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THE BIPOLAR MICROCOMPUTER COMPONENTS
DATA BOOK

Third Edition

T! invented the Integrated Circuit, The Microprocessor, and the Microcomputer, which have made Tl synonymous with
reliability, affordability, and compactness. The products in this book carry on T|’s tradition of technology leadership.

This data book describes a series of high-complexity bipolar digital building blocks designed specifically for implementing
high-performance computer or controller systems. The series offers the system designer maximum flexibility for achieving
cost-effective hardware designs from dedicated, highly specialized unique systems with tailored instructions to general-purpose
computers capable of emulating existing machine instructions, or programs, without loss of software investment,

In addition to a choice between a high-performance Schottky-clamped! TTL 4-bit-slice processor element and a 16-bit com-
puter central processing unit (CPU), the system designer can pick from a new expanded family of Schottky TTL memories
(RAMs, PROMs, and FIFOs), and state-of-the-art support functions needed to meet all control and interface requirements.

The SN74LS481 and the SN745481, with typical clock cycle times of 90 ns, feature automatically sequenced iterative
multiply, divide, and cyclical-redundancy algorithms to simplify system design. Design is also simplified at a very low package
count when the expandable SN54S482/SN745482 4-bit-slice controller is used to generate next-address functions.

The SBPY900A microprocessor, a ruggedized, monolithic, 16-bit parallel 12L central processing unit (CPU), combines an
advanced memory-to-memory architecture and a powerful minicomputer instruction set with the simplicity of a single
power supply and static logic with a single-phase clock to thrust its capabilities beyond those of existing microprocessors.

The SBP9989 microprocessor is the most recent addition to the SBP9900 2L family, the military 16-bit solution to meeting
the complex tasks of the eighties. With designed-in multiprocessor support, new signal functions and instructions, and in-
creased speed, the SBP9989 extends the 9900 performance level and provides reliability in rugged environments — the key to
all SBP9900 family members. :

The family of high-performance Schottky TTL memories offers a wide variety of organizations providing efficient solutions
for virtually any size micro-contro! or program memory application. A new expanded family of bipolar PROMs (including
standard, low-power, power-down, and registered versions) has dictated a new numbering system to encompass new device
types. Redesigned lower density PROMs now offer up to 20% faster maximum address access times and reductions of as
much as 35% in power consumption. Tl’s popular 1K, a Low-Power 2K, two 512 X 8 4K's, and the 1024 X 8 24-Pin 8K
PROM:s are being followed by a 16K PROM with a typical address access time of 35 ns.

Included in this volume is a Functional Index to all bipolar digital device types available or under development showing the
available technologies for each type {Standard TTL, Schottky, Low-Power Schottky, Advanced Low-Power Schottky, Ad-
vanced Schottky, etc.). Logic symbols prepared in anticipation of IEEE Std. 91-1982 and pin assignments for all bipolar
devices are shown in this data book with typical performance data and chip carrier information where applicable. These
additions to the data book should prove helpful to design and component engineers by providing ready access to Tl’s full
line of bipolar digital device types and technologies.

This volume offers design and specification data for bipolar computer components. Complete technical data for any T} semi-
conductor product is available from your nearest T field sales office, local authorized Tl distributor, or by writing direct to:

Marketing and Information Services, Texas Instruments Incorporated, P. O. Box 225012, MS 308, Dallas, Texas 75265.

We sincerely hope you will find the BIPOLAR MICROCOMPUTER COMPONENTS DATA BOOK a meanlngful addition to
your technical library.

t Integrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments, U,S. Patent Number 3,463,975,
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GLOSSARY
TTL TERMS AND DEFINITIONS

INTRODUCTION

This glossary consists of two parts: (1) general concepts for digital circuits including types of bipolar memories and (2)
operating conditions and characteristics (including letter symbols). Some of the terms, symbols, abbreviations, and defi-
nitions used with memory integrated circuits have not, as yet, been standardized. These are currently under considera-
tion by the EIA/JEDEC (Electronic Industries Association) and the IEC (International Electrotechnical Commission).
The following are as consistent with the past and future work of these organizations as is possible to anticipate at this time.

PART | — GENERAL CONCEPTS INCLUDING TYPES OF BIPOLAR MEMORIES
Chip-Enable Input

A control input that when active permits operation of the integrated circuit for input, internal transfer, manipulation,
refreshing, and/or output of data and when inactive causes the integrated circuit to be in a reduced-power standby
mode.

NOTE: See ““chip-select input”’.

Chip-Select Input

A gating input that when inactive prevents input or output of data to or from an integrated circuit.
NOTE: See ‘“chip-enable input”.

Dynamic (Read/Write) Memory

A read/write memory in which the cells require the repetitive application of control signals in order to retain stored
data. .
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

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.

Gate Equivalent Circuit

A basic unit-of-measure of relative digital-circuit complexity. The number of gate equivalent circuits is that number of
individual logic gates that would have to be interconnected to perform the same function.

Large-Scale Integration, LS!
A concept whereby a complete major subsystem or system function is fabricated as a single microcircuit. In this
context a major subsystem or system, whether digital or linear, is considered to be one that contains 100 or more
equivalent gates or circuitry of similar complexity.

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.

TEXxAs INSTRUMENTS
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GLOSSARY
TTL TERMS AND DEFINITIONS

Medium-Scale Integration, MSI

A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The subsystem or
system is smaller than for LS|, but whether digital or linear, is considered to be one that contains 12 or more equivalent
gates or circuitry of similar complexity.

Memory Cell

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

Memory Integrated Circuit

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

Output-Enable Input

A gating input that when active permits the integrated circuit to output data and when inactive causes the integrated
circuit output(s) to be at a high impedance (off).

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 permits access to any of its address locations in any desired sequence with similar access time for each
location.
NOTE: The term RAM, as commonly used, denotes a read/write memory.
Read-Only Memory (ROM)
A memory in which the contents are not intended to be altered during normal operation.
NOTE: Unless otherwise qualified, the term “‘read-only memory’’ implies that the content is unalterable and defined
by construction. :

Read/Write Memory

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

Small-Scale Integration, SSI
Integrated circuits of less complexity than medium-scale integration (MSI).
Very-Large-Scale Integration, VLSI

A concept whereby a complete system function is fabricated as a single microcircuit. In this context, a system, whether
digital or linear, is considered to be one that contains 3000 or more gates or circuitry of similar complexity.

Volatile Memory

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

TEXAS INSTRUMENTS
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PART Il — 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., SR for sense recovery
and PLH for propagation delay from low to high.

Access Time (of a memory)

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) Access time from address
ta(E) Access time from chip enable
ta(S) Access time from chip select

Clock Frequency

Maximum clock frequency, fmax

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence while
maintaining stable transistions of logic level at the output with input conditions established that should cause changes
of output logic level in accordance with the specification.

Current

High-level input current, I|H
The current into™ an input when a high-level voltage is applied to that input.

High-level output current, I0H
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, I
The current into™ an input when a low-level voltage is applied to that input.

Low-level output current, lQL
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 output current, 10({off)

The current flowing into* an output with input conditions applied that according to the product specification will
cause the output switching element to be in the off state.

Note: This parameter is usually specified for open-collector outputs intended to drive devices other than logic circuits.

*Current out of a terminal is given as a negative value.

1276
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Off-state (high-impedance-state) output current (of a three-state output), lgz
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, 10§
The current into™ an output when that 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
The current into™ the Vo supply terminal of an integrated circuit.

Cycle Time

Read cycle time, t¢(rd) (see note)
The time interval between the start and end of a read cycle.

Read-write cycle time, tc(rd,wr) (see note)
The time interval between the start of a cycle in which the memory is read and new data are entered, and the end of
thatcycle.

Write cycle time, te(yr) (see note)

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

NOTE: The read, read-write, or 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.

Hold Time

Hold time, tp

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.

Output Enable and Disable Time

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

Output disable time (of a three-state output) from high level, tpHz (or low level, tpy Z)
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.

*Current out of a terminal is given as a negative value.

1276
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Output disable time (of a three-state output) from high or low level, tpxz
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, tpLH
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 leve! 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:

twicl) Clear pulse width
tw(wr) Write pulse width

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,
Release Time

Release time, tyglease

The time interval between the release from a specified input terminal of data intended to be recognized and the
occurrence of an active transition at another specified input terminal.

Note: When specified, the interval designated “release time’’ falls within the setup interval and constitutes, in effect, a
negative hold time.

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.
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Transition Time

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

Transition time, high-to-low-level, tTHL
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|H

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

NOTE: A minimum is specified that is the least positive value of high-level mput voltage for which operation of the
' logic element within specification limits is guaranteed.

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

Low-level input voltage, VL
An input voltage level within the less positive {more negative) of the two ranges of values used to represent the binary
variables.

NOTE: A maximum is specified that is the most positive value of low-level input voltage for which operation of the

logic element within specification limits is guaranteed.

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

Negative-going threshold voltage, VT .
The voltage level at a transition-operated input that causes operation of the logic element according to specification as
the input voltage falls from a level above the positive-going threshold voltage, VT+.

Off-state output voltage, VO(off)

The voltage at an output terminal with input conditions applied that according to the product specification will cause
the output switching element to be in the off state.

Note: This characteristic is usually specified only for outputs not having internal pull-up elements.

On-state output voltage, VO(on)

The voltage at an output terminal with input conditions applied that accordmg to the product speclflcatlon will cause
the output switching element to be in the on state. e

Note: This characteristic is usually specified only for outputs not having internal pull-up elements.

Positive-going threshold \)oltage, VT+
The voltage level at a transition-operated input that causes operation of the logic element according to specification as
the input voltage rises from a level below the negative-going threshold voltage, VT1_.
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AG

Al
ALU
AO
BLWP

Ccco

c

CE

CIN

CL

CLK
CLA
CLR
couT
CPU

CRC
CRU
CRUIN
CRUOUT
CRUCLK

DBIN
DO
DMA
DP

E

EQ
FPLA
G

INCMC
INCPC
INT

1/0

IP
INTREQ

LG
LCIR
LD
LDCR
LSA
LSB
LSt
LSP

ACRONYMS AND MNEMONICS

arithmetically greater than

address input port

arithmetic logic unit

address output port

branch and load workspace pointer

counter-carry output

clock input (PROMs)

chip enable

carry in

clock

clock

carry look-ahead

clear

carry out

central processing unit

cyclic redundancy check

communications register unit

data input to CPU for CRU input operations

data output from CPU for CRU output operations
CRU-enable signal from CPU for CRU output operations

data bus input

data output port

direct memory access

double precision
asynchronous chip enable
equal to

field-programmable logic array
asynchronous output enable

increment memory counter
increment program counter
interrupt

input or output
intermediate position
interrupt request

logically greater than
left circulate

load

load CRU

left-shift arjithmetic
least-significant bit
left-shift logical
least-significant position
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MC
MEMEN
MSB
MPX
MSP
MUX
NC

OE

ov

PC
PLA
POS
RCIR
RSA
RSL
RTWP

SBZ

SBO
sP
ST
STCR
TB
WR
WE
Xop
XWR

Additional mnemonics or acronyms specifically relating to SBP 9900A instructions are found on pages 4—24 and 4—26.

memory counter
memory enable
most-significant bit
multiplex
most-significant position
multiplexer

not connected

output enable

overflow

program counter

programmabile logic array

relative position control (MPS, IP, or LSP)
right circulate

right-shift arithmetic

right-shift logical

return workspace pointer instruction

asyncronous chip select
set bit to zero

set bit to one

single precision

status register

store CRU

test bit

working register

write enable

extended operation instruction
extended working register

TExAs INSTRUMENTS
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EXPLANATION OF FUNCTION TABLES

The following symbols are used in function tables on TI data sheets:

= high level (steady state)
= low level (steady state)

= transition from low to high level

= transition from high to low level
= value/level or resulting value/leve! is routed to indicated destination
value/level is re-entered

= irrelevant (any input, including transitions)

N X H ) <« ->rx
[}

= off (high-impedance) state of a 3-siate-output

.h = the level of steady-state inputs at inputs A through H respectively

o

level of Q before the indicated steady-state input conditions were established

&8
" n

complement of Qg or level of Q before the indicated steady-state input conditions were established

(@]
3
]

level of Q before the most recent active transition indicated by | or t

| = one high-level pulse
= one low-level pulse

TOGGLE = each output changes to the complement of its previous level on each active transition indicated by
Yort,

If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid when-
ever the input configuration is achieved and regardless of the sequence in which it is achieved. The output persists so
long as the input configuration is maintained.

If, in the input columns, a row contains H, L, and/or X together with 1 and/or {, this means the output is valid when-
ever the input configuration is achieved but the transition(s) must occur following the achievement of the steady-state
levels. If the output is shown as a level (H, L, Qq, or 50), it persists so long as the steady-state input levels and the
levels that terminate indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite
direction to those shown have no effect at the output. (If the output is shown as a pulse, nor LJ', the pulse
follows the indicated input transition and persists for an interval dependent on the circuit.)
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PROMs, RAMs, FIFOs, MEMORY-BASED CODE CONVERTERS,
AND 4-BIT-SLICE PROCESSOR ELEMENTS

PARAMETER MEASUREMENT INFORMATION

FOR THREE-STATE OUTPUTS AND BI-STATE TOTEM-POLE OUTPUTS

\%! V2
RL
R1
FROM OUTPUT FROM OUTPUT
UNDER TEST UNDER TEST
R2 . CL (See Note A}
CL ’
(See Note A)

LOAD CIRCUIT

THEVENIN EQUIVALENT

CIRCUIT
VOLTAGE VALUES
MEASUREMENTS Vee vi v2
55V 55V 37V |
o1 1 and t 5.25 V 5.25 V 35V
PLH anetPHL 475V | 475V | 32V
45V 45V 3V
tpHz and tpzH ALL oV oV
tpz and tpz | ALL 5V 3.3V
. RESISTOR VALUES
oL Maxt R1 R2 RL
24 mA 200 © 400 Q 1330
20 mA 240 0 480 Q 160
16 mA 300 600 Q 200 Q
12 mA 400 @ 800 Q 267 2
8 mA 600 1.2k 400 ©

" tsee Recommended

Operating Conditions.

FOR OPEN-COLLECTOR OUTPUTS

Vee
R4
FROM OQUTPUT
UNDER TEST
R
cL L2
(See Note A)

TEST CIRCUIT FOR USE WHEN
RL1 AND R 2 ARE SPECIFIED

RL
FROM OUTPUT
UNDER TEST
CL (See Note A)

TEST CIRCUIT FOR USE WHEN
SINGLE Ry IS SPECIFIED

NOTE A: C| includes probe and jig capacitance.
3V — — —=—3V
ﬂrme sy ”W”WV%__J/(C;T__T;>\\___
INPUT _: ________ ov PULSE ! . : ov
— ty —=
te- tsu —d* th—=1
i [ W — :
; ST LOW-LEVEL i : v
DATA .
15V 1.5V 15V 15V
INPUT ov PULSE L e —QvV
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE WIDTHS

TEXAS INSTRUMENTS
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PROMs, RAMs, FIFOs, MEMORY-BASED CODE CONVERTERS,
AND 4-BIT-SLICE PROCESSOR ELEMENTS

PARAMETER MEASUREMENT INFORMATION

15V 15v
1
INPUT | : oV
!‘-— tpLy ——8 ba— —
| | L
I | T \ VoH
IN-PHASE | 15V | 15V
ouTP |
uT I I VoL
ja— teHL — je— tprn —om
|
]
OUT-OF-PHASE | c VoH
OUTPUT 15V 15V

————= = VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

3v
OUTPUT CONTROL
15V 15V
(Low-level enabling) I
N—— —_——————— ov
| I
e— trzL —w j— Pz —wi
| I | (See Note C)
—_—- =~ V2 | ~ V2
WAVEFORM 1 i ! . ! "
{See Note B) I V=15V : ]
———————— VoL
| I
j@— tpzH ——8n} |
| |
| P R VoH
WAVEFORM 2 Vi=15V | |
(See Note B)
1
ja— trHz —el <oV
(See Note C}
VOLTAGE WAVEFORMS

ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

NOTES: B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control,
C. Tl normally measures tp|_z and tpyz by reading at the 1.5-volt (V) point on the waveform and subtracting the RC time from

the reading, V2 - Vg max

Fort , RCIN ——————_____ js subtracted from the reading.
PLZ vz -V, 9

Vopumin

i
For tpyz, RCIn is subtracted from the reading.

t
In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily,

E. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zout = 50 @, t, < 2,5 ns,
t§ < 2.5 ns,
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BIPOLAR MEMORIES PAGE

Programmable Read-Only Memories (PROMs)

PROM Numbering System and Ordering Instructions .. ... . ... ittt ittt tntnnennreneennns
PROM Line SUMMAIY . ittt ittt ittt ettt ee e te e et eassseonenneesesonnsenens
PROM Cross-Reference Guide .. ... it iiiiiiinniin e tn e neenneoeeeonnanennnonsnns
Series 14 and 18 PROM Data Sheets . ... i it ittt i in et it in s esaasennnensneesannns
Series 24 and 28 PROM Data Sheets ...t i v it i vene i et i tnnnnrteronoenonenronnens

Random-Access Memories (RAMs)

SN5481A, SN5484A, SN7481A, SN7484A 16-Bit RAMs . .. ... ... ittt ittt iii it
SN7489 64-Bit RAM ... . . . . e e e
SN54LS189A, SN54LS219A, SN54LS289A, SN54LS319A, SN74LS189A, SN74LS219A,

SN74LS289A, SN74LS319A64-Bit RAMs . . . ... ittt ittt ittt aa e ennns
SN54S5189A, SN64S289A, SN74S189A, SN745289A 64-Bit RAMs . . ... ......c. v,
SN745201, SN74S301 256-Bit RAMs ... .. ... it it it ittt e

First-In First-Out Memories (FIFOs)
SN541.5222, SN541.S224, SN541L.5227, SN54L.5228, SN741.5222, SN74L.5224,
SN741.S227,SN74L5228 16 X 4 Asynchronous FIFOs . . ... .. ..ttt innennnnnnns
SN748225 16 X5 Asynchronous FIFO ... .. . it ittt it it ien e eanann
Code Converters

SN54S484, SN545485, SN745484, SN745485
BCD-to-Binary and Binary-to-BCD Converters .. ... ....cv vt teentnonseoneesneeenas
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PROM NUMBERING SYSTEM AND ORDERING INSTRUCTIONS

To complement Texas Instruments continually expanding line of bipolar PROMs, a new numbering system is being imple-
mented. This system provides the user with information regarding the generic programming family, bit density, organization,
temperature range, and the size and type of package without the necessity of looking up this information in tables. Below is
a guide for use of this new numbering system. '

Factory orders for PROMs described in this book should include a type number as explained in the following example.

These two digits
comprise the
series designation

T8P 2 8 SA 8 6 M J
T TTTTITTL
Prefix ( ( Package Type
TBP =standard prefix J = ceramic dual-in-ine
MBP =MACH IV N = plastic dual-in-line
SNM processing FC, FE = ceramic chip carrier
CBP =MIL-STD-8838 Milit FN = plastic chip carrier
itar
vendor-equivalent I M
Product
SNC processing )
VersionsT
JBP =JEDEC standard Temperaturs Range
MIL-STD-8838 No designator 0°Cto 70°C
SNJ processing J E _40°C 10 85°C
M —55°C10 125°C
T See Tl publication CB233A for detailed ex-
planation and processing flow diagrams.

l——————— Package Size¥

Row Spacing in
. Inches (Millimeters)
Generic Prog ing Family No. of 0.300 0.400 0.600
Pins (7,62) (10,16) (15,24)

Output Word Width 16 0 - -

18 1 - -

20 2 - -
Output Type 2 a 4 _
S = standard three-state

24 5 - 6
L = low-power three-state 28 _ _ 7
P = power-down three-state Bit Complexity 0 _ _ 8
R registered three-state 03 =256 bits
D = power-down and registered 1 =1,024 bits

three-state 2 =2,048 bits iPackage—size designation is not applicable with
. chip carrier (FC, FE, or FN), and should be
T = latched three-state 4 =4,096 bits replaced with the letter X for this package type.
SA ‘= standard open-collector 8 =8,192 bits
LA = low-power open-collector 16 = 16,384 bits
PA = power-down open-collector 32 =32,768 bits
RA = registered open-collector
DA = power-down and registered
open-collector

TA = iatched open-collector



USER-PROGRAMMABLE READ-ONLY MEMORY (PROM) LINE SUMMARIES

STANDARD PROMS
TYPICAL PERFORMANCE
NEW oLD OUTPUT BIT SIZE SEE
ADDRESS POWER
TYPE NUMBER TYPE NUMBER TYPE? (ORGANIZATION) PAGE
ACCESS TIME DISSIPATION
TBP i
BP18SA030 SN745188 O 256 Bits 25 s 400 mW
TBP185030 SN 745288 4 (32w X 88) 27
TBP14S10 SN745287 \V/
. 42 ns 500 mW
TBP14SA10 SN745387 O 1024 Bits
TBP24510 256W X 4B
S Vv ( ! 35ns 375 mW 2-13
TBP24SA10 [e]
TBP N74 2048 Bi
185A22 SN745470 o) 048 Bits 50 ns 550 mW
TBP18522 SN745471 v (256W X 8B)
TBP18542 SN745472 \Y% 27
TBP18SA42 SN745473 O 55 600 mW
ns m
TBP185S46 SN745474 \V4
TBP18SA46 SN745475 O )
TBP28542 ; 4096 Bits
TBP28SA42 O (512w X 88)
TBP28545 v 35ns 500 mW
TBP28S46 \V4
TBP28SA46 O
TBP24S41 SN745476 \4 4096 Bits 40 s 475 mW
TBP24SA41 SN745477 o3 (1024W X 4B) 213
TBP24581 SN74S454 \V 8192 Bits
45 ns 625 mW
TBP24SA81 SN745455 O (2048W X 4B)
TBP28586 SN745478 v
TBP28SA86 SN745479 O 8192 Bits 45 ns 625 mW
TBP2852708 SN7452708 v (1024w X 8B)
TBP28S85 v 35 ns 550 mW
T 16,384 Bit
BP28S166 \Y4 384 Bits 35 ns 650 mW
TBP28SA166 [ (2048W X 8B)
LOW-POWER PROMS
TYPICAL PERFORMANCE
NEW oLD OUTPUT BIT SIZE ADDR:SS SOWER SEE
TYPE NUMBER TYPE NUMBER TYPE? (ORGANIZATION) PAGE
ACCESS TIME DISSIPATION
TBP28L22 \v/ 2048 Bits 45 300 mW
TBP28LA22 o) {256W X 8B) n m
TBP28L42 v 4096 Bits 60 250 mW
m
TBP28L45 v (512w X 8B) - " 2.13
TBP28L86 SN74L5478 v 8192 Bits 80 ns 350 mW
TBP28L85 v (1024W X 88) 65 ns 275 mW
16,384 Bits
TBP28L.166 v 65 350 mW
(2048W X 88) s "

1> = open coltector, {/ = three state.

24
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POWER-DOWN PROMS

NEW oLD OUTPUT BIT SIZE TYPICAL PERFORMANCE SEE
TYPE NUMBER TYPE NUMBER TYPEt (ORGANIZATION) ADDRESS POWER PAGE
M ACCESS TIME DISSIPATION
a -
TBP28P42 \4 096 Bits 35 ns 550/60 mW
TBP28P45 v (512W X 8B)
) 8192 Bits 2-13
TBP28P85 35 ns 550/60 mW
BP28P8 % (1024W X 8B)
16,384 Bits
TBP28P166 ’ 35ns 650/125 mW
v (2048W X 8B)
REGISTERED PROMS
NEW oLD OUTPUT BIT SIZE TYPICAL PERFORMANCE SEE
TYPE NUMBER TYPE NUMBER TYPET (ORGANIZATION) crock POWER PAGE
TO OUTPUT | DISSIPATION
TBP28R45 v 4096 Bits 550 mW
(512w X 8B)
8192 Bits 2413
20 600 mW
TBP28R85 v (1024W X 8B) ns m
TBP28R165 v 16,384 Bits 700 mW
TBP28R166 {2048W X 8B) "
READ/WRITE MEMORY (RAM) LINE SUMMARY
TYPICAL PERFORMANCE
BIT SIZE OUTPUT SEE
TYPE NUMBER ADDRESS POWER
(ORGANIZATION) TYPET PAGE
ACCESS TIME DISSIPATION
SN5481A/SN7481A 16 Bits X . — 235
SNEA484A/SN7484A its X1 Q< Sns m -
SN7489 Q 32 ns 378 mW 2-41
SN54LS189A/SN74L.S189A v 50 ns 173 mw 2.45
SN545189/SN74S189 64 Bits v 25 ns 375 mW 2-49
SN54LS219A/SN74LS219A v 50 ns 173 mW 045
SN54LS289A/SN74LS289A (16W X 4B) [ 50 ns 173 mW
SN545289/SN745289 O 25 ns 375 mwW 2-49
SN54LS319A/SN74LS319A O 50 ns 173 mW 2.45
SN748201 256 Bits \V 42 ns 500 mW 253
SN745301 (256W X 18B) [ 42 ns 500 mW
FIRST-IN/FIRST-OUT (FIFO) MEMORIES
TYPICAL PERFORMANCE
TYPE NUMBER BIT SIZE ouTPUT DATA RATES FALL POWER SEE
{(ORGANIZATION) | TYPE?Y PAGE
INPUT |OUTPUT | THROUGH | DISSIPATION
SN541.5222/SN741.5222 v
SNB54LS224/SN74L5224 64 Bits v 50 433 W 257
SN54L5227/SNTALS227 {(16W X 48) [} dcto | deto ns m
SN54L5228/SN74 L5228 o 10 MHz| 10 MHz
80 Bits
+ SN745225 190 400 mW 2-65
{16W X 58) v ne ™

T Q= open collector, V = three state.
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9C

AMD
27818
27519
27520
27s21
27528
27529
27830
27831
27832
27833
275180
275181
275184
275185

MmI

6300-1
6301-1
6308-1
6309-1
6330-1
6331-1
6340-1
6341-1
6348-1
6349-1
6352-1
6353-1
6380-1
6381-1

T
TBP18SA030
TBP18S030
TBP24SA10
TBP24S10
TBP28SA42
TBP28S42
TBP28SA46
TBP28S46
TBP24SA41
TBP24S41
TBP28SAB6
TBP28S86
TBP24SA81
TBP24581

Ti

TBP24SA10
TBP24510
TBP28LA22
TBP28L22
TBP18SA030
TBP18S030
TBP28SA46
TBP28546
TBP28SA42
TBP28S42
TBP24SA41
TBP24S41
TBP28SA86
TBP28S86

FAIRCHILD
93417
93427
93438
93448
93450
96451
93452
93453
93510
93511

MOTO-
ROLA

7640
7641
7642
7643
7680
7681

BIPOLAR PROM CROSS REFERENCE

Tl
TBP24SA10
TBP24510
TBP28SA46
TBP28S46
TBP28SA86
TBP28586
TBP24SA41
TBP24S41
TBP28SA166
TBP285166

TI

TBP28SA46
TBP28S46
TBP24SA41
TBP24541
TBP28SA86
TBP28S86

HARRIS
7602
7603
7608
7610
7611
7640
7641
7642
7643
7648
7649
7680
7681
7684
7685
76160
76161

NATION-
AL
745188
745287
745288
745387
745470
745471
745472
745473
745474
745475
745572
745573
875180
875181
875184
875185
875190
875191

TI

TBP18SA030
TBP18S030
TBP2852708
TBP24SA10
TBP24S10
TBP28SA46
TBP28S46
TBP24SA41
TBP24841
TBP285A42
TBP28542
TBP28SA86
TBP28S86
TBP24SA81
TBP24S81
TBP28SA166
TBP28S166

Tl

TBP18SA030
TBP24S10
TBP185030
TBP24SA10
TBP28LA22
TBP28L22
TBP28S42
TBP28SA42
TBP28546
TBP28SA46
TBP24SA41
TBP24541
TBP28SA86
TBP28S86
TBP24SA81
TBP24s81
TBP28SA166
TBP285166

INTEL
3601
3604
3605
3608
3621
3624
3625
3628
3636

RAY-
THEON

29600
29601
29620
29621
29624
29625
29630
29631
29635
29650
29651
29660
29661
29680
29681

TI
TBP24SA10
TBP28SA46
TBP24SA41
TBP28SA86
TBP24S10
TBP28546
TBP24541
TBP28S86
TBP285166

Tl

TBP2BLA22
TBP28L22
TBP28SA42
TBP28S42
TBP28SA46
TBP28S46
TBP28SAB6
TBP28S86
TBP2852708
TBP24SA81
TBP24S81
TBP24SA10
TBP24S10
TBP28SA166
TBP28S166

INTERSIL
5600
5603
5605
5600
5623
5625
56506
56526

SIG-
NETICS

82523
828123
825126
825129
825136
828137
82s140
825141
825146
825147
825180
825181
8218181
825184
825185
825190
828191
4252708

Tl
TBP18SA030
TBP24SA10
TBP28SA46
TBP18S030
TBP24S10
TBP28546
TBP24SA41

" TBP24541

TI

TBP18SA030
TBP18S030
TBP24SA10
TBP24S10
TBP24SA41
TBP24541
TBP28SA46
TBP28S46
TBP285A42
TBP28S42
TBP285A86
TBP28586
TBP28L86
TBP24SA81
TBP24581
TBP28SA166
TBP28S166
TBP2852708
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SCHOTTKY "
PROMS

SERIES 14 AND 18
PROGRAMMABLE READ-ONLY MEMORIES

JUNE 1981

e Titanium-Tungsten (Ti-W) Fuse Link For Re-
liable Low-Voltage Full Family Compatible

Programming

e Full Decoding And Fast Chip Select Simplify

System Design

e P-N-P Inputs For Reduced Loading On System

e Applications Include:
Microprogramming/Firmware Loaders
Code Converters/Character Generators
Translators/Emulators )
Address Mapping/Look-Up Tables

Buffers/Drivers
E P MBER | OLD TYPE NUMBER TYPICAL PERFORMANCE
NEW TYPE NUMB BIT SIZE OUTPUT
0°C to 70°C 0°Cto 70°C (ORGANIZATION) | CONFIGURATIONT ADDRESS POWER
ACCESS TIME | DISSIPATION

TBP18SA030 (4, N)4 SN745188 (J, N) 256 Bits o

25 ns 400 mW
TBP185S030 (J, N)4 SN745288 (J, N) (32W X 8B} v
TBP14510 (J, N)4 SN745287 (J, N) 1024 Bits \V4

42 ns 500 mW
TBP14SA10 (J, N)4 SN745387 (4, N) (256W X 48B) o
TBP18SA22 (J, N)* SN745470 (J, N) 2048 Bits O

50 ns 550 mW
TBP18S22 (J, N)4 SN745471 (J, N) (256W X 8B) v
TBP18S42 (J, N)* SN748472 (J, N) 4096 Bits v

55 ns - 600 mW
TBP18SA42 (J, N)4 SN745473 (J, N) (512W X 8B) O
TBP18S46 (J, N)* SN745474 (J, N) 4096 Bits \VJ

55 ns 600 mW
TBP18SA46 (J, N)4 SN748475 (J, N) (512W X 8B) 9 :

4 For full temperature parts (—65°C to +125°C) use suffix MJ. For devices with MIL-STD 883B processing (—55°C to +125°C) see page 2-3.
1 O = open collector, {/ = three state.

TBP18SA030, TBP18S030 TBP14S10, TBP14SA10  TBP18SA22, TBP18S22  TBP18S42, TBP18SA42  TBP18S46, TBP18SA46
256 BITS 1024 BITS 2048 BITS 4096 BITS 4096 BITS

{32 WORDS BY 8 BITS) (256 WORDS BY 4 BITS) (256 WORDS BY 8 BITS) (512 WORDSBY 8 BITS) (512 WORDS BY 8 BITS)
(TOP VIEW) ITOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW)

o U @vee sl U fvee Ao U fEvee ol U @Evee A7 U [@vec

o1lz 5 G AS 7] % A7 A1[z] 5 A7 A1(Z] (5] A8 A6 [z 23] A8

Q23 1 A4 A4l5] ] G2 A2(3] 5] AG A2(3] (5] A7 A5z [z2]NC

Q3[4] ] A3 A3[4] (5] G1 A3[z] 5] A5 A3 (3] 7] A6 Ad[L ]G4

04[] 2] A2 A0fs] 2} Q0 A4fs] 5] G2 A4(s] %] A5 A3[E ] G1

Qs [g] ] A A[e] [1] @1 oo [s] (e} G1 ao [s] B[ A2[c %Gs

Q6 (7] [19) AD A2[7] 15} Q2 a1[7] [ @7 17 [#]Q7 A1[T] ] G2

GND[E [5)a7  GND[E] 5] o3 02[¢] B 2[5 3106 A0 [¢] (7] a7

a3[7] Zlos  a3ff] [] 05 Qofs) 5] 06

GND[ig o4 GND{y] [ aa Q1o [is) @5

Q2] 4] Q4

GND ] =] a3

Pin assignments for all of these memaries are the same for the J and N packages. See Product Guide, Section 7, for chip carrier pin assignments,

description

These monolithic TTL programmable read-only memories (PROMs) feature titanium-tungsten (Ti-W) fuse links with
each link designed to program in 100 microseconds. The Schottky-clamped versions of these PROMs 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 PROMs 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 (7,62 mm).

Copyright © 1981 by Texas Instruments |ncorporated

TEXA S l NSTRUMENTS flmegrated Schottky-Barrier diode- 2.7

clamped transistor is patented by Texas 3
INCORPORATED Instruments. U.S. Patent Number
3,463,975,
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SERIES 14 AND 18
PROGRAMMABLE READ-ONLY MEMORIES

logic symbols

. TBP14S10 TBP18S22
TBP18S030 [TPromzse x4 TROM 256 X §
PROM3ZXB | PO} | o .
(2) AV oo
[ul] (2 T [i]]
AV (2) @ A Vp——"—a0 Azt A} &

o) A V|1 avi—__q et a— o Y
:‘1’.———‘"’ ’ Av— a2 avp42 _q: P — A%s AVI::Q"———
G2) 0 Avi—& Av—© a3 an ] S

FYE L. A (5) ———— A5 12)
POSE] 31 AV———aoas g8 AV
e 181 . Av+os 9) , A ':+i))_
o 1 7]
= _{15) ﬂV-———oa =, _116) I AYf————
G EN
Av—E a7 TN EN
TBP14SA10 : TBP18$A22
TBP18SA030 PROM 256 X 4 M rromzsexs )
PROM 32 X 8 1o a2 1o
OS] T ach—8 g
A ob— 0o a2 | Aok 12 og JeSE] AQ ———((7:
10 . Aol P o Aol U o ST LINpY
‘:‘: - AQ—::—:—OZ PO A oo o, e AQ.—(:—S“,——
(12) o A Qpmi— a3 . as—2 | AQ 19 a3 a5 12 AQ
A A1 aol B o4 As—L Ao 18 P T
A ] (© 115 o] 13
g 18 . A Qp—2—as5 A 7 Ay 419 AQl—
a5 aot T .o [ IRILNN ' RN aAQ
g EN of—9 = _ 13 EN & 5) EN
AQp—8 o7 13 N [JPRALI N
TBP18S46
® PROM 512X 8
TBP18S42 A0~ [ o
FRomETZXT | AT N T
2
JSL] ° ® :, © AV
a2 . AVi—Z—a P Al AVI—an
@ AVf—=——o 3 AV
az-Bl_ o a5 N 08 o,
ol Avi—d—az PVE) 4 T
a8 a0 AVE———a03 ‘7E:! AYV e %
as-e Foavil—ae ‘ g2 A
s 07 A2 o e 3 X v/ SSELL )
PO AV —:::’)—ns a9l &
(19) AV Q7 18] EN
Ag 8 [rr e L m—
TN 120 [~
TBP18SA46
TBP18SA42 I Pl
PROM 512X 8 a aol— B o
) R DO RTINS
A0 ®)
a2 AQ Too a8 { Aol o,
a2 AQ! —rm O | ‘s‘?- PN ITE PSS
a0 A Q| o2 a3 | A (AL
as.8 Az aol—B o A8 (f) aol—8 o
A58 51 aoll _q A7T;::)_ AQ}—A—os
ren aol 03 o a-t——e Aol o
a e ] Ao e
ca—l
Y AL aQ ar S B N
518 IS en G1120
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SERIES 14 AND 18
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 PROMs, except the TBP14S10and TBP14SA10 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 program-
med. Qutputs that have never 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. 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

EQUIVALENT OF TYPICAL OF ALL TYPICAL OF ALL
EACH INPUT OPEN-COLLECTOR OUTPUTS THREESTATE OUTPUTS
Vee —-—-
--———<—VcC
58 2 NOM
f—A -— OuUTPUT E :~
INPUT 1
OUTPUT
t 1
ps —_—
Programming circuit not shown Programming circuit not shown

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

Supply voltage {see Note 1) . . . .. .. . e e e e e e YA
INPUL VORAgE . . . . . e e e e e e e 5.5V
Off-state oUtPUL VOItage . . . . . . e e e e e e e e 5.5V
Operating free-air temperature range: Full-temperature-range circuits . . ... .............. —55°C to 125°C

Commercial-temperature-range circuits .. ............... 0°C to 70°C
Storage teMPErature FaNGE . . ..o v vt ot e v et e e e e e e —65°C to 150°C

recommended conditions for programming the TBP18S’, TBP18SA’, TBP14S’, and TBP14SA’ PROMs

MIN NOM MAX|] UNIT
.75 5 .
Supply voltage, Vcc (see Note 1) Steady state 4 5.25 Y,
Program pulse 9 925 95
Input voltage High level, V|4 2.4 5 v
Low level, Vi 0 0.5
- See load circuit
Termination of all outputs except the one to be programmed
(Figure 1)
Voltage applied to output to be programmed, Volpr) {see Note 2) 0 025 0.3 \
Duration of Ve programming pulse X (see Figure 2 and Note 3} 15 25 100 [ad
Programming duty cycle for Y pulse 25 35 %
Free-air temperature 20 25 30 | °c

1 Absolute maximum ratings.
NOTES: 1. Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.
2. The TBP18S030, TBP18SA030, TBP18SA22, TBP18S22, TBP18S42, TBP18SA42, TBP18546 and TBP185SA46 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 TBP14S10,
TBP14SA10 are supplied with all bit outputs at a high logic level, and programming a bit changes it to a low logic level,
3. Programming is guaranteed if the pulse applied as 98 us in duration.
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SERIES 14 AND 18
PROGRAMMABLE READ-ONLY MEMORIES

sfep-by-step programming procedure for the TBP18SA030, TBP18S030, TBP14S10, TBP14SA10,
TBP18SA22, TBP18S22, TBP18SA42, TBP18S42, TBP18S46, TBP18SA46

1. Apply steady-state supply voltage (Vg = 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-levél 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 into the
programmer output is 150 mA.

5. Step V¢( to 9.25 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 1 us and 1 ms after Vg
has reached its 9.25 level. See programming sequence of Figure 2.

7. After the X pulse time is reached, a high logic level is applied to the chip-select inputs to disable the outputs.

Within the range of 1 us to 1 ms after the chip-select input(s) reach a high logic level, Vg 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) 1 us or more after
Ve reaches its steady-state value of 5 V.

10. 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.

11. ‘Verify accurate programming of every word after all words have been programmed using V¢ values of 4.5 and
5.5 volts.

NOTE: Only one programming attempt per bit is recommended.

5V

ourpur_é 39ka

LOAD CIRCUIT FOR EACH OUTPUT
NOT BEING PROGRAMMED OR FOR
PROGRAM VERIFICATION

FIGURE 1 — LOAD CIRCUIT

VERIFY }._ Y——————3VTVPICAL________ |
~H VERIFY PROGRAM

NEED TO r——T— 925V
PROGRAM REMOVE Ve TO I
REDUCE AVERAGE -5V
1 /vowea
1ust b j["l“lustolms -
Jo—

| X )
— : —— VIH
ViL
APPLY REMOVE
Vo(pr) VO(pr)

FIGURE 2 — VOLTAGE WAVEFORMS FOR PROGRAMMING
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SERIES 14 AND 18
PROGRAMMABLE READ-ONLY MEMORIES
WITH 3-STATE OUTPUTS

recommended operating conditions

TBP14S10, TBP18S22 TBP18S030 TBP18S42, TBP18S46
PARAMETER UNIT
MIN NOM MAX MIN NOM MAX | MIN NOM MAX
s | It v MJ 4.5 5 5.5 45 5 5.5 4.5 5 5.5 v
upply voltage, Vce N 2.5 5 525 | 475 & 525 | 475 § 525
High-level output t, 1 M 2 =2 —2 A
- X m
igh-level output curren OH J'N 65 65 65
Low-level output current, Iy 16 20 12 mA
o L i i . T MJ —55 125 —55 125 | —55 125 °c
-air rature,
perating free-air tempera A J, N ) 70 ) 70 0 70
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
FULL TEMP COMM. TEMP
PARAMETER TEST CONDITIONST (MJ) {J,N) UNIT
MIN TYP¥ MAX [MIN TYP¥ MAX
V|H High-level input voltage 2 2 \
ViL Low-level inputvoltage 0.8 0.8 \"
Vik ‘Inputclampvoltage - Vee = MIN, lj=-18 mA -1.2 -1.2 v
- Vee = MIN, Vin=2V,
VoH High-level output voltage 24 3.4 24 3.2 \%
ViL=08V, loH = MAX
Vee = MIN, ViH=2V,
VoL Lowe-level output voltage 0.5 0.5 \
V=08V, loL = MAX
Off-state output current, Ve = MAX, Vig=2V,
lozh et outh A » IH 50 50| wA
high-level voltage applied Vp=24V
Off-state output ent, Vce = MAX, ViIH=2V, -
lozL state outpu currin cc IH _50 50| uA
low-level voltage applied Vpo=05V
Input current at maximum
I ) Vce = MAX, V=55V 1 1| mA
input voltage .
l|4  High-level input current Vce = MAX, V=27V 25 25 pA
L  Low-level input current Vee = MAX, V=05V —250 —250 | MmA
“lps  Short-circuit output current¥| Vg = MAX —30 —100 | =30 —100 | mA
Vee = MAX, TBP14S10 100 135 100 135
Chip select{s) at0 vV, | TBP185030 80 110 80 110
lcc ~ Supply current mA
Outputs open, TBP18522 110 155 110 155
See Note 4 TBP18S42, TBP18S46 120 155 120 155
switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)
ta(a) {ns) ta(s) (ns) tpxz (ns)
TYPE | TEST CONDITIONS Access time from . Access time fron.\ Disable time from uUNIT
address chip select (enable time) high or low level
. MIN TYP¥ . MAX MIN TYP* MAX MIN  TYP# MAX
- TBP14S10MJ 42 75 15 40 12 40 ns
TBP14S10 . . 42 65 15 35 12 35 ns
TBP185030MJ CL=30pFfor 1™ 2% 50 12 30 8 30 | ns
TBP185030 ta(A) and ta(s), - 25 40 12 25 8 20 | ns
TBP18522MJ SpF for texz, 50 80 20 40 15 35 ns
TBP18522 See Page 1-12 50 70 20 35 15 30 | s
TBP18S42MJ, TBP18546MJ 55 85 20 45 15 40 ns
TBP18S42, TBP18546 55 75 20 40 15 35 ns

NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits
(formerly 74 Family).
1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions,
* All typical values are at Vog = 5 V, 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: The typical values of |cc are with all outputs low.
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SERIES 14 AND 18

PROGRAMMABLE READ-ONLY MEMORIES
WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

PARAMETER TBP14SA10, TBP18SA22 TBP18SA030 TBP18SA42, TBP18SA46 UNIT
MIN NOM MAX | MIN NOM MAX MIN NOM MAX
MJ 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5
Supply voltage, Vee N 4.75 5 525 |4.75 5 525 | 4.75 5 525 | ¥
High-level output voltage, Vo 5.5 55 5.5 Vv
Low-level output current, g 16 20 16 mA
i i MJ -55 1256 | —55 125 —55 125 o
Operating free-air temperature, TA N o 70 0 70 o %5 C

electrical characteristics over recommen

ded operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS? MIN TYP¥ MAX |UNIT
ViH High-level input voltage 2 A\
ViL Low-level input voltage 0.8 \2
ViK Input clamp voltage Vee = MIN, 11=-18mA -1.2 A
Vee = MIN,
i cc VOH =24V 50 |
10H High-level output current ViH=2V, LA
VoH =55V 100
ViL=08V
Vee = MIN, ViH=2V,
VoL  Low-level output voltage ce IH 0.5 A\
ViL=08V, loL = MAX
1y Input current at maximum input voltage Ve = MAX, Vi=565V 1] mA
HK High-level input current Vee = MAX, V=27V 25 | uA
L Low-level input current Vee = MAX, V=05V —250 [ uA
Ve = MAX, TBP18SA030 80 110
| Suppl . Chip select(s) at O V, TBP14SA10 100 135 A
u curren m
ce i Outputs open, TBP185A22 110 155
See Note 4 TBP18SA42, TBP18SA46 120 1565
switching characteristics over recommended ranges of TA and VG (unless otherwise noted)
tPLH
t
ta(A) afs) Propagation delay time,
Access time from
TEST Access time from low-to-high-level out-
TYPE chip select UNIT
CONDITIONS address . put from chip select
(enable time) i K
{disable time)
MIN TYP¥ __MAX | MIN TYPF  MAX | MIN _TYP¥ MAX
TBP18SA030MJ 25 50 12 30 12 30 ns
TBP18SA030 25 40 12 25 12 25 ns
CL=30pF,
TBP14SA10MJ 42 75 15 40 15 40 ns
Rpq1=300¢,
TBP14SA10 42 65 15 35 15 35 ns
R 2=600%,
TBP18SA22MJ 50 80 20 40 15 35 ns
See Page 1-12
TBPSA22 50 70 20 35 15 30 ns
TBP18SA42MJ, TBP18SA46MJ 55 85 20 45 15 40 ns
TBP18SA42, TBP18SA46 55 75 20 40 15 35 ns

NOTE:
74 Family).

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions,

* All typical values are at Vee =5V, Ta=25°C.

NOTE 4: The typical values of |c¢ are with all output low.

MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits (formerly

212

TEXAS' INSTRUMENTS

INCORPORATED

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

681



SCHOTTKY'
PROMS

SERIES 24 AND 28
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED
PROGRAMMABLE READ-ONLY MEMORIES

JUNE 1981

Programming

New, Expanded Family of Standard, Low Power,
Power Down, And Registered PROMs

Titanium-Tungsten (Ti-W) Fuse Links for Re-
liable Low-Voltage Full-Family-Compatible

o Full Decoding And Fast Chip Select Simplify

System Design

o P-N-P Inputs for Reduced Loading On System
Buffers/Drivers

o Each PROM Supplied With a High Logic Level
Stored At Each Bit Location

o Applications Include:
Microprogramming/Firm Ware Loaders
Code Converters/Character Generators
Translators/Emulators
Address Mapping/Look-Up Tables

STANDARD PROMS
TYPE NUMBER QUTPUT BIT SIZE TYPICAL PERFORMANCE
NEW TYPE NUMBER | OLD TYPE NUMBER CONFIGURATION* | (ORGANIZATION) ACCESS TIMES POWER
ADDRESS | SELECT | DISSIPATION
4510 (J, N)A 1024 Bit
T8P24510 ( ) N Y s 35 ns 20 ns 375 mW
TBP24SA10 (4, N) o3 (256W X 4B)
TBP28S42 (J, N} v
TBP28SA42 o 2006
8i
TBP28S45 (J, N) T4 \V 512w X ';3) 35ns 20 ns 500 mW
T8P28546 \V4
TBP28SA46 (6]
TBP24S41 (J, N)A N748476 (J, N 4096 Bi
841 4. N) SN748476 (. N) Y e 40 ns 20 s 475 mW
TBP24SA41 (J, N)4 SN74S477 (4, N) O (1024W X 4B)
P N) & N7 N 8 its
TBP24S81 (J, N) SN745454 (J, N) \V4 192 Bits 45 ns 20 ns 625 mW
TBP24SA81 (J,N) & | SN74S455 (J, N) o (2048W X 4B)
TBP28S86 (J, N) a SN745478 (J, N) \Y4
TBP28SAS86 (J, N) a | SN745479 (4, N) O 8192 Bits 45 ns 20 ns 625 mW
TBP28S2708 (J, N) SN7452708 (4, N) \V4 (1024w X 8B)
TBP28S8S (J, N) T4 \V/ 35 ns 15 ns 550 mW
D 16,384 Bit
TBP28S166 (J, N) \Y its 35 ns 15 ns 650 mW
TBP28SA166 O (2048w X 8B)
LOW POWER PROMS
TYPE NUMBER OUTPUT BIT SIZE TYPICAL PERFORMANCE
CONFIGURATION* | (ORGANIZATION} ACCESS TIMES POWER
NEW TYPE NUMBER | OLD TYPE NUMBER ATIO
ADDRESS | SELECT | DISSIPATION
TBP28L22 (J, N} \Y 2048 Bits a5 2 375 mw
TBP28LA22 o (256W X 8B) " ne m
TBP28L42 (J,N) * \V; .
TBP28L45 (J,N) 14 v 4096 Bits 60 ns 30ns 250 mW
: (512w X 8B)
TBP28L46 (§,N) 4 v
TBP28LS6 (J, N)* SN74LS478 (J, N) \VJ 8192 Bits 80 ns 35 ns 350 mW
TBP28L8S (J, N) fa \V4 (1024w X 8B) 65 ns 30 ns 275 mW
16,384 Bits
TBP28L166 (J, N) T4 ’ 65 350 mW
) v (2048W X 8B) ne 30ns m

All PROMs are also availab

le in chip carriers.

T NOTE — Electrical parameters for these devices are design goals only.
£ NOTE — These devices available as full-temperature-range and as high-rel processed devices (use suffix MJ or NJ),
*Q = open collec(or,v= three state,
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SERIES 24 AND 28
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED
PROGRAMMABLE READ-ONLY MEMORIES

POWER DOWN PROMS

TYPE NUMBER OUTPUT BIT SIZE TYPICAL PERFORMANCE
Er | OLD TYPE NUMBER CONFIGURATION* | (ORGANIZATION) ACCESS TIMES POWER
NEW TYPE NUMBER | OL ADDRESS | SELECT | DISSIPATION
TBP28P42 (J, N)T \Y 4096 Bits
- 35ns 55 ns 500/60 mW
TBP28P45 (J, N)T v (512W X 8B)
8192 Bits
t 35 55 550/60 mW
TBP28P8S (J, N) v (1024W X 8B) ns ns /60 m
16,384 Bits
t 4 1 w
TBP28P166 (J, N) v (2048W X 8B) 35ns 55 ns 650/125 m
REGISTERED PROMS
TYPE NUMBER OUTPUT BIT SIZE TYPICAL PERFORMANCE
NEW TYP MBER | OLD TYPE NUMBER CONFIGURATION*| (ORGANIZATION) | CLOCK TO | ADDRESS POWER
W TYPE NUMB B OUTPUT |SET UP TIME | DISSIPATION
4096 Bits
T 550 mW
TBP28R45 (J, N} v (512W X 8B) m
8192 Bits
u 20 20 600 mW
TBP28R85 (J, N) v (1024W X 88B) ns ns m!
TBP t 4 Bi
BP28R165 (J, N} v 16,384 Bits 700 mW
TBP28R166 (J, N)T (2048W X 8B)

All PROMs are also available in chip carriers,
t Electrical parameters for these devices are design goals only.
¥ v = three state.

description

The new 24 and 28 Series of monolithic TTL programmable read-only memories (PROMs) feature an expanded
selection of standard, low-power, power-down, and registered PROMs. This expanded PROM family provides the system
designer with considerable flexibility in ‘upgrading existing designs or optimizing new designs. Featuring proven
titanium-tungsten (Ti-W) fuse links with low-current MOS-compatible p-n-p inputs, all family members utilize a common
programming technique designed to program each link with a 100-microsecond pulse.

The new 4096-bit and 8192-bit PROMs are offered in 24-pin 300-mil-wide packages, greatly improving system density
for large PROM arrays. For systems requiring even higher levels of complexity and density, the 16,384-bit PROMs
provide twice the bit density of the 8192-bit PROMs in 24-pin 600-mil-wide packages. All PROMs are supplied with a
logic-high output level 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 that have never 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,

Active level(s) at the chip-select input(s) (S or S} enables all of the outputs, An inactive level at any chip-select input
causes all outputs to be off. On power-down PROMs, active level(s) at the chip-enable input(s) (E or E) power up the
device and enables all of the outputs. An inactive level at any chip-enable input causes all the outputs to be off and the
PROM to be in a reduced-power standby mode.

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 characteristics 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.
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SERIES 24 AND 28
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED
PROGRAMMABLE READ-ONLY MEMORIES

PIN ASSIGNMENTS (TOP VIEWS)

TBP28S42, TBP28SA42

TBP24S10, TBP24SA10 TBP28L22, TBP28LA22 TBP28L42, TBP28P42* TBP24S41, TBP24SA41 TBP24S81, TBP24SA81
1024 BITS 2048 BITS 4096 BITS 4096 BITS 8192 BITS
(256 WORDS BY 4 BITS) (256 WORDS BY 8 BITS) (512 WORDS BY 8 BITS) {1024 WORDS BY 4 BITS) {2048 WORDS BY 4 BITS)
as[i] U [@vee aoli U Jevee aoll] U [Evee al] U Evee A6 [ %] Vee
A5 [2] ) A7 A1[3] [i5] A7 A1] 5] Ag A5[Z] o] A7 A5 [3] 7] A7
A4[3] @62 A2[5] ] A6 A2[5] 1s] A7 Aa3] [e) A8 As [5] [) A8
A3[4] [5G A3[4] %AS A3[4] (7] A6 A3l [15] A9 A3 [¢] 5] A9
AO[s [ a0 A4S ] G2 A4 [s] €] A5 Aoz] 4 a0 A0 [3] 1] Q0
A1% a1 0[5 161 Qo [s] =16 /e A1lg] 5] a1 A1 [5 g Q1
A2[7 1] 02 a1ff] [} 07 Q17 HjQ7 a2[7] ha] 02 A2 [3] ) Q2
GND[E a3 02[7] 3] a6 Q28] 5] Q6 G1[E] [ a3 A10 [5] 1] a3
a3 [z as a3[s [z] Qs GND[3] [10] G2 GND (5] o) G
GND [ E Q4 GND 10 EQII
TBP28S45, TBP28L45, TBP28P45*,
TBP28546, TBP28SA46 TBP28R45 TBP28586, TBP28SAB6, TBP28LE6 TBP2852708
4096 BITS 4096 BITS 8192 BITS 8192 BITS
(512 WORDS BY 8 BITS) {512 WORDS BY 8 BITS) (1024 WORDS BY 8 BITS) (1024 WORDS BY 8 BITS)
ar U [Evee a7l U REvee ard U REvee ar] U [Evee
A6 [Z] 3] A8 A6[Z] 5] A8 As[2] =) A8 A6 [2] [ A8
As (3] [2]NC As[3] 2] NC As [3] [22] A9 As 3] 2] A9
A4 [4] 1] Ga/Ea* A4fz] - [0]G3 A4l _ [7Ga A4 (4] o ] NC
A3 [E] 03000 e G/Er A3[g] 2300 a1 A3[E] (15 qmm 2 O A3 [ 12 e [ G
az[e] 782 5] Gares a2ls] 7™ ) 552 A2[5]  how 2] G3 A2l how [BINC
A1[] spacing 2] G2/E2* A1[7] spacing [ CLK A1[7] spacing [12] G2 A1[Z] spacing [18] NC
Ao [E] [7] a7 Ao[e] (7] a7 Ao [g] [v] a7 Ao [E] 7] a7
ao (5] 6] a6 ao[3] 6] Q6 ao[s] [is] 06 ao (=] [e] a6
Q1 [1o] 5] @5 Q1) 5] Q5 Q1 [w] [1s] @5 a1{x] [s] as
a2[] (4] Qa az[i] [11) Q4 Qz2[1] 4] Q4 a2[] [ Q4
GND 12| 3]Q3 GND[12] 3] Q3 GND iz 3] 3 GND (32| 3] 3
TBP28R165
TBP28S166, TBP28SA166, TBP28R166*
TBP28S85, TBP28L.85, TBP28P85* TBP28RE5 TBP28L 166, TBP28P166*
8192 BITS 8192 BITS 16,384 BITS 16,384 BITS
(1024 WORDS BY 8 BITS) (1024 WORDS BY 8 BITS) (2048 WORDS BY 8 BITS) (2048 WORDS BY 8 BITS)
ar] U [Evee arl U [Evee ar U [ vee At U Fvee
A6 [Z] 23] A8 A6Z] [23) A8 A6 [Z] 23] A8 A6[Z] 23] A8
As 3] [zz] A9 A5 5] [22] A9 as 3] 2] A9 A5[5] 2] A9
A4 (4] ~ [2)Ga/Es* A4l 21] G3 A4[s [ Aat0 A4[s [ A0
A3 (] 7 aromy EVGIET* A3E 0:3001n %(‘:1 A3'L:?_: 0-600-in % guEr Asg 0.600:n % TNIT/G1*
- (7,62-mm) (15,24-mm) (15,24-mm) —_——
A2[e] Row % G3/E3" a2lE] pom [E]382 A2l o™ [9) G3ses A2 rom (3] GS/GS2*
Al E Spacing [18] G2/E2” A'IE Spacing E]CLK Al E Spacing E G2/E2* A1l E Spacing E CLK
Ao (5] [7] Q7 aolz (7] Q7 Ao (& [7] a7 A0 [E] [ a7
ao [} [1c] a6 ao 5] [s] Q6 ao 3] 5] a6 Qo [5] [1s] Q6
Q1 1] [s] @5 Q1] 5] Q5 Q1 o] 5] a5 Q1 1) =] Q5
Q2] 14] Q4 im ] Q4 a2 [0 [e] Q4 Qz(x] 4] Qa4
GND [iZ] 3] Q3 GND (7] 13) Q3 GND [Z] (3] 3 GND [i2] ] Q3

Pin assignments for all of these memories are the same for the J and N packages. See Product Guide, Section 7, for chip carrier pin assignments.
* For those pins having dual designations, the designation to the right of the virgule (/) applies only to the type number(s) immediately

followed by an asterisk (*) above the pinout drawing.
nc = no internal connection
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SERIES 24 AND 28
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED PROGRAM

logic symbols

TBP24S10 TBP24SA10 . TBP28L22
PROM 256 X 4 PROM 256 X 4 PROM 256 X 8
ro—g—1° o] ° v e T
Qo
Al—=— A1 a1
o1 avl—t2 g T Aol 2o RS AVf—T—a
'Aa-%— Al ] L) As#- s Aol _q, As :;; al 23Tuz
M_‘(:’T)_'_ % agh—19 o M_:;— % Aoh—-L0 o, T T 75 Av_—“" a3
8 ‘ Avf—E&__a3 As—= aof—2 a3 T )
T st ac18__| AV as
N JNSITE ; a7 09 , AV —os
PN o SARTTIIN 5,08 N X/ S L —
FEN SN EN PONGE] EN PN EN
TBP28LA22 TBP24541 TBP24SA41
PROM 256 X 8 PROM 1024 X 4 PROM 1024 X 4
a ©
A)—— 0 —!  lo 5 Jo
a2 AL +°° :(1) (6) : :‘: t6)
| Do
x5 —] PR T n—— x—0
A AL aol OB o A3t Avl—08 o Ag—ddl ot
PO — w A ag—13) 13) Ag—i3) ] A2y 2
a5 7 AQp—l—a4 as—2) Al AV % 2 Al AQ o1
ag 118 AQ ::_2:-05 T 03 A9 o Q2 ::——(1) 023, o 1‘11?) @
a4, AQI—,—08 A7) AY) o ' a7 —412 AQI———a3
AT oy TG o a7 T ag__118)
Pl N a8 1o ag—19
G0 =% G210 |
1—® EN a_@ |
TBP28L42, TBP28S42 TBP28P42 TBP28SA42
PROM 512X 8 PROM 512 X 8 PROM 512X 8
) el ) a
0 6 AQ————{ O 6!
:"’ @ Ay (‘7: a0 a2 Av—8 o a2 AQ +°°
rc AVI—e prumc] av| :;” a1 Az AQI—g
M..L‘)___ AV (9) a2 Ag.L AV ) Q2 a3 ag 9) a2
JVE] Al AV‘.—T;"—OII P Al Avl—E a3 a8 Al AQ-“—'OJ
6} 8§11 AUp——as as_16) M Agdl s P 511 a0 #m
OSCTI AVE— 505 NI avi—2 o5 ag A
ar-8 AV L Agjil a7 18 A ™
ap 12 s AV a7 (19 . avt—08 o ag 12 R AQp——a7
T £ s en s N1y
3 E (PWR DWN]
TBP28R45
PROM 512X 8
8)
TBP28LA45, TBP28S45, Ao —2— 0
Al ————d
TBP28S46 TBP28P45 az 8
- PROM 512X 8 PROM 512X 8 “3% o
a8 __lo ® Ao 0 © :‘; ] Ao
A!1ﬂ_ A28 0 A1 ((:: Aab—2 e JVIE)
oL — avh—L9 o A2 Avp—19 o a2
el a0 o, 38 Ay un o, JOSIEET S
PP CI R T ML PYSTTINNR B OV A NTETRp PG O
5 A Vo T Av—{—os <
As AV o5 a6 AvpE o5 5 — e
a7 ((213) AvE—418 o6 A7 ((21;) av|—8 o6 T— =110 J
wB 1, R T st | Avp—1Z__ o alp Y [:_::,_,_‘ oo
64—5:2;: & E4 —B‘f;’ & a2
@] en B &N TR
S ] E2—— —— {PWR DWN] 9 g
G1 ) 1420 U8 o
116) a6
an a7
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SERIES 24 AND 28
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED PROGRAM

logic symbols

TBP28SA46
M GIZX 8 TBP24S81
8 1o, PROM 2048 X 4
A‘l-—::'——— AQ‘—LN AO 5) | 0
A2 (5; AQ I"—‘(]o’—' ai Al e |
A3—2— o AQ | oo, a1 ‘
At PAE AQ |13 5 (4)
(3) (14) A3 —————
AS AQH——— 4 (3) L_aa
@ (16) a2l | AQ Qo
AS—— Aot— o @) 0 (13)
1) (el as2 1 XA D AQE——"—a1
AT =y AQ'————N 204 {12)
a1 ) Aol—un Fr L. 7 aol—2 @
Gei20 & a7 aot U1 o3
(19) ag_t16)
e | EN 29 _{15)
G120 | A10___—(8) 10
g0 INJen
TBP28L85, TBP28S85,
TBP28L86, TBP28S86
PROM 1024 X 8
TBP24SA81 ao—® o
PROM 2048 X 4 A1—+7:— Agf— oo
(5) 6 {10)
AQ——— 0 A2—— F{v LA
Al {6) A:!—:%— AV‘—LM
Az_L A (3) A—o— Av u
@) a8l r 03 aypl4
Az—21 | (2)
(14) Ag—2 g v S
a3 | AV———a0 X
(13) Al ——— AY |18
a2 . AVp————1 (23) (12)
1) 2047 a2 A8 ———— AV p——a7
A6 AV ——“—1)—02 A 22 1o
A7 (17) AV——_a3 Ga2M N
ag_18) PO
e ] e EN
A0 (15) G2 {18)
10 (8) "U G1 (20) I~
g0 INJey
TBP28P85 TBP28R85
PROM 1024 X 8 o8| omeaxs
A0 (8) 0 IS -(%L—
@ ) a2
Al ) AT | O Qo a3 8
A2 e A (10} o 0
315! v o a1 as A2 Aoz
(a) AVp————" 02 Fryn i
A4—-—(3) 0 Av—-‘-‘-ﬂ-—os A7 {1)
A5 — > Aoz Aol_0a ng =22
gt v T(M 9 _122) Lg
a7Y Av“‘ﬁé,““” ek -8 b ¢
(23) AYb————-0s5 [ RLALN N &
A8‘2—2)——‘ A {17) a7 5120 EN
A9—(—2—1-)———-9r [GP UL N ey | ,J
Ea 2 INFT 1 o149
£3 {19) EN . wo. oy
£2 (18) 0 |  ITETE
] PWR DWN 13)
g1 4200 I 1 aa gi
{15} as
1 (8 o6
an_
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SERIES 24 AND 28
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED PROGRAM

logic symbols

TBP28SA86 TBP28S2708
PROM 1024 X 8 PROM 1024 X'8
ao—i2! a
i — AQp— a0 A0 :'7’: 0 (9)
az—t8 | Y L M-(T— Av‘._.;o._.m
o) Aol __q2 e | AV a1
M—'——::) P AQ -———:::: Q3 As———-—lm :g —02
A5 023 A O __qs P — o ——q3
as—2 aoh—18 s Aget3 | PPhom AVl
(2) (15)
A7 {1) AQ (16) 06 Y I L — AV o)
As—23__| A Q‘._“.-’)—(n M.("T')_‘ AV T“
A9 (22) B AB | AY p———— Q7
RN oy A9 ‘m) / '
ga-419 . -2 EN
EN
T
20 ]
TBP28L166, TBP28S166 TBP28P166
) PROM 2048 X 8 PROM 2048 X 8
8]
A0 0N (8) ~
10 AO——-m jo
A (6) AVT——‘O—)-—OO Al | AV 9 a0
A2 (100 A28 10)
A3 (5) AV a1 (5 AT a1
@ Aavi—l_q2 e a1
| 4 AVb——————02
A4 ———— A 13) o, Py Y _ (3)
A5 3 Al AVE—T— @) 0 AVp—El—as3
2) PA20 avb—14 o A1 €427 a1 o
A ] (15} Y E— (15)
ar=t__] AV % Az | AVE——
A Jp————Qf | L L.
ag—iZ VI—an gL AVE— e
A9 (22) A Vp————aq7 A9 (22) Av( LU —
A0 :z;: hop A10-21L 1&
G3 1 [ 3 (19) T
G218 N - 18) =
G120 71200 B )(PWR DWN)
28R165 TBP28R166 : TBP28SA166
PROM 2048 X 8 @ PROM 2048 X 8 PROM 2048 X 8
" .
a0 g; a e :3_122_ ’ a0 0"}
AT 6) a2 te | a2 @
AZ——;,——— a8 | A2 (6) A QO p———00
A g8 A3 Aoh—19 o
] 2] L, o ) Aol _q;
@ S 1140 12) 2047 Al sy (13)
A6 ‘ 2047 A6 : as 2 0 AQ
A7 (1) A7 (1) —‘;)—- >Aﬁ7 AO (14)
A8 (23) A8 (23 A e (15)
(22) (22) : (1) AQ
2 an A9 A7 ey (18)
At0-2 1g] PONETIIN N a0l e
Tm—°t en o8B a2 Aol o
A2048 & :;1!:: &len ‘ At0-21___hop
P QAL NP §——{1__ 10 " 639 T ’
(19) . (18) .
ag__aﬂm, =0 Jen Al © ao 62 ‘ EN
(10) —]
s L o (11 212 G120 I :
Vp———
a0 o, TR
i o, L4 0
113) (15)
a3 as
e (16)
(15) Qs {17) a7
16 oo
AL/ R
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SERIES 24 AND 28
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED
PROGRAMMABLE READ-ONLY MEMORIES

standard PROMs

The standard PROM members of Series 24 and 28 offer the highest performance for applications requiring the uncom-
promised speed of Schottky technology. The fast chip-select access times allow additional decoding delays to occur
without degrading speed performance.

low-power PROMs

To upgrade systems utilizing MOS EPROMs or MOS PROMs, the low-power PROM family offers the increased output
drive and speed performance of bipolar technology and the reduced power dissipation necessary to implement effective
upgrades. Additionally, low-power PROMs offer substantially reduced power dissipation over standard PROMs with
minimal speed penalty.

power-down PROMs

For power-sensitive systems requiring the speed performance of the standard PROM members as well as reduced system
power dissipation, the power-down PROM members allow a 75% or better reduction in power dissipation when disabled
while providing standard PROM speed performance when enabled. The power-down and power-up functions are
sequenced to occur with the outputs at a high-impedance state. The enable (power-up) function provides adequate per-
formance to allow power-up to occur during the normal read access time precluding any degradation in memory speed
performance.

registered PROMs block diagram (positive logic)

For microprogrammed pipelined systems the Series
24 and 28 registered PROM members offer the sys-
tem designer reduced package count and improved
system performance by incorporating the pipeline
register onto the PROM chip. Available in 4096-bit,
8192-bit and 16,384-bit densities, all registered
PROMs are provided with synchronous and asyn-
chronous output controls (GS and G) allowing maxi-
mum flexibility in data bus control.

When power is first applied, the edge-triggered latch
for the synchronous output control is cleared, and the
Q outputs are placed in a high-impedance state. To
read data, the address is set up, the synchronous out-
put enable, GS, is taken low, and a low-to-high
transition on the clock (C) input causes the selected
data to be stored in the registers, That same transition
causes the outputs to be enabled if asynchronous
output enable G is low. At this time the address may
be changed and a new word addressed without a affect-
ing the register contents. If the synchronous output
enable is high at the time of a low-to-high clock tran-
sition, the outputs will be disabled to the high-imped-
ance state. They may be disabled at any time by tak-
ing output enable G high, If the initialize control in-
put (TNIT) is low at the time of a low-to-high clock
transition, a user-defined code, including all “zeros*’,
all “ones”, or a combination of “zeros’’ and “‘ones*,
will be stored in the register.

OUTPUT ENABLE G

SYNCHRONOUS
OUTPUT ENABLE GS

CLOCK C

INIT
(TBP28R165)

ADDRESS
INPUTS

PROGRAM-
MABLE
ARRAY
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SERIES 24 AND 28

STANDARD, LOW-POWER, POWER-DOWN, REGISTERED

PROGRAMMABLE READ-ONLY MEMORIES

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

Vee

>
>

Req $

INPUT

Req
LOW-POWER PROMS 20 k2 NOM
ALL OTHERS 8 k2 NOM

Programming circuits not shown

EQUIVALENT OF 3-STATE OUTPUTS
- Vee
R
QUTPUT
R

LOW-POWER PROMS 130 2 NOM

ALL OTHERS 58 2 NOM
Programming circuit not shown

EQUIVALENT OF OPEN-COLLECTOR
OUTPUTS

OUTPUT

-

Programming circuit not shown

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

Supply voltage (see Note 1) . .. ... ... it

Inputvoltage . . ... ... .. e e
Chip-select peak input voltage (S, S1, S2) (see Note 2)
Off-state output voltage . ... ....... .. itiiinenennnnnnn.
Off-state peak output voltage (seeNote2) . .....................
Operating free-air temperature range: Full-temperature-range circuits (MJ)
Commercial-temperature-range circuits
Storage temperature range

NOTES: 1. Voltage values are with respect to network ground terminal,

............... —55°C to 125°C
(N 0°Cto 70°C
............... —65°C to 150°C

2, These ratings apply only under the conditions described in the programming procedure,
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SERIES 24 AND 28
STANDARD PROGRAMMABLE READ-ONLY MEMORIES
WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

PARAMETER TBP24SA10 TBP24SA41 TBP24SA81 T
MIN NOM MAX | MIN NOM MAX |MIN NOM MAX
MJ 4.5 5 5.5 45 5 5.5 4.5 5 5.5
Supply voltage, Ve N 475 5 525| 475 5 525 |475 5 525 | |
High-level output voltage, VoH 5.5 5.5 5.5 \
MJ 16 16 16
Low-level output current, g N > 5 6 6 mA
‘Operating free-air temperature range M —85 125 =56 125 —58 125 °c
J,N 0 70 0 70 0 70

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

TBP24SA10 TBP24SA41 TBP24SA81

PARAMETER TEST CONDITIONS T UNIT
MIN TYPI MAX|MIN TYP} MAX|MIN TYPE MAX
ViH High-level input voltage 2 2 2 \
ViL Low-level input voltage 0.8 0.8 08| Vv
Vg [Input clamp voltage Vee = MIN, 1) = =18 mA -1.2 —~1.2 —-1.2f Vv
) Vee=MIN, Viy=2V, |Vg=24V 50 50 50
loH High-level output current LA
ViL=08V Vpo=55V 100 100 100
Vee=MIN,Vig=2V, [MJ 0.5 0.5 0.5
VoL Low-level output voltage ce tH A
ViL=08V,IcL =MAX|J,N 0.45 0.5 0.5
Input current at maximum
1y ) Vge = MAX, V=55V 1 1 1 mA
input voltage
I1H4  High-level input current Vee = MAX, V=27V 25 25| 25} pA
IjL.  Low-level input current Vee = MAX, V=05V —250 —250 —250{ uA
| Supp! . v MAX MJ 75 100 95 140 125 175 A
u| curren = m.
cc Supel cc . N 75100 95 140 126 175

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are at Voo =5 V, Th - 25°C.

switching characteristics over recommended ranges of T and V¢ (unless otherwise noted)

ta(A) ta(s) tPLH
Propagation del
Access time from Access time from chip N pagati ) 2y
TYPE TEST CONDITIONS . time, low-to-high-level UNIT
address select (enable time)

output from chip select
MIN TYP MAX MIN TYP MAX MIN TYP MAX

MJ 35 75 | 20 40 15 40
TBP24SA10 ns

IN] 35 65 20 35 15 35

TBP2ASAM | RL 3(?0;1 40 5 2 40 20 40
= ns

5N R'—‘ 006 40 60 20 30 20 30

TBP24SABT ol g L2P 12 45 % 20 50 2 =0
- n
I N| e 45 70 20 40 20 40 i
TBP24SA81.55 43 55 20 40 20 40 ns

NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits
(formerly 74 Family).
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SERIES 24 AND 28

STANDARD PROGRAMMABLE READ-ONLY MEMORIES
WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

TBP28SA46

TBP28SA42 TBP28SA86
PARAMETER UNIT
MIN NOM- MAX MIN NOM MAX [MIN NOM MAX
Sups! v MJ 45 5 5.5 . 4.5 5 5.5 4.5 5 5.5 v
ply voltage, Vce N 475 5 525 475 5 5256 |4.75 5 525
High-level output voltage, VOH 5.5 55 5.5 Vv
Low-level output current, Q| M) 16 16 12 mA
. J,N 16 16 12
Operating free-air temperature range oL -85 125 =55 125 | -85 125 °C
J,N 0 70 0 70 0 70

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

PARAMETER TEST CONDITIONS T TBP285A42 TBP28SA46 TBP285ABE UNIT
. MIN TYPI MAX|MIN TYPE MAX|MIN TYPE MAX
ViH High-level input voltage 2 2 2 \"
ViL  Low-level input voltage 0.8 0.8 08| Vv
VK Input clamp voltage Vee = MIN, 11 = -18 mA -1.2 -1.2 —-1.2| Vv
i : Vec =MIN, V=2V, |Vp=24V 50 50 50
loH High-level output current . uA
ViL=08V Vo=55V 100 100 100
. Vee =MIN, V=2V,
VoL Low-level output voltage ce IH 0.5 0.5 05| Vv
) - ViL=08V,icL = MAX
Input current at maximum
) i Vce =MAX,V)=55V 1 1 1t mA
input voltage
lily  High-level input current Vee = MAX, V=27V 25 25 25| uA
1)L Low-level input current Vee = MAX, V=05V —250 —250] . —250| uA
\ smﬁ current v MAX MJ 105 135 100 135 125 175}
u =
ce v cc I N 105135 100 135 125_175] "
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ All typical values are at Vee=5V,Ta- 25°C.
switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)
ta(A) ta(s) tPLH
. Propagation delay
Access time from Access time from chi
TYPE TEST CONDITIONS R P time, low-to-high-level UNIT
address select (enable time)
output from chip select
MIN TYP MAX MIN TYP MAX MIN TYP MAX
TBP28SA42 CL=30pF, 35 65 20 35 15 35 ns
TBP28SA46 Rp1 =300 9, 35 65 20 35 16 35 ns
TBP28SAB6 R2 =600 &, 45 70 20 40 20 40 ns
TBP28SAB6-60 See Page 1-12 43 60 20 40 20 40 ns
NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temper‘ature-range circuits

‘(formerly 74 Family),
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SERIES 24 AND 28
STANDARD PROGRAMMABLE READ-ONLY MEMORIES
WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

TBP28SA166
PARAMETER UNIT
MIN NOM MAX
s Iv voltage. V. MJ 4.5 5 5.5 v
u voltage,
pply voltage, Vce N 2.75 5 525
High-level output voltage, VoH 5.5 \
Low-level output current, | M) 16 A
- urrent,
P oL N 6 | "
) ) MJ —55 125 B
Operating free-air temperature range Cc
J.N 0 70

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

TBP28SA166
PARAMETER TEST CONDITIONST UNIT
' min_ tyef  max
VIH High-level input voltage . 2 \
ViL Low-level input voltage 0.8 \
ViK Input clamp voltage Vee = MIN, I =—-18 mA -1.2 \
Vee=MIN, Vi =2V, Vp=24V 50
IoH High-level output current ce IH 0 HA
ViL=0.8V Vo=5.5V 100
Vee=MIN, Vig =2V,
VoL Low-level output voltage cc H 0.5 A\
ViL=0.8V, gL = MAX
) Input current at maximum input voltage Vee = MAX, V| =55V 1 mA
I High-level input current Vee = MAX, V| =27V . 25 MA
L Low-level input current Vee = MAX, V| =05V —250 HA
i S | t \ MAX M) 130 175 A
u curren = m
cc PRl ce TN 130 175
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
$All typical values are at Vee=5V, Ta=25°C.
switching characteristics over recommended ranges of TA and VCC (unless otherwise noted)
ta(A) ta(s) tPLH
. . . Propagation delay
TYPE TEST CONDITIONS Access time from Access time from chip time, low-to-high-level UNIT
address select (enable time) N
output from chip select
MIN  TYP MAX MIN  TYP MAX MIN TYP MAX
CpL =30pF,
=300 Q
TBP28SA166 ALy =3004, 3 80 15 40 12 40 ns
R 2=600Q,
See Page 1-12

NOTE: MJ designates full-temperature-range circuits .(formerly 54 Family), J and N designate commercial-temperature-range circuits
{formerly 74 Family).
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SERIES 24 AND 28
STANDARD PROGRAMMABLE READ MEMORIES
WITH 3-STATE OUTPUTS

recommended operating conditions

PARAMETER TBP24S10 TBP24S41 TB8P24S81 UNIT

MIN NOM _MAX | MIN NOM MAX | MIN NOM MAX
MJ 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5

Supply voltage, Vec 4N 4.75 5 525|475 5 525 |475 5 525 | '
X mJ -2 -2 -2

High-level output current, IgH N 65 =3 = mA
MJ 16 16 16

Low-level output current, gL N 6 6 16 mA

o R R ] mJ —55 125 | —65 125 | —65 125 e
perating free-air temperature range N o 70 0 70 0 70

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

PARAMETER TEST CONDITIONS TBP24S10 TBP24S41 TBP24S81 UNIT

MIN TYP¥ MAX |MIN TYP* MAX[MIN TYP¥ MAX

ViH High-level input voltage 2 2 2 \

\m Low-level input voltage 0.8 0.8 0.8 Vv

VK Input clamp voltage Vee = MIN, Iy = -18 mA -1.2 -1.2 -1.2 \
\ =MIN,ViH=2V,

Vou  High-level output voltage | . C© H 24 31 24 3. 24 3.1 v

ViL=0.8V, IgH = MAX
Ve =MIN, Viy=2V,

Vv Low-level output volta 0.5 0.5 0.5 \
oL Lowdeveloutp % | vjL=08V,IgL = MAX

Off-state output current,

Vee = MAX, ViH=2V, Vg =24V, 50 50 50 A
high-level voltage applied cc tH 0 B

lozH

Off-state output current,
! Vee =MAX, Viy=2V,Vp =05V -50 —50 —50 A
ozZL low-level voltage applied cc H 0 #

Input current at maximum

| Vee = MAX, V=55V 1 1 1 mA
! input voltage cc !
liH High-level input current Vee = MAX, V=27V 25 25 25| pA
i Low-level input current Vee = MAX, V=05V —-250 —250 —250 [ uA
Short-circuit MJ -30 —100{—15 -~100}{ -15 —100
los Vee = MAX mA
output current$ J,N —30 —100|-20 —-100 | —20 —100
. MJ 75 100 95 140 125 175
I Supply ¢ t Vce = MAX A
cc  Subsly curren cc Y 75 100 95 140 125 175 |

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions
* Al typical values are at Voo =56V, Ta = 25°C.
§Not maore than one output should be shorted at a time, and duration of the short circuit should not exceed one second,

switching characteristics over recommended ranges of T and V¢ (unless otherwise noted)

ta(A) ta(s) tpx2z
Access time f time from chi
TYPE TEST CONDITIONS ceess time from Access time from chip UNIT
) Disable time
: address select (enable time)
MIN _TYP _MAX | MIN __TYP _MAX | MIN _TYP _ MAX
MJ
TBP24ST0 35 75 20 40 15 a|
JN| CL=30pF 35 55 20 25 15 25
M) | fort 2
TBP24541 or ta(A) 0 75 20 40 20 40 ns
I N| andtys). | See Page 112 40 60 20 30 20 30
mJ =5pF P
TeP2ass? CL=5p 5 85 20 50 20 so |
LN| for tpxz 45 70 20 40 20 40
TBP24581-65 43 55 20 20 20 20 | ns

NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits
(formerly 74 Family).
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SERIES 24 AND 28
STANDARD PROGRAMMABLE READ-ONLY MEMORIES
WITH 3-STATE OUTPUTS’; .

recommended operating conditions

TBP28S42 ,TBP28S45* TBP28S46 TBP28S85*
PARAMETER UNIT
MIN NOM MAX |[MIN NOM MAX | MIN NOM MAX
Supaly vol v MJ 4.5 5" 5.5 4.5 5 5.5 4.5 5 5.5 v
upply voltage, Vec )N 4.75 5 525 |475 5 525 | 4.75 5 525
High-level output t, 1 i =2 2 =2l ma
igh-level output current,
J oute OH JN —65 —6.5 —3.2
Low-level output ‘0 MJ 16 16 16 A
- ut current, m
owlevel output cu oL IN 16 16 16
o ting f irt " nge MJ —55 125 —55 125 —55 125 °c
n €-alr temperature ra
perating fre P 9 N 0 70 0 70 0 70
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
TBP28542
PARAMETER TEST CONDITIONSt TBP28S45* TBP28S46 TBP28S85* UNIT
MIN TYP¥ MAX|MIN TYP¥ MAX|MIN TYP¥ MAX
Vi High-level input voltage 2 2 2 \
ViL Low-level input voltage 0.8 0.8 08| V
Vik Input clamp voltage Vee = MIN, 1) = —18 mA -1.2 -1.2 -1.2} Vv
Vce =MIN,Vig=2V,
Von  High-level output voltage | . CC H 24 3.1 24 3.1 24 34 v
ViL=0.8V,IgH = MAX
Ve =MIN, V=2V,
\ Low-level output voltage .5 5 V
oL ow: P I*) VIL=08V, IgL = MAX 0.5 0 0.5
Off-state output current,
I ! Ve =MAX,VIH=2V,Vg=24YV 50 50 50| A
OzH high-level voltage applied cc H ° .
| Off-state output current, Ver = MAX Vid=2V. V=05V 50 50 50! uA
ozL low-level voltage applied cc VI Vo : K
Input current at maximum
T nput current at maxt Voe = MAX, V) = 5.5V 1 1 1| ma
input voltage
I High-level input current Vee = MAX, V=27V 25 25 25| BA
hL Low-level input current Vee =MAX, V=05V —250 —250 —250| A
Short-circuit MJ - —100|-15 —-100 | —15 —100
108 revt Vee = MAX 30 mA
output current§ J.N —30 —100{-20 -100 | —20 —100
MJ 100 135 100 135 110
| S ] t Vee = MAX A
Cc  Supplycumen cc N 100 135 100 135 110 "
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions,
* All typlcal values are at Vee=5V,Ta= 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 over recommended ranges of TA and V¢ (unless otherwise noted)
ta(A) ta(s) tpxz
Access time from Access time from chip ) }
TYPE TEST CONDITIONS Disable time UNIT
address select (enable time)
MIN TYP MAX MIN TYP MAX MIN TYP MAX
TBP28S42 CL=30pF :
35 60 20 45 15 40 ns
TBP28S45* for ta(A) .
MJ dt See Page 1-12 0 20 45 15 40
TBP28546 and fals), 9 S =
J,N CpL=5pF 35 60 20 35 15 35 ns
TBP28S85* for tpxz 35 15 12 ns

*Electrical parameters for these devices are design goals only.
NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits
(formerly 74 Family).
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SERIES 24 AND 28
STANDARD PROGRAMMABLE READ-ONLY MEMORIES
WITH 3-STATE OUTPUTS

recommended operating conditions

PARAMETER TBP28S86 TBP28S166 TBP28S2708 UNIT

MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
MJ 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5

Supply voltage, Vce I N 4.75 5 525 4.75 5 525 | 475 5 525 | "
MJ -2 -2 -2

High-level output current, IQH N 32 3 Y mA

Low-levet output current, I} mJ 12 16 12 mA
J,N 12 16 12

o X X MJ —55 125 -55 . 125 | —55 125 e
perating free-air temperature range N o 70 o > R 7o

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

PARAMETER : TEST CONDITIONS? TBP28S86 - TBP28S166 TBP28S2708 | UNIT

MIN TYPt MAX [MIN TYP' MAX|MIN TYP! MAX
Viy  High-level input voltage 2 2 2

\

ViL Low-level input voltage 0.8 0.8 0.8 Vv

Vik Input clamp voltage Vee = MIN, I = -18 mA -1.2 -1.2 -1.2 \
Vee=MIN, Vip=2V,

VoH  High-level output voltage 24 34 24 34 24 3.1 Vv

ViL=0.8V,IgH = MAX

v Lowlevel output voltage | ~CC_ MiN-ViH=2V, 05 05 05| Vv
W-lev utput volita . o .

oL P % | viL=08V, 1oL = MAX

Off-state output current,

I Ve = MAX, ViIH=2V, Vg =24V, 50 50 50 A
0ZH high-level vottage applied cc H 0 K

Off-state output current,

| Ve =MAX,Vig=2V, =05V —-50 —50 -
ozZL low-level voltage applied cc A tH Vo 5 50 | wA

Input current at maximum

h input voltage Vee = MAX,V =565V » 1 1 ’ 1) mA
lIH High-level input current Vee = MAX, V=27V 25 25 25 | uA
I Low-level input current Vee = MAX, V=05V -250 ~250 . =250 | WA
los Short-circuit ) ) Vee = MAX MJ | 15 —100{-15 ~100| —15 -100 A
output current ¥ J, N —20 —100(-20 -100 | —20 ~100
MJ 125 175 130 1256 175
lcc  Suply current Voe = MAX N 125 175 130 125 175 ™

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions
tan typical values are-at Ve =5V, Ta = 25°C. .
§ Not more than ane output should be shorted at a time, and duration of the short circuit should not exceed one second,

switching characteristics over recommended ranges of T and VCc (unless otherwise noted)

ta(A) ta(s) tpxz
Access time from Access time from chip .
Disable time UNIT
TYPE TEST CONDITIONS address select (enable time)
MIN __TYP MAX | MIN TYP MAX | MIN _TYP MAX

TBP28S86 C = 30pF 45 70 20 20 20 40 | ns
Torzesaeso | O talA) . 43 60 20 40 20 40 | ns
TBP285166 ::"d_t"‘s’l': | SeePage 112 35 75 15 40 15 20 | ns
TBP28s16665| L 0P 33 55 ’ 15 40 15 40 | ns
Tepass270s | O PXZ a5 70 20 20 20 a0 | ns

NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commerclal-temp‘erature-range circuits
(formerly 74 ‘Family). ! '
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SERIES 24 AND 28
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES
WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

TBP28LA22
PARAMETER _ PYITY NOM MBX UNIT

MJ 4.5 5 5.5

Supply voltage, Vce I N 475 5 525 | ¥

High-level output voltage, VoH 5.5 \Y
MJ - 16

Low-level output current, gL . N 16 mA

Operating free-air temperature range M) —55 125 °c
J, N 0 70

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

TBP28LA22
PARAMETER TEST CONDITIONST UNIT
MIN  TYPE MAX
ViH High-level input voltage 2 \4
ViL Low-level input voltage 0.8 Y
VK Input clamp voltage Vee=MIN, 11 =—18 mA —-1.2 v
Vec=MIN, V=2V, Vpo=24V 50
IoH High-level output current cc H o uA
ViL=08V Vpo=55V 100
Vec=MIN, Vig=2V,
VoL LLow-level output voltage cc H - 0.5 \"
ViL=0.8V, gL = MAX
1y Input current at maximum input vol tage Vee=MAX, V=55V 1 mA
hH High-level input current Vee=MAX, V=27V : 25 nA
IS Low-level input current Vee = MAX, V=05V -250 uA
| Suppl ent \% MAX w » 100 A
uj curren =
cc ey cc N 75 100 | "
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
tAIl typical vatues are at Vee=5V,Ta=25°C.
switching characteristics over recommended ranges of TA and VG (unless otherwise noted)
ta(A) ta(s) tPLH
N § 5 f i Propagation delay
TYPE TEST CONDITIONS Access time from Access time from chip | ;o jow-to-high-level UNIT
address salect (enable time) .
output from chip select
MIN TYP MAX MIN  TYP MAX MIN TYP MAX
CL =30pF,
MJ L P 45 80 20 40 15 35
RL1=300%,
TBP28LA22 [— Ry 5= 600 ns
LN L2 ' 45 75 20 35 18 30
See Page 1-12

NOTE:- MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits
(formerly 74 Family).
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SERIES 24 AND 28
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES
WITH 3-STATE OUTPUTS '

recommended operating conditions

TBP28L22 TBP28L42 , TBP28L46 TBP281.85*
PARAMETER UNIT
MIN NOM MAX { MIN NOM MAX (MIN NOM MAX
Supply voltage, VGG MJ 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5 v
J.N 4.75 5 6.26 | 4.75 5 525 [4.75 5 525
: MJ -2 —1 -1
High-tevel output current, IoH N 65 Y 16 mA
Low-level output current, 1o M 16 8 8 mA
J,N 16 8 8
) Operating free-air temperature range M —55 125 —55 125 —55 125 °c
J, N 0 70 0 70 0 70

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

TBP28L42
PARAMETER TEST CONDITIONSt TBP28L22 TBP28LA4E TBP28L85* UNIT
MIN TYP* MAX[MIN TYP* MAX|MIN TYP* MAX
ViH High-level input voltage 2 -2 2 \
ViL Low-level input voltage 0.8 0.8 08| V
Vi Input clamp voltage: Vee =MIN, I = —18 mA —-1.2 -1.2 -1.2( V
j Ve =MIN, V=2V,
VoH  High-level output voltage 24 34 24 34 24 3.1 \"
ViL=0.8V, IgH = MAX
VoL  Low-level output voltage Vee = MIN, Viy =2V, 0.5 05 05| V
ViL=08V, gL = MAX : :
lozy  Crstate outputeurrent, | Ay LS 2y, V=24V 50 50 50| wA
high-level voltage applied
lozL E:s’:: :;t:;; ';:::2; Vee = MAX, Vi =2V, Vg =05V 50 —50 —50| A
I .Input current at maximum Vee = MAX, V) =55 v 1 1 1l ma
input voltage
IH High-level input current Vee =MAX, V=27V 25 25 25| upA
e Low-level input current Ve =MAX, V| =05V ~250 —250 -250| umA -
los Short-circuit Vee = MAX MJ -30 —100}-10 =100 | —10 —100 mA
output current$ N —30 —-100[-10 —100 | —10 —100
Ice Supply current Vee = MAX ":/,IJN ;: :gg :(()) :: mA
1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
* All typical values are at Vgg = 5 V, Ta = 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 over recommended ranges of TA and V¢ (unless otherwise noted)
ta(A) ta(s) tpxz
Access time from Access time from chip
TYPE TEST CONDITIONS K Disable time UNIT
address select (enable time)
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
TBP28L22 MJ CL=30pF 45 75 20 40 15 35 ns
J,N 45 70 20 35 15 30 ns
TerzeLaz | my | O talA) 55 110 25 60 25 50
TEP28L4s | SN | "¢ falS) | SeePage 112 55 95 25 60 25 a0 | "
Cp=5pF
TBP28L85* for tpxz 65 30 25 ns

* Etectrical parameters for these devices are design goals only,

NOTE:

MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits (formerly

74 Family).
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SERIES 24 AND 28
POWER-DOWN PROGRAMMABLE READ-ONLY MEMORIES

"WITH 3-STATE OUTPUTS

recommended operating conditions

TBP28L86 TBP28L.166*
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX
MJ 4.5 5 5.5 4.5 5 6.5
Supply voltage, Ve LN 4.75 5 525 | 475 5 525 | '
. MJ ~1 -1
High-level output current, Ign N 16 16 mA
Low-level output current, | M 4 8 A
) + oL N 8 g | "
Operating free-air temperature range M =55 128 —56 125 °c
J,N o] 70 0 70

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

PARAMETER TEST CONDITIONS? TBPZBLEG TBP28L166" UNIT
MIN TYP* MAX | MIN TYP¥ MAX

ViH High-level input voltage 2 2 \"
ViL Low-level input voltage 0.8 0.8 \
Vi Input clamp voltage Vee = MIN, I} = —18 mA -1.2 -1.2 v

. Vee=MIN, Vig=2V,
VouH High-level output voltage VIL =08V, loH = MAX 24 3.1 24 3.1 \"
VoL Low-level output voltage X?f;O'\.ASI ’:l/" \l/gz ; i/l\/:x 0.5 0.5 2
lozH Off-state output current, Ve = MAX, Vi = 2V, Vo = 24 V 50 50 uA

high-level voltage applied

| Off-stats output current, \ MAX, V 2V,V 05V 50 50 A
= , = , =0. — — u
ozL low-level voltage applied ¢ 1R 0

Input current at maximum

i \ =MAX,V|=55V 1 1 mA

! input voltage cc !

HH High-level input current Vee =MAX, V=27V . 25 25 BA

T Low-level input current Vee = MAX, V=05V —250 —250 | uA
Short-circuit MJ —10 —100 | —-10 —-100

los Vee = MAX mA
output current8 N ~10 -100 | -10 —100

t Suppl t Vee = MAX w % 70 A

u curren = m,
cc PRl cc LN 55 70

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
* All typical values are at Vee=5V,Ta= 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 over recommended ranges of TA and V¢ (unless otherwise noted)

ta(A) ta(s) X2
Access time f Access time from chi
TYPE TEST CONDITIONS ceess time trom ceess time from chip Disable time UNIT
address select {enable time)
MIN TYP MAX | MIN TYP MAX |MIN TYP MAX
MJ |CL=30pF f
T8P25LES L = 30 pF for 85 175 55 135 50 90 .
J, N fta(a) and ta(s) See Page 1-12 856 130 55 90 50 75
TBP28L166" Cy =5 pF for tpxz 65 30 25 ns

*Electrical parameters for these devices are design goals only.

NOTE: MJ designates full-temperature-range circuits (formerly 54 family), J and N designate commercial-temperature-range circuits (formerly
74 Family).
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SERIES 24 AND 28

LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES
WITH 3-STATE OUTPUTS

recommended operating conditions

TBP28P42*, TBP28P46* TBP28P85* TBP28P166*
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
MJ 4.5 5 5.5 4.5 5 5.5 4.5 5 55
Supply voltage, Vee J N 4.75 5 525|475 5 525 | 4.75 5 525 |
High-level output current, loH M) - —2 —2 —2 mA
J, N —3.2 —3.2 —3.2
Low-level output current, | M) 16 16 16 A
- -lou N 16 16 6 | "
Operating free-air temperature range M) =55 125 -85 125 —55 125 °c
J,N 0 70 0 70 0 70

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

TBP28P42*
PARAMETER TEST CONDITIONST TBP28P46* TBP28P85* TBP28P166* UNIT
MIN TYP¥ MAX|/MIN TYP¥ MAX|MIN TYP* MAX
V4 High-level input voltage 2 2 2 \
Vi Low-level input voltage 0.8 0.8 0.8 Vv
VK Input clamp voltage Vee = MIN, 1= —18 mA —1.2 —1.2 —1.2] V
VoH High-level output voltage Vee =MIN, Vi =2V, 24 3a 24 341 24 341 v

Vi =08V, gy = MAX

Vee=MIN, Vig=2V,
VoL Low-level output voitage cc H 0.5 0.5 05| v
ViL =08V, gL = MAX

Off-state output current,

lozH high-level voltage applied Voo =MAX, V=2V, Vg=24V 50 50 50| nA

lozL i:sl:z j::t‘;:: :::ﬁ:; Vee = MAX, Vi =2V,Vg =05V -50 —50 —50| uA
Input current at maximum

TR, Vee=MAX,V =55V 1 1 1| mA
input voltage

Ii4  High-level input current | Voo = MAX, V=27V 25 25 25| pA

l|L  Low-level input current Vee =MAX, V=05V ~250 —250 —250] nA

| Short-circuit Vee = MAX MJ —-15 -100|-15 —100| —15 —100] A

0s output current$ cc J,N —20 —100|-20 -100 | —20 —100 m
Supply | Power Up 100 110 130

lcc current | Power Down Ve = MAX 12 12 25 mA

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
* All typical values are at Veg = 5 V, Ta = 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 over recommended ranges of TA and V¢e (unless otherwise noted)

ta(A) ta(E) Xz
Access time from Access time from chip
TYPE TEST CONDITIONS R Disable time UNIT
address enable (enable time)
MIN TYP MAX |"MIN TYP MAX MIN TYP MAX
TBP28P42*
TBRI6PAG® C =30 pF for 35 55 12 ns
t, and t , See Page 1-12
TBP28PE5* g‘A’ o fZ(Et) ¢ 35 55 12 ns
= r

TBP28PIGE* | - 0P OTPXZ 35 55 12 ns

*Electrical parameters for these devices are design goals only.

NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits {(formerly
74 Family).
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SERIES 24 AND 28
REGISTERED PROGRAMMABLE READ-ONLY MEMORIES
WITH 3-STATE OUTPUTS

recommended operating conditions

TBP28R165*
PARAMETER TBP28R46* TBP28RB5* TBP28R166* UNIT
MIN NOM MAX |MIN NOM MAX |[MIN NOM MAX
Supply voltage, VoC MJ 4.5 5 55| 45 5 55 | 45 5 5.5 v
J, N 4.75 5 525 (4.75 5 525 14.75 5 525
High-level output current, IgH M —2 =2 =2 mA
4N —-3.2 -3.2 —3.2
Low-level output current, 1| M) 16 16 16 mA
J,N 16 16 16
Clock pulse width high, ty(CH) 20 20 20 ns
Clock pulse width low, ty(CL}) 20 20 20 ns
TNIT pulse width low, ty (1L} (‘R165 only) 20 ns
Address setup time, tgy(A) 20 20 20 ns
Chip select setup time, tgy(S) 0 0 0 ns
Address hold time, th(A) 0 0 0 ns
Chip select hold time, th(s) 5 5 5 ns
Operating free-air temperature range i — 125 | -85 125 | %5 125 °c
J,N 0 70 0 70 0 70

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

TBP28R165*
PARAMETER TEST CONDITIONST TBP28R46* TBP28R85* TBP28R166* |UNIT
MIN TYP* MAX|MIN TYP¥ MAX|MIN TYP} MAX
V|4 High-level input voltage 2 2 2 \%
VL Low-level input voltage 0.8 0.8 08| Vv
Vik Input clamp voltage Vce =MiIN, 1) = -18 mA -1.2 —-1.2 -1.21 V
Vo High-level output voltage | *CC ™ MIN-VIH =2V, 24 3.1 24 3.1 24 3. v
ViL=0.8V,IgH = MAX
Ve =MIN, V=2V, MJ 0.5 05 0.5
VoL Low-level output voltage Vv
VL =08V, IgL = MAX J, N 0.5 05 0.5
Off-state output current,
lozH high-level voltage applied Vee = MAX,VIH=2V,Vp=24V 50 50 50| uA
Off-state output current,
lozL low-level voltage applied Vee =MAX,VIH=2V,Vg=05V —50 —50 —50| uA
Input current at maximum
I A Vee =MAX, V=55V 1 1 1| mA
input voltage
fj4  High-level input current Vee = MAX, V=27V 25 25 25| pA
ljL  Low-level input current Vee =MAX, V=05V —250 —250 —250( pA
los Short-circuit Vee = MAX MJ -15 —-100}-15 —100 |-15 —100 mA
output current § J,N —20 —100|-20 —100 [—20 —100] -
Icc  Supply current Vee = MAX m 110 120 140 mA
J,N 110 120 140

t For conditions shown as MIN or MAX, use the appropriate value specified under recornmended operating conditions,

* All typical values are at Voo = 5 V, 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.

* Electrical and switching parameters for these devices are design goals only,
NOTE:
74 Family).
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SERIES 24 AND 28
REGISTERED PROGRAMMABLE READ-ONLY MEMORIES
WITH 3-STATE OUTPUTS

switching characteristics over recommended ranges of Ta and Ve (unless otherwise noted)
types TBP28R46*, TBP28R85*, TBP28R165%, TBP28R166*

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ta(C) Access time from clock 20 ns
tpXZ(C) gutput disable tinmeffrom clloc: CL = 30 pF, zg ns
tpzX(C) utput er‘1able n.me rom cloc See Page 1-12 ns
tPXZ(G) Output disable time from G 12 ns
tPZX(G) Output enable time from G 15 ns

* Electrical and switching parameters for these devices are design goals only.

ADDRESS
INPUTS

G(SYNC)
INPUT

INPUT

Q1-08
OUTPUTS

INPUT

PARAMETER MEASUREMENT INFORMATION

)

th(A) tsu(A) o

& th(A}

tsu(G)—Ppe——th(G)

tw(CL}—ppe—tw(CH)
[&—— tpX2Z(C) —¥

N

/

NN\

t‘h(G)’I

C NN

tsu(G)—wleth(G) 9] tsulG)
tpZX(C)

[ ta(C)

tPXZ(G) rl—

FIGURE 1 — SWITCHING WAVEFORMS FOR TYPES TBP28R45, TBP28R85, TBP28R165, AND TBP28R166

PZX(G)
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SERIES 24 AND 28
PROGRAMMABLE READ-ONLY MEMORIES

recommended conditions for programming (see Figure 2)

MIN NOM MAX |UNIT
Steady-state supply voltage Vee 4.7% 5 5.25 v
VIH 3 4 5
Input voltage Vil 5 3 05 v
Voltage at all outputs except the one to be programmed ) 0] o] 0.5 v
Supply voltage level to program a bit Veclpr) 5.75 6 6.25 v
Select or enable level to program a bit - Vs(pr) 9.75 10 1 Vv
Output level during interval tg Vo(pr) |[15.75 16 16.25 \
Supply voltage during verification (see step 14) Low 44 45 46 \"
High 5.4 5.5 5.6
Time for V¢ to settle and to verify need to program 1 0 5 10 | us
Time from Ve = 6 V until chip select (enable) is at 10 V 1 5 5 10 | ws
Time from chip select (enable) high to start of program ramp t3 0.1 5 10 us
Ramp time, output program pulse t4q 10 15 20 us
Duration of output program pulse ts 15 20 20 us
Time from end of program pulse to chip select {enable) low tg 5 5 10 us
Time from chip select (enable) low to Vee=0V t7 0.1 5 5 s
Time for cooling between bits 18 30 50 100 us
Time for cooling between words tg 30 50 us
Clock pulse duration (registered PROMs) t10 1 2 3 us
Free-air temperature ) TA 20 25 30 | °c

step-by-step programming instruction (see Figure 2)

1. Address the word to be programmed, apply 5 volts to Vg and active levels to all chip select (S and S) or chip
enable (E and E) inputs.

2. Verify the status of a bit location by checking the output level. For registered PROMs a clock must be applied
to the clock pin to verify the output level.

Decrease V¢ to 0 volts.

For bit locations that do not require programming, skip steps 5 through 11.

Increase Ve to Vc(pr) with @ minimum current capability of 250 milliamperes.

Apply Vs(pr) to all theS, E or G inputs. 1] <25 milliamperes. Active-high enables may be left high.

Connect all outputs, except the one to be programmed, to V|{. Only one bit is to be programmed at a time.

© N o v W

Apply the output programming pulse for 20 microseconds. Minimum current capability of the programming
supply should be 250 milliamperes.

9. After terminating the output pulse, disconnect all outputs from V|| conditions.
10. Reduce the voltage at S, E, or G inputs to VL.
11. Decrease V¢ to 0 volts.
12.  Return to step 4 until all outputs in the word have been programmed.
13. Repeat steps 2 through 11 for each word in memory.

14. Verify programming of every word after all words have been programmed using V¢ values of 4.5 and 5.5 volts.
Note that registered PROMs must be clocked to verify the output condition.
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SERIES 24 AND 28

PROGRAMMABLE READ-ONLY MEMORIES
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TTL TYPES SN5481A, SN5484A, SN7481A, SN7484A
MSI 16-BIT RANDOM-ACCESS MEMORIES

D1332, DECEMBER 1972

description SN54’...J PACKAGE
SN74’...J OR N PACKAGE

Each of these 16-bit active-element memories is a {TOP VIEWS)
high-speed, monolithic, transistor-transistor-logic
(TTL) array of 16 flip-flops and two write amplifiers
interconnected to form a scratch-pad memory with ‘81A ‘84A
direct-address and nondestructive read-out. These
devices are interchangeable with and replace SN5481, X311 U EM X‘E U Elwm
SN7481, SN5484, and SN7484, but feature sz 13w x3E 15| wie
diode-clamped inputs, |mprqved switching speeds, X1E Eﬁ sz Eﬁ
and lower supply current requirements.

veela Es‘o X‘IE ES_O‘
The fllp-ﬂO[.')S are arranged |.n a four-py-four matrix vl EGND VccE 22] ano
with each flip-flop representing one bit of 16 words.
Four X-address lines and four Y-address lines permit YZE Em Y'E 11] WoA
the address of one bit at a time. Each flip-flop, va[7 Bn YzE 0] wos
composed of two cross-coupled three-emitter tran-
sistors, is used to store one bit. To determine if a Y3E 9]va
logic 1 or logic O has been stored, it is necessary to logic symbols
know which one of the two flip-flop transistors is
conducting. One emitter of each of these transistors '81A
serves as the sensing output. All 16 of the logic 1 @ RAM 16 X 1
sensing outputs are connected to the sense 1 (S1) X1 2 1A1
amplifier input and all 16 of the logic O sensing X2 ) 1A2
outputs are connected to the sense O (Sg) amplifier Y 1A3
input. The two remaining emitters of each transistor X4 =1 1A4
are used to complete the matrix connections neces- v1 42 2A1
sary for the X- and Y-address lines. Address line Y2'g;:_' 2A2
inputs are normally held low and currents from all Y3 TQA:’
conducting flip-flop transistors flow out of these va "3) 2A4 I
address lines. w1 1A,2A,S 12) —

Lia 2a 1A,2A0 2 5

To address a flip-flop both the X- and Y-address lines © ::,52.: 1,280 0
associated with that flip-flop are taken to a high level. wo il
Due to the matrix nature of the circuit, at [east one
address line of all flip-flops except the one being '84A
addressed will continue to remain at a low level and RAM 16 X 1
no change will occur in those flip-flops. But, in the x1 4 1A1
addressed flip-flop, the current in the conducting X2 :2; 1A2
transistor diverts from the address lines to the x3 -0 1A3
appropriate sense line and then to one of the sense X4 1A4
amplifiers. Thus, either the sense 1 amplifier or the Y1 (6) 2A1
sense O amplifier is activated. When this occurs, the Y2 i7) 2A2
output of the activated sense amplifier drops from a Y3 :g; 2A3
high logic level to a low logic level. The memory is Y4 _fA“ ‘ A
nondestructive as the states of the flip-flops are not wia 18 & 3F 1A, 2A, S (14) —
disturbed during sensing. The memory is volatile and W1B {15) 2 441A.24.R 18, 20— §1
information will be lost if the supply voltage is WOA ::;: & |, 341A,2AR 14, 280 13 =5
removed. woB 441A,1A,S

To store new information in a flip-flop, it is necessary to address it and apply a high-leve!l voltage to the appropriate
write amplifier. (The SN5484A and SN7484A have gated write-amplifier inputs). The output of the write amplifier
responds by dropping to a low logic level. Since all Sense O lines are connected to the output of the write O amplifier
and all sense 1 lines are connected to the output of the write 1 amplifier, a low level at the output of a write amplifier
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TYPES SN5481A, SN5484A, SN7481A, SN7484A
16-BIT RANDOM-ACCESS MEMORIES

description (continued)

will cause the emitters of all flip-flop transistors connected to that amplifier to go low. In all the flip-flops except the
one being addressed, this low voltage has no effect since at least one other emitter on each of the flip-flop transistors is
held low by the address lines. Two possibilities exist with the flip-fiop that is addressed. The flip-flop may already be in
the desired state, in which case no change occurs. If the flip-flop must be changed from one state to the other, the low
voltage applied to the emitter of the transistor which is not conducting turns that transistor on causing the other
transistor to turn off.

Since the connection between the output of the write amplifier and the sense line is common to the input of the sense
amplifier, the memory cannot be used to provide information on the state of a bit while the write amplifiers are
activated.

A’number of active-element memories may be paralleled to form the desired matrix size (number of words) and to form
the desired word length (number of bits). All inputs and outputs are compatible with most DTL and TTL circuits.
Average power dissipation is typically 225 milliwatts, and the open-collector outputs may be wire-AND connected to
similar outputs. Internal circuitry of the write and sense amplifiers are operated within their linear range to improve
speed. Sensing propagation delay times are typically 12 nanoseconds when operated at fuli fan-out and 30 picofarads of
circuit capacitance. The SN5481A and SN5484A circuits are designed for operation over the full military temperature
range of —~65°C to 125°C; the SN7481A circuits are designed for operation from 0°C to 70°C.

logic diagram

W1(a) Wi(B) Wo(a) Wo(e)

(——lc—;\glljl

X4 Y1\X4 Y2 \Xd Y3\ X4 Ya
= N NE=IANG N SNem
oi e o - - B L "L S p——
X3 Y3 X3 Y4
A RTAN TR AN T TN
1

:
/
< /)

v
/

X

X2 >
x2 l N l\l\—‘\:l\ [
1N 0Y 0 1 1 NON 0 N1 Y
N
h \x1 Y2 X1 ¥3 \x1 va SENSE SENSE
l—“\ L{N _ 1 0
X1 d
Y1 Y2 Y3 Y4
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TYPES SN5481A, SN5484A, SN7481A, SN7484A
16-BIT RANDOM-ACCESS MEMORIES

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

Supply voltage, Vg (see Note 1) A"
Input voltage 55V
Interemitter voltage (see Note 2) 55V
High-level output voltage e e e e e e 55V
Operating free-air temperature range: SN5481A SN5484A CerUIts . . . . . . ...... -bB5°Cto125°C
SN7481A, SN7484A Circuits 0°Cto 70°C
Storage temperature range . . . . . . . .. e e e e e e e e e e —65°C to 150°C
NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal.
2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies to any X input in
conjunction with any Y input.
recommended operating conditions
SN5481A, SN5484A |[SN7481A, SN7484A uNIT
MIN NOM MAX| MIN NOM MAX
Supply voltage, Vcc 4.5 5 55 | 475 5 5.26 \"
High-level output voltage, VoH 5.5 5.5 \
Low-level output current, g 20 40| mA
Width of write pulse, ty(write) {see Figure 1) 20 20 ns
Address input setup time, tg, (see Figure 1) 0 0 ns
Operating free-air temperature, T o —-55 125 0 70 °C

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

SN5481A, SN5484A [SN7481A, SN7484A
PARAMETER TEST CONDITIONSY UNIT
MIN TYP{ MAX| MIN TYPf MAX
ViH High-level voltage at any input 2 2 \%
v Low-level voltage to prevent writing 0.8 0.8 v
I at address inputs to prevent sensing 1 1
ViL Low-level voltage at write inputs 0.8 1 \"
VK Input clamp voltage Vee =MIN, 1) = —12mA -1.5 -1.5 v
IoH High-level output current Vce =MIN, Vo =55V 250 250 uA
Vi Low-level outputvoltage Vee = MIN, Igy = MAX 0.4 04 V
{nput current at Write 1 1
I K . Vee = MAX,V| =55V mA
maximum input voltage Address 3 3
| High-level i Write Vee = MAX,V) =24V 40 40 A
- t t
(H Tigh-level input curren Address | Vce = MAX,V, = 45V 400 200
. Write —-1.6 —1.6
ljL  Low-level input current Vee MAX, V=04V mA
Address -1 —-11
Vee = MAXAll inputs at 0 V 70 65
Icc Supply current - mA
Vec =5V, Allinputsat 0V 45 60 45 60

*For conditions shown as MIN or M AX, use the appropriate value specified under recommended operating conditions.
iAII typical values are at Ve =5V, Ta = 25°C.

1076

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

237



2-38

TYPES SN5481A, SN5484A, SN7481A, SN7484A
16-BIT RANDOM-ACCESS MEMORIES

switching characteristics, Vg =5 V, 1oL = MAXT, Ta = 25°C, see figure 1

. LOCATION SN5481A, SN5484A | SN7481A, SN7484A
PARAMETER & TEST CONDITIONS g - UNIT
ADDRESSED MIN  TYP MAX| MIN "TYP MAX
CpL=30pF 13 13
tSR X1-Y1 ns
Cp =200 pF 18 30 18 30
Cg = 30 pF 11 19 12 20
PHL Cy = 200 pF 17 26 18 27
X1-Y1 ns
CL = 30pF 13 20 12 19
tPLH
CL = 200 pF 27 40 18 27
CL =30pF 10 18 11 19
PHL . C| = 200 pF 16 25 17 26
X1 thru X4 and Y1 ns
CL = 30pF 13 20 13 20
PLH —
CL = 200 pF 27 40 19 28

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

type.

§ tgr = Sense recovery time after writing

tp L = Propagation delay time, high-to-low-level output

tpH = Propagation delay time, low-to-high-level output

schematic

Wota) or Wi(a)

Wog) or Witp)t ———| ——?—%:-J

{1 OF 16)

~ MEMORY CELL _I

v

ADDRESS

i Tk Tk

X TO03
ADDRESS i " OTHER CELLS
TOALL
b OTHER CELLS
LoGiIc1 TO3 LoGIC 0
LINE OTHER CELLS LINE
e e
T T T T T T T T T T “Weiteanosense ameniriers 1
(10F2) |
LOGICOOR1 l
LINE |
Vee
6k Tk 750 800 @ :
14 Tt |
L '/ Ll 480 l! Sgorsq l
b N, 1 |
H y |
XX |
1 5Kk 15k 3 Tk 2k 15 16k$ 300 |
GND

P 1
e e e e e ]

TWD(B) and Wq () inputs (indicated with dashed lines) are applicable for the SN5484A, SN7484A only.

. Vee bus

V..

Resistor values shown are nominal and in ohms,
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TYPES SN5481A, SN5484A, SN7481A, SN7484A
16-BIT RANDOM-ACCESS MEMORIES

PARAMETER MEASUREMENT INFORMATION

Vee=5V SgOUTPUT
3.5V o0—
ADDRESS [%] -t -
1 2 1
ULSE T |
GENERATOR 50 8 | CIRCUIT | |
<
(See Note A) g(,, Y1 Y2 Y3 Y& | (See Note E) SR1 |
= & X1 |
[ So I
S2 e . 1
Wg PULSE wzZ $no cL |
3
SYNC}HGENERATOR 29 X3 | b3 |
(See Note A) 509 K g S1 | I
o X‘lw(J Wy | = = |
= >
o |
Wj PULSE w 1] | | —F————— e ——
@ r
GENERATOR (SeeNoteC) = LOAD CIRCUIT 2 —]
— ote ircui
(See Note A) 50 ee {Same as load circuit 1)
TEST CIRCUIT
j——100 ns—.l

|
| | g v L e 3V
ADDRESS : I'fi e 901"/%*\\/ : / AN
INPUT % : ’ 10%
‘10/ | 0 ov
su—l |q— — .
-<10
<100 | rl— e v
[ 90% 90%
Wp INPUT 10% | 15V 15V 10%
| ! ov
b 20 ns—3>d gwns—b: =<—~ —»! e —10m
: 50%  90% R, T __________ v
PUT
Wy INPU 10% 48 15V TSV 0w
| ov
— P  jeg—tsR (See Note D) —20 "s_.:
1 I v
oy ' oH
Sp OUTPUT // 3‘:1,5v |
=~ e e VoL
—| :‘—lsn (See Note D)
—~d VoH
27N
$1 OUTPUT AR Nl f
z
SENSE-RECOVERY TIME VOLTAGE WAVEFORMS ———VoL
JE———100 ns———— 3
<10 ns ] l e —> | b <105
| -1 . y———— -3V
| 1 A90% 90% X ! |
ADDRESS | 15V 15V i 15V 15V
INPUT 10%441 10% i | ov
1.
~P 1 tsu [
S10ns—puni | tegl— —»! bt—<10 s || f
WRITE [N ey —“}_'—_"__'— _____ 1‘—_____—_":______——3\’
INPUT L #sv  1svi| ! i
(Wg or W1) 10% 34 ! 10% : : oy
00— _"PHL"‘[ l('tPLND}
- | | Vor
OUTPUT PN 15V 15V
(Sg or S1) . ~
——————— Vor
PROPAGATION DELAY TIME VOLTAGE WAVEFORMS
NOTES: A, The pulse generators have the following characteristics: for the address pulse generator, PRR = 2 MHz; for the Wg and W4 pulse
generators, PRR = 1 MHz.
B. Cy includes probe and jig capacitance.
C. For the SN5484A and SN7484A, unused Wg and Wq inputs are at 3.5 V.
D. tgRr = sense-recovery time
E. For the SN5481A and SN5484A: R1 =240 2 and R2 = 560 £2. For the SN7481A and SN7484A: R1 = 120 §2 and R2 = 330 2.

FIGURE 1-SWITCHING CHARACTERISTICS
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TTL TYPE SN7489
MEMORIES 64-BIT RANDOM-ACCESS READ/WRITE MEMORY

D1416, DECEMBER 1972 — REVISED MAY 1975

J OR N PACKAGE

P “ " {TOP VIEW)
e For Application as a ““Scratch Pad’’ Memory
with Nondestructive Read-Out A0 1 C '_'> % Vee
e Fully Decoded Memory Organized as 16 _
Words of Four Bits Each ME ZC s
e Fast Access Time ... 33 ns Typical WE 3 C > 14 A2
e Diode-Clamped, Buffered Inputs
ped. P D1 4< > 13 A3
e Open-Collector Outputs Provide Wire-AND
Capability ai 5( :) 12 pa
e Typical Power Dissipation ... 375 mW D2 G( ) " m™
e Compatible with Most TTL and DTL Circuits
Q2 7 |C > 10 D3
description
P GND s( t) 9 a3
This 64-bit active-element memory is a monolithic,
high-speed, transistor-transistor logic (TTL) array of .
64 flip-flop memory cells organized in a matrix to logic symbol
provide 16 words of four bits each. Each of the 16 RAM 64 X 4
words is addressed in straight binary with full on-chip A0 LI
decoding. A1 A5 0
A2 ———(::) At
A3 -‘—-)—1 3
The buffered memory inputs consist of four address e 2 s~ 1c2/63
lines, four data inputs, a write enable, and a memory we 13 a1
enable for controlling the entry and access of data. (4 . | IJ
The memory has open-collector outputs which may D1 11 =1 o &
be wire-AND connected to permit expansion up to (6) A 2D Al13 e
4704 words of N-bit length without additional output D2 1100 ™) Q2
buffering. Access time is typically 33 nanoseconds; "('12)— 11 ~
power dissipation is typically 375 milliwatts. D4 Q4

FUNCTION TABLE

OPERATION CONDITION OF OUTPUTS
Write Complement of Data Inputs

Read Compiement of Selected Waord
Inhibit Storage Complement of Data Inputs
Do Nothing High

Tz g
T~z |

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

CELL CELL CELL CELL
[ 12 1-3 1.4
l 1}
TELL TELC CECL TELL
—*b——— 2-1 2-2 2-3 2-4
MzmonLbo_q =)
ENABLE
CELL CELL CELL, TELL
3.1 3-2 3-3 3-4
ED);
[} I CELL CELL CELL CELL
oo >—F5 P g s
] 4
—
m CELL CELL TELL CELL
|0 5-1 5-2 *1s-3 5-4
=
{150 CELL CELL CELL| CECL]
ar 6-1 5-2 6-3 64
=T\
—1 6
- CELL
ADDRESS ‘375“‘ 57“2‘ ,_!_4 i
INPUTS - = -
ED;
L) TECL CELL CEL(] CELL
8-1 8-2 83 8.4
e )
./
TELL CELL] CELL] CELL
9.1 3-2 9-3 9-4
™\
K
L] )
[D TELL TELL Iy CELL
10-1 10-2 10-3 10-4
T\
110 )
CELL CeCL CELL CELL
1M1-1 11-2 11-3 11-4
.|
11 )
1 CELL TELL TECL CELL
12-1 12-2 12-3 12-4
112 )
CELL CELL CELL CELL
13-1 13-2 13-3 13-4
113 )
) CELL CELL CELL CELL MEMORY CELLS
18- 14-2 14-3 14-4 BIAS NETWORK
114 )
1/ =+
CELL TELL CECL Cert] o =
15-1 -2 15-3 15-a
115 ) >
CELL CELL CELL CELL
16-1 16-2 163 16-4
)
—_— ¢ enseume
] B1AS NETWORK
(LIS
[
) 9 &
0: :D 1 %
wriTe (31 r r r
ENABLE
1
p1 ‘::
oata ) 020
INPUTS D:
o 121

schematics of inputs and outputs

DATA
ouTPUTS

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS

Vee ==
R OUTPUT
eq —_———
INPUT ——-
) 4 -
Yy
mn

Data Inputs: Req =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, Voo {see Note 1) . . . . . . . . L L Lo Lo e e 7V
Input voltage (see Note 1) . . . . . e . e ... .. ... ... .. bbby
High-level output voltage, VoH (see Notes 1 and 2) A - 1 AV
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . . ... ... 0Cto70°C
Storage temperaturerange . . . . . . . . . . . « . . 4 4 4 e o . . . . .... —65°Cto150°C

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

MIN NOM MAX UNIT

Supplyvoltage, Ve - - - . . . . . . . . . . . . . . . . ... ... 475 5 525 V
Width of write-enable pulse, tyy, . . . e e 40 ns
Setup time, data input with respect to write enable tsu (see Flgure 1) e e 40 ns
Hold time, data input with respect to write enable, t, (see Figure 1) 5 ns
Select input setup time with respect to write enable, tgy 0 ns
Select input hold time after writing, t, (see Figure 1) 5 ns
Operating free-air temperature, Tao 0 70 °C

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

PARAMETER TEST CONDITIONST MIN TYPI MAX |UNIT
Viy High-level input voltage 2 Vv
ViL Low-level input voltage 08| V
VIK Inputclamp voltage Vee = MIN, I1=—12mA -15| V
i Vee =MIN, ViH=2V,
loH High-level output current 20| pA
V=08V, VoH =55V
VoL Low-level output voltage zﬁf:;(;w&:’:‘/ Vin=2V. :gt; :z :‘z 004; v
1 Input current at maximum input voltage Vee =MAX, V=65V 1| mA
i  High-leve! input current Ve = MAX, : Vy=24V 40| pA
Ity Lowe-level input current Ve = MAX, Vy=04V -1.6| mA
Icc Supply current Ve = MAX, See Note 3 75 1051 mA
Cp  Off-state output capacitance :/S(; ;/lfhv Vo=24V, 6.5 pF

NOTE 3: Igc is measured with the memory enable grounded, all other inputs at 4.5 V, and all outputs open.
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

Tan typical values areat Vo =5V, Tpa = 26°C.

switching characteristics, Vecc =5V, Ta =25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
Propagation delay time, low-to-high-level
tPLH pag y 9! . 26 50
output from memory enable ns
P tion delay time, high-to-low-leve!
tPHL ropagati y tim gl w-leve a3 50
output from memory enable CL =30 pF
Propagation delay time, low-to-high-level =
LA paga Yy ) g R 1=300%, 30 60
output from any address input Ri2 =600 Q ns
Propagation delay time, high-to-low-level i
toHL ropagation y .9 Vi See Figure 1 35 60
output from any address input
. Sense recovery time output initially high 39 70 n
H
SR after writing output initially low 48 70
TEXAS INSTRUMENTS 2.03
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TYPE SN7489
64-BIT RANDOM-ACCESS READ/WRITE MEMORY

PARAMETER MEASUREMENT INFORMATION

Vee
R =300 £
From output
under test
_L Cp =30 pF iRLz =600 Q
drr (See Note B) —
LOAD CIRCUIT

MEMORY
ENABLE h 15V
| | ———ov
| |
I I 3v
ANY '
ADDRESS
- | | S—e——OV
[ tpLh
s oL Vou
ANY 5V
OUTPUT ’

Write enabte is high,

READ CYCLE

—————————————— 3v
MEMORY
ENABLE
ov
T tsu oy
ANY
ADDRESS B ’
- ! !\.._...___ ov
DATA
INPUT
WRITE
ENABLE
A e oV
CoR T
ANY HIGH ] _\\ | OH
OUTPUT : 15V
] ——————y
la— ‘SR ——.: oL
-\ | VoH
ANY LOW N 15V
OUTPUT N

WRITE CYCLE FROMWRITE ENABLE

NOTES: A. The input pulse generators have the 