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President’s Message

Dear Customer:

The exciting future of memory applications is limited only by
ourcollective abilities to make use of the continuing stream of
rapid technological advances. Annual consumption of
semiconductor memory components has already surpassed a
billion dollars per year and will soon cross the two billion
dollar level. Years ago National established the reputation as
a high volume supplier of high quality, cost-effective com-
ponents for the complete range of discretes, linears, optoelec-
tronics, transducers, A/D and D/A, hybrids, large scale inte-
grated memory, microprocessor and logic arrays. We are
pleased to continue our expansion of this broad product line
toinclude the m‘emories you will require in the future.

National is leading the way to higher density memories and
we are the innovators of “the system environment approach to
memory component testing’.*

Our world-wide network of factory representatives, local
stocking distributors, and field applications engineers is at
your service to help meet your needs — just give any of them a
call.

We appreciate your interest in National's products and ser-
vices, and look forward to supplying your present and future
‘requirements.

National Semiconductor
Corporation

Charles E. Sporck
President

* Referto the following page.




MST ™ Program

The System Environment Approachto

Memory Component Testing

The Memory System Test (MST) program is de-
signed to provide our customers with mainframe
memory components that have already been
through the test/temperature processing that the
usernormally implements at the board level.

This program assures memory components of sig-
_nificantly better quality and higher reliability than
that achieved by the usual approach to memory
component testing. MST processed components
have experienced board level environmental testing
over the temperature range of 25°C ‘to 70°C.The
parts are tested 4 separate times with 4 different
test set-ups and 3 kinds of testers (this includes the
final QA electrical testing) which also contributes
to the increased quality.

Specifying MST processing offers you the
following:

m Provides parts that have already operated in a
system environment within system margins at
maximum operating temperature

| Simplifies system checkout and shortens card
burn-in/test

B Eliminates inventory throughput time at incom-
ingtestoratindependent test laboratories

m Eliminates inventory cost and throughput time
at board test and reduces inventory cost and
throughput time at system test

m Eliminates the need for additional burn-in and
testing at independent test laboratories

W Reduces board rework
B Reduces field failures and equipment downtime

m Provides soft error detection during component
processing

m Increases reliability
Theresultis you get higher qualityat lower cost.

Present Capability

The MST process can be specified for all of the
mainframe dynamic RAMs manufactured by
National. Tooling exists for the memory com-
ponents listed here at the time of this printing.

"PartNo. Organization
MM5298 8k x1
MM5290 16k x 1
NMC5295 16k x 1(5V only part)
NMC4164 64Kk x 1(5V only part)
How to specify MST

Contact your local NSC Representative or Sales
Office for afull briefing on your options.
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DP7307 8-Bit TRI-STATE® Bidirectional Transceiver (Inverting). .. .........cccvevn... 9-11
DP7308 8-Bit TRI-STATE® Bidirectional Transceiver (Non-Inverting)........... I 9-12
DP8212 8-Bit Input/Output Port. . ... ... e 9-13
DP8212M 8-Bit Input/Output Port. . ... .o i i i i i e et 9-13
DP8216 4-Bit Bidirectional Bus Transceiver........ et areriieeiaae e aans L. 914
DP8216M 4-Bit Bidirectional Bus TransCeiver. . ...ttt ittt iienanans 9-14
DP8226 4-Bit Bidirectional Bus TransCeiver. .. ...ttt it e i ieieenanns 9-14
DP8226M 4-Bit Bidirectional Bus Transceiver. ...........coiiiiiiiin i 9-14
DP8303 8-Bit TRI-STATE® Bidirectional Transceiver (Inverting)............ e 99
DP8304B 8-Bit TRI-STATE® Bidirectional Transceiver (Non-Inverting). ................ 9-10
DP8307 8-Bit TRI-STATE® Bidirectional Transceiver (Inverting). . . ................... 9-11
DP8308 8-Bit TRI-STATE® Bidirectional Transceiver (Non-Inverting).................. 9-12
DP8350 Series Programmable CRT Controllers. ..........o ittt iiinennn. 9-15
DS8T26A 4-Bit Bidirectional Bus Transceiver. .. ...t 9-26
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DS8T26AM 4-Bit Bidirectional Bus Transceiver. . ..........ciiiii i iiinnenn 9-26
DS8T28 4-Bit Bidirectional Bus Transceiver. . .........c. it iiiiiinannn 9-26
DS8T28M 4-Bit Bidirectional Bus Transceiver. .. .....covitiet i ie i i iiniaennn 9-26
DS1628 Octal TRI-SSTATE® MOS Driver. . . oottt iie et ieee et iiie s .. 916
DS1631 CMOS Dual Peripheral Driver. . ...... ..ot 9-17
DS1632 CMOS Dual Peripheral Driver. ................... [P e 917
DS1633 CMOS Dual Peripheral Driver. . ... ... ..o e 917
DS1634 CMOS Dual Peripheral Driver. . .......ouiiiiiie it e i ie e el 917
DS1644 Quad TTL-MOS CloCK Driver. . .o it e it i e e it e e i e e 9-18
DS1645 Hex TRI-STATE® TTL-MOS Latch/Driver. . ...oovtvie it iiie e eieie s 9-19
DS1647 Quad TRI-STATE® MOS Memory IO Register. . ......oooienein e, 9-20
DS1648 TRI-STATE® MOS MultipleXer/Driver. . ... vv ettt e nnnns 9:21
DS1649 Hex TRI-STATE® TTL-MOS Driver. .. .ooveit e eiiiee e iieieiannan e eannnns 9-22
DS1674 Quad TTL-MOS Clock Driver. ... ... .. oo 9-18
DS1675 Hex TRI-STATE® TTL-MOS Latch/Driver. . ........oiirineiiii e 9-19
DS1677 Quad TRI-STATE® MOS Memory /O Register. .........ccoiviiiin ., .. 920
DS1678 TRI-STATE® MOS MultipleXer/Driver. . . ... it ee e it ie e eeennnns 9-21
DS1679 Hex TRI-STATE® TTL-MOS Driver. .. ..o vvtiei et eee e eeeannns 9-22
DS3615 Bubble Memory FURCtion Driver. .. ... ottt i e it i e e e eeeneens 41
DS3616 Bubble Memory Coil Driver. . ................... Y- &)
DS3617 Bubble Memory Sense Amplifier. . . ... .. i, 4-3
DS3622 Dual Fail-Safe TTLMOS DIVEr. ..o vv e et ettt s e ei e eanenss 9-25
DS3628 Octal TRI-STATE® MOS Driver. . ..o vttt ittt e eaannns 9-16
DS3631 CMOS Dual Peripheral DIVEr. . ... oev ettt e e e e eaenss 9-17
DS3632 CMOS Dual Peripheral DFIVEr: . . ... vvtete et eeeeeaaennn 917
DS3633 CMOS Dual Peripheral Driver. .. ..o iii ittt s i i e it i e e inean e 9-17
DS3634 CMOS Dual Peripheral Driver. . . ... ot i e e as 9-17
DS3643 Decoded Quad MOS CloCK DIIVer. . . oo ot ettt et e e e e iee e e 9-23
DS3644 Quad TTLEMOS Clock Driver. . . ..ot o e e ettt enas 9-18
DS3645 Hex TRI-STATE® TTL-MOS LatCh/DrVer. ... ov v e iiie et iiiie e eeieieeenn s 9-19
DS3647 Quad TRI-STATE® MOS Memory /O Register. . ..covviiviiieniinnnnnnnn 9-20
DS3648 TRI-STATE® MOS MuUltipleXer/DriVer. . ..o ettt iiee e ieieee e ceiieeannens 9-21
DS3649 Hex TRI-STATE® TTLMOS Driver. . . oo it ittt e et e i ee e inein e e ns 9-22
DS3673 Decoded Quad MOS Clock Driver. .. ..o oot i i ie i e e 9-23
DS3674 Quad TTL-MOS CIock DIVET. . ..o ot e ie i e eieinens e 9-18.
DS3675 Hex TRI-STATE® TTL-MOS Latch/Driver. .. ... vviie i, 919
DS3677 Quad TRI-STATE® MOS Memory IO Register. . ......oovveninieeieennnnnn. 9-20
DS3678 TRI-STATE® MOS MultipleXer/Driver. . ... ittt e eeeennnnns 9-21
 DS3679 Hex TRI-SSTATE® TTL-MOS DIiVEr. . . oo v vttt eee e aeens e 9-22
DS16147 Quad TRI-STATE® MOS Memory /O Register. ... ..o vvrviveenrennnnnnns 9-20
DS16149 HEX MOS DIiVer. . . vttt ittt it ittt tannianr e enneeeny. 924
DS16177 Quad TRI-STATE® MOS Memory /O Register. ......... e 9-20
DS16179 HeX MOS Driver. . oot ittt it e it e e e ittt et et ea e eaanns 9-24
DS36147 Quad TRI-STATE® MOS Memory /O Register. . .......coviiiiinieenanen. 9-20
DS36149 Hex MOS Driver. . ... it e it e i en e e 9-24
DS36177 Quad TRI-STATE® MOS Memory O Register. . ......oovvviiinnnennnnnnn. 9-20
DS36179 Hex MOS D Driver. . ......covevvnenen. vttt e i et 9-24
DS75322 DUal TTLMOS DIVer. o oottt it it e it e it e et e ieea e eaenanen 9-25

IDM29705 16-Word by 4-Bit Two-Port RAM/Register File........................... 3-15
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IDM29705A 16-Word by 4-Bit Two-Port RAM/RegisterFile...................... .... 315
INS82851 Bubble Memory Controller. . ....cvvv it ittt et it ce et e eennn 4-4
MM1702A 2048-Bit (256 x8) UV Erasable PROM. . .........coi it iiii i iiin e, 5-1

MM2102A Family 1024-Bit (1024 x 1) Static RAMS. . .. ... . ittt it e ceaaen 1-3
MM2102AL Family 1024-Bit (1024 x 1) Static RAMSs. . . ....... ... it 1-3
MM2114 Family 4096-Bit (1024 x4) Static RAMs. . .......... ... ..o, 1-6
MM2114L Family 4096-Bit (1024 x4) StaticRAMs. .. ...... .. ... i, 1-6
MM2147 Family 4096 X 1 Static RAMS . ... .ottt ittt ite e naaeenns 1-10
MM2147L Family 4096 X1 Static RAMS. . . .. ..ottt ittt i v et it et eananas 1-10
MM2708 8192-Bit (1024 x8) UV Erasable PROM. .. ........ ... .o ittt .. 57
MM2708-1 8192-Bit (1024 x 8) UV Erasable PROM. . ....... ... ittt 57
MM2716 16,384-Bit (2048 x 8) UV Erasable PROM. . .. ... ... ittt i e 512
MM2716E 16,384-Bit (2048 x 8) UV Erasable PROM Extended Temperature Range...... 5-18
MM2716M 16,384-Bit (2048 x 8) UV Erasable PROM Military Temperature Range. .. .. .. 5-24
MM2758 8192-Bit (1024 x8) UV Erasable PROM. . . ... ... ... i it e 5-30
MM4203 2048-Bit (256 x 8 or 512 x 4) UV Erasable PROM................ ... ..., 5-36
MM4204 4096-Bit (512x 8) UV Erasable PROM. ... ...ttt ee it cenene 5-41

MM4280 4096-Bit (4096 x 1) Extended Temperature Range Dynamic RAM............. 1-45
MM5203 2048-Bit (256 x 8 or 512 x4) UV Erasable PROM. ... ....... ... o iiiiinenn, 5-36
MM5204 4096-Bit (512x8) UV Erasable PROM. . ...... ... . it iiiiaen.. 5-41

MM5204-1 4096-Bit (512 x8) UV Erasable PROM. . ... .. it i ieiannn 5-46
MM5213 2048-Bit (256 X 8 or 512X 4) ROM. . ... ... it i e i e 71

MM5214 4096-Bit (512 X ) ROM. . . ...t it i i i ittt et e 7-3
MM5220 1024-Bit (128 x8 or 256 x4) ROM............ P 75
MM5221 1024-Bit (128 x8 or 256 x4y ROM. .. .......... ettt e, 7-9
MM5230 2048-Bit (256 X 8 0or 512X 4) ROM. . ... ... i it i 713,
MM5231 2048-Bit (256 X8 0or 512X 4) ROM. . ... .. it i i i et 717
MM5232 4096-Bit (512X 8 0r1024 X 4) ROM. . ... ... it it it innaaannn 7-21

MM5240 2560-Bit Static Character Generator. . .........oveiiiniin i e nanenanas- 7-24
MM5240AA American and European CharacterFonts..................ccoiieean.. 8-39
MMS5240AE American and European CharacterFonts. ............cciviiiennnnnnnn 8-39
MM5241 3072-Bit (64 X6 X8) ROM. ... ..ot et it 7-27
MM5241ABL American and European CharacterFonts...................covuia.. 8-39
MM5257 Family 4096-Bit (4096 X 1) Static RAMS. . . ..o vttt ci i 1-15
MM5257L Family 4096-Bit (4096 x 1) Static RAMS. . ....... ..ot 1-15
MM5280 4096-Bit (4096 x 1) Dynamic RAM . . .. ... . i it i it ... 1-49
MM5280-5 4096-Bit (4096 x 1) Dynamic RAM . . ... ... ittt iii e e 1-53
MM5290 16,384-Bit (16,384 x 1) Dynamic RAM. . .. ... . ittt i i e i i e 1-55
MM5298 8192-Bit (8192 1) Dynamic RAM. .. ... ... ittt it iiieenanaens 1-61

MM52116 (2316E) 16,384-Bit Read Only Memory. ... ...t i it it iiee e 7-30
MM52116FDW Character Generator. . . .......oviiiiiiii it aniens 843
MM52116FDX Character Generator. .. ... e e e e 8-43
MM52132 32,768-Bit (4096 x 8) MAXI-ROM™. .. . ... . . e 7-33
MM52164 65,536-Bit (8192 x 8) MAXI-ROM™ .. . i 7-36
MM52264 MAXI-ROM™ 65,536-Bit Clocked Read Only Memory..............c..v.n. 7-39
MM54C89 64-Bit (16 X 4) TRI-STATE® RAM. ...ttt ettt e eiea e inannnns 21

"‘MM54C200 256-Bit (256 X 1) TRI-STATE® RAM. .. ..o ii it iiieeinen s 25
MM54C240 (Inverting Outputs) Octal Buffers and Line Drivers

With TRI-STATE® OUIPULS. - . vttt ittt ittt enenns 9-27
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MM54C244 (Non-Inverting Outputs) Octal Buffers and Line Drivers

with TRI-STATE® OUPULS. . ..ottt s ettt ee e 9-27
MM54C373 TRI-STATE® Octal D-Type Latch. . ..ovov ettt e 9-28
MM54C374 TRI-STATE® Octal D-Type Flip-Flop. . .....ccvvvinnnn... e 9-28
MM54C910 256-Bit (64 x 4) TRI-STATE® RAM................... e 2-8
MM54C920 1024-Bit (256 X 4) Static RAM. . ... ... ..o i it et e 2-12-
MM54C921 1024-Bit (256 x4) Static RAM. . . ... ... i e i 212
MM54C929 1024-Bit (1024 x 1) Static RAM. .. ....... .. ..o ittt e 2-19
MM54C930 1024-Bit (1024 x 1) Static RAM. ... ... it i i et e 2-19
MM54C989 64-Bit (16 x 4) TRI-STATE® RAM . .. .. ...t e 2-26
MM74C89 64-Bit (16 x 4) TRI-STATE® RAM.............. e e . 241
MM74C200 256-Bit (256 x 1) TRI-STATE® RAM........... e 2-5
MM74C240 (Inverting Outputs) Octal Buffers and Line Drivers

With TRI-STATE® OUtPULS. ...ttt et ettt e, 9-27
MM74C244 (Non-Inverting Outputs) Octal Buffers and Line Drivers

With TRI-STATE® OUtPULS. . .ottt it ettt et e et eeaines 9-27
MM74C373 TRI-STATE® Octal D-Type LatCh. .. ...vviet it iiiiiiee e e 9-28
MM74C374 TRI-STATE® Octal D-Type Flip-FIop. . ottt ettt i 9-28
MM74C910 256-Bit (64 X 4) TRI-STATE® RAM. . ...ttt et 2-8
MM74C920 1024-Bit (256 x 4) Static RAM . . ... ... .. e 212
MM74C921 1024-Bit (256 x4) Static RAM. . ... .. ..ot i i i e e 212
MM74C929 1024-Bit (1024 x 1) Static RAM. ... .. .. i it i i i i i e 219
MM74C930 1024-Bit (1024 x 1) Static RAM . . .. ... .. oo i i i i e 219
MM74C989 64-Bit (16 X 4) TRI-STATE® RAM . ... .. it 2-26
NBM2256 Bubble Memory. . ..o i 4-5
NMC2114A 4096-Bit (1024 x 4) Static RAM.............. e e e 1-20
NMC2114AP. 4096-Bit (1024 x4) Static RAM................... ... ..., e 1-20
NMC2141 4096-Bit (4096 x 1) Static RAM. . . ... .. i i i et ce e e 1-24
NMC2142A 4096-Bit (1024 X 4) Static RAM . . .. ... it i i i it i iae e 1-28
NMC2142AP 4096-Bit (1024 x4) Static RAM. . .. ... ... i i e 1-28
NMC2148 1024 x4 Static RAM. . . ... i e e e e e e 1-32
NMC2148L 1024 X4 Static RAM . .. ... i i et e i it i eiaens 1-32
NMC2532 32k-Bit (4k x 8) UV Erasable PROM..................... e 5-49
NMC2564 64k-Bit (Bk X 8) UV Erasable PROM. ... ... ... it ens 5-54
NMC27C16 16,384-Bit (2048 x 8) UV Erasable CMOSPROM. ....................... 555
NMC2724 16k-Bit 2k x8) UV Erasable PROM. . ... ... ..ttt i e s 5-61
NMC2732 32k-Bit (4k x8) UV Erasable PROM........coiiiiiin i 5-66
NMC4164 65,536-Bit (65,536 x 1) Dynamic RAM. .. ... ... ittt i eiaans 1-67
NMC4864 64k Pseudo-Static ByteWide RAM. .. ... ... ... ittt 1-35
NMC5257A 4096-Bit (4096 x 1) Static RAM . . ... ... i i e 1-24
NMC5295 16,384-Bit (16,384 x 1) Dynamic RAM. . ... . ... it ii i 177
NMC6132 32k Pseudo-Static NMOS RAM. . ... ... i i it 1-42
NMCB504 4096-Bit (4096 x 1) Static RAM. ... ... it S 2-30
NMC6508 1024-Bit (1024 X 1) Static RAM. .. .. ..ot i e it e e i ce i aeeaeens 2.37
NMC6514 4096-Bit (1024 x 4) Static RAM . . .. ... .. it i i 243
NMC6518 1024-Bit (1024 x 1) Static RAM. ... ... .. i 2-49
NMC6551 1024-Bit (256 x 4) Static RAM. .. .. f e e e e 2-55
NMC6552 1024-Bit (256 x 4) Static RAM. ... e 2-61
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Definition of Terms

The following selection guides as well as the data sheets in this manual include products that represent the state-of-the-art

design and processing of semiconductor memories. These devices had not been released to production at the time this book

was printed. No orders can be placed for these devices without prior approval by National Semiconductor via your local
- National representative or distributor. These products are in various stages of design and/or pre-production. Samples may be
" available as you read this. Contact your local representative or distributor for up-to-date status on product availability.

The individual data sheets show the product status at the time of printing. These classification labels are defined as follows:

Status Product Stage Specifications

PREVIEW Formative or In Design This data sheet contains the design specifications for
product development. Specifications may change in any
manner without notice.

ADVANCE INFORMATION Sampling or Pre-Production This data sheet contains advance information and speci-
fications are subject to change without notice.

PRELIMINARY First Production This data sheet contains preliminary data and supple-
mentary data will be published at a later date. NSC
reserves the right to make changes at any time without
notice in order to improve design and supply the best
possible product.
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Proposed Standard Terminology

Proposed Standard Terminology

This databook includes a new set of symbols. This new
format is a proposed industry standard for semiconductor
memories. It is intended to clarify the symbols, abbrevia-
tions and definitions, and to make all memory data sheets
consistent.

DC Electrical Parameter Abbreviations

All abbreviations use upper case letters with no sub-
scripts. The initial symbol is one of these four characters:

\ (Voltage)
| (Current)
P (Power)

C  (Capacitance)

The second letter specifies input (i) or output (O), and the
third letter indicates the high (H), low (L) or off (2} state of
the pin during measurements. Examples:

VIL—input Low Voltage
I0Z—Output Leakage Current

AC Electrical Parameter Abbreviations

All timing abbreviations use upper case characters with
no subscripts. The initial character is always T and is
followed by four or more descriptors. These characters
specify two signal points arranged in a “from-to” se-
quence that define a timing interval. The two or more
descriptors for each signal point specify the signal name
and signal transitions. The format using four descriptors
is:
TX X X X

Signal name from which interval is defined —T l

Transition direction for first signal
Signal name to which interval is defined
Transition direction for second signal

‘Signal Definitions:

A = Address

D =DataIn

Q =Data Out

W = Write Enable
E =Chip Enable
S =Chip Select

G =Output Enable
Transition Definitions:

H =Transition to High

L =Transition to Low

V =Transition to Valid

X =Transition to Invalid or Don't Care
Z =Transition to Off (High Impedance)

Example:

CHIP
SELECT

S

\N
TSLQY {
TSLaX ——l
HIGH IMPEDANCE
OATA 0UT DATA VALID

Chip Select access time, TSLQV, the time from Chip
Select low to Data Out valid, and the time from Chip Select
low to Data Out active, TSLQX, are shown.

Timing Limits

The table of timing values shows either a minimum or a
maximum limit for each parameter. input requirements are
specified from the external system point of view; e.g., the
address set-up time is shown as a minimum since the
system must supply at least that much time. On the other
hand, responses from the memory are specified from the
device point of view, e.g., the access time is shown as a
maximum since the device never provides data later than
that time.

Waveforms
+
Waveform Input Output
Symbol
MUST BE WILL BE
VALID VALID
CHANGE WILL CHANGE
FROMHTOL FROMHTOL
CHANGE WILL CHANGE
FROMLTOH FROMLTOH
X?QQQ‘! DON'T CARE: CHANGING:
..... g ANY CHANGE  gTATE UNKNOWN
foratadtatelets’ PERMITTED
> HIGH
NIA IMPEDANCE
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MOS RAM Selection Guide

Max Standby Az::);s Supply Temp*
Size |Organization{ Part No. Operation Supply Current Voltage | Pkg R | Status**
Current(mA)| (mA) Time (\)] ange|
(ns)
65,536 | 65,536 x1 |[NMC4164-2 | Dynamic 45 4 120 +5 16 C | Preview
NMC4164-3 | Dynamic 45 4 150 +5 16 C | Preview
8,192 x8 |NMC4864 Pseudo-Static 40 6 150 +5 28 C | Preview
32,768 | 4,096x8 |NMC6132-3 | Pseudo-Static 40 25 200 +5 28 C | Preview
NMC6132-4 | Pseudo-Static 40 25 250 +5 28 C | Preview
NMC6132-5 | Pseudo-Static 40 25 300 +5 28 C | Preview
16,384 | 16,384 x 1 |NMC5295-2 | Dynamic 35 4 80 +5 16 C | Advance Info
NMC5295-3 | Dynamic 35 4 100 +5 16 C |Advance Info
NMC5295-4 | Dynamic 35 4 120 +5 16 C |Advance Info
MM5290-1 Dynamic 40 15 120 +5, +12 16 C |Production
MM5290-2 Dynamic 40 1.5 150 +5, +12 16 C | Production
MM5290-3 Dynamic 40 15 200 +5 +12 16 C [Production
MM5290-4 Dynamic 40 15 250 +5, +12 16 C | Production
8,192 8,192x1 |MM5298A-2 |Dynamic 40 15 150 +5, +12 16 C | Production
MM5298A-3 |Dynamic 40 15 200 +5, +12 16 C |Production
MM5298A-4 | Dynamic 40 15 250 +5 +12 16 C |Production
MM5298B-2 |Dynamic 40 15 150 +5 +12 16 C |Production
MM5298B-3 | Dynamic 40 15 200 +5 +12 16 C [Production
MM5298B-4 |Dynamic 40 15 250 +5 +12 16 C | Production
4,096 4,096 x1 |MM2147 Static 160 20 70 +5 18 C _ |Production
MM2147-3 | Static 180 30 55 +5 18 C |Production
MM2147L Static 140 10 70 +5 18 C |Production
MM2147L1 | Static 140 10 90 +5 18 C |Production
NMC2141 Static 120 15 120 +5 18 C |{Preview
NMC5257A | Static 120 120 120 +5 18 C |Preview
MM5257 Static * 90 90 450 +5 18 C |Production
MMS5257L Static 65 65 450 +5 18 C |Production
MM5257-2 | Static 90 90 200 +5 18 C [Production
MM5257-2L | Static 65 65 200 +5 18 C | Production
4,096 | 4,096x1 IMM5257-3 |Static 90 90 300 +5 18 C |Production
MM5257-3L | Static 65 65 300 +5 18 C |Production
MM4280 Dynamic 60 =0 270 +5 +12 | 22 i Production
MM5280 Dynamic 60 =0 200 +5 +12 | 22 C |Production
MM5280-5 Dynamic 60 =0 270 +5 +12 | 22 C {Production
1,024 x4 ]NMC2148 Static 160 20 70 +5 18 C |Preview
NMC2148-3 |Static 180 30 55 +5 18 C |Preview
NMC2148L |Static 140 10 70 +5 18 C |Preview
NMC2142A | Static 50 50 120 +5 20 C |Preview
NMC2142AP | Static 15 15 120 +5 20 C |Preview
NMC2114A | Static 50 50 120 +5 20 C |Preview
NMC2114AP | Static 50 15 120 +5 18 C |Preview
MM2114 Static 100 100 -| 450 +5 18 C |Production
MM2114L Static 70 70 450 +5 18 C |Production
MM2114-2 | Static _ 100 100 200 +5 18 C |Production
MM2114-2L | Static 70 70 200 +5 18 C |Production
MM2114-3 | Static 100 100 300 +5 18 C |Production
MM2114-3L | Static 70 70 300 +5 18 C __|Production
1,024 1,024 x1 |[MM2102A Static 50 50 350 +5 16 C |Production
MM2102A-L |Static 33 33 350 +5 16 C |Production
MM2102A-2 |Static 50 50 250 +5 16 C |Production
MM2102A-2L | Static 33 33 250 +5 16 C {Production
MM2102A-4 |Static 50 50 450 +5 16 C |Production
MM2102A-4L | Static 33 33 450 +5 16 C |Production
MM2102A-6 |Static 50 50 650 +5 16 C |Production
MM2102A-6L | Static 33 33 650 +5 16 C__ |Production

*C=0°Cto70°C
I=-40°Cto +85°C
* *See Definition of Terms
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CMOS RAM Selection Guide

CMOS RAM Selection Guide

Max

Max Standby Access| Supply Temp*
Size | Organization Part No. Supply Current Voltage Pkg Status**
Current(mA) | (nA) | Time V) Range
(ns)

4,096 4,096 x 1 NMC6504-9 7 50 320 +5 18 | {Preliminary
NMC6504-5 7 500 370 +5 18 C |Preliminary
1,024 x4 NMC86514-2 7 50 320 +5 18 M |Preliminary
NMC6514-9 7 50 320 +5 18 I |Preliminary
NMC6514-5 7 500 370 +5 18 C |Preliminary
1,024 1,024 x 1 NMC6508B-2 4 10 180 +5 16 M (Production
NMC6508-2 4 10 250 +5 16 M |Production
NMC6508B-9 4 10 180 +5 16 | |Production
NMC6508-9 4 10 250 +5 16 | |Production
NMC6508-5 4 100 310 +5 16 C |Production
MM54C929 4 20 265 +5 16 M [Production
MM74C929 4 10 240 +5 16 | Production
MM74C929-3 4 100 315 +5 16 | Production
NMC6518B-2 4 10 180 +5 18 M  |Production
NMC6518-2 4 10 250 +5 18 M  [Production
NMC6518B-9 4 10 180 +5 18 I ]Production
NMC6518-9 4 10 250 +5 18 I |Production
NMC6518-5 4 100 310 +5 18 C |Production
MM54C930 4 20 265 +5 18 M |Production
MM74C930 4 10 240 +5 18 I |Production
MM74C930-3 4 100 315 +5 18 | |Production
256x 4 NMC6551B-2 4 10 220 +5 22 M |Production
NMC6551-2 4 10 300 +5 22 M |Production
NMC6551B-9 4 10 220 +5 22 | |Production
1,024 256 x 4 NMC6551-9 4 10 300 +5 22 I {Production
NMC6551-5 4 10 360 +5 22 C |Production
MM54C921 4 20 275 +5 22 M |Production
MM74C921 4 10 250 +5 22 I {Production
MM74C921-3 4 100 325 +5 22 | Production
NMC6552B-2 4 10 220 +5 18 M |Production
NMC6552-2 4 10 300 +5 18 M |Production
NMC6552B-9 4 10 220 +5 18 1 |Production
NMC6552-9 4 10 300 +5 18 I |Production
NMC6552-5 4 100 360 +5 18 C |Production
MM54C920 4 20 275 +5 22 M | Production
MM74C920 4 10 250 +5 22 1 Production
MM74C920-3 4 100 325 +5 22 I |Production

*C=0°Cto +70°C
|=~40°Cto +85°C
M= -55°Cto +125°C

* *See Definition of Terms




MOS EPROM Selection Guide

Max Standby A?:I::ae’;s Supply | Temp®
Size Organization Part No. Supply Current| Voltage Pkg Status**
Time Range
Current (mA) (mA) (2]
(ns)
65,536 8,192 x 8 NMC2564 180 30 450 +5 28 C |Preview
32,768 4,096 x8 NMC2732 150 30 450 +5 24 C [Preliminary
NMC2532 150 30 450 +5 24 C |Advance Info
16,384 2,048 % 8 NMC27C16 10/MHz 0.05 450 +5 24 C | Preview
MM2716M 115 30 450 +5 24 M |Production
MM2716E 100 25 450 +5 24 I Production
MM2716 100 25 450 +5 24 C [Production
MM2716-1 100 25 350 +5 24 C |Production
MM2716-2 100 25 390 +5 24 C |Production
8,192 1,024 x 8 MM2758A 100 25 450 +5 24 C |Production
MM2758A-1 100 25 350 +5 24 C |Production
MM2758B 100 25 450 +5 24 C |Production
MM2758B-1 100 25 350 +5 24 C |Production
MM2708M 65 65 450 +5, +12 24 M | Production
MM2708 65 65 450 +5, +12 24 C |Production
MM2708-1 65 65 350 +5, +12 24 C |Production
4,096 512x 8 MM4204 52 12 1250 +5 —-12 24 M |Production
MM5204 42 10 1000 +5, —12 24 C |Production
MM5204-1 42 10 700 +5, —12 24 C |Production
2,048 512x 4 MM4203 55 55 1000 *+5, —-12 24 M [Production
MM5203 55 55 1000 +5 -12 24 C |Production
256 x 8 MM4203 55 55 1000 +5, —12 24 M [Production
MM5203 55 55 1000 +5 —-12 24 C [Production
MM1702A 60 60 1000 +5 -9 24 C |Production

*C=0°Cto +70°C
I= -40°Cto +85°C
= -55°Cto +125°C
* *See Definition of Terms
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Bipolar PROM Selection Guide

Bipolar PROM Selection Guide

Maximum Maximum
Size Organization Package Part Number Supply Access Temp* Status**
Current Time Range
(mA) (ns)

16,384 2k x 8 oC 24 DM775190 185 100 M Preliminary
: oC 24 DM875190 175 80 o] Preliminary
TS 24 DM77S191 185 100 M Preliminary
TS 24 DM87S191 175 80 C Preliminary
8,192 2k x4 ocC 18 DM77S184 140 75 M Production
oC 18 - DM875184 140 60 C Production
TS 18 DM775185 140 75 M Production
TS 18 DM875185 140 60 C Production
1kx 8 oC 24 DM77S5180 160 90 M Preliminary
ocC 24 DM87S180 160 70 C Preliminary
TS T 24 DM77S181 160 90 M Preliminary
TS 24 DM87S181 160 70 . C Preliminary
4,096 1kx4 ocC 18 DM54S572 140 75 M Production
oC 18 DM74S572 140 60 C Production
TS 18 DM54S573 140 75 M Production
TS 18 DM74S573 140 60 C Production
512x8 | OC 20 DM545473 155 75 M Production
ocC .20 DM74S473 155 60 C Production
TS 20 DM548472 155 75 M Production
TS 20 DM745472 155 60 o] Production
oC 24 DM54S475 170 75 M Production
(o]] 24 DM74S475 170 65 (o} Production
TS 24 DM54S474 170 75 M Production
TS 24 DM745474 170 65 C Production
2,048 512x4 | OC 16 DM54S570 130 65 M Production
oC 16 DM74S570 130 55 C Production
TS 16 DM54S571 130 65 M Production
TS 16 DM748571 130 55 C Production
1,024 256x4 | OC 16 DM54S387 130 60 M Production
(o] 16 DM74S387 130 50 (o} Production
TS 16 DM545287 130 60 M Production
TS 16 DM745287 130 50 C Production
256 32x8 ocC 16 DM54S188 110 45 M Production
(o] 16 DM74S188 110 35 (o} Production
TS 16 DM545288 110 ‘45 M Production
TS 16 DM74S288 110 35 - C Production

ocC 16 DM77S188 140 20 M Preview

oC 16 DM87s188 140 15 C Preview

TS 16 DM775288 140 20 M Preview

TS 16 DM87S288 140 15 (o} Preview

*C=0°Cto +70°C
M= -55°C to +125°C
**See Definition of Terms
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MOS ROM Selection Guide

Max Max Supply Temp*
Size Organization Part No. Supply Access Voltage Pkg emp Status**
Current (mA) Time () Range
(ns)
65,536 8,192 8 MM52164 130 450 +5 24 (¢} Production
MM52264 50 300 +5 24 C Preview

32,768 4,096 x 8 MM52132 130 450 +5 24 C Production
16,384 2,048 x 8 MM52116 100 450 +5 24 C Production
4,096 1,024 x4 MM4232 37 1000 +5, —12 24 M Production
MM5232 37 1000 +5, —12 24 C Production
512x 8 MM4214 37 1000 +5, —12 24 M Production
MM5214 37 1000 +5, =12 24 C Production
MM4232 37 1000 +5, —12 24 M Production
MM5232 37 1000 +5, —12 24 ‘M Production
2,048 512x 4 MM4213 35 850 +5, —12 24 M Production
MM5213 35 850 +5, —=12 24 C Production
MM4230 40 725 *12 24 M Production
MM5230 40 725 +12 24 C Production
MM4231 30 950 +5, —12 24 M Production
MM5231 30 950 +5, —12 24 C Production
256 x 8 MM4213 35 850 +5, —12 24 M Production
MM5213 35 850 +5, -12 24 C Production
MM4230 40 725 *12 24 M Production
MM5230 40 725 *12 24 o] Production
MM4231 30 950 +5, —12 24 M Production
MM5231 30 950 +5, —12 24 [ Production
1,024 256 x 4 MM4220 25 650 *12 24 M Production
MM5220 25 650 *12 24 Cc Production
MM4221 12 950 +5, —12 24 M Production

MM5221 12 950 +5, —12 24 C Production
128x 8 MM4220 25 650 *12 24 M Production
MM5220 25 650 +12 24 c Production
MM4221 12 950 +5, —12 24 M Production
MM5221 12 950 +5, —12 24 C Production

© *C=0°Cto +70°C
M= -55°Cto +125°C
* *See Definition of Terms
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MOS RAM Cross Reference Guide

MOS RAM and CMOS RAM Cross Reference Guides

Size Org Pkg| Operation| National | AMD | FSC | Fujitsu | Hitachi | Intel | Mostek | Motorola NEC | Synertec Tl Zilog
65,536] 65,536 x 1 | 16 | Dynamic | NMC4164 2164 | MK4164 | MCM4164 TMS4164
16,384) 16,384 x 1 | 16 | Dynamic NMC5295 2118 JMK4516
16 | Dynamic | MM5290 F16K | MB8116 | HM4716 { 2117 |MK4116 { MCM4116 | 1PD416 TMS4116| 26116
8,192 | 8,192x1 | 16 | Dynamic | MM5298 2109 | MK4108
4,096 | 4,096 %1 18 | Static NMC2147 9147 MBM2147 | HM4847 ] 2147 MCM2147 | uPD2147 | SY2147
: 18 | Static NMC2141 2141
18 | Static MM5257 4044 MCM6641 TMS4044
22 | Dynamic | MM5280 9060 MBB8107 | HM4711| 2107 MCM6605 | PD411 TMS4060
1,024x4 | 18 | Static NMC2148 2148
20 | Static NMC2142A 2142
20 | Static NMC2142AP
18 | Static NMC2114A 2114A
18 | Static NMC2114AP|
18 | Static MM2114 9114 | 2114 | MD8114 | HM2114 | 2114 MCM2114 SY2114 | TMS4045
1,024 | 1,024x1 | 16 | Static MM2102A 9102 | 2102 2102A uPD2102
L}
CMOS RAM Cross Reference Guide :
Size | Organization | Pkg | Netional | National ‘f | yoric | Hitachi | intersit | intet | NEC | RCA | Synertec | T | Toshiba
(Present) (Previous)
4,096 4,096 x 1 18 NMC6504 6504 IM6504 54104
1,024 x 4 18 NMC6514 6514 IM6514 5114 5047
2,048 2,048 x 1 18 NMC6503 6503
512x 4 18 NMC6513 6513
1,024 1,024 x 1 16 NMC6508 74C929 56508 6508 1M6508 6508 5001 5102 6508 5508
) 18 NMC6518 74C930 6518 IM6518
256 x4 16 6562 5112
18 NMC6552 74C921
18 6561 IM6561 5111
22 NMC6551 74C920 6551 IM6551
22 55101 6501 35101 5101 5101 5040 5101 5101 5501
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MOS EPROM Cross Reference Guide

Size Org Pkg.| National | AMD| Fairchild| Fujitsu Hitachi | Intel | Mostek | Motorola NEC | Synertec Tl
65,536 | 8,192 x8 | 28 | NMC2564 2564
32,768 | 4,096 x 8 | 24 | NMC2532 2532
24 |NMC2732 2732
16,384 [ 2,048x 8| 24 [MM2716 [ 2716 2716 | MBM2716[ HN42716 | 2716 | MK2716] MCM2716 | «PD2716 | SY2716 | TMS2516
8,192 | 1,024 x 8| 24 | MM2758 2758
24 |[MM2708 | 2708 2708 MBMB8518 | HN462708 | 2708 MCM2708 TMS2708
4,096 | 512x8 | 24 [ MM5204
2,048 | 512x4 | 24 | MM5203
256 x8 | 24 | MM5203
MM1702A 1702A
Bipolar PROM Cross-Reference Guide
Size Org Pkg| National AMD Fairchild | Harris Intel | Intersil | MMI | Signetics T Fujitsu
16,384| 2k x8 | OC | 24 |DM87S190 HM-76160-5 N82S190
TS | 24 |[DM87S191 HM-76161-5] 3636 N825191 MB7138
8,192 |2k x4 |OC [ 18 [DM87S184 HM-7684-5 N825184
TS | 18 |DM875185 HM-7685-5 N825185 MB7128
1kx8 | OC | 24 ([DM87S180 93450 | HM-7680-5 | 3608 6380-1 | N825180 | SN745479
TS | 24 |DMB7S181 93451 [ HM-7681-5 | 3628- 6381-1| N825181 | SN745478( MB7032
4,09 | 1k x4 | OC | 18 |DM74S572 |AM27S32 | 93452 | HM-7642.5 | 3605 | IM5606C | 6352-1 | N825136 | SN74S477
4 TS | 18 |DM74S573 [AM27533 | 93453 | HM-7643-5 | 3625 | IM5626C | 6353-1 [ N82S137 | SN745476| MB7122
512x 8 [ OC | 20 |DM74S5473 |AM27528 6348-1 | N82S146 [ SN745473
TS | 20 |DM748472 (AM27S29 | 6349-1 | N82S147 [ SN74S472
OC | 24 |DM74S475 |AM27S30 | 93438 | HM-7640-5 [3604A] IM5605C | 6340-1 | N82S140 | SN745475
TS | 24 |DM74S474 |AM27S31 | 93448 | HM-7641-5 |3624A| IM5625C | 6341-1 | NB2S141 | SN74S474
2,048 (512x 4 | OC | 16 |DM74S570 |AM27S12 | 93436 | HM-7620-5 [ 3602 | IM5604C | 6305-1 | N82S130 MB7058
TS | 16 |DM74S571 |[AM27S13 | 93446 | HM-7621-5 | 3622 | IM5624C | 6306-1 | N82S131 MB7053
1,024 |256 x 4 | OC | 16 |DM74S387 |[AM27820 | 93417 | HM-7610-5 | 3601 | IM5603AC| 6300-1 | N825126 | SN745387|MB7057
TS | 16 |DM74S287 |AM27S21 | 93427 | HM-7611-5 | 3621 | IM5623C | 6301-1 | N82S129 | SN74S287| MB7052
256 |32x8 | OC | 16 [DM74S188 [AM27518 HM-7602-5 IM5600C | 6330-1 | N82S23 | SN745188( MB7056
TS | 16 {DM745288 [AM27519 HM-7603-5 IM5610C | 6331-1 | N82S123 | SN745288| MB7051
OC | 16 |bDM87S188
TS | 16 |DMB875288
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Section 1

NMOS RAMs

- NMOS static and dynamic read/write memory devices
constitute the majority of semiconductor memory
worldwide consumption. National plays a leadership
role in this area as a major supplier of products includ-
ed in this section. In addition to the devices included
here, National is developing more advanced higher
density, high speed RAMs for future equipment
designs. Contact your local National representative
for further assistance.







Static RAMs







National
Semiconductor

MM2102A, MM2102AL Fam

ily

1024-Bit (1024 x 1) Static RAMs

General Description

The MM2102A family of high speed 1024 x 1-bit static
random access read/write memories is manufactured
using N-channel depletion-mode silicon gate technology.
Static storage cells eliminate the need for clocks or
refresh circuitry and the resultant cost associated with
them.

Low threshold silicon gate N-channel technology allows
complete DTL/TTL compatibility of all inputs and
outputs as well as a single 5V supply. The separate
chip enable input (CE) controlling the TRI-STATE®
output allows easy memory expansion by OR-tying
individual devices to a data bus. Data in and data out
have the same polarity.

In addition to the MM2102A, a low power version,
the MM2102AL, is also available. This selection offers

a maximum operating current of 33 mA and a guar-
anteed standby mode down to a power supply voltage

of 1.5V.

Features

NMOS RAMs

® Single 5V supply

®  All inputs and outputs directly DTL/TTL compatible

® Static operation—no clocks or refresh

m TRI-STATE output for bus interface

®m All inputs protected against static charge

B Access time down to 250 ns

Aiwed TvZoLZININ  VZOLZININ

Block Diagram

a0 O=2 -
A 1
" 4——00 vee
CELL
s ARRAY 9
2 ROW 32ROWS <40 GNs
SELECTOR
32 COLUMNS
. ;
wol3
7
A4 -
3
W O_E weur COLUMN 1/0 CIRCUITS 12 pata
; DATA our
oaTA o_m CONTROL COLUMN SELECTOR

RHRH]

AS AS - A7 A8 A9

Truth Table
CE RW Djy Doyt  MODE
H X X Hi-Z Not selected
L L L L Write 0"
L L H H Write 1"’
L H X DouT Read

Connection Diagram

Dual-In-Line Package

26~ U ) LY
s = LI
i = L
A 1 o
a2 = 12 pata out
Yt L oataim
n= LY
= Vce
B :
A0 — — cND
TOP VIEW
Order Number: Order Number:
MM2102AJ-2L MM2102AN-2L
MM2102AJ-2 MM2102AN-2
MM2102AJ-L MM2102AN-L
MM2102AJ MM2102AN
MM2102AJ-4L MM2102AN-4L
MM2102AJ4 MM2102AN-4
MM2102AJ-6L MM2102AN-6L.
MM2102AJ-6 MM2102AN-6
See NS Package JIGA  See NS Package N16A
L.ogic Symbol
—{ a0
—] a1
Dy
i N
— a3
— Az
— A5
— A6
—{A1 0
" ouT
A9 R/l CE

[T
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MM2102A, MM2102AL Family

Absolute Maximum Ratings (note 1)

Operatihg Conditions

MIN , MAX UNITS
Voltage at Any Pin —0.5V to +7V Supply Voltage (Vee) 4.75 5256 ° \
Storage Temperature ~65°C to +150°C Ambient Temperature (Ta) 0 +70 °C
Power Dissipation i w Input Low Voltage -05 0.8 \Y%
l.ead Temperature (Soldering, 10 seconds) 300°C .
Input High Voltage 20 Vee \
DC Electrical Characteristics
_ Ta=0°Cto +70°C, Vg = £5%, unless otherwise specified.
MM2102A, MM2102A-L, -
MM2102A-2, MM2102A-2L,
SYMBOL PARAMETER CONDITION MM2102A-4, MM2102A-4L, UNITS
MM2102A-6 MM2102A-6L
MIN MAX MIN MAX
IN] tnput Load Current VIN =0 to 56.25V 10 10 uA
ILOH Output Leakage Current CE =2v, VoyT = 2.4V 5 5 uA
ILoL . Output Leakage Current CE =2V, Voyt = 0.4V -10 - -10 uA
‘|CC Power Supply Current All'lnputs = 5.25V, 45 3 mA
Data OQutput Open,
TA=25°C
lce, Power Supply Current All Inputs = 5.25V, 50 33 mA
Data Output Open,
‘ ‘ Ta=0°C
VoL QOutput Low Voltage loL=32mA 0.4 04
VoH Output High Voltage IoH = =200 A 24 : 24

Note 1: “Absolute Maximum Ratings” are those values beyond which the device may be permanently damaged. They do not mean the device

may be operated at these values.

. AC Electrical Characteristics

(With standard load) Ta = 0°C to +70°C, V= 5V £5% unless otherwise specified.

MM2102A-2, MM2102A, MM2102A-4, MM2102A-6, .
SYMBOL PARAMETER MM2102A-2L MM2102A-L MM2102A-4L MM2102A-6L UNITS
' MIN | MAX MIN | MAX MIN L MAX MIN | MAX
READ CYCLE (Figure 1)
tRC Read Cycle 250 350 450 650 ns
tA Access Time 250 350 450 650 ns
1Co Chip Enable to Output 100 150 200 200 ns
Time
tOH1 | Previous Read Data Valid- 40 40 40 50 ns
with Respect to Address
TOH?2 Previous Read Data Valid 0 0 0 0 ns
with Respect to Chip
Enable
WRITE CYCLE (Figure 2)
tWe Write Cycle 250 350 450 650 ns
AW Address to Write Set-Up 20 20 20 20 ns
twp Write Pulse Width 100 150 200 200 ns
tWR Write Recovery Time 0 0 0 0 ns
tDW Date Set-Up Time 85 125 176 175 ns
tDH Data Hold Time 0 0 0 0 ns
tcw Chip Enable To Write 100 150 200 200 ns
Set-Up




AC Electrical Characteristics 14=25°c, f=1MH: AC Test Circuit
Vee
LIMIT (pF)
SYMBOL PARAMETER
TYP MAX 1.28k

CAPACITANCE 2

CIN Input Capacitance {All Inputs V[N = 0V) 3 5
1.3k Cy = 100 pF
Cout Output Capacitance, Vg = 0V 4 6
Note 2: This parameter is guaranteed by periodic testing : = -
Switching Time Waveforms
/e we {

Vin ViH
ADDRESS :><® ) ADDRESS :>(®
viL
(no—»

f ttw twR
Vi — Vi =t
CHIP - AP
ENABLE ENABLE .
viL ViL
A B tgH2 taw L We —

VoH— Vin
DATA X:? READ/ 7
ouT 0) WRITE

VoL -

1
——

i

viL
t0H1 tow H
ViH
DATA  DATA CAN DATA DATA CAN
IN  CHANGE STABLE CHANGE
viL
FIGURE 1. Read Cycle FIGURE 2. Write Cycle

Note @ :  Input reference level for timing is 1.5V.
Note(@): VQH =2V is reference level for output high.
Note @ 1 VoL = 0.8V is reference level for output low.
Note @ : Input rise and fall times are 10 ns.

Standby Characteristics 14 =0°c 10 +70°c

MM2102A, MM2102A-2, MM2102A-L., MM2102A-2L,
SYMBOL PARAMETER - CONDITIONS MM2102A-4, MM2102-6 MM2102A-4L., MM2102A-6L UNITS
MIN TYP(3) MAX MIN TYP(3) MAX
VpD V¢ in Standby 1.5 1.5
VCES CE Bias in Standby 2<Vpp < VeCMAX 2.0 2.0 v
VCES CE Bias in Stand-by 1.56<Vpp<2 Vpp Vpp
IpD1 Standby Current All Inputs = Vpp = 1.5V 28 23 mA
IpD2 Standby Current All Inputs = Vpp = 2V 38 28 mA
tcp Chip Deselect to 0 0 ns
Standby Time
tR Recovery Time tRC . tRC ns
(Note 4)

Note 3: Typical values at Tp = 25°C.
Note 4: ty=tRc = read cycle time.

Standby Waveforms

Awed TvzZoLZININ ‘V20LZININ




MM2114, MM2114L Family

National
Semiconductor

MM2114, MM2114L Family

NMOS RAMs

4096-Bit (1024 x 4) Static RAMs

General Description

The MM2114 family of 1024-word by 4-bit static ran-
dom access memories is fabricated using N-channel
silicon-gate technology. All internal circuits are fully
static and therefore require no clocks or refreshing
for operation. The data is read out nondestructively
and has the same polarity as the input data. Common
input/output pins are provided.

The separate chip select input (CS) allows easy memory
expansion by OR-tying individua! devices to a data bus.

Features

All inputs and outputs directly TTL compatible
Static operation—no clocks or refreshing required
Low power—225 mW typical

High speed—down to 200 ns access time
TRI-STATE® output for bus interface

Common Data In and Data Out pins

Single 5V supply

Standard 18-pin dual-in-line package

Connection Diagram

Dual-In:Line Package

U 18
AG = — Ve
2 17
A5 = p— A7
16
Al 3 — A8
15
A3 = f— A9
14
A0 — f—1/01
13
Al = p—1/0 2
12
A2 —7‘ —1/03
. 8
CcS — LI/U'l
9 10 ___
GND = — WE

TOP VIEW

Order Number MM2114J4-25L, MM2114J-25,
MM2114J-2L, MM2114J-2, MM2114), MM2114J-L,
MM2114J-3L or MM21144-3
See NS Package J18A

Order Number MM2114N-2L, MM2114N-2,
MM2114N, MM2114N-L, MM2114N-3L
or MM2114N-3
See NS Package N18A

Logic Symbol

A0 1701
Al
A2
A3
A4
Ab
A6
A7
A8
A9
A0

A1l cs WE 1/04 ==

1/02 e

1/03 [

Truth Table

1/0 MODE
Hi-Z Not Selected
H Write 1
L Write 0
DouT - Read

re - x|3
- x|g




Functional Description

Two pins_control the operation of the MM2114. Chip
Select (CS) enables write and read operations and
controls TRI-STATING of the data-output buffer. Write
Enable (WE) chooses between READ and WRITE modes
and also controls output TRI-STATING. The truth table
details the states produced by combinations of the CS
and WE controls.

READ-cycle timing is shown in the section on Switching
Time Waveforms. WE is kept high. Independent of CS,
any change in address code causes new data to be
fetched and brought to the output buffer. CS must be
low, however, for the output buffer to be enabled and
transfer the data to the output pin.

Address access time, tp, is the time required for an
address change to produce new data at the output pin,
assuming CS has enabled the output buffer prior to data
arrival. Chip Select-to-output delay, tcQ, is the time

Block Diagram

required for CS to enable the output buffer and transfer

previously fetched data to the output pin. Operation

with CS continuously held low is permissible.

WRITE-cycle timing is shown in the section on Switching
Time Waveforms. Writing occurs only during the time
both CS and WE are low. Minimum write pulse width,
twp, refers to this simultaneous low region. Data set-up
and hold times are measured with respect to whichever
control first rises. Successive write operations may be
performed with CS continuously held low. WE then is
used to terminate WRITE between address changes.
Alternatively, WE may be held low for successive
WRITES and CS used for WRITE interruption between
address change.

In any event, either WE or CS (or both) must be high
during address transitions to prevent erroneous WRITE.

A o‘__m:
3 18
" o__.x oy
]
+—O oo
s 02 B
MEMORY ARRAY
Row 54 ROWS
1 SELECT 64 COLUMNS
8 .
a0l .
T =
" | |
Vo1 &—_‘
1 coumwio circuits
) —
13
z0 COLUMN SELECT
INPUT
[ DATA
12 CONTROL
1 5 6 7 15 '
1o s O
A A P j
8 E |
3O~
mo— 4~ )

17

=
=
N
-t
b
>
=
=
N
—t
b
>
r
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MM2114, MM2114L Family

Absolute Maximum Ratings

Operating Conditions

MIN MAX UNITS
Voltage at Any Pin —0.5V to +7V Supply Voltage (Vcg) 4.75 5.25 \%
Storage Temperature -65°C to +150°C Ambient Temperature (T ) 0 +70 °c
Power Dissipation 1w
Lead Temperature (Soldering, 10 seconds) 300°C
DC Electrical Characteristics 74 =0°c to +70°C, v = 5V +5%
MM2114 MM2114-L
MM2114.2 MM2114.2L
SYMBOL PARAMETER CONDITIONS MMm2114-25 MM2114-25L UNITS
MM2114-3 MM2114.3L
MIN MAX MIN MAX
ViH Logical ““1” Input Voltage 20 vee 20 vee \
ViL Logical “0" Input Voltage -0.5 0.8 —05 08 \
VOH Logical 1" Qutput Voltage IoH = ~1.0mA 24 2.4 \
VoL Logical 0" Output Voltage loL=2.1mA 0.4 0.4 A
IN] Input Load Current VIN = 0 to 5.25V =10 10 -10 10 MA
ILo Qutput Leakage Current VO =4V 1004V, CS = VIH -10 10 -10 10 HA
[[¢e}] Power Supply Current All Inputs = 5,25V, Tpa = 25°C 95 65 mA
lcc2 Power Supply Current All tnputs =525V, Ta = 0°c 100 70 mA
AC Electrical Characteristics T =0°c 10 +70°c, v = 5V 5%, (Note 2)
MM2114.2 MM2114-25 MM2114-3 MM2114
SYMBOL PARAMETER MM2114-2L MM2114-25L MM2114-3L MM2114-L UNITS
MIN MAX MIN MAX MIN | MAX MIN MAX
READ CYCLE
tRC Read Cycle Time (WE = V|R) 200 250 300 450 ns
tA Access Time 200 250 300 450 ns
1o Chip Select to Output Valid 70 96 100 120 ns
t1cx Chip Select to Output Active 20 20 20 20 ns
tcoT Chip Select to Qutput TRI-STATE 0 40 0 60 0 80 0 100 ns
tOHA Output Hold frem Address Change .10 10 10 10 ns
WRITE CYCLE
we Write Cycle Time 200 250 300 450 ns
twp Write Pulse Width © 100 125 150 200 ns
tWR Write Recovery Time 0 0 0 0 ns
DS Data Set-Up Time 100 125 150 200 ns
1DH Data Hold Time 0 0 0 0 ns
WoT Write Enable to Output TRI-STATE 0 40 0 60 0 80 0 100 ns
wo Write Enable to Output Valid 80 90 100 120 ns
Capacitance 1, =25°c, f = 1 MHz, (Note 3)
MM2114 MM2114.L
MM2114-2 MM2114-2L
SYMBOL PARAMETER CONDITIONS MM2114-25 MM2114-25L UNITS
MM2114-3 MM2114-3L
MIN MAX MIN MAX
CIN Input Capacitance All Inputs V)N = 0V" 5 5 pF
Cout Qutput Capacitance Vo =0V 10 10 pF

Note 1: Typical values at Tp = 25°C.
Note 2: All input transitions < 10 ns. Timing referenced to V| (MAX) of ViH(MIN) for inputs, 0.8V and 2V for output. For test purposes, input

levels should swing between OV and 3V. Output load = 1 TTL gate and C|_ = 100
Note 3: This parameter is guaranteed by periodic testing.

pF.
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Switching Time Waveforms

ADDRESSES

WRITE ENABLE
{NOTE 1)

CHIPSELECT

DATA OUT

ADDRESSES

CHIP SELECT
(NOTE 3)

WRITE ENABLE

{NOTE 3)

DATAIN

DATA OUT

Read Cycle
tRe tRC i
o g
ViL R AN
Vin 4 W
ViL // 1
‘_'OHA—’“‘
Vin —\ ¢
ViL
© t—otpg — tcoT
X
A\ S
— o e —OPEN= — _é VALID X( VALID —OPEN = ——
R A

ACTIVE
Write Cycle
twe 1
" h
viL R /

twp (NOTE2) ———————f  |e— tyg —=

Vin 7 178 /
ViL 2

Vi VW LN /7

ViL & Z

v
H vALID -
VI e e

F~—twor —:I = two
20 N

N — e (PEN =——

Z < 4

Note 1: WE is high during a read cycle (WE > VIH(MIN))
Note 2: typ defines the period when both CS and WE are tow. taw is referenced to the later of CS CSor W__gonng tow while tpg, tpH
and tyR are referenced to the earlier of CS or WE going high. twoT and twg are referenced to WE with CS low.

Note 3: Either

WE or CS (or both) must be high during address transitions to prevent erroneous write.

VALID

Alwed TLLZNIN YHZINN
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MM2147/MM2147L Family

National
Semiconductor

NMOS RAMs

MM2147/MM2147L Family 4096 x 1 Static RAMs

General Description

The MM2147 is a 4096-word by 1-bit static random
access memory fabricated using N-channel silicon-gate
technology. ANl internal circuits are fully static and
therefore require no clocks or refreshing for operation.
The data is read out nondestructively and has the same
polarity as the input data.

The separate chip select input automatically switches
the part to its low power standby mode.

The output is held in a high impedance state during
write to simplify common 1/0O applications.

Features

All inputs and outputs directly TTL compatible
Static operation—no clocks or refreshing required
Automatic power down

High speed— down to 55 ns access time
TRI-STATE® output for bus interface

Separate Data In and Data Out pins

Single +5V supply '

Standard 18-pin dual-in-line package

Connection Diagram™

Dual-In-Line Package

Logic Symbol*

1 U 18
AQ = l— vcC ——i Al
2 17 Al
Al p— AG j
—f 7D
3 16
A2 = — A7 : — a3
: Order Number MM2147N-3, MM2147N,
A3 — (15 8 MM2147N-L or MM2147N-1L —] A4
See NS Package N18A -1 A5
= 2 ao -
Order Number MM2147J-3, MM2147J, Ab DouT () fp—
_51 13 MM2147J-L or MM2147J-1L - A7
A5 — Al See NS Package J18A — ns
7 12
Doy (@)~ — A11 - A9
8 1 - A10
WE (W) — — Dy (D) __{ AN :
0__ D (D) CS (S) WE (W)
vss — — 5 5) "|“ ? ?
TOP VIEW
~ Pin Names* Truth Table*
AD—-A11 Address Inputs cs WE DiN Dout
WEW)  Write Enable ® [ W | o (@ MopE POWER
CS (S) Chip Select - -
Din (D) Data In II:I |)_( ‘ ﬁ ::lhi ‘II\\llo't Se;lected itar.\dby
DouTt (Q)  Data Qut L . L H!.Z erte o Act!ve
vCC Power (+5V) I- rite Ct}VB
VSS Ground L H X _ DouTt Read Active

* The symbols in parentheses are proposed industry standard.




Functional Description

Two pins control the operation of the MM2147. Chip
select enables write and read operations, deselects the
device putting it in the low power standby mode, and
controls TRI-STATING of the data-output buffer. Write
enable chooses between READ and WRITE modes and
also controls output TRI-STATING. The truth table de-
tails the states produced by combinations of the controls.

READ-cycle timing is shown in the section on Switching
Time Waveforms. Write enable is kept high. Independent
of chip select any change in address code causes new
data to be fetched and brought to the output buffer.
Chip select must be low, however, for the output buffer
to be enabled and transfer the data to the output pin,

Address access time is the time required for an address
change to produce new data at the output pin, assuming
chip select has enabled the output buffer prior to data
arrival. Chip select access time is the time required for
chip select to enable the output buffer and transfer

Block Diagram *

previously fetched data to the output pin. Operation
with chip select continuously held low is permissible.

WRITE-cycle timing is shown in the section on Switching
Time Waveforms. Writing occurs only during the time
both chip select and write enable are low. Minimum
write pulse width refers to this simuitaneous low region.
Data set-up and hold times are measured with respect to
whichever control first rises. Successive write operations
may be performed with chip select continuously held
low. Write enable then is used to terminate WRITE
between address changes. Alternatively, write enable
may be held low for successive WRITES and chip
select used for write interruption between address
change. In any event, either write enable or chip select
{or both) must be high during address transitions to
prevent erroneous WRITE.

Standby operation allows data to be maintained with
approximately 85% less current. The device automat-
ically switches to the low power standby mode whenever
it is deselected.

' 18
— <+—O0 vee
9
<4—OVss
ROW SELECT MEMORY aRAY
1-0F-64
4 64 COLUMNS
o3
5
oS5
3
o3
11 .

Dy (D) COLUMN 1/0 CIRCUITS Doyt (Q)
— = 10 COLUMN SELECT ‘
ts )

WE (W) =
4 4 4 y. 4 4
12 13 1 . s 16 17
A1l AT0 A9 Ag A7 AB

* The symbolsin parentheses are proposed industry standard.
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MM2147, MM2114L Family

Absolute Maximum Ratings

Operating Conditions

MIN MAX UNITS
Voltage on any Pin Relative to VSS —1.5V to +7V Supply Voltage {(VCC) 4.5 55 A\
Storage Temperature Range -65°C to +150°C Ambient Temperature (TA) 0 +70 °C
Power Dissipation 1.2w
DC Output Current 20 mA
Bias Temperature Range ~10°C to +85°C
Lead Temperature {Soldering, 10 seconds) 300°C
DC Electrical Characteristics Ta=o0°cto+70°c, vec=5v £10% (Note 1)
MM2147L
MM2147-3 MM2147 MM2147L-1
SYMBOL PARAMETER CONDITIONS UNITS
MIN MAX MIN MAX MIN MAX
VIH Logical 1" Input Voltage 2.0 6.0 2.0 6.0 2.0 6.0 Vv
VIL Logical 0’ Input Voltage -1.0 0.8 -1.0 0.8 -1.0 0.8 \Y
VOH Logical ““1” Output Voltage | IOH =-4.0mA 2.4 24 24 v
VoL Logical 0" Output Voltage | IOL =8.0 mA 0.4 0.4 0.4 Vv
I Input Load Current VIN =0105.25V, 10 10 10 HA
) VCC = Max
liLol Output Leakage Current VO = 4.5V to Gnd, 50 50 ) 50 uA
CS = VIH, VCC = Max
1ccl Power Supply Current VCC = Max, CS = VIL, 170 ' 150 135 mA
Outputs Open, TA = 25°C
1CC2 Power Supply Current VCC = Max, CS = VIL, 180 160 140 mA
Outputs Open, TA =0°C
1SB Standby Current VCC = Min to Max, 30 20 10 mA
CS=VIH
PO Peak Power ON Current VCC = Gnd to VCC Min, 70 50 30 mA
(Note 2) CS = Lower of VCCor
VIH (MIN)
Capacitance ta=25°c,=1MHz (Note 3)
SYMBOL PARAMETER CONDITIONS MIN MAX UNITS
CIN Input Capacitance All Inputs VIN = 0V 5 pF
couT QOutput Capacitance VO =0V 6 pF
AC Test Conditions  (Note 4) 6
DOUT vee lso w0 TA=25°C
Input Pulse Levels Gnd to 3.5V o 5 38 R0 AII‘Tl ;
Input Rise and Fall Times ) <10ns | ” "’ ﬁ w
Input and Output Timing Reference Levels 1.5V 510 s ¢ 1\ puLL.uP RESISTOR-H
Output Load See Figure 1 5 ! NS ]
. = 3t
S S | "
‘: (3“‘” > 2 | fl //
INCLUDING
S SCOPE AND ) ! / l|_#
G) NO PULL-UP RESIST R*
ONCS
[} 1 TR T ey | 1L

FIGURE 1. Output Load

Note 1: Guaranteed with transverse air flow greater than 400 linear feet per minute,
Note 2: A pull-up resistor to VCC on the chip select input is requlred to keep the device deselected or power on current approaches ICC active

(see Figure 2).
Note 3: This parameter is guaranteed by periodic testing.

0 02 04 06 08 10 12
_ NORMALIZEDICC

FIGURE 2. Power On Current

Note 4: This device requires a 500 ns time delay after VCC reaches the specified minimum limit to ensure proper operation after power on. This
allows the internally generated substrate bias to reach its functional level.
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=

Read Cycle AC Electrical Characteristics 7a=0°cto+70°c, vcc =5v +10% =

S

SYMBOL MM2147-3 MM2147, MM21471L MM2147L-1 :

PARAMETER UNITS

ALTERNATE | STANDARD MIN MAX MIN MAX MIN MAX g

tRe TAVAV Read Cycle Time 55 70 90 ns =

TAA TAVQV Address Access Time 55 70 90 ns M
tASC1 TSLQvi Chip Select Access Time {Note 5) 55 70 90 ns ;
TASC2 TsLava Chip Select Access Time (Note 6) 65 80 105 ns N

10H TAXQX Qutput Hold from Address Change 5 5 5 ns r

e TsLax Chip Selection to Output Active 10 10 10 ns il
tHZ TSHQZ Chip Deselection to Output TRI-STATE 0 40 1) 40 0 50 ns m
Py TSLICCH Chip Setection to Power Up 0 0 0 ns 3

tPD TsLICCL Chip Deselection to Power Down 30 30 35 ns 'E-.

Note 5: Chip deselected for greater than 55 ns prior to selection.
Note 6: Chip deselected for a finite time that is less than 55 ns prior to selection.

Read Cycle Waveforms”

Read Cycle No. 1 (Continuously Selected)

1RC
(TAVAV)

ADDRESS >(

1AA
(TAVQV)
oy
(TAXOX)
DATA OUT PREVIOUS DATA VALID )( X X DATA VALID

Read Cycle No. 2 (Chip Select Switched)

tRe
(TAVAV)
€S ) SK 7‘
.~ acst.taCsz
(TsLavt, 1sLava) le _tHZ
(TSHOZ)
Lz
(TsLax)
DATA OUT DATA VALID
HIGH IMPEDANCE HIGH
IMPEDANCE
POWER Igc
SUPPLY
CURRENT )0 s
tpy tpp_ |
1 (TSLICCH) . (TStccL) ~

* The symbols in parentheses are proposed industry standard.
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MM2147/MM2147L Family

Wirite Cycle AC Electrical Characteristics TA=0°C w0 +70°C, veC =5V £10%

SYMBOL . MM2147-3 MM2147, MM2147L MM2147L-1
PARAMETER UNITS
ALTERNATE | STANDARD MIN MAX MIN MAX MIN MAX
twe TAVAV Write Cycle Time 55 70 - 90 ns
cw TSLWH Chip Selection to End of Write 45 55 60 ns
tAW TAVWH Address Valid to End of Write 45 55 60 ns
tAS TAVWL Address Setup Time 0 0 [} ns
TAVSL

twp TWLWL Write Pulse Width 35 40 60 ns
tWR TWHAX Write Recovery Time 10 15 20 ns
tDW TDVWH Data Valid to End of Write 25 30 35 ns
tDH TWHDX Data Hold Time 10 10 10 ns
twz TWLQZ Write Enabled to Output in Hi-Z 0 30 0 35 (4] 40 ns
W TWHQX Output Active from End of Write [} 0 (4] ns

Write Cycle Waveforms* (note 7)

Write Cycle No. 1 (WE Controlled)

| twe
(TAVAV)
ADDRESS >(
I tew
(TSLWH)}
rsmv Y
(NOTE 5) \ S VINN
A - i~
tas ! wp A
{TAVWL) | (TWLWL)
T /
3 tow TOH
(TOVWH) (TWHDX)
DATAIN DATA IN VALID
e w2 le— _low
(TwLaz) (TWHOX)
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED

—

Write Cycle No. 2 (CS Controlled)

N

we
(TAVAV)
ADDRESS >( )L
' ‘A%_, | tew
(ravsL (TSLWH)
G 4
(A 0™
wp
(TWLWL)
e AANNMNANANN X £ /77 \ AN\
[ ol it
DATA N DATAIN VALID
fe— _twz
(Twmz)j
DATA OUT DATA UNDEFINED HIGH IMPEDANCE

/

Note 7: A write occurs during the coincidental low of CS and WE. The output remains TRI-STATE® if CS and WE go high simultane-
ously. WE or CS or both must be high during address transitions.

*The symbols in parentheses are proposed industry standard.




National NMOS RAMs
Semiconductor |

MM5257, MM5257L Family
4096-Bit (4096 x 1) Static RAMs

General-Description Features

The MM5257 family of 4096-word by 1-bit static ran- = All inputs and outputs directly TTL compatible
dom access memories is fabricated using N-channel

silicon-gate technology. All internal circuits are fully = Static operation—no clocks or refreshing required

static and therefore require no clocks or refreshing for - .
: . 5 Low power—225 mW typical
operation. The data is read out nondestructively and has . P P
the same polarity as the input data. = High speed—down to 200 ns access time

The separate chip enable input (CE) controlling the ® TRI-STATE output for bus interface
TRI-STATE® output allows easy memory expansion by

OR-tying individual devices to a data bus. ® Separate Data In and Data Out pins

. . . i ®m Single +5V supply
The output is held in a high impedance state during
write to simplify common 1/0 applications. ® Standard 18-pin dual-in-line package

Connection Diagram Logic Symbol

Dual-In-Line Package

1 U 18 — a0 DI |
A0 — — v
cc —
17
Al — b— AG — A2
3 16 — A3
A2 — — A7
4 15 i
A3 — — A8 — a5
5 14 —
Al — — A9 AB
6 13
A5 — A10 — a8
12 —
00 — — Al A9
-1 A10
WE- L ) AN Do
CE  WE
9 10 __
GND ~— b— CE ? T

TOP VIEW

Order Number MM5257J, J-2, J-25,
J-3, 4-1, 421, J-25L or J-3L
See NS Package J18A
Order Number MM5257N, N-2, N-25,
N-3, N-L, N-2L, N-25L, or N-3L
See NS Package N18A

Truth Table
‘CE | WE | DI | DouT MODE
H X X | Hi-Z Not Selected
L L H | Hi-Z Write 1
L L L { Hi-Z Write O
L H X | DouT Read
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MM5257, MM5257L Family

Functional Description

Two pins control the operation of the MM5257. Chip
Enable (CE) enables write and read operations and
controls TRI-STATING of the data-output buffer. Write
Enable (WE) chooses between READ and WRITE modes
and also controls output TRI-STATING. The truth table
details the states produced by combinations of the CE
and WE controls.

READ-cycle timing is shown in the section on Switching
Time Waveforms. WE is kept high. independent of CE,
any change in address code causes new data to be
fetched and brought to the output buffer. CE must be
low, however, for the output buffer to be enabled and
transfer the data to the output pin.

Address access time, ta, is the time required for an
address change to produce new data at the output pin,
assuming CE has enabled the output buffer prior to data
arrival. Chip_Enable-to-output delay, tcQ, is the time
required for CE to enable the output buffer and transfer
previously fetched data to the output pin. Operation
with CE continuously held low is permissible.

WRITE-cycle timing is shown in the section on Switching
Time Waveforms. Writing occurs only during the time

Block Diagram

both CE and WE are low. Minimum write-pulse width,
twp. refers to this simultaneous low region. Data set-up
and hold times are measured with respect to whichever
control first rises. Successive write operations may be
performed with CE continuously held low. WE then is
used to terminate WRITE between address changes.
Alternatively, WE may be held low for successive
WRITES and CE used for WRITE interruption between
address change.

In any event, either WE or CE (or both) must be high
during address transitions to prevent erroneous WRITE.

Stand-by operation allows data to be maintained with
approximately 50% less operating current. The 2 require-
ments to guarantee data retention are: a) the power
supply voltage must meet the condition Vgc > 1.5V,
and b) CE must be controlled; to disable the chip prior
to reducing Vg, to keep it disabled during the time
Vee is reduced, and to maintain the disabled state
long enough after V¢ is increased to normal for the
chip to recover. These requirements are shown by the
stand-by waveforms and characteristics.

>
N
w

(LSB)

>
w

>
o

ROW SELECT
10F 64

>
-

16

>
-~

(MSB)

18
+—OQ Vge

(-—9—0 GND

MEMORY ARRAY
64 ROWS
64 COLUMNS

DATAIN
| CONTROL

[~

COLUMN 1/0 CIRCUITS

ikimmhbiRikibi

COLUMN SELECT
WE
READ/WRITE
0 CONTROL
TE
12 13 12 15 6 5
A1l A0 A9 A8 A5 A4
(MSB) (LSB)




Absolute Maximum Ratings Operating Conditions E
MmN mMAax  units | O
Voltage on Any Pin Relative to Vgg —~0.3V to +7V Supply Voltage (V¢c) 4.75 5.25 v N
Storage Temperature Range —65°C to +150°C Ambient Temperature (T A) 0 +70 °c ‘il'
Power Dissipation w -
Short-Circuit Output Current 50 mA g
Lead Temperature (Soldering, 10 seconds) 300°C g
DC Electrical Characteristics Ta =0°cto+70°C, v =5V 5% c’ﬁ
MM5257 MMB257-L F.‘.
MM5257-2 MM5257-2L
SYMBOL PARAMETER CONDITIONS MM5257-25 MM5257-25L UNITS ;,n
. MM5257-3 MM5257-3L 3
MIN | MAX | MIN | MAX -
VIH Logical “1” Input Voltage 20 | Vee 20 | vee v <
ViL Logical “0" Input Voltage -0.5 0.8 -0.5 0.8 \Y
VOH Logical /1" Output Voltage | IQH = —200 A 24 24 \Y
VoL Logical 0" Output Voltage | IgL =2.1 mA 0.4 0.4 v
Ll Input Load Current VN = 0 to 5.25V -10 10 -10 10 UA
ILo Output Leakage Current Vo =4V 10 0.4V, CE = V| -10 10 -10 10 uA
Icc Power Supply Current All Inputs = 6,25V, Tp = 25°C 80 55 mA
Icc Power Supply Current All Inputs = 5.25V, Ta = 0°C 90 65 mA
AC Electrical Characteristics T4 =0°cto+70°C, Ve = 5V £5%, (Note 2)
MM5257-2 MM5257-25 MM5257-3 MM5257
SYMBOL PARAMETER MM5257-2L MM5257-25L MM5257-3L MM5257-L UNITS
MIN | MAX | MIN | MAX | MIN | MAX [ MIN | MAX
READ CYCLE
tRC Read Cycle Time (WE = V|1) 200 250 300 450 ns
tA Access Time 200 250 300 450 ns
tco Chip Enable to Output Valid 80 100 150 200 ns
tCoT Chip Enable to Output TRI-STATE 0 60 0 70 0 80 0 100 ns
tOHA Output Hold from Address Change 30 30 30 30 ns
WRITE CYCLE
twe Write Cycle Time . 200 250 300 450 ns
twp Write Pulse Width 100 100 150 200 ns
tWR Write Recovery Time 0 o 0 0 ns
tDS Data Set-Up Time 85 85 120 175 ns
1DH Data Hold Time : 0 0 0 0 ns
twWOoT Write Enable to Output TRI-STATE 0 80 0 80 0 100 0 120 ns
two Write Enable to Output Valid 80 80 100 . 120 ns
Note 1: Typical values at Tp = 25°C.
Note 2: All input transitions < 10 ns. Timing referenced to V| (MAX) or ViH(MIN) for inputs, 0.8V and 2V for output. For test
purposes, input levels should swing between OV and 3V, Qutput load = 1 TTL gate and C|_= 50 pF.
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MM5257, MM5257L Family

Switching Time Waveforms

ADDRESSES

WRITE ENABLE
(NOTE 3)

CHIPENABL

DATA OUT

ADDRESSES

CAIP SELECT
(NOTE 5)

WRITE ENABLE

(NOTE &)

DATAIN

DATA OUT

ViH
ViL

ViH
viL

VIH
viL

Vi
ViL

Vin
ViL

Vin
viL

20
08

VALID J

N A
X

Read Cycle
tRC RC ]
4 N

jp ix\._

/ NG

77/4 ta

«—tuHA——
\\ /
L‘cu icoT

- e— emms e w=(PEN — e— —— VALID s OPEN = @

Write Cycle
twe |
— X )
K -
typ (NOTE 4} <—twn—J
72,9 /{
2
N L LLLN, V
N 2
[~—1ps
VALID
ORIHXAAEOEEEL, SOSNINNDEE
F—twoT — =~ two
SIS —— e OPEN —— — VALID

Note 3: WE is high during a read cycle (WE > VIH(MINY.
Note 4: typ defines the period when both CE and WE are low. tay is referenced to the later of CE or WE going low while tpg, tpH

and twR are referenced to the earlier of CE or WE going high. twoT and twq are referenced to WE with CE low.

Note 5: Either WE or CE {or both) must be high during address transitions to prevent erroneous write.




Standby Characteristics

Ta =0°Cto+70°C

MM5257 MM5257-L
MM5257-2 MM5257-2L
SYMBOL PARAMETER CONDITIONS MM5257-25 MM5257-25L | UNITS
MM5257-3 MM5257-3L
MIN | MAX | MIN MAX
VpD V¢ in Stand-by 1.5 1.5
VCES CE Bias in Stand-by 2<Vvpp < Veomax) | 20 2.0
VCES CE Bias in Stand-by 1.5<Vpp<2 VPD Vpp
IPD1 Stand-by Current All Inputs = Vpp = 1.5V 70 45 mA
IpD2 Stand-by Current All Inputs = Vpp = 2V 75 50 mA
tcp Chip Deselect to Stand-by Time 0 0 ns
tR Recovery Time tRC tRC ns
CAPACITANCE Tp = 25°C, f = 1 MHz, (Note 6)
CIN Input Capacitance All Inputs V|N = 0V 5 5 pF
CouT Output Capacitance Vo =0V 10 10 pF
Note 6: This parameter is guaranteed by periodic testing.
Standby Waveforms
Vces
2V 2V
TE
Vi
tcp — tg
Vv
t 4.75V 4.75v
Vee
Vep -
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NMC2114A, NMC2114AP

National
Semiconductor

General Description

These 1024-word by 4-bit static random access memories
are fabricated using N-channel silicon-gate technology.
All internal circuits are fully static and therefore require
no clocks or refreshing for operation. The data is read out
nondestructively and has the same polarity as the input
data. Common input/output pins are provided.

The separate chip select input allows easy memory ex-
pansion by OR-tying individual devices to a data bus and
automatically powers down the NMC2114AP.

NMOS RAMs
PREVIEW

NMC2114A, NMC2114AP 4096-Bit (1024 x 4) Static RAMs

Features

‘All inputs and outputs directly TTL compatible
Static operation—no clocks or refreshing required
‘Low power—225 mW typical

High speed—120 ns max access time

TRI-STATE® output for bus interface

Common Data In and Data Out pins

Single 5V supply

Power down option— NMC2114AP

Block Diagram*

Connection Diagram*
1 ‘ Dual-In-Line Package

«—>ovct
4 .
a0 I X 1 U 18
)— ——OVss A6 rvcc
17
YYes A5 — — a7
‘ . Order Number "
[ NMC2114AJ or A — — A
" : ) MEMORY ARRAY NMC2114APJ Al -?- ‘—5 A%
ROW 64 ROWS See NS Package J18A 5 14 1701
1 SELECT 64 COLUMNS A — — (oan)
a8 * 6 13 1/02
Order Number A= —z'umz)
1b) — . NMC2114AN or . a2 '_.:{;’33)
A NMC2114APN Y e
See NS Package N18A T & 008)
16 - ] 0 __
A8 vss — WE (W)
101 4 14 L il TOP VIEW
oan — COLUMN 1/0 CIRCUITS
w— . N
— Logic Symbol
102 _ 13 NG
oaz) 0= COLUMN SELECT o
[ 'NNTJ; LY
DA Ao
o 12 N CONTROL s
o ’_13 -~ BT 7
1 ' 5 6 1 - s ' —q A3 (o)f
/04 11 —{ A4
L Ag Al A2 A9 I
[ — A6 Cues)
b __{ a7 (003}
— AR
a9
] cs we V08l
S8 - { ® w0
7 Oree——
@) g ? ?
4 Pin Names*

(TWE)CW i I >

* The symbols in parentheses are proposed industry standard.

AQ-A9 Address Inputs
WE (W) Write Enable
Gs () Chip Select

1/01-1/04 (DQ1-DQ4)  Data Input/Output




Absolute Maximum Ratings Operating Conditions

' Min Max Units
Voltageat Any Pin with Respect toVSS -15Vio +7V Supply Voltage (VCC) 45 55 v
Storage Temperature -65°Cto +150°C Ambient Temperature (TA) 0 +70 °C
Temperature with Bias ~10°Cto +85°C
DC Output Current 20mA
Power Dissipation 1.2W

Lead Temperature (Soldering, 10 seconds) 300°C

DC Electrical Characteristics ta=0°cto +70°c, vcC =5V +10%

z
=
Q
N
—h
S
>
Z
=
Q
N
—
S
>
0

Symb P . ; NMC2114A NMC2114AP i
ymbol arameter Conditions Min Max Min Max Units
ILt Input Load Current VIN=0V to 5.5V 10 10 A
(All Input Pins)
[ILO| I/0 Leakage Current CS=24v, 10 10 uA
VI/O=0.4V to VCC
ICC1 Power Supply Current VIN=5.5V,I1l0=0mA, 45 45 mA
TA=25°C
ICC2 Power Supply Current VIN=5.5V, 10 =0 mA, 50 50 mA
TA=0°C
VIL Input Low Voltage -1.0 0.8 -1.0 0.8 \
VIH Input High Voltage 20 6.0 2.0 6.0 v
oL Output Low Current VOL=0.4V 8.0 : 8.0 mA
IOH Output High Current VOH = 2.4V —~4.0 -4.0 mA
108 Output Short Circuit Current | VI/O=VSS to VCC -120 120 -120 120 mA
(Note 1)
ISB Standby Current VCC = Min to Max, ICC 15 mA
CS=VIH
PO Peak Power-On Current VCC = VSS to VCC Min IcC 15 mA
CS = Lower of VCC or
VIH Min
Capacitance ta=25:c, t=1.0 MHz (Note 2)
. NMC2114A NMC2114AP
Symbol Parameter Conditions Min Max Min Max Units
Clo Input/Qutput Capacitance viio =0V 10 10 pF
CIN Input Capacitance VIN=0V 5 5 pF

AC Test Conditions (Note 3)

Input Pulse Levels ' 0.8Vto2.4V
Input Rise and Fall Times <10ns
Input and Output Timing Levels 1.5V
Output Load 1TTLGateandCL =100 pF

Note 1: Maximum duration of 60 seconds.
Note 2: This parameter is guaranteed by periodic testing.

Note 3: These circuits require 500 s time delay after VCC reaches the specified minimum limit to ensure proper operation after power on. This aliows the in-
ternally generated substrate bias to reach its functional level.
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NMC2114A, NMC2114AP

:

Read Cycle AC Electrical Characteristics 7a=0°cto +70°c, vcc=5v =10%

Symbol parameter NMC2114A NMC2114AP Units

Alternate Standard Min Max Min Max

the TAVAV Read Cycle Time 120 120 ns
ta .| TAvQv Address Access Time 120 120 ns
tco TSLQv Chip Select Access Time 70 120 ns

(Notes 4 and 5)

tex TSLQxX Chip Select to Output Active 20 20 ns
toro TSHQZ Chip Select to Output TRI-STATE® 60 60 ns
toHA TAXQX Output Hold from Address Change 10 10 ns
tpy TSLICCH Chip Select to Power Up 0 ns
tpp TSHICCL Chip Select to Power Down 60 ns

Read Cycle Waveforms*

Read Cycle 1 (Continuous Selection CS = VIL, WE = VIH)

1Re
(TAVAV)

ADDRESS )L

X

DATA OUT PREVIOUS DATA VALID

4

DATA VALID

tOHA

(TAXQX)

Read Cycle 2 (Chip Select Switched, WE = VIH) (Note 5)

CHIP SELECT 2 /

N

tRC
(TAVAV)

A

CHIP SELECT 1 5

DATA OUT

(TsLax)

7

HIGH IMPEDANC

SUPPLY 7
CURRENT ISB

DATA VALID

HIGH IMPEDANCE

|ty
(TSLICCH)

Note 4: This parameter is increased by 10 ns for the NMC2114AP if the device is deselected for less than 55 ns.

Note 5: Addresses must be valid coincident with or prior to the chip select transition from high to low for the NMC2114AP. Addresses must be valid 50 ns or
more prior to the chip select transition from high to low for the NMC2114A.

* Symbols in parentheses are proposed industry standard.

PO
[~ (TSHICCL) —™]
50%
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Write Cycle AC Electrical Characteristics (Note6) TA=0°Cto +70°C, vCC=5V +10% =
N

d

Symbol Parameter NMC2114A NMC2114AP Units | ==
Alternate Standard Min Max Min Max =S
twe TAVAV Write Cycle Time 120 120 ns ?

TAVSL . .

tas TAVWL Address Set-Up Time 0 ‘ 0 ns é
tw TWLWL Write Time 60 60 ns 0
twr TWHAX Write Recovery Time 10 10 ns [_\2
tow - TDVWH Data Set-Up Time 50 50 ns —y
toH TWHDX | Data Hold Time 10 10 ns ;
totw TWLQZ Write Enable to Output TRI-STATE 60 60 ns o

Write Cycle Waveforms™ (note 7)

W
{TAVAV)
ADDRESS )( )(
t WR
— 1Aty — (TWHAX)
CAIPSELECT \Qi 7?
tw
(Twiwe)
WRITE ENABLE 3& \\QK 7‘ '
toTW
(TwLez)
DATAOUT
tpw S —
(TOVWH) (TWHDX)
R R e 3
DATAIN X QLRI )

Note 6: A write occurs during the coincidence low of CS and WE.

Note 7: The outputs remain in TRI-STATE if the CS low transition and the WE low transition occur simultaneously. WE or CS or both must be high
during the address transitions. .

* Symbols in parentheses are proposed industry standard.
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NMC2141, NMC5257A

National
Semiconductor

NMOS RAMs
PREVIEW

NMC2141, NMC5257A 4096-Bit (4096 x 1) Static RAMs

General Description

These 4096-word by 1-bit static random access memories
are fabricated using N-channel silicon-gate technology.
All internal circuits are fully static and therefore require
no clocks or refreshing for operation. The data is read out
nondestructively and has the same polarity as the input
data. Separate input/output pins are provided.

The separate chip select input aliows easy memory ex-
pansion by OR-tying individual devices to a data bus and
automatically powers down the NMC2141.

Features

B All inputs and outputs directly TTL compatible

® Static operation—no clocks or refreshing required
8 Low power—225 mW typical

B High speed—120 ns max access time

B TRI-STATE® output for bus interface

B Common Data In and Data Out pins

B Single 5V supply

B Power down option—NMC2141

Block Diagram*

Connection Diagram*

Dual-In-Line Package

18 A —1-1 U LE vee
a0 o-’—m: ] «—O0 vic a2 17 0
2 4-9—0 VsS Az —3 '1—6 A7
At o—-m 4 15
A3 l— ns
Order Number 5 ;N
% NMC21atdor  m— G b=a
a2 . NMC5257A
ROW SELECT| MEM&RF;/D:IZRAV NMC5257AJ NS . 6 113,00
s . 54 COLUMNS See NS Package . . 12
”% Number J18A (o [ A
WE 8} 11 DIv
A oim Order Number ™ g o
NMC2141N or vss |— C3
: ®)
6 NMC5257AN NS
hs bm: - See NS Package
T I Number N18A TOP VIEW
Logic Symbol*
DN OED__—_ COLUMN 1/0 CIRCUITS 7 bout
[} bg
& A0 T
® | . COLUMN SELECT a
- A2
WE 8 — 3
w - A4
SEERER ¢
17 16 15 14 1 12 — n6 @
A8 A? A8 AD A0 AN L
—] ag
—{as
-t AlD
N Pin Names* — AN l:'l'l;l (vvivE) ((;s)
AO-A11 All Inputs
WE (W)  Write Enable I ? ?
CS(s) Chip Select
DIN (D) Data Input

DOUT(Q) Data Output

* The symbols in parentheses are proposed industry standard.
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Z
Absolute Maximum Ratings Operating Conditions =
Min Max Units O
Voltage at Any Pin with RespecttoVSS —15Vto +7V Supply Voitage (VCC) 45 55 \ B
Storage Temperature -65°Cto +150°C Ambient Temperature(TA) 0 +70 °C h
Temperature withBias —10°Cto +85°C b
DC Output Current 20mA -
Power Dissipation 1.2W P4
Lead Temperature (Soldering, 10 seconds) 300°C g .
DC Electrical Characteristics ta=o0°c to +70°c, vcC=5v = 10% CM"
' N
>
. NMC5257A NMC2141 R
Symbol Parameter Conditions Min Max Min Max Units
1Ll Input Load Current VIN =0V to 5.5V 10 10 A
(All Input Pins)
|ILO| Output Leakage Current CS=24v, 10 10 uA
VOUT =0.4V to VCC :
ICC1 Power Supply Current VIN =55V, ' 45 45 mA
TA =25°C Qutput Open
ICC2 Power Supply Current VIN =5.5V, 50 50 mA
TA =0°C Output Open
VIL Input Low Voltage -1.0 0.8 -1.0 0.8 \
VIH Input High Voltage 2.0 6.0 2.0 6.0 \Y
10L Output Low Current VOL =04V 8.0 8.0 mA
I0H Output High Current VOH =2.4V —-4.0 -4.0 mA
10S Output Short Circuit Current | VOUT = VSS to VCC -120 120 -120 120 mA
(Note 1)
isB Standby Current \EC = Min to Max, ICC 15 mA
CS=VIH
IPO Peak Power-On VCC=VSSto VCC Min ICC 15 mA
Current CS = Lower of VCC or :
VIH Min
Capacitance ta=25°c, t= 1.0 MHz (Note 2)
’ . NMC5257A NMC2141 .
Symbol Parameter Conditions Min Max Min Max Units
COouT Output Capacitance VOoUT =0V 6 5 pF
CIN Input Capacitance VIN =0V 5 5 pF
AC Test Conditions (vote 3)
Input Pulse Levels
NMC2141 GND1t03.5V
NMC5257A 0.8Vto2.4V
Input Rise and Fall Times =10ns
Inputand Output Timing Levels 1.5V
Output Load 1TTLGateand CL =100 pF
Note 1: Maximum duration of 60 seconds.
Note 2: This parameter is guaranteed by periodic testing.
Note 3: These circuits require 500 »s time delay after VCC reaches the specified minimum lim'i to ensure proper operation alter power on. This allows the in-
ternally generated substrate bias to reach its functional level.




NMC2141, NMC5257A

Read Cycle AC Electrical Characteristics ta=0-cto +70°C, vcc=5v = 10%

Symbol Parameter NMC5257A NMC2141 Units

Alternate Standard Min Max Min Max

tac TAVAV Read Cycle Time 120 120 ns
taa TAVQV Address Access Time 120 120 ns
tacs TsLQv Chip Select Access Time 70 120 ns

(Notes 4 and 5)

tz TSLQX Chip Select to Output Active 20 20 ns
thz TSHQz Chip Select to Output TRI-STATE 60 60 ns
toH TAXQX . Output Hold from Address Change 10 10 ns
try TSLICCH Chip Select to Power Up 0 ns
teo TSHICCL Chip Select to Power Down 60 ns

Read Cycle Waveforms*

Read Cycle 1 (Continuous Selection CS = VIL, WE = VIH)

e
(TAVAV)

ADDRESS )

X

tap |
(TAvav)
DATA OUT PREVIOUS DATA VALID 55 5 DATA VALID
o
(TAXQX)
Read Cycle 2 (Chip Select Switched, WE = VIH) (Note 5)
tRe
(TAVAV)
CHIP SELECT: N 4
DATA OUT DATA VALID HIGH IMPEDANCE
tpy tPp
=" (TSLICCH) [~ (TSHICCL) ™
VEe JEC = — e e e e
SUPPLY  sox 50%
CURRENT 158 e/

Note 4: This parameter is increased by 10 ns for the NMC2141 if the device is deselected for less than 55 ns.

Note 5: Addresses must be valid coincident with or prior to the chip select transition from high to low for the NMG2141. Addresses must be valid 50 ns or more
prior to the chip select transition from high to low for the NMC5257A.

*Symbols in parentheses are proposed industry standard.




Write Cycle AC Electrical Characteristics (Note6) TA=0°C to +70°C,vCC =5V £ 10% é
Alternates ymbo;tandard Parameter Mi:’wcszy?wax MlnNMC21“Max Units g
tho TAVAV Write Cycle Time 120 120 ns | e
tas ' 1253\;1 Address Set-Up Time 0 0 ns “z
twe TWLWL Write Pulse Width 60 60 ns g
twr TWHAX Write Recovery Time 10 10 ns O
tow TDVWH Data Set-Up Time 50 : 50 ns %
ton TWHDX Data Hold Time 10 10 " ns ﬂ
twz TWLQZ Write Enable to Output TRI-STATE 60 60 ns >
tow TWHQX Write Enable to Output Active 5 5 ns
tew TSLWH Chip Select to End of Write 110 110 ns
taw TAVWH Address Valid to End of Write 110 110 ns

Write Cycle Waveforms™ (note 7)
Write Cycle 1 (Write Enable Limited)

twe
{TAVAV)

e I

| ow
(TSLWH)
CHIPSELECT 7V
taw WR
(TAVWH) (TWHAX) ™
as twp
(TAVWL) (TWLWL)
WTEERA RO 7
| tow 1t
(TDVWH) (%‘vm]x)
DATAIN DATA IN VALID
-~ twz_ ! tow
(TwLaz) (TWHOX)

HIGH IMPEDANCE [AXCX XX

DATA OUT DATA UNDEFINED

Write Cycle 2 (Chip Select Limited)

we
(TAVAV)
ADDRESS 96 . ‘é e
' | oW
tag — (TSLWH)
(TAVSLY ™|
CHIP SELECT /
TAb
Favw twp tWR .-
(TWLWL) {TWHAX)
WRITE ENABL Q( ~
! tow | _toH
(TDVWH) (TWHDX)
DATAIN DATA INVALID
—— WZ
(TwLaz) J
1GH IMPEDANCE
DATA OUT DATA UNDEFINED HIGH IMPE

/

Note 6: A write occurs during the coincidence low of G and WE.
Note 7: The output remains TRI-STATE if the CS and WE go high simultaneously. WE or CS or both must be high during the address transiticns.

* Symbols in parentheses are proposed industry standard.
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NMC2142A, NMC2142AP

National

Semiconductor |
NMC2142A, NMC2142AP 4096-Bit (1024 x 4) Static RAMs

General Description

These 1024-word by 4-bit static random access memories
are fabricated using N-channel silicon-gate technology.
All internal circuits are fully static and therefore require
no clocks or refreshing for operation. The data is read out

nondestructively and has the same

data. Common input/output pins are provided.

The separate chip select inputs allow easy memory ex-
pansion by OR-tying individual devices to a data bus and
automatically powers down the NMC2142AP. -

Features

B All inputs and outputs directly TTL compatible

B Static operation—no clocks or refreshing required
B Low power—225 mW typical

B High speed—120 ns max access time

B TRI-STATE® output for bus interface

B Common Data In and Data Out pins

W Singie 5V supply

B Power down option—NMC2142AP

polarity as the input

NMOS RAMs
| PREVIEW

Block Diagram*

Al

A4

AS
ROW

SELECT
A6

A7 L

A8 18

e

MEMORY ARRAY
64 ROWS
64 COLUMNS

]7.

15
(001 O—4

i

11

1702 4 14
002~

INPUT
DATA
R CONTROL

(Imll)c'L

ot 12
©0y©

COLUMN i/0 CIRCUITS

COLUMN SELECT

Fii

G

Sl S —
€52 ()0 s

Y|

1

A 8

¥

WE W)

0D (G)

PinNames*

AO-A9 Address Inputs
WE (W) Write Enable
€S1,Cs2(51,82) Chip Select

1101-1/04 (DQ1-DQ4)
oD (G) Output Disable

Data Input/Output

* The symbols in parentheses are proposed industry standard.

Connection Diagram*

Dual-In-Line Package

25— \/ 120 veo
a5 =4 gy
- LW
A= b A9
5 16_00
sz—# -

6 15 1
ol i,
A 114 1/02
A (002}

13 i/03
2= [ toan
a1 )= = (o0a
vss 21 1 e
TOP VIEW
Order Number
NMC2142AJ or NMC2142APJ
See NS Package J20B
Order Number
NMC2142AN or NMC2142APN
See NS Package N20A
Logic Symbol*
— 0
— At
A2
] 1101
A3 (oanf—
= o
—1A5 103}
I P (0a3)
1/04 b
—A7 (0Qa)
—{ a8
— a9
€S2 CS1DIN WE 0D
(52) (1) {D} (W) (G)
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Absolute Maximum Ratings

Operating Conditions

Output Load

Note 1: Maximum duration of 60 seconds.

1TTLGateandCL=100pF

Note 2: This parameter is guaranteed bly periodic testing.
Note 3: These circuits require 500 s time delay atter VCC reaches the specified minimum limit to ensure proper operation after power on. This allows thein-
ternally generated substrate bias to reach its functional level.

Min Max Units
Voltage at Any Pin with Respectto VSS -15Vto +7Vv Supply Voltage(VCC) 45 55 v
Storage Temperature —65°Cto +150°C Ambient Temperature (TA) 0 +70 °C
Temperature with Bias -10°Cto +85°C
DC Output Current 20mA
Power Dissipation 1.2W
Lead Temperature (Soldering, 10 seconds) 300°C
DC Electrical Characteristics ta=o°c o +70°c, vcc=5v =10%
NMC2142A NMC2142AP .
Symbol Parameter Conditions Win Max Min Max Units
ILI Input Load Current VIN =0V to 5.5V 10 10 uA
(All Input Pins)
|ILO| 110 Leakage Current CS=24v, 10 10 uA
VI/O =0.4V to VCC
ICC1 Power Supply Current VIN =55V, 10 =0 mA, 45 45 mA
TA=25°C ’
ICC2 Power Supply Current VIN =5.5V, 110 =0 mA, 50 50 mA
TA=0°C
VIL Input Low Voltage -1.0 0.8 -1.0 0.8 3
VIH Input High Voltage 2.0 6.0 '+ 2.0 6.0 \
[o]8 Output Low Current VOL = 0.4V 8.0 8.0 mA
IOH Output High Current VOH =2.4V ~40 —-40 mA
10S Output Short Circuit Current | VI/O = VSS to VCC -120 120 ~120 120 mA
. (Note 1)
ISB Standby Current VCC = Min to Max, e 15 mA
CS=VIH
IPO Peak Power-On VCC = VSS to VCC Min 15 mA
Current CS = Lower of VCC or ICC
VIH Min
Capacitance 7a=25°c, f=1.0 MHz (Note 2)
. NMC2142A NMC2142AP
Symbol Parameter Conditions Win Max Wi Max Units
Cl/O Input/Output Capacitance VIIO =0V 5 5 pF
CIN Input Capacitance VIN =0V 5 5 pF
AC Test Conditions (Note 3) _
Input Pulse Levels 0.8Vto2.4V
Input Riseand Fall Times <10ns
Input and Output Timing Levels 1.5V

1-29
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NMC2142A, NMC2142AP

Read Cycle AC Electrical Characteristics 1a=0°cto +70°c, vcc=5v +10%

L

Symbol parameter NMC2142A NMC2142AP Units

Alternate Standard Min Max Min Max

tre TAVAV Read Cycle Time 120 120 ns
ta TAVQV Address Access Time 120 120 ns
tco TSXQV Chip Select Access Time 70 120 ns

(Notes 4 and 5)

tox ~ TSLAX Chip Select to Output Active 20 20 ns
toro Ig:gzz Output TRI-STATE from Disable 60 60 ns
toHa TAXQX Output Hold from Address Change 10 10 ns
top TGLQV Output Disable to Output Valid 60 ) 60 ns
toox TGLQX Output Disable to Output Active 20 20 ns
tpy TSLICCH Chip Select to Power Up 0 . ns
teo TSHICCL Chip Select to Power Down 60 ns

Read Cycle Waveforms*

Read Cycle 1 (Continuous Selection Cs1= VIL, CS2 = VIH, OD = VIL, WE = VIH)

N—

Re
(TAVAV)

ADDRESS 1

d

X

ta
{TAvay) \

DATA OUT

PREVIOUS DATA VALID

DATAVA

LID

10HA
(TAXQX)

Read Cycle 2 (Continuous Selection with Output Disable Switched, C_S"l =VIL, €S2 = VIH, WE = VIH)

tRC
(TAVAV) T
t

A
(TAVQV)

ADDRESS

X

_X

ez &\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\{ L

DATA

1opx
~(TGLAX)

our

toHA
(TAXQX)

Y

rng

Read cycle 3 (Chip Select(s) Switched, OD = VIL, WE = VIH) (Note 5)

CHIP SELECT 2 7L 3\
tRC
(TAVAV)
CHIPSELECT1 5F 7[
| to1D
(TSHOZ)
DATA OUT

Ko 90,0930
R X550
RS

DATA VALID

HIGH IMPEDANCE

HIGH IMPED,
|ty
(TSLICCH)
vee 60 ———————— 4
SUPPLY 50%
CURRENT 158 e/

tPD
I~ (TSHICCL) ~™
50%

Note 4: This parameter is increased by 10 ns for the NMC2142AP if the device is deselected for less than 55 ns.

Note5: Addresses must be valid coincidentwithor prior to the chip select transition from high to low for the NMC2142AP, Address must be valid 50 ns or more
prior to the chip select transition from high to low for the NMC2142A.

* Symbols in parer

industry standard.

are prop
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Write Cycle AC Electrical Characteristics (Note6) TaA=0°C to +70°C, vec=5v +10% =

Symbol NMC2142A NMC2142AP 8

Alternate Standard Parameter Min Max Min Max Units —.hl

twe TAVAV Write Cycle Time 120 120 ns g
ths Tavsx Address Set-Up Time 0 0o ns | -

TAVWL z

tw TWLWL Write Time 60 60 ns g

twr TWHAX Write Recovery Time 10 10 ns O

tow TDVWH Data Set-Up Time _ 50 50 ns N

ton TWHDX Data Hold Time 10 10 ns -_h"

TSXQZ . )
toto TWLQZ Write Enable to Output TRI-STATE 60 60 ns §
o

Write Cycle Waveforms™ (oo =viH) (Note 7)

we
(TAVAV)
ADDRESS )( )(
AW (Ax)
CIFSELEETY NN NN y Y
torp_ | :
(TWLaz)
CHIP SELECT 2 /jZ Sk\\
w
(TWLWL)
il o X “g JZ
DATA OUT
{l tow
[~ (rovww)
DATAIN

Note 6: A write occurs during the coincidence low of CS and WE.

Note 7: The outputs remain in TRI-STATE if the chip is deselected with a chip select transition simultanecusly with the WE low transition. WE or
CS or both must be high during the address transitions.

* Symbols in parentheses are proposed industry standard.




NMC2148/NMC2148L

National
Semiconductor

NMOS RAMs
PREVIEW

NMC2148/NMC2148L 1024 x 4 Static RAM

General Description

The NMC2148 is a 1024-word by 4-bit static random ac-
cess memory fabricated using N-channel silicon-gate
technology. All internal circuits are fully static and
therefore require no clocks or refreshing for operation.
The data is read out nondestructively and has the same
polarity as the input data.

The separate chip select input automatically switches
the part to its low power standby mode when it goes high.
Common input/output pins are provided.

Features

B All inputs and outputs directly TTL compatible

M Static operation—no clocks or refreshing required
# Automatic power down

B High speed—down to 55 ns access time

B TRI-STATE® output for bus interface

B Common Data /O pins

B Single +5V supply )

B Standard 18-pin dual-in-line package

Block Diagram*

Connection Diagram*

Dual-In-Line Package
85 vee ua g
1
o5 ; U s
|| +—O Vss A6 —4 — vee
2 2 17
s . A5 — — A7
' Y LW
3 15
as o—————l g : —
MEMORY ARRAY A3 A8
ROW 64 ROWS .l 14 1y
15 SELECT 64 COLUMNS Al (0o
A9 1-0F-54 6 1 ne
M 1 ooy
] 12 1/03
A8 Oi_——m: A2 » 1003
8 11 1/08
B e = — (as)
17 - q w._
A7 vss —4 — WE(E)
I I I I TOP VIEW
pag) O — /
[ COLUMN 1/0 CIRCUITS
H *
‘ ] Logic Symbol*.
1103 5, 12 ]
{oa3) COLUMN SELECT
INPUT U111]
s DATA {001)
ez 13 CONTROL —{ a0
ooz © ‘ —f a1
< —m o2
" 1 5 6 7 — A3 02)
1101 ]
w1 © PR Al A A8
« - . - - A5
—q1 A6 Vo3l
r J (oa3)
. —{ a8
L = 1104
e V0al
& oo
& H L_ﬁ ? ?
wemd ™\ { Pin Names*
—OL_I AO-A9 Address Inputs
WE (W) Write Enable
*Th s h di dard Cs(9) Chip Select
e symbols in parentheses are proposed industry standard. 11011104 (DQ1-DQ4) Data Input/Outpu}
vcC Power (+5V)
Vvss Ground
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Pseudo-Static RAMs







National
Semiconductor

NMOS RAMs
PREVIEW

NMC4864 64k Pseudo-Static Byte-Wide RAM

General Description

The NMC4864 is a single 5V power supply pseudo-static
NMOS RAM organized as 8192 words by 8 bits. The circuit
uses single-transistor dynamic storage celis with inter-
nal refresh control to make the part appear static to
the user. The byte-wide (8-bit Input/output) organiza-
tion makes this RAM ideal for microprocessor applica-
tions. The part is manufactured using National's new
TRI-POLY™M scaled process.

The NMC4864 has separate address and data I/O pins for
use with either separate or multiplexed address/data
buses. Two modes of operation are possible with the

cycle initiated by the Read (R)/Write ) signals or the

Address (E) signal.

The NMC4864 has a bidirectional refresh status and con-
trol pin F (RFSH). Use of this pin selects either of two
cycle-initiated refresh modes or the self-timed standby
mode.

The NMC4864 is packaged in a standard 28-pin DIP with
the JEDEC proposed standard pinout. This pinout is
EPROM/ROM compatible with minimal modification.

Features
W 8192 words x 8-bit organization
B High performance

Access time— 150 ns
Cycle time-—-250 ns

B Low power: 200 mW active, 50 mW standby

W Single 5V 10% supply with on-chip substrate bias
generator

B 256 refresh cycles/4 ms automatically provided

B Automatic self refresh with fast and slow cycle modes

B Standby/single step auto-refresh allows infinite max-
imum cycle time

B Standard 28-pin DIP with JEDEC proposed pinout

B Pinout ROM/EPROM compatible

Connection Diagram

Dual-In-Line Package

F -/ 2 vee
AIZ——z- 2 w
A=Y 1% ¢
a5 =4 5 e
prymd EA!
A= 122 an
A3—7- 122 5
a4 121 10
e 120 5
a0 e py
nao 4 8 0os
o012 LAY
ooz 2 L
ano 24 5 a3

TOP VIEW

Pin Names

AQ-A12 Address inputs

E Address latch enable

R Read strobe

W Write strobe

[ Chip select

DQoO-DQ7 Data input/output
(TRI-STATE®) -

F (RFSH) Refresh (bidirectional)

VvCC Power supply

VSS Ground

<
=
o
B
()
(=2
S




NMC4864

Absolute Maximum Ratings
Operating Temperature Range

Storage Temperature
AllPins with Respect to VSS
Power Dissipation A

0°Cto +70°C
-65°Cto +150°C
—3.0Vto +7.0V

1.26W

DC Electrical Characteristics ta=o0°cto +70°C, vGC=5V = 10%, VSS =0V

JEDEC N . "
Parameter Conditions Min Max Units
Symbol
VIH input Voitage HIGH 2.0 7.0 \
VIL Input Voltage LOW -1.0 0.8 A
It . Input Leakage Current -10 10 A
10z Output Leakage Current - 10 10 nA
VOH Output Voltage HIGH IOH= -1mA 2.4 %
VoL Qutput Voltage LOW 1OL =4 mA 04 %
1CC1 Power Supply Current (Operating) 40 mA
1ICC2 Power Supply Current (Standby) 10 mA
IF Refresh Output LOW Current VF =04V 6.0 mA
Cl Input Capacitance (A) 5 pF
cc Input Capacnance(é, R \7\/) 10 pF
co Output Capacitance (DQ, F) 10 pF
Block Diagram
vee  Vss
Al-AB 5V GND
o I
. ROW
MEMDRY ARRAY |t DECODER L—’ MEMORY ARRAY
A1
ADRS Mux mux
AND SENSE AMPS AOW ROW SENSE AMPS
CS DRIVERS DRIVERS
LATCH
REFRESH
MEMORY ARRAY j=—]  SHIFT =i MEMORY ARRAY
§ > REGISTER
A?—AE 1
v COL DECODER o COL DECODER
e AND DRIVERS i AND DRIVERS
aof
1&
E cLoCcK 0Qo-Da7
[ |
_ GENERATOR 10
Re—>p| anp | surkeRs
——p| REFRESH
" CONTROL
F oo
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R Only READ Cycle and W Only WRITE Cycle 1a=0C to +70°C, VGG =5V + 10%

Waveforms

¥98YONIN

R Only READ Cycle W Only WRITE Cycle
TAVRL [ TRLAX

<~TWLAX>‘

== TWLSH

z

§
. TSLRL TsLWLL.- TWLWL Y
_ TRLRH TWLWH |
R ]

le— TRHRL —=

TRLQV TRHQZ TOVWL TWLDX Fe— TWHWL

R RIS
LSOR0IARIRIRNRLIKKLIKELKEKIKEL
$,0.0.0.9.0.4.0.0.0.99.9.0.99.9.9.9.9509.0.6.000
BSOS
S0SCILIRIINEIIEIENS
V0020200020702 70 %2020 %202 20 0% e %0 e %e T % %%

AC Characteristics & only READ cycle

;;zs; Parameter Min Max Units

TRLRL . Cycle Time _ 1
Short Cycle Mode (F = HIGH) 250 ns -
Double Cycle Mode (F = LOW) 500 ns
Standby/Single Step Mode @ ns

TRLRH Read LOW Pulse Width 0.150 100 us

TRHRL Read HIGH Pulse Width 80 ns

TAVRL Address/Refresh Set-Up Time 0 . ns

TRLAX Address/Refresh Hold Time 20 ns

TSLRL Select Set-Up Time 0 ns

TRLSH ' Select Hold Time 20 ns

TRLQV Read Access Time 150 ns

TRHQZ Output Deselect Time 35 ns

AC Characteristics W only WRITE cycle

;YE:S; Parameter Min Max Units
TWLWL Cycle Time _

Short Cycle Mode (F = HIGH) 250 ns

Double Cycle Mode (F = LOW) 500 ns

Standby/Single Mode - ns
TWLWH Write LOW Pulse Width 0.150 100 s
TWHWL Write HIGH Pulse Width 80 ns
TAVWL Address/Refresh Set-Up Time 0 ns
TWLAX Address/Refresh Hold Time 20 ns
TSLWL Select Set-Up Time 0 ns
TWLSH Select Hold Time 20 ns
TOVWL Data Set-Up Time 0 ns
TWLDX Data Hold Time 20 ns




NMC4864

E Only READ or WRITE Cycle TA=0C to +70°C, VGG =5V £ 10%

Waveforms
E READ Cycle .E WRITE Cycle
TELEL TELEL
TELEH TELEH
TELAX _— TELAX
£ t
TAVEL -—[ [-— TEHEL —| )—-— TAVEL TEHEL —=
AF
b= TSLEL TRLEH— TWLEH
TELS::_—‘ TRLEL e » . TWLEL
H H V
TELRH TRHEL TELWH TWHEL =]
- [=—— TRLRH I _
3 W
Vet
R
e L_—L—— TELQY —— TRHOZ Fe TELWL =l [t TWLWH ——=
a - D
TDVWL->I
Note: TRHQZ is determined by the earliest Note: WRITE cycle is terminated by the earliest
rising edge of either E or R. rising edge of either E or W.
s ar
AC Characteristics
JEDEC .
Symbol Parameter Min Max Units
READ OR WRITE
TELEL Cycle Time
Short Cycle Mode (F = HIGH) 250 ns
Double Cycle Mode (F = LOW) 500 ns
Standby/Single Step Mode o ns
TELEH Enable LOW Pulse Width 50 ns
TEHEL Enable HIGH Pulse Width 80 ns
TAVEL Address/Refresh Set-Up Time 0 ns
TELAX Address/Refresh Hold Time 20 ns
TSLEL Chip Select Set-Up Time 0 ns
TELSH Chip Select Hold Time 20 ns
READ
TELRL Enable LOW to Read LOW Detay Time 0 100 us
TRLRH Read LOW Pulse Width 50 ns
TELRH Enable LOW to Read HIGH Delay Time 0.150 100 s
TRHEL Read HIGH to Enable LOW Delay Time 80 ns
TRLEH Read LOW to Enable HIGH Delay Time 20 ns
TRLEL Read LOW to Enable LOW Delay Time
Short Cycle Mode (F = HIGH) 130 ns
Double Cycle Mode (F = LOW) 400 ns
TELQV Enable Access Time 150 ns
TRLQV Read Access Time 35 ns
TRHQZ Output Deselect Time 35 ns
WRITE
TELWL Enable LOW to Write LOW Delay Time o] 100 us
TWLWH Write LOW Pulse Width 50 ns
TELWH Enable LOW to Write HIGH Delay Time 0.150 100 us
TWHEL Write HIGH to Enable LOW Delay Time 80 ‘ ns
TWLEH Write LOW to Enable HIGH Delay Time 20 ns
TWLEL Write LOW to Enable LOW Delay Time
Short Cycle Mode (F = HIGH) - 130 ns
Double Cycle Mode (F = LOW} 400 ns
TDVWL Data Set-Up Time 0 ns
TWLDX Data Hold Time 20 ns




Refresh Characteristics ta=o0°cto +70°c, vcc=5v = 10%

AC Characteristics

v98vYONN

JEDEC

. Parameter Min Max Units
Symbol

INTERNALLY INITIATED DOUBLE CYCLE (SHORT CYCLE MODE) .

TELEL Cycle Time 500 ns
TSLEL Chip Select Set-Up Time 0 ns
TELSH Chip Select Hold Time 20 ns
TFHEL Refresh Set-Up Time 0 ns
TELFL Enable to Refresh LOW Delay Time 50 ns
TELFH Enable to Refresh Disable Time - 500 ns

STANDBY/SINGLE STEP AUTO REFRESH MODE

TELEL Cycle Time . . © ns
TFVEL Refresh Set-Up Time 0 ns
TELFX Refresh Hold Time . 20 ns
TFHFL Refresh HIGH Pulse Width 100 ns
TFHEL B Refresh Recovery Time 300 ns
TELIH Enable to Internal Refresh Delay Time 10 HuS
TFLIH Refresh to Internal Refresh Delay Time .10 us
TIHIH Internal Refresh Cycle Time 10 15 us
TREF Refresh Time 4 ms

Waveforms A m
Internally Initiated Double Cycle

(Short Cycle Refresh Mode Only)

=

TELEL |
(= TELSH=|
o 1% ZU
o 7
r'—' TSLEL
% %

TELFH

S DRIVEN LOW HIGH IMPEDANCE

- TELFL——J

Standby/Single Step Auto Refresh Mode

TELEL i
[=—TELFX—= - TFHEL—=
ERW ,
et be—TFVEL LTFHFL
F N k N; INPUT HELD LOW : ]
e TFLIH = TIHIH
INTERNAL REFRESH r\_
1
TELIH




-NMC4864

Functional Description

The memory is organized as two separate 4k x 8 halves
selected by address AO. This architecture provides the
means for a highly efficient self refresh scheme. During a
read or write to the even half, the odd half is refreshed and
viceversa. Thisis oneof three self refresh modes which are
fully described later.

The address, chip select, and F (RFSH) inputs are clocked
into on-chip latches by one of three contro! clocks: E, Ror
W. The address latch clock, E, latches address, chipselect
and F on its falling edge. To simplify use in nonmulti-
plexed systems E may be tied permanently HIGH and
read or write timing controlled with the falling edge of
either the R or W clocks.

Read Cycles

Read cycles are controlled by the §, R, and E inputs. Fora
read cycle Smustbe LOW as specified with respectto Ror
E transitions, otherwise R and E are ignored except to
initiate refresh. Two types of read cycles are provided: a R
only cycle and an E cycle.

The R only cycle (Figure 1) provides simple timing for
nonmultiplexed address and data bus systems. With E left
HIGH, the falling edge of R latches the address and S
inputs; and initiates the cycle. The outputs remain TRI-
STATE until after the access time when the data becomes
valid. After R returns HIGH the data pins return to
TRI-STATE.

E HIGH

T/
—_—C

FIGURE 1. R Only Read Cycle

The E read cycle (Figure 2) provides direct compatible tim-
ing for multiplexed address and data bus systems. The
data bus may be tied directly to the address bus when E
cycles areuseddue to time multiplexing of the address and
data. Care must be taken with the timing toinsurethat data
outputs are TRI-STATE during address or data input times.
The falling edge of E latches the address and S inputs and
initiates the cycle. R must go LOW to enable the output
butfers. While Ris LOW E may either remain LOW orreturn
HIGH without affecting the output. As long as E remains
LOW the R input acts only as an output enable and may
repeatedly be toggled to select and deselect the same out-
putdata. Thereadcycleisterminated by the latterof theris-
ing edges of Ror E.

FIGURE 2. € Read Cycle

Write Cycles

Write cycles are controlled by the S, W and E inputs. Fora
write cycle S must be LOW as specified with respect to W
and E transitions, otherwise W and E are ignored except to
initiate refresh. Two types of write cycles are provided; aW
only cycle and an E cycle.

The W only write cycle provides simple timing for_non-
multiplexed address and data bus systems. With E left
HIGH, the falling edge of W latches the data in, address
and S inputs; and initiates the cycle. The rising edge ter-
minaxes the cycle.

The E write cycle provides direct compatible timing for
multiplexed address and data bus systems. Care must be
taken with the timing to insure that data outputs are TRI-
STATE during address or datainput times. The falling edge
of E latches the address and S inputs and initiates the
cycle. W going LOW latches and writes the data in. While
W is LOW, E may either return HIGH or remain LOW. The
latter of the W or E rising edges terminates the cycle.

Self Refresh Operation

The NMC4864 must be refreshed with 256 refresh cycles
every 4 ms. One of three refresh modes may be chosen to
meet this requirement which providetransparentrefreshin
most circumstances. During active operation two refresh
approaches are available whichdependonthe user's cycle
time requirements. These are the double cycie mode and
the short cycle mode. The third refresh mode is for standby
and single step operation where long periods occur be-
tween clocking, including up to infinite cycle time.

Double Cycle Refresh Mode

For cycle times greater than TELEL (min, double cycle
model), the double cycle self refreshmode may be selected
by a LOW input on E (RFSH) at the start of the cycle. This
input is latched by E, R, or W but may be tied permanently
LOW if the cycle time is less than 10 us.

In this mode every read/write cycle is automatically fol-
lowed by a refresh operation to both array halves. This
refresh is totally transparent to the user since both timing
and refresh address are internally created. The data (D/Q)
pins are not affected by this refresh operation and remain
under control of the R and W pins. When E, Rand W are
clocked with the part deselected (S =HIGH), only the
refresh operation is done.

This double cycle self refresh mode is the best for
microprocessor applications where the cycle time normal-
ly exceeds 500 ns. No data interruption is required for
refresh with this refresh mode. The only requirement for
this mode is that 256 memory cycles (selected or
deselected) be done for each 4 ms time period.

Short Cycle Refresh Mode

This self refreshmode allows highest speed operation with
cycle times down to TELEL(min, short cycle mode). This
mode is selected by pulling the F(RFSH) pin HIGH through
a pull up resistor (1 k@, typ) which allows wire-OR connec-
tions of the F outputs from several NMC4864 devices.




Functional Description (Continued)

For the short cycle self refresh mode the required 256
refresh cycles per 4 ms to both array halves will automati-
cally be provided as long as the average cycle time, TELEL,
overany4msislessthan820nsaccordingto the following
equation.

TREF
TELEL(average)= ——————
(average)= 9 266)

where TREF =4 ms /

I

This mode utilizes the split array architecture to perform
refresh on the non-addressed half and read/write on the
addressed half simultaneously as determined by the least
significant address input, AO. The details concerning the
operation of this refresh mode follow. )

Each E, RorW cycle when deselected (S = HIGH) refreshes
both array halves and increments the internal refresh
address.

Each E, R or W cycle when selected (5 = LOW) refreshes
the array half not addressed by A0 and performs the
read/write operation to the other half. The refresh address
is incremented after each time both array halves are
selected.

In this mode normal memory activity will perform the re-
quired 256 refresh cycles to each half for each 4 ms period.
In the unlikely event that a long string of all odd or even
addresses occurs, a built in cycle counter is provided to
guarantee adequate refresh. Should 18 continuous cycles

. be selected (S = LOW) with address A0 either always LOW
oralways HIGH then on the 19th cycle the F output will be
pulled LOW to request a double length cycle (Figure 3).
Refresh will be doneautoma_ti(:ally toboth halvesjustasin
the double cycle mode. The F pin returns to open (allowing
it to go HIGH) when the refresh is completed.

The B pin in this mode may be tied to the READY or WAIT
input (Figure 4)on most microprocessors. This is aconven-
ient method by which the memory cycle time may be
lengthened to allow for the double length cycle only when
required.

Standby/Single Step Auto Refresh Mode

This mode completes the pseudo-static nature of the
NMC4864 allowing it to be used for most static RAM appli-
cations. In particular, this mode is ideal for applications
requiring very long periods with no clocks being cycled
such as in single step operation or during microprocessor
power down.

The standby mode (Figure 5) is entered if F (RFSH} s held
LOW for 100 us uninterrupted by active cycles. Each active
cycle restarts the timer when F is LOW. This standby/
single step mode is entered 100 microseconds after the lat-
ter of the falling edge of F or the start of the last E, Ror W
cycle.

During standby mode all other read/write timing specifica-
tions apply except for the maximum active pulse widths for
E, Rand W which may be HIGH or LOW during standby, but
must not be cycled. While R remains LOW from the cycle
entering standby the outputs remain valid without time
limit. If the cycle entering standby was deselected
(S =HIGH) or if R is HIGH the outputs remain TRI-STATE.
The internal auto refresh cycle occurs every 15 us during
standby. This minimizes standby power while refreshing
the memory every 3.84 ms.

Exit from standby/single step mode is best done by return-
ing F HIGH before the next active cycle by the time TFHEL.
F need only remain HIGH for time TFHFL which allows for
short or double cycle mode selection on the first active
cycle after standby mode termination. This method of
standby exit provides a safe exit from the asynchronous
internal refresh operations during standby, with zero error
probability.

Power Up Characteristics

The NMC4864 has an internal substrate bias generator
that requires up to 500 ns to reach its functional level. In
addition, the device requires up to 128 cycles to initialize
the internal clock chain.

Therefore, it is necessary for the system designer to pro-
vide a delay of at least 500 ns after VCC reaches 4.5V
foliowed by a minimum of 128 dummy cycles. These 128
dummy cycles must also be provided following a violation
of refresh timing. Any 128 read or writecycles satisfies this
requirement regardless of whether or not the chip is
selected.

5V

ERW \ , \ 1 ’ ~ 5 ’ ~ 19 , DOUBLE CYCLE \

STAYS LOW

W

F \ WAIT , COUNTER RESET

FIGURE 3. Short Cycle Auto Refresh Timing

wAIT < F

PROCESSOR NMC4864

FIGURE 4. Circuit for Short Cycle

== TFHEL l‘—

=100 s 15 us

L

INTERNAL

P

tw— TFHFL

FIGURE 5. Standby/Single Step Auto Refresh Mode
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~ PREVIEW

NMC6132 32k Pseudo-Static NMOS RAM

General Description

The NMC6132 is a single 5V power supply pseudo-static
NMOS RAM organized as 4096 words by 8 bits. The circuit
uses single-transistor dynamic storage cells with internal
refresh control to make the part appear static to the user.
The byte-wide (8-bit input/output) organization makes this
RAM ideal for microprocessor applications.

The NMC6132 has separate address and data /O pins for
use with either separate or multiplexed address/data
buses. !

The NMC6132 has a bidirectional refresh status and con-
trol pin F (RFSH). Use of this pin selects either of two cycle
initiated refresh modes.

The NMC6132 is packaged in a standard 28-pin DIP with
the JEDEC proposed standard pinout. This pinout is
EPROM/ROM compatible with minimal modification.

Features

M 4096 words x 8 bit organization

- B High performance

Access time—200 ns
Cycle time—350 ns
B |Low power: 200 mW active, 125 mW standby
B 128 refresh cycles/2 ms automatically provided

B Single5V10% power supply with on-chip substrate bias
generator

B Automatic self refresh with fast and slow cycle modes
B Standard 28-pin DIP with JEDEC proposed pinout
B Pinout ROM/EPROM compatible

| Connection Diagram

Dual-In-Line Package

F—t (S 12 vec
Vs — 127, w
=Y L
a5 = 125 2
s = 2% p9
1\4—5 E— Al
A3 =4 |2 ¢
prpmd L2l a0
= 120 5
a0 Y . ooy
nao = . pos
por A4 7. pos
paz = LS. poa
6N 4 . pos
TOP VIEW

Pin Names

A0-A12 Addressinputs

E Address Latch Enable

c Data Strobe

W Write

s - Chip Select

DQO-DQ7 Data Input/Output
(TRI-STATE®)

F (RFSH) Refresh (Bidirectional)

VCC Power Supply

VSS Ground

VBB Substrate Bias Output
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MM4280 4096-Bit (4096 x 1) Extended Temperature

Range Dynamic RAM

General Description

National’s MM4280 is a 4096 word by 1 bit dynamic
RAM. it incorporates the latest memory design features
and can be used in a wide variety of applications, from
those which require very high speed to ones where low
cost and large bit capacity are the prime criteria.

The MM4280 must be refreshed every 1 ms. This can be
accomplished by performing a read cycle at each of the
64 row addresses (AO—ADB). The chip select input can
be either high or low for refresh, Addresses (A6—A11)
must have a stable address during the refresh cycle.
Any address is satisfactory as long as the address set-up
and hold times are met. The chip select input can be
either high or low for refresh.

The MM4280 has been designed with minimum produc-
tion costs as a prime criterion, It is fabricated using
N-channel silicon gate MOS technology, which is an ideal
choice for high density integrated circuits. The MM4280
uses a single transistor cell to minimize the device area.

The single device cell, along with unique design features
in the on-chip peripheral circuits, yields a high perfor-
mance memory device.

Features

Extended temperature range: —55°C to +85°C
Organization: 4096 x 1

Access time 270 ns maximum

Cycle time 470 ns minimum

Easy system interface
® One high voltage input—chip enable
® TTL compatible—all other inputs and outputs

Address registers on-chip
TRISTATE® output

Simple read-modify-write operation
Industry standard pin configuration

Block Diagram

Connection Diagram

Dual-In-Line Package

AW 1 22
W (12 ]Iwmmull Vs — U/ Vss
cs 2 21
LR LaTCH A8~ A8
an (4)_.-_1 g r_z_n_"
A10(3) et
1 19
A902) . A= LN
AR —]
18
e 5 2 von
AB (19) o] 5 8 J J
v
A5 (15) =] & - oy =Y AL
H
nig——t & —¥| COLUMN DECODER (1.60) <—>| “,gml
— 7 16
A0 6 - Dgur — [ Ne
A2 (10) ————] SENSE AMPLIFIERS (59)
v 15
v o Doyt a0~ I—as
AD (8) =t 3 ® 0
2 ) 14
t 2 MEMORY ”-_1
3 [ 3 ARRAY 0 N
8
g 4096 BITS A2~ a3
TIMING g " 12
ceq) & v 2
LCONTROL cc W

Vpp (18) ——m 422V
Vgs (22) =—— v
Vgg (1) e -5V
Veg 1) +5v

Memory Inverts From Data In to Data Out

Pin Names
AO—A11  Address Inputs * vgs Power {—5V)
CE Chip Enable Vee Power (+5V)
cs Chip Select VDD Power (+12V)
Din Data Input Vss Ground
Doyt  Data Output WE Write Enable
NC Not Connected

* Refresh Address AO—A5

TOP VIEW
Order Number MM4280D  Order Number MM4280J
See NS Package D22B See NS Package J22A

Logic Symbol

A0
Al
A2
Al
Al
AS
AB
A7
A8
A3
A0

Al
CS _CE_WE

Doyt f—

=
=
=
N
o
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MM4280

Absolute Maximum Ratings Note 1) Operating Conditions

Storage Temperature

Voltage on any Pin Relative to Vgg
(Vgs —Vgp 2 45V)

Power Dissipation

MIN MAX UNITS
-65°C to +150°C Operating Temperature Range —55 +85 °c
—03V to +20V Vpp Voltage 11.4 126 \
Ve Voltage 4.75 5.25 Vv
1.25w . Vgg Voltage -55 -45 V

DC Electrical Characteristics
Ta=-56°C to +85°C, Vpp = 12V 5%, Vcg = 5V 5%, Vg (Note 2) = -5V £10%, Vgg = OV, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
] Input Load Current VIN = OV to Vi max, (All Inputs 0.01 10 uA
Except CE)
ILe Input Load Current ViIN = 0V to V|HC max 0.01 10 KA
liLo! Output Leakage Current Up For | CE =V corCS=Viy, Vg =0V to 5.25V 0.01 10 MA
High Impedance State )
IpD1 vVDD Supply CurLent During CE = -1V t0 0.6V, {Note 4) . 110 300 uA
CE “OFF" )
IpD2 Vpp Supply Current During CE =V)yc, Ta = 25°C 20 50 mA
CE “ON"
IpDAV1 Average Vpp Current Cycle Time = 470 ns, tCg = 300 ns 35 70 mA
Icct V¢c Supply Current During CE = VjLgor CS = V|H (Note 5) 0.01 10 uA
CE “OFF”
[1:}:3 Vgg Supply Current Average 5 100 MA
Vit Input Low Voltage tT=20ns -1.0 0.6 \
VIH Input High Voltage 22 Veett \
ViLe CE Input Low Voltage -1.0 1.0 Vv
VIHC CE Input High Voltage - Vpp-1 Vppt+1 Y
VoL Output Low Voltage IoL =2mA 0 ' 0.45 \Y
VoH Output High Voltage IoH =-2 mA 24 Vee \

Note 1: ““Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot be guaranteed. Except for *‘Operating
Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of "Electrlcal Characteristics"

provides conditions for actual device operation.

Note 2: All voltages referenced to Vgg and Vgg must be applied before and removed after other supply voltages

Note 3: Typical values are for Ta = 25°C and nominal power supply voltages.

Note 4: The Ipp and I¢c currents flow to Vgg. The Igg current is the sum of all leakage currents.

Note 5: During CE “ON'" V¢ supply current is dependent on output loading, Vg is connected to output buffer only.

AC Electrical Characteristics 7 =-55°Cto+85°C, Vpp = 12V 5%, Ve = 5V 5%, Vpg = 5V £10%

PARAMETER |

CONDITIONS J MIN LTYP | MAX ] UNITS

READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE

tREF  Time Between Refresh 1 ms

tAC Address to CE.Set-Up Time tAC is Measured From End of Address Transition 0 ns

tAH  Address Hold Time ' 100 ns

tce CE "“OFF" Time 130 ns

T CE Transition Time 10 40 ns

tcﬁ CE “OFF” to Qutput High 0 ns

Impedance State

READ CYCLE

tcy Cycle Time 470 ns

tCE CE “ON" Time 300 3000 ns
CLOAD =50 pF, Load = 1 TTL Gate, Ref = 2V,

tco CE Output Delay 250 ns
t, =t + 1 +1t

tACC  Address to Output Access ACCTIACTTCO T . 270 ns

twL  CEtoWE 0 ns

twc  WE to CE “ON" 0 ns




AC Electrical Characteristics (continued)
Ta = —55°C to +85°C, Vpp = 12V *5%, Vcc = 5V 5%, VBB = 5V +10%

PARAMETER CONDITIONS | MIN | TYP | MAX UNITS
WRITE CYCLE
tcy Cycle Time 470 ns
tcE  CE “ON” Time 300 3000 ns
tw WE to CE “OFF" 150 ns
tcw CE to WE tT=20ns 130 ns
tp DN to CE Set-Up 150 ns
tDH DN Hold Time 0 ns
twp WE Pulse Width 50 ns
Switching Time Waveforms
Read and Refresh Cycle ®
| tey (470)
avoress M @, !
AND &3 SADDRESS VALID K ADDRESS CAN CHANGE ‘XA"DRESSVAI.ID
ViL
[=tag (100)e-] | -—
2 ) tap (100) gz (0) 1y (20) —~1 tr {20)
Vine ® =
CE
Vie ® B teg (130)
_.-| ety (0) cC
ViR
WE WE CAw
vy, CHANGE
1L —
tcg (250)
Vo == — HIGH ®r HIGH
D —] _,|
out Vor | _ k IMPEDANCE VA““j:l— lTM_‘pg_n_ALcs
tace (270) ter (0)
Write Cycle
toy (470)
Vin
ADDRESS ADDRESS VALID K ADDRESS CAN CHANGE X
ANDTS -\ ©)
~—tpH (100 o] |17 (20]
tac (u,—L.. At (100~ tg (300) LA )
ViHe =
CE
ty (150)
Viee — o : i
tew (130) —| tgc (130)
Viy = twp (50) [=—
WE WE CAN CHANGE WE CAN CHANGE
Vi 2
| 1p (150) —{ [=ton @
v
Dyy H D Dyy CAN
| CAN CHANGE Dy VALID cihNGE
viL
Vu" - — — - . c— — —
P HIGH f HIGH_,_|
out VoLl — == S IMPEDANCE UNDEFINED IMPEDANCE
. —| [=top (O

Note 1:
Note 2:
Note 3:
Note 4:
. Note 5:
Note 6:

For refresh cycle, row and column addresses must be stable before to ¢ and remain stable for entire tpoy period.
VL max is the reference level for measuring timing of the address, CS and DIN.
V|4 min is the reference level for measuring timing of the addresses, CS and Dj.
Vsgs + 2V is the reference level for measuring timing of CE.

VDD — 2V is the reference level for measuring timing of CE.

Vsgs + 2V is the reference level for measuring the timing of Doyt for a high output.

1-47

08ZYININ




MM4280

AC Electrical Characteristics (Continued) TA=—55°C to +85°C,Vpp=12V 5V 5% Vgg = —5V £10%

PARAMETER I CONDITIONS T MIN FYP L MAX ‘ UNITS
READ/MODIFY/WRITE CYCLE
tRWC Read/Modify/Write (RMW) 590 ) ns
Cycle Time
tcRw CE Width During RMW 420 3000 ns
twe  WE to CE “ON” 0 ns
w WE to CE “OFF" 150 ns
wp WE Pulse Width tT=20ns, CLOAD = 50 pF, Load = 1 TTL Gate, 50 ns
“tp DN to CE Set-Up Ref=2V. taCC=tAC*1CO * 11T 150 ns
tDH DN Hold Time 0 ns
tco CE to Output Delay 250 ns
two  WE to DQuT Invalid 0 ns
tACC  Access Time 270 ns’
CAPACITANCE (Note 1) Ta = 25°C
CaAD  Address Capacitance, CS VIN = Vss 2 6 pF
Cce  CE Capacitance ViN=Vss ' 15 25 oF
CouT Data Output Capacitance VouTt=0v 5 10 pF
CIN DN and WE Capacitance VIN = Vss 4 6 pF

Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = |At/AV with the current

equal to a constant 20‘mA.

Switching Time Waveforms (continueq)

Read Modify Write Cycle

e (590).
s Vin
ADDRES ADDRESS VALID ADDRESS CAN CHANGE
moEs
L tay (100)—]
V'Ac("?—— == _AH topw (420) | = tp (20)—] ty(20)
IHe ®
3 Z
tw (150)
v,w__H ® -
. —lf f—twc (O == typ (50) bt (130) =
[
we A ®\ WE CAN CHANGE
viL ;
19 (150) 1 [~ton@
v,
ow Dy CAN CHANGE [ Diy CAN
N " N VALID ol R
viL
vons co (250 N Ity @
L HIGH ® HEH__ |
our "l_ %MPEDANCE J’Ov‘““ ATy IMPEDANCE
Voum=r= m T -
tace (270} (I 1gF (O

Note 1: WE must be high until end of tco.

Note 2: V| max is the reference level for measuring
timing of the address, CS, D\ and WE.

Note 3: V| min is the reference level for measuring
timing of the address, CS, Dyn and WE.

Note 4: Vgg + 2V is the reference level for measuring
timing of CE.

_ Note 5: Vpp — 2V is the reference level for measuring

timing of CE.
Note 6: Vgg + 2V is the reference level for measuring
the timing of DoyT for a high output.
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MM5280 4096-Bit (4096 x 1) Dynamic RAM

General Description

National's MM5280 is a 4096 word by 1 bit dynamic
RAM. It incorporates the latest memory design features
and can be used in a wide variety of applications, from
those which require very high speed to ones where low
cost and large bit capacity are the prime criteria.

The MM5280 must be refreshed every 2 ms. This can be
accomplished by performing a read cycle at each of the
64 row addresses (AD—AD). The chip select input can
be either high or low for refresh.

The MM5280 has been designed with minimum produc-
tion costs as a prime criterion. It is fabricated using

in the on-chip peripheral circuits, yields a high perfor-
mance memory device.

Features

® QOrganization: 4096 x 1

Access time 200 ns maximum

Cycle time 400 ns minimum

Easy system interface

® One high voltage input—chip enable

® TTL compatible—all other inputs and output

- L, N ®m  Address registers on-chi
N-channel silicon gate MOS technology, which is an ideal . TRI STAT!:E® tout P
choice for high density integrated circuits. The MM5280 ) ou‘ pu . )
uses a single transistor cell to minimize the device area. = Simple read-modify-write operation
The single device cell, along with unique design features B |ndustry standard pin configuration
Block Diagram Connection Diagram
Dual-In-Line Package
[ 2
WEN12) lco:/lv:lﬂl V“'L' \/ z Vss
[(10) A!—ﬁ 2L ne
A1 {4} AIn—l 2—!7
A10(3) . 19
a9 AN A—f [— a6
Asi21) -
a7 2 5= 2 Voo
A6 (19) = 6
as (151 g 11 N e
A4 (18) E ] COLUMN DECODER {1:64) ‘—’I Bulilgin I
A3 13 § oot — 1 ne
A2 (10} 4 SENSE AMPLIFIERS (64) T l
AL(9) o OouT "_l 15 A5
A0(B) 5 ® M
- 9 14
E MEMORY A e
3 \
£
TIMING =3
cEn & = Voo -4 2w
CONTROL
TOP VIEW
Vpp 18) = 412V N Order Number MM5280N  Order Number MM5280J
Vss (22) = OV See NS Package N22A See NS Package J22A
L7TY —— .
Vo 11— sv Logic Symbol
Memory Inverts From Data In to Data Out w0
At
Pin Names ]1 A2
- S Oy f—
AO—A11  Address Inputs * Vgs Power (~5V) b
CE .Chip Enable Vee Power {+5V) _—_] ::
cs Chip Select Voo Power (+12V), 1.
DIN Data Input Vss Ground s LITH o
DouT Data Output WE Write Enable —as
NC Not Connected q‘“"
Alt
* Refresh Address AO—AS5 -
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MM5280

Absolute Maximum Ratings (Note 1) Operating Conditions

Storage Temperature —65°C to +150°C MIN MAX UNITS

All Input or Output Voltages with Respect -0.3V to +25V Operating Temperature Range 0 +70 °c
to the Most Negative Supply Voltage, Vgg . Vpp Voltage 10.8 13.2 3

Supply Voltages Vpp, Ve and Vgg with ~0.3V to +20V Vg Voltage ’ 45 55 \%
Respect to Vpg . Vpg Voltage -55 —45 v

Power Dissipation 1.25W

DC Electrical Characteristics
Ta =0°Ct0+70°C, Vpp = +12V £10%, Ve = +5V £10%, Vgg (Note 2) = =5V +10%, Vg = OV, unless otherwise noted

SYMBOL . PARAMETER CONDITIONS MIN TYP MAX UNITS
Iy Input Load Current Vin = 0V to V,y max, (All Inputs 0.01 10 UA
Except CE)

LIRS .lnput Load Current Vin = 0V to V¢ max 0.01 10 MA

ot Qutput Leakage Current Up For | CE =V, ¢ or csS= Vin. Vo =0V to 5,25V 0.01 10 uA
High Impedance State

‘oD Vpp Supply Current During CE =-1V to +6V, Note 4 110 300 HA
CE ““OFF" .

Ipp2 Vpp Supply Current During CE =V ¢, T4 =25°C 20 40 mA
CE “ON"

'op AVt Average Vpp Current Th=26°C Cycle Time = 400 ns, tcg = 230 ns ‘ 35 60 mA

lop av2 Average Vpp Current . Cycle Time = 1000 ns, tcg =230 ns 15 30 mA

leer Ve Supply Current During CE=V, cor cs= V,H,(Note 5) 0.01 10 uA
CE “OFF"

lgg Vgg Supply Current Average 5 © 100 HA

ViL Input Low Voltage tr = 20 ns (Figure 4) -1.0 0.6 v

Vin Input High Voltage , 24 Veetl \%

Vie CE Input Low \/oltage -1.0 1.0 \

Vihe CE Input High Voltage Vpp~—1 Vppt1 v

VoL Output Low Voltage loL =2.0mA 0.0 0.45 \

Von Output High Voltage lon =—2.0mA 24 Vee \

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for *’Operating Tem-
perature Range’” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics’’ provides
conditions for actual device operation.

Note 2: The only requirement for the sequence of applying voltage to the device is that Vpp, Vg, and Vgg should never be 0.3V more negative
than Vgpg. .

Note 3: Typical values are for Tp = 25°C and nominal power supply voltages.
Note 4: The Ipp and Icc currents flow to Vgs. The Igg current is the sum of all leakage currents.
Note 5: During CE “ON" Vc supply current is dependent on output foading, Vo is connected to output buffer only.

AC Electrical Characteristics 7, =0°C 10 +70°C, Vop = 12V £10%, Vg = 5V £10%, Vg = —5V £10%

symeoL | PARAMETER | CONDITIONS [ mn T vve | wmax | units

READ, WRITE, READ/MODIF Y/WRITE, AND REFRESH CYCLE

taer Time Between Refresh . 2 ms
tac Address to CE Set-Up Time tac is Measured From End of Address Transition 0 ns
tAH Address Hold Time ) 50 ns
tec CE “OFF" Time 130 ns
tr CE Transition Time 10 40 ns
tce CE “OFF" to Output High ) 0 ns
. Impedance State

READ CYCLE

tey Cycle Time 400 ns
tce CE “ON" Time 230 3000 ns
teo CE Output Delay CLoap =50 pF, Load = 1 TTL Gate, Ref = 2.0V, 180 P
tacc _ Address to Output Access (_Acc Ttactleo tltr 200 ns
twi CE 1o WE 0 ns
twe WE to CE “ON" 0 ns

1-50




AC Electrical Characteristics (continueq) =
Ta=0°C 10 +70°C, Vpp = 12V £10%, Ve = 5V £10%, Vpg = —5% * 10% %
SYMBOL I PARAMETER L CONDITIONS I MIN l TYP I MAX UNITS [e’s)
WRITE CYCLE ()
toy Cycle Time 400 ns
tee CE ""ON" Time 230 3000 ns
tw WE to CE "OFF” 150 ns
tew CE to WE ty =20 ns 100 ns
to D)y to CE Set-Up 150 ns
ton D)y Hold Time 0 ns
twe WE Pulse Width 50 ns
. . .
Switching Time Waveforms
Read and Refresh Cycle®
} tey (400)
VIH ® T
eSS )g ADDRESS VALID X ADDRESS CAN CHANGE XA..DRESS VALID
v, S
Fe-tay (50)-» tr (20) [ - e |17 (20}
tac (0) o tee (230) i T
Vine ®
CE
Ve ® | e 130
. . — be—tcc
Vi _—' ta—tyc (0) |
WE WE CAN WE CAN
v CHANGE CHANGE
1L — N
teo (180) %:r twe (0
VoH == bm em ® —— o
I - HIGH ] HIGH,
D, —_— ! e
our v \ IMPEDANCE vmnj F—IMPEDANCE \
oL | ot -
tace (200) l=—tce (0} '
Write Cycle
1y (400)
VIH _,@
ADDRESS ADDRESS VALID ADDRESS CAN CHANGE X
ANDCS ©)
~—tap (50)—= ty (20]
tac (0) B0, aan i | e R
Vine
®
CE
tw (150)
Vi —_—
om
) tow (100) | tec (130) |
Vi =1 twe (50} e
WE WE CAN CHANGE S WE CAN CHANGE
Y - ©
- t
v 1o (150) [=—ton
H
i} Dy CAN
N D,y CAN CHANGE Din VALID 8 CHANGE
VIL
e o \_ HicH [ ThiGH_ }
ouT v | TMPEDANCE UNDEFINED . IMPEDANE?
OL = == e
o] fetee ()
Note 1: For refresh cycle, row and column addresses must he stable before tac and remain stabie for entire tay period.
Note 2: Vy_ max is the reference level for measuring timing of the address, CS and D ;.
Note 3: Vi min is the ref level for ing timing of the addi CSand Dyy.
Note 4: Vgg + 2.0V is the reference levet for measuring timing of CE.
Note 5: Vpp - 2V is the reference level for measuring timing of CE.
Note 6: Vgg + 2.0V is the reference level for measuring the timing of Doy for a high output.
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MM5280

AC Electrical Characteristics (continued)
Ta=0°Cto +70°C, Vpp = 12V +10%, Ve = BV £10%, Vgg = —5% +10%

symsoL | PARAMETER [ CONDITIONS [ v T vve | wax | units
READ/MODIFY/WRITE CYCLE
tawe Read Modify Write (RMW) 520 ns
Cycle Time
tecrw CE Width During RMW 350 3000 ns
twe WE to CE “ON" 0 ns
tw WE to CE “OFF" 150 ns
— 11 =20ns,Coap = 50 pF, Load = 1 TTL Gate,
twe WE Pulse Width Ref = 20V, tace = tac + teg + 1 tr 50 ns
to Dy to CE Set-Up 150 ns
ton Dy Hold Time 0 ns
tco CE to Output Delay 180 ns
two WE to m Invalid 0
tace Access Time 200 ns
CAPACITANCE (Note 1) ' Ta =25°C
Cap Address Capacitance, CS Vin = Vss 2 pF
Cce CE Capacitance - Vin = Vss 15 pF
Cou: Data Output Capacitance Vout =0V 5 pF
Cin D)y and WE Capacitance Vin = Vss 4 pF

Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = 1At/AV with the current
v

equal to a constant 20 mA.

Switching Time Waveforms (continued)

Read Modify Write Cycle -

v | tawc (520
H

ADDRESS
AND TS v 7 ADDRESS VALID ADDRESS CAN CHANGE
L

X

ety (50)—=
tac 0] 4= 1w | teru (350} |ty (200 —] |1y (20)
Vine ®
CE
ty (150)
Viee ® i i
_...1 <4— tuc (0) = tye (50} ~tcc (130)=|
vIH
o ' —
WE / Q) WE CAN CHANGE
Vi ~ ’
I o (150 | | tpy (D)
Vi D,y CAN
Oy Oy CAN (:HANGLX Diy VALID 5( CHANGE
Vie i
1tco (180} —— twolol
Vorm = b= 5 -
i HIGH HIGH
0 1 ND |
our TL %,MPEDANCE j VALID IIPEFINED, TMPEDANCE S
P S IMPEDANCE |
tace (200) | [—ter 0

Note 1: WE must be high until end of tcq.

Note 2: V,, max is the reference level for measuring timing of the address, CS, By and WE.
Note 3: V), min is the reference level for measuring timing of the address, €S, Dy and WE.

Noted: Vgg + 2.0V is the reference level for measuring timing of CE.
Note 5: Vpp — 2V is the reference level for measuring timing of CE.

Note 6: Vgg + 2.0V is the reference level for measusing the timing of Do+ for  high output,




National
Semiconductor

NMOS RAMs

MM5280-5 4096-Bit (4096 x 1) Dynamic RAM

General Description

The MM5280-5 is a slower speed version of National’s
MM5280. Please refer to the MM5280 specification
for pin configuration, block diagram and switching
time waveforms.

Features

m Access time—270 ns
= Cycle time—470 ns

Absolute Maximum Ratings (vote 1)

Operating Conditions
MIN MAX UNITS

Storage Temperature —65°C to +150°C Operating Temperature Range 1] +70 °c
All lnput or Output Voltages with Respect —0.3V to +25V Vpp Voltage 114 126 \"
to the Most Negative Supply Voltage, Vgg Ve Voltage 4.75 5.25 v
Supply Voltages Vpp, Vo and Vgg with ~0.3V to +20V Vgg Voltage -5.25 —4.75 Vv
Respect to Vgg
Power Dissipation 1.25W Order Number MM5280J-5
See NS Package J22A
. . . ae Order Number MM5280N-5
DC Electrical Characteristics Seo NS Package N22A
Ta =0°Cto +70°C Vpp = +12V £5%, Ve = +5V £5%, Vgg (Note 2) = —5V 5%, Vgg = OV, unless otherwise noted.
SYMBOL PARAMETER MIN TYP MAX UNITS
1 Input Load Current Vin =0V to V,, max, (All Inputs 0.01 10 HA
Except CE)
Ie Input Load Current Vin =0V to V¢ max 0.01 10 HA
ol Output Leakage Current Up For | CE=V, ¢ or CS =V Vo =0V to 5.25V . 0.01 10 HA
High Impedance State
loo1 Vpp Supply Current During CE =-1V to +6V, Note 4 110 300 HA
CE "“OFF"
lop2 . Voo Supply Current During CE =V, Ta =25°C 20 40 mA
CE “ON"
top avi Average Vpp Current T, =25°C Cycle Time = 400 ns, tcg = 230 ns 35 60 mA
A=
lop av2 Average Vpp Current Cycle Time = 1000 ns, tcg = 230 ns 15 30 mA
Icer Ve Supply Current During CE =V, ¢ or CS = Vyy,(Note 5) 0.01 10 uA
CE "OFF”
lgg Vgg Supply Current Average 5 100 HA
Vi Input Low Voltage tr =20ns -1.0 0.6 \
Vin Input High Voltage 24 Veetl v
ViLe CE Input Low Voltage -1.0 1.0 \Z
Vine " CE Input High Voltage Vpp—1 Vpp+! v
VoL Output Low Voltage loL =2.0mA 0.0 0.45 \
Vou Qutput High Voltage loy = —2.0mA 24 Vee \2

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘‘Operating Tem-
perature Range” they are not meant to imply that the devices should be operated at these limits. The table of Electrical Characteristics’’ provides

conditions for actual device operation.

Note 2: The only requirement for the sequence of applying voltage to the device is that Vpp, Ve, and Vss should never be 0.3V more negative

than Vgg.

Note 3: Typical values are for T4 = 25°C and nominal power supply voltages.
A

Note 4: The Ipp and Icc currents flow to Vgs. The Igg current is the sum of all leakage currents.
Note 5: During CE ““ON" V¢ supply current is dependent on output loading, V¢ is connected to output buffer only.
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AC Electrical Characteristics
Ta =0°Cto +70°C, Vpp = 12V 5%, V¢ = 5V 5%, Vgg = ~5V 5%

MM5280-5

symBoL | PARAMETER l CONDITIONS [ min T vve | wmax | units
READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE
tREF Time Between Refresh ' . 2 ms it
tac Address to CE Set-Up Time tac is Measured From End of Address Transition 0 ns
taH Address Hold Time 50 ) ns
tec CE “OFF" Time » 130 ns
tr CE Transition Time 10 40 ns
ter CE “OFF" to Output High 0 ns
Impedance State
READ CYCLE
tey Cycle Time 470 ns -
tce CE “ON” Time 300 3000 ns
teo CE Output Delay Croap = 50 pF, Load = 1 TTL Gate, Ref = 2.0V, 250 ns
tacc Address to Output Access tace ~tac Fteo * Tir . 270 ns
twi CE to WE 0 . ns
twe WE to CE “ON" 0 ns
WRITE CYCLE
tey Cycle Time 470 ns
tee CE “ON" Time 300 3000 ns
tw WE to CE "OFF” 150 ns
tew CE to WE ty =20 ns 130 ns
tp Dy to CE Set-Up 150 ns
ton Dy Hold Time 0 ns
twp ' WE Pulse Width 50 ns
READ/MODIFY/WRITE CYCLE
tawe Read Modify Write (RMW) 590 ns
Cycle Time
terw CE Width During RMW 420 3000 ns
twe WE to CE “ON" 0 ns
o WE to CE “OFF" 150 ns
twe WE Pulse Width !R.re:j:;i/"ct:?;o::‘f: f:;:of[: TT1 TTL Gate, 50 ns
15 D)y to CE Set-Up . 150 s
ton Dy Hold Time : 0 ns
teco CE to Output Delay 250 ns
two \/Tém[r.u‘; Invalid . 0
tace Access Time 270 ns
CAPACITANCE (Note 1} Ta=25°C
Cap Address Capacitance, CS Vin ™ Vss . 2 PF
Cee CE Capacitance Vin = Vss 15 pF
Cout Data Output Capacitance Vour =0V 5 pF
Cin D,y and WE Capacitance Vin = Vgs 4 pF

Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = 1At/AV with the current
equal to a constant 20 mA.
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National
Semiconductor

NMOS RAMs

MM529016,384-Bit (16,384 x 1) Dynamic RAM

General Description

The MM5230 is a 16,384 x 1 bit dynamic RAM. It
features a multiplexed address input with separate row
and column strobes. This added flexibility allows the
MM5290 to be used in page mode operation.

The MM5290 must be refreshed every 2 ms. This can be
accomplished by performing any cycle which brings the
Row Address Strobe active including a RAS-only cycle
at each of the 128 row addresses. ’

N-channel double-poly silicon gate technology, developed

by National, is used in the manufacture of the MM5290.
This process combines high density and performance
with reliability. Greater system densities are achievable

by the use of a 16-pin dual-in-line package for the
MM5290.

Features

Access times: 150 ns, 200 ns, 250 ns

Low power: 528 mW max

TTL compatible: all inputs and output

Gated CAS—noncritical timing

Re‘ad, Write, Read-Modify-Write and FWS@nIy
Refresh cycles

Page mode operation

® [ndustry standard 16-pin configuration

Block Diagram

Vi v \/ v, L]
AD— oD cc s 88
n— b
A2 12v 5v GND -5V
A3 —
l WRITE
Agm— CLOCKS L4
A5 =— COLUMN COLUMN DATAIN
Af— CLOCKS ADDRESS LATCH LATCH
ROW i
o CLOCKS
ROW .
SLoCKs COLUMN DECODER (1:128) =
COLUMN
- MEMORY ARRAY CLOCKS
= 8 64 128
COLUMN g = v
CLOCKS =1 1 1o DATA-OUT
= |
EF g | senseaweunens iz c“""‘LH surrmJ" 00
g ] .
< 2 MEMORY ARRAY
WRITE = 54X 128
CLOCKS
COLUMN DECODER (1:128)
Connection Diagram Logic Diagram
Pin Names

Dual-In-Line Package RAS Row Address Strobe
CAS Column Address Strobe
Vog - U L WE Write Enable —]A0
s 5 AO—A6 Address Inputs —] At
D1 = r—m DI Data Input —a
—_—l AR DO Data Qutput s of f—
. N Vbp Power {12V)
RS —f — a6 Vee Power (5V) e
ap 1z . Vss Ground ——] a5
“1 i, Vgg Power {—5V) s ool
) 10 Order Number MM52904-2, MM5290J-3, —ORas
" s or MM5290J-4 ~—Ofeas
Vop —] Vee See NS Package J16A —O|we
Order Number MM5290N-2, MM5290N-3,
TOP VIEW or MM5290N-4

*See the MSTTM Program page 3.

See NS Package N16A
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MM5290

Absolute Maximum Ratings (note 1)

Storage Temperature

—65°C to +150°C

Power Dissipation W
Voltage on Any Pin Relative to VBR -0.3V to +20V
(Vss — Vg > 4.5V)
Lead Temperature (Soldering, 10 seconds) 300°C
Recommended DC Operating Conditions
SYMBOL PARAMETER MIN MAX UNITS NOTES
Ta Ambient Temperature 0 70 °c
VDD Supply Voltages 10.8 13.2 \ 2,3
Vee 45 5.5 \ 2,3
Vss 0 0 \ 2,3
VgB 4.5 -55 \ 2,3
ViHC - Input High Voltage, RAS, CAS, WE 27 7.0 v 2
VIH Input High Voltage, AO—AS6, DI 24 7.0 \ 2
ViL input Low Voltage, All Inputs -1.0 0.8 \Y 2
DC Electrical Characteristics over the range of Recommended DC Operating Conditions untess otherwise noted
SYMBOL PARAMETER MIN MAX UNITS NOTES
- IpD1 Operating Current 35 mA 4
lcct Average Power Supply Operating Current 5
1BB1 (RAS, CAS Cydling; tRC = tRC MIN) 200 uA
IpD2 Standby Current 1.5 mA
Icc? Power Supply Standby Current (RAS = V|H4C, -10 10 HA
IBB2 DO= High Impedance) 100 uA
IpD3 Refresh Current 25 mA 4
[[ofex] Average Power Supply Current, Refresh Mode -10 10 LA
1883 - (RAS Cycling, CAS = V|HC; tRC = tRC MIN) 200 uA
IDD4 ‘ Page Mode Current 27 mA 4
' Icca Average Power Supply Current, Page Mode 5
IBB4 (RAS = V|, CAS Cycling; tpc = 225 ns) 200 BA
(L) Input Leakage -10 10 MA
Input Leakage Current, Any Input
(VBB = -5V, OV < V| < 7V, All Other
Pins not Under Test = 0V)
lo(L) Output Leakage -10 10 uA
Output Leakage Current (DO is Disabled',
0V < Vout <5.5V)
Output Levels
VOH Output High Voltage (Igyt = ~5 mA) 24 \
VoL Output Low Voltage (IgyT = 4.2 mA) 0.4 A"
CAPACITANCE
C) Input Capacitance AO—AB, DI 5 pF 6
Cc Input Capacitance RAS, CAS, WE 10 pF 6
Co Output Capacitance, DO 7 pF 6

Note 1: ‘“Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘“Operating
Temperature Range’ they are not meant to imply that the devices should be operated at these limits. The table of ‘‘Recommended DC Operating
Conditions' provides conditions for actual device operation.
Note 2: All voltages referenced to Vgg. When applying voltages to the device, Vpp, V¢ or Vgg should never be 0.3V more negative than Vgg.
Note 3: Severa! cycles are required after power-up before proper device operation is achieved. Any 8 RAS cycles are adequate for this purpose.
Note 4: Ipp1, Ipp3. @nd Ipp4 depend on cycle rate.
Note 5: I depends on output load.

Note 6: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C =

by periodic testing.

lAt/AV. Capacitance is guaranteed
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AC Electrical Characteristics

Over the range of Recommended DC Operating Conditions unless otherwise noted

SYMBOL PARAMETER V52902 MM5290.3 MM5290-4 UNITS | NOTES
MIN MAX MIN MAX MIN MAX
1RC Random Read or Write Cycle Time . 375 375 410 ns 7.8
tRWC ReadAWrite Cycle Time 375 375 515 ns 7.8
tPC Page Mode Cycle Time 170 225 275 ns
tRAC Access Time from RAS . 150 200 ‘ 250 ns 9,1
1CAC Access Time from CAS 100 135 165 ns 10, 1
1OFF Output Buffer Turn-Off Delay 0 40 0 50 0 60 ns 12
1T Transition Time (Rise and Fall) 3 35 3 50 3 50 ns
tgp RAS Precha%ge Time ’ 100 120 150 ns
tRAS RAS Pulse Width 150 10,000 200 10,000 250 10,000 ns
1RSH RAS Hold Time 100 135 165 ns
tCSH CAS Hold Time 150 200 250 ns
1CAS CAS Pulse Width 100 10,000 135 10,000 165 10,000 ) ns
tRCD RAS to CAS Delay Time ’ 20 50 25 65 35 85 ns 9
ICRP CAS to RAS Precharge Time =20 . -20 -20 ns
tASR Row Address Set-Up Time 0 0 0 ns
tRAH Row Address Hold Time 20 25 35 ns
tASC Column Address Set-Up Time -10 -10 -10 ns
tCAH Column Address Hold Time 45 55 75 ns
AR Column Address Hold Time Referenced to RAS 95 120 160 ns
tRCS Read Command Set-Up Time 0 0 0 ns
tRCH Read Command Hold Time 0 0 0 ns
tWCH Write Command Hold Time 45 55 75 ns
tWCR Write Command Hold Time Referenced to RAS 95 120 160 ns
twp Write Command Pulse Width 45 55 75 ns
TRWL Write Command to RAS Lead Time 60 80 100 ns
tcwL Write Command to CAS Lead Time 60 80 100 ns
tps Data-In Set-Up Time s} 4] 0 ns 13,14
tDH Data-In Hold Time . 45 55 75 ns 13,14
tDHR Data-In Hold Time Referenced to RAS 95 120 160 ns
tcp CAS Precharge Time {for Page Mode 60 - 80 100 ns
: Cycle Only) .
tReF | Refresh Period 2 2 2 ms
tWCS WE to CAS Set-Up Time , -20 —-20 -20 ns 1 14
tcwD CAS to WE Delay . 70 95 125 ns 15
tRWD RAS to WE Delay 120 160 200 ns 15

Note 7: The specifications for trc(MIN) and tRwC(MIN) are used only to indicate cycle time at which proper operation over the full tempera-
ture range is guaranteed.

Note 8: Transition times are measured between V|Hc or Vi and V|. Timing measurements are made between VIHC(MIN) ©F V(H(MIN) and
VIL{MAX). and assume tT = 5 ns.

Note 9: Assumes row-limited access, i.e., tRcD < tRCD(MAX)- I this condition is not satisfied, then note 10 applies.

Note 10: Assumes column-limited access, i.e., tRCD > tRCD(MAX)-

Note 11: Equivalent load is 2 standard TTL inputs plus 100 pF.

Nota 12: CAS going high disables the Data Output. tofF is the delay to the high impedance state.

Note 13: These parameters are referenced to the negative edge of CAS in an early-write cycle and to the negative edge of WE in a Read-Modify-
Write cycle. (See Note 12).

Note 14: If twcs > twes(MIN). the Data Output is guaranteed to remain in the high impedance state for the duration of the cycle. This is the
“‘early-write" cycle.

Note 15: If tcwp > tcWD(MIN) and tRwD > tRWD(MIN). the Data Output will contain the original data in the selected cell. This is the Read-
Modify-Write cycle. If either of these conditions is not satisfied, the output will be indeterminate unless the early-write condition of Note 12is met.
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MM5290

Switching Time Waveforms

Read Cycle
tRC
tRAS Rp
AR
Viue— \ )
s Ve Y
ViL— N_
RCD RSH ~—tCRP —
tesH
1
ViHg— ) cAS 4
s Ve \ /
viL— \ X
1ASR = [=—tasc N
tRAH [+ pe— tCAH—
ViL— ADDRESS ADDRESS }
——1 'RCS' f=— RCH
—_ Vie—
il
tCcAC
tRAC —= tgFF ’——
Vou— 7 VALID 3
0o OPEN DATA P—————
VoL— X 7
Write Cycle (Early Write)
~tRC
RAS tRp——
tAR
"Vine— ’q
ViL— 3 \ .
tRCD tRSH
tesh "’—‘lcnp—"
1,
e Vine— N\ oas /j
tAs
ViL— \ %
[~ tasc
tASR tRAH tcan
s UM ROW 3 coLumn
Vi — ADDRESS ) ADDRESS
twes — F— twen—]
tewt
Vine — wp /
viL— y. /
tRWL
tWeR
o W VALID W
Vi — DATA y
-'"{ =—tps ——toy—=|
toHR
Vou—
oo 0 OPEN
VoL—




Switching Time Waveforms (continueq)

=
=
o
R
©
o

Read-Write Cycle, Read-Modify-Write Cycle

WL

1Rp i

RAS

R

Ving ~ ’
RAS

tRcD 'RSH

- CSH [=—"tcrp —=
Ving — Y CAS' '4

— \ \ / /
iL—

r“RAH M cAH—
-‘1‘ASRT F— tasc
1
A0S Vin— ROW COLUMN ‘W %(
L= ADDRESS ADORESS .

tRWD towl
——I tRES [=— tewd ) tRWL

a ’

WE
N
fa—— tyyp ——|
tcac 10F¢

po VOH™ OPEN f vaLD }—

VoL— — Y DATA

tRAC =1 ‘o

"
ol ViH— VALID
v — DATA

RAS-Only Refresh Cycle

tRAS
Vinpg — ’ )|
= X
)"_'RAH
tasR
ViH=— ROW
Vi — ADDRESS

AD-AS

Vou—
VoL—

Note. CAS = V¢, WE = don't care
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MM5290

Switching Time Waveforms (continued)

Vine —
RS
iL—

Vine —

Vine —
ViL—

Vine—
ViL—

RAS

ViHe —
ViL—

Vig—
ViL—

Page Mode Read Cycle

tRAS RP
AR
lt
\ / \\_
F=—— trep——*{ - tRSH
csH (=t tcas { tcas teRe
} \% tcas F_\\ l/r‘ '
X 7 - X /
7] tRAH tCAN tcaH =~ 1CAH~!
SR l—— 'Ascoi - —-‘ (= tasc -—| tasc
ROW coL co. ) oL
DD ADD / ADD ADD 7
]j—*'cAc—-* cAC [=—fcac
tRAC = [~ toFF 1 1OFF - oFF
v -
' x_Lf
[=— tRes
‘-{ ™~ tRCS tRCH —| t -] r‘tncﬂ
Page Mode Write Cycle
1RAS tRp
AR
- RSH
tep = tcas teAs — cRP
T teas )\ [ /
7 X Z
e—tCAH 'CAH tcAH
.Asc.| b tase— |=—
cou N oL
ADD ADD
=] WCH [+ =—tweh = [=—tWeh
towt —— towt — Towe
AN ALNN AN AN
N N
§ . N \k . DN \ ).
fre—— lwp—— lwp ] [ tWp —=
= WweR —1 tos - tos | .
VALID VALID VALID
DATA W DATA DATA }& \
tos [~ ——1pH "—‘DH—l

Lo

[“—""'DHR

Note. Standard part not tested for page mode

TRWL
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National
Semiconductor

NMOS RAMs

MM5298** 8192-Bit (8192 x 1) Dynamic RAM

General Description

The MM5298 is an 8192 x 1-bitdynamic RAM. It features
a multiplexed address input with separate row and col-
umn strobes. This added flexibility allows the MM5298
to be used in page mode operation. The MM5298
employs the same masks and highly reliable production-
proven 2-layer polysilicon NMOS technology as the
MM5290.

As shown in the block diagram, the MM5298 is available
as either the upper or lower half of the MM5290. Address
AB selects the operating half. For MM5298A, A5 should
be fow (VL) during row address hold time (tRaAH). For
MM5298B, A5 should be high (V|H) during tRAH. The
MM5298 requires only 64 cycles of Refresh every 2 ms.
This can be accomplished by performing any cycle
which brings the RAS active including an RAS-only
cycle at each of the 64 row addresses used.

Features
= 100% DC and AC compatible with MM5290

® Only 64 Refresh cycles every 2 ms

L] Acces; Times: 150 ns, 200 ns, 250 ns
® | ow power: 528 mW max

® TTL compatible: all inputs and output
® Gated C‘TS—noncriticaI timing

® Read, Write, Read-Modify-Write and RAS-only
Refresh cycles

m  Page mode operation

® Industry standard 16-pin configuration

Block Diagram

Al — Voo Vee Vss Vs ol
Al ——
A2 — 12y v GND 5V
A w—
WRITE
pa—= l cLOCKS v
5= coLumn | COLUMN DATAIN
A — CLOCKS ADDRESS LATCH LATCH
ROW l
CLOCKS
E,‘_’:’cks COLUMN DECODER (1:128)
COLUMN
= MEMORY ARRAY CLOCKS
= 8 64X 128
COLUMN £ = v
CLOCKS 3 o
2 8 ::l 110 DATA-DUT
g g | senseaweuiriens i2e CONTROL Hiaumn 00
g 8
< =
M
WRITE 2 EM&“; ﬁ’;""
CLOCKS

Connection Diagram

Dual-In-Line Package

COLUMN DECODER (1:128)

Logic Diagram

Vag = ~ 116 vgs —1A0
— AT
2 15
Dl p— CAS
3 14 h2
WE — D0 — a3
4 13
AAS — — AG e L
a0 = 12 — a5
A2 —51 :2- Al —1A6
M—'{ 0 s s
— cas
8 9
Voo F Vee —O{we

DI

Pin Names
RAS Row Address Strobe
CAS Column Address Strobe
WE Write Enable
AO—-A6 Address Inputs
DI Data Input
DO Data Output
— Vpp Power (12V)
Vee Power (5V)
Vss Ground
VBB Power (—5V)
Order Number MM5298AJ-2, MM5298BJ-2,
MM5298A4-3, MM5298BJ-3,
MM5298AJ-4 or MM5298BJ-4
See NS Package J16A

TOP VIEW

*For MM5298A AS5 must be at V| during tgAH.
For MM5298B A5 must be at V| during tg AH-
** See the MSTTM Program page 3.

Order Number MM5298AN-2, MM5298BN-2,
MM5298AN-3, MM5298BN-3,
MM5298AN-4 or MM5298BN-4
See NS Package N16A
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MM5298

Absolute Maximum Ratings (note 1)

Storage Temperature -65°C to +150°C
Power Dissipation w
Voltage on Any Pin Relative to Vg —0.3V to +20V
(Vss — Vg > 4.5V)
Lead Temperature (Soldering, 10 seconds) 300°C
Recommended DC Operating Conditions
SYMBOL PARAMETER MIN MAX UNITS NOTES
TA Ambient Temperature 0 70 °c
VpD Supply Voltages 10.8 13.2 \ 2,3
vee 45 55 v 2,3
Vss ' . 0 0 \Y 2,3
VB -45 -5.5 Y 2,3
VIHC Input High Voltage, RAS, CAS, WE 2.7 7.0 Y 2
VIH input High Voltage.,AOI—AG, ]| 24 7.0 \ 2
ViL Input Low Voltage, All Inputs -1.0 0.8 v 2
DC Electrical Characteristics over the range of Recommended DC Operating Conditions unless otherwise noted
SYMBOL PARAMETER MIN MAX UNITS NOTES
IDD1 Operating Current . 40 mA 4
lcc Average Power Supply Operating Current 5
1BB1 (RAS, CAS Cycling; tRC = tRC MIN) 200 HA
ipD2 Standby Current 1.5 mA
lcc2 Power Supply Standby Current (RAS = ViHC, -10 10 uA
IBB?2 DO = High Impedance) - 100 uA
IDD3 Refresh Current 30 mA 4
lcea Average Power Supply Current, Refresh Mode -10 10 uA
IBB3 {RAS Cycling, CAS = V|HC: tRC = tRC MIN) 200 pA
IDD4 Page Mode Current 32 mA 4
lcca Average Power Supply Current, Page Mode )
'BB4 (RAS = V|, CAS Cycling; tpc = 225 ns) . 200 A
) Input Leakage -10 10 uA
Input Leakage Current, Any Input
(VBB = =5V, OV < Vyn < 7V, All Other
Pins not Under Test = OV)
10(L) Output Leakage -10 : 10 UA
Output Leakage Current (DO is Disabled, -
0V < Vout < 5.5V)
Output Levels
VOH Output High Voltage {IgyT = ~5 mA) 24 Vv
VoL Output Low Voltage (IlgyT = 4.2 mA) 0.4 \
CAPACITANCE
Ci Input Capacitance AO—~AB, DI 5 pF 6
Cc input Capacitance RAS, CAS, WE X 10 pF 6
Co Output Capacitance, DO 7 pF 6

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘'Operating
Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of *“Recommended DC Operating
Conditions” provides conditions for actual device operation.

Note 2: All voltages referenced to Vgg. When applying voltages to the device, Vpp, Vg or Vgs should never be 0.3V more negative than Vgg.
Note 3: Several cycles are required after power-up before proper device operation is achieved. Any 8 RAS cycles are adequate for this purpose.
Note 4: Ipp1, Ipp3. and Ipp4 depend on cycle rate. )

Note 5: | depends on output load.

Note 6: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = |At/AV. Capacitance is guaranteed
by periodic testing.
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AC Electrical Characteristics

Over the range of Recommended DC Operating Conditions unless otherwise noted

MM5298-2A, MM5298-3A, MM5298-4A, .
SYMBOL PARAMETER MMGE298-28 MM5298-38 MM5298-4B UNITS | NOTES
MIN MAX MIN MAX MIN MAX

tRC Random Read or Write Cycle Time 375 375 ° 410 ns 7.8

tRWC Read-Write Cycle Time 375 375 515 ns 7.8

tPC Page Mode Cycle Time 170 225 275 ns

tRAC Access Time from RAS 150 200 250 ns 9, 11

tCAC Access Time from CAS 100 135 165 ns 10, 11

tOFF Output Buffer Turn-Off Delay 0 40 0 50 0 60 ns 12

tT Transition Time {Rise and Fall} 3 35 3 50 3 50 ns

trp RAS Precharge Time S 100 120 150 ns

tRAS RAS Pulse Width 150 10,000 200 10,000 250 10,000 ns

tRSH AAS Hold Time ’ 100 135 165 ns

tCAS CAS Pulse Width 100 | 10,000 135 |10,000 165 {10,000 ns

tRCD RAS to CAS Delay Time 20 ‘ 50 25 65 35 85 ns 9

tCRP CAS to RAS Precharge Time -20 -20 -20 ns

tASR Row Address Set-Up Time . 0 0 0 ns

tRAH Row Address Hold Time 20 25 35 ns

tASC Column Address Set-Up Time -10 -10 -10 ns

tCAH Column Address Hold Time 45 55 75 ns

tAR Column Address Hold Time Referenced to RAS 95 120 160 ns

tRCS Read Command Set-Up Time 0 0 0 ns

tRCH Read Command Hold Time 0 0 0 ns

tWCH Write Command Hold Time 45 ’ 55 75 ns

tWCR Write Command Hold Time Referenced to RAS 95 120 : 160 ns

twp Write Command Pulse Width 45 55 75 ns

tRWL Write Command to RAS Lead Time 60 80 100 ns

TcWL Write Command to CAS Lead Time 60 80- 100 ns

tDs Data-tn Set-Up Time 0 0 0 ns 13,14

tOH Data-in Hold Time 45 55 75 ns 13, 14

tDHR Data-In Hold Time Referenced to RAS 95 120 160 ns

tcP CAS Precharge Time (for Page Mode 60 80 . 100 ns

’ Cycle Only)

tREF Refresh Period 2 2 2 ms

twes WE to CAS Set-Up Time —40 -40 —40 ns 14

tCWD CAS to WE Delay 70 95 125 ns 15

tRWD RAS 10 WE Delay ’ 120 160 200 ns 15

Note 7: The specifications for tRc(MIN) and tRwC(MIN) are used only to indicate cycle time at which proper operation over the full tempera-
ture range is guaranteed.

Note 8: Transition times are measured between V¢ or V| and V). Timing measurements are made between ViHC(MIN) or VIH(MIN) and
VIL(MAX). and assume tT =5 ns.

Note 9: Assumes row-limited access, i.., tRCD < tRCD(MAX)- ! this condition is not satisfied, then note 10 applies.

Note 10: Assumes column-limited access, i.e., tRCD > tRCD(MAX)-

Note 11: Equivalent load is 2 standard TTL inputs plus 100 pF.

Note 12: CAS going high disables the Data Qutput. tgFF is the delay to the high impedance state.

Note 13: These parameters are referenced to the negative edge of CAS in an early-write cycle and to the negative edge of WE in a Read-Modify-
Write cycle. (See Note 14 below}.

Note 14: If twcs > twes(MIN). the Data Output is guaranteed to remain in the high impedance state for the duration of the cycle. This is the
“early-write' cycle,

Note 15: If tcwp > tcwp(MIN) and tRWD > tRWD(MIN). the Data Output will contain the original data in the selected ceil. This is the Read-
Modify-Write cycle. If either of these conditions is not satisfied, the output will be indeterminate unless the early-write condition of Note 12 is met.
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MM5298

Switching Time Waveforms

Read Cycle
RC
tRAS tRp
‘AR
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- \ S
ViL— 7
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Write Cycle (Early Write)
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Switching Time Waveforms (continued)

862SININ

Read-Write Cycle, Read-Modify-Write Cycle
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RAS-Only Refresh Cycle
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MM5298

Switching Time Waveforms (continueq)

Page Mode Read Cycle
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National
Semiconductor

General Description

The NMC4164 is a 65,536 x 1 bit dynamic RAM. It features a
multiplexed address input with separate row and column
strobes.

The NMC4164 must be refreshed every 4 ms. This can be
accomplished by performing any cycle which brings the
Row Address Strobe active including an RAS (RE)-only
cycle at each of the 256 row addresses.

N-channel triple-polysilicon gate technology, developed
by National, is used in the manufacture of the NMC4164.
This process combines high density and performance
with reliability.

NMOS RAMs

NMC4164t 65,536-Bit (65,536 x 1) Dynamic RAM

PREVIEW

Features
B Single 5V + 10% supply
W 256 cycle 4 ms refresh
B Access times:

NMC4164-1 120ns

NMC4164-2 150 ns
B Lowpower 250 mwW

B TTL compatible: all inputs and output
W Gated CE — noncritical timing

W Read, write, read-modify-write and RAS (RE)-only
refresh cycles

M Buried refresh option

M Page mode operation

W Industry standard 16-pin configuration
B TRI-STATE® output

W On-chip substrate bias generator

Block and Connection Diagrams™*

TOP VIEW

tSee the MSTT™ Program page 3.
** Symbols in parentheses are proposed industry standard.
* X = Speed selection
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Dual-In-Line Package
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RAS (RE)—d AER See NS Package J16A WEW)  Write Enable
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Az = LW See NS Package N16A DO(@)  DataOutput
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NMC4164

Absolute Maximum Ratings (Note 1)

Operating Temperature Range 0°Cto +70°C Voitage on Any Pin Relative toVSS -10to +7V
Storage Temperature —-65°Cto +150°C Lead Temperature (Soldering, 10 seconds) 300°C
Power Dissipation %
Recommended DC Operating Conditions
Symbol Parameter Min Max Units Notes
TA Ambient Temperature 0 70 °C
- VCC 45 5.5 \ 2,3
vss Supply Voltages 0 0 v 2.3
ViH Input High Voltage, All Inputs 24 7.0 Vv 2
VIL Input Low Voltage, All Inputs -1.0 0.8 \ 2
DC Electrical Characteristics
Over the range of Recommended DC Operating Conditions unless otherwise noted
Symbol Parameter Min Max Units Notes
Operating Current
ICC1 Average Power Supply Operating Current 45 mA 4
(RE, CE Cycling; TRELREL = TRELREL Min)
Standby Current
IcC2 Power Supply Standby Current (RE = VIH, 4 mA
Q = High Impedance)
Refresh Current .
ICC3 Average Power Supply Current, Refresh Mode 35 mA 4
CE Cycling, CE =VIH; TRELREL = TRELREL Min)
Page Mode Current
ICC4 Alerage Po_wer Supply Current, Page Mode 37 mA 4
(RE = VIL, CE Cycling; TCELCEL = 100 ns)
Il Input Leakage .
Input Leakage Current, Any Input -10 10 rA
(0V=<VIN <7V, All Other Pins not Under Test = 0V)
102 Output Leakage
Output Leakage Current (Q is Disabled, -10 10 uA
0V=VOUT <5.5V)
Output Levels
VOH Output High Voltage (IOUT = — 5 mA) 2.4 \
VOL Output Low Voltage (IOUT = 4.2 mA) 0.4 \
Capacitance
Symbol Parameter Max Units Notes
(o] Input Capacitance A0-A6, D 5 pF 5
cc Input Capacitance RE, CE, W 10 pF 5
CcQ- Output Capacitance, Q 7 pF 5

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature
Range” they are not meant to imply that the devices should be operated at these limits. The table of “Recommended DC Operating Conditions” provides con-
ditions for actual device operation.

Note 2: All voltages referenced to VSS. When applying voltages to the device, VCC should never be 1.0V more negative than VSS.
Note 3: Several cycles are required after power-up before proper device operation Is achieved. Any 8 RE cycles are adequate for this purpose.
Note 4: ICC1, ICC3 and ICC4 depend on cycle rate.
Note 5: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C =1AUAV. Capacitance is guaranteed by periodic

testing.
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Read Cycle AC Electrical Characteristics (Notes 1,2,3 and 4)

<
=
0
S
-
(=2]
S

Symbol Parameter NMC4164-1 NMC4164-2 Units Notes
Alternate | Standard Min Max | Min | Max
tre TRELREL Random Read Cycle Time 270 305 ns
thas TRELREH RAS Pulse Width 140 |10,000 | 165 {10,000 ns
trp TREHREL | RAS Precharge Time 120 130 . ns
tr TH1H2 Rise Time 3 50 3 50 ns
tr TL2L1 Fall Time 3 50 3 50 ns
trco TRELCEL | RAS to CAS Delay Time 25 55 | 30 60| ns 5
tRsH TCELREH RAS Hold Time 85 100 ns
tesH TRELCEH | CAS Hold Time 135 150 ns
tcas TCELCEH CAS Pulse Width 80 {10,000 | 100 |10,000 ns
tep TCEHCEL CAS Precharge Time 70 80 ns 6
tasr TAVREL Row Address Set-Up Time 0 0 ns
traH TRELAX Row Address Hold Time 20 25 ns
tasc TAVCEL Column Address Set-Up Time 0 0 ns
tcan TCELAX Column Address Hold Time 25 30 ns
tar TRELA(C)X | Column Address Hold Time Referenced 80 90 ns 7
to RAS
tres TWHCEL Read Command Set-Up Time 0 0 ns
trcH TCEHWX Read Command Hold Time 0 0 ns 8
tRac TRELQV Access Time from RAS 120 150 ns 9,10
tcac TCELQV Access Time from CAS 65 90 ns 10, 11
torr TCEHQZ Output Buffer Turn-Off Delay 0 50 0 55 ns 12

Read Cycle Waveforms*

tRC
P (TRELREL)
(TRELREH)
taR
{TRELA(C)X)
ROW —~ T\
aooress ®N
STRORE VIL— - 10
T oo tRCD tRSH
Tty (TRELCEL) (TCELREH)
(TH‘EELSCHEH)
tcas
COLUMN ypy — ﬁ (TCELCEH)
ADDRESS
sTROBE VIt —
l._tasc
(TAVCEL)
fe—tCAH__o|
(TCELAXI
AppResses VH ) COLUMN 3 3
VL — ADDRESS RIS 3
tRCS TRCH
(TWHCEL) ) (TCEHWX)
WRITE VIH— 3
ENABLE ) —
rcerdyy
tRAC tOFF.
(TRELOV) (TCEHOZ)

DATA VOH — Wiz ¢ VALID )
OUT yoL — \ DATA

*Symbols in parentheses are proposed industry standard.
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NMC4164

Write Cycle AC Electrical Characteristics

Symbol NMC4164-1 NMC4164-2
Alternate | Standard Parameter Min | Max | Min | Max | UMits | Notes
twe TRELREL Random Write Cycle Time 270 305 ns
tRas TRELREH " RAS Pulse Width 140 {10,000 | 165 .|10,000 ns
tap TREHREL RAS Precharge Time 120 130 ns
tr TH1H2 Rise Time 3 50 3 50 ns
ty TL2L1 Fall Time 3 50 3 50 ns
taco TRELCEL AAS to CAS Delay Time 25 55 | 30 60 ns
thsH TCELREH RAS Hold Time 85 100 ns
tos TRELCEH | CAS Hold Time 135 150 ns
teas TCELCEH CAS Pulse Width 80 (10,000 | 100 10,000 ns
tcp TCEHCEL CAS Precharge Time - 70 80 ns 6
tasn | TAVREL Row Address Set-Up Time 0 0 ns
tRAH TRELAX Row Address Hold Time 20 25 ns
tasc TAVCEL Column Address Set-Up Time 0 0 ns
tcaH TCELAX Column Address Hold Time 25 30 - ns
taR TRELA(C)X Colu_mn Address Hold Time Referenced 80 90 ns
to RAS
twes TWLCEL WE to CAS Set-Up Time 0 ] ns 13
tweH TCELWX Write Command Hold Time 35 45 ns
twp TWLWH Write Command Pulse Width 40 45 ns
towL TWLCEH Write Command to CAS Lead Time 85 95 ns
thwL TWLREH Write Command to RAS Lead Time 90 100 ns
twer TRELWX WritiCommancl Hold Time Referenced 20 100 ns
to RAS
tos TDVCEL Data In Set-Up Time 0 0 ns
ton TCELDX Data In Hold Time 35 40 ns
toHR TRELDX Data_h_'u Hold Time Referenced a0 100" ns
to RAS
Write Cycle (Early-Write) Waveforms™* (ote 13)
: tRAS (VH(ERLEHEL)
AR (TRELREM)
{TRELA(C)X)
saoncss W= N ’
nn‘znl.ccnm tesh n:lsﬁl.s:sm 1
(TRELEER) teas |
COLUMN - {TCELCEH)
s /4

VIH —

ADDRESSES

WRITE
ENABLE

DATA
IN

DATA VOH —
ouT yp —

[‘“(‘ﬁvc/cm
tASR RAH CAH
mvnml"—" ‘—’1'(11451.»\:)1 ["—"mnm

ROW COLUMN
ADDRESS ADDRESS

(TRELWX

wes twen
. !
(TWLCEL) |~ (TCELWX) towL
(TWLCEH) i
twe
{TWLWH)
tRWL
wen [ TwLRE) 1
1

t0HR
(TRELDX)

*Symbols in parentheses are proposed industry standard.
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Read-Write and Read-Modify-Write Cycle AC Electrical Characteristics =
Symbol P ¢ NMC4164-1 NMC4164-2 Uni Not O
Alternate Standard arameter Min Max Min Max nits otes ﬁ
tawe TRELREL Read-Write Cycle Time ' 345 385 ns 14 (o]
(RW) &
taas TRELREH RAS Pulse Width 215 | 10,000 245 10,000 ns 14
tarp TREHREL RAS Precharge Time 120 130 ns
tr TH1H2 Rise Time 3 50 3 50 ns
tr : TL2L1 Fall Time 3 50 3 50 ns
taco TRELCEL RAS to CAS Delay Time 25 55 30 60 ns 5
tash TCELREH RAS Hold Time 85 100 ns
[ TRELCEH CAS Hold Time 135 150 ns
tcas TCELCEH CAS Pulse Width 160 10,000 185 10,000 ns 14
tep TCEHCEL CAS Precharge Time 70 80 ns 6
tasm TAVREL Row Address Set-Up Time 0 - 0 ns
tRaH TRELAX Row Address Hold Time 20 25 ns
tasc TAVCEL Column Address Set-Up Time 0 0 ns
tcan TCELAX Column Address Hold Time 25 30 ns
tar TRELA(C)X Column Address Hold Time Referenced 80 90 ns 7
to RAS
trcs TWHCEL Read Command Set-Up Time 0 0 ns
twe TWLWH Write Command Pulse Width 40 45 ns
towt TWLCEH Write Command to CAS Lead Time 85 95 ns
tRwL TWLREH Write Command to RAS Lead Time 90 100 ns
trwp TRELWL RAS to WE Delay ) 120 150 ns
towo TCELWL CAS to WE Delay 65 90 ns 13
tos TDVWL Data In Set-up Time 0 0 ns
toH TWLDX Data In Hold Time 35 40 ns
thAC TRELQV Access Time from RAS 120 150 ns 9,10
tcac TCELQV Access Time from CAS 65 90 ns 10, 11
torr TCEHQZ Qutput Buffer Turn-Off Delay 0 50 0 55 ns 12
. . . *
Read-Write and Read-Modify-Write Waveforms
tRWC —
{TRELREL (R/W)} e "
1AR (TR‘SLARSEH) (TREHREL)
(TRELA{C)X)
nnsvsi ViH— __!\
Al
g?n”ozsz viL— X _J
(Y;?lcgi L} (TC‘ERlS;E H
i T— e
COLUME i — N (TeELLEH) - /
STROBE VIL — \ X _
RAH l. _tcan |
ash (TRELAX) tasc (TCELAX)
I (TAVREL) ’“‘ "mvcgu
ADDRESSES “’,'I':: ::Il:?sms
tRWD
(TRELWL) [, 7
~ (TCELWL)
WRITE VIH— %
ENABLE vy —
' = e .
oSt 2oz
DATA VOH — Wz 7 VALID F
0UT yo — A Y DATA
(TRELE) ’ T oo
W -
DATA VIH—
IN vy —
*Symbols in parentheses are proposed industry standard.




NMC4164

RAS-Only Refresh and Buried Refresh AC Electrical Characteristics

ROW
ADDRESS
STROBE

ADDRESSES

DATA
our

o=
::L-‘ ‘\k

AN
(TRELAX)
l—

VIH—
viL—

7

i,

VOH~—

voL—

Buried Refresh Waveforms*

*Symbols in parentheses are proposed industry standard.

- e
(TRELREL)
tan
(TRELA(C)X A mAS RAS
RAH (TRELREH) (TRELREM} (TRELREH)
(TRELAX |— |
ROW vy — —
ApoRess V™ N / /
STROBE VIL— :
AN
— et
(TceLax) tRAH tRp
| (TREHREL)
COLUMN gy | (TRELAX) "— i {
ADDRESS (TCELCEH)
STROBE VIL—
- TAS|
= ravrer) ™| <
VIH— ROW XALS
ADDRESSES 2
it— ADD /X =
tASR tRCH
[~ (TAVREL) 7 (TCEHWL)
tap
ENABLE vi— / (TREHREL) \

N 1RCS, | |—'OFF
axa Vl— (TWHCEL) T = | (TCEHAZ)
oUT yoL— VALID DATA

—={  f=—tcAC
tRAC
P (fcELav)
RCD.
(TRELCEL)

Symbol Parameter NMC41641 NMC4164-2 . Units Notes

Alternate Standard Min Max Min Max

the TRELREL Random Read or Write Cycle Time 270 305 ns

thas TRELREH RAS Pulse Width 140 10,000 165 10,000 ns

trp TREHREL RAS Precharge Time 120 130 ns

tr TH1H2 Rise Time . 3 50 3 50 ns

tr TL2L1 Fall Time 3 50 3 50 ns

treo TRELCEL RAS to CAS Delay Time .25 55 30 60 ns 5

tRsH TCELREH RAS Hold Time 85 100 ns

tes TRELCEH CAS Hold Time 135 150 ns

teas TCELCEH CAS Pulse Width 80 | 10,000 100 10,000 ns

tcp TCEHCEL CAS Precharge Time 70 80 ns 6

tASR TAVREL' Row Address Set-Up Time 0 0 ns

tRAH TRELAX Row Address Hold Time 20 25 ns

tasc TAVCEL Column Address Set-Up Time (] 0 ns

tcaH TCELAX Column Address Hold Time 25 30 ns

tan TRELA(C)X Column Address Hold Time Referenced 80 90 ns 7

to RAS

tres TWHCEL Read Command Set-Up Time 0 ns

troH © | TCEHWX Read Command Hold Time 0 ns . 8

tRaC TRELQV Access Time from RAS 120 150 ns 9,10
teac TCELQV Access Time from CAS 65 90 ns 10, 11

tore TCEHQZ Output Buffer Turn-Off Delay 0 50 0 55 ns 12

RAS-Only Refresh Waveforms* As = viH, WE = don't care)

(TRELGEL
(TR‘?IFRSEH) f (Tﬂg‘i%[ll
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Page Mode Read Cycle AC Electrical Characteristicst

Symbol Parameter NMC4164-1 NMC4164-2 Unit Not
Alternate | Standard me Min Max Min Max $ oles
tpc TRELREL .Page Mode Cycle Time 235 270 ns 14
tras TRELREH RAS Pulse Width 445 10,000 [ 510 {10,000 ns 14
trp TREHREL | RAS Precharge Time 120 130 ns
tr TH1H2 Rise Time 3 50 3 50 ns
tr TL2L1 Fall Time 3 50 3 50 ns
treD TRELCEL RAS to CAS Delay Time 25 55| 30 60 ns 5
tRsH TCELREH RAS Hold Time 85 100 ns
tcsH TRELCEH |- CAS Hold Time 135 150 ns 13
tcas TCELCEH | CAS Pulse Width 155 |10,000 | 180 10,000 ns 14
tcp TCEHCEL | CAS Precharge Time, Page Mode 70 80 ns 6
tasr TAVREL Row Address Set-Up Time 0 0 ns
traH TRELAX Row Address Hold Time 20 25 ns
tasc TAVCEL Column Address Set-Up Time 0 0 ns
tcan TCELAX Column Address Hold Time 25" 30 ns
tar TRELA(C)X| Column Address Hold Time Referenced 80 90 ns 7

to RAS
trcs TWHCEL Read Command Set-Up Time 0 0 ns
twp TWLWH Write Command Pulse Width 40 45 ns
towL TWLCEH Write Command to CAS Lead Time 85 95 ns
tRwL TWLREH Write Command to RAS Lead Time 90 100 ns
tawD TRELWL RAS to WE Delay 120 150 ns 13
tewe TCELWL CAS to WE Delay 65 90 ns
tos TDVWL Data In Set-Up Time 0 0 ns
toH TWLDX Data In Hold Time 35 40 ns
trac TRELQV Access Time from RAS 120 150 ns 9, 10
tcac TCELQV Access Time from CAS 65 90 ns 10, 11
torr TCEHQZ Output Buffer Turn-Off Delay 0 50 0 55 ns 12
Page Mode Read Cycle Waveforms*
tRAS 1Rp
AR {TRELREH) (TREHREL)
T TRELACI T |
avchess V= \
STROBE VIL—
le— tRCD ) tRSH
[z neffi o] | rtinew
. (TRELCEH) [ teas (TCEHCEL)| {TCELCEH) (Icm:mi
Ac:;:;assu VIH— }\ﬂ (TCELCEH) d {_" /(
stRose VIL — L] K ]‘
TRELAX - “('rc&"ux) . 1 ('chksuux» :f&'{m
1,
(rAvwssf) N *«‘?R%m "1 "11‘53:: ) "l (::\Ecm
soneses ot oy . B E
wae | |l tcAC
H (TCELQV) FE (TCELQV)
(TRELQV) {TCEHQZ)
DATA VOH — -
0UT yg — Y
‘_(‘rnveam) v
(mu‘cﬁzcls) "1 = (Teen —l l"#ccz':cwxn
WRITE VI —

ENABLE vy —

t Standard part not tested for page mode.
*Symbols in parentheses are proposed industry standard.
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NMC4164

Page Mode Write Cycle AC Electrical Characteristics 1

Alternastimb;:andard Parameter I:I':c“el;:x I:I':c“sl\::x Units Notes
tpc TRELREL Page Mode Cycle Time 160 . 190 ns
tras TRELREH RAS Pulse Width 300 * | 10,000 350 {10,000 ns
trp TREHREL RAS Precharge Time 120 130 ns
tr TH1H2 Rise Time 3 50 3 50 ns
tr TL2L1 Fali Time 3 50 3 50 ns
tRcD TRELCEL RAS to CAS Delay Time 25 55| 30 60 ns
tRsH TCELREH RAS Hold Time 85 100 ns
tesh TRELCEH CAS Hold Time 135 150 ns
tcas TCELCEH CAS Pulse Width 80 |10,000 | 100 | 10,000 ns
tcp TCEHCEL CAS Precharge Time 70 80 ns 6
tasr TAVREL Row Address Set-Up Time 0 0 ns
tRAH TRELAX Row Address Hold Time 20 25 ns
tasc TAVCEL Column Address Set-Up Time 0 0 ns
tcaH TCELAX Column Address Hold Time 25 30 ns
tar TRELA(C)X Column Address Hold Time Referenced 80 90 ns
to RAS .
twes TWLCEL Write Command to CAS Set-Up Time 0 0 ns 13
tweH TCELWX Write Command Hold Time 35 45 ns
twe TWLWH Write Command Pulse Width 40 45 ns
tow. | TWLCEH Write Command to CAS Lead Time 85 95 ns
tRwL TWLREH Write Command to RAS Lead Time 90 100 ns
twer TRELWX Write Command Hold Time Referenced 90 100 ns
to RAS :
tos TDVWL Data In Set-Up Time 0 0 ns
tom TWLDX Data In Hold Time 35 40 ns
toHR TRELDX Data In Hold Time Referenced 90 100 ns
: to RAS
Page Mode Write Cycle Waveforms*
~— rRetAlDN ™ e e
aooness T
sTRoBe  VIL— —
|~ (TRELCEL) '_‘(rc‘as:zm_""
COLUMN i — — qtcttlen /A

ADDRESS
STROBE

ADDRESSES

WRITE
ENABLE

DATA
N

viL—
tRAH _L|

{TRELAX)
tASR |_
(TAVREL}

VIK —
VIiL —

VIH—
VIiL —

VIH—
viL —

v |

| ... (CAH
(TCELAX) L_

ASC.
TAVCEL)

coL
ADD

| twen
oL TCELWR)
(TWLCEH)

— twes

{TWLEEL}

[ WP _ (e tWP
twen TTWLWR) s, [~ rwLwy
{TRELWX} 1 {ToVWL)
VALID
DATA
tns
"l T (Tovwi)
104
(Wi ox)
HR
(TRELDX) ™|

TS;andard part not tested for pagé mode.
*Symbols in parentheses are proposed industry standard .

1CAH
(TCELAX)

e
tesH {TCELCEL) P
(TRELCEN) (TCEncED)
1CAS . t
[ (TceLCen) \"_('rcscfcssm

CAH

{TCELAX)
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Page Mode Read-Modify-Write Cycle AC Electrical Characteristicst

=
=
o
=
2

trc TRELREL Page Mode Cycle Time 235 270 ns 14
tRAS TRELREH RAS Pulse Width 445 110,000] 510 |10,000 ns 14
tap TREHREL RAS Precharge Time 120 130 ns
tr TH1H2 Rise Time 3 50 3 50 ns
tr TL2LY Fall Time 3 50 3 50 ns
trco TRELCEL RAS to CAS Delay Time 25 55| 30 60 ns 5
trsk TCELREH | RAS Hold Time 85 100 ns
tosk TRELCEH CAS Hold Time 135 i 150 ns © 13
tcas TCELCEH CAS Pulse Width 155 [10,000| 180 |10,000 ns 14
tcp TCEHCEL CAS Precharge Time, Page Mode 70 80 ns 6
tasr TAVREL Row Address Set-Up Time 0 0 ns
tRAH TRELAX Row Address Hold Time 20 25 ns
tasc TAVCEL Column Address Set-Up Time 0 0 ns
tcan TCELAX Column Address Hold Time 25 30 ns
tar TRELA(C)X Col_uﬂn Address Hold Time Referenced 80 90 ns 7
to RAS
tres TWHCEL Read Command Set-Up Time 0 0 ns
twe TWLWH Write Command Puise Width 40 45 ns
tow TWLCEH Write Command to CAS Lead Time 85 95 ns
tawL TWLREH Write Command to RAS Lead Time 90 100 ns
tawd TRELWL RAS to WE Delay 120 150 ns 13
towp TCELWL CAS to WE Delay 65 90 | ns
tos TDVWL Data In Set-Up Time 0 0 ns
toH TWLDX Data In Hold Time 35 40 ns
thac TRELQV Access Time from RAS 120 150 ns 9,10
tcac TCELQV Access Time from CAS 65 90 ns 10, 11
tors TCEHQZ Output Buffer Turn-Off Delay 0 50 0 55 ns 12

Page Mode Read-Modify-Write Waveforms*

CRP ) tRP
(TCEHREL) taas. mnnm"’_{_—_
(TRELREH)
ROW y,
h— tean 1cAH
ADDRESS - —
S ViL— ! ! (TcELAX) !"mzuxl p
e : tcp N
Fceyy el reEneEd |
COLUMN - tcas — tca; fcaAs
(TCELCEH) (reficem (TCELCEH)
ADDRESS l p L f
STROBE ta
ax) =1 towL towt fCAH tow
tASC [~ - 1ASC ' ™ ase o1 "~ (TWLCEH)
p - (TWLCEH) gl iase ) [ TwicER) TAVEE e A [T (TeELax) )
coL % N oYL X 3 < o CoL X W
ADDRESSES ADD XK dob e @ A ADD, e
TRWD T
RELWL) (TWHCEL)
)

~— 'RCS
twp (TWHCEL) twp twp
{TWLWH. (TWLWH) (TWLWH)
—]] |, _tCWD ] | tcwD
{TCELWL) (TCELWL) (TCELWL)
— 1 DH

1pH el 10H
(TWLDX v - [ wion

V‘g%%‘g* S DATA
PR X 35 VALID

teac B
ofF
(L1318 VT R

thes (T
(TWHCEL) T
WRITE VIH—
ENABLE v, _
tASR
(TAVREL)

paTA ViH— R RN
N vy —

AL
(TCELAV} ]

teAC
"ncnuv) —od |—rtore ~—toFF
(TCEHDZ) (TCEHOZ)
b,

- —— —

DATA Vo —
out

tRAH
(TRELAX)

t standard part not tested for page mode.
* Symbols in parentheses are proposed industry standard.
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NMC4164

AC Notes

Note 1: All voltages referenced to VSS.

Note 2: Any 8 cycles that perform refresh must be applied following either power on or periods of no Row Address Strobe activity exceeding 2 ms.

Note 3: Transition times are assumed to be 5 ns.

Note 4: Timing reference points are VIH(min) and VIL(max).

Note 5: |If TRELCEL(min)<TRELCEL =< TRELCEL(max) the access time is TRELQV (row timing limited). If the TRELCEL exceeds TRELCEL(max) the access
time is TRELCEL plus TCELQV (column timing limited).

Note 6: TCEHCEL is necessary for RAS/CAS cycles preceded by a CAS only cycle or Page Mode cycles.
Note 7: (C) indicates that column addresses are referenced.

Note 8: TCEHWX is referenced to the first rising edge of RAS or CAS.

Note 9: Load =2 TTL loads and 100 pF.

Note 10: Assumes TRELCEL s TRELCEL(max) (row limited timing).

Note 11: Assumes TRELCEL >(max) (column limited timing).

Note 12: TCEHQZ is measured to IOUT sI0(L).

Note 13: The placement of the negative going edge of Wwith respect to the negative edge of CAS determines the type of Write cycle. IfTWLCEL is grea(er than
0 ns (negative edge of W before negative edge of CAS) the memory is in an Early-Write cycle and Data Out is TRI-STATE. If TCELWL is greater than
TCELWL(min) (negative edge of w coincident with or after Data Out valid) the memory Is in a Read-Write or Read-Modify-Write cycle and Data Outis the origi-
nal contents of the selected cell. If W goes LOW between these two times the cycle Is a Write cycle and Data Out is indeterminate.

Note 14: (R/W) indicates a Read-Write or Read-Modify-Write cycle parameter.
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National
Semiconductor

MOS RAMs
ADVANCE INFORMATION

NMC5295T 16,384-Bit (16,384 x 1) Dynamic RAM

General Description

The NMC5295 is a 16,384 x 1 bit dynamic RAM. It features
a multiplexed address input with separate row and col-
umn strobes. This added flexibility allows the NMC5295 to
be used in page mode operation.

The NMC5295 must be refreshed every 2 ms. This can be
accomplished by performing any cycle which brings the
Row. Address Strobe active including RAS (RE)-only cycle
at each of the 128 row addresses.

N-channel triple-polysilicon gate technology, developed
by National, is used in the manufacture of the NMC5295.
This process combines high density and performance
withreliability. Greater system densities are achievable by
the use of a 16-pin dual-in-line package for the NMC5295.

Features

B Single 5V = 10% supply

M 128 cycle, 2 ms refresh

B Access times: 80 ns, 100 ns, 120 ns

B Low power: 200 mW max

B TTL compatible: all inputs and output

B Gated CAS (CE)— non-critical timing

W Read, write, read-modify-write and RAS (RE)-only
refresh cycles

M Buried refresh option

B Page mode operation

B Industry standard 16-pin configuration

W TRI-STATE® output

B On-chip substrate bias generator

Block and Connection Diagrams **

WE (W)
[5Gy pr—— WRITE
TIMING vee  vss TIMING
VL A4
ROW |
LATCH jL ml}cu <4—DI(D)
AQ ~—
Al -
—_ —
A2 ROW 8k ARRAY
A3 — DEC
Ad — v
A5 =
AG = coL 128 SENSE AMPS “—> 10
LATCH AND COL DECODER CONTROL
1;
ROW v
Dee 8k ARRAY
COLUMN 00
m(ﬁ)——g CNG suFFeR [ 00()

Dual-In-Line Package

NC _a U Li vss
2 15 S Pln Names
D1(D)— [— CAS (CE) RAS(RE) Row Address Strobe
; 3 Order Number NMC5295J-X* RAS(RE)
We =+ P4 0o @ See NS Package J16A (;_AS(_CE) Column Address Strobe
S A 11 WE(W)  Write Enable
RAS (RE)— — A6
AD-A6 Address Inputs
oS . Order Number NMC5295N-X* ooy Data Inputp
AD == — A
] N See NS Package N16A DO@  Data Output
Az — A4 vce Power (5V)
a1 =4 AL VsSSs Ground
vee P e
tsee the MST™ Program, page 3.
**Symbols in parentheses are proposed industry standard.

TOP VIEW

* X = Speed selection
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NMC5295

Absolute Maximum Ratings (note 1) )

Operating Temperature Range 0°Cto +70°C Voltage on Any Pin Relative toVSS -1.0to +7V
Storage Temperature —65°Cto +150°C Lead Temperature (Soldering, 10 seconds) 300°C
Power Dissipation 1w

Recommended DC Operating Conditions

Symbo! Parameter Min Max Units Notes
TA Ambient Temperature 0 70 °C

VvCC 4.5 5.5 \ 2,3
VSS Supply Voltages 0 0 v 2.3
VIH Input High Voltage, All Inputs 2.4 7.0 v 2
VIL Input Low Voltage, All Inputs -1.0 0.8 v 2

DC Electrical Characteristics
Over the range of Recommended DC Operating Conditions unless otherwise noted.

Symbol Parameter Min Max Units Notes
Operating Current

ICC1 Avera_ge Power Supply Operating Current 35 mA 4
(RE, CE Cycling; TRELREL = TRELREL Min)
Standby Current _

1CC2 Power Supply Standby Current (RE = VIH, 4 mA

Q = High Impedance)

Refresh Current )
ICC3 Aierage Powe_r Supply Current, Refresh Mode - 27 mA 4
(RE Cycling, CE = VIH; TRELREL = TRELREL Min)

Page Mode Current
ICC4 Alerage Power Supply Current, Page Mode 27 mA 4
(RE = VIL, CE Cycling; TCELCEL =100 ns)

Input Leakage
1] Input Leakage Current, Any Input -10 10 uhA
(OV<VIN =<7V, All Other Pins not Under Test =0V)

Output Leakage

10Z Output Leakage Current (Q is Disabled, : -10 10 uA
0V=VOUT <5.5V)
Output Levels
VOH Output High Voltage (IOUT = — 5 mA) 2.4 \
VOL Output Low Voltage (IOUT = 4.2 mA) 0.4 \
Capacitance
Symbol Parameter Max Units ~ Notes
Cl Input Capacitance A0-A6, D 5 pF 5
cc ~Input Capacitance RE, CE, W 10 pF 5
ca Output Capacitance, Q 7 pF 5

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature
Range" they are not meant to imply that the devices should be operated at these limits. The table of “Recommended DC Operating Conditions" provides con-
ditions for actual device operation.

Note 2: All voltages referenced to VSS. When applying voltage to the device, VCC should never be 1.0V more negative than VSS.
Note 3: Several cycles are required after power-up before proper device operation is achieved. Any 8 RE cycles are adequate for this purpose.
Note 4: iICC1, ICC3 and ICC4 depend on cycle rate.

Note 5: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = IAt/aV. Capacitance is guaranteed by periodic
testing. : ' .
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Read Cycle AC Electrical Characteristics (votes 1,2, 3 and 4)

<
=
0O
o
]
©
A

Symbol Parameter NMC5295-2 NMC5295-3 NMC5295-4 Units | Notes
Alternate | Standard Min Max Min Max Min Max
tre TRELREL Random Read Cycle Time 200 |. 235 270 ns
tpas TRELREH RAS Pulse Width 95 | 10,000 115 | 10,000 | 140 | 10,000| ns
trp TREHREL | RAS Precharge Time 95 110 120 ns
tr TH1H2 Rise Time 3 50 3 50 3 50| ns
tr TL2L1 Fall Time . 3 50 3 50 3 50| ns
treo TRELCEL RAS to CAS Delay Time 15 40 20 50 25 551 ns 5
tasH TCELREH | RAS Hold Time 55 65 85 ns
tosH TRELCEH | CAS Hold Time ' 90 110 135 ns
tcas TCELCEH | CAS Pulse Width 50 | 10,000 60 | 10,000 80 | 10,000| ns
tep TCEHCEL | CAS Precharge Time 50 60 70 ns 6
tasr TAVREL Row Address Set-Up Time 0 0 0 ns
tRAH TRELAX "Row Address Hold Time 10 15 20 ns
tasc TAVCEL Column Address Set-Up Time 0 0 0 ns
tcan TCELAX Column Address Hold Time 15 20 25 ns
tar TRELA(C)X | Column Address Hold Time 55 70 80 ns 7
Referenced to RAS
trcs TWHCEL Read Command Set-Up Time 0 0 0 ns
tRcH TCEHWX Read Command Hold Time 0 0 0 ns 8
trac TRELQV Access Time from RAS 80 100 120| ns 9,10
tcac TCELQV Access Time from CAS 40 50 65| ns [10,11
torr TCEHQZ Output Buffer Turn-Off Delay 0 40 0 45 0 50 ns 12

Read Cycle Waveforms*

ElheL
taAS {TR ¥
(TRELREH)
tAR
(TRELA(C)X)
ROW yyy— N\
ADDRESS @
STROBE VIL— . D
[1(%1%) e W el tRco tRSH
{TRELCEL) (TCELREH)
tesH
(TRELCEH) .
CAS
COLUMN yiy — } (TCELCEH) ‘
ADDRESS
sTROBE VIL— AR Z
(TAVREL) t
| - tASC
s I (TAVCEL)
RA [e—tCAH__ o]
(TRELAX) (TCELAX)
VIH — Row ¢ coLUmMN 3 2 2
ADDRESSES %
VIL — ADDRESS ADDRESS
A / SIS
tRCS tRCH.
(TWHCEL) (TCEHWX)
WRITE VIH— 3
ENABLE v — \
cELey
tRAC (TCELQV) k¢
(TRELGV) (TCEHAZ) |
DATA VOH — Wiz i
0UT voL — —

* Symbols in parentheses are proposed industry standard.
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NMC5295

Write Cycle AC Electrical Characteristics (notes 1,2,3 and 4)

‘Altematseymboélandard _Parameter M:lMcsﬂ:v'S;i M::VlCSZS;i 3::0529'::,‘ Units | Notes
twe TRELREL Random Write Cycle Time 200 235 270 ns
tras TRELREH RAS Pulse Width 95 10,000 115 10,000 140 {10,000 ns
tre TREHREL RAS Precharge Time 95 110 . 120 ns
tr TH1H2 Rise Time 3 50 3. 50 3 50 ns
tr TL2L1 Fall Time 3 50 3 50 3 50 ns
treD TRELCEL RAS to CAS Delay Time 15 40 20 50 25 55| ns
trsh TCELREH RAS Hold Time 55 65 85 ns
tesh TRELCEH CAS Hold Time 90 110 135 ns
teas TCELCEH CAS Pulse Width 50 | 10,000 60 [10000| 80 [10000]| ns
tep TCEHCEL | CAS Precharge Time 50 60 .70 ns 6
tasn TAVREL Row Address Set-Up Time 0 0 0 ns
tRAH TRELAX Row Address Hold Time 10 15 20 ns
tasc TAVCEL Column Address Set-Up Time 0 0 0 ns
tcan TCELAX Column Address Hold Time 15 20 25 ns
tar TRELA(C)X Column Address Hold Time 55 70 80 ns
Referenced to RAS
twes TWLCEL WE to CAS Set-Up Time 0 0 0 ns 13
tweH TCELWX Write Command Hold Time 30 30 35 ns
twp TWLWH Write Command Pulse Width 35 35 40 ns
towL TWLCEH Write Command to CAS Lead 55 65 85 ns
Time
trwi TWLREH Write Command to RAS Lead 60 70 90 ns
Time i
twer TRELWX Write Command Hold Time 70 80 90 ns
Referenced to RAS
tos TDVCEL Data In Set-Up Time 0 0 0 ns
ton "TCELDX Data In Hold Time 30 30 30 ns
tonm TRELDX Data In Hold Time 70 80 ‘ 90 ns
. Referenced to RAS )

Write Cycle (Early-Write) Waveforms* (note 13)

tRC
tras  (TRELREL) tap
[ (TRELREH) (TREHREL) |
(TRELA(CIX)
ROW yyy— — Y
aopaess Y \
STROBE VIL— R
tRCD RSy
(TRELCEL) esn (TCELREH)
(TRELCEH) CAS
COLUMN vy — (TCELCEH) Y
ADDRESS
sTROBE VIL—
tAsC
taag T} | (TAVCEL) AN
1 (TRELAX)] [ (TCELAX)
4 y y
ROW COLUMN 3
ADDRESSES ACoRESS )@‘ coLu %
twes [ twon g
(TWLCEL) [~ (TCELWX) —
(TWLCEH)
Wp
WRITE (TWLWH)
ENABLE
1RWL
wen (TWLREH) 1
((TRELWX)]

DATA VOH—

VALID
DATA

J

Ll
(TCELDXY

OHR
(TRELDX)

0UT yo —

*Symbols In parentheses are proposed industry standard.
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Read-Write and Read-Modify-Write Cycle AC Electrical Characteristics

(Notes 1,2, 3 and 4)

Symbol NMC5295-2 NMC5295-3 NMC5295-4
Parameter Units Notes
Alternate Standard Min Max Min Max Min Max
tawe TRELREL Read-Write Cycle Time 250 295 345 ns 14
(RW)
tRRW TRELREH RAS Pulse Width 145 10,000 175 10,000 215 10,000 ns 14
(RW)
trp TREHREL RAS Precharge Time 95 110 120 ns
ty TH1H2 Rise Time 3 50 3 50 3 50 ns
tr TL2L1 Fall Time 50 3 50 3 50 ns
taco TRELCEL RAS to CAS Delay Time 15 40 20 50 25 55 ns 5
tash TCELREH RAS Hold Time 55 65 85 ns
tesn TRELCEH CAS Hold Time 90 110 135 ns
torw TCELCEH CAS Pulse Width 105 10,000 125 10,000 160 10,000 ns 14
(BW)
tcp TCEHCEL CAS Precharge Time 50 60 70 ns 6
tAsR TAVREL Row Address Set-Up Time o ] ] ns
than TRELAX Row Address Hold Time 10 15 20 ns
tasc TAVCEL Column Address Set-Up Time 0 ] ] ns
tcan TCELAX Column Address Hold Time 15 20 25 ns
tar TRELA(C)X Column Address Hold Time 55 70 80 ns 7
Referenced to RAS
tacs TWHCEL Read Command Set-Up Time 0 0 0 ns
twp TWLWH Write Command Pulse Width 35 . 35 40 ns
tows TWLCEH Write Command to CAS Lead 55 65 85 ns
Time
trwL TWLREH Write Command to RAS Lead 60 70 90 ns
~ Time
tawp TRELWL RAS to WE Delay 80 100 120 ns
tewd TCELWL CAS to WE Delay 40 50 65 ns 13
tos TDOVWL Data In Set-Up Time 0 0 0 ns
ton TWLDX Data In Hold Time 30 30 35 ns
thac TRELQV Access Time from RAS 80 100 120 ns 9, 10
tcac TCELQV Access Time from CAS 40 50 ‘65 ns 10, 11
torF TCEHQZ Qutput Buffer Turn-Off Delay 0 40 0 45 0 50 ns 12
. H : *
Read-Write and Read-Modify-Write Waveforms
rRELRE RN e
1 —
tan (TRELAEH) (TREHREL)
(TRELALCIX)
ROW yu— Y
ADDRESS \
sTRoBE  VIL— S / \_
RCD RSH
(TRELTEL) csn (TCELREH)
{TRELCEH) wcas
CA
COLUMN
LOLUMN in— (TCELCE)
STROBE VIL —
tRAH wcan |
L) tasm (TRELAX) | (TCELAX)
- T aavee) "1 (TAVCEL)
apoResses VM T @ Row 7 CoLUMN
viL— ADDRESS ADDRESS
——
tRes I (TRELWL) o ¢ e )
(TWHCEL) (TCELWL) (TWLREH)
WRITE VIH— h
ENABLE vy — N
= i
m‘:ﬁcuvx - ”'(‘%:'unz)
DATA VOH — Wiz f VALID
0uT yoL — - \ DATA
( Ny ) T m;lur.%x)
RELOV <
oV )"_
DATA VIH—
W oy —

* Symbols in parentheses are proposed industry standard.
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RAS-Only Refresh and Buried Refresh AC Electrical Characteristics

NMC5295

Symbol Parameter NMC5295-2 NMC5295-3 NMC5295-4 Units Notes
Alternate | Standard Min Max Min Max Min Max
tre TRELREL Random Read or Write Cycle 200 235 270 ns

Time
tras TRELREH | RAS Pulse Width 95 110,000 | 115 |10,000 | 140 |10,000 | ns
tre TREHREL | RAS Precharge Time 95 110 120 ns
tr TH1H2 Rise Time 3 50 3 50 3 50 ns
tr TL2L1 Fall Time 3 50 3 50 3 50 ns
taeco | TRELCEL RAS to CAS Delay Time 15 40 | 20 50 | 25 55 [ ns 5
tasH TCELREH RAS Hold Time 55 65 85 ns
tesh TRELCEH CAS Hold Time 90 110 135 ns
tcas TCELCEH CAS Pulse Width 50 60 80 ns 15
tcp TCEHCEL CAS Precharge Time 50 60 70 ns 6
tasm TAVREL Row Address Set-Up Time 0 0 0 ns
tran TRELAX Row Address Hold Time 10 15 20 ns
tasc TAVCEL Column Address Set-Up Time 0 0 0 ns
tcan TCELAX Column Address Hold Time 15 20 25 ns
tar TRELA(C)X Column Address Hold Time 55 70 80 ns 7
Referenced to RAS
tres TWHCEL Read Command Set-Up Time 0 0 ns
tacH TCEHWX Read Command Hold Time 0 0 ns 8
trac TRELQV Access Time from RAS 80 100 120 ns 9,10
teac TCELQV Access Time from CAS 40 50 65 ns 10, 11
torr TCEHQZ Output Buffer Turn-Off Delay 0 40 0 45 0 . 50 ns 12
RAS-Only Refresh Waveforms* ©as = viH, WE = don't care)
. ) "
{TRELREL)
1RAS | tRP
(TRELRER) {TREHREL)
ROW yyy— R s
M N \
Lo AW _ |
ash (TRELAX) ,
{TAVREL)
VIH— g
DATA VOH— .
OUT yoL—

Buried Refresh Waveforms*

. tRe
(TRELREL)
tAR
(TRELA(C)X] tRAS tRAS tRAS
RAH (TRELREH) (TRELREM) (TRELREM)
(TRELAX) -—
ROW gy —
ADDRESS [
sTRoB VIL— z N S Z \
| tcan
1 [T (ceLaxy tRAH tap
(rReLaxy— 1 = )
COLUMN yyy— teas |
ADDRESS \ (TCELCEH) ji
STROBE VIt— !
tASR R, t,
(TAVREL)"L]‘ {TREU&‘)"' =~ mvn‘n =
ViH— RO coL ¥ ROW NN T
N
AoResses 200 /A (a0 ADD &\\ X
TAS| tAsR RCH
aveel T [T —| [~ (FAVREL) -] (TCENWL)
WRITE VIH— N
EN AP
RBLE viL— (TREHREL)
e T [~ o
0ATA VOH— il { VALID DATA
oUT voL—
— fs—1tCAC
tRAC.
reg (feELav)
TRCD.
"RELCEL)

* Symbols in parentheses are proposed industry standard.

1-82




Page Mode Read Cycle AC Electrical Characteristicst (otes 1, 2,3 and 4)

<
=
2]
A
]
©
o

Al ternatseymbs(:an aard Parameter zmcszﬁ:x ;mcssts:x nNﬂ:ﬁCS%;;:x Units | Notes
tpe TRELREL Page Mode Cycle Time 110 130 160 ns

tras TRELREH | RAS Pulse Width - 205 }10,000 | 245 [10,000 | 300 |10,000| ns

tre TREHREL | RAS Precharge Time 95 110 120 ns

tr TH1H2 Rise Time 3 50 3 50 3 50| ns

tr TL2L1 Fall Time 3 50 3 50 3 50| ns

treo TRELCEL RAS to CAS Delay Time 15 40 20 50 25 66| ns |- 5
trsH TCELREH | RAS Hold Time 55 65 85 ns

tesH TRELCEH | CAS Hold Time 90 110 135 ns

tcas TCELCEH | CAS Pulse Width 50 |10,000 60 | 10,000 80 10,000 ns

tep TCEHCEL | CAS Precharge Time 50 60 70 ns 6
tasr TAVREL Row Address Set-Up Time 0 0 0 ns

traH TRELAX Row Address Hold Time 10 15 20 ns

tasc TAVCEL Column Address Set-Up Time 0 0 0 ns

tcan TCELAX Column Address Hold Time 15 20 25 ns

tar TRELA(C)X| Column Address Hold Time 55 70 80 ns 7

Referenced to RAS

tres TWHCEL Read Command Set-Up Time 0 0 0 ns

trcH TCEHWX Read Command Hold Time 0 0 0 ns 8
trac . |TRELQV Access Time from RAS 80 100 120| ns 9,10
tcac TCELQV Access Time from CAS 40 50 65| ns | 10,11
torr TCEHQZ Output Buffer Turn-Off Delay 0 40 0 45 0 80| ns 12

Page Mode Read Cycle Waveforms*

tRAS 1RP
an (TRELRER) (TREHREL)
=T (TRELAICIX) ]
ROW iy —
appress
STROBE VIt —
[ Er—
[~ (TRELCEL) e e IRSH
(TCELE! (TCELREW) ™~
le tCSH ELCEL) " 7 “tcp_| 1. tcAs tea
(TRELCEH) cns (TCEHCEL) (TCELCEH) (TCELCER]
COLUMN )y — [~ (TcELCEm ™ y
ADDRESS \ V \ V
stRose VIt— o 7 - X .
L b
(TRELAX | |e_tcan CAH CAH
1SR L_ | ase . (TCELAX) | Case | Wrceeax) Tasc (TCELAX)
(TAVREL} (TAVCEL) _‘I (TAVCE! (TAVCEL)
VIH— ROW coL coL ) coL
ADDRESSES | @ D0 ADD ADD X ADD
—
" . it — i
Tanc N C0FF (TeELQV) arp TCELGY) -
(TRELQV) (TCEHDZ) (TCEHZ) (TCEHAZ)
DATA VOH — - )‘
ouT yoL — 1A

1RCS
-
{TWHCEL)
tRCS 'RCH RCH
(TWHCEL) "'1 ~ (TCEHWX) 1 —‘ ’ (TCEHWX)
WRITE Vi" - '
ENABLE ) — '

t Standard part not tested for page mode.
* Symbols in parentheses are proposed industry standard.
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Page Mode Write Cycle AC Electrical Characteristicst

NMC5295

A\Iternt::;y mboIStandard Parameter' M':r:"l C529M5a2x M"::" cszg;laax er‘lrcszgrjl;at Units | Notes

tpc TRELREL | Page Mode Cycle Time 110 130 160 ns

thas TRELREH RAS Pulse Width © 205 | 10,000 | 245 |10,000| 300 10,000 ns

trp TREHREL RAS Precharge Time 95 110 120 - ns

tr TH1H2 Rise Time ' 3 50 3 50 3 50 ns

tr TL2L1 Fall Time 3 50 3 50 3 50 ns

theo TRELCEL RAS to CAS Delay Time ’ 15 40 20 50 25 55 ns

thsH TCELREH RAS Hold Time 55 65 85 ns

tesH TRELCEH CAS Hold Time 90 110 135 ns

teas TCELCEH CAS Pulse Width 50 | 10,000 60 [10,000 80 (10,000 ( ns

tep TCEHCEL | CAS Precharge Time " 50 | 60 70 ns 6

tasr TAVREL Row Address Set-Up Time 0 0 0 ns

tran TRELAX Row Address Hold Time , 10 15 20 ns.

tasc TAVCEL | Column Address Set-Up Time 0 0 0 ns

toan TCELAX Column Address Hold Time 16 20 25 ns

tar TRELA(C)X Column Address_H_oId Time 55 70 80 ns
Referenced to RAS

twes TWLCEL WE to CAS Set-Up Time 0 0 0 ns 13

twon TCELWX Write Command Hold Time 30 30 35 ns

twp TWLWH Write Command Pulse Width 35 35 40 ns .

towL TWLCEH Write Command to CAS Lead 55 65 85 ns
Time

tawL TWLREH Write Command to RAS Lead 60 70 90 ns
Time

twer TRELWX Write Command Hold Time 70 80 90 ns
Referenced to RAS

tps TDVCEL Data In Set-Up Time 0 0 0 ns

ton TWLDX Data In Hold Time 30 30 35 B ns

tour TRELDX Data In Hold Time 70 80 90 ns
Referenced to RAS

Page Mode Write Cycle Waveforms*

tRAS 1RP
an (TRELREH) (TREHREL)
(TRELACI)
ROW  vig—
ADDRESS
stroge  VIL— \
Dounm 11—
{TRELCEL) ®C |e—n _ ASH
L_ 1esH (TCELEEL) o] . (FCELREH)
(TRELCEN) (TCECEL]
| teas teas | tcas
COLUMN vy — (FCELCEH) [=(TcELLEn (TCELCEH) 7
ADDRESS \ h
sTRose Vit —
taan L |
(TRELAX) -] <_(‘W' 1CAH
wsr_ || tase_ylL TeeLAx) ase (TCELAX)
(TAVREL) (TAVCELY TAVCEL}
|
ViH— Row
ADDRESSES | e
twe
(TCELWX)
EScen)
WRITE VIH—
ENABLE
(T
WCR (TWLWH) 10s.
) (TRELWX) (TovwL)
DATA VIH=— VALID
Wy — DATA #
‘_’ ! s
(Tovwi)
b, tOH
(TWLOX)
10HR
(TRELDX)

tsStandard part not tested for page mode.
*Symbols in parentheses are proposed industry standard.




Page Mode Read-Modify-Write Cycle AC Electrical Characteristicst

Symbol NMC5295-2 NMC5295-3 NMC5295-4
Parameter Units Notes
Alternate Standard ara Min Max Min Max Min Max
tpc TRELREL Read-Write Cycle Time 160 190 235 ns 14
(RIW)
tras TRELREH RAS Pulse Width 300 | 10,000 | 360 |10,000 [ 445 [10,000 ns 14
(RW)
trp TREHREL RAS Precharge Time 95 110 120 ns
ty TH1H2 Rise Time 3 50 3 50 3 50 ns
ty TL2L1 Fall Time 3 50 3 50 3 50 ns
theo TRELCEL RAS to CAS Delay Time 15 40| 20 50 25 55| ns 5
thsH TCELREH RAS Hold Time 55 65 85 ns
tosH TRELCEH CAS Hold Time 90 110 135 ns 13
tcas TCELCEH CAS Pulse Width 100 | 10,000 | 120 |10,000 | 155 [10,000 ns 14
(RIW)
tcp TCEHCEL CAS Precharge Time 50 60 70 ns 6
tasr TAVREL Row Address Set-Up Time 0 0 0 ns
trAH TRELAX Row Address Hold Time 10 15 20 ns
tasc TAVCEL Column Address Set-Up Time 0 0 0 ns
tcan TCELAX Column Address Hold Time 15 20 25 ns
tAR TRELA(C)X Column Address_Hold Time 85 70 80 ns 7
Referenced to RAS
tres TWHCEL Read Command Set-Up Time 0 0 0 ns
twe TWLWH Write Command Pulse Width 35 35 40 ns
towe TWLCEH Write Command to CAS Lead 55 65 85 ns
Time
tRwL TWLREH Write Command to RAS Lead 60 70 90 ns
Time
tawp TRELWL RAS to WE Delay 80 100 120 ns 13
tewp TCELWL CAS to WE Delay 40 50 65 ns
tos TDVWL Data-In Set-Up Time 0 0 0 ns
ton TWLDX Data-In Hold Time 30 30 35 ns
taac TRELQV Access Time from RAS 80 100 120 ns 9,10
tecac TCELQV Access Time from CAS 40 50 65| ns 10,11
tore TCEHQZ Output Buffer Turn-Off Delay 0 40 0 45 0 50 ns 12
. . *
Page Mode Read-Modify-Write Waveforms
teR,
"-ms'um) thas (Y!HH‘ERl’D T —
(TRELREH)
nooness VM N — |- el fEAN
0RESS vy — " (FCELAX) ! (FeELAX)
1
T eeien P (vcsuczﬁl—
noonrss M= rottien ectien (reEeSem
ViL— I
sTRoRE ‘"(TR‘EAEAX -~ 1 1 1
) I~ FAvcen [t | B mittn ravel =t
wis! (TRFLAL) twp " T e we e el wp
waTe ViH— (TWHCEL) | '._ (TWLWH) i (TWLWH) (TWLWH}
e v M% N ) [N wé@fﬁ
— = %hren) (mw','ﬁ.T — oy Mox) - o] - BiLox
Vi — DA S %
" 3 Vallo R R s
tCAC cac teac
.._._m"rx " —1 (TCELQV} _.J ‘_(« :{"m (TCELOV) | '-('?{:nun (TCELQY) o ’('rnc'{nnz)
pATA VoH— Hi-Z N P .
ouT v —
—] - 'RAH
(TRELAX)

1 Standard part not tested for page mode.
* Symbols in parentheses are proposed industry standard.
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NMC5295

AC Notes

Note 1: All voltages referenced to VSS.

Note 2: Any 8 cycles that perform refresh must be applied fbnowing either power on or periods of no Row Address Strobe activity exceeding 2 ms.
Note 3: Transition times are assumed to be 5 ns.

Note 4: Timing reference points are VIH(min) and VIL(max).

Note 5: tf TRELCEL(min) < TRELCEL < TRELCEL(max) the access time is TRELQV (row timing limited). If the TRELCEL exceeds TRELCEL(max) the access
time is TRELCEL plus TCELQV (column timing limited).

Note 6: TCEHCEL is necessary for RAS/CAS cycles preceded by a CAS only cycle or Page Mode cycles.

Note 7: (C) indicates that column addresses are referenced.

Note 8: TCEHWX is referenced to the first rising edge of RAS or CAS.

Note 9: Load =2 TTL loads and 100 pF.

Note 10: Assumes TRELCEL < TRELCEL(max) (row limited timing).

Note 11: Assumes TRELCEL >(max} (column limited timing).

Note 12: TCEHQZ is measured to IOUT <10(L).

Note 13: The placement of the negative going edgeolenh respect to the negative edge of CAS determines the type of Write cycle. |f TWLCEL is greater than
0 ns (negative edge of w before negative edge of CAS) the memory is in an Early-Write cycle and Data Out is TRI-STATE. If TCELWL is greater than
TCELWL(min) (negative edge of W coincident with or after Data Out valid) the memory is in a Read-Write or Read-Modify-Write cycle and Data Outis the origi-
nal contents of the selected cell. If W goes LOW between these two times the cycle is a Write cycle and Data Out is indeterminate.

Note 14: (R/W) indicates a Read-Write or Read-Modify-Write cycle parameter.

Note 15: Max limit does not apply for hTS-OnIy Refresh. During Buried Refresh CAS can be low and valid output maintained for any desired period of time.
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Section 2

CMOS RAMs

CMOS RAMs provide the lowest power of any of
the semiconductor read/write memory tech-
nologies. National's CMOS memory line may be
mixed with our CMOS logic, TTL logic, bipolar
microprocessor, MOS microprocessor, custom
LSI, and our other semiconductor products to op-
timize system power/speed/cost tradeoffs. Refer
to National's related databooks and catalogs for
further details: an order form is included in this
book. )







National
| Semiconductor

CMOS RAMs

MM54C89/MM74C89 64-Bit (16 x 4) TRI-STATE® RAM

General Description

The MM54C89/MM74C89 is a 16-word by 4-bit

random access read/write memory. Inputs to the
memory consist of four address lines, four data
input lines, a write enable line and a memory
enable line. The four binary address inputs are
decoded internally to select each of the 16 possible
word locations. An internal address register, latches
the address information on the positive to negative
transition of the memory enable input. The four
TRI-STATE® data output lines working in con-
junction with the memory enable input provides
for easy memory expansion.

Address Operation: Address inputs must be stable
tsa Prior to the positive to negative transition
of memory enable. It is thus not necessary to
hold address information stable for more than
tya after the memory is enabled (positive to
negative transition of memory enable).

" Note: The timing is different than the DM7489 in
that a positive to negative transition of the memory
enable must occur for the memory to be selected.

Write Operation: Information present at the data
inputs is written into the memory at the selected

address by bringing write enable and memory

enable low.

Read Operation: The complement of the informa-
tion which was written into the memory is non-
destructively read out at the four outputs. This is
accomplished by selecting the desired address and
bringing memory enable low and write enable
high.

When the device is writing or disabled the output
assumes a TRI-STATE (Hi-z) condition.

Features
® Wide supply voltage range 3.0V to 15V
®  Guaranteed noise margin 1.0v
® High noise immunity 0.45 Vi typ
® |ow power TTL fan out of 2
compatibility driving 74L
B {nput address register
= Low power consumption 100 nW/package typ
@Vee =5V

B Fast access time
® TRI-STATE output

130 ns typ at Vg = 10V

68DFLININ/6SOTSININ

Logic and Connection Diagrams

_DATA_ DATA _DATA

DATA
INPUT 1 DUTPUT T INPUT 2 DUTPUTZ INVI" 1 6“"\” 3 IN'UT 0 DIIT'II'N

Dual-In-Line Package

IW_VG

WRITE
ENABLE
MEMORY

ENABLE |>° T >:

I READMRITE

9

BRI

CIRCUITRY

ADORESS INPUT A ==l = Vec
2 15
| WERTIAY ENABCE — [~ Anoaess wput s

WRITE ENRUTE —H {4 aooAess euTc

| |
[ 1

|
i

.
DATA iNPUT 1 — F=. aooness iveuT 0

| 1

INPUT A ~—p——roi

(NPUT § —p———rt

ADDRESS
BECOOER

INPUT C —p———r]

W

INPUT 8~y

sl

MEMORY
ARRAY

BATA 6UTPUT 1 4] F2 oarameurs

oata wpyr2 = [ 5RVA 6UTFUT 4

BATA BUTRUT 2 "—"- DATA INPUT 3
ono -4 |- oava qureuTa

TOPVIEW

Order Number MM54C89J
or MM74C89J
See NS Package J16A

Order Number MM74C89N
See NS Package N16A
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‘MM54C89/MM74C89

Absolute Maximum Ratings

Voltage at Any Pin -0.3V to Ve + 0.3V

Operating Conditions

Ambient Temperature Range

Storage Temperature Range -65°C to +150°C MMS4C89 ~55°C to +125°C
Package Dissipation 500 mW MM74C89 —40°Cto0 +85°C
Absolute Maximum Ve 18y Suppw Volage Range 3V 10 15V
Lead Temperature (Soldering, 10 seconds) 300°C MM74C89 3V 10 15V
DC Electrical Characteristics
Min/max limits apply across temperature range, unless otherwise noted.
PARAMETER : I CONDITIONS I MIN I TYP MAX UNITS
CMOS TO CMOS
Logical 1" Input Voltage (Vi (1)) Vee = 5.0V 35 A
Vee = 10V 8.0 v
Logica! “0” Input Voltage (V,n o)) Vee = 5.0V 15 \4
Vee = 10V 20 v
Logical “1"" Qutput Voltage Vee =5.0V, Ig = —10uA 45 ' \
(Vourin) Vee = 10V, Ig = ~10uA 9.0 Y
Logical “0” Output Voltage Vee = 5.0V, Ig = +10uA 0.5 v
VouTo) Vee =10V, 1g = +104A 1.0. \
Logical 1" Input Current (1,5 1)) Vee = 16V, V y = 16V 0.005 1.0 HA
Logical 0" Input Current (I, o)) Vee = 15V, Vyy = OV -1.0 -0.005 2A
Output Current in High Impedance Vee =15V, Vg = 15V 0.005 1.0 MA
State Vee = 15V, Vg = OV -1.0 -0.005 HA
Supply Current {lcc) Ve = 15V 0.05 300 HA
CMOS/LPTTL INTERFACE
Logical 1" Input Voltage (V1)) 54C, Ve = 4.5V Vee =15 v
74C, Ve = 4.75V Vee - 1.5 v
Logical “0” Input Voltage (Vn(q)) 54C, Ve = 4.5V 08 v
74C, Vg = 4.75V 0.8 v
Logical *'1” Qutput Voltage 54C, Ve = 4.5V, 1o = -360uA 24 A\
Vour! 74C, Ve = 4.75V, 1 = ~360uA 24 v
Logical 0" Qutput Voltage 54C, Ve = 4.5V, 1o = +360uA 0.4 \'
Vourio) 74C, Ve = 4.75V, 1o = +360uA 0.4 v
OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet)
¢ Output Source Current (lsoyrce) Vee = 5.0V, Voyr =0V -1.75 -33 mA
(P-Channel) Ta =25°C
Output Source Current (lgoyrce!) Vee = 10V, Vour = 0V -8.0 -15 mA
{P-Channel} Ta = 25°C
Output Sink Current (Igni } Vee = 5.0V, Vour = Vee 1.75 36 mA
{N-Channel) Ta = 25°C
Output Sink Current (Ignk ) Vee = 10V, Vour = Vee 8.0 16 mA
{N-Channel) Ta = 25°C
AC Electrical Characteristics (T, = 25°C, ¢, =50 pF, unless otherwise noted.)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Propagation Delay from Memory Enable Vee = 5.0V 270 500 ns
(tog) Vee = 10V 100 220 ns
Access Time from Address Input (t,) Vee = 5.0V 350 650 ns
’ Vee = 10V 130 280 ns
Address Input Sétup Time (tga) Vee = 5.0V 150 ns
' Ve = 10V 60 ns
Address Input Hold Time (tyya) Ve = 5.0V 60 ns
Vee.= 10V 40 ns
Memory Enable Pulse Width (tyg) Vee = 5.0V 400 250 ns
. Vee = 10V 150 90 ns
Memory Enable Pulse Width (ti7g) Vee = 5.0V 400 200 ns
) Ve =10V 150 70 ns
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AC Electrical Characteristics (continued) =
PARAMETER CONDITIONS MIN T | Mmax UNITS N
Write Enable Setup Time for a Read Ve = 5.0V 0 ns o
{tgn) Vee = 10V 0 ns 0
Write Enable Setup Time for a Write Vee = 5.0V tue ns [{e]
(tws) Vee = 10V tme ns \g
Write Enabie Pulse Width (twg) Vec =50V, tys =0 300 160 ns
Vee = 10V, tws =0 100 60 ns g
Data Input Hold Time (typ) Vee = 5.0V 50 ns N
Vee = 10V 25 ns <N
Data Input Setup (tgp) Vee = 5.0V 50 ns o
Vee = 10V 25 ns o0
Propagation Delay from a Logical 1" Vee =5.0V,C =5.0pF, R =10k 180 300 ns o
or Logical 0" to the High Impedance Vee =10V, C_ =5.0pF, R_ =10k 85 120 ns
State from Memory Enable (t)4, ton)
Propagation Delay from a Logicat *‘1” Vce =5.0V, C =5.0pF, R = 10k 180 300 ns
or Logical “0" to the High Impedance Vee =10V, C =5.0pF, Ry = 10k 85 120 ns
State from Write Enable (t)4, ton)
Input Capacity {C)y) Any [nput {Note 2) 5.0 pF
Qutput Capacity (Coyt) Any Output (Note 2) 6.5 pF
Power Dissipation Capacity (Cp,q) (Note 3) 230 pF

Note 1: “Absolute Maximum Ratings™ are those values beyond which the safety of the device cannot be guaranteed.
Except for “Operating Range’* they are not meant to imply that the devices should be operated at these limits. The table
of “Electrical Characteristics’” provides conditions for actual device operation.

Note 2: Capacitance is guaranteed by periodic testing.

Note 3: Cpp determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C
Family Characteristics application note, AN-90.

Truth Table

ME WE OPERATION CONDITION OF OUTPUTS
L L Write TRI-STATE

L H Read Complement of.Selected Word
H L Inhibit, Storage TRI-STATE

H H Inhibit, Storage TRI-STATE

AC Test Circuits

toH tH
Vee
DATA
= guTeut
DATA 10k 50pF

OUTPUT
5.0 pF

Switching Time Waveforms

toH 1H
Veo Veo
——————— MEMDRY
MEMORY H- 05vee (11"
TRAITE . ENRBLE cc
ov ov
t
ton
Vee . | 0.t Ve
OATA DATA
OUTPU OUTPUT

0.1Vee

f o




MM54C89/MM74C89

Switching Time Waveforms (continued)

Read Cycle Write Cycle

et ]
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4 Ve
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Read Modify Write Cycle
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National CMOS RAMs
Semiconductor

MM54C200/MM74C200
256-Bit (256 x 1) TRI-STATE® RAM

General Description

=
g
Q
N
=]
2
=S
=
N
£ =3
Q
]
=]
<)

The MM54C200/MM74C200 is a 256-bit random Read Operation: The data is read out by seleﬂg
access read/write memory. Inputs consist of eight the proper address and bringing CE; low and write
address lines, a data input line, a write enable enable high. Holding CE, or CE, or CE; at a
line, and three chip enables. The eight binary high level forces the output into TRI-STATE.
address inputs are decoded internally to select When used in bus organized systems,ﬁ,,orﬁz,
each of the 256 locations. An internal address a TRI-STATE control, provides for fast access
register, latches and address information on the times by not totally disabling the chip.
positive to negative edge of CEz. The TRI-

STATE data output line working in conjunction Write Operation: Data is written into the memory
with CE, or CE, inputs provides for easy memory with CE3 low and write enable low. The state of
expansion. ) CE, or CE; has no effect on the write cycle. The

output assumes TRI-STATE with write enable low.

Address Operation: Address inputs must be stable Features
tsa Prior to the positive to negative transition of
CE;. It is thus not necessary to hold address = Wide supply voltage range 3.0V to 15V
lnformat!on stable for. more than tha aftfar. the & Guaranteed noise margin 1.0V
memory is enabled (positive to negative transition).

® High noise immunity 0.45 V¢ typ
Note: The timing is different than the DM74200 ® TTL compatibility fan out of 1 driving
in that a positive to negative transition of the standard TTL
memory enable must occur for the memory to be = | ow power 500 nW typ
selected. ® Internal address register

Logic and Connection Diagrams

ADDRESS ~ ADDRESS ~ ADDRESS ~ ADDRESS
INPUTD  INPUTC  INPUTB  INPUTA

TRISTATE
7 1|
out
. Dual-In-Line Package
R N A I Y A [,
INPUT A | Vee
WAITE 1 ADDRESS 2] 15 ADDRESS
WAITE N INPUT B [ INPUT C
ENABLE > — 14 ADDRESS
READ CEy =1
BAT'; WRITE X-DECODER ! N 13 INPUT H
CIRCUITRY T~ —oatamv
5 |12 WaITE
& “’] ENABLE
e oATA 8 11_ADORESS
ouT [ INPUT G
ADDRESS 1] |10 ADORESS
TE, ¢ j'>° - INPUT D INPUT F
8 9_ADDRESS
GND—] —
moomess______ | . INPUT E
INPUT E
256-81T
Y.DECODER MEMaaY ARRAY TOP VIEW

ADDRESS
INPUT F 3

Order Number MM54C200J
or MM74C200J

ADDRESS See NS Package J16A

INPUTH
Order Number MM74C200N

ADDRESS See NS Package N16A
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MM54C200/MM74C200

Absolute Maximum Ratings Note 1)

Voltage at Any Pin

-0.3V to Ve +0.3V

Operating Conditions

Ambient Temperature Range

o o
Storage Temperature Range —65°C to +150°C MM54C200 —55°C to +125°C
PR . (]
Package Dissipation 500 mwW MM74C200 —40°C to +85°C
Absolute Maximum Ve 18V Supply Voltage Range T
Lead Temperature {Soldering, 10 seconds) 300°C MM54C200 3V to 15V
MM74C200 3V to 15V
" . ar
DC Electrical Characteristics
Min/max limits apply across temperature range, unless otherwise noted.
PARAMETER ] CONDITIONS ] MIN TVP MAX l UNITS
CMOS TO CMOS
Logical 1" Input Voltage (Vin(y) Vee = 5.0V 35 v
Vee = 10V 80 v
Logical 0" Input Voltage (Vi 1) Vee = B.OV 1.5 v
Vee = 10V 20 v
Logical 1" Output Voltage (Voyurin} Vee = 5.0V, g = ~10pA ‘ 45 A\
Vee = 10V, 1o = 10uA 9.0 v
Logical “0"" Output Voltage (Voyti01) Vee = 5:OV, fo =+ lOuAv 05 \%
Vee = 10V, Ig = +10uA 1.0 v
Logical “1” Input Current (x4} Vee = 18V, Vi = 16V 0.005 10 vA
Logical "0 Input Current {1 o)) Vec =18V Vi = OV 10 0.005 uA
Supply Current {lcc) Vee = 15V 010 600 BA
CMOS/ TTL INTERFACE
Logical “1"" Input Voltage {(Vin(ny) 54C, Ve = 4.5V Vee 1.5 v
74C, Vec =4.75V Vee < 15 v
Logical 0" Input Voitage (Vo)) 54C, Vec = 4.5V 08 v
74C, Ve = 4.75V 0.8 v
Logical 1" Output Voltage (Vo yrin) 54C. Vee =4.5V, Ip =-16mA 2.4 v
74C, Ve = 4.75V, 1g =—1.6 mA 24 v
Logical 0" Output Voltage (Vo ur (o)) 54C, Vec = 4.5V, 1o = 1.6 mA 04 v
74C, Vee = 4.75V, | = 1.6 mA 0.4 v
OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet}
Output Source Current (isoynce) Vee =50V, Vour =0V -40 -6.0 mA
{P-Channel) Ta=25°C -1.8
Output Source Current (Isgyace ! Vee =10V, Vour =0V -16.0 -25 mA
(P-Channel) Ta =25°C -1.50
Output Sink Current {ig;ni) (N-Channel) Vee =50V, Vour =Vee 5.0 8.0 mA
Ta =25°C
Output Sink Current {15,y ) (N-Channet) Vee =10V, Vour = Vee . 200 30 mA
Ta =25°C .
. . ae : -
o . . re
AC Electrical Characteristics Ta = 25°C, C,_ = 50 pF, unless otherwise specified.
PARAMETER CONDITIONS MIN TYP MAX UNITS
Access Time From Address (tacc) Vee = 5.0V 450 900 ns
Vee = 10V 200 400 ns
Propagation Delay From CE Vee = 5.0V 360 700 ns'
(tpa) Vee = 10V 120 300 ns
Propagation Delay From CE, or CE, Vee =50V 250 500 ns
(t,gey) Vee = 10V 85 200 ns
Address Setup Time (tga} Vee = 5.0V 200 80 ns
Vee = 10V 100 30 ns
Address Hold Time (t4) Ve = 5.0V 50 15 ns
Vee = 10V 25 5 ns




AC Electrical Characteristics (continueq)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Write Enable Pulse Width (ti7¢ ) Vee = 5.0V 300 160 ‘ ns

Vee = 10V . 150 70 ns
CE4 Pulse Widths (teg) Vee = 5.0V 400 200 ns

Vee = 10V 160 80 ns
Input Capacity (Cyy) ' Any Input (Note 2) 5.0 pF
Output Capacity in TRI-STATE (Coyr) (Note 2) 9.0 pF
Power Dissipation Capacity (Cpg) (Note 3) 400 pF

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except
for “Operating Range'’ they are not meant to imply that the devices should be operated at these limits. The table of *‘Electrical
Characteristics’* provides conditions for actual device operation,

Note 2: Capacitance is guaranteed by periodic testing.

Note 3: Cpy determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C
Family Characteristics application note, AN-90.

Switching Time Waveforms

Read and Write Cycles Usinuc_Eg (C_E| = C_Ez = logic 0}
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Note: Used for fast access time in bused systems.
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MM54C910/MM74C910

National
Semiconductor

CMOS RAMs

MM54C910/MM74C910 256-Bit (64 x 4) TRI-STATE® RAM

General Description - -

The MM54C910/MM74C910 is a 64 word by 4 bit
random access memory. Inputs consist of six address
lines, four data input lines, a write enable, and a
memory enable line. The six address lines are internally
decoded to select one of 64 word locations. An internal
address register, latches the address information on the
positive to negative transition of memory enable. The
TRI-STATE outputs allow for easy memory expansion.

Address Operation: Address inputs must be stable (tga)
prior to the positive to negative transition of memory
énable, and (tya) after the positive to negative transition
of memory enable. The address register holds the
information and stable address mputs are not needed at
any other time.

Write Operation: Data is written into memory at the
selected address if write enable goes low while memory
enable is low. Write enable must be held low for tig
and data must remain stable typ after write enable
returns high.

Read Operation: Data is nondestructively read from a
memory location by an address operation with write
enable held high.

Qutputs are in the TRI-STATE (Hi-Z} condition when
the device is writing or disabled.

Features
Supply voltage range 3V to 5.5V
High noise immunity 0.45 V¢ typ
1 TTL load

Input address register

-
n
® TTL compatible fan out
n
® | ow power consumption

250 nW/package typ
(chip enabled or disabled)
® Fast access time 250 ns typ at 5V
® TRI-STATE outputs

® High voltage inputs

Logic and Connection Diagrams

Input Protection

DINI DOUTY DINZ DOUT2 DIN3 DOUTI DINA OOQUTH

!

R S N O
\

0
ANY INTERNAL

NEMORY
ENRBLE

REAn’WﬂnE CIRCUITRY

INPUT GATES

BV 25V

T T T T 1

ADDRESS ek 0
INPUTS

ADDRESS MEMORY
DECODER ARRAY

Dual-In-Line Package

WATTE WEMORY
Vec DOUT3 DINI DIN4 DOUTS ENAELE ENABLE AC AD

18 17 15 15 " 13 12 " 10

1 ] 3 . 5 5 7 8 9

DDUTZ DINZ DINY DOUTI &8 Aa AF AE GND
TOP VIEW
Order Number MM54C910J
or MM74C910J
See NS Package J18A

Order Number MM74C910N

See NS Package N18A




Absolute Maximum Ratings inote 1) Operating Conditions

MIN MAX UNITS

Voltage At Any Output Pin 0.3V to Vg 0.3V Supply Voltage (V¢c)

Voltage At Any Input Pin -0.3V to +15Vv MM54C910 4.5 55 A

Package Dissipation 500 mwW MM74C910 4,75 5.25 \

Absolute Maximum Vo i 6.0V

) S Temperature (Ta)
Lead Temperature (Soldering, 10 seconds) 300°C MM54C910 55 +125 °c
MM74C910 -40 +85 °c

Operating Ve Range 3.0V to 5.5V
Standby V¢ Range 1.5V to 6.5V
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DC Electrical Characteristics mmvsacoio/mmzacaio

(Min/max limits apply across the temperature and power supply range indicated),

PARAMETER CONDITIONS MIN TYP MAX UNITS
Vina Logica! 1" Input Voltage Full Range V=18
Vine Logical 0" Input Voltage Full Range 0.8
Lingy Logical “1"" Input Current Vy = 15V 0.005 2 nA
. Vin =5V 0.005 1 HA
linc) Logical 0" Input Current V) =0V ‘ =1 -0.005 HA
VouTn Logical **1"" Output Voltage lo = —150uA Vece—0.5 \%
Io = —400uA 24 v
Voutio) Logical 0" Output Voltage lo =1.6 mA 0.4 Vv
Output Current in High Vo =5V 0.005 1 MA
Impedence State Vo =0V -1 -0.005 HA
lee Supply Current Vee =5V ) ‘ 0.05 300 HA

AC Electrical Characteristics mmsacoto/mmzacoto
Ta =25°C, Ve =6V, C_ =50 pF

PARAMETER MIN TYP MAX UNITS
tacc - Access Time from Address 250 500 ns
trp Propagation Delay from ME 180 360 ns
tsa Address Input Set-Up Time 140 70 ns
tHA Address Input Hold Time 20 10 ns
tme Memory Enable Pulse Width .| 200 100 . ns
thE Memory Enable Pulse Width 400 200 ns
tsp Data Input Set-Up Time 0 ns
tho Data Input Hold Time 30 15 ns
twe Write Enable Pulse Width 140 70 ns
twi.ton  Delay to TRI-STATE {Note 4) 4 100 200 ns
CAPACITANCE
Cin Input Capacity

Any Input (Note 2) 5 ) pF
Cout Output Capacity

Any Output (Note 2) 9 pF
Ceo Power Dissipation'Capacity (Note 3) . : 350 . pF




AC Electrical Characteristics (continued)

MMS54C910/MM74C910

C_ =50 pF
MM54C910 MM74C910
. Ta =-55°Cto +125°C| Ta =-40°C to +85°C :
PARAMETER Ve =4.5V10 5.5V | Vec =475V to 5.26v | UNITS
MIN MAX MIN MAX

tacc Access Time from Address 860 700 ns
tep1. troo Propagation Delay from ME 660 540 ns
tsa Address Input Set-Up Time 200 160 ns
tHa Address Input Hold Time 20 20 ns
tve Memory Enable Putse Width 280 260 ns
thiE Memory Enable Pulse Width 750 600 ns
tsp Data Input Set-Up Time 0 . 0 ns
thp Data Input Hold Time 50 50 ns
tWe Write Enable Pulse Width 200 180 ns
t1H. ton Delay to TRI-STATE (Note 4) ’ 200 200 ns

Note 1: “Absolute Maximum Ratings”” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating
Temperature Range’ they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics’
provides conditions for actual device operation.

Note 2: Capacitance is guaranteed by periodic testing.

Note 3: Cpq determines the no load ac power consumption for any CMOS device. For complete explanation see 54C/74C Family Characteristics
application note, AN-90. '

Note 4: See ac test circuit for tq4, toH. '

Typical Performance Characteristics Truth Table
Typical Access Time vs Ambient
Temperature
450
400 ME | WE |{ OPERATION | OUTPUTS
0
> ;Zu ENadP e L | L [write TRI-STATE
w 1 ST 1T L H | Read Data
= 250 A
Em o i H | L | Inhibit, Store | TRI-STATE
2
g 0 H | H {Inhibit, Store | TRI-STATE
= 100
-
0
-85 -25 5 35 65 95 125
FREE AIR TEMPERATURE ("C)
AC Test Circuits
toH . tH All Other AC Tests
Vee Veo
Re LN

002 003 002 oa3 < D02 003

-||—L

:||_|
.||—|::
-||—-L
HH

T
R A = = =
+ o1 D04 _ > <+ oo o004 . oot D04
RN L. L 1 T R
I R € o QA G C
", 10 I T T T T
= . o, - 109F = Ry = 10K
= = €, =10pF = = = . Cu=50pF =
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Switching Time Waveforms

Read Cycle Write Cycle
(See Note 1) (See Note 1)

e -

54—}
Vee
ADDRESS
INPUT
o

MEMOAT
ENABLE

ADDRESS
INPUT

WRITE
ENABLE

DATA
our TRISTATE CONDITION

. 0L6OVZININ/OL6OYSININ

Read Modify Write Cycle toH
(See Note 1) .
Vee
I e 05 Vee
i Vee \
MEMORY )
Bt nﬁ\ - ton
ta et taa Vee — = =TRISTATE
v DATA OUT
cc
ADORESS )
INPUT LATCHED ADDRESS hr
! : 01 Ve
bty
TRISTATE
Vee = tace - -

TRISTATI
0 e o LSTATECONDTIOY . tH

e Vee
__ Vee [} 0.5V,
AT e e
ENABLE 0
1]
teem]
0.1

o
Vee Vee
DATA X X DATA OUT
N 0 0

Note 1: MEMORY ENABLE must be beought high far tyg nanoseconds between every address change.
Nate 2: ¢, = t = 20 ns for all inputs.

Vee

== == TRISTATE
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MM54C920/MM74C920,
MM54C921/MM74C921

National |
Semiconductor

CMOS RAMs

MM54C920/MM74C920, MM54C921/MM74C921

1024-Bit(256 x 4)Static RAMs

General Description

The MMB4C920/MM74C920 256 x 4 random access
read/write memory is manufactured using silicon gate
CMOS technology. Data output is the same polarity as
. data input. Internal latches store address inputs. CES
and data output. This RAM is specifically designed to
operate from standard 54/74 TTL power supplies.
All inputs and outputs are TTL compatible.

The MMbB4C921/MM74C921 is identical to the
MMB54C920/MM74C920, except data inputs are inter-
nally connected to data outputs; the number of package
leads thereby is reduced to 18.

Complete address decoding as well as 2-chip select
functions, CEL and CES, and TRI-STATE® outputs
allow easy expansion with a minimum of external com-
ponents. Versatility plus high speed and low power make

these RAMs ideal elements for use in microprocessor,
minicomputer as well as main frame memory applications.

Features

m 256 x 4-bit organization

m Access time
250 ns max MM74C920, MM74C921
275 ns max MM54C920, MM54C921
300 ns max MM74C921-3

TRI-STATE outputs

Low power

On-chip registers

Single 5V supply

Data retained with Vg as low as 2V

Connection Diagrams

Dual-In-Line Package

Logic Symbols

1
A3 —4 1) b= vee e
A2 -L -1-‘- AL =™ porf—
— a2
3 0 — a3
M r e —a 002 f—
_al 13 e MM54C920/
Ao el ] A6 MM74C320
a5 -3 18 o —]a? 003}—
\ — . Order Number MM54C920J, MM74C920J i
o vsacsag/ ML ces or MM74C920J-3 1" L
See NS Package J22A . pos
Prp 1. nos b LU
ST WE_ CES CEL
_] s Order Number MM74C920N or MM74C920N-3 ? 9 9 9
GND — [ D14 See NS Package N22A
ot =Y [ 003
o1 14 2 o
oi2 -'-'J 2 002
TOP VIEW
Dual-In-Line Package
a1y e e vee :‘: 01/01
s LYW j Az L_
3 1 —m DI/02
At = we MMS4cO21/
—t Al MM74C921
20— LS o —ns L
R o 1 Order Number MM54C921J, MM74C921J 26
e s S or MM74C9214-3 an oiros f—
265 Bm See NS Package J18A ST WE CES CEL
4 12 DI/04 Order Number MM74C921N or MM74C921N-3 ? ? ? ?
ono Y LIS . See NS Package N18A
ovor 4 1 5102

TOP VIEW




Functional Description

The functional description will reference the logic
diagram of the MM54C920/MM74C920 shown in
Figure 1. Input addresses and CES are clocked into
the input latches by the falling edge of STROBE. Input
set-up and hold times must be observed on these signals
(see timing diagrams); The true and complement address
information is fed to the row and column decoders
which access the selected 4-bit memory word.

The addressed word (4 bits) is fed to 4 sense amplifiers
through the column decoders. The information from the
sense amplifiers is latched into the output register when
STROBE rises. The register drives the TRI-STATE
output buffers.

Chipselectinputs, CEL and CES, have identical functions

“except that CES (Chip Enable Stored) is clocked into a
latch on the falling edge of STROBE; CEL (Chip Enable
Level) is not.

Note that set-up and hold times must be observed on
CES. Because CEL is not clocked by STROBE, it may
fall after STROBE has fallen without affecting access
time provided that the tQE requirement is met.

Logic Diagram *

The outputs are in a _high impedance state when the
chip is not selected (CES or CEL high) or when writing
{WE low). Note that the information stored in the out-
put latches will be changed whenever STROBE falls,
regardless of the logic states of WE, CEL or CES.

The switching time waveforms in Figures 2, 3 and 4
define the read, write, and output enable/disable para-
meters respectively.

Reduced-Voltage Operation

These memories will retain data with reduced Vg and
hence are useful for battery-backup data storage. Certain
precautions must be observed as Vg is reduced: (1)
input voltages must remain between the Vcc and ground
of the RAM or supply latch-up can occur, {2) WRITE
mode must be avoided, (3) during power-up of Vgg,
ST logic state must be maintained (either GND or V)
while address control lines stabilize.

A) ———p

2 n E) 2
Al e——> ADDRESS X 3 X X
A2 | REGISTER ROW 8 8 [ 8
ns AND 1 DECODER |32

———>{ INVERTERS
STORAGE MATRIX
A ——p -
(LATCH) ] |
> [ ] ' []
o > | 001
or2 = waire - COLUMN DECODER - DATA OUT 5 TRISTATE 002
D13 —p] CONTROL AND I/0 REGISTER BUFFERS ’_’ 003
DIg > (LATCH) > 004
E 3
L i
Tes LATCH . ADDRESS REGISTER
- > AND INVERTERS
(LaTCH)
CEL —-Dc y [y 7'y
W ._Do__
A5 AB a7

FIGURE 1. MM54C920/MM74C920

*The logic diagram for the MM54C921/MM74C921 is identical to this except that data inputs (D11—-D14) are connected to data outputs

{DO1-DO4).
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MM54C920/MM74C920,
MM54C921/MM74C921

Absolute Maximum Ratings (note 1)

Operating Conditions

MAX UNITS
Supply Voltage, Voo v Supply Voltage (V)
Voltage at Any Pin -0.3V to Vg + 0.3V MMB54C920, MM54C921 55 A\
Storage Temperature Range —65°C to +150°C MM74C920, MM74C921 55 A\
Package Dissipation 500 mW “MM74C920-3, MM74C921-3 6.25 \"
Lead Temperature (Soldering, 10 seconds) 300°C . Ambient Temperature (Tp)
MM54C920, MM54C921 +125 °c
MM74C920, MM740921 +85 °c
MM74C920-3, MM74C921-3 +70 °c
DC Electrical Characteristics (note2)
MM54C920 MM74C920 MM74C920-3
SYMBOL 'PARAMETER CONDITIONS MM54C921 MM74C921 MM74C921-3 UNITS
MIN MAX MIN MAX
ViH Logical *'1"" Input Voltage Vcc—?.O Vee - [ Vec2.0 vece Vv
ViL Logical “0" Input Voltage 0 0.8 o] 0.8 \Y
VOH1 Logical 1"’ Output Voltage | IoH =—1mA 24 24 \
VOH2 Logical 1" Output Voltage | IlouT =0 Vee-0.1 Vee-0.1 \2
Vo1 Logical “0" Output Voitage | IQL =2 mA 0.4 0.4 \
voL2 Logical “0"' Output Voltage | louT =0 0.01 0.01 \Y%
I Input Leakage ov<vVvinN<Vce -1.0 1.0 -1.0 1.0 HA
o Output Leakage ov<Vvgo<Vee, -1.0 1.0 -1.0 1.0 A
CEL= vce
Icc Supply Leakage Current VIN= Vcc,S—T-= ov, 20 100 uA
Vo =0V
VDR V¢ for Data Retention (Note 3) 2.0 20 \
DR Icc for Data Retention CEL=V¢g=2V, 0.01(typ) 0.01(typ)| wA
Typical at 25°C
Capacitance (note 4)
SYMBOL PARAMETER CONDITIONS MIN UNITS
CIN Input Capacitance VIN=0V, f=1MHz, Tp = 25°C pF
Co Output Capacitance VIN =0V, f=1MHz, Tp = 25°C pF
Ci/o Data Input/Output Capacitance’ MM54C921/MM74C921 Only pF

Note 1: ‘“Absolute Maximum Ratings” are those values above which the device may be permanently damaged. They do not mean the device may
be operated at these values.

Note 2: These limits apply over the entire operating range specified in the “Operating Conditions’’ unless otherwise stated.’

Note 3: CEL=Vgc—2Vor=2V, whichever is greater.
Note 4: Capacitance is guaranteed by periodic testing.




Truth Table

ST | CES*| CEL | WE | DI* FUNCTION
X X 1 X X | Output in Hi-Z state
0 1 X X X | Output in Hi-Z state
X X X 0 X | Output in Hi-Z state
0 0 0 0 0 | Write “0”, output in Hi-Z state
0 0 0 0 1 | Write ““1”’, output in Hi-Z state
0 0 0 1 X | Read data, output enabled
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*Set-up and hold times must be met
X =don't care

AC Electrical Characteristics (note 5)

MM54C920 MM74C920 MM74C920-3
SYMBOL PARAMETER MM54C921 MM74C921 MM74C921-3 UNITS
MIN MAX MIN MAX MIN MAX
tc Cycle Time 290 255 330 ns
tACC Access Time From Address 275 250 325 ns
tACS Access Time From Strobe 250 225 300 ns
tAS Address Set-Up Time 25 25 25 ns
taAH Address Hold Time 25 25 25 ns
t0E Output Enable Time 150 130 130 ns
toD Output Disable Time 150 130 130 ns
ST ST Pulse Width (Negative) 150 130 165 ns
tST ST Pulse Width (Positive) 140 125 165 ns
twpP Write Pulse Width {Negative) 150 130 ‘ 165 ns
tDS Data Set-Up Time 100 920 90 ns
tDH - Data Hold Time 60 60 60 ns

Note 5: These limits apply over the operating range specified in the "“Operating Conditions’” with tR|Sg = tFALL = 5 ns, load = 1 TTL gate +
50 pF.
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Switching Time Waveforms

MM54C920/MM74C920,
MM54C921/MM74C921

| tgf ——————

tacc we /

c—zs_\L J N — % y

Doyy == == —m—m————— TRISTATE = = = = e = e = e e = ] { ' 10 o4
*twp (the Write Pulse Width) is the time S—T EE_ andWlé are
coincidentally low
FIGURE 2. Read Cycle (WE = V) FIGURE 3. Write Cycle

la———1tgp le—— 10
JestaTe? L TRISTATEY

We

o€ o0 ———=

Ogut TRISTATE -={  Yeme—a

FIGURE 4. Output Enable/Disable




Typical Performance Characteristics

Access Time vs Ambient
Temperature

400

300

~
=
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tacg (ns)

Vgg =45V

100 =

Vg =55V

]
-55-40 0 25 85 125
Tal0)

Minimum Write Pulse Width
vs Ambient Temperature
200

Veg =55V —H

TALD)

Data In Hold Time vs
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100
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I
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MM54C920/MM74C920,
MM54C921/MM74C921

Typical Performance Characteristics (continueq)

Output Enable Time vs

Ambient Temperature
200 200
150 150
= 10 £
2 Vee =45V 5
50 50
Ll—"T Vecc=5sv
0 L}

-55-40 0 25

Tal°C)

8 125

Dynamic Current vs Power
Supply Voltage (V|4 = Ve,

ViL=0V)
3 3
Tp=25°C
"é‘ 25
E 2
=3 —
= <
2 15 £
= 3
3 ]
> 1
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g
2 05
0
3 15 4 a5 5 85 6
Vee (V)
QOutput Sink Current vs
Output Voltage
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g 2 e 2
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2 20 /
R
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Temperature

Vee ’#.SV///
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National
Semiconductor

CMOS RAMs

MM54C929/MM74C929, MM54C930/MM74C930
1024-Bit(1024 x 1) Static RAMs

General Description

The MM54C929/MM74C929 and the MM54C930/
MM74C930 1024 x 1 random access read/write memories
are manufactured using silicon-gate CMOS technology.
These RAMs are specifically designed to operate from
standard 54/74 TTL power supplies; all inputs and
outputs are TTL compatible. Data output is the same
polarity as data input. Internal latches store the address
inputs and data output. Chip select input CS1 serves
as a chip strobe, controlling address and data latching.
The Data-In and Data-Out terminals can be tied together
for common 1/0 applications. Complete address decoding,
3-chip select functions (MM54C930/MM74C930) and
TRI-STATE® output allow easy memory expansion and
organization. The MM54C929/MM74C929 differs from
the MM54C930/MM74C930 only in that CS1, CS2 and
CS3 are internally connected together, providing a single
chip-select input CS.

Versatility, high speed, and low power make these RAMs
ideal elements for use in many microprocessor, mini-
computer and main-frame-memory applications.

Features

Fast access—250 ns max
TRI-STATE outputs

Low power—10 uA max standby
On-chip registers

Single 5V supply

Inputs and output TTL compatible
Data retained with V¢ as low as 2V
Can be operated common |/O

Connection Diagrams

Dual-In-Line Package

Logic Symbols

1 U 16 — AO
S - — Vcc
—{at
2 15
AD == — o1 Az
3 1w — a3
Al ——1 — WE
13 I
4] 13 A mmsecezs ]
A2 MM54C929 A3 Order Number MM54C929J, MM74C929J A5 MM740829 Do
5 MM74C929 12 or MM74C929J-3 — A6
A= [— A8 See NS Package J16A i
6 1 .
A4 — — A7 Order Number MM74C929N or MM74C929N-3 =18
00 - 10 6 See NS Package N16A —1
9 o cS WE
GND = — A5 ? ?
TOP VIEW
Dual-In-Line Package
1 LJ 18
52 —f — vee — a0
2 "__ —a
7571 — — 53
-t A2
3 16
A0 — — —] A3
4 15 —— Al
Al =] [— WE MMS4C930
5 1 Order Number MM54C930J, MM74C930J =A% wmrace0 PO
A2 — mm?ﬁgg;g }— Ag or MM74C930J-3 — AG
6 13 See NS Package J18A —a
A3 — = na
7 12 Order Number MM74C930N or MM74C930N-3 i b
Al = — A7 See NS Package N18A b
D0 — ' g .
. e CS1 CS2 €53 WE
GND — — A5 ? ? ? ?
TOP VIEW
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MM54C929/MM74C929,
MM54C930/MM74C930

Functional Description

Address inputs are clocked into the input latches by the
falling edge of chip strobe CS1; set-up and hold times
must be observed on these input signals {see timing dia-
gram). The true and complement address information is
fed to the row and column decoders which select one of
the 1024-bit locations. The addressed bit is fed, via a
sense amplifier, to the output register and TRI-STATE
buffer. The information is latched into the output
register on the rising edge of chip strobe CS1. The out-
put is in a_high impedance state when the chip is not
selected (CS2 or CS3 high} or when writing (WE low).
QOutput buffer control is independent of chip strobe CS1.

Logic Diagram *

_Reduced-Voltage Operation

These memories will retain data with reduced V¢g and
hence are useful for battery-backup data storage. Certain
precautions must be observed as Vg is reduced: (1)
input voltages must remain between the Vg and ground
of the. RAM or supply latch-up can occur, (2) WRITE
mode must be avoided, (3} during power-up of Vce.
strobe (CS for the MM74C929 and CS1 for the
MM74C930) logic state must be maintained (either
GND or Vgg) while address control lines stabilize.

:‘: > ADoRESS
—>| REGISTER
A2 ———p|  AND 0 ROW [ STORAGE
DECODER MATRIX

A3 ———p] INVERTERS

(LATCH)
Al m——p

'y
c COLUMN DATA ] -
o » contnoL [—>|  DECODER — o | TRISTATE® | 5o
AND I/0 LATCH

h
tsi (smossyt 1

-~ »
10

ADDRESS REGISTER
AND INVERTERS

D—‘ [ g

(LATCH)

4444

e 4 = B0
L_{>‘;A
7 —>o

A5 A6 A7 A8 A9

*The MM74C930 has 3 chip selects CS1 'CS2 and CS3. The MM74C929 has these mternally
connected together providing a single chip select input Cs.

FIGURE 1




Absolute Maximum Ratings Operating Conditions =22
Supply Voltage, Voo v Operating Temperature Range 01 a'l
Voltage at Any Pin ‘ ~0.3V to Vge + 0.3V MM54C929, MMB4C930 -55°Cro+125°C | £ P
Storage Temperature Range -65°C to +150°C MM74C929, MM74C930 —acrorssc | QO
Package Dissipation 500 mW MM74C929-3, MM74C930-3 0°C to +70°C [{eN{e]
Lead Temperature (Soldering 10 seconds) 300°C WN
§ %
DC Electrical Characteristics Ve = 5V £10%, Tp = Operating Range, unless otherwise noted E E
MM74C929-3, O o
MM54C929, MM74C929, MM740930.3 8 [{e]
MM54C! MM74C930 ’
SYMBOL PARAMETER CONDITIONS 4C930 (NOTE 1) UNITS o 8
mMIN  [max [ min [max | min | max -
VIH Logical “1" Input Voltage Vec20 | Vee | Vec20 | Vee | Vec20 | Vee \
ViL Logical “0’ Input Voltage 0 0.8 0 0.8 0 0.8 \Y
VOH1 Logical “1" Output Voltage [loH=1mA 2.4 24 24 v
VOH2 Logical “1” Qutput Voltage [loyT =0 Vee0.17 Vee-0.1 Vee0.1 \
VoLi Logical “0" Output Voltage [IQL = 2.0 mA 0.4 0.4 0.4 \
VoL2 Logical “0” Output Voltage |loyT=0 0.01 0.01 0.01 Vv
e Input Leakage 0V§V|N£Vcc -1.0 1.0 -1.0 1.0 -1.0 1.0 HA
o Output Leakage 0V < Vg < Vcc. (Note 2) -1.0 1.0 -1.0 1.0 -1.0 1.0 HA
icc Supply Leakage Current Vin = Ve, Vo = 0V 20 10 100 MA
VDR V¢ for Data Retention (Note 3) 2.0 2.0 2.0 \
IDR Icc for Data Retention Vee =2V, Ta =25°C, (Note 2) 0.01 0.01 0.1 HA
(typ) (typ) (typ)
Note 1: Vgg =5V :6%. .
Note 2: €S2 =CS3 = Vgc or CS = Veg.
Note 3: CS2 or C53 or CS = Vg — 2V or = 2V, whichever is greater.
AC Electrical Characteristics Ve = 5V £10%, Ta = Operating Range, unless otherwise noted
TTL Interface (ViH = Vg — 2V, V)L = 0.8V, Input tRISE = tFALL = 5 ns, Load = 1 TTL Gate + 50 pF}
MM74C929-3,
MM54C929, MM74C929, MM74C930-3
SYMBOL PARAMETER MM54C930 MM74C930 UNITS
(NOTE 1)
MIN MAX MIN MAX MIN *MAX
tc Cycle Time 290 255 330 ns
tACC Access Time From Address 265 240 315 ns
tACS.tACS1 | Access Time From CS, CS1 250 225 300 ns
tAS Address Set-Up Time 15 : 15 15 : ns
tAH Address Hold Time 50 . 50 50 ns
tOE Output Enable Time 150 130 130 ns
toD Output Disable Time 150 130 } 130 ns
tCS.tCST CS, CS1 Pulse Width (Negative) 150 130 165 ns
(Note 4)
tes.test CS, CS1 Pulse Width [Positive) 140 125 165 ns
twp Write Fu[se Width (Negative) 150 130 165 ns
DS Data Set-Up Time, (Note 5) 150 140 140 ns
tDH Data Hold Time, (Note 5) ) 0 -0 0 ns
Note 4: Greater than minimum CS pulse width must be used when reading data from the MM54C929/MM74C929 to ensure that output TRI-
STATING does not occur before data becomes valid. Writing has no such limitation.
Note 5: tpg and tpy are referenced to the low-to-high transition of CS1 or €S2 or CS3 or WE,whichever switches first, for the MM54C930/
MM74C930 and are referenced to the CS or WE low-to-high transition, whichever switches first, for the MM54C929/MM74C929.
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MM54C929/MM74C929,
MM54C930/MM74C930

Capacitance (note 6)

SYMBOL PARAMETER CONDITIONS MIN MAX UNITS
CIN Input Capacitance VIN=0,f=1MHz, Tp =25°C 4 7 pF
Co Output Capacitance VIN=0, f=1MHz, Tp = 25°C [ 9 pF
CGs Chip Select Capacitance | MM54C929/MM74C929, MM74C929-3 8 12 pF
Note 6: Capacitance maximum is guaranteed by periodic testing.
Truth Tables ' ' \
MM54C929/MM74C929 MM54C930/MM74C930
Cs | WE DI FUNCTION TST | €52 | €s3 | WE DI FUNCTION
1 X X | Output in Hi-Z State X 1 X X X |Outputin Hi-Z State
X 0 X | Output in Hi-Z State X X 1 X X | Output in Hi-Z State
0 0 0 Write “’0,” Output in Hi-Z State X X X 0 X Output in Hi-Z State
0 0 1 Write ‘1, Output in Hi-Z State 0 0 0 0 0 Write “0,"” Output in Hi-Z State
0 1 X Read Data, Output Enabled 0 0 0 0 1 Write “1,"” Output in Hi-Z State
X = Don't care 0 0 0 1 X Read Data, Output Enabled

Switching

Time Waveforms

s N

1

AD-A9 :)(

taAs tAH

tace

DU == = = = = = = « TRISTATE® = o= = = e = -—( DATA QUT VALID

*Greater than minimum CS pulse width must be used when reading data from the
MM54C929/MM74C929 to ensure that output TRI-STATING does not occur before data

becomes valid. Writing has no such limitation, (Figure 4a).

FIGURE 2a. MM54C929/MM74C929 Read Cycle

S

o7 51‘ Jlf
1Ts1 1 tes1 1
AO-A9 >( a(
tas AN | toE
TSZAND 65T 11\
tACS1
tace

Doyy === == = e o o TRISTATER o o ot o e o e ced

FIGURE 2b. MM54C930/MM74C930 Read Cycle

( DATA OUT VALID
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Switching Time Waveforms (continueq)

A\
TH

AD~A9

%

= N
? tcs d
tas

\

4 twp*
WE 5% /

i ’/' <—tDH-—,-
Din i ii 2 DATA IN VALID
A

1
*twp (the Write Pulse width} is the time CS and WE are coincidentally low

FIGURE 3a. MM54C929/MM74C929 Write Cycle

N\

tesi test 1

/

~—tpH
Din % DATAIN VALID

l
*twp (the Write Pulse width) is the time CS1, CS2, CS3 and WE are coincidentally low
FIGURE 3b. MM54C930/MM74C930 Write Cycle

s
WE
~~—— tgf ——= ~-— tgp —

Doyt = == ==TRI-STATE®ae == = DATA OUT VALID - o - —

FIGURE 4a. MM54C929/MM74C929

CSZ0RCS3
""—‘OE_’ —-—— tgp ——|

Doyt = = =TRISTATE® = = = DATA OUT VALID ———————

FIGURE 4b. MM54C930/MM74C930

K 7 d | 1’\_
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MM54C929/MM74C929,
MM54C930/MM74C930

Typical Performance Characteristics

Access Time vs Ambient
Temperature
400

300

tacc (ns)
.
=3

Vgg =45V -
100 P

=T—"""1 Vgg=55V
; |
-55-40 0 25 85 125
Talc)

Minimum Write Pulse Width
vs Ambient Temperature
200

150

100

typ (ns)

Veg = 45V L—

cc = 5.5V

0
-50-a0 0 25 85 125
TALD)

Data-In Hold Time vs
Ambient Temperature
25

Veg = 5.5V

tpy (ns)
&

-50 Veg =45V ~

-75

-55-40 0 25 85 125
TACO)

Address Hold Time vs
Ambient Temperature
80

60

40

tay (ns)

0
-55-40 0 25 85 125
Ta 00

tacc (ns)

tes) {ns)

tas (ns) -

Access Time vs Power Supply
Voltage

300 T
Ta=25C
250
200 \\
150 \\
100 N
50
0
3 15 4 45 5 55
Vee (V)
. Data-In Set-Up Time vs
Ambient Temperature
200
150

200

150

100

30

20

vee ﬁ\;/,//
"1 \icn =55V
-55-40 0 25 85 125

TatCH

Minimum CSI Pulse Width
{Positive) vs Ambient

Temperature
Vg =45V -
- 1
Vgg =55V
|
-55-40 0 25 - 85 125
TaloC}

Address Set-Up Time vs
Ambient Temperature

P Vcc =45V
—
 p——
Veg=58V |
-55-40 0 25 85 125
TA 0




Typical Performance Characteristics (continueq)

Minimum CS1 Pulse Width Dynamic Current vs Power
Output Enable Time vs (Negative) vs Ambient Supply Voltage
Ambient Temperature Temperature . (Vi = Vee: ViL =0V)
200 200 3 —
Ta=25°C
F 25
150 150 E
<
E 2
[ 100 G E 15 —
4.
. Veg = 4.5V — g 1
™ ] Vgg=55v 3 s
0 4L 0 [
-55-40 0 25 85 125 -55-40 0 25 85. 125 3 35 4 45 55
TA 0 TA D) Veg (V)
Output Source Current vs Output Sink Current vs
Output Voltage Output Voltage
-20 — a0. —
Veg=5v [T veesw
-11.5 - 35 e h
-15 k1 A |
T Ta= e
- -125 5 L
o T = -55°C . A1
x - /
2 s Tp=25°C_|] 2 s
P V 7 Tp-126°C
-5 g T 10 Y
L1 Ta=125°C
-25 S I I 5 /
0 0
5 45 4 35 3 25 2 15 1 0 05 1 15 2 25 3 35 4
Vour (V} Vour V)
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-MM54C989/MM74C989

National
Semiconductor

MM54C989/MM74C989 64-Bit

General Description

The MM5B4C989/MM74C989 is a 16-word by 4-bit
random access read/write memory. Inputs to the memory
consist of 4 address lines, 4 data input lines, a write
enable line and a memory enable line. The 4 binary
address inputs are decoded intermally to select each of
the 16 possible word locations. An internal address
register latches the address information on the positive
to negative transition of the memory enable input. The 4
TRI-STATE data output lines working in conjunction
with the memory enable input provides for easy memory
expansion.

Address Operation: Address inputs must be stable tga
prior to the positive to negative transition of memory
enable. It is thus not necessary to hold address informa-
tion stable for more than tHa after the memory is
enabled (positive to negative transition of memory

enable).

Note. The timing is different than the DM7489 in that
a positive to negative transition of the memory enable
must occur for the memory to be selected.

Write Operation: Information present at the data inputs
is written into the memory at the selected address by
bringing write enable and memory enable low.

CMOS RAMs

(16 x 4) TRI-STATE® RAM

Read Operation: The complement of the information
which was written into the memory is'non-destructively
read out at the 4 outputs. This is accomplished by
selecting the desired address and bringing memory enable
low and write enable high.

When the device iswriting or disabled the output assumes
a TRI-STATE (Hi-2) condition.

Features
® Wide supply voltage range 3.0V to 5.5V
® Guaranteed noise margin 1.0v
High noise immunity 0.45 Ve typ
Low power TTL fan out of 2
compatibility driving 74L
® Input address register
m Low power consumption 250 nW/package typ
@Vgce =5V

m Fast access time

® TRI-STATE output

140 ns typ at Vg = 5V

Logic and Connection Diagrams

DATA _DATA_ DATA _DATA _

INPUT'I OUYPUT 1 IHPHT 2 DU'IPUI 2 IH'UY 3 ﬁUT'I" INPUY 4 ﬂUTPUY ]

LT

Dual-in-Line Package

WRITE . ADDRESS 1 U L
ENABLE > INPUT A [~ Vee
l READ/WRITE I CIRCUITRY WEMORY _2. 1S ADDRESS
WEMORY — . ERABCE | [~ invuT 8
Euuu-’-Do_T-Dc 1 7| . WRITE 3 14 aooress
N ENABLE INPUTC
—-‘ l I I | I . | T I 0ATA _4 ] 13 ADDRESS
. INPUT INPUT O
- 5 12 paT,
INPUT A 0 -0 r I 1 Wﬁ—ﬂ“ﬂ = mru‘:'t
S — l | | s - o
} | | | DATA 1 10 para
) | | outPUT2 | Ls_mvut:
INPUT B =p— [ .
] I o= TUTPOT 3
|Gl I — | | | -
ADDRESS MEMORY
oECODER [P l ARRAY l TOP VIEW
-+ 1
wruT e voe )] | | | Order Number MM54C289J
¢ 1}— — l | | or MM74C989J
L] | ] l See NS Package JI6A
|
INPUT B efpmeerteeed 0 0 b} . I | l - Order Number MM74C989N
See NS Package N16A
- >
s 8 ] ] 1
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DC Electrical Characteristics mmsacase/mmzacase

(Min/max limits apply across the temperature and power supply range indicated).

Absolute Maximum Ratings (Note 1) Operating Conditions =
MIN  MAX  UNITS g

Voltage at Any Pin -0.3V to Vg + 0.3V Supply Voltage (Veg! O
Package Dissipation . 500 mW MM54C989 47 5.5 \ (D
Absolute Maximum Ve 7.0v : MM74C989 4.75 625 A 0
Lead Temperature (Soldering, 10 seconds) 300°C Temperature (Ta) [7e)
MM54C989 -55 +126 °c —

MM74C989 —40 +85 °c g

Operating Vg Range 3.0V to 6.5V g

Standby Vcg Range - 15V to 5.5V 31

©

oo

©

PARAMETER CONDITIONS MIN TYP MAX UNITS

ViInN(1) Logical “1” Input Voltage Vee1.5 \
VIN(0) Logical “0" Input Voltage ; 0.8 \
HN(1) Logical “1’" Input Current VIN =5V 0.005 1 HA
1IN(O) Logical ‘0" Input Current . ViN=0 -1 —0.005 nA
VouT(1) Logical *“1” Output Voltage 1o =—360uA 2.4 Y
lo =—150 uA Vee—0.5 \
VouT(0) Logical “’0” Output Voltage 10 = 360 uA 0.4 \Y
Output Current in High Impedance State Vo =5V 0.005 1 uA
Vpo=0 -1 -0.005 HA
lcc Supply Current (Active) ME =0, 4 0.05 150 uA
Vee = 5V -
Supply Current (Stand-By) ME =5V 3 LA E

AC Electrical Characteristics mmsacess/mmzacose
Ta=25°C, Vg =5V, CL =50 pF

PARAMETER MIN TYP MAX UNITS
tACC Access Time From Address 140 500 ns
tpD Propagation Delay From ME 110 360 ns
tvSA Address Input Set-Up Time 140 30 ns
tHA Address Input Hold Time 20 15 ns
tME Memory Enable Pulse Width 200 80 ns
tME Memory Enable Pulse Width : 400 100 ns
tsD Data Input Set-Up Time 0 ns
tHD Data Input Hold Time 30. 20 ns
tWE Write Enable Pulse Width 140 70 ns
t1H, tOH Delay to TRI-STATE, C_ =5 pF, R = 10k, (Note 4) 100 200 ns
CAPACITANCE '

CIN Input Capacity, Any Input, {Note 2) 5 pF
CouT Output Capacity, Any Output, (Note 2) 8 pF
Cep Power Dissipation Capacity, {(Note 3) . 350 pF
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MM54C989/MM74C989

AC Electrical Characteristics (continued)

MM54C989: T = ~55°C to +125°C, Vg = 4.5V to 5.5V. G| = 50 pF
MM74C989: Ta = —40°C to +85°C, Ve = 4.75V to 5.25V. C|_ = 50 pF

PARAMETER MM54C989 MM74C989 UNITS
' MIN MAX MIN MAX
tACC Access Time From Address 500 620 ns
tPD1. tPDO Propagation Delay From ME 350 430 ns
tSA Address Input Set-Up Time 150 140 ns’
tHA Address Input Hold Time 50 60 ns
tME Memory Enable Pulse Width 250 310 ns
tME Memory Enable Pulse Width 520 400 ns
1SD Data Input Set-Up Time 0 0 ns
tHD Data Input Hold Time 60 50 ns
tWE Write Enable Pulse Width 220 180 ns
t1H, toH Delay to TRIvSTATEi, {Note 4) 200 200 ns

Note 1: “Absolute Maximum Ratings’ are those values beyond which the safety of the device cannot be guaranteed. Except for ‘‘Operating
Temperature Range'’ they are not meant to imply that the devices should be operated at these limits. The table of *’Electrical Characteristics’
provides conditions for actual device operation.

Note 2: Capacitance is guaranteed by periodic testing. -
Note 3: Cpp determines the no load AC power consumption for any CMOS device. For complete explanation see 54C/74C Family Characteristics

application note, AN-90.

Note 4: See AC test circuit for t1H, toH.-

Truth Table

AC Test Circuits

to0H

ME WE OPERATION CONDITION OF OUTPUTS
L L Write TRI-STATE
L H Read Complement of Selected Word
H L Inhibit, Storage TRI-STATE
H H Inhibit, Storage TRI-STATE
tH
Vee
10k
DATA
ouTPUT
5.0 pF
10k 5.0 pF

All Other AC Tests
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Switching Time Waveforms

Read Cycle (Note 1)
f———me

e\
MEMORY

L3

Write Cycle (Note 1)

N

ME

N

6860V .2ININ/686DVSININ

154 —=T=—HA 1SA —=t=—tHa
vee Vee
ADDRESS ADDRESS
INPUT INPUT
[} 0
=01 —= we
vee i 7 — Vee
_WRITE DON'T CARE WRIT
ENABLE / Y 7, j ENABLE 0
tage —— sp Ho
v v
oama ' /a oTE
out TRISTATE' CONDITION J or
Read-Modify-Write Cycle (Note 1) toH
ME Vee
Ve ME 05Vge
MEMORY Y \| [
ENABLE
0 \ —— 194
1SA —=t=—THA o Vee — == TRISTATE"
Vee out
ADDRESS LA ORESS 0
oRess TCHED AD 'y
o 01vge
fa——— tpp — 8
o TRISTATE' CONDITION
e ! Wee——— o T T T
out TRESTATE® CONDITION
[P L LA 15 L SR t1H
WE
WRITE Yoo for :
05V
ENABLE e ce
0 [}

Vee
N )(

9
EE
<

b

Note 1: MEMORY ENABLE must be brought high for tmg ns between eve‘ry address change.

Note 2: t; = t; = 20 ns for all inputs.

TRISTATE
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NMC6504

| National
Semiconductor

NMC6504 4096-Bit (4096

General Description

CMOS RAMs
PRELIMINARY

x 1) Static RAM

Features

The NMC6504 is a static CMOS random access read/write B Industry standard pinout
memory organized as 4096 words of 1 biteach. Thisdevice  m |ow data retention voltage — 2V

is fabricated with National Semiconductor’s silicon-gate
CMOS technology and is fully compatible to the TTL en-
vironment. Synchronous operation is provided by on-chip

B Low speed/power product
| TTL compatible — all inputs and outputs

address, data, and write latches. The ENABLE input ™ TRI-STATE® outputs for bus operation
serves as the device strobe controlling the latching func- B High output drive '
tions. The TRI-STATE® output, in conjunction with the m High noise immunity

ENABLE input, allows easy memory expansion.

B Military temperature range available

B On-chip address registers (latches)

8 Common I/O — high density packaging
B Output data latches

B [nput data latches .
B Select latch for microprocessor interface

Connection Diagram Logic Symbol
Dual-In-Line Package
1\0—'I . ﬂvcc - AD
2 17. — A
A1— — AG . — a2 0f—
-y 6, Order Number NMC6504J-2, NMC6504J-9  —4A3
s s or NMC6504J-5 — s
A3 = l—AB See NS Package J18A —J a5
5 14
As— — A9 e
52 13 010 Order Number NMC6504N-5 i
12 See NS Package N18A —{A8
0 — A1l —] A9 Qf—
iy 1 —A10
i — —D
AN
9 10_ 1w e
GND — —F ? ?
TOP VIEW
Pin Names
AO-A1 Address Inputs
E Chip Enable
W Write Enable
D Data Input
Q Data Output

\
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Functional Description

An NMC6504 memory cycle is initiated by the falling edge
of the ENABLE (E) input which latches the address infor-
mation into the on-chip registers. On-chip latches allow
selection of a read, early write, or read-modify-write cycle
as a function of the ENABLE and WRITE (W) input levels
and timing. Data output is enabled by the falling edge of
the ENABLE input and disabled by the rising edge except
when performing an early write cycle. The input and out-
put data latches are transparent except during the write
pulse (not the WRITE input).

When performing a read cycle a minimum ENABLE LOW
time is required to assure valid data at the output. This
minimum LOW timeis defined as the enable access time.
A minimum ENABLE HIGH time is required to return the
columns to the HIGH state and to precharge the sense
amplifiers in preparation of the next cycle.

Block Diagram

An early write cycle is performed by preceding the
ENABLE with the HIGH to LOW transition of the WRITE in-
put. The WRITE input level is latched, and set-up and hold
times must be met. The data output is not enabled during
an early write cycle. The input data set-up and hold times
are referenced to the leading edge of the write pulse,
which is initiated by the falling edge of the ENABLE input
and terminated by the rising edge of the ENABLE.

A read-modify-write cycle is performedas a read cycle, for
the enable access time, followed by the write pulse which
is initiated by the falling edge of the WRITE input and
terminated by the rising edge of either the ENABLE or
WRITE input, whichever occurs first. The input data set-up
and hold times are referenced to the falling edge of the
WRITE input. Data is latched when the WRITE input goes
LOW, allowing the modified data to be written into the
memory while continuing to read the original data.’

'Y PR FUNCTIONS ARE POSITIVE
.Y JES——— | LoGic
Y ADDRESS GATED DATA LATCHES ON RISING
LATCH AND 12 ROW 64 :f,;:’,’, EDGE OF L
A et INVERTERS DECODER
A c— -
A2 —
(MsB) 3
TRISTATE®
OUTPUT
DATA GATED BUFFER
o INPUT ] >t LUMN DATA
LATCH H ::ncgnm —»{ outrur —I >—a0
T AND 1/0 LATCH
I.T Ts 2~ ‘t

WRITE 12
w —OD CONTROL

LATCH

lf L.__ '-T ADDRESS ADDRESSES AND CONTROL

LATCH AND LATCHES ON THE RISING
INVERTERS EDGE OF L ‘
[
ouTPUT
B O A3 AS AS ATIAID A9 (MSB)
LATCH <
d

!

<
=
(2]
»
a
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NMC6504

Absolute Maximum Ratings Operating Range
Min Max
Supply Voltage VCC v Supply Voltage .
Voltage at Any Pin -0.3V1oVCC +0.3V NMC6504-9 4.5v 5.5V
Storage Temperature Range -65°Cto +150°C :mgx:: :755\<J 5523
Package Dissipation 500 MW Temperat ) ’
Lead Temperature (Soldering, 10 seconds) 300°C NMC65049 -40°C 85°C
NMCE504-2 -55°C 125°C
NMC6504-5 0°C 75°C
DC Electrical Characteristics over the operating range, unless otherwise noted
Symbol Parameter Conditions NMCG.SM'Q NMC6504-2 .NMCGSM.S Units
Min Max Min Max
VCCDR | Data Retention Supply | VI=VCC, GND 2.0 20 \
Voltage
ICCSB Standby Supply Current 50 500 uA
ICCOP* | Operating Supply f=1MHz 10=0, 10 10 mA
Current VI=VCC or GND
ICCDR Data Retention Supply | VCC=3.0V,10=0, 25 500 HA
Current Vi=VCC or GND
] Input Leakage Current VI=VCC, GND -1.0 +1.0 -10 +10 “A_
VIL Input Low Voltage -0.3 08"’ -0.3 ‘0.8 A
VIH Input High Voltage VCC-20 | VCC+03 | VCC-2 | VCC+03 | V
10Z Output Leakage Current | VI=VCC, GND -1.0 +1.0 -10 +10 uA
voL Output Low Voltage I0L=2.0 mA 0.4 0.45 \
VOH Output High Voltage IOH= —1.0mA 2.4 24 v
Cl input Capacitance f=1MHz 8 8 pF
co Qutput Capacitance f=1MHz 10 10 pF
*{CCOPis proporti.onal tooperating frequency.
AC Test Conditions
Input Rise and Fall Times: <20 ns
All Timing Reference Levels: 1/2 VCC
Output Load: 1 TTL Load, 50 pF
NMC6504 Bit Map and Address Decoding
@ (MSB) ROWS (LSB'V

A2 A1 A0 A6 A7 A8

32 COLUMNS —=| 32 COLUMNS —=] 1111 11
11110
11, 410
« .« e
=3 © LY
£ g H L
= o & 0 00 10 1
= s 2 0009100
2 00 0 0 1 1
0000 10
00 00 01
000000
SENSE AMPS SENSE AMPS

COLUMN DECODER

COLUMN DECODER

(MSB) A9
A10
AN
A5
Al
(LSB) A3

COLUMNS
~oc@eoeoo
.

ceoeoooo

PR
- — o
oo 0oa -
—ocooo -

O - = o=
- - = -




Read Cycle AC Electrical Characteristics over the operating range -

Symbol Parameter NMC6504-9, NMC6504-2 NMC6504-5 Units
Min Max Min Max
TAVEL Address Set-up Time 20 20 ns
TELAX Address Hold Time 50 50 ns
TELQV Enable Access Time 300 350 ns
TAVQV Address Access Time 320 370 ns
TELEH Enable (E) Minimum Low Time 300 350 ns
TELEL Read or Write Cycle Time 420 500 - ns
TEHEL Enable (E) Minimum High Time 120 150 ns
TELQX Output Enable from Enable (E) 100 100 ns
TEHQZ Output Disable from Enable (E) 100 100 ns

Read Cycle Waveforms

TELAX
XS A XK RKARIK XXX KKK K AKX KK KK
» SRR R ARSI
\.O.O.Q.QA..0‘0‘.0.0.0.‘_0.0_..0...‘, 0000000000

——J TAVEL [=—

TELEL
TELEH { TEHEL
£ \N N
TELQY
TEHQZ |=~—
TAVaV
; LR F

F~—TELOX ——
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"NMC6504

Write Cycle AC Electrical Characteristics over the operating range

N

Symbol parameter NMC6504-9, NMC6504-2 NMC6504-5 Units
Min Max Min Max
TAVEL Address Set-up Time 20 20 ns
TELAX Address Hold Time 50- 50 ns
TWLWH Write Pulse Width (W Low) 80 100 ns
TELEL Read or Write Cycle Time 420 500 ns
TELEH Enable (E) Minimum Low Time 300 350 ns
TOVWL Data Set-up Time 0 30 ns
TEHEL Enable (E) Minimum High Time 120 150 ns
TWLDX Data Hold Time 80 100 ns
TELWH Write Pulse Width (E and W Low) 80 100 ns
TELWL Early Write Qutput Hi-Z Time 0 0 ns
TWLEH Write Pulse Width (W and E Low) 200 250 ns
TELQX Output Enable from E ’ 100 100 ns
TELQV Enable Access Time 300 350 ns
TEHQZ Output Disable from E 100 100 ns

Write Cycle Waveforms

TELAX

TAVEL

NN K S WA PSR A PN PSSO S
TSI LTI
N I ERRKRRIRRRK KNS

KX X X Y

TELEL

|

TELEH

TEHEL

TELWL

—_ﬁ

=

(0 ———

TELGX—

5 =
‘faa?ﬁkh

%‘02\0.

RTTRRS

X
%

VALID

T AT L LTI,
< %ﬁ%&ﬁﬁyooo

e
R X5
LXK
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0K
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Early Write Cycle AC Electrical Characteristics over the operating range

Symbol Parameter NMC6504-9, NMC6504-2 NMC6504-5 Units
Min Max Min Max
TAVEL Address Set-up Time 20 20 ns
TELAX Address Hold Time 50 50 ns
TELWH Write Pulse Width (E and W Low) 80 100 ns
TDVEL Early Write Data Set-up Time 0 30 ns
TELEH Enable (E) Minimum Low Time 300 350 ns
TWLEL Early Write Set-up Time 0 0 ns
TEHEL Enable (E) Minimum High Time 120 150 ns
TELDX Early Write Data Hold Time 80 100 ns
TELEL _ Read or Write Cycle Time 420 500 ns
Early Write Cycle Waveforms
—= TELAX '
TAVEL f=—
TELEL
TELEH 1 TEHEL
E XL nk |
—=1 TELWH

o
[

T S T T T SO T OO SOOI OTOTITOTITITOLOTITONS,
30RO RLRIIRIEIKS
el te oo tetete et e e e e to e e e tete e e o e e te e te e e e

X SRR

)
0‘0.0.0.000000000000,
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NMC6504

Read-Modify-Write Cycle AC Electrical Characteristics over the operating range

Symbol Parameter NMC6504-9, NMC6504-2 NMC6504-5 Units
Min Max Min Max
TAVEL Address Set-up Time 20 20 ns
TELAX Address Hold Time 50 50 ns.
TELQV Enable Access Time 300 350 ns
TAVQV Address Access Time 320 370 ns
TEHEL Enable (E) Minimum High Time 120 150 ns
TWHEL W Read Mode Set-up Time 0 0 ns
TWLEH Write Pulse Width (W and E Low) 200 250 ns
TQVWL Data Valid to Write Time 0 0 ns
TWLWH Write Pulse Width (W LoW) 80 100 ns
TWLDX Data Hold Time 80 100 ns
TELQX Output Enable from Enable (E) 100 100 ns
TEHQZ Output Disable from Enable (E) 100 100 ns
TDVWL Data Set-up Time 0 30 ns

Read-Modify-Write Cycle Waveforms

A
TAVEL

T\

—={ TELAX @

=

Al TWHEL
//%7

- TELOV —————=]
f——TELAX —

TWLWH

—| TEHQZ [=—or-

TWLDX

o oo ro e oo sse
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National " CMOS RAMs
Semiconductor

80S9ON

NMC6508 1024-Bit (1024 x 1) Static RAM

General Description Features

The NMC6508 is a static CMOS random access read/write
memory organized as 1024 words of 1 biteach. This device
is fabricated with National Semiconductor’s silicon-gate
CMOS technology and is fully compatible to the TTL en- . )
vironment. Synchronous operation is provided by the on- TTL compatible — all inputs and outputs
chip latches for the address inputs. The NMC6508 may be TRI-STATE™ outputs for bus operation

8 |ndustry standard pinout
[ ]
n
|
n
used incommon I/O applications by externally connecting B High output drive
a
[ ]
n
]
n

Low data retention voltage — 2V
Low speed/power product

the data input and output terminals. The TRI-STATE® out- High noise immunity '

put, inconjunction with the ENABLE input, allows for easy Military temperature range available

memory expansion. On-chip address registers (latches)
16 pin — high density packaging
Output data latches

Connection Diagram Logic Symbol

Dual-In-Line Package

L Y
i b— vCC J S ol
2 15 —
" A —— l—p Al
3 14 _ — A2
A== —Ww —a3
a 13 —
Az— — g Al
5 12 i
A3 = - A8 — 5
6 —
7| 10 i
a— b~ A6 — A9 af—
g . w__E
GND— — A5 ? ?

TOP VIEW

Order Number NMC6508J-2, NMC6508J-9
or NMC6508J-5
See NS Package J18A

Order Number NMC6508N-5
See NS Package N18A

Pin Names

A0-A9 Address Inputs
E Chip Enable
W Write Enable

D Data Input

Q Data Output
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NMC6508

Functional Description

An NMC6508 memory cycle is initiated by the falling edge
of the ENABLE (E) input, which latches the address infor-
mation into the on-chip registers. The output buffer is
enabled when the WRITE (W) input is HIGH and the
ENABLE input is LOW.

When performing a read cycle a minimum ENABLE LOW
time is required to assure valid data at the output. This
minimum LOW time is defined as the device enable ac-
cess time. A minimum ENABLE HIGH time is required to

Block Diagram

return the columns to the HIGH state and to precharge
the sense amplifiers in preparation of the next memory
cycle. :

When performing a write cycle, the minimum ENABLE
LOW time is required to enter new data. The write pulseis
created by the coincident LOW of the ENABLE and
WRITE inputs. The data set-up and hold times are
referenced to the rising edge of either the ENABLE or
WRITE input, whichever occurs first.

AQ w—

At ADDRESS - GATED
AZ-—‘ LATCH AND 10 ROW
A8 INVERTERS DECODER

FUNCTIONS ARE POSITIVE

Logic
2 32x32 DATA LATCHES ON FALLING
ARRAY EDGE OF “L”

A9 ~—]
MSB) -
LT '
INPUT (WRITE) TRI-STATE®
CONTROL OUTPUT
GATED BUFFER
ATA
N v
0 -

=|

COLUMN L] outpur Q
DECODER LATCH
AND 1/0
[P
1L——J “a™ Ll

10

L? ADDRESS ADDRESSES ARE
LATCH AND | LATCHED ON THE RISING
INVERTERS- | EDGE OF L

>
e—o>

A3 A4 A5 A6 A7 {MSB)
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. . =
Absolute Maximum Ratings Operating Range v | =
Supply Voltage VCC ™ Supply Voltage (@]
Voltage at Any Pin ~0.3V10VCC +0.3V mgg-ggggg :.gx 5.5V N
. . ¥ 5.5V
StovageTemp'eral.ure Range -65°Cto +150°C NMC6508-9 a5V 5.5V g
Package Dissipation 500 mW NMC6508-2 4.5V 55V
Lead Temperature (Soldering, 10 seconds) 300°C NMC6508-5 4.75V 5.25V m
Temperature
NMC65088-9 -40°C 85°C
NMC6508B-2 -55°C 125°C
NMC6508-9 -40°C 85°C
NMC6508-2 -55°C : 125°C
NMC6508-5 o°c 75°C
DC Electrical Characteristics over the operating range, unless otherwise noted
NMC6508B-9, NMC6508B-2
Symbol Parameter Conditions | NMC6508-9, NMC6508-2 NMC6508-5 Units
Min Max Min Max
VCCDR | Data Retention Supply VI=VCC, GND 20 20 \"
Voltage ’
ICCSB Standby Supply Current 10 100 uA
ICCOP* | Operating Supply f=1MHz, 10=0, 4 4 mA
Current VI=VCC or GND
ICCDR Data Retention Supply VCC=3.0V,10=0, 10 100 uA
Current VI=VCC or GND
1l Input Leakage Current VI=VCC, GND -1.0 +1.0 -1.0 +1.0 A
VIL Input Low Voltage -0.3 0.8 -03 0.8 v
VIH Input High Voltage VCC-20 | VCC+0.3 VCC-2 VCC +0.3 \"
10Z Output Leakage Current | VI=VCC, GND -1.0 +1.0 -1.0 +1.0 A
VOL Output Low Voitage IOL=3.2mA 0.4 ‘ 0.4 \
VOH Output High Voltage IOH= -0.4 mA 24 2.4 \'
Cl Input Capacitance f=1MHz 6 ) 6 pF m
co Output Capacitance f=1MHz 10 10 pF
© '*|CCOPisproportional tooperating frequency.
AC Test Conditions

Input Rise and Fall Times: <20 ns
All Timing Reference Levels: 1/2 VCC
Output Load: 1 TTL Load, 50 pF

NMC6508 Bit Map and Address Decoding

@ : (MS8) ROWS (LSB)

A3 A8 A2 A1 AD

~——16 COLUMNS —~ =~ 16 COLUMNS —] 000D 0
0000 1
000180
000 11
-3
. 00100
£ s g 0010t
a S e Py
o 3
8 =~ o P
H ..
= . 3
11110
1111
SENSE AMPS SENSE AMPS
COLUMN DECODER COLUMN DECODER
MsB) A7 0 0 [} 1 11
gAsoo...ti 00 « oo 11
Sasjoo 11 o0 11
8 mjo o 11 [} 11
(seya3 fo 1 01 01 [
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NMC6508

Read Cycle AC Electrical Characteristics over the operating range

Symbol Parameter :mgggg::: :mgggggg NMCE508-5 Units
: Min Max Min Max Min Max
TAVEL | Address Set-up Time 0 0 10 ns
TELAX Address Hold Time 40 50 70 ns
TELQV Enable Access Time 180 250 300 ns
TAVQV Address Access Time 180 250 310 ns
TELEH Enable (E) Minimum Low Time 180 250 300 ns
TELQX Output Enable from Enabie (E) 120 160 200 ns
TEHQZ | Output Disable from Enable (E) 120 160 200 ns
TEHEL Enable (E) Minimum High Time 100 100 . 150 ns
TELEL Read or Write Cycle Time 280 350 450 ns

Read Cycle Waveforms

—={ TAVEL |=—
TELEL
TELEH ! TEHEL
e N L
TELOY :
TEHQZ [=—
TAVay
XXX KN
Q RARXHIXLN N
vt
re—TELOQX
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Write Cycle AC Electrical Characteristics over the operating range

80990NIN

Symbol Parameter :xgggggg: :xgggg:: NMC6508-5 Units
Min Max Min Max Min Max
TAVEL Address Set-up Time 0 0 10 ns
TELAX | Address Hold Time 40 50 70 ns
TEHEL Enable (E) Minimum High Time 100 100 150 ns
TDVWH | Data Set-up Time 80 110 130 ns
TELWH | Write Pulse Width (E and W Low) 100 130 160 ns
TWLWH { Write Pulse Width (W Low) 100 130 160 ns
TELEL Read or Write Cycle Time 280 350 450 ns
TWHDM | Data Hold Time 0 0 0 ns
TWLEH | Write Pulse Width (E and W Low) 100 130 160 ns
TELEH Enable (E) Minimum Low Time 180 250 300 ns
TELQX Output Enable from E 120 160 200 ns
TWLQZ | Output Disable from W 120 160 200 ns
TWHQX | Output Enable from W 120 160 200 ns
TEHQZ | Output Disable from E 120 160 200 ns

Write Cycle Waveforms

—=] TELAX
TTTTTT SO TITITOITOZOO IO O OTOONTITIGOOOTOD
2 22N 3 355)
a0 0.9.%5, W LLLD LG ELLOLL LI SOOI I.569.69'
B TAVEL |=—
TELEL
TELER TEHEL:
E X vl X
TWLEH
W % % y,
TELWH
TOVWH |[=+—

P R PO o o S PO PSA AN A KR A ARSI

D S RIIIIILLLRLRKK
AR HIRRI IR
™wWLAZ —'J —=1 TWHDX
TWHAX—=] -] TEHOZ
Q
— TELOX
.
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NMC6508

Read-Modify-Write Cycle AC Electrical Characteristics over the operating range

Symbol Parameter ::ggzgggg :::gggg:; NMC6508-5 Units
Min Max Min Max Min Max
TAVEL Address Set-up Time 0 0 10 ns
TELAX Address Hold Time 40 50 70 ns
TELQV | Enable Access Time ’ 180 250 300 ns
TAVQV | Address Access Time 180 ) 250 310 ns
TEHEL Enable (E) Minimum High Time 100 100 150 ns
TWHDM| DataHold Time ) ns
TQVWL | Data Valid to Write Time ns
TWHEL | W Read Mode Set-up Time ns
TWLWH | Write Pulse Width (W Low) 100 130 160 ns
TELQX Output Enable from Enable (E) 120 160 200 ns
'fEHQZ Output Disable from Enable (E) 120 160 200 ns
TWLQZ | Output Disable from Write (W) 120 160 - 200 ns
TOVWH | Data Sét-up Time , 80 110 130 ns
TWHQX | Output Enable from Write (W) 120 160 200 ns

Read-Modify-Write Cycle Waveforms

—]

TAVaV

TavwL

&v 99409
SO0 0,000,009,

%%

TWHEL

TwLaz

Yl

::::::2:::::2:'::::::0:::::::‘::6:&:5:2:3:6:6:6:6:i:6:5:6:3:6’"""""""3'%’%:%’3’3’3’5’3"’3’3’3’5’5’&"'@’3’6’0
R R RRARIRANK

K

KKK ARRKEISKEIKREERKY
R RRRRRRRRRKS

TEHEL |

TEHQZ

TWHQX

=

X
D %GR RRHRARIRRIERILERLIELK
IR

g%%*%w%%@*w”vv@yy@“‘??@W?ﬁ%ﬁq@%%%ﬁff%Vf%ﬁgﬁsﬂfqy

90

AR
O s issetstsistetete’s;
S I IR IR X IR IR

XXX

* Output enable can be avolded by preceding the rising edge of W with the rising edge of E by time; TEHQZ
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National
Semiconductor

CMOS RAMs
PRELIMINARY

NMC6514 4096-Bit (1024 x 4) Static RAM

General Description

The NMC6514 is a static CMOS random access read/write
memory organized as 1024 words of 4 bits each. This
device is fabricated with National Semiconductor's
silicon-gate CMOS technology and is fully compatible
with the TTL environment. Synchronous operation is pro-
vided by on-chip address latches. The ENABLE input
serves as the device strobe controlling the address
latching function. The data /O terminals, when not output
data enabled, represent a high impedance for easy
memory expansion.

Features

8 |ndustry standard pinout

B Low data retention voltage — 2V

B | ow speed/power product

B TTL compatible — all inputs and outputs
® TRI-STATE® outputs for bus operation

B High output drive

B High noise immunity

B Military temperature range available

W On-chip address registers (latches)

B Common /O — high density packaging

Connection Diagram Logic Symbol
Dual-In-Line Package
O e
A6 — — vCe
Order Number NMC6514J-2, NMC6514J-9 —1 A0 000 b—
as— ALpe or NMC8514J-5 s
16 See NS Package J18A
as— — 8 —A2
4 15 — A3 Dal f—
M= — A Order Number NMC6514N-5 —
AQ ~—] 14 pao See NS Package N18A ~d AS
—] A6 D02 f—
A LS ban a7
7 . 12 _
Az— — paz Pin Names "8
=8 11 ~—1 A9 0Q3 fme
E — pa3 w_E
9 0 - A0-A9 Address Inputs
GND—] — W E Chip Enable ? ?
W Write Enable
DQO0-DQ3 . Data In/Out

TOP VIEW
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NMC6514

Functional Description

An NMC6514 memory cycle is initiated by the falling edge
of the ENABLE (E) input, which latches the address infor-
mation into the on-chip registers. Read, write, the read-
modify-write cycles are selected as a function of the
ENABLE and WRITE (W) input levels and timing. Data out-
put is enabled by the falling edge of the ENABLE input and
disabled by therising edge when the WRITE input is HIGH.
The output is disabled when writing.

When performing a read cycle a minimum ENABLE LOW

time is required to assure valid data at the output. This

minimum LOW time is defined as the device enable ac-
cess time. A minimum ENABLE HIGH time is required to
return the columns to the HIGH state and to precharge
the sense amplifiers in preparation of the next cycle.

Block Diagram

When performing a write cycle aminimum ENABLE LOW
time is required to enter the new data. The write pulse is
created by the coincident LOW of the ENABLE and
WRITE inputs. The data set-up and hold time are
referenced to the rising edge of either the ENABLE or
WRITE inputs whichever occurs first.

A read-modify-write cycle is performed as a read cycle, for
the enable access time, followed by the write pulse
caused by the LOW time of the WRITE input. The output
data is disabled by the falling edge of the WRITE input,
and input data, meeting the set-up and hoid requirements
must be provided.

Fryms FUNCTIONS ARE POSITIVE
LoGIC
AB
A7 — ADDRESS GATED
LATCH AND 12 [ xe
AS—] INVERTERS DECODER
A5 —] )
Al w— '
(MsB) ? | e £
L
64
ADDRESSES
LATCH ON THE QJ
RISING EDGE OF L Dao
N GATED N na1
% COLUMN | Pl -
N DECODER 0z
17 AND1/0 +
j’% a3

p7as

-

TRISTATE®
OUTPUT
3 BUFFERS

ADDRESS
LATCH AND

INVERTERS

AD A1 A2 A3 (MSB)




Absolute Maximum Ratings Operating Range
. Min Max
Supply VoltageVCC v Supply Voltage
Voltage at Any Pin ~0.3VtoVCC +0.3V NMC6514-9 45V 5.5V
Storage Temperat.ure Range ~65°Cto +150°C :mggg::g :755(/ 552:\\;
Package Dissipation 500mwW
. Temperature
Lead Temperature (Soldering, 10 seconds) 300°C NMC6514-9 —40°C 85°C
NMC6514-2 -55°C 125°C
NMC6514.5 0°Cc 75°C
DC Electrical Characteristics over the operating range, uniess otherwise noted
- NMC6514-9, NMC6514-2 . NMC6514-5 R
Symbol Parameter Conditions Min Max Min Max Units
VCCDR | Data Retention Supply VI=VCC, GND 2.0 20 Vv
Voltage '
ICCsB Standby Supply Current 50 500 pA
ICCOP* | Operating Supply f=1MHz, 10=0, 10 10 mA
Current VI=VCC or GND
ICCDR Data Retention Supply VCC=3.0V,l0=0, 25 500 A
Current VI=VCC or GND
I} Input Leakage Current VI=VCC, GND -1.0 +1.0 -10 +10 uA
VIL Input Low Voltage -03 08 -0.3 08 \
VIH Input High Volitage VCC-20 | VCC+03 | VCC—-2 | VCC+03| V
102 Output Leakage Current | VI=VCC, GND -1.0 +1.0 —-10 +10 wA
VvOL Output Low Voltage I0L=2.0mA 04 04 v
VOH Output High Voltage IOH= —1.0 mA 2.4 24 \"
Cl Input Capacitance f=1MHz 8 8 pF
CcO Output Capacitance f=1MHz 10 10 pF
*|CCOPis proportional to operating frequency.
AC Test Conditions
Input Rise and Fall Times: <20 ns
All Timing Reference Levels: 1/2 VCC
Output Load: 1 TTL Load, 50 pF
NMC6514 Bit Map and Address Decoding
@ (Ms8)  ROWS  (LSB)
A4 A5 AG Al AS A3
16 COLUMNS—+~]=— 16 COLUMNS— 16 COLUMNS 16 COLUMNS —| T 1
111110
g 2 g .
= S = Lo .
- =] 4 )
2 = 00001 1
2 000010
00000 1
000000
SENSE AMPS SENSE AMPS SENSE AMPS SENSE AMPS
COLUMN DECODER COLUMN DECODER COLUMN DECODER | COLUMN DECODER
MSB) a2l o o 1o 1 0 0 1loo 1
Safo 0.0 100, . . 0 0 . 4 o 100 . .1
2 mlo o 1o o 1 00 1o 1
L L 1101 1 0 1 1o 1
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NMC6514

Read Cycle AC Electrical Characteristics over the operating range

Symbol Parameter NM;?:“'Q' NM;?:“'Z MI:MCGS“';“ — Units
TAVEL Address Set-up Time 20 20 . ns
TELAX Address Hold Time 50 ' 50 : ns
TELQV Enable Access Time 300 350 ns
TAVQV Address Access Time 320 370 ns
TELEH Enable (E) Minimum Low Time 300 350 ns
TEHEL Enable (E) Minimum High Time 120 . 150 ns
TELQX Output Enable from Enable (E) v 100 100 ns
TEHQZ Output Disable from (E) ) 100 100 ns
TELEL Read or Write Cycle Time 420 500 ns

Read Cycle Waveforms

—=1 TELAX

SAANANN N0 5 S SN SN SNSRI AR NP AN PN
B SRR € o o ORIRRX,
9.92%%%%, 0% %0 %000 Y0000 %% %0000 % %% %000 %0%0%0 %6 % %a%a%:% %!
—| TAVEL |=—
TELEL
TELEH 4 TEHEL

"‘l
|

TELQY
TEHQZ |=—
TAVaV
S : \-
ne Soss i fodedele Q
XEROKKKS
' [~ TELOX—]
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Write Cycle AC Electrical Characteristics over the operating range

Symbol Parameter NMC6514-9, NMC6514-2 NMC6514-5 Units
: Min Max Min Max
TAVEL Address Set-up Time 20 20 ns
TELAX Address Hold Time 50 50 ns
TWLEH Write Pulse Width (E and W Low) 300 350 ns
TEHEL Enable (E) Minimum High Time 120 150 ns
TWLWH Write Pulse Width (W Low) 300 350 ns
TELEL Read or Write Cycle Time 420 500 ns
TWHQX Output Enable from Write (W) 100 100 ns
TELQX Output Enable from Enable (E) 100 100 ns
TEHQZ Output Disable from Enable (E) 100 100 ns
TWLQZ Output Disable from Write (W) 100 100 ns
TOVWH Data Set-up Time 200 250 ns
TWHDZ Data Hold Time 0 0 ns
TELWH Write Pulse Width (E and W Low) 300 350 ns

Write Cycle Waveforms

oa

—= TELAX
R IR ORI AR IIRHK KL ILIXHHK AR
L RIERSEIIIRIELLIRIIIKRIILLN
,,,,,, R R R RRRRIRRRRRKRRKRS
TAVEL =
TELEL
TEHEL
TELWH l )
E X - \—
TWLEH
TWLWH —»] TEHOZ* |=—
Y % % %
—=~ TOWWH ~—
[—TWLQZ"*— [e—— TWHOX* ——]
\
Q D Q
—]  TELOX* |~ —=| TWHDZ {=—

* Avoid bus contention
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NMC6514

Read-Modify-Write Cycle AC Electrical Characteristics over the operating range

Symbol Parameter NMC6514-9, NMC6514-2 NMC6514-5 Units
Min Max Min Max
TAVEL Address Set-up Time 20 20 ns
TELAX Address Hold Time 50 50 ns
TELQV Enable Access Time 300 350 ns
TAVQV _Address Access Time 320 370 ns
TWLQZ Output Disable from Write (W) 100 100 ns
TDVWH Data Set-up Time 200 250 ns
TWHDX Data Hold Time 0 0 ns
TWLEH Write Pulse Width (W and E Low) 300 350 ns
TQVWL Data Valid to Write Time 0 0 ns
TWLWH Write Pulse Width (W Low) 300 350 ns
TELQX Output Enable from Enable (E) 100 100 ns
TEHEL Enable (E) Minimum High Time 120 150 ns
TWHEL W Read Mode Set-up Time 0 0 ns

Read-Modity-Write Cycle Waveforms

——-1

N

ba

* Avoid bus contention

TAVRV TWLWH TEHEL
-— — TnVWLJ——— —= TOVWH |=—
X222 b
-——m.ux——-‘ —= TWLQZ* |=— —=1 TWHDX*
2 L X |
2 2 N ° b

TELQV




National
Semiconductor

CMOS RAMs

NMC6518 1024-Bit (1024 x 1) Static RAM

General Description

The NMC6518 is a static CMOS random access read/write
memory organized as 1024 words of 1 bit each. This device
is fabricated with National Semiconductor’s silicon-gate
CMOS technology and is fully compatible with the TTL en-
vironment. Synchronous operation is provided by the on-
chip latches for the address inputs and data output. The
ENABLE input serves as the device strobe controlling the
latching functions. The TRI-STATE® output, in conjunc-
tion with the ENABLE input, allow easy memory
expansion.

Features

Industry standard pinout

Low data retention voltage — 2V

Low speed/power product

TTL compatible — all inputs and outputs
TRI-STATE® outputs for bus operation
High output drive

High noise immunity

Military temperature range available
On-chip address registers (latches)

18 pin — high density packaging

B Qutput data latches

Connection Diagram

Dual-In-Line Package

u 18
5 2 vee
17 _
g4 — 53
3 16
Al — o
4 15 _
Al — l— W
14
A2 — [ A9
1
A3 — (13 g
12
ymi L= A7
i L a6
9 10
GND —f — A5

TOP VIEW

Order Number NMC6518J-2, NMC6518J-9
or NMC6518J-5
See NS Package J16A

Order Number NMC6518N-5
See NS Package N16A

Pin Names
AO-A9

E

W

D

Q

51,52

Logic Symbol

AD
Al Dp—
A2
A3
A4
A5
A6
A7
A8 (1]
A9

4
«
g

-l =
—Qm

Address Inputs
Chip Enable
Write Enable
Data Input
Data Output
Chip Selects
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NMC6518

Functional Description

An NMC6518 memory cycle is initiated by the falling edge
of the ENABLE input, which latches the address informa-
tion into the on-chip registers. Data output is enabled
when the WRITE ) input is_high and the ENABLE,
SELECT 1(S1) and SELECT 2 (S2) inputs are LOW.

When performing a read cycle a minimum ENABLE LOW
time Is required to assure valid data at the output. This
minimum ENABLE LOW time is defined as the device
enable access time. A minimum ENABLE HIGH time is
required to return the columns to the HIGH state and to

Block Diagram

precharge the sense amplifiers in preparation of the next
cycle.

When performing a write cycle, the minimum ENABLE
LOW time is required to enter new data. The write pulseis
created by the coincident LOW of the WRITE, ENABLE
and both SELECT inputs. The input data set-up and hold
times are referenced to the rising edge of the WRITE,
ENABLE, SELECT 1 or SELECT 2 inputs, whichever oc-
curs first. ' '

A0 . FUNCTIONS ARE POSITIVE
Al ot LOGIC
ADDRESS GATED : X
Az=——]  LATCHAND 10 ROW 32 fraded PoaE rTCHES ONFALLING
A8 —t INVERTERS DECODER
A9
(MSB) S
4
INPUT (WRITE) TRISTATE®
CONTROL QUTPUT
GATED BUFFER
. ; DATA
) N COLUMN L F  gutpuT Q
DECODER LATCH
AND 1/0
si—o >
G‘AP‘ l‘
5] J‘D 10
O
L? ADDRESS ADDRESSES ARE
W OD LATCHAND | LATCHED ON THE RISING
_ INVERTERS | EDGE OF L

A3 A4 A5 AG AT (MSB)
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' pa
Absolute Maximum Ratings Operating Range " =
n ax
Supply Voltage VCC v Supply Voltage . O
Voltageat Any Pin ~0.3VtoVCC +0.3V NMC65188-9 4.5v 5.5V (o))
Storage Temperature Range -65°Cto +150°C zmggg:ggz ::z ggx 2:
Package Dissipation 500 MW NMCE518-2 45V 5.5V Poe)
Lead Temperature (Soldering, 10 seconds) 300°C NMC6518-5 4.75v 5.25V
Temperature
NMC85188-9 ~40°C 85°C
NMC6518B-2 -55°C 125°C
NMC65189 -40°C 85°C
NMC6518-2 -55°C 125°C
. . NMC6518-5 0°c 75°C
DC Electrical Characteristics over the operating range, unless otherwise noted
" INMC6518B-9, NMC6518B-2
Symbol Parameter Conditions NMC6518-9, NMC6518-2 NMC6518-5 Units
Min Max Min Max
VCCDR | Data Retention Supply Vi=VCC, GND 2.0 2.0 \
Voltage
ICCsB Standby Supply Current 10 100 uA
ICCOP* | Operating Supply f=1MHz 10=0, 4 4 mA
Current VI=VCC or GND
ICCDR Data Retention Supply VCC=3.0V,10=0, 10 100 A
Current VI=VCC or GND )
1l Input Leakage Current VI=VCC, GND -1.0 +1.0 -1.0 +1.0 uA
VIL Input Low Voltage -03 0.8 -03 08
VIH Input High Voltage VCC-2.0 [ vCC+0.3 vVCC-2 VCC +0.3 \
10z Output Leakage Current | VI=VCC, GND -1.0 +1.0 -1.0 +1.0 )LA
voL Output Low Voltage IOL=3.2mA 04 . 0.4 \
VOH Output High Voltage IOH= -0.4mA 24 24 v
Cl Input Capacitance f=1MHz 6 6 pF
[efe} Output Capacitance f=1MHz 10 10 pF
*|CCOPisproportional to operating frequency.
AC Test Conditions

Input Rise and Fall Times: <20 ns
All Timing Reference Levels: 12 VCC
Output Load: 1 TTL Load, 50 pF

NMC6518 Bit Map and Address Decoding

vee
(MSB) ROWS (LSB)
A9 A8 A2 Al AD
16 COLUMNS —=— ~——1~ 16 COLUMNS —| 00000
000 01
00016
000 11
«
w 00100
£ 8 E L aaion
< E 2 1 o .
S o . .
T S v ..
e« 3 .
111 10
11
SENSE AMPS ) SENSE AMPS
COLUMN DECODER COLUMN DECODER
MsB)A7 {0 0 [} 11 11
gnson...l1 00 o o 11
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NMC6518

Read Cycle AC Electrical Characteristics over the operating range

Read Cycle Waveforms
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Symbol Parameter :mgg:g:: :mggg;gg NMCE518-5 Units
Min Max Min Max . Min Max
TAVEL Address Set-up Time 0 0 10 ns
TELAX Address Hold Time 40 50 50 ns
TELQV Enable Access Time 180 250 300 . ns
TAVQV | Address Access Time 180 250 310 ns
TELEH Enable (E) Minimum Low Time 180 250 300 ns
TELEL Read or Write Cycle Time 280 350 450 ns
TEHEL Enable (E) Minimum High Time 100 100 150 ns
TSHQX . | Chip Select Output Disable Time 120 160 200 ns
TSLQX Chip Select Output Enable Time 120 160 200 ns
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Write Cycle AC Electrical Characteristics over the operating range

Symbol - Parameter :mggﬁgg: :mggg}gg NMCE518-5 Units
Min Max Min Max Min Max
TAVEL |Address Set-up Time 0 0 10 ns
TELAX |Address Hold Time 40 50 50 ns
TWLWH| Write Pulse Width (W Low) . 100 130 160 ns
TELEL [Read or Write Cycle Time 280 350 450 ns
TWLSH | Chip Select Write Pulse Set-up Time 100 130 160 ns
TWLEH | Chip Enable Write Pulse Set-up Time 100 130 160 ns
TSLWH | Chip Select Write Pulse Hold Time 100 130 160 ‘ns
TWHDX | Data Hold Time 0 0 0 ns
TDVWH | Data Set-up Time 80 110 130 ns
TEHEL |Enable (E) Minimum High Time 100 100 150 ns
TELEH | Enable (E) Minimum Low Time 180 250 300 ns
TELWH | Write Pulse Width (E and W Low) 100 130 160 ns

Write Cycle Waveforms
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A 225850585 L0 IIELIRIGEIIIRELAK
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be——— TWHDX
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* TWLWH, the write pulse, is coincidence low of I-E, W, S

and§-2Inpuls
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NMC6518

Read-Modify-Write Cycle AC Electrical Characteristics over the operating range

Symbol Parameter :mggg}ggg ::g:: :: NMC6518-5 Units
Min Max Min Max Min Max
TAVEL |Address Set-up Time 0 0 10 ns
TELAX |Address Hold Time 40 50 50 ] ns
TELQV {Enable Access Time 180 250 300 ns
TAVQV |Address Access Time' 180 250 310 ns
TSHQX | Chip Select Output Disable Time 120 160 200 ns
TWLWH| Write Pulse Width (W Low) 100 130 160 ns
TEHEL |Enable (E) Minimum High Time 100 100 150 ns
TWLSH | Chip Select Write Pulse Set-up Time 100 130 160 ns
TWLEH {Chip Enable Write Pulse Set-up Time 100 130 160 ns
TSLQX |Chip Select Output Enable Time 120 160 200 ns
TWHDX [ Data Hold Time 0 0 0 ns
TDVWH | Data Set-up Time 80 110 130 ns
TWHQX | Output.Enable from Write (W) 120 160 200 ns
TWLQZ | Output Disable from Write (W) 120 160 200 ns

Read-Modify-Write Cycle Waveforms
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National CMOS RAMs
Semiconductor

NMC6551 1024-Bit (256 x 4) Static RAM

General DeScription Features

The NMC6551 is a static CMOS random access read/write B Industry standard pinout
memory organized as 256 words of 4 bits each. Thisdevice W Low data retention voitage — 2V
is fabricated with National Semiconductor’s silicon-gate

CMOS technology and is fully compatible with the TTL en- : ﬁr’ speedlﬁz;lvelp:l)ld'uct ts and outputs
vironment. Synchronous operation is provided by on-chip compa@n € inputs an u pu
address input and data output latches. The ENABLE input ™ TRI-STATE® outputs for bus operation
serves as the device strobe controlling the latching B High output drive

functions. The I/O terminals when not data output en- M High noise immunity

abled, represent high impedance ports for easy memory  m Military temperature range available

expansion. B On-chip address registers (latches)

B 22 pin — high density packaging
W Output data latches
B Select latch for microprocessor interface

Connection Diagram Logic Symbol
Dual-In-Line Package
a— \ 122 e
—{A0
A2 121 s a1 o
—iA2 o1
o o , o @
—{ s D2
A=Y e —]as 0z
—] A6 D3
A5 ~—] 18 ¢ Pin Names —1A7 a3
S1 52 W E
promLi 17 & A0-A7 Address Inputs
E Chip Enable
=4 16 05 W Write Enable
D Data Input
GND-"B-' .15—03 Q_ _ Data Output
§1, 82 Chip Selects
00— 1 02
Qo .lg. P-B—DZ
1 12
D1 = a1
TOP VIEW

Order Number NMC6551J-2, NMC6551J-9
or NMC6551J-5 '
See NS Package J22A

Order Number NMC6551N-5
See NS Package N22A
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NMC6551

Functional Description

An NMC6551 memory cycle is initiated by the falling edge
of the ENABLE (E) input, which latches the ADDRESS and
SELECT 2 (S2) information into the on-chip registers. Set-
up and hold times must be met. Data output is enabled
when the WRITE (W) input is HIGH and the ENABLE and
SELECT 1 inputs are LOW. )

When performing a read cycle a minimum ENABLE LOW
time is required to assure valid data at the outputs. This
minimum LOW time is defined as the device enable ac-
cess time. A minimum ENABLE HIGH time is required to

Block Diégram

return the columns to the HIGH state and to precharge
the sense amplifiers in preparation of the next memory
cycle. .

When performing a write cycle, the minimum ENABLE
LOW time is required to enter new data. The write pulse
timing is created by the coincident LOW of the WRITE,
ENABLE and SELECT 1 inputs. The data set-up and hold
times are referenced to the rising edge of the WRITE,
ENABLE, or SELECT 1 input, whichever occurs first.

FUNCTIONS ARE POSITIVE

a0 Logic
A e ADDRESS GATED - DATA LATCHES ON FALLING
A=  LATCHAND 10 ROW 32 ARRAY
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CONTROL N
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N GATED ___& pa1
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L AND I/O r
_ N N (T
. W = lr TRISTATE®
. Gl L L‘ &—1 outeut
‘ BUFFERS
s D] seLecT |2 Y
—°|>- LATCH f
o— L[] aooress |  apomessanp secect
LATCH AND | LATCHES ON THE RISING
n INVERTERS EDGEOF L
W—OD‘ )_J
B A5 A6 AT (MSB)
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Absolute Maximum Ratings Operating Range | Max
Supply Voltage VCC v Supply Voitage
Voltage at Any Pin -0.3VioVCC +0.3V NMC85518-9 4.5V 55V
Storage Temperature Range -65°Cto +150°C :mgggg:gz :Zz ggz
Package Dissipation 500 mw NMC65512 45V 55V
Lead Temperature (Soldering, 10 seconds) 300°C NMC6551-5 4.75V 5.25V
Temperature
NMC65518-9 -40°C 85°C
NMC65518-2 -55°C 125°C
NMC6551-9 -40°C 85°C
NMCB551-2 -55°C 125°C
NMCB551-5 o°c 75°C
DC Electrical Characteristics over the operating range, unless otherwise noted
NMC6551B-9, NMC6551B-2 NMC6551-5
Symbol Parameter Conditions NMC6551-9, NMC6551-2 Units
Min Max Min Max
VCCDR | Data Retention Supply VI=VCC, GND 2.0 2.0 \"
Voltage
|ICCsB Standby Supply Current 10 100 pA
1(+ 25°C)
ICCOP* | Operating Supply f=1MHz 10=0, 4 4 mA
Current Vi=VCC or GND
ICCDR Data Retention Supply ‘| VCC=3.0V,10=0, 10 100 rA
Current VI=VCC or GND
1 Input Leakage Current VI=VCC, GND -1.0 +1.0 -1.0 +1.0 rA
VIL Input Low Voltage -03 0.8 -0.3 0.8 \
VIH Input High Voltage VCC-20 | VCC+0.3 VCC-2 VCC+0.3 V.
102 Output Leakage Current | VI=VCC, GND -1.0 +1.0 -1.0 +1.0 uA
VoL Output Low Voltage IOL=3.2mA 0.4 0.4 \
VOH Output High Voltage IOH= -0.4 mA 24 24 Vv
Cl Input Capacitance f=1MHz 6 6 pF
CcO Output Capacitance f=1MHz 10 10 pF
* ICCOPis proportional tooperating frequency.
AC Test Conditions

Input Rise and Fall Times: <20 ns

All Timing Reference Levels: 1/2VCC

Output Load: 1 TTL Load, 50 pF

NMC6551 Bit Map and Address Decoding
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NMC6551

Read Cycle AC Electrical Characteristics over the operating range

Symbol Parameter :xgg::: :g :mgggg;; NMCES51-5 Units
Min Max Min - Max Min Max
TAVEL Address Set-up Time 0 0 10 ns
TELAX Address Hold Time 40 50 70 ns
TELQV Enable Access Time 220 300 350 ns
TAVQV Address Access Time 220 300 360 ns
TELEH Enable (E) Minimum Low Time 220 300 350 ns
TELS2X. Chip Select 2 Hold Time 40 50 70 ns
TEHEL Enable (E) Minimum High Time 100 100 150 ns
TELEL Read or Write Cycle Time 320 400 500 ns
TSILQX Chip Select 1 Output Enable Time 130 150 180 " ns
TS1HQZ Chip Select 1 Output Disable Time 130 150 180 ns
TS2LEL Chip Select 2 Set-up Time 0 0 10 ' ns

Read Cycle Waveforms
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Write Cycle AC Electrical Characteristics over the operating range

4
=
Q
-]
2]
3]
A

Symbol Parameter :mgg:g: gg :mgggg} g NMC6551-5 Units
Min Max Min Max Min Max
TAVEL |Address Set-up Time 0 0 10 ns
TELAX | Address Hold Time 40 50 70 ns
TWLWH | Write Pulse Width (W Low) 120 180 210 ns
TELEL |Read or Write Cycle Time 320 400 500 ns
TELEH .| Enable (E) Minimum Low Time 220 ' 300 350 ns
TS2LEL | Chip Select 2 Set-up Time 0 ] 10 ns
TWHDX | Data Hold Time 0 0 0 ns
TELS2X | Chip Select 2 Hold Time 40 50 : 70 ns
TDVWH | Data Set-up Time 100 150 170 ns
TELWH |Write Pulse Width (E and W Low) 120 180 210 ns
TEHEL [Enable (E) Minimum High Time 100 100 150 ns
TWLEH |Write Pulse Width (E and W Low) 120 180 210 ns
TS1LWH| Chip Select 1 Write Pulse Hold Time 120 180 210 ns
TWLS1H| Chip Select 1 Write Pulse Set-up Time 120 180 210 ns
TS1LQX | Output Enable from &1 ' 130 150 180 | ns
TWLQZ | Output Disable from W 130 150 180 | ns
TWHQX | Output Enable from W 130 150 180 | ns
TEHQZ | Output Disable from E 130 150 180 ns

Write Cycle Waveforms

TELAX
T e AT OO O OO O OIITOI OO ITOITITIITITY
B0 RIIREIIRIREIERERAAIIRIIIIIY
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& A
T T
TELWH
fe—————TWLEH

TSILAX—=

* TWLWH, the write pulse, is the coincidence low of E, W, and 81 inputs
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NMC6551

Read-Modify-Write Cycle AC Electrical Characteristics over tr{e operating range

Symbdl Parameter ::gggg: :: :xgggg:g NMC6551-5 Units
Min Max Min Max Min Max
TAVEL Address Set-up Time 0 0 10 ns
TELAX Address Hold Time 40 50 70 ns
TELQV Enable Access Time - 220 300 350 ns
TAVQV | Address Access Time ‘ 220 300 360 ns
TWLEH | Write Pulse Width (W and E Low) 120 180 210 ns
TEHEL Enable (E) Minimum High Time 100 100 150 ns
TWLWH | Write Pulse Width (W Low) 120 180 210 ns
TELEL Read or Write Cycle Time 320 400 500 ns
TSILQX | Chip Select 1 Output Enable Time 130 150 180 | ns
TS1HQZ | Chip Select 1 Output Disable Time 130 150 180 ns
TS2LEL | Chip Select 2 Set-up Time 10 ns
TWHDX | Data Hold Time 0 0 ns
TELS2H | Chip Select 2 Hold Time 40 50 70 ns
TWLS1H | Chip Select 1 Write Pulse Set-up Time| 120 180 210 ns
TWLQZ | Output Disable from Write (W) ° 130 150 180 ns
TDVWH | Data Set-up Time 100 150 170 ns
TQVWL | Data Valid to Write Time 0 0 0 ns
TWHEL | W Read Mode Set-up Time 0 ] 0 ns
TWHQX | Output Enable from Write (W) 130 - 150 180 ns
Read-Modify-Write Cycle Waveforms
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TAVEL [ TEHEL |
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E— L
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Amﬁ—fsm THLEH
7 . 7\
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. e 4 R
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*‘-‘ TWHEL f=— _.J TavwL t—— TWLSTH
4 i Vﬁx 7?/ 74
— be—— TWLWH——
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oo o et oo oot totetetotetetotetetototototetototototesototolelote’ ‘::0':’0’0
et ettt oot 00T

* Avold unwanted output by preceding rising edge of W with rising edge of S1 by time; TS1HQZ
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. Z
National CMOS RAMs | =
Semiconductor -

(3)
0
NMC6552 1024-Bit (256 x 4) Static RAM
General Description Features
The NMC6552 is a static CMOS random access read/write B Low data retention voitage — 2V
memory organized as 256 words of 4 bits each. Thisdevice B Low speed/power product
is fabricated with National Semiconductor’s silicon-gate g 1T compatible — all inputs and outputs
CMOS technology and is fully compatible with the TTL en- n TRl STATF:E® touts f ‘; " P
vironment. Synchronous operation is provided by the on- o Olf puts for bus operation
chip address input and data output registers. The ™ Highoutputdrive
ENABLE input serves as the device strobe controlling the B High noise immunity
latching functions. The data I/O terminals, when not out- B Military temperature range available
put data enabled, represent a high impedance for easy m Qn.chip address registers (latches)
memory expansion. W Common l/O — high density packaging
W Output data latches
B Select latch for microprocessor interface
Connection Diagram ~ Logic Symbol
Dual-In-Line Package
3 — ~ ALIv —] A0 DQOf—
2 17 — At
Az— (— Al Order Number NMC6552J-2, NMC6552J-9 —] a2 patp—
3 L™ or NMC6552J-5 I W
M= — See NS Package J18A
A0 Ea ' i
. “ Order Number NMC6552N-5 —1As D02 e
A5 = I—E See NS Package N18A —1 A6
6 13 — a7 0Q3 e
A5 — — 52
12 S1 S2 W E
a1 l— D03 T f
o= ! pa2
D00 — 1 o
Pin Names
TOP VIEW
AO0-A7 Address Inputs
E Chip Enable
w Write Enable
DQ0-DQ3 Data In/Out
§1,82 Chip Selects




NMC6552

Functional Description

An NMC6552 memory cycle is initiated by the falling edge
ofthe ENABLE (E) input, which latches the ADDRESS and
SELECT 2 (S2) information into the on-chip registers. The
output data latches are transparent when the ENABLE
input is LOW, allowing the state of the memory to be
presented to the output buffers. The output buffers are
enabled when the WRITE (W) input is HIGH, and the
SELECT 1 (51) input is LOW.

When performing a read cycle, a minimum ENABLE LOW
time is required to assure valid data at the device out-
puts. This minimum LOW time is defined as the enable
access time. A minimum ENABLE HIGH time is required

Block Diagram

toreturn the columns to the HIGH state and to precharge
the sense amplifiers in preparation of the next cycle. The
data is latched with the rising edge of the ENABLE input,
allowing maintenance of output data until the SELECT 1
input goes HIGH.

When performing a write cycle, a minimum ENABLE
LOW time is required for new data entry. The write pulse
timing is defined by the coincident LOW of the WRITE,
ENABLE and SELECT 1 inputs. The input data set-up and
hold times are referenced to the rising edge of the
WRITE, ENABLE, or SELECT 1 inputs, whichever occurs
first.

FUNCTIONS ARE POSITIVE
A0 LOGIC
A — ADORESS GATED - .Enség 5:{(:»155 ON FALLING.
A2 ———i LATCH AND 10 ROW 32 AR;AY
A3 INVERTERS DECUDER '
A4 :
(MsB) f T
L TRI-STATE®
INPUT (WRITE) CONTROL ;’U"FTFPE”HTS
. 1S ) -
Q
o1 N GATED DATA ——»——m
vV coLumN 2 ) outeur
N DECODER
02 P AND 1/0 LATCH _D_—— e
N
L 03
D3 e
- L B L
i —®_____ . ‘
6
s | sevect {0 Y
LATCH L?
ADDRESS ADDRESS AND SELECT
LATCH AND | {ATCHES ON THE RISING
L INVERTERS EDGE OF L
L] )_
A5 A6 A7 (MSB)
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- Z
Absolute Maximum Ratings Operating Range - e |
Supply Voltage VCC v Supply Voitage O
Voitageat Any Pin ~0.3V10VCC +0.3V mgiggg :25 :gz g
Storaue‘l’empfra!ure Range ~65°Cto +150°C NMCES52-9 4:5\/ 5:5\, N
Package Dissipation 500 mW NMC8552-2 45V 55V N
Lead Temperature (Soldering, 10 seconds) 300°C NMC6552-5 4.75v T 525V
Temperature
NMC6552B-9 -40°C 85°C
NMC65528-2 -55°C 125°C
NMC6552-9 ~40°C 85°C
NMC6552-2 ~55°C 125°C
- NMCE552-5 [ 75°C
DC Electrical Characteristics over the operating range, uniess otherwise noted
NMC6552B-9, NMC6552B-2 NMCE552:5 .
Symbol Parameter Conditions NMC6552-9, NMC6552-2 Units
Min Max Min Max
VCCDR | Data Retention Supply VI=VCC, GND 2.0 2.0 \
' Voltage ’
ICCSB Standby Supply Current 10 100 A
) 1 +25°C)
ICCOP* | Operating Supply f=1MHz10=0, 4 4 mA
Current VI=VCC or GND
ICCDR Data Retention Supply VCC=3.0V,10=0, 10 100 A
Current VI=VCC or GND
1} Input Leakage Current VI=VCC,GND -1.0 +1.0 -1.0 +1.0 uA
Vit Input Low Voltage -03 0.8 -03 0.8 v
VIH Input High Voltage VCC-20 | VCC+0.3 vCC-2 VCC +0.3 \'
10z Output Leakage Current | VI=VCC, GND -1.0 +1.0 -1.0 +1.0 A
‘VOL Output Low Voltage I0L=3.2mA 0.4 0.4 v
VOH Output High Voltage IOH= -0.4 mA 2.4 24 v
Cl Input Capacitance f=1MHz 6 6 pF
[o]e} Output Capacitance f=1MHz .10 10 pF
* |CCOPis proportional to operating frequency.
AC Test Conditions
Input Rise and Fall Times: <20 ns
All Timing Reference Levels: 1/2 VCC
Output Load: 1 TTL Load, 50 pF
NMC6552 Bit Map and Address Decoding
IE (MSB) ROWS (LSB)
A4 A3 A2 Al AD
8 COLUMNS 8 COLUMNS —=} 8 COLUMNS 8 COLUMNS —— 0000 0
0000 1t
0001 0
EREE
g 3 g T 00t
8 = b ..
2 .
11110
1111
SENSE AMPS SENSE AMPS SENSE AMPS SENSE AMPS
COLUMN DECODER | COLUMN DECODER COLUMN DECODER | COLUMN DECODER
sy A71 ¢4 4 o 11 ] 11 [N [}
cotumn as] 1 1 o o o 0|1 1 . 0 o0 11600l 1000
se) asf 1 0 [ ] 10 o]0 0




NMC6552

Read Cycle AC Electrical Characteristics over the operating range

Symbol Parameter mggggggg :mgggggg NMC6552-5 Units
Min Max Min Max Min Max
TAVEL Address Set-up Time 0 0 10 ns
TELAX Address Hold Time 40 50 70 ns
TELQV Enable Access Time 220 300 350 ns
TAVQV Address Access Time 220 300 360 ns
TELEH Enable (E) Minimum Low Time 220 300 350 né
TELS2X | Chip Select 2 Hold Time 40 50 70 ns
TEHEL | Enable (E) Minimum High Time 100 100 150 ns
TELEL Read or Write Cycle Time 320 400 500 ns
TS1LQX | Chip Select 1 Output Enable Time 130 150 180 ns
TSTHQZ | Chip Select 1 Output Disable Time 130 150 180 ns
TS2LEL | Chip Select 2 Set-up Time 0 0 10 ns

Read Cycle Waveforms
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Write Cycle AC Electrical Characteristics over the operating range

¢S990NN

Symbol Parameter :xggggggg mgggzz NMCE552-5 Units
Min Max Min Max Min Max
TAVEL Address Set-up Time 0 0 10 ns
TELAX Address Hold Time . 40 50 70 ns
TS2LEL Chip Select 2 Set-up Time 0 0 10 ns
TWHDX Data Hold Time 0 0 0 ns
TELEH Enable (E) Minimum Low Time 220 300 350 ns
TWLWH | Write Pulse Width (W Low) 120 180 210 ns
TELEL Read or Write Cycle Time 320 400 500 ns
TEHEL | Enable (E) Minimum High Time 100 100 150 ns
TDVWH Data Set-up Time 100 150 170 ns
TELWH | Write Pulse Width (E and W Low) 120 180 210 ‘ ns
TWLEH | Write Pulse Width (W and E Low) 120 180 210 ns
TELS2H | Chip Select 2 Hold Time 40 50 70 ns
TWLS1H | Chip Select 1 Write Pulse Set-up Time | 120 } 180 210 ns
TS1ILWL | Chip Select 1 Write Pulse Hold Time 120 180 210 . ns

Write Cycle Wavéforms ' : o
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R R R R
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.
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1 v .
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‘ TWLSTH !
s 4‘
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* TWLWH, the write pulse, Is the coincidence low of E, W, and S1 inputs
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Read-Modify-Write Cycle AC Electrical Characteristics over the operating range

NMC6552

Symbol Parameter :mg::g:g :::g::::: NMC8552.5 Units
Min Max Min Max Min Max
TAVEL Address Set-up Time 0 0 10 - ns
TELAX | Address Hold Time 40 | 50 70 ns
TELQV Enable Access Time 220 300 - 350 ns
TAVQV Address Access Time 220 ) 300 360 ns
TS2LEL Chip Select 2 Set-up Time 0 0 - 10 ns
TWHDX Data Hold Time 0 0 0 ns
TELS2X Chip Select 2 Hold Time 40 50 70 ns
TWLS1IH| Chip Select 1 Write Pulse Set-up Time | 120 180 210 . ns
TS1LQX Chip Select 1 Output Enable Time 130 150 180 ns
TDVWH Data Set-up Time 100 ) " 150 170 ns
TWLEH | Write Pulse Width (W and E Low) 120 180 210 ns
TQVWL Data Valid to Write Time 0 0 0 ns
TWLWH |  Write Pulse Width (W Low) 120 ' 180 210 ns
TEHEL Enable (E) Minimum High Time 100 100 150 ns
TQVWL | Data Valid to Write Time 0 0 0 ns
TWHQX | Output Enable from Write (W) 130 150 180 | ns
TWLQZ | Output Disable from Write (W) 130 150 180 | ns

Read-Modify-Write Cycle Waveforms
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* Avold bus contention
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Section 3

Bipolar RAMs

Bipolar RAMs offer the best sclution to problems
requiring high speed read-write memory. National’s
product line includes the devices in this section to
complement our bipolar microprocessor and logic
lines.
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National
Semiconductor

Bipolar RAMs

DM7589/DM8589 64-Bit (16 x 4) RAM

General Description

The DM7589/DM8589 is a fully decoded 64-bit
RAM organized as 16 4-bit words. The memory is
addressed by applying a binary number to the four
Address inputs. After addressing, information may
be either written into or read from the memory.
To write, both the Memory Enable and the Write
Enable inputs must be in the logical “0" state.
Information applied to the four Write inputs will
then be written into the addressed location. To
read information from the memory the Memory
Enable input must be in the logical 0" state and
the Write Enable input in the logical 1" state.

Information will be read as the complement of:

what was written into the memory. When the

Memory Enable input is in the logical 1" state,
the outputs will go to the logical ““1" state.

Features

Series 54/74 compatible

Organized as 16 4-bit words

Typical access from chip enable 23 ns

Typical access 35 ns

Typical power dissipation 400 mW

Open collector outputs to permit “wire OR”
capability

Block Diagram

-
s > - S
>

MEMORY
CELL
BIAS NETWORK

EEmEE
e

01
= ——
L —
n— L e,
Se.
m_r_jD_ >—D_
Iﬂ
Connection Diagram Truth Table
Dual-In-Line Package
Ve
ll( 15 14 13 12 1 10 |l
MEMORY | WRITE
o h n s n Order :,ug;:;;gxnaw EnABLE |EnagLe | OPERATION OUTPUTS
See NS Package J16A 0 0 Write Logical 1 State
A S 4] 1 Read Complement of Data
M w0, 5 % s Order Number DM8589N Stored in Memory
J 2 3 See NS Package N16A 1 X . Hotd Logical “*1”* State
l: ] 3 ‘. s 0 7 0

(113
Torview
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DM7589/DM8589

Absolute Maximum Ratings woten)  Operating Conditions

Supply Voltage v Operating Temperature Range
Input Voltage 5.5V DM7589 -65°C to +125°C
Output Voltage 5.5V DM8589 0°C to +70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C
. g
Electrical Characteristics (Note 2)
PARAMETER CONDITIONS MIN TYP MAX UNITS
p e DM7589 Vec = 4.5V
14141 DM7589 | Vec= 40V X
Logical “1*" Input Voltage DMB589 Voo =475V 20 \
st e DM7589 Ve = 4.5V
Logical “0" Input Voltage DME58s Veo =475V 0.8 Vv
PR DM7589 Vec = 6.5V _ 100 UA
Logical “1”* Output Current DMasss | —_Vcc TRV Vo = 5.25V 20 A
e DM7589 Vee = 4.5V ~
Logical “'0"" Output Voltage OVigsas Ve <475V lo=12mA 04 \%
ical 17 DM7589 Vee = 5.5V -
Logical 1" Input Current DVBEED Voo =525V Vin = 2.4V 40 HA
DM7589 | Vec=65v .
DM8589 Vee=5.35V Um=58V ! mA
Al e DM7589 Ve = 5.5V y
Logical 0" Input Current DMase | Ve =525V -1.6 mA
Supply Current DMB589 Vo =5.25V All Inputs at GND 80 120 mA
DM7589 | Vec=4.5V ] B
Input Clamp Voltage DMB589 Voo 4.75V Iin=-12mA 1.6 v
SWItChlng Characteristics (over recommended operating ranges of V¢ and To)
. / DM7589 DM8589 '
PARAMETER CONDITIONS UNITS
MIN TYP  MAX MIN TYP  MAX
tpLH . 34 80 34 60 ns
Access Time From Address
tPHL . 35 80 35 60 ns
tpLy | Disable Time From Memory Enable 23 55 23 40 . ns
tpL | Enable Time From Memory Enable 23 55 23 40 ns
tseTup | Setup Time Address to Write 0 14 o 14 ns
Enable
ite E 0 -15 -15
'\[;ata to Véntebl n:ble Aoy = 3002 0 ns
emory Enable 1o 1 g =600 | 0 -10 0 -10 ns
Write Enable 30 oF
" . ¢ =30p
toLp | Hold Time Address From Write 5 - 5 7 ns
Enable
Data From Write 0 _ia 0 ~14 ns
Enable
M Enabl
emory Enable o -0 o -0 ns
From Write Enable
twe Write Pulse Width 50 20 40 20 ns
tsr Sense Recovery Time 31 65 31 55 ns

Note 1: ““Absolute Maximum Ratings’ are those values beyond which the safety of the device cannot
be guaranteed. Except for “‘Operating Temperature Range” they are not meant to imply that the
devices should be operated at these limits. The table of ‘‘Electrical Characteristics’’ provides conditions
for actual device operation. .
Note 2: Unless otherwise specified mln/max limits apply across the ~55°C to +125°C temperature

range for the DM7589 and across the 0°C to 70°C range for the DM8589. All typicals are given for
Vce = 5.0V and Ty = 25°C.

3-4




Typical Performance Characteristics

Delay from Address to Output
80

Vee = 5.0V
7

60
50

teun |~ ‘

40
30— T
20

DELAY (ns)

0
~75 -50 -25 0 25 50 75 100 125
TEMPERATURE (°C)

Sense Recovery Time

80 T
Vee = 5.0V

TIME (ns)
&

0
~75 ~50 -25 0 25 50 7?5 100 125
TEMPERATURE {°C)

70
60
50
40

DELAY (ns}

30
20

Delay from Memory Enable

to Output
L
Vee = 5.0V
oL
41‘
LT

1
\

-75 -50 ~25 0 25 50 75 100 125

PULSE WIDTH (ns)
~
S

TEMPERATURE (°C)

Minimum Write Pulse Width

T
Ve = 5.0V

0
-75 -50 ~25 0 25 50 75 100 12§

TEMPERATURE (°C)

AC Test Circuit and Switching Time Waveforms

DM5489/
DM7289 c
30 pF

Read Cycle

ME

"OUTPUT

- tone
ADDRESS

-——- - - —-——— = -

address. address address
A 8 c

*Qutput shown for stored data in
address A = 1, i address B = 0.

ADDRESS—ﬂ”-_—__-------‘

DAYA_“"—_—__-------

Ru
30002

Rz’
60052

Write Cycle
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DM7599/DM8599

National
Semiconductor

DM7599/DM8599 64-Bit

(16 x 4) TRI-STATE® RAM

General Description

The DM7599/DM8599 is a fully decoded 64-bit
RAM organized as 16 4-bit words. The memory
is addressed by applying a binary number to the

four Address inputs. After addressing, information

may be either written into or read from the

memory. To write, both the Memory Enable and *

the Write Enable inputs must be in the logical “0"
state. Information applied to the four Write inputs
will then be written into the addressed location.

. To read information from the memory the Mem-

ory Enable input must be in the logical 0" state
and the Write Enable input in the logical ‘1" state.
Information will be read as the complement of
what was written into the memory. When the

"

Memory Enable input is in the logical ‘1" state,

Bipolar RAMs

resistors. All memories except one are gated into
the high-impedance while the one setected mem-
ory exhibits the normally totem-pole low imped-
ance output characteristics of TTL.

Features

Series 54/74 compatible
Same pin-out as SN5489/SN7489
QOrganized as 16 4-bit words

Expandable to 2048 4-bit words without addi-
tional resistors (DM8599 only)

the outputs will go to the high-impedance state. - Typ!cal access f':°m chip enable 20 ns
This allows up to 128 memories to be connected ® Typical access time 28 ns
to a common bus-line without the use of putl-up ® Typical power dissipation 400 mW
Block Diagram
- o P
[ Ei-;]
Ay
A“—i >°-{ ;" i
anaess ol :; 2
INPUTS " = ' ' ' '
P T ]
A ! 1 ] | ]
4 ] 1 v |
'—D*&" : MEMORY
: o R R R
A
'"_——i) _D—
Sy
D2 et eresind
..,__3}:: Lt
KL = 1
Sy
m__l___j.—_}_ i
ﬂ_/
Connection Diagram Truth Table
Dual-In-Line Package
Ve .
18 15 14 13 12 " 10 lo
. MEMORY | WRITE )
T T e M R X Order Number DM75994 enAsLE | enasie | OPERATION ouTPUTS
. or DM8599J 0 0 Write Hi-Z State
A 5 See NS Package J16A 1] 1 Read Complement of Data
Order Number DM8599N Stored in Memory
——— See NS Package N16A 1 X Hold Hi-Z State

N

g 1 i Q s g 7 v

oo
ToPVIEW
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. . _ ; -, -}
Absolute Maximum Ratings (Note 1) Operating Conditions =
Supply Voltage v Operating Temperature Range N
Input Voltage 5.5V DM7599 -55°C to +125°C ()]
Output Voltage 5.5V DM8599 0°C to +70°C 7e)
Time that two bus-connected devices may be in w
opposite low impedance states simultaneously Indefinite
o o S
Storage Temperature Range -65"C to +150°C U
Lead Temperature (Soldering, 10 sec} 300°C
: ot =
Electrical Characteristics (Note 2) 0
PARAMETER CONDITIONS MIN TYP MAX UNITS ({e]
e . DM7599 | Ve = 4.5V
Logicat 1" Input Voltage OMB569 | Ve - 475V 20 Vv
e oM7599 | vec - a5v
Logical "0 Input Voltage OVIE599 | Ve —3.75V 08 \Y
o DM7599 | Ve - 4.5V [1g--2ma 2.4 v
Logical “1” Qutput Voltage DMBS9S | Ve 475V [1g -52mA 74 v
A ! DM7599 | Vec = 4.5V
Logrcal "0 Qutput Voltage DWIBE08 [ Vee =475V Io = 12mA 0.4 v
DM7599 | Ve = 5.5V [vg-o0av +40 A
Third State Qutput Current D859 | Vec = 5.25V I Vo = 2.4V 40
a1 DM7599 | Vee - 5.5V ] ‘
Logical 1" Input Current DMB598 | Vee =535V Vin = 2.4V 40 HA
DM7599 | Ve = 5.5V .
DWB599 | Ve = 5.26V Vin © 55V ! mA
o , om7599 | vee - 5.5v_ ] _
Logical 0" Input Current BMB586 | Ve - 595V Vin = 0.4V 16 mA
Output Short Circuit Current DM7599 | Ve = 5.5V
i 2= - -7 A
(Note 3) B8589 | Vee ~5.25V o 0 m
DM7599 | Ve = 5.5V
Supply Current DWiEEge WW All Inputs at GND ) 80 120 mA
DM7599 | Ve = 4.5V _
Input Clamp Voltage BMg599 "] Ve —4.75V Iin=-12mA 1.5 v
. . « a®
SWltChlng Characteristics (0ver recommended operating ranges of Vee and Tp)
DM7599 DM8599
PARAMETER CONDITIONS UNITS
. MIN TYP MAX MIN TYP  MAX
oL 27 70 . 27 50 ns
Access Time From Address
thHL 28 70 | 28 50 ns
Ry = 4009,
tz Enable Time From Memory v 16 45 16 30 ns
Enobie : } Rip = 1.0k,
tzp na C. = 50pF 20 40 20 35 ns
tzH Sense Recovery Time From Write 20 40 20 35 ns
tz, [ Emable 35 65 35 85 ns
thz Ry = 40082, 10 30 10 25 ns
Disahle Time From Memory Enable R, = 1.0k
tz Lz 14 35 14 30 ns
C_ =5.0pF
tgetup| Setup Time Address to Write ° 14 0 14 ns
Enable
Writ
Data to Write 0 ~15 0 15 s
Enable
Memory Enable to [} -10 0 -10 ns
Write Enable
t Hold Time Ady From Write
HOLD ol i dress Frol i 5 -7 5 -7 s
Enable
Data F Writ:
et From e o -1 0 -u v ns
Enable
M Enable F
emory Enable From o 10 o 10 s
Write Enable
twp Write Pulse Width 50 20 40 20 ns
Note 1: *'Absolute Maximum Ratings’ are those values beyond which the safety of the device cannot
be guaranteed. Except for “"Operating Temperature Range’ they are not meant to imply that the
devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions
for actual device operation.
Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature
range for the DM7599 and across the 0°C to 70°C range for the DMB8599. All typicals are given
for Veg = 5.0V and Tp = 25°C.
Note 3: Only one output at a time should be shorted.
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DM7599/DM8599

Typical Performance Characteristics

DELAY (ns)

TIME {ns)

DELAY (ns)

Delay from Address to Output

IRE

70 |- Ve = 5.0v

40 ToLH

et temu

-75 -60 -25 0 25 50 75 100 12§
TEMPERATURE ( C)

Detay from Memory Enable to
Low Impedance State

40

—T T
Vee = 5.0V
35

30

25
20

T
L~

0
-75 -60 -25 0 25 50 75 100 125
TEMPERATURE (°C}

Sense Recovery Time

8¢
70

Vee = 5.0V

60
50

40 2L P

tzn _’J,J

0
-75 -50 -25 0 25 50 75 100 125
TEMPERATURE {“C)

Test Circuit

E

DM599

1
.
21
|

AR

I

ONE TTL L0,

Test Circuit for Delay vs Load Capaci&ance

Delay From Memory Enable To
High Impedance State
40

35

———
Vee =50V

30
25

DELAY {ns)

w0 = e |

-75 ~50 ~25 0 25 50 75 100 125
TEMPERATURE (“C)

Minimum Write Pulse Width

40—
Ve = 5.0V

+35

30
25

PULSE WIDTH {ns)
~
=

0
-75 -60 -25 0 25 50 75 100 125
TEMPERATURE (°C)

Delay from Enable to Output
vs Load Capacitance

u
50 il

Il
4 i

DELAY {ns)

o -+
-~

10 oL

5 10 50 mu‘ 500
Co(pF) ‘

Note: In a typical application the output of the TRI-
STATE memories might be. wired together and one
would be switching to the low impedance state at the
same time the circuit previously selected would be
switching back into the high impedance state. The
measurements of delay versus load capacitance were
made under conditions which simulate actual operating
conditions in an application. (See test circuit.)
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AC Test CircuiAt

TEST
POINT

FROM

outPuT __J

UNDER
TEST

O
=
N
o1
©
©
=
=
=)
o
©
©

A\
[

Cy. inctudes probe and jig capacitance.
All diodes are 1N3064.

Switching Time Waveforms

tserue [=— toLo
lov lav — e ——
ADDRESS ADDRESS r~
INPUT INPUTS 1.5V 1.5V
{SEE NOTE B) o— 7 N
1seTup tHoLo
Vou . 3.0V Vot ikl EoloN
ouTPUT 15V 15V m%TT’; §Q.sv / 15V
Vou oV — v | P
tsetup tHoLo
3.0V
MEMORY \ !
ENABLE ‘5" / 1.5V

ov

bty ——]

3oV \ / waire ™ \ /
MEMORY ENABLE 15V 1.5V ENABLE 1.5V 15V
(SEE NOTE C) R / INPUT /

o ov

—— otz e tez —= etz o]

=15V <15V
! 0,
WAVEFORM 1 \ i a3 WAVEFORM 1 \ sV

(SEE NOTE A) \‘r o5V (SEENOTE A) N T
v
I o :
[ T ]
l? /4
1z

Vou
WAVEFORM 2

(SEE NOTE A) / 05V
=15V

WAVEFORM 2 / |
(SEE NOTE A) Iy
<15V

—] ty

b
I

Note A: Waveform 1 is for the output with internal conditions such that the output is low except when disahled. Wavefarm 2 is for the output with
internal conditions such that the output is high except when disabled.

Note B: When measuring delay times from addsess inputs, the memory enable input is low and the write enable input is high.

Note C: When measuring delay times from memory enable input, the address inputs are steady-state and the write enable input is high.

Note D. Input waveforms are supplied by pulse generators having the following characteristics: t, < 10 ns, t; < 10 ns, PRR < 1.0 MHz, and Zgyy ~ 5092,
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National Bipolar RAMs
Semiconductor

DM85S68 16 x 4 Edge Triggered Registers

General Description Features

These Schottky memories are addressable “D” register B On-chip output register '
files. Any of its 16 four-bit words may be asynchronously  m PNP inputs reduce input loading
read or may be written into on the next clock transition. . .
An input terminal is provided to enable or disabie the syn- . que triggered write
chronous writing of the input data into the location M High speed—30 ns typ
specified by the address terminals. An output disable ter-  m All parameters guaranteed over temperature
minat operates only as a TRI-STATE® output control ter- 3
minal. The addressable register data may be latched at W TRI-STATE output X
the outputs and retained as long as the output store ter-  ® Schottky-clamped for high speed
minal is held in a low state. This memory storage condi- B Optimized for register stack applications
tion is independent of the state of the output disable ter- @ Typjcal power dissipation—350 mW
minal.
All input terminals are high impedance at all times, and
all outputs have low impedance active drive logic states
and the high impedance TRI-STATE condition.
Logic and Block Diagram . Connection Diagram
(DATAINPUTS) (WRITE CLOCK INPUT) Dual-In-Line Package
CLK
| U e
01~ = vee
DZ—Z -1-7-03
Aﬂ—:' ﬁ D4
4 15 __
A2 =1 — WE
(WRITE ENABLE) A]—ﬁ- 1—l:l K
. 5 L
WE EDGE TRIGGERED WRITE A1—1 05
7
A0 WOHDI] 01 —4 —-DD
53 l IHEENEN " .
0c p— 04
9 10

16 x4 MEMORY CELL ARRAY
TOP VIEW

E Order Number DM85S68N
. See NS Package N18A

15
3
5
0 —
M0 Dcl Ef WORD 1 . GN 03
4
5

Rk

STH 5D

(OUTPUT
DISABLE)

(OUTPUTS}
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DM85S68

Absolute Maximum Ratings

Operating Conditions

MAX UNITS
Supply Voltage -05Vto +7V Supply Voltage (VcC) 4.75 525 v
Input Voltage —-1.2Vto +55V Ambient Temperature (Ta) o +70 °C
Output Voltage ' ~05Vto +55V Logical 0" Input Voltage (Low) 1] 08 v
Storage Temperature -65°C1to +150°C Logical “1" input Voltage (High) 20 55 v
Lead Temperature (Soldering, 10 seconds) 300°C
DC Electrical Characteristics ote 2

Parameter Conditions Min Typ Max Units
Vin High Level Input Voltage 2 \
Vi Low Level {nput Voltage i 0.8 v
VoH High Level Output Voltage Veg=Min, loy= —5.2 mA 2.4 \
VoL Low Level Output Voltage Vee=Min, loL =16 mA 0.45 \
hu High Level Input Current Vce =Max, Clock Input 50
: Viu=2.4V Al Others 25 kA
Iy High Level Input Current Vee =Max, Vi =5.5V 1.0 mA
: at Maximum Voltage - .
I Low Level Input Current Ve =Max, Clock Input - 500 uA
ViL=0.5V All Others - 250 nA
los Short Circuit Output Current Voo =Max, Vo =0V -20 -55 mA
(Note 3)
lec Supply Current Ve = Max 70 100 mA
Vic Input Clamp Voltage Vee=Min, jy= ~18 mA -1.2 \
loz TRI-STATE Output Current Vec=Max Vg=2.4V 40
: T V=05V —40 wA
AC Electrical Characteristics with standard load) 5V 5%, 6°C to +70°C
Parameter Conditions Min Typ ‘Max Units
tn Output Enable to High Level 20 35 ns
ta Output Enable to Low Level 14 24 ns
thz Output Disable Time from High Level 10 15 ns
tz Output Disable Time from Low Level 12 18 ns

tan Access Time | Address to Output 30 40

tosa Output Store to Output 20 30 ns

tca . Clock to Output 25 40

tasc Set-Up Time | Address to Clock 15

tosc Data to Clock 5

tasos Address to Output Store 30 0 ns

twesc Write Enable Set-Up Time 5 15

tossc Store Before Write (t,) 10 0

tawc Hold Time Address from Clock 10 5

tonc Data from Clock 15 5 s

taHOS Address from Output Store 5 0

twene Write Enable Hold Time 15 5

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated at

these values.

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vog =5V and TA =25 *C.

Note 3: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise resuft.

v
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National
Semiconductor

Bipolar RAMs

IDM29705/IDM29705A 16-Word by 4-Bit Two-Port

RAM/Register File

General Description

The IDM29705 and IDM29705A are 16-word by 4-bit
RAM/Register File chips housed in a standard 28-pin
dual-in-line package. The IDM29705 and the
IDM29705A feature TRI-STATE® outputs. These
RAMs, which are fabricated using SCL® (Schottky
ECL Technology) feature two separate output ports
that enable any two 4-bit words to be read form these
outputs simultaneously. Each output port contains a
four-bit latch. A common Latch Enable (LE) input is
used to control all eight latches. The device, which
has two Write Enable (WE) inputs, is designed so that
either Write Enable (WE, ., ) and Latch Enable (LE)
inputs can be wired together to make the operation
of the RAM appear edge-triggered.

The device, which has fully decoded A-address and
B-address fields, can address any of the 16 memory
words for the A-output port and, simultaneously,
select any of the 16 words for presentation at the
B-output port. Incoming data is written into the four-
bit RAM word selected by the B-address. The D
inputs are used to load the new data into the device.

Several of these devices can be cascaded to increase
the total number of memory words in the system.
When OE-A is high, the A-output port is in the high-
impedance mode. OE-B, when high, forces the
B-output port to the high-impedance state.

The writing of new data into the RAM is controlled by
the Write Enable inputs. With both Write Enable
inputs low, data is written into the word selected by
the B-address field. The memory outputs follow the
data inputs during writing if the Latch Enable (LE) is
high. With either Write Enable high, no data is written
into the RAM.

Features and Benefits
B 16-Word by 4-Bit, 2-Port RAM/Register Files

B Two Output Ports, Each with Separate Output
Control

B 4-Bit Latches on Each Output Port

B Non-Inverted Data Output with Respect to Data .
Input

W Output Enable and Write Enable Inputs Provide
Ease in Cascading

m SCL Technology (Schottky ECL) Provides ECL
Speeds While Keeping Low Power Schottky Input/
Qutput Voltage and Power Consumption
Compatibility

| 100% Reliability Testing in Compliance with
MIL-STD-883 : ‘

IDM29705/29705A Block Diagram

T n|1 nIz nla
A3 — — 83
. 16-WORD BY 4-BIT .
A2 A : \ TWO-PORT RAM . : R 82
ADDRESS ADDRESS
ADDRESS ADDRESS °
——] DECODER - DECODER
Al . . — 81
[ ] L]
A0 —4 |— 80
APORT  WE B-PORT
WET
WEZ . o<|—- LE
ATo —Do'—— A-DATA B-DATA J
FORCE A 4BIT 4-BIT
70 ZERO LATCH LATCH —
0EA 1 | 0EB
=1 B B bed [=1 Bed I Excd
EREE EEEE
>I>[>1> >1>|>|>

o
=
N
©
~
o
o
o
=
)
©
N
=)
a
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IDM29705/IDM29705A

Absolute Maximum Ratings

.—65°Cto +150°C
-55°Cto +125°C
-05Vto +6.3V

Storage Temperature
Temperature (Ambient) Under Bias
Supply Voltage to Ground Potential

DC Voltage Applied to Outputs for
High Output State

DC Input Voltage
DC Output Current, into Outputs
DC Input Current

—0.5Vto + Vo max
-05Vto +5.5V
30mA

- 30mAto +5.0mA

Operating Range

Ambient
PIN Temperature
1DM297054C 0°Cto +70°C

IDM29705JM, JM/883  -55°C to +125°C
IDM29705AJC, NC 0°Cto +70°C
IDM29705AJM, JM/883 ~55°C to +125°C

Standard Screening (conforms to MIL-STD-883 for Class C parts)

Vee

4.75V to 5.25V
4.50V to 5.50v
4.75V to 5.25v
4.50V to 5.50V

MIL-STD-883 Level

Step Method Conditions DC, PC DM, FM

Pre-Seal Visual Inspection 2010 B 100% 100%

Stabilization Bake 1008 C: 24-hour 150°C 100% 100%

C: —65°Cto +150°C y

Temperature Cycle 1010 10 cycles 100% 100%

Centrifuge 2001 B: 10,000 G 100% 100%

Fine Leak 1014 A: 5x10-8 atm-cc/cm? 100% 100%

Gross Leak 1014 C2: Fluorocarbon 100% 100%

Electrical Test . See below for
Subgroups 1 and 7 and 9 5004 definitions of subgroups 100% 100%
Insert Additional Screening Here for Class B Parts
Group A Sample Tests

Subgroup 1 LTPD =5 LTPD = 5
Subgroup 2 LTPD =7 LTPD = 7
Subgroup 3 5005 See below for LTPD =7 LTPD = 7
Subgroup 7 definitions of subgroups LTPD =7 LTPD = 5
Subgroup 8 LTPD =7 LTPD = 7
Subgroup 9 LTPD =7 LTPD = 5

Additional Screening for Class B Parts

MIL-STD-883 Lovel

Step Method Conditions DMB, FMB
Burn-In 1015 D: 125°C, 160 hours min 100%

Electrical Te/st 5004

Subgroup 1 100%
Subgroup 2 100%
Subgroup 3 100%

Subgroup 7 100%
Subgroup 9 100%

Return to Group A Tests in Standard Screening

Group A Subgroups

{as defined in MIL-STD-883, method 5005)

Subgroup | Parameter Temperature
1 Dc 25°C
2 oc Maximum rated temperature
3 [s]o] Minimum rated temperature
7 Function 25°C
8 Function MaxImum and minimum

rated temperature

9 Switching 25°C
10 Switching Maximum rated temperature
1 g rated
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Electrical Characteristics (over operating temperature range, unless otherwise noted) 2
Parameter Test Conditions (Note 1) Min i(Note 2)] Max | Units ~J
Vou | Output HIGH Voltage Vee = min Mil, loy = —2.0mA 2.4 v 8
= olts
(IDM29705 only) VIN Viy or VIL Com'l, loy = —4.0mA 24 )
Vor | Output LOW Voltage Ve = min lor = 4.0mA 0.4 g
Vin = Viwor Vie 1 T g omA 0.45 o
loL = 12mA 05 | O | ©
oL = lem . ~
Com'l, lg, = 16mA 0.5 8
Viy | Input HIGH Level Guaranteed input logical HIGH voltage for all 20 Volts >
inputs
ViL Input LOW Level Guaranteed input logical LOW voltage for all 0.8 Volts
inputs
' Input Clamp Voltage Ve = min, |y = —18mA —-1.5 | Volts
e Input LOW Current Vee = max, Viy = 0.4V A, B; —-0.25 A
m
Others -0.36
IM Input HIGH Current Vee = max, Viy = 2.7V 20 uA
Iy Input HIGH Current Vee = max, Viy = 5.5V 0.1 mA
loz | Off State (High Impedance) Voo = max Vo = 27V . 20 A
Output Current ViN = Vinor Vi, V, = 0.4V —20 | ¥
Isc | Output Short Circuit Current Vee = max -30 -85 | mA
{Note 3) ’
lcc | Power Supply Current Vee = max 110 | 175 mA
AJC|Vee = 525V, T = 70°C 155 mA
AIM|Vce = 55V, T = 125°C 145 | mA

Note 1: For conditions shown as min or max, use the appropriate value specified under Electrical Characteristics for the applicable
device type.

Note 2: Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading.
Note 3: Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

Switching Characteristics (Input Levels = OV and 3.0V, Transitions measured at 1.5V)
Combinational Delays (In nanoseconds) (R = 430%2, C, = 50pF)

Comm’l Mil
Max Max
(Note 5) (Note 6)
Parameters From To Conditions 705 705A 705 705A
A Address Stable | YA Stable 50 25 55 30
Access Time LE = HIGH
B Address Stable | YB Stable 50 25 55 30
YA=D LE=HIGH, A=B 45 35 48 40
Both WE LOW
YB=D LE =HIGH 45 35 48 40
Turn-On Time OE-A or OE-B LOW ' 25 20 25 20
Turn-Off Time OE-A or OE-BHIGH | YA or YB Off C_=5pF 20 20 20 20
Reset Time A-LO LOW YA LOW 30 20 30 25
Enable Time LE HIGH YA and YB Stable 25 20 25 25
_ LE = HIGH, WE
Data In YAorYB =D both LOW, A=B 45 35 45 40
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IDM29705/IDM29705A

Switching Characteristics (continued)
Minimum Setup and Hold Times (in nanoseconds)

Comm’l Mil
Max Max
Typ (Note 5) (Note 6)
Parameters From TJo Conditions | (Note 4) | 705 705A | 705.| 705A
Data Setup Time : |D Stable Either WE HIGH 7 | 20 12 25 15
Data Hold Time Either WE HIGH D Changing 0 0 4] 0 0
Address Setup Time |B Stable Both WE LOW 0 5 0 5 3
Address Hold Time | Either WE HIGH B Changing 0 0 0 o] (]
Latch Close LE LOW WE, LOW WE, LOW 0 0 0 0 0
Before Write Begins || g | oy WE, LOW WE, LOW 0 0 0 0 0
Addross Setup o |AorBStable | LELOW 8 | 3 | 15 |40 | 20
Minimum Pulse Wldths (in nanoseconds)
Comm’| Mil
Max Max
N Typ (Note 5) (Note 6)
Parameters F_rom To Conditions | (Note 4) | 705 705A 705 705A
WE, HIGH-LOW-HIGH | WE, LOW 8 25 20 25 20
Write Pulse Width
WE, HIGH-LOW-HIGH | WE, LOW 8 20 20 20 20
A Latch Reset Pulse|A-LO HIGH-LOW-HIGH 5 20 15 20 15
Latch Data Capture |LE LOW-HIGH-LOW | Address Stable| 5 20 15 20 15

Note 4: Tp =
Note 5: Tp =
Note 6: TpA =

25°C, Vgg = 5.0V.
0°Cto +70°C, Vg = 50V = 5%.
~55°Cto +125°C, Vog = 5.0V = 10%.

Function Tables

Write Control

RAM Outputs at Latch Inputs
WEy WE2 Function A-Port B-Port
L L Write D into B A data(A # B) D input data
X H No write A data B data
H X No write A data B data
YA Read
Inputs
OE-A A-LO LE YA Output Function
H X X z High impedance
L L X L Force YA LOW
L H H A-Port RAM data Latches transparent
L H L NC Latches retain data
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Function Tables (continued)

YB Read
Inputs
OE-B LE YB Output Function
H X V4 High impedance
L H B-Port RAM data Latches transparent
L L " NC Latches retain data
H = HIGH Z = High impedance
L = LOW NC = No change
X = Don't care

Pinout Descriptions of the
IDM29705/29705A

D3~ Dg: Through these inputs new data can be written
in the location specified by the B-address inputs.

A3z-Ap: The 4-bit address presented at the A inputs
selects one of the 16 memory words for presentation
at the A-data latch outputs.

B3-By: The 4-bit address presented at the B inputs
selects one of the 16 memory words for presentation
at the B-data latch outputs. This address also selects
the location into which data is written.

YA;-YAq: The four A-data latch outputs.
YB3~ YBy: The four B-data latch outputs.

WE,, WE,: Write enable inputs. When both are low,
enables data to be written into the RAM location
selected by the B-address field. When either Write
Enable input is high, no data can be written into
memory.

OE-A: A-port output enable. When low, data in the
A-data latch is present at the YA, outputs. When high,
the YA, outputs are in the high-impedance mode.

OE-B: B-port output enable. When low, data in the
B-data latch is presented at the YB; outputs. When
high, the YB; outputs are in the high-impedance
mode.

LE: Latch enable. The LE input acts as control for
both the RAM-A and RAM-B output ports. When high
the latches are transparent and data from the RAM,
as selected by the A and B address inputs, is
presented at the outputs. When low, the latches
retain the last data read from the RAM regardless of
the current A and B address inputs.

A-LO: Force A to zero. This input operates to force
the A-port latch outputs low independent of the LE
input or A address inputs. The A-output bus can be
forced low using this control input. With A-LO high,
the A latches operate in their normal manner. Once
forced low, the A latches remain low.independent of
the A-LO input if the Latch Enable (LE) is low.

| IDM29705/29705A Connections Diagram

01— 1 28— Vee
po— 2 271 ~D2
WE1—{ 3 26 |— D3
80— 4 25 p— WE2
B1—5 24 }— AD
B2 — 6 23— A1
_B3I—7 |pm29705/ 22— A2
ALO—~{8 29705A 21}— a3
LE—~{ 9 20 p— OE-A
Y80 —{10 19 }— OEB
YAO—{11 18 }— YA3
YB1 =12 17}~ vB3
YA1—{13 16 p= YA2
GND —{14 15— vB2

Order Number IDM29705JC,
IDM29705JM, IDM29705JM/883,
IDM29705AJC, IDM29705AJM,
_or IDM29705JM/883
See NS Package J28A

Order Number IDM29705NC
See NS Package N28A
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National Bipolar RAMs
Semiconductor

DM10414, DM10414A 256 x 1 ECL Random Access Memory

General Description Features

The DM10414, DM10414A is a 256-word by 1-bit B Fully compatible with standard and voltage compen-
ECL random access memory. The fully static memory is sated 10k series ECL

designed with active low chip selects and separate 1/0 m Temperature range 0°C to +75°C
pins. The 8 address bits (AO through A7) are fully ® Unterminated emitter-follower output for wire-ORing

VPIvOLNG VIPOLING

decoded on the chip. Applications such as scratch pad,

cache, and buffer memories are ideal for this high speed = Power dissipation decreases with increasing tem-

RAM. perature .

® Typical address access
An unterminated emitter-follower output is provided DM10414 10 ns
to allow the outputs to be wire-ORed. Separate Data DM10414A 7ns
In and non-inverted Data Qut pins are provided. These ® Typical chip select access
RAMs are compatible with compensated and uncom- DM10414 4 ns
pensated 10k ECL families. DM10414A N 3ns

Block and Connection Diagrams

Dual-In-Line Package

s U
a2 aoosess WORD a0~ LR
-] oecooer [P oawven [P] 16X 16ARRAY . '
a1 -4 0 A1 — = Dout
out
= |1 e
l | @i prymd SEN
sz P | 12
[%%) 51— — A7
SENSE AMPS e N
WRITE DRIVERS &2 [— A6
57 10 55
15
T WE ver & g a
£ —1 =
ADDRESS o Tor
DECODER o view
Order Number DM10414J
1T or DM10414AJ
A4 RS A6 AT See NS Package J16A
Logic Symbol Truth Table
Pi — 1
—{ a0 in Names s | we | oin | DouT MODE
e A0-A7 Address Inputs nl x| x L Not Selected
i L DN Data Input [ U R R Write 1
="~ Dourh— Dour__ _~  DataOutput A (I T Write 0
— CS1, €S2, CS3 Chip Select Inputs L| H X | DouT | Read
—] a5 WE Write Enable
e L =low (~1.7V nominat)
’ H = high (-0.9V nominal)
=" X =don't care
IN_WE
TS 657 ¢33

3-23



DM10414, DM10414A

Absolute Maximum Ratings

Operating Conditions

MIN MAX UNITS
Temperature Under Bias {Ambient) -55°C to +125°C Supply Voltage (Vgg) -5.72 —4.68 \
Storage Temperature Range —65°C to +150°C Ambient Temperature (TA) 0 +75 °c
VEeg Relative to Voo —7.0V to +0.5V
Any Input Relative to Voo VEE to +0.5V
Qutput Current (Qutput High) —30 mA to +0.1 mA
Lead Temperature {Soldering, 10 seconds) 300°C
DC Electrical Characteristics
Vgg = —5.2V £10%, Output Load = 50§ and 30 pF to —2.0V, T = 0°C to +75°C (Notes 1—4)
B A
. TS
SYMBOL PARAMFTER CONDITIONS TA LIMIT LIMIT UNI
VOH Output Voltage High VIN = VIHA or VILB
0°C -1000 -840 mV
+25°C -960 -810
+75°C -900 ~720
VoL Output Voltage Low VIN = VIHA or V(LB
0°c -1870 -1665 mV
+25°C -1850 -1650
+75°C -1830 -1625
VOHC Output Voltage High VIN = VIHB or VILA
: Performed on one input 0°C -1020 mV
atatime +25°C -980
+75°C -920
VoLc Output Voltage Low VIN=VIHB Or VLA
Performed on one input 0°c ~1645 mv
ata time +25°C -1630
+75°C -1605
VIH Input Voltage High Guaranteed Input Voltage High
‘ for All Inputs
0°c -1145 -840 mv
+25°C -1105 -810
+76°C -1045 ~720
ViL Input Voltage Low Guaranteed Input Voltage Low
for All Inputs
0°c -1870 -1490 mV
+25°C -1850 -1475
+75°C -1830 -1450
“IH Input Current High VIN = VIHA
Performed on one input 0°c
at a time to 220 HA
+75°C
he Input Current Low, CS VIN=VILB
Performed on one input +25°C 0.5 170 LA
All Others ata time +25°C -50
lEE Power Supply Current All Inputs and Outputs Open
(Pin 8) (Note 5)
) o°c —-150 mA

Note 1: Conditions for testing not shown in the tables are chosen to guarantee operation under “‘worst case’’ conditions.

Note 2: The specified limits represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’ values normally occur at the temperature
extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges.
Note 3: Guaranteed with transverse air flow exceeding 400 linear F.P.M. and 2-minute warm-up period. Typical resistance values of the package
are: 05, {Junction to Ambient) = 90°C/W (still air); 8 {Junction to Ambient) = 50°C/W (at 400 F.P.M. air flow); 64 (Junction to Case) =

25°C/W.

Note 4: A’ indicates the most positive value, *'B” indicates the most negative value.

Note 5: Typical values at VEg = —5.2V: Tp =0°C, [gg = -105mA; Tp = 76°C, Igg = -90 mA.
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Functional Description

Addressing the DM10414, DM10414A is achieved by
means of the 8 address lines AO—A7. Each of the 28
one-zero combinations of the address lines corresponds
to a bit location in the memory. The active low Chip
Selects together with the unterminated emitter-follower
output allows for wire-ORing. A 50 resistor to —2V
{or an equivalent network) is required to provide a low
at the output when the device is off. This termination
is required for both single device or wire-ORed operation.

The device is selected with CS low and deselected with
CS high. The operating mode is controlled by the active
low Write Enable (WE). WE low causes the data at the
Data Input (DyN) to be stored at the selected address.
WE low also causes the output to be disabled (low due
to the 5082 pull-down resistor). WE high causes the data
stored at the selected address to be present at the Data
Out (DoyT) pin.

AC Electrical Characteristics
VEE = —5.2V £10%, Output Load = 5082, 30 pF to ~2.0V, Ty = 0°C to 75°C

DM10414A DM10414
SYMBOL PARAMETER CONDITIONS TYP TYP MAX UNITS
MIN MAX MIN
(NOTE 6) (NOTE 6)
READ MODE
tACS Chip Select Access 3/ 5 4 7 ns
Time Measured Between
tRCS Chip Select Recovery 50% Points 3 5 4 7 ns
Ti (Note 7)
ime
tAA Address Access Time 7 10 10 15 ns
WRITE MODE
w Write Pulse Width 6 35 8 5 ns
{to Guarantee
Writing)
wWwsD Data Set-Up Time 2 0 2 0 ns
Prior to Write
tWHD Data Hold Time Measured Between 2 0 2 0 ns
After Write 50% Points
tWSA Address Set-Up Time 3 0 4 0 ns
Prior to Write
WHA Address Hold Time 2 0 3 1 ns
After Write
tWSCS Chip Select Set-Up 2 0 2 ¢] ns
Time Prior to Write
tWHCS Chip Select Hold Time 2 0 2 0 ns
After Write
tws Write Disable Time 5 3 7 4 ns
tWR Write Recovery Time 5 3 7 4 ns
RISE TIME AND FALL TIME
tr Output Rise Time Measured Between 3 4 ns
tf Qutput Fall Time 50% Points 3 4 ns
Capacitance
DM10414A DM10414
SYMBOL PARAMETER CONDITIONS TYP TYP UNITS
MIN MAX MIN MAX
. ~ | (NOTE 6) (NOTE 6)
CiN Input Pin Capacitance 4 5 4 5 pF
) Measure With a Pulse ;
Cout Output Pin Technique 7 8 7 8 ]
Capacitance

Note 6: Typical values are at VEg = 5.2V, T = 25°C and maximum loading.

Note 7: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern.
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DM10414, DM10414A

Switching Time Waveforms

CHIP SELECT

tACS

Viug

DATA OUTPUT 320%'

Chip Select Access Time

50%

80%

Address Access Time

'ADDRESS INPUTS

50%

tAf ——

DATA OUTPUT

X

ViHB
ViLA

Read Mode

ADDRESS INPUTS

-

AD-A7
LRIPSELECT 5% N —— —— — — — A ——— — 4
CS1, 052, 053 N\ /|
DATA INPUT DONT EARE
Din
WRITEENABLE rgo o/ | 1 o | _ | __
BLE 0%
o [t H A | —m—| 'WSA |-
DATA OUTPUT Vi = —— = —— =~ Y/
bgor /Y| SN Vita
tACS —— —— —| AL |- —==| IRCS ‘4—

3-26




Switching Time Waveforms (continued)

Write Mode

ApDRESSINPUTS oo N
AD-A7 5";’>< T T _}<

VyiLvOLING ‘VIPOLING

THIP SELECT \ _ /
€51, 052, t53 50% N~ T T T T T ‘)
DATA INPUT
DIy g ————— ———— —
ey WHD
WRITE ENABLE \ /
m 50% \ —————— 7
twsp—— tWHCS
F——twsCs —— ~—tWHA
DATA OUTPUT v
X WA amn
outT ViLa
~—1tws F=—WR ~={

Test Conditions

Loading Conditions .

GND Input Levels

16
-0.9v
Vee 80%

20%

As
At -1V
A2 t le— 4 =t;=25nsTYP ty
A3

A4 D 15 All timing measurements referenced to 50% of input levels
A5 ouT F—— CL =10 pF including jig and stray capacitance

R =500
A6

A7 .
A8 ) .

>
A v §RT Z&CL

NN

0.01 uF
T $ N
20 =
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DM10415, DM10415A

National
Semiconductor

Bipolar RAMSs

DM10415, DM10415A 1024 x 1 ECL Random

Access Memory

General Description

The DM10415, DM10415A is a 1024-word by 1-bit ECL
random access memory. This fully static memory is
designed with an active low chip select and separate
1/0 pins. The 10 address bits (AQ through A9) are fully
decoded on the chip. Applications such as scratch pad,
cache, and buffer memories are ideal for this high speed
RAM.

An unterminated emitter-follower output is provided
to allow the outputs to be wire-ORed. Separate Data
In and non-inverted Data Out pins are provided. These
RAMs are compatible with compensated and uncom-
pensated 10k ECL families. '

Features

8 Fully compatible with standard and voltage compen-
sated 10k series ECL

m Temperature range 0°C to +75°C

® Unterminated emitter-follower output for wire-ORing

®m Power dissipation decreases with increasing temp-

erature
® Typical address access
DM10415 25 ns
DM10415A ) 12 ns
® Typical chip select access -
DM10415 7 ns

DM10415A 4 ns

Block and Connection Diagrams -

4] ADDRESS > WORD

5| DECODER oriver  [P]  32x32ARRAY

i

SENSE AMPS

Al
WRITE DRIVERS

i

ADDRESS
DECODER

7 {9 Jrofirfe
A5 AG A7 AB A9

Logic Symbol

Dual-In-Line Package

1 e’ 16
Oput =~ Ve
15
A 1= o
1
Dout A 4 &
" A= 3 e
cs
A1— = a9
b
Pyl ALRpYY
B
A5 =] [0 47
[E
L]
_ﬂ—we Vti-ﬂ [— A6
15

TOP VIEW

Order Number DM10415J
or DM10415A)
See NS Package J16A

Truth Table

) €S | WE | Din | Dout MODE
Pin Names
. H X X L Not Selected
AO0-—-A9 Address Inputs L L H | L "1 write 1
DIn Data Input [ T . Write 0
D_OUT Data Output L H X DouT | Read
CS Chip Select L= low 1.7V inal)
- . =low {(—1. nomina
WE Write Enable H = high (~0.9V nominal)
X = don’t care




Absolute Maximum Ratings Operating Conditions 2
MIN MAX UNITS -t
Temperature Under Bias {Ambient) ~55°C to +125°C Supply Voltage (VEE) -5.46 -4.94 v (o=
Storage Temperature Range ’ ~65°C t0 +150°C Ambient Temperature (Tp) 0 +75 °C ﬂ
VEgE Relative to Voo =7.0V to +0.5V W
Any Input Relative to V¢g VgEg to +0.5V -
Output Current (Output High) —-30 mA to +0.1 mA c
Lead Temperature (Soldering, 10 seconds} 300°C g
. . . as Y
DC Electrical Characteristics =
VEE =-5.2V, Output Load = 502 and 30 pF t0 —2.0V, TA =0°C to +75°C (Notes 1 — 4) ﬂ
N
SYMBOL PARAMETER CONDITIONS TA B A UNITS >
LIMIT LIMIT
VOH Output Voltage High VIN = ViHA or VLB
0°C ~1000 -840 mV
+25°C -960 -810
+75°C -900 -720
VoL Output Voltage Low VIN = ViHA or VILB .
0°c -1870 -1665 mv
+25°C -1850 -1650
+75°C -1830 -1625
VOHC Output Voltage High VIN = VIHB or V(LA
0°c -1020 mv
+25°C —980
+75°C -920
VoLc Output Voltage Low VIN = VIHB or VILA
o°c -1645 mV
+25°C -1630
+75°C -1605
VIH Input Voltage High Guaranteed Input Voltage High
for All Inputs
0°c -1145 -840 mV
+25°C -1105 -810
+75°C -1045 =720
ViL Input Voltage Low Guaranteed Input Voltage Low
for All Inputs
o°c -1870 -1490 mv
+25°C -1850 -1475
+75°C -1830 ~1450
18] Input Current High VIN = VIHA
o°c
to 220 . uA
+75°C
TN Input Current Low, CS VIN = ViLB
. ' . +25°C 0.5 170 A
All Others +25°C -50
IEE Power Supply Current All tnputs and Outputs Open
(Pin 8) (Note 5)
0°C -150 mA
Note 1: Conditions for testing not shown in the tables are chosen to guarantee operation under “‘worst case'’ conditions.
Note 2: The specified limits represent the ““worst case’’ value for the parameter. Since these “worst case’ values normally occur at the temperature
extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges.
Note 3: Guaranteed with transverse air flow exceeding 400 linear F.P.M. and 2-minute warm-up period. Typical resistance values of the package
are: 6, {Junction to Ambient) = 90°C/W (still air}; 6 a {Junction to Ambient) = 50°C/W (at 400 F.P.M. air flow); 634 (Junction to Case) =
25°C/W.
Note 4: ‘A’ indicates the most positive value, "’'B" indicates the most negative value,
Note 5: Typical values at VEE = —-5.2V: TA =0°C, Igg = —105 mA; Tp = 75°C, Igg = -90 mA.
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DM10415, DM10415A

Functional Description

Addressing the DM10415/DM10415A is achieved by
means of the 10 address lines AQ—A9. Each of the 210
one-zero combinations of the address lines corresponds
to a bit_location in the memory. The active low Chip
Select (CS) together with the unterminated emitter-
follower output allows for memory array expansion to
2048 words without additional decoding. This emitter-
follower output allows for wire-ORing. A 508 resistor
to —2V (or an equivalent network) is required to provide
a low at the output when the device is off. This ter-
mination is required for both single device or wire-
ORed operation.

AC Electrical Characteristics
VEE = —5.2V £5%, Qutput Load = 50%2, 30 pF to ~2.0V, Ta = 0°C to +75°C

The device is selected with CS low and deselected with
CS high. The operating mode is controlled by the active
low Write Enable (WE). WE low causes the data at the
Data Input (D|N) to be stored at the selected address.
WE low also causes the output to be disabled {low due
to the 5082 pull-down resistor). WE high causes the data
stored at the selected address to be present at the Data
Out (DouT) pin.

DM10415A DM10415
SYMBOL PARAMETER CONDITIONS "IN VP MAX N TYP MAX UNITS
(NOTE 6) (NOTE 6)
READ MODE
tACS Chip Select Access 4 7 10 ns
Time * Measured at 50% of
tRCS Chip Select Recovery Input to Valid Output a4 7 10 ns
Time {Note 7)
tAA Address Access Time 12 20 .25 35 ns
WRITE MODE
w Write Pulse Width
{to Guarantee
Writing)
DM10415A twsa =8ns 12 10 25 20 ns
DM10415 twWSA = 20 ns
wsD Data Set-Up Time 0 5 0 ns
Prior to Write
tWHD Data Hold Time 0 5 0 ns
After Write
TWSA Address Set-Up Time
Prior to Write ‘
DM104156A tw=12ns 5 8 5 ns
DM10415 tw=25ns
tWHA Address Hold Time 0 4 1 ns
After Write
tWscs Chip Select Set-Up 0 5 0 ns
Time Prior to Write
tWHCS Chip Select Hold Time 0 5 0 ns
After Write
tWws Write Disable Time 4 7 10 ns
tWR Write Recovery Time 4 7 10 ns
RISE TIME AND FALL TIME
tr Output Rise Time Measured Between 20% 5 5 ns
14 Output Fall Time and 80% Points 5 5 ns
Capacitance
DM10415A DM10415
SYMBOL PARAMETER CONDITIONS VP MAX VP MAX UNITS
MIN MIN A
{NOTE 6} (NOTE 6)
CIN Input Pin Capacitance 4 5 4 5 pF
. Measure With a Pulse
Cout Qutput Pin Technique 7 8 7 8 pF
Capacitance

Note 6: Typical valuesare at Vgg = —5.2V, Tp = 25°C and maxumum loading.

Note 7: The maximum address access time is guaranteed to be the worst case bit in the memory usmg a pseudorandom testmg pattern.
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Switching Time Waveforms

Chip Select Access Time

CHIP SELECT 50%

tacs

VSI0LING ‘SHPOLING

80%

v
DATA QUTPUT IHB :-20% /

Address Access Time

ADDRESS INPUTS 50%

tAA ———

. -V
DATA OUTPUT IHB
: ViLa

A0-A9  SO% R — e ——

Read Mode m
ADDRESS INPUTS 50%>< >< > <

CHIPSELECT so N — — — ] /

c3 N\ = _7
DATA INPUT
DON'T CARE

DIN Q

WRITEENABLE ¢y
BLE gy L 1 ———— e ——
WE /

— | tWHA|—=— —m—| tWSA |---—
DATA OUTPUT Ving - — ———— — =Ny
L)1) S 7 4 N N 4 S L N Viia
tACS —a —— | AR |- —»=| tRCS |<—
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DM10415, DM10415A

Switching Time Waveforms (Continued)

Write Mode

ADDRESS INPUTS

AD-A9

D ——— X

CHIPSELECT
cs

50%S

Test Conditions

DATA INPUT .
DIy % Er——————— ———
w WHD
WRITE ENABLE \ /
WE 50% \ —————— ]
Wsp— 'WHCS
tWses [~ 'WHA
DATA OUTPUT ViLe
[§
Dout WSA Vita
WS F=—1WR
Loading Conditions
GND Input Levels
é | 16 (L -0.9v 80%
€S Vgg WE
AD 20%
A -1.7v
A2 t t=t=25ns TYP tf
A3
A4 1
Doyt f—@— Al timi .
A5 iming measurements referenced to 50% of input levels
Cy_ =30 pF including jig and stray capacitance
AB RT = 500
A7
A8 L
A9 2 Ry ——
Ve >
2 .

1
I




National

/' Semiconductor

Bipolar RAMs
PREVIEW

DM10422 1024-Bit (256 x 4) ECL RAM

General Description

The DM10422 is normally a 256-word by 4-bit random ac-
cess memory. However the memory has four Block Select
(BS0-BS3) inputs which allow “WIRE OR” of any of the
four blocks for a maximum 1024-word by 1-bit memory.
The high speed access time allows its use in scratch pad,
buffer, and control storage applications. The device is
voltage compensated and is compatible with all 10K
logic. Separate Data In and Data Out pins allow the set
up of data for a write cycle while performing a read.

Features

M 4 separate Block Select inputs for from 256 x 4 to
1024 x 1 configuration

B Typical address access time—12 ns
B Block Select access time—4 ns

B 10k logic compatible

Block and Connection Diagrams

DualIn-Line Package

AS At M Veco = |\ — Vee
2
[ Y - DECODER/DRIVER 1 ) 2
[T 171 I I w1 s
3 T
s . no1—4 2! o2
E | 256 x 4.8IT CELL ARRAY |
[=]
b BLOCK 0 | slockt | eLock2 | BLOCK 3 HES ol
o
(=]
(X
b l | | oig = 9 o3
I
x 1 1 1 7 18
DI — — D12
1 11 11 1
_ 8 ¥ L] ¥ 8 17
WE SAWA 1 SAMWA I SAWA 1 SAMWA we 8 LW
L 1 1 E
J)z gs gx l’z g &5 (')zz (Lm &zu (Lzs (Lw Lu 9 16
AB— — A6
D00 DI0 BSG DO1 DN 851 DO2 DIz BSZ DO3 DI3 BS3
: 10 15
A1— — A5
Logic Symbol Pin Names Rl 14,
BS0-BS3 Block Selects
AQ-A7 Address Inputs v 1_2 i A3
=] A0 WE Write Enable EE
-1 A1 000 DI0-DI3 Data Inputs
- a2 DO0-DO3  Data Outputs TOP VIEW
— a4
001
— A5 Truth Table (Positive Logic)
—J a6
w— DO2 e Input
A7 — Output Mode
i DI0 BS WE DI
—] D11 i
D03 [ H X X Disable
- D12 L L L Write “0"
8S0 BS1 BS2 BS3 L L H Write “1”
? ? ? ? ? L H X DO Read
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DM10470

National
Semiconductor

DM10470 4096-Bit (4096 x 1) ECL RAM

General Description

The DM100470 is a 4096-bit random access memory
organized 4096-words by 1-bit. It is designed for high
speed scratch pad and buffer storage applications. It is
voltage and temperature compensated and compatible
with all 100k logic. It has separate Data In and Data Out
pins. The active low Chip Select CS and open emitter out-

puts allow easy expansion.

Features

® Typical address access time—18 ns

Bipolar RAMs

PREVIEW

B Typical Chip Select access time—10 ns

B 100K logic compatible
B Open emitter outputs

W Power dissipation—0.25 mWi/bit

Logic Diagram

WORD ) 64 X 64
DRIVER ARRAY
t v 1
SENSE AMPS
AND
" WRITE
DRIVERS
ADDRESS ADDRESS
DECODER DECODER

|8 o]z fisfus

A6 A7 AB A9 A10 A1l

Connection Diagram

23l s e |7

Dual-In-Line Package

Y

Doyt —
2

A0 —

3

A1 —

4
A2 —

5
AJ —

6
A4 —

7
A5 =

8
AG —

Vee —

Dout

16

15 __

TOP VIEW

Al A1 A2 A3 A4 AD
Logic Symbol Truth Table
18 AD Inputs Output
— Vee — A1 CS | WE | D Open Emitter Mode
ﬂ Din — A2 H X X L Not Selected
16 __ — A3 L L L L Write 0"
— CS — na L L H L Write *1
‘I_Sm - A5 L H X Dour Read
Doyt

14 et
— AN A8

— A7
13
— A1D — A8
12 - A9
— A9 —d A10 Pin Names
1 a8 [ Chip Select Inputs

= CS DN wE AC-A11 Address Inputs
10 A7 WE Write Enable

? I ? Din Data Input
Dout Data Output
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The DM100414 is a 256-bit random access memory,
organized 256-words by 1-bit. It is designed for high speed
scratch pads, control and buffer storage applications.
The device has three chip selects (CS1-CS3) and separate
Data In and Data Out pins. The open emitter output

National
Semiconductor

DM100414 256-Bit (256 x 1) ECL RAM

General Description

Features

allows “OR” tying for easy expansion. It is both voltage
‘and temperature compensated to be compatible with all

Bipolar RAMs
PREVIEW

B Typical address access time—7 ns
B Typical chip select time—4 ns
W 50 kQ pull-down resistors

B Open emitter outputs

100k logic.
Logic Diagram
AD L
2 X
M_a ADDRESS ol WwoRrD | 16 X 16 ARRAY
A2 =] DECODER ”| DRIVER 7| MEMORY CELL
4
AT ==t 15
DO— Doyt
t 5
v o5~ 51
07— S2
| | O— CS3
SENSE AMP
AND
WRITE DRIVER
A 1 WE
'd
A\
D
Y 13 5
ADDRESS D IN
DECODER
Ig—lmln |1z
Ad-A5 A6 A7
Connection Diagram Logic Symbol  Truth Table
Dual-In-Line Package '
input
1 k , % =1 AQ PR ES S E— Output Mode
AD —— AL . Csi|Csz|Csa| WE | Dy
a2 ﬂﬂour a2 X x| He] x| x L | Not Selected
(W W T B L | wite 0"
A2 ] lm -1 A3 0 L L L] L|H L Write “1"
ouT =
— . L| L{ L] H]| X | Doyr’ | Read
Ag_i. iﬂm A4 out es
C-T..ﬁ_. im *One or more Chip Selects HIGH
— AG
__ 6 1 :
52 ey — AG —_ A7 Pin Names }
__ cs1-30In  we CS1,C82,CS3  Chip Select Inputs-
7 10
€53 — A5 AO0-A7 Address Inputs
9 DiN Data Input
VEE— — A4 Dout Data Output
WE Write Enable Input

TOP VIEW

’QI?

O
=
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(=]
=S
s
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DM100415

National
Semiconductor

DM100415 1024 x 1 ECL RAM

‘General Description

The DM100415 is a 1024-word by 1-bit ECL random access
memory. This fully static memory is designed with an ac-
tive low chip select and separate /O pins: The 10 address
bits (AOQ through A9) are fully decoded on the chip. Ap-
plications such as scratch pad, cache,” and buffer

Bipolar RAMs
PREVIEW

Features

B Fully compatible with standard 100k logic
B Temperature range—0°C to +85°C

B Unterminated emitter-follower output—full wire-
ORing ’

) B Power dissipation decreases with increasin
memories are ideal for this high speed RAM. temperature 9
An unterminated emitter-follower output is provided to B Typical address access—12 ns
allow the outputs to be wire-ORed. Separate Data In and  ® Typical chip select access—5 ns
non-inverted Data Out pins are provided. These RAMs are
compatible with all 100k logic.
Block Diagram
A ;
M ADDRESS WORD
A= oecoDeR Pl oriver ~»| 32X32ARRAY
A3 = '
Y Ogut
l T 10 _
r cs
SENSEAMPS [ ]
AND
WRITE DRIVERS
rY 13
WE
15
ADDRESS oy
DECODER
|1 |9 |1n|n|12
AS AG A7 AB A3
Connection Diagram Logic Symbol Truth Table
DualIn-Line Package
1 U 1 [ WE Dy "Doutr Mode
DoUT =— jem Ve
A0 2 15 D H X X L Not Selected
e L L H L Write “1"
Al =1 3 [ L L L L Write “0"
Az-i -‘-:'-VTE L H X Dour Read
M_ﬁ_ i A9 L=low (~ 1.7V nominal)
6 " H =high (- 0.9V nominal)
A4 = = A8 X =don't care
7 10 Pin Description
AB et p— A7 AO0-A9 Address Inputs
8 9 DN Data Input
VEE w L
EE AS Dout Data Output
cs Chip Select
WE Write Enable

TOP VIEW




National
Semiconductor

Bipolar RAMs
PREVIEW

DM100422 1024-Bit (256 x 4) ECL RAM

General Description

The DM100422 is normally a 256-word by 4-bit random ac-
cess memory. However the memory has four Block Select
(BS0-BS3) inputs which allow “wire-OR” of any of the four
blocks for a maximum 1024-word by 1-bit memory. The
high speed access time allows its use in scratch pad,
buffer, and control storage application. The device is both
voltage and temperature compensated and is compatibte
with all 100k logic. Separate Data In and Data Out pins
allow the set up of data for a write cycle while performing
a read.

Features

B 4 separate Block Select inputs for 256 x 4 to 1024 x 1
configuration

B Typical address access time—10 ns
B Block Select access time—3 ns
W 100k logic compatible

Logic and Connection Diagrams

Dual-In-Line Package

A5 AB A7 i3 =4 UJ 2 o2
?21 ?zz ?23 w4 =5
L Y - DECODER/DRIVER - J D02 —— — AG
— 4
1 | 1 | |1 ' | = L as
o 1
] . 03— |— aa
I l 256 x 4-BIT CELL ARRAY I 19
2 * Voo — — A3
= cc
w BLOCK O BLOCK 1 BLOCK 2 BLOCK 3
] l I l Vcco—’l L vee
8 8 17
a I l I D00 == — Az
]
> l | 1 l 1 I ] 1 | l §§n—”-1 18 a1
1 v T T por -4 - 20
WE SA/WA [} SA/WA 1 SA/WA ] SA/WA J
1 1 I ol 1 o
1 P D U o
O oig 4 1 on
DOo DI0 BSG DOt BIT BSI po2 D12 BSZ D03 D13 BS3
TOP VIEW
LOgIC Symbol Truth Table (positive Logic)
BS Input
—] AQ BS WE DI Output Mode
— Al H X X L Disable
— a2 DOg = L L L L Write "0"
-ed A3 L L H L Write “1”
-— 7l 001 freee L H X DO Read
— A
— AG
—— D02 prm
A7 Pin Names
=i 010 BSO-BS3  Block Select
—d D11 AQ-A7 Address Inputs
D03 [~ WE Write Enable
et 012
DI0-DI13 Data Inputs
- DWE Bs0 BSI BS2 BS3 DOO-DO3  Data Outputs

TTYTY
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DM100470

National

Bipolar RAMs

Semiconductor PREVIEW
DM100470 4096-Bit (4096 x 1) ECL RAM
General Description ~ Features ’

-The DM10470 is a 4096-bit random access memory
organized 4096-words by 1-bit. It is designed for high
speed scratch pads and buffer storage applications. It is
voltage compensated for high noise immunity and com-
patible with all 10k series logic. It has separate Data in
and Data Out pins. The active low Chip Select CS and
open emitter outputs allow easy expansion.

B Typical address access time—30 ns

B Typical Chip Select access time—10 ns
B 10k logic comipatible

B Open emitter outputs

B Power dissipation—0.25 mW/bit

Block Diagram

WORD
DRIVER

ADDRESS
DECODER

- 1
—-{4:>0— Dout
64 X 64
ARRAY
16 __
SENSE AMPS -—L—oGo— (53
AND
WRITE
DRIVERS | 15
LC .
1 g
ADDRESS
DECODER

Is T ]iz]ia]a
AG A7 A8 A9 A10 A1

TFFEFT

A0 A1 A2 A3 A4 A5

Connection Diagram Logic Symbol  Truth Table
Dual-In-Line Package
Inputs Output
Mod
DouT ] U 18 Vee —1 A0 CS | WE | D | OpenEmitter °

) " — Al H X X L Not Selected
AD=—{ | — Dy —n L L L L Wiite “0"

3 16 _ -t A3 L L H L Write “1"
Al ~—— — CS

. " - Al L H X Doyt Read
A2 =i l— WE AS

0 .

5 m j A6 out
A3 — AN

6 13 -1~
A4 == L—- A10 -t A8

7 12 — A
A8 = — A =i AT0 Pin Names

8 11 S Chip Select Inputs
A6 = [— AB ] A"CS DiN WE ﬁAﬁ Address Inputs

Vee = 19, WE Write Enable -
EE T | ? DIN Data Input
Dout Data Output

TOP VIEW
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Section 4
Magnetic Bubble
Memories

Magnetic domain memories, provide the highest den-
sity of the extant memory technologies. The inherent
simplicity in processing and lack of ‘“charged”
elements promise high reliability not found in tradi-
tional memory technologies. The high density also
affords low cost. The non-volatility of bubble
memories make them especially suited for portable
applications and remote terminals. The solid state
nature offers higher reliability and lower maintenance
costs than moving medium technologies. Support cir-
cuits permitting easy design into any host system are
also shown in the section.







National Magnetic Bubble Memories
Semiconductor PREVIEW

DS3615 Bubble Memory Function Driver

S19€Sd

General Description Features

The DS3615 is a function driver that e TTL compatible inputs
converts digital TTL level pulses e Operates from two standard
generated by a timing circuit into the supplies: +5V, +12V
current pulses required by National's .

PNP inputs minimize loading

NBM2256 256K-bit magnetic bubble « Builtin voltage boost

memory. The DS3615 consists of input A .
logic gates that are TTL compatible, a circuitry—does not require an extra
D flip-flop, a voltage boost circuit, and voltage supply

six current generators. The current . * Power up/down glitch-free
generators deliver constant currents for protection for both supplies

driving the swap gate, generator

element, map gate, and replicator gate

of the magnetic bubble memory.

Operation is from 0°C to 70°C.

DS3615 Functional Block Diagram

[ VCC VDD GND
1
l-l Power
CE____Df Up/Down
j Protection
GSTA Constant IGEN
Current
GDATA D Q Source #1
CLK Constant
ISWAP
SWAP | Current
I J Source #2
Constant
—
MAP I S(():L:Jrréznl:ii
I J [ IMAP
Constant
:D Current
Source #4 +12v
Constant
—
REP ' sgﬁrrcrzn;s
[\ IREP
Constant - T
Current
cuT Source #6
1 ]
Voltage Reference L
'—‘{ Boost Current J l’ J ~
— . VREP NBM2256
+12V a—dYY T

1WA
i
-
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DS3616

National ‘ . Magnetic Bubble Memories
Semiconductor = PREVIEW

DS3616 Bubble Memory Coil Driver

General Description - Features

A, B, C, and HLD-EN are TTL
compatible low current inputs to insure
easy interfacing to MOS controller
circuits. Internal logic controls the
output sinking and sourcing transistors
to drive the X and Y bubble memory
coils in a diode bridged push-puli Optional internal voltage booster
- configuration. RUN output for function driver
Sourcing transistors are driven into control

saturation by the on-chip voltage

booster for maximum current drive to

the coil.

An internal power up/down control

circuit prevents glitches and noise on

the outputs during system

initialization. *
CS enables the output drive

transistors. The RUN output is used to

disable function drivers during power

up/down.

The DS3616 is characterized to operate
from 0°C to 70°C.

Two high-current push-pull outputs
TTL compatible low current inputs
Two power supplies: +5V and +12V
Internal clamp diodes

Power up/down control circuit

DS3616 Functional Block Diagram

VoD vee
GND (+12V) (+5V)
4 4 4
=T t

+—RUN

_Dc._
A —K veolL
. NBM2256
-
._> v

coiL+
veoLy =
Voltage |
oK -4 =
T
l—N\’ﬂ—' si2v I veas
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National
Semiconductor

Magnetic Bubble Memories

PREVIEW

DS3617 Bubble Memory Sense Amplifier

General Description

The DS3617 is a bubble memory sense
amplifier that converts low level
signals from the magneto-resistive
detector of a bubble memory into TTL
compatible output levels. Internai
functions consist of an input bias
circuit, an internally AC coupled
amplifier, a high-speed precision
comparator, two flip-flops and a TRI-
STATE® output stage.

TTL compatible control inputs allow
either average-to-peak or clamp and
strobe (peak-to-peak) sensing of the
input signal. The threshold voltage and
the input bias voltage are externally
adjustable, allowing compatibility with
different types of bubble memories.
Operation is specified from 0°C to
70°C.

Features

+5V and +12V supply operation
On-chip adjustable detector bias
circuit

Choice of average-to-peak or clamp
and strobe sensing

Guaranteed tight threshold limits
over the specified temperature and
supply voltage range

Threshold externally adjustable over
OmV to 10mV range

High threshold voltage sensmvny
TRI-STATE® output

Compatible with a wide range of
bubble memories

Standard 16-pin DIP

DS3617 Functional Block Diagram

+12V

NBM2256

>
>
S

+12V DET
~IN +IN

VTH +5v

Internal ] _
™

HH S

Comp,

Error

) Amp,

£O)—
»—»3
o)

H—
T
1
s

l

PR aHHo o -—<|<—DAM
CLR CLK -

VBIAS

.‘Il
|
GND

I
CLAMP

STROBE
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INS82851

National Magnetic Bubble Memories
Semiconductor | PREVIEW

INS82851 Bubble Memory Controller

General Description Features

The INS82851 is an'NMOS controller * Controls 1, 2, 4 or 8 NBM2256
specifically programmed for use with modules

National Semiconductor's NBM2256 ¢ MICROBUS™ interface for
256K-bit magnetic bubble memory. The microprocessor applications
controller provides all the system :

control needed for a single NBM2256 ‘ gg/l';'\a,llsnterrupt or polled transfer

module, and with the addition of a few
TTL parts can controt 2,4 or 8
modules. Among the functions

. provided are power up/down
sequencing, error map bootstrap,
address initialization, address .
conversion and cycle counting for data
read/write, redundant bit
insertion/deletion, error detection and
correction, FIFO buffering, timing
generator for interface circuits, and
data transfer signals for DMA, interrupt
or software polling. Operation is from
0°C to 70°C.

* Provides complete timing generation
for interface circuits

Redundancy insertion/deletion

FIFO buffering

Error detection/correction

40-pin DIP, +5V supply

INS82851 Controller

Destination Output
Registers PARI L | ™| Mapper > DOUT
SER
éb——& FIFO . MAPDATA
1o Map
D0-D7 (16 Bytes) ECC -—- WRMAP
Bufter : Buffer CLRMAP
SER/ .
Source <] Input
Registers : PAR Mapper [ DIN
A0-A2 XA REPMAP
cs X8 REPLIC
RD : YA cuT
WA 4Bus - Migrocoded Timing Y8 GEN
DRQ Controt Section Generator SYNC STROBE
DACK CLKMAP XIN
INTR SRCLK  XOUT
RESET > SWAP
INS82851
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Magnetic Bubble Memories
PREVIEW

NBM2256 Bubble Memory

General Description

National Semiconductor’'s NBM2256 is
a low cost, non-volatile, highly reliable
solid state memory that uses magnetic
bubble technology. The NBM2256 has
the form of a dual-in-line package
complete with the required in-plane
rotating field coils and permanent
magnet bias structure.

The package has a magnetic shield
around it to protect the data from
externally induced magnetic fields.
The magnetic materials are so chosen
that data integrity is guaranteed over a
wide temperature range.

The NBM2256 memory module has a
nominal* capacity of 256k bits
organized as 256 storage loops each
having 1024 storage locations. The
storage loops have an input track with
a swap gate on one side and an
output track with a replicate gate on
the other. The input track is serviced
by a generator and the output track
leads into a sensing area where
bubbles are stretched to produce a

*A usable number: physically there are more loops to impart
defect tolerancy.

signal large enough to be
discriminated reliably using standard
electronic circuitry.

In addition to storage area there is
one more storage loop which can be
used for the purpose of storing
defective loop information and/or the
address reference locations.

The NBM2256 Bubble Memory can
operate asynchronously up to its
maximum operating frequency, can be
started and stopped at will and does
not lose data when power is
disconnected.

Features

Solid State

Non-Volatile

High Density

Low Power

Redundant Storage Loops
Page-Oriented Access
Sequential Read/Write
Start/Stop Capability
Modular Capacity
On-Chip Error Map

O00oooooooo

Chip Organization
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NBM2256

General Specifications

Capacity 256K bits
Bubble Size < 3um
Chip Size < 100K mil2
Shift Rate 2 100kHz

Average Access Time < 7m sec.

Power Dissipation < 1 Watt
Magnetic Shielding > 20 Oe
Operating Tempera- 0°C to 70°C

ture (case)

Applications

Microcomputer Mass Storage
Word Processing Terminals
Stored Program Controllers
Measurement and Test Equipment
Electronic Disc Applications
Point-of-Sale Terminals

Operating System Storage

Fast Auxiliary Storage

oooogooog

Functions

A “'write”’ operation requires current
pulsing the generators sequentially
according to the data pattern desired
and then pulsing the swap gate when
the data block propagates and aligns

National’s Magnetic Bubble Module

and Required Iinterface —
A Functional Block Diagram

with the transfer-in ports of the
storage loops. A ‘‘read” operation
consists of pulsing the replicate gate
at the proper time when the required
data block is at the transfer-
out/replicate port. Since data is
replicated, a true non-destructive read
operation is performed which does not
require storing back the data block as
in the case of major/minor loop
organization. The replicated data block
then is sequentially propagated
through the detectors to be sensed
electronically. A data modifying
operation is similar to the “‘write"
operation since ''true swap'' gates
used exchange the new data block
with the old one in one step. The old
data block is discarded by propagating -
through the guard rails. The swap
gates also eliminate the necessity of
sustaining power for a duration longer
than the swap operation in the event
of power failure.

What are magnetic bubbles

Magnetic bubbles are tiny cylindrical
magnetic domains which are formed
in a thin magnetic layer when a

stabilizing magnetic field of optimum

+5Y ————p
AN ————p .
NBM2256 >y
T DS3616 l
ING | X < <
COIL <3
¥ A ton s$3
083617
ACTIVE
- SENSE
REFERENCE Hd ]
. \
DATA INS82851 TG | O Y
BUS CONTROLLER > DENER coiL
Fungron ™) GENERATE
TIMI
DS3615 ) swap
170 ¢ N | ANDOATALL  pyNCTION
CONTROL ORIVER —) REPLICATE
e
SENSE AMP.




magnitude is applied orthogonally to
the magnetic layer. This magnetic
layer is grown by liquid phase epitaxy
technigues over a non-magnetic
substrate.

The cylindrical magnetic domains can
be moved over in a controlled manner
with the aid of an in-plane rotating
field by the creation of attracting
manetic poles in a soft magnetic layer
such as Permalloy. These domains
can be created and destroyed at will
by using magnetic fields generated by
current-carrying conductors. The
absence or presence of a domain can
be used to denote binary information
(0", **1'") used in digital computers.
The detection of the cyclindrical
domains is performed by their interac-
tion -with a magneto-resistive element
whose change in resistance is conver-
ted into a voltage by forcing a con-
stant current through the element.

Physical Dimensions inches (millimeters)

Applications

Magnetic bubble memories are
presently used in portable terminals,
as message recorders in telephone
systems and as floppy disc replace-
ments where the environment is
hazardous to rotating memories. In
addition, they are being considered for
microprocessor mass storage applica-
tions, in word processing machines, in
point-of-sale terminals where the small
number of terminals can not justify a”
rotating memory, in data communica-
tion links, in programmable calcula-
tors, in diagnostic data logging for
large computers, and in military and
airborne applications where reliability
is of prime importance. They are also
being considered as cache between
main memory and large capacity disc
files to improve performance of the
total system.

Nationat NBM2256
[ |@ semiconauctor H
= i
———— | OFFIN
I 7909043 :]
XXXXXX
E XX j HEXADECIMAL CODING
ERAT .
gl S o
Ol xxoxxx E foLo0rs
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Section 5

MOS EPROMs

Customer-reprogrammable read-only memory has
made a remarkable impact upon the art, of logic
design. National’s EPROMs make practical new
applications of microprocessors. National is avolume
production source of the products included here, and
is developing larger EPROMs for tomorrow’s
applications.







National |
Semiconductor

MOS EPROMSs

MM1702A 2048-Bit (256 x 8) UV Erasable PROM

General Description

The MM1702A is a 256 word by 8-bit electrically
programmable ROM ideally suited for uses where fast
turn-around and pattern experimentation are important.
The MM1702A undergoes complete programming and
functional testing on each bit position prior to shipment,
thus insuring 100% programmability.

The MM1702AQ is packaged in a 24-pin dual-in-line
package with a transparent lid, The transparent lid allows
the user to expose the chip to ultraviolet light to erase
the bit pattern. A new pattern can then be written into
the device. The MM1702AD is packaged in a 24-pin
dual-in-line package with a metal lid and is not erasable,.

The circuitry of the MM1702A is entirely static; no
clocks are required.

A pin-for-pin metal mask programmed ROM, the
MM1302 is ideal for large volume production runs of
systems initially using the MM1702A.

The MM1702A is fabricated with silicon gate technology.
This low threshold technology. allows the design and
production of higher performance MOS circuits and
provides a higher functional density on a monolithic
chip than conventional MOS technologies.

Features
®  Fast programming—30 seconds for all 2048 bits

= All 2048 bits guaranteed programmable—100%
factory tested

Fully decoded, 256 x 8 organization

Static MOS—no clocks required

Inputs and outputs DTL and TTL compatible
TRI-STATE® output—OR-tie capability

Simple memory expansion—chip select input lead
Direct replacement for the Intel 1702A

Block and Connection Diagrams

Dual-In-Line Package
. PRO-

Voo Vec Voo A3 A4 A5 AB A7 Vgg Ves G5 GRAM

24 23 |22 21 20 Ji19 |1 1] 16 15 J14 1.
PROGRAM [
v
Re— DATA
AN . Uy _l_" out1
T [ onvens[—®| cooin > wathix [—>sorrens| ¢
| (268 x8) | pata
[YRLEN > auts
Note: In the resd mode a logic
“3" at the address inputs and deta
outputs is a bigh snd lagic “0" is
»low.
1 H 3 4 5 ] 7 L] L] 10 In it
A2 A1 AD [ v Vee
Lse *DATA QUT se
TOP VIEW
*This pin is the date input tead during programming.
Pin Names Order Number MM1702AQ
See NS Package J24CQ
AQ-A7 Address Inputs
cs Chip Select Input
Dout 1 = Dout g | Data Qutputs
Pin Connections® ‘
12 -3 14 15 16 22 23
MODE/PIN j—
{(Vee) (PROGRAM) (cs) {Vgg) {Vgg! (Vee! {Vee)
Read Vee Vee GND Vee Vgg Vee Vee
Programming GND Program Pulse GND Vs Pulsed Vgg (V pap) GND GND

*The external lead connections to the MM1702A differ, depending on whether the device is being programmed or used in
read mode. (See following table.) In the programming mode, the data inputs are pins 4—11 respectively.
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MM1702A

Absolute Maximum Ratings Note 1)

Storage Temperature
Power Dissipation
Read Operation

Input Voltages and Supply Voltages with

Respect to Ve
Program Operation

Input Voltages and Supply Voltages with

Respect to V¢

Lead Temperature {Soldering, 10 seconds)

—65°C to +125°C
2w

+0.5V to —20V

-48V

© 300°C

Read Operation DC Charactefisiics

T, =0°C to +70°C, Vcc =456V £5%, Vpp = -9V 5%, Vgg = -9V .*:5%, unless otherwise noted. Typicél values are at nominal

voltages and T, = 25°C. (Note 2)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
L Address and Chip Select | V,y =0.0V 1 uA
Input Load Current
Lo Output Leakage Current | Vot =0.0V, CS = Ve 2 1 uA
iooo | Power Supply Current | Vgg = Vee, €8 = Vg —2 5 10 mA
loL =0.0mA, T, = 25°C,
(Note 2)
loptr | Power Supply Current | CS = Ve =2, loL = 0.0 mA, 35 50 mA
=25°C
Iopz | Power Supply Current C5=0.0, loL =0.0mA, T4 =25°C 32 46 mA
lopz | Power Supply Current | C§ = Vee =2, lor = 0.0 mA, 38,5 60 mA
Ta =0°C
lcp1 | Output Clamp Current | Vour ==1.0V, T4 =0°C 8 14 mA
lcp2 | Output Clamp Current | Vour ==1.0, Ta = 25°C 13 mA
lea Gate Supply Current 1 MA
Viea Input Low Voltage for -1.0 Vee—4.1 \Y
TTL Interface.
ViLz Input Low Voltage for Voo Vece—6 \
MOS Interface
Vin Address and Chip Vee—2 Vecet0.3 \
Select Input High
Voltage
loL Output Sink Current Vout = 0.45V 1.6 4 mA
lon Output Source Current | Vgout = 0.0V —2.0 mA
VoL Output Low Voltage L=16mA -0.7 0.45
Vou Output High Voltage lon = —100uA 3.5 4.5 |

Note 1: Stresses above those listed under “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating only and
and functional operation of the device at these or at any other condition above those indicated in the operationat sections of this specificationis
not implied. Exposure to Absolute Maximum Rating conditions for extended periods may affect device reliability.
Note 2: Power-Down Option: VGG may be clocked to reduce power dissipation. The average |pp will vary between Ippg and 'DD‘I depending
on the Vg duty cycle (see typical characteristics). For this option, please specify MM1702AL.
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Read Operation AC Characteristics

Ta =0°Cto +70°C, Ve = 45V #5%, Vpp = —9V 5%, Vgg = —9V £5%, unless otherwise noted.

SYMBOL PARAMETER MIN TYP MAX UNITS
Freq. " Repetition Rate 1 MHz
ton Previous Read Data Valid ‘ 100 ns
tacc Address to Output Delay 0.7 1 s
toves | Clocked Vgg Set-Up (Note 1) 1 us
tes Chip Select Delay 100 ns
tco Output Delay From cs 900 ns
top Output Deselect 300 ns
toHe Data Out Hold in Clocked Vg Mode (Note 1) 5 us

Capacitance Characteristics 1, =25°c (Note 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Cin Input Capacitance All Unused V) = Ve 8 55 pF
Cour| Output Capacitance | Pins Are CS = Ve 10 15 pF
Cvss| Vag Capacitance At ac Vout = Vee 30 pF

(Note 1) Ground Vg = Vee

Note 3: This parameter is periodically sampled and is not 100% tested.

Read Operation Switching Time Waveforms

(a) Constant Vg Operation

I————— CYCLE TIME =1/F
10%
™ g 90%
tes
Vipg et
At
A\
Vo et
DATA DATA QUT DATA OUT
our INVALID INVALID

v
o tace _"‘—’l

QESELECTION OF DATA OUTPUT IN OR-TIE OPERATION
»

Vin
ADDRESS x

Vo

ADDRESS

__l
X
..

.,\|__!_

Yim %

w
Vi 0%
N | too
Vou=——= :
DATA \ ’
out
Ve
o o }‘_

Conditions of Test:
Input pulse ampiitudes: 0-4V, 1, t; < 50 ns. Qutput load is 1 TTL gate; measurs-
‘ments made at output of TTL gate (tpp < 15 ns), C, = 15 pF.

{b) Power-Down Option (Note 1)

l——cvcls TIME-W———————{' -
Vm 0%

Ko X
Vi
v,
-\lk |__m,_.|
Vi

tovee | .

Vae {NOTEN)
tace — tonc
Vou
DATA DATA OUT DATA OUY
outT INVALID INVALID

Vou

ADDRESS

s

Ve
CLOCKED
Voo

2

DESELECTION OF DATA OUTPUT IN OR-TIE OPERATION

ADDRESS

DATA OUT

B -

Note 1: The output will remain valid for topc #5 long as clocked Vgg is at Vee. An
address change may occur as s00n as the output is sensed {clocked Vg may still be at
Vcc). Data becomes invalid for the old address when clocked Vg is returned to Vgg.

Note 2: 1f TS makes a transition from Vy, ta Vyy whils clocked Vo is at Vg, then
desslection of output occurs #t top a3 shown in static operation with constant Vg,
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MM1702A

Programming Operation DC Characteristics

Ta = 25°C, Ve =0V, Vgg = 12V £10%, CS = 0V unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

{y 11 | Address and Data Input VN = 48V 10 mA
Load Current ‘

fLige  {Program and Vgg Load Vin =48V 10 mA
Current

Igs Vgg Supply Load Current (Note 5) 10 100 mA

lopp  |Peak Ipp Supply Load Vbp = Verog = —48V 200 300 mA
Current Vgg =35V (Note 4)

Vinp Input High Volitage 0.3

Vi 1p |Pulsed Data Input Low -46 -48
Voltage

V|‘|_2p Address Input Low Voltage -40 ~48 \

ViLze |Pulsed Input Low Vpp and -46 -48
Program Voltage

ViLap |Pulsed Input Low Vgg -35 —40 \%

Voltage

Note 4: Ippp flows only during Vpp, VGG on time. Ippp should not be allowed to exceed 300 mA for greater than 100us. Average
power supply current Ippp is typically 40 mA at 20% duty cycle.

Note 5: The Vgpg supply must be limited to 100 mA max current to prevent damage to the device.

Programming Operation AC Characteristics

Ta =25°C, Vee = 0V, Vg = 12V £10%, CS = OV unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Duty Cycle {Vpp, V) 20 %

tepw | Program Pulse Width Vgg =35V, Vpp = 3 ms

Verog = 748V

tow Data Set-Up Time 25 us

toH Data Hold Time 10 us

tyw Vpo. Veg Set-Up 100 us

tvo | Vbo. Vags Hold 10 100 us

tacw | Address Complement (Note 6) 25 us
Set-Up

tacH | Address Complement (Note 6) 25 us
Hold

tatw | Address True Set-Up 10 us

taTh . | Address True Hold 10 us

Note 6: All 8 address bits must be in the complement state when pulsed Vpp and VGG move to their negative levels. The addresses
{0—255) must be'programmed as shown in the timing diagram until data reads true, then over-programmed 4 times that amount.
{Symbolized by x + 4x.) ’
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Programming Operation Switching Time Waveforms
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Typical Performance Characteristics

Ipp Current vs Temperature

Output Current vs Vpp
Supply Voltage
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MM1702A

Operation of the MM1702A in Program Mode

Initially, all 2048 bits of the ROM are in the 0"
state (output low). Information is introduced by selec-
tively programming ‘‘1's” (output high) in the proper bit
locations.

Word address selection is done by the same decoding
circuitry used in the READ mode (see table for logic
levels). All 8 address bits must be in the binary comple-
ment state when pulsed Vpp and Vgg move to their
negative levels. The addresses must be held in their binary
complement state for a minimum of 25us after Vpp and
Vg have moved to their negative levels. The addresses
must then make the transition to their true state a

MM1702A Erasing Procedure

The MM1702A may be erased by exposure to high
intensity short-wave ultraviolet light at a wavelength of
2537A. The recommended integrated dose (i.e., UV
intensity x exposure time) is 6W sec/cm?. Examples of
ultraviolet sources which can erase the MM1702A in 10
to 20 minutes are the Model UVS-54 and Model $-52
short-wave ultraviolet lamps manufactured by Ultra-
Violet Products, Inc. (6114 Walnut Grove Avenue,
San Gabriel, California). The lamps should be used with-

minimum of 10us before the program pulse is applied.
The addresses should be programmed in the sequence
0-255 for a minimum of 32 times. The eight output
terminals are used as data inputs to determine the
information pattern in the eight bits of each word. A low
data input level (—48V) will program a ““1” and a high
data input level {ground) will leave a “0" (see table on
page 4-4). All eight bits of one word are programmed
simultaneously be setting the desired bit information
patterns on the data input terminals.

During the programming, Vgg, Vpp and the Program
Pulse are pulsed signals.

out short-wave filters, and the MM1702A to be erased
should be placed about one inch away from the famp
tubes. There exists no absolute rule for erase time.
Establish a worst case time required with the equipment.
Then over-erase by a factor of 2, i.e., if the device
appears erased after 8 minutes, continue exposure for
an additional ‘16 minutes for a total of 24 minutes.
(May be expressed as x + 2x.)
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National MOS EPROMSs
Semiconductor

MM2708, MM2708-1 8192-Bit
(1024 x 8) UV Erasable PROMs

1-802WIN ‘80LCININ

General Description Features

The MM2708, MM2708-1 are high speed 8192 UV ® 1024 x 8 organization
erasable and electrically reprogrammable EPROMs

ideally suited for applications where fast turn-around = 800 mW max

and pattern experimentation are important requirements, » Low power during programming
The MM2708, MM2708-1 are packaged in a 24-pin = Access time — MM2708, 450 ns; MM2708-1, 350 ns
dual-in-line package with transparent lid. The trans-

parent lid allows the user to expose the chip to ultra- = Standard power supplies: 12V, 5V, -5V

violet light to erase the bit pattern. A new pattern can m Static—no clocks required
then be written into the devices by following the pro-
gramming procedure. ® |nputs and outputs TTL compatible during both

read and program modes

These EPROMs are fabricated with the reliable, high = TRISTATE® output

volume, time proven, N-channel silicon gate technology.

Dual-In-Line Package

4
ol 1J 2,

Block and Connection Diagrams

2 23
€— vpp 12V A8 — [ A8
v+ sV o 2 .
4— Vgg GND
< Vgg -5V A= 21 Vis
DATA ouwu!s (PRDGHAM INPUTS) . 1w
A3— — CSME
5 19
E§/wE—>| CHIP SELECT AND WRITE ENABLE LOGIC I T I T T T T 1 A2 — — Voo
1 | a1 =L 18 ¢
] ' CUTPUT BUFFERS . — PROGRAM PROGRAM
e —»|  (NPUT BUFFERS) + ~huse . ”
A0 — — 08
|
\ | ] 16
m ADDRESS 4 voecope |16 Y GATING | 01— — 07
BUFFER
ADORESS | il LAY
INPUT x ol I | | | 0z
bod ot 102X 8
fooness = X DECODE i“ > 31%| wemory matni | 03 =4 19 o5
111l ! 12 13
[ [ } Vgs =i | 04
. S o
TOP VIEW

Order Number MM2708Q or MM2708Q-1
See NS Package J24CQ

_ Pin Connection During Read or Program

MODE PIN NUMBER
9-11,13-17| 12 18 19 20 21 24 . -
Pin Description
Read Dout Vss [ Vss | Vbp | ViL | Ves | Vce AD—A9  Address inputs
01-08 Data outputs
Program DIN Vss | Pulsed | VDD ViHw | VBB | Ve CS/WE  Chip select/write enable input
ViHp




.

MM2708, MM2708-1

Absolute Maximum Ratings (Note 1)

Temperature Under Bias —25°C to +85°C
Storage Temperature -65°C to +125°C
Vpp with Respect to Vg 20V to 0.3V
Ve and Vgg with Respect to Vg 15V to —0.3V
All Input or Output Voltages with

Respect to Vg During Read 15V to —0.3V

Read Operation

DC Operating Characteristics

CS/WE Input with Respect to Vg

During Programming 20V to 0.3V
Program Input with Respect to VBB 35V to —0.3V
Power Dissipation 1.5W
Lead Temperature (Soldering, 10 seconds) 300°C

TA =0°Cto +70°C, Ve = 5V 5%, Vpp = 12V 5%, VBB = —5V 6%, Vgg = OV, unless otherwise noted, (Note 3)

SYMBOL PARAMETER CONDITIONS MIN TYP | MAX UNITS
TN Address and Chip Select Input VIN=5.25V or VIN=V|L 1 10 nA
Sink Current
Lo Output Leakage Current VouT = 5.26V, CS/WE = 5V 1 10 MA
‘DD VpD Supply Current Worst-Case Supply Currevnts, All Inputs 44 65 mA
’ High, CS/WE =5V, Ta = 0°C
Icc V¢ Supply Current Worst-Case Supply Currents, All Inputs 7 10 mA
‘ High, CS/WE =5V, Ta = 0°C
BB Vg Supply Current Worst-Case Supply Currents, All Inputs 34 45 mA
High, CS/WE = 5V, Ta = 0°C
VL Input Low Voltage Vgs .0.65 v
ViH Input High Voltage 3.0 Veett \
VOH1 | Output High Voltage loH =—100 uA 3.7 \
VQOH2 | Output High Voltage IoH=-1mA 2.4 \
VoL | Output Low Votlage loL=1.6mA 0.45 \
Pp Power Dissipation 800 mW
:AC Electrical Characteristics
Ta = 0°C to +70°C, Vi = 5V 5%, Vpp = 12V 6%, VBB = —5V 5%, Vgg = OV, unless otherwise noted
: MM2708 MM2708-1
SYMBOL PARAMETER .CONDITIONS N MAX MIN MAX UNITS
tACC |Address to Output Delay Output Load: 1 TTL Gate and C_= 100 pF, 450 350 ns
tco Chip Select to Output Delay Input Rise and Fall Times < 20 ns: Timing 120 120 ns
- Measurement Reference Levels: 0.8V
tDF Chip Deselect to Output Delay and 2.8V for Inputs; 0.8V and 2.4V for 0 120 120 ns
t1OH Address to Output Hold Qutputs, Input Pulse Levels: 0.65V to 3V 0 0 ns
CAPACITANCE (Note 2)
CIN tnput Capacitance ViN =0V, Ta=25°C, f= 1 MHz 6 6 pF
CouT [Output Capacitance VouT =0V, Ta = 25°C, f = 1 MHz 12 12 pF
Note 1: '’Absolute Maximum Ratings’ are those vaiues beyond which the safety of the device cannot be guaranteed. Except for “Operating

Temperature Range’ they are not meant to imply that the devices should be operated at these limits. The table of "Elecmcal Characteristics'’
provides conditions for actual device operation.

Note 2: Capacitance is guaranteed by periodic testing. Tp = 25°C,f =1 MHz
Note 3: Typical conditions are for operation at: Ta = 25°C, Vg =5V, Vpp = 12V, Vgg = -5V, and Vgg = OV.
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Switching Time Waveforms

ADDRESS x

TSwe \

[~—toH

I——tfﬁ —

tACC

~={ tgf

DATA
our DATA OUT INVALID /M

DATA OUT:
FLOATING

Programming Instructions

Initially, and after each erasure, all bits of the MM2708,
MM2708-1 are in the 1 state {output high). Infor-
ation is introduced by selectively programming “0""
into the desired bit locations. A programmed ‘0’
can only be changed to a “1"' by UV erasure.

The circuit_is set up for programming operation by
raising the CE/WE input (pin 20) to +12V. The word
address is selected in the same manner as in the read
mode. Data to be programmed are presented, 8 bits in
parallel, to the data output lines (O1—-08). Logic levels
for address and data lines and the supply voltages are
the same as for the read mode. After address and data
set up, one program pulse per address is applied to the
program input (pin 18). One pass through all addresses

required is a function of the program pulse width (tpyy)
according to N x tpyy > 100 ms.

The width of the program pulse is from 0.1 to 1 ms. The
number of loops (N) is from a minimum of 100 {tpy =
1 ms) to greater than 1000 (tpw = 0.1 ms). There must
be N successive loops through all 1024 addresses. /t /s
not permitted to apply N program pulses to an address
and then change to the next address to be programmed.
Caution should be observed regarding the end of a pro-
gram sequence. The CS/WE falling edge transition must
occur before the first address transition when changing
from a program to a read cycle. The program pin should
also be pulled down to Vi p with an active instead of a
passive device. This pin will source a small amount of
current {1|py) when CS/WE is at ViHw (12V) and the

802NN ‘80Z2ININ

is defined as a program loop. The number of loops (N) program pulse is at V|Lp.

Programming Characteristics
Ta =25°C, i/cc =56V 5%, Vpp = 12V £5%, VgB = —5V 5%, Vgg = 0V, unless otherwise noted

DC Programming Characteristics

SYMBOL PARAMETER CONDITIONS MIN TYP | MAX UNITS
TR Address and CS/WE Input V|N = 5.25V ‘ 10 LA
Sink Current
hipL Program Pulse Source Current 3 mA E
liPH Program Pulse Sink Current ) 20 mA
DD VDD Supply Current Worst-Case Supply Currents, All Inputs High, 44 65 mA
CS/WE =5V, Tp =0°C
lcc V¢ Supply Current Worst-Case Supply Currents, All Inputs High, 7 10 mA
CS/WE =5V, Ta =0°C '
BB VBB .Supply Current Worst-Case Supply Currents, All Inputs High, 34 45 mA
CS/WE =5V, Ta=0°C
ViL Input Low Leve! (Except Vss 0.65 \
Program)
VIH Input High Level, All 3.0 Veett \
Addresses and Data
ViHw | CS/WE Input High Level Referenced to Vgg 1.4 12.6
VIHpP | Program Puise High Level Referenced to Vgg 25 27
ViLp | Program Pulse Low Level VIHP — V|LP = 25V Min Vss 1 A\
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-MM2708, MM2708-1

AC Programming Characteristics

SYMBOL PARAMETER CONDITIONS MiIN TYP MAX UNITS
tAS Address Set-Up Time 10 us
tcss | CS/WE Set-Up Time 10 us
tDS Data Set-Up Time 10 us
tAH Address Hold Time 1 us
tcH CS/WE Hold Time 0.5 us
tDH Data Hold Time 1 us
tDF Chip Deselect to Output Float Delay 0 120 us
tDPR Program to Read Delay 10 us
tPw Program Pulse Width 0.1 1.0 ms
tPR Program Pulse Rise Time 0.5 20 us
tPF Program Pulse Fall Time 0.5 2.0 us
Programming Waveforms

1 0F N PROGRAM LOOPS (AFTER N PROG -~
Vikw LOOPS)
TSWE
Vie
- tCss(10) | ‘a5 | ‘LL woTE
Vin Wl s
ADDRESS x ADDRESS 0 x ADDRESS 1 ADDRESS 1023 x ADDRESS 0
Vi o
¢ i T tAH(1)
== tAs(10) ha il U tacc MAX
Vin ' :
DATA OUT DATA OUT’
DATA “ >< >< INVALID VALID /
I
== tDs(10) 1 =1 = toH() == | = toH)
{0.1ms MIN,
R(LH — l—— ow ﬁin—:.rme);A‘ = tpF(05) 10PR(10 MAX)
Vinp )
s
PROGRAM
PULSE

Vu**"‘"‘

L

Note 1: The CS/WE transition must occur after the program pulse transition and before the address transition.
Note 2: Numbers in parentheses indicate minimum timing in microseconds unless otherwise specified.
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Functional Description

ERASING

The MM2708 is erased by exposure to high intensity
ultraviolet light through the transparent window. This
exposure discharges the floating gate to its initial state
through induced photo current. It is recommended
that the MM2708 be kept out of direct sunlight. The
UV content of sunlight may cause a partial erasure
of some bits in a relatively short period of time. Direct
sunlight can also cause temporary functional failure.
Extended exposure to room level fluorescent lighting
will also cause erasure. An opaque coating (paint, tape,
label, etc.) should be placed over the package window
if this product is to be operated under these lighting
conditions.

An ultraviolet source of 2537 A yielding a total inte-
grated dosage of 15 watt-seconds/cm?2 is required. This
will erase the part in approximately 15 to 20 minutes

if a UV lamp with a 12,000 uW/cm2 power raiing is
used. The MM2708 to be erased should be placed
1 inch away from the lamp and no filters should be used.

An erasure system should be calibrated periodically.
The distance from lamp to unit should be maintained
at 1 inch. The erasure time is increased by the square
of the distance {if the distance is doubled the erasure
time goes up by a factor of 4). Lamps lose intensity
as they age. When a lamp is changed, the distance is
changed, or the lamp is aged, the system should be
checked to make certain full erasure is occurring. In-
complete erasure will cause symptoms that can be
misleading. Programmers, components and system

‘designs have been erroneously suspected when incom-

plete erasure was the basic problem,

Typical AC Performance Characteristics

Access Time vs Temperature
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MM2716

National
Semiconductor

MOS EPROMs

MM2716 16,384-Bit (2048 x 8) UV Erasable PROM

General Description Features

The MM2716 is a high speed 16k UV erasable and 2048 x 8 organization

electrically reprogrammable EPROM ideally suited for ®m 525 mW max active power, 132 mW max standby
applications where fast turpn-around and pattern ex- power

perimentation are important requirements.

The MM2716 is packaged in a 24-pin dual-in-line pack-
age with transparent lid. The transparent lid allows

® L ow power during programming
®m Access time—MM2716, 450 ns; MM2716-1, 350 ns;
MM2716-2, 390 ns

the user to expose the chip to ultraviolet light to erase ® Single 5V power supply

the bit pattern. A new pattern can then be written into ® Static—no clocks required

the device by following the programming procedure. ® |nputs and outputs TTL compatible during both
read and program modes

This EPROM is fabricated with the reliable, high volume, m TRI-STATE® output

time proven, N-channel silicon gate techndlogy.

Block and Connection Diagrams *

Dual-In-Line Package

. 1 2
€——— VPP +5V A= U Ve
€ VEC+5V o 123 08
4= VSS GND
a5 122 g
DATA QUTPUTS (PROGRAM INPUTS) 4 .
0p-07 (00-07) Ad— — VPP
A
- 5 2
OE (B) =P CONTROL/PROGRAM A3 = DE (@)
CE/PGM (E/P) mep LOGIC 5 19
I A2 — A10
L} ! CUTPUT BUFFERS 7 .
+ | I (INPUT BUFFERS) At—y 18 e /pom (E/P)
Y = 17 o, (1)
m ADDRESS 4 > YDECODE {18 Y GATING o ]
ADDRESS SUFFER Op (00— . . 15 05 (as)
INPUT . . 0 "
ADORESS | 7 XDEcoDE  [128 e 0 (1= — 05 (05)
BUFFER
. 0102 1% 04 (00)
vss =4 ' 0500
TOP VIEW
Order Number MM2716Q, MM2716Q-1
or MM2716Q-2
Pin Connection During Read or Program See NS Package J24CQ
PIN NAME/NUMBER Pin Names
CE/PGM OE ‘ A0-A10 Address Inputs
E = =) TPUTS
MoD (E/P) (@ | VPP | vCC ou 09-07 (Q0-Q7)  Data Outputs
18 20 {21 ] 24 | 9-1,13-17 CE/PGM (E/P)  Chip Enable/Program
Read VIL ViL 5 5 DOUT OE (G) Output Enable
Program | PulsedVIL | VIH| 25 | & DIN vee Read 5V, Program 25V
. VCC Power (5V)
to VIH
VSS Ground

'Svmbols in pafentheses are proposed industry standard




Absolute Maximum Ratings note 1)

91.CININ

Temperature Under Bias —25°C to +85°C . All input or Output Voltages with

Storage Temperature -65°C to +125°C Respect to VSS {except VPP) 6V to —0.3V

VPP Supply Voltage with Respect Power Dissipation 15W
to VSS 26.5V to —0.3V Lead Temperature {Soldering, 10 seconds) 300°C

READ OPERATION (Note 2)
DC Operating Characteristics

TA = 0°C to +70°C, VCC = 5V £5%, (VCC = 5V £10% for MM2716-1),
VPP = VCC £0.6V {Note 3), VSS = 0V, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Ll Input Current VIN =525V or VIN = VIL .10 HA
1LO Output Leakage Current VOUT = 525V, CE/PGM = 5V 10 HA
IPP1 VPP Supply Current VPP = 5.85V 5 mA
IcC1 VCC Supply Current (Standby) CE/PGM = VIH, OE = VIL 10 25 mA
1CC2 VCC Supply Current {Active) CE/PGM = OE = VIL 57 100 mA
VIL Input Low Voltage 0.1 0.8 \
VIH Input High Voltage 2.0 Ve + 1 v
VOH QOutput High Voltage IOH = 400 uA 2.4 Y
voL QOutput Low Voltage 0L =21 mA 0.45 - v

AC Characteristics (Note 4)

Ta =0°C to +70°C, VCC = BV 5%, (VCC = 5V +10% for MM2716-1),
VPP = VCC 0.6V (Note 3), VSS = 0V, unless otherwise noted.

SYMBOL PARAMETER conomoﬁs MM2716 MM2716-1 MM2716-2 ONITS
ALTERNATE |STANDARD MIN | MAX | MIN | mAX | MIN | MAX

tACC TAVQV  [Address to Output Delay CE/PGM = OE = VIL 450 350 390 ns
tCE TELQV _ |CE to Output Delay OE = VIL ) 450 350 390 ns
toE TGLQV Output Enable to Output Delay CE/PGM = VIL 120 120 120 ns
tDF TGHQZ Output Enable High to Output Hi-Z CE/PGM = VIL 0 100 Q 100 0 100 ns
tOH TAXQX  |Address to Output Hold CE/PGM = OE = VIL 0 0 0 ns
toD TEHQZ  |CE to Qutput Hi-Z OE = VIL 0 100 0 100 0 100 ns

Capacitance (note 5)
Ta=25°C, f=1MHz

SYMBOL PARAMETER CONDITIONS | TYP | MAX UNITS
[o]] Input Capacitance | VIN = 0V 1 4 6 pF

co Output Capacitance | VOUT = 0V 8 12 pF

Note 1: “Absolute Maximum Ratings'’ are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating
Temperature Range’” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics’’
provides conditions for actua! device operation.

Note 2: Typical conditions are for operation at: Tp = 25°C, VCC = 5V, VPP = VCC, and VSS = 0V.

Note 3: VPP may be connected to VCC except during program. The 0.6V tolerance allows a circuit to switch VPP between the read voltage
and the program voltage.

Note 4: Output load: 1 TTL gate and CL = 100 pF. Input rise and fall times < 20 ns.

Note 5: Capacitance is guaranteed by periodic testing.
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Switching Time Waveforms *

Read Cycle (CE/PGM = VIL)

VIH 7N -y
ADDRESSES / % VALID VALID
VIL

t0H
= (Taxax) ™
VIH =
OUTPUT ENABLE . \

VL \

| tOE

\ oF

tace rLav) (TeHOZ) ™ [~
VOH — (TAVQV) -
OUTPUT VALID

voL

Read Cycle (OE = VIL)

VIH XA
ADDRESSES % VALID VALID

VIL 7%

toH
= (taxax) ™"
Vi \ .
CHIP ENABLE ; ' S
VIL \
< > _%Emv) by ——
. 'ACC (TEHQZ)
vou (TAVQV)
OUTPUT Hi-Z VALID Hi-z
voL
Standby Power Down Mode (OE = VIL)
VIH ‘
ADDRESSES VALID VALID
vIL /

e
VI ~(TELav) -
CHIPENABLE 7 STANDBY ACTIVE STANDBY

» tap 1 ACC |
(TEHQZ) (TAVav) ‘

Hi-Z

ouTPUT

Vo VALID FOR Hi-Z Y, VALID FOR
voL —CURRENT ADDRESS { CURRENT ADDRESS

4’Symbols in parentheses are proposed industry standard




PROGRAM OPERATION
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DC Electrical Characteristics and Operating Conditions (Notes 1 and 2)
(TA =25°C #5°C) (VCC = 5V +5%, VPP = 25V +1V)

SYMBOL PARAMETER MIN TYP MAX UNITS
i Input Leakage Current {Note 3) 10 uA
VIL Input Low Level -0.1 0.8
VIH Input High Level 20 VCC +1
ICC VCC Power Supply Current 100 ‘mA
{PP1 VPP Supply Current (Note 4) 5 mA
IPP2 VPP Supply Current During : : 30 mA

Programming Pulse (Note 5)

AC Characteristics and Operating Conditions (notes 1, 2, and 6)
{TA =25°C £5°C) (VCC = 5V £5%, VPP = 25V £1V)

SYMBOL .
PARAMETER MIN TYP MAX UNITS
ALTERNATE | STANDARD
tAS TAVPH Address Setup Time 2 us
tos TGHPH OE Setup Time 2 us \
tps TDVPH Data Setup Time 2 us
tAH TPLAX Address Hold Time 2 us
toH TPLGX OE Hold Time 2 us
tDH TPLDX Data Hold Time 2 us
i1DF TGHQZ Chip Disable to Output Float 0 100 ns
Delay (Note 4)
1CE TGLQV Chip Enable to Output Delay (Note 4) : 120 ns
tpw TPHPL Program Pulse Width 45 50 55 ms
tPR TPH1PH2 Program Pulse Rise Time 5 ns
tPF TPL2PL1 Program Pulse Fall Time 5 ns

Note 1: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP, To prevent damage to
the device it must not be inserted into a board with power applied.

Note 2: Care must be taken to prevent overshoot of the VPP supply when switching to +25V.
Note 3: 0.45V < VIN < 5.25V. .

Note 4: CE/PGM = VIL, VPP = VCC + 0.6V.

Note 5: VPP =26V.

Note 6: Transition times < 20 ns unless noted otherwise.
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Timing Diagram *

Program Mode

VIH
ADDRESSES
ViL

DATA

PROGRAM PROGRAM VERIEY
OE=VIH OE=VIL
CURRENT ADDRESS X ADDRESS X +1
| tas tan DATA OUT
(TAVPH)“] (TPLAX) VALID ADDRESS X
VIH ———— ' DATAIN STABLE wz A 7N DATA IN STABLE
iL CURRENT ADDRESSX [T ADDRESSX +1
CE
o (T6Lav) or
(TeHez) > == (TGRO2)

_VIH { toH
[ ? (TPLDX) ™
viL tog
(TDVPH)
tos
;m;uru)’
ViH
70 N\

VL ————A

W
(TPHPL)

toH
[~ (TPLGX)

n—

/_

PR
(TPH1PH2)

Functional Description
DEVICE OPERATION

2 23
1 11K
——-J

The MM2716 has 3 modes of operation in the normal
system environment. These are shown in Table |.

Read Mode

The MM2716 read operation requires that OE = ViL,
CE/PGM = VIL and that addresses AO—A10 have been
stabilized. Valid data will appear on the output pins’
after tACC, tQE or tCg times (see Switching Time

Waveforms) depending on which is limiting.

Deselect Mode

The MM2716 is deselected by making OE = VIH. This
mode is independent of CE/PGM and the condition of
the addresses. The outputs are Hi-Z when OE = VIH.
This allows OR-tying 2 or more MM2716’s for memory

expansion,

tpF
- (TPLIPL)

Standby Mode (Power Down)

The MM2716 may be powered down to the standby
mode by making CE/PGM = VIH. This is independent of
OE and automatically puts the outputs in their Hi-Z
state. The power is reduced to 25% (132 mW max)
of the normal operating power. VCC and.VPP must be
maintained at 5V. Access time at power up remains
either tocc or teE (see Switching Time Waveforms).

PROGRAMMING

The MM2716 is shipped from National completely
erased. All bits will be at a 1" level (output high)
in this initial state and after any full erasure. Table 11
shows the 3 programming modes,

TABLE I. OPERATING MODES (VCC = VPP =5V)

PIN NAME/NUMBER
MODE CE/PGM OE OUTPUTS
(E/P) (G) .
18 20 9-11,13-17
Read VIL VIL DOUT
Deselect | Don't Care " VIH Hi-Z
Standby VIH Don’t Care Hi-Z

TABLE |I. PROGRAMMING MODES (VCC =5V)

PIN NAME/NUMBER
MODE CE/PGM | OE | vPP | OUTPUTSQ
(E/P) (G) .
18 20 21 9-11,13-17
Program Pulsed VIL | VIH | 25 DIN
to VIH
Program Verify ViL VIL | 25(5) DOUT
Program Inhibit viL VIH| 25 Hi-z

*Symbols in parentheses are proposed industry standard
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Functional Description (continued)

Program Mode

The MM2716 is programmed by introducing “0''s into
the desired locations. This is done 8 bits (a byte) at a
time. Any individual address, a sequence of addresses,
or addresses chosen at random may be programmed.
Any or all of the 8 bits associated with an address
|ocation may be programmed with a single program
pulse applied to the chip enable pin. All input voltage
levels, including the program pulse on chip enable are
TTL compatible. The programming sequence is:

With VPP = 26V, VCC = 5V, OE = VIH and CE/PGM
= VIL, an address .is selected and the desired data
word is applied to the output pins. (VIL = 0" and

VIL = “1” for both address and data.} After the

address and data signals are stable the program pin
is pulsed from VIL to VIH with a pulse width be-
tween 45 ms and 55 ms.

Multiple pulses are not needed but will not cause device
damage. No pins should be left open. A high level
(VIH or higher) must not be maintained longer than
tPW(MAX) on the program pin during programming.
MM2716’s may be programmed in parallel with the
same data in this mode.

Program Verify Mode

The programming of the MM2716 may be verified
either 1 word at a time during the programming (as
shown in the timing diagram) or by reading all of the
words out at the end of the programming sequence.
This can be done with VPP = 25V (or 5V} in either case.

Program Inhibit Mode

The program inhibit mode allows programming several
MM2716's simultaneously with different data for each
one by controlling which ones receive the program pulse.
All similar inputs of the MM2716 may be paralleled.
Pulsing the program pin (from VIL to VIH) will program

a unit while inhibiting the program pulse to a unit will
keep it from being programmed and keeping OE = VIH
will put its outputs in the Hi-Z state.

ERASING -

The MM2716 is erased by exposure to high intensity
ultraviolet light through the transparent window. This
exposure discharges the floating gate to its initial state
through induced photo current. It is recommended
that the MM2716 be kept out of direct sunlight. The
UV content of sunlight may cause a partial erasure
of some bits in a relatively short period of time. Direct
sunlight can also cause temporary functional failure.
Extended exposure to room level fluorescent lighting
will also cause erasure. An opaque coating (paint, tape,
label, etc.) should be placed over the package window
if this product is to be operated under these lighting
conditions.

An ultraviolet source of 2537 A yielding a total inte-
grated dosage of 15 watt-seconds/cm2 is required.
This will erase the part in approximately 15 to 20
minutes if a UV lamp with a 12,000 ;1W/cm2 power
rating is used. The MM2716 to be erased should be
placed 1 inch away from the tamp and no filters should
be used.

An erasure system should be calibrated periodically.
The distance from lamp to unit should be maintained
at 1 inch. The erasure time is increased by the square
of the distance (if the distance is doubled the erasure
time goes up by a factor of 4). Lamps lose intensity
as they age. When a lamp is changed, the distance is
changed, or the lamp is aged, the system should be
checked to make certain full erasure is occurring. In-
complete erasure will cause symptoms that can be
misleading. Programmers, components, and system
designs have been erroneously suspected when incom-
plete erasure was the basic problem.

91.ZININ




MM2716E

National
Semiconductor

MOS EPROMs
PRELIMINARY

MM2716E 16,384-Bit (2048 x 8) UV Erasable PROM

Extended Temperature Range

General Description

The MM2716E is a high speed 16k UV -erasable and
electrically reprogrammable EPROM ideally suited for
applications where fast turn-around and pattern ex-
perimentation are important requirements.

The MM2716E is packaged in a 24-pin dual-in-line
package with transparent lid. The transparent lid allows
the user to expose the chip to ultraviolet light to erase
the bit pattern. A new pattern can then be written into
the device by following the programming procedure.

This EPROM is fabricated with the reliable, high volume,
time proven, N-chgnnel silicon gate technology.

Features

= —40°Cto +85°C

®m 2048 x 8 organization

550 mW max active power, 137.5 mW max standby
power

Low power during programming

Access time — 450 ns

Single 5V £10% power supply

Static—no clocks required

Inputs and outputs TTL compatible durlng both
read and program modes

m TRI-SSTATE® output

Block and Connection Diagrams*

Dual-In-Line Package

2
— vrresy w14 ) 2 vee
= \/CC + 5V A6 _2_ 123 18
@ VSS GND
As— 122 5o
DATA QUTPUTS (PROGRAM INPUTS) . »
0g-07 (Q0-27) A4 21 vep
G — CONTROL'PROGRAM PRt 20 6t (@)
E PGM (E P) =—eelpp LOGIC N 1
! | | A2 — 10
| ! OUTPUT BUFFERS
4 -] (INPUT BUFFERS) " m ' ILI—
‘ ¥ :> :> Py 17 6,007
m ADDRESS q vDECODE |16 Y GATING
ADDRESS BUFFER 0, (00— 16 05 (06)
INPUT X 0
sovaess - [7 N xoccooe [Tz e 0y (a4 2 05 (05)
. 0z (214 1 04100
vss 4 B 03003
TOP VIEW
Order Number MM2716QE
Pin Connection During Read or Program See NS Package J24CQ
Pin Names
PIN NAME/NUMBER .
CE/PGM OE A0—-A10 Address Inputs
MODE (E/P) (G | vPP | vee OUTPUTS 0p—07 (Q0-Q7)  Data Outputs
18 20 | 21 24 9-11,13-17 CE/PGM (E/P) Chip Enable/Program
OE (G) Output Enable
Read -
e vik ViL1 5 5 pouT VPP Read 5V, Program 25V
Program Pulsed VIL | VIH | 25 5 VvCC Power (5V)
to VIH VSS Ground

'Symbols in parentheses are proposed industry standard




Absolute Maximum Ratings (note 1)

Temperature Under Bias —50°C to +100°C All Input or Output Voltages with

Storage Temperature -65°C to +125°C Respect to VSS (except VPP) 6V to —0.3V

VPP Supply Voltage with Respect Power Dissipation . 1.5wW
to VSS 26.5V to -0.3V Lead Temperature (Soldering, 10 seconds) 300°C

READ OPERATION note 2)

DC Operating Characteristics
Ta= —40°C to +85°C, VCC =5V +10%, VPP = VCC 0.6V (Note 3), VSS = 0V, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Il Input Current VIN =55V or VIN = VIL . S 10 uA
1LO Output Leakage Current VOUT = 5.5V, CE/PGM = 5V 10 uA
IPP1 VPP Supply Current VPP =6.1V 5 mA
icct VCC Supply Current {Standby) CE/PGM = VIH, OE = VIL 10 25 mA
Icc2 VCC Supply Current (Active) CE/PGM = OE = VIL 57 100 mA
VIL Input Low Voltage -0.1 ‘ 0.8 v
VIH Input High Voltage 2.0 Vee+1 \
VOH Output High Voltage IOH = -400 A 24 A
vOoL Output Low Voltage 1I0L=2.1mA 0.45 \

AC Characteristics (Note 4)
Ta = —40°C to +85°C, VCC = 5V £10%, VPP = VCC #0.6V (Note 3), VSS = 0V, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN MAX UNITS
ALTERNATE| STANDARD

tace TAVQV Address to Output Delay CE/PGM = OE = VIL 450 ns
tce TELQV E to Output Delay OE = VIL 450 ns
tOE TGLAvV Output Enable to Qutput Delay CE/PGM = VIL 120 ns
tDF TGHQz Output Enable High to Output Hi-Z CE/PGM = VIL 0 100 ns
tOH TAXQX Address to Output Hold CE/PGM = OE = VIL 0 ns
oD  TEHQZ E to Output Hi-Z OE=VIL 0 100 ns

Capacitance (vote 5)
Ta=25°C,f=1MHz

SYMBOL PARAMETER CONDITIONS | TYP | MAX | UNITS
Cl Input Capacitance VIN = 0V 4 6 pF

co Output Capacitance| VOUT = 0V 8 12 pF

Note 1: “Absolute Maximum Ratings’’ are those values-beyond which the safety of the device cannot be guaranteed. Except for “‘Operating
Temperature Range’’ they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics’’
provides conditions for actual device operation. .

Note 2: Typical conditions are for operation at: T = 25°C, VCC = 5V, VPP = VCC, and VSS = 0V,

Note 3: VPP may be connected to VCC except during program. The +0.6V tolerance allows a circuit to switch VPP between the read voltage
and the program voltage. .

Note 4: Output load: 1 TTL gate and CL = 100 pF. Input rise and fall times < 20 ns.

Note 5: Capacitance is guaranteed by periodic testing.
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Switching Time Waveforms*

Read Cycle (CE/PGM = VIL)

VIH ZZ22 y
ADDRESSES % VALID VALID
VIl ggggsqs444
tOH
= (raxox) ™|
ViH \ »
OUTPUT ENABLE 5
viL - I‘
. |_tOE
Ea—— tpF
tAccv (roLav) (TeHa) ™ [
VoH Hi-Z e ‘ Hi-Z
ouUTPUT VALID
voL
Read Cycle (OE = VIL)
H 22, A 4
ADDRESSES % VALID >< VALID
VIL £ ~
toy
=~ (TAxax) ]
VIH \
CHIP ENABLE \
viL 9
- i —?¥Emw ol [—-—
e 'ACC ] (TEHQZ)
voH (TAVAV)
ouTPUT HiZ VALID Hiz
voL
Standby Power Down Mode (OE = VIL)
VIH \
ADDRESSES VALID VALID
viL 7/
- : e— ICE
VIH (TELQV)
CHIP ENABLE it 7 STANDBY ACTIVE / STANDBY
. top 'ACC
™ [T (TEHoz) —rAavaw) ™
VOH ' i
oUTPUT VALID FOR Hi-z L VALID FOR Hi-Z
voL —CURRENT ADDRESS “\|  CURRENT ADDRESS

i'Symbols in parentheses are proposed industry standard




PROGRAM OPERATION
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DC Electrical Characteristics and Operating Conditions (notes 1 and 2)
(TA = 25°C +5°C) (VCC = 5V #5%, VPP = 25V £1V)

SYMBOL PARAMETER MIN TYP MAX UNITS
It Input Leakage Current (Note 3) 10 MA
VIL Input Low Level -0.1 0.8
VIH Input High Level 2.0 VCC + 1
icc’ VCC Power Supply Current 100 mA
IPP1 VPP Supply Current (Note 4) 5 mA
1PP2 VPP Supply Current During 30 mA

Programming Pulse (Note 5)

AC Characteristics and Operating Conditions (notes 1, 2, and6)
(TA = 25°C £5°C) (VCC = 5V £5%, VPP = 25V +1V)

SYMBOL PARAMETER MIN TYP MAX UNITS
ALTERNATE | STANDARD
tAS TAVPH Address Setup Time 2 us
t0s TGHPH CE Setup Time 2 us
tDs "1 TDVPH Data Setup Time 2 Ms
tAH TPLAX Address Hold Time 2 Hs
tOH TPLGX OE Hold Time 2 us
tDH TPLDX Data Hold Time 2 us
tDF TGHQZ Chip Disable to Output Fioat 0 100 ns
Detay (Note 4)
tCE TGLQV Chip Enable to Output Delay (Note 4) 120 ns
tpw TPHPL Program Pulse Width 45 50 55 ms
tPR TPH1PH2 Program Pulse Rise Time 5 ns
tpPF TPL2PL1 Program Pulse Fall Time 5 ns

Note 1: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to
the device it must not be inserted into a board with power applied.

Note 2: Care must be taken to prevent overshoot of the VPP supply when switching to +25V.

Note 3: 0.45V < VIN -1 5.25V.

Note 4: CE/PGM = VIL, VPP = VCC + 0.6V.

Note 5: VPP = 26V.

Note 6: Transition times < 20 ns unless noted otherwise.
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Timing Diagram*

Program Mode

PROGRAM PROGRAM VERIFY
OE=ViH 0E=viL -
VIH !
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Functional Description
DEVICE OPERATION

The MM2716E has 3 modes of operation in the normal
system environment. These are shown in Table |.

Read Mode

The MM2716E read operation requires that OE = VIL,
CE/PGM = VIL and that addresses AO—~A10 have been
stabilized. Valid data will appear on the output pins
after tACC, tQE. tCE times {see Switching Time Wave-
forms) depending on which is limiting.

Deselect Mode

The MM2716E is deselected by making OE = VIH, This
mode is independent of CE/PGM and the condition of
the addresses. The outputs are Hi-Z when OFE = VIH.
This allows OR-tying 2 or more MM2716Es for memory
expansion,

Note: VPP = 25V

Standby Mode (Power Down)

The MM2716E may be powered down to the standby °
mode by making CE/PGM = VIH. This is independent of
OE and automatically puts the outputs in their Hi-Z
state. The power is reduced to 25% (150 mW max)
of the normal operating power. VCC and VPP must
be maintained at 5V. Access time at power up remains
either tacc or teg (see Switching Time Waveforms).

PROGRAMMING

The MM2716E is shipped from National completely
erased. All bits will be at a 1" level {output high)
in this initial state and after any full erasure. Table Il
shows the 3 programming modes.

TABLE 1. OPERATING MODES (VCC = VPP = 5V)

PIN NAME/NUMBER
MODE | CE/PGM OE OUTPUTS
(E/P) (G)
18 20 9-11,13-17
Read ViL VIL DOUT
Deselect Don’t Care VIH Hi-Z
Standby VIH Don't Care Hi-Z

TABLE Il. PROGRAMMING MODES (VCC =5V)

PIN NAME/NUMBER
MODE CE/PGM | OE [ vPP | OUTPUTSQ
(E/P) (G| .
18 20 21 9-11,13-17
Program Pulsed VIL | VIH | 25 DIN
to VIH
Program Verify VIL VIL | 25(5) DOUT
Program Inhibit VIL VIH | 25 Hi-Z

*Symbols in parentheses are proposed industry standard
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. Functional Description (continued)

Program Mode

The MM2716E is programmed by introducing ‘‘0"’s into
the desired locations. This is done 8 bits (a byte) at a
time. Any individual address, a sequence of addresses,
or addresses chosen at random may be programmed.
Any or all of the 8 bits associated with an address
location may be programmed with a single program
pulse applied to the chip enable pin. All input voltage
levels, including the program pulse on chip-enable are
TTL compatible. The programming sequence is:

With VPP = 25V, VCC = 5V, OE = VIH and CE/PGM
= VIL, an address is selected and the desired data
word is applied to the output pins. (VIL = “0"
and VIH = "“1"" for both address and data.) After
the address and data signals are stable the program
pin is pulsed from ViL to VIH with a pulse width
between 45 ms and 55 ms.

Multiple pulses are not needed but will not cause device
damage. No pins should be left open. A high level
{(VIH or higher) must not be maintained longer than
tPW(MAX) on the program pin during programming.
MM2716Es may be programmed in parallel with the
same data in this mode.

Program Verify Mode

The programming of the MM2716E may be verified
either 1 word at a time during the programming (as
shown in the timing diagram) or by reading all of the
words out at the end of the programming sequence.
This can be done with VPP =25V (or 5V) in either case.

Program Inhibit Mode

The program inhibit mode allows programming several
MM2716Es simultaneously with different data for each
one by controlling which ones receive the program
pulse. All similar inputs of the MM2716E may be par-
alleled. Pulsing the program pin (from VIL to VIH) will

program a unit while inhibiting the program pulse to a
unit will keep it from being programmed and keeping
OE = VIH will put its outputs in the Hi-Z state.

ERASING

The MM2716E is erased by exposure to high intensity
ultraviolet light through the transparent window. This
exposure discharges the floating gate to its initial state

through induced photo current. It is recommended that

the MM2716E be kept out of direct sunlight. The UV
content of sunlight may cause a partial erasure of some
bits in a relatively short period of time. Direct sunlight
(any intense light) can cause temporary functiona! fail-
ure due to generation of photo current. Extended expo-
sure to room level fluorescent lighting will also cause
erasure. An opaque coating (paint, tape, lapel, etc.)
should be placed over the package window if this prod-
uct is to be operated under these lighting conditions.

An ultraviolet source of 2537 A vyielding a total inte-
grated dosage of 15 watt-seconds/cm?2 is required.
This will erase the part in approximately 15 to 20
minutes if a UV lamp with a 12,000 uW/cm2 power
rating is used. The MM2716E to be erased should be
placed 1 inch away from the lamp and no filters should
be used.

An erasure system should be calibrated periodically.
The distance from lamp to unit should be maintained
at 1 inch. The erasure time is increased by the square
of the distance (if the distance is doubled the erasure
time goes up by a factor of 4). Lamps lose intensity
as they age. When a lamp is changed, the distance is
changed, or the lamp is aged, the system should be

checked to make certain full erasure is occurring. In-"

complete erasure will cause symptoms that can be
misleading. Programmers, components, and system
designs have been erroneously suspected when incom-
plete erasure was the basic problem.

’
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MM2716M

National
Semiconductor

MOS EPROMs

MM2716M 16,384-Bit (2048 x 8) UV Erasable PROM

Military Temperature Range

General Description

The MM2716M is a high speed 16k UV erasable and
electrically reprogrammable EPROM ideally suited for
applications where fast turn-around and pattern ex-
perimentation are important requirements,

The MM2716M is packaged in a 24-pin dual-in-line
package with transparent lid. The transparent lid allows
the user to expose the chip to ultraviolet light to erase
the bit pattern. A new pattern can then be written into
the device by following the programming procedure.

This EPROM is fabricated with the reliable, high volume,
time proven, N-channel silicon gate technology.

'

Features

B —55°C to +125°C

® 2048 x 8 organization

632 mW max active power, 150 mW max standby
power

Low power during programming
Access time — 450 ns

Single 5V +10% power supply
Static—no clocks required

Inputs and outputs TTL compatible during both
read and program modes

m TRI-STATE® output

Block and Connection Diagrams *

Dual-In-Line Package

2
—— VPPV a— U —vee
= VLC +5V A6 2 EAB
4= VSS GND
pramd 122 a9
- DATA OUTPUTS (PROGRAM INPUTS) a n
0y-07 (00-07) A% —] [~ vep
—— e,
ﬁ_(ﬁ)—» CONTROL/PROGRAM n= 2% 5t @
TE/PGM (E/P) mmemeip LOGIC . 0
1 1 | A2 — —A10
I ! OUTPUT BUFFERS
3 | . -] (INPUT BUFFERS) L ol . % e vom @p)
‘ v :> ___> Au—'q : ' 0, (a0
m ADDRESS 4 voecooe |16 Y GATING
ADDRESS BUFFER 0, (00— 115 06 (as)
INPUT X . " "
AoorEss 7 > XDECODE | 128 LA 0y 1o 2 0 (05)
0, (24 19 04 (00)
vss -4 3 03003
TOP VIEW
Order Number MM27160M
Pin Connection During Read or Program See NS Package J24CQ
Pin Names
PIN NAME/NUMBER i
) CE/PGM OE . A0-A10 Address Inputs
MODE = &y | VPP | VCC OUTPUTS 0g—07 (Q0-Q7) Data Outputs
(E/P) (G) i} -
18 20 21 24 9-11, 13-17 (E/PSSM (E/P) Chip Enable/Program
OE (G) Output Enable
Read VIL
e Vi 5 5 bouT VPP Read 5V, Program 25V
Program Pulsed VIL | VIH | 25 5 vCcC Power (5V)
to VIH VSS Ground

*Symbo|s in parentheses are proposed industry standard




Absolute Maximum Ratings (Note 1)

Temperature Under Bias —65°C to +125°C All Input or Qutput Voltages with

Storage Temperature —65°C to +125°C Respect to VSS (except VPP) 6V to —0.3V

VPP Supply Voltage with Respect Power Dissipation 15W
to VSS 26.5V to —0.3v Lead Temperature (Soldering, 10 seconds) 300°C

READ OPERATION (Note 2)

DC Operating Characteristics
TA= -55°C to +125°C, VCC =5V *10%, VPP = VCC 0.6V (Note 3), VSS = 0V, unless otherwise noted.

SYMBOL . PARAMETER CONDITIONS MIN TYP MAX UNITS
il Input Current . VIN =55V or VIN = VIL 10 MA
ILO Output Leakage Current VOUT = 5.5V, CE/PGM = 5V _ 10 LA
IPP1 VPP Supply Current VPP = 6.1V 5 mA
icc1 VCC Supply Current (Standby) CE/PGM = VIH, OE = VIL ) 10 30 mA
Icc2 VCC Supply Current (Active) CE/PGM = OE = VIL 57 115 mA
VIL Input Low Voltage -0.1 0.8 v
VIH Input High Voltage 2.0 Ve +1 \%
VOH Output High Voltage I0H = -400 uA 24 v

‘voL - Output Low Voltage I0L=2.1mA 0.45 v

AC Characteristics (note 4)
TA =55 Cto+125 C, VCC = 5V £10%, VPP = VCC 0.6V (Note 3), VSS = OV, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN MAX UNITS
ALTERNATE| STANDARD

tace TAVQV Address to Output Delay CE/PGM = OE = VIL 450 ns
tCE TELQV E to Output Delay OE = VIL 450 ns
tOE TGLQV Output Enable to Qutput Delay E/PGM =VIL 150 ns
tDF TGHQZ - Output Enable High to Qutput Hi-Z CE/PGM = VIL 0 130 ns
tOH TAXQX Address to Output Hold CE/PGM = OE = VIL 0 ns
toD TEHQZ E to Output Hi-Z OE = VIL 0 130 ns

Capacitance (note 5)
Ta =25°C, f=1MHz

SYMBOL PARAMETER CONDITIONS | TYP | MAX UNITS
(o] Input Capacitance { VIN =0V 4 6 pF

co Output Capacitance] VOUT =0V 8 12 pF

Note 1: ““Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating
Temperature Range"” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics’”
provides conditions for actual device operation.

Note 2: Typical conditions are for operation at: Ta = 25°C, VCC = 5V, VPP = VCC, and VSS = ov.

Note 3: VPP may be connected to VCC except during program. The $0.6V tolerance allows a circuit to switch VPP between the read voltage
and the program voltage. . .

Note 4: Output load: 1 TTL gate and CL = 100 pF. Input rise and fall times < 20 ns.
Note 5: Capacitance is guaranteed by periodic testing.
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MM2716M

Switching Time Waveforms*

Read Cycle (CE/PGM = VIL)

VIH 772,
ADDRESSES //% VALID VALID
VIL 424 7A
toH
= (Taxax) ™|
VIH N\
OUTPUT ENABLE \
VIL [I
' | toE
- tace freLav) (TeHQZ) ™ - [~
(TAVOV) ’
VOH Hi-Z Hi-Z
ouTPUT VALID
voL
Read Cycle (OE = VIL)
VIH ol o A ' 4
ADDRESSES % VALID VALID
Vit “
toH
= (raxax)
VIH —\
CHIP ENABLE \
Vit X
-~k a0 ——
o _WACC (TEHQZ)
Vo (TAVOV)
ouTPUT Hiz VALID Hiz
voL
Standby Power Down Mode (OE = VIL)
VIH -\ .
ADDRESSES VALID VALID
viL y,
! CE :
VIH (TELQV)
CHIP ENABLE L 7 STANDBY ACTIVE / STANDBY
tgp | tace | o
—= [T (TEHQZ) TAVQV)
VOH . i
QUTPUT VALID FOR Hi-Z _/ VALID FOR Hi-Z
VoL _CURRENT ADDRESS —\  CURRENT ADDRESS

*Syrnbols in parentheses are proposed industry standard
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PROGRAM OPERATION

=
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DC Electrical Characteristics and Operating Conditions (Notes 1 and 2)
(TA = 25°C #5°C) (VCC = 5V 5%, VPP = 25V +1V)

SYMBOL PARAMETER MIN TYP MAX UNITS
[N] Input Leakage Current (Note 3) 10 HA
ViIL Input Low Level -0.1 . 0.8
VIH Input High Level 2.0 VCC + 1
ICC VCC Power Supply Current 100 mA
1PP1 VPP Supply Current {Note 4) 5 mA
IPP2 VPP Supply Current During 30 mA

Programming Pulse (Note 5)

AC Characteristics and Operating Conditions (notes 1, 2, and6)
(TA =25°C +5°C) (VCC = 5V +5%, VPP = 25V £1V)

SYmsoL PARAMETER MIN TYP MAX UNITS
ALTERNATE | STANDARD
tAS TAVPH Address Setup Time 2 us
tos TGHPH OE Setup Time ) us
tDS TDVPH Data Setup Time 2 us
tAH TPLAX Address Hold Time 2 us
tOH TPLGX OE Hold Time 2 us
tDH TPLDX Data Hold Time 2 us
tDF TGHQZ Chip Disable to Output Float 0 130 ns
Delay (Note 4)
1CE TGLQV Chip Enable to OQutput Delay {Note 4) 150 ns
tPW TPHPL Program Pulse Width 45 50 55 ms
tPR TPH1PH2 Program Pulse Rise Time 5 ns
tPF TPL2PL1 Program Pulse Fall Time 5 . ns

Note 1: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to
the device it must not be inserted into a board with power applied.

Note 2: Care must be taken to prevent overshoot of the VPP supply when switching to +25V,

Note 3: 0.45V< VIN < 5.25V.

Note 4: CE/PGM = VIL, VPP = VCC + 0.6V.

Note 5: VPP =26V.

Note 6: Transition times < 20 ns unless noted otherwise.

5-27



MM2716M

Timing Diagram*

Program Mode

PROGRAM PROGRAM VERIFY
OE=VIH OE=VIL
VIH T
ADDRESSES CURRENT ADDRESS X ADDRESS X + 1
viL
l< tas tan DATA OUT
m\ku)"l (TPLAX) VALID ADDRESS X
—_— -
oara ™ r DATA IN STABL HiZ ya DAYA IN STABLE
CURRENT ADDRESS X ADDRESS X +1
. wethw
tnf L._ 'oF
(TeHOZ) ™ -] L" (TGHOZ)
_VIH ¢ 1DH
G (TPLOX) ™ —~
viL : tos
(TOVPH) tow
tos (TPHPL)
™ (TGHPH)™ |
VIH 7 2

Er
VIL —————————# [ 1

el

ton
rqmux;*

/_

PR
(TPHIPH2) > = “J

Functional Description
DEVICE OPERATION

The MM2716M has 3 modes of operation in the normal
system environment. These are shown in Table 1.

Read Mode

The MM2716M read operation requires that OE = VIL,
CE/PGM = VIL and that addresses AO—A10 have been
stabilized. Valid data will appear on the output pins
after tACC. tOE. tCE times (see Switching Time Wave-
forms) depending on which is limiting.

Deselect Mode

The MM2716M is deselected by making OE = VIH. This
mode is independent of CE/PGM and the condition of
the addresses. The outputs are Hi-Z when OE = VIH.
This allows OR-tying 2 or more MM2716M'’s for mem-
ory expansion. .

tpE
(TPLIPLY)

Note: VPP = 25V

Standby Mode (Power Down)

The MM2716M may be powered down to the standby
mode by making CE/PGM = VIH. This is independent of
JOE and automatically puts the outputs in their Hi-Z
state. The power is reduced to 25% (150 mW max)
of the normal operating power. VCC and VPP must
be maintained at 5V. Access time at power up remains
either tpcc or tog (see Switching Time Waveforms).

PROGRAMMING

The MM2716M is shipped from National completely
erased. All bits will be at a “1" level (output high)
in this initial state and after any full erasure. Table 1l
shows the 3 programming modes.

TABLE I. OPERATING MODES (VCC = VPP = 5V)

PIN NAME/NUMBER
MODE | CE/PGM OE OUTPUTS
(E/P) (G)
18 20 9-11,13-17
Read ViL VIL DOUT
Deselect Don‘t Care VIH Hi-Z
Standby VIH Don‘t Care Hi-Z

TABLE II. PROGRAMMING MODES (VCC =5V}

PIN NAME/NUMBER
MODE CE/PGM OE [ vep | OuTPUTSQ
(E/P) (G)
18 2 | 21 9-11, 13-17
Program Pulsed VIL | VIH | 25 DIN
to VIH
Program Verify VIL VIL | 25(5) DOUT
Program Inhibit VIL VIH| 25 Hi-Z

*Symbols in parentheses are proposed industry standard
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Functional Description (continued)

Program Mode

The MM2716M is programmed by introducing ““0’’s into
the desired locations. This is done 8 bits (a byte) at a
time. Any individual address, a sequence of addresses,
or addresses chosen at random may be programmed.
Any or all of the 8 bits associated with an address
location may be programmed with a single program
pulse applied to the chip enable pin. All input voltage
levels, including the program pulse on chip-enable are
TTL compatible, The programming sequence is:

With VPP = 25V, VCC = 5V, OE = VIH and CE/PGM
= VIL, an address is selected and the desired data
word is applied to the output pins. (VIL = “0"
and VIH = “1" for both "address and data.} After
the address and data signals are stable the program
pin is pulsed from VIL to VIH with a pulse width
between 45 ms and 55 ms.

Multiple pulses are not needed but will not cause device
damage. No pins should be left open. A high level
{VIH or higher) must not be maintained longer than
tpPW(MAX) on the program pin during programming.
MM2716M’s may be programmed in parallel with the
same data in this mode.

Program Verify Mode

The programming of the MM2716M may be verified
either 1 word at a time during the programming (as
shown in the timing diagram) or by reading all of the
words out at the end of the programming sequence.
This can be done with VPP = 25V (or 5V} in either case.

Program Inhibit Mode

The program inhibit mode allows programming several
MM2716M’s simultaneously with different data for each
one by controlling which ones receive the program
pulse. All similar inputs of the MM2716M may be par-
alleled. Pulsing the program pin (from VIL to VIH) will

* complete erasure will

program a unit while inhibiting the program pulse to a
unit will keep it from being programmed and keeping
OE = VIH will put its outputs in the Hi-Z state.

ERASING

The MM2716M is erased by exposure to high intensity ‘

ultraviolet light through the transparent window. This
exposure discharges the floating gate to its initial state
through induced photo current. It is recommended
that the MM2716M be kept out of direct sunlight, The
UV content of sunlight may cause a partial erasure
of some bits in a relatively short period of time. Direct
sunlight can also cause temporary functional failure.
Extended exposure to room level fluorescent lighting
will also cause erasure. An opaque coating (paint, tape,
label, etc.) should be placed over the package window
if this product is to be operated under these lighting
conditions. '

An ultraviolet source of 2537 A vyielding a total inte-
grated dosage of 15 watt-seconds/cm? is required.
This will erase the part in approximately 15 to 20
minutes if a UV lamp with a 12,000 ;1W/cm2 power
rating is used. The MM2716M to be erased should be
placed 1 inch away from the lamp and no filters should
be used.

An erasure system should be calibrated periodically.
The distance from lamp to unit should be maintained
at 1 inch. The erasure time is increased by the square
of the distance (if the distance is doubled the erasure
time goes up by a factor of 4). Lamps lose intensity
as they age. When a lamp is changed, the distance is
changed, or the lamp is aged, the system should be
checked to make certain full erasure is occurring. In-
cause symptoms that can be
misleading. - Programmers, components, and system
designs have been erroneously suspected when incom-
plete erasure was the basic problem.
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MM2758

National
Semiconductor

MOS EPROMs

MM2758 8192-Bit (1024 x 8) UV Erasable PROM

General Description

The MM2758 is a high speed 8k UV erasable and elec-
trically reprogrammable EPROM ideally suited for
applications where fast turn-around and pattern ex-
perimentation are important requirements.

The MM2758 is packaged in a 24-pin dual-in-line pack-
age with transparent lid. The transparent lid allows
the user to expose the chip to ultraviolet light to erase
the bit pattern. A new pattern can then be written into
the device by following the programming procedure.

This EPROM is fabricated with the reliable, high volume,
time proven, N-channel silicon gate technology.

Features

m 1024 x 8 organization

525 mW max active power, 132 mW max standby
power

Low power during programming

Access time—450 ns .

Single 5V power supply

Static—no clocks required

Inputs and outputs TTL compatible during both
read and program modes

= TRI-STATE® output

Block and Connection Diagrams *

‘

Dual-In-Line Package

1 2
— VPP4sY AT == U —vee
€= VCC+5V a5 =L . 23 0
4—— VSS GND
s — 22 a9
DATA OUTPUTS (PROGRAM INPUTS) . ”n
0p-07 (@0-07) A4 — . |— vep
e he—————\
OE (&) — CONTROL/PROGRAM n N N
CE/PGM (E/P) —P» LOGIC . "
4 1 72— ARt
| ! L——> OUTPUT BUFFERS
+ L e e e — ] NPUTBUFFERS) a LI —
q Y :> :> ) A2 AL
m ADDRESS [ YDECODE | 16 Y GATING ]
ADORESS BUFFER 0, (00— 15 0 (06)
INPUT .
aoomess 7 xDecooe | 128 L 0 (ﬂl)ﬂ‘ S 05 (05)
0, (02)-LL 1140, (20)
vss 24 LT
Pin Connection During Read or Program TOP VIEW
Order Number MM2758AQ
PIN NAME/NUMBER or MM2758BQ
CE/PGM | OE See NS Package J24CQ
MODE E/P) (@) VPP | VCC OUTPUTS Pin Names
18 20 21 24 9-11, 13-17
Read ViIL VIL 5 5 DOUT A0—-A10 Address Inputs
P | | 5 0p—07 (Q0-Q7) Data Outputs '
rogram | Pulsed ;’ L|VviH) 25 CE/PGM (E/P)  Chip Enable/Program
to Vi OE (G) Output Enable
VPP Read 5V, Program 25V
*Symbols in parentheses are proposed industry standard VCC . Power (5V)
TFor MM2758A AR = VIL for all operating modes VSS Ground

For MM2758B AR = VIH for all operating modes




Absolute Maximum Ratings ote 1)

Temperature Under Bias

—25°C to +85°C

All Input or Output Voltages with

Storage Temperature —65°C to +125°C Respect to VSS (except VPP) 6V to —0.3Vv
VPP Supply Voltage with Respect Power Dissipation 1.5W
to VSS 26.5V to —0.3V Lead Temperature (Soldering, 10 seconds) 300°C

READ OPERATION (Note 2)

DC Operating Characteristics

Ta =0°C to +70°C, VCC = 5V 5%,

VPP = VCC 0.6V (Note 3), VSS = 0V, unless otherwise noted.

SYMBOL PARAMETER . CONDITIONS MIN TYP MAX UNITS
] Input Current VIN = 5 25V or VIN = VIL 10 LA
ILO Output Leakage Current VOUT = 5.25V, CE/PGM = 5V : 10 uA
1PP1 VPP Supply Current VPP = 5.85V 5 mA
icci VCC Supply Current (Standby) CE/PGM = VIH, OE = VIL 10 25 mA
IcC2 VCC Supply Current (Active) CE/PGM = OE = VIL 57 100 mA
VIL Input Low Voltage 0.1 0.8 Y
VIH Input High Voltage 20 Vee + 1 A
VOH Output High Voltage IOH = 400 uA 24 v
VoL Output Low Voltage 0L = 2.1 mA 0.45 v

AC Characteristics note 4)

TA =0°C to +70°C, VCC = 5V £5%,

VPP = VCC +0.6V (Note 3), VSS = 0V, unless otherwise noted.

symsoL PARAMETER CONDITIONS MM2758 UNITS
ALTERNATE | STANDARD MIN MAX
tACC TAVQV Address to Output Delay CE/PGM = OE = VIL 450 ns
tCE * TELQV CE to Output Delay ‘0E = VIL 450 ns
tOE TGLQV Qutput Enable to Output Delay CE/PGM = VIL 120 ns
tDF TGHQZ Output Enable High to Output Hi-Z* CE/PGM = VIL 0 100 ns
toH TAXQX Address to Output Hold CE/PGM = OE = VIL 0 ns
top TEHQZ CE to Output Hi-Z OE=VIL 0 . 100 ns

Capacitance (Note5)
Ta =25°C, f=1MHz

SYMBOL PARAMETER CONDITIONS | TYP | MAX UNITS
Cl input Capacitance VIN = 0V 4 6 pF
[l0] Output Capacitance | VOUT = 0V 8 12 pF

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ““Operating
Temperature Range’’ they are not meant to imply that the devices should be operated at these limits. The table of “’Electrical Characteristics”

provides conditions for actual device operation.

Note 2: Typical conditions are for operation at: T = 25°C, VCC = 5V, VPP = VCC, and V§S = OV.
Note 3: VPP may be connected to VCC except during program. The 0.6V tolerance allows a circuit to switch VPP between the read voltage

and the program voltage.

Note 4: Output load: 1 TTL gate and CL = 100 pF. Input rise and fall times < 20 ns.

Note 5: Capacitance is guaranteed by periodic testing.
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MM2758

Switching Time Waveforms *

Read Cycle (CE/PGM = VIL)

VIH 2\ :
ADDRESSES Y / VALID >< VALID
VIL §4&44 %
toH
= (raxax) ™|
VIH A8 .
DUTPUT ENABLE \
VL X
e | OF
| tDF
tace (réLav) (TeHaz) ™ [~
VOH — (TAVOV) -
ouTPUT VALID
voL
Read Cycle (OE = VIL)
VIH oy il
ADDRESSES % VALID >< VALID
vIL 7A Y
toH
= (TAx0x) |
VIH \ '
CHIP ENABLE \
VIL X
| tCE tgp
tacc (TELQV) (TEHQZ) [
Vou = (TAVQV)
ouTPUT HiZ VALID Hiz
voL
Standby Power Down Mode (OE = VIL)
VIH N
ADDRESSES VALID VALID
VIL —
VIH — (TELl‘lV)
CHIP ENABLE L ; STANDBY ACTIVE / STANDBY
: gp tace
— ™ (TEHOZ) >ravav)™
oUTPUT voH VALID FOR Hi-Z / VALID FOR Hi-z
CURRENT ADDRESS \|  CURRENT ADDRESS

'Symbols in parentheses are proposed industry standard
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PROGRAM OPERATION
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DC Electrical Characteristics and Operating Conditions (notes 1 and 2)
(Ta = 25°C £5°C) (VCC = 5V 5%, VPP = 25V %1V)

SYMBOL PARAMETER MIN TYP MAX UNITS
1L} Input Leakage Current (Note 3) . 10 uA
VIL Input Low Level -0 0.8
VIH Input High Level . 2.0 VCC+1
ICC VCC Power Supply Current 100 . mA
IPP1 VPP Supply Current (Note 4) 5 mA
IPP2 VPP Supply Current During - 30 mA

Programming Pulse (Note 5)

AC Characteristics and Operating Conditions (notes 1, 2, and 6)
(TA =25°C +5°C) (VCC = 5V 5%, VPP = 25V +1V)

SYMBOL
ALTERNATE | STANDARD PARAMETER MIN TYP MAX UNITS
tAS TAVPH Address Setup Time 2 Hs
tos TGHPH OE Setup Time 2 us
tps TDVPH Data Setup Time 2 us
tAH TPLAX Address Hold Time 2 Ms
tOH TPLGX OE Hold Time 2 us
tDH TPLDX Data Hold Time 2 us
tDF TGHQZ Chip Disable to Output Float 0 100 ns
Delay (Note 4)
tCE TGLQV Chip Enable to Output Delay (Note 4) ) 120 ns
tpw TPHPL Program Pulse Width 45 50 55 ms
tPR TPH1PH2 Program Pulse Rise Time 5 ns
tPF TPL2PL1 Program Pulse Fall Time 5 ns

Note 1: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to
the device it must not be inserted into a board with power applied. .

Note 2: Care must be taken to prevent overshoot of the VPP supply when switching to +25V.

Note 3: 0.45V< VIN < 5.25V.

Note 4: CE/PGM = VIL, VPP = VCC + 0.6V.

Note 5: VPP = 26V.

Note 6: Transition times < 20 ns unless noted otherwise,
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Timing Diagram *

Program Mode

PROGRAM PROGRAM VERIFY
OE=vin I DE=VIL
Vi ]
ADDRESSES CURRENT ADDRESS X ADDRESS X + 1
viL
|« tas Ay DATA OUT
(TAVPH)..I {TPLAX) * JVALID ADDRESS X
0ATA VI ———— { DATAIN STABLE Wz f » \ DATA IN STASLE
viL CURRENT ADDRESSX |/ ADDRESS X +1
CE
Tor (T6LGv) 0
Vi (TGHEZ) ~™ = == (TGHQZ)
vin Dy
4 7 (rpLoX) ™
viL tog
(TDVPH) tow
t0s (TPHPL)
= (TGHPHI™| .
VIH 2 2 o4
Er \" (TPLGX) /
plp—————es L K
PR Nid
(TPHIPH2) ™1 =~ =—(1pi1pL)

Functional Description

DEVICE OPERATION

The MM2758 has 3 modes of operation in the normal
system environment. These are shown in Table |. ~

Read Mode

The MM2758 read operation requires that OE = VIL,
CE/PGM = VIL and that addresses AO—A10 have been "
stabilized. Valid data will appear on the output pins
after tACC., tOE or tcg times (see Switching Time
Waveforms) depending on which is limiting.

Deselect Mode

The MM2758 is deselected by making OE = VIH. This
mode is independent of CE/PGM and the condition of
the addresses. The outputs are Hi-Z when OE = VIH.
This allows OR-tying 2 or more MM2716's for memory
expansion,

Standby Mode (Power Down)

The MM2758 may be powered down to the standby
mode by making CE/PGM = VIH. This is independent of
- OE and automatically puts the outputs in their Hi-Z
state. The power is reduced to 25% (132 mW max)
of the normal operating power. VCC and VPP must be
maintained at 5V. Access time at- power up remains
either tACc or tCE (see Switching Time Waveforms).

PROGRAMMING

The MM2758 is shipped from National completely
erased. All bits will be at a “1” level (output high)
in this initial state and after any full erasure. Table Il
shows the 3 programming modes.

TABLE 1. OPERATING MODES (VCC = VPP =5V}

PIN NAME/NUMBER
MODE CE/PGM OE QUTPUTS
(E/P) (G) .
18 20 9-11,13-17
Read VIL VIL DOUT
Deselect Don't Care VIH Hi-Z2
Standby VIH Don't Care Hi-Z2

TABLE Il. PROGRAMMING MODES (VCC =5V)

PIN NAME/NUMBER
MODE CE/PGM | OE  veP | OUTPUTSQ
(E/P) (G)
18 20 21 9-11, 13-17
Program Pulsed VIL | VIH | 25 DIN
to VIH
Program Verify VIL VIL | 25(5) DouT
Program Inhibit ViL VIH | 25 Hi-Z
4'Symbvals in parentheses are proposed industry dard




Functional Description (continueq)

Program Mode

The MM2758 is programmed by introducing “‘0'’s into
the desired locations. This is done 8 bits (a byte) ata
time. Any individual address, a sequence of addresses,
or addresses chosen at random may be programmed.
Any or all of the B bits associated with an address
location may be programmed with a single program
pulse applied to the chip enable pin. All input voltage
levels, including the program pulse on chip enable are
TTL compatible. The programming sequence is:

With VPP = 25V, VCC = 5V, OE = VIH and CE/PGM
= VIL, an address is selected and the desired data
word is applied to the output pins. (VIL = “0” and
VIL = “1” for both address and data.) After the
address and data signals are stable the program pin
is pulsed from VIL to VIH with a pulse width be-
tween 45 ms and 55 ms.

Multiple pulses are not needed but will not cause device
damage. No pins should be left open. A high level
(VIH or higher) must not be maintained longer than
tPW(MAX) on the program pin during programming.
MM2758's may be programmed in parallel with the
same data in this mode.

Program Verify Mode

The programming of the MM2758 may be verified
either 1 word at a time during the programming (as
shown in the timing diagram) or by reading all of the
words out at the end of the programming sequence.
This can be done with VPP = 25V {or 5V) in either case.

Program Inhibit Mode

The program inhibit mode allows programming ceveral
MM2758s  simultaneously with different data for each
one by controtling which ones receive the program puise.
All similar inputs of the MM2758 may be paralleled.
Puising the program pin {from VIL to VIH) will program

a unit while inhibiting the program pulse to a unit will
keep it from being programmed and keeping OE = VIH
will put its outputs in the Hi-Z state.

ERASING

The MM2758 is erased by exposure to high intensity
ultraviolet light through the transparent window. This
exposure discharges the floating gate to its initial state
through induced photo current. It is recommended
that the MM2758 be kept out of direct sunlight. The
UV content of sunlight may cause a partial erasure
of some bits in a relatively short period of time. Direct
sunlight can also cause temporary functional failure.
Extended exposure to room level fluorescent lighting
will also cause erasure. An opaque coating (paint, tape,
label, etc.) should be placed over the package window
if this product is used under these lighting conditions.

An ultraviolet source of 2537 A yielding a total inte-
grated dosage of 15 watt-seconds/cm?2 is required.
This will erase the part in approximately 15 to 20
minutes if a UV lamp with a 12,000 1.1W/cm2 power
rating is used. The MM2758 to bé erased should be
placed 1 inch away from the lamp and no filters should
be used.

An erasure system should be calibrated periodically.
The distance from lamp to unit should be maintained
at 1 inch. The erasure time is increased by the square
of the distance (if the distance is doubled the erasure
time goes up by a factor of 4). Lamps lose intensity
as they age. When a lamp is changed, the distance is
changed, or the lamp is aged, the system should be
checked to make certain full erasure is occurring. In-
complete erasure will cause symptoms that can be
misleading. Programmers, components, and system
designs have been erroneously suspected when incom-
plete erasure was the basic problem.
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MM4203/MM5203

National
Semiconductor

MOS EPROMs

MNM4203/MM5203 2048-Bit (256 x 8 or 512 x 4)

UV Erasable PROM

General Description

The MM4203/MM5203 is a 2048-bit static read-
only memory which is electrically programmable
and uses silicon gate technology to achieve bipolar
compatibility. The device is a non-volatile memory
organized as a 256-8-bit words or 512-4-bit words.
Programming of the memory contents is accom-
plished by storing a charge in a cell location by
programming that location with a 50 volt pulse.
Separate output supply lead is provided to reduce
internal power dissipation in the output stage
(Vi)

Features

® Field programmable
® Bipolar compatibility
® High speed operation

- 45V, —12V operation
1us max access time

® Pin compatible with MM5213, MM5231 mask
programmable ROMs

® Static operation — no clocks required

® Common data busing (TRI-STATE® output)

m Q' quartz lid version erasable with short wave
ultra-violet light (i.e. 263.7 n.m.)

® Chip select output control
® 256 x 8 or 512 x 4 organization

Applications

= Code conversion
Random logic synthesis
Table look-up
Character generator
Micro-programming

Block and Connection Diagrams

CONTROL

CIRCUIT
N v 204087
AOM

e -l
25620
oA A r
DECODER

Ay A2 A A A

Typical Applications

256 x 8 PROM Showing TTL Interface

v
’ !4 o
*Ju ) ¥
e [ L
seecr )" "
[
10 —_D_
T_waoe
canTroL
spmt
= D
'
n—r [N 1 DT Losic
'
H—ln 1 !
H
D 2w e ,
A H
TO— » s H
e :
- . L ,
PROGRAM H
T GATes F—-—-——' z afea ;
Yo _tn 2len '
H
Vu :
\ 1l : {
L I

Dual-in-Line Package

A 1 — U v,

A 2 - b= 23 vas
1s8a, 3 —f f—= 22 rROGRAM
5 4 — b— 2t &,

5 5 = b— 120 2,
55— L—us».

5 71— b— 18 8,

outPuT
5 8 — = A
[ b= 16 voo
8 10— 15 Tonrnat
By 11— b— 14 &5
Vg 12 = [— 13 A wse

TOP VIEW
Order Number MM4203Q or MM5203Q
See NS Package J24CQ

Operating Modes

256 x 8 ROM connection {shown)

Mode Control — HIGH (Vgg)

Ag - Low

512 x 4 ROM connections

Mode Control — LOW (GND or Vpp)

Ag — Logic HIGH enables the odd (B4, B3..8,} outputs
— Logic LOW enables the even (B3, B4.. Bg) outputs

The outputs are enabled when a logic LOW is applied to
the Chip Select line.

Programming is accomplished in 256 x 8 mode only.

5-36




Absolute Maximum Ratings Operating Conditions

All Input or Output Voltages with Operating Temperature Range MM4203 -55°C to 85°C
Respect to Vgg Except During Programming +.3V to —20V MM5203 0°Cto 70°C
Power Dissipation w
Storage Temperature Range -65°C to 125°C
Lead Temperature (Soldering, 10 sec) 300°C

Electrical Chal’actel’istics Ta within operating temperature range,

Vgg = +6V 15%, Vpp = V| =-12V, 5%, Vgg = PROGRAM = Vgs unless otherwise noted,

€0CSININ/EOCYININ

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
I Input Current Viy =0V 1 RA
o Output Leakage Vour =0V CS = Vg5 - 2.0 1 HA
lss Power Supply Current Ta =25°C CS = Vgg - 2.0 35 55 mA
Vi Input LOW Voltage Vgs - 10 Vgs - 4.0 v
Viy | Input HIGH Voltage Vg -2.0 Vgs +.3 v
Voo Output LOW Voltage 1.6 mA sink -12.6V <V, <-3V .40 \
e [ oumcmpcurant | N ) <7 5o | o | ma
Von | Output HIGH Voltage 0.8 mA source 24 %
Ton Data Hold Time (Min Access Time) Figures 1 & 2 100 ns
Tace | Access Time Ta =25°C Figures 1 & 2 (Note 6) ) .700 1 Ms
Teco Chip Select Time Figures 1 & 3 500 ns
Top | Chip Deselect Time Figures 1 & 3 500 ns
tes Allowable Chip Select Delay Figures 1 & 2 100 ns

Allowable delay in selecting chip after change
of address without affecting access time.
Cin Input Capacitance Vin =V, 8 15 pF
Cout | Output Capacitance Vour =S\ZS } f= 1.0MHz (Note 2) 15 pF
CS = Vgs - 2.0 .
Programming Characteristics (see Figure 4)
Ta =25°C, Vgg = 0V, Vg = +12V £10%, CS = OV unless otherwise noted

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
ho Address and Data Input Load Current Vin =50V 0 10 mA
Ip Program Load Current Vin =-50V 0 10 mA
[ Vgg Supply Load Current 0 10 mA
lipp | Peak Ipp Supply Load Current (Note 3) Voo = Vprogram = ~50V 650 mA
Viup | Input High Voltage -2 +3 v
Vip | Address and Data Input Low Voltage -50 -40 v ’

Pulsed Input Low Voltage: m
Voo, and Program, Vg, p -50 —-48 v
Vi (Note 5) -50 o \2
Vpp Pulse Duty Cycle X 2 %
tow Program Pulse Width (Note 4) Voo = Vprogram = 50V 20 ms
tow Data and Address Set Up Time 1 us
ton Data and Address Hold Time, 0 us
t5s Pulsed Vpp Supply Overlap, 1 100 Hs
tsy Pulsed Vpp Supply Overlap, =1 3 ms
Voo, Prograrp, Address, and Input Rise 1 us
and Fall Times

Note 1: During programming, data is always applied in the 256 x 8 mode, regardless of the logic state of Ag and MODE
CONTROL.

Capacitances are not tested on a production basis but are periodically sampled.

1p0p flows only during program period tpyyp. Average power supply current I pp is typically 15 mA at 2% duty cycle.
Note 4: Maximum duty cycle of tpyy should not be greater than 2% of cycle time so that power dissipation is minimized. The
program cycle should be repeated until the data reads true, then over-program three times that number of cycles (symbolized
as X+3X programming.

Note 5: V| |_is not needed during programming but may be tied to Vpp for convenience.

ACC = 1000 ns + 25(N-1) where N is the number of chips wired-OR together.

Measured under continuous operation.

Note 8: ICE flows out the V|t pin, it does not flow out the Vpp pin.




MM4203/MM5203

Access Time Diagrams

Vss-2.0V

Ves - 4.0V

+5.0V 5%
OUTPUT
INPUT e DuT ——D— DATA OUT
L DM7400
VDD
12V 5%
Figure 1
H
ADDRESS x‘
L
— ! Tes

CHIP SELECT _\

Vgg - 2.0V
ss : J Tou f‘\
| Vg - 4.0V

H \T/
///////, DATA OUT W DATA OUT /) ORTA 0UT
: % NOT VALID vaLD _Kgwoy vaLio
DATA OUT T
Acc I
Figure 2
H Vgs - 2.0V
~ CHIPSELECT  \ /
L Vgs - 4.0V
" 0
/ DATA OUT DATA OUT
DATA UUI NOT VALID % BATAVALID V NOT VALID /
Figure 3
Program Waveforms
ADDRESS &
DATA INPUTS 7 MAY CHANGE INPUT STABLE MAY CHANGE 7/
! tow | __1 |~ ton
e YA
tss r— " tsH I_—
Veroo /
tow
Figure 4

Ve

Viee

Viup

Vore

Vine

VDLP
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Operation of the MM4203/MM5203 in Program Mode

Initially, all 2048 bits of the MM4203/MM5203
are in the HIGH state. Information is introduced
by selectively programming LOWS in the proper
bit locations. (Note 1)

Word address selection is done by the same decod-
ing circuitry used in the Read mode. The eight
output terminals are used as data inputs to deter-
mine the information pattern in the eight bits of
each ‘'word. A LOW data input level (-50V} will
leave a HIGH and a HIGH data input level will
allow programming of a LOW. All eight bits of one
word are programmed simultaneously by setting
the desired bit information patterns on the data
input terminals. The duty cycle of the Vpp pulse
{amplitude and width as specified on page 4)
should be limited to 2%. The address should be
applied for at least 1 us before application of the
Program pulse. In programming mode, data inputs

1-8 are pins 4—11 respectively regardless of the
logic state of Ag and mode control. Chip select
should be disabled (HIGH).

Positive logic is used during the read mode for
addresses and data out. Address O corresponds to
all address inputs at V,_ and address 2559 cor-
responds to all address inputs at V,y. A 1" or a
P at a data output corresponds to V. A “0" or
an N at a data output corresponds to Vg, . Posi-
tive logic is also used during the programming mode
for addresses. Address 0 corresponds to all address
inputs at V,_p and address 255,¢ corresponds to
all address inputs at V yp.

Negative logic is used during the programming mode
for data in. A "“1" or a P at a data input corres-
ponds to Vi p. A “0"” or an N at a data input
corresponds to V yp.

DATA AND ADDRESS LINES _
MODE Vss Ves Voo PROGRAM cs Vie
HIGH tow
Read Vss - 2.0 Vgs-4.0 +5 Vss -12 Vss Vs ~ 4V -3V 10-12V
Program Vss -2.0 Vgs - 40 GND  +12 -48 -48 GND GND to -50V
(Pulse) (Pulse)

Erasing Procedure

The MM4203Q/MM5203Q may be erased by
exposure to short-wave ultraviolet light—-253.7 nm.
There exists no absolute rule for erasing time or
distance from source. The erasing equipment
output capability should be calibrated. Establish a
. worst-case time required with the equipment.
Then over-erase by a factor of 2, i.e., if the device
appears erased after 8 minutes, continue exposure
for an additional 16 minutes for a total of 24

Preferred Tape Format

The custom patterns may be sent in on a Telex or
submitted as a paper tape in a 7 bit ASCI| code

minutes. Examples of UV sources include the
Model UVS-54 and Model S-2 manufactured by
Ultra-Violet Products, Inc. {6114 Walnut Grove
Avenue, San Gabriel, . California). The lamps
should be used without short-wave filters. The
MM4203/MM5203 should be placed about one
inch away from the lamp for about 20-30
minutes.

from model 33 teletype or TWX. The paper tape
should be as the following example:

Carriage return line feed
altowed between F and B.

Leader: Rubout fi
TWX or letter Key
for telex (at least

Start Character _I Stop Character
or

Data Fietd*

MSB (Pin 11} LSB {Pin 4)
+ Trailer: Rubout for

1
BPPPNPPNNFBNNPPNNPPF...BNPNPNNNNF JWXorletter Key

for telex (at least

25 frames.}
Word 0

—_—
All Address Inputs LOW

Word 1

25 frames.)
Word 255

e e,
All Address Inputs HIGH

*Data Field: Must have only P's or N's typed between B and F. No nulls or rubouts. Must have exactly eight P and N
characters between B and F. Any characters except B and F may be typed between the F stop character and the B start
character. If an error is made in preparing a tape the entire word including the B and F start and stop characters must
be rubbed out. Data for exactly 256 words must be entered, beginning with word 0.
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MM4203/MM5203

Alternate Format (punched Tape (Note 1) or Cards]

2 Spaces

MM4203
Positive Logic

A000 ' 000N00N0O" 0

ADOL  NONDO0OON
ann2  00nN00NN
ADD3  010101N]
An04a 00111111
ADOS  NONIM100
ANDE NADNNNNN
AND7 00111100
ADDR 00900000
AS11  O1010t0)

Note 3
o

’ﬁ\‘\
4 1 Space

-

3

»opD

T8R 140 +——————+—Note 4

TB7 150
TB6 250
TBS 40N
184 010
TR3 100
TB2 299

rEntlw
t—— 1 Space

/ bg, MSB (Pin 11}

by, LSB (Pin 4)

Typical Performance Characteristics

90
80
n
60
50
a0
30
20
10

Iss (mA)

Maximum Supply Current Igg
as a Function of Temperature
{Note 7)
+5% SUPPLY
NSNS NOM SUPPLY |
N
BRSSSSSY
M~ Ny L
-5% SUPPLY ™

-50 -25 0 25 50 75 100 125

Ta (°C)

Note 1: The code is a 7-bit ASCI1 code on 8 punch tape. The tape
should begin and end with 25 or more “RUBOUT"* punches.

Note 2: The ROM input address is expressed in decimal form and is
preceded by the letter A,

Note 3: The total number of “1° bits in the output word.

Note 4: The total number of 1" bits in each output column or bit
position.

Maximum Access Time (Tacc)
as a Function of Vpp Supply

Voltage
1700 —
Vg = +4.75V ]
1600 - Vie=Voo —
1500
1400
3 AN
<1300
1200
N e N s NP
100 N \Z]‘“
100 P o
0 e
-9 -10 -n -12 -13

Vpp {Volts)
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National
Semiconductor

MOS EPROMs

MM4204/MM5204 4096-Bit (512 x 8)

UV Erasable PROM

General Description

The MM4204/MM5204 is a 4096-bit static read only
memory which is electrically programmable and uses
silicon gate technology to achieve bipolar compatibility.
The device is a non-volatile memory organized as 512
words by 8 bits per word. Programming of the memory
is accomplished by storing a charge in a cell location by
applying a =50V pulse. A logic input, Power Saver, is
provided which gives a 5:1 decrease in power when the
memory is not being accessed.

Features

= Field programmable
® Fast program time: ten seconds typical for 4096 bits
= Fast access time -

MM4204 1.25 us
MM5204 1us
u DTL/TTL compatibility '
® Standard power supplies 5V, —12v

® Static operation—no clock required

m Easy memory_expansion—TRI-STATE® output Chip
Select input {CS)

® Q" quartz lid version erasable with short wave uitra-
violet light (i.e., 2563.7 nm)

® | ow power dissipation

m “‘Power Saver” control for low power applications

Compatible with SC/MP Il N-channel microprocessor

Applications

Code conversion
Random logic synthesis
Table fook-up
Character generator
Microprogramming
Electronic keyboards

Block and Connection Diagrams

Dual-In-Line Package

5 2 1 2
A ——p] vy Vas = U i
3 2 2 2
Al =P/ +—Vpp POWER SAVER — — Voo
7 1
n2 ——] 4096817 PELERY B
weur ] x EPROM 8 THIP SELECT ] =)
”_l_. BUFFERS [—>| DECODER MATRIX 4'—2Vss
51218 [
. . * . PROGRAM =— 12 s
At —p] 4——PROGRAM . w
g 10
T v A LW
1 7
A6 A2 — LI
2 13 r
POWER SAVER ——— 1 ¥ DECODER K] et [ m a3 ALY
14
n et LAY
CONTROL U
CIRCUITS 0 15
2 ALY
11 14
~ 3 pu L3
5— —»{  ourrPuT BUFFERS " "
12 13
Vgs -] LW
llsl:slnlulwlzlztlu
TOP VIEW

B0 81 B2 B3 B4 BS B6 87

Order Number MM4204D
or MM5204D
See NS Package D24C

Order Number MM4204Q
or MM5204Q
See NS Package J24CQ
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MM4204/MM5204

Absolute Maximum Ratings (note 1) - Operating Conditions

All Input or Output Voltages with Operating Temperature Range

Respect to VgB Except During Programming +0.3V to —20V MM5204 0°C to +70°C
Power Dissipation 750 mW MM4204 —55°C to +85°C
Storage Temperature Range ~65°C to +125°C

Lead Temperature (Soldering, 10 seconds) 300°C

DC Electrical Characteristics TA within operating temperature range, V| = 0V, Vgg = PROGRAM = Vgg,
MM4204: Vgg = 5V £10%, Vpp = —12V £10%, MM5204: Vgs = 5V 5%, Vpp = —12V *5%, unless otherwise noted.

TYP
SYMBOL PARAMETER CONDITIONS MIN {Note 7) MAX UNITS

ViL  [input Low Voltage Vgs—14 Vss—4.2

Vi [Input High Voltage Vss—1.5 Vgs5t0.3

') input Current Viny =0V 1.0 HA

Vor |Output Low Voltage loL = 1.6 MA Vi 0.4

Von ]Output High Voltage lon =—0.8mA 24 Vgg

lLo |Output Leakage Current | Vour =0V, CS =V, 1.0 uA

Ipp  |Power Supply Current MM5204 T, =0°C, CS = V. Power Saver = V_ 28 40.0 mA
MM4204 T, =0°C, CS = V,,, Power Saver = V,_ 50.0 mA
MM5204 T, =0°C, CS =V, Power Saver = V,,, 6.0 8.0 mA
MM4204 T, =0°C, CS =V, Power Saver =V, 10.0 mA
MMS§204 T, =0°C, CS =V, Power Saver = V_ 42 mA
MM4204 Tp =0°C, CS =V, Power Saver = V_ ) 52 mA

lss MM5204 T, =0°C, CS = V,y, Power Saver = V 10 mA
MM4204 T, =0°C, CS =V, Power Saver = V,y, 12 mA

AC Electrical Characteristics Ta within operating temperature range, V| = 0V, Vg = PROGRAM = Vgg,
MM4204: Vsg = 5V £10%, Vpp = —12V £10%, MM5204: Vgg = 5V #5%, Vpp = —12V +5%, unless otherwise noted.

: TYP
SYMBOL PARAMETER CONDITIONS MIN (Note 7) MAX UNITS
’ o

tacc | Access Time

MM5204 Ta = 70°C,(Figure 1), (Note 4) 0.76 1.0 us

MM4204 T =85°C, (Figure 1), (Note 4) 1.25 us
tro Power Saver Set-Up Time .

MM5204 (Figure 1) 3 1.8 us

MM4204 (Figure 1) 2.0 us
tco Chip Select Delay )

MM5204 (Figure 1) . 500 ns

MM4204 ' (Figure 1) 600 ns
ton Data Hold Time (Figure 1) 30 50 ns
topc | Chip Select Deselect Time

MM5204 (Figure 1) 30 300 500 ns

MM4204 (Figure 1) 30 300 600 ns
tope | Power Saver Deselect Time

MM5204 (Figure 1) 30 300 500 ns

MM4204 (Figure 1) 30 300 600 ns
Cin Input Capacitance (All Inputs) Vin = Vgs, f = 1.0 MHz, (Note 2) 5.0 8.0 pF
Cout |Output Capacitance Vour = Vss. CS =V, f = 1.0 MHz, 8.0 15 pF

{All Outputs) (Note 2) \
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Programmer Electrical Characteristics
TA = 25°C, Vgg = CS = Power Saver = OV, VL = OV to —14V, unless otherwise specified, (Figure 2), (Note 5).

SYMBOL PARAMETER CONDITIONS MIN (N?tl:ﬂ MAX UNITS
Itp Data Input Load Current Viy =18V -10 mA
laLp | Address input Load Current VN =50V =10 mA
I p Program Load Current VN =-50V -10 mA
I.gg | Ves Load Current : 50 mA
l.op | Vop Load Current Vpp = PROGRAM =-50V —200 mA
Viup | Address Data and Power Saver -2.0 0.3 Vv

Input High Voltage
Viep | AddressInput Low Voltage -50 -1 \

Data Input Low Voltage -18 -1 \Y
Vonp | Voo and Program High Voltage -2.0 \ 0.5 Vv
Vorp | Voo and Program Low Voltage ) =50 —48 \
Vgie | Ves Low Voltage 0 0.4 Vv
Vgue | Ves High Voltage 114 12.6 \
Vpo [ Pulse Duty Cycle ’ 25 %
tew _Program Pulse Width . 0.5 50 . ms
tps Data and Address Set-Up Time 40 us
ton Data and Address Hold Time ' 0 Ms
tss Pulsed Vpp Set-Up Time 40 100 us
tsh Pulsed Vpp Hold Time 1.0 us
tas Pulsed Vgg Set-Up Time 1.0 Hs
tan Pulsed Vgg Hold Time ' ' 1.0 Hs
tpss Power Saver Set-Up Time 1.0 Ms
tesy Power Saver Hold Time . ‘ 1.0 ' s
tr, te | Voo, Program, Address and Data 1.0 us

Rise and Fall Time

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for ’Operating
Temperature Range’’ they are not meant to imply that the devices shoutd be operated at these limits. The table of “Electrical Characteristics”
provides conditions for actual device operation.

Note 2: Capacitance is guaranteed by periodic testing.

Note 3: Positive true logic notation is used except on data inputs during programming
Logic ““1"* = most positive voltage level
Logic 0" = most negative voltage fevel

Note 4: taAcc = 700 ns + 25 (N-1) where N is the number of devices wire—OR’d together.

Note 5: The program cycle should be repeated until the data reads true, then over-programmed 5 times that number of cycles. (Symbolized as
X + 5X programming).

Note 6: The EPROM is initially programmed with all “0’s.” A V)ip on any data input BO—B7 will leave the stored “’0's"’ undisturbed, and a V_p
on any data input BO—B7 will write a logic **1’’ into that location. .
Note 7: Typical values are for nominal voltages and Tp = 25°C, unless otherwise specified.

Erase Specification .

The recommended dosage of ultraviolet light exposure is 6W sec/cm?2.

Programming

The MM4204/MM5204 is normally shipped in the un-
programmed state. All 4096-bits are at logic 0" state.
The table of electrical programming characteristics and
Figure 2 give the conditions for programming of the
device. In the program mode the device effectively
becomes a RAM with the 512 word locations selected by

address inputs AO—A8. Data inputs are BO—B7 and
write operation is controlled by pulsing the Program
input. Since the EROM is initially shipped with all “Q’s,”
a VIHp on any data input BO—B7 will leave the stored
“0's" undisturbed and a V||_p on any data input BO—~B7
will write a logic 1" into that location.

YOZSININ/VOCYININ




MM4204/MM5204

Programming (Continued)

National offers programmer options with both the Contact the local sales office for further information.
IMP16-P and the PACE IPC-16P Microprocessor Devel- There are also several commercial programmers available
opment Systems, such as the Data 1/0 Model V.

Most National distributors have programming capabili-

ties available. Those distributors should be contacted

directly to determine which data entry formats are

IMP16-P IMP16-P/805 available.

IPC-16P ‘IPC-16P/805 In addition, data may be submitted to National Semi-
conductor for factory programming. One of the follow-
ing formats should be observed:

Microprocessor System Programmer Part Number

Preferred Format

A
The custom patterns may be sent in on a Telex or submitted as a paper tape in a 7-bit ASCI| code from model 33 tele-
type or TWX. The paper tape should be as the following example:

Carriage return line feed
allowed between F and B.

Start Character Stop Character Data Field* MSB (Pin 11) LS8 (Pin 4)

Leader: Rubout for . Trailer: Rubout for
TWX or letter Key TWX or letter Key
for telex (at least BPPPNPPNNFBNNPPNNPPF...BNPNPNNNNF 0 (ot least
25 frames). = v s\ ~v 4 \ ~ 4 25 frames),

Word 0 Word 1 " Word511

All Address Inputs LOW All Address Inputs HIGH

*Data Field: Must have only P’s or N's typed between B and F. No nulls or rubouts. Must have exactly eight P and N characters between
B and F. Any characters except B and F may be typed between the F stop character and the B start character. If an error is made in pre-
paring a tape the entire word including the B and F start and stop characters must be rubbed out. Data for exactly 512 words must be
entered beginning with word 0.

Alternate Format {Punched Tape (Note 1) or Cards]

by, MSB (Pin 22)
MM5204 .
Positive Logic bo. LSB (Pin 15)
2 Spaces — ——; /
annn T annnnnnn®n Note 3
ANNL nannnnnn _n
e g?g?;;ﬂr_;‘g\ Note 1: The code is a 7-bit ASCII code on 8 punch tape. The
}\.)nj 0Nttt : 16 ™1 Space tape should begin and end with 25 or more “RUBOUT"’ punches.
ANNS  NONTTI0N 3 Note 2: The ROM input address is expressed in decimal form
ANNG - NDDINNNT 0 and is preceded by the latter A.
A% 02111100 4 ) .
Lw:/ Note 3: The total number of “1° bits in the output word.
Note 4: The total number of 1 bits in each output column or
R ey bit position.
ASIL 01010101 4
87 140 +—m Note 4
TBG 150
185 250
T84 4nn
83 010
182 100
B1 299
180 t 197
1 Space
Erasing Procedure
The MM4204Q/MM5204Q may- be erased by exposure minutes. Examples of UV sources include the Model
to short-wave ultraviolet light—253.7 nm. There exists UVS-54 and Model S-52 manufactured by Ultra-Violet
no absolute rule for erasing time or distance from Products, Inc. (5114 Walnut Grove Avenue, San Gabriel,
source. The erasing equipment output capability should California). The lamps should be used without short-
be calibrated. Establish a worse case time required with wave filters. The MM4204/MM5204 should be placed
the equipment. Then over-erase by a factor of 2, i.e., if about one inch away from the lamp for about 20—30
the device appears erased after 8 minutes, continue minutes.

exposure for an additional 16 minutes for a total of 24
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AC Test Circuit Typical Application

5V 5%
cHip =
SELECT
= oo
Vss Vgg PROGRAM| ._._
TYPICAL
eyt O] A0-A¢ *Tvpicat Aoomess
MMA204/ QUTPUT NPUTS :
MMS204 B0-67 —

Voo ViL

DM7400 MM5204
.—'— O A8

12V §% O] Voo

Vss
Vs
5V 5% PROGRAM

0V O v | POWER
SAVER

12V 5% ov

*tAcc, tOH. tcD. and top measured
at output of MM4204/MM5204.

Pows

Switching Time Waveforms

Vin
ADDRESS ADDRESS STABLE
Vi
tac —— oH [~

Vi —
POWER SAVER \
o
PO topp —|
Vin
CRIP SELECT

" l'—'cn—- topc
DO oreae WK Vi oo

DATA OUT

Vid
ViL
Note. All times measured with respect to 1.5V level with t; and tf < 20 ns

FIGURE 1. Read Operation

Programming Waveforms

Vene
Vs
Vee
s == tBH

vite

1pg  fe-— 1 tpsH
Vinp
A:gmﬁ INPUTS STABLE &
Viee
P foH
VDNP_\ {—

FIGURE 2. Programming Waveforms

Vore
pss i‘-(ss—.— —] gy fe— \
Vine
POWER §
SAVER

PROGRAM

Vour
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MM5204-1

National
Semiconductor

MOS EPROMs

MM5204-1 4096-Bit (512 x 8) UV Erasable PROM

General Description

The MM5204-1 is a 4096-bit static Read Only Memory
which is electrically programmable and uses silicon gate
technology to achieve bipolar compatibility. The device
is a non-volatile memory organized as 512 words by 8
bits per word. Programming of the memory is accom-
plished by storing a charge in a cell location by applying
a —50V puise. A logic input, “‘Power Saver”, is provided
which gives a 5:1 decrease in power when the memory is

®m Static operation—no clock required
Easy memory_e_xpansion—TRI-STATE® output Chip
Select input (CS)

B 'Q" quartz lid version erasable with short wave ultra-
violet light (i.e., 2563.7 nm)

u |_ow power dissipation

m ‘“Power Saver” control for low power applications

not being accessed. m Compatible with SC/MP 11 N-channel microprocessor
Features Applications
® Field programmable ® Code conversion
W Fast program time: ten seconds typical for 4096 bits m Random logic synthesis .
® Fast access time ® Table look-up
MM5204-1 700 ns ® Character generator
® DTL/TTL compatibility - Microprogramming
® Standard power supplies 5V, —12V m Electronic keyboards
Block and Connection Diagrams
Dual-In-Line F;ackage
0= oy Ves— k } =
1] 23 .
A ) > ¢ } Voo POWER SAVER L2 Voo
A2 ] 4096.BIT vy
INPUT X EPROM m-’—- -1-2—37
at BUFFERS => DECODER :> h;’l‘szlnx 12 ves . B
m 9 4 PROGRAM PROGRAM =i p— B
JYpRLEN a0 120 g5
T 1) n s
s ] .y
POWER SAVER ——P —> ¥ DECODER K= s kik? 1 e
AL}
[¢— A8
CONTROL ! ! “j 5y
CIRCUITS
AS 10 _15_“
l:'-—-)J — OUTPUT BUFFERS ne L=
vsslz- )

ltsyslnlubelzulnlu

B0 B1 B2 BJ B4 B5 BG B7

TOP VIEW

Order Number MM5204Q-1
See NS Package J24CQ




Absolute Maximum Ratings (note 1)

All Input or Output Voltages with

Respect to Vg Except During Programming

Power Dissipation
Storage Temperature Range

Lead Temperature (Soldering, 10 seconds)

+0.3V to ~20V
750 mW

-65°C to +125°C
300°C

DC Electrical Characteristics

Ta =0°C,t0 +70°C, VL= OV, Vg = PROGRAM = Vsg, Vsg = 5V £5%, Vpp = —12V #5%, unless otherwise noted.

(All Outputs})

(Note 3)

SYMBOL PARAMETER CONDITIONS MIN .(NILPZ) MAX UNITS
ViL Input Low Voltage Vgs—14 Vgs—4.2
VIH Input High Voltage Vgg-1.5 Vgs+0.3
L Input Current VIN = 0V 1.0 MA
~ VoL [Output Low Voltage IoL=1.6mA Vi 0.4
VOH |Output High Voltage I0H = —0.8 mA 24 Vsg
Lo Output Leakage Current VouT=0V,CS=Vy 1.0 uA
o]0} Power Supply Current Ta=0°C, cs= VIH. v
Power Saver = V|| 28 40.0 mA
Power Saver = V| 6.0 8.0 mA
Iss | Vss Current Ta=0°C,CS=VH
Power Saver = V|| 42 mA
Power Saver = V|H 10 mA
AC Electrical Characteristics
Ta =0°Cto +70°C, VL = OV, VBB = PROGRAM = Vgs, Vg5 = 5V +5%, Vpp = —12V 5%, unless otherwise noted.
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
(Note 2)
tACC | Access Time TA = 70°C, (Figure 1) 700 .ns
tPO Power Saver Set-Up Time (Figure 1) 1.4 us
tco Chip Select Delay (Figure 1) 250 ns
tOH Data Hold Time (Figure 1) 30 50 ns
tOoDC | Chip Select Deselect Time (Figure 1) 30 200 500 ns
toDp | Power Saver Deselect Time {Figure 1) 30 200 500 ns
CIN Input Capacitance (All Inputs) VIN = Vsgs, f = 1.0 MHz, (Note 3) 5.0 8.0 pF
COUT |Output Capacitance VouUT = Vss, CS = V|, f= 1.0 MHz, 8.0 15 pF

Note 1:"’Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘“Operating
Temperature Range ‘' they are not meant to imply that the devices should be operated at these limits. The table of “‘Electrical Characteristics'”

provides conditions for actual device operation.

Note 2: Typical values are for nominal voltages and TA = 25°C, unless otherwise specified.
Note 3: Capacitance is guaranteed by periodic testing.

v
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MM5204-1

AC Test Circuit

5V 5%

Vs Vgp PROGRAM]

TYRICAL 5, _
INPUT Ao0-A8
MM5204-1
O—Do—- AD-A8
Voo ViL
12V 5% ov

*TYPICAL
QUTPUT
BO-B7
DM7400

*tACC' tOH, tcp and top measured at output of MM5204-1

Switching Time Waveforms

Vig
ADDRESS
Vit

Vin ——_\
POWER SAVER \

Typical Application

cHip
seLecT © O

S

.
ADDRESS .
INPUTS

MM5204-1

12V £5% Ormemssmmmmeend V10

Vss
) E Vs
5V 15% PROGRAM

0V O] ¥y |

POWER
SAVER

S

rowgn o o

ADDRESS STABLE

tace ——

j%n

vit

Vin
CHIP SELECT .

Vin
DATA OUT
viL

viL

=
L D

10—

(S
£

DATA OUT
VALID

DATAQUT
NOT VALID

Note. All times measured with respect to 1.5V level with tr and tf < 20 ns

FIGURE 1. Read Operation

Programming Information

Refer to the MM4204/MM5204 data sheet for programming information,




National
Semiconductor

MOS EPROMs
ADVANCE INFORMATION

NMC2532 32k-Bit (4k x 8) UV Erasable PROM

General Description

The NMC2532 is a 32,768-bit EPROM operating from a
single 5V power supply. This device is an ultraviolet
erasable, electrically programmable, read only memory
fabricated using National's high speed, low power, silicon
gate technology.

This device is deselected when pin 20 is high and automat-
ically placed in the standby mode. This mode provides an
85% reduction in power with no increase in access time.

Bits may be programmed at random, in sequence or sin-
gly. Typical erasure time is 20 minutes using a 12 mW/cm?
ultraviolet lamp.

Features

W Single5V power supply
B 450 ns max access time
W Low power:
Active — 160 mA max
Standby — 25 mA max
B Fully static
B TRI-STATE® output
B Alll/O pins TTL compatible
B Pin compatible with existing EPROMs and ROMs
B Singlelocation programming

Block and Connection Diagrams*

Dual-In-Line Package

vee  we o (9 a7 =1 J 124 e
1 1 l DATA OUTPUTS ) »
01-0g(1-08) a5 = 2 s
5V 25V GND T —— ey,
ITHHITEL == 2
> 4 21
P T p—— | SonTROL 4 v
1 »|  outeuT BurreRs 3 =3l 20 e
. 6 19
r [ . - A2 —1 == A10
— uzc;um o V-GATING a4 L
_ 8 17
. > A0 — — 0g(08)
A0-AT _’“ > . ’
ADDRESS ___’—-—P . 0y(a1) — 1€ g,0n
p— . ¥
— nsct))(n:n . cglz,thsAl;:;lx 05(a2) Lﬂ{ - og(0)
__L e 1 13
| 03(03) == 05{05)
L —_— . [
> GND(vss) —2 13 04000)
TOP VIEW
Modes* :
Order Number NMC2532Q
____ Pin Name/Number See NS Package J24CQ
PDIPGM
Mode (SIP) VPP | VCC Outputs *
20 21 | 24 | 8-11,13-17 Pin Names™ .
Read VIL 5V 5V DOUT PD/PGM (S/P) Power Down (Chip Select)
R A0-A11 Address Inputs
Standby VIH 5V 5V Hi-Z 0.-04(Q1-Q8) Data Outputs
Program Pulsed VIH | 25V | -5V DIN 1-Oa( )| ue
to VIL VPP Program Power (25V)
Program Verify vIL sv | sv pouT vee Power (5V)
Program Inhibit VIH 25v | sv Hi-Z GND(VSS) Ground

* Symbols in parentheses are proposed industry standard.
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NMC2532

Absolute Maximum Ratings (Note 1)

Temperature under Bias
Storage Temperature

Allinput and Output Voltages
with Respect to VSS During Read

VPP Supply Voltage with Respect
toVSS During Programming

Power Dissipation
Lead Temperature (Soldering, 10 seconds)

READ OPERATION

DC Operating Characteristics (ote 2)
TA=0°C to 70°C, VCC =5V + 5%, VSS =0V, VPP = VCC = 0.6V (Note 3)

-10°Cto +80°C
-65°Cto +125°C
+6Vto —0.3V

+26.5Vto — 0.3V

1.5W
300°C

Symbol Parameter Conditions Min Typ Max Units
Ll Input Load Current VIN =5.25V 10 ~pA
ILO Output Leakage Current VOUT =5.25V 10 uhA
ICC1 VCC Current Standby PD/PGM (S/P) = VIH 15 25 mA
ICC2 VCC Current Active PDIPGM (S/P) = VIL 85 160 mA
VIL Input Low Voltage -041 0.65 \)
VIH Input High Voltage 2.2 VCC+1 )
VoL Output Low Voltage IOL=2.1 mA 0.45 Vv
VOH Output High Voltage IOH = — 400 4A 24 ' \
IPP1/IPP2 VPP Standby!/Active Current 300 uA
AC Characteristics 7a=0°C to70°C, VCC =5V +5%, VSS =0V, VPP = VCC + 0.6V (Note 3)
. Symbol

Parameter Conditions Min Max Units
Alternate Standard ’
tacc TAVQV Address to Output Valid PG/PGM = VIL - 450 ns
tapr TsLQv Select to Output Valid 450 ns
tpxz TSHQZ Select to Output Hi-Z 0 ) 100 ns
tpvx TAXQX Address to Output Hold PDIPGM = VIL 0 ns

Capacitance (Note 4) TA=25°C, f=1MHz

AC Test Conditions
Symbol Parameter Conditions | Typ | Max | Units
- - Output Load: 1 TTL gate and CL = 100 pF
i = 4 F Input Rise and Fall Times: <20 ns
CIN Input Capacitance VIN =0V 6 P Input Pulse Levels: 0.8V to 2.2V
COUT | Output Capacitance VouT =0V 8 12 pF Timing Measurement Reference Level:

Inputs  1Vand2v
Outputs 0.8V and 2V

Note 1: *Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature

Range" they are not meant to imply that the devices should be operated at these limits. The table of “Recommended DC Operating Conditions” provides con-
ditions for actual device operation.

Note2: Typicalvalues are for TA = 25°C and nominal supply voltages.
Note3: VPP canbe tieddirectly to VCC(except during programming).

Note 4: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = fat/aV. Capacitance is guaranteed by periodic
testing. : :
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Switching Time Waveforms*

2ESZONN

Read Cycle
VIH %7# 2 ”a ¥
ADDRESSES ////% VALID VALID
VIL g484444444 <
tPVX
= (TAXaX) ™|
VIH —\
PD/PGM \
VIL %
|e— |- tAPR
tAccl (sLav) P ~
| ——— e i |
VOH (TAVQV)
Hi-Z Hi-Z
OUTPUT VALID
VoL
Standby Power Down Mode
{
VIH A
ADDRESSES VALID VALID
VIL 7

APR
——g—

VIH (TsLav) -
PD/PGM viL ; STANDBY ACTIVE STANDBY

- - 'PXZ =] IACC |
(TSHQz) (TAvav)

UTPUT VOH VALID FOR Hi-Z / VALID FOR Hi-z
voL —CURRENT ADDRESS —\|  CURRENT ADDRESS

*Symbols in parentheses are proposed industry standard.
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NMC2532

PROGRAM OPERATION
DC Characteristics Ta=25:C +5°C, VoG =5V +5%, VPP=25V £ 1V
Symbol Parameter Conditions Min Typ Max Units
ILi Input Current All Inputs VIN=ViLor VIH 10 A
VoL Output Low Voltage During Verify IOL=2.1 mA 0.45 v
VOH Output High Voltage During Verify IOH = — 400 pA 2.4 v
ICC VCC Supply Current 85 160 mA
VIL Input Low Level All Inputs -0.1 0.65 v
ViH Input High Level All Inputs Except VPP 2.2 VCC+1 \
IPP VPP Supply Current PD/PGM (S/P) = VIL 30 mA
AC Characteristics ta=25°c+5°c, vec=5v=5%

Symbol Parameter Min Typ Max Units
Alternate Standard
tsua TAVPL Address Set-Up Time us
tsup TDVPL Data Set-Up Time 1S
tsuvep TVPPHPL VPP Set-Up Time ns
twer TPLPH Program Pulse Width 45 50 55 ms
tho TPHDX Data Hold Time us
tuvep TPHVPPL VPP Hold Time ns
theR - TVPPLPL VPP Recovery Time ns
taPr TsLQv Select to Output Valid 450 ns
tha TSHAX Address Hold Time 0 ns
tpxz TSHQZ Select to Output Hi-Z 0 100 ns

Programming Waveforms* (Note 5) TA = 25°C £ 5°C, VCC = 5V £ 5%, VPP =25V £ 1V

| PROGRAM
PROGRAM e VERIEY
VIH 4
ADDRESSES ADDRESS X ADDRESS X+
VIL N
1)
- o} ISUA
(TAVPL)
VIH - DATA IN STABLE Hi-Z DATA OUT VALID
DATA quc ADD X ADD X
tsyp tHp —— AP _ - ] tpxz
(TRVPL) ‘ - (TPHDX)'» (TsLav) (TsHa2)
+25V .
HA e
(TSHAX) ™
VPP
tSyypp WPR tHVPP
(TVPPHPL) | _ (TPLPH) | (TPHVPPL)
+5V | o |
| _tHPR
A (TVPPLPL) , :
PD/FEH VIH \ / I
(8/P)

VIL

Note 5: The input timing reference level is 0.65V for VIL and 2.2V for VIH.
* Symbols in parentheses are proposed industry standard.
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Functional Description

DEVICE OPERATION

The NMC2532 has two modes of operation in the normal
system environment. These are shownin Table .

TABLE I. OPERATING MODES (VCC = 5W)*

Pins PDIPGM ICC Max Qutputs
(SIP) 24 9-11, 13-17
Mode 20, !
Read VIL 160 mA DOUT
Standby VIH 25 mA Hi-Z
Read Mode

The NMC2532 read operation requires that PDIPGM = VIL
and that addresses A0-A11 have been stabilized. Valid
data will apear on the output pins after tacc or tapg times
(see Switching Time Waveforms) depending on which is
limiting.

Standby Mode

The NMC2532 is placed in the standby mode (deselected
and powered down) by making PD/PGM = VIH. This auto-
matically controls the outputs to their Hi-Z state. The
power dissipation is reduced to 15% of the normal
operating power. VCC must be kept at 5V. Access time at
power up (chip selection) remains either tacc or tapg (Se€
Switching Time Waveforms).

PROGRAMMING

The NMC2532 is shipped from National completely
erased. All bits will be at a ““1” level (outputs high) in this in-
itial state after any full erasure. Table Il shows the three
programming modes.

TABLE Il. PROGRAMMING MODES (VCC = 5V)*

PIns | poisam siF) | vep Outputs
Mode 20 18 9-11, 13-17
Program VIL 25V DIN
Program Verify VIL 5V DOUT
Program Inhibit VIH 25V Hi-Z

. Program Mode

The NMC2532 is programmed by placing “0"’s into the de-
sired locations. This is done 8 bits (a byte) at a time. Any in-
dividual address, a sequence of addresses, or addresses
chosen at random may be programmed. Any or all of the 8
bits associated with an address location may be pro-
grammed with a single program pulse applied to the
PD/PGM (S/P) pin. All input voltage levels, including the
program pulse on the PD/PGM pin are TTL compatible. The
programming sequence is:

With the VPP pin at 25V and VCC =5V, an address is
selected and the desired data word is applied to the out-
put pins (VIL =*0" and VIH = ‘1" for both address and

*Symbols in parentheses are proposed Industry standard.

data). After the address and data signals are stable the
PD/PGM pin is pulsed from VIH to VIL with a pulse
width between 45 ms and 55 ms.

Muitiple pulses are not needed but will not cause device
damage. No pins should be left open. A low level, VIL or
lower must not be maintained steady state (DC signal) on
the PD/PGM pin during programming. Several NMC2532s
may be programmed in parallel {the same data in each
one) in this mode.

Program Verify

The programming of the NMC2532 may be verified, either
one word at a time during the programming (as shown in
the timing diagram) or by reading all of the words out at the
end of the programming sequence.

Program Inhibit

The program inhibit mode allows programming several
NMC2532s in parallel with different data for each one by
controlling which ones receive the program pulse. All
similar inputs may be paralleled. Pulsing the PD/PGM pin
from VIH to VIL on a selected unit or units will cause pro-
gramming, while inhibiting the PD/PGM pulse will inhibit
programming and keep the outputs of the inhibited
devices in the Hi-Z state.

ERASURE PROCEDURE

The NMC2732 is erased by exposure to high intensity ul-
traviolet light through the transparent window. This expo-
sure discharges the floating gates to their initial state
through induced photo current. it is recommended that
this device be kept out of direct sunlight. The UV content

of sunlight may cause the a partial erasure of some bitsin .

a relatively short period of time. Direct sunlight (any in-
tense light) can cause temporary functional failure due to
generation of photo current. Extended exposure to room
level fluorescent lighting will also cause erasure. An
opaque coating (paint, tape, label etc.) should be placed
over the package window if this product is to be operated
under these lighting conditions.

An ultraviolet source of 2537A yielding a total integrated
dosage of 15 Watt-seconds/cm?2is required. This will erase
aunitinapproximately 15 to 20 minuteswhena UV lamp of
a 12 mWi/cm?2 power rating is used. The NMC2532 to be
erased should be placed one inch away from the lamp and
no filters should be used.

An erasure system should be calibrated periodically. The
distance from lamp to unit should be maintained at one
inch. The erasure time increases as the square of the
distance. (If distance is doubled the erasure time in-
creases by a factor of 4.) Lamps lose intensity as they age.
When a lamp is changed, the distance has changed or the
lamp has aged, the system should be checked to make
certain full erasure is occurring. Incomplete erasure will
cause symptoms that can be misleading. Programmers,
components, and even system designs have been er-
roneously suspected when incomplete erasure was the
problem.
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NMC2564

National
Semiconductor

MOS EPROMSs
PREVIEW

NMC2564 64k-Bit (8k x 8) UV Erasable PROM

General Description

The NMC2564 is a 65,536-bit EPROM operating from a
single 5V power supply. This device is an ultraviolet
erasable, electrically programmable, read only memory
fabricated using National’s high speed, low power, silicon
gate technology.

This device is deselected when pin 20 is high and
automatically placed in the standby mode. This mode pro-
vides an 85% reduction in power with no increase in
access time.

Bits may be programmed at random, in sequence or singly.
Typical erasure time is 20 minutes using a 12 mW/cm?2
ultraviolet lamp. )

Features

B Single 5V power supply
W 450 ns max access time
B Low power:
Active — 200 mA max
Standby — 30 mA max
B Fully static
W TRI-STATE® output
W All /O pins TTL compatible
B Pin compatible with the 2516 and 2532 EPROMs
B Separate chip selects for multiple bus systems
B Single location programming '

Block and Connection Diagrams*

Dual-In-Line Package

GND
Ve VPP (vsS) vep —H U - vee
l l l DATA OUTPUTS &1 61 =Y 27 <) o2
{21-08) 01-0g
5V %V GND ——t————— a7 =34 L2 yee
{0 I 2 ,,
PO/GR CONTROL > 5 2
—_— 0 =3
(S/P) Locic hs —
-> QUTPUT BUFFERS L 3 0,
c L a1 =14 L2, (s/7) po PR
) i 21
Y b4 e
— DECODER N Y-GATING A2 = A10
—_— > a1 ol 120 Al
A0-AN — > a0 =Y 19 (as) 03
ADDRESS 4
neuts | = X . 01 @n =Y 1 an 07
—P X . 32,768-BIT
—_— DECODER . CELL MATRIX 0z (a2) 2] 7 (05) 05
—_— . 13 16
. 03(03) = |— (0s) 05
.
> ono ss) -2 . 0008
TOP VIEW
Modes
Pin Name/Number
Mode vee | vep | PDIPGM | TST | TS2 | Outputs
2,28 | 1 (SIP) SH | 82 (Q1-08)
22 2 27 [ 11-13,15-19
Read 5 5 VIL viL | viL DouT Pin Names
Deselect 5 5 ViL VIH X Hi-Z PD/PGM (S/P) Power Down (Chip Select)
Deselect 5 5 vIL X VIH HiZ A0-A12 Address Inputs
Standby 5 5 VIH X X Hi-Z 04-0g(Q1-Q8)  Data Outputs
Program Inhibit 5 25 VIH X X DIN VPP Program Power (+25V)
Program Inhibit 5 25 X VIH X DIN VCC Power (+5V)
Program Inhibit 5 25 X X VIH DIN GND (VSS) Ground
Program 5 25 Pulsed VIH VIL ViL DIN
to VIL

X=don't care
* Symbols in parentheses are industry standard
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National
Semiconductor

MOS EPROMs
PREVIEW

NMC27C16 16,384-Bit (2048 x 8) UV Erasable CMOS PROM

General Description

The NMC27C16 is a high speed 16k UV erasable and
electrically reprogrammable EPROM ideally suited for
applications where fast turn-around and pattern experi-
mentation are important requirements.

The NMC27C16 is packaged in a 24-p|n dual-in-line
package with transparent lid. The transparent lid allows
the user to expose the chip to ultraviolet light to erase the
bit pattern. A new pattern can then be written into the
device by following the programming procedure.

This ERPOM is fabricated with the reliable, high volume,
time proven, CMOS silicon gate technology.

Features

B 2048 x 8 organization

B Low power during programming

W Access time—450 ns

B Single 5V power supply

B Static—no clocks required

N Inputs and outputs TTL compatible during both read
and program modes

B TRI-STATE® output

Block and Connection Diagrams*

Dual-In-Line Package

l } il vee

A7—"
<—— VPP+5V prmd ’ 23
«— VCC+5V R »
€—— VS5 GND A5 — = A9
Ad—i iVPP
DATA OUTPUTS (PROGRAM INPUTS)
09-07 (20-Q7) o
— promd 12 o @
_ OEG——P CONTROL/PROGRAM 6 LI
CE/PGM (E/P) ——epp LoGIc Az— —
| H ] 1| [T I
| ! QUTPUT BUFFERS Al— |— CE/PGM (E/P)
| I - (INPUT BUFFERS) . “
* A0— —0;(a7)
\ o [] 16
m ADDRESS 4 YDECODE | 16 Y GATING o (00— b— 05 (Q6)
ADDRESS SUFFER 10 15
INPUT 0y (21— — 05 (as)
ADDRESS 7 x pecooe | 128 leat n 1
BUFFER BIT MATRIX 0 (02)—f — 04 (03)
1
vss =4} A03 @
TOP VIEW

Pin Connection During Read or Program

Pin Name/N
Mode C?EI;S M (c()';f VPP | VCC | Outputs
18 20 21 24 | 9-11,13-17
Read VIL viL | 5 5 DOUT
Program | Pulsed VIL | VIH 25 5 DIN
to VIH

* Symbols in parentheses are proposed industry standard.

Pin Names

A0-A10 Addres Inputs
00-07(Q0-Q7) Data Outputs
CE/PGM(E/P)  Chip Enable/Program
OE(G) Output Enable

VPP Read 5V, Program 25V
VvCC Power 5V

VsS Ground -

5-55

<
=
Q
N
N
O
—h
(=)




NMC27C16

Absolute Maximum Ratings (ote 1)

Temperature Under Bias —-25°Cto +85°C

Storage Temperature —65°Cto +125°C

VPP Supply Voltage with Respect 26.5Vto —0.3V
to VSS

AllInput or Output Voltages with
Respect to VSS (except VPP)
Power Dissipation
Lead Temperature(Soldering, 10 seconds)

VGC +0.3V to - 0.3V

1.5W
300°C

READ OPERATION

DC Operating Characteristics ta=o°c to +70°C, vcC=5V+5%, (VCC=5V+10% for
NMC27C16-1), VPP =VCC + 0.6V (Note 3), VSS = 0V, unless otherwise noted.

Symbol Parameter Conditions Min Typ Max Units
ILt Input Current VIN=5.25V or VIN = VIL 10 pA
ILO Output Leakage Current VOUT =5.25V, CE/PGM = 5V 10 uhA
iPP1 VPP Supply Current VPP =5.85V 5 mA
ICC1 VCC Supply Current (Standby) | CE/PGM =VIH, OE = VIL 10 25 mA
ICC2 VCC Supply Current (Active) CE/PGM =0OE = VIL 57 100 mA
VIL input Low Voltage -0 08 \Y
VIH Input High Voltage 2.0 VCC +1 v
VOH Qutput High Voltage 1OH = - 400 4A 24 \
VoL Output Low Voltage 1OL=2.1mA 0.45 \'

AC Characteristics (vote 2) TA=0°C to +70°C, vCC =5V
VPP =VCC = 0.6V (Note 3), VSS = 0V, unless otherwise noted.

+5%, (VCC=5V+10% for NMC27C16-1),

Rormate] Stardar Paramete Conditions | e T e | wine | Wi ] max |unts
tacc TAVQV | Address to Output Delay CE/PGM=0E = VIL 450 350 390 | ns
tce TELQV | CE to Output Delay OE=VIL 450 350 390 | ns
toe TGLQV | Output Enable to Output Delay CEIPGM = VIL 120 120 120 | ns
toe TGHQZ | Output Enable High to Output Hi-Z | CE/PGM =VIL 0 100 100 100 | ns
ton TAXQX | Address to Output Hold CEIPGM=0E=VIL| 0 ns
too TEHQZ | CE to Output Hi-Z OE=VIL 100 100 | 0 | 100 ] ns
Capacitance ta=25°c, f=1MHz ’
Symbol Parameter Conditions Typ | Max | Units AC Test Conditions

ct Input Capacitance | VIN =0V 4 6 oF Output Load: 1 TTL gate and CL =100 pF
co Output Capacitance | VOUT=0V | 8 | 12 | pF Input Rise and Fall Times: <20 ns

Note 1:“Absolute Maximum Ratings” are those values beyond which the safety of the

device cannot be guaranteed. Except for “Operating

Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics”

provides conditions for actual device operation.

Note 2: Typical conditions are for operation at: TA = 25°C, VCC =5V, VPP = VCC, and VSS =0V.

Note 3: VPP may be connected to VCC except during program. The = 0.6V tolerance ailow:
the program voitage.

Note 4: Capacitance is guaranteed by periodic testing. TA =25°C, f=1 MHz.

s a circuit to switch VPP between the read voitage and
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Switching Time Waveforms *

Read Cycle (CE/PGM = VIL)

910.¢0NN

VIH ZZZZ2ZZZZTED\ .
ADDRESSES %/// VALID VALID
viL %
toH
~(TAXx)

VIH ™\ —
OUTPUT ENABLE \L

viL -

| e—— |- 10E
Accl (TGLav) (TGHBD;; —
~——(TAVQV) =
VOH Wz Hi-Z
OUTPUT VALID
VoL

Read Cycle (OE = VIL)

vIH \—f ’
ADDRESSES 7//%( VALID VALID
viL Z

gy
L"(TAxaxr’

VIH \
CHIP ENABLE \ . /
ViL

l-q__..__tCE top
tace (TELQV) (TEHQZ) ™™ -
VOH o (TAVQv)
DUTPUT HiZ VALID Hiz
voL
Standby Power Down Mode (OE = VIL) m
VIH -\
ADDRESSES : VALID VALID
VIL 7/

1gE
- 1 [ (Teaw)
CHIP ENABLE L 7 STANDBY \L ACTIVE / STANDBY

- < top -] IACC |
(TEHQZ) (TAVQV)

f— VOH, VALID FOR Hi-Z / VALID FOR Hi-z
CURRENT ADDRESS \|  cuRRENT ADDRESS

* Symbols in parSntheses are proposed industry standard.
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NMC27C16

PROGRAM OPERATION

DC Electrical Characteristics and Operating Conditions Notes 1 and 2)
(TA=25°C £5°C) (VCC =5V +5%, VPP =25V £ 1V)

Symbol Parameter Min Typ Max Units
ILl Input Leakage Current (Note 3) 10 uA
VIL Input Low Level -01 0.8 \)
VIH Input High Level 20 VCC+1 \'
ICC VCC Power Supply Current 100 mA
IPP1 VPP Supply Current (Note 4)- 5 mA
IPP2 VPP Supply Current During - 30 mA
Programming Pulse (Note 5)
AC Characteristics and Operating Conditions (Notes 1, 2, and 6)
(TA=25°C +5°C) (VCC =5V +5%, VPP=25V = 1V)
Symbol
Alternate Standard Parameter Min Typ Max Units
tas TAVPH Address Set-up Time 2 1S
tos TGHPH OE Set-up Time 2 us
tps TDVPH Data Set-up Time 2 us
tan TPLAX Address Hold Time 2 us
toH TPLGX OE Hold Time 2 us
ton TPLDX Data Hold Time 2 us
tor TGHQZ Chip Disable to Output Float 0 130 ns
Delay (Note 4)
tee TGLQV Chip Enable to Output Delay (Note 4) 150 ns
tew TPHPL Program Pulse Width 45 50 55 ms
ter TPH1PH2 Program Pulse Rise Time ns
ter TPL2PL1 Program Putse Fall Time ns

Note 1:-VCC must be applied at the same time or betore VPP and removed after or at the same time as VPP. To prevent damage tothe device it must notbein- -
serted into a board with power applied.

Note 2: Care must be taken to prevent overshoot of the VPP supply when switching to + 25V.

Note 3: 0.45V <VIN=<5.25V
Note 4: CE/PGM = VIL, VPP=VCC

Note 5: VPP =26V

Note 6: Transition times <20 ns unless noted otherwise.
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o N =
Timing Diagram Program Mode =2
PROGRAM PROGRAM VERIFY O
OE = VIH | 0E = vIL N
Vi T ~J
ADDRESSES CURRENT ADDRESS X ADDRESSX +1 .
vt :X o
| _tas AR DATA OUT —h
(rAvrn)"l (TPLAX) VALID ADDRESS X D
onra ™ f DATAIN STABLE HiZ » DATA IN STABLE
CURRENT ADDRESS X ADDRESS X +1
it 1cE
(TGLaV) -
L N S ot— iF
(TGHAZ) (TGHOZ)
VIH { 1DH |t —
[ L 7 0 (TPLOX) ™|
D!
(TOVPH) pw
108 (TPHPL)
= (TGHPH)™|
VIH 2 2Y toH
73 \‘* (TPLGX) ™ /
viL 1 X
IPR—-— Fe— e PE
(TPHIPH2) > (TPLIPLY)

Functional Description

DEVICE OPERATION

The NMC27C16 has 3 modes of operation in the normal Standby Mode (Power Down)

system environment. These are shown in Table I
4 The NMC27C16 may be powered down to the standby

Read Mode mode by making CE/PGM = VIH. This isindependent of OE

_ and automatically puts the outputs in their Hi-Z state. The
The NMC27C16 read operation requires that OE=VIL, power is reduced to 25% (132 mW max) of the normal
CE/PGM =VIL and that addresses A0-A10 have been sta- operating power. VCC and VPP must be maintained at 5V.
bilized. Valid data will appear on the output pins after tacc, Access time at power up remains either tacc or tee (see
tog or tcg times (see Switching Time Waveforms) depend- . Switching Time Waveforms).

ing on which is limiting.

Deselect Mode

. L= ) PROGRAMMING
The NMC27C16 is deselected by making OE = VIH. This

mode is independent of CE/PGM and the condition of the The NMC27C16 is shipped from National completely
addresses. The outputs are Hi-Z when OE=VIH. This erased. All bits will be at a “1” level (output high) in this
allows OR-tying 2 or more NMC27C16’s for memory initial state and after any full erasure. Table Il shows the 3
expansion. programming modes.

TABLE I. OPERATING MODES (VCC =VPP=5V)

Pin Name/Number E
CE/PGM OE v
woio | @R | @ | S |
18 20 !
Read VIL VIL ‘DOUT
Deselect Don't Care VIH Hi-Z
Standby VIH Don’t Care Hi-Z

TABLE Il. PROGRAMMING MODES (VCC =5V)

Pin Name/Number
CE/IPGM | OE
= = | VPP | Outputs Q
Mode (E/P) (G)
18 20 21 9-11, 13-17
Program Pulsed VIL | VIH | 25 DIN
to VIH
Program Verify VIL VIL | 25(5) DOUT
Program Inhibit VIL VIH | 25 Hi-Z

* Symbols in parentheses are proposed industry standard




NMC27C16

.Functional Description (continued)

Program Mode

The NMC27C16 is programmed by introducing “0”’s into
the desired locations. This is done 8 bits (a byte) at a time.
Any individual address, a sequence of addresses, or ad-
dresses chosen at random may be programmed. Any or all
of the 8 bits associated with an address location may be
programmed with a single program pulse applied to the
chip enable pin. All input voltage levels, including the pro-
gram pulse on chip enable are TTL compatible. The pro-
gramming sequence is:

With VPP =25V, VCC =5V, OE = VIH and CE/PGM = VIL,
an address is selected and the desired data word is ap-

, plied to the output pins. (VIL =““0" and VIL =*1" for both
address and data.) After the address and data signals
are stable the program pin is pulsed from VIL to VIH
with a pulse width between 45 ms and 55 ms.

Multiple pulses are not needed but will not cause device
damage. No pins should be left opmn. A high level (VIH or
higher) must not be maintained longer than tpymax on the
program pin during programming. NMC27C16s may be
programmed in parallel with the same data in this mode.

Program Verify Mode

The programming of the NMC27C16 may be verified either
1word at a time during the programming (as shown in the
timing diagram) or by reading all of the words out at the
end of the programming sequence. This can be done with
VPP =25V (or 5V) in either case.

Program Inhibit Mode

The program inhibit mode allows programming several
NMC27C16s simultaneously with different data for each
one by controlling which ones receive the program pulse.
All similar inputs of the NMC27C16 may be paralleled.
Pulsing the program pin (from VIL to VIH) will program a

unit while inhibiting the program pulse to a unit will keep it
from being programmed and keeping OE = VIH will put its
outputs in the Hi-Z state.

ERASING

The NMC27C16 is erased by exposure to high intensity ul-
traviolet light through the transparent window. This expo-
sure discharges the floating gate to its initial state
through induced photo current. It is recommended that
the NMC27C16 be kept out of direct sunlight. The UV con-
tent of sunlight may cause a partial erasure of some bitsin
a relatively short period of time. Direct sunlight can also
cause temporary functional failure. Extended exposure to
room level fluorescent lighting will also cause erasure. An
opaque coating (paint, tape, label, etc.) should be placed
over the package window if this product is to be operated
under these lighting conditions.

An ultraviolet source of 2537A yielding a total integrated
dosage of 15 watt-seconds/cm?is required. This will erase
the part in approximately 15 to 20 minutes if a UV lamp
with a 12,000 ysW/cm? power rating is used. The NMC27C16
to be erased should be placed 1 inch away from the lamp
and no filters should be used.

An erasure system should be calibrated periodically. The
distance from lamp to unit should be maintained at 1 inch.
The erasure time is increased by the square of the dis-
tance (if the distance is doubled the erasure time goes up
by a factor of 4). Lamps lose intensity as they age. When a
lamp is changed, the distance is changed, or the lamp is
aged, the system should be checked to make certain full
erasure is occurring. Incomplete erasure will cause symp-
toms that can be misleading. Programmers, components,
and system designs have been erroneously suspected
when incomplete erasure was the basic problem.
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Semiconductor

MOS EPROMs
PRELIMINARY

NIMC2724 16k-Bit (2k x 8) UV Erasable PROM

General Description

The NMC2724 is a 16,384-bit EPROM operating from a
single 5V power supply. This device is an ultraviolet
erasable, electrically programmable, read only memory
fabricated using National's high speed, low power, silicon
gate technology.

- This deviceis deselected when pin 18 is high and automat-
ically placed in the standby mode. This mode provides an
80% reduction in power with no increase in access time.
The NMC2724 has an output enable control to eliminate
bus contention in microprocessor systems.

Bits may be programmed at random, in sequence or sin-
gly. Typical erasure time is 20 minutes using a 12 mW/cm?2
ultraviolet lamp.

Features

B Single5V power supply
@ 450 ns maxaccesstime
B Low power:
Active—150 mA max
Standby—30 mA max

W Fully static

B TRI-STATE® output

B Alll/O pins TTLcompatible

8 Pin compatible with existing EPROMs and ROMs
B Qutput enable control

Block and Connection Diagrams*

Dual-In-Line Package

GND
veC vep (VSS) oy 1 J 2 e
l l l DATA QUTPUTS
0g-07 (Q1-08) A6 =24 123 g
5V 25V GND e — e
PHETTtet  wo 2,
DENPP(G/VPP) e | —> 4 21
CONTROL AG —— — ARt
Locic
TE(E) ——D l »|  OUTPUTBUFFERS a3 2 GE/vepEveR)
( > a2 =4 9 a0
—[. " .
—_— bECoDER o« Y-GATING prpmd 18 e
JR—— >
> 8 17
o » a0 — . 0008
ADDRESS —p g 9 16
wors | ———) e ogla1) — S ogian
—_— X . 16,384-81T 10 15
— DECODER . CELL MATRIX 0002 = 5 050060
.
- _’I . o0 1 112 04005)
> onotvss) 2 13 030001
Modes* TOP VIEW
Pin Name/Number Order Number NMC2724Q-A
= — or NMC2724Q-B
Mode fg %%‘fp'; vee | outputs See NS Package J24CQ
18 20 24 |9-11,13-17 Pin Names*
Read vIL viL sv | pout CE(E) Chip Enable
Standby VIH | DomtcCare | 5v Hi-Z OE(@) Output Enable
Program’ vIL 25V 5V DIN AD-A10 Address Inputs
Program Verify vIL VIL sv | pout O0-07(Q1-Q8)  Data Outputs
Program Inhibit | VIH 25V 5V HI-Z VPP Program Power 25V
VvCC Power 5V
) . GND(VSS) Ground
* Symbols in parentheses are proposed industry standard. AR Select Reference
tNMC2724A, AR < VIL for all operating modes. Input Level

NMC2724B, AR = VIH for all operating modes.
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NMC2724

Absolute Maximum Ratings (Note 1) :

Temperature under Bias —-10°Cto +80°C
Storage Temperature —-65°Cto +125°C
All Input and Output Voltages +6Vto —0.3V

with Respect to VSS During Read
VPP Supply Voltage with Respect +26.5Vto - 0.3V

toVvss During Programming
Power Dissipation 1.5W
Lead Temperature (Soldering, 10 seconds) * «300°C -
READ OPERATION
DC Operating Characteristics (Note 2) TA=0°C to 70°C, vCC =5V = 5%, vss =0V
Symbol Parameter Conditions Min Typ Max Units
1L Input Load Current VIN =5.25V 10 A
L2 OE/VPP Input Load Current VIN =5.25V 300 A
ICC1 VCC Current Standby CE=VIH, OE=ViL 15 30 mA
ICC2 VCC Current Active OE=CE=VIL 85 150 mA
VIL Input Low Voltage -0.1 0.8 \
VIH Input High Voltage 20 - VCC+1 Vv
VoL ‘ Output Low Voltage IOL=2.1mA 0.45 \Y
VOH Output High Voitage IOH = - 400 A 24 \

AC Characteristics ta=0°c to 70°C, vCC = 5V + 5%, VSS = 0V

Symbol Parameter . Conditions Min Typ Max Units

Alternate | Standard

tace TAVQV Address to Output Valid CE=0E=VIL 450 ns
tee TELQV CE to Output Delay OE=VIL 450 ns
toe TGLQV Output Enable to Output Delay CE=VIL 120 ns
tor TGHQZ Output Enable High to Output Hi-Z CE=ViL 0 100 ns
ton TAXQX Address to Output Hold CE=0E=VIL 0 ns
tpr TEHQZ | CE(E) to Output Hi-Z OE=VIL 0 100 ns

Capacitance (note 3 TA=25°C, f=1 MHz

— - AC Test Conditions
Symbol Parameter Conditions | Typ |Max |Units
— - Output Load: 1 TTL gate and CL =100 pF
CIN1  }input Capacitance Except OE/VPP | VIN=0V 4 6 | pF Input Rise and Fall Times: =20 ns
(GIVPP) Input Pulse Levels: 0.8V to 2.2V
CIN2  |OE/VPP (G/VPP) Input Capacitance| VIN =0V 20 | pF | Timing Measurement Reference Level:
Inputs  1Vand2v
COUT [Output Capacitance VOUT =0V 12 | pF Outputs 0.8V and 2V

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature )
Range" they are not meant to imply that the devices should be operated at these limits. The table of “Recommended DC Operating Conditions” provides con-
ditions for actual device operation.

Note 2: Typical values are for TA = 25°C and nominal supply voltages.

Note 3: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = 1At/AV. Capacitance is guaranteed by periodic
testing.
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Switching Time Waveforms*

Read Cycle (CE = VIL)

VIH "
ADDRESSES VALID VALID
' ViL

toy
= (TAXQX) |
VM
OE
viL

tacc
{TAVRV)
i iz
iz VALID Hi

Y2.cONN

|- toE
(TGLav)

1DF
(TeHaZ) ™"

VOH

ouTPUT
voL

N

Read Cycle(OE (G) = VIL)

VIH d )
ADDRESSES VALID ) VALID
ViL

toH
= (raxax)”™"
VIH
CE
viL \

tCE tpF -
tACC (TELQV) (TEKQZ)
Yo (TAVOV) -
ouTPUT Hiz J\ VALID Hi-Z
voL \
Standby Power Down Mode (OE = VIL)
VIH /
ADDRESSES ) VALID VALID
viL
_ |~ {CE
VIH (TELQV)
CE Vit ‘ / STANDBY ACTIVE STANDBY
tpE. taCe
“~(TEKQZ) =ravav)|™
—_ _ '
—— VALID FOR N HiZ _/ VALID FOR Hi-2Z
CURRENT ADDRESS |/ \|  CURRENT ADDRESS

* Symbols in‘parentheses are proposed industry standard.
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Note 4: The input timing reference level is 1V for VIL and 2V for VIH.

*Symbols in parentheses are proposed industry standard.

PROGRAM OPERATION
DC Characteristics 1a=25°c +5°c, veC =5V + 5%, VPP =25V £ 1V
Symbol Parameter Conditions Min_ Typ Max Units
1L Input Current All Inputs VIN=VIL or VIH 10 rA
VoL Output Low Voltage During Verify I0L=2.1 mA 0.45 v
VOH Output High Voltage During Verify 1OH = - 400 pA 24
ICC VCC Supply Current 85 150 mA
VIL Input Low Level All Inputs -01 0.8 v
VIH Input High Level All Inputs Except OE/VPP 2.0 VCC+1 \
PP VPP Supply Current CE=VIL, OE=VPP 30 mA
AC Characteristics 1a=25:c +5°c, vec =5v 5%
Symbol Parameter Conditions Min Typ Max Units
Alternate | Standard
tas TAVEL Address Set-Up Time 2 ']
toes TVPPHEL [Program Voltage Set-Up Time 2 us
tps TDVEL Data Set-Up Time 2 us
tan TEHAX  |Address Hold Time 0 us
toeH TEHVPPL |OE Hold Time 2 us
toH TEHDX Data Hold Time 2 us
tor TEHQZ Chip Enable to Output Hi-Z 0 120 ns
tpy TELQV Data Valid from CE OE=VIL 1 us
tow TELEH CE Pulse Width During Programming 45 50 55 ms
tvr TVPPLEL |[VPP Recovery Time 2 us
Programming Waveforms™* (Note 4) TA = 25°C £ §°C, VCC =5V £ 5%, VPP = 25V = 1V
' PROGRAM
PROGRAM————— VERIEY
VIH 2 ‘
ADDRESSES ADDRESS X ADD X +1
VIL u —_—
o tas
(TAVEL)
VIH EL DATA IN STABLE Hi-Z DATA OUT VALID \ Hi-Z
DATA UL L ADD X ADD X
tps tpy - toy_, . tpf
(TOVEL) v | (TEHDX) ™| (TELQV) = T (TEHQZ)
VPP .
AH -
(TEHAX) ™|
OE/vPP
toES tpw tOEH
(TVPPHEL) | (TELEH) | (TEHVPPL)
VIL ! || | "
) tvR
|~ (TVPPLEL)
__VIH 4 /
CE
viL N J
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Functional Description

DEVICE OPERATION

The NMC2724 has two modes of operation in the normal
system environment. These are shown in Table I.

TABLE I. OPERATING MODES (VCC =5V)*

Pins | CE | OEIVPP | 0 Max| Outputs
® (GIVPP) 24 911, 1317
Mode 18 20 h
Read VIL viL 150 mA DOUT
Standby VIH | Don’t Care| 30 mA Hi-Z
Read Mode

The NMC2724 read operation requires that CE=VIL, and
GE/VPP=VIL and that addresses A0O-A10 have been
stabilized. Valid data will apear on the output pins after
tace: toes Of tce times (see Switching Time Waveforms)
depending on which is limiting.

Standby Mode

The NMC2724 is placed in the standby mode (deselected
and powered down) by making CE =VIH. This is inde-
pendent of the Output Enable control and automatically
controls the outputs to their Hi-Z state. The power dissipa-
tion isreduced to 20% of the normal operating power. VCC
must be kept at 5V. Access time at power up (chip selec-
tion) remains either tycc or tce (see Switching Time
Waveforms). .

PROGRAMMING

The NMC2724 is shipped from National completely
erased. All bits will be ata “1” level (outputs high) in thisin-
itial state after any full erasure. Table Il shows the three
programming modes.

TABLE Il. PROGRAMMING MODES (VCC =5V) *

Pins CE OE/vPP Outputs
| ® | GIVPR g, 1317
Mode 18 20 ’
Program VIL 25V DIN
Program Verify VIL VIL DOUT
Program Inhibit VIH 25V Hi-Z

Program Mode

The NMC2724 is programmed by placing “0"s into the de-
sired locations. This is done 8 bits (a byte) at atime. Any in-
dividual address, a sequence of addresses, or addresses
chosen at random may be programmed. Any or all of the 8
bits associated with an address location may be pro-
grammed with a single program pulse applied to the CE
pin. All input voltage levels, including the program pulse
on the CE pin are TTL compatible. The programming
sequence is:

With the OE/VPP pinat 25V and VCC = 5V, an address is

selected and the desired data word is applied to the out-

put pins (VIL="0" and VIH=“1" for both address and

* Symbols in parentheses are proposed Induslri standard.

data). After the address and data signals are stable the
CE pin Is pulsed from VIH to VIL with a pulse width
between 45 ms and 55 ms.

Multiple pulses are not needed but will not cause device
damage. No pins should be left open. A low level, VIL or
lower must not be maintained steady state (DC signal) on
the CE pin during programming. Several NMC2724s may
be programmed in parallel (the same data in each one) in
this mode.

Program Verify

The programming of the NMC2724 may be verified, either
one word at a time during the programming (as shown in
the timing diagram) or by reading all of the words out at the
end of the programming sequence. )

Program Inhibit

The program inhibit mode allows programming several
NMC2724s in parallel with different data for each one by
controlling which ones receive the program pulse. All
similar inputs may be paralleled. Pulsing the CE pin from
VIH to VIL on a selected unit or units will cause program-
ming, while inhibiting the CE pulse will inhibit pro-
gramming and keep the outputs of theinhibited devices in
the Hi-Z state.

ERASURE PROCEDURE

The NMC2724 is erased by exposure to high intensity ul-
traviolet light through the transparent window. This expo-
sure discharges the floating gates to their initial state
through induced photo current. It is recommended that
this device be kept out of direct sunlight. The UV content
of sunlight may cause the a partial erasure of some bits in
a relatively short period of time. Direct sunlight (any in-
tense light) can cause temporary functional failure due to
generation of photo currents. Extended exposure to room
leve! fluorescent lighting will also cause erasure. An
opaque coating (paint, tape, label, etc.) should be placed

~over the package window if this product is to be operated

under these lighting conditions.

An ultraviolet source of 2537A yielding a total integrated
dosage of 15 Watt-seconds/cm?is required. This will erase
aunitinapproximately 15 to 20 minutes whena UV lamp of
a 12 mWicm?2 power rating is used. The NMC2724 to be
erased should be placed one inch away from the lamp and
no filters should be used.

An erasure system should be calibrated periodically. The
distance from lamp to unit should be maintained at one
inch. The erasure time increases as the square of the
distance. (If distance is doubled the erasure time in-
creases by a factor of 4.) Lamps lose intensity as they age.
When a lamp is changed, the distance has changed or the
lamp has aged, the system should be checked to make
certain full erasure is occurring. Incomplete erasure will
cause symptoms that can be misleading. Programmers,
components, and even system designs have been er-
roneously suspected when incomplete erasure was the
problem.
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NMC2732

National
Semiconductor

MOS EPROMs
PRELIMINARY

NMC2732 32k-Bit (4k x 8) UV Erasable PROM

General Description

The NMC2732 is a 32,768-bit EPROM operating from a
single 5V power supply. This device is .an ultraviolet

Features

B Single5V power supply
B 450 ns max access time

erasable, electrically programmable, read only memory
fabricated using National’s high speed, low power, silicon
gate technology. :

B Low power:
Active—150 mA max
Standby — 30 mA max
B Fully static
B TRI-STATE® output
B All/O pins TTLcompatible
B Pin compatible with existing EPROMs and ROMs
B Output enable control

This device is deselected when pin 18 is high and automat-
ically placed in the standby mode. This mode provides an
80% reduction in power with no increase in access time.
The NMC2732 has an output enable control to eliminate
bus contention in microprocessor systems.

Bits may be programmed at random, in sequence or sin-
gly. Typical erasure time is 20 minutes using a 12 mW/cm?2
ultraviolet lamp.

Block and Connection Diagrams*

Dual-In-Line Package

GND
vce vep (vss)

1 24
AT — —
. l l l DATA OUTPUTS U vee
09-07 (01-08) a5 =L 123 4
5V 25V GND F—~—\ .
ttittett  w 2
OE/VPP (G/VPP) e | > 4 21
CONTROL Ad ——1 = A1l
{3 Locie > DUTPUT BUFFERS
TE(E) =] l . » a3 =2 22, GE/veR(@/ve)
(—»| > Pyl 1 a0
ﬁ N L
— nzc;nsn L Y-GATING ol e cE@)
——-—’ >
> =l LS
AvoA > : ) 0;(08)
ADDRESS —> 3 16
INPUTS —b 3 . 0g(01) — }— 05(07)
—_" L] |
—>|  oecooen . CELL MATAIX oyo2) - 5. o5006)
——’ . \
M . 0g(03 4 1 04(05)
.
» 12 12 03108
TOP VIEW
Order Number NMC2732Q
Modes* See NS Package J24CQ
" Pin Name/Number Pin Names¥* ‘
CE OE/VPP — -
= a VCC | Outputs CE(B) Chip Enable
Mode ® GIVPP) | o0 | 9041, 1317 g
18 20 Thh e OE(G) Output Enable -
Read VIL VIL 5V DOUT AO0-A11 Address Inputs
Standby VIH |DontCare | 5V | Hiz 00-07(Q1-Q8)  Data Outputs
Program VIL 25V sV DIN VPP Program Power 25V
Program Verify vIL vIL sv | pout vee Power 5v
Program Inhibit | VIH 25V 5V Hi-Z GND(vSS)  Ground

* Symbols in parentheses are proposed industry standard.~
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Absolute Maximum Ratings (Note 1)

Z
=
Q
N
~
W
N

Temperature under Bias . —-10°Cto +80°C
Storage Temperature ~65°Cto +125°C
AllInput and Output Voltages +6Vto —-0.3V

with Respect to VSS During Read
VPP Supply Voltage with Respect +26.5Vto - 0.3V

to VSS During Programming
Power Dissipation 1.5W
Lead Temperature (Soldering, 10 seconds) 300°C
READ OPERATION ‘
DC Operating Characteristics (Note 2) TA=0°C to 70°C, vGC =5V + 5%, vSS = 0V
Symbol - Parameter Conditions Min Typ Max Units
L Input Load Current VIN =5.25V 10 A
ILI2 OE/VPP Input Load Current VIN = 5.25V ' 300 uA
IcC VCC Current Standby CE=VIH, OE=VIL 15 30 mA
IcC2 VCC Current Active OE=CE=VIL 85 150 mA
VIL Input Low Voltage -041 0.8 \
VIH Input High Voltage 2.0 VCC+1 \
VoL Qutput Low Voltage IOL=2.1mA 0.45 \
VOH Output High Voltage IOH = — 400 yA 2.4 v

AC Characteristics 1a=0°c to70°c, veC =5V £ 5%, VSS =0V

Symbol Parameter Conditions Min Typ Max Units

Alternate Standard

tacc TAVQV Address to Output Valid CE=0E=VIL 450 ns
tee TELQV CE to Output Delay OE=VIL 450 ns
toe TGLQV | Output Enable to Output Delay CE=VIL 120 ns
tor TGHQZ Output Enable High to Output Hi-Z CE=VIL 0 100 ns
ton TAXQX | Address to Output Hold ‘CE=0E=VIL 0 ns
tpr TEHQZ | CE (E) to Output Hi-Z OE=VIL 0 100 ns

Capacitance (Note 3) TA=25°C, f=1MHz

AC Test Conditions

Symbol Parameter Conditions | Typ |Max | Units
— Output Load: 1 TTL gate and CL =100 pF
CIN1 Input Capacitance Except OE/VPP VIN=0V 4 6 pF Input Rise and Fall Times: =20 ns
(G/IVPP) : Input Pulse Levels: 0.8V to 2.2V
CIN2  [OE/VPP (G/VPP) Input Capacitance| VIN = OV 20 | pF | Timing Measurement Reference Level:
Inputs  1Vand2v
COUT |Output Capacitance VOUT =0V 12 pF Outputs 0.8V and 2V

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature
Range" they are not meant to imply that the devices should be operated at these limits. The table of “Recommended DC Operating Conditions" provides con-
ditions for actual device operation.

Note2: Typicalvalues are for TA =25°C and nominal supply voltages.

.Note 3: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = IAt/aV. Capacitance is guaranteed by periodic
testing.
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Switching Time Waveforms*

Read Cycle (CE = VIL)

VIH
ADDRESSES VALID VALID
viL
toH
~ raxax)”
VIH .
0E
VL
|- O
. | (TGLAV) toF —
- WACC (TGHOZ)
(TAVQV)
VOH ) )
Hi-Z j Hi-Z
OUTPUT { VALID
VoL
Read Cycle (OE(G) = VIL)
~
VIH 4
ADDRESSES VALID VALID
ViL
toH
= (TAxax)
VIH .
CE
VIL -
teE tpF -
(Tw:&:w (TELQV) (TEHQZ)
VOH ) ﬁ .
. . Z
oUTPUT HiZ < VALID Hi
voL h
Standby Power Down Mode (OE = VIL)
VIH {
ADDRESSES VALID - VALID
VIL
_ eet— ICE
VIH (TELQV)
CE iL STANDBY ACTIVE . STANDBY
- pF -] tACC |
~T(TEHQ2) (TAVaV)
\ . .
oureur -0 VALID FOR \ HizZ VALID FOR Hiz
CURRENT ADDRESS |/ \|  CURRENT ADDRESS

* Symbols in parentheses are proposed industry standard.
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PROGRAM OPERATION

DC Characteristics ta=25°c +5°C, vCC =5V +5%, VPP =25V + 1V

Z
=
Q
N
N
o
N

Symbol Parameter Conditions Min Typ Max Units
[[N] Input Current All Inputs VIN=VILor VIH 10 uA
VoL Output Low Voltage During Verify 10L=21mA 0.45 v
VOH Output High Voitage During Verify |IOH = — 400 A 2.4 \
ICC VCC Supply Current 85 150 mA
VIL Input Low Level All Inputs -01 0.8 v
VIH Input High Level All Inputs Except OE/VPP 2.0 VCC+1 \
IPP VPP Supply Current CE=VIL, OE=VPP 30 mA

AC Characteristics ta=25°c+5°c, vcc=5v+5%

Symbol Parameter Conditions Min Typ Max Units

Alternate | Standard

tas TAVEL Address Set-Up Time 2 us
toes TVPPHEL |Program Voltage Set-Up Time 2 us
tps TDVEL Data Set-Up Time 2 us
tan TEHAX Address Hold Time 0 us
toen TEHVPPL | OE Hold Time 2 us
tpH TEHDX Data Hold Time 2 1S
tor TEHQZ Chip Enable to Output Hi-Z 0 120 ns
tov TELQV Data Valid from CE OE=VIL 1 us
tew TELEH CE Pulse Width During Programming 45 50 55 ms
tvr TVPPLEL |VPP Recovery Time 2 I

Programming Waveforms* (Note 4) TA = 25°C + 5°C, VCC =5V 5%, VPP =25V + 1V

PROGRAM
B S ——
PROGRAM VERIFY
VIH 4 -
ADDRESSES ADDRESS X ADD X +1
vIL - N ]
- tas '
™I (TAVEL)
VIH EL DATA IN STABLE Hi-Z DATA QUT VALID
DATA L ADD X ADD X
tpg tpH toV_ . toF
(TOVEL) ™+ > (TEHDX) ™| = (TELQV) — (TEHOZ)
VPP ‘
tAH
Tewax) | I
OE/VPP
tOES thw 10EH
(TVPPHEL) | (TELEH) | (TEHVPPL)
VIL e —— | | <&
| _tvR
(TVPPLEL)
__VIH 4 F__
(43 :
viL 3 J

Note 4: The input timing reference level is 1V for VIL and 2V for VIH.

* Symbols in parentheses are proposed industry standard.
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NMC2732

Functional Description

DEVICE OPERATION

The NMC2732 has two modes of operation in the normal
system environment. These are shownin Tablel.

TABLE I. OPERATING MODES (VCC=5V)*

Pins | CE | OEIVPP 1\ Max | Outputs
& (GIVPP) 24 911, 1347
Mode 18 20 h A
Read VIL | VIL 150 mA DOUT
Standby VIH [Don'tCare| 30 mA Hi-Z
Read Mode

The NMC2732 read operation requites that CE=VIL, and
OE/VPP=VIL and that addresses AO-A11 have been
stabilized. Valid data will apear on the output pins after
tacc: toes or toe times (see Switching Time Waveforms)
depending on which is limiting.

Standby Mode

The NMC2732 is placed in the standby mode (deselected
and powered down) by making CE =VIH. This is inde-
pendent of the Output Enable control and automatically
controls the outputs to their Hi-Z state. The power dissipa-
tionis reduced to 20% of the normal operating power. VCC
must be kept at 5V. Access time at power up (chip selec-
tion) remains either tacc or toe (see Switching Time
Waveforms).

PROGRAMMING

The NMC2732 is shipped from National completely
erased. All bits will be at a “1” level (outputs high)in this in-
itial state after any full erasure. Table 1l shows the three
programming modes. :

TABLE il. PROGRAMMING MODES (VCC = 5V)*‘

Pins CE | OE/vPP Outputs
® (GIVPP) 9-11, 13-17
Mode - 18 20 '
Program VIL 25V DIN
Program Verify VIL VIL DOUT
Program Inhibit | ~VIH 25V Hi-Z

Program Mode

The NMC2732 is programmed by placing “0’’s into the de-
sired locations. This is done 8 bits (a byte) at a time. Any in-
dividual address, a sequence of addresses, or addresses
chosen at random may be programmed. Any or all of the 8
bits associated with an address location may be pro-
grammed with a single program pulse applied to the CE
pin. All'input voltage levels, including the program pulse
on the CE pin are TTL compatible. The programming
sequence is:

With the OE/VPP pinat25Vand VCC =5V, anaddress is

selected and the desired data word is applied to the out-

put pins (VIL=“0" and VIH = ‘1" for both address and

*Symbols in parentheses are proposed industry standard.

data). After the address and data signals are stable the

CE pin is pulsed from VIH to VIL with a pulse width

between 45 ms and 55 ms.
Multiple pulses are not needed but will not cause device
damage. No pins should be left open. A low level, VIL or
lower must not be maintained steady state (DC signal) on
the CE pin during programming. Several NMC2732s may
be programmed in parallel (the same data in each one) in
this mode.

Program Verify

The programming of the NMC2732 may be verified, either
one word at a time during the programming (as shown in
the timing diagram) or by reading all of the words out at the
end of the programming sequence.

Program Inhibit

The program inhibit mode allows programming several
NMC2732s in parallel with different data for each one by
controlling which ones receive the program pulse. All
similar inputs may be paralleled. Pulsing the CE pin from
VIH to VIL on a selected unit or units will cause program-
ming, while inhibiting the CE pulse will inhibit pro-
gramming and keep the outputs of the inhibited devices in
the Hi-Z state.

ERASURE PROCEDURE

The NMC2532 is erased by exposure to high intensity ul-
traviolet light through the transparent window. This expo-
sure discharges the floating gates to their initial state
through induced photo current. It is recommended that
this device be kept out of direct sunlight. The UV content
of sunlight may cause the a partial erasure of some bits in
a relatively short period of time. Direct sunlight (any in-
tense light) can cause temporary functional failure due to
generation of photo currents. Extended exposure to room
level fluorescent lighting will also cause erasure. An
opaque coating (paint, tape, label, etc.) should be placed
over the package window if this product is to be operated
under these lighting conditions.

An ultraviolet source of 2537A yielding a total integrated
dosage of 15 Watt-seconds/cm? is required. This will erase
aunitin approximately 15 to 20 minutes when a UV lamp of
a 12 mWicm? power rating is used. The NMC2732 to be
erased should be placed one inch away from the lamp and
no filters should be used.

An erasure system should be calibrated periodically. The
distance from lamp to unit should be maintained at one
inch. The erasure time increases as the square of the
distance. (If distance is doubled the erasure time in-
creases by a factor of 4.) Lamps lose intensity as they age.
When a lamp is changed, the distance has changed or the
lamp has aged, the system should be checked to make
certain full erasure is occurring. Incomplete erasure will
cause symptoms that can be misleading. Programmers,
components, and even system designs have been er-
roneously suspected when incomplete erasure was the
problem.
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Section 6

Bipolar PROMs

High speed microcontrol storage is made practical at
very low cost through the use of National’s bipolar
PROMs. This generic family utilizes the latest in
Schottky circuitry and Titanium-Tungsten fuse link
technology. National offers these and other memory
and logic products for state-of-the-art solutions to
data processing and control logic design problems.
Refer to National's Memory Applications Handbook
for suggestions on how to use these devices
effectively.







Schottky
PROMs







National
Semiconductor

Bipolar PROMs

DM54S188/DM745188 256-Bit (32 x 8)

Open-Collector PROM

DM54S288/DM74S288 256-Bit (32 x 8)

TRI-STATE® PROM

General Description

These Schottky PROM memories are organized in the
popular 32 words by 8 bits configuration. A memory
enable input is provided to control the output states.
When the enable input is in the low state, the outputs
present the contents of the selected word.

If the enable input is raised to a high level, it causes all
8 outputs to go to the “OFF’ or high impedance state.
The memories are available in both open-collector and
TRI-STATE® versions and are available as ROM's as
well as PROM'’s,

PROM'’s are shipped from the factory with lows in all
locations. A high may be programmed into any selected
location by following the programming instructions.
Once programmed, it is impossible to go back to a low.

See the last page of this section for detailed program-
ming information.

Features

= Advanced titanium-tungsten (Ti-W) fuses

® Schottky-clamped for high speed
Address access—35 ns max
Enable access—25 ns max

PNP inputs reduce input loading

® Alldc and ac parameters guaranteed over temperature
™ .

® | ow voltage TRI-SAFE programming

8 Board level programming

Military | Commercial Open- TRI-STATE | Package
Collector
DM745188 X X N,
DM745288 X X N, J
DM545188 X X J
DM54S5288 X X J
Block Diagram Connection Diagram
Dual-In-Line Package
01 -4 ~/ 1S vee
024 LN
o o e <,
- A2 Ot . 256.BIT ARRAY ] 13
A1 00— BE":@;ER . M[MJ;RXV.I:ATTRIX o 12 »
A1 O—] . 05~ = a2
n Dﬁ—s- LAI
I R N O O I n £
GNH—. 'g—n!
TO— RNe [ surren | [surren | |sureen | | Surren | |sureen | | sureen | | soreen | | Sorren
TOP VIEW
) s ) o ) ) ) §
08 o7 06 0s 04 03 02 01
Logic Symbol

Order Number DM54S188J, DM545288J,
DM745188J or DM745288J
See NS Package J1I6A

Order Number DM74S188N or DM745288N
See NS Package N16A

NN
z

2
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DM54S188/DM74S188 , DM54S288/DM74S288

Absolute Maximum Ratings Note 1)

Operating Conditions

MIN MAX UNITS
Supply Voltage (Note 2) -0.5V to +7V Supply Voltage (Voc)
Input Voltage {(Note 2) -1.2V to +6.5V DM545188, DM545288 4.5 5.5 v
Output Voltage (Note 2) —0.5V to +5.5V DM745188, DM745288 4.75 5.25 v
Storage Temperature —65°C to +150°C .
. o Ambient Temperature (Tp)
Lead Temperature {Soldering, 10 seconds) 300°C . DM545188, DM545288 _55 +125 °oc
DM745188, DM745288 0 +70 °c
Logica! ““0" Input Voltage (Low) 0 - 08 \
Logical **1" Input Voltage (High) 20 5.5 A
DC Electrical Characteristics (Note 3)
DM545188, 545288 DM745188, 745288
PARAMETER CONDITIONS UNITS
MIN TYP | MAX | MIN TYP | MAX
[ITH Input Load Current, All Inputs Vee = Max, VN = 0.45V -BO —-250 -80 -250. uA
WH Input Leakage Current, All Inputs| Vcg = Max, VN =27V 25 25 uA
I} Input Leakage Current, All Inputs] Vcg = Max, VIN = 5.5V 10 1.0 mA
VoL | Low Level Qutput Voltage Vge = Min, Igp = 16 mA 0.35 0.5 0.35 0.45
ViL Low Level Input Voltage 0.80 0.80 \Y
VIH High Level Input Voitage 20 20
IceX { Output Leakage Current Veg = Max, Vgex = 2.4V 50 50 uA
| (Open-Collector Only) {Note 5} V¢e = Max, VGex = 5.5V 100 100 uA
Ve Input Clamp Voltage Vge =Min, iy =—-18mA - 0.8 -1.2 08 -1.2 \
CIN Input Capacitance Véc =5V, VIN=2V,Ta = 25°C, 40 40 pF
1 MHz
Co Output Capacitance Vee =5V, Vo =2V, Ta =25°C, 6.0 6.0 pF
1 MHz, Output “OFF"
Icc Power Supply Current Ve = Max, All Inputs Grounded, 70 110 70 110 mA
All Outputs Open
TRI-STATE PARAMETERS
Isc QOutput Short Circuit Current Vo =0V, Ve = Max, (Note 4) -20 -70 -20 -70 mA
(Note 5)
IHZ Output Leakage (TRI-STATE) Vge = Max, Vo =045 to 24V, +60 +50 uA
Chip Disabled
VoH | Output Voltage High, (Note 5) IoH =-2mA 24 3.2 \
10H = —6.5 mA 24 32 v
AC Electrical Characteristics (with standard load)
DM54S188, 545288 DM745188, 745288
PARAMETER CONDITIONS 5V +10%;-55°C 10 +125°C |5V +5%;0°C to +70°C | UNITS
) MIN | TYP } MAX | MIN | TYP | MAX
tAA Address Access Time 22 45 22 35 ns
tEA Enable Access Time 15 30 15 20 ns
tER Enable Recovery Time 15 35 - 15 25 ns

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device ,

may be operated at these values.

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions,
Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vog = 5V and Tp = 25°C.

Note 4:

During Igc measurement, only one output at a time should be grounded. Permanent damage may otherwise result.

Note 5: To measure Vgn, IceX or Isc on an unprogrammed part, apply 10.5V to either AO (pin 10) or A4 (pin 14).
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National
Semiconductor

Bipolar PROMSs

DM54S287/DM74S287 1024-Bit (256 x 4)

TRI-STATE® PROM

DM54S387/DM74S387 1024-Bit (256 x 4)

Open-Collector PROM

General Description

These Schottky memories are organized in the popular
256 words by 4 bits configuration. Two memory enable
inputs are provided to control the output states. When
both enable inputs are in the low state, the outputs
present the contents of the selected word.

If either or both of the enable inputs is raised to a high
state, it causes all four outputs to go to the “OFF" or
high impedance state. The memories are available in
both open-collector and TRI-STATE versions and are
available as ROM’s as well as PROM's.

PROM’s are shipped from the factory with lows in all
locations. A high may be programmed into any selected
location by following the programming instructions.
Once programmed, it is impossible to go back to a low.
See the last page of this section for detailed program-
ming information.

Features

®  Advanced titanium»tungsten‘(TLW) fuses

®m Schottky-clamped for high speed
Address access—50 ns max
Enable access—25 ns max

% PNP inputs reduce input loading

® All dc and ac parameters guaranteed over temperature
% Low voltage TRI-SAFETM programming

= Board level programming

B ROM mates are DM745187 and DM85S97

Military | Commercial | OPe™ | TRI.STATE | Package
Collector
DM74S387 X X . N, J
DM745287 X X N, J
DM548387 X X J
DM545287 X X J
Block Diagram Connection Diagram
Dual-In-Line Package
MOST SIGNIFICANT 25 -4 U L3 vee
ADDRESS BIT 2 15
A5 ~—=d — A7
A7 O _r)o . as 3 RN 3]
AEO— BUFFERS | 1020817 CELL A LAY
A5 O mg } 32 X 32817 5 E
A8 O—dg DECODE ' MEMORY MATRIX A) — 0
x EN i
Al w— p— 02
RGP IR = ST B
A2 O— - - ono— 12 0
— m o= wm = owm - 18
ATO—] BUFFERS 1 DECODE - DECODE =] OECODE - DECODE
- — TOP VIEW
A0 O—1 [—4 - .
T T T Logic Symbol
£ AD
ENABLE ouTPUT ouTPUT QUTPUT OuTPUT =] .
GATE BUFFER BUFFER BUFFER BUFFER -1 Al 01 p—
£ O—p — a2 02 p—
MOST SIGNIFICANT _,é 1 & l =1 D: —
DATABIT o 03 02 01 A4 0
—1AS
Order Number DM54S287J, DM54S387J, ] ::

DM745287J or DM74S387J
See NS Package J16A

Order. Number DM74S287N or DM74S387N
See NS Package N16A
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DM54S287/DM74S287 ,DM54S387/DM74S387

Absolute Maximum Ratings (Note 1)

Operating Conditions

MIN MAX UNITS
Supply Voltage (Note 2) -0.5V to +7V Supply Voltage (V)
Input Voltage (Note 2) -1.2V to +5.5V DM545387, DM545287 4.5 55 v
Output Voltage (Note 2) —0.5V to +6.5V DM7458387, DM745287 475 5.25 \%
Storage Temperature ot ) —65°C to +;gg°c Ambient Temperature (Ta) )
Lead Temperature (Soldering, 10 seconds [o] DMS54S387, DM54S287 _s5 +125 °c
DM745387, DM745287 0 +70 - °C
Logical 0" Input Voltage (Low) 0 0.8 \Y
Logical “1” Input Voltage (High) 20 5.5 Vv
DC Electrical Characteristics (note 3)
DM545387/545287 DM745387/745287
PARAMETER CONDITIONS ! UNITS
MIN TYP | MAX MIN TYP MAX
I Input Load Current, All Inputs Vee = Max, VE =045V -80 —250 -80 ~250 HA
IR Input Leakage Current, All Inputs | Vgc = Max, VR = 2.7V 25 25 HA
IRB Input Leakage Current, All Inputs [ V¢ = Max, VR = 5.5V 1.0 1.0 mA
VoL | Low Level Output Voltage Vee = Min, Ig = 16 mA 0.35 0.5 0.35 0.45
ViL Low Level Input Voltage 0.80 0.80
VIH High Level Input Voltage 2.0 2.0
ICeX. | Output Leakage Current Vee = Max, Vegx = 2.4V 50 50 uA
{Open-Collector Only) (Note 5) V¢ = Max, Veex = 5.5V 100 100 uA
\Ue Input Clamp Voltage Vee = Min, iy =18 mA -0.8 -1.2 -0.8 -1.2 v
CIN Input Capacitance Vee =5V, Vin =2V, Ta = 25°C, 4.0 4.0 pF
1 MHz
Co Output Capacitance Vee =5V, Vo =2V, Ta=25C, 6.0 6.0 pF
} 1 MHz, Output "OFF "
Icc Power Supply Current Ve = Max, All Inputs Grounded, 80 130 80 130 mA
All Outputs Open
TRI-STATE PARAMETERS
Isc Output Short Circuit Current Vo =0V, Vcg = Max, (Note 4) —20 =70 -20 =70 mA
IHZ Output Leakage (TRI-STATE) V¢ = Max, Vg = 0.45 to 2.4V, +50 +50 HA
Chip Disabled
VoH | Output Voltage High, (Note 5) 10H = -2 mA 2.4 3.2 v
1oH = 6.5 mA 24 3.2 %
AC Electrical Characteristics with standard load)
) DM545387/545287 DM745387/745287
PARAMETER CONDITIONS 5V +10%;-55°C 1o +125°C | 5V +5%;0°C to +70°C | UNITS
MIN TYP [ MAX | MIN TYP | MAX
tAA | Address Access Time (Figure 1) 10 35 60 10 35 50 ns
tEA Enable Access Time (Figure 2) 5 15 30 5 15 25 ns
tER Enable Recovery Time (Figure 2) 5 15 30 5 15 25 ns

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device
may be operated at these values.
Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions.
Note 3: These limits applvv over the entire operating range unless stated otherwise. All typical values are for Vcc = 5V and Tp = 25°C.
Note 4: During Igg measurement, only one output at a time should be grounded. Permanent damage may otherwise result.
Note 5: To measure Vi or Icgx on an unprogrammed part, apply 10.5V to both A7 and A2 (pin 15 and pin 7).
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Standard Test Load

vee =® Input waveforms are supplied by a pulse generator
having the following characteristics: PRR = 1 MHgz,
ZouT = 5092, ty < 2.5 ns and tf < 2.5 ns (between
1.0V and 2.0V).

MEMORY . . .
oUTPUT w tap is-measured with both enable inputs at a steady
“"‘T“EES'; low level.

m tga and tgR are measured from the 1.5V on in-
puts and outputs with all address inputs at a steady
level and with the unused enable input at a steady
low levels

*CL includes probe and jig capacitance.

Switching Time Waveforms

v v __j
ADUDRESS INPUT >6§V 15V ENABLE INPUT

o o

15V
15v ouTPUT . * 15V 15V
|=—taa [~—1aa . }‘—lu——-l ’% €R

FIGURE 1. Address Access Time . FIGURE 2. Enable Access Time and Recovery Time

ouTPUT 15v

Typical Performance Characteristics

18€SY.INQ/28ESYSING ‘ 282SPLINQ/L82SYSING

Typical Switching Characteristics Typical Switching Characteristics
as a Function of Temperature as a Function of Voe (T = 25°C,
(Ve = 5V, Standard Load) Standard Load)
50 I a0
\ -
f AR
40 — tan 10
el z
o w2
= =
= 20 : F 'EA
EA — R
T 10
10
R
, L 0
-55 : 25 125 45 5.0 " 58
Ta AMBIENT TEMPERATURE (°C} SUPPLY VOLTAGE (V)
Equivalent Circuits
Equivalent of Each Input + Typical TRI-STATE Output Typical Open-Collector Output
Vee Vee ouTPUT
1
INPUT =
= O OUTPUT

.
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DM54S473/DM74S473,DM54S472/DM74S472

National
Semiconductor

Bipolar PROMs

DM54S473/DM74S473 4096-Bit (512 x 8)

Open-Collector PROM

DM54S472/DM74S472 4096-Bit (512 x 8)

TRI-STATE® PROM

General Description

These Schottky PROM memories are organized in the
popular 512 words by 8 bits configuration. A memory
enable input is provided to control the output states.
When the enable input is in the low state, the outputs
present the contents of the selected word.

If the enable input is raised to a high level, it causes all
8 outputs to go to the “OFF’ or high impedance state.
The memories are available in both open -collector and
TRIi-STATE versions.

PROM’s are shipped from the factory with lows in all
locations. A high may be programmed into any selected
location by following the programming instructions.
Once programmed, it is impossible to go back to alow.

See the last page of this section for detailed program-
ming information.

Features

® Advanced titanium-tungsten (Ti-W) fuses

® Schottky-clamped for high speed
Address access—60 ns max
Enable access—30 ns max

® PNP inputs reduce input loading

All dc and ac parameters guaranteed over temperature
® | ow voltage TRI-SAFE™ programming
® Board level programming

m High density 20-pin package

Military | Commercial Cc(?lf:;;zt TRI-STATE | Package
X X N,
DM745472 X X N, J
DM54S5473 X X J
DM545472 X X J

Block Diagram

Connection Diagram

Dual-In-Line Package

1 E)
A w— ' ' M= Ve
80— 2 19
A) — = A8
10—}
80— e 4095-81T ARRAY .
DECODER 63X gamy ar Y 1L
AS Opammd MEMORY MATRIX .
At O—] U
10— a3 -4 b A6
JL JL JD JL 1L 1L Jb ] s s
22 O] _—— - - - 5 5
o4 B &
Lo Lo Lo Ly ove L] o Ly e L] s L} s
A1O~—] BUFFERS DECODER oecooer [ |oecooer | | oecooer] | oeconer || oecaver
00— — - — I | - - 7 1
02 - 2 08
1 1 I 1 1 { |
014 120,
B o—o] fNABLE ouret | Y oureur |} oureur | oureur || oureur || oureur || ourteur || oureur
cate [t BurreR [~ surrea [ surren [ | eurren [] surren [ surren [ surren [ surren 04 =] 2 05
L e S s { o e
08 o 06 05 04 0 02 0 TOP VIEW
Logic Symbol

Order Number DM54S472J), DM54S473J,

DM748472J or DM745473J
See NS Package J20B

Order Number DM745472N or DM74S473N

See NS Package N20A
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z
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Absolute Maximum Ratings (note 1) Operating Conditions 2
MIN  MAX - uNITS | O
Supply Voltage (Note 2) —0.5V to +7V Supply Voltage (V) : a
Input Voltage {Note 2) —1.2V to +6.5V DM545473, DM54S472 45 5.5 \
Output Voltage (Note 2) -0.5V to +6.5V DM745473, DM745472 4.75 5.25 \ S
Storage Temperature —65°C to +160°C .
. A Ambient Temperature (Ta)
Lead Temperature (Soldering, 10 seconds) 300°C DM545473, DM545472 _55 +125 °c Q
DM745473, DM745472 0 +70 °c (w )
Logical *“0” Input Voltage {Low} 0 0.8 \ g
Logical “1*" Input Voltage (High) 2.0 5.5 v g
. - o
DC Electrical Characteristics (note 3) a
-
DM545473, 545472 DM745473, 745472 U
PARAMETER CONDITIONS UNITS
. MIN TYP | MAX | MIN TYP, | MAX g
he Input Load Current, All Inputs Vce = Max, VN = 0.45V -80 -250 -80 -250 nA g
hH Input Leakage Current, All Inputs| V¢e = Max, VN =27V 25 25 uA U,
I Input Leakage Current, All Inputs| V¢ = Max, VN = 5.5V 1.0 10 mA ﬁ
VoL Low Level Output Voltage Vee = Min, IgL = 16 mA 0.35 05 035 0.45 Q
VIL | Low Level Input Voltage 0.80 0.80 lw)
ViH High Level Input Voltage 20 20 g
Icex | Output Leakage Current Vee = Max, Voex = 24V 50 50 uA ;
(Open-Collector Only} (Note 5) Ve = Max, Vegx = 5.5V 100 100 HA m
Ve Input Clamp Voltage Vee = Min, I|y =-18 mA -0.8 -1.2 -08 -1.2 \ f‘
CIN Input Capacitance Vee =5V, VIN = 2V, Ta = 25°C, 4.0 4.0 pF N
1 MHz
Co Output Capacitance Vee = 5V, Vo = 2V, Ta = 25°C, 6.0 6.0 pF
-1 MHz, Output “OFF"*
Icc Power Supply Current V¢ = Max, All Inputs Grounded, 120 155 120 155 mA
All Qutputs Open
TRI-STATE PARAMETERS
Isc Output Short Circuit Current Vo =0V, V¢g = Max, (Note 4) -20 -70 -20 -70 mA
{Note 5}
1HZ Output Leakage (TRI-STATE) Vg = Max, Vg = 0.45 to 2.4V, +50 +50 uA
Chip Disabled
VOH | Output Voltage High, (Note 5) IgH = —2mA 24 3.2 \4
IgH = —6.5 mA 24 32 \
AC Electrical Characteristics with standard load) m
DM545473, 545472 DM748473, 748472
PARAMETER CONDITIONS 5V £10%;-55°C t0 +125°C | 5V +5%; 0°C to +70°C | UNITS
MIN TYP | MAX | MIN TYP | MAX
tAA Address Access Time 75 60 ns
tEA Enable Access Time 35 30 ns
tER Enable Recovery Time 35 30 ns
Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device
may be operated at these values. ' .
Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions.
Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vo = 5V and Tp = 25°C.
Note 4: During Igc measurement, only one output at a time should be grounded. Permanent damage may otherwise result.
Note 5: To measure Vo, Icgx or Igc on an unprogrammed part, apply 10.5V. -
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DM54S474/DM74S474, DM54S475/DM74S475

National | Bipolar PROMs
Semiconductor ' |

DM54S474/DM74S474 4096-Bit (512 x 8)
TRI-STATE® PROM

DM54S475/DM74S475 4096-Bit (512 x 8)
Open-Collector PROM

General Description Features

These Schottky memories are organized in the popular ® Advanced titanium-tungsten (Ti-W) fuses
512 words by 8 bits configuration. Four memory enable
inputs are provided to contro! the output states. When .
E1 and E2 are low and E3 and E4 are high, the output . Schottky-clamped for high speed
presents the contents of the selected word. Address access—-65 ns

Enable access—35 ns

If E1 or E2 are high, or E3 or E4 are fow, it causes all
8 outputs to go to the “OFF’ or high impedance state.
The memories are available in both open-collector and
TRI-STATE versions and are available as ROM’s as
well as PROM's,

® PNP inputs reduce input loading

All dc and ac parameters guaranteed over temperature

PROM'’s are shipped from the factory with lows in all ™ .
locations. A high may be programmed into any selected 8 Low voltage TRI-SAFE' programming
location by following the programming instructions.
Once programmed, it is impossible to go back to alow. w Board level programming
See the last page of this section for detailed program-

ming information. ® ROM mates are DM87S95 and DMB7596

Connection Diagram

Dual-In-Line Package

- . Open-
Milit c i TRI-STATE | Pack
ilitary ommercia Collector ackage a2 U LI
2 23
DM745475 X X N, J A [~
DM748474 X X N, J ns = 2 ne
DM545475 X X J as 1 ¢,
DM54S474 X X J a2 122 ¢
AZ—E l[l
N : A1—7{ L
Block Diagram . "
A0 — — 08
::_ Pl 4 1S o7
AS =1 10F64 :> 4096-BIT CELL 0224 15 o6
s DECODER ‘ Mzmns»:fmszmx 1" 1
A~ 03— [— 05
v S P S S O S s T o 2 o,
TOP VIEW
A2 — bt — — — .
" otk ottt [atotn [ otciotn [ ot [ otcion Hotcootn Hotita] - LOGIC Symbol
F e | i | —
h E1 E2 EJ E4
B
B —t
] ————— -

AD
A
A2
A3
A4
A5
AB
A1

Order Number DM74S474N or DM74S475N o 12 03 0a 05 08 01 08

See NS Package N24B
o > rackage TTTTTTTI

08 07 0§ 08 03 03 02 o1

Order Number DM545474J, DM54S475J,
DM74S474J or DM748475J
See NS Package J24A
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Absolute Maximum Ratings note 1) Operating Conditions
) MIN  MAX  UNITS
Supply Voltage (Note 2) -0.5V to +7V Supply Voltage (Vcc)
Input Voltage (Note 2) -1.2V to +6.5V DM54S474, DM545475 4.5 5.5 v
Output Voltage (Note 2) —0.5V to +5.5V DM74S474, DM745475 475 5.25 v
o o
Storage Temperature ) —-65°C to +1500C Ambient Temperature (T )
Lead Temperature (Soldering, 10 seconds) 300°C DMS545474, DM54S475 55 +125 °c
’ DM745474, DM745475 0 +70 °C
Logical ‘0" Input Voltage {Low) 0 0.8 v
Logical “1*" Input Voltage (High) 2.0 5.5 \%

'DC Electrical Characteristics (Note 3)

DMS54S474, DM54S475 | DM745474, DM748475
PARAMETER . CONDITIONS - UNITS
MIN TYP | MAX | MIN TYP | MAX

SLYSYZINQ/SLYSYSING ‘v.2PSYZINQIYZYSYSING

he Input Load Current, All Inputs Vce = Max, VN =045V -80 —250 -80 -250 LA

H Input Leakage Current, All Inputs| Vg = Max, VN = 2.7V 25 25 uA

1] Input Leakage Current, All inputs| Vgc = Max, VN = 5.5V 1.0 10 mA

VoL | Low Level Output Voltage Ve = Min, Ig = 16 mA 0.35 0.5 0.35 0.45

ViL Low Level Input Voltage 0.80 0.80

VIH High Level Input Voltage . 2.0 2.0 \%

Icex | Output Leakage Current Ve = Max, VCex = 24V 50 50 MA
{Open-Collector Only) {Note 5) Ve = Max, Veex = 5.5V 100 100 uA

Ve tnput Clamp Voltage Vee =Min, ||y =—18 mA —0.38 -1.2 -0.8 -1.2 \

CIN Input Capacitance Vee =5V, VN =2V, Ta = 25°C, 4.0 4.0 pF

1 MHz
Co Output Capacitance Ve =5V, Vo =2V, Ta = 25°C, 6.0 6.0 pF

1 MHz, Output "OFF"*

Icc Power Supply Current Ve = Max, All inputs Grounded, 115 170 115 170 mA
All Qutputs Open

TRI-STATE PARAMETERS

Isc Output Short Circuit Current Vo =0V, Vgg = Max, (Note 4) -—20 -70 =20 =70 mA
(Note 5)
IHZ Output Leakage {TRI-STATE) Vee =Max, Vo =0.45t0 2.4V, +50 +50 HA
Chip Disabled
VOH { Output Voltage High, (Note 5) loH=—2mA 24 3.2 \
I0H = —6.5 mA 24 3.2 \

|
AC Electrical Characteristics (with standard load)

DM54S474, DM54S475 DM74S8474, DM745475
PARAMETER CONDITIONS 5V +10%;-55°C to +125°C | 5V +5%; 0°C to +70°C UNITS
MIN TYP Max MIN TYP MAX
tAA Address Access Time (Figure 1) 40 75 40 65 ns
tEA Enable Access Time (Figure 2) 20 40 20 35 ns
tER Enable Recovery Time (Figure 2) . 20 40 20 35 ns

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device
may be operated at these values.

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions.

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Ve =5V and Ta = 25°C.

Note 4: During Igc measurement, only one output at a time should be grounded. Permanent damage may otherwise result.

Note 5: To measure VOH. IcEX or Isc on an unprogrammed part, apply 10.5V to both A7 and A2 (pin 1 and pin 6).
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DM54S474/DM74S474 ,DM54S475/DM74S475

Standard Test Load

vee ® Input waveforms are supplied by a pulse generator
having the following characteristics: PRR = 1 MHz,
ZouT = 508, ty < 2.5 ns and t§ < 2.5 ns (between

MEMORY Ry =300 . 1.0V and 2.0V).
OUTPUT ' ® taA is measured with both enable inputs at a steady
unoen low level.
600 €= 30pF* ®m tga and tgR are measured from the 1.5V on in-
'I- puts and outputs with all address inputs at a steady
= = level and with the unused enable input at a steady

*CL includes probe and jig capacitance.

low level.

Switching Time Waveforms

W
ADDRESS INPUT
o

N

o

\ w
Q.SV . T 15V ENABLE INPUT ) 15V 15v

ouTRUT

15¢ 15V outeuT . * 15V 15V
F=—1taa an A —vi ]—— R

FIGURE 1. Address Access Time FIGURE 2. Enable Access Time and Recovery Time

-

Typical Performance Characteristics

TIME (ns)

Typical Switching Characteristics Typical Switching Characteristics
as a Function of Temperature as a Function of Vg (TA = 25°C,
{Vge = 5V, Standard Load) Standard Load) :
70 70
60 60
50 50
1 1AA - tAA
4 E a
H
.30 E
A ' e, 1.)
2 Et:.\ i b1} t
tER tER
10 [ 10 ]
[} L 0 I
~55 25 125 45 5.0 65
Tp - AMBIENT TEMPERATURE (‘“C) . SUPPLY VOLTAGE (V)

Equivalent Circuits

Equivalent of Each Input Typical TRI-STATE Output Typical Open-Collector Output

INPUT

vee Vee ’ ouTPUT

N —
= T@ ouTPUT

s
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National
Semiconductor

Bipolar PROMSs

DM54S570/DM74S570 2048-Bit (512 x 4)

Open-Collector PROM

DM54S571/DM74S571 2048-Bit (512 x 4)

TRI-STATE® PROM

General Description

These Schottky memories are organized in the popular
512 words by 4 bits configuration. A memory enable
input is provided to control the output states. When
the enable input is in the low state, the outputs present
the contents of the selected word.

If the enable input is raised to a high level, it causes all
4 outputs to go to the “OFF’ or high impedance state.
The memories are available in both open-collector and
TRI-STATE versions and are available as ROM’s as well
as PROM’s.

PROM'’s are shipped from the factory with lows in all
locations. A high may be programmed into any selected
location by following the programming instructions.
Once programmed, it is impossible to go back to a low.

See the last page of this section for detailed program-
ming information.

Features

m Advanced titanium-tungsten (Ti-W) fuses

m Schottky-clamped for high speed
Address access—55 ns max
Enable access--30 ns max

® PNP inputs reduce input loading

L] AII dc and ac parameters guaranteed over temperature
® Low voltage TRI-SAFE™ programming

® Board level programming

8 ROM mates are DM745270 and DM74S370

Military | Commercial cgf’:c"mr TRI-STATE | Package
DM74S570 X X N, J
DM74S571 X X N, J
DM54S570 | X X J
DM54S571 | X B% J

Block Diagram

Connection Diagram

Dual-In-Line Package

MOST SIGNIFICANT
ADDRESS BIT
ngt U LLEgTIR
A8 Ot D_l" a5 2 2 o
ATO— purrers ) 2 sl
A6 O—p AND 048-BIT CELLS - AB
mor e 1 64 X 32.81T B
MEMORY MATRIX =
neo—] OECODE |y : A3 I
A3 0— > a3 12 o
O (A CI lﬂ--l’ lﬂ. _r w LRy
a2 _— = = 2= 1L o
— 18 18 - 1/8 - 18 : 8 L]
m1O—1 BurreRs 1 pecope f— pecone ] oecooe [ becooe GNo—] F_ 0
A — -
j * ‘ TOP VIEW
Logic Symbol
g ENABLE ouTPUT ouTPUT ouTPUT ouTPUT
GATE [T BurfER BUFFER BUFFER BUFFER _‘M
—a1 o=
MOST SIGNIFICANT g ‘L !, $ —{n2 02 f—
DATABIT o 03 02 o —{a3 0 f—
Order Number DM548570J, DM548571J, Lo LU 04 p—
DM74S570J or DM74S571J ~—{ A5
See NS Package J16A Y
—{ a7
Order Number DM74S570N or DM74S571N E1
See NS Package N16A ]
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DM54S570/DM74S570, DM54S571/DM74S571

Absolute Maximum Ratings (Note 1)

Operating Conditions

MIN MAX UNITS
Supply Voltage (Note 2} -0.5V to +7V Supply Voltage (Vcc)
Input Voltage (Note 2) -1.2V to +5.5V DM545570, DM545571 45 5.5 \
Output Voltage (Note 2} —0.5V to +5.5V DM745570, DM745571 4.75 5.25 \
Storage Temperature ) -65°C to +1 500 C - Ambient Temperature (Tp)
Lead Temperature (Soldering, 10 seconds) 300°C DMS545570, DM54S571 55 +125 °c
DM74S570, DM745571 0 +70 °c
Logical "0’ Input Voltage {Low) 0 0.8 \
Logical ““1'* Input Voltage {High) 2.0 5.5 \
DC Electrical Characteristics (Note 3)
DM5458570, 545571 DM745570, 745571
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP | MAX
e Input Load Current, All Inputs Vee = Max, VN = 0.45V -80 —-250 —80 —250 HA
lIH Input Leakage Current, All Inputs | Vo = Max, VN = 2.7V 25 25 HA
Iy Input Leakage Current, All Inputs | Vgg = Max, VN = 5.5V 1.0 1.0 mA
VoL | Low Level Output Voltage Ve = Min, gL = 16 mA 0.35 0.5 035] 045 \
ViL Low Level Input Voltage 0.80. 0.80
“VIH High Level Input Voltage 2.0 20
ICEX [ Output Leakage Current ‘ Ve = Max, VCex = 2.4V 50 50 HA
{Open-Collector Only) {Note 5) V¢e = Max, VX = 5.5V 100 100 HA
Ve Input Clamp Voltage Vee = Min, Ijy =18 mA -0.8 -1.2 08 | -1.2 \
CIN Input Capacitance Vee = 5V, ViN = 2V, Ta = 25°C, 4.0 40 pF
1 MHz
Co Output Capacitance Vee =5V, Vo =2V, Ta = 25°C, 6.0 6.0 pF
' 1 MHz, Output “OFF"
Icc Power Supply Current Ve = Max, All Inputs Grounded, 90 130 90 130 mA
All Outputs Open !
TRI-STATE PARAMETERS
Isc Output Short Circuit Current Vo =0V, Vi = Max, (Note 4) ~20 -70 —20 -70 mA
(Note 5)
THZ Output Leakage (TRI-STATE) Vce = Max, Vg =0.4510 2.4V, 50 +50 uA
Chip Disabled
VoH | Output Voitage High, {Note 5) IoH="2mA .24 3.2 \4
104 =-6.5mA 24 3.2 \4
AC Electrical Characteristics (with standard ioad)
DM548570, 548571 DM748570, 745571
PARAMETER . CONDITIONS 5V £10%;-55°Ct0o +125°C |5V £5%; 0°C to +70°C UNITS
MIN TYP | MAX | MIN TYP | MAX
tAA Address Access Time (Figure 1) 40 65 40 55 ns
tEA Enable Access Time (Figure 2} 20 35 20 30 - ns
tER Enable Recovery Time (Figure 2) .. 20 35 20 30 ns

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device

may be operated at these values.

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions.
Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Voc =5V and Ta = 25°C.
Note 4: During 1gc measurement, only one output at a time should be grounded, Permanent damage may otherwise result.

Note 5: To measure VoH, ICEX Or tgc on an unprogrammed part, apply 10.5V to both A8 and A2 {pin 14 and pin 7).
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Standard Test Load

MEMORY

*CL includes probe and jig capacitance.

Switching Time Waveforms

v
ADDRESS INPUT ’<I.5V 15V
o

ouTPuT 1.5V 1.5v

le—tAA 'a—lAA

FIGURE 1. Address Access Time

Typical Performance Characteristics

Typical Switching Characteristics
as a Function of Temperature
(Ve =5V, Standard Load)

0
60
50
. ~~1— A
Z 4
= |
R
5 T
— 1EA
20 =
10 ‘EIR
0 I
55 .25 125

Ta - AMBIENT TEMPERATURE (°C)

Equivalent Circuits

Equivalent of Each Input

INPUT

Typical TRI-STATE Output
vee Vee

= |nput waveforms are supplied by a pulse generator
having the following characteristics: PRR = 1 MHz,
ZouT = 508, tr < 2.5 ns and tf < 2.6 ns {between
1.0V and 2.0V). ' .

m taA is measured with both enable inputs at a steady
low level.

®m tga and tgR are measured from the 1.5V on in-
puts and outputs with all address inputs at a steady
level and with the unused enable input at a steady

low level.
v .__.\
ENABLE INPUT N.SV 15V
[
ouTPUT 15V 15v
[~—tea 74 }‘~ 'ER

FIGURE 2. Enable Access Time and Recovery Time

Typical Switching Characteristics
as a Function of Vgc (Tp = 25°C,
Standard Load)

70
50
50
= A
£ 4 f
£ I
E % 1
tEA
20 +
10 e
0 I
45 5.0 55
SUPPLY VOLTAGE (V)
Typical Open-Coltector Output
0uTPUT
- )
p——O ouTPUT

T
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DM54S572/DM74S572 ,DM54S573/DM74S573

National
Semiconductor

Bipolar PROMs

DM54S572/DM74S572 4096-Bit (1024 x 4)

Open-Collector PROM

DM54S573/DM74S573 4096-Bit (1024 x 4)

TRI-STATE® PROM

General Description

These Schottky PROM memories are organized in the
popular 1024 words by 4 bits configuration. Two
memory enable inputs are provided to control the
output states. When the enable inputs are in the low
state, the outputs present the contents of the selected
word.

" If either or both of the enable inputs is raised to a high

level, it causes all 4 outputs to go to the “OFF" or high
impedance state. The memories are available in both
open-collector and TRI-STATE® versions.

PROM'’s are shipped from the factory with lows in all
locations. A high may be programmed into any selected
location by following the programming instructions.
Once programmed, it is impossible to go back to a low.

See the last page of this section for detailed program-
ming information.

Features

® Advanced titanium-tungsten {Ti-W) fuses

= Schottky-clamped for high spéed
Address access—60 ns max
Enable access—35 ns max

® PNP inputs reduce input loading

®m  All dc and ac parameters guaranteed over temperature
m Low voltage TRI-SAFE™ programming

B Board level programming

® High density 18-pin package

Military | Commercial Cool:’:x?t'c;r TRI-STATE | Package
DM745572 X X N,J
DM74S573 X X NJ
DM548572 X X J
DM545573 X X J

Block Diagram

A3 O—
A8 0—
A10— 4096-BIT ARRAY
oELanER 6 X 6461
A6 O— MEMORY MATRIX
A5 O—1
A% O—1
A3 O—1 _—— — -
220 surrers |1 Vs | e ms =1 s
A10— |—— veconer F DECODER | DECODER |—] DECODER
A O— - .
4]
ENABLE oUTPUT QUTPUT QUTPUT |1 OUTPUT
Gate. [~ Burren [ surFen [ Burren BUFFER
|35 e IN

O Y

(L] 03 02 01

Order Number DM54S572J, DM54S573J,
DM748572J or DM745573J
See NS Package J18A

Connection Diagram Logic Symbol

Dual-In-Line Package

ol = 2 vec j :': I
e Ly ::
a1 LY j A8 ozf—
A= L : As 03—
ar— o1 — i:
a1— 2 0 e “I~
o 12 03 e
a4 nyn
o ‘r“n )

TOP VIEW

Order Number DM74S572N
or DM74S573N
See NS Package N18A
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Absolute Maximum Ratings (note 1)

Operating Conditions

Supply Voltage (Note 2) -0.5V to +7V MIN MAX unITS
Input Voltage (Note 2) ~1.2V to +5.5V Supply Voltage (V)
Output Voltage {Note 2) —0.5V to +5.5V DM545572, DM545573 4.5 5.5 v
Storage Temperature —65°C to +150°C DM745572, DM748573 4.75 5.25 A\
Lead Temperature (Soldering, 10 seconds) 300°C Ambient Temperature (T 5)
DM5458572, DM54S573 -55 +125 °C
DM74S5572, DM74S573 0 +70 °C
Logical “0" Input Voltage {Low) 0 0.8 \
Logical “1"" Input Voltage (High) 20 6.5 \Y
DC Electrical Characteristics (note 3)
DM548572, 548573 DM748572, 745573
PARAMETER CONDITIONS . UNITS
MIN TYP MAX MIN TYP | MAX
e tnput Load Current, All Inputs Ve = Max, VN = 0.45V -80 -250 -80 -250 HA
H tnput Leakage Current, All Inputs| Vcg = Max, VIN = 2.7V 25 25 HA
1] Input Leakage Current, All Inputs| V¢C = Max, ViN = 5.5V 1.0 1.0 mA
VoL | Low Level Output Voltage vee = Min, lgL = 16 mA 0.35 0.50 0.35 0.45 \
ViL Low Level Input Voltage 0.80 0.80
VIH High Level Input Voltage 20 20
Icex | Output Leakage Current Vee = Max, Veex = 2.4V 50 50 HA
(Open-Collector Only) {Note 5) Ve = Max, Vggx = 6.5V 100 100 uA
Ve Input Clamp Voltage Ve = Min, iy = =18 mA -0.8 -1.2 -0.8 -1.2 \
CIN Input Capacitance Vee =5V, VN =2V, Ta = 25°C, 40 40 pF
1 MHz
Co Output Capacitance Vee =5V, Vg=2V,Ta = 25°C, 6.0 6.0 pF
1 MHz, Output “OFF"
Icc Power Supply Current Ve = Max, All Inputs Grounded, 125 140 125 140 mA
All Outputs Open
TRI-STATE PARAMETERS
Isc Output Short Circuit Current Vo = 0V, Ve = Max, (Note 4) =20 -70 -20 =70 mA
(Note 5)
IHz Output Leakage (TRI-STATE) Ve = Max, Vg =0.45t0 2.4V, *50 +50 MA
Chip Disabled
VOH | Output Voltage High, {Note 5) loH =—2mA 24 3.2 3
toH = —6.5 mA 24 3.2 \
AC Electrical Characteristics with standard load)
DM548572, 545573 DM748572, 745573
PARAMETER CONDITIONS 5V £10%;-55°C to +125°C | 5V $5%;0°Cto +70°C | UNITS
MIN TYP | MAX MIN TYP | MAX
tAA Address Access Time 40 75 40 60 ns
tEA Enable Access Time 25 45 25 35 ns
tER Enable Recovery Time 25 45 25 35 ns

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device
may be operated at these values.
Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions.
Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Voo = 6V and Tp = 25°C.
Note 4: During Igc measurement, only one output at a time should be grounded. Permanent damage may otherwise result.
Note 5: To measure Vo, Icgx or Isc on an unprogrammed part, apply 10.5V to both A5 and A2 {pin 2 and pin 7).
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DM77S180/DM87S180, DM77S181/DM87S181

National
Semiconductor

Bipolar PROMs

DM77S180/DM875180, DM77S181/DM87S5181

1024 x 8-Bit TTL PROM

General Description

These Schottky memories are organized in the popular
1024 words by 8 bits configuration. Four memory enable
inputs are provided to control the output states. When E1
and E2 are low and E3 and E4 are high, the output
presents the contents of the selected word.

If E1 or E2 are high, or E3 or E4 are low, it causes all 8 out-
puts to go to the “OFF” or high impedance state. The
memories are available in both open-collector and TRI-
STATE® versions.

PROMs are shipped from the factory with lows in ali loca-
tions. A high may be programmed into any selected loca-
tion by following the programming instructions.

See the last page of this section for detailed program-
ming information.

Features

B Advanced titanium-tungsten (Ti-W) fuses

- B Schottky-clamped for high speed
Address access—40 ns typ
Enable access—15 ns typ

B PNP inputs reduce input loading
B All DC and AC parameters guaranteed over

temperature
B Low voltage TRI-SAFETM programming
Military | Commercial cg“l’:‘;;r TRI-STATE | Package
DM875180 X X N, J
DMB875181 X X N, J
DM775180 | X X 3
DM775181 | X X J

Block Diagram

Connection Diagram

Dual-In-Line Package

A9 —f
A =
A7 —l
A6 —d

1.0F-64 4096-BIT CELL

DECODER

)

64X 128
MEMORY MATRIX
AS —1
Ad g

o UJ L
2 2 5,
22
AE\

21

<L RSy

L~ 51

I 1L 1L

2
)
= 2.6
A3 ] — — ’— |—
Azj 1-0F-16 _‘ 1.0F-16 [~ 1-0F-16 [~ 10F16 [~ 1-0F16 [—] t-OF16 [™] 1-0F16 1 1-0F-16 AZ—W -'-g—EJ
A1 DECODER L._{DECODER L] DECODER |_J DECODER DECODER |y DECODER || DECODER || DECODER] ) "
Py PE— - - - Al — | —€q
;—o_\ - . o . A0 —ﬂ 2 05
::—— 013 16 o7
02 Y LI
0314 1,,‘5
08 o7 06 05 04 0l 02 0
onp 2 113 04
Logic Symbol Topview
— AQ __
o :; - Order Number DM77S180J, DM77S5181J,
- o DM875180J or DM87S181J
q :: 03— Pin Names See NS Package J24A
— a5 o5 r_ "E1t0E4  Enable Inputs ‘
e 05 bm AOto A9  Address Inputs Order Number DM87S180N
—{ A o O11t0 08  Data Outputs or DM87S181N
| t See NS Package N24B
1" E1 E2 €3 E4 o




Absolute Maximum Ratings (Note 1) Operating Conditions
Min Max  Units
Supply Voltage (Note 2) —-0.5Vto +7V Supply Voltage (Vce)
Input Voltage (Note 2) -1.2Vto +5.5V DM775180, DM775181 4.5 5.5 v
Output Voltage (Note 2) —-0.5Vto +5.5V A D;\fB?f;BO.DME:?S?:A) 4.75 5.25 v
: _@E® o mbient Temperature
fm??“empfrat”'se dering. 10 second 85°Cto +;§8°g DM775180, DM775181 -85 +125  °C
ead Temperature (Soldering, 10 seconds) DM875180, DMB7S181 0 +70 °C
Logical “0” Input Voltage (Low) 0 0.8 A
Logical “1” Input Voltage (High) 2.0 5.5 \

DC Electrical Characteristics (Note 3)

181SZ8INA/I8SZZING ‘081S28INA/08LSLLING

DM77S5180, DM87S180,
Parameter , Conditions DM77S181 DM87S181 Units
Min { Typ | Max | Min | Typ | Max
i | Input Load Current, All Inputs Veeo=Max, V=045V -10 | -100 —-10 |—-100| »A
Ly | Input Leakage Current, All Inputs|Vso=Max, Viy=2.7V 25 25 | uA
l) Input Leakage Current, All Inputs|Vge=Max, Viy=5.5V 50 50 | kA
Voo | Low Level Output Voltage Vec=Min, lo, =16 mA 0.35| 0.50 035) 045 | V-
V)L | Low Level Input Voltage 0.80 080 V
V\y | High Leve! Input Voltage 2.0 2.0 Vv
lcex| Output Leakage Current Voo =Max, Voex=2.4V 50 50 | #A
(Open-Collector Only) Vee=Max, Veex=5.5V 100 100 | wA
V¢ {Input Clamp Voltage Vee=Min, l)y= —-18 mA -08)-12 -08])-12] V
Cin | Input Capacitance Vee=5V, Viy=2V, Ty =25°C, 4.0 40 pF
1 MHz
Co | Output Capacitance Vec=5V, Vp=2V, Ta=25°C, 6.0 6.0 pF
’ 1 MHz, Output “OFF”
lcc | Power Supply Current ~ |Veec=Max, All Inputs Grounded, 115 | 170 115 170 | mA
. All Outputs Open
TRI-STATE PARAMETERS
Isc | Output Short Circuit Current Vo =0V, Voo =Max, (Note 4) -20 -70 |-20 -70 | mA
Iz | Output Leakage (TRI-STATE) Vec=Max, Vo =0.45 to 2.4V, +50 . +50 A
Chip Disabled
Von | Output Voltage High loH= —2 mA 2.4 3.2 \
lon= —6.5mA 24 | 32 v
AC Electrical Characteristics with standard load) m
DM77S180, DM875180,
DM77S181 DM87S181
Parameter Conditions 5V+10%; —55°Cto| 5Vx5%,0°Cto | Units
+125°C +70°C
Min | Typ | Max | Min | Typ | Max
taa | Address Access Time 40 75 -1 40 60 | ns
tea | Enable Access Time 15 35 15 30 ns
ter | Enable Recovery Time 15 | 35 15 | 30| ns

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be
operated at these values.

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions.
Note 3: These limits apply over the entire operating range unles stated otherwise. All typical values are for Vg =5V and Tao = 25°C.
Note 4: During Igc measurement, only one output at a time should be grounded. Permanent damage may otherwise result.
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DM77S184/DM87S184, DM77S185/DM87S185

National
Semiconductor

Bipolar PROMs

DM775184/DM87S184 8192-Bit (2048 x 4)

Open-Collector PROM -

DM77S185/DM87S185 8192-Bit (2048 x 4)

TRI-STATE® PROM

General Description

These Schottky PROM memories are organized in the’

popular 2048 words by 4 bits configuration. One mem-
ory enable input. is provided to control -the output
states. When the enable input is in the low state, the
outputs present the contents of the selected word.

If the enable input is raised to a high level, it causes
all 4 outputs to go to the “OFF” or high impedance
state. The memories are available in both open-col-
lector and TRI-STATE® versions.

PROM's are shipped from the factory with lows in all

locations. A high may be programmedinto any selected -

location by following the programming instructions.

See the last page of this section for detailed program-
ming information.

Features

m Advanced titanium-tungsten (Ti-W) fuses
m Schottky-clamped for high speed
Address access—40 ns max
Enable access—15 ns max
® PNP inputs reduce input loading
® Al DC and AC parameters guaranteed over tem-
perature ‘ |
» Low voltage TRI-SAFE™™ programming

Military | Commercial cg:’;’:‘or TRI-STATE | Package
DM875184 X X N, J
DM875185 X X N, J
DM77S184 X X J
DM775185 X : X J

Block Diagram

Connection Diagram Logic Symbol

A9 Dual-In-Line Package
A8 O—dg
A70— 8192.B1T ARRAY 1 U 18 : A
AsO—{ Miz8 128 X 64-BIT A& — — Ve a1
25 Ol DECODER MEMORY MATRIX M_z- ’ 17 a7 — p2 o1 r
A4 O— 3 1 e
A3 O—1 A4 - — Ag — At 02—
n— v
. 5 18 -y Af 03—
10 O—] At —] — 01 - A7
A20— e 16 s 1 e A= L o=
a1 O—) BUFFERS _J ] ':1 " __+ a0
A0 O —_— - A2 — p—03 - A1 E
I [ I [ ot L 0g {
GND-B- ﬂi
= ENABLE DUTPUT oUTPUT DUTPUT OUTPUT
EO—Q “gate [~ ouFren BUFFER BUFFER — BUFFER
TOP VIEW ]
& $ A $ Order Number DM77S184J, DM77S185J,
o 0d 0 o DM87S184J or DM875185J
Pin Names See NS Package J18A
E Enable Input Order Number DM875184N
A0-A10 Address Inputs or DM87S185N
See NS Package N18A

01-04 Data Outputs
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Absolute Maximum Ratings (Note 1) Operating Conditions =
MIN - MAX  uniTs | N
Supply Voltage (Note 2} -0.5V to +7V Supply Voltage (V) a
Input Voltage (Note 2) —1.2V to +5.5V DM77S184, DM775185 4.5 55 \" -
Output Voltage (Note 2) -0.5V to +5.5V DM875184, DM875185 4.75 5.25 v o)
Storage Temperature —65°C to +150°C .
Lead T (Solderi 10 nds) 300°C Ambient Temperature (T ) .h
eal emperature oldering, Seco! S DM77S184, DM775185 55 +125 oc —
DM875184, DM875185 0 +70 °c U
Logical ““0"" Input Voltage (Low) 0 0.8 \ g
Logical 1" Input Voltage (High) 20 5.5 \% ﬁ
DC Electrical Characteristics (Note 3) -
DM775184, DMB7S5184, g
PARAMETER CONDITIONS DM778185 DMB75185 UNITS | e
MIN | TYP | MAX | MIN | TYP | MAX U
I8 Input Load Current, All Inputs Ve = Max, Vi = 0.45V —10 -100 -10 —100 HA E
IH Input Leakage Current, All Inputs| Ve = Max, VN = 2.7V 25 25 HA =]
0] Input Leakage Current, All Inputs| V¢ = Max, VN = 6.5V 50 50 HA m
d
. VoL | Low Level Output Voltage Vee = Min, IgL = 16 mA 0.35 0.50 035 | 045 les)
ViL Low Level Input Voltage 0.80 0.80 g
VIH High Level Input Voltage 20 20 U
Icex | Output Leakage Current Vee = Max, VCex = 2.4V 50 50 HA g
(Open-Collector Only) Ve = Max, Vegx = 5.5V 100 100 HA o0
ve Input Clamp Voltage Vee = Min, Iy = —18 mA -0.8 -1.2 -08 -1.2 v a
CIN Input Capacitance Vee =5V, VIN =2V, Ta = 25°C, 4.0 40 pF [y
o1 mHz ©o
Co Qutput Capacitance Vee = 5V. Vo =2V, Ta = 25°C, 6.0 60 pF o
1 MHz, Output “OFF"’
Icc Power Supply Current Ve = Max, All Inputs Grounded, 100 140 100 170 mA
All Qutputs Open
TRI-STATE PARAMETERS .
Isc QOutput Short Circuit Current Vo =0V, Vcc = Max, -20 =70 -20 =70 mA
(Note 4)
IHZ Output Leakage (TRI-STATE) Ve = Max, Vo= 0451024V, . *50 +50 uA
Chip Disabled
Vo Qutput Voltage High lOoH = -2 mA 24 3.2 v
: loH = ~6.5mA 24 32 v
AC Electrical Characteristics (with standard load)
DM775184, DM875184,
DM775185 DM875185 UNI
PARAMETER CONDITIONS 5V +10%: -56°C 10 +125°C | 5V £5%; 0°C to +70°C NITS
MIN | TYP | MAX | MIN | TYP | MAX
tAA Address Access Time 40 75 40 55 ns
tEA Enable Access Time . 15 35 15 30 ns
tER Enable Recovery Time . ’ - 15 35 15 30 ns”
Note 1: Absolute maximum ratihgs are those values beyond which the device may be permanently damaged. They do not mean that
the device may be operated at these values.
Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions.
Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vog = 5V and T = 25°C.
Note 4: During Igc measurement, only one output at a time should be grounded. Permanent damage may otherwise result.




National
Semiconductor

Bipolar PROMs

DM77S188/DM87S188, DM77S288/DM875288

32 x 8-Bit TTL PROM

General Description

These Schottky PROM memories are organized in the
popular 32 words by 8 bits configuration. A memory
enable input is provided to control the output states.
When the enable input is in the low state, the outputs pre-
sent the contents of the selected word.

If the enable input is raised to a high level, it causes all 8
outputs to go to the “OFF” or high impedance state. The
memories are available in both open-collector and TRI-
STATE® versions.

.Features

B Advanced titanium-tungsten (Ti-W) fuses

W Schottky-clamped for high speed
Address access—12 ns typ
Enable access—8 ns typ

B PNP inputs reduce input loading
B All DC and AC parameters guaranteed over
temperature

B Low voltage TRI-SAFETM programming

DM77S188/DM87S188, DM77S288/DM87S288

. Open-
Military | C ial TRI-STATE | Pack
PROMs are shipped from the factory with lows in all loca- Hary | Commercial| collector ackage
tions. A high may be programmed into any selected loca- | DM875188 X X N, J
tion by following the programming instructions. DM875288 X X N, J
See the last page of this section for detailed program- DM775188 | X X J
ming information. DM775288 | X X J
Block Diagram
A O—1
A30— 256-BIT ARRAY
nO— HOFSZ w 32 X 8.8IT
A1O— MEMORY MATRIX
A0 O—1
— Dy
08 07 06 05 04 03 02 01
Connection Diagram Logic Symbol
Dual-In-Line Package
_IJ v/ ® Order Number DM77S188J, DM77S288J,
01 = Vce DM87S188J or DM87S288J .
2 15 _ See NS Package J16A — a0
02 —ﬁ — E . 02 foem
03 =] Lipw Order Number DM87S188N e i
4 13 or DM87S288N _ﬂ A2 04 [~
04— = A3 See NS Package N16A 05—
s 2 a2 1" 51—
07 p—
us—H L Al Pin Names —n 08 |—
7 10 E Enable Input
07— A0 AOto A4 Address Inputs E
GND 8 LW 011008  Data Outputs T

TOP VIEW
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Absolute Maximum Ratings (Note 1)

Operating Conditions

Min Max  Units
Supply Voltage (Note 2) -0.5Vto +7V Supply Voltage (Vo)
Input Voltage (Note 2) "—1.2Vto +5.5V DM77S188,DM775288 45 5.5 \
Output Voltage (Note 2) —0.5Vto +55V A Dg‘l’mtST‘s& DMT“(‘% 475 525 v
Storage T t -65°Cto +150°C mplent | emperature
¥ °::$e empf'a ”;e ering. 10 second +300°c DM775188, DM775288 -85 +125  °C
ead Temperature (Soldering, 10 seconds) DM875188, DM875288 0 +70 °C
Logical “0"” Input Voltage (Low) 0 0.8 \
Logical “1” Input Voltage (High) 2.0 5.5 \
DC Electrical Characteristics (ote 3)
DM77S188, DM87S188,
Parameter Conditions DM77S288 DM875288 Units
Min | Typ | Max [ Min | Typ | Max
li. | Input Load Current, All Inputs Vce=Max, V=045V -100 -100| pA
iy | Input Leakage Current, All Inputs (Voo = Max, V=27V 25 25 | wA
N Input Leakage Current, All Inputs [Vgc = Max, Vy=5.5V 50 50 [ pA~
VoL | Low Level Output Voltage Vee=Min, Ig =12 mA 0.35| 0.50 035 045| V
VL | Low Level Input Voltage 0.80 080 .V
Vi | High Level Input Voltage 2.0 20 "
lcex| Output Leakage Current Vee=Max, Vegx=2.4V 50 50 | wA
(Open-Collector Only) Vee=Max, Veex =55V 100 100 | wA
V¢ | Input Clamp Voltage Vec=Min, Ijy= -18 mA -08| -12 -08|-12( V
Cin | Input Capacitance Vee=5V, V|y=2V, To=25°C, 4.0 4.0 pF
1 MHz
Co | Output Capacitance Vec=5V, Vo=2V, Tpy=25°C, 6.0 6.0 pF
1 MHz, Output “OFF”
lcc | Power Supply Current Vce = Max, All Inputs Grounded, 120 120 mA
All Outputs Open
TRI-STATE PARAMETERS
Isc | Output Short Circuit Current Vo=0V, Voo = Max, (Note 4) -20 -70 |-20 -70 | mA
Iz | Output Leakage (TRI-STATE) Voo =Max, Vo=0.45 to 2.4V, +50 +50 | wA
Chip Disabled
Vgn| Output Voltage High lon= —2mA 2.4 3.2 . \
lop= — 6.5 mA 24 | 32 v
AC Electrical Characteristics with standard load)
DM77S188, DM875188,
DM775288 DM87S288
Parameter Conditions 5V+10%; —55°Cto|{ 5V=5%,0°Cto | Units
+125°C +70°C
Min | Typ [ Max | Min | Typ | Max
taa |-Address Access Time 12 20 12 15 ns
tea | Enable Access Time 12 10 ns
ter | Enable Recovery Time 12 8 10 | ns

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be

operated at these values.

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions.
Note 3: These limits apply over the entire operating range unles stated otherwise. All typical values are for Vo =5V and Ta = 25°C.
Note 4: During Igc measurement, only one output at a time should be grounded. Permanent damage may otherwise result.
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‘ National
Semiconductor

~ Bipolar PROMs

DM77S190/DM87S190, DM77S191/DM87S191

2048 x 8-Bit TTL PROM

General Description

These Schottky memories are organized in the popular
2048 words by 8 bits configuration. Three memory enable
inputs are provided to control the output states. When E1
is low and E2 and E3 are high, the output presents the
contents of the selected word.

1t E1 is high, or E2 or E3 are low, it causes all 8 outputs to
go to the “OFF” or high impedance state. The memories
are available in both open-collector and TRI-STATE®
versions.

PROMSs are shipped from the factory with lows in all loca-
tions. A high may be programmed into any selected loca-
tion by following the programming instructions.

See the last page of this section for detailed program-
ming information.

Features

W Advanced titanium-tungsten (Ti-W) fuses

W Schottky-clamped for high speed
Address access—40 ns typ
Enable access—20 ns typ

B PNP inputs reduce input loading

® All DC and AC parameters guaranteed over
temperature
M Low voltage TRI-SAFETM programming

Military | Commercial cglf:;or TRI-STATE | Package
DM87S190 X X N, J
DM875191 X X N, J
DM77S190 X X J
DM778191| * X X J

DM77S190/DM87S190, DM77S191/DM87S191

Block Diagram

Connection Diagram

Dual-In-Line Package

10— <
29— a4 ‘ , Evu
28—

16384.BIT CELL 2 o)
ar—] 10128 128X 128 A= =
ag—] PECODER $ ) MEMORY MATAIX
25— = 122 5
A= . A —] 22 a10

il’ AL 4; 4} i; lL AL el L)
A3 - - - r—- s E
A2 s 10516 1] 10F16 [ 10k16 [ 1orts [ 10ras ] 1oras [~ roras [ 1okt A2 e
A1~ 0EcODER|_JDECODER|_] DECODER || DECODER | ] DECODER | DECODER| | DECODER || DECODER ; "
A= =3
Al ———————d — —1 }—e - —
] 17
Bl ——O}— no—f |- 08
_s} 16
P P— o 1. o7
02-Y 12 05
034 ' 05
08 0 05 05 04 03 02 0 " "
: GND— = 04

Logic Symbol Topview

b b 01
b ol Order Number DM775190J, DM7751914,
] :; ) DM87S190J or DM875191J

" e Pin Names See NS Package J24A
- s 04— E1 to E3 Enable Inputs
—ws os]— AOto A1G  Address Inputs Order Number DM87S190N
—a o6b— 011008  Data Outputs or DM87S191N
] :: 07}— See NS Package N24A
-] a10 o8 }_

BB B
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o
Absolute Maximum Ratings (Note 1) Operating Conditions =
Min Max  Units :ll
Supply Voltage (Note 2) ~0.5Vto +7V Supply Voltage (Vec) g’
Input Voltage (Note 2) -1.2Vto +5.5V DM778190,DM77S191 45 5.5 v ©
Output Voltage (Note 2) -05V10 +55V N 03875;901 DMWS‘?T‘ ) 475 525 v (=]
St T t —-65°Cto +150° mbient Temperature(Ty)
N °';$e empf'a ": dorin. 10 second ° 328 g DM775190, DM775191 55 +125 ¢ | ©
ead Temperature {Soldering, 10seconds) DMB875190, DM87S191 0o +70 C | =
Logical “0” Input Voltage (Low) 0 0.8 v 3
Logical “1" Input Voltage (High) 2.0 5.5 Vv m
—h
. ‘ - ©
DC Electrical Characteristics (ote 3) (=]
_ DM77S190, DM87S190, o
Parameter Conditions . DM775191 DM87S191 ~ |Units g
Min | Typ | Max | Min | Typ | Max :“
L }Input Load Current, All Inputs Vee = Max, V= 0.45V -10 |-150 -10 | -100| pA (_’2
I [!nput Leakage Current, All Inputs| Voo = Max, Viy=2.7V 25 25 | uA ({e]
d
I Input Leakage Current, All Inputs|Vco = Max, V)y=5.5V 50 50 | uA ~
VoL | Low Level Output Voltage Voo =Min, lgp=12 mA 0.35 | 0.50 035( 045 | V g
“ViL | Low Level Input Voltage . 0.80 080 | V o)
Vi | High Level Input Voltage ' 20 2.0 v a
Icex | Output Leakage Current Voo = Max, Veex = 2.4V 50 50 [ A —t
(Open-Collector Only) Vee=Max, Vgegx=5.5V 100 100 | pA 2
V¢ | Input Clamp Voltage Vee=Min, li)y= —18 mA -08|-12 -08)-12| Vv
Cin | Input Capacitance Vee=5V, V|N=2V, Ta=25°C, 4.0 4.0 pF
1 MHz
Co | Output Capacitance Vee=5V, Vo=2V, Ta=25°C, 6.0 . 6.0 pF
1 MHz, Output “OFF”
lcc | Power Supply Current Vcc =Max, All Inputs Grounded, 120 | 175 120 | 175 | mA
All Outputs Open
TRI-STATE PARAMETERS
lsc | Output Short Circuit Current Vo =0V, Voo =Max, (Note 4) -20 -70 |-20 -70 | mA
lyz | Output Leakage (TRI-STATE) Veo=Max, Vo=0.45 to 2.4V, +50 +50 | pA
Chip Disabled )
Von | Output Voltage High lon= —2mA 24 3.2 \
' foy= —6.5mA 24 32 v
AC Electrical Characteristics (with standard load) m
DM77S190, DM87S190,
DM775191 DM87S191
Parameter Conditions 5V=10%; —55°C to| 5V=*5%,0°Cto |[Units
+125°C - +70°C
Min | Typ | Max | Min | Typ | Max
taa | Address Access Time 40 85 40 70 ns
tea | Enable Access Time 20 35 20 30 ns
ter | Enable Recovery Time 20 35 20 30 ns
Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the devi;:e may be
operated at these values. .
Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions.
Note 3: These limits apply over the entire operating range unles stated otherwise. All typical values are for VCC =5V and T4 =25°C.
Note 4: During Igc measurement, only one output at a time should be grounded. Permanent damage may otherwise resuit.
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Schottky PROM Programming Procedure

Schottky PROM
Programming Procedure

These parts are shipped from the factory with all fuses
intact. As a result, the outputs will be low (logical ‘‘0")
for all addresses. In order to generate a high level on the
outputs, the part must be programmed. Information on
available programming equipment may be obtained from
National. However, if it is desired to build your own

 programmer, the following conditions must be observed.

1. Programming should be attempted only at tempera-
tures between 15°C and 30°C. -

Addresses and chip enable pins must be driven from

2.

ni
a

ormal TTL logic levels during both programming
nd verification.

. Programming will occur at a selected address when

Ve is held at 10.5V, the appropriate output is held
at 10.5V and the chip is subsequently enabled. To

a

chieve these conditions in the appropriate sequence,

the following procedure must be followed:

a

b

c

} Select the desired word by applying a high or low
level to the appropriate address inputs. Disable the
chip by applying a high level to one or both enable
inputs.

Increase Vcc to 10.5V 0.5V with the rate of
increase being between 1.0 and 10.0V/us. Since
V¢ supplies the current to program the fuse as
well as the Igc of the device at programming
voltage, it must be capable of supplying 750 mA
at 11.0V.

Select the output where a high level is desired by
raising that output voltage to 10.5V +0.5V. Limit
the rate of increase to a value between 1.0 and
10.0V/us. This voltage change may occur simul-
taneously with the increase in VgC but must not
precede it. It is critical that only one output at a
time be programmed since the internal circuits can
only supply programming current to one bit at a
time. Outputs not being programmed must be left

Programming Waveforms

AoDRESS

oureur

Programming Parameters Do not test or you may program the device.

24y 1055V T1 =100 ns min

777

T3 = 100 ns min
T4 =100 ns min
T6 =100 ns min

2avTossy
woosy 24

a bit has programmed

d

e

f

9

T2 = 5us min {T2 may be > 0 if Vccp .
rises at the same rate or faster than Vgp)

*Pwe is repeated for 5 additional pulses
after verification of Vg indicates

open or tied to a high impedance source of at least
20 k2. {(Remember that the outputs of the device
are still disabled at this time because the chip
enables are high.)
)} Enable the device by taking both chip enables to a
low level. This is done with a pulse of 10us. The
10us duration refers to the time that the circuit is
enabled. Normal input levels are used and rise and
fall t