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INTERGHANGEABILITY GUIDE

PART 1 — ALTERNATE VENDOR PART NUMBERING (EXAMPLES)

TEXAS INSTRUMENTS (TH)

EXAMPLE:
™s 2114 : -5 L L
[ T T
I danl;l::i:‘::o:'::iucz + Speed Range C Package ) (Ternperature Range)
Max Access
TMS Comenercial MOS . - 4 45 n3 —20 200 ns  FP Plastic Chip Catrier E —40°Cto 80°C
SMJ Military MOS — & B65ns —26 250 ns J Cerpak/Cerdip L 09 two 70%C
- 7 70ns -30300 ns JD Side Braze M —55°%C 1 1256°C
—10 100 ns =3% 350 ns  MC Chig-an-Board 5 =557 ta 100°C
—12 120 ns —45 480 ns N Plastic DIF
=15 150 ns

TInclusion af an “'L*" 1 the product identification indicates the device operates al low power.

ADVANCED MICRO DEVICES {AMD}

Am 1) L 2 5
A T
{ Type Mamory ) ( Low Power Versiun) (Device Nurnk )
Max Accass
90 DRAM =70 TO0ns
91 SRAM —-10 100 ns
82 ROM =15 1%0ns
17727 EPROM —-20 200 ns

AMERICAN MICROSYSTEMS, INC. (AMI}

A
(_Standard Davice Pteli:) (_Devlce Number) ( Speed Range }
Max Access

A 350 ns
B 250 ns

TEXAS
INSTRUMENTS

POST GFFICE BOX 225012 & DALLAS, TEXAS 75265
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ELECTRONIC ARRAYS, INC. (EA)

EA B308 A

}

{MOS Prefix } { Dovica Number ) { Modification )

27X% EPROM
Other ROM

EMM/SEMI

4014

g

{_Davice Number ) { Spaad Range )

apinn AupqeabBueyosajug .

. Max Acceass
A Slow
B Fast

FAIRCHILD

F 3528 - A

3

{_Falrchlid Prafix') { Dovice Number® ) {_Sperd Range)

Max Accaas
-1 lar A) Slowest
-2 {or Bl
-3
-4
-5 Fastest

T May be omittad,

ncluslon of an ~L™ indicates low powar varsion,

2.2 Texas
INSTRUMENTS
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FUJITSV

MB 8264 A - 10

MOS Prefix ( Davice Number) Moadification

Max Access
-10 100 ns
=12 120ns
—-15 150 ns

MB Fujitsu
MBM Industry Standard Prefix

HITACHI

HM 4864 _2

'y T

Device Type { Davice Number ] ( Spesd Ranga )

|
Interchangeability Guide '

Max Access

HM RAM —1 Fastest
HN ROM -2
-3
-4 Slowast
INMOS
iMS 2600 -15
i

{ Device Numher) ( Specd Rangn )

Max Access
-45 456 ns
-5 bbhns
-10 100 ns
~12 120 ng
-12 150 ns

TEXAS 2.3
INSTRUMENTS
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INTEL

L

i

=2

sping Aunqeabueysialu) .

{ Device Number J { Modification ) {Low Pawer Vession) { Speed Range)
Max Access
-1 Fastest
-2
-3
-4
-5
-6 Slowesst

INTERSIL/AMS
M7 114 -2

i

%

t

( MOS Memory Preﬂx)

{ Davlce Numbnr’ ( Lower Power Venion)

{ Spoad Ranga)

Max Access

-1
-2
-3
-4

{— 11} Fastest
[—12)

Slowest

MOSTEK

MK

!

4554
[

—15

{

{ MOS Preflx)

t 550 ms for SRAMs 2nd ROMs
¥ ORAMS

( Davice Numbar )

( Spead Range )

Max Accesa
—66 b65ns — 4250ns
-7 F0ns - 5300ns
—90 90ns — 6350ns
— 1120 ns  —15 160 nat
— 2180 ns —20 200 ns?

— 3200 nst 25 250 ns?

2-4
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MOTOROLA

] soe4
3 &

(1€ Mamory Prefix) { Davica Numba: T}

HMaclusion of an 'L Indicatas taw POWAr Version.

AP

T 1

( Modiflcatlon , ( Speod Range }

Max Access

-10
-12
-15
-20
—25
--30
—d5

100 ns
120 ns
150 ns
200 ng
250 ns
300 ns
AED ns

NATIONAL SEMICONDUCTOR

NMC ' 4184

{(MOS Memory Prafix}  (Device Number )

‘ Speed Rangs }

Max Accoss
—12 120ns
~15 160 nsy
=20 200ns
OKI SEMICONDUCTOR {OKN
MSM 3784 =20

T. . &

+

‘ MOS Prafix, t Davice Numher,

( Sgead-ﬂangs ’

Max Access
=12 120 ns
—16 160 ns
—20 200 ns

TEXAS
INSTRUMENTS

POST OFFICE BOX 225012 » OALLAS, TEXAS 75265
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NIPPON ELECTRIC CORPORATION (NEC)

WPD 4164 A -2
(mos Prefix ) { Davice Number ) { Madification ) { Speed Aanga }
=3
3 Max Access
a9 ~0 200ns
= -1 2560 ns
g -2 100 ns
t& —a 150 ns
o
e
=
= SIGNETICS
o
£
o s =
b
{ Devica Number } ( Spesd Range) .

Max Access

—20 200 ns

—-25 250 ns

=30 300ns

—45 450 ng

SYNERTEK
sY 2150 -4

(_#M0S Memory Prafix)

{Davita Number” ) ( Speed Ranés)

Max Access
—2 200.ns
=3 300 ns
-4 4b5ns
-5 BESns

a device m

*Inclusion of an alpha charact

Texas |
INSTRUMENTS

POST OFFICE BOX 225012 w DALLAS, TEXAS 75265
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TOSHIBA

TMM 4164 -3

& T
(MOS Memory Pmﬁx) { Deavice Numbsr)

Max Access

-1 Fastest
-2
-3
-4
-B Slowest

VLSI TECHNOLOGY

©ONT A4500A =15

I A
{MO5 Mamary Proflx)  {Davice Number )

" Max Access
-15 160 ns
~20 200 ns
—25 250 ns

Interchangeability Guide I

TEXAS 2.7
INSTRUMENTS

POST OFFICE BOX 225012 ¢ DALLAS TEXAS 75165



INTERCHANGEABILITY GUIDE

PART I — SECOND SOURCES*

"Bazed on available published data. [Official second sourting agreements not nacgssanly impled.)

All dovices listed operate over the 09C to 70°C temperature ranga.

- DYNAMIC RAMS

- ] VENDDR
3 ORGANIZATION MAX ACCESS T | SEcOND SOURGES PART NUMBER
e 16K x 1 Max Access = 250 ns T TMS4116
23 {3 Supply) AMD AMION6
o Fairchild FA118
a Fujitsu MB8115
g Hitachi HM4 7164
o Intersii IM4118
§ T ITT4116
~ Mitsubishi MEK4116
o Mastck MKa1 16
= Maoterola MCK4116E8
E Mational MmMEZ20
@ NEC APDATE
Toshiba TMMA1E
64K x 1 Max Access = 200 ns T TMS41847
{5 v} Fairchild FA164
Fujitsu MES264A
. Hitachi HMA4864
INMOS IMS26001
Irtel 2164
Micron Tech, mMT42641
Mitsubishi MEK4164
Maostek MK4564
Matorala MCM&BEES
National NMC4164T
NEC wPD4182
oKl MSM2764
Tashiba TMM4164
16K x4 Max Access = 200 ns T TMS4418
{5 v) Fuijitsu MBS1416
Hitachi HMAB416AP
INMOS IMS2620
256K % 1 Max Access = 200 ns TI TMS4256/TMS4257
5 V) Fujitsu MB81257/MBB1266
Hitachi HME50257
Mitsubizhi MSM4256
Motorola MCMEB256
NEC uPD41256/uPD41257
oKl MSM37256
Toshiba TMM41256
Wastem Electric WCMA1256

These devices have a 256 cycle, 4 ms refrash scheme. All others refragh in 2 ms.

2-8

Texas
INSTRUMENTS

POST OFFICE 80X 225012 & DALLAS, TEXAS 75165




INTERCHANGEABILITY GUIDE

STATIC RAMS
VENDOR
ORGANZATION MAX ACCESS n SECOND SOURCES PART NUMBER
AK %1 Max Access = 450 ns T TM34044/TMSA0LAS
L] ARD Amdagad
Intersil IMZ141/M7 1470
Intel 214121010
National 5C MM2141
Mitsubishi MET4044
Maostek MK4104
NEC pPO4104
Synertek SY2141/5Y2141L
1K x4 Max Access = 450 ns T TMS2114/TMS2114L
15 Wi . AMD Am3114E/81L14E
EA EAZ114L
EMKIISEMI 2114
Fairchild 2114
Hitachi HM472114A
Intel 211447211 4AL
Mitzubishi MS5L2114L
Motarela MCM21 14/ MCM21L14
National SC MM2714MM2TL14
NEC uPD2114/pFD2114L
GKI MSMZ114/M5M2114L
Synertek SY2114/5Y21144
2Kx8B Max Access = 250 ns T TME4016
{6 W} Fairchild 3528
Fuijitsu MBS128
Mitsubishi M58725
Mostek MK4802
CKI MSM2128
Tashiba TMMZO 6
K}
TEXAS
INSTRUMENTS

POST OFFILE BOX 225072 # DALLAS, TEXAS 75265
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EPROMS
VENDOR
ORGANIZATIGN MAX ACCESS T SECOND SDURCES PART NUMEER
: 1K %8 Max Access = 450 ns Tl TMS2708/TMS2T7L08
(3 Supply} AMD 2708
Fairchild F2708
5 Fujitsu MBEE18
a" Intel 2708/2708L
a Matoroia MCMZT708
- National 5C MIM2708
g 0x) MSM2708
(=} 2K %G Max Actess = 450 ns Tl TMS2716
g 13 Supply} ) Muatorola TME2716/TM327A16
E: 2K x8 Max Access = 450 ns T TMS52516
= 5 V) AMD 2718
-~ Fujitsu MBMZ716
m Hitachi HN482716
£, Intel 2716
g. Mitsubishi MELZ?16
Mostek MK2716
Motorola MCM2715/MCM27L16
Natlanal MM2716
NEC uwPD2716
o1 4] MSM2716
Toshiba TMM323
4K %8B Max Acesss = 450 n3 T TME2532
15 V) Hitachi HNE2833
Motorola MCM2632/MCM2EL32
Mational MM2532
4K xB Max Access = 450 ns TI - TMS2732A
Bl AMD Am2732
Fafrehild F2732
Fujitsu MBM2732A
Hitachi HN462732
Intel 2732A
Mitsubishi MEL2732
NEC aPD2732
[al4] MSM2732
Toshiba TMMZ2732
BK x8 Max Access = 450 ns Té TMEZSE64
-4 ’ Mctorala . MCMBE 764
8K xAa Max Access = 450 ns Tl - TMS2764
(& Vi AMD AmZTE4
Fairchild 2764
Fujitsu MBM2764
Hitachi HN4B2764
Inte! 2764
Mitsubishl MEL2764
QKI MEMZ2764A
16Kk x8 Max Access = 250 ns mn TM527128
{5 V) Fujitsu MBM27325
Intel 27128
2-10 I Texas
NSTRUMENTS
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GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE

PART |- GENERAL CONCEPTS AND TYPES OF MEMORIES
Address — Any given memory location in which data can be stored or from which it can be retrieved.
Automnatic Chip-Select/Power Down — (ses Chip Enable Input}

Bit — Contraction of Binary diglT, i.e., a 1 or 3 & in alectrical tarms the value of a bit may be represented by the presenca or
ahsence of charge, voltage, or current.

Byte — A word of B bits (see word)

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

Chip Sefect Input — Chip select inputs are gating inputs that contral the input to and output fram the memory. They may be
al two kinds:
1. Synchronous — Clocked/latched with the memory clock. Affects the inputs and outputs for the duration of
that memaory cycle.
2.  Asynchronous —Has direct asynchronous centrol of inputs and outputs. ln the read mode, an asyn-
chranous chip select functiens like an cutput enablo.

Colvmn Address Strobe (CAS) — A clock uszed in dynamic RAMs to control the input of column addresses. It can be active
high {CAS} or active low [CAS).

Data — Any information stored or retrieved from a memoty device.

Dynamic (Read/Write) Memory (DRAM) — A readfwrite memaory in which the cells require the repetitive application of con-
trol signals in order to retain the stored data.
NQTES: 1. The words “read/write” may be omitted from the term when no misunderstanding wil result.
2, Such repetitive application of the control signals is normally called a refresh operation,
3. A dynamic mermory may use statie addressing or sensing circuits,
4,  This definition applies whather the control signals are generated inside or autside the integrated cir-
cuit.

Electrically Afterable Read-Only Memory fEAROMI — A nonvolatile memory that can be field-programemed Tike a FROM or
EPROM, but that can be electrically erased by a cambination af electrical signals 2t its inputs.

Erasable and Programmable Read-Onfy Memory (EPRGMI/Reprogrammable Read-Only Memory — A field-programmable
read-only memory that can have the data content of each memory céll altered moere than once.

Erase — Typically associated with EFROMs and EAROMSs. Tha procedure whereby programmed data is removed and the -
device returns to its unprogrammed state.

Field-Programmable Read-Onfy Memory. — A read-only memory that after being manufactured, can have the data content of
sach memory cell altered. -

Fixed Mamory — A common term for ROMs, EPROMs, EARDMs, etc., containing data that is not nomnally changad. A more
precise term for EPROMs and EAROMS is nonvolatile since their data may be easily changed.,

Fully Static RAM — In a fully static RAM, the periphery as well as the memory array is fully static, The petiphery is thus
always active and ready to respond to input changes without the need for clocks. Thera is no precharge required for
static periphery.

K — When used in the context of specifying a given nurber of bits of information, 1K = 210 = 1024 bits. Thus,
B4K = 64 X 1024 = §5,536 bits.

Large-Scale Intagration {LS) — The description of any IC technology that enabies condensing more than 100 gates onto a
single chip.

TEXAS INSTRUMENTS

INCORPORATED
FOST OFFICE BOX 225012 » DALLAS, TEXAS 75265
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GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE

Mask-Programmed Read-Only Memory — A read-only memaory in which the data content of each cell is determined during
manufacture by the use of a mask, the data content thereafter baing unalterable.

Memory — A medium capable of storage of infarmation from which the information can be retrieved.

Memuory Celf - The smallest subdivision of a memary inta which a unit of data hss been or can be entered. in which it is or
can be stored, and from which [t can be retrieved.

Metal-Oxide Semiconductor {MOS]) — The technology involving photelithographic layering of metal and oxide to produce a
semiconductor device.

NMOS — A type of MOS technology in which the basic conduction mechanism is governad by electrons. (Short for
N-channel MOS)

Monvolatile Memory — A memory in which the data content is maintained whether the power supply is connected or not,

Ourtput Enable — A control input that, when true, permits data to appear at the memeory output, and when false, causes the
output to essuma a high-impedance state. [See also chip sslect

PMGOS — A type of MOS technology In which the basic conduction mechanism is governed by holes, {Short for P-channel
MOS)

Farolfel Access — A feature of a memory by which all the bits of a byte or ward ara entered simultanaously at severat inputs
or retrigved simultanecusly fram sevaral outputs,

Power Down — A mode of a memory device during which the device is operating in a low-power or standby mode. Normally
read or write operatlons of the memary are not possible under this condition.

FProgram — Typically associated with EPROM memories, the procedure wheraby logical 0°s (or 1's} are stared into various
desired focations in a previously erased device.

FProgram Enable — An input signal that whan true, puts & programmable memory device into the program mode.

Programmable Read-Only Memory (PROM) — A memory that permits access to any of its address locations in any desired se-
guensce with similar access time to each location.
NOTE: The term as commaonly used denotes a read/wnte memory.

FAead — A memory operation whereby data is cutput from a desired address location.

Read-Only Memory {ROM} — A memory in which the contents are not intended to be altared during nermal operation.
NOTE: Unlass otherwise gualified, the term ‘“read-only memory’” impligs that the content is determined by its

structure and is unglterable.

Read/Write Memory — A mamary in which each cell may be selected by applying appropriate electrical input signals and the
stored data may be either (a} sensed at appropriate output terminals, or (b) changed in response to other similar elac-
trical input signals. _

Aow Address Strobe (RAS) — A clock used in dynamic RAMS to control the input of the row addressed. It can be active high
{AAS] or active low (RAS].

Scaled-MOS (SMO3) — MOS technology under which the device is scalad down in size in three dimensions and in operating
voltages allowing impraved performange.

Sem/-Static [Quasi-Static, Pseudo-Static) RAM — In a semi-static RAM, the periphery is clock-activated {i.e., dynamic).
Thus the periphery is inactive until clocked, and only one memory cycle is permitted per clock. The peripheral circuitry
must ba allowed 1o reset after each active memory cycle for a minimum precharge time. No refresh is required.

Serial Access — A feature of a memory by which all the bits are entered sequentially at a single input or retrigved sequentially
form a single output. :

Static RAM (SRAM) — A read/write random-access device within which information is stored as latched valtage levels. The
memory call is a static latch that retains dats as long as powar is applied to the memory array. No refresh is required.
The type of periphery circuitry sub-categorizes static RAMs. -
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Very-Large-Scale Integration (VLS — The description of any IC technology that is much more complex than lerge-scale in-
tegration |LSI}, and involves a much higher equivalent gate count. At this tima an exact definition including a minimum
gate count has not been standardized by JEDEC or the IEEE,

Volatile Memory — A memary in which the data content is lost when pawer supplied is disconnected.
Ward — A series of one or morg bits that cecupy a given address location and that can be stered and retrieved in paralle!,
Write — A mamory operation whereby data is written into a desired address location.

Write Enabla — A control signal that when true causes the memeory to assuma the write mode, and when false causes it to
assume the read mode,

PART |l- OPERATING CONDITIONS AND CHARACTERISTICS {INCLUDING LETTER SYMBOLS)

Capacitance

The inherent capacitance on every pin, which can vary with various inputs and outputs.

Example symbaology:

C; Input capacitance
Co Qutput capagitance
Citoy Input capacitance, data input

Current

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

High-level autput cument, Igy
The cursent into”™ an output with input conditions applied that according to the product specification will establish a-
high level at the output.

Low-tavel input current, i,
The currant into an Input when a ow-level valtage is applied 1o that input,

Low-level output currant, lpL
The gurrent inte” an output with input conditions applied that according to the product spac:hcatlon will establish a

low lovel at tha autput.

Off-state (high-impedance-statel output current |of 8 thres-state cutput), Inz
The current into™ an output having three-state capability with input conditions appiied that according to the product
specification will establish the high-impedance state at the output.

Short-circuit output current, lgs
The current into” an output when the cutput is short-Circuited to ground lor other specified potentiall with input condi-
tions applied to establish the cutput logic level farthest from ground poatential {or other specified potentiall.

Supply current Igg, loc, IDD. PP
The current Into, respectively, the Vgg, Voo, Vop: Vpep supply terminals,

Operating Frae-Air Temperatura

The temperature (T4, range over which the device will operate and meet the specified electrical characteristics.

Operating Caza Tamperature

The case temperature {7 range over which the device will operate and meet the specified eiectrical characteristics.

= Currant out of 4 terminal is glven as & nagative value.
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Voltage
High-level input voltage, ViH

An input voltage within the more positive |lass 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 input voltage for which operation of the

logic element within specification limits is guaranteed.

High-level putput voltane. Vou

The veltage at an output terminal with input conditions applied that according to the product specification will
establish a high level at the cutput.

Low-level Input voltage, Vi,

An input voitage 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 efement within spacification limits is guaranteed.

Low-lavel output voltags, Vop

The voltage at an output terminal with input conditions applied that according to the product specification will
establish a low leve! at the output.

Supply Voltages, Vgg. V. VDD. Vpp

The voltages supplied to the corresponding voltage pins that are reguired for the device ta function. From one ta four of
these supplies may be necessary, along with ground, Vgg.

Time Intervals

New or revised data sheets in this book use letter symbols in accordance with standards recently adopted by JEDEC,
the IEEE, and the IEC, Two basic forms are used. The first form is usually used in this book when intervals can easlly be
classified as access, cycle, disable, enable, hald, refresh, setup, transition, or valid times and for pulse durations. The
second farm can be used generally but in this book is used primarily for time intervals not easily classifiable. The se-
cond {unclassified) form will be described first. Sincs some manufacturers use this form for all time intervals, symbals
in the unclassified form are given with the examples for most of the classified time intervals.

Unclassified time intervals

Genoralized latter symbols can be used to identify almost any tima interval without classifylng it using traditional or
contrived definitiona. Symbols for unclassified time intervals identify two signal events listed in from-to sequence us-
ing the format:

] TAB-CD
Subscripts A and C indicate the names of the signals for which changes of state or levsl or establishment of state or
level constituts signal events assumed to occur first and last, tespactively, that is, at tha beginning and end of the tima
intervat. Every effort is made to keep the A and C subscript length down to one letter, if possible (a.g., R for RAS and C
for CAS of TMS 4118).

Subscripts B and D indicate the direction of the transitions and/or the final states or levels of the signals represented by
A and C, respectively. One or two of the following is used:

H = high or transition to high

L = Tow or transition to low

¥ = a valid steady-state lavel

X = unknawn, changing, or “don’t care’” leval
Z = high-impedance (off} state

TEXxASs INSTRUMENTS
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The hyphan batwesn the B ang C subscripts is omitted when na confusion is likely to ocour,
Far axamples of symhails of this type, see TMS 4116 le.g., tpLCL).
Classified time Intervals (gensral comments, spaclfic timaes follow)

Becausse of the infermation contained in the definitions, frequently the identification of one ar both of the two signal
avents that begin ahd end the intervals can be significantly shortened compared to the unclassified forms. For exam-
ple, it is not necegsary to indicate in the symbal that an access time ends with valid data at the output. However, if
both signals are named (e.g., in a hald time], the from-ta sequence is maintained.

Access time

The time intervat between the application of a specific input pulse and the availability of valid signals at an output.

Example symbology:

Classified Unclassified  Description
talAl tAVOY Access time {from zddress '
TalSh talCs) tsLov Access time from chip select (low}

Cycla tima

The time intarval between the start and end of a cycla.

NOTE: The cycla time is the actual time interval between two sighal events and is determined by the system in
which the digitat circuit operates. A minimum value is specified that is the shartest interval that must be
alipwed for the digital circuit to perform a specified function [e.g,, read, write, etc.) cortectly.

Example symbology:

Cilassifiad Unclassified  Description
te(R) toird) tAVAVIR) Raed cycle time
teiw) LAV AVIW) Write cycle time

NOTE: R is usually used es the abbreviation far *‘read’"; however, in the case of dynamlc memories, “rd'" is used
to permit R to stand for RAS, -

Disable time (of a thras-stata output)

The tima intervai betwean the specifiad reference polnts on the input and output voltage waveforms, with the thres-
state output changing from either of the dafined active levels {high or law] to a high-impedance {off] state.

Example symbology:

Classified Unclassified  Description
tdis|S) 1SHAZ Qutput disabla tima after chip select (high)
tdis(Wh "wLaZ Qutput disatle tima after write enabla (low)

Thesa symbals superseda the older farms tpyz or tpyz.
Enabla time (of & three-state output}

The time interval hetween the specified refarence peints on the input and output voltage waveforms, with the three-
state output changing from a high-impedance {off} state to sither of the defined active lavels (high or law),

NOTE: For memaries these intervals are often classifisd as aceess times.

Example symbalogy:

Classified Unclassifiad Cascription
tenisL) 5.0 Dutput anable tima after chip sefect low

These symbaols supercede the alder form tpzy.

TEXAS INSTRUMENTS
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Hold time

The time 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 interval between two signal events and is determined by the system
in which the digital circuit operates. A minimum valug is specified that is the shortest interval for
which correct operation of the digital circuit is guaranteed.

2. Theheld time may have a negative value in which case the minimum hmit detines the langest intarval
lbetween the release of the signal and the active transition for which correct opgration of the digital
circuit is guaranteed.

Example symbaology:

Classified Unclassified  Description

thiD YWHDX Data hold time {after write high}

thiRHrd) tRHWH Read {writc enable high) hold time after RAS highl
thiCHrd) tCHWH Read lwrite enabls high} hold time after CAS high)
thiCLCA) ICL-CAX Column address held time after CAS low
thiRLCA} tRL-CAX Column address hald time after RAS lcw

thiRA) tRL-RAX Row address hold time {after AAS low)

These last three symbaols supersede the alder forms:

NEW FORM OLD FORM
th{CLCA) thiACL) 3
thiALCA) thiARL)
th{AA) thiAR)
NOTE: The from-to sequence in the order of subscripts in the unclassified form is maintained in the clasgsified form,

In the caseofhold times, this causes the arder 1o seem reversed from what would be suggested by the terms,

Pulse duration {width|
The time interval between specified reference points on the leading and trailing edges of the pulse waveform.

Example symnbology:

Classified Unclassified Description
Ty iW) TWLWH Wiite pulse duratin
twiRL} tRLEH Pulze duration, RAS low

Rafresh time interval

2IMINNS 180YS BIE(]/SUONUBAUDT Bunull/AIRSSOID !

The time interval between the beginnings of successive signals that are intended to restore the level in a dynamic
memory cell to its ariginal leve!, '

NOTE: The refresh time interval is the actual time interval between two refresh operations and is determined by
the system in which the digital circuit operates. A maximum value is specified that is the longest interval
for which corract operation of the digital circuit is guaranteed.

Example symbology: ‘4
Classified Unelassified Dascription
trf . Refrash time interva!
3.6 TEXAS INSTRUMENTS
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Setup time

The time interval between the application of a signal at a specified input terminal and a subsequent active transition at
another specified input terminal.

NOTES: 1.  The setup tima is the actual time interval between two signal events and is determined by the system
in which the digital circuit operates. A minimum value is specified that is the shortest interval for
which carrect oparation of tha digital circuit is guarantesd,

2. The setup time may have a negative value in which case the minimurm limit defines the langast inter-
val {batween the active transition and the application of the other signall for which correct operation
of the digital circuit is guaranteed.

Exampie symbaology:

Classified Unclassified Description

tsulb) tDVWH Data setup time {before write high}

tsuiCA) tCAV-CL Column address setup time (before CAS law)
tsulRA) IRAV-RL Row address setup time (befora RAS low)

Transition times {aiso called rise and fall times]

The time interval betweaen two reference points {10% and 20% unless otherwise specified}! on the same waveform
that is changing from the defined low lavel to the defined high [evel (rise time) or from the defined high level to the
defined low level (fall time).

Example symbology:

Classified Unclassified  Description
1 Transition time {general}
THCH) tCHCH Low-te-high transition time of CAS
tiC) tCHCH CAS rise time
HiC) toLeL CAS fall tims
Valid time
lal  General

The time intarval during which a signal is lor should be) valid.
(bl  Qutput data-valid tims

The time interval in which output data contines to be valid following & change of input conditions that could
cause the ocutput data to change at the end of the interval.

Example symbology:

Clessified Unclassified  Description

tyiA) tAXAY Cutput data valid time after change of address.
This supersedes the older form tpyy.
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PART lit—- TIMING DIAGRAMS CONVENTIONS

TIMING DIAGRAM

SYMBOL

N
/4

SR
&

INPUT
FORCING FUNCTIONS

Must be steady high or low

High-to-low changes
permittad

Low-to-high changes
permitted

Daon't Care

Coes not apply}

PART IV — BASIC DATA SHEET STRUCTURE

The front page of the data shaet begins with a list of key features such as organization, interface, compatibility, opera-
tion {static or dynamic), access and cycle times, technology (M ar P channel, silicen or metal oxide gatel, and power, In
addition, the top view of the device is shown with the pirout provided. Next a general description of the device,
system interface considerations, and glaboration on other device chracteristics are presented. The naxt section is an
explanation of the device’s operation which includes the function of each pin li.e., the relationship between each input
{output} and & given type of memory). The functions basically involve starting, achieving, and ending a given type of

MEANING

QUTPUT
RESPONSE FUNCTIONS

Will be steady high or low

Will be ehanging from high
to low some time during
designated interval

Will e changing from low
ta high sometime during
designated interval

State unknown or changing

Centerline represents high-
impedance {off) state.

memory cycle {e.g., pregramming or erasing EPROMs, or reading a memory location).

Augmenting the descriptive text there appears a fogic symbof prepared in accordance with fortheoming IEEE and IEC
standards and oxplained in the section af this book following this one. Following the symbol is usually a functional
block diagram, a flow chart of the basic internal structure of the device showing the signal paths for data, addresses,
and control signals, as well as the internat architecture. Usually the next few pages contain the absolute maximum
ratings fe.g., voltage supplies, input voltage, and temperature) applicable over the operating free-air temperatire
range. I the device is used outside of these values, it may be permanently destrayed or at least it would not function as
intended. Next, typically, are the recommender operating conditions {e.g., supply voltages, input voltages, and
operating temperaturel, The memory device is guaranteed to work reliably and to meet all data sheet parameters when
pporated in accard with the recommended operating conditions and within the specified timing. If the device is
operated outside of these limits (mimimum/maxirmum), the device’'s operation is no longer guaranteed to meat the data
sheet parameters, Operation beyond the absolute maximum ratings as just described ean result in catastrophic

failures.

The next section provides a table of efectrical characteristics over fulf ranges of recommended operating conditions
le.g., input and output currents, output valtages, ete.). These are presented as minimum, typical, and maximum
valugs. Typical values are representative of operation at an ambient temperature of Ta = 25°C with all powoer supply
voltages at nominal value, Next, input and output capacitances are presented. Each pin has a capacitance (whether an
input, an output, or contrel pin}. Minimum capacitances are not given, as the typical and maximum values are the most

crucial.

The fext few tables invalve the device timing characteristics. The parameters are presented as minimum, typical lor
nomingll, and maximum. The timing requirements over recommended supply voltage range and operating free-air
termperature indicate the device control requirements such as hold times, setup times, and transition times. These
values are referenced to the relative positioning of signals on the timing diagrams, which follow. The swiiching
characteristics over recommended supply voltage range ara devige performance characteristics inherent to device
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operation onca the inputs are applied. These parameters are guaranteed for the tost conditions given. The interrelation-
ship of the timing requirements to the switching characteristics is illustrated in timing diagrams for each type of
memory cycle {e.g., read, write, program}.

At tha end af 2 data sheet additional applications information may be provided such as haw 10 use the device, graphs
of electrical characteristics, or other data on electrical characteristics.
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. ATTENTION
These devices contain circuits to protect the inputs and outputs against damage
due to high static voltages or electrostatic fields; however, it is advised that
precautions be taken to avoid application of any voltage higher than maximuem-
rated vaoltages to these high-impedance circuits.

Unused inputs must always be connected to an appropriate logic voltage level,
preferably either supply voltage or ground. -

Additional infermation concerning the handling of ESD sensitive devices is
available from Texas Instruments in a document entitled “Guidelines for
Handfing Efectrostatic-Discharge-Sensitive (ESDE) Devices and Assemblies.””
Please contact
Texas Instruments
P.0. Box 401560
Dallas, Texas 75240

t¢ obtain this brochure.



MOS TMS4116
LSl 16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY
DCTORER 1977 — AEVISED MAY 1382
& 16,384 X 1 Organization TMS54116 . . . NL PACKAGE
a 10% Tol Al S i TOP VIEW)
% Tolerahco on upplies
PP vag [J1 Ve[ vss
@ Al Inputs Including Clocks TTL-Compatible D2 15[JCAs
& Unlatched Three-State Fully TTL-Compatible R;: Ei :: % iﬁ
Output ao[ls 12[JA3
® 3 Parformance Ranges: az{ds idas
ACCESS ACCESS READ READ. VA.l E; 1:%35
TIME TIME OR  MODIFY- oo cc
ROW COLUMN  WRITE wRITET
ADDRESS ADDRESS CYCLE CYCLE
{MAX) (MAX} (MIN) {MING
PIN NOMENCLATURE
TMS4116-15 150 ns 100 ns 375 ns 375 ns
TM54116-20  200ns  136ns  376ns  376ns ADA Addrosses
TMS4116-25 250 ny 165 ns 410 ng 515 ns TAS Column Address Strobe
@ Page-Mode Operation for Faster Access b - Data Input
Time a Data Qutput
. B o AAS Row Address Strobe
©® Common I/O Capability with “*Early Write VaB 5V Power Supply
Feature Yoo 1+ 5-¥ Power Supply
o Low-Power Dissipation VoD +12-V Power Supply
- QOperating 482 mW {Max) Vas Ground
- Standby 20 mW [(Max) W Write Enahble
@ 1-T Cefl Design, N-Channel Silicon-Gate
Technology

@ 16-Pin 300-Mil (7.62 mml Package
Configuration

description

The TME411E series is composed of monalithic high-speed dynamic 16,384-bit MOS random-access memoaries organiz-
ed as 16,384 ong-bit words, and employs single-transistor storage cells and N-channel silicon-gate technology.

All inputs and outputs are compatible with Series 74 TTL circuits including clocks: Row Address Strobe RAS lar R
and Column Address Strobe CAS {or CL. All address Iines (A0 through AEBl and data in (D) ara latched on ¢hip to simplify

systamn design. Data out () is unlatched o allow greater system flexibility.

Typical power dissipation is less than 350 milliwatts active and 6 milliwatts during standby (V¢ is not required dur-
ing standby operation}. To retain data, only 10 milliwatts average power is required which includes the power con-

sumod to refresh the contents of the memory.

The TMS4116 series is offered in a 16-pin dual-in-line plastic {NL suffix} package and is guaranteed for operation
from 0°C to 70°C. Package is designed for insertion in mounting-hole rows on 300-mil i7.62 mm) centers.

t The term read-writa cycle” i5 spmetimes used as &n atternative title to *read-modify-wrile cycla".
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TMS4116
16.384-BIT DYNAMIC RANDOM-ACCESS MEMORY

operation
addrass (A0 through AG)

Faurtzen address bits are required ta decode 1 of 16,384 storage cell lacations. Seven row-addrass bits are set up
on pins AQ through A6 and latched onto the chip by the row-address strobe [BAS). Then the seven column-addrass
bits are set up on ping AC through AE and latched onto the chip by the column-addrass trohe {CAS). Al addresses
must be stable on ar hefore the falling edges af RAS and TAS. RAS is similar to a chip enable in that it activates
the sense amplifiers as well as the row decoder. CASisusedas a chip select activating the column decoder and the
input and output buffers.

write enable (Wi

The read ar write mode is selected through the write enable (W) input. A logic high on the W input selects the zead
maode and a legic low selects the write mode. The write gnattle terminai can be driven from standard TTL circuits
without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to TAS,
data-out will remain in the high-impedance state for the entire cycle permitting common YO operation.

data-in {1

Data is written during a write or read-modify write cycle. Depending an the mode of operation, the falling edge of
CAS or W strobes data into the on-chip data latch. This latch can be driven from standard TTL circuits without a
pull-up resistor. In an early write cycle, W is brought law prior to TAS and the data is strobed in by CAS with satup
and hold times referenced 1o this signal. In a delayed write or read-modify write cycle, TAS will already be low, thus
the data will be strobed in by W with setup and hold times referenced to this signal.

data-out (Q)

The three-state output buffer provides direct TTL compatibility {no pull-up resistor required} with a fan-out of two
Saries 74 TTL loads. Data-out [s the same polarity as data-in. The ocutput is in the high-impedance {floating] state
until CAS is brought low. In a read cycle, the output goes active after the enable time interval 15} that begins with
the negative transition of CAS as long as s ta(R) is satisfied. The output becomes valid after the access time has elaps-
sd and remains valid while CAS is low; CAS going high returns it to a high-impedance state. In an early write cycla,
the output is always in the high-impedance state, In a delayed write or read-madify-write cycle, the output will follow
the sequence for the read gyele.

refresh

A refresh aperation must be performed at least every two milliseconds to retain data. Since the output buffer is in
the high-impedance state unless CAS is applied, the RAS only refresh sequence avoids any output during refresh.
Strobing each of the 128 row addresses (A through AB) with RAS causes ell bits in each row to be rafreshed. CAS
remains high linactive) for this refresh sequence, thus conserving power.

page-mode

Fage-mode operation allows effectively faster memery access by keeping the same row gddrass and strobing suc-
cessive column addresses onto the chip, Thus, the time required to setup and strobe sequential row addresses on
the same page is eliminated. To extend beyond the 128 column locations an a single RAM, the row address and AAS
is applied to multipte 18X RAMS; CAS is decoded to select the proper RAM.

power-up

WRE must be applied to the device either befora or at the same time as the other supplies and removed last. Failura
to observe this precaution will cause dissipation in excess of the absclute maximurm ratings due to internal forward
bias conditions. This also applies to system uge, where fallure of the Vg supply must immediately shut down the
other supplies. After power up, eight RAS cycles must be performed to achieve proper device operation.
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TMS4116
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

lagic symbot?

RAM 16K X 1
Ao 2 | 2007/21D0
w2
Az 112) 0
] e
ag A10)
a6 B3L__sop1a/2108
> CZG[ROWI
G23/[REFRESH ROW!
RAS 4 24[PWR DWN]
= C211C0L
{151 gzt
cas & > 23022
w ﬁg 23,210 | ZdEN
o -2 A,22D I v] LN

T This symhbol iz in accordance with [EEE Std 91/ANSI ¥32.14 and recent decisions by |EEE and [EC. See explananon an page 10-7,

functiona! block diagram

a5 —n-f
Tas —» TIMING & CONTAOL
R ]
°
AR ROW
Row [1:2) MEMORY ARRAY
A5 |
ad I ¢ DECODE
s o
Az ) BUFFERS
a1 B DUMRY CELLE REG
A0 ] 11121 1 OF 64 COLUMN DECDDE IR N +
ALNSE ;
5'”,”. &} BUFFER & TRTA
129 SENSE  REFAESH - 10F 2
AMPS 10 SELECTION
CONTROL -
cowumne| | [ 1,21 ¥ 00F B4 COLUMN DECODE Lo
.
JU— J DUMMY CELLS
ADw :
BUFFERS
£
. aecop 1121 MIMORY ARRAY

AD-AB
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TMS4116
16,384-BIT DYNAMIC RANDOM. ACCESS MEMORY

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

Woltage on any pinfsee Note 11 ... ... ... . ... ... ... e e -0.5Vto 20V
Voltage on Voo, Vop supplies with respect to WES . ... ... . i e - iV lsy
2] T T e L T {1 T =1 80 mA
LT -1 - 3T 1w
Operating free-ait tamMDEratUre TBMGE . . .ottt it ie s s s a st nma e rma s ensnsmnennenes 0°C to 0°C

Storage temperature fange ... .o .0 s —-85°C to 150°C

t Sresses beyond thase listed under ""Absolute Maximum Ratings'™ mey cause peunanem damege to the device, This is » stress reting only and functional
wparatien of the devige at these or any ather conditions bevund thosa i inthe " Qpereting £ " section of thix specification
is nol implied. E 0 i ted i for extanded periods may alfect device reliability,

NOTE 1:  Under absolyute maximum ratings, voltage values arg with respect to the most-negative supply voltage, Vpg lsubstratel, unless otherwise noted.

Throughaut the remainder af this data sheet, voltage values are with respect 1o Veg.

recomrhiended aperating conditions

PARAMETER MIN  NOM WMAX | UNIT
Supply voltage, Vg 4.5 -5 -85 v
Supply voltage, Voo 4.5 5 5.5 v
Supply voltage, ¥pp 10.8 12 13.2 v
Supply voltage, Vg 4] ¥
High-lgvel input vaoltage, VY ﬂlnpﬂexcapt RAS, CAS, WRIE 2.4 ? Y
RAS, CAS, WRITE 27 7
Low-level input voltage, Vy_ {see Note 2} -1 o 0.8 v
Operating free-air tamperatura, Tp . [i] ] o

NOTE 2: } lierele ia dlers d aa minl

The algebraic convention, where The mara negative {lass p s used bn thiz dats sheet for logic voltage levels only.

alectrical characteristlcs aver full ranges of recommended operating condltions [unless otherwise noted)

PARAMETER TERT CONDI‘I‘IONS MmN TYP!  MAX | uNiT
YoH High-level output voliage foH = -5 mA 2.4 v
VoL Law-level output voltage L = 4.2 mA 0.4 v
V=0Vt 7V,
1 Input current leakage} 10
! put e garage Alt other pins = O W except Vgg = -5 V A
Vg = Gta 6.6V,
| Qutput t {leakagal —_— +10
a utput current {leakage CAS high A
IgB1 80 200 @A
A th t
W verage opera m? ourren Minimum cycle time a3 ma
durlng read or write eycle
Ipot 27 a1 ma
| 10 100
% Standh t After 1 memary cycls 210 :
an: curren —_—
cca ¥ AAS and CAS high
'DD2 05 15| mA
'BB2 Minimum cycle tima 50 200 | wh
lces Average refresh current AAS eyeling, 210 | pA
lppa CAS high 20 27 | mA
IEE.Q Minimum ¢ycle time Lilv] 200 A
'Cf:d: Average page-mode current RAS low, 4% | maA
Iop4 CAS eycling 20 27 | mA

T a typical valugs are 5t Ty =

25°C and naminal supply veltages.

Yoo Is applled only 1o the gurput butfer, so Igc depends on cutput loading,

§ Qutput inading twe standard TTL loads,
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TMS4116
16.384-BIT DYNAMIC RANDOM-ACCESS MEMORY

capacitance over recommended supply voltage range and operating free-alr temperature range, f = 1 MHz

PARAMETER Tvpt  max | unT
Citay Input capacitance, address inputs 4 S| ef
Citpy Input capacitancs, data input 4 5| pF
CitRC) Input eapacitance, straba inputs 8 101 pF
Citw Input capacitance, write enable input 8 10 pF
[+ Output capacitance 5 7 pF
switching characteristics aver recommended supply valtage range and operating free-air temperature range
ALT. TMS4116-16 | TMS54116-20 | TMS54116-25-
PARAMETER TEST NDITION UnNIT
CONDITIONS SYMBOL MIN  MAX MIN  MAX MIN  MAX
CL = 100 pF,
taici Access time from CAS Load = 2 Series, tcac 100 136 165 | ns
74 TTL gates
tRLCL = MAX,
—_ CL = 100 pF,
t Aceess time f RA 150 200 250
SLH ss time from RAS Lead = 2 Serles, TRAC ne
74 TTL gates
] CL = 100 pF,
CQutpur disable time
1dis{CH} pur cie ) : Load = 2 Series toEF 0 40 Q 50 0 [ila] ns
after CAS high
74 TTI. gates
T 21 typical values are at Ty, = 25°C and nominal supply voltages,
. Texas
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TMS4116

16,384-BIT DYI\IQMIG RANDOM-ACCESS MEMORY

timing requirements over racommended supply voltage range and operating free-air temparature range

ALT. TMS4116-15 TMS4T16-20 TM54116-25
PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX UNIT
tatP} FPage-meode cycla time tpc 170 225 275 ni
tetrd) Read cycle time Re 375 376 410 ns
oW} Write cycle time twe 375 a7s 410 ns
Leirdiv Read, modify-write eycle 1ime TRWE 375 375 5156 ns
twiCH) Pulse width, TAT high (precharge tima) 0P 60 an 100 ng
twiCL) Pulse width, CAS low 1CAS 100 10,000 136 10,000 185 10,000 ns
Ty (RH} Fulsz width FIAS high [precharge time} tRE 100 120 150 ng
ty(RL! Pulse width, FAS low tRAS 156 10,000 200 10,000 250 10,000 | ns
Tyy W) Write pulse width WwWp 45 55 75 ns
tt %s;::ncl:;es Irige and fall] for . 3 8 a 50 3 50 ns
tsulCAl Column address setup time tasg -10 -10 -10 ns
TsufAs) Row address setup time tASR aQ O 0 ns
tsulDi Data setup time ns o o 0 ns
E tsulrd} Read command setup tirme 1RCS o +] 4] ns
§ tsu{WCHI :;:;?scg-g:?:hsetup time oWl &0 80 100 ns
B | sawmrn peeemmern taw | 60 80 100 s
; CLCA :;Lﬁmg%dlr:“ hotd tme {CAH 45 . 25 s
g thiRA) Rowr address hold time tRAH 20 25 35 ne
% thiRLCA) ﬂCf{:I:rrr%;dl{:)r:ss hold time AR 95 120 1860 ns
2 thCLDI Data hotd time after CAS low toH 45 55 75 ns
@ th{RLD) Data hold time after RAS low DHR 95 120 150 %
3 thiwLD} Data hold time aftor W law tbH 45 85 b ns
=} Third} Read command hold time TRCH 0 [ Q ng
"2 t Write command hold time a5 e 75
(4] hitLw) after CAS low TWCH - i ne
] Write command hold IIITIE
g thiRLW| after AAS low WCR 13 120 180 ns
0o IRLCH Delay time, FAS low to CAS high tosH 150 200 250 ns
4 . tCHAL Delay time, CAS high to RAS low tCAP -20 -20 -20 ns
‘I‘J CLAN Detay time, CAS fow to RAS high tRgH 100 135 165 ns
< LWL Delay time, CAS low to W low WD 0 o5 125 s
O iread, modify-write-cycle onlyl
3 Delay time, RA% low to TAS low
1RLCL {maximum value specified only tRCD 20 50 25 65 35 a5 ns
to guarantee access time)
Delay time, FRS low to W low
TRLWL resd, modity-write-cycle onfyl RWD 120 160 200 ns
tWLCL :::I:: ::::; ::(I:;\;v to CAS low wes —20 20 -20 ns
Y Refresh timeg intorval tREF 2 2 21 ms
46 INSTRGENTS
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TMS4116
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

raad cycle timing
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]

Do

i

Bi

|
I
L ——w] b=t tq
tRLCL_l.F;tMCU_’l !G—fCHRL

> | M

thiRLGA} [
thmm—-[ r—_.[ I"":':["J : I
e TR o X R
[ [ |1—r[—thm|.cm I
I ‘suIrd}H I [1-.]_—tnuda

V|H o
N/ . A YaAVAYLY 7 WV,
w LSV | NG geE X0

[ tacr—n| I 1dis{CH]

| e

I‘—-iatﬂs—-—w—ll

ViH
ViL

—-.——;r:;,zl,,

ViH

Tw[CH}

Vo

VoL

TEXAS
INSTRUMENTS

POST OFFICE BOX 225012 4 DALLAS TEXAS 75755

Dynamic RAM and Memory Support Devices I

4.7



TMS4116
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

aarly write cycle timing
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TMS4116
16,384-BiT DYNAMIC RANDOM-ACCESS MEMORY

write cycla timing
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Dynamic RAM and Memory Support Dev

! Tha enabte tima {Tgn! for @ writa cycle is agusl in duration 1o tha sccess time from CAS [ty 0] in 3 read cycla: but the active levels at the output are invelid.

TEXAS
INSTRUMENTS

POST OFFICE BOX 225012 & DALLAS, TEXAS 75265



TMS4116
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

read-write/read-modify-write cycle timing
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TMS4116
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

RAS-only refresh timing
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TMS4116
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY
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TMS4161
Lsl 65.536-BIT MULTIPORT MEMORY
JULY 1983
# Dual Accessability — One Port Sequen-
tial Access, One Port Random Access TMS4161 . . . NL PACKAGE
® Four Cascaded 64-Bit Serial Shift Registers ITRP VIEW)
for Sequential Access Applications
® Shift Register Loaded Once Every 64, 128, siN{] vgs
192, or 256 Shift Cyclas as Desired by scLk SOUT
User goe TR/TE
Fast Serial Port . . . 25 MHz Shift Rate WDC o
TR/QE as Output Enable Allaws Dirsct Con- ras[] AD
nection of D, Q and Address Lines to a6 ] At
Simplify System Design as [ 22
. a4 A3
® Random Access Port Looks Exactly Like a v |: A7
TMS54164 o5}
® Separate Serial In and Serial Out to Allow -
Simultaneous Shift In and Out
7]
65,636 x 1 Organization 8
Maximum Access Time from RAS Less =
Than 150 ns 8
® Minimum Cycle Time {(Read or Write) Less Pin NOMENCLATURE +
Than 260 ns =
AD-AT Address Inputs (=]
# lLong Refresh Period . . . 4 Millisegonds CAS Coturin Address Strobe %
® Low Refrash Overhead Time . . . As Low As .;[; :a"gom :CZ:SS g:;:"['; . w
. o R = = andom CCESS - L >‘
1.8% qf Total Refrash Pariod FAS Row Address Strabe '5
& Al Inputs, Qutputs, Clacks Fully TTL SCLK Serial Data Clock ]
Compatible SIN Serial Data-n [T}
# 3-State Unlatched Outputs for Both Random SOE Serfai Output Enable e
N S0UT Sarjal Data-Out o
and 5erial Access = = i
TR/GE Register Transfer/Q Quiput Enable E
® Common I{Q Capability with “Early Write" w . Write Enable
Featurae Voo +5V Supply g
Page-Mode Operatlon for Faster Access Vss Ground 1
Low Power Dissipation (TMS4161-15) E
— Operating . . . 175 mW (Typical) ]
— Standby . . . 40 mW (Typicall E.
(=]

® New SMOS [Scaled-MOS) N-Channel

® Available with MIL-STD-883B Processing

Technology and LD°C to 70°C], E{— 40°C to 85 °C), or
& SOE Simplifies Multiplexing of Video Data 8{—565°C to 100°C) Temperature Rangas in
Straams the Future
description

The TM34161 is a high-speed, dual-access B5,536-bit dynamic random-access memory. The random-access port
makas the moemory lack Lke it is organized as 65,538 words of one bit each like the TMS4164. The saquential access
port is interfaced te an internal 256-bit dynamic shift cregister organized as four 64-bit shift registers which makes
the memory look like it is organized as up to 256 words of up to 2586 bits each which are accessed serially. One,

PRODUCT PREVIEW
This CONYERIN o duct under
developmenL. Tewss Inatrumants rasarva the ight 1o
thange or dcontmue this product withour notica.

Copytight 21983 by Texas Instrumerts ncorparated
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TMS4161
65,536-B1T MULTIPORT MEMORY

seoinaq Moddng Alowapy pue |AIYY snueuin l

twe, three, or four 64-bit shift registers can be sequentially read out depending on a two-bit code applied to the two
mast significant column address inputs. The TM54161 employs state-of-the-art SMQ_S {5caled-MOS) N-channel dou-
tle tevel patysilicon gate technology for very high performance combined with low cost and improved reliability.

The TMS54161 features fult asynchronous dual access capability except when transferring data between the shift register
and the memory array.

Refresh period is extanded to 4 milliseconds, and during this period each of the 286 rows must be strober with RAS
in order to retain dota. CAS can romain high during the refresh sequence to conserve power. Mate that the transfer
of 8 row of data from the memory array to the shift register also refreshes that row.

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data-in are latched
on chip to simplify system design. Data-out is unlaiched to allow greater system flexibility.

The TMS4161 is offered in a 20-pin dual-in-line-plastic package and is guaranteed for operation from 0°C to 70°C.
Packages are designed for insertion in mounting-hole rows on 300-mil (7,62 mml centers,

g A

r spaca to seguential address space mapping

The TMS4161 is designed with sach row divided into four, 84-column sections. The first column section to be shifted
out is selectad by the two most significant column address bits. If the two bits represent binary ©0Q, then one to four
registers can be shifted out in order. If the two bits represent binary 01, then only 1 ta 3 {the mest significant) registers
con be shifted out in order. |f the two bits represent 10, then one 1o two of the most significant registers can be
shifted outin order. Finally, if the two bits represent 11 only the most significant register can be shifted out. All registers
are shifted out with the least significant bit {bit 0} first and the most significant bit [kit 63) last. Mote that if the two
column address hits equal 00 during the last register transfer cycle (TR/QE equal to D) a total of 256 bits can be se-
guentially read out.

TiExas
INSTRUMENTS

POST OFFICE BOX 225012 » DALLAS, TEXAS 75265



TMS4161
G5,536-BIT MULTIPORT MEMORY

functional block diagram
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random access operation E.
TR/QE (o]

The TRAQE pin has two functions. First, it selects either register transfer or random-access operation as RAS falls,
and second, if this is a random-access operation, it functions as an output enable after CAS falls.

Touse the TMS4161 in the random-access mode, TR/QE must be high as RAS falls. Haiding TR/AQE high disconnacts
the 256 elements of the shift registers from the corresponding 256 bit lines of the memory anay. If data is to be
shifted, the shift registers must be disconnected from the bit lines. Holding TR/QE low enables the 256 switches that
connect the shift ragistsrs to the kit lines and indicates that a transfer will occur between the shift registers and one
of the memory rows,

Once CAS has been pulled law, TR/QE controls when the data will appear at the Q output (if this is a read cycle).
Whenever TR/QE is held high, the G output will be in the high-impedance state. This featuro removes the possibility

Texas
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TMS2161
G5,536-8IT MULTIPORT MEMORY.

sasina@ uoddng Alowaly pue WYY JlweuAg !

of an overlap between data on the address lines and data appearing on the Q output making it possible to connect
the address lines to the Q and D lines {Use of this arganization prohibits the use of the early write cycle.}.

address (A0 through A7)

Sixteen address bits are required to decodo 1 of 65,536 storage cell locations. Eight row-address bits are set up on
pins AD through A7 and latched onta the chip by the row-address strobe (RAS). Then tha eight column-address bits
are set up on pins AQ through A7 and latched onto the chlp by the column-address strobe (CAS). All addresses must
be stable on or before the falling edges of RAS and CAS. RAS is similar ta a chip enable in that it activates the sense
ampllhers as well as the row decoder, CAS is used as a chip select activating the column decoder and the input and
output buffers.

write enable (W}

The read or write mode is selected through the write enable {W} input. A logic high on the W input selects tha read
muode and a logic low selects the write mode. The write enable terminal can ba driven from standard TTL circuits

without a pull-up resistor. The data input is disabled when the read moda is selected. When W goes low print to CAS,
data-out will remain in the high-impadance state for the entire cycle permitting commean O gperation.

data-in (D}

Data is written during a writé or read-modify-write cycle. The falling edge of CAS or W strobes data into the on-chip
data latch, This latch can be driven from standard TTL circuits without a pull-up resistor. In an early write eycle, W
is brought low prior 1o CAS and the data is strobed in by CAS with setup and hold times referenced to this signal.
In a delayed write or read-modify-write cycle, CAS will alrgady be low, thus the data will bo strobed in by W with
setup and hold times referenced to this signal.

data-out (@)

The three-state output buffer provides direct TTL compatibility (no pull-up tesistar required) with a fan-out of twa
Series 74 TTL lpads. Data-out iz the same polarity as data-in. The output is in the high-impedance ifloating) state
as long as CAS ar TR/QE is held high. Data will not appear on the output until after bath CAS and TRAQE have been
brought low. Ina read cycle, the guaranteed maximurmn gutput enable access time is valid anly if tcaE is greater than
1CQE MAX, and 1y ¢ is greater than 1R ¢ MAX, Likewise, taq) MAX is valid only if ta ¢ is greater than tp CL
MAX. Orce the output is vahd, it will remain valid while CAS and TR/QE ara both low; CAS or TR/QE gaing high will
return the output to a high-impedance state. In an early write cycle, the output is always in a high-impedance state.
In a delayed wtite or read-madify-write cycle, the output will fallow the sequence far the read cycle. In a register
transfer cycle, the output will always be in a high-impedance state. '

refresh

A refrosh operation must be performed at least every four milliseconds to retain data. Since tha output buffer is in
high-impedance state unless CASIs applied, the RAS only refresh seguence aveids any output during refresh. Strob-
ing each of the 256 row addresses A0 through A7) with RAS causes all bits in each row to be refreshed. CAS can
remain high linactive) for this refresh sequence to conserve power. Mote that the shift registers are also dynamic storage
elements and that the data held in the registers wili be lost unless SCLK goes bigh to shift the data one bit position
or else the data is relosded from the memory array. See specifications for maximum register data retention times.

page-made

Page-mude operation allows effectively faster memory access by keeping the same row address and strobing suc-
cessive column addresses onto the chip, Thus, the time required to setup and strobe sequential row addresses for
the same [;age is eliminated. To extend beyond the 256 column locations on a single RAM, the row address and RAS
are applied to multiple 64K RAMs. CAS is then decoded to select the proper RAM,

4-18
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TMS4161
65,536-BIT MULTIPORY MEMORY

sequential access operation
TRAE
Memary operations involving parallal use of the shift register are first indicated by bringing TR/QE low before RAS

falls low. This enables tha switches connecting the 258 elerments of the shift register to the 256 hit lings al the memaory
array. The W ling determines whether the data will be transferred fram or ta the shift registers.

write enable (W)

In the sequential aocess mode, W determines whether a transfar will oecur fram tha shift registers to the memary
array, of from the memary array to the shift registers. To transfer from the shift reglstcrs to the memory arroy, w
is held low as RAS falls, and, to transfer from the memory array to the shift registers, W is held high as RAS falls.
Thus, reads and writes are always with respect to the memory array. The write setup and hold times are referenced
to the falling edge of RAS far this mode of aperation.

row address [AD through A7)

Eight address bits are required to select one of the 256 possible rows invalved in the transfer of data te or from the
shift registers, The AD-A7, W, and the TR/AQE line are tatched an the falling edge of RAS.

register column addrass (AT, AG)

To select one of the four shift registers {transfer from memary to register only), the appropriate 2-bit column address
{A7, AB) must be valid when CAS falls. However, the CAS and register address signals need not be supplied every
cycle, only when it is desired to change or select a new register.

SCLK

Data is shifted in and out on the rising edge of SCLK. This makes it possible 1o view the shift registers as though
it were made of 256 rising edge D flip-flups connegted D to Q, The TMS4161 is designed to work with a wide range
duty cycle clock to simplify system design. Nota that data will appear at the SOUT pin not only on the rising edge
of SCLK but also after an access time of ta 50} from RAS high during a parallol load of tha shift registers,

SIN and SQUT

Data is shifted in through the SIN pin and is shifted out through the S0UT pin. The TMS4161 is designed such that
it requires @ ns hold time on St as SCLK rises. S0OUT is guaranteed not to change for at least 8 ns after SLCK rises.
These features make it possible to sasily connect TMS41613 together, ta allow SOUT 1o be conngcted to SIN, and
to give external circuitry a full SLCK cycle time to allew manipulation of the serizl data. To guarantes proper serial
clock sequence after power up, a transfer cycle must be initiated before serial data is applied at SIN.

S0E
The serial output gnable pin contrals the impedance of the serial cutput allowing multiplexing of more than one bank

of TMS4161 memorigs inlo the same external video circuitry. When SOE is at a low logic level, SOUT will be enabled
and the proper data read out. When SOE is at a high logie level, SOUT will be disabled and be in the high-impedance state.

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

Dynamic RAM and Memory Support Devices i

Yoltage on any pin except Vpp and data out (see Note 1) .. .. ... ... ... ... . ..., -1.5V 1t 10V
Voitage on Vpp supply and data out with respect 1o W88 ... . ... or i ineon s -1Vtod Vv
Short circuit OUTPUT CUITBIT . L L . . ot it it it a s i e m e i na s e s mm s e it o oo i e s 50 mA
Powear dissipation .. ... .. ... e e P 1w
Operating free-air temperalUie TaNGE . . ... .ot i e it 0°C to 70°C
Storage teMpPeratlre FANGE . . . . . ottt ottt e e e e e —G58°C to 150°C

T Stress beyond those listad under “*Absolute Maximum Ralings’ may cause permanent damage to the device. This is a stress rating only and funclignal
aperallan al the devicn at thase or any othar conditions beyond those indi d in the “Recor ded ing Conditions" section ol this spacificauon
is nov implied. E 1o ghsal tad i tor extendad periods may affect devlee relabilty,

NOTE 1: ARl valtage valuas in this data sheet are with respact to Vge,
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TMS4161
65,536-BIT MULTIPORT MEMORY

recommended operating conditions

PAAAMETER MIN NOM MAX  |UNIT
Supply voltage, Vpp 4.5 5] 5.5 v
Supply voltage, Vgg aQ Y
High-level input voltage. vy 2.4 Voo +0.3) v
Low-level input voltage, V) (see Nota 2| —1 0.8 v
Operating free-air tomperature, Ta a 7a °C
MOTE 2;  The slgebraic convention, where the more Tive Lless pasitive) limitis desig a5 minimym, is used in this data sheet 1or logic volrage levels only.

elactrical characteristics over full range of recommended operating conditlons {unless otherwise noted)

TEST TMS54161-15 TMS4161-20
CONDITIONS MIN TYPT  mAX | MIN TYPT  maXx

PARAMETER UNIT

. High-level output

Ing = —5 mA ’ 24 2.4 ¥
voltage (Q, SOUT) OH "

YoH

Low-lovel ocutput

W, oL = 4.2 mA ' 0.4 041 v
OL  yojtage (@, SOUTI ot " -

V)= 0Vtoh8Y,
I Input current Neakagel vpp = 5V, +10 £10 [ ph
All other pins = 0 W

Vg = 0.4 V13 5.5V,

1 Output current [leakape)
o] P £ Vpp = 5V

+10 +10 rA

Igirdy = minimum cycle time,
Average operating current TR/QE low after RAS falts, ¥ :

1

oot during read or wrire ayela SCLK and SIN law, 35 50 . 30 45 | mA

SOE high

After 1 — HAS cycle,
RAS and CAS high,

Ipp2Y  Standby current SCLK low, g 10 E 8 mA
SIN low,
5OE high

teird) = minimum cycle time,
CAS high,

SCLK low,

| e fresh t 40 A
Do2 verage refresh curren SIN low, 30 25 B | m
SOE high,
TR/QE high

tegpy = miniraurn cycle time,
RAS law,

CAS eyeling,

TRIGE low after RAS falls, ¥
SCLK and SIN low,

SOE high

semnoq Hoddng Alocweayy pue pyy 21meuic !

Inog Average page-moda current 30 a0 20 32| mA

RAS high,
CAS high, 16 27 15 25 mA
toysCLKy = 100 ns

Average shift registar

I 1
BO5"  cucrent lincludes no2!

HOTE: Ipn1 thee Inns #8suma ne load on £ end SOUT. Additi ir ion on these = an |pst pege.
T oan typical values arg at Ty = 26°C and nomnal supply voltages.

1 See gppropriate timing disgram,

Sy > =06V

| See POWET Versus cycle time derating curve on lasl page.

. TExXAas
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TMS4161
65,536-Bi1T MULTIPORT MEMORY

capacitance over recammended supply valtage and oparating free-air temperature range, T = 1 MHz

PARAMETER TYel  max | umT
Ciial Input capacitance, address inputs 4 5 pF
ﬁw} Input capacitance, data input 4 3 pF
| CiRch Input capacitance, strobe Inputs 8 10 pF
Ciyw} Input capacitanca, write enablg input 8 19 pF
Ciicka Input capacitance, serial clock B 10 pF
Ciislp Input capacitance, serial in 4 g pF
CusoE) Input capacitance, serizl output enable 4 g pF
Ci{TR; Input capacitance, register transfer input 4 5 pF
Cajci) Qutput capacitance, random-access data & 7 pF
CoisouTy Output capacitance, sarial oul =} 7 pF

LY typical valuas ars at Ty = 25°C and nominal supply voltages.

switching characteristics over recommended supply voltage range and oparating free-air temperature range

{sae figure 1

]

ALT. TM54161-15 1 TMS4181-20
PARAMETER TEST CONDITIONS SYMBOL N Max MIN AR UNIT

tall) Access time from CAS Cy = 100 pF WCAC 100 135
. -A_cCEs time of G from & = 100 oF 40 40
08 TR/GE low L °
ta(R) Access ime from RAS ::F:_LZL l:mM;_X' taac 150 200

SOUT access time from
3RS AT high €, = B0 pF 60 60
13SOE; i:t:iis;g:f.:mm SOE €L = 50 pF 20 25 ns
tals0} Arcess time from SCLK CL = 50 pF 30 o}
‘dileHJt 0 output disahla time \oFF 20 25

from CAS high
‘dileEl, aQ oum_utﬂsa?;le tme 20 25

fram TR/QE high
o 1 Selialo_uiput dizable time 20 25
distSOEN™  5m SOE high

* The marimum values far 1dis|CHp tdistQE]- 8nd taigys0E) defing the time at which the autpur achiaves the open circuit condition and am oot referensced

ta Vg ot V.

Dynamic RAM and Memory Support Devices i
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TMS4161
£5,636-BIT MULTIPORT MEMORY

timing requirements over recommended supply voltage range and operating free-air temperature range

saona( Hoddng Awoway pue ey onueui !

PARAMETER ALT. TMS4161-15 TMS4161-20 uNIT
- SYMEBQL MIN MAX MIN MAX
(P} Page-mode cycle lime 1pC 160 225 ns
Teirg) Read cycle el tRC 235 310 ne
oo Write cycle time W 235 a0 n3
telrdW} Raad-write/read-modify-write cycle time TRWE 280 325 ns
1eiSCLKY Serial clock cyele ime 1500 40 50,000 40 90,000 ns
| CH) Putse width, CAS high {precharge time]® 1cP 50 &0 ns
b CLY Pulse width, CAS low 3 icas 100 10,000 135 10,000 ns
ty BH} Pulse width, RAS high [precharge time} P 75 100 ns
tyelRLY Puise width, RAS low! tRAS 1650 10,000 200 10,000 | ms
LW Write pulse width by p 45 45 ns
T {CKL) Pulsi width, SCLK low 10 10 ng
Ly [CKH} Pulse width, SLCK high - 10 10 ns
twi{QF) TR/QE pulse width low time 40 40 ns
Transition times [rise and fall}
1 ARG, CAS, and SCLK tT 3 1] 3 50 ns
tzuicA) Column address setup time 1850 o ] ns
tauiRA) Row address sefup time tASH o] Q ns
W sctup time before RAS low
fsulRWi with TRITE low °. o ne
tsuimy Data setup time ) ins 0 Qg ns .
tsuird) Read command setup 1ime tRCS 4] [#] ns
Early write command setup time
BulWOL L ST Lo WCS -5 -5 ns
touiWCH)  Write command selup time before TAS high WL a0 BQ ns
taufWRH)  Write command setup time before RAZ high WL 60 B0 ns
tzu{SI) Serial data setup time befare SCLK high 10 L] ns
toLiTRY TR/GE setup time belore RAS low 0 [} ns
thicLca)  Column address hold time alter CAS low o AH 45 55 ns
thiRAl Row address hold time 1RAH 20 25 ns
thiRW) W hold iime after BAS law with TR/IQE low 20 20 ns
thiRLCA}  Column addrgss hold time alter RAS low AR 95 140 ns
Th(CLO] Gata hold time after CAS low tDH &0 B0 ns
thtRLD} Data hold time after RAS tow toHR 1o 145 ns
ThiWLD) Data hold time aftar W low DH 45 55 ns
ThiCHrd} Read command hold time after CAS high tRCH 7] [7] ne
thiRHr Read command hetd time after RAS high 1RAH [ [ ng
THIC LW Write command hold time alter CAS low oo &0 BO ns
thiRLW) Wiite cummand hold time alter BAS low HACR Mo 145 ne
Serial data out hold time after
'hiRSO) RAS low with TR/GE low 3 0 e
thisl Serial data in hold time after SCLK high & 0 ns

[continued next pagel

HOTE- Timing megsurements ara made al the 13% and $0% points of input and clock trangitions, In additlen, Vi max and Yy min most be met at the 10%
and 90% points.

All cycle tmes azsume tv — 5 ng.

Page-made only,

In a read-modify-write cycle, Yopw) 8o e wicH) Must be observed. Depending o the usar's transition times, this may reguite sdditional CAS low
Lime itye)yl. This epplies 1o page-mode read-madify-write also, —

In a read-modify-write cycle, Ty end tg,nwRH) MUst be observed. Depending on the user's transition limes, this may require additional RAS low
vime ity ALp- .

t
1
§

) Texas
422 INSTRUMENTS

POST OFFILE BOX 225017  DALLAS, TEXAS 7EI60



TM34161
64,536-BIT MULTIPORT MEMORY

timing reguirements over recommended supply voltage range and operating free-air temperature range {continued)

ALT. TMSa1561-1 TMS4161-20
PARAMETER S UNIT
SYMBOL TN MAX MIN MAX
hiso) Serial data ot hold time after SCLK high 8 a8 ns
thiTR} TRICE hold time after RAS low : 20 20 ns
tRLCH Delay time, RAS low to Cﬁhigh toSH 150 200 ns
1CHRL Dclay time, (is high to RAS low 1CRP 4] i} ns
tCLOEH Delay time, CAS low w0 ihigh 100 135 na
tELRH Delay time, CAS low to RAS high 1RSH 100 135 ns
Delay time, CAS law 1o W [ow
t t 60 85 ns
clwb read-modify-write eycle only) WD
Delay time, CAS low 10 CE low
toOE [maximum valua specified only &0 95 ng
to guarantee tajF) access time)
tRHSC Dalay time, RAS high to SCLK high 50 £0.000 50 50,000 ns
Delay time, AAS low to CAS low (maximum
t t 20 50 28 B85 ns
ALCL value apecified anly to guarantee tag)l RCD ®
Delay time, RAS low to W low
1 110 130
IRLWL {read-modify-write cycle anly) RWD "
Belay time, SCLK high bef
\CKRL Jeidy me, SLUT Tigh be ore 10 50,000 10 50,000 | ns
RAS low with TRVGE law
e Refresh time interval tHEF 4 4 ms

NOTE: Timing measuremants are made at the 105% and 80% points of input and clock transitions. In addition, ) max and V) min must be fet at the 10%
and 930% points, ’
$ 5CLK be high or low during ty Ry

PARAMETER MEASUREMENT INFORMATION

V=131V

AL = 2170
DUTRUT :
UNDER TEST
ICL

FIGURE 1 — LOAD CIRCUIT
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TMS4161
65,536-BIT MULTIPORT MEMORY

read cycle timing

e clrd)
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viL
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TMS4161
G5,536-BIT MULTIPORT MEMORY

early wtita cycle timing

i— teiw "i
' v lL: twiRL} -Jl
v“' l - - 1CLRH . I..-.-twmm-.—.-l
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| [t — o twicli——] fo toHRL— ]
l: RLCH ol
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[x]
0l

Vi T JNL {4 1
viL tau I '\
—-[ I-— RA} . I X
tthcm—q 1 e I -

Th{RA [
" I| | lI ~—a] ]-—tsu:cm | T {
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| | ———thicica) |
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ViH £ | []-—tmcr_wn—-[

Dynamic RAM and Memory Support Devices

w DON'T CARE 11 DON'T CARE
Vie
| r&————twlm
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TMS4161
65,536-BIT MULTIPORT MEMORY

write cycle timing
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TMS4161
65,536-BIT MULTIPORT MEMORY

read-write/read-modify-write cycle timing
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TMS4161
G5,636-BIT MULTIPORT MEMORY

RAS only refresh timing
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TMS4161
65,536-BIT MULTIPORT MEMORY

shift registar to memory timing
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. SOE assumed low,

3. SCLK may be high or low during ty,r.

(X

. Texas
4-32 INSTRUMENTS

POST OFFICE BOX 225012 » DALLAS TEXAS M85



TMS4161
65,536-BIT MULTIPORT MEMORY

mamoty to shift register timing
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Dynamic RAM and Memory Support Devices '

NOTES: 1. The mamaory to shift register cyela i3 used to load the shift ragister in parallel from the memory array, Every one ol the 286 lozations in the
shift register ra written into fram the 256 ¢olumng of the sefacted rew. Nate that 1he data that is loaded into the shift register may be aiher
shifted out er written back into’ another row.

. SOE assumed low.

3. SCLK may be high or low during ty gt ).
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TMS4161
65,536-BIT MULTIPORT MEMORY

serial data transfer timing
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MOTES:

1. The shift register to memory multiple cycle is used to write the shift register £ata to more than one raw of the memeory arrey. An application
of this could be clearing allmemary. To do this, the SIN ling would be held at © 1o till all lpzations in 1he shift registar with ©'s, The ghilt regisier
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2, SOE azsumed lpw.

Dynamic RAM and Memory Support Devices

AHOWIWN 1HOA1LINW 118-9EG'G9

191PSHL



G925 SYXAL TYIvD & TIDGII XOE 300440 150

e

I

SvX3]

SINFWNAISN

¥aL

saaIAsq Hoddng AJoway pue AYH Nuweuig

telrd] - 1 i d - teird) o

- trd] " 55 T |

| r—-ﬁ‘wlﬁLl—————-fi | | TwiRL] -JF ! |-r———-—'wm|~—~! i

L | [ fl ! |
I | '

0

Bujep s(dptnu Asowsw 03 J21sifioal Yys 03 Alowew

Viy
RAS ki [T | 2nd 286~
ViL | I | I ! | -.‘

tw _.I 1 CLRH [
tI—-! E’mﬂl itk B g Il e g e T et
Tl I

f
1
ﬁ

i
Vir ! . ] M ﬂj_ﬂ bt tere —f
- i\ |;r | | 1 N A
Vit _-l hti.mm | ] YruiRAI I tauRai—o  fe— . |
'mmcm
‘h!nA: I- —= r-i—r'sulcm -I-I rl—'nmm l IniRa) J— -~ !surcm |

|
|
I
v
R 4 Y S LN 0 M

| !
'!uiTHl-j‘H+ ‘nrl:u:m i Inur‘rnl—-LJ:I-I—L L5t TRI —-I L-—tn:cum
] TR 1)
vos |- me *.— hITAE r— ht TR ~ A
m i | ooN T cnne CON'T CARE DON'T CARE
Vi LYELYIY] "

b

-E‘L thinw '“mw—-l —’1 Jo— thirw i lwmw} lj;:—‘- Ih{RVYI
T | RRRETERR N KRR R
|
ViH Ll FATANE &3 ! ! I
* XAPXHXE XXX KRR KL pon T onne ‘0000000&000‘ Wwﬂm
_.1 hLl;;-I—‘nmso: ‘amsur-L—-l ‘ntnsm tamso|+—-| |-—-'—'hlnsop lmnsm

-—I

3
B

E

tau| AW

Vi

2l

ViL

ViH ¥
oo SAME A5
SOUT SHIFT REG NOT YALID NEW ROW NOT VALIE MEW ROW NOT VALID NEW ADW,
Vi, DATA DATA LDATA DATA
F F {

1
TCKAL | aisorpo—s]

Wk rm.sc._l..__q i
MV NN\ /
SOLK . turlCHLE £ %
“ ¥ 3% ¥

* CAS and tegiste.l address need not ba suppled every cycle, anly when t is dasirad to change from one register address 1o another.
NOTES: 1. The memary fo shilt register to memary multiple cycla is used to recrder the rows within the memory arfay irsafl. First, the data in a row is
stored in tha shift register and then it iz written into other selected rows. The random outpul part O will be in 8 high-impedance state as lgng
8% register transfer cycles are sefectad, :
2. SOE aseumed law.

19LySHl

AHOWIW LHOodILTNIN LI9-9€5'G9



TMS4161
65,535-BIT MULTIPORT MEMORY
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TMS4164, SMJ4164

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

JULY 1980 — REVISED QCTOBER 1983

65,536 X 1 Organization
Single +5-V Supply [10% Tolerance)

JEDEC Standardized Pin-Out in Dual-In-Line
Packages

Upward Pin Compatible with TMS34116
{16K Dynamic RAM}

Flrst Military Version of 64K DRAM

Available Temperature Ranges:
M...-55°C to 125°C
5...-55°C t0 100°C
E... —-407C to 85°C
L...0°C to 70°C

Long Refrash Period . . . 4 milliseconds -

Low Refresh Overhead Time . . . As Low As
1.8% of Total Refrash Period

All Inputs, Outputs, Clocks Fully TTL
Compatible

3-State Unlatched Output

Cammon I/Q Capability with ““Early Write"*
Feature

Page-Mode Qperation for Faster Access

Low Power Dissipation
Operating . . . 125 mW [TYP}
Standby . . . 17.5 mW ({TYF)

TMS4164 . . . FPL. PACKAGE

TMS4164 . .. NL PACKAGE
SMJ4164 . . . JD PACKAGE
{TOP VIEW}

NCE

5MJa164 ., . FG PACKAGE

{TOPF VIEW} (TOP VIEW)

e nlw

a2 Fi5 a2 213
W a
LT AG
NE NC

A3
A4

5MJ4164 . . . FE PACKAGE
ITOPF VIEW}

Dynamic RAM and Memory Support Devices l
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® Performance Ranges (S, E, L Temperature
Ranges):  .ccess  ACCESS  READ  READ-
TIME TIME OR MODIFY-
ROW COLUMN WRITE  WRITE
ADDRESS ADDRESS CYCLE CYCLE
(MAX) {MAX] {MIN) (MIN)
‘4164-12 120 ns 70 ns 230 ns 280 ns
‘4164-15 150 ns B85 ng 260 ns 285 ns
‘3164-20 200 ns 136 ns 326 ns 345 ns
®* New SMOS {Scaled-MOS) N-Channel
Technology PIN NOMENCLATURE
L A-AT Address Inputs
description CAS Column Address Strebe
] Data-In
The '4184 is a high-speed, 65,5386-bit, dynamic NC Ma-Connaction
random-accéss memory, organized as 65,536 words fol Data-Out
of one bit aach. It employs state-of-the-art SMOS RAS How Address Strobe
{scalod MOS} N-channe! double-level polysilicon gate Voo + 5§-¥ Supply
technalogy for very high performance combined with Vgg Ground
low cost and improved reliability. W Write Enable
ADVANCE INFORMATION Copyright & 1583 by Texss Instruments Incorporated
Tttt o i on s aw et TExas
Spasilicetions Sra auhjest t0 ehanga without notica, leTRUMEN’]’S
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TMS4164, SMJ4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

saniaag Hoddng Asowsyy pue |pyY osnueudq !

Tha ‘4164 featuras RAS access times of 120 ns, 150 ns, and 200 ng maximum. Power dissipation is 125 mW typical
operating and 17.5 mW typical standby.

Refresh petiod is extended to 4 milliseconds, and during this period each af the 256 rows must be strobed with RAS
in order to retain data. CAS can remain high during the refresh sequence to conserve power.

Allinputs end outputs, including clocks, are compatible with Series 64/74 TTL. All address lines and data-in ere latch-
ed on chip to simplify system design. Data-out is unlatched to allow greatar system flaxibility. Pin 1 has no internal
cannection to allew compatibility with other 64K RAMSs that use this pin for an additional funetion.

Ths TMS4164 is offered in a 16-pin dual-in-line plastic package and is guaranteed for operation from 0°C to 70°C.,
This package is designed for insertion in mounting-hole rows gn 300 mil (7,62 mm) centers. An 18-pin plastic chip
carrier (FP suffix} package is alsc availabla.

The SMJ4164 is offerod in 8 16-pin dual-in-line ceramic sidebiraze package (JD) and in leadless ceramic chip carrier
packages (FE and FGJ. The JD package is designed for ingertion in rmounting-hole rows on 300 mil (7,62 mm} canters
whereas the FE and FG packages are intended for surface mounting an solder lands on 0.050 inch (1,27 mm} centers.
The FE package offers a three layer, 28-pad, rectangular chip carrier with dimensions of 0.350 % 0.550 x0.072 in-
ches (8,89 x 13,97 x 1,83 mm). The FG package is a three layer, 18-pad, rectangular chip carrier with dimensions
of 0.230 x 0.425 x 0.055 inches (7,37 = 10,8 = 1,65 mm|.

operation

address {AQ through A7)

Sixteen address bits are required to decode 1 of 65,536 storage cel! locations. Eight row-address hits are set up an
pins A through &7 and latched onto the chip by the row-address strobe {RAS]. Then the eight column-address bits
are sat up on Pins AQ through A7 and latched onto the chip by the column-address strobe {CAS), All addresses must
be stable on ar before the falling edges of AAS and CAS. RAS iz similar 1o a chip enable in that it activates the sense
ampliliers as well as the row decoder. CAS is used as a chip select activating the column decoder and the input and
output buffers. .

write enahble (W)

The read or write mode is selected through the write anable W) input. A logtic high on the W input selects the read
mode and a lugic low selects the write made. The write enable terminal can be driven from standard TTL circuits
without a pull-up resistor. The data input [s disabled when the read mode is selected. When W goes low prier to CAS,
data-out will remain in the high-impedance state for the entire cycle permitting common /O operation.

data-in (D}

Data is written during a write or read-modify write cycle. Dei:uending on the mode of operation, the falling edge of
CAS or W strobes dats into the on-chip data latch. This latch can be driven from standard TTL circuits without a
pull-up resistor. In an early-write cycle, W is brought low prior to CAS and the data ig gﬂo_bsd in by CAS with setup
and held times referenced to this signal. fn a delayed write or read-modify write cycle, CAS will already be low, thus

the data will be strobed in by W with setup and hold times referenced to this signal.
data-out [Q)

The thres-state output buffer provides direct TTL compatibility {ne pull-up resistor required] with a fan-out of two
Series 54/74 TTL loads. Data-out is the sama polarity as data-in. The output is in the high-impedance (floating) state
untit CAS is braught low. In a read cycle the output goss active after the accass time interval ta(C) that begins with
the negative transition of CAS as long as ta(R) is satisfied. The output becomes valid after the access time has efaps-
ad and remains valid while CAS is low; CAS going high retumns it to a high-impedanca state. In an early-writa cycle,
the output is always in the high-impedance state. In a delayed-write or read-modify-write cycle, the output will follow

‘the sequence for the read cycle.

4-40
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TMS4164, SMJ2164
_65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

refrash

A refresh eperation must be perforrnad at least avery four millisecands to retain data. Since the output buffer is in
the high-impedance state unlass CAS is applied, the RAS- On|\|' refresh sequence avoids any output during refrash.
Strobing each of the 256 row addresses {AD through A7} with RAS causes ell bits in each row ta be rafreshed. CAS
can remain high {inactivel for this refrezh sequence to conserve power,

paga-moade

Page-mode operation allows effectively faster memory access by keaping the same row address and strobing suc-
cessive column addresses onto the chip. Thus, the time reguired to setup and strobe sequential sow addresses for
the samae pags is sliminated. To extend beyond the 256 column locations on a single RAM, the row address and AAS
are applied to multiple 64¥ RAMs. CAS is then decoded to select the proper RAM.

powar-up

After pawer-up, tha pawer supply must remain at its steady-state value for 1 ms. In addition, RAS must rermain high
for 100 ps immadiately prior to initialization. Initialization consists of performing eight RAS cycles before prioper device
operation is achigved,

logic symbol®

Dynamic RAM and Memory Support Devices i

RAM 64K X 1
a0 B ooppizi00
A D
az 181
4z 2 o
11} At
Al — ] 65635
10
a5 1%
A6 [;SI
a7 12 200162107 _J
C20{ROW]
CZ0IREFRESH ROWI
— %
RAS 24(PWR DWN;
= G21(COL)
624 )
—— {185)
AS =
¢ - 23022
w2 23,210 24EN
(2) 114
D A.22D AG———a

T This symbal is in accordance with |EEE Sid 81/ANS| ¥32.14 and recent decisivns by IEEE and IEC. See explanation on page 10-1.
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TM34164, SMJ4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

functional block diagramn
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A
AR 11/2 MEMORY ARRAY)
e Row DECODE
a3 ADDRESS DAYA
Az BUFFERS . N
a1 18 DUMMY CELLS REG
A0 L {1721 4 OF 256 COLUMN DECDDE r
1 (54
SEMSE BUFFER & DATA
AMP 256 SENSE - REFRESH : 1 0F 4 b0 _( ouT f— o
CONTR. AMPS SELECTION REG.
ro|
11/2} 4 OF 256 COLUMN DECODE !
COLUMN _J DUMMY CELLS
ADDRESS
BUFFERS
81 ROW - .
LECabE 11/2) MEMORY ARRAY
AD-A7
absolute maximum ratings over operating free-air temperature ranga {unless otherwise noted) T
Voltage on any pin except Vpp and data cut {sea Note ¥ ... ... ... ... ... ... ..., -1.5viwe10V
Valtage on Vpp supply and data out with respect to Vss e e -1Vt Vv
Short circuit OLTPUE BUITEBNE L4 o vt oyttt at et bt s s aan et a s a b aan s eeraeoa. DO mMA
Power dissipation .. ... e P e e TW
Gperating free-air temperature range: TMS’ P e ... DPC 1o F0°C
Operating case temperature range: SMJ' — Mwersian ... ... L Lo i ~-652C 10 125°C
- S Swersion ... - 852C to 100°C
— Ewarsion ... ... ... —40°C to 85°C
Storage temperatura range . ... ... e e e e e -B5°C to 150°C

1 Stresses beyond those listed under “Abgoluts Mazimurn Ratings'* thay cause parmanent damage to the device. This is a stresa reting only end fungtional
operation of the deyica at these or any other conditions beyond those indicated in the ““Recommended Cperating Conditions’” section of this specitication
is not implied. E: o ated fons for periods may affect device religbility.

NOTE 1: Al voltage valugs in this data sheet are with respect to Vg,
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TMS4164
65,536-81T DYNAMIC RANDOM-ACCESS MEMORY

recommended operating conditions

TMS54164
PARAMETER MIN NOM MAX UNIT
Supply voltage, Vpp 4.5 5 5.5 v
Supply voltage, Vgs o] v
. Voo = 45V 2.4 4.8
High-leve! Input vaoltage, Wiy Voo ~ B8V 24 & v
Low-level input valtage, V)L {3ee Notes 2 and 3) -0.5 0.8 v
{parating frea-air tlemperature, Ta 4] 70 °C

MOTES:
lavals only.

3. Due to input pratection circultry, the applled volage may begin to clamp at ~0.6 V. Test chi

2. The alggbraic convention, where the more negetive (less poasitive] limit is designated a3 minimum, is ussd in this data sheet for logic voltege

shauld prahend thiz o

elactrical characteristics over full ranges of recornmended operating conditions {unless otherwise noted)

TEST TMS4164-12 TMS54164-15 _
PARAMETER UNIT
CONDITIDNS My TYrt Max | MmN TYPT  Max T
Yoo High-level output voitage oy = —5mA 2.4 2.4 v 8
VoL Low-level output veltage lg = 4.2 mA 0.4 0.4 v >
Vi=0 V1w 5BV, Vpp=56V, Q@
| Input t {leakagel +1¢ +10
! nput current {leakage All other pins = 0 ¥ ol
Vo = 041055V, ot
Ig Cutput current {lsakage) Voo = 5 V. +10 10 | ph g-
CAS high =3
A ti t -
101 t w?rage opera’ mgi CUITERY fp = minimum eyele 40 48 35 45 A A
during read or write cycle -
After 1 memaory cycle, . ji
ippz?  Standby current = as 5 3.5 5| ma
op2 ¥ e RAE and CAS high g
tg = minimum cycla, @
Ipps®  Average refresh current AAS low, 28 40 25 37| mA =
CAS high
— =
(P} = minimum cycle, =
Ippa Average page-mode current RAS low, 28 40 25 37| ma T
CAS cycling E
1 : ; <L
All typical velues are at T = 25°C and nominal supply valtagas. o«
4 Additlonal information on last paga. .
by = -06V. o
-]
=4
-
a
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TMS4164

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

elactrical characteristics over full ranges of recommended operating conditions {unless otherwisa noted}

TEST TMS4184-20
PARAMETER CONDITIONS MmN TveT max | UNT
VoH High-level output voltage Igh = —5mA 2.4 ¥
VoL Low-level output voltage IgL = 4.2mA 04 v
Vi=0VtBBVY,Vpp =5V
J Input t {leak =10
o nput current {leakeqel All other pins = O V wA
Vg =04t 5.5V, \
Iy Qutput current |leakagel Vop=5V +i0 | wpA
TAS high
Avdrage operating current
Ippt? = mint 1 27 7
oot during read or write cycle fe = minmum cyele 3 mA
After 1 momory cycle,
pp2¥  Standb 1 —_ a5 5 A
DD2 andhy euren RAS and TAS high m
. te = minimum eycle,
Iopa® Average refresh current R&AS low, 20 32 [ mA
CAS high
te{P) = minimum cycle,
[[+]s¥1 Awverage page-modo current AAS low, 20 3z mA
CAS cycling
t AN typical valugs are oL Ta = 25°C and nominal supply voltages.
4 additional inlormation an last page.
Sy = -06 v
capacitance over recommended supply voltage range and operating free-alr temperature range, f = 1 MHz
PARAMETER TN:S““M UNIT
TYP MAX
Cia input capacitance, address inputs 4 "7 pF
':ilD] Input capacitance, data input 4 7 aF
Ci{HC} Input capacitanca strobe inputs 8 1G pF
Ciiwi input capacitance, write enable input 2] 10 pF
Cp Cutput capacitance ) a nF

t All typical velues sre at Ta = 26 °C and nominsl supply voltages.

switching characterlstics over recammended supply voltage range and operating free-air temperature range

sa01AaQ Woddng Alowap pue IAIYY JnueuAg !

ALT. TMS4164-12 | TMS4184-15
PARAMETER TEST CONDITIONS SYMBOL NN WA | MIN MAX UNIT
taic) Access time from TAS E:a: :0;;;% 24 TTL gates toac 70 85 | ns
talR) Access time from RAS :.EI;EL-—=2N;:§;S 74 TTL gates tRAC 120 “180 ns
HistCH) ;:;fL;T?:?;: o E:ad- =1020 S:;Fl;es 74 TTL gates 'OFF o 40 0 40f ns

. TExas
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

switching characteristics over recommended supply voltage range and oparating free-alr temparature range

PARAMETER TEST CONDITIDNS S\:\ML;OL T:::l“s::xo UNIT
taiC) Access tima from CAS fc:-a: :Ozosp:ries 74 TTL gates ICAC 136 | n=
talRy Access time from RAS 1i:§L==2n;::;s 74 TTL, gates tRAC 200 ns
tis(CH) Sfi?l%s:?; fime E:a: ;020 Sp:r’ies 74 TTL gates tOFF o S50 ns

Dynamic RAM and Memory Support Davices '

Texas
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TMS54164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommended supply voltage range and operatlng frae-air temperature range

ALT. TMS54164-12 TMS4164-15
PARAMETER SYMBOL MIN MAX MIN MAX UNITY
teifl Page mede cycle time P 120 160 ns
teirdi Read cycle timeT . e 230 260 ns
teiW) Write cycle time wo 220 260 ns
teirdWh Read-writefread-modify-write cycle time IRWC 280 285 ns
TwfCH) Pulsa width, CAS high {precharge time)+ 1cp 50 50 ns
Ty {CL) Fulse width, CAS low? teAS 70 10,000 8t 10,000 ns
tyr{RH} Pulse widih, RAS high (precharge time) 1RP 80 100 ns
twiRL) Pulse width, RAS low tras 120 10,000 160 10,000 ns
tar{W Write pulse width e 40 45 ns
ty Trarsition times {rise and fall) for RAS and CAS T 3 S0 3 0 ns
bsu|CA) Column address setup time tASC -5 -5 ng
- tsu(RA} Row address sotup time tASA 1] 4] ns
tsuiD} Data setup time tnsg o] ] ns
o taufrd)” Read d zetup time tRes 0 0 ns
- tau{WCH} Write cammand setugp time before CAS high WL 50 L] ns
g tsulWRH) Wiite command setup time befare BAS high TRWL 50 &0 ns
3 thiCLEA) Column address hold tima aftor CAS low tCcaM 40 45 ™
o thikA) Row address hold time ___ tRAH 15 20 ng
- | thiRLCA) Column address held time after RAS low tAR 85 96 ng
» thiCLD) Data held time aftcrﬁs low toH 40 . A5 ng
g thiRLD) Data hold tima after ES low 1DHR BS a5 ns
o thiWLC Data hold time after W low . 104 40 45 ns
a thiCHrd} Read command hold time atter CAS high tRCH Q 0 ns
N T Read command hold time aftor RAS high tRAH 5 5 ns
g thiC LWy} Write command hold time after 'Cis low tWEH a0 45 ng
11} | thiRLW) Write command hald time after HAS low WCR 85 . 95 ns
3 1RLCH Delay time, RAS Jaw to TAS high 1CSH 120 150 ns
2 tCHAL Gelay time, CAS high to AAS low tCRE o [*] ns
< WCLRH Delay time, TAS low to HAS high ) tRSH 60 100 ns
n Delay time, CAS low ta W low
-g e read-modify-write cyele only) fCwo 40 50 ne
-l Dtelay time, BAS low to CAS low .
% 1RLCL Imaximum value specified only . tRCD 15 ] 20 65 ns
to guarantee access time)
E WL Dalay time, RAS low to W low tAWD 86 - 100 s
S. Iread-modify-write cycle only}
o Delay Time, W low to CAS
g wLeL low learly write cycle} WS -8 -5 e
tf Refresh time interval tREF 4 4 ms

NOTE: Tiriing measuremants Bre mada at the 10% and 50% peints of input and clock transitions. n ndditian, Wy max and V4 min must bo met et the
10% and S3% points.

¥ Al eycte Hmes assume 1 = 5 ns.

¥ Page moda only. _

5 In & read-modily-write cycle, toLwy and tgy[WCH; Must be observed. Depending on the user's transition times. this may require additional CAS low 1ime
(twCLih This applies Lo page moda read-modity-wrile slso.

Yina read-madiiy-write cycle, TRy and te RH) Must be observed, Depending on the vser’s transition times, this may require additional BAT low time
JUNITRIR

. Texas
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommended supply voltage range and operating free-air temperature rangs

Dynamic RAM and Memory Support Devices -

ALT. TMS4164-20 :
PARAMETER SYMBOL N MAX UNIT
| (P Page mode cycle time tpC 206 ns
teird) Read cycle timal tRC 326 ns
toiw) Write gycle time twe 326 ng
| tetraw) Read-write/read-modify-write cycle time IRWC 3458 ns
twlCH} Pulse width, CAS high [prechargs timel ¥ tcp 80 ns
tye L] Pulse width, CAS low WCAS 136 10,000 ns
twiRHI Pulse width, FIAS high (precharge time} tRp 120 ns
twtRL} Pulse width, RAS low 1 TRAS 200 10,000 ns
T [W] Write pulse width wyp 1) ns
1 Transition timas [rise and {all) for RAS and CAS iT - 50 ns
TguiCAl Column addresassatup time tasc -5
tsuiRA Rew address setup time 1ASRH 0 ng
tauil Data setup tima s a ns
Teuird) Aead command setup time TRCS 0 ns
Tau{WCH) Write command setup time hefore TAS high IoWL 50 ns
tsuiWRH) Write command setup time befoﬂAS high TRWL &0 ns
| thiCLCAY Column address hold time after CAS low tCAH 1) LiF]
|_thiRa) Row address hald time tRAH 25 ns
| h{ALCA Column address hold time after RAS low AR 120 ns
| thitLp) Datz hold time atter CAS low DH 55 ns
thHLD) [ata hold time after RAS law tOHR 145 ns
thiWLD] Data hold time after W low tDH 55 ns
th{CHrd} Read command hold time after TAS high tRCH 4] ns
thiRHrd} Read command hold time afier RAS high tRAH B ns
thiCLW) Vrite command hold time after TAS low BACH B85 ns
[ thi{RLW) Write cammand hold time after RAS low UWYCR 145 ns
| tALCH Dalay time, AAS low to CAS high 1CSH 200 ns
LCHAL Delay time, CAS high to RAS low 1CRP o ns
teLRH Delay time, CAS low to RAS high 1RSH" 135 ns
Delay time, CAS low ta W low
CLWL {read-madify-write cyéle only) 'owp g8 ns
Delay time, AAS low to CAS iow
tRLCL {maximum value specified only tACD a5 65 ns
to guarantee access time)
LWL Delay time, RAS low to W low WD 130 ns
{read-modily-write cycle only)
Delay time, W low 10 CAS
WLl low [oarly write cyclel twes -° ns
trf Refresh time interval 1REE 4 ms

NOTE;  Timing messurements are made at the 10% and 90% points of mput and clock transitions. In addition, Vi, max and ¥y min must be met 8t the
10% and 50% paoints.
T All cycle times assums 1, = 5 ns.

¥ Page mode onfy.

Sina read-medify-write cycla, to)yw) and by, ywCH) Must be observad. Dapanding ort tha user’s transition tmes, this may require additional CAS law time
Ity oy This applies to page mode read-maodily-wrlta alsa,
Tina read-modity-writa cycla, tpywy and te,ypH) mMust be observed. Depending on tha user's transition times, this may require additionsl RAS low tima

LTS
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SMJ4164
65,536-BIiT DYNAMIC RANDOM-ACCESS MEMORY

recommended operating conditions

3MJ4164
PARAMETER M VERSION S VERSION E VERSION UNIT
MIN NOM MAX MIN NOM MAX MIN NOM MAX
Supply veltage, Voo 4.5 5 5.5 4.5 ] 5.5 4.5 5 5.5 v
Supply vellage, Vgs 4] o 4]
High-level Input .
2.4 v .3 2.4 V) 0.3 2.4 W, Q3] v
voltage, ViH [ ohg cc+ co+
Low-level input
vollage, ¥(_ -0.6 0.8 -0.8 0.8 -0.8 0.8 v
{zo0 Mates 2 and 3)
Operati
perating case -55 126 | -85 100 | -a0 Bs | °c
temperature, T
NOTES: 2. The slgebraic convention, whesa the mora negative (less pasitivel limit |5 desig 29 rninimum, & used In this data sheet for logic voltege

levels only.
3. Dua tg input protection circuitry, the epplied veltage mey begin to clemp at —0.8 V. Tast conditions shewld comprehand this oocurmenge.

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

TEST SMJ41648-15 5M.J4164-20
PARAMETER CONDITIONS M VERSION M VERSION URIT
MIN_TYPY MAX | MIN TYP' mMax
You High-tevel output voltage Ipg = -5 mA 2.4 2.4 v
VoL Low-leval output voltage oL = 4.2 mA 0.4 0.4 v
I Input current {leakage} V=0 V12 5.8V, Vpp=4.5 ¥ +10 10 | ahd
10 5.5 V., output open
Vo =0Vt 5BV,
Iy Output current ileakagel Voo =5V, +10 110 pA
€AS high
D51 t Ave;rage operating current te = minimem cycle 48 45 mA
during read or write cycle
After 1 memory cyelo,
|DDZ§ Standby current FAS and Cﬁhigh 7 7 mé
te = minimurn cycle,
lppa®  Average refresh current RAS low, 40 37 | ma
CAS high
te{P) = minimum cycle,
Ipp4 Average page-mode current | RAS low, 40 37 | mA
CAS cycling

sediaeq Hoddng Alowapy pue AYY Snueuiq !

T AN typical values are bt Tp = 25°C and nominal supply voltages.
% aggitions| information on last Eage.
Sy > 06V
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ShJa164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

electrical characteristics over full ranges of recommended operating conditions [unless otherwise noted}

TEST SMJ4T64-12 SMJA164-15
PARANETER CONDITIONS S,E VERSIONS S.E VERSIONS UNIT
M TYRT  mAx | MIN TYPT  MAX
VaH High-level output voltage lgpH = -5 mA 2.4 2.4 v
VoL Low-level output voltage gL = 4.2mA 0.4 . 04 v
V)-Q V1w b8 V, Vgp=45V
b Input 1 {leak 10 10 A
! nput current feakage) to 5.6 V, output open = #
Vg = 0VIo55V,
[I's] Output current [leakage) Vpo = 5 V. + 10 +10 ph

CAE high

Ave eperating & t
loor? verage operating currem tg = minimum eycle 40 48 35 45 | ma
during read or write cycle

After 1 memory cycle,

pp2?  Standd t —— — 3.5 5 35 5 A
oD2 neny sutEn RAS and CAS high ™
Ty = minimum cycls,
ippa? Average refrosh current FAS low, 28 40 25 37 | mA o
CAS high Q
te(py = minimum cyele, ‘g
[s]s7:8 Average page-mode currebt FAS low, 28 40 25 37 ma 1
CAS cycling ]
o]
T All typical values are at Tg = 28°%C and nominal supply velteges. '6
¥ aAdditional intormation on last page. o
Sy > -06V. oy
=
w
- -
—
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SMJ4164

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

elactrical charactaristics over full ranges of recommended operating conditions (unless otherwise notaed}

TesT SM.J4164-20 ]
FARAMETER CONDITIONS §.E VERSIONS UNIT
M TYRT MAX
YoH High-level output voltage IgH = -5 mA 2.4 v
VaL Low-level output voltage IoL = 4.2 mA 0.4 v
Vi=0Vie 5B Y, vpp=4.5V
I Input t iteak; 1
! nput current {teakage) 10 5.5 V, autput apen =10 wh
Vo =0VtebBEY,
Iy Qutput gument {lzakagel vop = 5V, +10 | »A
CAS high
Avgrage operating current .
Ipp1} g = I 27 37 A
oD1 durlng read or write cycle ¢ = Mminimum eyce m
’ After 1 memory cycls,
[ § Standby current — — 3.5 &
D2 v e RAS and CAS high mA
1z = minimum cycle,
lops? Average refresh curent RAS low, 20 3z | ma
CAS high
totp) = minimum cycle,
1np4 Average page-mode current AAS low. 20 32 | mA
CAS cycling

T All typical values are at Te = 25°C and nommnal supply voltages,
1 sdditional infarmation on last pags.
Py » -0.6V.

capacitance over recommended supply voltage range end operating free-air temperature range, f = 1 MHz

PARAMETER T‘I'S::Jw::x UNIT
C.‘{m Input capacitance, address inputs 4 7 pF
Citpy Input cepacitance, data input 4 7 pF
Ci{RC) Input capacilance strobe inputs B 10 pF
Citw) Input capacitance, write enable input B 10 pF
Co Qutput capacitance b B pF

samaa(g Hoddng Alowsigl pue WYY 2nueuig !

T 21 typical values are at Ta = 25 °C and nominal gupply voltagas.

switching charactaristics aver recommended supply wvoltage range and operating free-air tempeorature range

ALT SMJIA164-16 | EMJ4164-20
PARAMETER TEST CONDITIONS s YMB;JL M VERSION | M VERSION | UNIT
MIN MAX | MIN  MAX
. e Cp = 80 pF,
t A f Al
alC) ccess time from CAS see Figurs 1 icAaC 00 135 ns
) — tRLCL = MAX,
t f A
alf) Access time from RAS see Figure 1 tRAD 150 200 ns
. Qutput dizable time CL = 80 pF,
tdis{CH) after CAS high ses Figure 1 OFF 0 50 0_ €a [ ns
4-50 TEXAS
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SMJ4164
65,536-BIT DYNAMIC RANDOM-AECESS MEMORY

switching characteristics ovar recommended supply voltage range and operating free-air temparature range

ALT SMJI2164-12 | SMJ4164-16
PARAMETER TEST COMNDITIONS SYMB;JL 5,E VERSION | 5,E VERSIONS | UNIT
MIN MAX | MIN  MAX
. — €, = BOpF,
taic) Access time from CAS see Figure 1 tCAC 70 =13 ns
. —= tRLCL = MAX,
t A 1 1 RAS 1| 120 150
alf) CCAsE ime from see Figure 1 RAC ns
Qutput disable tima CL = 80 pF,
tdi —_— a 44 o] 40
disiCH) after CAS high sen Figure 1 toFF ns

switching characteristics over recammended supply voltage range and operating free-air temperature range

Dynamic RAM and Memory Support Devices I

ALT S5MJ4164-20
PARAMETER TEST CONDITIONS SVME;JL 5,E VERSION | UNIT
MIN  MAX
. — CL = 80 pF,
t A time f cas 135
alC) ccoss time from sot Figure 1 CAC ns
== = MAX,
taiR) Access time from RAS ::I:;c:;gurg 1 IRAC 00 ns
Output disabls tima CL = 80 pF,
tai — t Q &0
disiCH) ¢ 0 TAB high sea Figura 1 OFF ns
y\
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SMJa164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommendad supply voltage range and operating fros-air temperature range

s801A9(] Hoddng Aows pue Y dILLBUAQ l

ALT. SMIA1G4-15 SMJ4164-20
PARAMETER SYMBOL M VERSION M VERSION UNIT
MIN MAX MIN _ MAX
| tetm) Page mode cycle time tpe 160 225 ns
toled} Read cycle timel 1RC 320 410 ns
ta[W Write cycle time HAC 330 410 ns
e Read-write/read-modity-write cycle time IRWC 345 425 ns
o (CH) Pulse width, CAS high iprecharge time)* tcp 50 80 - ns
twlCL} Pulse width, CAS lowe? WCAS 100 1,500 135 1,500 ns
tyy{RH) Pulse width, RAS high {precharge time] tRP 160 200 ns
twiRL) Pulse width, RAS low1 tRas 150 1,500 200 1,500 ns
Twe W) Write pulse width P 45 55 ns
4 Transition times {rize and fall} for RAS and CAS tT a 20 3 20] ns
teulCAl Column address setup time AR 4 a s
tgutRA) Row address setup time tASR B 5 ne
TaulD Data setup time tps o Q ns
teulrd} Read command satup time tRCS o] Q ns
tsulWCH) Write command setup time before CAS high 1oWE 60 50 ne
tsu(WRH) Write eommand setup timg beforo RAS high WL 60 BO ns
| thiCicA Column address hold time after TAS low 1CAH 60 70 ns
| thipaj Aow address hald tima TRAH 20 25 ns
thiALCA} Column address hold time after RAS low TAR 9§ 140 ns
thifLDY Data hald time after CAS low tDH 70 ada ns
| thiRLD) Data hold tima after AAS low IDHR 125 160 ng
| thewid) Data hold time efter W low ioH &0 60 ns
| thiCHrd) fiead command hold time after CAS high tRCH 0 Q ns
thiRMrd) Read command hold time alter RAS high tRAH 5 5 ns
thiCLW) Wite command hold time after CAS iow YWECH 70 90 ns
thiALW! Write command hold time after RAS low WCR 125 160 ng
tRLCH Delay time, BAS low to CAS high 1C5H 150 200 nsg
tCHRL Delay timg, TAS high to FAS low toRP 0 o ns
tCLRH Delay time, CAS low ta HAS high tREH 100 135 ns
Delay time, CAS low to W low
eLwL fread-modify-write eycle only) WD 60 65 s
Gelay time, FAS low to CAS low
tRLCL {maxi value speclfied only tRCO 20 50 25 65 ns
10 guarantee access time)
Delay tims, AAS low to W low
*RLWL {read-modify-write cycle only) tAWD 110 130 ne
Delay time, W tow 1o CAS
WLCL low {eardy write cycle) twes 5 5 ns
tf Refresh tirne intenval tREF 4 4 ms

NOTE: Timing measurements are made at the 10% snd 0% points of input end ¢logk transitione. In eddition, V) max and ¥y min must be met at the
10% arnl 90% points.

T &l cycle times assume ty = 5 ns,

1 Page mode only. -

ilna read-maodify-vrlle ycle, teyyw) and tg ey must be obssrvad. Depending on the user's transition times, this may require sdditional CAS low time
{tyicL)l: This appllas 10 page mode read-madify-write also. -

Y in: a read-mndity-write cycla, TaLwL and tgypwRAH] Must be observed. Depending on the user's transition times. this may require additional RAS law time
ftwiRLN-
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SMJA164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommended supply voltage range and operating frae-air temperaturae range

SMJ4164-12 SMJ4164-15
PARAMETER S\:\:;.E)L 5.E VERSIONS | 5.E VERSIONS | UNIT
MIN MAX M MAX
) Page mada cycle time e 130 160 ns
tofrd) Read cycle tims | [ 230 260 ns
te{W) Write cycle tima twie 230 260 ns
| teirdw) Read-write/read-modify-writa cycle time tRWC 260 288 ns
| twiCH) Putse width, CAS high {precharge time) * tcp &0 50 ns
twi{CL} Pulse width, CAS low? teAS 70 10,000 85 10000 | ns
tw{RH} Pulse width, RAS high {precharge time} tpp B0 100 ns
twiRL) Pulse width, RAS low 1RAS 120 10,000 150 10,000 ns
Ly Write pulse width WP 40 45 ns
4 Transition timas [rise and fall) for FAS and CAS T 3 50 3 50 | ns
tsulCA) Column address sotup time 1A5C -5 5 ns
Tsu{AA) Row addross setup tima tASR Q Q ns
tsull} Data setup time oS 1] Q ng P
tgurd} Agad commaznd setup timo . IRCS 1] ] ns Q
Tsu{WCH} Wirits command setup tima before TAS high oWl 50 14 ns . .g
tsu{WRH) Write command setup time befors RAS high TRWL 50 50 - ns o
| thictca Column address hold time after CAS low toAH 40 45 ns O
| thiRA&) Row address hold time tRAH 16 20 ns =
thiRLCA) Column address hold time after RAS low TAR 85 95 ng - Q
thiCLD) Data hold time after CAS low DH 40 45 - ns - g_‘
| hIRLD} Data hold time after RAS low ) tOHR B85 95 ns =
ThwWLD [Crata hold time afier W low tnDH 40 - 45 ns wn
th{CHrd} Read command hold time aftar CAS high tRCH Q [+) ns E“
Th|RHrd} Read command hald time atter RAS high tRAH ] 5 ns =
thiCLW Write command hold time aifter CAS low YW CH 40 45 ) ns E
th{RLW) Write command hold tims after RAS low WCR 85 g5 : ns g
trLCH Daolay time, RAS low ta CAS high tesH 120 160 - ns :
ICHRL Delay time, CAS high to RAS low trRp O G ns -g
tcLAH Delay time, CAS low to RAS high tRSH &0 100 ns m
Delay time, CAS low to W law
e {reac:modily—write eycla only] 1ewn 40 60 ne g
Delay time, RAS low 1o CAS low o
TRLCL {maximum vatue specifiad only tRCD 15 50 0 65 | ns [
19 guaranteg access tme) 'E
Delay tima, FAS low to W low
TRLWL Iraad‘imodif\f—writa cycla anlyl + IRWD &8 100 ns g_
Delay tirme, W low to CAS [ ]
WLCL low {sarly write cycle} tWCs -8 -8 ne
1 Refresh time interval IREE 4 4 ms

NOTE: Timing measurements are made a1 the 10% and 50% paints of input and clack transitions. In addition, Yy max and ¥ min mus? ba met at the
10% and BO% pointa,
YAl eycle timos assuma = 5 ns.
* Pags moda only. o
$1n & resd-madity-write cycle, ToLwl @nd Tgy i) Must be observed, Depending on the user’s transition timas, this may require additional CAS low time
{tytcly)- This applies to pags mode read-modify-writs also.

In a read-medify-write eycle, typwy and 15, (WRH] Must be ohserved. Depending on the user's transition 1lmes, this may requira additional RAS low time
{twRL-
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NSTRUMENTS

POST OFFICE BOX 225072 # DALLAS TEXAS 75258



SMJ4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommeanded supply voltage range and oparating free-air tamperatura rangs

saolaa Moddng Alowajy pue Yy Slweuig !

ALT.. EMII164-20
PARAMETER © SYMBOL S.E VERSIONS | UNIT
MIN MAX
|t Page mode cycle time tRC 206 ns
| teied) Read cycls time ¥ : TR 326 ns
tofw) Write cycle tima Wi 326 ng
| toirdW) Read-write/read-muodify-write cycla tima tAWC 345 ns
twlCH| Pulse width, CAS high (precharge tima) ¥ 1cp a0 ns
TwiCl] Pulse width, CAS law tcas | 135 10.000 | ns
twiRH} Pulsa width, RAS high {pracharga time) tRE 120 ns
twiRL) Pulss width, RAS low1 tRAS 200 10,000 | ns
Ty LW Write pulse width twp 55 ng
ty Transition times {rise and falll for RAS and TAS ty 3 50 | ns
tau{CA) Column address setup time tASC -6 ns
teufRA) Row address setup tims tASR e} ns
. tsuiD) Data setup tims tng ¢ ns
Yyu(rd} Read command setup time 1RCS 0 ns
tou(WCH} Write Wl setup time before TAS high toWL &0 ns
| tsutwHH] Wiite command setup timg before RAS high tRWL 60 ns
| thiCLEA} Column address hold time aftar CAS low CAH 55 ns
| thiRA} Row address hold time TRAH 25 ns
|_thiALCA} Column address held time after AAS low AR 120 ns
| thicLDy Data hald time after CAS low tOH BE ns
| th{ALD} Datg hold time after RAE low {DHR 145 ns
| th{wLD) Data hald time aftar W low toH 55 ns
| thiCHrd} Read command hold time atter TAS high tRCH O ns
th{RHrd) Read command held tima after RAS high tREH [ ns
thiCLW] Writs command hold time atter TAS low TWCH 55 ns
| thiALw Writa command hold time after RAS low WCH 146 ns
trLCH Celay time, RAS low to TAS high ' tegH 200 ns
YCHRL Delay time, CAS high to RAS low tCRP [} ns
1CLAH - Dalay time, CAS low to BAS high tRSH 135 ns
Detay time, CAS low to W low
tCLwL {read-modify-writa cycle onlyl fewn 85 ns
Delay time, RAS low 1o CAS low
tRLCL {maximum valua specified only tRCD 25 65 ns
o guarantes access time)
RLWL Delay time, RAS low to Wlaw ‘AW 130 ns
{road-madify-write cycle anly)
T-WLCL Delay time, W low 1o CAS wes _s ns
low (garly writg cycle)
trf Refresh tima interval IREF 4 ma

NOTE: Timing measurements afe made et the 10% and B0% points of input end cleck trensitions, In additien, Vi mex and ¥Yj4 min must be met Bt the
10% and 50% points,

T All cycle times bssume ty = 5ns.

3 page moda anly. .

$1n @ reed-modify-write cycls, toLwL and toywoHy Must be observed. Depenting on the user's transition times, this may require additionst CAS low tima
{twiGLil This appliss to pege mode read-modity-write plso.
In a read-modify-write cycle, R wi and tg,(wHH} must be observed. Ogpending on the user's Lransition times, this may require sdditional FAS low time
{twiRL-
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TMS4164, SMJ4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

read cycle timing

VI

PARAMETER MEASUREMENT INFORMATION

137V
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FIGURE 1 - LOAD CIRCUIT
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TMS4164, SMJ4164

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

eatly wtite cycle timing

saoaaq Hoddng Aowepy pue WYH JWeUuAd !
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TMS4164, SMJ4184
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

write cycla timing
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TMS4164, SMJ4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

read-write/read-modify-write cycle timing
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TMS4164, SMJA164
65.536-BIT DYNAMIC RANDOM-ACCESS MEMORY

RAS-only refresh timing
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Texes Instruments reserves the right to make changas at any time in order to imprave design and to supply the best product possibla.
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MoS TMS54256, TMS4257
Lsi 262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

MAY 1983 — REVISED JANUARY 13534

® 262,144 X 1 Organization TM54258, TMS4257 . . . JL OR NL PACKAGE
& Single +5-V Supply {10% Tolerance) (ToP view)
& JEDEC Standardized Pin Out aa [ UheQvss
# Upward Pin Compatible with TMS4164 o2 135“8
(64K Dynamic RAM) _w e 14de
Fas 4 13 a8
® Performance Ranges: ao[]s  1200a3
ACCESS | ACCESS | READ Al E : : 10 As
TIME TIME OR Al de g AS
DEVICE ROW COLUMN | WRITE Voo A7
ADDRESS | ADDRESS | CYCLE
{MAX) IMAX| IMIN) ' PIN NOMENGLATURE
TMS4256-10 . AD-AB Address Inputs
TMS4257-10 100 s 50 ns 200 ns CTAS Column Address Stroke
TMS42586-12 53 Data-In
TMS4257-12 120 s €Ons 4 230ns a Data-Out "
TMS4256-15 RAS How Address Strobe T
TMs4257-15 | 120" Jsns | 260me W Write Enable 2
TMS4258-20 VoD +5-Y Supply b7
TMS4257-20 200 ns 100ns [ 330 ns Vss Ground a
At
® Long Refrash Pariod . . . 4 ms {MAX) '6
o
® Low Refresh Ovarhead Time . . . As Low As 1.3% of Tatal Refresh Period =3
=
& On-Chlp Substrate Blas Generator w
#® All Inputs, Outputs, and Clocks Fully TTL Compatibla n:-;
@ 3-State Unlatched Qutput g
® Common IO Capability with “Early Write” Feature =
® Page ('4256) or Nibble-Mode {*4257) Options for Faster Access Operation 'g
® Power Dissipation As Low As: @
Operating . . . 225 mW (TYP] =
Standby . , . 12.5 mW {TYP) <L
— : [+
® RAS-Only Refresh Mode o
® Hidden Refresh Mode E
__ _— o
® CAS-Before-RAS Refresh Modae {Optional) E_
& Available with MIL-STD-883B Processing and L{O°C to 70°C), E{—40°C to 85°C}, or 5{-55°C to (]
100°C) Temperature Ranges in the Future
dascription

The '4256 and ‘4257 are high-spead, 262,144-bit dynamic random-access mematies, organized as 262,144 waords ™
of one bit each. They employ state-of-the-art SMOS (scaled MOS} N-channel double-levsl palysilicon gate technology
for very high perfarmance combined with low cost and improvead rehability.

These devices feature maximum BAS aceess times of 100 ns, 120 ns, 150 ns, or 200 ns. Typical power dissipation
is as low &g 225 mW operating and 12.6 mW standby.

New SMOS technology parmits operation from a single + 5-V supply, reducing system power supply and decoupling

PRODUCT PREVIEW Copyright © 1884 by Texas Instruments |ncorpotatad

This documani contalna infacmatian on a product widar
deveboprisnt. Tearss Instromeants resarves The right 1o

_ Texas
changa or discontinue this product without notles. INSTRUMENTS

POST OFFICE BOX 225012 & Dalras TEXAS 75065
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

requirements, and easing board layout. Ipp peaks are 150 mA typical, and a —1-V input voltage undershoot can be
tolerated, minimizing system noise considerations.

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address and data-in ines are latched
on chip to simplify system design. Data-out is unlatched to allow greater system flaxibility.

The ‘4256 and "4257 are offered in a 16-pin dual-in-line ceramic or plastic package and are guarantesd for aperation
from 0°C to 70°C. Those packages are designed for insertion in mounting-hole rows on 300 mil (7,62 mm) centers.

operation

$301na(] Moddng AJocwey pue WYY Swueuig !

address [AD through AB)

Eighteen address bits are required to decode 1 of 262,144 starage celi locations. Nine row-address bits are set up
on pins AQ through A8 and latched onto the chip by the row-address strobe IRAS). Then the nine column-addrass
bits are sot up on Ping AD through A8 and latched onte the chip by the column-address strobe (CAS), All addresses
must be stable on or before the falling edges of RAS and CAS. BAS is similar to a chip enable in that it activates
the sense amplifietrs as well as the row decoder. CAS is used as a chip select activating the calumn decoder and the
input and output buffers.

write enable (W)

The raad or write moda is selectad through the write enable Wi input. A logic high on 1heWinput selacts the read
made and a logic low sclects the write mode. The write enable terminal can be driven rom standard TTL cireuits
without & pull-up resistor, The data input is disabled when the read mode is selected. When W goes low prior to Cas,
data-out will remain in the high-impedance state for the entire cycle permitting cammon /0 operation.

data-in (D}

Data is written during a write or read-modify write cycle. Depending on the mode of operation, the falling edge of
CAS or W strobes data into the on-chip data latch. This latch can be driven from standard TTL ¢lrcuits without a
pull-up resistor. [n an early-write cycle, W is brought low prior to CAS and the deta is strobed in by CAS with setup
and hold timas referenced to this signal. In a delayed write or read-modify write cycle, CAS will alraady be low, thus
the date will be strobed in by W with setup and hold times referenced 1o this signal.

data-out {Q)

The three-state output buffer provides direct TTL campatibility (no pull-up resistor required) with a fan-out of twao
Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance {flasting} state
until CAS is braught low. In a read eycle the autput goes active after the access time interval tgig) that begins with
the negative transition of CAS as long as ta(R} is satisfied. Tha output becomes valid after the access time has elaps-
od and remains valid whils CAS Ts low:; CAS going high returns it to a high-impedance state, In a delayed-writs or
read-maodify-write oycle, the autput will follow the sequence for the resd cycle.

refresh

A refresh operation must be performad at least once every four milliseconds to retain data. This can be achieved by
strobing each of the 256 rows {AQ-A7}. A normal read or write cycle will refresh all bits in each row that is selected.
A, m-cnly opsration can be used by holding CAS at the high linactive] leval, thus conserving power as the cutput
buffer rermains in the high-impadance state. Hidden refresh may be parformed while maintaining valid data at the out-
put pin. This is accomplished by holding CAS at W) after o read operation and eycling RAS after a specified pre-charge
period, similar to a *RAS-only*" refresh cycle,

CAS-hefore-RAS refresh (optional)

The epticnal CAS-before-AAS refresh is utilized by bringing CAS low sarlier than RAS {ses parameter to gL} and halding
it low after RAS falls (see parametar tRLCHRI. For successive CAS-before-RAS refresh cycles, TAS can remain low
whilg cycling RAS. The external address is ignored and the refresh address is generated internally. For devices with
this optian, the external address is also ignored during the hidden refresh cycles.

4-64
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TMS4256, TMS4257
262,144.BIT DYNAMIC RANDOM-ACCESS MEMORIES

page-mode (TMS4256}

Fage-moda operation allows effectively faster memory access by keeping the sarme row address and strobing random
column addresses onto the chip. Thus, the time required to sotup and strobe scquential row addressos for the same
page is efiminated. The maximum number of columns that can be addressed is determined by tyw(RL). the maximurn
RAS low pulse width, For example, with & minimum cycle time tejp) = 100 ns) approximately 100 of the 512 col-
urmns specified by column AQ to column AB can be accessed. Row AB provided in the first page gycle, specifies which
group of 512 columns, out of the 1024 internal columns is ta be paged.

nibbla-mode {TMS4257|

Nibble-mode operation allows high-speed serial read, write, or read-modify-write access of 1 to 4 bits of data. The
first bit is accossed in the normal manner with read data coming aut at ta) time. The next sequential nibble bits
can be read or written by gycling TAS while RAS remains low. The first bit is determined by the row and column
addresses, which need to be supplied only for the first access. Row AB and column A8 provide the two binary bits
for initial selection, with row AB being the least significant address. Thereafter, the falling edge of CAS will access
the next bit of the circular 4-bit mibble in the following sequence:

I——IO,OZI (0,1} (1,0} =!1.1I——|

In nibble-mode, all normal memory operations {read, write, or ready-modify-write} may he performead in any desired
combination.

power-up

To achieve proper device operation, an initlal pause of 200 gs is required after power up followed by a2 minimum of
gight initlalization cycles.

logic symbaol T

Dynamic RAM and Memory Support Devices '

(5) RAM 258K X 1
Al 2009/2100
o 3
4 160
Az 1121
PURIL]] 0
1) FA
ag 09 262143
a5 3
a7 19 |
{11
AB § 20017/2108 J
— Lot G20IROW]
GZ3MIREFRESH ROW)
— (4
ras -2 FA[PWR DWN]
— Lol C27(COL
G24
Cag 118} s
z3c22
w2 23.21D ZAEN
(141
NI Py Agl——q

1 This symbol 15 in gccordance with [EEE Std 914ANS| Y3214 and recent datisions by IEEE ang [EC. See explanation un page 10-1.
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TMS4256, TMS4257
262,144.BIT DYNAMIC RANDOM-ACCESS MEMORIES

functio_nal hlock diagram
_ l TIMING AND CONTREL

L m—==

is not implisd. Exposura te sbsaluta-maximum-rated conditiens (er extended periods may affece device reliahility,

sasiaa uoddng Alowspy pue WYH 21Weuid !

NGTE 1:  All voltage values in this data sheet are with respect to Vss.

rscommended operating conditions

- Row
> 2K ARRAY DECODE 32K BRRAY
> AOW
=— ADDRESS 256 SENSE AMPS 255 SENSE AMPS d
w»—{ BUFFERS :
N ROW DATA
- U} 12K ARRAY DECOOE IIK ARAAY " ‘ P b
-—=—  GUFFERS REG
" [~ COLUMM DECODE - 10f 4
o—e—  SELEC
Al - TION _ | DATA
RowW 2K ARRAY o 0
a2 *1 cowums 1AMMAY | pepope RES
A3 =1 ADDRESS ~
A4 =] BUFFERS 256 SENSE AMPS 256 SENSE AMPS
A5 - 18
i ADW
RS 2K ARRAY OECone | 32% ARRAY
a7 —
cotumn_|
1] ROW :
|
absolute maximum ratings over operating free-air temperature range (unless otherwise noted}?
Voltage on any pin including Vpp supply fseeNote 1} .. ................. e, -1 Vie7V
Short circuit output GUITBNT . . . .. .. . i it i it e e e b e 50 mA
T T 4 1w
Oparating frae-air temMperaturg FANGE . . . ... ..o\ ettt m e . 0°C to 70°C
Storage temperature FANGE .. .. ... i it e e e -65°C to 150°C

1 Strasses beyond thoss listed under “*Absolute Maximum Ratings'” may cause parmanent damage to the devics. This s & strass rating' only ang functional
operatian of tha devica at these or any other conditions beyond thase indl tin tha "R dod O ing Conditlans'" section af this specification

PARAMETER MIN NOM MAX |UNIT
Supply voltage, Vpp 4.5 5 5.5 v
Supply voltage, Vgg 3] v
High-lavel input voltage, VIH 2.4 Vpo+0.3 v
Low-level input voltage, V| Isee Note 2} -1 0.8 v
Operating frée-air temperature, Ta [+ 70 °og

NQTE 2:  The algebraic corvention, whera the miora negallve fless positivel Imit iz dasignated as maximum, 15 used inthls down sr.cct for logic voltage levels only.
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262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

TMS4256, TMS4257

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

TEST TMS$4256-10 TMS4256-12
PARAMETER CONDITIONS TMS4257-10 TM54267-12 UNIT
MIN TYPT  MAX | MIN TYRT  MAX
Vo High-lavel output voltage lop = -8 mA 2.4 2.4 v
VoL Low-laval output voltags oL = 4.2 mA o4 0.4 ¥
Iy nput current teakage! illi::h:lt:i:j:‘; \;D:; =5?BV\:' 10 10| pA
Vg = DV 1o 55V,
[I's} Output curent fleakagel Voo = 5 V. +10 + 10 pi
CAS high
Ippy | eréne operaling current 1¢ = minimum eycle 76 TED 65 TED | ma
during read or write cycle
Ippz  Standby curent After 1 mamory eycle, 2.5 5 2.5 5| ma
AAS and CAS high
te = minimum cycle,
Halnk] Average refresh current E.A-E low, 60 TBOD 50 TAbD | mA
CAS high
te(p) = Mimimum cycle, .
lopa Average page-mode current RAS low, 50 TED 40 TED mé
CAS cyeling
teyyy = Minimum cyele,
lbps Average nibble-mode current RAS low, 45  TBD 35 TED | mA
CAS cycling
tan typical values are at Ty = 25°C and nominal supply vaoltages.
TEST TMS4256-15 TM54256-20
PARAMETER TMS4257-15 TMS4261-20 UNIT
CONDITIONS
MIN TYPT MAX | MIN TVYPT mAX
VoK High-level cutput voltaga ing = —EmA 24 2.4 v
VoL Low-lgvel output voltage Iy, = 4.2 mA 0.4 0.4 v
V=0V 88V Vop=5YV,
I} Input current ileakagel A:I ather ping = 0 VDE) 68V +10 10 ey
Vo =0V1w68YV,
I Thatpuy current [leskage] Vop =5V, 110 10 A
TAS high
1507 :::;ﬁ;:’e::f‘:l‘i’t:“cﬁg te = minimum cycle 55  TED 45 TBD | ma
After 1 memory cycle,
Inps Standby current RAE and CAS high 25 5 2.5 S| mA
tz = minimum cycle,
Ippa Average refresh current RAS low. 45 TBD s TBD m#
CAS high
tgipp = minimum cycle,
Ippa Average page-mode current RAS low, 35 TBD 25 TBED | maA
CTAS oyeling
teiN) = minimum cycle,
Inos Avarage nibble-mode current ﬁ‘ﬂj low, 30 TBD 20 TBG | mA
CAS cycling

FAD vypical values ara at Ty = 25°C and nominal supply voltages.
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TM54256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

capacltance over racommended supply voltage range and operating free-air temperature range, f = 1 MHz

PARAMETER TYP!  max | unim
Ciia) Input capacitance, address inputs 4 ? pF
Cijp) Input eapacitance, data input 4 7 nF
CiRC) Input capacitance strobe inputs a 10 pF
X Ci:W? Input capacitance, write enable input a8 10 pF
Cg Output capacitance 5 10 pF

tan typical values ara at Ty = 25°C and nominal supply volteges.

switching characteristics over recommended supply voltage range and operating free-air temperature range

ALT TMS4256-10 | TME4268-12
PARAMETER TEST CONDITIONS SYMB;.'.‘IL TMS4257-10 | TMS4267-12 | UNIT
MiN_MAX | MIN_MAX
. ) s tgLCLEMAX, €L = 100 pF.
A time A t 0
- TalC} coess time Ifom CAS | (oad = 2 Series 74 TTL gotes cac ® 80 | ns
. J— tRLCL = MAX, € = 100 pF

-g talR) Access time from RAS Load = 2 Serias 74 TTL gates tRAC 100 120 ns

o Output disable time CL = 100 pF,

3 WislCH) ot TAS high Losd = 2 Serles 74 TTL gates ‘OFF o % o W m

«

e ALT TMS4266-16 | TMS4266-20

» PARAMETER TEST CONDITIONS SYMB.CIL TM$4257-15 | TMS4267-20 | UNIT

g MIN MAX | MIN MAX

o ) [— tRLCLEMAX, T = 100 pF,

g- taic} Access time from CAS Load = 2 Serlos 74 TTL gates tCcaAC 75 100 ns

. -_ tRLCL = MAX, CL = 100 pF,
f

§ tailg) Access time from RAS Load = 2 Serias 74 TTL gates AL 150 200 ns

3 ) Qutput disable time €L = 100 pF,

o WiISICH) e TAS high Load = 2 Serles 74 TTL gates ‘OFF o % 0 /[

u<

%3]

c

=

o

o

-

o

1]

<

1]

Q

"]
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

timing requirements over recommended supply voltage range and operating free-air termperature range

Dynamic RAM and Memory Support Devices ‘

ALT. TMS4256-10 TMS4256-12
PARAMETER SYMBOL TMSA257-10 TMS4257-12 | UNIT
MIN MAX MIN MAaX
| _cip} Page-mode cycle tima {read or writa cycle) tpe 100 120 ns
| TciPM) Page-mode cycle tima {read-modify-write cycle) tRC 136 165 ns
teird} Read cycle time RC 200 230 ns
toivy) Write ¢ycls time A 200 230 ns
| teirdW) Read-write/read-modify-write cycle time TRWC 235 270 ns
Tw [CHIP Pulse duration, TAS high {page mode} 1CP A0 50 ns
T {CH} Pulse durgtion, TAS high inon-page made) tCPN 40 50 ns
TiCLi Pulse duration, CAJ low? tcAS 50 10,000 60 10,000 | ns
tw(RH} Pulse duration, RAS high {precharge time) tap 80 100 ns
TwiRL} Pulse duration, AAS low ¥ tRAS 100 10,000 120 10,000 hs
L YWrite pulse duration TP 35 . 40 ns
t Transition tirmes (rise and fall) for RAS and TAS 17 3 50 3 50| ns
tsu(CA) Calumn address setup time TASDC ] ] ns
toulAA) Row address setup time taSh ] ] ns
tauty Data setup time ms o a ns
tsulrd} Read command setup time tRCS ] ] ns
tsu(WCU E:;I:r:él;_ssclzumand setup time wes o o s
teu(WCH}  ¥rite command setup time befors CAS high towl g 40 ng
tou{WRH)  Write command setup time before RAS high tRWL 30 40 ng
thCLcar  Column address hold time after TAS low toAH 20 20 ns
IhRA} Row address hold time tRAH 15 15 ns
| th{ALCA)  Celumn address hold time after BAS low AR 10 BO ns
| thilLD) Data hold time atter CAS low 1nDH 30 35 ns
thiRLD} Data hold timg after RAS low tDHA BO 95 ng
thivwLD] Data hold time after W law toH a0 38 ns
(M{CHrd) Read command hold time after CAS high tRCH 4] 0 ns
L__thiRHrd} Read command hold time after RAS high TRAH 10 10 hs
ThiCLW} Writa command hold tima after CAS low YWCH 20 35 ns
| thiRLW) Write command hold time after RAS [ow tWCR 80 a5 ns
tHLCHA Delay time, FAS low to GAS highl tCHR 20 25 ng
| tRLCH Delay time, RAS law to TAS high tcoH 100 120 ns
tCHAL Delay time, CAS high to RAS low tCRP 0 0 ns
tCLRH Delay time, CAS low to 84S high IRSH 50 &0 ns
tCLAL Delay time, CAS low to RAS low] ICSR 20 25 ns
Detay time, CAS low to W low .
fcLwL [read-modify-wrila cycle only) fewh 50 so ne
Delay time, RAS low to CAS low
tALCL [maximum value specified only tRCD 25 50 25 #11] ns
to guarantas acgess time)
Defay tima, RAS low to W low
tRLwL {raad-modify-writa cycle pnly} RWD 190 120 ne
tef Rafresh timg interval tREF 4 4] ms

NOTE:  Timing messurements are made at the 10% and 90% points of input and clock transitions, In addition, ¥y max and V)4 min musk be mat at the

10% and 90% paints,
T All cycla times assume Ly = & ns.

10 a read-modify-writs cycls, topwL and to, e ) Must be observed. Depending on the user’s transition times, this may require additional CAS low time

TtyicLil. This applies to page-mode read-modily-write alsa,

§in p read-modify-write cycle, tRLwL 3Ntz {wRH) Must be obeerved, Depending an the user's transition times, this may requira additional RAS low time

[twriRL )1

1 CAS tefore AAS refresh anly.
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TMS4256, TMS4257
262.144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

timing raquirements over recommended supply voltage range and operating free-air temparature range

ALT. TMS42E6-15 TMSa256-20
PARAMETER : T™54257-16 TMS4267-20 | UNIT
SYMBOL
MIN MAX MIN MAX
L tete Page-mode cycle time (read or write cycle) tpe 145 190 ns
LaiPM) Page-moda cycle tima iread-modify-write cyclel tPCMW 180 245 n3
teirdi RAcad cygle time T tRE 260 330 ns
iV Write cycle time - TWe 260 330 ns
L telrdW Read-write/read-modify-write cycle time IRWC Kl 370 ng
tw{CHIP Pulsa duration, CAS high (page moda} top 60 Iz 1o ns
tw!CH) Pulse duration, EAS high {non-page mode} topN 80 a0 ns
twiCl)  Pulse duration, TAS low? tCAS 75 10,000 100 10,000 | ns
toe [ RH} Pulse duration, RAS high Iprecharge time} tgp 100 120 n&
tw{ALI Pylse duration. RAS low ¥ tRAS 180 10,000 200 10,000 | ns
Lyl W} Wiite pulse duration twp 4% 55 ns
1t Transition times [rise and fall} for RAS and CAS tT 3 50 3 g0 ng
- tsuiCA) Column address setup time tASC Q Q ns
) tsufRA) RAow address satup time - tASH Q 0 ns
[ w] [ Data sotup time tns [+ 0 ns
‘g teuird} Read command getup time tReS ] 4] ns
o t Early wrii command setup time ' 0 o
3 SUWCL)  pocore CAB low wes ns
o tsu{WCH)  Write command setup tima befora TAS high TOWL 45 B0 ns
e 1 tsu(WHH) _ Write command sstup time bafora FAS high RWL 45 &0 ns
b -] thicLCA)  Column address hold time after CAS low tCAH 256 45 s
= |__thiRA} Row address hold tims tRAH 15 20 ns
| thirica) Column address hold tima atter RAS low taf 100 145 ns
g. thiCLD) Deta hold time after TAS low 16H 45 55 ns
‘RO Data held time after RAS low tDHA 120 155 ns
g thivw LD} Data hold time after W law 1DH 45 55 ns
g thiCHrg) __Fead command hold tima after CAS high ] tRCH 1] 0 ns
o thiRHrd) Read command hotd time efter RAS high RRH 10 15 ng
_2 thGLw Wirite command hold time after TAS low W H 45 55 ns
v | thiRL\W) Write command hold time atter RAS low WCR 120 155 ns
€ tRLCHR Delay time, RAS low to CAS high toHA 30 35 ns
= tRLCH Delay time, AAS low to CAS high tesH 160 200 ns
-g tCHEL Delay time, TAT high to TAS low tCRP 0 ) ns
- toLRH Delay time, TAS low ta RAS high 1RSH 75 100 ns
o) tCLRL Delay time, CAS law to RAS low ! ISR a0 35 ns
1] Gelay time, TAS low to W low
g- e irgad-modify-write cycle only) tcwo 70 : o . ns
] Delay time, FAS law to CAS low
@ tRLCL imaximum velue specified only tRCD 25 75 30 100 ns
to guarantes access timel
wwy, Doy time, RAS law to W low tRwD 145 176 ns
Irgad-madity-write cycle onlyl
rf Rafresh tima interval tHEE 4 41 ms

NQTE: Timing measurements are mada at the 10% ond 90% points of input and clack transitions. In additien, ¥, max and V) min must be met at the
10% and 30% pointe.

Tan eyele times azsuma 1 = B ns. -

% 1n b read-modify-write cycle, toLwL Bnd TeunweH) must be chearved. Dapending on the user’s transition times, this may reguire additional CAS low time
gzl This epplies to pege-mode read-modity-write siso. o

9 In a read-modify-wrlta cycla, taLw 2nd tgywmHy MUsT be observed. Dapanding on the vser's transition timeas, this may raqulre additignal RAS fow 1lme
U IRL}- ’

1 C-Ié ;Jafcre FAS refrash cption only,
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TMS4257

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

NIBBLE MODE CYCLE

switching characteristics over recommended supply voltage range and opsrating free-alr temparature range
{unless otherwise noted}

PARAMETER ALT. TM542567-10 | TM54267-12 UNIT
SYMBOL MIN  MAX | MIN MAX
talChI Nibble mode access time from CAS INCAC 25 ao ng
PARAMETER ALT. TMS4257-15 | TMS42E67-20 UNIT
SYMBOL MIN MAX | MIN MAX
___"i[CNI Nibhle mode access time from CAS INCAC 40 50 ns

timing requirements ovar recommanded supply voltaga range end oparating frea-air temperatura range
{unless otherwise noted)

ALT. TMS4257-10 | TM54257-12
PARAMETER SYMBOL MIN MAX | MIN MAX UNIT

te{h) Nibble made cycla time NG ) &0

tefrdwyhy  Mibble mode read-modify-write cycla time INRMW 70 85

tCLRHN Nibble mode delay time, TAS low to FAS high tNASH 25 30

WCLWLN Nibhle mode detay time, TAS to W delay tRCWD 20 26 ns
TwiCLN] Nibble modn pulse duration, TAS low INCAS 25 o

twicHy)  Mibble mode pulse duration, CAS high TNCP 15 20

. Mibble modelrite command setup . 30 25

sUWEHNE G before CAS high HCWL

timing reguirements over recommended supply voltags range and oparatin
{unless otherwise noted)

g free-alr temperatura range

Dynamic RAM and Memory Support Devices '

POST DFFICE BOX 225072 # DALLAS TEXAS 75465

ALT. TMS542567.15 | TMS4257-20
PARAMETER SYMBOL MIN  MAX MIN MAX UnIT

| teiny Nibblg moda cycle time NG 5 a0
| toirdvyi Mibble mode read-modify-write cycla tima tNRMW 106 130

toLpHy  Nibble moda dolay time, CAS Iow to RAS high tNASH 40 50

tCLWLN Nibble mode delay time, CAS to W delay INCWD 30 40 ns

T [CLM] Nibble meda pulse duration, TAS low INCAS 40 50

tw[CHN}  Nibbls mede pulse duration, TAS high tHCP 26 30

Mibble made wrile command setup
SUMVCHND i befare TAS high INCWL 3s 48
TEXAS 4-71
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TMS$4256, TMSA4267

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read cycle timing
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TMS4286, TM54257
262,144-BIT DYNAMIC RANDOM-AGCESS MEMODRIES

“early write cycle timing
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TMS4256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

write cycla timing
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TMS4256, TMS4257
262,144-B1T DYNAMIC RANDOM-ACCESS MEMORIES

read-write/read-modify-write cycle timing

Dynamic RAM and Memory Support Devices i
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TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

nibble mode read cycle timing
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TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

nibble mede write cycle timing
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TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

nibble moda read-modify-wrlte-cycla timing
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TMS4256, TMS4257
262,144.BIT DYNAMIC RANDOM-ACCESS MEMORIES

RAS-only refresh cycle timing
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TM34256, TMS4257
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES

automatic {CAS before AAS| refresh cycla timing
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Dynamic RAM and Memotry Support Devices i

Texas Instruments reserves the right to make changes at any time in order to improye design and to supply the best produgt poseible.
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Mas TMS4416, SMJ4416
LS 16,384-WORD BY 4-BIT DYNAMIC RAM

AUGUST 1980 - REVISED JANUARY 1984

16,384 X 4 Organization TMS4416 . . . NL PACKAGE
SMJa416 . . . JD PACKAGE
Singls +5-V Supply (10% Tolerance] (TOP VIEW)
Performance Ranges: 6 [y UheJ vss
ACCESS ACCESS READ READ- gg; E; 170 D_t‘.ld
TIME TIME OR  MODIFY- % O 161 CAS
ROW  COLUMN WRITE  WRITE %" ds '5% pas
ADDRESS ADDRESS CYCLE CYCLE AE e :;] A0
IMAX]  IMAX)  (MIN)  (MIN) as 7 120 -
‘4416-12 120 ns 70 ng 230 ns 320 ns ads 0f
'4418-16 150 ns 80ns  260ns 330 ns v s 10f A3
‘441620 200ns  120ns 330 ns 440ns o a7
® Available Tamperature Ranges*: TMS4416 . . . FPL PACKAGE SMJ4416 , . . FG PACKAGE
- §...-55°C 10 100°C ITOP VIEW! (TOP VIEW)
- E...-40°C to 85°C - -
— L...0°C 10 70°C 8w L8
#® Long Refresh Period . . . 4 milisseconds EI i @
Fr & == O
& Low Refresh Overhead Time . . . As Low D%-é lecas - pa2 : 16[} CAS L
As 1.7% of Total Refresh Period — pos W 1sQoaa 5
RAS AG RAS[Is 18] ac o
& Al Inputs, Outputs, Clocks Fully TTL A Al a6 e 130 a1 o
Compatible AS A2 as 17 12[] a2z ‘g
3-State Unlatched Qutputs Saen 2
Early Wtite or G to Control Qutput Buffer 2 § 53 0‘:)
Impedance -
. PIN NOMENCLATURE e
Page-Moda Operation for Faster Access AOAT Address Inputs E
¢ Low Power Dissipation CAS Column Address Strobe o
~  Operating . . . 200 mW (TYP} - DQ1-DQ4 Data In/Data Qut =
— Standby . . . 17.5 mW (TYP} G Clutput Enable -
AAS R <
® New SMOS (Scaled-MOS) N-Channel oo o Sa 1 5
Tachnalogy Vss Ground s
W Write Enable <
description s e
The "4416 is a high-speed, 65,536-bit, dynamic, random-access memory, arganized as 16,384 words of 4 bits each. 2
it amploys state-of-the-art SMOS iscaled MOS) N-channe! double-level polysilicon gate technology for very high per- g
formance combined with low cost and improved reliability. =
— >
The ‘44186 features RAS access times to 120 ns maximum. Pawer dissipation is 200 mW typical operating, 17.5 mW 0O

typical standhby.

MNew SMOS technology permits operatien from a single + 5-¥ supply, reducing system power supply and decoupling
requiremeants, and easing board layout. Ipp peaks have been reduced toc 60 mA typical, and a — 1-V input voitage
undershoot can be tolerated, minimizing system noise sonsideratiens. Input clamp diodes are used to case system design.

Refresh period is extended 1o 4 milliseconds, and during this period each of the 258 rows must be strobad with RAS
in order to retain data. CAS can ramain high during the refresh sequence 1o conserve power.

Allinputs and outputs, including clocks, are compatible with Series 54/74 TTL. All address lines and data-in are latch-
ed on chip to simplify system design. Data-out is unlatched ta allow greater system flexibility.

* M tamparature range { - E5°C to 125°C) 10 ba availabla in future.

PRODUCT PREVIEW Copynight & 1984 by Taxas Instruments lncarporated

Thiz docursm contsing infommation on s product wnday
duvelopmont. Teaas Inztrumamia resarvas the rHghi ta

TEXAS
change or dircontinue thls product withour notes, lNS’rRUM ENTS

POST OFFICE BOX 225017 & DALLAS TEXAS 19265
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TMS4416, SMJ4316
16,384-WORD BY 4-BIT DYNAMIC RAM

The TM54416 is offered in 18-pin plastic dual-in ling and 18-pin plastic chip carrier packages. It is guaranteed for
aperation from 0°C to 70°C. The 5MJ4416 is offered in 18-pin ceramic side-braze dual-in-ling and 18-pin ceramic
chip carrier packages. It is available in = 55°C 10 100°C and —40°C to 85 °C temperature ranggs. Dual-in-line packages
arg designed for insertion in mounting-hole rows on 300-mil (7,62 mm} centers.

operation

sasias(] loddng Alowey pue |AYYH olWeuAQq !

address (AQ through A7)

Fourteen address bits are reguired to docode 1 of 18,384 storage locations. Eight row-address bits are set up on pins
AQ through A7 and latched onte the chip by the row-address strobe (RAS}. Then the six column-address bits are set
up on pins A1 through A6 and latched onto the chip by the column-address strobe {CAS). All addresses must be stable
on or befors tha falling edges of of RAS and CAS. BAS is similar to & ¢chip enable in that it activates the sense amplifiers
as well as the row decoder. CAS is used as a ship select activating the calumn decodor and the input and output buffers.

write enable (W1

The read or write mode is selected through the write enable (W] input. A legic high on theW‘rnput selects the read
mode and a legic low selects the write moede. The write gnable terminat can be driven from standard TTL circuits
without a pull-up resistor. The data input is disabled when the read mode is selocted. When W goes low priar to CAS,
data-out will remain in the high-impedance stats allowing a write cycle with G grounded.

data-in [DQ1 through DQ4)

Data is written during a2 write or read-modify write cycle. Depending on the mode of operation, the falling edge of
CAS or W strobes data into the on-chip data latches, These latches can be driven from standard TTL gircuits without
a pull-up resistor, In an early-write cycle, W is brought low prior to CAS and the data is strobed in bvm with setup
and hold times referrenced to this signal. In a delayed write or read-modify-write cycle, CAS will already be low, thus
tha data will be strobed in by W with setup and hold times refercncad te this signal. In delayed or read-modify-write,
G must be high to bring the output buffers ta high impedance priar to impressing data an the /0 lines.

data-out (DQ1 through DQ4)

The three-state output buffer providas direct TTL compatihility [no pull-up resister required) with a fan-put of two
Series 5474 TTL loads. Data-out Is the same polarity as data-in. The eutput is In the high-impedance (floating) state
until CAS is brought low, In a read cycle the autput goes active after the access time interval 15(C) that begins with
the negative transition of CAS as long as taiR) and ta(E) are satisified. The cutput becomes valid after the access
time has efapsed and remains valid while CAS and G are low. CAS or G going high returns it to a high impedance
state. In an eary-write cyclé, the output is always in the high impedance state. In a delayed-write or read-modify-
write cycla, the output must be put in the high impedance state prier to applying data to the DQ input. This is ac-
complished by bringing G high grior to applying data, thus satis{ying tGHD-

output enabta (G}

The G controls the impedance of the output buffers, When Gis high, the buffers will remain in the high impedance
state, Bringing G low during @ narmal cycle will activate the output buffers putting them in the low impedance state.
It is necessary for both RAS and TAS to be brought low for the output buffers to go into the low impedance state.
Once in the low impedance state, they will reamin in the low impedance state until G or CAS is brought high.

refresh

A refresh cperation must be performed at least every four milliseconds 1o retain data. Since the output buffer is in
the high-impedance state unless CAS is applied, the RAS-only refresh sequence aveids any output during refresh.

Strobing each of the 258 row addresses (A through A7) with AAS causes all bits in each row to be refreshed. CAS

can remain high (inactive) for this refresh sequence to canserve pawer.
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TM54416, SMJ4416

16,384-WORD BY 4-BIT DYNAMIC RAM

page mods

Page mode operation allows effectively faster memory access by keeping the same row address and strobing sue-
cessive column addresses onto the chip. Thus, the time required to setup and stroba sequential row addresses for
the same page is eliminated. To extend keyond the 64 celumn locations on a single AAM, the row sddress and RAS

are applied to multiple 16K x4 RAMs. CAS is then decoded to select the proper RAM,

powar-up

After power-up, the power supply must remain at its steady-state value for 1 ms. In addition, the RAS Input must
remain high for 100 gs immediately pricr to initialization, Initialization consists of perfarming eight RAS cycles before

proper device oparation is achigvad.

logic symbalT

AAM 16K x4
2006

20072100

A
16383

20D12/2105
20013

o

CZ0IROWI

G23/IREFRESH ROW)
241PWR DWN]

C211C0oL
G24

& p=23C22

23,210 |24,25EN

526
L.|

C

%’i‘? AZ26

115)

D4 —— ]

tThis symbet is in sccordanca with (EEE Std 91/ANS| ¥32.14 and recent decisions by IEEE and IEC. Ses sxplanation on page 10-1.

Dynamic RAM and Memory Support Devices I
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TMS4416, SMJa416
16,384-WORD BY 4-BIT DYNAMIC RAM

functlonal block diagram

RAS — i
LAY — TIMING & CONTROL
W o]
Y ——— -
M 11/2F MEMORY ARRAY
ROy !
A2
" AW DECODE
A3 ACDRESS 131
24 BLFFERS DATA N
1] DUMMY CELLE -
AS ) REG. 3
A6 11i21 4 OF 256 COLUMN [ECODE Iv f
A7 21]
SENSE 14t 4
ANP 250 sr'ﬁl‘zrg[rnssn o | | %AJ; e DO
E - 3
CONTR BUFFERS REG,
— 112t & OF 256 COLUMN DECODE
-COLUMN
ADDRESS DUMMY CELLS
BLFFERS L
i8I
AROW
DECODE 11:2: MEMORY ARRAY
Al-AB

saoiaag Woddng Asoway pue NYH JIueUAQ l

ehsolute maximum ratings over operating free-air temperature range (unless otherwise: noted)t

Voltage on any pin except Vpp and dataout isee Note 10 . ..., .. ..ot 1.5Vt 10V
Voltage on Vpp supply and data out with respect to Veg .. ... . e e s -1Vt hV
Short gircuit output current .. ... .. bk ea e S et 50 mi
Power disgipalion . . ... ... ... e e P R
Operating free-air temperature range: TMS' . .. ... ....... et et QOC to 70°C
Operating case temperature range: SMJ" — Swversion. . ... . 0 i i e -E5°C 10 100°C

= EWeISion . . .. i e —43°C to 859C
Storage temperatura rBNOe . ... ... ..o P C e —BRPC 10 150°C

T Stresses heyond those listed under " Absoluts Maximum Ratings”” may ceuse permarent demage ta the device. This Iz 2 stress rating only and furetonal
oporation of the device at thase or any other conditions beyand thase indicated in the *"Recammended Operating Conditions™ section of this specificalion
is not implied. E to absgl { ated conditiona lor axtended periods may affect device rellability.

NOTE T: AR valtage walues in this data sheat are with respact te Vgg.
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TM34416

16,384-WORD BY 4-BIT DYNAMIC RAM

recommended operating cenditions

TMS3416
PARAMETEA UNLT
MIN  NOM  MAX
Supply voltage, Vo 4.5 b 5.5 Y
Supply voltage, Vgg L] Vi
Y =458V 2.4 4.8
High-level inpul vollage, V|4 po v
Vpp = 5.5 V 2.4 5.8
Low-level input voltage, V) iser Note 2) VK 0.8 v
Operating fres-air temperature, TA o] 7o oC

MOTE 2: The algebraic convention, where the mera negativa (less p

3 et i dosi

d as minimuem, is used in thia data shect for logic valtaga tevela only.

alectrical characteristics over full ranges of racommended operating conditions {unless otherwise noted)

TM54476-12
PARAMETER TEST CONDITIONS UNIT
MIN  TYPT  MAX
I = —15 mA,
YIK Input clamp voltage . - -1.2 W
teg Figure 1 W
VoH High-level output valtage IgH = =2 mA 2.4 v 3
VoL Low-lavel output voltage I, = 4.2 mA 0.4 v 5
Vi =0¥1w 58V, J1b]
b Input current [leakage) Vpp = B V. 10 uh a
All gther ping = O W t
Yo =04¥twb8EY, =}
o Dutput current {leakage) Q il . +10 i =3
Vop = & ¥. CAS high o
) Average operating current At minimam cvele 54 | ma U:)’
" N = .
oM during read or writa cycle o ¥
o~
After 1 memery cycle, P
1 L Standby current _— = 35 5 A
po2 ve RAS and CAS high m g
te = minimum cycle, o
lpba Avecrage rofrash current RAS cyeling, 46 ma E
CAS high
1, grn‘n'm m cycle =
tp} = minimurm cysle, =
Average page-mode sl
Inpa !: page-mo RAS low, 46 | mA ©
n —
curre CAS cyeling E
<L
T All 1ypical values are at Ta ™ 26%C and nominal supply voltages. o
‘\f"_ & ~0.8 V on al inputs. .9
1]
=
-
(]
Texas 4.89
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TMS4416
16.383-WORD BY 4-BIT DYNAMIC RAM

elactrical characteristics over full ranges of recommended operating conditions {unless otherwise notad)

TMS4416-15 TMS44186-20
PARAMETER TEST CONDITIONS UNIT
Mk TYPT max [ min TYPT max
ly = 15 mA,
ViK Input clamp voltage . -1.2 -1.2 v
see Figure 1
Vo High-level output voltage IpH = -2 mA 2.4 2.4 v
Vou Low-leve! output valtage IpL = 4.2 mA .4 0.4 v
Vi=0V1io 5.8V,
Iy Input gurrent ileakage) Voo = B V. £10 10 | ah
All other ping = 0V
Vg -~ 04 Viob5vY,
I Dutput t {leak. —— 10 10 A
o utput cutrent {leakage} Von - 5 V, CAS high + + =
Avyerage gperating current .
Iop1 . a8 op g At t. = minimum cycle 20 48 35 42 | mA
during read or write ¢ycle .
After 1 memory cygle,
lop2?  Standby current — —e 35 5 a5 5 A
D02 ¥ caren RAS and CAS high m
1e = minirmum eycle, .
Ipp3 Average refresh current RAS cyeling, 25 Ad 21 34 | mA
CAS high
te{P) = minimum cycle,
. Average page-mode —_— .
I6Da curm:: pag RAS low. 25 40 7 34| ma
CAS cycling
tan rypical values era at Tp = 259C and nominal supply voltagas.
t\"'IL = -0.6 ¥ on all inputs. .
capacitance over recommanded supply voltage range and operating free-air temperature range, f=1 MHz
TMS4416
PARAMETER UNIT
TYPT  Max
Cila) input capacitance, address inputs & 7 pF
Ciirc) Input capacitance, strobe inputs 8 10 pF
Ciiwy Input capacitance, write enabls input ;] 10 pF
Cita Inputfoutput capacitance. data ports a 10 pF

éao!naq uoddng Alows |y pue |AYH SlweuAq l

YAl rypical velues ara at Tp, —25*C and nominal supply voltages.

4-9C
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TMS441§
16.384-WORD BY 4-BIT DYNAMIC RAM

switching characteristics over recommended supply voltage range and operating free-air temperature range

FOST OFFICE BOX 225012 » DALLAS TEXAS 15265

ALT. TM34416-12
PARAMETER TEST CONDITIONS UNIT
S¥YMBOL MIN  MAX
—_— €L = 100 pF,
tal) Access time from CAS - P tCAC 70 ns
Load = 2 Senes 74 TTL gates
tpLCL = MAX,
taiA) Access timg from RAS Cy = 100 pF tRAC 120 ns
Load = 2 Series 74 TTL gates
1 A timg after G | €L = 100 pF, 30
AT
aiG) coess time after B fow Load = 2 Series 74 TTL gates ne
. . — CL = 100 pF,
i fi h
TdisiCHy  Quitput disable time after CAS high Losd = 2 Series 74 TTL gates tOFF o] 30 ns
Qutput disable time €y = 100 pF,
tai — Q 20
distGl o G high Load - 2 Series 74 TTL galss e
g
ALT. TMS54416-15 | TM54416-20 o
PARAMETER TEST CONDITIOINS SYMEOL |MIN _ WAX MIN MBX UNIT .5
. —_— CL = 100 pF, [
taiC) Accass time from CAS i teAC an 120 ns ]
Load = 2 Series 74 TTL gates -
tALCL = MAX, o
3R Access time from RAS CL = 100 pF tRAC 180 200 ns o
Load = 2 Serles 74 TTL gates g
i - CL = 100 pF, o
t A 1 Iter G | a0 50
2(GH teess tma alter ow Load = 2 Series 74 TTL gates ne .
) ) L= CL = 100 pF. H
i Output disable time after CAS high t o 3 o 40 =
distCH) Wtpvt Flsstis vime amer " |Load = 2 Series 74 TTL gates OFF ne £
Output disable tims €L = 100 pF. [:5}
ti: a a 4
dis(G) a0 & high Load = 2 Series 74 TTL gates 0 o A0 S
=
=
2]
L
o
L
1]
c
>
o
i TExas 4.91
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TMS4416
16,384-WORD BY 4-BIT DYNAMIC RAM

timing requitements over recommendsd supply voltage range and operating free-air temperature range

ALT. TMS4416-12
PARAMETER SYMBOL WIN MAX UNIT
| teip) Page mode cycle time tPC 120 ns
toird) Read cycle time* RE 230 ns
’Tc%W} Write cycle tima - HC 230 ns
TolrdW) Read-write/read -modify-write cycle time tRWC 320 ns
TwiCH) Fulse width, LAS high (pracharge time)* " e A0 ns
twiCL) Putse width, CAS law 1 1CAS 70 10,000 | ns
| tyw{RH) Pulse width AT high iprechargs time} tRP BQ ns
tyiRL) Pulse width, RAS low? TRAS 120 10.000 } ns
Loy W) Write puise width NP 30 . ns
t T ition times {rise and fal)) for RAS and TAS 1T a BD ns
teufCA) Celumn address setup time tASC ] ns
tsuiRA) Row address setup time tASH 4 ns
| tsu(D) Data setup time 105 Q ns
| teuird Read command sefup tima tACS ] ng
[ tsulWCH) Writa command setup tima befora CAS high toWL 50 ns
| teu{WRH} Writc command setup time before HAS high tRWL 60 ns
ThiCLCAl Column address hold time gfter CAS low teaH 35 ns
|_thiRAS Aaw addrass hold tire tRAH 15 ns
| thiRLCA) Column address hold time after BAS low AR 141 ns
thiCLD) Data hold time after CAS low DH 40 ng
| thi{RLD} Data hold time after RAS low 1DHR 100 ng
thiwLD} Data hold time after W low toH 30 ris
th{AHrd) Aead command hold time after RAS high YtRRH 10 ns
| th{CHed) Read command hold time after CAS high ) tRCH Q ns
thiCLW} Write command hald time after CAS low tWCH 40 ns
'E:\RL\M " Wrile command hold time after AAS low YWCR 103 ns
tRLCH Delay tims, AAS low to CAS high [ 150 ns
TCHAL Delay time, TAS high to FAS low tCRR 0 ns
1CLRH Delay time, CAS low to RAS high tRSH 8O ns
Delay time, TAS low to W low
fCLWL {read, modify-write-cycle only)*** 'cwo ) 120 ne
Delay tims, RAS low 1o CAS low
FALCL !ma:irmurn value specified only to guarantes access time) 'RCD 20 5o ns
Delay time, FAT low ta W low
‘RLWL {read, madify-write-cycle onlyl*** TRWD . 170 ne
wyLCL Delay time, W iow to CAS low {early write cycle) WS -5 ns
tGHD Delay time, G high before data applied at DO a0 ns
trt Rafresh time interval tREF 41 ms

sa01nag Moddng Asowayy pue pWyH HMWEBUAQ l

*. Mote: All cycle times assume ;=5 ns.

** Pape mods only, _

*+**Ngcassary (o insurg G has disabled the output buffers prior to applying data to the device.

Tin g read-modity-write cycle, oL and TsutwWCH) Must b observed. Depending on the user's transition times. this imay require sdditional CAS Inw time YWItL-
tln a read-modify-write cycle, YLy 2nd tgnwiRH) must be ohserved. Depending on the user's transition times, thiz may require sdditional RAS low tims ALl

. TExas
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TMSA3416
16,384-WORD BY 4-BIT DYNAMIC RAM

timing requirements over recommended supply voltage range and operating free-air temperature range

PARAMETER ALT. TMS4416-15 TM54416-20 UNIT
SYMBOL MIN  MAX MIN _ MAX
telPt Page mode cycle time tpg 140 210 ns
teird) Read cycle tima* 1R 260 330 ns
et Wrile eycle time twe 260 330 ng
tetrdW) Read-writa/read-madify-writs cycle time tRWC 360 440 ns
Ll CHI Puise width, CAS high {precharge time)" " tcp 50 20 ns
TwiCL] Pulse width, CAS low T CAS A0 10,000 120 10,000 ns
t[AHY Puls# width RAS high {precharge timet tpp 100 120 ns
twiALY Pulsa width, RAS low ¢ tRAS 150 10,000 | 200 10.000 | ns
L (W) Write pulse width TN 40 50 ns
1y Transition times {1ise and falll for RAS and LAS T 3 50 3 50 ns
tsuiCay Column address setup time TASC ] O ns
auiAA Aow address setup time tASH 0 0 ns
touiDy Data setup time NS 0 O ns
mrd] Resd cemmand setup time tRes 0 o ns
teufWCH]  Write cammand setup time before CAS high 1owL 60 80 ns
teuiWRH) Write command setup tima befora RAS high TRWL 60 80 ns
h(CLEA} Column aadress hold time alter CAS low tCAH 40 50 ns
Lh[AAS Fow address hold time tRAH 20 25 ns
IHIRLCA) Celurnn address hold time after RAS low taR 110 130 ns
thCLDY Data bald time after CAS low NH E0 80 ns
1h(ALO} Data hald time after RAS low IDHR 130 160 ns
ThiwLD! Data hold time after W law toH 40 50 ns
ThiRHrd) Asad command hold time atter RAS high tRRH 10 10 ns
thiGHrd) Read command hold time atter CAS high tRCH a 0 ns
LpICLW) Wnite command hold time after CAS low BWCH [:1a] B0 ns
ThiRLW} Write commandg hold time after RAS low WER 130 160 ns
tRLCH Delay time, RAS low ta CAS high toSH 150 200 n3
tCHAL Delay time, CAS high to AAS low tCRP a 8] ns
o LAH Delay time, CAS low to RAS high tRSH 80 120 ns
Delay time. CAS low to W low
teLwL tread, modify-write-cycle anly} """ 'cwD 120 150 ne
tRLOL Dala\f lime, RAS low to CAS low . - 20 10 25 a0 s
Imaximurm value spacifind anly 1o guarantes access time)
Celay tima, RAS low to W low
TRLWL {read, modify-write-cycle only) **~ IRwWD 190 230 "
TWLCL Delay ume, W low to CAS low (early write cyclet VNCS -5 -5 ns
IGHD Delay time, G high before dato spplied at D0 30 40 ns
trf Refresh time interval TREF 4 4 ms

Dynamic RAM and Memory Support Devices l

* HNote: All cyclo times assume 1; = 5 ns.

3

Page mode only.
*4® Nacessary to Insure G has disableg the ouTput biuflers prior e apRlYing dats ) tha device,

* In 8 repa modify-write cyele, toLwl @nd toy(ywo H) Must be observad. Oepending un the user's transition times, this may réguire additional
CAS low time twicy ).

fina read-mgdify-write cycle, TR w
AAS low time ty, RL}-

L &nd tewRH) MUst be observed, Dagpanding an tha ugar's LTARLITIGH tlmes, this ma\-; requlre additienal

TEXAS
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SMJ4416
16,394-WORD BY 4-BIT DYNAMIC RAM

recommended operating conditions

SMJA416
PARAMETER $ VERSION E VERSION UNIT
MIN_ NOM - MAX | MIN_NOM  MAX
Supply voltage, Vop 4.5 ] 5.5 4.5 5 5.5 v
Supply voltags, Vg5 0 Ja) v
. Vpp = 4.5V 2.4 4.8 2.4 4.8
High-lewvel 1 voltage, V) v
1ah-level input voltage, ViH Vop = 5.5V 2.4 58 | 2.4 6.8
Low-leve! input voltage, Vi (sae Noto 21 Vi 0.8 Vig 0.8 v
Operating cese tomparature, Te -55 100 | -40 8% g
NOTE 2: The algebraic convention, where the mare neg; lless positive) limit is desig d as minimuem, is used in this deta sheet fee [ogic voltage levels only.

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

$8231A8Q Moddng Aloway pue \yH dluruAQg l

SMJA416-12
PARAMETER TEST CONDITIONS WIN_ TYPT  MEX UNIT

i = - 15 mA,

VK Input clamp veltage slee Figurer: -1.2

VoH High-level output voltage g4 = =2 mA 2.4 v

VoL Low-leve! output voltage Ig = 4.2 mA 0.4 v
V= 0Vieb8Y,

] Input current {lnakags) Vpp = 5 V. =10 | A

) All gther ping = OV

Vg = 04Vt 55Y,

g Output current (leakagel Vo 6 v EOA_Sh‘gh +10 KA

DD = . ! .

Ippi Average opcrating current At tp = minimum cycle ed | mA

o during read ar write cycle ¢
After 1 memory cycele,

Ij:;n:,z1 Standby current FAS and CAS zigl\: 3.8 B maA,
t; = minimum cycle, .

Ipn3 Average refresh current RAT cycling, 46 mA
CAS high
t = minimum le,

| Average page-mode £fp) = minimum cyete

DoD4 current RAS low, 46 mA
CAS cyeling

tan wypicel values are at Tg = 28°C and nominal supply veltages.
YL = - 0.6 W on all Inputs,
4-94 Texas
INSTRUMENTS
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SMJA416
16,384-WORD BY 4-BIT DYNAMIC RAM

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

SMJa416-15 5EMJ4416-20
PARAMETER TEST CONDITIDNS UNIT
M TYPT MAX | MIN TvRT MaX
I = -15 mA,
¥ Input clamp voltage -1.2 -1.2 v
K i e o sea Figure 1
YaH High-leval output voltage loH = —2 mA 2.4 2.4 v
Val Low-laval gutput voltage gL = 4.2 mA 0.4 0.4 v
V| =0V1t5BY,
Iy Input current {leakage) vop = 8 V. +10 +10 b
All other ping = OV
Vg=04Vwb5VY,
Io Dutput current {leakage) Vgo _sv, E.i'?@ high +10 10| A
A i it
Inpi w:'rago cperatlngl; currern At tg = minimum cycle 40 45 35 42 | mA
during read or write cycla
After 1 memory cycle,
Ippz¥  Standby current _— 3.5 5 3.5 5 ma
po2 ¥ e FAS and CAS high
tg = minlmum cycle,
Ipp3 Average refresh currant RAS cyeling, 25 40 21 34 | mA
CAS high
tegp) = minimum cycla,
A -maod —
Inoe verage page-mace RAS low, 25 40 21 3| ma
current - .
CAS cycling

tar typical valuea aro at T = 25°C and nominal supply voltages.
Yy = —0.6 V on all inputs.

capacitance over recommanded supply vaoltage range and operating case temparatura range, f=1 MHz

PARAMETER ] uniT
Cihﬂﬂ Input capacilance, address inputs ] 7 pF
CiRrc) Input capacitanco, stroba inputs a 10 pF
Cipw Input capagitanca, write enable input 8 10 pF
Cita Input/eutput capacitance, data ports 8 10 pF

TAl typical values ara a1 Te =26°C and nominal supply voltages.

Dynamic RAM and Memory Support Devices I
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SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

switching characteristics over recommended supply voltaga range and operating case temperature range

PARAMETER TEST CONDITIONS ALT. SMIAANE 12 UNIT
. SYMBOL MIN MAX
A time from CAS €L = 100 pF. L
1 cress fime from
a(C) Load = 2 Series 74 TTL gates CAC 70| ms
RLCL = MAX,
taim) Access time from RAS CL = 100 pF tRAC 120 ns
Load = 2 Serles 74 TTL pates
— Cp = 100 pF,
i 30 ns
ta(G) Aceess time after G low toad = 2 Series 74 TTL pates
[+] disable ti fter CAS high €L = 100 pF. ! 4] 30 ns
tdislCHI utput disable tima after g Load = 2 Series 74 TTL gates OFF
Cutput disable time €y = 100 gF,
Tis(G e _ : o 30| ns
. after G high Load = 2 Series 74 TTL gates
- ALT. 5MJ4416-15 | SMJ4476-20
PARAMETER TEST CONDITIDNS uNIT
[w} SYMBOL | MIN MAX MIN  MAX
- _— CL = 100 pF
= taic) Access tima from CAS : 1CAC BO 120
o o Load = 2 Series 74 TTL gates ne
g_ tRLCL = MAX,
o talR) Access time from RAS Cp = 100 pF tRAC 180 200 ns
v Load = 2 Seres 74 TTL gates
b - K — CL = 100 pF,
=2 taig)  Access time after G low Losd = 2 Series 74 TTL gates 40 50 | ns
-1} N " A CL = 100 pF,
tg) Output disable t fter CAS high 1 ¢l 30 1] 40
g_ dis|CH) Hutpul clsable time aiter 'S Load = 2 Serleg 74 TTL pates OFF ns
Qutput disable tima CL = 100 pF,
§ teisiG}  pper G high Load = 2 Series 74 TTL gates 0 30 0 0| ns
o
-
-
w
=
k-
=
=]
=
-,
v
L]
s,
Q
1]
7]
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SMJ44a16

16,384-WORD BY 4-BIT DYNAMIC RAM

timing requirements over recommanded supply voltage range and opsarating case temperatura range

ALT. SMJ4%16-12
PARAMETER SYMBOL WIN MAX UNIT
oty Page mode cycle time P 120 ng
telvd} Read cycle time* tRC 230 ns
| toiw) Write cycle time W 230 ns .
telrdW) Read-writefread-modify-writa cycle time TRIWG 320 ns
tw(CHI Fulsa width, CAS high {pracharge time}™* trp 40 ng
tw(CL} Fulse width, CAS low T 1CAS 70 10,000 | ns
tw(RHI Pulsa width BAS high (precharga tima) tRp a0 ns
twriAL} Pulse width, RAS low?* - tRAS 120 10,000 ns
bty Write pulse width e e 30 ns
1ty Transition times frise and falll for RAS and CAS T 3 50 ns
tap{C A} Column address setup time TASC 0 ns
tsiRA) Fow address setup time tASR o} ns
| tsuiD) Data satup timg tng o] ns
toyird) Read command setup time tRCs O ns
| tsu(WCH} White command setup time before CAS high WL &0 ns
| tsuiwaH) Write d setup time before RAS high tRiWL 60 ns
| thiCLCA) Colurmn address hold time after TAS low 1CAH a5 ng
thiRA] Rowr address hold time tRAH 15 ng
thiRLCA) Column addross hold time after RAS low tAR g5 ng
thiCLO} Data hold time after CAS low 10H 40 ns
| hiRLD) Data hold time after AAS low tOHR 100 ns
thivwL D} Data hold tima after W low tDH 30 ng
th{RHrd) Read command bold time after RAS high tRRH 10 s
| thiCHra} Read o d hold time atter CAS high tRCH Q ns
| thicLw) Write command heold 1ima efter CAS low HWCH 40 ng
| thiRLW) Write eammand hold time efter BAS low WCR 100 ns
tRLCH Delay time, RAS low 10 TAS high tesH 160 ns
1CHAL Delay time, TAS high to RAS low tCRP 0 ns
*CLRH Delay tima, CAS low to AAS high 1RSH 80 ns
Delay time, CAS faw to W low
CLWL {raad, modify-write-cycla only}*** tcwo 120 ne
Delay time, RAS low 1o CAS low
'ALCL {maximum value specified only to guaraniea access time} 'RCD 20 50 e
- Dalay time, RAS low 10 W low WD 170 s
{read, modify-write-cycla only]"**
twiLoL Delay time, W low to CAS low lsarly writs cyclal oS -5 ns
1GHD Delay time, G high before data applied at DQ 30 ns
trf Refresh tima intarval tREF 4 ms

Note: All cycle times assume t)="5 ns.

** Pags mode only.

* " “Npreasary to insure 5 has disabled the output butfers prior to applying data to the device.

Dynamic RAM and Memory Support Devices l

tin a raad-modity-wiite cycle. te Ly and gy pygHy must be observed. Depanding o the user's transition fimes, this may require additional EAS low tima tyyo -
i & read-modily-wiite cycha, TRLWL 8nd by pwRH) Must be obearved, Depending on the user's Lransitian Umes, this may require additional RAS low time tu /L.

TEXAS
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SMJA416 -
16,384-WORD BY 4-BIT DYNAMIC RAM

timing requirements over recommended supply voltage range and cperating case temperature rangs

5301n8Q 1oddng Alowa[y pue AIYH Jlweudg !

PARAMETER ALT. SM.J4416-16 SMJA416-20 UNIT
SYMBOL MIN  MAX MIN _ MAX
tel P} Page mode cyele time 1pC 140 210 ns
tetrd} Read cyclo time* tpe 260 330 ns
teiw) Write cycle time nyc 260 30 ns
tgirdW) Read-write/read-modify-write cyele time AW 360 440 ns
| CHY Pulse width, CAS high (pracharge tme)” tep 50 80 ns
twi{CL) Pulse width, CAS low! icas BO 10,000 120 10,000 ns
Ly iRH) Pulse width RAS high Iprecharge time) IRP 100 120 ns
TwIRL} Pulse width, RAS low? IRAS 150 10.000 | 200 10.000 | ns
Ty W1 Write pulse width iy p 40 50 s
1 Transition tmes {rise and lall) for RAS ang CAS 17 3 50 3 50 ns
Lol CA) Column address setup time tASC 8] Q ng
tsuiRAT Fow address setup time TASR ] O ns
T“[D, Data setup time ns 0 G ns
teulrd] Read command setup time tRCS o o ns
teuiWCH) Ynte command setup time belore CAS high 0L a0 80 ns
EWRH} Write command setup 1ime belore BAS high tRWL g0 80 ns
ThiCLCA) Column addross hold time after CAS low teaH 40 80 ns
thiRA} Aow address hald time tRAH 20 25 ns
thiRLCAL Column address held time after RAS low AR 110 130 ns
thiC LD Data hold time atter CAS low toH €0 80 ns
Thi{RLO} Data hold time alter RAS low IDHR 130 -l 160 ns
tThiwLD) Data haold time alter W low tDH 40 &0 ns
thiR Hrd]) Aead command held time atter RAS high TRAH 10 10 ns
Ih{CHrd) Read command hold time after CAS high tRCH [i] v} ns
TCLWI Write command hold tme afier CAS low BACH 60 a0 ns
thi RLW) Write caommand hald linne alier RAS low tWCR 130 160 ng
TALCH Delay time, RAS low to CAS high 10SH 150 200 ns
tCHRL Delay time, CAS high to RAS low tCRP 4] e} ns
tCLRH Delay time, CAS low to RAS high REH a0 120 ns
Delay time, CAS low to W low
oLt [read, rnudufv-.wrile-cycie only] """ tewp 120 150 ne
tALCL Dela\t tirme, RAS tow Io CAS low ) tRED 20 70 25 80 s
[maximum value specified anly ba guarantes access lime)
Detay time, RAS low to W low
tALWL read, modify-write-cyele only] ™"~ 'RWD 190 230 ne
twLCL Detay time, W low to CAS low teatly write cyclel TS -5 - & ns
YGHD Delay tims, G high before data applhed at DO 20 40 ns
L] Refresh time interval TREF a 4 ™
. MNote: All gyele times assume 1y = § ns.

Fage mode only.

*1 % Nocrssary booinsurs TS has disabled the output bulters prigr to applying data to the davice.

T In a read modify write evele, ey and by ,weH) Must be observed. Depending on the user's transitian timas, this may require additianal
CAS low time Lo .

T m_a read-modify -wiite eyele, Ty and TeudWE ) MUt be abserved, Depending on the uker's ransilidn timas, this may require additignal

FAS low Time TRy

. Texas
4-98 INSTRUMENTS

FOST QFFICE BOX 225017 » DALLAS, TEXAS 75765



TMS4416, SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

PARAMETER MEASUREMENT INFORMATION

|| vee
1

REMAINING
- INPUTS

= OFEN

__DUTPUTISI
OFEN

L11]

i

NOTE: Each input |5 tesiad saparataly,

FIGURE 1 — INPUT CLAMP VOLTAGE TEST CIRCWNT

read eycle timing
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Dynamic RAM and Memory Support Devices I
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TMS4416, SMJ4416
16.384-WORD BY 4-BIT DYNAMIC RAM

early write cycle timing

d Hoddng Asows|y pue AYH JnugUAQg

S2OIAD

4-100
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TMS4416, SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

write cycle timing
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Dynamic RAM and Memory Support Devices
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4-102

TMS54416, SMJ4416 _
16,384-WORD BY 4-BIT DYNAMIC RAM

read-write/read-modify-write cycle timing
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NOTE: A write cycle or read-modify-write ¢ycle can De intarmixed with read cycles as lona as the write and read-modify-write liming specifizations are not violated.
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TMS4416,

SMJ3416

16,384-WORD BY 4-BIT DYNAMIC RAM

RAS-only refresh timing

l_

-—-——twrnu-—"l

feira)

e VI f
= N
w 1
Fl [ p—twirr
] t |
I
v : ' i
= " KRR TSR | RO R EEFRXRRX,
L
|
: P thiral -
L I
g o OB XXX XXX
r L]
B
3.
n .
= LB V.V V.V VAT ATA A A TA TN A I T AT AT
E w L A.A’;’T’A’Y’;’?.Y‘A’A‘A’A’A’x’A‘AA’A’A’A’A’A’A’A’A’A’A’A’A’A’A’A’A’A
=] W :
WAV VLV VLY. NAANNNS 3 AN NNNNAANNN/
g. pa v ’A’A’A’A’A AYA A‘!‘Y‘A’&’A’A‘A’A’A’A’A’A’A’A’A’A’A’l’A’A’A.A’A’A‘A
2 .
o -V
I KRR KRR AKX KKK R KKK KKK
)
-
g’: 1DD1 V5 CYCLE TIME ACCESS TIME DERATING CURVE
j o) 10¢ 90 ns
v
._S' 8D 50 ns i
5 o ;g 70 ns /
‘2 E 50 A o 60ns ‘(,Pc"’g
o E a0 "’:\O; p; i ‘?i 50 ne ip'f" | on L~
@ £ 01 e j'é 40 ns — ] <8
[+] S ""'} ] /
» ~J ™ 30ns // -
E 20 M ' 471
a b N e 20 ns / r
'!_ i Tl 10 ns /
j=]
g 0 o:ﬂsﬂ pF 600 oF 1100 pF
100 200 300 400 6!‘.I_D goo 1000 CLoAD

teirdl — C¥CLE TIME —ns
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Mos : TMS4464
LSl 65,536-WORD BY 2-BIT DYNAMIC RAM

NOVEMBER 1883 — REVISED JANUARY 1884

® 65,536 X 4 Organization ' TMS4464 . . . JL OA ML PACKAGE
& Singl 5-V Supply (10% Tol ] (Ton VIEW
ingle +5- upply ulerance a[[F Ural) ves
& JEDEC Standardized Pin-Out pait[jz 17[jpoo4
® Pin-Out Identical to TMS4416 nazf]a 183 Cas
{16K X 4 Dynamic RAM) W]+ 1spoos
Aas[s  1aJac
® Pearformance Ranges: as[]6  13{] A1
712
ACCESS | ACCESS | READ | READ- ﬁE . % "
TIME TIME OR MODIFY- vooll®  10f] A7
DEVICE AOW COLUMN | WRITE | WRITE pe
ADDRESS ADDRESS CYCLE CYCLE
IMAX) {MAX) {MINY) {MIN)
TMS4484-10 100 ns 60 ns 200 ns 270 ns
TMS4464-12 120 ns 70 ns 230 ns 310 ns
TMS4464-15 150 ns 85 ns 260 ns 245 ns
TMS4464-20 200 ns 120 ns 330 ns 435 ns

® Long Aefresh Period . . . 4 ms {MAX}

® Low Refrosh Overhead Time . . . As Low As 1.3% of Total
Refresh Period )
® On-Chip Substrate Bias Genarator
e AR Inpﬁts. Qutputs, and Clocks Fully TTL Compatible
@ 3-State Unlstched Qutput
* @ Early Write or G to Control Output Buffer Impedance PIN NOMENCLATURE
AQ-AT Address Inputs
® Page-Mode Operation for Faster Access €A% Column Address Strobs
® Power Dissipation As Low As: gm-nm gata'lnfatao“
— Operating . . . 260 mW (TYP) — utput Enabla
— Standby . .. 12.5 mW (TYP) RAS Row Address Stroche
—_ VoD +5-V Supply
® RAS-Only Refresh Mode Vgg Ground
Hidden Refresh Mode w Wiito Enatle
CAS-Before-RAS Refresh Mode (Qptlonal)
description

The TMS4464 is a high-speed, 262,144-bit dynamic random-access maemary, arganized as 65,536 words of four
bits each. It employs state-of-the-art SMOS {scaled MOS) N-channel double-level polysilicon gate technology for very
high performance combined with low cost and improved raliability.

Dynamic RAM and 'Memory Support Devices '

This device features maximum RAS accass times of 100 ns, 120 ns, 150 ns, or 200 ns. Typical power dissipation
as low as 250 mVW operating and 12.5 mW standby.

Mew SMOS technology permits operation from a single + 5-¥ supply, reducing system powaer supply and decoupling
requirements, and easing board layout. Ipp peaks are 150 mA typical, and a — 1-V input voftage undarshoot can be
tolerated, minimizing system noise considerations.

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All addrass and data-in lines are latched
on chip to simplify system design. Data-out is unlatched to allow greater system flexibility,

The TM34464 is offered in an 18-pin dual-in-line ceramic or plastic package and is guaranteed for operation from
0°C to 70°C. These packages are designed for insertion in mounting-hole rows on 300-mil [7.62 mm) centers.

PRDDUCT PAEVIEW Copyright T 1984 by Texss Instruments Ingarparated

This documant cantaing infonmstion on & product Lnder
devalopmant. Tasas Instruments resarvan the rdghe e

TEXAS -
change or discontinue this product withoul notice. INSTRUMENTS 4 107
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TMS4464
65,536-WORD BY 4-BIT DYNAMEIC RAM

operation

saomag poddng Adowepy pue JAYH 2nueuig !

atdress {AQ through A7)

Sixteen address bits are required to decods 1 of 65,536 storage locations, Eight row-address bits are set up on ping
AQ through A7 and latched onto the.chip by the row-address strobe {RAS), Then the eight column-address bits are
set up on Pins AQ through A7 &nd latched onto the l:hlp by the column-address strobe (CAS), All addresses must
be stable on or before the falling edges of RAS and CAS. RAS s similar ta a chip enable in that it activates the sense
amplifiers as well as the row decoder. CAS is used ae a chip select activating the column decoder and the input and
output buffers.

write enable |W]

The read or write mode is selected through the wiite enable Wi input. A logic high on the W input sclects the read
mode and a logic low selects the write mode, Tha write enable terminal can be driven from standard TTL circuits
without a pull-up resistor, The data input is disabled when the read mode is selected. Whantces low prior to CAS,
data-out will ramain in the high-impedance state for the entire cycle permitting eommon I/O operation.

data-in {DQ1-DQ4)

Data is written during a write or read-modify write cycle. Depending on the mode of operation, the falling edge of
CAS or W strobes data into the on-chip data latchas. Thesa latches can be driven from standard TTL circuits without
& pull-up resistor, In an early-write cycle, Wis brought low prior to CAS and the data is strobed in by CAS with setup
and hold times referenced to this signal. In a delayed write or read-modify write cycle, CAS will already be low, thus
E!'e data will be strobed in by W with setup and hold times referenced to this signal, In delayed or read-moadify-write,
G must be high to bring the output buffers to high impedance prier ta impressing data on the 170 lines.

data-out (DQ1-004)

The three-state output buifer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of twa
Series 74 TTL loads. Data-out is the same polanty as data-in. The cutput is in the high-impedance {floating) state
until CAS is brought low. In a read cycls the output goes active after the access time interval ta(C) that begins with
the negative transition of CAS as long as ta(r) ond ta(G) are satisfied. The output becomes valid after the access
time bas elapsed and remains valid while CAS and G are low. CTAS or G going high retums it to 2 high-impedance
state. In a delayed-write or read-modify-write cycle, the output must fe put in the high impedance state pricr to applv-
ing data to the DQ input. This is accomplished by bringing g high prior to applying data, thus satisfying tGHD-

output enable ()

The G controls the impedance of the output buffers. When G is high, the bulfers will remain in the high impedance
state. Bringing G low during a normal cycle will activate the output buffers putting them in the low Impedance state,
It is necessary for both RAS and CAS te be brought low for the output buffers to go intoe the low impedance state.
Once in the low impedance state they will remain in the low impedance state until G orCAS is brought high.

refresh

A refresh operation must be perfarmed at least ance every four milliseconds to retain data. This can be achieved by
strobing each of the 256 rows {AG-AT}. A normal read or write cycle will refresh all bits in each row that is selected.
A RAS-only operation can be used by holding TAS at the high iinactive) level, thus consarving power as the cutput
butfer ramains in the high-impedance state. Hidden refresh may be perfermed while maintaining valid data at the out-
put pin. This is accomplished by holding CAS at WL after a read operation and cycling RAS ofter a specified pra-charge
period, similar tc a ”m-onlv” rafresh cycle.

CAS-bafore-RAS rafrash {optional)

The optlonal CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parametﬂmu and holding
it low after RAS falls {see parameter tRLCHR}- For successive CAS-before-RAS refrash cycles, CAS can remain low
while cycling RAS, The extemal address is ignored and the refresh address is generated internally, For devices with
this option, the external address is also ignored during the hidden refresh cycles.
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RAM

page-mode

Page-mode operation allows effectively faster memory sccess by keeping the samé row address and strobing random
column addrasses onto the chip. Thus, the time required to setup and strobe sequantial row addrasses for the sama
page is aliminated. The maximum number of calumns that can be addressed is dotermined by ty¢ALY, the maximum
RAS low pulse width. For exarnple, with a minimurn cycle time {t[;[pl 110 nsl approximately 90 of the 258 columns
can be accessed.

power-up
Ta achieve proper device opgration, an initial pause of 200 4s is required after power-up followed by a minimum of

eight initialization cycles.

logic symbolT

14y AAM 64K X 4
a0 2008/2100
POLLE]
az 12}
az o
ag S8 A Sesas
sl
AB
a7 00 200152107
C20IROW]
S L= 323/ |REFRESH ROW!]
RAS Z4[PWR DWN)
c21(CoLl
1G24
—— (16}
cas & L oaca
— {4} | —
w 23.210 | 24,25EN
6 Lb. G265
por 2 -.:-\ZZD C
| v‘ 26 A,226
paz 13}
DOS%-———
poa M, . |

1 This symbal is in acoordance with (EEE Std 91/ANS| Y3214 ard recent decisions by IEEE ang |EC. Sae axplanation an page 10-1,
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TMS4464
§5,536-WORD BY 4-BIT DYNAMIC RAM

functional block diagram

TAS 5 w

T 7 1

~‘ | TIMING AND CONTROL

ROwW
_ 2k anmey | co | 32K ARray
fow
ADDHESS 250 SENSE AMPS 256 SENSE AMPS
BUFFERS .
- el 32K ARRAY Row 320 ARRAY DATA
—— DECODE
out
- o = mEG
COLUMN GECODE BUFFERS
Ao + en
At DATA
12K ARRAY oW 32K ARRAY N pat-bas
AZ - coLumn DECODE AEG
A3 ADDRESS -
= | suerens 256 SENSE AMPS 256 SENSE AMPS
. 18 —
- saammar | 0 b 9z anear
Az
absolute maximum ratings over operating free-air temperatura range (unlass otherwise noted)T
Voltage on any pin including Voo supply (see Note 11 000 oL oo -1 Vto7V
Bhort CirCuit BUIDUE CUITBIT . . . . ..t ittt ettt st ettt et ea e e L. . BOMA
L e =111+ T T 1 W
Operating fres-air temperaturs 1aNGe .. .. .. .. ottt i e 0°C to 70°C
StOroge temperature FANMGE . . .. .o vt v n e a e e —65°C te 160°0

is not implied, E L abaclyt i -rabed dil. for extended periods may gffecl device reliability.
NHOTE 1: Al voltage valuas In thes dala sheet are with respect to Vgg,

recornmendead operating condltions

£921A3(] Moddng Alowsiy pue AYY Slweuig !

1 Stresses beyond theze listed under “"Ahsolute Maximum RAstings’ may cause parmanent damage to the devica. This is o siress rating anly ond functional
cpecathon of the device an these or any other conditions beyond those indi d in the "'F Q ing Conditiona’' segtion of this specihication

PARAMETER MIN NOM MAX UNIT
Supply voltage, Vop 4.5 5 5.8 v
Supply voitage, Vgg a v
High-level input voltage, Viy 2.4 Vpp+G.3| W
Low-level input voltage, V) (see Note 2} -1 0.8 v
Qperating free-air temperatura, TA, 0 70 R

NOTE 2:  The algebraic convention, where the more negative jless positive) limit is designated as maximum, is used in this data sheet for logic valtage Ievels only.
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TMSA464
65,536-WORD BY 4-BIT DYNAMIC RAM

electrical characteristics over full ranges

of recommended operating conditions {unless otherwisa noted}

TMS4464-10 TMS54464-12
PARAMETER TEST CONDITIONS UNIT
MIN TYeT MaxX | BN TYPT  MAX
VoH High-level output voltage lgH = -5 mA 2.4 2.4 W
VoL Law-level outpul valtage oL = 4.2 mA 0.4 o4 W
Vi=0V 10 6.8V, Vpp=5 V¥,
) | leak 14 =10
| neut current {lzakagel Al other pins = 0V 10 5.8 V * HA
Vg =0V105.5V,
o Dutput eurrent (leakage) Vpp = &V, +10 =10 uiy
CAS high
| Average operating current . | a0 78D 70 TED A
om during read or write cycla T = minimum cycle ™
AHer 1 memory cycla,
I Standb t — _— 2.5 5 2.5 4] A
D02 andby curren RAS and CAS high m
. tz = minimum cycle,
[[a]n k) Average refresh current RAS cycling. €5 TBD 55 TED| mA
CAS high 7]
toip) = minimum eycle, 8
pbe Average page-mode current RAS low, 95 TBRD 45 TED ma 5
CAS cycling '+
(a]
elactrical characteristics over full ranges of recommended operating conditions {unless otherwise noted) "g
TMS#4464-16 TMS4464-20 Y
- ~ =3
PARAMETER TEST CONDITIONS UNIT
) MIN TYPT MAX | MIN TYP! MAX ‘3
VoH High-leve! output veoltage IpH = -5 mA 2.4 2.4 v .
VoL Low-level cutput voltage IoL = 4.2 mA 0.4 0.4 Vi E
V=0V 1to 5.8V, Vpp=E V
| | t {leak. 10 =1 A
! nput curcent {leakage) All other ping = @ V to 5.8 V * O« g
Vp = DV1055 V. =
o Cutput currant |leakage} Vpp = 5 V. +10 =10 A =
CAS high £
- ™
Averago operating current .
[IWv3] during read ar writa cycls tg = minimum cycle 60 TBD 50 TBD| mA E
. After 1 memory cycle. q
| Standb t e 2.5 5 2.5 g A
bhz andby eureent RAS and TAS high m [+
tz = minimum cycle, Q
lpe3 Average refrash current RAS cyeling, 50 TBD 40 TBD| mA E
CAS high o
toipy = minimum cycle, -
Ipp4 Average page-moda current RAS low, 40  TED 30 TBD| mA (]
CAS cycling
tan typical values are at Ty = 25°C and nominal supply voltages.
I TEXAS 4111
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TM54464

65,536-WORD BY 4-BIT DYNAMIC RAM

capacitance over recommended supply veltage range and operating free-air temperature range, f = 1 MHz

PARAMETER TJ::S4::X UNIT
Cita} Input capacitanco, address inputs 4 7 pF
CitRcy Input capacitanca strobe inputs 8 10 pF
Citw) Input capacitance, write enable input 8 10 pF
Cita Quiput capacitance 8 10 nF

T Al 1yprcal values are at Ta = 25 °C and ngminal supply voltages,

switching characterlstles over recommended supply voltage

range and operating free-air

temperature range

ALT. TMS54464-10

TMS54464-12

after Ehigh

Load = 2 Series 74 TTL gates

PARAMETER TEST CONDITIONS SYMBOL N WMAX | MIN MAX UNIT
talC} Access time from CAS :_ZZSLEZMSJ::‘;SC;' 4=T':I? 2::; tCAC 50 70| ns
TaiR Access time from RAS El;gl‘:;qs::;fl;a:r:f:;% tRAC 100 120 ns
ta{Gﬁ ECI::S e et Lc:a: :0;:;% 74 TTL gates 1GAC = 35 ne
'dis(CH! Sfltl::l%s?:i:; e LC;.ad: —1 Ol?:e:es 74 TTL gates '0FF 0 30 0 30 ns
- Quiput disable time CL ~ 100 pF, — o 20 o a0l ne

switching characteristics over rec

ommended supply voltage

range and operating free-air

temperature range

alter G high

Lead — 2 Series 74 TTL gates

ALT. TMS4464-15 | TMS4464-20
PARAMETER TEST CONDITIONS SYMBOL MIN_ WMAX N MAX UNIT
. — tRLCL = MAX, C - 100 pF, '
tai} Access time fram CAS Load = 2 Serles 74 TTL gates oAl BS 120 ns
: _— t = MAX, CL = 100 pF,
taiR} Access time from RAS RLCL _ L P tRAC 150 200 ns
Load = 2 Series 74 TTL gates
Access time after Cp - 100 pF,
taci¥ = 1 45 55
alGl G low Load = 2 Series 74 TTL gates GAC ne
Cutput disable time Cp = 100 pF.
td; — o] 20 o &
disiCH)  trar CAS high Load = 2 Saries 74 TTL gates TOFF 3 e
Qurput disabla tima €L = 100 pF,
tdisiG) tGOFF 0 30 0 35

ns

i tg(cy #nd th) must be satisfied to quarantee tyg).

4112
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RAM

timing requirements aver recommended supply voltage range and operating free-air temperature range

[ PARAMETER ALT. TMS4464-10 TME4464-12 UNIT
. SYMBOL MIN MAX MIN MAX
taiP} Page moda cycle time tpC 110 130 ns
teiPM) Page-mode cycle time {read-modify-write cyclel PCM 180 210 ng
toird) Read cycle timg T tRC 200 230 ng
te (W] Write cycle time g 200 2 ns
talrdWi Read-write/read modify write cycle time tRWE 270 310 ns
tw|CHIP Pulse duration, CAS high {page model top 40 50 ns
TwiCH) Pulse duratien, CAS hugh {non-page mode] WCPN 40 O ns
twicli Pulse duration, CAS low ¥ toas 60 10,000 70 10,000 | ns
twiRH) Pulse duration, RAS high (precharge time} tgp 80 - 100 05
tyiEL} Pulse duration, RAS lowd 1RAS 100 10,000 120 10,000 ns
T il Write pulse duration twp 35 40 ns
1y Transition times (riso and fall) for RAS and CAS tT 3 50 3 50 | ns
tsulCa) Column address setup time tasc 0 4] ns u
|_tsurra) Ruw address setup time 1ASR Q 0 ns
tzulD] Data setup time : ns e] o] ns
tsulrd) Read command setup tme ReS e] o ns 3
. Early write ciTand setup " o o n _9.
SUWCL) tirg before CAS low WCs N ;
tu{WCH) Write command setup time before CAS high WL 30 40 ns (=]
tsu{WRH) Wrte command setup tima bafora RAS high TRWL 30 40 ns +
Th{CLCA} Calumn address hold time after CAS low tCAH 20 20 ns Q
thiRA} Row address hold time _ IRAH 15 15 ns &
ThiRLCA) Column addrass hold time after RAS low tAR 60 70 ns 3
thiClL D) Data hold time aftar CAS low i0H 30 35 s N
| thipLD) Data hold time after EA—S low tDHR 70 85 "s >
Y wLD) Data hold 1ime alter W low tDH 30 35 ny [w]
thiCHd) Read command held time alter CAS high tRCH ] ] 53 E
thiRHrd! Read command hald time after RAS high tREH 10 1Q ns g
| thicLw) Write command hold time afler CAS low BWCH a0 35 ns
| theRLwg Whnits carmand held time after AAS low tWCR 70 85 ng k=
tRLCHR Delay time, RAS low 1o CAS high| 1CHR 20 25 ns E
tRLCH Delay time, RAS low to CAS high to5H 100 120 ns E
tCHRL Delay time, CAS high to RAS low 1CRP Q Ja] ns T
teLRH Delay time, CAS low to FAS high tRSH 60 70 ns or
Delay time, CAS low to W low
feLwL {rea:-modifv-write cyele only)# oW a5 105 ns - =
TCLRL Dslay time, TAS low to RAS lowT teSR 20 25 ns % .
Delay time, RAS low to CAS low c
tRLCL {maximum valug specified only tRED 25 40 25 50 ns 5‘
1o guaranteg access timel
Delay time, RAS low to W low
tRLWL {read-modify-write cycla only}# A0 135 155 ne
1GHD Delay time, 5 high before 1600 a0 10 ns
data applied 8t DQ
tf Refrash time interval tREF 4 4 ms

tal cycle times assumae t; - 5 ns.
¥in & read-madity-write cycls, toLwi and tey, | ywoH Must be observed, Depending on tha user’s transition times, this may require addibional TAS luw timu

gLyl —
In & read-modify-write cyele, tgy wy and toyawRHy Must be chserved. Depending on the uger's transitien times, this may require additional RAS low time
iRk

1TAS.-batore-TIAS rafrash option only.
#3 must disabls the output buffers pricr t¢ applying data to the devics,
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RAM

timing requiramants over recommended supply voltage range and oparating free-air tamperature range

saoiaa Hoddng Alowap pue |AgH 21eiBUAQ !

ALT. TMS4464-15 TMS4464-20
PARAMETER SYMBOL MIN MAX MIN  MAX unIT
R Page mode cycle time tpc 155 210 ns
toIPM) Page-mads cycle tima Iread-modify-write cycle) e 240 315 ) ns
| toird) Read cycle time ! tRC 260 330 ns
o) Write cycle tima - W 260 330 ns
|__toirdw) Reat-wrte/read-modify-wrile cycle time IRWC 345 435 ns
tw (CHIP Pulse duration, CAS high (page mods) icp 60 80 ns
Ty CH] Pulse duration, CAS high inon-page made) 1PCN B0 80 ns
twiCLi Pulze duration, CAS low? trAg 85 10,000 120 10,000 | ms
Ty (RH} Pulse duration, RAS high [precharge timel tRp 100 120 ns
twtAL) Pulse duratian, RAS low? tRAS 150 10,000 200 10,000 | ns
T (W] Write pulse duration twp 45 ES ns
1 Transition times irise and fall) Jor RAS and TAS T 3 50 3 50 | ns
tsulCA) Column address setup time tASC Qg 4] ns
| tsulRa) Row address setup time 1ASRH 0 ] ns
| WulD Data sewp time - g Q 1] ns
Tu{rd) Read command setup ume - tRCS Q 0 ns
Early write command setup
tsuWCL) time before TAS low WS 0 0 ns
teu{WICH) Write command setup time before CAS high Wi 45 60 ns
| su{WRH) Write command setup time before RAS high TRWL 45 &0 ns
thiCLCA) Column address hold time aftor TAS low tcaH 25 45 ns
thiRA) Row address hold time tRAH 15 20 ns
thiRLCA} Colurmn address hold time aftar RAS low tAR 90 126 ng
__th(cu)] Data hold time after E low tDH 45 55 ns
thiRLLH Data hold time after RAS low tDHR 110 136 L3
THWLD) Data hald tima after W low toH : 45 56 ns
I Hrd) Raad commangd hold time after CAS high tACH Ja] O ns
thiRHrd) Read cammand hold time after RAS high tRAH 10 15 N
thiCLW) Write command hold time after TAS law tWCH 45 55 ns
| thiRLW) Write comrnand hald time after BAS low TACR 110 136 ns
tRLCHR Delay tima, RAS low to CAS highl . tCHR 30 35 ns
tHLCH Delay time, BAS low to £AS high tegH 150 200 ns
tCHAL Delay time, CAS high to FAS low tchrp 0 0 ns
tCLRH Delay time, £AS low to RAS high tRSH 85 120 ns
Delay time, CAS low to W low
LWL {read-radify-writa cycle onlyilﬂ fcwD 120 160 ne
tCLAL Dalay time, CAS low to HAS taw1 icsR an 35 ns
Dalay tme, RAS low to CAS law
tALCL {maximum value specified only tRCD 25 ;1] 0 g0 ns
to guarantee access time]
Delay time, RAS low to W low .
tRLWL {read-modify-write L;:vcle aniyi¥ WD 185 240 e
. Delay time, G high balore ’
YGHD - gara applied at :a 'GDD 0 35 ne
trf Aefresh time interval IREF 4 4 ms

T All cyels umes assume 1y = 5 ns,

¥ In a read-modify-write cyele, topw and tgypin) must be observad Depending on the user's transition times, this may require additional CAS low time
i CLH- :
In 8 read-modify-write eyele, 1g | and tgypagHY Must be observed. Depending on the user's transition times, This may require additional RAS low time
e p—

1CAS-beforeTAS refresh optien enly.

# & must disable the output buffers prior tw applying deta to 1he device,
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RAM

read cycle timing

tzird}

ol
1
(
| 1wtAL) o ! [
m -
_ ViH |
a3 | |
VL I \
f— I-—tCLRH—-] fo—twiRtii—m
e CL
be—wrLcL—al® ¢ ]_'1 ['_'CHHL_.l
(N
1
4

TRLCH
[i:”- '—’Il'.—-'t

i
CAS | |
lr—- tsu{RA} :-—I ‘wiCH}-——-q
1
tn:HAl—q i"— I‘_‘SU{CN ! i
Vi 7 .
m «m“om

l—.l |- tarAHra
| | ]-l—ll—'htCL(‘A] 11
:uulrdi—lo-| : ..{ H._ thiCHrd) -
. L

[

AN AA
I OON'T CARE
|
|

€]
9]
Q
=
-
%]
X
=
m

|
] I |-0—+tdis|Cn}
i
e ‘aiH“a‘G’|| IQ-J—‘dnsiG#

Vin | II

Vi \l 7

ol

Dynamic RAM and Memory Support Devices l

TEXAS 4-115
INSTRUMENTS

PO5T OF FICE B0 225017 & DALLAS, TEXAS FR765



TMS4464

65,536-WORD BY 4-BIT DYNAMIC RAM

early write cycle timing
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RAM

write cycle timing
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TMS4464

65,536-WORD BY 4-BIT DYNAMIC RAM

raad-write/read-modify-writa cycle timing
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RAM

RAS-only refresh cycle timing
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MEMORY SUPPORT TMS4500A
LSl DYNAMIC RAM CORTROLLER

JANUARY 19E2 - REVISED AFRIL 1383

® Controls Operation of 8K/1 6I(i32|(;‘64l{ TMS45004 . . . NL PACKAGE
Dynamic RAMs {TOP VIEW)
Creates Static RAM Appearance GLE L)1
vz
One Package Contains Address Multiplexer, RRE?\I 103
Refresh Cantrol, and Timing Control s
# Directly Addresses and Drives Up to 256K ALELLS
Bytes of Memory Without External Drivers RasoLle
rRasi1l]s
® Operates from Microprocessar Clock acnlle
— Mo Crystals, Delay Lines, or RC Netwaorks by
— Eliminates Arbitration Delays as
® Refresh May Be Intarnally or Externally RAD
Initiated cao
MAQ
® Versatile Mal
— Strap-Selected Refrash Hate cal
— Synchronous, Pradictable Refresh RA1
— Selection of Distributed, Transparent, and RA2
Cycle-Steal Refresh Modes CAz
— Interfaces Easily to Popular Micropro- Maz
cessors GND

® Strap-Selected Wait State Generation for
Microprocessor/Memory Speed Matching

® Ability ta Synchronize or Interleave Con-
trofler with tha Microprocessor System
{Including Multiple Controllers)

® Three-5tate Qutputs Allow Multiport
Memory Configuration

#® Performance Ranges of 150 ns/200 nsf
250 ns

description

The TMS345004 is 2 monolithic DRAM system controller designed to provide address multiplexing, timing, contral
and refreshfaccess arbitration functions to simplify the interface of dynamic RAMs to micropracessor sysiems,

The controller contains a 16-bit multiplexer that generates the address lines for the memory device from the 16 system
address bits and provides the strabe signals required by the memory to decode the address. An 8-bit refresh counter
genarates the 258-row addresses required for refresh,

Dynamic RAM and Memory Support Devices '

A refresh timer is provided that generates the necessary timing to refresh the dynamic memories and assure data
retentian.

The TMSA500A also comtains refreshiaccess arbitration circuitry to resolve conflicts between memory actess requests
and memaory refresh cyeles. The TM345004 is affered in a 40-pin, B00-mil dual-in-line plastic package and 1s guaranteed
for operation from Q°C te 70°C,

Capyright i 1983 by Texas Instruments Incarporated
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TMS45004

DYNAMIC RAM CONTROLLER

RAO - RAT

saoaaq Hoddng Alowap pue gy olweuAQg l

CAD - CA7

MAG - MA7

ALE

BLOCK DIAGRAM

> mMan mMAz

pr——— RAS0

7 f——® RaE

i CAS

e RDY

pin descriptions

Row Address — These address inputs are used to generate the row address far
Colurmnn Address — These address inputs are used to generate the column address

Memary Address — These threestate cutputs are designed to drive the addresses

ROW A
RAD-RAT | 1 soDRESS )
LATCH ¥
] MULTI-
PLEXER
COLUMN "
can.car | 1 ADORESS ) v
LATCH I
»
REFRESH
ALE Py COUNTER
+ 1 R}
L ]
i
CF SELECT kv
REN1 — 1 LATCH >
ACR e
ACW »
_— . - TIMING
ED =iy
REFR - >o—v > AND
<| ARBITER «| contRoL
» v
r
TWST »=1 AEFRESH »
F50 o RATE "+
3] #— GENER-
> ATOR r_
CLK )
Input
the multiplexer.
Input
{or the multiplexer.
Output
of the dynamic RAM array.
Input

Address Latch Enabile — This input is used to latch the 16 address inputs, CS and
REN1, This also initistes an access cycle if chip select is valid. The rising edge

{low level to high levell of ALE roturns RAS to the high level,

4-126
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TMS45004
DYNAMIC RAM CONTROLLER

pin descriptions {cantinued)

s

RENT

CLK

REFREQ

RASD, RAS
CAS

RDY

TWST

FS0, FS1

hput

INPUT

Input

Input

Input/Qutput

Output

Cutput

Cutput

Input

Inputs

Chip Select — A low on this input enables an access cycle. The trailing edge of
ALE latches the chip select input,

RAS Enable 1 — This input is used to select one of two banks of RAM via the
RAS0 and RASY outputs when chip select is present, When it is low, RASD is
selected,; when it is high, RAS1 is selected,

Access Control, Read; Acecess Contral, Write — A low on either of these inputs
causes the column address to appear on MAQ - MA7 and the column address
strobe, The rising edge of ACR or ACW terminates the cycle by ending RAS and
CAS strobes. When ACR and ACW are both low, MAG - MAZ, RAS0, HAS1, and
CAS go into a high-impedance {floating) state.

Systern Clock — This input provides the master timing to generate refrash cycle
timings and refresh rate. Refresh rate is determined by the TWSY, FS1, FS0
inputs.

Refresh Request — (This input should be driven by an cpen-collector output.}
On input, a low-going edge initiates a refresh cycle and will cause the internal
refresh timer to be reset on the next falling edge of the CLK. As an output, a
low-gaing edge signals an internal refresh reguest and that the refresh timer will
be reset on the next low-going adge of CLK. REFRED will remain low until the
refresh cycle isin progress and the current refresh address is present on MAO-MAT.
[Mote: REFREQ contains an internal pull-up resistor with a nominal resistance
of 10 kilchms.}

Row Acddress Strobe — These three-state outpuis are used to lateh the row addrass
inta the bank of DRAMs selected by RENT. On refresh both signals ars driven,

Column Address Strabe — This three-state output is vsed to latch the column
address into the DRAM array.

Ready — This 1otem-pole output synchronizes memories that are too slaw to
guarantee micropiogsessor aceess time requirements, This output it alsp used to
inhibit access cycles during refresh when in cyele-stesl mode.

Timing/\ait Strap — A high on this input indicates a wait state should be added
to each memory cycle. In addition it is used in cenjunction with F5Q and F31 10
determineg refresh rate and timing.

Frequency Select O; Frequency Select 1 — These are strap inputs to select Mode
and Frequency of pperation as shown in Tahle 1,

TEXAS INSTRUMENTS
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TMS4500A
DYNAMIC RAM CONTROLLER

TABLE 1 - STRAP CONFIGURATION

warr .
STRAP INPUT MODES -STATES GLOCK.
FOR MINIMUM CYCLES
MEMDRY AEFRESH CLK FREG, REFRESH FOR EACH
TWST Fs1 FS0 ACCESS RATE IMHz} - FREQ, {kHz) REFRESH
L L Lt 0 EXTERNAL - REFREQ 4
L L H ¥ CLK + 31 1.984 84 -954 3
L H L ] CLK + 46 2.944 64 - 85* 3
L H H o CLK : 61 3.904 64 - B2 4
H L L 1 CLK : 458 2944 64 - 85° 3
H L H 1 CLK : 61 3.904 64 - BO} 4
H H L 1 CLK + 76 4.564 64 - 771 4
H H H 1 CLK + 91 5.824 64 .gaf 4

7 This strap configurstion ressts the Refresh Timer elreuitry.

* Upper lipure in refrash fraquency is tha frequency that [ produced if the minimum CLEK frequency of the next select state |1 used.
& RAefresh frequancy if CLK freguency 15 MHz.

1 Aefresh frequency if CLK frequency is 8 MHE,

functional description

TMS45004 consists of six basic blocks; address and select latches, refresh rate generator, refresh counter, the multi-
plexer, the arbiter, and the timing and control block.

address and select latches

The address and select latches aliow the DRAM controller to be used in systems that multiplex address and data on
the same lines without external latehes. The row sddress latches are transparent, meaning that while ALE is high, tha
output at MAD - MA7? follows the inputs RAQ - RAT,

refresh rate generator

The refresh rate generator is a counter that indicates 1o the arbiter that it is time for a refresh cycle. The counter
divides the clock frequency according to the configuration straps as shown in Tahle 1. The counter is reset when a
refrash cycle is requested or when TWST, F51 and FSO0 are low, The configuration straps allow the matching of
memories to the systemn access time,

Upon Power-Up it is necessary to provide a reset signal by driving all three straps to the controller low to initialize
internal counters. A system's low-active, pawer-on reset (RESET) can be used to accomplish this by cennecting it to
those straps that are desired high during operatlon. During this reset period, at least four clock eyeles should oogur,

refresh counter

$301A8(] Moddng Aloway pue WYY SIWeuAQg !

The refresh counter containg the gddress of the row to be refreshed. The counter is decremented after each refresh
eycle. [A low-to-high transition on TWST sets the refresh counter to FF 15 {25510).]
multiplexer

The multiplexer provides the DRAM array with row, column, and refresh addresses at the proper times, 15 inputs are
the address latches and the refresh counter. The outputs provide up to 16 multiplexed addressas on gight lines,
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arbiter
The arbiter provides two operational cycles: accass and refresh. The arhiter resolves conflicts between ¢ycle requests
and ¢ycles in execution, and schedules the inhibited eyele when used in cycle-steal mode.

timing and contral block

The timing and control block executes the operational eycle at the request of the arbiter. It provides the DRAM array
with RAS and CAS signals. Lt provides the CPU with a RDY signal. It controls the multiplexer during all cycles. It
resets the refresh rate generator and decrements the refresh counter during refrash cycles.

absolute maximum ratings over operating ambient tamperature range {unless atherwise noted)t

Supply voltage range, Ve lsee Nate 1} L ... . 1BV TV
Input voltage range {any input} (see Note 1) —1.5Vie7V
Continuous pawer dissipation .. ... ... ... ... .. .. ..., . et e 12w
Operating ambient temperature range e e e .. °Cto 70°C

Storage temperature range . ... ... ... .ean.nan. .. RO e —-85°C 10 150°C -

recommendad oparating conditions

PARAMETER MIN NOM  MAX | UNIT
Supply valtage, Voo ' 4.5 5 5.5 W
High-lavel input voltage, Viy 2.4 & v
Low-leval input voltage, ¥y —1% 0.8 [
Operating ambient] temparatura, TA Q 10 *C

T Stresses beyond those listed under ""Absolute Maximum Ratings’® may ceuse permanent damage to the device. This is stress rating orly and Tunctional
operation of tha device at these or any othel conditions beyand those indicated In the "Recommended Operallhg Condillens™ section ol this spacificatian
iz nat implied, Expy 1o absol tad it far extanded perlads may alfect devica reliabllity.

¥ Tha atgebraic canvention, ‘whera tha more negatlva limit is dasignatad as minimurn, is used in this data sheet for logic voltage tevels only.

NOTE 1: Voltage veluss ars with respect to the ground termingl.

electrical characteristics over recommended operating ambient temperature range lunless otherwise noted|

Dynamic RAM and Memory Support Devices

PARAMETER TEST CONDITIONS MIN TYPT  MAX | umiT
MAQ-MAT, RDY 2.4
igh-tevel ————— 1 = -1mA =45V
Vo H"i e RASO, AAS1, CAS OH i vee 2.7 v
o voltage
Hieu i REFREQ lgy = 100 pA Voo =45V 2.4
VoL Low-level output voltaga o, = 4 mA Veg = 4.5V 0.4 v
L High-lavel REFAEQ V= E5V 100 A
H input current All others Ve 10 #
I Low-lavel REFREQ Vs DV -1.25 mA
L input currant All cthers ! -10 A
Inz Off-s1ate output current VD =0tgdsv Yoo = 5.6 +50 A
oc Operating supply current =0 100 140 m
[#) Input capacitanca V. oV, = 1 MHz 5 pF
Ca Output capacitance Vg=0V. f=1MHz [3) pF
YA typical values are At Voo = 5V Ty = 25°0 except where otherwise notad
184
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timing requirements over recommended supply voltage range and operating ambient temperature range

TMS45002-15 TMS4500A-20 TMSA500A-25
PARAMETER UNIT
MIN MAX MiIN MAX MIN MAX
toicy CLK cycle Lime 100 100 140
TwiCH) CLK high pulse width 20 20 20
twlCLI CLK low pulse width 35 35 38
I Trangitign time, all inputs 50 50 50
: Time defay, ALE low to CLK 10 10 15
AEL.CL starting low {sce Note 1)
TFime delay, CLK low to ALE
L. ) 10 10 15
CL-AEL starting low (see Note 1]
Time defay, CLK low to ALE
teL- 15 20 20
CL-AEH starting high {ser Note 23
e [AEH) Pulss width ALE high S0 60 B0 na
Time delay, address, REN1, C5
tay- . 5 10 i5
- AV-AEL  alid to ALE low
Time delay, ALE low 1o address
t B 10 10 10
o AEL-AX not valid
Time delay, ALE fow to ACX low '
= TAFL- ! +30 1 +40 t +50
5 AEL-ACL tsea Notes 3.4,5, and &1 h[RA) hiRA} hiRA}
o Time dela ZX hi ’ .
¥, ACX high to CLK low
t . 20 20 20
g. ACH-CL {zee Notes 3 and 7}
4] 1 o
. Time delay, ACX low o CLK
1 - . 30 30 30
g ACL-CH starting high {to remove ROY} .
g t Time delay, REFREQ low to CLK 20 20 20
ROL-CL starting low [see Mote 81
g tw(ROL]  Pulse width, REFREQ low 20 20 20
=
5 NOTES: 1. Coincidence of the traiing edge of CLK and the trailing edge of ALE should be avoided, as the relrashiaccess accurs on the trailing CLK edge.
3 ' A traibng edge of CLK should ocour during the interval from ATX high to ALE fow,
o 2. 1f ALE rises before ACX and a refresh request |s pressnl, the lalhng adge of CLK aftar oy . a g will output tha refresh address ta MAG-MAT
- and initiate a refresh cycle,
- 3. These specifications relata to system tirwng and do not dimcll\-’l"ecl dovice petfarmance —_— —
7 4, On'the access grant cycle following refresh, the oceurrence of CAS low depends on the relative pecurtenca of ALE law ta ACX tow, If ACX
= accurs prk_ug or caincident with ALE then CAS is vimed from the CLE high transition that causes RAS Jaw. IF ACX pecurs 20 ns or more after
- ALE then TAS is timed Iram the CLK [ow transition fallewing tha CLK high transilion causmg RAS low.
= 5. For maximum speed access pintarnal detays en bath access ahd agcess grant cycles), ACX should aceur pror te or coincidant with ALE.
=] 6. thipA) 15 the dynamic memory row address held tima. ACX sholid fallaw ALE by TAEL-CEL iN tystems where tha requirad 1R} s preater than
b ..
- TAEL-MAX MiniMmun,
7. Miniemum of 20 ne is spacifiad 1o ensure arbitration will occur on falling CLK edge. tac .o 350 affects pracharge time such that the minimum
g tacH-cL should ba equal or greater tham: Ty — Swicty 1 30 ns (for eysla where ACX high eccurs prior to ALE tughl vehero Vi RH) 5 the
DRAM RAS precharge Lime,
5. B, This parametst is nacessary anly if refresh arbitration is to accur on Lthis low-going CLK adge (in systems where refreshis svnchronlred 1o extarnal
8 eVenIs,
w
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switching characteristics over recommended supply voltage range and operating ambient temparature range
{see Figure 1)

PARAMETER TEST l TMSAB00A-15  TME4500A-20{TMS4500A-25 URIT
CONDITIONS E MIN - MAX | MIN MAX | MIN_ MAX
Time delay, ALE low to |
i - = 30 a0 24
AEL-REL RAS starting low f
YIREL) RAS fall tims CL - 160 oF ] 15 20 . 25
. Time dalay, row address valid L | 20 50 0
AAV-MAY o memory address valid |
. Time delay, ALE high 1o 55 10 a9
AEH-MAY valid memery addiess .
Time delay, ALE 1w RDY starting [
1 . ) Cp = 40 pF i} 25
AELRYL 1 (TWST = 1 or refresh in progress) L P 2 i
. Time delay, ALE low to CTAS [ 60 150 75 200 | 100 280
AEL-CEL starting low .
Time delay. ALE high 1o HAG
1 - 4
AEHREH (o o oL - 1605 25 20 0
M AY) Address transitian time 15 2% 5
tacL-MAX  Fow address held rom ACXK low 15 20 25 "
. Time delay, memory address o a o O
MAV-CEL i 1o CAS starung law 2
CEL) CAS tall time G, =320pF 15 20 25 E
. Time delay, ACX low 1o CAS 50 a0 &5 130 85 155 o
ACL-CEL sLarting low -
Time delay, ACX to RAS |' =
t 3 30 4 50
ACH-REH o rting high CL - 160 gF ) g_
'HREH BRS fige lime ) 15 | ?E'_ . 25 ns g'
Time delay, ACX high 1o TAS
t - ] 20 mn a0 18 Ll
ACH-CEH starting high ( R R —— o
tCEH) TAS nse tme T, -320%F | 20 EE] 45 e
Column pddress hold from =]
ACH MAYX T high CL =160 pF 15 20 25 E
¢ Tima delay, CLK high to RDY starting C = 40 oF as 45 &0 oy
CH-RYH high lafter ACK low)] {see Note 3 L= 4 =
Tirme delay, REFREG extarnal till ! -
RFL- 5 30 kel
RFL-AFL supperied by REFREQ imternal & = 40 b 1 %
) Time delay, CLK high i REFREQ L= 20 a5 N '
CH-RFL internal starting low | E
Tune delay. CLK low 1l relresh
1oL 75 100 125
CL-MAY Bddress valid - o
Timo delay, CLK high il 2
1EH- 10 14 1% B0 20 EQ =
CH-RRAL tefrash AAS starting low E
. Time delay, relresh address 5 5 g 2]
MAV-RRL  yalid 1l retrosh RAB tow E_
Time delay, CLK low 1o AEFREQ l a
0oL ¢, = 160 pF 45 55 5
CL-RFH starting high {2 cycle refresh) L v
Time delay, CLK high to REFREQ r }
teH- as 55 15
_,E RFH starting high [4 cycle relresh) | ’
' Time delay, CLK high to refresh [ 5 a5 10 a5 10 "™
CH-RRH AAS siarting high |
Time delay, relresh address holg I
\CH. 15 20 25
CHMAX  aiter CLK high. : ’

NOTE 2: ADY returns high an thae rising edge of CLK, 1F TWST =0, then an an agcess grant cy&ls RDY goes high an the same edge that causes access A5S
low. It TWET = 1, then ADY goes 1o the high level on the first rising CLK adge after ACX goas law on sccess cycles and on the next rising sdge
alter the pdge that causes accass RAS low on access grant cycles lessuming ACX low],
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swltching characteristics over recommended supply voltage range and oparating ambiant temperature range
{see Figure 1) {continued)

TEST TMSA5004A-15 [TMS4500A-20| TMS4500A-26
PARAMETER CONDITIONS MIN  MAX MIN  AMAX MIN  MAX LN

— T_i_rna delay, CLK high till access 50 70 98

RAS starting low

Time delay, CLK fow to access
'CL-CEL CAS starting low (see Note 4) Co = 160 pF 125 190 185
toL-MAX Row address hold afier CLK low 25 an 40
twlACL) ACX low width 25 30 40
tREL-MAX  Bow address hold from RAS low .25 30 a5
HIRYL] RDY f?ll ﬁ:ne €L = 40 pF 10 15 20
tHRYH) RDY rise time 20 25 a5
tais Quiput disable time {3-state outputs) 45 100 56 125 7?5 165 ns
1AEH-MAX  Column address hold from ALE high : 10 16 20
ton Qutput enable time {3-state outputs} 8] €5 ] 80 ¢ 1056

- Ct = 160 pF

{CAV-CEL C_ulu._lmn address selup to o o 0

CAS after refrosh

Time delay, CLK high to access
TCH-CEL CAS star‘l'ifng law isgee MNota 4) 140 180 235
tACLCL ATX low 1o CLK starting low CL = 40 pF 25 35 45
tACL.RYH  ACX low to RDY starting high O = 40 pF 40 50 60
tCL-ACL CLK low to ACX starting |ow Cy = 40 pF 0 o] . Q

NOTE 4: On the ageess grant cycle follpwing refresh, the oocurence of CAS low deponds on che relative occurrence of ALE low to ACX low. I ACX oceurs
piior tg or coincident with ALE then CAZ is timed from tha CLK hrgh Lransltion that causes RAS low. f ACX ocourg 20 ng or mere after ALE then
CAS is timed lrom the CLK law transition fallowing the CLK high transition causing HAS law,

PARAMETER MEASUREMENT INFORMATION

$801A8(] Moddng Aloway pue WYY Jitueuig !

- vce
RL = 11800
OUTRUT L
UNDER TEST
2400 0 CL = 160 pF
-

FIGURE 1 - LOAD CIRCUIT
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access cyele timing
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ready timing (ACX during CLK high} {see notes 10 thru 13)

CLK

ALE

ACX

RDY

HOTES. 1.
11.

13.

a yoddng Aloway pue AwY Jweuig

l
l

[
! ‘-—tACL-CL—-l

i
PAEL-RYL =8 M- Ly gy IACL-RYH
I

RO starting high ta umed trom ACX low {tac . gyn) lar the candizion ACX geng low while CLE high,

For RDY high transition (durng narmal accass) to bo timad fram 1he rlsing edas of CLK, ACX must oceur te| _ap| Olter the falling edge of CLK.
For ACX prlor Lo the falling edpe of CLK by tae) .01 the ROY high transition will ba tAC| . RYH-

12, tac|-¢L s a limiting paramatar far centrel el ROY to be dependent upon ACK low.

During the Interval for tam o < MINIMUM to 1o _a o = MINIMUN, the control of RDY may vary hetween the rising clagk edge or faling
edge af ACX.

ready timing [ACX during CLK low) (see notes 10 thru 13)

CLK N '
) l
ALE 1CL-ACL —— ]
1 I
ACX CH-RYH
5 |
= RDY
Q
b
W
RCY staning high is timad from CLK high iiopy gyt fer the candition ACX gaing low while CLE law.
NOTES: 10. For REY high transition (during normat access] to be timed from the rising edge of CLK, ALX must sceur to) . 40 3fter the failing sdge of CLK.
11. For ACK prior 10 the falling edge of CLK by t4c)-CL. the ROY high transition will be tacy-RyH-
12. tacL.cL 1% a limiting parameter lor contrel of RDY to be dependent ugon ACK low.
13. During the interval fer tae o < MINIMUM @ tey a0 > MINMIMURM, the contrel of RDY may vary between the rising clock edge or faliing
adge of ACK,
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output tristate timing

AR ﬂ

tdy———i

QUTPUTS - ‘ .’ ".’ ." "’

A

rafresh cycle timing
{three cycle}

CLE

[T .—i{
| !
HEFAEQ ‘ AV ' ' |
1 ! t
t H ICHMAX Io—-.-'u-w.mx
1 L
e
MAD MAZ X AEFRESH ADDRESS 4 RO ADDRESS . X
|
—F—.‘nm.gm 'CH-HHHH : 1CHREL !

_ J / |

foL-Man

rEAVEEL

g

o
ol

b— LAy RAL r‘TCL-CELT

;
3
& g m—

refresh cycle ttming
[four cycle)

1

o
®
i)

Dynamic RAM and Memory Support Devices l

A hY

}‘—'u.w AR —4 . FETE
s i—‘CH-csL'-44\_

T On the agcess grant cyels fol! ‘owing refresh, the occurrence of CAS lew depends on the relative pocurrente of ALE low to ACK logw. IFATA wecurs prior
w ot esincidant with ALE then CAS and gddress multiplaxing are timed from the CLK high transition with tRe| paax delay ftom FAE low 1o address not
valid. If AL sccurs 20 ng or more afar ALE, than CAS and address multiplexing are timed from the CLE low transition,

| |
o || Vo —
iﬁ—b-'ct way l oH ““H ] Ilt—bf— ‘ICI.-MAX'
MALA X FEFATEH ADDHESS 1 AOW AN33EES X
H . 'Ii.nu :r‘nH
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DYNAMIC RAM CONTROLLER
typical access/refresh/access cycle

{three cycle, TWST
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DYNAMIC RAM CONTROLLER

typical access/refresh/access cycle
{four cycle, TWST = 0}
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typical access/refrash/access cycle

DYNAMIC RAM CONTROLLER
{three cycle, TWST = 1)
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DYNAMIC RAM CONTROLLER

typical access/refreshfaccess cycle
{four cycle, TWST = 1)
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Texas Instruments reserves the nght 1o make changes at any time in order to improve design and to supply the best product possibla.
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ATTENTION

These devices contain circuits 1o protect the inputs and autputs against damage
due to high static voltages or electrostatic fields; however, it is advised that
precautions be taken to avoid application of any voltage higher than maximum-
rated voltages to these high-impedancs circuits.

Unused inputs must always be connacted te an approptiate logic veltage lavel,
preferably either supply voltage or ground,

Additional information concerning the handling of ESD sensitive devices is

available from Texas Instruments in a8 document entitled ““Guidefines for
Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies.””

Please contact
Texas Instruments

P.0O. Box 401560
Dallas, Texas 75240

to obtain this brochure.
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MOS TM4164ECS
Lsi 65,536 BY 4-BIT DYNAMIC RAM MODULE

NOVEMBER 1983

® B5,536 X 4 Organlzation ) 22-RIN
SINGLE-IN-LINE PACKAGE
® Single +5-V Supply {10% Tolerance) {TOP VIEW)
& 22-Pin Single-In-Line Package (SIP) NC {1}
® Utilizes Four 64K Dynamic RAMs in Plastic Vop 12
Chip Carrier D1 (3)
Q1 i4)
® Long Rafresh Period . . . 4 ms (286 cycles) CAS I5)
# Al Inputs, Outputs, Clocks Fully TTL AT (6)
Compatible A5 (7]
Ad (8]
® 3-Srate Outputs 02 ()
Performance of Unmounted RAMs: Q2 ::?;
W
ACCESS  AGCESS READ  READ, A1112)
TIME TIME QR MODIFY, A3
ROW COLUMN  WRITE  WRITE AG{14)
ADDRESS ADDRESS CYCLE  CYCLE C paiis
{(MAX} IMAX] {MIN) (MIN} D316}
TMS4164-12 120 ns 75ns  230ns 260 ns a2(17)
TMS4164-15 150 ns 100 ns 260 ns 285 ns AD(18)
TMS4164-20 200 ns 135 ns 330ns 245 ns RAS (19}
#® Common CAS Control with Separate Data-In D4 (20)
and Data-Out Lines Q4 121}
Vgg (22)

® Low Power Dissipation:
OPERATING STANDBY

TYP) YR PIN NOMENCELATURE
TMA164ECH-12 800 mvwy 70 MW &\\? Address Inputs
TMA1G4ECH-15 F00 mw 70 mw cAS Column Address Strobe
TMA164EC4-20 540 mwW 70 mwW D1-D4 Data Inputs
N . R NC Neo Connection
® Operating Frea-Air Temperature . . . 0°C to - ar-as Data Qutputs
70°C RAS FHow Address Strobe
® Upward Compatible with 256K X 4 Single- .| YobD +5-¥ Supply
In-Line Package vss Ground
L Write Enable

dascription

The TM4164EC4 s a 258K, dynamic random-access mamory module organized as 65,536 x4 bits in a 22-pin single-
In-line packoge comprising four TMS4184FPL, 65,526 = 1 bit dynamic RAM s in 1 8-load plastic chip carmriers mounted
on top of a substrate together with two 0.2 pF decoupling capacitors. Each TMS4164FPL is described in tha TMS4164
data sheet and is fully electrically tested and processed according to Ti's MIL-STD-883B {as ammended for commer-
cisl applications) flows prior to assembly. After assernbly onto the substrate, a further set of electrical tests is per-
formed, The TM4164ECS is reted for operation from 0°C to FO®C.

upward compatibility

Future 255K x4 memory modules in single-in-line packages will have identical pin functions and spacing, but will be
5,1 mm (Q.2 inches} longer than the TM4164EC4; the length of the 266K x 4 [TM4256EE4) will be 61.0+0,8 mm
MAX {2.400:+0.025 inches MAX). To ensure compatibility between tha two devices, enough clearance should be
allowed on the PC board design to accomodate the increased fength of the TM4256EES. Pin 1 of the TM4256EE4
module will be memory address AB.

PRODUCT PREVIEW Copyright &) 1983 by Texas Instrumants Ingorporated
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TM4164ECA

65,536 BY 4-BIT DYNAMIC RAM MODULE

op_statlon

The TM4164EC4 operates as four TMS4164s connected as shown in the functicnal bleck diagram. Refer to the

TMS41564 data sheet for details of its operation.

specifications

For TMS4164 alectrical specifications, refer to the TMS4164 data sheet.

single-in-line package and components

PC substrate: 0,72 mm {$.031 inch} minimum thickness
Bypass capacitors: Multilayer ceramic
Leads; Tin over brass

logic symbolt

{15}

ey RAM 54K X 4
A0 o — 230
a1 {:71 b3
a2 :13: zaz
A3 m— 233
As bt ]
a5 T 735
AS ———1 738
YL N—
AAS 9 ] 738
GAE B rad 739
w00 el 240
m] '
30 4 20082100
T
3Z 4+
1 0
] A 558
35+
s+
37+ 20015/2107
38 £ C20[ROW]
38 1+ GZI(REFRESH ROW|
FB T 24 [PWR DWN]
39> C21ICOLI
394 G24
38+ & |Logcee
a0+
@ 404 23.21D | 29eN
01 za1 145220 AT
pz B ¢
pa 20

(21}

functional block diagram

118}

AD
maz
(171

o1

RAM 64K X 1
AQ-AT

RA&AS

cas

w

o

vop  Vss

€1
a1

[ 1

19
D2

RAM 64K X 1
AD-AT
AAS
CAS
w

o
¥oo

1100
azx

VS5

e
o3

FrAM GAK X 1
a0-A7

AAS

CAS

w s

D oz
Vop  Vss

14}

o1 (207

(10}

RAM GaK X 1
AQ-AT
RAS

214
e

VoD VEs

21
Yoo

EOR

T
122}

ves

tThis symbal Is In aceordance with 'EEE Std S1/ANS) Y32.14 and recent decisions in |EEE and JEC. See explanation on page 10-1.
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TM4164EC4
65,536 BY 4-BIT DYNAMIC RAM MODULE

MECHANICAL DATA

22-pin single-in-line package

,
" 56,52 (2.226] 1 5.08 0,200
\ 56,25 {3.178) ‘ MaX |

11.4 i0.46)
TYP

0,305 10.0121
+— . 0,203 {0.0081
I __‘i | 0.51 10.020
FIN SPACING 2,54 0. 1001 T.P. 41 10.916}
La.175 w125 MIN (Sze Nota &}
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY N INCHES o
[+
NOTE a. Each pin centarline ia locatad within 0,25 (0.0700 of {ts trua longitudinal posiion. 3
h=
s
TI single-in-line package nomenclature E
[+
™ 4164 E L 4 -1% L o
MEMORY MODLNLE PACKAGE WORD WIDTH SPEED TEMPERATURE g-
MDDULE DEVICE VERSION SPECIFICATION QUTPUT RANGE ]
55,9 x 11,4 mm} Max Accesa LO°C to 70°C
(2.2 x 0.45 inches| =12 120ns
-15 150 ns
‘ =20 200 na
Taxas Instruments reserves 1he right to maka changes at any tima h order ta improve design end 1o Supply the best product pDusibI;a.
5-3
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LsI

Ti4164ELS

65,636 BY 9-BIT DYNAMIC RAM MODULE

MIVEMBER 1983

65,536 X 9 Organlzation

30-PIN
SINGLE-IN-LINE PACKAGE

Single +5-V Supply {10% Tolerancel

30-Pin Single-In-Line Package {SIP) vpo (1}
Utilizes Nine 84K Dynamic RAMs in Plastic CAS ‘g}
Chip Carriar pai (3
AO 4
Long Refresh Period . . . 4 ms {266 cycles} A1 {5}
All Inputs, Outputs, Clocks Fully TTL ngg :2:
Compatible A3 18)
3-State Outputs Vgg (9}
Perfarmance of Unmounted RAMs: Dgi :1?;
ACCESS ACCESS READ READ, AL 112)
TIME TIME OR - MODIFY, D04 113}
AROW COLUMN WRITE WRITE AB (14
ADDRESS ADDRESS CYCLE CYCLE AT 115
{MAX) {MAX) {MIN) {MIN) nas 16l
TMS54164-12 120 ns 75 ns 230 ns 260 ns NC 117)
TMS4164-156 150 ns 100 ns 280 ns 285 ns NC {1B)
TMB4164-20 200 ns 135 ns 330 ns 345 ns NC (18]
¢ Common CAS Control for Eight Common oQs {io'
Data-In and Data-Out Lines w21
— Vgg 122}
® Separate CAS Control for Ona Separate Pair paz7 (23)
of Data-In and Data-Out Lines NC {24}
. Dag (26}
& Low + Dissl H
ow Power Disslpation as 126}
OPERATING STANDBY RAS (27)
(TYPI (TYP) CAS9 (2B)
TM4164ELB-12 1800 mW 157.5 mwW Da {29)
TM4164ELY-15 1575 mwW 157.5 mwW Voo {301
TMA164ELD-20 1215 mwW 157.5 mw

® Qperating Frae-Alr Temperature . . . 0°C to 70°C

dascription

The TM4164ELS is a 576K, dynamic random-access
memary modulg organized as 85,536 » & bits [bit nine
(D9, A9} is generally used for parity and is controlled
by CAS3] in a 30-pin single-in-line package compris-
ing nina TM54 164FPL, £5,536 x 1 bit dynamic RAM's
in 18-lead plastic chip carriers mounted on top of a
substrate together with gight 0.2 pF decoupling
capacitors, Each TMS41 64FPL iz described in the data
sheet and is fully electrically tested and processed
accarding te TI's MIL-STD-8838 {as ammended for
commercial applications) flows pripr to assembly.
Adfter assembly onto the SIP, a further set of electrical
tests is performed. The TM4164ELD is rated for opera-
tion from 0°C to 70°C,

ITOP VIEW|

PIN NOMENCLATURE

AQ-AT
CAS, CAS9
DO1-DA8
Da

NC

a9

RAS

Voo

Vg

Address Inputs

Columin Address Strobes
Cata IniData Out

Data In

Ne Connection

Data Out

Row Addrass Strobe
+5-V Supply

Ground

Write Enable

This documan cantalns infonmation s & praduct widar
davelopmant. Taxas lnstruments reseruss the right to
chonge or Wiacontaua this product withoul notlce,

PRODUCT PREVIEW

TExAS
INSTRUMENTS

Capyright © 1983 by Teaas Instruments incorparated

FOST OFFIGCE BOX 225012 & DALLAS, TEXAS 15265
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TM4164EL9

65,536 BY 9-BI7 DYNAMIC RAM MODULE

functional block diagram

1)
AT
T
Az -2 |
ag B
1T
Ad :12:
a5 —= ]
a6 W
15 N
s 20
€as ';11
w 1z
M M5
l-g—' AD-A7 AQ.A7
Ras AaS
TAs Tas
w w
pa: 13 o o oas 18! o a
Voo Ves VoD Vs
Mz 3
8
b= a0-a7 AQ-AT
AAS AAS
cas [
w w
B
paz = ) ol bas2® D Q
Von Vi;_§_§| VDo V55—|
w3 | M7 | )
8
b—ii AD-AT £0-27
RAS RAS
CAS CAS
w w
o1
pas o aj- oa7iZd D a
VoD Vs VoD Visi 7
ma ma | )
8
L« 1§ AQ-AT AD-AT
AAs RAS
cas tAS
™ w
e
pos o ol oes 22 D o
Ypb Uss—l V}DVS»—I
Mg
Al-8Y
—  1zm hasg
CAsH CAS
W
291 2
pg - o alZ8 4e
i Yoo Vs
Voo
30
vop 2231
(ay s C1eer S CB
VS5 and
vgg ———
TEXAS
INSTRUMENTS
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TM4164ELS
65,536 BY 9-BIT DYNAMIC RAM MODULE

operation

The TM4184ELD operates as nine TMS41645 connected as shown in the functianal block diagram. Refer to the
TMS4 164 data sheet for details of its operation,

specifications
For TM54184 electrical specifications, refer to the TMES4164 data shoet.

single-in-line package and capacitors
FC substrate: 0,72 mm (0.031) minimum thickness

Bypass capacitors: Multilayer ceramic
Leads: Tin over brass

MECHANICAL DATA

30-pin single-in-line package

= 76.8% [3.025) |

75,57 [2.976] 5 08 (0.200]
MAY

[BIRBIBIN]

16,5 10.65)
VP

0.305 {2.012] ]
0,203 i0.008]

PIN SPACING 2,54 10,1001 T.P._u _“_0 £110.0201
3.175 (0,125} MIN ‘Son o a1 0,47 10.016)

Dynamic RAM Modules H

ALL DIMENSIONS ARE N MILLIMETERS AND PARENTHETICALLY WN INCHES

NOTE a. Each pin canterling is locoated within 9,25 (0,010} of its tue kangitudinal pasition.
Tl single-in-line package nomenclature

™ 4184 E L a - 15

TI MEMORY MO[-)UI..E PACKAGE WORD WIDTH SPEED
MODULE DEVICE VERSION SPECIFICATION QUTPUT

76,2 x 16,5 mm} Max Access LO°C to 70°C
3.0 x 0.65 inches| =12 120 ns

-15 150 ns

—-20 200 ns

Texas Instruments reservas the right ta make changes at any time In crder to improve daslgn and e s'upplg.l the best produect possibla,

Texas 5-7
INSTRUMENTS

FOST GFFICE BOX 225012 & QALLAS TEXAS 75285
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mos TM4164FLB
LSI 65,536 BY 8-BIT DYNAMIC RAM MODULE

MNOVENMBER 1983

® 6£5,536 X 8 Organization 30-PIN
SINGLE-IN-UNE PACKAGE
¢ Single +5-V Supply {10% Tolerance) ITOP VIEW)
@ 30-Pin Single-In-Line Package (SIP} vpp (1)
@ Lhilizes Eight 64K Dynamic RAMs in Plastic CAS (2 1
Chip Carrigr Da1 (3
. Al (4}
® Long Refresh Period . . . 4 ms [2B6 cycles) Al (5
® All Inputs, Qutputs, Clocks Fully TTL Doz 6
Campattble AZ {7
A3 {8
3-State Outputs Vsg 19)
Performance of Unmaunted RAMs: 0aa (101
ACCESS ACCESS AEAD READ, :: ::;;
TIME TIME OR MODIFY, pa4 113}
ROW COLUMN WRITE  WRITE A 1141
ADDRESS ADDRESS CYCLE CYCLE A7 (15}
mMax| (Mex) (M) (M) pas 116)
TWM54164-12 120 ns 75 ns 230 ns 260 ns NG 117)
TM54164-156 180 ns 100 ns 280 ns 285 ns NC (18]
TM54164-20 200 ns 135 ns 330 ns 345 ns NC (19}
@ Common CAS Control with Common Data- pas (20} ®
In and Data-Out Lines w121} o
@ Low Power Dissipation: ;g? :ii: [ -§
OPERATING STANDBY NC (24) =
ITYP) ITYP) pQg (251
TM4164FLB-12 1600 mW 140 mW NC {26 [ =
TM4164FLB-15 1400 mW 140 mw RAS (27} g
TM4164FLB-20 1080 mW 140 mw NC (28} o
@ Operating Free-Air Temperatwre . . . 0°C ta Vzg ::2331 E
70°C o
=
-
(]
description
PIN NOMENCLATURE
The TM4A164FLE series is a 512K, dynamic random- AQ-AT7 Address Inputs
access memaory mogdule arganized as 65,5636 x B bits CAS Column Address Strobe
in a 30-pin single-in-line package comprising eight ’ DQ1-DO8  Data InfData Out I
THMSA164FPL, 65,536 x1 bit dynamic RAMs in NE No Cenncction
18-lzad plastic chip cariers mounted on top of a RAS Row Mddress Strobe
substrate together with eight 0.2 uF decoupling Voo + 5V Supply
capacitors. Each TMS4184FPL is described in the data Vg Ground
sheet and is fully electriczlly tested and processed ac- W Write Enable
cording to TI's MIL-STD-8B3B (as ammended for com-
mercial applications} flows prior to assembly, After
assembly onto the SIP, & further set of electrical tests
is performed. The TM4164FL8 is rated for operation
from 0°C to 70°C,
PRDDUCT PREVIEW ) Copytight & 1983 by Texas Instruments Incorparated
Théa docurment cortaing information o a plol!uﬂ. under T 5_9
Chan or vt e vedact wo moin INSTRUMENTS

POST OFFICE BOX 725117 w DALLAS, TEXAS 75260
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TM4164FL8
65,536 BY 8-BIT DYNAMIC RAM MODULE

logle symbol

ia RAM 64K X 3
a0 [5}— Z30
Al 'r- N
AZ ".'3}—' Z32
A3 W_ Z33
Ad T 234
AS T Z35
AB W 236
A7 F Z37
RAS ——— I 738
.‘..Z..I_..._Ib. 239
WM Z40
: d
30 T zop8/21D0
31+
3z 4
Kk o 0
a4 A 55,535
35+
36+

37 +20D15/21D
38 = C20{ROW]
38 + G23/(REFRESH ROW]
38 4 24 (PWR DWN]
38 <= C21[COL]
33 1 G623
/LT &
40+
742 023,210 | Z4EN
D1 241 414 A.22D AZ42

[~ 23C22

{10]
bas {131

0as {35+
Das i23)

bg7 _‘_._{25]
DOB ——%-p—]

This symbal is in accordanca with IEEE S1a 91ANS) ¥32,94 and recent decisions in [EEE and IEC. See explanation on page 10-1.

. Texas
INSTRUMENTS

POST GFFICE BOX 225012 » DaLLAS TEXAS FEIES



TM4164FL8
65,536 BY 8-BIT DYNAMIC RAM MODULE

functlonal block diagram

Al e
h
o m—
1 N
ad {12: N
a5 —= ]
PPITLT
115) N
a7 —]
aas L2
a5 2
w A2
M1 M5
8 8
b——1 AD-AT p—ri—] ﬂ!-_&\?
RAS RAS
w w
o1 2 o a nos 16! D a
Vb Mss Vpb Vss
M5
8
p—L AD-A7 p—— AJ.A7 g;
RAS —ETH E
Eas Cas k]
w w [
Bl
poz ! ) o|— pos'2d o a =
VDo V55 _l Voo ¥ss E
M3 M7 <
B 8 1 s
b~ A0-47 b A0-a7
RAS RAS o
CAS tuf cas £
o w 1231 w iy
Daa v} a oo? D a =
Vpo Vss VoD Vss >
—l | _I s
M4 [wa
a [
L] 0a7 ] 207
Lol RAS RAS
Cas Cas
W w
131
poa o ol opos 22 D o
hed 111] Vss_l Vop ¥ss _I
i1
u:g 130) ¥
93 s S Rl
-
122
g —T
I Texas 5-11
NSTRUMENTS
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TM4164FL8
65,536 BY 8-BIT DYNAMIC RAM MODULE

operation

The TM4164FL8 series operates as eight TMS4164s connected as shown in the functional block diagram, Refer ta
the TMS4164 data sheet for details of its operation.

specifications

For TM54184 electrical specifications, refer 1o the TMS4164 data sheet,

single-in-line packages

PC substrate: 0,79 mm (0.031} minimum thickness
Bypass capacitors: Multilayer ceramic
Leads: Tin over brass

MECHANICAL DATA

30-pin single-in-lina package

76,84 [1.025) |
| 7557 12.975) 5,08 10,200}

HIOO0T |

£.305 10,0121
i 0.51 10.0201
2175 10.125} MIN PIN SPACING 2,54 {0.100) T.P.—L—-I —‘“-—7

16,5 I0.65)
MAX

0,203 [0 008 |
[Saa Nota a) 0.41 10.018)

Sanpo INVYH JIWeUAQg !

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE a. Each pin ceniiarkine |s located within 0,25 (0.010] of its true longhudinal position.
Ti single-in-line package nomenclature

™ 4164 F L g -15 L

¥ _ T b

C Tl MEMORY MODULE PACKAGE ORD WIDTID SPEED (TEMPERATURE)
MDDULE DEVICE VERSION SPECIFICATION OUTPUT RANGE

{76,2 = 16,5 mm) Max Access L0°C to 70°C
3.0 x 0.85 inches) =12 120 ns

=15 150 ns

—20 200 ns

Taxas Instruments reserves tha rght te make chanpes al any time in order 1o improve design and 1o supply the best product possible.

TeExas
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS TEXAS 15285
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TI EPROMS INCORPORATE FAST PROGRAMMING CAPABILITY

The TMS2764 64K EPROM and TMS527128 128K EPROM (industry standard JEDEC approved pin outs} may
be programmed with the fast programming algorithm reducing programming time by a factor of 5 to 10X,

The TMS52516 16K EPROM, TMS2532 32K EPROM, TM52564 64K EPROM and TMS52732A 32K EPROM
{JEDEC approved pin out] may be programmed with either the standard 50-millisecond pulse or & fast
10-millisecond pulse.

To take advantage of fast programming on Tl EPROMs commercial programmers require the revision shown
below. - .

TI EFROMs
TMS2R16 . TMS2764
PROGRAMMERS TM525832 TM527128
TM52664
TMS2732A
DATA 110
Model 120A/121 Revision G/V07* Revision ¥
Unipak Revisian W07* Revision V04*
Unlpak 2 Revision V08* . Revision Y03+
FROLOG
MOIBO/MO 104 Conmral Unit
FM3040 Personality Maodule Update PROM UDP4 No Update FROM is reguired
PAZ8/808 Pin Out Adapter

* Subsequent revisions sla also valid

A

ATTENTION

These devices contain circuits to protect the inputs and cutputs against damage due to high static voltages
or electrostatic fields; however, it is advised that pracautions be taken to avoid application of any voltage higher
than maximum-rated voltages to these high-impedance circuits,

Unused inputs must always be connected to an appropriate logic voltage level, preferably either supply voltage
or ground,

Adgditional information concerning the handling of ESD sensitive devices is available from Texas Instruments
in a document entitled “Guidelines for Handling Electrostatic-Discharge-Sensitive (ESDS] Devices and
Assemblies.””
Please contact
Texas [nstrumants
P.Q. Box 401560
Dallas, Taxas 75240

to obtain this brachure.



MO0S

TMS2516, SMJ2516

LS 16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

DECEMBER 1370 — REVISED AUGUST 1983

Organization . . . 2048 X 8
Single +5-V Pawer Supply:

Pin Compatible with Existing ROMs and
EFROMSs [1BK, 32K, and 64K)

JEDEC Standard Pinout

All Inputs/Outputs Fully TTL Compatible
Static Operation (No Clocks, No Refresh)
Max Access/Min Cycle Time:

'2516-35 350 ns
‘2516-45 450 ns

8-Bit Qutput for Use in Microprocessor-
Based Systems |

N-Channel Silicon-Gate Technolagy
3-5tate OQutput Butfers
Low Power Dissipation:

Active . . . 285 mW Typical
Standby . . . 100 mW Typical

Guaranteed DC Noise Immunity with
Stancdard TTL Loads

No Pull-Up Resistors Raquired

Available in Full Military Temperature Range
Version {SMJ2516)

description

The *2516 seres are 16,384-bit, ultraviolet-light
erasable, electrically-pragrammable read-only
memaries. These devices are fabricated using
N-channel silicon-gate technology for high speed and
simple interface with MOS and bipolar circuits. Allin-
puts lincluding program datainputs) can be driven by
Series 54/74 TTL circuits without the use of external
pull-up resistors, and each output can drive ona Series
54174 TTL circuit without external resistors. The data
outputs are three-state for connecting multiple devices
to & common bus. The ‘2516 is plug-in compatible
with the ‘4016 .16K static RAM.

TMS52616 . . . JL PACKAGE
SMJ2516 . . . J PACKAGE

(TOP VIEW!
A7 Waad vee
AG[2 23] A8
AE[]a 220 a9
Adlls 210 vpp
A3[]s 205
Aa2l0e 18 at0
A1E7 18] roiPGM
a0de 17003
a1t 180 a7
az[Q1o 18] s
az(11 14 as

veg (12 133 a4

SMJ2516 . . . FG PACKAGE

(TOP VIEW]
[

MU LD 0oL

4T EZE = =

Tt e e B b

4 3 2 1323130
ash)s ¥y 29[] as
AE()6 28[] as
Al ? 27[] NE
A3[ls 260 vpp
azl]e 25[] §
a1 2a[] a10
aaf] 11 23[] Popam
nc{]12 22[] as
a1il13 21} az

14 151617181920

o T mied i W B e Bewr Fww

m oW
3332388
>

PIN NOMENCLATURE
AN} Address Inputs
NC Na Internal Connection
PO/PGM Power Down/Program
QMY Data Qutputs
s Chip Sefect
vee +5-\ Power Supply
VPP +25-V Power Supply
v5g 0-V Ground

- TExas
INSTRUMENTS

Copyright & 1984 by Texas Instruments Ingorporated

POST OFFICE Q0X 225012 » DALLAS, TEXAS 75265
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TMS2516, SMJ2516
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

The TMS52516s are offered in a dual-in-line cerpak package (JL suffix}, rated for operation form Q°C to 70°C. The
SMJ" devices are offered in a 24-pin dual-in-line ceramic package (J) and fn a 32-pad leadless cetamic chip carrier
{FG). The J package is designed for insertion in mounting-hole rows on 600-mil (15,2 mm) centers, whereas the FG
package is intended for surface mounting on solder pads on 0.050-inch {1,27 mm) centers. The FG package offers
a three layer rectangular chip carrier with dimensions 0.450 x0.550 < 0.100 (11,42 % 13,97 x2,54).

Since these EPROMs cperate from a single +5 V supply {in the read mode}, they are idea! for use in microprocessor
systems, One other [ + 25 V| supply is needed for programming but all programming signals are TTL level, requiring
a single 10-ms pulse. For programming outside of the systern, existing EPROM programmers can be used. Locations
may ba pragrammed singly, in blocks, or at random, Total programming time for all bits is 20 seconds.

aperation
FUNCTION Cutput Mogf " Inhlkit P
1) a n ram
IPINS} Read P Power Down ) rog
Disable Piog L] Programming Veriflcatlon
PO/PGM Oan't Pulsed ¥
V) v W W
ey L Cars IH © Vg I I
g Dan’t
W) v v v W,
120} L H Care IH H L
M 5 5V 5V 125V +25 Y +as v
i21) lor +5 V1
v -
cc +6V +EV +EV +EV 1BV +BV
124;
o
19 to 11, o HI-Z HI-Z D HI-Z o
1210 171

readfoutput disable

When the cutputs of two or more ‘25186s are connected to the samo bus,.the output of any particular device in the
circuit can be read with no interfarence from the competing outputs of the other devices. The device whose output
is to be read should have a low-level TTL signal applied to the 5 and PD/PGM pins. All other devices in the circuit
should have their outputs disabled by applying high-level signals to these same pins. PD/PGM can be left low, but
it may be advantageous to power down the device during output disable. QOutput data is accessed at pins Q1 through
08. On the '2516-45, data can be accessed In 450 ns and access time from S is 150 ns. On the "251 6-35, data
can be accessed in 350 ns and access time from 5 is 120 ns. These access times assume that the addresses are stable.

power down

Active power dissipation can be cut by 64% by -applying a high TTL zignal to the PD/PGM pins. in this mode all out-
puts are in a high-impedance state.

arasure

Before programming, the ‘2516 is erased by exposing the chip through the transparent lid to high-intensity ultraviclet
light having a wavelength of 253.7 nm |2537 angstroms}, The recommended minimum exposure dose {UV intensity
times exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 12-milliwatt per-square-centimeter,
filterlass UV {amp will erase the device in a minimum of 21 minutes. The lamp should be located about 2.5 centimeters
{1 inch) above the chip during erasure. After erasure, all bits are in the " 1°" state lassuming a high-leve! output cor-
responds to logic “'17'). it should be noted that normal ambient light contains the correct wavelength for erasure.
Thetefore, when using the "25186, the window should be covered with an opague lid.

start programming

After erasure {all bits in logic 1" state), logic '0°s'’ are programmed into the desired locations. A ‘0" ¢an be erased
anly by ultraviolet light. The pragramming mode is achieved when Vpp is 26 V and § is at V|H. Data is presented

TeExas
INSTRUMENTS

POST OFFICE BOX J25012 & DALLAS, TEXAS 75285



TMS2516, SMJ2516
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

in parallel {8 bits) on pins Q1 through Q8. Once addresses and data are stable, a 10-millisecond TTL high-tevel pulse
should be applied to the FGM pin at each address location to be programmed. Maximum pulse width is 55 milliseconds.
Locations can be programmed in any order. Several “2516s can be programmed simultaneously when the devices
are connected in parallel. ’

inhibit progratnming

When twao or mare devices are connected in parallel, data can he programmed into all devices ar only chpsen deviges.
'2516s not intended to be programmed li.e., inhibited] should have a low lovel applied to the PDYPGM pin and a high-
level applied to the 5 pip.

program versificatian

A verification is done to see if the device was programmed correctly. A verification can be done at any time. It can
be done on each lacation immediately after that location is programmed. To do a verification, Vpp may be kept at
+26 V.

logic symbolf

EPROM 2048x8
PR P
ar D
Az 180 -
An A5 A7 o at
PPl A7 S
. 0 AV 11 oy
AB » A o 113
2 2047 Avl o4
Af —————— 114)
{1) A7
A7 {15
123) T e R
A8 A (18]
Ag {22) i o o7
A7 f———u'" s
a8 10) v
pmmm% [PWR DWNI
& EN
5 le0y

MThis symbal is in accordance with IEEE Std 81/ANSI ¥22.14 and recent decisions in |EEE and IEC. See explanation on page 10-1.

absolute maximum ratings over operating free-air temperatura rangse (unless otherwiss noted)t

Supply voltage, Voo fsee Note 1) L L. et e —03vVwe?Vv
Supply voltage, Vpp [see Note 1) .. .. o i i e -03V1i0 28V
Allinput voltages Isee Note 10 ... ... i i i s -03ViiIV
Cutput voltage foperating, with respect to Vgsgl ... ... . o i -03Vito 7V
Operating fres-air tamparaturg range:  TME' . . i i i et QeC to 7Q0°C
Qperating case temparature range: Y —-66°C 10 125°C
Storade temperature FaNE . . v vt o i v e e et e e -65°C to 150°C

1 Strusses beyond thase listed under *Absalute Maxirmum Ratings’” may cause permanent damape to the devies. This 18 & stress rating only and functicnal

gperation of the devica at these of any pther conditions beyand these indicated in the P d Op ing Candilans' section of this specilication
is not impliad. E: 10 abaaluti i alad 1t for extended paricds may atfect device rellability.
NOTE: 1. Linder absolﬁte Maximurm ratings, voltege values are with respect to the most negative supply voltage, \."55 [substrate).

FOST OFFICE BUX 225012 # DALLAS, TEXAS 7HIG5
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TMS2516 '
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions

TMS2516-35 TM52516-45
PARAMETER MiIN NOM MAX MIN NOM MAX uNtr
Supply voltage, Voo (see Note 2] 4.75 5 £.25 4.78 5 £.25 v
Supply voltage, Vpp Ises Note 3; Vee Yoo \i
Supply voltage, Vgg o] 4] v
High-leve! input voltage, Viy 2 Voo +1 2 Yoo+l v
Low-level input voltage, W)L =01 0.8 -0.1 c.8 v
Read cycle time, terd) 350 450 ns
Cperating free-air temperalure, TA 0 70 0 70 “C

MOTES: 2. Voo must be applied before or at the same time as Vpp and remaved afict e at the same time as Vpp. Tho davlee must not be inserted inte
or remegved from the board when Vipg or Ve is applied.

3. Vpp tan be connecied te Vo dicectly {axcapt in the program mode). Ve supply current in this case would be I = Ypp. During programming,
Wpp must be maintainad at 25 W {21 V).

electrical characteristics over full ranges of recommended operating conditions

§3a0lA9g WOUdS !

TMS2516
PARAMETER TEST CONDITIONS UNIT
MIN  TYPT  MAX
VoH High-level output valtage log = =400 gh 2.4 v
VoL Low-level output voltage Igy = 2.1 mA 0.45 v
Iy Ingut current fleakage) Vi=0Vitob2sV +10 I
1) Qutput current (leakagel Vg = R4VIWwE25Y +10 .Y
IPP1 Vpp supply currem Vpp = 5.25 V, PLVPGM = V|| 6 | mA
Vpp supply current
| , FD/PGR = W ] A
FP2 {during program pulse) tH 3 ™
Voo supply current
| FD/PGR = W 20 30 A
ca {standby) H i
Voo supply current
h = = 57 100 A
CC2  iitiver T = PD/PGM = ¥, m,

1 Typical velues ora at Tp = 25°C and npminal voliages.

capacitance over recommended supply voltage and operating free-air temperature

ranges, f = 1 MHzT

TMS2516
PARAMETER TEST CONDITIONS TYPt  Max UNIT
o] fnput capatitance Vi=0V.f=1MHz 4 ] pF
Co - Qutput capacitance Vo =0V, f= 1 MH:z g 12 pF

TCapacitance measurements are made on a sample basis only.
‘Trplcal values are Ty, = 25°C and nominal volteges.

Texas
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TMS2516
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

switching characteristics over full ranges of recommended operating conditions (see Note 4}

TEST CONDITIONS

TM32516-35

TMS2516-45

PARAMETER {SEE NOTES 4 AND 5] MIN TYP? max | min TyRrb max UNIT
tai Al Access ime from address 250 350 280 450 ns
talS) Access ume from chip select 120 150 n3
tai PRI Access ime from POVPGM 250 380 280 480 ns
. Qurput data valid after a o os
viA) address change Cp = 100 pF,
st} S;:Ztnd::si:ble tima fro:n chip 1 Seties ?24 TTL load. Q 100 o 100 s

5 g read only =20 ns,
Dutput disable tima from chip =20 ns
1disiS) select during program 120 120 | ns
and program verifv:
tdisiFR) ﬁ::ugnisgi:i time a 104 100 ns
T ANl typical valuss sre at Tg = 26°C and nominal voltages,
*walue calculated from 0.5 volt delta to messured output level,
recommended timing requirements for programming Ta = 25°C {see Note 4)
TMS2818
PARAMETER MR TYPT MAX uNIT
L PRI Pulse duration. program pulse 8 55 ms
PR} Rise tna, program pulss ] ns
PR} Fall time, program pulse b ns
teuia) Address setup time 2 ns
tsu(s) Chip-select setup time 2 it
TsuiDy Data setup tima 2 Iﬂg
tsuly PPy Setup time from Vpp 0 ng
| thia) Address hold lime 2 #3
thi5} Chip-select hold time 2 i
thid} Data hald tima 2 B

T Typical valugs ara at mominal valtages.

HOTES:

9,

4. Timing measuramant reference levals: inputs 0.8 W and 2 V, outputs 0.65 V and 2.2 v, .
Common tesl condilions apply lor tgis except during pragramming. For taiay, teigy. and tgis, PDIPGM = 5 = Wy

TEXAS
INSTRUMENTS
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SM.J2516
16,384 BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions

PARAMETER SMJ2616-25 SM.J2516-45 UNIT
MIN . NOM MAX MIN NOM MAX
Supply voltage, Vo Isee Note 2} 4.5 3] 5.8 4.5 5] 6.5 Vi
Supply voltage, Vpp {see Note 3) Ve Voo v
Supply vol Vss 1] 0 v
High-level input voltage, Viy 2 Voo +1 2 Veo+i] v
Low-level Input valtage, ¥y -0 0.8 -0.1 0.8 v
Read cycle time, tejrd) 350 450 ns
Operating case temperatura, T ~55 125 —65 125 °C

NOTES: 2, VCC musi ba applied hefore or at 1he same time as Vpp and removed after or ot 1he same tima a5 Ypp. The device must not be Insened inte
o removed from the board when Vpp or Ve is apolied.
3. Vppcen ba cennected to Voo drectly lexcept [0 the program mode). Vioe supply current |n this case would be g = 1pp. Duning programming,

Vpp must be maintained at 25 V (+1 VL

electrical characteristics over full ranges of recommended operating condltions

SMJ2516
PARAMETER TEST CONDITIONS N UNIT
MIN  TYP MAX
VOH High-tevel sutput voltage IgH = —400 xA 2.4 v
VoL Lavy-level output voltage ipL = 2.1 mA 0.45 v
Iy Input current {lpakage} V=DVt bbY¥ 210 | A
I} Qutput current jleakage) VYo =04V1obEY +10 | pA
PP Vpp Bupply current Vpp = 5.25 V, PDIPGM = vy 6 | mA
_ Vop supply current *
PD/PGM =
n IpP2 {during program pulssl /PGM = Vin 30 | ma
Voo supply currgnt
| PD/PGM = V| 0 A
m cc {standby} IH ® 3 "
Ry I -
3 logg | GG suRply cufram § = POIPGM = vy 57 100 | ma
{active)
Q
g t Typical values are 2t Tp; = 25°C and nomingl vohages.
U .
2" capacitence over recommended supply voltage and operating case temperature ranges, f = 1 MHzt
g.
SMJ2516
] FPARAMETER . TEST CONDITIONS UNIT
TYP?  MAX
Ci Input capacitance V=0V, f=1MHz a 3] pF
Ch Output capacitance Vp=0V¥,f=1MHz 8 12 pF

1 Capacitence messurements are made on & sampla basls only,
1 Typical volues are at T m 25°C and nominal volteges.

Texas
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SMJ2516
16.384-BIT ERASABLE PROGRAMMABLE READ-OMLY MEMORIES

switching characteristics over full ranges of recommended operating conditions {see Note 4)

TEST CONDITIONS SMJ2E16-35 SMJ2516-45
PARAMETER UNIT
ISEE NOTES 4 AND 5| M TYPT mMax | MIN TYPT  mMAx
Laia) Acgess ima from address 250 38D 280 480 ns
- 1518y Access time Irom chip select 120 180 ns
TslPR} Access time from PD/PGM 280 350 280 480 ns
Output datz valid after
tal o o ns
address change CL - 100 pF,
Qutput disable time from chip 1 Serigs 54 TTL load,
tis(S) select dunng read onlv: 1y =20 ns, 0 100 0 100 ns
Output disabla time fram chip ty =20 ns
tdiglgy select during program 120 120 ng
and program velifyi
QOutput disable time
tdis(FR} rom PO/PGM? o] 100 100 ns
T Al typical values are at T = 25°C and nominal valtages.
T yalue calculated from 0.5 vait delts to measured putput
recommendead timing raquirements for programming Tg = 25°C {see Note 4)
PARAMETER SMI2518 UnIT
MIN_TYPT  MAX
tw (PRI Pulse duration, program pulse 3 L] ms
PRI Rise time, program pulse B ns
THPR) Fall time, program pulse B ns
[y Address setup lime 2 s
touf S Chip-select setup time 2 Irs:3
tsulDl Data setup time 2 us
tsuivPR) Setup time from Vpp o ns
thiAd Address hald time 2 5
this) Chip-select hold time 2 ¥3
thipy Data hold time 2 ©S

T Typical vatues ar= at nominal voltages.
NOTFS: & Timing mrAsurement refereree levels: inputs 0 B W and 2 V, outpuls 085 v and 2.2 V. _
5. Common test canditions apply for 1g,; axcept during programming. For tga). Gi5. 30d tgig PO/PGAM - 5 = V).

Texas
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TMS2616, SMJ2516
16,384-BIT ERASABLE PRDGRAMMABLE READ-ONLY MEMORIES

PARAMETER MEASUREMENT INFORMATION

saolAaq INOHdJ3 !

Vv =208V
AL = 7800
QUTPUT
UNDER TEST
I Cy, = 100 pF
FIGURE 1 - TYPICAL GUTPUT LOAD CIRCUIT
read cycle timing L . |
. I cird) |
| 1
L ]
ADDRESSES
I
|
v 1
H
: Ly |
|
! ' |
VL I | 1 I
| {
PD/FGM e | i I i
i o |
ViL
! fe—st-tuisy | —»f }'—mmm
Vou fo——ratal ‘741_
Qa1-ae H-Z VALID
VoL N
1
standby mode
1
ViH
ADDRESSES ADDRESS N x! ADDRESS N + m
v,
L i
VIH I
PO/PGM | STANDBY ACTIVE
iL |

VALID

VDH
a1-08 VALID - E—HI-Z

VoL - ]

L]
tdig(PR) Ja——er] I'—'I-ta(Pm'
y
|

NOTE: S must be in low stata during Activa Mode, “"Don't Care’" otherwise.
1 ta{PR) referanced to PINPGM or the address, whichever occuwrs last,

6-8 Texas
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TMS2516, SM.J2516
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

program cycle timing

I‘__P“ oG “"M"'—'—'L_ PROGRAM |

| VERIFY D
Viy )
ADDRESSES 1 ADDRESS N I | ADDRESS
I | N+m
Vi I i
}'_‘5"““—'| |-—thuu——-| :
tais) —Pl tdis(S)
taisis;—o| Jo— [ [ | r-
| | i ! b
ViH [ |
H | | | I [
W | | [ I
IL I tw[plm-lﬁ———l l | I
| | th{n|1—-‘ — | | [
v I‘I—tsutsl | I |
H
I [ L"hISI—-I !
PDIPGM _ | .,] | I | | [
W,
' [ e T
| b~ toucer) | ! — I“ iR | |
i 28V RN R e
vep KRR —— ! | |
v v SO | | | |
' |
| | f |
VOHVIH | |
E DATA
a1-a8a DATA QUT - DATA TN HI-Z ouT
VouiviL I

Taxas instruments reserves the fight to meke changes at any time in proer 1o impigve design and te supply the best product possibte.
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Mos TMS2532, SMJ2532
LS1 32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

DECEMBER 1979 — REVISED SEPTEMBER 1382

& Organization . . . 4096 X 8 TMS2532 . . . JL PACKAGE
& Singla +5-Y Power Supply SMJZE?TZC;P‘ \";:_:;TCK“GE
& Pin Compatible with Existing ROMs and
EPROMSs (8K, 16K. 32K. and 84K} v E; Ui; % Lee
& _JEDEC Standard Pinout as[]a  z2f]as
& Al Fun i aslle  21Jver
puts/Qutputs Fully TTL Compatible aslls  zo[JroPGm
& Statlc Operatlon (No Clocks, No Refresh) s2[]e 18 a0
® Mox Access/Min Cycle Time: a7 18t A
x Access/Min Cycle : aolls  1700as
‘2532-30 300 ns arJe 1e0ar
*2532-35 350 ns o210 15Jas
‘2532-45 450 ns azOn 12Jas
vgs (2130 0a

& B-Bit Output for Use in Micropracessor-

Based Systams SMJ2532 . . . FE PACKAGE
TOP VIEW|
N-Channel Silicon-Gate Technology ! 0'
3-State Output Buffers 2288883
T b T B b
Low Power Dissipation: 4 3 2132 3130\

- Active . . . 400 mW Typleal
— Standby . . . 100 mW Standby

® Guaranteed DC Noise Immunity with
Standard TTL Loads

No Pull-Up Resistors Required

Available in Full Military Temperature Range
Vearsion (SMJ2532)

description

The ‘2532 series arg 32,768-bit, ultraviolet-light-
erasable, electrically-programmable read-only

EPROM Devices H

memories. These devices are fabricated using N- PIN NOMENCLATURE

channel silicon-gate technolagy for high speed and A Address Inputs
simple interface with MOS and bipolar circuits. Allin- NG Mo Internal Connection
puts {including program datainputs) can he driven by PD/PCW Fower DowniProgram
Series 54/74 TTL circuits without the use of external QN Data Outputs

pull-up resistors, and gach output can drive one Series veo +5-Y Power Supply
54/74 TTL chguit without extermal resistars. The data Vpp - 26V Supply
outputs are threa-state for connecting multiple devices Ves 0-V Ground

te a commen bus. The TMS2532 series ara plug-in
compatible with tho TMS4732 32K ROM.

The TMS2532°s are offered in a dusl-in-line ceramic package [JL suffix}, rated for operation from 0 *C to 70°C. The
SMJY devices are offered in a 24-pin dual-in-ling ceramic package [J} and in a 32-pad leadless ceramic chip carrier

{FEIl. The J package is designed for ingertion in mounting-hole rows on G00-mil (15,2 mm} centers, whereas the FE
package is intended for surface mounting on solder pads on ©.050-inch {1,27 mml centars. The FE package offers

a three-layer rectangular chip carrier with dimensions 0.450 x 0.550x 0,100 (11,43 x 13,87 x 2,54 mm}.

Cepyright € 1983 by Texas Insiroments Incurporatad
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TMS2532, SMJ2532
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

Since these EPRUMs operate frem a single +5 V supply (in the read mode), they are ideal far use in microprocessor
systems. One other {+ 25 V) supply is needed for programming but all programming signals are TTL level, requiring
a single 10 ms pulse. For pragrameming outside of the system, existing EFROM programmers can be used. Locations
may be prograramed singly, in Blocks, or at random. Total programming time for alf bits is 41 seconds.

operation
FUNCTICN Mape v
(PINS) Read Quiput Powar Down Start Irnhibit
Drizable Programming Propramming
PO, ViL VIH ViH Pulsad V| VIH
{201 to Vi

Vep *EY +5 Y LY +25 Y 28V
21
Yoo 5V 5V Ky BV +5 Y
(24)
qa a HI-Z HI.Z .o HI-Z
1911,
131017}

read/out disable

When the autputs of two or more "253 25 arc connected on the same bus, the output of any particular davice in the
circuit can be read with no interference frum the competing outputs of the other devices. The device whose output
is 10 be read should have & low-lavel TTL signal applied to tha PD/PGM pin. All other davices in the circuit should
have their outputs disabled by applying a high-level signal to this pin. OQutput dato is aceessed at pins Q1 through Q8.

power down

Active power dissipation can be cut by over 70% by applying a high TTL signal to the PD/PGM pin. In this mode
all cutputs are in a high-impedance state.

erasure

Before programming, the ‘2532 is erased by exposing the chip through the transparent lid to high-intensity ultraviclet
fight having a wavelength of 253.7 nm (2537 angstramsl. The recommended minimum exposure dose (UV intensity
times exposure time) is filteen watt-seconds per square centimeter. Thus, a typical 12 milliwatt per square centimeter
filterless UV lamp will erase the device in 8 minimum of 21 minutes. The lamp should be located about 2.5 centimeters
{1 inch) above the chip during erasure. After erasure, all bits are in the *"1"" state {assuming high-level output cor-
responds to legic **1'"}. It should be noted that nermal ambient light contains the gorrect wavelength for erasure.
Therefore when using the "2532, the window should be covered with an opagua label.

start programming

After erasure lall bits in logic 17" state), logie **('s”" are programmed into the desired locations. A 0°’ can be erased
only by ultraviolet light, The programming made /s achieved when Vpp is 25 V. Data is presented in parallel {B bits)
on pins Q1 through OB, Once addresses and data are stable, a 10-millisecand TTL low-level pulse should be applied
to the PGM pin at each address location to be programmed. Maximum pulse width is 55 milliseconds. Locations can
ke programmed in any order. Several ‘25325 can be progrommed simultanecusly when the devices are connected
in parallsl.

inhibit programming

When twa or more devices are connected In parallel, data ean be programmed into all devices or only chasen devices.
Any '2532s not intended to be programmed should have a high level applied to FD/PGM.

Texas
INSTRUMENTS
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TMS2532, SMJ2532
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

program verification

The ‘2532 program verification is simply the read aperation, which can be performed as soon as Vppreturns to +5 V
ending the program cycle.

lagic symbalt

19 EPROM 4096 X 8
a0 1o
a3 S0
{6)
Az—— | 9
(51 av—Lq,
AZ——] 1 e
14) A= 02z
Mr' a1 a3
A5 > A L Av_.....u_.s_].. a4
AB 12) 4085 na
(1} AV——qas
A7 {15)
{23} AV |em—= 16
AB 116}
{22} AV ——107
A9 (17} as
a0 418 —
a2ty
PD#PGM‘ﬂE [PWR DWN]
EN

T This symbaol is in accordance with 1EEE Std 31/ANS| ¥32.74 and recent decisions by [EEE and |EC. Sed explanation an paga 10-1.

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

Supply valtage, Voo fsee Note 1] .. L. e -D3IWVio 7V
Supply voltage, Vpp {sec Noto 1] .. ... L e -03iVie 28V
All input voltages {see NOE 11 .. .. .. e -Q03Vt?7V
Qutput voltage loperating, with respect 1o Wa5] . ... L -03VwiVv
. Operating free-air temperature range: TMS2832 . . e 0°C to 7Q°C
Operating caze temperature range: SMUZ532 L —55°C to 125°C

Storane temperature range ... ......... ..o .., e e —-B65°C to 190°C

¥ Stresses beyond those listed under ““Absalute Maximum Ratings™ may cause permancnt damage ta wthe dovice. This is a siress rallng anly and functianal
aparatian of the davice at these or any other conditions beyond thase indicatad i the “Recemmendad Operating Conditiens’ section of this specitication
is ngt implied. Exposure o absol d rared ditiorns Tor led pariods may affact device relrability.

NOTE 1. Under absoluta maxirmum ratings, voltage values are with aspect to the most negative supply veltage, Vg (substratel,

TExas
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TMS2532
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions

PARAMETER TMS2532-30 TM52532-35 TMS2532-45 UNIT
MIN NDM MAX MiN NOM MAX MIN NOM MAX
Supply voltage, Voo (see Note 23 4.75 & 5.25 4.75 5 5.25 4.75 5 5.2h A
Supply vollage, Vpp (see Note 3) Veco Vo Voo v
Supply vaoltage, Vgg : Q ¢! a v
High-level input voltage, VK 2 veo+1 2 Veerd 2 Vol W
Low-level input voltage. W) -0 0.8 -0 0.8 -0.1 0.8 W
Read cyche time, toped) 300 350 450 ny
Qperating lree-air temperature, Ta [s] 70 4] 70 o 70 "

NOTES: 2. W must be applied belore pr at the same time as Wpp and removed alter or at the same tme as Vpp The device imust hot be insarted inta
of remaved from the board when Vpp s applied.
3. Vppcan be connected 10 Voo directly daxcept in the program mede), Weoe supply current in this cesa woeuld bo Ipe + |pp. During pragramming,
Wpp must be mantained at 25V {2 1V,

electrical characteristics aver full ranges of recommendad operating conditions

. TM52632
PARAMETER TEST CONDITIONS UNIT
MmN TYRT  MAx
YoH High-fevel outpul voltage Iy — — 400 gh 2.4 WV
Vo Low-level cutput voltage Ing = 21 ma 0.45 v
Iy Imput current {leakagst Vi= 0Vt 525 Y +10 pA
I Qutput current (leakaget Vg - DAV 5aE Y =10 | wA
PR ¥pp supply current Wpp — 5.25 ¥, FOPGM = v 12 | ma
lpp2 Vpp supply current (during prageam pulsel FDFGM = v 30 | mA
lect Voo supply currant {standby) POHESM = vy 20 30 | mA
leez Voo supply current (activel PD/IPGM = vy . 80 160 | mA
capatitance over recommended valtage and operating free-sir temperatuore ranges, f = 1 MHz T )
TMS2532
PARAMETER TEST CONDITIDNS UNIT
TYP!  Max
C; Input capacilance V=0V, [ =1MHz 4 5] pF
Co Dutput capacitance Vao=0v,f=1MH: B8 12 pF
1 Capacitanca measuremants are made on a tample basis only.
¥ Typical values are Ty, = 269C and nominal voltagns,
switching characteristics over full ranges of recommended operating conditions (see Note 4}
TEST TMS2632-30 TM52532-35 TMS52532-45
PARAMETER CONDITIONS ) i UNIT
iSee Notes 4 & 51 | MIN  TyP?  max [ min TyPT mAX [ Min TveT  max
Acpess tima .
t 300 0 8] 4
@A rom address CL = 100 pF, 35 28 50 ns
Access time 1 Series 74
1, —_— 200 350 280 450
APRY ¢ om PDIFGM TTL load, ¢ "
Output data vald ty =20 ns,
tuiA) P r Q Q 1] ns
after address change tf =20 nz,
y Cutput disable time See Figure 1. 100 100 100
dis  from PO/PGMA "

T Al typical values are at Tp = 29°C and nominal voltages.
¥ Value galculsted from 0.5 volt delta to measured ouput level,

TExas
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TMS2532

32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

recommended timing requiraments for pragramming Ta = 25°C (sao Note 4}

PARAMETER o Tl’:ﬁifaz MAX UNIT
1w IPRI Fulze duration, program pulse 9 55| ms
iPH) Rise tims, program pulse 5 ng
PR Fall tima, program pulse 5 ng
tayiA) Addross setup time 2 e
tsuiD) Data setup time 2 s
tauivPP} Setup time from Vpp 0 ns
thiAl Address hold time 2 S
thioy Data hold time 2 s
thiPA) Program pulse hold time Q ng
thivEP) Vpp hold time 2 5

TT\mii::al values are 3t naminal voltages,

NOTES:

4, Timing measurement referenca lavels: inputs 0.8 W and 2 W, aulputs 0.65 V and 2.2 V.
5. Commen test conditions apply far tg;g except during programming. For tg 4y and tyge, POVPGM = V).

EPROM Devices H
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SMJ2532
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMDRIES

recommended operating conditions

PAHAMETER SMJ2532-35 5MJ2532-45 UNIT
MIN NCM MAX MIN NOM MAX
Supply voltane. Vg Isee Note 2) 4.5 5 5.5 4.5 g 5.5 v
Supply voltage, Vpp Isee Note 31 Voo Voo v
Supply vellage, Vg5 0 ] v
High-level input voltage. Vg 2 Voo +1 2 Yoo+l WV
Low-level input voltags, Vi =01 0.8 -0 .8 v
Read cycle time, torg) 350 450 ns
Cperaling case lemperature, T =55 125 -85 128 i
HOTES:

2. VCC must ba Applied belore or atthe same time as Ypp and removed after or at the tame lime az Vep The device must not be inserled intg
or remaved from the board when Vep is applicd.

3. Vpp can be connecied ta Ve directly (exgept in the pregram model. Voo supply current inhis case would be e + Ipp. During programming,
Vpp must be mainained at 25 V {+ 1 V.

elactrical characteristics over full ranges of recommended operating conditions

PARAMETER TEST CONDITIONS SMJ2552 UMIT
min TYPt max
VoH High-tevel output valtage lgH = —400 pA 2.4 WV
Vol Low-level output voltage IgL = 2.1 mA 0.45 W
h lnput current {leakage] Vi=0Vio55V *10 7.
g Qutput current taakage) Vg =04Vi&§5V £10 | @A
Ipp1 Wpp supply current Vpp = 5.5 V, PO/IPGM = v 12 | mA
Ipp2 Vep supply current {during pregram pulszl PDIFGM = Vi 30 | mA
g Ve supply current [standby) PD/FGM = Vi 20 30 | mA
n oo Voo supply current {active) POIPGR = vy 80 180 | ma
r_g capacitance over recommended voltage and operating case temperature ranges, f = 1 MHzt-
g P E SMJ2532
g ARAMETER TEST CONDITIONS TYPT  MAK UNIT
G Intput capacilance V=0V, f=1MHz 4 G pF
g Co Qutput capacitance Vg =0V, 1=1MH? 8 12 pF
g' 1Cap_a:|tancp. measuraments are made on 3 sampla basis oaly.
o Typical va_lues erg at T = 267C and nominal voltapes.
L]
switching characteristics over full ranges of recommended operating conditions {see Note 4)
PARAMETER TEST CONDITIONS SMJ2532-35 SMJ2632-45 uNIT
{See Notes 4 & &) MmN TYPT max | MIN TYPT Max
CL = 100 pF,
tala) Aggess time from address 1 Series b 350 280 460 | ns
taiPR]  Access time from POPGM TTL Lead 380 280 450 ns
twia) Qutpul date valid alter address change ty =20 ns, Q [#] ns
tdig Quiput disable time from PD/PGM+ t =20 ns, 160 100 ns
See Figure 1.

T AN typical valyes gra Tg = 25°C and nominal voltages.

¥ Walue coleulared from 0.5 volt delta to maasured gutput level,
NOTES: 4. Timing measurement reference levels: inputs 0.8 ¥ and 2 V, outputs 085 Vand 22V,

B Comman test condilens apply for t4,; except during programming. For tgy ) and tgi5, POPGM = V).
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SMJ2b32
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

recommended timing requirements for pragramming Tg = 25°C {see Note 4)

SMJZ2532
PARAMETER MIN_ TYPT  MAX UNIT
T [PRI Pulse duration, program pulse 9 55 ms
PRI Hise time, program pulse 5 ns
titPRI Fall time, program pulse 5 ns
TaulA) Address sctup tima 2 g5
taulDy Data sotup time 2 KS
tau(VPP} Setup timg from Vpp Q ng
thiAj Address hold time 2 S
'ﬂm Data hold time 2 s
thi{PR} Program pulse hold time a ns
thiVPR) Vpp hald time 2 ok

t Typical values are al nominal valages.
NOTES: 4. Timung measuremeant relegrence levels: inputs 0.8 ¥ and 2 V, putpuls 0.65 ¥ and 2.2 ¥,

5. Comman test conditions apply for tg;, except during programnnung For taea) and tgi, POIRCM = W),

Texas
INSTRUMENTS
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TMS2532, SMJ2532
32,768-BIT ERASABLE PROGRAMMARBLE READ-ONLY MEMORIES

PARAMETER MEASLREMENT INFORMATION

V=208V
RL = 78011
QUTPUT
UNDER TEST

= 100 pF

T

FIGURE 1 -- TYPICAL DUTPUT LOAD CIRCUIT

read cycle timing

o] teird) o
[ 1
ViH J |
ADDRESSES W R
ViL
[ t\..tAl.
VIH {
PDIFGM I \ I /li
viL [ T
| fo—tatrr —n {—rl !‘—‘tdis
v \
Q1-08 H HI-Z z’_ VALID

b

MNOTE:  There is no chip select pin on the ‘2632,
. The chip-select funcuon is incosporeted in the power-down mode,

TExAas
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TMS2532, SMJ2532
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

standby mode

ViH

ADDRESSES ADDRESS N % ADDRESS N + m
VIL

(

Vin y
POVPGM STANDBY ACTIVE
VIL I

fe- ‘dis-'1 |‘—'| taipr '
VoM
a1-08 VALID }——-HI-Z—{ VALID
VoL ; -

1 tgreRy refarenced to PDVPGM o the address, whichewar occors last.

program cycle timing

PROGRAM "

r———FROGRAMgT— VERIFY ——.[

VIH ;
ADDRESSES x ADDRESS N [ }(L Agnfaris
L

Wy [ 1
b— tsuia—»i p—thw———ﬂ
' ot tw PR

ViH
PD/PGM
ViU |

¥ oy |‘-| PRy l{— k—llh:Pm

vy I talPR)
S
+5 ¥

' toutDy-p e VeI k—fmm |

' VoHVIH }
Q1-08 l.’ DATA IN )— HI-Z pie
VoLiviL 1

EPROM Devices i

® Pragram verity wguivalent to read mode.

Tenas Instruments reserves the right to make changes at any time in grder to improve design and te supply tha best product possible.
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M0S - TMS2564, SMJ2564
LS1 65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

MAY 1881 - REVISED SEFTEMBER 1983

EPROM Devices H

Cllganization ...B192 X8 TMS52564 . . . JL OR JOL PACKAGE
SMJ2564 . . . J PACKAGE
Single + 5-V Power Supply {TOF VIEW)
& Pin Compatible with Existing ROMs and VPPI: veg!
EPROMSs (8K, 16K, 32K, and 64K} Els 32
@ Al Input/Outputs Fully TTL Compatible ME vee!
. AB AB
Static Operation (No Clocks, No Refresh) a5 ] AG
@ Max AccessiMin Cycle Time: \A"'E A12
A PD;PG
TMS2664-36 . . . 350 ns Azt o
TMS2564-45 . . . 450 ns N AT
SMJ2564-45 . . . 450 ns soC] 08
& B-Bit OQutput for Use In Microprocessar- o1 o7
Based Systoms a2 AB
" ea(] os
N-Channel Silicon-Gate Technology vss L] 04
3-5tate Output Buffers
Guaranteed DC Noise Immunity with SMUZ564 . . . EE PACKAGE
Standard TTL Loads ITOP VIEW}
Mo Pull-Up Resistors Required TS
w0~ 0 ey L
Low Power Dissipation: L LD > > =
Active . . . 400 mW Typical 4
Standhby . . . 125 mW Typical Astls 29[ A8
. Adlle 2a[Jas
O Awailable in Full Miltary Temperature Range NCc 7 27 a1z
Version (SMJ2564) A3 s 26 [ F0/PGM
azl[ls 250ne
EARN R[] 2ajaro
aof]n 23 a1y
description alfa2 2208
The '2564 is a 65,536-bit ultraviclet-light-erasable, elec- az 21[}ar
trically-programmable read-onty memory. This device is
fabricated using W-channet silicon-gate technolagy for high- 8 @ S o o
speed and simple interface with MOS and hipolar cirguits. 2849 =z200
All inputs {including program data inputsh can be driven by tConnacted intemally, Ve nesd be
Serigs B474 TTL circuits without the use of external supplied to only one of these
resistors. Tha data outputs are three-state for connecting two ping.
multiple deviges to a common bus.
The TMS2564 is uffered in a duakin-line ceramic package PIN NOMENGLATURE
L or JDL suffix} rated far gperation from 0°C to 70°C. AN Address Inputs
The SMJ2564 is offered in a 28-pin dual-in-line ceramic NC Mo Connection
package 1J) and a leadless caramic chip cairier {FE), rated PD/PGM Power Down/Program
for operation from - 55°C to 125°C. The J package is ?'Ni Input/Dutput
designed for insertion in mounting-hole rows on G00-mil Siki Chin Selacts
(15,2 mim) centers, whereas the FE package is intended for vee +B-Y Power Supply
surfage mounting on solder pads on 0.050-inch {1,27 mm) Vep +25-V Fower Supply
centers, The FE packane offers a three-layer rectangular Vag O-Y Ground

chip carrier with dimensions 0.450x0.550%0.100
111,43 =13.97 =2 54 ram}.

ADVANCE INFORMATIQN Copyright % 1983 by Taxas Insiruments Inearporated

MILITARY PAODUCTS (SMJ) ONLY

Sosument contain iformmat Texas
This contans N a hew ]NSTRUM ENTS

product. Specilications arg subject to change
withoul nollce, POST OFFICE B 225012 @ DALLAS TEXAS 15265
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TMS2564, SMJ2564
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMGRIES

Since this EPROM operates from a single +5V supply (inn the read mode), it is ideal for use in microprocessor systems.
One other supply {+25 V) is ngeded for programming. Programming requires a single TTL-level pulse per location.
For programming outside of the system, existing EPROM programmers can be used. Logations may be programmed

singly, in blocks, or at randem.

The "2564 is compatible with other 5-volt ROMs and EPROMSs, including those in a 24-pin package.

operation
FUNCTION MapE St o
art
(PINS} Read Output Disabla Powsr Down nhibit
Progr Program
PDVPGM Pulsed V|y
v v x X v, V) X X
(22) L IH IH to V1L H
51
(21 VL X ViH X X VL X Vin X
52
v X X v, P
(271 IL H VIL X X Vg
v,
”F;P *5V +5V 45y 125V 25V
vee! +5V +5Y +5V +5V +5V
{26/28)
a
{11 t0 13, a HI-Z HI-Z o HI-Z
15 10 19)

X -Dan't care.

saolae] WOHJ3A H

100 not use the internal jumper of 26:28 Lo canducl PG baard currents.

readfoutput disahls

When the outputs of two or more *2564°s are paralled on the same bus, the output of an'v particular device in the
circuit can be read with no interference fram the competing outputs of the ather devices. To read the output of the
‘2664, the low-level signal is applied to the PD/PGM and § pins. All other devices in the circuit should have their
outputs disabled by applying a high-level signal to ane of these pins. Qutput data is accessed at pins Q1 to Q8.

power down

Active power dissipation can be cut by over 68% by applying 2 high TTL signal to the POYPGM pin. In this mode
all outputs are in a high-impedance state.

erasure

Before programming, the "2564 is erased by exposing the chip through the transparent lid to high intensity ultra-viclet
light having a wavelength of 253.7 nm 12537 angstroms). The recommended minimum exposure dose (UY intensity
X exposure time) Is fifteen watt-seconds per square centimeter. A typical 12 milliwatt per square centimeter, filterless
UV lamp will erase the davice in about 21 minutes. The lamp should ba located about 2.5 centimeters above the chip
during erasure. After erasure, all bits are in the high state. It should be noted that normal ambient light containg the
correct wavelength for erasure. Therefore when using the *2564, the window should be covered with an opague label.

start programming

After erasure [all bits in logic high state], lagic 0's"" are programmed into the desired locations. A low can be erased
only by ultraviolet light. The programming mode is achieved when Vpp is 25 V. Data is presented in parailel (8 hits)
on pins Q1 to Q8. Once addresses and data are stable, a 10-millisecand low TTL pulse should be applied to the PGM
pin at 2ach address location ta be programmed. Maximum pulse width is 55 milliseconds. Locations can be programmed
in any order. More than one “2584 can be programmed when the devices are connacted in parallel. During program-
ming. bath chip select signals should be held low unless program inhibit is desired.

6-22
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TMS2564, SMJ2564
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

inhihit programming

When two or more '20664°s are connected in parallzl, data can be programmed into all dewces or only chosen devices.
‘265645 nat intended to be programmed should have a high level applled to PD/PGM or 51 or S2.

logle symbol T

EPRCM E192x8
10
LU AR
9
Al 191
az 8 an
N AVI—m
Al 12
16} AR
Af————— "y
{5l Ay )
a5 ] 1151
& v AV a4
Af———— nﬁﬁ- {16}
13} A as
At —— 17
125) a7 s
Ag———— 18]
{24) : ATF ———0Q7F
A——— (19}
(211 AYI——08
A10 1
2
AT {200
a1z 12 )
- 21
PD!PGM—E' [PWR OWHN|
X
a2 EN
- 127
sz_ll‘:h.

tThis symbol is in accordanca with [EEE Std 91/ANS! ¥32.14 ang recent decisions in IEEE and EC. Sae mxplanation an page 10-1,

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

Supply voltage, Vo (see mote 1) . .. . L e e -0.3VteTV
Supply voltage, Vpp Isgo note Y1 .. ... . s DAV 28 Y
All input voltages {see NOte 1) ... L L e -03Vw?Vv
Output voltage {operating with respact to Wggl ... . .. .. L Lo -03vYta 7V
Operating free-air temperature range:  TME2B84 .. .. . e 0°C to 70°C
Operating case temperature range: SMJIZSBA .. .. e ~6B5°C o 125°C
Storage temperature FANGE . . . ..ottt i s e s —-65°C 10 150°C

1 Straases beyond thoss listed undar * Absolute maximum Ratings'” may cause nermﬁnem damage to the device. This is a stresg rating only and functianal
gperation of 1he device at these or any olhel conditions beyond those i d in the ~Recor ded Operating Condilions'™ seclicn of this specificalicn

is not implied. E in rated ik for extended periods may gffect device reliability.

HOTE 1: Under absolure maximum ratings, vollage values ara with respect 1o the most-negative supply voliage, Vgg (substratel.

a4

TEXAS
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TMS2564
.65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

recommended aperating conditions

PARAMETER TMS2564-35 TMS2564-45 uNIT
MIN NOM MAX MIN NORt MAX
Supply voltage, Voo (see Note 2) 4.75 5 5.25 4.75 5 5,25 WV
Supply voltage, Vpp {see Note 3] Voo Voo v
Supply voltage, Vsg 4] 4] Vv
High-fevel input voltage, VN 2.2 Voot 2.2 Voo+i| ¥
Law-level input voltage, V|| -a.1! o8 [-oaf 0.8 v
Raoad cycle time, typd) 350 450 ns
Operating frge-air temperature, TA a 70 [« 70 “C

NOTES: 2. Vg must be applied before or at'the same rime a5 Vpp end remaved after or 5t the same time as ¥pp. The device must not be inserted into
or removed from the board when Ypp or Yo is applied so that the device fs not damayed.
3. Vppcanbe connzcred 1o Voo direcily lexcept in the grogram mode). Voo supply currentn this case wault be Ic s + lpp, During pragremming,

Vpp must ba mairtained a1l 25 Vi: 1)

* The algebrane canvanlian, whera tha more negative limit 15 designated as minimom, 15 used in this data sheet for lege voeltago lavels and time intarvals.

electrical charactetistics over full ranges of recommended operating conditions

TMS52564
FARAMETER TEST CONDITIONS M TYET  MAX UNIT
Yoo High-level autput voltage IgH = —400 xA 2.4 v
VoL Low-lovel cutput voltage loL = 2.1 mA 0.45 v
I Input current {feakagel V= 0Vtoba2s WV +10 nhy
=} Quitpul gurrent {leakage) Vg =04V Io82hY 10 | A
-1 Vpp supply current Vpp = MAX, PDVFGM = ) 18 [ ma
n Iep2 V¥pp supply current {during program pulsel FOFCM = Vi, 30 | ma
icet Voo supply current (standby) POPEM = Vin 2% 35 | ma
lece Ve supply current lactivel PORGRL - v BO 160 | ma
% 1 Typical values ara at Ty = 25°C and naminal voltages.
)
g capacitance over recommended valtage and aperating free-air temperature ranges, f = 1 MHz!
g PARAMETER TEST CONDITIONS TM?2564 LNIT
< TYPr  MAX
o Cj Input gapacitance V=0V, 1=1MHz 4 6 pF
g Co Quiput capacitanca Vo =0V.f—1MHz [ 12 oF

T This parameter is tested on sampte bass only,

 Typical values are Ta = 25°C and nominal voltages.
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34

TMS2564
65,536-BIT ERASABLE PROGRAMMABLE READ-GNLY MEMORIES

switching characteristics over full ranges of recommended operating conditions [see Note 4)

PARAMETER TEST CONDITIONS TMS2564-35 | TM52664-45 UNIT
|SEE NOTES 4 AND 5) MIN  MAX | MIN MAX
talAl Acgess time from address 350 450 ns
(St Acc.ess time from S1 and 52 €L = 100 pF. 120 120 ns
(whichever sceurs last) )
talPR)  Acvcess time rom PDIFGM 1 Series 54/74 TTL Load 350 450 ns
— T 1= 20 ns,
Tyla] Qutput data valid after address change (720 s o} o ns
Quiput disable time from chip select -
tdisIS) duriﬁg read anly (whichever zcuurs lasti ¥ Seo Figure 1 o 100 0. 100 ns
tdis[PR) ‘Qutput disable time from PO/PGM during standby o] 100 o 100 ns
T AL wypical values are at Ty - 25°C and nominal voltages.
¥ value caleulated fram 0.5 volt delta to measured output level.
recommended timing requirements for programming Ta = 259°C {see Mote 4)
PARAMETER TMS256 UNIT
MIN_TYPT  MAX
T [FRY Fulso duration, program pulsc 9 55 ms
PR} Rise time, program pulse 5 ng
HiPR) Fall time, program pulse 2] ng
TsulA) Address setup time 2 713
tsuiDn Dala setup time i I3
tsuivPP) Setwp time from Vpp 0 ns
thia) Address hold time 2 45
thiD) Data hald time 2 7t
Thi PR} Pragram pulze hold time 4] ns
ThivPP) Vpp hold 1ime 2 HE

t Typical values are at nominal voltages,

NOTES:

4. Tuniny measwement reference levels: npuls 0.8 W oand 2.2 ¥, vutpuls .69 W and 2.2 W, and Vpp duing prograrming = 28 Y £ 1 WL

5. Common test condhtions apply far tgg except dunng programming. For fara1. ta5 #nd taig FOFGM = v,

EPROM Devices H
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SMJ2564
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions

. SmMi2564
PARAMETER WIN NOW WMAX UNIT

Supply voltaga, Vo (see Note 24 4.5 5 5.5 W
Supply voltage, Vpp {see Note 3} Ve v
Supply voltage, Vgg [ v
High-level input voltage, ViH 2.2 Voo +l1| v
Low-level input voltage, Vi -0t 0.8 v
Read eycle time, tofrg) 450 ns
Operating case temperature, Tg -4a4 125 *C

NOTES: 2. Vg musthe applied batgre ar at the sama time a3 Wpp and removed after or at the samo tima as Vpp, The dewice rust nat be inserted into
of removed from the boerd when Vpp or Vo is applied so that the devies is not demagad.

3. Vpp can be connected o Voo directly lexcept in the program model. VG supply current in this case would beipe + |pp. During programming,
¥pp Must be maintalned #t 28 v [+ 1 V). :

T The algebraic convenlion, where 1he more negatrve Imit is desighated as mismum, is used in this data shaet for lngic valtage levels and time interwals,

electrical characteristics over fult ranges of recommended operating conditions

SMJ2664
PARAMETER TEST CONDITIONS WMIN TYPT  MAX UNIT
VoH High-level output voliage loH = —400 ;A 2.4 v
Yoo Low-level autput valtage oL = 2.1 mA 0.45 v
I Input. current {leakage) Vi=O0VihiV . +10 | gA
s Dutput current ileakage) Vg=04ViwEEV +10 i
lppy Vpp supply current Vpp = MAX, PDIFGM = v 18 | mA
Ippa Vpp supply current {during program pulse} POYRGM = Wy 30 ma
n [ee%] Ve supply current (standby) PORGM = Vi 25 40 | ma
- Icez Vi supply current {active) PDPGM = vy B0 160 | mA
- 1 Typical values are at T = 25°C and nominal voltages.
e
g capacitance over recommended voltage and case temperature ranges, f = 1 MHz1
‘? PARAMETER TEST CONDITIONS SM2564 UNIT
< TYP?  MAX
a (o] Input capacitance V=0V, [ =1MH: 4 ] pF
g Cgp Qutput capacitance Vo =0V, 1 — 1 MH: g 12 pF

1 This parameter is tested on sample basis only,
i Typical valuzs are Te = 26°C and nominal voltages.

§-26

TEXAS
INSTRUMENTS

POST GFFICE BOX 225012 # DALLAS, TEXAS J5265



65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY

SM.J2564

MEMORIES
switching characteristics over full ranges of recommended operating conditions {sea Note 4|
TEST CONDITIONS SMJZ564
PARAMETER uMIT
ISEE NOTES 4 AND 51 MIN  MAX
tata} Access time Il()m ;L‘ildlezs - 460 | ms
Access time from an
ta(s) ) CL = 100 pF. 150 ns
{whichever occurs last] .
) e 1 Series 54/74 TTL Load
tajpry  Access time from POIPGM £ =520 ns 450 ns
tytal Output data valid after address change tr: 20 ns' 0 ns
. Qutput disable time from chip sclect g f_F' 4 0 100
i ee Figur
dis{St during read only {whichever ooours last ¥ fure ne
tdig(PR} Output disable time from PIYPGM during standby ¥ a 100 ns
1Al typieal values are at T = 25°C and rominal voltages.
% Walug calculated from 0.5 volf delts to messured output level,
recommended timing requirements for programming T¢ = 25°C [see Note 4)
PARAMETER SMI2564 umIT
MIN_TYPT mMaX
tywiPR) Pulse duration, program pulse 9 58 ms
(PR} Rise 1me, program pulse b i
ipRy Fall time, program pulse ] ng
tsuts) Address setup time 2 Hs
tsulD) Data setup Lime 2 i
tsulvPRl Setup time from Vpp 0 ns
Tn{a) Address hold time 2 '3
thiDy Data hold time 2 Ks
1h({PR) Fragram pulse held time Q ng
thivPP) Vpp hold time 2 e

T Typical values are at neminat viltages.

NOTES: 4. Timing mepsurement reference lsvels: inputs 0.8 ¥ and 2 2 V, outputs 065 WV and 2,2 W, and Vpp during programming = 25 L 1 V.

§. Comrmen [ost conditions apply 166 tgje axcapt during programming. For 1aea, taig), and tye, POIPGM = V(.

EPROM Devices i
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TMS2564, SMJ2564
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

PARAMETER MEASUREMENT INFORMATION
Vo= 208V
RL = 780 ¢
QUTPUT
UNDER TEST
T CL=100pF
FIGURE 1 - TYPICAL OUTPUT LOAD CIRCUIT

read cycle timing

YiH
ADDRESSES

viL

1
twlA:“I""{

Vi
51852 E‘ i / ]l

ViL I

]-—ta:sn——{ ‘dislsl"l ]‘—

—_f————_— | — -

Vi |
PDIPGM I 1 |
ViL
m I i I
PN —
m VoH |<— alA) 7_
o a1.08 HI-Z VALID
k) }4
g VoL [ |
E standby mode
L4
o l
g ViH "
ADDRESSES ADDRESS N x_ ADDRESS N+m
Vi I
VIH I
PD/PGM . | STANDBY ACTIVE
ViL

tdistPR} "I‘—'] I‘—"]"'amm 1

VoH
o1-a8 VALID }—— HI-Z _ VALID
Vou '

_T_tmpﬂ] referenced 1o PDVPGM or the address, whichever occurs last,
81 and F2 in Don't Care Stata in Stancby Mode.

Texas
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TMS2564, SM.J2564

£5,536-BiT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

program cycla timing

ViH

ADDRESSES
ViL
VoH/VIH

a1-as
VouviL
VIH

51 & 52
ViL
ViH

PD/PGM
ViL
+25 ¥V

vpp

+5 ¥V

*Equivelent toead mode.

je————— rROGRAM ————vi__mosmm'_,l
1 VERIFY

ADDRESS N

|
| abpness
| HN+m
] Co

l ]-—th{m—-l I

| L J ! |

‘ {  oaman Wz

l %

l tsulDl—"] IL‘—

I
oo
AR

LgulVppl -l‘—.’
| .y thiD} —‘-.l
I
| ! | }
1 1 -
| ot~ hlthm I
I trIPR} —'I - _d f— b

ARG

thiVppl

I
! :\Ql‘ 1o thipR:
-l -

i

Texas INsTruments rasurvas tha right to make changes at any time in order 10 improve deslon and o supply the best product possible.

EPROM Devices i

TEXAS
INSTRUMENTS

POST OFFICE BOX 228012 » DALLAS, TEXAS 75265

6-29



EPROM Devices

6-30



MOS

TMS2708, TMS27108, SMJ2708, SMJ27L0E
LSl : 1024-WORD BY 8-BIT
ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

DECEMBER 1379 - REVISED AUGUST 1983

1024 X 8 Organization

All Inputs and Qutputs Fully TTL
Compatible

Static Qperation (No Clocks, No Rofresh)
Max Access/Min Cycle Time

‘2708-35 350 ns
‘270B-45 450 ns
‘27L08-45 450 ns

3-5tate Qutputs for OR-Ties
N-Channel Silicon-Gate Technology

8-Bit Qutput for Usa in Microprocessor-
Based Systems

Power Dissipatian

27108 580 mW Max Active
2708 800 mW Max Active

10% Power Supply Tolerance
[TMS27L08-45 and all SMJ® versions)

Plug-Compatible Pin-Quts Allowing Inter-
changeability/Upgrade to 18K With
Minimum Board Change

Available in Full Military Temperature Rangs
Varsions (SMJ2708)

description

The '2708-35, 2708-48, and "27L08-45 are
ultraviolet light-erasable, electrically programmable
read-only memoties. They have 5,192 hits organized
as 1024 words of 8-bit length. The devices are
fabricated using N-channel silicon-gate technology for
high speed and simgle interface with MOS and bipolar
circuits. Al inputs fincluding program data inputs) can
be driven by Series 54/74 TTL circuits without the use
of external pull-up resistors. Each output can drive ang
Serivg 54/74 or B4LS/74LS TTL circuit without ex-
ternal rasistors, The ‘27008 guarantees 200 mV de
noisa immunity in the high state and 250 mVy in the
low state. The data outputs far the *2708-35,
‘2708-45, ang ‘27L08-45 are three-state for OR-tying
multiple devices on a commaon bus.

TMS2704 . .. L PACKAGE
SMJ2708 . . . J PACKAGE

ITQP VIEW)
AT “za[Jvee
460z  z3[]as
A5z 22[]ase
Adlla  210vgp
aa[]s  z200Gwe
az[s  190voo
at]?  1sdrom
aolls 17[]as
atlfs  16]ar
az tho 1s5Jas
aa[]r 1a4Jos
ves (112 131 a4

SMJ2708 . .. FE PACKAGE
ITOP VIEW)

AG
Vea
SiFE)
NC
NC
Yoo
FGM
0g
az
14151617 181920
8253288
NC - No Connectian
PIN NOMENCLATLURE

AC-AT Address Inputs

NC No Connection

PGM Program

1-Q8 Data Out

BIPE} Chip Seleci/Program Enabls

YVBB =-5-V Power Supply

Vee +5-Y Power Supply

VoD - 12-V Power Supply

Wgg 0-¥ Ground

EPROM Devices H
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TMS2708, TMS27L08
SMJ2708, SMJz7L08 _
1024-WORD BY B-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMGRIES

These EPROMs are designed for high-density fixed-memory applications where fast turn erounds and/or program changes
ara required. The TMS’ Saries is supplied in a 24-pin dual-in-line caramic cerdip [JL suffix) package designed far inger-
tion in mounting-hole rows on 800-mil {15.2 mm} centers. They are designed for operation from 0°9C te 70°9C.

The SMJ* Series is offered in a 24-pin duel-in-line ceramic package [J} and also in a2 32-pin leadless ceramic chip car-
rigt IFE). The J package is designed for insertion in mounting-hole rows on 800-mil (15.2 mm centers whereas the
FE package is intended for surface mounting on solder pads on Q.05-inch (1,27 mm} centers. The FE packege is a
three-layer 32-pad ractangular chip carrier with dimensions of 0.450 x0.580 x0.100 inches {11.43 x 13.97 x 2,54
mm). This series s designed far operation from —~588°C to 125°C.

operation (read mads}

seoineq WOodd3 !

address (AQ-AZ)

The address-valid Interval determines the device cycle time. The 10-bit positive-logic address is decoded on-chip to
select one of the 1024 woards of B-bit length in the memory array. AD is the least-significant bit and A9 is the most-
significant bit of the word address. ’

chip selact, program enabla IS {PEI]

When the ¢hip select is low, all eight outputs are enabled and the eight-bit addressed word cean be read, When tha
chip select is high, all eight outputs are in a high-impodanco state.

data out (Q1-08}

The chip must be selected belare the eight-bit output word can be read. Data will remain valid until the address is
changed or the chip is deselected. When deselected, the three-state outputs are in a high-impedance state. Tha out-
puts will drive TTL circuits without external components.

program

The progrom pin must be held below Vo in the read mode.

operation [program mode)

Brase

Bafore programming, the "2708-35, 2708-45, or "27L08-45 is erased by exposing the chip through the transparent
lid to high-intensity ultraviolet light that has a wavelength af 263.7 nanometers (2537 Angstroms}. The recommend-
ed minimum exposure dose UV intensity » exposure time} is fifteen watt-seconds per square centimeter. Thus, a typical
12 milliwatt per square centimeter, filterless UV lamp wili erase the device in a minimum of 21 minutes. The lamp
should be located about 2.5 centimeters {1 inch) above the chip during erasure. After erasure, all bits are in the high state.

programming

Programming consists of successively depositing a small amount of charge to a selected memory cell that is 1o be
changed from the arasad high state to the low state. A low can be changed to 2 high only by erasure, Programming
is normally accomplished on a PROM or EPROM Programmer, an example of which is TI's Universal PROM Programm-
ing Module in conjunction with the 990 prototyping system. Pragramming must be dons at room tempearature {25 °C)
only. :

to start programming {see program cycle timing diagram)

First bring'the S iPE) pinto +12 V to disable the outputs and convert them to inputs, This pin is held high far the
duration of the programming sequence. The first word to be programmed is addressed {it is customary to begin with
the *'0" address} and the data to be stored is placed on the Q1-0Q8 program inputs. Then a + 25 V prograrn pulse
is applied to the program pin. After D.7 to 1.0 milliseconds the pregram pin is brooght back ta O V. After at least
one microsecond the word address is sequentially changed to the next lacation, the new data iz get up and the pro-
gram pulse is applied.
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TMS2708, TMS271L08
SMJ2708, SMJ27L08
1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

Programming continues in this manner until all words have been programmed. This constitutes one of N program (nops.
The entire sequencea is then repeated M times with N # typRr} = 100 ms. Thus, if typry = 1 ms; then N = 100,
the minimum number of program loops required to program the EPROM.

to stop programming

After oyeling through the N program loops, the last program pulse is brought to OV, then Program Enable (5 (PE))
is brought to V) which takes the device out of the program mode. The data sepplied by the programemer must be
remaoved befere the address is changed since the program inputs are now data outputs and change of address could
cause o voltage conflict on the output buffer. Q1-OB outputs are invalid up to 10 microseconds after the program
enabls pinis brought from Vippgy 1o V) - -

logic symbol ¥

o - Efnom 1024x8
J - ()
Az &) AV &
a3 15! A7 o] a2
a1 AQp—rs Q3
AB (3 ’Aﬁ = T 04
A6 {2) A ‘-—t;E}- as
m A ——— 6
:; (23} A 18 Q7
Ao ¥ o
5 g

This symbol is in accordance with IEEE Std 81/ANSI ¥32.14 and recent decisions in 1EEE and [EC, Sec explanation on page 10-1.

5
-]
a
3
EPROM Devices i

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

Supply voltaga, VEp {see Note 1] ... ... i .. —Q3Vi TV
Supply voltage, Voo (see Note 1. oL e i i e i e -0.3Vto 1BV -
Supply voltage, Vpp isee Note 1. .. .. L i i it s e -0.3V1o20V
Supply voitage, Vgg see Nota 11 . ... ... ... ... -03Vto1s5V
All input voltage {except program) (see Note 1) ... ... o i i e -03Via20V
Frogram input fsee Note 1) . ... . e i i e e -0.3Vto 35V
Output voltage (operating, with respect 10 VES . . . . .. ... i i s -2Vt 7V
Qperating free-air temperature range: TMS' L. L o L e 0*C to 70°C
COperating case temperature range: SMA™ . . L. . o e -65°C to 150°C
Storage temMPerature TANEE . . . oot e e e e e e e —B&°C to 125°C

1 Sresses bevond those sted under “*Absclute Maximum Ratings'' may cause permanent damage t2 the device, This is a stress rating gnly and funcienal
operalion af the davice 3t these or any ather condimions bayond those ingicated in the *'Recemmendsd Dperating Conditions’™ section of the specification
is not irplied. Exposure to absalute-meximum-raicd condicions for extended periods may aflcet devlce reliability.

NOTE 1: Under absolute maximum ratings, voltage volues are with respect to the mast-negalive supply voltage. Vg (substratal, unless otherwise noted,

Throughout the remainder of this dawa sheet, valiage values are with respect to Vgg.
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TMS2708, TMS27L08

1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMUHIES

recommended operating conditions

TMS2708-36
PARAMETER TM52708-45 TMS27L08-95 uNIT
MIN NOM MAX MIN  NOM  mAX
Supply voltage, Vpg —4.75 -5 -525 |-4.5 -5 -68 v
Supply valtage, Ve 4.75 5 B.25 4.5 5 5.6 Y
Supply voltage, Vppb 11.4 12 126 | 10.B 12 13.2 v
Supply valtage Vg 4] Q W
High-level input voltage, Vi 2.4 vee+t| 22 Ve +1
{except program and program enable)
High-level program enable input voltage, VIH(PE) 11.4 12 126 | 10.B 12 13.2 v
High-lswel program input voltage, ViHiPR) 25 26 27 25 26 27 v
Low-leve! input voltage, V)| (sxcept program) Vgg 0.55 | Vg5 Q.65 v
Low-level program input veltage, ViLipR
MNote: Vi pRj max = Viqipr) — 25 \.[I’ } Vss ! vss i v
mhvlevel program pulsa input current lsink:,mm 40 40 | mA
Low-lovel program pulse Input current {sourcel, Iy Py 3 3 | mA
Cperating free-air temperature, Ty o3 70 ] 70 C

electrical characteristics over full ranges of recornmended operating conditions {unless otherwise noted)

TMS27G8-35 TMS27L08-45
PARAMETER TEST CONDITIONS TMS52708-45 UNIT
MIN _ TYPT Max | MmN TYP!  MAX
IgH = - 100 A 37 3.7
v, High-lavel it
X OH igh-lavel cutput vaitage on = =1 ™A 5a 24
Yo Low-level autput voltage IgL = 1.6 mA 0.48 ) 0.40 v
Iy Input current (leakagn) Vi=0Vtoh2b Y 1 10 1 10 T
SIPEI =5V,
| Cutput current (leakage 1 10 1 10 A
% o put current ftekagel Vg = 04V10525V #
= Iep Supply currgnt fram Vgg All inputs high, 30 45 a 1B | mA
g lee Supply curremt from Vg BPE) = 5V, 3] 10 0.9 B ma
Ta = °C
1i V]
o Ipp Supply current from Vpp fworst casel 50 65 20 33 | mA
2 Ts — 70°C 800 350
a' Poiavt  Power Dissipation Ta =0C,E =0V 248 476 | mW
& Tp =0°.5=+5V 290 580
capacitance over recommended supply voltage range and aperating free-air temperature range, f=1 MHzT
TMS'
PARAMETER UNIT
TYF?  MAX
o] Input capacitance 4 7] pF
Cq Dutput capatitance B 12 pF

Trhis pacamatar is tesied on sample basis only.
fall typical values are at Ta

= 25°C and nomnal veltages.
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TMS2708, TMS27L08
1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

switching characteristics over recommended supply voltaga range and operating free-air temperature rangas

TMS2708
PARAMETER TEST CONDITIONS TMS2708-35 TMS27L08 | UNIT
MIN  MAaX MIN - MAX
LalA} Access time from Address 350 450 | ns
tais) Access tima from S Cp = 100 pF 120 120 ns
tylA} Qutput data valid afler address
changa 1 Series 5474 TTL load o ] ns
tdis Qutput disable time ! tis). Yiap = 20 ns 0 120 0 120 ns
toird) Read cycle tima A5 A50 ns
Tvalue calculated from 0.5 voit delta 1o measured output lavel,
recommended iming requirements for programming Tga = 26°C
PARAMETER TMs — UNIT
MIN MAX
twipR} Pulse duration, program pulse Q.1 1 ms
ty Transitgn times (except program pulset 20 ng
_Yt{_PR} Transition times, pragram pulse 50 2000 1
tsufA) Address setup time 10 HE
taulDy Data setap time a Hs
IsPE) Pragram enable setup time 10 #S
thiA} Address hold timg 1000 ns
|_thiDat Address hald time after program input data stopped L& ns
thipy Data hald time 1000 ns
tHhiPE) Program enable hold time 8a0 ns
t5LAX Delay time, 5{PE} low to address change Q ns

EPROM Devices i
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SMJ2708, SMJ27L08

1624-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions

125

SMJ2703-35
PARAMETER SMJ2708-45 SMIZ7L08-45 umIT
MIN  NOM MAX | MIN NOM MAX
Supply voltage, YRR -4.75 -5 -525 |-45 -5 -85 v
Supply voltage, Ve 4. 75 5 525 4.5 5 5.5 W
Supply vohage, VDD 11.4 12 126 | 108 12 13.2 v
Supply voltage Vss o] o v
High-level input vollage, V)
{except program and prugr::-u enable 24 vee 1) 2.2 vee+!
High-level program enable input voltage, YiHpE) 1.4 12 126 |wa 12 13.2 v
High-level prograny input voltage, V|H{PR) 25 26 27 2B 26 27 v
Lowe-lgvel input voltage, V| (except program) Vgg 0.65 Vgg 0.65 W
Low-level program input voltage. ViL[pR) Vss 1 Vas i v
Note: Vi ipry max = ViHipg —25 V .
High-level program pulsle input current [sinkl, I4ipRy 40 AD | mA
Low-leve! program pulse input current (sourcel, [ PR} 3 3 | mA
Cperating case termperature, T¢ —-b5 125 | =565 =L

electrical characteristics over full ranges of recommended pperating conditions {unless otherwise noted)

SM.I2708-35
SM.J27L03-45
PARAMETER TEST CONDITIONS SMI2708-45 UNIT
MIN_ TYPT max [ min TYRT  max

| = =100 x4 3.7 3.7
YoH High-level culput voltage Ig: — m: 22 oW
VoL Low-level output veltage IgL = 1.5 mA 0.45 Q.40 )i
Iy Input current {leakage] V=0Vt 526V 1 10 1 10| pA

SPE =5V,
oy Qutput current {leakage) Vg = 04V 1065V 1 10 1 10 e
1 Suppl f V) 0 45 2] 18 A
BB upply current fram Vgp All inputs high, m.
Icc Supply curremt from Vo S(PE} = B v 3] 10 0.9 6 | mA
Inp Supply current from Vpp ' 50 65 20 34 | mA

capacitance gver recommeanded supply voltage range and operating case temparature range, f=1 MHz 1

M)
PARAMETER UNIT
TYP!  Max
C; Input capacitance L] =] pF
Cg {utput capacitance g 12 | "pF

TThig parameter is tested on sample basis only.
*an 1yplcal valuas are at Tpm ~ 26°C and nominal voltagss.

TExas
INSTRUMENTS

POST OFFICE BOX 225012 & DALLAS TEXAS 75265




SM.J2708, SM.J27L08
1024-WORD BY 8-BiT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

switching characteristics over recommended supply voltage range and operating case temperature range

SMJZ2T708
PARAMETER TEST CONCHTIONS SMJ2708-35 SMJ27L08 | UNIT
NN MAX | MIN  MAX
tatd) Access time from Address 3&0 450 ns
[ Acgess time from § CL = 100 pF 120 120 | ns
tuiA) Output data valid after address changs 1 Sories 5474 TTL load o 0 ns
tdis Qutput disable time T tis) byay - 20 ns 0 120 o 120 ns
toird) Read gycls time 380 450 ns
Yalun caleulated from 0.5 valt delta to measured output level,
recommended timing requirements for programming T = 25°C
PARANMETER SwJ unIT
. MIN _ MAX
twiPR) Pulse duration, program pulse Q.1 1 ms
t Transition times (except program pulse) 20 ns
PR Transition tirmes, program pulss 50 2000 ns
tsufAl Address setup time 10 S
tauiD] Data setup time 10 e
TsulPE) Program enable setup time 10 L]
thiAl Address hold time 1000 ns
thiDA} Address hold time alter program input data stapped Q ns
thip) Data hold time 1004 ns
thiPE) Program enable hold time 500 ns
1SLAX Delay time, SIPE} low to address change 0 ns

EPROM Devices I
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TMS2708, TMS271.08
SMJ2708, SMJ27L08
1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

PARAMETER MEASUREMENT INFORMATION

v - 24V
RL = 3100
QuUTPUT
UNDER TEST
I CL = 100 pF

FIGURE 1 - TYPICAL QUTPUT LOAD CIRCUIT

read cycle timing

e tca—————>| |« Tetral
il

VIH }
ADDRESSES m ADDRESSES VALID X ADDRESSES VALID
ViL | 1
L I
ViH |
S(PE) | |
ViL [
| r!———ta:m-—b{
1. Id'
I alS) ttA _q |‘__ | is
ta{f) H viAl | |

YoM }
a1-a8 —Hi-Z {- VALID X NOT VALID X‘ VALID }—Hi-!—-

VoL
m
0 .
= program cycle timing
= [™
= ¢ 1 OF N* PROGRAM LOOPS :1I
(w] VIHIFE) f §
@ SPE”
z. viL
0 thiPE
3 H tsuiPE} (PE) Ili— LAY

YIH

ADDRESSES m ADDRESS 0 X: ADDRESS 1. .. 1022 E ADDRESS 1023 m
V| 1

L r
taulAl thia) H— thin H—
ﬂ m— TwIPR) —:I I‘ﬂ‘s—u{tﬁ:qpm——m tsm'tn‘,:,{pm-—d |
I I |

VIH{PR) | |
Pragram |
Pulse

VILIPR)

) ¥ & t"‘"’"’l—ﬂ_ le-teuim) th{m_ﬂ—ﬁ_ le-teum oy

thiDA)

a1-08 ViH =
PROGRAM DUTPUT INFUT INPUT INPUT QuTPUT
INPUTS Vi

L

5 {PE} is at +12 V through M pregiam loops whete N <100 msftw {FRL
NOTE: G1-06 owtputs are nvalid op to 10 psec sler programming [5 (PE] goes low].

All timing ralerence points in this data sheet {inputs and outpurs) are 90% points.
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TMS2708, TMS27L08
. SMJ2708, SMJ27L08
1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

TYPICAL "270L08-45 CHARACTERISTICS

DEVIGE POWER DISSIPATION vs TEMPERATURE CURRENT vs TEMPERATURE

POST OFFICE BOX 226012 » DALLAS, TEXAS 75265
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Texas Instrumants reserves the rght 10 make changes at any ume in order 1o improve design and to supply the best product possible.
TExAS 6-39
INSTRUMENTS



EPROM Devices

6-40



TMS2716

'L‘*glls 2048-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-DNLY MEMORIES
) DECEMBER 1979 -~ REVISE( DCTOBER 1983
® 2048 X 8 Orgsnization TMS2716 . . . JL PACKAGE
s Al t: d Outputs Fully TTL G bl {TOP VIEW)
nputs an utputs Fu: ompatil
P P ¥ patible a7 [ W2a] veeter
@ Static Operation (No Clocks, No Refrash) as[]z  23]as
asa 220 as
. : .
Performance Ranges: asa 210 ven
ACCESS TIME  CYCLE TIME aa[ls  zo[Jato0
MAX| IMIN) azlls 19 wpp
TMS2716-30 300 ns 300 ns a7 1805w
TMS2716-45 450 ns 450 ns sol]s 17 ]as
. ars 18Jar
» - -
3-State Outputs for OR-Ties az(te 1s[]as
N-Channel Silicon-Gate Technalogy . ezl 140 as
vgs 32130 a4

® 3-Bit Quiput for Use in Microprocessor-
Based Systems

e Low Power... 315 mW (Typicall PIN NOMENCLATURE
. AQ-A10 Addresses
dBSCI’IptIOI‘I n1-a8 Data Chat
The TMS2716 is an ultra-violet light-erasable, elec- SIRGM) Chip Sclect {Program)
tiically programmable read-only memary. It has Vag —5-V Supply
16,384 bits organized as 2048 words of 8-bit [ength. veciPE) +5-V Supply {Program Enable}
The device is fabricated using N-channel silican-gate YpD +12-V Supply
technology far high-speed and simple interface with Vgg Q ¥ Ground

MOS and bipolar circuits, All inputs (including program

data inputs) can be driven by Series 74 circuits

without tha use of external pull-up resistors and each output can drive ane Series 74 or 74LES TTL circuit without
external resistors. The TM52716 guarantees 250 mV dc noise immunity in the low state, Data outputs are three-
state for OR-tying multiple devicas an a common bus. The TM52716 is plug-in compatible with the TMS2708 and
the TMS27L0B. Pin compatible mask programmed ROMs are available for large volume requirements.

This EFROM is designed for high-dansity fixed-memory applications where fast turn arounds and/or program changes
are required. It is supplied in 3 24-pin duskin-line cerpak {JL suffix) package designed for insertion in mounting-hole
rows an 600-mil 15,2 mmj centers. It is designed fur operation from 0°C to 70°C.

operation [read made}
address (AQ-A10)

The address-valid intarval determines the dovice cycle time. The 11-bit positive-logic address is decoded an-chip to
select one of 2048 words of 8-bit length in the memory array. AQ is the least-significant bit and A10 most-significant
bit of the word address.

EPROM Devices i

c-hip selact, program [S {PGM)]

When the chip select is low, all eight outputs are enabled and tha eight-bit addressed word can ba read. When the
chip select is high, all gight outputs are in a high-impedance state. :

program

In the prograrm mode, the chip select foature does not function as pin 18 inpuis anly the program pulse. The program
mode is selected by the Vo IPE) pin, Either 0V or + 12V an this pin will cause the TMS27 16 to assume program cycle.

data out {Q1-Q8)

The chip must be selected before the eight-bit output word can be raad, Data will remain valid until the address is
changed or the chip is deselected. When desselected, the three-state outputs are in a high-impedance state. The out-
puts will drive TTL circuits without external companents.

Copyright O 1983 by Teaas Instrumems Incorporated
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TMS2716
2048-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

operation (program maode)

orase

Before programming, the TMS52716 is erased by expuosing the chip through the transparent lid to high intensity ultraviolat
hght (wavelength 2637 angstromsl. The recommended minimum exposure dese (= UV intensity x exposure time}
is fifteen watt-secands per square centimeter. Thus, a typical 12 milliwatt per square centimetar, filterlass UV lamp
will erase the device in a minimum af 21 minutes, The lamp should be located about 2.5 centimeters above the chip
during erasure. After erasure, all bits are in the high state.

programming

Programming consists of successively depositing a small amount of charge to a selected memory cell that is to be
changed from the erased high state to the low state. A low can be changed to a high only by erasure. Programming
ke normally accomplished on a PRCM or EPFRCM Programmer, an example of which is TI's Universal PROM Frogram-
ming Modula in conjunction with the 990 prototyplng system. Programming must be dene at room temperature (29 °C)
only.

" to stert programming {see program cycla timing diagram)

First bring the Ve{PEl pin to + 12 W or 0 V to disable the outputs and convert them to inputs. This pin is held high
for the duration of the programming sequence. The flrst word to be programmed is addressed {it is customary to begin
with the 0" address| and the data to be stored is placed on the Q1-08 program inputs. Then a + 26 V program.
pulse is applied to the pragram pin, After 0.1 fo 1.0 milliseconds the program pin is brought back te O V. After at
least ene microsecond the word address is sequentially changed to the next location, the new data is set up and tho
program pulse is applied,

Frogramming continues in this manner until all words have been programmed. This constitutes one of N program loops.
The entire sequence Is then repeated N times with N X tw(pR) = 100 ms, Thus, if ty(Pr) = 1 ms; then N = 100,
the minimum number of program loops required to program the EFROM. .

ta stop programming

After eycling through the N program loops, the last pregram pulse is brought to 0V, then Pragram Enable Vog!PE)
is brought back to + 5 valts which takes the device out of the program mode. The data supplied by the programmer
must be removed before the address is changed since the program inputs are now data outpuis and a change of ad-
dress could cause a veltage canflict on the cutput buffer. G1-08 cutputs are invalid up to 10 microsecands after
the program enable pin is brought from ViHipE} te VILIPE).

logic symbol T

) EPACH 2048x8
A ———— 0 7
Al 17}
a2 gt
az® AV——0
1a) nv-—”g'—uz.
A4 1
a5 AVI——m
>ai_. Av_:?:!—.,[:lﬂ
a2 2047 {14)
o AP p———o05
AT 115)
a2 AV 16 o
122) AN ——07
—_— 17
o [ v] NELEIAT
Alp————— 70 J
S (18
s_{.}_._h EN

TThis symbol is In accordance with IEEE St 91/ANS! ¥32.14 and recent decisions in IEEE and [EC, See explanation on page 10-1.

Texas
INSTRUMENTS

FOST OFFICE BOX 275012 # DALLAS, TEXAS 75265



184

TMS2716

2048-WORD BY 8-BIT ERASABLE

PROGRAMMABLE READ-ONLY

MEMORIES

absoluta maximum ratings over operating frae-air temperature range (unless otherwise noted) T

Supply voltage, Vgpisee Note 1) . . ... ... . e e -0.3Vw TV
Supply valtage, Voo fsee Note T L e -3.3V1o15V
Supply voltage, Voo (see Nate 1) L . e -03V1to 20V
Supply voltage, Weg (sea Note 1] . ... .. . e e ~0.3V10 15V
All input voltage (except program) {see Note 1) . ... ... ... . . . . it -03Vio 20V
Program input [see Note 1) ... . ... i i i e e e e e e direas —03Vi03DV
Output voltage {operating, with respect to Vgg) .................. bt -2Vt 7V
Opsrating free-air temperature range .. ... . .. .. ... ... e 0°C to 70°C

Storage temperature range

-55°C tp 125°C

1 Stressas bayond thosa listed under *"Absolute Maximum Ratings"” may cause permanent damage to the device, This is a stress rating only and functional

gperating of the device at these or any other conditions beyand thase indi din the ded Oparating C.
15 not implied. Exposure 10 absol i for entended perivds may alfect device raliability.
NOTE 1;

ated s

Throughout the remainder of this data sheot, voltage values ara with respeet t Vgg.

racommanded operating conditions

" section of this specitication

Under absotute maximum ratings, voltege velues Bre with raspact to (ha mast-negative supply vohiage, VBB {substrata}, unless otherwise noted.

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

PAAAMETER MIN HOM MAX | UNIT

Supply voltage, Vg —4.75 -5 5.1 W
Supply voltage, Vg 4.76 5 .26 v
Supply voltage, Vo 114 12 128 v
Supply voltage, Vg 0 W
High-level input valtage, V|4 (axcept pregram and prograrm enatile) 2.4 voeot+1| v
High-level program enable input voltage, ViHiPE) 11.4 12 126 v
High-level program input voltage, ViH(pR) 25 Fiil 27 v
Low-level input vaoltage, V) lexcept program} Vss 0.65 v
Low-level program input voltage, V| (PR)

. - Vss 1|V 7]
Note: V|Lipgy max = ViHipRy —25 V O
High-tewel program pulse input current Isinkd, HpR} 40 | mA L)
Low-level program pulse input current {sourcel, Iy (pR) 3 | mA a
Operating free-air temperature, Ty ] o) °c O

o
T
o
[1V]

PARAMETER TEST CONDITIONS MIN TYRT mMAX | uniT

1 = 100 pA 37

VoH High-lave! output voltage OH L v
Iop = -1 mA 2.4

VoL Low-level output voltage IoL = 1.6 mA 0.45 v

] Input current {leakage) Vi, =0Vt 626 Y 1 i0 A

lg Cutput current ileakagel 5 |Program) = 5V, Vo = 0.4 Vto 5.25 V 1 10 11

Izg Supply current from Vpg All inputs high. 10 0] mA

[Tor) Supply current from Voo S iProgramj = B ¥, 1 g mA
Ta = 0°C

ipo Supply current from Vpp A 8 45 | mh
{worst case)

Ipg Supply current from PE on V¢ Pin Vpe = YDD 2 4 [ mA
Ta = 70°0 §40

Pniay} Power Dissipation Ta = 0°C §5=0v 316 595 | mW
Ta=0°C B =+6V 315 0

fan typical values are at Ty = 25°C and nontingl vollages.
I Texas 6-43
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TMS2716
2048-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

capacitance over recommended supply voltage ranga and operating free-air temperature range, f = 1 MHz

PARAMETER TYPY  Max | unIT
=} Input capacitance [except S {Programi] 4 6 pF
Ciisy 5 {Program input capacitance 20 30 | pF
Cy Cutput capacitance 8 12 pF

t AN typical values are at Ta = 25°C and neminel vollages.

switching characteristics ovar recommended supply voltage range snd operating free-air tamperature range

TMS2716-30 | TMS2716-45

PARAMETER : TEST CONDITIONS UNIT
MIN_ MAX MIN  MAX
taial Arcess t?me from address CL = 100 oF 300 450 ng
tals) Acgcess time from S 120 120 | ns
- 1 Series 74 TTL Load
tw|A} Qutput data valid after address change t ¥ = 20 ns Q Q ns
tdis Qutput disable time ! Uy fm,} o 120 g 120 | ns
- See Figura 1
tetrdy  Read cycle time 200 450 ns
1 Value calculated from 0.5 volt delta to measwad output laval.
TA = 25°C program characteristics aver recommended supply voltage range
PARAMETER M MAX | UNIT
1wIPRI Pulse duration, program pulse a1 1 ms
1y Transition times lexcept program pulse) 20| ns
YIPR Transition times, program pulse - 30 2000 | ns
tsufA) Address setup time 10 kS
tauiD} Data setup tima 10 e
1{PE} Pragram ¢nable setup time 10 us
thial Address hold time ) 1000 ns
thiDA) Address hold 1ime after program input data stopped a ns
thiD} Data hold time 1000 ns
thiPE) Program enable hold time S00 ns
15L8X Delay time, § (Program} low to address change 0 ns

seaneq WOHd3 !

PARAMETER MEASUREMENT INFORMATION
=24V

AL 3100
QUTPUT
UNDER TEST

= 100 pF

FIGURE 1 — TYPICAL QUTPUT LOAT CIRCUIT

. Texas
6-a4 INSTRUMENTS
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TMS2716
2048-WORD BY 8-BIT ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

raad c;(cle timing

f——— -| | teird) |
ViH | Il ]
ADDRESSES ADDRESSES VALID ADDRESSES VALID
CVIL ™ i 1
! &
ViH | 11
S ip6M) ! I
v i i !
| ! | [
| iS5} fu—af fe— tain) —-1
[ g —l -t

taa} - tiA] =] |
VoH f; - .
a1-qa HI-Z = — VALID NOT VALID VALID }— HI-Z —

VoL

program cycla timing

- - - 10FN! PROGRAM LOOPS —— ——— —— =]
f4 - |

VIHIPE) 7
\.l'(;cﬁ’E}r f.|
Vge

I"—-1l tsulPE} ChiPE] —:-1'.1 }"_ SLAX

1

ADDRESSES M ADDRESS O : ! ADDRESS 1. .. 2046 :){ ADDRESS 2047 m

tsulm beu thial =™ —;r' [-o‘sul!m ‘hIAI"‘l ﬂ_ o touta)
|
! i
|

|
twiPR) b tpipry —4 i b twipry =l ||
[ |
1
I

_ VIHIPR)
§ IPGM}

VILIPR)

touiD) ] e thiD) —*] —F-T' b toum 500 2 e tourcy D) = |-<F (DA

VIH } l
at-gs =,
PROGRAM  OUTPUT INPUT INFUT } INPUT OUTPUT
INPUTS ViL

t VeelPEb s at O W oor +12 V through N program laops where M = 100 ms/ty, pRy-
MOTE:  ©1-Q8 outputs are invalid up 1o 10 s after programming [V LPE) qoes tow).

Texas Instruments reserves the right to make changes a1 any tima w otdes to improve design and 1o supply the best praduct possibla.
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32,768-BIT ERASABLE PROGRAMMABLE READ-ONL

TMS52732A
Y MEMORY

AUGUST 1983

Qrganization . . . 4096 X 8
Single + 5-V Powar Supply
- All Inputs and Outputs Are TTL Compatible

Performance Ranges:
ACCESS TIME CYCLE TIME

(MAX) IMIN}
TMS2732A-30 300 ns 300 ns
TMS2732A-35 350 nz 350 ns
TMS27324-45 450 ns 450 ns

" # Low Standby Power Dissipation . . .
158 mW (Maximum)

& JEDEC Approved Pinout . . . Industry
Standard

& 21-V Power Supply Required for
Programming

N-Channel Silicon-Gate Technology

& 3-Bit Output for Use in Microprocessar
Based Systems

& Static Operation (No Cloc_ks, No Refrash)

® Available with MIL-STD-B83B Processing and LIO°C to 70°C}, E{ —40°C to B5°C), or §5{-55°C to

100 °C) Temperature Ranges in the Future

description

The TMS27324 is an ultraviolet light-erasable, electrically programmable read-only memory. It has 32,768 bits arganized
as 4,096 words of B-bit length. The TMS2732A only requires a single 5-volt powsr supply with a tolerance of £ 5%,

The TMS2732A provides two output control lines: Output Enable (G) and Chip Enable (E). This feature allows the
G control ling to eliminate bus contention in multibus microprocessor systems. The TMS2732A has a pawer-down
mode that reduces maximum power dissipation from 657 mW to 158 mW when the device is placed on standby.

This FPROM is supplied in a 24-pin dual-in-ine ceramic package and is designed for operation from 0°C to 70°C.

aparation

TMS273I2A . . . JL PACKAGE

(FOP VIEW)

A7 01 Vs vec
As[l2 23] as
a5 3  22{] A9
A4[]a 210 an
aa{ls 200 Grvep
azf0e 18] a0
a7 18[F
ao{ds 17Jas
ais 1e[Jaz
az[io 1sJos
cahr 1a]as
Gho [Qiz 13[]aa

PIN NOMENCLATURE

E

AQ - AT

Gr Vpp
a1 - 08
Vee

Addresses

Chip Enable

Output Enables + 21 ¥
Qutputs

+ 8- Pawer Supply

The six modes of operation for the TMS2732A are listed in tha fallowing tablc,

EPROM Devices H

6-47

FUNCTION MODE
- [PINS) Read Daselect Power Dawn Br Program Inhibit
LE asole ogram .
) |Standby) 9 Verification Programming
|4
W X W) W W v
118 L IH IL L 13}
GJVPP

. X nv A" FART
1209 ViL ViIH 1 I
W

oc 5y 5V 5V 5v Bv 5y
124]
Q1-a8
91011, a HI-Z HI-Z | o] Q HI-2
13 t0 17) ]
X = WV oriy -
ADVANCE INFORMATION Copynght © 1883 by Texas Instruments ncorporated
Thia Int & haw groduct,
Specifications ara pubjsct 1o change withaul nu;:n. TEXAS
INSTRUMENTS
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TMS2732A :
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

cvonea wous [}

raad

The two control pins (E and E.-’Vpp] must have low-level TTL signals in order to provide data at the outputs. Chip
enable {E} should be used for device selection. Cutput enable (G/Vpp} should be used to gote data to the output pins.

power down

The power-_dnwn mode reduces the maximum power dissipation fram 667 mW to 158 mW. A TTL high-level signal
appiied to E selects the power down made. In this meds, the autputs assume a high-impedance state, independent
of G/Vpp,

program

The programming procodure for the TMS2732A is the same as that for the TMS2532, except that in the program
moda, G/Vpp is taken from a TTL low-level to 27 V.

The program mode consists of the following sequence of events. With the leve! on E’Vpp equal to 21 V; data to
be prograrmmed is applied in parallel to output pins 8 - Q1. The location to be programmed is addressed. Once
data and addresses are stable, a {1 O-millisecond TTL low-level pulss is applied to E. The maximum width of this pulse
is 65 milliseconds. The programming putse must be appliad at each locatian that is to be programmed, Locations may
be programmed in any order.

s
Several TMS2732As can be programmed simultaneously by connecting tham in parallel and following the program-
ming sequence previously described.

program verify

After the EPROM has been programmed, the programmed hits should be verified. To verify bit states, ENPP and E
are set to VL.

pragram inhibit

The program inhibit is useful when programming multiple TMS2732As connacted in parallel with different data. Pro-
gram inhibit can be implemented by applying a high-level signal to E of the device that is not to be programmed.

arasure

The TMS527324 is erased by exposing the chip 1o shortwave ultraviolet light that bas a wavelength of 253.7 nanometers
{2527 angstroms), The recommended mimmum exposure duse {UV intensity x exposure time) is fifteen watt-seconds
per square centimeter. The lamp should be located about 2.5 centimeters |1 inch} above the chip during crasure, After
erasure, all bits are at a high level. It should be noted that normal ambient ight containg the correct wavelength lor
erasuro, Thorefore, when using the TMS2732A, the window should be coverad with an opague label.

£-48
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TMS2732A
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

logic symbaolt
AD
Al
AZ
A3
Ad
AS
AB
A7
AZ
Ag
A0
A1

Srvpp

{8 EPfIUM 4096 x 8
_—— o
{7
6] 9
15} A o]}
4) [ Av (1) az
2) Ay —" o3
12} LA?F—% o4
{1 4095 47 e Q5
{23 A (e) a6
21 AT {16) a7
09l av b1 g
{21) 11.J
18} LPYR DWN]

& |
(20} EN

TThis symbel is in sceordance with (EEE Std 91/ANS| ¥32.14 and recent decisiens by IEEE and IEC. See explenation on page 10-1.

absoluta maximum ratings over operating free-air temperature ranga {unless otherwlse noted)¥

Supply valtags, Vo
Supply voltage, Vpp

All input woltage lexcept program,

Qutput woltage . . .

Operating free-air temperature range

Storage temperature range

=03V 7V
=03 Vito 22V
03Vt TV
-03Vto TV
0°C to 70°C
—55%C to 125°C

t Stresscs beyond these hsted under ~ Absolute Maximum Ratings™ may cause permanent damage to the device, This is a stress rating anly and lunctional
vpuration of the device at these or any other conditions beyond thase indicated in the '"Recommended Cperating Senditions™ secricon of this specilication
is not imphed. Exposure Lo absolute-maximumi-ated conditions fur extended petiods may allect devica vehability.

recommended operating conditions

EPROM Devices i

TMS2732A-30 TMS2732A-35 TMS2732A-456
PARAMETER uNIT
. MIN NOM MAX | MIN NOM MAX | MIN NOM MAX

Supply valtage, Vo (see Note 1) 4.75 5 525 | 475 & 525|475 5 525 v
Supply voltage, Vpp (see Note 2} Voo Voo Ve v
Supply voltage, Vgg 0 Q 0 Vv
High-level input voltage, V4 2 Veor+1 2 Ve +1 2 Voo +1 \d
Low-level input valtage, Vi -0.1 08 |-0a o8 |-041 0.8 \i
Read cycle time, tog) 300 350 454 ns
Operating Tree-air temperature, Ta Q 70 [#] 70 0] 70 c

NOTES: 1.

of rermaved from the board when Ypp of Yog is apphed.
2. ¥pp can be connected Lo Yo diractly fexcedt in the program made). Voo S\anlf cureent in this case would be Ige + 1pp, During programming,
Vpp must be mairtained at 21 v {+ 0.5 V).

!
Vo must be applied before or at the same time gs Vpp and removed after or at the same time as Vpp. The device must not be ingarteq inte

TEXAs
INSTRUMENTS
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TMS2732A
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

wlectrical characteristics over full ranges of recommended operating conditions

PARAMETER TEST CONDITIONS MIN - TYP'  mMax | uniT
VoH High-tevel gutput valtage Iy = — 400 uA 2.4 v
VoL Low-level output voltage lgL=2.1mA Q.45 v
Iy Input current {leakage) V=0 W10 525V +10Q pA
In Churtput current ileakagel V=04V w525V +10 af
I=o]] Vg supply current {standby) TEatvy. G at v 0 30 | mA
icoa Voo supply current {active) E and G at V) 70 128 | mA

1'T\.npica! values ara at Ty = 25°C and nominal voltages.

capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz

PARAMETER TEST CONDITIONS MIN TVe! | uNIiT
) &l except GiVpp a )
Ci Input cap 1 V=0V F
! neu =8 Givpp : 2] P
Ty Crtput capacitance Vo=0V 12 pF

TTypical vaues are at T4 =25°C and norminal veltage.

switching characteristics over recommended supply voltage range and opserating free-air tempsgrature range

PARAMETER TEST CONDITIONS TMS2732A-30| TM52732A-35|TM52732A-45 UNIT
[Sen Note 3) MIN  MAX MIN MAX MIN - MAX
talA) Access time lrom address 300 350 450 ns
taiE) Accoss time from E Cp = 100pF, 300 350 450 | ns
toniG) Output enabls time from G 1 Series 74 TTL Load, 160 150 180 ns
| tistey®  Output disable time from E 1, =20 ns, 100 100 100 | ns
| 'distG)’  Output disabla time from § 17520 ns. 100 100 100 | ns
Output data valid time after See Figura 1
tylA) change ot address, E, or G, o} 0 0 ns
whichewver ocours first

NOTE 3. Timing measurement relerence fevels: inpurs 0.8 Vand 2V
outputs 0.8 V and 2 V.

tyalue calculated from 0.5 ¥ delta 10 maasurad output level.

$321A20 WOHCA !

recommanded conditions for programming, Ta =25°C

FARAMETER MiIN TYP MAX | UNIT
Voo Supply voltage 478 & 5b.25 v
Vpp Supply valtage . 205 21 21.5 v
VIH High-level input voltage ’ 2 Voo +ll W
YiL Low-level input voltage -0.1 0.8 v
| twiE) E pulse duration ] 86 | ms
tEutAd Address getup time 2 s
tgulD) Diata setup timg 2 s
Teu[VPP} Vpp setup time 2 us
thiA) Address hold time o] ii
thiDy Data hald time 2 ps
| hiVPP) Vpp hold time 2 2E
treclPGl Vpp recovery time 2 KS
tEHD Delay time, data vahid after E |ow 1] es
6-50 l TExAs
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TMS2732A
32,760-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

programming characteristics, Ta =25°C

PARAMETER TEST CONDITIONS MIN _ TYP  MAaX | UNIT
YIH High-level input voltags 2 Ve +1] v
VL Lowe-level input voltage -0 X} v
VoH High-leve! gutput voltage (venfy) log = =400 ph 2.4 ¥
VoL Lowve-level output woltage (werilyl lop—=2.1 mA 0.45 v
] Input current {all inputst . W) = W)L or ViH 10 i
Ipp Supply current E=V|, G = Vpp 30 mA
oo Supply current 126 | mA
tdis(PA] Outpul disable time o 100 ns
PARAMETER MEASUREMENT INFORMATION
V=209V
R = 7801
QUTPUT
LUNDER TEST
CL =100 pF E
T 4]
— o
- 2 :
-
o
Q
FIGURE 1 — TYPICAL OUTPUT LOAD CIRCUIT E
o
0
[+
1w
Texas 6-51
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TMS2732A
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

read cycle timing

[
ViH
ADDRESSES X
VIL

i i‘—‘wqm—-bl

{
— Vi
GIVpp \I-_T‘ tentG)
v

It
ta(A] =t tdistGr
VoH
a1-ag g
VoL I Y

standby made

Viy
ADDRESSES X

viL

ViH
E

viL I. ol
tisiEl It
VoH
Q1-08 HI-Z
VoL

program cycle timing

YiH
ADDRESSES x:l ADDRESS N X ADDRESS N+ 1
ViL

tulA)—far——e] f—thiaj—ey

ViV o
168 l l H

Vv
IL¥YoL tsuftn h" I —d ‘.—His{PR}

seamaqg Wokdd3a !

Vep I
Givep fl | thiD} | I
ViL -
teuivPP) ThiVPPl
Vi
E
ViL

Timing measurement reference levels! Inputs 0.8 W and 2
Dutputs (.8 ¥ and 2 .

Texas Insiruments reserves the nght to make changes at any time in order to improve design a2nd ta supply the bast product passible,
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mos TMS2764
LSI 65,535-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

JULY 1883 - REVISED JAMUARY 1984

@ Organization . .. 8192 X 8 TMS2764 . . . JL PACKAGE
{TOF VIEW|
& Singla +5-V Power Supply
@ Pin Compatible with TMS2732A EPROM
@ All Inputs and Outputs are TTL Compatible
® Performance Ranges:
MAX ACCESS/
MIN CYCLE TIME
TMS2764-20 200 ns
TMS52764-25 250 ng
TMS2764-30 300 ns
TMS2764-35 350 ns
TMS2764-45 450 ns
Low Active Current . . . 100 mA (Max)
JEDEC Approved Pinout
21-V Power Supply Required for
Pragramming
. X PIN NOMENCLATURE
Fast Programming Algorithm AO-A12  Addresses
N-Channel Silicon-Gate Technology E Chip Enable
G Cutput Enable
8-Bit Output far Use in Microprocessor- GND Ground
Based Systems NC Mo Connection
PG Frogram
Static Operation {No Clocks, No Refresh 01-08 outputs
® Available with MIL-STD-883B Processing _ :CC +;VVP‘:"9' 5”"""‘:
and L[0°C to 70°C}, E{-40°C to 85°C), or PP + 217V Power Supply
M{— 55°C ta 125°C) Temperature Ranges
in the Future
dascription

EPROM Devices ﬁ

The TMS2764 is an ultraviolet light-erasable, electrically programmable read-enty memory. It has 65,536 bits organized
as 8,192 words of 8-bit length. The TMS2754-20 only requires a single S-volt power supply with a tolerance of £ 5%,
and has a maximum access time of 200 ns, This agcess time is compatible wilh high-performance microprocessors.,

The TMS2764 provides two output control lines: Output Enable (G} and Chip Enable (E). This feature allows the G
control ling to eliminate bus contention in micraprocessor systems. The TMS2764 has a power-down mode that reduces
maximum active current from 100 mA to 35 mA when the device is placed on standby,

This EFROM is supplied in a 28-pin, B00-mil dual-in-ine ceramic package and is designed for operation from 0°C to 70°C.

operation

The six modes of operation for the TMS32764 are listed in the following table.

Copyright &) 18984 by Texas Instruments Incorporated
ADVANCE INFORMATION
This document conwing Infommation on s naw product. B8-53
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TMS2764
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

MODE
FUNCTION

(FINS) Reod Qutput Powar Down Fast Program Inhiblt

Disable {Standby) Programming Verification Pragramming
E
(26i Vi X ViH ViL VIL ViH
G
v v X V| v

1221 1% H H I X
PGM
127 VIH ViH X viL VIH X
[
o vee vee vee Vpp Vep x
Voo
PYS vee vee vee Yee Vee vee
01-08
111 10 13, Q Hi-Z HLZ a} a . HI-Z
15 to 19)

X = Yy orViy

sadad WOH43 !

read

The dual control pins {E and G} must have low-leve! TTL signals in order to provida data at the cutputs. Chip sanble
{E} should be used for device selel_:lion, Output enable {G) should be vsed to gate data to the output pins.

power down

The pawer-down mode reduces the maximum active current from 100 mA to 35 mA. A TTL high-lave! signal appfied
te E selects the power-down maode. In this mede, the outputs assume a highimpedance stats, independent of a.

argsure

Before programming, the TM52784 is erased by exposing the chip to shortwave ultraviclet light that has a wavelength
of 253.7 nanometers {2537 angstroms). The recommended minimum exposure dosa {UV intensity X exposure time|
is fifteen watt-seconds per square centimeter. A typical 12 mW/em2 UV lamp will eraze the device in approximately
20 minutes. The lamp should be located about 2.5 centimeters |1 inch} above the chip during erasura. After erasure,
all bits are at a high level. It should be noted that normal embient light contalns the correct wavelength for erasure.
Thergfare, when using the TM52764, the window shouid be covered with an opaque fabel.

fast programming
Note that the application of a voltage in excess of 22 V to Vpp may damage the TMS2764.

After erasure, logic *'0°s"’ are programmed into the desired locations. Pragramming consists of the following sequence
of gvents. With the level on Vpp equal to 21 V and E at TTL low, data to be programmed is applied in paralle! to
output pins O8-Q1. The location to be programmed is addressed. Once data and eddresses are stable, a TTL law-level
pulse is applied to PGM. Programming pulses must ba applied at each location that is ta be programmed. Locations
may be pregrammed in any order.

Programming uses twao types of programming pulse: Prime and Final. The fength of the Prime pulse is 1 millisecond;
this pulse is applied X times. After each application the byte being programmed is verified. If the correct data is read,
the Final pragramming pulse is then applied, if correct data is not read, a further 1 millisecond programming pulse
is appliad up to & maximum X of 15. The Final programming pulse is 4% milliseconds Jong. This sequence of program-

ming pulses and byte varification is dore st Voo = 6.0V and Vpp = 21.0 V. When the full fast programming routine .

is complete, all bits are verified with Voo = Vpp = 5 V. A flowchart of the fast programming routine is shown in

Figure 1.

6-64
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- TMS2764
65.536.BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

multipla device programming

Several TM52764 s can be programmed simultaneously by connecting them in paralle! and following the programm-
ing sequence previously described. ’

pregram inhibit

The program inhibit is useful when ;Jragrarnrning multiple TMS2764's connected in parallsl with different data. Pro-
gram inhibit can be implemented by applying a high-level signal to E or PGM of the device that is not to be programmed.

START

ADDRESS
FIRST LOCATION

¥

Yoo BV
Vpp - 21y

DEVICE
FAILED

¥

INCREMENT
ADDRESS
o PROGRAM ONE
1 ms PULSE
ALL BYTES TQ DEVICE
DAIGINAL FAILED

DATA

DEVICE
PASSED

EPROM Devices i

VERIFY
QONE BYTE

PROQGRAM ONE
PULSE OF
4X ma DURATION

r— |

F-3

FIGUAE 1 — FAST PROGRAMMING FLOWCHAAT
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'TMS2764 .
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

logic symbol I

(10) EPROM 8192x8
AD 0
g
AZ {11}
{7} A%/ a1
A3 {12}
{6} . A7 a2
Ad 113
as A2 AV e
() 0 AVp——= 1
a6 > A5 {161
a7 2 AV a7 o
(25) AVI—— a5
AB =] (18)
ae A2 AV {19) o
21 AV as
Ay —
A1 (23)
{2}
a1z ———12.
g 20 [PWR DWNI
&
EN
g (2x r

t Thig symbol |5 I accordance with JEEE Std 91/ANSI ¥32 14 and recent docisons by IEEE and {EC. See wrplanation on pgge 10-1,

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

$edlAdd INOYd3 !

Storage temperature range -

Supply voltage, Voo ... e DN ... ~-0BVto7V
Supply valtage, VP .. . e -0.6Vto 22V
Al TNPUt VoIRGB . .. .. i e e -06EVto 7V
Output voltage . ... ... ot ieinnas e e ettt -068Vto7V
Operating frog-air temperature raNE . ... ..t in ittt i ettt eitean e o*C to 70°C

................................................ -65°C to 150°C

¥ Stressas bayend those listed undsr *Absolule Maximym Aatings’™ may cause permenent damage 1o the device, This is a strass rating only and funcilional
operatian of the device st thesa or any other conditions beyond thosa indi d in the “R wdad Op. ing Conditiona’” saction of this spegrfication

iz not implied. Exposure to absoluto-maalmum rated L1 far lad pertods may affect device reliability.

recommended operating conditions

TMS2764
PARAMETER WIN NOM MAX UNIT
Supply voltage, Ve 4.76 5 5.25 v
Supply valtags, Vpp Yoo v
High-leval input voltage, Viy 2 Veo+1| v
Low-leval input veltage, VL [see Note 1) =-0.1 0.8 v
Qperating froe-air temperature, T a Q 70 “C

MOTE 1:  Tho algebraic convention, where the more negative {lags positivel limit is deisgnated as minimum iz used in Lhis data shect for lofic voltage levels only,

. Texas
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TMS2754
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

electrical characteristics over full ranges of recommended operating conditions

PARAMETER TEST CONDITIONS MmN TYPY max | umiT
VoH High-level output valtage lgy = - 400 gA 2.4 v
VoL Low-lavel qutput voltage lgy = 21 mA 0.45 WV
Iy Input surrent iload) Vi~ O0VWito 5235V +10 i
In Output current {leakage) Vo =04 ViobibV +10 i
Ippq Vpp supply current ircad) Vpp = 6.28 V & | mh
Ippa Vpp supply current {programy E and PGM at VL B0 | mA
lgct Vo supply current istandby) Eat iy 35 | mA
Ices Vo supply current iactived E and G at ¥y 100 | ma

T Typical values are at Ta = 25°C and nominal voltages-

capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz
PARAMETER TEST CONDITIONS MIN_ TYPT  MAX | UNIT
C; Input capacitance V-0V 4 6 pF
Cqy Dutput capacitance Vo =0V B 12 gF

T Typical valucs ara at Ta = 26°C and nominal voltoges,

switching characteristics over recommended supply valtage range and operating free-air temperature range,
CL = 100 pF, 1 Serles 74 TTL load {ses note 2 and figure 2)

PARAMETER TMS2764-20 | TM52764-25 | TM52764-30 | TM52764-36 | TM52764-45 uNIT
MiN MAX [ MIN MAX | MIN MAX | MIN MAX | MIN MAX
| tata) Access time from addrass 200 250 300 350 AB0 ns
o Accgss tima frm E 200 280 300 360 460 ns
ten(d) Qutput enable time from G 75 100 120 160 160 ns
tdisiaii_ Output disable time from G 0 60 4] 1) 4] 105 a 130 0 130 ns
Qutput data valid time after
tyrAl change of address, E, or G, a o 4} a o ns
whichever ocours first
NOTE 2:  Fall all switghing characlaristics and timing megsurermnents, inpul timing reference levels are 0.8 W and 2 ; output liming referance levels are 0.8 v

and 2 W

1 Value calculated from 0.5 voit delta 10 measured output level; TgisiG) i5 speciliad from G or E, whichever occurs first, Refer 10 read cvela timing diagram.

EPROM Devices H
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TMS2764
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

recommended conditions for fast programming routine, Ta = 25°C (see note 2 and fast programming

cycle timing diagram)

PARAMETER MIN_ NOM  MAX | unIT
Ve - Supply valtage (see Note 3) 575 g 6.25 v
Vpp Supply voltaga {see Note 41 20.5 21 215 v
twlIPGM) PGM initial program pulse duration {see Note 59 0.95 1 1.05 | ms
twlFPGM) PGM final pulse duratlon (see Note 6) 1.8 53 ms
15ulA) Addresa setup time 2 I
teulD) Data setup time 2 #5
15ulVPP) Vpp setup time 2 KS
tavCcC) Ve setup time 2 #5
th{Al Address hold time 0 s
thiD} Data hold time 2 xS
taulE} E setup time 2 #S
tsulG) G setup time 2 S

fast programming characteristics, Ta = 25°C (see note 2 and fast programming cycle

timing diagram)

PARAMETER TEST CONDITIONS MiN TYP MAX | UNIT
tdigtGiEp  Output disable time from  isee Note 7) CL = 100 pF Q 130 s
ten{GIFP  Dutput enable time from G 1 Seriss 74 TTL lasdg 150

NOTES: 2, For ell awitching characteristics and timing messuraments, input timing reference lavels sra 0.8 ¥ and 2 V. cutpul timing refarence levels are
DBVand 2V,
3. Voo must be applied simultanacusly or bafore Vpp ard ramoved simullaneously or after Vpp.
4. When grogromming the TMS2 764, connacl a 0.1 uF eapacitor between Vpp and GNE to supptets spurbous vedlage transients which mey damage
tha devica,

m %. The Initial program pulse duration tolérance s 1 ms £ 5%.
) &, The length of the Final pulse will vary from 3.8 ms to 63 ms depending on tha number of Inltial pulse appheations (X
8 7. This parameter is only sompled and is nol 100% ested.
!
o
<
.
1]
[1:d
»
i3
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TMS2764
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

PARAMETER MEASUREMENT INFORMATION

V=209V

R = 7800

OUTPUT
UNDER TEST

I Cy = 100 pF

KOTE: 15 = 20 ng and t; = 20 ns.

FIQURE 2 - TYFICAL QUTPUT LOAD CIRCULT

read cycle timing

VIH

ADDRESSES x: ' : X
YL

EPROM Devices H

|
. VYHm ! :
) Vln. i X ;1/
s : }._ta'a_.| {
ViL * | #
- | - |‘— '&nlﬁl:: - tji;mjl
G p—=
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TMS2764

65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

fast program cycle timing

r—-—‘ PROGRAM

ple VERIFY

ViH
ADDRESSES X

ADDRESS STAELE

OATA OUT vaLID I X ADDRESS N+ 1

ViL
|1—tsum1 —||

ViH/YOH :
ar-as —{ DATA IN STABLE
1

ViLvoL
|1— ‘su{m—b|

}
thia)—

DATA QUT
VALID

VPP
Vep
/ tsulVPP
Vee P“ sulvPP) -9

Voo +1 " -
vee /
1
vee }“ sufvCCi—

F]—D' isiGIFP
!
|
i

— — —1—

tsu{E}-_.I

VIH
PGM l -\ (
VIL

twlIPGM) l‘—b’

tw{FPGM) [——M

Sa0A3] AIOHJ3 !
= <
!‘j

tsulG)

—WM oniGiER
| -

VIiH

7]

ViL

N/

Texas Instruments resanves the rght to make changes at any time in order 1o improve design and to supply Lhe best product possible,
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Mos TMS527128
L3I 131,972-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY
OCTOBER 1883 — REVISED JANUARY 1984
® 16,384 X B Organization TMSZH(Z.I&_!':;{"JEI;:IACKAGE
& Single +5-V Power Supply ver [ Vee
@ Pin Compatible with TMS2764 EPROM A;fE i‘:’:
® Al Inputs and Outputs Are TTL Campatible 45 AB
® Max Access/Min Cycla Time: ‘:iE 2?1
TMS27128-25 as[] G
TMS527128-30 Az AlQ
TMS27128-45 a1 E
® Low Active Current »o [} a8
- 100 mA {Maximum) g;E o
JEDEC Approved Pinout 03] as
Fast Programming Algorithm GND ] Q4
FIN NOMENCLATURE
AQ-A13 Addreeses
description E Chip Enable/Power Down
The TM527128 is an ultraviolet light-erasable, elec- 2 g““’“; Enzble
trically programmable read-only memory, It has ﬁ_NE prm”"
431,072 bits organized as 16,384 words of 8-bit GM ogram
length, The TMS27128 anly requires a single S-volt Q1-a8 Outputs
power supply. The TMS27128-25 provides an accoss xcc :g'1va:war S;pp"'l
PR - owar oupply

tima of 250 ns, which Is compatible with high-spesd

rMicroprocessars,

The TMS527128 provides two output control linas: Qutput Enable {G) and Chip Enabla/Powar Down {E). This feature

allows tha G contral ling to eliminate bus cantention in microprocessor systerns. The TMS27128 has a standby mode w
that reduces the maximum power dissipation from 525 mW 1o 210 mW when the device is placed on standby. 8
This EPROM is supplied in a 28-pin dual-in-line ceramic package LJIL suffix}, it is pin compatible with the TMS2764 a
EPROM and is designed for operation from 0°C to 70°C. 0
operation .g-
The six modes of cperation for the TMz27128 are Fsted in the following table. E
w
MODE
FUNCTION Output P o] - F P Inhibi
IPINS] Road utpu 'owor Down asl r_ngram nhikit
Disable |Standby) Programming Verification Programming
E
v X W W, v W
120} IL iH L IL IH
@ W Y X W v x
(221 IL IH 1H IL
FGM W W X W v X
(27} 1M It L IH
Vep v v v v v X )
1 veo cc c PP FFP
Yoo
(281 vee Veg Voo Voo vee vee
G108
11 to 13, Q HI-Z HI-Z D 0 HI-Z
15 ¢ 19)
Ko Vi ar My
PRODUCT PREVIEW Copyright & 1983 by Texas Instruments Incarporaled
This dacument egntsing information on » product under TEXAS G 51
develapmani. Taxas lnstrumints reserves 1he right to INSTRUMENTS -

change or discontnue 1his praduet without nolce.
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TMS27128
131,072-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

seajaag INOHd3I !

raad

The dual contral pins {E and G} must have low-level TTL signals in order to pravide data at the cutputs. Chip enable
{E) should be used for device selection. Qutput enable {G) should be used to gate data to the output pins.

power down

The power-down mode reduces the maximum active current from 100 mA ta 40 mA. A TTL high-level signal applied
1o E selects tho power-down moda. In this mode, the cutputs assume a high-impedance state, independent of G.

arasure

Before programming, the TM527128 is erased by exposing the chip to shortwave ultraviolet light that has a wavelength
of 253.7 nanomaters (2537 angstroms). The recommended minimumn exposure dese {UV intensity x exposure time}
is fifteen watt-soconds per square centimoter. A typical 12 mW/ocm2 LIV lamp wiil erase the device in approximately
203 minutes. The lamp should be located about 2.5 centimeters 1 inch) abowve the chip during erasure, After erasure,
all bits are at a high leval. It shauld be noted that normal ambient light contains the correct wavelength for erasure.
Thetefore, when using the TMS527128, the window should be covered with an opague label.

fast programming
Note that the application of a voltage in excess of 22 V to Vpp may damage the TMS527128.

After erasure, logic “*G's” are programmed into the desired locations. Pregramming consists of the following sequence
of eventa. With the level an Vpp equal to 21 ¥ and E at TTL low, data to be programmed is applied in parallel to
output ping 08-01, The logation to be programmed is addressed. Once data and addresses are stable, a TTL low-level
pulse is applied to FGM. Programming pulses must be applied at each location that is 10 be programmed. Locations
may be programmed in any arder,

Programming uses two types of programming pulse: Prime and Final. The length of the Prime pulse is 1 millisecond;
this pulse is applied X times. After sach application the byte belng programmed is verified. If tha correct data is read,
the Final programming pulse is then applied, if correct data fs not read, a further 1 millisecond programming pulse
is applied up to a maximum X of 15. The Final programming pulse is 4X millisecends tong. This sequence of program-
ming pulses and byte verification is done at Voo = 8.0V and Vpp = 21.0V. Whan the full fast programming routine
is complete, alf bits are varified with Voo = Vpp = 5 V. A flowchart of the fast programming routine is shown in
Figure 1.

multiple devite programming

Several TMS27128's can be programimed simultanegusly by conngcting them in parallel and following the program-
ming sequence previously described.

program inhibit

The program inhibit is useful when prog}amming multiple TMS27128's connected in parallg! with different data. Pro-
gram inhibit can be implemented by applying a high-level signal to E or FGM of the device that is not to be programmed.
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TMS27128

131,072-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

ADDRESS =
FIRST LOCATION

r

. Voo =

Vpp—Z

FRAOGRAM DNE

h 4

1 ma FULSE

ND
VERIFY
ONE BYTE
PASS

PROGARAM ONE
PULSE OF

4X ma DURATIQN

I

DEYICE
FAILED

INCREMENT
ADDRESS

LAST
ADDRESS?
YES

COMPARE
ALL BYTES TO
ORIGINAL

FAIL

DEVICE
FAILED

DATA

PASS

. DEVICE
PASSED

FIGURE 1 - FASYT PROGRAMMING FLOWCHART

EPROM Devices n
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TMS27128
131,072-BiT ERASABLE PROGRAMMABLE READ-DNLY MEMORY

logic symbol t

’ EPROM 16384 X &
10 .
AO i 0
Al M
a2l "1
217 AT Qs
A 112
PPRL avi- = az?
{5} AT 03
AS - 1151
AG 14 " o A9 o4
15383 16
Ayl 16383 pp ! 7} as
(17
a8 {25] AT a6
ag 28 A 08 47
1
A1 21 A 1391 qas
123}
A1
sz ]
26)
Aras 13
_ 120}
E —E (PWR DWNI
&
sl p N

Supply voltage, Voo
Supply voltage, Vpp
All input voltage
Qutput voltage ..
Qperating free-air ternperature rang
Storage temperature range

sadlaag WOHd3 !

This symbel is in accordance with IEEE Std 31/ANS| ¥32.14 and rccent dacisiona by |IEEE and IEC. See explanation on page 10-1.

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

-0BVto?V
~06V1022YV
-06Vto 7V
-GEVto 7V

Q°%C to 70 °C

—65°C 1o 150°C

1 Siresses beyond thase listed under “"Absclute Maxinin Ratings’" may cause permanent damage to the device, This is a stress rating only and functional

operation of the device at these or any other conditions beyond thase indi d in the *“‘Recor
Iz not implled. E to absol il rated conditisns for extended pariods may alfect devica reliabillty .

recommended operating conditions

ded Operating Conditions’” seclion of this specilication

PARAMETER TMS27128 unIT
MIN NOM MAX
Supply voltage, Vo 478 ) 5.25 v
Supply voltage, Vpp Vee v
High-lavel input voltage, Viy 2 Yoo+l VW
Low-level input voltage, V| (sea Note 1) -1 0.8 v
Operanng freg-air temperature, Ta a Fl) ™

HOTE 1:  The algebraic convention, where the mora negalive {less positive) limit is designated as minimum, ig used in thig dara sheet lor lagic voltage levels only.
6-64 I TExAS
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TMS27128
131,072-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

elactrical characteristics over full ranges of recommended operating conditions

PARAMETER TEST CONDITIONS MIN  TYPT  mMAX | UNIT
VoH High-leve! output veoltage oy = =400 xA 2.4 v
VoL Low-leve! outpul voltape IpL = 2.1 mA 0.45 W
1] Input curtent (leakage) Vi=0Vio 525V + 10 A
s} Qutptt current |leakage) Vo =04V 10526V +10 | wA
PPy Vep supply cument {read) Vpp = 5.28 V 5| ma
Ippa Vpp supply cutrent {program} E and PGM at vy 60 | ma
Icc1 Yoo supply current {standby) Eat ¥y 40 | mA
lcce Ve supply current {active) Eand G at V_ 100 | mA

t Typical values are at Ty = 25°C and nominal valtages.

capacltance ovar recammended supply voltage range and operating free-alr temperatura ranga, f = 1 MHz

PARAMETER TEST CONDITIONS MIN TYPT max | uniT
Cj Input capacitance V=0V 4 ;] uF
Ca Qurput capacitance Vo =0V ] 12 pF

T Yymcal valugs are at Ty = 25°C and noming! valtages.

switching characteristics over recommended supply voltage range and operating free-air temperatura range,
Cp = 100 pF, 1 Series 74 TTL load (see note 2 and figure 2}

PARAMETER TMS27128-25]TME27128-30 | TMS27128-45 uT
MIN MAX | MIN MAX | MIN MAX
taia) Access tima from address 280 300 450 ns
1aiE} Access time from E 250 300 480 ns
tontGh Output enable time from G 100 120 150 |  ns
tdis{GI: Qutpyt disable tima from § ] B0 Q 105 O 130 n=
Output data valid tima after change of address,
IA] E, or G, whichaver oceurs first ° 0 ° ne

NGOTE 2: Far switching charagtaristics and timing messuremants, input 1iming reference levels are 9.8 V and 2 V: output timing relerence lavels ara 0.8 v

and 2 V.

# watue calculated trom 0.5 volt dalta to measured output level: tdis1G) is specified from T or E, whichevar oceurs first, Refer to read cycle timing i agram,

recommended conditions for fast programming routine, Ta = 25°C {see note 2 and fast programming

cycle timing diagram)

EPROM Devices '

PARAMETER MIN  NOM MAX | UNIT

Ve Supply voltage {soe Netg 31 5.75 B E.25 v
Vpp Supply valtage isee Note 4 20.5 27 215 v
tw(IPGM) PGM initial program pulsa duration (see Nota B) 0.95 1 105 ms
twFPGM)___ PGM finsl_pulse duration {see Note 6] 3.8 63| ms |
touf Al Address setup time 2 ps
tsuiD} Data setup time 2 s
tsuiVPPy VPP setup time 2 HE
sy WCC) Vg setup time 2 [
this} Address hold tima o s
thip) Data hold time 2 ps
[ E setup time 2 us

|_t_s|:.(_c,~_' T setup time 3 )

4
TEXAS 6-65
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TMS27128
131,072-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

fast programming characteristics, Ta = 25°C {see note 2 and fast programming cycle timing diagram}

PARAMETER TEST CONDITIONS MIN TYPT mMAX | UNIT
tdis[GIFP  Qutput disable time from G (see Note 7} CL = 100 pF 4] 130
- - ns
taniGlFP  Qutput enable timeg from G 1 Series 74 TTL load 160

HOTES: 2. For all switching characteristics and timing maasurermants, Input timing reference levels are 0.8 ¥ and 2 ¥, sutput timing reference lavels are
0.8 and 2 V. _
3. Vg must ba applied simultangously or before Ypp and removed simultanacusly or after Ypp.
4. When programming the TMS27128, connect 8 0.7 wF capacitor between Ypp and GND t9 suppress spunous voltage transients whech may
damage Lhe devica,
. The Initial program pulse duration talerance is 1 ms £ 5%,
6. The fength of the Final pulse will vary from 3.B ms to 63 ma depending on the number of tniial pulsa applications (X5,
7. This parametar is enly sampled and |s not 100% tested.

PARAMETER MEASUREMENT INFORMATION

=209V

=740 n
QuUTPUT
UNDER TEST

Gt = 100 pF

NOTE: tf = 20 ns and t; = 20 as.

FIGURE 2 - TYPICAL OUTPUT LOAD CIRCUNT

read eycle timing

ViH

ADDRESSES K ADDRESSES VALID
Vi
|

VIH

$a0IA9Q WOHd3 !

-l b

e i \L—
‘o | tale)
| N

I
L la-tenicr -j tdis(G
taiA} teia)

(77777 o iz
oras “\\\ VALID - }

VoL
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TMS27128

131,072-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

fast program cycle timing

r——‘ PROGRAM ———— Dl VERIFY ‘1

tsulEl

RS

ViH
i
ADDRESSES X ADDAESS STABLE DATA OUT VALID 1 ADDRESS N + 1
VL
F"suim ‘%
VIW/YaH |
Qa1.as ——{_ DATA IN STABLE }—HJ-
]
VIL'YoL 1
i‘; ts“[D’_.{ I | '1—4 tdis(GIER
Vpp | l
vee = J |
su[VPE}
vee k— o |
1
Veo+! L - - i : i
vee / —-| ] |
teu(WCCH
vee F‘ sl 1
VIH I
3 K ! !
W)
L 1 I

VIH
reM U
Wil

Tsult
L lIPGM I‘—DI M e
L tFPGM) [— |
VIH !
G
VIL

Texas Instruments reserves the riyh (o maku changes at any tima v order to improve design and 10 supply the besl product possible.
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ATTENTION

These devices contain circuits 1o protect the inputs and outputs against damage
due to high static voltages or electrostatic fields; hawever, it iz advised that
precautions be taken to avoid application of any voltage higher than maximum-
rated voltages to these high-impedance circuits.

Unused inputs must always be connected to an appropriate logic voltage level,
preferably either supply voltage or ground.

Additional infarmation concerning the handling of ESD sensitive devices is
availlable from Texas Instruments in a document entitled ~“Guidelines for
Handfing Etectrostatic-Discharge-Sensitiva (ESDS) Devices and Assemblies. ™

Pleass contact

Texas Instruments
?.0. Box 401560
Dallas, Texas 75240

ta obtain this brochure.



MOS TMS4664
LSI 8192-WORD BY 8-BIT READ-ONLY MEMORY

JUKE 1983 - REVISED OCTOBER 19683

® 8192 X 8 Organization TMSA664 . . , NL PACKAGE
# Partitioned intoc Two 4K X 8 Banks {TOR VIEW)
® Fully Static [No Clocks, No Refresh) a1(r Vzafvee
Ac[]2  za{]a=
# Al Inputs and Qutputs TTL Compatible asfla  22[]ae
® Single B-V Power Supply asfle  n[szs2
a3[]s  20[)8us1
® Two Chip-Selects for Flexibility and Power- a2[]e 19at0
Down QOption ] a1z 18Jan
AD
& Maximum Access Time from Address a1 E: :;%ﬁ?
--- 450 ns ‘a2[1w0 1s[]ae
® Typical Active Power Dissipation 11 4Jas
. 275 mW vss[12 13[as
® Available in Chip-on-Board Package Also PIN NOMENCLATURE
A ~ A1 Addrosses
Qal - aB Data Out
B1/s1, 52182 Chip Selects
Yoo + 5=V Supply
V5g ’ Ground
description N @
The TM54664 is a 65,536-bit read-onty memory organized as B192 words of B-bit length. Tha array is partitioned 8
_ into two 4098-words of 8-bit length banks. This makes the TM34664 ideal for microprocessor based systams. The =
devica is fabricated using N-channel silicon-gate technology for high speed and simpla interface with bipalar circuits. S
All inputs can be driven directly by Series 74 TTL circuits without the use of any external pull-up resistor, Each output E
can drive two Series 74 or 745 loads without external resistors, The data outputs are three-state for OR-tiging multi- o
ple devices an 8 common bus. Two chip-select controls allaw data to be read, These controls are programmabla, pro- '
viding additional system decode flexibility. The data is always available, it is npt dependent on external clocking of
the contral pins. : 7
The TMS54664 is designed for high-density fixed-memory consumer applications.
This ROM is supplied in a 24-pin dual-in-line plastic (NL suffix] package dasigned for insertion in mounting-hole rows
on B00-mil centers. It is also available in the chip-on-board package. The device is designed for operation from 0°C
to 70°C.
operation
address [AG-AT1]
The address-valid interval determines the device cycle time. The 12-hit positive-logic address is decoded on-chip to
select ane of 8192 words of 3-bit length in the memary array. AQ is the least-significant bit and A11 tha mest-significant
hit of the word address. Additionally each bank of the array is activated by a particular address. Address FFS will
allow entry and access to the low order bank and FF8 will allow entry and access ta the high order bank. Aftar a
set of A12 {FF9 or FFB}, a narmal read cycle must be completed before another set is performed.
All address changes must be made within 30 n3 of when the first address changes to prevent address skewing,
chip selact/output anable {pins 20 and 21]
Each of these pins can be programmed during mask fabrication to be active with either a high or a low level input.
When both signals are activa, all eight outputs are enabled and the gight-bit addressed word can be read, When either
signal is not active, all eight outputs are in a high-impedance state.
N —
ADVANCE INFOAMATION Copyright © 1883 by Texas Instrumenis Incorperated
This doturmint comtaing infomation -
Spacifications are subject to dnh:uiﬂlm.mu mnuﬂeo, TE x AS 7-1
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TMS4664 _
8192-WORD BY 8-BIT READ-ONLY MEMORY

data out {Q1-Q8)

The gight outputs must be enabled by both pins 20 and 21 before the output word can be read, Data will remain
valid until the address [s changed or the outputs are disabled {chip deselected). When disabled, the three-state out-

puts are in a high-impedance state. Q71 is considered the least-significant bit, Q8 the most-significant.

The ocutputs will drive two Series 54/74 TTL circuits without gxternal companents.

functional block diagram

-—— Vrn

———— s

DATA QUTFUTS

a1-as

ftitttts

A l CHIP SELECT LOGIC J_._

QUTPUY BUFFERS

Y 32
AD—A4 AODRESE 5 ¥ DECODE
BUFFER

¥ GATING

ADDRESS INPUTS

X 128
LASANTY apprEss (7 X DECODE 8192 X § MEMORY MATRIX
BUFFER
'

B _ FF8
BANK ANK <

SELECT _, FF9
LOGIG -

absolute maximum ratings

Supply voltage to ground potential {see Note 1} . ... . ... ........
Applied cutput voltaga fsee Note 1} ... .. ... ... ... . .......
Applied input voltage isee Note 1) . ... ... . i .
Power dissipation
Operating free-air temperature . ... ... ... ...
Storage temperature ... ... ..., PP .

NOTE T: Voltage values are with respect to Vgs.

recommended operating conditions

................. ~05Vie7V
................. -0BVta 7V
,,,,,,,,,,,,,,,,, -0EVia 7V
500 mW
D°Cto 70°C
—86°C to 150°C

PARAMETER MIN NOM MAX | UNIT
Supply voltage, Voo 4.5 [ 5.5 v
High-level input voltage, Vi 2 Vee+ 1) W
Lew-level input voltage, V) 0.8 0B Y
Operating free-air temperature, Ta Q 70 e

TEXAS
INSTRUMENTS
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TMS4664
8192-WORD BY 8-BIT READ-ONLY MEMORY

electrical characteristics, TA = 0°C to 70°C, Vpg = 5V £10% {unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
YoH High-lavel output veltage Voo—4.8 V., loy= —400 pA 2.4 v
VoL  Low-level output voltage Voo=45V, oL =3.2 mA 0.4 v
Iy Input currant Veoe=5.5Y, Oy=Vy=5.5V 10 | wA
Ig Qutput leakaga current o Yo=04 ¥ 1o Voo Chip desnlected 210 | uA
lect  Supply current from Ve {activel Vep=h6.8V, V=V output net loaded BO | mA
. Vo=0V, Ta—25°C,
C; Input capatitance =1 MHz -] pF
i Vo=0V, Ta=25°C,
c Qutput 1 12 F
N utput capacitance F=1 MHz p!

switching characteristics, TA = 0°C to 70°C, Vge = 5V +10%, 2 seties 74 TTL loads, CL = 100 pF!

PARAMETER MIN  MAX | UNIT
taja) Access time from address? . . 450 | ns
[T Access ime from chip select? 200 | ns
ty(A) Qutput data valid after address change - 29 ns
tdis Qutput disable tima frem chip select 150 ns

TAll AC meacurements are made at 10% and 80% points
taccess time from page salect |s double narmal accass time.
HOTE 7: All address changes must bo made within 30 ns of when the hrst address changes to prevent address skewing.

I
o
read cycle timing 8-
1 i =
VIH L J 8
ViL L | o
: tuw—-“ — o
YiH | | 1
€8 | |
ViL | |
[ P
ViH b— e f
Q1-a8 HI-Z VALID

3
ViL \Q
1

PROGRAMMING DATA

PROGRAMMING REQUIREMENTS: The TMS4664 NbL is a fixed program memory in which the programming is performad
by Tl at the factory during the manufacturing cycle to the specific customer inputs supplied in the format below. The device
is organized as 8182 B-bit wards with address logations numbered O 1o 8191, The 8-bit words can be codad as a 2-digit
hexadecimal pumber botween 00 and FF. All data words and addresses in the following format are coded in haxadecimal
numbers. In coding all binary words must be in positive logic before canversion to hexadecimal. Q1 is considered the lsast
significant bit and Q8 the most significant bit. For addrasses, AD is least significant bit and A11 is the most significant.

The input media containing the programming data can be in the form of cards or EPROMSs,
Either 16K, 32K, or 84K EPROMs can be used or any combination of them.

The following is a description of how the cards must be formatted, should thay be used instead of EPROMSs.

TeExas
INSTRUMENTS
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TMS4664
8192-WORD BY 8-BIT READ-ONLY MEMORY

INPUT CARD FORMAT

Each code deck submitted by custamer shall consist of the (ollowing:

SN

Title Card ]
Comment Cards
Start of Data Card
Data Cards

The cards shall be standard 80 colurmn cards with the information in the following format:

Card Column

1-5§
6
7,8
8- 14

15
16 - 30
3
32

33 - 326
az

l saajA8@ WOHY

38 - 490
41

42

43
44
45 - 49

TITLE CARD

Information
The word ‘TITLE" shall be punched in these columns.
Blank
The letters “ZA’ shall be punched in these columns.

Leave blank. A special device code number will be assigned by Texas Instruments.
{left justified) .

Blank
Customer's Part Number, if required. {left justified]
Blank

Customer’s Part Number to be included as part of device symbolization.

Options: ’
Y = Yes
N = No

Blank

Type of Package
QOptions:
B = Chip on board
F = Plastic

Blank

Logic Level for device pin 20,
Qptions:
1
)

Logic Leve! for device pin 21.
Options;
1
0

fl

chip select mode, outputs enabled with high leve!,
chip select mode, outputs enabled with low level.

chip select mode, outputs enabled with high level.
chip select mode, outputs enabled with low level.

]

Bfank.
Blank.

Texas Instrumants Device Seras (4664, etc.)
{left justified)

7-4
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TMS4664
8192-WORD BY B-BIT READ-ONLY MEMORY

COMMENT CARDS

Any number of comment cards may be used for specifying the customer’'s name, individusal te contact, telaphong numbear,
address, any spocial instructions, ete. The format for these cards is as follows: The Letter 'C’ {far comment} must be pun-
ched in column 1, columns 2 —4 must be blank, and comments can be punched in columns G- 80.

START OF DATA CARD

This card is to identify that the next card will be the beginning of customer's code, Format is as follows;: Columns 1 —4
must have "&ROM' punched in them. The remainder of card is blank.

DATA CARDS

Thare will be 256 data cards supplied for each customer code. Each card will contain (in hexadecimal) the data for 32 memory
locations. Each data card shall be in the following format:

Card Column Information
P-4 Hexodecimal address of first word on the card, four bits in length.
5.8 Blank.
7-70 Data. Each 8-bit data hyte is represented by two ASCI characters to represent a

hexadecimal value of ‘00’ to 'FF.

71,72 Checksum. The checksum is the negative of the sum of all 8-bit bytes in the record
from columns ! 1o 70, evaluate modulo 258 (carry from high order bit ignored). For
purposes of calculating the checksum, the value of columns & and 6 are definad to
be zero. Adding together, module 258, all B-bit bytes fram calumns 1 to 70 {col-
umns 5 and 8 = 0J, then adding the checksum, results in zero.

73-76 Blarnk,

“T? -~ 80 Card sequence number, in decimal.
{right justitied). )

Texas Instrurncits raserves the rght to make changes ar any time In arder to imprave daslgn and te supply the best product possible,

TEXAS
INSTRUMENTS
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MoS TMS4732
15l 4096-WORD BY 8-BIT READ-ONLY MEMORY

MAY 1977 -~ REVISED JULY 1882

8 4096 X 8 Organization TM54732 ., . JL OR NL PACKAGE
(TOP VIEW)
& Al Inputs and Outputs TTL Compatible
® Fully Static {No Clocks, No Refresh) az(]1 2aPvee
. a6z 23[0ar
® Single 5-V Power Supply asJa 2230
© Maximum Access Time From Address: asl]a  21[Js22
TMS4732-30 300 ns :gE Z fg %i:i!m
TMS4732-35 350 ns alz IBJAII
TM54732-45 453 ns aa[]s 17 ]as
@ Typical Power Dissipation . . . 275 mW arl]s elar
, azf]te 5[ fos
® 3-Stata Outputs for OR-Ties a3 1aldos
@ Pin-Compatible with TMS2532 EPROM ves(]12 13[los
® Two Output Enable Controls for Chip Select
Flexibility —
PIN NOMENCLATURE
A0 - AN Addresses
Q1 — a8 Data Qut
51/81, $2/52 Chip Selects
Yoo + 5\ Supply
Vg Ground
description

The TMS4732 is a 32,768-bit read-only memory arganized as 4036 words of 8-bit length. This makes the TMS4732
ideal for microprocessor based systems. The device is fabricated using N-channe! silicon-gate technology for high
speed and simple interface with bipolar circuits.

All inputs can be driven directly by Series. 74 TTL circuits without the use of any internal pull-up resistor, Each output
can drive one Series 74 or 745 load without external resistors. The data outputs are three-state for OR-tieing multi-
ple devices on a commeon bus. Two chip-select contrels allow data to be read, These controls are programmable, pra-
viding additional system decode flexibility. The data is always available, it is not dependent on axtarnal clocking of
the control pins.

Sl ROM Devices

The TMS54732 is designed far high-density fixed-memoty applications such as logic function generation and
microprogramming. The part is pin compatible with the TMS52532 4036 x 8 EPROM, which aids in prototyping and
coda veriflcation.

This ROM is suppligd in 24-pin dual-in-ine-plastic INL suffix) or céramic {JL suffix} packages designed for insertion
in maunting-hole rows an 600-mil centers or chip on board. The device is designed for operation from 0°C to 70°C.

operation
address {AD — A11)

The address-valid interval determines the device cycle time. The 12-bit positive-logic address is decoded on-chip to
selsct one of 4096 words of 8-bit length in the memary array. A0 is the least-significant bit and A1 the most-significant
bit of the word address. )

chip select/output enabla (pins 20 and 21]

Each of these pins can be programmed during mask fabrication to be active with gither a high- or a low-love! input.
When both signals are active, all eight outputs are enabled and the eight-hit addressed word can be read. When either
signal is not active, all gight outputs are in a high-impedance state.

Copyright © 1983 by Texas Instruments Incorporsted

TeExas -
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TMS4732
4096-WORD BY 8-BIT READ-CNLY MEMORY

data out {Q1-08)

The eight cutputs must ba enablad by pins 20 and 21 before the output word ean ba read. Date will remain valid
until the address is changed or the outputs are disabled ichip deselected}. When disabled, the thres-state outputs
are in a high-impedance state. 1 is considered the least-significant bit, Q8 the most-significant bit.

The autputs will drive two Series 54/74 TTL circuits without external components.

logic symhott

(8) ROM
20 ——07) 4056x8
{7
A" [
Az~ ta)
A3 |5) AV-—G-[T a1
A2 {4} AV-W Q2
) A5 (3) AVT?‘}- o3
o 6 L— LA _Q._Av {141 Q4
g :? 1) ) 4095 Av_—(—- as
g : as 2] AV_T:%' a6
g {19} Av-ﬁ Qg
w {18) '
. A1 1,
oz
2 21} EN
-__.-"-—
3 (200 | & .
B {21 Ir__ EN

Finz 20 and 21 can be active-high as shawn in tha cpper symba! or active-
low as shown in tha tower [partiall gymbel,

1This symbol I in accordance with IEEE Std 91/4NSI ¥32.14 end racent decisions by IEEE and |EC, Ses explanstion on page 10-1,

7-8 TEXAS
INSTRUMENTS
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4096-WORD BY 8-BIT READ

TMS4732
-ONLY MEMORY

functianal block diagram

DaTA QUTPUTS

11414

Vg
V55

i1

stjD_D_{ CHIP SELECT LOGIC
sz

I QUTPUT BUFFERS

Y ::
ag-Ad ADDHESS S ¥ DECODE
BUFFER

Y SATING

ADDRESS INFUTS

o 128
AS-ANY ADDRESS :_.'J7 > X DECODE 4096 X & MEMORY MATRIX
BUFFER
o
L4
absolute maximum ratings .E
Supply voltage to ground potential [see Mote 1} . ... ... .. L. oLl oL ~-05Vio?7V Q@
Applied output voltage Is2e NOte 1) .. .. L . e e 05V 7?7V Q
Applied input valtage (see Note 1} . ... ......... T -085Vte?V E
Power dissipation. . . . ... e 500 MW O
Operating free-air temMPCIralUNG . . . .. . et i e e e e e e 0*C 1w 74°0 o
b (T e =B T T T T - -55°C to 150°C
NOTE 1: Valtage values are with rospect ta ¥gg.
recommended operating conditions
PARAMETER MIN  NOM - MAX | UNIT
Supply voltage, Ve 4.5 5 5.5 v
High-level input voltage, ¥y 2 2.4 Vee+t] v
Low-level input valtage, VL -0.5 0.8 W
Operating fras-air temperature, Ta o 70 C
[ TExAs 7.9
NSTRUMENTS
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TM54732 _
4096-WQRD BY 8-BIT READ-GNLY MEMORY

electrical characteristlcs, Tp = 0°C

to 70°C, Voo = B V £ 10% (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  MAX UNIT
voH  High-lovel output voltage Veoe=4.8 v, loH = — 400 pA 2.4 v
VoL Low-level output voltage Veo=45V. lpL=3.2 m& 0.4 v
Iy *Input current Yop=5.49V, OV =WVy=5b.5 Vv i0 nd
Ig Qutput feakage current Vo=0.4 Vo Vor, Chip desslected 10 | wA
lge1 Supply current from Ve [active) Veo =55V, V1=V output not loaded 80 | mA
- Vg=D Vv, Tp=25°C,
Ci Input t & F
: nput capacitance =1 MHz P
Vo=0V, Ta=25°C,
Co Qutput capacitance {31 MHz A 12 pF
switching characteristics, T4 =0°C to 70°C, Vgc=5 V +10%, 2 series 74 TIL loads. C =100 pF
TMS4732-30 | TMS4732-35 | TMS54732-45
PARAMETER umIT
MIN MAX MIN  MAX MIN  MAX
talAl Access time from address 300 380 450 ng
a8y Aegess time from chip select 120 120 120 ns
tufAl Output data valid after address change 20 20 20 ns
tdis Qutput disable time from chip selaet 100 100 100 ns

TAIl AC measurements are matla at 10% snd 90% points

l saoeq WOY

read cycle timing

¥iH
AD-A11
Vi,

L
=
T

7-10

YiL
] -t'——-]‘alsl — I
ViH a{Al '—7 ES EE @
a1-08 . vALID
ViL _i\'—— .
TEXAas
INSTRUMENTS
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TMS4732
4096-WORD BY 8-BiT READ-ONLY MEMORY

PROGRAMMING DATA

PROGRAMMING REQUIREMENTS: The TMS4732 is a fixed pragram memary in which the programming is performed by
Tl at the factory during the manufacturing cycle to the specific custamer inputs supplied in the format below, The device
is organized as 4096 8-bit words with address lecations numbered O 1o 4095, The 8-bit words can be coded as a 2-digit
hexadecimal number betwesn 00 and FF. All data words and addresses in the following format are ceded in hexadecimal
numbers. in coding, all binary words must be in positive logic beforg convarsion to hexadecimal. Q1 is considered the least
significant bit and Q8 the most significant bit. For addresses, AQ is the least significant bit and A11 is the most significant.

The input media clontaining the programming data can be in the form of cards or EPROMS.

Either 16K, 32K, or 64K EFROMs can be usad, or any combination of them.

The fellowing is a description of how the cards must be formatted, should they be used instead of CPROMS.
INPUT CARD FORMAT

Each code deck submitted by customer shall consist of the following:

1. Title Card

2. Comment Cards
3. Start of Data Card
4. Data Cards

The cards shall be standard 80 column cards with the infarmation in the following format:

g7 ROM Devices

TITLE CARD
Card Column Information
1 -5 The word "TITLE' shall be punched in these columns.
6 Elank
7.8 The letters ‘ZA’ shall be punched in these columns,
9 - 14 Leave blank. A special device code number will be assigned by Texas Instruments.
left justified) .
15 Blank
16 - 30 Customer's Part Number, if required. deft justified)
21 Blank
az Customer's Part Number to be included as part of device symbolization.
Options:
Y = Yes
N = No
33 - 36 Blank
37 Type of Packane
Options:
C = geramic
P = plastic
B = chip on board
38 - 40 Blank
TEXAS
INSTRUMENTS
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TMS4732

4096-WORD BY 8-BIT READ-DNLY MEMORY

41

42

43
44
45 — 49

Logic Level for device pin 20,

Options:
1 = chip-select mode cutputs eénabled with high level.
0 = chip-select mode, outputs enabled with low {evel.

Logic Level for device pin 21

Options:
1 = chip-select made outputs enabled with high level.
0 = chip-selact mode,-outputs enabled with fow level.

Blank
Blank

Texas Instruments Device Serigs [47328, 4732C, ete.}
tleft justified)

COMMENT CARDS

Any number of comment cards may be used for specifying the customer's name, individual to contact, telephone number,
address, any special instructions, ete. The format for these cards is as follows: Tha letter *C* (for comment) must be punch-
ad in column 1, columns 2-4 must be blank, and comments can be punched in columns 5-B0.

l saojneq WOY

Card Calumn

1-3
4

6 - 68

69 - 70

START OF DATA CARD

This card is to identify that the next card will be in the beginning of custamer's coda, Format is as follows: Columns 1-4
must have ‘&R0OM’ punched in them. The remaindar of card is blank.

DATA CARDS

There will be 128 data cards supplied for each customer code. Each card will contain {in hexadecimal) the data for 32 memory
lacations. Each data card shall ha in the following format:

Information
Hexadecimal address of first word on the card, four bits in length,
Blank

Data. Each B-bit data byte is represented by two ASCH characters to represent a hexadecimal
value of 00" to “FF".

Checksum. The checksum is the negative of the surn of all 8-bit bytes in the record from col-
umns 1 to 68, evaluate modulo 256 (carry from high grder bit ignored). For purposes of

. calculating the checksum, the value of column 4 is defined as zero. Adding together, module

256, all 8-bit bytes from columns 1 to 68 [column 4 = 0}, then adding the checksum, results
in zero,

EXAMPLE JCL DECK TO RUN GATE PLACEMENT

# CIC JOB CARD

N EXEC GATEPLM, DEV=TM4732A, DOMTAPE = valume serial number

Input Cards

' The input card to PFF Is. //PFP DD DSN = &&PFPIN, DISP=0LD

Taxas Insirumants reserves the nght Lo make changes st any time in order to improve design and 1o supply the bast product possible.

Texas
INSTRUMENTS
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MOS TMS4764
LSl 8192-WORD BY 8-BIT READ-ONLY MEMORY

JUNE 1981 -~ REVISED JULY 1983

TMS4764 . . . JL OR NL PACKAGE

& 8132 X 8 Organization (TOP VIEW)
® Fully Static (No Clocks, No Refresh} sz Tzaldvee
® All Inputs and Qutputs TTL Compatible as[]z  23(]as
as[]a  z2]as
#® Single 5-V Pawer Supply aala  z1[]a12
® Maximum Access Time From Address: ME: 20%5"5
AZ 193] JA1D
TM54764-30 300 ns
Az 1aJan
TM54764-35 350 ns aolfe  17[]as
TMSA764-45 450 ns arle  18[o7
# Typical Active Power Dissipation . az[J1o 1s5[]as
L 276 mW az[Jn 14[]Jos
ves[z 13[Jae
Pitdi NOMENCLATURE
AD - Al12 Addresses
o1 - 08 Diata Out
SIS Chip Select
Ve +5-V Supply
Veg Ground -
1]
[+
2
-
-4
deseription (]
The TMS4784 is a 65,538-bit read-only memary organized os 8192 words of 8-bit length. This makes the TMS4764 E
ideal for microprocessor based systams. The device is fabricated using N-channel silicon-gate technolagy for high 8
spead and simple interface with bipolar cireuits,
All inputs can be driven diractly by Series 74 TTL circuits without the use of any internal pull-up resistor. Each gutput 7
can drive twao Series 74 or 745 losds without external resistors. The data outputs are three-state for OR-tieing multi- [
ple devices on a commen bus. Pin 20 is programmable, providing additionel system flexibility. The data is always
available, it is not dependent on external clocking of pin 20,
The TMS4764 is designed for high-density fixed-memory applications such as logie function generation and
microprogramming. it is pin compatibla with TI's full line of ROMs and EPROMs,
This ROM is supplied in 24-pin duakin-line-plastic {NL suffix} or ceramic [JL suffix) packages designed for insertion
in mounting-hole rows on 600-mil centers ar chip an board. The device is designed for operation from 0°C 1o 70°C.
oparation

address [AD - A12)

The address-valid interval determines the device cycle time. The 13-kit positive-logic address is decoded on-chip to
select one of 8192 words of 8-bit length in the memory array. AD is the least-significant bit and A1 2 the most-significant
bit of the word address.

chip select {S ar S)

Pin 20 can be programmed during mask fabrication to be activa with either a high- ar a low-level input. When the
signal is active, all eight outputs are enabled and the eight-bit addressed word can be read. When the signal is nat
active, all eight outputs are in a high-impedance state.

Copyright £ 1983 by Texas Instrumerts Incarporated

TEXAS 7-13
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TMS4764
8192-WORD BY 8-BIT READ-ONLY MEMORY

data out (AT —QB}

The eight outputs must be enabled by pin 20 before the autput word can be read. Data will remain valid until the
address is changed or the outputs are disabled Ichip deselected). When disakled, the three-state outputs are in a high-
impedance state. Q1 is considered the least-significant bit, Q8 the most-significant bit.

The sutputs will drive two Series 54/74 TTL circuits without external components.

logic syrrnl:u:alT

o ROM
AG —H— 0] 819258
A=)
A2 = ] AT— o1
A3 ———— {10)
{4} At (12
Al {11}
A5 {31 1 AV—GF [k}
AB 2 Y {14
Y AL AV———a
m {23} j\v_gi. [a]:1
-8 " ] !
= Ag {19} A an as
o {181
s AN T
g' A2 —— 12J
| 2 g {201 e
"'-—-&-_-_
3 (zo}b EN

Fin 2{} can ba active-tugh as shown In the upper symbal or active-low as
shown in the lower {partialt symbol.

This symbiol is in accardance with [EEE Sid 81/ANS1 ¥32.14 and recant declsions by |EEE and 1EC. See explanation on page 10-1.

7-14 TeExas
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TMS4764
8192-WORD BY B-BIT READ-ONLY MEMORY

functional hlock diagram

DATA QUTPUTS

21-08

ttittttt

815 —b—I CHIP SELECT LOGIC !—)—

OUTPUY BUFFERS

—

AlQ-hd ADDRESS 5 ¥ DECODE ¥ GATING
BUFFER
ADDRESS INPUTS
A X 128
AS--A1 ADDRESS. |8 X DECODE 8102 X 8 MEMORY MATRIX
BUFFER

ahsolute maximum ratings

Supply voltage to ground potential {see Note 1) ... .. F
Applied output woltage [see Mote 1) . . ... L s
Applied input voltage (see Note T} ... .. o i i e e

Power dissiPation. . . ot i e e e e e e
Operating free-alr temperature . . . ... . i e e e e
SIOrage fEMPEIATUIE . . . . L . ittt e e e e,

NOTE 1. Voltage values ara with raspect ta Ves,

recommended operating conditions

4— voc
o Vss

-05Vto?7V
05Vt 7V
-3EVw?7V

500 mw

0°C to 7O0°C

-55°C ta 150°C

i ROM Devices

PARAMETER MIN _ NOM  MAX | UNIT
Supply voltage, Voo 4.5 B 8.5 W
High-Tevel input voltage, V|H 2 Veo+1| v
Low-level input voltage, V|| —-0.b 0.8 v
Qperating Irea-air tamperature, Ta a 70 *C
Texas
INSTRUMENTS

FOST OFF ICE BOX, 225017 @ DALLAS, TEXAS 75265
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TVS4764

8192-WORD BY 8-BIT READ-ONLY MEMORY

electrical charactaristics, Ta = 0°C to 70°C, Ve = 5 V #10% {unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  MAX UNIT
Viagy  High-level output veltags Vep=4.8V, IgH = =400 pA 2.4 v
VoL  Low-level output voltage Voo =4.5 ¥, lpL=3.2 mA 0.4 Vi
1y Input current Vop=56.5 V. QV=Vy=56.5 ¥ 10 A
I Cutput leakage current Vp=%.4 V to Vo, Chip deselecred 10 | wA
Icc1 Supply current from Y iactivel Vee =58V, V=V cutput not Inaded 80 | maA
. j Vg=0V, Ta-25°C,
G; Input capacitance f=1 MHz2 g pF
. Vg=0V, T =25°C,
C
o Cutput capacitance f=1 MHz 12 pF
switching characteristics, Ta =0°C to 70°C, Voo =5V +10%, 2 series 74 TTL Joads, CL =100 pFT
TMS4764-30 | TMS34764.35 | TMS4764-4
PAARAMETER S > UNIT
M MAX MIN  MAX MIN  MAX
talh) Access time from addross 300 350 450 ns
tatg) Access time from chip select 120 120 120 ns
i Al Cutput data valid after address change 20 20 20 "5
tdis QOutput disable time fram chip sclect 100 100 100 ns
FAI AT measurements are mada at 10% and 90% points
X
2
3 read cycle timing
@ 1 )
s. YIH L ]
8 AD-AT2 |
» VL !
I Yin | i 1
: s i \'| | [
ViL I i -
{ | I ——-I r.'—- tdis
-—--..] tais) r‘-_ | |
VIH he—— taja} f [
ara8 iz . vALID W—_
YiL _\'
]
7.18 [ Texas
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TMS41764
8192-WORD BY 8-BIT READ-ONLY MEMORY

PROGRAMMING DATA

PROGRAMMING REQUIREMENTS: The TMS4764 is a fixed program memary in which the pragramming is performed by
T1 at the factary during the manufacturing cycls to the specific customar inputs supplied in the format below. The device
is organized as B192 8-bit words with address locations numbered 0 1o 8191, The 8-hit words can bo coded as a 2-digit
hexadecimal number between 00 and FF. All data words and addresses in the following format are coded in hexadacimal
numbers. In coding, all binary words must be in pesitive fogic bafore egnversion to hexadecimal. Q1 is considered the lzast
significant bit and A8 the most significant bit. Fer addresses, AD js least significant bit and A12 is the most significant.

The input media containing the programming data can be in the form of cards or EFAOMs,
Either 16K, 32K, or 64K EPROMs can ba used, or any combination of them.

The fellowing is & description of how the cards must be formatted, should they be used instead of EPROMS.
PROGRAMMING INSTRUCTIONS — 64K ROM

Each code deck submitted by customer shall consist of the fallowing:

1. Title Card

2. Comment Cards
3. Start of Data Card
4. Data Cards

The cards shall ba standard 80 column cards with the information in the following format:

I ROM Devices

TITLE CARD
Card Colurnn Infermation
1-5 The word ‘TITLE' shall be punched in these columns.
[ Blank
7. 8 The lettars "ZA’ shall be punched in these columns.
9 - 14 Leave blank. A special device code number will be assigned by Texas Instruments.
lleft justified)
15 Blank
16 — 30 Customer’s Part Numbes, if required. {laft justifiedi
3l Blank
< Customer’s Part Nummber to be included as part of device symbcglization.
Qptions:
Y = Yes
N = No
33 —~ 36 Blank
37 Type of Package
Options:
C = ceramic
P = plastic
B = chip an board
38 -~ 40 Blank
Texas
INSTRUMENTS
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TMS4764
8192-WORD BY 8-BIT READ-ONLY MEMORY

41 Logic Level for pin 20 on 24-pin package.
Options:
1 = chip-select mode outputs enabled with high level.
0 = chip-select mode, outputs enabled with low level,
42 — 44 Blank
45 — 48 Texas Instruments Device Seres lie, 4764B, 4764C, etc.)

(left justifiad)

COMMENT CARDS
Any number of camment cards may bo used for specifying the customer’s name, individua!l 1o contact, telephone number,
address, any special instructions, ete, The format for these cards is as follows: The letter 'C’ {for comment) must be punch-
ed in column 1, columns 2-4 must be hlank, and comments can be punched in ¢columns 5-80,

START OF DATA CARD

This card is to identify that the next card will be in the beginning of customer’s code. Format is as follows: Columns 1-4
must have '&ROM' punched in them. The remainder of card is blank.

DATA CARDS

There will be 258 data cards supplied for each customer code, Each card will contain (in hexadacimall the data for 32 mamory
locations. Each data card shall be in the following format:

Card Column Information
1-4 Hexadecimal address of first word on the card, four bits in length.
5.6 Blank
¥-70 Data. Each B-bit data byts is represented by two ASCI characters to represent a hexadecimal

value of '0Q" o 'FF.

l saoiAe@ NOH

71, 72 Checksum. The checksum is the negative ol the sum of all 8-bit bytes in the record from cal-
umns 1 to 70, evaluate modulo 256 {carry fram high order bit ignored}. For purposes of
calculating the checksum, the value of columns 5 and & are defined to be zere. Adding tagather,
modulo 256, all B-bit bytes from columns 1 to 70 icolumns % and & = ), then adding the

checksum, results in zero.

73 - 76 Blank

77 - 8O Card sequence number, in decimal.
Iright justified).

Texas Instruments reserves the right ta make changeas alL any time in order to improve design and te supply the best predust possible,
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8192-WORD BY B-BIT READ-OKLY

JUME 1883 — REVISED OCTORER 1983

TMS4364
MEMORY

®
@
2
5
]
(o]
=
Q
==

#® B192 X 8 Organization TMS4354 . . . NL PACKAGE
et . . {TOP VIEW)
® Partitioned into Eight 1K X 8 Pages
® Fulty Static INo Clocks, No Refresh}
A7 T Waa] vee
® Al Inputs and Outputs TTL Compatible as[2 z23[]as
a3 220as
# Single 5-V Power Suppl o
g PPy aae 21 5us2
® Two Chip-Selects for Flexibility and Power- a3(]s 2003511
Down Option az{le 18[]at0
. Al L7 18 | A1
& Maximum Accass Time from Address a0 (a ”% a8
... 450 ns ate 180Ja7
@ Typical Active Power Dissipation ez[1o 15[] as
...275 mW a3t 140 os
v 12 13[1 04
@ Available in Chip-on-Board Package Also $5
PIN NOMENCLATURE
AD ~ A1 Addrasses
al — Q8 Data Qut
51551, S2/52 Chip Selects
Voo +5-W Supply
Vgg Ground
description
The TMS4964 is a 85,536-bit read-only memory organized as 8192 words of 8-bit langth. The array is subdivided
into eight 1024 bits % 8 pages. The device is fabricated using N-channel silicon-gate technology for high spesd and
simple interface with bipalar circults.
Allinputs can be drivan directly by Series 74 TTL circuits without the use of any external pull-up resistor, Each output
can drive two Series 74 or 745 loads without external resistors, The data cutputs are three-state for QR-tiging multi-
ple devices on a cormmon bus. Two chip-select controls allow data to be read. These controls are programmabla, pro-
viding additional system decade flexibility, The data is always available, it 7s not dependent on external clocking of
the control pins,
The TMS54964 is designed for high-density fixed-memary consumer applications.
This ROM is supplied in a 24-pin dual-in-line plastic {NL suffix} package designed for insertion in mounting-hole rows
on 6D0-mil centers. It is also available in the chip-on-board package. The device is designed for operation from 3°C
ta 70°C. ’
operation
address (AD-A11)
The address-valid interval determines the device cycle time. The 12-bit positive-logic address is decoded on-chip to
select ona of 8192 words of 8-bit length in the mamory array. AD is the least-significant bit and A 17 the most-significant
bit of the word address. Additionally 24 addresses can generate traps which allow the selection of any 3 of 7 pages
to he active at any point in time, The 8th page is always active. Aftar a write to a pointer register, a narmal read
cycle must be completed before another writa is performed. A normal read is an address outside of the range FEOQ to FE7.
All address changes must be made within 30 ns of when the first address changes to prevent address skewing.
chip select/output enable {pins 20 and 21)
Each of thesa pins can be programmed during mask fabrication to be active with either a high or low level input. Whan
both signals are active, all gight autputs are enabled and the eight-bit addressed word can ba read. When either signal
is not active, all eight autputs are in a high-impedance state.
ADVANCE INFORMATION Copyright & 1883 by Texas Instrumens [ncorporated
Thin d EDALBINS inf) g & naw product,

Spacillcations are subject 1w chonge withoul notlcs.
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TMS4964

8192-WODRD BY B-BIT READ-ONLY MEMORY

l sadAag WOY

data out (Q1-08)

The eight cutputs must be enabled by both pins 20 and 21 bafore the output word can be read. Data will remain
valid until the address is changead or the cutputs are disabled {chip deselected). When disabled, the threg-state out-
puts are in a high-impedance state. Q1 is considered the lsast-significant bit, U8 the most-significant bit.

page operation

The cutputs will dtive two Series 54/74 TTL circuits without external components.

The ROM is organized into BK x B-bit bytes. Only 12 address bits or a maximum of 4K bytes may be accessed at
one time. The 4K address space is segmented into four 1¥ banks and memory is partitioned into eight 1K pagas.,
Bank 3 containing page 7 is always rasidant. Any three of the eight pages, 0 thru 7, are immeadiately accessable.
The banks, which are defined by page pointers, are selected by address bits A3 and A4 (see Table 1}.

TABLE 1
Ad A3 BANK ADDRESS RANGE
L L 0 00 - 3JFF
L H 1 400 - 7FF
H L 2 BOO - BFF
RAesident 3 C00 - FDF

H - high Tevel, L = low lavel

Tha content of the page pointers is loaded with address bits A2, A1 and AD. Three different pages in the range 0
thru 7 may ke leaded ong into gach of the three pointers. Table 2 shows address/page pointer relationship.

TABLE 2
A2 Al AD PAGE
L L L O
L L H 1
L H L 2
L H H 3
H L - L 4
H L H 5
H H L 6
H H H 7

H = high lavel, L = low level

The pointers are write-only locations; to load the pointers, A117 thru AOS are set to high logic levels. Then polnters
are always loaded by the range of addresses shown in Table 3.

7-20

TAHBLE 3
POINTER ADDRESS RANGE
0 FEQ to FE7
1 FES 1a FEF
2 FFQ to FF7
TeEXas
INSTRUMENTS
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TMS4964
B192-WORD BY 8-BIT READ-ONLY MEMORY

When an address gutside tho range FEO to FF7 is accessed, address bits A11 and A10 select pointer @, 1 or 2 and
the pointer cantent is mapped to the internal address bits ATZ, A11 and A10. When A10 and A11 are both high,
page 7 is sslected [see Table 4). Internal address bits A9 thru AD are the same as the external address bits 49 thru AO.

TAHLE 4
Al1 A1l SELECTED
L L Pointer O
L H Fointer 1
H L Fointer 2
H H Page 7

H = high level, L = low tavel

As an example, suppose it is desired to select the third 1K ROM page by addresses 400 thru 7FF, This address space

is represented by pointer 1 because of the
contents of tha pointer is 3; bits AZ, A1,

functional block diagram

condition of A11 and A10Q. To write to pointer 1; bits 44, A3 = |LH. The
AQ = LHH. Thersfore, locatien FEB is accessed.

e V0
~r—— Yo

CATA DUTPUTS
a1-as

trefbets

§1/s1
Fp/52 :::' CHIP SELECT LOGIC

OUTPUT BUFFERS

L]

' ROM Devices .

¥
32
Al-Ad Y ADDRESS 5 ¥ OECODE ._\/ ¥ GATING
BUFFER .
ADDAESS INPUTS
A1l ; 2
A5- ADDRESS ,_7V X DECODE 8192 X 8 MEMORY MATRIX
BUFFER
P
PAGE
PAGE SELECT FED to FF7
LOGIC ~
l TEXAS 7-21
NSTRUMENTS
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TNS4964
8192-WORD BY 8-BIT READ-ONLY MEMORY

absalute maximum ratings

Supply voltage 1o ground potential (see Nota 1) ... ... e e -05Vte 7V
Applied output voltage {see Mote 1} ......... . ... e e e —-0bvVio?V
Applied input voltage Isee Note 1) ... ... .. .. .. iat e e s x -05WVta 7V
Power dissipation. .. ..... - 500 mW
Operating freg-air temperature O°C to 70°C
Storage temperature. ... ..., ... ..., : —565°C to 150°C
Note 1; Voltage valuas are with respect to Vgg
recommended aperating conditions
PARAMETER MIN KNOM MAX |UNIT
Supply voltage, Yoo 4.5 5 5.5 v
High-level input veltage, V|4 . 2 Veg+1) ¥
Low-level input voltage, VL . ~0.5 0.8 v
Qperating free-air temperature, T . i} 70 e
electrical characteristics, Ta = 0°C to 70°C, Voo = B V = 10% {unless otherwise noted)
PARAMETER TEST CONDTIONS MIN_ MAX | UNIT
VoH  High-lavel autput voltaga Veo=4.5V, Iy — —400 zA 2.4 ki
VoL  Low-level output valtage Voo=485V, lpL=23.2 mA 0.4 W
I Input current Voo =85V, Oy=Vy=55V 10 | wA
Ig Qutput leakaga current Vo=0.4 V¥ to Voo, Chip deselected +10 A
lcg1 Bupply curent from Voo tactive) Veg=55V, Vi=V¥ge output not lnaded 80 ma
V=0V, Tp=25°C,
GCi Input capacitance F
i put capac £~1 MHz P
] V=0V, Tp=25°C,
F
Ca Qutput capacitance el MHz 12 p
switching charactaristics, Tg = 0°C to 70°C, Vo = 5 V +£10%, 2 saries 74 TTL loads, CL, = 100 pFt
PARAMETER MIN MAX | UNIT
taial Access time from address? : 450 | ns
tais) Access time from chip select® 200 ns
LIES] Cutput data valid after address change 20 na
tdis Cutput disable time fram chip select 165G ns

TaN AC megssurements are made at 10% and 90% points
?Access fime from page selact is double narmal access time,

NOTE 1: All addrass changes must be made within 20 ns of when the first addrass changes to prevent address skewing.

Texas
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TMS54964
8192-WORD BY 8-BIT READ-ONLY MEMORY

read cycle timing

VlH L J
Ao W .
. ViL I I (

L]
i R
ViH ' | 1
B5 | ¢ | A
Vi | | i —-ll Il--— ta;
3
[ —{ tats) po— I o
Vin b—— i} Y3 !
" a1-08 HI-Z { VALID m—
ViL !

PROGRANMMING DATA

FROGRAMMING AEQUIREMENTS: The TMS49B84ML is a fixed program memaory in whick tha programming is performed
by T at the factory during the manufacturing cycle 1o the specific custamer inputs supplied in the format below. The device
is organized as 8192 8-bit words with addross locations numbered O to 8121, The 8-bit words can be coded as a 2-digit
hexadecimal number between 00 and FF. All data words and addresses in the following format are coded in hexadecimal
numbers. In coding all binary words must be in positive logic before conversion 1o hexadecimal. Q1 is considered the least
significant bit and OB the most significant bit. For addresses, AD is least significant bit and Al1 is the most significant.

The input media containing the programming data con be in the form ef cards or EPROMs.

Either 16K, 32K, or 64K EPROMSs can be used or any combination of them.

I ROM Devices

The following is a description of how the cards must be formatted, should they be used instead of EPROMs,

INPUT CARD FORMAT
Each code deck submitted by customer shall consist of the following:

1. Title Card

2. Comment Cards
3. Start of Data Card
4. Data Cards

The cards shalt be standard 80 column cards with the infarmation in the following format:

Texas 7.23
INSTRUMENTS
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l saonag INOY

TITLE CARD
Card Column Information
i-5 The word “TITLE" shall ke punched in these columns,
3] Blank
7.8 The letters ‘ZA’ shalt be punched in these columns.
8-14 Leave blank. A special device code number will be assigned by Texas Instruments.
{left justified
15 Blank
16-30 Customer’s Part Number, if required. (left justified)
31 Blank
32 Customer's Part Mumbsr to be included as part of device symbolization.
QOptions:
Y = Yes
N = No
33-36 Blank
37 Type of Package
{ptions:
8 = chip on board
P = plastic
38-40 Blank,
41 Logic Level for device pin 20.
Options:
1 = chip seiect mode, cutputs enabled with high level.
¢ = chip select mode, outputs enabled with low level.
42 Logic Lave! for device pin 21,
Cpticns: - -
1 = chip select mode, autputs enabled with high level,
Q = chip select mode, outputs enabled with low lavel,
43 Blank.
44 Blank.
45-49 Texas Instruments Device Serigs (4964, etc.|
lleft justified)
a4 - INSIL%%NTS
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TMS4964
8192-WORD BY 8-BIT READ-ONLY MEMORY

Any number of comment cards may be used for specifying the custamet’s name, individual to contact, telephone number,
address, any special instructions, etc. The format for these cards is as follows: The letter 'C” (far comment) must ba punch-

COMMENT CARDS

ed in ¢column 1, ¢cplumns 2-4 must be blank, and comments can be punched in columns 5-80.

This card is to identify that tha next card will be the beginning of customsr’s code. Farmat is as follows: Columns 1-4 must

START OF DATA CARD

have ‘&RCM’ punched in them. The remainder of card is blank,

There will be 256 data cards supplied for each customer code. Each card will contain (in hexadecimal) the data far 32 memory

DATA CARDS

locations. Each datz card shall be in the following farmat:

Card Column

1-4
5,6
7-70

71,72

73-76
77-8C

Information

Hexadecimal address of first word on the card, four bits in length.

Blank. '

Data. Each 8-bit data byte is represented by twe ASCIl characters to represent 3
hexadecimal value of '00" to ‘FF’,

Checksumn. The chacksum is the negative of the sum of all 8-bit bytes in the record
from columns 1 to 70, evaluate module 256 (carry from high order bit ignered). For
purposes of caloulating the checksum, the value af celumns 5 and’6 are defined te
be zero, Adding togsther, modula 256, all 8-bit bytes from ¢olumns 1 to 70 (col-
umns S and 6 = 0}, then adding the checksum, results in zero.

Blank.

Card sequence number, in decimal.

{right justified).

Texas Instruments reserves the right to make changes at any tima in order 1o improva dasign and 1o supply the best product possible.

I ROM Devices
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TMS47128

16,384-WORD BY 8-BIT READ-ONLY MEMORY

JUNE 1983

16,384 X 8 Organization

Fully Static {No Clocks, No Refrash)
All Inputs and Outputs TTL Compatible
Singla 5-V Power Supply

Optional Power Down or Chip Select
64K Bank Select Option

Maximum Access Timea from Addrass or
Power Down:

TMS47128-25
TMS47128-35
TMS47128-45

250 ns
350 ns
450 ns

& Worst Case Active Power Dissipation
... 330 MW

® Worst Cese Standby Power DlsSlpation
... B8 mW

description

Tha TMS47128 is a 131,072-hit read-only mamory
organized as 16,384 words of 8-bitlength. This makes
the TMS547128 ideal for microprocessor hased
systems, Tha davice is fabricated using N-channel
silicon-gate technology for high spead and simple in-
terface with bipalar circuits.

Thera are two versions of the TMS47128: the stan-
dard ROM with options on chip selects and pawer
down, and the bank select ROM with similar options.
The operation saction of this data sheet describes both

TMS547128 ... . JL OR NL PACKAGET

STANDARD ROM
(TOP VIEW)

1 The package for the bank selact AOM i shown on page 2.

PIN NODMENCLATURE
STANDARD ACM

AC-A12 Addresses

EE/S/53 Chip Enable/Pawer Down of Chip Select
NC Mo Connection

Q3-a8 Data Out

§1/51, SS2  Chip Selects

Yoo +B-¥ Supply

Vag Ground

varsions., f

The TMS47128 iz fully compatible with Series 74, 748, or 7418 TTL. The data outputs are three-state for QOR-tieing
multiple devices on a gemmon bus. Pins 20, 22, and 27 are mask-programmable, providing additional system flaxibili-
ty. The data is always available, it is not dependent on external clocking of pins 20, 22, or 27.

The TMS47128 i3 dasignsd' for high-density fixed-mamory applications such as logic function generation and
microprogramming. It is pin compatible with TI's full line of ROMs and EPAOMs.

This ROM is supplied in 28-pin dual-in-line plastic INL. suffix} or ceramic (L suffix} packages designed for ingsertion
in mounting-hele rows on 800 mil centers. The device is designed for oparation from 0°C to 70°C.

operation, standard ROM
addrass {AQ-A13)

The addrass-valid interval determinas the device cycle time. The 14-bit positive-logic address Is decoded on-chip to
select ane of 16,384 words of 8-bit length in the memory array. AD is the least-significant bit and A13 the most-

significant bit of the word address.

chip select [51 or §1 and 52 or §2)

Pins 22 and 27 can ba programmed during mask fabrication to be active with either a high- or a low-level input. When

I ROM Devices

PRODUCT PREVIEW

Thix documend contalng indoimiation on & prsduct tndar
developtoeni. Taxas InFinuvents raswrval the gt o
cthangs or cisopntinue this prodyct srithowt notlcs.

Cupyright © 1983 by Texas Instruments Incorgersted
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TM547128
16,384-WORD BY 8-BIT READ-ONLY MEMORY

the signals on ping 20, 22, and 27 are active, all eight outputs are enabled; and the eight-bit addressed word can
be read. When any of the signals on pins 20, 22, and 27 are not active, all eight cutputs are in a high-impedance state,

power down (E or E) or chip select {53 or $3)

Fin 20 can be programmed during mask fabrication to be a chip-enable/power-down pin {E or E} or a third chip-select
BN (1S3 or 53). Each option can be active-high or active-low. When the chip-enable/power-down pin is inactive, the
chip is put into the standby mode. This reduces g1, which in the active state is B0 mA, to a standby Igcz of 12

mA, With the chip-select option, pin 20 is functionally identical to pins 22 and 27.

data out (Q11-0B|

The eight outputs must be enabled by pins 20, 22, and 27 before the output word can be read. Data will remmain valid
until the address is changed or the outputs are disabled {chip deselected). When disabled, the three-state outputs

ara in a high-impedance state. 1 is considered the least-significant bit, Q8 the most-significant bit.

operatian, bank select ROM option

Pins 26 (SB1 or 8B1} and 1 (SB2 or B2} can bs pro-
grammed during mask fabrication to selact either of
two 64K banks. When this option is sglocted, AD
through A12 address an BK x 8 word bank. The bank
select pins can be either active high or active low with
S81 selecting bank 1 and SB2 selecting bank 2. Bank
one represents the least-significant 64K bank and
bank two represents the most-significant bank. All
bank select ping in the inactive state gr more than one
bank select pin active will drive all outputs to the high-
impedance state.

The chip-select and power-down options previously
described for the standard ROM apply egually to the
bank select ROM version.

Bank select input level specifications are identical to
the input level specifications of the standard ROM.

TM547128 . . . JL OR NL PACKAGE
BANK SELECT ROM
{TOP VIEW}

sBz/s82 (1 28l veg
A1zEz 27[] Szisz
A7{d3 2671 3B1/581
AsJa 28] as
as(]s 24 a9
JMEG 23 an
A3]?r 22081
s2s  21[] a0
a8 2o Eeisaiss
ac 10 18] as
at g 180 ar
o2z 17 a6
03{:13 16] as
vgs (P4 187 o4

PIN NOMENCLATURE
BANK SELECT ROM

AQ-A12 Addresses |
Erei3arsa Chip Enable/Pawer Down of Chip Select

1-G35 Data Out

T1/81, 2182 Chip Selects

SE1y581, Bank Selects

5R2/582

vee +5-¥ Supply

. Vg Ground ]
TExas
INSTRUMENTS
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TMS47128

16,384-WORD BY B-BIT READ-ONLY MEMORY

logic symbolst

ag 110}
Al .!.?I_...-_
az 18
ag 7t
aa l8)
ag 18
AB {4)
P

25
ag 28 |

{24)
a9 (21
A10 ———
123)
Al —

ET
T
A13

(201
E

ROM

g~ 16384 X8

- A 76,383

13]
[PWR DWN]

= {22] r

Ez&.h.

&
EN

AY
AV
AV
AN
AV
A7
AT
AY

STANDARD ROMS

(11)

112}
{13)

{15]

(16)
[17)

{18)

{19)

a1

a3
a4
Qs
[o1:]

a7
as

ap 10 |

a1 {9)

A2 i —

az
{6}

A4
AB {6]
A 4]
A7 13)
AB
A9
A1Q
A1
A1z

A13

{21}

(2)

(22

{25)
(24)

{23)

{26)

s 27}
52 d

]

o |

AOM
0~ 16382 X8
o
> Avesad
LN
&
EN

A
A
AV
AN7
A
AV
A
A

{12)

{15)

(11)

13

(18}

117

118l

(19} as

Fins 20, 22 and 27 can be active-low as shawn in the symbol on the laft or active-high as shown in the_symbol on the
right. In addition, pin 20 can be either a third chip select {53 or 53} ar a chip snable/power down (E or E}.

TThis symbol is In acestdance with LEEE Std 917ANSI ¥32.14 and recent decislons by IEEE and IEC. Sea axplanation on page 10-1.

' ROM Devices
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TMS47128
16,384-WORD BY 8-BIT READ-ONLY MEMORY

functional block diagrams

! ssomeq WOY

ADDRESS INPUTS

EESIISI ——]

E/E/S3/53 =

STANDARD RDM

B1/51 —p—]
5252 ——

CHIP SELECT/POWER DOWN LOGIC

“_'——'— Yoo
-—— Vag

DATA OUTPUTS
a1-ae

ZXYSYRY.

!

{

!

QUTPUT BUFFERS

I \ v
#0A5 | ADDRess | 6 )| ¥ DECODE 52 ) ¥ GATING
V| Burren
K X —4| —N, 16,384 X.8
a6A13 | aooress | s X DECODE. | 256 MM TS
—| surrer |[—V —
BANK SELECT ROM - Ve
_ DATA OUTRPUTS
51/51 —p—] 01-8
52/52 ot

CHIF SELECT/POWER DOWN LOGIC

SYYYEYY

Y

Y

OQUTPUT BUFFERS

_-—.—
["a0-A5 Y

7-30

Y W
sooRess | 6 Y v pecooe 64 Y GATING
BUFFER _ —]
ADDRESS INPUTS
AB A12‘ ﬁ ) 256 16.384 X
Bank | _) A;_?FFEESRS X DECODE MEMORY MATRIX
sB1, 582 | DECODE A12
e [
Texas
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TMS47128
16,384-WORD BY 8-BIT READ-ONLY MEMORY

absolute maximum ratings

Supply voltage to ground potential {see Note 1} ................... e e e ~Q.BEVto 7YV
Applied output voltage (see Note 1} .. ... ... i i i i -1Vw?V
Applied input voltage {see Note 11 ... ... i it ittt e —1¥ite7V
Power dissipation . ... . et e aa et s 500 mW
Dperating frea-air tBMPEIATUIE . . . .. .. Lt it it e e e 0°C to 70°C

=TT T = o =Y - V] - —-55%C 10 150°C

NOTE 1. Voltage values are with raspect to Veg.

recommendod operating conditions

PARAMETER MIN  NOM  MAX | UNIT
Supply valtage, Yoo 4.5 5 5.5 v
High-level input voltege, V) . 2 Veo W
Low-love! input valtage, Vi =1 0.8 v
QOperating free-air temparatura, Ta o 70 *C

alactrical characteristles, Ta = 0°C to 70°C, Vpp = 5 V =10% (unless otherwise noted)

PARAMETER TEST CONDITIONS MM MAX | UNIT

Vo High-level output vpltage Voo = 4.5 Y, IopH = —1 mA 2.4 v

VoL Low-lavel output voltage Voo = 4.8V, IpL = 2.1 mA 0.4 v g

I Input current Voo = 5.5V, Oy = Vjy = 5.5V 10| #A Lo

I Cutput leakage current Vg = 0.4 Vio Vog, Chip deselecled +10 BA 3

Ice Supply current from Vo {ectivel Voo = 5h V. ¥| = ¥ Output not loaded &0 | ma o

Ices Supply curtent from Ve {power down) | Ve = B5 V 12 ma E

C Input capacitance Vo =0Y, Ta = 26°C, 6| pF Q
f=1MHz o

Co Cutput capacitance :,r(: T 51:2' Ta = 25°C. 12 pF

switching characteristics, Ta = 0°C to 70°C, Vo = 5 V £ 10%, see figure 17

\ TMS47128-25 TMS547128-35 TMS$47128-45
, FARAMETER MIN MAX MIN MAX MIN MAX uMT

TataQ)  Access time from address 250 380 450

tal%) Access time from chip salect 120 120 120

tatppy  Access time from power down/chip enable 280 380 4580

tyif) Qutput data valid after address change 10 10 10 ns
tdis Qutput disabla time from chip select/chip enabla 100 100 100

tentg)  Qulput enable tima from chip seleet 10 10 10

tente]  Output enable time from chip enable 10 10 10

t &l AC measuremants are made at 10% ard 90% paints,

Texas 7-31
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TMS47128 :
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64K bank decode switching characteristics !

1 previously defined switching

TMS47128-25 TMS47128-35 TMS47128-45
PARAMETER MIN MAX MIN MAX MIN MAX UNIT
taisg)  Access Ume from bank select 250 350 450
tenisgt Output enable time fram bank select 10 10 i0 ns
tdislse)  Output disable time from bank select 100 100 100

remai

n

! 5821A3Q WOH

read cycle timing

Q1-08

ViL

ViH

viL

PARAMETER MEASUREMENT INFORMATION

V= 1785Y
R = G450
GUTPUT
UNDER
TEST

= 100 pF

T

FIGURE 1 — LOAD CIRCUIT

VaLID
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TMS47128
16,384-WORD BY 8-BIT READ-ONLY MEMORY

standby mode

VIH
AC-A13

=
=

1
ADDRESS N *_ ADDRESS N + m

I
]
| STANDBY | ACTIVE
ViL I

dis _I._4 I.—.I_t alFD)
‘
WVALID HI-Z VAaLID

I-—-[—‘un{El

64K bank select mode read cycle timing

SB1/5B2

VIH

01-08
ViL

0
@
o
5
(7]
]
]
=
twlAl l“—
] 2
[
| [ 7
p—tatsp—g faisqs'a}—-i ]14——
je——talAD) —— [ y
|
D e AL VALID
|

I‘—’I— taniSB}

|
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TMS47128
16,384-WORD BY 8- BIT READ-ONLY MEMORY

PROGRAMMING DATA

PFROGRAMMING REQUIREMENTS: The TMS47128 is a fixed program memaory in which the programming is performed by
TI at the factory during the manufacturing cycla to the specific custemer inputs supplied in the format below. The device
is organized as 16,3684 8-bit wards with address locations numbered £ to 16,383, The B-bit wards can be coded as a 2-digit
hexadecimal number between 00 and FF. All data words and addresses in the following format ere coded in hexadecimal
numbers. In coding all binary words must be in positive logic before conversion to hexadecimal. Q1 is considered the least
gignificant bit and QB8 the most significant bit. For addresses, AQ is least significant bit and A13 is the most significant.
The input media containing the programming data can be in the form of EPROMs, cards, or data formatted in card images
{contact T1 for details).

Either 16K, 32K, or 64K EPROMSs can be used or any combination of them.

The following is a description of how the cards/card images must be formatted, should they be used instead of EPROMs,
INPUT CARD FORMAT

Each code deck submittad by customer shall consist of the following:

1: Title Card
2.  Comment Cards
3. Start of Data Card
4.  Data Cards
=  The cards shall be standard BO column cards with the information in the following format:
Q .
= TITLE CARD
9 . :
G‘D Card Column Information
g' 1-5 Tha word *TITLE’ shall be punched in these columns.
@ 6 Blank,
7.8 The latters 'ZA" shall be punched in thess columns.
89— 15 ZA Number.
16. Blank,
17 — a0 Customer's Part Number, If requirad
fleft justifed}
<3 Blank.
32 Customer’s Part Number te be included as part of device symbolization.
Cptions:
¥ = Yas
N = No
33 Blank.
34 — 35 28
36 Blank.
a7 Type of Package
Options:
C = ceramic
P = plastic
1%
7-34 I TEXAS
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TMS47128
16,384-WORD BY 8-BIT READ-ONLY MEMORY

a8 Blank.
38 Custemer defined option for device mode pin 20
Optigns:

P = powser down
£ = ghip zalact

1

43 Custamer defined option for device mode
Options:
S = standard ROM
B = bank select ROM

41 Logic level for pin 20
Options:
1 = power down or chip select high
0 = power down or chip select law

42 Logic level for pin 22
Options: :
1 = chip select enable kigh
0 = chip select enabla low

43 Logic level for pin 27
Cptions:
1 = bank select enable high
¢ = bank select enable low

44 Logic level for pin 26 bank select (1) mode
Qptions:
Blank = standard ROM no bank select {A13}
1 = bank select enable high
0 = bank select enable low

45 Logic level for pin 1 bank select {2} mode
Optiona:
Blank = standard ROM no bank selact (NC)
1 = bank select enable high
0 = bank zelect enable low
Pin 1 selects high order addresses.

46 Blank.

47 — 52 Texas Instruments Device Series li.e., 47258, 47128)
{left justified)

< ROM Devices

COMMENT CARDS
Any number af comment cards may be used far specifying the customer’s name, individual to contact, telephane numbaer,
address, any special instructions, etc. The format for these cards is as follows: The letter ‘C* {for comment) must ba punch-
ed in column 1, columns 2 —4 rmust be blank, and comments can be punched in columns 5—80.

START QF DATA CARD

This card is to identify that the next card will be the beginning of customer's code. Format is as follows; Colurmns 1-4
must have '&ROM’ punched in them. The remainder of card is blank.

' Texas .
INSTRUMENTS 7-35
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TMS47128
16,384-WORD BY 8-BIT READ-ONLY MEMORY

DATA CARDS

There will be 512 data cards supplied for each custamer code. Each card will contain {in hexadecimall the data for 32 memory
lecations. Each data card shall ke in the following format:

Card Column ' Information
1-4 Hexadecimal addross of first woard on the card, four bits in length.
5.8 Blank.
7 -70 Dara. Each 8-bit data byte is represented by two ASCIt characters to represent a hexa-

decimal value of ‘00’ to ‘FF'.

71,72 Checksum. The checksum is the negative aof the sum of all 8-bit bytes in the recard from
columnsg 1 to 70, evaluate roedulo 256 {carry from high order bit ignored}. For purposes
of calculating the checksum, the value of columns 5 and 6 are defined to be zero. Adding
together, module 258, all 8-bit bytas from column 1 to 70 (colurmns 5 and 6 = O, then
adding the checksum, results in zera.

73— 76 Blank.

77 — 80 Card sequence number, in decimal tright Justified).

. S821A90 NOH

Texss Instrumerts rasarves the right to make changes at any time in order to improve dasign and 1o supply the best product possible,
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Mas TMS547256
LS 32,768-WORD BY 8-BIT READ-ONLY MEMORY
JUNE 1883
® 32,768 X 8 Organization TMS47256 . . . JL OR NL PACKAGE?
STANDARD ROM
® Fully Statlc {No clocks, No Refresh) ITOP ViEW]
® Al Inputs and Outputs TTL Compatible ne[Ti vee
® Single 5-V Power Supply A2z Ald
® Optional Power D Chip Sel A7l A3
ptiona. OWer Jawn ar Ip aalact A6E4 Al
® 64K Bank Selact Qption AB[]5 Ag
Aa[]s ATl
& Maximum Access Time from Acddrass ar Asflr 181
Powar Down: a2(ls Al0
TMS47256-256 250 ns A1de E/EiS2/52
TMS47256-35 3560 ns Ao10o 19Jas
TMS47266-45 450 ns atJ11 1e[Jar
az(J1iz 17
® Worst Case Active Power °3E 13 18 g:
Dissipation . . . 330 mW vssCl14 1503 as

® Warst Case Standby Power

Dissipation . . . 66 mW

_ description

Tha TMS47256 is a 262,144-bit read-only memary
organized as 32, 768 words of B-bit length. This makes

TThe pRckage

for the bank select ROM iz shown on page 2.

PIN NOMENCLATURE
STANDARD RCM

the TMB47256 ideal for microprocessor based AO-A14

systerns. Tha device is fabricated using N-channel EiESa182
silicon-gate technology for high speed and simple in- NC
terface with bipolar circuits. 01.08
There are two versions of the TM547256: the stan- Sus
dard ROM with options an chip selests and power vee
dewn, and the bank select ROM with similar options. vss

Addresses

Chip EnablefPower Down ar Chip Sslact
MNa.Connection

Data Out

Chip Select

+5-¥ Supply

Ground

The operation section of this data sheset describes both

versions,

The TMS47256 is fully compatible with Series 74, 745, or 74LS TTL. The data outputs are three-state for OR-tieing
multiple devices on a comman bus, Pins 20 and 22 are mask-programmable, providing additional systemn flexibility.

The data is always available, it is not dependent on external clocking of pins 20 and 22,

The TMS47256 is designed for high-density fixed-memory applications such as logic function genoration and

microprogramming. It is pin compatible with Tl's full line of ROMs and EFROMs.

This ROM is supplied in 28-pin dual-in-line plastic (ML suffix] or ceramic (JL suffix} packages designed for insertion

in mounting-hole rows on 800 mil centers. The device fs designed for operatiun from 0°C to 70 °C.

apetatlon, standard ROM
addrass {AD-A14)

The address-valid interval determines the device cycle time, The 15-bit positive-iogic address is dacoded an-chip to
select one of 32,768 words of 8-bit length in the memory array. AD is the least-significant bit and A14 the most-

significant bit of the word addrass,

chip selact {51 or 51

Pin 22 can be programmed during mask fabrication to be active with either a high- or low-level input. When the signal

i ROM Devices

PRODUCT PREVIEW

This documant contalna Information on & product under
dovelopment. Texaa listrumants reserves the rdghl ro
chenge ar dhcontinua this product whhowt notice.

Copyright © 1983 by Texas Instturients Incorporatad

TEXAS
[INSTRUMENTS
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7-37



TMS47256
32,768-WORD BY 8-BIT READ-ONLY MEMORY

on both pins 22 and 20 are active, al! eight outputs are enabled:; and the eight-bit addressed word can be read. When
the signal on either pin 22 or 20 is not active, all eight outputs are in a high-impedance state,

powaer down iE or E) or chip select t§2 or 52]

Pin 20 can be programmed during mask fabrication to be a chip-enable/power-down pin {EorElora secondary chip-
selact pin {82 or 52). Each option ¢an be active-high or active-low. When the chip-enablefpower-down pin is inactive,
the chip is put into the standby mede, This reduces locq. which in the active state is 60 mA, to a standby lpea
of 12 mA. With the chip-selact optian, pin 20 is functicnally identieal te pin 22.

data out (Q1-08)

The eight outputs must be enabled by pins 20 and 22 before the output word can be read. Data will remain valid
until the address is changed or the outputs are disabled {chip desealected). When disabled, the three-state outputs
ar¢ in a high-impedance state. 41 is considered the least-significant &it, Q8 the most-significant bit.

operation, bank select ROM option

l SanA3qg INOY

Pins 26 [SE1 or S81), 1 (SB2 or $B2), 27 (582 or TMS47256 , . . JL OR NL PACKAGE

SB3), and 22 (5B4 or SB4) can be programmed dur- BANK SELECT ROM:
ing mask fabrication to select any one of four 64K ITOP VIEW)
banks. When this option is selected, AD through A12 S52/582 I:

address an 8K x 8 word bank. The bank select pins 'le:

can be either active high or active low with SB1, 8B2, a7(]

SB3, and 5B4 selecting banks one, two, three, and a6l

four, respectively, Bank one represents the least- as{]
significant 64K bank and bank four represents the As[]
most-significant bank, All bank select pins in the in- a3l

active state or more than one bank select pin active Az l:

will drive all outputs to the high-impedance state. Al E

The chip-select and power-down options previously Ao
described for the standard ROM ditfer only slightly for al E

ths bank select ROM version; the only difference be- az |:

ing that there are two possible chip selects for the 035
standard ROM while only one chip selact is available Vgg
tor tha bank salect ROM. Data out functions the same

for both versions.

Bank select Input lavel specifications are identieal to
the input leval specifications of the standard ROM.

7-38

PIN NOMENCLATURE
BANK SELECT ROM
AQ-A12 Addresses
E/ETIS Chip Enable/Power Down or Chip Select
ar1-a8 Data Cut
EB1/5B1, Bank Belacts
5B2/582,
SB3/583,
3B4/384
Voo +5-¥ Supply
Vg5 Ground
TEXAS
INSTRUMENTS
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TM547256
32,768-WORD BY 8-BIT READ-ONLY MEMORY

logic symbolst

a0 |

{9t
{8)
7

Al
A2
A3 ———
ag B

a5 9
AB 4)

A7 o
ast

A9 (24]

A10 21)

A1 (23]
(2}
A2 ——
(2B}
P phm—
(27)

Al4 20
T 120

ROM

0y 32768 X8

32,767

14 ]
[PWR DWN)

&1 (22} I

&
EN

ROM
aoh0 | ~a27e8x8
A1 9]
az 18
Az - {11}
8)
AvE—zat 4 T
AV nay O ac & AT — 13
AV 2 a7 & A0 AT
A V-—W Q4 AR {25} 32,767 ag| {16}
AT}l——a i24) 17)
17) A9 agl—12
AV[— o8 10 21 v (s
Av—-[-;!?" az7 A1 (23) AT (19)
AV[——as8 {2)
A2 e
Al3 -
ate 220 14 |
5 120 =
1 {22) EN

Fins 20 and 22 can be active-low as shown in the symbol on the left or active-high as shown jn tha symbeol an the right,

STANDARD ROMS

In agdditlon, pin 2 can be elther a secondary chip select {52 or B2) or a chip enable/powar down (€ or E).

TThis symbol s in socotdence wath IEEE Std 917ANSI ¥32.14 and recent dedisions by 1EEE and IEC. Sas explanstlon on page 10-1.

a1l
a2
a3

as
as

Q7
asg

I ROM Devices

POST DFFICE BOX 225017 & DALLAS TEXAS 75265
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TMS847256

32,768-WORD BY 8-BIT READ-ONLY MEMORY

functional block diagrams

STANDARD ROM

—oo
———Vgg

DATA QUTPUTS
Q1-a8

51781
- CHIP SELECT/POWER DOWN LOGIC =i
E/EfS2/82
+ } DUTPFUT BUFFERS
sl ¥ Y GATING
AD-AS ADDRESS B ¥ DECODE 64
__I/ BUFFER |
ADDRESS INPUTS
i X . 32,768 X 8
A6-A14 Y ADDRESS 8 § X DECODE 512 MEMORY MATRIX
BUFFER
".'—-\-"cc
BANK SELECT ROM Vg

! e301A30 INOY

[ " —

CHIP SELECT/POWER DDWN LOGIC

DATA QUTPUTS
1-Q8

{

i

OUTPUT BUFFERS

Y Y GATING
AD-AS ADDRESS 6 ¥ DECODE 64
! BUFFEA
ADDRESS INPUTS
AB-A12 x 32,768 X_8
BANK 413" | ADDRESS 9 % DEcope | 512 MEMORY MATRIX
SB1-5B4 Y DECODE — BUFFER
LOGIC o A4
7.40 Texas
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TMS47256
32,768-WORD BY 8-BIT READ-ONLY MEMORY

absolute maximum ratlngs

Supply valtage to ground potential (see Mote 1) ... ... . oo oo 05Vt ?V
Applied output voltage (see Note 1} . .. .. ..... P e P oo =TV 7Y
Applied input voltage [see Note 1} ... ... ... . ... ..o ouun e e “1Vto7V
Power dissipation . ........ e e PN PP P 500 mwW
Opearating free-alr temperatura ... .. .. e e 0°C to 70°C
Storage temperature ... ool PO -65°C to 150%C
HOTE 1. Vuollage values are with respecl Lo Vgg.
recommended operating conditions
PARAMETER MIN  NOM MAX | UNAT
Supply voltags, Vo 4.5 5 5.B v
High-level input valtage, V)H Z Yoo v
Low-level input voliage, V| -1 0.8 W
Qperating free-air temperature, Ty 0 ril ™
elactrical characteristics, Ta = 0°C to 70°C, Vpp = 5 V + 109% [unless otherwise noted}
PARAMETER TEST CONDITIONS MIN _ MAX | UNIT
Yoy High-leve! output voltaga Voo = 4.6V, gy = —1 mA 2.4 v o
Vol Low-level output voltage Voo = 4.5V, gL = 2.1 mA 0.4 W '
Iy Input currgnt Ve 5.5 W, Oy = V=58V 10 [ ,9
g Qutput leakage current Vo = 0.4 V1o Ve, Chip deselected + 10 A 3
[Iees) Supply currant from Yo (active) Voo = 5.5 Y, Vi~ Vg Qutput not Inaded 6t | mA (]
lec2 Supply current from ¥Yee (power downll  Yee = B8V 12 | mA E
] Vg =0V, Ta = 25°C,
= Input capacitance [} pF C
f = 1 MHz : o
Vp =0V, Ta = 28°C,
Cyp Cutput capacitance © A 12 pF
S |
switching characteristics, TA = 0°C to 70°C, Voo = 5 V +10%. see figure 17
- TMS47256-25 | TMS547256-35 | TMS47256-45
PARAMETER UNIT
MIN MAX MIN MAX MIN MAX
talaD)  Access time from address 280 as0 480
ta(s) Access time from chip select 120 120 120
talpp) - Accsss time from power downichip cnahle © 250 380 460
tylA) Cutput data valid after address change _10 10 10 ns
Idis Qutput disabla time fram chip select/chip enabla 100 100 100
tentg) Qutput enable tims from chip selact 10 30 1Q
teniEl Qutput enshla time fram chip anable 10 10 G
T Al AC measuremants are made at 10% and 90% points.
| Texas 7-41
NSTRUMENTS
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TMS47256
32,768-WORD BY 8-BIT READ-ONLY MEMORY

64K bank decode switching characteristics T

TMSE47256-25 TM547266-35 TMS47256-45
PARAMETER MIN MAX MIN MAX MIN MAX UNIY
talsEl  Access time from bank select 280 350 450
ton(Sa)  Output ensble time from bank select 10 10 10 ns
taigisBr Qutput disabls time from bank select 100 100 100

t Previausly defined

char istics remain urnch

PARAMETER MEASUREMENT INFORMATION

read cycle timing

¥V - LIBEV
R = B45 @2
QUTPUT
UNDER
TEST

= 100 gF

ICL

FIGURE 1 — LOAD CIRCUIT

! SadiAa] INOH

'
-

viL
tais) { I"_t""ts
vin I-—ta[AD:—-] |
01-G8 HI-Z J VALID
ViL I | =
_'I I“—"eniS]
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TMS47256
32,768-WORD BY B-BIT READ-ONLY MEMORY

standby mode

ViH " }

AD-A13 ADDRESS N X ADDRESS N + m
d I
1

Vil

ViH

STANDBY ACTIVE

mj

ViL I |
‘dis—l‘_-l fo—m—sf-taip0;
VIH | d
L]
Q1-a8 vALID H)-Z l VALID
Pl

l‘-‘l—‘eniﬂ

ViL !

64K bank select mode read cycle timing

ROM Devices

P——_‘HSB]—"
1
Vin |-——- atAD)
|
01-048 HI-2 WALID
Vi | l

|-_+leniSB}

Texas 7-
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TMS47256
32,768-WORD BY 8-BIT READ-ONLY MEMORY

PROGRAMMING DATA

PROGRAMMING REQUIREMENTS; The TM547256 is a fixed program memory in which the programming is performed by
Tl at the factory during the manufacturing cycle to the specific customer inputs supplied in the format helow. The device
is organized as 16,384 8-bit words with address locations numbered ¢ to 32,767, The 8-bit words can be coded as a 2-digit
hexadecimal number betwean 00 and FF. All data words and addresses in the following format are coded in hexadecimal
numbers. In ceding all binary words must be in positive logic before conversion to hexadecimal, Q1 is considered the least
significant bit and (8 the mast significant hit. For addresses, AO ig lzast significent bit ‘and A14 is the most significant.

The input media containing the programming data can be in the form of EPROMSs, cards, or data formatted in card images
{contact Tl for detailsl.

Either 16K, 32K, or §4K EPROMs can be used or any gombination of them,

The following is a description of how the cards/card images must be formatted, should they be used instead of EPROMSs,
INPUT CARD FORMAT

Each code deck submitted by customer shall consist of the following:

1. Title Card
2. Cornment Cards
3. Stort of Data Card 3
4,  Data Cards
g The cards shall be standard 80 colummn cards with the infarmation in the following format:
=2 TITLE CARD
-
g Card Column Informatian
g 1-5 The ward ‘TITLE" shali be punched in these columns.
/] ) .
B Blank.
. e letters shall be punched in these columns.
7.8 The | *ZA' shall b hed in th |
9 - 14 ZA Nurmnber.
15 Blank.
16 - 30 Customer's Part Number, if required
tleft justifed}
31 Blank.
32 Customer's Part Number to be included as part of device symbolization.
Options:
¥ = Yes
N = No
33 Blank.
34 - 35 28
- 36 Blank.
a7 Type of Package
Options:
C = ceramic
P = plastic
7-44 ._ TeExas
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TMS47256

32,769-WORD BY B-BIT READ-ONLY MEMORY

38
39

a0

41

42

43

43

45

46
47 - 82

Blank.

Customer defined option for device mode pin 20
COptions:

P = power down

C = chip select

Custemer defined option for device mode
Options;

5 = standard ROM

B = bank select ROM

Logic level for pin 20

Qptions:
1 = power down or chip seloect high
0 = powar down or chip selact low

Laogic level for pin 22 chip select or bank select {(4) mode
Options:
Blank = standard ROM no bank select [chip select)
1 chip select enable high or bank selsct enable high
0 = chip select enable low or bank selact enable low

Logic level for pin 27 bank select (3} mode
QOptions:
Blank = standard ROM no bank select (A14)
1 = bank select enabla high
0 = bank select enable low

Logic leve! for pin 26 bank select (1) mode
Optionst
Blank = standard ROM ro beank select (A13)
1 = bank select enable high
0 = bank select enable low

Logic lavel for pin 1 bank select {2} mode
Options:
Blank = standard ROM no bank select {NC)
1 = bank select enable high
0 = bank select gnablg low
Pin 1 selects high order addresses.

Elank.
Texas Instruments Devica (i.e., 47256, 47128)
tlaft justified)

COMMENT CARDS

I ROM Devices

Any number of comment cards may be used for specifying the custorner’s name, individual to contact, telephone number,
address, any special instructions, atc. The format for these cards is as follows: The letter 'C* ifor comment) must be punch-

ed in column 1, columns 2 -4 must be blank, and comments can be punched in columns 5 - 80.

START OF DATA CARD

This card is to identify that the next card will be the beginning of customer’s code. Format is as follows; Columns 1 -4
must have ‘&ROM’ punched in them, The remainder of card is blank.

TEXAS
INSTRUMENTS

PQST OFFICE B0X 276017 & DALLAS TEXAS T6265
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TMS47256

32,768-WORD BY 8-BIT READ-ONLY MEMORY

DATA CARDS

There will be 1024 data cards supplied for sach customer code. Each card will contain fin hexadacimal} the data for 32
mernory locations. Each data card shall be in the following format:

Card Catumn
1 -4
5 6
7-70
71,72
73— 76
77 — 80

l seoineq NOH

Information
Hexadecimal address of first ward on the card, four bits in length,
Blank,

[Data. Each B-bit data byts is representad by two ASCI charactars to represent a hexa-
decimal value of ‘00" ta “FF",

Checksum. The checksum is the negative of the sum of all B-bit bytes in the record fram
columns 1 to 70, evaluate modulo 256 {carry from high order kit ignoredl. For purpeses
of calculating the checksum, the value of columns 5 and & zre defined to ba zero. Adding
together, module 258, all B-bit bytes from cclumn 1t070 {columns 8 and 6 = O}, then
adding the chacksum, results in zero,

Blank.

Cord sequence number, in decimal (right justified).

Texsa Inatrursanta reverves the dght to make changes at sy tima n order to Impzove dealgn and to supply the bast product posalbls.
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ATTENTION

These devices contain circuits to protect the inputs and outputs against damage
due to high static voltages or elactrostatic fields; however, it is advised that
pracautions be taken to avoid application of any veltage higher than maximum-
rated voltages to these high-impedance circuits,

Unused inputs must always be connected to an appropriate logic voltage level,
preferably either supply voltage or ground.

Additional information concerning the handling of £E5D sensitive devices is
available from Texas Instruments In @ document entitled “Guidelines for
Handiing Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblias.””
Please contact
Texas Instruments
P.G. Box 4014560
Dallas, Texas 75240

to obtain this brochure.
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TMSZ114, TMS2114L
1024-WORD BY 4-BIT STATIC RAMS

DECEMBER 1372 — REVISED AUGUST 1383

Previously Called TMS4045/TMS40L45
1024 X 4 Organization
Single +5-V Supply

High Density 300-mll (7.62 mm) 18-Pin
Package

Fully Static Operation (No Clocks, No
Refrash, No Titing Strobe)

4 Parformance Ranges:

ACCESS READ OR WRITE
TIME CYCLE
{MAX) IMIN)

TMS2114-15, TM52114L-16 150 ns 150 ns
TMS2114-20, TMS52114L-20 200 ns 200 ns
TMS2114-25, TMS2114L-25 250 ns 2560 ns
TMS2114-45, TMS2114L-45 450 ns 450 ns

400-mV Guaranteed DC Nelse Immaunity
with Standard TTL Loads — No Pull-Up
Resistors Required

Common /O Capability

3-State Outputs and Chip Select Control for
OR-Tie Capability

Fan-Out to 2 Seres 74, 1 Series 745, or 8
Series 74LS TTL Loads

Low Power Dissipation

Max
{OPERATING]
TMS2114. 550 mW
TMS2114L 330 mw

description

TMS2114, TM52174L . . . NL PACKAGE
(TOP VIEW)

A8 11 L8]] vee
AE[2 17[] a7
a4z 8[] As
AI[ja  15[] as
a0[]s 4[] oot
a1[de 13[]oaz
a2[07  12[] ooa
50s 11[0bos
Vag [ 2 'lﬂjﬁ

PIN HOMENCLATURE
AQ - AS Addregses
pal — oa4 Data InfData Out
g Chip Select
vee + 5 Supply
Vag Ground
W Write Ensble

This series of static random-access memories 15 organized as 1024 words of 4 bits sach. Static design results in reducing
overhead costs by elimination of refrash-clocking circuitry and by simplification of timing requirernents. Because this
series is fully static, chip select may he tied low to further simplify system timing. Output data is always available

during a read cycle,

All inputs and outputs are fully compatible with Serigs 74, 745 or 74LS TTL. No pull-up resistars are requirad. This
4K Static RAM series is manufactured using TI's reliable N-channel silicon-gata technology to optimize the costf

performance relationship.

Tha TMS2114/2114L series is offerad in the 18-pin dual-in-line plastic |ML suffix} package designed for insartion in
mounting-hole raws an 300-mil {¥.62 mm) centers. The serles is guaranteed for operation from Q°C to 70°C.
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TMS2114, TMS21141
1024-WORD BY 4-BIT STATIC RAMS

operation

a Moddng Alowoy pue |NYH RIS

SOD1AD

g2

addresses (AD — AS)

The ten address inputs select one of the 1024 4-bit words in the RAM. The address inputs must be stable for the
duration of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with ne extemnal
pull-up resistors,

chip select (S}

The chip-select tarminal, which can be driven directly from standard TTL circuits, affects the data-in and data-out
terminals. When chip sefect 15 at a logic low level, both terminals are enabled. When chip select s high, data-in is
inhibited and data-out is in the floating or high-impedance state.

write enable {W)

The read or write mode is selected through the write enable terminal. A logic high selects the read mode: a logic low
selects the write mode. W or S must ba high when changing addresses to prevent erroneausly writing data into &
memary location, The W input can be driven direstly from standard TTL circuits.

data-infdata-cut {DQ1 — DQA)

Data can be written into a selected device when the write enable input is low. The DO terminal can be driven directly
from standard TTL circuits. The three-state output buffer provides direct TTL compatibitity with a fan-out of two Series
74 TTL gates, one Series 745 TTL gate, or eight Series 74LS TTL gates. The 0Q terminals are in the high-impedance
state when chip select (5} is high or whenever a write operation Is being performed. Data-out is the sama paolarity
as data-in.
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TMS2114, TMS2114L
1024-WORD BY 4-BIT STATIC RAMS

logic symbolt . i

© RAM 1024x4
P [

173

1]
as2 MEE FUNCTION TABLE
Dal - pat MODE
VALID DATA WRITE
DATA OUTPUT READ
iz DEVICE DISABLED

jury

o
x{x(|r (=l
Tjrr|w

a4,
§——G1

1EN [READI]
1C2 [WRITE]

N
™

j 4,20
V3

AZ3T

DQS—‘E—D—* TThis symbol .is in agcordance with |[EEE Std 81/ANSL ¥32.14 and
(11} recent declsions by IEEE and IEC. Sea explanation on pege 10-1.

absolute maximum ratings aver operating frea-air temparature (unless otharwisa noted)

Supply voltage, Voo {see NOte 10, . ... .. -GV Y
tnput vaoltage (any input) (see Note 1) . ... ... ... ..., e e e R -1Vt ?V
Continuous power dissipalIOn . .. . ... L. e e 1w
Operating fres-air temMPErature faNGE . . . v v oo vt e e e ettt e e e e e O0PC to 70°C
GOrage temMPeratUIE [BIGE « . o v v et e e e e e e e —55°C to 150°C

1 Stresses bovond those [isted under "Absolute Maximum Raving'™ may cavse permanent damage 1o the device, Thig is a sireszs rating only and functional
operation of the device at these or any other canditions beyand thosa Indl Jin tha "R derd Operatng Conditicns’” sectlon of this specilication
I8 not impliad. Expasura to absolute-manmum-tated sondmiong lor extended penads may aflect dewvice retiability.

NOTE 1: Voltage values are with respect to the ground material,

rgcammended oparating condltions

TMS2114
PARAMETER TMS$2114L UNIT
MIN_ NOM _ MAX
Supply voeltage, Ve 4.5 5 5.5 W
Supply voltage, Vgg o] W
High-level input voltags, ViH 2 5.5 Vv
Low-leve! input valtage, Vy isea Note 2) -1 0.8 \Y
Operaling free-air temperature, Ta [} 70 oz

NOTE 2:  The algebraic cenvention, where the more negative {less positive] limit s designated as minium, is used in this dala sheet lor logic vollags levels only.
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TMS2114, TMSZ114L

1024-WORD BY 4-BIT STATIC RAMS

electrical characteristics over recommaended operating free-air tempearature range {unless otherwise noted)

PARAMETER TEST CONDITIONST MHEd TYPE MaX |UNIT
VoH  High-level voitage IgH = - 1TmA Vi = MIN {operating) 24 v
VoL Lowlevel voltags lgL=32ma Yoo = MIN {operating) cal v
I Input current V=0V o MAX 10 wA
loz Gil-stale output current iat ZVer Vo =0V to MAX 10 pA
WatdB8 W
Tg=0ma, TMS 2114 Ve = MAX 30 100
log  Supply current from Voo — mA
Ta = 0°C (worst case} TMS 27140 Ve - MAX 50 B0
. V=0V,
< Input capacitance - 1Mz 8| nF
Co Qutput capacitance fv:):n?:z' g{ oF

t For conditions shown as MIN or MAX, use the appropriate value speclfied under recommended operering conditians,
¥ Al typleal values ara at Vop =S W, Ta= 25°¢,

timing requiremants over recommended supply valtage range, T4 =0°C to 70°C, 1 Saries 74 TTL load,

€L =100 pF
TMS2114-15 TM52114.20 TMS2114-26 T™S2114-45
PARAMETER TMS2114L-15 TMS2114L-20 TMS2114L-26 TMS2114L-45 uNIT
RN MAX MIN MAX MIN MAX MIN MaAX
Fofrel) Read eycle lime 150 200 250 450 ns
Eefwi] Write cyCle time 150 200 250 A50 ns
Tue{Wh Write pulse withh 80 100 100 200 ne
toulA) Address set Up time 0 o o 0 ns
Leu{s) Chip selaci set up time 80 0o 100 200 ns
tyy {0} Data set up time 30 100 100 200 ns
thik Dato hold time o] o] a 0 ns
thisd Address hold time 0 8} 20 ns
Texas
INSTRUMENTS

POET OFFICE BOX 225012 & DALLAS TEXAS 75265
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TMS2114, TMS2114L
1024 WORD BY 4-BIT STATIC RAMS

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

load, € =100 pF

11415 TM52114-2 TM52114-25 TM52113-4 '
PARAMETER Tms2 o : ° UNIT
TME2114L-15 | TMS2114L-20 | TMS2114L-25 TM52114L-45
MIN MAX MIN MAX MIN MAX MIN MAX
talA) Access time from address 150 200 250 450 5
Access time from chip select 70 g5 100 120
3
als) {or utput engblel low ne
Tal Wl Access tima from wrlts enabla high L 85 100 120 ns
i Al Quiput data valid al1er address change 20 20 20 20 ns
’ Qutput disable time after chip select 50 60 s0 100
tdis|S) {or output enablel high ns
tiniyy)  Qutput disable time after write enabla low 50 60 60 104) ns
read cycle tir‘ning1
l—‘:‘, e [rah '-“-II
WiH d
ADDRESS, A ){ ADDRESS VALID >{
VI T 1
YIH [
CHIP SELECT, § I
0] isisi
ViL
v F—bl 13(5) tV[A’IG—a‘
IH )" ‘ N
OUTPUT DATA, O HI -2 \ . M.HI ~Z=
ViL |
ta) oo

All timing reference peints are 0.8 ¥ and 2.0 ¥ on'inputs and 0.

TWrite eneble is high for a read cycle,

early write cycle timing

& W and 2.2 V en outputs (50% pointsl. Input riss snd {3l times equal 10 nenoseconds,

Vi

telwrl

ADDRESS, A

i

ADDORESS VALID

YL

VIH s

WRITE ENABLE, W

]ﬂ—'t-—"su{A'l

N

T

Static RAM and Memory Support Devices

ViL ! {
VIH
1

CHIP SELECT, § \l:: suls) 4>| /

W
- ’ et —-b‘ [a—-tn:o:
Iﬂ—-—- sully -——-bi

Vin '0'0'0'0’0'0‘0"‘ YNV WV WOGAN Y ) : i SOOOO000

INPUT DATA, D OO .nnounn VALID SO0
W R "’1.4‘4-“‘! a.’:‘f’a’a AN L’&’A‘g‘n’a’l‘ééﬁs’&‘ ' q ‘\‘A‘A.’A‘l’b‘a’d_.t‘;
Vou

OUTPUT, 0 HI-Z
Vor
84
B-5
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TMS2114, TMS2114L

1024-WORD BY 4-BIT STATIC RAMS

read-write cycle timing

ViH
ADDRESS, &
ViL
ViH
WRITE ENASLE, W
ViL

ViL

INPUT DATA O

g uoddng Asowaiy pue qu anerg

’ '
ViH r'-.-. tsulS) > :
CHIP SELECT.§

DOOOO0/
Wl

1 ta[SlT-' k_.-‘dis{w} taity) == tdliz(5)

OUTPUT, -—-——-—;quz —-‘I VALID (, HI—2 ;"l VALID ,?—— HI—2 e
VoL

533In0

TYPICAL APPLICATION DATA

Early write cycle avolds D conilicts by controlling the write time with . On the diagram above, the write operation will

be controlled by the leading edge of g, not W. Data can anly be written when bath S and W are low. Either S or W being
high iphibits the write operation. To prevent erroneous data being written into the array, the addresses must be stable dur-

ing the write cycle as defined by tguja), twiw). and thia}-

Texas instruments roscrvas the right to make changes at any time in order to improve design end to supply the best praduct possible.
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ADVANCED MEMORY TMS2150
DEVELOPMENT CACHE ADDRESS COMPARATOR

MARCH 1282 - REVISED SEPTEMBER 1333

® Fast Address to Match Valid Dalay — Twao TMS2450 . . . JOL PACKAGE
Spoed Ranges: 45 ns, 55 ns (TOP VIEW)
e 512 X 9 Internal RAM
o 300-Mil 24-Fin Ceramic Sido Brazed “ESEE‘ Uz“% vee
Package 2 2
9 adf]s 220 A0
®  Max Power Dissipation: 660 mW asffa  z21[] a8
#® On-Chip Parity Generation and Checkin A2{]s 20l A7
P ¥ 9 o2 19l A8
© Parity Error Output/Force Parity Error Input ooz isJos
&  On-Chip Address/Data Comparator piffs  17[)oa
o2[ls 1s[]o7
© Asynchronous, Single-Cycle Resot wie 18] os
. PEJ11  1a[] maTCH
© Easily Expandahle s
Yy Exp vgs{ 2 13[]5S
@ Fully Static, TTL Compatible
© Reliabhle SMOS (Scaled NMOS) Tachnology

description

The B-bit-slice cache address comparater consists of a high-speed 512 X 9 static RAM array, parity generator, and
parity checker, and 9-bit high-speed comparator. It is fabricated using N-channe! silicon gate technaology for high speed
and simple interface with MOS and bipelar TTL ¢ircuits. The cache address comparator is easily cascadable tor wider
tag addresses or deeper tag memories. Significant reductions in cache mamory component count, board area, and
pawer dissipation can be achieved with this device.

When Sis low and W is high, the cache address comparator compares the contents of the memory location addressed
by AD-68 with the data on DO-D'7 plus generated parity. An egquality is indicated by a high level an the MATCH output.
A low-level output from PE signifies a parity error in the internal RAM data. PE is an N-channel open-drain output for
casy DOR-tiging. During a wtite cycle (S and W low), data on DO-D7 plus generated even parity are written in the 9-bit
memary location addressed by AD-AB. Also during write, & parity error may be foreed by halding PE low.

A RESET input is provided for initialization. When RESET gaes low, all 512 X 9 RAM locations will be cleared and the
MATCH autput will be ferced high.

]
1]
8
=
[1+]
[m]
v
o
=1
=R
=]
[42]
&
Q
£
QO
=
=]
c
[~
=
<
[+
e
-
11+
)
[47]

The cacha address comparator operates from a single +5 WV supply and is offered in a 24-pin 300-mil side brazed
package. Tha device is fully TTL compatible and is guaranteed 1o operate fram 9°C to 70°C.

MATCH QUTPUT DESCRIPTION FUNCTION TABLE
MATCH = Vg : [AD-AB] = DD-O7 +parity, F DUTFUT FUNCTION -‘
or:  RESET = VL. MATCH FE DESCRIPTION
o, 5= W L L Parity Error
o W= L - H reot Equal
. H L Undelined Error
MATCH = Vg if:  [AD-AB] + DO-D7 + parity, " h t —‘I
i ual
with AEBET = Vi, - ‘ k.
§ =V andW = Viy Where B - W, W = vy, FESET = vy
Copyright & 1983 by Texas Inatruments Ingarporated
] Texas 8.7
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TMS2150
CACHE ADDRESS COMPARATOR

functional block diagram [positive logic)

AD AB, Address Inputs

RESET

Ad
A

Rz

AT

o
[+F
]
a1}

oy

21

PIN FUNCTION

f"h..r.\

22}

| 2l

1531

»

18]

4]

3k

21

119}

(2]

211

INPUT
BUFFERS
1

| FAM 512X COMFP
L] ’ 2

} r ’
. 5 12,
Pag L) MATCH
} a

-
,—l" R | o =

PARITY
CHECKER

Y i}l)leJl)i

DO-D7. Dats Inputs

n RESET, Input

B, Chip Select Input

W. Write Control Input

PE, Parity Error Input/Qutput

MATCH, Qutput

Vgs
vee

MUY

G

FARITY
ENERATOR

2K+

DESCRIFTION

Address 1 of 5%2-by-9-bit random-access mamory lacations,

Compared with memory location sddressed by AC-AB whenW = Viqand § = V..
Provides input data to RAM when W = Vj_and 5 = VL.

Asynchronously clears entire RAM amray and forces MATCH high when RESET = V)
and W = ViH.

Enables device when S = VL. Desalects device and forees MATCH high when

S = VH.

Writes DO-D7 + generated parity into RAM and forces MATCH high when W = vy
with § = V|, Places selected device in compare mode if W = VY.

During write cycles PE can force a parity error into the 9-bit location specified by
AQ-A8 whenPE = ViL. For compare cycles, FE = VoL indicates a parity errorin the
stored data. PE is an open-drzin output so an external pull-up rasistor is required.

When MATCH = VpH dwing a compare cycle, DO-D7 + parity equal the contents of
the 9-bit memory location addressed by AQ-AB.

Circuit GND potential.

+5 V circuit power supply.

Texas
INSTRUMENTS
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TMS2150
CACHE ADDRESS COMPARATOR

abselute maximum ratings over operating free-air temperature range {unless otherwise specified)

Supply voltage range, Ve {see Note 100 L L L o oL o . —1EV IV
Input voltage range, any input ... .. ... e LR ALY
Continuous power dissipation .. ........... O B
Operating free-air tAMPErature FAGE . . . ..o v vt vt e i e et e e e e e e e et e e e e ... D'Cwe70°C
Storage tEMPeTAtUTB TANGE 4. 4t i v oottt e e b e me e i e amaa s o PR —65°C to 160°C

NOTE1: all valiage wvaluas ara with raspazt to Vag.

recommended opérating conditions

PARAMETER MIN NOM MAX | UNIT
Supply valiage, Vo 45 5 5.5 v 0
High-tevel inpot voltage, ¥y 2 3] v 8
Low-level input valtage, Vi (See Nowe 2) - -1 0.8 Y ‘;
Qperating free-air temperature, T, V] 70 °C 8
NOTE 2;: The algebreic convention, wherg lhe maore negative lless positivat hrit is Il as mirmum, is usad in this data sheat faf laghe voltage levels reny
only. E
=N
electrical characteristics over recommended operating free-air temperature range {unless otharwise noted} g-
TMS2150-4 TWMS216(-5 v
PARAMETER TEST CONDITIONS MIN TP WMAK | MmN TYP  MAX UnNIiT . %‘-
VoHin) MATCH high-level output voltage | lgy= -2 mA, ¥op=4.5V 2.4 2.4 v E
Vorpy  MATCH low-level sutput voltage lgL=4 mA, Vec=44V 0.4 0.4 W QO
VouLpEy FE low-level output voltage lgL=12 mA, V=25V 0.4 0.4 v =
] Input current Vi=0V1ie 5oV 10 10 Ty -
'Tup_a___ﬁoutput sink current VoL=04V, Vop=45V 12 12 mh 5
lgg  lorbeireut MATCH Voo <55V, Vo=GND - 150 180 | maA
output current i E
ey Supply current [operativel RESET - V)Y 95 135 B85 128 | ma X,
Icco Supply current {ressti RESET =V 115 145 10 140 | mA =
C; Input capacitance V=0 v, f=1MHz 5 5 pF -g
Cq Qutput capacitance V=0V, f=1MHz 6 3] pF E
A
ac test conditions
UL PUISE 1BVELS . . L e e GNDto 3V B 8- )
Input rise and fall tmEs L L. L e e e e e et e i e 5 ns
Input timing reference lewels . . . o e e e e e e 1.5V
Output timing reference level ... . . L e e e s 1.5V
Output 1080IMG . . . et e e e See Figures 1A and 18

Texas
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TMS2150
CACHE ADDRESS COMPARATOR

switching characterlstics ovar recommendsd ranges of supply voltage and operating free-air tarmperature

Q uoddng Asowsapy pue VY J1EIS

TMS52150-4 | TM52150-5
PARAMETER MIN_ MAX | MIN - MAX UNIT

talA) Access time from address to MATCH 45 &5 ns
1aA-P] Actess time fram address 1o PE 65 85 ns
ta3iS) Accass time from S to MATCH 25 35 | ns
ool Propagation tirma, data inputs to MATCH a5 45 ns
lp[R-MH} Propagation tima, ﬁﬁ? low ta MATCH high jcle] 40 ng
tplS.MH} _ Propagation time. 5 high ts MATCH high a0 40 ng
totW-MH;  Propagation time, W low to MATCH high 25 35 ns
lpiW-F‘H] Prapagation time, W low to PE high 25 35 ns
tuiAl MATCH wvalid time after change of address ] [ ns
tulA-PI PE valid time after changs of address 16 15 ng

timing reguirements over recommanded ranges of supply voltage and operating free-air tamperature

TM52150-4 | TM52150.56

PARAMETER WN NAX | MIN~ MAX UNIT

tow Write cycla time 45 55 ns
taird) Read cycle timeo 45 5B ns
twiRLY Fulss duration, RESET low 35 45 ns
twlWL) Pulse duration, W low 30 35 ns
tsulA} Address setup time bafore W low 0 0 ns
tsuth) Data setup time beforg W high 25 30 ns
tsutp} PE setup time betore W high 25 30 ns
teuls) Chip select setup time bsfore W high 25 35 ns
taulAH) _‘Fﬁ Inactive setup time before first tag cycle Q a ng
thial Address hold time after W high 0 5 ns
thtD} Data hold time after W high 5 10 ns
thtp) FE hold time after V¥ high 7 5 ng
this) Chip select hold tima alter W high [5] [+] ns
tAVWH Address valid to write enabla 45 50 ns

Sadlaa
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TMS2150
GACHE ADDRESS COMPARATOR

PARAMETER MEASUREMENT INFORMATION

Yee

410 58
FROM QUTPUT
UNDER TEST
820 2

TEST

POINT

15 pF

FIGURE 1A — PE OUTPUT LOAD CIACUIT

comparg cycle timing

TEST
POINT Voo

960 0

FROM QUTPUT
UNDER TEST

20 pF:D

s10

FIGURE 1B—MATCH DUTPUT LOAD CIRCUIT

=

[ telr) -l
1 1
AO-AB W AQDRESS VALID X ADDRESS VALID
I
1
o tatal -
| | |
. b mw DATA VALID || X DATA VALID
1
1

I

1-—————tp1m—-|

—/

r
|
|
|
[
|
|
I
1
1
1
I
7
I
|

1
ftpisMH)

1
! |
| e s —— P——ae— tuiA)
! ! : I 1 I
' | |
1 1

MATCH ! | 1
I [ '
p-—_-tam-mq_—-_-{ lum.m.{-—-'

| }
NOTE: Input pulse favels are OV and 3 W, with ise and lall times of 5 ns. The timing reference levals on the input pulsés are 0.8 ¥ and 2.0 V. The timing

refersnce laval tor gutput pulses is 1.5 ¥, Sae Figures YA and 18 for output loading.
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TMS2150
CACHE ADDRESS COMPARATOR

writa cyele timing

g voddng Atowapy pue WYY 181§

raset

S8JIA8

NOTE:

t . et
c{W) 1

AQ.A8 ADDRESS VALID

_T tayin) —w] tAYWH ——] Ih—'tntm —
T ' | /
CE . ! | I ‘
|-—|- ‘su{S!—_']I be— th5) —of
\ |
— twinn—=] | \
VIAAAANNANNNS
vo0r. JXXQUOUCKXAN__oxravmr XXKXCKXIHKXXX
I I e [ PR B
FE ANPUT) \I : : 1/

l"i— toute) ——=|_b— tnip)—=q

=l

wor  \ L \ /
Fetpowain]
PE {OUTPUT) I /I‘ \
I""plWAPHI""}

cyclé timing

1

po—— i) ———w] o touiAH———]

s, SRR, e o e
MATCH I / { \

o g n-pary o]

input pulse levelsara 0 W and 3 ¥, with rise and fall times of E ns, Tha timing reference lavels gn the Input pulyes arg 0,8 V and 2,0 v,
The timing reference lavel Jar cutput pulses is 1.5 V. See Figuras 16 and 18 for gutput loading, !

Tex#s Instruments reserves the fAght to make changes at any Ume in order to Improve design Bnd to supply the best product possibla,
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MO0S TMS4016
81 2048-WORD BY 8-BIT STATIC RAM

FEBRUARY 1881 — REVISED AUGUST 1983

® 2ZK X 8 Organization, Common KO TMS4016 . . . NL PACKAGE
P VIEW
® Single +5-V Supply frop viEwh
Fully Static Operation [No Clocks, No a7 M2avee
Refrosh) asf]z  29[las
as[]s 220 as
JEDEC Standard Plnout als 2w
24-Pin 600 MII (15.2 mm) Package a3s zo[1G
Configuration a2lle  19[]a10
. . a1r 18[d¥
® Plug-in Compatible with 16X 5 ¥ EFROMs aoJe  17[1pae
# 8-Blt Output for Use in Micraprocessor- pa1lJe  16[Jooz?
Basad Systems poz(fie 1s[Jpas
~ po3(]11  14[]pos
® 3-State Outputs with § for OR-ties vgsC'2 13{]pns
# G Eliminates Nead for Extarnal Bus Buffers
® All Inputs and Qutputs Fully TTL Compatible
® Fanout to Series 74, Series 745 or Series
74LS TTL Loads PIN NOMENCLATURE
AD - A10 Addresses
® N-Channel Silicon-Gate Technolagy pal - ooa Data In/Data Dut
® Power Dissipation Undet 385 mW Max g OQutput Enable
3 Chip Select
Guarantaed dc Noise Immunity of 400 mV Voo +5-V Supply
with Standard TTL Loads Vgg Ground
® 4 Performance Ranges: Writ Enable
ACCESS TIME {MAX)
TMS4016-12 120 ns
TMS4016-156 150 ns
TMS4016-20 200 ns
TMS4016-25 280 ns
dascription

The TMS40186 static random-access memory is organized as 2048 words of 8 bits each. Fabricated: using proven
N-channe!, silicon-gatea MOS technology, the TMS4016 operates at high speeds and draws less power per bit then
4K static RAMs. It is fully compatible with Series 74, 745, or 74LS TTL. Its static design means that no refresh clock-
ing circuitry is needed and timing requirements are simplified, Access time is equal to cycle time. A chip select control
is provided far controiling the flow of data-in and data-out and an cutput enable function is included in order 1o eliminate
the need for external bus buffers.

0f special impartance is that the TMS4018 static BAM has the same standardized pinout as TI's compatible EPROM
family. This, along with other compatible features, makes tha TMS4G16 plug-in compatible with the TM52516 {or
other 16K § v EPROMSs]. Minimal, if any modifications are neaded. This allows the microprocessor system designer
complete flexibility in partitioning his memory board between readfwrite and non-volatile storage.

The TMS4016 is offered in the plastic (NL sutfix) 24-pin dusl-in-line package designed for insertion in mounting hale
rows an 600-mi} {15.2 mm} centers. It is guaranteed for operation from 0°C to 70°C.

i Static RAM and Memory Support Devices

Copyright © 1983 by Texas Instrumants Incarporated
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TMS4016
2048-WORD BY 8-BIT STATIC RAM

operation

@ Hoddng Alowsepy pur WYY 1S

S8MAQ

sddressas (A0 - A0}

The eleven addrass inputs select one of the 2048 #-bit words in the BAM. The address-inputs must be stable for
the duration of 2 write cycle, The address inputs can be driven directly from standard Series 54474 TTL with no exter-
na! pull-up resistors.

otrtput enabls [E}

The output enable terminal, which can be driven directly from standard TTL circuits, affects only the data-out ter-
minals. When output enable is at a logic high level, the output terminals are disabled to the high-impedance state,
Output enable provides graater output contro! flexibllity, simplifying data bus design.

chip salact {$)

The chip-selact terminal, which can be driven directly from standard TTL ci.r(:uh:s, affacts the data-in‘data-out ter-
minals, Whan chip selact and output enable are at & logic Jow lavel, the DfQ terminals are enabled. When chip select
ia high, the D/Q terminals are in the floating ar high-impedanse state and the input is inhibited.

write enable {W)

The read or write mode is selected through the write enable tarminal. A logic high selects the read mode; a logic low
selects the write mode. W must be high when changing addresses to prevent errencausly writing data inta a memory
location. The W input can be driven directly from standard TTL circuits.

data-infdate-ount (D01 — DOB]

Data can be written into a selected device when the write enable input is law. The D/O terminal ean be driven directly
from standard TTL circuits, The three-state output buffer provides direct TTL compatibility with a fan-out of one Series
74 TTL gate, one Series 745 TTL gate, or five Series 74LS TTL gates. The D/Q terminals are in the high impedance
state when chip select (5 is high, output enable (G} is high, or whenever a write opseration is being perfarmed. Data-
out is the same polarity as data-in.

TExAs
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TMS4016
2048-WORD BY B-BIT STATIC RAM

logic symhbalT

AAM 204820
a0 82 .

@i a
AToa7

FUNCTION TABLE

DQ1.008 " MODE
VALID DATA WRITE
DATA QUTPUT READ
HI-2 DEVICE DISABLED
Hi1-Z QUTPUT DISABLED

o

M
x|x|z|r =
mlzimir e
Tlxr|>x]|a|

W——E-Lz EN IRE&D]
13 IWAITE]
i1 1 =

D1 A0
T4

A2t

¥ This symbol is in accordence with IEEE Std S1/ANSI ¥32.14 and recent decisions by IEEE and IEC. Ses explanation on page 10-1.

absolute maximum ratings aver operating free-air temperature range {unlass otherwise noted)®

' ' Static RAM and Memory Support Devices

Supply voltage, Voo fsee Note 1), . ... ... .. PN e s -05Vto?V
Input vaoltage lany input) lsee Note 1) . ... ... . ... e e e -1Vt 7V
Continuous power dissipation .. .......... ... .. ..., P e e 1TW
Qperating free-air temperature range ... ... ... iriin i innvanann e R 0°C to 70°C
Storage tempParature raNEE « .« o ..o vt et e i e v ... —BB°C to 150°C

! Stressey heyond those listed under "Absolute Maximurn Ralings'® may cause permanent damage to tha devica. This is 8 stress raling only end functional
operation of the davica at ihese or any other conditions buyond 1hase indicated in the “"Recarnmended Opatating Conditions'” section of this specification
is not implied. Exp 10 absolut i atad condith for periods may atfect devige reliabitity, .

NGTE 1: Voltage values are with respect to the Vgg terminal.

racommended operating conditions

PARAMETER I MmN  NOM  MAX |UNIT

Supply veltage, Vo V4.5 1 5.5 v
Supply voltage, Vgg \ L] '
High-lavel input voltage, ¥|K iz 55 | ¥
Low-level input voltage, V| {see Note 2| 'F'l 0.8 v
Operating free-air temperature, Ty, Vo 70 g
: 1
WOTE 2: The slgebraic convention, where the more negative fless positive) limit |s desig d as minimum, is usedin this data sr\eet for logic voliage levels only,
L

\
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INSTRUMENTS

POST DFFIGE BOX 225012 w DALLAS, TEXAS 75265



TMS54016

2048-WORD BY 8-BIT STATIC RAM

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

PARAMETER TEST CONDITIONS MIN TYPT  MAX | UNIT
YoH High level voltage loH=—1mA, Voe=4.5 Y 2.4 v
VoL Low level voltage laL=2.1 m&, Veg-=45V 0.4 v
1] Input current V=0 V1 55V 10 A
1 Qff-state output curfent SarGat2VorWat08 V. 10 A
0z P Yg=D ¥ 10 5.5V k
Ioe Supply current from Voo !I(_l =00Té\;worst casol Vee=S6 V. 40 70 | mA
Cj Input capacitance Vi=0V, f=1 MHz 8 pF
Cy Dutpul capacitance Yo=0W. F=1 MHz 12 pF

Al typical valugs are at Voo 5 V, T4 =25°C.

timing requiremments over recommended supply voltage range and operating free-air temperature range

0
-
=
4
5
TME4016-12 | TMS4016-15 | TME4016-20 | TMEA015-25
g PARAMETER MIN MAX | MIN MAX | MIN MAX | MIN MAX Ut
) teird) Read cycle time 120 150 200 250 ny
a Lailwr) ‘_hﬂtw‘cl_etﬂe‘_d_ o 130 150 200 250 ng
taly) Wrire pulse widt 60 80 100 120 ng
§ TsylA) Addeass setup time 20 20 20 20 ns
3 te(S) Chip selact setup time &0 80 100 120 n
o tuiD) Data setup time 50 60 80 100 ng
< Thia) Address hold time 0 0 [ 0 ns
v thip) Cata hold time ] 10 10 10 ns
=
g switching characteristics over recommended voltage range, T = 0°C to 70°C with output loading
o of Figure 1 isee notes 3 and 4)
=
S~ TMS406-12 | TMS4016-15 | TMS4D16-2G ) TMS4D16-25
2 PARAMETER MIN MAX | MIN MAX | MIN MaX | MIN Max {7
= taiay Access time from address 120 150 a0 250 ]
5' t5i5} Agcess time from chip salect low 60 KL 100 120 ns
3 talGl Access time from outpul enable fow 90 [4] a8l 100 ns
. tyiAl Qutput data valid altar address changs 10 15 15 16 ns
Tdists) OQutput disahle time afrer chip select high 40 B0 60 80 ni
tgisiGl Output disabie time after output enable High 40 50 60 14 ng
tdis{W) Qutput disahle timg after write enatile low ED 50 60 ga ns
tani5) Output enattle time atter chip seleci low 5 o 10 10 ns
taniG) Qurput enable time afier cutput enable low 5 B 10 10 ns
tan{wl Qutput anzble time afier write enable high [ g 10 10 na
NOTES: 3. C| =100 pF far all measurements exeept fygopnn 2nd Gy g
CL™ pF for thisiw) and fenpw)-
4. tgis and g parameters are sampled and not 100% tasted,
8-16 ]NST’{?UMENTS
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TMS4016
2048-WORD BY 8-BIT STATIC RAM

PARAMETER MEASUREMENT INFORMATION
+1.785 ¥

649 4

DUTPUT
UNDER TEST

FIGURE 1 - QUTPUT LOAD

timing waveform of read cycle (see note 5)

Teled) —»

1

e
ADDRESS X]

L]

la

e

D
N

i Static RAM and Memory Support Devices

j— ta(s) o taista
j———tenisi———| | I‘—tdislm
{sex Notes 9,13)

DQiouil IW

All timing referenca paints are 0.8 ¥ and 2.0 ¥ on inputs and 0.6 V and 2.2 ¥ on outputs 130% pointsl. Input tisa and fall times equal 10 ns.

NOTE E: % s high for Read Cycle.

TexAs 8.17
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TMSA016
2048-WORD BY 8-BIT STATIC RAM

timing waveform of write cycle no. 1 {see note 6}

tefwr)

ADDRESS

- [—thia)

)GE
|
g _//l

tsuiE?

w

- lsoe nate 8i

SN ANNI _*'/1777777

—Dl — tsuldl

=

{see notes 9, 124
Tdis{G)

Tl
{see note 7}
DQtout)

LANARNN 'vf—‘—

I
I

r* tsu (D1

101

DQin}

A
N-

timing waveform of write cyele no. 2 {see notes 6 and 11)

F‘ telwr ﬁ

ADDRESS )q

X

5 \\\\\\\l‘—:w‘ii'?.i::r**

{zen nate /)

4

a Joddng Aoway pue NyY 2Re1s

k
wtwr—li |
w \\\\\\\' tsee note 7} ll/_
© .—pl L—Tsuim | {ses notes 9, 13} I
5' tdis(wW]
g DGiout) 4
" Teu(Dt ‘—’I
DQling
N
|
All timing refarence paints are 0.8 ¥ and 2.0 V on inputs and 0.6 ¥ and 2.2 ¥V op outputs [90% pointal, Input rise and fall times equal 10 nenoseconds,
NOTES: & W must be high during all address transitions.
T. A write occuts Suring Lhe overlap of a low 5 and a low W,
a, thia) is maasured from the earler of S W gaing hugh 1o the end af the wrte cycla.
9. During this periad, MO ping are in the output state s that the input slgnals of nppnsute phase ta the outputs must not be appled.
10, IF the 5 low wransition occurs simutaneausly with the W low transitions or after the W transioon, fulput remains in 8 high impedance etale.
11, G is continugusly law (G - Yk
12. I Sz law dunng this perind, ;3 ping are in the outpurt state. Deta input signals ot ppposite phase to the autputs must not be applied.
13, Transition s megsured 200 mV lom steady-state voltage.
14, If the 5 low transition oocurs bafaro the W lew transition, then the data inpul signals al opposite phase to the sutputs must not be appliad
fer the duratian of taiqpy) alter the W inw transition.
Texas Instrumenls reserves the right to make changes at any time ia order to improve design and te zupply the best product pessible.
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MOS : TMS4044, TMS40L44
LSI 4096-WORD BY 1-BIT STATIC RAMS

DECEMBER %977 — REVISED MAY 1982

Slngle +5-V Supply [+ 10% Tolerance) TMS$4044/TMS40LA4 . . . NL PACKAGE
(TOP VIEW)
High Denslty 300-mll {7.62 mm] 18-Pin
Packagse Ao LUha{vee
. All]z 1 AD
@ Fully Static Operation {No Clocks, No Refresh, az E 3 ‘; % AT
Mo Timing Strobe)
az[]s 1s[]as
® 4 Performance Ranges: A-tE &  1a[]a9
6 13 o
ACCESS READ DR WRITE ASE 7 12 % ::1
TIME CYCLE WE g 1o
{MAX) (MLN) vss[ls  10)F
TMS4044-12, TMS40L44-12 120 ns 120 ns 58
TMS54044-20, TMS40L44-20 200 ns 200 ns
TMSA044-25, TMS40DLA4-25 280 na 250 ns
TM54044-45, TMS40144-45 450 ns 4G50 ns PIN NOMENCLATURE
® 400-mV Guaranteed DC Noise Immunity A0 - A1 Addresses
with Standard TTL Loads - No Pull-Up o Data In
Resistors Required a Data Out
5 Chip Selact
Caommen If0 Capability Voo +5-V Supply
® 3-State Qutputs and Chip Select Control for Vsg G"’_"‘“d
OR-Tie Capability w irhe Enable

® Fan-Out to 2 Series 74, 1 Serias 745, or 8
Sarias 74LS TTL Loads

® Low Power Dissipation

MAX MAX
|QPERATING] [STANDAY]
TiS4044 303 mW 84 mw
TMS40L44 220 mW 60 mW

i Static RAM and Memory Support Devices

description

This series of static random-access memaries [s grganized as 4096 words af 1 bit. Statlc design results in reduced
overhead ¢osts by elimination of refresh-clacking circuitry and by simplification of timing requirements. Because this
series is fully static, chip select may be tied low to further simplify system timing. Cutput data Is always available
during a read cycle.

All inputs and outputs are fully compatible with Series 74, 745 or 74LS TTL. No pull-up resistors ara required. This
JK, Static RAM serigs is manufactured using TI's reliable N-channel silicon-gate technology to optimize the costf
petformance relationship. All versions are characterized to retain data at Voo =2.4 V to reduce power dissipation,

The TWM54044/40L44 series is offerad in the 18-pin dual-in-line plastic [NL suffix] packages designed for insertion
in mounting-hole rows on 300-mil (7.62 mm) centers. The series is guaranteed for operation from 0°C to 70°C.

Copyright & 1382 by Taxas Instruments Incorporaed
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TMS4044, TMS40L44
4096-WORD BY 1-BIT STATIC RAMS

operation

d uoddng Alowsy pue WY oBEIS

S901AD

addresses {AC-A11}

The twelve address inputs salect ane of the 4096 storage locations in the RANM, The address inputs must be stable
for the duration of a write gycle. The address inputs can be driven directly from standard Serigs 54/74 TTL with no
external pull-up rasistors.

chip select (S}

The chip-select terminal, which can be driven directly from standard TTL circuits, affects the data-in and data-out
terminals. When chip select is at a logic low level, both terminals are enabled. When chip select is high, data-in is
inhibited and data-out is in the floating or high-impedance state.

write enable (W)

The read or write mode is selected through the write enable terminal, A logic high selects the read made; a logic low
selects the write mode. W must be high when changing addresses to pravent erroneously writing data into a memory
lecation. The W input can be driven directly from standard TTL circuits.

data-in {D}

Data can be written into a selected device when the write énable input is low. The data-in terminal can be driven
directly from standard TTL circoits,

data-out ()

The three-state output buffer provides direct TTL compatibility with a fan-out of two Series 74 TTL gates, one Seriss
745 TTL gate, ar eight Series 74LS TTL gates. The output is in the high-impedance state when chip select (Stis high
or whenever a write operation is being performed, facilitating device operation in common /0 systems. Data-out is
the same polarity as data-in.

standby operation

The standby mode, which will retain data while reducing power consumption, is attained by reducing the Vg supply
from 5 volts to 2.4 volts. When reducing supply voltage during the standby mode, Sand W must be high to retain
data. The Ve transition rate should not exceed 26 mV/ms. During standby operation, data can not be read or written
inte the mermory. When resuming normal eperation, five eycle times must be allawed after normal supplies are return-
ed for the memory to resume steady State operation conditionz.

8-20
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TMS4044, TMS40L44
4096-WORD BY 1-BIT STATIC RAMS

logic symbolt

—— e
RAM 4096x1
-

i 0

AD

P L o
PPSLL]
a7 116}

115} FUNCTION TABLE
’ INPUTS OUTPUT
5 W Q

AB

14
ABII

10 n3 HI-Z DEVICE DISABLED
ap_2 " HI-Z WRITE
o & DATA QUT READ

(81

W 1EN [READ]
) TThis symbol is in accordance with JEEE Std 91/ANSI ¥32.14 and
1c2 [WRITEI racant declslona by [EEE and IEC. Seo explanation on page 10-1.

o 4k 1] 220 AT 1] a

absolute maxlmum ratings over operating free-air temperature {unless atherwise noted)t

MQDE

~ o I |
I~ x|=

Supply voltage, Voo lsee Note ). o L o e i e -05Vta 7V
Input voltage lany input) {see Note 1) . .. . i e e et e, -1TVto7VY
Continuous powar dissIRAtION . . .. . ... . e e, 1w
Operating free-air teMpPerature TANDE - . o oo o v v ottt it e ittt iaa i ettt raa 0°C o 70°C
Storage temperatule FAMGE o ..o v vttt e et e e n e e e et e e =557 to 160°C

NOTE 1: Waltape valugs are with respect to the ground 1erminal.

1 Stresses beyond those listad undar " Absolute Maximom Ratings'” ray cause permarent damagea to tha devica. This is a stress rating only and funciional

operaticn al 1the daviee at these ar any ather conditions beyond thase indicated in the *'Recommended Operating Conditlons™ saetion af this speafication
is not implied. Expasure tg absolute-maximum-rated gonditions For exignded pericds may affect device reliability.

recommended oparating cenditions

H Static RAM and Memory Support Devices

PARAMETER MIN - NOM MAX UNIT
TM54044-12 Operating 4.6 5 &5
TMS40L44-12 Standby 2.4 5.5
TMS4044-20 Cperating 4.5 6.5
Supply voltage. VCc TMS401L44-20 Standby 2.4 5.6 v
TMS4044.25 Operating 4.5 8.5
TMS540L44-25 Standby 24 55
TMSA0LA4-45
TMS4044.46 Cperating 4.5 5.5
Supply voltage, V55 Le] W
High-level input veltage, Vig 2 8.5 Vv
Law-level input voltaga, Vyp Ises Nots 2} -1 0.8 A
Qperating free-air temperature, Ta a 70 °C
NCITE 2: The algebraic convention, where the more nagative (less ivel limit is desig d as minimum, is used inthis data sheet for logic voltage levels only,
Texas 8-21
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TMS4044, TM340L44
4096-WORD BY 1-BIT STATIC RAMS

elactrical charactaristics over recommended oparating free-alr temperature ranges {unless otharwisa noted)

PARAMETER TEST CONDITIONS MIN _ TYPT  MaX | UNIT
VoH High-lgvel ouput voltage lgH=-1.0 mA Veoe=45V 2.4 v
VoL Low-level output voltage IgL=3.2 mA Veog=485Y¥ 0.4 v
] Ingut eurrent Vi=0¥wb65YvV 10| »A
| Olf.stote output cument | 52V 9 Yo=0 V1 5.5V 10 | A
oz put gurr War0.8V o- .
: Voo =MAX 25 40
TMS40L44
Vep=2.4 W 15 25
lg=0mA TME4044-12
o=tm Voo = MAX 50 55
lco Supply current from Yoo TMS3044-20 Veg=24Y 35 a8 mA
Ta=0°C [worst case) TM54044-25 :
TMS4044.45 | Veoo=MAX 50 56
V=0 v,
i i i F
Cj nput capacitance fo1 MHz 8 p
: ] vg=0V,
Co Qutput capacilance o1 MHz 8 pF

tAl typical valuas ara at Veg=5 V. Ta=26"C.

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

g umoddng Asowa)y pue WYY onels

€1 =100 pF
TM54044-12 | TMS4044-20 | TMS4044-25 | TM54044-45
PARAMETER TMS40LA4-12 | TMS40L44-20 | TMS40LA4-26 |[TMS40L44-45 | UNIT

MIN MAX | MIN MAX | MIN MAX | MIN  MAX
teird) Read cycle time 120 200 280 450 ns
Eaiwrl Write cycle time 120 200 280 460 ng
TiW) Addrgss valid to end of writs 110 180 220 220 ns
twrly} Write pulse width &0 50 75 200 ns
2 “TauiAt Address set up time 0 0 0 ¢ ns
o tauis Chip sefact sot up time ] &0 75 200 ns
g tsuiD) Data set up time BD . 60 75 200 ne
ThiD) Data hold time 1] 0 4] 3] ns
n thial Address hold time o] Q 0 4] ns

8-22 I TEXAS
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TMS4044, TMSA0LA4
A096-WORD BY 1-BIT STATIC RAMS

switching charactaristics over vecommended voltags range, Ta =0°C to 70°C, 1 Series 74 TTL load, CL =100 pF

Al timing reference printa are 0.8 WV and 2.0V on inputs and 0.6 % and 2.2 V' on autputs {80% paintsl. Input nseand Fall umes = 10 ns.

NOTE 3. Write ensbla ia high for a resd cycle.

TMS4044-12 | TMS54044-20 | TMS4044-26 | TMS4044-45
PARAMETER TMS540L44-12 [TMS30L44-20 |[TMS540L44-25 |[TMS40L44-45 ] UNIT
MIN  MAX MIN  WAX MIN  MAX MIN _ MAX
ta(a} Apcess time from address 120 200 . 250 450 ns
a[S) Access timg from chip select low 70 70 100 100 ns
taltW) Access timg from write enable high 70 70 100 100 ns
bela} Qutput data valid alter address change 20 20 0 20 ns
taistS) Qutput disable time after chip seleat high 50 &0 B0 80 ng
thispyy  Dutput disable time after write enable low 50 &0 &0 80 ns
. @
read cycle timing [see Nate 3] s
2
telrd) ]
ViH . ¥ =
ADDRESS, A )( ADDRESS VALID g-
ViL X F ) =
=]
L ©
CHIP SELECT, § q‘ / tais[S) i
vIL i E
|-*-—>— talg) tefap [T
YOH 1
HI-Z 4 —_ E
QUTPUT DATA, O HI-Z -
¥ 1 2 c
oL 1 ]
1atal
<
o
2
el
]
]
W

Texas
INSTRUMENTS
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@ uwoddng Alowsal\ pue WYy onels

SBJIAD

TMS4044, TM5400L449
4096-WORD BY 1-BIT STATIC RAMS

early write cycle timing

ADDRESS, A

WRITE ENABLE, W

_CHIP SELECT, §

INPUT DATA, D

DUTFUT, Q

efwr]

- W;

ADDRESS VALID

VIL

= tou () =] tiw)
W,
v
IH e _‘__'_-\\ )
ViL A
ViH
% Tsuis)
VIL

T D

YoH

L"_'su(Da

thiD}

VALID

LA

HI-Z

oL

read-write cycle timing

ADDRESS, A

WEITE ENABLE, W

CHIP SELECT, §

INPUT DATA, D

QUTPUT, Q

VIH

A

VIL

fett— Tz} ——fn] 'Yh(A}#———;—I
¥IH 2
ViL \"_ Z

Ttw) "“_—“1
Vin —\ -
l /
!
tu{D) ‘h[IDl

Vin . y AR
L )C"C??”%:???%g s — 1’1‘1’1’1’1‘1’1’1‘;’1’1‘
v ta{S} - Tais{} ta (W} tisisl
OH E——i; .
VoL ——-HI-Z—-§ VALID } Ml £ 7‘ VALID ;}—HI—Z—

Texas Instruments resarves the right to make chahges at any time in grder to kmprove design and 1o supply the bast product possible.
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MILITARY
CMOS
LSI

SMJb517
2048-WORD BY 8-BIT STATIC RAM

DECEMBER 1983

2K X B Qrganlzation, Commaon 1O
Single +5-V Supply

Eully Static Operation [No Clocks,
No Refresh}

JEDEC Standard Pinout

24-Pin 600-MIl {15,2 mvym) Package
Conflguration

Pin Compatible with TMS2516, TMS54016,
MB8416, HM6116, and TC5517

8-Bit Output for Use in Microprocassor-
Basad Systems

3-State Outputs with E for OR-ties
All Inputs and Outputs Fully TTL Compatible

Fanout to One Series 545/748, Five Serias
54L5/74LS or Twanty Saries 54ALS/74ALS
TTL Loads

Complamentary Silicon Gate MOS
Tachnology with a Six Transistor
Memory Cell

Power Dissipation:
— Oparating

.— Standby

- Data Ratantion

150 mW Typical
5 mW Typical
50 »W Typical

Performance Ranges:

ACCESS TIME {MAX]
150 ns
200 ns

SMJEB17-15
SMJS517-20

description

The SMJEE17 static random-access memory is
organized as 2048 words of B-bits each. Fabricated

using complemantary silican-gate MOS technology,”

the SWMJ5517 operates at high speed and uses less
power than conventional NMOS 2K % 8 static RAMs.
It is fully compatible with Series 54/74, Series
§45/745, or BALSf74LS TTL. Its static design means
that no refrash clocking circuitry is ngeded and tim-
ing requirements are simplified. Access tima is aqual
to cycle tima, A chip-enable contral is provided far
contrelling the flow of data-in and date-out and
another output engble function is included to allow
faster access time.

SMJSE17 . . . JD PACKAGE'
(TOP VIEW)

a7 (I YV2a) vee
a6 [0z 23048
As Qs 220 a9
ads 210w

a3lls 2008

Aa2le 190 ar0
a 07 180E

aoe 170 oos
po1 ¢ 1[0 pav
paz [J1e 180 pas
pas [ 140 oas
vgg 12 13[1 poa

SMJBE17 . . . FG PACKAGE

{TOP VIEW)
o
OO DO
2222
e b b e e L LT
4 3 2 1323130
A6 s & 20(] A8
Ass 28] a9
A7 27[] nC
ajfs 26 W
a2[]s 250 G
A1[d0 24[] A10
AD[111 23[ E
nefliz2 22[] pos
paif[fia 21[] paz
14151617181820
e 1 s s I e N o
8 M0 T
guw=zdoog
aga=> ooa
PIN NOMENCLATURE
A0-A1Q Address
DQ1-DaAa Data InfData Out
E Chip Enable/Powear Down
g Output Enabla
veo +5-V Supply
¥gg . Ground
w Write Enable

H Static RAM and Memory Support Devices

The SMJ5517 static RAM has the same standard pinout as T1's compatible 16K SRAMs, and EPROMs. This makes
the $MJE517 plug-in compatible with the ‘40186 and the '2515. Few modifications, if any, are needed for other 18K

cost J package availeble soon.

Thix di

ADVANCE INFORMATION
containg

Specillcations ara subjact 1o changs without notce.

& W product.

. Texas
INSTRUMENTS

Copyright & 1983 by Taxas Instruments Incorporated
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SMJ5517 ,
2048-WORD BY 8-BIT STATIC RAM

£V SRAM or EPROM. This aliows the microprocessor system designer complete flaxibility in partitioning his memory
board batwesn read/write and nonvolatila storage. Of special importance is the data retention feature of the SMJ5517,

as long as Voo = 2 V, the device rotsins date indefinitely,

The SMJE517 is affered in a 24-pin dual-in-line ceramic sidebraze package (JO suffix} and o a 32-pad leadless ceramic
chip carrier {FG). The JD package is designed for insertion in mounting-hale rows on 800-mil (15,2 mm) centers, whereas
the FG package is intended for surface mounting on solder pads on 0.050-inch (1,27 mm} centers. The FG package
offers a three layer rectangular chip carrer with dimensions ¢.450 x0.550 <0.100 (11,43 x 13,97 x 2,54}

oparation

! s8djAaQ Hoddng Alowsyy pue NYY SIS

addresses {A0-AT10)

The elaven address inputs select one of the 2048 8-bit words In the BAM. The zddress-inputs must he stable for
the duration of a write cygle.

chip enable/power down 3]

The chip enable/power down terminal affacts the data-in and data-out terminals and the intemal functioning of the
chip itself. Whenever the chip enable/power down is low {enabled), the device s operational, input and cutput ter-
mingls are enabled, and data can be read or written. When the chip enable/power down terminal is high Idisabled},
the devica Is deselected and put inta a reduced-power standby mode. Data {3 retained during standby,

output enabls (G}

The output-enable terminal affects only the data-out terminals. When output enable is at a legic high lavel, the cutput
terminals are disabled to the high-impedance state. Output enable provides greater output control flexibility, simplify-
ing data bus design.

write enable iﬁ)

The read ar write mode is selected through the write-enable terminal. A logic high selects the read mode; a logic low
selects the write mode. W must be high whsen chenging addresses to prevent erroneously writing data into 8 memory
locatian,

data-infdata-out {DQ1-POS}

Data can be writien into a selected device when the write-enable input is low. The three-state output buffer provides
diract TTL compatibility with a fan-out of one Series 545/745, five Serias D4L5/74LS, or tweanty Series S4ALS/T4ALS
TTL loads. Tha D/Q terminals are in the high-Impedance state when output enable {G) is high, chip enable {E} is high,
or whenever a write operation iz being performed. Data-out is the same pelarity as data-in.
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$M.J5517
2048-WORD BY 8-BIT STATIC RAM

DQ1-DAa8

functional block dlagram

A5 — | ADDRESS [ | ROW [* | CELL ARRAY
Af —————{ BUFFER DECODER 128 ROWS BY
- 125 COLUMNS
A7 ———impe]
—+ -—
4
-l 8 | INPUT SENSE OI‘;E:T N
ST 7= DATA AMPLIFIERS *-
CONTROL |- CONTROL
s COLUMN
DEGODER
| [
ADDRESS
BUFFER
an | A2
_ Al A3
e —> ]
rl
G-
B ,
. W ———f

i Static RAM and Memory Support Devices
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SMJ5517
2048-WORD BY 8-BIT STATIC HAM

logic symbait

q Hoddng Aiowa pue WvH SUBIS

S221n9.

a) RAM 2048 X 8
| O

S A —
121 2047
{1) FUNCTION TABLE

DQ1-DA8 MODE
VALID DATA WRITE
DATA QUTPUT READ
HI-Z2 POWER DOWHN
HI-Z QUTFUT DISABLED

10)

E —E [PWR DWN]
a1

oy — ]

w —E 1.2 EN IREADI
1C3 [WRITE|

x| |E|
[l Tl Nl Rl |
I | x| =@l

1 This symbel is in aceordance with IEEE Std 917ANSI Y3214 and recent decisions by IEEE and EC. See explanation on pege 10-1.

m absolute maximum ratings over opetating case temperature range (unless otherwise notad)t

Supply voltage, Voo fseeNote 1) L. o . e e .. —0BVIOTY
Input voltage {any inputi lsee Mote 1} ... .. . e -1Vt ?7V
Continuous power dissipation .. ... ... e i e TW
Operating case temperature ANGE . . ... o v it e e e e ottt mm i . —=65°C 10 126°C
Storage temperature FaNgE ... ... ..ot i e e we...  —H6%C 10 1650°C

t Stresses beyond those listed undar **Absolute Maximum Batings'” may cause permanent damaga to the device. This is @ stress rating only and functional
operation of the device at these or any other conditions bayond these indicated in the “Recummended Operating Conditions** section of this specification
is not implied, Exmp 10

MNOTE 1:

rated conditions for extended periads may affect device retiability.
Valtage values are with respect o the Vge terminal.

8-28

TEXAS
INSTRUMENTS

POST OFFICE BOx 225012 & DALLAS TEXAS 5265



SMJ5517
2043-WORD BY 8-BIT STATIC RAM

recommanded operating conditions

PARAMETER MIN  NOM  MAX | UNIT
Supply voltage, Voo 4.5 5 5.5 v
Supply voltage, Vg o] v
High-level input voltaga, V)4 2.2 Ve -0.2 '
Low-level input voltage, V) isee Note 2) Vg5-0.2 0.8 v
QOperating case tomperatura, Tg —hG 125 °c

NGTE 2: The algabraic ¢canvention, whers the momns negati

{less pasitivel lint is

as

is used in this data sheet for logic voltage levels only,

electrical characteristics over racommendsd operating frae-alr temperature range (unless otherwise noted)

&
PARAMETER TEST CONDITIONS MIN  TYPT  max | uNiT 3
VoH High-level output voltage IgH = —2 mA 2.4 \ ‘S
VaL - Low-level output voltage lgL = 2 mA 0.4 v &L
All inputs except 1 1 oA Q
! Input current DA1-D08 V=0V EEY, E
Da1-Das Ve =656V
. -5 5 | gA =3
inputs only j= 8
lcc Qperating supply current from Vo Voo = 6.5 V. 30 a0 | maA 3
IoCe Standby supply current from ¥YoC 'l_o = 0,E = Vi MIN & | mA .
Ices Data retention supply current from Voo E=Vco =02V 100 wA [
Vecipry Yoo required for data retention E = Veomom G2V 2 5.5 v g
¥ Al typical valuns ara at Voo = 5 V. Tg = 25°C. g
timing raquirements over recommendad supply voltage range and operating case temperature ranget -E
: ©
5MJI5517-15 | SMJBE17-20
PARAMETER MIN_MAX MIN_MAX UNIT E
teird} Aead cyels time 150 200 ns 0
o) Write cycla time 150 200 ns L
T W Write pulse duration 90 120 ns E'
toulAl Address setup tims 10 10 ns -
15u(E} Chip enable setup tima a0 120 ns «
Tgy(D) Data setup time 50 70 ns
ThiA] Address hold time 10 10 ns m
thil) Data hold tirme 10 10 ng
tAVWH Address valid 10 write enable high 100 130 ns

T AC tast condltions:
Input pulse levels: 0.8  and 2.2 V
Input rize and fall times: t, = ty = 6 ns
input and output timing reference levels: 0.8 v and 2.2 V
Queput load: 1 TTL gate, ©p = 100 pF

Texas
INSTRUMENTS

POST OFFICE BOX 225012 » DALLAS, TEXAS 75265
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SMJee17
2048-WORD BY 8-BIT STATIC RAM

switching characteristics over recommended supply voltage range and operating case temperature range {

SasIns

5MJ5517-15 | SMJES17-20
PARAMETER MIN_MAX MIN_ MAX UNIT

taiA) Access time from address 150 200 ns
ta{E) Access time from chip enable low 150 200 ns
ta{G) Access time from output erable low iy 70 ns
lA) Output data valid after address changs 10 19 ns
tdis{E} Qutput disabla time after chip enable high 50 B0 | ns
tdisi3) Output disable tims after outpun enable high 80 &0 ns
tis W) Qutput disable time after write enable low g0 &0 ns
taniE) Qutput enable tima sfter chip enahle low 0 Q ns

W teniGl Qutput enable time after cutput enable low 0 0 ns

E taniwi Qutput enable time alter write enable high 1] O ns

)

a. 1 AL test conditions: :

Input pulse levels: 0.8 W and 2.2 ¥

o Input rise and fall times; 1w 1 = Gy

> Input and putput timing reterence levels; G.8 v and 2.2 W

g Qutput Joad: 1 TTL gate, T = 100 pF

a - -

= capacitance over recommended supply voltage and operating case temperature ranges, f = 1 MHz?

=8

g PARAMETER TEST CONDITIONS TYP? MAX | UNIT

Q Cj Input capacitance Vi=0V.f=1MHz 5 10 pF

g Co Dutput capacitance Yo =0V. 7= 1MHz 3 10 pF

.E T Capacitance measurements are made an a sample basis only.

o # Typicel valugs ere T = 25°C and nominal vohages,

=

©

°

]

-

=

o
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SMJ5517
2048-WORD BY 8-BIT STATIC RAM

PARAMETER MEASUREMENT INFORMATION

v
tonfoL
OUTPUT
UNDER TESY

Cp = 100 pF

FIGURE t — EQUIVALENT LOAD CIRCUIT

timing waveform of read cycle [see note 3)

g
‘eird)

54_ i

L

[

L
ADDRESS X

L]

ls

| taia

|
A

| pe-tuiar |
AL

| e tatey [ l—— tdiaiz) ——
[ tentE} e tis(E)

{s00 Notas 7, [
DQ{oat)

All timing reference poinis aro 0.8 V and 2.2 V.
MOTE 3: W is high for Read Cycla,

o1

un
b5
2
>
o
(]
=
=
.
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=5
]
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b
o
E
1]
=
=
=
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<
0
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SMJ5517

2048-WORD BY 8-BIT STATIC RAM

timing weveform of write cycle no. 1 [see note 4)

! $321A9Q Moddng Azgwapy pue NYd Juels

Telw)

|
ADDRESS }(
thia)
I. J isam Note 61

i
I.—-—‘sulEl——-l
: {sen Note B}

LW

- NI T
—ll|r- ba—1q0]A) FAVWH ‘H] :
w I |

I
I-—-b—tuisu:.'l P twiWl |

A R RERERRA: [tea Notes 7, 11| {ses Note 5] | |
e :
be-tauio) -+ fo-thio o)

Oy l“’l “““1‘1““‘!‘

L 1

Dlouy)

[

timing waveform of write cycle no, 2 (see notes 4 and 9)

[ teow

ADDRESS i ) —‘!Xt
X = YT

"TAVWH

—— |
! twiw) :
(L [
o= tauta) o—w— sl | p— tany—+|

G (508 Nates 7, 11 Ry
] KOO XXRXX)

h
P_ﬁ:u“n LIAKARKHANA)
th||'.=|-"J {seo Nots 10

Dit{In) \

DQloutt

All timng referance poimts are 0.8 v and 2.2 V.

NOTES: 4. ns _
5. A write aceurs during the overlap ol g low E and 8 low W,
&,
7
8

W must ba high durlng Bl address 1ransitians,

thia) is measured from the earlier of E or W gaing high 1o the end of the write cyele.

. Durinf,l_lhln peried, /O ping ara in the output state so that the Input signele of oppasite phase to the outputs must not be epplied.

- Fthe E low transition occurs simultaneously with the W low transitions or after the W transition, output ins in a high impad, state,
g,

1

11.

12,

G is continuously low [G = ¥l

IFE fs low during this pariod, /0 pins are in the output state. Data Input signals of pppoesite phasa to the outpuis must nol be applied.
Transitlon ls maasurgd =200 mV from steady-zlata voliage.

If the E law transition acturs before the W law transition, then the data input signals of oppesite phase to the cutputs must not be applied
for the duration of 1gigwy after the W low transition.
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SM.J5617
2043-WORD BY 8-BIT STATIC RAM

schematics of inputs and outputs

mi

EQUIVALENT E INPUT CIRCUIT

i
w| fl=
. 1

INTERNAL
CHIP SELECT

Vi

INTERNAL—}
CHIP SELECT

EQUIVALENT INPUT CIRCUIT

CHIP SELECT

|

|

l } : IN.TERNALJ
] :

|

==

OUTPUT DRIVERS

J =
INTERNAL. mj_ ANPUT BUFFER DRAIVERS
=  CHIP SELECT —

EQUIVALENT I/O CIRCUIT

Texas Instruments reserves the right to make changes at any Lime in ordar to Improve design and to supply the best product possitde,
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Applications Brief

/ 64K DYNAMIC RAM REFRESH ANALYSIS \

SYSTEM DESIGN CONSIDERATIONS

64K SYSTEM HARDWARE
64 KHZ 78T _;_ )
OSCILLATOR COUNTER ul s « B bit address multiplexing and
o 51 64K 8 bit address bus are needed for
GOT\IETFH“OEI.S:‘ER ADDRESS '8 | X either 256 or 128 cycle refresh
COLUMN—F— on 64K,
] #» 128 cycle 64K s require 1 less
counter bit (7 vs, 8). This is, how-
128 CYCLE REFRESH ever, unlikely 1o be a practical
saving since counters/multiplex-
— 8 ers come in 4 and 8 bit multiples.
z amT
osciLLATOR [ | counter [7] e e 256 cycle/d ms refresh approach
y B :‘,‘ GaK allows the same oscillator timing
AEFRESH ROW x {684 kHz} to be used when up-
CONTROLLER ADDRESS 8 grading from 16K s {128 cycle/
COLUMN —— 2 ms period).
l s Systems designed for 256 cycle
B4K s can.easily use 128 cycle
258 CYCLE REFRESH BAK .

Compatibility among all 64K Dynamic RAM vendors can be achieved by designing to TV's 4164
64K x 1 Dynamic RAM. The TMS 4164 requires all 256 rows to he refreshed within 4 ms. Com-
petitive G4 DRAMs which are not able to achieve the 256 cycle, 4 ms refresh rate require twice

the number of sense amplifiers as the TMS 4164 and half the number of refresh addresses, A 64K
DRAM which requires the 128 cycle, 2 ms refresh treats the 256 cycle, 4 ms refresh as two refresh
events in 2 ms each,

Simply: 256 cycle in 4 ms = 2 (128 cycle in 2 ms)
The extra address bit, A7, during refresh is treated by these vendors as a don't care situation.

The TMS 4164 has the same refresh rate as the 4116, 16K x 1 Dynamic RAM, which requires
128 rows to be refreshed in 2 ms. Most 4116 based systems alreacdy contain the extra refresh
counter bit required for upgrading to the 64K. Those implemented with the 74L5393, 8-bit
counter already do.

For a given cycle time, say 280 ns, the 256 cycle 4 ms refresh architecture of the TMS 4164
requires the same refresh averhead as the 128 cycle 2 ms approach as can be seen by the follow-
ing calculations:

Refresh overhead = refresh cycles in given time  _ 256 cycles - 128 cycles
k available cycles in given time 4 ms/280 ns per eycle 2 msf280 ns per cycle

= 1.8%

H Applications Information
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9-2

However, the TMS 4164 provides the user with the following advantages:

—  Half the number of sense amplifiers, small chip size, low cost.

—  Lower power yielding lower temperature and increased reliability,

—  Maore chip ares devoted to memory array allowing greater detectable cell charge and
improved perfarmance. )

In summary, the TMS 4184 is compatible with 16K DRAMs and other 64K DRAMS since they are
all refreshed at the same rate. An extra counter bit A7, introduced to the TMS 4164 during re-
fresh will insure compatibility amang all 64K DRAMS.

MOS Memory
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256-CYCLE REFRESH CONVERSION

280 §1GHALS

- AODRESST TOMULTIFLEXER

e O o o O e

10DF.2
Gs O e oa 0, !
4 0 Oc 0o B Oa A On SELECT ] DATASELECTOR  SYSTEMSIGNALS

B 24

SHTALS04 T

. | > SN7aLs39]

RAMs.

k 1Electronics, May 22, 1

Thas may Bé mrplgererie ] o ahgre e Togis, with an SNTALS BT c canbie 56 heeq,

CIRCUIT TO CONVERT Z80 128-CYCLE REFRESH
TO 266-CYCLE REFRESH REQUIRED BY TMS 4164

Adding the circuit above to ZB0-based systerns increases availability and competitive pricing among
those vendors who have announced 64K dynamic RAMs? including

* "TEXAS INSTRUMENTS
— Fairchild

~ Inmos

- Mational

Signetics

Z80 users whao are considering an upgrade in dynamic memory from 16K to 64K have much to
gain by modifying the Z80 128-cycle refresh. The circuit shown above converts the 280 128-cycle
refresh to the 256-cycle refresh required by Tl's TMS 4164 64K dynamic RAM. Designingin the
266-cycle refresh results in broader chaice of B4K dynamic memory available to the designer.
Designing with only 128-cycle capability severely limits the potential sources for 64K dynamic

Adding the circuit shown above to the Z80-based system also allows the designer to take advan-
tage of the TMS 4164"s low cost and low power dissipation that resuit from using anly half as
many sense amplifiers as the 128-cycle approach,

SED

~
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AADAAE

CAGCAS

REFRESH
ENABLE

ROW
ENABLE

COUNT

EXPANSION OF 3242 FOR 256-CYCLE REFRESH

1242

Ap-dg

L3 ]

RFSHEM

HOWEN

Oy Og

0

b,

) MADMAS
12 ENIALEIST

-

| SNT4LETS
4]

cA? o

RaT 1
z — o mar
3

SHT4LETS
B A

o a

ck o

[+ ]

RADXRAT - ROW ADDRESS

MADMAS - MEMORY ADDRESSES [INVERTED]

CABCAT - COLUMN ADDRESSES

MAT - MEMORY ADDORERS INCGHANVERTED)

Adding the above circuit to those systens which utilize a 3242 allows the use of 256-cycle-
refresh parts. The circuit on the following page may also be incorporated into designs using the
3242A where the zero-detect output is not available,

These designs are presenied to demonstrate possible implementation, however, particular system
requirements may suggest alternate circuits to optimize companent fayout.

MOTE: The SN74LS153 may be replaced with an SN74L.5362 to obtain inveried signal for all
memory addresses,

-4



EXPANSION OF 3242A FOR 256-CYCLE REFRESH

RABAAT Aphe

GirOg } MaGHAG
% SNTALEISZ

CADCAT AT-Av3
GA? ]
' Al —— 1
HEFRESH
ENABLE RFSHEN M 2 ¥ f— mar
-
3
o - ITIR I i
ENABLE Op Op Op Op  Qa Op S O 2
TO0HT ENT
1A HY
4
Y SNTSL5393
RAD-RAT - ROW ADDAESS CABCAT - COLUMN ADDRESS
FIAGMAL - MEMORY AODAESS (INVERTEGH . MAT - MEMGRY ADDRESS INOMINVERTED!

*  This cutput may be used to implement 256-cycle refresh for 3232 devices in conjunction with the other half of
the SN74L5153.

In summary, these circuits show how to convert a system to a design with maximum flexibility
that can use either 128-cycle or 2B6-cycle 64K dynamic RAMs. Meeting this requirement allows
the use of any B4K RAM which will ultimately result in the lowest cost and most reliable system.

Applications Information
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.

TMS4164A AND TMSA4416
INPUT DIODE PROTECTION

The 64K DRAM family from Texas Instruments has departed from conventional input schemes for DRAMs 1o
provide the user with improved ESD protection and input clamping diodss for regative undershoot. Both
enhancements of device capability are possible due 1o the use by TI of & grounded epitaxial substrate in the
manufacture of its 64K DRAMSs. While the input gircuit technique has provided tho user with additional protec-
tian and easae of use, it may cause anomalous testing results for the unwary test engineer who tires to drive the

inputs to large negative voltages.

Shown below is an equivalent gircuit for the input circuitry of the TMS4164A ond the TMS4416.

EQUIVALENT CIRCUIT

TS T T T T T M POLY FappRess

2R a

PAD

r
|
I
|
{
{

e ot o o

e
FIGURE 1 ~ EQUIVALENT INPUT CIRCUITRY

The diode and transistor clamping circuit is the essential element in protecting the device fram electrostatic
discharge IESD) damage. Figure 2 shows the physical layout of this circuit,

9-7
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PAD QPENING
IN DVERCOAT

METAL —-|
METAL-TO-DIFFUSION “ @% 41 a
CONTACT OPENINGS % .

PAD

LT LT T r- ’-
LAl L
V55-METAL VOAY VR ATD ™ P
[
1
FIGURE 2A — DIODE AND TRANSISTOR CLAMPING CIRCUIT FIGURE 28 — CROSS SECTION OF CLAMPING CIRCUIT

Tho essential element of tha circuit is the input diode (A, which is surroundad by a diffused guard ring (B} connected to Vgs.
This circuit can be viewed as a combination of a lateral NPN transistor, a bipolar diode, and a thick field transistor — all occu-
pying the same area and connsected to the input pad. The P —/P + substrate is both the base of the transistor and the anode
of the diode. Both are connected to Vg5 through the resistance of the substrate from the surface of the chip to the backside.
During an ESD with positive valtags, the input diffused area goas into reverse-bias breakdown, which tums on the bipolar
transistor, thus clamping the input voltage. The action of the transistor is identical to second breakdawn ohserved in conven-
tiong! hipolar transistors. Qnce the transistor turns on, it can sink & large amount of transient current which is avenly
distributed over the area of the input diffusion (collector of the lateral transistorl. This avoids localized heating fram the
anergy in the ESD. Localized heating could destray the integrity of the input diede. For ESD with negative voltage, the diode
and the transistor act to clamp the input voltage. When tha input voltage drops below = 0.7 V, the input diffusion appears as
a cathode for a diode tied through the substrate resistance to ground. It also acts as an emitter for the Iaterall NPN transistor. -
Both elements turn on and tend to uniformly scurce the current in the input diffusion.

The polysilicon resistor included in the input cirguit serves to limit the amount of voltage that reaches the thin oxida
associated with the address buffers and clock inputs. The dynamic impedance of the input clamping circuit is considerably
lower than the resistance of the polysilicon resistor. :

The input circuit also offers the advantape of clamping negative undershoots on the inputs during nermal operation. While
this provides advantage to the board and system designer, it can cause confusion for the test engineer unless he fully
understands the limits of his tester. DRAMS have historically been specified with negative dc input voltages of —1 V. In addi-
tion, they are often tested/characterized 1o — 3 V., This testing has been done to ensure that the devices will cperate correct-
ly with a negative input undershoot, which is transient. Such testing was required due to the inability of a MOSFET of
reasanable size on the chip to clamp the negative-going input and due to the susceptibility of address input bufiers on some
MDS RAMs to negative input undershoots. The input clamping mechanism, provided on the TMS4 164 A and the TMS44186,
can supply sufficient current to ¢lamp the input translent.

Difficulty in testing the device with negative de input voltages can ccour due to the tester’s output driver devices going into
saturation when forward biasing the input diode. Also, most testers are unable to supply the large transient currant reguire-
ment during reversal of bias on the input diode and transistor. Both effects will result in distortion of the tester’s waveforms.
What may appear to be poor setup and hald time margins of the device may actually be a taster's inability to supply the cor-
rect wavefarms ta the device at the proper time,

The improvement in both ESD protection and signa! undershoot on system boards offered by the input circuit may be
overleoked if erroneous conclusions are drawn from incoming testing with negative de input voltages below - 0.7 V.



TESTER LIMITATIONS WITH PROGRAMMED INPUT LOW LEVELS OF LESS THAN - 0.7 V

Driver distortion occurs when input low levels are programmed for values below — 0.7 V. The input diode/Iateral NPN tran-
sistor shares a common PN Junclion which becomes forward biased at — 0.7 V and below. The transistor collectar, which is
tied to Vg5, carries most of the forward-bias current {sea Figure ).

1\"55

¢

[[-3541 3

PAD

FIGURE 3 — FORWARD- TO REVEASE-BIAS CURRENT

" The diode exhibits a classical forward- 1o reverse-bias recovery delay due to a momenterily large revarse current of amplitude
limited only by the programmed reverse voltage V| and driver output impedance R, i.e., the input approximates a momen-
tary shart circuit. An initially large short-gircuit current plateau {lg =V H/R) subsequently relaxes to the notmal do reverse-
bias current lg Isee Figure 4). The time from the positive transition edge, corresponding to t=0 in Figure 4, 10 the point
whera the reverse current surge relaxes to 10% of the plateau value is the diode recovery tima {tgff).

ot} toff =

—
H Applications Information

10% Ip Is

R: Driver impedance
ViH: Address input high-level {reversa-bias)

FIGURE 4 ~ FORWARD- TO REVERSE-BIAS RECOVERY GURRENT
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Figura & shows how the driver cutput waveform is altered. Quring forward bias, the transistor clips the negative level at ViR
lin tho range — 0.7 ¥ to — 1.4 V] with the V| level programmed over the rangaof —@.7 V to — B V. During tha initigl reverse
bias, the drivar output voltage vg is given by the programmed V|4 level minus the iR drop scross the driver output im-
padance, i.e., ‘

vgp = V4 — iR

During the current plateau, the v value is essentially O V. The driver output valtage then recovers to the programmed value
as the dicde ravarse current reflaxes to the de reverse-bias level 14, In effect, the toff value is a measure of the time that the
output waveform [s distorted if the unwary engineer programs V) values significantly below —0.7 V.

va kA

VIHbe — = —m — e — - — — —

.
t
A
VFB
viL vo = VILIHI - iR

VEp: Forward-bias diode drop
ViL: Addrass input low-level {forward-bias)

FIGURE 5 — ADDRESS DRIVER OUTPUT VOLTAGE

The following equation derived from diode switching theory serves to estimate the magnitude of the ta¢f values for input’
levels below —1 V.

toff = 40 It ~ [rir+111 2] ns
wherer = = {V|L +1}VIQ
and VL=< -1V

The coefficient 40 ns is a characterigtic of the diode structure and physical parameters of the material. For example,
ViIL= —3Vand V|4 = + 3V givetaff = 20 ns. This estimate is not accurate at vary small forward-bias values, because it
ipnores the rise time of the driver’s pesitive transition edge. As long as the pradicted valug is greater than or equal to the edge
transition time, the estimate is goad. It is assumed that driver output impedance has the same value R at both upper and
lower levels, Vi and VL. : '

The distortion in drivar waveform, shown in Figure 5, increases as the driver input low lavel is progressively driven mora
negative. Cepending on driver output impedenca, only slight distertion is observed in the positive transition for input levels
near —0.7 ¥ to — 1 V. This irregularity corresponds to the onset of the recovery phenomenon short-circuiting the output of
the driver. Significant distortion ocours at large negative values of V|, and the test engineer must be aware of this
phenomenon to prevent erroneous conclusions as to the performance of the device.

Tha input transistor provides great advantage te device use in a system environment. In a system, the negative undershoot
of an address ling is caused by transient transmission-lina raflections undershoot of negative-edge transitions|, Here the in-
put transistor clips much of the swing below —0.7 V on the address line. Positive-edge transition from a settled negative ad-
dress low level, which gives rise to the forward-to reverse-bias recovery dalay, does not oceur in the typical system environ-
ment.

MOS Memory
9-10 Applications Engineering
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\ following discussion briefly shaws the operation of the TM54164 and TMS54416 DRAMS,

TMS4164 AND TMS4416 \

INTERLOCK CLOCK

The TMS4164 (64K x 1} and TMS4416 (18K x 4] dynamic RAMs use e novel interlocked clock to yield en-
hanced immunity to process variations, temperature, and valtage Induced parametric changes. The basic con-
cept of an interlock clock structure is to provide a synchrenous timing operation that eliminates race conditions,
Az an aid to understanding the interlock clock, an overview aof the memary contrel structure and its functions
will be presented fiest.

The TMS4164 (Figure 1) and TMS4416 (Figure 2) need a minimum of 16 address bits to addrass all of their
64K memory locations {216 = §5,536). Instead of physically using 18 address pins, the DRAMS only usa 8
address pins and receive the addresses in two parts of 8 bits each (B {row) and 8 {column} in the case of the
TMS4416). Tha first 8 addresses are called the row adgﬁises; once stable on the address pins, they ars latch-
ad by the low going edge of the row address straba (RAS) input. Tha 8 column adir_gﬁa bits ara then set up
on the B address pins and latched by the low going edge of the column address strobe (CAS) input. The TMS4418
only uses 6 of the column address lines, disregarding A0 and AT (These will be utilized in next generatian parts
providing an address for 64K x 4 memories). This sharing of address lines is known as multiplexing which keeps
the number of pins on a package to a minimum,

Tha TMS4164 and TMS4418 use a square array of memory cells consisting of 256 rows and 256 columns
which is divided into an upper and lower half. A word line lwhich corresponds to 8 row) is conngcted to the
transfer gates of 258 cells that comprise a row of memory. The transfer gates control access to the data storad
on the memory cell capacitor. The bit line {which corresponds to a half of a celumn) has for each half of the
array 128 memory cells and 1 dummy cell connected t¢ it via the transfer gates. Located physically-betwean
the two helves af the memory array ara 256 sense ampz whose inputs connect to the kit lines from each half
of the array. The dummy cell provides the referance (VREF] to a sense amp to detarmine the state of the memory
cell.

On an access cycle, the row decoders drive the selected word line high turning on all 256 transfer gates in the
selactad row and connect 1 memuory cell to sach bit line. Concurrently, dummy enable {DE) decodes and drives
tha transfer gates of ong of the rows of durnmy cells, and connects 1 durnmy cell to each bit line on the opposite
side of 1the sense amps. The dummy selection uses RA7 so that the row of dummy cells selected is on the op-
posite side of the sense amp from the selactad row of memaory cells. Connecting the memaory and dummy cells
to their regpectiva bit lines causes a differential voltage to be established at the Inputs of the sense amps. This
differential valtage is then detected by the sense amps whosa outputs will change to reflect the detacted stata
of tha memory cells. After sensing is completed, the output of the sense amgp is driven back onto the bit lines
to refresh the memory cells. Signal restoration is necessary because an access rasults in a destructive read (the
memory cells no longer contain valid data after the access). This is due to the large bit line capacitance
| = B800 fF) and the relatively small capacitance of the cell [50 fF). Connecting the cell to tha kit line depletes
the cell charge, and makes refresh necessary to ensure valid data retention. This restoration is transparent to
the user but should not he confused with providing external refrash. After sensing is completed, the data on
the bit lines can now be selected by the column decoders. The column decoders select 4 of the 256 sense amps
using AQ-A5 {TM54154) and A1-A8 (TM54418} for the selection. On the TMS4 164, these 4 bits are further
decoded by & 1 of 4 decader using AB and AT {the 4 bit output of the TMS4416 gliminates the nead for the
1 of 4 decoder). This 1 of 4 selector acts as a bidirectional switch for data transfer ta or from the sense amps.
Mow that the basic blocks and functions of a DRAM have been described, a detailad look at the intarlogk scheme
will be presantad.

A simplified logic represantation of the clock structurs is shown in Figures 1 and 2. The clock interlock points
are shown as inverting input NAND gates. The inputs reprasent timing events that must be complste before
the output af the inverting input NAND gate can trigger a third event; this system providas interlocking. Approx-
imately 60-100 clock signals are generated in a DRAM to control the various functions (address latching, decode
timing, sensing, data transfers within the device, etc.); approximately 18 of thage have besn represanted. The
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The falling edge of RAS causes R1 to latch the row addresses into the row address buffers and enables interlock point
RZ. The row addresses are then amplified and drive the row decoders for row selection. When RAD-RA7 are valid, the
row address buffers cutput a signal to interiock point R2. A delay stage within R2 allows the row decoders time to completa
their decoding bafore the output of R2 goes low. R2 going Tow enablss the row decoders to drive the salected word ling
high. Interlock R2 ensures twoe things: the row addresses are valid, and decoding is complete before the selected word
line is activated. Addross RA7 causes dummy enable (DE) to select the row of dummy cells on tha opposite side of tha
array from the selected row of memory calls. After row and dummy selection is completed, the deceders then drive the
a2pproptiate word lines high, connecting the memory and dummy cells to their corresponding bit lines, The differential voltage
et the inputs of the sense amp is sensed, amplified, and driven back onta the bit lines; this refreshes the memory cells
in the selocted row. The sense amp control then outputs a signal to interlock RC1 that indicates sensing is complete.

A high logic level on CAS holds the reset on Q1 active and forces the O output of the data ocut buffer Into a high-impedance
state. A logic low level on CAS removes the reset ta allow clacking.

The falling edge of CAS causes interiock C1 to go low {assuming RAS low) driving C2 low to latch the ¢olumn addresses
nto the column address buffers. Interlock C1 ensures that tha CAS cycle is inactive unti RAS is low. The column addresses
are then amplified and drive the calumn decoders for calirmn selection, With CAQ-CA7 valid, the column address buffers
output a signal to interlpck point C3. A delay stage within C2 allows the column decoders time to complete their decoding
before the output of C3 goes low. C3 going low enables the column decoders ta access the salected columns (4}, Interlock
€3 ensures two things: the column addresses are valid, and decoding is complete before the selected columns are access-
ad. Aftar selection is completad, data can now either ke input or output depending on the Wsignal timing. interlecks RC1
and RC2 ensure that the sense amps are active and the praper column is selacted before a read or write can take place.

In the case of a read or read-modify-write cycle, the high logic leval on the write line ) prevents any transfer into the
datain register by keaping the output of W1 high. The presence of CAS low and the oautput of RC1 low aIJows RC2's output
to go low; this clocks the level of Winto register Q1. Only in the case of an early write W low prior to CAS low), when
the output of Q1 is not clocked te a logic one, will the data out register be maintained in the high-impedance state. In any
read cyele, the output of 21 is a logic one and the data out register is enablad although data will not be valid until RAS
and CAS access times are both satisfied.

In a write cycle, the low Iog:c level on W allows the output of W1 to go low which latches the date present at D {thus
the latter of either CAS or W going low latches the datal. The logic level at the output of the data out register will remain
until CAS returms to & high level.{ When CAS is high, the output will go to a high-impedance state.} Datz out reflects the
data read from the ¢ell rather than the now data that is written for read-modify-write ¢ycles.

The RAS low time fallowing sensing complets, is used to restora data to the memory cells currently selected by the word
line irestoration after the desctuctive read). Any data that is changed by a write cycle causes alteratinns of the sense amplifier
which then stores the new datz in the memory cells. When RAS goes high, the word lina is turned off and the cells now
hald the data restared from the sense amps. RAS going high initializes a precharge state used to equalizo the bit lines by
charging them to full Vo potential. Precharge is necessary to ensure the charge on the bit lings is egual on hoth sides
of the sense amp. Another access cycle may begin ance the precharge time has been met.

The representation used in Figures 1 and 2 is a simplified logic diagram which does not depict all points af signal interlock-
ing. It does however domonstrate the principle of an interlockad clock scheme, The signal genaration and timing bacomes
very critical as device delays decreass. In many dynamic RAMs thare are over 100 timing signals used to control intarnal
operations, and these timing signals are generated using delay chains without interlocking. The signal skew resulting from
non-intedocked timing Increases device sensitivity to operating conditions and process variations. Although the interdock
clock s transparent ta the user, its incorporation on the TM54164 and TME4416 offers greater companent reliabllity and
avoids timing race conditions inherent in previous generation DRAMSs,

MGOS Memary
Applications Engineering
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INTRODUCTION TO SURFACE MOUNT TECHNOLOGY

ABSTRACT

The demand for high-density, cost-effective printed circuit
boards has prompted the electrenics industry 1o seek alter-
native methods te traditional plated-through-hole technology.
One such alternative is surface mounting, a technology tradi-
tionally used in bybrid fabrication, The advantages of sur-
face mounting are numercus but the bottom ling is that it
is ¢ost effective and will begin to displace plated-through-
hale technology as the availability of surface-mount com-
ponents increases,

Texas Instruments is fully supporting the growth of the
surface-mount industry with its linc of plastic leaded chip
carriers. An introduction to the surface-mount technology
will be given in this application report.

INTRODUCTION

The post molded leaded chip carrier (PLCC) was
developed by Texas Instruments in 1980 to improve the pack-
ing density of ICs on printed cireuit (PC) boards and over-
come some of the size constraints normally cavsed by dual-
in-line {DIP) packages, The PLCC was also designed to be
used under the same environmental conditions as the DIP
without any reliability degradation. The PLCC occupies ap-
proximately 40% to 60% aof the PC board area of an
equivalent DIP, and requires no through holes (surface
mount), therefore, it lowers the cost on PC boards. Unlike
some surface-mounted packages, TI's PLCC requires no
special PC board material considerations. The design of the

lcad provides compliance allowing the use of any commer-
cial substrate. Digital, Linear, Gatc Array, and MOS devices
will be offered in 18-, 20-, 28-, 44-, 52-, 68-, and B4-pin
packages through TI.

Package Outline

The mechanical data for the PLCCs is given in Figures
1 and 2; their thermal properties are Jisted in Table I. The
following general statements apply to the packages:

1. Each of the chip carrier packages consists of a circuit
mounted on a lead frame and encapsulated within an
electrically nonconductive plastic compound. The com-
pound withstands soldering temperatures with no defor-
mation, and circuit performance characteristics remain
stable when the devices are operated in high humidity
conditions.

2. These packages are intended for surface mounting on
solder pads with 1,27-mm (0.050-inch) centers. The
leads require no additional cleaning or processing when
used in soldered assembly.

3. All dimensions shown arc metric units {millimeters),
with English units {inches) shown parenthetically. Inch
dimensions govern.

4. Lead spacing shall be measured within the zones

specified.

Tolerances arc noncumulative,

Lead material CD-155. T60 (Copper Allay),

7. Dimple in top of package denotes pin 1.

Bl
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Table I Thermal Properties, of Plastic Chip Carriers

NO. OF PACKAGE. .
| \eans | oesionamion | U cimy | alc (o cown
18 FP 85.4 13.8
20 FN 113.8 a7
28 FN 76.8 32.2
44 FN 68.0 20.3
EB FN 45.7 11.4
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J-Lead Advantage

Texas Instruments PLCC packages are constructed with
the J-lead structure due 1o its superior performance when
riounted on a wide spectrum of substrates ranging from
ceramic to epoxy-glass. This is possible due to the complian-
cy of the J-lead which compensates for the possible thermal
mismatch between plastic packages and mounting substrates.

More care must be taken when using ceramic leadless chip
carriers mounted on nonceramic substrates in order to pre-
vent solder joint fracturing under thermal cycling. The J-lead
also offers advantages aver plastic surface-mount packages
using different lead structures. Figure 3 gives a comparison
of the J-lead used on the PLCC to the ““gull wing" com-
menly used on small-outline integrated circuits (SOICs)

and “‘quad packs.”

GULL WING

DEVICE AREA (16 L-PIN S0IC} = 111,6 mm2

ADVANTAGES
-~ PROVEN PROCESS
- POSITIVE SOLDER “"WITNESS™
- EASY AUTO-POSITIONING
- NESTED STACKING (PERIFHERAL}

0.173 In?)

DISADVANTAGES
— EXTENRDS X-Y SIZE
- LEADS SUBJECT TO DAMAGE
= HIGH PIN COUNT PACKAGES IMPRACTICAL

J-LEAD

DEVICE AREA (18-PIN PLCC) =~ 98.6 mm?

ADVANTAGES
- PAOVEN PROCESS
— LEADS ARE GOMPLIANT, USEABLE WITH
PC BQARD AND CERAMIC SUBSTRATES
~ MINIMUM X-Y SIZE, MAXTMUM EDARD DENSITY
- EASY AUTO POSITIONING
- LEADS WELL PROTECTED
- EASY REPLACEMENT
- SOCKETING EASY
~ JEDEC STANDARDS EXIST

10.163 In2}

DISADVANTAGES
- TOTAL PACKAGE-HEIGHT THICKER THAN SOIC
— INFRARED [IR) REFLOW DIFFICULT

— STAND-OFF FROM THE BOARD ALLOWS EASY GLEANING

— LARGEST LINE OF AVAILABLE PACKAGES:

FROM 18 TQ 68 LEADS. HIGHER PIN COUNTS LINDER

DEVELOPMENT

Figure 3. Gull Wing Vs. J-Lead



Area Savings with PLCC

The PC board area savings that can be realized with the
PLCC is best demonstrated by a comparison of two Texas
Instrumenis one megabyle memory boards (sce Figure 4).
The DIP board is eight layers, measoring 2794 mm
(11 inches) by 355,06 mm (14 inches} with 226 ICs. The

PLCC board is four layers, measuring 165,1 mm (6.5 inches)
by 243,84 mm (9.6 inches) also with 226 ICs. The savings
that can be realized with the PLCC board amounts ta 60%
less board arca at an overall cost savings of approximately
55%. This illustrates the viability of surface mount as a low
cast means of improving circuit board density while redue-
ing PC loyout complexity.

Figiire 4. PLCC and DIP One Megabyre Memory Expansion Boards
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Surface Mount Component Availability

Most IC manufacturers are presently producing surface-
mount companents for a large part of their product line. The
devices available range from the sophisticated VLSI to the
discrete transistor. Non-integrated circoit components rang-
ing from chip resistors and capacitors to surface-mount con-
nectors are also being prodiced in volume by major manufac-
turers. As the demand for surface-mount components in-
creases, most products now produced for standard through-
hole technology will also be available in surface mount. As
of the printing of this application report TI produces over
700 ICs in surface mount packages.

Surface mounting cansists of five basic steps:

PC board design
Solder paste application
Component mounting
Oven drying (optional)
Solder reflow

Do we

L

0,762 {0.030}
0,635 {0.025)

il

2,81 {0.347)
8,05 {0;317)

il

A brief description of each step will be given; detailed
descriptions of the various steps can be obtained by compo-
neat and equipment suppliers and from numerous technical
articles on surface moeunting.

PC Board Design

To produce reliable surface-maount PC boards the designer
has to pay particular attention to IC solder pad (also termed
footprint) layout. Not providing adequate footprint area and
proper orientation will generally yield poor solder joints and
lack of selfcentering during reflow. Figure 5 shows the
recommended footprints for the 18-pin PLCC. When lay-
ing cut the IC footprints, as a general rle the footprint should
extend approximately 10-15 mils past the outer edge of the
PLCC lead. This provides a good solder fillet that will ex-
terd up the outer edge of the PLCC lead to yield a reliable
solder joint that is easily inspected. The 70-80 mil length
of the footprint should be a minimum, however a longer foot-
ptint can be used. It is recommended that the dimensions
A and B never be less than the minimum width or length
of the IC,

0000

U000

2,03 {0.080}
_ 1,78 (0.070)
i : i
12,4 {0.497)
* 11,6 {0.457) ’I
B

Figure 5. 18-Pin PLCC Foowprint
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Solder Paste Application

Solder paste can be applied using several methods: screen-
ing through a stencil or stainless steel mesh, pneumatic
dispensing or by hand application with a syringe. Texas
Instruments recommends screening through a stainless sieel
screen, The screen mesh must be chosen in accordance with
the mesh of the solder paste to provide an adeguate emul-
sion of the solder paste and 1o prevent screen clogging. In
general an 80-100 mesh screen should be used with 200 mesh
or finer solder paste particle. There arc a number of factors
that need to be considerad when selecting a solder paste, a
few key factors are as follows:

Particle size

Particle shape

Percentage of metal centent
Temperature range

P

Compenent Placement

The components can be placed viz several differcnt modes
inte the still meist solder paste. In a production environment,
the components are most efficiently placed with an automatic
pick-and-place machine to achieve both speed and accuracy.
Presently, pick-und-place machines can place between 600
and 600,000 compenents per hour and are priced according-
ly. In a research and development environment, hand place-
ment can be adeguate due to the forgiving nature of surface
mounting. When a compenent is placed off center it will tend
to self-align during reflow due to the surface tension af the
moiten solder. Natrally there ate limils to the amount of
misalignment that can be corrected. Two important aspects
of self-alignment are provision of adequate solder pad area,
and proper placement of the solder pads with respect 1o the
component.

Oven Drying

As solder pastes have evolved over the past several years,
the drying proccss following component placement is not
always necessary. In the past, drying was necessary to drive
out the solvents in the solder paste. If the solvents were not
driven out, the formatien of solder balls was frequent due
to the out gassing of the solvents prior to reflow, Today
manufacturers of solder pastes ceport that drying is no longer
necessary when using many of the new solder paste formula-
tions. As a wide variety of solder pastss ¢xists, it is necessary
to consult the manufaciurer before determining if drying is
MECESSAry in your process.

Solder Rellow
While several methads of solder reflow are available,

vapor phase scldering has been the most successful and is
becoming the industry standard.

Two types of vapor phase systems arc the batch and the
in-line. The batch system is a two-vapor system that uses a
fluoreinert liquid such as FC-7( for the primary vapor and
a cloroflucrocatbon such as trichlorotrifluoroethane (R113)
as the sccondary liguid {see Figure 6). The secondary liquid
has a lower boiling point {47.6°C) than the primary liquid
(215°C) thus acting as a blanket to prevent loss of the ex-
pensive primary liquid. The in-line system (see Figure 7)
is a single-vapor system using only a primary vapor {such
as FC-70), The batch system is the forcrunner of the in-line
and is more suited to development and small production
where the in-line is tailored to a mass production atmasphere
reguiring good throughput and minimal operating expense.
Although the two systems are targeted to different markets
their basic operation is the same. Both are capable of single
and double sided surface mount.

Batch System Operation

The PC board complete with components is placed en an
elevator and lowered into the secondary vapot. The elevator
ascent-descent tate and dwell in the two vapor zones can be
preset via the vapor phase machine front panel, The descent
rate and hold time in the secondary zone should be set so
as not to unnecessarily discupt the secondary vapor blanket
or cause defluxing of the solder paste. Lowering the board
into the 215°C primary zont causcs the soldcr 1o reflow.
A dwell time of 10-30 seconds in the primary zone is general-
Iy suofficient for most PC boards. The dwell time in the
primary zone is a function of the PC board mass. Once the
solder is reflowed, the PC beard is raised back into the secon-
dary zone where the melten solder is allowed to solidify.
In the batch system it is necessary te pay particular atten-
tion to the ascent-descent rate of the elevator as the disrup-
tion of the two-vapor zones will canse unnecessary loss of
the expensive primary liquid.

In-Line System Operation

The operation of the in-line system is similar to that of
the batch system except that there are no secondary vapor
or dwell times with which to conterd. The PC board is placed
on a conveyor belt that transports it through the system at
a constant speed, Passing through the vapor zone the solder
becomes molten and solidifies as it moves toward the systems
exit. Where the ascent-descent rate and dwell ime are critical
to the batch system, the conveyor spaed is critical to the in-
line system. The speed at which the cenveyor should be set
is also a function ol the PC board mass.
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Cleanup

Following the soldering process, it is necessary to remove
the flux residues. These residues can be removed by tradi-
tional cleamup methods if the components have approximately
5 mils clearance to the PC board. One benefit of the PLCC
with its J-leads is that it provides approximately 29 mils of
clearance. Special soaking, agitation, or other methods will
be necessary to provide adequate cleanup for components
with fess that 5§ mils of clearance.

CONCLUSION

A brief overview of surface-mount technology has been
given showing its advantages over standard plated-through-
hole technology. Surface mounting is a cost-effective, sen-
sible solution to the ever increasing demand for denser cir-
cuit boards. Detailed information about surface mounting is
available from most major compenent and equipment
manufacturers and through numerous technical anticles on
the subject. As the electronics industry strives to implement
more functions in a given area, Texas Instruments believes
surface mounting will became the predominant mounting
technology of the future.

MOS Memory
Applications Engineering
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Applications Brief

TTL DRIVERS FOR THE TMS544186-15

Some form of drive circuitry is needed when DRAMs are used with processors, such as the 2-80 or 2-8000. Dne

. possible solution invalves the use of a precision delay line; howewver, a more cost-affective and efficient approach
uses TTL devices as drivers. Two varsions of TTL driver circuits are shown in Figures 1 and 2. The first figure
shows the drive circuit for a memory array using TMS4416-15 DRAMs and the 2-80 processor; Figure 2 shows
the same array configured for use with the Z-BO0O0 processor. Both circuits are designed to drive 258K bytes of
memoty arranged in either 8- or 16-bit werds. They provide all DRAM contral signals, address multiplexing, and
refresh address generation. The circuits shown for the Z-80 and the Z-B0Q0 use the hidden refresh provided by
these devices 50 that refreshfaccess arbitration is not nacessary, Time delays were selscted to provide maximum
performance from the TM54416-15 with off-the-shelf components. (Enhanced operation could be obtained by
hand selecting components for single applications.) A comparison of the two circuits will reveal the differences
between the two. The following description applies to both circuits.

The memory array is arranged as 4 banks of B TMS4416s. Two TBF 185030 PROMs decode and generats the
contral signals for the drive circuit. BAQ and BA1 are used to select which bank of mamory will be accessed.
MREQ and ACCESS are NORzd and then delayed by 2 inverters to provide a CAS signal. Tha MUX signal that
is used to switch the 745153 multiplexers and propagate the column address to the memories is taken from
tha output of the first inverter in the CTAS delay. TAS is connected to all the devices in the array. (Since RAS
acts ag a chip enable, TAS will only activate the memaries in the bank that has BAS active; this keeps the powsr
consumnption of the array fower than using CAS as select logic.} Two CAS drivers are used to reduce the effects
of tha capacitive load of the DRAM TAS inputs. {This also improves drive characteristics and reduces noise.)
Series damping resistors have been added to reduce ringing on the address fines. These resistors should be
between 15 and 68 ohms, depending on the circuit board layout, and can be determined by examining tha
address waveforms with an oscilloscope and selacting a value that producas the ¢leanest signat. The desired
8- or 16-bit data word from the active bank is selected using RO, R1, and the READ line. RO and R1 can be
address lines fram the Z-8001 or they can ke generated from memory mapping logic. If the FEAD input is low
during an access cycle, tha output enable of tha TM$4416 will ba activated {RDA-RDD); a high input to READ
will select a write output (WRAJIWHAD). Using this matrix, the memory can be divided into sixteen 16K x 8 or
eight 16K x 16 blacks. The desired word width of the data gutput will be dependant on the microprocassor
being used. For an B-bit data bus the two data busses shown in the diagram would be connected in parallzl.
Since the Z-80 only directly accesses 64K of memory, bank selsct logic must be included In this memary system
to provide higher order address lines. The design of the bank selact circuitry has hsen left up to the user, but
might include memary mapping or other logie.

_J
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An external refresh counter has been added to the drive circalt for the Z-80 since the Z-80 internal refresh counter dees
not support 256 cycle refresh. {Application Brief DR-7 shows a circuit to add the extra refresh address bits similar to the
implementation used hers.) As the Z-BQOD provides 9-refresh-address bits, its internal refresh counter was used,

A description of the signals used in both circuits previously illustrated is given in Table 1. Due to slight differences in the
signals available from the Z-80 and Z2-8000 processors, 8 slight modification of the interface between the processor and the
TTL drive circuits shown will be reguired. The differences in the interface are shown in Figure 3. The DS signal is generated
fram the Z-80's AD and WHR fines. The BAW input should be tied to 3 5-10 kilchm pullup resistor. The RFSH signal can be
decoded from the status lines of the Z-BOOO as shown with the 745138; however, it could also be done with other types
of logic if desired. The address of the Z-BOOOA is only guaranteed valid for 35 ns so the address latches are necessary
when using DRAMs with this microprocessor. MREQ is used to enable the 7405373 transparent latches for both memory
accesses and rafresh cycles.

TABLE 1 — SIGNAL DESCRIPTION

SIGNAL NAME DESCRIPTION
MREQ From the 2-B0 or Z-8000, indicates address valid
BAC, BAY Address for RAS selection, decoded from high order addresses.
& Beard sclect to designate DRAM access, decoded fram high order addresses,
AFSH Z-80 output or decoded fram the 2-8000 status outputs. Signals a refresh cycle,
0% Z-8000 cutput indicating data valid on the multiplexed address/data lines.
R, A1 Address Tor read or write selection, decoded from high order addresses,
READ 1f low, indicales & memary read and if high, indicates a momaory write.
B Indicates if the Z-B0OOD is doing a 8-or 16-bit memeory access.
AQ-A1E Z-80 address outputs
ADO-AD1S Z2-B000 multiplexed addiess/data linga
Z-80 Z-8000
G
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Tables 2 and 3 list tha data for the FAOMS to provide the contral signals. Both the binary and hexadecimal programming data

have been supplied.

TABLE 2 — PROM A PROGAAM

PIN

A
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The TTL drive circuits previously described allow the TMS4416-15 to operate at maximum speged. Althouglh there are many
ways to provide the necessary control signals for DRAMSs, the drive circuits described will provide insight into the control
logic that is pecessary to use dynamic RAMs. TTL circuitry was selected in order to aveid the cost of a precision delay line.

MOS Memory
Applications Engineering
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TMS4416/7220 GRAPHICS

As the inereased activity in computer graphics grows, the
need for dedicated graphics peripherals and video memory
becomes apparent. The NEC 7220 is curremly 2 good answer
for a high resolution single chip graphics controller. The 7220
provides all of the necessary graphics primatives for line,
arc, aod rectangle drawing, as well as area !l routines.
Signal timings are easily adapted with external logic 10 pro-
vide the proper memory and video timings, with program-
mable features allowing the user to do in software what has
typically been implemented in hardware. To take advantage
of the 7220°’s wide spectrum of operation requires 2 memory
that is also well adapted to graphics applications. The
TMS54416 16K x4 dynamic RAM provides such a memory,
with mudularity and bandwidih advantages over 64K x 1
memories. The architecture of the TMS4414 provides an out-
put enable function (relieving the need for databus buffers),
faster access times and a 4X bandwidlh improvement over
X1 devices of the same speed. Although 64K x 1 nibble mode
parts oul perform standard 64K x 1s, they can not match the
bandwidth of the TMS4416 and they require more memory
control circuitry to perform the same function, The modulari-
ty of the TMS54416 offers efficicmt memory usage in many
applications and is well suited for both single and multiplane
memory systems.

This application report describes a design coupling the
72203 and the TMS4416 in a single plane, bit mapped graphics
system, The main objective is to provide a detailed example
of the necessary memory interface. While the design does
not use all of the capabilities of the 7220 (DMA, Zoom, Light
Pen, ete.) it does provide an easily adaptable example that
can be tailored to many applications. Thixs particular systemn
can be swikched between a 512 X 240 noninterlaced and
512 x 480 imerlaced display by changing a single 7220
parameter byte. To simplify the host interface an existing
Z80A based computer was used to communicate o the 7220
in a Multibus* system, with all the programming dongc in
BASIC.

Ta evaluate the design, calculations of the memory and
video requirements will be given with a brief discussion of
key peints of interest. Measured drawing times for an arc
and area fill are included 1o provide some feel for the draw-
ing speed af the 7220,

Referring to the schematic (Figure 1), the graphics board
can be divided jnto five functional blocks: Multibus* inter-
face, 7220, memory control, display memory, and video out-
put circuitry. Four of the blocks will be discussed while a
detailed understanding of the 7220 is left 1o the reader (NEC
provides a 7220 Design Manual which is essential 1o under-
stand 7220 operation).

A simple Multibus interfuce has been implemented for
control of the graphics system. The low ocder cight bits of
the data bus are buffered with a 7415640 transceiver. This
transceiver is cantrolled by TORC and output YO of the

*Trademark of Intel Corpocation.

7415138 (board select logic), The RD and WR signals ure
derived from IORC and {OWC in conjunction with the board
select. The XACK signal, required to terminate all I/ opera-
tions is generated by using the board select to enable a
7415241 whose input is Hed to ground. The Multibus signal
timings were sufficient to mect the 7220 specifications
without the use of complicated logic.

The memery array is made up of four TMS4416s pro-
viding 262,144 pixels. With the CAS circuitry shown, the
memory space can be upgraded to sixtcen TMS4418s for
1,048,576 pixels which allows the maximum display reschu-
tion (1024 x 1024) of the 7220 w0 be implemented. The
TMS4416 offers improved modularity over the 64K x 1
(which relales to less wasted memory space} and s well
adapted for multiplane memory systems, A four plane color
system of 512 % 512 display resolution requires sixteen 64K
DRAMSs. For the TMS84416 application, the memory breaks
imo four physically separate planes which are simultaneously
accessed once per display eycle. With 84K x Is, the four
memory planes reside in the same physical memory, and re-
guire four separate accesses to memory per display eycle.
This significantly reduces the obtainable bandwidth and also
requires the additien of complex control circuitry. The out-
put enable functien and common O of the TMS4416
alleviate the need for databus buffering further reducing the
circuit component count.

The memory cantrol timing is generated by dividing the
dot clock with a 748163 and using the appropriate outputs
1o clock several TALS74s for proper placement of the memory
contrel signals. This approach may seem complicated,
however it allows maximum {lexibility in generating the con-
trol signals by the choice of the clock connections. The fall-
ing edge of ALE takes RAS low, latches the memery ad-
dresses and enables the 7415745 in the memory control cic-
cuitry (see Figure 2). On the next rising edge of 2 X WCLK
{edge A}, MUX goes low switching the memory addresses
from row to column via two 745157s. The row addresses
correspond to 7220 addresses AD-0 through AD-7 and the
column addresses correspond to AD-8 throngh AD-13. The
next rising edge of clock A (edge B) takes CASSTE low.
CASSTB is then vsed in conjunction with AD-14 and AD-15
to derive four CAS signals throngh a 74LS139 for easy
memory expansion. It is necessary to select the memory with
CAS instead of RAS, because the 7220 does not provide a
status indicating the type of memory operation to be perform-
ed (display, refresh, or RMW). (Narmally RAS is used for
memory selection to reduce system power consumption and
noise induced by RAS switching currents.) The rising edge
of clock C {edge C) after TAS, takes the memory output
enable (G) signal low, The G signal is controlied such that
it is only active on display and RMW cycles; for refresh
cycles, G is held high by the 7220 DBIN and BLANK
signals. Generaling four TAS signals and a single G signal
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allows the use of multiple rows of memory since both CAS
and G have to be low for the TMS4416 outputs 10 be active
{sce TH54416 operation, 1982 MOS Memory Data Book).
The cycle is terminated by the rising edpe of ALE (edge G).

On RMW cycles, the 7220 uses the DBIN signal to gate
data from the memory onto the bus signifying the read opera-
tion. The rising edpe of DBIN is then used to disable the
G signal terminating the read portion of the cycle (see
Figure 3). The 7220 docs not provide a separate write signal
50 the memory comrol circuit must use the presence of BRIN
to generate the write signal. This is accomplished by shift-
ing DBIN two clock C cycles (edge E} with two 74L574s.
Again the rising edge of ALE terminates the memaory eycle
{edge G).

The 7220 runs at a relatively slow clock speed (1.4 MHz)
in this design allowing the use of Low Power Schottky com-
ponents for most of the memory control circuitey. The
necessary memaory caleulations given below show the actual
margins and also provide an casy means for determining the
maximom speed of the design with Schottky components.
The critical memory timings to be covered are: RAS
precharge, row address setup and hold, CAS access, data
valid 10 write enable time and refresh interval.

RAS Precharge Time

IRP = IRW — IS{74L508)

where: tpRw = ALE width (MEN, 7220 Spec.)
tg = Skew between tpgL and 1pLy. 74LS08
thus:  trp = (1/3(705) — 10] ns

= 225 ns

Row Address Setup Time

tasr = VZOCLK) - 1AD — IPLH(74L8373)
— tPLH(745157) * IRF
— tPHL(74L§08)

where: LK = 2 XWCLK cycle ime

tAD = Address/data delay from 2 xCCLK
(MAX, 7220 Spee.)

trF = ALE delay from 2 x CCLK (MIN, 7220
Spee.)

tASR = [1/2(705) — 130 — 18 = 7.5 + 20

+ 4] ns

= 22 ny

thus:

Row Address Hold Thne

IRAH = V2(CLK) — tPHL(74LS08)
+ PLH(74LS74) + tPHL(745157)
thus:  tRAH = [if2{(705) — 20 + 6 + 6] ns

= 3445 ns

CAS Access Time
A. Display

CAC = HIDCLK) — IPLH(745163)
— IPHL{74L574) — PHL(74L5139)
= Lu{745299)
where: tnCLK = Dot clock cycle time

toac = (7088 — 15 — 40 — 33 - Tl ns
= 521 ns

thus:

B. RMW cycles

ICAC = 5.5{(1CLKA) — PHL(74504}
= IPHL(74L874) — 'PHL(74LS139)

- DS
where: tCLgA = Clock A cycle
IDIS = Input data setup to 2 x CCLK (MIN,
7220 Spee)
thus:  tCcAC = [5.5(176) — 5 — 40 = 33 — 40l ns
= 850 ns

Dala Valid to Write Enable

Ips = L20CLK) — 1AD — (PLH(74504)
+ PLH(74L574)

1/2(705) — 5 — 130 + 6l ns

thus: [
2235 ns

DS

Refresh Iruerval

For this circuit the least significant address lines cor-
respond to the DRAM row addresses which are meremented
every display cycle. This provides a refresh rate given by;

Refresh Interval = (256/number of display words)
* line time

(256/32) X 63.5 us

=.5ms

Therefore the memory is refreshed by normal display
accesses and the 7220 refresh feature is not needed for this
design.

A comparison of the previous calculations to the DRAM
specification indicates there are no memory speed restrie-
tions for the design. To attain the maximum speed of this
particular design, Schottky components may be substituted
and the sppropriate parameters placed into the abave cqua-
tions to determing the maximum dot clock frequency. By us-
ing high performance logic, a dot clock rate of approximately
22 MHz can be used, ’
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The video ocutput circuitry closely resembles that pro-
vided in the 7220 Design Manual. The major difference be-
ing the manner in which the 745299 load pulse is generated.
It was decided to use the ripple carry out of a 748163 in-
stead of gating the clock oulputs 1ogether. The CAS signal
enables the 745163 and six dot clocks later (cdge F} the rip-
ple carry out will go high {sce Figure 2) providing a video
load pulse at the end of the display cycle (edge G). This
reduces hardware and provides an easy means for varying
the position of the load pulse within the memory cycle if
necessary. Some applications may require the video load
pulse to occur carlier in the display cycle which is ac-
camplished by changing the input strapping of the 748163.
A video load pulse will oceur on every memory access;
however, on refresh and RMW cyceles, the display is blank-
cd preventing any disturbance of the display, Since the Arst
word of video information on each hotizonlal scan is not valid
until the end of the first display cyele, video unblanking must
be delayed for one display eycle. This is accomplished by
clocking the 7220 BLANK signal with the NAND result of
the inverted dot clock and tipple carry ont through a 74574.
The video is then synchronized with the dot clack and out-
put to the monitor. A 74E5123 is vsed to provide the proper
horizontal and vertical drive signals to the menitor. Although
the 7220 can be programmed for the horizontal sync width
and the vertical sync width, some monitors require long drive
times that can only be implemented with external logic.

Providing the correct video information to the monitor
requires several calculations to determine the necessary
paramelers that must be supplied to the 7220 upon initializa-
tion. The 7220 Design Manual goes through detailed calcula-
tions for determining thesc parameters when the designer is
in the specification stage of a design. For this design the
monitor specifications and dot clock rate were assumed and
the other parameters derived accordingly. The necessary
specifications and calculations are given below.

Horizontal frequency = 13.75 kHz
Vertical frequency = 60 Hz
Horizontal blanking = 11 us nominal
Vertical blanking = 900 us nominal
Dot clock = 11.34 MHz

2 xWCLK = 1.42 MHz (Dot clock/8)
Word time = 1.41 ps [2(1/2 xWCLK)]
Line time = 63.5 ps (1/Horizontak {requency)

Pixel time = %8.18 ns (1/Dat clock)

From the line time and pixel time, the total number of
pizels per horizontal scan can be ealeulated.

Pixels = ILINEAPIXEL
63.5 ;s/88.18 ns
= 720

1

The total number of words per horizontal scan is given
by:
WT Pixcls/ 16
720/16
= 45
(Since the 7220 uses a 16-bit ward)

]

The total word count is then divided between displayed
words and blanked words. For the monitor used, the anly
restriciion on the horizontal parameters is that the sum of
horizontal front porch, back perch and sync be approximately
equal 10 the nominal horizontal blanking time (11 xs). The
horizontul drive to the moniloe is set by the 74LS123. A
horizontal resclution of 512 pixels would require 32 display
words and leave 13 words for horizontal blanking. Setting
Horizontal Back Porch (HBP) = 5, Horizontal Front Porch
{HFP} = 5, and Horizantal Sync (HS) = 3 meets all 7220
constraints except for light pen use (requites HFP > 6
words), and also satisfies the monitor horizontal blanking
time,

Horizontal blapk = 13 % 1.41 us
18.33 ps

Calculations to determine the vertical hlanking parameter
must also be made.

Total number of lines = (1/vertical frequency¥line time
(1/601/63.5 us
262.3 {use 263)

The total number of lines is also broken into active and
blanked fines. In this application it was desired to neglect
aspect ratios and display as imuch on the screen as possible
and stay within the monitor specifications. For this reason,
it was decided to display 240 lines apd blank 23 lines for
512 » 240 noninterlaced and 512 <480 interlaced display
resolution. Again the vertical drive is set by a 7415123 and
there are no restrictions placed on the breakdown of the ver-
tical blank paramcters by the monitor or the 7220, allowing
tandom division of the 23 blanked lines. The following
patameters were chosen; Vertical Back Porch (VBF) = 3
lines, Vertical Front Parch (YEF} = 2 lines, and Vertical
Sync (V5) = I8 lines.

Vertical blank = Blanked lines x one line time
23 %635 ps
1.46 ms

no

Several points of intercs relating to the choeice of 1he
horizontal and vertical parameters are given in the follow-
ing paragraphs.

A, Dynamic RAM refecsh, if necessary, is only done dur-
ing harizontal and vertical sync which needs to be long
enough to allow sufficient memory refresh.
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B. If dynamic RAM refresh is enabled, then drawing can
“only be done during front and back porch times. This
can degrade drawing 1ime significantly if these times are
short. '

C. Tomaximize the drawing time and reduce wasted cycles,
the horizental parameters should be chosen in accor-
dance with memary refresh requirements. When
memory refresh is needed, the horizontal front and back
porch parameters should be selected as multiples of 2
word times {one RMW cycle equals 2 word times) if
possible.

Example: For HBP = 5, two RMW cycles (4 word times)
would be performed and ane cycle (1 word time)

" would be wasted. Choosing HEP equal to four

or six eliminates the one wasted state. Of course,

minimum 7220 requirements must be met also.

The parameters for this design were choosen for no
refresh operation and to support as many 7220 operating
modes as possible. Table [ gives a quick summary of the
video parameters. :

These parameters can then be translated into a format
needed to program the 7220 (see Table II). Writing these
commands and parameters to the correct 7220 address loca-
tion (AQ = 0, Parameter imto TFIFQ; A0 = 1, Command
into FIFQ) results in setting the video control cormands,
ends idle mode and unblanks the display. Upon initializa-
tion, the 7220 can then be programmed for drawing using
the various graphics primatives, The 7220 Design Mannal
contains numerous examples illustrating the necessary steps
for drawing, To swilch to 512 %480 interlaced mode
parameter P1 of the Reset command necds to be changed
to 1B hex (see Tuble O) and the Cursor and Character
Characteristics (CCHAR) command needs to be set ap-
propriately (Blink Rate parameter greater than zero).

Table 1. Video Parameters

Parameter Value Parameter Value
Active Words 32 Active Lines 240
Blanked Words 13 Blanked Lines 23
HS 3 V5 18
HBP 5 VBP 3
HFP 5 VFP 2

Table . 7220 Inidalization Data
Commands

And Address AQ Data (Hex] Function

Parameters
Reset 1 Qo Reset to idle state
P1 4] 12*
P2 4] 1E Active words-2
P3 o] 42 HS-1, VS low bits
P4 0 12 VS high bits, HFP-1
P5 o] 04 HBP-1
P& 4] a2 VFP
P7 4] FO Active display lines
PB 4] oc VBF
VSYNC 1 BF Master video sync
START 1 BB End idle mode

*Set for graphics mode, noninterlacad, na refresh, drawing during retrace only; for interleced operation 1 = 1B {hex).
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To illustrate the drawing speed of the 7220, drawing times
for arc and area fill rowines with and without memory refresh
were measured. The 7220 also provides Flash Mode draw-
ing where drawing is done during display and retrace. While
this yiélds extremely fast drawing times there is considerable
disturbance to the display when drawing is in progress, The
drawing time results are shown in Table ITI.

This Application Report has demonstrated how a
designer might incorporate the TMS4416 into a graphics
systerm with the 7220, No attempt has been made to detail
the interface or communication between the host processor
and the 7220 as sv many variants exist (see 7220 Design
Manua). The TMS4416 requires minimal circuitry to
generate a dense, low cost, high performance memery ar-
ray for the 7220.

MOS Memory
Applications Engineering

Table fIl. Drawing Times

Routine Pixels Drawn Refresh No Refresh Flash Mode
Arc )
Radius = 96 69 1,079 us 704 s 191.8 us
Area Filt
x = 400 )

y = 200 80,000 926.9 ms 686 ms 2274 ms
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Applications Brief %3

TMS4416/TMS4500A EVALUATION BOARD

This application note illustratas memory system implementation uzing the TMS5431 6/ TMS4500A evaluation
board [Photo shown in Figure 1). The board measuwres 3°° X 5.5° and is populated with & TMS45004 DRAM
conteoller and 16 TMS4416s {16K X 4 Dynamic RAMSsI; this system provides for 128K bytas of static appear-
ing memery and requires a single 5-volt supply. The interconnection bus ar the hoard edge and the flexibility of
the TMS4500A makes the board adaptive to almost any system. This board was develeped by Texas
Instruments to allow construstion of several processor systems without redesign of the memary section for each
system. [t is beyond the scope of this article to cover every microprocessor interface, although several popular
microprocessor interfaces are coverad in the TMS4500A User's Manual.

1
1
3

FIGURE 1-TMS4416/TMS45004 EVALUATION BDARD

\
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The TME4416/TMS4500A board is arranged as two rows of 8 devices (see Figure 2}. Row 0 and Row 1 are selected by
the RASD and RAST signals, respectively. Tha boord is then subdivided inta four bBlocks of 32K bytes that are contralled
by the WR1-\WR43 and RD1-RD4 signals. The strapping of WR1-WH4 and RC1-RD4 allows the board to be configured as
32K X 32 bits, 64K X 16 bits, or 128K X 8 bits. Table 1 shows the typical strapping needad for the various word widths.
Several examples of how the WH and AD signals can be used will show the versatility of the TMS4416/TMS4500A baard,

BLOCK 0 BLOCK 1 BLOCK 2 BLOCK 3
P Y A A
£ W v v hY
msami& i [ 1
RASD I I I |
u2 I u3 T} | us UG ] u7 us l ue | AOW D
TMS45004 | I I !
u1 I I l ]
AAS1 I l |
fre———efid 10 | UM uiz F na uid 1 uts | wa { u17 | ROW 1
WR1 WD1 WhRz D2 WR2 WD WR4 FD4
FIGURE 2 — TMS4416/TMS4500A BOARD LAYOUT
TABLE 1—HEAD AND WRITE SIGNAL STRAPPING CONFIGUAATION
CONFIGURATION SIGNAL STRAPPING TYPE OF CONTROL
SWR1 = WH1, SWR2 = WAZ, SWH3 = WR3, SWN4 = WHa
128K ¥ 8 bl — — e — Separate Cantrol
SROY = AD1, SADZ = ADZ, SRD3 = AD3, SRD4 = RD4 s r
4K X 16 SWR1 = WA1 = WR2, BWR2 = WR3 = WR4 Combined Pai
—— [ra— — [ra— — T
SRD1 = D1 = Fb2, SRDZ = AD3 = D4 ombined Falrs
SWR1 = WR1 = WR2 = WRJ = WR4 .
LK X 32 RO = 51 = FD2 — A - To4 All Combined
NOTES: 1. WRX = Write signal for any block.
2. RDX r Resd signel for any block.
3. SWHRX = User supptiad syslem writa signal.
4. BRDX = User supplied systern read signal,

The AREN1 input on the TMS54500A selects which row of devices is selectad by controlling the RAS (Row Address Strobe}
signals {REN1 low selects RAS0, REN1 high selects RAS 1}, When a row of memory is accessed (RASC fow or RAS 1 low), all
the devices in that row are active which allows the user to manipulate each half-block within a row separately or collectively.
As an exampla, strapping WR1 AWR4 and AG1-RD4 for 84K X 16 operation as shown in Table 1 combines the 32-bit data
bus to form two 18-bit data busses that can be usad in 16-bit systems as shown in Figure 3. The IfO function is controllad by
the combination of WR1-WR2, RD1-RD 2 {Blocks 7 and 2! and WR3-WR4, RD3-R04 (Blocks 3 and 4}. It is then possible to
read and/or write to each block by appropriate control of the WR and RD signals.
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AASO

TMS45004 HLOGKS 1 AND 2 BLOCKS 3 AND 4
RAST
WAl | RO WR2|AD2 e
16 1%
[ N
WA3 | RD3|

]

FIGURE 3 — 64K X 16 CONFIGURATION

Ancther examp'a takes advantage of having a 32-bit word available but only an B-bit dota bus. To take advantage of this, a
7415139 selects the WR and RD signals and DO-B7 of sach klock are tied together to form an 8-bit bus (See Figure 41, A
write cycle enables 1G allowing the 1A and 1B signals to select the block to be written to. A read cycle enables 2G allowing
the 24 and 2B signals to select which block will be read. On a read cycle, the 2A and 2B signals can be sequenced, causing
successive activation of the RD hines to rapidly access all 32 bits aver the 8-bit bus [See Figure 5). This configuration makes
full use of tha output enable (G} function on the TMS441 6 1o decrease memory aceess times. Similarly the WR lines can be
manipulated to accomplish fast writes into the DRAM array.

RASD
TM545004 BLOCK 1 BLGCK 2 SLOCK 3 BLOCK 4
ARS1
o, o
B B 8 B4r B Dap § §4e»
Wr1| AD1 2|AD2 Wrz|AGa WHa|ADa
— 1a 170 |
~— 18 171
W —al 16 1v2
1¥3
7418133
—] za 2v0
- 28 271
A—of 26 2v2
2v3
< Ju' g Jv’

FIGURE 4 —12BK X 8 FAST ACCESS CONFIGURATION
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=\ /~
="\ -

" T
bo J vALD VALID VALID VALID
\_ouTRUT QUTPUT, ouTePUT OUTPUT

BLOCK 1 8LOCK 2 BLOCK 3 BLOCK 4

FIGURE 5- FAST ACCESS READ TIMING

The upgrade to next generation parts and expanded memory requirements are alse taken into account on the
TMS4416/TMS4500A board. When 64K X 4 parts become available, they will be pin-compatible with the 16K X 4, allow-
ing the user to upgrade his baard te 512K bytes of memory with no added interfacing. The TMS4 416 disregards twa of the
column addresses supplied te it from the TMS46004 (CAD, CA7} which are not needed to address its 16K of memaory,
These two extra address lines will be used to complete the addressing nesded for the 84K X 4 making upgrade a matter of in-
stalling the new devices,

The TMS4416/TMS4 5004 memory boord damonstrates the use of a versatile, and expandable memory suitablo for most
any system. :

: MOS Memory
N Applications Engineering
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FIGURE & — TMS4416/TMS54500A BOARD SCHEMATIC
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TMS4500A
ALE AND ACX TIMING

This application brief describes the timing diagrams for several configurations that can be achieved with the
TRMS45004 by controlling ALE and ACX. (ATX refers to either ACR or ACW ) Exarnple timing diagrams are given
that illustrate the pertinent gdge timings of ALE and ACX and their impact on System timing reguirements.,

The timing diagrarn given in Figure 1 shows ALE leading ACX. The falling edge of ALE latches theEg, REM1T,
RAD-RA7Z, and CAO-CA7 inputs [not shown in the diagram); if CS is valid, RAS will go low tAEL-REL after ALE
low. ACX geing low has two functions: the MAQ-MAT cutputs are switched from the row addresses to the
calurmn addresses, and CAS will go low when these addresses become valid, The access time of the TM545004
{ALE low to CAS low) is specified as tAEL-CEL providingm goes low less than taF| -CEL — LACL-CEL after
ALE. If this condition /5 not met then the access time increases and CAS low is measured from the [ow-gaing
edge of ACX instead of ALE (tacL.cEL). The rising edge of ALE brings RAS high and causes the inputs at RAQ-RAT
to be output as addresses an MAG-MAT. {Input latches for RAO-RA7 are transparent latches.]) The rising edge
of ACX brings CAS high and terminates the memory access cycle. The edge placemants of ALE and ACX can
vary from this example giving rise to RAS and CAS timings not explicitly shown in the MOS Memory Data Book
as explained helow,

Figure 2 illustrates the case where ALE overlaps ACX. In this case, the falling edaes af ALE and ACX have the
same [unctian as explained in the first example although the rising edges take on a little different function. Referring
te Figure 2. it can be seen that the rising edge of RAS, CAS, and the switching of MAO-MA7Z are controlled
by the rising edge of ACX. The rising edge of ALE has no control in this example. Because ACX brings RAS
high, the precharge time (tRP} required by DRAMS is initiated from the rizing edge of ACX and terminated by
the subsegquent falling edge of ALE. This timing can be helpful in g system that cannot meet RAS precharge
time initiated from ALE.
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jeunoju| suopes

]

ol

ALE &,

ACTX

= \
MAO-MA7 )4 ROW * COLUMN

CAS

FIGURE 1 — ALE LEADING ACX

ALE

FIGURE 2 — ALE DVERLAPPING ACX

The next example shaws ACX ptior Lo or coincident with ALE {see Figure 31. When ACX falls prior 1o or coincident with
ALE, the falling edges of RAS, CAS, and the switching of MAQ-MA7 are contralled by the falling edge of ALE, In this case,
the TMS45004 pravides several of the memery timing signals, First, the row address hold time (RAS low ta MAQ-MA7Z
switching} is guaranteed to he a minimum of 30 ns (tRE-MAx); this value satisfies the row address hold times [tgAH)
of TMS4164/TMS54416 {-15 and -20) DRAMs. Secondly, ALE law to CASlow {tAEL-CEL) is within & guaranteed maximunm.
The rising edges of ALE and ACX have the same functions as described in the second example. [n many applications, ALE
and ACX can be tied togethsr to take advantage of this “automatic timing feature’ of tha TMS4500A.

Figure 4 illustrates the case whare ACX overlaps ALE. In this case, the falling edges of ALE and ATX have the sams func-
tion as described in the third examplo: that is, ALE contralling RAS, TAS, and the switching of MAD-MA7. The rising edges
of ALE and ACX have the same function as described in the first example: that is, ALE controlling RAS and the switching
of MAO-MA7 while ACX controls CAS.
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ALE | /_

— /ﬂ—

A
MAQ-MAT X )%\ COLUMN &

FIGURE 3 — ACX PRIOR TO OA COINCIDENT WITH ALE

ALE

ACK N\

RAS -

N

L)
MAO-MAT X ROW COLUMN

CAS

FIGURE 4 — ACX OVEALAPPING ALE .

Figures 1 angd 4 show the case where ALE rises prior to m; in this case the TMS54E500A ¢an be used to perfarm hidden
refrash {see Figure §}. The hidden refresh feature currently implemanted on several DRAM3 allows refresh to be performed
while data put of the DRAM is still valid. This is accomplished by helding TAS tow, supplying a refresh address, then strob-
ing RAS. Tha timing sequence requited to accomplish this with the TM345004 is as follows. During a memary access if
refresh request {REFREQ) goses low, a hidden refresh may be performed by holding ACX low and bringing ALE high. The
TMS4800A does refresh arbitration gn the falling edga of the clock (edge A}; with REFREQ acknowledged and ALE high,
a refresh will be granted, The refresh address will then ba present at MAO-MA7 and RAS will go low tcp.RRL after the
next rising edge of CLK (edge B). RAS will remain low for ana or two clock cycles lone cycle for three-cycle refresh and
two cycles for four-cyele refresh) and go high to-RRH after the rising edge of CLK {edge D). ACX going high brings CAS
high as previgusly explained, When operating in this mode, it is necessary to pay particular attention to the timing of ALE
high to CLK low in order to meet DRAM RAS precharge times,
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The ALE high to CLK low time is given by:

LAEH-CL = AP — twiCL) — 1CH-RRL + TAEH-REH *+ Tt{REH}
where tagM-cL = ALE high to CLK low
tRrp = momary precharge time [from DRAM spec.)
twicl) = CLK low time
teH-RRL = CLK high to refresh mstarling lew ™
tAEH-REH = ALE high 1o AAS starting high
REH = RAS rise time
.*Multiply by a skew factor [0.8) because the maximum skew between starting high and statting low edges

are required.

Given this equation, the timing of ALE can be obtained to meet the memory precharge times when operating the TM545004
in this moda.

CLK

ALE \'\

c N A=
]

—

REFREQ

RAS

_\ A
MAX AOW i \ COLUMN REFRESH X/

CAS

FIGURE 5 — REFRESH AFTER ACCESS (HIDDEN REFRESH)
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Figures B and 7 show how the edge timings of ALE and ACX described in the previous examples affect the RAS and CAS
timings on access grant cycles. An access grant cycle occurs when ALE goes low during a refresh cycla. In this case the
timing of ALE low to ACX low determines the timing of RAS and CAS low with respect to CLK. If ACX falls more than
20 ns after ALE during a refresh cycle, the TMS45004 will follow the timing shown in Figure 8. |f ACK talls prier ta or
less than 2 ns after ALE during a refresh cycle, the TMS4500A will follow the timing shown in Figure 7. The difference
betwesn the two timing disgrams is the CAS timing with respect to CLK. On access grant cycles, the falling edge of ALE
causes the RDY signal to go low; RDY low is genarally used to hold off the processor until the refresh cycle is camplate.
The refresh timings of TAS, CAS, and MAG-MAT ate identical to the fifth example with respect to CLK edges A, B, C,
and D. CLK edge E in n Figures & and 7 terminates the refresh cycle and initiates the access grant cycle by bringing the RDY
signal high and the AAS signal fow.1 In Figure 6 (ACX falling more than 20 ns after ALE), the CAS signal is timed from
the subsequent falling edge of CLK after the aceess grant cycle is initigted {CLK F} and will go low tgL.Cgt later, In Figura 7
{ACX falling prior to or lass than 2 ns after ALE}, the CAS signal is timed from the rising etdge of CLK that initiated tha
acgess grant cycle {CLK E} and will ge low tgH-CEL later. This diagram shows that CAS will falt approximately one-hatf
CLK cycle earfier in Figure 7 than CASin Figure B; this timing arrangement decreases the access tima after refresh. In both
of these access grant examples, the cycle is terminated by the low-to-high transition of ALE and ACX as described above.

CLK

ALE

ACX
RAS
s
MAQ-MA7 REFRESH | / row / COLUMN
/

REFREQ \

RDY

'
- — —
CAS .
. ¥
4

N N

" Timing of ADY for TWST = 1 [s shown by dashed |ines.
FIGURE 8 — ACCESS GRANT (ALE LEADING OR QVERLAPRING ACX)
1 \When oparating with no walt states ITWST = 0], the timing is s deséribed. Whan cperating with wail stares (TWST = 11, the ADY signal 1= extended
low for one mora CLK cycle as shown in the drawing by the dashed line.
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CLK

ALE

RAAS

MAG-MAT REFR Esﬁ ROW COLUMN

[

CAS

REFREQ _\

RDY

o
-
) q

R ——

* Timing of RBY for TWST = 1 in shawn by dashed nes.

FIGURE 7 — ACCESS GRANT (ACX FRIOR TO, CONCIDENT, OR OVERLAPPING ALE)

The gxamples niven have shown how the edge timings of ALE and ACX of the TMS4500A sffect the RAS, CAS, and MAO-MAT
outputs. Table 1 provides a quick roference and summary showing which input contrals which outputis) for the example
timing diagrams given in Figures 1 through 4.

TABLE 1 — ALE AND ACX FUNCTIONS

SIGNAL TRANSITIONS
- O-MAT ASI
TIMING DIAGRAM rast | mast | casi | casi | MAOMAY MA ¢
. ROW TO COL. | COL. TO ROW | ACCESS GRANTS
ACTUATING SIGNALS
Figure 1 ALEI | ALEt | ACXi | AcxI ACK ALEL CLKI (Fig. 6)
— 9.
ALE Leading ACK ¢
Figure 2 —_— — J— J— —_—
— | aE | Aexr | AEx | ACR Tx! ATKT CLKI (Fig.
ALE Qverapping ACX "9
Figure 3
ATX Prlor To Or ALEl | ACxt | ALEl | Acxi ALE} ACK! CLKI (Fig. 7)
Coingident With ALE
Figura 4 —_—
—_ ALEL | ALEt [ ALE! | ACXt ALE! ALE! CLKI (Flg. 7
ACX Overlapping ALE (Fig- 7}
Mos Memaory -

Applications Engineering

Toxas Instruments assumas no responsibility for infringement of patents or rights of others based on Texas Instruments apphcations assistance
of product specifications, since Tl does not poasess lull access (o data cencerning the wse or applications of custemer’'s products. Tl also agsumes
no respansibility for custemar product designs. -
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TMS4500A DRAM CONTROLLER CONFIGURED FOR THE
TMS92000 SERIES 16-BIT MICROPROCESSORS

The TMS45004A dynamic RAM controller can be used in various configurations with TMS99000 serigs 16-bit
microprocessors. 1 A medium-speed version and its timing diagram are shown in Figures 1 and 2, respectively.
A high-speed version and its timing diagram ars shown in Figures 3 and 4, respectively. Two memory configura-
tions are also shown: a bulk memory configuration and a modular array. Tho bulk memory configuration uses
32 TMS54164 dynamic RAMs arranged as 128K of 16-bit words (see Figure 5). The modular memory array is
comprised of 16 TMS54418 16K X 4 dynamic RAMs arranged as 64K of 18-bit words [see Figure €). The modular
array can be reduced in 16K word increments ta a system that iz 16K words deep for less memary-intensive
applications. In addition, signals have also been provided ta increase the memeory depth to 128K words. In the
paragraphs that follow, o description of both spead versions will preceda a six-point analysis of the design criteria
_presanted in the " TMS48004 Dynamic RAM Controller Users Manual.” Both versions will be anaiyzed to en-
surg a proper match of timing signals hetween processer and memaory. -

The 15 address lines (AO-A14} and PSEL are latched by twe 745373 B-bit data latches as shown in Figure 1.2
Latched addresses A1-A4 are used to address three 1B X 4 bipolar RAMs in order to generata eight higher-order
memory address linas. These RAMs are used s 8 memory mapping function 1w increase the memory space of
the TMS99000. Faur of the higher order address lines are decoded into chip selects for all memory-mapped
deviges. On powerup and reset, the TMS98000 fetches the reset trap vector located at memary address Q000H.
Since PSEL is forcad high for this fetch, the three memeory-map RAMs are desalected, allowing their outputs
1o he pulleéd high by the 10k pullup resistors. This deselects tha mamory decoder and enables EPROM. Part of
the reset service routine residing in EPROM should include instructions to load the memory mapper. The memary
mapper is addressed using the 110 interface of the TMS93000 that has both serial and paralle! bit manipulation
capabilities.

Address lines A1-44 are used to address the memery-map RAMs. AQ is set to a one for parallel /3 transfers
(sge TMS28000 Data Bookl. Additional Y0 ports could be addreassed by using the Y6 output /O transfar) of
the bus status decoder to enable an IO decoder connected to the address laich outputs. Because of the large
memory address space provided by the memaory mappar, however, it was felt that all additional 110 ports could
be memory-mapped.

1 AN referances to the TMSS9000 apply to both the TMS83105A and TMEZ51 104 mlcropracessess.
2 |t should be noted that the TMSSYOD0 uses the conventian that Al 1o A14 represent the most to iepst 5i)

acdress bits, respectively.

J
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FIGURE 2 — TIMING DIAGRAM FOR TMS99105A OR TM599110A AND THS4600A (INTERFACE |3 MHz VERSION)

In the high-speed version, the 74L8810 memory mapper has been added to replace the function of the 745189 bipolar
RAMSs. Also. additionsl logic has been incorporated to allow the TMS93000 contro! signals te access dynamic memory
at the higher speed. ALATCH is gated with a B-type flip-flop that allows ALE to f2ll after the falling edge of CLOCK follow-
ing ALATCH going low. This allows the DRAMSs to meet their specified RAS precharge time. A schottky fiip-flop and a low-
power schottky inverter are used to ensure that ALE falls at least 10 ns after CLOCK does. Since the TMS45004 will not
genarate READY in tima for the TMS98000, this signal must be generated externally. This is done by detecting SLOMEM
and using it to force READY low. SLOMEM is sampled by tha TMSS9000 READY input onty when ALE is high so as ta
prevent placing the TMS33000 in an endless wait state. Once READY has initially gone low, it is kept law on DRAM memory
cyclas by RDY from the TMS45004. 1t is finally returned high on the rising edye of CLOCK following RDY returning high.
This will insert twe wait states into each dynamic memory access cycle and one wait state for other slow memory {such
as EPROM) cycles, If high spsed static memory is used in the system, it should use SLOMEM = logic 1 status as a chip select.

Next, In order to use the TM546800A as an interface between dynamic memory and any processor, the following specifica-
tions should he checked:

1. Refresh time -
. Memory precharge time

3.  ALE to CLK relationship

4.  FRow address setup and hold times

5.  Data valid to write enable time

6. Read access time.

First, the specifications for the medium-spesd version will be checked to determine the memory speed, strap selection,
and any lagic modifications that might be necessary. For this example, assuma that the TMS83000 has an input CLKIN
frequency of 12 MHz ICLKOUT = 3 MHz).
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1. ARafrash Tima

TABLE 1 — STRAP CONFIGURATION

WAIT .
STRAP INPUT MODES STATES CLack
. FOR MINIMUM CYCLES
MEMORY REFRESH CLK FREQ. REFRESH FOR EACH
TWSsY F51 FSO ACCESS RATE MMz} FREQ. {kia) REFRESH
L L Lt 0 EXTERNAL - REFREQ a
L L H o CLK + 31 1,984 64 — 963 3
L H L 0 CLK + 46 2,944 64 — 853 3
L H H 0 CLK + 61 3,904 64 — 92§ 4
H L L 1 CLK + 48 2,944 - 84 — g5t 3
# L H 1 CLK + 61 3,904 84 — 80% 4
H H L 1 CLK + 76 4,884 84 — 77% 4
H H H 1 CLK + 81 5.824 64 — 88+ 4

oun e -

From Table 1 of the TMS4500A data sheet, there are two strap selections that would be appropriate for 8 3 MHz clack
frequency. One selection inserts a wait 5tate on every memory access while tha other does not. Assuming that no wait
states will be necessary, select the strap input; FSQ = TWST = O and FS1 = 1. This will vield a refresh rate of (2 MHz}/46

This strap configuration resats the Rafresh Timer cincuitny.

tipper figure in refresh fraguency is the fraquency that is prod g i the mind CLK fraqg: v of tha naxt sslect state is used.
Rafrash fraquency it CLK {requency is 5 bz,

Ratrash trequency il CLK Traguency is 8 MHz.

ar approximately 65 kHz, Each refrash will take 3 clock cycles.

2. . Memory Precharga Tima (RAS prechargel

Tha memory prechargs time must be calculated for access, refresh, and access grant memory cycles to ensure the minimum

RAS pracharge time is satisfied.

a. Accaess Cycles

The precharge time on access cycies is given by:

tRP
where tRp
1c2

41

TAEL-REL

147

TACH-REH

H{REH)
thus trp

This value should otherwise ba a minimum value; however as all prepagation deteys on 8 given chip will tend to tragk each other, the maximum
walua is muliplied by a skew factor to refiect variations in sama-chip propagation delays. Tha skew factor uzed hars is 0.9, &l values (tollowed

by an astersk) ars ohrained by muitiplying tha itiad i walue by 0.9,

1

I

tc2/4 +1d1 +1AEL-REL” — td7 — TAGH-REH — W{REH)

RAS precharge time

CLKOUT period

Dalay fram ALATCH fow from referernce ling {MAXL 99009 Spec.)
tez/d + 10

Tima delay, ALE low to AAS starting low {MAX, 4500A-20 Spec.”)
WE. RD control release delay (MAX, 23000 Spec.}

Tir"ne delay, ACX high to RAS starting high {MAX, 4500A-20 Spec.]
RAS rise tims IMAX, 45004-20 Spec.)

133314 :_3_.3334 + 10 + 36 — 30 — 40 —- 20V ns
123 ns RAS precharge time,
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b. Access Grant Cycles

The precharge time for access grant cycles is given by:

IRP
where tCH-REL

1CH-RRH
thus tRP

c. RAefresh Cycles

¢z + tCH-REL — 'CH-RRH — t{REH}

Time delay, CLK high to access RAS starting low {MAX, 45004-20 Spec,'l
Time delay, CLK high to refresh BAS starting high (MAX, 4500A-20 Spec.)
{333 + 63 — 45 — 20} ns = 331 ns RAS precharge time

The pracharge time for refresh cyeles is given by:

AP
whera tCH-RRL
thus TRP

3. ALE to CLK Relationship

i

1.5 {te2) + tCH-RRL" — td7 — tACH-REH — TttREH)
Time delay, CLK high to refresh RAS starting low (MAX, 45004-20 Spec.”)
[1.51333) + 54 — 30 — 40 — 20) ns = 484 ns RAS precharge time

ALE [ow transition must not cccur within 10 ns of the CLK tow transition. Since the TMS89000 sturobes ALATCH low on
the rising CLKOUT edge, this criterion is satisfied.

4. Row Address Setup and Hold Times

The row address, column address, REN1 and CS ipputs must afl be set up and stable no later than 10 ns prior ta the falling
edge of ALE, The latest of these signals will be CS which must propagate through all of the memery decode legic. The
row address setup time for tho 4500A then is given by

tAV-AEL
where tAV-AEL

142

twH3

td3

tpi'5373)

1p{'5189)

tpi’'5138)
thus 1AV-AEL

92" + twH3 — td3 — 1p(’'5373) — pt'518% — 1pi'S138]

Setup time, row, column, RENT, €S valkid to ALE starting low IMIN, 45D0A-20
Spec.)

Delay to ALATCH high frarn reference ling {(MAX, 93000 Spec,”™)
ALATCH pulse width high {MIN, 23000 Spec.)

Delay to addross valid from reference ling [MAX, 39000 Spec.}
Propagation delay, data input to autput (MAX, 745373 Spec.)
Propagation delay, address input to output IMAX, 745189 Spec.)
Propagation delay, selogt input to output IMAX, 7457138 Spec.}

[13.5 + (333/4 — 15} — 15 — 13 — 35 — 12| ns
€.8 ns setup time from C5 to ALE starting low,

The setup time from row address valid {at the DRAMs) to RAS starting low must also ba considared. This is given hy:

tsufAR)

where su{AR)
td1
TAEL-REL
193

Mutiply the specified maximum value by 0.8,
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141 + VAEL-REL" — td3 — tpi'S373] — pi*5182) — IRAV-MAV
Setup time, row address valid to RAS starting low

Delay to ALATCH low from referenca ling (MIN, 98000 Spec.}
Tirme delay, ALE low to RAS starting low (MAX, 4500A-20 Spec.”)

Delay to address valid from reference line iMAX, QEOOQ Spes.}



p{'S3731 = Propagation delay, data input to output {MAX, 745373 Spec.}

tpi’S189) = Propagation delay, address input to output IMAX, 7451889 Spec.|

RAV-MAY = Time delay, row address valid to memory address valid (MAX, 4500A-20 Spec.)
thus tsulAR) = [1333/4 + 10} + 36 — 15 — 13 — 35 — 55| ns

= 16 ns row address setup time for the DRAMs,
The row address hold time is guaranteed by the TMS45004A for -12, —15, and — 20 specd range devices.
&, Data Valid to Wiite Enable

Since CAS is initiated by the write enabla signal, all write cyclas are necessarily early write cycles. Therafore, we will calculate
the setup time for data valid to CAS starting low which is given by:

t5u(D} = TAEL-CEL + td9 — td1 — tgg

whera teuiD) = Sstup time, write data valid to CAS starting low
tAEL-CEL = Time dalay, ALE low ta CAS starting low {MIN, 4500A-20 Spec.)
ta9 = Detay 10 WE from reference line (MAX, 99000 Spec.”)
td1 : = Delay t¢ ALATCH low from reference ling IMAX, 99000 Spec.)
138 = Defay from ALATCH low to valid write data IMAX, 29000 Spec.}

thus tsuiD) = (75 + 13334 + 48] — (3334 + 29}__— 35] ns
= 38 ns setup time from data valid to CAS starting low.

6. Read Access Time

The maximum access time aliowable from CAS to data valid on memory raad cycles is given by:

1aiC) = 2 — te2/4 — tdy — TAEL-CEL — tsu2

where tai() = Accass time from CAS to data valid
te2 = CLKOQUT period
toaid = Belay from CLKOUT falling to reference line (93000 Spec.)
td4 = Belay from reference line to ALATCH low IMAX, 39000 Spec.}
tAEL-CEL = Time delay, ALE low to CAS starting low (MAX, 4500A-20 Spec.}
tHCEL) = CAS fall time {MAX, 4500A-20 Spec.)
tey? = Cata setﬁp time (to CLKOUT falling} (MIN, 99000 Spec.)

thus taiC) = (333 - 3334 - (333/4 + 20} + 20) — 200 — 26 — 35 ns

: =103 ns

Now that tha six specifications an tha design criteria checklist have bean examined, the valuos obtained can be comparcd
10 thase required for the TMS4164, This comparison shows that three criteria constrain design and memary selection. These
criteria are RAS precharge, €S valid 10 ALE starting low, and read access from CAS. The AAS precharge time of 123 ns
maans that anly —20, —15, ar — 12 speed range devices may be used. Mext, 2.2 ns of delay must be added to the ALE
signal to ensure that TE is valid 10 ns before ALE starts low. This delay is achieved by inserting a buffer between ALATCH
and ALE, Finally, a negative access time from TAS requires that a wait state must be inserted on sach memory access
cycle. By adding one CLKQUT period [(set TWST = 1, FS0 = FS1 = 0l to the calculated memory access reguirement,
the read access cycle time Ifrom TAS) with one wait state inserted is given by:

Multiply the specified cnaxicnom valus by 0.8,
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talC) = (=103 + tc2 — tp|BFA)} N3
where tp(BFR) = Buffer propagation delay, input to output of the ALE buffer. {MAX, Spec.}

Using the worst case CAS access time for TMS4164-15 DRAMS ita(;) = 100 nsl, the maximum allowable propagation
delay for the buffar can be determined:

1niBFR} =. (—103 + tp2 + tgfe)) ns
= =103 + 333 - 100} ns
= 130 ns

This value must bie greater than the maximum propagation delay for the ALE buffer.

The specifications for the high-speed version will be evaluated next. In this version, ALE fs extended to meet the RAS precharge
requirernent for — 15 devices. This also gives sufficient address satup time to use the 74L5810 memory mapper. The memory
mappor perfarms essentially the same function as the bipolar RAM array in the previous example, but incorporates the con-
trol signals that are necessary on-chip, For more information regarding the 7415510, refer to Ti Application Brief entitled
“"Memaory Mapping Using the SN54/74L5610 Thru SNS47IL5613 Memary Mapper.”* For the following example, assume
that the TM389000 has an input CLKIN frequency of 20 MHz (CLKOUT = & MHz),

1. Refresh Time

From Talble 1 of the TMS4500A4A data sheet, the strap selection should be FS0 = 0, F31 = TWST = 1. This will yield
a refrash rate of 66 MHz and each refresh cycle will take 1 clock cycles. Also, the TMS4500A will insert one wait state
on cach acoess cycle, As was mentioned earlier, the external lagic wili insert two wait states en each access cycle with
the assistance of the ROY signal from the TMS4500A.

2. Memory Precharge Time (RAS precharge)

a. Access Cycles
The precharge time on sccess cycles is given by:

iRp = tez + tprLS04) *+ tp(‘574} + tAEL-REL" — 1d7 — TACH-REH — tH{REH)

whare taz = 200 ns
Tp|'|_304; = Propagation dalay, input to output {MIN, 74L504 Spec.)
tp’574) = Propagation delay, clock 1o Q output IMIN, 74574 Spec.}

thus trp = {200 + 6 + 4 + 36 — 30 — 40 — 20Ins
- = 156 ns RAS precharge time.

b. Access Grant Cycles

tRp = 12 = ICH-REL" = 'CH-RRH — ttiREH)

thus trp = {200 + 83 — 45 — 20 ns
= 198 ns RAS precharge time.

c. Refrash Cycles

tRP = 1.61tc2] + tCH-RAL" — td7 — tACH-REH ~ HREH)

thus tRP = 11.5(200} + 54 — 30 — 40 — 30] ns
= 284 n3 RAS precharge time.

3. ALE to CLK Relatlonship

As mentioned previously, a schottky flip-flop and low-power schottky inverter are used to clock ALE so that a minimum
of 10 ns delay is guaranteed from CLK low to ALE low.

Multiply the spacilied meximum value by .9,
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4, Row Address Setup and Hold Times

tAV-AEL = 1c2 + tp’LS04) + tpI'S74) — to2fd — 143 — tavavi

thus tAV-AEL = (200 + 6 + 4 — B0 — 15 — 70} ns
75 ns setup time from CS to ALE starting low.

n

Also, tsu{AR) = Tc2 + LS04l + ta'S74] + AELREL" — 24 — 143 — tavavl —
IRAV-MAY
thus tsulAR) = 1200 + 6 + 4 + 36 — 50 —~ 15 — 70 — 50} s

= &1 ns row address setup time for the DRAMs.
5. Data Valid to Write Enable
Since data is valid before ALE falls, the data setup time is guaranteed.
6. Read Access Time

Assurning two wait states are generated for each access cyels:

taiCi = 2[te2l — tpi'LS04)1 — tpl'ST4IT — tAEL-CEL — %(CEL) — tsu2

T Maximum values are used for propagation delays 1pl°LS04) and tp{'574) to
satisfy worst-case design requirements.

thus tal0) = (2{200} — 15 — 9 — 200 — 20 — 2G) ng
= 131 ns read access time from CAS.

The previous ealculations indicate that RAS precharge and read access requirements will constrain memory selection.
TM54154-286 devices will not be able to meet sither the RAS precharge time {tw(RH) = 150 nsi or the read access time
{taic) = 165 ns). TMS4164-20 devicss cannot mest the reéad access time {132y = 135 nsh; however, TMS4184-15 devices
meet all timing requirements.

Mow that the 12BX word memory using TM54 1645 has been analyzed, a brief description of a 64K word memory using
Th54416s will be given, The major difference betwean the two memory configurations lies in the addition of a 74L51565
usad as a one-oi-four selector tsee Figure B). The RAW ling fram the TMS98000 is used to select whether the upcoming
access is 10 be a read or write cycle. MSF sclects either the left or right bank of memory while MSE selects either the upper
of lower bank. Thus, only one of the four banks of 16K word memories will be accessed on any given memaory cycle. Because
all of the inputs to the 7415155 are set up before the start of each DRAM access (ALE starting law), there are no timing
constraints when using TM34416-20 or TM34416-15 devices.

Two mamory system canfigurations have begen presented shawing how the TMS4500A can be configured te work with
the TMSS89000 18-bit microprocessor. A memory mapping scheme has been provided that is flexible enough to wark with
many microcermputer applications using the TMS23000 without modification. Altthough both expandability and modularity
heve been considared in this design, other memory mapping schomes and processor spceds aro possible,

Mos Memory
Applications Engineering

Multiply the specified maximum vatue by 0.9,
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Applications Brief

TMS45004/8088 INTERFACE

This application brief presents a circuit configuration which intgrfaces the BOB8 microprocessor to dynamic RAM
memory via the TMS4600A-15 dynamic RAM controller. The memory array is 32K bytes deep and leatures
the TMS4416 16K X 4 dynamic RAM. The TMS4416 was used for its modularity advantage over X1 DRAMs.

Figure 1 shows the schematic diagram of the citcuit while Figure 2 depicts the timing diagram of a write access
followed by o refresh followed by a read access grant memary cycle. The BOBB and TMSA45004 both operate
at 5 MHz requiring no wait states on normal memory accesses. The TMS4500A clock is shifted by one 15 MHz
clock cycle via a 74574 to ensure the proper ALE low to CLK low relationship to the TMS54500A. 1n order to
cover the important TMS4500A interface requirements, the six-point design criteria will be used as presented
in the “"TME4600A Dynamic RAKM Contraller Users Manual.''

1. Refresh Time

The TMS45004 is configurad for maximum division of the clock without inserting wait states by strapping TWST,
FS9, and FS0 as follows: TWST = 0, £51 = 1 and FSO = 1.

This strap configuration divides the clock by 61 to yield a refrash rate of 3.123 ms (sec TMS4500A Spec.).
2. Memory Precharge time

The memaory procharge time must ba calculated for consecutive access, refresh, and access grant cycles to
ensure that the minimum BAS precharge time is satisfied.

a. Access Cycles

The precharge time for access cycles /s given by:

trp = TCLCL + TCLCH — TCLRH ~ tACH-REH — WREH) + TCHLL

+ tAEL-REL )
where tre = RAS precharga time

TCLCL = CLY¥ eycle period

TCLCH = CLK low time 12/3 TCLCL — 15, 8284A Spec.}

TCLRH = D inactive delay (MAX BO88 Spec.)

TAEH-REH = Tima delay, ALE high to RAS starting high {MAX TMS45004-15
Spes.)

J
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thus,

*This value should otherwise ba a minimum value; howavar, as all propagation delays on a given chip will tend
to track each other, the maximum value s multiplied by a skew factor ta reflect variations in same chip pro-
pagation delays. The skew factor for the TMS45004 is 0.9. All values follow by an asterisk are obtainad by

THREH)
TCHLL

TAEL-REL

tRP

n

I

RAS rise time {MAX TMS4500A-15 Spec.)

ALE inactive delay (MAX 8088 Spec.)

Time delay, ALE low to RAS starting low {MAX TMS45004-15

Speac. ")

(200 + 118 - 160 - 30 — 15 + B5 + 27)ns
235 ns

multiplying the specified maximum value by 0.9.
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FIGURE 1 — TMS4500A/8088 INTERFACE SCHEMATIC
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b. Refresh Cycles

On refresh cycles the minimum precharge time pecurs when ACR or ACW go high 20 ns before TM345004
CLK low, If this occurs, rofresh RAS will go low on the subseguent rising edge of the TMS45004 CLK.

The minlmum precharge time for refresh cycles is. given by:

AP = TCLCH + tACH-CL — tACH-REH — tiREH) + tCH-RAL™
where TACH-CL Time delay ATX high ta CLK low {MIN TMS4500A-15 Spec.)
Time delay, ACX to RAS starting high (MAX TMS4500A.-15

TACH-REH =
Spec.)
tCH-REL = Time delay, CLK high till refresh RAS starting low {MAX
TMS4500A-15 Spec.”)
thus. tRP = 118 + 20 - 30 —- 15 + 45} ns
= 138 s '
c. Accoss Grant Cycles

The precharge time for access grant cycles is given by:

tRp = TCLCL - tCH-RAH — tHREM) + tCH-REL’
where tCH-RRH = Time delay, CLK high to refresh RAS starting high (MAX
TMS48004-15 Spec.)
tCH-REL = Time delay, CLK high‘to access AAS starting low {MAX
TMS45004-15 Spec. }
thus, tRP = (200 — 35 — 15 + 54ins
= 204 ns

3.  ALE to CLK Relationship

The ALE low transition must not eceur within 10 ns of the TMS4500A CLK low transition. This is guarantsed
by the phase shift between the 8088 and TMS4E00A clocks.

ALE low to CLK low time is given by:

tAEL-CL = 2{tosc! — toLCcH — TCHLL + tpoa + 1p74
whare tosc = QSC cycle period (B284A Spec.)

toLCH = OS5C low to CLK high (MAX B284A Spec.)

th04 = Propagation delay, MSI gate (MIN 74L504 Spec.)

tp7a = Propagation delay, MSi gate (MIN 74574 Spec.)
thus tAEL-CL = [2i66) — 22 — 85 + 6 + 4] ns

= 24 ns
4.  Row Address Setug and Hold Time
The satup time to the TMS4500A is given by:

tAV-AEL = TAVAL - 1433

where  TAV-AEL = Time delay, address, REN1, €S valid to ALE low {MIN
TMS45004-15 Spec.|
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TAVAL

I

Address valid to ALE low {TCLCH - 60, MIN 8088 Spec.)

tp32 = Propagation delay, S5 gate, allowing for delay to C5
IMAX 74L532 Spec.)
thus, tAV-AEL = {118 - 60 — 22Ins
= 36 ns

The row address setup time to the DAAMs is given by:

n

1ASR
where  TRAV-MAY

TAVAL — 1AV MAY + tAEL-REL

Time delay, row address valid to memary address valid IMAX
TME4B800A-15 Spec.}

(118 — 60 — 40 + 27) ns

thus, tASR
= 45 ns
5. Data Valid to Write Enable
All writes to memaory are early writas, which allows data to be set up to CAS instead of W. The B0S8 specifies
that the data is valid a minimum of 0 ns to WR low. Thiz gives a data setup time equal 10 1aCL-CEL (50 ns
MIN) for this circuit.
6. Read Access time from CAS

The required access tigne for both dccess and access grant memery cycles must be calculated.

The read access tima from CAS on normal access cycles is given by:

tcac = 2{TCLCL} — TCLRL — tacL-CeL — ttcEL — TDVCL
where tcac = Access time from CAS
TCLRL - RD active defay IMAX BO88 Spec.)
TACL-CEL = Time delay, ACX low to CAB starting low {MAX TMS4500A-15
Spec.}
WCEL) = TAS fall time (MAX TMS4500A-15 Spec.)
TOVCL = Data valid delay (MIN BO8S8 Spec.}
thus 1CAC = [21200) — 166 — 90 — 15 — 30! ns
= 100 ns

The read access time on access grant cycles is given by:

Ccac

= 2(TCLCL) + TCHCL — tCH-CEL — (el — TDVOL
whara FCHCL = CLK high time {1/3 TCLCL + 2, MIN 8284A Spec.)
tCH-CEL = Time delay, CLK high to access CAS starting low (MAX
TWS4500A-15 Spec.)
thus, tcal = [21200) + 68 — 140 —~ 156 - 30l ns
= 283 ns

The calculations of the design criteria for the TMS545004 interface have been completed. An inspection of the
design critaria reveals that toaC on normal accesses constrains the choice of memories to TMS4416-15 igac
= B ns). Slower mamories can be used by decreasing the B088 clock speed. For TMS4416-20 davices, the
raximurn CLK frequency as constrained by CAS access time is given by:
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foLk = [1/2 ftcac + TCLAL + TACL-CEL + t{CEL) + TDVCLI-T X

109
whare oLk = Maximum 8088 clock frequency
ICAC = CAS access time IMIN TMS4416-20 Spec.
thus, fclk = [1/2 {120 + 165 + 80 + 15 + 30 ns
= 4.762 MHz

A gircuit configuration to interface dynamic memories to the B0OBS microprocessor utilizing the TMS45004
dynamic BAM controller has been presented. The circuit design featured a b MHz 80B8 interfaced to a
TM545004-15 operating with no wait states. The memory array was implemented with TMS4416 dynamic
RAMs for increased rmodularity.

MOS Memaory
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TMS4500A/MCE8000 INTERFACE

This application note provides several circuit configurations interfacing three speed ranges
of the MCBB000 micropracessar te dynamic RAM memory via the TMS4500A-15 dynamic
RAM controller. The MCBBOOOLE operatas with no wait states while the MCG8000LE8 and
MCBB0O00L10 uperate with ong wait on normal memory access cycles. The memory array
is organized as 32K words featuring the TMS4418 16K x 4 dynamic RAM arranged as two
rows of 18K x 16 bits with each row partitioned into 16K bytes of upper and 16K bytes
lower memory. The TMS4416 was used for its modularity advantage over X1 DRAMs and
upgradability to future 84K x4 devices.

Two approaches for controlling access to the upper and lower bytes of memory are given.
The first approach (Figure 1A} controls access to upper and lower memory by gating CAS
with UDS and mproviding an early write condition. Early write cccurs when the Wsignal
to the DRAM goes low prior to CAS low. Under this condition the data input 1o the DRAM
is required to be set up prior tc CAS instead of prior to W, and the output buffers are dis-
abled allowing the use of caommon I/0. This can be achieved on the TMS541684 by tying D
and C together; the TMS4416 is a commoan I/0 device. The second approach (Figure 2ZA)
controls access to upper and lower memory by gating R/W with UDS and TDS providing
a late write conditicn (CAS low prior to W low). There are definite advantages and disad-
vantages to each of the implementations. From a system standpoint the gated TAS requires
a smaller number of gates than the gated R/W version but would degrade CAS access time
with the extra S5l gate {74L532) delay. Another system criteria would be the choice of
memory used with each implementation. For the gated CAS approach both TMS4416s and
TMS4164s could be used with common 170 reducing layout signal routing complexity. The
gated R/W implementation restricts the use of comman YO when using TMS4164s dua to
late write operation. In the late write cycle the O outputs will go to an active state causing
centention between the processor and the memery for the data bus. To use TMS4164s within
the gated R/W system requires that the Q ocutputs be externally buffered to allow a bi-
directional data bus which adds extra circuitry for the buffers. The timing diagrams for Figures
1A and 2A are given in Figure 1B and 2B, respectively,

Both metheds of upper and lower byte control allow the use of read-modify-write {TAS in-
struction) cycles but the operational response of the DRAMS is é_lightly different. A read-
modify-write is performed by first reading the data from a memory lbcation then writing data
back to that lacation in the same memary cycle. The TAS instruction {Test and Set an
Operand) 1ests a byte operand and sets the negative and zero flag\s accordingly; the high
otder bit of the operand is set. This provides a means of syncr\romzatlon in muitiple
pracessor enviranments. Figure 3 shows the read-modify-write tlmmgs for the gated CAS
and gated RW implementations. The two methods for controlling memory access have the
advantages and disadvantages mentioned above plus another difference on read-modify-
write eycles. Tha gated CAS approach actually does a page modae read then a page mode

\ write (two CAS cycles for a single RAS cyale] to the same memaery location while the gated

/
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R/W approach does a normal read-modify-write to the DRAM, The choice of these methods would
probably be determined by other factors in the system design; particularly the size of the memory
array since the TMS4416 example would require less logic to implement but lends itself better 1o
smaller memory designs. :

The DTACK signal is derived by ANDing UDS, DS, and RAW together, clocking RDY with a fiip-flop
and then ORing the two results. On normal accesses the RDY signal is high allowing either the UDS,
DS, or RW signal to force DTACK low. On access grant cycles the low RDY signal holds DTACK
high ane clack period after the refresh cycle is complete. UDS, LDS and R/W are ANDed togather
so that on read cycles UDS and/or LD5S force DTACK low and on write cycles R/W forces DTACK
low. This gating is necessary because UDS and 08 go low too late in the writa cycle to provide suffi-
cient DTACK setup time. It also provides the two DTACK pulses for read-modify-write ¢ycles, For
the MCE8000LSB/L10 design DTACK is delayed with a flip-flop to provide one wait state,

6 MHz _
CLK T ]
—__CLK —_— . 4
e _ +5v—{ACW  FAS0 AR D1
A5 — + ALE AD-A7
MCEEOUOLE a L_Jaew W
A1-AB . RAO-RA7 — {CAs
[+ -—
AG-A14 e CA1-CAB G
A5 cag* "::i":w
MAC-
A6 cazr MAG E
A7 REN1 TMS4416
ATE cs TAE Do4
G
Uos - TMS45004 TMS4416
(1,13 —j RDY¥ o
RW : — RASI ons
0o-DI5 Las T™S4416
DTACK
RAS [sLib ey 4
ao.a7 00
w
TAS
]____\ 8 TMS3416
' — 2 —- CAS
74L511 1 g
T4L532 TM54416 par}
CAS bog
—i_ Cas
| S Imsaag
+&5V—D CLA %A
cK . TMS4416
a
T4L573
18
*See text,

FIGURE 1A - TMS4B00A/MCEBOOOLE INTERFACE SCHEMATIC {GATED CAS)
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FIGURE 3 - READ-MODIFY-WRITE CYCLE TIMING

Ta caver the tmportant aspects of the MCE8000/TMS4500A interface, detailed calculations of the
design criteria for the MCE8000LE and MCE&8CC0OL10 will be given with anly a short summary of
the MCBBO0OLS design criteria. The results will then be compared with the TMS4416 and TMS4164
DRAM timing requirements to provide proper memory speed selections. Finally the designs will be
weighed against each other to point out the strengths and weaknesses as related to system
performance.

The six-point criteria will be used as presented in the “TMS4500A Dynamic RAM Controller Users
Manual’’ in the following calculations.

MCE8000L6 Design Calculations
1. Refresh interval

The TMS45800A is configured for maximum division of the clock without inserting wait states by strap- .
ping TWST, FS1, and FSO as {ollows. .

TWST = 0,FS1 = 1, F80 = 1
This strap configuration divides the clock by 61 to yeild a refresh interval of 2.60 ms (see 45004 Spec.).
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2. Memaory precharge time

The memory precharge time must be calculated for consecutive access, refresh, and access grant
cycles to ensure that the minimum RAS precharge time is satisfied.

a. Access cycles
The precharge time for access cyeles is given by:
tRP = tSH — tAEH-REH — t{REH} + tAEL-REL™

where tRp = RAS precharge time
tgH = AS,DS width high (MIN MC68000LE Spec.)
1AEH-REH = Time delay, ALE high to RAS starting high (MAX 4500A-15 Spec.)
tAEL-REL® = Time delay, ALE low to RAS starting low {MAX 4500A-15 Spec.)

thus, tRP = {180 — 26 - 15 + 27} ns
= 167 ns

b. Refresh cycles
The minimum precharge time for refresh cycles is given by:

tRp = 1.5(T} — tCLSH - tAEH-REH — ti(REH} + tCH-RRL"

where T = Clock cycle time
tcLsH = Clock low to AS, DS high IMAX MCB8000LE Spec.)
tcH-RRLY = Time delay, CLK high to refrash RAS starting low (MAX 4500A-15 Spec.*)

thus, tRp = [1.5(186) — 75 - 25 — 15 + 4B] ns

179 ns

. Access grant cycles
The precharge time for access grant cycles is given by:
tRP = T — 1CH-RRH — W{REH} + tCH-REL*
where tCH-RRH = Time delay, CLK high to refresh RAS starting high {(MAX 4500A-15 Spec.)
tCH-REL* = Time delay, CLK high to access RAS starting low (MAX 4500A-15 Spec. *)
thus, tRp = (166 — 35 - 15 + 54] ns
= 170 ns
3. ALE to CLK relationship

The ALE low transition must not occur within 10 ns of the CLK low transition.

i Applications Information

ALE low to CLK low timg is given by:
tAEL-CL = .5{T} — tCHSLx
where 1CHSLx = Clock high to A5, DS low (MAX, MCBS00CLE Spec.)

[.b{168) — 65] ns
18 ns

Il

thus  tAEL-CL

" This valug should atherwise be a minimum; howsver & all propagation delays pn a given chip wil tend tg treck each other, the meximum value is multiplicd
by a siew lactor 1o rallect variations in same ¢hip propagation delays. The skew factor lor the TMS45004 is 0.9, All values followed by an astetisk are
cbtained by multiphying the spealied maximum valie by 0.8,
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4. Row address setup and hald time

The row address setup time to the TMS4800A is guarantead by the MCE8000LE address valid to
AS low timing {tAvSL)

tAV-AEL = tAVSL = 35 ns {MIN, MC68000LG Spec.]
The row address setup time to the DRAMSs is inen by:
1ASR = tAVSL — TRAV-MAV + tAEL.-REL"

where tRAV-MAV = Time dslay, row address valid to memory address vatid (MAX 4500A-15
Spec.) '

(35 — 40 + 27) ns
22 ns

thus, tASR

The row address hold time to the DRAMS is guaranteed by the TMS4500A to meet — 20 ar faster
speed devices.

5. Data valid to write enable

In both circuit configurations, data valid to write low is guaranteed by the MCE8000LE. For the cir-
cuit in Figure 1A this is accomplished by gating CAS with UDS and LDS te give an early write condi-
tion. For the circuit in Figure 2A R/W is gated with UDS and LDS to give a late wiite condition. Data
valid to write enable for both circuits is given by:

tDS = 1IDOSL + tP32

where tpg = Data setup time _
tpOsL = Data out valid to DS low (MIN, MCB800Q0LE Spec.)
tp32 = Propagation delay (MIN, 74L832 Spec.)

Thus tpg = (36 + Bl ns
= 43 ns

6. Read access time from CAS
The required access time for both access and access Qrant memory cycles must be calculated.
The read access time from CAS on normal access cycles for the gated RAW configuration {Figure 2A)
is given by: _ . '

tCAC = 2.5(T) — tCHSLx — tAEL-CEL — WCEL) — tDICL
whera tCAC = Access time from CAS

tAEL-CEL = Time delay, ALE low to CAS starting low {MAX 4500A-15 Spec.}

ty(CEL) = CAS fall time {MAX 4500A-15 Spec.)
tpicL = Data in to clock low {(MIN, MCBBDOO['-,IG Spec.)

thus, tCAC = [2.5(166) — 66 — 150 — 16 — 25| nj
= 160 ns

1

The read access time on access grant cycles for the gated H!Wconﬁguration {Figure 2A] is given by’

tCAC = 2.56(T) — tCH-CEL — t({CEL) ~ tDICL
where tCH-GEL = Time delay, CLK high to access CAS starting low {MAX 4500A-15 Spec.)
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[2.5{166} — 140 - 15 — 25] ns
23% ns

thus  1CAC

n

For the gated CAS configuration one S5I gate (74LS32] delay must be subtracted from the above values,

MCBBC00L10 Design Calculations

The MCB8000LB/L10 design requires extra hardware to meet the TMS45004A ALE 1o CLK fow
timings {tCL-AEL, tAEL-CL) and DRAM TAS access time itcAc). This is accomplished by providing
two clocks [CLK, ¢) which are approximately 90° out of phase with each other {See Figure 4B}. The
¢ clock contrals the low going edges of ALE and DTACK to ensure proper timing for both the TMS4500A
and DRAM. The two flip-flops driving CLK ¢ in Figura 4A should be contained within the same package
to minimize the skewing between the two outputs, A 74A5832 is used to derive ALE because of
its necessary speed advantage over a 74532, If the two flip-flops are not contained in the same package
and a 74AS832 is not used then the MCBE8000L10 could not meet the RAS precharge and TAS
accass times of the TMS4184 or TMS4416. This restriction is not necessary for MCGBQOOLE operation,

The TMS4500A is strapped for zero wait state operation, with the processor wait state being provid-
ed by externally delaying BTACK. If necessary two processor wait states may be inserted by strap-
ping the TMS4500A for 1 wait state operation.

Fas7at
16-20 B
MH2 » - CK
CLK G
T45747 @
0 Q
[ CK
CLK ’ CLK
+5 v —| ATW
—_— ALE
cx | 7aasBaz CR
MLCEa000LE- -
MCE20C00L10 2] ' TMS45004-15]
T4
Al1-A8 i.‘ 574 RAG-RAT
A9-A14 =2 CA1-CAB
A15 cag*
AlG CAT"
A7 REN1
Ald c5
uDs
-
RIW (=3 )
DTACK 74L574 RDY
+5 W D
CK
TSee text. 7as7a| CLR @
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-FIGURE 44 - TMS4500A/MCE2000L3-MCE2000L10 INTERFACE SCHEMATIC
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FIGURE 4B — TMS4500A/MCEB000LB-MCB3000L10 TIMING DIAGRAM

The following calculations reflect gated R/W operation.
1. Rafresh time

Refresh interval = 1.56 ms

TWST = 0,F81 =1, F30 = 1

2. Memuory precharge time
a. Access cycles

tRP = 2{T} + tp — 1CLSH — tPB32 - tAEH-REH — %REH + P74 + tAEL-REL*

Where tp = Delay between CLK and ¢
tpr3? = Propagation delay (MAX 745832 Spec.)
tp74 = Propagation defay (MIN 74574 Spec.)

tp = T/2(CY + tPQ4 — 15

and to 20 MHz clock cycle time
tpo4 = Propagation delay (MIN 74504 Spec.}
te = Skew between CLK and ¢

f

2-78



thus, to = [1/2(80} + 2 — 1] ns
= 26 ns

[2(100) + 26 — B0 - b — 26 — 15 + 4 + 271 ns
162 ns :

tRP

b. Refresh cycles

1]

1.68(T} — tCLSH — tP832 — 1AEH-REH — “REH + tCH-RRL*®

[1.6{100) — BO — B — 25 — 15 + 4Bl ns
100 ns

tRP
tRP

1

¢. Access grant cycles

T — tCH-RRH — tREH + tCH-REL*
{100 — 35 - 15 + G4ins
= 104 ns :

tRP
tRP

il

3. ALE to CLK relationship

ALE low is triggered by the rising edge ¢ after AS goes low, which exceeds the minimum 10 ns
specification.

4. Row address setup and hold time
The row address setup time to the TMS4500A is given by
1AV-AEL = T — tCLAV + tD + tP74 + tPmin832

where tCpLAvY = Clock low to address valid (MAX MCG68000L10 Spec.)
tPming32 = Propagation delay (MIN 74A5832 Spec.)
thus  tav.AfEL = {100 — 65 + 26 + 4 + 1} ns
= 76 ns

The row address setup time to the DRAM is given by:
tASR = T — ICLAV + tD + P74 + tPmin832 — tRAV-MAV + tAEL-REL”
thus tasr = (100 = 55 + 26 + 4 + 1 — 40 + 271 ns
= 63 ns
5. Data valid to write enable

The data valid to write enable is dependent upon the tpQSL timing of the MC68000 when CAS or
W ta the DRAMS is controlled as shown in Figure 1A or Figure 1B.
tps = tDOsL + tp32

{20 + Bins
28 ns

thus  ipsg

i

6. Head access time from CAS
The read access time from TAS on normal access cycles for the gated R/W configuration is given by:
tcAC = 3.5 () - 12N - tp — tP74 - P32 — TAEL-CEL — %(CEL) — DICL

tecac = [3.85(100) — 1/2(100) — 26 - 9 -5 — 180 - 16 - 18]l ns
= B0 ns
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The read access time on access grant cycles for the gated R/W configuration is given by:

tCAC = 2.5(T) — tCH-CEL — t{CEL) ~ DICL

tcAC = 2.5{100) — 140 - 15 — 15) ns
= 80 ns

MCB8000L8 Design Calculations Results

1

The results for the calculations of the design criteria for the MCB8000LS are given in Table 1.

TABLE 1 — MC68000LS DESIGN CRITERIA SUMMARY

DESIGN CRITERIA MCE3000L8

1. Refresh interval 1.95 ms
2. Memory precharge time

a. Access cycles {tpp) 203 ns

b. Refresh cycles {tRp} 122 ns

c. Access grant cycles (tap) 128 ns )
3. ALE to CLK relationship Guaranteed by clocking AS low on the rising edge of ¢
4. Row address setup and hold times

a. To the TMS4500A (tav-AEL) 93 ns

b. To the DRAMSs (tasR! 79 ns
5. Data valid to write enable (tpg) 38 ns
6. Read access time from CAS

a. Access cycles {tCac) 148 ns

b. Access grant cycles 1CAC) 142 ns

The proper choice of memory can be selected from Table 2 for each design. For the MCB8000L6
and MCE8000L38 designs there are ho memory speed restrictions. However, the MCE8000L10 design
is restricted to anly TMS54416-15 and TMS4164-12 devices; the limiting parameters being RAS
precharge {tgp! and CAS access time {tcAC). To meet slower memery requirements the MCE800LL10
clock frequency would have ta be reduced. The maximum clock frequency for a desired memory speed
can be determined by substituting in the necessary DRAM timing parameters and solving for the in-
put clock period (T} in the design criteria for memory precharge time and read access time.

TABLE 2 — MEMORY SELECTION

CLOCK MEMORY DEVICES
MICROPROCESSOR FREQUENCY TMS441 TMS54164
—15 —20 12 =15 =20
MC62000LEG & MHz [ » » [ [
MCEBC00LE 8 MHz - - s - v
MCEB8000L8 {Hybrid) 7.46 MHz - o - w
MCE8000L10 10 MHz - v

Meeting DRAM timing requirernents is only a small part of microprocessor system design. The ultimate
goal is to achieve maximum performance with minimum hardware. Of the three designs the MCEB000LE
interface requiras the least amount of hardwara whila the MC68000QL10 interface has the fastest pro-
cessor/memaory cycle time. To capitalize on the best of both designs a compromise can be made by
substituting a MC6B000LS8 into the MCE8000LE design and operating at less than' 8MHz without
wait states. Operating under these conditions it can be shown that the processor/memory cycla time
approaches that of the MCGB8000LTO design with a minimum hardware intarface {see Table 3j.
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TABLE 3 — MICROPROCESSOR TO MEMORY CYCLE TIME*

CLOCK NUMBER OF WAIT
MICROPROCESSOR FREQUENCY PERICD CYCLE TIME {1} STATES INSERTED (N}
MCB8Q00LE 8 MHz 166 ns 664 ns ]
MCB8000LE 8 MHz 125 ns 625 ns 1
MCEB000LE (Hybrid) 7.46 MHz 134 ns 536 ns 4]
MCBBOOCLI1O 10 MHz 100 ns 500 ns 1

= 44T + NeTY
where T = microprocessor clock perind
M = number of wait sfales inserted.

To determine the maximum speed that the MC&B00O0LE can operate without wait states it is necessary
to recalculate the design criteria using the MCGBO00LE equations with MCB8000LS timing parameters
{results in Table 4). From these values the restricting parameter will be the ALE 1o CLK law timing
{minimum 10 ns) requirement necessary for proper TMS4500A operation. Setting tCL-AEL equal to
12 ns {12 ns allows for 20% margin} ang selving for T, vields a clock period of 134 ns (7.46 MHz}
The design criteria for 7.46 MHz operation is also shown in Table 4. This “’Hybrid’’ circuit meets
TMS54416-15,-20 and TM54164-12,-15 timing requirements and has a processor/memory cycle time
approaching that of the MC88300L10 design. This illustration shows the advantage of operating
without wait states when accessing DRAM, but does not directly reflect system throughput
enhancement.

System throughput calculations require a much more detailed analysis taking into considaration the
systems application, use of other types of memory (EPROM, PROM, ROM, and Statics), memory size
and canfiguration, software, etc. it is beyond the scope of this applicaticn note to cover all of these
variables in detail, although a brief overview can be given.

TABLE 4 - MCG8000L8 {HYBRID} DESIGN CRITERIA SUMMARY*

MICROPROCESSOR
DESIGN CRITERIA MCE68000L8 @ 6 MHz MCE8000LS @& 7.46 MHz

1. Refresh interval : 1.25 ms ' 2.09 ms
2. Mermary precharge time

a. Access cycles ItRp} 167 ns ’ 146 ns

b. Refresh cycles (tRp} 189 ns 141 ns

c. Access grant cycles (tRp) 170 ns 138 ns
3. ALE to CLX relationship 28 ns 12 ns
4. Row address setup and held times

a. To the TMS4500A {tav-aEL) Guaranteed by taysL Guaranteed by tavsL

b. To the DRAM (tagR) 17 ns 17 s
5. Data valid 1o write enable (tpsg) 38 ns 38 ns
6. Read access time from CAS

a. Access cyclas ({caC) 180 ns 100 ns

b. Access grant cycles (tCAC) 245 ns 165 ns

*RAesults rellect gated RV operation,

All of 1he interface examples given in this application note used a tightly coupled processar/memaory
interface to maximize DRAM performance. The calculations and compatisons for the “‘Hybrid’* cir-
cuit only reflect that the pracessor is executing strictly out of DRAM which is not always the case
in many systems. As microprocessar speeds and memory size increase, the benefits of the tightly
coupled memory array give way ta asynchronous main memory configurations and cache memaory
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implementations in arder ta relieve the processor of wait states when accessing memory. Applica-
tions Nates SR-1, "*An Introduction To Cache Memary Systems And The TMS2160", and DRC-1,
'"The TM34500A [n An Asynchronous Bus System”’, address the concepts of cache and asynchronous
memory architecture in more detail than given here.

The percentage of time a microprocessor uses for internal operations as opposed to memaory accesses
is also a factor in determining system throughput when wait states are used. The greater the percen-
tage of time that a microprocessor spends accessing memory with wait states, the greater the
thraughput degradation. Thus, for systems whose software requires extensive internal processor opera-
tions and few memory cperations it may be more desirable to aperate with wait states as opposed
to the “"Hybrid’* approach. Table 5 gives an example of a few MCE8000 nstructions and their effect
on throughput. The actual average instruction time will be dependent upon the instruction stream
being executed, but this example will indicate how wait states affect the processor performance. The
multiply and divide instructions which reguire a large percentage of internal operations make apparent
the advantage of higher speed processors when doing extensive numeric processing: however if the
memary intensive instructions predorminate, the system running without wait states will execute faster
even at slower clock frequencies. Systems which execute program mainly out of EPROM, PROM,
ROM and Static memory and only use DRAM for data storage may also benefit fram the use of the
high speed processors. Each of the four designs has its own niche which is based on the necessary
system application. Designs that require maximum memory performance and minimum camponent
count may find the Hybrid interface more suitable, while systems requiring maximum processor per-
formance would utilize the MCE8000LB/L10 design.

TABLE 5 — AVERAGE INSTRUCTION CYCLE TIME

A. CLOCK CYCLES AND MEMORY CYCLES PER INSTRUCTION

INSTRUCTION CLOCK CYCLES MEMORY CYCLES
PER INSTRUCTION TOTAL PER INSTRUCTION TOTAL
MOV AN@ + 8 Z
MOV AN@ — 10 2
ADD AN@ + 12 2
ADD AN@ - 14 2
CMPl AN@ + 12 3
CMPl AN@ - 14 3
BRA 10 2
JMP AN@ 8 2
- JMP AN@(d} 10 o8 -2 20
MULS 70 168 1 21

B. AVERAGE CLOCK CYCLES/INSTRUCTION AND AVERAGE MEMORY CYCLES/INSTRUCTION

AVERAGE CLOCK CYCLES/ AVERAGE MEMORY CYCLES!
NUMBER OF INSTRUCTIONS INSTRUCTION INSTRUCTION
Firat nine instructions 10.8 2.2
fexcluding MULS} .
Ten instructions 16.8 2.1
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C. AVERAGE INSTRUCTION CYCLE TIME*

: AVERAGE INSTRUCTION CYGLE TIME
MICROPROCESSOR FIRST NINE INSTRUCTIONS TEN INSTRUCTIONS
MC68000L6 (@ 6 MHz, C WS51) 1,800 s 2.8 s
MCBS000LE (@ 8 MHz, 1 WS} 1,625 s 2,362 us
MC68000LE (Hybrid)
(@ 7.46 MHz, 0 WS) 1.340 us . 2,252 us
MC68000L10 (@ 10 MHz, 1 WS) 1.300 us 1.890 ps

* Ayersge Instruction time — processor clock cycle time X [everage clock cyelesfinsiruction + (average memory syclasfinstruction X N wait statesh]
WS = wait stas.

D. RELATIVE PERFORMANCE

RELATIVE PERFORMANCE
MICROPROCESSOR FIRST NINE INSTRUCTIONS TEN INSTRUCTIONS
MCSBOOOLEG (@ 6 MHz, O WS 1.0 1.0
MCEBO0OLE (@ 8 MHz, 1 WS) 5.1 ) 1.16
MCS8000LE {Hybrid}
{@ 7.46 MHz, 0 WS} 1.25 1.18
MCGB000L10 (@ 10 MHz, 1 WS) 1.27 1.32

As was mentioned earlier in the text, the designs have taken future -rnernory upgradability into ac-
count. When 64K x 4 devices become available they will be pin compatible with the 16K x 4 allowing
easy memory expansion. The TMS4416 only requires 14 address lines to address its entire memory
array (8 rows, 6 columns) thus leaving two unused address inputs to the TMS4500A (CAQ, CAT7).
The TM84416 uses inputs A1-AB for its 6 column addregses, disregarding AD, A7 (see TM54418
spec.). These two unused inputs to the TMS4500A will be needed to complete the address space
for the B4K x4 devices {8 row, 8 column). In Figures 1A and 2A, 14 consecutive address lines are
used to address the TMS4416s which provides a linear address space. For 864X x 4 expansion, A15
and A16 of the MCEB8000 will be connected 1o CAD and CA7 of the TMS4500A respectively. This

canfiguration does not provide a linear address range for the 84K x4 upgrade but, this would ke
transparent to the microprocessor and not effect system performance.

Far the circuits presented the memory upgrade would expand the memary size from 64K bytes to
258K bytes by simply changing devices. If the memory array of TMS4416s was expanded 1o take
full advantage of the TMS4500As drive capability {32 devicesl, it would provide 256K bytes of memory.
This could then be upgraded tc a megabyte of memory by substituting the 64K x 4 devices. Applica-
tions Nota SMAAQD1 ""TMS54416/TMS4500A Evaluation Board™ provides in detail the techniques
and advantages of designing for future memory upgradability.

This completes the TMS4500A/MCS8000 design requirements. Four MCBB000 interfaces were given
with two configurations for controlling accesses to upper and lower memory, Two of the designs
operate without wait states and two with wait states to illustrate a wide spectrum of operation. The
memory was implemented with TMS4416s for their medularity advantage over the X1 DRAMSs, and
upgradability to future 64K x 4 DRAMs. A brief discussion of the strengths and weaknesses for the
faur designs was given to provide some insight into the necessary system requirements that need
to be cansiderad to achieve maximum system perfarmance for a given application.

MOS Memary
Applications Engineering
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AN INTRODUCTION TO CACHE MEMORY SYSTEMS
AND THE TMS2150

Ag the typical operating speeds of processars have increased to provide for the ever increasing need for com-
puting mower, the necessity of developing a maemary hierarchy [the incorporation of two or more memory
technologies in the same system) has became apparent. One of these memary technologies is selected an the
basis of fast access time Iwith associated high cost per bit) to allow minimum system gycle time. The other
technologies are chosen with the lowest possible cost per bit relative to speed in order to achieve the maximum
system memory capacity, In a system with a multiple level hierarchy, the speed/cost relationship depends upen
the frequency of access and the tatal memoery requirement at that level. By proper use of this hierarchy through
coordination of hardware, system software, and in some cases uscr software, the overall memory system will
reflect the characteristics that approximate the fast access tima of the {ast memory technology and the low cost
per bit of the low cost memory tachnology. Large computer systems have made use of this memuory optimization
technigus to maintain very large data bases and high throughput (see Figure 11. Many smaller processor systems
use this technique to allow mass storage of data, where a tape or disk is the low cost memary and RAM {Random
Access Memary) is the fast memory technology.

Memory hierarchy is now extending to the RAM memory used in microcomputer systems because of the in-
craase in processor speeds. Typically, Dynamic RAM (DRAM) is used as the bulk or main memary and High
Speed Static RAM (H5S) serves as the fast access memaory. This HES RAM is usually 1K to 8K words deep and
serves ag a fast buffer memory between the processor and the main memary, This small, fast buffer memary is
called “‘cache’” memory as it is the storaga location for a carefully selacted peortion of the data from the main
memaory. The addresses for that pertion of memary currently in tho buffer memaory is saved in the cache tag RAM
ia small memory that is used to stare the addresses of the data that has bieen mapped t2 cachel.
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When the processor accesses main memory, the processor address is compared to the addresses currently present in the
cache tag RAN. Inthe case where a match occurs, the required data is resident in the cache and the accessis called a *hit,"”
and is completed in the cycle time of the fast memary, If there is no match |a “miss’), the main memory is accessed, and the
processor must be delayed to allow for the slower access eycle of the main memory. The determination of whether a hit has
occured is the responsibility of tha cache tag RAM. Figure 2 shows the relative placement of the pracessor, main memory,

RELATIVE MEMAORY SIZE

INCAEASING
ACCESS TIME

ARCHIVAL STORAGE
{MAGNETIC TAPE|

BULK STGRAGE
{DISK} |

MAIN SEMICONGLCTOR
MEMORY
{DRAM}

CACHE
BUFFER
{H55}

INCREASING
COST PER BIT

FIGURE 1 - MEMORY S51ZE ¥S. ACCESS TIME AND COST PER BIT

cache. and cache tag RAM within a system.

Since thare must be comparisons made between the current processar address and the addresses in the cache, the cache
tag RAM must have a very fast gccess time to prevent the degradation of processor accesses even when a match occurs.,
Previously, the memary used for tha cache tag RAM was the same as that used for the cacha; which, due to added delays

through comparision logic, meant that the full benefits of the cache were not realized.
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The TMS2150 Cache Tag RAM has been designed to redues this cache access degradation to a minimum by incorporating
the matching logic en-chip thus providing match recognition times compatible to the access time of the cache buffer
Memaory. .

Tha TMS2150 implements the *'set-associative™ type of cache address matching. This algorithm may be more clearly
understood by considering main memory as an imi by {0 array of blocks and the cache is an (nl by (k} array {sea Figure 31.
Each block is composed of {x} wards and transfers between main memory and cache memory always move all ) words in
that block. Corresponding to every block in the buffer RAM is a tag address specifying which block of main memaory is cur-
rently rasident in the butfer RAM at that location. The set-associative algorithm maps each modulo {n} group of im) blecks in-
ta tha corresponding (n) row of the cache. The low order address lines of the processor covering the sets [n) select a row of
the cache buffer and tha corresponding row in the tag FAM. The date is stored in the cache buffer and the high order address
spacifying tha block (m} is saved in tha tag RAM, Thea high order address then bacomas the tag.

CACHE
e\
L )
MAIN MEMORY BUFFER RAM TAG RAM
- R - - - - - -
n-1 ? - NV o
X B | B m-1 -
| ) 7o w0
oworoer 1 2 1 _ 4 L. LA
ADDRESS ¥ D 2
2 (x o} o s
; - --=e
X D P 9 - = - -
o :1< N N D T D
0 2 . .. mi - .
|‘-—|(—-.| . k_x__.’l
N\
TN
m
{HIGH ORDER ADDRESS) DATA LABEL
K = Numbar of BUFFER/TAG groups Tor multipls cache systems
X = Blocks moved to cache
D = Valld data krem main memary
? = Araas of cache that have not been laadad fram main memeory
NV = Code to indicale non-vahd labal

0.1, 2, m

&

Labals from Figh order addrass specding tha block moved fram mamn memory

FIGURE 3 — SET-ASSOCIATWE CACHE ADDRESS MATCHING

There are several algorithms used to determine which areas of main memory should be resident in cache and which should he
replacad {first-in, first-out; least recently used; or random}. Since programs typically have the property of locality lover short
periods of time, most accesses are to a small group of memory addressas), these teplacement algorithms can make the
"cache have tha majority of procassor accesses resulting in hits. The hit ratio inumber of hits x 1 00 % fnumber of memary ac-
cesses) runs 90% and higher in systems with well conrdinated memory 10 cache mapping routines. Note that as the block
size [x} increases, the replacement mapping algorithm options have greater impact on the cache performance.

Many microprocessors are operating with memory access times of 130 ns or less when running at maximum frequency.
After allowing for address buffering, decoding, and propogation delays through data buffers, the maximum access time that
tan be tolerated is 75 ns or less bafore processor throughput is affected. For large mamory systerns, DRAM can be used to
achieve a cost eflective memory; however these can not meet 3 75 ns aceess requirement. Uf the actual system throughputs
for a systermn with gache and one without cache are compared, the advantages of cache become cbvious.

For comparison of the two architectures, assume that a processor is implemented in which 30% of the active cycles invalve
main memory [the other 70% used for instrustion decading and internal operatians). Also assume that the processor cyclas
at 250 ns with a required memory access time of 75 ns, but if the memory is not ready the cycle tims is extended by 100 ns
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increrments till satisfied. This processor using 150 ns DRAMs would require ane delay increment on main memory accesses
and 200 ns DRAMS waould require two delay increments. The average cycle time can be calculated far each memory speed
as follows:

Average Cycle Time = [lINT) x [CYC)] +[{MEM) = {CYC + DEL}]

where INT = percent af time doing internal operations
CYC = processor cycle time
MEM = percent of time doing memory accesses
DEL = number of delay increments x 100 ns

For a processor using 150 ns DRAMSs:

Average Cycla Time = [{70%) x{250 ns} + 1{30%} = (250 + 10011
= 2B0ns

For a processor using 200 ns DRAMs:

Avarage Cycle Time = [{70%) = {250 nsi]+ [1230%) = {250+ 20Q]]
= 310 ns

For the same system with cache memary assume a 0% hit ratio with 75 ns cache and 200 ns DRAM:

Average Cycle Timg = [INT x CYC] + [MEM »x [{HIT x CAC} + IMIS x {CYC + DEL)}]

wherc INT = parcent of time doing internal operatians
CYC = processor cycle time
MEM = percent of time doing memary accesses
DEL = number of delay increments x 100 ns
HIT = percent of memory accesses hit cache
MIS = percent of momary accesses miss cache
CAC = cache memory access cycls time

Average Cycle Tima = [70% x 2501 +(30% x (190% x 2560 +[10% x 1250 + 20011]
= 283 ns

This value represents a 10% impravement with 200 ns devices over the non-cache implementation with 150 ns parts and
18% using 200 ns parts. This performance improvement can be further demanstrated for those systems using custom or
Git-slice processors where the memory cycle time as well as access time is of concern. For this example, consider 3 pro-
cessor with a cycie time af 50 ns and main memory cycle time of 250 ns (use the sams access ratios as in the previous
exampla):
ACT {Without Cache} = [[70%) » (EOJ] + [130%) = (2501]
=110ns

ACT (With Cachel = [70% = S0]+[30% »{i90% % 50) + (10% x 250)1
= b ns

This rapresents a 49% decrease in average cycle time for the processor using 50 ns cache memary. If the main memaory was
rated at a cycle time of 500 ns, either using very slow main memory, error detaction/correction, or dua te allecation of aher-
nate cycles for some other activity {(multi-processors, direct memory access, display refresh, etc.); the cache would still give
an average cycle time of 63.5 ns, which is an improvement af 65% over the 185 ns average cycle time for a non-cache
system.

The follawing figures show several applications far TM32 150 in cache memory systems. Figure 4 shaws o cache memory
configuration thet has a 32-megaword main memory [represented as 32-megabytes since only an ight-bit data bus is usad)
with a block size of 2. In this particular example, a cache containing 512-two word blocks was chasen thus defining the
main inkx{ml array as being 512 sets of 32,768-two word blocks. The 32-megaword memaory regquires an address bus of
25 lines. The lgast significant address {AQ) is used a5 a word select for one of the two words in each block. The next least
significant address lines (A1 — AD) are used as the set select inputs to the cache buffer RAM and the cache tag RAM.
The remaining high order address lines {A10 — 424) form the label or tag which is stored and compared by the tag RAM.
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Sinca the label in this example is composed of 15 address lines, two TM32150s are used as an expanded tag. The 15 ad-
dress lines are the data inputs to the tag AAM and the 16th data input is tied to + b ¥ s0 that after RESET invalid data cannot
force amatch. The match output of the two TMS2150s are ANDed together ta farm the enable for the cache data buffer. In
this manner, if the contents of either TMS2150 does not contain a mateh, the cacha is not enablad. This ANDed MATCH
signal is also used by tha control circuitry to notify the system that the address is net present in the cache so that main
memary might be actessed. The control circuit is also responsible for the reseting of the cachs upon power-up, which is ac¢-
complished with a low pulse on the RESET Input of the TMS2150. Aftar reset, no matches will 6ecur at any locations until
that location has heen written,

A
<‘ £0.07 J>
38
BUFFER E
Ay ; * .4 M:‘M“KI]:T
PROCESEOA . ) UPTO
| Q1-Dl DG1-D0¢ 3zM BYTES
1Kxd 1K x4
RAM BAS
AD-AD A0 - AD
[
LI 100
AD - 2D AD-AD A
TAD-AZa )
A1-A 5 JA0-ATR gy AT gy A1T-AZS
8 r —
D0~ D8 (3] DO -D07
AD-A8 AD-AQ "
TMs$2150 TM$2150
M —L r F
T - ,
1
_CONTROL
(RESET, W, FEI

BLOCK SIZE = 2

FIGURE 4 — CACHE MEMORY CONFIGURATION
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In the example shown in Figure 5, the expansion of the cache RAM is carried out in hoth depth imore sets) and width {wider
tagl. The block size has been chosen as one such that the 1K cache now represents 1024 blocks of one word each. The
high order addresses are still used as the label to the tag RAM but now A9 is used to select between two TMS2150 pairs
each containing labels for 512 of the cache memory blocks. Addresses lines AQ — A8 are thus used as the set address
inputs, If the chip select (S is at logic one {deselocted), the TMS2150 match output {M} is high, se an AND gate can he
used to enable the cache date buffers and also to notify the contral circuit if access needs to be made into the main memory.
The logic for this system is shown so that the upper pair is compared for the first 512 blocks within cache and the iower
pair is compared for the second depending on the state of zddress A9.

MATCH OUTPUT TO
HUFFEA ENABLE

AQDRESSES TO
CACHE BUFFER RAM

10
AD- A
2-49 MAIN
PADCESSOR AD—A24 MEMORY
29] | ac-azs a10-A16 A0 - AR ATF-AZ4 UP TO
a ¥ 32M BYTES
. - —
Te 7 L0 -D7
AR- AR
TME2 150 Mz
H

TMS2150 M4

! uonewsoyu] suonexddy
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FIGURE 6 — CACHE MEMORY CONFIGURATION
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A dual cache structure (K = 2} is shown in Figura 6. The 1 megaword main memory is divided into 1024 sets of 266 four-
word blocks. In this example, AD and A1 are used to select which one of the four words within a block are accessed, and
A2 — A10Q select which of the 512 block labels are to be compared. Addresses A12— A19 farmn the eight-hit label for the
block. Address A11 is used by the cache contral logic In conjunction with the possible processor status lines as chip select
inputs, The match outputs from the two TMS2150s A1 and A2 are NANDed to form an active low enable to the cache data
buffers and to serve as request ta the cantrot logic. The match cutputs from B1 and B2 also are NANDed to perform a similar
function for cache RAM B. if no match is found in cache RAM A gr B, the contro! lagic will initiate an access from main
memory. The purpose of the dusl cache architecture is ta allow for rapid switching between multiple tasks ar programs since
the processor can have access to one cache while the controllar moves data between main memory and the other cache. The
dual or multiple cache approach also yields more replacement options than the single cache architectura. When an access
rasults in a miss in the single cache system, the data in cache is replacad by the current data even thaugh the old data may
still be useful. By using “independant’’ caches, the control can determine which data is most expendible and replace that
black while the othar caches keep thair potentially usaeful data.

Cache memary architecturs can enhance the throughput of many microprocessor systems, allowing large, low-cost memory
to parform like high spaed RAM. Tha TMS2150 reduces tha tag memory implamantation cost and complexity and provides
label comparison timas comparible to the access times of high-spaed memories. Thesa additional benelits maka high-
performance micropracessor designs that can wtillze the same techniques of optimizing costfmemary sizefthroughput that
had previeusly bean found only [n larger computer applications,

MOS Memory
Applications Enginearing
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FIGURE 6 — CACHE MEMORY CONFIGURATION: DUAL CACHE (K=2)

9-91

i Applications Information



Applications Information

9-92



HIGH DENSITY ROMS
IN CONSUMER GAME SYSTEMS

This application report will introduce the reader to the op-
tions available with the TI high density ROM family. Two
chip select options have been implemented for these devices:
a standard addressing scheme and a bank select option that
divides the device into 8K banks. The bank select versions
will allow the higher density ROMs to work with most of
the game systems now on the market even though the systems
will not directly address 16K of memory.

Most of the garne systerus on the market use a 74138 one-
of-eight decoder 10 provide the chip select signals. The ex-
ceptions to this use a similar method for generating chip
sclects and this discussion is applicable to them. Since most
of the systems used for games do their chip select decoding
in 8K byte blocks, the 8K bank select architecture is ideal
for systems that bave restricted address space.

The bark select ROM (FMS547128) is put into the system
with the bank select lines connected to the appropriate system
chip select outputs (see Figure 1). These systems will only

have one chip select active at a time, If the bank sclect in-
pits of the ROM are programmed active low, the device out-
puts will be tri-stated unless one of the system chip selects
is active. This allows the chip selects of the ROM to be tied
active and let the bank select inputs control the accessed bank
and output impedence. Most of the memory accesses in a
game system will be to ROM so having the device active
all the time will not significantly increase system current con-
sumption. In fact the system may operate more reliably due

" to the lack of current spikes caused by powering the ROM

on and off.

The limiting factor in most game systems on the market
is the lack of ROM address space. By providing a family
of high density ROMs with the bank select feature TI has
given these games extended capabilities and the software of-
fers the opportunity to write more colorful and complicated
Programs.

MOS Memaory
Applications Engineering

E—

+6 ¥
AO-A12
51
§B1
. 52
582
E/S3
TMS47128

Figure 1. Game System/TMS47128 Interface
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LOGIC SYMBOLS

EXPLANATION OF NEW LOGIC SYMBOLS
FOR MEMDRIES

INTRODUCTION

The International Electrotechnical Camrission {IEC} has heen developing a very powerful symbelic language that can
show the refationship of each input of a digital logic circuit to each output without showing explicitly the internal
logic, At the heart of the system is dependency notation, which will be partially explained below,

The system was introduced in the USA in a rudimentary form in IEEEfANS! Standard Y32,14-1873. Lacking at that
time a complete development of dependency notation, it offered little more than a substitution of rectangular shapes
for the familiar distinctive shapes for representing the basic functions of AND, OR, negation, ete. This is oa longer
the case.

Internationaliy, YEC Technical Comrmittes TC-3 has prepared a new document (Publicatian 617-12) that will consolidate
the origing! work started in the mid 1960's and published in 1972 {Publication 117-15) and the amendments and sup-
plaments that have followed. Similarly for the USA, IEEE Committee SCC 11,9 has revised the publication IEEE
Std 91/ANSI Y32.14. Texas Instruments participated in the work of both organizations and this 1984 Edition of the
MOS Memory Data Book introduces new lpgic symbols in anticipation of the new standards, When changes are made as
the standards develop, future aditions of this book will take those changss into account.

The following explanation of the new symbolie tanguage is necessarily brief and greatly condensed from ‘what the
standards publications will finally cantain. This is not intended to be sufficient for thase people who will be developing
symbols for new devices, It is primarily intended 1o make possible the understanding af the symbols used in this book.

EXPLANATION OF A TYPICAL SYMBOL FOR A STATIC MEMORY

The TM5 2114 symbol will ba explained in detail, This symbol includes almpst alt the features found in the others,
Section 4, Disgramatic Summary, should be referred to while reading this explanation,

By convention all input lines are located on the left and cutput lines are

THE 218 located on the right. When an exception is made, an arrowhead shows reverse
2o B! . f. 1o signat flow. The inputfautput lines (D1 thraugh DQ4} (lustrate this.
UL — The palarity indicator t= indicates that the external low level rausss the
ap internal 1 state (the active stata} at an input o that the internal 1 state causes
A3 13) the external low fevel at an output. The effect is similar to specifying positive
an St o - logic and using the negation symbo! o
sz Aoz The rest of this discussion concerns features inside the symbol outline. The -
&} address inputs are arrangad in the order of their assigned binary weights and -6
PEpLLL | the ranga of the addresses are shown as A'—R—where m is the decimal equivalent 10
a8 of the lowest address and n is the highest, The inputs and outputs affected by E
AL j these addresses are designated by the letter A, pr
E'—!E'—ﬂ- 1] The lettar 2 followed by a number is used 1o transfer a signa! from one point e
w9 ven reant in 2 symbo! ta another, Here the signal at output A,23 transfers ta the 3at BN
‘ =_-|1cz WRITE) the left side of the symbol in order to form an inpat/output port. The A 3
— - means the output comes from the storage location selected by the address
pat 114} ATD nZs inputs,
a3 V3 _ T The " symbol designates a three-state output. Thres-state outputs will always
a2 be controlied by an EN function, When EN stands at its internal 1 state, the
uuz-t-lz-'t-l-— ocutputs are enabled. When EN stands at its internal O state, the three-state
DM—Q&*—- outputs stand at their high-impedance states.
TEXAS INSTRUMENTS 10-1
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Since the boxes associated with DQ2Z, DQ3, and DO4 have no internal qualifying symbaols, it is to be understoad that
these boxes are identical to the box associated with DQ1T,

Any D input is associated with storage. Whatever internal state is taken on by the D input is stored. The letter A (in
A, Z3] indicates that the state of the D input will he stored n a cell selected by the A Tnputs. If the D input fs disabled,
the storage element retains its content.

Various types of relationships between ports can be indicated by what is called dependengy notation, 4 letter indigating
the type of dependency {e.9., C, G, Z| s placed at the affecting input {or cutput) and this is followed by a number,
Each affected input {or output) is labeled with that same number, The Z symbol explained above is one form of
dependency notation, Several other types of dependency have been defined but their use has not besn anticipated in
this book.

The numeral 2 at the D input indicates that the D input is affected by another input, in this case a C input {i.e., 1C2).
When a C input stands at its internal 1 state, it enables the affected D input(s}. When th_e C input stands at its internal
0 state, it disables the D inputis} so that it (they! ean no longer alter the contents of the storage element{sl,

The C input Is itself affected by another input., The numeral 1 in front of the G shows that a dependency relationship
axists with a G input. The letter G indicates an AND relationship. When a G input stands at its internal 1 state (Jow in

this cass), the affected inputs {EN and C2 here} are enablet. When the G input stands at its internal Q state, it imposes
the O state on the affected inputs, .

Pin 10 has two functions, 115 function as a C input has just been explained. Mote that for the G input function to stand
at its 1 state, gin 10 must be [ow and pin 8 must also be low. The other function of pin 10 15 as an EN input. This
controls the 3-state cutputs, This EN input is also affected by the AND refationship with pin 8 so for the EN function
to stand at its internal 1 state {enabling the outputs), pin 10 must be high and pin B must be low,

l.abels within square brackets are merely supplementary and should he self-explanatory,

CACHE ADDRESS COMPARATOR
The black diagram for the TMS 2150 uses the RAM symbol {explained in Section 2} and also the following:

1 Buffer without special amplification. If special amplification is included, the
numeral 1 is replaced by [,

2k
I
] Even-parity element. The output stands at its 1-state if an even number of
4 inputs stand at their 1-states. :
{

2k +1
| Odd-parity element, The output stands at its 1-state if an odd number of in-
| — puts stand at their T-states,
| NOTE: TMS 2150 uses ane of thase to generate even parity by adding the
- output as a ninth bit,
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4. DIAGRAMATIC SUMMARY

INPUTS

Activa H [bigh)
Active L {low)

———>  Active on L-to-H transition

—abs Active on H-to-L transition

INPUT/QUTPUT
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L _ —
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et —
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Open-Cirewit {H-type) ¥
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LOGIC SYMBOLS

5.
5.1 THE TMS 4116 SYMBOL
T™S 4116
RAM 16K X 1
oy
A0 :i: 20D7/21D0
Al (6}
A {12} i]
A L
4 {11} < A16383
5 {10}
AG {13} | 20013/21D8
L\ ¢20 [ROWI
@ G23/[REFRESH ROW]
RAE 24 [PWR DWN]
= C21 {COL]
G24
m“ﬁ) P
[» 23C22
w2 23210 | HEN .
D 2 A22D AV p—m
5.2 ADDRESSING

EXPLANATION OF A TYPICAL SYMEOL FOR A DYNAMIC MEMORY

The TMS 4116 symbol will be explained in detail for each
operating function, The assumption is made that Sections
2 and 4 have been read and understood. While this symbol
is compiex, so is the device it represents and the symbo!
shows how the pant will perform depending on the se-

quence in which signals are applied,

Q

The symbol above makes use of an abbreviated form to show the multiplexed, tatched addresses. The blocks reprasent-
iy the address latches are implied but not shown.

20D07/2100

lo

> A

a

16383

20013/2106 )
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LOGIC SYMBOLS

When HAS goes low, it momentarily enables (through C20, P indicates a dynamic input] the D inputs of the seven
address registers 7 through 13. When CAS goes low, it momentarily enables {thraugh C21) the O inputs of the seven
address registers 0 through 6, The outputs of the address reqisters are the 14 [nternal address lines that select 1 of

16,384 cells.

53 REFRESH

RAS —Lb5] [REFRESH ROW]

54 POWER DOWN

RAS —3 24 [PWR DWN]

Whan RAS goes low, row refresh starts, 1t ends when HAS goes high. The
othar input signals required to carry out refreshing are not indicated by
the symbol.

CAS is AND'ed with RAS {through G24) 30 when RAS and CAS are bath
high, the devics is powered down.

CAS G524
55 WRITE
AAs £l 23 By virtue of the AMD relationship between CAS and W {explicitly shownl,
when gither one of these inputs goes low with the other one and RAS al-
CAS —I o & » ready low (RAS is AND’ed by G23), the D input is momentarily gnabled
L N 232 {through C22}, 1n an “early-write" cycle it is W that goes low first; this
causes the output to remain off as explained below,
D =——— 4,22D
56 READ
- The ANDed result of RAS and W {produced by G23) is
cAS _ﬁ b Ll clocked inte a lateh (through C21) at the Instant CAD goes
G24 low, This result will be a 1" if RAS is low and W is high.
RAS G623 The complement of CAS is shown to bz AND'ed with the
_ guiput of the latch {by G24 and 24}, Therefore, as long as
w 23,21D I?HEN CAS stays low, the cutput is enabled. In the “early-write"
AVE—a cycie refarred to above, a 0" was stored in the latch by W
baing low when CAS went low, so the output remained
disabled, K
[=]
€
M you have guestions on this Explanation VEEE Standards may be purchased from: -
of Mew Logic Symbols, please contact: . . . L2
Eadd please contad Institute of Electrical and Electronics Engineers, Inc, 0
F.A. Mann M5 49 345 East 47th Street o
Texas Instruments incarporated Mew York, M.Y. 10017 3
P.0. Box 226012 . . .
Dallas, Texas 75265 lrsjt;ri::::n:al EIec;rmich:lcald(?fumrﬁlssmn {]=e]
Telephone (214} 8052867 P ons may be purehased from:
American National Standards Institute, Inc.
1430 Broadway
New York, N.Y, 10018
TEXAS INSTRUMENTS 105
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MECHANICAL DATA

ueneral

Electrical characteristics presented in this catalog, unless otherwise noted, apply to device typels) listed in the page
heading, regardless of package. Factory orders for devices described should include ths complete part-type numbers
listed on each page.

MOS NUMBERING SYSTEM

EXAMPLE:
TMS 2114L -45 N
4
Uni Product
T1 M35 Prefix .n'que rodue Speed Range
Max Access
TMS Commercial MOS — 4 4bnps 20 200 ns FP Plastic Chip Carrigr E ~40°Cto 80°C
SMJ Military MOS - & 55ns -25260na J Cerpakilerdip L 0% w J0°C
- 7 70ns —30 300 ns JD Side Braze M -55°C o 125°C
—13 100 ns -35 350 ns  MC Chip-on-Board 5 -55°Cto 100°C

—12 120 ns —45 450 ns N Plasuc DIP
—-15% 150 ns :

Tinglusian of an “'L* in the preduct idaruticausn ncicates the device operaies at [ow power.

manufacturing infarmation
Dia-attach is by standard gold silicon eutectic or by conductive palymer.

Thermal compression gold wire bonding is used on plastic packaged circuits. Typical bond strength is 5 grams. Boand
strangth is monitored on a lot-to-lat basis. Any preseal bond strength of less than 2 grams causes rejection of the
antire lot of devices. On hermetic devices cither thermal compression or ultrasonic wire bonding is used, Al hermetic
MOS5 LS| devices produced by Tl are capable of withstanding 5 X 10~ 7 atm ccisec inspection any may be screensd
to 5 X 108 atm cefsec fine leak, if desired by the customer, for special applications.

All packages are capable of withstanding a shock of 3000 g. All packares are capable of passing a 20,000 g accelers-
tion {centrifugel tost in the Y-axis. Pin strength is measured by a pin-shearing test. All pins are able to withstand the
application of a ferce of § pounds at 457 in the peel-off direction.

dual-in-line packages

A pin-to-pin spacing of 2.54 mm (100 mils) has keen sclected for standard duak-in-line packages (both plastic and
weramich.

Tl uses three types of hermetically sealed ceramic dual-in-ling packages: cerdip, cerpak, and sidebrazed. The cerdip
and cerpak packages have tin-plated leads. The sidebraze package has gold-plated eads. The plastic package may
have tin-plated leads, B340 solder-plated leads, or 6(HA0 hot-selder-dipped-finished-leads.

chip-on-board

Tl will bond some MOS memary circuits {particularly ROMSs) directly to a printed circuit board specified hy the customer.
This custam packaging technique for consumer applications utilizes a plastic sealant molded over the silicon directly
mounted and uitrasonic wire bonded to a printed circuit board. Board material as well a3 dimensions are specified
by the customer. :

-

Texas
INSTRUMENTS

POST OF FICE BOX 275012 # DALLAS TEXAS 19265

H Mechanical Data

s
[
ary



ks

eleq] {ediuBydoly

—t
-

MECHANICAL DATA

All measurements are given using both metric and English systems. Under the metric systerm, the measurements are
given in millimeters; under the English system, the measurements are given in inches, The English system measurements
are indicated in parentheses next to the metric,

ceramic packages — side braze {JD suffix)

B MAX
N
. C NOM
INDEX
MARK
(DOT, THIANGLE
OR NUMBES
€ .. € 0,508
0,025 ,
'”?:o?a:m"‘ (OM%UI N [——1.?13 {0.070) MAX
: : 5,08 (0.200) MAX
BEATING

|
| 850

1059
0,279 0,076 |l
{0,011 £ 0.003)

~ PLANE _1‘_‘

PIN SPACING —! L—
2,54 10.100) NOM

3,175 {0.125) MIN

ea

11-2

0.457 £ 0,076
{0.018 £ 0.0D3)
PINS
DIM, 16 18 20 22 24 24 24 40
A+ 0025 7,62 762 762 10,16 162 16,24 16,24 15,24
{20,010} 10,3001 | (0.300) | 10.300) | {0.40Q) | 0.200] | (0.600) | (0.600) | {0.600}
BIMAX] 2057 2311 25,65 27,94 30,88 32,77 3584 5.3
{8100 | {09107 | 1.0 | 61,700 | 11.295) | (1.2800 | {1.415) [ {2.020}
CINOM] 7493 7433 7432 16,03 7.493 1511 1511 1511
[0.295) | {D.29%) | 0.295) | {0,335) | (0.295} | (0.595) | {0.595) | {0.595)
184
Texas
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MECHANICAL DATA

geramic packages — cardip/300 mil cerpak {J suffix)

pt——————————— EMA ——————

N -
CArArar 1 rm e ararar 3

NN I I N I N [ N N O I W

g ¢ 1 ™ 1,143 10,045} MAX
5ea Note h)
A
[ | .
Ll MiN
0,381 (0.015) 508 .20
| MAX
SEATING PLANE JE—
o —
55"
— ¥ aa7100z8
___l 0,279 + 0,078 MIN
{0,011 + 0.003)

178 {OWU' P|N SPACING

0A5T - 0,076 MAX 2.54 (0100)

{6.078 + 0.003} NOM
PINS
o &3
o 15 18 20 2

8.255 | 8255 | 256 | 8255

AtMAR w0375 | 10,3251 | 10,3251 | t0.325)

1956 | 2286 | 2438 | 3200

BiMAX) {0.770} |i0:8001 | (0.9601 | (1.260)

7,605 | 7.545 | 7645 | 7,645

CiMAX) 10.301) | 10,301} { 10.301) | (@.301)

* Dimensions A, B, and Care applicable for both 16-pin cerglp

and carpak.
MNOTES: a, All dimansions are shown in milti and ically ®
! in incheg, Milllmater dimensions govern. Al
b. Cerpak only. S
—
m
o
—

H Mechan

B4

-

—_
]

w

Texas
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MECHANICAL DATA

ceramic packages — 600 mil cerpak [J suffix)

[ B MAX |
v |

O WM rar e 1011 T

I
CMAX
B
q;_ N N A A N N S N ) T
A ' 12,7
MAX _.i {0500}
NOM
I 1
[ ]

L 5,588 (0.220) MAX
v
—J [3,175 {0.125) MIN

r—— 0,836 {0.033] NOM
1,778 10,070} MAX

81 (0.015) MIN
n 0381 ) 3

—— SEATING PLANE -

o i
0,279 £ 0.076 0,457 2 0,076 ~| |- F—-l—‘
{0.011 £ 0.003} (0.018 * 0.003)

FIN SPACING
2,54 {0.100) NOM

! BlR( |esiueydapy

o PINS 24 . 28
A MAX) (2}%22! i;,séggl
B (MAX) 350 | (1400
C (MAX) {:),Eé?oa islsésgl
TEXAS
INSTRUMENTS

POST QFFICE BOX 225017 & DALLAS TEXRS 75245
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MECHANICAL DATA

plastic packages (N suffix}

[ ——8 MAX
N——— e —

1 Y Y s Y o o 9 i O W

EITHER
OR BOTH v/
[3 ¢ INDEX MARKS S I ) N I I I S O S
A 1T ———
MAX
— T
0.508 {0.020) MINy 5,08 (0,200) MAX
; 15" SEATING PLANE
¥ LD i
0.279£0,076 ~J— DAST + 0,076 —~| |- — 0,838 {0.033) NOM
2,54 {0,100} NOM
oI FINS 16 18 20 22 24 28 40
A MAX) 8,255 | 8,255 | 8,255 | 10,80 | 1588 | 15,88 | 15,49
{0.325} | (0.325) | {0.325) | (D.425) | {0.625) | (0.625) | (0.61)
B (MAX) 22,1 23,37 | 27,18 | 28,45 | 32,26 | 35,58 53,1
{0.970} | 10.920) | (1.070) | (1.1200 | 11.270) | {1.440) | (2.090)
C MAX) 6858 | 6,858.1 6,858 | 9.017 | 13,97 | 1397 | 13,97
{0.270} { {0.270) { {0.270) | (0.355) | (0.550) | (0.550 | (0.550)
D (MIN) 3,175 { 3,175 | 3175 | 3,175 | 2,921 | 2,921 | 3175
{0,125} | i0.125) | (0.125} | {0.126) | (0.115) | {0.115} | {0.125)

H Mechanical Data
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MECHANICAL DATA

ceramic chip carrier package {FE suffix}

A

Bl
17_16_15 14 13

¥
138 12
19 i
20 10
21 9

B2

A2 |2 8
23 7
24 &
25 5
26){ INDEX CDRNER—\\J 4

TN

1,14 [1.045)
.88 (0.035)
3 CORNERS

1.14 19.045} } e

0,89 [(1.435)

0,64 (0.025)
™ fl 0.38 [0.015)

! BleQ {RIURYIAWN

—

—_
1

(>

1,40 10055}
T.737{0.045}
F 1,27 (0.05)
0,71 10.028)
0,56 10,022}
NUMBER Al AZ - mn B2 g2
OF
TERMINALS MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
28 8,76 9,02 13.84 14,10 7.80 7.95 12,88 13,03 1,66 2.m
{0.345) 10.355]) 10.545]) 10.55%) {0.307) {0,313 0.507) {0.513) {0.0&65]) 10.079)
az 11,30 11,56 13,84 14,10 10,34 13.03 12,88 13,03 1,85 2,0
{D.445) [G.456) 10,545 10,565} {0,407} [0.513) 10.607) {0.613) {D.DE5) {0.078)
Texas
INSTRUMENTS
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MECHANICAL DATA

ceramlc chip carrier package (FG suffix}

7,49 {0.295)
- 7,24 {0.2B5)
6,86 {0270
¢ 6,50 {0,260) '
11109 4
’ [
y "
12 7
13 [
10,41 |8.410}
10,16 {0.400)
14 5
10,92 {0.430}
15 4 10,67 {0.420)
15 3
\, Il

{1,40} 0.055 '
10,99] 0.039

0,76 10.030)
0,56 10.022)

¥

2,29 {0.020
1,88 (0.073

&
)

1.2¢ IO,[‘IBD)—’I |‘- ..{ I.‘_g.;g Egggg}}

1.85 10.073]
1,65 {0.061)

H Mechanical Data
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MECHANICAL DATA

plastic chip carrier package (FP suffix}

-

—_
1

o]

8,31 10322 .,
805 10.317)
. 7,34 10,289}
r 7.4 10.2811
1 | e | | o I |
I - B
[ 12 7 ]
e aen 0,586 {0.027)
11,61 [0.457} [ 13 " l] gm0
[ 14 INDEX CORNER D
10,50 {0.429)
10,69 10321}
[ 45 INDEX GOT 4 ]
[ 16 a ]
—SEATING PLANE
17
LT I_J_L:_I I_I 351 [0.134)
3400.134)
2,20 (0.050)_|
TYP | 112 [0.044)
0,757 {0.029) Max
§.635 (0.0251 t"
i-‘..h N
l'.
1
1
1,27 19.050)
TYR 0.762 [0.030)
TYe
[}
1,50 (0.0625}
1.49 {0.0585) 0,432 (0.017) H
—_— ™ 'y
BJ
L L) 1 @_—
TeExAs
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Texas Instruments
Semiconductor Technical Literature

Overview of 1EEE Std. 91-1984,
1984, 32 pages.

A briet condensed overview of the
symbolic language for digital logic
circuits by the [EEE and the 1EC
Technical Committee TC-3 incorpo-
rated in TEEE Sud. W1-1984,

TTL Data Book, Yol. 1, 1984,

336 pages.

Praduet guide for all 11 TTL
devices, functivnal indexes, alpha-
numeric index, and peneral
information.

TTL Data Beck, Yol. 2, 1984,

1392 pages.

Detailed specifications and applica-
tion information on the T1 family of
Low-power Schatlky (L5). Schottky
(5), and standard TTL logic devices.

TTL Data Book, Vol. 3, 1984,

792 pages. )
Detailed specifications and applica-
tion information on the T1 [amily

of Advanced Low-power Schotiky
(ALS} and Advanced Schottky (AS)
logic devices.

TTL Data Bok, Vol. 3 Supplement,
1984, 255 pages.

Adds to the detailed specifications
of AS and ALS logic devices with
data on 31 oew [unctions, applica-
tions information, system design
guidelines. errata data and a fune-
tional index of all T1 bipotar digital
devices.

TTL Data Book, Vol. 4, 1984,

416 pages. :

Dretailed specitications and applica-
tion information on e T family of
polar field-programmable logic
(FPL), programmable read-only
memaories {PROM), vindom-aceess
memories (RA MY microprocessors,
and support drcuits.

TTL Data Book, Vol. 5, 1984,

430 pages.

Detailed specifications and applice-
tion information on additional L3I
special functions that add w AS.
ALS, and LS Tamilies. Includes 8-
bit bit-slice devices, FIFOs, EDAC,
memary mapping umts, and 8, 9.
und 10-hit registers.

High-speed CMOS Logic Data Book.,
1984, 00 pages.

Detarled specitications and applica-
tion infornuition on the T family of
High-speed CMOS logic deviees.
Includes product selection guide,
glossury, and ajphanumeric index.

Linear Circuits Data Book, 1984,
520 pages.

Detailed specilicarions on opera-
tional amplifiers, voltape
camparators, sollage regulators,
data-ucqguisition devices, a/d con-
verters, timers, switches, wnplifiers,
und speciul functions. Includes
LinCMOS ™ funglions, Contains
produet guide, inerchangeability
guide, plossary, and alphanumeric
index.

Interface Circuits Data Book, 1981,
700 pages.

Includes specificutions wnd applica-
tions information on TTL logic
interfuce circuits, as well us prodoet
profiles on the line drivers/receivers
andd peripheral drivers,

Optoelectronics Data Book, 1953,
480 pages.

Contains more than 300 device
types representing tradifional
oproelectronics (IREDs, LRI,
detectors, couplers, and displaysh
special components (avalanche,
photodiodes, and tramsimpedunce
umplifiers). Aber optic components
(suurces, detectors, and intereon-
necting cables), and new image
sersors (linear and areys).

MOS Memory Data Back. 19584,

456 pages,

Ietuiled specificationg on dyowmic
RAMs. static RAMs. EFROMs,
ROMs. cache address comparaturs,
and memory contiollers, Comtins
product peide, inerchangeabilin
guide. glossary, und alphanumeric
index. Also, chupters on testing and
reliability.

TMSTOE Family Dala Manual,
[983, 350 pages.

Cretailed specifications and applica-
tron information on Ts family of
microprogrammable 8-bit micro-
compulers. Includes architecture
description. device opuration,
instruction set. electrical charie-
teristics, and mechanical data.
TMSTO0) microcomputers include
versions in CMOS and SMOS and
with an-board UART,

TMBxxxxx Microcomputer Data
Manuals

These manuals contain detailed
specilications and application infor-
mation on specific TMSxxxxx
mucrocemputers and peripherals,
Lnclude architecture description,
device operation, instruction sct,
elerrical characteristics, and
mechanical data.

Assembly Language

I'rogrammer’s Guides.

TMS32010, 1983, 160 pages.
TRISSOOO0, 1963, 322 pages.
TRISTOO0, 1983, 160 papes.

Inchude general programming
information. assembly instructions,
ussembler directives. wssembler vuot-
pul, and application notes,

TMSI20M User’s Guide, 1984,

HH) pages,

Dretailed application infurmation on
the TMS32010 Digitat Signal Pro-
cessor, Detanled reference manual
on use of the TMS320 instruction
set. Dty sheels included.

Fundamentals of Microcomputer
Design, 1952, 584 pages.

University textbouk. Subjects
include microprocessors. soflwate,
NStruehion sets, microcumputer pro--
gramming. high-level fangoages,
hardware features, microcomputer
memory, and 170 design. A design
example 15 included.

See Next Pape for Additional
[nformation




Texas Instruments
Semiconductor Technical therature

Understanding Series™" Books

The Undesstanding Series books form a library written for anyone who waats to learn quickly and easily about
tadays 1echnology, its impact on our world. and its application in our lives. Each book is written in bright, clear.
down-to-garth language and focuses on one aspect of what new in Woday electrontes. Engineering concepts and
theory are explained using simple arithmetic. Technical terms are explained in laymans lunguage. 1deal for self-paced,
individualized instruction, Currently 14 different titles in the series,

Understanding Series Titles Stock No.
Understunding Automation Systems, Second Cdition ... .. ool P LCBY#472
Understanding Aulomotive Eléctronics, Second Edition LCBHA75

Understanding Calculutor Marh ..., LCB3321
Understanding Communications Systems, Second Edition ... o oo o0 o o i ann 1.CBR474
Understanding Computer Science, Second Edition ... ooy e LCB#452
* Understanding Duta COMMURICAIONS .o ou i rin i i e as et e st e e e LCBHAY3
Understanding Dvgital Electronics. Second Edition ... o o oo oo L s LCBRA7]
Understanding Digital Troubleshooting. Second Edition ... ... .o i i it P LCB&473
Understanding Electronic Contral of Energy Systems ..o oo oo e i LCBA6H42
Understanding Electronic Security Systems oo i e e e e e LCB7211
Understanding, Microprocessors, Sceond Edition ..o o o e LCBR4S|
Undemsianding Oplronics .. ... oo o o i e e e e e s LUB3472
Understanding Solid-State Electronics, Fourth Edition ..o L o oo o LCB4453
Understanding Telephone Electronics. Second Edition _ ..o oo o o0 o oo LCBR4s2

Sulid State Electronics Technolagy Bonks

A widde varicly of textbooks spanning the field of solid state electronics — from fundamentals through adyvanced
semiconductor technalogies. Each publication has been written by one or more sutharities on the subject ro bring an
objective viewpoint 1o the matenial. Texts have been carcfully prepared and edited. and numerous diggrams and
llustrations help achieve maximum clarity and understanding. In an industry us dynamic as electronics, it is important
for engineers and technicians 1o keep abreast of the utest solid state wechnologies.

Electronics ‘Technobepry Titles Stock No.
Designing With TTL Integrated CIrctils oo i e e e e s LCBIISI
Digital Integratcd Circuit, Operational Amplificr. and Omoelecrronic Cireuit Desipgn ..o o oo 0L LCBRZ4M
Electronic DHSplays ... o o i i e i e e e e e LCB4481
Electronic Power Control and Digital Techniques ... Lo i e LCB2411
Fundamentals of Microcomputer Design ..o i e e, MPB30A
Handbook of Semiconductor and Bubble Memories ..o o o e LCBRU34
Integrated Circuits: A Basic COUMSe ... Lo i it i o LCBINGL
Integrated Digital EIecironion ..o i o e e e e e LCBH33
Microprocessors and Microcompulers and Swllchln,g Maode Power Supplics ... o LCB4021
Microprocessors/Microcomputers/System Dresipn (HB-B90GFSDB) ... oo il L8535
MOS and Special-Purpose Bi-Polar Integrated Circutts and

R-F Power Transistor Circuit Design o e, LCB2391
MOS/LS!E Design and Application _... .. o e e e e LCB1161
Optoelectronics: Theory and Practice . LCB4360
Power Transistor and TTL Inteprated Circuit Applicitions ... .o o s LCR284 1
PCM and Digital Transmission Systems o i LCRakd]
R-F Power Transistor Citcuit Design .. i e e i LCB23%H
Semiconductor Measurements and IDStTumentabion .. .. o e LCB145]1
16-Bit Microprocessor Systems (HIB-MPBI0AY .. . e LCB7761
Soflware Design for MICroprocessors ... oo on oo s s e e e LCBIEYL
Solid-State CommUmiCEIDNSE . ..o . i i e e e e e e e LCBIY91
Transistoor Circuit DOsiEn Lo e LCBH21

Write for current availability and prices to:

Texas Instruments Infarmation Publishing Cenrer
EO. Box 225012, MS-54

Drllas, TX 75205




TT1 Sales Offices

ALABAMA: Hyntevillg 405, A157530
ARIZONA: Phoenix 602 9951007,

CALIFORNIA Lrring m&) 660 1200
Sacramsnlo 1315| 924-1

Wioadiang Milly {212 T08-F73
COLORADD: Aurara | 303 645-2500
CONNECTICUT: Wallinglord 1203y 263 0074

FLORIDA: Fr. Laudesdala |305) §73-5600,
Maiiland (305 660 4600, Tampa (215 870 5420

GEOQRGIA: Allanla 1424) $52-46H
ILLAWOIS: Arlingten Heéights {212 0402925

IHOIANA: FI Wayna {3420 4245174
Indianapglis [317) 2438553

10WA: Cedar Rapids (3191 395-8550.
MARYLAMD: Ballimore |301) 9448600
MASSACHUSCTTS: Waltham (617) 435 9100
MICHIGAN: Farmingten Hills (313} 553-1300
MINHESDTA: Eden Prairie 4512 825-2300

MISSOUVAI: Kanses City {216) 5232500,
1, Lowls (3141 568 76

HEW JERSEY: 13alin (201) J<0-w1al

NEW MEXICO: Albuguerque |505) 3452555
HEW YORK: East Syracuss 3I55 4630001
Endicoll (637) T54.1300; Mebvillw (516] 464-6500;

Piltslord {7 16) 385.6770;
Foughkeepsle (114) 4732000,

HORTH CARDLINA: Chaslotie 1704) SE7-0030;
Rafeigh ;319 B76-2725.

OH|D: Baachwood (215 464 G100,
Daylan (5131 203-3677.

QKLARIMA: Tuls {9 250-C833.
GREGON: Beaverton (205 6436750,

PEHMNSYLYANIA; Ft Washinglon 1215) B43-EL50;
Caraopolic (412} 171-H40

PUTEATO RISG; Hayo Rey (529) 7536700

TEXAS: Austin (512) 2507655,
Haouslon (713 7786592, Richmdson {314 B30-E0S2;
San Anlonio {512| 406-1779.

UTAH: Murray (#01) 266-6972

VIRGINIA: Feirtea (T) 843- 1400
WASHINGTON: Fedmand {205) 531.2080
WISCONSIN; Brackflald ;a1d) 7357140
CANADA: Napean, Onlario (513) 726 3570;

Richmond HIL, Ontarlo (416) 264.0181;
Laurenl, Guebec (% 14] 3343638

TI Regional
Technology Centers

CALWFORNIA: [rvina {714 502143,
Hulline: (714 66C-B164; Sanla Clara (408) 74B.2220.
Helling: {508) 935-0305.

GEQRAGIA: mlanla (-‘.04] 457 4682,

Helling: {£04) a5,

ILLINGIS: Arlinglen Halghta (317} BP0,
Hilling: {H7) 223 6ICH

MASSACHUSETTS. \ﬁ'allham {EVT} BOC-GRTT.
Hilma: (51T BH-£.

TEXAS: Aichardson 12 14} 6206066,
Hetlina. (2 14) BAC.EO5E.

TT Distributors

TI AUTHORIZED DISTRIBUTORS IN
Usa

Arrcw Electronics
Diplomal Electronics
ESCO Electronics
General Radio Supply Company
Graham Elecirenics
Harsison Equipment Co.
International Electronics
JACO Eloctronics
Kigrulf Electronics
LCOMP, Incorporated
Marshall Industrias
Milgray Elecironics
Newark Eleciranics
Raochester Radio Supply
Time Electronics

A.V. Weatherford Co.
Wyle Laberatories

Tl AUTHORIZED DISTRIBUTORS IN
CANADA

LESCO Elecironics, Ing.
Future Elecironics

ITT Components

L.A. Varah, Ltd.

ILLINGQIS: Arrow (312 3873440,
Diptamat (3124 585 1000; KicrulF 4212) 620 0200;
Marshail (312] 4800155, Nawark [312] B35-d411.

IHDIANA: Indlana oll! Arrow {11T) 233-357;
Granam [(317) 533
|, Wayng: Sraham l?“h 4233422

IGWA: Arrow |318) 3957250,

KANSAC: Kansas Clty: Marshan (913) 492-3121:
Whohila: LCCMP (318} 265.9507

MARYLAMD: Arrow (J01] 247-5200;
Enptomat (301] BI5-1296; Keerulfl {301 616580,
Milgray |301) 7953903

MASSACHUSETTS: Arrow |E17) 933-E130,
Coplomal {617 B356611: KibrulH 517! 667 833t
Marsnoll 1617) 272 8200 Time [E17) 15 BOAD.

MICHIGAN: Detrall: Arrow 1313) 911 -8220;
Marsnall {313) 5755050 Newark (3100 B67-0600;
Grand Repids: Arecw {616} 283-001 2.

MINNESOTA: Arraw (E12) S0 1600,
Kierullf 15121 841.7500, Marshan (512 568-2211

MISSCURL Kansas Cutgé LCLIMP [B161 221-24040
St Louls; Arrow |312) S67-EB33;

Kigrunt 1:314) 7380555

HEW HAMPSHIRE: Arrcw |G03) 6686963

NEW JERSEY: Afiow (204] 575.5300. (679) 596-5000;
Duplomal §207) 7831830,

General Aadio (E09) U54-BEA0; Klamllf 2013 5758750,
(E091 235-1444; Marghan {30 1y 52

16393 2732 4130, (604 235 1444 Mulora.' 1803 9835010

NEW MEXICCH Arrgur |505) 24345667
International Ewdtronics (5050 345.6127

HEW YORK: Long Istand: Arrow {556) 231-1000,
D plowat {318 454-5400; JACO {518) 2735304,
Marshall (S1€) 273-2424; Miigray (516, 4308400,
Ruchesior: Arrow mﬁl 2?5 G0,

tdarshalt (715] 225-

ALABAMA; Aerow (205] BAZ-2730,
Kierulf| (205y BA3AGTO; Marshall 12051 BR1-92355

ARIZOMNA: Arrow (B3] 958 4B0C;
Kierulf 1502y 283-410%; Masshall [E02) D6EE.G151;
wiyle BO2] P49-2232.

CALIFOANIA: Los AngelesiOrange Counly;
Arrg 12131 2 7500 17140 BISSAEE,

Kaeryll* 4243 725.0335, (7141 7571 1;

Marshall {213] B38.6001, (315 442-7200,

m-q GR0-0981; ALY, Weatharfard 17145 634 D600,
(217 BAS 451, (714) 23 1261: Wyle 1213) 322-B100,
471d) BE3 0953; Sacramanta: Arrow (906G 925 Task;
Wele (HE) £38.5282; San DI

Arrow JB19) S65-400C, Kiarull -_619} 27321
Marshall (619] GT-000C, Wyle |615) 5658171

San F(am:isco Bay Mea APICw tA08] 7456600,
(41L) 4ET-4EDH, K ! (402) §7 1 - 26010,

Marshall (4(}5_',] T32- |1E|0 Wyle [408) 7372500,
Santa Barhara: ALY, Weatnerlor 1806] B65-8537.

COLORARQ: Atrow (305} BAG-111
K genllf 13030 790-d444, Wyg |JD:3] asr Fn3

CONNECTICUT: Arrow (20Kl 265-T741;
T ploman {2005 TO7-BG74; Kearull 1205 2651115,
Marshall (20%) 265 3822 Milgray (203) 7350714,

FLORIDA: FI. I.aududale Arrow | 205 7757790
D clamal 4305 874 s2fUI 305K 435 4004,
rlanda: Atrow [305} ?25 14.;0

Kligray (305 GAT-SFAT; Tam

O olomat 4813 223 4514 KIE[UHf 305 ShaAYEs

GEDRGIA Ar-gw (404) 4438252
HirrgHl (404 4470202, Marsha\l (404] 8235750,

TEXAS
INSTRUMENTS

Creating useful products
and services for you.

R Suuply 17163 454 7E0; Syracuse:
Arrcw §315] 652- K, Thplamal {3515) th2. i
Marshalk G07) 754 1570

HNORTH CARDLINA: Arcow (919 8763133,
(919 T25.8711; Kigew il (919} BT2.8410

OHIO: Clncinnatl: Graham (515 7721661,
Cleveland: Arraw [Z16) 245 2
Kierudt 12161 S87-6553; \darshall 1216 24B.1738
C-: umbyg: Grana= (E14) G495-15490

aytan: Acrow (513} 435 5563

0 {517 226- 1133 Kla(ulif 813 4390045,
Marsnall 617] 236k

OELAHDMA: Ar-aw (812) 865- T,
Kaierulf (918 252.7537.

OREGON: Afrow (5031 $82-7690;
wyle |503) B40-ECOD.

PEMNSYLYANIA: Arrow (412) B56.7000,
[215] 92E-1B0G; Gereral Aadio (215} 822.7037.

TEXAS: Auslin Atuw (512} 535-4187;
Hraeull (5121 B35 2090; Marshall (312) 4365654,
Wayle (5127 834-9057, Dallag: Ar'ow iy 3857500,
Infernalional E ectromics |216) 2338323
Kaceylil (214] 345 2400: Matghalt ml; 233 5200,
Wiyle [214) 235-9953;
El Pasg: Inlernational Ebectronica {315) S96-3406;
Houston: Arfow (713) 5304700,
Marshai {7137 THGEGC;
Ha‘nsen Equipment (713) 879-2600;
KimnuHT (F11 530-7030

UTAH: O plomal (350N 485 412
Karulif (201 573512 Wyle Tobn a8y

VIRGINIA. &rcow (BOA) 2620413

WASHINGTON; Arrcw (206} 6434800,
KoarullF (206} 5754430, Wyle (206] 453-8300.

WISCONSING Ao [414) TE4-EA00,
FwrullF [414) TE4-B160.

CANADA: Calgary: Fulure [403) 2546408, Varah
(403 2301235, Edmenten: Fulure (403 485 0074:
Hamilton: Varah (416 551-8311; M. 2
GEAECO 1514 TIN5511 Fobu
ITT Gomipunenis {514y 735. 11:I' !

CEECO |81} 226-6907; Future [513] E20-B313; ITT
Components '613) 226 7ag8, Marah 1515 7268484,
Quebes City: CESTO (418) 6874231, Taronla:
CESCO 1415; BE1-0220; Fuiure (418) 661-5583;

ITT Components ,4 16 620-7971; Vancouve
Fuhore (6041 4342545, wvargn i£04) 473 301
ITT Cor ponents 1604) 270-7505; Winnipag:
arah {2043 6136 on:

Fuhure [403) 28460374 Bl




TI Worldwide
Sales Offices

ALABAMA; Hunterille: 500 Wynn Drwe. Sulte 514,
Hunlsvilta, AL 35805, [206) B3, 5

ARIZONA: Phosnly: B102 N, 2:!«1 Ave, Suite B,
Prognlx, AZ B5021, (602) 995900

CALIFRNLA: Ineiry: 17897 Canwdqnl Fud |, Preing,
CA 32714, (714) GA01200; Sacramenls; 1900 Falnt
West Way, Suite 171, Sacramento, Ch 95815,
g}m 9291521, San D&n 4333 View Fidge
ile 6., Ban Dbuﬂo F2123, E15) 278
Sanin Cler: 5353 Botay Aoss Dr., Santa Clam A
95054, dDg) 830-B000, Tarrance: 13506 Hamiitan 51,
Bidg. &, Suile 1, Forrance, CA 0502, (2133 2177010,
Waodiend Hitla: 21220 Erwin 1., Wondlang s,
Ca D136T, (213) 7087759,

COLORALG: Auroen: 1400 5. Potomac Ave.,
Subte 101, Auror, GO BOM 2, (303: €95-2500.
Pols uT:
Park. Rd., Barneg Indll!trllll Park Wamngroru
CT 06433, (203 26
FLOAIDA: FL Lawderoala: 2763 N.wW. E2ng 5
Fr. Laudardale, FIL -33309 mbl 91218503; Mll
2607 Madilang cenlor Fa . Malttand, FL 32?5?
&05] BEC-4E00, Tam) 50‘0 Kennad)' Eivd,,
Liks 101, Tempa, Flo 33609 {B12) BRC-B420.
GEDAGHA: Atlanie: 3300 Nonheast Expy., Builging 2,
Allanta, GA 0341, (404} £52-4800,

ILLINQIS: Arfmgten 513 W. Algcoguln,
Arhngmn Helghts, L GD% ) Mg .':‘l
INDIARA: FL Wayrie: 2020 Inwood Dr., Ft, \"Iéa)'nl

AN AGE15, (2190 4245174; [ndhia lle; 34
Lgnhuul. Wil J-400, Indiardpodia, 1N 48241,
17) 2488555,

.lvu.

1OWA: Codar Raplds: 373 Colling Ad. NE, Suilé 200,
Cedar Rapids, 1A S2402. 1219 355-9550.

MARYLAND: Baftimoea: 1 Rutharoid P,
7133 Aulherlard Ad , Baltimore, MD 29207,
(301) §L4-B400. :

MASSACHUSETTS: Waltha: 504 Totlen Pond Rd ..
Waltharn, MA 02154, [B17) 8859100,

WICHIGAN: Farmington Hlite: J3737 W, 12 Mlle R,
Farmingtan His, M1 48018, (313) 553-1500.

MINNESOQTA: Eden Praila: 11000 W, P840 St ,
foen Prairiz, MN S5044 [817) B28-5200,

MISSCUR]: Kensas City. BDG0 Ward Phwy, Kansas
Cily, MO 84114, {§18) 523-2500; 5¢. Louls:

T1BE1 Weatllne Industria Drive, St Layly,

MO G3141, 314y 5651500,

NEW JEASEY: laalln: 4B5E LS. Aoute 1 Sputh,
isalln, W OBRM (201} 750-1054

WEW MEXICO: AMlwgu
NE, Albuguarqua, NM a7 EIT 1405] e5-2555.

NEW YORK: Esat Syracuws: 8355 Old Collamer Dr.,
East Syracyse, NY 057, (315 463-9281; Endloghy:
112 Mantizeke ave., P.O. Box 614, Endicotl

NY 12760, (807} 7543900, M.MH.'. 1 Huntinglon
Cuadzangle, Sulta ACE 3] ou 2908, Melvlllg,

| ST} 454, forg: 2851 Clovar 1.,
pmarw. 'NY 14534, {T1E) 33547?0 wmnuh’
285 Soulh Rd., Roughkeepsle, MY 12601,

[ 4?3 -2900,

NORTH CAROLISA: Charcile: B Waodlawn Green,
Woodlawn Ad., Charlplte, NC 28210, (70u4) 3270030,
Ry |?2. gn wonds Blvd., Suits 100, Raleagh,
NG 27625, (919 B78-2725.

QHIO: Beachwood: 2M Commerce Park Rd,,
rachwocd, OH 44122, (215) 4846100, Dayton:
Kinﬁsl%ﬂlg?., 4124 Linden &ye., Daylon, OH 45432,

2320-D Broadbent Phwy

OKLAHOMA: Tulam: 7815 East 63rd Plac
AMemaorial Place, Tulze, OK, T41334, l913} 2500633

OREGOH: Beavarion: 6700 SW 105th 5t Suite 110,
Beaverion, OF G700, 1500) 436750,

PENNSYLVANLA FI. Warhi Innc 260 Nen Yorh Dr..
FL Washington, P 18034, (2

Cormopalle: 420 Ruuaer Hd 1 .ﬁlmon Dfllcs Park,
Coranpalls, PA 15108, l(|2} T71-5550),

PUERTO RICC: Hate Ry Mercant!| le Sldg -
Svita 505, Hala Aey, PR 06613, [B19 18I

TEXAS: Auslin: 12501 Resenrch Bivd,

PO Box 2805, Austin, TX 78720, {512) 260-T658,

Akchardagn: IOO\ E Gampssil Ad.,

Aichargson, TR 75080,

214) S-H)-’SDSZ Hounton: 100 Soul et Frwy.,
uitg 23F, Houston, TX T70, (713 TTa6592

San Anlonte: 1600 Ceniral Pm\way South,

San Antonts, TX 78232, (512) 495-$T70.

UTAN: Murray: 5207 South Grean SE, Sulla 200,
Murray, UT 84107, (BO1) 266-BE7Z.

VIRGINGA: Faitan: 3001 Prosperily, FalrMax, VA
22031, (707) 8451804,

WASHINGTON: Radmaond: 2723 I52nd Ave N E
Bldg. 4, Redmond, Wa B8053, |20E) B2

WISCONSIN: Arookhigld; 450 N Sunn Slope.
Sukta 150, Brookleld, VI 53005, [414) FE5-T14D.

CANADA: Mepear: 201 Moodis Drlve, Mailgrn
Genler, Nopsan, Ontaric, Canada, K2ZHICA,
1 1261970, Richmond Kll: 280 Centre 5t. E..
Ichmond Hill LACAB1, Onlarie, Canada
418) &84-9181; §t, Laureni: Yiits 51. Laurent Cuabue,
60 Trana Canada Hwy., 51, Laurant, Cuebat,
Canada HAE1AT, |814) TH-2535.

AHGEN‘I'INQ. Teras [asirumenis Argenllna
5 M : Esmaralda 120, 15th Floor, 1035 Buents
Alres, ;lmentlna. 14+ 394

AUSTHALIA [k NEW IEAL!ND]: Teuna Inatruments
lusl:arla Lid: 610 Talavera R4, Narth Ayde

Hiw Soulh Walks, Auttrala 31 ls

Ua + BB7112Z; 5th Flour, 418 St. Kilda Aoad,
Maibourna, Vieloria, Auatralla 3004, 03 + 267 n-LEN
E’EI Fnllmzﬁ&h*“ Elizabelh, Soulh Ausiaila 5“2.

AUSTRIA Texas natruments Gesmb H
Inauamestrahe BT, A-2345 BrunniGabirge,

BELGIUH Taus instruments b.Y. Eelglum BA.

Mercura Centre Aahelsira 100 Hul & 12 Fusse,
1130 Brusasls, Qelu-um Q2730.80.
BRAZIL: Teras iastruments Elecironicas oo Brasil

Lida. Aua Paes Lemq, 524.7 Andar Pinhelros, Q5424
Sag Paulo, Brazil, (3136165,

DENMARK. Teras Ingiruments &5, Malratundyal
43E, DK-2130 Herley, Denmark, 2 - 31 74 00,

FINLAND: Texas Ingtruments Finland 0!
Teolusuauaskltu 190 00511 Melainki 51 Fimand, {90t

FRANCE: Texas Insliumenis France: Hasdquariers
2% Prod Pland, BP 05, 06270 Vlllaneuvel tubet,
ﬁﬁ] 204101 Parim Otfica, EP 67 8-19) Avenue
atana-Saulnlar, FA14T Yellzy-Villacoublay,
) 848-0717, Lyon Sates Oflice, L'Ores D' Ecully,
armenl B, Chamin d fa Foraatiare, 3130 Ecylly,
[ﬂ 33-04-40; srrasbour? Lales Dlrlcs La Sebastoml
ual Klwber, 57055 Slr; oz,

22-12-84; Rennax, 2325 Rue du Pults MBuger,
wo Aennga, (99 31-54.85; Toulouse Silas CiNice,
Le Paripcie—g, Chamin du Piged=niet de ka Ceplere,
J100 Toulouss, (61 44-18-19, Margellle Saias Ollice,
Naoilty Parad|g——145 Rug Paradis, 13006 Marseille,

181 372530

]

TEXAS
INSTRUMENTS

Creating wseful produces

and services for you

{Fed Rup

Taxas

It d Gmb!-( b 1,
D-BOS) Frelsing, 08181 + B00; Kurfusralendamm
195196, [ + BE2- 7355 In, Hagen
A3MIbbeIsireass. 10, O4300 Exsen, U207 24250,
Frankturlar Allee 6-8, D-523& Eachbart 1,

DEVIN +43074; Hambuorgeeatrasaa T, 02000
Hamauﬁ T, (40 + 220 ||5-l ¥irzhhoratersirasse 3,

1, 8000 Munich 51, 089+9 1005, Maybachatrabe
11, D-7302 DsHildemn 2-Nalingen, 0711+ S4T001;
Mlxlknrlng 19, 0-2000 Hamburg 60, 040 + 637 + D061
Pasttach 1309, Aoonsirasss 16, D-5400 Koblenz,
1281 + 35044,

HONG KONA (+ PEOPLES REPUALIC OF CHINAY
Tazas Instrumenis Asle Led, Bih Floos, World
Shipping Gtr., Harbour City, T Canlon Rd., Kowrgon,
Hong Kong, 3 + 72211223

IRELANG: Texds Instrumants (reland} Limited:
Brmng Ad, Stlllorgan, County Dublin, Elre,
o1 axdan.

ITALY: Taxas lngtryments Sermicandutian [{alta Spa:
¥inle Delle Sclenza, 1, Ci013 Cittaducale [Riefl),
Naly, G748 §54.1; ¥ia Salarle KM 24 [Palazra Gosmal,
Manterstonds Scalg (Romsl, [1aly, 5+ 003241, Vialg
Eurgpa, 3844, 20031 Cologno Menzese (Milana),

02 2532541; Corno Svirzer a, 185, 10100 Tering, laly,
G171 774548, Via J. Baroza 6, £5980 Bolagna, Maly,
251 355851,

JAPAN: Towas Instruments Asla Lid: 4F Aoyama

, Kl1a Aoyama 3-Chome, Miridta-ku,
2111, Onaka Branch, SE,
Nissha lwai Btag , 30 Imabashi 3 Chome,

Higashi dy, Caks, Japan 241, 0G-204-1881; Nagoya
Branch, TF Dalmi Toyola Wesl Bldg., 1027, Melehl
l-Chumu, Hakamura-ku Nagoya, Japan

454, 052-583-6691

KOREA: Taxas Instrumants Supply Co.! 3rd Floor,
Saman Bld?(., Yuksam-Dong, Gangnam ku,
125 Seoul, Koaz, 7« 462

MEXICO: Texas talruments de Meeica 5.4
Fonignle 118, Mo. 489, Colonka Valiejo, Mecico, D.F,
02300, 567-9200.

MIDDLE EAST: Teass Inatrumanis: Na. 13, 13t Figor
Mannal Bldg , Diplomatic Ares, Manama, P.O, Box
26335, Bahrain, Ardblan Guik, G673 + 274681,

NETHERLANDS: Taxas Instrumanls Hatland B.Y.,
F.O. Box 12895, {Bullawijk] 110¢ CB Amaterdarn,
Zulg-Losl, Hollend 20+ 4502911

HORWAY: Taxax Inelruments Nurw ASE: PR1OE,
Refaiad (31, Oslo |, Norway, [2) 155090

PHILIPPINES: Texas Inateuments Asta Lid.: 141h
Flozr, Ba- Lapanto Brdg AT Fasap ds Roxan,
Makali, Matro Manlia, Bhilippines, 2 « 8182087

E

Texas 3 Equlp,
Elecironico 1I’A:r!u;;m?J Lda.: Aua Eng. 7
Ulrlch, 2850 Mageics Da Maia, 4470

i lglee )

SINGAPORE {+ INDIA, INDUNESIA, MALATSIA,
THAILANDY, Taras instruments Aaix Lid: 12 Lerong
Bakar Batu, Unil 0107, Kolem Ayar industrial Eatate,
Reputlic of Singapgre, T47.2955

SPAIN: Taxas Inalrumanis Ex
Lazarg ﬂaruiano No 8, Magni

4, 5.4 Chloss
15, 1143074 %

Oofpormmn Svulnernluen Bux 30, 10054

Sneckhattn, Swadan,

SWITIEALAND: Texas !n.stmmcnls. inc., Reldstrasse
B, CH-B953 Diatikon (Tuarich] Switzeriand,
T4 T,

TAIWAN: Taxas Instrusients Supply Cor. Roam 903,
205 Turr Hwan Ad.. 71 Sung-Klang Aoad, Talpel,
Taiwan, Republle of Ching, 02 + 521-8321.

UNITED KINQDOM: Texas mslumeanta Limited:
Manion Lane. Bedford, MK41 7PA, England, D234
B74EE; 5l James Houxs, Wellingtor Road Nonh.
Slockpon, SK4 JRAT, England, 1 +442-T163. Bl
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