 ¢ 0.0

MOTES: A. Each pin centerling is located within 0.070 of its true longitudinal
position.
B. All linear dirnengions are in inches,
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MOS LS| MECHANICAL DATA

8.PIN PLASTIC DUAL.IN-LINE PACKAGE

p——————0.390 MAX—"

—

fol[=]ll=][=]

EITHER QR BOTH <: )

INDEXES [l
'3 G -
0.300
*0.010 0.060 NOM
0.020
MIN 0.200 MAX
105° —= SEATING FLANE T .
ag® 0.125 MIN |
‘r— 0.011 £0.003 0.013 0.003 _.| ]._ H 0.033 MIN
| +—0.045 + 0,015

FPIN SFACING D.100 TP
15ee Note A}

16-PIN PLASTIC BUAL-IN-LINE PACKAGE

0870 MAX

Ohs ®
(51151 (e} (5116151 [E1 5]

EITHER OR
aTH ]

INDEXES e
[} = [ =] o [ =) (=] [ (=)
o TR
030 T
0010
0020
N
cl|io|lo||D||(OjrOl|al|c 0.200 MAX
108” —— SEATING PLANE ‘——T—
° 0,126 MIN
\" 0011 £ 0.003 u.ms:n.msA-“-— ‘-—ﬁ L 0.0a3 MIN
L 0.075 + 0.020

PIN SPAGING 0100 TP
{5es Nate &) 0,080 NOM

NOTES: A Each pin centorhine is lacated within 0.010 af its trus longitudinal

position.
E. All lincar dimensions are in inches.

575
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MOS LSI MECHANICAL DATA

18-PIN PLASTIC DUAL-IN-LINE PACKAGE

D920 MAX

15—

(10
It I s Y e Y e Y

EITHER OF BOTH
INDEXES {1

N [ I O N N I N Y N

: : ® +(®)

0 300

PIM SPACING 0.100 TP

(Sea Note A) 0,060 NOkM

— 4

—0.050 : 0.020

0.020 MIN T
—— SEATING PLANE ——T—— +
0.125 MIN
—.\r 0.011 1 0.003 0018 £ 0.003—b ‘.__ }__-'_‘ \ |-~ 0023 1N

0200 MAX

22-PIN PLASTIC DUAL-IN-LINE PACKAGE

1100 MAX

[ 1 C 103 101 1 111

EITHER )

~—s{le— 001 + 0005 0015 2 0.003—] |..~

PIN SPACING D100 TP
[See Notz A}

INDEX
) £ LI T L T J I T T T ]
0400 *l 1
0010
0020 MIN T
L R‘ 0.200 Ma,
o SEATING PLANE ]
% | L 0,125 MIN

X

4

0033 MIN
be~ 0,950 1 0020

MOTES: A Each pin centerline §s logated within @010 of h1s true longitudinagl
pasition,
8. All linear dimenzions arc [n inches.
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MOS LSI MECHANICAL DATA

24-PIN PLASTIC DUAL-IN-LINE PACKAGE

p—e . T.290 MAX

2]

13

i Y ey s Y e I e e ¥ i Y i

ez )
INDEX

12 2

I_II_IT_IL_II_II_H_II_]I_IL__TI_H_I

CEDD £ 0010 ——

FIN SFACING 0,100 TP
(Sze Note A)

0.020
MmN |
0,200 MAX
f SEATING PLANE ]
105 l 0.125 MIN
% }
—sli—n011 + 0003 0.018 £ 0.003 —] jo- 0.033 MIN
;o_o:-'s = 0.0z0
PIN SPACING 0,100 T7
{See Mote Al D.060 NOM
28-PIN PLASTIC DUAL-IN.LINE PACKAGE
e iadoMax
a1 rarrrararar
LEITHER }
INDEX
N Y AN U I I [ O N N N O
¢ ¢ - »(;
Q600 t0.010
0020 Mm[_
0,200 MAX
ross ——SEATING PLANE T —
= 0.125 Mit
0.011 = 0.003 gms_,”,_ L 0033mIN
\ 10003
Le-0.050 + 0.020

Q060 NOM

NOTES: &, Esch pin cénterling is located within Q0140 of its trua longitudingl
position.
EB. All lingar dimensions are in inches.

875
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MOS LS! MECHANICAL DATA

40-FIN PLASTIC CUAL-IN-LINE PACKAGE

2000 MAX

gl_ll_ll'_ll_li_‘ll_ll_]r_ﬂ_ll'_!l_ll_'ll_ll_lﬁl_]l_“lr“ﬂ_l

n

EITHER
INDEX :.

SN S S S N A [ g g i | o Sy g ) g ) o

—

¥ 0.600 £
Bl
0020
i | ¥
0.200 Wax
o — SEATING FLANE
¢ ‘t 0,125 MIN
£ " |+
- amizoter oMM P lef—o.033
20.003 §
I 0,075 £ 0.020
PIN SPACING 0700 TP
15ee Mote &) 0.060 oM

MOTES: A, Each pin centerline is loceted within 0010 of its trua lonaitudinal
position,
B. Al lnear dimensions are in inches.
metal-can

For devices such as shift registers requiring few inputs and outputs, Tl uses two metal-can packages.

8-PIN METAL CAN

Qs wnar
Ca e T om0 s
mie
—
] -
ettt |
FEe aare
Eam U = ﬂnilii LFL
jrane—)
—
Toi
e —
Py —

ALL DIMENSIONS ARE IN INCHES
UNLESS OTHERWISE SPECIFIED

Same as IEDEC TO 99 and
MO O02AK excepr for
ciamater of standaid

10-PIN METAL CAN

oDl DIa

LIGIL]

ALl OIMENSIONS ARE 1N INCHES
UNLESS OTHERWIGE SPECIFIED

Same as JEDEC TO- 100 and
MO DO06AD except lor
glameter af standofl

TEXAS INSTRUMENTS

INCNRPORATED
POST OFFICT OOX 3012 + DALLAS. TEXAS 75222

&7E



TTL
Memories




TTL
MEMORIES

SERIES 545/74S
RANDOM-ACCESS READ/WRITE MEMORIES

EULLETIMN NO. DL-5 7512257, MAY 1575

64 BITS (16 WORDS BY 4 BITS) 256 BITS (256 WORDS BY 1 BIT) 1024 8ITS {1024 WORDS BY 1 BIT)

"5189, '5288 "§201, 5301 SN745209, SN745300

ap A 1] U [1e  vee AD A 1] U 116 Vee CE 1] U 116 Voo
ge 2] 115 aDE ADE 2] 1915 ADC AD A 2(] 15 DI
RN 37 714 apc CE1 3(] 14 ADH ADE 2] (114 AW
D1 4c] (313 ADD CE2 4] 1z o ADC 4C] 313 AD Y
Do+ 5(] 12 Dla CE2 s8] (112 RN ADD 5] 112 ADI
DIz BC| 111 Doa 80 s8] 11 ADG ADE &C] 311 ADH
bo2 7] M10 ©13 ADD 7] 10 ADF o 7] 10 ADG
GND 8C] “s D03 GND  8C] |}r9 ADE GND 8] Ds  ApF

Pin assignments for all of these memories are the same for all packages,

*  Schottky-Clamped for High Performance

s Full On-Chip Decoding and Fast Chip-Enable Simplify System Decoding
s P-N-P Inputs Reduce Loading on System Buffers/Drivers

»  Choice of 3-State ar Open-Collector Qutputs

TYPE NUMBER IPACKAGES]) TYPE OF BIT SI1ZE TYPICAL ACCESS TIMES |WRITE CYCLE TIME |
—B5°Cto 126°C| 0'C e 70°C QUTPUT(S! |IDRGANIZATIONS)| CHIP-SELECT | ADDRESS| SN545’ SN748
SNSAS182[J, W) |SN745189(J, N} 2-5tate 64 Bits 12 ne 26 ns 25 ns 25 ns
SNSAS2E9(), W |SNTF45289(), N} | Open-Collectar HNewW x4 Bl
SN5A5201L), W) ISN7452010), M) 3-State 256 Bits

13 ns 42 ns 100 ns B5 ns

SNBAS301LS, Wi |SNF4SZ01{), NI | OpenCollector {256W x 1 B}
SN745209(0), N} 3-S1ate 1024 Bits 20 70 ns 150 ns

SN745309{), N} | OpenCallector | {1024 W x 1 B}

description

These monolithic TTL memories feature Schottky clamping for high performance, a fast chip-select access time to
enhance decoding at the systemn level, and the 'S201 and "5209 RAMs utilize invertad-cell memory elements to achieve
high densities, The memaories feature p-n-p input transistors that reduce the low-evel input current regquirement to a
maximum of —0.25 milliamperes, only one-eighth that of a Series 545/745 standard load factor.

A thres-state-output version and an open-collector-output version are offerad for each of the three organizations. A
three-state output offers the convenience of an gpen-collector output with the speed of a totem-pole output; it can be
bus-connected to other similar outputs, yet it retains the fast rise time characteristic of the TTL totem-pale autput. An
open-callectar output offers the capability of direct interface with a data line having a passive pull-up,

write ¢ycle

Information to be stored in the memory is written into the selected address {AD) location when the chip-enable (CE)
and the read/write [R/AY) inputs are low. While the read/write input is low, the memory outputis) istare} off
(three-state = Hi-Z, open-collectar = highl. When a number of gutputs are bus-connected, this off state neither loads nor
drives the data bus; however, it permits the bus line to be driven by other active outputs or a passive pull-up.

read cycle

Infarmation stored in the memory [see function table for input/output phase relationship) is available at the cutputis)
when the read/write input is high and the chip-enable input(s} is{are) low. When onelor more) chip-enable input is{are}
high, the output{s) will be off.
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SERIES 545/74S
RANDOM-ACCESS READ/WRITE MEMORIES

FUNCTION TABLE

INPUTS OUTPUTS
FUNCTION CHIP READf 5189 ‘5289
ENABLEY WRITE 8201 *53m SN745209 SN745309
Writa L L High Impedance |H High Impedanes | H
Cornplement of |Complement of
Read L H Data Entered Oats Entéred Data Entered Data Ertered
Inhibit H X High Impadanea |H High Impedance |H

H = high level, L = low lavel, X = ;rrelcvant

TFor chip-enable of 'S201 and '$301: L = alt CE inputs low, H = one or more E mputs high,

functional block diagrams
'5189, *5289

s -
z [al] — —
2|87 acorces L 1w w b B ME IR

e cacrnyd —] [T

By i | BorreRs +EI0 ot
& - — s
1 —

o 13 —

LrIF ENABLE ICED

AEARMWAITE IR

WIITE AND SERLE
DRAFLIFIER CONTA QL

1
oz

RATA INFLTS
1:"

i [l
[T

QUTPLTS
SN745209
£30ALGE INPUTS

3 &

o
[T

ADDNES
hHEUTE £

[ L
L | H

1 »
fra fuw
1 .

& 70 3 LINE GECODER

RT3 024 BT MEMORY
n v | Lime MATR. X DRGANIZED
AR A ¥ 5z

&

T T T T T

8201

ADCAESS INPLITS

" ¢ " -
T L

| PP

A WLIBLINF DECORFR ‘

]I I I I O
S[S[Vs{sIS V]

CTTTT

256 BIT MEMORY
MAT A ORGEANIZELD

F7=7 atote

[T1T

LINE
DFCONER

ITTTTT

BAAARAEIIN

‘8301
Same az “$201 except output is as shown below,

TYYYYYYZ b

SN745309
Same as SN 245209 sxcept output is as shawn below,

YYYYYYYY b

YYYYYYYYL .o

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Vo (see Note 1), .
Inputveltage . . . . . . . .
Off-state output voltage . . . . . .

Operating free-air temperature range: SN54S° Circuits
SN745" Circuits

Storage temperature range . . . . .

NOTE 1: Volrage valuss are with raspect to netwark groung terminal,

-55°C 10 125°C
0°C 10 70°C
—85°C 10 150°C

TExAs IN
INCQ

STRUMENTS

KPOHATED

POST OFAICE B0X 5012 « DALLAS. TEXAS PR222

173




ZTLEL SWNIAL "RYTIVA + ZIOG ¥OB ID440 1S0d

AILvHOIHDINI

SINTIAWNYLSN] SvXd]

vl

recommended operating conditions

SNE4S180 SNF4AS188 SN5AS207 SNAS201 SN745209 UNIT
MIN  NOKM MAX | MIN NOM MAX | MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 5 5.5 14.75 5 528 | 45 5 5.5 (4.75 5 5,25 |4.78 5 525 V
High-leve) output current, lgH -2 —B.S -2 —-10.3 —10.3] mA
Lowelevel output current, I 16 16 16 16 16| mA
Width of write pulse, tygwr} (522 Figure 1} 25 25 100 65 130 ns
Setup Address before write pulse, tyjad) ol al o ol 14
time isee |Chip enable before write pulse, 15,(TE) 0} 0} Q1 0} 10} ns
Figure 1)|Data hefore ennl of write pulse, tg,{dga) 25t 251 100t 651 140t
Hold Address afler write pulse, thiad) ot ot 1} ot 10t
time {see | Chip enable after write pulse, 1h(TE) ot ot at ot 10% ns
Figure 11| Cata after write pulse, thida) ot ot ot ot 101
Operating free-air temperature, T4 —65 125 4] 70 (-85 125 aQ 70 a 7| °c
t1The arrow indicates the transition af the read/write input used for reference: tfor the low-to-high-transition, Jfor tho high-to-low transition.
electrical characteristics over recommended operating free-air temperature {unless otherwise noted)
‘5189 ‘5201 SN745209
PARAMETER TEST CONDITIONS! UNIT
MIN TVPE MAX | MIN TYPE mAX | MIN TYPT MAX
Vi1  High-level input voltage 2 2 2 v
VL Low-level input voltage [k 0.8 08| v
Vi  Input clamp velage Voo =MIN, L=+ —1.2 —1.2 =15 V
Vou  Highleval output voltaee Vog ~ MIN, V=2V, |Series 545 24 34 24 33 v
Vi = 0BV, Igy=MAX [Series 745 24 332 24 25 24 29
Voo =MIN, Vig=2V, |Seriss 545 0.35 0.5 03 05
VoL Low-level output voltage - v
ViL=038V¥, IlgL =16 mA| Series 745" 035 0.45 Q.38 045 038 045
Off-state output current, Voo = MAX, Vig=2V,
lgzH . . B0 40 100 uh
high-leve! valtage applied VIL=08YV, Vg=24V
lozL Off-state output curre_nt, Voo =MAX, Vig=2V, _80 _a0 _100| paA
low-level valtage applied ViL=08Y, Vp=04V
Iy Input gurrent at maximum input voltage Voo =MAX, V=65V 1 1 1] mé
Iy High-levei input current Ve =MAX, V=27V 13 25 28| ph
1T Lowe-leve | input current Voo =MAX, V=05V —260 —260Q —260| uA
lgs  Short-circuit vutput current 3 Vee = MAX =30 =100} =30 =100 | =30 =100 mA
Ta = MAX 110 115
lec  Supply curren Ve = MAX, | Series 548 [ Ta = 25°C 75 110 100 140 A
See Mot 2 Tpa = MIN 110 155
Series 7458° Full range 75 110 100 140 10 140

TRer conditions shawn as MIN ar MAX, usa the gppropriste value specified undur recommended pperating conditions.
Al typical values are at Ve~ 5V, Ta= 25°¢C,
SDuration of the short circuit should not sxceed onu second.

*), = —18 ma for ‘5189 and 'S201, — 12 ma for 'S209.

NGTE 2: For tha ‘5189 I is messured with rhe read/write and chip-anable inputs grounded, all other inputs at 4.5 W, and the qutputs apen.
For the 5201 and SN745209 |-~c I8 measured with all cnlp-enable inputs grounded, all other inpuis at 4.6 ¥, and the gutpur apen,

SINdLINO 3LVIS-€ HIIM STIHOWIW 31I1HM/AVIH SSIIIV-WOANYYH
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recommended operating conditions

SN545289 SN745289 SN545301 SN7453 SN745309 UNIT
MIN  NDM MAX | MIN NOM MAX | MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
Supply voltage, Ve 4.5 =] 5.5 |4.78 5 525 | 45 5] 55 |4.78 =] 5,24 (4.75 ] 8525 | V
High-level output voltage, VioH 55 7R b5 50 b | Vv
Low-level output current, toy 16 16 16 16 16| mA
Width of write pulse, Tyl {s2e Figure 1} 25 25 100 66 130 ns
Sewup | Address bofore write pulse, toy(ag) o1 <1 04 o v
Lirne {sce | Chip enable bufore write pulse, te, SE) a 01 0 0l 104 na
Figure 2}|Data before end of write pulse, te,tga) 251 26t 1001 651 14071
Hotd Address after write pulse, g4 ot Qt ot 0t 10t
time Isee |Chip enable after write pulse, {MCE} at 0t 1]3 01 10t ns
Figure 2 [ Dato after writc pulse, th{ga) ot ot ot 01 101
Operating free-air temperature, T a -5o 125 o 70 |-EB 1256 o 70 o I
11The arrow indicates the transition of the readfwerite input used for refarence: T{or the low-to-high-transition, Jfor the hiph to-low transitian.
electrical characteristics over recommended operating free-air temperature {unless otherwise noted)
PARAMETER TEST CONDITIONST 5288 23t SN745309 UNIT
MIN _ TYPT MAX| MIN TYP: max | MiN TYPE max
ViH  High-leve! input voltage 2 2 2 v
VL Lowlevel input voltage o.B 0.8 O0e; W
Vik  Input clamp voliage Voo =MIN, 1=+ =-1.2 —1.2 —-1.8] V
) Voo "MIN, V=2V, |Vg=24V 40 40 100
lgH  Hinh-level output current ViL= 08V Vo-55V 100 700 250 HA
Veo=MIN, Vig=2v, |Series54s 0.5 038 0S5
VoL Lowlevel output voltage - v
ViL=08V, lg_ =16 ma | Series 745" 0.45 0.33 045 032  D.4s
I Input current at maximum input voltage Yoo = MAX, V=65V 1 1 1| mA
liH High-level input current Voo = MAX, vi-27V 25 25 28| pA
L Low-level inpui current Vep=MAX, V=05V —250 —250 —250 | pA
Ta = MAX 105 110
Ve = MAX, [Series B45" Ta = 25°C i 105 100 140
Ico Supply eurrent ma
See Note 3 Ta=MIN 106 185
Series 745° Full range 75 105 100 140 1Q 140

YFor conditlons shawn as MIN or MAX, usa tha apprapejate value spacifiod under recommended ¢perating conditions,
FAD typical values ara at Vea =5V, Ta= 257¢.
‘I| =—18 mA {or "S28% and "5301, ~12 mA for ‘S2308.
NOTE 3: For the “S289 lop is measured with the readfwrite and chip-enable inputs grounded, all other inputs a1 4.5 V, and the cutpuis open,
Far the ‘53071 and SN745309 |- is measured with all chip-2nablz inputs grounded, all other inputs at 4.5 ¥, and the quitput open.
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switching characteristics over recommended operating ranges of Ta and Ve {unless otherwise noted)
random-access memories with three-state outputs

' SN545180 SN745189 SN5AS201 SN745201 SN745209
PARAMETER TEST CONDITIONS UNIT
TYPT max | TYPE max |Tyrd max | TvPi max [TYPi Max
Twtwr,min) Minimum widch of write pulse ¢ = 30 pF, 15 25| 15 25 | 40 100 | 40 65 | €6 85 | ns
tatad) Access time from address RL - 3009, 25 =) 25 36 42 85 42 17 70 100 ns
13{CE} Access time from chip enable (enable time) See Figure 1 1z 25 12 17 13 10 13 30 20 40 ns
15K Sense recovery tima 22 40 22 35 20 50 20 40 20 40 ns
IPRZ Drisable time from high or law level from CE_ CL=5pF, R 1=30012, | 12 i) 12 17 9 20 9 20 15 30 e
from R |See Figure 1 12 12 13 45 13 3z 25 40
random-access memories with apen-collector-outputs
PARAMETER TEST CONDITIONS SN545289 SN7452389 SN545301 SN745301 SN745309 UNIT
TYPE MaX | TYPE Max [Tyri max | TP+ MaX | TYPE max
Twlwr,min) Minimum width of write putse 15 25 15 25 40 100 40 &5 65 85 ns
talad) Access lime from address Cp = 30 pF, 25 &0 25 a5 42 B& 42 BB 70 100 ns
talCE} Access time {rom chip enable {anable time} Ry - 300 £, 12 25 12 17 13 40 13 30 20 40 ns
tSR Sense recovery time Rpz=60011, 22 40 22 35 20 50 20 40 20 40 ng
_ Propagatian delay time, low-to- fram (E-_ See Figure 2 12 25 12 17 ] 20 8 20 15 30 ns
high-level autput (disable time) from R/W 12 12 15 a5 15 35 25 40

fan typical valuesare at Ve =S5 W, Ta = 267,

schematics of inputs and outputs

'§18%, 5201, SN745209,
‘5289, "5301, SN745309

‘8189, "5201, SN745209

“5289, "5301, SN745309

Ve

EQUIVALENT OF EACH INPUT

=

IMPUT

QUTPUT

Ve

QUTPUT

QUTPUT

OUTFUT
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SERIES 54S/748
RANDOM-ACCESS READ/WRITE MEMORIES

PARAMETER MEASUREMENT INFORMATLQI.\'I_
Tk

Bl Ty
Vit ARDAESE H
& IHFLTS
P
nsr
HGINT Ry = 3000 s
FROM OUTPLT L
URDEF TEET ™

CHIP-EMRELE
INPUTS

Th

READMWRITE
INPUT
MAVEFORM 1

AE N cioewd, 52 0pes,
o Mo B

' Vo
wWAVEFORM T

150 npam, 52 cinumd, n.n;} .

e T

WRITE CYCLE VOLTAGE WAVEFDRMS

GHIP.

LNABLE

INFUTS 13y
e Nma Gl v

HaVETGRM ]
151 alored, i open,
L Hoan B

auTRUT

----- o S vows
TPAZ = PHI O L T
ACCESiT'ME FROM ADDRESS INPUITS ACCESS (ENABLE) TIME AND BISAELE TIME FROM CHIP ENARLE
OLTAGE WAVEFORMS VOLTAGE WAVEFORMS
NOTES: A, Whan maasuring aceess 1irmes from address inputs, the chip enable inputis) isfare} low and tha read/iwrita is high,

BE. Waveform 1 is for tha gulput with internal canditions suth that the sutput is low excent when disabled, Waveform 2 is far the
oulput with internal cenditions such that the dutput is high excent when disabled.

_ When measuring access and dlseble times hom chip enable input{s), tha address inputs are steady-state and the readfwrite input is
high.

. Input waveforms are supplied by pulss generators having the following charactaristics® t, < 2.5 ns 17 < 2.5 ns, PAR = 1 MHz,
and Zoyy = 50 12,

FIGURE 1-TESTING RAM's WITH 3.5TATE OUTPUTS
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ACCESS TIME FROM ADDRESS INPUTS

ACCESS {(ENABLE} TIME AND DISABLE TIME FROM CHIF ENABLE
VOLTAGE WAVEFORMS

VOLTAGE WAVEFORMS

NOTES: A. Whan measuring access times [rom address [Inputs, the chip-enable input(s] islarel low and the tead fwrite input is high.

B. Waweform shown is {ar the output with internal conditions such that the autpus is low except whean disabled.

C. Whan messuring access and disata{e times from chip-anable inputis), the address inpurs are stoad y-state and the read/write inpu is
high,

0. tnput wavelarms are supplisd by pulse generators having the following charscreristics: Tp £ 2.5 ns, £ = 2.5 0z, PRR = 1 MHz,
and Zgyy = 5O 2.

FIGURE 2-TESTING RAM's WITH OPEN-COLLECTOR OUTPUTS
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TTL TYPE SN7489
MEMORIES 64-BIT RANDOM-ACCESS READ/WRITE MEMORY

BULLETIM NQ. DL-5 7511386, DECEMEER 1972 —REVISED MAY 1975

+ For Application as a “Scratch Pad” Memory JOR N PACKAGE
with Nondestructive Read-Dut

¢ Fully Decoded Memory Organized as 16
Waords of Four Bits Each

ADA 1 :) 16 Vee
* Fast Access Time . . . 33 ns Typical
¢ Diode-Clamped, Buffered Inputs ME 2 :,\J 16 ADE
¢ Open-Collector Qutputs Provide Wire-AND —
Capability we 3 s AdC
» Typical Power Dissipation ... 375 m\W D1 a 12 ADD

s Compatible with Most TTL and DTL Circuits

description

g
L]
o

g
AYAYAYAYATAYAYA

-
-
=]
=]
.

This 64-bit active-clement memory is 2 monelithic,
high-speed, transistor-tramsistor logic {TTL) array of

AV N VY

64 flip-flop memory cells organized in a matrix to baz 7 0 M3
provide 16 words of four bits cach, Each of the 16

n words is addressed in straight binary with full on-chip GND 8 % D03
decoding.

The buffered memory inputs consist of four address
lines, four data inputs, a write enable, and a memory

enable for controlling the entry and access of data. WE | WE | oPERATION CONDITION OF DUTPUTS
The memory has open-collector outputs which may Lt | write Complement of Data Inputs
bz wire-AND cannected to permit expansion up to L | H{ Read Complement of Selected Word
4704 words of N-bit length without additional output H | L | Inhibit Storage | Complement of Data Inputs
buffering. Access time is typically 33 nancgseconds; H | H | Do Nothing High

power dissipation is typically 375 milliwatts,

write operation

Information present at the data inputs is written into the memary by addressing the desired word and holding both the
memory enahle and write enable low. Since the internal output of the data input gate is common to the input of the
sense amplifier, the sense output will assume the opposite state of the information at the data inputs when the write
enable is low.

read operation
The complement of the information which has been written inlo the memory is nondestructively read aut at the four

sense outputs. This is accomplished by holding the memory enable low, the write enable high, and selecting the desired
address.
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TYPE SN7489

64-BiT RANDOM-ACCESS READ/WRITE MEMORY

functional block diagram
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schematics of inputs and outputs

ECNIVALENT OF EACH INPUT TYPICAL OF ALL DUTPUTS
Yoo -
Req CUTFUT
INFUT -

Data Inputs:
All others:

Raq = 5 k52 HOM
Req -~ 4 kil NOM
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TYPE SN7489
64-BIT RANDOM-ACCESS READ/WRITE MEMORY

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Ve isee Note 17 . . . . . . . . . L L L. 7N
input voltage {see Note 1} 56V
High-level sutput voltage, VOH [see Ncnes 1 and 2} . . . . bbbV
Qperating free-air temperature range . . e e e e e e e, 0°C1o 70°C
Storage temperature range . . . . . . . . . 4 4 e e e e e e e e e e e o ... . —BBCt0180°C

NOTES: 1. Voltags values are with respect to network ground termingal,
2. This is the maximum veltage that should be applied to any output when it is in tha off state,

recornmended operating conditions

MIN NOM MAX UNIT

Supplyvoltage, Voo . . 0 0 . . - . L L L o oo L o s s s e s s ... ATS 5
Width of writc-enable pulse, ty, . . . e e e e e 40
Setup time, data input with respect to write enable lsu {see Flgure 1 e 40
Hold time, data input with respect to write enable, ty {see Figure 1} . . . ., . . . 5
Select input setup time with respect to write enable, tg, Ce e e e e e o
Select input hold time after writing, th {see Figure 1) e e e e e e 5
Cperating free-air temperature, Ta e e e e e e e e e a

5.25

0

W
ns
ns
ns
ns
ns
"G

electrical characteristics over recommmended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS? MIN TYPE MAX |UNIT
ViH High-level input valtage 2z W
VL Low-level input voltage 8| v
Vik Inputclamp volege Vg = MIN, 1 = —12 mA 151 W
B Vee =MIN, ViH=2V,
lgy  High-level output current 20 pA
ViL=08V. VpH =55V
Vec=MIN, Viy=2v|I =12 mA 04
VoL Low-level output voltage cc H oL v
ViL =08V, loL = 16 mA Q.45
I Input current at maximum input voltage Voo =MAX, V) =55V 1| mA
hhH  High-tevel input current Voo = MAX, V=24V a0 | uA
it  Low-level input current Voo = MAX, V=04V —1.6| ma
lec Supply current Voo = MAX, See Note 3 75 105 ] mA
Ve =50 W, =2.
Co Qf-state output €apaci lance cc Vo =24V. B.5 pF
f=1MHz
NOTE 3 |gp is measurnd with the memory enable grounded, all other inputs at 4.5 V. and all outputs open.
YFor conditions shown as MIN or MAX, use the appropriate value specificd under recommended operating conditions,
T Al typical values are at Voo = 5 ¥, T4 = 25°C.
switching characteristics, Vep =5V, TA =25"C
PARAMETER TEST CONDITIONS MIN TY? MAX |UNIT
Propagation delay time, low-to-high-level
oLy P v g 26 50
output from memary enable
ng
Propagation delay time, high-to-low-level
tPHL 23 50
putput from memory enable CL =30 pF
Propagation delay time, low-ta-high-tevel -
oL P ¥ i g MLy = 3001, 30 60
output from any address input Rip=60010
' ns
Prapagation delay time, high-to-low-leval f
PHL Fag ay . g See Figure 1 35 50
output from any eddress input
Sense recovery time " gutput initially high 29 Fi
s — ns
SR after writing output initially low 123 70
180 TEXAS INSTRUMENTS
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TYPE SN74389

64-BIT RANDOM-ACCESS READ/WRITE MEMORY

PARAMETER MEASUREMENT INFORMATION

Yee
RL1=3000

—T—c,_=3on

@ {5ee Note B)

From output
under test

§-Ft|_2 = 600 2

LCAD CIRCINT

3v
MEMORY
EMNARLE 1
| L|e e——ov
| |
I ] avy
ANY
ADDRESS
- 1 { V———1DV
M tpLn
e I N
OH
ANY 15V
oUTPUT
———VoL

Weita enable js high,

READ CYCLE

NOTES:
B. T includes probe and jig capacitance.

—————————————— av
MEMORY
ENABLE
ov
|o—-4|— tey
| 3V
ANY
ADDRESS ’
- : M 0V
e
DATA
INPUT
WRITE
ENAELE
A ——— v
- tgg ™
: - VoH
ANY HIGH P ' ©
CUTPUT : ~F 15V
1 ——————
M  tgR ——CJI oL
=N, I Vou
ANY LOW N 1.5V
QUTRUT -
e e — — —— voL

WRITE CYCLE FAOM WRITE ENAEBLE

A. The input pulse generatars have the fallowing characteristics: tp < 10 ns, 1 = 10 ns, PRR = 1 MHz, 24,y = 5083,

FIGURE 1-3WITCHING CHARACTERISTICS

TYPICAL CHARACTERISTICS

INFUT GURRENT
Vs
INPUT VOLTAGE

Ve =5V
|_Ta=25C

o — DATA INPUTS

PROPAGATION DELAY TIME
vE

FREE-AIR TEMPERATURE
40

T T T
 tpH L SELECT INPUTS

/] i
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LY \\

A

s —

|t

[

30 FPr=——
'b\

1Y

1 k= :
T .2 ALL QTHER IN_PUT& ] ul; 75
g E h_tpyL MEMORY ENMABLE INPUT
£ IS
3 g 2 ]I ! ]I
£ H \ | tpLn SELECT INFUTS
2
LI iy
= ! o \._ tpLH MEMORY ENABLE {NPUT
-8 10 1
l Veoe =5V
—10 : 5 [— CL=30¢F
I l R = 300 0
12 0 [ |
=1 0 1 2 3 4 5 a] 0 20 30 40 50 60 0
Vi—Input Voltage—¥ Ta—Free-Air Temperature—"C
FIGURE 2 FIGURE 3
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TTL

MEMORIES

SERIES 54/74, 54S/74S
PROGRAMMABLE READ-ONLY MEMORIES

BULLETIM ND, DL-5 75612258, MAY 1875

* Titanium-Tungsten (Ti-W) Fuse Links for
Fast, Low-Voltage, Reliable Programming

« Al Schottky-Clamped PROM s Offer:
Fast Chip Select to Simplity System Decode

Choice of Three-State or Open-Collector Qutputs

P-N-P Inputs for Reduced Loading on
System Buffers/Drivers

«  Fuli Decoding and Chip Select Simplify
System Design

*  Applications Include:
Microprogramming/Firmware Loaders

Translators/Emulators
Address Mapping/Look-Up Tables

Code Converters/Character Generators

TY¥PE MUMBER (PACKAGES] BIT SIZE OUTPUT TYPICAL ACCESS TIME Insg)
-65"Ct1265°C| 0'Cto70°C [{ORGANIZATION) | CONFIGURATIGN FROM FROM
ADDRESS | CHIP SELECT
SN54186J, W} | SN7418600, N) {s::: :':B} open-collectar 5O 85
SNEH1BBAL, W) SM7418BAIL M) 756 bits epen-collectar 30 a4
SNBAS188LI, W | SNP4S1881, N} {32V x 8 B} open-collector 25 12
SNB4ASZEALI, W) [SN725288(), NI three-state 25 12
SNBASZETIL, W1 [ SNFASZETIL, M) 1024 bits three-stata 42 15
SNSAS3ET7(J, W) [SN7453870), NI| {256 W x 4 B) open-callactor 42 15
SN545470{0} | SN745470(J, N} 2048 bits oprn.collectar &0 20
SN54547110) SMYA54714), NI| {256 W= 8B B! thres-state 50 20
SNBASAT ) SN74S4AT2{, N) 4096 bits three-state 55 20
SNE45473(0) SMN7484730), N} (512w« 8 B! open -collectar 4] 20
512 BIT 356 BITS 024 BITS 2048 BITS 4096 BITS
54 WORDS BY 8 BITS) {32 WORDS BY 8 BITS! 1256 WORDS BY 4 BITS|  |1256 WORDS BY 8 BITS) 1512 WORDS BY 8 BITS)
186 "1EBA, ‘5188, 'S288 ‘5257, ‘5387 "B470, ‘5411 472, "SATR

R4 U—Dzﬂ vee R IRTY o6 wer ADG 1 1B Vo AD & 'g 0 v Aua ‘CU)N vee
ne 2] [223 aup 2 o @ 2, RIS wF 2 5 api ADE 2 1 anu ane 2(] 218 a0
LU TR 1y (322 oo Do 3 35‘] Em ARE BDE 3T 114 B2 ADC 3] W oAD anc 3] [ 2pnH
ADB g 2 coz [Ty 12 oAnD ADD 4 13 TE ARG Ay W enFE ADD ag] [217 abt
anc 6 [»70 CO3 oo 5 S [ 12 and alrh 5] 17 Dot e ] 18 EE7 ACE 5] (216 Ao
€51 8¢ [210 oos Py E noanE ADE B " opo 2 001 6] 15 73 RN Ty [w1s %
[<F2ETq [318 pos pu 7 o# e Apa L2 PRLEL ooy 7] 1% noa o2 e [1a paa
Aol B [>17 oos GND B 48 noE TR S R B 1 B M onot LNy 13 cor
ADE &r] [218 po7 Do 4 8(] Eu =10 ooa 3] (212 pos
ADF 100 [215 pos cunw(t l_i 1nonos LHD 1] [y DOS
GhL Y 11 [x14 ot S

ue 17t 213 ahD2

Fin azsignments for all of these memaories are the same for all packages.
HE - N sniernal cnneg s

1163w ward far winng pumases
The lzgic a1 TG is unzetined.

description

These monolithic TTL programmable read-only memories {PROM's} feature titanium-wngsten (Ti-W) fuse links with
each link designed ta program in ane millisecond or less. The Schottky-clamped versions of these PROM’s offer
considerable flexibility for upgrading existing designs or impraving new designs as they feature full Schotiky clamping
for improved performance, low-current MOS.compatible p-nep  inputs, choice of bus-driving three-state or
open-collector outputs, and improved chip-select access times,

The high-complexity 2048- and 4096-bit PROM’s can be used to significantly improve system density for fixed
memaories as ail are offered in the 20-pin dual-in-line package having pin-row spacings of 0.300 inch.
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SERIES 54/74, 54S/748
PROGRAMMABLE READ-ONLY MEMORIES

description {continued}
Data can be electronically programmed, as desired, at any hit location in accordance with the programming procedure
specified, All PROM’s, except the "S287 and "S387, are supplied with a low1agic-level cutput condition stored at each
bit location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at selected
locations. The procedure is irreversibile; orce altered, the output for that bit location is permanantly programmed,
Cutputs never having been altered may later be programmed ta supply the opposite autput level. Operation of the unit
within the recommended operating conditions will net alter the memary content.

A low level at the chip-select input(s) enables each PROM except the "1B8, which is enabled by a high level at both
chip-szlect inputs. The opposite level at any chip-select input causes the outputs 1o be off,

The three-state output offers the convenience of an open-collector eutput with the speed of a totem-pale output; it can
be bus-cannected 1o other similar outputls yet it retains the fast rise time characteristic of the TTL tatem-pole output.
The apen-collector output offers the capability of direct interface with a data line having a passive pull-up.

schematics of inputs and outputs

"186, “1BBA *1886, '188A
EQUIVALENT OF TYPICAL OF
EACH INPUT ALL QUTPUTS

Veg-—

—OUTPUT

INFUT

Frogramming gircuit not shown

'S1B8, "5297, 'S288, 'S187 '$188, '5387, 5287, '5288%
3470, ‘5471, "S472, "5473 ‘8470, '5A73 ‘5471, '3472
EQUIVALENT OF TYPICAL OF TYPICAL OF

EACH INPUT

ALL OUTPUTS

ALL QUTPUTS

Voo ’ — - —-
- = - —1Vge

58 11 NOM

. . oUTPUT K—

|NPuT—rkf _
F 3

Programming ¢ircuit not shewn

DUTPUT

Programming cireuit not shown

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage (see Mote 1) e e e e e e e A Y
INPUT¥OITA0e . . . . . . . e . e e e e e e e e e e e e e e s e e e e e .. BBY
Off-state outputvoltage - . . - . . . . . . . . . . . . . o . 4 i 4o e i oo oo . .. bbbV
Operating free-air temperature range: SN54°, SNB4S Circuits . . . . . . . . . . . .. . =B5Cto126°C

SM74%, SN745* Circuits . . . . . . . . . . ... . 0°C to 70°C

—85°C 10 150°C
NQTE 1: Woltage values are with respect to netwark ground terminal (GND 2 of "186),. For "186 GND 1 and both GMNO 2 terminals are all

connected 1o system ground except during prooramming. The supply-voltage rating docs not apply during pragramming of the 188,
“1BBA, or the §45/745 PROM 's.

Storage temperature FanNge . . . . . . . . . u v e e e e e e e e e

575
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TYPES SN54186, SN74186
PROGRAMMABLE READ-ONLY MEMORIES

recommended conditions for programming

MIN  NOKM  MAX [UNIT
Supnly voltages (see Note 2 vYee 4.7 5 8],
GNO 1 -5 -1
Open circuit
. High lewel
Input conditians {sec Note 3 and 4} or equivalent
Low tevel -5 -1 v
Quiput voltage —6.57% v
Output current, cutput heing programmed —05 —120 —13D | mA
Duration of programming pulse [see Note 6} 1 20 | ms
Programming duty cycle 25 35| %
Free-air temperature L] 55 | *C

tAbsplute maximum ratinfgs.
MOTES: 2.

ftl:iamp to ansure autput does not exceed —0.5 W with respect to GND 1,
Voltage values are with respect to the GND 2 termilnals,

A. The high-level {aff} output of a3 Saries 54/74 or 545/745 open-collector gate with no pull-up resistor meets the requirements for

4.
5.

a high-level input condition.
The low-level input valtage must be within *00.6 volts of the applied voltage at GND 1.
Programming is guarantead if the pulse is applied 1o the output for 10 ms. Typically, programming goours in less than 1 ms,

step-by-step programming procedure

Programming the SNB54186 or SN7418G is performed individually for each of the 12 bit locations and consists
basically of applying a current pulse to each output terminal where a low logic fevel is to be changed to a high {off)

level,

The power supply and ground connections described below are designed to ensure that alteration of the

memary content occurs during the programming procedure only,

1

Connect the memory as shown in Figure 1. To address a particular word in the memaory, set the input switches
to the binary equivalent of that word where a low logic level is as specified under “recommended conditions
for programming’ and a high logic level is either an open circuit or cannection to an open-callector TTL gate
with no pull-up resistor.

Apply a programming current pulse as specified to the pin assaciated with the first bit to be changed from a
low-level to a high-level autput,

Repeat Step 2 for each high-level output desired in the word addressed {program only one bit at a time). Any bit
that is to remain at a low level should have its respective output open-circuited during the entire programming
cycle for the addressed word.

Set the next input address and repeat steps 2 and 2 at a programming duty cycle of 35% maximum. This
procedure is repeated for each input address for which a specific cutput word pattern is desired. A low logic
level can always be changed to a high logic level simply by repeating 5teps 1 and 2. Once pragrammed ta
provide a high logic level, the output cannot ke changed to supply a low logic level.

NOTE: When verification indicates that abitdid not program, rapeat steps 2 through 4. |f the bit did not program after the second application
of a 1-millisecend pregramming pulse, reprat steps 2 through 4 using programming pulse time ot 10 to 20 milliseconds. Regard less of
the programming pulse duralion, its total average pulse time should be na more than 36% of the programming cycle.

Yoo

oo G4

[Ty S—

Dad p——o0o

FROGRAMMING
PLLSF
GENERATOR

o0

ilaL R

—cs 17T fmem
SEIEY
— 052 gD oQs

GNO = = GNOY =

LRI

CPEN (4 LECTOR OUTRUT
{NOPULL UP RESISTOR)

=5 Wt —6

FIGURE 1-PROGRAAMMING CONNECTIONS
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TYPES SN54188A, SN74188A, AND SERIES 54S5/74S

PROGRAMMABLE READ-ONLY MEMORIES

recommended conditions for programming

NOTES:

"1BBA SNE45", SN745' uNIT
MIN NOM MAX |MIN NOM MAX
Steady state 4.75 5 575 |45 B 575
Supply voltage, Ve {see Note B il 2 v
Program pulse 10 105 1t 10 1058 1t
High level, ¥ 2.4 2 2.4 -]
Input voltage J iH W
Low level, Vyy 0 0.8 0 0.5
L B ) See load circuit Ser load circuit
Termination of all outputs execpt the one to be programmed . .
{Figure 2] {Figure 2}
. +0.3
Voltage applied to output to be programmed, VG gr) {52 Note 7) 0.26 a5 0 025 0.3 W
Dwration of Ve programming palse Y (see Figure 3 and Note 8) 1 20 1 20 | ms
Pragramming duty cycle 25 358 25 35 %
Free-air temparature o 55 0 56 | °C
1 Absoluts masimum ratings.

&, Voltage values are with raspect 16 the GND 2 tarminats.

7. The "188A, '5183, "S288, ‘5470, 'S471, '5472, and 'S473 are supplied wicth all bit locatians containing 8 |ow logic level, and
programming a bit changas the curput of the bit ta high logic level. The "S2B7 and "S387 are supplied with all bit autputs at a
high logic level, and programming a bit changes it to o low logic level,

8.

Programming s guarantecd if the pulse applied is 10 ms lang. Typically, programming accurs in 1 ms,

step-hby-step programiming procedure

1. Apply steady-state supply voltage (Vo =5 V) and address the word to be programmed,

2. Verify that the bit location needs 1o be pragrammed. If not, proceed 1o the next bit.

3. If the bit requires programming, disable the outputs by applying a high-logic-level voltage to the chip-select
input{sl.

4. Only one hit lacation i5 programmed at a time. Connect gach output not being programmed 10 5V through 2.8 kQ
and apply the voltage specified in the table to the output to be programmed. Maximum current out of the
programming output supply during programming is 150 mA.

5. Step Vg to 10.8 V nominal, Maximum supply current reqguired during programming is 750 mé.

. Apply a low-logic-level voltags to the chip-select input{s). This should oecur between 10 ps and 1 ms after Vo has
reached its 10.5-V level. See pragramming sequence of Figure 3.

7. After the X pulse time {1 ms} is reached, a high logic level is applied to the chip-select inputs to disable the
outputs.

8. Within 10 ps to 1 ms after the chip-select input(s) reach a high logic leve!, Vo should be stepped down to 5V at
which level verification can be accomplished,

9. The chip-select input{s) may be taken to a low logic level {to permit program verification) 10 us or more after Voo
reaches its steady -state value of 5V,

10, At a Y pulse duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired tu program a
bit.
NMOTES: A} W should beremoved hetwean program pulses to reduce dissipation and chip temperaturcs. See Figura 3.

LOAD CIRCUIT FOR EACH DUTPUT
NOT BEING PROGRAMMEE OR FOR
PROGRAM VERIFICATION

Bi When veritication indicares that a bit did not program, repeat steps 3 through 9. If the bit did not progran: after the
second application of a 1-ms X pulse, repeat steps 3 throwgh @ using an ¥ pulss timaoi 10 1 20 ms. Regardtess of the ¥
duratign, the total average pulse time gf ¥ should be no more than 35% of the programming cycta,

WEHIFY F—Y — I¥ TYFICA. "—'——'__4
EAd NEED T —H 1 I-——-1—\,'Eﬂlnr?mjc.n.au 106y
FROLHAR REMGWVE Ve TO
} 19k ver l /-vm.uucr. avERAGE l_,:"“'
aukLT |.._ FONER _———— o
IGrsta b ms

10wsialms
s 1

e N
= L[
AEMOVE

]_Evm
ViL

BPP_T
ViHprl

FIGURE 2
FIGURE 3-VOLTAGE WAVEFORMS FOR PROGRAMMING
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TYPES SNb4186. SNb418BA, SN74186, SN74188A
PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions

SN54186 SN74186
SNE4188A SN741884 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 =) 5.5 | 4.7 L) .25 Vv
High-levet output valtage, VoR 5.5 55 v
Low-level output current, I 12 12 | mA
Diperating free-air temperature, T 4 =55 129 4] 70| °cC
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted}
PAGAMETER TEST CONDITIONST 136 188A UNIT
MIN TYPF MAX [MIN TYPI max
Wiy  High-evel input voltage 2 2 v
ViL  Lowlovel input voltage 0.8 0.8 | W
Vik  Inpul clamp vollage Voo -MIN, = —12mA —-1.5 —1.5 hd
lgH  High-leve! output current :TLC' ;':r: ViH =2V, xg: — :: : ;gg 001 M4
Vee=MIN, Vig=2V,
Vo Lowlevel putpat voltage 0.4 045 |V
ViL=08Y, Ig,=12mA
" Input turrent at maximum Vee =MAX, V=55V 1 1 | ma
Input voltage
IH High-level input current Vee = MAX, V=24V 40 40 | pA
T8 Low-tevel input enrrent Voo - MAX, V=04V —1 —1 | ma
Ige  Supply current Voo = MAX, SceNote § Both C8at 0V 47 % ma
Both C8 a1 4.5 30 120
lgeH  Supplycurrent, all outputshigh Veg = MAX See Note 10 a0 80 A
lecL  Supply current, all sutputslow See Notz 11 32 110
Cg Off-state output capacitance  |Vpe =8V, Vo -2V, f=1MHz 6.5 6.5 pF

tFor canditions shown as MIM or MAX, use the appropriate value specified under recommended operating conditians,
LAl typical values are at Voo =5V, Ta=28°C.

NOTES: 9. Igg of 186 is measured with all outputs open and 1he address inputs at 4.5 V. Typical values are for 50% of the bits programmed.,
10, Ipoy of 182 A is measured with all inputs at 4.5 ¥, afl autputs open,
11, I, of “12884 is measured with the chip-gelect input grounded, all other inputs at 4.5 ¥, and all cutputs open, The typical value

shown is for the warst-case candition of all sight outouts low at one time, This condition may not be possible alter the device has
been programmed.

switching characteristics, Vo =5V, TA = 25°C

__ tpLH Inst
t {nsl t {
. alﬂt_ﬂ : alcs/cs) insl Propagation dalay time,
' )
TYPE TEST CONDITIONS Fress tme from Access time fram low-t6-high-1evel output
address chip select fenable time!}
from chip select {disable time)

TYP MAX TYP mMAX TYP MAaX

186 |CL=S0pF. RLq=4001, 50 75 55 75 0 75
"18BA |RpL==60007, Saa Figured 30 50 4 50 23 50

186
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SERIES b48/74S
PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

‘5387,
5188
5470, 'S473 UNKT
MIN  NOM MAX [ MIN NOM MAX
Serigs B45 4.5 S 5.5 4.5 5 b.b
Supply voltage, Voo ries v
Serins 745 4.75 5 B.2b | 475 5 B.2%
High-level cutput valtage, VoH 55 85 W
Lowrlevel output current, Ig) 20 16 | mA
648 =55 126 | =55 125¢
Qperaling free-air temperature, Ta Series hd C
Sarigs 745 Q 70 a 70

electrical characteristics over recommencded operating free-air temperature range {unless othetwise noted)

PARAMETER TEST CONDITIONST MIN TYPE mMAX |UNIT
'_\—J'ﬁ " High-tevel input vohage 2 v

VL Loweleval input voltage 0.8 v

Vik Input clamp voltage Ve = MIN, Ij=~18mA -1.2 v
Vee = MIN, VaH =24V 50

IoH High-level output current VIH= 2V, HA
VIL=D8V Vou =55V 100

VoL Low-level output voltage vee - MIN. ViH =2V, 05 V
ViL=08Vv, toL = MAX

Iy Input current at maxirmum input valtage Voo = MAX, V=558V 1| ma

hiH High-level input current Voo = MAX, V=337V 25 [ HA

hiL Low-level input current Voo = MAX, V=05V —250 | A
Ve = MAX, 'S188 80 110
Chip select(s) at OV, ‘5387 100 {38

lee Supply current Quipuis epan, '§470 110 165 mA
See Nore 12 ‘5473 120

switching characteristics over recommended ranges of T a and Vo {unless otherwise noted)

— tpLY fns}
t Ins} t {ns}
a{ad.l ® a(CSI} " Propagation delay time,
Access time from Access time from )
TYPE TEST CONDITIONS X | taw-to-high-level output
addrass chip scicet {enable time) . | )
fram chip select {disable time)
TYrd MAX TYP? MAX TYP? MAX
EMNEAZ138 28 50 12 30 12 30
SN7435188 25 40 12 25 12 5
SNE48387 G| = 30pF, 4z 75 15 40§ 15 40§
. 5SN745387 R 1 = 30082, 42 65 15 35 15 35
SME4S470 Apz=E000, 50 80 20 a4 15 as
SM743470 See Figure 4 50 i) 20 K 15 30
SNE45473 55 20 . 18
SN743973 =153 20 15

YFor canditions shown as MIN or WA, use the appropriaty value spocified under recommended operating conditiens.

TAl tvpical values areat Voo = 5 W, Ty - 287C.

*an SNE4838T in the W package operating al freeair 1emperatures above 102°C reduires a heat sink 1thal provides a thermal rasistance from
case to free air, Rgopn, of not mere than 42 “CAN.

FTuntative spEcisications.

MOTE 12: The typical values ot e shown are with all outputs low.
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SERIES 545/745
PROGRAMMABLE READ-ONLY MEMORIES WITH

3-STATE OUTPUTS

recommended operating conditions

85287
‘5288
'S471, 'S472 UNIT
MIN NOM MAX |MIN NOM MAX
5 | It v Senes 45 45 5 5.5 4.5 5 5.5 v
L woltage,
pRly veltage. YCC Sevies 748 375 5 525 [435 & &%
High-level nutput current, | Serics 545 -2 -2 A
gk Ut Current, - m
oH Series 745 65 65
Low-level surput eurrent, I 16 2| mA
Series 545 —56 126 | 565 o,
Dperating free-air 1ermperature, Ty eries = 2 2 125 c
Series 745 a 0 1] 70
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted}
SN545" EN748"
PARANMETER TEST CONDITIONST UNIT
MIN TYPE maX |MIN TYPI max
ViH  High-level input vohage 2 2 v
VL  Low-level input voltage 0.8 0B| V
Vg Input clamp voltage Voo = MIN, Iy = =18 mA —-1.2 —1.2| V
Voo = MIN, Vi -2V,
W High-leva| output voltage 2.4 3.4 2.4 3.2 W
oH M4 P % V) =08V, IoH = MAX
Voo = MIN, Vig=2Vv.
W, Love-level quiput volt 0s 0s| VvV
oL Low-level output voltage V)L =08V, I, ~ MAX
— O_ff-state output currern, Veo = MAX, VIH=2V, 50 500 uA
high-level voltage applied Vg=24V
Off-state output current, v =MAX, Vin=2V,
lozL . ce H -50 —50| ua
law-leve! voltage opplied Vo=08V
Input current at maximum
1 . Vee =MAX, V) =55V 1 1| mA
input voltage
{[7] High-level input current Voo = MaX, V=237V 25 25| HA
hL Low-level input current Vg = MAX, Vy=0sY —250 —250 | nA
log  Short-gircuit output current 8 Vep =MAX —30 —100 | -30 —100| mA
Voo = MAX, ‘8287 100 135 100 135
Chip selectis) at 0 W, | 'S288 80 110 80 110
lge Supply current - ma
Qutputs open, 5471 110 185 110 165
See Note 12 '§472 120 120
switching characteristics over recommended ranges of T and V¢ (unless otherwise noted}
ta{ad) Insh 13155 Ins} tpxz (nsl
Accass time Access ume fram Disable time fram
TYPE TEST CONDITIONS ) . ;
from address chip select {enable time) high or low level
TYRd MAX TYrl MAX TYP} MAX
$NB45287 42 5§ 15 404 12
SMN745287 42 65 18 35 12
Cp =30pF for
SM545288 I 25 50 i2 30 B 30
t and 1, \
SN745288 alad) 87C TalCS} 25 40 12 25 g 20
& pF lor ipxz.
EN54E471 Ry = 300 12 50 &0 2{) A 15 35
SN745471 L ’ 50 70 20 35 15 30
See Figurs §
SN545472 55 20 15
SN745472 5% 24 15

TFer canditions shown as MIN or MAX, use tha appropriate value specified under recommended gperating conditions,

IIAII tvplcal valuesare at Mo =6 W, Ty = 25°C.

Mot enare than ene autput should be shorted at a time and duration of the shorg-clrcuil should not exceed one second.
*4n SN545287 in the W package operatlng at free.air ternporatures above 108 C requires a heat sink that prevides A tharmal resistancs fram

case-1o-free-air, B a, of not more than 4270w,

NMOTE 12: The typical values of I o shown are with all outputs low.

§Tentative specifications
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SERIES 54/74, 548/748
PROGRAMMABLE READ-ONLY MEMORIES

PARAMETER MEASUREMENT INFORMATION

Voo
RLq = 300 2 crie & fm——— e m e — ————— av
FROM OUTPUT SELECT M sy
UNDER TEST INFUTLSL | | M ——-av
CL=30pF )

Az =600 AODRESS ‘—{- _——— f“———l——_—3‘-’
| 1.5v 1465y

INPUTS PO L 0y
. | | |

[T !
T 1 faladh 1 L T Lalod TRLH
1 1 W,

aUTPUT 1h5W 15w 1.6V 15W

{Ser Nate B T

= = L TE € tat s

LCAD CIRCLIT VOLTAGE WAVEFORMS

NOTES: A. The input pulse generator has tha following characteristies: Zg,y = 50 {1 and PAR < 7 MHz, For Series 54/74, 1 = 7 ns,

tf % 7 ns For Sories 545745, 1, % 2.5 ng, 4+ 2.6 n=,

€| includes probe and jig capacitance,

L. The pulsa generaier is connected to the input under test. The other inputs, memory content pormitting, are connectad so that tha
input will switch the putput undar tegt ,

=

FIGURE 4-SWITCHING TIMES OF "186, "1B8A, 'S188, "S470, 'S387, AND "5473

Veo
516 ADDARESS ————————- 3V
o
TEST 0/ INPUTS W15V \st
POINT i5ea Nota A} -—= | —————— 0V
:: Ry =300 Q P—tajad— l"‘a[ad:“‘:
y
l : OUTPUT : 15 Y ' IEVVOH
FROM QUTPUT - (51 and $2 c'nsea} v
UNDER TEST ~ oL
t ¥ ACCESS TIME FARDM ADDRESS INPUTS
3 1 k5L L 3 VOLTAGE WAVEFORMS
1 ¥ CHIP-
SELECT 15y 3V
Co INPUTS ~ A sV ov
& —
an [Seo Nowe B) - ] lL....__ Lz a5 v
FORM 1 ! i
WAVEFOR 15y VS os v
151 clased, 82 open, : | 43
——- v
MNote C) . ] oL
l Sae ——et105) Y
= WAVEFORM 2 1 :i:_— Yad
[E1 open, S2 closem W
C| 1oeluiles probe and jig capacitance. See Note Cf tpuz ‘I,"‘ =0V
All digeas are TN30G4. tpx2 = tPHZ OT tPLZ

ACCESS {(ENABLE} TYME AND DISABLE TIME FROM CH{P SELECT

LOAD CIRCUIT VOLTAGE WAVEFORMS

NOTES: A, When measuring access times from address inpots, 1he chipselect inputlsh jstare! tow,
When muasuring access and disable times {rom chip-select inputls), 1he address inputs are stead y-slate,
. Wavefarm 1 is for the output with internal conditions such that 1he Qutput is fuw except when disabled. Wavelorm 2 is for the
gutput with internal conditions such that 1he culput iz high except when disabled.
0. Input waveforms are supplied by pulse generators having the following characieristics: 1 = 2.6 ns, 1} < 2.6 ns, PRA = 1 MHz,
and Zp,p * 80 {5

po

FIGURE 5-SWITCHING TIMES OF "$287, 'S288, '$471, AND ‘5472

PELMTED IR LIS A,
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TTL SERIES 54/74, 545/148
MEMORIES READ-ONLY MEMORIES

BEULLETIN ND, DL-& 7512258, MAY 1675

256 BITS {32 WORDS BY 8 BITS)

* Mask-Programmed Memories That Can Replace PROMs 88A
s Full On-Chip Decoding and Fast Chip Selectis) Simplify System 00 1] U 316 Veo
Decoding poz 2(] 1016 TE
»  All Schottky-Clamped ROMs Qffer Do 3 3] ~14 ADE
—Choice of 3-State or Open-Caollector Qutputs D04 4] 13 ADD
—P-N-P Inputs for Reduced Loading on System Buffers/Drivers 005 5] 712 ADC
s Applications Include: DOG 61 ™11 ADB
—Microprogramming Firmware/Firmware Loaders 007 7] ™10 AD A
—Code Converters/Character Generators GND 8] e Dos8
—Translators/Emulators
—Address Mapping/Look-Up Tables 1024 BITS {256 WORDS BY 4 BITS)
187
TYPE NUMBER (PACKAGES} TYPE OF BITS5IZE  [TYPICAL ACCESS TIMES
—55°Cto 125°C| 0°Cto70°C | OUTPUTIS) |(ORGANIZATIONY CHIPSELECT | ADDRESS ADG 1(] 116 Voo
256 Bi .
SNE4BBAN, W [SN7488AN, N} | Open-Collector| s , 22 26 ns ADF 2‘; 515 ADH
32‘:4"83 ADE 3] 14 G52
‘| 1 —
SN54187(J, W} [SN74187(), N} | Open-Collectar :zsgw B:SB} 20 ns 40 ns ADD 4] 13 Csa
x
1
SN545270M0  [SN74527010, N} | Dpen-Collector 2048 Bits T ADA 5] )12 DOt
SNEASITOIN}  |SN74S37010, N7 | 3.5tate (512 W x 4 B} " =n ADE B(] D11 po2
SNS452710}  |SN?452711J, N} | Open-Collectar 2048 Bits 151 45 s apc (] [>10 DO3
SNEAS37ILN  {SNTAS371LL, N) 3State 1256 W x 8 B} GND 8] 19 D04
description 2048 BITS (512 WORDS BY 4 BITS}
'§270, ‘5370

These monglithic TTL custom-programmed read-only memories {ROMs) are
particularly attractive for applications requiring medium ta large guantities of the ADG 1] U D18 Vo
same bit pattern. Plug-in replacements can be obtained for most of the popular TTL

ADF 2 15 ADH
PROM:S. 4§ >

ADE 3] 214 ADI
The high-complexity 2048-bit ROMs can be used to significantly improve systemn ADD 4] M3 &
bit density for fixed memary as all are offered in compact 16- or 20-pin dual-inine AD A 5] " |1z oo
packages having pin-row spacings of 0.300-inch.

ADB 6] [711 DO2
The Schottky-clamped versions offer considerable flexibility for upgrading existing ADC 70 ™16 pos
desigris or improving new designs as they feature improved performance; plus, they GND 35 Do o

affer low-current MOS-compatible p-n-p inputs, choice of bus-driving three-state or
open-collector guiputs, and improved chip-select access times.

2046 BITS {266 WORDS BY B BITS)
Data from a sequenced deck of data cards punched according to the specified 5271, 'S3N
format are permanently programmed by the factary into the monolithic structure ADA 1(] N2o v

for all bit locations. Upon receipt of the order, Texas Instruments will assign a cc

special identifying number for each pattern programmed accarding to the order,  ADE 2(] 119 ADH
The completed devices will be marked with the appropriate Tl special device Apc a] [118 AD G
nurmber. 1t is important that the custorner specify not only the output levels desired ADD 4] C117 ADF
at all hit locations, but also the other infarmation requested under ardering —_
instructions. ADE 5] [M16 Cs2
D01 6] 15 C51
The three-state outputs offer the canvenience of an open-callectar output with the poz 7] :}; 14 poB
speed of atotem-pole output: they can be bus-connected to other similar outputs
yet they retain the fast rise time characteristic of the TTL totem-pale output. The poa ad] ™13 po7
open-collector outputs offer the capability of direct interface with a data line P04 a9 12 Do6
having a passive pull-up. GND 10(] [b11 DOS

Word-addressing is accomplished in straight positive-logic binary and the memary
may be read when all C5 inputs are low. A high at any C5 inpul causes the outputs

to be off. Pin assignments for all of these memories
are the same far at| pack ages.
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SERIES 54/74, 545/14S
READ-ONLY MEMORIES

functional block diagrams

SN54BBA, SN748BA

ErE] ]
MEMCHY ML IRLE

ApuMERE
INPYTS

CHIF
SELECT
23

[IET

Bok bOT Do 00F DOM BON Dl 001

SNBAS2T0, SN7AE270

10F.52
otcone

2T
WEMDAY MATAIX

ADDRESS

SNG4187, SN74187

7Y
MEMOR ¥ MATRIX

ADDRESE
WRUTS

SNB45271, ENT48271

24 ¥4
10F.32 MEWORY MATRIA

INBTR 11 AULIMESE
[Lrort
Ean % 15 iw
— [T ! I[{[T 1
1ok |—§ L0F 10F16 Fad e
VECESE O £CO0ER 'L CEDER) ' nax 1NF-8 10F B * 1are 10F 8 10r0 10r 3 1GFE
- . (L] L COTER| [OECOpEN Wt eCOER| LECODE [DECODE [DECDDE:
CHIF
srieer ©F PO L
sLLLn{m Lk} -
B:ll 10| LY 03]
o ooy war col iy na; fird an " 18l m 16
SNE545370, SN745730 oo ‘3\'545;‘;‘1 smn;;.ss': 1"°‘ omopE
Sarne as SNE4S270, SN745270 axcept .
Samue 6s SNG48271, SHN74527 1 except
outputy are ag shawn helgw:
e outputs are as shown below:
-
seuver <8 O [ ] | ] I I :
GELECT SN
ia ll)li 1| nm [l 18k (11 -l
word addressing o8 ooy o4 cos  ood  poa ce: o
‘BEBA "187, "$271, 'S371 8270, 'S370
WORD ADDRESS TABLE WORD ADDRESS TABLE WORD ADDRESS TABLE
INFUTS THFUTS INFUTS
R W T FtoCEaA WORD W G FEDCE A
0 JLLLLCLLLL oL LLLLLLLLUL
a L T jLLL Ll L LH 1L L LELLBLn
Vv vt LH zlLLlLtLLHL 2Ll LLLHL
2 L L vH L 3t LLELLHH 3Lt L L L L LHH
3 L L L HH ALl LLLHLL afLLLLLLHLL
) T Sl LLLLHLH st e LLHLA
ElLLLLLHMHL alLLLLLeHHL
5 LoLoHoLoh 7 L L LLLHHH 7L L LLLLHHH
8 L LR HL BLLLLACLL B |LLLLLHAHLLL
7 L L HHH
E: L H L L L Wards B thry 250 grmitted Words 9 thru GRS omitted
Words 9 1hre
26 omirred 251 [HH HHHULHH 607 |HH HHMHLHM
252 [HHHHBHHB L L €08 [HH HHHHHLL
2 1n W L H M 253 [HHHHHHLAH 509 [WHHHHHHL H
W ogH H oL L md [HHHHHBHL 510 [HH HHHHHHL
28 |H H oW L oW 265 |H HHHHHBHH 11 [H H HHHHHHH
3 |H H H H L
M JH H H H H

Woaord selection is accomplished in a corwentional positive-logic binary code with the A address

input being the

least-significant bit progressing alphabetically through the address inputs to the most-significant bit.
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SERIES 54/74, 545/74S
READ-ONLY MEMORIES

schematics of inputs and outputs

'BBA, "187 ‘BOA a7
EQUIVALENT OF TYPICAL OF TYPICAL OF
EACH INPUT ALL OUTBUTS ALL OUTPUTS
vee - OUTPUT
& kit NOM QUTPUT
INPUT - - _-1:
*§270, "$271, 'S370, ‘371 8270, 'S2M 'S370, "5371
EOUIWALENT OF TYPICAL OF TYPICAL OF
EACH INPUT ALL QUTPUTS ALL OUTPUTS
Voo -
-————Vce
3 58 £ NOM
— CUTPUT _ 1
4 - =
Ia 3
INPUT
L OUTPUT
¥ 1
-
absolute maximum ratings over operating free-air temperature range {unless otherwise noted)
Supply voltage, Voo lsee Note 1}, . . . e e e P Y
Inputvoltage . . . . . . . . . . . . . e e e e S YW
Offstate output voltage . . . . . - . . . - . . . . ... ... e e e e e 55V
Operating free-air temperature range: SNE4°, SN54S Cireuits {see Nate 2} .. .. -B5'Cto125°C
SN74’, SN74§" Circuits . . . . . R 0°Cto 70°C
Storage temperature range . .. e e e e .. .. -68Cw1s0°C

MNOTES: 1.

Wolaga values are with respect to netwark graund terminal,

2. An SNSJA1BT in the W package operating st free-air temperatures above 111DC requiras a heat sink 1hat
resistance fram cage-ta-lrez-air, Rgca, of not mare than as*crw,

provides a thermal
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SERIES 54/74
READ-ONLY MEMORIES

recommended operating conditions

SN538BA SN7488A SNS41B7 SN7a187 URLT
MIN _ NOM MAX | MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
Supply vo!ta_ge; Voo 4.5 ] 58 |4.75 5 5.25 4.5 ] 550 | 4.78 ) B5.25 W
High-level sutput voliage, Vg 55 5.5 5.5 hS W
Low-level output current, 101 12 12 16 16 | ma
Operating free-air temperature, Tpa &5 125 o 70 | —ss 125 o 2 | “¢
{see Note 2)

NGTE 2: An SNS4187 in the W packsge operating at frae-air temperatures above 111°C reguires a heat sink that provides a thermal
resistance from case-ta-free-alr, Rgoa. of not more than 467 C/AW.

electrical characteristics over recommended operating free-air ternperature range {unless otherwise noted)

‘BAA ‘187
PARAMETER TEST cONCHTIONST UNIT
MIN TYPE MAX | MIN TYPT MAX
VY High-level input voltags 2 2 v
VL Low-level input voltage 0.8 08) v
Vi Input clarnp valtage Voo =MIN, Iy=—12ma =15 —15] ¥
loH High-level output current :ﬁ?;;: l:['. i:_)HH-:sT;'V 40 40| pa
Vee=MIN, | | =12ma 0.2 0.4 0.4
VoL Low-level output voltage ViH=2V, v
VL= 08V lg =16 mA 0,45
1y Input current at maximum input valtage Voo = MAX, V=55V 1 1] mA
H High-level input current Ve = MAX, vy=24V 25 401 wA
T Low-level input current Voe=MAX, V=04V -1 =1| mA
lee Supply current Voo =MAX,  See Note 3 - 64 B8O 92 130 ma
Cy Off-state output capacitance :‘rf? ;i:" vo=5V. 6.5 6.5 pF

T Far conditions shown as MIN or Max, use the approprigte value specified under recommended operating conditions.
Tan wpical valuesare at Voo =5 WV, Ta = 25°C.

NOTE 3: Wih sutputs open and cs input{s} grounded, I is Measured first by selecting a word that contaies the maximum number of
programgned high-leval outputs, then by selecting a word that cantains the maximumnumber of programmed low-level outputs.

switching characteristics, Voo =5V, Ta = 25°C

‘8B4 “1B7
PARAMETER TEST CONDITIONS UNIT
TYP MaX | TYP MAX

ta{ad) Aceess time (rom address Cp =30pF, 26 45 40 &0 ns
ta(C5) Access time from chip seleet lenable tims| Rp1 =400 2 '884) 22 a5 20 30 ns

Propagation delay time, 30002 {187
tPLH low-1o-high-leve| cutput Rz = 600 12, a7 5 bt 30 ns

from chip select idisable time} See Figura 1
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SERIES 54S5/74S
READ-ONLY MEMORIES

recommended operating conditions

SN545270 BN745270 SN5S4S370 SN748370 UNIT
SN548271 SN745271 SN54S371 SN7453N
MIN NCM MAX | MIN NOM MAX | MIN NOM MAX | MIN NONM MAX
Supply voltage, Vog 45 5 55 |47 5 525| 45 5 55 |475 5 535| V
High-Tevel output voltage, Vo 5.5 5.5 W
High-level output current, 1oy —2 —85 | mA
Low-level output current, Iy 16 16 16 16 | maA
Chperating free-air temparature, T _5B 126 0 70 | =55 125 o] P
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted}
‘8270, ‘521 "8370, '8371
PARAMETER TEST CONDITIONST uUmMIT
MING TYPE mAX | MmN TYRPYT maX
ViH High-level input valtage 2 2 v
Vi Low-level input voltage 0.8 08| V
ViK Input clamp voltage Voo = MIN, I} = —-18mA —1.2 =12 Vv
Ve = MIN, V=2V,
VYoH  High-level outpul voltage ce H 2.4 W
ViL=08Y, IloH=MAX
Vee=MIN, |y - 2av 50 A
loH High-level output current ViH=2V,
Vip = 08V VpH =565V 100 uh
Ve =MIN,  Vig=2V,
\ Low-level output valtage 05 05| V
oL 9 ViL=038Vv, lgL = MAY
Off-state output curcent, Voo =MAX, Viy=2v,
ozn _ cc IH 50| wA
high-level valtage applied V=24V
Off-state output current Ve =MAX, V=2V,
lozL _ [ole IH 50| g
low-level voltage applied V=058V
I Inpu1 cureent at maximum input voltage Voo =MAX, V| =55V 1 i| mA
™ High-level input current Voo =MAX, V=27V 25 25 | uA
s Lowe-lavel input current Vo= MAX, V=05V =0.25 —0.25 | mA
ls Short-girenit autput current § Voo = MAX —30 =100 | mA
[Felsd Supply current Voo = MAX,  SeeNote d 105 155 105 155 | mA
Vee=E8Y, V=86V,
Co Oft-state output cepacitance i C(: MH o 6.5 6.5 nF
= z

TFar conditions shown as MIN or MAX, use the apprapriate value specified under recammended aperating conditions,

iAII typical values are at VCC =BV, TA - 25°C.

&Mot mors than one Quipul should be shorted at a fime and duration of the shart-eircuit should nat dxcead one second.

NODTE 4: With gutputs open and C35 Inputi{s} grounded, lgc is measured lirst by selecting a word that cantains the maximum number of
programmed high-level outputs; then by sefecting a ward that contains the maximnum number of programmed low -level outputs.

switching characteristics over recommended ranges of Ta and Ve (unless otherwise noted)

TEST SN54270 SNT4270 SN54370 SN74370
PARAMETER SN54271 EN74271 ENEA370 SN74370 | UNIT
CONDITIONS
TYPE MAX | TYPE MaX |TYPT MAX |TYPE max
tajady Access ime from address 45 95 45 70 ns
1 A T fi hip select lenable time) 18 45 15 30 ns
ﬂ{fg} CCHES I.ITN‘.I om C- Ip s |+ nable time HL2 - 600 Q_
Propagation dalay iime, ;
) See Figure 1
tpLH  |ow-a-high-level output 15 40 15 25 ns
trom chip select Idisable time}
ta{ag} Access time from address Cy =30pF, 45 95 45 70 ns
ty{C5} Access tima fram chip selact {enable lime} See Figure 2 15 45 16 o ns
CL=5pF,
tpxz Disable time fram high or low level L . 3 10 40 10 25 ns
8ee Figure 2 |
Al typicsl values are at Voo - 6 V, Ta = 25°C.
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SERIES 54/74, 548/74S
READ-ONLY MEMORIES

PARAMETER MEASUREMENT INFORMATION

W,
ce CHIP 3w
SELECT *‘.5‘-" ;!‘I.&\-"
ALy INPUTISI Il —:———«-.—_0\..-
FROM QUTPUT ADDHESE  —mp e e g ———————
UNDER TEST IMPUTS | 15w 1.6y 1
15ea Note € —— ™ -] .
Cp =30 pF ALz = 600 2 (I T — e b 14t .
T {See Note B) GurRU | )
LOAD CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. The input pulse generator has the follpwing characteristics: PAR = 1 MHz, Z,,,,; = 50 ii. For Series 54774, ty = Fng, 1y = 7 o0g,
for Series 545/745, 1 % 2.6 ns, iy = 2.6 ns.

B. €| insludes prowe and jig copacitanca.
C. The pulse ganerater is connected to the input under test, The other inputs, Memory content parmitting, are connected 50 that the

input will switch the cutput undor test.

FIGURE 1-SWITCHING TIMES OF '88A, "187, "5270, AND "5271 (OPEN-COLLECTOR OUTPUTS|

Vee
& ADDAESS p—————— e, av
TEST 51 INPUTS W15 v 1.5 v
POINT {Soe Note A) -—— [, S, BV
$RL=3m00 Fl'—‘:afadJ—ﬂI I'-Ta(adgﬂl
T OUTFUT ) VoH
1.8V
FROM OUTPUT — 121 and S2 closed) _15__\:\,
UNDER TEST il = oL
b ACCESS TIME FROM ADDRESS INPUTS
STk - VOLTAGE WAVEFORMS
CHIP-
L ¥ SELECT 16y 3V
T CL INPUTS 1.5 v
o Ses Note B i o ov
$2 {5es oo f——at-1a(T5! beer tp12
WAVEFRDAM 1
l 181 closed, S52 open,
See Neote C) —_
h—-’—t
= WAVEFDRM 2 L aicst
{51 ppen, 52 closed,
CL includes prohe and jig capacltanca, Sae Note ) tF-'HZ—:--u-l
All diodes are 1NI0GA, TPRZ =1PHZ OF tPLZ
ACCESS (ENABLE) TIME AND DVSABLE TIME FROM CHIP SELECT
LOAD CIRCLNT VOLTAGE WAVEFORMS

NOTES: A, When measuring access times from address [nputs, the chip-selact Inputis) istarel [ow,
. When meassuring access and disable times trom chip-salact inputis) the sddress inpuis are steady-state.
. Waveferm 1 i for the gutput with inteérnal conditians such that the ocutput Is Iow except when disabled. Waveform 2 is for Lthe
output with intarnal cenditions such that the output is high except when dlsabled.
D, Input waveforms are supplied by pulse generaiars having the following vharseteristics: tp = 2.5 ns, tf 5 2.5 ns, PAA = 1 MHz,
and 25, = 50 1,

am

FIGURE 2-SWITCHING TIMES OF '5370 AND 5371 {3-$TATE OUTPUTSI

b75
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SERIES 54/74, 545/714S
READ-ONLY MEMORIES

ORDERING INSTRUCTIONS

Programming instructions for these read-anly
mermaries are solicited in the form of a sequerced
deck of standard 80-column data cards providing the
information requested under “‘data card format,”
accompanied by a properly sequenced listing of these
cards, and the supplementary ordering data. Upon
receipt of these items, a computer run will be made
from the deck of cards which will praoduce a complete
function table for the requested part. This function
table, showing output conditions for each of the
words, will be forwarded to the purchaser as verifica-
tion of the input data as interpreted by the computer-
automated design (CAD) program. This single run
also generates mask and test program data; therefore,
verification  of the function table should be
completed promptly.

Each card in the data deck prepared by the purchaser
identifies the words specified and describes the Tevels
at the outputs for each of those words. All addresses
must have all outputs defined and columns designated
as "blank” must not be punched. Cards should ke
punched according to the data card format shown.

SUPPLEMENTARY ORDERING DATA

Submit the following information with the data
cards:

al Customer’s name and address

b) Customer’s purchase order number

¢} Customer’s drawing number,

The following information will be furnished to the
customer by Texas Instruments:

a} Tl part numhber

b} TI sales erder number

¢] Date received.

"88A DATA CARD FORMAT {32 CARDS)

Caolumn
1-2  Punch a right-justified integer representing the
positive-logic binary input address {00-21) for the
word deseribed on the card,

34 Blank

5 Punch “H” ar "L" for ecutput YB. H = high-
voltage-level putput, L = low-voltage-level output

6-9 Blank
16 Punch “H” ot 'L" for cutput DO 7.

1114 Blank

15
1619
20
21.24
25
26:29
30
31-34
35
36-30
40
41-49
50-51

52
53855

56
57-58
59
60-61
62-66

67.68
69-80

Punch “H" ar "L for output DO 6.
Blank
Punch "H" ar "L" for output DO 5.
Blank
Punch “H"" or "L" for output DO 4.
Blank
Punch “H* or “L" for output D0 3,
Blank
Punch “H* or *L" for output DO 2,
Blank
Punch “H" ar “L" for cutput DO 1.
Blank

Punch a right-justified integer representing the
current calendar day of the month,

Blank

Punch an alphabetic abbreviation representing the
current month.

Blank

Punch the last twa digits of the current year.
Blank

Punch “SN*"

Punch a left-justified integer representing the
Texas Instruments part number. This is supplied
by the factory through a T1 sales representative.

Blank

Preferably these calumns should be punched to
reflect the custornet’s part or specification-control
number. This information is not essential,

187 DATA CARD FORMAT (32 CARDS)

Celumn

1- 2

5 7

Punch a right-justified integer representing
the hinary input address (000-248) far the
first set of outputs described on the card.

Punch a **-"* [Minus sign)

Punch a right-justified integer representing
the binary input address (D07.255) for the
last set of outputs described on the card.

Blank

o
o
(-3

TEXAS INSTRUMENTS
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SERIES 54/74, 548/74S
READ-ONLY MEMORIES

ORDERING INSTRUCTIONS

10.13 Punch “H”, “L" or “X" for bits four, 69-80 Preferably  these  c¢olumns  should  be
punched to reflect the customer's part or
specification-control number, This informa-
tion is not essential,

three, two, and one {outputs DO 4, DO 3,
DO 2 and DO 1 in that order] for the first
set of outputs specified on the card.

H = high-voltage-level output, L = low- ‘8270, 'S370 DATA CARD FORMAT {64 CARDS)
voltage-level output, X = output level
irrelevant. Column
14 Blank 1-3  Punch a right-justified integer representing
the binary input address {000-504) for the
15-18  Punch “H", “L”, ar “X* for the second set first set of outputs described on the card,
of outputs. . A
4 Puncha =" {Minus sign}
19  Blank L
Y ) 5-7 Punch a righijustified integer representing
20-23  Punch “H”, “L", or *"X" for the third set of the binary input address (0D7.511) for the
autputs. last set of outputs described on the card.
24 Blank .
8.80 Same as the "187 dota card format.
25.28  Punch "H™ "L", or “¥X' for the fourth set .
of cutputs. §271, 'S371 DATA CARD FORMAT {64 CARDS)
9 lank
z Blan Column
3023 Punch "H”, “L", or *"X" far the fifth sat of L ,
nutputs. 1- 3 Punch a right-justified integer representing
the binary input address {000-252) for the
34  Blank first set af outputs deseribed on the card.
35-38 Punch "H", L, or "X far the sixth set of 4 Punch a “—* (Minus sign)
outputs.
36 Blank 5. 7 Punch a right-justified integer representing
an the binary input address {003-255} for the
40-43  Punch "H”, "L", or "X" for the seventh set last set of cutputs described on the card.
of outputs, g Blank
- 9 n
44 Blank :
10_1? P ARy de) 1 LAY - .
45-48  Punch “H", “L", or X" for the eighth set unch .H . L”, ‘or "X for bits eight,
of outputs seven, six, five, four, three, two, and one
toutputs DO 8, DO 7, DO 6, DO 5, DO 4,
49 Blank DO 3, DO 2, and DO 1 in that order} for the
50-51  Punch a right-justilied nteger representing first set of outputs specified on the card,
Lhe current calendar day of the maonth. H = high-voltage-level output, L = low-
52 Blank voltage-level  output, X = autput level
irrel t
5355 Punch an alphabetic abbreviation retevan
representing the current month, 18  Blank
56  Blank 19-26  Punch “H”™, "L", or “X" for the second set
B af outputs.
57.58  Punch the last two digits of the current .
year. 27 Blank
59  Blank 28-36  Punch “H”, “L”, ot X" for the third set of
6061 Bunch SN outputs.
36 Bl
62:66 Punch a leftjustified integer representing ank
the Texas Instruments part number. This is 3744 Punch “H", “L”, or “X" for the fourth set
supplied by the factory through a Tl sales of autputs.
representative. 4549  Blank

67-68  Blank .
B0-B0 Same as the “187 data card format.
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TTL MEMORIES MECHANICAL DATA

general

The availability of a particalar TTL memory in a particular package is denoted by an alphabetical reference in a table
on the data sheet for that type of memory, or above the pin-connection diagram. These letters refer to mechanical
outline drawings shown in this section, Orders for these memaries should include the package outline letter at the end
of the circuit type number; e.q., SNGAS287W, SN745470J

W ceramic flat packages

These hermetically sealed flat packages consist of an electrically nongconductive ceramic base and cap, and a 16- or
24-lead frame. Hermetic sealing is accomplished with g¢lass, Tin-plated (“bright-dipped”} leads {—00} require no
additional cleaning or processing when used in soldered asscmbly.

16:-PIN W CERAMIC 24-PIN W CERAMIC
OEEOAEE . . OODDEORDEDED
aoe_! | oware B S bt
e - T B i shice T st
1564 Wore ¢l T l
|
| =
[ i
aain
! o fabm?
l air AN P S B T
ﬂi‘if.mmm‘\r A _. I L icats L 'h_ =
ore ¢ 20
‘ ] v
M i a0 T !
1%t Meta 8l 1ty I [the
3% D 7RG IN““‘““D = g " N
LFT) 3L} !
! L b
| _. ' Y HE
ekl 1 I.__ o T it ' I| $_. _F__ _____ T
[ e
] . .
hE2d ‘ pe |
I \ FETH \ .
[1L]] — by D025 J— . - J__ . L | o ‘ U
T |"— frid 1 sriEs el - N [ p——
olelcloclovlo foloololoioclobloct)
Falls Within Falls Within
JEDEC MOD-004AG Dimensions JEDEC M{O-01948 A Dimensions
NOTES: a. All dimensions are in inches.
b, Index point is provided on cap for werminal identlfica-
tion anly.
c. Leads are within 0,008 radiuz of true position (TP} at
maximum matarial condition.
d. Thiz dimension determines 3 zone within which all
body and lead irregularities lie.
#, Mot applicebla 1or solder-dipped teads.
f. When asglder-dipped leads are specified, dipped prea
extends from [ead tip to within 0.050 of package
body.
4. End configuration el 24-pin packege 5 at the optian
of TI. 16 PIN 24PIN 24 PIN
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TTL MEMORIES MECHANICAL DATA

J ceramic dual-in-line packages

These hermetically sealed dual-in-line packages cansist of a ceramic base, ceramic cap, and a 18-, 20-, or 24-lead frame.
The packages are intended for insertion in mounting-hole rows on 0.300-inch  or 0.60C-inch centers, Qnce the leads
are compressed and inserted, sufficient {ension is provided to secure the package in the board during soldering.
Tin-plated {"bright-dipped’} lzads {—00} require no additional cleaning or processing when used in soldered assembly.

575

16-PIN J CERAMIC 20-FIN JCERAMIC
. - S— .
gy (@) i @@O@O r‘——nw‘—‘—"‘l
BB @@@@@
[ S POy £ n
B v [
=1, =1 T
y "ra DDEIBEOE r'—"'?m [efoletolelclolololc]
- s W - GO MAK 18 ALACES —wd il o csa o — g ORI AR FL
-I-u 50w ["' | ;I_ l R AR PLAGE e
e - o) P S
. L wank i ;o E
\\ — Stalmg ;m(ﬁﬁr - Llll e l'l} w § ma} WﬁﬂﬂJ I_.Iaac’x‘::-s
NN W PLACES AL
”l““ [ ¥ e nm — i T wpim .-'|-.| LN
oz r»J | -L e T ot
-y -
PR L r.:‘lcu wam e
DN&-\( WG 0k 1P
15 Rkl
24-PIN J CERAMIC
ZEOOHEOEHOGOEE y
ATATATATATATAYLTATATATA
LY
LI UI,
LOEAAOCOREDE
[ETR
e
Falls Within
JEDEC MO-015AA Dimensions
MOTES: a. Each pin centerling is lacated within 0.010 of its true
lengitudinal position.
b. Al dimensitng are in inchas urlass otherwise nated,
16-PIN 20-PIN
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TTL MEMORIES MECHANICAL DATA

N plastic dual-in-line packages

These dual-in-line packages consist of a circuit mounted on a 16-, 20-, or 24.1ead frame and encapsulated within an
electrically noncanduetive plastic compound, The compound will withstand soldering temperature with no deformation
and cireuit performance characteristics remain stable when operated in high-humidity conditions. These packages are
intended for insertion in mounting-hole rows an 0.300-inch or 0.600-inch centers. Once the leads are compressed and
inserted, sufficient tension is provided to secure the package in the board during saldering, Leads require no additional

cleaning ar pracessing

when used in soldered assemnbly,

16-PIN N PLASTIC

Py

F@@@@@@@
2RRPPBS

20-PIN N PLASTIC

g ——

ACEEHIOLDDES
AASNN AL A NN

@

. LAY AV VLY AV AV AR Y]
e COORCCOTIOE
- I_-:u”:i I = e ammuss e
r )1 ;— J_I n ; . - ]Omltx
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A e
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1 etciotbteltd POOOREEOO®
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S = - T A—
1 MiFLACES -
RSl Ly g1y e | [
: I Wy
Package conflguration af  o5ew u 1 I cund dr o | ] |' cweda
16-pin N packnge [see |_ | [ S—— P [ —
alternativa sideviews) Is P oy i A v Rt 31
at the option of T i - -
vy
24-PIN N PLASTIC NOTES: s, Each pin centerline is located within 0.010 of its true

longitudinal pasition,

k. All dimensions are in inches unless otherwisa noted,

t. This dimension does not epply for salder-dipped leads.

d. When salder-dipped leads ete specitied, dippad area of
the lead extends from the lead tip to at least 0,020
above The ssating plane,

24-PIN
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SERIES SN10000
ECL INTEGRATED CIRCUITS MEMORIES

BULLETIN NO. DL-5 7612255, MAY 1876

¢  Full On-Chip Address Decoding and Output-Sense Amplification
¢ Constant Current Drain Over a Wide Supply Voltage Range
® Logic Levels Compatible with Series SN10000 Logic Levels

& Compatible for Wired-OR Word Expansion

PAGE
SN10139 32 X B Bit Programmable Read-Only Memory . . . . . .
SN10140 84 X 1 Bit Random-Access Memory {Orives 90-Ohm Loads] ] 4
SN10142 64 X 1 Bit Random-Access Memory . . . . . . . . . . . . . . . . . . . . 208
SN10144 256 X 1 Bit Random-Access Memory . . . . . . . . . . . .+ 4 . . ... 0. 2N
SN10145 16 % 4 Bit Random-Aceess Memery . . . . . . . . L. . . L. . . . . . . .. 24
SNID147 128 X 1 Bit Random-Access Memory . . . . . . . . . . . . . . . . . . .. 217
SN10148 B4 X 1 Bit Random-Access Memory . . . . . . . . . . . . . . . . . . . . 208
Typical Characteristics . . . . e -4 |
Mechanical Data and Ordering Instructlons e e e e e e e e e e e e e e e e 222

absolute maximum ratings over operating ambient temperature range? {unless otherwise noted)

Supply voltage VEE (see Note 1) -7V
Input vaoltage range 0V to VEE
Output current e ~60mA
Dperating ambient temperature range . e e e e e e 0°C to 85°C
Storage temperature range . . . e e e e e e ... . ..... -B5°CteiI25°C
Lead temperature 1/16 inch from case for 1(] secnnds 300°C

NOTE 1: Unless otherwise noted all valtage values are with respect 1o the Ve tarminals and all VCC terrminals rmust be connected in parallal,
tThe ambient temperature conditions assume air moying perpendicular 1o the longitudinal axis and parallel to the seating plane of the device at
4 velocity of GO0 feet per minute with the device under test soldered to a4 x 6 x 0.062-inch double-sided 2-02 copper-clad circUit board.
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TYPE SN10139
256-BIT PROGRAMMABLE READ-ONLY MEMORY

APRIL 1575

s 32-Word-by-Eight-Bit Organization

JOR JE

DUAL-IN-LINE PACKAGE (TOP VIEW)

*  Full On-Chip Address Decoding and
Qutput-Sensing Amplification

« Capability for Wired-OR Connections

* Easy Programming
¥1
description

Y2
The SN10139 is a field-programmable, 256-bit read- v3
only memory organized as 32 words of eight bits
gach. Full address decoding and output sense ampli-
ficatian are included on the chip. Each of the 32 V5
waords is addressed by the binary address inputs AQ
through Ad. The outputs Y1 through ¥8 can be
connected to other emitter-follower outputs to Y7
achieve wired-0QR word expansion. An enable input,

Y4

¥6

IS . - . - v
E, is provided for ease in expansion. The device is EE

gnabled when the enable imput i3 low., When the
enable input is high, all outputs are forced low.

Data can be electronically programmed, as desired, at
any of the 266 bit locations in accordance with the
programming procedure specified. Prior to programm:

1
2
3
dl
5
dl

7

8

ing, the memory contains a low-logic-level output functional block diagram

condition at all bit locations. The programming
procedure open-circuits metal links, which results in 2
high-lagic-level output at the selecled locations. The
procedure s irreversible; once altered, the output for E

r

0

=<

3

£151 .
L~

that bit is permanently programmed to provide a high

logic level. Qutputs never having been altered may

later be programmed to supply a high-level osutput. ap o |
Qpceration of the device within the recommended
operating conditions will not alter the memory
content.

117
J\'I—'

2 (121
A 32 WORD

DECODEIE

13k

114)

)

)

)

B EIGHT

CURHEN]

PROCRAMMING] |

SENSORS

\{?’\
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TYPE SN10139
256-BIT PROGRAMMABLE READ-ONLY MEMORY

recommended operating conditions

B NOM A
UNIT
[SEE NOTE 3}
Supply voltage, Vg ~572 52 -468| V
Operating amhbient remperaturne, T A 1] a5 °c
electrical characteristics at specified amhient temperature®
TEST CONDITIONS B TYP A
PARAMETER umMIT
ISEE NOTES 1 AND 2) {S8EE NOTE 3}
i a‘c | —1020 -840
Yy Highevel input voltane 28'C| 980 =810 | mv
85°C| 410 700
§'C | —1145
Vi Highdevel input voltage 25'C | =1105 my
85°C | —1035
0'c | wvee —1645
ViL Low-loval input veliape 5°C Vep —1630 | mV
B5'C VEE —1535
g'c —1430
VL Low-level input voltage 25°C —1475 | mv
85'C —1440
a'c 1000 -840
VoH  High-level output voltage VIH = VIHE. ViL=ViLa 2B'C| —980 =810 | mv
85'C| --890 —700
o"C | —1870 —1665
VoL Low-level ontpul voltage Vg = ViHe, ViIL=VILA 25°C | —1850 —1650 | mv
85°C | —1825 —1615
o'C | —1020 -840
VoH'  High-level outpul vollage ViH =Vine. ViL=VIiL'A 25°C | —980 -810 | mV
85'c| —-910 —700
o'Cc | -1870 —1645
Voo Lowelevel output valtage Vi =Vir'e, Vi - Viu'a 25°C | —1850 —1630 [ mV
85°C | -1825 —1595
. . ) = ~510 mv, !
IlH High-level input current ) /L 265 | WA
Chher inputs open
. W= -1880 mv, o
ITH Lowv-level input current . 5°C 0.5 Ha
(Cther inputs open
All inputs and ouiputs open —145 —i0?
Igp Supply current Adl inputs at —B1G my, 25°C 145 110 mA
Al gutputs open -
switching characteristics at 25°C free-air temperature
[ TEST B A
PARAMETER UNIT
CONDITIONS ISEE NOTE )
talad} Access time from address CL =35 pF, za| ns
- " - = - R =503,
WLH  Propagatian defay timwe, law-we-higi-level output from E fenabie timel . 15 ng
— See Figures
tpHL,  Propagation delay time, high-to-low-level autput from E (disable time) 1and 2 15| ns
NOTES: 1. All paramaters ars measured with VEE = —5.200 V, Voo = O V, and (unless otherwizse noted} the qurput is connected tg

—2.000 ¥ through 50 51,

2. Test conditions stating V|H = V|HE (or ¥ (R B) and/for WL = VLA (or ¥YIL Al mean that the high-level Input valtages ara egqual
te the B limit of ¥|H [or VIH') specified for the particular temperature [seg nota 2} andfor the [Dw.levol input voltages are equal
0 tha appropriate A limit of VL (er ViL'), The output valtage limits are guaranteed tor any appropriate combination of inpul
conditions for the desired output.

3. This data sheet uses the algebraic-limit sysiem that has been adopied by the International Electrotechnical Commission. The A
limit is the more positive {lass negative} 1imit; the B limit is the |4ss positive {more negatival limit.

TThe ambient temperature conditions assume air maving perpendicular 1o the lonpgitudinal axis and paraliel 10 the seating plane of the device at
a welacity ot 500 Jeet per minute with the device under test soldered to a 4 = 6 x 0,062-inch double-sided 2-0z copper.clad clrcuit boarg,
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TYPE SN10139
256-BIT PROGRAMMABLE READ-ONLY MEMORY

PARAMETER MEASUREMENT INFORMATION

TE? uF Tﬂ.i wF
Voo = =
ADDRESS
INFUT
[See Notes A, B, and D) DEVICE CUTPUT
UNDER (See Note Bl
TEST
ENABLE
INPUT
[See Motes A, B, and E) Loc=350F
Veg “T™ isee Note €
5.2V
|>—'*-|l|l“—u
2v 2ot aF
- —_
—|

NOTES: A, The input wavelorms are supplied by generatars having the fallowing characteristics: 25, = 50 L, PRA - 2 MHz. Transition
times af input waveforms are 2 * 1.1 ns hetwaen the 20% and 30% levels and are detarmined with no dovice i tho sockat.
HB. The wavelnrms are monitored on an oscillescope faving the fellawing characteristics: tp £ 0.35 ns, Bjp = 50 £, Input and autput
cables are equal lengths of 50. coaxial cablc.
. €y includes jig capacitance.
Al agdrass lines no undor 185t must ba biased 1o select a memory cell
I the enable llne is NDT under 25T, iE Must be at 5 low logic level,

FIGURE 1-TEST CIRCUIT

mon

I.—-:—2:.L’l_1 ns ‘1 r—-r—znm ns 110y
ADDRESS  gow ¥ BO% 44 0% "
INPUTS | W+ 50% 1 3 150% {Ses Note A
{See Mote B} ——aiis :k@f’i__..__n_._..if; 0% +310 mV
]
bo— talad) —m M tatag) —H
| ¥i 1
1 44 [
DATA 50% 50%
OUTPUT
ACCESS TIME FROM ADDRESS INPUTS
M—— 2301 ns t.—-ru—Z:O.lns
[ 1 +1110 mV
ENABLE 80% % | !
50% | 60%
INPUT 1 20% 20% |
5ee Note ) I e +310 my
b=y —'|| b— tppL -‘1
| |
DATA BO% 50%
QUTFRUT
ENABLE AND DISABLE TIMES
NOTES: A, Voltage valucs on input wawveforms are with respact fo ground.
B, The enakle input is low.
<. Tha bit [ocation addressed cantains high-level data.
FIGURE 2-VOLTAGE WAVEFORMS
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TYPE SN10139
256-BIT PROGRAMMABLE READ-ONLY MEMORY

step-by-step programming procedure

manual

1.

Cannect VEg (Pin 8} to ground and V¢ (Pin 18] to 5,2 V. Sce Figure 3. Address the word 1o be programmed by
applying to the appropriate address inputs 4 to 4.6 V for a high level and 0 to 1 V for a low level.

2, Raise Vepr (Rin 16} to 12 V. This leve! must not be maintained longer than 1 second. Maximum suppiy current during
programming is 250 mA.

3. After Vi has stabilized at 12 V (including any ringing that may be present on the V¢ linel, apply a current pulse of
2.5 mA to the output corresponding to the bit to be pregrammed ta a high.

4, Rewrn¥Vpoo o 52V,

CAUTION: Te prevent excessive chip temperature rise, VOC should not be allowed to rernain at 12 ¥ for more than
* 1 second.

§.  Verily that the sclected bithas programmed by connecting a 460-£2 resistor to ground and measuring the yoltage at the
output. If a high level {Vo =4.2 V] is not detected at the output, the programming procedure should be repeated
once,

B. If verification is positive, proceed to next bit to be programmed.

automatic

1. Connect VEg (Pin 8) to ground and Ve (Pin 168} 1o 5.2 V. See Figure 3. Address the word to be programmed by
applying to the appropriate address inputs 4 to 4.6 V for a high level and 0 to 1 V for a law level.

2. Raise Vo (Pin 16) to 12 V. This level must not be maintained lenger than 1 secand. Maximum supply current during
programming is 250 mA.

3. After a delay of 100 us minimum, 1 ms maximum, apply a 2.5mA current pulse ta the putput correspanding to the
first bit to be programmed to a high. This output puise is maintained between 0.5 and 1 ms. See Figure 4.

4. Repeat step 3 for each bit of the selected word specified as a high. [Program only one hit at a time; the delay between
output programming pulses should not be greater than 1 ms.)

5, After all the desired bits af the selected word have been programmed, change address data and repeat the preceeding
two paragraphs.

MOTE: If all the maximum times listed above are maintained, the entire memory will program in less than 1 second,
Therefore, it wauld be permissable for Voo to remain at 12 V during the entire programming time.
6. After stepping through all address words, return Voo to 5.2 V and verify that sach bit has programmed, If one or

more bits have not programmed, repeat the entire programming procedure once,

recommended conditions for programming

B NOM A
umNIT
ISEE NOTE 3|
T program 11.5 12 12,5
Supply voltage, Voo Ta verify 5 5.2 5.4 v
High level 4 4.6
Inpul voltags 1 9h| | V] 1 v
ow level
Output current during programming 2 25 3| mA
Programming pulse width, twip) (See Note 4 0.5 1] m
Programming pulse rise time 107 us
Eollowing W, hange, t R 1
Pragramming pulst delay {See Nore 4) Betw;:lng tCCtC al g td“: oo 7 ms
N Qutput pulses, ty(2 i

NOQTES: 3. This data sheet uses the algebraic-limit system that has bean adopted by the Internatianal Electrotechmical Commission, The &

fimit is the more positive {lass negative} limit; the B limit is the |ess positive {more negativel limit,
4, Theage maximum times ara specified 1o minimize the amount of bme Voo isart 12 v,
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TYPE SN10139
256-BIT PROGRAMMABLE READ-ONLY MEMORY

PROGRAMMING INFORMATION

12v 52V

AVin PROGRAM VERIFY
46y (MOMENTARY) —_————

ADDRESS Voo
SN10130
Y7
¥a
GNO > 7.5 kil
J_ {ALL QUTFUTS}

FIGURE 3—-PROGRAMMING CIRCUIT

| . WORDD ] WORD 1 t WORDS 221
ADDRESSED ADDRESSED ADDRESSED i
|

|
| |
| I
| I
| B -L ——25mA
!
Loureur : 1 }—H—I_U—LJ—LZ M_ﬂ_n_ﬂ‘_
t | --I |-—=d{2n

1
-l P tunte |
r-—tum |

ot =1 SECOND

—_———zv

~L
p—'

52V

FIGURE 4-TIMING DIAGRAM FOR AUTOMATIC FROGRAMMING
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TYPES SN10140, SN10142, SN10148
64-B\T RANDOM-ACCESS MEMORIES

MAY 1875

o SN10140 Drives 90-Ohm Loads JOR JE
DUAL-IN-LINE PACKAGE (TOP VIEW)
s SN10142 and SN10148 Drive 50-Ohm Loads

®»  Fast Access Times:
10 ns Max {SN10142}

15 ns Max {SN10140, SN10148) veer 1[f° S )16 vees
* B64-Word-by-One-Bit Organization a0 2 )15 pataouT
e Full On-Chip Address Decoding and INEEY| 14 ne
Output-Sense Amplification B
o Capability for Wired-OR Connections goel 12 pATAIW
. Ez 5 j1z mw
* Low Sensitivity to Supply Voltage
Variation A2 6] , J11 me
description A2 7 [ ] 10 A
These B4-bit active-element memaories are monolithic, Vee 8 } ® A4
high-speed, emitter-coupled-logic {(ECL) arrays of 64
storage cells organized to provide 64 words of ane bit
each. Full address decoding and output sense amplifi-
cation are included on the chip. An additional [evel of
decoding is provided for memory systems by the two
enable inputs. Each of the 63 words is addressed by functiona! block diagram
the binary address inputs A0 through AS. The output
can he connected to other emitter-follower outputs iz
to achieve wired-OR word expansion, The SN10140, A gg:y::‘”r
SN10142, and SN10148 are fully compatible with a3 loEcoDeR
the SNI10000 logic family. The SN10148 and l I l |
SN10142 are specified to meet SN10000 levels when A esS g 2 (B
driving S0-ahm loads and the SN10140 is specified to az M row ;g:n‘v
drive a 90-c0hm load. g 18] SOFFERS Memmrty
{101 CELLS
Information at the data input is written into the 457
memory by addressing the desired word with the a l T
DATA INPUT 115l paATA

address lines and taking the read/write input low
while both enable inputs are held low. The cutput is
forced low while the memaory is in the write made. Em\au{fl

READMWAITE. OUTRUT

Information stored in the memory is read out by
helding the readfwrite line high, selecting the desired
address, and taking both enable inputs low,

FUNCTION TABELE

READ/ | ENABLE
WRITE | E1  E2
L

OFPERATION

L | write {output low}

L |1 Read

X | Chip disabled {output low)
H | Chip disabled loutput low)

L
H L
X H
X X

H - high leval, L = low loevel, X =irrelevant
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TYPES SN10140, SN10142, SN10148
64-BIT RANDOM-ACCESS MEMORIES

recommended operating conditions

B NOM A
[SEE NOTE 3) UNIT
Supply voltage, VEE —-b72 =02 =4.68 v
Width of write pulse, tylwr) (see Figure 9} 10 ns
Address before wrila pulse 5
Setup time, Ly (se0 Figure B Enable belore write pulse 3 ns
Data before and of write pulse 10
Address af ter write pulsc 3
Hold time, ty {see Figure 91 Enable after write pulsp 0 hH]
Drata alter writg pulse 3
Operating ambicnt temperature, T, o B5| °C
electrical characteristics at specified ambient temperaturet
PARAMETER TEST CONDHITIONS B TYP A UNIT
ISEE NOTES 1 AND 2| ISEE NOTE 3}
@'c| —1020 —B40
ViH  High-level input voltage 25°C| —980 —810 | mv
gs"c| —a1n - =700
Q°C| —1145
W|H'  High-fevel input voltage 25°C | —=1105 mv
£5°C | —1035
o'c| Veg —1645
YL Low-evel input voltage I5°C | VEE —1630 | mW
85°C| Ve - 1585
o'c —1490
VL Low-level input voliage 25'C —1475 | mv
BE°C —1440
ovg ) —1000 —840
Yo High-level output voltage VIH = Y IHE. YL = ViLAa 25°C | —oG60 =810 mVv
85°C| —a&an =700
0°C| ~2000 —1665
VoL  Lowlevel output voltage VIH = ViHE. VL= VLA 257'C| —1930 —1650 | mWv
85°C | —1920 —1615
o'c| —1020 —840
Voo High-lavel output voltags VIH = V|H'B- ViL=ViLa 25°C| —950 —810 | m¥v
as°c| —810 =700
Gy =2000 —1645
VgL' Lowlevel output voltage VIH = VIH'B. ViL=ViL'a 5°C) 1090 —1630 | m¥
85°C | —1820 —1685
. . Read/Write Vi=-810mV, o 355
IH High-level input current - . 25°C nA
Qther inputs | Other inputs open 265
] V)= —1980 mV, .
IR Low-level input current ) 25°C|T 05 uh
Other inputs open
IEE  Supply current All inputs and the output open 25°C| —103 -85 mA

MNOTES: 1. All parameters are muasured with Vg - —5.200 V, Ve = Voge = 0V, and {unless othenvise nowed} the gutput is connected
ta —2.000 V through 50 £} for SN10142 and SM10148, or 90 0 for SN1D340.

2. Test conditions stating Vi = Vg lor Vy'gl and/ar ¥ = V5 (or V' 4 ) mean that the high-level input voltages are equal
to the B limit of ¥y [or V") specified Tor the particular temparature {(se# note 3} and/ar the Iow-leval input voltages are equal
to Lha appropriate & Vimit of ¥ far ¥ "), The gutput voltage Iimits ara guarantesd for any appropridte cambination ol input
conditians specifiad by the function tabla for the desired putput,

3, This ctata shear uses tha algebraic-limit system that has been adopted by the International Electrotechmical Commission, The
A limit it the mora positive {less regative} limit; the B limit is the less positive more negative! limit.

TThe embiant tamperature conditions assuma air moving parpendicular 19 the longitudinal axis and parallel 1o the seating plane of the device at
a velocity of 500 feet par minute with the device under test soldered to 2 4 x G x 0.062-inch double-sided 2-0z copper-clad circuit board.
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TYPES SN10140, SN10142, SN10148
64-BIT RANDOM-ACCESS MEMORIES

switching characteristics at 26°C free-air temperature

SN10140
SN1D142
SN10148
FARAMETER TEST CONDITIONS UNIT
B TYP A B TYP A
|SEE NOTE 3} |SEE NOTE 3}
tafad] Access time from address 10 15 8 10 ng
P tion delay time, law-to-high-lave!
(PLH ropagation e oy time, [aw-to-nigh-l2wve 4 12 7 12 s
avtput fram E {enable umel
Propagation delay time, high-to-iow-level Cp =35pF,
L | PagRTion delay time, Tanaawiey L F 7 12 7 12| m
output from E (disable time) R =80 0 1SN10140)
Transition time, 60 12 (SN10142, SN10148),
TLH . . 25 25 ns
low-to-high-leve| output {20% to 80%) See Figures 5and 9
Transition time, 25 25
r . . ns
THL  igh-to-low-level output {80% to 20%)
tsr  Sense recovery time 10 10 ns

MOTE 3: This data sheet uses the algebraic-limlt system that has been adopted by the International Electrotechnical Commission. The A limit
is the more positive [less neagtive] himitl, the B limit is the less positive (more negative} limic.

NOTES:

PARAMETER MEASUREMENT INFORMATION

ADORESS

veer Yooz

INFPUT

[See Notes &, B, and O}

ENABLE

INPUT

{See Notes A, B, and E}

READMWRITE

DEVICE
UNDER
TEST

INPUT
{5ee Notes A and B)

DATA

INPUT
{See Nates A and B}

+—{|—e

VEE

52V

01 uF

-

+

2
t
il

T
1

1 L
’_:EZZuF IUJ uF

{Ser Note F)

{See Note Ch

W gy10140 OUTPUT
[5ea Note Bl
SN10142, SN10148 OUTPUT
(See MNate B)
C_=35pF

A. The input vavelorms are supplied by generators having the following characienstics: Zg,, = 50 $2, PRR = 2 MHz. Transition

times of inputl wavetorms are 2 £ 0.1 ng between the 20% and B0% levals and are dularmined with no device in the socket,

o

. € includes jig capecitance.

mm 00

50-£} autput cable.

. All pddress lings Aot under TE5T MUt De bidsed 10 s01CCT A memory cell,
. Enable inels) not under test must be at a low logic level.
. 40-11 external resistor shown is used for SN10148 snly. Whon testing SN10142 er SN10148, connect point {A) directly to

FIGURE 5-TEST CIRCUIT

. The wavefgrms are monitored on an oscilloscope having the following characieristics: 1 £ 0.3% ns, R, = 40 f2. Input and cutput
cables ara equal langihs of 50.1F coaxial cable.
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TYPE SN10144
256-BIT RANDOM-ACCESS MEMORY

o Fast Access Time ... 18 ns Typical
e«  256-Word-by-One-Bit Organization
e« Drives 50-Ohm Loads

« Full On-Chip Address Decoding and
Output-Sense Amplification

s Capahility for Wired-OR Connections

e Low Sensitivity te Supply Voltage Variation
description

This 256-bit active-element memaory is a monglithic
high-speed, emitter-coupled-logic (ECL} array of 256
storage cells organized 1o provide 256 words of one
bit each. Full address decoding and output sense
amplification are included on the chip. An additional
level of decading is provided for memory systems by
the three gnable inputs. Each of the 256 words is
addressed by the binary address inputs AD through
A7. The output can he connected to other emitter-
follower outputs to achieve wired-OR  word
expansion.

Information at the data input is written inta the
memary by addressing the desired word with the
address lings and taking the read/writz input low
while all enable inputs are held low. The output is
forced low while the memary is in the write mode.

Information stored in the memory is read out by
holding the read/write line high, selecting the desired

address, and taking all enabile inputs low,

FUNCTION TABLE

READ/ — EN_ABLE_ CQPERATION
WRITE 1 E2 E3
L L L L |Write loutput lowl
H L L L | Read
¥ H X X | Chipdizabled {output low)
X X H X | Chip disabled {output low)
X X X H | Chip disabled {outpul tow)

H - high level, L =low level, X =irrelevant

MAY 1975
JOR JE
DUAL-IN-LINE PACKAGE |TOP VIEW)
Y a
AD 1® ]16 Vec
Al 2] ] 1§  DATAOUT
A2 3] [ 14 n&
A3 af ] 13 DATAIN
Bt 5] 12 a7
g2 6] 11 a8
Ba  7—fw As
VEE 8] [ o Ad
functional hlack diagram
(po 411
ar 12 eoLuwn
a2 13 DECCDER
P ) I
ADORESS
INPUITS A4&
1108 16 % 16
451 ow ARS:Y
Mﬂ DECUDER MEMORAY
13 CELLS
A?‘
DATA INFUT SENSES NEHOATA
HEADMRITE WRITE OUTRUT

E E‘I:E]

ENABLI

ML 1S Ezm
I3
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TYPE SN10144
256-8IT RANDOM-ACCESS MEMORY

recommended operating conditions

B MNOM A
ISEE NOTE 3} UNIT
Supply voltage, VEE -532 -52 -—48B2| V
Width of write puise, T,yfyyr) Isee Figure 91 25 ns
Address belore write pulse B
Setup 1ime, ty, {see Figure 9} Enahble hefore write pulse 2 ng
Dota before ond of write pulse a7t
Address after write pulse 2
Hald time, ty, {see Figure 9 Enzhle after write pulse 2 ns
Data after write pulse 2
Operating ambient temperature, To 0 85| "C

TNote that this satup time is referenced 1o the end ot the write pulse. With a minimum-width (25-ns) writa pulse, this limit is equivalent 1o a
2-ns setup time referancad to the start of the write pulse. The setup-time requirement s thus maade independent of write pulse width.

electrical characteristics at specified ambient temperatured

TEST CONDITIONS B TYP A
PARAMETER UNIT
ISEE NOTES 1 AND 2} {SEE NOTE 3}
o°C| —1020 ~B10D
WyH  High-level input voltage 25°C| -980 -B1D | mv
gs'c| --g10 —7a0
o' | —1145
ViH' High-level input voltage 258°C | —11056 my
B85°C | —10356
o' YEE —1645
ViL  howlevel input voltage 25°C VEE —1630 | mv
85°C VEE —1595
oe —1450
Vi Low-level input voltage 25°C —1475 | mVv
85°C —1440
a* | —1000 —840
VoH  Highdlevel output voltage Vig=ViHe. ViL=ViLa 25°C| —960 —-2i10 | mVv
85°C| -g8go —700
o"c| —1870 —1865
VoL Lowlevel output voltage Vig - VIHE. VIL- ViLa 25°C | 1850 1650 | mv
#5"C | =1825 —1615
¢'c| —1020 -840
Yane Highdevel culput voltage YIH = VIH'E. ViL=Vica 28"c| -980 -810 | mV
8s5°c| -g910 —700
o'C| —1870 —1645
YoL' Lowlevel cutput voltage Vig=VIH'B. VL= ViLa 25°C| —1850 —1630 | mVv
as°cj —1825 — 1556
. . E inputs V|- —B10mVv, o 265
IH High-leval input cureent - ) 5°C HA
Other inputs Othor inputs apen <8}
; E inputs V)= - 1BE0 mV, o a5
ITH Low-level input current - . 250 I
Cnher inputs | Other inputs open —50
Igg  Supply current Allinputs and the output open 25°c| —128  -90 ma
NOTES! 1, All parameters are measured with VEg = —5.200V, Veope = 0 W, and lunless otherwise noated? the gutput is connected to

—2.000 ¥ through 50 £
2, Test conditions stating Vi - Vygg lor Vg gt andfar Wy =V a (o7 Vgl maan that the high-leval input voltages are egqual
1o the B limit of Vg {or V') specified for the particular temperature (see note 3) and/or the low-level input voliages are sgual
To the appropriate A limic of Wy lor \.I’||_'J. The ouvtput voltage limits are guaranteed for any apprapriate combination of nput
conditions specified by the tuncrtion table for the desired outpur,
3. This data sheet uses the algebraic-limit systerm that has been adepred by the International Electrotechnical Cammission, The
) A fimit is the more positive {less negativel limit; the 8 limit is the less positive fmore negativel Hmit,
*The ambient temperature conditions assume air moving perpendicular 1o the longitudinal axiz and parallel to the seating plane of the device at
a velacity of 50Q feet par minute with the device under test soldercd to a 4 ® 6 x 0.082-inch doubie sided 2 0z copper clad clrewmt board,
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TYPE SN10144
256-BIT RANDOM-ACCESS MEMORY

switching characteristics at 25° C free-air temperature

B TYP A
PARAMETER TEST CONDITIONS UNIT
(SEE NOTE 3!
ta{ad) Access time from address 18 35 ns
tpp4 - Propagation delay time, low-to-high-level output from € lanable time) a8 12 ns
tPHL Propagation delay time, high-to-Jow-level output from E [disable time) 8 12
TPHL Propagation delay time, high-to-lpw-level output fram read/write 5 17 ns
tTLH Transition time, tew-to-high-leve! output {20% to 80%) 25 ns
tTHL Transitian time, high-ta-low-level output [B0% to 20%) Cy =3.5pF, 25
15 Sense recovery 1ime Ry =E&0%, B 17 ns
tualwur rminy  Minimum width of write pulse See Figures 6 and 9 15 25 ns
Address before write pulse and Mote 4 —15
teu{min] finimum setun time Enable before write pule -8 2 ns
Data before end of write pulse 8 27
Address after write pulse —3 2
thimin) Minimum hold time Enable after write pulse ~8 2 ng
Dara after write pulse =1 2

MNOTES: 3. This data sheet uies the algebraic limit systum that has been adopted by the International Electrotechnical Commission, The A
limit is the mara pasitive {1ess negative) limit; tha B limit is the less pasgitive (more nogative) limit.
4. Acrual values for the minimum width of write pulze, the three minimum s2tup timas, and the threa minimum hald times can each
ba detarmined separately by setting the cuher six intervals at their A-limit values,

PARAMETER MEASUREMENT INFORMATION

iQZkF ‘LUJ Mg
7T

ADDRESS

INPUT Vee

{See Motes A, B, and D}

ENABLE

INPUT

{8ee Notes &, B, and E) DEVICE oUTPUT

UNDER 15ae Nate B)

READMWHITE TEST

INPUT

{See Notes A and B) — CpL-35pF
“T™ (See tiote C

DATA

INPUT VEE

{52¢ Motes & and B)

B2y
+
—Jij—e

MOTES: A, The input waveforms are supplied by generators having the fellowing characteriztics: Zaut~ 208, PRR = 2 MHz, Transition
times of input waveforms are 2 £ 0,1 ns between the 20% ond 0% lovels and are detarmined with no device in the socket,
E. The waveiorms aru monitered on an oscillascope having the following characteristics: t, % 0,35 ns, [, = 50 1. Input and autput
catyles dra equal lengths of 50-01 coaxial cable.
C. © includes jig capacitnoe.
. All agdress liees not under tast must ba biased to seleey a memary cali_
L. Enabla lines nat under tost must be at a low logic levet,

o

FIGURE 6-TEST CIRCUIT
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TYPE SN10145
64-BIT RANDOM-ACCESS MEMORY

MAY 1976

* Fast Access Time ... 9 ns Typical JOR JE

s 16-Word-by-Four-Bit Organization DUAL-IN-LINE PACKAGE {TOP VIEW!

*  Drives 50-Ohm Loads

® Full On-Chip Address Decoding and o ]
Output-Sense Amplification ¥o 1] )16 Ve
s Capability for Wired-OR Connections vioo2fl Jis vz
» Low Sensitivity to Supply Voltage Variation E o3 j 14 ¥3
Do 4] 1z RW
o1 s 12 o3
description A0 BE f11 b2
A1 7 | 110 a3
This 64-bit active-element memory is a monolithic 0 A2
high-speed, emitter-coupled-logic (ECL} array of VEE 8 ]

64 storage cells organized to provide 16 words of four
hits each. This organization and the high speed makes
the SN10145 particularly useful in register file or
small scratch-pad applications. Full address decoding
and output sense amplification are included on the
chip. Each of the 16 words is addressed by the binary

functional block diagram

address inputs A0 through A3. The output can be an |
connected to  other emitterfollower outputs to a o i
. N W
achieve wired-OR word expansion. The SM10145 is it ALEFER MEmGRY
; A . . Al ——= ULTUIER
fully compatible with the SN10000 logic family. UL s

Information at the data input is written into the

. - - n— 1 *a
memory by addressing the desired word with the _ I o
. N . . R— T " " |_nara
address lines and taking the read/write input low LT N I L currips g [aUTRUTS
while the enable input is held low. The output is PELLE N — KR
forced low while the memary is in the write rmode. Rw |
| ! ]
Infarmation stored in the memory is read out by
holding the read/write line high, selecting the desired
address, and taking the enable input Jow.
FUNCTION TABLE
READMIRITE | ENABLE
— - QOPERATION

R/W E

L L Write {output 1ow)

H L Read

X H Chip dissbled {putput low)
H = high lavel, L = low leval, X = irrelevant
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TYPE SN10145
64-BIT RANDOM-ACCESS MEMORY

recommended operating conditions

[:] NOM A UNIT
ISEE NOTE 3)
Supply voltage, VEE =572 6532 —4B8| V¥
widih of write pulse, Lyjwry tses Figura @) 1.5 ng
Address bafore write pulse 3.5
Setup tirmae, tg, (see Figuro 5) Enable before write pulse 3 ns
Data belore end of write pulse 7.5
Addross after write pulse 1.5
Hold time, ty, {see Figurn 9) Enable after write pulse 3 ns
Data alter write pulsc 3
Operating ambient temperature, Tpa, 1] . 85| “&
electrical characteristics at specified ambient temperaturat
PARAMETER TEST CONDITIONS B A UNIT
ISEE NOTES 1 AND 2) (SEE NDTE 3)
o'C | —i020 —840
VIH  High-level input voltage 25°C | -480 ~810| mVv
g85’c| —910 —700
L | -1148
Wiy High-level input voltage 25°C | —1105 my
26°C | —1035
o'c| Vee —1645
VL Low-level input voltage 25°C| VEE —1630 | mv
85°C| YEE -1505
o'C -1430
VIL©  Low-level input voltage 25°C —1475 | mv
B5°C —1440
o°c | -1000 —840
VaH  High-level cutput voltage ViH = VIHB. ViL=ViLa 28°C| —960 —810| mV
B5'C| —890 —700
o'c| -1870 —1665
VoL Lowelcvel outputvoltage VIH - ViHEe, ViL = VILA 25°C | —1850 —1650 | mv
B5°C | —1825 -1615
o’c | —1a020 —840
VH' High-level cutput voltage VIH = ViH'g, VL= ViL'a 25°C| —@80 —810| mv
BR'C| -51Q —700
o' | 1870 -1645
VoL Lowrlevel output voltage VIH = VIH'B. ViL=ViLa 26°C | —1850 —1630 | mv
86°C | —1826 —1595
. Any Data input 220
hH ,H'gh']m' [Read/Wnite input Vi =810 my, 25°¢ 470 | A
input current — Ciher inputs open
Any Address ot € input 200
ITH Lowy-devel input currant vi- _,1350 mV. 25 0.5 JIr.
Other inputs open
lgg  Supply current All inputs and outputs open 28°C | —160 md

NOTES: 1. All parameters are madasured with Ve = —6.200 V, Voo - 0 ¥, and {unless otherwise noted] the gutput is cannected 1o
—2.000 v thraugh 50 1.
2. Test cenditlons stating ¥y — Wpg for Vyg'g) andiar V= Vs lor ¥ "4} mean that the high-laval input veltages are sgqual
1o the B limit of ¥y lor V') specified far the particular temperature {see note 3] and/or the |ow-leval input voltages are equal
ta the sppreprlate & limit of V| lor V| ‘). The sutput voltage limits are guarsnteed for any appropriate combination of input
conditlons specified by the function table for tha doslred autpuot,
3. This data sheet uses tho algebraic-limlt systom that has been adopted by the International Electratachnical Commission, The
A limit is the more positive (less negatival limIi: the B limit is the less positive {more negative) limit.
tThe amhient tempergture conditions aasums air moving perpendicular to the langitudinel axis and parallel 1o the seating plane of the device at
avelocity of 500 feet per minute with the device under test saldercd 1o a4 x 6 x 1,062-ineh doublasined 2-0z copper-clad circuit beard.
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TYPE SN10145
64-BIT RANDOM-ACCESS MEMORY

switching characteristics at 25°C free-air temperature

B TYP A
PARAMETER TEST CONDITIONS UNIT
(SEE NOTE 3)

taiad) Access time from address _ -] ns

tpLH Propapation delay time, low-to-high-level output from E {enable timel ¢ 25 pF |11
—= =, . ns

tpHL Propagation delay time, high-to-low-teyel cutput from E idisable time) FlL 50 :; a

tTLH  Transition time, low-to-high-level output {20% o 808:) L ) ! 2,5
P - See Figures 7 and 9 ns

tTHL  Transition time, high-to-lowlevel output (80% to 20%) 25
tsR Sense recovery time 7.5 ns

NOTE 31 This ctata shaet uses the algebrale-limir system that has been adopred by the Inlernational Electrotechnical Commission, The A fimit
iz the rmare pasitive (less negativel Himlt; the B limit is the [ess positive {more negative) limit.

NOTES:

A

PARAMETER MEASUREMENT INFORMATION

i?ZuF _LO.I uF
T

ACDRESS
INPUT Yee
1See Notes A, B, and D}

ENABLE a_ QUTPUT

INPUT {Sen Note B)

[See Notes A and B} DEVICE

UNDER
Cp =35pF

READAWRITE TEST “T™ (See Notr C

INPUT

1Sec Notes A and B} EACH QUTPUT

NOT UNDER

DATA . TEST

INFUT VEE

[See Notes A and B}

b1V
+ -
) 500
e e R I
2V

The input wavelarms are supplied by generators having the following characteristics: Zg,,. = 50 £, PRR = 2 MHz, Transition
Limes of input waveforms are 2 1 0.1 ns bebween he 20% and BO0% levals and are detarmined with no dovice in tha socker,

The wavetorms are monitared on an oscillascope having the following characteristios: L% 0,35 ns, Ain = 50 i1, Input and aurput
cables are vgual lengths of 505 coaxial cable.

. € includes jig capacitance.
. All address lines not under test must be Liased to select a mamory cell.

FIGURE 7—TEST CIRCUIT
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TYPE SN10147
128-BIT RANDOM-ACCESS MEMORY

level of decoding is previded for memory systems by
the twao enable inputs. Each of the 128 words is
addressed by the binary address inputs AQ through
AB. The output can be connected to other emitter-
follower outputs to achieve wired-OR  word
expansicn,

Information at the data input is written into the
memary by addressing the desired word with the
address lines and taking the readfwrite input low
while bath enable inputs are held low, The output is
forced low while the memory is in the write mode.

Information stored in the memory 15 read out by
holding the read/write line high, selecting the desired

address, and taking both enable inputs low,

FUNCTION TABLE

READ/ | ENABLE
WRITE —E1 T2 OPERATION
L L L | Write {nutput low)
H L L | Read
X H X | Chip disabied {output low}
X b4 H | Chip disabled (output lowe}

H = high isval, L —low lovel, X = irrelevant

HNC—Mo internal connection

functional block diagram

ADDRESS |

COLUMN
BUFFER/
DECODER

INFUTS

A5 =2
g 19

AW
BLIFFERS
DECODER

I3

MaY 1975
JOR JE
Fast Access Time ... 15 ns Maximum DUAL-IN-LINE PACKAGE (TOP VIEW!
128-Word-by-One-Bit Organization
Full On-Chip Address Decoding and
QOutput-Sense Amplification
o . . veer 1|* ~ [l18 vee
Capability for Wired-OR Connections
Low Sensitivity to Supply Voltage Ao 2[ . ]+ DATA OUT
Variation a3 ] 14 E2
description Az 4 13 &
az 5 | 12 aiw
This 128-hit active-element memary 15 a monolithic, ad 5 11 DATAIN
high-speed, emitter-coupled-logic {ECL} array of 128 [ ]
storage cells organized to provide 128 words of one A5 7 [ ] 10 AB
bit each, Full address decoding and output sense v s ] 5 e
amplification are included on the chip. An additional EE

vaTa neuT —L
11z} BUFFER
READMRITE

SENSE/ 151 paTA
WRITE HBUFFER %DUTPUT

113
EnnaLE | B
INPUTS 140
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TYPE SN10147

128-BIT RANDOM-ACCESS MEMORY

recommended operating conditions

B NOM A
ISEE NOTE 3) umT
Supply voltage, VEE —572 L2 468 V
Width of write pulse, tyly) lsee Figure 8} 8 ns
Address before write pulse q
Setup time, g, {see Figure 9} Enable before write pulse 1 ns
Data hefore end of write pulse 8
Address after write pulse 3
Hold time, ty, lsee Figure 9) Enable after write pubse 1 ns
Data aflter wrile pulse 1
Opetating ambient temperature, Ta a 85| °c
electrical characteristics at specified ambient temperaturet
PARAMETER TEST CONDITICNS B TYP A NI
ISEE NOTES 1 AND 2) |SEE NOTE 3)
e | —1020 —a40
VIH  High-leve! input voltage 25°C | —980 =810 mV
B5"C | -810 —700
0°C | —1145
¥|y' High-tevel input voltage 25°C | —1105 mY
85°C [ -1035
"c| Veg —1645
¥iL  Lowlevel input voltage % VEE —1630| mV
88°C| wveg —1595
¥C —1480
V)" Low-level input voltaga 25°C -1475 | mV
88°C —1440
0°C | —1000 -840
WoH  High-level outptt voltage VIH = VIHB. ViL = VLA, 25°C | —960 —-810] mv
B5°C | —800 =700
o'C |—2000 —1665
VoL Low-level output voltage ViH =Viye. VIL = ViLa 25°C [ -1990 —1680 [ mV
85°C | 1920 —1615
o°C | -1020 ~810
¥oH' High-tovel ougpeer voltage VIH - ViH'B. ViL=ViL'a 26°C | —980 =310} mV
B&'C | —910 =700
o°C | 2000 . —1645
VgL' Low-level output voltage ViIH = VIH'R. ViL = VLA 25°C [ —1980 —1630 | mV
¥5°C | —1920 —1595
K High-level input current Readﬂf\l’nm Vi- __BIDmV' 26°C 355 A
Gther inputs | Olher inputs open 265
. Y| = =1980 my, N
L Lowelevel input current i aws'c 0.5 1A
Other inputs open
IEE Supply current All inputs and the output open 25°C | —100 - &5 50| mA
NOTES: 1. All paramaters are measured with Vg = =5.200 W, VCC1 = VCC2 =0V, and {unless otherwise noted) 1he outpur is connected

1o —2.000 V through 50 §2.

2. Test conditions stating V) = Vg lor ¥V y'g) and/or W), = W lor V) 's) mean that the high-level Input voltages are equal
ta the B limit of Wy lor ¥ |y') specifled for the particular temperature {see note 34 and/or the low level Input voltages are equal
to the appropriate A limit of V| (or V| ") The output voltage limits are guaranteed for any appropriate combinatian of input

conditions tpeciflied by the function tabla for the desired output.

3. This data sheel uses the algebraicelimit sysiem that hes been adopied by the Internatlonal Elecerotechnical Cammission, The

A dimit s the mare positive (less negative} limit; the B limit is the less positive imore negative) Nmir.

TThe ambient temperature conditions assume air maoving perpendicular to the |engitudinal axis and parallal to the seating plana of the device at

avelacity of 500 feet par minuty with the device under test saldered to a 4 x 6 x 0.062-inch douhle sided 2.07 cepper-clad circuit board,
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TYPE SN10W7
128-BIT RANDOM-ACCESS MEMORY

switching characteristics at 28°C free-air temperature

B A
PARAMETER TEST CONDITIONS (SEE NOTE 3) UNLTY

tajad) Access time from address 15 ns
tPLH  Propagation delay time, low-ta-high-level autput from £ (enable tima) CL=3.50F, 3 85 ns
tpHL Fropagation delay tima, high-to-low-level cutput fram E (disable time) R =600, 2 8.5
tTLH Transi.tllon time, I?w-tu-high-le\rel output {20% to 80%) See Figures 8 and 0 1 28 ns
tTHL Transition lime, high-to-low-level outpul {808 to 20%] 1 25
g SEnse recovery time 10 ns

MNOTE 3: This data sheet vses the algebraic-limit systermn that has been adopred by 1he lmernational Electrotechnical Commilssion. The A limlt

is the more positive {less negativel limit the B limil is the 12%5 positive {more negative) limit.

PARAMETER MEASUREMENT INFORMATION

’.l\Z'Z F '1‘0,1 3
ADDRESS g g
INPUT Veer Voo = =
(See Notes A, B, and D)
EMABLE
INFUT
iSee MNotes A B, and E} DEVICE OUTPUT
UNDER {See Note BI
READWRITE TEST
INPUT
[See Motes A and B)
4 =3EpF
DATA v “T™ ($ee Note Ci
INFUT EE
{See Notes A and Bl
B2V
-
0—[1|I—|L
L’ 01 uF
[x
L2

NOTES: A, The input waveicrms are suppliad by genarators having the following characteristics: 2,4 = 50 f. PRA = 2 M4z, Transition

timas of inpul wavefgrms are 2 £ 0.1 ns barwean the 20% and 80% lavels and are determined with no device in tha sockat.

8. Tha wavaforms are manitored on an oscilloscopa having the following characteristics: 1, % 0,35 ns, A, = S0 {1, Input and autput
cables are equal lengths aof 50-12 coaxial cabla.

Co G includes jig capaci tance.

. Aldl audress lines not under 1est must be biased to swlect a memory cell.

E. Enable linefs) not under test must be at a losw logic leval.

FIGURE 8~TEST CIRCUIT

o
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SERIES SNico00
MEMORIES

PARAMETER MEASUREMENT INFORMATION

—_——— T M0 mY
ADDRESS N -
50% [Gee Nate A}
INPUTS A 50% oK e
i\___._.._.._._.____ll +310 mV
I'————“su—-i po— th —-I
| [ +1110 mv
ENAEBLE 1 [
INPLTS 0% ) [ 80%
: | - ] — — — +310mVY
1
f— 4‘1-_ - th —e]
) Enelyer} — +1110 mv
READAVRITE 50% 50%
INPUT |
| e e = 4310 mMV
| p— —
sU
|-—¢-Lt
—_—— e ——— — ! i I'J_......._H‘ll()m\a'
DATA | S¥50m : 50%
INPUT N l
; L s andl +310 mV
ke tpHL —o oty —d
CATA { {See Nota B} !
50%
QUTPUT Sl
WRITE CYCLE VOLTAGE WAVEFORMS
|-—-£—2t0.1 ne (o !“-"{"—229.1 ns
ADDRESS  Bo% ', ‘80% YT Bom % #E0% o my
INEUTS 20% i } o 20 200
{See Note € ! AL s TN (L +310 m¥
I
b Lafact) — Fo— taiach—=
I 4 !
| A 80% BO% !
DATA 50% ¢ | N 50%
QUTPUT 205 | ; 20%
L3 I
1 | | I
—w— T H s—et— LTHL
ACCESS TIME FROM ADDRESS INPUTS
b2+ 0.1ns l ol 72 0tns
| ' ' ! 1110 my
ENABLE B0% % 1 I 80%
50% % | 50%
INPUTS & 0% —
{See Note D) : ——_— — — — — 310 mV
| .
r— tpLH—| M tPHL—
] |
1 o <. |
g”n 5O ! 8o aa% 1w 5O%
UTPUT 20% ! | 20%

ENABLE AND DISABLE TIMES

NOTES: Waltage velues gn input waveforms are with respect to ground,

All gnable inputs are low, read/write Input is high,

Sansa recovery time can only be maasured following the writing of a high -

1
=T ITHL

lgval input.

Readfwrite input i5 high, other enabxle inputi{s) isiarel low, bit location addressed contains high-level data,

FIGURE 9—VOLTAGE WAVEFORMS
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SERIES SN10000
MEMORIES

TYPICAL CHARACTERISTICS?

HIGH LEVEL AMD LOW.LEVEL

CUTPUT WOLTAGES HIGH LEVEL and LOW LEVEL CUTPUT VOLTAGES
v v
AWVEBIENT TEMPERATURE SUAPLY VOLTAGE
o 0
VEE - SB.IW LOAN - b0 G- 2 Y
-0 | LOAD - 50R o -2 W V2rTa=20'0
190 1% *ar SN 19140 anky'b - | |
LR T — [iFs i i
1
_ o5 L | l . ., o8 |
P VL - a4 -08 . VoH }
ki —— |
B oeh 3 -1
E -1z — R B S———
= 3
d 14 - Qa -4 —
T N S . [N
W . '
-tE oL - gl - 218
X | - -ro
0 0 21 3r 40 51 G0 70 B} 93 104 5B _5& _54 _§7 _57 48 4G
Ta—Arment Temzerawre—"C VEE—Supply Veltage—4
FIGURE 10 FIGURE 11
QUTPUT VOLTAGE INPUT CURRENT
i vs
DUTPUT CURAENT INFUT ¥DLTAGE
. ann T
/ | Y
I 250
Yy,
;o h <
& | i o200 T
2 -l 1 H '
£ Ta -25°C : '
= -4 F S 3
2 Lozd lings assume 8 150 :
E | 1erminanan e -2 W 2 1 |
o . | T wop !
ol / :
L, . i i s |
T“H |
q A
o -5 —10-15 =20 —25 —30 -35 40 —ab -5 20 -10 -17 -k —0a q
1g-Cutput Currend- ma V= Inpun Vo ltaga—\
FIGURE 12 FIGURE 13
TAANSITION 1IME, TRANSITION TIME,
LOW.TO HIGH.LEYEL DUTFLIT HIGH TO-LGW-LEVEL QUTPUT
5 LY
- SUPPLY VOLTAGE - SUPPLY VOLTAGE
£
L ap T T i s T T T
: CL=3SeF E CL-35pF ]
o 15 -y ——Ta-C'CwEE'T 5 35— CTa=0CIE T
H Isee Fagoies M and Mg % See Figures 17 ang M9
i l — £ 30
£ 107 Lo 0% _;
£ 2R - =t — -:- 25 [ -
c
s e S0% 1a 10%
EA ] —_ $ 20 =
= ; z
£as ——- gous |-
= . 5
£ . — £1o
= =
. i e ] Eosl | -~
[ . =
1 1 I
I o 2 5
T o-8% -85 -34 -52 -60 -4B -4 g —-B& -bB -fd4 -5 30 -48 -48B
YEE—Supply Volrage-\ VEE=Suprly Voltage-y
FIGURE 14 FIGURE 15

TThe ambient ternperature condiligns assume air maving perpendicular to the Isngitudinal axis and parallel to the seating plang of the device at
avelocity of 500 teet per minute with the device under test soldared to 8 4 » 6 % 0,062-inch double-sided 2-0z copper-clad clrecuit board.
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ECL MEMORIES MECHANICAL DATA

MECHANICAL DATA AND ORDERING INSTRUCTIONS

general

The availability of a particular Series SN10000 part in a particular package is denoted by an alphabetical reference
above the pin-eonnection diagrams. Serigs SN10000 memories are available in the J and JE ceramic packages, Orders for
these circuits should include the package outline letter{s} {J or JE) at the end of the circuit type number; e.g.,

SN10139J, SN1014SJE.

J ceramic dual-in-line package

This hermetically sealed, dual-in-line package consists
of a ceramic base, ceramic cap, and 16-lead frame.
The package is intended for insertion in
mounting-hole rows on 0.300-inch centers. Once the
leads are compressed to  0.300-inch  separation,
sufficient tension is provided to secure the package in
the board during soldering. Tin-plated {bright-dippcd)
leads require no additional cleaning or processing
when used in soldered assembly,

ﬁ%ﬁﬁwﬁ
JE ceramic dual-in-line package

This ceramic dual-in-line package has 16 leads
attached by brazing and a gold-plated lid hermetically
sealed to the header at relatively low temperature
using & solder preform. The package is intended for
insertion in  mounting-hale rows on 0.300-inch
centers. The gold-plated leads require no additional
cleaning or processing when used in soldered or
welded assermnbly.

— g —
p@@@@@@q
< OaF A M -
= 12 ]
2 oleJolodcToloto)
__; | E— ‘ —-1 rt 41N Wl g PLaEs
a5 — i
{‘u %::. U FPATING PLANE :4“_‘. —'—D - R
. e . MK Wh L 1| 1= races
et mmjL‘ - 358 e

[ — V1Y
FINSPALING D 10 1
i i

ALTLIRATE
18 RHNEY
e Mz
ha

JONG RO A RON OO
oers
Fs
1k o 0wk
[P}, g —
1% T PACT '] r— . A L o
| | [ !
]
sta-my
e
| B0 mn
amaww
3 pare i oor a0 r.e
bt BE o e ||l B Ly
-lie wrarey *RACER WeLagEt 1w aty B
oo
e Pt

NOTES: a. Each pin centerling is located within 0.010 inch of its
true lnnnitudinal positlon,
b, All dimensions are in inches unless otherwise noted.

MNODTES: a, Terminal identification is provided by either a notch
with a nominal radiug of D037 inch or A dat an tha
body near the number-ane terminal,

b. Each pin centerling is lncated within 0,010 inch af its
true longitudinal position.
. AN dimensions are in inches,
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SBP0400
4-BIT BINARY PROCESSOR ELEMENT
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SBP0400
4-BIT BINARY PROCESSOR ELEMENT

SBP0400

4-bit slice microprogrammable
microprocessor element.
Integrated Injection Logic.
....from Texas Instruments.

The SBPHO0 is a digital processor
building block and the Arst of the
standard Inteperated Injection Logic
(LY [Cs From TI,

The 4W conthines the unigue
properties of I2L techaology with an
expandable 4.bit slice arehitecture
ta offer an unmatehed level of per-
formanece and design flexibility.

It’s microprogrammable, You
build instruclions by exteraally
sequencing the 0400s factory-pro-
rrammid  micro-operations. Emua.
late existing designs, at either the
micro or mucto level, with software
compatibility, Or eveate highly elfi-
ciene new designs with Lailored
instrustions,

With over 1,600 gates, monolithi-
eally inteprated into o 10-pin pack-
age, the 0400 offers the basis for
eflicient, low cosl destgn sulutions Lo
a host of applications in bath indus-
trial (¥ to TFCY nwel military (-75" 1o
125°C} environments.

The SBPMHO0 is also diveetly ox-
pandahle to any word size whichisa
multiple of 3-bits.

Sgme examples: One SBLG00
can make a basic 4-bit intelligent
cottroller, Two, in puaratlel, makes
an #-hit dedicated proeessor. Three
makes 1 12-bit contraller. And, with
four—the CPU of a pener sl purpose
168-bit “mini".

SBIMAO0 15 characterized by the
ability to perform any ane of its 612
preprograrmmed  micro-operations
within a single clock eyele,

Basic Architecture {

® Microprogrammable, bil-shice design
expandabie in 4-tat mulllples.

@ Parallel acress to all conlrol, data and
address functions,

® 16-function ALU wilh lull-carry laok
ahead capability.

® g-word general register tile including
independent program counter
wilh ingrementor.

& Qual 4-bil warking registers with full
shifting capability.

# (n-chip tactory programmable logic array
[PLA) containg a repertoire ol 512
mictn-gperalions,

Functianal Power

# Slalic edge-tnggered operation with full
TIL compatibilily.

& ALU op modifications
via 8 arilhmedic or B Bool=an funclians.

# Bidirectional togic/arithmetic shill:ci

micerosecond, just over1Qd millinmps
ol total supply curvent is required.
Any point aleng the constant speed
X pmwer plob can be chosen, Down to
one migroamp of toral supply cur-
renk for corresponding licroeyeles
of 10 milliseeonds, -

HJECTOR CUAREMT

|

MORMELIZED PROPAGATION BELAY TIME

of single/dovble signed, single/double
precision binary words,

@ Singte cloek ALU-shilt combinations simplity
implementzllon af iterallve multiply and
nan-reslore divide algarithms.

J @ |nternzl operation register and Independent

program counter provide pipelining
capability.

Performance: The SBLHM aperates
at aconstant speed X power produet
over a 107 performance range, Vi
tually any single DO power soureee,
voltage ovourrent, can be used.
Speed is a direct funetion of sup-
ply ewrrent. As the graph shows:
Fur typical microeyele times of one

S T ST ST
[ T T " 1 )

Lz — Injecion Curreni— ma

Desipgn with the 0400 und the
choiee is yours: Word size. Instrue-
tion set. Power and apeed, Use your
imagination. The SBIO00 i3 just
the hegrinning.

Engineering evaloation devices
arve available now., Designaled
XOOON, they are MO0 cach {1-21n
Order directly from your nearest T1
Sales Oflice. A produet manual
necompanies purchase, For a “3lini-
Spee’” wrike Texas Instruments
Incorporated, P.C. Box [
A012 M A0R Dallas, L{EEI
Texas Th222,
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TMS 1000 NC, TMS 1200 NC
MICROCOMPUTERS

DESCRIPTION

The TMS1000 series is a family of P-channel MOS four-bit microcomputers with a BOM, a RAM, and an arithmetic
logic unit on a single semiconductor chip. The TMS1000 family is unique in the field of microprocessors because this
device is a single-chip binary computer. A customer’s specification determinas the software that is reproduced during
wafer processing by a single-level mask technigue that defines a fixed ROM pattern. This versatile one-chip computer is
very cost effective and capabte of perforrning a variety of complex functions.

Key features of the TMS1000 series are:

8192.bit Read-Only Memory {ROM) on chip ® Cenditional branching and subroutines
256-bit Random-Access Memory (RAM)} on chip ®  Four-bit paratlel data input
11 latehed control/data-strobe outputs in a 28-pin package %  Programmable instruction decoder
13 latehed control/data-strobe cutputs in a 40-pin package & Single-power-supply operation
8 parallel data outputs and gutput programmable logic array {PLA] ® TTL compatible
Arithmetic Logic Unit (ALU} and 2 four-bit working registers on chip FMS1000 SERIES
On-chi . ization if desi DEVICE PACKAGE
n-chip oscillator, ar external synchronization if desired R TMSTOOONC | 28Fin DIF
111 OR LI BITS .
TMS1200NC | 40-Pin DIP
i1
GRAM COUNTER #
ROM ROUIFUT LEL
SUBROUTINE RETURN B 1024 WaROS LATCH 4 WOADS ot —
RESISTER APTEWERD & BUFFER 4 BITSMORD
2

FPAGE ADDRESS

L
REGISTER 1’ B
|« - 7
PAGE BUFFER A A +
REGISTER a
-
‘] ARAEGISTER b
¥
INSTRUCTIN
DECOUHE R

¥.REGISTER

. Ll
7 ARITHMETIC
e
. unIT
K IYPUTS ::‘> —
I —
TS £ ACCUMUL ATOR
1 t . REGISTER
£
#
a
[=ouTRUT LATCHES & PLA CODE CONVERTER
e

OOUTPUTE
18 BITSI

TMS1000-SERIES LOGIC BLOCKS

One major advantage of the TMS1000 series is flexibility. The TMS1000 scries is effective in applications such as
printer controllers, data terminals, remote sensing systems, cash registers, appliance controls, and automotive
applications. Through the TMSI000 series versatility, a wide range of systems realize reduced costs, fewer parts, and
high reliability.

The microcomputer's ROM program controls data input, storage, processing, and output. Data processing takes place in
the arithmetic logic unit. K input data goes into the ALU, as shown in the figure above, and is stored in the four-bit
accumufbator, The accumulator output accesses the output latches, the RAM storage cells, and the adder input, Data
storage in the 256-bit RAM is organized into 64 words, four bits per word, The four-bit words are conveniently grouped
into four 16-word files addressed by a two-bit register. A four-bit register addresses one of the 16 words in a file by
ROM control. -

The O outputs and the B outputs are the output channels. The eight parallel O outputs are decoded from five data
latches, The Q outputs serve many applications because the decoder is a programmable logic array (PLA) that is
rmodified by changing the gate-level mask tooling. Each of the thirteen R outputs of the TM31200NC and the eleven R

TEXAS INSTRUMENTS
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TMS 1000 NC, TMS 1200 NC
MICROCOMPUTERS

outputs on the TMS1000NC has an individual storage
element that can be set or reset by program contral.
The R outputs send status or enable signais to
external devices, The R outputs strobe the O outputs
to displays, to other TMS1000 series chips, or to TTL
and other interface circuits. The same R outputs
multiplex data into the K inputs whencver necessary.

START TMEA0M
PAOGRAM

QRGANIZE
10, AAM

There are 43 basic instructions that handle 10,
constant data from the ROM, bit control, internal
data transfer, arithmetic processing, branching, loop-
ing, and subroutines. The eight-bit instruction word
perferms 256 unigue operations for maximum SOURCE
efficiency. PROGRAM

EmIT

COMPUTER
LISTING

DESIGN SUPPCRT

Through a stafi of experienced application pro-
grammers, Texas Instruments will, upon request,
assist customers in evaluating applications, in training
|:!95|gners 1o program the .TMS'IUOD series and in coMPUTER P p—
simulating programs. Tl will also contract to write LISTING | SIMULATION
programs to customer’s specifications.

Tl has developed an assembler and simulator for
aiding saftware designs. These programs are available
on nationwide time-sharing  systems and at TI

) acilit i
computer facilities. ROM OBJECT
DECK

A TMS1000 series program {see flowchart) is written
in assembly language using standard mnemonics. The
assempler converts the source code ({assembly
language program} into machine code, which is

SIMULATION
COMPLETE

FAFER TAPE

transferred 1o a software simulation program. Also FERI-I HARDWARE

the assembler produces a machine code object deck. TAPE SLAaTiOn

The object deck is used t{o produce a tape for

harcheare simulation or a tape for generating proto-

type tooling. o ERROR
The TMS1000 series programs are checked by soft- SLICES ax

ware  and  hardware simulation. The software
simulation offers the advantages of printed outputs PROTOTYPE
for instruction traces or periodic outputs. The ClRcuTs
hardware simulation offers the designer the

advantages of real-time simulaticn and testing asyn-
chronous inputs, A software user’s guide is available.

FRRACA
After the algorithms have been checked and approved ox?
by the customer, the final object code and machine o
aption statements are supplied to TI. A gate mask is
generated and slices produced. After assembly and LoT AN e
testing, the pratotypes are shipped to the customer SPECIFICATIONS
for approval. Upaon receiving final approval, the part
is released for volume praduction at the required rate
as one unigue version of the TMS1000 family.

TM51000-5ERIES ALGORITHM DEVELOPMENT
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TMS 8080, TMS 5501

8-BIT MOS MICROPROCESSOR SYSTEM

TMS BOSD

An Eight-Bit Central Process Unit

e Z-ys Instruction Cycle Time

s Addresses up to 65,536 Words of Memory

» B-Bit Bidirectional 1/0 Bus

+ Serves up to 256 Input and 256 Qutput Ports
o Uses a Memory Stack for Subroutine Saves

ARORAESS
1.

8 Vectored Interrupts

9 Internal Registers

78 Instructions

Power Supplies: 12V, 5V, 0V, -5V
TTL-Compatible

REGAETER
FiLL

HIGH OH LR

Loaf e s —
orinsmETER e : 7 [
' B
INST UG HES ROGISTLR J
e
TMS 5501
A multifunction input/output circuit that s S¥nE ce M X0
controlled by the TMS 8080 through ‘»‘—i I:
memory  referencing  instructions.  The wr ]
TMS G601  providss a  TMS 8080 cantroy srarus abFriR measTin
microprocessor system with a synchronous e - " .
data interface, data 1/Q buffers, interrupt 1 }
control logic, and interval timers. The  uooralpl surren lae . J r r »
TMS 8080 causes data to he transferred by I [3
the TMS 5501 by issuing commands viz the | * 4
systarn  address  bus.  These commands v I
include: b .
#® read the serial receive register },, \ | l
® read the external data input lines ! -
. INTERWVAL PHIGRITY RECEIVER BATE MITTIN
& read the interrupt address 1NERS Lo BUFFER "‘ REGISTER BUFFEN
®  read TMS 5501 status informartion . .
# issue discrete commands " k" i I
# load bau d-ral_e rogister . . I N . v -
® |oad the serial transmiter register REG STER 4| rEcisTER RFGISTER, [+ COMTRDL e
®  load the cutput register L ¥ T
& |oad the interrupt mask | T = p— ww
®  lpad an interval timer K iy
TEXAS INSTRUMENTS
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38510/MACH IV PROCUREMENT SPECIFICATION

38510/MACH IV PROGRAM

1.0 SCOPE

11 This specification establishes standards for materials, workmanship, periermance
capabilities, identification, and processing of high-reliability monolithic integrated
circuits.

1.2 Intent

The intent of this document is such as to recognize that quality and reliability are built into,
not fested into, a product. There is no specification or screening procedure that can
substitute for inherent, huilt-in reliability. However, it must be realized that irrespective of
lot guality, there will always be some small percentage of devices that are subject to carly
faiture [infant mortality}, A well engineered screening procedure will eliminate most, if nat
all, of these early failures. Secondly, the screening and acceptance testing described herein
will also serve 10 demonstrate, with a high degree of statistical confidence, that the required
levels of quality and reliability have, in fact, been built into the praduct,

2.0 APPLICABLE DOCUMENTS
2.1 The fallowing specifications and standards, of the issue in effect on the date of invitation
for bids or request for proposal, form a part of this specification to the extent specified
herein:
2.2 Specifications
Military
MIL-M-55565 Microcireuits, Packaging of
MIL-M-38510 Microcircuits devices, general specification for
TEXAS INSTRUMENTS 233
INCORPORATED
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38510/MACH IV PROCUREMENT SPECIFICATION

2.3 Standards
Military
MiL-STD-105 Sampling Procedures and Tables for
Inspection by Attributes
MIL-STD-883 Test Mcthods and Progedures for
Microslectronics
MIL-STD-790 Reliability Assurance Program for
Electronic Parts Specification
MIL-STD-1276 Leads, Weldable, for Electronic
Components Farts
MIL-STD-1313 Microelectronics Terms and Definitions
Detail Specificatians
SNXXXX (Bipolar) Detail Specification for a Particular
TMSXXXX (MOS LSI)  Part Type le.g., Manufacturer’s
TEXXXX (CMODS]) Data Sheet)

24 Precedence of Documents

For the purpose of interpretation, in case of any conflicts, the following order of
precedence shail apply:

a)  Purchase Order —The purchase order shall have
precedence over any referenced
specification.

b}  Detail Specification -T he detail specification shall have
precedence over this specification
and other referenced specifications.

c)  This Specification —This specification shall have
precedence over all referenced
specifications.

d! Referenced —Referenced Specifications shall apply
Specifications to the extent specified herein.
25 Federal and/or military specifications and standards required shall be obtatned from the

usual government S0Urces.

234 TeEXAS INSTRUMENTS

INCORPORATED
FOST OFFICE BOX 5013 + DalLAs, TEXAS T5aae



38510/MACH IV PROCUREMENT SPECIFICATION

3.0

3.0

313

GENERAL REQUIREMENTS

Tha individual itam requirements shalt be as specified herain and in accordance with the
applicable detaii specification. In the event of any conflict between the requirements of this
specification and the detail specification, the fatter shall govern. The static and dymamic
electrical performance requirements of the integrated circuits plus absolute maximum
ratings and test methods shall be as specified in the detail specifications.

Definitions
a}  LTPD Lot Tolerance Percent Defective shall be as
defined by MIL-M-38510.
bl X Lambda, stated in percent per 1000 hours as
defined by MIL-M-38510.
¢l MRN Minimum reject number as defined by MIL-M-38510,
d} Production For the purpose of this specification, a productian
Lot lot shall be defined per MiL-M-38510.
e}  tnspection An inspection Jot shall be as defined in
Lot MIL-M-38510.
ft C Accepiance number as defined by MIL-M-38510.

Terms and Definitions

Terms and definitions shal} be as defined in MIL-STD-1313.

Classification of Requirements

The requirements for the integrated circuits are classified herein as follows:

Requirement
Process Conditioning, Testing and Screening
Qualification

Design and Construction

Paragraph
3.2

3.3
3.4

TeExAas INSTRUMENTS
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38510/MACH IV PROCUREMENT SPECIFICATION

236

3.2

33

34

341

34.1.

Marking of Integrated Circuits 3.5
Product Assurance 3.6
Waorkmanship 3.7
Performance Capabilities 38
Quality and Reliability Assurance Program Plan 38

Process Conditioning, Testing and Screening

Three levels ol screening and quality assurance for integrated circuits are provided for in this
specification. Process conditioning, testing and screening shall be as specified in 4.3 and the applicable
figure for the appropriate quality assurance level stated on the purchase order and defined as follows:

PART NUMBER PREFIX APPLICABLE

SCREENING LEVEL BIPOLAR | CMOS | _MOS LS FLOW CHART
38510/883 Class A [Level IV) SNH TFH Not Avail. Figure 4
SNC TFC Figure 3
38510/883 Class B (Level 111} S Figure 2
38510/883 Class C (Level 1} SNM TFM Mat Avail. Figure 1

Qualification

Vendor qualification for delivery of integrated circuits to this specification shail be as
specified in paragraph 4.2,

Design and Construction

Integrated circuit design and construction shall be in accordance with ithe reguirements
specified herein and in the applicable detail specification,

Topography

Integrated circuits furnished under this specification shall have topography information
available for review by procuring activity. The information made available shall provide
sufficient data for thorough circuit design, application, performance, and failure analysis
studies.

Manaelithic Die Topography

An enlarged photograph or drawing {to scale) with a minimum magnification of 80 times
the die {chip) size showing the topography of elements farmed an the silicon monolithic die
shall be available for review. This shall be identified with the specific detait integrated circuit
part-type in which it is used and the applicable detail specification,

TEXAS INSTRUMENTS
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APPLICABLE APPLICABLE
OPFERATION PATTAGRAPI ——l QFERATION PARAGRAPH ﬁ
PROCESS TO DIE 35 GROUP & 24 PROCESS TO DIE 26 15 ARG Miny L MIN, 2314
MOUNT AND BOND 'y LOT ACCEFTANCE MALINT AND EOND MILSTD-857 B
l ¢ l METH 1015, COND. D
VISUAL PRE-CAP EXTELNAL wISUAL VISUAL PRE-CAP — ‘
MILETD-883 4312 MILSTD-283 4313 MILSTD-BE3 4313 BURN-IN, 125°C
METHOD 2010 COND. B METH. 2003 AS DEFINED HEREIN 160 HRS MIN, MILSTD 233 431D
l ¢ l METH 1015
STABILIZATION BAKE . STABILIZATION BAKE ¢
TINISHLD. 1MW CONTROL -
44 HRE, 10T 133 2 MRS, 150°C 432 FINAL ELECTRICAL TEST
MIL STD.283, METH. 1008 GOODS STOCK kg | PRACESS ORDER MeLSTE 283, METH 1006 SETI 439
TEMP, CYCLE TEMP. CYCLE ‘
rs PREPARATION FOR 5 X 434
TS wD.C 534 DELIVERY 50 mIEErf{T?oi?conn c GROUP A LOT ACCERTANCE 44
CENTRIFUGE, Y1 ;Eﬂﬁgga%&h 236
MIL-STD-BE3 FEY] -STD A
METH 2000 COND. E SHip METH. 2001, COND. D EXTERNAL VISUAL INSPECTION | 4314
FINE LEAK, 5 X 10-9 FINE LEAK, 5 ¢ 10=8 |
MILSTD-533 437 MILSTD-BE3 437 FINISHIED. TNY, COUTHOL
METH, 1014 METH. 1014 GOODS STOGK || PROCESS ORDER
SROSS LEAK GROSS LEAK *
& MIL-$TD-833 428
MIL-STO-E82 438 B > 50
LT mu, COND, € METH. 1014 COND. ¢ PREFARATION FOR DELIVERY i
INTERIM ELECTRICAL TEST L
;éh‘erIL ELECTRICAL TEST . SET | 438 SHIP
! . 1
»

FIGURE 1-FLOW CHART FOR 38510 CLASS C LEVEL |

FIGURE 2—FLGW CHART FOR MOS LS|
38510 CLASS B ILEVEL 11 SMC)
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APPLICABLE
CRERATION . AFPLICABLE
PARAGRAPH | OPERATION PARAGAAPH —‘
PROCESS TO OIE 16 Lo day PR MIN, 125°C 4510 PROCESS TO DIE . RECOROED DC DATA, 25°C aam
MOUNT AND BOND : ! METH. 1035 MOUNT AND BOND ) DELTA CALCULATION -
. F 3
! ! ¥ !
VISUAL PRECAP
VISUAL PRE CAP FINAL ELEGTRICAL TEST MiL STD-883 4312 fIHAL ELECTRICAL TEST 421
MILSTD-383 4301 SETI 4.3.9 METH. 2010, COND. & SET N
METH. 2010, COND. B - : ‘ ‘
‘ ‘ STABILIZATION BAKE FINE LEAK, 1 x 10-8
STANLIZATION BAKE 24 MRS, MIN.150"¢ 432 MIL STD-882 437
24 HRS., 150°C 432 GROUP & LOT ACCEPTANCE 44 MIL-5TD-623, METH 1008 METH, 1014
PHL-STD-8E3, METH. 1008 + L ‘
4
l L ¢ TEMP. CYELE GROSS LEAK
MILSTD-883 424 MLLSTD 823 4.8
TEMP, C¥CLE EXTERNAL VISUAL
MILSTD 883 434 MILSTD-E83 4312 METH. 1016, COND. C METH, 1014 SOND. G
METIH. 1010, COND. C METH. 2009 *
‘ ¢ CEMTRIFUGE, ¥q
MIL5TD-BS: 436 GROUF A LOT ACCEPTANCE aa
CEMTRIFUGE, ¥y FINISHED- ™ v conTROL METH., 2001, COND. E
MIL-STDES3 336 y
METH. 200t CONB. E Goobs sTocks | | PROCESS ORDER * +
FINE LEAK 1 x 10~ F RADIDGRAPHIC INSPECTION
MIL-STD-HES 827 MIL.ETD-683 231z
FINELEAR. 5 X 10-5 L METH. 1014.1 METH. 2012
MIL-STD-BE3 147 PREPARAATION FIIR DELIVERY 50 ‘
METH 1014
GROSS LEAK EXTERMAL VISUAL
¢ MILSTD 853 438 MILSTD-883 4313
METH. 1014, COND. C METH., 2009
GRDSE LEAK
MIL-STD-BE3 438 SrIP ‘
METH. 1114, COND €
INTERIM ELECTRICAL TEST 1349 ry FINISHED- INY, COMTRAL
SETI - GODIDS 5TOCK |y PROCESS ORDER
INTERIM ELECTRICAL TEST
i 134 ‘ *
l RECORDED DC DATA, 25°C 439 FREPARATION FOR DELIVERY 50
BURN-N 240 HRS,,125°C
MILETD 883 430 SHiP
METH. 1075
f >

FIGURE 3-FLOW CHART #0OR 38510 CLASS B LEVEL 11l

FIGUARE 4—FLOW CHART FOR 38510 CLASS A LEVEL IV
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38510/MACH IV PROCUREMENT SPECIFICATION

3.41.2

3.4.2

3.4.2.1

3422

343

3.4.31

Die Intraconnection Pattern

An enlarged photograph or drawing {to scale} with a minimum magnification of 8O times
the die {chip} size showing the specific intraconnection pattern utilized to intraconnect the
clements in the circuit. This shal! be in the same scale as the die topography 32.4.1.1 so that
the elements utilized and thosz not being used can easily be determined.

Materials

Materials shall be inherently non-nutrient to fungus and shall not blister, crack, cutpas,
soften, flow or exhibit other immediate or latent defects that adversely affect storage,
operation or environmental capabilities of integrated circuits.

Material Selection

Materials seiected for use in the construction of the integrated circuits shall be chosen for

maximum suitability for the application. This shall include consideration of the best balance
far:

a} Electrical performance

h) Thermal compatibility and conductivity

cl Chemical stability including resistance to deleterious interactions with other
materials

d} Metallurgical stability with respect to adjacent materials and change in crystal

configuration

e} Maximum stability with regard to continued uniform performance through the
specified environmental conditions and life,

Foreign Materials

No lacquer, grease, paste, desiccant or other similar foreign encapsulant or coating material
shall be included in the circuit enclosure nor applied to any part of the internal circuit
assembly.

Mechanical

Case

Each integrated circuit shall be securely mounted and hermetically sealed within a case

designed and constructed to conform to the cutling and physical dimensions shown in the
detailed specificatian.

TEXAS INSTRUMENTS
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3.4.3.2

34.3.3

3.4.3.31

3.4.3.3.2

34333

3.4.3.3.4

Interconnections

Interconnections within the integrated circuit case shall be minimized and there shall
be no wire crossovers. Circuit intraconnections by means of wire jumpers sha!l not he
used. (See Note 6.2}

Leads

Lead material, construction, and outline shall be as specified on the detait specification and
shall be capable of meeting the solderability test of MtL-STD-883, Method 2003. (See
note 6.4).

Lead Size
Lead outline and dimensions shall be as specified in the detail specification,
Lead Surface Condition

i eads shall be free of the following defects over their entire length when inspected under a
minimum of 4X magnification;

a) Foreign materials adhering to the leads such as paint, film, deposits and dust,
Where adherence of such foreign materials is in question, leads may be subjected
to a clean, contaminant-free {e.q., oil, dust, etc.), filtered air stream {suction or
expulsion) of 88 feet per second maximum, or a wash/rinse as necessary and
reinspected.

b} Nicks, cuts, scratches or other surface defacing defects which expose the base
metal.

Lead Straightness

Leads shall be aligned within a 0.060-inch diameter, 0.050-inch length cylinder concentric
to the point of lead emergence from the case and the X-axis (the axis paraliel to the lead
axis). Along the remaining lead length, there shall be no unspecified bend whase radius is
less than 0.10 inch and no twist whose angle is greater than 30° {ribbon ieads, only).

Preformed Leads

Preformed leads, when specified, shall be in accordance with the detail specification, The
part number of the integrated circuit shall remain as specified in the applicable detail
specification or purchase order, the applicable suffix designation shall appear on the
purchase order but shall not be marked on the device.

TEXAS INSTRUMENTS
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3.4.3.3.5 Carriers (Mech-Pak Carrier)

Carrier-matrix assemblies consisting of individually mounted integrated circuits shall be
furnished when so specified by purchase order. The individual carriers shall have provisions
for use with automatic test eguipment contacts. Devices supplied “clipped-out™ of the
Mech-Pak Carrier shall be supplied in the Barnes Carricr type 022-188 or equivalent.
{Applicable to Flat Packs only.)

35 Marking of Integrated Circuits
3.51 Legibility

All marking shall be permanent in nature and remain legible when subjected to specified
operating, storage, and environmental requirements., All markings shall be insoluble in
standard solvents such as trichlarethyleng, water and xylene.

35.2 Marking Details

Marking of the integrated circuits shall be located as fallows uniess otherwise specified in
the detail specification:

a) TO-99, TO-100, and similar “can' cases shall be marked on the top of the casc.
Where space limitations exist, the side of the case may be used.

bl Flat Packs shall be marked on the top of the case, Where space limitation exists,
the bottom of the package may be utilized as necessary. As & minimum the top of
the package shall show the manufacturer’s identification mark or symbol, the
device part number, date code, and pin 1 orientation mark {where applicable).

c) Dual-in-line plug-in packages shall be marked in the same manner as flat packs,

353 Required Device Marking

a) Index point indicating the starting point for numbering of leads sball be as
indicated in the detail specification. The indexing point may be a tab, color dot,
or ather suitable indicator.

b} Manufacturer's identification mark or symbal.
c) An alpha-numeric lot date code indicating the week of initial submission for
screening ar inspection. The date code shall be as Tallows:
1} ElA four-digit date code, the first two numbers shall be the last two
digits of the year, the last two numbers shall indicate the calendar
waeak.
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3.6

36.1

363

2 A Gothic letter which identifies separate lots of the same device type
processed within the same calendar weak. {If no mare than one lot is
processed through screening or inspection in a given calendar week, the
Gothic letter may be omitted.)

d} Manufacturer's part number defining circuit type and applicable
MIL-STD-883 screening level and MIL-M-38510 product assurance level as
defined in paragraph 3.2.

el Individual device serial number is required for Class A (SNH}.
f A dot to indicate acceptance by Radiographic inspection
NOTE:

When a color dot is used to identify pin one, the radiographic inspection
acceptance dot shall be placed on the bottom of the package.

gl Gothic letter per U.8. Customns code preceding data code identifies assembly
locatian.

Product Assurance

The manufacturer shall establish and maintain a reliability assurance program that complies
with the basic internt of MIL-STD-720. Furthermore, it is intended that each integrated
circuit delivered shall be free of any defect in design, material, manufacturing process,
testing and handling, which would degrade or otherwise limit its performance when used
within the specified limits.

Visual and Mechanical Examination

Integrated circuits shall be examined to verify that material, design, construction, physical
dimensicns, marking and workmanship are in accordance with the specified acceptance
criteria,

Test Equipment

The manufacturer shall prepare and maintain a current list, by name and drawing number or
other unique identification, of test equipment used in the manufacturing and testing of
devices submitted for scceptance inspection under this specification, This list shall be made
available to the procuring activity representative upon request.

Pracess Controls

Each integrated circuit shall be constructed by mariufacturing processes which are under the
surveillance of the manufacturer's Quality Contro! department. The processes shall be
monitored and controlled by use of statistical technigues in accordance with published
specifications and procedures. The manufacturer shall prepare and maintain suitable
documentation (such as quality contral manuals, inspection instructions, control charts,
etc.) covering all phases of incoming part and material inspection and in-process inspections
required to assure that product quality meets the requirements of this specification, The

TEXAS INSTRUMENTS

INUGQRPORATED
POST OFFICE BOX 5012 « DALLAS, TEMAS 75722



38510/MACH 1V PROCUREMENT SPECIFICATION

procuring activity may verify, with the permission of and in the company of the
rmanufacturer’s designated representative, that suitable documentation exists and is being
applied. information designated as proprietary by the manufacturer will be made available
1o the procuring activity or its representative only with the written permission of the
manufacturer,

Process control is recognized as being vital 1o the concept of “built-in' quality. The
process cantrol program shall include a scanning electron microscope {SEM} monitor
program for evaluating the metal integrity over oxide step and oxide step contour,
The SEM analysis will be defined in a Quality & Reliability Assurance document,

364 Production Changes

The manufacturer shall advise the procuring activity of the time at which any major
changalsl in praduction or QC methods or documentation become effective during the
period of device production for delivery against any given purchase order referencing this
specification,

a7 Workmanship

Integrated circuits shall be manufactured and processed In a careful and workmanlike
manner, in accordance with the production grocesses, workmanship instructions, inspection
and test procedures, and training aids prepared by the manufacturer in fulfillment of the
reliability assurance program established by paragraph 3.6.

37 Personnel Certification

The manufacturer shall be responsible for training, testing and certification of personnel
involved in producing integrated circuits. Training shall be commensurate and consistent
with the requirements of this specification and in conformance to the basic intent of
MIL-STD-790. Traiming aids in the form of satisfactory criteria shall be available for
operator and inspector review at any time,

3.7.2 Personnel Evaluation

The supplier shall maintain a continuous evaluation of the proficiency of personnel
concerned with production and inspection. Retraining of an cperator or inspector shall be
required when this evaluation establishes that a degree of proficiency necessary toc meet the
requirements of this specification is not being exercised.
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373

3.7.3.1

37.3.2

3B

38

Rework provisions

Rework

All rework on micorcircuits manufactured under this specification shall be accomplished in
accordance with paragraph 3.7.1 of MUL-M-38510 as defined herein.

Rebonding

Rebonding shall be in accordance with MIL-M-38510, as defined herein [see Note 6.5}

Performance Capabilities

The integrated circuits delivered to this specification shall be designed to be capable
of meeting the environmental requirements specified in Table (1. The manufacturer
need not perform these tests specifically for the contract ar specification, but shall
provide data which demonstrates the ability of the integrated circuits to pass the
environmental tests. The data shall have been generated on devices from the same
generic family as the circuits being supplied to this specification, and the package
configuration shali be the same as for the delivered parts (i.e., Flat Pack, TO-100, etc.).

Quality and Reliability Assurance Program Plan

The manufacturer shall establish and implement a Quality and Reliability Assurance
Program Plan that meets the intent of MIL-M-38510, Appendix A. Submission of the
pregram plan to the procuring activity shall not be a requirement of this specification;
however, the program plan shall be maintained by the manufacturer and shall be avail-
able for review by the procuring activity.
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4.0

4.1

4.1

QUALITY ASSURANCE PROVISIONS
Responsibility for Inspectian

Unless otherwise specified in the contract or purchase order, the manufacturer is responsible
for the performance of all inspection requirements specified hergin, Except as otherwisc
specified, the manufacturar may utilize his own facilities or any commercial labaratory
acceptable to the procuring activity. The procuring activity may, at its discretion, perform
any of the inspections set farth in the specification where such inspections are deemed
necessary to assure supplies and services conform to prescribed reguirements.

Inspection and Testing Procedures Coverage

Inspection and testing processes and procedures prepared in fulfillment of the reliability
assurance program established per paragraph 3.6 shall he prescribed by clear, complete and
current instructions, Thase instructions shall assure inspection and test of materials, work in
process and completed integrated circuits as reguired by this specification. In addition,
criteria for approva! and rejection of materials and integrated circuits shail be included.

Inspection at Point of Delivery

The procuring activity may, at its discretion, reinspect any or al! of the delivered parts
excluding Group B and C destructive samples as defined by MIL-STD-883. All parts
found to be defective, excluding devices exhibiting damage from use, may be returned
to the manufacturer at the manufacturer’s expense.

{nspection Records

The manufacturer shail maintain a reliability data and records library. This library shall have
on file, for review by the procuring activity, records of examination, qualification test
results, variables data {when required) and ali other pertinent data generated on devices
manufactured to this specification.

Control of Procurement Sources

The manufacturer shall be responsible for assuring that all supplies and services conform to
this specification, the detail specitfication and the manufacturer’s procurament reguirements.
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4.1.4.1

4,142

4.1.4.3

4.2

4.21

Manufacturer's Receiving Inspection

Purchased supplies shall be subjected to inspection after receipt as pecessary 1o ensurg
conformance io contract requirements, In selecting sampling plans, consideration shall be
given to the controls exercised by the procurement source and evidence of sustained quality
conformance.

The manufacturer shall provide procedures far withholding from use al incoming supplies
pending completion of required tests or receipt of necessary certification or test records and
their evaluation,

The manufacturer shall initiate corrective action with the procurement source depending
upoen the nhature and frequency of receipt of nonconforming supplies.

Procuring Activity Quality Assurance Representative

The procuring activity, may, at its discretion, place quality assurance representatives in
the manufacturer’'s plant as deemed necessary to assure conformance to contract
requirements in any non-proprietary phase of design, fabrication, processing, inspec-
tion, and testing of the integrated circuits being produced. The manufacturer shall
provide reasonable facilities and assistance for the safety and conwvenience of such
personnel in the performance of their duties. Inspection and test procedures shall be
made available for review by the quality assurance representative.

Cualification and Quality Conformance Inspection

Qualification

Manufacturer’s specific device gualification shall be based on compliance with the
quality confermance test per Table 11T for MOS LSI devices, Qualification for other
technologies shall be per Tahle 1 except that the testing will be to one LTPD level
tighter than as defined in Table B-I of MIL-M-38510.

4.2.1.2 Procedures and Definitions

4.2.1.2.1 Sampling Procedure

Device selection for the qualification procedure of 4.2.1 shall be based on a random
sampling technigque and will be selected from a generic family.
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4.2.1.2.2 Generic Family

4,22

4,2,2.1

42.2.2

Electrically and structurally similar devices shall be said to comprise a generic family
{e.g., TTL) if they meet the following criteria:

a) Are designed with the same basic circuit-element configuration
such as TTL, TTL Schottky, DTL, CMOS, MOS metal-gate, or MOS
silicon-gate, and differ only in the number or complexity of
specified circuits which they contain. Generic family for linear
circuits is defined by circuit function {e.g. op amp, comparator,

etc.).

b Are designed for the same supply, bias and signal voltage, and for
input/output capability with each other under an established set of
loading rules.

c) Are enclosed in housings (packages) of the same basic construction

{e.qg., hermetically sealed flat packages, dual-in-line ceramic, dual-in-
line plastic) and outline, differing only in the number of active
housing terminals included and/or utilized.

Quality Conformance Inspection

CQuality conformance inspection group B and C requirements are per Tables | and (I,
Table Il shall apply 1o MOS LS1 and Table | to other technologies.

a) When specifically called out and funded an the purchase order or contract,
the manufacturer shall perfarm the quality confarmance inspections {Group B
and/ocr Group C) on a lot-by-lot basis.

b} The manufacturer shall, upon request, make available for review generic
guality conformance inspection and data. Data on Group B shall be by
package type, number of pins, and assembly location for all subgroups.

Data on Group C, subgroups 1, 2, and 3, shall be by package type, number of
pins, and assembly lacation, Subgroups4 and 5 by chip generic family in
hermetic packages.

Lot Acceptance Sampling

Statistical sampling for quality conformance inspections shall be in accordance with
MIL-M-38510 Table B-I.

Group B samples, except bond strength samples, shall be selected from sublots that
have successfully completed all of the 100% processing steps specified on the
applicabie pracess flow chart.

Resubmission of Failed Lots

When any lot submitted for quality conformance inspection fails any subgroup
requirement, it may he resubmitted a maximum of one time for that particular
subgroup. Ore additional submission is permitied, provided an analysis is performed
1o determine the failure mechanism for each reject device in the subgroup, and that it
is determined that the failures are due to one of the following:

al Testing error resuiting in electrical damage to devices
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4223

4224

4,2.25

4.3

4.3.1

b) A defect that can effectively be removed by rescreening the lot

c} Random defects which de not reflect poor basic device designs or
poor warkmanship.

Early Shipments

When quality conformance inspection is being performed for a specific contract or
purchase order, the accepted Group A devices that are awaiting shipment pending
successful completion of Group B and/or Group C, shall be stored in the Quality
Assurance test area. Under no circumstances shall such parts be shipped prior to the
successful completion of the Group B tests.

Groups B and € Test Data

All lot-by-lot data generated by Group B and/or Group C testing when specifically
called out and funded on the purchase order, shall accompany the initial shipment of
devices. This data shall consist, at a minimum, of the fellowing:

al Attributes data for Group B. Endpoints for the subgroups are visual
per the applicable MIL-STD-883 test method.

b} Attributes data for Group C subgroups 1, 2, 4 and 5. Endpoints for
these subgroups shall be per Table | and I,

Precedure in Case of Test Equipment Failure or Cperator Error

Where an integrated circuit is believed to have failed as a result of faulty test
equipment or operator error, the failure shall be entered in the test record which shall
be retained for review along with a complete explanation verifying why the failure is
believed to be invalid. If it is determined that the failure is invalid, a replacement
integrated circuit from the same inspection lot may be added to the sample. The
replacement integrated circuit shall be subjected to all those tests to which the
discarded integrated circuit was submitted prior to its failure, and any remaining
specified test to which the discarded integrated circuit was not subjected prior to its
failure.

Quality Assurance Processing, Methads and Procedures

This section establishes the test methods and conditions to be used for the 100%
processing {screening) requirements specified by the applicable process flow chart,

Precap Visual Inspection

Each microcircuit shall be required to pass the appropriate precap visual inspection
defined as follows. Precap Lot Acceptance shall be per paragraph 4.0.

TEXAS INSTRUMENTS

INCORFPORATED
PUST OFFICE BOX 501 » DALLAS, TEXAS T5232



38510/MACH 1V PROCUREMENT SPECIFICATION

4,3.1.1 38570 Class C {Level 1} and 38510 Class {Level |11} devices shall be visually inspected
in accordance with MIL-STD-883, Method 2010, Conditicn B.

4.3.1,2 3BB10A {Level IV) devices (designated for NASA type applications) shall be visually
inspected in accordance with MIL-STD-883, Methed 2010, Condition A. {See
notes 6.1.1.1 and 6.1.1.2}.

4313 Complex MSI and LSl circuits as defined in MIL-STD-883, Method 5004,
paragraph 3.3 may be precap inspected per MIL-STD-883, Method 5004,
paragraph 3.3.1 far 38510 Class B {Level [I1) and paragraph 3.3.2 for 38510 Class C
{Level 1.

4.3.2 Stabilization Bake

The purpose of this test is to determine the effect on microelectronic devices of
baking at elevated temperatures without electrical stress applied. Test shall be
performed in accordance with MIL-STD-883, Method 1008, Condition C.

433 Thermal Shock

The purpose of this test is to determine the resistance of the device to sudden
exposure to extreme changes in temperature. Test shall be performed in accordance
with MIL-STD-883, Method 1011.1, Condition A.

434 Temperature Cycle

This test is conducted for the purpose of determining the resistance of a part to
exposures to extremes of high and low temperatures, and to the effect of alternate
exposures to these extremes, such as would be experienced when equipment or parts
are transferred to and from heated shelters in arctic areas. Test shall be perfarmed in
accordance with MIL-STD-883, Method 1010, Condition C, minimum of 10 cycles.
For MSI and LS| complex devices as defined in MIL-STD.883, Method 5004,
paragraph 3.3, 50 cycles may be used in lieu of alternate pre-cap visual inspection
criteria,

4.35 Mechanical Shack

The shock test is intended to determine the suitability of the devices for use in
electronic equipment which may be subjected to moderately severe shocks asaresult of
suddenly applied forces or abrupt changes in motion produced by rough handling,
transportation, or field operation. Test shall be performed in accordance with
MIL-STD-883, Method 2002, Condition B, five blows minimum.

4.3.6 Centrifuge {Constant Acceleration)

The centrifuge test is used to determine the effects on microelectronics devices of a
centrifugal force. This test is designed to indicate structural and mechanical
weaknesses not necessarily detected in shock and vibration tests. Test shall be
perfermed in accordance with MIL-STD-883, Method 2002, Condition E for devices
having less than 20 pins and Condition D for those having more than 20 pins.
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4.3.7

4,3.7.1

4,3.7.2

438

4.3.8.1

4382

4.3.9

Fine Leak Test

"Each integrated circuit for 38510 Class C (Level 1}, 38510 Class B {Level 111}, and

38510 Class A {Level IV} screens shall be subject to a fine leak test in accordance
with paragraph 4.3.7.1 or 4.3.7.2. The method shall be optional providing it is
consistent with and capable of detecting the specified leak rate of the applicable
process flow chart.

Helium Leak Test

Helium Jleak test shall be performed in accordance with MIL-STD-883,
Method 1014, Condition A.

Radiflo Leak Test

Radiflo leak test shall be performed in accordance with MIL-STD-883,
Method 1014, Condition B. Krypton 85 bomb pressure and dwell time are a
function of the radioactivity level and shall be selected so as to conform to the
equations given in Condition B.

Gross-Leak Test

Each integrated circuit for 38510 Class C {Level 1}, 38510 Class B, {Level I} and
38510 Class A {Level IV} screens shall be subjected to the appropriate gross-leak test
of paragraph 4.3.8.1 or 4.3.8.2, or an approved equivalent. The manufacturer may, at
his option, perform gross-leak testing after the Set | Electrical Tests of paragraph
4.3.9.

When specifically called out and funded on the purchase order or contract, units will
be bombed 2 hours minimum at 30 psig in FC-78, or equivalent. Units will then be
immersed in FC-40 or equivalent at +125°C *5°C for 30 seconds minimum and
observed for for a definite stream of bubbles, more than two large bubbles, or an
attached bubble that grows in size, per MIL-STD-883, Method 1014, Condition C2.

Units will be immersed in FC-40 or equivalent at +25°C = 5°C for 30 seconds
minimum and ohserved for a definite stream of bubbles, more than twa large bubbles
or an attached bubble that grows in size, per MIL-STD-883, Method 1015,
Condition C1,.

Final Electrical Test {Set [}

Each integrated circuit shall be required to pass the electrical requirements of the data
sheet. The manufacturcr shall alse perform such additional testing necessary to assure
the parts will meet the temperature extreme limits. MOS LS| memory devices will be
100% dc and ac tested both at 25°C and at high ternperature,

When specifically called out and funded on the purchase order or contract, the
manufacturer shall perform subgreups 2, 3, and 4 of paragraph 4.4 in accordance with
Methad 5004 of MIL-STD-883.
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4.3.10 Burn-In

The burn-in screen is performed for the purpose of eliminating margina!l devices and
early-life failures evidenced as time and stress dependent. Test shall be in accordance
with MIL-STD-883, Method 1015, Condition A, D, or E at 125 £ 5°C for digital
circuits and Conditians A, B, C, or D for linear circuits. 38510 Class B {Level 111} M5}
and LS| complex devices, as defined in MIL-STD-883, paragraph 3.3.1, may receive a
240-hour-minimum burn-in in lieu of alternate precap visual inspection criteria per
MIL-STD-883, Method 5004, paragraph 3.3.1.

4.3.11 Final Electrical Test (Set 11}

Each 38510 Class A {Level 1V} integrated circuit shall be required to pass the
electrical requirements of the detail specifications. The following tests shall be
performed as a minimum: dc parameters at maximum and minimum rated
temperatures, and switching parameters at 25°C. In addition, each bipolar device shall
have critical 25°C dc electrical parameters read and recorded by serial number and
shall pass the following delia requirements:

PARAMETER DELTA LIMIT
VoL +10% of detail specification limit
YVOH +10% of detail specification limit
L +10% of detail specification limit
IH £10% of detail specification limit
CMOS recorded parameters and delta limits will be defined by the manufacturer as

required,

One copy of the pre-burn-in and post-burn-in recorded data with delta calculations

shall be shipped with each lot. Data will not be available for the metal flat pack (T).

See MIL-M-38510, Class 8. The manufacturer may, when deemed necessary, elect to |
perform additional electrical testing over and above the requirements stated herein.

4.3.12  Radiographic Inspection {X-ray)
Test shall be performed in accerdance with MIL-STD-883, Method 2012. X-ray may

be performed at any point after serialization at the manufacturer's option. {see
note 6.3).

4.3.13  External Visual Inspection
The purpose of this examination is to verify that materials, construction, marking,
and general workmanship are as specified. Examination shall be in accordance with
MIL-STD-883, Method 2009.

4.3.14  Voltage Stress

Selected n-channel MOS L3I devices will be voltage stressed for 40 hours minimum at
25°C min per MIL-STD-883 Method 10155, Condition D,
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4.4 Group A Conformance

Group A conformance shall consist of the electrical parameters in the manufacturer’s data
sheet, If an inspection lot is made up of a collection of sublots, each sublot shall conform 1o
Group A, as specified.

SUBGRAQUP LTPD (%}
LEVEL LEVEL Il LEWVEL It LEVEL IV
3RR10C 385108 385104
Subgraup 1 5 ? 5 &
25°C, de
Subgroup 2 L] 10 7 H

High Temperature, do

Subgroup 3 10 10 7 5
Low Temperature, dc

Subgroup 4 10 10 7 &

Oyramic and Switching Tests @ 25°C

MNOTE: Functignal tests included in de tesis,

4.5 Certification

The manufacturer shall include a certificate of compliance with each shipment of parts if
requested on the purchase order. This certificate shall indicate that all specified tests and
requirements of this specification have been made or met, and that the lot of devices
{identified by lot and/or batch number) is acceptable. The certificate shall bear the name
and signature of the manufacturer's Quality Control representative, the date of acceptance
or signing, and any pertinent notes as applicable.

4.6 Precap Lot Acceptance

After each precap inspection the lot of devices shall be sampled by quality control and
inspected for the specified visual criteria.
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TABLEI
QUALITY CONFORMANCE TEST {GROUP B/GROUF C)

LTPD
TEST MIL-STD-833 CONDITICNS LEVEL IV | LEVEL Il | LEVEL I
METHOD 385104 385108 385100
Subgroup 12
Physical Dimensions 206 19 18 20
Subgroup 22
Marking Permanency 2015
Visual and Mechanical 014
Band Strengthl 2001 Condition € or D 10 15 20
2 grarns for Au bonds
1.5 grams lor Al bonds
Subgroup 32
Solderability 2003 Omit Aging 10 15 15
Subgroup 42
Lead Fatigue 2004 Conditions B
Fine Leak 1014 Conditions & or B, per
. para. 4.3.7 of this spee.
Gross Leak 1014 Condition C, per para. 4.3.8
of this spec. 10 15 15
GROUPC
Subgroup 1
Thermal Shock 1011 Condition B
Temp. Cycle 1010 Condition C
Mpisture Resistance 1004 Qmit Iaitial Cond.
Fine Leak 1014 Conditions A or B, per
para 4.3.7 herein
Gross Leak 1014 Conditian C, per para, 4.2.8
herein 10 15 15
Elecirical End Points 5005 Subgroups 1,2, 3, and 7
Subgroup 2
Mechanical Shock 2002 Condition B
Vibration Variable Freq. 2007 Condition A
Caonstant Acceleration 2001 Condition E3
Fine Leak 1014 Conditions A or B, per
para. 4.3.7 hergin
Gross Leak 1014 Caondition C, per para. 4.3.8
herein 10 15 15
Elgctrical End Points 5005 Subgroups 1,2, 3,and 7
Subgroup 3
Salt Atmosphere 1009 Condition & Omit Initial
Conditianing 10 18 15
Subgroup 4
High Temp Storage 1008 160°C, 1000 Hrs.
Electrical End Points 5005 Subgroups 1,2, 3, and 7 7 7 7
Subgroup B
Operating Lile Test 1005 125°C, 1000 Hrs. Minirmum
Eleetrical End Paints 6005 Subaroups 1,2, 3, and 7 5 g 5

i. Bond strangth test may ba perfarmed an samples randamly selected immediately {allowing internal visual prior te =esling,
2. Visual and/or hermetic end points; hence, electrical or visual rejects may he usad, Referance MIL-STO-833, Method 5005.2, para, 3.4,
3. Conditian D far packages ywith 20 ping or mara. Condition E for packagas with less than 20 pins,
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TABLE 11

QUALITY CONFORMANCE TEST
MOS LSI CIRCUIT

TEST MIL-STD-BE3
METHOD

Bubgroup 1

Temperature Cycle 100

Constant Acceleration 200

Electrical End Paints 6005
Subgroup 2

Operating Life 10058

Electrical End Peints 5005

CONDITIONS LTFD
Condition G
Condition D1, ¥4 Plane
Subgroup 1 15

Candition [, 500 Hrs. Minimum
Subgroup 1 10

1. Condltion D for packages with 20 pins or more, Condltion E for packages with leas than 20 pins,
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TABLE I
MANUFACTURERS QUALIFICATION PROCEDURE
MOS LSI CIRCUITS

MIL-5TD-BB3

TEST CONDITIONS LTPD
METHOD
Subgroup 17
Physical Dimensions pied 1) 15
Wisual and Machanical 2014
Subaraup 27
Salderability 2002 Omit Aging 15
Subgroup 32
Thermal Shack 1011 Caondition 8
Tomperaturn Cycling 1010 Condition C
Moisture Resistance 1004 Omit Initial Congditioning
Electrical End Points 5005 Subgroup 1 15
Subgroup 42
Mechanical Shock 2002 Congition B
Vibration Variable Freg, 2007 Condition A
Conslant Agceleration 2001 Condition E3
Elegctrical End Points EOO5 Subgroup 1 15
Subgroup §1
Lead Fatigue 2004 Condition B2
Fine Leak 1014 Candition A or B Par Fara.
4.3.7 Herein
Gross Leak 1014 Condition G2 Per Para. 15
4.3.7 Herein
Subgroup 61
Salt Atmospheare 1009 Condition A, Qmit 1%
Initial Canditioning
Subgroup 72
Storage Life 1008 1507 C, 1000 Hrs. Minimum
Electrical End Paints 5005 Subgroup 1 7
Subzroup 82
Operating LIz 1005 85'C, 1000 Hrs. Minimum
Electrical End Points 5005 Subgroup 1 10
Subgroup §1
10 devices |
Bond Strength 2011 Condition B, D nor greater
than 1%
defective

1. Visual andfor hermatic end paints: henca, elactrical rejecls may be used, Reference MIL-S5TD-BE3, Mathogd 5005.2, Para, 3.4,
2. Electrical end points only.,

3. Canditien O far packaoes with 20 plns or more. Condition E for packages with less than 20 pins.
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5.0

8.1

5.2

5.3

PREPARATION FOR DELIVERY

Final Visual Shipping Inspectian

Each lot of microcircuits and its associated documentation shall be sampled by Quality
Control and visually inspected for the following:

a)
b)
c}
a

e

Scratched, nicked or bent leads

Darmaged header {packages}

All test data specified in section 4,0

Certificate of Compliance as specified in section 4.0

All other pertinent documentation required and specified by this
specification,

Packing Requirements

Parts shall be packed in containers of the type, size, and kind commonly used which
will ensure acceptance by common carriers and safe delivery at the destination and in
accordance with MIL-M-55565, Level C, bulk pack. The containers shall be clearly
marked with manufacturer's name er symbol,

Preservation and Package |dentification

The package shall be marked with the following:

The country af origin if other than U.S.A.

Procuring activity parts number

Purchase arder number

Materiai nomenclature

Quantity
Lot number

Date code

This information shall appear on the label or shall be directly marked on each container.

Methaod is optional,

TEXAS INSTRUMENTS
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38510/MACH IV PROCUREMENT SPECIFICATION

6.0 NOTES
6.1 Precap Visual Method 2010

The following criteria may be in conflict with the circuit design topelogy and
construction technigues of some microcireuit manufacturers. Where such a conflict
does exist, the inspection criteria listed herein may be waived. {Reference paragraph
3.0 of MIL-5TD-883, Method 2010).

6.1.1 Preseat Visual Inspection, Test Condition B [38510 Class B {Level 111} and 38510
Class C (Level 1}].

6.1.1.1  Paragraph 3.2: a 20-PS! minimum blow-off prior to seal will be performed to meet
the intent of a controlled environment.

6.1.1.2  For titanium-tungsten, gold, titanium-tungsten multilayered systems, the underlying
metal is defined as the bottom titanium tungsten and the top layer is defined as gold.

TEXAS INSTRUMENTS 257
INCORFORATED
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38510/MACH IV PROCUREMENT SPECIFICATION

6.2

6.3

6.4

6.5

Interconnections

Circuit intarconnections (metallization pattern) shall be designed so that no properly
fabricated connection shall experience a current density greater than 5 X 105 amperes)‘cmz,
including allowances for worst-case conductor compaosition, normal praduction tolerances
on design dimensions, and nominal thickness at critical areas such as contact windows.

X-Ray Method 2012

Paragraph 3.9.2.2a(2} and (3] delete and replace with: “Cause for rejection shall be a
single void in the bar attachment material apening two adjacent sides and exceeding
50% of the length of one side and 100% of the length of the cther side.””

Salt Atmosphere Test, Method 1002

Where package design considerations necessitate {such as 0.75-inch tip-to-tip metal
flat packs), there may be a conformal coating applied prior to the saft atmosphere
test.

Rebonding

Attempts to bond where only impressions have been made in the metal and where the

bond did net make a physical attachment to the pad or post shall not be considered
evidence of rebonding.

TEXAS INSTRUMENTS
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JAN MIL-M-38510 INTEGRATED CIRCUITS

The MIL-M-38510 JAN Program implemented by Texas Instruments provides a standardized gualification and specification
systemn for high-reliability military applications. The program covers a wide range of monolithic integrated circuits including
digital and linear device types in both dual-indine and”flat pack configurations. For device types not yet covered by
MIL-M-38510 JAN slash sheets or for cost-effectivity and improved availability, the Texas Instruments 3B510/MACH IV
Program is recommended. It includes all the significant and practical contrals, lot acceptances, and screenings included in the
MIL-M-38510 JAN Program and is available at approximately one-third of the cost. The 38510/MACH IV Program includes a
controlled  procurement document encompassing general specifications MIL-M-38510A and MIL-STD-BB3A dated
15 November 1974, Revision D of the T1 38510/MACH IV specification is included in Tab Section 7 of this book.

The T1 38510/MACH IV Program also offers an aid to specification writing by providing a cost-effective 38510 and 883 base
document, whereby special device program specifications may be written invoking any additional tesiing options unique to a
specific program. The T 38510/MACH IV specification is organized and written per MILSTD-100 to aliow its use as a
program specification by merely adding the user's company name and drawing number, as well as any required additions or
deletions necessary to meet the specific program goals,

Table | provides @ convenient cross-reference from the JAN part numbers to the carresponding standard catalog part numbers.
The cross reference from the catalog numbers to the JAN slash sheet numbers is provided in Table 11,

The complete JAN part number with the tables of class, case, and lead finish codes is given in Table 111, along with a cross
reference to the T1 38510/MACH IV part number. A table of standard T1 cases and lead finishes is also provided to assist in
specifying the propsr JAN part number. It is imperative that the proper case and lead finish shown in the table be specified
on the parts list and procurement docurmentation. The specific package for each device is determined by referring to the
proper data sheet,

The following figure defines the reliability classes of MIL-M-38510 JAN and TI 3B510/MACH 1V ICs, and the intended areas
of application. MIL-M-33510 recommends that for original equipment complements, the device class appropriate to the nesd
ke used, while Class B is recommended for spare parts for logistic suppart.

MIL-STD-883
TYPICAL 38510/MACH |V
AECOMMENDED USE SYSTEM APPLICATIONS | DML-M-38510 LEVEL
CLASS

Where repair or replacement | Prototype, noncritical support Class C 1 {SNM)
is readily accomplished and | or ground systems
“down time” is not critical
Where repair or replacement | Avionics and tactical Class B 11§ [SNC)
is difficult or impossible and | missile systerms
reliability is vital
Where repair or replacement | Critical avionics, space Class A/S IV [SNH)
is difficult or impossible and | and strategic missile
reliability is imperative systEMS

Wide acceptance of T1 38510/MACH IV Class B "'SNC'* leve! devices has made passible improved availability thru distributar
and factory stocking programs. The following military documents {see MNote 1) establish the processing, quality, and
reliability assurance requirements for JAN integrated circuits. The detail requirements of each individual JAN device are
specified in the slash sheets.

MIL-M-38510/XX X, Microcireuits, Digital, TTL, ..., ...,
Monalithic Silican |Slash Sheats)
MIL-M-385104, Micraeircuits, General Specification far
WMIL-STD-883A, Test Methads and Procedures for Microelectronics
QPL-38510, Qualified Produets List for MIL-M-38510

NOTE 1: Coples of these documents may be requested from the Naval Pulbications and Farms Center, EB0T Taebor Avenue, Philadelphia,
Pa. 19120,
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JAN MIL-M-38510 INTEGRATED CIRCUITS

JAN
/MO,
oo
00102
00103
00104
D105
ou10§
ey
00108
o109
D201
00202
Q0203
00204
00205
D206
00207
0030
00302
00303
0091
00402
Q0403
00404
00501
00502
00503
Dos04
06
00602
Q0ED3
0o
00BD1
00802
G0BG3
00504
Das0s
00301
juleislery
00503
00404
00205
00205
002071
00208t
Qoa0at
00910t
01007
01002
01002
01004
1005
Q1006
01007
01008
a1009
G101
1102
01201
01202
01203
3130
01302
01303
01264
01305
01306
01307
01308
01309
01310t
01311y
01312t

NOTE: Only the baslc JAN and SN numbers are shown, Complete the numbers as shown n Table 1.

CKT

TYPE
5430
5420
5410
£400
5404
5412
5401
5405
5403
5472
5173
54107
5476
5474
5470
5470
5440
5437
5438
5402
5423
5425
5427
5450
5451
5463
5454
5482
B4B3
93041
5485
54086
5416
5407
5417
5426
5495
5498
54164
54165
54194
54195
9300%
2328
54198
B4166
5442
5443
5444
5445
54145
G446
5447
5448
£449
54181
541E2
54121
54122
54123
5492
5492
54160
54163
54162
54161
5490
54192
54183
54188
54197
54177

TABLE L. JAN INTEGRATED CIRCUITS AND CIRCUIT-TYPE CROSS-REFERENCE

JAN
fNO.
01401
01402
0403
01404
01405
01406t
med
01502
01803
01504
01601
01502
o7m
01702
01703t
;Mo
01801t
o20Mm
02002
02003
02004
02005
02006
o21M
62102
02103
02104
02105
02201
02202
02203
02204
0220%
02206
02301
02302
02303
02304
02308
02306
02307
02401
ozsM
02502
02503t
026041
02505t
02601
027
028t
02802
02803
02804
Q2305
032306
02001
Q2902
02502
02804
0290%
02906
Q2001
03002
03003
03004

Q3101
Q3102
03103
Q3104
03108
03501

03005 |

CET
TYPE
54150
9312
54163
2309
54157
54151
6475
5477
54116
031471
5403
5409
64174
64178
54173
64170
94180
54L30
S54L20
54L10
54L00
h4L04
54L01/64L03
54L71
B4L 72
L7
541.78
EAL74
54AHT2
54H73
24H74
EAHT7G
B4H1M
54H103
E4H30
54H20
S4H 10
BAHGO
B4HO4
54H01
b4H22
54H40
54180
54L93
54L193
93L10
93L1a
54L86
54L02
541 85
54L164
93L28%
93L00
76LI0
54L41
54L42
54143
541.44
54L46
54147
7ELA2A
15830
15035
16838
158946
15862
15832
15944
15957
16858
15933
MHOD26

131ash sheets ot raleased as of date of this publication.
Mot recommended for now deslgns |

4Class S only.

JAN

NG

04001

04002
04003
04004
04005
0411

04102
041032
04104
04201

04202
05001

05002
05003
05101

05102
05201

06202
05203
05204
05301

03302
05303
Q40

05501

Qsko2
05503
05504
05801

05602
06603
05804
05605
05701

05702
(5703
05704
05705
057061
05707+
05807 T
Q5001

06002
06003
06004
06005
06006
oG1011
06102t
061031
061041t
07001

07002
07002
07004
Q7005
07006
Q7007
07008
07009
07010
07101

07102
07103
Q7104
07105
07106
07201

073

074M

Q7402
07403

CKT

TYPE

54HED
54H 51

§4HB3
54HG4
54H5E
L4Ls1

BdLod

54155

54L.54

54L121
L4L122
40114
A012A
40234
40134
A027A
40004
40014
40024
40254
4007 A
40194
A030A
40084
40094
40104
40494
A050A
AO17A
anmaa
40204
40224
40244
A00EA
40144
A015A
4021 A
40314
A0TEA
40344
AHEA
105011
10502%
105063
105061
10507
10509F
10031t
10831%
10576E
105351
54500

54803

54504

54505

54310

54520

54522

54530

BA5133
545134
54374

545112
545113
545114
545174
5451756
54540

54502

54551

54564

5565

JAN

/MO,

075011
Q7502
076011
o7E02T
o7t
a7702t
27703t
Q78011
07602t
Q7901+t
07902t
Q79031
079047
07905+
07906+
a7807t
08001t
Qtoozt
oIt
ogamt
1010

10102

10103

10104

101051
101061
10201

102024
102031
1030

10302

10303
10304

10401

10402

10403
10404

10405

104061
106011
10607

10602
107Mm

108011
10802t
15001

15101

15102
15102
152011
15202t
152031
152041
15206+
152061
15301
163021
15501t
155021
15601 t
166021
15801t
15802t
15303t
153041
20101

20502
201031
20201t
20202t
23001t
23002t

CKT

TYPE
GASEE
545135
545194
B4518%
545138
545139
545280
545131
545182
545151
545163
545157
545158
545261
545257
545258
54511
54515
545140
545856
52741
52747
521014
52108A
LH2101A
LH21084A
527232
52104
52104
52710
52711
52106
52111
55107
55103
56114
56115
55113
7831
527233
LM102%
52110
52109
301BA
3045
5485
5413
5414
54132
54154
64153
54166
B250
BZ2b1
2252
54126
54126
54H03
54H11
54147
54148
3321
89301
931
gun7
54186 (PROM 512}
MCME204 1
IMEB03A
545387 {(PROM 1024)
IMEE23
5531 {266 RAMI
93410 {256 RAM)

TEXAQ
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JAN MIL-M-38510 INTEGRATED CIRCUITS

JAN

fNO.
23601t
23602t
30001t
30002t
30003t
300041
300051
30006t
30007t
300086t
30009t
30101t
30102t
30103t
30104t
30105+
30106t
30107t
30108t

CKT
TYPE
LH2101A
LHZ108A
LM102
MCMB5304
MHOU26
IS4 050
TMS4060
1MS600
1MEE038
IM5623
105013
105023
10505%
10506+
105074
10509%
105314
105353
105763
106314
15930
15432
15233
15936
15936
15844
15946
15857
15058
15062
3018A
3045
0004,
40014
40024
4006A
4007A
A00BA
4003A
40104
4011A
40124
4013A
40144
40154

TABLE I. JAN INTEGRATED CIRCUITS AND CIRCUIT-TYPE CROS5-REFERENCE

CKT

TYPE

TIS4060 (4K RAM}
TMEA050 {4K RAM)
BALSO0

541803

BALE04

BAL505

B4L510

541512

B4LS20

5aL522

54L530

B4LS73

SAL574

BALS112

2AL3N3

5415114

54LS179

SL5175

L5107

TABLE

JAN
fNO.
10105+
101061

10801

23502 (4K RAM)
23501 (4K RAMI
20103
20103t
202021
05001
06002
06003
05004
0B005
0EQOB
01011
061041
061031
06102t
030
031
02105
Q3002
03003
03102
02004
02103
2104
03008
10801+
10802t
05201
05202
05203
05701
05301
05404
05501
05502
05001
05002
051
05702

05703

JAN CKT JAN CKT

/NG, TYPE MO, TYPE
301091 5415109 207011 54L5138
30201t 541540 307021 54L.5138
30202 54L537 307031 54L542
30203t B4 538 307041 hAL547
203017 5aL502 30301r 54L5181
30302+ 54L527 309011 54L3151
303031 541 8266 30902t 5415153
30307t 541 561 309031 bAL3157
30402t 54L554 309041 541 51568
305011 54L532 300051 541 5251
305021 BALSES 302061 54LE257
206011 54L5194 30907t BAL 82568
s06021 54L5195 309081 5415253
30603t E41 585 310011 541511
306041 54596 31002 54L5150
206051 5415164 31003t 541 521
306081 54L.5298 310041 54L508
306071 541 5395 31140it B41 585
30608t 54LSE70 312011 541 SB3A

I CIRCVIT-TYFE AND JAN INTEGRATED CIRCUITS CROSS-R

CKT JAN CKT JAN
TYPE fNO. TYFE fNO.
40164 058011 SAH 72 02201
40174 05801 SAH T3 02202
4018A 05802 SAH 74 02203
40104 05302 S4AH?G 02204
40204 05603 gHi0 02205
40214 05704 54H103 02206
40224 05604 54L 500 300011
40234 05002 541 502 303011
402445 06805 541503 30002t
40254 05204 S4L304 30003t
4037A 05102 54L505 30004t
40304 05303 S4L508 31004t
4031A 05705 4L510 30005t
40344 057051 S4L811 31001t
4035A 057071 54L512 30006t
40404 06502 54L813 31301t
4050A 05504 54L514 31302
S2100A 10103 64L.515 21002¢
52104 102021 54L520 30007t
52105 102031 S4L521 31003t
2106 10303 541 522 31008t
62108A 10104 S4LEZT 30302t
52100 10701 S4L530 30009t
52110 10602 641 832 060711
62111 10204 541537 30202t
52710 10301 54L533 30203t
82711 10302 £4L540 30201t
52723 102m 54L542 30703t
52733 105011 641547 307041
53741 10101 541851 204011
S4HO0 02304 54L554 30402t
£4HM 02308 B4LEY3 30101t
54HOA 02305 54L574 30102t
G4H(8 155011 S4L575 31601t
54H10 02303 54L553A 31201t
54H11 15502t 841 585 311011
&4H20 02302 54L586 30502t
B4H 22 02307 41580 31501t
S4H30 0230 b4L593 31602t
54HAD 02401 54L595 30603t
S4H50 04001 54L596 306041
54151 04002 L4L5107 301065t
BEAHS3 04002 54L5109 30109t
54H54 04004 54L5112 30102t
54H55 04005 BALS113 30104+

MNOTE: Only the bagic JAMN and SN numbers are shown, Complote the numbers oz shown in Takle EH,
tSlash theets not rateased as of date of this publication,
Mot recommended for new designs.

JAN

31202t
313011
31302t
31303t
314011
314021
31501
31502t
31503t
316041
315061
31506t
MBOH
315081
31601t
316021
370Nt
31702t
31804t

EFERENCE

CKT
TYPFE
541.8114
5IL5123
S4L5124
54L5132
§4L5138
541 5139
5415151
5415153
541 8157
541 5158
B4ALE160
54LS161
54L 5164
415168
54L5168
5418174
541 8175
54LS5181
54L5192
B4 5193
B4LS5184
54L5185
54L5221
BALE261
54L5253
5ALS257
541 5258
54L5261
54L 5266
18279
54L5283
54L5298
541 8324
54L8385
S4L5670
54L00
54LM
B4l 02
h4L03
54L04
54L10
GAL20
541 30
54L42
54LA3

CKT
TYPE
6415283
54L513
841814
5408132
54L5123
54L5ZA
B4L590
541 593
54L5160
S4L5161
54L5168
54LS1G9
5415182
54L5193
541 876
54L5279
BALS124
54LS324
54L5261

JAN
/NO,
30105t
31401t
31701t
313031
30701t
30702t
302011
308021
30803t
200041
31603t
315041
30605t
315061
315061
301061
20107+
308011
315071
315081
30EM T
306021
314021
309051
20903+
30906t
209071
31801t
203031
21602t
212021
306061
21702
306071
306081
02004
02006
0270
02006
02005
Q2003
02642
0200
02801
02002

TEXAS INSTRUMENTS
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JAN MIL-M-38510 INTEGRATED CIRCUITS

CKT
TYPE
64L44
54L46
54L4T
54L51
G454
B4LES
54L
54L72
54173
B4 74
54178
54L86
S4L80
54L91
51183
54195
5AL12
54L122
54L164
54L393
54500
54502
54503
54504
54505
54510
54511
54515
54520
54522
545320
54540
54551
54564
54565
54574
54585
04586
545112
545113
545114
545132
545134
BAS136
545138
545136

NOTE. Only the basic JAM and SN numbers ara shown, Complete the numbers as shown in Takle 11,

TABLE Il, CIRCUIT-TYPE AND JAN INTEGRATED CIRCUITS CROSS5-REFERENCE

JAN
fNO.
02903
02904
Q290%
4101
04102, 04104+
04103
02101
o0z
az2103
02108
02104
02601
02801
02506
02502
02801
04201
04202
02802
025Q31
07001
a730it
002
Q7003
07004
07005
osO0t
030021
07006
07007
Q7008
0720
0740
Q7402
07403
o7,
08201
07501t
07102
07103
07104
07008
Q7010
07802t
avio1t
07702t

CKT
TYPE
545140
545151
545153
545157
545153
545174
545175
545181
545182
545194
545195
545251
545257
545258
545280
G458387
5400
5401
5402
5403
5404
5405
5406

JAN

NG,
08101+
079011
07202t
078021
0ra04+
07105
07106
078011
07302t
7601t
076021
079051
079061
073071
07703t
20201+
00104
00107
004
008
00105
an108
0030
00203
01601
01602
00103
00106
15101
15102
0pa02
00304
02
00402
00403
00805
Q0404
ao1m
00302
00303
0030
a1001
Q1002
01003
01004
01006

TStash sheats not released as of date of this publication.

Mol racommended far new designs.

#Class S anly,

CKT
TYPE
6447
5448
5440
5450
5451
5453
6454
5470
5472
56473
6474
8475
5476
54TV
64791
5482
5433
6485
5436
5450
5492
54493
5495
5456
54107
54118
54121
54122
54123
54125
EA126
54132
54145
54147
54148
54150
54151
54153
BA1564
54165
54156
541567
54160
54161
54162
54163

JAN

iNO,
aan?
01003
01009
00501
00502
00503
Q0504
00206
00201
00202
Q0205
Q150
0Q204
01602
00207
oasa1
Q0E02
15001
00701
Q1307
01301
1302
Q0901
ons02
00203
01603
012
01202
01203
153011
153024
15103
01005
156011
15602t
Q1401
1406t
Q1403
16201t
162021
15203t
01405
01303
01306
01305
1304

CKT
TYPE
54164
54185
&HEG
54173
54174
RA175
53177
S4180
54181
54182
54186
54192
54183
541394

" BA19E

54196
54197
54198
5531
55107
55108
55113
55114
55115
76LAZA
76L70
7831
8250
5261
8252
g3L00
93L10
93118
93L281
9300%
93015
93041
2308
0309
9311
9312%
93143
9317
2322
9328
93410

JAN

fNO.
00903
00304
009101t
01703t
017
702
01312t
01901+
o1
01102
2010
01208
01304
00905
00906
01310
0311t
00308t
23001t {256 RAM)
10401
10402
10405
10402
10404
02906
02805
10406+
15204+
15205t
15206t
02804
025041
02605t
02303
anso7t
158021
Q0603
01603
01404
16803t
01402
01504
158041
01405
00908
23002 (266 RAM)

TEXAS INSTRU
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JAN MIL-M-38510 INTEGRATED CIRCUITS

JAN PN ——p | JAN MIESI0 /

5 10/MACH IV PIN—————— =

TABLE 1. TI JAN AND 38570/MACH IV INTEGRATED CIRCUITS

r

CLASS rCIﬁCUIT TYPE
|
138510/ See Lros
JAN MACH IV Reference
AfST H Tables 1811 |
13 o]
c M

CASE DUTLINE ISEE BLOCK Ab

BLOCK A

JAN CASE QUTLINE &

FINISH FOR T1 FAMILIES

PROCUCT A_ECDEFGIJI.
SEFIES 54 XX ix|x ERTY
SERIES §4H x|%|%[x |
SEFIES 54L
SERIES 54LS % |x | [x x|
SEFIES 64§ % |x |x[x ®|x
SERIES 52 | [x x|
SERIES 65 %] x| [x|x
+SERIES 1000 [CMOS % | %% |x
O LS x
LEAD FINISH A
LEAD FINISM B %% [x [x % [ ]x
LEAD FINISH G % ¥ |x

38510 | 38510/

AN FPACKAGE 1APP.CH MACH fv

B 1R X 1M FLAT-14 F1 FA
BT 114" X 118" FLAT-14 F3 T

C|DIP-14 o1 4

Dlfar X 2w FLAT-14 F-2 w

E | DIP-t& oz J

F 1147 % 3/3" FLAT16 F.5 w/5B

G [T A L

HE1a" X 14" FLATID Fa u

1| To M A2 L

J | DIP-24 =] 4

K | 38" M 5/8" FLAT-24 F& w

L[ 38" % 112" FLAT.24 F-? w

= |Dip-22 1 Jd

t | DIP1g 1 4

x |Tos — -

¥ | TO-3 - -

Z |1/ % 3B FLAT-24 F.& -

TPralix designaiion for Class B 38510/MACH-1Y far CRMOS is "TFC*" and tar MOS5 L51 18 “SMC"",
Funassigned,
*Per MIL-M003ZB510B,

1
LEAD FINISH [SEE BLOCK Al

38510/
Jan TYPE MACH ¥
A |SOLDER DnNF 10
=] TIN PLATE ua
c GOLD-PLATE oa

HOTES!

Compleg the 32510/MACH 1Y Aumber by
adding prefin for cless. and suffines 1or
carh Outlind and Tead finish 4o The Basic
ciftuil typ? Fumbrer as shown above,
Example:

SNCE420.-00

. Compleis tha PN numbRT by sdding o Thees

letter sullis dor class, <ase outhing, and
Iead flnlsh as shown above
Exampig:

JAN W3ES DA TECE

TEXAQ

INSTRUMENTS

NCORPORATED
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222
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IC SOCKETS AND INTERCONNECTION PANELS

Texas Instruments lines of off-the-shelf interconnection products are designed specifically to meet the performance needs of
volume commercial applications. They provide both the economy of a standard product line and performance features
developed after many vear's experience with customn designs. Foremast among these is our ability to selectively bond a
wrought gold stripe at the contact point. Mo waste. Reduced cost. Reliable contacts.

Wrought Gold Contact

Plate a contact with gold and you get a better contact. More reliable, langer lasting. Increase the gold, you improve the
contact. But gald is precious, so improved performance has to be costly — right? Wrong. Because now you can get the gold
anly where it is needed — at the point of cantact.

How? With selective metaliurgical bonding; a gold stripe inlay. Mot porous plating, but durable wrought gold banded to the
contact by the same technology used to produce clad cains and thermostat metals.

Texas Instruments, Attleboro, Massachusetts, is the warld’s largast producer of these multimetal systems. We also know our
way around electronics, The result? A full line of refiable, low cost, interconnection systems featuring an extra measure of
gold where it"s needed, Premium performance at no premium in price.

IC Sockets

Taxas Instruments family of 1C sockets includes every type and size in common use today, and as wide a choice of rontact
materials as you'll find anywhere. Choose from open ar closed entry wire-wrapped ! sockets, standard or low prafile solder
tail sockets, cable plugs, and component platforms. Sizes from 8 to 40 pins.

1C Panels

To match the industry’s broadest line of IC sockets T offers one of the industry’s widest selections of off-the-shelf socket
panel products. Logic panels, Legic cards, Accessories. Add Tl's custormn design capability and wire wrapping for full service,

Additional infermation including pricing and delivery quotations may be obtained from your nearest T1 Distributor, Tl
Representative, or:

Texas Instruments Incorporated
Connector Sy stems Department
MS 2-16

Attlebora, Massachusetts 02703
Telephone: {617} 222-2800
TELEX: ABORAS27703

1 Registared trademark of Gardner-Denver



LOW PROFILE SOCKETS
SOLDER TAIL

C-23 SERIES GOLD-CLAD CONTACTS
€-83 SERIES TIN-PLATED CONTACTS

& Universal mounting and packaging
»  Anti-wicking wafer
# Stand-off tabs on base for solder flush
# Redundant contact points for law contact resis-
tance, high reliability and repetitive insertion
#® Closed entry construction
MATERIAL:
SOLIER STAMNDOFE A Body-glass filled nylon (GFN)
B. Contacr-copper nickel alloy PART NO. 5CHEDULE
C. Finish-see part number schedule
NOTES:
A, Sockets meet requirements of Texas Instruments
test specificanion T5-0005 and test report
TR-Q003
B. Qperating lemperature —658°C ta +180°C
. Contacts have redundani spring elements
0. Accommodates standard (C leads up 10 024"
seiare, rectangular, ar (024" diameter
IDENTLFICATION NOTCH E. Contact s designed and oriented in the plastic
FOR PIN NG body to generate maximum possible conract BLACK BODY
I 1 pressure
E ﬁ E qg ﬂ ﬂ 'E' F. Socketis designed to achieve maximum density NOMEX ANTIWICKING WAFER
H on boards Pins|C-93 SERIES | C-83 SERIES
( nx G. Sockets may be mounted end 1o and on 100" a £o30810 830810
centers continuous ling or on 400" centers
Hé E E E TOW 10 TOW 14 Ce31410 CB31410
E E E H. Socket is designed 10 prevent |C leads from 16 CO31G10 CB31610
TOLERANCE ]  foei100 cantacting P.C. board 18 | coaigio | cssisio
NOM-C UMULATIVE T¥r. I. Clased entry feature provided 1a facilitate
autgmatic 1C insertion and protects the 12 20 932010 CE32010
leads wgaingl damaye a2 Ca32210 caaz2n
24 coz2n0 ca3zao
ael (]
1 v | 28 Co32310 Ca832810
| ‘ 40 | camo10 €934010
o1 ¥ L300 MAK CONTACT FINISH
. 150 MaX €93 BERIES:
_L 100 micreinch minimom  geld
! 007 stripe inlay
_ C-83 SERIES:
_JL_ o8 ! x ! LC LEAD GLIARD 200 microinch minimum bright

tin plare

2P |14 Pin | 16 Pin | 1BPin | 20 Pin | 22 Pin | 24 Pin | 2B Pin | 40 Pin

Eimension X +.005 | .300 | .300 .300 300 300 A0 00 600 60D

Dimansion V £.010 | 400 | 700 800 900 | 1.000 | 1100 1.200 | 1400 | 2.000

Dimension W imax} | 400 | 400 400 A0Q 400 500 00 700 100

267
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STANDARD PROFILE SOCKET
SOLDER TAIL

C-82 SERIES PLATED CONTACTS »

WIRE WRAP

C-92 SERIES GOLD CLAD CONTACTS

C-81 SERIES PLATED CONTACTS « €91 SERIES GOLD CLAD CONTACTS

® Daesigned for low cost, reliable, high density production packaging
& Universal mounting and packaging capabilities
® 8 1o 40 pin lead configurations
® Contacts accommodate .05 through .024" rectangular ar round
dual-in-ine leads
® Wire wrap posts held to true position of .015" providing a true
position of ,020'" on boards far efficient automatic wire wrapping
WIRE WRAP SOLDER TAIL
1D I o SCLOER
D;g‘ilﬁ‘.\.*é““{_/ R P A, - [t —] e
- I_ J -] | a -] 1 a @
Rl
_.L ] Na o'e

RON-CUMULATIVE [rye

COVER TWPILAL LOCKING
TECHNMILES LISED:

v

FRELOADED COMTALT
[H 3

L |

250 7

QFEN ENTRY
ONLY

MATERIAL:

A_ Body-glass filled
nylon (GFN)

B. Contact-phosphar

bronze per QQ-B-750

{C-8%) capper nickel

alloy (C-21}
C. Finish-see part
number schedule

NOTES:

A_ Sockels meet requirements of Texas
Instruments test specification T5-0003
and test report TR-0001

8. Contacts are replaceable

C. Contacts have redundant spring ¢lements

. Cover is removeable

E. Contact is designed and oriented in the
plastic body [0 generate maximum
possible contact pressure

F. Oparating temperature —65"C to +150°C

'
T 100
NOMN-CLRAULATIVE ITYe
N

COVER TYPICAL LOCKING
TECHNIGUES USiD

—_— I

| LOVER I -1-
CFTIONAL rd u h]
. O.H }
1T .

o
.02 UK CRTRY
i (Jb:‘..\‘
T_ bl B B

125
—— 025 ooz 1

G. Sockets are designed to achieve maximum
density on boards and may be mounted
AQD” row 1o raw centers

H. Clased entry cover is provided to facilitate
automatic insertion and protect 1C leads
against damage

). Accommedates standard 1C leads up to

024 square, rectangular or 024" dia.

. Contact retention — 7 Ibs, min,

K. Sockets are capable of being automati-
cally ar semiautomatically wire wrapped

[

8 Pin 14 Pin 16 Pin 18 Pin 20 Pin 24 Pin 28 Pin 36 Pin 40 Pin
Dimension V 010 465 i BED 965 1.065 1.280 1.480 1.845 2.045
Dimension W {max} 400 400 A0 A00 400 700 700 700 700
Qimansjan X +.005 300 L300 .300 300 300 600 G000 600 600
Dimension ¥ 010 NA 400 400 400 A00 500 500 B00 1.000
Dimension Z +.005 .280 .280 280 280 280 280 280 325 325




WIRE WRAP

CPEN ENTRY | CLOSED ENTRY
PART
NUMBER
SCHEDULE
Contact . Black Black
. PFins
Finish Body Cover
. g CB810854 CB10804
Series 14 C311454 C811404
c-51 16 C311654 C811604
200-400
L 18 CA11854 C811804
micrainghy
o 20 CE12054 812004
roin lin
24 CB12454 C812404
per
28 CB12854 Cc8 4
MIL-T-10727 8 1280
36 C213804
40 C814004
) 8 €510850 Ca10800
Serics 14 Ca11460 €911400
C-91
50 micraamch 16 Ca11650 C911800
in 18 C311450 C811400
mi
. 20 €912050 C911800
gald stripe
inlay 24 €912450 €912000
28 C912850 CI12800
38 €913600
40 €914000

SOLDER TAIL
OPEN ENTRY | CLOSED ENTRY
PART )
NUMBER
SCHEDULE
Coniact } Black Black
Pins
Finish Body Cover
) 8 320850 220800
Series 14 Caz1480 C821400
caz
30 microinch 16 Ca21650 Ca21600
min gald per 11\ CB21850 CB21800
oy 4® 24 322450 C822400
50 micromnch 28 322850 CR22800
i ick: )
VAL T CB23600
40 824000
) 8 CB20852 CR20802
Series
c.a2 14 C821452 CR21402
50 micrainch 18 821652 c221602
min gold per 18 CB21862 321802
MIL-GA5208 | 94 622452 822402
100 microinch | 2R CB22862 222502
e ickel 9er | 36 Cca23602
40 524002
. 8 C320854 CR20804
Series
.82 14 CR21454 C821404
) 6 CB21654 CR21604
200-400 18 £821854 CR/21604
microinch
min (in per 24 CB22454 222404
MIL-T-10727 28 822664 822804
36 CR23604
40 C224004
] 8 20850 £920800
Eeries
c.92 14 ¢o21450 C521400
. 16 C921650 CO21600
r‘ﬂ‘?‘n"mimi"ch 18 CO21850 CH21800
I
gold stripe 24 922450 CH22400
infay 28 C972850 22800
38 923600
40 €924000
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SOCKET PANELS

STANDARD

D4 SERIES

& 180 position panel or multiples of
30 position with 14 ar 16 position
socket pattern

® /0 — & rpws with 13 pins per row
ot 3 - 14 pin sockets

# Low cost standard hardware

® Avaitable in 98 standard series

& [Hf-the-shelf availability

F/C BOARD MATERIAL

16175 {180 PATTERY mommr
| 1/8 thick Glass Epoxy, 2 oz.
15 800 Capper Circuitry both sides,
12.100 Tin Plated
10.460 {
P AL
7.700 y *]
5.000 126
? 10(‘ 15 DIA THIRL HOLE =187 ’
_.I |... A00 TYP. TVP. | A
r |
s 13 (J— 3 — 1T *
. g g ; ] b
Pk b [i— —— - U —— i RS
CICTTIEIL 6500 o
TAv Ay rE E b HGAFL 1 Y0 n 1 )
: 7.100 |
[ GRR IV 2
1}
| 1 |1 [ [ 5.876 T
WGRF AL, 11 = | .
7475 X
\GRF IV} T
) B R n -
o 1of & la ® g ) }9}“
¢ b1 UQQ UQQ’ Uib L?)¢$ L2
%45 REF.
e 2.675 L 400 e ™~
.30 PATTEHN| 00 SEATIMG
l=— 5.375 {60 PATTERN) 125 BIA, THRU PLANE

HOLE FOR GMD
PLANE CONMECTIIN
TYP. 6 PLACES (COMPONENT SICE)

25 DIA. THRU HOLE FOR VOO PLANE
TORMMECTION TvP. 6 FLACES (WRAF SIDEY

b —— & 675 (90 PATTERN}
10.775 (120 PATTERN]
1347 {190 PATIERN| 1

NDTE: Dimensions shown are nominal. Detait information and
tolerances available on request lindicale series and group number).

€91 SERIES SOCKETS

2170

STANDARD SOCKETS
C-8% or C-O1 series, 14 pin
or 16 pin, closed entry
sockers as designated in
the Part Na. Schedule at
right. See pages 7 and 8
for complete socket
infoemation.

C-81 SERIES SOCKETS

Body......... Glass filled nylon

Contact ... Phesphor bronze per QQ-B-7

Finish ......, 30 micrginch min. gold per
MIL-G-45204 aver
B4 microinch min, nickel per
0Q0-N-290

Beody......... Glass filted nylon
&0 Contact .... Copper nickel alloy
Finish ....... 50 microinch min.

gold stripe inlay




STANDARD PANEL PART NO. SCHEDULE -D4 Senes

Group Nuo,

14D Qption

Sackets
Per Panel

c-81
Sockets

c-a1
Sockets

Group |

oo : *e éD

PIN 14 ..
FINT ...

N R

SOCKETS

a0
G0
an
120
150
180

D411211
Da11212
D4a11212
D4a11214
D411215
DA11216

D412
Da11232
D411233
Da11234
D411335
0411236

FEED-THRL
FING

30
&0
90
120
150
180

D411411
0411412
D411413
Da11a14
D411415
D411416

D414
D411i432
0411432
0411434
0411435
Cr411436

Group LI

14 Pin

SOCKETS

30
60
an
120
150
180

D434211
0434212
0434213
D434214
0434215
434216

0434231
0434232
D434233
DA434234
D434235
D434236

FEED-THRLY
PINS

il

30
60
2Q
120
180
120

D434411
D434412
D434413
D434414
D434415
0434416

D434421
0434432
0434433
D434434
0434435
D424436

Group 111

2

PIN 16 ...
FINE ..

SOCKETS

30
B0
a0
120
150
180

0423211
Daz23212
0423213
D423214
D423215
D423216

DAZ323
DA423232
D423233
DA23234
D423235
N423236

FEED-THAL
PINS

30
60
90

150
180

D4a23411
D423412
0423413
0423414
0423415
Daz3Me

0423431
D423432
0423433
D4Z3434
D423435
D423436

Group IV

SOCKETS

30
60
a0
120
150
180

D444211
0444212
D444213
0444214
D444215
0444218

0444231
D444232
0444232
D444234
D444236
D444236

-

EEL-THRU
PINS

il

30
60
90
120
150
180

444411
D4dad12
444413
Dadd414
Da44415
D444416

D444431
04444532
0444433
04444534
D444435
D444436

2N
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SOCKET CARDS
STANDARD

DOZ SERIES

® Low Cost

+ 14 - 16 pin socket pattern —
60 pasition

# Standard ground and power pin
commitment

& B standard designs

& Mates with dual 60 position edge
connector

—.500 —H
/8™ |Z2011510

D02 Senes
P/C BOARD MATERIAL STANDARD CARD PART NO. SCHEDULE
1416 and 1/8 thick Glass Epoxy, 2 oz. Copper Circuitry both sides, Tin Plated Growus No Board CB1 .81
roup 0. Thk. | Sackets | Sockets
g Group ) 14 Pin
- PIN 14.... VCC | 116~ | Do22110 | DO22130
s zed ' FIN -
s 22 Es‘?" —I"I"— = IN7 ... GRD
l?o ___________ S —— I ||r ' + .
i il |.m
- 6188 el - 1/8" |0021110 | D0O21130
ay 1
6C8 E= H
1o T i
WITH — FE1FH Y =
aparvim [ AN = ‘ Group M 14 Pin )
i FIN Y. ¥CC 1ame” |0022310 | D022330
r
H | &, .
Y a— il i
it S ot . 1/8" | Daz1210 | 0021330
P
NOTE; Dimensions shovwn are nominal. Detail information and tolerances R
available on request {indicate series and group number). 16 Pin
o WEC -
T GRD 1116 C022210| DO22230
DO Series .
175 MULTIPURPOSE '
, AGEe | d
i AD“PTEHMSD : 172 | poz1219 | poz1230
——T Part no, 25 0 [Fis] :
25 i
Group IV 16 Pin
T FINV ...
\385 | EE I p:N g gg% 1416 | DO22410 | DO22430
! it EJECTOR KEYS Board
Material: Nylon . Thk, Part No. ;
Part no. 2501200 (1/B”)
2501201 (116"} 1116 {zoi2s10
1/8™ | DO21410 |} DO21430










