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INTRODUCTION
This book contains detailed specifications for semiconductor memory integrated circuits manufactured and supplied
worldwide by Texas Instruments. A continuous upgrading of process and design technology has resulted in a wide
spectrum of memory products with information retrieval times from a few nanoseconds to a few microseconds.
They cover the basic memory functions of serial storage, random-access mass storage, permanent read-only storage
and programmable read-only storage of binary information. These LS! high-technology products include:

® 42 MOS Memory products to provide system economy 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

— 12 different shift registers featuring highly efficient organizations for implementing serial and recirculating
memories in data communications and display systems

® 49 TTL high-performance memories, 44 with Schottky clamping, including:
256-bit RAM's featuring modified 12 L cell design and single-level metalization to enhance reliability
PROM'’s featuring Titanium-Tungsten fuse links for fast and reliable programming
- New 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:
5 RAM'’s with access times from 10 ns to 15 ns typically
-1 256-bit PROM using Titanium-Tungsten fuse links with a typical access time of 15 ns
Also included are product descriptions of 11 microprocessor products from Texas Instruments, 9 manufactured
with MOS technology, one in Schottky TTL, and the other with Integrated Injection Logic (12L), a revolutionary
new semiconductor technology. These new microprocessor products are directly compatible with most of the
semiconductor memory products included in this book.
An eight-page glossary defines symbols and terms used with memory integrated circuits in accordance with current
deliberations by the EIA/JEDEC (Electronic 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 technology (MOS, TTL, and ECL).

The 38510/MACH |V 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-38510 integrated
circuits provides cross-reference from circuit type number to 38510 slash sheet and from 38510 slash sheet to
circuit type number. Also covered are the 4096-bit RAMs processed to level 111 of the MACH IV specification.
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RAMs, PROMs, ROMs
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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 logic conventions. The terms, symbols,
abbreviations, and definitions used with memory integrated circuits have not, as yet, been standardized. All are
currently under consideration by the EIA/JEDEC (Electronic Industries Association) and the IEC (International
Electrotechnical Commission). The following are as consistent with the past and future works of these organizations as
is possible to anticipate at this time.

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

A control input to an integrated circuit that, depending on the logic level applied 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 not affected by the logic level of the chip-enable input.

2. See "'Chip-Select Input.”

Chip-Select Input, Output-Enable Input

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

output of data from the device.

NOTES: 1. A chip-select input usually differs from a chip-enable 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 function.

2. When disabled by a chip-enable or chip-select signal, the outputs will assume a low level, a high level, or a
floating (high-impedance) state, depending on the design of the particular circuit.

Dynamic (Read/Write) Memory
A read/write memory in which the cells require the repetitive application of control 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 of the control signals is normally called a refresh operation.
3. A dynamic memory 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 or words can be read in the same order, but not necessarily at the same rate, as that
of the data entry.

Last-In, First-Out (LIFO) Memory
A memory 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 unalterable.

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
from which it can be retrieved.
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GLOSSARY
MEMORY INTEGRATED CIRCUIT TERMS AND DEFINITIONS

Memory Integrated Circuit

An integrated circuit consisting of memory cells and usually including associated circuits such as those for address
selection, amplifiers, etc.

Parallel Access

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

Programmable Read-Only Memory (PROM)
A read-only memory that after being manufactured can have the data content of each memory cell altered once only.
Random-Access Memory (RAM)
A memory that provides access to 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 is often used by itself in
referring to a read/write memory.
Read-Only Memory (ROM)
A memory intended to be read only.

NOTE: Unless otherwise qualified, the term
by construction.

‘read-only memory’’ implies that the content is unalterable and defined

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 electronic 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 memory 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.
NOTES: 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.
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GLOSSARY
MEMORY INTEGRATED CIRCUIT TERMS AND DEFINITIONS

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

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

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

c. Multiple subscripts are upper case when each letter stands for a different word, e.g. CS for chip select, PLH for
propagation delay from low to 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.

Example symbology:

ta(ad,LH) Access time from address, low-to-high-level output
ta(ad,HL) Access time from address, high-to-low-level output
ta(CE) Access time from chip enable
ta(CS) Access time from chip select

Current

High-level input current, 1§
The current into® an input when a high-level voltage is applied to that input.

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

Low-level input current, Ij
The current into® an input when a low-level voltage is applied to that input.

Low-level output current, oL
The current into® 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), igz
The current into® 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-circuit output current, Qg
The current into* an output when the output is short-circuited to ground (or other specified potential) with input

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

Supply current, Icc, lpD. lEE, |GG, ISS
The current into®, respectively, the VcC, VDD, VEE. VGG, or VsSS supply terminal of an integrated circuit.

*Current out of a terminal is given as a negative value.
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GLOSSARY
MEMORY INTEGRATED CIRCUIT TERMS AND DEFINITIONS

Cycle Time

Read cycle time, tc(rd) (see note)
The time interval between the start of a read cycle and the start of the next cycle.

Read, modify write cycle time, to(RMW) (see note)
The time interval between the start of a cycle in which the memory is read and new data is entered and the start of the
next cycle.

Write cycle time, tc(wr) (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 minimum value is specified that is the
shortest time in which the memory will perform its read and/or write function correctly.

Data Valid Time

Data valid time with respect to chip select, tpv(CS)
The interval following chip deselection during which output data continues to be valid.

Data valid time with respect to address, tpv(ad)
The interval 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 on two waveforms.

Example symbology:

td(p1-92) Delay time, clock 1 to clock 2
td(PH-CEH) Delay time, precharge high to chip enable high
Hold Time
Hold time, th

The interval during which a signal is retained at a specified input terminal after an active 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 logic
element 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:

th(ad) Address hold time
th(da) Data hold time
th(rd) Read hold time
th(wr) Write hold time
th(rs) Reset hold time
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MEMORY INTEGRATED CIRCUIT TERMS AND DEFINITIONS

Output Enable and Disable Time

Output enable time (of a three-state output) to high level, tpz| (or low level, tpzy )
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 the defined high (or low) level.

Output enable time (of a three-state output) to high or low level, tp2x
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 low).

Output disable time (of a three-state output) from high level, tpi2 (or low level, tp 2)
The propagation delay time between the specified reference points on the input and output voltage waveforms with the
three-state output changing from the defined high (or low) level to a high-impedance (off) state.

Output disable time (of a three-state output) from high or low level, tpx 2
The propagation delay time between the specified reference points on the input and output voltage waveforms with the
three-state output changing from either of the defined active levels (high or low) to a high-impedance (off) state.

Propagation Time

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

Propagation delay time, low-to-high-level output, tp| 4

The time between the specified reference points on the input and output voltage waveforms with the output changing
from the defined low level to the defined high level.

Propagation delay time, high-to-low-level output, tpHL

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 defined low level.

Pulse Width

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

Example symbology:

tw(CEH) Pulse width, chip enable high
tw(CEL) Pulse width, chip enable low
tw(clr) Clear pulse width

tw(CS) Chip-select pulse width
tw(¢) Clock pulse width

tw(rs) Reset pulse width

twiwr) Write pulse width
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Recovery Time

Sense recovery time, tgR
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 recovery time
The time interval between the termination of a write pulse and the initiation of a new cycle.

Refresh Time

Refresh time, trefresh (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 maximum value is specified that is the longest interval for which correct operation is guaranteed.

Setup Time

Setup time, tgy

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

active transition at another specified input terminal.

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

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 guaranteed.

Example symbology:

tsu(ad) Address setup time
tsu(da) Data setup time
tsu(rd) Read setup time
tsu(wr) Write setup time

Transition Time

Transition time, low-to-high-level, tT| 4
The time between a specified low-level voltage and a specified high-level voltage on a waveform that is changing from
the defined low level to the defined high level.

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

Voltage

High-level input voltage, V|4

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

variables.

NOTE: A minimum or B-limit value (V|HB, VIH'B) is specified that is the least positive (most negative) value of
high-level input voltage for which operation of the logic element within specification limits is guaranteed. For
ECL circuits, a least-negative-limit value (V|4 A) is also specified.
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High-level output voltage, VOH
The voltage at an output terminal with input conditions applied that according to the product specification will
establish a high level at the output.

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

Low-level input voltage, Vi

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

variables.

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

Low-level output voltage, Vo
The voltage at an output terminal with input conditions applied that according to the product specification will
establish a low level at the output.

PART IHI-GRAPHIC SYMBOLS AND LOGIC CONVENTIONS
All graphic symbols shown in this section are standard in the USA (ANSI and IEEE) and internationally (1EC).
Negation and Polarity Indication, Use of Bars

In this book, the logic negation symbol O and the polarity indicator & 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.g. clock) that is active on its high-to-low transition.

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

o

o

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

NOTE: If both data input and output are marked with a negation symbol or polarity indicator, they 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 output
when that same bit is retrieved, not to the input and output levels at a given instant.

These three symbols are equivalent and represent a noninverting function:

These four symbols are equivalent and represent an inverting function:
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Letter abbreviations that represent inputs or outputs meeting criteria a, b, c, or d above are usually 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

C Cc C
B B -]
£ E £
SCHOTTKY-CLAMPED

N-P-N BIPOLAR
TRANSISTOR

U (SUBSTRATE)

.

N-CHANNEL MOS
DEPLETION-TYPE
FIELD-EFFECT TRANSISTOR

D

—
__| }—e-V (SUBSTRATE)
G F—

S

N-CHANNEL MOS
ENHANCEMENT-TYPE
FIELD-EFFECT TRANSISTOR

N-P-N BIPOLAR
TRANSISTOR

P-N-P BIPOLAR
TRANSISTOR

o}
I U (SUBSTRATE)
G
S

P.-CHANNEL MOS
DEPLETION-TYPE
FIELD-EFFECT TRANSISTOR

o]

| |—— U (SUBSTRATE)
G

M

s

P-CHANNEL MOS
ENHANCEMENT-TYPE
FIELD-EFFECT TRANSISTOR
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INTERCHANGEABILITY GUIDE

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

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 dual-in-line JE AL

FAIRCHILD SEMICONDUCTOR

FSC TI DIRECT
TYPE REPLACEMENT
F10405 SN10147
F10410 SN10144
MOTOROLA

MOTOROLA TI DIRECT

TYPE REPLACEMENT
MMC10140 SN10140
MMC10142 SN10142
MMC10144 SN10144
MMC10145 SN10145
MMC10147 SN10147
MMC10148 SN10148

SIGNETICS

SIGNETICS TI DIRECT

TYPE REPLACEMENT
S10139 SN10139
$10140 SN10140
S10144 SN10144
$10145 SN10145
S10148 SN10148
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MOS CIRCUITS
(alphabetically by manufacturers)

ADVANCED MICRO DEVICES

AMD TI DIRECT RECOMMENDED

TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
AM 1002 2 x 128 SSR TMS 3128 2 x 128 SSR
AM 2521 2 x 128 SSR TMS 3128 2 x 128 SSR
AM 2809 2 x 128 SSR TMS 3128 2 x 128 SSR
AM 2810 2 x 128 SSR TMS 3128 2 x 128 SSR
AM 2814 2 x 128 SSR TMS 3114 TMS 3128 2 x 128 SSR
AM 3114 2 x 128 SSR TMS 3114 TMS 3128 2 x 128 SSR
AM 9102 1 x 1024 SRAM TMS 4034 TMS 4051 1 x 4096 DRAM
AM 9102A 1 x 1024 SRAM TMS 4033 TMS 4051 1 x 4096 DRAM

AMERICAN MICROSYSTEMS INCORPORATED

AMI TI DIRECT RECOMMENDED

TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
$1463 2 x 64 SSR TMS 3121 4 x 64 SSR
$2103 1 x 1024 DRAM TMS 4030 1 x 4096 DRAM
S 2146 1 x 1024 DRAM TMS 4030 1 x 4096 DRAM
§3102 1 x 1024 SRAM TMS 4035 TMS 4051 1 x 4096 DRAM
$ 3102A 1 x 1024 SRAM TMS 4033 TMS 4051 1 x 4096 DRAM
§$31028 1 x 1024 SRAM TMS 4034 TMS 4051 1 x 4096 DRAM
$3103 1 x 1024 DRAM TMS 4050 1 x 4096 DRAM
S 4006 1 x 1024 DRAM TMS 4050 1 x 4096 DRAM
S 4008 1

x 1024 DRAM TMS 4050 1 x 4096 DRAM

ELECTRONIC ARRAYS

EA TI DIRECT RECOMMENDED
TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
EA 1008 2 x 80 SSR TMS 3120 4 x 80 SSR
EA 1009 2 x 80 SSR TMS 3120 4 x 80 SSR
EA 1213 4 x 80 DSR TMS 3120 4 x 80 SSR
EA 1214 4 x 80 DSR TMS 3120 4 x 80 SSR
EA 2102 1 x 1024 SRAM TMS 4035 TMS 4035 1 x 1024 SRAM
EA 3501 ASCII GEN TMS 2501 ASCIl GEN
EA 3701 ASCII GEN TMS 4103 ASCII GEN
EA 4501 ASCII GEN TMS 2501 ASCII GEN
EA 4800 8 x 2048 ROM TMS 4800 TMS 4800 { 8 x 2048 ROM
4 x 4096 ROM
EA 4900 8 x 2048 ROM TMS 4800 TMS 4800 { 8 x 2048 ROM
4 x 4096 ROM
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FAIRCHILD SEMICONDUCTOR

FSC TI DIRECT RECOMMENDED
TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
3325 4 x 64 DSR T™S 3121 4 x 64 DSR
3342 4 x 64 SSR TMS 3121 TMS 3121 4 x 64 SSR
3343 2 x 128 SSR TMS 3128 2x 128 SSR
3344 2 x 132 SSR T™S 3129 2x 132 SR
3346 2 x 144 SSR TMS 3132 8 x 144 SSR
3347 4 x 80 SSR TMS 3120 TMS 3120 4 x BOSSR
3348/9 6 x 32 SSR TMS 3112/22 T™S 3112 6 x 32 SSR
3383 1 x 256 DSR T™S 3417 4 x 64 DSR
3524.5 1 x 1024 DRAM TMS 4050 1 x 4096 DRAM
GENERAL INSTRUMENT
G TI DIRECT RECOMMENDED
TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
SL-6-2100 2 x 128 SSR TMS 3128 2 x 128 SSR
SL-6-2064 2 x 64 SSR T™S 3121 4 x 64 SSR
SL-9-4080 4 x 80 SSR T™S 3120 4 x 80 SSR
DL-6-2128 2 x 128 DSR T™S 3128 2x 128 SSR
RA -91103 1 x 1024 DRAM TMS 4050 1 x 4096 DRAM
AY-51012 UART TMS 6011 TMS 6011 UART
INTEL
INTEL Ti DIRECT RECOMMENDED
TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
1103 1 x 1024 DRAM TMS 1103 {TMS 4050/4051 {1 x 4096 DRAM
TMS4060 1 x 4096 DRAM
1311/12/13 ASCH GEN T™S 2501 ASCII GEN
2101 4 x 256 SRAM TMS 4039 TMS 4039 4 x 256 SRAM
21011 4 x 256 SRAM TMS 4039-2 TMS 4039-2 4 x 256 SRAM
2101-2 4 x 256 SRAM TMS 4039-1 TMS 4039-1 4 x 256 SRAM
21021 1 x 1024 SRAM TMS 4033 TMS 4033 1 x 1024 SRAM
21022 1 x 1024 SRAM TMS 4034 TMS 4034 1 x 1024 SRAM
2102 1 x 1024 SRAM TMS 4035 TMS 4035 1 x 1024 SRAM
2111 4 x 256 SRAM TMS 4042 TMS 4042 4 x 256 SRAM
21114 4 x 256 SRAM TMS 4042-2 TMS 4042-2 4 x 256 SRAM
21112 4 x 256 SRAM TMS 4042-1 TMS 4043-1 4 x 256 SRAM
2112 4 x 256 SRAM TMS 4043 TMS 4043 4 x 256 SRAM
2112:2 4 x 256 SRAM TMS 4043-1 TMS 40431 4 x 256 SRAM
TMS 4043-2
2107A 1 x 4096 DRAM TMS 4030/4060 TMS 4030/4060 1 x 4096 DRAM
8308 8 x 1024 ROM TMS 4700 TMS 4700 8 x 1024 ROM
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INTERSIL
INTERSIL TI DIRECT RECOMMENDED

TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
IM 7552 1 x 1024 SRAM TMS 4035 TMS 4035/4051 1 x 1024 SRAM
IM 75522 1 x 1024 SRAM T™S 4034 TMS 4034/4051 1 x 1024 SRAM
IM 75521 1 x 1024 SRAM T™S 4033 TMS 4033/4051 1 x 1024 SRAM
M 7780 4x80DSR T™S 3409 T™S 3120 4 x 80 DSR/SSR

MOSTEK
MOSTEK T1I DIRECT RECOMMENDED

TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN  DESCRIPTION
1002 2x 128 SSR T™S 3128 2x 128 SSR
1007 4x80DSR T™S 3409 T™S 3120 4 x 80 DSR/SSR
4096 1 x 4096 DRAM TMS 4050/4060 1 x 4096 DRAM
4102¢ 1 x 1024-SRAM T™S 4035 TMS 4051 1 x 1024 SRAM
4102p-1 1 x 1024 SRAM TMS 4033 TMS 4051 1 x 1024 SRAM

NATIONAL SEMICONDUCTOR

NATIONAL TI DIRECT RECOMMENDED

TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
MM 1103 1x 1024 DRAM T™S 1103 TMS 4050 1 x 1024 DRAM
MM 2102 1 x 1024 SRAM TMS 4035 TMS 4035 1 x 1024 SRAM
MM 4020 4 x80DSR T™S 3120 4 x80SSR
MM 4105 4x 64 DSR T™S 3121 4x64SSR
MM 4052 2 x 80 SSR TM™S 3120 2 x 80 SSR
MM 4060 2x 128 SSR T™S 3128 T™S 3128 2x 128 SSR
MM 5260 1x 1024 DRAM TMS 4050/4060 1 x 4096 DRAM

SIGNETICS

SIGNETICS T1 DIRECT RECOMMENDED

TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN  DESCRIPTION
1103 1% 1024 DRAM TMS 4050/4060 1 x 4096 DRAM
2513 2560 ROM T™S 2501 2560 ASCII GEN
2521 2x 128 SSR T™MS 3128 T™S 3128 2x 128 SSR
2522 2x 132 S8R T™S 3129 T™S 3129 2x 132 SSR
2532 4x80SSR TMS 3120 T™S 3120 4 x80SSR
2602 1 x 1024 SRAM TS 4035 TMS 4051 1 x 1024 SRAM
26021 1 x 1024 SRAM T™S 4033 TMS 4051 1x 1024 SRAM

WESTERN DIGITAL

wo T1 DIRECT RECOMMENDED

TYPE DESCRIPTION REPLACEMENT FOR NEW DESIGN DESCRIPTION
TR 1602 UART TMS 6011 TMS 6011 UART
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Example of AMD order code:

TTL MEMORIES
(alphabetically by manufacturers)

ADVANCED MICRO DEVICES

Prefix
TAm-
Bipolar
Memory
AMD Ti DIRECT RECOMMENDED
TYPE REPLACEMENT FOR NEW DESIGNS
2700 SN74S201 SN748201
2701 SN74S301 SN745301
27502C SN745289 SN745289
27s02mM SN545289 SN545289
27S03C SN745189 SN745189
27S03M SN545189 SN545189
27s08C SN745188 SN745188

Example of Fairchild order code:

FSC
TYPE
93403
93406C
93410AC
93410C
93410M
93411C
93411M
93415AC
93415C
93416C
93417M

FAIRCHILD SEMICONDUCTOR

Prefix
F
TI DIRECT RECOMMENDED
REPLACEMENT FOR NEW DESIGNS
SN745289 SN745289
SN74187 SN748387
SN748301 SN748301
SN74S301 SN74S301
SN54S301 SN54S5301
SN745201 SN745201
SN545201 SN545201
SN54S314 SN54S5314
SN54S314 SN54S314
SN74S387 SN748387
SN54S8387 SN548387

Type Suffix
27503 DM
Package -—T L—Tempera(um Range
D=DIP Cc=0°C 10 70°C
P = Molded M= —55°C to 125°C
AMD TIDIRECT RECOMMENDED
TYPE REPLACEMENT FOR NEW DESIGNS
27508M SN545188 SN545188
27509C SN745288 SN745288
27S09M SN545288 SN545288
27s10C SN745387 SN745387
27510M SN545387 SN545387
27s11C SN745287 SN745287
27511M SN545287 SN545287
Type Suffix
93410 DM
Package T T Temp Range
D = Ceramic DIP C=0°Cto70°Cor 75°C
P = Plastic DIP M=-55°Ct0125°C
FSC TI DIRECT RECOMMENDED
TYPE REPLACEMENT FOR NEW DESIGN
93421C SN745201 SN745201
93421M SN545201 SN545201
93425AC SN745214 SN745214
93425C SN745214 SN74S214
93426C SN745287 SN745287
93426M SN545287 SN545287
93434 SN7488A SN745188
93436C SN745270 SN745270
93436M SN545270 SN545270
93446C (SN745370 ROM) SN745472
93446M (SN545370 ROM) SN545472
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Example of Harris order code:

HARRIS SEMICONDUCTOR

HM1 7620
Memory —Jt—hckam
1=0DIP
9 = Flat Pack
HARRIS TI DIRECT RECOMMENDED
TYPE REPLACEMENT FOR NEW DESIGNS
HO0512-38510  SNJ54186 SNJ545287/SNJ54S387
HM_7602-2 SN545188 SN545188
HM_7602-5 SN74s188 SN745188
HM_7603-2 SN545288 SN545288
HM_7603-5 SN745288 SN745288
HM_7610-2 SN545387 SN548387
HM_7610-5 SN74S387 SN748387
HM_7611-2 SN545287 SN545287
HM_7611-56 SN745287 SN745287
HM_7620-2 (SN545270 ROM) SN54S387
HM_7620-5 (SN745270 ROM) SN745387/SN745473
HM_7621-2 (SN545370 ROM) SN545287
HM_7621-5 (SN745370 ROM) SN745287/SN745472
HM_7640-2 SN545287/SN545471
HM_7640-5 SN745287/SN745472
HM_7641-2 SN545387/SN545470
INTEL
Example of Intel order code:
Prefix Type
P 3101
Package —_—
C = CDIP (Metal lid)
D= CDIP
P = Plastic DIP
INTEL TI DIRECT RECOMMENDED
TYPE REPLACEMENT FOR NEW DESIGNS
3101 SN54S289/SN745289 SN545289/SN745289
3101A SN54S289/SN745289 SN545289/SN745289
3106 SN545201/SN745201  SN545201/SN745201
3106A SN545201/SN745201 SN545201/SN745201
3107 SN54S301/SN74S301 SN54S301/SN74S301
3107A SN54S301/SN745301 SN54S301/SN74S301

Suffix

5

T Temperature Range
2= -55"C to 125°C
5=0Cto 75°C

HARRIS T) DIRECT RECOMMENDED
TYPE REPLACEMENT FOR NEW DESIGNS
HM_76415 SN745387/SN745473
HM_7642-2 SN545287/SN54S471
HM_76425 SN745472
HM_7643-2 SN545387/SN545470
HM_7643-5 SN745473
HM_7644-2 SN545287/SN54S471
HM_7644-5 SN745472
HPROMO0512-2 SN54186 SN545470/SN545471
HPROMO0512-5 SN74186 SN745470
HPROM1024-2 SN545287 SN545287
HPROM1024-5 SN745287 SN745287
HPROM1024A-2  SN545387 SN545387
HPROM1024A-6  SN745387 SN745387
HRPOMB8256-2 SN545188 SN545188
HRPOM8256-2 SN545188 SN745188
Suffix
(None)
INTEL TI DIRECT RECOMMENDED
TYPE REPLACEMENT FOR NEW DESIGNS
3110 SN545314 SN545314
3301A SN54187/SN74187  SN545387
3304 SN545473/SN745473
3601 SN54S387/SN745387 SN54S387/SN745387
3604 SN545473/SN74S473
3624 SN545472/SN745472
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INTERSIL
Example of Intersil order code:
Prefix Type Suffix
M 5601 CDE
L— Memory Bipolar _TI J L16 Pins
5= RAM l Package
6=ROM yomperature Range D = Ceramic DIP
C=0°C to 75°C P = Plastic DIP
M= -56°C to 126°C
INTERSIL TI DIRECT RECOMMENDED INTERSIL TI DIRECT RECOMMENDED
TYPE REPLACEMENT FOR NEW DESIGNS TYPE REPLACEMENT FOR NEW DESIGNS
1M5501C SN745289 SN745289 IM5600C SN745188 SN745188
IM5501M SN545289 SN545289 IM5600CF SN74S188 SN745188
IM5503AC SN74S301 SN745301 1M5600M SNS45188 SN545188
IM5503AM SN545301 SN54S301 IM5603AC SN74S387 SN745387
IM5503C SN745301 SN74S301 IM5603AM SN545387 SN545387
IM5503M SN545301 SN54S301 IM5604C (SN745270 ROM) SN745470
IM6523AC SN745201 SN74S201 IM5604M (SN54S270 ROM) SN545470
IM5523AM SN545201 SN545201 1M5610C SN745288 SN745288
IM5523C SN745201 SN745201 IM5610F SN74s5288 SN745288
IM5523M SN545201 SN545201 IM5610M SN545288 SN545288
IM5533AC SN74S301 SN745301 IM8623C SN745287 SN745287
IM5533AM SN545301 SN54S301 IM5623M SN545287 SN545287
IM5533C SN748301 SN74s301 IM5624C (SN745370 ROM) SN74S471
IM5533M SN548301 SN545301 IM5624 (SN545370 ROM) SN545471
MONOLITHIC MEMORIES, INC.
Prefix Type Suffix
HS52 Ta0 "o
Performance ————T T T——— Function Package ———
A = AND Enable 2=ROM D =CDIP
H = High Speed 3=PROM N = EPOXY
5= RAM
Temperature Range
§=-565°C 10 125°C
6=0°C1070°C
MMI TI DIRECT RECOMMENDED MM T1 DIRECT RECOMMENDED
TYPE REPLACEMENT FOR NEW DESIGNS TYPE REPLACEMENT FOR NEW DESIGNS
A5200 SN548473 5206 SN545370 SN54S370
A5241 SN545472 5210 SN545470
A6240 SN748473 5225 SN548470
AB241 SN748472 5230 SNS488A SN545188
H5200 SN54187 SN545387 5231 (SN545188 PROM) SN548371
H5201 (SN545287 PROM) SN545370 5235 SN545470
H5240 SN545473 5300 SN645387 SN6545387
H5241 SN545472 5301 SN545287 SN545287
H6201 (SN745287 PROM) SN74s370 5305 (SN545270 ROM) SN545470
H6240 SN748473 5306 (SN54S370 ROM) SN545471
H6241 SN74S472 5330 SN545188 SN545188
5200 SN54187 SN545387 5331 SN545288 SN545288
5201 (SN545387 PROM) SN545270 5335 SN545470
5205 SN545270 SN545270 5340 SN545473
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MM
TYPE
6530
5531
5560
5561
6200
6201
6205
6206
6210
6225
6230
6231

MONOLITHIC MEMORIES, INC. (continued)

Ti DIRECT RECOMMENDED MM Ti DIRECT
REPLACEMENT FOR NEW L TYPE REPLACEMENT
SN545301 SN54S301 6235
SN545201 SN545201 6300 SN74S387
SN545289 SN545289 6301 SN745287
SN545189 SN54S189 6305 (SN745270 ROM)
SN74187 SN74S387 6306 (SN745370 ROM)
(SN745387 PROM) SN74S270 6330 SN745188
SN745270 SN74S8270 6331 SN745288
SN7458370 SN74S8370 6335
SN745470 6340
SN748473 6530 SN 745301
SN7488A SN745188 6531 SN74S201
(SN745188 PROM) SN74S8371 6560 SN745289
6561 SN745189
NATIONAL SEMICONDUCTOR
Prefix Type Suffix
DM 7599 ﬁu__
Digital Monolithic Temperature Range Package

NSC
TYPE
DM7573
DM7574
DM7577
DM7578
DM7595
DM7596
DM7597
DM7598
DM7599
DM7795
DM7796
DM8573

7=-55°C t0 125°C
8=0°Cto 70°C

TI DIRECT RECOMMENDED NSC
REPLACEMENT FOR NEW DESIGNS TYPE
SN545387 SN54S387 DM8574
SN545287 SN545287 DM8577
SN545188 SN545188 DM8s578
SN545288 SN545288 DM8582
SN545473 DM8595
SN545472 DM8596
SN54S370 SN548370 DMBS597
SN545471 DM8598
SN545189 SN545189 DM8599
SN545473 DM85599
SN545472 DM8795
SN748387 SN745387 DM8796

RECOMMENDED

FOR NEW DESIGNS

SN745470
SN 745387
SN745287
SN74S470
SN748471
SN745188
SN745288
SN748470
SN748473
SN74S301
SN745201
SN745289
SN745189

D = Glass/Metal DIP

F = Flat Package

N = Molded DIP
TI DIRECT RECOMMENDED
REPLACEMENT FOR NEW (
SN745287 SN745287
SN748188 SN745188
SN745288 SN745288
SN748301 SN74S301
SN748473
SN745472
SN 748370 SN74S370
SN748471
SN745189 SN745189
SN74s189 SN745189
SN745473
SN745472
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SIGNETICS
Example of Signetics order code:
Prefix Type Suffix
N “8204 B
Temperature Range Package —————-[
N=0"Cto 75°C B = 16-Pin Plastic DIP
= ~55°C t0 125°C F = Ceramic DIP
N = 24-Pin Plastic DIP
Q = Ceramic Flat Pack
SIGNETICS TI DIRECT RECOMMENDED SIGNETICS T1 DIRECT RECOMMENDED
TYPE REPLACEMENT FOR NEW DESIGNS TYPE REPLACEMENT FOR NEW DESIGNS

N8204 SN745471 N825130 SN745473
N8205 SN745472 N825131 SN745472
N82S06 SN745201 SN745201 N825226 SN74187 SN745387
N82507 SN745301 SN745301 N825229 (SN745287 PROM) SN745370
N82508 SN745314 SN745314 N825230 SN745270 SN745270
N82510 SN745314 SN74S314 N825231 SN745370 SN74S370
N82S11 SN745214 SN745214 582507 SN545301 SN545301
N82516 SN745201 SN745201 $82516 SN545201 SN545201
N82517 SN745301 SN74s301 $82517 SN545301 SN545301
N8223 SN745188 SN745188 582523 SN545188 SN545188
N82523 SN745188 SN745188 582525 SN545301 SN545301
N8225 SN745189 SN745189 5825114 SN545471
N82525 SN745301 SN745301 5825115 SN545472
N825110 SN74S314 SN745314 $825123 SN545288 SN545288
N82S111 SN745214 SN745214 5825126 SN545387 SN545387
N825114 SN745471 5825129 SN545287 SN545287
N825115 SN745472 5825130 SN545473
N825116 SN745201 SN745201 5825131 SN545472

N825117 SN745301 SN745301 5825226 SN54187
N825123 SN745288 SN745288 5825229 (SN545287 PROM) SN545370
N825126 SN745387 SN745387 5825230 SN545270 SN545270
N825129 SN745287 SN745287 $725231 SN545370 SN545370
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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 DL S 7512240, FEBRUARY 1975

L 22.PIN CERAMIC AND PLASTIC
® 4096 x 1 Organization DUAL-IN-LINE PACKAGES

e 3 Performance Ranges: (TOP VIEW)
READ, Vg 1 ° ] 22 Vs
ACCESS READ OR MODIFY
WRITE WRITE A9 ] 21 as
TIME CYCLE CYCLE 2 g ] 21
(MAX) (MIN) (MIN) A0 3 E B 20 A7
TMS 4030 300 ns 470 ns 710 ns
TMS 4030-1 250 ns 430 ns 640 ns A1l a E i] 19 A6
TMS 4030-2 200 ns 400 ns 580 ns
e Full TTL Compatibility on All Inputs (No Pull-up S ﬂ 18 Vpp
Resistors Needed) P]
T Dl 6 17 CE
o Low Power Dissipation
— 400 mW Operating (Typical) Do 7 E E % N/C
— 0.2 mW Standby (Typical) no i] s as
e Single Low-Capacitance Clock 8 |0
o N-Channel Silicon-Gate Technology ar o j_] 14 As
e 22-Pin 400-Mil Dual-in-Line Package
A2 10 E i) 13 A3
A vee 1 12 RW
description D D

The TMS 4030 series is composed nf high-speed dynamic 4096-bit MOS random-access memories, organized as 4096
one-bit words. N-channel silicon-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 for
TMS 4030-2. These options allow the system designer to more closely match the memory performance to the capability
of the arithmetic processor.

All inputs except the chip enable are fully TTL-compatible and require no pull-up resistors The low capacitance of the
address and control inputs precludes the need for specialized drivers. When driven by a Series 74 device, the guaranteed
dc input noise immunity is 200 mV. The TTL-compatible buffer 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 2 positive voltage swing (12 volts), which can be driven by a variety of widely available drivers.

The typical power dissipation of these RAM’s is 400 mW active and 0.2 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 4030 series is offered in both 22-pin ceramic (JL suffix) and piastic (NL suffix) dual-in-line packages. The
series is guarantted for operation from 0°C to 70°C. These packages are designed for 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 resistor, affects
the data-in, data-out and read/write inputs. The data input and data output terminals are enabled when chip select is
low. Therefore, the read, write, and read, modify write operations are performed 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.
If the chip is not to be selected for a given cycle, chip select must be held high as long as chip enable is high. A register
for the chip-select input is provided on the chip to reduce overhead 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 memory 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 l N ST RU M ENTS

Published at a later date.



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

operation (continued)

mode select (R/W)

The read or write mode is selected through the read/write (R/W) input. A logic high on the R/W 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.

address (A0—A11)

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 puli-up resistors. Address registers are provided on chip to reduce overhead and simplify
system design.

data-in (DI1)

Data is written during a 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 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-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 subseguent 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 block diagram

Refresh must be performed every two milliseconds by

cyciing through the 64 addresses of the

lower-order-address inputs, AO through A5 (pins 8, 9, +— Voo
10, 13, 14, 15), or by addressing every row within =&
any 2-millisecond period. Addressing any row s :{Aonnuﬂu } ;{ COLUMN DFCODE ] ::C
refreshes all 64 bits in that row. The chip does not ¥ Vo e RW
need to be selected during the refresh. If the chip is g ::1“,”0,”, [_L_:o:mv . — o
refreshed during a write mode, then chip select must T J

be high. The column addresses (A6 through A11) can Ceimath
ix
be indeterminate during refresh. ROW DECODE
OUMMY CELL
~ T T T S
—TEENAL - PRECHARGE
frocke ——— GENERATOR

{
DUMMY CELL

[’:ow oECcoOE

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

CELLMATRIX

Supply voltage, Voo (see Note) . . . . . . . . . . . . . . . . . . . . . . -03w20V
Supply voltage, Vpp (see Note) . . . . . . . . . . . . . . . . . .. . . . . .-03w20V
Supply voltage, Vgg (see Note) . . . . . . . . . . . . . . L oL -03t0 20V
All input voltages (see Note) . . . . . . . . . . . . . . . . . ... . . .-03w20V
Chip-enable voltage (see Note) Lo L -03t0 20V
Output voltage (operating, with respect to VSS) e -2to 7V
Operating free-air temperature range . . . . . . . . . . . . . . oL . 0°Cto70°C
Storage temperature range . . . . . . . . . . . .. ... .. . . . . . . .-5%Cw1s0C

NOTE: Under absolute maximum ratings, voltage values are with respect to the most negative supply voltage, Vgg (substrate), unless otherwise
noted. Throughout the remainder of this data sheet, voltage values are with respect 1o Vgg.

TEXAS INSTRUMENTS



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 '"" B MIN _ NOM M‘l’?:iﬁ'ﬂ
Supply voltage, Voo - 475 5 525 v
Supply voltage, Vpp. T na 2 e | v
Supp’l;ﬂvo!laqe, Vss T 0 ;o

-2.7 -3 -3.3 9

! 22 5.25 v

"High-level chip enable input voltage, VIH(CE) ‘Vpp - 0.6 Vpp +1.0 v

Low;]g;éTTerul volxage V|L (all inputs except chip enable) (see Note) 0.6 0.6 %
“Low-level chip enable input voltage, V| (cE) (see Note) -1 0.6 vl
Refresh time, trefresh 2 me |
Operating free-air temperature, T T b 70 [ j

NOTE

The algebraic convention where the most negative limit 's designated as minimurm 1s used in this data sheet for togic voitage levels only.

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

otherwise noted)

PARAMETER ’77 TEST CONDITIONS MIN_ TYPt  MAX | UNIT
VoH High-level output volitage BE ;(;: -2 mA 24 Vee \
VoL Low-level output voltage o =3.2mA Vss 0.4 \
" InF)m current (all inputs except Vi-=010525V 10 A
L chipenable |
1\ (CE) Chip enable mpu( current V=0t 132V 2 MA
0z High-impedance-state (off-state Vo=010525V 10 WA
output current
Icc Supply current from Voo 2 Series 74 TTL loads 1 mA
Ipp Supply current from Vpp ViH(CE) =126V 30 60 mA
oD Supply current from Vpo. standby Vit (cE) = 0.6 V _“ 20 200 [ Al
Average supply current from Vpp ! TS 4030 32 | B
10D(av) TMS 4030-1 35 ' mA
during read or write cycle Minimum cycle TMS 20302 — = -i
— = :
Average supply current from Vpp fme TMS 4030 32
100w during read, modify write cycle TS 4030.1 35 mA
TMS 4030-2 38
8B Supply current from Vgg Veg =33V, Vee =525V, -5  -100 A
Vpp* 126V,  Vgg=0V
TAll typical values are at Tp = 25 C
capacitance at Vpp =12V, Vgg=0V,Vgg=-3V,Vcc =5V, VI(CE) =0V, V=0V, f=1MHz,
Ta =0°C to 70°C (unless otherwise noted)
[, ___ PaRameTER | TesTconpimions i rvet max T
| Cifad) Input capacitance address mputs : f 5 7 ;;OF_{
Input capacitance clock input ———— 8 22 -«‘ pF |
22 27 !
Input capacitance chip select input D 4 6 pr_-q‘
~Tnput capacitance data input ' - T i - T T nF‘]
Input caoacuance read/write input \ 5 7 pF |
QOutput capacitance 5 7 | ;)?v-]

T All typical values are at Tp = 25°C.
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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°Cto 70°C

U TMS4030 | TMS 40301 | TMSa030-2
PARAMETER T Ty T T UNIT
MIN MAX | MIN MAX | MIN MAX
lc(v:ﬂ Read cycle e o 430
Uh(CEH)_ Pulse width, chip enables high W 300 4000 | 260 4000
[Tw(CEL)__ Pulse width, chip enable fow | 1% 130 |

tr(CE) Chip-enable rise time

u&:Cﬁ?u»enabaEi Ttime —
| tsu(ad) Address setup time - 77*i ot

! t5u(TS) ChlpAsEIEct setup time - ) ,,79t, T

| tsu(rd) Read setup time ) B 1 of —
md) ddress hold time - - 150F r ns
| th(C3) Chip-select ho huld ume o | 150t 1501 —

40}

Tthirgy  Read hold time 4oy

1! The arrow indicates the edge of tha chip enable pulse used for reference: T for the rising edge, 4 for the falling edge.

read cycle switching characteristics over recommended supply voltage range, Tp = 0°C to 70°C

T T 4030 S 40302 o
! PARAMETER AL — TS 4 ~ uNIT
- N L MIN MAX | ! [MIN _ Max |
(‘ ta(CE) Access time from chip enablet N 280 | 180 ns |
ta(ad) Access time from address T 300 | 200 s |
t or Output disable time from high T T T 1
PHz 30 30 30 ns
tpLZ or low levelt
tpzL Output enable time to low levelt | 250 200 150 ns I

Test conditions: C| =50 pF, t,(cg) = 20 ns, Load = 1 Series 74 TTL gate
1Test conditions: C|_ = 50 pF, Load = 1 Series 74 TTL gate.

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

TMS 4030 TMS 4030-1 T™Ms 40302 |

PARAMETER l L ] umnl

Write cycie time

Puise width, chip enable hlgh

Pulse wsd'h chip enable low

| twlwr) Write puise width
tr(CE) Chip-enable rise time
(CE) Chip-enable fall time
‘su(ad) B Address setup time

i lsu(—S) Chnp select setup time

| ‘sulda wr) Data-to-write serun time*®

tsu(wr) Write-pulse setup time
th(ad) Address hold time
th(CS) Chip-select hold time
‘h(dal Data hold nme

1 The arrow indicates the edge of the chip enable umse used for reference | for the rising edge, | for the mnmg edge

“If R/W is low before CE goes hign then D! must be valid when CE goes high,

38 TEXAS INSTRUMENTS



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

read cycle timing

- telrd) S :J
3 tw(CEH) » rd - tw(CEL) —-
CHIP ENABLE, CE - !

e thiad)
> 4 uled)
ADDRESS. A0 - A11 @_
Lo —
> & t5y(CS)
CHIP SELECT, C§ @)‘ - h(CS) -
> g
. 1 T,
READ/WRI @fq» ! a(ad)
EAD/WRITE, RAW |- talcE) !
- tpzL > ~tPHZ
|
DATA OUTPUT, GO FLOATING )\ VALID FLOATING
L2 E
NOTE  For the chip enable input high and low timing points are 90% and 10% of V(). Other input timing points are 0.6 V (low) and
22V thighi Output tming points are 04 V {low) and 2.4 V (high)
write cycle timing
. T [ ‘C(W') - — T j
e tw(CEH) ———l e tw(CEL) —#
CHIP ENABLE, CE / X ]
-~ thiad) —— 9= |
>l . ‘
ADDRESS, A0 - A11 &Z M%ON C\‘,\Bemz
- th(CS) > i |
. - t5u(CS) K
CHIP SELECT. CS \ /X 5
| : tsulwrl |
ety be) X W
READ/WRITE, R/W AN ON'T CARE /
i >y (dawr) e thda)

TR, RN
DATA INPUT, DI ) RNEAR

NOTE the chip-enable input, high ond 0w tming pomts are 90% and 10%
MghiL Dutput tming points ure 04 V ow! and 2.4 V (high) Durine
tted 1o change from high (0 low oniy

ol Viicg) Other nput timing points are 06 V (low) and
3 the tme trom the rise of CE 1o the fall of R'W. R W 15 per
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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, modify write cycle timing requirements over recommended supply voltage range, Tp = 0°Cto70°C
e . ~

[ "] Tmsaoz0 |  Tmsao301 | _“
PARAMETER } - — - } - UNIT
L M MAX | MIN  MAX MmN
| *c‘RMW) Read modify write cycle nme o 710 ) | 640 o B : 5?0
Pulse width, chip enable high* 540 4000 ' 470 4000 | 410
L) Pulse wiih, chip enable fow AT " o130 130
T Wnite-pulse width | 200 " 190 180
Ch|pve£r)|F ”SE tlﬂ'\ o : T 40 T - 40 o
 Chipenable fail time o ' a0 a0
AddTCSS SQHAD time - 0: S OT R H VoiT
T Chipselect setup time ’ i ’ ot - ; of ot
tsu(da ;,;:)'WD:(a to-write setup wme o ) 0 : 0 0
U tgu(rd) Read pulse setup t : ot : : ot
Tsulwr) __ Write pulse setup time ) 1 2a0) N 2104
hiad)  Addresshold ume ) Cisot RRE
“ih(Gs)  Chipselect hold ume - TTisot T s01
Tthird) Read hold time. B 2801 | 180t
Cintgal  Daahodtme o a0l

11 The arrow indicates the edge of the chip-enable pulse used for reference: | for the rising edge, | for the falling edge.
“Test conditions  tg) - 20 ns.

read, modify write cycle switching characteristics over recommended supply voltage range, Tp = 0°C to 70°C

[ o ! T™S 4030 __ TMs40301 | TMs40302
PARAMETER P ] Tttt -

TN MAX | MIN vax | MIN ‘MAX

to(CE) Access time from chip enablet T 280 230 180

‘ me*ﬁ'A&;s time from addresst T Toz0 T T a0

Propagation delay time, low-to-high
1 LM . 30 30 30
| level output from write pulse

tPHZ Output disable time from high level?

D S U Sy
L'.LZL Ouiplfl eﬁahle time 10 low Jevel } ! 250 200 150

TTest conditions: €| = 50 pF, t,(cg; = 20 ns, Load = 1 Series 74 TTL gate
#Test Conditions: C| = 50 pF, Loao = 1 Series 74 TTL gate.

read, modify write cycle timing

—— e(RMW) —

CHIP ENABLE, CE 1:“ - tw(CEH) SN tW(CEL
|
. % thiad) I ‘
ADDRESS, A0-AT1 ;;;i i DON:T CARE
i

! T th(CS)-+ e |
cipseLect,cs OO0 M sulCS) b0 T CAREOOOOCON
o third) - e e Tsu(wr)

W : ' ‘W‘W
/WRITE, RIW ] 2 w

READIWRITE. R/ Xm R tutea th(ea) — N

i | @ tsu(da-wr)
DATA INPUT, DI DON'T CARE, |

TCLR
ol b ty(aq) - :H le— toLp
[ talCE| | . oz
DATA QUTPUT, DO -———-————-——\___—L D ~
FLOATING / aTAMODIFIED FLOATING

f—tpzL

NOTE: For the chip enable input, high and low timing points are 90% and 10% of V,(cg). Other input timing points are 0.6 V (low) and
2.2V thigh', Output timing points 3re 0.4 V (low) and 2.4 V (high)
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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

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

Will be changing from high
High-to-low changes to low sometime during
permitted
designated interval
el f lo
Low-to-high changes Will be changing rdom o
rmitted to high sometime during
pe designated interval
m Don’t Care State unknown or changing
Center line is high-impedance
Does not appl '
M : s notspely) offstate

TYPICAL WAVEFORMS

VIH
CHIP ENABLE m
Vi b ~——]
100 -
Ipp (mA) 50 |-
oD
0L T Ipp (Standby)
25 —
li(ce) (mA)
0
-25
I (mA) 03
{All inputs
except CE) 0
0 470 940
TIME (ns)
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TMS 4030 JL, NL; TMS 4030-1 JL, NL; TMS 4030-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

350

300

250

200

ta(ad) — Access Time - ns

ACCESS TIMES vs TEMPERATURE

T T ‘ T
TMS 4030 MAX ‘ ’

TMS 4030-1 MAX

| TMS 4030-2 MAX

e} i . .
TYPICAL SLOPE = 0.75 ns/'C

| : €= 50 pF

i {

0 10 20 30 40 50 60 70

Ta - Free-Air Temperature C

REFRESH TIME vs TEMPERATURE

1000

m

100

Refiesh Time

telrish)

T I T T

MAXIMUM RECOMMENDED

i 4

0 10 20 30 40 50 60 70

Ta  Froe A Tomporatues C

ta(ad) — Access Time — ns

350

300

250

ACCESS TIMES vs LOAD CAPACITANCE

— T T
TMS 4030 MAX
P

1
TMS 4020-1 MAX
— .

{ Ta=25°C

| R S A

0 25 B0 75 100 125 150
CL Load Capacitance - pF

AVERAGE CURRENT vs TEMPERATURE

T T T T T

A,

Typ ; i
LA ™S 402p
30-2

.\TYP\AL TMs 4030,
p————

CURRENT MEASURED AT
MINIMUM CYCLE TIMES

\
i

0 10 20 30 40 50 60 70

TA Froo-An Temperature C

175 200
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MOS TMS 4033 JL, NL; TMS 4034 JL, NL; TMS 4035 JL, NL
LSt 1024-WORD BY 1-BIT STATIC RANDOM-ACCESS MEMORIES

BULLETIN NO. DL $ 7512189, OCTOBER 1974 REVISED MAY 1975

e 1024 x 1-Bit Organization 16-PIN CERAMIC AND PLASTIC
e Static Operation (No Clocks, DUAL-I:VT';LN;:C\VC’KAGES
No Refresh)

U e a

¢ Input Interface A6 1
Fully Decoded

-
e
: A5 2 E 3}15 A8
TTL Compatible _
Static Charge Protection RW 3 E E] woAs
o Output Interface Al 4 E EI 13 CE
3-State A2 5 g E 12 DATAOUT
Fan-out 1 Series 74 TTL Load
OR-Tie Capability as sl )11 oatam
e Access Time A4 7 E 0{10  vee
TMS 4033 JL, NL . . . 450 ns Max a0 80 ole onD

TMS 4034 JL, NL . .. 650 ns Max
TMS 4035 JL, NL .. . 1000 ns Max
e Interchangeable with Iintel 2102-1,
2102-2, and 2102 Respectively
e N-Channel Silicon-Gate Technology

description

t
“

This series is a femily of static random-access memories, each organized as 1024 one-bit words. Due to their static
the

desian, svstem overhead costs are mimimized by alimination f refrech.clocking crrcuitry and by

g mplification of

timing requirements In addition 2! inputs and outputs are fully co
s

sle with Series 74 TTL, including the single
5.voit 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 technoiogy provides aptimum ciip density and performance when cost
is considered. Three performance ranges aliow the designer to better match the memory to the soecitic system

requirements, thereby max:mizing the cost-perfarmance trade off

The TMS 4033, TMS 4034, and TMS 4035 are offered in 16 pin dualobie ceramic (JL suffix} and plastic {NL suffix)
packages designed for insertion in maounting hole rows on 300-mil centers. These devices are characterized for operation

ftom0 Cto 70 C

operation

Addresses (A0-A9)

Address inputs are used to select individual storage locations within the RAM. Since the addresses are not latched, the
address valid time determines the cycle time during both the read and write cyvele. Therefore, the address-vaiid time
must be a minimum of 450 nanoseconds for the TMS 4033, 650 nanoseconds for the TMS 4034, and 1000
nanoseconds for the TMS 4035, The address inputs can be drven from standard Series 5474 TTL with no external
pull-up resistors

TEXAS INSTRUMENTS



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 continuously enabled. For the read cycle, chip-enable low must extend past
the address to ensure valid data for that address. Once the chip-enable goes high, the output buffer will immediately
return to the high-impedance state. For the write cycle, chip-enable low must occur before the read/write 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.

Data In (DI)

The DI input accepts the input data during the write mode. During a write cycle, data must be valid for a minimum
time period before the read/write input is brought 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 Out (DO)

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

functional block diagram

A o
A0 ———
A0
L L B— FUNCTION TABLE
AV A1 = =
Y CE{R/W| I/0
A2 g 10F32 32 ROWS BY
A2 — A2 ROW 32 COLUMNS L | L |WRITE
= DECODE STATIC MEMORY L H READ
M,,,,a STORAGE ELEMENTS
A3 H X |HIGH Z
A4 H=HIGH LEVEL
™ ,____{ 5 M L = LOW LEVEL
—
Vee —® —
GROUND _ ‘_] [
A =
W RW 1/0 CONTROL ~l
o1
- — READ/ 4
DATAIN —— WRITE
o | J
ce CONTROL ’
e 3 [
L Cod L
| o e or ~na val g
] i 4‘ a|i<| <.A<‘ «iq‘ s (i
| |
ouTPUT | |
v < [ b NN
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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 temperature range (unless otherwise noted)*

Supply voltage, Ve (see Note 1) —-05t07V
Input voltage (any input) (see Note 1) . -05t07V
Continuous power dissipation. R A

0°Cto 70°C

Opmahng free-air temperature range

Storage temperature range . -65°C to 150°C

NOTE 1
*COMMENT Stresses beyond those listed under
rating only and functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating
Conditions” section of this specification is not implied. Exposure to absolute-maximum rated conditions for extended periods may affect

Voltage values are with respect to the ground terminal
““Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress

device reliability

recommended operating conditions

UNIT |

al<|<|<|

["Operating free-air tempe

NOTE 2° The algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage levels only.

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

N IETER  TEST CONDITIONS _ MIN__ TYPT  max [ UNIT
| VOH  High-level output voltage | IoH = —100 A, Vee =475V 22 v
VoL  Lowevel output voltage | oL = 1.9 mA, Vee = 5.25 V 0.45 v
iy Tnput current ) ! Vi-0tw525v T +10 uA
| "7 Off-state output current, i —
| CE 2V =
i OozH high-levei voltage applied J a2 ; Vo4V 0 uA
N ‘Offstate output current, | — "
2V = - —
[ 10ZL \owitevel voltage applied | CEat22V, Vo =045V 10 100 uA
| — . kL N O — .
| Supply current from Vo | Vec =525V, Data out open, a5 70 mA
| ‘cc > Hrrent cc | Allinputsat 525V .
LG Input capacitance * . Ta=25¢C, f=1MHz } L 3 5 pF
i Co QOutput capacitance I Ta=25C, f=1MHz 1 7 10 pF
YAl typical values are at Voe 5V, Tp - 25 C
conditions for testing timing requirements
Input high levels 22V
Input low levels 065V
Input rise and fall times 20 ns

Output load
All timing requirements

1 Series 74 TTL load, C_= 100 pF
50% point of waveform

TeEXAS INSTRUMENTS
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TMS 4033 JL, NL; TMS 4034 Ji, NL; TMS 4035 JL 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 TM™S 4033 [ ___Tmsa034 TMS 4035 ONIT
B MIN TYP! MmAX [MIN TYe! Max | MIN_ TYpt max
te(rd) Read cvcle time o 450 650 1000 ns
Glad) | Access ime from address T 300 480 450 650 500 1000 | ns
g Accessume from chip enable | 200 | o 300 500 | ns
OViad | Previous output data valid from addrPuL 50 50 - 1 s0 ns
tpHZ Or tpLz_ Outputdisable time from chip enable _L o 0] 0 200 o 200 | ns

TAll typical values areat Ve SV, Ta =25 C

———— ) ——— -

I
ADDRESS D( ADDRESS VALID 7‘(

I
|
)
) XK X7 h { .
CHIP ENABLE rﬁx' \/ DON'T CARE /)3()5\)\\

]
| | |
i

X o t(CE) W I‘ PHZ
|
T
DATA OUT ‘ DATA VAL'D)'—____
|
] | B—(PLZ
e~ tylad) —————————} H————H— DV (ad)

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

T™S 4033 TMS 4034
PARAMETER l— s 40 $4034 | TMS4035 _
MIN MAX | MIN MAX | MIN
telwr)  Writecycle time 450 650 o
twlwr) 7W Fﬁ“f’iw‘d th L | qu _ _
tsu(ad) Adﬁress setup time ] LSOA‘
| 'su(CE) _ Chip enable to write setun time ) & 4359 -
ey ‘su(da) “Data-in to write setup time | 300 .
Address hold time 50
Data hold time 50 50

- - L T —

ADDRESS X

€ty (aa) !

READ/WRITE __/__\1\

———— twiwr) —— el th(ad)
% I X
CHIP ENABLE ‘
- W@ >
—= tsulda] - 4]
I

avA x
DATAIN XXQ{JON'T CARE}WK DATA VALID : )‘(

ol th(da)

TEXAS INSTRUMENTS

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE (HANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND T SUPPLY THE BEST PRODUCT POSSIBLE



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

BULLETIN NG D 5 7612277 MAY 1974
64 x 8 Organization 20-PIN CERAMIC AND PLASTIC
. DUAL IN-LINE PACKAGES
Static Operation {Mo Clocks, No Refresh) TP VIEW)
Compact 20-Pin 300-Mil Dual-in-Line Package
3 Performance Ranges: 107 10 U] 20 1/06
ACCESS  READ OR WRITE -
TIME CYCLE AS ~o UJ 19 1/05
(MAX) (MIN) 7
TMS 4036 10006 ns 1000 ns AO 3 (E lﬂ b NC
TMS 4036-1 650 ns 650 ns ] r
TMS 4036-2 450 ns 450 ns Al 4 {g 0] 7 voa

e Multiplexed Common Bus 1/0 N LZJ]

e Input Interface AZ 5& 136 oE
Fully Decoded oD OE 01 v
TTL Compatible -

Static Charge Protection Ad 7E UJ 1" CE

e QOutput Interface

P A3 ) ’fE‘ 0j13  RwW
3-State [ :
Fan-Out 1 Series 74 TTL Load 100 3|0 D] 12 o3
. - ~ -
OR-Tie Capability . er ﬁ "o
e Power Dissipation . .. 450 mW Maximum o1 Ul :J 2

® N-Channel Silicon-Gate Technology
e 8-Bit Word Length !deal for Microprocessor-Based Systems

description

This series of static random-access memories is organized as 64 words of § bits. Data inputs and outputs are multiplexed
on an 8-bit, bidirectional bus controlled by the combination of chip enable and output enable. Static design results in
reduced overhead costs by eliination of refresn clocking cicuitry and by simplification of the timing requirements. In
addition, aii inputs and outputs are fuily compatible with Series 74 TTL, including the single 5-volt power supply. The
TMS 4036 seiies 1s manufactured using Ti's reliable N channel silicon-gate technology to optimize the cost/performance
data polarity i< not inverted from data-in.

relationship Readout is nondestructive and the ot

The TMS 4036 is offered in compact 20-pin ceramic (JL suffix) and plastic (NL sutfix) dual-in-line packages designe:d
for insertion in mounting-hole rows on 300-mil centers. The series is guaranteed far operation from 0°C to 70 C

operation

addresses (A0-A5)

The 6-bit address selects one of 64 8-bit words. The address-valid time determines cycle time during both the read and
write cycles. The address inputs can be driven directly from standard Series 54/74 TTL with no external puli-up

resistors required.

PRELIMINARY DATA SHEET

Supplementary data may be TeEXAS INSTRUMENTS

published at a later date.



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 CE terminal is used to enable a specific memory device. If CE is low, the device is enabled for either a read or write
cycle, depending on the state of the read/write and output-enable terminals. When CEis high, the 1/Q buffers are in the
high-impedance 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 R/W input must be high during read and low during write operations. Prior to an address change, R/W 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 resistors.

output enable (OE)

The output enable terminal controls the 1/O buffer and determines whether the bus is in an input or output mode.
When OE is low, the 1/O terminals are in the input configuration; when OE is high, the 1/0 terminals are in the output
configuration. The read cycle and write cycle timing diagrams show in detail the relation between CE, OE, and the
other signals (refer to the function table). This input is also compatible with Series 74 TTL circuits.

input/output buffer (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 controlled by a combination of CE and OE as described in the output enable
section. Each buffer is three-state and fully TTL compatible, both as an input and an output.

functional block diagram

20 [ FUNCTION TABLE
A1 —ﬁ: § 64 ROWS BY R/W [ CE | m OPERATION
8 8 COLUMNS L L | H ‘ Not recommended 1
Az —$] o Lt L | Wittwo=2) |
m 2 H L |H J Read |
:j ; | X 1; H X | Device disabled (/0 = Z) ‘
"&: w STATIC MEMORY LH x|t [ Device disabled (/0 = Z)
A5 _&: ° STORAGE ELEMENTY H = High
L L~ Low
X = Irrelevant
Z = High Impedance (Off)

1/0 CONTROL
CE o ——1/00
are w» o1
T~ [
- ——1/02
RIW 33 &
1/03
o g 70 1/0 BUS
3 F——1oa
o —wos
-~ F—Vose
08— OE BUFFER ——1/07

TEXAS INSTRUMENTS



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

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

Supply voltage, Vo (see Notes 1 and 2) e -05to7V

Input voltage (any input) (see Notes 1and2) . . . . . . . . . . . . . . . . . . —-05t07V

Operating free-air temperature range . . . . . . . . . . . . . . . ... 0°C to 70°C

Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . —85Cto150°C
NOTES:

1. Voltage vaiues are with respect to the ground terminal

2. For all combinations of inputs, the 1/0 lines may be shorted to Vgg or Ve for a period not to exceed five milliseconds.
“Stresses beyond those listed under ""Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions beyond those indicat in the " Operating Conditions’”
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability

recommended operating conditions

TMS 4036 TMS 4036-1 TMS 4036-2
PARAMETER UNIT
o MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
Supply voltage, Ve 4.75 5 525 |4.75 5 525 4.5 5 525 v
Supply voltage, Vgs B 0_ 7_*.‘ 0 0 A VAN
High-level input voltage, V1 ' 22 vge | 22 Vee | 22 vee v
Low-level input voltage, V|, (see Note 3) ~ T-03 7 os [-03 08 —03 08 v
Read cycle time, t¢(rd) ~ 1000 650 450 ns
Write cycle time, to(wr) B 1000 650 450 s
Write pulse width, Ty (wr) T 700 300 200 T ns
Address setup time, tsy (ad) 450 300 200 ns
Chip-enable setup time, tg,(CE) 700 | 500 400 s ]
Data setup time, tg (da) 600 400 300 ns |
Address hold time, th(ad) 50 IER 50 ns |
Data hold time, th(da) 50 T 50 50 ns |
Operating free-air temperature, Tp 0 70 | 0 70 [} 70 ‘c ]

NOTE 3 The albegraic

wheie the niust negative nmiT is designated as minimum is used in this data sheet for logic voltage levels only .

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

PARAMETER _____TEST CONDITIONS MIN  MAX | UNIT
VoH  High-level output voltage IoH = ~100 WA, Vo =475V 2.4 v
VoL Low-level output voltage loL=19mA, Ve =4.75V . 0.4 \4
. H,g_h"e_vfl input current into address, V=525V 10 LA
R/W, CE, or OE
\LQ:SZSV, OEat0V, 10
CEat5.25 vV
Off-state output current, high-level voltage Vp =525V, OEat525V,
lozH & 10 uA
applied at /O terminal CEat22V
\_/‘015.25 A\ OEat08V, 10
CEatOV
Y9=0V, OEat525V, _100
Off-state output current, low-level voltage CEat22V |
102l optied at 1/0 terminal Vo-0V, OEat08V, KA
CEatov -0
Icc Supply current from Voo 85 mA
[ Input capacitance f=1MHz, Ta =25C 10 pF
Ci/o 1/0 terminal capacitance f=1MHz, Ta=25C 20 pF

TEXAS INSTRUMENTS
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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, T = 0°C to 70°C

TMS4036 | TMS4036-1 TMS 40362
PARAMETER UNIT
MIN TYP? MAX | MIN TYP! MAX | MIN TYPT MAX
talad) Access time from address 1000 650 450 ns
ta(CE) Access time from chip enable 200 190 180 ns
ta(OE) Access time from output enable 200 190 180 ns
tpxz Output disable time from chip enable T [ o 60 200 ] 60 200 0 60 200 ns
tpxz  Output disable time from output enable (see Note 4) ) 60 200 0 60 200 0 60 200 ns

NOTE 4: This parameter defines the delay for the I/O bus to enter the input mode.
TAll typical values are at Tp = 25 C.

read cycle timing

l te(rd)

!

bl

ADDRESS, A0-AS5 * ADDRESS VALID *
! |

READ/WRITE, R'W |

. |
| i‘__ ta(CE) ———»1 _’{ "_ tox2

CHIP ENABLE, CE ; DONT cARE { K | F [
i ; fo— th(mil-—bl

| fe— ta(om—bi fa—toxz —

OUTPUT ENABLE, OE

|

INPUT/OUTPUT  1/00-1/07 w
Je——————————— ta(ad) ————4

write cycle timing

te(wr)

le .
~ *

ADDRESS, A0-AS X ADDRESS VALID X
! I

f—

:4——- tsu(ad) —-D[ — thiad)

READ/WRITE, R \ 7"
l‘——————— twiwr) ———————

e e

CHIP ENABLE, CE DON'T CARE Sk [
OUTPUT ENABLE, O X | !

L—'sz_ﬂ‘—b—— tsulda) —————— |

INPUT/OUTPUT, 1/00-1/07 <> DON'T CARW DATA VALID | )k

NOTE: For measuring timing requirements and characteristics, Vi = 2.2 V, Vj_=0.65 V, t, = ty = 20 ns and all timing points are 50% points.

TEXAS INSTRUMENTS

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE (HANGES AT ANY TiME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE



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

BULLETIN NO., DL-S 7512271, MAY 1975

® 256 x 4 Organization 22-PIN CERAMIC AND PLASTIC
o Static Operation (No Clocks, No Refresh) A P AGES
e 3 Performance Ranges: T
ACCESS  READ OR WRITE A3 1[0 b EJZZ Vee
TIME CYCLE
(MAX) (MIN) A2 20 g2 s
TMS 4039 1000 ns 1000 ns Al 3 E Em RAW
TMS 4039-1 650 ns 650 ns _
TMS 4039-2 450 ns 450 ns A0 4 [E 5]19 CEl
e Input Interface AS 5E E)w OF
Fully Decoded A6 ‘6 E En CE2
TTL-Compatible A7 7E E]w DO4
Static Charge Protection
GND 8 |0 0|15 D4
e Output Interface E ]
Two Chip-Enable Inputs for OR-Tie Capability o9 e 514 po3
Fan-out to 1 Series 74 TTL Load Dot 10 E 0j13 DI3
3-State Outputs and Output Enable Control o2 1 E E’n Do2

for Common /0O Data Bus Systems
e Power Dissipation . ..175 mW Typical
e Organized for Microprocessor-Based Systems
e Interchangeable with Intel 2101, 2101-2, and 2101-1, 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 requirements. All inputs and
outputs are fully compatible with Series 74 TTL, including the single 5-volt power supply. The TMS 4039 series is
manufactured using Tl's reliable N-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 TMS 4039 series is offered in 22-pin dual-in-line ceramic (JL suffix) and plastic (NL suffix) packages designed for
insertion in mounting-hole rows on 400-mil centers. The series is characterized for operation from 0°C to 70°C.

operation
addresses (A0-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 (CE1 and CE2)

To enable the device, CE1 must be low and CE2 must be high. The two 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 cannot be entered and the outputs are in the high-impedance state.

PRELIMINARY DATA SHEET:

Supplementary data may be TEXAS I N ST RU M ENTS 51

published at a later date.



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)

read/write (R/W)

The R/W input must be high during read and low during write operations. Prior to an address change, R/W 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 resistors.

output enable (OE)

The output enable must be low to read for when it is high the outputs are in the high-impedance state useful for
ORc-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-D14)

The DI inputs accept input data during a write operation. 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.

data out (DO1-DO4)

Data out is a three-state terminal controlled by 6E ﬁt 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 block diagram

A0
A1
A2
A3

A4

R/W
o1
Di2
DI3

Dia

CE1
CcE2

FUNCTION TABLE

—E ] R/W|CE1]CE2] OE| OPERATION
Llu ] W]l witemo=2
—5 C| L | H|H|wiew©o=2)
CELL ARRAY H| L | H|L]|Read
-—{z: ROW SELECT 32 ROWS X | H | X | X | Device Disabled (DO = 2)
32 COLUMNS X X L X Dev‘me Disabled (DO = Z}
__E H | X | X | H | Device Disabled (DO = 2)

H = High
— L=Low
X = |rrelevent

T 1 Z = High Impedance

__E | coLumn 1/0 circuITs
-

? = Indeterminate

__E COLUMN SELECTOR
INPUT po1
CONTROL j r— D02
AS A6 A7
;Ef DO3
\ k Do4

52
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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 noted)*

NOTE 1

Supply voltage, Ve (see Note 1)
Input voltage (any input) (see Note 1)
Continuous power dissipation
Operating free-air temperature range
Storage temperature range

Voltage values are with respect to the ground terminal
*Stresses beyond those listed under *

-05to7V

-0.

o°c

5to7V
1w
to 70°C

~65°C to 150°C

‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and

functional operation of the device at these or any other conditions beyond those indicated in the "'Recommended Operating Conditions’’
section of this specification is not implied. Exposure to absolute-maximum rated conditions for extended periods may affect device rehiability

recommended operating conditions

NOTE 2 The algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage levels only.

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

YAl ty,

PARAMETER TMS 4039 TMS 4039-1 TMS 4039-2 UNIT
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 475 "5 525 {4.75 5 5.25 | 4.75 5 5.25 \4
High-level input voltage, V| 22 Vee | 22 Vee | 22 vee |V
Low-level input voltage, V|| (see Note 2) -05 065 | —0.5 0.65 | -0.5 065 | V
Read cycle time, t¢(rd) 1000 650 450 ns
Write cycle time, to(wr) o 1000 B 650 450 ns
Write puise width, ty(wr} 800 450 300 ns
Address setup time, tgy (ad) 150 Tiso 100 ns
Chip-enable setup time, tg,(CE) 900 550 400 ns
Data setup time, tsy (da) 700 400 280 ns
Address hold time, th (ad) B 50 50 50 ns
| Data hold time, th(da) 100 100 100 ns
iﬁeﬂng free-air temperature, TA___ 0 0] o 0] o0 70| °c

"PARAMETER

TEST CONDITIONS MIN Typt MAX UNIT
VQH _ High-level output voltage IgH = —150 A,  Vgc =475V 2.2 \
VoL Low-level output voltage loL = 2mA, Vee =525V 0.45 \%
1] Input current V)=0t05.25V +10 uA
11 high-I -
\ozh Off-state ou.tput current, high-level CEar22V, Vo=4V 15 YA
voltage applied _
Off-state output current, low-level -
1 | CEat22vV, Vo =045V —5 A
ozL voltage applied | o 0 s
T g
lec Supply current from Voo L Vee=525V, UA— 2? c 60 mA
Ig=0mA Tp=0C 70
Vi=0v, Ta=25C,
C Input capacit: 4 F
i put capacitance f=1MHz 8 [}
Vo=0V, Ta=25°C,
C Output ¢ tance F
o utput capacitan ] fe1MHz 8 12 P
pical valuesare at Voo =5V, Ta = 25 C
switching characteristics over recommended supply voltage range, Tp=0°Cto 70°C, 1 Series 74 TTL load,
Cy =100 pF
TMS 4039 | T! - ..
PARAMETER 0. MS 4039-1 | TMS 4039-2 oNIT
MIN MAX MIN  MAX MIN  MAX
ta(ad) Access time from address 1000 650 450 ns
15(CE) Access time from chip enable CE1or CE2 800 400 350 ns
ta(OE) Access time from output enable 700 350 300 ns
tpV (ad) Previous output data valid after address change 40 40 40 ns
tpxz Output disable time from output enable {see Note 3) 0 200 0 150 0 150 ns

NOTE 3: With the outputs OR-tied to the inputs, this parameter defines the delay for the IO bus to enter the input mode.

TEXAS 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

read cycle timing

ADDRESS, A0-A7

CHIP ENABLE 1, CE1

CHIP ENABLE 2, CE2

OUTPUT ENABLE, OE

DATA OUT, DO1-DO4

write cycle timing

ADDRESS, A0-A7

READ/WRITE, RIW

CHIP ENABLE 1, CE1

CHIP ENABLE 2, CE2

OUTPUT ENABLE, OE

DATA IN, DI1-DI4

te(rd)

ADDRESS VALID

L

|

QO A

XXX

- t:(cs)——»}

|
k fr tOV (ad) -L——-»l

|
[
|
! |
——toxz—
: a(OE) «‘*—4
|
|

s
\
XXX

! |

*J|< DATA VALID >0—

- ty(ad) —————!

‘,‘% tefwr) gl
|
K ADDRESS VALID
|
< Bt-tsu(ad) ‘hladl ———.‘

— 7
"—‘w(wr)—b‘
|

XXX N - XXX
}4——‘ tsu(CE) ab:

XXXXXXKH, L XXXXXXXXX
Htvxz I

o tsu(dar—d
! e thda—+d

| '

NOTE: For measuring timing requirements and characteristics, Viq=22V,V|L=065V,t =t=20nsand all timing points are 50% points.

TEXAS INSTRUMENTS

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND 10 SUPPLY THE BEST PRODUCT POSSIBLE



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

BULLETIN NO. DL-S 7512269, MAY 1975

e 256 x 4 Organization 18-PIN CERAMIC AND PLASTIC
e Common 1/O DUAL-(:;;LN:;CV(’:KAGES
e 18-Pin Package
e Static Operation (No Clocks, No Refresh) A3 1 E B 18 Vee
e 3 Performance Ranges:
ACCESS  READ OR WRITE A2 2 E E] 17 A4
TIME CYCLE E] —
(MAX) (MIN) A1 3 E 16 RW
TMS 4042 1000 ns 1000 ns A0 4 E E 15 CE1
TMS 40421 650 ns 650 ns
T™S 4042-2 450 ns 450 ns as 5 o] ﬂ 14 1/0a
® Input Interface
A6 6 [0 o} 13 1/03
Fully Decoded [ ]
TTL-Compatible A7 7 E Elz 1/02
Static Charge Protection GND 8 E o| 11 o1
e QOutput Interface _ _
Two Chip-Enable Inputs for OR-Tie Capability % oo o] o ce2

Fan-out to 1 Series 74 TTL Load
3-State Outputs and Output Enable Control
for Common 1/0 Data Bus Systems
e Power Dissipation . . . 1775 mW Typical
e Organized for Microprocessor-Based Systems

e Interchangeable 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 requirements. The use of
common input/output terminals, controlled 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 4039. The common input/outputs are fully compatible with
Series 74 TTL. The device requires a single 5-volt power supply. The TMS 4042 series is manufactured using Tl's
reliable N-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 TMS 4042 series is offered in 18-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 to 70°C.

operation

addresses (AQ-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 1 and chip enable 2 (CE1 and CE2)

To enable the device, CE1 and CE2 must be low. The two chip-enable terminals can be driven from a common source
or either terminal can be hard wired low. When the memory is disabled, data cannot be entered and the outputs are in
the high-impedance state.

PRELIMINARY DATA SHEET:
Supplementary data may be
published at a later date.

TEXAS INSTRUMENTS
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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

operation (continued)

read/write (R/W)

The R/W input must be high during read and low during write operations. Prior to an address change, R/W 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 resistors.

output enable (OE)

The output enable must be low to read for when it is high the outputs are in the high-impedance state.

input/output (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 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 output buffers are three-state and are controlled by (ﬁ, CEL and CE2. The input buffers are controlled by R/VV,
6@1, and CE2. To read data, (ﬁt (EZ and OE must be low. If any one of these three inputs goes to the high fevel,
the output terminals are forced to the high-impedance state. The common 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

____E FUNCTION TABLE

R/W | CE1| CEz | OE OPERATION
_ —{ E L L L L Not recommended
MEMORY ARRAY Ll L] L |H | wiewo=2
ROW
.—E how - 32 ROWS H L | L |L | Read oz
x | H | x | x | Device Disabled (1/0 =
A3 _—{Z 32 COLUMNS x | x | H | x | Device Disabled (1/0 = Z)
H | x | % | H | Device Disabled (1/0 = Z)
__X H = High
L= Low
X = Irrelevant
l Z = High Impedance

RIW _____.E OLUMN 1/0 CIRCUITS

/o1

1102

1/03

/04

ol |l
N =

__,_m COLUMN SELECT

1

INPUT
DATA
CONTROL
AS A6 A7

i
B b
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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

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

Supply voltage, Ve (see Note 1)
Input voltage (any input) (see Note 1)
Continuous power dissipation
Operating free-air temperature range
Storage temperature range

NOTE 1: Voltage values are with respect to the ground terminal

-05t07V
-05t07V
LW

. 0°Cto70°C
-66°C to 150°C

*Stresses beyond those listed under “"Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and

functional operation of the device at these or any other conditions beyond those d in the "

Operating C: t

section of this specification 1s not imptied. Exposure 10 absolute-maximum rated conditions for extended periods may affect device retiability

recommended operating conditions

F PARAMETER TMS4042 | TMS 40421 TmMsaoazz | o
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX

Supply voltage, Voo 4.75 5 525 14.75 5 525 |4.75 5 5.25 \2
High-level input voltage, V1 - 22 Tvee | 22 Vee | 22 Vee | V
Low-level input voltage, V|_ (see Note 2) 0.65 {~0.5 0.65 \
Read cy:le?:n;;(jdv) - B - '450_7__ ns
Write cycle time, te(wr) T 450 ns
Write pulse width, tyy(wr) T 300 ns
Address setup time, tgy (3, 100 ns |
Chip enable setup time, ‘su(f? B 400 ns
Data setup time, tg,(da) 280 ns
Address hold time, th(ad) 50 ns
Data hold time, th(da) 100 100 100 ns
Operating free-air temperature, T p 0 70 0 _70_l_0 70 |°C

NOTE 2' The algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voilage iuveis only

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

TEST CONDITIONS B

PARAMETER MIN TYPt  mMAX_ |uNIT
Vo High-level output voltage | lon- -150uA,  vgc=4.75V 22 v
VoL Low-level output vo!tage ( foL = 2mA, Vee =525V 0.45 \4
Iy Input current i Vi1 =0105.25V +10 MA
lozH Off-state output current, high-level | SEat22V, Vo4V 15 A
voltage applied l i — J
lozL Off-state output current, low-level T TE a2 B i
voltage applied i at 2.2V, Vo =045V ‘ -50 uA
Icc Supply current from Ve l Ivcf(:(; ::is Ve Al[ I: ; ;SCC % mA
Ci Input capacitance \ vicov, Ta=25C ! 4 8 pF
f=1MHz i
Co Output capacitance :/31_’3:: Ta=25C, 10 15 pF

T A typical values are at Voe = 5V, Ta = 25°C.
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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

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

C =100 pF
o TMS 4042 | TMS 4042-1 | TMs 4042
PARAMETER 2-2 UNIT
MIN  MAX MIN  MAX MIN  MAX
ta(ad) Access time from address 1000 650 450 ns
ta(CE) Access time from chip enable CE1 or CE2 800 400 350 ns
a(OF) _ Access time from output enable 700 | 350 300 ns
tDV(ad) Previous output data valid after address change 40 40 40 ns
tpxZ Output disable time from output enable (see Note 3) 0 200 0 150 0 150 ns
NOTE 3: This parameter defines the delay for the 1/0 bus to enter the input mode.
read cycle timing
e tc(rd)

ADDRESS, AD-A7

CHIP ENABLE 1 AND
CHIP ENABLE 2, CE1, CE2

OUTPUT ENABLE, OE

INPUT/QUTPUT, 1/01-1/04

X

ADDRESS VALID

OO

f——— ta(CE) —»]

ta(ad)

N K

ta(EE)—k—bl

]4——— tpxz

1
‘DV(ad)—‘lﬂ——-"

]
N

E S

write cycle timing

ADDRESS, A0-A7

READ/WRITE, R/W

CHIP ENABLE 1 AND
CHIP ENABLE 2, CE1, CE2

OUTPUT ENABLE, OF

INPUT/OUTPUT, 1/01-1/04

NOTE

™

—————K‘ DATA VALID
»|

le R o]
) clwr) *
X ADDRESS VALID X
! I
> utad) je——— thiad) —

e
DOQRRRXAXK_—
B e

tsu(CE)

|

! LRRRRRRRD

Iq-—‘sz—w1 tq_ th(da) _._.'
For measuring timing requirements and characteristics, Vi - 2.2 V, Vi 0.65 V. 1, t; 20 nsand all tming points are 50% points.
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M0S TMS 4043 JL, NL; TMS 4043-1 JL, NL; TMS 4043-2 JL, NL
LSi 256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

BULLETIN NO. DL-S 7512270, MAY 1975

256 x 4 Organization 16-PIN CERAMIC AND PLASTIC
Common I/O DUALA|:\I1:I(.’|PN5|:lv\v(:KAGES
16-Pin Package
Static Operation (No Clocks, No Refresh) A3 1|0 U E] 16 Vce
3 Performance Ranges: Az 2 [g alﬁ A4
ACCESS READ OR WRITE _
TIME CYCLE a1 3 gl [o] 14 mAW
(MAX) (MIN) —
A0 4 E o] 13 cE
TMS 4043 1000 ns 1000 ns
T™S 40431 650 ns 650 ns a5 5 E o] 12 voa
TMS 4043-2 450 ns 450 ns
6 ol 11 vo3
o Input Interface 8 E :]
Fully Decoded A7 7 E B 10 /o2
TTL-Compatible GND 8 E gl 9 Vo1

Static Charge Protection
Output Interface
Chip-Enable Input and 3-State Outputs for OR-Tie
Capability in Common 1/O Data Bus Systems
Fan-out to 1 Series 74 TTL Load
Power Dissipation . . . 175 mW Typical

Organized for Microprocessor-Based Systems
TMS 4043 and TMS 4043-1 Are Interchangeable with Intel 2112 and 2112-2, 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 requirements. The use of
common input/output terminals, controiled 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 5-volt power supply. The TMS 4043 series is manufactured
using Tl’s reliatle N-channel enhancement-type silicon-gate technology to optimize the costfperformance relationship.
Readout is nondestructive and output data is not inverted from data in.

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 to 70°C.

operation

addresses (A0-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 (CE)

To enable the device, CE must be low. When the memory is disabled, data cannot be entered and the outputs are in the
high-impedance state.

PRELIMINARY DATA SHEET:
Supplementary data may be
Published at a later date.
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TMS 4043 JL, NL; TMS 4043-1 JL, NL; TMS 4043-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

operation (continued)

read/write (RAW)

The RIW input must be high during read and low during write operations. Prior to an address change, R/W 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 resistors.

input/output (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 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 output buffers are three-state and they are controlied by CE and R/W. If CE goes high or 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 1/0 terminals can be driven directly by Series 74 TTL and the buffers can
drive Series 74 TTL circuits without external resistors.

functional block diagram

FUN
A0 UNCTION TABLE

RiW | CE OPERATION
L L |witet/0-2)

A1l
MEMORY ARRAY

A2 ——{Z ROW 32 ROWS H | L | Read
SELECT X LH Device disabled (I/0 - Z)
1+

32 COLUMNS
A3

X = Irrelevant
Z = High Impedance

A4

-

F—- COLUMN /O CIRCUITS

1/01 COLUMN SELECT
1/02 X INPUT DATA ?
/03 CONTROL N
/o _ {}: A5 A6 A7 L
L =
r*ﬁ:

CE —— ¢
-
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TMS 4043 JL, 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 temperature range (unless otherwise noted)*

Supply voltage, Ve (see Note 1) L —-05t07V
Input voltage (any input) (see Note 1) e —-05t07V
Continuous power dissipation . . . . . . . . . . . . . . . . . . . . . . . .w
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . . . 0Ct70°C
Storage temperature range . . . . . . . . . ... —65°C to 150°C

NOTE 1: Voltage values are with respect to the ground terminal.

*Stresses beyond those listed under "Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions beyond those indicated in the '* ded Operating Condit s
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for ex tended periods may affect device reliability

recommended operating conditions

TMS 4043 TMS 40431 TMS 4043-2
PARAMETER — UNIT
MIN NOM MAX | MIN NOM MAX [MIN NOM MAX
Supply voltage, Voc 475 5 525|475 5 525 (475 5 525 | V
High-level input voltage, V|H 22 Vee | 22 Vee | 22 Vee \
Low-level input voltage, V| (see Note 2) ~0.5 065|-05 065 |05 065 | Vv
| Read cycle time, t¢(rg) ) 1000 650 450 ns
Write cycle time, t¢(wr) /1000 | 650 450 ns
‘ﬂdress setup time, sy, (aq) 150 { 100 50 ns
| Chip-enable setup time, ts, (CE) 0 0 0 ns
LData setup time, tsy(da) 600 300 150 | ons
[ Address hold time, th(ad) ! 50 50 50 " ns
Chip-enable hold time, th(ZE) T 0 0 0 ns
Data hold time, th(da) 100 50 50 ns
Qpersting free-air temperature, T [¢] 70 0 70 [o] 70 [+

NOTE 2 The sigebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage levels only .

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

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
VoH  High-level output voltage IoH = =150 uA, Vg =4.75V 2.2 \
| VoL Low-level output voltage oL =2mA, Vee =525V 0.45 v
M Input current Vi=01t0525V +10 HA
o
Off-state output current, high-level —
i‘OZH put current, hig CEat22V, Vo=4V 15| A
voltage applied |
Off-state output current, low-level —
Dozt ° CEat22V, Vo =045V I -50 | wA
voltage applied 1
- = 25° 1
Vec=525V, | Ta=25C [ 60
| Supply current from V mA
| 'cc upPly current from Vce I0=0mA [Ta=0c 70
| V=0V, Ta=25C, 4 8 F
‘f‘ nput capacitance =1 MHz P
T Vo=0V, Ta=25C, o s .
LCO Output capacitance f=1MHz P

TAll typical values are at Ve = 5V, Ta = 25°C.
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TMS 4043 JL, NL; TMS 4043-1 JL, NL; TMS 4043-2 JL, NL
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES

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

C =100 pF
PARAMETER TMS 4043 TMS 4043-1 TMS 4043-2 UNIT
MIN MAX | MIN MAX [MIN MAX

"ta(ad) Access time from address 1000 650 450 | ns
I 3(GE) Access time from chip enable 800 500 350 | ns
@\/(ad) Previous output data valid after address change 40 40 40 ns
&XZ Output disable time from chip enable (see Note 3) - 0 200 [ 150 0 150 ns
[ tpyxz _ Output disable time from read/write (see Note 3) 200 200 200 ns

NOTE 3: This parameter defines the delay for the I/0 bus to enter the input mode.

read cycle timing

la—
e

telrd)

ADDRESS, A0-A7 }K
|

ADDRESS VALID

|
CHIP ENABLE, CE

QOO

=]‘
X
|

AXXXXX0

fe—— tacE) —O{I

] ” »
DV (ad)
1

l‘—~ tpxz —]

DATA VALID

k—— ‘!(Ed) —’1
INPUT/OUTPUT, 1/01-1/04 | ——-(
write cycle timing
Ir‘t te(wr)

»
>

>__

ADDRESS VALID

ADDRESS, A0-A7 X
I

"—_’r‘su(ad)

READ/WRITE, R/W

CHIP ENABLE, CE

j——— th(ag) —

| KXOCKD

)

INPUT/QUTPUT, 1/O1-1/04

| 'su(da)—’l
k—»[tt:xz
TR

f—— th(ga) —]
|

DATA VALID

RO

NOTE: For measuring timing requirements and characteristics, Vi = 2.2 V, V= 0.65 V, t, = t; = 20 ns and all timing points are 50% points.
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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 NO. DL-S 7512242, FEBRUARY 1975-REVISED MAY 1975

® 4096 x 1 Organization 18-PIN CERAMIC AND PLASTIC
® 18-Pin 300-Mil Package Configuration DUAL"("T';:,";E”Q‘,"“G“
e Multiplexed Data Input/Output
e 3 Performance Ranges: READ, Ves N [ 16 Ves
READ OR MODIFY
ACCESS  WRITE  WRITE vo 2| )17 an
TIME CYCLE CYCLE
(MAX) (MIN) (MIN) a0 3 0] 16 a0
TMS 4050 300ns  470ns 730 ns Al a o] 0] 15 a9
TMS 4050-1 250 ns 430 ns 660 ns
TMS 4050-2 200 ns 400 ns 600 ns A2 5 m m 14 A8
e Full TTL Compatibility on All Inputs
(No P . RIW 6 [o] [0 13 a7
o Pull-up Resistors Needed)
® Registers for Addresses Provided on Chip cE a0 0] 12 a6
o Open-Drain Output Buffer
e Single Low-Capacitance Clock A3 8 [ g1 as
o Low-Power Dlsstp:itloyn ) At o[l Mo Voo
— 420 mW Operating (Typical)

— 0.1 mW Standby (Typical)
® N-Channel Silicon-Gate Technology

description

The TMS 4050 series is composed of high-speed dynamic 4096-bit MOS random-access memories, organized as 4096
one-bit words. N-channel silicon-gate technology is employed to optimize the speed/power/density trade-off. Three
performance options are offered: 300 ns access for the TMS 4050, 250 ns access for the TMS 4050-1, and 200 ns for
TMS 4050-2. These options allow the system designer to more closely match the memory performance to the capability
of the arithmetic processor.

All inputs except the chip enable are fully TTL-compatible and require no pull-up resistors. The input buffers allow a
minimum 200 mV noise margin when driven by a series 74 TTL device. The TTL-compatible open-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 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 drivers. The data input and output are multiplexed to facilitate compatibility with a common bus system.
A 12 line address is available, which minimizes external control 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 designed for insertion in mounting hole rows on
300-mil centers.

operation

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 memory is in the low-power standby mode and is not selected. No
read/write operations can take place during the standby mode because the chip is deselected and is automatically
precharging.

PRELIMINARY DATA SHEET:

Supplementary data may be TEXAS INSTRUMENTS

published at a later date.
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TMS 4050 JL, NL; TMS 4050-1 JL, NL; TMS 4050-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

operation (continued)

mode select (R/W)

The read or write mode is selected through the read/write (R/W) input. A logic high on the R/W 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 (AO—A11)

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 input/output (1/0)

Data input and output are multiplexed on a common 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 1/O terminal requires connection
to an external pull-up resistor since the output 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 memory cycle at each of the 64 row addresses (AQ through
AB) every 2 milliseconds or less. Addressing any row refreshes all 64 bits in that row. The column addresses (A6
through A11) can be indeterminate during refresh.

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

Supply voltage, Vpp (seeNote 1) . . . . . . . . . . . . . . .. . . .. .. . .=03t020V
Supply voltage, Vgg (seeNote 1) . . . . . . . . . . . . . . . . . . .. ... .-03t02V
All input voltages (see Note 1) . . . . . . . . . . . . . . . . . .. . . .. . .—03t020V
Chip-enable voltage (see Note 1) . . . . . . . . . . . . . . . . . . . . . . .. .—-03w20V
Output voltage (operating, with respecttoVgg) . . . . . . . . . . . . . . . . . . . .=2t7V
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . . . . ..0Ctw70C
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . ... =B5°Cto150°C
NOTE: 1. Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vgg (substrate), unless

otherwise noted. Throughout the remainder of this data sheet, voitage values are with respect to Vgg.

functional block diagram

A6 :’
4 ADD BUFFER COLUMN DECODE
A1l

A0

U
A5

CHIP ENABLE

H H et S
ADD BUFFER DATA 1/O | & INTERNAL 2
z
Ry |28 DATAIN g
(EXTERNAL) (<2 AN
CELL MATRIX v o CE
ROW DECODE[ * |$§ ¢
L_of DUMMY CELL -2
| =0 INVERTED
INTERNAL PRECHARGE | © DATA OUT
VOLTAGE
cLOCK GEN COLUMN SENSE oL IL
- GENERATOR] bt e e e - —————
DUMMY CELL 1/0 LOGIC
ROW DECODE .
[+ CELLMATRIX
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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 12.6 \
Supply voltage, Vgs 0 \4
Supply voltage, Vgg —4.5 -5 -5.5 \
High-level input voltage, V)i (all inputs except chip enable) 2.2 5.5 v
High-level chip enable input voltage, V)(CE) Vpp —0.6 Vppt! v
Low-level input voltage, Vy_ (all inputs except chip enable) (see Note 2) -0.6 0.6 A
Low-level chip enable input voltage, V|| (cg) (see Note 2) -1 0.6 v
Refresh time, trgfresh 2 ms
Operating free-air temperature, Ta 0 70 ‘C

NOTE 2: The algebraic convention where the most negative limit is designataed as minimuan is used in this data sheet for logic voltage levels only.

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

PARAMETER TEST CONDITIONS MIN TYPt MAX |UNIT
VoH High-level output voltage t3 = guaranteed maximum access time, 24 v
R =22kR1065V, C =50pF,
VoL Low-level output voltage Load = 1 Series 74 TTL gate Vss 0.4 \Y
ta = guaranteed maximum access time,
oL Low-level output current 5 mA
CL =50 pF, VoL =04V
| t  (all inputs includin,
" nput curren ‘a inputs including Vi 061055V 10| ua
1/0 except chip enable)
Yi(CE) Chip enable input current Vi=-110132V 10 | uwA
TMS4050
35 60
oD Supply current from Vpp ViH(CE) = 13.2V TMS4050-1 mA
TMS4050-2 35 70
Ipp Supply current from Vpp, standby VIL(CE) =06V 10 200 | wA
A ! p v TMS 4050 32
rent from
1DD(av) verage supply cur oD TMS 4050-1 35 mA
during read or write cycle Minimum cycle TMS 30503 =
A \ ¢ v timing TMS 4050 32
rrent from
1DDav) dw'age SupplY cu °m Yob TMS 40501 35 mA
uring read, modify write cycle T™S 20502 38
Vgg=-55V, Vpp = 26V,
| Supp! nt fi \ 5 100 A
BB upply curre rom Vgg Vgg=0V u
TAll typical values are at T 5 = 25°C.
capacitance at VDD =12V, VSS =0V, VBB =-5V, VI(CE) =0V,V;=0V,f=1MHz,
Tp =0°C to 70°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP! MAX UNIT
Ci(ad) Input capacitance address inputs 5 7 pF
- ook input Vi(CE) = 12V 24 28 oF
i i n|
Ci(cE) Input capacitance clock inpu ViioE) =0V ) 33
Ci(R/W)  Input capacitance read/write input 5 7 pF
C(1/0) 1/0 terminal capacitance 9 pF

TAll typical values are at T = 25°C.
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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, Tp = 0°C to 70°C

PARAMETER TMS 4050 TMS 4050-1 TMS 4050-2 UNIT
MIN MAX MIN MAX MIN MAX
te(rd) Read cycle time 470 430 400 ns
‘w(CEH) Pulse width, chip enable high 300 4000 260 4000 230 4000 ns
tw(CEL) Pulse width, chip enable low 130 130 130 ns
t(CE) Chip-enable rise time 40 40 40 ns
tf(CE) Chip-enable fall time 40 40 40 ns
tsulad) Address setup time ot ot ot ns
tsu(rd) Read setup time ot ot ot ns
thad) Address hold time 1501 150t 1501 ns
Third) Read hold time 40 40} 40) ns
t The arrow indicates the edge of the chip-enable pulse used for reference: T for the rising edge, | for the falling edge.
read cycle switching characteristics over recommended supply voltage range, Tp = 0°Cto70°C
TMS 4050 TMS 4050-1 TMS 4050-2
PARAMETER UNIT
MIN MAX MIN MAX MIN MAX
ta(CE) Access time from chip enable * 280 230 180 ns
ta(ad) Access time from addresses T 300 250 200 ns
tpLH :’::;p::::;n‘ delay time, low-to-high level output from 20 40 40 ns
®Test conditions: C = 50 pF, R|_= 2.2 k2 t0 5.5 V, Load = 1 Series 74 TTL gate,
T Test conditions: C|_= 50 pF, R = 2.2 k2 10 5.5 V, Load = 1 Series 74 TTL gate, t,(cg) = 20 ns.
write cycle timing requirements over recommended supply voltage range, Tp = 0°C to 70°C
TMS 4050 TMS 4050-1 TMS 4050-2
PARAMETER UNIT
MIN MAX MIN MAX MIN MAX
te(wr) Write cycle time 470 430 400 ns
tw(CEH) Pulse width, chip enable high 300 4000 260 4000 230 4000 ns
tw(CEL) Pulse width, chip enable low 130 130 130 ns
tw(wr) Write pulse width 200 190 180 ns
1r(CE) Chip-enable rise time - 40 40 40 ns
%(CE) Chip-enable fall time D 40 40 40 ns
tsu(ad) Address setup time ot ot ot ns
tsu(da-wr) Data-to-write setup time* 0 0 0 ns
tsu(wr) Write-pulse setup time 240 220 2104 ns
td(CEH-wr) _ Chip-enable-high-to-write delay time' - 40t 40t 401 | ns
th(ad) Address hold time 1501 1501 1501 ns
th(da) Data hold time 40) 40| 40| ns
4 The arrow indicates the edge of the chip-enable pulse used for reference: T for the rising edge, 4 for the falling edge.
“1f R/W is low before CE goes high, then 1/0 (data in) must be valid when CE goes high,
TThe write pulse must go low at least tgy(wr) Minimum before CE_goes low. If R/W remains high more than tq(cgH.wr) Maximum (40 ns)

atter CE goes high, the data.in driver must be disabled until R/W goes low since additional power to overcome the output buffer may be

required when writing in a high with some of the faster devices (see comments on Region 1 under read, modify write timing diagram).
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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 or refresh cycle timing

te(rd)
w(CEH) [— tw(CEL) —®

Z‘_ tr(CE) —f\[@—(CE) Z

th(ad) ——
— tsu(ad) *

XK K KX

| KX A o KXRKERRX
VARV

1 tou(rd) [ — th(cd) j

e ———f RXXXXY
DATA INPUT/OUTPUT, I/O -————— ta(ad) —‘_*—* DATA OUT VALID k

NOTE: For the chip-enable input, high and low timing points are 3.0 V (high) and 1.0 V (low). Other input timing points are 0.6 V (low) and

CHIP ENABLE, CE

f Y

ADDRESS, A0—-A11

READ/WRITE, RW

S %ﬁm

2.2 V (high). Output timing points are 0_.4 V (low) and 2.4 V (high).
For minimum cycle, t(GE) and ty(CE) are equal to 20 ns.

write cycle timing

telwr)
o wicen ————— & j&—— twicer) ——
/ra— trice) —\fe—trice)
th(ad)——
[ tsu(ad) |

—
—»
aponess, ao-att JXN oo care XXXXXXX

»1- td(CEH-wr)"
- tu(wr) ————

[ ty(wr) —""
READ/WRITE, R/W g ; i i i RDON'T CARE i i ;\ \
A

T
—| e tsu(da-wr) }“_‘—“."‘ th(da)
L w A
ON'T CAREM
e wy

L
DATA INPUT/OUTPUT, I/O DON'T CARE
Y ¥ v ¥ W o
NOTE: For the chip-enable input, high and low timing points are 3.0 V (high) and 1.0 V (low). Other timing points are 0.6 V (low) and 2.2 V
(high). Output timing points are 0.4 V (low) and 2.4 V (high).
*The write pulse must go low at least tgy(wr) Minimum before CE goes high. If R/W remains high more than t4(CEL .wr) Maximum (60 ns)
after CE goes low, the data-in driver must be disabled until R/W goes low since additional power to overcome the output buffer may be
During tg(CEH-wr). R/W is permitted to change from high to low only.

CHIP ENABLE, CE

3=

required when writing in a high with some of the faster devices
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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, T A=0"Cto 70°C

TMS 4050 TMS 4050-1 -
PARAMETER TMS 40502 UNIT
MIN MAX MIN MAX MIN MAX
tc(RMW) Read, modify write cycle time' 730 660 600 ns
tw(CEH) Pulse width, chip enable highT 560 4000 490 4000 430 4000 ns
tw(CEL) Pulse width, chip enable low 130 130 130 ns
tyy(wr) Write pulse width 200 190 180 ns
tr(CE) Chip-enable rise time 40 40 40 ns
1(CE) Chip-enable fall time 40 40 40 ns
td{wr-daL) Write to data-in-low delay time 20 20 20 ns
tsulad) Address setup time ot ot ot ns
tsu(daH) Data-in-high setup time 2404 220} 2104 ns
tsu(rd) Read-pulse setup time ot ot ot ns
tsu(wr) Write-pulse setup time 240} 220 2104 ns
th(ad) Address hold time 1501 150t 1501 ns
third) Read hold time 3001 250t 200t ns
th(da) Data hold time 40 40} 40) ns

11 The arrow indicates the edge of the chip-enable pulse for reference: T for the rising edge; | for the falling edge.
TTest conditions: ty(rq) = 20 ns.

read, modify write cycle switching characteristics over recommended supply voltage range, T A= 0°Cto 70°C

TMS 4050 TMS 4050-1 TMS 4050-2
PARAMETER UNIT
MIN MAX MIN MAX MIN MAX
ta(CE) Access time from chip enable” 280 230 180 ns
ta(ad) Access Time from addresses® 300 250 200 ns

*Test conditions: C|_ = 50 pF, R = 2.2 k§2, Load = 1 Series 74 TTL gate.
Test conditions: C|_ = 50 pF, R = 2.2 k§2, Load = 1 Series 74 TTL gate. ty(cg) = 20 ns.

read, modify write cycle timing

tetRMW)
‘wiCEH) IWICEL} ~———
CHIP ENABLE, CE —./b— YICE) —e YICE)
— '
[ Wisd) ———
Yaulnd)
N
s T BERXXXXRK
third) Tyulwr)
= twiwr) F
READMWRITE, AW {Xy " DON'T CARE
iy olrd) |
le—— tice) 4 tuldaH)
td(wrdal) e
— o
DATA INPUT/
ko // / / DI VALID / / //

REGION 1 REGION 2

REGION 1 - in region 1, data-out is vald until the 1/0 REGION 2 - In region 2 » single transition 1 permitied.
terminal is forced high o low by the data-in 11is NOT a true “Don’t Care™ region.
driver. A transition from low 10 high 1s 11 8 low it to be written it must be valid by
persmissible but additional power 10 overcome the end of region 2.

the output butfer will be required. A transition
1r0m high 10 Jow 13 permitted without power
penalty

NOTE: For the chip enable input high and low timing points are 90% and 10% of VIH(cEg). Other input timing points are 0.6 V (low) and
2.2 V (high), Output timing points are 0.4 V (low) and 2.4 V (high).
For minimum cycle, t,(cg) and ty(cg) are equal ta 20 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

timing diagram conventions

TIMING DIAGRAM
SYMBOL

AN
/e
&

MEANING

INPUT
FORCING FUNCTIONS

Must be steady high or low

High-to-low changes
permitted

Low-to-high changes
permitted

Don’t care

{Does not apply)

OUTPUT
RESPONSE FUNCTIONS

Will be steady high or low
Will be changing from high
to low sometime during
designated interval

Will be changing from low

to high sometime during
designated interval

State unknown or changing

Center line is high-impedance
off-state

VIH
CHIP ENABLE
ViL
100
Ipp (mA) 50
o
25
li(cE) (mA)
o
-25
1] (mA) 0.3
(All inputs
except CE) 0

TYPICAL WAVEFORMS

Ipp (Standby)

470
TIME (ns)

940
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TMS 4050 JL, NL; TMS 4050-1 JL, NL; TMS 4050-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

trefresh—Refresh Time—ms

1000

100

REFRESH TIME vs TEMPERATURE

i
{
|
|

—
|
1

| :
J
MA)I(IMUM RECOMMENDED
| ;-

] 10 20 30 40

_-—

| i I
50 60 70
Tp — Free-Air Temperature — °c

350

300

g

ACCESS TIMES vs TEMPERATURE

TMS 4050 MAX ] l
1 T T
| |
TMS 4050-1 MAX | -
TYPICAL ™S 405?4—-
| ‘
TMS 4050-2 MAX
‘ = BTCAL TMS 40501
e | 050-2 |
" TYPPCAL TMS 4 |
R ! } | i
| | | Vbp=12V
| | | vg=-5V
T ’ﬂ' TVIH(CE) = 12V
L T E ; CL B 150 PF i

0 10 20 30 40 50 60 70

Tp — Free-Air Temperature — °Cc
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M0s TMS 4051 JL, NL; TMS 40511 JL, NL
LSl 4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

BULLETIN NO. DL'S 7512256, MAY 1975

® 4096 x 1 Organization
e 18-Pin 300-Mil Package Configuration 18.PIN CERAMIC AND PLASTIC
e Single Low-Capacitance TTL-Compatible Clock DUAL-IN-LINE PACKAGES
e Multiplexed Data Input/Output (TOP VIEW)
e 2 Performance Ranges:
READ, Vgs 1[0 E 18 Vgg
READ OR MODIFY m
ACCESS WRITE  WRITE vo 20 voan
TIME CYCLE CYCLE
(MAX) _(MIN)  _(MIN) a0 30 16 a0
TMS 4051 "300ns 470 ns 730 ns At aff § 15 ao
TMS 40511 250 ns 430 ns 660 ns
o Full TTL Compatibility on All Inputs Az s if 1e ae
(No Pull-up Resistors Needed Except with CE) RW 60 13 a7
Registers for Addresses Provided on Chip
e Open-Drain Output Buffer CE 7[0 0] 12 as
o Low-Power Dissipation a3 s [o M1 as
— 460 mW Operating (Typical)
— 60 mW Standby (Typical) A4 9 [0l [l o vpo

e N-Channel Silicon-Gate Technology
description

The TMS 4051 series is composed of high-speed dynamic 4096-bit MOS random-access memories, organized as 4096
one-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 for the TMS 4051-1. These options
allow the system designer to more closely match the memory performance to the capability of the arithmetic
processor.

The address, data input/output, and read/write inputs can be driven directly from Series 74 TTL circuits. 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 as a pull-up resistor to VcC 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 control logic and
optimizes system performance.

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

The TMS 4051 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 designed for insertion in mounting-hole rows on
300-mil centers.

operation

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 low. When the chip enable is high, the memory is in the low-power standby mode and is not selected. No
read/write 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-up resistor.

PRELIMINARY DATA SHEET:

Supplementary data may be TEXAS INSTRUMENTS

Published at a later date.
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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 read/write (R/W) input. A logic high on the RW 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 (AO—A11)

All addresses must be stable on or before the falling 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 input/output (1/0)

Data input and output are multiplexed on a common 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 low. The 1/O terminal requires
connection to an external pull-up resistor since the output 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 conduction 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 memory cycle at each of the 64 row addresses (AQ through
AS) every 2 milliseconds or less. Addressing any row refreshes all 64 bits in that row. The column addresses (A6
through A11) can be indeterminate during refresh.

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

Supply voltage, Vpp (seeNote 1) . . . . . . . . . . . ... ... ... ....... 0320V
Supply voltage, Vgg (seeNote 1) . . . . . . . . . . . ... ... .. ........ 0320V
All input voltages (see Note 1) O A LAY
Chip-enable voltage (see Note 1) e e e e e ..o, —03t020V
Output voltage (operating, withrespecttoVss) . . . . . . . . . . . . . . . . . .. . ... =27V
Operating free-air temperature range . . . . . . . . . . . . e . e e e e e e 0°C to 70°C
Storage temperature range . . . . . . . . . . e e e e e e e e e e e —55°C to 150°C

NOTE: 1. Under absolute maximum ratings, voitage values are with respect to the most-negative supply voltage, Vgp (substrate), unless

otherwise noted. Throughout the remainder of this data sheet, volitage values are with respect to Vgs.

functional block diagram

a6 Vee
i ___jADDEUFFEﬁCOLUMN DECODEI R/W
Al },

] 110 [~~~ m—— = Q
A0 =
i :{Aooausrsrq [ COLUMN amp [* OATA 10 | » INTERNAL :
As H R |23 pATAIN g
(EXTERNAL) I(; R/W
CELL MATRIX v+ |§u =
ROW DECODE w
DUMMY CELL |5§
1 =0 INVERTED
INTERNAL PRECHARGE | © DATA OUT
CE CLOCK GEN COLUMN SENSE VOLTAGE )
[ [ GENERATOR e e e
. -
DUMMY CELL
1/0 LOGI
ROW DECODE / °
CELL MATRIX
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TMS 4051 JL, NL; TMS 40511 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

recommended operating conditions

PARAMETER MIN NOM MAX |UNIT
Supply voltage, Vpp 1.4 12 12.6 v
Supply voltage, Vgs 0 v
Supply voltage, Vgg —45 -5 -55 v
High-level input voltage, Vi (all inputs except chip enable) 2.2 5.5 \
High-level chip enable input voltage, V|H(CE) 3 56| V
Low-level input voltage, V| (all inputs except chip enable) (see Note 2) -0.6 0.6 v
Low-level chip enable input voltage, V|| (CE) (see Note 2) —0.6 06| V
Refresh time, trefresh 2| ms
Operating free-air temperature, T a 0 70| °C

NOTE 2: The algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage levels

only.

electrical characteristics over full ranges of recommended operating conditions, TA = 0°C to 70°C

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX [UNIT
VOH High-level output voltage ta = guaranteed maximum access time, 24 v
R =22kQ1055V, C_=50pF,
VoL Low-level output voltage Load = 1 Series 74 TTL gate Vss 0.4 A
ta = guaranteed maximum access time,
loL Low-level output current 5 mA
Cy = 50 pF, VoL =04V
Input current {all inputs includin,
I P np "o V) =—-061065V 10 | wA
1/0 except chip enable)
11(CE) Chip enable input current V|=—-06t55V 10 | uA
‘oD Supply current from Vpp VIL(CE) =06V 37 70 | mA
lpp Supply current from Vpp, standby VIH(CE) =35V 5 8 | mA
Average supply current from Vpp TMS 4051 45
'DD(av} . ; - mA
during read or write cycle Minimum cycle TMS 4051-1 47
Average supply current from Vpp timing TMS 4061 50
'DD(av) . " . mA
during read, modify write cycle TMS 4051-1 54
vgg=-55V, Vpp =126V, ’
i Supply current from V, 5 100 A
BB upply curr B8 Vss =0V M
T ANl typical values are at T 5 = 25°C.
capacitance at Vpp=12V,Vss=0V,Vgg=—-5V, V|(CE) =0V, V| =0V, f=1MHz,
TA = 0°C to 70°C (unless otherwise noted)
PARAMETER MIN TYPT MAX |UNIT
Ci(ad) Input capacitance address inputs 5 7| pF
Ci(CE) Input capacitance clock input 5 71| pF
Ci(R/W) Input capacitance read/write input 5 7| pF
C(1/0) 1/0 terminal capacitance 7 9 pF

TAll typical vatues are at T = 25°C.

TEXAS INSTRUMENTS



TMS 4051 JL, NL; TMS 40511 JL, NL
4096-8IT DYNAMIC RANDOM-ACCESS MEMORIES

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

PARAMETER TMS 4051 TMS 4051-1 UNIT
MIN  MAX | MIN MAX
te(rd) Read cycle time 470 430 ns
tw(CEH) Pulse width, chip enable high 130 130 ns
tw(CEL) Pulse width, chip enable low 300 4000 | 260 4000 | ns
tr(CE) Chip-enable rise time 40 40 | ns
t(CE) Chip-enable fall time 40 40 | ns
tsu(ad) Address setup time 04 04 ns
tsu(rd) Read setup time 04 04 ns
th(ad) Address hold time 1804 1654 ns
th{rd) Read hold time 80t 80t
14 The arrow indicates the edge of the chip-enable pulse used for reference: tfor the rising edge, |for the falling edge.
a read cycle switching characteristics over recommended supply voltage range, TA = 0°C to 70°C
TMS 4051 TMS 4051-1
PARAMETER UNIT
TYPt max | TYet mAx
ta(CE) Access time from chip enablet 280 230 | ns
ta(ad) Access time from addresses* 300 250 | ns
tPLH Propagation delay time, low-to-high level output from chip enable® 60 60 ns
tAll typical values are at Tp = 25°C.
$Test conditions: C|_ =50 pF, R = 2.2 k2 t0 5.5 V, Load = 1 Series 74 TTL gate.
*Test conditions: C|_ =50 pF, Ry =2.2k§2t0 5.5V, Load = 1 Series 74 TTL gate, t(Cg) = 20 ns.
write cycle timing requirements over recommended supply voltage range, Ta = 0°C to 70°C
TMS 4051 TMS 4051-1
PARAMETER UNIT
MIN  MAX [ MIN MAX
te(wr) Write cycle time 470 430 ns
tw(CEH) Pulse width, chip enable high 130 130 ns
tw(CEL) Pulse width, chip enable low 300 4000 [ 260 4000 [ ns
tw(wr) Write pulse width 200 190 ns
tr(CE) Chip-enable rise time 40 40| ns
t§(CE) Chip-enable fall time 40 40 ns
tsu(ad) Address setup time 0! 0! ns
tsu(da-wr)  Data-to-write setup time* [¢] 0 ns
tsu(wr) Write-pulse setup time 2401 220t ns
td(CEL-wr) Chip-enable-low-to-write delay timet 604 604 ns
th(ad) Address hold time 1801 1654 ns
th(da) Data hold time 80t 80t ns

t1The arrow indicates the edge of the chip-enable pulse used for reference: tfor the rising edge, ifor the falling edge
*1f R/W is low before CE goes low, then 1/0 (data in) must be valid when CE goes low.

TThe write pulse must go low at least tg,(wr) Minimum before CE goes high. If R/W remains high more than tg(ZEL.wr) Maximum

(60 ns)

after CE goes low, the data-in driver must be disabled until R/W goes low since additional power to overcome the output buffer may be
required when writing in a high with some of the faster devices (see comments on Region 1 under read, modify write timing diagram}.
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TMS 4051 JL, NL; TMS 4051-1 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read or refresh cycle timing

CHIP ENABLE, CE

te(rd)
tw(CEL)

tw(CEH) ———

Ne—w(cE —

4(CE)

[€—— th{ad) —®
14— tsu(ad)

ADDRESS, A0-A11

VARV VAKYAA"

14— tsu(rd)

[€— th(rd)

READ/WRITE, R/'W

=T

[e————t(TE) ————>

[—toLH —
jfe— uia —q DATAOUTVALID,/

NOTE: For the chip-enable input, high and low timing points are 3.0 V (high) and 1.0 V {iow). Other input timing points are 0.6 V (low) and
2.2 V (high). Output timing points are 0.4 V {low) and 2.4 V (high).
For minimum cycle, tr(CE) and t4(CE) are equal to 20 ns.

DATA INPUT/OUTPUT, 1/O

write cycle timing

te(wr) —
P———‘w(c_su———-——ﬁ | ———— tw(CEH) ——
— _ —
— \l—— t§(CE) —>Y/|&— t(CE)
CHIP ENABLE, CE
——— th(ad)——{
— tsu(ad) |
x> x
soonssssa-sr XX KX RRRK 8 e R XKXRK
M X M M
- > td(CEL-w)*
tsu(wr) ————|
[ tw(wr) —
READ/WRITE, R/W m ; ; ; ;E DON'T CARE
vk A
—o] Fe— tu(dawr) fe——o— thda)
XK EX Ay w oy
DATA INPUT/OUTPUT, 1/0 _DON'T CARE WDON’T c:me:xx
Y ¥ w ¥ M o Mol M X

NOTE: For the chip-enable input, high and low timing points are 3.0 V (high) and 1.0 V (low), Other timing points are 0.6 V (low) and 2.2 V
(high). Output timing points are 0.4 V (low) and 2.4 V (high).
*The write pulse must go low at least tg(wr) Minimum before CE goes high. If R/W remains high more than td(CEL-wr) Maximum (60 ns)
after CE goes low, the data-in driver must be disabled until R/W goes low since additional power to overcome the output buffer may be
required when writing in a high with some of the faster devices. During ty(CE|L.wr). R/W is permitted to change from high to low only.
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TMS 4051 JL, NL; TMS 40511 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

PARAMETER TMS 4051 | TMS 40511}y
MIN  MAX | MIN MAX
te(RMW) Read, modify write cycle timet 730 660 ns
tw(CEH)  Pulse width, chip enable high? 130 130 ns
tw{CEL) Pulse width, chip enable low 560 4000 | 490 4000 | ns
twlwr) Write pulse width 200 190 ns
tr(CE) Chip-enable rise time 40 40| ns
1£(CE) Chip-enable fall time 40 40 [ ns
td(wr-dal) Writeto data-in-low delay time 20 20| ns
tsu(ad) Address setup time 04 0/ ns
tsu(daH) Data-in-high setup time 240t 220t ns
tsu(rd) Read-pulse setup time 0! 0l ns
tsu(wr) Write-pulse setup time 240t 2201 ns
th(ad) Address hold time 1804 165! ns
th(rd) Read hold time 3204 2704 ns
th(da) Data hold time 8ot 80t ns
+{The arrow indicates the edge of the chip-enable pulse for reference: tfor the rising edge; ifor the falling edge.
TTest conditions: tg(rq) = 20 ns.
read, modify write cycle swithcing characteristics over recommended supply voltage range, Ta = 0°Ct070°C
TMS 4051 TMS 4051-1
PARAMETER UNIT
MIN MAX | MIN MAX
1a(CE) Access time from chip enable* 280 230 ns
Ead) Access time from addresses’ 300 250 | ns

*Test conditions: C|_= 50 pF, R_=2.2 kQ, Load = 1 Series 74 TTL gate.
tTest conditions: C|_ = 50 pF, R|_ =2 2 k{2, Load = 1 Series 74 TTL gate. t{(CE) = 20 ns.

read, modify write cycle timing

TetRMW
w@EL tw(CEH)
\\ K
CHIP ENABLE, CE o \J@—(TE W
foT—— tiad) —+
ADDRESS, A0-A11 <><>( ooN'T :AIW
thied) st
- fo— twiwr! F
READWRITE, R \ DON'T CARE
VA
tsutrd) T
fo— (e —4 tuidaH)
taiwr daL.
- thida)

[ tata) ———o1

DATA INPUT/ 7 /
OUTPUT. 1O O! VALID

AEGION |  REGION 2

REGION 1 In region 1. dataaut is vaid unul the 1/0 REGION 2 - In region 2 & single trans
inal 1 forced high o low by the data in 15 NOT » true “Don't
driver A vansition from low to high 15 110 be written it must be valid by
persmussible but additional power 1o overcome of regron 2.

the output butfer will be required A transition

from hugh t0 10w 15 permutted without power

penaity

permitted

NOTE: For the chip enable input high and low timing points are 3.0 V (high) and 1.0 V (low). Other input timing points are 0.6 V (low) and
2.2 V (high), Output timing points are 0.4 V (low) and 2.4 V (high).
For minimum cycle, t.(CE) and t{(CE) are equal to 20 ns.
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TMS 4051 JL, NL; TMS 40511 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

timing diagram conventions

TIMING DIAGRAM
SYMBOL

AN
/e

RS
&

MEANING

INPUT
FORCING FUNCTIONS

Must be steady high or low

High-to-low changes
permitted

Low-to-high changes
permitted

Don’t Care

(Does not apply)

OUTPUT
RESPONSE FUNCTIONS

Will be steady high or low
Will be changing from high
to low sometime during
designated interval

Will be changing from low

to high sometime during
designated interval

State unknown or changing

Center line is high-impedance
off-state

Vin

CHIP ENABLE

Vie

100

Ipp (mA) 50
[

1

W(CE) (WA) 0
-1

1 (mA) 0.3

(All inputs
except CE) 0

[

TYPICAL WAVEFORMS

~

— |

Ipp (Standby

|
N

-

0 470

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

trefresh—Refresh Time—ms

1000

100

REFRESH TIME vs TEMPERATURE

N

~N

MA.L.IMUMl.RECCIMMENIDED

1 1T [ T

0 10 20 30 40 50 60 70

Ta - Free-Air Temperature — °C

ta(ad) — Access Time — ns

w
3

g

g

g

g

8

g

o

ACCESS TIMES vs TEMPERATURE

TMS 4051 MAX
TMS 4051-1 MAX %05(
TAL ™
"1 ™ i
™S 2051 |
——
"
Vpp=12V
Vgg=-5V
VIL(CE) =06 V_‘
Cp =50 pF
L1
0 10 20 30 40 50 60 70

T — Free-Air Temperature — °C
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mos TMS 4060 JL, NL; TMS 4060-1 JL, NL; TMS 4060-2 JL, NL
LSl 4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

BULLETIN NO. DL-S 7512241, FEBRUARY 1975

22-PIN CERAMIC AND PLASTIC

I AL-IN-LINE PACKAGES
® 4096 x 1 Organization DuAL (TOP VIEW)

o 3 Perf e R :
errormanci anges READ Vea 1 C ° n 22 Vgg
READOR  MODIFY s
A‘:::‘E:s WRITE WRITE n2 E IE
CYCLE CYCLE
(MAX) iMiN) (MIN) wo 3 g oA
TMS 4060 300 ns 470 ns 710 ns Al 4 @ ﬂ 19 As
TMS 4060-1 250 ns 430 ns 640 ns
TMS 4060-2 200 ns 400 ns 580 ns s s E 5_} 18 Vpp
e Full TTL Compatibility on All Inputs (No Pull-up
Resistors Needed) o 6| a 17 CcE
® Low Power Dissipation 56 7[d ﬂ 16 N/C
— 400 mW Operating (Typical)
— 0.2 mW Standby (Typical) A0 8 |(] i] 15 A5
e Single Low-(.:a'pacnance Clock At o 3 u Ae
® N-Channel Silicon-Gate Technology
® 22-Pin 400-Mil Dual-in-Line Package A2 10 [[] ﬂ 13 A3
description vee 1] 12 ”RW

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

All inputs except the chip enable are fully TTL-compatible and require no pull-up resistors. The low capacitance of the
address and control inputs precludes the need for specialized drivers. When driven by a Series 74 device, the guaranteed
dc input noise immunity is 200 mV, The TTL-compatible buffer is guaranteed to drive two Series 74 TTL gates. The
TMS 4060 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 drivers.

The typical power dissipation of these RAM’s is 400 mW active and 0.3 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 4060 series is offered in both 22-pin ceramic (JL suffix) and plastic (NL suffix) dual-in-line packages. The
series is guaranteed for operation from 0°C to 70°C. These packages are designed for 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 resistor, affects
the data-in, data-out and read/write inputs. The data input and data output terminals are enabled when chip select is
low. Therefore, the read, write, and read, modify write operations are performed 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.
If the chip is not to be selected for a given cycle, chip select must be held high as long as chip enable is high. A register
for the chip-select input is provided on the chip to reduce overhead 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 memory 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 IN STRUMENTS 79

published at a later date.



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

operation (continued)

mode select (R/W)

The read or write mode is selected through the read/write (R/W) input. A logic high on the R/W 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.

address (AO—-A11)

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 (D1)

Data is written during a 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 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. |t 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 ow prior to the rise of chip enable and held low an interval after that rise, the output
will be enabled as fong 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 block diagram

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

lower-order-address inputs, AQ through A5 (pins 8, 9, “—— VoD
10, 13, 14, 15), or by addressing every row within V8
any 2-millisecond period. Addressing any row :‘“::Lumwrfm }::{ COLUMN DECODE 1 Yee
refreshes all 64 bits in that row. The chip does not ¥ o _isﬁ
need to be selected during the refresh. If the chip is s ADD BUFFER ] I coomname ] Y

refreshed during a write mode, then chip select must
be high. The column addresses (A6 through A11) can
be indeterminate during refresh. I'«W DECODE

INTERNAL
CLOCK GEN.

ROW DECODE [
S

PRECHARGE
VOLTAGE
GENERATOR

CHIP ENABLE

COLUMN SENSE

CELL MATRIX

»

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

Supply voltage, Vo (seeNote) . . . . . . . . . . . . . . . ... ... ... .-03tw20V
Supply voltage, VppflseeNote) . . . . . . . . . . . . . . . ... . ... ...-03w20V
Supply voltage, VgglseeNote) . . . . . . . . . . . ... ... ... .....-03w02V
Allinput voltages (seeNote) . . . . . . . . . . . . . . . . . .. ... ... .-03t020V
Chip-enable voltage (see Note) . . . . e . . . . . . . . .. ... ... .-03102V
Output voltage (operating, with respect to VSS) e 2 XA
Operating free-air temperature range . . N ¢ M oR e (]
Storage temperaturerange . . . . . . . . . . . . . . . . . . . . . . . .. .-55°Cto150°C

NOTE: Under absolute maximum ratings, voltage values are with-respect to the most-negative supply voltage, Vgp (substrate), unless otherwise
noted. Throughout the remainder of this data sheet, voltage values are with respect to Vgs.

TEXAS INSTRUMENTS



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

recommended operating conditions (see Note)

PARAMETER MIN___NOM _ MAX | UNIT |
[ Supply voltage, Voo 4.75 5 525 v
Supply voltage, Vpp 1.4 12 12.6 \
E‘Splv voltage, {/ss . 0 A
Supply voltage, Vgg -4.5 -5 ~5.5 \
—N‘IQMevel input voltage, V| (all inputs except chip enable) 2.2 5.25 \
High-level chip enable input voltage, Vin(CE) Vpp 06 Vpp +1.0 v
Low-level input voltage, V| (all inputs except chip enable) (see Note) -0.6 0.6 v
Tow—level chip enable input voltage, V| (cg) (see Note) -1 0.6 \Y%
Refresh time, trpfresh 2 ms
Operating free-air temperature, T 0 70 °c

NOTE: The algebraic convention where the most negative limit is designated as minimum i used in this data sheet for logic voltage levels only.

electrical characteristics over full ranges of recommended operating conditions, T A= 0°C to 70°C (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN Tyet MAX UNIT
VoH _ High-level output voltage lop=-2mA 24 Vee v
VoL Low-level output voltage 0 =3.2mA Vss 0.4 Vv
" In?ut current (all inputs except V| =0105.25V 10 WA
chip enable)
1i(CE) Chip enable input current Vi=0t013.2V 2 BA
1oz " High-impedance-state (off-state) Vo= 010525V 10 A
output current
Icc Supply current from Ve 2 Series 74 TTL loads 1 mA
DD Supply current from Vpp VIH(CE) = 126 V 30 60 mA
Ipp Supply current from Vpp, standby VIL(CE) =06V 20 200 BA
Average supply current from Vpp TMS 4060 32
'DDlev) during read or write cycle TMS 4060-1 3 ma
Minimum cycle TMS 4060-2 38
Average supply current from Vpp time TMS 4060 e
'DDfav) during read, modify write cycle TMS 4060-1 35 mA
: TMS 4060-2 38
8B Supply current from Vgg VBg = —5:5V, Vec =525V, -5 —100 HA
Vpp = 126V, Vgs =0V

TAli typical values are at T 5 = 26°C.

capacitance at Vpp =12V, Vgg=0V,Vgg=-6V,Vec =5V, VI(CE) =0V,V|=0V, f=1MHz,
Ta = 0°C to 70°C (unless otherwise noted)

[ pamameTER TEST CONDITIONS MIN  TYPT  MAX | UNIT
Ci(ad) Input capacitance address inputs 5 7 pF
N v =108V 18 22
Ci(cE) Input capacitance clock input V:(‘EE: —TV 3 > pF
Ci(CS) Input capacitance chip selsct input 4 6 pF
Ci(data) Input capacitance data input 1 4 6 oF
Ci(R/W) Input capacitance read/write input 5 7 pF
Co Output capacitance 5 7 pF |

TAll typical values are at Tp = 25°C.
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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 cycle timing requirements over recommended supply voltage range, Ta= 0°C to 70°C

ARAMETER TMS 4060 TMS 4060-1 TmMsaoe0z [ 1
MIN MAX MIN MAX MIN MAX
te(rd) Read cycle time 470 430 o 400 ns
tw{CEH) Pulse width, chip enable high 300 4000 260 4000 230 4000 ns
tw(CEL)  Pulse width, chip enable low 130 130 130 ns
tr(CE) Chip-enable rise time 40 40 40 ns
tH$(CE) Chip-enable fall time 40 40 40 ns
Teulad)  Address setup time of ot ot [ ns
t5u(TT) Chip-select setup time of ot ot ns
tsu(rd) Read setup time ot ot ot | ns
th(ad) Address hold time 1501 1501 1501 ns
th(CS) Chip-select hold time 1501 1501 1501 s
th(rd) Read hold time 40} 40 40{ ns

1! The arrow indicates the edge of the chip enable pulse used for reference: T for the rising edge, ¥ for the falling edge.

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

PARAMETER TMS 4060 TMS 4060-1 TMSa0602 [
MIN MAX MIN MAX MIN MAX

ta(CE) Access time from chip enablet 280 230 180 ns
ta(ad) Access time from address t 300 250 200 ns
tpHZ or Output disable time from high
‘PL; or low level 30 30 3 e
PzZL Qutput enable time to low level} 250 200 150 ns

TTest conditions: C|_ = 50 pF, t(cg) = 20 ns, Load = 1 Series 74 TTL gate.

$Test conditions: C|_ = 50 pF, Load = 1 Series 74 TTL gate

write cycle timing requirements over recommended supply voltage range, Ta= 0°Cto70°C

PARAMETER TMS 4060 i TMS 4060-1__‘ _TMS 4060-2 UNIT
MIN MAX MIN MAX MIN MAX

te(wr) Write cycle time 470 430 400 ns
tw(CEH)  Pulse width, chip enable high 300 4000 260 4000 230 4000 ns
tw(CEL) Pulse width, chip enable low 130 130 130 ns
twiwr) Write pulse width 200 190 180 ns
tr(CE) Chip-enable rise time 40 40 40 ns
t(CE) Chip-enable fall time 40 40 40 ns
tsu(ad) Address setup time ot ot ot ns |
54(CS) Chip-select setup time ot ot ot ns
tsu(da-wr) Data-to-write setup time* 4] 0 0 ns
tou(wr) Write-pulse setup time 240} 220} 210! ns J
thiad) ‘Address hold time 1501 1501 | 1501 s |
th(TS) Chip-select hold time 1501 1501 1501 s |
thida) Data hold time a0} 40} 40} ns J

1l The arrow indicates the edge of the chip enable pulse used for reference: 1 for the rising edge, 4 for the falling edge.
1t R/W is low before CE goes high then DI must be valid when CE goes 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

read cycle timing

el 01 7 | B

———
tw(CEL) —

- - -

[¢ -~ 'w(CEH) -
CHIP ENABLE, CE d‘
.

thiad) ——»
—»| |4 tsufad)

"

ADDORESS, A0 —- A1

T
"‘_ t5u(CS)
CHIP SELECT, CS e %h(CS)

™ [%— tsulrd) | & - t—third)
" o tafad) ————
READ/WRITE, A/W W‘ [ ta(CE}——- ~—— ]
4 —— tpz —— ——{:{* tPHZ
DATA OUTPUT, DO FLOATING \ VALID 7 FLOATING
—

NOTE For the chip-enable input, high and low timing points are 90% and 10% of V y(cg). Other
2.2 V (high). Output timing points are 0.4 V (low) and 2.4 V (high)

write cycle timing

fe— iz

input timing points are 0.6 V (low) and

‘L‘— - telwr)
| |- ———tw(CEH) — —————]

I
CHIP ENABLE, CE é
<= thlad) —
4 —t5u(ad)
ADDRESS, A0 — A1 J

d fﬂ—‘w(CEL) —

e — th(E) ——
_ - 14(CF)
CHIP SELECT, C§ i

e tutwr) = |
_ e ) §SS§§\
READWRITE, R/W M\ " DON'T CARE

f
— ¥ "* su(da-wr)

le—t— th(ga)

oatameut. o XXV

Y YYYY
KRR BRRRTRH
AN

NOTE: For the chip-enable input, high and low timing points are 90% and 10% of ViH(CE) Other

input timing points are 0.6 V (low) and

22V (high). Output tming points are 0.4 V (1ow) and 2.4 V (high). During the me from the rise of CE 1o the fall of RAN. R/W 15 per

mitted 10 change from high to low only
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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°C to 70°C

[ TMsa0s0 TMS 4060-1 TMS 4060-2
PARAMETER —_ 1t ——————— UNIT
MIN MAX MIN MAX MIN MAX
tc(RMW) Read, modify write cycle time* 710 640 580 ns
tw(CEH) Pulse width, chip enable high*® 540 4000 470 4000 410 4000 ns
tw(CEL) Pulse width, chip enable low 130 130 130 ns
twiwr)  Write-pulse width 200 190 180 ns
t(CE) Chip-enable rise time 40 40 40 ns
t(CE) Chip-enable fall time 40 40 40 ns
tsu(ad) Address setup time ot ot ot ns
5,@5, Chip-select setup time ot ot [ ot | ns
| tsu(da-wr) Data-to-write setup time [¢] 0 [} | _ns
tsu(rd) Read pulse setup time ot ot ot ns
tsu(wr) Write pulse setup time 240 220 2104 ns
th(ad) Address hold time 150% 150t 1501 ns
th(C3) Chip-select hold time 1501 1501 150% ns !
third) Read hold time 2801 230t 1801 ns |
th(da) Data hold time 40} 40} 40} ns j

14 The arrow indicates the edge of the chip-enable pulse used for referance: T for the rising edge, | for the talling edge.
*Test conditions: ty(,q) = 20 ns.

read, modify write cycle switching characteristics over recommended supply voltage range, Tp = 0°C to 70°C

TMS 4060 TMS 4060-1 TMS 4060-2
PARAMETER uNIT
MIN MAX MIN MAX MIN MAX
ta(CE) Access time from chip enablet 280 230 180 ns
ta(ad) Access time from address 300 250 200 ns
Py tion delay time, low-to-high
Ln ropagation ay ti . e, low: igl 20 30 10 ns
level output from write pulsef
tPHZ Output disable time from high leveit 30 | 30 30 ns
tPZL Output enable time to low levelt 250 | 200 150 ns

TTest conditions: C_ =50 pF, t,(cg) = 20 ns, Load = 1 Series 74 TTL gate.
tTest conditions: C|_ = 50 pF, Load = 1 Series 74 TTL gate.

read, modify write cycle timing

tc(RMW)

.
CHIP ENABLE, CE S —— t V
g w(CEH) WiCEL %]
t = h(ad) —o
e T
¥ IOORRRIRXRRXK 0. a8 X XQOOXXX
th(TT)—» |
CHIP SELECT, CS m F—‘tmm DON'T CAR

ADDRESS, A0~A11

| f——— th(rd) jo—— Ysu(wr)—= |

: Ry
|
READ/WRITE, R/W "7 tu(rd) t(rd) —]
| | le— tsu(da-wr) Y
v
DATA INPUT, DI 2087 £2 X OO0

ta(ad) - lo— 1
le—— tace)——| PLH _J

el

jo— tpHz

DATA QUTPUT, D0  ————— ~
: FLOATING / patamooiFien o
le—tpzL

NOTE: For the chip enable input, high and low timing points are 90% and 10% of V (cg). Other input timing points are 0.6 V (low) and
2.2 V (high). Output timing points are 0.4 V (Jow) and 2.4 V (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 FUNCTIONS RESPONSE FUNCTIONS
Must be steady high or low Will be steady high or low

Wilt be changing from high

H;?:{it:::gw changes to low sometime during
P designated interval
to-hi Will be changing from low
W l‘;eol:vn:a:(’lgh changes to high sometime during
designated interval
V9.9.9.99.9.9.9.
QRO : . _
A.“?".""‘.Ae" Don’t care State unknown or changing

TYPICAL WAVEFORMS

e | (1
WL Y Y

100

1T

Ipp (mA) 50 |-

oL T Ipp (Standby)
25
li(ce) (mA)
0
-25 L
1y (mA) 03
(All inputs ‘ ~
except CE) 0
0 470 940
TIME (ns)
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TMS 4060 JL, NL; TMS 4060-1 JL, NL; TMS 4060-2 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES

ACCESS TIMES vs TEMPERATURE ACCESS TIMES vs LOAD CAPACITANCE
350 350
T™S 4
300 |TMS 4060 MAX 300 LTMS 4060 MAX
. 250 [TMS 40601 MAX . s L 2% ™S foem MAT ’L -
c
TMS 4000 _—— < ™S 4060 _L—
| TYPICAL o I YPICAL
T M 406 TMS 4060-2 T 0-1
g 200 MS 4060-2 MAX -“p\CA\-TMS 601 2 200 MAX ﬁ;\cA\— MG 408 -
[ —— 2 = T 0-2
L1 S 4080 = 1 5 406!
- ] m 60-2_J = LT et
§ 150——] — qypPIcALTEE— £ 150 | rypcAL T
< L1 LR B |
5 100 ! 100 —
2 TYPICAL SLOPE = 0.75 ns/°C % TYPICAL SLOPE = 0.25 ns/pF
50 -
C =50 pF Ta=25°C
0 | 0 [ |
0 10 20 30 40 50 60 70 0 25 50 75 100 125 150 175 200
Ta — Free-Air Temperature — °c C — Load Capacitance — pF
REFRESH TIME vs TEMPERATURE . AVERAGE CURRENT vs TEMPERATURE
5
. 1000 < 45
| \ | TYp)o
.~ 40 AL T, -
E \ T)«p/c 8 TYP’CAL Ms 4060.,
5 T
< 100 A ag 3 35—Tvpa S 4060.; —
2 O(I/H > B AL TMS 4 ~——
= & 2 ’\ P ——
3 30
1 (7]
z \\ ' T —
z 10 325
=& Q
o CURRENT MEASURED AT
) MAXIMUM RECOMMENDED 20 [—MINIMUM CYCLE TIMES
. | 15
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Tp — Free-Air Temperature — °C Tp — Free-Air Temperature — °C
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MOS  PRELIMINARY TMS 4070 JL
LS INFORMATION  16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

JULY 1976

The TMS 4070 is the first of the new generation of dynamic RAMs which have been designed for mainframe and
microprocessor applications. It combines high performance, low power and high packing density in one
N-Channel Silicon-Gate LSI device. All inputs/outputs are fully TTL compatible to simplify system interface. The
device has been designed with 7 multiplexed address lines and an unlatched data output and separate data input.
This offers the best package size/performance trade-off in a high density RAM.

Features

® 16,384 X 1 Organization 16-PIN CERAMIC

o 16-Pin 300-Mil Package Configuration R VA

e All Inputs Including Clocks TTL
Compatible f i

e Three-State Fully TTL-Compatible Output Ves ! 6 Vss

® On-Chip Latches for Addresses and Data Input o 2 b——J 15 CaAs

e Access Times: rin 3 1 14 oo
Row Address . . . 350 ns (Maximum) s 4 ™S 0 1 s
Column Address . . . 230 ns (Maximum) 4070

e Cycle Times: a5 INRERNE
Read or Write . .. 550 ns (Minimum) a2 s I 11 as
Read»ertejl‘ o 730 ns (Minimum) A [}____/] 0 as

e Low-Power Dissipation
— 600 mW Operating (Typical) voo 8 [ j 9 Vce

— 25 mW Standby (Typical)
e 1-T Cell Design, N-Channel Silicon-Gate Technology

TENTATIVE DATA

This document provides tentative TEXAS l NSTRUM E,N TS

information on a new product.

Texas I nstruments reserves the right

to change specifications for this
product in any manner without notice.
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MOS TMS 4030 JR, TMS 4050 JR, TMS 4060 JR
LSl SMC 4030 JR, SMC 4050 JR, SMC 4060 JR
4096-BIT RANDOM-ACCESS MEMORIES

BULLETIN NO. DL-S 7512276, MAY 1975

EXTENDED TEMPERATURE RANGE AND HI-REL DEVICES

4096 x 1 Organization

Extended Temperature Range (—55°C to 85°C)

TMS 4030 JR, TMS 4060 JR

SMC Type Processed to Class B of MIL-STD-883

per Level 111 of T1 38510/MACH-IV Program
Maximum Access Time . .. 300 ns

Minimum Read or Write Cycle . . . 470 ns
Minimum Read, Modify Write Cycle:

710 ns (730 ns for TMS 4050)

Full TTL Compatibility on All Inputs

(No Pull-Up Resistors Needed)

Single Low-Capacitance Clock

description

The TMS 4030 JR, TMS 4050 JR, and TMS 4060 JR
are extended temperature range (-55°C to 85°C)
versions of the TMS 4030 JL, TMS 4050 JL, and
TMS 4060 JL. These devices are ideal for critical
equipment applications in aerospace, industrial, and
military environments.

The SMC 4030 JR, SMC 4050 JR, and SMC 4060 JR
are also rated to operate from —55°C to 85°C. These
SMC devices are specifically processed and 100%
screened to the requirements of Class B of
MIL-STD-883 per level Ill of the Texas fnstruments
38510/MACH-IV program.

The SMC series of 4096-bit RAMs receive the
following special screening tests:

Precap visual . . . . . . method 2010.2
Stabilization bake . . . .  method 1006.1
Temperature cycling Lo method 1010.1
Centrifuge . . . . . . method 2001.1
Fine and gross leak . . . . method 1014.1
Burn-in for 168 hours at

125°C . . . . . . . method 1015.1
Final electrical testing at 25°C and high
temperatures

These two series of devices are offered only in
ceramic (JR suffix) dual-in-line packages. The 22-pin
package (TMS 4030, TMS 4060, SMC 4030, and SMC
4060) inserts in mounting-hole rows on 400-mil
centers. The 18-pin package (TMS 4050, SMC 4050)
is designed for insertion in mounting-hole rows on
300-mil centers and is ideal for high-density
applications.

SMC 4030 JR, SMC 4060 JR
22-PIN CERAMIC DUAL-IN-LINE PACKAGE

(TOP VIEW)

Ve 1 E . 22 Vss
a0 2 E ?] 21 A8
A0 3 E E 20 A7
Al a E i] 19 A6
&S s E 18 Vop
D 6 E 17 cE
56 7 E ﬂ 16 N/C
a0 8 E i] 15 AS
Al 9 1 A4
a2 10 ’i] 13 A3
vee 1] ’:] 12 RW

TMS 4050 JR, SMC 4050 JR
18-PIN CERAMIC DUAL-IN-LINE PACKAGE

(TOP VIEW)

Ves 1 }ﬂ Vss
170 2[: ]17 A1
A0 3[ ]15 A10
a1 4[ ]15 A9
a2 5[ ]14 A8
R/W s[ ]13 A7
CcE 7[ }z A6
A3 s[ Dn AS
A4 5[ 0 Vpp

TEXAS INSTRUMENTS

PRELIMINARY DATA SHEET:
Supplementary data may be
published at a later date.



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 operation see the appropriate data sheets on the commercial temperature
range (0"C to 70°C, JL, NL suffix) 4K RAM products. All timing parameters on these extended-temperature range and
high-reliability devices are identical with the associated 300-ns-access-time commercial device types.

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

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

Supply voltage, Vpp (see Note 1) - e .. . . . . . . . -03w20V
Supply voltage, Vgg(seeNote ) . . . . . . _ - . . —03to20V
All input voltages (see Note 1) .. ... ... . . . . . . . . =03t20V
Chip-enable voltage (see Note 1) . . . . ... .. ... .. . . . . . . . =03t020vV
Output voltage (operating, with respect to VSS’ E e A AY
Operating free-air temperature range . . . . . . . . . . . .. —55°C to 85°C
Storage temperature range . . . . ... 55°C to 150°C

NOTE: 1. Under absolute maximum ratings, voltage values are with respect to the most negative supply voltage, Vgg (substrate), unless

otherwise noted. Throughout the remainder of this data sheet voitage values are with respect to VSS

functional block diagram

an ._j 0o 'u;ﬂ:{ COLUMN 0ECODE J

8 ] [ e

ROW DECODE
ow o OUMMY CELL

mTuwAL
CHIP ENABLE CLOCK GEN. COLUMN SENSE
oummY CeLL
"°"’°‘°°" CELL MATRIX

TMS 4030/SMC 4030, TMS 4060/SMC 4060

::‘Aoosuv:sent::[cowmw DECODE] R/W
A1| [m=———mmm—————— °
A0 <
| _-'_:lADDBUFFER COLUMN AMP oatao | o INTERNAL &
A5 R 2 DATAIN <
L =)
i ! H i (EXTERNAL) I;g AW a
CELL MATRIX Ve |29 cE
ROW DECODE wy
DUMMY CELL 13
w r4
J ’ 3 1= 0O INVERTED,
@ PRECHARGE I © oaraour
s INTE "NALJ:l COLUMN SENSE ] VOLTAGE |
£ —lclocr cen GENERATOR b LS
o
5 DUMMY CELL 1/0 LOGIC
ROWDECODE| ]
CELL MATRIX
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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 TMS 4060 JR
PARAMETER SMC 4030 JR SMC 4060 JR UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, Vce 475 5 5.25 4.75 5 5.26 v
Supply voltage, Vpp 14 12 126 14 12 126 v
Supply voltage, Vss T 0 0 v
Supply voltage, VBB =27 -3 -3.3 —45 -5 —5.5 \
High-level input voltage, V4 {all inputs except chip enable) 2.2 5.25 2.2 5.25 \%
High-level chip enable input voltage, V|H(CE) Vpp —0.6 Vpp +1 |Vpp —0.6 Vpp +1 Vv
Low-level input voltage, V|_ (all inputs except chip enable) —o06t 0.6 —0.6t 0.6 \
Low-level chip enable input voltage, V|| (CE) -1t 0.6 -1t 0.6 v
Refresh time, trefresh 1 1 ms
Operating free-air temperature, T a —55 85 —55 85 [9

TThe algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage levels only.

electrical characteristics over full ranges of recommended operating conditions, Ta= —55°C to 85°C (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
VoH High-level output voltage lo=-2mA 24 Vce \
VoL Low-level output voltage lp=3.2mA Vss 0.4 )
Input current (all inputs except
Iy D P P Vi=0t05.25V 10 HA
chip enable)
11(CE) Chip-enable input current Vi=0t013.2V 2 A
. High-impedance-state (off-state) e e "
oz Vo=010525V 10 BA
output current
Icc Supply current from Vo 2 Series 74 TTL loads 1 mA
'op Supply current from Vpp VIH(CE) =126 V 30 80 mA
Ipp Supply current from Vpp, standby ViL(CE) =06V 20 200 HA
Average supply current from V
1DD(av) K 9¢ supply R bo Minimum cycle time 32 mA
during read or write cycle
Average supply current from V
'DDlav) . 9¢ supplv .r . °om Yob Minimum cycle time 32 mA
during read, modify write cycle
Vgg = MAXY, Vec =525V,
BB Supply current from Vgg 88 AX cc -5 -100 uA
Vpp =126V, Vgs =0V

TAll typical values are at T = 26°C.
¥MAX = ~3.3 V for TMS 4030; —5.5 V for TMS 4060.

capacitance at Vpp=12V,Vgg=0V, VBB = NOM,VCC =5V, VI(CE) =0V,V|=0V,f=1MHz,
Ta = —55°C to 85°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT
ci(ad) Input capacitance address inputs 5 7 pF
Ci(CE) Input capacitance clock input Vi(ce) = 108V '8 2 pF

Vilce) = -1V 23 27
Ci(CS) Input capacitance chip-select input a 6 oF
C; data) Input capacitance data input ry 8 pF
CI(R/V—V) Input capacitance read/write input 5 7 oF
Cy Output capacitance 5 7 oF

TAll typical values are at T4 = 25°C.
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TMS 4050 JR, SMC 4050 JR
4096-BIT RANDOM-ACCESS MEMORIES

recommended operating conditions

PARAMETER i MIN NOM MAX UNIT
Supply voltage, Vpp B o 14 12 126 v
Supply voltage, Vss ) \"
Supply voltage, Vgg —4.5 -5 -6.5 \
High-level input voltage, Vi lall inputs except chip enable) 2.2 5.5 v
High-evel chip-enable input voltage, V|H4(CE) Vpp —0.6 Vpp +1 v
Low-ievel input voltage, V| {all inputs except chip enable) —0.6f 0.6 \4
Low-level chip-enable input voltage, V| (CE) —1t 0.6 \
Refresh time, tygfresh 1 ms
Operating free-air temperature, Ta -55 85 °C

tThe algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage levels only.

electrical characteristics over full ranges of recommended operating conditions, Tp = —55°C to 85°C (unless

otherwise noted)

PARAMETER

TEST CONDITIONS MIN TYPt MAX UNIT
Vom High-level output voltage : " 9‘:::;:” ::‘\'Im'::m ’2;“ :m' 24 v
= 2. 10 5. =
VoL Low-evel output voltage LLad e ° el L =50ph Vss 04 v
oad = ries gate
loL Low-evel output current ::a - Q;Zra:“d maxnm\i/m acce:;)\r;)e, 5 mA
L = 50 pF, oL = 0.

) Input current (all inputs including '} v 061055V 10 A

! 1/0 except chip enable) 1 1= —~081t8. s
11(CE) Chip-enable input current [(Vi=-1t0 132V 10 KA
) Supply current from Vpp | Vinice) = 132V 35 80 mA
Ipp Supply current from Vpp, standby I VIL(CE) =06V 10 200 HA

Average supply current from Vpp X
| M imi
DDfav) during read or write cycle | inimum cycle timing 32 mA
Average supply current from Vpp - _
1 Mi ]
DD(av) during read, modify write cycle inimum cycle timing 32 mA
Vg =-55V, A\ =126V,
L,BB Supply current from Vgg v::- ov bo 5 100 wA
TAll typical values are at T = 26°C.
capacitance at VDD =12 V, Vss =0V, VBB =-5 V, Vl(CE) =0 V, Vl =0V,f=1 MHZ,
Tp = —55°C to 85°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
Ci{ad) Input capacitance address inputs 5 7 pF
. \ =12V 28
Ci(cE) Input capacitance clock input V::gE; oV ;3 - pF
E) =

CHR/V—V) Input capacitance read/write input 5 7 pF
C(1/0) /0 terminal capacitance 9 pF

TAll typical values are at T4 = 25°C.
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TMS 2501 JC, NC

LSl 64 x 5 x 7 STATIC USASCII CHARACTER GENERATOR

MAY 1975

® Organization ... 64 Characters of 35 Bits in a

5 x 7 Matrix
e Access Time ... 250 ns Typical

o Inputs and Outputs Fully TTL-Compatible

o Two Chip-Select Inputs
e 3-State Output Buffers for OR-Ties

e Row Output (Seven 5-Bit Rows in Sequence)

description

The TMS 2501 generates 64 USASCII characters for
driving a 5x 7 matrix display. All inputs can be
driven directly from Series 74 TTL circuits and the
3-state push-pull output buffers can drive Series 74
TTL circuits without external resistors. The 5-bit row
words appear on the odd-numbered outputs with 19
low and on the even-numbered outputs with 19 high.
Outputs O1 and 02, O3 and 04, ... 09 and 010
must be externally OR-tied in pairs. CS1 must be high
and CS2 low to enable the device.

Ve
o1

28

o7

010
Voo

24-PIN CERAMIC AND PLASTIC
DUAL-IN-LINE PACKAGES

(TOP VIEW)

gl
2[]
3(]
4[]
5[]
s ]
7]
8]
o]
10 [
11[

12[]

Du Vss
U N2z n

]z 12
Jz1 13
] 20 1
1w 18
[]1s 18

] 7o
Ow =
Jw 18
14 cs2
13 cs1

The TMS 2501 is offered in 24-pin ceramic (JC suffix) or 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

L
15

CHAR.
16 — ROW
i ACTER | MEMORY MATRIX
B SELECT SELECT
19—

[BUFFER

fe——s

0108060708
OUTPUTS:
01,02 (2040608010

000
——o0304 001
———05.06 010

on 7
[ J}—o07,08 100

101
[———o09.010 110

ROW SELECT

SIGNAL ON 11-13

1 = high = dot
0 = low = blank
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MosS TMS 4103 JC, NC.
LS| 64 x 5 x 7 STATIC USASCII CHARACTER GENERATOR
MAY 1975
® Organization ... 64 Characters of 35 Bits in a 28-PIN CERAMIC AND PLASTIC
5 x 7 Matrix DUAL-I?::;LNSI:"AV(,:KAGES
® Access Time ... 500 ns Typical
. o1 1 [] U 28 17
¢ Inputs and Outputs Fully TTL-Compatible E ]
NC 2 27 n
e 7-Bit Input Address
0z 3] 2 12
. Drai
Open-Drain Output Buffers NG 4 [ :] % 13
® Column Output (Five 7-Bit Columns in Sequence) 03 s [] [J2a s
Ne 6 (] Hz s
description o4 7 [] 2z ce
Ne 8 (] ]2 co
The TMS 4103 generates 64 USASCII characters for s 9] o cc
driving a 5x 7 matrix display. Output buffers are NC 10 E ] 9 cs
open-drain and are capable of driving Series 74 TTL o6 11 [ :] 18 CA
circuits without external resistors. All inputs can be NC 12 E ] 17 vgs
driven directly from Series 74 TTL circuits.
07 13 [] [J16 18
The five 7-bit column words appear on Q1 through Voo 14 ] 15 Vge
07 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 7.
The TMS 4103 is offered in 28-pin ceramic (JC suffix) or plastic (NC suffix) packages desngned for insertion in

mounting-hole rows an 6800-mil centers, The devices are

functional block diagram

cB cD
cA lcc

|
" — l— 01
12— |— 02
'3 — CHAR- COLUMN o3
14 — ] ACTER | MEMORY MATRIX seLect |PUFFERL—o4
15 — SELECT 05
16 — o
(CE) 17 — e

rized for operation fro o
characterized for operation from ~25 C 10 85 C.

COLUMN

SELECT

2E°N 1o QE°

OUTPUT

5

—o CAGBOCCDCE

TEXAS INSTRUMENTS

93



MOS TMS 4700 JL, NL
LSl 1024-WORD BY 8-BIT READ-ONLY MEMORY

BULLETIN NO. DL-S 7512273, MAY 1975

1024 x 8 Organization
24-PIN CERAMIC AND PLASTIC

All Inputs and Outputs TTL-Compatible DUAL-IN-LINE PACKAGES
Maximum Access Time . . . 450 ns (TOP VIEW)
ini i . n N
Minimum Cycle 1_'|r-ne ‘ 450 ns . E U D2s vee
e Typical Power Dissipation . .. 310 mW A 2 [ (23 a8
e 3-State Outputs for OR-Ties A5 3 g D22 ao
e Qutput Enable Control A 4[] ;21 Ves
e Silicon-Gate Technology A3 5 [: N0 OE
e 8-Bit Output for use in Microprocessor Az B E ] 19 Voo
Based Systems Al 7 l: % 18 OE2or OE2
_ A0 8 17 08
description [
o1 9] 116 o7
The TMS4700 JL, NL is an 8,192-bit read-only 0z 10 | []1s 06
memorv.organlz‘ed as 102{1 words of 8-bit Igjgth, The o3 1 [ ] 1 05
device is fabricated using N-channel silicon-gate -
technology for high speed and simple interface with Vss 12 [ ]13 04

bipolar circuits. All inputs can be driven by Series 74
TTL circuits with the use of external pull-up resistors
and each output can drive one Series 74 TTL circuit
without external resistors. The data outputs are three-state for OR-tieing multiple devices on a common bus. Two
output-enable controls, one customer programmable, allow data to be read. The option on 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 (NL 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 cycle time. The 10-bit positive-logic address is decoded on-chip to
select one of 1024 words of 8-bit length in the memory array. AQ is the least-significant bit and A9 the most-significant
bit of the word address.

output enable (OE1 and OE21)

OE1 is active when it is low. OE2 can be programmed, during mask fabrication, to be active with a high or a low level
input. When both output enables are active, all eight outputs are enabled and the eight-bit addressed word can be read.
When either output 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 controls 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 without external components.

tSymbol OE2 assumes output enable 2 is programmed active high. If active low, the symbol would be OE2

PRELIMINARY DATA SHEET

TEXAS INSTRUMENTS Supplementary data may be

published at a later date.
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TMS 4700 JL, NL
1024-WORD BY 8-BIT READ-ONLY MEMORY

functional block diagram

DATA QUTPUTS
01-08

EREEE

OE1
CHIP-SELECT LOGIC
oez — |
QUTPUT BUFFERS
—— v obecooer Y GATING
AO-AS
ADDRESS { — ]
INPUTS 1024 x 8
——  xDpecoper MEMORY MATRIX

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

Supply voltage, Ve (see Note 1)
Supply voltage, Vpp (see Note 1)
Supply voltage, Vgg (see Note 1)
Operating free-air temperature range
Storage temperature range

-03Vto20V
-03Vto20V
-03Vto20V

0°C to 70°C

—-55°C to0 126°C

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the normally most positive supply, Vgpg (substrate). Throughout

the remainder of this dat.

eet voltage vaiu

are with respect to Vgg.

*Stresses beyond those listed under “Absolute Maximum Ratings”’ may cause permanent damage to the device. This is a stress rating only and
functionsl operation of the device at these or any other conditions beyond those indi d in the "R
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for ex tended periods may affect device reliability.

recommended operating conditions

Operating Conditions’”

PARAMETER MIN NOM MAX UNIT
Supply voltage, Vgg —4.75 -5 -5.25 )
Supply voitage, Ve 4.75 5 6.25 \
Supply voltage, Vpp 1.4 12 12.6 v
Supply voltage, Vgg 0 v
High-level input voltage, Vi 3.3 Vee v
Low-level input voltage, V|| Vss 0.8 \
Read cycle time, t¢(rd) 430 ns
Output-enable rise time, t(OE1) and t (OE2) 10 20 ns
Output-enable fall time, t¢(QE 1) and t§(OE2) 10 20 ns
Operating free-air temperature, T o 0 70 °c

TEXAS 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 A= 0°C to 70°C

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT
VOH  High-level output voltage IoH =—1mA 3.7 \
VoL  Low-level output voltage loL=2mA 045 Vv
I Input current V|i=0to 6.5V 10 uA
igg Supply current from Vgg -0 mA
Icc Supply current from Ve Both output enables active 2 mA
Ipp Supply current from Vpp 25 mA
Pp Power dissipation 310 mW
T All typical values are at T 5 = 25°C and nominal voltages.
switching characteristics over recommended supply voltage ranges, Tp = 0°C to 70°C
PARAMETER TEST CONDITIONS MIN MAX UNIT
ta(ad) Access time from address 430 ns
13(OE1) Access time from output enable 1 CL =50 pF, 90 ns
ta(OE2) Access time from output enable 2 1 Series 74 TTL load 130 ns
tpxz  Output disable time from either chip enable 90 ns

voltage waveforms

Vin

te(rd)

ADDRESS, A0-A9
Vi

ADDRESS VALID

fa— tapEN) —

OUTPUT ENABLE, VIH

|

> |
OE1 [ | .
ViL | I
|
oe2 |
Vi — _2_ ______ - !
OUTPUT ENABLE, I /jf I
OE2/0E2
v, _OE2 | o _ I
I
l-—-—!a(oszn———bf
|
i —
VoH ¥
OUTPUTS, 01-08
HIZ STATE
Vou

NOTE: Timing points are 90% (high) and 10% (low).

~

DATA VALID }'
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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 memory in which the programming is performed by T at the factory during the
manufacturing cycle to the specific customer inputs supplied in the format shown. The device is organized as 1024 8-bit
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 logic before conversion to hexadecimal. O1 is considered the least-significant bit and O8 the
most-significant bit. For addresses AO 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.

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

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

CA*RI? COLUMN HEXADECIMAL INFORMATION
1 1-9 BLANK
10 : (ASCII character colon)
11-12 10 (specifies 16 words per card)
13 BLANK
14-16 Hex address of 1st word on 1st card (Oth word, address normally 000)
17-18 BLANK
19-20 Oth word in Hex
49-50 15th word in Hex
51-73 BLANK
64 1-9 BLANK
10 : (ASCII character colon)
11-12 10
13 BLANK
14-16 Hex address of 1st word on 64th card (1008th word, address normally 3F0)
17-18 BLANK
19-20 1008th word in Hex
49-50 1023rd word in Hex
51-73 BLANK

75
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PRELIMINARY
INFORMATION

TMS 4732

4k x 8 BIT STATIC READ ONLY MEMORY

The TMS 4732 is a 32k Read Only Memory specifically designed for microprocessor systems to meet the growing
need for large program memories. The device has been designed using N-channel Silicon Gate technology and has all

the inherent advantages of this technology.

The device is mask programmable by Texas Instruments from an 80 column card deck supplied by the user. The card
deck specifies the logic level of all 32k memory cells and the function of the two programmable chip-select inputs.

YA
A6 ]
As ]
A4 ]
A3 ]
A2 (]
A1 ]
Ao ]
01 [
02 []
03 []

vss []

[

™S
4732

M vee
] A8
[ A9
0 cst
[] cs2*
[ a0
[ an
[l os
o7
[ o6
[ os
[ oa

*or inverse (programmable)

Features
e 4k x 8 bit Static ROM
e Fully TTL Compatible
e Single 5 volt power supply operation
e High performance
450 ns Address access time
300 mW power dissipation

e 3-state outputs for simple system expansion

TENTATIVE DATA

This document provides tentative

TEXAS INSTRUMENTS oo rew oroauer

Tex3as Instruments reserves the right
to change specifications for this
product in any manner without notice.
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MosS TMS 4800 JL, NL
LSl 16384-BIT READ-ONLY MEMORY

BULLETIN NO, DL-S 7512260, MAY 1975

24-PIN CERAMIC AND PLASTIC

® 2048 x 8 or 4096 x 4 Organization DUAL-IN-LINE PACKAGES
o Total TTL-Compatibility (Top ViEW)
® Maximum Access Time . . . 700 ns vss 1[]le U 24 o1
e Minimum Cycle Time ... 1000 ns a1 2] s o
e Typical Power Dissipation . . . 450 mW A2 3 Jzz 02
o Open-Drain Output for Wire-OR Configurations A3 4 :]21 03
® 24-Pin 600-Mil Dual-in-Line Packages A4 5[: :]zo 04
[ iD-
Two Chip-Enable Controls A5 SE ],9 o5
description as  7(] 118 06
a0 8] 117 o7
The TMS 4809 JL, NL is a 16384-bit read-only Ve 9[ ]15 o8
memory, organized as either 2048 words of 8-bits or
4096 words of 4-bits. All inputs are TTL-compatible. A9 |0E 315 AN
The eight open-drain outputs must be connected by A8 ”E ]14 OE2
puli-down resistors to an external negative supply to
drive standard TTL circuits. Two output-enable A7 12[ ]13 AR
terminals allow each 2048 x 4-bit array to be read
independently as 4-bit words or simultaneously as
8-bit words.
Two devices can be OR-tied, with proper choice of programming on the output-enable terminals to be specified by the
customer. Addresses may change up to 50 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 shortening the device read-access time.
The TMS 4800 is designed with P-channel enhancement-type technology for high-density, fixed-memory applications
such as logic function generation and microprogramming. This ROM is supplied in a ceramic (JL suffix) or plastic (NL
suffix) 24-pin package designed for insertion 1n mounting-hole rows on 600-mil centers.
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
before and after AR goes low, since enabled outputs latch during the cycle.

address (A1-A11)

Any of the 2048-word addresses are selected by an 11-bit positive-logic binary word, A1 being 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 (OE1 and OE2)

The ROM consists of two side-by-side 2048-word-by-4-bit arrays. OE1 enables output terminals O1 through O4 and
OE2 outputs O5 through O8 with the two arrays being enabled independently. The user may choose any of four
combinations by enabling with either a low or high level on OE1 or OE2. To read 8-bit words with a single address,
both OE1 and OE2 must be enabled. For 8-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 terminals,

PRELIMINARY DATA SHEET:

Supplementary data may be TeExAs INSTRUMENTS

published at a later date.
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TMS 4800 JL, NL
16384-BIT READ-ONLY MEMORY

operation (continued)

Qutput terminals on a single device are OR-tied for a 4096-word x 4-bit organization as follows: O1 to 05; 02 to 06;
03 to 07; and 04 to O8. Since the OE1 and OE2 inputs latch internally, the enable signals may change before or
during the output data-valid interval. For additional information on OR-ties, see the section on Expanded Memory
Configurations.

data out (01-08)

Outputs O1 through O4 are enabled by OE1 with outputs O5 through O8 enabled by OE2. Qutput transistors are
open-drain and compatible with TTL circuits when connected to an external negative supply through a puli-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 stored. If devices are OR-tied, an enabled output should
be read before AR goes low in order to distinguish a stored high from a high coming from the OR-tied disabled output.
Because the outputs latch, data on an enabled output remains valid until the next rise of the AR clock.

functional block diagram

Vag OE1
AR * 5
Al o1
w
A2 w 5 z 02
[} £ >
A3 8 5z 03
A4 I 2 )
5 S o
A5 2 -
26 8 < 2048 x 8
c 5 MEMORY MATRIX
A7 g
2 3 o5
v 2 : 5 ¢ s
w
A9 E Y )
A10 < 3 °
an o8

Ves OE2

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

Supply voltage, Vg (see Note 1) e e e e -20t0 03V
All input voltages (see Note 1) Y —-20t0 0.3V
Operating free-air temperature range . . . . . . . . . . . . . . . . .0ctr0C
Storage temperature range L —55°C to 150°C

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

*COMMENT: Stresses beyond those listed under ‘“Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress

rating only and functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating

Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect

device reliability,

TEXAS INSTRUMENTS
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TMS 4800 JL, NL
16384-BIT READ-ONLY MEMORY

recommended operating conditions

[ pamameTER
| Supply voitage, Vgg

" Supply voltage, VGG

i High-l Lnr)pu\ XQE?Q‘L&I}L@J;‘”““'iv

- }' MIN  NOM  MAX |UNIT |

vel input voltage, V| (all inputs) (se;N&;?)' o
Read cycle time, t¢(rd)

Pulse width, address read high, t, (ARH)

Pulse width, address read low, ty,(ARL)

Address-read rise time, t (AR)

Address-read fall time, t4(AR)

Address-read-high-to-address delay time, tq(ARH-ad)

Address-read-high-to-output-enable delay time, td(ARH-OE)

Address hold time, th(ad)
Output-enable hold time, th(QE)
Operating free-air temperature, Ta

NOTE 2. The algebraic convention where the most positive limit is designated as maximum is used in this data sheet for logic voltage levels only.

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

f PARAMETER T TEST CONDITIONS 1 mn TRt max JuwiT]
tv{,H  High-evel output voltage | I0H = 24 mA - 25 [ v
[ loL Low-level output current | VoL =04V | ] 50 KA
M Input current fall inputs) | V) = Vgg ] ! - 1| uA
i 1ss Supply current from Vgg | } 29 40 | mA
L'GG Supply current from Vgg l . o i . f29 -40 : mA

TAll typical values are at T4 = 25°C.

switching characteristics over recommended supply voltage range, Tp = 0°C to 70°C (unless otherwise noted)

™

. — -
PARAMETER | N TYPE  MAX
tafad) Access time from address _ \ t’_>§0 700<
Propagation delay time, low-to-high level output from |
tPLH | ns
. 2ddressread (output disabled) - S S—
tpp Propagation delay time from address read to data valid 750 | ns |

$Typical values are measured at Vgg = 5V, Vgg = ~12 V, and T = 25'C.

NOTES: 3. Enabled outputs remain valid until next AR pulse, Disabled outputs may be considered valid until 200 ns after the high-to-low
transition of AR
4. All rise and fall times are <20 ns.

7%
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TMS 4800 JL, NL
16384-BIT READ-ONLY MEMORY

voltage waveforms

oty ——————————

: tw(ARH) |
[e—tw(ARL)
ADDRESS READ, AR | |
— h— tr(AR) »—»‘ la— tf(AR)
re—td(ARH-ad) )
S
ADDRESS, A0—-A11 DON'T CARE VALID DON'T CARE:

[@—1— th(ad) —~
td(ARH-OE)

|

VAVAVAY Y
OUTPUT ENABLE, OE1 OR OE2 \/D{’/N\'; C\’;RE VALID DON'T CARE

th(OE)
‘_I:—'—Poj :

“1" STORED
OUTPUT, 01-08, ENABLED \ VALID
“0” STORED
f*—tpLH
jﬁl'mi

OUTPUT, 01-08, DISABLED

0" STORED
EXPANDED READ-ONLY MEMORY CONFIGURATIONS
8K x4 4K x 8
OE1
- o 1 oe1
o1 —)3
. r
. >z o1
04 » cm . o
@ . >
. 5
os | . © Z
. L J . c m
. — . @
o8 o8
- 7
OE2
oF OE2
OE3
— OE3
o1
. o1 —
s Hte =
.
os ] '
o8 [ o8
" oEa D - Disable
E — Enable
worps | oe1 | ok2 | oe3 | oes
0-2048 3 [} o [3)
2049-4096 o 3 o D
4097-6144 o D E o
6145-8192 D D o] E NOTE: One device programmed to enable with OE1 = OE2 = 1

Other device programmed to enable with OE1 = OE2 =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 factory during
the manufacturing cycle, to the specific customer inputs supplied in the format shown. The device is organized so that it
can be used for storing either 2048 words of 8 bits or 4096 words of 4 bits. Words of 8- or 4-bit lengths are read by
proper enable levels on OE1 and OE2. Output O1 is the least-significant bit in an 8-bit word, O5 and O1 in 4-bit words.
All addresses and stored words in either organization are coded in octal. Any address up to 2048 can be written as a
4-digit octal number. Any 8-bit binary word can be converted to a 3-bit octal number. In coding, all binary words must
be in positive logic and right justified before conversion to octal.

Every card must include the following coded information.
Column 73—0E1 enable code
Column 74—0E2 enable code
Columns 7680 — TI CUSTOM DEVICE NUMBER ZAXXXX (4-DIGIT NUMBER ASSIGNED BY Tl)

The output enable (OE) option is programmed on the chip with the customer pattern. A high voltage level enable is

specified by a “1"" in columns 73 or 74, a low voltage level enable by a “*0”’.

2048-word by 8-bits

Code deck format —

Card Column Qctal Information
1 1-4 Octal address (N) of 1st output word on 1st card
5-7 1st stored 8-bit word (in octal)
8-10 2nd stored 8-bit word (in octal)
50-52 16th stored 8-bit word (in octal)
2 1-4 Octal address (N + 16) of 15t output word on 2nd card
5-7 17th stored 8-bit word
50-52 32nd stored 8-bit word
128 1-4 Octal address (N + 2032) of 1st output word on 128th card
5-7 2033rd stored 8-bit word
50-52 2048th stored 8-bit word

4096-word by 4-bits

Terminals OE1 and OE2 independently enable outputs O1-04 and 05-08. Each enable terminal can be programmed to
enable with a high or low fevel input.

To read only 4 bits simultaneously from either set of output terminals, the stored information must be coded as an
8-bit positive logic binary word converted to octal. Each 4-bit binary word is right justified before forming the 8-bit
word. In coding, words 1 and 2049, 2 and 2050, . . . and 2048 and 4096 are combined (O8-O5 on the left of 04-01) as
8-bit words and converted to octal as in the case of the 2048 by 8 coding instructions. This coding format also requires
128 cards with 16 octal words (32 4-bit binary words) per card.
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TMS 4800 JL, NL
16384-BIT READ-ONLY MEMORY

OUTPUT INTERFACE

single resistor TTL interface MOS interface

VGG = 12 V NOM VGG = -12 V NOM

5
i %m TTL l SR
DO1
) DD'“‘ DO1

o
i
;||—)rt- -

t‘TL it
|||..?’!\_
|_
(]

Vss = 6 V NOM Vgs = 6 V NOM
R1=6.8kQ R1=12kQ
C1=15pF C1=10pF

MAX TTL FAN-OUT =1

TYPICAL CHARACTERISTICS

ACCESS TIME vs TEMPERATURE SUPPLY CURRENT vs TEMPERATURE
750 45
T 1 z
2 MAXIMUM MAXIMUM }
[ 700 < 40 ;
1
g ; | |
g ! L |
° 3 |
3 650 o / R B e e S
£ 5 | |
= < i TYPICAL
2 600 -~ Z 30 ;
E P : e S
w
2 YPI ‘ —
£ 550 /___ TYPICAL " . ‘
£ / l 4 | ‘ r
L i | o ; i 3
3 500 ! | Dot
R | tsu(ad) = 50 ns
| 1 s
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
TA — Free-Air Temperature — °C Tp — Free-Air Temperature — °c
575
11 cannot assume any responsibility for any (ircuits shown
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MOS TMS 3112 JC, NC;
LSl HEX 32-BIT STATIC SHIFT REGISTER

® DC to 2-MHz Operation CERAMIC AND PLASTIC
e Static Configuration DUAL IN-LINE PACKAGES
® Single TTL-Compatible Clock T™S 3112
® Inputs and Outputs are Fully (TOP VIEW)
TTL-Compatible wpuTa 1 [ 24 INPUT 3
® Single-Ended (Open-Drain) Buffers INPUTE 2 [ 23 meur2
®  On-Chip Recirculate Logic INPUTE 3 g [ 22 meurs
e Gated-Output Control No connecTion 4 [] [] 21 no connecTion
Power Supplies.. .5V, —-12V Rec conTroL s [] D20 vss
e MOS Low-Threshold Ves 6 [] [] 19 NO cONNECTION
P-Channel Technology crock 7 (] [] 18 outpuT conTROL
oureuts 8 [ [J17 outeurs
NO CONNECTION 9 [] [] %6 No connEcTION
description NO CONNECTION 10 E [} 15 No connECTION
The TMS 3112, is a 6-channel by 32-bit shift outPuTS M L: [ e oureur
register on a single monolithic chip with separate outPUT 4 1z | ] 13 outPuT3

inputs and outputs and a common recirculate
control. The TMS 3112 features a common
output gating control. The clock and all inputs
can be driven directly from Series 74 TTL
circuits and all outputs are capable of driving one
Series 74 TTL circuit.

Cross-coupled inverters (flip-flops) are employed to
implement each bit storage location. This static
design aliows input data rates from dc to 2 MHz and
long-term data storage

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

The TMS 3112 is offered in 24-pin dual-in-line
ceramic (JC suffix) or plastic (NC suffix) packages
This device is characterized for operation from
—25°C to 85°C

applications

The TMS 3112, can be used in printers, terminals,
and peripheral (IBM System 3) applications
where 32, bits of serial storage are needed.
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TMS 312 JC, NC;
HEX 32-BIT STATIC SHIFT REGISTER

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.
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 high. The recirculate control level
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 low. During recirculation, data is continuously 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

OUTPUT GATING CONTROL RECIRCULATE | INPUT | FUNCTION
H L Recirculate
H H Recirculate
L L L is written
L H H is written

H = high level
L = low level

RECIRCULATE cLock vee
CONTROL

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

Supply voltage, Vg (see Note 1) . . . ... .. ... ... . . . ... =20Vi003V
Clock input voltage (seeNote 1) . . . . . . . . . . . . . . . . . . . . . =20Vto03V
Data input voitage (see Note i) O A AR R AT
Operating free-air temperature range . . . . . . . . . . . . . ... -25°C 10 85°C
Storage temperature range . . . . . .o . . . . . . —-56°Cto150°C

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the normally most-positive supply, Vgg (substrate). Throughout
the remainder of this data sheet voltage values are with respect to a floating ground

*Comment: Stresses beyond those listed under *‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating

only and functional operation of the device at these or any other conditions beyond those indicated in the '‘Recommended Operating

Conditions'’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect

device reliability.
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TMS 3112 JC, NC;
HEX 32-BIT STATIC SHIFT REGISTER

recommended operating conditions

PARAMETER MIN NOM MAX UNIT
Supply voltage, VGG B o —11 12 13 v
Supply voltage, Vgs 4.75 5 5.25 \"
High-level input voltage, Vi T vgs —1.3 Vss v
High-level clock voltage, V1 (g) Vgs —1.3 Vss N
Low-level input voltage, V| Vss —4 \
Low-level clock voltage, Vi () Vss —4 v
Clock pulse transition time, low-to-high-level, tT|_H () 5000 ns
Clock pulse transition time, high-to-low-level, tT (¢) 5000 ns
Pulse width, clock high, ty(gH) 300 - ns
Pulse width, clock low, ty(eL ) 150 50000 ns
Recirculate pulse width, ty(rec) 250 ns
Data setup time, tgy(da) 60 ns
Recirculate setup time, tg(rec) o T 120 ns
Data hold time, th(da) 60 ns
Recirculate hold time, th(ec) 100 ns
Clock frequency, fo 1] 2 MHz
Operating free-air temperature, Ta -25 85 °c

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

PARAMETER TEST CONDITIONS MIN Typ! MAX UNIT
VoH  Highdevel outputvoltage | RL = 7.5k to Vag Vss -1 v
VoL  Low-level output voltage AL =75k o Vg6, 0.6 v

loL = —1.6mA
[ Input current (all inputs) vi=0v —~500 nA
L Supply current from V Load = 1 TTL gate (see Note 2), 15 _28 A
GG upply curre! GG f=1MHz, Ta=25°C
I Supply current from V. Load = 1 TTL gate (see Note 2. 25 30 mA
S PelY ss f=1MHz, Tp=25°C
Pp Power dissipation Load = 1 TTL gate (see No"}" 425 500 mw
| f=1MHz, _ Tp=28C

C; Input capacitance, all inputs except clock | V| = Vgg. f=1MHz 5 7 pF
Cie)  Clock input capacitance Vig) = Vss.  f=1MHz 6 7 pF

tAll typical values are at T4 = 25°C.
NOTE 2: For final test purposes, a worst-case TTL load is simulated by a losd of 2.7 k{2 and a capacitance of 10 pF,

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

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT

Propagation delay time, low-to-high-

tPLH 92 350 440 ns
level output from clock R = 7.5k to VGG,
Propagation delay time, high-to-low- CL =70 pF

tPHL 92 9 L 350 440 ns
level output from clock

n S

Propagation delay time, low-to-high-

tPLH o v 180 250 ns
level output from output control RL = 7.5k to VGG,
Propagation delay time, high-to-low- CL =70 pF

PHL o L 180 250 ns
level output from output control

TAll typical values are at T = 25°C.
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TMS 3112 JC, NC;
HEX 32-BIT STATIC SHIFT REGISTER

voltage waveforms

ViH(o)
CLOCK INPUT

ViLie)

ViH
DATA INPUT

Vie

v
RECIRCULATE tH
CONTROL

Vi

ViH
GATE OUTPUT
CONTROL

ViL

VoH
DATA OUTPUT

Vou

NOTE: Measurements are made at 90% (high) and 10% (low) timing points.
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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 75612262, MAY 1975

¢ DC to 2-MHz Operation 16-PIN CERAMIC AND PLASTIC
. . . DUAL-IN-LINE PACKAGES
® Static Configuration (TOP VIEW)
¢ Single TTL-Compatible Clock
¢ Inputs and Outputs Fully TTL-Comjpatible No Connection 1 m E] 16 No Connection
o i . .
On-Chip Recirculate Logic putA 2 E _F_l 15 input B
e Power Supplies...5V,—-12V
e Low-Threshold Technology RecInput A 3 E :'] 14 Rec Input B
Rec Control A 4 E E 13 Rec Control B
description Output A 5§ E E] 12 Output B
The TMS 3113 JC, NC and TMS 3114 JC, NC are voo 6 [g o] 11 vee
dual static shift registers with independent input,
output, and recirculate controls for each register. A Vss 7 E ﬂ 10 No Connection
single-phase clock is common to both registers. The X
clock and all inputs can be driven from Series 74 TTL No Connection 8 [u“ EJ 9 Clock Input E
circuits and each output can drive one Series 74 TTL
circuit.

Three clocks are generated internally. Cross-coupled inverters (flip-flops) are employed to implement each bit storage
location. This static design allows data rates from dc to 2 MHz and long-term data storage.

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

The TMS 3113 and TMS 3114 are offered in 16-pin dual-in-line ceramic (JC suffix) or plastic (NC suffix) packages
desianed for insertion in mounting-hole rows on 300 mil centers. These devices are characterized for operation from
-25°C 10 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.
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.

Data recirculation is accomplished by externally connecting each output to the corresponding input. Recirculate occurs
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 a minimum time after the transition. Data is entered with the recirculate
control low. During recirculation, data is continuously available at the outputs and data inputs are inhibited.
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TMS 3113 JC, NC; TMS 3114 JC, NC
DUAL 133-, 128-BIT STATIC SHIFT REGISTERS

functional block diagram Vae

f_""__'_—___l_—______—j
REC INPUT A
REC CONTROL A v !

| 1

REGISTER A OUTPUT A
[ |
INPUT A |
REC INPUT B ! !
REC CONTROL B |
| REGISTERB |——L — outpuTB
1 |
INPUT B ? J |
! INTERNAL CLOCK !
| GENERATOR |
L__________I__-_ — __T____J
/ Vpp CLOCK INPUT Vss
absolute maximum rat#ngs over operating free-air temperature range (unless otherwise noted)*
Supply voltage Vpp (see Note 1) —-6V1t003V
Supply voltage Vg (see Note 1) —-20V 1003V
Clock input voltage (see Note 1) -15Vt0 0.3V
Data input voltage (see Note 1) =15V t0 03V

Operating free-air temperature range
Storage temperature range . . .

the remainder of this data sheet voltage values al

—25°C 10 85°C
—-55°C to 150°C

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the normally most-positive supply, Vgg (substrate). Throughout

re with respect to Vpp.

*Comment: Stresses beyond those listed under ‘*Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating
only and functionai operation of the device at these or any other conditions beyond those indicated in the ‘"Recommended Operating
Conditions’" section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect

device reliability.

recommended operating conditions

PARAMETER - MIN _ NOM  MAX | UNIT |
Supply voltage, Vpp ] \Y%
Supply voltage, VGG - T -11 :127 -13 \Y
Supply voltage, Vss T | Tans 5 525 v
High-level input voltage, V 1y T - B v
High-level clock input voltage, ViH (o) >* s v
Low-level input voltage, V| 0.6 v
Low-level clock input voltage, Vi (¢) 0.6 \
Clock pulse transition time, low-to-high-level, tT| H(g) 0.02 5 us
Clock pulse transition time, high-to-low-level, tTH} (¢) 0.02 5 us
Puise width, clock high, ty(¢H) 330 L] ns
Pulse width, clock low, twigL) 130 50000 ns
Data setup time, tsy(da) 100 ns
Recirculate setup time, tg(rec) 100 ns
Data hold time, th(da) I ns
Recirculate hold time, th (rec) 150 ‘ ns
Clock frequency, fo _ o ] o i 2 MHz
Operating free-air temperature, T T o —-25 » B 85 L
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TMS 313 JC, NC; TMS 3114 JC, NC
DUAL 133-, 128-BIT STATIC SHIFT REGISTERS

electrical characteristics under nominal operating conditions, Ta= —25°C to 85°C (unless otherwise noted)

PARAMETER _ TEST CONDITIONS MIN TYPT MAX UNIT
VoH High-leve! output voltage o | 'oH=02mA 4 \4
VoL  Low-level output voltage loL = 1.6 mA 0.5 \
1 Input current (all inputs) V=06V —500 nA
1GG Supply current from VGG Load = 1 TTL gate (see Note 2) -17 mA
Iss Supply current from Vgg Load = 1 TTL gate (see Note 2) 32 mA
Pp Power dissipation "1 Coad = 1 TTL gate (see Note 2) 360 mW
Ci Input capacitance, all inputs except clock ] V=5V, f=1MHz 8 12 pF
Cilp) Clock input capacitance V”Q) =5V, f=1MHz 9 13 pF

T All typical values are at T4 = 25°C.
NOTE 2: For final test purposes, a worst-case TTL load is simulated by a load of 2.7 k§2 and a capacitance of 10 pF.

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

PARAMETER TEST CONDITIONS MIN TYet MAX UNIT
Propagation delay time, low-to-high-levei 1 Series 74 TTL Load + 10 pF
PLH output from clock OR 300 350 "
Propagation delay time, high-to-low-level 10 MQ + 10 pF (MOS Load)
'PHL output from clock (see Note 3) 300 350 "

Al typical values are at T4 = 25°C.
NOTE 3: For final test purposes, a worst-case TTL load is simulated by a load of 2.7 k{2 and a capacitance of 10 pF. A worst-case MOS load is
simulated by a load of 10 M§2 and 10 pF. All loads are connected between output and Vgg.

voltage waveforms

‘TLH(@)—.I l‘— —Fl "—'muo)

ViH(e) ‘E—ﬁ&
50% /
cLOCK ‘w(leD' tw(om
ViL(e)

'su(da) th(da)
Vin —_—— - ————— e = — -
DATA INPUT
ViL
ViH
RECIRCULATE
CONTROL
ViL
VoH
DATA OUTPUT
VoL

NOTE: Timing points are at 90% (high) and 10% (low) unless otherwise noted
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MOS - TMS 3120 JC, NC; TMS 3121 JC, NC
LSI QUADRUPLE 80-, 64-BIT STATIC SHIFT REGISTERS

BULLETIN NO. DL-S 7512267, MAY 1975

descr

e DC to 2.5-MHz Operation
e Static Configuration

16-PIN CERAMIC AND PLASTIC
DUAL-IN-LINE PACKAGES

(TOP VIEW)
e Single TTL-Compatible Clock b
. 0
e |nputs and Outputs Fully TTL-Compatible ouTa 1 8 16 Vss
o  Push-Pull Output Buffers RECA 2 |0 El] 15 IND
e On-Chip Recirculate Logic INA 3 E E] 14 RECD
e Power Supplies...5V,—-12V
ouTB 4 E E]':a ouTD
e Low-Threshold MOS Technology
RECB 5 E El 12 vgg
INB 6 E EI 11 CLOCK
outc 7 E :Iil 10 INC
Vee 8 E 0} 9 RECC
iption

The TMS 3120 and TMS 3121 are quad 80-bit and quad 64-bit shift registers with independent inputs, outputs, and
recirculate controls for each register. A single-phase clock is common to all registers. The clock and data inputs can be
driven from Series 74 TTL circuits and the push-pull output buffers can drive one TTL load or low-level MOS loads
without external pull-up resistors.

Cross-coupled 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.

P-channel enhancement-type low-threshold processing has been employed to reduce power dissipation and provide
simple interface with bipolar circuits.

The TMS 3120 and TMS 3121 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 3120 can be used in card punch, key-to-tape, key-to-disk, printer, and CRT display equipment for both 40-
and 80-column applications. The TMS 3121 is used in general purpose buffer memories.

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 a minimum time before the high-to-low 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 output levels.

Recirculate occurs on the high-to-low clock transition with the recirculate control high. 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 low. During recirculation, data is continuously available at the output 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

Vs
|
L
(H
-
N-Bit our o

Register

“

L]
Clock
froex
|

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

Supply voltage, Vpp (see Note 1) . . . . ... . . . . . . . . . . .. =20Vvw03V
Supply voltage, VG (see Note 1) L. . .. .. .. . . . . . . . . . . . “20Vt003V
Clock input voltage (see Note 1) . . . . . . . . . . . . . . . . . ... -20Vt0 0.3V
Data input voltage (see Note 1) ... . . . . . . . . . . . . . . . . . . =20Vt003V
Operating free-air temperature range . . . . . . . . . . . . ... —25°Cto 85°C
Storage temperaturerange . . . . . . . . . . . . . . . . . . . . . . . -55°Cto150°C

1: Under absolute maximum ratings, voltage vatues are with respect to the normaliy most-positive supply, Vgg (substrate). Thraughout
the remainder of this data sheet voltage values are with respect to Vpp.

*Comment: Stresses beyond those listed under "' Ahsolute Maximum Ratings” may cause Perinaneini Jaiage Lo the device. This is a stress rating
only and functional operation of the device at these or any other conditions beyond those in the " d Operating
Conditions’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect
device reliability.

recommended operating conditions

PARAMETER - ] "mN noMm wmax__JuwniT
Supply voltage, Vpp B 0 Vv
Supply voltage, VGG T o --11 ———T{ -13 N
Supply voltage, Vss T T ars 5 525 v
High-level input voltage, Vi T vss e v
High-level clock input voltage, V|H@ ____iVss -1.6 : v
Low-level input voltage, V| - T T 0.8 5 \
[ Low-level clock input voltage, Vit (o) o T : j km " o8 \
["Clock pulse transition time, low-to-high-level, tT| H(p) 10 us
Clock pulse transition time, high-to-low-level, tTH () B N 10 us
Pulse width, clock high, tw(gH) S | 200 100000 ns
Pulse width, clock low, tw(pL) 200 e ns
Data setup time, tgy (da) 190 ns
Recirculate setup time, ts(rec) i 190 ns
Data hold time, th{da) 90 ns
Recirculate hold time, th(rec) 90 ns

Clock frequency, l¢ (see Note 2) T i“d o - l i i o o . 25 MHz
Operating free-air temperature, T e L ”7785 °C

NOTE 2: For cascading, data input frequency = 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, T = —25°C to 85°C (unless otherwise noted)

PARAMETER TEST CONDITIONS [ MmN TYPt  max  [UNIT
VoH  High-level output voltage lon = 100 kA Vgs —1 Vgs —0.5 \
VoL Low-level output voltage loL=1.6mA 0.2 0.4 \
Iy Input current (all inputs) V=0 0.1 LA
, Suppl ¢ v Load = 1 TTL gate (see Note 3) 10 15 A
current from - _ m
GG SupPlv GG f=1MHz, Ta=25°C
, Suppl ¢ from V Load = 1 TTL gate {see Note 3) 0 35 A
current froi m
SS upPlY Ss . f=1MHz,  Tp=25C
P P gissipati Load = 1 TTL gate (see Note 3) 5 W
tion
D 'ower dissipatio f=1MHz, Ta= 26°C 35 m
G Input capacitance, all inputs except clock Vi = Vsg, f=1MHz 5 pF
Ciw) Clock input capacitance VI(M =Vss., f=1MHz 5 pF
TAll typical values are at Tp = 25°C.
NOTE 3: For test purposes, a TTL load is simulated by a load of 2.7 k{2 and 20 pF between the output and Vgg.
switching characteristics under nominal operating conditions, Tp = —25°C t0 85°C
PARAMETER TEST CONDITIONS MIN MAX UNIT
Pr ion delay time, | to-high-level
tPLH . 100 400 ns
output from clock 1 Series 74 TTL Load + 10 pF
Propagation delay time, high-to-low-level (see Note 4)
TPPHL 100 400 ns
output from clock
Propagation delay time, high-to-low-level
oy P v time, high-to-low Ry = 10 MQ2, 100 300 ns
output from clock
- - - Cy = 10 pF (MOS Load),
Pr delay time, | to-high-level
tPHL (see Note 4) 100 300 ns
output from clock

NOTE 4: For final test purposes, a worst-case TTL load is simulated by a load of 2.7 k§2 and a capacitance of 10 pF. A worst<ase MOS load is

simulated by a load of 10 MS2 and 10 pF. All loads are connected between output and Vgg.

voltage waveforms
ViH()
tnu(wi—’l le—tTHL(g)
cLock |/ e—twioHl— X le—tyy(or)—d

ViLie)
ViH
INPUT DATA

ViL

ViH

RECIRCULATE CONTROL

Vi
tPLH OF tPHL
VoH —_——— e - -
OUTPUT DATA |
/
VOL e e e e e e e —_——

NOTE: For the clock input and output data, timing points are 90% (high) and 10% (low). All other timing points are at 50%
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Mos TMS 3127, 3128, 3129, 3130, 3132 LC, NC
e DUAL 100-, 128-, 132-, 13-, 144-BIT
' STATIC SHIFT REGISTERS

MAY 1975

e DC to 2.5-MHz Operation
® Static Configuration

. . 8-PIN PLASTIC DUAL-IN-LINE PACKAGE
® Single TTL-Compatible Clock

(TOP VIEW)
® Inputs and Outputs Fully TTL-Compatible
®  Push-Pull Output Buffers REC  1[0] . E 8 vgg
® On-Chip Recirculate Logic INT 2 E El 7 IN2
e Power Supplies... 5V, -12V out1 3fg] E] 6 ouT2
® Seven Standard Bit Lengths vae 4[] 0]5 cLock

description

This series is a family of MOS dual static shift
registers. These circuits are monolithically
constructed by use of thick-oxide techniques and
P-channel enhancement-type transistors, which allow
TTL-compatibility for ease of system design.

An on-chip clock generator provides three internal

phases from a single external TTL-level clock. All

inputs including the low-capacitance clock can be

driven directly from Series 74 TTL circuits without

the need for pull-up resistors. The push-pull outputs

are compatible with Series 74 TTL and have a fan-out

capability of one TTL load. A current fimiter has been incorporated in the output buffers to reduce power dissipation
when driving bipolar logic. No external components are needed for TTL interface.

Cross-coupled 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 has been incorporated on the chip to
simplify system design.

These devices are offered in the 8-pin dual-in-line plastic package (suffix NC). The 8-pin dual-in-line package
is designed for insertion in mounting-hole rows on 300-mil centers. These devices 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 memories, and
CRT refresh memories.

operation

Transfer of data into and out of the shift registers occurs on the low-to-high transition of the clock. Input data must be
set up a minimum time before 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 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.
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TMS 3127, 3128, 3129, 3130, 3132 LC, NC
DUAL 100-, 128-, 132-, 133-, 144-BIT STATIC SHIFT REGISTERS

functional block diagram

FTT TS T ST ST T T T T T 1

l 1

| |

[ PUSH- !
i PULL L ouT 1

i BUFFER |

INT T :

I

cLocK + cLOCK |

| GENERATOR |

L |

N2 [ PUSH- I
N BIT REGISTER PULL - ouT 2

: BUFFER !

|

i )

! 1

[ L ________________________ 4

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

Supply voltage, Vg (see Note 1) .. ... . . . . . . . . . . . . . . =20Vvw003V
Clock input voltage (see Note 1) . . . . . . . . . . . . . . . . . . . . . =20Vto03V
Data input voltage (see Note 1) s -20V 1003V
Operating free-air temperature range . . . . . . . . . . . . . ... = 25°C to 85°C
Storage temperaturerange . . . . . . . . . . . . . . . . . . . . . . . -58"Cto150°C

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the normally most-positive supply, Vgg (substrate), Throughout
the remainder of this data sheet voitage values are with respect to a floating ground

*Comment: Stresses beyond those listed under “'Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating

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

€onditions’ section of this specification is not imolied. Exposure to absolute-maximum-rated conditions for extended periods may affect

device reliability.

recommended operating conditions

PARAMETER o ] - | MmN Nom  max [ UNIT ]
[ suppty voltage, Vg -1 —12 -13 [ v
| Supely voltage. Vs 45 5 85 v

High-level input voltage, VH

Low-level input voltage, Vi

Clock pulse transition time; low-to-high level, tT_H(s)

Clock pulse transition time, high-to-low level, tTH | (3)

| Pulse width, clock high, tw(pH)

Pulse width, clock low, ty (L)

{ Recirculate pulse width, ty(rec)

Data setup time, tg,,(da)

i Recirculate setup time, tgy(rec)

: Data hold time, th(da)
¢ hida)
L Recirculate hold time, th(rec)
Clock frequency, 'o

Operating free-air temperature, T o
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DUAL 100-, 128-, 132-, 133-, 144-BIT STATIC SHIFT REGISTERS

TMS 3127, 3128, 3129, 3130, 3132 LC, NC

electrical characteristics under nominal operating conditions, TA = —-25°C to 85°C

{unless otherwise noted)

" TEST CONDITIONS |

PARAMETER MIN Typt MAX UNIT
| Von  High-level output voltage fon =0.2mA 4 \
Voo Low-level output voltage loL = 1.6 mA 04 \4
1 Input current (all inputs) V| =08V —500 nA
los Short-circuit output current Vo=0V, Vgg=-11V —10 mA
Jefe) Supply current from VGG f=2.5MHz, 1 TTL load (see Note 2) -22 -30 mA
Pp Power dissipation t=2.5MHz, 1 TTL load (see Note 2) 374 510 mw
Input capacitance, all inputs [
1 Gy i P Vi=5V, =1 MHz 35 5 pF
| except clock i
.
E(o) Clock input capacitance LV”O) =5V, f=1MHz 35 5 pF
T All typical values are at Tp = 25°C
NOTE 2 For test purposes, a TTL l0ad is simulated by a load of 2.7 k§2 and 20 pF between the output and Vgg
switching characteristics under nominal operating conditions, Ta= —25°C to 85°C
[ PARAMETER TEST CONDITIONS MIN max_ Junit
] Propagation delay time, low-to-high-
PLH 250 ns
level output from clock
- Load = 1 TTL gate (see Note 3)
Propagation delay time, high-to-low-
PHL 250 ns
level output from clock

NOTE 3: For test purposes, a TTL load is simulated by a l0ad of 2.7 k2 and 20 pF between the output and Vgg.

voltage waveforms

NOTE

ViKio)
CLOCK

Vitte)

tsu(da)

Vin - -
INPUT DATA

ViL

ViK
RECIRCULATE
CONTROL

ViL

VoH
OUTPUT DATA

Voi

fe-ol— thida)

|
I ‘wlwu{'ﬁ

e —— ===

0{ }-—l—i—‘muo)
:u%;'n_u(al

All timing measurements are made at 10% or 90% points

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
N ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE
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Mos TMS 3409 JC, NC; TMS 3417 JC, NC
LSI QUADRUPLE 80-, 64-BIT DYNAMIC SHIFT REGISTERS

BULLETIN NO. DL-5 7512266, MAY 1975

o 10-kHz to 5-MHz Operation 16-PIN CERAMIC AND PLASTIC
. . . DUAL-IN-LI
e Dynamic Configuration VAL (T;:‘SIZC‘I‘:”GES
e Single TTL-Compatible Clock
e Inputs and Outputs Fully TTL-Compatible outT A 1|0 U E] 16 Vgg
e On-Chip Recirculate Logic RECA 20 E 15 IND
e Power Supplies...5V,-12V
) INA 3 E E' 14 RECD
e MOS Low-Threshold Self-Aligned-Gate
Technology ouTB 4 E E] 13 OUTD
- RECB 5 [0 of 12 v
description [ :I 2 Vee
INB sE E] 11 CLOCK
The TMS 3409 and TMS 3417 are quad 80-bit and
quad 64-bit shift registers, respectively, with ouTCc 7 E 0l 10 INC
independent inputs, outputs, and recirculate controls
for each register. A single external clock signal Voo BE 0j 9 RECC

generates two internal clock phases to each register.
The clock and all inputs can be driven from Series 74
TTL circuits and all outputs can drive TTL circuits
without the use of external resistors.

Pchannel enhancement-type low-threshold processing with self-aligned gates has been employed 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 into and out of the shift register occurs on the high-to-low transition of the clock with output data
becoming valid after a specified propagation delay following 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-to-low clock transition with the recirculate control high. The recirculate control level
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 low. During recirculation, data is continuously available at the outputs and data inputs are
inhibited.
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TMS 3409 JC, NC; TMS 3417 JC, NC
QUADRUPLE 80-, 64-BIT DYNAMIC SHIFT REGISTERS

functional block diagram

Vgs IND RECD OUT D Vgg CLOCK INC RECC
—1 _i_ —_—— e — — =
CLOCK
GENERATOR

'M '¢2

- Toorc

B Vbbb

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

Supply voltage, Vpp (see Note 1) . . . . . . . . . . . . . . . . . .. =20V003V
Supply voltage, VGG (see Note 1) e e e e ... . . . . . . . . . . . . =20Vw003V
Clock input voltage (seeNote 1) . . . . . . . . . . . . . . . . . . . . . =20Vt003V
Data input voltage (see Note 1) S . . . . . . . . . . . . . . . . . .. =20Vw003V
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . . =25°Cto85°C
Storage temperature range . . . L. . . . . . . -55°Cto150°C

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the normally most-positive supply, Vgg (substrate). Throughout
the remainder of this data sheet voltage values are with respect to Vpp.

“Comment: Stresses beyond those listed under *'Absolute Maximum Ratings”’ may cause permanent damage to the device. This is a stress rating

only and functional operation of the device at these or any other conditions beyond those indi in the Operating

Conditions’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect

device reliability.

recommended operating conditions

PARAMETER MIN NOM MAX UNIT
Supply volitage, Vpp 0 \4
Supply voltage, VGG o ) T -1 -12 -13 \
| Supply voltage, vss o 4.75 5 525 v
High-level ir{pu; ;;I;;ge, ViH Vgs —2 Vss N
High-level clock input voltage, ViH(¢) Vgg —2 Vss v
Low-level input voltage, V| 0 0.8 \2
Low-level clock input voltage, V||_-(¢) T 4] 04 v
Pulse width, clock high, tw(gH) i T 75 50000 ns
Pulse width, clock low, tw(gL) 125 50000 ns
Data setup time, tg,(da) 50 ns
Recirculate setup time, tsy (rec) 200 ns
Data hold time, th(da) 50 ns
Recirculate hold time, th(rec) ) 100 ns

Clock frequency, fo 0.01 5 MHz
Operating free-air temperature, Ta -25 85 °c
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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 85°C
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN Tvpt MAX UNIT
VoH  High-level output voltage IoH = 0.5 mA Vgg —1 Vgg —0.5 Vss \
VoL Low-level output voltage loL = 1.6 mA 0.3 0.4 v
1y Input current (all inputs) V=0 -100 nA
Load = 1 TTL gate (see Note 2), 1
Fele) Supply current from Vg £=1MHz -10 -12 mA
Load = 1 TTL gate (see Note 2},
Iss Supply current from Vsg =1 MHz ‘l 33 47 mA
PO Power dissipation fL:a:’r\—mjuTTL gate (see Note 2), 85 400 | mw
Cj Input capacitance, all inputs except clock V| =Vsgs, =1MHz 10 pF
Ci(p)  Clock input capacitance ) Vilg) = Vss, f=1MHz 25 pF

TAll typical values are at Tp = 25°C.
NOTE 2: For final test purposes, a worst-case TTL load is simulated by a load of 2.7 k{2 and a capacitance of 10 pF.

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

PARAMETER TEST CONDITIONS MIN TYP? MAX UNIT
tPLH Propagation delay time, low-to-high-level 1 Series 74 TTL Load + 10 pF 100 160 ns
output from clock OR
tPHL Pr ion delay time, high-to-low-level 10 MQ + 10 pF (MOS Load) 100 160 ns
output from clock (see Note 3)
tTLH  Transition time, low-to-high-level output 1 Series 74 TTL Load + 10 pF 60 ns
tTHL  Transition time, high-to-low-level output (see Note 3) 50 ns

1Al typical values are at T4 = 25°C.
NOTE 3: For final test purposes a worst-case TTL load is simulated by a load of 2.7 K2 and a capacitance of 10 pF. A worst-case MOS load is
simulated by a (oad of 10 M§2 and 10 pF. All loads are connected between output and Vgg.

voltage waveforms

CLOCK

INPUT DATA

RECIRCULATE
CONTROL

tPLH OF tPHL

OUTPUT DATA

Vou | U

NOTE 3. All timings are with respect to 50% points of transitions with the exception of clock transition times, whic: are measured at 90%
(high) and 10% (low)
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MOS
LSI

TMS 6011 JC, NC
ASYNCHRONOUS DATA INTERFACE (UART)

BULLETIN NO. DL-S 75612275, MAY 1975

® Transmits, Receives, and Formats Data 40PIN CERAMIC AND PLASTIC
; DUAL-IN-LINE PACKAGES
® Full-Duplex or Half-Duplex Operation (TOP VIEW)
e Operation from DC to 200 kHz
e Static Logic vss 1 (] U 5: :sc
e Buffered Parallel Inputs and Outputs Voo 2 E .
® Programmable Word Lengths . . . 5, 6, 7, 8 Bits ,,?,3 o %3-, wLS2
® Programmable Information Rate Rog 5 [| 136 sas
e Programmable Parity Generation/Verification RO7 & [] 1
® Programmable Parity Inhibit ros 7 [ [3s cAL
e Automatic Data Formatting ROs 8 [] 33 v
e Aut tic Status Generati Roa - 9 E a2
utomatic Status ration nos 10 (] N3 Te
e 3-State Push-Pull Buffers RO2 11 D ms
e Low-Threshold Technology RO1 12 J29 Tia
e Standard Power Supplies...5V, -12V PE 13 [ 28 ms3
e  Full TTL Compatibility . . . No External fE 14 [] H27 T2
Components oe 15 [J 26
SFD 16 (] J2s 710
description Re 17 [] 2 TRE
BRR 18 [] 23 T8AL
The TMS 6011 JC, NC is an MOS/LSI subsystem DR 19 E ]22 TBRE
designed to provide the data interface between a Rl 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 TMS 6011 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, convert it to serial form, and generate the start, parity, and stop bits.

The TMS 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).

T.e data word may be externally selected to be 5, 6, 7, or 8 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 stop.

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 is replaced by another word.

Asynchronous operation allows the use of a single transmission line. The clock period has to be within +4% of
1/16 of the time for one bit for the transmitter and/or receiver but no phase relationship is required.

To allow for a 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-OR configuration.

575
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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 modems, peripherals, printers, data
displays, and minicomputers. By taking full advantage of the latest MOS/LSI design and processing techniques, it has
been possible to implement the entire transmit, receive, and format function necessary for digital data communication
in a single package, avoiding the cumbersome circuitry previously necessary.

P-channel enhancement-type low-threshold technology permits the use of standard power supplies (6 V, —12 V) as well

as direct TTL interface. No external components are needed.

The TMS 6011 is offered in both 40-pin dual-in-line ceramic (JC suffix) and plastic (NC suffix) packages designed for
insertion in mounting-hole rows on 600-mil centers. The device is characterized for operation from —25°C to 85°C.

operation

The operation can be best understood by visualizing the TMS 6011 as three separate sections: 1) common
control, 2) transmitter, and 3) receiver. The transmitter and receiver sections are independent while the control

section directs both receive and transmit.

common control section

The common control section will direct both the receiver and the transmitter sections.

The initialization of the TMS 6011 is performed through the Master Reset (MR) terminal. The MR terminal is strobed
to a high level after power turn-on to reset all status and transmitter registers and to reset Transmitter Output (TO) to a
high level. The Receiver Outputs (RO1-R0O8) are not controlled by the MR terminal.

Status flags Parity Error, Framing Error, Overrun Error, Data Ready, and Transmitter Buffer Register Empty are
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 three-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 word length may be 5, 6, 7, or 8 bits. Selection is as follows:

WORD LENGTH wLS1
5 Low
6 High
7 Low
8 High

wLs2
Low
Low
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 a 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 follow the data bit.

When a high level is applied to Pl, the Parity Error (PE) status flag is brought to a low level indicating a no-parity error

because parity is disregarded in this mode.

To select either one or two stop bits, the Stop Bit(s) Select (SBS) terminal is used. A high level at this terminal will

result in two stop bits while a low level will produce only one.

To load the control bits (WLS1, WLS2, PS, PI, and SBS) a high level is applied to the Control Register Load (CRL)

terminal. 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 form, then serialize, format, and transmit the data in serial form.
Parallel input data is received through the Transmitter Inputs (TI11-T18).

Serial output data is transmitted from the Transmitter Output (TO) terminal.

Input data is stored in the transmitter-buffer register. A low level at the Transmitter Buffer Register Load (TBRL)
command terminal will load a word in the transmitter-buffer register. The length of this word is determined by Word
Length Select 1 (WLS1) 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 word is justified into the least significant bit, T11.

The data is transferred to the transmitter register when the TBRL terminal goés from low to high. The loading of the
transmitter register is delayed if the transmitter section is presently transmitting data. In this case the loading of the
transmitter register is delayed until the transmission has been performed.

Output serial data (transmitted from the TO terminal) is clocked out by Transmitter Clock {TC). 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 output TO remains at a high level.

The start of transmission is defined as the transition of TO from a high to a low logic level.

Two flags are provided. A high level at the Transmitter Buffer Register Empty (TBRE) flag indicates that a word has
been transferred to the transmitter/receiver and that the transmitter buffer register is now 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 word.

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 RI 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 transferred from the receiver register to the receiver buffer register. The output data is then presented in parallel
form at the eight Receiver Outputs (RO1 through RO8). The MOS output buffers used for the eight RO terminals are
three-state push-pull output 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. If the word length is less than 8 bits,
the most significant bits will be at a low level. The output word is right justified. RO1 is the least significant bit and
RO8 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 error flags (Parity Error, Framing Error,and Overrun
Error) 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 word.
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TMS 6011 .JC, NC
ASYNCHRONOUS DATA INTERFACE (UART)

operation (continued)
A high level at the Overrun Error (OE) terminal indicates an overrun. An overrun occurs when the previous word has
not been read, i.e., when the DR output has not been reset before the present data was transferred to the receiver

buffer register.

A high level at the DR terminal indicates that a word has been received, stored in the receiver-buffer register and that
the data is available at outputs ROT through RO8. The DR terminal can be reset through the DRR terminal.

functional block diagram
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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, Vpp (see Note 1) . . . . .. ... .. . . . . . . . =20V®003V
Supply voltage, VGG (see Note 1) L . .. ... ... ... . . . . . . =-20Vt0O03V
Input voltage (any input) (see Note 1) .. . . . . . . . . . . . . . . . .. —-20Vto03V
Operating free-air temperature range . . . . . . . . . . . ..o -25°C to 85°C
Storage temperature range . . . . . . . . . . . . L. .. . . . . . -55°Cto0150°C

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the normally most positive supply, Vgg (substrate). Throughout
the remainder of this data sheet voltage values are with respect to Vpp.-

*Stresses beyond those listed under "‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating only and

functional operation of the device at these or any other conditions beyond those indi in the " Operating Conditions’”

section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

PARAMETER MIN NOM MAX UNIT
Supply voltage, Vpp Y v
Supply voltage, VGG -11.5 -12 -125 \
Supply voltage, Vsg 4.75 5 5.25 \
High-level input voltage, all inputs, V| (see Notes 2 and 3) Vgs —1.5 Vgs +0.3 v
Low-ievel input voltage, all inputs, V| (see Notes 2 and 3) -12 0.8 \
Clock 25 us
Transmitter buffer register load 400 ns
Control register load 250 ns
. Parity inhibit (see Notes 4 and 5) 400 ns
Pulse width, t,, -
Parity select (see Notes 4 and 5) 300 ns
Woid lengih seiect and stop Dit seiect isee Notes 4 and 5) 300 ns
Master reset 15 us
Data ready reset 250 ns
Data setup time, tgy(da) 10} ns
Data hold time, th(da) 201 ns
Clock frequency, fo, (see Note 6) 0 200 kHz
Operating free-air temperature, Ta -25 85 °C

NOTES: 2. All data, clock, and command inputs have internal pull-up resistors to allow direct clocking by any TTL circuit.

3. The algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage levels
only.
Inputs to PI, PS, WLS1, WLS2, and SBS are normally static signals. A minimum pulse width has been indicated for possible pulsed
operation.
5. Alt control signal pulses should be centered with respect to CRL to ensure maximum setup and hold time.
6. Clock frequency is 16 times the baud rate.

»

t1The arrow indicates the edge of the TBRL pulse used for reference: 1 for the rising edge, 4 for the falling edge.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
VoH  High-level output voltage 10H = —200 KA 24 2
VoL  Low-level output voltage oL = 1.6 mA i 0.6 v
hH High-level input current, all inputs V=5V 10 BA
LTS Low-level input current, all inputs Vi=0V -16 mA
GG Supply current from Vgg All inputs at a high level -7 -12 mA
Iss Supply current from Vgg All inputs at a high level 20 30 mA
Pp Power dissipation All inputs at ai\igh level ) 190 300 mwW
Ci Input capacitance, all inputs V| = Vss, =1MHz 10 20 pF

TAll typical velues are at T = 256°C and nominal voltages.

575

TEXAS INSTRUMENTS 125



TMS 6011 JC, NC
ASYNCHRONOUS DATA INTERFACE (UART)

switching characteristics over full ranges of recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPY MAX UNIT

Propagation delay time, high-to-low

PHL J— 800 1000 ns
level DR output from DRR
Propagation delay time, high-to-low

tPHL o nane 800 1000 ns
level TBRE output from TBRL

tpzx  Enable time, receiver output from ROD 300 500 ns

- 1 Series 74 TTL load

tpxz Disable time, receiver output from ROD 300 500 ns
Enable time, outputs PE, FE, OE, DR, or

PpPzZX 300 500 ns

TBRE from SFD

Disable time, outputs PE, FE, O, DR, or |
[sz 153 ime, outputs I'[ 300 500 ns

TBRE from SFD

T All typical values are at T o = 25°C and nominal voltages.

voltage waveforms

ViH
INPUT ROD OR SFD /\ \
ViL |

fe—tpxz —¥ e tpzx ———
Vo * —
OUTPUT RO OR FLAGS —
VoL HI-Z STATE S

ENABLE AND DISABLE TIMES

Vin f—tw —>

INPUT DRR OR TBRL U
Vie

OUTPUT DR OR TBRE \L
Vor

ViH
INPUT TBRL 50% 50%
Vio | |
- tw ’
- k_‘suldli %} th(da)
ViH | |

INPUTS TI1-TI8 50% 50%
ViL

DATA SETUP AND HOLD TIMES

NOTE: Ali enable, disable, and propagation delay times are referenced 1o the 90% or 10% points. All pulse widths are referenced to the 50%
poInts
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ASYNCHRONOUS DATA INTERFACE (UART)

TMS 6011 JC, NC

operation timing diagram

TRANSMITTER TIMINGT

TBRL | | seeNowes3

TBRE (3STATE) ll See Note 4 L

H —| [@—SeeNote2

TO (NOT o S A A A Aes s I R
3STATE) L |stat_{Dete 1 Dats 21 Date 3:Data 4 10sta 5 [Data 6 iData 7 1Dt 8 Pariy. jStop 1 Stop 2 |_stert{Data 1

Ls8 —» je— BIT TIME (s0e Note 1) ms8

TRE (NOT 3STATE) [

(% CLOCK CYCLE) -.1‘—

T Transmitter initially assumed inactive at start of diagram, shown for 8 level code and parity and 2 stops.

NOTES: 1. Bit time is 16 ciock cycles.

2. If transmitter is inactive the start pulse will appear on line within one clock cycle of time data strobe occurs (see detail below)

TBRL

CLOCK

———— 1/16 BIT
TO START

Because transmitter is double buffered, another data strobe can occur anywhere during transmission of character 1
4. TBRE goes to a low for a period of approximately one clock cycle following a TBRL pulse.

RECEIVER TIMING

RI (see Note 3) R e
;_LsB | : : i ' ; .

INTERNAL e e e e e

DATA SAMPLING

PULSE (see Note 4) L 1 1 1 1]

H Start Data1 Data2 Data3 Datad4 Data5 Data6 Data7 Data8 Parity Stop 1 Stop 2 Start Data 1
— === - - T - - -

;) ! i
wel L

A N N N

PE

See Note 1 -———d

FE

See Note 1 .___’i

RO1-RO8

1CLOCK CYCLE

— 1/16 BIT TIME
See Note 2

OE

See Note 1 —.l

NOTES: 1. This is the point at which the error condition is detected, if error occurs

~

. A high-to-low transition on the DR pin indicates that the contents of the receiver register has been transferred to the receiver

buftfer register and that the three error-flag signals are valid. Output data remains valid until the next word is transferred into the

receiver buffer register.

©

The RI waveform illustrates an eight-bit word with parity and two stop bits. If parity is inhibited, the stop bits immediately follow

the last data bit. For all word lengths, the data in the butfer register must be right justified, i.e., RO1 (pin 12) is the least significant

bit.

>

Data sampling occurs at the center of each 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-channel MOS Memories the substrate is normally biased positive with respect to the drain or source nodes. The
substrate bias is normally negative for N-channel devices. In order to provide compatible interfaces with bipolar integrated
circuits, power supply voltages are translated for most MOS Memory devices of recent design to maintain the recommended
substrate bias conditions and to provide input and output voltage levels between ground (0 volts) and Vgg (+5 volts), 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 along with the
symbols used for the various supply terminals.

MOS MEMORY NOMINAL POWER SUPPLY VOLTAGES AND TERMINAL SYMBOLOGY

TECHNOLOG; P-CHANNEL - N-CHANNEL
METAL GATE SILICON VGATE
SUPPLY VOLTAGE | {
12V — | l VpD | Voo !
7V | | ’
5V Vss vee | vee———
! | |
| | |
| !
0 ’ Vbb l GND: +Vss —ers .
-3V : { ‘ J I
| BB
-5V i | . Ves
| | | |
-12v VGG 1 | l
| I | |
PRODUCT TYPE Static and | Static [ 4K Dynamic ! ROM
dynamic shift RAM’s | RAM’s ‘
registers, ROM’s, |
UART 1
TYPE NUMBERS | TMS 3101 thru | TMS4033 | TMS 4030 series TMS 5400
TMS 3409 (all I TMS 4034 ] ' i
S/R’s)
TMS 4035 TMS 4050 series
TMS 4800 TMS 4036 senes‘ ' |
|
TMS 4103 TMS 4039 series)  TMS 4051 series 1
TMS 6011 lTMS 4042 series! TMS 4060 series [
|[T™Msd043series| |
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MO0S MEMORY SYSTEM COMPATIBILITY

2)  INPUT COMPATIBILITY

Figure 1 illustrates how Series 74 TTL circuits are
specified to guarantee that any Series 74 circuit will drive
or can be driven by any other Series 74 circuit. The 0.4-volt
difference in output and input specifications is called the
noise margin. These margins guarantee that any Series 74
circuit is compatible with any other Series 74 circuit 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 circuits. The phrase ““fully
TTL-compatible” has been used to indicate that a MOS
Memory device will drive or be driven by Series 74 circuits
with adequate noise margins without the use of external
pull-up or pull-down components. Some P-channel MOS
Memories require a pull-up resistor on the input to meet the
minimum input voltage high level, V|4 Jmin. Figure 2
illustrates 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
OUTPUT SPECIFICATIONS

ST

o

=
€
s
g 4
? “HIGH"
3
14
> 3|
§ VQH min =24V
% ) 04V ViH min =20V
= r_Saries 74TTL Series 74 TTL
> Output Noise Margins Input

1

F— 04V V| max =08V

VoL mex =04V ~Low"” 'lLmax=-1.6mA

)
FIGURE 1
0+5 Vv
D
Vss
Re
Low -
o D_ | THRESHOLD
MOS
SN7400
OR OTHER
TTL GATE

l\’cc

-12 Vv

Ivoo

*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)  OUTPUT COMPATIBILITY

Three types of buffers are commonly used on MOS devices:
® Open-drain
® (nternal pull-up
® Push-pull
a) Open-drain and internal pull-up
The buffer is simply a current switch. In the “off’ state the impedance of the buffer is extremely large, while in the

“on’ state it is typically under 1k§2. A discrete resistor or an MOS transistor may be used as a load with an open-drain
buffer. This resistor or transistor may be internal to the MOS circuit.

DATA DATA

OUTPUT VGG VGG
1
OuTPUT
—I . _J i OUTPUT
1 Vss l

OPEN-DRAIN BUFFER INTERNAL INTERNAL
PULL-UP BUFFER PULL-UP BUFFER
WITH LOAD RESISTOR WITH MOS LOAD TRANSISTOR

In every case compatibility with MOS is easily achieved. For instance, for an open-drain buffer with MOS:

+V 5V SERIES
. - 74LOGIC_1
r—_j_1 R
| | |
: —I» | | o |
| |
! ‘_l ! M . ! ° ]
! | | |
! | A2 I |
! ! 1 ]
| R | —12v |

R2 provides the necessary current sink for the TTL input; Rq is sometimes used to limit power dissipation or the positive
excursion of the TTL input to +6 V. If R7 is on the chip, no external components may be necessary.
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MO0S MEMORY SYSTEM COMPATIBILITY

12 v w5y o SERIES
74 LOGIC

r—- -1 r—=-1---7
| ! ! P
I > | | 1
| | |

| . .
| |
I I I |
o I I
DATA: ! I = !
—_———tad L4

+5V LVsg

Two types are common. The unsaturated push-pull buffer is the most commonly used for low-threshold circuits since
the smaller drain-source voltage permits the upper output transistor to operate in the unsaturated or low-resistance region of
the Ip vs Vps characteristic curve. As a result, the output voltage swings near Vpp without going negative and permits direct
TTL compatibility without external components.

Vggl-12 V) Vggl-12 V) Vpplo V)

3
—

ouTPUT OUTPUT
! ' | ]
DATA — b—] DATA —

Vss(+5 V) Vgs(+5 V)
SATURATED PUSH-PULL BUFFER UNSATURATED PUSH-PULL BUFFER

4) CLOCKS
Depending on the circuit type, there are different clock requirements:

No clocks — Static RAMs, ROMs, etc.
1 clock -~ with other clocks 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 clock signal has the same swing as
the data input signal and the compatibility is identical (see preceeding paragraph 3).

Single-clock low-threshold MOS circuits will accept a TTL clock without adding components.
b) Two or four clocks

The clock signals must swing between Vgg and VGG. To go from a single-TTL-level clock to a muitiple-MOS-level
clock, two circuits are required: 1) a clock generator to generate the necessary clock pulses, and 2) a clock driver to bring the
clock levels to the required values. In most cases only one clock circuit is needed for an entire MOS LSI system.

TEXAS INSTRUMENTS 131



132

MOS LSI MECHANICAL DATA

general

Electrical characteristics presented in this catalog, unless otherwise 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 S 4030 N L

i___T1 MOS Prefix

F Flat C -25°Ct085C
J Ceramic dual-in-line L 0°Cto 70°C
S Standard devices N Plastic dual-in-line M —55°C to 125°C
X Prototype or experimental L Metal can R —55°C to 85°C
C Custom design S Special range
T High reliability

G

Unique Product Identification Number

manufacturing information

Alloying is performed in an inert atmosphere. A silicon gold eutectic is formed during the alloying operation.

Thermal compression bonding is used. Typical bond strength is 5 grams. Bond strength is monitored on a lot-to-lot
basis. Any bond strength of less than 2 grams causes rejection of the entire lot of devices.

TI uses a low-temperature alloy brazing to seal ceramic packages. Metal-can packages are welded. Glass leaks are
eliminated by testing in a fluorocarbon solution heated to 150°C. Fine-leak elimination is performed through mass
spectrometer techniques. All MOS LSI devices produced by T! are capable of withstanding 5 x 10-7 ppm fine-leak
inspection, and may be screened to 5 x 10-8 ppm fine leak, if desired by the customer, for special applications.

All packages are capable of withstanding a 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 6 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.

T1 uses several hermetically sealed ceramic dual-in-line packages, each of 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 mils between rows X xt
600 mils between rows X X X

T There are no products shown in this data book in the 8 pin ceramic package or the ceramic or plastic 10-pin or 24-pin, 400 mil package
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MOS LS| MECHANICAL DATA

16-PIN CERAMIC DUAL-IN-LINE PACKAGE

INDEX
poT \.

0.010 NOM«”‘—

¢
0.300
['-:omo 0.840 MAX —————————
|
| 0.020
MIN -
0.185 MAX
| SEATING
PLANE T
0.150 * 0.030
0.010 NOM _.“,_ PITSSP:’CINi)OJOO TP 0.032 NOM .l 0.018 + 0.003
ee Note
0.050 £ 0.010 0.050 * 0.020
18-PIN CERAMIC DUAL-IN-LINE PACKAGE
0.910 MAX
-—
Aoy
INDEX =
pot e
S g S g S - S S -
¢ ¢
0.300
e
+0.010
0.020
MIN
0.185 MAX
__SEATING
P f
LANE 0.150 * 0.030

N A
(See Note A). 0.050 + 0.010

L e
11 [ N
o ll—o0.032 now
0.018 * 0.003—{ fo—
~ _ le—0.050 + 0.020
PIN SPACING 0.100 TP

NOTES. A. Each pin centerline is located within 0.010 of its true longitudinal

position

B. All linear dimensions are in inches

75
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MOS LS| MECHANICAL DATA

22-PIN CERAMIC DUAL-IN-LINE PACKAGE

1.100 MAX

) @)
S SR

W

L,
0] ©

¢
0.400
+0.010
0.020
MIN
R ¥
0.185 MAX
_SEATING
PLAN
ANE 0.150 * 0.030

Ajn—o.mo NOM ,—J L— _.J L_°~°"’ —J lq»——o.osz NOM

+0.003 le—0.050 + 0.020
PIN SPACING 0.100 TP 0.050 + 0.010

(See Note A)

24-PIN CERAMIC DUAL-IN-LINE PACKAGE

b 1.290 MAX

D ®

Mo Mo e e e e e

INDEX
poT N

AR — R T S e

¢
0.600 ¢
+0.010 0.020
MIN
f — ¥
0.185 MAX
_SEATING
PLANE 0.150 £ 0.030
U
- L_ 0.018 —0.032 NOM
—={[*- 0.010 NOM +0.003 e—0.050  0.020
PIN SPACING 0.100 TP
(See Note A} 0.050 £ 0.010

NOTES: A. Each pin centerline is located within 0.010 of its true longitudinal
position.
B. All linear dimensions are in inches

57¢
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MOS LS| MECHANICAL DATA

28-PIN CERAMIC DUAL-IN-LINE PACKAGE

1.415 MAX

alalclelicl-Volcl=Nolol..

1@ §

"0_17

INDEX
Dot _\
o

¢ ¢ ®

.
0.600 + 0.010—| 0020
MIN .
SEATING 0185 MAX
[ PLANE
0.160 £ 0.030
o,omnom——ilk— r‘“‘—
PIN SPACING 0.100 ry,..‘ *._
0018+0.003 (See Note A) §— 0.032 NOM

le—0.050 ¢ 0.020

0.050 + 0.010

40-PIN CERAMIC DUAL-IN-LINE PACKAGE

2020 MAX 4

INDEX:
oot \..
N ¢ BB e e e e A AR
le—0.600 + 0.010 —f 0.020
MIN
- ¥
D 0.185 MAX
e —¥
0.150 * 0.030
0018 + 0.003-#] f&- 32 NOM
0010 NOM: PIN SPACING 0.100 TP le—0.050 + 0.020

Note Al
(See Note &1 0.050 ¢0.010

NOTES: A. Each pin centerline is located within 0.010 of its true longitudinal
position.
B. All linear dimensions are in inches.
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MOS LSI MECHANICAL DATA

8-.PIN PLASTIC DUAL-IN-LINE PACKAGE

j¢————— 0.390 MAX

-—
" ‘ @
o

10y

\1‘0

! [o]l[=]1[=][=]

EITHER OR BOTH < )

INDEXES —» @
o] =] =] =
¢ ¢

0.300 ®_——_’@

+0.010

0.060 NOM

0.020
MIN

L o 0.200 NTAAX
B 105°

— SEATING PLANE ——T——
90° 0.125 MIN
0.011£0.003 vo!8:0,003—;”¢7 - 0.033 MIN
fe—o0.045: 0015

PIN SPACING 0.100 TP

(See Note A)
16-PIN PLASTIC DUAL-IN-LINE PACKAGE
j¢——————— —0870MAX ——————————#|
IEIERIEIENEE f—l [o]
EITHER OR )
BOTH
INDEXES <‘\t‘
[=] =] o =] (=] o (=] =1
« 0.300 ¢ @
rzo.mo
' 0.020
MIN

a o|lojjojfOo|{o}||D 8] 0.200 MAX

——— SEATING PLANE 4 —
%0° T

0.125 MIN

4\ro 011+ 0.003 0,018+ 0.003 }'7 -— 0.033 MIN

0.075 + 0.020
PIN SPACING 0.100 TP
(See Note A) 0.060 NOM
NOTES A. Each pin centerline is located within 0.010 of its true longitudinal
position
B

Ail linear dimensions are in inches
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MOS LSI MECHANICAL DATA

18-PIN PLASTIC DUAL-IN-LINE PACKAGE

EITHER OR BOTH
INDEXES

0.300
+0.010

0.020 MIN

105° —— SEATING PLANE
r f

4 w >
ey

0.920 MAX

18,

o e o O e e W s U

LI I I I I ]

E *
>
x

I

:

P—O 050 - 0.020
PIN SPACING 0.100 TP

EITHER
INDEX

re
o

g3

(See Note A) ! 0.060 NOm
22-PIN PLASTIC DUAL-IN-LINE PACKAGE
e 1.100 MAX ——————————f

A rararararar

)

I 0.020 MIN
SEATING PLANE ——T—— ____*—_

o omeom s by AL

LSS AN N I N [ O N I N N O |

© W

J

0. M,

>
x

0.125 MIN

-

PIN SPACING 0.100 TP LQ-— 0.050 + 0.020

{See Note A)
0.060 NOM

NOTES: A. Each pin centerline is located within 0.010 of its true longitudinal

position.
B. All linear dimensions are in inches.
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MOS LSI MECHANICAL DATA

24-PIN PLASTIC DUAL-IN-LINE PACKAGE

1.290 MAX

—

24 13
A 11 ﬁﬁmr‘lﬁhlg

INDEX

| SN [ I [ S BN [ N D N I D W A O

®

0.600 + 0.010

PIN SPACING 0.100 TP
(See Note A)

0.020

min |

4 0.200 MAX

SEATING PLANE—f— -
0.125 MIN
4
0.011 + 0,003 0.018 £ 0.003 —#{ jo- +—0.033 MIN
le—0.075 + 0.020

0.060 NOM

28PIN PLASTIC DUAL-IN-LINE PACKAGE

L 1.440 MAX

A A A M CA ]

EITHER
INDEX

)

J S N (O D [ G [ N D A A N N S i

(O] @

0.600 +0.010

oozomn[
S

! ——SEATING PLANE B
105 T i
%°
Av\r 0.011 + 0.003 ooua_.“’-

PIN SPACING 0.100 TP
(See Note A}

0.200 MAX

0.125 MIN
|

+—0.033 MIN

}&-0.050 + 0.020

+0.003
A. Each pin centerline is located within 0.010 of its true longitudinal

0.060 NOM
position.

B. All linear dimensions are in inches

NOTES
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MOS LSI MECHANICAL

DATA

40-PIN PLASTIC DUAL-IN-LINE PACKAGE

INDEX

EITHER

- 2,090 MAX =|j

@ B
!K_! r—xﬁr—\nmr‘\nmmr—\r—xr\r—\rﬁrﬁmg

—

L ) -
1 _—

©)

S0 D S D S G G | S - ) -

3 0600 )
0010
0020
MIN r
* 0.200 MAX
— SEATING PLANE ——-
105 ¥
90" 0.125 MIN
L'\\-nanxoooa oorje
+—0.033 MIN
+0.003
P—0.075‘ 0020

PIN SPACING 0.100 TP
ISee Note A)

0.060 NOM

position
B. Ali linear dimensions are in inches.

metal-can

NOTES: A. Each pin centeriine is located within 0.010 of its true longitudinal

For devices such as shift registers requiring few inputs and outputs, Tl uses two metal-can packages.

10-PIN METAL CAN

8-PIN METAL CAN

Same as JEDEC TO-99 and
MO 002AK except for
diameter of standoft

ALL DIMENSIONS ARE IN INCHES
UNLESS OTHERWISE SPECIFIED

ALL DIMENSIONS ARE IN INCHES
UNLESS OTHERWISE SPECIFIED

Same as JEDEC TO 100 and

MO-006AD except for
diameter of standoff
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LINEAR/SYSTEMS INTERFACE SN75322
INTEGRATED CIRCUITS DUAL TTL-TO-MOS DRIVER

DECEMBER 1975

4K RAM CHIP ENABLE DRIVER

o Dual Positive-Logic and TTL-to-MQS Driver JORN DUAL-IN-LINE PACKAGE (TOP VIEW)

e Versatile Interface Circuit for use between TTL
and High-Current, High-Voltage Systems

e Operates from Standard Bipolar and MOS T M
Supply Voltages cer

e High Speed Switching 2 13jne

e TTL and DTL Compatible Inputs a3 12] v

e Separate Driver Address Inputs with Common ela Wwlvee?
Strobe

e VOH and VoL Compatible with TMS4030 4K 215 10]2v
RAM and Other Popular MOS RAMs 0 9

e No 12 Volt Supply Current (except leakage) when ono[7 s
Output in Low State

e Low 5 Volt Supply Current when Output in
Low State

e Output in High Impedance State Upon Loss of
5 Volt Supply Positive logic: Y = AE

o Requires 2 External PNPs per Package for Operation

RECOMMENDED PNP TRANSISTOR
A5T4260 or A5T4261 (Plastic)
or
2N5771 — (Plastic)
or
MM4208A — (Metal Can)

description

The SN75322 is a monolithic integrated Dual TTL-to-MOS driver and interface circuit. The device has separate driver
address inputs with common strobe. The device accepts standard TTL and DTL input signals and provides high-current
and high-voltage output levels suitable for driving MOS circuits. The SN75322 is designed for driving N-Channel RAMs
where low power dissipation is desirable when the driver output is in the low state. Specifically, it may be used to
drive the chip-enable clock of the TMS4030/50/60 MOS RAMs.

The SN75322 requires two external PNP transistors per package. Suggested PNP transistors are: A5T4260/61, 2N5771,
MM4208A.

The SN75322 operates from the TTL 5 volt supply and the MOS Vpp supply. With the use of an external pull-down
resistor, the driver output of the SN75322 will be forced to the low state upon loss of the 5 volt supply.

The SN75322 is characterized for operation from 0°C to 70°C.

TENTATIVE DATA SHEET

TEXAS INSTRUMENTS This document provides tentative information
as a new product. Texas Instruments reserves
the right to change spacifications for this
product in any manner without notice.



SN75322

DUAL TTL-TO-MOS DRIVER

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

Supply voltage range of VCC1 (See Note 1) —-0.5V to 7V
Supply voltage range of Vcc2 —-0.5V to 15V
Input voltage 5.5V
Inter-input voltage (See Note 2) 5.5V
Continuous total dissipation at (or below) 25°C free-air temperature 1000mW
Operating free-air temperature range 0°C to 70°C
Storage temperature range —65°C to 150°C
Lead temperature 1/16 inch from case for 60 seconds: J package 300°C
Lead temperature 1/16 inch from case for 60 seconds: N package 260°C
Notes: 1. Voltage values are with respect to network ground terminal unless otherwise noted
2. This rating applies between any two inputs of any one of the gates.
recommended operating conditions
MIN NOM [MAX |UNIT
Supply voltage, VcC1 4.75 5 525 \
Supply voltage, VcC2 4.75 12 15 \
Operating free-air temperature, Ta 0 70 oc
SN75322 DRIVING THE TMS4030 MEMORY -- ONLY FOUR TMS4030s SHOWN
Vee=5v ? Vgg=—3V
at |l 2p— al 0—
q D = q D =
g P = p
g D g D
g [ g
g ™S D q T™Ms
A5T4261 U l:‘ d 4030 pce q 4030 pce
] ) b | g b d b
SN75322 d b d h
2 ‘3109 d b g b
=
ﬁfq 3 — 2t bl 1?2 1
sT e - -
4 1 ’
C.E. L:
s 10
IN.2 L d Dl. L‘C L] 31
0 9 g p= [s n<
q b d h
7 0 g p g b
g ™s P d ™s p—
4030 d 4030 B
= A5TA4261 d bce d Lce
g b g b
6 g p g D
Vpp=12V [s p g p
Lq —(

NOTE:

External PNP Transistor should be located as close as possible to the SN75322.
Recommended minimum load: 200pF
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SN75322

DUAL TTL-TO-MOS DRIVER

electrical characteristics over recommended ranges of VCC1, VCC2, and operating free-air
temperature (unless otherwise noted)

T
PARAMETER TEST CONDITION MIN TYP MAX UNIT
ViH High-level 20 v
input voltage

ViL Low-level 08 v
input voltage

VoW  High-level ViH =20V,  IgH = -400uA V¢e2-0.25) v
output voltage

VoL Low-level Veez = 1.4y, ViN = 0.8V, IgL = 10mA 0.23 0.5 \
output voltage

\ Input current at Vcey = 6.25V 1 mA
maximum input Veez = 11.4V, V| =525V
voltage

. A

HH High-level Vi =24V A inputs 40 H
input current E input 80

L Low-level - A inputs —1 -1.6
input current Vi=04v E input -2 -3.2 mA

fcc1(L) Supply current Vcet =5.25V, V=0V 15.0 20 mA
from Veey. alt Vcez = 12,6V, No Load
outputs low

lcc2(L) Supply current Veer =475, V=0V .01 5 mA
from Vg, all Vcez = 12.6V No Load
outputs low

IcC1(H) Supply current Veer = 525V, V| =50V 24 34 mA
from Vg, all Vcez = 12.6V, No Load
outputs high

1CC2(H) Supply current Vger = 4.75V, V) =60V 9.5 13 mA
from Vcca. all V2 = 12,6V, No Load
outputs high

TAll typical values are at Voo = 5V, Veeg = 12V and T = 25°C unless otherwise noted
"Veez-05

switching characteristics, Vcg1 = 5V, Vcg2 = 12V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN | TYP[MAX |UNIT
tDLH Delay time, low-to-high-level output 14 |21 ns
tDHL Delay time, high-to-low-level output 16 |24 ns
tTLH Transition time, low-to-high-level output CL = 300pF 1 |17 ns
tTHL Transition time, high-to-low-level output 13 |20 ns
tPLH Propagation delay time, low-to-high-level output | See Figure 1 12 |25 |38 ns
TPHL Propagation delay time, high-to-low-level output 14 |29 |44 ns
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SN75322

DUAL TTL-TO-MOS DRIVER

PARAMETER MEASUREMENT INFORMATION

Y 12V
INPUT I Veer Veez
PULSE l
GENERATOR
(see Note A} OuUTPUT
I CL
I (see Note B)
2.4V GND l
- - — =
— hd
—

TEST CIRCUIT

3v

VoH
ouTPUT

10%

— —— ——vgL

VOLTAGE WAVEFORMS

FIGURE 1. SWITCHING TIMES, EACH DRIVER

NOTES A The pulse generator has the following charactersstics: PRR = 1MHz, Zg,¢ = 5050
B C_ includes probe and jig capacitance
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LINEAR/SYSTEMS INTERFACE SN75363
INTEGRATED CIRCUITS DUAL TTL-TO-MOS DRIVER

DECEMBER 1975

4K RAM CHIP ENABLE DRIVER

o Dual Positive-Logic and TTL-to-MOS Driver
e Versatile Interface Circuit for use between TTL
and High-Current, High-Voltage systems

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

e Capable of Driving High Capacitance Loads VeciVoes 1Y Veca 2Y NG NC
e Compatible with many popular MOS RAMs a1z 4ol s H s
e Operates from Standard Bipolar and MOS

Supply Voltages

o High-Speed Switching
e TTL and DTL Compatible Inputs

e Separate Driver Address Inputs with Common

Strobe
e V2 Supply Voltage Variable Over Wide Range TH-A0-H. A~
e V3 Supply Voltage Pin Available NC NC 1A E  2a WNC GND
e V(3 Pin can be connected to Vcc2 Pinin

some applications Positive logic: ¥ = AE
e Damping Resistor eliminates Undesired Output

Transient Overshoot
Transient Overdrive improves Fall Time

description
The SN75363 is a monolithic integrated Dual TTL-to-MOS driver and interface circuit. The device accepts standard
TTL and D TL input signals and provides high-current and high-voltage output levels suitable for driving MOS circuits.
Specifically, it may be used to drive the chip-enable clock input of the TMS4030/50/60 MOS RAMs and the address,
control and timing inputs for several other types of MOS RAMs.

The SN75363 operates from the TTL 5-volt supply and the MOS Vss and Vpp supphes. This device has been
optimized for operation with VC(2 supply voltage from 11 volts to 15 volts and with nominal V3 supply voltage
from 3 to 4 volts higher than Vcc2. In some applications the VCC3 power supply can be eliminated by connecting the
V3 pin to the Vo2 pin.

A small series damping resistor has been included in the design to eliminate undesired output transient overshhot due
to load or wiring inductance.

The SN75363 is characterized for operation from 0°C to 70°C.

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

Supply voltage range of VCC1 (see Note 1) -0.5Vto 7V
Supply voltage range of Vcc2 —0.5V to 16V
Supply voltage range of Vcc3 —0.5V to 19V
Input voltage 5.5V
Inter-input voltage (see Note 2) 5.5V
Continuous total dissipation at (or below) 25°C free-air temperature 1300mW
Operating temperature range 0°C to 70°C
Storage temperature range —659C to 150°C
Lead temperature 1/16 inch from case for 60 seconds: J package 300°C
Lead temperature 1/16 inch from case for 60 seconds: N package 260°C

NOTES: 1. Voltage values are with respect to network ground terminal unless otherwise noted.
2. This rating applies between any two inputs of any one of the gates.

TENTATIVE DATA SHEET
This document provides tentative information

TEXAS INSTRUMENTS  onsnewbroduct. Texss instruments reserves

the right to change specifications for this
product in any manner without notice.



SN75363
DUAL TTL-TO-MOS DRIVER

recommended operating conditions

MIN NOM | MAX | UNIT
Supply voltage, VCC1 4.75 5 5.25 v
Supply voltage, Vcc2 4.75 12 15 \"
Supply voltage, Vcc3 Veez | 19 18 v
Voltage difference between supply voltages: Vcc3 — Vg2 0 3 v
Operating free-air temperature, TA . 0 70 oc

electrical characteristics over recommended ranges of VCC1, VCC2, VCC3, and operating free-air
temperature (unless otherwise noted)

PARAMETER TEST CONDITION MIN TYP MAX UNIT
VIH High-level 20 \%
input voltage
ViL Lowlevel 08 v
Input voltage
Vee3=Veez +3V. ViW =20V Veez-03  Vegz-0.15
0H = —100uA
VOH  High-level Veea=Vee2 + 3V, ViR =20V Vee2-12  Vee-10 v
output voltage 10H = —10mA
vees = vVeea. ViH = 2.0V, Vee-1.0  Veee-0.7
'OH = —50uA
VoL Low-level Vce3 = Vee2 = 10.8V.Vin = 0.8V 0.3 0.5 Vv
output voltage oL =10mA
Iy Input current
at maximum Vi =55V 1 mA
input voltage
WH High-level V| =24V A inputs 40
input current € inputs 80 MA
e Low-level Vi =04V A inputs -1 ~1.6
input current E inputs -2 ~3.2 mA
Icci(L) Supply current Veer = 5.25Vv Vi=0v
from Vgey, all Vee2 = Vee3 = 12V No Load 15 1no
outputs low
1CC2(L) Supply current vees = 5.0V 85 12 mA
from Vg, all
outputs low
icca(L) Supply current Veez =15V Vi=ov
from Ve, all
outputs low Vees = 18V No Load 6.0 9.0
Icc1(H) Supply current Veer = 5.25V Vi =5.0V
from Ve, all 17.7 25.0
outputs high Vee2 = Vee3 =12V No Load
Icc2(H) Supply current
from Vg, all Veer = 5.0V —.86 -1.2 mA
outputs high
Icc3(H) Supply current Veez =15V Vi=50v
from Vcea, all Vces = 18V No Load .86 12

outputs high

All typical values are at Ve = 6V, Vg = 12V, Veea = 15V and T4 = 26°C unless otherwise noted.
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SN75363

DUAL TTL-TO-MOS DRIVER

TOTAL DISSIPATION (BOTH DRIVERS) vs FREQUENCY

1000 T T
Veey = 5V CL = 1000pF A1
900 fvegy = 12V
Vées = 15V / J500p F
800 Linput: 3V square wave (50% duty cycle)
Ta = 25°C
3 A 800pF —A‘/
3 700 va
i 4000F " | 300pF
g 600
°
2 500
e
[s] 200pF
= 400
° 1000F| A1
| 300
- 1 1
I
< 00 //V/
e ] | el
100 ] = l l l
0.1 0.2 0.4 07 1.0 2.0 4.0 7.0 10
f — Frequency — MHz
TYPICAL S'NITCHING SPEEDS vs LOAD CAPACITANCE
70
60 =
t -~
PHL L\ L
-
50
-
' WPLH Py~ -1
- L=
- -1 -
-
40 - o
r - TTHL
< - - ~~ r
o -
2 30 =7 .t e
a -~ t ——
a - - TLH
e LI L=
< -~
20
M=
10 A/
0 1

50 100 200 300 400 500 600 700 800 900 K

Load Capacitance in pF

NOTE: Package power may be with some bi ions of large C_ and high frequency operation.

switching characteristics, Vcc1 = 5V, Vcc2 = 12V, Voe3 = 15V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN| TYP| MAXIUNIT
tDLH | Delay time, low-to-high-level output 7 112 |17 |ns
tDHL | Delay time, high-to-low-level output 10 |17 |24 |ns
tTLH | Transition time, low-to-high-level output C(_ = 200pF 10 {16 |22 |ns
tTHL | Transition time, high-to-low-level output 10 |16 |22 |ns
tPLH | Propagation delay time, low-to-high-level output | See Figure 1 17 |29 |41 |ns
PHL | Propagation delay time, high-to-low-level output 20 |33 |46 |ns
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SN75363
DUAL TTL-TO-MOS DRIVER

PARAMETER MEASUREMENT INFORMATION

5V 12v
INPUT Ich T veez
PULSE |
GENERATOR
(see Note A) ouTPUT
I CL
] (see Note B)
2.4V GND ‘
- L — =
— -
=
TEST CIRCUIT
<10ns }<————l e <100s
| 9% 1 I 9o% | v
| |
INPUT ! | |
1\ 15v 1.8V
i\ Va
\| 10% 050 0%,/ | |
i TN /1
| |
fe—tPHL—| Je—tpLH—]
| | | |
tDHL r——{ | | I~ -+ Tk
f = tTen I |
[ N vor
| 90%
ouUTPUT |
tDLH }c-—-(
|
|
10%
— —— ——VoL

VOLTAGE WAVEFORMS

FIGURE 1. SWITCHING TIMES, EACH DRIVER

= 5082

NOTES: A. The pulse generator has the following characteristics: PRR = 1MHz, Z
B. C_ includes probe and jig capacitance

out
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SCHOTTKY ' TYPES SN545240, SN545241, SN745240, SN745241
7L OCTAL BUFFERS/LINE DRIVERS WITH 3-STATE OUTPUTS

OCTOBER 1975

description

features:

SN545240 .. . J PACKAGE

SN745240 ...J OR N PACKAGE

(TOP VIEW)

e 3-State Outputs Drive Bus Lines or Buffer
Memory Address Registers

e P-N-P Inputs Reduce D-C Loading on

Data Lines
e Hysteresis at Inputs Improve Noise Margins
e ‘S241 Can Be Interconnected With No

External Components to Perform as
Bi-directional Bus Transceiver

typical characteristics: 6 a1 ave az 2 a3 vz A

2v1

[

e Fan-Out: SN74S°  SN54S’
oL (Sink Current) 64 mA 48 mA
loH (Source Current) —15mA  —-12mA

logic: 1Y = 1A when 1

2Y = 2A when 2G is low

When ‘l§|s high 1Y outputs are at a high impedance
When 2G is high 2Y outputs are at a high impedance

e Typical Propagation Delay Times:
Data-to-Output:
‘S240 (Inverting) ... 4.5ns

SN54S241 ... J PACKAGE

SN74S241...J OR N PACKAGE

(TOP VIEW]

‘S241 (Noninverting) . .. 6 ns
e Enable-to-Output...9ns

These buffers/line drivers are designed specifically to
improve both the performance and p-c board density of
3-state buffers/drivers employed as memory-address drivers,

clock drivers, and bus-oriented transmitters/receivers.
Featuring 400 millivolts of hysteresis at each low-current

p-n-p data-line input, they provide improved noise rejection
and high-fan-out outputs to restore Schottky TTL levels

completely, or the SN74S’ versions can be used to drive When 1G is high 1Y outputs are at a high impedance
When 2G is low 2Y outputs are at a high impedance

terminated lines down to 133 §2.

logic: 1Y = 1A when 1G is low

2Y = 2A when 2G is high

Typically, the ‘S240 can replace the equivalent of six SN54504, SN74504
inverters or four SN545130, SN74S140 line drivers at their rated drive
capabilities with the added benefits of input hysteresis and 3-state outputs.
The ‘S241 offers the same complexity and drive capability but is designed for
use in non-inverting applications.

In bus-organized systems, the ‘S241 can be connected with no external
components to perform as a non-inverting input/output bus transceiver. With
complementing enable inputs, the control function can be connected directly
to both enable inputs while the two 4-line data paths can be connected (at
adjacent pins) input-to-output on both sides to form the asynchronous
transceiver/buffer.

‘s241

TMS4050 BUS TRANSCEIVER

T™S

DATA
BUS

DATA
BUS

DATA
BUS

DATA
BUS

This document provides tentative information
on a new product. Texas Instruments reserves
the right to change specifications for this
product in any manner without notice.

TENTATIVE DATA SHEET

TEXAS INSTRUMENTS

tintegrated Schottky-Barri
clamped transistor is patented by
Texas Instruments. U.S. Patent

Number 3,463,975.
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TYPES SN54S240, SN545241, SN745240, SN74S241
OCTAL BUFFERS/LINE DRIVERS WITH 3-STATE OUTPUTS

recommended operating conditions

SN54S” SN7as’ )
PARAMETER MIN_NOM MAX |[MIN NOM max | YN'T
Supply voltage, Vg (see Note 1) B 45 5 55 [4.75 5 5.25 \
High-level output current, loH -12 -15 mA
Low-level output current, 1o 48 64 mA
Operating free-air temperature, T A (see Note 2) -55 125 0 70 °C

NOTES: 1. These voltage values are with respect to network ground terminal
2. An SN545241J operating at free-air temperature above 116°C requires a heat sink that provides a thermal resistance from case to
free.air, Ryc o, of not more than 40°C/W.

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

‘S240 ‘s241
t IT
PARAMETER TEST CONDITIONS MIN TYPT MAX |MIN TYPT MAX UN
ViH High-leve! input voltage 2 2 Vv
Vi Low-level input voltage 08 08 \
ViK____Input clamp voltage Vge = MIN, I = -18mA -1.2 -1.2 v
Hysteresis (V14 - VT_) Vee = MIN 02 04 02 04 Vv
:’:’f; MM VLTSV e 3 24 34
\Y High-| [ = \Y
OH igh-level output voltage Vog = MIN, ViL=05 V. p 2
10H = MAX
VoL Low-level output voltage Vge = MIN, QL = MAX 0.55 0.55 N
Off-state output current, _ _
lozH high-level voltage applied xcc_-zM:Xv Vo=24V 50 50 uA
Off-state output current, IH= 2V, -
lozL low-level voltage applied ViL=08Vv Vo=05V -850 -50
W fnput current at maximum Ve = MAX, V) =55V ' 1 f mA
input voltage
™ High-level input current, any input Ve = MAX, ViH=27V | 50 50 | uA
T Am7 A rTn) aer m
devel i Any A N _ —400 —400 | WA
he Low-level input current }ﬂy_c—— Vee = MAX, ViL=05Vv - 2 2 T mA
108 Short<ircuit output current? Vee = MAX -50 -225 | -50 -225 | mA
Total, SN54S’ 80 123 95 147
outputs high SN74S’ 80 135 95 160
. Supply current Total, Vee = MAX, SN54S’ 100 145 120 170 A
cc PPly cu outputs low | Outputs open SN74S 100 150 120 180 | M-
Outputs at 100 145 120 170
Hi-Z 100 150 120 180
TFor conditions shown as MIN or MAX, use the appropriate valus specified under recommended operating conditions,
T AN typicsl values are at Vo = 5V, To = 25°C.
“Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second
switching characteristics, Voc =5V, Ta = 256°C
‘s240 ‘s241
TEST CON NS UNIT
PARAMETER onoiTio MIN_TYP_MAX [MIN_TYP__MAX
Propagation delay time,
PLH low-t0-high-level output 45 ’ 6 9 n
Propagation delay time, CL =50pF, RL =909,
E 7
'PHL high-to-low-leve! output See Note 3 45 & ° "
tZL QOutput enable time to low level 10 15 10 15 ns
1ZH Output enable time to high level - 6.5 10 8 12 ns
¥ Output disable time from low level CL =5pF, RL=900, 10 15 10 15 ns
tHZ Output disable time from high level See Note 3 6 9 6 9 ns

NOTE 3 Load circuit and wavetorms are shown on page 148 of The TT/. Data Book for Design Engineers.
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TYPES SN54S240, SN545241, SN745240, SN745241
OCTAL BUFFERS/LINE DRIVERS WITH 3-STATE OUTPUTS

DRIVER | _]RECEIVER
! LONG LINE
1185241 REPEATER REPEATER REPEATER 178 's241
INPUT 1/8 ‘5241 1/8 ‘5241 1/8 5241 ouTPUT
> pe > pe e > >
Ac e BN ,n
1° 1 +

INPUT OuTPUT INPUT ~~ OUTPUT  TNPUT  ~ OUTPUT INPUT oUTPUT INPUT ouTPUT
‘S241’s USED AS REPEATER/LEVEL RESTORER

CONTROL OR MICROPROGRAM ROM/PROM
OR

MEMORY ADDRESS REGISTER

>
a
ouTPUT
CONTROL |
>
L

SYSTEM AND/OR MEMORY ADDRESS BUS
‘S240 USED AS SYSTEM AND/OR MEMORY BUS DRIVER-4-BIT ORGANIZATION CAN BE APPLIED TO HANDLE BINARY OR BCD

[Tsn7asza0 |
| ; |
I | PARTY LINE
1/4 's241 - 1/4 5241
l 1 _DEI_VE_R _MULYIPLE INPUT/OQUTPUT BUS _DR_IVE_R‘_
FROM e -} 'r‘ o
3 INPA
OUTPUT | ) o N UT A NPUT B
PORTS BUS | ! !
| | TO OTHER ] |_ToOTHER
l | BUFFERS ] BUFFERS
ourpuv | ouTPUT
| | 2] B>
Y | ! |
| | ! [
| o | T\ !
OUTPUT-PORT | | |
' CONTROL L e l—__I_ 3
BUS RECEIVERS m
CONTROL INPUT  OUTPUT CONTROL
H H B A L L
H L B8 B H L
Lo A 8 H H
m;u_t’ 10 L H A A L H
PORTS DATA HoL NONE  NONE LM
BUS
PARTY-LINE BUS SYSTEM
WITH MULTIPLE INPUTS, OUTPUTS, AND RECEIVERS
INPUT PORT
CONTROL

INDEPENDENT 4-81T BUS DRIVERS/RECEIVERS
IN A SINGLE PACKAGE
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1M SERIES 54S/74S
MEMORIES RANDOM-ACCESS READ/WRITE MEMORIES

BULLETIN NO DL §7512257 MAY 1975

64 BITS (16 WORDS BY 4 BITS) 256 BITS (256 WORDS BY 1 BIT)
'$189, 'S289 '$201, '$301

ADA 1 U 16 vee ADA 1(] U 716 Ve
CE 2C [J15 ADB ADB 2] [D15 ADC
RIW  3C {214 ApC CE1 3(] [714 ADH
D11 4] 513 ADD CE2 ar] =13 DI
po1 5] (212 D14 CE3 5] 012 RW
p12 6] 11 Doa DO 6(] D11 ADG
po2 7¢] 10 DI3 ADD 7(] [>10 ADF
GND 8({ o 003 GND 8C Do apE

Pin assignments for all of these memories are the same for all packages

e Schottky-Clamped for High Performance

e Full On-Chip Decoding and Fast Chip-Enable Simplify System Decoding
e P-N-P Inputs Reduce Loading on System Buffers/Drivers

e Choice of 3-State or Open-Collector Outputs

TYPE NUMBER (PACKAGES) TYPE OF BIT SIZE TYPICAL ACCESS TIMES |WRITE CYCLE TIME
~55°Ct0 125°C| 0°Cto 70°C OUTPUT(S) |(ORGANIZATIONS)| CHIP-SELECT | ADDRESS| SN54S’ | SN74S’
SN545189(J, W) [SN745189(J, N) 3-State 64 Bits

12ns 25ns 25ns 25 ns
SN545289(J, W) [SN745289(J, N) | Open-Collector (16 W x 4 B)
SN545201(J, W) [SN745201(J, N) 3-State 256 Bits
13ns 42 ns 100 ns 65 ns
SN545301(J, W) [SN745301(J, N) | Open-Collector (256 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 system level, and the 'S201 and ‘S209 RAMs utilize inverted-cell memory elements to achieve
high densities. The memories feature p-n-p input transistors that reduce the low-level input current requirement to a
maximum of —0.25 milliamperes, only one-eighth that of a Series 54S/74S standard load factor.

A three-state-output version and an open-collector-output version are offered for each of the three organizations. A
three-state output offers the convenience of an open-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-pole output. An
open-collector output offers the capability of direct interface with a data line having a passive pull-up.

write cycle

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/W) inputs are low. While the read/write input is low, the memory output(s) is(are) off
(three-state = Hi-Z, open-collector = high). When a number of outputs 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
Information stored in the memory (see function table for input/output phase relationship) is available at the output(s)

when the read/write input is high and the chip-enable input(s) is(are) low. When one(or 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 READ/ '$189 ‘S289
ENABLE' | WRITE '$201 ‘301
Write L L High Impedance |H
Read L " Complement of |Complement of
Data Entered Data Entered
Inhibit H X High Impedance |H

H = high level, L = low level, X = irrelevant

TFor chip enable of 'S201 and 'S301: L = all CE inputs lqw, H = one or more é‘E inputs high.

functional block diagrams

'$201

ADURESS IM

‘S189, 'S289
o
IR0
. )
3o a2 :
10 aooness | f vorw 401 mEmoRY gty
H s atai R
3 worrins | Jodnonn Mate
8 e - ovGandic o
% v
LR L T
e

CHIP ENABLE (EE!
»

@)
WRITE AND SENSE
AMPLIFIER CONTROL
N v v

READ WRITE (R W
o R gt
. Lot s
amers 27T ||
ATA woU ol | ‘
o RTINS 3 | ool
I 4 ADDRESS 41016
e —— | INPUTS 9] o LINE
Wl W[ | N & —2] oecooen
50y 62 Bo1  Boe

outeyrs

296 81T MEMORY
MATRIX ORGANIZED
168y 16

\Y

‘$301
Same as ‘S201 except output is as shown below.

VVVVVYYY

outeut
B e e s T tD"

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

Supply voltage, Vcc (see Note 1)

Input voltage

Off-state output vo\tage

Operating free-air temperature range: SNSQS Clrcults
SN74S’ Circuits

Storage temperature range

NOTE 1: Voltage values are with respect to network ground terminal.

7YY

I G S -

FTIL

A"
55V
55V

—55 Ct0 125°C

0°C to 70°C

—65°C to 150°C
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SERIES 545/74S

RANDOM-ACCESS READ/WRITE MEMORIES WITH 3-STATE OUTPUTS
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SERIES 54S/74S

RANDOM-ACCESS READ/WRITE MEMORIES

WITH OPEN-COLLECTOR OUTPUTS
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SERIES 545/74S

RANDOM-ACCESS READ/WRITE MEMORIES
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SERIES 54S/74S
RANDOM-ACCESS READ/WRITE MEMORIES
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1oe Note B
= WAVEFORM 2
151 opan, 52 clowed
100 Nota 8)
LOAD CIRCUIT WRITE CYCLE VOLTAGE WAVEFORMS
EnaBLE
weuTs 15y
(Sa0 Note € h
ADDRESS av s
weUTS WAVEFORM 1 "
(Som Notw Al ==t I N ov 151 clowe, 52 ogun ]
[ur—— o a9 oo |
uT ! " Vou .-
151 and 52 clowd) 16V 15V WAVEFORM 2
-==-vor
100 N0 8)
Al X2 ez oLz
CCES?{TIMEA;ROM ADDRESS INPUTS ACCESS (ENABLE) TIME AND DISABLE TIME FROM CHIP ENABLE
OLTAGE WAVEFORMS VOLTAGE WAVEFORMS
NOTES: A,

When measuring access times from address inputs, the chip enable input(s) is(are) low and the read/write is high.
Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the
output with internal conditions such that the output is high except when disabled

C. When measuring access and disable times from chip enable input(s), the address inputs are steady-state and the read/write input is
high

@

D. Input waveforms are supplied by pulse generators having the following characteristics 1y €25ns t¢ <2.5ns, PRR < 1 MHz,
and Zgy =~ 50 Q.
FIGURE 1-TESTING RAM's WITH 3.STATE QUTPUTS
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CHIP ENABLE
weut

READWRITE
NeuT
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(300 Note 81

WRITE CYCLE VOLTAGE WAVEFORMS

cuie v
EnABLE 15V sy
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(ome Now €1 b taiE1o et o
outpuT disy "” Vou
(ven Note 81 v
ACCESS TIME FROM ADDRESS INPUTS ACCESS (ENABLE) TIME AND DISABLE TIME FROM CHIP ENABLE
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

NOTES: A. When measuring access times from address inputs, the chip-enable input(s) is(are) low and the read/write input is high.
Waveform shown is for the output with internal conditions such that the output is low except when disabled.

When measuring access and disable times from chip-enable input(s), the address inputs are steady-state and the read/write input is
high.

om

D. Input waveforms are supplied by pulse generators having the following characteristics: t, < 2.6 ns, t¢ < 2.5 ns, PRR < 1 MHz,
and Zg,p = 50 Q.

FIGURE 2-TESTING RAM’s WITH OPEN-COLLECTOR OUTPUTS
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TTL TYPE SN7489
MEMORIES 64-BIT RANDOM-ACCESS READ/WRITE MEMORY

BULLETIN NO. DL-S 7511386, DECEMBER 1972-REVISED MAY 19756

e For Application as a “’Scratch Pad”” Memory JOR N PACKAGE
with Nondestructive Read-Out

e Fully Decoded Memory Organized as 16
Words of Four Bits Each AD A

=)

Vee
e Fast Access Time . .. 33 ns Typical
ADB

3l
N
@

e Diode-Clamped, Buffered Inputs
e Open-Collector Outputs Provide Wire-AND —

- 14 DC
Capability WE 3( ) A
e Typical Power Dissipation . . . 375 mW DIt 4 C > 13 ADD
e Compatible with Most TTL and DTL Circuits
D01 s ( > 12 DI 4
description
DI2 s(: ) 1 6064
This 64-bit active-element memory is a monolithic,
high-speed, transistor-transistor logic (TTL) array of 567
64 flip-flop memory cells organized in a matrix to 7 C > 10 o3
provide 16 words of four bits each. Each of the 16
words is addressed in straight binary with full on-chip GND BC D 9 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.
The memory has open-collector outputs which may
be wire-AND connected to permit expansion up to
4704 words of N-bit length without additional output
buffering. Access time is typically 33 nanoseconds;
power dissipation is typically 375 milliwatts.

OPERATION CONDITION OF OUTPUTS
Write Complement of Data Inputs
Read Complement of Selected Word

Inhibit Storage Complement of Data Inputs
Do Nothing High

rxr |3

write operation

Information present at the data inputs is written into the memory by addressing the desired word and holding both the
memory enable 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 into the memory is nondestructively read out 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

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vcc -

Req OUTPUT
INPUT -

Data Inputs: Rgq = 6 k2 NOM
All others: Rgq =4 k2 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, V¢ (see Note 1)

Input voltage (see Note 1)

High-level output voltage, VOH (see Notes 1 and 2)
Operating free-air temperature range

Storage temperature range

NOTES: 1. Voltage values are with respect to network ground terminal.

2. This is the maximum voltage that should be applied to any output when it is in the off state.

recommended operating conditions

Supply voltage, VCC

Width of write-enable pulse, tyy

Setup time, data input with respect to write enable tsu (see anure 1)
Hold time, data input with respect to write enable, ti (see Figure 1)
Select input setup time with respect to write enable, tgy

Select input hold time after writing, tp (see Figure 1)

Operating free-air temperature, Ta

7V
55V

.. . BBV
0°Cto 70°C
—65°C to 150°C

MIN NOM MAX UNIT

4.75 5 525 V
40 ns
40 ns

5 ns
0 ns
5 ns
0 70 °C

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

PARAMETER TEST CONDITIONS? MIN TYPI MAX |UNIT

ViH High-level input voltage 2 \

ViL Low-level input voltage 08| V

V|K Input clamp voltage Vee = MIN, I} =—12mA -1.5 A\
Ve = MIN, ViH=2V,

loH High-level output current 20| wA
Vi =08V, VoH =55V

VoL Low-level output voltage Vee = MIN, Vi -2 V.ot = 12mA 04 \
ViL=08V, [loL=16mA 0.45

] Input current at maximum input voltage Vee = MAX, =55V 1] mA

ljH  High-level input current Vee = MAX, Vy=24V 40| pA

fiL  Lowe-level input current Vce = MAX, =04V —-1.6| mA

icc  Supply current Ve = MAX, See Note 3 75 105 | mA

Co  Off-state output capacitance VFE :Mzzv Vo=24V. 6.5 pF

NOTE 3:

Ice is measured with the memory enable grounded, all other inputs at 4.5 V, and all outputs open

TEor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

T Al typical values are at Vec = 5V, Ta = 25°C

switching characteristics, Vcc =5V, TA =25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
Propagation delay time, low-to-high-level
oLy P v 9 2% 50
output from memory enable
ns
Pro ation delay time, high-to-low-level
oL 0 v 9 33 50
output from memory enable C_ =30pF
Pro tion delay time, low-to-high-level -
oLy | 0P Y 9 Ry =3009, 30 60
output from any address input Ry 2 =600 0 s
) S
Pro tion delay t , high-to-low-level
tppgg | TOPAgatON delay time, hig w-levi See Figure 1 s 60
output from any address input
N Sense recovery time output initially high 39 70
ns
SR after writing output initially low 48 70

TEXAS INSTRUMENTS




TYPE SN7489
64-BIT RANDOM-ACCESS READ/WRITE MEMORY

PARAMETER MEASUREMENT INFORMATION

Vee

From output
under test

¢L-300F RL2 = 600 @

—————————————— 3v
MEMORY
ENABLE
ov
;‘_’!_ tsu
3V

L (seenores) L ANY
= = ADDRESS
LOAD CIRCUIT
DATA
INPUT
3v
MEMORY
15V
ENABLE h oy WRITE
: | ENABLE
| | — ’
ANY -
ADDRE ANY HIGH | “\ ! OH
DDRESS ouTPUT ! ST 15V
| ————— %
R — oL
- M\, | VoH
ANY ANY LOW N 15V
OUTPUT ouTPUT Neo
e e —— — - VoL
Write enable is high
READ CYCLE WRITE CYCLE FROM WRITE ENABLE
NOTES: A. The input pulse generators have the following characteristics: t, < 10 ns, ty < 10 ns, PRR = 1 MHz, Zo,y = 50 2.

8. C( includes probe and jig capacitance.

FIGURE 1-SWITCHING CHARACTERISTICS

TYPICAL CHARACTERISTICS

INPUT CURRENT
vs
INPUT VOLTAGE

4
Vec=5V
TA-25°C

2 TA

o |—DpATA INPUTS

2 ALL OTHER INPUTS

I
|
|
4

I} —Input Current—mA

10 | |
! |
|
—12 ! I
-1 0 1 2 3 4 5
V)—Input Voltage—V
FIGURE 2

PROPAGATION DELAY TIME
vs
FREE-AIR TEMPERATURE

40 T + .
/T tPHLSELECT INPUTS | =]
35 ——
_.-—»-R——""'
30 Y
e
L2 A va—
£ N-tpHL MEMORY ENABLE INPUT
=
| |
5§ 2 T ; T
H \_ tpLH SELECT INPUTS
2 15 | |
13 T | I
& | tpLH MEMORY ENABLE INPUT
10
Vee=5V
5 L CL=30pF
RL = 300 @
° | |

0 10 20 30 40 50 60 70
Tpa—Free-Air Temperature— 'C
FIGURE 3

T1 connot ossume any responsibility for ony circuits shown
or represent that they are free from potent infringement

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE (HMANGES AT ANY TIME
IN ORDER 10 IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE

TEXAS INSTRUMENTS



+ SN545214,SN545314,SN745214,SN74S314
ﬁ'.LmLTsTIKY 1024-BIT HIGH-PERFORMANCE
RANDOM-ACCESS MEMORIES

e Fully Decoded, Organized as 1024 Wards of DIP PACKAGE (TOP VIEW)
One Bit Each , sopRiss eyt

e Schottky-Clamped for High-Speed Memory Systems: vee vul‘, it e
Access from Chip-Enable Inputs . . . 15 ns Typical 16,1514 (13 12 11,109,
Access from Address Inputs . . . 30 ns Typical T
Power Dissipation . . . 0.5 mW/Bit Typical o R

e Choice of Three-State or Open-Collector Outputs

e Compatible with TTL and 12L SBP0400
e Chip-Enable Input Simplifies External Decoding

description 8
o
This 1024-bit active-element memory is a monolithic
transistor-transistor logic (TTL) array organized as
ovtur 103 Data 0wt 5 onane et .
1024 words of one bit each. It is fully decoded and U ot v Set e gt
has a chip-enable input to simplify decoding required
to achieve the desired system organization L
schematics of inputs and outputs
EQUIVALENT OF EACH INPUT SN54S/748214 OUTPUT SN54S/748314 OUTPUT

— \Y
V, S - - E cc
ce I 1 58 (INOM
2.7 kK§INOM 3 é P
| L - ' j OUTPUT

i _‘f/ g —0
INPUT ¢ +- OUTPUT
! ~ ™ Nt
1 T
x N *‘ % | ]*
S W— — -

7

write cycle

The information applied at the data input is written into the selected location when the chip-enable input and the
read/write input are low. While the read/write input is low, the ‘S214 output is in the high-impedance state and the
'S314 output is off. When a number of outputs are bus-connected, this high-impedance or off state will neither load nor
drive the bus line, but it will allow the bus line to be driven by another active output or a passive pull-up.

read cycle

The stored information (in-phase with that which was applied at the data input during the write cycle) is available at
the output when the read/write input is high and the chip-enable input is low. When the chip-enable is high, the ‘S214
output will be in the high-impedance state and the ‘S314 output will be off.

FUNCTION TABLE

INPUTS ‘LS214 ‘LS314
FUNCTION CHIP READ/
OUTPUT OUTPUT
ENABLE WRITE
Nrite
L L High Impedance off
(Store Applied Data)
Read L H Stored Data Stored Data
Inhibit H X High Impedance off
H - high level, L low level, X irrelevant
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SN54S5214,SN545314,SN745214,SN745314
1024-BIT HIGH-PERFORMANCE
RANDOM-ACCESS MEMORIES

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

Supply voltage, Vcc (seeNote 1) . . . . . . . . . . . . . . . . . . . .. .... WV
Input voltage . . . - 31"
Off-state output voltage T . . . . . . . . . . . . .. . . . . . bbv
Operating free-air temperature range: SNSAS Clrcults . . . . . . . . . . . .. . -55Cto125C

SN74S’ Circuits . . . . . . . . . . L L L. 0°C to 70°C
Storage temperaturerange . . . . . . . . . . . . . . . . . . . . . . .. =-65Cto150C

NOTE 1: Voltage values are with respect to network ground terminal

recommended operating conditions

SN54S° SN74s’
MIN __NoM  Max | MIN___ Nom _max |UNT

Supply voltage, Vcc a5 5 55 4.75 5 5.25 v
High-level output current,ign -2 -103 mA
Low-level output current, 1o T 16 mA
Width of write-enable pulse (read/write low), ty 50 35 ns

Address to read/wrnite 154 ) Si
Setup time, terup Data to read/write 5. 54 ns

Chip-enable to read/write 54 54

Address from read/write 5t 5t
Hold time, thoig Data from read/write 5t 5t ns

Chip-enable from read/write 5t 5t
Operating free-air temperature, T p ~55 125 0 70 °c

14 The arrow indicates the transition from the read/write input for reference  t for the low-to-high transition, ¢ tor the high-to-low transition.

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

PARAMETER ____ TEST CONDITIONS? MIN _ TYP: MAX |UNIT
Vi High-level input voltage 2 Vv
Vi Low-level input voltage 0.8 v
\7 Input clamp voltage Vee = MIN, Iy = -18mA 1.2 v

" High-level output vollage o Ve =MAX, ViH = 2v lSenes 545 24 3.2
\Y - . v
OH  snsas/74s214 VIL=08V.  IgH = MAX [ Series 745 24 29
V Low level output volt: \" =MIN, VIH =2V
oL Llow utput voltage cc IH 035 045 v
Vi =08V, IgL=16mA
| High-level output current Vee = MIN, Vg =2v LVO =24V 50 uA
OH  Snsas/7as314 ViL 0.8V [Vo-55v 100
lozH Off-state output current, high-level Vce = MAX, ViH=2V 50 HA
voltage apphed SN545/745214 Vi =08V, Vo = 2.4V
lozL Off-state output current, low-level Vee = MAX, ViH =2V 50 uA
voltage applied SN545/745214 Vi = 0.8v, Vo =04V
Iy Input current at maximum input voltage Vee = MAX, V=55V 1 mA

('™ High-level input current Vee =MAX, Vv =27V 25 MA
T8 Low-level input current Vece = MAX, V=05V -250 MA
los  Short-circuit output current* SN545/745214 | Vcg = MAX -30 100 mA
fcc  Supply current Vge = MAX,  See Note 2 95 130 mA

"For conditions shown as MIN or MA X, use the appropriate value specified under recommended operating conditions
*Ail typical values are at Voe = 5V, T4 = 25°C.

“Duration of the short circuit should not exceed one second.

NOTE 2. I is measured with all inputs grounded and the output open.

TUcannot aszume any (€s00nsbity for any Ccuits shown
O represent that they are Iree Irom parent infringement TEX I N T R U M E N T S
XAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE
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SN54S5214,SN54S314,SN74S214,SN745314
1024-BIT HIGH-PERFORMANCE
RANDOM-ACCESS MEMORIES

SN54S/745214 switching characteristics over recommended operating ranges of T and Vg (unless

otherwise noted)

166

SN545214 SN748214
PARAMETER TEST CONDITIONS UNIT
MIN TYP: MAX|MIN TYP: MAX
Pro tion delay time,
tpLH pags 0 6 0 45
low-to-high-leve! output Access times
tpHL  Propagation delay time, from address CL = 30pF ns
high-to-low-level output Ry =40082, 0 60 30 45
tZH Output enable time to high level Access times from See Note 3 15 40 15 30
ns
tZL Output enable time to low level chip enable 15 40 15 30
tZH Output enable time to high level Sense recovery times 20 45 20 30
ns
tZL Output enable time to low level from read/write 20 45 20 30
Output disable time from
tHZ put cisable 0 30 0 2
high level Disable times from
ns
Output disable time from chip enable Ci =5pF,
wz e ® L=>°p 0 3 10 20
low level Ry = 40082,
bl f See Note 3
HZ Output disable time from e 15 0 18 20
high level Disable times from
Output disable time from read/write ns
tz 15 40 15 30
low level
SN54S/74S314 switching characteristics over recommended operating ranges of Ta and VcC (unless
otherwise noted)
PARAMETER TEST CONDITIONS SN54S314 SN7as314 UNIT
MIN TYP: MAX| MIN TYP: MAX
Pro t delay time,
pLp opesation celay i 2 6 30 a5
low-to-high-level output Access times
ns
Pro tion delay time, from add
PHL pagation delay ti address 0 6 0 45
high-to-low-ievel CL =30pF
Propagation delay time, Ry = 30082
tPLH pagati v From chip enable L 15 40 15 30
low-to-high-level output R 2 =600 Q ns
From read/write 20 45 20 30
(disable time) See Note 4
Pro tion delay time,
tPHL pega v Output enable 15 40 15 30 ns
high-to-low-level output
tSR Sense recovery time From read/write 20 45 20 30 ns

TEXAS INSTRUMENTS




SCHOTTKY'
TTL MEMORIES

SN5415214,SN5415314,SN74LS214,SN74LS314
1024-BIT HIGH-PERFORMANCE RANDOM-ACCESS

MEMORIES

One Bit Each

description

This 1024-bit active-element memory is a monolithic
transistor-transistor logic (TTL) array organized as
1024 words of one bit each. It is fully decoded and
has a chip-enable input to simplify decoding required
to achieve the desired system organization.

schematics of inputs and outputs

Fully Decoded, Organized as 1024 Words of

Schottky-Clamped for High-Speed Memory Systems:
Access from Chip-Enable Inputs . . . 20 ns Typical
Power Dissipation . . . 0.2 mW/Bit Typical

Choice of Three-State or Open-Collector Outputs

e Compatible with TTL and 12L SBP0400

e Chip-Enable input Simplifies External Decoding

ADDRESS INPUTS

€ OUTPUT GND.

ADDRESS INPUTS

Dovtive logic DBt 0ut 1 11 Dhase with 38t hat wes 80PIed at

Gata 1nput See description and function teble

EQUIVALENT OF EACH INPUT SNS4LS/74LS214 OUTPUT SN54LS/74LS314 OUTPUT
Vee — e om Vee
QUTPUT
INPUT —9 OUTPUT -
write cycle

The information applied at the data input is written into the selected location when the chip-enable input and the
read/write input are low. While the read/write input is low, the ‘LS214 output is in the high-impedance state and the
‘LS314 output is off. When a number of outputs are bus-connected, this high-impedance or off state will neither load
nor drive the bus line, but it will allow the bus line to be driven by another active output or a passive pull-up.

read cycle

The stored information (in-phase with that which was applied at the data input during the write cycle) is available at
the output when the read/write input is high and the chip-enable input is low. When the chip-enable input is high, the
‘LS214 output will be in the high-impedance state and the ‘LS314 output will be off.

FUNCTION TABLE

INPUTS
FUNCTION CHIP READ/ L5214 Ls314
ENABLE WRITE ouTeuT OuTPUT
Write
(Store Applied Data) t L High Impedance ot
Read L H Stored Data Stored Data
Inhibit H X High Impedance Off
H = high level, L = low level, X = irrelevant

TEXAS INSTRUMENTS
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SN5415214,SN541LS314, SN74LS214,SN74LS314
1024-BIT HIGH-PERFORMANCE RANDOM-ACCESS
MEMORIES

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

NOTE 1

Supply voltage, Vcc (see Nate 1)
Input voltage

Off-state output vonage Lo
Operating free-air temperature range: SN541S’
SN74LS’
Storage temperature range .

recommended operating conditions

Circuits .

Circuits .

: Voltage values are with respect to network ground terminal

AY

65V

. . . 55V
—55°C to 125°C
0°C to 70°C
—659C to 150°C

SN54LS’ SN74LS’ UNIT
MIN NOM  MAX MIN NOM  MAX
Supply voltage, Vce 4.5 5 5.5 4.75 5 525 \%
High-level output current, Igy 1 -5 mA
Low-level output current, Ig 4 8 mA
Width of write-enable pulse (read/write low), ty, 100 80 ns
Address to read/write 404 304
Setup time, tseryp Data to read/write 104 101 ns
Chip-enable to read/write 0l 04
Address from read/write 10t 10t
Hold time, thoig Data from read/write 10t 10t ns
Chip-enable from read/write ot ot
Operating free-air temperature, Tp ~55 125 0 70 °c

t{ The arrow indicates the transition from the read/write input used for reference

transition,

t tor the low to-high transition.

i for the high-to low

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

PARAMETER TEST CONDITIONS? MIN TYP? MAX UNIT
Vi High-level input voltage 2 \Z
ViL Low-level input voltage 08 Vv
Vi input clamp voltage Ve = MIN, ly=-18mA ~1.2 v
High-level output voltage, Vee =MAX, Vi =2V, [Series 54LS[ 2.4 3.2
VOM  snsaLs/7aLs214 VIL=0.8V, oy - MAX [Series 74LS| 24 29 M
VoL Low:level output voltage Vee T MIN. - Vig =2V, 0.4 0.5 v
ViL =08V IgL=MAX
lon High-level output current Vee = MAX, V=2V, [Vg=24V 50
SN54LS5/74LS314 ViL=0gVv V=55V 100 HA
Off-state output current, high-level Vee = MAX,  Vig=2V,
lozH 3 R 50 HA
voltage applied SN54LS/74LS214 ViL=08V, Vou=24V
lozL Off-state output current, low-level Vee = MAX Vig=2V, g0 A
voltage applied SN54L5/741L.5214 ViL=08V, =04V
h Input current at maximum input voltage Vee - MAX, V=55V 1 mA
IWH High-level input current Vee = MAX, =27V 25 MA
e Low-level input current Vce = MAX, =05V ~250 MA
los Short-circuit output current* SN54LS/74L5214 Ve = MAX -15 -100 mA
icc Supply current Vce = MAX,  See Note 2 35 50 mA

TFor conditions shown as MIN or MA X, use the appropriate value specified under recommended operating conditions

+All typical values are at Ve

5V, Tp - 25°C

*Duration of the short circuit should not exceed one second.

NOTE 2: Icc 1s measured with all inputs grounded and the output open

TEXAS INSTRUMENTS



SN541S214,SN5415314, SN741L.S214,SN74LS314
1024-BIT HIGH-PERFORMANCE RANDOM-ACCESS
MEMORIES

SN54LS/74L5214 switching characteristics over recommended operating ranges of Ta and VG

(unless otherwise noted)

SN54LS214 SN74LS214
PARAMETER TEST CONDITIONS UNIT
MIN TYP! MAX|MIN TYP' MAX
Propagation delay time,
PLH 9 ' 110 %
low-to-high-level output Access times
ns
Propagation delay time, from address CL = 30 pF,
PLH N ' L= 30p 10 90
high-to-low-level output Ry = 600 £2,
12H Output enable time to high level Access times from See Note 3 75 60
tzL  Output enable time to low level chip enable 75 60|
t1ZH Qutput enable time to high level Sense recovery times % 60
tZL Output enable time to low level from read/write 75 60 e
. Output disable time from . 50
HZ high level Disable times from
ns
Output disable tme from chip enable CL = 5pF
Wz P L=op 65 50
low level R( = 600 §2,
1Hz  Output disable ume trom See Note 3 75 60
high leve! Disable times from
ns
Output disable time from read/write
tHZ 75 60
low level
SN541.S/74L.S314 switching characteristics over recommended operating ranges of Ta and VcC
(unless otherwise noted)
SN541LS314 SN74LS314
PARAMETER TEST CONDITIONS n
MIN TYP' MAX|MIN TYP! MAX|UNIT
Propagation delay time,
t
PLH low-to-high-level output Access times 1o %0
ns
: Propagation delay time, from address
PHL high-to-low-level output CL = 15pF, 110
P ation delay time, R 600 €2,
‘vopagh\ r:‘l Iv ! From chip enable RLI 1282 75 60
t ow-t0- -level output = 3 ns
PLH " "9 ueed From read/write L2 75 60
(disable time) See Note 4
Pro tion delay time,
tPHL ropagat v Output enable 75 60| ns
high-to-low-levei output
1SR Sense recovery time From read/write 75 60| ns

*All typical values are at Voo = 5V, Tp = 25°C

NOTES

3. Load circuit and voltage waveforms are the same as those shown in Figure

Data Book. The data out is in phase with data in

4. Load circuit and voltage wavetorms are the same as those shown in Figure

Data Book. The data out is inphase with data in

. page number

. page number

ot the Semiconductor Memory

of the Semiconductor Memory

T1cannot ascume any responsbiiity for any Cireuits shown
O represent that they are free from patent «nfringement

TEXAS INSTRUMENTS
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SCHOTTKY'

TTL LSI

SN545207,SN545208,SN745207,SN745208
1024-BIT EDGE-TRIGGERED RANDOM-ACCESS MEMORIES

WITH 3-STATE OUTPUTS

Fully Decoded, Organized as 256 Words of
Four Bits Each
Schottky-Clamped for High-Speed
Memory Systems:
Access from Chip-Enable
Inputs ... 15 ns Typical
Access from Address
Inputs ... 35 ns Typical
Edge-triggered Write Control
‘S207 Data and Address are Same Pins as
1K ROM/PROM
High-Density Packages have Pin-Row
Spacing of 0.3-inch
Three-State Output for Driving Bus-Organized
Systems and/or Highly Capacitive Loads
Compatible with Most TTL and 12L
Microprocessor Circuits

description

These 1024-bit active-element memories are
monolithic transistor-transistor logic (TTL) arrays
organized as 256 words of four bits each. They are
fully decoded with output enable inputs to simplify
decoding required to achieve the desired system
organization. Read and write times are virtually
equal, which simplifies control implementation.

schematics of inputs and outputs

SN545207, SN745207
J, N, OR W PACKAGE (TOP VIEW)

DATA INPUTS OUTPUTS

ADG ADF ADE ADD ADA ADB ADC GND

positive logic: See function table

SN545208, SN745208
J OR N DUAL-IN-LINE PACKAGE (TOP VIEW)

oATA GUTRUTS

D4 ADKM WRITE O “pos  DC D(/! 002 DOV D
ﬂw 7. [16 15A“.—[FA‘2A“

1
BT W o S04 6y 007 0] |

ADA AGB ADC ADD, D/J \ADE ADF ADG, D1Z GND

ADDRESS INPUTS. ADDRESS INPUTS

positive logic: See function table

EQUIVALENT OF EACH INPUT

vee - -
7 k§2NOM

OuUTPUT

58 {INOM

vVee

OUTPUT

write cycle

While the output-enable input of the ‘S207 is high, data applied to the input/output (1/0) is written into the
selected location on a positive transition at the write input. Information at the data input of the ‘S208 memory

is written into the selected location on a positive transition at the write input regardless of the state of the output-
enable input. While the output-enable input is high, the output is in the high-impedance state. When a number of
outputs are bus-connected, this high-impedance output state will neither load nor drive the bus line, but it will
allow the bus line to be driven by another active output or a passive pull-up if desired.

read cycle

The stored information is available at the output when the output-enable input is low.

TEXAS INSTRUMENTS



SN545207,SN54S208,SN74S207,SN74S5208
1024-BIT EDGE-TRIGGERED RANDOM-ACCESS MEMORIES

WITH 3-STATE OUTPUTS

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

Supply voltage, V¢ (see Note 1)
Input voltage

Off-state output voltage

Operating free-air temperature range, SN545207 SN54S208
SN745207, SN745208

Storage temperature range

NOTE 1

Al voitage values are with respect to network ground terminal

recommended operating conditions

—55"C to 125°C

A
55V
55V

0°C to 70°C
—65°C to 150°C

SN54S’ SN74S’ UNIT
MIN NOM MAX | MIN NOM MAX

Supply voltage, VCC 45 5 655 475 5 525 |V
High-level output current, gy -2 -6.5 | mA
Low:-level output current, Ig 16 16 | mA
Width of write-enable pulse (high), t, 35 25 ns
Setup time, tgeryp (see Figure 1) Address to wrte of ot ns

Data to write ot ot

Address from write 70t 50t
Hold time, thq|g (See Figure 1) - ns

Data from write 70t o
Operating free-air temperature, Tp —-55 125 0 70 | °C

1 4 The arrow indicates the transistion of the read/write input for reference: tfor the low-to-high tral

, itor the high-to-!

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

PARAMETER TEST CONDITIONSt" NS4S’ SN74s' UNIT
MIN TYP: MAX MIN TYP: MAX
Vi High-level input voltage 2 2 v
ViL  Low-ievel input voltage 0.8 0.8 \
\7 Input clamp voltage Ve = MIN, = -18 mA -1.2 -1.2 A
Vol High-level output voltage Vee = MIN. Vin=2v 24 32 24 29 Vv
ViL=08V, IgH = MAX
VoL Low-level output voltages VeemMIN. - Vig=2Vv 0.5 0.45 v
Vi =08V, g =16mA
1021 Off-state output current SN545/74S207 | Voo = MAX,  Vig=2V 25 25 A
high-level voltage applied SN545/745208 (V|_=0.8 V, vVg=24V 50 50
1oz, Offstate output current | SN54S/745207 |Vee = MAX, Vi =2V -250 -250 A
low-level voltage applied SN545/745208 | V| =08V, Vo =05V -50 -50
h input current at maximum input voltage Vee =MAX, V| =565V 1 1 mA
High-level input current Vee = MAX, =24V,
"H See Note 2 25 25 uA
e Low-leve! input current Vee = MAX, =05V -250 —250 HA
10s Short-circuit output current® Vge = MAX, -30 -100 -30 -100 mA
lcc  Supply current }———2:::;:::;; 1Vce = MAX,  See Note 3 :g :: :£ :z mA
t For conditions shown as MIN or MAX, use the appropriate value specified under operating

t Al typical values are at Vcc = 5 V, T = 25°C

Duration of the short-circuit should not exceed one second.

NOTES: 2. For the 'S207, I} is measured with the output enable at 4.5V.
3. Igg is measured with the write high, output enable grounded, all other inputs at 4.5 V, and all outputs open.

TEXAS INSTRUMENTS

m

“



SN545207,SN545208 SN745207,SN74S208
1024-BIT EDGE-TRIGGERED RANDOM-ACCESS MEMORIES
WITH 3-STATE OUTPUTS

PARAMETER MEASUREMENT INFORMATION

———————— - v
ADDRESS INPUTS Z \
ISee Note B 15V (1o
! R ettt ov
] .o
i vor
outeut
151 a0 52 closed eV sv
ST vou

FIGURE 1 - ACCESS TIME FROM ADDRESS INPUTS
VOLTAGE WAVEFORMS

READ WRITE INPUT

eUTOUTRUT [y S— i
- v vie

INPUT OUTPUT

3v

DATA INPUTS, 15y 15V

|
ov

READ WAITE INPUT

OUTPUT WAVEFORM |

i
(Storng Hight ! !
T | vou
ot — e |
|
! v
OUTPUT WAVEF ORM 2 A - O
(Stor.ng Low! |
***** vou
FIGURE 3 - SNS4S/745208 WRITE WHILE READ VOLTAGE WAVEFORMS
OUTPUT DISABLE/ENABLE IS LOW
3v
OUTPUT ENABLE
(See Note C1 15V 15V
WAVEFORM 1

(ST closed, 52 open see Note Al

WAVEFORM 2
151 open 52 ciosed. see Note A1

FIGURE 4 ~ ACCESS (ENABLE) TIME AND DISABLE TIME FROM OUTPUT ENABLE
VOLTAGE WAVEFORMS

NOTES: A.Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Wa eform 2 is for the
output with internal conditions such that the output is high except when disabled.
B. When measuring delay times from address inputs, the output-enable and the write/read inputs are low.
C. When measuring delay times from the output-enable input, the address inputs are steady-state and the write/read input is low.
D. Input waveforms are supplied by the pulse generators having the following characteristics: t, <2.5 ns, t¢ < 2.5 ns, PRR < 1 MHz,
and 2, 50

T1 cannot aszume any responsibility for any curcunts shown
179 TEx S l S_I_ E] IT S or represent that they are free 110m patent intringerment
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE



SN54S5207,SN54S208,SN745207,SN74S208
1024-BIT EDGE-TRIGGERED RANDOM-ACCESS MEMORIES
WITH 3-STATE OUTPUTS

’$207 functional block diagram

‘S208 functional block diagram

ADDRESS INPUTS

ADDRESS INPUTS
AN

H=HIGH, L=LOW, 1 = LOWTO-HIGH TRANSITION

DATA QUTPUTS

— m———
_} OUTPUT DISABLE/ENABLE
—_
—_ —
— ADDRESS 1024-BIT  S—
DECODE/ N STORAGE Sb’:ié’;s
—1  BUFFERs ELEMENT I
— —
L_ .
WRITE
BUFFERS
RS WRITE/READ
DATA INPUTS
FUNCTION TABLE
FUNCTION READMWRITE ENABLE OUTPUTS
WRITE AND READ t L DATA ADDRESSED
READ Hor L L DATA ADDRESSED
DO NOTHING Hor L H Hi-Z
WRITE ONLY t H Hi-Z

H=HIGH, L= LOW, t = LOW-TO-HIGH TRANSITION

TEXAS INSTRUMENTS

- ouTPUT
T DISABLE/ENABLE
T
OUTPUT
BUFFERS DATA1/O
°
ADDRESS 1024-8I1T
DECODE/ N STORAGE
BUFFERS ELEMENT
WRITE
BUFFERS
-I WRITE/READ
FUNCTION TABLE
FUNCTION READ/WRITE ENABLE OUTPUTS
WRITE t H Hi-Z (USE AS DATA INPUTS)
READ Hor L L DATA ADDRESSED
DO NOTHING Hor L H Hi-Z
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SN545207,SN545208,SN745207,SN745208

1024-BIT EDGE-TRIGGERED RANDOM-ACCESS MEMORIES

WITH 3-STATE OUTPUTS

switching characteristics over recommended operating ranges of Ta and VCC (unless otherwise noted)

SN54S° 3
PARAMETER' TEST CONDITIONS MIN_ TYPT MAX MIN :I:::S MAX UNIT
T (min) 0 35 10 25 | ns
tpLH Access times 35 70 35 50
tpHL from address 35 70 35 50 "¢
tZH Access times from Ci = 30 pF, R_=400 Q 15 35 15 25
tZL output enable See Figure 1 15 35 15 25 e
tZH or tpLH Access times 25 60 25 45
tZL or tpHL from write 25 60 25 45 s
tHZ Disable times from CL = 5pF, R =400 §2, 10 30 10 20
W4 output enable See Figure 1 10 30 10 20 ne

Ttw(min) = minimum write-enable pulse-width (read/write low)
tPLH = Propagation delay time, low-to high-level output
tpH | = Propagation delay time, high-to-low-level output
tZH = output enable time to high levet
tZ| = output enable time to low level
142z = output disable time from high level
tLZ = output disable time from low level

+All typical values are at Ve =5 V, T = 25°C

FROM OUTPUT
UNDER TEST

LOAD CIRCUIT
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TTL SERIES 54/74, 54S/14S
MEMORIES PROGRAMMABLE READ-ONLY MEMORIES

BULLETIN NO. DL-S 7512258, MAY 1975

e Titanium-Tungsten (Ti-W) Fuse Links for e Full Decoding and Chip Select Simplify
Fast, Low-Voltage, Reliable Programming System Design
® All Schottky-Clamped PROM’s Offer: ® Applications Inclu_de: .
Fast Chip Select to Simplify System Decode Microprogramming/Firmware Loaders
Choice of Three-State or Open-Collector Outputs Code Converters/Character Generators
P-N-P Inputs for Reduced Loading on Translators/Emulators
System Buffers/Drivers Address Mapping/Look-Up Tables
— .
TYPE NUMBER (PACKAGES) TYPICAL ACCESS TIME (ns)
BIT SIZE OUTPUT
N N , 5 FROM FROM
-55'Ct0 125°C| 0°Ct0 70°C [(ORGANIZATION)|CONFIGURATION
ADDRESS | CHIP SELECT
512 bits
SN54186(J, W) | SN74186(J, N ' open-collector 50 56
(64 W x 8 B)
SN54188A(J, W)| SN74188A(J,N) 256 b open-collector 30 34
its
SN545188(, W) [SN7451880, N)| - 0 "0 & open-collector 25 12
x
SN545288(J, W) |SN745288(J, N) three-state 25 12
SN545287(J, W) | SN745287(J, N) 1024 bits three-state 42 15
SN54S387(J, W) |SN74S387(J, N)| (256 W x 4 B) open-collector 42 15
SN5454700J)  |SN745470(J, N)| 2048 bits open-collector 50 20
SN545471(J)  |SN745471(J, N)| (256 W x 8 B) three-state 50 20
SN54S472(J)* |SN74S472(J, N) 4096 bits three-state 55 20
SN545473(J)* [SN745473(J, N)| (512 W x 8 B) open-collector 55 20
51281 266 BIT 1024 BITS 2048 BITS 4096 BITS
(64 WORDS BY 8 BITS) (32 WORDS BY 8 8ITS) (256 WORDS BY 4 BITS) (256 WORDS BY 8 BITS) 512 WORDS‘BV 8 8ITS)
‘186 ‘188A, 'S188, 'S288 ‘$287,'S387 '$470, 'S471 'S472, 'S473
Ne g L,( Da2e vee 00 1 ¥ 6 Vee A0G 1 316 Ve ADA 1 J 20 vee ADA 20 vee
Ne 13 P23 Gno 2 00 2 2( s s ADF 2(] 515 ADH  ADB 2 18 ADM ADB 2 19 A0
ADA 3 22 001 00 3 3t 214 ADE ADE 3( D14 €52 apcC 3 18 ADG ADC 3 18 ADH
ADB 4 2 po2 DO 4 4 113 ADD ADD 4( 513 68 ADD 4 17 ADF A0 D 17 ADG
ADC S 20 DO3 DO 5 S 12 ADC 1 312 DO 1 ADE 5 “ 16 CS2 ADE S 18 ADF
s e 19 004 00 6 60, noADE 100 2 001 & ! 15 G 001 6 w &
cs7 W pos 00 7 7 10 ADA anc 110 DO 3 002 7 1 poe 002 7 e o8
ADD 8 17 D06 GND mﬂ N9 0O 8 GND 9 DO 4 003 8 l 13 007 003 8 11 po7
ADE 9 1 007 — DO 4 9, 1 12 006 004 9 12 oo6
AD F 101 % 008 GND 101 1 00S GND 10 1" DOS
GND 1 11 AL (o0
NC 12 13 GND2

Pin assignments for all of these memories are the same for all packages.
NC No internat connection

70 s used for testing purposes
The logic at TO 15 undefined

description

These monolithic TTL programmable read-only memories (PROM’s) feature titanium-tungsten (Ti-W) fuse links with
each link designed to program in one millisecond or less. The Schottky-clamped versions of these PROM’s offer
considerable flexibility for upgrading existing designs or improving new designs as they feature full Schottky clamping
for improved performance, low-current MOS-compatible p-n-p 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
memories as all are offered in the 20-pin dual-in-line package having pin-row spacings of 0.300 inch.

*24 Pin versions of this function will be available in July 1976

TEXAS INSTRUMENTS 175
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SERIES 54/74, 548/14S

PROGRAMMABLE READ-ONLY MEMORIES

description (continued)

Data can be electronically programmed, as desired, at any bit location in accordance with the programming procedure
specified. All PROM's, except the ‘S287 and 'S387, are supplied with a low-logic-level output 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 irreversible; once altered, the output for that bit location is permanently programmed.
Outputs never having been altered may later be programmed to supply the opposite output level. Operation of the unit

within the recommended operating conditions will not alter the memory content.

A low level at the chip-select input(s) enables each PROM except the '186, which is enabled by a high level at both

chip-select inputs. The opposite level at any chip-select input causes the outputs to be off.

The three-state output offers the convenience of an open-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-pole output.

The open-collector output offers the capability of direct interface with a data line having a passive pull-up.

schematics of inputs and outputs

‘186, ‘188A ‘186, '188A
EQUIVALENT OF TYPICAL OF
EACH INPUT ALL OUTPUTS
Veo e
6 kil NOM —OuUTPUT
NPuT¢~,L\»£ _g—(
L “
a

Programming circuit not shown

INPUT ——y

‘S188, 'S287, 'S288, 'S387 ‘S188, 'S387, 'S287, 'S288
‘S470, 'S471, 'S472, 'S473 ‘S470, 'S473 'S471, 'S472
EQUIVALENT OF TYPICAL OF TYPICAL OF

EACH INPUT

ALL OUTPUTS

- -OUTPUT

?{3

Programming circuit not shown

Programming circuit not shown

ALL OUTPUTS

QUTPUT

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

Supply voltage (see Note 1)

Input voltage

Off-state output voltage . e
Operating free-air temperature range: SN54’, SN54S’ Circuits

Storage temperature range

NOTE 1

Voltage values are with respect to network ground terminal (GND 2 of "186),

SN74’, SN74S’ Circuits

7V
55V

... .. 55V
—55°C t0 125°C

L 0°C to 70°C
.. —65°Cto 150°C

For '186 GND 1 and both GND 2 terminals are all

connected to system ground except during programming. The supply voltage rating does not apply during programming of the 188,

"188A, or the 545745 PROM’s

TEXAS INSTRUMENTS



TYPES SN54186, SN74186
PROGRAMMABLE READ-ONLY MEMORIES

recommended conditions for programming

e MIN  NOM  MAX [UNIT]
Supply voltages (see Note 2) vee 475 5 5'251 v
) GND 1 -5 -6
[ T T Open circuit
Input conditions (see Note 3 and 4) High level or equivalent
Lowrevel | -5 6T v
__&Atput Vo{!aé T T o ‘65'1 \Y
Qutput current, output being programmed —-95 -120 —-130 | mA
Duration of programming pulse (see Note 5) T T T 1 ms
Programming duty cycle T 25 35| %
[Freearemperare o ss[c

T Absolute maximum ratings LClamp to ensure output does not exceed —0.5 V with respect to GND 1

NOTES. 2. Voltage values are with respect to the GND 2 terminals
3. The high level (otf) output ot a Series 54/74 or 545/74S open collector gate with no pull-up resistor meets the requirements for
a high level input condition
4. The low level input voltage must be within *0 5 volts of the applied voltage at GND 1
5 Programming'is guaranteed if the pulse is applied to the output for 10 ms. Typically, programming occurs in less than 1 ms

step-by-step programming procedure

Programming the SN54186 or SN74186 is performed individually for each of the 512 bit locations and consists
basically of applying a current pulse to each output terminal where a low logic level 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
memory content occurs during the programming procedure only.

1. Connect the memory as shown in Figure 1. To address a particular word in the memory, 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 connection to an open-coliector TTL gate
with no pull-up resistor.

2. Apply a programming current pulse as specified to the pin associated with the first bit to be changed from a
low-levei to a high-level output.

3. 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 ievei 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 3 at a programming duty cycle of 35% maximum. This
procedure is repeated for each input address for which a specific output word pattern is desired. A low logic
level can always be changed to a high logic fevel simply by repeating Steps 1 and 2. Once programmed to
provide a high logic level, the output cannot be changed to supply a low logic level.

NOTE: When verification indicates that a bit did not program the procedure should not be repeated.

vVee
5 DOV r_.c\o__ﬂ
4 002 b—
A
S 003
-{ s~—1p 004 PROGRAMMING
PULSE
~~o——F 005 b— GENERATOR
SV BV Sy cu— D06 fm
s 007 f—
N OPEN s
UPkNl(lH(_V()R(.)UVPUV —qCS2 GND 1 DOBpF—
INO PULL UP RESISTOR l
T
GND 2= TGND 2 =

5V =6V

FIGURE 1-PROGRAMMING CONNECTIONS

TEXAS INSTRUMENTS

177



TYPES SN54188A, SN74188A, AND SERIES 54S/74S
PROGRAMMABLE READ-ONLY MEMORIES

recommended conditions for programming

"188A SN548’, SN74S’ uNIT
| MIN NOM MAX |MIN NOM MAX
Steady state [ 475 5 575 [4.75 .7
Supply voltage, V¢ (see Note 6) id 5 575 \
Program pulse 10 105 1t 10 105 11t
High level, Vin 24 5 | 24 5
Input voltage v
Low level, Vi 0 0.5 o] 0.5
- - See load circuit | See load circuit
Termination of all outputs except the one to be programmed |
| (Figure 2) {Figure 2)
e 7 T +0.3 1
Voltage applied to output to be programmed, VQ(pr) (see Note 7) 0.25 08 0 0.26 0.3 v
Duration of VoG programming pulse Y (see Figure 3 and Note 8] T 1 ms
Programming duty cycle . 25 35 25 35 %
Free-air temperature 0 55 0 55 C
L e > ———

TAbsolute maximum ratings.

NOTES:

6. Voltage values are with respect to the GND 2 terminals

7. The '188A, 'S188, 'S288, 'S470, 'S471, 'S472, and 'S473 are supplied with all bit locations containing a low logic level, and
programming a bit changes the output of the bit to high logic level. The 'S287 and 'S387 are supplied with all bit outputs at a
high logic level, and programming a bit changes it to a low logic level

8. Programming is guaranteed if the pulse applied is 10 ms long. Typically, programming occurs in 1 ms

step-by-step programming procedure

1

NOTES:

- v
LOAD CIRCUIT FOR EACH OUTPUT I l * IL \

NOT BEING PROGRAMMED OR FOR

1. Apply steady-state supply voltage (Vcc =5 V) and address the word to be programmed.

2. Verify that the bit location needs to be programmed. If not, proceed to the next bit.

3. If the bit requires programming, disable the outputs by applying a high-logic-level voltage to the chip-select
input(s).

4. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through 3.9 k2
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 10.5 V nominal, Maximum supply current required during programming is 750 mA.

6. Apply a low-logic-level voltage to the chip-select input(s). This should occur between 10 us and 1 ms after Vcc has
reached its 10.5-V level. See programming 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 us to 1 ms after the chip-select input(s) reach a high logic level, VcC should be stepped down to 5 V 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 VcC
reaches its steady -state value of 5 V.

0. At a Y pulse duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired to program a
bit.

A) V¢ should be removed between program pulses to reduce dissipation and chip temperatures. See Figure 3.
B) When verification indicates that a bit did not program the procedure should not be repeated.

VERIFY }.ﬁv _.*._—wazc; _

5v NEED TO VERIF Y PROGRAM

»wooum REMOVE Ve TO
394 °
ouTeyT
\

POWER

REDUCE AVE
W0esto ) ms

Jo— x '

appLv REMOVE

PROGRAM VERIFICATION Vorpr Votp:

FIGURE 2
FIGURE 3-VOLTAGE WAVEFORMS FOR PROGRAMMING
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TYPES SN54186, SN54188A, SN74186, SN74188A
PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions

T o T SN54186 SN74186
SN54188A SN74188A UNIT
B ) o MIN NOM MAX | MIN NOM MAX
Supply voltage, Vo 45 5 5.5 | 4.75 5 5.25 \%
High-level output voltage, Von T 5.5 55 \2
Low-level output ujr?eht, loL B 12 12 | mA
Operating free-air temperature, Ta —55 125 [} 70| °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
T ‘186 "188A
PARAMETER TEST CONDITIONS! UNIT
co ONS MIN TYPI MAX |MIN TYPi MmAX
Vi4  High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 \
ViK  Input clamp voltage Vee =MIN, | =-12mA -15 -15 | V
Vee =MIN, Vig=2V, VOH =24V 100
10H High-level output current cc 1H l OH HA
ViL =08V l VOH =55V 200 100
Vcc - MIN, Vig=2V,
VoL Lowlevel output voltage cc " 0.4 045 | vV
ViL=08V, IgL=12mA
" Input current at maximum Vee =MAX, V=55V 1 1 mA
input voltage
Iy High-level input current Vce = MAX, V=24V 40 40 | WA
he Low-level input current Vee = MAX, V=04V -1 -1 mA
S BothCSat OV a7 95
| Supply current Vce = MAX, See Note 9 mA
cC  Supply curr cc Both CS at 4.5 V 80 120
| Supp! loutputshigh Note 1 80
CCH Supplycurrent,alioutputshigl Vee = MAX See Note 10 50 mA
IccL  Supply current, all outputs low See Note 11 82 110
Co Off-state output capacitance |Vcc =5V, Vp=2V, f=1MH: 6.5 6.5 pF

TFor conditions shown as MIN or MAX, use the app: opriaie value specified under recommended operating conditions.
LAl typical values are at Ve = 5 V., T = 25°C

NOTES

9. Igc of "186 is measured with all outputs open and the address inputs at 4.5 V. Typical values are for 50% of the bits programmed.
lccH of "188A is measured with all inputs at 4.5 V, all outputs open.
tccuL of "188A is measured with the chip-select input grounded, all other inputs at 4.5 V, and all outputs open. The typical value
shown is for the worst-case condition of all eight outputs low at one time. This condition may not be possible after the device has

10.
1.

been programmed.

switching characteristics, Vcc =5V, Ta = 25°C

[ _ tpLH (ns)
ta(ad) (ns) ta(Cs/CS) (ns) . )
Access time from A ‘ ropagation delay time,
TYPE TEST CONDITIONS ccess time from low to-high-level output
address chip select (enable time)
from chip select (disable time)
YR MAX TYP MAX TYP MAX
186 | CL=30pF, Rpj=400%, 50 75 55 75 a0 75
188A |RL2 =600, See Figured 30 50 34 50 23 50

575
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SERIES 54S5/74S

PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

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

. '$387,
s188 ’S470, 'S473 UNIT
MIN NOM MAX | MIN NOM MAX
[ series 5as 45 5 55| 45 5 55
Supply voltage. Ve [ series 745 275 5 525 |4 5 525 U
High-level output voltage, VOH | 55 55| V
Low-level output current, Ig|_ . 20 16 | mA
Operating free-air temperature, T l ::::: j:: “52 ‘?:) _52 ‘3‘2’ °c

PARAMETER TEST CONDITIONS? MIN TYPI MAX |UNIT
Vin High-level input voltage 2 v
ViL Low-level input voltage 08| Vv
Vik fnput clamp voitage LVCC = MIN, I =—18 mA -1.2 \
Vee = MIN, VoH =24V 50
{OH High-level output current ViH=2V, uA
ViL =08V VOH =55V 100
VoL Low-level output voltage | Vec=MiN, Vi =2V, 05| Vv
V=08V, IoL = MAX
hy Input current at maximum input voltage Ve = MAX, V=55V 1| mA
HH High-level input current T Vee = MAX, V=27V 25 | wA
TR Low-level input current Vce = MAX, Vy=05V —250 | wA
Vee = MAX, 'S188 80 110
Chip select(s) at O V, 'S387 100 135
lcc Supply current OQutputs open, 'S470 110 156 mA
See Note 12 'S473 120
switching characteristics over recommended ranges of T A and VC(C (unless otherwise noted)
talad) (ns) ta(C§) (ns) onpaga::;”d(erl‘:\: time,
Access time from Access time from
TYPE TEST CONDITIONS low-to-high-level output
address chip select (enable time) . .
from chip select (disable time)
| _TYPt  MmaAXx Typt MAX TYP} MAX
SN545188 T 2% 50 12 30 12 30
SN745188 25 40 12 2% 12 2
SN545387 C| = 30pF, 42 75 15 40§ 15 404
SN745387 RiL1 =300 %, a2 65 | 15 35 15 35
SN545470 Rp2 = 600 2, 50 80 20 40 15 35
SN745470 See Figure 4 50 70 20 3B 15 30
SN545473 565 20 15
SN745473 55 20 - 15
1

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

T Al typical values are at Voo =5V, Ta = 25°C

®An SN54S387 in the W package operating at free-air temperatures above 108°C requires a heat sink that provides a thermal resistance from

case to free air, Ry, of not more than 42 C/W
{Tentative speciiications
NOTE 12

The typical values of 1o shown are with all outputs low
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SERIES 54S/74S
PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

recommended operating conditions

J—

S287 5288
'S471,'s472 UNIT
MIN NOM MAX |MIN NOM MAX
Suoniy vl v - Series 545 45 5 55 45 5 55|
U y voltage, —e
ee . vee Series 74S 475 § 625 |4.75 5 525
Series 54S -2 -2
High-level output current, | mA
9 utpat cure OH Series 74S -6.5 -6.5
I — - | enesims
Low-level output current, I 16 20 | mA
i Series 545 55 125 | -55 125%
Operating tree-air temperature, T L Cc
A [ series 745 0 70 0 70
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
. SN54s’ SN74s
PARAMETER TEST CONDITIONS! UNIT
TIONS MIN TYPI MAX |MIN TYPI MAX
ViH  High-level input voitage 2 2 Y
ViL Low-level input voltage 08 08 V
Vik  Input clamp voltage 1= 18 mA 1.2 12] v
I vee =MIN Vig=2V,
VoH High-level output voltage 2.4 34 2.4 3.2 \Z
Vi =08V, 10H = MAX
Ve = MIN, ViH=2V,
VoL Low-levei output voltage 0.5 05| V
ViL=08V loL = MAX
- Vce = MAX, Vig=2V,
lozH Off-state output current, cc IH 50 50| wA
high-level voltage applied Vpo=24V
Off-state output current, Vce = MAX, Vig=2V,
lozL put e ce ™ -50 50| uA
low-level voltage applied Vo =05V
Input current at maximum
I Vce = MAX V=65V 1 1| mA
input voitage
IiH High-level input current Vee = MAX Vy=27V 25 25 pA
hL Low-level input current Ve = MAX V=05V -250 -250; wA |
105 Short-circuit output current Ve = MAX ~30 ~100 | 30 ~100] mA |
Vee = MAX, 'S287 100 135 100 135
Chip select(s) at 0 V, 80 110 80 110
icc Supply current mA
Outputs open, ] 110 155 110 155
o See Note 12 120 120
switching characteristics over recommended ranges of T A and V¢ (unless otherwise noted)
i ta(ad) (ns) ta(Cs) (ns) tpxz (ns)
Access time Access time from Disable time from
TYPE TEST CONDITIONS
from address chip select (enable time) high or low level
TYPE MAX TYPY MAX TYPt MAX
SN545287 42 75¢ 15 40§ 12
SN745287 { 42 65 15 35 12
CL = 30 pF for e
SN545288 . e 25 50 12 30 8 30
an .
SN745288 alad) andtalCS). ™50 40 12 2 8 20
1 5 pF for tpxz;
SN545471 Ry - 3009 50 80 20 40 15 35
[Ten7asa71 | = .
SN745471 L 50 70 20 35 15 30
| e — See Figure 5
SN545472 55 20 i 15
SN745472 55 20 15

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
fAn typical values are at Vee = 5V, Ty = 25°C
$Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

®An SN54S287 in the W package operating at free air temperatures above 108°C requires a heat sink that provides a thermal resistance from
case-to-free-air, Rgc . of not more than 42°C/W

NOTE 12: The typical values of Ic¢ shown are with all outputs low.

§Tentative specitications
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SERIES 54/74, 545/74S

PROGRAMMABLE READ-ONLY MEMORIES

PARAMETER MEASUREMENT INFORMATION

Vee
= CHIP cs
Riq = 300 2 _—— e ——— 3v
FROM QUTPUT SELECT NV HKisv
UNDER TEST INPUTISI =" |~ ——-ov
- L
Cp=30pF R =600 22 ADDRESS ‘—+——-ﬂ . it ek
(See Note B) INPUTS | (RSP N ~ 0
= = 1aiT8) 0" ta(Cs) -L-—JI talag H le—t tataen lt—-}-mw
» ] v
ouTPUT 15V 15V 15V 15V or
—— —Vou
LOAD CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. The input pulse generator has the following characteristics: Zoyy =~ 50 £ and PRR < 1 MHz. For Series 54/74, 1, < 7 ns,

t5 < 7 ns. For Series 54S/74S, t, < 2.5 ns, t4< 2.5 ns.

B. C| includes probe and jig capacitance.
C. The pulse generator is connected to the input under test. The other inputs, memory content permitting, are connected so that the
input will switch the output under test .
FIGURE 4—-SWITCHING TIMES OF "186, '188A, 'S188, 'S470, 'S387, AND 'S473
vee
é ADDRESS e —— 3v
TEST s1 INPUTS ), U 15 v
POINT (See Note A) - [ V)
R_ =300 Q ot (ad)—et b ta(ad)®t
! v
OuUTPUT ' OH
15V 15V
FROM OUTPUT _ Y (S1 ang S2 closed SN S _ v
UNDER TEST oL
Yy ACCESS TIME FROM ADDRESS INPUTS
1k v VOLTAGE WAVEFORMS
CHIP-
‘_’ SELECT Tsv 3V
CL S INPUTS ) 4,1,,5,V, —-0V
s2 Rl re———a4—1a(CS) lewr-tp 7
WAVEFORM 1 | " =45V
15V 05V
(S1 closed, 52 oom
See Note C) T 3~ Vou
i

C inciudes probe and |ig capacitance
All diodes are 1N3064

NOTES: A

re———+—13(CS)
= WAVEFORM 2 i

-z VoH
(S1 open, S2 closed 15V oy lL).S v

See Note C) tPHZ jee =0V
tpXZ = tPHZ OF tPLZ

ACCESS (ENABLE) TIME AND DISABLE TIME FROM CHIP SELECT

LOAD CIRCUIT VOLTAGE WAVEFORMS

When measuring access times from address inputs, the chip-select input(s) is(are) low

When measuring access and disable times from chip-select input(s), the address inputs are steady state

Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the
output with internal conditions such that the output is high except when disabled

Input waveforms are supplied by pulse generators having the following characteristics: T, < 2.5 ns, tf < 2.5 ns, PRR < 1 MHz
and Zo,,, =50 2.

FIGURE 5-SWITCHING TIMES OF 'S287, 'S288, ‘5471, AND 'S472

Ti carnot asiume any responsbilily for ony cicuits shown
or represent thot they are f-ee fom patent wnfringement
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TTL SERIES 54/74, 54S/74S
MEMORIES READ-ONLY MEMORIES

BULLETIN NO. DL 'S 7512259, MAY 1975
256 BITS (32 WORDS BY 8 BITS)

. ‘88A
® Mask-Programmed Memories That Can Replace PROMs
e Full On-Chip Decoding and Fast Chip Select(s) Simplify System D01 1(] U D16 vce
Decoding 002 2(] D15 ¢s
e All Schottky-Clamped ROMs Offer 003 3(] D14 ADE
—Choice of 3-State or Open-Collector Outputs po4 a(] [>13 ADD
—P-N-P Inputs for Reduced Loading on System Buffers/Drivers 005 5] D12 apc
e Applications Include: po6 6(] D11 apB
—Microprogramming Firmware/Firmware Loaders po7 7(] D10 ADA
—Code Converters/Character Generators GND 8(] e DO8
—Translators/Emulators
—Address Mapping/Look-Up Tables 1024 BITS (256 :v;:;nns BY 4 BITS)
TYPE NUMBER (PACKAGES) TYPE OF BITSIZE  [TYPICAL ACCESS TIMES
~56°C10 125°C| 0°Cto 70°C | OUTPUT(S) |(ORGANIZATION) CHIP-SELECT | ADDRESS) ADG 1(] U D16 vee
266 B
SN5488A(J, W) |SN7488A(J, N) | Open-Collector 68its 22 ns 26 ns ADF 2] D1s ADH
— (32W x8B) ADE 3] D14 G52
SN54187(J, W) [SN74187(J, N) | Open-Collector (2;2:: 8:53] 20 ns 40 ns ADD 4] D 13 Cs1
x
12 001
SN545270(J]  |SN745270(J, NI | Open-Collector 2048 Bits I i AD A 5] P12 oo
[SN54s370(s)  [SN745370(J, Ny | 3-State (512 W x 4 B) " " ADB 6] D11 oo2
SN54S271(J)  |SN74S271(J, N) | Open-Collector 2048 Bits 16 us apc 7] 10 po3
n
SN54S371(J)  [SN74S371(J, N) 3State (256 W x 8 B) e ¢ GND 8] D9 DO4
escription 2048 BITS (512 WORDS BY 4 BITS)
descriptio '$270, 'S370

These monolithic TTL custom-programmed read-only memories (ROMs) are
particularly attractive for applications requiring medium to large quantities of the ADG 1] U D16 Vee

same bit pattern. Plug-in replacements can be obtained for most of the popular TTL ADF 2]  [D15 ADH
PROMs. p K

ADE 3(_‘ 1214 AD!
The high-complexity 2048-bit ROMs can be used to significantly improve system AD D 4< 13 &5
bit density for fixed memory as all are offered in compact 16- or 20-pin dual-in-line

) : AD A 5(] D12 po1

packages having pin-row spacings of 0.300-inch.

ADB 6(] [>11 DO2
Thg Schottky-clamped versior?s offer considerable flexibility for upgrading existing ADC 7] 10 pos
designs or improving new designs as they feature improved performance; plus, they GND 8(: :)9 DO 4
offer low-current MOS-compatible p-n-p inputs, choice of bus-driving three-state or

open-collector outputs, and improved chip-select access times. 2048 BITS (266 WORDS BY 8 BITS)

Data from a sequenced deck of data cards punched according to the specified $271, 5371
format are permanently programmed by the factory into the monolithic structure

X X . N ) ADA 1 20 v
for all bit locations. Upon receipt of the order, Texas Instruments will assign a C U > cc

special identifying number for each pattern programmed according to the order. ADB 2(] > 19 ADH
The completed devices will be marked with the appropriate T| special device ADC 3(: [>18 ADG
number. It is important that the customer specify not only the output levels desired AD D 4< > 17 ADF
at all bit locations, but also the other information requested under ordering —
instructions. ADE 5@ >16 cs2
001 6] ™15 Cs1

The three-state outputs offer the convenience of an open-collector output with the

speed of atotem-pole output: they can be bus-connected to other similar outputs po2 7<: >" pos8
yet they retain the fast rise time characteristic of the TTL totem-pole output. The 003 8(] D13 po7
open-collector outputs offer the capability of direct interface with a data line Do4 9] 312 pose
having a passive pull-up. GND 10] >” DOS

Word-addressing is accomplished in straight positive-logic binary and the memory
may be read when all CS inputs are low. A high at any CS input causes the outputs

1o be off. Pin assignments for ail of these memories
are the same for all packages.
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SERIES 54/74, 54S/14S
READ-ONLY MEMORIES

functional block diagrams

SN5488A, SN7488A

32%8
MEMORY MATRIX

AvoREss
INPUTS aooatss |

wPUTS )

D08 007 DOF DOS D04 0CI 007 DOT

SN54S270, SN74S270

SN54187, SN74187

320v 32
MEMORY MATAIX

320v 6
MEMORY MATRIX

ADDRESS
NPUTS 20DRESS
INPUTS

M 108
Il oecooes|

i o ual
004 003 001
SN548271, SN74S271
32 8v6s
MEMORY MATRIX
il I | T
1018 1or 8 or 8 )\ 10¢ oF 8 10F8
loeconen[JocooeqfJoecoven| Joecone A oeconeJoecooe Al [oecooknf
e oa n2 ) @ @ It 5
o8 007 o008, 005 004 003 o0z ot

SN548370, SN74S730
Same as SN545270, SN74S270 except

SN548371, SN74S8371

Same as SN545271, SN745271 except

outputs are as shown below:

word addressing

‘88A ‘187, 'S271, 'S371
WORD ADDRESS TABLE WORD ADDRESS TABLE
INPUTS INPUTS
WORD WORD
L EDC OB A HGFEDCGBA
Cl
! S I PO T
- L L L LK 2 {LLLLLLHL
2 v uuom oo 3Ll L L L LKHA
3 |t L LknH afLLLLULALL
| B T ETE—— 5L LLLLHLH
‘} 5 L L H LR 6 |L L LLLHHL
[ 2L L L L L HHMN
| LoHonL 8 LLLLALLL
7 L L HKHH
8 | L H L L L Words 9 thru 250 omitted
Words 9 thiu -
26 omtted 250 |HH HHHLHH
M . " 252 [HHHHHHLL
LM 263 |HHHHHHLH
%8 W WA L L 254 [H H H HHHHL
20 [H M W L H 255 [H H H HHHHH
30 |H H H H L
3 M OH W oH oK

Word selection

is accomplished in a conventional positive-logic binary code with the A address

outputs are as shown below

'$270, 'S370
WORD ADDRESS TABLE

INPUTS
WOR T W GFrEDCE A
oftcLcttirticitc
TjtLLLLLLUH
2fLLL L L L LML
3{LLLLLLLHH
4L coLrHtu
S{LLLLLLHLH
6/LLLLLLHHL
7L LLLLLHHH
8 LLLLLHLLL
Words 9 thru 506 omitted
507 |H H HHHHLMHH
508 [HHHHHHHLL
509 |[HHHHHHHLH
10 |[HHHHHHRAHL|
511 [HHHHHHHHKH]|

input being the

least-significant bit progressing alphabetically through the address inputs to the most-significant bit.
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SERIES 54/74, 54S/74S
READ-ONLY MEMORIES

schematics of inputs and outputs

‘88A, '187

‘88A

‘187

EQUIVALENT OF

TYPICAL OF

TYPICAL OF

EACH INPUT

INPUT - f¢ 1

EACH INPUT ALL OUTPUTS ALL OUTPUTS
Vee - ouTPUT
6 k2 NOM OUTPUT
INPUT - -
’$270, 'S271, 'S370, 'S371 ‘$270, 'S271 ‘$370, 'S371
EQUIVALENT OF TYPICAL OF TYPICAL OF

ALL OUTPUTS

OUTPUT

ALL OUTPUTS

————¢Vcc
58 2 NOM

ouUTPUT

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

Supply voltage, Vc( (see Note 1) .
Inputvoltage . . . . . . . .
Off-state output voltage . . . .

Operating free-air temperature range: SN54’, SN54S’ Circuits (see Note 2) .

SN74’, SN74S’ Circuits .

Storage temperature range .

NOTES: 1. Voitage values are with respect to network ground terminal.
2. An SN54187 in the W package operating at free-air temperatures above 111°C requires a heat sink that provides a thermal
resistance from case-to-free-air, Rgca, of not more than 46 C/W

7V

55V

... 55V
—55"C to 125°C

. 0°Cto 70°C
—-65°C to 150°C
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SERIES 54/74
READ-ONLY MEMORIES

recommended operating conditions

SN5488A SN7488A SN54187 SN74187
MIN_NOM MAX |MIN NOM MAX | MIN NOM MAX | MIN Nom Max |°0 "
Supply voltage, Ve 45 5 56 [475 5 525| 45 5 55 (475 5 525 | v
High-level output voltage, Vo 55 55 55 55| V
Low-level output current, i 12 12 16 16 | mA
2:::::: ;EH” rempernLre: TA ~55 125 0 70 | -85 125 0 70 | ‘C

NOTE 2: An SN54187 in the W package operating at free-air temperatures above 111 C requires a heat sink that provides a thermal
resistance from case-to free-air, Ryca, Of not more than 46 C/W.

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

‘88A 187
PARAMETER TEST CONDITIONS? UNIT
MIN TYPI MAX [ MIN TYPi MAX
ViH High-level input voltage 2 2 \
Vi Low-level input voltage 0.8 08| Vv
Vik  Input clamp voltage Vec=MIN, 1| =-12mA ~15 -15] v
1oH High-level output current Vee=MIN. - Vi =2V, 40 40| uA
ViL=08V, VoH=55V
Vee =MIN. 1 - 12ma 02 04 04
VoL  Low-level output voltage ViH=2V, Vv
ViL-08v | loL=16mA 0.45
Iy Input current at maximum input voltage Vee = MAX, V=55V 1 1| mA
hH High-level input current Vec =MAX, V=24V 25 40| uA
he Low-level input current Vee = MAX, V=04V -1 -1| mA
Icc  Supply current Vce = MAX,  See Note 3 64 80 92 130 mA
. Vee =5V, Vp=5V,
Co Off-state output capacitance 6.5 6.5 pF
f=1MHz

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions
tAN typical valuesare at Vo = 5V, Ta =25°C

NOTE 3: With outputs open and CS input(s) grounded, e is measured first by selecting a word that contains the maximum number of
programmed high level outputs, then by selecting a word that contains the maximumnumber of programmed low leve! outputs

switching characteristics, Vcc =5V, Ta = 25°C

‘88A ‘187
PARAMETER TEST CONDITIONS UNIT
[Tvp MAX | TYP MAX

talad) Access time from address | CL_ = 30pF, | 26 45 40 60 ns
a(CS) Access time from chip select (enable time) 1 R 1 =400 Q ('88A) M2 35 20 30 ns

Propagation delay time, 300 ¢ ("187)
tPLH low-to-high-level output R 2 =600 &, 22 35 20 30 ns

from chip select (disable time) See Figure 1
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SERIES 54S/74S
READ-ONLY MEMORIES

recommended operating conditions

SN545270 SN745270 SN54S370 SN745370 uNIT
SN645271 SN745271 SN545371 SN745371
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
Supply voltage, Voe 45 5 55 (475 5 525| 45 5 55 (475 5 525 | V
High-level output voltage, VoH 5.5 5.5 v
High-level output current, gy -2 6.5 | mA
["Cow-level output current, 1oL 16 16 16 16 | mA
Operating free-air temperature, T o 85 125 0 70 | -55 125 0 70 | °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
'$270, 'S271 '$370, 'S371
PARAMETER TEST CONDITIONS' UNIT
MIN  TYP} MAX [ MIN TYP} mMaXx
ViH High-level input voltage 2 2 \4
VL Low-level input voltage 0.8 08 V
Vik Input clamp voltage Vee = MIN, = -18mA -1.2 12| VvV
[ N T Vee=MIN,  Vig-2V,
VoH  High-ievel output voitage cc H 24 v
Vi =08V, Igy=MAX
Vee=MIN. | yioy= 24y 50 uA
10H High-level output current ViH=2V,
viL-08v | VOH=55V 100 LA
Ve =MIN,  Vig=2V,
VoL  Low-level output voitage ce 1H 0.5 0s| v
ViL =08V, gL = MAX
Off-state output current, Vee = MAX, Vig=2V,
lozH 50 | wA
high-level voltage applied Vp=24V
Off-state output current Voo = MAX, Vip=2V, N
lozL -50 | BA
low-ievel voitage applied Vp=05V
1 Input current at maximum input voltage { Vcc = MAX, V| =55V 1 11 mA
IH High-level input current Voo = MAX, V=27V 25 25| WA
T8 Low-level input current Vee = MAX, V=05V —0.25 —-0.25 | mA
los  Short-circuit output current § Vce = MAX -30 —~100 | mA
Icc  Supply current Vce = MAX,  See Note 4 105 155 105 155 | mA
Vcc=5V. Vg=5V,
Co Off-state output capacitance 6.5 6.5 pF
£=1MHz

" For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions

IAl typical values areat Ve =5V, Tp =25 C

§Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second

NOTE 4: With outputs open and CS input(s) grounded, Icc is measured first by selecting a word that contains the maximum number of
programmed high level outputs, then by selecting a word that contains the maximum number of programmed low leve! outputs

switching characteristics over recommended ranges of T A and V¢ (unless otherwise noted)

M TesT SN54270 SN74270 SN54370 SN74370
PARAMETER SN54271 SN74271 | SN54370 SN74370 | UNIT
CONDITIONS +— T
TYpPi TYPE MAX | TYPT MAX |TYP} MAX
talad) Access time from address 45 70 | ns
13(C%) Access time from chip select (enable time) RL2 = 6002, 15 15 39 1 ns
Propagation delay time,
See Figure 1
tpLH  low-to-high-level output 15 40 15 25 ns
from chip select (disable time)
talad) Access time from address C_ = 30 pF, RS 45 95 | 45 70 | ns
ta(qg)_ALcess time frcvr\:hup se!ect (enable tm}e) See Figure 2 o | T 1? a5 15 30 ns
Disabl from high or low level CL " 5pF, 0 40 | 10 25
t e time from or w leve ns
Pxz b rom g See Figure 2 I

LAl typical values are at Ve = 5V, Ta =25'C
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SERIES 54/74, 54S/714S
READ-ONLY MEMORIES

PARAMETER MEASUREMENT INFORMATION

4 — —=— =0

FROM QUTPUT
UNDER TEST

1See Nove

CL =30 pF _ )
{See Note B) RLz2=600¢ L YO

LOAD CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. The input pulse generator has the following characteristics: PRR <. 1 MHz, Zg,; = 50 (2. For Series 54/74,t, < 7 ns, t; < 7 ns,
for Series 545/74S, t, = 2.5 ns, tf < 2.5 ns
C includes probe and jig capacitance

®

C. The pulse generator is connected to the input undet test. The other inputs, memory content permitting, are connected so that the
input will switch the output under test

FIGURE 1-SWITCHING TIMES OF "88A, '187, 'S270, AND 'S271 (OPEN-COLLECTOR OUTPUTS)

Vee
‘a ADDRESS m——————— 3v
TEST S (/ INPUTS Wisv 1.5 v
(See Note A) —— ! | N m e = =0V
POINT !
R =300 2 o ta(ad)— btaqaa)"l
| v
ouTPUT ' OH
15V
FROM OUTPUT l - (S1 and S2 closed) / 1'5'_\iv
UNDER TEST i - oL
!t ACCESS TIME FROM ADDRESS INPUTS
1 k2 v VOLTAGE WAVEFORMS
CHIP-
¥ SELECT s 3V
cL | INPUTS Y A5y ov
s2 (See Note B) oot 1:(C5) Lewe-tp 2
WAVEFORM 1 ! ) ~4.5V
1.5V YA EAY
(S1 closed, S2 open, : L S
——-v
N — T oL
See Note C) ta(C8) | 3
= WAVEFORM 2 | b _vou
(S1 open, S2 closm v
C|_includes probe and jig capacitance See Note C) TPHZ Jee 0V
All diodes are 1N3064. tpXZ = tPHZ OF tPLZ
LOAD CIRCUIT ACCESS (ENABLE) TIME AND DISABLE TIME FROM CHIP SELECT

VOLTAGE WAVEFORMS

NOTES: A. When measuring access times from address inputs, the chip select inputls) isfare) low
B. When measuring access and disable times from chip sefect input(s) the address inputs are steady-state.
C. Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the
output with internal conditions such that the output is high except when disabled
D. input waveforms are supplied by pulse generators having the following characteristics: t, € 2.5 ns, ty = 2.5 ns, PRR < 1 MHz,
ang Zg,p = 50 Q2

FIGURE 2-SWITCHING TIMES OF 'S370 AND ‘S371 (3-STATE OUTPUTS)
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SERIES 54/74, 54S/14S
READ-ONLY MEMORIES

ORDERING INSTRUCTIONS

Programming instructions for these read-only 15  Punch ""H"” or “L" for output DO 6.
memories are solicited in the form of a sequenced

deck of standard 80-column data cards providing the

information requested under ‘‘data card format,” 20 Punch “H” or ’L" for output DO 5.
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 25 Punch “H” or "“L" for output DO 4.
from the deck of cards which will produce a complete
function table for the requested part. This function
table, showing output conditions for each of the 30 Punch “H” or "'L" for output DO 3.
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 35 Punch “H"” or "“L" for output DO 2.
also generates mask and test program data; therefore,

16-19  Blank

21-24 Blank

26-29 Blank

31-34  Blank

verification of the function table should be 36:39  Blank

completed promptly. 40 Punch “H"” or L' for output DO 1.

Each card in the data deck prepared by the purchaser 4149  Blank

identifies the words specified and describes the levels 50-51 Punch a right-justified integer representing the

at the outputs for each of those words. All addresses current calendar day of the month.

must have all outputs defined and columns designated

as “blank’’ must not be punched. Cards should be 52  Blank n
punched according to the data card format shown. 53-55 Punch an alphabetic abbreviation representing the

current month.

SUPPLEMENTARY ORDERING DATA
56 Blank

57-58 Punch the last two digits of the current year.

a) Customer’s name and address 59 Blank

b) Cusmmer's purchase order number 60-61  Punch “SN*

c) Customer’s drawing number.

62-66 Punch a leftjustified integer representing the
Texas Instruments part number. This is supplied

by the factory through a T| sales representative.

The following information will be furnished to the
customer by Texas Instruments:

a) Tl part number

b) Tl sales order number

c) Date received. 69-80 Preferably these columns should be punched to
reflect the customer’s part or specification-control
number. This information is not essential.

‘187 DATA CARD FORMAT (32 CARDS)

67-68 Blank

'88A DATA CARD FORMAT (32 CARDS)

Column
1-2  Punch a right-justified integer representing the
positive-logic binary input address (00-31) for the
word described on the card.

Column

1- 3 Punch a right-justified integer representing
the binary input address (000-248) for the

3-4 Blank first set of outputs described on the card.

5 Punch “H" or “L” for output Y8. H = high-
voltage-level output, L = low-voltage-level output

6-9 Blank
10 Punch “H" or "L for output DO 7.

11-14  Blank

4  Punch a—"" (Minus sign)

5-7 Punch a right-justified integer representing
the binary input address (007-255) for the
last set of outputs described on the card.

8- 9 Blank

TEXAS INSTRUMENTS
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SERIES 54/74, 54S/74S
READ-ONLY MEMORIES

10-13

14
15-18

19
20-23

24
25-28

29
30-33

34
35-38

39
40-43

a4
45.48

49
50-51

52
5365

56
5758

59
60-61
62-66

67-68

ORDERING INSTRUCTIONS

Punch “H", "“L”, or X" for bits four,
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-
voltage-level output, X = output level
irrelevant,

Blank

Punch "H"”, *
of outputs.

Blank

Punch “H",
outputs.

Blank

Punch “H"
of outputs.

Blank

Punch “H”, “L", or X" for the fifth set of
outputs.

Blank

Punch "“H”, "L"”, or "X’ for the sixth set of
outputs.

Blank

‘L, or X" for the second set

,or X" for the third set of

"L, or “X" for the fourth set

Punch “H'"", “L", or "X for the seventh set
of outputs.

Blank

Punch "H",
of outputs.

“L", or X' for the eighth set

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 two 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 Tl sales
representative.

Blank

69-80

‘S270, 'S370

Column

1-3

8-80
‘§271, 'S371

Column
1- 3

89
10-17

18
19-26

27
28-35

36
37-44

45-49
50-80

Preferably these columns should be
punched to reflect the customer’s part or
specification-control number. This informa
tion is not essential.

DATA CARD FORMAT (64 CARDS)

Punch a right-justified integer representing
the binary input address (000-504) for the
first set of outputs described on the card

Punch a "="" (Minus sign)

Punch a right-justified integer representing
the binary input address (007-511) for the
last set of outputs described on the card

Same as the '187 data card format.

DATA CARD FORMAT (64 CARDS)

Punch a right-justified integer representing
the binary input address (000-252) for the
first set of outputs described on the card.
Punch a “—" (Minus sign)

Punch a right-justified integer representing
the binary input address (003-255) for the
last set of outputs described on the card.

Blank

Punch “H”, “L", or "X" for bits eight,
seven, six, five, four, three, two, and one
(outputs DO 8, DO 7, DO 6, DO 5, 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-
voltage-level output, X = output level
irrelevant,

Blank

Punch “H”, ""L"”, or “X" for the second set
of outputs.

Blank

Punch “H”, “L"”, or “X" for the third set of
outputs.

Blank

Punch “H", "L"
of outputs.

Blank

, or X" for the fourth set

Same as the '187 data card format.

TEXAS INSTRUMENTS
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SN74S262N

ROW OUTPUT CHARACTER GENERATOR

features

description

Static operation

5760 bit capacity

128 characters of 45 bits (5x9)
7 input character decoder

4 input row decoder

Character format chosen to
allow rounding on all characters

e High speed — 280ns character

access time

Lower power — 250mW

Single + 5V supply

2 enable inputs for system expansion
20 pin DIL N-pack

Compatible with most TTL and DTL
logic circuits

The SN74S262N Character Generator ROM is a fast, low power, dedicated IC developed by Texas Instruments Limited
as part of the TIFAX Teletext decoder module, XM-11. The memory data is permanently stored by programming a single
mask during manufacture, hence, other patterns can be provided.

The outputs are open collector, totempole or tri-state mask programmeable. The ROM is also mask programmable to
inhibit outputs for invalid row addresses.

The SN74S5262N specifically meets the needs of scanned video display systems. It can also be used in other ROM usages
where it capacity, speed and low power features are of advantage.

functional diagram

4 ROW
SELECT LINES
00 00
O—
Y ROW S
DECODE M |

INPUT MEMORY MATRIX SELECT BUFFER OUTPUTS
LINES

o—— ——0

R9 ]
ENABLES

operation

The SN74S262N series features static operation. No clocks are required. The output data will remain valid as long as the

the input address (including chip enable) remains unchanged.

Access time is defined as the time required for all outputs to reach the minimum level, or maximum O level, with the
correct data. This time is measured from the point at which all address inputs and chip enable inputs are valid.

TEXAS INSTRUMENTS
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SN74S262N
ROW OUTPUT CHARACTER GENERATOR

character scanning
The output character appears as a 9-word sequence on each of the 5 output lines. The sequence is controlled by the 4
row-select lines. The five outputs represent a row in a 5 x 9 character matrix. The row address can remain fixed while the
character address changes (scanned display), or the character address may remain fixed while the row address changes
(x — y or character scan).

ROW SELECT TRUTH TABLE

ROW SELECT SELECTS
s e A s ROW
0 0 0 0 1
0 0 0 1 2
0 0 1 0 3
0 0 1 1 4
0 1 0 0o 5
0 1 0 1 6
0 1 1 0 7
0 1 1 1 8
1 [} 4] o 9
1 o o ! [ Data Outputs
to Forced to
1‘1 1 l 1 1 Logical 'O’

character rounding

In scanned display systems using line interlacing, economy of design
requires a repetition of the disblayed ROM pattern on alternate lines.
This results in coursely stepped diagonals which appear fainter than
verticals or horizontals. A system which looks at the preceding or
succeeding character row and interpolates intermediate extensions
to the dléplay, by reducing the coarseness of diagonals: makes the
display visually more acceptable.

Methods requiring the reading of a character row and its preceding
or succeeding row in one character display period, greatly reduce
circuit complexity and component cost.

Teletext reception requires a 40 character display on a 625 line/50Hz
system. This requires the ROM row access time to be better than about
400ns. The exact requirement is related to the speed and complexity
of the associated logic.

Even with 80 characters/row, 625/525 line, 50/60Hz scanned VDU
display systems, SN745262N ROM is usable, especially since an
improvement of its row access time specification is planned.

output buffers
The Teletext ROM, SN74S262N, has tri-state outputs.
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SN745262N

ROW OUTPUT CHARACTER GENERATOR

| P | | | | R ||
o | | | | O e |-

|

E o - R I = T =

ol | e | | e | 6EE | el o ||
I | | | | | | | ||

|
g | o

T | D | 0D | T | | | |0 |-

R | R | VD e | NI | TR DR | EEDD ||

KN | e | D | D | OO R Rl

il il A i A e

SN74S262N ROM CHARACTER FORMAT
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SN74S262N
ROW OUTPUT CHARACTER GENERATOR

chip enable

Both chip enable inputs need to be at logic O to enable the SN74S262N. The facility of two chip enables provides for
the selection of one out of four ROMs. The mask programmable option of open collector or tri-state outputs makes
it possible to wire OR the outputs of several ROMs.

logic definition
Positive logic is assumed on the inputs.
An output blank is defined as a logic 0. An output dot is defined as a logic 1 output level.

CHARACTER DATA
SELECT ENABLES ouTPUT
A\ B N S ) W—
s \ J— —
Ve D c 8 A Mey  Mez Vs Y4 Y3

20| 119 18 17 16 15 14 13 12 1

Cq C Cp Ca ME Ye Yd

1 2 3 4 5 6 7 8 9 10

E F G A B c D Y1 Y2 Gnd
~ —/ \
\4 " "
CHARACTER ROW DATA
SELECT SELECT ouTPUT

absolute maximum ratings over operating free-air temperature

Supply Voltage (V) Y
Input Voltage 5.5V
Operating free air temperature 0°C to 70°C
Storage temperature range —-65°C 10 150°C
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SN74S262N
ROW OUTPUT CHARACTER GENERATOR

recommended operating conditions

MIN NOM MAX UNIT
Supply Voltage (V¢c) 4.75 5.0 5.25 \
High Level Output Current I(OH) -1 .mA
Low Level ‘Output’ Current l(Q ) 4 mA
Operating Free Air Temperature (Ta) 0 70 °c
electrical characteristics over recommended free air temperature range
PARAMETER TEST CONDITIONS MIN TYP MAX [ UNITS
VIH High level input voltage 2 \
ViL Low level input voltage 0.8 Y
Vou High level . ViH =2V vee = MIN
OH High level output voltage IOH =-0.2mA  V|_= 0.8V 2.7 34 \
Viy =2V Vee = MIN
Y level IH CcC
OL Low level output voltage oL = 4mA ViL= 0.8V 0.5 Vv
I1H High level input current Ve = MAX V=27V 20 HA
1L Low level input current Vee = MAX V=04V —360 HA
Vo=27V ViL = 0.8V
Output leakal 20 HA
9 Vig=2v
Icc Supply current vee = 5.0V 50 mA
Access time Worst path 200 | 280 ns

TEXAS INSTRUMENTS
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TTL MEMORIES MECHANICAL DATA

general

The availability of a particular TTL memory in a particular package is denoted by an alphabetical reference in a table
on the data sheet for that type of meinory, or above the pin-connection diagram. These letters refer to mechanical
outline drawings shown in this section. Orders for these memories should include the package outline letter at the end
of the circuit type number; e.g., SN545287W, SN745470J

W ceramic flat packages
These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap, and a 16- or

24-lead frame. Hermetic sealing is accomplished with glass. Tin-plated (“bright-dipped’’) ieads (—00) require no
additional cleaning or processing when used in soldered assembly.

16-PIN W CERAMIC 24-PIN W CERAMIC
EDENS
o "
LI f R e
o ' !
sast ano A .
SR A TING PLANE i
ox0
oo
L oons !
0080 - -
& .
|
i
1 '
2040 & aoso L
oo o Ml s - ;! o
0]6/000/0/010) S B R B
Falls Within Falls Within
JEDEC MO-004AG Dimensions JEDEC MO-019AA Dimensions
NOTES: a. All dimensions are in inches
b. Index point is provided on cap for terminal identifica
tion only.
c. Leads are within 0.005 radius of true position {TP) at
maximum material condition
d. This dimension determines a zone within which all
body and lead irregularities lie
e. Not applicable for soider dipped leads.
f. When solder dipped leads are specified, dipped area
extends from lead tip to within 0.050 of package
body.
9. End configuration of 24-pin package is at the option
of T1. 16 PIN 24 PIN 24 PIN
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TTL MEMORIES MECHANICAL DATA

J ceramic dual-in-line packages

These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 16-, 20-, or 24-lead frame.
The packages are intended for insertion in mounting-hole rows on 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 soldering.
Tin-plated (”bright-dipped’’) leads (—00) require no additional cleaning or processing when used in soldered assembly.

16-PIN J CERAMIC 20-PIN J CERAMIC
—am .
o ~ EE -

POCODO»OEO
OR009 DHOOEODOOD
By AN NI ALY A

. o i o
-~ O S ’ ? ‘
TR b o fearararar e B
T COCOEROd =R DEROOEOE

= et 0050 nOM e meMbaERAT : - ocTMAR 0P ACES
! 1
&
s -
M ihans
e
24-PIN J CERAMIC
S - .
WD R W)

A A A AT AV AVAY VI
[EATATATATAT {

® 3
T “:‘: - oe
- - L oos0mom .o
/= | AR Ew“‘ﬁ
i, W Mmaa sore U J

Falls Within
JEDEC MO-015AA Dimensions

NOTES: a. Each pin centerline is located within 0.010 of its true
fongitudinal position,
b. All dimensions are in inches unless otherwise noted.

16-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-lead frame and encapsulated within an
electrically nonconductive plastic compound. The compound will withstand soldering temperature with no deformation
and circuit performance characteristics remain stable when operated in high-humidity conditions. These packages are
intended for insertion in mounting-hole rows on 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 soldering. Leads require no additional

cleaning or processing when used in soldered assembly.

16-PIN N PLASTIC

90000000

[T T p——

-7 - i
[ 336066608
f (=3 o

R 0700 wax 1

R i qontem -

2N 0 10 11

ALTERNATE SIDE VIEW

b0 amuAx Ak

T

.

16-pin N package (see [ [
alternative sideviews) is
at the option of TI.

i
ks

20-PIN N PLASTIC

v armAx

POROREEOAD

0003 A How
0 eanom

OOOOOOOOO®

~~{ fe-oormax oraces

o0 MmN [
=

oomax

¥
3 —1 "2 ruaces.

LA Vil
T

wee W || L1
B we ETTTTT

000
wraces
e N

o7

24-PIN N PLASTIC

PPV OO®O
JAVAVAVAVAVAVAY

D®
Do

®
Pe

¥
sreouax

o
Soreaces

LI — I I
i S B R L

—acwes e
L

NOTES: a. Each pin centerline is located within 0.010 of its true

longitudinal position.

b. All dimensions are in inches unless otherwise noted.

c. This dimension does not apply for solder-dipped leads.

d. Whaen solder-dipped leads are.specified, dipped area of
the lead extends from “he lead tip to at least 0.020
above the seating plane.

16-PIN
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SERIES SN10000
ECL INTEGRATED CIRCUITS MEMORIES

BULLETIN NO. DL S 7512255, MAY 1975

e Full On-Chip Address Decoding and Output-Sense Amplification
e Constant Current Drain Over a Wide Supply Voltage Range
e Logic Levels Compatible with Series SN10000 Logic Levels

e Compatible for Wired-OR Word Expansion

PAGE
SN10139 32 X 8 Bit Programmable Read-Only Memory . . . . . . . . . . . . . . . . . 201
SN10140 64 X 1 Bit Random-Access Memory (Drives 90-Ohm Loads) . . . . . . . . . . . . 208
SN10142 64 X 1 Bit Random-Access Memory . . . . . . . . . . . . . . . . . . . . 206
SN10144 256 X 1 Bit Random-Access Memory . . . . . . . . . Co oL 209
SN10145 16 X 4 Bit Random-Access Memory . . . . . . . . . . . . . . . . . . . .212
SN10147 128 X 1 Bit Random-Access Memory . . . . . . . . . . . . . . . . . . . . 215
SN10148 64 X 1 Bit Random-Access Memory . . . . . . . . . . . . . . . . . . . .206
Typical Characteristics . . . A I
Mechanical Data and Ordering Instructions . . . . . . . . . . . . . . « . . . . . . . .22

absolute maximum ratings over operating ambient temperature ranget (unless otherwise noted)

Supply voltage VEE (see Note 1) . e B
Inputvoltagerange . . . . . . . . . . . . ... L . O0V1toVEgg
Qutput current . P P -50 mA
Operating ambient temperature range . e P . o P . 0°Ct085°C
Storage temperature range - L . R Lo —55°C to 125°C
Lead temperature 1/16 inch from case for 10 secor\ds O 300°C

NOTE 1: Unless otherwise noted all voltage values are with respect to the Vcc terminals and all Ve terminals must be connected in paralle!
The ambient temperature conditions assume air moving perpendicular to the fongitudinal axis and parallel 1o the seating plane of the device at
a velocity of 500 feet per minute with the device under test soldered to a 4 x 6 x 0.062-inch double sided 2 0z copper clad circuit board
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TYPE SN10139
256-BIT PROGRAMMABLE READ-ONLY MEMORY

APRIL 1975

e 32-Word-by-Eight-Bit Organization JOR JE

AN P VIEW)
e Full On-Chip Address Decoding and DUAL-IN-LINE PACKAGE (TOP VIEW
Output-Sensing Amplification

e Capability for Wired-OR Connections

e Easy Programming
o vi 1[|® 16 Vee
description v2 2 s E
The SN10139 is a field-programmable, 256-bit read- vy 3 14 A4
onh memory organized as 32 words of eight bits
each. Full address decoding and output sense ampli- v D 13
tication are included on the chip. Each of the 32 Ys 5U 12 A2
words is addressed by the binary address inputs AQ
through A4. The outputs Y1 through Y8 can be ]
connected to other emitter-follower outputs to Y7 7 ]10 A0
I

Iy

Y6

o

achieve wired-OR word expansion. An enable input,
Veg 8

E is provided for ease in expansion. The device is
enabled when the enable input is low. When the
enable input is high, all outputs are forced low.

Data can be electronically programmed, as desired, at
any of the 256 bit locations in accordance with the
programming procedure specified. Prior to programm-
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 a

high-logic-level output at the selected locations. The

procedure is irreversible; once altered, the output for 3 “—uD———
that bit is permanently programmed to provide a high

logic level. Outputs never having been altered may "
later be programmed to supply a high-level output. PRSI

Operation of the device within the recommended ;__D(_;n
operating conditions will not alter the memory B

content. '

Y1

]

I
A

12, 32x8 va
Az — ARRAY

52 WORD
3 OF K‘ .
DECODER MEMORY 15) v

cELLs

a3 2] Ve

N

8 EIGHT 8
PROGRAMMING
CURRENT
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, Vgg -572 -52 -468| V
Operating ambient temperature, T a 0 85 [
electrical characteristics at specified ambient temperature
[ TEST CONDITIONS B TYP A
PARAMETER UNIT
(SEE NOTES 1 AND 2) (SEE NOTE 3)
0C|-1020 —840
VIH High-level input voltage 25 C| -980 -810 | mv
86 C| -910 ~700
0C{-1145
ViH High-level input voltage 25 C | -1105 mV
85'C | -1035
0C| Vge ~1645
ViL Low-level input voltage 25C| Vge -1630 | mV
85'C| Vgg ~1595
ocC 1490
ViL'  Low-level input voltage 25°C -1475 | mv
85'C —1440
ocC 1000 -840
VOH  High-level output voltage ViH * ViHB. ViL = ViLa 25 C| -960 -810( mV
85C | -890 —700
0'C|-1870 —1665
VoL  Low:-level output voltage ViH=ViHg.  VIL = ViLA 25'C | -1850 ~1650 | mv
85'C | —1825 -1615
0°C | -1020 -840
Von'  High-level output voltage Vig = Ving, ViL=ViL'a | 25°C| -980 ~810 | mv
86 C| -910 ~700
0 C|-1870 —1645
VoL’ Low-level output voltage ViH = Vin'e. ViL=ViLra 25'C | -1850 —1630 | mv
85'C | -1825 —1595
V)= -810mV,
0y High-level input current 25°C 265 | kA
Other inputs open
V| = —1850 mV, .
e Low-level input current 25C 0.5 uA
Other inputs open
All inputs and outputs open -145 -107
I Si | t Al tsat =810 mV, 25 C A
EE upply curren Inputs a m _145 —-110 m
All outputs open
switching characteristics at 25°C free-air temperature
TEST 8 A
PARAMETER UNIT
CONDITIONS (SEE NOTE 3)
ta(ad) Access time from address CL=35pF, 20| ns
_ RL = 50 €2,
tpLH  Propagation delay time, low-to-high-level output from E (enable time) 15{ ns
— See Figures
tpHL  Propagation delay time, high-to-low-level output from E (disable time) 1and 2 15| ns

NOTES. 1. All parameters are measured with VEE -

—2.000 V through 50 2.
2. Test conditions stating ViH = VIHB (or V|H'B) and/or VL = VILA (or ViL'A) mean that the high-level input voltages are equal
to the B limit of V| (or V') specified for the particular temperature (see note 3) and/or the low-level input voltages are equal
to the appropriate A limit of VL (or V|L'). The output voltage limits are guaranteed for any appropriate combination of input

conditions for the desired output

5.200 V, Vcc = 0 V, and (unless otherwise noted) the output is connected to

3. This data sheet uses the algebraic limit system that has been adopted by the International Electrotechnical Commission. The A

limit is the more positive (less negative) limit; the B limit is the less positive (more negative) limit

TThe ambient temperature conditions assume air moving perpendicular to the longitudinal axis and parallel to the seating plane of the device at
a velocity of 500 feet per minute with the device under test soldered to a 4 x 6 x 0.062-inch double sided 2.0z copper clad circuit board
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TYPE SN10139
256-BIT PROGRAMMABLE READ-ONLY MEMORY

NOTES:

NOTES:

PARAMETER MEASUREMENT INFORMATION

'Lzz.mﬁ‘our
™ T

Vee =
ADDRESS
INPUT
(See Notes A, B, and D) DEVICE OuUTPUT
UNDER (See Note B)
TEST
ENABLE
INPUT
(See Notes A, B, and E) CL=35pF
(See Note C)

A. The input waveforms are supplied by generators having the following characteristics: Zg ¢ = 50 2, PRR = 2 MHz. Transition
times of input waveforms are 2 + 0.1 ns between the 20% and 80% levels and are determined with no device in the socket,
B. The waveforms are monitored on an oscilloscope having the tollowing characteristics 1, € 0.35 ns, Rin = 50 2. Input and output
cables are equal lengths of 50-Q coaxial cable
. Cy includes jig capacitance.
. All address lines not under test must be biased to select a memory cell.
. 1f the enable line is not under test, it must be at a low logic level.

FIGURE 1-TEST CIRCUIT

r—.r—7:n|n;

F—-——————HHOmV
*.g.g: (See Note A)

moo

ADDRESS
INPUTS

|
(See Note B) )— i +310 mv
|
1= ta(ad) -“I
i
DATA 50%
OUTPUT
ACCESS TIME FROM ADDRESS INPUTS
—ot—2120.1ns |**t—220.1ns
1 ' +1110 mv
ENABLE Bo% X, | :
50% 50%
INPUT N 20% 20% 4]
(See Note C) = ST T T T —— +310mv
Ll A" “t bo— o -.ll
! |
DATA 50% 50%
OUTPUT

ENABLE AND DISABLE TIMES

A. Voltage values on input waveforms are with respect to ground
B. The enable input is low.
C. The bit location addressed contains 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.

Connect VEg (Pin 8) to ground and Vg (Pin 16) to 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 low level.

2. Raise Vcc (Pin 16) to 12 V. This level must not be maintained longer than 1 second. Maximum supply current during
programming is 250 mA.

3. After Vg has stabilized at 12 V (including any ringing that may be present on the VC( line), apply a current pulse of
2.5 mA to the output corresponding to the bit to be programmed to a high.

4. ReturnVccto52V.

CAUTION: To prevent excessive chip temperature rise, VCC should not be allowed to remain at 12 V for more than
1 second.

5. Verify that the selected bit has programmed by connecting a 460-2 resistor to ground and measuring the voltage at the
output. If a high level (Vg 4.2 V) is not detected at the output, the programming procedure should be repeated
once.

6. If verification is positive, proceed to next bit to be programmed.

automatic

1. Connect VEg (Pin 8) to ground and Vg (Pin 16) to 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 low level.

2. Raise Vgg (Pin 16) to 12 V. This level must not be maintained longer than 1 second. Maximum supply current during
programming is 250 mA.

3. After a delay of 100 us minimum, 1 ms maximum, apply a 2.5-mA current pulse to the output corresponding to the
first bit to be programmed to a high. This output pulse 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 bit at a time; the delay between
output programming pulses should not be greater than 1 ms.)

5. After all the desired bits of the selected word have been programmed, change address data and repeat the preceeding
two paragraphs.

NOTE: If all the maximum times listed above are maintained, the entire memory will program in less than 1 second.
Therefore, it would be permissable for Vcc to remain at 12 V during the entire programming time.
6. After stepping through all address words, return VCc to 5.2 V and verify that each bit has programmed. If one or

more bits have not programmed, repeat the entire programming procedure once.

recommended conditions for programming

NOTES

B Nom A UNIT
(SEE NOTE 3)
To program 1.5 12 125
Supply voltage, Voo To verify 5 5.2 5.4 v
- High level 4 4.6
Input voltage Low level 0 1 v
Output current during programming 2 25 3| mA
Programming pulse width, tw(p) (See Note 4) 05 1] ms
Programming pulse rise time 10| us
Foli Vi h; e a1 1
Programming pulse delay (See Note 4) }To owing 7ec 2 alnge dtt) 0.01 1 ms
etween output pulses, tg(2) .

3. This data sheet uses the algebraic limit system that has been adopted by the International Electrotechnical Commission The A
limit 1s the more positive (less negative) limit, the B imit is the less positive (more negative) limit
4. These maximum times are specified to minimize the amount of time Vg isat 12 V
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TYPE SN10139
256-BIT PROGRAMMABLE READ-ONLY MEMORY

PROGRAMMING INFORMATION

2v 52V 20V

1N914
(OR EQUIVALENT)

3 k2

tw(, )—1‘—-1
4Vio PROGRAM VERIFY p
a6V (MOMENTARY) _l—l_
ADDRESS Vee
H

p——O
__r—o—dM

o—o—i»
-O
>—=0"°_ A2
< SN10139
p A3
‘)—U—do_.
-0
5...-0——— A4
LY v7
OPEN O—— E v8
GND g 75k

(ALL OUTPUTS)

.
|||>—~

FIGURE 3-PROGRAMMING CIRCUIT

WORD 0 WORD 1 WORDS 231
ADDRESSED ADDRESSED ADDRESSED |
|

|
|
L
e |
|

~L
~
|
|
|
S
<

—_—— e ——

_'__._._

|

|

|

| g 2 ——25mA
ouTPUT | 2||ll||l||2 EII
CURRENT [ I

| ] —-| P—‘am |

—J o tup) |

r-—ldm
N

=1 SECOND

FIGURE 4-TIMING DIAGRAM FOR AUTOMATIC PROGRAMMING
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TYPES SN10140, SN10142, SN10148
64-BIT RANDOM-ACCESS MEMORIES

MAY 1975

SN10140 Drives 90-Ohm Loads
SN10142 and SN10148 Drive 50-Ohm Loads

Fast Access Times:
10 ns Max (SN10142)
15 ns Max (SN10140, SN10148)

64-Word-by-One-Bit Organization

Full On-Chip Address Decoding and
Output-Sense Amplification

Capability for Wired-OR Connections

Low Sensitivity to Supply Voltage
Variation

description

206

These 64-bit active-element memories are monolithic,
high-speed, emitter-coupled-logic (ECL) arrays of 64
storage cells organized to provide 64 words of one bit
each. Full address decoding and output sense amplifi-
cation are included on the chip. An additional level of
decoding is provided for memory systems by the two
enable inputs. Each of the 64 words is addressed by
the binary address inputs AO through A5. The output
can be connected to other emitter-follower outputs
to achieve wired-OR word expansion. The SN10140,
SN10142, and SN10148 are fully compatible with
the SN10000 logic family. The SN10148 and
SN10142 are specified to meet SN10000 levels when
driving 50-ohm loads and the SN 10140 is specified to
drive a 90-ohm load.

Information at the data input is written into the
memory by addressing the desired word with the
address lines and taking the read/write input low
while both enable inputs are held low. The output is
forced low while the memory 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 both enable inputs low.

FUNCTION TABLE

READ/ | ENABLE
= = OPERATION
WRITE | E1 E2
L L Write (output fow)

L
L | Read

X | Chip disabled (output low)
H | Chip disabled {output low)

H
X
X

X I r

H = high level, L = low level, X = irrelevant

JOR JE
DUAL-IN-LINE PACKAGE (TOP VIEW)

-

Veer
A0

N

¢~ Je

] 15
I

A1l 3

m
s

A2

N~ o

] 1a
] 13
] 12
] 1

A3

©

m
N
]

Vee

] 10

Je

functional block diagram

COLUMN
BUFFER/
A @ DECODER
won) o TIT]
INPUTS § A2

1 16X 4
a3 24 mow ARRAY

(91| BUFFER! OF
s MEMORY
B ceus

as 12

Veez

DATA OUT

NC
DATA IN
RW

NC

A5

A4

13)
DATA INPUT

(12) | BUFFER
READMWRITE

SENSE/ (15)
WRITE HBUFF{R}—

@)
enasLe J E1
INPUTS | (8!

DATA
ouTPUT
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TYPES SN10140. SN10142, SN10148
64-BIT RANDOM-ACCESS MEMORIES

recommended operating conditions

B NOM A
(SEE NOTE 3) unNIT
ﬂp!y voltage, VEE -5.72 -52 -468| V
Width of write pulse, ty/wr) (see Figure 9) 10 ns
[ Address before write pulse 5
Setup time, tg,, (see Figure 9) Enable before write pulse 3 ns
Data before end of write pulse 10
Address after write pulse 3
Hold time, ty, (see Figure 9) Enable after write pulse 4] ns
Data after write pulse 3
Operating ambient temperature, T : 0 85| 'C
electrical characteristics at specified ambient temperaturet
PARAMETER TEST CONDITIONS B TYP A UNIT
(SEE NOTES 1 AND 2) (SEE NOTE 3)
0’C| —1020 -840
ViH  High-level input voltage 25°C| -980 -810| mv
85°C| -910 ~700
o°C| -1145
Viy' High-level input voltage 25°C| —1105 mvV
85°C| —1035
0°C| Vge —1645
ViL  Low-level input voltage 25°C| Vg —1630 | mv
85°C| Vge —1595
0°c —1490
ViL' Low-level input voltage 25°C —1475 | mv
3 85°C —1440
0°C| —1000 -840
VOH High-level output voltage VIH = ViHB. ViL=ViLa  |25°C| -960 —-810 | mv
85°C| —890 —700
0°C| —2000 —1665
VoL Low-level output voltage Vin = Vg, Vip = Vit A 25°C| —1990 —1650 | mv
85°C| —1920 ~1615
0°C| -1020 -840
VOH' High-level output voltage ViH = ViH'B, ViL=ViL'a 25°C| -980 —810 [ mVv
85°C| -910 —700
0°C | —2000 —1645
VoL' Low-level output voltage ViH = VIH'B. ViL=ViL'a 25°C| —1990 —1630 | mVv
85°C| —1920 —1595
Read/Write Vi=-810mV, . 355
"H High-level input current Other inputs Other inputs open %C 265 HA
V) =—1990 mV, .
T8 Low-level input current Other inputs open 25°C 0.5 HA
Igg  Supply current All inputs and the output open 25°C| -103 -85 mA
NOTES: 1. All parameters are measured with VEg = —=5.200 V, Vcgq = Vg2 = O V. and (unless otherwise noted) the output is connected

to —2.000 V through 50 £2 for SN10142 and SN10148, or 90 £ for SN10140.

. Test conditions stating V|q = V g (or Vy'g) and/or Vi =V A (or V| 'a) mean that the high-level input voitages are equal
to the B limit of V  (or V') specified for the particular temperature (see note 3) and/or the low-level input voitages are equal
to the appropriate A limit of V) (or V| '). The output voltage limits are guaranteed for any appropriate combination of input
conditions specified by the function table for the desired output.

3. This data sheet uses the algebraic-limil system that has been adopted by the International Electrotechnical Commission. The

A limit is the more positive (less negative) limit; the B limit is the less positive (more negative) limit.

~

TThe ambient temperature conditions assume air moving perpendicular to the fongitudinal axis and parallel to the seating plane of the device at
a velocity of 500 feet per minute with the device under test soldered to a 4 x 6 x 0.062-inch double-sided 2-0z copper-clad circuit board.

7%
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TYPES SN10140, SN10142, SN10148
64-BIT RANDOM-ACCESS MEMORIES

switching characteristics at 25°C free-air temperature

SN10140
SN10142
SN10148
PARAMETER TEST CONDITIONS UNIT
B TYP A B TYP A
(SEE NOTE 3) (SEE NOTE 3)
talad) Access time from address 10 15 8 10 ns l
Propagation delay time, low-to-high-level
tPLH — 7 12 7 12 ns
output from E (enable time)
Pro tion delay time, high-to-low-level CL = 3.5pF,
tPHL o = ° L 7 12 7 12 ns
output from E (disable time) R|_ =909 (SN10140)
Transition time, 50 2 (SN10142, SN10148),
tTLH 25 25 ns
low-to-high-level output (20% to 80%) See Figures 5and 9
Transition time,
tTTHL 25 25 ns
high-to-low-level output (80% to 20%)
tSR  Sense recovery time 10 10 ns

NOTE 3: This data sheet uses the algebraic limit system that has been adopted by the (nternational E fectrotechnical Commission. The A limit
is the more positive (less neagtive) limit, the B limit is the less positive (more negative) limit

PARAMETER MEASUREMENT INFORMATION
ADDRESS 1\22 uF T 0.1 uF

INPUT Veer  Veez

(See Notes A, B, and D)

ENABLE

INPUT (See Note F)

(See Notes A, B, and E) DEVICE 40 N SN10140 OUTPUT
UNDER (A) (See Note B)

READ/WRITE TEST

INPUT SN10142, SN10148 OUTPUT

(See Notes A and B) (See Note B)

CL=35pF
IDN*;L““T Vee (S50 Note O

(See Notes A and B)
52V

—i|—
B,

0.1 uF

NOTES: A. The input waveforms are supplied by generators having the following characteristics: 24, =50 2, PRR = 2 MHz. Transition
times of input waveforms are 2 + 0.1 ns between the 20% and 80% levels and are determined with no device in the socket.

B. The waveforms are monitored on an pe having the f g characteristics: t, < 0.35 ns, R, = 50 €. Input and output
cables are equal lengths of 50-§2 coaxial cable

. C_ includes jig capacitance
All address lines not under test must be biased to select a memory cell
Enable line(s) not under test must be at a low logic level
40-Q2 external resistor shown is used for SN10140 only. When testing SN10142 or SN10148, connect point (A) directly to
50-Q output cable.

nm oo

FIGURE 5—-TEST CIRCUIT
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TYPE SN10144
256-BIT RANDOM-ACCESS MEMORY

MAY 1975
JOR JE
e Fast Access Time . .. 18 ns Typical DUAL-IN-LINE PACKAGE (TOP VIEW)
o 256-Word-by-One-Bit Organization
e Drives 50-Ohm Loads » 0 e % Vee
e Full On-Chip Address Decoding and T
Output-Sense Amplification Al 2 15 pataou
“ _
e Capability for Wired-OR Connections A2 3 ! R
13 DATAIN
e Low Sensitivity to Supply Voltage Variation

description

This 256-bit active-element memory is a monolithic
high-speed, emitter-coupled-logic (ECL) array of 256
storage cells organized to provide 256 words of one
bit each. Full address decoding and output sense
amplification are included on the chip. An additional
level of decoding is provided for memory systems by
the three enable inputs. Each of the 256 words is
addressed by the binary address inputs AO through
A7. The output can be connected to other emitter-
follower outputs to achieve wired-OR word
expansion.

Information at the data input is written into the
memory by addressing the desired word with the
address lines and taking the read/write input low
while all enable inputs are held low. The output is
torced low while the memory 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 enable inputs low.

FUNCTION TABLE

READ/ e EN_ABLE, OPERATION
WRITE|E1 E2 E3
L L L L | Write (output low)
H L L L | Read
X H X X | Chip disabled (output low)
X X H X | Chip disabled (output low)
X X X H | Chip disabled (output low)

H = high level, L =low level, X = irrelevant

E1 5 12 A7
B2 6 1 A8
E3 7 10 AS
VEE 8 9 A4

P
w
>
W W W W WY

functional block diagram

coLumn
~ DECODER
I
INPUTS A4 —
16 X 16
A5 w ARRAY
any MEMORY
A6 2 CELLS
a7 1121

13}
DATA INPUT —— (15
SENSE/ IDATA
FFER UFFER
neapwaie 14| BUFFE WRITE BUFFE ouTeUT

8

T
17 1
ENABLE ), (6) i
INPUTS 51;@‘ B
E3—
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TYPE SN10144
256-BIT RANDOM-ACCESS MEMORY

recommended operating conditions

8 NoM A UNIT
(SEE NOTE 3)
Supply voltage, VEE -572 -52 -468| V
Width of write puise, ty(wr) (see Figure 9) 25 ns
Address before write pulse 8
Setup time, tg, (see Figure 9) Enable before write pulse 2 ns
Data before end of write pulse 27t
Address after write pulse 2
Hold time, ty, (see Figure 9) Enable after write pulse 2 ns
’Eata after write pulse 2
Operating ambient temperature, T 0 85| ‘C
TNote that this setup time is referenced to the end of the write puise. With a minimum-width (25-ns) write pulse, this limit is equivalent to a
2-ns setup time referenced to the start of the write pulse. The setup-time requirement is thus made independent of write pulse width.
electrical characteristics at specified ambient temperature}
TEST CONDITIONS B TYP A
PARAMETER UNIT
(SEE NOTES 1 AND 2) (SEE NOTE 3)
0°C| ~1020 -840
ViH  High-level input voltage 25°C| -980 -810 | mv
85°C|{ -910 —~700
0°C| ~1145
Viy' High-level input voltage 25°C| ~1105 mv
85°C | ~1035
0°C| Vge 1645
ViL  Low-evel input voltage 25°C| Vg —~1630 | mV
85°C| Vgg ~1595
0°c ~1490
ViU Low-level input voltage 25°C -1475 | mV
85°C —1440
0°C| ~1000 -840
Vou High-level output voltage ViH = ViHB. ViL = ViLa 25°C| -960 -810 | mv
85°C| —890 --700
0°c| —1870 1665
VoL Low-level output voltage ViH = ViHB. ViL = ViLa 25°C | ~1850 —1650 | mV
85°C| ~1825 ~1615
0°c| -1020 -840
VoH' High-level output voltage ViH =VIH'B. ViL=ViL'A 25°C| -980 —810 | mVv
85°C| —910 700
0°C{ ~1870 ~1645
VoL Low-level output voltage VIH = VIH'B. ViL=ViL'A 25°C| ~1850 ~1630 | mV
85°C| —1825 ~1595
WH High-level input current E inputs V)= ~810mv, 25°C 265 uA
Other inputs Other inputs open 50
HL  Low-evel input current E inputs Vi=-1850mV, P M A
Other inputs | Other inputs open —50
\Eg  Supply current All inputs and the output open 25°C| -128 -90 mA
NOTES: 1. All parameters are measured with Vgg = -5.200V, Vge = 0 V, and (unless otherwise noted) the output is connected to

~2.000 V through 50 2.

2. Test conditions stating Vyy = Vg (or V y’g) and/or V| =V a (or V|'a) mean that the high-level input voltages are equal
to the B limit of Vy (or V') specitied for the particular temperature (see note 3) and/or the low-leval input voltages are equal
to the appropriate A limit of V| (or V| '). The output voltage limits are guaranteed for any appropriate combination of input
conditions specified by the function table for the desired output.

3. This data sheet uses the algebraic limit system that has been adopted by the International Electrotechnical Commission. The
A limit is the more positive (less negative) limit, the B limit is the less positive (more negative) limit,

$The ambient temperature conditions assume air moving perpendicular to the longitudinal axis and parallel to the seating plane of the device at
a velocity of 500 feet per minute with the device under test soldered to 3 4 x 6 x 0.062-inch double-sided 2-0z copper-clad circuit board.
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TYPE SN10144
256-BIT RANDOM-ACCESS MEMORY

switching characteristics at 25°C free-air temperature

PARAMETE ST CO TIONS 8 Tve A UNIT
ARAI R TEST COND!
(SEE NOTE 3)
ta(ad) Access time from address 18 35 ns
tPLH Propagation delay time, low-to-high-level output from E (enable time) 8 12 ns
PHL Propagation delay time, high-to-low-level output from E (disable time) 8 12
tPHL Propagation delay time, high-to-low-level output from read/write 8 17 ns
tTLH Transition time, low-to-high-level output (20% to 80%) 2.5 ns
TTHL Transition time, high-to-low-level output (80% to 20%) CL = 3.5pF, 2.5
tSR Sense recovery time Ry =509, 8 17 ns
tw(wr,min) Minimum width of write pulse See Figures 6 and 9 15 25 ns
Address before write pulse and Note 4 -15 8
teu(min) Minimum setup time Enable before write pulse -8 2 ns
Data before end of write pulse 8 27
Address after write pulse -3 2
th{min) Minimum hold time Enable after write pulse -8 2 ns
Data after write pulse -7 2
NOTES: 3. This data sheet uses the algebraic limit system that has been adopted by the International Electrotechnical Commission. The A
hmit is the more positive (1ess negative) limit, the B limit is the less positive (more negative) limit.
4. Actual values for the minimum width of write pulse, the three minimum setup times, and the three minimum hold times can each
be determined separately by setting the other six intervals at their A-limit values.
PARAMETER MEASUREMENT INFORMATION
1.1
—L 22 uF 0.1 uf
ADDRESS
INPUT %L—’f Vee = =
(See Notes A, B, and D)
ENABLE
INPUT .
(See Notes A, B, and E)
DEVICE ouTPUT
UNDER (See Note B)
READ/WRITE TEST
INPUT T
(See Notes A and B) CL 35pF
T (See Note C)
DATA
INPUT T VEE
(See Notes A and B) ;
52V
+ -
—|
01 uF
L2V T
—i—1
NOTES. A. The input waveforms are supplied by generators having the following characteristics' Zoyy - 50 §2, PRR - 2 MHz. Transition
times of input waveforms are 2 + 0.1 ns between the 20% and 80% levels and are determined with no device in the socket.
B. The waveforms are monitored on an oscilloscope having the following characteristics. t, = 0 35 ns. B, - 50 §2 Input and output
cables are equal lengths of 50 {2 coaxial cable
C. C( includes jig capacitance
D. All address lines not under test must be biased to select a memory cell

m

Enable lines not under test must be at a low logic level

FIGURE 6—TEST CIRCUIT

75

TEXAS INSTRUMENTS

211



TYPE SN10145
64-BIT RANDOM-ACCESS MEMORY

MAY 1975

o Fast Access Time . .. 9 ns Typical JOR JE

e 16-Word-by-Four-Bit Organization DUAL-IN-LINE PACKAGE (TOP VIEW)

e Drives 50-Ohm Loads

e Full On-Chip Address Decoding and
Output-Sense Amplification Yo 1(* ~ 1w vee
e Capability for Wired-OR Connections vio 2 J1s v
e Low Sensitivity to Supply Voltage Variation E 3] J1a v3
Do 4 13 RW
01 5 12 03
description ao 6 Ju o2
a1 7 [L——*‘] 10 A3
This 64-bit active-element memory is a monolithic
high-speed, emitter-coupled-logic (ECL) array of VEE 8[ ] 9 A2
64 storage cells organized to provide 16 words of four
bits each. This organization and the high speed makes
the SN10145 particularly useful in register file or
small scratch-pad applications. Full address decoding functional block diagram
and output sense amplification are included on the
chip. Each of the 16 words is addressed by the binary
address inputs AO through A3. The output can be no 8]
connected to other emitter-follower outputs to JRTLIN . E Joxe
achieve wired-OR word expansion. The SN10145 is | puren % .
fully compatible v the SN10000 logic ol = CELLS
Information at the data input is written into the - 4 IIm
memory by addressing the desired word with the l:_ j :‘
address lines and taking the read/write input low T . e | [P Sureurs
while the enable input is held low. The output is LN - vy
forced low while the memory is in the write mode. aw2d

TR WD GRR: G |

Information stored in the memory is read out by
holding the read/write line high, selecting the desired
address, and taking the enable input low.

FUNCTION TABLE

READ/WRITE|ENABLE

RIW E
L
H
X

OPERATION

Write (output low)
Read
Chip disabled (output fow)

T r r|m

H = high level, L = low level, X = irrelevant
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TYPE SN10145
64-BIT RANDOM-ACCESS MEMORY

recommended operating conditions

NOTES: 1.

T T B WoMm A | o
- R o o (SEE NOTE 3)
Supply voltage, VEE . - o ~5.72 -52 -468| Vv
Width of write pulse, ty () (see Figure 9) 75 ns
T T Address before write pulse 35
Setup time, tg (see Figure 9) Enable before write pulse 3 ns
- “ Data before end of write pulse 7.5
Address after write pulse 3.5
Hold time, t}, (see Figure 9) Enable after write pulse 3 ns
- Data after write pulse 3
Operating ambient temperature, Tp 0 85| °c
PARAMETER TEST CONDITIONS 8 A UNIT
(SEE NOTES 1 AND 2) (SEE NOTE 3)
0°C| -1020 -840
V|4  High-level input voltage 25°C| -980 -810| mv
85°C| -910 —700
n Y| -1145
V)i High-level input voltage 26°C | -1108 mv
85°C | —1035
o°c| Vge ~1645
ViL  Low-level input voltage 25°C| Vge ~1630 | mv
85°C VEE —-1595
o°c —1480
Vi~ Low-level input voltage 25°C —1475 | mv
85°C -1440
0°C | —1000 -840
Vid = ViHe. Vi ViLa 25°C| -960 -810| mVv
85°C | -890 —700
0°Cc | -1870 -1665
VoL Low-level output voltage ViH = VIHB, ViL=ViLA 25°C | —1850 —1650 | mVv
85°C | -1825 —1615
0°c| -1020 -840
VoH' High-level output voltage ViH = VIH'B. ViL=ViL'a 25°C | 980 -810| mv
85°C 910 -700
o°’c|{ —1870 —1645
VoL’ Low-level output voltage ViH = VIH'B. ViL=ViL'a 25°C | —1850 -1630| mVv
85°C | —1825 —1595
Any Data input 220
WH High-level Read/Write input Vi=-810mv, 25°C 470 | uwA
input current — Other inputs open
Any Address or E input| 200
Vi =-1850 mV, o
he Low-level input current Other inputs open 25°C 0.5 BA
Ige  Supply current All inputs and outputs open 25°C| —150 mA
All parameters are measured with Vgg = —5.200 V, Vo = 0 V, and (unless otherwise noted) the output is connected to
~2.000 V through 50 §1.
2. Test conditions stating Vi3 = Vg (or Vyy'g) and/or Vi = Vi a (or V| 'a) mean that the high-level input voltages are equal

to the B limit of V iy (or Vyy') specitied for the particular temperature (see note 3) 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 combination of input
conditions specified by the function tabte for the desired output.
3. This data sheet uses the algebraic-limit system that has been adopted by the International Electrotechnical Commission. The
A limit is the more positive (less negative) limit; the B limit is the less positive (more negative) limit.

'The ambient temperature conditions assume air moving perpendicular to the longitudinal axis and paraliel to the seating plane of the device at
a velocity of 500 feet per minute with the device under test soldered to a 4 x 6 x 0.062-inch double-sided 2-0z copper-clad circuit board.
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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)
talad) Access time from address 6 ns
tpLH Propagation delay time, low-to-high-level output from E (enable time) B Py 6
tpH( Propagation delay time, high-to-low-level output from E (disable time) RL 5'0 :; ! 9 s
T L= .

T tion time, low-to-high-level output (20% to 80%) 2.5
TTLH (ansf ion ti g P See Figures 7 and 9 ns
tTHL Transition time, high-to-low-level output (80% to 20%) 2.5
tsr  Sense recovery time 7.5 ns

NOTE 3: This data sheet uses the algebraic-limit system that has been adopted by the International Eiectrotechnical Commission. The A limit
is the more positive (iess negative) limit, the B limit is the less positive (more negative) limit

NOTES

A

o0

PARAMETER MEASUREMENT INFORMATION

ADDRESS
INPUT Vee
(See Notes A, B, and D)

22 uF %OIMF

Lavlen

ENABLE OUTPUT
INPUT (See Note B)
(See Notes A and B) DEVICE
UNDER
CL=35pF
READ/WRITE TEST “T (see Note C)
INPUT
(See Notes A and B) EACH OUTPUT
NOT UNDER
DATA TEST
INPUT VEE
(See Notes A and B)
52V
+ -
>__<[|| 50 Q
0.1 uF
L2V

.|}_4__{

The input waveforms are supplied by generators having the foilowing characteristics: Zg ¢ = 50 §2, PRR = 2 MHz. Transition
times of input waveforms are 2 + 0.1 ns between the 20% and 80% levels and are determined with no device in the socket.
g characteristics: t, € 0.35 ns, R, = 50 Q. Input and output

The waveforms are monitored on an having the f
cables are equal lengths of 50 {2 coaxial cable

C_ includes jig capacitance

All address lines not under test must be biased to select a memory cell

FIGURE 7-TEST CIRCUIT
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TYPE SN10W7
128-BIT RANDOM-ACCESS MEMORY

MAY 1975
JOR JE
e Fast Access Time . .. 15 ns Maximum DUAL-IN-LINE PACKAGE (TOP VIEW)
e 128-Word-by-One-Bit Organization
e Full On-Chip Address Decoeding and
Output-Sense Amplification
. . . Vi .
e Capability for Wired-OR Connections ccr 1] U 16 Vcez
e 15 DATA OUT
® Low Sensitivity to Supply Voltage a0 2] ) 15
Variation ar 3 ] 14 E2
description Az 4 [ ] oA
) a3 s 12 RW
This 128-bit active-element memory is a monolithic, 6 11 DATAIN
high-speed, emitter-coupled-logic (ECL) array of 128 s [ ]
storage cells organized to provide 128 words of one A5 7 { ] 10 A6
bit each. Full address decoding and output sense
P . L VEg 8 ] 9 NC
amplification are included on the chip. An additional
level of decoding is provided for memory systems by
the two enable inputs. Each of the 128 words is
addressed by the binary address inputs AQ through
A6. The output can be connected to other emitter-
follower outputs to achieve wired-OR word NC—No internal connection

expansion.

functional block diagram
Information at the data input is written into the
memory by addressing the desired word with the
address lines and taking the read/write input low

(2)
while both enable inputs are held low. The output is o — couumn
' P " Al ———————{ BUI /
forced low while the memory is in the write mode. a2 8 DECODER
Information stored in the memory is read out by “’.225?2

holding the read/write line high, selecting the desired
address, and taking both enable inputs low.

FUNCTION TABLE

READ/ ENABEE OPERATION DATA INPUT 15) DATA
WRITE | E1  E2 READMWRITE WRITE ouTPuT
L L L | Write (output low) 13), *
H L L | Read fr?PI:;BTLsE {:;(w
X H X | Chip disabled (output low)
X X H | Chip disabled (output low)

H = high level, L =low level, X = irrelevant

TEXAS INSTRUMENTS 215



216

TYPE SN10147

128-BIT

RANDOM-ACCESS MEMORY

recommended operating conditions
- B NOM A
(SEE NOTE 3) unT
Supply voltage, VEE - -5.72 -52 —-4.68 \
Width of write pulse, ty(wr) (see Figure 9) 8 ns
Address before write pulse 4
Setup time, tg, (see Figure 9) Enable before write pulse 1 ns
Data before end of write pulse 8
Address after write pulse 3
Hold time, ty, (see Figure 9) Enable after write pulse 1 ns
Data after write pulse 1
Operating ambient temperature, T p 0 85| °C
electrical characteristics at specified ambient temperaturet
TEST CONDITIONS B TYP A
PARAMETER UNIT
(SEE NOTES 1 AND 2) (SEE NOTE 3)
0°C | -1020 -840
ViH  High-level input voltage 25°C | —980 ~810| mv
85°C | —910 --700
0°C | -1145
V|H' High-level input voltage 25°C | -1105 mVv
85°C | 1035
oC| Ve ~1645
ViL  Low-level input voltage 25°C VEe -1630| mV
85°C | Vge —1595
0°C —1490
ViL'  Low:level input voltage 25°C —1475 | mV
85°C —1440
0°C | —1000 -840
VoH High-level output voltage VIH = VIHB. ViL = ViLAa 26°C | —960 -810 | mV
85°C | —-890 -700
0°C |-2000 —1665
VoL Low-level output voltage VIH = VIHB, ViL=ViLa 25°C {-1990 —1650 [ mV
85"C | —1920 —1615
0°C | ~1020 -840
VoH' High-level output voltage ViH = VIH'B. ViL=ViL'a 25°C | —980 —-810 | mV
85°C | —910 —700
0°C | -2000 —1645
VoL’ Low-level output voltage ViH=ViHe,  ViL=VIL'A 25°C [ -1990 ~1630 | mv
85°C |—1920 -1595
Read/Write V)=-810mV, . 355
)4 High-level input current l———— 25°C uA
Other inputs | Other inputs oper 265
V)= -1990mV, .,
L Low-level input current . 25°C 0.5 A
Other inputs open
Igg  Supply current All inputs and the output open 25°C| -100 -85 —50 | mA
NOTES: 1. Ail parameters are measured with VEg = 5.200 V, Vceq = Vegz = 0V, and (unless otherwise noted) the output is connected

3.

to -2.000 V through 50 §2

. Test conditions stating Vi = Vg (or Vyy'g) and/or V| - VLA (or V|['a) mean that the high-level input voltages are equal

to the B limit of V y (or V') specitiea for the particular temperature (see note 3) and/or the low level input voltages are equal
10 the appropriate A limit of V|| (or V) '). The output voltage limits are guaranteed for any appropriate combination of input
conditions specified by the function table for the desired output.

This data sheet uses the algebraic-limit system that has been adopted by the International Electrotechnical Commission. The
A limit is the more positive (less negative) limit; the B limit is the less positive (more negative) limit.

'The ambient temperature conditions assume air moving perpendicular to the longitudinal axis and parallel to the seating plane of the device at

a velocity of

500 feet per minute with the device under test soldered to a4 x 6 x 0.062-inch double-sided 2-0z copper clad circuit board
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TYPE SN10W47

128-BIT RANDOM-ACCESS MEMORY

switching characteristics at 25°C free-air temperature

8 A
PARAMETER TEST CONDITIONS UNIT
(SEE NOTE 3)
ta(ad) Access time from address 15 ns
tpLH Propagation delay time, low-to-high-level output from E (enable time) ¢ 3.5 pF 3 8.5
=3. ) ns
tpHL Propagation delay time, high-to-low-level output from E (disable time) RL _ 50; 3 8.5
tTLH Transition time, low-to-high-level output (20% to 80%) L : 1 25
See Figures 8 and 9 ns
tTHL Transition time, high-to-low-level output (80% to 20%) 1 25
tgR  Sense recovery time 10 ns
NOTE 3. This data sheet uses the algebraic-limit system that has been adopted by the International E lectrotechnical Commission. The A limit
is the more positive (less negative) limit, the B limit is the less positive (more negative) limit.
PARAMETER MEASUREMENT INFORMATION
22 uF 0.1 uF
ADDRESS I . l .
INPUT Veer  Veez = =
(See Notes A, B, and D)
ENABLE
INPUT
(See Notes A, B, and E
' ! DEVICE ouTPUT
UNDER (See Note B)
READ/WRITE TEST
INPUT
(See Notes A and B)
=350pF
oaTA (S e ©
INPUT
(See Notes A and B)
NOTES: A. The input waveforms are supplied by generators having the following characteristics: Zg,q = 50 2, PRR = 2 MHz. Transition

times of input waveforms are 2 + 0.1 ns between the 20% and 80% levels and are determined with no device in the socket.
8. The waveforms are monitored on an oscilloscope having the following characteristics: 1, < 0.35 ns, R,, = 50 §2. Input and output

cables are equal lengths of 50-2 coaxial cable
C. C_ includes jig capacitance
All address !ines not under test must be biased to select a memory cell

o

E. Enable line(s) not under test must be at a low logic level.

FIGURE 8—TEST CIRCUIT
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SERIES SN10000
MEMORIES

NOTES:

oonw®»

PARAMETER MEASUREMENT INFORMATION
—_—-- /ST T 410 my
ADDRESS N 50% 50% (See Note A)
INPUTS N 7\
4 e e = — +310mv
|
ENABLE |
INPUTS I‘\m )
1

+1110 mV
ffﬂ%
-t — — — +310mV

+1110mv
READ/WRITE
INPUT | | 310 my
e e e e — 4310m
{F"““J .
e —— | ,",—--—_»momv
DATA N ! /
INPUT E 50% | SKs0%
— - = +310 mv
le— tprL —e le—tgp —l
DATA [ (See Note B) !
50%
ouTPUT
WRITE CYCLE VOLTAGE WAVEFORMS
foeb-2:0.1ns . el 2:0.0s
ADDRESS 80% ¥, A80% 80% % #80% — T niomy
INPUTS | Kt 50% H .—g%:/;;
% ° 20% #1
(See Note €] —2 ! 0% 2 i +310 mV
|
r— ta(ad) —= o— ta(ad)—=!
Hp—t !
| H80% 80% % |
DATA 50% A | 1 % 50%
ouTPUT 20% ! I 20%
I 1 | 1
P 1tTLH re—et—tTHL
ACCESS TIME FROM ADDRESS INPUTS
}.akuo.lns leel-2:01ns 110 mY
i
ENABLE B0%K_ ! | #B8o% m
50% X | | #'50%
INPUTS 20% 20% 77
(See Note D) : e — — — — — — +310mV
| ,
r— tpLH | e tPHL —*
i 1
ATA ! 80% 80% |
3 IP T 50% # ! 1 50%
uTeu 20% A | | N 20%
| | ! .
re—er—ITLH ST ITHL

ENABLE AND DISABLE TIMES

Voltage values on input waveforms are with respect to ground.

Sense recovery time can only be measured following the writing of a high-level input

All enable inputs are low, read/write input is high.

Read/write input is high, other enable input(s) is(are) low, bit location addressed contains high-leve! data.

FIGURE 9-VOLTAGE WAVEFORMS
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SERIES SN10000
MEMORIES

TYPICAL CHARACTERISTICST

HIGH LEVEL AND LOW LEVEL
OUTPUT VOLTAGES

AMBIENT TEMPERATURE

9 AT
071 L0AD B0S 2V R
gal L8012 101 SN10180 01y !
o o ¢
o8 I

S . . .

S s P e R T
T e A T

Voi

Th e

0 10 20 30 40 50 w0 70 80 50 100

Ta Amuent Temperature C

FIGURE 10

QUTPUT VOLTAGE

OUTPUT CURRENT

06 - 7 - -1
osl- /oL
10, Yon

Load hines assume.
tonte 2V

>
¥
3
3

0 5 10-15-20-25-30-35 -40 45 50
10 Outbut Current. mA
FIGURE 12

TRANSITION TiME
LOW TO HIGH-LEVEL OUTPUT

v
SUPPLY VOLTAGE

CL-350F
5 35 TA-0Cto85C
e See Figures M7 and M9
30 . .
z ? 10% 10 90%
T 25 . . . . .

58 56 54 -52 -50 -48 46
VEE Supply Voltage-V

FIGURE 14

HIGH LEVEL and LOW LEVEL DUTPUT VOLTAGES
v

SUPPLY VOLTAGE

58 46 54 -52 50 -48 -46
VEE Supply Voltage V

FIGURE 11

INPUT CURRENT

INPUT VOLTAGE

<

32000 R . —
§ i

|- S S SN S

U SRS S S—

08 04 0

20 16 12
Vi=lnput Voitage~V
FIGURE 13

TRANSITION TIME,
HIGH TO LOW LEVEL OUTPUT

v
SUPPLY VOLTAGE

40 ¢ e e .
CLo350F

s t t Ta-0Cw8C ¢
See Figures M7 and MO

30 ' + N . . J

‘

e e
|

TR i

THL-Transition Time, High-to-Low-Level Output-ns

-5.6 54 -52 .50 -48 -46
VEE ~Supply Voltage—V

FIGURE 15

T The ambient temperature conditions assume air moving perpendicular to the longitudinal axis and parallel to the seating plane of the device at
a velocity of 500 feet per minute with the device under test soldered to a4 x 6 x 0.062-inch double-sided 2-0z copper-clad circuit 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-connection diagrams. Series SN 10000 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, SN10145JE.

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-dipped)
leads require no additional cleaning or processing
when used in soldered assembly.

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 a solder preform. The package is intended for
insertion in mounting-hole rows on 0.300-inch
centers. The gold-plated leads require no additional
cleaning or processing when used in soldered or
welded assembly.
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NOTES: a. Each pin centerline is located within 0.010 inch of its
true longitudinal position.

b. All dimensions are in inches unless otherwise noted.

NOTES: a. Terminal identification is provided by either a notch
with a nominai radius of 0.032 inch or a dot on the
body near the number-one terminal.

b. Each pin centerline is located within 0.010 inch of its
true longitudinal position.

. All dimensions are in inches.

o
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4-Bit Parallel

Binary Processor Element
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Four SBP0400 Processor Elements Configured for 16-Bit Parallel Machine with Full Carry Look-Ahead

TENTATIVE DATA

This document provides tentative information
on a new product. Texas Instruments reserves
the right to change specifications for this
product in any manner without notice.
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SBP0400

4-BIT PARALLEL BINARY PROCESSOR ELEMENT

DESCRIPTION

The SBP0400 is a 4-bit parallel binary processor element
monolithically integrating >1450 gates and mounted in a
single 40-pin package. This versatile processor building block
isimplemented in a highly advanced bipolar technology which
achieves a new level of performance/cost efficiency in the
design and manufacture of digital processors.

Primary among the SBP0400’s architectural features are:

e Full parallel access to all control, data and address

1/O functions
16-operation arithmetic/logic unit (ALU) implement-
ed with full carry look-ahead
8-word general register file including program counter

with incrementor
e Two 4-bit working registers for both single- and
double-length operations
Scaled-shifting multiplexers with end conditions han-
dled on-chip
® On-chip control transformation generated by versatile

factory programmable logic array (PLA).

The SBP040Q’s logic is fully static and expandable in 4-bit
multiples with full carry look-ahead for construction of any
size processor or control element.

Featuring a powerful standard repertoire of 512 one-clock
operations programmed into its PLA, the SBP0400 is designed
specifically to provide a cost-effective solution to a wide range
of applications from micro-cantrollers thru mini-computers to
multi-processor systems. The added flexibility of designing an
SBPO400 system to emulate other systems provides a signifi-
cant cost-savings potential that can be realized through the
utilization of existing software. Potential savings are further
compounded by the economics of ultra-large scale integration,
reduced package requirements, and reduced power levels.

Unlike processor elements containing fixed instruction sets,
direct user sequencing of the operation set allows user synthe-
sis/emulation of virtually any instruction/instruction set when
sequential controls are provided. The functional power of the
SBP0400 is characterized in its ability to perform, in a single
clock cycle, any one of 459 nonredundant operations:
Operand
tic or 8 Boolean functions of the ALU
Data transfers . .

dificati +

or ination via 8 arithme-

. register-to-memory, memory-to-
register, register-to-register
Single- or double-precision arithmetic shifts of single-

or double-signed binary words

Single- or double-precision logical shifts or circulates

Single-clock ALU/shift combinations to simplify im-
plementation of single- or double-signed iterative
multiply and non-restore divide algorithms

e Additional features include:
— Instruction “‘Look-ahead” capability to overlap
instruction fetch and execute
— Relative position control establishes ‘‘End’’ con-
ditions for definition of multifunction pins.
INTEGRATED INJECTION LOGIC, 120
120 s a highly efficient new bipolar technology which
reduces a basic gate function to a single current injected tran-
sistor switch. The logical simplicity of a single geometry
gate requiring no isolation, no load resistors and no ground
metalization, achieves gate component densities 10 times
those of conventional TTL or CMOS. I2L circuits can be
operated along a virtually constant speed/power product
value over several magnitudes of injector current to achieve
either nanosecond speeds or microwatt power dissipation.
The SBPO40O utilizes non-isolated 12L technology with the
following results:
e Operation propagation times . . . 110-530 ns at
128 mW nominal power

Operates from a single power source capable of
+0.85 V minimum at desired injector current

Static, D. C. edge-triggered operation

Fully TTL compatible at nominal injector current
SBPO400M operates over full —55°C to 125° C military
temperature range

SBP0400C operates over industrial temperature range
of 0°C 10 70°C

e Speed/power performance selectable over a wide
range.

SBP0400
NORMALIZED PROPAGATION DELAY TIME
vs
INJECTOR CURRENT
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SBP0400
4-BIT PARALLEL BINARY PROCESSOR ELEMENT

FUNCTIONAL BLOCK DIAGRAM
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THE SBP0O400 WILL ALSO BE OFFERED IN A HERMETIC CERAMIC DUAL-IN-LINE PACKAGE.
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SBP0400

4-BIT PARALLEL BINARY PROCESSOR ELEMENT

OPERATION-SELECT WORD

The 9-bit operation select word consists of the 4 bit OP, 2 bit D, and 3 bit S fields as illustrated

OP-FIELD . . . Primarily defines the 8
arithmetic and 8 logical operations
associated with ALU functions defined
below.

OPFIELD DFIELD  S-FIELD
u X x x[x x [x x x]
OP3 OP2 OP1 OPO DI DO S2 S§1 SO

D-FIELD . . . In addition to stipulat
ing the single- or double-precision word
length, this field assimilates and ex
tends the interactivity of the operation

S-FIELD . .. Primarily defines operat
ion source (DIB, RF, WR, XWR) and
destinations (DOB, RF, WR, XWR,
AOB). Register file selections for op-

select word. erations form | through IV are shown

befow.

ALU FUNCTION-SELECT TABLE

ARITHMETIC OPERATIONS LOGIC OPERATIONS REGISTER-FILE
ALU ACTIVE-HIGH DATA (0P3 = L) ACTIVE-HIGH SELECTION TABLE
SELECTION ALUCIN = H ALUCIN = L DATA S-FIELD REGISTER
OP2__OP1__OPO (WITH CARRY) (NO CARRY) | OP3=H,ALUCIN = X s2_s1_s0 SELECT

0 0 0 | Fn- Low Frn - Fhgh Fn = AnBn 0 0 o0 RFO
0 0 1 |F-8-A Fn=B-A-1 Fn = An D Bn 0o 0 1 RF1
0 1 0 Fn=A-8 Fn-A-B-1 Fn- An ® Bn o 1 0 RF2
0o 1 1 | Fn-AplusBoplust | Fn=Aplus8 Fn - AnBn 0o 1 1 RF3
1 0 0 Fn = B plus 1 Fn=8 Fn - AnBn 1 0 0 RF4
1 0 1 Fn = Bplus 1 Fn=B Fn = An + Bn 1 0 1 RFS
1 1 0 Fn = A plus 1 Fn=A Fn - An + Bn 1 1 0 RF6
1 1 1 Fn = Aplus 1 Fn=A Fn=An+Bn 1 11 PC

NOTE  Positive logic 1s used throughout. 1 = high, 0 = low

OPERATION SETS
In order to maximize the efficiency of available transformation logic, interactivity between the three fields is best categorized by
six operation forms. These six powerful operations, forms | -~ VI, represent 45 flexible operation types. Combining the operation
types with the ALU functions and eight RF combinations results in 459 unique, one-clock, operations. The remaining 53 are
redundant operations. The six operation forms are
I. A(ALU)B ~ AorBorC IV. (WR +'— Aplus ALUCIN) SHIFTED - WR
Il. A plus B plus ALUCIN -~ AorBor C V. (WR plus ALUCIN) SHIFTED - WR
Hi. A-8 V1. (WR plus ALUCIN, XWR) SHIFTED ~ (WR, XWR)
When a form | through form |V operation type specifies the RF as an operand source and/or destination, the operation select
word S-field selects a particular RF register to be utilized in execution of the operation as shown above.

OPERATION FORM

Operation form | can be utilized to perform 1 0f 16 ALU
functions, selected by the Operation-Select Word QP-fieid, on
2 of 4 operand sources, (RF, WR, XWR, DIB). The result is
transferred to 1 of 4 operand destinations (RF, WR, XWR,
DOB).

OPERATION FORM II

Operation form |1 can be utilized to arithmetically sum 1
or 2 operand sources (RF, WR, XWR, DIB) and a ripple-
carry-in (ALUCIN). The result is transferred to 1 of 4 oper-

and destinations (RF, WR, XWR,

OPERATION TYPE

008)
OPERATION FORM 11

OPERATION TYPE

OPERATION FORM |

RF ALUWR —RF ALU. 0000 = 1111 [} RF 000 ~111
RF ALUWR “WR ALU 0000 - 1111 | 0 1 RF 000 -111
“DIB ALUWR —~DOB ALU 0000 = 1111 11 0 0 0
“DIB ALUWR *WR ALU 0000 1111 LR 0 o 1
DIB ALUXWR ~WR | ALU 0000 =1111 | 1 1 0 1 1
DIB ALUWR = XWR | ALU 0000 <1111 | 1 1 1 0 0
DIB ALU XWR = XWR| ALU 0000 = 1111 | 1 1 1 1 o
018 ALU XWR -+DOB [ ALU 0000 “1111 | 1 1 1 1 l

OP3 oP0 D1 DO 52 S S0

NOTE When PC PRIORITY 15 low WR -~ AOB
"XWR ~ A0B

RF plus WR plus ALUCIN * XWR 0 0 1 1 {1 0 [RF 00O~
RF plus DIB plus ALUCIN ~WR 0 1 0 01 0 |RF 000 -111
RF plus D16 plus ALUCIN * XWR 0 1 0 1|1 0 [RF 000 111
RF plus DIB plus ALUCIN * RF N1 1 3 |1 0 |RF 000 <111
RF plus XWR plus ALUCIN *WR 11 0 0|1 O |RF 000 111
RF plus XWR plus ALUCIN *XWR | 1 1 0 1 |1 0 |[RF 000 -111
XWR plus ALUCIN - RF 1.1 1 0 |' O fRF 000 “111
DIB plus WR plus ALUCIN * XWR o0 v 1| 010
DI8 plus WR ptus ALUCIN - DOB o 1 1 o1 {1 o 10
D18 plus XWR plus ALUCIN -WR 110 01 o1 o0
DIB plus XWR plus ALUCIN “XWR | 1 1 0 1 |1 1 o010
XWR plus ALUCIN -DOB 1Ty 0 ot o0
OP3 - OPO D) DO $2 S1 S0

TEXAS INSTRUMENTS



SBP0400

4-BIT PARALLEL BINARY PROCESSOR ELEMENT

OPERATION FORM I11

Operation form 111 can be utilized to transfer 1 of 2 oper
and sources (RF, DIB) to 1 of 4 operand destinations (RF,
WR, XWR, DOB).

OPERATION TYPE OPERATION FORM Il

D18 —~ RF Al 1 |l 1 1 0 RF 000 =111
RF - DOB 00 0 0 roo RF 000 - 111
RF = XWR 0o 0 0 1 1o ]F 000 = 111
o v 1t o 1o X X x

018 = WR———{
° 0 1 1 0 1 1 o 1 o
018 —~ XWR 0o 0 0 1 [ o 1 0
1 1 1 1 1 1 0 1 1]

018 =~ D08

— 0 0 0 0 1 0o 1 0
0PI~ 0PO o1 00 s2 st so

OPERATION FORM IV
Operation form 1V can be utilized to either:

e arithmetically sum the WR and the ripple carry-in
(ALUCIN) with 1 of 2 operand sources (RF, DIB),
arithmetically double-precision shift the result to the
right, and transfer the shifted result to the WR and
XWR;

e arithmetically sum the WR and the ripple carry-in
(ALUCIN) with 1 of 2 operand sources (RF, DIB),
double-precision circulate the result to the left, and
transfer the circulated result to the WR and XWR;

e arithmetically subtract 1 of 2 operand sources (RF,
DIB) and -1 from the WR, arithmetically add the
ripple carry-in (ALUCIN), double-precision circulate
the resuit to the ieft, and transfer the circuiated re-
sult to the WR and XWR.

OPERATION TYPE OPERATION FORM 1V
(WR - DIB - 1 plus ALUCIN) LCIR ~WR, xwR [1000]11] 0 1 0
(WR plus DIB plus ALUCIN) LCIR ~WR, XWR [1001]11] 0 1 0
(WR - RF - 1plus ALUCIN) LCIR ~WR _XWR |[1000[10[RF 000 =111
{WR plus RF plus ALUCIN) LCIR ~WR_ XWR 1001 |1 O|RF 000 =111
(WR plus ALUCIN) RSA ~WR, XWR -———{ : g:g : ? : : :
(WR — DIB - 1 plus ALUCINI RSA =WR, XWR |0010[11| 0 1 0
(WR plus DIB plus ALUCIN) RSA *WR,  XWR 10111 01" o0
(WR — RF - 1 plus ALUCIN) RSA ~WR_XWR |0010[1 0|RF 000 =111
(WR plus RF plus ALUCIN) RSA =~ WR, XWR 1011[10|RF 000 =111

Oﬂloﬁmoo $2 S1 S0

OPERATION FORM V

Operation form V can be utilized to perform single
precision shifts on the contents of the WR, placing the result
n the WR. The WR may be logically shifted left or right
(LSL, RSL), arithmetically shifted left or right (LSA, RSA),
or circulated left or right (LCIR, RCIR). In operation form V
shifts, the MSB of the ALU is utilized as the sign-bit.

As the WR is passed through the ALU during form V and
VI the ALUCIN is active and should be held at a low logic
level for true shifts.

OPERATION TYPE OPERATION FORM V

(WR plus ALUCIN) RSA = WR 000 0] 1 voo o
00 01 (] 1o
(WR plus ALUCIN) RCIR =~ WR- «{
10 01 (] 1o
(WR plus ALUCIN) LSA =~ WR 00 1t O US| 10t
00 1 1 1 10 1
WR plus ALUCIN) LCIR ~+WR
(WA plus ALUCINI LCIR +WR —{| | o il a0
(WR plus ALUCIN) RSL = WR 1000 |1 1o
(WR plus ALUCIN) LSL <+ WR 10 1 0 |1 10

OP3 = OPO D1 DO S2 St SO
OPERATION FORM VI

Operation form VI can be utilized to perform double
precision shifts on the contents of WR in conjunction with
XWR. The WR in conjunction with the XWR may be:

® logically shifted left or right (LSL, RSL);

e arithmetically shifted left or right (LSA, RSA) single-
or double-signed;

e circulated left or right (LCIR, RCIR).

In OPERATION FORM VI arithmetic shifts, the MSB of
the ALU is utilized as the sign bit. For single signed arithmetic
shifts the MSB of the ALU is placed in the MSB of the WR.
For double signed arithmetic shifts, the MSB of the ALU is
placed in the MSBs of both the WR and XWR.

OPERATION TYPE OPERATION FORM VI

(WR plus ALUCIN, XWR) RSA — (WR, XWR) 00
(WR plus ALUCIN, XWR) RICR ~ (WR, XWR){
(WR plus ALUCIN, XWR) LSA — (WR, XWR)

(WR plus ALUCIN, XWR) LCIR — IWR, xwm{

coocoooo

(WR plus ALUCIN, XWR) RSL ~ (WR, XWR)
(WR plus ALUCIN, XWR) LSL = (WR, XWR)

-~ - - 00 -0o0

1 101
101 101
100 101
110 1 1
1 1 1
1 101
100 101
110 101

0

OP3 -0P0 D100 R2R1RO
In an expanded system, double-precision shift data flows
as shown below.

POSO - L for double-signed/double precision
PUSO = H tor single-signed/double precision

POSO = L
POS1-H POS1 = L

POSO = H
POSY = L

1
'
'
'

XWR

T
T e TS S S
1
,
o v ]
|
.

SBP0400 IN

SBP0400 IN |
'
MOST-SIGNIFICANT POSITION (MSP) 1 INTERMEDIATE POSITIONS (IP) :LEAST SIGNIFICANT POSITION (LSP)

DOUBLE-PRECISION SHIFT DATA FLOW

SBP0400 IN
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SB8P0400

4-BIT PARALLEL BINARY PROCESSOR ELEMENT

DESIGN
GOALS

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

Injector current, loc
Input voltage (see Note 1)
Off-state output voltage . . .

Operating free-air temperature range:

SBPO40OM .
SBP0400C .
Storage temperature range

170 mA
. 4V
.4V

. -55°C 10 125°C
0°Cto0 70°C
. ~65°C to 150°C

NOTE 1: Voltage values are with respect to network ground terminal.

SBP0400 power source

The SBP0400 can be operated
from any d< power source,
voltage or current, capable of
supplying the desired operat-
ing current at a minimum of
+0.85 volts. A simple current
source is shown in the ad-
jacent diagram. In this ex-
ample a 5-volt power supply

“VaureLy

N VaurLy 0% v

onor 015 A

“1 Romoe * 20 OHMs
'

'
= RINTERNAL ~o

Ealay

'
'
I
'

and 150 mA nominal injector current have been selected for high-speed
performance with full TTL compatibility. This ohm’s law solution
applies for calculating the dropping resistor value for any combination
of supply voltage and injector current.

SBP040OM SBP0400C UNIT
MIN NOM  MAX | MIN NOM  MAX
Supply current, IcC 135 150 165 140 150 160 mA
High-level output voltage, VO 33 33 \2
Any AOB, X, Y, or ALUCOUT 20 20
Low level output current, 1QL | Any DOB. or XWR MSB/LSB" 10 10 mA
X . XWRRT, WRRT, WRLFT, 5 5
PCCOUT/BMSB, ENINCBY 2/AMSB
Width of clock pulse, t, High 750 750 ns
|
of clock pulse, tw(clock) o 250 250
Setup time, tsetyp (any input) 200t 200t ns
Hold time, thold {any input) ot ot ns
QOperating free-air temperature, Ta —55 125 0 70 °c
1Rising edge of clock pulse is reference
I ch istics (over ded operating free-air temperature range, unless otherwise noted)
SBP0400OM SBP0400C
PARAM R TEST CONDITY t
ETE EST CO ONS MIN TYPI MAX | MIN Tyl  MAx unIT
ViH High-level input voltage 2 2 Vv
ViL  Low-level input voitage 08 08 v
Vi Input clamp voitage Icc = MIN, I{==12mA -1.5 -15 \4
) Icc = MIN, ViH=2V
! High-level output t 400 250 A
OH  Highvlevel output curren VIL=08V. VoW =33V .
icc = Mt -
VOL  Low-level output voltage cc = MIN, Vin =2V 02 04 02 04 v
Vi =08V, gL = MAX
Clock, PCCIN 500 750 500 750
1 Input icc = MAX, =33 A
! e c“"""'IATomepT ccoMAX. Vi=3 250 375 250 a5 | M

1For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions
1Al typical values are st IcC = 150 mA, T4 = 25°C

SCHEMATICS OF EQUIVALENT INPUTS, OUTPUTS, INPUTS/OUTPUTS

10 k2
INPUT —

1; 10 kQ2

EQUIVALENT OF EACH INPUT

TYPICAL OF ALL

OUTPUTS
INPUT/OUTPUT
10 kQ Tt
OUTPUT
10 k2
3

EQUIVALENT OF EACH INPUT/OUTPUT

TEXAS INSTRUMENTS



DESIGN SBP0400

GOALS 4-BIT PARALLEL BINARY PROCESSOR ELEMENT
switching characteristics (IgC = 150 mA, TA = 25°C)
PARAMETER FROM T0 TEST CONDITIONS TYPICAL UNIT
tPLH O tPHL DIB DOB VIA A BUS, BYPASS ALU 250 ns
TPLH Of tPHL DIB oos VIA A BUS, THRU ALU 380 ns
tPLH Of tpHL DIB DOB VIA B BUS, THRU ALU 500 ns
TPLH Of tPHL PC PRIORITY AOB 180 ns
PLH O tPHL ALUCIN ALUCOUT 180 ns
tPLH OF tpH L DB ENINCBY2/AMSB POSO = X, POS1 = H 180 ns
tPLH OF tPH D18 PCCOUT/BMSB POSO = X, POS1 =H 250 ns
ENINCBY2/AMSB or
tPLH oF tPHL POSQ, or POS1 FECOUT/BMSB 180 ns
tPLH O tPH| PCCIN pCCOUT 110 ns
tPLH Of tPHL ALUCIN 008 310 ns
tPLH OF TPHL CcLoCK PCCOUT/BMSB POSO = X, POS1=H 350 ns
tPLH OF tPHL CLOCK Do8 VIA A BUS, BYPASS ALU 350 ns
1PLH O PPHL CLOCK DOB VIA ABUS, THRU ALU 500 ns
tPLH Of tPHL CcLoCcK ENINCBY2/AMSB POSO = X, POS1 =H 280 ns
1PLH O tPHL CLOCK [o]e]:] VIA B BUS, THRU ALU 530 ns
TPLH O tPHL CLOCK X. Y, or ALUCOUT VIA A OR B BUS, THRU ALU 440 ns
PLH OF tPHL CLOCK AOB 350 ns
tPLH O tPHL CLOCK WRLFT. WRRT, LFT. 500 ns
or XWRRT

tPLH OF tPHL CLOCK XWR MSB POSO = H, POS1 = H 350 ns
tPLH OF tPHL clock | xwRLsB POSO = H, POS1 = L 350 ns

INSTRUCTION ® | @ ] o

Address of instruction DIB ~ WR (WR PLUS ALUCIN) RSA ~+ WR WR (ALU) RFA = RFA

bm.m MRETC) 1 e |

CLOCK TIME [ : 4 : v

|

1
1

|| |

—» bo—— 200 ns.
1
OP-CODE
INPUT ‘o h 2

DATA-IN
BUS (BIT 0) ‘o "

DATAQUT ~ T TTTTTT o T T T T T T T T
BUS (BIT 0) _ bos-ow® _ __ _
PC PRIORITY

INPUT (SEE NOTE)

- — oF

ADDRESS-OUT ADDRESS OF NEXT INSTRUCTION PC=N+2
NEXT INSTRUCTION l WR A< RFA X

BUS (BIT 0) e — — _hwRp ALUCINI ASA W (ALU) RF (ETC)

A typical sequence of operations shows:
1. Op-code instruction (DIB -+ WR) is setup and clocked into operation register (OR) at tg transition. Advance program counter (PC by
1 for next address.
2. Attq execute DIB = WR and fetch address of next instruction.
3. At 12 execute (WR plus ALUCIN) RSA -+ WR and fetch address of next instruction.
NOTE: When taken high the PC priority input overrides any OR instruction and routes program-counter (PC) contents to AOB. PC can be
incremented by the clock to generate next address at the AOB.

TYPICAL SEQUENCE FOR SBP0400

—
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SBP0400

4-BIT PARALLEL BINARY PROCESSOR ELEMENT

FUNCTIONAL DESCR:PTION

INPUT, OUTPUT, OR
PIN NUMBER Pl P TH M N
Ui N NAME IN FUNCTION INPUT/OUTPUT
1 D1 2-bit, "D" field of the Operation-Select Word Input
2 Do Input
3 s2 3-bit, ’S™ field of the Operation-Select Word input
4 S1 designates, in general, a particular RF Input
5 S0 as an operand source/destination Input
6 XWRLF Bidirectional 1/0, low active, shift accommodation for the
XWR. Receives double-precision right-shift data; outputs Bidirectional Input/output
double-precision left-shift data. Becomes XWRLFT (high
active) internaliy.
7 XWRRT Bidirectional 1/0, low active, shift accommodation. Receives
double-precision left-shift data; outputs double precision Bidirectional Input/output
right-shift data. Becomes XWRRT (high active) internally
8 XWR MSB of the XWR if in the most-significant 4-bit-slice position (MSP) Output
MSB/LSB and LSB if in the least-significant 4-bit slice position (LSP) pu
9 WRRT Bidirectional 1/0, low active, shift accommodation for ALU
output data. Receives left-shift data. Outputs right-shift data Bidirectional Input/output
Becomes WRRT (high active) internally
10 WRLFY Bidirectional 1/0, low active, shift accommodation for ALU
output data. Receives right.shift data; outputs left-shift data Bidirectional Input/output
Becomes WRLFT (high active) internally
1 ALUCIN Receives, high active, ALU ripple carry-in data Input
12 [o]e]:1} Output
13 [ole]-3] 4-bit, parallel, high active, data-out bus. Qutput
14 0082 (DOB3 -~ DOBO) Output
15 D083 Output
16 DIB3 1nput
17 D1B2 4-bit, parallel, high active, data-in bus, Input
24 Dig1 (D183 ~ D180) Input
% DIBO - Input
18 PCTIN fn all position, directs the program counter to increment by
1 0r 2, depending on the level applied to ENINCBY?2, on the Input
next low-to-high clock transition
19 pcCOUT/ In any position but MSP, PCCOUT s the program counter output
BMSB applied to the next more significant package PCCIN. In the MSP, Output
outputs the MSB of the “B" bus.
20 GND Common or ground terminal Supply common
2 POSO Directs internal and input/output end-conditions required 1o define Input
22 POS1 the relative position of each SBPO400 when a number is cascaded to Input
implement > 4-bit word lengths. See double-precision shift data flow
23 ENINCBY2/ In the least-significant 4-bit slice position (LSP), ENINCBY2 = H in
AMSB conjunction with PCCIN = L directs the PROGRAM COUNTER to Hidirectional Input/output
increment by a displacement of 2 on the next clock. In the most- (LSP) (MSP)
significant 4-bit shice position (MSP), outputs the MSB of the A" BUS.
26 CLOCK Clock Input
27 INJECTOR 1 One of two supply current sources. Connect to pin 40 Supply input
28 AOB3 Qutput
29 AOB2 4-bit, parallel, high active, address-out bus QOutput
31 AOB1 {AOB3 -~ AOBO) Qutput
32 AOBO Output
30 PC Selects program counter to the address-out bus (high active) Input
PRIORITY Overrides internal direction of address-out bus
33 X ALU carry-propagate Output
34 Y ALU carry-generate Output
35 ALUCOUT Outputs, high active, ALU ripple carry-out data Output
36 orP3 This 4-bit, “OP" field of the Operation-Select Word designates Input
37 orP2 in general, 1 of 16 ALU functions. Input
38 oP1 Input
39 OPO Input
40 INJECTOR 2 One of two supply current sources. Connect to pin 27 Supply input

TI cannot assume any responsibility for any circuits shown or represent that they are free from patent infringement
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TMS 1000 SERIES
ONE-CHIP MICROCOMPUTERS

THE ONE-CHIP MICROCOMPUTERS FROM TEXAS INSTRUMENTS

DESCRIPTION

The TMS 1000 series is a family of P-channel MOS four-bit microcomputers with a ROM, a RAM, and an arithmetic
logic unit on a single semiconductor chip. The TMS 1000 family is unique in the field of microprocessors because this
device is a single-chip binary computer. A customer’s specification determines the software that is reproduced during
wafer processing by a single-level mask technique that defines a fixed ROM pattern. As summarized in Table 1, the
TMS 1000 and TMS 1200 are the basic 1024-instruction ROM microcomputers. The TMS 1070 and TMS 1270
interface directly to high-voltage displays and use instructions identical to the TMS 10001200 devices To increase the
software capacity in one chip, the TMS 1100 and TMS 1300 provide twice the ROM and RAM size of the

TMS 1000/1200.

The design support for the entire series includes software assembler and simulator, hardware simulator with debug

control, and system evaluator devices for prototype fabrication.

TABLE 1

4.BI1T MICROCOMPUTER FEATURES

TMS 1000 [ TMS 1200

TMS 1070T TMS 1270

™S 1100 | TMS 1300

Package Pin Count

28 Pins | 40 Pins

28Pins_| 40 Pins

28 Pins_| 40 Pins

Instruction Read Only Memory

1024 X 8 Bits (8,192 Bits)

1024 X 8 Bits (8,192 Bits)

2048 X 8 Bits (16,384 Bits)

Data Random Access Memory

64 X 4 Bits (256 Bits)

64 X 4 Bits (256 Bits!

128 X 4 Bits (512 Bits)

“R" Individually Addressed
Output Latches

" 13

1" 13

" 16

O Parallel Latched Data
Outputs

8 Bits

8 Bits *10Bits

8 Bits

Maximum-Rated Voltage (O, R,
and K)

20V

AR

20v

Working Registers

2-4 Bits Each

2-4 Bits Each

2-4 Bits Each

Instruction Set

See Table 2, Page 9

See Table 2, Page 9

See Table 3, Page 15

Programmable Instruction

Yes Yes Yes
Decoder
On-Chip Oscillator Yes Yes Yes
Power Supply /Typical Dissipation 15 V/90 mW 15 V/90 mwW 15 V/105 mW
Time-Share Assembler Support Yes Yes Yes
Time-Share Simulator Support Yes Yes Yes
Hardware Evaluator and

HE-2 HE-2 HE-2
Debugging Unit
System Evaluator Device with SE-1 SE-1 SE-2
External Instruction Memory (TMS 1099 JL) {TMS 1099 JL) (TMS 1098 JL)

“The HE 2 does not have a decoder for the extra O outputs

12

DESIGN SUPPORT

Through a staff of experienced application programmers, Texas Instruments will, upon request, assist customers in
evaluating applications, in training designers to program the TMS 1000 series,and in simulating programs. T! will alsa
contract to write programs to customer’s specifications.

T1 developed assemblers and simulators for aiding software designs. These assembler and simulator programs are
available on nationwide time-sharing systems and at T| computer facilities

TEXAS INSTRUMENTS

TENTATIVE DATA
This document provides tentative information on a
new product. Texas Instruments reserves the right to
change specifications for this product in any manner
without notice



TMS 1000 SERIES
ONE-CHIP MIGROCOMPUTERS

A TMS 1000 series program (see flowchart, Figure 1) is written in
assembly language using standard mnemonics. The assembler converts
the source code (assembly language program) into machine code, which
is transferred 1o a software simulation program. Also, the assembler
produces a machine code object deck. The object deck is used to
produce a tape for hardware simulation or a tape for generating
prototype tooling.

The TMS 1000 series programs are checked by software and hardware
simulation. The software simulation otffers the advantages of printed
outputs for instruction traces or periodic outputs. The hardware
simulation offers the designer the advantages of real-time simulation
and testing asynchronous inputs.

After the algorithms have been checked and approved by the customer,
the final object code and machine option statements are supplied to TI
A gate mask is generated and slices produced. After assembly and
testing, the prototypes are shipped to the customer for approval. Upon
receiving final approval, the part is released for volume production at
the required rate as one unique version of the TMS 1000 tamily

-
|
1
|
o t
I
I |
l |
! |
| | SUILES
! 1
|
! f
! |
| [
| H RENVENS
r= SIMULATION | o o o = e ) 1 :
i ! |
|
(] ]
L L
€2 ox | .
-~ |
e \ m
[l i
PROM ]
\\ H
> é’mw ‘\) QRA aND
N e e } o e

SPECIFICATIONS

HAROWARE SIMULATION

SIMULATION
compLETE

FIGURE 1 — TMS 1000 SERIES ALGORITHM DEVELOPMENT

TEXAS INSTRUMENTS 233



TMS 1000 SERIES
ONE-CHIP MICROCOMPUTERS

1.3 APPLICATIONS

One major advantage of the TMS 1000 series is flexibility. The TMS 1000 series is effective in applications such as
printer controllers, data terminals, remote sensing systems, cash registers, éppllance controls, and automotive
applications. A data terminal is a useful example. In Figure 2, a sample interconnect diagram shows how the R outputs
control a universal asynchronous receiver/transmitter (UART), display scan, and keyboard scan. The ROM controls
data output to the appropriate display digit or to the transmitter section of the UART. A routine in the ROM program
controls selection of incoming data through the K-input ports. Two dedicated R outputs (load and ready reset) control
the UART’s transmit and receive modes. The remaining R outputs both scan the display and select inputs. The
SN74157 TTL devices mulitiplex eight bits of the incoming data word, four bits of UART status,and the four key input
lines. Through the TMS 1000 series’ versatility, a wide range of systems realize reduced costs, fewer parts, and high

reliability.
LINE
INTERFACE
11-DIGIT DISPLAY
8 REFERENCE
OSCILLATOR
KEY MATRIX DISPLAY DRIVERS
(32)
READY
RESET ' ¥
8, |
7 XMTR | RECEIVER
|
T™S 6011
UART
FLA
LOAD | LAGS
8 : DATA
{7a__58
R12 RO
R OUTPUTS
0 OUTPUTS
Q
osc1 2
TMS 1200 (oo 1 z
> >
$ T z
voo 2
Vss
K INPUTS 3
LOW/KIGH ORDER
44
KEY SELECT 5 ¥
———Wuw ] H
|: NE y
4, 4, 2
7 7 ~
F 4, Vi
w 7
FLAG SELECT

NOTE Discrete components for level shifting and other functions are not shown

FIGURE 2 — BLOCK DIAGRAM OF TYPICAL APPLICATION-TERMINAL CONTROLLER
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TMS 1000/1200 AND TMS 1070/1270 MICROCOMPUTERS
INTRODUCTION

The TMS 1000/1200 and TMS 1070/1270 are identical except for maximum voltage ratings for the K inputs and the O
and R outputs, and the TMS 1270 has a total of ten O outputs. See Section 5 for a TMS 1070/1270 description.

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 Figure 3, and is stored in the four-bit
accumulator. 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 R outputs are the output channels. The eight parallel O outputs are decoded from five data
latches. The O outputs serve many applications because the decoder is a programmable logic array (PLA) that is
modified by changing the gate-level mask tooling. Each of the thirteen R outputs of the TMS 1200 and the eleven R
outputs on the TMS 1000 has an individual storage element that can be set or reset by program control. The R outputs
send status or enable signals to external devices. The R outputs strobe the O outputs to displays, to other TMS 1000
series chips, or to TTL and other interface circuits. The same R outputs multiplex data into the K inputs whenever
necessary.

There are 43 basic instructions that handle 1/0, constant data from the ROM, bit control, internal data transter,
arithmetic processing, branching, looping, and subroutines. The eight-bit instruction word performs 256 unique
operations for maximum efficiency. Section 2.9 defines the standard instruction set, which is optimized for most
programs. Microprogramming for special applications is possible, and the operations of the instruction set can be
modified by the same mask-tooling step that programs the ROM and the O output PLA.
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FIGURE 3 - TMS 1000/1200 LOGIC BLOCKS
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2.3

24

ROM OPERATION

The sequence of the 1024 eight-bit ROM instructions determines the device operation. There are 16 pages of
instructions with 64 instructions on each page. After power-up the program execution starts at a fixed instruction
address. Then a shift-register program counter sequentially addresses each ROM instruction on a page. A conditional
branch or call subroutine instruction may alter the six-bit program-counter address to transfer software control. One
level of subroutine return address is stored in the subroutine return register. The page address register (four bits) holds
the current address for one of the 16 ROM pages. To change pages, a constant from the ROM loads into the page buffer
register (four bits), and upon a successful branch or call, the page buffer loads into the page address register. The page
buffer register also holds the return page address in the call subroutine mode.

RAM OPERATION

There are 256 addressable bits of RAM storage available. The RAM is comprised of four files, each file containing 16
four-bit words. The RAM is addressed by the Y register and the X register. The Y register selects one of the 16 words in
a file and is completely controllable by the arithmetic unit. The TMS 1000 series has instructions that: Compare Y toa
constant, set Y to a constant, increment or decrement Y, and/or perform data transfer to or from Y. Two bits in the X
register select one of the four 16-word files. The X register is set to a constant or is complemented. A four-bit data
word goes to the RAM location addressed by X and Y from the accumulator or from the constants in the ROM. The
RAM output words go to the arithmetic unit and can be operated on and loaded into Y or the accumulator in one
instruction interval. Any selected bit in the RAM can be set, reset, or tested

ARITHMETIC LOGIC UNIT OPERATION

Arithmetic and logic operations are performed by the four-bit adder and associated logic. The arithmetic unit performs
logical ccmparison, arithmetic comparison, add, and subtract functions. The arithmetic unit and interconnects are
shown in Figure 4. The operations are performed on two sets of inputs, P and N. The two four-bit parallel inputs may
be added together or logically compared. The accumulator has an inverted output to the N sefector for subtraction by
two’s complement arithmetic. The other N inputs are from the true output of the accumulator, the RAM, constants,
and the K inputs. The P inputs come from the Y register, the RAM, the constants, and the K inputs

Addition and subtraction results are stored in either the Y register or the accumulator. An arithmetic function may
cause a carry output to the status logic. Logical comparison may generate an output to status. If the comparison
functions are used, only the status bit affects the program control, and neither the Y register’s nor the accumulator
register’s contents are affected. If the status feedback is a logic one, which is the normal state, then the conditional’
branch or call is executed successfully. If an instruction calls for a carry output to status and the carry does not occur,

ToY
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FIGURE 4 — ALU AND ASSOCIATED DATA PATHS
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then status will go to a zero state for one instruction cycle. Likewise, if an instruction calls for the logical-comparison
function and the bits compared are all equal, then status will go to a zero state for one instruction cycle. If status is a
logic zero, then branches and calls are not performed successfully.

INPUT

There are four data inputs to the TMS 1000-series circuit, K1, K2, K4, and K8. Each time an input word is requested,
the data path from the K inputs is enabled to the adder. The inputs are either tested for a high level (= Vgg), or the
input data are stored in the accumulator for further use. The R outputs usually multiplex inputs such as keys and other
data. Other input interfaces are possible. An external device that sends data out to the K-input bus at a fixed rate may
be used with the TMS 1000 series when an initiating ““handshake” signal is given from an R output. Data from the K
inputs is stored periodically in synchronization with the predetermined data rate of the external device. Thus, multiple
four-bit words can be requested and stored with only one R output supplying the control signal.

OUTPUT

There are two output channels with multiple purposes, the R outputs and the O outputs. Thirteen latches store the R
output data. The eight parallel O outputs come from a five-bit-to-eight-bit code converter, which is the O-output PLA.
The R outputs are individually addressed by the Y register. Each addressed bit can be set or reset.

The R outputs are normally used to multiplex inputs and strobe O output data to displays, external memories, and
other devices. Also, one R output can strobe other R outputs that represent variable data, because every R output may
be set or reset individually. For example, the Y register addresses each latch in turn; the variable data R outputs are set
or reset; and finally, the data strobe R latch is set.

The eight O outputs usually send out display or binary data that are encoded from the O output latches. The O latches
contain five bits. Four bits load from the accumulator in paraliel. The fifth bit comes from the status latch, which is
selectively loaded from the adder output (see Figure 4). The load output command sends the status latch and

cre et e b stabos Tho PO Uy S AU Y SO S

TP five outout | e oo : " Pos
ator information into the five output latches. The five bits are available in true or complementary form to 20

ul
programmable-input NAND gates in the O output PLA. Each NAND gate can simultaneously select any combination of
00 through O7 as an output. The user defines this PLA's decoding to suit an optimum output configuration. As an
illustration, the O output PLA can encode any 16 characters of eight-segment display information and additionally can
transfer out a four-bit word of binary data.

THE INSTRUCTION PROGRAMMABLE LOGIC ARRAY

The programmable instruction decode i1s defined by the instruction PLA. Thirty programmable-input NAND gates
decode the eight bits of instruction word. Each NAND gate output selects a combination of 16 microinstructions. The
16 microinstructions control the arithmetic unit, status logic, status latch, and write inputs to the RAM.

As an example, the “add eight to the accumulator, results to accumulator” instruction can be modified to perform a
“'add eight to the Y register, result to Y’ instruction. Modifications that take away an instruction that is not used very
often are desirable if the modified instructions save ROM words by increasing the efficiency of the instruction
repertoire. A programmer’s reference manual is available to explain PLA programming and the TMS 1000-series
operation in detail.

TIMING RELATIONSHIPS
Six oscillator pulses constitute one instruction cycle. All instructions are executed in one instruction cycle. The actual

machine cycle period is determined by either a fixed external resistor and capacitor connected to the OSC1 and OSC2
pins (refer to Section 4), or an external clock input frequency.
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29 SOFTWARE SUMMARY
Table 2 defines the TMS 1000/1200 and TMS 1070/1270 standard instruction set with a description, mnemonic, and
status effect. The mnemonics were defined for easy reference to the functional description. Eighteen mnemonics use an
identifier to indicate the condition that satisfies the status requirement for a successful branch or call if the instruction
is followed immediately by a branch or call command. “C' means that if the instruction generates a carry
(status = one), then a following branch or call is executed. |f a branch instruction does not follow or if there is no carry
(status = zero), then the program counter proceeds to the next address without changing the normal counting sequence.
“N’' means that if no borrow (equal to a carry in two’s complement arithmetic) is generated, an ensuing branch or call
is taken. 2" indicates that if the two's complement of zero in the accumulator (instruction CPAIZ) is attempted with
a branch or call following, then the branch or call is taken. “1", “LE”, “NE”, and ""NEZ" are used to indicate
conditions for branch and call for seven test instructions. The test instructions do not modify data at all; tests are used
solely in conjunction with subsequent branches or calls.
If an instruction that does not affect status is placed between an instruction that does affect status and a branch or cal!
instruction, then the branch or call is always successful. This is true because status always returns to its normal state
(status = one) after one instruction cycle, and branches and calls are taken if status equals one.
TABLE 2
TMS 1000/1200 AND TMS 1070/1270 STANDARD INSTRUCTION SET
STATUS
FUNCTION MNEMONIC EFFECTS DESCRIPTION
e~ _
Register to TAY Transfer accumulator to Y register.
Register TYA Transfer Y register to accumulator.
CLA mulator,
Transfer TAM _“' Transfer accumulator to memory.
Register to TAMIY Transfer accumulator to memory and increment Y register.
Memory TAMZA Transfer accumulator to memory and zero accumulator,
Memory to TMY Transfer memory to Y register.
Register TMA Transfer memory to accumulator.
XMA~ _prx,c,hange memory and accumulator.
Arithmetic AMAAC Y Add memory to , results to . If carry, one to status.
SAMAN Y Subtract accumulator from memory, results to accumulator.
If no borrow, one to status.
IMAC Y Increment memory and load into accumulator. If carry, one to status.
DMAN Y Decrement memory and load into accumulator. If no borrow, one to status.
1A Increment accumulator, no status effect.
1Yc Y Increment Y register. |f carry, one to status.
DAN Y Decrement accumulator. If no borrow, one to status.
DYN Y Decrement Y register. If no borrow, one to status.
ABAAC Y Add 8 10 accumulator, results to accumulator. If carry, one to status.
A10AAC Y Add 10 to accumulator, results to accumulator. If carry, one to status.
ABAAC Y Add 6 to accumulator, results to accumulator. If carry, one to status.
CPAIZ Y Complement accumulator and increment. |f then zero, one 10 status.
Arithmetic ALEM Y it accur;\:!amv fess than or ec;al to memory, one to status.
Compare ALEC Y If accumulator less than or equal to a constant, one to status.
Logical MNEZ Y If memory not equal to zero, one to status.
Compare YNEA Y 1 Y register not equal to accumulator, one to status and status latch.
YNEC Y 1t Y register not equal 10 a constant, One 1o status.

~ CONTINUED —
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TABLE 2

TMS 1000/1200 AND TMS 1070/1270 STANDARD INSTRUCTION SET (Continued)

STATUS
FUNCTION MNEMONIC EFFECTS DESCRIPTION
Cc N
Bits in SBIT Set n\émorv bit.
Memory RBIT Reset memory bit.
T8IT1 Y Test memory bit. If equal to one, one to status.
Constants TCY Transfer constant to Y register.
Temy L Transfer constant to memory and increment Y.
Input KNEZ Y ] 7" K inputs not equal to zero, one 1o status. o
TKA Transfer K inputs to accumulator. _
Output SETR Set R output addressed by Y.
RSTR Reset R output addressed by Y.
TDO Transfer data from accumulator and status latch to O outputs.
CLO Clear O-output register.
RAM ‘X’ LDX Load ‘X’ with a constant.
Addressing COMX Complement 'X’.
ROM BR Branch on status = one.
Addressing CALL Call subroutine on status = one.
RETN Return from subroutine.
Lop Load page buffer with constant.

NOTES: C-Y (Yes) means that if there is a carry out of the MSB, status output goes 1o the one state. If no carry is generated,

Put goes to the zero stats.

status out-

N-Y (Yes) means that it the bits compared are not equal, status Output goes to the one state. | the bits are equal, status output goes
to the zero state,

A zero in status remains through the next instruction cycle only, If the next instruction is a branch or call and status is a zero, then
the branch or call is not executed successtully.

2.10 SAMPLE PROGRAM

The following example shows register addition of up to fifteen BCD digits. The add routine {flow charted in Figure 5)
can use the entire RAM, which is divided into two pairs of registers. The definition of registers, for the purpose of
illustration, is expanded to include the concept of a variable-length word that is a subset of a 16-digit file. Addition
proceeds from the least-significant digit (LSD) to the mostsignificant digit (MSD), and carry ripples through the
accumulator. The decrement-Y instruction is used to index the numbers in a register. The initial Y value sets the address
for the LSD’s of two numbers to be added. Thus, if Y equals eight at the start, the LSD is defined to be stored in
M(X.8), [M(X, Y) = contents of RAM word location X equals 0, 1, 2, or 3, and Y equals 0 to 15] . If Y is eight initially,
M(X,7) is the next-most-significant digit.

RAM DATA MAP BEFORE EXECUTING SAMPLE ROUTINE

FILE Y-REGISTER ADDRESS
ADDRESS REGISTER 0 1 2 3 4 5 6 7 8 9 10| 11| 12| 13} 14| 15

oV ] T 1D

X=00 D 0 9 8 7 6 5 4 3 2
OV | MSD LSD

X =01 E 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5
oV | MSD LSO

X=10 F 0 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1
AL LSD

X=11 G 0 8 7 6 5 4 3 2 1

OV = overflow, MSD = most-significant digit, and LSD = least-significant digit
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In the preceeding RAM register assignment map, registers D and G are nine digits long, and registers E and F are 16
digits long. The sample routine calls the D plus G = D subroutine and the E plus F > E subroutine. After executing the
two subroutines, the RAM contents are the following:

RAM DATA MAP AFTER EXECUTING SAMPLE ROUTINE

e T ~
FILE REGISTER Y-REGISTER ADDRESS .
ADDRESS ol 1] 2] 3] 4] 5] 6] 7] 8] 9] 10] 1] 12]13] 1a] 18

OV | MsD B )

X =00 D 1, 8 ] 4 1 9 7 5 3
OV [ MsD )

X=01 |. E 0 6 6 6 6 6 7 7 7 6 6 6 6 6 6 6
ov | MsD Lso

X =10 F lols|al3/ 2 10 9|87 6|54l 3]2]1
OV | MsSD - B R . ) Ty

X =11 G Lol 81l 76l 5] 4] 3] 2117 1l 1. 1

NOTE: Shaded areas indicate locations in the RAM that are unaffected by executing the example routine.

LABEL OPCODE OPERAND COMMENT
MAIN PROGRAM TCY 8 Transfer 8> Y
PRESETS Y, CALL ADGD Add:D+G—D
AND CALL TCY 15 Transfer 15> Y
SUBROUTINES CALL AEFE Add: E+F—~E
r ADGG LDX 3 3> X;SetupforD+G~G.
BR BCDADD Branch to BCD add.
MULTIPLE ENTRY AEFF LDX 2 2 X;SetupforE+F > F.
POINTS FOR ﬁ BR BCDADD Branch to BCD add.
SUBROUTINES AEFE LDX 1 1- X;Setup for E+F —E.
BR BCDADD Branch to BCD add.
(ADGD LDX 0 0-X;Add D +G~D.
BCDADD CLA Clear accumulator (A).
Loop COMX X = X.
AMAAC M(X,Y) + A= A; A contains
possible carry if in loop.
CcoMxX X~ X.
AMAAC Add digits
M(X, Y) + [M(X,Y) + Carry] = A.
BASE BR GT9 Branch if sum >15.
SUBROUTINE ALEC 9 If A <9, one to status.
CONTAINS BR LT10 Branch if sum < 10.
LOOPING GT9 ABAAC Sum>9, A+6—>A;
AND S BCD Correction.
B8CD TAMZA Transfer corrected sum
CORRECTION to memory, 0~ A.
1A 1 A; to propagate carry
DECY DYN Y — 1Y, index next digit.
BR LOOP 1f no borrow, continue.
RETN If borrow, return to
instruction after call.
LT10 TAMZA Sum <9, A—>M(X,Y);0~A;
No carry propagated.
L BR DECY
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REGISTER DEFINITIONS:

3+X REGISTER | X ADDRESS
D 00
3 01
F 10
G 1"

SYMBOL DEFINITIONS:
M MI(X,Y) RAM

content at address X, Y
A - Contents of Accumulator
X Contents of X address register
Y Contents of Y register
>

Transfer to

Arithmetically compared to

BEGIN
LABEL

v LT10
INSTRUCTION

DUAL-ACTION
INSTRUCTION

TEST
INSTRUCTION

STATUS =1

BRANCH
INSTRUCTION

NO BORROW

BORROW

ALWAYS BRANCH
(STATUS = 1)

RETURN
INSTRUCTION

FIGURE 5 — MACHINE INSTRUCTION FLOWCHART-BCD-ADDITION SUBROUTINE
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Note that there are four entry points to the base subroutine (ADGG, ADGD, AEFF, AEFE). The main program can call
two of the other possible subroutines that store the addition results differently. These subroutines have applications in
floating-point arithmetic, multiplication, division, and subtraction routines.

21

y

POWER-ON

The TMS 1000 series has a built-in power-on latch, which resets the program counter upon the proper application of
power (with INIT input open or tied to Vpp). After power-up the chip resets and begins execution at a fixed ROM
address. The system reset depends on the ROM program after the starting address. For power supplies with slow rise
times or rfoisy conditions, the following network connected to the INIT pin may be necessary. To assist initialization of
the TMS 1000 series devices, a capacitor maintains a high-level voltage on the INIT input after the power supply settles.
The diode connecting Vpp to INIT is used to fully discharge Cext and allow a proper reset when fast pawer-on-off-on
cycles are expected.

Vss

TMS 1000 SERIES

VAl

C'X( ;‘
INIT

]
r 3 MTL—J '—[

Cext(uF) = 0.06 Power Supply Rise Time (ms)
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TMS 1100 AND TMS 1300 MICROCOMPUTERS
INTRODUCTION

Texas Instruments increased the four-bit microprocessor capability with an expanded one-chip microcomputer
containing all of the TMS 1000 features plus twice the ROM and RAM capacity. (See Figure 6.) Two versions of the
expanded memory device are available:

TMS 1100
® Pin-for-pin interchangeable with the TMS 1000
16,384-bit ROM, 2048 eight-bit instruction words
® 512-bit RAM, 128 four-bit data words
11 individually latched R outputs, 28-pin package

TMS 1300
16,384-bit ROM
512-bit RAM
16 individually latched R outputs, 40-pin package

Many industrial, consumer, and business applications can be implemented with a microcomputer having the capabilities
of two TMS 1000 devices. With considerably lower system cost, the TMS 1100/1300 single-device microcomputers
enable a number of applications that previously required two TMS 1000's or external read/write memory. In the 40-pin
version, the TMS 1300, the maximum number of R outputs is increased to 16. Displays 16 characters long as well as a
64-position keyboard or switch matrix (16 X 4) are scanned directly by the TMS 1300.

The TMS 1100/1300 operation is identical to that of the TMS 1000/1200 except where noted otherwise in the
foliowing paragraphs.

A OUTPUTS
110K 16 81751
!
. ROM LROUTPUT RAm
2048 WORDS LATCH 128 wORDS - [
PRUGHAM COUNTER 881 TSIWORD s8UsFER 14 81TSWORD
6
SUBROUTINE RETURN n
REGISTEH 4 Y
3 1
[
PAGE ADDRESS
REGISTER
EGISTE X REGISTER
. INSTRUCTION ‘.
PAGE BUFFER DECODER
REGISTER 7
vss —d by
Voo —ef ‘.
Lo
AHITHME TIC
L0GIC
K INPUTS o
weirs) s
V
[o0urPuT LaTCHES AND PLA COLE CONVERTER
] —

00uUTPUTS
8BTS

FIGURE 6 — TMS 1100/1300 LOGIC BLOCKS
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3.2 ROMOPERATION
The TMS 1100/1300 instruction ROM contains two chapters of 16 pages each. A page contains 64 eight-bit words. The
chapter logic consists of three control bits, chapter address, chapter buffer, and chapter subroutine. The chapter buffer
bit is controlled by a complement chapter buffer instruction (see COMC in Table 3). The chapter buffer bit transfers
into the current chapter address if a branch or call executes successfully. tf a call is successful, the return chapter is
saved in a chapter subroutine latch. Since the buffer bit is changeable without affecting the chapter subroutine-return
address, up to 128 words that are contained on two pages of alternate chapters are available in a single subroutine. The
program counter and page addressing operation is identical to the TMS 1000/1200 explained in 2-2.
TABLE 3
TMS 1100/1300 STANDARD INSTRUCTION SET
i STATUS ) ]
FUNCTION MNEMONIC | EFFECT DESCRIPTION
'L L c | — — S SE—
Register-to- TAY l Transfer accumulator to Y register
Register TYA | Transfer Y register to accumulator
Transfer CLA l Clear accumulator .
Register to TAM ] o Yran;Ie; éccumularov to memory
Memory TAMIYC \ Y Transfer accumulator to memory and increment Y register. |f carry, one to status.
TAMDYN | Y Transfer accumulator to memory and decrement Y register. If no borrow, one to status.
TAMZA Transfer accumulator to memory and zero accumulator
Memory to T™MY Transfer memory to Y register
Register TMA Transfer memory to accumulator
XMA Exchange memory and accumula_tgr o
Arithmetic AMAAC Y - X&d m‘emory to Il , results to . 1f carry, one to status.
SAMAN Y Subtract accumulator from memory, results to accumulator. If no borrow, one to
status.
IMAC Y Increment memory and load into accumulator. If carry, one 10 status.
DMAN Y Decrement memory and load into accumulator. If no borrow, one to status.
IAC LY Increment accumulator. If carry, one to status.
| DAN Y Decrement accumulator. If no borrow, one to status.
A2AAC Y Add 2 to accumulator. Results to accumulator. If carry, one 1o status.
A3AAC Y Add 3 to [} . Results to . If carry, one to status.
| A4AAC Y Add 4 to accumulator. Results to accumulator. If carry, one to status.
ASAAC Y Add 5 to ator. Results to . If carry, one to status.
ABAAC ] Y Add 6 to accumulator. Results to accumulator. If carry, one to status.
ATAAC l‘ Y Add 7 to accumulator. Results to accumulatar. If carry, one to status.
ABAAC | Y Add 8 to accumulator. Results to accumulator. If carry, one to status.
A9AAC Y Add 9 to acc ; . Results to . If carry, one to status.
A10AAC Y Add 10 to I . Results to | . If carry, one to status.
A11AAC Y Add 11 to accumulator. Results to accumulator. If carry, one to status.
A12AAC Y Add 12 1o lator. Results to | . If carry, one to status.
A13AAC Y Add 13 to accumulator. Results to accumulator. If carry, one to status.
A14AAC Y Add 14 to accumulator. Results to accumulator. If carry, one to status.
Yc Y Increment Y register. If carry, one 10 status.
DYN Y Decrement Y register. If no borrow, one to status.
CPAIZ A Complement accumulator and increment. If then zero, one to status. .

— CONTINUED —
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TABLE 3
TMS 1100/1300 STANDARD INSTRUCTION SET (Continued)
T STATUS o -
FUNCTION MNEMONIC EFFECT DESCRIPTION
C N ~
Arithmetic | ALEM Y " it accumulator less than or equal 10 memory. one (o statas. |
Compare —
Logical MNEA Y | 1t memory 15 not equal to accumulator, one 1o status T
Compare MNEZ Y If memory not equal 10 zero, one 1o status.
YNEA Y If Y register not equal to accumulator, one to status and status latch
YNEC Y £ Y register not equal to a constant, one to status
[ Busin | seiT | T T setmemorybit T o
Memory RBIT Reset memory bit
| Tem Y Test memory bit. If equal to one, one 1o status _—
Constants TCY Transter constant to Y reglsler. T
TCMIY . Transfer constant to memary and increment Y e o
Input KNEZ Y 1f K inputs not equa! to z;v;:zrne toi;t:l]s T
TKA Transfer K inputs to accumulator
" Output SETR " Set R output addressed by ¥ T i
RSTR Reset R output addressed by Y
TDO Transter data from accumulator and status ’drlch to O‘OUIVDJVJEWW?V_ ]
RAM X LDX Load X with file address
Addressing COMX Complement the MSB of X
ROM BR Branch on status = one
Addressing CALL Call subroutine on status = one
RETN Return from subroutine
LDP Load page buffer with constant
comc Complement chapter

NOTES: C.Y (Yes) means that if there is a carry out of the MSB, status output goes 10 the one state. ¥ 10 carry is generated, status Oulpul

33

34

goes to the zero state.

N-Y (Yes) means that if the bits compared are not equal, status Output goes 10 the one state. |f the bits are eaual status output goes
to the zero state.

A zero in status remains through the next instruction cycle only. It the next instruction is a branch or call and status is a zero, then
the branch or call is not executed successfully.

RAM OPERATION

The TMS 1100/1300 devices contain a 512-bit RAM for data storage. The matrix consists of eight files, each file
containing 16 four-bit words. Similar to the TMS 1000/1200, the X and Y registers address the RAM. The Y register
selects one of the 16 words in a file and the X register (three bits long) selects one of eight possible files. When using the
set or reset R instructions, the X register must be less than four.

OUTPUT
The TMS 1100 is pin-for-pin interchangeable with the TMS 1000 and contains eleven R outputs and eight O outputs

The R-output capability in the TMS 1300 is increased to 16 output latches. These extra latches perform control
functions directly that would have required external decoding logic in the TMS 1100 device. These additional R
outputs can be set to any combination. For example, Figure 2 shows an O-output data bus going into the transmitter
section of the UART. If the O-output PLA is programmed to send out four bits of binary data (when directed to do so
by the status latch), then three additional R outputs connected to the UART transmitter input provides the user with
full seven-bit ASCI! output capability.
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4. TMS 1000/1200 AND TMS 1100/1300 ELECTRICAL AND MECHANICAL SPECIFICATIONS

4.1 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE

(UNLESS OTHERWISE NOTED)*

Voltage applied to any device terminal (see Note 1)

Supply voltage, VpD
Data input voltage
Clock input voltage . Lo
Average output current (see Note 2): O outputs
R outputs
Peak output current: O outputs
R outputs

Continuous power dissipation: TMS 1000/1100 NL .
TMS 1200/1300 NL .

Operating free-air temperature range
Storage temperature range .

*Stresses beyond those listed under “*Absolute Maximum Ratings’

-20v

—20V t0 0.3V
20Vt 0.3V
-20V 1t 03V
~24 mA

—14 mA

—48 mA

~28 mA

400 mW

. 600 mW
0°C 10 70°C

o o
-56"C 10 150 C
may cause permanent damage 10 the device. This is a stress rating only and
functional operation of the device at these or any other conditions beyond those indicated in the * o

Operating C

section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

4.2 RECOMMENDED OPERATING CONDITIONS

PARAMETER MIN NOM MAX UNIT
Supply voltage, Vpp (see Note 3) -14 -15 -17.5 \
High-level input voltage, V) (see Note 4) = =L = 93 v
INIT or Clock -1.3 -1 03
Low-leve! input voltage, V| _ (see Note 4) K VDo 4 v
INIT or Clock Vpp -15 -8
Clock cycle time, t¢ (o) 2.5 3 10 us
Instruction cycle time, tc 15 60 us
Pulse width, clock high, ty(pH) 1 us
Pulse width, clock low, tw(el ) 1 us
Sum of rise time and pulse width, clock high, t, + tyw(gpH) 125 us
Sum of fall time and pulse width, clock low, tf + tw(al ) 1.25 us
Oscillator frequency, fogc 100 400 kHz
Operating free-air temperature, T [¢] 70 °c

NOTES
. These average values apply for any 100-ms period.

. Unless otherwise noted, all voltages are with respect 1o Vgs.

1
2
3. Ripple must not exceed 0.2 volts peak to-peak in the operating frequency range.
a

. The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this specification for

logic voitage levels only.

Voo — — |-

— e - e |
| o= wien —» o= e -

|
l
I

NOTE  Timing points are 90" (high' and 10" '1ow 1

FIGURE 7 — EXTERNALLY DRIVEN CLOCK INPUT WAVEFORM

== ——=— — = ViHis)

Vitio)
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43 ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE

a4

(UNLESS OTHERWISE NOTED)

PARAMETER TEST CONDITIONS MIN TYP' MAX {UNIT
Iy Input current, K inputs V=0V 50 300 500 wA
v High-level output voltage [Ooutputs |19 = -10ma —1.11 —06t v
OH  (see Note 1) [Roupuns [10= —2mA 075 04
loL Low-level output current VoL = Vpo —100 [ wA
Average supply current from Vpp
| All outputs open -6 -10| mA
ODfav)  vms 100011200 (s0e Note 2) utputs ope
, Average supply current from Vpp ; " A
All output = = m
DOV} 15110071300 (see Note 21 outputs open
Average power dissipation
P, Al 90 175 W
AV) TS 1000/1200 (see Note 2 outputs open i
Averags power dissipation
P All outputs open 105 193 | mW
AV TMS1100/1300 (see Note 2) puts ope
fosc Internal oscillator frequency R“' =50 kS2, Cext = 47 pF 250 300 350 | kHz
C; Small-signal input capacitance, K inputs V=0, f=1kHz 10 pF
Cilo) Input capacitance, clock input V=0, f =100 kHz 25 PF
TAll typical values sre st Vpp = —15 V, Ty = 25°C.
$Parts with Vo of —-2 V minimum, ~1.3 V typical, are available if requested.
NOTES: 1. The where the ive () 0! ) limit s as is used in this

specitication for logic voltsge I

eis only.

2. Values are given for the open-drain O and R output configurations. Pull-down resistors are optionally available on all
outputs and incresse Ipp (see Section 4.4),

SCHEMATICS OF INPUTS AND OUTPUTS

TYPICAL OF ALL K INPUTS

TYPICAL OF ALL O AND R
OPEN-DRAIN OUTPUTS

TYPICAL OF ALL OAND R
OUTPUTS WITH OPTIONAL
PULL-DOWN RESISTORS

v,
INPUT 3
—
R~ 50 kQ
Voo

Vss
—

__]
—I—oouwur

-

OUTPUT

Voo

The O outputs have nominally 60 §2 on-state impedance; however, upon request a 130-$2 buffer can be mask program-

med (see note (1] section 4.3).

The value of the pull-down resistors is mask alterable and provides the following nominal short-circuit output currents

(outputs shorted to Vsg):

O outputs: 100, 200, 300, 500, or 900 A
R outpts: 100, 150, or 200 uA

TEXAS INSTRUMENTS
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45

4.6

INTERNAL OR EXTERNAL CLOCK

If the internal oscillator is used, the OSC1 and OSC2 terminals are shorted together and tied to an external resistor to
Vpp and a capacitor to Vgg. If an external clock is desired, the clock source may be connected to OSC1 and OSC2

shorted to Vgg.

CONNECTION FOR INTERNAL OSCILLATOR

Cent

- jo -
0sc2 ———OVpp

TYPICAL BUFFER CHARACTERISTICS

O OUTPUTS
HIGH-LEVEL OUTPUT CURRENT
vs
HIGH-LEVEL OUTPUT VOLTAGE

50
T T J I
voo--15v 1 / ’{MAXLA;ED
Ta=25C 7,
10(pesk) ’/
<« —40 i
€ I / Dy
I | ‘V
SEr ar ARy
S -0p—4- /
- ° o,
8 A
3 D R e e i
[ \\gq‘/ ‘{ MAX-RATED |
3 ( / m'/ 10av)
i
: |
3 - 1 { |
+/ L MIN Vou AT 10 mA (Least Positive) —]
I I
0 L
[} -1 -2 -3 4 s

VoM — High-Level Output Voltage — V

10 — High-Level Output Current — mA

internal Oscillator Frequency — kHz

400

g

g

-30

TYPICAL INTERNAL OSCILLATOR FREQUENCY
vs
EXTERNAL RESISTANCE

E \ Voo~ -5V 5
F Ta=25°C E
E \ \ \ \\ i 3
F \ ! ]
F ]
L | 1
FCoxt 10p 0pl N
L | p
r 1
0 20 40 60 80 100 120 140 160 180 200
Rext — External Resistance — ki
R OUTPUTS
HIGH-LEVEL OUTPUT CURRENT
vs
HIGH-LEVEL OUTPUT VOLTAGE
T T
Vpp = =15V — =t
TaA=25'C 7
N MAX-RATED Ig A
\ T
| /
i £
MAX-RATED 10(av) | | /V
52N
’b &
A
MOST NEGATIVE

74

VoK FOR K INP
COMPATIBILITY

T

Lnn'j L

>

MIN Vou AT ~2 mA (Least Positive)
0 -1 -2 -3 -4
VoM - High-Level Output Voltage ~ V
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4.7 OUTPUT, INPUT, AND INSTRUCTION TIMING

| EXECUTE SETR OR RSTR OR TDO INSTRUCTION | NEXT INSTRUCTION |

| | 1

- L . - I ]

| APPROXIMATE INTERNAL OSCILLATOR WAVEFORM i

N S S )

| I |

INSTRUCTION |
'

See Note 1 , }
/ H
SETR 62 | |
I | I
‘| SeeNote2 | .
RSTR i | |
J L
| 7 !
! See Notw 2 ! See Note 1 |
s I -
To0 ! D | o3 1
! L "L
| | A
| FETCH CYCLE - INSTRUCTION N ! EXECUTE CYCLE - INSTRUCTION N
l EXECUTE CYCLE — INSTRUCTION N1 ! FETCH CYCLE INSTRUCTION N+1
I

. L L

| | |
ROM INST
FETCH INSTRUCTION EXECUTE
ADDRESS r— ETC ﬁ DECODE

|

|
! I
| |
| READ WRITE |
| UPDATE PC RAM RAM |
| |
| ALU REGISTER |
| RAM ADDRESS INPUT STORE :
‘ |
| EXECUTE |
| BR/CALL |
! l
| K INPUT VALID |
! I
! |

TIME —————¢»
! |
NOTES. 1. Initial rise time is load dependent. The high level output voltage, Vo, is charact t g the i clock period. (See

Section 4.6).
2. Rise and fall times are |0ad dependent.
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48 INTERFACE BETWEEN LOW-POWER SCHOTTKY AND TMS 1000
4.8.1 Push-Pull to MOS Input, Vgs = Ve

Low-power Schottky series logic interfaces, as shown below, to the TMS 1000 series low-voltage devices and has the
advantage of reduced power supply requirements. The level-shifting components are minimal if the VCC supply is
common to the Vgg supply.

To obtain a sufficient high-level input voltage, V|, a pull-up resistor R1 is tied from Vgg to the K input. With the
upper transistor in the TTL push-pull output on and reverse biased by R1, the typical resistor value is calculated:

v
‘R1=H . (R2+RY) R2> R1
Voo
v
Rix M g2
VpbD

For example if a —0.5-volt noise margin is desired, the recommended V) is —1.3 volts plus 0.5 volts, which equals
—0.8 volts. Since Vpp is —17.5 volts maximum, R1 is:

-08V

R1 = 95V

« 50k = 2.28kQ2

To use +10% resistors, R1 should be at most 2.0 k§2. This procedure for calculating a pull-up resistor applies to
standard TTL and open-collector interface as well.

If the lower transistor in the TTL push-pull output is on, the output current is 2 to 3 milliamperes and the low-level
output voltage is typically 0.2 volts. Thus the low-level input voltage, V|, for the K inputs is obtained with 0.3-volt
noise margin (at Voo minimum of 4.5 volts). For high-noise environments, an open-collector interface device is
shown in paragraph 4.11.

Vee = Vss . i
At 9 Mos ™ :
v ’ ’ v
cC Vss cc
R1

ki

K
he
[ )
l:| R2 =50 k2 [] '
- L I'7
SR3 3
[g
1 —
= l ———————— =
Voo
POWER SUPPLIES VOLTAGE
MOS TTL COMBINATIONS
Vss = Vce sv| ov
GND ov| -sv
| Voo -0V |15V

NOTE TI cannot assume responsibility for any circuits shown or represent that they are free from patent infringement.
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4.8.2 MOS to Low-Power Schottky, Vgs = Voo

Due 10 the low current (—400 uA) required to bring a Schottky TTL input low, a single 22-kilohm pull-down resistor
(R3) or the 900-microampere pull-down option (O outputs only) provides the necessary low-level input current. The
high-level input voltage with the Ve supply at 4.5 volts has 1-volt noise margin.

If a fan-out to more than one TTL circuit is used, the pull-down resistor value is divided by the fan-out number. In the
increased fan-out situation, an O output requires an external resistor 1o assist the 900-microampere pull-down option.

4.9 INTERFACE BETWEEN STANDARD TTL AND TMS 1000

4.9.1 Push-Pull to MOS Input, Vgg = Vee

Standard TTL logic interfaces as shown with the TMS 1000-series low-voltage devices. The input pull-up resistor R1 is
calculated by the same procedure as found in paragraph 4.8.1. The lower push-pull device is stronger in standard TTL
compared to Schottky versions. Thus a lower low-level input voltage, V|| .is expected to provide a 0.1-volt increase in

noise margin.

Vec=Vss © oo
e

MOS  TTL

POWER SUPPLIES

VOLTAGE
COMBINATIONS

Vss = Vec

Voo

5V
ov
—-10 vV

ov
-5V
—-15V

4.9.2 MOS to Standard TTL, Vgg = Ve

Since standard TTL requires —1.6 milliampere of low-level input current, a pull-down resistor R2 is used for both O and
R outputs. With either of the outputs connected to a standard TTL input, a 6.2-kilohm resistor tied to Vpp provides
slightly more low-level input current. To calculate the pull-down resistor’s value, it is assumed that there is negligible
current through the open-drain MOS output and that the short-circuit pull-down options are not programmed:

-10Vv

R~ — — —
—1.6 mA - Fan-Out Number

TEXAS INSTRUMENTS
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4.10

INTERFACE BETWEEN OPEN-COLLECTOR TTL AND MOS

4.10.1 SN7406, SN7407 Open-Collector to MOS Input, Vpp = TTL Ground

The SN7406 and SN7407 provide superior noise margins for converting TTL logic levels to MOS inputs. A single
pull-up resistor R1 is calculated by the same procedure as found in 4.8.1. The major ditference in noise margin occurs
with the output low and results from the open-collector being about 1 volt above TTL ground. Thus, the low-level
noise mu’gin is approximately 9 volts. More high-level noise margin is obtained by lowering the value of R1 at the cost
of increased power dissipation.

Mos
>
— >
00uUTPUT
ONLY F {
(60 ©2) ON
POWER SUPPLIES VOLTAGE
MOS _ TTL _COMBINATIONS
Vss BV [0V
Ve sv|ov
Vpp = GND oV {-6V

4.10.2 Interface Between MOS and Standard TTL, Vpp = TTL Ground

When the TTL ground and Vpp supplies are common, two resistors, R2 and R3, are required for level-shifting. This
interface circuit applies to Schottky TTL also when Vpp = GND; only the values of R2 and R3 are changed.

To supply —1.6 milliamperes of low-level input current at 0.4 V above ground requires a clamping resistor R3.

04V

R3 = T6ma

= 25092

The series limiting resistor R2 is calculated to provide a high-level input voltage between 2.7 volts and S volts above
TTL ground. For the O outputs (rg(on) = 60 €2 typically), R2 is between 1 kilohm and 500 ohms. The maximum
current rating for the O output is not to be exceeded, and the fan-out is one TTL input maximum.

Note that when the low-level input current is reduced to 400 microamperes for low-power Schottky TTL, the same
resistor network provides a fan-out of four using the O outputs. For an R output to Schottky input with Vpp =TTL
ground, a fan-out of two is obtainable when R2 = 1 kilohm and R3 = 500 ohms.
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4.11 TYPICAL SCANNED LED INTERFACE

*R value depends on duty cycle and brightness

" The maximum number of LED’s depends on the current required by each and the driver used

SN75492 is recommended for the R-output interface for up to six display characters
recommended for O-output interface to LED’s requiring high current.

Vpp = -16 V

R OUTPUT
STROBE

4.12 TERMINAL ASSIGNMENTS

P
®

R9
R10
Voo
K1
K2
K4
K8
INIT
07

05

03

TMS 1000/TMS 1100

Ininininis/niniainisinisis]

1
2
3
4
5
6
7
8
El

1
1

P

12
113

114

8

28 |[] rR7

27
|
25
24
23

1 re
U rs

0 Re

:]R.’!

NC — NO INTERNAL CONNECTION

INIT
o7
NC
NC
NC
06
05
o2}
03
NC

TMS 1000 OUTPUT

J Vgg =0V

o

0 ouTPUT
DATA

TMS 1200

40

a0

iNC

R
R12
R13
R14
R15
Voo
K1
K2
K4
K8
INIT

The SN75491 quad driver is

T™S 1300
f: | 40 H10
i2 39 E RO
3 38 | R8
4 37 | R?
5 6, RE
;s 35 | NC
v RS
8 33 | 'Re
09 32 .i:na
]‘110 3 1; R2
W 30 R
12 29 | 'R0
s 28 J'TVSS
“\4 2 'lfosm
ls 2 \‘Eosm
16 % | 100
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5.2

TMS 1070 AND TMS 1270 MICROCOMPUTERS
INTRODUCTION

The TMS 1000 series flexibility is augmented by two versions of high-voltage (35-volt) microcomputers, the TMS 1070
and the TMS 1270. The standard instruction set and operation is identical to that of the TMS 1000/1200.
Architecturally, the devices are identical to the TMS 1000/1200 except that two additional O-output OR-matrix terms
were added to provide a total of ten O outputs in the TMS 1270, a 40-pin package unit. The TMS 1070/1270 provides
direct interface to low-voltage flourescent displays. The TMS 1070/1270 interfaces with all circuits requiring up to
35-volt levels.

The accompanying diagram, Figure 8, shows an interface to a 30-volt fluorescent display.

(SEGMENT DATA)

(DIGIT STROBE)

0 OUTPUTS o 0 ROUTPUTS
< +—0
S avsl
50 kQ2 é i RS 50 k2
EACH p: ° EACH
il
Ll '7
vy { y
, -30v

FIGURE 8 — STROBED FLUORESCENT DISPLAY INTERCONNECT

DESIGN SUPPORT

The TMS 1070/1270 simulation is provided by several time-sharing services. The assembler and simulator programs are
accessed by specifying the appropriate device option in the assembler TITLE command.

Functional hardware simulation is accomplished by an SE-1 or an HE-2. To emulate more than eight O outputs in the
TMS 1270 with an HE-2 requires an external decoder. Level-shifting buffers allow functional evaluation in the
high-voitage prototyping systems.

254
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6.3 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE
(UNLESS OTHERWISE NOTED)*

Voltage applied to any device terminal (seeNote 1) . . . . . . . . . . . . . . . . . .. =20V

Supply voltage, Voo - - - e —20 Vto 03V

Data input and output voltage wnh VDD apphed (see No(e 2) . . . . . . . . . . .. .-=3Vwo03v

Clock input and INIT input voltage . . . . . . . . . . . . . . .. .. .=20V003V

Average output current (see Note3): Qoutputs . . . . . . . . . . . . . . . . . . . . =25mA

Routputs . . . . . . . . . . . . . . . .. ... -12mA

Peak output current: O outputs . . . . . . . . . L L L —5 mA

R outputs . . L NLAT-Y

Continuous power dissipation: TMS 1070 NL e e e oo . 4a00mW

TMS1270NL. . . . . . . . . . . . . . . . . . . . . 600mW

Operating free-air temperaturerange . . . . . . . . . . . . . . .. 0°C to 70°C

Storage temperaturerange . . . . . . . . . . . . . . . . . . . . . . ... -55°Cto150°C

*Stresses beyond those listed under “"Absolute Maximum Ratings’’ may csuse permanent damage to the device. This is a stress rating only and

tunctional operation of the device at these or any other conditions beyond those indi in the Operating Conditions’”
saction of this specification is not implied. Exposure to absolute-maxi for periods may attect device reliabitity.

54 RECOMMENDED OPERATING CONDITIONS

PARAMETER MIN NOM MAX UNIT
Supply voltage, Vpp (see Note 4) - 14 15 175 v
High-level input voltage, V|| (see Note 5) an, or Clock _;g ) :: %
Low-level input voltage, Vy_ (see Note 5) :;(IS::'N(;;? v_:: =T : v
Clock cycle time, t¢(g) 25 3 10 Ms
Instruction cycle time, tc 15 60 | us
Pulse width, clock high, ty(gH) 1 us
| Pulse width, clock Tow, tw(oL) 1 us
Sum of rise time and pulse width, clock high, t + tw(gH) 1.25 us
Sum of fall time and pulse width, clock low, tf + ty (gL ) 1.25 us

Oscillator frequency. foge 100 400 kHz
Operating free-sir temperature, Ta [1] 70 C

NOTES . Unless otherwise noted, all voitages sre with respect to VSS
. Vpp must be within the ions specitied in 5.4.

1
2
3. These average values apply for any 100-ms period.
4
5

. Ripple must not exceed 0.2 volts peak-to-peak in the operating frequency range
. The algebraic ion where the itive (1 i limit is designated as maximum is used in this specification for
togic voltage levels only.
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55 ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATIANG FREE-AIR TEMPERATURE RANGE
(UNLESS OTHERWISE NOTED)

PARAMETER TEST CONDITIONS MIN __ TYPT  MAX | UNIT|
[ Input current, K inputs V=0V 40 100 300 BA
Vo High-level output Voltage [ Ooutputs Io=-1mA -1 —0.5 v
(see Note 1) R outputs Ig=—-10mA —45 -2.25
oL Low-evel output current VoL = Vbbp -100 HA
1DD(av) Average supply current from Vpp All outputs open —6 30 mA
P(av) Average power dissipation All outputs open 90 175 mwW
Tosc  Internal oscillator frequency Rext = 50 k2, Cexg=47pF | 250 300 30 | KMz
C; Small-signal input capacitance, K inputs Vi=0V, f=1kHz 10 pF
Ci(p)  !nput capacitance, clock input V=0V, f =100 kHz 25 pF
TAll typical values sre at Vpp = ~15 V, T = 25°C.
NOTE 1: The algebraic where the tive (I ) timit is as is used in this specification
for logic voltage levels only.
5.6 TERMINAL ASSIGNMENTS
™S 1070 ™S 1270
re [ U 2] r? R8 [ 1 U 40 ] ne
ro [lI2 270 re Ro (]|2 39 ] Ry
rio (s 2|1 Rs R0 (|3 38 ] re
vpp [+ 25] Ra R11 e 37 ) Rs
k1 s 24\ R3 R12 {||5 36 I[) Ra
x2 (s 2] r2 vop L] 6 38 ||} R3
ke [ 2[R K1 {jj7 34 Nr
xe [s 211 vgs k2 [||s 33 [[] Ne
NT Ee 20/[] RO ke (Jlo 32 [Inc
o7 (o 19{[] osc2 xe (J|10 31 N
os [ 18|] osc1 it (i 30 |[J R2
os [z 17{0J oo ne ({12 29 [[J Rt
o4 [Jha 16][J o1 ne (13 28 |[] vgs
o3 [J1e 15 02 07 (Jj1a 27 [[] ro
06 [|15 26 ||] osc2
os (Jl1e 25 |[] osc1
o9 [J|17 24 |[] 00
o4 (Jj18 23 (Jo1
o3 (Jj1e 22 (] 02
o8 20 21 [[J Ne
NC — NO INTERNAL CONNECTION
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6. MICROCOMPUTER SYSTEM EVALUATORS, SE-1 AND SE-2
6.1 INTRODUCTION

The SE-1 and SE-2 are functionally identical to the TMS 1000/1200 and TMS 1100/1300, respectively, when
combined with external instruction memory. The system evaluators are ideally suited for prototype fabrication
and field testing. The TMS 1000/1200 and TMS 1100/1300 standard instruction sets are used in the SE-1 and
SE-2, respectively. Each unit sends out an instruction address to a PROM (or to other memory device), which
feeds an eight-bit instruction word back into the system evaluator for execution. Table 4 summarizes the
functions of both system evaluators. Costly errors in mask programming the TMS 1000 series can be eliminated
by testing algorithms thoroughly before submitting the final code to Texas Instruments for manufacturing.

TABLE 4
SYSTEM EVALUATORS SE-1 AND SE-2

SE-1 SE-2

TMS number T TMS 1099 JL TMS 1098 JL
Simulates mic: t TMS 1000/1200
imulates microcomputers TMS 1100/1300
(instruction set) TMS 1070/1270
r— 1024 words 2048 words

Maximum ROM addresses

X 8 bits/word X 8 bits/word
O outputs 5 5
Maximum R outputs 13 16
Single power supply (156 V) Yes Yes
Internal or external oscillator Yes Yes

6.2 OPERATION

7 the system evaluators are combined with exiernal instruction memory, their operation is identicai to their
respective TMS 1000 series devices described in the “TMS 1000 Series Programmer’s Reference Manual” (CM 122-1). A
dedicated parallel-instruction address selects the instruction word that transfers into the system evaluator through a
dedicated eight-bit-parallel input. Therefore, the user does not need external timing or multiplexing circuits.

To store the program, Texas Instruments provide a variety of memory products. The TTL PROM's, SN745470,
‘5471, ‘S472, and ‘S473, and TTL RAM’s, SN745209 and ‘S309, store the instruction codes for program
execution by the system evaluator. These TTL RAM’s, as well as the MOS static RAM's such as the TMS 4033,
are convenient when a teletype or paper-tape interface is available for entering an assembled program.

The system evaluators O-output Programmable Logic Array (PLA) transfers the five-bit O-register contents
directly to the five O outputs, O1, 02, 04, 08, and OSL. Various devices are available that can emulate the
O-output PLA coding. If seven-segment displays are used, an SN7448, SN7449, or equivalent, is ideal. For
nonstandard codes,an SN74188 PROM (organized as 32 X 8) provides the code conversion (two required for users
with TMS 1270 applications having ten O outputs).

If the system evaluators are used to emulate the TMS 1000 series devices, the user must remember that the O-output
PLA has a maximum of 20 product terms. Refer to the O-output PLA description in the TMS 1000 Series
Programmer’s Reference Manual for details.

Figure 9 and 10 show typical configurations with the system evaluators in prototyping systems.
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—

,

cs cs
SN745472 SN745472
PROM DO 1 DO1 PROM
512X 8
512x8 oo 002
AD A AD A
. Do3 D03 .
. D04 004 .
. 0os Dos .
. Do 6 DO6 .
AD I DO 7 07 AD I
po8 po8
Vss 10 11 12 13 14 15 16 17
Caxt pcopCs |PROGRAM COUNTER
osc1 |
osc2
Rext TMS 1099 JL/SE -1
PA1.PA2 | PAGE ADDRESS
—4voo -
K1-8 PAOD
oSL 08 04 02 _O1 RO-R12
3
FROM TO SYSTEM
SYSTEM Voo
ADE ADD ADC ADB ADA Vee
SN745188 32 X 8 PROM GND INTERFACE
NOTE: SOME LEVEL SHIFTING
RESISTORS ARE NOT I l l l { l ‘ ‘ SE-1 PROM
SHOWN. 0 OUTPUTS TO SYSTEM PCS5 AD A
pca AD B
PC3 ADC
pC2 ADD
Pov;sr;su::uss VOLTAGE PC1 AD E
0! L COMBINATIONS 0 OF
Vss = Vee 5v] oV
GND ] ov| sv PA3 ADG
Voo 10V |15V PA2 AD H
PAT AD |
PAO/PAD | CS

FIGURE 9 — BLOCK DIAGRAM OF TYPICAL APPLICATION — PROTOTYPING SYSTEM WITH SE-1
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INTERFACE
SE-1 | PROM
PCS |AD A
SN748472 SN74s472 PC4 |ADB
prom FROM PC3 |ADC
oo oot PC2 |AD D
ADA ooz ooz AD A PC1 |ADE
¢ o3 po3 . PCO_|AD F
° oo o4 * PA3 |AD G
pos pos . PA2 |AD H
A1 07 o AD.I PA1 |AD
007 oo7 PAO |SN74156
8 oo bos & CA |SN74156
|2 w
2 2
3 3 ©
4}
- w
(<] cs s
SNTas472 SN74s472 -
proM  DO? 001 ppom
§12X8  po2 0oz 512X8
AD A
‘P A D03 Do3
. 004 004 .
. DOS DOS . 2
o oos oos i
AD1 _ AD |
oo? oo7 2
[
DOs Dos §
Vss 10 11 12 13 14 15 16 17
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FIGURE 10 — BLOCK DIAGRAM OF TYPICAL APPLICATION — PROTOTYPING SYSTEM WITH SE-2
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6.3 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE

(UNLESS OTHERWISE NOTED)*

Voltage applied to any device terminal (see Note 1)
Supply voltage, VDD
Data input voltage .
Clock input voltage . . . . . . .
Average output current (see Note 2)
0, R,PC,PA, CA
Peak butput current
0,R,PC,PA CA .
Operating free-air temperature range
Storage temperature range

... S22V
-20V 1003V
-20V 103V
-20V 1003V

—14mA

—28 mA
0°C to 70°C

~55°C to 150°C

“Stresses beyond those listed under “Absolute Maximum Ratings”” may cause permanent damage to the device. This is a strass rating only and

functional operation of the device at these or any other conditions beyond those indi in the " oy " section

of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.4 RECOMMENDED OPERATING CONDITIONS

PARAMETER - MIN_ NOM  MAX [ UNIT

Supply voltage, Vpp (see Note 3) -14 -16 -175 \
High-level input voltage, V| K ~1.3 -1 03 v
(see Note 4) INIT or Clock -13 ~1 03
Low-level input voltage, VIL K Voo -4 v
(see Note 4) INIT or Clock Voo -16 -8 :
Clock cycle time, t¢(g) 2.5 3 10 us
Instruction cycle time, tc 15 60 us
Pulse width, clock high, ty(pH) 1 us
Pulse width, clock low, tw(pL) 1 us
Sum of rise time and pulse width, clock high, t; + tw(gH) 125 us
Sum of fall time and pulse width, clock low, tf + ty(pL) 126 us
Osciliator frequency, fosc 100 400 kHz
Operating free-air temperature, Tp 0 70 °c

6.5 ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE

(UNLESS OTHERWISE NOTED)

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT
Iy Input current Vy=Vss 50 300 500 uA
Vom High-level output 0, PC, PA, and CA 10=—2mA =1 -0.5 v
voltage (see Note 3) | R —0.75 -0.4
oL Low-evel output current VoL = Vbp -100 A
1DD{av) Average supply current from Vpp All outputs open -7 -1 mA
P(Av) Average power dissipation All outputs open 105 193 mw
fosc Internal oscillator frequency Rext = 50 k2,  Cexy = 47 pF 250 300 350 kHz
C; Input capacitance Vy=0V, f=1kHz 10 pF
Ci(p)  Input capacitance, clock input Vi=0V, =100 kHz 25 oF
NOTES: 1. Throughout this data sheet supply voltage values are with respect to Vgs, unless otherwise noted.

2. Average current is specitied over any 100-ms period.

3. Ripple must not exceed 0.3 volts peak-to-peak in the operating frequency range.

4. The algeb where the m itive (1 gative) limit is as is used in this specification for

logic voltage levels only.

TEXAS INSTRUMENTS



TMS 1000 SERIES
ONE-CHIP MICROCOMPUTERS

—— ——— — — VIHl)

|

|

Voo — — |- P
— |eu - |

| = ot~ | o -
,-“'cm_—ﬂ

NOTE  Timing points are 90% (high) and 10% (low )

Vitio)

FIGURE 11 — EXTERNALLY DRIVEN CLOCK INPUT WAVEFORM

6.6 SCHEMATICS OF INPUTS AND OUTPUTS
TYPICAL OF ALL O, R, PC, AND PA

TYPICAL OF ALL K AND | INPUTS OPEN-DRAIN OUTPUTS
INPUT vss Vss
—

' ] _
7 _1:1
R =50k
TYP ouTPUT

6.7 INTERNAL OR EXTERNAL CLOCK

tf the internal oscillator is used, OSC1 and OSC2 terminals are shorted together and tied to an external resistor to Voo
and a capacitor to Vgg. If an external clock is desired, the clock source may be connected to OSC1 and OSC2 shorted

to Vgg.

vs
EXTERNAL RESISTANCE
400

TYPICAL INTERNAL OSCILLATOR FREQUENCY

T 7

CONNECTION FOR INTERNAL OSCILLATOR

| Vpp=-18V

| Ta=25C
N

!

Cext 300 |-
OSUZ:ILE:VSS :
osc2 Voo r

Rent r

g

Inwenel Oscillstor Frequency — kHz

T
$
H

T

AN

Y A/l ./. N EETE ST FUvH

0O 20 40 60 B0 100 120 140 160 180

Rext — Externsl Resistance — ki2
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6.8 TERMINAL ASSIGNMENTS

PINNO.  FUNCTION PINNO.  FUNCTION PINNO.  FUNCTION PINNO.  FUNCTION
1 NC 17 pCa 33 NC a9 NC
NC 18 PC3 34 R11* 50 PAO
3 04 19 PC2 35 R12° 51 NC
4 NC 20 pC1 36 R13* 52 10
5 02 21 NC 37 R14* 53 NC
6 NC 22 R3 38 R15°* 54 "
7 o1 23 R4 39 NC 55 NC
8 NC 24 RS 40 VoD 56 12
9 osct % NC 4 PA2 57 osL
10 osc2 2 NC 42 PA3 58 13
1 Vg 27 R6 43 K1 59 14
12 RO 28 R7 a K2 60 15
13 R1 2 R8 a5 K4 61 16
14 R2 30 R9 a6 K8 62 ¥
15 CA,SE-2(NC,SE-1) 31 R10 a7 PA1 63 08
16 PCS 32 PCO a8 INIT 64 NC

*The user determines which R outputs are appropriate for a specified device emulation, Note the device descriptions.
NC — NO INTERNAL CONNECTION

6.9 TERMINAL FUNCTION DESCRIPTION

1. PCO — PC5 are the ROM program-counter outputs with PCO being the most-significant bit and PC5 being the
least-significant bit. The addresses change in a non-sequential binary manner.

~N

dress outputs with PAO being the most-significant bit.

3. CA is the ROM chapter address output for the SE-2.
4. 10— 17 are the external-memory-instruction inputs with 10 being the most-significant bit.

5. 01, 02, 04, 08, and OSL are the data outputs latched in the O register, with O1 being the least-significant bit
and OSL being the output of the status latch.

6. K1, K2, K4, and K8 are the data input lines with K1 being the least-significant bit of those inputs.
7. RO - R15 are the R-output register outputs.

8. Vpp is the power-supply input.

9. Vggis the ground pin.

10. 0SC1t is the oscillator input if driven by an external clock. OSC1 and OSC2 are shorted together to operate with
the internal oscillator. The frequency is controlled by an external RC circuit.

11, OSC2 is the oscillator output.

12. INIT is used for power-on initialization or hardware reset (see the Programmer’s Reference Manual for more
information).

T1f an external clock is used, OSC2 is tied to Vgs.
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7.2

HE-2 HARDWARE EVALUATOR
INTRODUCTION

The HE-2 is a register-level emulator and debugging unit for TMS 1000 series microcomputers. The software
simulation provided by time-sharing processing combined with the HE-2 having such features as single-step,
repetitive step, breakpoint, RAM inspection, and manual load for instructions make significant improvements in
design-cycle time possible. The unit is especially valuable when programs that control mechanical devices or
several peripherals must be verified in real time. If problems are encountered in the laboratory, there is no need
for immediate reassembly of the code since algorithm changes can be entered manually into the instruction
RAM's. RAM’s are used for the instruction memory, instruction decoder, and the output decoder. Thus, each
programmable portion of the TMS 1000 series devices is modified by a paper-tape input, rather than
programming a PROM every time a design change occurs.

Since every day saved in new-product development can represent thousands of dollars, the hardware evaluator
will usually pay for itself many times over in the first project.

The HE-2 emulates all microcomputers in the TMS 1000 series. By removing a small PC board, the HE-2 can emulate
the TMS 1000, TMS 1200, TMS 1070, or the TMS 1270. Replacing the PC board enables emulation of the TMS 1100
and TMS 1300.

CONTROLS AND FRONT PANEL

All of the internal status bits, register and RAM contents, and instruction codes are displayed on the front panel.
Address and instruction bit switches control the memory inspection and manual entry mode. In the halt mode or with
breakpoint, a display select switch allows RAM inspection at any point in the program execution. The <tep enable
allows the designer to cycle through single instructions or through multiple instructions at a 2-Hz to 3-Hz rate.

A |

A complete gperation gui

1 0a 2 AIx 0 I .I.

A
olirlar® rre

WW A e . 7
. oo
T

HE-2

. e

MMAATOL arAor OS¢
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7.3 ELECTRICAL AND MECHANICAL FEATURES

Implementation: MQOS and BiPolar

Space Requirements: 16 1/2" wide X 13" high X 25 1/4" deep
Paper Tape Reader: Front panel mounted (50 characters per second)
Power Requirements: 120 V ac, 2 amperes, 50 to 60 Hz

Cooling: Self contained, rear of chassis

Connector: Amphenol #57-20500 fernale

Selt-Contained Oscillator: 100 kHz to 400 kHz, adjustable.

7.4 CONNECTOR PIN ASSIGNMENTS

PIN NO. FUNCTION PIN NO. FUNCTION
1 RO 26 K2
R1 27 K4
3 R2 28 K8
4 R3 29 INIT
5 R4 30 NC
6 RS 31 NC
7 R6 32 NC
8 R7 33 NC
9 R8 34 NC
10 R9 35 NC
n Ri0 38 NC
12 R11 37 NC
13 R12 38 NC
14 R13 39 NC
15 R14 40 NC
17 R15 41 NC
17 00 42 NC
18 o1 43 NC
19 02 44 GND
20 o3 a5 GND
21 04 46 GND
22 05 47 NC
23 06 48 BV
24 Q7 49 BV 1A maximum
25 K1 50 BV

NOTE: The R and O outputs have standard push-pull TTL outputs. Each K input uses an emitter-follower input buffer with 2 five-volt power

supply.
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MECHANICAL DATA

8.

8.1

TMS 1000 NL, TMS 1070 NL, TMS 1100 NL — 28-PIN PLASTIC PACKAGE
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8.2

TMS 1200 NL, TMS 1270 NL, TMS 1300 NL — 40-PIN PLASTIC PACKAGE
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8.3 TMS 1000 JL, TMS 1070 JL, TMS 1100 JL — 28-PIN CERAMIC PACKAGE
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8.4 TMS 1200 JL, TMS 1270 JL, TMS 1300 JL — 40-PIN CERAMIC PACKAGE
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PRELIMINARY TMS 2000
INFORMATION ONE-CHIP MICROCOMPUTER

TMS 2000 SERIES OF LOW COST MICROCOMPUTERS

The TMS 2000 series of microcomputers are N-channel Silicon Gate implementations of the TMS 1000 series of
one-chip microcomputers. The devices have been designed to be plug-in replacements for the TMS 1000 but with
enhanced performance.

Features

e Full TMS1000 Instruction Set and Architecture

e 5 volt Single Power Supply

e 5yusec Instruction Execution Time

o TTL compatible inputs and outputs

e Ideally suited for hi;;h volume control applications which require low power supply voltages
i.e. Automotive — existing TTL systems — battery operated systems

TENTATIVE DATA

TEXAS INSTRUMENTS This document provides tentative

information on a new product

Texas | nstruments reserves the right
to change specifications for this
product in any manner without notice.
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TMS 8080 MICROPROCESSOR

1.1

1.2

13

ARCHITECTURE
INTRODUCTION

The TMS 8080 is an 8-bit parallel'central processing unit (CPU) fabricated on a single chip using a high-speed N-channel
silicon-gate process. (See Figure 1). A complete microcomputer system with a 2-us instruction cycle can be formed by
interfacing this circuit with any appropriate memory. Separate 8-bit data and 16-bit address buses simplify the interface
and allow direct addressing of 65,536 bytes of memory. Up to 256 input and 256 output ports are aiso provided with
direct addressing. Control signals are brought directly out of the processor and all signals, excluding clocks, are TTL
compatible.

THE STACK

The TMS 8080 incorporates a stack architecture in which a portion of external memory is used as a pushdown stack for
storing data from working registers and internal machine status. A 16-bit stack pointer {SP) is provided to facilitate
stack location in the memory and to allow almost unlimited interrupt handling capability. The CALL and RST (restart)
instructions use the SP to store the program counter (PC) into the stack. The RET (return) instruction uses the SP to
acquire the previous PC value. Additional instructions allow data from registers and flags to be saved in the stack.

REGISTERS

The TMS 8080 has three categories of registers: general registers, program control registers, and internal registers. The
general registers and program control registers are listed in Table 1. The internal registers are not accessible by the
programmer. They include the instruction register, which holds the present instruction, and several temporary storage
registers to hold internal data or latch input and output addresses and data.

ADDRESS OATA
BUS BUS (1/0)

s | MoHORDER |
REGISTER
16 FILE
ACCUMULATOR
x
10 REGISTER| ALy
8
s | LOWORDER | 4 X operator v 7AW
L,‘u REGISTER @~ I—-—‘
INCREMENTER) FILE 8 v
DECREMENTER s REGISTER!
= s -
8

INSTRUCTION REGISTER

TIME A
NO l STATUS

CONTROL

FIGURE 1-TMS 8080 FUNCTIONAL BLOCK DIAGRAM

PRELIMINARY DATA SHEET:
Supplementary data may be
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16
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THE ARITHMETIC UNIT

Arithmetic operations are performed in an 8-bit parallel arithmetic unit that has both binary and decimal capabilities.
Four testable internal flag bits are provided to facilitate program control, and a fifth flag is used for decimal
corrections. Table 2 defines these flags and their operation. Decimal corrections are performed with the DAA
instruction. The DAA corrects the result of binary arithmetic operation on BCD data as shown in Table 3.

STATUS & CONTROL

Two types of status are provided by the TMS8080. Certain status is indicated by dedicated control lines. Additional
status is transmitted on the data bus during the beginning of each instruction cycle (machine cycle). Table 3 indicates
the pin functions of the TMS8080. Table 4 defines the status information that is presented during the beginning of each
machine cycle (SYNC time) on the data bus.

1/0 OPERATIONS

Input/output operations (1/0) are performed using the IN and QOUT instructions. The second byte of these instructions
indicates the device address (256 device addresses). When an IN instruction is executed, the input device address
appears in duplicate on A7 through AQ and A15 through A8, along with WO and INP status on the data bus. The
addressed input device then puts its input data on the data bus for entry into the accumulator. When an OUT
instruction is executed, the same operation occurs except that the data bus has OUT status and then has output data.

Direct memory access channels (DMA) can be OR-tied directly with the data and address buses through the use of the
HOLD and HLDA (hold acknowledge) controls. When a HOLD request is accepted by the CPU, HLDA goes high, the
address and data lines are forced to a high-impedance or “floating” condition, and the CPU stops until the HOLD
request is removed.

Interfacing with different speed memories is easily accomplished by use of the WAIT and READY pins. During each
machine cycle, the CPU polls the READY input and enters a wait condition until the READY line becomes true. When
the WAIT output pin is high, it indicates that the CPU has entered the wait state.

Designing interrupt driven systems is simplified through the use of vectored interrupts. At the end of each instruction,
the CPU polls the INT input to determine if an interrupt request is being made. This action does not occur if the CPU is in
the HOLD state or if interrupts are disabled. The INTE output indicates if the interrupt logic is enabled (INTE is high).
When a request is honored, the INTA status bit becomes high, and an RST instruction may be inserted to force the CPU
to jump to one of eight possible locations. Enabiing or disabling interrupts is controlled by special instructions (E| or
D1). The interrupt input is automatically disabled when an interrupt request is accepted or when a RESET signal is
received.

INSTRUCTION TIMING

The execution time of the instructions varies depending on the operation required and the number of memory
references needed. A machine cycle is defined to be a memory referencing operation and is either 3, 4, or 5 state times
long. A state time (designated S) is a full cycle of clocks @1 and ¢2. (NOTE: The exception to this rule is the DAD
instruction, which consists of 1 memory reference in 10 state times). The first machine cycle (designated M1) is either 4
or 5 state times long and is the “instruction fetch” cycle with the program counter appearing on the address bus. The
CPU then continues with as many M cycles as necessary to complete the execution of the instruction (up to a
maximum of 5). Thus the instruction execution time varies from 4 state times (several including ADDr) to 18 (XTHL).
The WAIT or HOLD conditions may affect the execution time since they can be used to control the machine (for
example to ‘‘single step”) and the HALT instruction forces the CPU to stop until an interrupt is received. As the
instruction execution is completed (or in the HALT state) the INT pin is polled for an interrupt. In the event of an
interrupt, the PC will not be incremented during the next M1 and an RST instruction can be inserted.
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TABLE 1
TMS 8080 REGISTERS
NAME DESIGNATOR LENGTH PURPOSE
Accumulator A 8 Used for arithmetic, logical, and |/0 operations
B Register 8 8 General or most significant 8 bits of double register BC
C Register c 8 General or least significant 8 bits of double register BC
O Register b 8 General or most significant 8 bits of double register DE
E Register E 8 General or least significant 8 bits of double register DE
H Register H 8 General or most significant 8 bits of double register HL
L Register L 8 General or least significant 8 bits of double register HL
Program Counter PC 16 Contains address of next byte to be fetched
Stack Pointer sP 16 Contains address of the last byte of data saved in
the memory stack
Flag Register F 5 Five flags (C, 2,S,P, C1)
NOTE: Registers B and C may be used together as a single 16.bit register, likewise, D and E, and H and L
TABLE 2
FLAG DESCRIPTIONS
SYMBOL TESTABLE DESCRIPTION
[+ YES C is.the carry/borrow out of the MSB (most significant bit) of the ALU (Arithment Logic
Unit). A TRUE condition (C = 1) indicates overflow for addition or underfiow for
subtraction.
z YES A TRUE condition (Z = 1) indicates that the output of the ALU is equal to zero.
S YES A TRUE condition (S = 1) indicates that the MSB of the ALU output is equal to a one (1).
P YES A TRUE condition (P = 1) indicates that the output of the ALU has even parity (the
number of bits equal to one is even). -
c1 NO C1 is the carry out of the fourth bit of the ALU (TRUE condition). C1 is used only for BCD
correction with the DAA instruction.
TABLE 3
FUNCTION OF THE DAA INSTRUCTION
Assume the accumulator (A) contains two BCD digits, X and Y
7 4 3 0
ace [ x [ v |
ACCUMULATOR ACCUMULATOR
BEFORE DAA AFTER DAA
c |A7...A4] €1 [A3...Ag| C Az ...Aq]C1 A3z...Ag
0 X <10 0 Y <10 [} X 0 Y
0 X<10 1 Y <10 0 X 0 Y +6
0 X<9 0 Y 210 [} X+1 1 Y+6
1 X<10 0 Y <10 1 X+6 0 Y
1 X <10 1 Y <10 1 X+6 0 Y+6
1 X <10 0 Y 210 1 X+7 1 Y+6
[} X 210 0 Y <10 1 X +6 0 Y
0 X =10 1 Y <10 1 X+6 0 Y+6
0 X>9 0 Y 210 1 X+7 1 Y+6

NOTE: The corrections shown in Table 3 are sufficient for addition
condition that occur and give erroneous results. The most straight forward method is to set A = 994 and carry =

add the minuend to A after subtracting the subtral

hend from A

For subtraction, the programmer must account for the borrow
1. Then
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TABLE 4
TMS 8080 PIN DEFINITIONS

SIGNATURE | PIN /o DESCRIPTION
A15 (MSB) 36 ouTt A15 through AO comprise the address bus. True memory or |/O device addresses appear on
A4 39 out this 3-state bus during the first state time of each instruction cycle.
A13 38 out
A12 37 ouT
A1l 40 ouT
A10 1 ouT
A9 35 ouTt
A8 34 ouTt
A7 33 ouT
A6 32 ouT
A5 31 ouTt
A4 30 ouTt
A3 29 ouT
A2 27 ouT
Al 26 out
A0 (LSB) 25 ouT
D7 (M IN/OUT

(Ms8) 6 D7 through DO comprise the bidirectional 3-state data bus. Memory, status, or 1/O data is
D6 5 | IN/OUT

transferred on this bus.

D5 4 | IN/OUT
D4 3 | IN/OUT
D3 7 | INJOUT
D2 8 | IN/OUT
] 9 | IN/OUT
DO (LSB) 10 [ IN/OUT
Vss 2 Ground reference
Vgg 1" Supply voltage (-5 V nomunal)
Vee 20 Supply voltage (5 V nominal)
Voo 28 Supply voltage (12 V nominal)
o1 22 IN Phase 1 clock.
®2 15 IN Phase 2 clock. See page 15 for ¢1 and 92 timing.
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TABLE 4 (CONTINUED)
DESCRIPTION

“Reset. When active (high) for a mimmum of 3 clock cycles, the RESET input causes the

TMS 8080 to be reset. PC is cleared, interrupts are disabled, and after RESET, instruction
execution starts at memory location 0. To prevent a lockup condition, a HALT instruction

Hold signal. When active (high) HOLD causes the TMS 8080 to enter a hold state and fioat
{put the 3-state address and data bus in a highampedance state). The chip acknowledges

entering the hold state with the HLDA signal and will not accept interrupts until 1t leaves

Interrupt request. When active (high) INT indicates to the TMS8080 that an interrupt s
being requested. The TMSB8080 polls INT during a HALT or at the end of an instruction
The request will be accepted except when INTE s low or the CPU s in the HOLD

Interrupts enabled. INTE indicates that an interrupt will be accepted by the TMS 8080
unless 1t 1s 10 the hold state. INTE 15 set to a high logic level by the EI (Enable Interrupt)
instruction and reset to a low togic level by the DI (Disable Interrupt) instruction. INTE is

also reset when an interrupt is accepted and by the A high on RESET

Data bus n. DBIN indicates whether the data bus 1s 1n an input or output mode.

Write. When active (low) WR indicates a write operation on the data bus to memory or to an

Synchronizing control hne. When active (high) SYNC indicates the beginning of each
machine cycle of the TMS8080. Status information is also present on the data bus during

Hold acknowledge. When active (high) HLDA indicates that the TMS8080 s 1n a hold state
Ready control hine. An active (high) level indicates to the TMS 8C80 that an external device

has completed the transfer of data to or from the data bus. READY is used in conjunction

Wait status. When active (high) WAIT indicates that the TMS80B0 has entered a wait state

DESCRIPTION

Indicates that current machine cycle will be aread (input) (high = read) or a write (output)

Indicates that the address bus has an output device address and the data bus has output

SIGNATURE | PIN /0
RESET 12 IN

must not be used in location 0.
HOLD 13 IN

the hold state.
INT 14 IN

cendition
INTE 16 ouT
DBIN 17 ouT

{high = input, low = output)
WR 18 ouTt

1/0 port
SYNC 19 ouTt

SYNC for external latches
HLDA 1 ouTt
READY 23 IN

with WAIT for different memory speeds.
WAIT 24 ouT

pending a READY signal from memory

TABLES
TMS 8080 STATUS

SIGNATURE | DATA BUS BIT
INTA Do Interrupt acknowledge.
wo D1

{low = write) operation.
STACK D2 Indicates that address 1s stack address from the SP
HLTA D3 HALT instruction acknowledge
ouT Da

data.
M DS Indicates instruction acquisition for first byte
INP D6 Indicates address bus has address of input device.
MEMR D7

Indicates that data bus will be used for memory read data
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INSTRUCTION FORMATS

TMS 8080 instructions are either one, two, or three bytes long and are stored as binary integers in successive memory

locations in the format shown below.

One-Byte Instructions

[ D7 D6 D5D4 D3 D2 D1 DO

Two-Byte Instructions

[[p706D504D302D100 ]

D7 D8 D5 D4 D3 D2 D100 |

Three-Byte Instructions

D7 D6 D5 D4 D3 D2 D1 DO_]

D7 D6 D504 D3 D2 D100 |

D7 D6 D5 D4 D3 D2D1DO |

OP CODE

OP CODE

OPERAND

OP CODE

LOW ADDRESS OR OPERAND 1

HIGH ADDRESS OR OPERAND 2

INSTRUCTION SET SUMMARY (alphabetically listed)

t

MNEMONIC  BYTES DESCRIPTION
ACl 2 Add immediate to A with carry’
ADC M 1 Add memory to A with carry'
ADC r 1 Add register to A with carry
ADD M 1 Add memory to A"

ADD ¢ 1 Add register to At

ADI 2 Add immediate to A'
ANA M 1 AND memory with At
ANAr 1 AND register with AT
ANI 2 AND immediate with At
CALL 3 Call unconditional

cc 3 Call on carry

™ 3 Call on minus

CMA 1 Complement A

cMC 1 Complement carry ¥
CMP M 1 Compare memory with At

*Two possible cycle times (11/17) indicate cveles on

TAli flags (C. Z,S, P, C1) attected
Only carry flag affected.

REGISTER

AFFECTED

>»PrImoowm

PprImMoOO®

flags.

POSITIVE-LOGIC

HEX OPCODE
7-D4 .
\D CD / \D3-D0,

®WNTMTODOMDP PO ®®®NO®E®D®O®D®PR®®D® 0 ©

MM TOOOPONDN N AEWN=O0ODMTOO®>P ©®m m

CLOCK

CYCLES*®

7
7
4
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MNEMONIC  BYTES DESCRIPTION
CMP ¢ 1 Compare register with A
cNC 3 Calf on no carry
CNZ 3 Call on no zero
cp 3 Call on positive
CPE 3 Call on parity even
[ed} 2 Compare immediate with A*
cPO 3 Call on parity odd
cz 3 Call on zero
DAA 1 Decimal adjust At
DAD B 1 Add B&C to H&LY
DAD D 1 Add D&E to H&L?}
DADH 1 Add H&L to H&L?¥
DAD SP 1 Add stack pointer to H&L1
DCRM 1 Decrement Memory §
DCRr 1 Decrement Register §
ocx B 1 Decrement B&C
DCX D 1 Decrement D&E
DCX H 1 Decrement H&L
DCX SP 1 Decrement stack pointer
DI 1 Disable interrupts
€l 1 Enable interrupts
HLT 1 Halt
IN 2 Input
INRM 1 Increment memor
INR " 1 Increment register §

INX B 1 Increment B&C register
INX D 1 Increment D&E register
INX H 1 Increment H&L register
INX SP 1 Increment stack pointer
Jc 3 Jump on carry
™M 3 Jump on minus

* Two possible cycles times (11/17) indicate cycles

TAll flags (C, Z,S, P, C1) atfected
LOnly carry flag atfected
S All flags except carry stfected

REGISTER

AFFECTED \D?-D4, |D3-DO,

>PrImMOO0®

>PrImoO0®

>»rImoowo

flags.

POSITIVE-LOGIC

HEX OPCODE

CoOWE® O O®® D ®

~cowwN~ONOMMTMT

MTOWN=0WNRN==200WOINTNTWN-0wNRN

PPUWRWWOOSLOSHOSHDORWwD®ODOCONO OO ©O®OO©wOLEMOSSAETOO®D> O

cLock

CYCLES*

1117
nmn7
1mn7
nn?

nn7
1nn?

10
10
10
10
10

oo oo

35
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REGISTER
MNEMONIC  BYTES DESCRIPTION AFFECTED
mp 3 Jump unconditional
INC 3 Jump on no carry
INZ 3 Jump on no zero
» 3 Jump on positive
IPE 3 Jump on parity even
PO 3 Jump on parity odd
1z 3 Jump on zero
LDA 1 Load A direct
LDAX B 1 Load A indirect
LDAX D 1 Load A ndirect
LHLD 3 Load H&L direct
LXI 8 3 Load immediate register pair B&C
X1 D 3 Load immediate register pair D&E
LXIH 3 Load immediate register
LXI SP 3 Load immedhate stack pointer
MOV M, 1 Move register to memory 8
c
o
3
H
L
A
MOV M i Move memory to register 8
c
3}
€
H
L
A
MOV 11,13 1 Move register to register 8.8
B.C
8.0
B.E
BH
B.L
B.A
cB
cc
cop
CE
CH
cL
C.A
DB
D.C
0.0
DE
O.H
HL
D.A
EB
*Two possible cycles times (11/17) indicate ins on cycles on flags.

POSITIVE-LOGIC
HEX OPCODE

\RZ;04/

PO AN D DO NS DL DB ADDEDDEDDDBDANDON NI B UNNNN Y TWN-ON=-0WOMMTOO O

(D\du‘buw—0‘“00“’)wmumbuw‘oﬂ“ﬂ"mmmmo’wu‘bu»—c————)))b)wbuwmug

CLOCK

CYCLES®

10
10
10
10
10
10
10
13
7
7
16
10
10
10
10
7

TEXAS INSTRUMENTS

279



TMS 8080 MICROPROCESSOR
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MNEMONIC
MOV rq, 1

MVIM
MV

NOP
ORA M
ORAr

OR!
ouTt
PCHL
POP B
POP D
POP H
POP PSW

BYTES
1

PR

DESCRIPTION

Move register to register (continued)

Move immediate memory
Move immediate register

No operation
OR memory with At
OR register with AT

OR immediate with At

Output

H&L to program counter

Pop register pair B&C off stack
Pop register pair D&E off stack
Pop register pair H&L off stack
Pop A and flags off stack’

REGISTER

AFFECTED

EC
ED
EE
EH
EL
EA
HB
HC
HD
HE
HH
HL
HA
L8
Le
LD
LE
LH
LL
LA
AB
AC
AD
AE
AH
AL
AA

AaPrImoow

>PrImogowo

*Two possible cycies times (11/17) indicate i ion cycles

TAN tiags (C, 2, S, P, C1) affected.

on

fiags.

POSITIVE-LOGIC
HEX OPCODE

\D21-D4/

5

TMOOMOTMDOODDODDDOWRNN===00WNNTNLTATIDNDDNDDODDONDDDN OO O A

—-DO

- 4 4 L WO NBWN-ONOMMOMOMO®®NODO®WPOR®MOIO®DPO©O®NOSWN=0TNTOO®D >

cLock

CYCLES*
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REGISTER
MNEMONIC  BYTES DESCRIPTION
PUSH B 1 Push register pair B&C,
PUSH D 1 Push register pair D&C
PUSH H 2 Push register pair H&L on stack
PUSH PSW 1 Push A and Flags on stack
RAL 1 Rotate A left through carry |
RAR 1 Rotate A right through carry !
RC 1 Return on carry
RET 1 Return
RLC 1 Rotate A lettt
AM 1 Return on minus
RNC 1 Return on no carry
RNZ 1 Return on no zero
RP 1 Return on positive
RPE 1 Return on parity even
RPO 1 Return on parity odd
RRC 1 Rotate A right}
RST 1 Restart
PC+000016
PC—000816
PC- 001016
PC+00181g
PC—0020y6
PC+00281¢
PC+00301¢
PC~003816
RZ 1 Return on Zero
SBB M 1 Subtract memory from A with borrow!
SBB r 1 Subtract register from A with borrow' [:}
<
o
E
H
L
A
sBl 2 Subtract immediate from A with borrow!
SHLD 3 Store H&L direct
SPHL 1 H&L 10 stack pointer
STA 3 Store A direct
STAX B 1 Store A indirect
STAX D 1 Store A indirect
sTC 1 Set carry
SUB M 1 Subtract memory from At
SUB r 1 Subtract register from AT B
c
D
E
H
L
A
sul 2 Subtract immediate from At
*Two possible cycies times (11/17) indicate ins: cycles on i tags.

TAll flags (C, 2,5, P, C1) atfected.
10nly carry tiag affected.

POSITIVE-LOGIC

HEX OPCODE

AFFECTED \D7-D4/

O®©O®E©Ww©OOOWw-20WNTNTND®OOO®OWOOOMTMMOODOO

ocmMmMMOOTMTOoO0D - MmO

O NGB WN LSOO NNNNONMMTOO®>E®M®TwNuNuo ‘ncmooom\nmm‘hwmu‘mm{i

CLOCK
CYCLES*®

1

5/11
5/11
5/11
5/11
5/11
5/11

5/11

16

13

FIRNEP NN
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POSITIVE-LOGIC

REGISTER HEX OPCODE cLocK
MNEMONIC  BYTES DESCRIPTION AFFECTED \D7-D4, \D3-D0, CYCLES®
XCHG 1 Exchange D&E, H&L registers E B 4
XRAM 1 Exclusive OR memory with At A 3 7
XRA r 1 Exclusive OR register with At B A 8 4
c A 9
5] A A
3 A 8
H A [«
L A D
A A F
XR) 2 Exclusive OR immediate with At E E
XTHL 1 Exchange top of stack H&L E 3 18

*Two possible cycle times (11/17) indicate instruction cycles dependent on condition flags.
TAIl flags (C, Z, S, P, C1) affected.

2.  TMS 8080 ELECTRICAL AND MECHANICAL SPECIFICATIONS

2.1 ABSOLUTE MAXIMUM RATINGS.OVER OPERATING FREE-AIR TEMPERATURE RANGE
(UNLESS OTHERWISE NOTED)*

Supply voltage, Vcc (seeNote 1) . . . . . . . . . . . .. .. ... ........ -03Vw20V
Supply voltage, Vpp (see Note 1 e . . . . ... .. ... ..........-03Vto2vV
Supply voltage, Vgg(see Note 1) . . . . . . . . . . . . . . .. ... ....... —=03Vwo2V
All input and output voltages (see Note 1) . . . . . . . . . . . . . . . ... ... .. =03Vto2V
Continuous power dissipation . . . . . . . . . . . . . . ... oo 1BW
Operating free-air temperature range . . . . . . . . . . . . . . . .. . ... ..... 0Ctw 70°C
Storage temperature range . . . . . . . .. ... —65°C to 150°C

*Stresses beyond those listed under ““Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating
Conditions’ section of this specification is not implied. E xposure to absolute-maximumrated conditions for extended periods may atfect
device reliability.

NOTE 1: Under absolute maximum ratings voltage values are with respect to the normally most negative supply voltage, Vgg (substrate).

Throughout the remainder of this data sheet, voltage values are with respect to Vgg unless otherwise noted.

2.2 RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX [UNIT
Supply voltage, Vgg 475 -5 -526| V
Supply voltage, Voo 475 5 525| V
Supply voltage, Vpp 114 12 126 | V
Supply voltage, Vgg 0 v
High-level input voitage, Vi (all inputs except clocks) (see Note 2) 33 Veett| Vv
High-level clock input voltage, ViH(a) Vpp-1 Vpptl| V
Low:-level input voltage, V| (all inputs except clocks) (see Note 3) -1 08| Vv
Low:-level clock input voltage, ViL(e) (see Note 3) -1 06| V
Operating free-air temperature, T p 0 70| °C

NOTES 2 Active pull up resistors of nominally 2 k2 will be switched onto the data bus when DBIN is high and the data input voltage is
more positive than V |y min
3 The algebraic convention where the most negative himit is designated as minimum is used in this specification for logic voltage
levels only

282 TEXAS INSTRUMENTS



TMS 8080 MICROPROCESSOR

2.3 ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS

(UNLESS OTHERWISE NOTED)

PARAMETER TEST CONDITIONS MIN TYpPt max |uniT

N Input current (any input exce:;t Vi~ 0V o Vee 110 wa

clocks and data bus
W) Clock input current T Vi) =0V toVpp 10| A
I(DB) Input current, data bus Vipg - 0V to Voe 2100 | A

Address or data bus input Vitad) o' Vi(DB) = VcC 10
Ythotd) uA

current during hold Vi(ad) o' Vi(pB) =0 V -100
VOH High-level output voltage IoH = 100 WA 37 v
Voi Low:-level output voltage ‘lg}f?‘? 7‘5;;’?::'\{ output except DB) 045| V
IBB(av) Average supply current from Vgg Operating at tc(e) = 480 ns, -0.01 -1
IcClav) Average supply current from Vee Ta = 25°C, 60 75| mA
IDD(av) Average supai; current from Vpp See Note 4 40 67
C, Capacitance, any input except clock Vgg = Vpp = Vgs =0V, 10 20
Cile) Clock input capacitance Vgg = -4.7510 -525 V f=1MHz, 5 10| pF
Co Output capacitance All other pins at 0 V 10 20

L
TAll typical values are at T4 = 25 C and nominal voltages
NOTE 4 The supply currents vary inversely with temperature at the rate of 0.45%/ C
24 TIMING REQUIREMENTS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
MIN MAX |UNIT

telo) Clock cycle time (see Note 5) 480 2000 | ns
(o) Clock nise time 5 50 | ns
t6(0) Clock fall time 5 50 | ns
twipi) Pulse width, clock 1 high 60 ns
Tw(o2) Pulse width, clock 2 high 220 ns
td(o1L-¢2) Delay time, clock 1 low to clock 2 0o ns
td(e2¢1) Delay time, clock 2 to clock 1 70 ns
td(¢1H¢2) Delay time, clock 1 high to clock 2 (time betveen leading edges) 130 ns |
tsu(da@1) Datasetup time with respect to clock 1 50 ns
tsu(da2) Datasetup time with respect to clock 2 150 ns
tsuihold) Hold input setup time 140 ns
tsulint) Interrupt input setup time B 180 ns
tsulrdy) Ready input setup time 120 ns
th(da) Data hold time (see Note 6) tPD(DBI) ns
th(hold) Hold input hold time 0 ns
thiint) Interrupt input hold time 0 ns
thirdy) Ready input hold time o 0 ns

NOTES: 5. te(g) = ta@1L 02) * (02) * tw(02) * 1(02) * (02 01) * tr(p1) 98B0 ns < tg(g) < 2000 ns
6. The data input should be enabled using the DBIN status signal. No bus conflict can then occur and the data hold time
requirement is thus assured
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25 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS

(SEE FIGURE )

Pxz

during hold (address outputs and data bus)

PARAMETER TEST CONDITIONS MIN MAX |UNIT
tPD(ad) Propagation delay time, clock 2 to address outputs 200| ns
tPD(da) Propagation delay time, clock 2 to data bus 220 | ns

CL = 100 pF,
tPD(cont) Propagation delay time, clocks to control outputs R = 1.3Kk0 120] ns
tpp(DBI)  Propagation delay time, clock 2 to DBIN output L 25 140 | ns
tPD(int) Propagation delay time, clock 2 to INTE output 200 | ns
oy Time for data bus to enter input mode tpp(DBI)| Ns
Disable ime to high-impedance state
120 | ns

The time that the address outputs and output data will remain stable after WR goes high, twa and twp = td(p1H 02}

The time between address outputs becoming stable and WR going low., taw < 2 te(¢) ~td(@1L 2) ~ tr(@)~ 120 ns

The time between output data becoming stable and WR going low. tpw 2 te(o) ta(o1L ¢2) ~tr(e)— 150 ns

The following are relevant when interfacing to devices requiring V y min of 3.3 V

a)  Maximum output rise ime (tT 4} from 0.8 V to 3.3 V is 140 ns with C_ as specified for the propagation delay times above.

b) Maximum propagation delay times when measured to V ef(H) = 3 V (instead of 2 V) will be 60 ns more than as specified above with

Cy as specified.

RL = 1.3k

Ic._-w()pc

TMS 8080
QUTPUT

C includes probe and jig capacitance

LOAD CIRCUIT
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2.6 TERMINAL ASSIGNMENTS

TMS 8080
A0 1 401 AN
Vss 12 391 A14
D4 |3 38 A13
D54 37||.A12
D6 |5 36 A15
D7 |6 35[1 A9
037 34 A8
D2 |8 33 A7
D19 32] A6
Do 3;10 31l as
veg | 11 30 A4
RESET {12 29| A3
HOLD }13 28! VpD
INT {14 27| A2
¢2'15 26( A1
INTE J116 25§ A0
DBIN({]17 245 wAIT
WR |18 23] READY
SYNC |19 22 .01
vee 20 21JHLDA

2.7 MECHANICAL DATA

40-PIN CERAMIC PACKAGE

2,020 MAX

CAS

INDEX
oot b.
ﬁ <3 3]
le—0.600 + 0,010 —| 0020
MIN
¥
0.185 MAX
_SEATING
PLANE
! 0.150 + 0,030
0018+ 0.003-9{ je— t——0.032 NOM
0.010 NOM PIN SPACING 0.100 T P e—0.050 £ 0.020

(See Note A)

NOTES: A. The true-position pin spacing is 0.100 between centeriines. Each pin centerline is located within 0.010
of its true longitudinal position relative to pins 1 and 40.

B. All dimensions are in inches unless otherwise noted.
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INTRODUCTION
DESCRIPTION

The TMS 9900 microprocessor is a single-chip 16-bit central processing unit (CPU) produced using N-channel
silicon-gate MOS technology (see Figure 1). The instruction set of the TMS 9900 includes the capabilities offered by
full minicomputers. The unique memory-to-memory architecture features multiple register files, resident in memory,
which allow faster response to interrupts and increased programming flexibility. The separate bus structure simplifies
the system design effort. Texas Instruments provides a compatible set of MOS and TTL memory and logic function
circuits to be used with a TMS 9900 system. The system is fully supported by software and a complete prototyping
system.

KEY FEATURES
L4 16-Bit Instruction Word
. Full Minicomputer Instruction Set Capability Including Multiply and Divide
L] Up to 65,536 Bytes of Memory
L] 3-MHz Speed
[ Advanced Memory-to-Memory Architecture
. Separate Memory, 1/0, and Interrupt-Bus Structures
o 16 General Registers
. 16 Prioritized Interrupts
. Programmed and DMA /O Capability

L] N-Channel Silicon-Gate Technology

ARCHITECTURE

The memory word of the TMS 9900 is 16 bits long. Each word is also defined as 2 bytes of 8 bits. The instruction set
of the TMS 9900 allows both word and byte operands. Thus, all memory locations are on even address boundaries and
byte instructions can address either the even or odd byte. The memory space is 65,536 bytes or 32,768 words. The word
and byte formats are shown below.

LT o el o] ]

\BiL /

ms8
0 1

-/
MEMORY WORD (EVEN ADDRESS)

DnBBnne 11,;1 [l [ o] )

—V
EVEN BYTE 0DD BYTE

REGISTERS AND MEMORY

The TMS 9900 employs an advanced memory-to-memory architecture. Blocks of memory designated as workspace
replace internal-hardware registers with program-data registers. The TMS 9900 memory map is shown in Figure 2. The
first 32 words are used for interrupt trap vectors. The next contiguous block of 32 memory words is used by the
extended operation (XOP) instruction for trap vectors. The last two memory words, FFFC16 and FFFE16, are used for
the trap vector of the LOAD signal. The remaining memory is then available for programs, data, and workspace
registers. If desired, any of the special areas may also be used as general memory.
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HOLD

HOLDA <=

COAD
WE
READY
WAIT

DBIN
RESET
1AQ
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AO0-A14

INSTRUCTION
REGISTER

CONTROL
LOGIC

N |
|
16 6 ‘
W INTERRUPT
REGISTER A
ADDRESS
REGISTER
m
T2
PROGRAM COUNTER
WORKSPACE REGISTER STATUS
REGISTER
~ )
16 1
A B
ALU

SHIFT
COUNTER

SOURCF DATA
REGISTCR

SHIFT REGISTER

CRUOUT
CRUIN

FIGURE 1 — ARCHITECTURE
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MEMORY
AREA DEFINITION ADDRESS 1 MEMORY CONTENT
_— 0 15
g
0000 WP LEVEL O INTERRUPT
0002 PC  LEVEL 0 INTERRUPT
0004 WP LEVEL 1INTERRUPT
0006 PC  LEVEL 1 INTERRUPT
INTERRUPT VECTORS <
003C WP LEVEL 15 INTERRUPT
L 003€E PC LEVEL 15 INTERRUPT
g
0040 WP XOPO
0042 PC XOPO
XOP SOFTWARE TRAP VECTORS § L 5
ﬁ <
007¢C WP XOP 15
007€ PC  XOP 15
~
(  ooso
L]
L ]
L
GENERAL MEMORY AREA
GENERAL MEMORY FOR
PROGRAM, DATA, AND i MAY BE ANY
WORKSPACE REGISTERS COMBINATION OF
PROGRAM SPACE
OR WORKSPACE
L]
[ ]
\
LOAD SIGNAL VECTOR FFFC WP LOAD FUNCTION
FFFE PC LOAD FUNCTION

FIGURE 2 — MEMORY MAP
Three internal registers are accessible to the user. The program counter (PC) contains the address of the instruction
following the current instruction being executed. This address is referenced by the processor to fetch the next
instruction from memory and is then automatically incremented. The status register (ST) contains the present state of
the processor and will be further defined in Section 3.4. The workspace pointer (WP) contains the address of the first
word in the currently active set of workspace registers.

A workspace-register file occupies 16 contiguous memory words in the general memory area (see Figure 2). Each
workspace register may hold data or addresses and function as operand registers, accumulators, address registers, or
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index registers. During instruction execution, the processor addresses any register in the workspace by adding the
register number to the contents of the workspace pointer and initiating a memory request for the word. The
relationship between the workspace pointer and its corresponding workspace is shown below.

GENERAL MEMORY

PROGRAM A \ TMS 9900
\L PC (a) l

< P

WORKSPACE REGISTER 0 [ WP (A) I

WORKSPACE A

o e ]

WORKSPACE REGISTER 15

< <

PROGRAM B

WORKSPACE B

The workspace concept is particularly valuable during operations that require a context switch, which is a change from
one program environment to another (as in the case of an interrupt) or to a subroutine. Such an operation, using a
conventional multi-register arrangement, requires that at least part of the contents of the register file be stored and
reloaded. A memory cycle is required to store or fetch each word. By exchanging the program counter, status register,
and workspace pointer, the TMS 9900 accomplishes a complete context switch with only three store cycles and three
tetch cycles. After the switch the workspace pointer contains the starting address of a new 16-word workspace in
memory for use in the new routine. A corresponding time saving occurs when the original context is restored.
Instructions in the TMS 9900 that result in a context switch include:

1. Branch and Load Workspace Pointer (BLWP)
2. Return from Subroutine (RTWP)
3. Extend2d Operation (XOP).

Device interrupts, RESET, and LOAD also cause a context switch by forcing the processor to trap to a service
subroutine.

INTERRUPTS

The TMS 9900 employs 16 interrupt levels with the highest priority level 0 and lowest level 15. Level O is reserved for
the RESET function and all other levels may be used for external devices. The external levels may also be shared by
several device interrupts, depending upon system requirements.

The TMS 9900 continuously compares the interrupt code (ICO through IC3) with the interrupt mask contained in
status-register bits 12 through 15. When the level of the pending interrupt is less than or equal to the enabling mask
level (higher or equal priority interrupt), the processor recognizes the interrupt and initiates a context switch following
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completion of the currently executing instruction. The processor fetches the new context WP and PC from the
interrupt vector locations. Then, the previous context WP, PC, and ST are stored in workspace registers 13, 14, and 15,
respectively, of the new workspace. The TMS 9900. then forces the interrupt mask to a value that is one less than the
level of the interrupt being serviced, except for level-zero interrupt, which loads zero into the mask. This allows only
interrupts of higher priority to interrupt a service routine. The processor also inhibits interrupts until the first
instruction of the service routine has been executed to preserve program linkage should a higher priority interrupt
occur. All interrupt requests should remain active until recognized by the processor in the device-service routine. The
individual service routines must reset the interrupt requests before the routine is complete.

If a higher priority interrupt occurs, a second context switch occurs to service the higher priority interrupt. When that
routine is complete, a return instruction (RTWP) restores the first service routine parameters to the processor to
complete processing of the lower-priority interrupt. All interrupt subroutines should terminate with the return
instruction to restore original program parameters. The interrupt-vector locations, device assignment, enabling-mask
value, and the interrupt code are shown in Table 1.

TABLE 1
INTERRUPT LEVEL DATA

Vector Location Interrupt Mask Values To Interrupt
Interrupt Level (Memory Address Device Assignment Enable Respective Interrupts Codes
In Hex) (ST12 thru ST15) 1CO0 thru IC3

(Highest priority) 0 00 Reset 0 through F* 0000
1 04 External device 1 through F 0001

2 08 2 through F 0010

3 oc 3 through F 0011

4 10 4 through F 0100

5 14 5 through F 0101

[ 18 § through F o110

7 1c 7 through F om

8 20 8 through F 1000

9 24 } 9 through F 1001

10 28 A through F 1010

1 2C B through F 1011

12 30 C through F 1100

13 34 D through F 1101

14 38 v Eand F 110

(Lowest priority) 15 3¢ External device F only 1M1

*Level O can not be disabled

23

The TMS 9900 interrupt interface utilizes standard TTL components as shown in Figure 3. Note that for eight or less
external interrupts a single SN74148 is required and for one external interrupt INTREQ is used as the interrupt signal
with a hard-wired code 1CO through IC3.

INPUT/OUTPUT

The TMS 9900 utilizes a versatile direct command-driven (/O interface designated as the communications-register unit
(CRU). The CRU provides up to 4096 directly addressable input bits and 4096 directly addressable output bits. Both
input and output bits can be addressed individually or in fields of from 1 to 16 bits. The TMS 9900 employs three
dedicated 1/0 pins (CRUIN, CRUOUT, and CRUCLK) and 12 bits (A3 through A14) of the address bus to interface
with the CRU system. The processor instructions that drive the CRU interface can set, reset, or test any bit in the CRU
array or move between memory and CRU data fields.
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24

25

— SN7408
INTERRUPT SIGNAL 1 -
(nghes riorey e
| SN7404
| ico
SN7408
I ic1
SN7408 TMS 9900
| T e
, € SN7408
Gs p—
Ic3
A2
I sn7a1a8 AT
i ) A0 |
INTERRUPT SIGNAL 15 —do
(lowest priority)

FIGURE 3 — TMS 9900 INTERRUPT INTERFACE
SINGLE-BIT CRU OPERATIONS

The TMS 9900 performs three single-bit CRU functions: test bit (TB), set bit to one (SBO), and set bit to zero (SBZ).
To identify the bit to be operated upon, the TMS 9900 develops a CRU-bit address and places it on the address bus, A3
to A14.

For the two output operations (SBO and SBZ), the processor also generates a CRUCLK pulse, indicating an output
operation to the CRU device, and places bit 7 of the instruction word on the CRUOUT line to accomplish the specified
operation (bit 7 is a one for SBO and a zero for SBZ). A test bit instruction transfers the addressed CRU bit from the
CRUIN input tine to bit 2 of the status register (EQUAL).

The TMS 9900 develops a CRU-bit address for the single-bit operations from the CRU-base address contained in
workspace register 12 and the signed displacement count contained in bits 8 through 15 of the instruction. The
displacement allows two's complement addressing from base minus 128 bits through base plus 127 bits. The base
address from W12 is added to the signed displacement specified in the instruction and the result is loaded onto the
address bus. Figure 4 illustrates the development of a single-bit CRU address.

MULTIPLE-BIT CRU OPERATIONS

The TMS 9900 performs two multiple-bit CRU operations: store communications register (STCR) and load
communications register (LDCR). Both operations perform a data transfer from the CRU-to-memory or from
memory-to-CRU as illustrated in Figure 5. Although the figure illustrates a full 16-bit transfer operation, any number of
bits from 1 through 16 may be involved. The LDCR instruction fetches a word from memory and right-shifts it to
serially transfer it to CRU output bits. If the LDCR involves eight or fewer bits, those bits come from the right-justified
field within the addressed byte of the memory word. If the LDCR involves nine or more bits, those bits come from the
right-justified field within the whole memory word. When transferred to the CRU interface, each successive bit receives
an address that is sequentially greater than the address for the previous bit. This addressing mechanism results in an
order reversal of the bits; that is, bit 15 of the memory word (or bit 7) becomes the lowest addressed bit in the CRU
and bit 0 becomes the highest addressed bit in the CRU field.

An STCR instruction transfers data from the CRU to memory. If the operation involves a byte or less transfer, the
transferred data will be stored right-justified in the memory byte with leading bits set to zero. |f the operation involves
from nine to 16 bits, the transferred data is stored right-justified in the memory word with leading bits set to zero.
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(LTI ITTTITIT T I
+ 1
woox LITTTTTTT st

BIT 8 SIGN

EXTENDED 4 ;
7 8

0 1 2 3 4 5

LTI T T T T T L LTI oo
;\/—/\ Vs J

SET TO ZERO EFFECTIVE CRU BIT ADDRESS

FOR ALL CRU
OPERATIONS

FIGURE 4 — TMS 9900 SINGLE-BIT CRU ADDRESS DEVELOPMENT

CRU CRU
INPUT OuTPUT
BITS BITS
- ||
N N
— | | —
N+1 I | N+1
1 | INPUT (STCRI
|
' |
| 0 l 1 lEFFECTIVEMEMOHVADDRESSl 14 |15 ] l
I T |
l i
— | OUTPUT (LDCR) |
N+14 | | N+14
N+15 N+15

N = BIT SPECIFIED BY CRU BASE REGISTER
FIGURE 5 — TMS 9900 LDCR/STCR DATA TRANSFERS

When the input from the CRU device is complete, the first bit from the CRU is the least-significant-bit position in the

memory word or byte.

Figure 6 illustrates how to implement a 16-bit input and a 16-bit output register in the CRU interface. CRU addresses
are decoded as needed to implement up to 256 such 16-bit interface registers. In system application, however, only the
exact number of interface bits needed to interface specific peripheral devices are implemented. It is not necessary to

have a 16-bit interface register to interface an 8-bit device.
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| gnf
i
ouT15e—7
FIGURE 6 - TMS 2900 16 BIT INPUT/QUTPUT INTERFACE

2.6 EXTERNAL INSTRUCTIONS

The TMS 9900 has five external instructions that allow user-defined external functions to be initiated under program
control. These instructions are CKON, CKOF, RSET, IDLE, and LREX. These mnemonics, except for IDLE, relate to
functions implemented in the 990 minicomputer and do not restrict use of the instructions to initiate various
user-defined functions. IDLE also causes the TMS 9900 to enter the idle state and remain until an interrupt, RESET, or
LOAD occurs. When any of these five instructions are executed by the TMS 9900, a unique 3-bit code appears on the
most-significant 3 bits of the address bus (AO through A2) along with a CRUCLK pulse. When the TMS 9900 is in an
idle state, the 3-bit code and CRUCLK pulses occur repeatedly until the idle state is terminated. The codes are:

EXTERNAL INSTRUCTION A0 Al A2
LREX H H H
CKOF H H L
CKON H L H
RSET L H H
IDLE L H L

Figure 7 illustrates typical external decode logic to implement these instructions. Note that a signal is generated to
inhibit CRU decodes during external instructions.
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TO MEMORY AND CRU
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b LREX
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EXTERNAL INSTRUCTION
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15 3 /—. A
TMS 9900 +——4 a 8 5
AO-A14 A0-A2 \o c
v3
1 G2a 628”2
CRUCLK T
- i
FIGURE 7 — EXTERNAL INSTRUCTION DECODE LOGIC
LOAD FUNCTION

27

The LOAD signal allows cold-start ROM loaders and front panels to be implemented for the TMS 9900. When active,
LOAD causes the TMS 9900 to initiate an interrupt sequence immediately following the instruction being executed.
Memory location FFFC is used to obtain the vector (WP and PC). The old PC, WP and ST are loaded into the new
workspace and the interrupt mask is set to 0000. Then, program execution resumes using the new PC and WP.
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LOAD
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FIGURE 8 — TMS 9900 CPU FLOW CHART
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2.8 TMS 9900 PIN DESCRIPTION

Table 2 defines the TMS 9900 pin assignments and describes the function of each pin.

TABLE 2
TMS 9900 PIN ASSIGNMENTS AND FUNCTIONS

SIGNATURE | PIN | 1/O DESCRIPTION
ADDRESS BUS vgg 1 b
AO (MSB) 24 | OUT| AO through A14 comprise the address bus. Vee 2
A1l 23 | OUT| This 3-state bus provides the memory- WAIT 3
A2 22 OUT | address vector to the external-memory LOAD 4
A3 21 | OUT| system when MEMEN is active and 1/O-bit HOLDA 5
A4 20 | OUT | addresses and external-instruction addresses RESET 6
A5 19 | OUT| to the 1/O system when MEMEN is inactive 1AQ 7
A6 18 | OUT | The address bus assumes the high-impedance o1 8
A7 17 | OUT | state when HOLDA is active. o2 9
A8 16 | OUT Al14 10
A9 15 | OUT A13 11
A10 14 | OUT A2 12
A1l 13 | OUT A1l 13
A12 12 | OUT A0 14
A13 1 | out A9 15
A14 (LSB) 10 | OuT A8 16
A7 17

DATA BUS A6 18
DO (MSB) 41 1/0 | DO through D15 comprise the bidirectional A5 19
D1 42 1/0 | 3-state data bus. This bus transfers memory A4 20
D2 43 1/0 | data to (when writing) and from (when A3 21
D3 44 1/0 | reading) the external-memory system when A2 22
D4 45 1/0 | MEMEN is active. The data bus assumes the Al 23
DS 46 1/0 | high-impedance state when HOLDA s A0 24
D6 47 1/0 | active. ¢4 25
D7 a8 | 1/0 Vss 26
D8 49 | 10! Vpp 27
D9 50 1/0 ¢3 28
D10 51 1/0 DBIN 29
D11 52 | 1/0 CRUOUT 30
D12 53 | 1/0 CRUIN 31
D13 54 | 1/0 INTREQ 32
D14 55 1/0
D15 (LSB) 56 1/0

NC — No internal connection
POWER SUPPLIES
Vge 1 Supply voltage (-5 V NOM)
Vee 2,59 Supply voltage (5 V NOM). Pins 2 and 59 must be connected in parallel.
Vpp 27 | Supply voltage (12 V NOM)
Vgs 26,40 } Ground reference. Pins 26 and 40 must be connected in parallel.
|
CLOCKS

o1 8 | IN | Phase1clock
»2 9 IN | Phase-2 clock
o3 28 IN | Phase-3 clock
o4 25 IN | Phase-4 clock

TMS 9900 PIN ASSIGNMENTS

64
63
82
81
60
59
58
57
56
55
54
53
52
51
50
49
48
47
46
45
44
43
42

41
40
39

37
36
35
34
33

HOLD
MEMEN
READY
WE
CRUCLK
Vee
NC

NC
D15
D14
D13
D12
D11
010
09

D8

D7

D2
D1

Vss
NC

NC
Ico
Ic1
ic2
1c3
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SIGNATURE

DBIN

MEMEN

CRUCLK

CRUIN

CRUOUT

INTREQ

1CO (MSB)
ic1
Ic2
IC3 (LSB)

HOLD

HOLDA

READY

walit

“It the cycle follow:ng the present memory cycle is also a memory cycle, it, t00, 15 completed before the TMS9900 enters the hold state. The

PIN

/o

TABLE 2 (CONTINUED)
DESCRIPTION

29

63

61

60

31

30

32

36
35

33

out

out

ouTt

IN
IN

IN

ouTt

BUS CONTROL
Data bus in. When active (high), DBIN indicates that the TMS 9900 has disabled its output butfers to
allow the memory to place memory-read data on the data bus during MEMEN. DBIN remains low in
all other cases except when HOLDA s active

Memory enable. When active (low), MEMEN indicates that the address bus contains a memory address

Write enable. When active (low), WE indicates that memory -write data is available from the TMS 9900
to be written into memory

CRU clock. When active (high), CRUCLK indicates that external interface logic should sample the
output data on CRUOUT or should decode external instructions on AQ through A2.

CRU data in. CRUIN, normally driven by 3-state or open-collector devices, receives input data from
external interface logic. When the processor executes a STCR or TB instruction, it samples CRUIN for
the level of the CRU input bit specified by the address bus (A3 through A14).

CRU data out. Serial 1/0 data appears on the CRUOUT line when an LDCR, SBZ, or SBO instruction
is executed. The data on CRUOUT should be sampled by external 1/O interface logic when CRUCLK
goes active (high)

INTERRUPT CONTROL
Interrupt request. When active (low), INTREQ indicates that an external interrupt is requested. If
INTREQ 15 active, the processor 10ads the data on the interrupt-code-input lines 1CO through IC3 into
the internal interrupt-code-storage register. The code is compared to the interrupt mask bits of the
status register. If equal or higher priority than the enabled interrupt level (interrupt code equal or less
than status register bits 12 through 15) the TMS 9900 interrupt sequence is initiated. If the
comparison fails, the processor ignores the request. INTREQ should remain active and the processor

will continue 1o sample ICO through IC3 until the program enables a sufficiently low priority to accept
the request interrupt

Interrupt codes. 1CO is the MSB of the interrupt code, which is sampled when INTREQ is active. When
1CO through IC3 are LLLH, the highest external-priority interrupt 1s being requested and when HHHH,
the lowest-priority interrupt is being requested.

MEMORY CONTROL
Hold When active (low), HOLD indicates to the processor that an external controller {e.g., DMA
device) desires to utilize the address and data buses to transfer data to or from memory. The
TMS 9900 enters the hold state following a hold signal when it has completed its present memory
cycle.” The processor then places the address and data buses in the high-impedance state (along with
WE, MEMEN, and DBIN) and responds with a hold-acknowledge signal (HOLDA). When HOLD is

removed, the processor returns to normal operation

Hold acknowledge. When active (high), HOLDA indicates that the processor 1s in the hold state and
the address and data buses and memory control outputs (WE, MEMEN, and DBIN) are in the
high-impedance state

Ready. When active (high), READY indicates that memory will be ready to read or write during the
next clock cycle. When not-ready 1s indicated during a memory operation, the TMS 9900 enters a wait

state and suspends internal operation until the memory systems indicate ready .

Warit. When active (high), WAIT indicates that the TMS 9900 has entered a wait state because of a

not-ready condition from memory,

maximum number of consecutive memory cycles is two
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TABLE 2 (CONCLUDED!

SIGNATURE | PIN /0 DESCRIPTION

1Q

LOAD

TIMING AND CONTROL
7 ouT Instruction acquisition. |AQ is active (high) during any memory cycle when the TMS 9900 s acquiring an
instruction. IAQ can be used to detect illegal op codes.

4 IN Load. When active (low), COAD causes the TMS 9900 to execute a nonmaskable interrupt with memory
address FFFC1g containing the trap vector (WP and PC). The load sequence begins after the instruction
being executed is completed TOAD will also terminate an idle state. If LOAD is active during the time
RESET s released, then memtrap will occur after the RESET function is completed. LOAD shouid
remain active for one instruction period. AQ can be used to determine instruction boundaries. This signal

can be used to implement cold-start ROM loaders. Additionally, front-panel routines can be implemented
using CRU bits as front-panel-interface signals and software-control routines to control the panel
operations.

RESET 6 IN Reset. When active {low), RESET causes the processor to be reset and inhibits WE and CRUCLK. When
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RESET s released, the TMS 9900 then initiates a level-zero interrupt sequence that acquires WP and PC
from locations 0000 and 0002, sets all status register bits to zero, and starts execution. RESET will also

terminate an idle state. RESET must be held active for a minimum of three clock cycles.

TIMING

MEMORY

A basic memory read and write cycle is shown in Figure 9. The read cycle is shown with no wait states and the write
cycle is shown with one wait state.

MEMEN goes active (low) during each memory cycle. At the same time that MEMEN is active, the memory address
appears on the address bus bits AQ through A14. If the cycle is a memory-read cycle, DBIN will go active (high) at-the
same time MEMEN and AOQ through A14 become valid. The memory-write signal WE will remain inactive (high) during
a read cycle. If the read cycle is also an instruction acquisition cycle, IAQ will go active (high) during the cycle.

The READY signal, which allows extended memory cycles, is shown high during ¢1 of the second clock cycle of the
read operation. This indicates to the TMS 9900 that memory-read data will be valid during ¢1 of the next clock cycle.
If READY is low during ¢1, then the TMS 9900 enters a wait state suspending internal operation until a READY is
sensed during a subsequent ¢1. The memory read data is then sampled by the TMS 9900 during the next o1, which
completes the memory-read cycle.

At the end of the read cycle, MEMEN and DBIN go inactive (high and low, respectively). The address bus may also
change at this time, however, the data bus remains in the inpdit mode for one clock cycle after the read cycle.

A write cycle is similar to the read cycle with the exception that WE goes active (low) as shown and valid write data
appears on the data bus at the same time the address appears. The write cycle is shown as an example of a
one-wait-state memory cycle. READY is low during ¢1 resulting in the WAIT signal shown.

HOLD

Other interfaces may utilize the TMS 9900 memory bus by using the hold operation {illustrated in Figure 10) of the
TMS 9900. When HOLD is active (low), the TMS 9900 enters the hold state at the next available non-memory cycle.
Considering that there can be a maximum of two consecutive memory cycles, the maximum delay between HOLD
going active to HOLDA going active (high) could be te(g) (for setup) + (4+W) tc(¢) * tc(¢) (delay for HOLDA), where
W is the number of wait states per memory cycle and t¢(g) is the clock cycle time. When the TMS 9900 has entered the
hold state, HOLDA goes active (high) and AO through A15, DO through D15 DBIN, MEMEN, and WE go into a
high-impedance state to allow other devices to use the memory buses. When HOLD goes inactive (high), the TMS 9900
resumes processing as shown. |f hold occurs during a CRU operation, the TMS 9900 uses an extra clock cycle (after the
removal of the HOLD signal) to reassert the CRU address providing the normal setup times for the CRU bit transfer
that was interrupted.
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CRU

CRU interface timing is shown in Figure 11. The timing for transferring two bits out and one bit in is shown. These
transfers would occur during the execution of a CRU instruction. The other cycles of the instruction execution are not
illustrated. To output a CRU bit, the CRU-bit address is placed on the address bus AO through A14 and the actual bit
data on CRUOUT. During the second clock cycle a CRU pulse is supplied by CRUCLK. This pracess is repeated until
the number of bits specified by the instruction are completed.

The CRU input operation is similar in that the bit address appears on AO through A14. During the subsequent cycle the
TMS 9900 accepts the bit input data as shown. No CRUCLK pulses occur during a CRU input operation.

TMS 9900 INSTRUCTION SET
DEFINITION
Each TMS 9900 instruction performs one of the following operations:

[ Arithmetic, logical, comparison, or manipulation operations on data

Ld Loading or storage of internal registers (program counter, workspace pointer, or status)
L] Data transfer between memory and external devices via the CRU
.

Control functions.

ADDRESSING MODES

TMS 9900 instructions contain a variety of available modes for addressing random-memory data le.g., program
parameters and flags), or formatted memory data (character strings, data lists, etc.). The following figures graphically
describe the derivation of the effective address for each addressing mode. The applicability of addressing modes to
particular instructions is described in Section 3.5 along with the description of the operations performed by the
instruction. The symbols following the names of the addressing modes [R, "R, "R+, @ LABEL, or @ TABLE (R} are
the general forms used by TMS 9900 assemblers to select the addressing mode for register R.

WORKSPACE REGISTER ADDRESSING R
Workspace Register R contains the operand.

Register R

3.2.2 WORKSPACE REGISTER INDIRECT ADDRESSING *R

Workspace Register R contains the address of the operand.

Register R

(Pc}—-l Instruction l»—HWP)02R-J Address H Operand

3.2.3 WORKSPACE REGISTER INDIRECT AUTO INCREMENT ADDRESSING *R+

Workspace Register R contains the address of the operand. After acquiring the operand, the contents of workspace
register R are incremented.

Register R
(Pcwvbz;w—[ Address Operand
¢ +
1 (byte)
or 2 {word)
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3.2.4 SYMBOLIC (DIRECT) ADDRESSING @ LABEL
The word following the instruction contains the address of the operand.

(PC)—s{  instruction

(PC)+2—9 Label —b{ﬂj

3.2.5 INDEXED ADDRESSING @ TABLE (R)

The word following the instruction contains the base address. Workspace register R contains the index value. The
sum of the base address and the index value results in the effective address of the operand.

Register R

(PC)—{_Instruction |——WP)+2R

T

3.2.6 IMMEDIATE ADDRESSING

The word following the instruction contains the operand.

(PC)—={ Instruction

(PC)+2 Operand

3.2.7 PROGRAM COUNTER RELATIVE ADDRESSING

The 8-bit signed displacement in the right byte (bits 8 through 16) of the instruction is multiplied by 2 and added to the
updated contents of the program counter. The result is placed in the PC.

Jump Instruction

Program Counter OP CODE DiIsP 2 * DISP

@_——A)—* —" next memory word

3.2.8 CRU RELATIVE ADDRESSING

The 8-bit signed displacement in the right byte of the instruction is added to the CRU base address (bits 3 through 14
of the workspace register 12). The result is the CRU address of the selected CRU bit.

Instruction

(PC|

CRU Bit

Register 12 Address

[T cnvsmess ]

0 23 1415
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3.3 TERMS AND DEFINITIONS

The following terms are used in describing the instructions of the TMS 9900:

g TERM T ~__DEFINITION -
87 T ) T T B;re indicator U;byt\e, 0= wcrd}v
C Bit count
o] Destination address register

. bA | Destination address ]
1op Immediate operand
LSB(n) Least significant (right most) bit of (n)
MSB(n) Most significant (left most) bit of (n)
N Don't care
PC Program counter
Result Result of operation performed by instruction
S Source address register
SA I __Source address - o ]
ST Status register
STn Bit n of status register
Tp Destination address modifier
Ts Source address modifier
W i Workspace register
WRn Workspace register n
(n) Contents of n
a’b a is transferred to b
Inl I Absolute value of n
+ Arithmetic addition
- Arithmetic subtraction
AND o Logical AND J
OR Logical OR
® Logical exclusive OR
n Logical complement of n

34 STATUS REGISTER

The status register contains the interrupt mask level and information pertaining to the instruction operation.

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

310

STO | ST1|ST2| ST3 | ST4 | STS | ST6 not used (=0} ST12 ST13 ST14 STI5
L-| A = [ o] P X Interrupt Mask
L BIT NAME INSTRUCTION CONDITION TOSETBITTO 1
STO LOGICAL c.Cs 1f MSB(SA) = 1 and MSB(DA) = 0, or if MSB(SA) = MSB(DA)
GREATER and MSB of (DA) - (SA) = 1
THAN Cct 1f MSB(W) = 1 and MSB of I1OP = 0, or if MSB(W) = MSB of
| 10P and MSB of 10P — (W) = 1
’ ABS 1t (SA) # 0
All Others If result # O
ST ARITHMETIC cce 11 MSB(SA) = 0 and MSB(DAI = 1, or { MSB(SA) = MSB(DA) |
GREATER and MSB(DA) — (SA) =1
THAN Ci 1f MSB(W) = 0 and MSB of 1OP = 1, or if MSB(W) = MSB of
10P and MSB of 10P — (W) = 1
ABS 1f MSB(SA) = 0 and (SA) = 0
All Others If MSB of result = 0 and result + 0 e

- Continued
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8IT NAME INSTRUCTION CONDITION TOSETBIT TO 1

ST2 EQUAL c,cs 1t (SA) = (DA)
c if (W) = 10P
coc 11 (SA) and (DA) = 0
czc If (SA) and (DA) =0
T8 1f CRUIN =1
ABS 1t (SA) =0
All others It result = 0

ST3 CARRY A, AB, ABS, Al, DEC,
DECT, INC, INCT, 1f CARRY OUT =1
NEG, S, SB
SLA,SRA, SRC, SRL If last bit shifted out = 1

ST4 OVERFLOW A,AB 1t MSB(SA) = MSB(DA) and MSB ot result # MSBI(DA)
Al 1t MSB(W) = MSB of 0P and MSB of result # MSB(W)
S.SB If MSB(SA) # MSB(DA) and MSB of result # MSB(DA)
DEC, DECT 1 MSB(SA) = 1 and MSB of result = 0
INC, INCT 1f MSB(SA) = 0 and MSB of result = 1
SLA I MSB changes during shift
DIv 1f MSB(SA) = 0 and MSB(DA) = 1, or if MSB(SA) = MSB(DA)

and MSB of (DA) — (SA) =0

ABS, NEG 1f (SA) = 80001

§TS PARITY C8, MOvVB 1t (SA) has odd number of 1's
LDCR, STCR 111 < C = 8and (SA) has odd number of 1's
AB, SB, SOCB, 52C8 If result has odd number of 1's

ST6 XOP XOP 1f XOP instruction is executed

ST12-ST15 [INTERRUPT LM I corresponding bit of LOP is 1

MASK RTWP If corresponding bit of WR15 s 1

35 INSTRUCTIONS

3.5.1 Dual Operand Instr with Multiple Addressing Modes for Source and Destination Operand

5 6 7 8 9 10 n 12 13 14 15

0 1 2 3 a
General format: [- OP CODE ] B I o

If B = 1 the operands are bytes and the operand addresses are byte addresses. If B = 0 the operands are words and the
operand addresses are word addresses.

The addressing mode for each operand is determined by the T field of that operand.

TsOR Tp SORD ADDRESSING MODE NOTES
00 0,1,...15 Workspace register 1
01 0,1,...15 Workspace register indirect
10 0 Symbolic i 4
10 1,2,...15 Indexed 24
11 0,1,...15 Workspace register indirect auto-increment 3 J

NOTES: 1.When a workspace register is the operand of a byte instruction (bit 3 1), the left byte (bits O through 7) is the operand and the

right byte (bits 8 through 15) is unchanged.

2. Workspace register 0 may not be used for indexing
3. The workspace register is incremented by 1 for byte instructions (bit 3 = 1) and 1s incremented by 2 for word instructions (bt 3 = 0).
4. When Tg = Tp = 10, two words are required 1n addition to the instruction word. The first word i1s the source operand base

address and the second word is the destination operand base address.
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RESULT STATUS
OPCODE | B
MNEMONIC o1 2 3 MEANING COMPARED BITS DESCRIPTION
TO0 AFFECTED
A 101 0 Add Yes 04 (SA)+(DA) > (DA)
AB 101 ; 1 Add bytes Yes 05 (SA)+(DA) = (DA)
C 100| O Compare No 0-2 Compare (SA) to (DA) and set
appropriate status bits
[o]:] 100 1 Compare bytes No 02,5 Compare (SA) to (DA) and set
appropriate status bits
S 011 0 Subtract Yes 04 (DA) ~ (SA) > (DA)
N ot 1 1 Subtract bytes Yes 05 (DA} - (SA) (DA
Neld 111 0 Set ones corresponding Yes 0-2 (DA) OR (SA) —> (DA)
SOCB 111 1 Set ones corresponding bytes Yes 025 (DA) OR {SA) ~ (DA)
szc o10]0 Set zeroes corresponding Yes 0-2 (DA) AND (§A) = (DA)
szcs 01 0|1 Set zeroes corresponding bytes Yes 025 (DA) AND (§A) = (DA)
MoV 110 0 Move Yes 0-2 (SA) = (DA)
MovB 110 1 Move bytes Yes 0-2,5 (SA) = (DA)

3.5.2 Dual Operand Instructions with Multiple Addressing Modes for the Source Operand and
Workspace Register Addressing for the Destination
[} 1 2 3 q 5 6 7 8 9 10 1 12 13 14 15

General format: F OP CODE 0 I Ts ] S ‘}

The addressing mode for the source operand is determined by the TS field.

Ts S ADDRESSING MODE NOTES

00 0,1,...15 Workspace register

01 0,1,...15 Workspace register indirect

10 0 Symbolic

10 .15 Indexed 1

1 0,1,...15 Workspace register indirect auto increment 2
NOTES: 1, Workspace register 0 may not be used for indexing.

2. The workspace register is incremented by 2.

OP CODE RESULT STATUS
MNEMONIC 012345 MEANING COMPARED BITS DESCRIPTION
TOO AFFECTED

coc oofooo Compare ones No 2 Test (D) to determine if 1's are in each bit

corresponding position where 1's are in (SA). If so, set ST2,

czc 001001 Compare zeros No 2 Test (D) to determine if O's are in each bit

corresponding position where 1's are in (SA). If 50, set ST2.

XOR 001010 Exclusive OR Yes 0-2 (D) @ (SA) = (D)

MPY 001110 Multiply No Multiply unsigned (D) by unsigned (SA) and
place unsigned 32-bit product in D (most
significant) and D+1 (least significant). If WR15 -
is D, the next word in memory after WR15 will
be used for the least significant half of the
product.

DIv 001111 | Divide No 4 If unsigned (SA) is less than or equal to unsigned
(D), perform no operation and set ST4, Otherwise,
divide unsigned (D) and (D+1) by unsigned
(SA). Quotient — (D), remainder — (D+1). If
D = 15, the next word in memory after WR 15
will be used for the remainder. __J
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3.5.3 Extended Operation (XOP) Instruction

General format: 0 0 1 0 1 1 D ‘ Ts L S

The TS and S fields provide multiple mode addressing capability for the source operand. When the XOP is executed,
ST6 is set and the following transfers occur: (4046 +4D) ~ (WP)

(4216 + 4D) ~ (PC)

SA — (new WR11)

(old WP) -+ (new WR13)

(old PC) = (new WR14)

(old ST) — (new WR15)

The TMS 9900 does not test interrupt requests (INTREQ) upon completion of the XOP instruction.

3.5.4 Single Operand Instructions

[ 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

k T
General format | OP CODE | Ts | s

The Tgand S tields provide multiple mode addressing capability for the source operand.

RESULT STATUS
MNEMONIC OF CODE MEANING COMPARED BITS DESCRIPTION
0123456789

o o 100 AFFECTED

8 0000010001 |Branch No - SA - (PC)
* 8L 000001 1010 |Branchandiink No - {(PCI — (WR11l, SA —~ (PC}

BLWP 0000010000 |Branch and load No - (SA) — (WP):(SA+1) = (PC)
| wor kspace pointer (old WP) = (new WR 13)
} (old PC) ~* (new WR14)
| (old ST) = (new WR15)
] the interrupt input (INTREQ) 1s not
! tested upon completion of the
| BLWP instruction
I ce 0000010011 |Clear operand No 0 (sA)
| SETO 0000011100 [Settoones No - FFFFq1g~ (SA)

INV 0000010101 |inver Yes 0-2 (SA) ~(SA)

NEG 0000010100 |Negate Yes i 04 —(SA) > (SA)
| ABS 000001 1101 |Absolute value® No ! 04 {SA) —(SA)

SWPB 000001101 1 |Swapbytes No ‘ (SA), bits 0 thru 7 — (SA), bits

; 8 thru 15, (SA), bits 8 thru 15
| (SA), bits O thru 7

INC 0000010110 |increment Yes ! 04 (SA) + 1 (5A)
L 0000010111 Incrementby two Yes 04 (SA)+ 2 (SA)
| DEC 0000011000 |Decrement Yes | 04 (SA) — 1~ (sA)
| DECT 0000011001 |Decrementby two Yes 0-4 (SA) - 2 = (sA)

xt 0000010010 |Execute No Execute the instruction at SA.

*Operand 1s compared 10 zero for status bit

'1t agaitional memory words for the execute nstruction are required to define the operands of the instruction located at SA. these words
will he accessed from PC and the PC will be updated accordingly. The instruction acquisition signal (IAQ) will not be true when the TMS 9900
accesses the instruction at SA Status bits are affected in the normal manner for the instruction executed
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3.5.5 CRU Multiple-Bit Instructions

[

2 3 4 5 6 7 8

General format: r OP CODE I [ ] Ts l S ]

The C field specifies the number of bits to be transferred. If C = 0, 16 bits will be transferred. The CRU base register
(WR12, bits 3 through 14) defines the starting CRU bit address. The bits are transferred serially and the CRU address is
incremented with each bit transfer, although the contents of WR12 is not affected. Tg and S provide multiple mode
addressing capability for the source operand. If 8 or fewer bits are transferred (C = 1 through 8), the source address is a
byte address. If 9 or more bits are transferred (C = 0, 9 through 15), the source address is a word address. |f the source
is addressed in the workspace register indirect auto increment mode, the workspace register is incremented by 1 if
C = 1 through 8, and is incremented by 2 otherwise.

OP CODE RESULT STATUS
MNEMONIC 012345 MEANING COMPARED BITS DESCRIPTION
TOO AFFECTED
LDCR 001100 |Load communcation Yes 02,5t Beginning with LSB of {SA), transfer the
register specified number of bits from (SA) to
the CRU.
STCR 001101 |Store communcation Yes 0-2,51 Beginning with LSB of (SA), transter the
register specified number of bits from the CRU to
(SA). Load unfilled bit positions with 0.

1STS is atfected only if 1 < C < 8.

3.5.6 CRU Single-Bit Instructions

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
General format: [ OP CODE [ SIGNED DISPLACEMENT

CRU relative addressing is used to address the selected CRU bit.

STATUS
MNEMONIC OP CODE MEANING BITS DESCRIPTION
01234567
AFFECTED
SBO 00011101 Set bit to one - Set the selected CRU output bit to 1.
sBz 00011110 Set bit to zero - Set the selected CRU output bit to 0.
TB 00011111 Test bit 2 If the selected CRU input bit = 1, set ST2.

3.5.7 Jump Instructions

o 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15

General format: OP CODE DISPLACEMENT

Jump instructions cause the PC to be loaded with the value selected by PC relative addressing if the bits of ST are at
specified values. Otherwise, no operation occurs and the next instruction is executed since PC points to the next
instruction. The displacement field is a word count to be added to PC. Thus, the jump instruction has a range of —128
to 127 words from memory-word address following the jump instruction. No ST bits are affected by jump instruction.
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|

OP CODE T
MNEMONIC MEANING ST CONDITION TO LOADPC
01234567
JEQ 0001001 1 Jumpequal sT2-1 7]
JGT 00010101 Jump greater than ST1=1
JH 00011011 Jump high ST0=1andST2=0
JHE 00010100 Jump high or equal STO=10rST2=1
JL 00011010 Jump low STO=0andST2 =0
JLE 00010010 Jump low or equal STO=00rST2=1
JLT 00010001 Jump less than ST1=0and ST2 =0
ImpP 00010000 Jump unconditional unconditional
INC 00010111 Jump no carry ST3=0
JNE 0001'YOT1®10 Jump not equal §T2=0
JNO 00011001 Jump no overflow ST4=0
Joc 00011000 Jump on carry ST3=1
Jop 00011100 Jump odd parity ST5 =1
3.5.8 Shift Instructions
0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15
General format: [ OP CODE T c [ w ]

If C = 0, bits 12 through 15 of WRO contain the shift

count. If C =0 and bits 12 through 15 of WR0 = 0, the shift

count is 16.
RESULT STATUS
MNEMONIC Op CODE MEANING COMPARED BITS DESCRIPTION
012345867
JO0O0 AFFECTED
SLA 0000 1 0 1 0 | Shiftleftarithmetic Yes 0-4 Shift (W) left. Fill vacated bit
positions with 0.
SRA 0 000 1 0 0 O | Shitt right arithmetic Yes 03 Shift (W) right. Fill vacated bit
positions with original MSB of (W)
SRC 000O0T11TO0 111 Shift right circular Yes 0-3 Shift (W) night. Shift previous LSB
into MSB
SRL 000011001 Shift right logical Yes 0-3 Shitt (W) night. Fill vacated bit
! positions with 0's.
3591 diate Register |
[} 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
General format: I: OPCODE I N L w J
[ 10P ]
| RESULT STATUS
MNEMONIC Op CODE MEANING COMPARED BITS DESCRIPTION
012345678910
T00 AFFECTED
Al 0000001000 1 Add immediate Yes 04 (W) +10P = (W)
ANDI 00000010010 AND immediate Yes 0-2 (W) AND 10P = (W)
Cl 00000010100 Compare Yes 0-2 Compare (W) to IOP and set
immediate appropriate status bits
L 0000001000 0 Load immediate Yes 02 10P = (W)
OR| 0000001001 1 OR immediate Yes 0-2 (W) OR 10P = (W)
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3.5.10 Internal Register Load Immediate Instructions

[} 1 2 3 a 5 6 7 8 9 10 " 12 13 14 15
General format OP CODE ] N
10P
— —
MNEMONIC OF CODE MEANING DESCRIPTION
0123456788910
LWPI 0000O0O0T1TOTT 1 1 Load workspace pointer immediate 10P = (WP}, no ST bits affected
LIMI 00000011000 Load interrupt mask 1OP, bits 12 thru 15 > ST12
thru ST15
3.5.11 Internal Register Store Instructions
0 1 2 3 L 5 6 7 8 9 10 n 12 13 14 15
General format: OP CODE [ N J w
No ST bits are affected.
OP CODE
MNEMONIC ¢ MEANING DESCRIPTION
012345¢6.789 10
STST 0000O0O1YO0T11T1 0 Store status register (ST) = (W)
STWP 00000011010 1 Store workspace pointer (WP) = (W)
3.5.12 Return Workspace Pointer (RTWP) Instruction
0 1 2 3 4 5 6 7 8 9 10 n 12 13 14 15
Generaiformal.‘[010]010]0[01\]111[0!01 N T
The RTWP instruction causes the following transfers to occur:
(WR15) = (ST)
(WR14) - (PC)
(WR13) = (WP)
3.5.13 External instructions
[} 1 2 3 4 5 6 7 8 9 10 n 12 13 14 15
General format: op coDe’ N

External instructions cause the three most-significant address lines (AO through A2) to be set to the below-described
levels and the CRUCLK line to be pulsed, allowing external control functions to be initiated.

STATUS ADDRESS
MNEMONIC OP CODE MEANING BITS DESCRIPTION BUS
012345678910
AFFECTED A0_A1_A2
IDLE 00000011010 Idle ‘ - Suspend TMS 9900 LMoL
: instruction execution until
an interrupt, LOAD, or
RESET occurs
RSET 0000001101 1 , Reset ‘ 1215 0~ ST12 thru ST15 L H H
CKOF 0000001111 0 | Userdefined | [ HoOH L
CKON 00000011101 J User defined | — H oL H
LREX 0000001111 1 | Userdefined ‘ — H H W
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3.6 TMS 9900 INSTRUCTION EXECUTION TIMES

Instruction execution times for the TMS 9900 are a function of:

1) Clock cycle time, t¢(g)

2) Addressing mode used where operands have multiple addressing mode capability

3) Number of wait states required per memory access.

Table 3 lists the number of clock cycles and memory accesses required to execute each TMS 9900 instruction. For
instructions with multiple addressing modes for either or both operands, the table lists the number of clock cycles and

memory accesses with all operands addressed in the workspace-register mode. To determine the additional number of
rclock cycles and memory accesses required for modified addressing, add the appropriate values from the referenced
tables. The total instruction-execution time for an instructiof is:

T=1tc(g) (C+W-M)

where:

T = total instruction execution time;
tc(¢) = clock cycle time;

C = number of clock cycles for instruction execution plus address modification;

W = number of required wait states per memory access for instruction execution plus address
modification;
M = number of memory accesses.

TABLE 3

INSTRUCTION EXECUTION TIMES

cLock I MEMORY [ ADDRESS cLock
INSTRUCTION CYCLES | ACCESS MODIFICATION' INSTRUCTION ICYCLES
c | o™ SOURCE [DEST [
A [ A A [ 10 2 -
AB 1 4 [ B MoV " “ A
ABS  (MSB = 0) 2 2 A - Move | 1 4 8
IMSB - 1) “ 3 A - MPY | 52 5 | A
Al “ 4 NEG i 12 3 fooa i
ANDI ; w |4 - - oRt | IR P S R -
B 8 2 A - RSET 12 | 1 I - -
BL 12 3 A RTWP 14 | 4 - -
BLWP % | 6 A - s 4 4 | A A
c 1 3 A A s8 AL 4 B B
c8 1 3 8 8 s80 2! 2 ; - -
¢ i 3 - s82 2 2 P
cKoF . 2| o - - SETO 10 3| |
CKON 124 - | smtcics0) | 1zeac 3 |- ;
CLR 10 3 A - | Bis 12215 !
coc w |3 a - | otwRo=o) | 52 L -
czc 4 ‘ 3 A - (€0, Bits 12-15 | ! !
DEC 10 3 A Of WRP-N#0) | 2042N a - -
DECT 10 3 A - soc 14 4 A A
DIV (ST4 15 ser) 16 3 A - socs | i 4 ] B
DIV (ST4 s resen{ 92124 | 6 A STCR (C-0) ; 60 4 A -
1DLE 12 1 - - ece 42 4 ‘ B8
INC w0 | 3 A | (c=8) | 4 a | 8 -
INCT 03 A - 9 cors) | 58 a Y
INV |3 A sTST 8 2 |
Jump (PC 15 | sTWP | 8 2
{ changed) 0| 1 - swPs | 10 | 3 A -
(PC 15 not I szc 14 4 A A
changed) 8 | 1 - - szce 14 L} 8 8
| LOCR (C = 0) 52 | 3 A T8 12 2 R
(1« Cx8) 20+2C 3 B x 8 2 A
1grCets) | 2042¢ | 3 A x0P 36 8 A -
u 12 3 - - XOR 14 4 A -
Lmi 6 2 -
LREX 2 |
RESET function 2 ‘ s Undelined op codes
COAD function 7 s - 0000-01FF 0320 6 \
Interrupt context | 033F 0C00 OF FF,
switch z | s | 0780-07FF

*Execution time is dependent upon the partial quotient after each clock cycle during execution.

**Execution time is added to the execution time of the instruction located at the source address minus 4 clock cycles and 1 memory access time.

TThe letters A and B refer to the respective tables that follow.
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TMS 9900

16-BIT MICROPROCESSOR

ADDRESS MODIFICATION — TABLE A

ADDRESS MODIFICATION — TABLE B

cLOCK MEMORY CLOCK MEMORY
ADDRESSING MODE CYCLES ACCESSES ADDRESSING MODE CYCLES ACCESSES
C- ] C M
WR (Tg or Tp = 00) o (1] WR (Tg or Tp = 00} 0 0
WR indirect (Tg or Tp = 01) 4 1 WR indirect (Tg or Tp = 01) 4 1
WR indirect auto- WR indirect auto-
increment (Tg or Tp = 11) 8 2 increment (Tgor Tp = 11) 6 2
Symbolic (Tgor Tp = 10, Symbolic (Tgor Tp = 10,
SorD=0) 8 1 SorD=0) 8 1
Indexed (Tgor Tp = 10, Indexed (Tg or Tp = 10,
SorD#0) 8 2 Sor D #0) 8 2

4.1

As an example, the instruction MOVB is used in a system with t¢(¢) = 0.333 us and no wait states are required to access

memory. Both operands are addressed in the workspace register mode:

T =10(g) (C + W-M) = 0.333 (14 + 0-4) pis = 4.662 ss.

If two wait states per memory access were required, the execution time is:

T =0.333 (14 + 2-4) ps = 7.326 us.

If the source operand was addressed in the symbolic mode and two wait states were required:

T =1tc(¢) (C+W-M)
C=14+8=22
M=4+1=5
T =0.333 (22 + 2:5) us = 10.656 us.

TMS 9900 ELECTRICAL AND MECHANICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE
(UNLESS OTHERWISE NOTED)*

Supply voltage, V¢ (see Note 1)
Supply voltage, Vpp (see Note 1)
Supply voltage, Vgs (see Note 1)

All input voltages (see Note 1)
Output voltage (with respect to Vgg)
Continuous power dissipation
Operating free-air temperature range
Storage temperature range .

. 031020V
. 031020V
. -03t020V
. -03t020V
-2Vto7V
LoL12w
0°C to 70°C

. —65°C t0 150°C

*Stresses beyond those listec under ‘“Absolute Maximum Ratings’’ may csuse permanent damage to the device. This is a stress rating only and

functional operation of the device at these or any other conditions beyond those i

in the

Operating Conditions’’

section of this specification is not implied, Exposure to absolute-maximum.rated conditions for extended periods may affect device reliability

NOTE 1: Under absolute maximum ratings voltage values are with respect to the most negative supply, Vgg (substrate), unless otherwise

noted. Throughout the remainder of this section, voltage values are with respect to Vgg.

TEXAS INSTRUMENTS



TMS 9900
16-BIT MICROPROCESSOR

4.2 RECOMMENDED OPERATING CONDITIONS

4.3

MIN NOM MAX UNIT
Supply voltage, Vgg —5.25 -6 —4.75 v
Supply voltage, Voo 4.75 5 5.25 \
Supply voltage, Vpp 14 12 12.6 v
Supply voltage, Vss ] \
High-leve! input voltage, Vi fall inputs except clocks) 24 v
High-level clock input voltage, ViHig) Vpp \
Low-level input voltage, V| (all inputs except clocks) 0.4 v
Low-level clock input voltage, V| (g) 0.3 v
Operating free-air temperature, Ta 0 70 °c

ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
(UNLESS OTHERWISE NOTED)

data bus)

unmeasure- pins at Vgg

PARAMETER TEST CONDITIONS MIN TYet MAX UNIT
Data bus during DBIN V= V§§ to Voo +75
WE, MEMEN, DBIN ViV v 5
= t .
I Input current | during HOLDA 17 ¥sstoVee uA
Clock Vi=-1Vto 136V +75
- Any other inputs Vi=VggtoVee +10
VQH _ High-level output voltage lo=-04mA 24 \
VoL  Low-level output voltage 1p=32mA 04 \
8B Supply current from Vge 1 mA
Icc Supply current from Voo 125 mA
IpD Supply current from Vpp 30 mA
¢ Input capacitance (any inputs except =1MHz, 15 -
' clock and data bus) unmeasured pins at Vgg P
. =1MHz,
Citp1) Clock-1 input capacitance . 100 pF
unmeasured pins st Vgg
. . f=1MHz,
Ci(p2) Clock-2 input capacitance . 200 pF
unmeasured pins at Vgg
X =1MHz,
Ci(p3) Clock-3 input capacitance . 100 oF
| AR R unmeasured pins at Vgg
. f=1MHz,
Cilp4) Clock-4 input capacitance 100 PF
unmeasured pins “»V_SS
c Data b i f= 1Mz, 25 £
ata bus capacitance
o8 pa unmeasured pins at Vgg P
Output capacitance (any output except f=1MHz,
Co 15 pF

T Al typical values are at T = 25°C and nominal voltages.
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44 TIMING REQUIREMENTS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
(SEE FIGURES 12 AND 13)

PARAMETER MIN NOM MAX UNIT
telg) Clock cycle time 0.333 us
te(e) Clock rise time 12 ns
t(p) Clock fall time 12 ns
twio) Pulse width, any clock high 45 ns
td(p1L-92H) Delay time, clock 1 low to clock 2 high (time between clock pulses) 5 ns
td(p2Lp3H)  Delay time, clock 2 low to clock 3 high (time between clock pulses) 5 ns
td(p3Lg4H) Delay time, clock 3 low to clock 4 high (time between clock pulses) 5 ns
td(paL¢1H)  Delay time, clock 4 low to clock 1 high (time between clock pulses) 5 ns
td(p1H-p2H) Delay time, clock 1 high to clock 2 high (time between leading edges) 80 ns
td(p2H-p3H) Delay time, clock 2 high to clock 3 high (time between leading edges) 80 ns

| td(63H-04H) Delay time, clock 3 high to clock 4 high (time between leading edges) 80 ns
td(paHo1H) Delay time, clock 4 high to clock 1 high (time between leading edges) 80 ns
[tsu Data or control setup time before clock 1 40 ns
[tn Data hold time after clock 1 10 ns

45 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
(SEE FIGURE 13)

[ PARAMETER [ TEST CONDITIONS [ MmN TYP  MmAX [ uNIT_ |
[lpLH or tpy Propagation delay time, clocks to outputs T C( =200 pF l 20 ns 1
le— . »l
Lt clo) -
I t4( 1H02H) |

95V

CLOCK o1

CLOCK 02

WioILo2H)

] I
: e t(o3H- 04— : |

'a(azmam-ld—-' | I

CLOCK ¢3 I I '

- : I
| |‘_'¢(04H¢‘H7'_Ti

(63 oaH—a—w] je—o}- taioarom)

CLOCK o4

NOTE: All timing and voltage levels shown on @1 applies to ®2, $3, and ¢4 in the same manner.

FIGURE 12 — CLOCK TIMING
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N N o

—olt e —+ }4—-

' |9 | | sV
cLOCK o1 | v

07V 07V |

! |

|

|

T

[

I

|

CLOCK 02

CLOCK 03

CLOCK o4

PHL

(&
WAIT OUTPUT ‘ /‘7‘ v 5'
04V

“" ;“ tPLH OR tpy

, .
s W ED \ \ \Y
R A O

"The number of cycles over which input output data must will remain vaiid can be determined from Section 39 Note that in ali cases data

T
1

should not change during O1
FIGURE 13-SIGNAL TIMING

5. TMS 9900 PROTOTYPING SYSTEM
5.1 HARDWARE

The TMS 9900 prototyping system enables the user to generate and debug software and to debug /O controller
interfaces. The prototyping system consists of

[ 990/4 computer with TMS 9900 microprocessor

. 1024 bytes of ROM containing the bootstrap loader for loading prototyping system software, the
front-panel and maintenance utility, and the CPU self-testing feature

. 16,896 bytes of RAM with provisions for expansion up to 57,334 bytes of RAM

L] Programmable-write-protect feature for RAM

L] Interface for Texas Instruments Model 733 ASR*® Electronic Data Terminal with provisions for up to five
additional interface moculdes

* Requires remote device control and 1200 baud E1A interface option on 733 ASR
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52

5.3

5.4

L] Available with Texas Instruments Model 733 ASR Electronic Data Terminal
o 7-inch-high table-top chassis

. Programmer’s front panel with controls for run, halt, single-instruction execute, and entering and displaying
memory or register contents

° Power supply with the following voltages:
5Vdc@20A
12Vdc@2A
-12Vdc@1A
-5Vdc@0.1A

[ Complete hardware and software documentation.
SYSTEM CONSOLE

The system console for the prototyping system is the 733 ASR, which provides keyboard entry,
30-character-per-second thermal printer, and dual cassette drives for program loading and storage.

SOFTWARE

The following software is provided on cassette !pr loading into the prototyping system:

. Debug Monitor — Provides full control of the prototyping system during program development and includes
single instruction, multiple breakpoints, and entry and display capability for register and memory
contents for debugging user software under 733 ASR console control.

ing. (O

L] Linking Loader — Allows loading of absolute and relocatable object modules and links object modules as
they are loaded.

. Source Editor — Enables user modification of both source and object from cassette with resultant storage
on cassette.

. Trace Routine — Allows user to monitor status of computer at completion of each instruction.

[ PROM Programming/Documentation Facility — Provides documentation for ROM mask generation, or
communicates directly with the optional PROM Programmer Unit.

OPTIONS

The following optional equipment is offered for the prototyping system:
. Battery-pack/standby-power supply
. PROM programming unit and adapter boards
L] Universal wire-wrap modules
. Expansion RAM modules

L] Expansion EPROM modules

. /0 modules and other interfaces
o Rack-mounted version
. International ac voltage option
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TMS 9900 SUPPORT CIRCUITS

MEMORY DEVICE ORGANIZATION/FUNCTION 1/0 STRUCTURE PACKAGE
TMS 4036-2 64 x 8 static Common bus 20 pin
TMS 4033 1024 x 1 static Dedicated bus 16 pin
TMS 4039-2 256 x 4 static Dedicated bus 22 pin
TMS 4042-2 256 x 4 static Common bus 18 pin
TMS 4050 4096 x 1 dynamic Common bus 18 pin
TMS 4060 4096 x 1 dynamic Dedicated bus 22 pin

ROMS/PROMS
TMS 4700 1024 x 8 ROM 24 pin
SN74s371 256 x 8 ROM 20 pin
SN745471 256 x 8 PROM 20 pin
SN745472 512 x 8 PROM 20 pin
PERIPHERALS

SN74L5259" Addressable latch 16 pin
SN74LS2511 Data multiplexer 16 pin
SN74148 Priority encoder 16 pin
SN74s412 8-bit 1/0 port 24 pin
SN753561 Quad TTL-t0-MOS driver 16 pin
TMS 6011 UART 40 pin
SN745241 Bidirectional bus driver 20 pin

*To be announced.

7.

SYSTEM DESIGN EXAMPLES

ACCESS TIME

450 ns MAX
450 ns MAX
450 ns MAX
450 ns MAX
300 ns MAX
300 ns MAX

450 ns MAX
70 ns MAX
70 ns MAX
56 ns TYP

Figure 14 illustrates a typical minimum TMS 9900 system. Eight bits of input and output interface are implemented.
The memory system contains 1024 x 16 ROM and 256 x 16 RAM memory blocks. The total package count for this

system is 15 packages.

A maximum TMS 9900 microprocessor system is illustrated in Figure 15. ROM and RAM are both shown for a total of
65,536 bytes of memory. The 1/O interface supports 4096-output bits and 4096-input bits. Fifteen external interrupts

are implemented in the interrupt interface. The clock generator and control section contains memory decode logic

synchronization logic, and the clock electronics. Bus buffers, required for this maximally configured system, are

indicated on the system buses.
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A
< 128178 ADDRESS BUS 15 BITS )>
\N—
AO-ATA
DBIN
; we
BITS SN 7415251
N CRUIN
N cRUOUT o "
A RA
TS [SN74L5259% TMS ggon
cPU TM™S 4700 TM™S 4042
out cRUCLK
INTERRUPT CODE Icoac3 U 0
INTERRUPT REQUEST INTREQ DO D15 ( DATA BUS 16 BITS >
1.4
>
CLOCK GENERATOR
FIGURE 14 — MINIMUM TMS 9900 SYSTEM
ADDRESS BUS
INPUT AO0 A4 CONTROL
INTERFACE
4096 BITS
(L_.4 -
\—
RAM DMA
ouTPUT INTERFACE
INTERFACE
4096 BITS I L$ [CRUIN
CRUOUT
N7 FLJRULLK
EXTERNAL TMS 9900
CONTROL cPU D0 015 DATA BUS
INS TRUCTION
INTERFACE C:—P A0
1coics -—  BUFFER
INTERRUPT RESes TORD 0104
INTERFACE
i
INTERRUPTS LI
CLOCK GENERATOR
AND CONTROL
FIGURE 15 — MAXIMUM TMS 9900 SYSTEM
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8. MECHANICAL DATA

(o (&)
INDEX DOT\
"y
g ,l= 3.200 + 0,030—-———————.‘
0 900 : 0. DZD
DOZOMIN 0.185 MAX]

SEATING
PLANE

0010*
NOM ) 120 MIN 0.050 NOM 10.003
0.050
PIN stcm(;o 100 T.P. 10.020
(See Note A)
NOTE A. Each pin centerline s located within 0.010 of its true longitudinal position.
9900
SOFTWARE DEVELOPMENT AIDES
TIMESHARE 9900 PROTOTYPING 9900/990 SOFTWARE
SYSTEM DEVELOPMENT SYSTEM
733 ASR A— 733 ASR
(e 9]
Frione ‘C:]/ 950/4 990/10
e COMPUTER COMPUTER
TELEPRINTER
PROM
PROGRAMMER
CARD
et READER LINE PTR
¢ CROSS-ASSEMBLER AND SIMU- * DEBUG MONITOR a M TILIIGER SOFTWARE NDEVEL OD-
LATOR AVAILABLE ON ® ONE PASS ASSEMBLER T OMENT SYSTEM o EETERE
—GE ® SOURCE EDITOR MENT SYSTEM
— NCSS ® MULTI-TASKING DISC BASED
— TYMESHARE © SOFTWARE TRACE OPERATOR SYSTEM
 BATCH AVAILABLE FOR © RELOCATABLE LINKING LOADER ® MULTI-PASS MICROASSEMBLER
1BM 3607370 © PROM PROGRAMMING  FORTRAN COMPLIER
& ROM MASK DOCUMENTATION o SYSTEMS THROUGHPUT
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NEW MEMBERS OF THE 9900
FAMILY OF SOFTWARE COMPATIBLE MICROPROCESSORS

TMS 9980 — 8 BIT LOW COST FIXED INSTRUCTION SET MPU.

The TMS 9980 is an 8 bit low cost version of the popular TMS 9900 16 bit MPU. It uses the full 9900 in-
struction set including 16 bit.multiply/16 bit divide and multi-bit shifts plus the 9900's memory to memory
architecture. The 9980 is in fact a TMS 9900 with a multiplexed data bus and reduced memory addressing
capability enabling the device to be packaged in a low cost 40 pin plastic (or ceramic) package.

ﬁ}_f A13 (CRU OUT)

Features:-

Full TMS 9900 Instruction Set.
14 Address line giving a 16K addressing field.
Single T.T.L. compatible clock or Internal oscillator.

4 levels of vectored, maskable interrupt.
Direct Memory Access (DMA) capability.
Reset and Load Inputs.

Low cost 40 pin package.
Available December 1976.

SBP 9900 — 16 BIT FIXED INSTRUCTION SET MICROPROCESSOR

2048 directly addressable Input/Output parts using the C.R.U.

Standard N-Channel Silicon gate power supplies +12, £ 5V, O.

CRU IN—Ag — A13 —READY
CRU CLK+ I—>MEMEN
ICO  —» TMS [WE
IC1  —» 9980 [+FOLD
IC2  —# 168Bit SHOLDA
IAQ «— CPU |»DBIN
+2V — >CLK OUT
= bg - Dy [CLK N
ov

DATA

The SBP 9900 is an I2L implementation of the TMS 9900 N-Channel Silicon gate 16 bit MPU which has
been designed specifically to military applications. The operating temperature range of the SBP 9900 will be
—56°C to +125°C. 1L being a bipolar design technique means that the device inherits all the benefits of a
bipolar technology i.e. demonstrated reliability at extended temperature range, simple production process,

speed enhancement and single power supplies.
Features:-

Full TMS 9900 Instruction Set.

—55 to +125°C Operating Temp. range.
Singte 0.85 volt power supply.

Single T.T.L. compatible clock.

15 levels of vectored interrupt.

Direct Memory Access (DMA) capability.
16 Bit Data, 15 Bit Address Bus.

Pin compatible with TMS 9900.

0 rv ulv
CRU IN—f Ao - Als
CRU OUTe—] 16)00 - D15
CRU CLK+—] |—e MEMEN
INTREQ —+} —WE
INTCODE—~f»]  SPB9900  |—+DB IN
1AQ e——r] l— READY
(OAD —f s WAIT
RESET— l—HOLD
[—+*HOLD A }
cLock

TMS 99XX — 8 BIT MICROCOMPUTER FOR HIGH VOLUME LOW COST APPLICATIONS,

The TMS 99X X is an 8 bit microcomputer i.e, 2 microprocessor with control ram and data ram on the same

2 microprocesser

I.C. The device will operate from a 3MHz on chip clock and will have 2 levels of interrupt. Input/Output
capability is a choice between 18 or 30 depending upon the package size of 28 or 40 pin respectively.
The TMS 99XX uses a sub-set of the most important TMS 9900 instructions making the device software

compatible with other members of the family.
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NEW MEMBERS OF THE 9900
FAMILY OF SOFTWARE COMPATIBLE MICROPROCESSORS

TMS9900 SUPPORT CIRCUITS

TIM 9904 (SN74LS362) 4 Phase Clock Generator

The TIM 9904 has been designed to make the 4 phase 12 volt clock of TMS 9900 simple to implement. The TIM 9904
requires only two power supplies: +12 volts, +5 volts and three external components: a 48MHz 3rd overtone crystal and
an L-C tank circuit. The clock generator supplies a 4 phase clock at +12 volts, 4 phase clock at T.T.L. levels for external
circuit synchronisation and one synchronised Q output. The Q output is supplied from an internal D type flip flop
which derives its clock from 3@ and D input from the external circuit via a Schmitt gate. This can then be used as an
auto-sync. input to the TMS 9900 for such functions as reset or load.

TANK []1 20 +5YV
TANK GND [} 2 19 XTAL 2
GND +5v [] 3 18 [] XTAL1

IS
~

a ] RESET OSC. IN
v(s TIM 16 0SsC. OuUT

s ¥ sO®m

23 []7 147] 21

p3[]8 13 [ +12v

pa[]9 2] ¢
AND +12v [] 10 1] e2

TMS 9901 — Programmable Interrupt and 1/0 Controller

The TMS 9901 is a dedicated TMS 9900 peripheral circuit which has been designed
functions and generate the interrupt request signal and interrupt code. The device is programmable under control of

the TMS 9900 to select the tunction of the input pins. The 22 input/output and interrupt pins are allocated as: B

® 6 Dedicated Interrupt Ports
® 7 Dedicated I/0 Ports
® 9 Programmable as I/O Ports or Interrupts

The TM9901 is a CRU (Communications Register Unit) peripheral and all data exchanges between the processor and

the system are via the CRU line. The device is manufactured using N-channel silicon gate technology and requires only
asingle 5 Volt power supply.

117

INT.
REQUEST &

INTERRUPT
e 7 [~5— REQUESTS
110 TMs INTERRUPT
ADDRESS +—75 9901 75> REQUESTS OR 1/05
1/0 DATA
& CONTROL 4—/—’ [ 110s

—
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TMS 9902/3 — Asynchronous/Synchronous Communications Controller

The TMS 9902/3 are two dedicated TMS 9900 peripheral circuits which can be used as communications interfaces
between terminals, modems and computer. Both devices are CRU (Communications Register Unit)

peripherals interfacing between the TMS 9900 and the communications link via the CRU line.

Features

TMS 9902
e Programmable Data Rate 110 to 76800 Baud
® Programmable Character Length
5—8 Bits 1—1%—2 Stop Bits
Odd — Even - No Parity
® On Chip Interval Timer 64usec to 16,384usec
@ N-Channel Silicon Gate Process, Single 5 Volt
Power Supply

The two devices are designed to be compatible so that in most applications they can be exchanged with only a minor

adjustment in pin-out

:

— 5

TMS 9903

e DC to 250k Bits/Sec

® Programmable Sync. Register
and Character Length

® Bi-Sync and SDLC Compatible

® On Chip Interval Timer 64usec to 16384usec.

® N-Channel Silicon Gate Process, Single 5 Volt
Power Supply

+5V

ADDRESS

BUS —75?
CRU
cLK

CRU OUT ———|

CRU IN ¢———f

INT.
REQUEST

T™S
9902

—— TX OUT

ADDRESS
BUS

5

CRU
CLK

CRU OUT ————|

—

CRU IN ¢——

INT
ReauesT ¥

T™S
9903

TX

Oe—— DSR ‘)

b » BTS T
TS swne

v

4——— scR {
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TYPES SN54259, SN742589
8-BIT ADDRESSABLE LATCHES

OCTOBER 1975

features
e 8-Bit Parallel-Out Storage Register
e Performs Serial-to-Parallel Conversion With
Storage
e Asynchronous Parallel Clear
e Active High Decoder
Enable/Disable Input Simplifies Expansion

characteristics
e Typical Propagation Delay Times:
Enable-to-Output . . . 12 ns
Data-to-Output . .. 12 ns
Address-to-Output . . 16 ns
Clear-to-Output . .. 16 ns

e Fan-Out:
oL (Sink Current) ... 16 mA
loH (Source Current) ... —0.8 mA

e Typical Igc ... 60 mA

description

These general-purpose TTL octal-addressable latches
can be used to implement multiple-function storage
elements such as working registers, serial-holding
registers, or active-high decoders or demultipléxers. A
buffered common clear line is available for initializing.

Four distinct modes of operation are selectable by
controlling the clear and G inputs as enumerated in
the function table. In the addressable-latch mode
transparency exists in the addressed latch (see latch
selection table) and the respective Q output will
follow the data (D) input. When the enable (G) input
is taken high and clear is inactive (H) the memory
mode is initiated during which the contents of the
eight latches will remain unchanged. During the
demultiplexing mode the addressed latch will read out
its data content while the remaining seven outputs will
be low.

® DIRECT REPLACEMENT FOR FAIRCHILD 9334
® EXPANDABLE FOR N-BIT APPLICATIONS
® FOUR DISTINCT FUNCTIONAL MODES

SN54259 ...J OR W PACKAGE
SN74259 ...J OR N PACKAGE
(TOP VIEW)

EN. DATA OUTPUTS
Vce CLEAR ABLE IN a7 a6 [+ 3 Q4

||G”I§”l4”13”|2”ﬂ”lll”9|

 CLEAR [
[
c
Q0 Q! Q2 03 04 05 06 Q7
V1213 [|4]]S[I6(|7]]8
A 8 c ) a1 Q2 03 GND
————  —— o ——— T ——
LATCH SEL OUTPUTS
logic: See function table
FUNCTION TABLE
OUTPUT OF EACH
INPUTS
=1 ADDRESSED | OTHER FUNCTION
CLEAR G
LATCH OUTPUT
H L D Qjo Addressable Latch
H H [o 1) Qjo Memory
L L D L 8-Line Demultiplexer
L H L L Clear

LATCH SELECTION TABLE

SELECT INPUTS LATCH
[ B A ADDRESSED
L L L 0
L L H 1
L H L 2
L H H 3
H L L 4
H L H 5
H H L 6
H H H 7

H = high level, L = low level

D = the level at the data input

Qjp = the levelof Q; (i=0,1,...7, as appropriate) before the indi-
cated steady-state input conditions were established.
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TYPES SN54259, SN74259
8-BIT ADDRESSABLE LATCHES

recommended operating conditions

SN54269 SN74259 oNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, Vcc 45 5 5651475 5 525 v
High-level output current, Io —800 -800 | uA
Low-level output current, Ig 16 16 mA
Width of enable pulse, ty(enable) 15 15 ns
Width of clear pulse, ty(clear) 15 15 ns
Sotun 1 - Data 15t 15t
tup time, t ns
u Address 5t st
Data ot ot
Hold time, t, | R - - - ns
h Address 20t 20t
Operating free-air temperature, T a -55 125 0 70 “C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
4269 SN74259
PARAMETER TEST CONDITIONS SN5425 UNIT
} B [ MIN_TYPT MAX | MIN TYP} MAX
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 08 | VvV
Vik Input clamp voltage Vee = MIN, I =12 mA -15 15 | vV
L S aheblhttutbis A -
V = MIN, VIH=2V,
Von  High-level output voltage cc 1H 24 34 24 34 Y
ViL=08V, IgH=-800uA !
Vec=MIN, V=2V, T
VoL  Low-level output voltage cc H 02 04 02 04 Vv
ViL=08V, IgL=16mA |
Iy Input current at maximum input voltage | Vcc = MAX, V=55V 1 1 mA
High-level input Enable 80 80
I '9 inpu a Voe = MAX, V=24V uA
current Other inputs 40 40
Low-level input Enable -3.2 -3.2
I - Vee = MAX, V=04V mA
current Other inputs -16 -1.6
10s Shortcircuit output current§ Vce = MAX L 18 -67 —-18 -57 mA
Icc Supply current Ve = MAX ] 60 90 60 90 | mA j
TFor conditions shown as MIN or MA X, use the appropriate value specified under recommended operating conditions,
tAll typical values are at Voo = 5V, Ty = 25°C.
S Not more than one output should be shorted at a time,
switching characteristics, VCC =5V, Tp= 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
tpLm Propagation delay time, low-to-high-level 12 2 s
output from enable
Propagation delay time, high-to-low-level
oL oot v 9 " " 20 | ns
output from enable
Propagation delay time, low-to-highdevel
tPLH 14 24 ns
output from data
Propagation delay time, high-to-low-level CL = 15pF,
PHL " 20 ns
output from data R =400 2
Propagation delay time, low-to-high-level
PLH pag v 9 15 28 ns
output from address
Pr ation delay time, high-to-low-level
PPHL opagatt v o 17 28 ns
output from address
b
Propagation delay tir..e, high-to-low-level
PHL pag Y e 16 25 ns
output from clear
TEXAS INSTRUMENTS
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SN54S5330,SN545331,SN745330,SN74S331
12-INPUT/6-OUTPUT EXPANDABLE FIELD-PROGRAMMABLE
LOGIC ARRAYS

J OR N PACKAGE (TOP VIEW)
Field-Programmable Logic Array TNFUTS SUTPUTS
Organized 12-Inputs/50-Product P T TANTS |
Terms/6-Outputs
Programmable Options Include:
— Active High or Low Inputs/Outputs
— Input L Can Be Logic Input Or
Dedicated As An Enable Input
— Automatic Disabling If Product Term
Is Not Used
— Dedicated Enable and Automatic
Disabling Facilities Expansion of
Number of Inputs, Outputs, and
Product Terms .
Compact 20-Pin Package with Pin-Rows INPUTS ouTPUTS
On 300-Mil Spacing
Fully Schottky Clamping for
High-Performance:
— 35 ns Typical Data Delay Time
— 20 ns Typical Enable Time
Reliable Ti-W Fuse Links for Fast, Low-Voltage Programming
Choice of 3-State ("S330) or 2.5 k2 Passive-Pullup (‘S331) Outputs
‘S331 Drives Low-Threshold MOS Directly

ml o f—m
- o —n
of ~ o

c
I

3
c

JLFO_ _F1, GND

positive logic: see description and function diagram

description

These high-performance, Schottky-clamped 12-input, 6-output logic arrays can be field programmed to provide 50
product terms derived from the 12 inputs and sum the 50 products onto 6-output lines. They feature an input (L/EN)
which can be dedicated during programming to serve as an output enable line making the FPLA expandable with
respect to product terms. As the enable can be programmed active high or low, package selection can be implemented
for two FPLA's with no external components.

For every product term, 12 input variables can be programmed as high or low. Logic flexibility is further enhanced by
the feature that the six outputs can be programmed individually to be active high or low. Unused product terms can be
programmed to disable all outputs.

The SN54S5/74S330 is implemented with bus-driving 3-state outputs and can be connected directly to similar outputs in
a bus-organized system.

The SN54S/74S331 is implemented with a 2.5 k§2 passive pull-up resistor on each output meaning that:
a. The output can be combined with other similar or open-collector outputs to perform the logical wire-:AND
or a simple enable/disable function.
b. The outputs are also rated to source 250 pA of current at VQH = 3.7 V minimum for direct interface with
low threshold logic families such as MOS.

The Ti-W fuse links, also used in these FPLA's, feature the same low-voltage programming characteristics and proven
reliability which Texas Instruments PROM'’s have demonstrated over a number of years.

TEXAS INSTRUMENTS



SN545330,SN54S331,SN748330,SN74S331

12-INPUT/6-0UTPUT EXPANDABLE FIELD-PROGRAMMABLE

LOGIC ARRAYS

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

Supply voltage, VcC (see Note 1)

Input voltage

Off-state output vollage

Operating free-air temperature range

Storage temperature range

SN54S330, SN54S331

SN74S330, SN74S331

NOTE 1: Voltage values are with respect to network ground terminal

recommended operating conditions

A"
55V
55V

,55"0 to 126°C
0°Cto 70°C
-65°C to 150°C

SN54S330, SN54S331| SN74S330, SN74S331
MIN NOM MAX | MIN NOM MAX unIv
Supply voltage, Voo 45 5 5.5 4.75 5 65.25 v
High-level output current, I —[ 5330 (TS5 -2 =65 mA
| 's331 (2.5 kQPuliup) -0.5 -0.65
Operating free-air temperature, T -55 125 0 70 °c

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

PARAMETER TEST CONDITIONS? MIN TYP¥ MAX MIN TYP¥ MAX |UuNIT
ViH  High-level input voltage 2 2 v
ViL Low-level input voltage 08 08 v
Vi Input clamp voltage Ve = MIN, Iy = -18 mA -1.2 -1.2 v
Vee = MIN,
'$330 cc loH=MAX |24 34 24 31
VoH High-level output voltage - VIH=2V v
$331 loH =250 A | 3.7 43 37 43
ViL=08V
Vee = MIN, ViH=2V,
VoL Low-level output voltage cc 'H 05 0.5 v
VIL=08V  lgL=20mA
1ozH | Off-state output current,
'$330 Vec=MAX | vo=24V 50 50 HA
Toff high-level voltage app!ied
, Off-state output current, 330 v - MAX Vo =08V s0 50 A
0ZL  \ow-tevel voltage applied cc ! 0
Input current at maximum
Iy Vee = MAX, =55V 1 1 mA
input voltage
[ High-level input current Ve = MAX, =27V 50 50 HA
TR Low-level input current Vee = MAX, =05V —-0.25 -0.26 | mA
. Short-circuit output 'S330 Vee = MAX -30 —100 -30 ~100 A
m
08  current 5331 Vee =5V ) 29 | 15 "29
] Suppl! $3% \Z MAX See Note 2 110 110 A
current = . ee Note
cc Supplyeu 5331 cc 22 122 "
TFor conditions shown as MIN or MA X, use the appropriate value specified under operating
*All typical values are at Vo =5V, Ty = 26°C.
*Not more than one output of the ‘S330 should be shorted at a time.
NOTE 2: Igc is measured with all outputs open and all inputs grounded.
switching characteristics, Vcc = 5V, Ta = 25°C
PARAMETER FROM TO TEST CONDITIONS MIN TYP MAX UNIT
tPLH A A 3 ns
ny input ny output
PHL CL=30pF 35
2L Enabl A tput s
nal ny outpu n
tzH ° v outp 15 *
tHZ 20 ns
Enable Any output CL=5pF
Wz 20
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SN548330,SN545331,SN745330,SN745331

12-INPUT/6-OUTPUT EXPANDABLE FIELD-PROGRAMMABLE
LOGIC ARRAYS

functional block diagram

QUTPUT
ENABLE

o
o3

g

Fi=[{A+A)-(B+B). . ... (L+D)) + [(A+A)-(B+B). ... .. ((R] EP +HA+A)-(B+B). ... (L+D)] 49
E.=(ARDC RPNV -Tol e +iARC 1) ae
Fi={ABC......Lig+{ABC. L 4+(ABC......Llag
WHERE:
Fi=Fp. Fq, F2, F3, F4. or Fg
(ABC....... L); = 12 PROGRAMMABLE INPUTS FOR EACH OF 50 PRODUCT TERMS

expanding product term, inputs and outputs

EXPAND EXPAND EXPAND
PRODUCT TERMS NUMBER OF INPUTS NUMBER OF OUTPUTS
'$330/'$331
e
)
o 3 e = e el —
2! | PLA & T FLa g 2 i PLA
z ! A > T A 5 2 A —a
- | o o z |
o 1 ° 1 > |
1 » | © 0
4
= 7 o
2 a
n.< =
'$330/'S331 H >
z Ly - — | 2
T : ,;' | ——
! | L -
| PLA | | PLA | PLA
| 8 Po— 8 | e E——
—_—
| jo— | —
o— -/
OVERLAP INPUTS OVERLAP INPUTS N:N
AND OUTPUTS 1:1 AND OUTPUTS 1:1 OVERLAP INPUTS N:N
® CODE OUTPUT ENABLES TO ® OVERLAP INPUTS BY N-BITS ® USE OUTPUTS INDEPENDENTLY
ENABLE PLA “A” FOR SOME
INPUT PATTERNS AND PLA "B ® CODE OUTPUT ENABLES TO ENABLE @ CODE OUTPUT ENABLES THE SAME
FOR THE REST PLA “A" OR "B AS APPROPRIATE FOR BOTH PLA A AND B

THcannat as:ume any respONSIDINTY for any Circurts sShOwR
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SN54S330,SN545331,SN745330,SN74S331
12-INPUT/6-OUTPUT EXPANDABLE FIELD-PROGRAMMABLE

LOGIC ARRAYS
SCHOTTKY BIT-SLICE MICROCOMPUTER
§‘
N
[2)
I Look-
AHEAD
CONTROL PROM < PROCESSOR ELEMENT
SN745471 OPERATION SELECT SN745481
SN748472 T3
PERIPHERALS
A===iSTATUS
BIO AIN _AOB 008
& 3
S s TA 10
= ol =K E 2 /)
il = <Rl BRI A ) FIFO 1
) = — I S, (F——— - ~ 1
<|[ < = !é // )
g o |
Z N =4 / \SNT4S225 11
= Co
\
—A
RY CONTROL
CONTROL ELEMENT P L l MEMO 1
SN745482 , ), WORKING 1 MAIN
T TR A T T TS MEMORY | MEMORY
SN745330 Y SN745207 : SN745214
- SN
45208 |
CLOCK GENERATOR INTERRUPT sNMS208 |
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SCHOTTKY TYPES SN54S373, SN545374, SN74S373, SN748374
ITL MS/ OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

OCTOBER 1975

e Choice of 8 Latches or 8 D-Type Flip-Flops SN54S373 . ..J PACKAGE
In a Single Package s~745373(.r.6: s'REvh\l”PACKAGE
e 3-State Bus-Driving Outputs
o Full Parallel-Access for Loading and Reloading Ve ® ® m 0 o © w o
o Buffered Control Inputs
e Clock/Enable Input has Hysteresis to Improve

Noise Rejection
e P-N-P Inputs Reduce D-C Loading on
Data Lines

SN745373
o e W ® m W ™ W W o
OUTPUT | ENABLE conmnot
p | outpuT
CONTROL G
L H H H logic: see function table
L H L
L L X Qg
H X X Hi-
-2 SN54S374 . . . J PACKAGE
SN745374 .. .J OR N PACKAGE
(TOP VIEW)
SN745374
ouTPUT
cLock D | OUTPUT
CONTROL
L t H H
L t L
L L x Qg
H X X Hi-Z

Qg © the level of Q before the \ndicated stead-state input conditions
waere established.

high |

H igh level oureuT 10 0 20 20 0 0 0 « GND
L = low level conTROL

Hi-Z = high impedance

X = irrelevant

1 = transition from low to high leve!
logic: see function table

description

These 8-bit registers feature totem-pole 3-state outputs designed specifically for driving highly-capacitive or relatively
low-impedance loads. The high-impedance third state and increased high-logic-level drive provide these registers with the
capability of being connected directly to and driving the bus lines in a bus-organized system without need for interface
or pull-up components. They are particularly attractive for implementing:

Buffer Registers

1/0 Ports

Bidirectional Bus Drivers
Working Registers.

The SN54S373 and SN74S373 are transparent D-type latches meaning that while the enable (G) is high the Q output
will follow the data (D) input. When the enable is taken low the output will be latched at the data that was setup.

TENTATIVE DATA SHEET tintegrated Schottky-Barrier diode
clamped transistor is patented by

This document provides tentative information TEXAS IN ST RU M EN TS Texas Instruments. U.S. Patent

on s new product. Texas Instruments reserves Number 3,463,975
the right to change specifications for this T
product in any manner without notice.



TYPES SN54S373, SN545374, SN74S373, SN74S374
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

description (continued)

The SN54S374 and SN74S374 are edge-triggered D-type flip-flops. On the positive transition of the clock the Q output
will be set to the logic state that was setup at the D input.

Schmitt-trigger buffered inputs at the enable (‘S373) and clock (‘S374) lines simplifies system design as a-c and d-c
noise rejection is improved by typically 400 mV due to the input hysteresis. A buffered output control input can be
used to place the eight outputs in either a normal logic state (high or low logic levels) or a high-impedance state (Hi-Z).

In the Hi-Z state the outputs neither load nor drive the bus line significantly.

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

Supply voltage, Vg (see Note 1) .7V
Input voltage . . . . 55V
Off-state output voltage . 55V

Operating free-air temperature ra

Storage temperature range

NOTE 1

nge: SN54S373, SN545374
SN74S373, SN74S374

Voltage values are with respect to network ground terminal.

recommended operating conditions

—-55°C t0 125°C
0°Cto 70°C
—65°C to 150°C

SN54S8373, SN54S374 SN748373, SN745374 UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, Ve a5 5 55 | 4.75 5 6.25 v
High-level output voltage, VoH 55 55 v
High-level output current, oy 2 6.5 mA
High 6 6
Width of clock/enable pulse, t,, [ L, ns
| Low 7.3 7.3
L 'S373 0} 0}
Data setup time, t, b ns
P time, tg, '$374 5t 51
‘5373 10, 104
Data hold time, tp, ns
‘$374 2t 2t
Operating free-air temperature, T o -55 125 0 70 c |
"1 The arrow indicates the transition of the ciock enable input used for reference | for the low-to-high transition, 4 for the high-to-low transit-

on
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TYPES SN54S373, SN54S374, SN745373, SN74S374
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

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

PARAMETER TEST CONDITIONS! MIN Tvpt MAX UNIT
VIH High-level input voltage o 2 \
Vi Low-level input voltage o 0.8 \
ViK Input clamp voltage Vg = MIN, I} =—18mA -1.2 \
v High-lovel ) SN545° Vee = MIN, ViH=2V, 24 34 v
igh-| tput volta
OH  High-level outputvoltage  I™gx7as" ViL=08V, 1M = MAX 24 3.1
v Low-level It Vce = MIN, VIH=2V, 05 v
- tput voltat :
oL Lowlevel output voltage VL =08V, IoL = 20 mA
Off-state output current, Vce = MAX, ViH=2V,
lozH . 50 uA
high-level voltage applied Vg=24V
Off-state output current, Vce = MAX, VIH=2V,
lozL -50 uA
low-level voltage applied Vg =05V
1] Input current at maximum input voltage Ve = MAX, Vi =55V 1 mA
hH High-level input current Vce = MAX, V=27V ] . 50 HA
h Low-level input current Vce = MAX, V=05V —250 WA
los Short-circuit output current¥ Vee = MAX -40 -100 mA
' Supp! v MAX 'S373 105 160 A
U nt =
cc PPy curre cc [saza 90 140 | "

TFor conditions shown as MIN or MA X, use the appropriate value specified under recommended operating ccnditions.
T Al typical values are at Ve = 5V, Tp = 25 C.
SNot more than one output should be shorted at a time and duration of the short-circuit test should not exceed one second.

switching characteristics, Vo =5V, Ty = 25°C

FROM TO '$373 'S374
PARAMETER TEST CONDITIONS UNIT
(INPUT) (OUTPUT) MIN TYP MAX [MIN TYP MAX
frmax 75 100 MHz
I 1 5 9
| PLH Data Any Q 9 13 — ns
tPHL
} C_ =15pF, R =280%,
‘ Clock or v SeL \ P RL Ta 8 15
t n
'PLH enable v e note 12 18 noo7] "
t Output 8 15 8 15
ZH utpu Any Q ns
tZL Control 1" 18 1 18
t Out = F, Ry =280, 6 9 5 9
| HZ utput Any Q CL =5pF, L 0 ‘ s
| tLz Control See Note 8 12 | 7 12

NOTE: f,, is tested with all outputs loaded. See load circuits and waveforms on page S-87 of Supplement to The 'V Date Book for Desien
Engincers. ccate.

fmax = Mmaximum clock frequency

tpL 4 ~ Propagation delay time, low-to-high level
tpHL = Propagation delay time, high-to-low level
tzH - Output enable time to high level

output enable time to low leve!

output disable time from high level

t| 7z = output disable time from low level

TEXAS INSTRUMENTS



TYPES SN54S373, SN54S374, SN74S373, SN74S374

OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

APPLICATIONS

BIDIRECTIONAL BUS DRIVER
ouTPUT

CONTROL 1

r 10 A [T
20 20 —
30 3 -
BIDIRECTIONAL v o s« BIDIRECTIONAL
DATA BUS 1 t saf—1iile —— (oaTABUSZ
e
+—{r0 70 1+t 1119 —
+—e0 % sa A J
ouTPuUT L J ouTPUT
cLock 1 H+ L [ cLock 2
RN 0 \Y4 )
(AR - ex 0f J|
[ =% sob— 1
[ — ) wopb— 1
J ‘ e 1) 50 _,M,,,J i
[} 60 —] }
L fa whb——
s N PO —
Y oumur
CONTROL 2

ouTreuT

cLock 1
EICNANGG
cLocK
ouTPUT
CLOCK 2

CLOCK CIRCUIT FOR BUS EXCHANGE

EXPANDABLE 4 WORDSBY 88!T GENERAL REGISTER FILE

y—<{ SN748374
1/25N748130
L e vo r—-<{ SN748374
12
—a 2
ENABLE SELECT
—is  v3 SN748374

{ SN748374

v
1/2 SN748139
A L]
cLock
SELECT

cLOCK
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SCHOTTKY * TYPES SN54S412, SN745412
T7L MS/ MULTI-MODE BUFFERED LATCHES

OCTOBER 1975

® P-N-P Inputs and 3-State Outputs Maximize SN54S412 .. .J OR W PACKAGE
- SN74$412...J OR N PACKAGE
1/0 and Data Bus Capabilities (TOP VIEW)
e Data Latch Transparency Permits wrER DATA NPUTS AND OUTPUTS
ROt o DRTANUTSINOOUTROTS

Vec OUT (W OUT M OUT N OUT N OUT CLEAR SEL2

Asynchronous or Latched Receiver Modes
Mode and Select Inputs Permit Storing :
With Outputs Enabled or Disabled [# o o008 07 's 005 ois bos
Strobe-Controlled Flag Flip-Flop Indicates '

Status or Interrupt
e Asynchronous Clear Sets All Eight Data
Lines Low and Initializes Status Flag
High-Level Output Voltage, Typically 4 V,
Drives Most MOS Functions Directly

Direct Replacement for Intel 3212
or 8212 logic: see function table

oUT W

conTROL

DATA INPUTS AND OUTPUTS

description

This high-performance eight-bit parallel expandable buffer register incorporates package and mode selection inputs and
an edge-triggered status flip-flop designed specifically for implementing bus-organized input/output ports. The
three-state data outputs can be connected to a common data bus and controlled from the appropriate select inputs to
receive or transmit data. An integral status flip-flop provides package busy or request interrupt commands. The outputs,
with a 4-volt typical high-level voltage, are compatible for driving low-threshold MOS directly.

DATA LATCHES

n The eight data latches are fully transparent when the internal gate enable, G, input is high and the outputs are enabled
(OE = H). Latch transparency is selected by the mode control (M), select (51 and S2), and the strobe (STB) inputs and
during transparency each data output (DO;) follows its respective data input (DI;). This mode of operation can be

terminated by clearing, de-selecting, or holding the data latches. See data latches function table.

MODE SELECTION
An input mode or an output mode is selectable from this single input line. In the input mode, MD = L, the eight data
latch inputs are enabled when the strobe is high regardless of device selection. If selected during an input mode, the

outputs will follow the data inputs. When the strobe input is taken low, the latches will store the most-recently setup
data.

In the output mode, M = H, the output buffers are enabled regardless of any other control input. During the output
mode the content of the register is under control of the select (S1 and S2) inputs. See data latches function table.

The status flip-flop provides a low-level output signal when:
a. the package is selected

b. a strobe input is received.

This status signal can be used to indicate that the register is busy or to initiate an interrupt type command.

TENTATIVE DATA SHEET tintegrated Schottky-Barrier diode-
This document provides tentative information clamped transistor is patented by
340 on s new product. Texss Instruments rewrves ] EXAS INSTRUMENTS Texs instruments. U. S. Patent
the right to change specifications for this Number 3.463.975.
product in any meanner without notice.



TYPES SN54S412, SN748412
MULTI-MODE BUFFERED LATCHES

functional block diagram

r—-———~>~~>H>— - - - - - - - T T A
| |
I |
I CPReSEY |
! 7 |
| D cx ]
an ! 1
sv8 + |
~ @ |
s _m ! I___D— |
s2 13) oS 1 -j > 2 o
I ok I
@ |
oI (&)
! [¢] + D01
i [ CLR 1" ;
! ) |
— |
orz_ts | D n )
| [} 1> 00 2
| G cLr |
] | | |
|
o320 : {o Ql ;L L ®  oos
| G cLr 1 %
' |
o B
|
oi4 ; o Ql > # AL
| G _CLR |
I - |
os ¢ | fo 1 .
! a 1o Dos
| G CLR |
! - I
(18) | P |
ore 1 o Ql J Lan o
| 6 _cLr 12
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P9 |
200 |
o172 ‘ a |09 oo
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TYPES SN54S412, SN74S412
MULTI-MODE BUFFERED LATCHES

DATA LATCHES FUNCTION TABLE

FUNCTION | CLEAR | M | S1 | s2 | sT8 | DATAIN | DATA OUT
o L RlA x| x X L
ear L Lo jw | L X L
o X Llx |t | x X z
o select x LlwH x| x X z
H AT R L X X
Hold Go
H I T AT X 0o
H AT LR X T T
Data Bus
H HlL|H | x H H
H T VN B T T
Data Bus
H I O TR H H

H = high level (steady state)
ow level (steady state)

X

Z = high impedance (off)

| =transition from low to high level

rrelevant (any input, including transitions)

STATUS FLIP-FLOP FUNCTION TABLE

CLEAR| §1 | s2 | stB | iNT
L Wl x| X H
L X |t X H
H X X 4 L
H L|n | x L

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

Supply voltage, Vc( (see Note 1)

Input voltage

Operating free-air tempe

Storage temperature range .

NOTE 1: Voltage values are with respect to network ground terminal,

rature range: SN545412 .

SN745412 .

recommended operating conditions

7V
. . 55V
. -55°C to 125°C

0°C to 70°C
. —65°C to0 150°C

SN548412 SN745412 UNIT
MIN NOM MAX MIN NOM MAX

Supply voltage, Vce 4.5 5 55 4.7% 5 5.25 v
Pulse width, t,, I STB or 51 - S2 25 25

(soe Figures 1, 2, and 4) [ Ciear tow 25 25 "
Setup time, tg,, (see Figure 3) 154 154 ns
Hold time, tp, (see Figures 1 and 3) 20} 20! ns
Operating free-air temperature, T p -55 125 0 70 °c

| The arrow indicates that the falling edge of the clock pulse is used for referance.

342
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TYPES SN545412, SN74S412
MULTI-MODE BUFFERED LATCHES

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

PARAMETER TEST CONDITIONS! SN548412 SNasssia UNIT
MIN TYpt mAX |MIN TYPt MAX
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.85 0.85 \2
ViK Input clamp voltage Ve =MIN, 1) =-18mA -1.2 -1.2 \Y
\% =MIN, Viy=2V,
VoH  High-evel output voltage cc 1H 365 Il 365 4 v
ViL=08V, IgH=-1mA
V =MiIN,
cc IoL = 15 mA 0.45 0.45
VoL Low-level output voltage VIH=2V, \4
oL = 20mA 05 05
ViL=08v
Off-state output current, DO 1 thru
10ZH X Vee =MAX, Vg=24V 50 50 uA
high-evel voltage applied DO 8
Off-state output current, DO 1th
lozL put curre ™ | Vec=MAX, Vo=05V -50 50 | wA
low-level voltage applied DO 8
Input current at
0 Vee =MAX, V=55V 1 1| ma
maximum input voltage
"H High-level input current Vee = MAX, V=525V 20 10 HA
51 -1 -1
T8 Low-level input current ™M Vee = MAX, V=04V -0.75 —0.75 A
m
All others . —0.26 —0.25
10s Short-circuit output current§ Vee = MAX -20 —65 | -20 —65 mA
Icc Supply current Ve = MAX,  see Note 2 82 82 130 mA
TFor conditions shown as MIN or MA X, use the appropriate value specified under recommended operating conditions.
tAll typical values are at Voc =5V, Tp = 25°C.
§Not more than one output should be shorted at a time,
NOTE 2: Icc is messured with all outputs open, clear input at 4.5 V, and all other inputs grounded.
switching characteristics, Vec =5V, Tp= 25°C
PARAMETER  FROM TO FIGURE TEST CONDITIONS MIN  TYP  MAX | UNIT
1| =, An
PLH STB, 51, or 52 v " 18 27 .
PHL bo €y =30 pF 15 25
— L= B
1 CLR Al DO 2 1
'PH" s See Note 3 1: :; ns
PLH oy; 00; 3 ns
PHL 10 20
LA S1orS2 INT 4 CL = 30 pF, 12 20
PHL sTB INT ) See Note 4 16 25 "
t - -
ZH §1,52,0rM | Any DO 5 Cp = 30pF, 21 3% s
tZL See Note 3 25 40
t = g CL=5pF
—H2 | 51 s20rm Any DO 5 L=5pF, 9 20 N
10z See Note 3 12 20

12 =output enable time to high leve!
tZ Toutput enable time to low level

142 = output disable time from high level
T2z = output disable time from low level

NOTES: 3. Three-state output load circuit is shown on page S-87 of the Supplement to the TTL Data Book for Design Engineers, cC-416.
4. Bi-state totem-pole output load circuit is shown on page S-87 of the Supplement to the TTL Data Book for Design Engineers,

CC-416.
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TYPES SN545412, SN74S412
MULTI-MODE BUFFERED LATCHES

PARAMETER MEASUREMENT INFORMATION

DATA INPUT

STB OR §1:52

DATA OQUTPUT

CLEAR INPUT

DATA QUTPUT

DATA INPUT

STBOR 5152

DATA OUTPUT

STROBE

§1.s2

INTERRUPT OUTPUT

——————— — —_— 25V
15V )»/_1.5v
_____ - - ov

h I———tt-'-'-—-—- 25V

L‘- tPHL -D1 ov
oo T T T T T VoH
15V
—_—————— = — VoL
FIGURE 1 — STROBE OR SELECT TO DATA OUTPUT
fo— twicir) " 25V

15V 15V
- —— — — -~ oV

—————— VoH
15V
VoL

F————— - 25V
st* ¥1.5v
- e —— =~ OV

—_—— - — —— 25V

| \st
ov

————— — — — — — VoH
15V
—

- - VoL

}‘_—.f twistb)

25V
\__}/1 5V
—_ —= 0V
‘w(sel)—'l'——.nﬁ— tPLH Vou

15Vv

——— v
j“’Ltpm oL

FIGURE 4 — STROBE OR SELECT TO INTERRUPT OUTPUT

§1.52 15V 15V
! l ov

— 45V
DATA OUTPUT 15V | __E 05V
(LOW STORED) /{(_‘_

FIGURE 5 — SELECT TO DATA OUTPUT
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TYPES SN54S482, SN74S482
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS

MARCH 1976

® 4.Bit Slice is Cascadable to N-Bits SN545482 . . . J PACKAGE
o Designed Specifically for Microcontroller/ SN74s482 "T'O‘PJ\?‘:‘,:“) PACKAGE
Next-Address Generator Functions

SEL INPUTS oUTPUTS

® Increment/Decrement by One (lmmediate or
Direct Symbolic Addressing Modes)
e Offset, Vector, or Branch (Indexed or Relative

Vee €K S5 S CLR FO F1 2 f3 A0

Addressing Modes) P T
® Store Up to Four Returns or Links (Program I |
Return Address from Subroutine) T ‘45‘
® Program Start or Initialize (Return to Zero i [ s3 Cow Cn st s2 a3 a2 a
or Clear Mode) ‘] i T i
® On-Chip Edge-Triggered Output Register " H2HasHaTdsHs 789w
(Provides Steady-State Micro-Address/ S S5 Com Tm ST W AT Az AT WD
Instruction) SELINPUTS SELINPUTS INPUTS

® High-Density 20-Pin Dual-in-Line Package

. . . . sitive logic: See f ble.
with 300-Mil Row Pin Spacing posttive fogic: See function table

description

The 'S482 is a high-performance Schottky TTL 4-bit-slice control element for use in any computer/control application
requiring the coupling of high-performance bipolar speeds with the flexibility of microprogram control and bit-slice
expandability. When used as a next-address generator, two ‘S482 elements can address up to 256 words of
microprogram; three elements can addresss up to 4096 words of microprogram; or a number of ‘S482 elements can
generate N words in multiples of four lines.

Comprised of an output register, push-pop stack, and a full adder, the 'S482 provides the capability to implement

multiway testing needed to generate or to determine and select the source of the next function of microprogram
address.

functional block diagram

CARRY INPUT CLOCK CLEAR
{ N |
CLR
DATA A, cK
IN D1 a
aBIT
FULL T, T —T > 4- aBiT I\, DATA
ADDER IDE| REGISTER ! ouT
o 4 Y mux
o [ v 4
x| __4worD __ |
l 3___PUSN/POP __ "
@©
s STACK <L)
CARRY S oy "7
out }” o
s1 82 s34 S5 56
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TYPES SN545482, SN74S482
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS

output register and source functions

The 4-bit edge-triggered register provides a steady-state output throughout each system clock cycle. An asynchronous

clear extends the multiway testing to directly implement system initialization at ROM address zero.

Two source-select lines (S5, S6) provide the output register with access to either the current instruction (no change),
an operand or address stored in the push-pop stack, the output of a four-function full adder, or a direct data-in address

port. The sources and functions are summarized in Tables | and Il

TABLE |. REGISTER SOURCE FUNCTIONS

SELECT REGISTER INPUT SOURCE

55 | s6 )

L | L | pATA:INPORT (Di)

L | H | FULL ADDER OUTPUTS (xi)

H | L | PUSH-POPSTACK OUTPUTS (Qi)
H | H | REGISTER OUTPUTS (HOLD)

H . high level, L  low level

TABLE 1. PUSH-POP STACK CONTROL AND REGISTER-SOURCE FUNCTIONS

HOLD
CLEAR

PUSH-POP
STACK
“HOLD"

PUSH-POP
STACK
“LOAD"

PUSH-POP
STACK
“POP”

PUSH-POP
STACK
“PUSH"

MSB LS8

=3, 2, 1,
Ai = Data inputs

o

INPUTS INTERNAL | OUTPUTS
$3|S4|S5|56 |CLOCK [CLEAR QiA Fi
X [ x| x]x L H QiA0 Fi0
X[ X | X|X X L QiAD L
L{icfofu 1 H QiA0* Di
LiL|L[H 1 H QiAD* i
Liu]H]L t H QiA0* QiAo
Llc[n|H 1 H QiA0* Fi0
LiH|L]|L ' H vit Di
LiH[L R H vit vi
LIH[H]|L t H vt QiAD
L{H[H]H B H Tit Fi0
H{LlL]L [ H aigof Di
H|L|L{H t H QiBo" v
H|{L|H|L t H Qigot QiA0
H|{L|H|H t H Qio? Fi0
HiH[L|[L t H vit Di
HIH|LI|H t H vit i
H|H|H L 1 H vit QiA0
H|H|H|H B H vit Fi0

QiA = Push pop stack word A output (internal)
QiAD = the level of Qi before the indicated
inputs conditions were established

F1 = Device outputs

Fi0 - the level of F1 before the indicated input
conditions were established

Y1 = Adder outputs (internal)

*QiB. QiC, QiD do not change

'QiD0 —~ QiD, QIDO + QiC,Q:CO - QiB, QB0 ~ QA

tQia0 - QiB, QB0 QiC,Q:CO QD

346
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TYPES SN54S482, SN745482
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS

push-pop stack control

The 4-word push-pop stack can be used for nesting up to four levels of program or return (link) addresses. In the load
mode, the first (top) word is filled with new data from the output of the full adder, and no push occurs meaning that
previous data at that location is lost. However, all other word locations in the push-pop stack remain unchanged. In the
push mode, the new word is again entered in the first (top) location; however, previous data residing in the top three
words are pushed down one word location and retained at their new locations. The bottom word is written over and
lost.

In the pop mode, words in the push-pop stack move up one location on each clock transition. A unique function is
provided by the bottom (fourth) register as its content is retained during the pop mode, and after 3 clock transitions,
all words in the stack are filled with the operand/address that occupied the bottom register

The operand/address will remain available indefinitely if stack functions are limited to the pop or hold modes.

The push-pop stack functions are shown in Tables |1 and IIl.

TABLE 1. PUSH-POP STACK FUNCTIONS

SEL. | REG. | REG. | REG. | REG. | INPUT/
FUNCTION
s3|s4| D c 8 A ouTPUT
BITO LOAD L | v | aico | aico | aiBo | EiIN
v
T PUSH H| H - i
B 3 Qico | QB0 | QiAo | xi N
FaEE - - -
BIT2 POP ML aia
| aoo | apo | aico | aigo | HAOUT
BIT3 HOLD L | Lt | aoo | aco | aBo | aiao | QiA OUT

ulink operations show previous data location after clock transition,

full adder

The four-function full adder is controllable from select inputs S1 and S2 to perform:
A or B incrementation, or decrementation of B
Unconditional jumps or relative offsets
No change

Return to zero or one

Incrementation can be implemented by forcing a carry (high) into the ALU. In this mode either of the following options

are possible:
1. Increment (A plus zero plus carry)
2. Increment B (zero plus B plus carry), or decrement B (all highs at A then A plus B with carry input low and

disregard, don’t use, carry out)

3. Increment the jump or offset (A plus B plus carry)
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TYPES SN54S482, SN745482
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS

full adder (continued)

4. Start at zero or one and increment on each clock (select zero plus zero plus carry, then select zero plus B
plus carry), or set register to N and decrement B (see 2 above).

5. No change (carry input is always active and removal of carry combined with either the ALU or register hold
mode will retain the current address)

Unconditional jumps can be implemented by applying and selecting the jump directly from the data inputs to the
output register. Offset can be accomplished by summing the output register with the offset magnitude (A plus B) with
carry low.

The ALU functions are shown in Table (V.

TABLE IV. ADDRESS CONTROL FUNCTIONS

INPUTS INTERNAL

S1 S2 i

H H 0 PLUS 0 PLUS C-in

H L 0 PLUS Bi PLUS C-in

L H Ai PLUS 0 PLUS C-in

L L Ai PLUS Bi PLUSC-in__ |

compound generator functions

As the function-select tines of the register sources, push-pop stack, and adder are independent, compound functions can
be selected to occur on the next clock transition.

Subroutine branches and returns can be simplified by saving the return or link addresses in the push-pop stack. This
branch-and-save function can be accomplished on the same clock time as follows:

DATA-IN ADDER PUSH-POP STACK REGISTER SOURCE
Branch address Zero plus B plus one Push Data-in
(81 =H,82=1L) (83=84=H) (85=86=1L)

Up to four branches can be made with the return stored in the 4-word push-pop stack.

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

Supply voltage, Vi (see Note 1) . . . . . . . . . . ...V
Inputvoltage . . . . . . . . . . . . . . . . . . . .. . . . . . . . ..... b5V
Off-state output voltage . . . . . . . . . . .. ..o 55V
Operating free-air temperature range: SN54S482 . . . . . . . . . . . . . . . . . .-55°Ct0125°C

SN74S482 . . . . . . . . . . . . . . .. ...0Ctw707C
Storage temperature range . . . . . . . . . . . . . . . . . . . . . ... . .-85Ct150°C

NOTE 1. All voitage values are with respect to network ground terminal.
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TYPES SN54S482, SN745482
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS

recommended operating conditions

B SN545482 SN745482 ONIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Vo 4.5 5 55 | 4.75 5 5.26 \
High-level output current, IoH Larry output = =1 ma
Any F output -2 -2
Low:-level output current, IgL Carry output 0 10 mA
Any F output 16 16
Data-in, S5, S6 ot ot
Data-in via adder 201 151
Setup time, tg, S1,S52 40t 30t ns
S3,54 20t 151
Clear-inactive state ot ot
Putse width, 1 Clock (high or low) 50 30 s
Clear (low) 15 15
Clock input rise time, t, 20 25 ns
Data-in, S5, S6 301 251
Hold time, Data-in via adder 151 10t ns
’ S1.82 151 10t
S3, 4 251 201
Operating free-air temperature, Tp -55 125 0 25 70 °c

T The arrow indicates that the rising edge of the clock puise is used for reference.

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

SN545482 SN745482
PARAMETER TEST CONDITIONS' UNIT
MIN_ TYPt MAX | MIN TYPt MAX
ViH High-level input volitage 2 2 \
Vi Low-level input voltage 08 0.8 \
VK Input clamp voltage Vce = MIN, Iy = —18 mA -1.2 -1.2 \Z
V, = MIN, VIH=2V,
Vou  High-level output voltage cc IH 25 34 27 34 v
ViL=08V, 10H = MAX
Ve = MIN, Vig=2V,
Vou Low-level output voltage 0.5 05 \4
Vi =08V, 1oL = MAX
Iy Input current at maximum input voltage Ve = MAX, Vj=55V 1 1 mA
$1, 82, Cin 50 50
Highevel S3, S4, S5, S6, clock 100 100
| V =MAX, Vi=27V
H input current Clear cc ! 250 250 A
Any A 150 150
S1, 82 =1 =1
C-in -08 —08
Low-level S3, 54 =1 =1.
m Ve =MAX, V=05V 2 2 1 mA
input current Any A, S5, §6, CK -2 -2
Clear 4 4
Clock -2.8 —2.8
108 Short-circuit output current§ Vee = MAX 40 -110 | —40 —110 | mA
Icc Supply current Vee = MAX 90 130 90 140 mA
"For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
FAll typical values are at Ve =5V, Tp = 25°C.
S Not more than one output should be shorted at a time.
Ti cannot aszume any responubility for any Crrcuits shown
O represent that they are free from petent «nfringement
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TYPES SN54S482, SN74S482
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS

switching characteristics over recommended operating ranges of T and V¢ (unless otherwise noted)

PARAMETER FROM T0 TEST CONDITIONS SN545482 SN74Sa82 UNIT
MIN TYPt MAX | MIN TYpf MAX
12 30 12 2
IPLH cLock DATA OUT 3 LI .
PHL 15 30 15 25
CLEAR DATA OUT 12 25 12 2
tPHL CL. = 15pF, 2 2 12 12 -
‘PLH CARRY IN | CARRY OUT R - 280 2 ns
PHL 0 22 0 18
17 2!
IPLH DATA IN CARRY OUT 30 7B
PHL 12 30 12 25

1Al typical values are at Voo =5V, Ta = 25°C.
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TMS 1976 JL, NL
TMS 1000 SERIES CAPACITIVE-TOUCH-KEYBOARD-TO-MOS
SUPPORT CIRCUIT INTERFACE

JANUARY 1976

¢ PMOS Technology

e Variable Sensitivity to Capacitive Inputs 18-PIN CERAMIC AND PLASTIC
e Nine inputs for Capacitive-Key Interface DUA""?‘T'(L)LN:'::?“GES
e Designed for Multiplex Operation to
Increase Key Count Y1 o1 E U E] 18 Vpp
. gi;?z«:it;ve Inputs Prioritized and Encoded v2 2 E Ej 17 VRer
o Direct Interface to CMOS and most PMOS v3 3 E E‘ 16 Vss
Logic Devices va 4 E E] 15 ISR
. Single-Vo,tage Supply Operati-on » o 5E EI “ F
e Open-Drain Outputs (Compatible with
TMS 1000 Inputs) cz o] )] 13 co
B

c3 71(0 12 c8
description ca BE 0| 11 ¢7
Ccs QE 0] 10 C6

The TMS 1976 JL, NL converts outputs of a

capacitive-touch keyboard to signals compatible with

the TMS 1000/1100 series microcomputers.

Capacitive-touch keys are formed by placing two

capacitors in series. These capacitive-touch keys are located in an array, which is scanned. Application of an AC
grounded external capacitor, such as the human body, to the iunction of the two capacitors alters the net capacitive
value of the key, which lowers the voltage on the capacitive-input lines. The TMS 1976 detects this voltage change and
prioritizes and encodes it into a 4-bit binary word. The priority system prevents the generation of invalid encoder
outputs if two or more keys are touched simultaneously.

The TMS 1976 s offered in 18-pin dual-in-line ceramic (JL suffix) and piastic (NL suffix) packages designed for
insertion in mounting-hole rows on 300-mil cehters. The series is characterized for operation from 0°C to 70°C.

operation
capacitive inputs (C1 through C9)

The capacitive-input section consists of three functional elements: input buffers, latches, and an encoder. The nine
capacitive-input lines, C1 through C9, are inputs to nine identical buffers. The input buffers perform a dual function.
First, the input line is biased through a very-low-current source to a high input level. Second, the buffer is designed to
detect negative transitions from the bias point. An externally generated reference voltage applied to the VREF Pinis
supplied to the input buffers. C-input levels are compared to this reference voltage. Input buffers supply set commands
to nine identical latches. An input level on a C line 0.5 volt more negative than the reference voltage is detected and the
buffer sets the corresponding latch to a logic low.

Outputs from the latched inputs are supplied to the encoder. The encoder performs two functions. First, it prioritizes
the inputs assigning highest priority to the C1 line and lowest priority to the C9 line. Second, it encodes the touched
input having the highest priority input on to four output lines, according to the code defined in Table 1.

TENTATIVE DATA SHEET
This document provides tentative information
on a new product. Texas Instruments reserves TEXAS l N ST R U M EN TS
the right to change specifications for this
product in any manner without notice
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TMS 1976 JL, NL
CAPACITIVE-TOUCH-KEYBOARD-TO-MOS INTERFACE

operation (continued)

TABLE 1
ISR INPUT DETECTED INPUT QUTPUTS

Ya Y3 Y2 Y1
L c1 L L L H
L Cc2 L L H L
L c3 L L H H
L c4 L H L L
L Ccs L H L H
L [¢(3] L H H L
L c7 L H H H
L c8 H L L L
L c9 H L L H
L NO KEY L L L L
L RESET L L L L

fixed input (F)

The F input is similar to a TMS 1000 input in that it can be used with a standard mechanical key or logic-voltage-level
input. The F input structure consists of only a buffer to match the voitage range of the F input to levels compatible
with TMS 1000 type inputs. The F-input data will appear unchanged on output Y1 as seen in Table 2.

TABLE 2
INPUTS OUTPUTS
ISR F Y4 Y3 Y2 Y
H L L L L
H H L L L H

input select and reset control (ISR)

The ISR control line selects either the capacitive inputs (C1 through C3) or the fixed input (F). A high level on ISR will
select the F input. A low leve! or floating condition on ISR will cause the C inputs to be selected. ISR also resets the
capacitive-input latches in preparation for the next keyboard-scan pulse. A high level on ISR will unconditionally reset
these latches and maintain a reset condition until returned to a low level. All reset latches will generate the same output
as if no keys were pressed. Automatic reset of the capacitive latches can be performed by alternate scanning by a
TMS 1000. Odd scans can address the keys while even scans can reset the latches

voltage reference (VRgg)

The voltage level at VREF sets the input compare levels for the capacitive inputs. Thus to operate as a capacitive-touch
circuit VRep must always be applied. To detect a high level, the voltage on the capacitive-input line must be more
positive than VREf +0.3 volts. To detect a low level, the voltage on the capacitive-input line must be more negative
than Vpeg —0.5 volts.

outputs (Y1 through Y4)

The open-drain outputs are compatible with TMS 1000 type inputs. ISR controls the output multiplexer,which directs
either the fixed input or the encoded capacitive inputs to the output buffer.
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TMS 1976 JL,NL
CAPACITIVE-TOUCH-KEYBOARD-TO-MOS INTERFACE

functional block diagram

—
F -—-»-{;INPUTBUFFER L T B
| x
w
-
& > — v1
5 52
Vgg ——— > g > EE——bvz
I
Vop ——» > - o 8‘5 — v3
@
g > —— v4
2
o
— —
[ e ——
2 @ — ] .
3 ——s]0le—» >
w
—_— - >
c4 u @ >
cs > 2 o3 > ENCODER
|4
c6 > 5 +»—{ < >
a
7 ——dZ e >
B — - >
s —— - >
-
&
VRer @
@
1SR +— CONTROL

typical keyboard interface

In a typical operation it is recommended that a buffer circuit be used to drive (scan) the capacitive keys. Application of
a scan puise when no key is touched generates transitions that are at least 0.5 volt more negative than the reference
voltage causing all the latches to be set. Key touches will cause one or more of the latches to remain reset at a logic low,
since the transition when a key is touched is more positive than the reference voltage. For multiplex operation the ratio
of load-side stray capacitive to scanned-key capacitive is high, resulting in a low coupling ratio of output-to-input
voltage. In order to make level detection as reliable as possible, the key-drive voltage should be large. Voltages in the
—30- to —60-volt range are recommended. The voltage required is a function of key capacitance and number of keys
scanned. The VREF signal can be adjusted accordingly to detect the key pushes. The type of buffer/driver used
depends on the switching characteristics of the scan signal. (Note that the input buffers are designed to deiect negative
transitions.) If the scan signal normally makes a positive transition to scan, then an inverting buffer should be used. A
normally negative transition to scan requires a non-inverting buffer. The negative transition time will affect the voltage
supplied to the capacitive inputs and, hence, the required drive voltage and the required reference voltage needed to
detect the key touch. Fall times in the 500-ns range are sufficient.
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TMS 1976 JL, NL

CAPACITIVE-TOUCH -KEYBOARD-TO-MOS INTERFACE

typical keyboard interface (continued)

354

The stray capacitance on the input lines should be kept at a minimum and should not differ from one C-input line to
another. Stray capacitance 'owers the input level voltage, which increases the voltage required to drive the keyboard for
accurate key detection. Coupling from adjacent lines must be minimized. PC board leakage on the input lines is critical
and must be kept under 1 microampere at —1 volt. PC boards should be constructed so that contamination buildup
during operation will not increase leakage beyond this limit.

Because of the common reference voltage used to sense key touches, the total capacitance on each of the input lines
should be the same. In the case where the keyboard is an unbalanced array, that is, where there are a different number
of keys on each input line, extra capacitors should be added to replace the missing keys. Figure 1 represents an example
of an unbalanced array. Note that three key locations are unoccupied: crosspoints of C7-S5, C8-S3, and C8-S5. In order
to assure the same relative input levels on all C input lines, external capacitors equal in value to the capacitance of one
untouched key should be added to the C7 input while capacitors equal to two capacitive keys should be connected to
the C8 inbut. These added capacitors must be scanned by the appropriate scan pulse. Unused C input lines must each be
tied to Vpp through a resistor of approximately 100 kilohm

Blank-key positions should always be positioned on the input line in the array of lowest priority as shown in Figure 1.
Since a no-key position gives the indication that a key has been touched, any keys on the same scan line as the blank
key but of lower priority will never be seen on the outputs. An alternative to this is to generate a dummy key. This can
be accomplished by scanning a fixed capacitor tied to the input line and equal in magnitude to one untouched key. The
scan line to be used is the same line used in the blank position.

M inml m
e J 0J 0J
. 0o M
| asi J 1=
|
I
o | o
S .
c8 q:} )\(<‘ )\k‘
co —NW— Vpp
S1 S3 S5

ba! § capaciiors can by

be included in all applications,
FIGURE 1 — CAPACITIVE KEYBOARD CROSSPOINTS

Figure 2 shows a possible system configuration using the TMS 1976 and one of the TMS 1000 series microcomputers.
The capacitive inputs (C1 through C9) run directly from the capacitive-touch keyboard to the TMS 1976. The scan
lines on this keyboard are activated by TMS 1000 R outputs through inverting drivers to provide correct polarity and
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TMS 1976 JL, NL
CAPACITIVE-TOUCH-KEYBOARD-TO-MOS INTERFACE

typical keyboard interface (continued)

sufficient drive voltage. Notice that the same R outputs used to scan the keyboard can also be used to scan the display.
A 50- Hz source feeds the fixed input (F) to provide timing information for functions such as a clock or elapsed time
indicator. No interface is required between the Y outputs of the TMS 1976 and the K inputs of the TMS 1000. The
display is driven through a BCD-to-7-segment decoder thus making three O outputs available for additional control and
indicator functions (such as the alarm output shown). Also note that since the ISR control directs F to only the Y1
output, additional functions can be wire-ORed to output lines Y2, Y3, Y4, and scanned by appropriate R lines during

ISR high.

DECODE
DRIVER

S0Hz

— 00 ‘C| D D D
—1° x " < 000
02 K2 v2 <3 000 é
>
03 x4 vi e O0O0|=
o x
xe w g <= dooold
£ s =
|« |
ALARMO—e—— 04 § RO >} o isr 000 E
8 c7 E
:z ¢ r2 >t <« 000 §
— o7 " R4 > cs O D D Q
i -2 000
. A1 - % -ls: s34 ss
ON.OFF
R3 | -—No
O———1R6 Lti
- ]
’
osc
Vss  Vop
44 [}
o o

DISPLAY

ANODE
DRIVERS

Vss VoD VREF

KEYBOARD DRIVER

HIGH-VOLTAGE SUPPLY

FIGURE 2 — TYPICAL SYSTEM CONFIGURATION
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TMS 1976 JL, NL
CAPACITIVE-TOUCH-KEYBOARD-TO-MOS INTERFACE

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

Voltage applied to any device terminal (see Note 1) . R o .. . . =20Vto03V
Supply voltage, Vpp (see Note 1) oL -20Vto 0.3V
Reference voltage, VRgp (see Note 1) . . . . S .. . . . . . . =20Vto03V
Input voltage (any input) (see Note 1) . -20Vto 0.3V
Operating free air temperature range . .o P .. . . . . . . . 0Ct70°C

o -
Storage temperature range -56Cto 150 C
NOTE 1. Voltage values are with respact to Vgg (suvstrate)
*Stresses beyond those iisted under "'Absolute Maximum Ratings” may cause permanent damage to the device This is a stress rating only and
functicnal operation of the device at these or any other conditions bevond those indicated in the “Recommended Operating Conditions'*
saction of this specitication is nct impiied, Exposure 10 absolute maximum rated conditions for extended periods may affect device reliability

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Vpp ~-13 —15 -175 \
Supply voltage, Vsg 0 4
Reference voltage, VREF -3.5 Vpp *5 1
High-level fixed input voltage, V| (see Note 2) -1.3 —0.8 \
High-level capacitive input voltage, VN (see Note 2) VRef +0.3 \
Low-level fixed input voltage, V| {see Note 2) —4.5 \
Low-level capacitive input voltage, V| (see Note 2) VRep 0.5 %
Externsl leakage current on C inputs 1 HA
ISR pulse width (to reset C latches!, tw(|SR) 6 Hs
Scan pulse width, ty () 12 Hs
Rise time, t. 400 1000 s
Fall time, t¢ 400 1000 Ms
Delay time, ISR to scan, t4(|SR S) 2 s
Operating free-air temperature, T o 5] 70 C

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN Typ! MAX UNIT
Vor High-level output voltage (see Note 2) loH = -1 mA -1 Vv
ey Finput current Vi=0V 50 200 500 MA
| toL Low-level output current VoL “ Vpo -100 MA
1pDlav) Average supply current from Vpp All outputs open -1 mA
PD(av) Average power dissipation - All outputs open 15 mw
Ciicy Small-signal input capacitance, C input | V=0V, f=1kHz 10 pF
Ci(F) Smali-signal input capacitance, F input | Vi=0V, f=1kHz 10 pF
e Input resistance, C input \ Vi=-1Vv 1.5 MQ

T ANl typical values are at T -~ 25 € and nominal supaly voltages

switching characteristics over full range of recommended operating conditions

—
PARAMETER MIN MAX UNIT |
PDIC) Propagation delay time from C input 2 Uus
tPDI(F) Propagation delay time from F input a4 Hs

NOTE 2 The algebraic convention where the most negative limit i1s designated as minimum is used in this specification for logic voltage levels

only.
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TMS 5501
MULTIFUNCTION INPUT/OUTPUT CONTROLLER

1. INTRODUCTION

1.1 DESCRIPTION
The TMS 5501 is a multifunction input/output circuit for use with Ti’s TMS 8080 CPU. It is fabricated with the same
N-channel silicon-gate process as the TMS 8080 and has compatible timing, signal levels, and power supply

requirements. The TMS 5501 provides a TMS 8080 microprocessor system with an asynchronous communications
interface, data [/O buffers, interrupt control logic, and interval timers.

SYNC ce
s
8
v
INT
NPyt oureut
CONTROL PORT PORT
A0A3
i

TRANS
MITTER
BUFFER

FIGURE 1-TMS 5501 BLOCK DIAGRAM

The 1/0 section of the TMS 5501 contains an eight-bit parallel input port and a separate eight-bit parallel output port
with storage register. Five programmable interval timers provide time intervals from 64 us to 16.32 ms.

The interrupt system allows the processor to effectively communicate with the interval timers, external signals, and the’
communications interface by providing TMS 8080-compatible interrupt logic with masking capability.

Data transfers between the TMS 5501 and the CPU are carried by the data bus and controlled by the interrupt, chip
enabie, sync, and address lines. The TMS 8080 uses four of its memory-address lines to select one of 14 commands to
which the TMS 5501 will respond. These commands allow the CPU to:

- read the receiver buffer

- read the input port

- read the interrupt address
read TMS 5501 status

- issue discrete commands

- load baud rate register

- load the transmitter buffer
- load the output port

- load the mask register

- load an interval timer

358 TEXAS INSTRUMENTS



TMS 5501
MULTIFUNCTION INPUT/OUTPUT CONTROLLER

The commands are generated by executing memory referencing instructions such as MOV (register to memory) with the
memory address being the TMS 5501 command. This provides a high degree of flexibility for 1/O operations by letting
the systems programmer use a variety of instructions.

SUMMARY OF OPERATION
Addressing the TMS 5501

A convenient method for addressing the TMS 5501 is to tie the chip enable input to the highest order address line of
the CPU’s 16-bit address bus and the four TMS 5501 address inputs to the four lowest order bits of the bus. This, of
course, limits the system to 32,768 words of memory but in many applications the full 65,536 word memory
addressing capability of the TMS B080 is not required.

Communications Functions

The communications section of the TMS 5501 is an asynchronous transmitter and receiver for serial communications
and provides the following functions:

Programmable baud rate — A CPU command selects a baud rate of 110, 150, 300, 1200, 2400, 4800, or 9600 baud.

Incoming character detection — The receiver detects the start and stop bits of an incoming character and places the
character in the receive buffer.

Character transmission — The transmitter generates start and stop bits for a character received from the CPU and
shifts it out.

Status and command signals — Via the data bus, the TMS 5501 signals the status of: framing error and overrun error
flags; data in the receiver and transmitter buffers; start and data bit detectors; and end-of-transmission (break) signals
from external equipment. It also issues break signals to external equipment.

Data Interface

The TMS 5501 moves data between the CPU and external devices through its internal data bus, input port, and output
port. When data is present on the bus that is to be sent to an external device, a Load Output Port (LOP) command from
the CPU puts the data on the XO pins of the TMS 5501 by latching it in the output port. The data remains in the port
until another LOP command is received. When the CPU requires data that is present on the External Input (X1) lines, it
issues a command that gates the data onto the internal data bus of the TMS 5507 and consequently onto the CPU’s
data bus at the correct time during the CPU cycles.

Interval Timers

To start a countdown by any of the five interval timers, the program selects the particular timer by an address to the
TMS 5501 and loads the required interval into the timer via the data bus. Loading the timer activates it and it counts
down in increments of 64 microseconds. The 8-bit counters provide intervals that vary in duration from 64 to 16,320
microseconds. Much longer intervals can be generated by cascading the timers through software. When a timer reaches
zero, it generates an interrupt that typically will be used to point to a subroutine that performs a servicing function
such as polling a peripheral or scanning a keyboard. Loading an interval value of zero causes an immediate interrupt. A
new value loaded while the interval timer is counting overrides the previous value and the interval timer starts counting
down the new interval. When an interval timer reaches zero it remains inactive until a new interval is loaded.
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Servicing Interrupts

The TMS 5501 provides a TMS 8080 system with several interrupt control functions by receiving external interrupt
signals, generating interrupt signals, masking out undersired interrupts, establishing the priority of interrupts, and
generating RST instructions for the TMS 8080. An external interrupt is received on pin 22, SENS. An additional
external interrupt can be received on pin 32, X17, if selected by a discrete command from the TMS 8080 (See
Figure 4). The TMS 5501 generates an interrupt when any of the five interval timers count to zero. Interrupts are also
generated when the receiver buffer is loaded and when the transmitter buffer is empty.

When an interrupt signal is received by the interrupt register from a particular source, a corresponding bit is set and
gated to the mask register. A pattern will have previously been set in the mask register by a load-mask-register command
from the TMS 8080. This pattern determines which interrupts will pass through to the priority logic. The priority logic
allows an interrupt to generate an RST instruction to the TMS 8080 only if there is no higher priority interrupt that
has not been accepted by the TMS 8080. The TMS 5501 prioritizes interrupts in the order shown below:

1st - Interval Timer #1

2nd — Interval Timer #2

3rd — External Sensor

4th — Interval Timer #3

5th — Receiver Buffer Loaded

6th — Transmitter Buffer Emptied

7th  — Interval Timer #4

8th — Interval Timer #5 or an External Input (X1 7)

The highest priority interrupt passes through to the interrupt address logic, which generates the RST instruction to be
read by the TMS 8080. See Table 3 for relationship of interrupt sources to RST instructions and Figures 6 and 8 for
timing gelationships.

The TMS 5501 provides two methods of servicing interrupts; an interrupt-driven system or a polled-interrupt system. In
an interrupt-driven system, the INT signal of the TMS 5501 is tied to the INT input of the TMS 8080. The sequence of
events will be: (1) The TMS 5501 receives (or generates) an interrupt signal and readies the appropriate RST
instruction. (2) The TMS 5501 INT output, tied to the TMS 8080 INT input, goes high signaling the TMS 8080 that an
interrupt has occured. (3) If the TMS 8080 is enabled to accept interrupts, it sets the INTA (interrupt acknowledge)
status bit high at SYNC time of the next machine cycle. {4) If the TMS 5501 has previously received an interrupt-
acknowledge-enable command from the CPU (see Bit 3, Paragraph 2.2.5), the RST instruction is transferred to the data
bus.

In a polled-interrupt system, INT is not used and the sequence of events will be: (1) The TMS 5501 receives (or
generates) an interrupt and readies the RST instruction. (2) The TMS 5501 interrupt-pending status bit (see Bit 5,
Paragraph 2.2.4) is set high (the interrupt-pending status bit and the INT output go high simultaneously). (3) At the
prescribed time, the TMS 8080 polls the TMS 5501 to see if an interrupt has occurred by issuing a read-
TMS 5501-status command and reading the interrupt-pending bit. (4) If the bit is high, the TMS 8080 will then issue a
read-interrupt-address command, which causes the TMS 5501 to transfer the RST instruction to the data bus as data for
the instruction being executed by the TMS 8080.

APPLICATIONS
Communications Terminals

The functions of the TMS 5501 make it particularly useful in TMS 8080-based communications terminals and generally
applicable in systems requiring periodic or random servicing of interrupts, generation of control signals to external
devices, buffering of data, and transmission and reception of asynchronous serial data. As an example, a system
configuration such as shown in Figure 2 can function as the controller for a terminal that governs employee entrance
into a plant or security areas within a plant. Each terminal is identified by a central computer through |D switches. The
central system supplies each terminal's RAM with up to 16 employee access categories applicable to that terminal.
These categories are compared with an employee’s badge character when he inserts his badge into the badge sensor. If a
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match is not found, a reject light will be activated. If a match is found, the terminal will transmit the employee’s badge
number and access category to the central system, and a door unlock solenoid will be activated for 4 seconds. The
central computer then may take the transmitted information and record it along with time and date of access.

The TMS 4700 is a 1024 x 8 ROM that contains the system program, and the TMS 4036 is a 64 x 8 RAM that serves as
the stack for the TMS 8080 and storage for the access category information. TTL circuits control chip-enable information
carried by the address bus. Signals from the CPU gate the address bits from the ROM, the RAM, or the TMS 5501 onto
the data bus at the correct time in the CPU cycie. The clock generator consists of four TTL circuits along with a crystai,
needed to maintain accurate serial data assembly and disassembly with the central computer.

The TMS 5501 handles the asynchronous serial communication between the TMS 8080 and the central system and
gates data from the badge reader onto the data bus. It also gates contro! and status data from the TMS BOBO to the door
lock and badge reader and controls the time that the door lock remains open. The TMS 5501 signals the TMS 8080
when the badge reader or the communication lines need service. The functions that the TMS 5501 is to perform are
selected by an address from the TMS 8080 with the highest order address line tied to the TMS 5501 chip enable input
and the four lowest order lines tied to the address inputs.

2. OPERATIONAL AND FUNCTIONAL DESCRIPTION
This detailed description of the TMS 5501 consists of:
INTERFACE SIGNALS - a definition of each of the circuit’s external connections
COMMANDS — the address required to select each of the TMS 5501 commands and a description of the response to
the command.
2.1 INTERFACE SIGNALS
The TMS 5501 communicates with the TMS 8080 via four address lines: a chip enable line, an eight-bit bidirectional
data bus, an interrupt line, and a sync line. It communicates with system components other than the CPU via eight
external inputs, eight external outputs, a serial receiver input, a serial transmitter output, and an external sensor input.
Table 1 defines the TMS 5501 pin assignments and describes the function of each pin.
TABLE 1
TMS 5501 PIN ASSIGNMENTS AND FUNCTIONS
SIGNATURE PIN DESCRIPTION
INPUTS
CE 18 Chip enable—When CE is low, the TMS 5501 address decoding is inhibited, which prevents
execution of any of the TMS 5501 commands.
A3 17 Address bus— A3 through AQare the lines that are addressed by the TMS 8080 to select a particular
A2 16 TMS 5501 function.
A1l 15
A0 14
SYNC 19 Synchronizing signal—The SYNC signal is issued by the TMS 8080 and indicates the beginning of a
machine cycle and availability of machine status. When the SYNC signal is active (high), the
TMS 5501 will monitor the data bus bits DO (interrupt acknowledge) and D1 (WO, data output
function).
RCV 5 Receiver serial data inputline—RCV must be held in the inactive (high) state when not receiving
data. A transition from high to low will activate the receive circuitry.
TEXAS INSTRUMENTS
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SIGNATURE PIN

X0
X1
X12
X3
Xl 4
Xi5
X6
X7

SENS

X0 0
X0 1
X0 2

X0 4
X05
X0 6
X07

XMT

DO
D1
D2
D3
D4
D5

D7
INT

Vss
Ves
Vce
Vop

7]

39
38
37
36
35
34
33
32

22

24
25
26
27
28
29

31
40

NRwn=»

TABLE 1 (continued)
TMS 5501 PIN ASSIGNMENTS AND FUNCTIONS

DESCRIPTION
INPUTS
External inputs—These eight external inputs are gated to the data bus when the read-external-inputs
function is addressed. External input n is gated to data bus bit n without conversion.

External interrupt sensirg — A transition from low to high at SENS sets a bit in the interrupt
register, which, if enabled, generates an interrupt to the TMS 8080.

OUTPUTS

External outputs—These eight external outputs are driven by the complement of the output
register; i.e., if output register bit n is loaded with a high (low) from data bus bit n by a load-
output register command, the external output n will be alow (high). The external outputs change
only when a load-output-register function is addressed.

Transmitter serial data output line—This line remains high when the TMS 5501 is not transmitting.

DATA BUS INPUT/OUTPUT

Data bus — Data transfers between the TMS 5501 and the TMS 8080 are made via the 8-bit
bidirectional data bus. DO is the LSB. D7 is the MSB.

Interrupt—When active (high), the INT output indicates that at least one of the interrupt conditions
has occurred and that its corresponding mask-register bit is set.

POWER AND CLOCKS

Ground reference

Supply voltage (=5 V nominal)
Supply voltage (5 V nominal)
Supply voltage (12 V nominal)
Phase 1 clock

Phase 2 clock
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2.2 TMS 5501 COMMANDS

The TMS 5501 operates as memory device for the TMS 8080. Functions are initiated via the TMS 8080 address bus and
the TMS 5501 address inputs. Address decoding to determine the command function being issued is defined in Table 2.

TABLE 2
COMMAND ADDRESS DECODING
When Chip Enable Is High

A3 A2 Al A0 COMMAND FUNCTION PARAGRAPH
L L L L Readreceiver buffer RBn — Dn 221
L L L H Read external inputs Xin = Dn 222
L L H L Read interrupt address RST - Dn 223
L L H H Read TMS 5501 status (Status) = Dn 224
L H L L Issue discrete commands See Figure 4 225
L H L H  Load rate register See Figure 4 226
L H H L Loadtransmitter buffer Dn —+TBn 227
L H H H Load output port Dn —+ XOn 228
H L L L Load mask register Dn -~ MRn 223
H L L H Load interval timer 1 Dn - Timer 1 2.2.10
H L H L Load interval timer 2 Dn = Timer 2 2210
H L H H Load interval timer 3 Dn = Timer 3 2.2.10
H H L L Load interval timer 4 Dn = Timer 4 2210
H H L H Load interval timer 5 Dn — Timer 5 2210
H H H L No function
H H H H No function
RBn  Recewer butfer bit n
On  Data bus 1/O terminal n
Xin External input terminal n
RST 11 (1A5) (1A7) (1Ag) 111 (see Table 3
TBn  Transmit butfer bit n
XOn  Output register bit n
MRn  Mask register bit n
TABLE 3
RST INSTRUCTIONS
DATABUSBIT
0123458567 INTERRUPT CAUSED BY
H H H L L L H H Interval Timer1
H H H H L L H H Interval Timer 2
H H H L H L H H External Sensor
H HHHH L H HInterval Timer 3
H H H L L H H H Receiver Buffer
H HHH L H H H Transmitter Buffer
H HH L H H H H Interval Timer 4
H HHH HH H H Interval Timer 5or X17
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The following paragraphs define the functions of the TMS 5501 commands.

2.2.1 Read receiver buffer
Addressing the read-receiver-buffer function causes the receiver buffer contents to be transferred to the TMS 8080 and
clears the receiver-buffer-loaded flag.

2.2.2 Read external input lines
Addressing the read-external-inputs function transfers the states of the eight external input lines to the TMS 8080.

2.2.3 Read interrupt address
Addressing the read interrupt address function transfers the current highest priority interrupt address onto the data bus
as read data. After the read operation is completed, the corresponding bit in the interrupt register is reset.

It the read-interrupt-address function is addressed when there is no interrupt pending, a false interrupt address will, be
read. TMS 5601 status function should be addressed in order to determine whether or not an interrupt condition is
pending.

2.2.4 Read TMS 5501 status

Addressing the read-TMS 550 1-status function gates the various status conditions of the TMS 55601 onto the data bus.
The status conditions, available as indicated in Figure 3, are described in the following paragraphs.

BIT: 7 6 5 4 3 2 1 o
START | FULL INTRPT | XMIT RCV SERIAL|{OVERRUN | FRAME
BIT 8IT PENDING | BUFFER | BUFFER | RCVD |ERROR ERROR
DETECT | DETECT EMPTY LOADED

FIGURE 3—-DATA BUS ASSIGNMENTS FOR TMS 5501 STATUS

Bit 0, framing error

A high in bit 0 indicates that a framing error was detected on the last character received (either one or both stop bits
were in error). The framing error flag is updated at the end of each character. Bit O of the TMS 5501 status will remain
high until the next valid character is received.

Bit 1, overrun error
A high in bit 1 indicates that a new character was loaded into the receiver buffer before a previous character was read
out. The overrun error flag is cleared each time the read-1/O-status function is addressed or a reset command is issued.

Bit 2, serial received data
Bit 2 monitors the receiver serial data input line. This line is provided as a status input for use in detecting a break and
for test purposes. Bit 2 is normally high when no data is being received.

Bit 3, receiver buffer loaded

A high in bit 3 indiciates that the receiver buffer is loaded with a new character. The receiver-buffer-loaded flag remains
high until the read-receiver-buffer function is addressed (at which time the fiag is cleared). The reset function also clears
this flag.
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Bit 4, transmitter buffer empty

A high in bit 4 indicates that the transmitter buffer register is empty and ready to accept a character. Note, however,
that the serial transmitter register may be in the process of shifting out a character. The reset function sets the
transmitter-buffer-empty flag high.

Bit 5, interrupt pending
A high in bit 5 indicates that one or more of the interrupt conditions has occured and the corresponding interrupt is
enabled. This bit is the status of the interrupt signal INT.

Bit 6, full bit detected
A high in bit 6 indicates that the first data bit of a receive-data character has been detected. This bit remains high until
the entire character has been received or until a reset is issued and is provided for test purposes.

Bit 7, start bit detected
A high in bit 7 indicates that the start bit of an incoming data character has been detected. This bit remains high until
the entire character has been received or until a reset is issued and is provided for test purposes.

2.2.5 Issue discrete commands

Addressing the discrete command function causes the TMS 5501 to interpret the data bus information according to the
following descriptions. See Figure 4 for the discrete command format. Bits 1 through 5 are latched until a different
discrete command is received.

NORMALLY LOW

——

BIT:| 7 6 5 4 3 2 1 0
NoT | NoT | TesT | Ttest| N | Nty
uses | useEn RIT AT ACK. | ooy cnr | BREAK | RESET
voctuv voctuw (=10} (=10} ENABLE QuLcut
H: Enables interrupt acknowledge EH: Reset
L: Inhibits interrupt acknowledge L: No action
H: Selects X1 7 H: L Sets XMT output low
L: Selects interval timer 5 L: H Sets XMT output high

FIGURE 4-DISCRETE COMMAND FORMAT
Bit 0, reset
A high in bit 0 will cause the following:

1) The receiver buffer and register are cleared to the search mode including the receiver-buffer-loaded flag, the
start-bit-detected flag, the full-bit-detected flag, and the overrun-error flag. The receiver buffer is not cleared and
will contain the last character received.

2) The transmitter data output is set high (marking). The transmitter-buffer-empty flag is set high indicating that the
transmitter butfer is ready to accept a character from the TMS 8080.

3) The interrupt register is cleared except for the bit corresponding to the transmitter buffer interrupt, which is set
high.

4) The interval timers are inhibited.

A low in bit O causes no action. The reset function has no affect on the output port, the external inputs, interrupt
acknowledge enable, the mask register, the rate register; the transmitter register, or the transmitter butfer.
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Bit 1, break
A low in bit 1 causes the transmitter data output to be reset low (spacing)

1 bit 0 and bit 1 are both high, the reset function will override.

Bit 2, interrupt 7 select
Interrupt 7 may be generated either by a low to high transition of external input 7 or by interval timer 5.

A high in bit 2 selects the interrupt 7 source to be the transition of external input 7. A low in bit 2 selects the
interrupt 7 source to be interval timer 5.

Bit 3, interrupt acknowledge enable
The TMS 5501 decodes data bus (CPU status) bit 0 at SYNC of each machine cycle to determine if an interrupt
acknowledge is being issued.

A high in bit 3 enables the TMS 5501 to accept the interrupt acknowledge decode. A low in bit 3 causes the TMS 5501
to ignore the interrupt acknowledge decode.

Bit 4 and bit 5 are used only during testing of the TMS 5501. For correct system operation both bits must be kept low.
Bit 6 and bit 7 are not used and can assume any value
2.2.6 Load rate register

Addressing the load-rate-register function causes the TMS 5501 to load the rate register from the data bus and interpret
the data bits (See Figure 5) as follows.

BIT: 7 6 5 4 3 2 1 0
STOP 9600 4800 2400 1200 300 150 10
BIT(s) baud baud baud baud baud baud baud

]:H- One stop bit
L: Two stop bits

FIGURE 5—-DATA BUS ASSIGNMENTS FOR RATE COMMANDS

Bits 0 through 6, rate select

The rate select bits (bits 0 through 6) are mutually exclusive, i.e., only one bit may be high. A high in bits O through 6
will select the baud rate for both the transmitter and receiver circuitry as defined below and in Figure 5:

Bit0 110 baud
Bit 1 150 baud
Bit2 300 baud
Bit3 1200 baud
Bit4 2400 baud
Bit5 4800 baud
Bit 6 9600 baud

If more than one bit is high, the highest rate indicated will result. If bits O through 6 are all low, both the receiver and
the transmitter circuitry will be inhibited.
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Bit 7, stop bits
Bit 7 determines whether one or two stop bits are to be used by both the transmitter and receiver circuitry. A high in
bit 7 selects one stop bit. A low in bit 7 selects two stop bits.

2.2.7 Load transmitter buffer

Addressing the load-transmitter-buffer function transfers the state of the data bus into the transmitter buffer.

2.2.8 Load output port

Addressing the load-output-port function transfers the state of the data bus into the output port. The data is latched
and remains on XO 0 through XO 7 as the complement of the data bus until new data is loaded.

2.2.9 Load mask register

Addressing the load-mask-register function loads the contents of the data bus into the mask register. A high in data bus
bit n enables interrupt n. A low inhibits the corresponding interrupt.

2.210 Load timer n

Addressing the load-timer-n function loads the contents of the data bus into the appropriate interval timer. Time
intervals of from 64 us (data bus = LLLLLLLH) to 16,320 us (data bus HHHHHHHH) are counted in 64-us, steps.
When the count of interval timer n reaches O, the bit in the interrupt register that corresponds to timer n is set and
an interrupt is generated. Loading all lows causes an interrupt immediately.

TMS 5501 ELECTRICAL AND MECHANICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE
(UNLESS OTHERWISE NOTED)*

Supply voltage, Vcc (seeNote 1) . . . . . . . . . . . . ... ... . ... —-03vwo2V
Supply voltage, Vpp (see Note 1 e ... .. .... -03Vwo2V
Supply voltage, Vggs (see Note 1) PSP . ... . . ... ..... -03Vwo20Vv
All input and output voltages (see Note 1) . . . . . . . . . . . ... ... ...... -03Vw20V
Continuous power dissipation . . . . . . . . . . . . L. e e 1AW
Operating free-air temperature range . . . . . . . . . . . .. . e 0°C t0 70°C
Storage temperature range . . . . . . . . . . . e —65°C to 150°C

*Stresses beyond those listed under "' Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions beyond those in the " Operating
Conditions’ section of this specitication is not implied. E xposure to absolute-maximum-ratad conditions for extended periods may atfect
device reliability

NOTE 1: Under absolute maximum ratings voltage values are with respect 10 the normally most negative supply voltage, Vgg (substrate)
Throughout the remainder of this data sheet, voltage values are with respect to Vgg unless otherwise noted.

3.2 RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX JUNIT
Supply voltage, Vgg 475 -5 -525| v
Supply voltage, Ve 475 5 52| Vv
Supply voltage, Vpp 114 12 126 v
Supply voltage, Vgs 0 v
High-level input voltage, Vyyy (all inputs except clocks) 33 Veetl] vV
High-level clock input voltage, ViH(g) Vpp-1 Vpp*l V
Low-level input voitage, V| (all inputs except clocks) (see Note 2) -1 08| Vv
Low-level clock input voltage, Vi (o) (see Note 2) -1 06| Vv
Operating free-air temperature, T o [ 70| °Cc

NOTE 2: The algebraic convention where the most negative limit is designated as minimum is used in this specification for logic voltage leveis only.
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3.3 ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS

(UNLESS OTHERWISE NOTED)

PARAMETER TEST CONDITIONS MIN  MAX [UNIT
Input current (any input except
" nput current (any input excep v, 0Viovee 10| wa
clocks and data bus)
o) Clock nput current Vi) - 0Vio Vpp 10 | KA
(D8} Input current, data bus Vi(pg) - 0 Vo Ve, CEatOV -100 | uA
| VoH High-leve! output voltage loH 400 uA 37 v
VoL Low level output voltage loL - 1 7mA, 045 V
188 (av) Average supply current from Vgg -1
ICClav)  Average supply current from Ve ?D"'a‘z:gca‘ telp) - 48O ns. 700 | mA
IDD(av)  Average supply current from Vpp AT 30
C, Capacitance, any nput except clock Vee " Vpp = Vss - 0V, 10
Cim) Clock input capacitance vgg - ~4.7510 -5.25V, f-1MHz, 75) pF
Co Output capacitance Al other pins a1t O V 20

3.4 TIMING REQUIREMENTS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS

(SEE FIGURES 5 AND 6)

MIN MAX [UNIT
Tele) Clock cycle time 280 2000] ne
t(a)  Clock nse time T 5 o
(o) Clock fall ime — . o
wiol) Puise width, clock 1 high 50 "
Twin2) Pulse width, clock 2 high 300 300 s
td(e1L-02) Delay tme, clock 1 low to clock 2 5 -
9(02-01) Delay ume, clock 2 to clock 1 70 ns
gt 1 H2) Delay time, clock 1 high 1o ok 2 {unie between 1eaoing eages) 130 T e
tsulag) Address setup tme - = -
tsulCE) Chip-enable setup time ) —
tsulda) Data setup time - 50 ns
tsulsync)  Svncsetup tme . o
tsy(X1) External input setup time 5] m
thiad! Address hold time - D
'h(CE) Chip-enable hold time 5 —
thida) Data hold time = "
thisync) Sync hold ume - M
th(X1) External input hold time 30 ns
twisens H) Pulse width, sensor input high 500 -
Twisens L) Pulse width, sensor input low 500 —
td(sens-int) Delay time, sensor to interrupt (time between leading edges) 2000 | ns
td(rst-int)  Delay tme, RST instruction to interrupt (time between trailing edges) 500| ns

TEXAS INSTRUMENTS

369



370

TMS 5501
MULTIFUNCTION INPUT/OUTPUT CONTROLLER

3.5 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED
OPERATING CONDITIONS (SEE FIGURES 6 AND 7)

PARAMETER TEST CONDITIONS | MIN  MAX |UNIT
PpZX Data bus output enable tme CL - 100 oF, 200| ns
X2 Data bus output disable ime to high-impedance state Ry - 1.3k 180 | ns
PD External data output propagation delay time from 02 N 200 ns
R = 1.3k
TMS 5501
OuUTPUT
T Cy - 100 pF

Cy includes probe and ;19 capacitance

LOAD CIRCUIT

e Telo) aal —* (o)
ot

| i 1
(1) —be——ey tip)—o = F——Jl-'d(ouoza
1 ! | |
I

[ | ‘wmz)*—*' .

:
e e e

1
|
62 0101 H-62) ool f' N ’kl-——-o-ta«own X }
L
T

| f -
1 1
cHip 5u(CE) ~da———ey h(CE)-Yt—d I
1 >
tsu(sync) : J ‘h(sync)l.——-.l : : |
SYNC | |
|
Usuldal-be——f thidal T-——.;—i-lpzx ! tpxZ —jo—ei
00 m ,—————K \ OUTPUT DATA VALID =
1N ‘ Ier
tsu(da) de——e) 'hlda)-p—dl N ! !
1

Hi
o1 w | \—L—(L OUTPUT DATA VALID

T
|

+
D2-D7 OUTPUT DATA VALID
"

T
[}
T
!
1

4

1
T
A0-A3 m i READ FUNCTION ADDRESS

+
bo——a— tsu(X1) l.—-o-tmxn

EXTERNAL !
EXTERNAL INPUT DATA
INPUTS

NOTE For®1 or 02 1nputs, high and low Liming points are 90% and 10% 0f V |45, Allother timing points are the 50% level

l..__.?_tmm)

FIGURE 6—READ CYCLE TIMING
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TMS 5501
MULTIFUNCTION INPUT/OUTPUT CONTROLLER

o1

2

CHIP RS 7 07070767676 6767676767676 6767
ENABLE .0:0:0. AT 30%0 20 % %6204 Y0 %% % % % %0 % %
SYNC
oC, 01
0207
A0-A3 WRITE FUNCTION ADDRESS
EXTERNAL !
OUTPUTS PREVIOUS EXTERNAL OUTPUT DATA NEW DATA
NOTE  For @1 and 02 inputs, high and low timing points are 90% and 10% of V() All other timing points are the 50% level
FIGURE 7-WRITE CYCLE TIMING
:‘-‘wluﬂ: H)—obe—tyy(sens L)—~od
]
SENSOR
]
ho— to( ol
]
INTERRUPT f l
RST INSTRUCTION be—tq(rst-int) —ed
ON DATA BUS ﬂ
(See Note 1)

NOTES: 1. The RST instruction occurs during the output data valid time of tne read cycle.
2. All timing points are 50% of V gy

FIGURE 8—-SENSOR/INTERRUPT TIMING
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TMS 5501

MULTIFUNCTION INPUT/OUTPUT CONTROLLER

36 TERMINAL ASSIGNMENTS

3.7 MECHANICAL DATA

VBB’
Vee

Voo |
Vss
RCV

i

MR

TMS 5501

XMT
) X1 0
X1
T X12
S X13
] X1 4
Xi§
X6
X1 7

X0 7
X0 6
X05
X0 4
X03
X0 2
X01
X0 0
INT
] SENS
02

40-PIN CERAMIC PACKAGE

& ¢

le—0.600 + oow—J

2020 MAX

@ T

Mo ;e e

INDEX
oot N

0.020
MIN

SEATING

“PLANE T

0.018 + 0.003-#] fo-
0.010 NOM- PIN SPACING 0.100 TP

NOTES

(See Note A}

¥
0.185 MAX

0.150 ¢ 0.030

032 NOM
0050 +0.020

0.050 + 0010

A. The true-position pin spacing is 0.100 between centerlines. Each pin centeriine is located within

0.010 of its true longitudinal position relative to pins 1 and 40.

B. All dimensions are in inches uniess otherwise noted
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THE T1990 PROTOTYPING SYSTEM

o m‘f”f"

i .
\
;

§

—

TMS 9900 Microprocessor (Left) and T1 990/4 Microcomputer (Right)

The Tl 990 prototyping system provides for effective development of applications programs for users of the TMS 9900
microprocessor and Model 990/4 microcomputer. High performance and ease of operation, coupled with low cost, make the
system ideal for development of software and firmwave modules to replace electro mechanical devices, discrete logic or
conventional integrated circuits.

Housed in a compact tabletop cabinet, the basis of the prototyping system is the 990/4 computer on a board. The memory
features include 16K bytes of read/write random access memory (RAM) for both the system and the user software storage,
and 512 bytes of read only memory (ROM) which provides nondestructible storage of 733 ASR load software and 990/4 self-
testing diagnostic software.

The prototyping system includes a comprehensive programming panel, Silent 700" Model 733 ASR Twin Cassette Data
Terminal, and power supply. An optional flexible PROM Programming Module provides users of the TMS 9900 and 990/4
the capability to implement their application software in nondestructible (erasable or permanent) programmable read only
memory (EROM or PROM). )

The prototyping system memory can be expanded to a total of 64K bytes using a combination of dynamic RAM and EROM.
An optional battery pack is available to prevent memory loss of dynamic RAM during removal of main power.

A comprehensive software package, supplied with the prototyping system permits the user to generate, edit, assemble, and
evaluate programs for the TMS 9800 and 990/4. The standard software includes a debug monitor, which combines a powerful
interactive debugging facility with system support functions, and a keyboard command interpreter for full user control of the
system. A cassette-based source{éditor operates under control of the debug monitor and provides a facility that enables the
user to generate, edit, and save source programs. A unique one-pass assembler processes source input from cassettes and
generates relocatable, linkable object modules. A link editor accepts object modules generated by the assembler {or 9900
cross-support systems) and loads them into memory as an-executable program. The user may then execute the program
directly or under the control of the debug monitor. With the debug monitor, the user can examine and modify parts of
memory and registers, set multiple breakpoints and, if necessary, execute with a complete trace.

TEXAS INSTRUMENTS
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THE T1990 PROTOTYPING SYSTEM

A completed program may be saved on cassette for production of ROM masks or may be directly burned into PROM with the
optional PROM programming unit.

The prototyping system provides the flexibility required to support software development from concept through implemen-
tation. It is guitable as a standalone system or can be used in conjunction with a cross-support system available on time
sharing networks. The prototyping system serves as a mechanism for development of software and firmware modules for the
TMS 9900 microprocessor and the 990/4 microcomputer.

HARDWARE

® 990/4 microcomputer in an attractive tabletop enclosure.

® Memory featuring: 16K bytes of dynamic RAM, 1024 bytes of ROM and 512 bytes of static RAM.
® Read Only Memory (ROM) containing 733'ASR Loader and CPU self-testing capability.

® Programmer panel to augment system control and monitoring.

® System available with either a Model 733 ASR data terminal kit or with the Model 733 ASR interface only for users who
currently have-a 733 ASR with designated options.

SOFTWARE

® Debug monitor for full control of the prototyping system during program development.

® One-pass assémbler to convert source code stored on cassette to relocatable object. (Object is upward compatible with other
990 series assemblers).

® Linking loader capable of loading absolute or relocatable object and performing required reference linkages.
f
® Source editor to allow user modification of both source and object from cassette with resultant storage on cassette.

® Trace routine to enable the user to monitor status of computer at completion of each instruction

® PROM programming/d jon facility to provide documentation for ROM mask generation or to communicate
directly with the optional PROM programming unit.

OPTIONAL FEATURES
® Battery pack to prevent memory loss when power is off.

® Additional memory capacity to a total of 64K bytes RAM and PROM.

® Optional external PROM programming unit capable of system-controlled programming and verification of the following
TI PROMs: SN745287, SN74S471, and SN745472.

Texas Instruments provides a full range of support for the TI1 9900 computer family, including a nationwide sales and service
network; full documentation; user training programs; tease and purchase plans; and applications assistance.

Silent 700-Model 733 Electronic Data
Terminal

TI 990/4 Tabletop Model
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LL221 MICROCOMPUTER/TMS 1000 DEVELOPMENT SYSTEM
PRINTED CIRCUIT BOARD

Description

The LL221 printed circuit board is a micro computer system specitically designed for the Texas
Instruments TMS1099 Microprocessor device. The system uses the TMS1099 as the Central Processor
Unit (CPU), with TTL Programmable Read Only Memories (PROMs) for program store and output

o

A QN74Q1Q0 DO .

coding. An SN745188 PROM converts the five data outputs from the CPU to eight output iines and
either four SN745471 PROMs (256 x 8) or two SN745472 PROMs (512 x 8) are used to give 1024
words x 8 bits of program memory. Alternatively, the Texas Instruments ROMSYN ROM simulator
system can be plugged into a socket on the board and be used as the program memory, thus
simplifying program development.

All system data inputs and outputs, including the thirteen steady state outputs, are TTL buffered and
there is provision to either use the on-chip clock oscillator of the TMS1099 by connecting link ‘L2’
or alternatively to drive the system from an external clock source at TTL level, by connecting link L3
instead of L2, and replacing or shorting C1 with link L1. The system is on a single 168 x 158 mm
(6.6 x 6.2”) p.c.b. with a 60 way 2.54 mm (0.1"") pitch gold plated edge connector.

When fully populated with program memory, the system is identical in function and organisation with
the Texas Instruments TMS1000 micro-computer device, and is extremely useful as a TMS1000
program development tool, as well as being a complete system in its own right.

Operation

The overall operation of the system is specified in the TMS1000 and TMS1099 data and programming
literature. The SN745188/288 PROM replaces the output Programmable Logic Array (PLA) of the
TMS1000 and is addressed as shown in the TMS1099 data sheet. The outputs from this device are
connected directly to the output pins of the system

The integrated circuits forming the program memory occupy positions IC14, IC13, 1C12, IC11 on the
p.c.b. Position 1C14 has all the “true’ addresses supplied to it from the TMS1099 Page Address and
Program Counter outputs, and hence the TI ROMSYM can be connected into this position. The
addressing of these four device locations is shown in Table 1.

This product is only available in

the United Kingdom
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LL221 MICROCOMPUTER / TMS 1000 DEVELOPMENT SYSTEM
PRINTED CIRCUIT BOARD

TMS1099 IC14 IC13 1IC12 1cn
Output Pin No Pin No Pin No Pin No
PAO 15 - 15 -
PAO - 15 - 15
PA1 16 16 - -
PA1 - - 16 16
PA2 19 19 19 19
PA3 18 18 18 18
PCO 17 17 17 17
PC1 5 5 5 5
PC2 4 4 4 4
PC3 3 3 3 3
PC4 2 2 2 2
PC5 1 1 1 1

The 1024 words x 8 bits of program memory can be made up of SN745470/471 256 x 8 Proms in all
four locations (IC11-14) or SN745472/3 512 x 8 PROMs only in locations IC13 and I1C14. 1t should
be noted that care is required in programming these devices if changing from one type of PROM to the
other, since address inputs F, G and H are not on corresponding pins. (See SN74S470/471 and
SN745472/473 data sheets).

Recommended Operating Conditions

PARAMETER MIN NOM MAX UNITS
Supply Voltage Vpp -9 -10 —-125 \
Supply Voltage Vco +4.5 +5.0 +5.5 \Y
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LL221 MICROCOMPUTER/TMS 1000 DEVELOPMENT SYSTEM
PRINTED CIRCUIT BOARD

TYPICAL INPUT/OUTPUT CIRCUITS

Data Input
(K. Ko, Kg. Ky, Kg, Test)

SN7408
Edge Connector Pin
(53, 57, 56, 55, 54) 6k2
See Note 1

Vob

Clock [nput Vee

470R

SN7404

Pins C— >} Dc _—

‘R’ Output n
SN7408
- Edge Connector Pin

(21, 22, 29, 30, 31, 32, 38, 39,
40, 41, 47, 48, 49)

‘O’ Data Output

SN745188/288

Do Edge Connector Pin
T C: (53, 57, 56, 55, 54)

TEXAS INSTRUMENTS an



378

LL221 MICROCOMPUTER / TMS 1000 DEVELOPMENT SYSTEM
PRINTED CIRCUIT BOARD

NOTE 1. The data inputs are normally ‘low’ as in the case with the TMS1000 device. By using
pull-up resistors to VcC of between 330 ohm and 820 ohm on the ‘R’ outputs, the latter can drive
the data inputs directly. |f adiode is inctuded in this connection for scanning switch matrix applications,
then the pull-up resistor should be between 330 ohm and 620 ohm.

——————— e ————

v
LL221 Board cc

Pull-up
Resistor

R O/P

—_— Matrix
Diodes

T

Data I
I/P |

{
Voo J

NOTE 2. For ‘Power Up’ initialisation of the system the ‘test’ input (edge connector pin 54) should
be held at a logic high level for a minimum of six clock periods.

Edge Connector Pin Assignments

We=NmESOW
mE 00000000

2R 2EEE e j=Y=¥-Y=F=Y%-1-]
PEELEEb e e bbbt b el

59 57 65 53 51 49 47 45 43 41 39 37 35 33 31 29 27 26 23 21 19 17 15 13 11

| I
60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 8 6 4
9 7 5§
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ROMSYM - READ ONLY MEMORY SIMULATION SYSTEM

The TI ROMSYM is 2 system specifically designed to simulate the function of ROMs and PROMs as
program memory in microprocessor systems. However, it is equally suitable for use in many other
applications.

Features

® 1k words x 8 bits memory available as standard.

® Can be ordered with 2k x 8 memory, or upgraded to this capacity.

® 500ns access/cycle time, compatible with most microprocessor requirements.

® Non volatile. Contains auto-operating back-up battery supply to protect program against mains
failure. 192 hrs. min. storage for 8k bits. 96 hrs. min. storage for 16k bits.

® Two methods of data entry. A comprehensive programmer’s panel and a paper tape reader are
incorporated, the latter with selectable tape format.

® Once programmed the system is electrically identical to TTL ROM/PROM at interface connector.

@ Auvailable for 110V 60Hz or 220V 50Hz nominal mains supplies.

Panel Facilities

Data Protection:

The two key-operated switches situated at the top of the panel control the most critical functions.
The left hand switch, labelled ‘Battery’, when turned to the ‘off’ position isolates the battery supply
in the system. When turned to the ‘on’ position the battery is connected, and the system is then
protected against mains supply failure, or accidental ‘switch off’. When the mains supply is not present,
no operations on the system are possible, but data is stored. The battery is automatically charged
whenever the unit is functioning from the mains supply. The light emitting diode (l.e.d.) associated
with this key switch flashes at an approximate rate of once per second providing the battery key
switch is turned ‘on’ and the battery voltage is sufficient to maintain stored data in the memory.

This product is only available in

the United Kingdom TeEXAs INSTRUMENTS 379
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ROMSYM -READ ONLY MEMORY SIMULATION SYSTEM

The right hand key switch labelled ‘Write Enable’ is a protection against accidentally writing data
into the memory when a program is already stored.

When in the ‘Disable’ position the ‘Write’ function of the memory cannot be operated. This includes
data entry from the tape reader.

Thus, once data is stored in the memory, and the two key switches are set to battery ‘on’ and Write
‘Disable’ with the keys removed, the data cannot be corrupted. This is true until such time as the
battery charge is exhausted if the mains supply is not present.

Data Entry

The top row of toggle switches labelled ‘Data /nput Select’ enable data to be set manually, or to be
read from punched paper tape. The l.e.d. indicators below these switches show the data output from
the memory. The numbering of the data bits (0 to 7) is arbitary, since the interface cable to the system
can be wired to arrange ‘bit significance’ as required. However, it should be noted that the numbers
correspond to the holes in the punched tape as shown below, according to the position of the ‘Tape
Reader’ switch.

/—v—‘\__/—w
‘8 bit’ e 6 o o o e o o
0 1 2 5 3 4 5 6 7
S
,\/\9
4bitt | ® € @@ © ® X X X X
4 5 6 7 DON'T CARE
TAPE
®e ¢ 6 & & X x Xx X DIRECTION
0o 1 2 3 DON'T CARE
MN'V

The ‘Manual Write’ switch causes the data word set up on the data selector switches to be entered
into the memory at the current address. This will operate providing:

— The mains supply is present.
— The ‘Write Enable’ key switch is at ‘Enable’.
— The address register has not been incremented to ‘maximum count + 1" (See ‘addressing’).

Note that if the ‘Manual Write’ switch is operated when a ‘Data Input Select’ switch is set to the
centre ‘Tape’ position, the data entered into this bit is undefined.

To facilitate entering large amounts of data, a punched tape reader is incorporated in the ROMSYM.
This simple device is hand-powered and self synchronising. The tape can be pulled through at any
speed, but must not be allowed to reverse direction. The tape should have a blank leader section at
least 1.5" in length with only sprocket holes punched in it
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ROMSYM-READ ONLY MEMORY SIMULATION SYSTEM

To enter data from a tape:

- The mains supply must be switched on.
Insert blank leader of tape into reader, the correct way round as indicated on the reader.
- Select tape format (4 bit or 8 bit).
Select correct memory capacity (1k or 2k).
- Set ‘Write Enable’ switch to ‘Enable’.
- Set 'Data Input Select’ switches to ‘Tape’.
— Reset Address register and load starting address.
- Pull tape completely through the reader.

Addressing
The address register supplies the address to the memory devices which is displayed on the lower row
of 11 le.d. indicators. It can be reset, loaded, or incremented By 1 in the binary sequence and has

protection against any attempt to increment it beyond the maximum count state to prevent over-
writing of data in low order locations. The maximum count length is controlled by the ‘Memory
Capacity’ switch situated at the lower right of the panel, marked 1k/2k. These settings correspond to
address register lengths of 1024 and 2048 states. If the system is only populated with 1k x 8 of
memory, then the ‘Memory Capacity’ switch should always be set to 1k. If 2k x 8 of memory is fitted,
then using the system with this switch in the 1k position will restrict all activities to a 1k x 8 section
of memory. Setting the switch to 2k allows all the memory to be used, and in this state the l.e.d.
indicator corresponding to address 10 becomes active.

The “Reset/Load’ switch is also situated at the lower right of the panel, and when operated to the
‘Reset’ position it causes the content of the address register to be set to all “zero (i.e. logic low). It
also initialises the tape reader logic such that if the blank leader section of a tape is present in the
reader the logic will detect the first relevant data bit on the tape, according to the position of the ‘Tape
Reader’ switch, as it is pulled through the reader and enter that the subsequent data into the memory.
This providing the previously described conditions for data entry have been met. The ‘Reset’ function
also removes the ‘lock up’ condition which the system adopts if the address register has been
incremented to maximum count +1, as previously described.

Operating the ‘Reset/Load’ switch to the ‘Load’ position causes the address combination selected by
the lower row of 11 toggle switches to be loaded into the address register. The ‘Load’ function also
clears the address register overrun 'Lockout’ condition, but does not initialise the tape reader logic.
Thus if data is to be entered from paper tape into a sequence of address locations starting from a
combination other than all ‘zero’, then the ‘Reset/Load’ switch is first used to ‘Reset’ the system, and
then to ‘Load’ the starting address into the address register, after the blank leader section of the tape
has been inserted into the reader.

The switch marked ‘Step’, situated at the lower left of the panel, allows the content of the address
register to be incremented by one state in the binary count sequence. The address bit numbering is in
order of significance in this sequence, with bit 0 being the least significant.

General notes about panel operation
The l.e.d. indicators for both data and address are it to indicate a logic 1 or ‘high’ state. The data
indicators show the output data of the memory from the location shown on the address indicators.

NOTE: For all panel operations, i.e. entering data, controlling the address register to examine the
memory contents etc, the ‘Write Enable’ key switch must be in the ‘Enable’ position. The only
exception is the ‘Tape Reader’ switch which must not be changed while the ‘Write’ function is enabled
since it will cause erroneous data to be entered into the memory.
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ROMSYM-READ ONLY MEMORY SIMULATION SYSTEM

Using the System as a Read Only Memory (R.0.M.)

Having successfully entered data into the memory, and verified it if required, the system is made
‘safe’ by disabling the ‘Write Enable’ key switch. In this condition the only panel functions operative
are the l.e.d. displays of data and address, and the system can now be accessed via the interface
connector on the side of the case.

Addresses can be supplied to the system via this connector and Data Qutput will be supplied to the
connector by the memory from corresponding locations. The address inputs to the system each
represent one normal 74 series transistor-transistor-logic (t.t.1.) load, and the data outputs are 3-state
t.t.I. with fan out capability of 20 normal 74 series t.t.|. loads.

A ‘System Enable’ (SE) is also present at the interface connector, and this enables the 3-state output
gates when driven to the ‘low’ state. This function allows the Data Outputs of the ROMSYM to be
bus connected with those of other memory devices, or indeed with another ROMSYM.

Also present at the interface connector are ground and 5V supply pins. This allows interface cables to
be constructed with proper signal screening etc. and also containing active elements if necessary. A
possible example of this is to have a ROM code converter device in the cable, converting the address
sequence supplied by the main system, into a different sequence for the ROMSYM. This can be useful
when using the ROMSYM with a device such as the TMS1099 SE-1 which generates addresses in a
pseudo-random sequence. This technique would allow the pseudo-random sequence to be converted to
a binary sequence, thus simplifying program loading and editing in the ROMSYM.

Interface Connector

Pins 1-25 inclusive are connected to ‘ground’ (OV).
Pin No. 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
Function OV AO A1 A2 A3 A4 A5 A6 A7 A8 A9 A100V 5V SE Ov DO D1 D2 D3 D4 D5 D6 D7 OV

NOTE: The 5V supply on pin 39 should only be used to provide 100mA maximum to external
circuitry, and should not be connected to any external supply.
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38510/MACH IV PROCUREMENT SPECIFICATION

38510/MACH IV PROGRAM

1.0 SCOPE

1.1 This specification establishes standards for materials, workmanship, performance
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 builr into,
not rested into, a product. There is no specification or screening procedure that can
substitute for inherent, built-in reliability. However, it must be realized that irrespective of
lot quality, there will always be some small percentage of devices that are subject to early
failure (infant mortality). A well engineered screening procedure will eliminate most, if not
all, of these early failures. Secondly, the screening and acceptance testing described herein
will also serve to demonstrate, with a high degree of statistical confidence, that the required
levels of quality and reliability have, in fact, been built into the product.

2.0 APPLICABLE DOCUMENTS

2.1 The following 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 Microcircuits, Packaging of
MIL-M-38510 Microcircuits devices, general specification for
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38510/MACH IV PROCUREMENT SPECIFICATION

23 Standards
Military

MIL-STD-105 Sampling Procedures and Tables for
Inspection by Attributes

MIL-STD-883 Test Methods and Procedures for
Microelectronics

MIL-STD-790 Reliability Assurance Program for
Electronic Parts Specification

MIL-STD-1276 Leads, Weldable, for Electronic
Components Parts

MIL-STD-1313 Microelectronics Terms and Definitions

Detail Specifications

SNXXXX (Bipolar) Detail Specification for a Particular
TMSXXXX (MOS LSI)  Part Type (e.g., Manufacturer's
TEXXXX (CMOS) Data Sheet)

24 Precedence of Documents

For the purpose of interpretation, in case of any conflicts, the following order of
precedence shall apply:

a) Purchase Order —The purchase order shall have
precedence over any referenced
specification.

b)  Detail Specification —The 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 obtained from the

usual government sources.
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3.0

3.1

GENERAL REQUIREMENTS

The individual item requirements shall be as specified herein and in accordance with the
applicable detail specification. In the event of any conflict between the requirements of this
specification and the detail specification, the latter shall govern. The static and dynamic
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.
b) A Lambda, stated in percent per 1000 hours as
defined by MIL-M-38510.
c) MRN Minimum reject number as defined by MIL-M-38510.
d) Production For the purpose of this specification, a production
Lot lot shall be defined per MIL-M-38510.
e) Inspection An inspection lot shall be as defined in
Lot MIL-M-38510.
i) C Acceptance number as defined by MIL-M-38510.

Terms and Definitions
Terms and definitions shall be as defined in MIL-STD-1313.
Classification of Requirements

The requirements for the integrated circuits are classified herein as follows:

Requirement Paragraph
Process Conditioning, Testing and Screening 3.2
Qualification 3.3
Design and Construction 3.4
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3.2

3.

3.

3.4.1

3

4

Marking of Integrated Circuits 35
Product Assurance 3.6
Workmanship 3.7
Performance Capabilities 3.8
Quality and Reliability Assurance Program Plan 39

Process Conditioning, Testing and Screening

Three levels of 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 LSI FLOW CHART
38510/883 Class A (Level IV) SNH TFH Not Avail. Figure 4
SNC TFC Figure 3
38510/883 Class B (Level I11) SHiC “Figure 2
38510/883 Class C (Level 1) SNM TFM Not Avail. Figure 1

Qualification

Vendor qualification for delivery of integrated circuits to this specification shall be as
specified in paragraph 4.2.

Design and Construction

Integrated circuit design and construction shall be in accordance with the requirements
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.

Monoiithic 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 formed on the silicon monolithic die
shall be available for review. This shall be identified with the specific detail integrated circuit
part-type in which it is used and the applicable detail specification.
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3.4.1.2

34.2

3.4.21

3422

3.43.1

Die Intraconnection Pattern

An enlarged photograph or drawing (to scale) with a minimum magnification of 80 times
the die (chip) size showing the specific intraconnection pattern utilized to intraconnect the
elements in the circuit. This shall be in the same scale as the die topography 3.4.1.1 so that
the elements utilized and those not being used can easily be determined.

Materials

Materials shall be inherently non-nutrient to fungus and shall not blister, crack, outgas,
soften, flow or exhibit other immediate or latent defects that adversely affect storage,
operation or environmental capabilities of integrated circuits.

Material Selection

Materials selected 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
for:

a) Electrical performance

b) Thermal compatibility and conductivity

c) 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 outline and physical dimensions shown in the
detailed specification.
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3432

3.433

3.43.3.1

34332

34333

3.4.3.34

Interconnections

Interconnections within the integrated circuit case shall be minimized and there shall
be no wire crossovers. Circuit intraconnections by means of wire jumpers shall not be
used. (See Note 6.2)

Leads

Lead material, construction, and outline shall be as specified on the detail specification and
shall be capable of meeting the solderability test of MIL-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

Leads 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.g., 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 0.050-inch diameter, 0.050-inch length cylinder concentric
to the point of lead emergence from the case and the X-axis (the axis parallel to the lead
axis). Along the remaining lead length, there shall be no unspecified bend whose radius is
less than 0.10 inch and no twist whose angle is greater than 30° (ribbon leads, 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.
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3.4.3.3.5 Carriers (Mech-Pak Carrier)

35

35.1

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 equipment contacts. Devices supplied “clipped-out” of the
Mech-Pak Carrier shall be supplied in the Barnes Carrier type 029-188 or equivalent.
(Applicable to Flat Packs only.)

Marking of Integrated Circuits
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 trichlorethylene, water and xylene.

Marking Details

Marking of the integrated circuits shall be located as follows unless otherwise specified in

the detail specification:

a) TO-99, TO-100, and similar ““can”" cases shall be marked on the top of the case.
Where space limitations exist, the side of the case may be used.

b) 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 a 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.
Required Device Marking
a) Index point indicating the starting point for numbering of leads shall be as

indicated in the detail specification. The indexing point may be a tab, color dot,
or other suitable indicator.

b) Manufacturer’s identification mark or symbol.
c) An alpha-numeric lot date code indicating the week of initial submission for
screening or inspection. The date code shall be as follows:
1) EIA 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
week.
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3.6

36.1

36.2

36.3

2) A Gothic letter which identifies separate lots of the same device type
processed within the same calendar week. (If no more 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.

e) 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.

g Gothic letter per U.S. Customs code preceding data code identifies assembly
location.

Product Assurance

The manufacturer shall establish and maintain a reliability assurance program that complies
with the basic intent of MIL-STD-790. 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
dimensions, 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 acceptance inspection under this specification. This list shall be made
available to the procuring activity representative upon request.

Process Controls

Each integrated circuit shall be constructed by manufacturing processes which are under the
surveillance of the manufacturer's Quality Control department. The processes shall be
monitored and controlled by use of statistical techniques in accordance with published
specifications and procedures. The manufacturer shall prepare and maintain suitable
documentation (such as quality control 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
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procuring activity may verify, with the permission of and in the company of the
manufacturer’s designated representative, that suitable documentation exists and is being
applied. Information designated as proprietary by the manufacturer will be made available
to the procuring activity or its representative only with the written permission of the
manufacturer,

Process control is recognized as being vital to the concept of ““built-in” quality. The
process control 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.

36.4 Production Changes

The manufacturer shall advise the procuring activity of the time at which any major
change(s) in production or QC methods or documentation become effective during the
period of device production for delivery against any given purchase order referencing this
specification.

3.7 Workmanship

Integrated circuits shall be manufactured and processed in a careful and workmanlike
manner, in accordance with the production processes, 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.

3.7.1 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. Training aids in the form of satistactory 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 operator or inspector shall be
required when this evaluation establishes that a degree of proficiency necessary to meet the
requirements of this specification is not being exercised.
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3.7.3.1

3.7.3.2

38

39

Rework provisions

Rework

All rework on micorcircuits manufactured under this specification shall be accomplished in
accordance with paragraph 3.7.1 of MIL-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 II. The manufacturer
need not perform these tests specifically for the contract or 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 shall 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
program 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

411

41.2

413

QUALITY ASSURANCE PROVISIONS
Responsibility for Inspection

Unless otherwise specified in the contract or purchase order, the manufacturer is responsible
for the performance of all inspection requirements specified herein. Except as otherwise
specified, the manufacturer may utilize his own facilities or' any commercial laboratory
acceptable to the procuring activity. The procuring activity may, at its discretion, perform
any of the inspections set forth in the specification where such inspections are deemed
necessary to assure supplies and services conform to prescribed requirements.

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 be prescribed by clear, complete and
current instructions. These instructions shall assure inspection and test of materials, work in
process and completed integrated circuits as required by this specification. In addition,
criteria for approval and rejection of materials and integrated circuits shall be included.

Inspection at Point of Delivery

The procuring activity may, at its discretion, reinspect any or all 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.

Inspection Records

The manufacturer shall 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 all 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 specification and the manufacturer’s procurement requirements.
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4.1.4.1

4142

4143

415

42

4212

Manufacturer’s Receiving [nspection

Purchased supplies shall be subjected to inspection after receipt as necessary toensure
conformance to 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 for withholding from use all 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
upon the nature and frequency of receipt of nonconforming supplies.

Procuring Activity Quality Assurance Representative

The procuring activity, may, at its discretion, piace 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 convenience of such
personnel in the performance of their duties. Inspection and test procedures shall be
made available for review by the quality assurance representative.

Qualification and Quality Conformance Inspection

Qualification

Manufacturer’s specific device qualification shall be based on compliance with the
quality conformance test per Table |11 for MOS LS! devices. Qualification for other
technologies shall be per Table 1 except that the testing will be to one LTPD fevel
tighter than as defined in Table B-| of MIL-M-38510.

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 technique and will be selected from a generic family.
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4.2.1.2.2 Generic Family

4221

4222

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.g., 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

Quality conformance inspection group B and C requirements are per Tables | and 1,
Table Il shall apply to MOS LS| and Table | to other technologies.

a) When specifically called out and funded on the purchase order or contract,
the manufacturer shall perform the quality conformance inspections (Group B
and/or Group C) on a lot-by-lot basis.

b) The manufacturer shall, upon request, make available for review generic
quality 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 location. 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-1.

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
applicable process flow chart.

Resubmission of Failed Lots

When any lot submitted for quality conformance inspection fails any subgroup
requirement, it may be resubmitted a maximum of one time for that particular
subgroup. One additional submission is permitted, provided an analysis is performed
to 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:

a) Testing error resulting in electrical damage to devices
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4.2.23

4224

4225

4.3

4.3.1

b) A defect that can effectively be removed by rescreening the lot

c) Random defects which do not reflect poor basic device designs or
poor workmanship.

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 C 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 following:

a) 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 II.

Precedure in Case of Test Equipment Failure or Operator 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, Methods 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 4.6.
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43.1.1

43.1.2

4313

432

435

4.3.6

38510 Class C (Level 1) and 38510 Class (Level 111) devices shall be visually inspected
in accordance with MIL-STD-883, Method 2010, Condition B.

38510A (Level 1V) devices (designated for NASA type applications) shall be visually
inspected in accordance with MIL-STD-883, Method 2010, Condition A. (See
notes 6.1.1.1 and 6.1.1.2).

Complex MS!I and LS| 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 for 38510 Class B (Level |11) and paragraph 3.3.2 for 38510 Class C
(Level 1).

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.

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.

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 performed 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.

Mechanical Shock

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 as a result 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.

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
performed 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.

TEXAS INSTRUMENTS

403



404

38510/MACH IV PROCUREMENT SPECIFICATION

4.3.7

4.3.7.1

43.7.2

4.3.8

4.3.8.1

4.3.8.2

4.3.9

Fine Leak Test

Each integrated circuit for 38510 Class C (Level 1), 38510 Class B (Level |11}, 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 leak test shall be performed in accordance with MIL-STD-883,
Method 1014, Condition A.

Radifio 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 I), 38510 Class B, (Level I11) 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
4.39.

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 observed for a definite stream of bubbles, more than two large bubbles
or an attached bubble that grows in size, per MIL-STD-883, Method 1015,
Condition C1,.

Final Electrical Test (Set I}

Each integrated circuit shall be required to pass the electrical requirements of the data
sheet. The manufacturer shall also 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 temperature.

When specifically called out and funded on the purchase order or contract, the
manufacturer shall perform subgroups 2, 3, and 4 of paragraph 4.4 in accordance with
Method 5004 of MIL-STD-883.
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4.3.10

4311

4.3.12

4.3.13

4.3.14

Burn-In

The burn-in screen is performed for the purpose of eliminating marginal 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 Conditions A, B, C, or D for linear circuits. 38510 Class B (Level 111) MSI
and LSI 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.

Final Electrical Test (Set 1)

Each 38510 Class A (Level IV) 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 delta requirements:

PARAMETER DELTA LIMIT
VoL +10% of detail specification limit
VOH +10% of detail specification limit
L +10% of detail specification limit
HH +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 S. The manufacturer may, when deemed necessary, elect to
perform additional electrical testing over and above the requirements stated herein.

Radiographic Inspection (X-ray)

Test shall be performed in accordance 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).

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.

Voltage Stress

Selected n-channel MOS LSI 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

45

4.6

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 to
Group A, as specified.

SUBGROUP LTPD (%)
LEVEL LEVEL N LEVEL 1) LEVEL IV
38510C 385108 38510A
Subgroup 1 5 7 5 5
25°C, dc
Subgroup 2 10 10 7 5

High Temperature, dc
Subgroup 3 10 10 7 5
Low Temperature, dc
Subgroup 4 10 10 7 5

Dynamic and Switching Tests @ 26°C

NOTE: Functional tests included in dc tests.

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.

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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TABLE |
QUALITY CONFORMANCE TEST (GROUP B/GROUP C)

LTPD
TEST MIL-STD 883 CONDITIONS LEVEL IV [ LEVEL NI [ LEVEL I
METHOD
38510A 385108 38510C
Subgroup 12
Physical Dimensions 2016 19 15 20
Subgroup 22
Marking Permanency 2015
Visual and Mechanical 2014
Bond Strength? 2011 Condition C or D 10 15 20
2 grams for Au bonds
1.5 grams for Al bonds
Subgroup 32
Solderability 2003 Omit Aging 10 15 15
Subgroup 42
Lead Fatigue 2004 Conditions B,
Fine Leak 1014 Conditions A or B, per
para. 4.3.7 of this spec.
Gross Leak 1014 Condition C, per para. 4.3.8
of this spec. 10 15 15
GROUP C
Subgroup 1
Thermal Shock 1011 Condition B
Temp. Cycle 1010 Condition C
Moisture Resistance 1004 Omit Initial Cond.
Fine Leak 1014 Conditions A or B, per
para 4.3.7 herein
Gross Leak 1014 Condition C, per para. 4.3.8
herein 10 15 15
Electrical End Points 5005 Subgroups 1,2, 3, and 7
Subgroup 2
Mechanical Shock 2002 Condition B
Vibration Variable Freq. 2007 Condition A
Constant Acceleration 2001 Condition E3
Fine Leak 1014 Conditions A or B, per
para. 4.3.7 herein
Gross Leak 1014 Condition C, per para. 4.3.8
herein 10 15 15
Electrical End Points 5005 Subgroups 1,2, 3,and 7
Subgroup 3
Salt Atmosphere 1009 Condition A Omit Initial
Conditioning 10 15 15
Subgroup 4
High Temp Storage 1008 150°C, 1000 Hrs.
Electrical End Points 5005 Subgroups 1, 2, 3, and 7 7 7 7
Subgroup 6
Operating Life Test 1005 125°C, 1000 Hrs. Minimum
Electrical End Points 5005 Subgroups 1, 2, 3, and 7 5 5 5
1. Bond strength test may be performed on samples r y selected i ing internal visual prior to sealing.

2. Visual and/or hermetic end points; hence, electrical or visual rejects may be usad Reference MIL-STD-883, Method 5005.2, para. 3.4.
3. Condition D for packages with 20 pins or more. Condition E for packages with less than 20 pins.
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TABLE II
QUALITY CONFORMANCE TEST
MOS LSI CtRCUIT

TEST MIL STD-883 CONDITIONS LTPD
METHOD

Subgroup 1

Temperature Cycle 1001 Condition C

Constant Acceleration 2001 Condition D', Y Plane

Electrical End Points 5005 Subgroup 1 15
Subgroup 2

Operating Life 1005 Condition D, 500 Hrs. Minimum

Electrical End Points 5005 Subgroup 1 10

1. Condition D for packages with 20 pins or more. Condition E for packages with less than 20 pins.
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TABLE 111
MANUFACTURERS QUALIFICATION PROCEDURE
MOS LSI CIRCUITS

MiIL-STD-883
TEST CONDITIONS LTPD
METHOD
Subgroup 11
Physical Dimensions 2016 15
Visual and Mechanical 2014
Subgroup 21
Solderability 2003 Omit Aging 15
Subgroup 32
Thermat Shock 1on Condition B
Temperature Cycling 1010 Condition C
Moisture Resistance 1004 Omit Initial Conditioning
Electrical End Points 5005 Subgroup 1 15
Subgroup 42
Mechanical Shock 2002 Condition B
Vibration Variable Freq. 2007 Condition A
Constant Acceleration 2001 Condition E3
Electrical End Points 5005 Subgroup 1 15
Subgroup 57
Lead Fatigue 2004 Condition B2
Fine Leak 1014 Condition A or B Per Para.
4.3.7 Herein
Gross Leak 1014 Condition C2 Per Para. 15
4.3.7 Herein
Subgroup 6'
Salt Atmosphere 1009 Condition A, Omit 15
Initial Conditioning
Subgroup 72
Storage Life 1008 150°C, 1000 Hrs. Minimum
Electrical End Points 5005 Subgroup 1 7
Subgroup 82
Operating LIfe 1005 85°C, 1000 Hrs. Minimum
Electrical End Points 5005 Subgroup 1 10
Subgroup 97
10 devices
Bond Strength 2011 Condition B, D not greater
than 1%
defective

1. Visual and/or hermetic end points; hence, electrical rejects may be used, Reference MIL-STD-883, Method 5005.2, Para, 3.4,

2. Electrical end points only.

3. Condition D for packages with 20 pins or more, Condition E for packages with less than 20 pins.
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5.0

5.1

5.2

6.3

PREPARATION FOR DELIVERY

Final Visual Shipping Inspection

Each lot of microcircuits and its associated documentation shall be sampled by Quality
Control and visually inspected for the following:

a)
b)
c)
d)

e)

Scratched, nicked or bent leads

Damaged 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 or symbol.

Preservation and Package Identification

The package shall be marked with the following:

The country of origin if other than U.S.A.

Procuring activity parts number

Purchase order number

Material nomenclature

Quantity
Lot number
Date code

This information shall appear on the label or shall be directly marked on each container.

Method is optional.
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6.0

6.1

6.1.1

6.1.1.1

6.1.1.2

NOTES
Precap Visual Method 2010

The following criteria may be in conflict with the circuit design topology and
construction techniques of some microcircuit manufacturers. Where such a conflict
does exist, the inspection criteria listed herein may be waived. (Reference paragraph
3.0 of MIL-STD-883, Method 2010).

Preseat Visual Inspection, Test Condition B [38510 Class B (Level 111) and 38510
Class C (Level I)].

Paragraph 3.2: a 20-PSI minimum blow-off prior to seal will be performed to meet
the intent of a controlled environment.

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.
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6.2

6.3

6.4

6.5

Interconnections

Circuit interconnections (metallization pattern) shall be designed so that no properly
fabricated connection shall experience a current density greater than 5 X 105 amperes/cm?2,
including allowances for worst-case conductor composition, normal production 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 opening two adjacent sides and exceeding
50% of the length of one side and 100% of the length of the other side."”

Salt Atmosphere Test, Method 1009

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 salt atmosphere
test.

Rebonding

Attempts to bond where only impressions have been made in the metal and where the

bond did not make a physical attachment to the pad or post shall not be considered
evidence of rebonding.
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JAN MIL-M-38510 INTEGRATED CIRCUITS

The MIL-M-38510 JAN Program implemented by Texas Instruments provides a standardized qualification and specification
system for high-reliability military applications. The program covers a wide range of monolithic integrated circuits including
digital and linear device types in both dual-in-line 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 38510/MACH IV
Program is recommended. It includes all the significant and practical controls, 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-883A dated
15 November 1974. Revision D of the T1 38510/MACH IV specification is included in Tab Section 7 of this book.

The T! 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 testing options unique to a
specific program. The Tl 38510/MACH IV specification is organized and written per MIL-STD-100 to allow 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 a convenient cross-reference from the JAN part numbers to the corresponding standard catalog part numbers.
The cross reference from the catalog numbers to the JAN slash sheet numbers is provided in Table II.

The complete JAN part number with the tables of class, case, and lead finish codes is given in Table I11, along with a cross
reference to the T1 38510/MACH |V part number. A table of standard T| cases and lead finishes is also provided to assist in
specifying the proper 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 documentation. 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 T1 38510/MACH [V ICs, and the intended areas
of application. MIL-M-38510 recommends that for original equipment complements, the device class appropriate to the need
be used, while Class B is recommended for spare parts for logistic support.

MIL-STD-883
TYPICAL 38510/MACH IV
RECOMMENDED USE SYSTEM APPLICATIONs | M!L-M-38510 LEVEL
CLASS

Where repair or replacement | Prototype, noncritical support Class C I (SNM)
is readily accomplished and | or ground systems
““down time"’ is not critical
Where repair or replacement | Avionics and tactical Class B 111 (SNC)
is difficult or impossible and | missile systems
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” level devices has made possible improved availability thru distributor
and factory stocking programs. The following military documents (see Note 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/XXX, Microcircuits, Digital, TTL, .. .,...,
Monolithic Silicon (Slash Sheets)
MIL-M-38510A, Microcircuits, General Specification for
MIL-STD-883A, Test Methods and Procedures for Microelectronics
QPL-38510, Qualified Products List for MIL-M-38510

NOTE 1: Copies of these documents may be requested from the Naval Pulbications and Forms Center, 5801 Tabor Avenue, Philadelphia,
Pa. 19120.
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TABLE I. JAN INTEGRATED CIRCUITS AND CIRCUIT-TYPE CROSS-REFERENCE

JAN CKT
INO. TYPE
00101 5430
00102 5420
00103 5410
00104 5400
00105 5404
00106 5412
00107 5401
00108 5405
00109 5403
00201 5472
00202 5473
00203 54107
00204 5476
00205 5474
00206 5470
00207 5479%
00301 5440
00302 5437
00303 5438
00401 5402
00402 5423
00403 5425
00404 5427
00501 5450
00502 5451
00503 5453
00504 5454
00601 5482
00602 5483
00603 93041
00701 5486
00801 5406
00802 5416
00803 5407
00804 5417
00805 5426
00901 5495
00902 5496
00903 54164
00904 54165
00905 54194
00906 54195

01001 5442
01002 5443
01003 5444
01004 5445
01005 54145
01006 5446
01007 5447
01008 5448
01009 5449
01101 54181
01102 54182
01201 54121
01202 54122
01203 54123
01301 5492
01302 5493
01303 64160
01304 54163
01305 54162
01306 54161
01307 5490
01308 54192
01309 54193

01310t 54196
01311t 54197
01312t 54177

NOTE: Only the basic JAN and SN numbers are shown. Complete the numbers as shown in Table 111.

JAN
/NO.
01401
01402
01403

03102
03103
03104
03105
03501

cKT
TYPE
54150
93124
54153
9309

5409

54174
54175
54173
54170
54180
54L.30
54L20
54L10
54L00

54L04
54L01/54L03
54L71
54172
54173
54L78
54174
54H72
54H73
54H74
54H76
54H101
54H103
54H30
54H20
54H10
54H00
54H04
54H0|
54H22

MHO0026

Slash sheets not released as of date of this publication.

Not recommended for new designs .
#Class S only

JAN
/NO.
04001
04002
04003

CKT

54564
54565

JAN
INO.
075011
07502t
07601t
07602t
07701t
07702t
07703t
07801t
078021t
079011
07902t
07903t
07904t
07905t
07906t
07907t
08001t
08002t
081011
08201t
10101
10102
10103
10104
101051
10106t
10201
10202t
10203t
10301
10302
10303
10304
10401
10402
10403
10404
10405
104061
10501+
10601
10602
10701
10801t
10802t
15001
15101
15102
15103

17
54186 (PROM 512)
MCM5304 1
IM6603A

545387 (PROM 1024)
3

IM562
5531 (256 RAM)
93410 (256 RAM)
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4014A
4015A

NOTE: Only the basic JAN and SN numbers are shown. Complete the numbers as shown in Table I11.

TABLE I. JAN INTEGRATED CIRCUITS AND CIRCUIT-TYPE CROSS-REFERENCE

CKT
TYPE
TMS4060 (4K RAM)
TMS4050 (4K RAM)
54L.S00
541503
541504
541505
54LS10
541812
541.520
54L.522
541530
541873
541574
54L8112
65415113
5415114
5415174
5418175
5415107

TABLE |

JAN
/NO.
10105t
10106t
10601
20102

1

0350

23502 (4K RAM)
23501 (4K RAM)
20103

20103t

20202t

JAN
/NO.
30109t
30201t
30202t
30203t
30301t
30302t
30303t
304011
30402t
30501t
30502t
30601t
30602t
30603t
30604t
30605t
30606t
30607t
30608t

CKT
TYPE
4016A
4017A
4018A
4019A
4020A
4021A
4022A
4023A
4024A
4025A
4027A
4030A
4031A

54H51
54H53
654H54
54H55

CKT
TYPE

5415266
54L551
541554
541832
541586
5415194
5415195
541595
541596
5415164
54L5298
5415395
5418670

JAN
INO.
058011
05601
05602
05302

tSlash sheets not released as of date of this publication.
fNot. recommended for new designs.

JAN
/NO.
30701t
30702t
30703t
30704t
30801t
30901t
30902t
30903t
30904+
30905t
30906t
30907t
30908t
31001t
310021
31003t
31004t
31101t
31201t

54LS113

CKT
TYPE
5415138
5415139
541542
541547
54L.5181
54L.5151
54L5153
5415167
545158
5415251
5418257
5415258
5415253
54L811
54L515
541521
541508
541585
54L.S83A

JAN

INO.
02201
02202
02203
02204
02205
02206

JAN
INO.
31202t
31301t
31302t
31303t
31401t
31402t
31501t
31502t
31503t
31504t
31505t
31506t
31507t
315081
31601t
31602t
31701t
31702t
31801t

). CIRCUIT-TYPE AND JAN INTEGRATED CIRCUITS CROSS-REFERENCE

CKT
TYPE
54LS5114
5415123
5415124
5418132
645138
5415139
54L5151
64LS153

CKT
TYPE
5415283
54L513
54L514
54L8132
654L8123
54L5221
541590
54L.593
5415160
54L5161
54L5168
5415169
54L5192
5415193
541575
5415279
5415124
5415324
5415261
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TABLE Il. CIRCUIT-TYPE AND JAN INTEGRATED CIRCUITS CROSS-REFERENCE

CKT JAN CKT JAN CKT JAN CKT JAN
TYPE /NO. TYPE INO. TYPE /NO. TYPE INO.
54144 02903 545140 081011 5447 01007 54164 00903
54L46 02904 545151 07901t 5448 01008 54165 00904
54L47 02905 545153 07902t 5449 01009 54166 00910t
54L51 04101 545157 07903t 5450 00501 54173 01703t
54154 04102, 04104 545158 07904t 5451 00502 54174 01701
54155 04103 545174 07105 5453 00503 54175 01702
54L71 02101 545175 07106 5454 00504 53177 013121
54172 02102 545181 07801t 5470 00206 54180 019011
54173 02103 545182 07802t 5472 00201 54181 01101
54L74 02105 545194 07601t 6473 00202 54182 01102
64178 02104 545195 076021 5474 00205 54186 20101
54186 02601 545251 07905t 5475 01501 54192 01308
54L90 02501 545257 079061 5476 00204 54193 01309
54L91 02806¢ 545258 07907t 5477 01502 54194 00905
54193 02502 545280 07703t 54791 00207 64195 00906
54195 02801 545387 20201+ 5482 00601 54196 01310
54L121 04201 5400 00104 6483 00602 54197 01311t
541122 04202 5401 00107 5485 15001 54198 00909t
54L164 02802 5402 00401 5486 00701 5531 23001t (256 RAM)
54L193 02503t 5403 00109 5490 01307 55107 10401
54500 07001 5404 00105 5492 01301 55108 10402
54502 07301t 5405 00108 5493 01302 55113 10405
64503 07002 5406 00801 5495 00901 55114 10403
54504 07003 5407 00803 5496 00902 56115 10404
54505 07004 5408 01601 54107 00203 76L42A 02906
54510 07005 5409 01602 54116 01503 76L70 02805
54S11 080011 5410 00103 54121 01201 7831 10406t
54515 08002t 5412 00106 54122 01202 8250 15204t
54520 07006 5413 15101 54123 01203 8251 15205t
54522 07007 5414 15102 54125 153011 8252 152061
54530 07008 5416 00802 54126 153021 93L00 02804
54540 07201 5417 00804 54132 15103 93L10 02504t
54551 07401 5420 00102 54145 01005 93L16 02505t
54564 07402 5423 00402 54147 156011 93L281 02803
54565 07403 5425 00403 54148 156021 93001 00907t
54574 07101 5426 00805 54150 01401 93011 15802t
54585 08201 5427 00404 54151 014061 93041 00603
54586 07501t 5430 00101 54153 01403 9308 01503
545112 07102 5437 00302 54164 152011 9309 01404
545113 07103 5438 00303 54155 15202t 9311 15803t
545114 07104 5440 00301 54156 15203t 9312% 01402
545133 07009 5442 01001 54157 01405 93141 01504
545134 07010 5443 01002 54160 01303 9317 158041
545135 07502t 5444 01003 54161 01306 9322 01405
545138 07701t 5445 01004 54162 01305 9328 00908
545139 07702t 5446 01006 54163 01304 93410 23002 (266 RAM)

NOTE: Only the basic JAN and SN numbers are shown. Complete the numbers as shown in Table [11.
Slash sheets not released as of date of this publication,

I Not recommended for new designs.

4Class S only.
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JAN MIL-M-38510 INTEGRATED CIRCUITS

38510/MACH IV P/N

JaNP/N —o [ JaN M38510 / [ 001]

9] Beod

TABLE 1I1. T JAN AND 38510/MACH IV INTEGRATED CIRCUITS

L [
CLASS CIRCUIT TYPE CASE OUTLINE (SEE BLOCK A LEAD FINISH (SEE BLOCK A}
38510 | 38610/
138610/ See Cross JAN PACKAGE 38510/
AN | macHiv Reference (APP.C) MACH 1V | JAN | TYPE MACH tV
. Tables | & (1 Al1/4" X 1/4" FLAT14 F FA
Aés : B/T°| 174" X 1/8" FLAT-14 | F.3 T A SULSE:TF;“’ ;g
8 | TINPL
C|DIP-14 D1 J
P
< " Of1/4" X 3/8" FLAT-14 | F2 w ¢ |GoLofLate| 00
BLOCK A E|DiP16 D2 4 NOTES
JAN CASE OUTLINE & FINISH FOR TI FAMILIES Fl1a X 38 FLATA6 | F5 | wise 1. Complete the IB510/MACH IV number by
PRODUCT alelclole[Fla]1]a]c] 1 | G709 A L adding prefix for class, and suffixes for
SERIES 54 xIx I [x xIx Wl1/a" X 118" FLAT-10 | Fa u case outline and lead finish to the basic
SERIES 54H x % [x{x 1| 710100 A2 L circuit type number as shown above.
SERIES 54L x s|ow2e D3 3 Example
SERIES 5ALS x|x[x|x x |x K |[3/8" X 5/8" FLAT-24 | F6 w SNC54304-00
SERIES 545 x|x |x |x x |x L|3/8" X 1/2" FLAT-24 | F7 w
SERIES 52 x| |x x |x t |ow22 3 J 2. Complete the JAN number by adding a three
SERIES 56 x| x| Ix|x 1 |DIP18 4 ) letter suffix for class, outline, and
SERIES 4000 CMOS) X {x|x|x x|T05 - - tead finish a5 shown above.
1MOS LS x| x v [ro3 - - Example.
LEAD FINISH A z{14" x 38" FLAT-24 | F8 - JAN M38510/001018C8
LEAD FINISH B x % [x [x X {x x| x i
LEAD FINISH C X {x x [x

tPrefix designation for Class B 38510/MACH-1V for CMOS is “TFC" and for MOS LS| is “SMC"".

$unassigned.

*Per MIL-M-00385108.

TEXAS INSTRUMENTS



