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Introduction

This book has been prepared to give the user a concise list of all Bipolar LSI
Products offered by Monolithic Memories. It is divided by products into sections
on PROMs, ROMs, Character Generators, RAMs, Programmable Logic, LSI Logic,
Arithmetic Elements and Interface. Each section has been designed to allow the
user the most useable format for the products described. The PROM and ROM
sections give data in the “generic” form allowing a quick review of the trade-off
between devices. Cross references and selection guides are given where appli-
cable. Programming and available programmers are given in detail. LS| Logic,
Programmable Logic, Arithmetic Element and Interface data sheets are shown in
detail for each product. New products to be introduced are shown with
appropriate introduction quarter. This LS| data book was formatted with you, the
user, in mind. For more information, contact the local Monolithic Memories sales
representative or franchised distributor.



Monolithic Memories—Company Profile

Monolithic Memories is a company whose entire energies and
resources are devoted to the development and production of
bipolar LSI memory and logic devices.

Since its incorporation in 1970, Monolithic Memories has pro-
duced and delivered more bipolar memory than any other com-
pany in the world. Monolithic Memories. has advanced the frontier
of bipolar technology and followed it up with high-volume
production.

Most of Monolithic Memories’ products were industry firsts that
established a clear technological and performance leadership
over the competition. The world’s first 1K bit PROM was
introduced by Monolithic in 1971; the world’s first 2K bit PROM
in 1972; the first 4K bit PROM in 1975, and first 8K bit PROM
in 1976.

The continuous drive for complexity led to the development of
ROMs which are pin- and function-compatible with Monolithic
Memories’ PROMSs, yet with a complexity equal to or even
exceeding MOS complexities while retaining the speed and
simplicity inherent in LS bipolar process. MMI has a wide range
of high-complexity ROMs such as 8K bits, 9K bits, 10K bits and
16K bits. Early in 1977 MMI introduced the world’s first high-
speed FIFO, which was designed to replace the slower MOS
FIFO presently supplied by other manufacturers. Both products
are equal in memory size, but Monolithic’s FIFO is fifteen times
faster than the MOS part. i

Monolithic Memories

The Company'’s efforts are not limited to the area of memories n

alone. The world’s first 4 bit slice was introduced by MMI, and
throughout 1978 Monolithic Memories will introduce multitudes
of high-complexity advanced-technology logic products.

The Company’s products are presently used in a variety of
applications that range from simple electronic games to highly
complex microprogramming applications in ‘a broad range of
computers. At Monolithic Memories there is special emphasis
placed on quality products, and the Company engages in a wide
range of military programs which include both undersea and
space programs. '

The ‘design, fabrication and testing of Monolithic Memories’
products is done in a 100,000 square foot facility in-Sunnyvale,
California. The majority of the assembly is performed at a new,
company-owned 30,000 square foot plant in Penang, Malaysia.

Monolithic Memories sells its products worldwide through its
own sales organization, representatives and distributors. In
addition to the specific sales offices in each state and in many
countries in Europe, the Company has a European headquarters
in Munich, West Germany, and a Japanese headquarters
located in Tokyo, Japan. :




Quality System

The quality system at Monolithic Memories is based on MIL-Q-
9858A, “Quality Program Requirements,” MIL-I-45208A, “In-
spection System Requirements,” and MIL-M-38510, Appendix

A, “Product Assurance Program.” MIL-M-38510 plays a signifi-

cant role in s‘tru_‘qtt@ring MMI's quality program.

MMT's facilities in Sunnyvale were certified in June of 1977 by

DESC, Defense Electronics Supply Center, to manufacture and
qualify to class B and class C Schottky Bipolar PROMs, ROMs
and RAMs in accordance with the requirements of MIL-M-38510.

This certification included a successful audit of our quality sys-

tem to the stringent requirements of Appendix A of MIL-M-38510
which defines a Product Assurance Program tailored for inte-
grated circuit manufacturers by DESC. This same quality sys-

 tem has also met the strict requirements of both “controlled”
and “captive” line programs connected with our special Hi-Rel
programs. ‘

The quality accent at MMI is on process control as reflected in
the use of many monitors and audits rather than gate inspec-
tions. This philosophy is consistent with building in quality and
reliability rather than attempting to screen for it.

Prf)cess Control

MMTI's advanced low-power Schottky TTL process .uses such
techniques as redundant masking to reduce random defects
and self-aligning masking to reduce active chip area. Although
more costly than the standard SSI or MSI Schottky TTL pro-
cesses, these approaches yield better quality, increased reliabil-
ity and lower overall cost due to higher net die per wafer. During
the initial production stages of new designs and periodically
thereafter, engineering characterizes the design-process com-
patibility by careful sample selection of lots reflecting process
variable extremes.

Product Assurance Program .

Screening

Much of the assembly (packaging only) is performed offshore at
our Penang, Malaysia facility. This facility has been qualified
and is routinely monitored for conformance to MIL-STD-883A by
MMTI's military customers as well as by MMI's Quality Assurance
Department. All standard hermetic MMI products are 100%
screened to MIL-STD-883A, Class C, per test method 5004.4.
This includes: S

® Pre-cap inspection.*

® 24 hours high-temperature storage at 150°C.

¢ Temperature cycling, method 1010, Condition C.
* Constant acceleration, Y4, 30,000 G's.

® Fine and gross leak.

® Final electrical test.

* Q.A. sample acceptance testing.

*Modified for LSI.

The product assurance levels which MMI guarantees are listed in
the table on this page.

Reliability Engineering maintains product surveillance through
routine sampling and submission to MIL-STD-883A, method
5005.4, qualification testing. Additional step-stress and ex-
tended (limit) testing conditions are used when warranted. In
general, failure rates have been found to be two orders of mag-
nitude better than MIL-HDBK-217B estimates. ,

The qualiiy organization is defined into three departments:

¢ Process control
&' Quality assurance )
" Reliability and quality engineering

Quality Assurance (AQL) Levels

TEST LEVELI LEVEL Hl
B COMMERCIAL (%) MILITARY (%)
Hermeticity (includes fine and gross) 0.65 ) 0.4
'| Electrical i :
DC at 25°C 40 .25
Functional at 25°C 40 .25
AC at 25°C , 65 40
DC at Temperature Extremes 65 85 -
Functional at Temperature 65 5
Extremes k )
AC at Temperature Extremes 1.5 1.5




Hi-Rel Products

Hi-Rel Products

All of the ‘products-at MMI were designed to operate over the
entire military. performance specification of +10% V¢ tolerance
and —55° to +125°C operating temperature ambient. Recently
our 2048 bit Schottky PROM, MM5305-1/06-1 was qualified to
Part-Il of the MIL-M-38510 QPL. Other devices are in the process
of QPL qualification.

Monolithic Memories offers a complete line of high reliability
devices. All standard military temperature range devices can be
processed to MIL-STD-883A as outlined on the following pages.
Many devices are-available from stock. In addition to standard
MIL-STD-883A high reliability devices, Monolithic Memories has
the ability to process parts to custom high reliability specifica-
tions. Some examples are:

® 100% Instant on (cold start) testing at —~55°C

® Read and record data with A drift parameters

® Extended burn-in screening

® 100% AC, DC and functional testing at temperature extremes
—55° and +125°C

DPA, Destructive Physical Analysis

* SEM, Scannmg Electron Microscopic evaluatlon ona wafer
lot basis .

® Special lot traceability to critical wafer fabrication processes,

i.e., metalization
® Residual gas analysis on hermetic packages
® Custom lot qualification tests
Special customer source inspection at pre-cap, SEM, process
control monitoring points or at lot qualification testing

If you want an off the shelf MIL-M-38510 QPL product: call
your factory representative for an up to date status on our QPL
program.

Flat Packs/Chip Carriers and Die

Most of our products are available in flat packs (see individual
selection guides and the package appendix for details), and our
manufacturing line can accommodate your chip carrier packag-
ing requirements as well. If your needs are for the ultimate in
density, we can also supply LSl chips for your hybrid applica-
tions. These can be furnished with special 100% testing and
optical inspection screens geared for hybrid packagmg

Qualification & Quality Conformance Inspection
Subgroups and LTPD Levels as Given in MIL-STD-883A, Method 5005.2, Class B Parts.
Table 1. Group A Electrical Tests

INITIAL
LTPD SAMPLE SIZE*
. SUBGROUPS B c | B Cc
Subgroup 1—Static Tests at +25°C ) 5 5 45 45
Subgroup 2—Static Tests at Maximum Rated Operating Temperature 7 10 32 22
Subgroup 3—Static Tests at Minimum Rated Operating Temperature 7 10 32 22
Subgroup 4—Dynamic Tests at +25°C** 5 5 45 45
Subgroup 5—Dynamic Tests at Maximum Rated Operatmg Temperature** 7 10 32 22
Subgroup 6—Dynamic Tests at Minimum Rated Operating Temperature** 7 10 32 22
Subgroup 7—Functional Tests at +25°C 5 5 45 45
Subgroup 8—Functional Tests at Maximum and Minimum Rated Operating Temperatures 10 | 15 22 15
Subgroup 9—Switching Tests at +25°C (Programmed PROM Only) 7 10 32 22

; *Groups A, B, C and D sampling plans are based on standard LTPD tables of MFIL-M9'85104. The smallest sample size, based on zero
rejects allowed, has been chosen unless otherwise indicated. If necessary, the sample size will be increased once to the quantity

corresponding to the next acceptance number.

**Dynamic tests are not applicable to digital memory dewces switching subgroup tests are performed to a specified functional pattern

and dynamically exercised.




Hi-Rel Products
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Hi-Rel Screening

MMI STANDARD HI-REL SCREENING—MIL-STD-883A Class B/C, Method 5004.4

883C 8838
PROM/FPLA/PAL PROM/FPLA/PAL
: - Unpro- Pro- | ROM|RAM/| Unpro- | ~Pro- ' | ROM |RAM/
FLOW METHOD grammed | grammed LSI* |grammed | grammed LSI*
Pre-cap visual (prior to seal) | 2010.3 Cond. B Yes Yes Yes | Yes Yes " Yes Yes | Yes
Seal Yes Yes Yes | Yes Yes ~Yes | Yes | Yes
Bake 24 hr. @150°C 1008.1 Cond. C Yes Yes Yes Yes. Yes Yes Yes | Yes
(after seal) :
'I;eerr;;:(.:ct);ci‘:-r:gsggccycles, 1010.2 Cond. C' Yes Yes Yes | Yes Yes Yes Yes | Yes
Constant acceleration:
2001.2 Cond. E Yes Yes Yes | Yes Yes Yes | Yes | Yes
Y130KG
Leak: (F;‘.l::s:j:():(::% :g:g; gg:g g:r B Yes Yes Yes | Yes Yes Yes Yes | Yes
Interim ele?tncal fest, MMI Data Sheet Yes Yes Yes | Yes Yes Yes Yes | Yes
DC & functional
Test fuse/verify (DC) MMI Std. Yes Yes — — Yes Yes — —
Program/verify Customer Program — Yes — — — Yes — —
Burn-in 160 hr. @ 125°C 1015.2 Cond. D (Dynamic) — — — —_ Yes Yes Yes | Yes
Final electrical test, DC, k
func.—55°C, +25°C, )
+125°C, AC @ 25°C MMI Data Sheet Yes Yes Yes | Yes Yes Yes Yes | Yes
Except AC +25°C for
unprogrammed PROM
Lot acceptance: group
ASub.1,2,3,7,8,9— Go/No Go Yes Yes Yes | Yes Yes Yes Yes | Yes
Except sub 9 for 5005.4
unprogrammed PROMs
*LSI Logic Products
Table Il. Group B Tests
INITIAL
TEST METHOD CONDITIONS LTPD SAMPLE SIZE
Subgroup 1
A. Physical Dimensions 2016 MMI Data Sheet No Failures 2 Devices
B. Particle Impact Noise 2020 Test cond. Aor B 15 15
Detection Test
Subgroup 2
A. Resistance to Solvents 20151 Trichloroethylene and alcohol/freon solvents 3 Devices
(No Failures)
B. Internal Visual and Mechanical 2014 1 Device
(No Failures)
C. Bond Strength 2011.2 | Condition D: 3 gram force minimum for 15 15 Wires
aluminum wire, ultrasonic bonding (10 Devices)
D. Die Shear Strength 2019.1 Per Table | 15 15
Subgroup 3
Solderability 2003.2 Soldering temperature of +260°C * 10°C. 15 15
95% coverage, void concentration
not to exceed 5% of area
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Hi-Rel Products

Table Ill. Group C Tests (Die Related Tests)

INITIAL
TEST METHOD CONDITIONS LTPD SAMPLE SIZE
Subgroup 1*
A. Temperature Cycling 1010.2 Test condition C: air to air, —65°C to +150°C, 15 15
10 cycles
B. Constant Acceleration 2001.2 Test condition E: 30kG centrifugal
(Centrifuge) acceleration
C. Seal (Fine and Gross) 1014.2 Helium and fluorocarbon tests
D. Visual Examination )
Subgroup 2*
Operating Life Test 1005.2 Steady state life: 1,000 hr., +125°C, 5 77
condition D, dynamic Acc = 1*
Table IV. Group D Tests (Package Related)
Subgroup 1
A. Seal 1014.2 Test condition A No Failures 5
B. Internal Water Vapor 1018 500 PPM max. @ 100°C No Failures 1
Content
C. Physical Dimensions 2016 MMI Data Sheet 15 15
Subgroup 2
A. Lead Fatigue 2004.2 Condition B2: 3 oz. for ribbon leads; 15 15
8 oz. for all others
B. Hermeticity
1. Fine Lead 1014.2 Helium tracer gas 5 x 10-8 atm cc/sec 15 15
2. Gross Lead 1014.2 Condition C: Fluorocarbon detection 10-5
atm cc/sec
Subgroup 3*
A. Thermal Shock 1011.2 Test method B: liquid to liquid, —55°C 15 15
to +125°C, 15 cycles
B. Temperature Cycling 1010.2 Test condition C: air to air, —65°C to +150°C,
10 cycles
C. Moisture Resistance 1004.2 Omit initial conditioning and vibration
D. Seal (Fine and Gross) 1014.2 Helium and fluorocarbon tests
E. Visual examination
Subgroup 4*
A. Mechanical Shock 2002.2 Test condition B: 5 shock pulses;
6 directions; 1500 G
B. Test condition B: particle impact 2020 Test condition A or B 15 15
noise detection 30KG
C. Constant Acceleration 2001.2 Test condition B: 30kG centrifugal
(Centrifuge) acceleration
D. Seal (Fine and Gross) 1014.2 Helium and fluorocarbon tests
E. Visual Examination
Subgroup 5
A. Salt Atmosphere (Corrosion) 1009.2 Test condition A: 24 hr. 15 15
B. Visual Examination

*Electrical end points, required for all subgroups (except in Group B and Subgroups 1, 2 and 5 of Group D), are room temperature
Group A DC tests, per MMI data sheet. Check factory for additional requirements.
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Bipolar PROM Selection Guide

MEMORY DESCRIPTION
ORGANTATION MMI amD | FAIRS | HARRIS | INTEL | INTERSIL | MOTOROLA | NATIONAL | RAYTHEON |  SIGNETICS T
SIZE PiNs | OUTPUT | TYPE ,
STD | 63301 | 27508720750 HM-7602-5 5600 = N82523 | SN74s188
oc s | s3s080 27518/ - — DM745188 _ —
e | 6 | 1 Ls | 63Lsos0 | 271508 — — — — —
STD | 63314 | 27500/29751 HM-76035 5610 - N825123 | SN745288
T8 s | s3sost 27519/ — — DM745288 — —
Ls | 63Lsos1 |  271s09 — — — — —
STD | 63001 | 29510/20760 | — | AM76105 | 3601 | 5603 — 39660 | N82S27/825126 | SN74S3ET
o s | s3su0 27520 | 93417 | HM-T610A5 | — — DM74s387 | — — —
Ls | 63Ls140 — — — — — - — - —
PS | 63PS140 — — — — — — 29662 — —
1024 | 256x4 | 16 STD | 63011 | 27511/20761 | — | HM-76115 | 3621 | 5623 = 29661 N825120 | SN745287
Is s | sasiat 27521 | 93427 | HM7611A5 | — — OM74s287 | — — —
(s | 63Lsiat — — — | = — — — — —
Ps_ | sapsian — — — — — — 29663 — —
STD | 63081 DM74S470 | 29600 SN74S4T0
o s | 63s280 - — -
LS | 63LS280 — — -
% PS | 63Ps280 — — —
STD | 63081 DM74S471 | 29601 SNTASATI
s | o3sest — — -
2048 | 25618 1s | Ls | e3Lszsr _ _ —
Ps | 63psat — — —
2a | 0C [ S0 | 63554
7S | STD_| 63364
245 | TS| RA | 63RAZ83 ;
STD | 63051 | 27512/29770 | — | HM-76205 | 3602A | 5604 | MCM7620 | DM745570 | 29610 N825130
o6 s | s3s2a0 27520 | 93436 | HM-7620A5 | — = ST . — -
LS | 63LS240 e — = — — = - — -
2048 | 512x4 | 16 PS_ | 63PS240 — = — — — — — 20612 —
STD | 63061 | 27513720771 | — | WM-76215 | 3602A | 5624 | MCM7621 | DM74S571 | 29611 NB2S131
Is s | s3sem 27521 | 93446 | HM-7621A5 | — — — = — _
LS | 63Lse4t — — - - — = — - —
Ps | 63psaai — — — — — = — 29613 —
STD | 63481 = HM-7648-5 DM745473 | 29620 - SN74S4T3
o0 s | 63s480 | 27528/20772 — — — N825146 —
LS | 63L8480 — — — — — —
PS | 63PS48D - — — 29622 — —
4006 | 51268 | 20 STD | 6349 - HM-76495 DM745472 | 29621 = SN745472
Is s | easest | 27520720773 — - - N825147 —
(s | 63Lsan — — — — — -
PS | 63psagi - — — 29622 — _
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STD. | 63404 — — | HM-76405 | 3604A | 5605 MCM 7640 | DM875295 29624 N82S140 SN745475
oc S | 63s482 27530 93438 | HM-7640A-5 | — — — — - — —
LS | 63Ls482 - R R — — = — = = —
a9 |s128 | 24 |— PS* 1 6apsam = — s — — = 2962 — —
STD | 63411 — — | HM-76415 | 3624A | 5625 MCM 7641 | DMB75296 29625 NB25141 SN745474
Ts S 635483 27831 93448 | HM-7641-5 — - — — — - —
LS | 63LS483 — - - — — — — — - —
, PS | 63PS483 — — — o — — 29627 — —
248 TS RA__| 63RA483
STD | 63521 = 93452 | HM-7642-5 | 3605 5606 MCM 7642 | DM74S572 N82S136 —
oc S 638440 27832 — — — - - — — SN748477
LS | 63LS440 — — = — - - — — —
PS | 63PS440 — — e — — — — — —
TD | 63531 _ 93453 | HM-76435 | 3625 5626 MCM 7643 | DM745573 N82S137 —
409, - | 1024x4 - 18 s | s3sest 7s3s | — & - = — - - SN745476
i LS | 63Lsa4t — — —_ — - = — — —
PS | 63PSast — — — — — - — — —
RA | 63RA441 — — — — — — — — —
RS | 63RS441 — — — — — — — — —
STD | 63801 93450 | HM-7680-5 | 3608 5608 MCM 7680 | DM87S229 29630 N825180 SN745479
o6 S 635880 — — — — — - — — _
LS | 63LS880 — - — — — — — - —
gier |iosea | 24 PS | 63PS880 — | HM-7680P-5 | — — — — 29632 — —
STD | 63811 93451 | HM-7681-5 | 3628 5618 MCM 7681 | DM875228 29631 N825181 SN745478
15 S | eassst — — — = = — — — —
LS | 63Ls881 — — — — — — = — —
PS | 63Ps8st — | HM-7681P5 | — — — — 29633 — —
245 TS RA__| 63RA883 =
S 635840 HM-7684-5 29650 N825184
0c LS | 63LS840 - — —
-7685- 29651 185
8192  |2048x4- Ts s | 63Lsea o > -~
PS | 63Ps84t HM-7685P-5 29653 —
’ RA | 63RA8&1 '
0.4 T RS | 63RS841
S 6351680 HM-76160-5 | 3616 N825190
oc LS | 63151680 — — —
2 PS | 63PS1680 — — —
16384 |2048x8 S 6351681 HM-76161-5 | 3636 N825191
TS LS | 63LS1681 — — —
PS | 63PS1681 — — —
245 TS RA__| 63RA1683
3 6351640
oc LS | 63LS1640
; , PS | 63PS1640
S | 63S1641
16384 |4006x4 | 20 s | saLstest
TS PS | 63PS1641
RA | 63RA1641
RS | 63R$1641

Note: Only Commercial 'Speciﬁcatibn Part Numbers Are Listed.

STD = Standard

S = High Speed Schottky

LS = Low Power

PS = Power Switched

RA = Registered Asynchronous
RS = Registered Synchronous

apiny uond9jes WOHd sejodig



Bipolar PROM Cross Reference Guide

AMD MM Page No. INTEL MM Page No. RATHEON MMI  Page No.
271508 63LS080  2-18 3601 63001 26 29600 63081 26
S7LS09 63LS081  2-18 3602A 63051 26 20601 - 63091 26
27508/29750 63301 26 3602A 63061 26 . 20610 63051 - 26
27509/20751 63311 25 3604A 63401 26 29611 6306-1 - 2-6
27510/20760 63001 26 3605 63521 26 29612 B3PS240 222
27511/29761 63011 26 3608 - 63801 26 29613 63PS241 222
27512/29770 63051 26 3616 6351680  2-14 20620 63481 26
27513/20771 63061 26 3621 63011 26 29621 63491 26
27518 635080  2-14 3624A 63411 26 29622 63PS480  2-22
27519 635081  2-18 3625 - 63531 26 29623 63PS481  2:22:
27520 635140  2-14 3628 6381 26 29624 63401 26
27520 635240  2-14 3636 6351681 2-14 29625 83411 26
27521 63141 2-14 _ ; : 29626 63PS482 222
27521 635241  2-14 v v 29627  63PS483 222
27528/29772 638480  2-14 : 29630 63801 26
27529/20773 638481 214 29631 63811 - 26
- 27830 635482 214 "gg“s"- MM ;’9" No. 20632 63PS880  2-22
27531 638483 214 2603 gggg} : 2‘2 290633 63PS881 | 2-22
27532 635440  2-14 - - 29650 635840 ~ 2-14
27533 635441 214 5604 6305-1 26 29651 . 63se41 214
, 5605 6340-1  2-6 20652 63PS840 222
FAIRCHILD MMI Page No. 5606 6352-1 26 29653 . 63PS841  2-22
93417 635140  2-14 _ %608 63801 26 29660 830041 26
93427 638141 214 5610 63311 26 29661 63011 26
93436 635240  2-14 5618 6381-1 26 : 29662 63PS140 222
93438 635482  2-14 5623 63011~ 26 29663 63PS141 222
93446 635241 2-14 5624 63061 2-6 o
30448 638483 214 , gggg ggg;} gg SIGNETICS MMI Page No.
93450 63801 26 - - N82523 63301 . 2-6
93451 63811 26 N82527/825127 63001 26
93452 63521 26 ; N825123 83311 26
93453 63531  2:6 : < N825129 83011 26
N82S130 83051 26
MOTOROLA  MMI - Page No. , ;
o e G S dme o ome o
HM-7603-5 63311 26 MCM 7621 © - 63061~ 26 N825137 63531 26
HM-7610-5 63001 26 MCM 7640 03401 . 26 N825140 63001 26
HM-7610A-5 635140  2-14 MM ey ot o N825141 614 26
HM-7611-5 63011 26 MCM 7642 63521 26 N825146 633480 2-14
HM-7611A-5 635141  2-14 MCM 7643 63531 26 N825147 633481 214
HM-7620-5 6305-1 2-6 MCM 7680 6360-1 26 N82 ]
- - MCM 7681 63811 26 $180 6380-1 26
HM-7620A-5 635240  2-14 NB25181 63811 26
HM-7621-5 6306-1 26 « B N825184 | 63SB40  2-14
HM-7621A-5 635241  2-14 - e e T NB2S185 . 638841  2-14
HM-7648-5 63481 26 Lhe o g n s e a T e  N82S190° - 6351680  2-14°
HM-7649-5 63491 26 . NATIONAL MMl PageNo. °  N825191 63S1681 214
HM-7640-5  6340-1 - 2-6 - DM74s188 635080 214
HM-7640A-5 635482  2-14 , DM74S287 635141 2-14 m MMI Page No.
HM-76415 63411  2-6 ~ DM745288 635081  2-14 SN745188 6330 26
HM-7641-5 635483  2-14 - DM74S387 635140 214 SN745287 - 63011 26
HM-7642-5 63521 26 DM74S470 63081 26 SN745288 63311 26
HM-7643-5 63531 26 DM74S471 63091 26 SN745387 63001 26
HM-7680-5  6380-1  2-6 . DM74S472 63491 26 SN745470 63081 26
HM-7680P-5  63PS880  2-22 DM745473 63481 26 SN748471 63091 26
HM-7681-5 63811 26 DM74S570 63051 26 SN745472 63491 26
HM-7681P-5  63PS881  2:22 DM74S571 63061 26 SN748473 63481 26
HM-7684-5 635840  2-14 DM74S572 63521 26 SN745474 63411 26
HM-7684P-5  63PS840  2-22 DM74S573 63531 26 SN745475 63401 26
HM-7685-5 635841 26 DM87S228 63811 26 SN745476 - 638441  2-14
HM-7685P5  63PS841  2-22 DM875229 63801 26 SN745477 635440 214
HM-7610-5 6351680  2-14 DM875295 63401 26 SN745478 63811 26
HM-76161-5 6351681  2-14 DM87S206 . 63411  2:6 , SN74S479. . 63801  2:6
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Standard Performance

Schottky

Generic PROM Family 53/63xx-1

Features/Benefits
e Standard Schottky processing
o Reliability proven nichrome fusible links
(qualified for MIL-M-38510)
® Drop in compatible ROMs
© PNP inputs for low input current
o Compatible pin configurations for upward expansion
® 4-bit-wide and 8-bit-wide for byte oriented applications

Application
. ® Microprogram instruction
® Microprocessor program store
® Look up table
® Character generator
¢ Random logic
e Code converter

Generic PROM Selection Guide

Description

The 53/63XX-1-series generic PROM family offers the widest
selection of sizes and organizations available in the industry.
The 4-bit-wide PROMs range from 256x4 to 1024x4 and feature
upward/downward pin out compatibility in the space saving 16
and 18 pin packages. The 8-bit-wide PROMs range from 32x8 to
1024x8 in a wide selection of package sizes. All PROMs have
the same programming specifications allowing a single generic
programmer.

The family features low input current PNP inputs, full Schottky
clamping and Three-state and open collector outputs. The ni-
chrome fuses store a logical high and are programmed to the
low state. Special on chip circuitry and extra fuses provide pre-
programming tests which assure high programming yields and
high reliability.

The 63 series is specified for operation over the commercial
temperature and voltage range. The 53 series is specified for the
military ranges.

MEMORY PACKAGE DEVICE TYPE INTERCHANGEABLE ROM
Size Organization Pins Type* O°C to +75°C —55°C to +125°C 0°C to +75°C —55°C to +125°C
ocC 6300-1 5300-1 6200-1 5200-1
W 2864 | oo | 16| INF 6301-1 5301-1 6201-1 5201-1
oC 6305-1 5305-1 6205-1 5205-1
2K $124 | qg | 16| LN 6306-1 5306-1 6206-1 5206-1
oc 6350-1 5350-1 6250-1 52501
TS 6351-1 5351-1 6251-1 5251-1
4K |02 | oo | 18 NF 6352-1 5352-1 6252-1 5252-1
TS 6353-1 5353-1 6253-1 5253-1
oC 63301 53301 62301 5230-1
1
VK 528 | g | 16 | INF 6331-1 5331-1 6231-1 5231-1
oC 6308-1 5308-1 _ —
| 2see LTS 20 SN 6309-1 5300-1 — —
X T"oc n | anr 6335-1 5335-1 6235-1 52351
TS o 6336-1 5336-1 6236-1 5236-1
oc [ L | unr 6340-1 5340-1 62401 5240-1
| sz LTS 6341-1 5341-1 6241-1 5241-1
oc | N 6348-1 53481 - -
TS ’ 6349-1 5349-1 — -
ocC 6380-1 5380-1 6280-1 5280-1
L P 6381-1 5381-1 6281-1 5281-1
ok | 10248 | ©C 6384-1 5384-1 6284-1 5284-1
TS 6385-1 5385-1 6285-1 5285-1
oc |, ] 6386-1 5386-1 6286-1 52861
TS 6387-1 5387-1 6287-1 5287-1

*Package Types: N is Plastic DIP, J is Ceramic DIP and F is Flat Pak
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53/63XX-1

— — ——
Pin Configurations 53/6352-1 53/6350-1
53/6300-1 53/6305-1 53/6358 1 53/6351-1
53/6301-1 53/6306-1 e = w@ s = [
o ™ o Ee = wcf@ s x (7] P e [7]
s a7 [15] s a7 [15] Ela ag [16] G- a7 [16]
B~ s@ G @ G @ s @
B o 5@ On .. 5@ o o ood  Ee m s
Gl PROM | o S | o o[ E a0 o7
B~ <@ O~ @ O <@ g« =@
EAz oam EA: o3 [10] 8|5 o4 [11] g Aam
E GND 04 E E GND 04 3 9 JaND PIEy E E GND 04 E
53/6330-1 53/6308-1 53/6348-1 53/6386-1
53/6331-1 53/6309-1 53/6349-1 53/6387-1
E 04 et Vee E E Ag ~ Vee E E Ag ~ Vee E E Re ~ Vee E
E 02 P/Ey E E Aq A7 E E Aq Ag E E As A7 E
B @ G~ @ o~ @ d- N
E 08 L. M E E A3 As E E As As E E A3 Ag E
E o5 M E E A e 2 E E A e P E E A2 B E
E 0 A E E o FROM oE E E o FROM o E E ar - 10208 e E
B> @ O o@ 0 o e o[l
E [ os[2] Elos o7 [13] s o7 3] o o7 E
He o@ G« @ O- of@
E GND 05 E E GND 05 E E 03 o5 E
[it]eno A |
53/6335-1 53/6340-1 53/6380-1, *53/6384-1
53/6336-1 53/6341-1 53/6381-1, *53/6385-1
E A7 ~ Vee E E A7 ~ Vee E 1147 ~ Vee E
2] % ne [23] E Ag as [7] 2| as ns [23]
] vl [Elas nefz]l  [E]as ag [27]
E Ag ] E E Ag Ef E E Ag B E
E A3 PIEz E E A3 PIEy E E A3 PIE; E
]~ 256x8 Es E []~ 512x8 & i3] [~ 1024x8 & 1]
E a PROM & E E A PROM & E E a PROM e E
] oofl] [ o] [E]a os [17]
& ofd  EHe @ e o[
- @ Ee wfd e N
E GND 04 -1_3] E GND 04 E E GND 04 E

*NO CONNECTION Replacement for 2708 EPROM.

NOTE: Pin assignments for ceramic (J pack

), plastic (N pack

g

and flat pack (F package) are the same.




53/63XX-1

Absolute Maximum Ratings

SUPPlY VORAGE, VG o vttt ittt e e -0.5Vto +7.0V
INPUE VORAGE ..o i e e e e e -1.5Vto +5.5V
INPUE CUITENE ..o e e e e e —20 mAto +5 mA
L@ 0o 1F 103 =Y T —100 mA to +100 mA

Storage Temperature Range —65°C to +150°C

Recommended Operating Conditions

BOL PARAMETER 53’ (Military) 63’ (Commercial) UNIT
SYMBO MIN NOM MAX MIN NOM MAX
Vcc | Supply Voltage 45 50 55 | 475 500 525| V
IoH High Level Output Current -20 -32| mA
00, '01, '05, ‘06, 08,‘ 09, '40, 12 16 mA
| Low Level Outout C t '41,'48, '49, '50, '51, '52, '53
oL | rowtevelDulputburrent 1735731, '35, ‘36, '80, 81
8 12 mA
'84, ’85, '86, '87
TA Operating Free Air Temperature -55 125 0 75 °C
Electrical Characteristics
Over Recommended Operating Free Air Temperature Range (Unless Otherwise Noted)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNIT
VIH High Level Input Voltage 2.0 \'
ViL Low Level Input Voltage 0.8 \
Vic Input Clamp Voltage Vce = Min, || = —18mA -15| V
VoL Low Level Output Voltage Vce = Min, IgL = Max 0.50 \%
1] Maximum Input Current Ve = Max, V| = 4.5V (Program Pin) 1.0 mA
V| = 5.5V (Other Inputs)
IIH High Level Input Current Vce = Max, V) = 2.4V 40 pA
L Low Level Input Current Vce = Max, V) = 0.45V —-250| wA
Vce = 5.0V
Ci Input Capacitance T/(\:E 25 V)= 2.0V 7 pF
Co Output Capacitance f— 1 MHz Vo = 2.0V 8 pF
’30, '31 90 125
’00, '01, 05, '06 Vee = Max 95 130
| Sunol Gurrent | 080948, 49 Aﬁ? " o 115 185 |
cC upply Curren 35,736, 40, ‘41 o mu;iuustsgrour:1 e = 1o ™
'50, 51, '52, '53 ulpuis ope 130 175
‘80, '81, '84, '85, '86, '87 135 180
OPEN COLLECTOR OUTPUT CURRENT
l ICEX | Output-Leakage Current | Vcc = Max, Vo = 2.4V | 100 | wA |
THREE STATE OUTPUT ONLY
VoH | High Level Output Voltage Vce = Min, IoH = Max 24 Vv
IHZ High Level OFF State Output Current Vce = Max, Vo = 2.4V 100 | wA
Iz Low Level OFF State Output Current Vce = Max, Vo = 0.5V —-100| wA
los Output Short Circuit Current Vce = 5.0V, Vo = 0V -20 -90 | mA
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53/63XX-1

Switching Characteristics
Over Recommended Ranges of TA and V¢ (Unless Otherwise Noted)

CONDITIONS ! tAA (ns) tea & tER (NS)
DEVICE (See standard ADDRESS ACCESS ENABLE ACCESS &
TYPE test load) TIME RECOVERY TIME
Ry () Rz (1) MAX MAX
6300-1, 6301-1 300 600 55 30
5300-1, 5301-1 375 750 75 30
6305-1, 6306-1 300 600 60 30
5305-1, 5306-1 375 750 75 40
6308-1, 6309-1 300 600 70 30
5308-1, 5309-1 375 750 80 40
6330-1, 6331-1 375 750 50 30
5330-1, 5331-1 560 1120 60 30
6335-1, 6336-1 375 750 70 30
5335-1, 5336-1 560 1120 80 40
6340-1, 6341-1 300 600 70 30
5340-1, 5341-1 375 750 . 80 40
6348-1, 6349-1 300 600 70 30
5348-1, 5349-1 375 750 80 40
6350-1, 6351-1 300 600 60 30
5350-1, 5351-1 375 750 75 40
6352-1, 6353-1 300 600 60 30
-5352-1, 5353-1 375 750 75 40
6380-1, 6381-1 375 750 90 40
5380-1, 5381-1 560 1120 125 40
6384-1, 6385-1 375 750 90 40
. 5384-1, 5385-1 560 1120 125 40
6386-1, 6387-1 375 750 90 40
5386-1, 5387-1 560 1120 125 40
Standard Test Load
Ry
MEMORY AMA o Vee

OUTPUT
Input Pulse Amplitude 3.0V

Input Rise and Fall Times 5ns from 1.0V to 2.0V
Measurements Made at 1.5V

SR30pF 2Ry
<

Definition of Waveforms
A X ' A X
R B, (ST NI _____I______x”_'_:“)lf:':
o X ' . ° \ /
—

le——>tgp—— <—tEA—-i |=—ter
taa tAA 1
ADDRESS ACCESS TIME ENABLE ACCESS TIME AND RECOVERY TIME




Standard Performance

Schottky

PROM Programming Instructions 53/63xx-1

Device Description

The 53/63XX-1 Generic PROM Family is manufactured with all
outputs high in all storage locations. To make an output low at a
particular word, a nichrome fusible link must be changed from a
low resistance to a high resistance. This procedure is called
programming.

Programming Description

To select a particular fusible link for programming, the word
address is presented with TTL levels on all inputs a Vg of
5.50V is applied or left applied, and the program pin (ordinarily
an enable input) and the output to be programmed are taken to
an elevated voltage to supply the required current to program
the fuse. The outputs must be programmed one output at a time,
since internal decoding circuitry is capable of sinking only one
unit of programming current at a time.

Other Enable Inputs

Other enable inputs are logic enables and are not used during
programming. They may be high, low or open during program-
ming. When checking that an output is programmed (which is
called verification), the PROM must be enabled. The simplest
procedure is to tie other enables into the enable position for
programming and verification.

Programming Timing

TTL HIGH

Programming Instructions

Timing

The programming procedure involves the use of the program pin
(an enable) and the output pin. In order to guarantee that the
output transistor is off before increasing the voltage on the out-
put pin, the- program pin’s voltage pulse must come before the
output pin’s programming pulse. The programming pulse applied
to the output pin and program pin must have a rise time rate of
0.34V/usec to 0.46V/usec.

Verification

After programming a device, it can be checked for a low output
by enabling the part. Since we must guarantee operation at
minimum and maximum VCC, load current and temperature, the
device must be required to sink 12mA at 4.2V V¢ and 0.2mA
at 6.0V Vg at room temperature.

Unprogrammable Units

Visual inspection at 200X prior to encapsulation, test fuses and
decoding circuitry tests are used to guarantee a high program-
ming yield of the device in the field. However, because of random
defects, it is impossible to guarantee that a link will open without
actually: programming it. Units returned to MMI as unprogram-
mable must be accompanied by a complete device truth table
clearly indicating the location which could not be programmed,
or which was falsely programmed. Otherwise, failure analysis is
impossible.

ADDRESS X
TTLLOW

v,
90% j— PP
Vpp TR
10% _/
TTL LOW
TP‘l‘"’H'Dz
90%
Vout TR
10% —_Z
TTL LOW
}«—>}-T,
6.0V ——,
Vee 5.5V
a.2v
TTLHGH ‘« CHECK >| ’.; CHECK—-‘
STROBE* TR 0.4V/us = 15%
TTL LOW Tp  1us min. 40 us max.

*Note: Output Load = 0.2mA during 6.0V check.
Output Load = 12mA during 4.2V check.

Tp; 80=10us
Tp, 100ns min.
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PROM Programming Instructions 53/63xx-1

Programming Parameters
Do not test these parameters or you may program the device.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Rise Time of Program Pulse Applied Data Out or
tR ! 0.34 040 046 | Vi/us
Program Pin
vcer V¢ Required During Programming 540 550 560 \
hip Enabled
loLv4 Output Current Required During Verification $A lz +n235°§, VoG = 42V 1 12 13 mA
hip Enabled
loLvp | Output Current Required During Verification $A"l +":5°g’ Veo-6ov |00 02 030 | mA
Maximum Duty Cycle During Automatic Pro-
MDC ximum Daty Cygie During il tpite 25 | %
gramming of Program Pin and Output Pin
Vpp Required Programming Voltage on Program Pin 27 27 33 \
Vout Required Programming Voltage on Output Pin 20 20 26 \"
C t Limit of P Supply Feedi Vpp = 33V, Vout = 26V,
I urren IfT\l of Power upp'y eeding ‘ pp = 33V, Vout 240 mA
Program Pin.and Output During Programming Vce = 5.50V
Required Time Delay Between Disabling Memory
tD1 Output and Application of Output Programming Measure at 10% Levels 70 80 90 s
Pulse
' Required Time Delay Between Removal of M £10% Level 100
D2 Programming Pulse and Enabling Memory Output aasUre o o Levels ns

Programming Speed

Typically, fuses will blow on the rise time of the first pulse. In
automated programmers which must copy devices in a short
time because of the production requirements, the following pulse
and voltage sequences have been found to maximize reliability,
programming yield and throughput. The device should be verified
after each programming attempt and be advanced to the next bit
if the device has programmed.

PULSE PROGRAM PIN OUTPUT
NUMBER VOLTAGE VOLTAGE
1t0 3 27V 20V
4106 30V 23V
7t09 33V 26V

NOTE: The 5330/1 and 6330/1 do not have a program pin. For
these devices the output only is used in programming a particular
selected bit and the device must be in the disabled state.

Commercial Programmers

MMI PROMs are designed and tested to give a programming
yield greater than 95%. Field reports agree with this expectation.
Several companies make commercial programmers which will

properly program MMI PROMs. MMI makes it a practice to review
these commercial programmers and works closely with the man-
ufacturers to maintain a high programming yield and high reli-
ability of programmed parts. If your programming procedures
have a lower yield, then check your programmer. It may not be
properly calibrated for the “Dash-One” series of PROMs—
53xx-1 and 63xx-1. Calibration must agree with the timing charts
supplied in this publication. Monolithic Memories intends a sys-
tematic review of commercially available programmers, and will
periodically issue a list of approved models.

Programming is final manufacturing—it must be quality-con-
trolled. Equipment must be calibrated as a regular routine, ide-
ally under the actual conditions of use. The best method in-
volves a storage scope, with DC current probes clamped over
the external wires to the program pin and the output pin. The
current should not be limited at a value less than 240mA. This
can be checked by using a 50-ohm resistor as a load. Each time
a new board or a new programming module is inserted, the
whole system should be checked. Both timing and voltages
must meet published specifications for the device.

Remember—The best PROMs available can be made unre-
liable by improper programming techniques.

2-11



High Performance
Schottky PROMs

Features/Benefits

New advanced platinum silicide Schottky process allows

designs with fastest speeds over operating temperature

ranges .

Four Generic Families

—Schottky “S” for highest speed

—Low power “LS” for with standard AC performance

—Power switched “PS” low standby power in the disabled
state )

—Registered “RA/RS” - edge triggered “D” registers for
todays pipelined architectures

Low voltage programming with reliable titanium-tungsten

fuses

Upwards pin compatibility in industry standard pin outs

(most of which were first introduced by MMI in our Stan-

dard Performance PROM family).

New Programming Technique:

Our new HIGH Performance PROMSs use an elevated voltage at
V¢ instead of using a separate programming pin (one of the
enables) as in the Standard Performance PROMSs using nichrome
fuses. Changes in the internal circuitry were made to optimize
speed and accordingly the unblown fuse represents a LOW at
the output. When a fuse is programmed it reflects a high at the
output.*

*

NOTE: This is opposite to that of our standard performance
Schottky PROMs using nichrome fuses.

2-12
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High Performance Schottky PROMs

New Number Part Description

S
w -
o -
> -
o -
o <

Temperature Performance Range ........... 5 = Military
: ! - 6 = Commercial

Memory Type ........ccovvnunns e 3 = PROM (Fuse Programmable)

2 = ROM (Mask Programmable)

Generic Family Designator ................. S = Schottky
LS = Low Power Schottky
PS = Power Switched Schottky
RA = Registered Asynchronous, Schottky
RS = Registered Synchronous, Schottky

Sizeof Memory - ...... ..ot 0 =256 Bit
1=1024 Bit

2 =2048 Bit

4 = 4096 Bit

8 =8192 Bit

16 = 16384 Bit

Number of Qutputs .........coovvvininenn., 4 = 4 Outputs
8 = 8 Outputs

Output/Pinout Designator .................. 0 = Open Collector
1 = Tri-State
2 = Open Collector
3 = Tri-State

1st pkg. (i.e., 20 pin)
2nd pkg. (i.e., 24 pin)

etc., etc., etc.

Performance .........cciiieiiiiiiiiiinnn, Absence of letter indicates standard
performance;

A = enhanced (i.e., speed)

Package .......coveviiieiniiiiiinnieinnn, J = Cerdip

D = Side brazed
N ="Plastic
F = Flatpack

Military High Speed 4096 PROM organized
512x8 with open collector outputs

MMI Part Numbering System

The new system approaches part numbering using the method-
of keying important. attributes of the device. The military/com-
mercial and PROM/ROM numbering system is preserved i.e.,
5/6 - 3/2. These two digits are separated from the actual device
number by a technology/configuration designator using letters.

“S” = Schottky
“LS” = Low Power Schottky
“PS” =: Power Switched
“RA” = Registered Asynchronous
“RS” = Registered Synchronous

The number following this code describes....
1. The size of the memory (bits)

2. The memory organization by specifying the number of outputs
3. Output configuration and pin out/package options

If a higher performance part co-exists i.e., faster speed, then a
suffix letter (A) is added to distinguish between the two devices.
The normal package letter designator follows last as.is custom.
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High Performance
Schottky
Generic PROM Family 53/63sXxxXx

Features/Benefits Description

¢ Highest speed Schottky PROM family available The 53/63SXXX series generic PROM family offers the fastest

e Advanced Schottky processing and widest selection of sizes and organizations available in the

¢ Pin compatible with standard Schottky PROMs and ROMs, industry. The 4-bit wide PROMs range from 256x4 to 4096x4
53/63XX-1, 52/62XX-1 and feature upward/downward pin out compatibility in the space

saving 16, 18 and 20 pin packages. The 8-bit-wide PROMs range
from 32x8 to 2048x8 in a wide selection of package sizes. All
PROMSs have the same programming specifications allowing a
single generic programmer.

The family features low input current PNP inputs, full Schottky
clamping and three-state and open collector outputs. The titanium-

o PNP inputs for low input current
Compatible pin configurations for upward expansion
e 4-bit-wide and 8-bit-wide for byte oriented applications

Applications N tungsten fuses store a logical low and are programmed to the
e Microprogram control store high state. Special on chip circuitry. and extra fuses provide pre-
e Microprocessor program store programming testing which assure high programming yields and
® Look up table high reliability.

e Character generator The 63 series is specified for operation over the commercial
* Random logic temperature and voltage range. The 53 series is specified for
e Code converter the military ranges.

High Performance Generic PROM Selection Guide

MEMORY ‘ PACKAGE DEVICE TYPE
SIZE ORGANIZATION PINS TYPE 0°C to +75°C _55°C to +125°C
» a2 oc . INF 635080 _ 535080
* X TS . 635081* 535081*
ocC 635140 535140
1K 2sox4 TS 16 JNF 635141 535141
oc 635240 535240
K e 16 JINF 635241 535241
ocC 635280 535280
2K 256x8 20 JN
X TS 635281 535281*
‘ oC ‘ 635440 535440
4« 1024x4 o 18 INF eosaa1 va8441
* *
" 12 oc 50 o N 635480 535480
TS ' 635481* 535481*
» 1o oC 2 XF 635482 535482°
X TS i 635483 535483*
oc 635840 535840
8K S TS ks INF 635841 535841
oc 635880 535880
102 24 F ,
8K 024x8 TS N 635881* 535881*
oC 6351640* 5351640*
16K 10964 TS 2 N 6351641* 5351641*
oC 6351680~ 5351680
16K 204 24 UNF .
8 048x8 TS , I 6351681* 5351681*

*Preliminary Data : )
Note: This is not a final specification. Some limits of characteristics are subject to change.
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53/63SXXX

NOTE: Pin assignments for ceramic (J package), plastic (N package) and flat pack (F package), are the same.

Pin Configurations 53/635440 53/635840
53/635140 53/635240 53/63§441 53/635841
53/635141 53/635241 [ vee [1] o S

El\s hd VccE EAe ~ VccE EAs A7E EAs Avﬂ

H  ~[@ B @ O  «@ 5 (N

g~ s g E g @ s

E 8 sexa  ET E E A3 o ET E E o prow Ot E E A0 Thom o1 E

E A O™, E E A M E E Aq 02 E E A 0, E

EA1 ozm EA1 ozm EAz oaﬂ EAz 03E

g~ @ G- @ © o e ofm

E GND o4 [9] E GND 04 3 E GND g E E GND = E

1K 2K 4K 8K
53/6351640 53/63S080 53/635280 53/63S480
53/6351641 53/63S080 53/635281 53/635481

E As. ~ Vee E E 04 ~ Vee E E Ao ~ Vee Z'l] E Ag ~ Vce E

B~ ~@ = s@ G @ ~@ Hx  ~

v @ He @ g @ g @

x ~@ e . @ Ee @ e «f

E 2 eea O 5] ]os PO 2] E M e B2 E E M s P8 5]

E p PROM o) o w[] o PROM - 0| o PROM G|

EA: osﬂ Eo7 AOE E02 an E°2 OBE

] a0 04 [13] [E]eno 05[] [E]os or[13] ]os o7 [3]

Hz  ~@ T e o« 5 R

E GND g E EE GND 05 E E GND 05 E

16K 2K 4K
53/635482 53/63S880 53/6351680
53/635483 53/63S881 53/6351681

E A7 ~ 7 E 1] A7 ~ vee E E A7 ~ Vee E

]~ sf@ [ wf@ [ 2 |

EAS NCE EAs AQE EA5 AQE

[4: Ag E E E Aq E E E Ag A0 E

]~ gl [ g [~ &g

E A2 512x8 Es E E A2 1024x8 Es E E A2 2048x8 E2 E

E M PROM & E E M PROM £ E E A PROM £ E

Gl o En i e ol

- @ O o e od

E 02 o5 [15] E 02 o6 [15] E 0, os [15]

e @ e «@ e o[

[z} eno 04 E [z] ono o [13] E GND 04 EI

4K 8K 16K
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53/638XXX

Absolute Maximum Ratings

Operating  Program
SUPPIY VORAGE VGG - e v v ettt et et e e et s —0.5Vto 7V 12V
Inputvoltage ..............cooiiiii, e e -15Vto 55V 12V
Off-state output voltage ......... ..o i e -158Vto 55V 12V
Storage temperature range —65°C to 150°C

Recommended Operating Conditions

YMBOL PARAMETER . MILITARY COMMERCIAL UNIT
S MIN NOM MAX MIN NOM MAX
Vce Supply voltage 4.5 5.0 55 4.75 5.00 5.25 Vv
IOH High level output current -20 -6.5 mA
loL Low level output current 16 16 mA
TA Operating free air temperature -55 125 0 75 °C
Electrical Characteristics
Over Recommended Operating Free Air Tempgrature Range
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VIH High-level input voltage 2 Vee v
ViL Low-level input voltage 0 0.8 \']
Vic Input clamp voltage Vce = MIN, || = —18mA =12 \
Vee = MIN, ViH = 2V, .
VoL Low-level output voltage cc H=2 58S 0.5 \")
VL = 0.8V, IoL= MAX 63S 0.45
Input t at i
’ ‘npu current at maximum VGG = MAX, V| = 5.5V 10 mA
input voltage
I+ High-level input current Vce = MAX, V) = 2.4V 25 nA
i Low-level input current Vee = MAX, V) = 0.4V —250 uA
C Input capacitance Vce = 5.0V, f =1 MHz|V| = 2.0V 4 pF
Co Output capacitance TA = 25°C Vo = 2.0V 6 pF
080,081 65
140,141 78 120
240,241 Vce = MAX 85 130
Icc Supply current | 280,281,480,481 All inputs grounded 105 mA
‘ 440,441,840,841 All outputs open 110 170
880,881,1640,1641 117
1680,1681 124
OPEN COLLECTOR OUTPUT CURRENT
- Voo = MAX, Vo = 2.4V 50 wA
ICEX Output leakage. current Voo = MAX, Vg = 5.5V 100 A
THREE STATE OUTPUT ONLY
. Vce = MIN, ViH = 2V,
V h-level output volt 24 "
OH High-level output voltage VIL = 0.8V, oy = MAX
lozH fo-state output curren.t Vee = MAX, VIH = 2V, 100 A
high-level voltage applied VO = 2.4V
_st? Vee = MAX, VI = 2V,
lozL Off-state output currerﬂ cC H 100 A
low-level voltage applied Vo = 0.4V
los Short-circuit output current Vce = MAX, Vo = 0V -30 -100 mA
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53/63SXXX
e e e ey

Switching Characteristics
MAX = Over Recommended Ranges of Ta and Vgc
TYP = @ 5.0V V¢, 25°C Ta

taA(ns) tEA(ns) teR(ns)
DEVICE ADDRESS ACCESS ENABLE ENABLE
TYPE TIME ACCESS TIME RECOVERY TIME
TYP MAX TYP MAX TYP MAX
635080,081 13 13 16
53S080,081 13 13 16
635140,141 28 45 13 25 16 25
535140,141 28 55 13 30 16 30
635240,241 30 45 13 25 16 25
535240,241 30 55 13 30 16 30
635280,281 30 13 16
535280,281 30 13 16
635440,441 32 50 13 25 16 25
535440,441 32 60 13 30 16 30
© 635480,1,2,3 30 13 16
535480,1,2,3 30 13 16
635840,841 38 60 13 25 16 25
535840,841 38 70 13 30 16 30
635880,881 34 13 16
535880,881 34 13 16
6351640,1641 46 13 16
5351640,1641 46 13 16
6351680,1681 46 13 16
6351680,1681 46 13 16
Standard Test Load
3000
MEMORY A o Vee

OUTPUT
L Input Pulse Amplitude 3.0V

[ 30pF S 6000 Input Rise and Fall Times 5ns from 1.0V to 2.0V
Measurements Made at 1.5V

Yl

I|=

Definition of Waveforms

ADDRESS ACCESS TIME ENABLE ACCESS TIME AND RECOVERY TIME
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High Performance
Low Power Schottky

Generic PROM Family 53/63LSXxX

Features/Benefits

e Largest generic low power Schottky PROM family available

e Advanced Schottky processing using ion implanted for
low power and high speed

¢ Pin compatible with standard Schottky PROMs and ROMs,

53/63XX-1, 52/62XX-1

PNP inputs for low input current

Compatible pin configurations for upward expansion

4-bit-wide and 8-bit-wide for byte oriented applications

Applications

Microprogram control store
Microprocessor program store
Look up table

Character generator

Random logic

Code converter

Description

The 53/63LSXXX series generic PROM family offers the lowest
power and fastest speeds available in the industry. The 4-bit-
wide PROMSs range from 256x4 to 2048x4 and feature upward/
downward pin out compatibility in the space saving 16 and 18
pin packages. The 32x8 PROM is also included in our low
power Schottky family and a typical access time of 24 ns makes
it a natural programmable logic element choice. Other 8-Bit-Wide
PROMs are available up to 2048x8. All PROMSs have the same
programming specifications allowing a single generic programmer.

The family features low input current PNP inputs, full Schottky
clamping and three-state and open collector outputs. The titanium-
tungsten fuses store a logical low and are programmed to the
high state. Special on chip circuitry and extra fuses provide pre-
programming testing which assure programming yields and high
reliability.

The 63 series is specified for operation over the commercial
temperature and voltage range. The 53 series is specified for
the military range.

High Performance Low Power Schottky Generic PROM Selection Guide

MEMORY PACKAGE DEVICE TYPE
SIZE ORGANIZATION PINS TYPE 0°C to +75°C _55°C to +125°C
K soxt oc 6 INF 63LS080" 53LS080"
A X TS A 6315081 * 53L.5081*
oc 63LS140 5315140
1K 256x4 1 NF
S6x TS 6 J 63LS141 53LS141
oc 63L5240 5315240
1 N,F
x S12x4 TS 6 N, 63LS241 53LS241
* *
” pooxd ocC 0 N 63LS280 53LS280
TS 63LS281* 53LS281*
4K 1024x4 oc 18 J,NF 635440 5315440
TS 63LS441 53LS441
ocC 63L5480" 5315480
4K 12x8 20 JN
o12 TS 63LS481* 5315481
» 120 oc o NF 63L5482" 53LS482°
X TS N 63L5483* 5315483
oC 63LS840" 53LS840*
8K 2048x4 TS 18 JINF 63LS841* 53LS841*
* *
o So2s ocC o INF 63L.S880 53LS880
TS 63LS881* 53LS881*
ocC 63L51640" 53LS1640"
K 4096x4 2 N
" oo TS ° ’ 63LS1641* 53LS1641*
ocC 63L51680" 53LS1680"
16K 2048x8 24 INF :
X TS 63LS1681* 53LS1681*

*Preliminary Data

Note: This is not a final specification. Some limits of characteristics are subject to change.

2-18




53/63LSXXX

=] = & =) = ] e s

=1 B =] = = T ] ]

N
F

Pin Configurations 53/63LS440 53/63L.5840
. 53/63LS140 53/63L5240 SyjeaLoan Sy/eaLsa
53/63LS141 53/63LS241 ]2 vee |18 [ vee
E As e Vee E 1146 ~ vee |16 E As A7 E E As A7
] a7 [15] 2] s ~ 5] Gl a [15] Gl A
EAA E_zm EM Aglia EAs AQE EAa Ag
E A3 sexs & E E A3 s 2] [ E Ao ?:8:: o1 E E Ao %’OF%;: 01
E A PROM 04 E E Ag PROM o ]12 E Ay 02 E E Ay [
a A m| El~ 0[] [~ os[7] a o5
1] A2 03 E E Ay 03 E E [ 04 E E‘Aw 04
8 JonD 0a] B E GND 04 E e g E [Eleno >
1K 2K aK ‘ o 8K
53/63LS1640 53/63L.S080 53/63LS280 53/63L.5480
53/63LS1641 53/63L.S081 ‘ 53/63L.5281 b s 53/63LS481
E E01 ~ ‘Vcc E EAo ~ VCWCE EAo P ~Vee
af G 5f@ 5 N i [ SR
G - [ - w[E - o~
o e . ~fE ol ) T i As,
E E o5 M a E E I E] ) E P
E E e . E E o PROM 5 E o E: 5 PROM g
E E o7 Ao E E 02 os E" E . E 05 0g
E E GND i 0g E] E 03 o7 E E 03 o7
E_ %K Eo. OGE i Eo4 o 0g
[E E GND os[1] ' E GND 05
16K 2K : aK
53/63LS482 53/63LS880 53/63LS1680
53/63L.5483 53/63L.S881 53/63LS1681
E A7 > vee E [~ ~ vee [24] E a7 o vee
]~ ™ 5 I 1 P PV 7 [ 3 I Ag
E As NC E E As Ag E E As Ag
E Aq 3] E E A 2] E E Ag A0
]~ =4 0 B 5 I 1 1 B 3 [ &
E A2 512x8 Es E E A2 1024x8 E3 E ) E A2 2048x8 E2
E " PROM ‘B E ; E . PROM £ E : E » PROM &
G afd [ af [ o
E o1 o7 E e o7 [15] E o1 o7
E 02 O¢ E E 02 06 E E 02 Og
E 03 o5 E [ es os [1a] E 03 05
E GND 0s [13] [z} sno o4 [13] E GND 04
aK 8K - : 16K

NOTE: Pin assignments for ceramic (J package), plastic (N package) and fiat pack (F baékage) are the same.
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53/63LSXXX

Absolute Maximum Ratings e R T
e o ) Operating ~ Program
Supply voltage VCG - oiiii R Ve P R -5Vto7v 12V
INPUE VORAGE - - . e ettt eee et e et e A . -15Vto55V 12V
Off-state OUIPUE VORAGE. .. ..ot ittt ettt et e e ettt e e s e et e e -15Vto55v 12V
Storage temperature range . —-65°C to 150°C ‘

Recommended Operating Conditions

y ) MILITARY COMMERCIA
L PARAMETER . :

SYMBO AMETER MIN NOM MAX MIN NOM .~ MAX UNIT
Voc | Supply voltage 45 50 . 55 475 500 .. 525 v
IOH High:level output current - 20 .+ —6.5 mA

“loL Low level output current 12 - : 16 mA -
TA Operating free air temperature —55 - 125 0 75 °C-

Electrical Characteristics
Over Recommended Operating Free Air Tempqrature Range

SYMBOL PARAMETER ... TEST CONDITIONS ~ MIN TYP MAX UNIT.
VIH High-level input voltage 2 Vce \"

“ViL Low-level input voltage - 0 0.8 \
Vic Input clamp voltage Vce = MIN, || = —18mA -1.2 \)

. . Vee = MIN, ViH = 2V, 53L .

VoL Low-level output voltage cc IH 3LS 05 \
i : VIL = 0.8V, loL.= MAX | 63LS 0.45
t i 1 : :
o !nput current at maximum VGG = MAX, Vi = 5.5V 1.0 mA
input voltage 5
I8} High-level input current- Ve = MAX, V) = 2.4V 25 uA
L Low-level input current Vce = MAX, V| = 04V -250 nA
Ci Input capacitance Vce = 5.0V, f=1MHz|V| = 2.0V 4 pF
Co Output capacitance TA = 25°C Vo = 2.0V 6 pF
080,081 35
140,141 . 46 .65
240,241 Vce = MAX 49 70
Icc Supply current | 280,281,480,481 . © | All inputs grounded 55 mA
440,441,840,841 All outputs open 60 85
880,881,1640,1641 63
1680,1681 ' 67
OPEN COLLECTOR OUTPUT CURRENT
Vce = MAX, Vg = 2.4V 50 uA
! utput leak: rent 3
CEX | Output leakage curren VoG = MAX.Vg = 5.5V 100 | pA L
THREE STATE OUTPUT ONLY .
i Vee = MIN, Vi = 2V, '
V High-level output volt; 24 \
OH gh-ievel ouipul voliaga N ViL = 0.8V, IoH = MAX
-stat tput t V = =
lozH Qﬁ state outpu curren. CC = MAX, V|4 = 2V, 100 WA
high-level voltage applied Vo = 2.4V i
lozL Off-state output curref}t VF;C = MAX, VIH = 2V, —%OQ A
low-level voltage applied Vo = 04V
los Short-circuit output current Vce =MAX, Vo = oV -30 -100 mA




53/63LSXXX

Switching Characteristics
MAX = Over Recommended Ranges of Tp and Vg¢
TYP = 5.0V Vg, 25°C Ta

taAA(ns) tea(ns) ' “tER(ns)
DEVICE ADDRESS ACCESS ENABLE ~ ENABLE
TYPE TIME ACCESS TIME RECOVERY TIME
TYP MAX TYP MAX TYP MAX
63L.S080,081 24 15 21
53L5080,081 24 15 21
63LS140,141 ) 40 55 15 30 21 30
53L5140,141 : 40 65 15 35 21 35
63L.5240,241 42 60 - 15 30 21 30
53L.5240,241 42 70 15 35 21 35
63LS280,281 51 15 21
53L.5280,281 51 15 : ' 21
63LS440,441 53 65 15 30 21 30
531.5440,441 53 75 15 35 21 35 E
63LS480,1,2,3 51 15 21
53L5480,1,2,3 51 15 21 ~
63L.5840,841 62 15 21
531.5840,841 62 15 21
63L.5880,881 55 15 21
53L.5880,881 55 ; ‘ 15 21
63LS1640,1641 66 15 21
53LS1640,1641 . 66 15 21
63LS1680,1681 66 15 21
53LS1680,1681 66 15 21
Standard Test Load
MEMORY . ' N : oy Input Pulse Amplitude 3.0V
ouTPUT ce Input Rise and Fall Times 5ns from 1.0V to 2.0V

Measurements Made at 1.5V

R1 = 300 for 63LSXXX
Ro = 600Q for 63LSXXX
R1 = 3750 for 53LSXXX
£ S Ro = 7501} for 53LSXXX

=< 30pF 5; Ry

Definition of Waveforms

A A

E _______.__x.___ _____________

E o i o s cnin e s e s of

o X ,
‘ tEA K ‘_‘lEA—'i <""ER"I
I tAA tAA 1

ADDRESS ACCESS TIME . ENABLE ACCESS TIME AND RECOVERY TIME
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High Performance
Power Switched Schottky
Generic PROM Family 53/63Psxxx

Features/Benefits Description
« Power switched for low power applications while main- The 53/63PSXXX series generic PROM family offers the fastest
taining highest speeds speeds in the industry with an added power down feature which
Advanced Schottky processing allows you to cut power dissipation to 20% in the disabled state.

. N . This is important in situations where the memory is not always
Pin compatible with standard Schottky PROMS and ROMs, enabled, i.e., typical of word expansion applications. Since TAA
53/63XX-1, 52/62XX-1 and TEA specifications are the same there is no speed penalty

e PNP inp‘uts f°_" low input current ) in powering up the memory when it is selected. Of course, we
¢ Compatible pin configurations for upward expansion offer the widest selection of sizes and organizations available in
¢ 4-bit-wide and 8-bit-wide for byte oriented applications the industry. The 4-bit-wide PROMS range from 256x4 to 4096x4

and feature upward/downward pin out compatibility in the space
saving 16,18 and 20 pin packages. The 8-bit-wide PROMs range
from 32x8 to 2048x8 in a wide selection of package sizes. All
PROMs have the same programming specifications allowing a

Applications single generic programmer.

e Microprogram control store The family features low input current PNP inputs, full Schottky
* Microprocessor program store clamping and three-state and open collector outputs. The titanium-
e Look up table tungsten fuses store a logical low and are programmed to the
e Character generator high state. Special on chip circuitry and extra fuses provide pre-
¢ Random logic programming testing which assure high programming yields and
e Code converter high reliability.

The 63 series is specified for operation over the commercial
temperature and voltage range. The 53 series is specified for
the military ranges.

High Performance Generic PROM Selection Guide

MEMORY PACKAGE DEVICE TYPE
SIZE ORGANIZATION PINS TYPE 0°C to +75°C ~55°C to +125°C
Ko omea | ] s INF soraras Sortas
2K 512x4 c;g 16 JNF Z;z:z:? 22222:?
2K 256x8 ?g 20 SN 22':22? :;F;zzg?
4K 1024x4 CT)g 18 JNF 22::2::? 2(;:::::?
P e B e [ e [ e [ o
e (S e [ [ e | e
8K 2048x4 c;g 18 SNF 2§§§§:? 235»22:?
8K 1024x8 ?g 24 INF 222222? 225,2223
16K 4096x4 gg 20 JN 22::2:? ggz:z:?
63PS1680 53PS 1680
16K 2090 | 7 24 INF 63PS1681 53PS1681

e e —————————e e ———————t——————————————
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53/63PSXXX

Pin Configurations 53/63PS440 53/63PS840
53/63PS140 53/63PS240 53/63PSaat 53/63ps8dt
53/63PS141 53/63PS241 o ~ v [@ e 7 vl
EAs ~ VccE EAG - VccE EAs A7E EA5 A7E
EAs' A7E EAs A7E EA4 ABE E““ ABE
EAa 'E—zm EM AeE EAs AQE EAg AQE
o o 5@ Or ... 5@ Ov 5 @ o s o@
E no PROM o E E o PROM o1 E E A 02 E E At 0, E
]~ o2 [11] EA1 02 [1] 1 Y os[17] S o;,E
EAZ °3E EAg Ogm Ee_g 043 8| Ao 643
E GND 04 3 E GND 04 B E GND & [0 9 Janp 3 E
1K 2K 4K ' 8K
53/63PS1640 53/63PS280 53/63PS480
53/63PS1641 53/63PS281 53/63PS481
E As chc E E Ao ~ . Vec E E Ao ~ vee Ek
] »@ [~ wE |
- o O o O of®
.  ~@ - o O <[
E A2 ea ! E E M see B2 E E PR E
E N PROM 02 E E o PROM 5 E E o PROM 5 E
e S I i Y - R o[l
140 04 E los o7 [13] E 03 o;[13
E £ Ay E E 04 [ E E 04 og[12
[} evo g E [} ono os [11] [ie]eno os[n
16K 2K 4K
53/63PS482 53/63PS880 53/63PS1680
53/63PS483 : 53/63PS881 53/63PS1681
E A7 bt Vee |24 E A7 ~ Vee E E A7 = Vee
=~ oE e wE e B
E A; NC E E As Ag E E As Ag
E Ag B E E Aq 2] E 'E Ag Ao
]~ 1 o 1 Gl
E A2 512x8 & E E A2 1024x8 E3 E E A2 2048x8 E2
- o «@ e i «fd s .- o
E Ao Og E E Ao Og E E Ao Og
& ol o ofd o e
[ o os[1f]  [ig]oe os[F]  [ig]o o
E 03 05 E [ es os [11] [os 0s
E GND 04 E E GND 04 E E GND 04
4K 8K 16K

NOTE: Pin assignments for ceramic (J package), plastic (N package) and flat pack (F package) are the same.
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53/63PSXXX

Absolute Maximum Ratings

Supply voltage V¢
Input voltage
Off-state output voltage
Storage temperature range

Recommended Operating Conditions

Operating
-0.5Vto 7V
—1.5Vto 5.5V
-1.5Vto 5.5V
—65°C to 150°C

Program

12v
12v
12V

MILITARY COMMERCIAL
SYMBOL PARAMETER NIT
0 E MIN NOM MAX MIN NOM MAX ¥
Vce Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 \"
IOH High level output current -2.0 -6.5 mA
loL Low level output current 16 16 mA
TAa Operating free air temperature -55 125 0 75 °C
Electrical Characteristics
Over Recommended Operating Free Air Temperature Range
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ViH High-level input voltage 2 vce v
ViL Low-level input voltage 0 0.8 \
Vic Input clamp voltage Vee = MIN, I = —18mA -1.2 \
Vee = MIN, ViH = 2V, 53PS 0.5
V Low-level output voltage Vv
oL P 9 ViL = 0.8V, o= MAX | 63PS 0.45
| -
t 'nput current at maximum VGG = MAX, V) = 5.5V 10 mA
input voltage )
iH High-level input current Vce = MAX, V| = 24V 25 uA
ITR Low-level input current Voo = MAX, V| = 0.4V -250 uA
Cj Input capacitance Ve = 5.0V, f =1 MHz| V| = 2.0V 4 pF
Co Output capacitance. Ta = 25°C Vo = 2.0V 6 pF
OPEN COLLECTOR OUTPUT CURRENT
Vce = MAX, Vo = 2.4V 50 uA
| Output leak: rent
CEX | Qutpul leakage curren VoG = MAX, Vg = 5.6V 100 | wA
THREE STATE OUTPUT ONLY
. . Vce = MIN, VIH = 2V,
V High-level output volt; L 24 Vv
OH ghrievel oulput-vollage VIL = 0.8V, IoH = MAX
Off-state output current Vee = MAX, ViH = 2V,
oz | put curren! Co = MAX. Vi = 2 100 | uA
high-level voitage applied Vo = 24V
Off-state output current Vee = MAX, VIH = 2V,
IozL put cu n cC s VIH -100 nA
low-level voltage applied Vo = 0.4V .
los Short-circuit output current Vce = MAX, Vo = 0V =30 -100 mA
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53/63PSXXX

Switching Characteristics
MAX = Over Recommended Ranges of Ta and Vg¢
TYP = 5.0V Vge, 25°C Ta

'Eh(nS)

Standard Test Load

MEMORY

OUTPUT

i
I—

AN———0 Ve

()
=~ 30pF < 60002
< :

Definition of Waveforms

taa

ADDRESS ACCESS TIME

Icc taA(ns) tea(ns)
DEVICE ENABLED DISABLED ADDRESSACCESS | ENABLE ENABLE
TYPE TYP  MAX TYP MAX TIME ACCESS TIME | RECOVERY TIME
oc TS | oc TS| TYP MAX |[TYP MAX | TYP ' MAX
63PS140,141 78 20 25 27 27 16
53PS140,141 78 20 - 25 27 27 16
63PS240,241 85 20 25 30 30 16
53PS240,241 85 20 25 30 30 16
63PS280,281 105 25 . 30 33 33 16
53PS280,281 105 25 30 33 33 16
63PS440,441 105 20 25 33 33 16
53PS440,441 105. 20 25 33 33 16
63PS480,1,2,3 105 25 30 36 36 16
53PS480,1,2,3 105 25 30 36 36 16
63PS840,841 110 20 25 39 39 16
53PS840,841 110 20 25 39 39 16
63PS880,881 117 25 30 39 39 16
53PS880,881 117 25 30 39 39 16
63PS1640,1641 | 117 25 30 45 45 16
53PS1640,1641 | 117 25 30 45 45 16
63PS1680,1681 | 124 30 35 48 48 16
53PS1680,1681 124 30 35 48 48 16

Input Pulse Amplitude 3.0V
Input Rise and Fall Times 5ns from 1.0V to 2.0V :
Measurements Made at 1.5V

o

|

pumrd

ENABLE ACCESS TIME AND RECOVERY TIME

2-25




High Performénce
Registered Schottky —4-Bit-Wide

Generic PROM Family 53/63RAXXX, 53/63RSXXX

Features/Benefits

e Largest generic PROM family available

incorporating “D”

Advanced Schottky processing.

4-bit-wide in 18 and 20 pin Skinny DIPs™ for high board
density. ‘
Synchronous enable allow easy busing of outputs for
word expansion.

Lower system package counts.

Lower system power.

Faster cycle times.

25ns clock to output a 40ns address set-up times guar-
anteed over commercial specification.

24mA output drive capability.

Applications

Pipelined microprogramming
State sequencers

Next address generation
Mapping PROM

Description ,

A family of registered PROMs offers new savings for designers
of pipelined microprogrammable systems. The wide instruction
register, which holds the microinstruction during execution, is
now incorporated into the PROM chip.

Edge Triggered Register

The PROM output is loaded into a 4-bit register on the rising
edge of the clock. The use of the term “register” is to be distin-
guished from the term “latch,” in that a register contains master
slave flipflops and the latch contains gated flip-flops. The advan-
tages of using a register are that system timing is simplified, and
faster micro cycle times can be obtained.

The output of the register is buffered by three-state drivers which
are compatible with the new low-power Schottky three-state bus
standard, i.e., IQL is 24mA at VoL of 0.5V.

The 4-bit-wide family in 18-pin and 20-pin packages feature
either synchronous or asynchronous enables the synchronous
enables and upwards pin compatibility. The synchronous enable
powers up in the high impedance state and is used when more
than one registered PROM is bused together to increase word
length. All devices are specified over both commercial and mili-
tary temperature ranges.

High Performance Generic PROM Selection Guide

MEMORY PACKAGE DEVICE TYPE
SIZE ORGANIZATION PINS TYPE 0°C to 75°C —~55°C to 125°C
a« wopaxa  ASYN 8 INF 63RA441 53RA441
SYN 63RS441 53RS441
* *
8K sosgxa | ASYN 20 N 63RA841 53RA841
SYN 63RS841* 53RS841*
* *
16K soera | ASTN 20 IN 63RA1641 53RA1641
SYN 63RS1641*. 53RS1641*

*Preliminary Data

Note: This is not a final specification. Some limits of characteristics are subject to change.
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53/63RAXXX, 53/63RSXXX

Pin Configurations

53/63RA441 53/63RA841 53/63RA1641
s H— ~ EVcc s — ~ 20jvee [} ~ 20] vec
oo . WG e~ Gl
a3 6]+ w3 BT a= 18] s
<L 10244 - AsE_zmm me A3E~4095x4 -
w[Elprom P> ~[E]-{prom Al %[ erom (FH ]
A1E-—~ ‘:&Eoz A‘E— -—&EO: A1E——— P N 3 P
[T -i&;‘_z]aa wCH  He{Ee  «[- = 1 [
Ehl s i DR M L1t P 1 3 e
ano 5] MESE-10 [12] o AﬁE——J 12] cx
= G == SMOE
53/63 R_S441 53/63RS841 53/63RS1641 ’
As1———lv ‘Evcc Ael——\v Evcc As -—1v 20]vee
.o T S =
a3} 6] a3 18]as a3 18]
L e D =" " aoseua D

I.AI‘
=
[~]
b
>
S

o a0 [5]-{PROM
Mo o[EH
12]es - 2 [T]H
11104 A10E_

Jo . A
euoEl—FEc- Ecx E—zEt 124 ck A1

a0l 5 - PROM —| PROM

]
]
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H 1Y
akakak

é
e

L |
EleTale:
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53/63RAXXX, 53/63RSXXX

Absolute Maximum Ratings

Supply VORAGE VOG « v i vt e
Inputvoltage ... i
Off-state output voltage ..ot e

Operating Program

................... -5Vto7v 12V
................... -1.5Vto 55V 12V
................... -1.5Vto 65V 12V

SHOrAGE tOMPEIAIUIE . ..o\ttt ittt ettt ettt e e ettt et et et e et e e e, -65°C to 150°C
Recommended Operating Conditions
MILITARY COMMERCIAL
M
SYMBOL PARAMETER MIN 'NOM MAX MIN NOM  MAX UNIT
Vce Supply voltage 45 5.0 - 65 4.75 5.00 5.25 v
I0H High-level output current -2.0 2.4 —6.5 mA
loL Low-level output current 16 24 mA
TA Operating free air temperature -55 125 0 75 °C
Electrical Characteristics
Over Recommended Operating Free Air Tempeature Range
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VIH High-level input voltage 2.0 Vce \"
ViL Low-level input voltage 0 0.8 \
Vic Input clamp voltage Vce = MIN, || = —18mA -1.2 v
) Vce = MIN, ViH = 2V,
- . \"
VOH High-level output voltage VIL = 0.8V, IoH = MAX 24
Vee = MIN, ViH = 2V,
Vi Low-level output volt v
oL [how-level oulput vollage VL = 0.8V, IgL = MAX 0.5
Off-state output current Vce = MAX, ViH = 2V,
: 100 A
lozH high-level voltage applied Vo = 24V H
X =M =
lozL Off-state output currer.\t‘ \ele} AX, VIH = 2V, ~100 WA
low-level voltage applied Vo = 0.4V
" Ir'\put current at maximum VGG = MAX, V| = 55V 10 mA
input voltage
1%} High-level input current Vce = MAX. Vy = 2.4V- 25 nA
I Low-level input current Vce = MAX, V| = 04V —250 nA
los Short-circuit output current Vce = MAX -30 -100 mA
Ci Input capacitance Vce =50V, f=1MHz | V=20V 4 10 pF
Co Output capacitance TA = 25°C Vo = 2.0V 6 12 pF
441, _ Al inputs GND 125 180
Icc Supply current 841, 1641 Vce = MAX All outputs open 130 mA
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53/63RAXXX, 53/63RSXXX

Switching Characteristics
Min/Max = Over Recommended Ranges of Ta and Vcc
Typ = 5.0V Vgg, 25°C Ta )

‘DEVICE MILITARY (53') COMMERCIAL (63’)
SYMBOL PARAMETER TYPE MIN TYP MAX MIN TYP MAX
tpd Clock to output (All) 18 30 18 25
RA441 45 30 40 30
RA841 35 35
tsu Address set-up 125:: 45 ;g 40 ;g
RS841 35 35
RS1641 45 45
th " | Address hold ] (All) 0 -5 0 -5
tpzx E to output enable (All “RA”) 15 30 15 25
tpxz to output disable (All “RA”) 15 30 15 25
tpzx CK to output enable (All “RS”) 25 40 , - 25 35
tpxz CK to output disable ) (All “RS”) 25 40 25 35
tsu Enable set-up (All “RS”) 20 10 15 10
th . | Enable hold (All “RS”) 0 -5 0 -5
tw Pulse width ) (All) 20 12 20 12
Maximum : RS/RA 441 25 24 25 33
MAX Clock frequency RS/RA 841 29 33
RS/RA1641 25 25

(See “Definition of Terms and Waveforms”)
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High Performance

Registered Schottky—8-Bit-Wide
Generic PROM Family 53/63RAXXX

Features/Benefits

® Largest generic PROM family available incorporating
edge triggered “D” registers.

Advanced Schottky processing.

8-bit-wide output organizations in 24-pin Skinny DIPs™
(-300 mil wide).

25ns clock-to-output and 45ns address set-up times
guaranteed over entire commercial specification.

Preset and clock enable control functions for extra flex-
ibility at the system level.

* Lower system level package count and power.

® 20mA output drive capability

Applications

® Pipelined microprogramming
® State sequencers

* Next address generation

® Mapping PROM

Description

An 8-bit-wide generic family of registered PROMs offers savings
in printed circuit board space as well as additional control func-
tions for designers of pipelined microprogrammable systems.
The devices are packaged in a new space saving 24-pin Skinny
DIP™ with 300 mil wide row spacing as well as the larger 600
mil wide package. The wide instruction register, which holds
the microinstructions during execution, is incorporated into the
PROM chip.

System Level Flexibility

For additional flexibility at the system level, clock enable and
preset control pins have been added. All devices are upwards
compatible to allow the designer to expand in the word direction
by simply plugging in a larger register.

Registered PROM Selection Guide

Edge Triggered Register

The PROM output is loaded into an 8-bit register on the rising
edge of the clock. The use of the term “register” is to be distin-
guished from the term “latch,” in that a register contains master
slave flip-flops and the latch contains gated fiip-flops. The ad-
vantages of using a register are that system timing is simplified,
and faster micro cycle times can be obtained.

The output of the register is buffered by three-state drivers which
are compatible with the low-power Schottky three-state bus.
standard, i.e., IQL is 20mA at Voi_ of 0.5V.

Preset

When a microprogrammed system is powered up or initialized
the asynchronous PRESET allows easy initialization of the
register outputs to the desired “HIGH" state required for driving
active LOW controls, i.e., write enable (WE), CLEAR, memory
acknowledge, (MACK), etc. A PRESET may also be issued to
seek a “HOME” location, i.e., instruction fetch.

Clock Enable

The clock enable function can be used to inhibit the clock from
loading the next state (instruction) when CK EN is “HIGH” within
the specified set-up time, tg,. This allows the decision of whether
or not to load the next state to be made at the latest possible
point in the microcycle. This is an important feature in a micro-
instruction loop which repeats the same micro-instruction until a
specified branch condition allows a continue to the next micro-
instruction.

Upwards Compatibility

Designers have the flexibility to increase the size of their micro-
program store in the word direction without any costly changes
in board layout. All devices from the 256x8 up to the 2048x8 fit
into the same socket. The use of one enable assures this con-
cept of upwards compatibility and does not limit the user in
word expansion since a large selection of word organizations
are offered.

MEMORY PACKAGE DEVICE TYPE

SIZE | ORGANIZATION PINS TYPE 0°C to +75°C —55°C to +125°C

2K 256x8 ASYN 248* JN 63RA283 53RA283

4K 512x8 ASYN 24S* JN 63RA483 53RA483

8K 1024x8 ASYN 24S* J,N 63RA883 53RA883
16K 2048x8 ASYN 24S8* JN 63RA1683 53RA1683

2K 256x8 ASYN 24 JN 63RA281 53RA281

4K 512x8 ASYN 24 JN 63RA481 53RA481

8K 1024x8 ASYN 24 JN 63RA881 53RA881
16K 2048x8 ASYN 24 JN 63RA1681 53RA1681

™ 24 Skinny DiP™ .300 Mil Wide
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53/63RAXXX

Logic Diagrams
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53/63RAXXX -

Functional Table

INPUT
CLOCK ENABLE CLOCK PRESET ENABLE ouTPUT . ,OPERAHON

X X L L H Preset

X X L H V4 Preset

H ) H L Q NOP

H T H H z NOP

L T H L PROM Load Q with PROM

L i H H z Load Q with PROM
Absolute Maximum Ratings Operating/Program
SUPPIY VORAGE VOC - - oo e e ee e et et e ettt e e et et e e et . vV
1o TT LR o] =T - P S e 5.5V/12v
Off-state output voltage ........ S SR 5.5V/12v

Storage temperature range —65°C to 150°C

Recommended Operating Conditions

MILITARY COMMERCIAL
YM PA
SYMBOL RAMETER MIN NOM MAX MIN NOM MAX UNIT
Vce Supply voltage - 4.5 5.0 5.5 4.75 5.00 5.25 \']
I0H High-level output current —-2.0 -6.5 mA
loL Low-level output current 16 20 mA
TA Operating free air temperature —55 125 0 75 °C
Electrical Characteristics Over Recommended Operating Free Air Temperature Range
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VIH High-level input voltage 20 Vce \Y
VIL Low-level input voltage 0.0 0.8 \
Vic Input clamp voltage Vce = MIN, | = —18mA -1.2 \
. Vce = MIN, ViH = 2V,
Vi High-level output volt: 24 Vv
OH igh-level output voltage VIL = 08V, Ion = MAX
vVce = MIN, ViH = 2V,
Vi Low-level output volt 0.5 \
oL ow-level output voltage VIL = 08V, loL. = MAX
X =M =
oz fo state output curren.t vce AX, VIH = 2V, 100 WA
high-level voltage applied Vo = 2.4V '
oz Off-state output currernt Vce = MAX, VI = 2V, 100 A
low-level voltage applied Vo = 0.4V
I |n{>ut current at maximum VoG = MAX, V) = 5.5V 10 ' mA
input voltage
IH High-level input current Vce = MAX, V) = 2.4V : 25 rA
L Low-level input current Vce = MAX, V| = 0.4V —-250 HA
los Short-circuit output current Vce = MAX -30 —100 mA
C Input Capacitance Vce = 5.0V, f = 1MHz| V| = 2.0V 4 pF
Co Output Capacitance TA =25°C Vo =20V 6 pF
281/3 Vce = MAX all inputs GND, 110
Icc Supply current 481/3, 881/3 All outputs open 125 mA
1681/3 ) 130
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53/63RAXXX

Switching Characteristics
MIN/MAX = Over Recommended Ranges of Tp and V¢cc
TYP = 5.0V, V¢, 25°C Ta

(See Definition of Terms and Waveforms)

DEVICE MILITARY (53') COMMERCIAL (63')
SYMBOL PARAMETER TYPE MIN TYP MAX | MIN TYP MAX UNIT
tpd Clock to output All 20 20 ns
'RA281/3 30 30
tsu Address set-up ::;g:g gg gg ns
'RA1681/3 45 45
th Address hold Al - -5 -5 ns
tpd Preset to any Q All 20 20 ns
tsu Preset to Clock set-up All 10 10 ns
tsu Clock enable set-up All 20 20 ns
th Clock enable hold All -5 -5 ns
tPzX E to output enable All 20 20 ns
tpxz E to output disable All 20 20 ns
tw Pulse width All 12 12 ns
RA281/3 40 40
) RA481/3 40 40
fMAX Maximum clock frequency RAB81/3 33 33 MHz
RA1681/3 25 25

(See “Definition of Terms and Waveforms)
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53/63RAXXX

N24S Plastic Kool “Skinny” DIP™

ANANNANANANANANARNAN
24 13

! .240-290
o 6.10-737

1 12
\I/\KV\K\!\/\K\/V\/\/V

>

.090
203 —»>| |e— —»| |«—.00
MIN.

12401200 00 280-320
|

“ 31.44-32.76 ‘
[ 7.11-813

| ' |
| }
‘ ! ‘ Il goner 008-012
> < e | | —» 018 »\\“ 0.20-0.31
090-110 016-.020 055-.065
2.29-2.79 0.41-051 1.40-1.65

UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES.
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS

J24S Ceramic “Skinny” DIP™

minininininininininEeEE!
24 13
265-.300
6.73-7.62
1 12
ot oogogd
158 .005
4.01 —»| —>| |- .13
MAX. 1.250-1.200 MIN.
31.75-32.77 >
.290-.320
7.37-8.13
030-.070 S I
.76-.178 225
5.72
_ MAX.
s A 1
3.43 * .105-1.35
MIN. y y 2.67-3.43
—>l I<* —>”<— -~ ,/ -« 0°15° ,\ 008012
.090-.110 .016-.020 .055-.060 o
2.29-2.79 .41-.51 1.40-1.52

UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES.
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS.
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High Performance
Schottky

PROM Programming Instructions

Device Description

All of the High Performance Generic Schottky PROM Families
are manufactured with all outputs low in all storage locations.
To produce a high at a particular word, a Titanium-Tungsten
Fusible-Link must be changed from a low resistance to a high
resistance. This procedure is called programming.

Programming Description

To program a particular bit normal TTL levels are applied to all
inputs. Programming occurs when:

1. Vg is raised to an elevated level.

2. The output to be programmed is raised to an elevated level.
3. The device is enabled.

In order to avoid misprogramming the PROM only one output at
at time is to be programmed. Outputs not being programmed
should be left open.

Programming Parameters

Programming Sequence

The sequence of programming conditions is critical and must
occur in the following order:

. Select the appropriate address with chip disabled

. Increase VGG to programming voltage

. Increase appropriate output voltage to programming voltage
. Enable chip for programming pulse width

. Decrease VoyT and Vg to normal levels

AN =

Programming Timing

In order to insure the proper sequence, a delay of 100ns or
greater must be allowed between steps. The enabling pulse
must not occur less than 100ns after the output voltage reaches
programming level. The rise time of the voltage on Vcc and the
output must be between 1 and 10 V/us.

Do not test these parameters or you may program the device.

RECOMMENDED
SYMBOL PARAMETER MIN VALUE MAX | UNIT
Vcer Required Vg for programming 10.5 11.0 115 \
Vopr Required output voltage for programming 10.5 11.0 11.5 Vv
tR Rise time of Vcc or VouT 1.0 5.0 10.0 | V/us
Iccp Current limit of Vccp supply 800 1000 —_ mA
lop Current limit of Vop supply 15 20 — mA
tpw Programming pulse width (enabled) 9 10 1 uSs
Vce Low V¢ for verification 3.9 4.0 4.1 Vv
Vce High V¢ for verification 5.8 6.0 6.2 \
MDC Maximum duty cycle of Vocp — 25 25 %
tD Delay time between programming steps 100 100 —_ ns
ViL Input low level 0 0 0.5 '
VIH Input high level 24 3.0 5.5 \'
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High Performance Schottky PROM Programming Instructions

Verification

After each programming pulse verification of the programmed
bit should be made with both low and high Vcc. The loading of
the output is not critical and any loading within the DC spec-
ifications of the part is satisfactory.

Additional Pulses

Up to 10 programming pulses should be applied until verification
indicates that the bit has programmed. After verification an addi-
tional 5 programming pulses must be applied to insure the
reliability of the programmed bit.

Board Level Programming

Board level programming is easily-accomplished since only an
enabled PROM is programmed. At the board level only the de-
sired PROM and output should be enabled.

Programming Registered PROMs

The asynchronous registered PROM is programmed in the same
manner as standard PROMs.

The synchronous registered PROM is programmed in similar

fashion with one exception: the program enable is registered
and therefore must be clocked.

Standard Schottky Generic PROM Family

Programming Waveforms

VeeP
Vee /
VeeVv

Xl
|
:ov | I

OH
OUTPUT

N

ViH
ENABLE I I

Ve tp| to tp to | to

"'pw

tp = 100ns min

tow = 9us min 1148 max

NOTE: Programming pulse tow is applied for 5 additional pulses
after verification indicates a bit is blown.

Figure 1.

DATA 1/0 (ALL SERIES) | PRO-LOG (SERIES 90, 92)

ng:'nr;A:g. C%':"F‘I'f:‘g”' SIZE | CONFIGURATION | OUTPUT Nr?nhcs": PROGRAM | SOCKET |PERSONALITY| PIN OUT
) CARD SET | ADAPTER| MODULE | ADAPTER

5300-1 6300-1 1K 256x4 oc 16 | 909-1226-1| 715-1035-1| PM9037 PA16-1
5301-1 6301-1 1K 256x4 TS 16 | 909-1226-1| 715-1035-1]  PM9037 PA16-1
5305-1 6305-1 2K 512x4 oc 16 | 909-1226-1| 715-1035-2]  PM9037 PA16-1
5306-1 6306-1 2K 512x4 TS 16 | 909-1226-1| 715-1035-2  PM9037 PA16-1
5308-1 6308-1 2K 256x8 oc 20 | 909-1226-1| 715-1028-1|  PM9037 PA20-2
5309-1 6309-1 2K 256x8 TS 20 | 909-1226-1|715-1028-1|  PM9037 PA20-2
5330-1 6330-1 %K 32x8 oc 16 | 909-1226-1| 715-1046 | PM9037 PA16-2
5331-1 6331-1 K 32x8 TS 16 | 909-1226-1| 715-1046 | PM9037 PA16-2
5335-1 6335-1 2K 256x8 oc 24 | 909-1226-1|715-1033-1| PM9037 PA24-1
5336-1 6336-1 2K 256x8 TS 24 | 909-1226-1| 715-1033-1|  PM9037 PA24-1
5340-1 6340-1 4K 512x8 ocC 24 909-1226-1 | 715-1033-2 PM9037 PA24-1
5341-1 6341-1 4K 512x8 TS 24 | 909-1226-1| 715-1033-2|  PM9037 PA24-1
5348-1 6348-1 4K 512x8 oc 20 | 909-1226-1| 715-1064 | PM9037 PA20-2
5349-1 6349-1 4K 512x8 TS 20 | 909-1226-1| 715-1064 | PM9037 PA20-2
5350-1 6350-1 4K 1Kx4 oc 18 | 909-1226-1| 715-1036 | PM9037 PA18-1
5351-1 6351-1 4K 1Kx4 TS 18 | 909-1226-1| 715-1036 | PM9037 PA18-1
5352-1 6352-1 4K 1Kx4 oc 18 | 909-1226-1|715-1039-1| PM9037 PA18-2
5353-1 6353-1 4K 1Kx4 TS 18 | 909-1226-1(715-1039-1|  PM9037 PA18-2
5380-1 6380-1 8K 1Kx8 oc 24 | 909-1226-1| 715-1033-3|  PM9037 PA24-1
5381-1 6381-1 8K 1Kx8 TS 24 | 909-1226-1| 715-1033-3|  PM9037 PA24-1
5384-1 6384-1 8K 1Kx8 oc 24 | 909-1226-1|715-1033-3|  PM9037 PA24-1
5385-1 6385-1 8K 1Kx8 TS 24 | 909-1226-1|715-1033-3| PM9037 PA24-1
5386-1 ‘|  6386-1 8K 1Kx8 oc 22 | 909-1226-1| 715-1059 | PM9037 PA22-1
5387-1 6387-1 8K 1Kx8 TS 22 909-1226-1| 715-1059 PM9037 PA22-1
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Programmer Cross Reference

High Performance Schottky Generic PROM Family “S”

L DATA 1/0 (ALL SERIES) | PRO-LOG (SERIES 90, 92)
e, | COAMERCIAL | size | cONFIGURATION | OUTPUT [NO: OF "PROGRAM | SOCKET [PERSONALITY] PINOUT
: : CARD SET | ADAPTER| MODULE | ADAPTER
535080 635080 YaK 32x8 oC 16 909-1515 715-1037 PM9066 PA16-2
535081 635081 YaK 32x8 TS 16 909-1515 715-1037 PM9066 PA16-2
535140 635140 1K 256x4 oC 16 909-1515 | 715-1035-1 PM9066 PA16-1
535141 63S141 1K 256x4 TS 16 909-1515 | 715-1035-1 PM9066 PA16-1
535240 63S240 2K 512x4 oC 16 909-1515 | 715-1035-2 PM9066 PA16-1
535241 635241 2K 512x4 TS 16 909-1515 | 715-1035-2 PM9066 . PA16-1
535280 635280 2K 256x8 oC 20 909-1515 | 715-1028-1 PM9066 PA20-2
535281 635281 2K 256x8 TS 20 909-1515 | 715-1028-1 PM9066 PA20-2
535440 | 635440 | 4K 1Kxd oC | 18 | 909-1515 |715-1039-1| PMoos6 | PAts-2
535441 635441 4K 1Kx4 TS 18 909-1515 | 715-1039-1 PM9066 PA18-2
535480 635480 4K 512x8 oC 20 909-1515 715-1064 PM9066 PA20-2 |
535481 635481 4K 512x8 TS 20 909-1515 715-1064 PM9066 PA20-2
535482 635482 4K 512x8 oC 24 909-1515 | 715-1033-2 PM9066 PA24-1
535483 635483 4K 512x8 TS 24 909-1515 | 715-1033-2 PM9066 PA24-1
535840 635840 8K 2Kx4 oC 18 909-1515 | 715-1039-2 PM9066 PA18-2
535841 635841 8K 2Kx4 TS 18 909-1515 | 715-1039-2 PM9066 PA18-2
535880 635880 8K 1Kx8 oC 24 909-1515 | 715-1033-3 PM9066 PA24-1
535881 635881 8K 1Kx8 TS 24 909-1515 | 715-1033-3 PM9066 PA24-1
5351640 6351640 16K 4Kx4 oC 20 909-1515 TBD PM9066 TBD
5351641 6351641 16K 4Kx4 TS 20 909-1515 TBD PM9066 TBD
5351680 6351680 16K 2Kx8 oC 24 909-1515 715-1033 PM9066 PA24-1
5351681 6351681 16K 2Kx8 TS 24 909-1515 715-1033 PM9066 - | PA24-1

High Performance Low Power Schottky Generic PROM Family “LS”

MICFTAR DATA 1/0 (ALL SERIES) | PRO-LOG (SERIES 90, 92)
PART NJ c?,':";f';g“' SIZE | CONFIGURATION | OUTPUT N;’I'NCS’F PROGRAM | SOCKET |PERSONALITY| PINOUT
: . CARD SET | ADAPTER| MODULE | ADAPTER
53LS080 63LS080 vaK 32x8 oc 16 909-1515 | 715-1037 PM9066 PA16-2
53LS081 63LS081 14 32x8 TS 16 909-1515 | 715-1037 PM9066 PA16-2
53LS140 63LS140 1K 256x4 oc 16 909-1515 | 715-1035-1 PM9066 PA16-1
53LS141 63LS141 1K 256x4 TS 16 909-1515 | 715-1035-1 PM9066 PA16-1
5315240 6315240 2K 512x4 oc 16 909-1515 | 715-1035-2]  PM9066 PA16-1
53LS241 63LS241 2K 512x4 TS 16 909-1515 | 715-1035-2]  PM9066. PA16-1
5315280 6315280 2K 256x8 oc 20 909-1515 | 715-1028-1  PM9066 PA20-2
53L.5281 63L.5281 2K 256x8 TS 20 909-1515 | 715-1028-1| = PM9066 PA20-2
53LS440 63LS440 4K 1Kx4 oc 18 909-1515 | 715-1039-1]  PM9066 PA18-2
53L5441 63LS441 4K 1Kx4 TS 18 909-1515 | 715-1039-1|  PM9066 PA18-2
5315480 63L5480 4K 512x8 oc 20 909-1515. | 715-1064 PM9066 PA20-2
53LS481 63LS481 aK 512x8 TS 20 909-1515 | 715-1064 PM9066 PA20-2
5315482 63LS482 4K 512x8 oc 24 909-1515 .| 715-1033-2|  PM9066- PA24-1
5315483 6315483 4K .. 512x8 TS 24 909-1515 | 715-1033-2|  PM9066 PA24-1
53LS840 63L.5840 8K 2Kx4 oc 18 909-1515 | 715-1039-2|  PM9066 PA18-2
5315841 6315841 8K 2Kx4 TS 18 909-1515 | 715-1039-2|  PM9066 PA18-2
5315880 63L5880 8K . 1Kx8 oc | 24 909-1515 | 715-1033-3|  PM9066 PA24-1
5315881 63L5881 8K 1Kx8 TS 24 909-1515 | 715-1033-3|  PM9066 PA24-1
53LS1640 | 63LS1640 |16K 4Kx4 oc 20 909-1515 TBD PM9066 T8D
53LS1641 63LS1641 | 16K 4Kx4 TS 20 909-1515 TBD PM9066 18D
53151680 | 63LS1680 |[16K 2Kx8 oc 24 909-1515 | 715-1033 PM9066 PA24-1
53L51681 63LS1681 | 16K 2Kx8 TS 24 909-1515 | 715-1033 PM9066 PA24-1

e eerere——e——————eee e ettt
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Programmer Cross Reference

High Performance Power Switched Schottky Generic PROM Family “PS”

DATA 1/0 (ALL SERIES) | PRO-LOG (SERIES 90, 92)
r;‘;:’:"g C%':ﬂfzg‘“' SIZE | CONFIGURATION | OUTPUT NSNCS’F PROGRAM | SOCKET |PERSONALITY] PINOUT
: - CARD SET | ADAPTER| MODULE | ADAPTER
53PS080 | 63PS080 | viK 32x8 oc 16 | 909-1515 | 715-1037 | PM9066 PA16-2
53PS081 | 63PS081 | vk 32x8 TS 16 | 909-1515 | 715-1037 | PMoo66 PA16-2
53PS140 63PS140 | 1K 256x4 ocC 16 | 909-1515 | 715-1035-1|  PM9066 PA16-1
53PS141 63PS141 1K 256x4 TS 16 909-1515 | 715-1035-1 PM9066 PA16-1
53PS240 | 63PS240 | 2K 512x4 oc | 16 | 9091515 |715-10352] PM9066 PA16-1
53PS241 | B3PS241 | ok 512x4 TS 16 | 909-1515 |715-1035-2| PM9066 PA16-1
53PS280 | 63PS280 | 2K 256x8 oc | 20 | 909-1515 |715-1028-1] PMa066 PA20-2
53PS281 | 63PS281 | 2K 256x8 TS 20 | 909-1515 |715-1028-1| PMa066 PA20-2
53PS440 | 63PS440 | 4K 1Kxd oc | 18 | 909-1515 |715-1039-1] PMg066 PA18-2
53PS4dl | 63PS441 | 4K 1Kxd TS 18 | 9091515 |715-1039-1] PM9066 PA18-2
53PS480 | 63PS480 | 4K 512x8 oc | 20 | 9091515 | 715-1064 | PMa066 PA20-2
53PS481 | 63PS481 | 4K 512x8 TS 20 | 909-1515 | 715-1064 | PMo066 PA20-2
53PS482 | 63PS4B2 | 4K 512x8 oc | 24 | 9091515 |715-10332| PMo066 PA24-1
53PS483 | 63PS483 | 4K 512x8 TS 24 | 909-1515 |715-10332| PMo066 PA24-1
53PS840 | 63PSB40 | 8K 2Kx4 oc | 18 | 909-1515 |715-1039-2| PM9066 PA18-2
53PS84t | 63pSB41 | 8K 2Kxd TS 18 | 909-1515 |715-1039-2| PM9066 PA18-2
53PS880 | 63PS880 | 8K 1Kx8 oc | 24 | 909-1515 |715-1033-3] PM9066 PA24-1
53PS881 | 63PS8BI | 8K 1Kx8 TS 24 | 909-1515 |715-1033-3] PM9066 PA24-1
53PS1640 | 63PS1640 | 16K 4Kxd oc | 20 | 9091515 | TED PM9066 T8D
53PS1641 | 63PS1641  |16K 4Kxa TS 20 | 909-1515 | TBD PM9066 TBD
53PS1680 | 63PS1680 | 16K 2Kx8 oc | 24 | 909-1515 | 715-1033 | PM9066 PA24-1
53PS1681 | 63PS1681 | 16K 2Kx8 TS 24 | 909-1515 | 7151033 | PM9066 PA24-1

High Performance Registered Schottky Generic PROM Family

COMMERCIAL CONFIG PRE DATA I/O (ALL SERIES)|PRO-LOG (SERIES 90, 92)
o | PART no. | SiZE| SoNFE | PKG| S | ENABLE | GLK EN|PROGRAM| SOCKET [PERSONALITY] PINOUT
’ : CARD SET | ADAPTER| MODULE |ADAPTER
53RA281 63RA281 2K | 256x8 24 |YES |ASYNCH. YES | 909-1515 TBD PM9066 TBD
53RA283 63RA283 2K | 256x8 |24S |YES |ASYNCH.| YES | 909-1515 TBD PM9066 TBD
53RA441 63RA441 4K 1Kx4 18 | NO [ASYNCH| NO 909-1515 | 715-1435 PM9066 PA18-5
53RS441 63RS441 4K 1Kx4 18 | NO [ SYNCH. NO 909-1515 | 715-1435 PM9066 PA18-5
53RA481 63RA481 4K | 512x8 24 |YES |ASYNCH.| YES | 909-1515 TBD PM9066 TBD
53RA483 63RA483 4K | 512x8 |24S |YES |ASYNCH. YES | 909-1515 TBD PM9066 TBD
53RA841 63RA841 8K 2Kx4 20 | NO |ASYNCH.| NO 909-1515 | 715-1415-1 PM9066 PA20-6
53RS841 63RS841 8K 2Kx4 20 | NO | SYNCH. NO 909-1515 | 715-1415-1 PM9066 PA20-6
53RA881 63RA881 8K 1Kx8 24 |YES |ASYNCH.| YES | 909-1515 TBD PM9066 TBD
53RA883 63RA883 8K 1Kx8 24S | YES [ASYNCH.| YES 909-1515 TB8D PM9066 TBD
53RA1641| 63RA1641 | 16K | 4Kx4 20 | NO |ASYNCH.| NO 909-1515 TBD PM9066 TBD
53RS1641| 63RS1641 | 16K | 4Kx4 20 | NO | SYNCH. NO 909-1515 TBD PM9066 TBD
53RA1681| 63RA1681 | 16K | 2Kx8 24 |YES |ASYNCH.| NO 909-1515 TBD PM9066 TBD
53RA1683| 63RA1683 |16K | 2Kx8 |24S |YES |ASYNCH.| NO 909-1515 TBD PM9066 TBD
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Standard Performance

Schottky

Generic ROM Fam|ly 52/62XX-1, 52/62XX-2

Features/Benefits

e Largest generic ROM family available

e PNP inputs for low input current

e Compatible pin configurations for upward expansions
e 4-bit-wide and 8-bit-wide for byte oriented applications
¢ Bit density from 256 to 16384

¢ Interchangeable PROM compatibility

¢ High speed Schottky technology

Applications

e High speed for microprogrammed applications
e Microprocessor program store

e Look up table

e Character generator

¢ Random logic

e Code converter

Generic ROM Selection Guide

Description

The 52/6200-series generic ROM family offers the widest selec-
tion of sizes and organizations available in.the industry. The
4-bit-wide ROMs range from 256x4 to 1024x4 and feature
upward/downward pinout compatibility in the space saving 16
and 18 pin packages. The 8-bit-wide ROMs range from 32x8 to
2048x8 in a wide selection of package sizes. Additional 5-bit,
9-bit and 10-bit-wide output configurations are available for your
custom logic or character generator applications.

The family features low input current PNP iﬁputs, full Schottky
clamping and three-state and open collector outputs.

The 62 series is specified for operation over the commercial
temperature and voltage range. The 52 series is specified for the
military ranges. 52XX-2 and 62XX-2 devnces offer enhanced
speed specifications.

MEMORY PACKAGE DEVICE TYPE INTERCHANGEABLE PROM
Size |Organization Pins Type 0°C to +75°C —55°C to +125°C | 0°C to +75°C | —55°C to +125°C
oc 6200-1 5200-1 6300-1 5300-1
1024 | 256x4 16 N, F '
x4 | 19 J . 6201-1 5201-1 6301-1 5301-1
oc 62051 5205-1 6305-1 53051
2048 | 512x4 16 N, F
124 | g J 6206-1 5206-1 6306-1 5306-1
oc 62501 5250-1 6350-1 5350-1
TS 6251-1 5251-1 6351-1 5361-1
4096 | 1024x4 18 | JNF
. 409 * 1 oc .M. F 6252-1 5262-1 6352-1 5352-1
TS :  6253-1 5253-1 6353-1 5353-1
1280 | 256x5 | OC | 16 | J N, F 62101 52101 — Z
2560 | 512x5 | OC | 18 LN | 62251 52251 - —
256 | o | ° | 16 | unr 6230-1 5230-1 63301 5330-1
TS 6231-1 5231-1 6331-1 5331-1
oc 6208-1 52081 63081 5308-1
2048 | 256x8 | - 20 N
04 %68 | 1o 4 6209-1 5200-1 6309-1 5309-1
oc 6235-1 52351 63351 53351
2048 | 256x8 24 | UNF ;
| 1s 6236-1 5236-1 6336-1 5336-1
oc 62481 5248-1 63481 53481
4096 | 512x8 20 4N
A I 6249-1 5249-1 6349-1 5349-1
ocC 6240-1 5240-1 63401 5340-1
4096 2x8 24 N F
096 | 5128 | Lo 6241-1 5241-1 6341-1 5341-1

e e emtes e o—o———————————————————————————————————————————————————————————————————eeeeemem—]
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52/62XX-1,52/62XX-2

52/6250-1
52/6251-1

e[
w (]
s [7]
&[4
o[F]

vee 1]

A

1024x4
ROM

02 EZ]

A3 :E]
04 EE]

52/6289-1
52/6289-2

o~

3 I

-

-
[~

o

]~

af

-

IEE GND

|

52/6252-1
52/6253-1

Vee E
a7 [17]
ag [15]
ag [15]
o1 E
oz[13]
03 E
A m|

ot

1024x4
ROM

52/6230-1
52/6231-1

o~

2]~

w7
M|
&[5
o[

]~

o

Ele

-

=

[E: GND

52/6205-1
52/6206-1

Vee E

A

512x4

ROM

02 :Z]
03 EE]

1 I

e

w (5]
& [u]
&g
oi[17]

a

o

Ele

G

-

8 J GND

52/6200-1
52/6201-1

Vee E

A

256x4

ROM

o[
o3 [10]
o [7]

Pin Configurations

o~

2] 2

&l

o

E

]~

af

[E: GND

52/6225-1

Vee E
7]
% 7]
25 []
%[
o[
o3
os[7]
o[

A

1024x8
ROM

&[]

m

Vee E
A7 Zﬂ

o~

Bl

15

a

o

Ela

o

e

Gl

il

vee [15]

A

E

M|
M &
x (7]
[
% [ig]
os[5]

32x8

ROM

ol

-

G

of

o

G

[

l}[ GND

IZE GND

VccE
% [T
&[]
o[H]
o [13]
os[7]
N m|
os{1]

A

512x5
ROM

ol

a

=~

o
-

01 EE]

G

G

-

52/6210-1

Vee E

b

(@
os [T
o []
os[3]

256x5
ROM

[E: GND

o

Bl

-

[~

El

o

-

IEE GND

52/6286-1
52/6287-1

A

»s (7]

1024x8
ROM

os []
or [15]
os [1]
os[F]
o[

e

a

a

o

G

G

-

el

52/6248-1
52/6249-1

ot
vec [20]

Mo
w ]
7]
sl
& [
os[71]

512x8
ROM

Os5 EE]

=~

af

Gl

ol

]

Gl

15

-

EE GND

52/6208-1
52/6209-1

VCCE )

Nt

M|
as[11]
& [u]

256x8
ROM

E

os [T
o[@
o[
os [

[

=

a

=~

-

o

e

-

e

EE GND

IEZ GND
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Pin Configurations

El == = E =T =T R ]

HISJEIEISIS8I818ISIE1H]|

52/6235-1 52/6240-1

52/6236-1 52/6241-1
E A7 ~ Vee E E A7 ~ Vee
2 vef@ [ e ag
E As NC E E As NC
ol s@ Ee 5
]~ s [ &
E A2 256x8 Es E E A2 512x8 &
o "o <@ O o s
]~ 0g E ] 0g
e o7 E o o7
[ o2 os[5] [ig]o. 05
- @ e o
E GND oa[il]  [Z]eno 04

52/6260-1 52/6255-1

52/6261-1 52/6256-1
E A7 ~ Vee 24] 1]A7 ~ Vee
E Ag Ag E E As Ag
E As Ag E E As Ag
e~ @ e .
E A3 2] E E A3 ]
E A1 Og E E Aq Og
E Ao Os E E Ao Og
E 01 o7 E E o4 o7
E [ O E E 02 Os
E 03 Os5 E E 03 ]
12] ano 04[] [z] eno 04
NOTE:

Pin assignments for ceramic (J package), plastic (N package) and flat pack (F package) are the same.

EIEEE B E EEE R

52/6280-1 52/6280-2
52/6281-1 52/6281-2
*52/6284-1 **52/6282-1
*52/6285-1 **52/6283-1
A
E A7 Vee
E Ag Ag
E As Ag
E Ag B
E A3 E2
E A2 1024x8 ‘B3
ROM
E A ‘Eq
E Ag Og
E 01 o7
E 02 Og
E 03 Og
E GND 04
*NO CONNECTION
**“OR” ENABLE
52/6275-1
52/6276-1
A4
E A7 vee
E Ag Ag
E As Ag
E As Ato
E A3 El
E A2 2048x8 E2
ROM
E At E3
E Ao Og
E 01 o7
E 02 O
E 03 Os
E GND 04

|SISIEISISISIE8I8SISIEEHE]
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52/62XX-1,52/62XX-2

Generic ROM Selection Guide

MEMORY PACKAGE DEVICE TYPE INTERCHANGEABLE PROM

Size |Organization Pins Type 0°C to +75°C —55°C to +125°C | 0°C to +75°C | —55°C to +125°C
oc 6280-1 5280-1 6380-1 5380-1
TS 6281-1 5281-1 6381-1 5381-1
ocC 6280-2 5280-2 — —
TS 24 INF 6281-2 5281-2 —_ —
oc 6282-1 5282-1 — —
TS 6283-1 5283-1 —_ —
8192 | 1024x8 oc 6284-1 5284-1 6384-1 5384-1
TS 6285-1 5285-1 6385-1 5385-1
oc 6286-1 5286-1 6386-1 5386-1
TS . N 6287-1 5287-1 6387-1 5387-1
oc ’ 6286-2 5286-2 — —
TS 6287-2 5287-2 _ —
Active 20 N 6289-1 5289-1 — —
Pullup 6289-2 5289-2 _ —_
oc 6275-1 5275-1 — —
4 | 204 24 J N, F
1638 8x8 TS 6276-1 5276-1 — —-—
9216 | 1024x0 | O° 24 | JNF 62601 52601 - -
TS T 6261-1 5261-1 —_ —
oc 6255-1 5255-1 — —
4 4; 24 ,N, F
10240 | 1024x10 TS J 6256-1 5256-1 — —

Absolute Maximum Ratings

SUPPIY VORRAGE VG - vt ettt ettt ittt ettt i —0.5V to +7.0V
INPUL VORAGE ..ottt e et e -1.5V to +5.5V
INPUE CUITENE . . .t ettt et i e -20 mAto +5 mA
OUIPUE CUITBNE .. oo ettt s et ettt ettt et ettt e i eannans —100 mA to +100 mA

Storage temMPerature FANGE ... ......ituunu ittt ittt ettt ettt et e —65°C to +150°C

Recommended Operating Conditions

52 (Military) 62 (Commercial)
SYMBOL PARAMETER MIN NOM MAX MIN NOM MAX -UNIT
Vce Supply voltage 4.5 5.0 5.5 475 5.00 5.25 Vv
IOH High level output current -1.0 —-2.0 | mA
‘05, '06, '08, ‘09, '48, '49,
'50, ’51, '52, '53 12 16
: '00, 01, '10, '25 10 15
loL Low level ’30; "31 8 12 mA
operating current | '35, '36, '40, '41, ‘80, '81, ‘82 8 10
,83,'84,'85,''86, '87, '89, '75, 76 :
’55, ’56, '60, '61 6 6
TA Operating free air temperature —-55 25 125 0 25 75 °C




52/62XX-1,52/62XX-2

Electrical Characteristics Over Recommended Operating Free Air Temperature Range

SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNIT
ViH High level input voltage 2.0 vee | v
ViL Low level input voltage 0 0.8 "
Vic Input clamp voltage Vce =MIN, I} = —18mA -1.0 =15 \
VoL Low level output voltage Vee =MIN, oL = MAX 0.50 \
] Maximum input current Vce =MAX, V| =55V 1.0 mA
[[T¥] High level input current Ve =MAX, V) = 2.4V 40 nA
iL Low level input current Vce =MAX, V| = 0.45V -250 | uA
Ci Input capacitance Ve = 5.0V V= 2.0V 7 pF

TA = 25°C
i Vo = 2.0V F
Co Output capacitance f= 1 MHz (o) 8 p
’00, '01, "30, '31 92 125
'05, '06 96 130
‘08, '09, '48, '49 115 155
’55, '60 Vce = MAX 122 165
Icc Supply current 10, '25, '35, '40, '41, '80, '82 All inputs grounded 126 170 mA
'84, '86, '89 All outputs open
'36, 50, '51, '52, '53, 56, ‘61 130 175
'81, '83, '85, '87 133 180
'75,'76 141 190
OPEN COLLECTOR OUTPUT CURRENT
ICEX Output leakage current Vce = MAX, Vo = 24V 100 nA
THREE STATE OUTPUT ONLY
VOH High level output voltage Vee = MIN, IoH = MAX 24 Vv
High level off 8k, 9k, 10k 50 |
| Voo = MAX, Vo = 24V A
HZ State output current All others cc 0 100 H
Low level off 8k, 9k, 10k -50
[ Vce = MAX, Vo = 0.5V A
Lz State output current All others cc 0o -100 H
los Output short circuit current Vce = 5.0V, Vo = 0V -20 -90 mA

Standard Test Load

MEMORY .

Ry

AAA

OuTPUT

=R 30pF

Definition of Waveforms

O Vce

VWi

Input Pulse Amplitude 3.0V

Input Rise and Fall Times 5ns from 1.0V to 2.0V
Measurements Made at 1.5V

A X

><

E ————X,-——————— —————————

[

J X

o m m
|
1
1
i
P
|
1
1
1
|
)

) “tgA
l tAA

ADDRESS ACCESS TIME

""EA‘*‘

tAA

[~—ter

ENABLE ACCESS TIME AND RECOVERY TIME
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' 52/62XX-1,52/62XX-2

Switching Characteristics
Over Recommended Ranges of Ta and Vcc (Unless Otherwise Noted)

' CONDITIONS ' tAR(ns) tEA(ns) tER(ns)
DEVICE (See standard ADDRESS ACCESS ENABLE ACCESS ENABLE RECOVERY
TYPE test load) TIME TIME TIME
R1Q R20 MAX : MAX MAX
6200-1, 6201-1 300 - 600 45 35 35
5200-1, 5201-1 450 900 60 35 35
6205-1, 6206-1 280 560 60 30 30
5205-1, 5206-1 375 750 75 40 40
6210-1 300 600 100 70 45
5210-1 450 900 175 90 50
6225-1 300 600 100 70 45
5225-1 450 900 175 ) 50
6230-1, 6231-1 375 750 50 30 25
5230-1, 5231-1 560 1120 60 30 25
6208-1, 6209-1 280 500 70 ; 30 30
5208-1, 5209-1 375 750 80 40 40
6235-1, 6236-1 450 900 100 70 45
5235-1, 5236-1 560 1120 175 90 50
6248-1, 6249-1 280 560 70 30 30
5248-1, 5249-1 375 750 80 40 40
6240-1, 6241-1 450 900 100 ! 70 45
5240-1, 5241-1 560 1120 175 90 50
6250-1, 6251-1 280 560 60 30 30
5250-1, 5251-1 375 750 75 40 40
6252-1, 6253-1 280 560 60 30 30
5252-1, 5253-1 375 750 75 T 40 40
6255-1, 6256-1 750 1500 100 : 70 40
5255-1, 5256-1 750 1500 150 80 45
6260-1, 6261-1 750 1500 100 70 40
5260-1, 5261-1 750 1500 150 80 45
6275-1, 6276-1 450 900 110 : 40 40
5275-1, 5276-1 560 1120 © 120 50 50
6280-1, 6281-1 450 900 100 70 45
5280-1, 5281-1 560 1120 175 90 50
6280-2, 6281-2 450 900 55 30 30
5280-2, 5281-2 560 1120 75 , 3B 35
. 6282-1, 6283-1 450 900 100 70 45
5282-1, 5283-1 560 1120 175 90 50
6284-1, 6285-1 450 900 100 70 45
5284-1, 5285-1 560 1120 175 90 50
6286-1, 6287-1 450 900 100 70 45
5286-1, 5287-1 560 1120 175 90 50
6286-2, 6287-2 450 900 55 30 , 30
5286-2, 5287-2 560 1120 75 35 35
6289-1 450 900 100 70 45
5289-1 560 1120 175 90 50
6289-2 450 900 55 30 30
5289-2 560 1120 75 35 35

*Voe = +5V, TA = +25°C




High Performance Schottky ROMs

ROM mates to our High Performance Schottky Generic PROM
family members are available through the use of a metal and
contact mask option. This allows us to replace the titanium-tung-
sten fuse structure with a normal aluminum interconnect. Actual
bit patterns are then optioned by either making a cut in the oxide
or not at contact mask. Since ROMs represent a custom part,
with minimum volumes available and involve non-standard lead
times in production, please contact your factory representative
for more details.

ROM Mates Are Available in all Four
Generic Families

1. Schottky “S” high speed
2. Low power “LS”
3. Power switched “PS”

4. Registered “RA/RS”

Please refer to the appropriate High Performance Schottky
PROM GENERIC family data sheet for the detail device operating
specification. Your ROM mate will be identical.
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High Speed
Bipolar 5x7 Character Generator
Family 5/6xxx

Features/Benefits Description

e Schottky-high speed 10 MHz The intended application for these devices is the generation of
o Low power dissipation—500 mW 64 of 128 ASCII alpha-numeric characters utilizing a read out
o Standard packaging—18 pin dip/24 pin dip system which generates the characters either horizontally or
e Single 5 volt supply ) vertically, one word line at a time.

¢ 100 ns max. access time

o 64/128 characters in one package

e Opens collector or tri-state

Applications

¢ A single package high speed bipolar replacement for slow
multiple package MOS character generators

CRT displays

Printing calculators

LED arrays

Typesetting

Character Generator Selection Guide

N::n:LR MATRIX CHARACTERS SCAN OUTPUT TEMPERATURE PACKAGE
6055 5x7 64 Row oC C N18
5055 5x7 64 Row oC M J18
6056 5x7 64 Column oC C N24
5056 5x7 64 Column oC M J24
6061 5x7 128 Row oC C N24
5061 5x7 128 Row oC M J24
6062 5x7 128 Column ) oC C N24
5062 5x7 128 Column oC M J24
6155 5x7 64 Row TS C N18
51565 5x7 64 Row TS M J18
6156 5x7 64 Column TS C N24
5156 5x7 64 Column TS M J24
6161 5x7 128 Row TS C N24
5161 5x7 128 Row - TS M - J24
6162 5x7 128 Column TS C N24
5162 5x7 128 Column TS M J24
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5/6XXX

Operating

Absolute Maximum Ratings , ‘
Supply voltage VGG « v vvvvvviinniiiinnt B N A P ~0.5Vto 7V
INPUEVORAGE . . et e e e et e -1.5Vto 5.5V
Off-state OUtPULt VORAGE .. ...ttt it e it e e ae e 40— 1.6V 10 5.5V
Storage temperature FANGE ... .......uutieneneneuernenetnrinn e eneeraenesciaenanns e —65°C to 150°C
Recommended Operating Conditions
TER MILITARY COMMERCIAL UNIT
SYmMBOL PARAMETE MN NOM MAX | MIN  NOM  MAX
Vce Supply voltage 4.5 5.0 55 475 - 5.00 5.25 v
I0H High level output current -1.0 -2.0 mA
loL Low level output current 8 10 mA
TA Operating free air temperature -55 125 0 75 °C
Electrical Characteristics
Over Recommended Operating Free Air Temperature Range
SYMBOL PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
ViH High-level input voltage 2 Vee v
ViL Low-level input voltage 0.0 0.8 V
Vic Input clamp voltage Vce = MIN, I = —18 mA -1.0 -15 \Y
Vce = MIN, Vi = 2V,
V Low-level output volt 0.5 v
oL ow-level output voltage ViL = 0.8V oL = MAX.
1] Input current at maximum input voltage | Vcc = MAX, V| = 5.5V 1.0 mA
IIH High-level input current Vce = MAX, Vy = 2.4V 40 MA
L Low-level input current Vce = MAX, Vi = 0.45V —250 nA
Ci Input capacitance Vce =5.0V,f=1MHz |V| = 2.0V 7.0 .
Co Output capacitance Ta = 25°C Vo = 2.0V 8.0 p
oC 170 | ‘
| =
Icc Supply current Vce = MAX TS 180 mA
OPEN COLLECTOR OUTPUT CURRENT
ICEX i Output Leakage Current Vce = MAX, Vo = 2.4V 100 MA
THREE STATE OUTPUT ONLY
= MIN =
VOH High-level output voltage Vee = MIN, Vig = 2V, 2.4 %
VIL = 0.8V, IoH = MAX
- = =
lozH O state output currenf Vce = MAX, ViH = 2V, 100 WA
high-level voltage applied Vo =24V .
Off-state output current Vce = MAX, VIH = 2V, )
lozL ) cc H -100 MA
low-level voltage applied Vo =05V
los Short-circuit output current Vce = MAX, Vo = 0V -20 -90 mA
Switching Characteristics
Over Recommended Ranges of Tp and Voo MILITARY COMMERCIAL
TA = —55°C to +125°C TA = —0°C to +75°C
SYMBOL PARAMETER Vce = 5.0V = 10% Vce = 5.0V = 5% UNIT
MIN MAX MIN MAX
tAA Address access time 175 100 ns
tEA Enable access time 90 70 ns
tER Enable recovery time 50 45 ns
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5/6XXX

Standard Test Load

Ry
4500
MEMORY ,_ AAY——O V .
ouTPUT ¢ Input pulse amplitude = 2.5 V.
= g- . e NN Input pulse rise and fall times must be 5 ns between 1.0V and 2.0V.
bt Speed measurements are made at 1.4V.

Output Loading is 10mA and 30pF as given in standard load.

Test Waveforms

e >i( ax | L

_——— ENABLES
ENABLE [
\

Ey, E2 I I
ENABLES X X
€3, E ’
Ox

3 B4

|
—— L
T—— Lm——l el E.

Ax = Any Address
Ox = Any Output

Fig. 1 Access Time Fig. 2 Enable Access Time and Recovery Time

Generation of the Letter “F”

COLUMN

DECODER
ol1]of1]of 1} A

A . 3BT
olof1|1]o] o} c%lm?gn ————0 S NPy
ofofoof1]1}2 <
ONEmEE 5
Oomoo0n e S
] | 23 o
%:555% o 82&255;’252 ——o N
-——o0

Omaoan s S
(] o o . L 5
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5/6XXX

Block Diagram—60/6155, 50/5155

6 14
nodl o H [ [
A2 8 —1 :ooz

| surrers 2005
Ao e 1 %°°4
A4o-—a— ] —o0 05
N b o F[°
Vce = 18
GND =9
Pin Configuration
E A7 Vee E
. E Ag Ag ﬂ
E As B E
G off
]~ o[13]
E A o]z
]~ A
E GND os[10

Note: Ag, A1, A2, A3 are used for the character scan.

5x7 Row Scan, 64 Characters

Character Generator Operation—

6055, 6155

The intended application for the MM6055 device is the genera-
tion of 64 USACII characters utilizing a readout system which
generates the characters horizontally a 5-bit line at a time. Each
35-bit character is composed of 7 distinct 5-bit lines. One of the
64 characters is selected by the 6-bit address applied to Az
through Ag. The particular 5-bit line within each character is deter-
mined by the 3-bit address applied to Ag, A1 and Ao. The binary
address 000 on Ag, A1 and A2 provides a blank line for character
line spacing. The memory is enabled when both Ey and E> are
low (logic “0”).

Block Diagram—60/6156, 50/5156

8 9
Aoo— ] Jw o
Aq COLUMN ] —o00,
Aro_8] DECODE 1 oo
2 ] oureur [ o0
BUFFERS |7, O V4
o2 MEMORY : 15 008
Aso— MATRIX s © %6
A40—3- -—i —o o0
A5 O—— CHARACTER
Ago—2] DECODE [ lﬂlzorsrs
A7 0—4 o9
ago-2 E1E2 E3Ey
Vce = 24
GND = 12

Pin Configuration

EA7 ~ VccE
o N
EA5 ch
]~ &z
al e fa
G fm
o o
e o
EGND O‘E]

5x7 Column Scan, 64 Characters

Character Generator Operation—
6056, 6156

The intended application for the MM6056 is the generation of 64
USACII characters utilizing a readout system which generates
the characters vertically a 7 bit line at a time. Each 35 bit charac-
ter is composed of 7 distinct 5 bit lines. One of the 64 characters
is selected by the 6 bit address applied to A3 thru Ag. The
particular 5 bit line within ‘each character is determined by the 3
bit address applied to Ag, A1 and Ao. The binary address 000 on
Ag, A1 and Ao provides a blank line for character line spacing.
The memory is enabled when either E1 and Eo are low (logic
“0"”) or E3 and E4 are high (logic “1”).
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5/6XXX

Block Diagram 60/6161, 50/5161

Ag o—:— ROW 9 04
Aro—H pecooe [ LU
Ay o2 2
output |11
BUFFERS 03
A 5 13
3 0—1 MEMORY 04
Ag o— MATRIX 1,
As 0—-2 s
CHARACTER ||
Ag O—1 “'DECODE
= =
Ag o EyEp E3 E4
Ag 0—
Vce = 24
GND = 12

Pin Configuration

>
~
<
[+]
(3]
[
S

sicisloicialciolicizizia
EEEEEEE R EEE

5x7 Row Scan, 128 Characters

Note: Ag, A1, A2, A3 are used for the character scan.

Character Generator Operation—

6061, 6161

The intended application for the MM6061 is the generation of
128 USACII characters utilizing a readout system which gener-
ates the characters horizontally a 5 bit line at a time. Each 35 bit
character is composed of 7 distinct 5 bit lines. One of the 128
characters is selected by the 7 bit address applied to Ag thru Ag.
The particular 5 bit line within each character is determined by
the 3 bit address applied to Ag, A1 and Ao. The binary address
000 on Ag, A1 and A2 provides a blank line for character line
spacing. The memory is enabled when either E1 and E2 are low
(logic “0”) or E3 and E4 are high (logic “1").

Block Diagram—60/6162, 50/5162

7] coLumn
5| DECODE

OUTPUT
BUFFERS

Ago_f’.
Ag 044
s 2CHAR TE

° ACTER
As O—1 “'DECODE
A7 0—

AsDZS

g 022

MEMORY
MATRIX

EjEz E3Eq

Voe = 24
GND = 12

Pin Configuration

siginioinicicicicioisl
3 I4
g m

3] 2] =] =] 1) IsTET 1]

HEEE

N

GND 04

5x7 Column Scan, 128 Characters

Character Generator Operation—

6062, 6162

The intended application for the MM6062 is the generation of
128 USACII characters utilizing a readout system which gener-
ates the characters vertically a 7 bit line at a time. Each 35 bit
character is composed of 7 distinct 5 bit lines. One of the 128
characters is selected by the 7 bit address applied to A3 thru Ag.
The particular 5 bit line within each character is determined by
the 3 bit address applied to Ag, A1 and Ao. The binary address
000 on Ap, A1 and A2 provides a blank line for character line
spacing. The memory is enabled when either E1 and Eo are low
(logic “0”) or E3 and Eg4 are high (logic “1”).
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5 x 7 Character Font* 50/5155, 60/6155
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High Speed
Bipolar 7x9 Character Generator
Family 5/6xxx

Features/Benefits Description

® Schottky-high speed 10 MHz The intended application for these devices is the generation of
¢ 64 128 alpha-numerics in one package 64 or 128 ASCII alpha-numeric characters utilizing a read out
o Low power dissipation—500 mW system which generates the characters either horizontally or
¢ Standard packaging—24 pin dip vertically, one word line at a time.

¢ Single 5 volt supply
¢ 125 ns max. access time

Applications

¢ A single package high speed bipolar replacement for slow
multiple package MOS character generators

CRT displays

Printing calculators

LED arrays

Typesetting

Character Generator Selection Guide

NSI\AIIF;LR MATRIX CHARACTERS SCAN OUTPUT TEMPERATURE PACKAGE
6071 7x9 64 Row oC C N24
5071 7x9 64 Row oC M J24
6072 7x9 128 Row oC C N24
5072 7x9 128 Row oC M J24
6073 7x9 128 Column oC C N24
5073 7x9 128 Column oC M J24
6074 7x9 64 Column oC C N24
5074 7x9 64 Column oC M J24
6171 7X9 64 Row TS C N24
5171 7x9 64 Row TS M J24
6172 7x9 128 Row TS C N24
5172 7x9 128 Row TS M J24
6173 7x9 128 Column TS C N24
5173 7x9 128 Column TS M J24
6174 7x9 64 Column TS (o} N24
5174 7x9 64 Column TS M J24




5/6XXX

Absolute Maximum Ratings ' Operating
SUPPIY VORBGE VO - - vttt e -0.5Vto 7V
INPUL VORAGE . ... oo ettt ettt e e e -1.5Vto 5.5V
Off-state OULPUL VOIRAGE ... .. .. ..ottt e e et e e -1.5Vto 5.5V
Storage temperature FANGE .. .. .. ......c..uiu ittt ettt e e e e e —65°C to +150°C
Recommended Operating Conditions
‘ MILITARY COMMERCIAL Nt
el PARAMETER MIN NOM MAX MIN NOM MAX

Vce Supply voltage 4.5 5.0 55 4.75 5.00 5.25 \')

IOH High level output current -1.0 -20 mA

loL Low level output current 6 8 mA

TA Operating free air temperature —-55 125 0 75 °C

Electrical Characteristics
Over Recommended Operating Free Air Temperature Range

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VIH High-level input voltage 2 vVce Y
ViL Low-level input voltage 0.0 0.8 \%
Vic Input clamp voltage Vce = MIN, || = =18 mA -1.5 \
Vee = MIN, Vg = 2V, |loL = 8 mA 0.5
VoL Low-level output voltage ViL = 08V loL = 6 mA 05 \
1] Input current at maximum input voltage | Vcc = MAX, V| = 5.5V 1.0 mA
liH High-level input current Vce = MAX, V| = 2.4V 40 nA
L Low-level input current Vce = MAX, V| = 0.45V —250 HA
Cj Input capacitance Vece = 5.0V.f =1MHz |V| = 2.0V 7.0 .
Co Output capacitance Ta = 25°C VO = 2.0V 8.0 P
oC 170
| | Suppl t Vee = MAX A
cc upply curren cC TS 180 m
OPEN COLLECTOR OUTPUT CURRENT
ICEX Output Leakage Current Vce = MAX, Vo = 2.4V 100 I HA |
THREE STATE OUTPUT ONLY
V = MIN, V| = 2V,
VOH High-level output voltage cc H 24 v
ViL = 0.8V, IpH = MAX
lozH fo-state output curren.t Vece = MAX, VIH = 2V, 100 uA
high-level voltage applied Vo = 2.4V
Off-state output current Vce = MAX, ViH = 2V,
lozL : © -100 | wA
low-level voltage applied Vo = 0.5V
los Short-circuit output current Vce = MAX, Vo = oV -20 -90 mA
Switching Characteristics ,
Over Recommended Ranges of TA and Vcc MILITARY COMMERCIAL
' , TA = —55°C to +125°C TA = —0°C to +75°C ,
SYMBOL PARAMETER Vee = 5.0V + 10% Vce = 50V £ 5% UNIT
. MIN MAX MIN MAX
tAA Address access time - 150 125 ns
tEA Enable access time 85 75 ns
tER Enable recovery time 50 40 ns

4-15



5/6XXX

Block Diagram—60/6171, 50/5171

1
Ao 23 — o0,
A10—1 Row - 10 50,
Ar0-22]  DECODE 1
A: a - ouTPUT |13 s
| BuFFers [, ©94
s MEMORY [ ] TG
Ag0—Y MATRIX — e 006
A5O—; — —o07
Ag O—2| CHARACTER o To
A70 j DECODE | | l l
AgO o 9
85— Ey E2
Ago—3]
Vee = 24
GND = 12
Pin Configuration
\J~
ap w3l
]~ v []
] o @
o oA
E GND 04 E

NOTE: Ag, A1, A2, A3 are used for the character scan.

7x9 Row Scan, 64 Characters

Character Generator Operation—
6071, 6171

The intended application for the MM6071 is the generation of 64
USACII characters utilizing a readout system which generates
the characters horizontally a 7 bit line at a time. Each 63 bit
character is composed of 9 distinct 7 bit lines. One of the 64
characters is selected by the 6 bit address applied to A4 thru Ag.
The particular 7 bit line within each character is determined by
the 4 bit address applied to Ag, A1, A2 and Az. The binary
addresses 9 thru 15 on Ag, A4, A2 and A3 do not exist in the
memory (since we want a 7 x 9 character) and will result in a low
output if they are selected. Since the characters are produced
by low outputs binary addresses 9 thru 15 should be avoided to
eliminate confusion. This can be accomplished by “short count-
ing” a 4 bit binary counter so that states 9 thru 15 don’t exist. The
memory is enabled when both Eq and E2 are low.

Block Diagram—60/6174, 50/5174

s 9
AgO— 10
A° 7] coumn | | — 02
10—5 DECODE 1] L 60,
A2 0— - 13 04
|| outpur |14 o
MEMORY BUFFERS |15 5
5 MATRIX | ——00¢
A3O——4 || 16 o7
Ag0—]] | 7 O s
Ag O—= CHARACTER B 6
2| “oecobe [ 009
Ag0— 21[20 |19
Ao
Aoo—= EE &
Vce = 24
GND = 12
Pin Configuration
\J
=~ = [m
G N
]~ @
] os [1]

7x9 Column Scan, 64 Characters

Character Generator Operation—
6072, 6172 '

The intended application for the MM6072 is the generation of
128 USACII characters utilizing a readout system which generates
the characters horizontally a 7 bit line at a time. Each 63 bit
character is composed of 9 distinct 7 bit lines. One of the 128
characters is selected by the 7 bit address applied to A4 thru
A10. The particular 7 bit line within each character is determined
by the 4 bit address applied to Ag, A1, A2 and Az. The binary
addresses 9 thru 15 on Ag, A4, A2 and Az do not exist in the
memory (since we want a 7 x 9 character) and will result in a low
output if they are selected. Since the characters are produced
by low outputs binary addresses 9 thru 15 should be avoided to
eliminate confusion. This can be accomplished by “short count-
ing” a 4 bit binary counter so that states 9 thru 15 don’t exist. The
MM6072 is an 1152 word ROM (128 characters at 9 rows each)
and words 1152 thru 2047 do not exist and should be avoided.
The memory is enabled when both E1 and E2 are low.

4-16



5/6XXX

Block Diagram—60/6172, 50/5172

Ago— 9
A?o—z—:’ ROW ] 10 0%
22 — — 002
Az0—22]  DECODE 1
A; 4 ouTtPUT |13 s
BUFFERS [q4 og,
8 — - ©0s5
o8 MEMORY
Aso— MATRIX  |— o0
A5 0— | | 16
o8 o007
691 cHaracTeR
A70—1 "pECODE [ ro i‘s
A30-—3~
AgOo— Eq E2
2
A10
Vce = 24
GND = 12
Pin Configuration
\J
] &[5
ap w[a]
o vl
= oxfm]

7x9 Row Scan, 128 Characters

Character Generator Operation—
6073, 6173

The intended application for the MM6073 is the generation of
128 USACII characters utilizing a readout system which generates
the characters vertically a 9 bit column at a time. Each 63 bit
character is composed of 7 distinct 9 bit lines. One of the 128
characters is selected by the 7 bit address applied to Ag thru Ag.
The particular 9 bit column within each character is determined
by the 3 bit address applied to Ag, A1 and A2. The binary address
000 on Ag, A1 and Ao provides a blank line for character line
spacing. The memory is enabled when both E{ and E2 are low
and Eg is high. '

Block Diagram—60/6173, 50/5173

8
00— COLUMN — 10 g;
Ay 0— — 11
DECODE - LD
Az0—5 13 8:
|| outpur |14
5 MEMORY BUFFERS |15 © 5
A3 = MATRIX [ e C %
Aqo— — 7 07
A5 O— —1 [—O0 Og
2| CHARACTER 18
AsO—1 "DECODE [ —o00
A7 0— 21[20 |19
Ano_23
80—
22 290
Ag E1 Ex Ej
Vece = 24
GND = 12

Pin Configuration

EA1 ~ VccE
] ~ |
ap o[
EAQ osﬂ
o or[a]
me o [a]
EGND °4E

7x9 Column Scan, 128 Characters

Character Generator Operation—
6074, 6174

The intended application for the MM6074 is the generation of 64
USACII characters utilizing a readout system which generates
the characters vertically a 9 bit column at a time. Each 63 bit
character is composed of 7 distinct 9 bit lines. One of the 64
characters is selected by the 6 bit address applied to Ag thru Ag.
The particular 9 bit column within each character is determined
by the 3 bit address applied to Ag, A1 and Ap. The binary address
000 on Ag, A1, and A provides a blank line for character line
spacing. The memory is enabled when both E1 and E» are low
and Eg3 is high.
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Standard Test Load

Ry
7500

MEMORY

OUTPUT

Input pulse amplitude = 2.5V
Input pulse rise and fall times must be 5ns between 1.0 volt
Rz and 2.0 volts.
15000
Speed measurements are made at 1.4V
Output loading is 6mA and 30pF as given in std. load.

L CL
[~ 30pF

Test Waveforms

N * g N

ENABLES

—_ ; |
ENABLE -X : ENA:B;,L;; lX Y
| | |
ox i X ox _—\—_/_
PR——— ] e

Ax = Any Address
Ox = Any Output

Fig. 1 Access Time Fig. 2 Enable Access Time and Recovery Time

Generation of the Letter “F”

——o
———o0
O | ascil INPUT FOR “F"
CHARACTER ———©
GENERATOR }————o
MM6071
A3
A2
A
Ao
07|0g|05|04|03|02|01 CLOCK
Ao|A1|A2|A3
ojojojo EEEEEEN_ | 4BIT
tejoje] WMOOOODOO COUNTER
oj1/o0]fo BOO0000 10F 16
REEAD BOOOOO0O | oecooer [als]c|o
0joj1 o EEEEROO
o[ o] WODODOO__ | e
o|t1]1]0 BOO0O0O0O0C
11| ]o BOOOCOOO — |
ojojojt ROO0000 — |

DECODE BINARY
9 AND RESET COUNTER
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7 x 9 Character Font* 50/5171, 60/6171

A “Filled In” Dot Represents a Low Memory Output
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7 x 9 Character Font™ 50/5172, 60/6172

A “Filled In” Dot Represents a Low Memory Output
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*The letters in parenthesis identify the control code corresponding to the appropriate 63 bit pictorial representation.
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B38;B1

$

@
5
&

B7 = Be.

*These representations were obtained from the USASI X 3.2 Code Practice Manual. Address Ag
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Bipolar Custom Character

Generator ROMs

52/6290, 52/6291, 52/6292, 52/6293

Features/Benefits

o Schottky—high speed 10MHz

¢ Specifically designed for custom 7 x 9 row scanand 9x 9
font character generators -

Up to 128 characters in one package

Low power dissipation—500mW

Standard packaging—24 pin dip

Single 5 volt supply '

125 ns max. access time

e o o o o

Applications
e A single package high speed bipolar replacement for slow
multiple package MOS character generators

A 9 x 9 font character has 9 outputs and 9 rows of columns per
character depending upon whether we are forming a row or
column scan. 9 words of a ROM with 9 outputs per row are
required for each character. 128 characters require an 1152 x 9
ROM which is the 5292/3, 6292/3.

83, Sp, 81, and Sg pins are used to scan through the 9 ROM
words per. character. This is usually implemented by. “short
counting” a 4 bit binary counter so that it counts from 0000 to
1000 (9 counts) continuously (See applications section). By thru
B7 are used to pick one of the 128 characters. B1 is the least
significant binary digit and B7 is the most significant binary digit.

L]

. g::t::;p;:r:u.ams The memory outputs are open collector and pullup resistors are

o LED arrays required. The enable E1, and E must both be low to activate the
T i part. A disabled part (E1 or Eo high) has high memory outputs

* ypeset.tmg permitting wire ORing or blanking.

¢ Navigation systems

Description

A 7 x 9 font row scan character has 7 outputs and 9 rows per
character. The character is formed one row at a time. 9 words of
a ROM with 7 outputs per word are required for each character.
128 characters required on 1152 x 7 ROM which is the size of the
5290/1, 6290/1. For custom column scan 7 x 9 characters con-
sult the standard bipolar 7 x 9 character generator data sheet.

Custom Character Generator Selection Guide

Custom Font , :

It's easy to go from custom font to the punched card or tape
format preferred by Monolithic Memories Inc. Several examples
are shown. We have arbitrarily assumed that a character
is formed by a series of low memory outputs in a background
of high memory outputs. The assumption, of course can be
reversed.

PART CHARACTERS
NUMBER MATRIX (MAX) SCAN OUTPUT TEMPERATURE PACKAGE

6290 7x9 ) 128 Row ocC (¢ N18
5290 7x9 128 Row oC M J18
6291 7x9 128 Row TS C N24
5291 7x9 128 Row TS M J24
6292 9x9 128 Row/Column oC (o} N24
5292 9x9 128 Row/Column ocC M J24
6293 9x9 128 Row/Column TS [¢} N24
5293 9x9 128 Row/Column TS M J24
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Absolute Maximum Ratings ‘ , Operating ~ Program
SUPPIY VOIREGE VG - ottt ettt e ettt et e et e -0.5Vto 7V v
INPUEVOIBGE -« .o et ettt et -1.5Vto 5.5V \
Off-state output voltage ............ ...ttt S —1.5Vto 5.5V Vv
Storage tempPerature FANGE .. ... ..o. vt iu ittt ettt e e —-65°C to 150°C

Recommended Operating Conditions

PAR MET R MILITARY COMMERCIAL Uﬁl T
SYMBOL AMETE MIN  NOM  MAX | MIN  NOM  MAX |-
Vee Supply voltage 45 5.0 55 4.75 5.00 5.25 \"
IoH High level output current -1.0 -20 mA
loL Low level output current ‘ 8 10 mA
TA Operating free air temperature -55 125 0 75 °¢
Electrical Characteristics
Over Recommended Operating Free Air Temperature Range
SYMBOL PARAMETER ' TEST CONDITIONS - MIN TYP MAX UNIT
VIH High-level input voltége : 2 v
ViL Low-level input voltage 0.8 v
Vic Input clamp voltage Ve = MIN, lj = —=5.0 mA -1.0 -15 v
: I Ve = MIN, ViR = 2V, lpL =10 mA 0.5
V Low-level output volt: - - \
oL ow-leve oot vortage ViL = 0.8V loL= 8 mA 05
] Input current at' maximum input voltage | Vcc = MAX, V| = 5.5V 1.0 mA
IH High-level input current Voo = MAX, V| = 2.4V 40 HA
L Low-level input current Vce = MAX, V| = 0.45V -250 nA
C Input capacitance . Voe = 5.0V,f =1MHz |V| = 2.0V 7.0° F
Co Output capacitance Ta = 25°C Vo =2.0V 8.0. P
<o oC 126 170
| Supply current Vee = mA
cC PRy edrrern. CC = MAX TS 133 180
OPEN COLLECTOR OUTPUT CURRENT; (
| icex | Output leakage current Vee = MAX, Vg = 2.4V | w 100 | pA |
THREE STATE OUTPUT ONLY
i Vce = MIN, Vg = 2V, .
VOH High-level output voltage cc 1H 24 Vv
VL = 0.8V, IoH = MAX
Off-st = =
lozH : state output curren‘t Vce = MAX, VIH = 2V, 100 LA
high-level voltage applied Vo =24V
Off-state output current Vece = MAX, ViH = 2V, .
lozL i , -100 kA
low-level voltage applied Vo = 0.5V
los Short-circuit output current Vce = MAX, Vo = 0V -20 -90 mA
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Switching Characteristics

Over Recommended Ranges of Tp and Vgc MILITARY COMMERCIAL
TA = —55°C to +125°C TA = —0°C to +75°C
SYMBOL PARAMETER Vee = 5.0V = 10% Vece = 5.0V = 5% UNIT
MIN MAX MIN MAX
tAA Address access time 150 125 ns
tEA Enable access time 85 75 ns
tER Enable recovery time 50 40 ns
Standard Test Load
MEMORY 5;0” Ve Input pulse amplitude = 2.5V
Input pulse rise and fall times must be 5ns between 1.0 volt

Leo Ry and 2.0 volts.

15000 Speed measurements are made at 1.4V
Output loading is 6mA and 30pF as given in std. load.

By TO By, ) ‘ By TO Bz,
SpTOS3 Sg TO S3

| |
ENABLE \ ! ENEL:_: \’ /
| | |
A o I
TaA ’. ~—TEA™™ |‘_TEHQI

Fig. 1 Access Time Fig. 2 Enable Access Time and Recovery Time
Ax = Any Address
Ox = Any Output

0x

|
i
-

Pin Configuration

5290/1, 6290/1 (7 x 9 Row Scan) 5292/3, 6292/3 (9 x 9 Row or Column Scan)
E So - Vce E E So el Vee E
e N af « [
E Bg sz E E Bg sz E
o [ - [
il =[ml G =[5l
E By NC E E By Og E
=] wld Gl 5|
il o [@ o o[
). [ - «[d
oS S e [
E GND 04 E E GND 04 E

Note 1): Sp, S1, Sp, S3 are used for the character scan.
2): Both enables must be low to activate the device.
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Custom Truth Table Coding—5290/1, 6290/1

The characters $, &, *, are shown below along with the ROM coding. A “filled in” dot is arbitrarily coded with a low (L)

7 x 9 ROW SCAN

b

CHARACTER ROM OUTPUTS FONT
SELECT WORD 07(06[{05({04|03({02( 01| O7 O O5 O4 O3 O2 Oy
B7|Bg|Bs| B4| B3| B2| By (DECIMAL)
LjLjLjLiLjL|tL r 0 HIH|L|H|JL|H|H|O O m O = O O
1 HiL|L|L|L|L|]L|O @ m ® ® m =
2 LIH|[L|H|L|H|H|®" O =« O ®m O O
3 LIHIL|H|L|H|H|®" O = O ®» O O
CHARACTER #1 < 4 H{L|L|L|JL|L|{H|O " m# m m ®m [
5 HIH|LIH|L|H|L|O O m O 8 O =
6 HIH|L|H|L|H|L|O O " O ® 0O =
7 LIL|L|JL|L|L|H(®m = m ®m m m O
k 8 HIH|LIH|L|H|H|O O =« O = O O
LfL|{LyL|LjL|H ( 9 HIL|LIHIH|H|H|O =« ®m 0O O O O
10 LIH/H|L|IH|H|H|m O O ® O 0O O
11 LIHIHIL|IHH|Hlm O O ® O O O
12 HIL|JL|{H|H|H|H|O " m 0O O O O
CHARACTER #2 < 13 H{L|L|{H|HIH|H|O m« ®m 0O 0O O 0O
14 LIH|/H|L|H|L|H|®m O O ®» O ®m O
15 LIHIH|H|[L|L|H|®" O OO ®u m 0O
16 LIH[H|HIH|L|H|® O O O O wm O
L 17 Hi{L|L|L|L|HIL|]O = # m ® 0O =n J
L L A . x x = E #: 4 A A T ) A B
H{H|H|{H|H|H|H ( 1143 HIHIH|L|H|H|H|O O O =" O O O
1144 LIH|/H|L|H|H|L|®" OO ® OO =
1145 HIL|H|L|H|L|H|O «m O ® O ® O
1146 HIH|L|J]L|L|JHIH|O O =« ® ® 0O O
CHARACTER #128 1147 H{H|H|L|H|HIH|O O O =« 0O O O
1148 H{HJ]L|L|{L|H|[H|O O m ®m ®m 0O 0O
1149 H{L|H|L|H|L|(H|O®™ O = O = 0O
1150 LIHIH{L|HIH|L|® OO ® OO =
\ 1151 HIH|H|L|H|H|H|O O O = O O O
Use of Custom Truth Table Form—5290/1, 6290/1
Truth table forms are available from Monolithic Memories upon OUTPUTS
request. For customers desiring to make their own forms an ex- WORD
ample is shown below coded to the 7 x 9 Row Scan example: NUMBER | PIN 16 | 15| 14 [ 13| 11 | 10| 9
07|06 | 05| 04| O3 | O2 | O
0 H H L H L H H
1 H L L L L L L
L] [ ] L] L] [ ] L] L ] [ ]
ziTgEh voltage on the data out lines is signified by an “H". A ® o ® ° ® ® ® °
low voltage on the datglout !ings is signified by an L The word o L] . L] [ . o [
gumr;:beerw grs:usr:\?s:pn:‘s'-l‘t::'_l&g:HOHr'\ the address pin so for ex- 1151 H H H L H H H

e —————————————————————————]
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Custom Truth Table Coding—5292/3, 6292/3

9 x 9 COLUMN SCAN 9 x 9 ROW SCAN
The characters $, &, *, can be seen in the font if this page is The 9 x 9 row scan translation would be similar to the 7 x 9 row
rotated 90° clockwise. A “filled in” dot is arbitrarily coded with scan previously shown except that there would be a 9 x 9 font for

a low (L). each character and outputs 8 and 9 in the ROM would be used
and coded.
CHARACTER ROM OUTPUTS FONT
SELECT WORD
B7|Bg|B5|Ba|B3[B2|B1 (DECIMAL)| ©9|08|©7|06|05/04/03]02/01/09 Og O7 Og O5 04 O3 02 O1
LiLjLfjLjL|LfL ( 8 |H|L|H|/H|H|L|LIHIH|O " OO O = ® OO0
7 HI{L|H|H|L|H|H|LIHIOm OO =« OO ® J
6 HIL|H|H|L|H|H|L|/H|O " OO ®m OO ® 0O
5 LiL|JL|L|LfL|JL|L|L|m @ @ @ @ @ m ®H ®
CHARACTER #1 < 4 HIL|H|H|L|H|H|L(H|O " OO =® OO ® O
3 LfLfLfLfLfL|LfL|L|m @ m m " & = B ®
2 H{L|H|H|L|H|H|L|H|O " OO s OO ® O
1 HILIH|H|L|H[(H|LIH|O " OO a8 OO m O
\ 0 HIH|L|L|IH|HIH|L|IH|IOO s ®m OO O ® O
LiL|L|LJL]JL|H ( 17 HIHIHIHIHIH|H|HIH|O OO OOOoaoaoaO
16 HIHIHIHIHIHIL|IH|IL|IDOD O OO OO " O A
15 HIHIHIHIHIH|L|L(H|IO O OO OO "R ® O
14 HIHIH|H|H|H|L|H|IL|IO O OO OO = O =
CHARACTER #2 < 13 HIL|L|L|L|L|H|H|L|O " @ m m m OO ®
12 LIHIH|L|L|H/H|H|L|m OO = ®m 000 =
11 LIH/HILILIH|H/H[L|m OO m m O OO =
10 LIHIH|L|L(H|H|L|/H/m OO = m OO m O
\ 9 H{L|L|H/H|{L|L(HHIO " ®m OO ® 8 0O
I T r [ I T i
H{H|H|H|H|HH ( 1151 HIHIHH|H|H|H|H|H|O O O 0O 0O 0O 0 0O 0
1150 HI{LIHIHIHIH|H|L|H|O " OO OO O & O
1149 HIH|LIHIH/H|LIHIHIO O m O OO ® OO
1148 HIHIH|L|H|LIHIHIHIO OO =" O ®m 0003
CHARACTER#128< 1147 L|LJL|L|L|L|L|L|{L|m @m @ ®m @ @ B ® B
1146 HIHIH|L|H|L|HIHIHIO O O™ O® O0OO
1145 HIH|L|HIH|/H|L|HIH|IO O® O OO ® 0O 0O
1144 HIL|H|HIH|H|H|L|H|O " OO O OO ® O
k1143 HIHIHIH|H|H|H|H|{H|O OO OOQOoOooao
Use of Custom Truth Table Form—5292/3,6292/3
Truth table forms are available from Monolithic Memories upon - OUTPUTS
request. For customers desiring to make their own forms an ex- WORD
ample is shown below coded to the 9 x 9 column scan example: NUMBER PIN 18171161514 113 |11 /10| 9
' Og| Og |07 |0g |O5 |04 |03 |O2 | O1
0 HIHJLJL|[H]|H]|H]|L]H
1 H|L|H|H|L|H|H]|L]|H
L] o L] L] L] .o L] L] [ ] o
xg;givvoltage on the data out lines is signified by an “H”. A low ? i R R I A I ¢
voltage on the data out lines is signified by an “L". The word L] L4 . L4 ° L4 L4 . L4 L4
:::;:;e‘rﬂ :f:‘:??sfﬁxﬁ :'?-‘g'LCH(:{I the address pin so for ex- 1151 H H H H H H H H H
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CRT Character Display Block Diagram

Vee VIDEO QUTPUT
T + _
DATA
mNpuT O WEnORY
s $33533Em
DATA
inpur O—1 MSEE%%V 1 I )
By 07 _
DATA SERIAL
INPUT MEEMoﬁv | Bg Og
o
Bs s PARALLEL
DATA O__ SERIAL REFRESH B4 04 SERIAL
INPUT MEMORY MEMORY cSERIAL
B3 03
DATA SERIAL I B o
input O—1  memory 2 2
By 04
DATA s3 S §1 Sp
et O wiEwoRy l >
DCB A | 3 y
DATA SERIAL gHARACTER = RESET poT ot
input O—1  JEwoRY cLock C COUNTER cLock COUNTER
COUNT FROM
BINARY 0000 TO 1000
Generation of the Character "$” in a 7x9 Row Scan
By O
Bg O
Bg O
By -0 | INPUTFOR"$"”
B
gumcren °
6297 B2 O
B —O cLocK
S3
S2
$1
Sp
O7 Og O5 04 O3 Oz Of
l ] l I I ‘ l PULL UP RESISTORS
ARE REQUIRED
So| S1|S2|S3
ofofolo I ) i pe— war nEsET
BINARY
1]op0)0 D.-...- —_— COUNTER
o] EOEOEO0 |
| MOROEO0 ] e
ojol1]e CONERERD
STATES
vt OOmRCEDOE ] %86
ofr|r]o OJOMCOHEDONE
ARARIE) (1] F111Im
ojojoft UOmOomod — 1

DECODE BINARY 8
AND RESET COUNTER









64-Bit (16

x 4)

Random Access Memory
5560/6560, 5561/6561

Features/Benefits

® Advanced Schottky processing.

® Low input current (250 wA maximum).

® Data outputs are off during a write cycle.
® Fully decoded and TTL compatible.

® Open collector or three state outputs.

® The 6560 is pin compatible with the 3101A.

Applications

e Scratch pad registers for accumulators and buffer

memories.
® Push down stacks.

Block Diagram

A 1 —
ay 18] ] —]
ADDRESS 1/16 16 X 4 BIT
ADDRESS ap 14| BUFFER DECODER |— MEMORY
ag ] —]
. . — 2
CHIPENABLE  CE WRITE,
WRITE ENABLE  WE 3|  sense amPLIFIER
_ 14 |6 J1oJ12]5 |7 |9 |11
Vece = 16 D1 D2D30401020304
GND =8 R i
DATA DATA
N out

Pin Configuration

EM bl VccE
] [l
o ofm]
e o3 [0
EGND ozl 9

DATA IN = DATA OUT

Selection Guide

Part Temperature
Number Package Output Range
6560 N16 oC 0°to +75°C
6561 N16 TS 0°to +75°C
5560 J16, F16 oc ~55°C to +125°C
5561 J16, F16 TS —55°C to +125°C

Package Drawings

N16 Plastic DIP

IVAVAVAVAYAWAYI
b ’ .240-.290
6.10-7.37
o1 8
RAYAYAYAYAYAYA!
070 000
1.77 —» —»| | .00
MAX. MIN.
.740-.790
18.80-20.07 el

.015-.060
8-1.52 =T

3
140
3.55 ?
MIN.

4.83
MAX.

\.120-.165
3.05-4.19

-

|-
.090-.110 .016-.020 .055-.065
2.29-2.79 .41-51 1.40-1.65
J16 Ceramic DIP
OO0 Mo n
16
.265-.300
.6.73-7.62
8
U | B | UT_J LJ o
070
— |- 1.78 00 |-
MAX.  755.790 MIN.
19.18-20.07
015-.035.
38-.89 F 190
4.83
150 MAX.
2 f .125-.165
;,‘JI 3.18-5.08
.090-.110  .016-.020
2.29-2.79 41-.51 140-165

UNLESS OTHERWISE SPECIFIED:

ALL DIMENSIONS MIN.-MAX. IN INCHES.

ko°-1su,\

280-.320
l‘zn-a.m”
k 190

\ .008-.012
°°'“3‘>\ .20-31

.290-.320
7.37-8.13

.008-.012
.20-.31

ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. .

5-
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Absolute Maximum Ratings

Supply voltage Vcc

Input voltage

Off-state output voltage
Storage temperature range

Recommended Operating Conditions

Operating

-0.5Vio7V -

.................... -1.5Vto 5.5V

.............. —1.5Vto 5.5V
—-65°C to 150°C

) METER MILITARY COMMERCIAL UNIT
SYMBOL PARAMETE MIN NOM  MAX | MIN  NOM  MAX
Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 \
I0H High level output current -3.2 -3.2 mA
loL Low level output current 10 15 “mA
TA Operating free air temperature -55 125 0 75 " °C
Electrical Characteristics
~ Over Recommended Operating Free Air Temperature Range
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VIH High-level input voltage vVce = 5.0V 2 \
ViL Low-level input voltage Vce = 5.0V 0.8 \
Vic Input clamp voltage Vcec = MIN, || = —=5.0 mA -1.0 \
' Vee = MIN, Vi = 2V, |loL=10 mA 0.5
V Low-level output volt Vv
oL w-ievel oulput vollage VIL = 0.8V IoL=15 mA 0.5
[] Input current at maximum input voltage | Vcc = MAX, V| = 5.5V 1.0 mA
IH High-level input current Vce = MAX, V| = 2.4V 40 MA
TN Low-level input current Vcc = MAX, V| = 0.45V —250 nA
C| Input capacitance Ve =5.0V,f=1MHz |V| = 2.0V 7.0 F
Co Output capacitance TA = 25°C Vo = 2.0V 8.0 P
Vce = 5.0V inputs oC 70 105
| Suppl nt A
cCc upply curre Gnd and outputs open |TS 75 125 m
OPEN COLLECTOR OUTPUT CURRENT
ICEX Output Leakage Current Vce = MAX, Vo = 2.4V 100 rA
THREE STATE OUTPUT ONLY
Vee = MIN, Vi = 2V, '
VOH High-level output voltage cc IH 24 \
ViL = 0.8V, IoH = MAX
ff-st t Vce = MAX, ViH = 2V,
lozh O state outpu! curren.t Cq H 100 uA
high-level voltage applied Vo = 24V
Off-state output current Vce = MAX, VIH = 2V,
lozL , o -100 | wA
low-level voltage applied Vo =05 .
los Short-circuit output current Vce = 5.0, Vo = 0V -20 -90 mA
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Switching Characteristics
With Standard Load (Fig. 1)

5560/5561 6560/6561
5.0V * 10%, —55 to 125°C | 5.0V = 5%, 0 to 75°C
SYMBOL PARAMETER FIGURE MIN MAX MIN MAX UNIT
TAA Address access time 2 10 75 10 50 ns
TEA Enable access time 2 5.0 40 5.0 35 ns
TER Enable recovery time 2 5.0 35 5.0 35 ns
TwpP Write pulse width* 3 50 35 ns
TwH Write enable to output high time 3 50 35 ns
TDwWo Data in and write enable overlap time 3 50 35 ns
Address to write enable set-up time 3 0 0 ns
Address to write enable hold time 3 0 0 ns
Chip enable to write enable set-up time 3 10 10 ns
Chip enable to write enable hold time 3 0 0 ns
*Write recovery time is less than TAA
5561/6561 ONLY
TON Chip enable to low impedance delay 5 5 ns
TOFF Chip enable to high impedance delay 35 25 ns

Standard Test Circuit
Standard Load

(Commercial)

300 0
Vee © AV -0 OUTPUT

B L : Input Pulse Amplitude = 2.5 V
T-30pF S 6000 Input Rise and Fall Time
] 5.0ns From1.0Vto20V
Measurements Made at 1.50 V

Figure 1
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5560/6560, 5561/6561

Waveforms

Write Cycle

Read Cycle

ADDRESS TO OUTPUT DELAY

—— e —
Ao, A1, A2, Ag )
w—

CHIP ENABLE =t

Ao, Ay, A2, A3
p—

CHIP ENABLE

04, 02, 03, 04 meeee

Data may
change

1
1

e

, D2, D3, D,
CHIP ENABLE TO OUTPUT DELAY Ot D2, 03, Da

| S ol

le———Twp———>

R:SET UP TIME /

1 HOLD TIME —

04,02,03,04
TwuL:/

Ag, A1, A2, A3 WRITE ENABLE

=(TAA—TEA)

CHIP ENABLE INPUT

e

I

01,02, 03, 04

Figure 2 Figure 3
Functional Table
CHIP ENABLE | WRITE ENABLE | OPERATION DATA OUTPUTS

LOW Low WRITE 5560/6560 OFF :

o 5561/6561 | HIGH IMPEDANCE STATE
LOW HIGH READ COMPLEMENT OF WRITTEN DATA
HIGH DON'T CARE HOLD 5560/6560 OFF

5561/6561 | HIGH IMPEDANCE STATE

Memory Expansion Rules

1. TO EXPAND THE NUMBER OF BITS IN THE WORD:

Tie corresponding address pins together, tie write enable
pins together, and bring data in and data out independently.
TO EXPAND THE NUMBER OF WORDS:

Tie corresponding address pins together, tie write enable
pins and corresponding data in and data out pins together,
and use the higher order system addresses in conjunction
with the chip enable to pick one row of packages.

Memory Operation

READ: The memory is addressed with the Ag—Ag3 inputs which
selects one of the 16 words. The chip is enabled by
making the chip enable LOW. If the chip enable is HIGH
chip is disabled. If the write enable is HIGH and the 2.
chip is enabled the stored data is read out on the data
out pin. The data read out is the COMPLEMENT of the
data written in during the write cycle.

The memory is addressed with the Ag—Ag inputs which
selects one of the 16 4-bit words. The chip is enabled
as in the read cycle. If the write enable is LOW the data
on the data input pin is written into the addressed word.
The data out pins of the memory during the write cycle
will be kept OFF in the case of the 5560/6560 and in
the third state (high impedance state) for the 5561/
6561, by control of internal circuitry. Some memory
devices may write in as fast as 10 ns so address and
write enable timing must be carefully controlled, when
the memory is operated with the enable activated
throughout the cycle.

S —————————
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Low Power 64-Bit (16x4)
Random Access Memory

L5560/L6560,L5561/L6561

Features/Benefits Selection Guide
e Typical power dissipation of 125 mW. Part Temperature
® 100 n maximum access time over 0°C to 75°C and +5%
Number Pack Output Ran
voltage variation (L6560/L6561). um acrage upu 9e
® 120 ns maximum access time over —55°C to 125°C and L6560 N16 oC 0°to +75°C
+10% voltage variation (L5560/L5561). L6561 N16 TS 0°to +75°C
® Low input current (125 «A maximum). L5560 J16, F16 oc —55°Cto +125°C
o Single layer metal for reliability. L5561 J16. F16 T8 —55°C to +125°C
® Open collector or three state outputs.
® The L6560 is pin and performance compatible with the
siLo1. Package Drawings
Applications N16 Plastic DIP

® Scratch pad registers for accumulators
and buffer memories.

® Push down stacks.

Block Diagram

Ag —
A 18] — —
ADDRESS 116 F—11examrr
ap 14| BUFFER' [| DECODER [—] MEMORY
Az 13 — —
= 2
CE WRITE,
WE 3|  SENSE AMPLIFIER
Vcc =PIN 16 14 |5 |6 [7 [10]e [12]11
GND = PIN 8 D101D202D303D404

Pin Configuration

\VAYAVAVAVAWAY
16 9
.240-.290
O 6.10-7.37
o1 8
FAVAYAYAVAVAVAY
070 .000
1.77 —> —>| |« .00
MAX. MIN.
.740-.790
<~ 18.80-2007
.015-.060
as 152 [T-J W
4.83
140 y MAX.
'3.55 A 120-.165
MIN. _ Y305-419
oso 11o o1s ozo .055-.065
2.29-2.79 .41-51  1.40-1.65

J16 Ceramic DIP

ﬂ[_ll_\f_l{_lﬂﬂﬂ

oisiciciclioiclia)
M EEEE

16
.265-.300
6.73-7.62

1 8
jREpEpERERERERE
070 .000
—| |- 178 .00 e
MAX.  755.700 MIN.
19.18-20.07 >
015-.035
38-.89 [ 190
‘ 4.83
s MAX.

A

281 | 4 125-165

MIN. ! 3.18-5.08

od L

.090-.110
2.29-2.79

.016- 020
41-.51

055- 065
1.40-1.65

UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES.
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS.

I P

280-.320
7.11-8. 13"

- ho_1a0 .008-.012
0 "—’\ .20-.31

.290-.320
7. 37-8 13

.008-.012
.20-.31




L5560/L6560, L5561/L6561

Absolute Maximum Ratings Operating
SUPPIY VORBGE VTG - -t v ottt ettt et e e et e e s —0.5Vto 7V
1T o T R o 1 - Ve - P —1.5Vto 5.5V
Off-state OUtPUL VORAGE ... ... ..o e e —-1.5Vt0 5.5V
Storage temMPEratUure FANGE .. ... ...ttt ettt e ettt e e e e e e e e e e e —65°C to 150°C
Recommended Operating Conditions
MILITARY COMMERCIAL UNIT
SYMBOL PARAMETER MN NOM  MAX | MIN  NOM  MAX
Vce Supply voltage 45 5.0 5.5 4.75 5.00 5.25 \"
loH High level output current -1.6 -1.6 mA
loL Low level output current 4.8 4.8 mA
TA Operating free air temperature ~55 125 0 75 °C
Electrical Characteristics
Over Recommended Operating Free Air Temperature Range
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ViH High-level input voltage Vce = 5.0V 2 \
ViL Low-level input voltage Vce = 5.0V 0.8 \
Vic Input clamp voltage Vce = MIN, I = =5.0 mA -1.0 \
Vee = MIN, Vi = 2V,
Vi Low-level output volt 0.5 \
oL ow-level output voltage ViL = 0.8V loL= 48mA
Iy Input current at maximum input voltage | Vcc = MAX, V| = 5.5V 1.0 mA
IIH High-level input current Vce = MAX, V| = 2.4V 40 nA
TN Low-level input current Vce = MAX, V| = 0.45V -125 nA
Ci Input capacitance Vce =5.0V.f=1MHz |V = 2.0V 7.0 F
Co Output capacitance Ta = 25°C VO = 2.0V 8.0 P
Vce = 5.0V inputs L6560, 61 25 48
1 Supply current mA
cC PRl Gnd and outputs open | L5560, 61 25 54
OPEN COLLECTOR OUTPUT CURRENT
ICEX Output Leakage Current J Vce = MAX, Vo = 2.4V 100 l HA I
THREE STATE OUTPUT ONLY
. Vee = MIN, ViH = 2V,
V High-level output volta 24 \
OH 9 e g8 ViL = 0.8V, IoH = MAX
lozH fo—state output curren.t Ve = MAX, VIH = 2V, 100 A
high-level voltage applied Vo = 2.4V
Off-state output current Vee = MAX, VIH = 2V,
lozL : ce —-100 | wA
low-level voltage applied Vo =05
los Short-circuit output current Vce =5.0,Vo =0V -20 -90 mA
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L5560/L6560, L5561/L6561

Switching Characteristics
With Standard Load (Fig. 1)

L5560/L5561 L6560/L6561
5.0V + 10%, —55 to 125°C | 5.0V * 5%, 0 to 75°C
SYMBOL . PARAMETER FIGURE MIN MAX MIN MAX UNIT
TAA Addréss access time 2 20 120 20 100 ns
TEA Enable access time 2 10 90 10 65 ns
TER Enable recovery time 2 10 90 10 65 ns
TwpP Write pulse width * 3 125 80 ns
Tbwo Data in and write enable overlap time 3 125 80 ns
Address to write enable set-up time 3 0 0 ns
Address to write enable hold time 3 0 0 ns
Chip enable to write enable set-up time| 3 20 20 ns
Chip enable to write enable hold time 3 0 0 ns
TwWH Write enable to output high 3 100 75 ns
“Write recovery time is less than Taa
5561/6561 ONLY :
TON Chip enable to low impedance delay 5 5 ns
TOFF Chip enable to high impedance delay 75 55 ns
Standard Test Circuit
Standard Load
450 Q
Vee © ANV- 0 OUTPUT

Input Pulse Amplitude = 2.5 V
g 75002 Input Rise and Fall Time

5.0 ns From1.0Vto 20V
Measurements Made at 1.50 V

AY!

~ 30 pF

AAA

1k
r

Figure 1



L5560/L6560, L5561/L.6561

Waveforms

CHIP ENABLE INPUT

Read Cycle

ADDRESS TO OUTPUT DELAY

o — g
Ao, Ay, A2, A3 ) ¢ x
— N —

-<(TAA—TEA)
CHIP ENABLE —

[ e—TaA—>| TAA

01, 02, 03, 04 =

CHIP ENABLE TO OUTPUT DELAY

Ag, A1, A2, A3

=(Taa—TEA)

04,02, 03,04

Write Cycle

Ag; A1, A2, A3
-

CHIP ENABLE

Data may
change

Dy, D2, D3, Dg

WRITE ENABLE

Tr

HOLD TIME —<>|

Figure 3

Functional Table

CHIP ENABLE | WRITE ENABLE | OPERATION DATA OUTPUTS

LOW Low WRITE

L5560/L.6560 OFF
L5561/L6561| HIGH IMPEDANCE STATE

LOW HIGH READ

COMPLEMENT OF WRITTEN DATA

HIGH DON'T CARE HOLD

L5560/L6560 OFF
L5561/L6561| HIGH IMPEDANCE STATE

Memory Operation

READ:

WRITE:

The memory is addressed with the Ag—Ag inputs which
selects one of the 16 words. The chip is enabled by
making the chip enable LOW. If the chip enable is HIGH
the chip is disabled. If the write enable is HIGH and the
chip is enabled the stored data is read out on the data
out pin. The data read out is the COMPLEMENT of the
data written in during the write cycle.

The memory is addressed with the Ag—Ag inputs which
selects one of the 16, 4-bit words. The chip is enabled
as in the read cycle. If the write enable is LOW the data
on the data input pin is written into the addressed word.
The data out pins of the memory during the write cycle
will be the complement of the data inputs for the L5560/
L6560 (assuming a pullup resistor is attached) and in
the third state (high impedance state) for the L5561/
L6561. Some memory devices may write in as fast as
15 ns so address and write enable timing must be care-
fully controlled, when the memory is operated with the
enable activated throughout the cycle.

Memory Expansion Rules

1. TO EXPAND THE NUMBER OF BITS IN THE WORD:
Tie corresponding address pins together, tie write enable
pins together, and bring data in and data out independently.

2. TO EXPAND THE NUMBER OF WORDS:
Tie corresponding address pins together, tie write enable
pins and corresponding data in and data out pins together,
and use the higher order system addresses in conjunction
with the chip enable to pick one row of packages.
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64-bit (16x4)

Edge Triggered Register

75568/85S68

Features/Benefits

e On chip output register.

e Edge triggered write.

e High speed 30 ns typ.

o Tri-state output.

e Both military (75568) and commercial (85568) operating
temperature ranges.

Optimized for register stack applications.

Pin and performance compatible with the National part.
18-pin package.

Description’

The 85868 is an addressable “D” register file. Any of its 16 four-
bit words may be asynchronously read or may be written into on
the next clock transition. An input terminal is provided to enable
or disable the synchronous writing of the input data into the
location specified by the address terminals. An output disable
terminal operates only as a tri-state output control terminal. The
addressable. register data may be.latched at the outputs and
retained as long as the output store terminal is held in a low
state. This memory storage condition is'independent of the state
of the output disable terminal.

All input terminals are high impedance-at all times, and all out-
puts have low impedance active drive logic states and the high
|mpedance tri-state condition.

Applications
The 85S68 can enhance the dynamic performance of a TTL
processor, since it may safely operate using single phase

clocking instead of the multiphase clocking systems being used -

currently.- This simple feature not only enhances the system’s
dynamic performance, since multiple levels of registers need not
be activated, but also reduces component count by elimination
of one set of buffer registers.

Pin Configuration

EDz v Vee |18 ‘
EDL; : Daﬂ
] » os 6]
EA3 CLKE
EA, 5§E
Em ODE
o o
e o[

Selection Guide

5 — T
Ag D E “Jworp 15

OUTPUT

Part Temperature
Number Package Output Range
85568 N16 TS 0°to +75°C
75S68 Ji16 . TS —55°C to +125°

Loglc Diagram

WRITE CLOCK INPUT DATA INPUTS
CLK Dy Do D3 Dy
14 ? 2 1 17 16

WRITE ENABLE

o SRS |
R ) 0 O O

. D

EDGE TRIGGERED WRITE

Y

16x4 MEMORY CELL ARRAY

]

STORE

DISABLE

12
oD O->01
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75568 /85568

Absolute Maximum Ratings

Supply VOIRAGE VGG -« v vt B S e e
INPUELVOIAGE * ... oo

Off-state output voltage .....................

- Storage temperature range

Recommended Operating Conditions '

Operating
—0.5Vto 7V
—1.5Vto5.5V
—1.5Vto 5.5V
—65°C to 150°C

PARAMETER MILITARY COMMERCIAL ’ UNIT
SYMBOL ] MIN NOM MAX MIN NOM MAX
\/ole} Supply voltage 4.5 5.0 5.5 4.75 5.00 525 \
I0H High level output current -5.2 ! —-5:2 ‘mA
loL Low level output current 16 16 mA
TA Operating free air temperature - =55 125 0 75 °C
Electrical Characteristics
Over Recommended Operating Free Air Temperature Range
SYMBOL PARAMETER - TEST CONDITIONS MIN TYP MAX UNIT
ViH High-level input \)oltage 2 \
ViL Low-level input voltage 0.8 \
Vic Input clamp voltage - Vce = MIN, I = —18mA -1.2 \
{ Vce = MIN, Vig = 2V
% : ) 0.
VoL Low-level output voltage VIL = 0.8V, loL = MAX 50 \
Input current at maximum
I P Ve = MAX, V| = 5.5V 10 | ma
input voltage
Vce = MAX Clock input 50 .
1 High-level input t A
H igh-level Input eurren V) = 2.4V All others 40 K
: Vce = MAX Clock input -500
I Low-level input t A
I owrleve’ Mpul curren V| =0.5V All others —-250 H
C Input capacitance Ve = 5.0V V) = 2.0V 7.0 ’ oF
Co Output capacitance = 1MHz, Ta = 256°C{Vp = 2.0V 8.0
Icc Supply current Vce = MAX 70 100 mA
THREE STATE OUTPUT
S ; Vce = MIN, Vi = 2V
"V ’ High-level output volt: 2.4 \%
OH igh-level output voltage VIL = 08V, IoH = MAX )
Off-state output current Vce = MAX, ViH = 2V .
lozH . . cC IH 40 WA
high-level voltage supplied Vo = 2.4V
Off-state output current Vce = MAX, VIH = 2V
IozL P! . cC IH —40 A
low-level voltage applied Vo = 0.5V !
los Short-circuit output current Vce = MAX, Vo = 0V -20 -55 mA
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75568/85S68

e —————————

Switching Characteristics
Over Recommended Operating Range of Ta and V¢e

85568 75568

SYMBOL PARAMETER MIN TvP MAX MIN TYP MAX UNIT
tzH Output enable to high level 20 35 20 ns
tzL Output enable to low level 14 24 14 ns
tHz Output disable time from high level 10 15 10 . ns
ttz Output disable time from low level 12 18 12 ns
tAA Address to output 30 40 30

tDSA Access time| Output store to output 20 30 20 ns
tCcA Clock to output 25 40 - 25

tASC Address to clock 15 5 5

tDSC Data to clock 5 5 5

tASDS Set-up time | Address to output store 30 0 0 ns
tWESC Write enable set-up time 5 15 15

tDSSC Store before write (t10) 10 0 0

tAHC Address from clock 10 5 5

tDHC Hold time Data from clock 15 5 5 ns
tAHDS Address from output store 5 0 0

tWEHC Write enable hold time 15 5 5

Functional Table

Op | WE | CLK | Og MODE OUTPUTS
0 X X 0 | Output Store Data From Last Addressed Location
X | o | I | X |WriteData Dependent on State of OD and OS
0 X X 1 Read Data Data Stored in Addressed Location
1 X X 0 | Output Store High Impedance State
1 X X 1 | Output Disable | High impedance State

Test Circuit

CL = 5.0 pF for tHz, tL.7

CL = 30 pF for all others

CL includes probe and jig capacitance
All diodes are 1N3064

OuTPUT

DM85S68 cL

7
|I‘——)I———I




75568 8586

Switching Waveforms

Write Cycle e Read Cycle

ADDRESS ~—Tm : ADDRESS ———— e ———
INPUT 1.8V 1.5V ; RESS st¥ .
- - - ___’_,,\‘
thse tAHC . ‘—‘AA‘-l
T e — — — — —
et A OUTPUTS X .
[ —— [ ———

Figure 4. Address to Output Access Time

OuTPUT
STORE 18V

'Dssc~‘-—l
’ |- —
ENABLE 15V X
P p———
lwsst«»

r
|
I
1
1

WRITE
cLocK 18V
twenc—L—o
Figure 2. Clock Set-Up and Hold Time ADDRESS
OUTPUT N‘ F
STORE 1.5V 1.5V
‘ASDS—‘—J L*'DSA“’

iy |- -
OUTPUTS 1,5v* *1‘5v
. N o o m —— -

Figure 5. ‘Output Store Access, Set-Up and Hold Time

—
DATA 5&
INPUT 5V

—— -

WRITE (
cLocK 18V
L‘CA—-—
—_—

OUTPUT
OUTPUTS 15V OoABLE 18V 15V

\;\_t

Figure 3. Clock to Output Access 1.5V

VoL
OUTPUT
VOH et

0.5V

) 1.5V ‘
. tHz [<—tzH—>|

Figure 6. Output Enable to Disable Time

NOTE: Input waveforms supplied by pulse generator having the following characteristcs: V = 3.0V, tg <2.5ns, PRR <1.0 MHz and
ZoyT = 50M.
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64-Bit Random Access Memory

(Non-inverting)
29700, 29701

Features/Benefits

¢ Fully decoded 16-word x 4-bit Schottky technology high-
speed RAM.

¢ Ultra fast access time typically 17ns

¢ Non-inverting

o Available with three-state outputs (29701) or with open
collector outputs (29700).

¢ Pin compatible with AMD‘s AM29700 01 respectively

Applications

e Scratch Pad registers for accumulators and buffer -

memories
* Push down stacks

Block Diagram

Ao )

3 :
A0~

28 16 x 4 MATRIX

o OF STORAGE CELLS
A2 0— >

33

P13
A3z0 g
DpO——————— ™

— e/
D1O- jl 'L
D2 0— 'l ‘r
D30 1 )—
K———o} 114
éao !)31 4532

Description

The 29700.and 29701 are 64-bit RAMs built using Schottky
diode clamped transistors and are ideal for use in scratch pad
and high-speed buffer memory. applications. Each memory is
organized as a fully decoded 16-word memory of 4 bits per word.
Easy memory expansion is provided by an active LOW chip
select (CS) input and open collector OR tieable outputs (29700)
or three-state outputs (29701). Chip selection for large memory
systems can be controlled by active LOW output decoders.

An active LOW Write line WE controls the writing/reading opera-

tion of the memory. When the chip select and write lines are
LOW the information on the four data inputs Dg to D3 is written

into the addressed memory word.

Reading is performed with the chip select line LOW and the
write line HIGH. The information stored in the addressed word is
read out on the four outputs Og to O3.

During the writing operation or when the chip select line is HIGH"
the four outputs of the memory go to an inactive high impedance

‘state.

Selection Guide

PART . _ | TEMPERATURE
NuMBer | PACKAGE | oUTPUT RANGE
29700NC | N16 oc | occto+75°C

~29700JC J16 oc 0°Cto +75°C
29701NC N16 TS 0°Cto +75°C
29701JC J16 TS 0°C to +75°C
297004M J16 OC |-55°Cto +125°C
29700FM F16 OC- |-55°Cto +125°C
297010M | J16 TS |-55°Cto +125°C
29701FM F16 TS  |-855°C to +125°C

Pin Configuration

[ vee [16]
Ec‘s A1E
= & m|
o -~
=] oa[17]
]~ os [11]
o ol
EGND 023‘,
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29700, 29701

Absolute Maximum Ratings

Operating

SUPPIY VORAGE VG + - vttt ettt ettt ettt ettt et s ettt et e e e e e e e e N
INPUL VORAGE ... i e s 5.5V
Off-state output VORAGE . ... ..t s T e 5.5V
Storage temperature TaNgE .. .............iuiueinouene et —65°C to 150°C
Recommended Operating Conditions
MILITARY COMMERCIAL
SYMBOL PARAMETER MIN NOM “MAX MIN NOM MAX UNIT
Vce Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 \
IoH High level output current -2.0 -5.2 mA
loL Low level output current 16 20 mA
TA Operating free air temperature —55 125 0 75 °C
Electrical Characteristics
Over Recommended Operating Free Air Temperature Range
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VIH High-level input voltage 2.0 \
ViL Low-level input voltage . 0.8 \"
Vic Input clamp voltage Vcc = MIN, |} = —18 mA -1.2 \'
Vce = MIN, Vi = 2V, loL =8 mA 0.45
V Low-level output volt
oL ow-level output voltage Vil = 0.8V oL = T0mA 05 \'
" In;‘)ut current-at maximum VGG = MAX, Vi = 5.5V 1.0 mA
input voltage
[I[¥] High-level input current Vce = MAX, V| = 2.4V 10 RA
liL Low-level input current Vce = MAX, V| = 0.4V 100 nA
Ci Input Capacitance Vce = 5.0V, f =1 MHz V) = 2.0V 6 pF
Co Output Capacitance TA = 25°C Vo = 2.0V 8 pF
Icc Supply current Vce = MAX; All inputs GND. 75 105 mA

OPEN COLLECTOR OUTPUT CURRENT

I ICEX I Output Leakage Current

Vce = MAX, Vo = 2.4V

THREE STATE OUTPUT ONLY

Vce = MIN, ViH = 2V,
VOH | High-level output voltage VlciC= 08V loLH= A 24 36 v
lozH fo-state output curren't Vce = MAX, VIH = 2V, 40 WA
high-level voltage applied Vo = 2.4V
lozL Off-state output currefn Vce = MAX, VIH = 2V, —40 wA
low-level voltage applied Vo = 0.4V
los Short-circuit output current Vce = MAX —-20 —45 -90 mA

; _ _ - -
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29700, 29701

Switching Characteristics Over Operating Range (uniess otherwise Noted)

A.C. TYP COM’L MIL
1
PARAMETERS DESCRIPTION TEST CONDITIONS | (NOTE 1)| MIN MAX [ MIN MAX UNITS
tPLH(A) Delay from Address to Output See Fig. 2 15 25 | 30 ns
tPHL(A) '

tpzH(CS) Delay from Chip Select (LOW) to
tpzL (CS) Active Output and Correct Data
tpzH(WE) Delay from Write Enable (HIGH) .
to Active Output and Correct Data |See Fig. 1 12 20 25 ns
tpzL (WE) (Write Recovery—See Note 2)
Set-up Time Address (Prior

See Fig. 2 10 15 20 ns

A See Fig. 1 -6.0 0 .
tsA) to Initiation of Write) ee o . 0 "
Hold Time Address (After Fig. 3 test load
th(A) L ] See Fig. 1 (measured to -25 0 0 ns
Termination of Write) output = 1.5V)
1 ) Set-up Time Data Input (Prior to See Fig, 1 9.0 20 25 ne

Termination of Write)

Hold Time Data Input (After )
th(DI See Fig. 1 —4.0 0

h(d)) Termination of Write) i 0 ne

Min. Write Enable Pulse Width to

t Fig.
pw(WE) Insure Wite See Fig. 1 10 20 25 ns
tpHz(CS) Delay from Chip Select (HIGH) to )

— See Fig. 2 1
pLz([CS) | Inactive Output (HI-2) ee s 0 15 20 | ns
tpLz(WE) Delay from Write Enable (LOW) See Fig. 1 12 20 25 ns

tpHZ(WE)  |to Inactive Output (HI-Z)

Notes: 1. Typical limits are at Voo = 5.0V and Tp = 25°C.
2. Output is preconditioned to data in (non-inverted) during write to insure correct data is present on all outputs when write is
terminated. (No write recovery glitch)

Switching Waveforms

Key to Timing Diagram

ADDRESS * XXX XXNNX - sy
Ag-3 RO RRIRIRAN ™ WAVEFORM INPUTS OUTPUTS
~ | P WIS W
- © 3 D\ o 1sv —
AN ARRRRRARNY V4 ‘ WILL BE
p— MAY CHANGE CHANGING
: |~—ts(A)—>| o fe—tpw(WE)—| FHOM HTOL FROMHTOL
WE 15V MAY CHANGE WILL BE
CHANGING
! m FROMLTOH EpoMLTOH
15(DI) th(Dl)
OO A A A T OO OO OTOTOTA AN 15V m ANY CHANGE STAYE o
Do R o A RS ' PERMITTED - UNKNOWN
i MAX->+tpLZ(WE AX tpZH(WE) CENTER
X MIN—> : .:,':'éﬁ MIN tpzL(WE) % DOES NOT  LINE IS HIGH
_ - s 7 APPLY IMPEDANCE
0.3 ___( , “OFF"-STATE
- ' V/ 1900 4 ARRARRN

Write Cycle Timing. The cycle is initiated by an address change. After tg(A) min., the write enable may begin. The chip select must also
be LOW for writing. Following the write pulse, th(A) min. must be allowed before the address may be changed again. The output will be
inactive (floating for the 27S03A) while the write enable is LOW.

Figure 1.
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29700, 29701

Switching Waveforms (Cont.)

AP““E:g s ADDRESS X ADDRESS | X DDRESS 1.5V
€8s \ UJ_ \ 1.5V
tpL2(CS) _
MAX-=tpzH(CS)™| [*——tPHL(AIMAX MAX—>] MAX>|  [«———MAX—>] |<—MAX tpHz(CS)
[«—MIN_ | — MIN MIN MIN->| < — | tpLH(A) MIN 4<—o>]
= tpz (CS) | MIN 7
Oo-3
L T IL T L ; I ; I , — : I : i
OUTPUT  READ A HIGH READ A LOW IN DISABLE ENABLE READ A HIGH DISABLE
DISABLED IN ADDRESS ADDRESS k OUTPUT OUTPUT IN ADDRESS | OUTPUT

Switching delays from address and chip select inputs to the data output. For the 29701 disabled output is “OFF”, represented by a
single center line. For the 29700, a disabled output is HIGH. )

Figure 2.
Test Load
Open Collector TEST 7 S1a v Three-State
29700 Q POINT | «©o 29701
' < 3000 |
Sy is closed for ] T Sy is closed for
all A, toss. FrguTeyT oS ~ all AG. toss
Note that tpHz(CS) 1€ <6000 i except tpHz(CS)
and tpHz(WE) T <sptd s T™ i and tpHz(WE) where
parameters do not S1 is open and jig
apply to 29700 = capacitance (Cy) is
where disabled < 5pfd.
output is HIGH. Figure 3.
Basic Memory Cell Truth Table
DATA ¥’ DATA ‘0’ INPUTS OUTPUTS
I I &S WE D | Ojttn) MODE
WORD.LINE == ~— - H L L off No Selection
H L H Off No Selection
H H X Off No Selection
L L L Off Write ‘0’
L L H off Write ‘1’
L H X Di(tn-x) Read
Note: The 29700 output is at a high impedance level at all times
except when reading a LOW.

| o H = HIGH Voltage Level
| [ L = LOW Voltage Level
TO SENSE OFF = HIGH Impedance
AMPLIFIER
AND OUTPUT
BUFFER
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29700, 29701

Input/Output Interface Conditions
Voltage Interface Conditions—LOW & HIGH

g
Q 30 yiNnmum LoGIC
T 28 “HIGH" OUTP
» 26
o 24
o 221 ViHy
-4 20 —
w 18f MINIMUM LOGIC
g 16E “HIGH” INPUT DRIVING VoH, ViHy DRIVEN
5 14 o— o —— ————— o o
2 12 - DEVICE VoL, ViL, DEVICE
R o
g [ Low v, MAXIMUM LOGIC
£ 08 VOLTAGE __ Ohi : “LOW"” INPUT
5 o2k NOISE VOLTAGE
[ Y — IMMUNITY -
3 DRIVING DEVICE (Low level) DRIVEN DEVICE
Current Conditions—HIGH State Current Conditions—OFF State Current Conditions—LOW State
OuTPUT | INPUT OUTPUT | INPUT
Vee Vec  Vee Vee Vee
| s | 3
| <> ' <
1oH o ICEX AT VoL | wi v
| OFF
ON I FF OFF l
| l
o | Oy OFF o |
OFF I H ey OFF| ON |
| ?__ ICEX AT VOH o |
= | = = = | =
Note: 29700 open collector. Note: 29700 open collector.
Loading Rules (In TTL Loads)
OUTPUT DRIVE
INPUT/OUTPUT | PIN NO.’S | INPUT (29701)
LOADING| HIGH LOW
Notes AO 1 .25 —_ —
1. The 29701 output has active circuitry for both logic levels and requires no cs 2 o5 _ _
external pull-up resistor. .
2. For a good DC noise margin with the 29700 a pull-up resistor can be used. WE 3 25 - -
Limits of R in kQ are given by Do 4 25 — —
Vce — VOH required R '> Vce - VoL required Oo 5 —_— 130 125
NICEX + NIIH loL - NiiL Dy 6 25 — —
Where n is number of OR tied outputs
N is the number of TTL units loads driven. 01 7 130 12.5
3. Address and data lines can be interchanged within their respective groups GND 8 - - —
for ease of P.C. layout without effecting device operation. - 02 9 — 130 125
4. Since for a given pattern on the address lines reading and writing are per- 02 10 25 — —
formed on the same actual memory word, the address lines can be driven by ’
any mixture of assertion or negation of the variables making up the address O3 11 — 130 125
freld. D3 12 25 - =
A3 13 25 —_ —
Ao 14 .25 _— —
Aq 15 25 — —
vVce 16 — = —_

A TTL unitload is —1.6mA at 0.4V and 40uA at 2.0V. The 29700
has open collector outputs; the output drive in the HIGH state is
determined by an external pull-up resistor.
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64-Bit Random Access Memory

(Inverting)
29702, 29703

Features/Benefits

* Fully decoded 16-word x 4-bit Schottky technology high-
speed RAM.

* Ultra fast access time typically 17ns.

* Non-inverting outputs.

e Available with three-state outputs (29703) or with open
collector outputs (29702).

* Pin compatible with AMD’s Am29702,03 respectively.

Applications

e Scratch pad registers for accumulators and buffer
memories
* Push down stacks

Block Diagram

Ao— ¢
A10
! §8 16 x 4 MATRIX
G5 OF STORAGE CELLS
A2 0—] 3;
20
Azo—— 8F
DpO—— )
.
Djo— )
D20 Jl }
D30— Jl ,‘

Functional Description

The 29702 .and 29703 are 64-bit RAMs built using Schottky
diode clamped transistors and are ideal for use in scratch pad
and high-speed buffer memory applications. Each memory is
organized as a fully decoded 16-word memory of 4 bits per word.
Easy memory expansion is provided by an active LOW chip
select (CS) input and open collector OR tieable outputs (29702)
or three-state outputs (29703). Chip selection for large memory
systems can be controlled by active LOW output decoders.

An active LOW Write line WE controls the writing/reading oper-
ation of the memory. When the chip select and write lines are
LOW the information on the four data inputs Dg to D3 is written
into the addressed memory word. ‘

Reading is performed with the chip select line LOW and the
write line HIGH. The information stored in the addressed word is
read out on the four inverting outputs Og to Og.

During the writing operation or when the chip select line is HIGH
the four-outputs of the memory go to an inactive high impedance
state. .

Selection Guide

PART ‘ TEMPERATURE
NDMBER PACKAGE | OUTPUT AANGE
29702NC N16 oc 0°C to +75°C
29702JC J16 oc 0°C to +75°C
29703NC N16 TS 0°C to +75°C
29703JC J16 TS 0°C to +75°C
29702JM J16 OC | -55°Cto +125°C
29702FM F16 OC |-55°C to +125°C
29703JM J16 TS —55°C to +125°C
29703FM F16 TS ~55°C to +125°C

Pin Configuration
E Ao \J Vob E
] we[]
E Og D3 E
e i
ng oo[]
E GND o2 E
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29702, 29703

Absolute Maximum Ratings

Operating -
SUPPIY VORBGE VTG v ettt ettt ettt et e e ettt TV
LTV L QY- o = 5.5V
Off-state output voltage ... ro e e e e e s e e s e e e d e e e 5.5V.

Storage temperature range

Recommended Operating Conditions

—65°C to 150°C

MILITARY COMMERCIAL k
SYMBOL PARAMETER MIN NOM MAX MIN NOM MAX UNIT
Vce Supply voltage 4.5 5.0 5.5 4.75 '5.00 5.25 \4
I0H High level output current —-2.0 -5.2 mA
loL Low level output current 16 20 mA
TA Operating free air temperature —55 125 0 75 °C
Electrical Characteristics
Over Recommended Operating Free Air Temperature Range
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VIH High-level input voltage 2.0 \
ViL Low-level input voltage 0.8 Vv
Vic Input clamp voltage Vce = MIN, I = —18 mA -1.2 \'2
Vce = MIN, ViH = 2V, oL = 8 mA 0.45 '
V Low-level output volt Vv
OL | tow-ievel oulput vollage VL = 0.8V oL = 10 mA 05
I InPut current at maximum VGG = MAX, V| = 5.5V 10 mA
input voltage
(7] High-level input current Vce = MAX, V) = 2.4V 10 HA
TN Low-level input current Vce = MAX, V) = 0.4V 100 nA
Ci Input Capacitance Vce = 5.0V, f =1MHz V| =20V 6 pF
Co Output Capacitance TA = 25°C Vo = 2.0V 8 pF
Icc Supply current Vcc = MAX; All inputs GND. 75 105 mA
OPEN COLLECTOR OUTPUT CURRENT
r'CEX I Output Leakage Current Vce = MAX, Vo = 24V 100 l RA
THREE STATE OUTPUT ONLY
i ' VGG = MIN, V4 = 2V,
- 2. X
VOH High-level output voltage VIL = 0.8Y, Iop = MAX 4 3.6 \
IozZH fo-state output curren.t Vce = MAX, ViH = 2V, 40 WA
high-level voltage applied Vo = 2.4V
R = MAX, VIH = 2V,
lozL Off-state output currer'nt Vce AX, VIH _40 A
low-level voltage applied Vo = 0.4V
los Short-circuit output current Vcc = MAX -20 —45 —90 mA
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29702, 29703

Switching Characteristics Over Operating Range (uniess otherwise Noted)

] ‘ AC. TYP | comL MIL
PARAMETERS DESCRIPTION TEST CONDITIONS | (NOTE 1)| MIN MAX| MIN MAX UNITS
{PLH(A) Delay from Address to Output See Fig. 2 15 25 | 30 ns

tPHL(A) : _

tpzH(CS) Delay from Chip Select (LOW) to
tpzL(CS) Active Output and Correct Data

tpzH(WE) | Delay from Write Enable (HIGH)
to Active Output and CorrectData | See Fig. 1 12 20 25 ns
tpzL(WE) (Write Recovery—See Note 2) ‘
Set-up Time Address (Prior

See Fig. 2 10 15 20 ns

A See Fig. 1 -6.0 0 0
ts(A) to Initiation of Write) e Hg ns
Hold Time Address (After Fig. 3 test load
th(A) ° ) .e © . See Fig. 1 (measured to —25 0 0 ns
Termination of Write) output = 1.5V)
150) Set-u‘p Tlme Data' Input (Prior to See Fig. 1 9.0 20 25 ns
Termination of Write)
th(O)) Hold .Tm'.|e Data Ir.1put (After See Fig. 1 —40 0 0 ns
Termination of Write)
__ Min. Write Enable Pulse Width to
Fig. 1 1 20 25
tow(WE) Insure Write See Fig 0 n?
tPHZ(CS) DelaY from Chip Select (HIGH) to See Fig. 2 10 15 20 ns
tpL2(CS) Inactive Output (HI-Z)
tPLz(WE) Delay from Write Enable (LOW) See Fig. 1 12 20 25 ns

tPHZ(WE) to Inactive Output (HI-Z)

Notes: 1. Typical limits are at Vo = 5.0V and Tp = 25°C.
2. Output is preconditioned to data in (non-inverted) during write to insure correct data is present on all outputs when write is
terminated. (No write recovery glitch)

Switching Waveforms

Key to Timing Diagram

ADDRESS k LTI
Ag-3 ORI, WAVEFORM INPUTS OUTPUTS
o WIS S
& ANARAN ARAAN 1sv
INAANMANNANNANANNANNAN L WILL BE
X — MAY CHANGE CHANGING
‘ |«—tg(a)—>] |«—tpw(WE)— FROMHTOL fFROMHTOL
WE AR 15V MAY CHANGE WILL BE
| FROMLTOH CHANGING
! 5(D1)— th©1) Do
, N'T CARE: CHANGING.
Do o!oIoYoYo!o!o!o!o!ﬁo!o!o?!o!ot XOCOMOOGOON OXXXXXXXOON | sy ANY CHANGE STATE
KRR IXIAAAAAIARKXIFKXKXCRIOOXXN FRRXKIIRIKKRIIIKR PERMITTED “UNKNOWN
I MAX-~-tp1 2(WE) AX tPZH(WE) CENTER
' MIN—~ tpuz%ﬁ) MIN tpz1(WE) % DOES NOT  LINE IS HIGH
R > .
/g ANRRRRRY

Write Cycle Timing. The cycle is initiated by an address change. After tg(A) min., the write enable may begin. The chip select must also
be LOW for writing. Following the write pulse, th(A) min. must be allowed before the address may be changed again. The output will be
inactive (floating for the 29703) while the write enable is LOW.

Figure 1.
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29702, 29703

Switching Waveforms (Cont.)

ADDRE:_? e ADDRESS | # ADDRESS X DDRESS 15V

cs ——— 15V
tpL2(CS) _
MAX=tpzH(CS) ~——tPHL(AMAX—] —MAX—>| |[<MAX=| |=——MAX |«—MAX—>+ tp1z(CS)
|4—MIN-—I —= MIN |<— MIN—! |~— MIN-> |- — m tPLH(A) | MINH=—>
tpz1(CS)
Y /////4 \%\
L T I JL T L I I T i T L ; S
OUTPUT  READ A HIGH READ A LOW IN DISABLE  ENABLE READ A HIGH DISABLE
DISABLED IN ADDRESS ADDRESS k OUTPUT  OUTPUT IN ADDRESS | OUTPUT

Switching delays from address and chip select inputs to the data output. For the 29703 disabled output is “OFF”, representedvby a
single center line. For the 29702, a disabled output is HIGH.

Figure 2.
. Test Load
Open Collector . Three-State
A
29702 o JEST. " o™ —ovec 29703
Sy is closed for 3000 : Sy is closed for
all A.C. tests. FROM OUTPUT 0/ 0513 all AC. tests
Note that tpHz(CS) UNDER TEST except tpHz(CS)
and tpHz(WE) = S'S » 600¢) ;J: CL = 30pfd - Cj and tpHz(WE) where
parameters do not P S1 is open and jig
apply to 29702 T capacitance (Cy) is
where disabled = < 5pfd.
is HIGH.
output is HIGH Figure 3.
Basic Memory Cell Truth Table
DATA 1! DATA 0 INPUTS OUTPUTS
— = M
[ | CS WE b Oj(tn) ODE
WORD LINE — — - H L L Off No Selection
H L H Off No Selection
H H X Off No Selection
L L L Off Write ‘0’
L L H Off Write ‘1’
L H X Di(tn-x) Read
Note: The 29702 output is at a high impedance level at all times
except when reading a LOW.
[ ‘ | 5 H = HIGH Voltage Level
| | ) L = LOW Voltage Level
16-SENSE OFF = HIGH Impedance
AMPLIFIER
AND OUTPUT
BUFFER
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29702, 29703

Input/Output Interface Conditions

Voltage Interface Conditions—LOW & HIGH

30 miNmuM LOGIC
28~ “HIGH" OUTPUT

[

5

S

9' 281 VOLTAGE  VOH;

2 2 —a

£ sl

-l o —

w18 NOISE MINIMUM LOGIC
S 4k IMMUNITY “HIGH” INPUT
g 1aC (High level) VOLTAGE

Q 12

g pef MRy

a 9 2,

z gf - VOLTAGE Vouy Mf\fmmfuﬁlc
5 o2f NOISE VOLTAGE

g oobbn— IMMUNITY

3 DRIVING DEVICE (Low level) DRIVEN DEVICE

Current Conditions—HIGH State

VOHy
DRIVING
©— oevice |;°

Current Conditions—OFF State

DRIVEN
0; DEVICE

Current Conditions—LOW State

OUTPUT | INPUT OUTPUT | INPUT
Vee Vee Vee Vee Vee
: :
loH | IcEx AT VoL | L
ON OFF
ON l OFF| OFF l
| I
[ o——9 OFF o |
OFF | l OFF| ON |
| ICEX AT VOH oL |
= | = = = | =
Note: 29702 open collector. Note: 29702 open collector.
Loading Rules (In TTL Loads)
OUTPUT DRIVE
INPUT/OUTPUT | PIN NO.’S | INPUT (29703)
LOADING| HIGH LOW
Notes Ao 1 .25 — —
1. The 29703 output has active circuitry for both logic levels and requires no —
external pull-up resistor. CS 2 .25 — —
2. For a good DC noise margin with the 29702 a pull-up resistor can be used. WE 3 .25 — —
Limits of R in kQ are given by DO 4 25 — —_
VCCNI;;’)?:‘ e > RL> vee ,;:’E’LN'IT”"“ 0o 5 — 130 125
. N D1 6 25 —_ —
Where n is number of OR tied outputs =
N is the number of TTL units loads driven. 01 7 - 130 125
3. Address and data lines can be interchanged within their respective groups GND 8 _— —_ —
for ease of P.C. layout without effecting device operation. 62 9 _ 130 125
4. Since for a given pattern on the address lines reading and writing are per- D 10 25
formed on the same actual memory word, the address lines can be driven by _2 - - -
any mixture of assertion or negation of the variables making up the address 03 11 — 130 125
field.
feld D3 12 25 S
A3 13 25 — =
Ao 14 25 - —
Aq 15 .25 _ —
vee 16 — — —

A TTL unit load is —1.6mA at 0.4V and 40u.A at 2.0V. The 29702
has open collector outputs; the output drive in the HIGH state is
determined by an external pull-up resistor.
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Low Power Schottky 64-Bit
Random Access Memory

27S02A, 27S03A

Features/Benefits

¢ Fully decoded 16-word x 4-bit Low-power Schottky RAMS

¢ Uitra-high speed: Address access time typically 15ns

e Low Power: Icc typically 75mA

¢ Internal ECL circuitry for optimum speed/power perfor-
mance over voltage and temperature

® Output preconditioned during write to eliminate write re-
covery glitch

® Available with three-state outputs (27S03A) or with open
‘collector outputs (27S02A) : )

® Pin compatible replacements for 3101, 3101A,74S289,

- 93403, 7489 and Am27S02A and for 745189, DM8599 and

Am27S03A ‘

Applications

® Scratch pad registers for accumulators and buffer
memories
® Push down stacks

Description

The 27S02A and 27S03A are 64-bit RAMs built using Schottky
diode clamped transistors in conjunction with internal ECL cir-
cuitry and are ideal for use in scratch pad and high-speed buffer

Block Diagram

A3 A At P WE cs
I 7T -7 1 ]
10F 4 10F 4 -
COLUMN DECODER ROW DECODER
B Do
G
|
— > E %
. > - O
e Dy
; u | D
. H ¥ O
= s =
— £ E 13,
< - E Ez o
% z
g —E ] 1 : D2
w 4
o
— 3 15
e
B i K D3
G B
~ g
— S>3

memory applications. Each- memory is organized as a fully de-
coded 16-word memory of 4 bits per word. Easy memory expan-
sion is provided by an active LOW chip select (CS) input and
open collector OR tieable outputs (27S02A) or three-state out--
puts (27S03A). Chip selection for large memory systems can be
controlled by active LOW output decoders such as a 74S138.

An active LOW Write line (WE) controls the writing/reading oper
ation of the memory. When the chip select and write lines are
LOW the information on the four data inputs Dy to D3 is written
into the addressed memory word and preconditions the output
circuitry so that true data is present at the outputs when the write
cycle is complete. This preconditioning operation-insures mini-
mum write recovery. times by eliminating the “write -recovery
glitch”. '

Reading is performed with the chip select line LOW and the
write line HIGH. The information stored in the addressed word is
read otu on the four inverting outputs Og to O3.

~During the writing operation or when the chip select iine is, HIGH

the four outputs of the memory go to an inactive high impedance
state.

Selection Guidé

PART = | L TEMPERATURE
NUAMBER PACKAGE | OUTPUT RANGE
27S02ANC N16 ocC. 0°C to +75°C
27S02AJC J16 oc 0°C to +75°C
27S03ANC N16 TS 0°C to +75°C
*27S03AJC J16 TS 0°C to +75°C |
27S02AM J6 | oC —55°C to +125°C| -
27S02AFM F16. oc ~55°C to +125°C|
27S03AJM J16 TS |-55°Cto +125°C
27S03AFM F16 TS —55°C to +125°C
Pin Configuration

olelolololalols
FEEETEEE
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27S02A, 27S03A

Absolhté Maximum Ratings

Supply voltage Vcc
Input voltage
Off-state output voltage
Storage temperature range

- Operating
v

Recommended Operating Conditions

' MILITARY COMMERCIAL
SymBoL | PARAMETER MIN NOM  MAX MIN nom  max | UNT
Vce Supply voltage 45 5.0 5.5 4.75 5.00 5.25 - \
loH | High level output current -2.0 -5.2 mA
loL Low level output current 8 10 mA
TA Operating free air temperature —55 125 0 75 °C
Electrical Characteristics
Over Recommended Operating Free Air Temperature Range
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VIH High-level input voltage 2.0 Vv
ViL Low-level input voltage . 0.8 \'
Vic Input clamp voltage Vce = MIN, || = —18 mA -1.2 V.
Vee = MIN, VIH = 2V, loL =8mA 0.45
- \"
VoL Low-level output voltage ViL = 0.8V oL =10 mA 05
I In{)ut current at maximum Ve = MAX, V| = 5.5V 1.0 mA
input voltage
IIH High-level input current Vce = MAX, V) = 24V 10 RA
i Low-level input current Vce = MAX, V| = 0.4V 100 HA
Ci Input Capacitance Vce = 5.0V, f =1MHz V| = 2.0V 6 pF
Co |- Output Capacitance TA = 25°C Vo = 2.0V 8 pF
Icc Supply current Vee = MAX; All inputs GND. 75 105 mA
OPEN COLLECTOR OUTPUT CURRENT: :
I ICEX I Output Leakage Current Vce = MAX, Vo = 2.4V 100 | ;LAJ
THREE STATE OUTPUT ONLY
: Vce = MIN, Vi =2V,
High-level t volt: . . Vv
VOH igh-level output voltage VIL = 0.8V, IoH = MAX 24 3.6
lozH O.ff-state‘output curren.t Vce = MAX, VIH = 2V, 40 uA
high-level voltage applied Vo =2.4V
ff-state out, = MAX =2V,
lozL Off-state output currefn vce , VIH =2V, _40 WA
low-level voltage applied Vo = 0.4V
los Short-circuit output current Vce = MAX -20 —45 -90 mA

e e ]
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27S02A, 27S03A

Switching Characteristics Over Operating Range (uniess otherwise Noted)

A.C. TYP COM’L MIL

PARAMETERS DESCRIFTION TEST CONDITIONS |(NOTE 1) [MIN MAX |mMiN max | UNTTS
tPLH(A) Delay from Address to Output | See Fig. 2 15 25 30 | ns
tPHL(A) :

tpzH(CS) Delay from Chip Select (LOW) to
tpzL(CS) Active Output and Correct Data

tpzH(WE) Delay from Write Enable (HIGH)
to Active Output and Correct Data |See Fig. 1 12 20 25 ns
tpzL(WE) (Write Recovery—See Note 2)
Set-up Time Address (Prior

See Fig. 2 10 15 | - 20 ns

ts(A See Fig. 1 —6.0 0 0 ns
s(A) to Initiation of Write) 9 "
Hold Time Address (After Fig. 3 test load
th(A) o . _e ] © See Fig. 1 (measured to -25 0 0 ns
Termination of Write) )
Set-up Time Data Input (Prior to output = 1.5V)
ts(DI i See Fig. 1 9.0 |20 25 ns
sO) Termination of Write) 9
i |
th(D)) Hold .Tlnre Data ,r?put (After See Fig. 1 _40 0 0 ns
Termination of Write)
. Min. Write Enable Pulse Width to
Fig. 1 10 20 25
tow(WE) Insure Write See Fig g
tsz(£:§) DeIaY from Chip Select (HIGH) to See Fig, 2 10 15 20 s
tpLz(CS) Inactive Output (HI-Z)
tpLz(WE) Delay from Write Enable (LOW) See Fig. 1 » 1 20 25 ns

tpHZ(WE) to Inactive Output (HI-Z)

Notes: 1. Typical limits are at VoC = 5.0V and Tp = 25°C.
2. Output is preconditioned to data in (non-inverted) during write to insure correct data is present on all outputs when write is
terminated. (No write recovery glitch)

Switching Waveforms

Key to Timing Diagram

ADDRESS X (TR0
Ag3 OO IRK IR KRR WAVEFORM INPUTS OUTPUTS
e WS WS
& ATEAALARRRLIRRRARRRRRANY Y s §
ALERARRARIARRRRRARRARRY L WILL BE
g MAY CHANGE CHANGING
: |e—tg(A)— [—tpw(WE)—| FROMHTOL FROMHTOL
WE AN\ 15V MAY CHANGE WILLBE
' FROMLTOH gpoMLTOH
t5(DN)— th(©)
"‘V‘V.V‘V’V‘V‘V"’V’V.V.V ANVVVAVANA/ V.'.V‘V. V‘V.V‘V.V'V.'.V.V.'.V‘ Y V"V."V‘V‘V.V‘V’V'VQV.V‘V‘V.V‘V’ m Rgv ’E Hc AANR GE é g-ll'-'AATNEGING-
XX KOOV VY XX XX XX XXXOOOOXKXXNXX 1 o,
Do B o A RO, QORRXRRXXRKRRA PERMITTED . -UNKNOWN
1 MAX->}-tp 2(WE) MAX tpzZHWE) CENTER
MIN—> MIN E DOES NOT
s /1 ANRARRN .

Write Cycle Timing. The cycle is initiated by an address change. After tg(A) min., the write enable may begin. The chip select must also
be LOW for writing. Following the write pulse, th(A) min. must be allowed before the address may be changed again. The output will be
inactive (floating for the 27S03A) while the write enable is LOW.

Figure 1.
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27S02A, 27S03A

Switching Waveforms (Cont.)

“DD“E:g s ADDRESSS | j - ADDRESS K x ADDRESS 15V

_s'—\] — 1.5V
tpL2(CS) _
MAXA<tpzH(CS)™| [“——tPHL(AMAX—>| [*—MAX—| [~MAX~] MAX l«—MAX—+tpz(CS)
~—MIN | — MIN |<— MIN— MIN-> |« —| | fBLHA) L MIN
— tpz(CS)
Oo-3
L I I Nl I L L -
T T T T T T
OUTPUT  READ A HIGH READ A LOW IN DISABLE  ENABLE READ A HIGH DISABLE
DISABLED IN ADDRESS ADDRESS k OUTPUT  OUTPUT IN ADDRESS | OUTPUT

Switching delays from address and chip select inputs to the data output. For the 27S03A disabled output is “OFF”, represented by a
single center line. For the 27S02A, a disabled output is HIGH.

Figure 2.
Test Load
Open Collector Three-State
27S02A. o TEST : $1a vee 27S03A!
Sy is closed for Saon | S1 is closed for
all AC. tests. i L sim all AC. tests
Note that tpz(CS) FNDER TEST o except tpHz(CS)
and tpHz(WE) 19 < 6000 Lo Camta-c and tpHz(WE) where
parameters do not T <5eta s TG S1 is open and jig
apply to 27S02A capacitance (Cy) is
where disabled = < 5pfd.
output is HIGH.
Figure 3.
Basic Memory Cell Truth Table
’ INPUTS OUTPUTS
oy o —_— - MODE
DATA 1 DATA ‘0’ cs WE Di oi (‘n)
WORDLME T T - H L L off No Selection
H L H Off No Selection
H H X Off No Selection
L L L Off Write ‘0’
L L H Off Write 1’
L H X Di(tn-x) "~ Read
Note: The 27S02A output is at a high impedance level at all
times except when reading a LOW.
| | H = HIGH Voltage Level
| | L = LOW Voltage Level
TO SENSE OFF = HIGH Impedance
AMPLIFIER
AND OUTPUT

BUFFER
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27S02A, 27S03A

(4
5
g 30 MINMUM LOGIC
| 28 “HIGH " QUTPUT
» 26 VOLTAGE OH;j
=
= 22f
201 3
u 18l NOISE
g 16 IMMUNITY
E 141 (High level)
o 1.2}
>
5 10" maxMum LoGic
g 98- ‘“iow’ourPut
Z 06 VOLTAGE oL4
£ 04 -1
5 o2} NOISE
g ol — IMMUNITY
3 DRIVING DEVICE (Low level)

Current Conditions—HIGH State

Input/Output Interface Conditions
Voltage Interface Conditions—LOW & HIGH

ViHp

Vi,

“LOW”

1 MINIMUM LOGIC
“HIGH” INPUT
VOLTAGE

\/
DRIVING
DEVICI

MAXIMUM LOGIC

INPUT

VOLTAGE

DRIVEN DEVICE

Current Conditions—OFF State

-

external pull-up resistor.

Limits of R in kQ are given by
Vce — VOH required

Vee

OUTPUT | INPUT
Vee
:
[ |'oH |
ON
on |
|
| o——9 OFF
OFF I [T] -
I
= I =
Note: 27LS02 open collector.
Notes

Vee

. The 27S03A output has active circuitry for both logic levels and requires no
For a good DC noise margin with the 27S02A a pull-up resistor can be used.

Ve — VoL required

DRIVEN
DEVICE

Current Conditions—LOW State

NICEX + NiiH > RL>

Where n is number of OR tied outputs
N is the number of TTL units loads driven.

w

loL — NiiL

for ease of P.C. layout without effecting device operation.

>

field.

. Address and data lines can be interchanged within their respective groups

Since for a given pattern on the address lines reading and writing are per-
formed on the same actual memory word, the address lines can be driven by
any mixture of assertion or negation of the variables making up the address

v OUTPUT | INPUT v
cC [ cC
|
g ICEX AT VoL g | e
OFF OFF :
O O l
OFF ON l
ICEX AT VOH oL |
= = | =
Note: 27S02A open collector.
Loading Rules (In TTL Loads)
OUTPUT DRIVE
INPUT/OUTPUT | PIN NO.’S | INPUT (27S03A)
LOADING| HIGH LOW
Ag 1 25 - —
Cs 2 25 — —
WE 3 25 —_ —
Do 4 25 = —
Oo 5 — 130 125
D1 6 25 — -
01 7 — 130 125
GND 8 — — —
O2 9 — 130 125
D2 10 25 — —
O3 11 — 130 125
D3 12 25 — —
A3 13 25 — —
A2 14 .25 — —
Aq 15 25 — —
Vce 16 - - -

A TTL unit load is —1.6mA at 0.4V and 40uA at 2.0V. The
27S02A has open collector outputs; the output drive in the HIGH
state is determined by an external pull-up resistor.
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Low Power Schottky 64-Bit
Random Access Memory

27L.S02, 27LS03

Features/Benefits

* Fully decoded 16-word x 4-bit Low-power Schottky RAMS

¢ Ultra-low power: Icc typically 25mA

* High speed: Address access time typically 30ns

 Internal ECL circuitry for optimum speed/power perfor-
mance over voltage and temperature

e QOutput preconditioned during write to eliminate the write
recovery glitch

* Available with three-state outputs (27L.S03) or with open
collector outputs (27LS02)

¢ Pin compatible replacements for DM74L89A, DM74LS289,
7489 and AM27LS02, for DM86L99, DM74LS189, and
Am27LS03.

Applications

e Scratch pad registers for accumulators and buffer
memories
® Push down stacks

Description

The 27L.S02 and 27L.S03 are 64-bit RAMs built using Schottky
diode clamped transistors in conjunction with internal ECL cir-
cuitry and are ideal for use in scratch pad and high-speed buffer

Block Diagram

A3 Az A Ag WE cs
10F4
ROW DECODER

"

10F 4
COLUMN DECODER

Do
Lo

.|
[
- b
[— Dy
Lo

.
01
| 4

N

kel

16 x 4 MEMORY ARRAY
SENSE/WRITE INTERFACE

7alrglyolrg

FU T

o8l J;g

memory applications where power is at a premium. Each mem-
ory is organized as a fully decoded 16-word memory of 4 bits per
word. Easy memory expansion is provided by an active LOW
chip select (CS) input and open collector OR tieable outputs
(27LS02) or three-state outputs (27L.S03). Chip selection for
large memory systems can be controlled by active LOW output
decoders such as a 74LS138.

An active LOW Write line (WE) controls the writing/reading oper-
ation of the memory. When the chip select and write lines are
LOW, the information on the four data inputs Dg to D3 is written
into the addressed memory word and preconditions the output
circuitry so that true data is present at the outputs when the write
cycle is complete. This preconditioning operation insures mini-
mum write recovery times by eliminating the “write recovery
glitch”.

Reading is performed with the chip select line LOW and the
write line HIGH. The information stored in the addressed word is
readout on the four inverting outputs Og to O3.

During the writing operation or when the chip select line is HIGH
the four outputs of the memory go to an inactive high impedance
state.

Selection Guide

PART TEMPERATURE
NUMBER PACKAGE OQTPUT RANGE
27LS02ANC N16 oC 0°C to +75°C
27LS02AJC J16 oC 0°C to +75°C
27LS03ANC N16 TS 0°C to +75°C
27LS03AJC J16 TS 0°C to +75°C
27LS02AM J16 (0]0] —55°C to +125°C
27LS02AFM F16 oC —55°C to +125°C
27LS03AM J16 TS ~55°C to +125°C
27LS03AFM F16 TS —55°C to +125°C

Pin Configuration

Ag Vee

oizicicioiziolio
FMEEEEEEE
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271802, 27LS03

Absolute Maximum Ratings

: Operating
SUPPIY VORAGE VO G v vv vttt ittt ettt et et ettt et
LT o T VY o = P 5.5V
Off-state OULPUL VOIBGE . ... ..ottt ittt et e ettt ettt et et e e e i i 5.5V

Storage temperature range

Recommended Operating Conditions

—65°C to 150°C

MILITARY COMMERCIAL
PA
SYMBOL RAMETER MIN NOM MAX MIN NOM MAX UNIT
Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 \'
IoH High level output current —-20 -5.2 mA
loL Low level output current 8 10 mA
TA Operating free air temperature —55 125 0 75 °C
Electrical Characteristics
Over Recommended Operating Free Air Temperature Range
SYMBOL PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIT
VIH High-level input voltage 2.0 \'
ViL Low-level input voltage 0.8 Vv
Vic Input clamp voltage Vce = MIN, | = —18 mA -1.2 \
= MIN =2V, =8.mA .
VoL Low-level output voltage Vee IN, ViH = 2 loL = 8m 0.45 \Y%
ViL = 0.8V loL = 10 mA 0.5
" '"P”t current at maximum VGG = MAX, V| = 5.5V 10 mA
input voltage
liH High-level input current Vce = MAX, V| = 24V 10 HA
L Low-level input current Vce = MAX, V) = 0.4V 100 rA
Ci Input Capacitance Vce = 5.0V, f =1MHz V) =20V 6 pF
Co Output Capacitance TA = 25°C Vo = 2.0V 8 pF
Icc Supply current Vce = MAX; All inputs GND. 25 38 mA
OPEN COLLECTOR OUTPUT CURRENT
’ IcCEX I Output Leakage Current Vce = MAX, Vo = 2.4V 100 | nA J
THREE STATE OUTPUT ONLY .
. Vece = MIN, Vi = 2V,
Vi High-level | 2.4 . \
OH igh-level output voltage VIL = 0.8V, Ion = MAX 3.6
Off-state output current Vce = MAX, ViH = 2V,
! 40 A
OzH high-level voltage applied Vo = 2.4V K
lozL Off-state output curre'nt Vce = MAX, VIH = 2V, _40 uA
low-level voltage applied Vo = 0.4V
los Short-circuit output current Vce = MAX -20 —45 -90 mA
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27LS02, 27L.S03

Switching Characteristics Over Operating Range (uniess otherwise Noted)

AC. Tvp | comL | ML
PARAMETERS DESCRIPTION TEST CONDITIONS |(NOTE 1)|MIN MAX | MiN max| UNTTS
1PLH(A) Delay from Address to Output See Fig. 2 30 55 65 ns
tPHL(A)

tpzH(CS) Delay from Chip Select (LOW) to
tpzL(CS) Active Output and Correct Data

tpzH(WE) Delay from Write Enable (HIGH)
to Active Output and CorrectData |See Fig. 1 18 30 35 ns
tpzL (WE) (Write Recovery—See Note 2)
Set-up Time Address (Prior

See Fig. 2 18 - 30 35 ns

ts(A See Fig. 1 - 0 0 ns
s(A) to Initiation of Write) 9 Fia. 3 test load v
Hold Time Address (After ! o
th(A) - ] See Fig. 1 (measured to -6 0 0 ns
Termination of Write) output = 1.5V)
Set-up Time Data Input (Prior to ! ’
DI See Fig. 1 16 45 55 ns
s(OY Termination of Write) % T
Hold Time Data Input (After )
th(DI See Fig. 1 -4 0 0 ns
h(OY Termination of Write) 9 0
J— Min. Write Enable Pulse Width to .
tow(WE) Insure Write See Fig. 1 20 45 55 ns
CS f hi lect (HIGH) t
tPHz(CS) | Delay from Chip Select (HIGH) to | o 0 18 30 35 | ns
tpLz(CS) Inactive Output (HI-Z)
tpLz(WE) Delay from Write Enable (LOW) See Fig. 1 18 30 35 né

tpHZ(WE)  |to Inactive Output (HI-Z)

Notes: 1. Typical limits are at Vo = 5.0V and Tp = 25°C.
2. Output is preconditioned to data in (non-inverted) during write to insure correct data is present on all outputs when write is
terminated. (No write recovery glitch)

Switching Waveforms

ADDRESS
Ao-3

Key to Timing Diagram

AT, | o,

AKX RRIRKRLAR WAVEFORM INPUTS ouTPUTS
i WS WS
- ANANANANRNSRY N\ 15v
ATAARRARAIARERRRRRRARAY VA WILL BE
: g - MAY CHANGE CHANGING
4 le—tg(A)—>| |+—tpw(WE)—| FROMHTOL FROMHTOL

15V MAY CHANGE WILL BE
CHANGING
M FROMLTOH rpoMLTOH

th(OI1)
DON'T CARE: CHANGING.
NOCOOOOCOOOCONX 1 sv ANY CHANGE STATE
XORKIHXXXXKXXX PERMITTED UNKNOWN

* "PZHGWE) CENTER
JI MIN—> t'ﬂx :::zz((% MIN AX tgf(WE) % RgEstNOT :i'l':‘EE I')sA :?EH
Bos ( AN “OFF"-STATE
V /174 AN

Write Cycle Timing. The cycle is initiated by an address change. After t5(A) min., the write enable may begin. The chip select must also
be LOW for writing. Following the write pulse, th(A) min. must be allowed before the address may be changed again. The output will be
inactive (floating for the 27LS03) while the write enable is LOW.

Figure 1.
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27LS02, 27LS03

Switching Waveforms (Cont.)

ADDRESS ADDRESS j— x ADDRESS X DDRESS | 15V

o N tpLz(CS) .
MAXA*tpzHCS) ™| | tPHL(AIMAX—>| I}vMAx—ﬂ MAX~| |———MAX: [+—MAX—>+tp14Z({CS)
[=—miN |—> MIN |<— \L MIN—>  |<— MIN>| |+ —] m PLH(A) MIN -+<——>|

o3 15V

tpzL(CS)
%os ——4227 RN
L : I , IL T L T I T i T i T J
OUTPUT  READ A HIGH READ A LOW IN DISABLE ENABLE READ A HIGH DISABLE
DISABLED IN ADDRESS ADDRESS k OUTPUT OUTPUT IN ADDRESS | OUTPUT

Switching delays from address and chip select inputs to the data output. For the 27LS03 disabled output is “OFF”, represented by a
single center line. For the 27L.S02, a disabled output is HIGH.

Figure 2.
Test Load
Open Collector s Three-State
27LS02 . o JesT. ‘ o™ —ovee © 27LS03
|
. bS |
Sy is closed for 7 g 6o | . S1 is closed for
all A.C. tests. FROM QUTPUT o/ o all A.C. tests
_-Note that tpHz(CS) e | except tpHz(CS)
- and tpHz(WE) Fes ot 312000 =& CL = 30pfd ~ Cj and tpHz(WE) where
parameters do not T St is open and jig
apply to 27LS02 1 - capacitance (CJ) is
where disabled = < 5pfd:
output is HIGH.
Figure 3.
Basic Memory Cell Truth Table
” o SR INPUTS OUTPUTS
g PATA 1 DATA ‘0 — plh MODE
WORD LINE — — i SIS gs WE Dj Oi(tn)
: | H L 'L off’ "No Selection
o H . L H Off No Selection
H H X Off No Selection .
L L L off- |- Write ‘0’
L L H Off Write ‘1’
L H X Dij(tn-x) Read
Note: The 27LS02 output is at a high impedance level at all
times except when reading a LOW.
‘ l : H = HIGH Voltage Level
| | L = LOW Voltage Level
ARAENSE OFF = HIGH Impedance
AND OUTPUT
BUFFER

e e —————————————————————————————————_— A — PP e ees et o]
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27LS02, 27L.S03

Input/Output Interface Conditions
Voitage Interface Conditions—LOW & HIGH

g
Q 30  MINIMUM LOGIC
| 28~ “HIGH” OUTPUT
a 2-2 - VOLTAGE OH;
w - —— ity T
.2 - s Vi
g 22 ETE_ |
w18 NOISE MINIMUM LOGIC
S 46k IMMUNITY “HIGH” INPUT VOHy ViHy
g e (High level) VOLTAGE o bRIVNG R 5% O—] DRIVEN o
2 12 DEVICE [ v DEVICE
8 1 OoL4 L)
s ooaf st e
g osr VOLTAGE Vou4 g Mt\lcl)w,":“l-gug}c
5 oaf =T T NOISE VOLTAGE
[ S —— IMMUNITY -
'g DRIVING DEVICE (Low level) DRIVEN DEVICE
Current Conditions—HIGH State Current Conditions—OFF State Current Conditions—LOW State
OUTPUT | INPUT OUTPUT | INPUT
Vee —Vcc  Veo Vee Vee
I I
| |
ON | FF OFF [
| l
O | O—1 OFF O O l
OFF | l - I OFF ON |
| ICEX AT VOH oL |
= | = = = | =
Note: 27LS02 open collector. Note: 27L.S02 open collector.
Loading Rules (Iin TTL Loads)
OUTPUT DRIVE
INPUT/OUTPUT | PIN NO.’S | INPUT (27LS03)
’ LOADING| HIGH LOwW
Notes 25
1. The 27LS03 output has active circuitry for both logic levels and requires no AO 1 * - -
external pull-up resistor. CS 2 25 — —
2. For a good DC noise margin with the 27L.S02 a pull-up resistor can be used. WE 3 .25 — —
Limits of R in kQ are given by
Vce — VoH required Vce — VoL required DO 4 25 T —
- Vo -
Neoc N~ Y~ Tor Wi Oo 5 - 180 625
Where n is number of OR tied outputs D1 6 25 — -
N is the number of TTL units loads driven. 01 7 — 130 6.25
3. Address and data lines can be interchanged within their respective groups GND 8 _ _— _
for ease of P.C. layout without effecting device operation. 0 130 6.25
4. Since for a given pattern on the address lines reading and writing are per- 2 9 "
formed on the same actual memory word, the address lines can be driven by Do 10 .25 - -
any mixture of assertion or negation of the variables making up the address o 3 11 _ 130 6.25
field. -
D3 12 .25 — —
A3 13 .25 == —_
Ao 14 .25 — —_
Aq 15 25 — —
vce 16 — — —

A TTL unit load is —1.6mA at 0.4V and 40nA at 2.0V. The
27L.S02 has open collector outputs; the output drive in the HIGH
state is determined by an external pull-up resistor.
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256-Bit Bipolar(256x1)

Random Access Memory

5530/6530, 5531/6531

Features/Benefits

® 55 ns maximum access time over 0°C to 75°C and +5%
voltage variation (6530/6531).

® 70 ns maximum access time over —55°C to 125°C and
+10% voltage variation (5530/5531).

e Advanced Schottky processing.

® Low input current (250 ©A maximum).

® The data stored is on the data out pin during a write
cycle.

® Fully decoded with 3 chlp enables.

Applications
o Buffer memory.
® Cache memory.

@ Writable control store.
® High speed main memory.
® Large scratch pad.

Package Drawings

N16 Plastic DIP
\VAVAVAVAVAVAN ﬂ
p 240-.290
O 6.10-7.37

1 8
RTAVAVAVAVAVAVAY

070 000

1.77 —» —» - .00

MAX. MIN.
.740-.790

18.80-20.07

.80-20. .280-.320
7.11-8.13
015-.060 _
.38-1.52 [T=T 190
L I; 4.83
140 MAX.
2.55 } " .120-.165
MIN. . y3.05-419

SR P - o e
.090-.110 .016-.020  .055-.065
2.29-279 .41-51  1.40-1.65
J16 Ceramic DIP
000 MmmMmman
16 9
" | .265-.300
6.73-7.62
1 8
goboouonbooOonoT
070 ooo
—p| |- 1.78 -
MAX.  755.790 um
19.18-20.07 .290-.320
7.37-8.13
.015-.035
as- 89 [ —1 i 1% y
4.83
; Iy max.
o f 125-.165
MIN. 3.18-5.08

S

090- 110  .016-.020 .055-.065
2.29-2.79  .41-51 1.40-1.65

.008-.012
.20-31

Selection Guide

Part Temperature
Number | Package Output Range
6530 N16 ~ oc 0°to +75°C
6531 N16 TS 0°to +75°C"
5530 J16, F16 oC -55°C to +125°C
5531 J16, F16 TS -55°Cto +125°C |-
Pin Configuration
E Aq ~ Vcc’E
a nfd]
Gls 23 [1]
- E E2 DI E
e M m
| [ wfd]
gty [ evo as[9]

UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES.
ALL DIMENSIONS MIN.-MAX IN MILLIMETERS.
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5530/6530, 5531

Absolute Maximum Ratings , Operating
SUPPIY VORAGE VO G - ot it et e e e e -0.5Vto 7V
Inputvoltage ............o i —1.5Vio 5.5V
Off-state output voltage —1.5Vto 5.5V
Storage teMPErature TANGE ... .. ... ...ttt ettt et e e e et e e e e e e —65°C to 150°C
Recommended Operating Conditions
SYMBOL PARAMETER MILITARY COMMERCIAL UNIT
' MIN NOM MAX MIN NOM MAX
Vce Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 \
IOH High level output current -3.2 -3.2 mA
loL Low level output current 10 15 mA
TA Operating free air temperature -55 125 0 75 °C
Electrical Characteristics
Over Recommended Operating Free Air Temperature Range
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ViH High-level input voltage Vce = 5.0V 2 \
ViL Low-level input voltage Vce = 5.0V 0.8 \
Vic Input clamp voltage Vce = MIN, |} = -5.0 mA -1.0 \
V Low-level output voltage VeC = MIN, Vi = 2V. 0.5 %
-| ut vi .
oL . P g ViL = 0.8V lpgL = MAX
I} Input-current at maximum input voltage | Vcc = MAX, V| = 5.5V 1.0 mA
IIH High-level input current Vce = MAX, V| = 2.4V 40 HA
L Low-level input current Vce = MAX, V| = 0.45V —250 rA
Ci Input capacitance Vce =5.0V.f=1MHz | V| = 2.0V 7.0 F
Co Output capacitance TA = 25°C Vo = 2.0V 8.0 P
5530, 31 95 130
| Vce = 5.0V, ALL : mA
cc Supply current CcC 5530, 31 95 135
OPEN COLLECTOR OUTPUT CURRENT
ICEX | Output Leakage Current Voe = MAX, Vo = 2.4V | 100 | wA |
THREE STATE OUTPUT ONLY
Voo = MIN, Vi = 2V,
VOH High-level output voltage cc b 2.4 \"
ViL = 0.8V, IoH = MAX i
lozH fo-state output curren‘t Vce = MAX, VIH = 2V, 100 A
high-level voltage applied Vo = 24V ‘
Off-state output current Vce = MAX, VIH = 2V,
lozL 4 : ce o -100 | A
low-level voltage applied Vo = 0.4V
los Short-circuit output current Vce = 5.0, VO = 0V -20 -90 mA
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5530/6530, 5531/6531

Switching Characteristics
With Standard Load (Figure 1)

5530/5531 '6530/6531
SYMBOL PARAMETER FIGURE | 5.0V =10%, —55 to 125°C 5.0V £5%, 0to 75°C - UNIT
MIN MAX MIN MAX
TAA Address access time 2 20 70 20 55 ns
TEA Enable access time 2 5.0 45 5.0 35 ns
TER Enable recovery time 2 5.0 35 5.0 35 ns
Twp Write pulse width 3 70 50 ns
Time input data appears
Tpw at the output following 3 120 90 ns
a write command TDWO=MIN
T Data in and write enable 3 65 a5
DWO | sverlap time ns
Address to write enable
. 3 0 0 ns
setup time :
Address to write enable N
. 3 0 0 ns
hold time
Chip enable to write
X 3 10 10 ns
enable set-up time
Chip enable to write .
3 0
enable hold time 0 ne
5531/6531 ONLY
Chip enable to low :
Ty 0 0
ON impedance delay "
Chip enable to high
T ) 25 25
OFF impedance delay "
Block Diagram Standard Test Circuit
2 ]
P —
Az 2 — Standard Load
As ¥ o0 — 16 WORDX 16 BIT N
ag 1| BUFFER DECODER [ M‘E';I'I&I;V (Commercml)
As 2] — i
Ag 1% ] 3000 ,
Ay 2 - : . : Vee O———AA 0 OUTPUT
o [T
BUFFER BIT SELECT
oi 13 A i
DRCODER : Inbut Pulse Amplyitude\= 25V
‘Input Rise and Fall Time
i 5.0 ns From 1.0 V.o 2.0 V
5 3 Measurements Made at 1.50 V
E DO X ; .
e 4 suess ] gtmer e —
E3 —

Figure 1.
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5530/6530, 5531/6531

Waveforms

Read Cycle

ADDRESS TO'OUTPUT DELAY

ADDRESSES —y — — ey,

-

“(TaA - TEA)

ENABLE(S) =

Write Cycle

ADDRESSES }(

ENABLE(S) —\

TaA
< TAA—] ] le——Twp——
DATA OUT ———u WRITE ENABLE =~
HOLD TIME
SETUP
CHIP ENABLE TO OUTPUT DELAY TIME
ADDRESSES —————— —_ Towo—>
DATA IN T ———
MAY
- _ CHANGE _, [
=(TAA - TEA)
ENABLE(S) DATA OUT \
Ve = - —
DATA OUT | n— ‘1"Dw
Figure 2. Figure 3.
Functional Table
CHIP SELECT | WRITE ENABLE | OPERATION OUTPUT
ALL LOW LOW WRITE COMPLEMENT OF DATA INPUT
ALL LOW HIGH READ COMPLEMENT OF WRITTEN DATA
5531/6531 HIGH
Mgi;l: SIFG‘H DON'T CARE HOLD IMPEDANCE STATE
5530/6530 HIGH

Memory Operation

READ:

WRITE:

The memory is addressed with the Ag—A7 inputs which
selects one of the 256 words. The-chip is enabled by
making all chip enables low. If any chip enables are
high the chip is disabled. If the write enable is HIGH
and the chip is enabled the stored data is read out on
the data out pin. The data read out is the COMPLE-
MENT of the data written in during the write cycle.
The memory is addressed with the Agp—A7 inputs which
selects one of the 256 words. The chip is enabled as in
the read cycle. If the write enable is LOW the data on
the data input pin‘is written into the addressed word.
The data out of the memory during the write cycle is
the complement of the data written in. This allows
checking of the stored data during the write cycle.
Some memory devices may write in as fast as 10 ns
so address and write enable timing must be carefully
controlled, when the memory is operated with the
enables activated throughout the cycle.

Memory Expansion Rules
1, TO EXPAND THE NUMBER OF BITS IN THE WORD:

Tie corresponding address pins together, tie write enable
pins together, and bring data in and data out independently.

. TO EXPAND THE NUMBER OF WORDS:

Tie corresponding address pins together, tie write enable
pins and corresponding data in and data out pins together,
and use the higher order system addresses in conjunction
with the chip enable to pick one row of packages.
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Low Power 256-BIT Bipolar (256 x1)

Random Access Memory

L5530/L6530, L5531/L6531 S

.38-1.52

Features/Benefits Selection Guide
® Typical power dissipation of 275 mW. Part Temperature
® 115 ns maximum access time over 0°C to 75°C and +5% Number | Package Output Range
voltage variation (L6530/L6531).
© 130 ns maximum access time over —55°C to 125°C and L6530 N16 oC 0°to +75°C:
+10% voltage variation (LSS?O/ L5531). o L6531 N16 TS 0°to +75°C
2 Mranced s°"°":“('1:;°°iss'“g.' i) .~ | sss0 | Je,Fi6 oc ~55°Cto +125°C
Low input curren #A maximum). - ero o
® The data stored is on the dafa out pin during a write L5531 J16, F16 1S - 55 Clo +125%
cycle. :
o _Fully decoded with 3 chip enables. . P
Package Drawings
N16 Plastic DIP
RAANAANNAN
p : .240-.290
O 6.10-7.37
ol 8
FAYAYAYAYAVAYAY
o070 ‘4 000 . :
Applications A I -— E
® Buffer memory' ’ ‘ ’ ‘ ) ‘ 1.87 23-2709 37 1 i .280-.320 j
® Cache memory. N e 7.11-8.13
® Writable control store. ’ 015,060 o
A .190

¢ High speed main -memory.
® Large scratch_pad.

.140

@i T

o b

.090-.110 .016-.020 .055-.065
2.29-2.79  .41-51 1.40-1.65

y 3.086-4.19

=l

J16 Ceramic DIP

” - g . : Ooonononon-
Pin Configuration : 16 g
ot
1 8
. vee [16] , T OO OO0
. sl .070. 000 ...
Ao A2 E l-» 1.78 .oaf—l e
_ MAX.  755.790 MIN.: °
Eq A3 E ’ : f '19.18-20.07
E‘z ol E ‘ .015-.035
m|
10

v gt

-

.090-.110 - .016-.020 . .055-.065
2.29-2.79  .41-51 1.40-1.65

oieicicicizicich
|

.265-.300
6.73-7.62

o

.190
4.83
MAX.
125-.165
s . 3.18-5.08

K 120-165 [}

e

.290-.320
7.37-8.13

.008-.012
.20-.31

e .008-.012
/J 5018 ->\\" 20-31

UNLESS OTHERWISE SPECIFIED: o
ALL DIMENSIONS MIN.-MAX. IN INCHES.
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS.




| . .. L5530/L6530, L5531/L6531

Absolute Maximum H:tlngs : Operating
Supply voltage VO - v nvvvvivnieeniiineenniininns P RO O A S «..=0.5Vto 7V
Inputvoltage ...............coiiinn O S N S PO T D SO SR Ledeies s =16V 5.5V
Off-state OUtPUL VORAGE .. .........inieiin it e i it eis S i e Cia e s e s s -1.5Vto 5.5V
Storage temperature FANGE .. ... ....iueeeeeinnieeuinneenuneerinisecnineeinses o e eetehes i baibeiat st ariee —-65°C to 150°C
Recommended Operating Conditions E
: , iy MILITARY COMMERCIAL -
SYMBOL PARAMETEFI ’ MIN NOM MAX MIN NOM - MAX UNIT
Vce Supply voltage - 45 5.0 5.5 475  5.00 5.25 Y
10H High level output current : ~3.2 ‘ -382 mA
oL Low level output current f 10 ) 15 mA
TA Operating free air temperature : -55 125 0 75 °C
{ Electrical Characteristics:
¢ .Over Recommended Operating Free Alr Temperature Rlnqc
SYMBOL PARAMETER ‘ TEST cc’m:imons MIN  TYP  MAX | unir
VIH High-level input voltage | Vecec = 5.0V, 2 . Vv
ViL Low-level input voltage Vg = 5.0V ¢ . 0.8 Vv
Vic Input clamp voltage Vo =MIN, I} = ~50mA ~1.0 v
Voe =MIN, Vi = 2V,
V -level . .
oL Low-level output voltage ViL = 08V oy = MAX 0.5 v
] Input current at maximum input voltage | Voo = MAX, V) = 5.5V 1.0 mA
H High-level input current VGG = MAX, V) =24V 40 RA
L Low-level input current VEGC = MAX, V) = 045V =125 MA
Ci Input capacitance Vee = 5.0V f= 1MHz Vi = 2.0V 7.0 F
Co Output capacitance TA = 25°C" . |Vo="20v 80 pr
voe = MAit Au mpuls at| 1L.6530/31 | 55 85
lcc | Supply current 2.4V, all Outputs, open  |L5530/31 | 55 w00 ] ™
OPEN COLLECTOR OUTPUT CURRENT CL : :
[ icex | output Leakage Current [ Vec = MAX; Vo = 2.4V 100 | wA |
THREE STATE OUTPUT ONLY L
| » Vee = MIN, Vi =2V, '
V - - . Vv
OH High-level output voltage VIL = 0.8, IoH'= MAX | 24 |
Off-state output current Ve = MAX, ViH = 2\7. :
| 100 A
OZH | high-level voltage applied Vg = 2.4V V &
Off-state output current V MAX, V 2\/ .
oz " cc = IH = -100 | ua
low-level voltage applied _ Vo = 0.5V s ) )
los Short-circuit output current < Vce =56.0,VO = OV ~20 ~-90 mA
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L5530/L.6530, L5531/L6531

Switching Characteristics
With Standard Load (Figure 1)

L5530/L5531 7 L6530/L6531
SYMBOL.| . .. = PARAMETER .. FIGURE | 5.0V £10%, —55to 1)2(5°C 53'\:‘¢5%,0t°;i‘;(0 UNIT
MIN MA. - X.
TAA Address access time 2 20 180 20 F 115 ns
TEA Enable access time 2 5.0 80 . .50 60 ns
TER Enable recovery time 2 5.0 85 5.0 60 ns
TwpP Write pulse width 3 100 .| .85 ns
D5} Timg input data appears - - ‘ ) B
AND | atthe output following - 3 130 , ' 110 ns
Tow a write command TDWO=MIN
~ ‘Data in and write enable -
Towo overlap time... . ' 8 100 8 ns
| Address to write enable 3 o ' 0 ns
setup time,
1 Addrggg ,torwrite enable - 3 0 0 e
hold time
Chip enable to write s i0 10 ns
enable set-up time e
Chip enable to write - :
enable hold time 8 0 e ne
L5531/L6531ONLY
| Chip enable to low ;
i TON '|"impedance delay" 0 i
TorF || Chip enable to high . - v % e 2
| impedance delay ]
Block Diagram . .. Standard Test Circuit
2 2
n Y s o Standard Load ,
e O = AL (Commercial)
o o e e ol e
Ag 19 a 1 = : s Vec o———— MW\ — O OUTPUT
NA7 i : — : - e . ‘ ; ! . e :
QNI e g
_ya| BYUFFER 11 - ,‘Walr‘segzcr‘ i e
5 1 P PETID (Lu ee 4
L S e it
B ““Input Pulse Amplitude = 2.5V '~
DECODER 74 nplit Rise'and'Fall Time
' . 50nsFrom1.0Vio20V"
.‘ . Mmssurarisios Mot r 150V
E_1 3
= 4] g ] ey 2 R e
25 " Figuret
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L5530/L6530, L5531/L.6531

Waveforms P

... Read Cycle - o B : Write Cycle

ADDRESS TO OUTPUT DELAY oy B PR

X

ADDRESSES —\ o — g
’ 4

-

<(Taa-TEA) ' E';ABILE(S)
ENABLE(S) ——-q: _\\
TAA - N —
OATA OUT l—TAA WRITE ENABLE
CHIP ENABLE TO OUTPUT DELAY . . :
DATA IN
ADDRESSES gt DATA
on CHANGE
DATA OUT |
ENABLE(S) [
———————————— N -
Tow
DATA OUT :
Figure 2 { Figure 3
'} Functional Table
CHIP SELECT WRITE ENABLE | OPERATION OUTPUT
ALL LOW LOW WRITE 'COMPLEMENT OF DATA INPUT
ALL LOW HIGH READ COMPLEMENT OF WRITTEN DATA
E OR MORE HIGH | DON'T CARE HOLD L5531/L6531 | HIGH IMPEDANCE STATE
ON HieH | DONTCARE L} 15530/L6530 OFF
Memory Operation.. Memory Expansion Rules
READ: - The memory is addressed with the Ag—A7 inputs which 1. TO EXPAND THE NUMBER OF BITS IN THE WORD:
selects one of the 256 words. The chip is enabled by ' Tie corresponding address pins together, tie write enable
making all chip enables low. If any chip enables are pins together, and bring data in and data out independently.
high the chip is disabled. If the write enable is HIGH 2. TO EXPAND THE NUMBER OF WORDS:
and the chip-is enabled the stored data is read out on Tie corresponding address pins together, tie write enable
the data out pin. The data read out is the COMPLE- pins and corresponding data in and data out pins together,
MENT of the data written in during the write cycle. and use the higher order system ‘addresses in conjunction
WRITE: The memory is addressed with the Ag—Ay7 inputs which with the chip enable to pick one row of packages.

selects one of the 256 words. The chip is enabled as in
the read cycle. If the write enable is LOW the data on
the data input pin is written. into the addressed word.
The data out of the memory during the write cycle is
the complement of the data written in. This allows
checking of the stored data during the write cycle.
Some memory devices may write in as fast as 10 ns
so address and write enable timing must be carefully
controlled, when the memory is operated with the
enables activated throughout the cycle.
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First-In First-Out (FIFO) 64x4

Serial Memory
57401/67401

Features/Benefits

® 12 MHz shift in, shift out typical rates

® Advanced Schottky bipolar processing

® TTL inputs and outputs

® Readily expandable in word and bit dimensions

o Asynchronous or synchronous operation

® Pin compatible with Fairchild’s F3341 MOS FIFO and ten
times as fast

Description

The 57401 is an expandable “fall-through” high speed First-in

First-Out (FIFO) memory organized 64 words by four bits. A 15
MHz data rate allows usage in high speed tape or disc controllers
and comunication buffer applications. The 67401 is specified
over the commercial operating range 0—75°C and the 57401 is
specified over the military operating range of —55°C to +125°C.

Package Drawing N16 Plastic DIP
LWAVAVAVAYAYAN n
> .240-.290
O . 6.10-7.37
o2 T -8 o .
VYV VYVYY YA
070 000
1.77 —>| le— .00
MAX. MIN.
.740-.790
18.80-20.07 .280-.320
7.11-8.13
.015-.060 “ ’]
.38-1.52 [[C=7 K 190

4.83
MAX.
140

8 | b

.090-.110 .016-.020 ,055-.065

229279 .41-51  1.40-1.65
J16 Ceramic DIP
Qoo nnm ﬂ
16
.265-.300
6.73-7.62
8
LI oy l_rU LJ U
070
—{ |- 1.78 00 -—
MAX.  755-790 MIN.
19.18-20.07

+290-.320
7.37-8.13

—"

.38-.89 [ ] 190

4.83
, MAX.
o ? A 125-.165
MIN.Y 3.18-5.08

.090-.110
2.29-2.79 - .41-51

.016-.020 .055-.065
1.40-1.65

0°-142 \

L

Selection Guide ,
TEMPERATURE
PART NUMBER | PACKAGE RANGE
57401 J16 Military
67401 N16 Commercial
Block Diagram
0p —%»] 13 o
5 62WORD | Y
Dy —»{ FIFO :> BT :9 FIFQ 1124 o,
6 INPUT OUTPUT 1
oy Se REGRTER sce [0 o

T T T

15
INPUT 2 |t SHIFT
READY | iNpur I, L0 OuTPUT »
sHFT 3 °°“L°G' poL CONTROL W“Lm'“"'- 14 _ outPUT
N Logic =~ READY
MASTER RESET
Pin Configuration
) A4
1008-.012 NC E 118} vee
.20-.31 X
weut reaoy [7] [15] swier our
st 3] 18] oUTPUT READY
o[ on
D115 12104 ’
o] 2101 s
o5 o]
o5 [7] 10]0s
ano 8] aiﬁ MASTER RESET
UNLESS OTHERWISE SPECIFIED:
.008-.012 ALL DIMENSIONS MIN.-MAX. IN INCHES.
.20-.31 ALL DIMENSIONS MIN.-MAX IN MILLIMETERS.
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57401/67401

Absolute Maximum Ratings Operating
SUPPIY VORAGE VGG - -t ettt ettt ettt ettt e et et e e et et e vV
Lo T o T D 5.5V/12V
Off-state OUPUL VORAGE . ... ..ottt ettt e e e e e 5.5V/12V
StOrage temMPEratUre TANGE . ... ... .o.enu ittt it ettt sttt ettt et et et et e et a et ee e —65°C to 150°C
Recommended Operating Conditions
: MILITARY COMMERCIAL "
SYMBOL PARAMETER MIN NOM MAX MIN NOM MAX UNIT
Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 v
I0H High level output current 0.9 0.9 mA ‘
loL Low level output current 8 8 mA
TA Operating free air temperature -55 125 0 .75 °C
Electrical Characteristics
Over Recommended Operating Free Air Temperature
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VIH High-level input voltage 2 \
VIL Low-level input voltage 0.8 \
Vic Input clamp voltage Voo = MIN, I} = —18mA -15 \
Vee = MIN, Vi = 2V
V Low-level output voltage g
oL ' 9 VIL = 0.8V, IoL = MAX o8 ¥
Input i
" .npu current at maximum VoG = MAX, V) = 5.5V 1 mA
input voltage
IIH High-level input current Voo = MAX, V| = 2.4V 50 mA
Low-level input current
l Vee = =0. -0.
IL1 inputs Do -D3, MR cC = MAX, VF = 0.45V 0.8 mA
Low-level input current . .
i inputs 1, S0 Vce = MAX, VE = 0.45V -1.6 mA
Ci Input capacitance Vee = 5.0V Vi = 2.0V 7 F
Co Output capacitance f =1MHz, TA = 25°C|VQ = 2.0V 8 ‘ P
Icc Supply current Voo = MAX! RAL 150 mA
THREE STATE OUTPUT
: , Voo = MIN, Vi = 2V
© Vi High-level output volt . 2, v
OH igh-level output voltage VIL = 0.8V, IoH = MAX 4
. Off-state output current Vee = MAX, ViH = 2V
! ;
OzH high-level voltage applied Vo = 2.4V 100 (‘A
Off-state output t Vce = MAX, ViH = 2V
lozL sta’e’o pu curref\ cC H 100 WA
low-level voltage applied Vo = 0.4V
los Short-circuit output current |Vce =6V, Vo = .5V -20 -90 mA

NOTE: 1. Icc measured with worst case sequence; FIFO reset, one shift-in cycle with data inputs held low, measure‘lcc with all

inputs held low.
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57401/67401

‘Switching Characteristics

See Figure 1
: 57401—MILITARY 67401—COMMERCIAL
SYMBOL PARAMETER FIGURE 5 +10%, —55°C to +125°C 5 +5%, 0°C to 70°C
MIN MAX UNIT MIN MAX UNIT
fiN Shift in Clock Rate 1 7 MHz 10 MHz
tSIH Shift in High Time 1 45 ns 35 ns
tsiL Shift in Low Time 1 45 . .. - ns 35 . ns
tiRL . Input-Ready ON -Delay 1 60 . ns 45 ns
tIRH Input Ready OFF Delay 1 60 ns 45 ns
[ Input Data Set Up 1 10 ns 5 ns
tiDH Input Data Hold Time 1 55 ns 45 ; . ns
four Shift Out Clock Rate 2 7 MHz 10 MHz
tSOH Shift Out High Time 2 45 ns 35 ns
tsoL Shift Out. Low Time 2 45 ) ns 35 ns
-tORL- - Output Ready ON Delay 2 65 ns 55 ns
tORH Output Ready OFF Delay 2 65 ns 55 ns
tODH Output Data Hold Time 2 10 ns 10 ns
toDs Output Data Delay 2 65 ns - 55 ns
tPT Data Throughput Time Note 1 4.0 us . - 3.0 U8
tMRW Master Reset Pulse Note 2 30 T ons 25 ‘ns
tMRORL Master Reset to OR Low 5 65 ns : 55 ns
tMRIRH Master Reset to IR High 5 45 ns 35 ns
tMRS Master Reset to SI 5 45 ns 35. ns
tiPH Input Ready Pulse High 4 45 ns 35 :ns
tiPL Input Ready Pulse Low 6 45 ns 35 ' .ns
toPH Output Ready Pulse High 3 45 ns 35 ns
tOPL Output Ready Pulse Low 7 45 ns 35 ns

NOTES: 1. This parameter defines total time from the time data is present af Dg-D3 to the time it is available at Og-O3 with FIFQ initially
empty and total time from the time data is extracted from Op-O3 to IR High with FIFO initially full.
2. Master Reset clears the 57401/67401 to the all cells empty state.

Functional Description
Data Input

Data is entered into the FIFO on Dg-D3 inputs. To enter data the
Input Ready (IR) output should be HIGH, indicating that the first
location is ready to accept data. Data then present at the four
data inputs is entered into the first location when the Shift In (SI)
is brought HIGH.-A SI'‘HIGH ssignal causes the Rl to go LOW.
Data remains at the first location until Sl is brought LOW. When

Sl is brought LOW and the FIFO is not full, IR will go HIGH,

indicating that more room is available. Simultaneously, data will
propagate to the second location and continue shifting until it
reaches the output stage or a full location. If the memory is full,
IR will remain LOW.

Data Transfer

Once data is entered into the second cell, the transfer of any full
cell to the adjacent (downstream) empty cell is automatic,
activated by an on-chip control. Thus data will stack up at the

end of the device while empty locations will “bubble” to the front.
tpT defines the time required for the first data to travel from input
to the output of a previously empty device. '

Data Output

Data is read from the Og-O3 outputs. When data is shifted to the
output stage, Output Ready (OR) goes- HIGH, indicating the
presence ‘of valid data. When the OR is HIGH, data may be .
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal
at SO causes the OR to go LOW. Valid data is maintained while :
the SO is HIGH. When SO is brought LOW the upstream data, -
provided that stage has valid data, is shifted to the output stage. -
When new valid data is shifted to the output stage, OR goes
HIGH. If the memory is emptied, OR stays LOW. .

Input Ready and Output Ready may also be used as -status
signals indicating that the FIFO is completely full (Input Ready
stays LOW for at least tpT) or completely empty (Output Ready
stays LOW for at least tpT).




57401/67401

Tummg Duagrams

INPUT '
READY YAL— 7 ___ﬁ -

—

SHIFT'IN A \

: — e« tSH—» tsiL
DATA IN X - X

. DS <>l tpH >

1. Input data must remain stable during t||js and tipH.

2, Input Ready HIGH indicates that space is available and a
Shift In pulse may be applied: Input Ready LOW indicates
that the FIFO is full or that a previous Shift In operation is not

complete. Shift In pulses applied while Input Ready is LOW
will be ignored.

3. The rise of Input Ready indicates that the data at the DO—Da
inputs has been accepted and that the input stage is empty.

Figure 1. FIFO Input Timing

SHIFT IN / *
|
SHIFTOUT _ I e e e e e
OUTPUT I"—‘— teT
READY

1. FIFO initially empty.
2. Shift Out held high (as shown).

Figure 3. topH Specification

MR \ P4
MRW-1=
" s
tMRIRH >
OR —_}
{MRORL ——>» MRS
si P'—'\

1. FIFO initially full

Figure 5. FIFO Master Reset Timing

Standard Test Circuit

6002
vee AAA

—0 OUTPUT

9
SR0pF S 12000

Input Pulse Amplitude = 2.5V
Input Rise and Fall Time = 5.0 ns from 1.0V to 2. 0V
Measurements made at 1.50V

READY" ___:}__ﬂ’
‘ORL—,__—\ ~tomn

SHIFT OUT _/
le——1SOH —»| tsoL

PREVIOUS DATA OUT*{/ ‘ NEW DATA OUT
'onH—j |
rtobs

e—————1VFout

DATA OUT

1. Output data will be stable at the rise of Output Ready.

2. Output Ready HIGH indicates that data is available and a
Shift Out pulse may be applied. Output Ready LOW indicates
that the FIFO is empty or that a previous Shift Out operation
is still in progress. Shift Out pulses applled whlle Shlft Out
Ready is LOW will be ignored.

3. The rise of Output Ready indicates that new data has been

loaded into the output stage.

Figure 2. FIFO Output Timing

SHIFT OUT "

SHIFT IN
INPUT ’ l<— tpT
READY -

2 } YPH

1. FIFO initially full
2. Shift In-held high (as shown).

Figure 4. tjpH Specification

INPUT l I
READY A 3
SHIFT I I e
INA _
|-t
tpT- : JR—— u 'OPH

out
READYl rf’s

SHIFT > * la—tipL

INREADY B

ISHIFT

OuT A

DATA A/B X NEW DATA (FROM INPUT)
OUTPUT H—'PT*_d'—
READY B

DATA

ouTB

NEW
DATA

Figure 6. FIFO/FIFO Communication: Empty/Input Timing

OUTPUT
READY B —L_I

SHIFT
ours

INREADY B —> “—tipH
e ki \
1

L ==
SHIFT IN B
DATA A/B NEXT WORD

/ . -
IN - PT —
READY A

Figure 7. FIFO/FIFO Communication: Full/Output Timing
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Expansion

FIFOs can be connected serially to form larger effective FIFOs:
i.e., two 64 x 4 FIFOs can be connected to form a 128 x 4 FIFO,
as shown in Figure 8. This is done by connecting the data
outputs of the input side FIFO, A, to the data inputs of the output
side FIFO, B, and Output Ready and Shift Out Pins of the input
FIFO, A, to the Shift in and Input Ready pins of the output FIFO,
B, respectively.

If both FIFOs are empty, the Input Ready/Shift Out pins
between the FIFOs will be HIGH and the Output Ready/Shift In
pins between the FIFOs will be LOW. If the Shift In pin of FIFO A
is clocked, the data will propagate to the output. This will set
the output full indicator, causing the Output Ready/Shift In
combination to rise temporarily. However, since.the Input Ready/
Shift Out combination is HIGH this enables the Shift Out clock
and the full indicator is reset immediately after the rise of Output
Ready/Shift In. The result in a positive going pulse on the
Output Ready/Shift In line which is topH, Output Pulse High
(empty), as shown in Figure 6. The FIFO chip is designed such
that the pulse is greater than the minimum Shift In High time,
ts|H. The ‘leading edge (LOW to HIGH) of this Output Ready
pulse “indicates that the new word is available at FIFO A's
output, This LOW to HIGH transition on FIFO B’s Shift In causes
FIFO B to load the data from FIFO A into B's first (input) word.
FIFO 'B responds by taking the Input Ready/Shift Out
combination LOW. The trailing edge, HIGH to LOW transition of
Output Ready/Shift In Pulse allows 'the word in FIFO B to
propagate on to its output. Once propagation has begun, FIFO B
will again raise Input Pulse Low (empty). The FIFO is designed
such that this pulse is greater than the minimum Shift Out Low
time, tsOL-

Chip-to-chip communication for the case of two connected
FIFOs, both full, with an empty location bubbling from the output
to the input is similar to the both-empty case described above.
When both FIFO A and B are full, Input Ready/Shift Out is LOW
and Output Ready/Shift In is HIGH. When an empty location
bubbles from the output of FIFO B to its input, Input Ready/Shift
will temporarily go HIGH. Since Output Ready/Shift In is

already HIGH, the Shift In clock is enabled and Input Ready/Shlﬂ
Out will immediately go LOW. The result is a pulse on the Input
Ready/Shift Out line which is tjpH, Input Pulse High (full). The
FIFO is designed such that this pulse is greater than the
minimum Shift Out High time, tgoH. The leading edge of this
pulse will cause FIFO A to load new data at its outputs, and the
trailing edge will cause the newly created empty location to
bubble through FIFQ A. The rise of the Input Ready/Shift Out
pulse will cause Output Ready/Shift in to go LOW. Output
Ready/Shift In ‘will go HIGH again when new data has been
loaded into FIFQ A's output. This creates a negative pulse on
the Output Ready/Shift In line which is topL, Output Pulse Low
(full). The FIFO is designed such that top| is greater than the
minimum Shift Out Low time.

Word Length Expansion

Expansion of the FIFO to a longer word length is accomplished
as shown in Figures 9 and 10. Careful attention must be paid to
the generation of composite Input Ready and Output Ready
signals. Because of device-to-device variation the Shift In (Sl) to
Input Ready (IR) delays will be different on the Input FIFOs. If a
simple scheme such as shown in. Figure 9 is used, then this
variation must be allowed for, since composite Input Ready will
go LOW as soon as the fastest IR goes LOW, but Shift In cannot
go LOW until all three IRs for the input FIFOs are LOW. The
user must provide sufficient delay to insure this.

Figure 9 shows one way to eliminate any potential timing
problems. The gates and flip-flops are used to generate a Shift
In or Shift Out pulse independent of the Shift In or Shift Out
signal. The gating insures that Shift In does not go HIGH until all
IRs are HIGH and does not go LOW until they are all LOW. The
output gating operates in the same way. The only restriction on
Shift In and Shift Out are that they must be long enough to clock
the flip-flop and that they must occur after the composite Input
Ready or Output Ready signal. )

FIFO A
SHIFT IN — Sl‘ OR
INPUT READY <«—f IR SO j=
—»1Dg [N
— 04
DATA IN o
——»1 D3 03

FIFO B
15 ‘ OR }—> ouTPUT READY
R SO —— SHIFT OUT
Do Op |—>
Dy o1 —>
DATA OUT
D2 O —>
D3 o3 —>»

3|

MASTER RESET O

—3l

Figure 8. 128 x 4 FIFO
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" " sof- IR so [} SO SHIFT.OUT
st OR sl OR -] sI OR[- o
—{90 s7401/ Q0 Do 57401/ Q0 —190 57401/ Q0
—{p, 67401 g, Dy 67401 Qyf— Dy 67401 Q|-
b 1] Q2 Dz Qb D2 - Q—
1% mr 93 D3 wp 93 Pa mr 93
gu‘mu‘rsgszmv .
r ‘ : B - COMPOSITE
C} R so R so R so}— INPUT READY
N sl OR sl OR si o} II )-
~{Do-s7401/ G0 Do 57401/ Q0 Do 57401/:Q0 f— " :
~—{Dy 67401 q, Dy 67401 oy Dy 67401 Q|-
—{02 Q2 D2 Q2 D2 G-
—1Ps3 ‘MR 93 D3 MR Q3 03" M’R Q3
R so R so Jr_ . so
AL st OR st OR st on
]P0 sra01 Q0 Do 57401/ Q0 Do 57401/ Qo |-
—o; 67401 o}~ Dy 67401 0 Dy 67401 oy |-
=102 Q2 D2 Q2 D2 (2]
b R 03 g @ o L
’ i T o MASTER RESET
Figure 9. 192 x 12 FIFO—Unlatched Control Lines '
&Y E
COMPOSITE Y composiTe
INPUT READY OUTPUT READY
, LCE R so -
.} s OR e N
L Do 57401/ Qo _'ED_‘
Dy 67401 o - . .

SHIFT IN
pa s [

D2 a;

|HEEE|

R

~ Figure 10. 192 x 12 FIFO—Latched Control Lines

SHIFT OUT

MASTER RESET
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n Flrst-Out (FIFOs) 64x4 64x5

ial Memories | e
401A/67401A, 57402A/67402A

F,eatures/Benefitsv‘ . N Selection Guide

e 15 MHz shift in, shift out typical rates . — —T—
o Advanced Schottky bipolar pgocessing : | PARTNUMBER | PACKAGE TEM:IE\E(_AE_:EURE
: ;T" d';"“ts °“: °;:"’I“ts 4 ol b ol 57401A | Ji6. Military
eaaily expandabie in word an imensions “67401A N6 Commercial
¢ Asynchronous or synchronous operation i . J : Wi
* 64x4 FIFO pin compatible with Fairchild’s F3341 MOS ; 57402A J18 ilitary
FIFO and ten times as fast - 67402A N18 . Commercial

* 4 & 5 bit organizations for 9 bit expansion
® Master reset clears outputs to zero state

Description

The 57401A/402A are expandable “fall-through” high speed

First-In First-Out (FIFO) memories. The 57401A is organized 64

words by 4 bits. The 57402A is organized 64 words by 5 bits. A :

15 MHz data rate allows usage in high speed tape or disc control- Block Diagram  57402A/67402A 64x5
lers and communication buffer applications. The 67401A/67402A :

is specified over the commercial operating range 0—75°C and . — » =
the 57401A/57402A is specified over the military operating range Do —> 6245 BIT 5> O1
of —55°C to +125°C. o — ™ weor :> MAIN :\J> outeur [z %2
Dz — 1 STAGE REGISTER STAGE [ 57> 03
7 D3 —5 > — 04
v . pg —>1
: Block Diagram  57401A/67401A ¢ } { } {}
. 64x4
INPUT 2 17 SHIFT
= S R - s bl 8
e :> xag $ N o swer_ 3| “Locic ONTROL /] “Loaic | 18 QureuT
z; 7. | STAGE REGISTER STAGE 7o o: |
A N S
— ) MR
INPUT ¢ 2 AN . “5 SHIFT . ‘
READY INPUT reaGisTer =\ ouTPUT out )
swer_ 3| S08ge" controL | /] “O6ER" ouTPUT -
N ‘ ‘ LOGIC ; ——-> SEADY
9 i
MASTER RESET )
Pin Configuration o - S ' : “57402A/67402A
57401A/67401A , el T [@Evee

\J ~ o :
NC E 1] vee © . . INPUT READY E [17] suiFT out
et READY 7] , % SHFTOUT swer 3] : [16] outeuT READY

smmnE 14] ouTpuT READY e DoE' ) Eoo
- T e el | o
DATA IN D‘E Eo‘ ou‘rpu;s o k DATA IN WE E°2 OUTPUTS

£ 11 [10] o5 : os 2] [ o

GND E s | MR MASTER RESET ano[5] Enﬁ MASTER RESET

s g ¥ R e e A o e R R e e e i B s i R S
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57401A/67401A, 57402A/67402A

Absolute Maximum Ratings : Operating
SUPPIY VORAGE VO G + - vttt ittt ettt ettt e e e e v
Inputvoltage ..................ooiial T P S R T 5.5V

Off-state output voltage ........ : A 5.5V
Storage temperature range -65°C to 150°C

Recommended Operating Conditions

PARAMETER MILITARY COMMERCIAL UNIT
SYMBOL A MIN NOM MAX MIN NOM MAX
vee Supply voltage 45 5.0 5.5 475 5.00 5.25 v
10H High level output current 0.9 0.9 mA
loL Low level output current 8 8 “mA
TA Operating free air temperature -55 125 0 75 °C
Electrical Characteristics
Over Recommended Operating Free Air Temperature
SYMBOL PARAMETER TEST CONDITIONS ' MIN TYP MAX UNIT
VIH. . High-level input voltage 2 Vv
ViL Low-level input voltage 0.8 \
vic Input clamp voltage Voo = MIN, I = —18mA . -15 \
VCe = MIN, Vi = 2V
V Low-level output volt ; "
oL ow-leve og pu yo age VIL = 08V, oL = MAX 0.5
Input t at i ’
I .npu current at maximum Voo = MAX, Vi = 55V - ; mA
input voltage -
IIH High-level input current Vce = MAX, V| = 24V 50 RA
Low-level input current
| Vce = MAX, VE = 0.45V -0.8 A
It inputs Dg—D3, MR cc F "
Low-level input current
I V = MAX, VF = 0.45V -1.6 mA
L2 inputs S1, SO e F
Ci Input capacitance Vce = 5.0V V| =20V 7 ¢
Co Output capacitance “[f=1MHz, To = 25°C|VQ = 2.0V 8 g
Icc Supply current 57401A/67401A Vce = MAX! 111 - 150 mA
Icc Supply current 57402A/67402A : Vce = MAX! 119 160 mA
THREE STATE OUTPUT
. VoG = MIN, Vi = 2V :
V High-level output voltage . 24 \'
OH 9 iyl vo'lage, ViL = 0.8V, IoH = MAX
L Off-state output current Voe = MAX, Vi = 2V- e
lozH A iy - 4= e TR 100 RA
high-level voltage applied Vo =24V
Off-state output current Vce = MAX, VIH = 2V
lozL 3 i 1 H -100 RA
low-level voltage applied Vo =04V >
los = Short-circuit output current | Vce = MAX, Vo = .5V -20 =90 mA

NOTE: 1. Icc measured with worst case sequence;

inputs held low.

FIFO reset, one shift-in cycle with data inputs held low, measure Icc with all
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Switching Characteristics

57401A/67401A, 57402A/67402A

See Figure 1
e 57401A/57402A—MILITARY 67401A/67402A—COMM
SYMBOL PARAMETER FIGURE 5 +10%, —55°C to +125°C 5 +5%, 0°C.t0.70°C

MIN TYP3 MAX UNIT MIN TYP3 MAX UNIT

fiN Shift in Clock Rate 1 15 MHz 15 MHz
tSIH Shift in High Time 1 18 ns 18 ns
tsIL Shift in Low Time 1 18 ns 18 ns
=T Input Ready ON Delay 1 30 ns 30 "“'ns
tIRH Input Ready OFF Delay 1 30 ns 30 ns
tiDs Input Data Set Up 1 5 ns 5 ns
tiDH - Input Data Hold Time = - 1 12 ns 12 . ns

fouT Shift Out Clock Rate 2 15 . MHz : 15 MHz
tSOH Shift Out High Time 2 18 ns 18 ns
tsoL Shift Out Low Time - - -2 18 ns 18 ns
tORL Qutput Ready ON Delay . |.. .2 24 ns . 24 . ns
tORH Output Ready OFF Delay 2 24 ns 24 ns
tODH Output Data Hold Time 2 25 ns 25 ns
tobs Output Data Delay 2 35 ns 35 . . ns
tpT Data Throughput Time Note 1 20 us | 20 us
- tMRW Master Reset Pulse .- Note 2 15- - ns - 15 e DS
tMRORL Master Reset to OR Low 5 30 _ns 30 . ns
tMRIRH Master Reset to IR High 5 30 ns 30 " ns
tMRS Master Reset to S| 5 20 " ns 20, . ..ns
tiPH Input Reéady Pulse High 4 35 ns - 35 ons
el ~ Input Ready Pulse Low 6 3 ns .. 35 ns
toPH Output Ready Pulse High 3 35 ns ’ 35 g ns
tOPL Output Ready Pulse Low 7 35 ns 35 ;NS

NOTES: 1. This parameter defines total time from the time data is present at Dn to the time it is available at On with FIFO initially
empty and total time from the time data is extracted from Dn to IR High with FIFO initially full.
2. Master Reset clears the FIFO to the all cells empty state and resets outputs On to zero state.

) 3. Typical values @ 5.0V Vcc and 25°C.

Functional Description
Data Input

Data is entered into the FIFO on Dn inputs. To enter data the
Input. Ready (IR) output should be HIGH, indicating that the first
location is ready to accept data:“Data then present at the data’
inputs is entered into the first location when the Shift In (SI) is
brought HIGH. A SI HIGH signal causes the RI to go LOW. Data
remains atthe first location until Sl is brought LOW. When Sl is
brought LOW and the FIFO is not full, IR will go HIGH, indicating-
that more room is available. Simultaneously, data will propagate

to the second location and continue shifting until it reaches the .~

output stage or a‘full location. If the memory is full, it will remain
LOW.

Data Transfer

Once data is entered into the second cell, the transfer of-any-full
cell to the adjatent (downstream) empty cell is automatic,
activated by an on-chip control: Thus data will stack up at the

end of the device while empty locations will “bubble” to the front.

- tpT defines the time required for the first data to travel from input

to-the output ofa previously -empty device.

Data Output’

Data is read from the On outputs. When data is shlfted to the
output stage, Output Ready (OR) goes HIGH,: indicating the

..presence_of valid data. When the OR is HIGH, data may be

shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal
at SO causes the OR to go LOW. Valid data is maintained while

_~the SQ is HIGH. When'SO is brought LOW the upstream data,

provided that stage has valid data, is shifted to thé output stage.

_When new valid data is shifted to the output stage, OR goes

HIGH. If the memory is emptied, OR stays:LOW.
Input Ready and Output Ready may also be used as status

: ‘signals indicating that the FIFO is:completely: full (Input Ready
““stays LOW for at least tpT) or completely empty (Output Ready

stays LOW for at least tpT).
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57401A/67401A, 57402A/67402A

Timing Diagums

INPUT -—-—-—-—1 —
ReADY L [—t-tRH
SHIFT IN y
ot taw 'E"-
oaamw X X
tms—k-r-':ou-»i ST I

. Input data must remain stable during tiDs and tipH.

2 Input Ready HIGH indicates that space is available and a
Shift In pulse may be applied. Input Ready LOW indicates
thatthe FIFQ is full or that a previous Shift In operation is not
complete. ‘Shift In pulses applied while Input Ready is LOW
will be“ignored.

3. The rise qf input Ready indicates that the data at the Dn
mputs has beep accepted and that the input stage is empty.

Figure 1. FIFO Input Timing

1. FIFQ initjally empty.
2. Shift Out held high (as shown).

figum 3. topH Specification

WR \ /
IMRW - e

® mm—ﬁr

OR

IMRORL 1% —»| |——3— MRS
s

1. FIFO initially full

Figure 5. FIFO Master Reset Timing

Standard Test Circuit

/6001
vVee O AAA -0 OUTPUT
P4
T 30pF :: 12000
-

Input Pulse Amplitude = 2,5V
Input Rise and Fall Time = 5.0 ns from 1.0V to 2.0V
Measurements made att. 50\[

OUTPUT
READY tORL:

SHIFT OUT ) 4
{SOH —» tsoL

e
PREVIOUS DATA O NEW DATA OUT
H
T toos
re————FoyT

1. Output data will be stable at the rise of Output Ready.

) S
hat < toRH—

DATA OUT

2. Output Ready HIGH indicates that data is available and a

Shift Out pulse may be applied. Output Ready LOW indicates
that the FIFQ is empty or that a previous Shift Out operation
is still in progress. Shift Out pulses applied while Shift Out
Ready is LOW will be ignored.

3. The rise of Output Ready indicates that new data has been

loaded into the output stage.
Figure 2. FIFb Outp_ut Timing

SHIFT OUT / \
SHIFT IN

INPUT l"——‘"

READY

1. FIFO initially full
2. Shift In held high (as shown).

Figure 4. tjpH Specification

INPUT

READY A —|—-|
SHIFT m

INA —

out l“——lpf——% torH
READY A/ —
SHIFTINB —] f—lipL

agiore \_Lf

oUT A
DATA A/B X

NEW DATA (FROM INPUT)

e

OuTPUT
READY B

DATA
ours

NEW
DATA

Figure 6. FIFO/FIFO Communication: Empty/!nput Timing

ouTPUT
READY B -L-J

SHIFT
ours | l
;u :IEADV 8 | __%ﬁlwn
\

périie Te—TOPL

Faov s, S
DATA A/B ~ X NEXT WORD
IN [ —————1pT
READY A 1

Figure 7. FIFO/FIFO Communication: Full/Output Timing
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Programmable Array Logic Family
PAL Series ?0 D?ta Sheet

Patent Allowed 3 . ey

Features/ Bonéﬂts“ l‘

* Programmable replacement for convemlonal TTL
logic.

* Reduces IC inventories substantialiy and slmpmies
their control.

* Reduces chip count by 4 to 1.

* Expedites and slmpliﬂes prototyping and board
layout. :

* Saves space wlth 2o-pin Sklnny DIP packages.

. High speed 25ns typical propagation de!ay.

* Programmed on standard PROM programmers.

* Programmable three-state outputs.

. Special feature reduces possiblllty of copying by
competitors

~Ddscripﬂon

The PAL family utilizes an advanced Schottky TTL process and
the Bipolar PROM fusible link technology to provide user pro-
grammable logic for replacing conventional SSI/MSI gates and
fiip-flops at reduced chip count.

The family lets the systems engineer “design his own chip” by
blowing fusible links to configure AND and OR gates to perform
his desired logic function. Complex interconnections which
_previously required time-consuming layout are thus “lifted” from
PC board etch and placed on silicon where they can be easily
modified dunng prototype check-out or producﬁon

The PAL transfer function is the familiar sum of products. Like

* the'PROM, the PAL has a single array of fusible links. Unlike the
"PROM, the PAL is a programmable AND array driving a fixed
OR array (the PROM is a fixed AND array driving a
programmable OR array). In addition the PAL provides these
options: i

« Variable input/output pin ratio
‘e Programmable three-state outputs
« Registers with feedback

* Arithmetic capability

TM PAL i a Trade Mark of Monolithic Memories

6-2

Unused inputs are tued dvroctly to Vo or GND. Product terms
with all fuses blown assume the logical high state, and product
terms connected to both true and complement of any single
input assume the logical low state, Hegus;ers consist of D type
flip-flops which are loaded on the 16w to high transition of the
clock. Al registers are designed to power up to logical high state
at the output pin. PAL Logic Diagrams are shown with all fuses
blown, enabling the designer use“of the diagrams -as coding
sheets. 8Y2 x 11 Logic Dsagrams are avaitabie on request,

The entire PAL family is programmed on inexpensive con-
ventional PROM programmers with appropriate personality and
socket adapter cards. Once the PAL is programmed and ver-
ified, two additional fuses may be blown to defeat verification.
This feature gnves the user a proprietary gircuit which is very
difficult to oopy

NUMBER DESCRIPTION

PAL10OHS OCTAL 10 INPUT AND-OR GATE ARRAY

PAL12HE HEX 12 INPUT AND-OR GATE ARRAY

PAL14H4 QUAD 14 INRUT AND-OR GATE ARRAY

PAL16H2 DUAL 16 INPUT ANB-OR GATE ARRAY

PAL16CY 16 INPUT AND-OR/ AND-OR-INVERT GATE ARRAY

PAL10LS OCTAL 10 INPUT AND-OR-INVERT GATE ARRAY

PAL12LG HEX: 12 INPUT AND-OR-INVERT GATE ARRAY

PAL14LE QUAD 14 INPUT AND-OR-INVERT GATE ARRAY

PAL16L2 DUAL 18 INPUT AND-OR-INVERT GATE ARRAY

PAL16L8 OCTAL 16.INPUT AND-OR-INVERT GATE ARRAY -
PAL16R8 OCTAL . 16 INPUT REGISTERED AND-OR GATE ARRAY
PAL16RE MEX 16 INPUT REGISTERED AND-OR GATE ARRAY
PAL16R4 QUAD 16 INPUT REGISTERED AND-OR GATE ARRAY
PAL16X4 QUAD 16 INPUT REGISTERED AND-OR/XOR GATE ARRAY
PAL16A4 Qusp s INPUT REGISTERED AND-CARRY-OR-XOR GATE ARRAY

%

Ordering Information

PROGRAMMABLE ARRAY LOGIC FAMILY

NUMBER OF ARRAY INPUTS

—————OUTRUT TYPE'

H = ACTIVE HIGH

L = ACTIVE LOW

C = COMPLEMENTARY

R = REGISTERED

X = EXCLUSIVE-OR REGISTERED
A = ARITHMETIC REGISTERED

NUMBER OF OU‘I’PUT
TE“PERA‘I’URE RANGE
C= 0CTO+75C

M= -55 CTO +125C

PACKAGE
r N = PLASTIC DIP

_—AT:-L%EN J'= CERAMIC DIP



PAL Family.
PAL14H4 PAL16H2 PAL16C1 -

PAL12H6

PAL Logic Symbols
PAL10HS
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PAL Family

TER

Operating Programmmg

................. ORI FEC SN NRNNUUURNUE s EUUE AL NSRRI (VI 12V
v TR T e ST S S 5.5V 12V~
Off-state OUIPUEVORAGE . ..o ettt e e e e e e 5.5V 12V
Storage temperature range il e e U A B Tt v er e e, -65°C ‘to 150°C -
10H8, 12H6, 14H4, 16H2 16C1, 10L8, 12L6, 14L4, 16L2
Recommended Operatmg Conditions
svmMBOL PARAMETER MILITARY . | commeRciAL uNIT |
ARAME MIN NOM - . MAX MIN NOM "' MAX !
Vee Supply voltage 45 5.0 55 475  5.00 5.25 \
IoH High-level output current =20 -3.2 mA
loL Low-level output current 8 8 mA
TA Operating free air temperature —-55 125 % 0 75 °C
Electrical Characteristics
Over Recommended Operating Temperature Range
SYMBOL PARAMETER TEST CONDITIONS MIN  TYP  MAX| UNIT
ViH High-level input voltage 2 SV
ViL Low-level input voltage : : . ' 08} V.
Vic fnput clamp voltage Vgge = MIN, 1] = —18 mA -15 Vo
e Voe = MIN, Vi = 2V, -
VOH High-level output voltage VIL = 0.8V, IoH = MAX 24 gt V.
L VCC = MIN, Vi = 2V, '
VO,L Low-level output voltage VIl = 08V, loL = MAX 05 v
I Input current at maximum Ve = MAX, V| =55V 401 ma
input voltage
IH High-level input current VCe = MAX, V| = 2.4V 25 | uA
L Low-level input current Vce = MAX, V) = 0.4V -250 | . pA
los Short-circuit output current Vce = MAX -30 -130 | mA
Icc Supply current vVce = MAX 55" “mA_ |
Switching Characteristics
Over Recommended Ranges of Temperature and Voo ’
: ' £ "MILITARY* | COMMERCIAL | =
TEST CONDITIONS | 1A~ 35 10 +125°C | Tp=0to78°C I
SYMBOL PARAMETER Vee = 5.0V = 10% | Voe =50V 5% | yyr
RL=20KQ MIN  TYP MAX|MIN TYP MAX|
tPD From any input to any output CL = 15pF " 25 1. .25 ns .

* Operating Case Temperature only. Tc = 125°C

1 See’ Standard Test Load and Definition of Waveforms, page 10-4

[ .}



PAL Family

16L8, 16R8, 16R6, 16R4, 16X4) 16A4"

Recommended Operating Conditions

11See Standard Test Load and Definition of Waveforms,.page. 10-4.

SYMBOL PARAMETER MILITARY COMMERCIAL UNIT
SR : MIN . NOM ~ = MAX MIN NOM MAX
Voo Supply voltage 45 5.0 55 475 5.00 5.25 v
-~ 1oH High-level output current -2.0 -3.2 ‘mA
“ oL Low-level output current 12 24 mA
TA Operating free air temperature 55 125% 0 75 °C
Electrical Characteristics =
Over Recommended Operating Temperature Range
»SYMBOL PARAMETER -~ TEST CONDITIONS MIN TYP MAX ' UNIT
VIH High-level input voltage 2 v
ViL |--Low-level input voltage 0.8 \
Vic Input clamp voltage Vce = MIN, 1) = —18mA -15 Vv
i Vece = MIN, VIH = 2V,
VOH High-level output voltage VIL = 0.8V, IoH = MAX 24 v
Vee = MIN, Vig=2V,
VoL Low-level output voltage VIL = 0.8V, IoL=MAX 0.5 \
Off-state output current Vee = MAX, VI = 2V,
'0ZH | pigh-level voltage applied VO = 2.4V, VIL = 0.8V 100 KA
Off-state output current Voo = MAX, VIH = 2V,
I0ZL | |gw-level voltage applied VO = 0.4V, VIL = 0.8V =100 | pA
;o Input current at _ _ :
W .| ‘maximum input voltage Ve = MAX, V) = 5.5V 10 mA
IH: High-level input current Vco'=MAX, V| = 2.4V 25 nA
L Low-level input current Vce = MAX, V| = 0.4V -250 nA
los Short-circuit output current Voo = MAX, -30 -130 mA
O »v’ ) o e 5 P ® -‘- .
Supply |-16L8 - 140 210
Icc 16R4,16R6,16R8 Vee = MAX 150 2251 mA
Current ™y5x4 16A4 : 160
Switching Characteristics o
OverRecommended Ranges of Temperature and Vcc MILITARY ‘COM”ERCIAL
e ' : o " i Ta= —55°t0 +125°C | Tp = —0°t0o'+75°C
SYMBOL PARAMETER TESTRCQN: '7T '(?NSTT Vee =5.0V=10% | Ve =5.0V = 5% | UNIT
L=66 MIN TYP MAX|MIN TYP MAX
tPD Input to output 25 45 25 ¢ 40| ns
tPD Clock to output CL = 45pF 15 25 15 25| 'ns
~tpzX -Pin 11 to output enable ; 15 25 15 25| -ns
tpxz Pin 11 to output disable : CL = 5pF 15 25 15 25 ns
tpzx Inputito output enable CL = 45pF 25 45 25 40 ns
tpxz Input to output disable CL = 5pF 25 45 25 401 ns
t ‘W'dt&h‘ f clock High 25 il ol ns
W i orelock oW 25 25
R 16R8,16R6,16R4 45 . 40 né )
SUL.. o PRUP NG 16X4, 16A4 i f
th Hold time 0 —-15 0 —15 ns’
*Operating Case Temperature only, T = 125°C ‘ Ll
tloc = MAX at minimum temperature g "PRELIMINARY
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PAL Family

Programming

PAL fuses are programmed using a low-voltage linear-select
procedure which is common to all 15 PAL types. The array is
divided into two groups, products 0 thru 31 and products 32 thru
63, for which pin identifications are shown in Figure 1. To

program a particular fuse, both an input line and a product line
are selected according to the following procedure:

Step 1 Raise Output Disable, OD, to ViHH

Step 2 Select an input line by specifying l, Iy, I2, 13, 14: I5. lg, 17
and L/R as shown in Table 1

Step 3 Select a product line by specifying Ag, A1 and A2 one-of-
eight select as shown in Table 2

Step 4 Raise Vg (pin 20) to ViHH

Step 5 Program the fuse by pulsing the output pins, O, of the
selected product group to VjHH as shown in Table 2.

Step 6 Lower Vo (pin 20) to 6.0 V

Step 7 Pulse the CLOCK pin and verify the output pin, O, to be

PRODUCTS 0 THRU 31

o

plalzlciclclalols

oD

3
[~]
Zz
o

\/
Vee

0o
01
02
03
Ao

N A
A2
LR

CLOCK

FEEHEEEEEE

PRODUCTS 32 THRU 63"~ *

CLOCK

lo

slelolelcicicieiolel

GND

Vee
: LR
Ao

Ay

A2

02
03

oD

HEHEEIEEEE

L—.J.:

Figure 1 Pin Identification

Programming Waveforms

ViHH
HE

Low for active Low PAL types or High for active High oo -/ ' \-
PAL types. VlLTj Lo NN -
ViHH | :
Steb 8 Lower Ve (pin 20) to 4.2 V and repeat step 7 LUR.A Vm:>_/| \'C
ViL .
Step 9 Should the output not verify, repeat steps 1 thru 8 up to vee V'HCW
five () times. 590 o PP
P td td ‘
VIHH— VERIFY ‘
This procedure is repeated for all fuses to be blown (see
programming waveforms). °
td
To prevent further verification, two last fuses may be blown by H
raising pin | and pin Il to Vp. V¢ is not required during this cLOCK :’" 1
operation. *
Programming Parameters
TA = 25°C
LMITS ‘
SYMB PARAMETER . UNIT
ok MIN TYP.. MAX
ViHH Program-level input voltage 10.5 11 1.5 v
Output Program Pulse 50 .
iHH Program-level input current | Output Disable, OD 25 mA
: g All Other Inputs 5 i
IccH Program Supply Current 400 mA
Tp Program Pulse Width 10 50 us
td Delay time 100 ns
Program Pulse duty cycle 25 %
Vp Program/Verify-Protect-input voltage 20 . Vo
Ip Program/Verify-Protect-input current 400 mA




PAL Family
M

Voitage Legend
L = Low-level input voltage, Vj_
H = High-level input voltage, V|4
HH = High-level program voltage, V|HH

INPUT PIN IDENTIFICATION PRODUCT PIN IDENTIFICATION
LINE ; LINE

NUMBER |17 | lg| 15|14 | 13| 12| 11| 1o |L/R NUMBER | O3 | O2 | O1 | Og | A2 | A1 | Ao
0 HH|{HH|HH|HH|{HH|[HH | HH| L | L 0,32 L L L |HH | L L L
1 HH{HH|HH|{HH|HH|HH|HH| H | L 1,33 L L L |HH | L L | HH
2 HH|HH|HH|HH|[HH|HH{HH| L | HH 2,34 L L L{HH | L |HH| L
3 HH|HH| HH|HH|HH|HH | HH| H | HH 3,35 L L| L |HH| L | HH | HH
4 HH|HH|HH|HH|HH|HH]| L |HH| L 4,36 L | L L |HH | HH | L L
5 HH|{HH|HH|{HH|HH|HH| H |HH| L 5, 37 L Ll L|HH|HH]| L |HH
6 HH|HH| HH|HH|HH|HH| L | HH| HH 6, 38 L L L {HH|HH|HH | L
7 HH[HH| HH|HH| HH |HH| H | HH | HH 7,39 L L L {HH | HH | HH | HH
8 HH|{HH|HH|HH]HH| L |HH|HH| L '8, 40 L L |HH| L L L L
9 HH|{HH|HH[HH|HH| H |HH|HH] L | 9, 41 L L {HH| L L L | HH
10 HH|HH|HH|[HH|HH| L | HH | HH{ HH 10, 42 L | L |HH| L L [HH | L
1 HH|{HH|HH|HH|HH| H | HH | HH| HH 11, 43 L L |HH| L L | HH | HH
12 HH{HH|HH|HH| L |HH|HH|HH| L 12, 44 L L |HH| L |HH | L L
13 HH|{HH|HH|[HH| H [HH|HH|HH| L 13, 45 L L {HH| L {HH | L | HH
14 HH|{HH| HH |[HH| L |HH | HH | HH | HH 14, 46 L L|HH| L |HH|HH | L
15 HH|{HH|HH|HH| H |HH | HH | HH | HH 15, 47 L L |HH| L |HH | HH | HH
16 HH{HH|HH| L [HH|HH|HH|HH| L 16, 48 L IHH| L | L L L. L
17 HH|{HH|HH| H [HH|HH [HH |HH| L [ 17, 49 L |HH| L | L |L L |'HH
18 HH|HH|HH| L |HH|HH | HH | HH| HH 18, 50 L |HH| L | L L |[HH | L
19 HH|HH | HH| H | HH|HH | HH | HH | HH 19, 51 L |HH| L | L L | HH | HH
20 HH{HH]| L {HH|{HH|HH[HH | HH| L 20, 52 L {HH| L | L |HH| L L
21 HH|HH| H |HH|{HH|HH|[HH [ HH| L 21, 53 L |HH| L | L [HH]| L |HH
22 HH|HH| L |HH|HH|HH|[HH | HH| HH 22, 54 L{HH| L | L |HH|HH]| L
23 HH{HH| H [HH|HH |HH | HH | HH | HH 23, 55 L |HH| L | L [HH | HH | HH
24 HH| L |HH|HH|HH |HH | HH | HH | L ' 24, 56 HH | "L L | L L L L
25 HH| H |HH|[HH|HH |HH [ HH |HH | L 25, 57 HH|l L | L | L | L | L |HH
26 HH| L |HH|{HH|HH|HH | HH | HH | HH 26,58 | HH | L L | L L |HH | L
27 HH| H | HH[HH|HH |HH | HH | HH | HH 27,59 HH | L L | L L | HH | HH
28 L |HH|{HH|HH|[HH[HH|HH |HH | L 28,60 . | HH | L L | L |HH|[ L L
29 H [HH | HH |HH|HH |HH |HH | HH | L 29, 61 HH | L L | L |HH]| L |HH
30 L {HH|HH|HH|{HH |HH | HH | HH | HH 30, 62 HH | L L | L |HH|HH | L
31 H [HH|{HHHH|HH |HH | HH | HH | HH 31, 63 HH | L L | L |HH |HH | HH

Table 1 Input Line Select Table 2 Product Line Select
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Package Drawings

UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES.

PAL Family

ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS.

N20 Plastic Dip
AANANANANANANAN
20 1
.240-.290
O 6.10-7.37
o1 10
YYVYYVYVYVYYVYY VY
080 .000
2.03 —» le— .00
MAX. MIN.
.280-.320
1.025-1.075
26.03-27.30 > 711813
.015-.060 5
.38-1.52 [T 200
5.80
140 MAX.
3.55 ’] L k .120-.165
MIN. _3.04-‘.19
o 16° .008-.012
‘J "]L— -—'/ [a—0=16 -—F\ .20-.31
.090- m .016-.020 .055-.065
2.29-2.79 .41-.51 1.40-1.65
J20 Ceramic Dip
linlninlisininEnEnNs
20 T
2.65-.300
6.73-7.62
1 10
ooy uu
|<_.01o 000
— 1.78 .000 —»| [—
MAX. 995-.990 MIN,
24.26-25.15 ¢
.290-,320
7.37-8.13 l
.015-.035 :
.38-89.
i E 48."
150 ]
3.81 :
MAX. |
125—185 ‘
N e
.090-.110 016-020  .055-.065 e
2.29-2.79 41-51 1.40-1.65
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PAL Family

Logic Diagram PAL12H6
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PAL Family

Logic Diagram PAL16H2
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PAL Family
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PAL Family

Logic Diagram PAL16R8
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PAL Family

Logic Diagram PAL16R6
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) PAL Family

Logic Diagram PAL16R4
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PAL Family

Logic Diagram PAL16X4
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PAL Family

Logic Diagram PAL16A4
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Ten Input, Quad 8 to 1

Programmable Multlplexer PMUX
20693

Features/Benefits

L]
L[]
L]
[
L]
L[]
L
]

Electrically programmable inputs

Equivalent to four 74LS151, 8-to-1-line multiplexers
Space saving 20 pin package

Buffered TTL inputs

Three-state, 16 mA outputs

Compatible with standard PROM programmers -
Electrically programmable data routing

FPLA replacement in many applications

Applications

Block Diagram

Data path encoding: sign extend, byte swap, shifts
Programmable encoder: data bit selection

Data and clock signal routing
Instruction/Command register bit selection

Status register control: input selection and output routing :

Microprogram multiply, divide, and shift control
2909/2911 Microprogram Sequencer control

Data reformatting and format conversion :

PMUX + PROM = powerful encode/decode combination
Programmable priority .encoder with dynamic priority
potential

2901 Bit Slice register select control

Barrel shifters and byte/word selection operations

1/O Line formatter for different /O signals with same

hardware :
Control signal selection by equipment operating mode

Shift register feedback selection for CRCC generation, etc.

Description

The 29693 Ten Input Programmable Multiplexer.(PMUX) con-
tains four 8-line-to-1-line multiplexers with common Select and
Enable lines, electrically programmable . input selection, and
three-state outputs. Each of the eight multiplexer.inputs can be
electrically connected to any of the 10 device inputs through a
fusible link.-: The 29693 is shipped with each multiplexer input
connected to all 10 device inputs through isolation diodes, result-
.. ing in a logical OR of the input signals. Undesired connections
are removed by passing a short, high current pulse through the
corresponding fusible link, changing it from a conductive to a
non-conductive state. Nine of the 10 links on each multiplexer
input will be opened in the typical case, except where the logical
OR of two or more input signals is desired. Opening the fusible
links is called programming, and Ilnks thus opened are termed

programmed.

If all fusible links on a multiplexer input are programmed, the
multiplexer output will always be low when that input is selected.
If more than one link is left unprogrammed on a multiplexer
input, the output will be the logical OR of the two oorrespondlng

input signals.

The 29693 is programmed by applying the desired multiplexer

select code, taking the input to be disconnected to a TTL high
“ with ‘all other inputs low, and applying programming pulses on

the Enable input and the multiplexer/device output. The 29693

is designed to be compatible with the programming pulses used

on the 29660 (256 X 4) PROM. This allows the 29693 to be

programmed by a standard PROM programmer with a simple
" adapter (see Figure 2).

S

h ——Do—
Iz———Do—
o]
M—D°——— 10Xx8 10x8 10X8 10x8
FUSE FUSE FUSE FUSE
lsf-——-Do— ARRAY ARRAY ARRAY ARRAY
ls —DO——
|7—;>o-—
Ig ——Do-——
|9-—Do—
s ] s | L] s
sz
5 87101 87101 87101 8701
s MULTIPLEXER MULTIPLEXER] MULTIPLEXER MULTIPLEXER|
E % i i
o 0 03 04
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Absolute Maximum Ratings

Storage temperature ............ .00l —65 to +150°C
Temperature (ambient) under bias ........... —55 to +125°C
Supply voltage to ground potential

(Pin 20 to Pin 10) continuous  .............. -0.5Vto +7V.

DC voltage applied to outputs

(except during programming) ....... —0.5V to +Vcc max.

Operating Range

“ ’DC input voltage (add}eés inputs ‘and | pins)

.—0.5V to +5.5V
DC voltage applied to outputs during :
Programming ..........oceeiuiiiiiiiiiiiiieais L. 28V
Output current into outputs during programming
DC input voltage (chip select input—pin 15) .. —0.5V to +33V
DCinputcurrent .................. e -—30 mA to +5 mA

|29693xc| TA=0t T75°C erc 5.0V +5%

Commerma—l |29693XM| TA = —55 to +125°C Vcc 5.0V +10% hmutarﬂ

Electrical Characteristics Over Operating Range (Unless otherwise noted)

SYMBOL‘ DESCRIPTION TEST CONDITIONS MIN TYP! | MAX | UNITS
’ VGG = MIN, IoH = —2.0 mA :
VOH Output HIGH voltage cc loH om 24 - Volts
« VIN = VIH or VIL ,
. Vce = MIN loL = ' .
VoL Output LOW voltage cc oL =8 mA 04 kVoIts
VIN = Viy or V|L loL = 16 mA 0.5 .1 \Volts
VIH Input HIGH level Guaranteed input logical HIGH voltage | 2.0 . Volts
ViL Input LOW level Guaranteed input logical LOW voltage 0.8 - Volts
liL (S, E) | Input LOW current Voc = MAX, VIN = 0.4V —60 —-250°| umA
liL (lo-l9) | ‘Input LOW current Vce = MAX, VN = 0.4V —400 —700 nA
Vee = MAX, VN = 2.7V : 10 7.
l Input HIGH current - 4
H Py urrel VoG = MAX, Viy = 5.5V3 10 | mA
Isc Output short circuit current Vce = MAX, Vout = 0.0V —-12 —35 —85 mA
Icc Power supply current All inputs = 2.7V, Voo = MAX 100 140 mA
Vi | Inputclamp voitage VoG = MIN, Iy = 18 mA | -5 v
o : VoG = MAX Vo = 45V ; 100 | pA
- ICEX Output leakage current VE = 2.4V Vo = 24V 40 HA
f E™ & Vo=04V | | | -4 | mA
Notes: 1. Typical limits are VoG = 5.0V and TA = 25°C. ‘ )
2. Not more than one output should be shorted at a time. Duration of (he short circuit
should not be more than one second.
3. Except VIN = 4.5V at pin 15. :
Pin Configuration Logic Symbol
N\ 157 89
E I5 Vee
= s [15] :
B i [18] ESoSiSz o 6
- m o
I2 4
E 8 o E 14 04 I3 3
E o E E 13—102 20693 Ig j—2
E o oy E 12— 0. 10 X 8 X 4 PMUX [
1 0 - I 1
[] 1 -
s ©2 E 17 18
9)sy ‘.03 Iz] g 17
E GND [ E lg}——16
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Switching Characteristics Over Operating Range

TYP. MAX
SYMBOL DESCRIPTION TEST CONDITIONS 5V UNITS
25°C 25°C COM’L MIL
= F
tSA Select access time CL=30p 35 50 55 75 ns
- RL = 300 to Vcc -
tiIA Input data access time and 35 50 55 75 ns
t Enable access i 2 2
tEA E:abl: ?ecover ":;:16 60012 ic GND 1: 22 :(5) ;g ::
ER Y (16 mA Load)!
Note 1..300( resistor opened for teA and tgR measurements between HIGH and OFF states.
Ordering Information AC Test Circuit
Part Package Temperature 50v
Output
Number Type ? Range
29693DC | Hermetic DIP TS 0to +75°C
29693DM | Hermetic DIP TS —55to +125°C
29693FM | Hermetic Flat Pack TS -55 to +125°C
Note: For 883B processing, add the letter “B” to the order number suffix,
e.g., 29693DMB. TEST POINT

Switching Waveforms

So-S2 3.0v
15V

oo ov
E - Y \ 1.5V
fe—tsa ta—e] ILSE';.‘ ’.\F_;_ ¥

0005 AVAVAVAY4 TS Vo0 a—
FAVAVAVAY 1/l/ AN Vo

Note: Level on output while E is HIGH is determined externally.

Key to Timing Diagram .

WAVEFORM INPUTS

OUTPUTS
MUSTBE  WILL BE
STEADY STEADY
WILL BE
MAY CHANGE
MAY CHANGE WILL BE
CHANGING
m FROMLTOH EpomLTOH
DON'T CARE: CHANGING.
ANY CHANGE STATE
PERMITTED  UNKNOWN
CENTER
DOES NOT  LINE IS HIGH
APPLY IMPEDANCE
“OFF"-STATE
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]

Programming Instruction;

Device Description

The 29693 is manufactured with all device inputs connected to
all data multiplexer inputs. To select a particular pattern of inputs
to be connected to the data multiplexers, nichrome fusible links
must be changed from a low to a high resistance for all undesired
connections. This procedure is called programming.

There are 320 fusible links on the chip. Since each data multi-
plexer input is initially connected to all input buffers, all undesired
links must be programmed and the desired connections left un-
programmed. Thus, 9 of the 10 fuses on each data multiplexer
input and 288 of the 320 fuses for the device will be programmed
in the typical case of one device input connected to each of the
data multiplexer inputs. The PMUX can be programmed by a
standard P/ROM programmer with an adaptor card as shown in
Figure 2. The adaptor card allows the PMUX to be programmed
by any P/ROM programmer that will program the 29660, 256 X
4 P/ROM. PMUX programming equipment can also be obtained
from Data /O, Inc. and other manufacturers of P/ROM program-
ming equipment.

Programming Description

To select a particular link for programming, one of the input
lines, Ip—lg, has a TTL high applied with the ramaining inputs left
low, and the desired Select address applied to Select lines,
S2-Sp. With a Ve of 5.50 volts applied or left applied, the
program pin (Enable, E) and the output to be programmed are
taken to an elevated voltage to supply the required current to

program the fuse. Only one input and.one output may be acti-
vated at any one time, since the internal programming circuitry is
capable of sinking only one unit of programming current.

P/ROM Programming Adiptér

The PMUX can be programmed using a standard P/ROM pro-
grammer capable of programming the 29660, 256 X 4 P/ROM
by using the adaptor card shown in Figure 2. This adaptor card
converts the address signals from the P/ROM programmer into
signals for the Select and Input lines at the PMUX. The five most
significant bits of the P/ROM address are used to drive a de-

. coder which selects one of the PMUX Input lines. The three

least significant P/ROM bits are used to drive the PMUX Select
lines. The output structure used for the PMUX is similar to that of
the 29660 P/ROM and the adaptor unit allows each PMUX fuse
to be identified for programming in the same manner as P/ROM
fuses.

Fuses to be ‘programmed are identified: by a unique*P/ROM
address and one of the four PMUX outputs. The P/ROM address
selects one of the Ip-Ig inputs and one of the eight multiplexer
Select groups. The PMUX output identifies which of the four
fuses selected by this code will be programmed. The address
map given below defines the relationship between PMUX fuses
and their corresponding P/ROM adaptor addresses. Note:that
addresses 80-255, etc., are not used: These-addresses will
show as progammed low when examined, since there is no
input active to cause the outputs to go high. These addresses
must be shown as programmed low on P/ROM programming
tapes for correct verification.

29693 PMUX Programming Adaptor Address Map

MULTIPLEXER INPUTS UNUSED
SELECT lo I I2 I3 la Is 73 I7 Ig ) (LOW)
0 0 8 16 24 32 40 48 56 64 72 80-255
1 1 9 17 25 | 33 | 41 49 | 57 65 73
2 2 10 18 26 34 42 50 | 58 | 66| 74
3 3 1" 19 27 35 43 51 | 59" | 67 “|" 75
4 4 12 20 28 36 44 52 60 68 76
5 5 | 13 21 20 |" 37 | 45 53 | 61| ‘69 7
6 6 14 22 30 38 46 54 .| 62 70 78
7 7 15 23 31 | 39 | 47 55 63 | 7 | 79 |
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Timing

The programming procedure involves the use of the program pin
(Enable) and the output pin. In order to guarantee that the output
transistor is off before increasing the voltage on the output pin,
the program pin’s voltage pulse must come before the output
pin's programming pulse and leave after the output pin’s pro-
gramming pulse. A 100 ns delay is adequate. The programming
pulse applied to the output pin and program pin must have a 50
to 70 microsecond rise time. See Figure 1.

TTL HIGH

I, Sy

TTLLOW

—Tpp
Vep 90% Vop
o
f=To,
¥ ¢
Vout 90%—— Voutr -
10 Tr

| |«To

Vee G.OV—/_-'\
42v—

CHECK

STROBE - y
TILLOW — = — = =~ = --

NOTE: Output Load = 0.2 mA during 6.0V check ;R gs‘ V/;;s i 15%
= ; =15
Output Load = 12 mA during 4.2V check T:P 1 18 min,, 8 us max.
TD‘I 80 + 10 us
T02 100 ns min.
Figure 1. Program Timing

Verification

After programming a device, it can be checked for a low output
by taking the Enable low. Since we must guarantee operation at
minimum and maximum Vcc, current and temperature, the de-
vice must be required to sink 12 mA at 4.20V Vcc and 0.2 mA at
6.0V Vg at room temperature.

PULSE PROGRAM PIN OUTPUT
NUMBER VOLTAGE VOLTAGE
1to3 27V 20V
4106 30V 23V
7t09 33v 26V

Truth Tables

Raytheon can program devices at our facility from Raytheon
truth table forms (available on request). For customers desiring
to make their own forms, an example is shown below:

OUTPUTS
WORD PIN =——> 11 12 13 14
NUMBER O4 O3 02 O4
0 H H H L
1 L H L H
255 L H H H

Note: A high voltage on the data out lines is signified by an “H.” A low voltage on
the data out lines is signified by an “L.” The word number assumes posi-
tive logic on the address pins, so for example, word 255 = HHHHHHHH.

Commercial Programmers

The MMI PMUX is designed and tested to give a programming
yield greater than 95%. Field reports agree with this expectation.
Several companies make commercial programmers which will
properly program the MMI PMUX. MMI makes it a practice to
review these commercial programmers and works closely with
the manufacturers to maintain a high programming yield and
high reliability of programmed parts. MMI publishes a list of the
approved programmers and recommends’ that MMI PMUX be
programmed using one from the list.

For those customers not using an approved programmer, the
programming instructions given elsewhere must be followed.

Approved PMUX Programmers

The 29693 PMUX may be programmed by any data /O pro-
grammer using program card set 909-1226-1 and socket adapter
715-1396.

Programming Speed

Typically fuses will blow on the rise time of the pulse. In auto-
mated programmers which must copy devices in a short time
because of production requirements, the following pulse and
voltage sequences have been found to maximize reliability, pro-
gramming yield, and thruput. The device should be verified after
each programming attempt and is advanced to the next bit after
the fuse has been programmed.
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16 PIN
DIP PLUG

29693

Note: Use for manual programming only; e.g., will not pass typical PROM Programmer biank

check

tests.

Figure 2. PROM Programmer Adaptor
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29693

Programmable Multiplexer Construction
and Operation

The internal construction of the 29693 Programmable Multiplexer
is shown in the block diagram of Figure 3. Four 8-line-to-1-line
multiplexers, similar to 74LS151’s, with bused Select lines are
shown. The inputs to these multiplexers are fed by a diode-and-
fuse array, and the multiplexer outputs are connected to the
inputs of the four inverting three-state output buffers.

The fuse-and-diode array is driven by 10 inverting input buffers.
If any input is driven high, its corresponding buffer output goes
low. Any diodes connected to this buffer line are also driven low.
The diodes are arranged such that taking one diode low on a
given multiplexer input line will force that multiplexer input line

low. If that multiplexer input is selected, the multiplexer output
will be low and its corresponding three-state buffer output will be
high. The inversion in the three-state buffers compensates for
the inversion in the input buffers.

Each multiplexer input has a pull-up resistor to V. The diode-
and-fuse elements in combination with this pull-up resistor form
a logical OR function; any buffer output connected to an intact
diode-and-fuse element will cause the corresponding multiplexer
input line to go low and the multiplexer three-state buffer output
to go high. If two buffer outputs are connected to a multiplexer
input through intact diode-and-fuse combinations, taking either
buffer input high will cause the corresponding three-state buffer
to go high.

° °

Vec o oo
;ll‘
>S9

<
<

ANW—@

.M
VWA
AAA
VWA
Vv
AAA
VWA
AAA
VWA
A
AAA
VWA
AAA
VW
AAA
VWA

s

AA
AAA
AAA
VWA
AAA
VW

<

-

e
AV
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@

I

PLididddlyd

&

SoO0——
Sto——
S2 0————

10F8 B 10F8
DATASELECTOR  [~]  DATA SELECTOR

10F8 N 10F8
DATASELECTOR  [~]  DATA SELECTOR
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m
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g

GND O——

01 02

03 04

Figure 3. 29693 Programmable Multiplexer, Functional Diagram
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2900 Family Interchangeability and Selection Guide

RECOMMENDED
CATEGORY DESCRIPTION AMD PART MM! DIRECT coFOI‘I PAGE
NUMBER REPLACEMENT
NEW DESIGN
Arithmetic 4 Bit slice Am2901A 2901A 2901A 7-7
carry-look-ahead Am2902 7451821 t
28 Pin sequencer slice Am2909 2909 2909 7-35
20 Pin sequencer slice - Am2911 2911 2911 7-35
Sequencing 12 Bit sequencer Am2910 2910 2910 T
16 Way branch. Am29803 63012 26
controller
Next address controller Am29811 63312 2-6
32x8 Am29750/A/1A 6330/1 6330/1 2-6
PROMs 256x4 Am29760A( 1A 6300/1 6300/1 2-6
512x4 Am29770/1 6305/6 6305/6 2-6
Memories 512x8 (registered) Am29774/5 63RA483 2-30
16x4 non-inverting Am29700/1 29700/1 29700/1 5-15
RAM 16x4 inverting Am29702/3 29702/3 29702/3 5-21
; 256x1 Am29720/1 6560/1 6560/1 5-4 .
Miscellaneous 1 of 8 decoder w/3-st outputs Am2921 PAL 16L8 3-2
Logic 8 input mux w/register Am2922 PAL 16R4 3-2
quad- 2 input driver, 3-st rcvr Am2905/15 2905/15 2905/15 7-17/43
;‘::';’f’ 2 input driver, rovr parity | Am2906/16 2906/16 2906/16 7-23/49
Ir.\terface ’ 0C/TS 3-state receiver, rcvr parity | Am2907/17 2907/17 2907/17 7-29/55
quad-d | w/std. & 3-st outputs Am2918/LS18 2918/LS18 2918/LS18 7-61/65
register | w/dual 3-st outputs Am2919 2919 2919 7-69

NOTES: 1. The 745182 has the same pin-out as the 2902, but the 745182 is faster
2. The 29803/11 are pre-programmed PROMs.

tData Sheet will appear in a future edition of the LSI Data Book. Contact
Application Department for additional information.

Comment: MMI philosophy is to retain the original numbers of PROMSs rather than renumbering them with 2900 prefix. For the large

variety of ROMs, PROMs and registered PROMs see Sections 2 and 3 in this data book.
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Four-Bit Blpolar
Mlcroprocessor Sllce
2901A

Features/Benefits

* Two-address architecture— ‘ : PART. | pACKAGE ’TEM:i:QTEURE

_Independent simultaneous access to two working reg- NUMBER : :
.. isters saves machine cycles. ; E ~ 2901ANC ‘| N40 0°C to +70°C

* Eight-function ALU— : 2601AJC 140 0°C o 170°C
Performs addition, two subtraction operatlons, and five 2901 AM 740 — 55°C to' F125°C
logic functions on two source operands ' i - - =

¢ Flexible data source selection— 2901AFM Fa2: - ~557Co +125°C
ALU data is selected from five source ports for a total of
203 source operand pairs for.every ALU function. BAM e -

o Left/right shift independent of ALU— Block Diagram . .
Add and shift operations take only one cycle ) |1

 Four status flags— L
Carry, overflow, zero, and negatlve. s 171851 4] ﬁ:\, T

¢ Expandable— - | DESTINATION | - ALY A
Connect any number of 2901A's together for longer word +]« [CONTROL FUNCTION * - SOURCE:
Iengths . . i . MICROINSTRUCTION DECODE

. Mlcroprogrammable— ' ‘ e ~ S
Three groups of three bits each for source operand ALU RIS J\ c R A S

function, and destination control. v . .
| ’ ; ; ’ ‘ o e——s|ramMg . BAM - pamg «[}_ :

. Q-SHIFT]
: o cLoeK T e R
Description ' i ' G N . ©OAAN
The four-bit bipolar microprocessor. slice is designed as a high- Kg‘,f,:é’s’s—y ADDRESS cp
speed ‘cascadable element:intended for use:in. CPU's,peripheral 6 ADD S ABLE
controllers, programmable - microprocessors and. numerous v REGISTERS
other applications.: The microinstruction flexibility of the 2901A ‘RE“’; A ADDRESS DA DA
will allow efficient- emulatlon of“almost any digital computing ADDRESS ouT___ out

machine.
The device, as shown' in the block diagram below, consists of a

ngoc -

16-word by 4-bit two-port RAM, a high-speed ALU, and the as- . {/L { ;
sociated shifting, decoding and multuplexnng circuitry. The nine- r S a = = ;
bit mtcromstruchon word is‘organized into three groups of three R T U DATA SOURCE
bits each and selects the ALU source operands the ALU func- ) ‘SELECTOR
tion, and the ALU destination register. The microprocessor is e i R M
cascadable with full look-ahead or with ripple carry, has three- {L J\,L
state outputs, and provides various status flag outputs from the R R s
ALU. Advanced low-power Schottky processing is used to fabri- SH . __c"“ﬂ
cate this 40-lead LS| chip. The 2901A is a plug in replacement CARRY e S FUNCTION AL S By
for the 2901. et ¥ e | ) e e . oven:

v g
QREGISTER
ey

|

(8]

~F = 0000 |

Architecture Ry X , L L

A detailed block diagram of the bipolar mlcroprogrammable mi- OUTRUE
croprocessor structure is shown in Figure 2. The circuit is afour- ENABLE '
bit slice cascadable ‘to any number of bits. Therefore, all data :

—t - OUTPUT DATA SELECTOFI

paths within the circuit are four bits wide. The two' key elements S Gy J\/L Dm ou‘r
in the Figure 2 block diagram' are the 16-WOrd by 4-b|t 2-pon SRR
RAM and the high-speed ALU. ‘ ¢ Figure 1. Mlcroprocessor Sllce Block Dlagram
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Data in-any of the 16 words of the Random Access Memory
(RAM) can be read from the A-port of the RAM as controlled by
the 4-bit A address field input. Likewise, data in any of the 16
words of the RAM as defined by the B address field input can be
simultaneously read from the B-port of the RAM. The same code
can be applied to the A select field and B select field in which
case the identical file data will appear at both the RAM A-port
and B-port outputs simultaneously.

When enabled by the RAM write enable (RAM EN), new data is
always written into the file (word) defined by the B address field
of the RAM. The RAM data input field is driven by a 3-input
multiplexer. This configuration is used to shift the ALU output
data (F) if desired. This three-input multiplexer scheme allows
the data to be shifted up one bit position, shifted down one bit
position, or not shifted in either direction.

The RAM A-port data outputs and RAM B-port data outputs
drive separate 4-bit latches. These latches hold the RAM data
while the clock input is LOW. This eliminates any possible race
conditions that could occur while new data is being written into
the RAM.

The high-speed Arithmetic Logic Unit (ALU) can perform three
binary arithmetic and five logic operations on the two 4-bit input
words R and S. The R input field is driven from a 2-input multi-
plexer, while the S input field is driven from a 3-input multiplexer.
Both multiplexers also have an inhibit capability; that is, no data
is passed. This is equivalent to a “zero” source operand.

Referring to Figure 2; the ALU R-input multiplexer has the RAM
A-port and the direct data inputs (D) connected as inputs. Like-
wise, the ALU S-input multiplexer has the RAM A-port, the RAM
B-port and the Q register connected as inputs.

This multiplexer scheme gives the capability of selecting various
pairs of the A, B, D, Q and “0” inputs as source operands to the
ALU. These five inputs, when taken two at a time, result in ten
possible combinations of source operand pairs. These combina-
tions include AB, AD, AQ, A0, BD, BQ, B0, DQ, DO and Q0. ltis
apparent that AD, AQ and AO are somewhat redundant with BD,
BQ and BO in that if the A address and B address are the same,
the identical function results. Thus, there are only seven com-
pletely non-redundant source operand pairs for the ALU. The
2901A microprocessor implements eight of these pairs. The mi-
croinstruction inputs used to select the ALU source operands
are the lg, l1, and I2 inputs. The definition of lg, 11, and I2 for the
eight source operand combinations are as shown in Table 1.
Also shown is the octal code for each selection.

The two source operands not fully described as yet are the D
input and Q input. The D input is the four-bit wide direct data
field input. This port is used to insert all data into the working
registers inside the device. Likewise, this input can be used in
the ALU to modify any of the internal data files. The Q register is
a separate 4-bit file intended primarily for multiplication and divi-
sion routines but it can also be used as an accumulator or holding
register for some applications. '

The ALU itself is a high-speed arithmetic/logic operator capable
of performing three binary arithmetic and five logic functions.
The I3, I4, and I5 microinstruction inputs are used to select the
ALU function. The definition of these inputs is shown in Table 2.
The octal code is also shown for reference. The normal technique
for cascading the ALU of several devices is in a look-ahead
carry mode. Carry generate, G, and carry propagate, P, are

outputs of the device for use with a carry-look-ahead-generator
such as the 2902 ('182). A carry-out, Cp+ 4; is also generated
and is available as an output for use as the carry fiag in a status
register. Both carry-in (Cp) and carry-out (Cp + 4) are active HIGH.

The ALU has three other status-oriented outputs. These are F3,
F = 0, and overflow (OVR). The F3 output is the most significant
(sign) bit of the ALU and can be used to determine positive or
negative results without enabling the three-state data outputs.
F3 is non-inverted with respect to the sign bit output Y3. The F =
0 output is used for zero detect. It is an open-collector output
and can be wire OR’ed between microprocessor slices. F = 0 is
HIGH when all F outputs are LOW. The overflow output (OVR) is
used to flag arithmetic operations that exceed the available two’s
complement number range. The overflow output (OVR) is HIGH
when overflow exists. That is, when Cn+ 3 and Cn+ .4 ,are not
the same polarity. .

The ALU data output is routed to several destinations. It can be
a data output of the device and it can also be stored in the RAM
or the Q register. Eight possible combinations of ALU destination
functions are available as defined by the lg, |7, and Ig microin-
struction inputs. These combinations are shown in Table 3.

The four-bit data output field (Y) features three-state outputs
and can be directly bus organized. An output control (OE) is
used to enable the three-state outputs. When OE is HIGH, the Y
outputs are in the high-impedance state.

A two-input multiplexer is also used at the data output such that
either the A-port of the RAM or the ALU outputs (F) are selected
at the device Y outputs. This selection is controlled by the lg, 17,
and Ig microinstruction inputs. Refer to Table 3 for the selected
output for each microinstruction code combination.

As was discussed previously, the RAM inputs are driven from a
three-input multiplexer. This allows the ALU outputs to be entered
non-shifted, shifted up one position- (X2) or shifted down one
position (+2). The shifter has two ports; one is labeled RAMg and
the other is labeled RAMg. Both of these: ports consist of a buffer-
driver with a three-state output and an input to the multiplexer.
Thus, in the shift up mode, the RAM3 buffer is enabled and the
RAMo multiplexer input is enabled. Likewise, in the shift down
mode, the RAMq buffer and RAMg input are enabled. In the no-
shift mode, both buffers are in the high-impedance state and the
multiplexer inputs are not selected. this shifter is controlled from
the Ig, I7 and Ig microinstruction inputs as defined in Table 3.

Similarly, the Q register is driven from a 3-input multiplexer. In
the no-shift mode, the multiplexer enters the ALU data into the Q
register. In either the shift-up or shift-down mode, the multiplexer
selects the Q register data appropriately shifted up or down. The
Q shifter also has two ports; one is labeled Qg and the other is
Qg. The operation of these two ports is similar to the RAM shifter
and is also controlled from lg, 17, and Ig as shown in Table 3.

The clock input to the 2901A controls the RAM, the Q register,
and the A and B data latches. When enabled, data is clocked
into the Q register on the LOW-to-HIGH transition of the clock.
When the clock input is HIGH, the A and B latches are open and
will pass whatever data is present at the RAM outputs. When the
clock input is LOW, the latches are closed and will retain the last
data entered. If the RAM-EN is enabled, new data will be written
into the RAM file (word) defined by the B address filed when the
clock input is LOW.

e ]
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RAMg RAM3
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L] mux mux L J mux | mux mux | 4§ mux |§ mux MUX
I I g T 1 [ |
Dy 2 D D.
[Ao ] Do Dy 02‘ O3 | 5 0 04 D2 3
|16
A1 8¢ ALY
A WORD B WORD
Al 16-BIT BY 4-BIT 2-PORT RAM —cP Q REGISTER QEN DESTINATION |—1I7
PORESS) pp—] |5, [ADDRESS DECODE o
Aa—) DATAOUT RAM DATAOUT | g,
3] AgA1A2A3 WE EN ' BgByByB3 Qg Q Q Q3
’ l ” { [TT7T
IR
gtoc,( D g Atach | | B LATCH
Ag A1 A2 A3 Bg B B2B3
[
D
3
DIRECT | D2
DATA
INPUTS | Dy
Do |
2-IN 2-IN 2-IN 2IN 3-IN 3-IN 3-IN 3-IN
MUX MUX MUX MUX MUX MUX MUX Mux f\ ALU
SOURCE - | |
T | T OPERAND
Cn DECODE
12
i 1 T I 1 I
ALU z\] Ro R Rz R3 So St S2 ss | 5
14— FUNCTION
DECODE 14 5
15— ARITHMETIC LOGIC UNIT (ALU) E
—Cn + 4
Fo Fy Fa F3 [—OVR
Ju
. K{F'*“ F3
21N 2N 21N 21N ©c
MUX MUX MUX MUX
THREE
STATE
ConTROL 2
5 Yo Y1 Y2 Y3 Note: LSB is “0”; MSB is numbered “3".

. Figure 2. Detailed 2901A Microprocessor Block Diagram
e ————————————




Absolute Maximum Ratings

Supply voltage, Vcc —-0.5Vto +7.0V
Input voltage ............coiiiiiiiii e e RSN R ~0.5Vto +5.5V
INPUL CUITENT ... e e D —30 mA to +5 mA
Output current ...........coiiiiiiieinnnns o PO S A 30mA
Storage temperature.-range .................. IR P P IR EERR T T —65°C to +150°C
Recommended Operating Conditions
COMMERCIAL MILITARY
SYMBOL - PARAMETER v MIN NOM ~ MAX MIN NOM MAX UNIT
vVee Supply voltage =~ co 145 5.0 55 | 475" 50 | 525 v
TA Operating free air temperature - : e : 0 + 25 L75 °C
Tc . | Operating case temperature o —55 25 125 ) °C
Electrical Characteristics
: - . MILITARY COMMERCIAL
YMBOL PARAMETER T ONDITION! : -
SYMBO| A E ’EST CONDITIONS MIN TYP2 MAX MIN TYP2 MAX UNIT
IoH = —1.6mA o T
2.4 . 2.4
Yo, Y1, Y2, Y3
IoH = —1.0mA, Cpn+4 2.4 2.4
Vee = MIN | loH = —800uA, OVR, P | 2.4 - 24
VOH |Output HIGH voltage |VIN = ViHor[ .. - ' v
ViL loH = —600uA, F3 2.4 " 2.4
loH = —600nA . .
2.4 24
RAMg,3, Q0,3
loH=-16mA,G ~: | 24 . 2.4
Output leakage Vce = MIN, Vo = 5.5V :
! ! 25/ . 25/ A
CEX. current for F = 0 output| VN = V|H or ViL ' ) 0 B 0 K
YO:,YL L oL = 20mA. | e 0.5
Yo, Y3  JloL=16mA | 05 |
, {Vec =MIN, |G, F=0 |loL = 16mA 0.5 ‘ 0.5
VoL | Ouptut LOW voltage .|ViN = VIH or| Cn+4 loL = 10mA: ‘ 05 | ° 0.5 Y
ViL OVR, P loL = 8.0mA 0.5 -~ 05
Fa, — ———
RAMg,3, |loL = 6.0mA 0.5 0.5
] Q03 o R . :
ViH Input HIGH level .| Guaranteed |n.put logical HIGH 20 : 00 v
- ; voltage for all inputs?"
ViL Input LOW level Guaranteed '"f’”‘t logical LOW 08 o 08 v
voltage for all inputs? ‘ ] )
\] Input clamp voltage Vece = MIN, [N = —18mA ; ey -1.5 =15 '
, Clock, OE . -086| 7 036
Ag,A1,A2,A3 ©—036| - v —0.36
Bo,B1,B2,83 L —-0.36 | .- -0.36
Vce = MAX,| Dg,D1,D2,D3 ' =072 1 =0.72 g
| Input LOW current - - mA
L preat R edrent - tvin=05  [lghi2lsls ~0.36 ~0.36
13,14.15,17 -072| -0.72
RAMo,3,Q0.3* -0.8 -0.8
Cn. . . . ~3.6 -3.6
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Electrical Characteristics (cont.)

MILITARY COMMERCIAL
SYMBOL PARAMETER TEST CONDITION:
ONS MIN TYP2 MAX |MIN TYP2 max | UNT
Clock, OE 20 20
Ap,A1,A2,A3 20 20
Bp,B1,B2,B3 20 20
IH Input HIGH current | "CC = MAX,] D0.D1,02.03 40 AN
VIN = 27V |lp,l1,12,l6,l8 20 20
13,14.15,17 40 40
RAMp.3.Q0.34 100 100
; A Cn 200 200
[] Input HIGH current Vce = MAX, VN = 5.5V 1.0 1.0 mA
loz4 | Off state (high Yo.Y1, Vo = 24V % %
impedance) output | VoG = MAX |12Y3 Vo = 0.5V —%0 S0 | LA
R e cc RAMo.3  |Vo = 2.4V4 700 100 | ©
L Qo3 Vo = 05V4 ~800| ~800
Yo0.Y1,Y2,Y3,G -30 -85 |—30 -85
. Cn+4 -30 -85 |-30 -85
Output short circuit \/ = 5.75V| =
oS Py : cC = 57VrGvR. B —30 —85 |-30 —85 | mA
current Vo = 0.5V -
. F3 -30 -85 |30 -85
RAM0,3,Q0.3 -30 -85 [-30 -85
TA = 25°C 160 . 250 160 250
TA = 0°Cto ) ,
; o 601K - 160 265 160 265
Icc Power supply current |Vcc = MAX |Ta = +70°C |NC, JC 160 220 160 220 mA
SRR Tc = =55°C ; :
to +125°C  [2901A 160 280 169, 280
TC = JM,FM
R 160 190 160 190

Notes: 1.

Noo

For conditions shown as MIN. or MAX., use the appropriate value spécified under
Electrical Ch ics for the applicable device type.

. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading.
. Not more than one output should be shorted at a time. Duration of the short circuit test

should not exceed one second.

These are three-state outputs internally connected to TTL inputs. Input characteristics
are measured with Ig7g in a state such that the three-state output is OFF.

“MIL” = 2901ADM, FM. “COM’L” = 2901A NC, JC.

Worst case ICC is at minimum temperature.

These input levels provide zero noise immunity and shouid only be tested in a static,
noise-free environment.
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Table 1. ALU Source Operand Control. Table 2. ALU Function Control. .

MICRO.CODE A(').ll”EsRc::l%cSE b - - MICRO CODE . ALY, SYMBOL
2k lo | OCTAL CODE R s Is 14 I3 |OCTAL CODE| FUNCTION ’
L L L 0 A Q L L L 0 R Plus S R+S
L L H 1 A B L L H 1 S Minus R S-R
L H L 2 o Q L H L 2 R Minus S R-S
L H H 3 (o] B L H H 3 RORS RVS
"H L L 4 (o} A H L L 4 RAND S RAS
H L H 5 D A H L H 5 RAND S RAS
H H L 6 D Q H H L 6 REX-OR S RS
H H H 7 D 0 H H H 7 REX-NORS | R¥S

Table 3. ALU Destination Control.

RAM Q-REQ. ‘ RAM a

'MICRO CODE FUNCTION - FUNCTION ovour SHIFTER SHIFTER
ls 17 Il | OCTALCODE | SHIFT | LOAD | SHIFT | LOAD RAMo | RAM; | Qg | Q3
L L L 0 X | NONE | NONE | F—Q F X x | x | x
L L H 1 X | NONE | X | NONE F X X | x | x
L A L 2 NONE | F=B | X NONE A X X | X | X
L H H 3 NONE | F>B | X | NONE F X X | X | X
H L L n DOWN |F2>B | DOWN |Q2—Q | F Fo | Na | Qo |Na
H L H 5 DOWN |F2=>B| X NONE F Fo | Ns | Qo | X
H OH L 6 WP |2F5B| U | 2a0-0 F No | Fa | No | Q3
H R H 7 U [ SB[ X | NONE F [ No | Fs | X [Ga

X = Don't care. Electﬁbdlly, the shift pinis a TTL input internally connected to a three-state output which is in the high impedance state.
B = Register Addressed by B inputs.
Up is toward MSLB, Down is toward LSB.

" Table 4. Source Operand and ALU Function Matrix.

l210 OCTAL 0 1 2 3 4 5 6 7
| ALU .
oc5$:|. ALU SOURCE AQ A B 0,Q 0,B 0,A D, A D, Q D, 0
FUNCTION
Ch=1L A+Q A+B Qe B A D+A D+Q D
0 RPlus S : ‘
Ch=H A+Q+1 | A+B+1 Q+1 B+1 A+1 D+A+1 D+Q+1 D+1
Ch=L Q-A-1 | B-A-1 Q-1 B—1 A-1 A-D-1 | Q-D-1 | -D-1
1 S Minus R
Ch=H Q-A B-A Q B A A-D Q-D -D
Ch=L A-Q-1 | A-B-1 -Q-—1 -B-1 -A-1 | D-A-1 | D-Q-1 D-1
2 R Minus S
Ch=H A-Q A-B -Q -B -A D-A D-Q D
3 RORS AVQ AVEB Q B A DVA DVQ D
4 RAND S AAQ AAB 0 0 0 DAA DAQ 0
5 RAND S AANQ AAB Q B A DAA DAQ 0
6 REX-OR S AVQ AVB Q B A D¥A D¥Q D
7 REX-NOR S AV¥Q AVB Q B A D¥A D¥Q D
+ = Plus; — = Minus; V = OR: A = AND; ¥ = EX-OR
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Source Operands and ALU Functions
There are eight source operand pairs available to the ALU as
selected by the lg, 14, and I2 instruction inputs. The ALU can
perform eight functions; five logic and three arithmetic. The I3,
l4, and Ig instruction inputs control this function selection. The
carry input, Cp, also affects the ALU results when in the arith-
metic mode. The Cp, input has no effect on the logic mode.
When g through I5 and Cp, are viewed together, the matrix of
Table 4 results. This matrix fully defines the ALU/source operand
function for each state.

Table 5. ALU Logic Mode Functions. (Cp, Irrelevant)

The ALU functions can also be examined on a “task” basis, i.e.,
add, subtract, AND, OR, etc. In the arithmetic mode the carry
will affect the function performed, while in the logic mode the
carry will have no bearing on the ALU output. Table 5 defines
the various logic operations that the 2901A can perform and
Table 6 shows the arithmetic functions of the device. Both carry-.
in LOW (Cp, = 0) and carry-in HIGH (Cp, = 1) are defined in
these operations.

Table 6. ALU Arithmetic Mode Functions.

OCTAL Cn = 0 (LOW) Cn = 1 (HIGH)
OCTAL Is43, | GROUP FUNCTION
543, 210 NCTION: _ 543, 210 | GROUP |FUNCTION| GROUP | FUNCTION
40 AAQ 00 A+Q A+Q+1
41 AND AAB 01 ADD A+B ADD plus | . A+B+1
45 DAA 05 D+A one D+A+1
46 DAQ 06 D+Q D+Q+1
30 AVQ 02 Q 7 Q+1
31 AVB 03 B B+1
35 OR DVA 04 PASS A Increment A1
36 pDva 07 D D+1
60 A¥Q 12 Q-1 Q
61 AVB 13 B-1 B
- D t PAS
65 EX-OR DV¥A ™ ecremen A ’S A
66 D¥Q 27 ‘ D-1 D
70 A¥Q 22 -Q-1 -Q
71 EX-NOR AVB 23 1's Comp. -B-1 2's Comp. -B
75 D¥A 24 -A-1 (Negate) -A
76 D¥Q 17 -D-1 ' -D.
72 Q 10 Q-A-1 Q-A
73 INVERT B 11 Subtract | B—A—1 | Subtract B-A
74 A 15 (1's Comp) | A-D—-1 |(2's Comp) A-D
77 D 16 : Q-D-1 Q-D
62 Q 20 A-Q-1 A-Q
63 B 21 A-B-1 A-B
; PASS
64 A 25 D-A-1 D-A
67 D 26 D-Q-1 D-Q
32 Q ‘
33 B
P i
34 ASS A
37 D
42 0
43 “ ps 0
a4 ZERO' o
47 0
50 AAQ
51 AAB
, MASK =

55 DAA
56 DAQ
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Logic Functions For G, P, Cnh+4,
and OVR B

The four signals G, P, Cn+4, and OVR are designed to indicate
carry and overflow conditions when the 2901A s in the add or
subtract mode. The table below indicates the logic equations for
these four signals for each of the eight ALU functions. The R and
S inputs are the two inputs selected according to Table 1.

Definitions (+ = OR)

Po = Rg + Sg Go = RoSo
P1 =Ry + S G1= RSy -
P2 = Ra + 82 G2 = RS2 -
P3 =Rz + S3 G3 = R3S3

C4 = G3 + P3G2 = P3P2G1 = P3P2P1Go = P3gP2P1PoCn
C3 = G2 + P2Gq + P2P1Go = P2P1PoCn

Table 7. Logic Equations for Generate, Propagate, Carry-out and Overfiow.

1543 | FUNCTION P G Cn+4 OVR
0 R+ S P3PoP1Pg Gg+ P3G + P3P2G1 + P3PoP1Go | Cq C3V¥Cyq
1 S-R |= Sameas R + S equations, but substitute R; for Rjin definitions >
2 R-S |= T Same as R + S equations, but substitute Sj for Sjin definitions — »
3 RVS - | - Low P3P2P1Pp P3P2P1Pg+ Cp P3P2P1Pg+ Cn
4 RAS ~ Low Ga+Go+ Gy +Gp G3g+G2+G1+Go+Cnp | G3+Ga+Gy+Gg+Cn
5 RAS LOwW - Same as R A S equations, but substitute R; for R; in definitions ——————
6 R¥S |« Same as RS, but substitute Rj for R; in definitions »
== i G3 + P3Go + P3P2Gq
7 R¥S |Gg+G2+Gi+G +P3Go+ P3PoGy + s AL oA LAl
‘ ; 3+G2+G1+Go| G3+PaGa+P3P2Gt+P3P2P1Go | PaP2P1P0 (Go + Cr) See note
Note: [P + GoPq + GoG1Pg + GoG1GoCnl ¥ [P3 + G3P2 + GaGaPy + G3G2G1Pg + G3G2G1GoCn] +=OR

Definition of Terms

Ag-3—The four address inputs to the register stack used to
select one register whose contents are displayed through the
A-port.

Bp-3—The four-address inputs to the register stack used to

- select one register whose contents are displayed through the
B-port and into which new data can be written when the clock
goes LOW. -

lp-8—The nine instruction control lines to the 2901A, used to
determine what data sources will be applied to the ALU (Ig12),
what function the ALU will perform (I345), and what data is to be
deposited in the Q-register or the register stack (lg7g).

Qg3, RAM3—A shift line at the MSB of the Q register (Q3) and the
register stack (RAMg). Electrically these lines are three-state
outputs connected to TTL inputs internal to the 2901A. When the
destination code on lg7g indicates an up shift (octal 6 or 7) the
three-state outputs are enabled and the MSB of the Q register is
available on the Qg3 pin and the MSB of the ALU output is avail-
able on the RAM3 pin. Otherwise, the three-state outputs are
OFF (high-impedance) and the pins are electrically LS-TTL in-
puts. When the destination code calls for a down shift, the pins are
used as the data inputs to the MSB of the Q register (octal 4) and
RAM (octal 4 or 5).

Qg, RAMg—Shift lines like Q3 and RAM3, but at the LSB of the
Q-register and RAM. These pins are tied to the Q3 and RAM3
pins of the adjacent device to transfer data between devices for
up and down shifts of the Q register and ALU data.

Do-3—Direct data inputs. A four-bit data field which may be
selected as one of the ALU data sources for entering data into the
2901A. Dg is the LSB.

Yp-3—The four data outputs of the 2901A. These are three-state
output lines. When enabled, they display either the four outputs of
the ALU or the data on the A-port of the register stack, as deter-
mined by the destination code lg7s.

OE—OQutput Enable. When OE is HIGH, the Y outputs are OFF;
when OE is LOW, the Y outputs are active (HIGH or LOW).

P, G—The carry generate and propagate outputs of the 2901A's
ALU. These signals are used with the 2902 for carry-lookahead.

OVR—Overflow. This pin is logically the Exclusive-OR of the
carry-in and carry-out of the MSB of the ALU. At the most signifi-
cant end of the word, this pin indicates that the result of an
arithmetic two’s complement operation has overflowed into the
sign-bit.

F = 0—This is an open collector output which goes HIGH (OFF) if
the data on the four ALU oututs Fg.3 are all LOW. In positive logic,
it indicates the result of an ALU operation is zero.

Cn—The carry-in to the 2901A's ALU.
Cn-+4—The carry-out of the 2901A's ALU.

CP—The clock to the 2901A. The Q register and register stack
outputs change on the clock LOW-to-HIGH transition. The clock
LOW time is internally the write enable to the 16 x 4 RAM which -
compromises the “master” latches of the register stack. While the
clock is LOW, the “slave” latches on the' RAM outputs are closed,
storing the data previously on the RAM outputs. - This allows
synchronous master-slave operation of the register stack.
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Guaranteed Operating Conditions Table 8. Cycle Time and Clock Characteristics
Over Temperature and Voitage
Tables 8, 9 and 10 define the timing requirements of the 2901A TIME COMMERCIAL | MILITARY
in a system. The 2901A is guaranteed to function correctly over =
the operating range when used within the delay and set-up time Read-modify-write cycle
traints of these tables for the appropri i . ; "
f:&:s are divided into three types o?igrzﬁ;essvgc?cggﬁagf- (time f'°f“ salactiorrof 100 ns ‘ 110 ns
teristics, combinational delays from inputs to outputs, and set-up A, B registers to end of
and hold time requirements. The later table defines the time cycle)
prior to the end of the cycle (i.e., clock LOW-to-HIGH transition) Maximum clock frequency to
at Wh_ich gach ipput must be sta}ble to guarfamee that the correct shift Q register (50% duty 15MHz 12MHz
data is written into one of the internal registers.
. cycle) | = 432 or 632
Minimum clock LOW time 30ns 30ns
Minimum clock HIGH time 30ns 30ns
Minimum clock period 100ns 110ns
Table 9. Combinational Propagation Delay?
TO ‘ ‘COMMERCIAL - MILITARY
OUTPUT 1 SHIFT SHIFT
_ _|F=0 OUTPUTS __|F=0 OUTPUTS | UNIT
FROM ‘ Y| F3|Ch+4|G,P|RL=|OVR|RAMg|Qqo| Y |F3 |Cn+4|G,P|RL = |OVR| RAMg| Qo
INPUT 270 RAM3|Q3 270 RAM3| Q3
A B 80|80| 75 65 87 85 95 |—[185]|85]| 80 70 97 90 | 100 | — | ns
D (arithmetic | 0| 45| 45 | a5 | 57 | 55 | 65 |—|50|50| 50 |40 | 62 | 60| 70 | —| ns
mode) : |
D (1 = X37)5 40| 40| — — 52 — 60 |—1[l45 (45| — — 57 | — 65 | — | ns
Cn 30|30 | 20 — 47 30 50 {— 135 |35/ 25 — 52 35 55- | — | ns
lot2 55| 55| 50 45 67 65 75 |— |60 }|60|. 55 50 72 70 80— | ns
1345 55| 55| 55 50 67 65 75 |— 60160 | 60 55 72 70 80 |— | ns
ls78 30| — | — —_ — — 30 303 |— | — — — - 35 |35 | ns
OE Enable/ T R N R Y B B C7) A O R R R D
Disable 25 25 :
A bypassing | — _ _ e — J—1ls0o || — Y _ _ =1 s
ALU (1 = 2xx)
Clock6 _; 60|60 | 60 50 72 | 70 80 (3065 |65 | 65 55 82 | 75 85 135 | ns
Table 10. Set-up and Hold Times! :
COMMERCIAL - MILITARY
FROM MNRUT SET.UP TIME HOLD TIME SETUP TIME HOLD TIME uNT
A, B24 100 ‘ 0 110 0 o
Source3,5 tpwl + 30 : towl + 30
B dest.24 towl + 15 0 towl + 15 0 ns
D (arithmetic mode) 70 0 75 0 ns
D (I = X37)5 60 0 65 0 ns
Cn : 55 0 .. 60 0 ns
lo12 i 80 0 :'85 0 ns
1345 i 80 0 -85 0 ns
le78 tpwl + 30 0 towl + 30 0 ns
RAMp,3,Q0.3 25 0 25 0 ns

For notes, see Figure 3.
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Set-Up and Hold Times (minimum cycles from ™" : et i

. N . 5 (at least 30 ns) —
each input) ) Cp B
Set-up and hold times are defined relative to the clock LOW-to- s SR Lo
HIGH edge..Inputs must be steady at all times from the set-up M - — m
time prior to the clock until the hold time-after the clock. The set- e - -
up times allow sufficient time to perform the correct operation on \ f 70 ==0
the correct data so that the proper ALU data can be written into o [ " — « m :
one of the registers. ey — —

1 QDA m ;
' 55 ——»la=0>| *

S
Figure 3. Minimum Cycle Times from Inputs. Numbers
Shown are Minimum Data Stable Times for
2901ADC, in ns. See Table 10 for Detailed
Notes: 1. See Figure 3. Information.

2. If the B address is used as a source operand, allow for the “A, B source” set-up time; if
it is used only for the destination address, use the “B Dest” set-up time.

3. Where two numbers are shown, both must be met.

4. “tpwL" Is the clock LOW time.

5. D V 0 is the fastest way to load the RAM from the D inputs. This function is obtained
with | = 337.

6. Using Q register as source operand in arithmetic mode. Clock is not normally in critical

" speed path when Q is not a source.
7. CL = 50pF (except output disable tests).

Pin Configurations

DIP : Flat-Pack
A3 ~ OE E - ~ I
A2 Y3 E o Ao
A oo vo f38] A1
Ao : Y1]37 A2

Is v0

&
ol

17 : OVR.

RAM3 Cn+ 4

Vee F3

GND

NN B EEEE

ELELELE FLFLELELE FELE FLE E F FE F

o
[
2 -~
S
~
=

EMEIEJL%MEJL@IEIEI@JME‘JEJEJHEEJL&IHE

7-16



Quad Two-Input OC Bus Transceiver
With Three-State Receiver

2905

Features/Benefits

o Quad high-speed LSI bus-transceiver

e Open-collector bus driver

e Two-port input to D-type register on driver

e Bus driver output can sink 100 mA at 0.8V max.
Receiver has output latch for pipeline operation
Three-state receiver outputs sink 12 mA

Advanced low-power Schottky processing

100% reliability assurance testing in compliance with
MIL-STD-883

e o o

Description

The 2905 is a high-performance, low-power Schottky bus
transceiver intended for bipolar or MOS microprocessor system
applications. The device consists of four D-type edge-triggered
flip-flops with a built-in two-input multiplexer on each. The flip-
flop outputs are connected to four open-collector bus drivers.
Each bus driver is internally connected to one input of a
differential amplifier in the receiver. The four receiver differential
amplifier outputs drive four D-type latches that feature three-
state outputs.

This LSI bus transceiver is fabricated using advanced low-
power Schottky processing. All inputs (except the BUS inputs)
are one LS unit load. The open-collector bus output can sink up
to 100 mA at 0.8V maximum. The BUS input differential
amplifier contains disconnect protection diodes such that the
bus is fail-safe when power is not applied. The bus enable input

Logic Diagram

j

b

PART PACKAGE TEMPERATURE
NUMBER : RANGE
2905NC N24 0°Cto +70°C
2905JC J24 0°Cto +70°C
2905JM - J24 —55°C to +125°C
2905FM F24 —55°C to +125°C

(BE) is used to force the driver outputs to the high-impedance
state. When BE is HIGH, the driver is disabled. The open-
collector structure of the driver allows wired-OR operations to be
performed on the bus.

The input register consists of four D-type flip-flops with a
buffered common clock and a two-input multiplexer at the input
of each flip-flop. A common select input (S) controls the four
multiplexers. When S is LOW, The A; data is stored in the
register and when S is HIGH, the B; data is stored. The buffered
common clock (DRCP) enters the data into this driver register
on the LOW-to-HIGH transition.

Data from the A or B inputs is inverted at the BUS output.
Likewise, data at the BUS input is inverted at the receiver

" output. Thus, data is non-inverted from driver input to receiver

output. The four receivers each feature a built-in D-type la_tch
that is controlled from the buffered receiver latch enable (RLE)
input. When the RLE input is LOW, the latch is open and the

BUS,5Us, 8US, BUS, Fo—o>—
T o o o
>—po o——go_—‘m +—oRo

+—O Ry

Y
I
i

§

i

AN

Y oY oY Y

Az ‘
D a D a
B
2 —cp E
——Q .
D a PD—o o> Ry
B3
—cP E
SELECT S
DRIVER
crock oRePo—D>
BUS _ __ RECEIVER
Enase BEO—> L <}o——oRLE LATCH

ENABLE




2905

receiver outputs will follow the bus inputs (BUS‘ data inverted
and OE LOW). When the RLE input is HIGH, the latch will close
and retain the present data regardiess of the bus input. The four

Pin Configuration

latches have three-state outputs kang_ are controlled_t_)z a
buffered common three-state control (OE) input. When OE is
HIGH, the receiver outputs are in the high-impedance state.

Logic Symbol

—\J 4 3 8 9 16 15 20 21
O ™ ol NRNNAN
E Ro DRCP E Ap Bo Ay By Az Bz A3 Bs
Rof—2
E Bo Rs E 13——|s o
E Ao B3 E 23— DRCP A—10
E BUS, A3 E 11— BE 2905
E GND; BUS, E 1+—| RLE Raf—14
7]8Us: GND [15] 12— oE i
— BUSp BUSy BUS; BUS;
8] Aq BUS, [1] T T T
E By A2 E 5 7 17 19
10] Ry 8 [15]
1|BE Rz E Vce = Pin 24
Eaé- SE GND1=Pin 6
GND2 = Pin 18
Absolute Maximum Ratings
(o] = Te =8 =11 o T=1 = (3 - —65°C to +150°C
Temperature (ambient) under bias ......... ... . e —55°C to +125°C
Supply voltage to ground potential ............... e —0.5Vto +7V
DC voltage applied to outputs for HIGH output state ..............c.coiiieiiiiii it -0.5V to +VgC max.
DCINPUL VORAGE ... ... e e -0.5V to +5.5V
DC output current, into OUtPULS (EXCEPE DUS) .. .. ..ottt e i et e et 30mA
DC output CUITENt, INtO DUS . ... ittt ittt et it e e e e it 200mA
[ L@ g T oTF [ (=Y L P —30mA to +5.0mA
. 5 MILITARY
Bus Input/Output Electrical Characteristics To= -55°Cto | COMMERCIAL
Over Recommended Operating Temperature Range +125°C TA = 0°C to +70°C
: Vce MIN = 4.50V | Voc MIN = 4.75V
SYMBOL PARAMETER TEST CONDITIONS! Ve MAX = 550V | Voc MAX = 5.25V | UNIT
MIN TYP2 MAX | MIN TYP2 MAX
loL = 40mA 032 05 032 05
VoL Bus output LOW voltage Vce = MIN [ gL = 70mA 041 07 041 07 \"
loL = 100mA 0.55 0.8 055 . 0.8
Vo = 0.4V -50 —50
1 Bus leaka t Vce = MAX A
° 116 Jerkage carreT ccC Vo = 45V 200 100 |
Bus leakage current
| Vo = 4.5V 100 100 A
OFF (power OFF) o 5 H
VTH Fecelver Input HIGH Bus enable = 2.4V 24 20 23 20 v
threshold
Receiver input LOW
V = 2. . . . .
TL threshold Bus enable = 2.4V 20 15 20 16 \Y%
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. .. MILITARY
Electrical Characteristics Ta = —55°Cto | COMMERCIAL
Over Recommended Operating Temperature Range +125°C Ta = 0°C to +70°C
‘ Vce MIN = 4.50V | Vo MIN = 4.75V
SYMBOL PARAMETER TEST CONDITIONS! Vce MAX = 5.50V| Voc MAX = 5.25V | yNiT
MIN TYP2 MAX | MIN TYP2 MAX
VoH Receiver output Vee = VIN loH =—-10mA | 24 34 v
HIGH voltage VIN=V|Lor VIH|lOH = —2.6mA 24 34
) ‘ loL = 4mA 027 04 027 04
voL | Receiver output Vee =MIN oL = 8mA 032 045 032 045 | V
LOW voltage VIN = VIL of VIH[T 5 = 12mA 037 05 037 05
Vil Input HIGH level Guaranteed i.nput logical 2.0 20 Vv
(except bus) HIGH for all inputs
ViL Input LOW level Guaranteed .input logical 07 08 Vv
(except bus) LOW for all inputs
Vi Input clamp voltage VGG = MIN, Iy = —18mA -15 15| v

(except bus)
Input LOW current
| Vee = MAX, VN = 0.4V —-0.36 -0.36 mA
I { (except bus) Ccc IN )

Input HIGH: current

| Vee = MAX, VIN = 2.7V 20 20 A
H (except bus) cc IN #
Input HIGH current
| Vce = MAX, VN = 5.5V 100 100 A
! (except bus) cc IN K
Receiver off-state Vo = 2.4V 20 20
1 \ = MAX A
o output current cC Vo = 04V -20 —20 | *
Isc Receiver output Voo = MAX —12 -65 | -12 -65 | mA
short circuit current
Icc Power supply current Vee = MAX, all inputs = GND 69 105 69 105.] mA
CcC
Input/Output Current Interface Conditions Standard Test Load Circuit
Vee DRIVEN IB_NEP:,.;”Q! BUS ]L DRIVING OUTPUT ;g?;T Vee
3 %:5‘5(9"“ $ 3 | 15002 %0
A,B,S = 10kQ I —Ja s
DRCP = 10k} | 1
I 2905 R 1
| I L sl
15pF i
INPUT O—— I i R;, ODD , — I s
| . cc =
i | ‘ tor [ L.} ©PoiNT 1
‘Zf ‘ | Loar *
’ | I
i l

Note: Actual current flow direction shown.
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Switching Characteristics
Over Recommended Operating Temperature Range

SYMBOL

PARAMETER

TEST CONDITIONS

MILITARY
TA = -55°C to
+125°C
Vcc MIN = 4.50V
Vcc MAX = 5.50V

COMMERCIAL
TA = 0°C to +70°C
Vce MIN = 4.75V
Vcc MAX = 5.25V

MIN TYP2 MAX | MIN TYP2 MAX

tPHL . 21 40 21 36

Driver clock (DRCP) to bus ns
tPLH ( ) CL(bus) = 50pF 21 40 21 36
t — RL(bus) = 50Q
PHL Bus enable (BE) to bus (bus) 13 26 13 23 ns
tPLH 13 26 13 23
ts . 25 23

Data ts (A or B
‘h inputs (A or B) 8.0 70 ns
t
S Select input (S) 33 30 ns
th 8.0 7.0
; Driver clock (DRCP) o8 2 ns
PW | bulse width (HIGH)
tPLH Bus to receiver output 18 37 18 34 ns
tPHL (latch enable) CL = 15pF 18 37 18 34
tPLH Latch enable to receiver 21 37 21 34 ns
tPHL output RL = 2.0k 21 37 21 34
's Bus to latch enable (RLE) 21 18 ns
th 7.0 5.0
tzH Output control to 14 28 14 25 ns
tzL receiver output 14 28 14 25
tHz Output control to 14 28 14 25 ns
[ (W4 receiver output 14 28 14 25

Notes: 1. For conditions shown as MIN, or MAX, use the appropriate value specified under

Electrical Characteristics for the. applicable device type.

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test
should not exceed one second.
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Switching Waveforms aov
s ~l“_%*l—\ ]1:
N W/ J N
B touu—] r— thuL — )
OuTPUT :.:.‘_I

3.
1.
ov
Vol

RECEIVER
OUTPUT

,J

=

Note: Bus to Receiver output delay is measured by clocking data into the driver register and
measuring the BUS to R combinatorial delay.

Function Table

INTERNAL
INPUTS 7O DEVICE BUS | OUTPUT FUNCTION
S|Aj|Bj|DRCP |BE | RLE | OE| D; | G US; R;
X| X1 X X H X X X X 4 X Driver output disable
X X1 X X X X H X X X V4 Receiver output disable
X| X | X X H L L X L L H . ; . ;

i disable and data via Bus input
x| x| x X H L L X H H L Driver output disable and receive via Bus inpi
X[ XX X X H X X | NC X X Latch received data
L|{L|X 1 X X X L X X X :

LIHI|X 1 X X X H X X X . !
Load driver register
Hlix o] 1+ | x | x x| L] x | x x |eaccdnverred
H| X | H 1 X X X H X X X
X| XX L X X X | NC| X X X -
No driver clock restrictions
x|Ix{x| H | x | x | x|n| x | x X |hoener esin
XXX X L X X L X H X Drive Bus
X1 X | X X L X X H X L X
H = HIGH Z = HIGH Impedance X = Don't care i=01,2 3
L = LOW NC = No change 1 = LOW-to-HIGH transition
Definition of Functional Terms
“A” word data input, Ag, Ay, A2, A3 Driver outputs and receiver inputs, BUSg, BUSy, BUSy,
The “A” word data input into the two input multiplexers of the BUS3
driver register. Four driver outputs and receiver inputs (data is inverted).
“B” word data input, Bg, By, B2, B3 Receiver outputs, Rg, Ry, R2, R3
The “B” word data input into the two input multiplexers of the The four receiver outputs. Data from the bus is inverted while
driver register. data from the A or B inputs is non-inverted.
Select, S Receiver latch enable, RLE

When the select is LOW, the A data word is applied to the drive When RLE is LOW, data on the BUS inputs is passed through
register. When the select input is HIGH, the B word is applied to the receiver latches. When RLE is HIGH, the receiver latches

the driver register. are closed and will retain the data independent of all other
inputs.
Driver clock pulse, DRCP -
Clock pulse for the driver register. Output enable, OE
o When the OE input is HIGH, the four three-state receiver
Bus enable, BE outputs are in the high impedance state.

When the bus enable is HIGH, the four drivers are in the high
impedance state. i
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March 1978

Quad Two-Input OC Bus
Transceiver With Parity

2906

Features/Benefits

¢ Quad high-speed LS| bus transceiver.

e Open-collector bus driver.

¢ Two-port input to D-type register on driver.

o Bus driver output can sink 100 mA at 0.8V max.

¢ Internal odd 4-bit parity checker/generator.

e Receiver has output latch for pipeline operation.

¢ Receiver outputs sink 12 mA. ’

e Advanced low-power Schottky processing.

® 100% reliability assurance testing in compliance with
MIL-STD-883.

Description

The 2906 is a high-performance, low-power Schottky bus
transceiver intended for bipolar or MOS microprocessor system
applications. The device consists of four D-type edge-triggered
flip-flops with a built-in two-input multiplexer on each. The flip-
flop outputs are connected to four open-collector bus drivers.
Each bus driver is internally connected to one input of a differen-
tial amplifier in the receiver. The four receiver differential ampli-
fier outputs drive four D-type latches. The device also contains a
four-bit odd parity checker/generator.

This LSI bus transceiver is fabricated using advanced low-
power Schottky processing. All inputs (except the BUS inputs)
are one LS unit load. The open-coliector bus output can sink up
to 100 mA at 0.8V maximum. The BUS input differential amplifier
contains disconnect protection diodes such that the bus is fail-

Logic Diagram

PART TEMPERATURE
NUMBER PACKAGE RANGE
2906NC N24 0°C to +70°C
2906JC J24 0°C to +70°C
2906JM J24 —55°C to +125°C
2906FM F24 —55°C to +125°C

23]

1

Azhg}Dl o a2 e
e SRS

I_Y

"=‘”‘gﬁ>i o ol
i e |

safe when power is not applied. The bus enable input (BE) is
used to force the driver outputs to the high-impedance state.
When BE is HIGH, the driver is disabled. The open-collector
structure of the driver allows wired-OR operations to be
performed on the bus:

The input register consists of four D-type flip-flops with a
buffered common clock and a two-input multiplexer at the input of
each flip-flop. A common select input (S) controls the four
multiplexers. When S is LOW, the A;j data is stored in the
register and when S is HIGH, the Bj data is stored. The buffered
common clock (DRCP) enters the data into this driver register
on the LOW-to-HIGH transition.

Data from the A or B input is inverted at the BUS output.
Likewise, data at the BUS input is inverted at the receiver output.
Thus, data is non-inverted from driver input to receiver output.
The four receivers each feature a built-in D-type ,latﬂ that is
controlled from the buffered receiver latch enable (RLE) input.
When the RLE input is LOW, the latch is open and the receiver
outputs will follow the bus inputs (BUS data inverted). When the
RLE input is HIGH, the latch will close and retain the present
data regardless of the bus input.

oDD

1

PARITY

o-j\ ' )
SELECT S

DRIVER oo

CLOCK

BUS BE o>

ENABLE

~— RECEIVER
*—2RLE |\ TCH ENABLE
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The 2906 features a built-in four-bit odd parity checker/generator.
The bus enable input (BE) controls whether the parity output is
in the generate or check mode. When the bus enable is LOW
(driver enabled), odd parity is generated based on the A or B

Pin ch_f”igurraﬁon

\J

Logié Symbol

field data input to the driver register. When BE is HIGH, the parity
output is determined by the four latch outputs of the receiver.
Thus, if the driver is enabled, parity is generated and if the driver
is in the high-impedance state, the BUS parity is checked.

p— 4 3:8 9 16 15 20 21
S el L]
Zro orer[23] Av Bo A1 By Az B Ag B
13— s
- E B Rs E opp p——12
“E Ao B3 E 23— DRCP Rof—2
E BUSp A3 E 2006 Ry ——10
— 11— BE .
[E] ono4 BUS, [19 : Ry |——14
[ 5vs: GND, |18 1—dne Ry [—22
. o BUS; BUS; BUS, BUS;
CEla 8Us, |17 T T T
E By Az E 5 7 17 19
E BE ‘ R2 E i
[z} ooo s[]
Absolute Maximum Ratings } B -
Storage temperature .............. S e .. —65°C to +150°C
Temperature (ambient) under bias ...... PR N T ... —55°C to +125°C
Supply voltage to ground potential ....................... e e e —0.5V to +7V
DC voltage applied to outputs for HIGH output state ............................... e —0.5V to +Vcc max.
DC input voltage ............... O eernernreeiiineeeaeis... —0.5V 10 5.5V
DC output current, int0 OULPULS (EXCEPL DUS) ... ..ottt ettt ettt e iee et e et e et e e ettt et te e aeeeaans 30mA
DC output cUIrent, iNt0 DUS . ... ...t it e e et et e e e e e i, 200mA
DCINPUE CUITBNE ..o e e e —30mA to +5.0mA
- - MILITARY
Bus Input/Output Electrical Characteristics TA = -55°Cto | COMMERCIAL
Over Recommended Operating Temperature Range +125°C TA = 0°C to +70°C
Vce MIN = 450V | Voc MIN = 4.75V
SYMBOL PARAMETER TEST CONDITIONS! Vce MAX = 5.50V |Vcc MAX = 5.25V | UNIT
i MIN TYP2 MAX |[MIN. TYP2 MAX
loL = 40mA 032 05 032 05
VoL Bus output LOW voltage Vce = MIN - | loL = 70mA 041 07 041 0.7 v
: loL = 100mA 055 0.8 055 - 08
‘ Vo = 0.4V -50 -50
le} Bus leakage current Vce = MAX Vg - A.SV 200 100 nA
Bus leakage current
| ‘'Vo = 4.5V 100 100 A
OFF | (power OFF) 0 K
Receiver input HIGH '
\% B ble =.2.4V 24 2. 23 20 \
TH threshold iqs gna e 0
Receiver input LOW
V : = 2. X 1. 2.0 1.6 \
TL threshold Bus enable = 2.4V 2.0 5

e e ee——————————e———e————————————ee e ereeemeseereemeeremee]
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. . MILITARY
Electrical Characteristics TA = -55°Cto | COMMERCIAL
Over Recommended Operating Temperature Range +125°C TA' = 0°C to +70°C
Vce MIN = 4.50V | Voc MIN = 4.75V
SYMBOL PARAMETER TEST CONDITIONS ! Vee MAX = 5.50V| Vo MAX = 525V | ynr
MIN TYP2 MAX | MIN TYP2 MAX
= Ml = - 24 34
Receiver Output \\;CC VM N |loH 1mA
i IN = VIL
HIGH volta
VOH Voinge or VIH IoH = —2.6mA 24 34 v
Parity output HIGH Vce = MIN, IoH = —660uA 25 34 27 34
voltage VIN = ViH or V)L
Vcc = MIN | loL = 4mA 027 04 027 04
It
VoL Z:‘('c‘;”’t"b?lg vorage VN=ViL [loL=8mA 032 045 032 05 | V
P or Vi4 loL = 12mA 037 05 037 0.5
ViH Input HIGH level Guaranteed input logical 2.0 20 v
(except bus) HIGH for all inputs
ViL Input LOW level Guaranteed .mput logical 07 08 v
(except bus) LOW for all inputs
v Input clamp voltage Vce = MIN, 12 12| v
(except bus) IIN = —18mA
" Input LOW current Vce = MAX, —036 —036| mA
(except bus) VIN = 0.4V
I Input HIGH current Voo = MAX, 20 20 A
(except bus) VIN = 2.7V )
I Input HIGH current Vce = MAX, 100 100 | uA
(except bus) VIN = 5.5V
Isc Output short circuit Voo = MAX _12 _65 | -12 v —65 | mA
current (except bus) .
Vce = MAX, )
| Py ly current 72 105 722105 | mA
cc qwer Suppy all inputs = GND :
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. R . MILITARY
Switching Characteristics TpA= -55°Cto | COMMERCIAL
Over Recommended Operating Temperature Range +125°C TA = 0°C to +70°C
: Vce MIN = 4.50V | Vo MIN = 4.75V
SYMBOL PARAMETER TEST CONDITIONS ~ | VCC MAX = 5.50V | Vcc MAX = 5.25V | ynit
MIN TYP2 MAX | MIN TYP2 MAX
tPHL 21 40 21 36
Driver clock (DRCP) to bus ns
tPLH CL(bus) = 50pF 21 40 21 36
tPHL 5 bie (BE) 10 b RL(bus) = 500 13 26 13 23 ns
PLH us enable (BE) to bus : 13 26 3 23
ts Data inouts (A or B 25 23 ns
th ata inputs (A or B) ; 8.0 70
ts Select inputs (S 33 ‘ 30 ns
™ elect inputs (S) 8.0 70
tpw Clock pulse width (HIGH) 28 25 ns
tPHL Bus to receiver output CL = 15pF 18 37 18 34 ns
tPHL (latch enabled) RL = 2.0KQ 18 37 18 34
tPLH Latch enable to 21 37 21 34
i ns
PHL receiver output 21 a7 21 34
' Bus to latch enable (RLE 2 18 ns
™ us to latch enal g( ) 70 50
tPLH A or B data to odd parity 21 40 21 36 ns
tPHL output (driver enabled) 21 40 21 36
tPLH Bus to odd parity output 21 40 21 36
(driver inhibited, latch ns
tPHL 21 40 21 36
enabled)
tPLH Latch enable (RLE) to . 21 40 21 36 ns
tPHL odd parity output 21 40 21 36
Notes: 1. For conditions shown as MIN, or MAX, use the appropriate value specified under
Electrical Characteristics for the applicable device type.
2. Typical limits are at VCc = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test
should not exceed one second.
input/Output Current Interface Conditions Standard Test Load Circuit
v DRIVEN INPUT | BUS DRIVING OUTPUT TEST v
cc BE = 33kn POINT % cc
S ALE = 5k0 $ 3 RL
* OF = 5k S 1 2k
AB,S = 10k —a
DRCP = 10kQ sus $1
B 2906 o: q
PARITY (';,_ J_
15pF
INPUTO——4 I _ I gt
Us L Jske

Vee o}
TEST
s °poINT

@
d
N

o

pF

= b
(2]

It

|
|

I

| 1*0 |

| |

™ I~ { |
gl | |
| |

| |

| |

L

Note: Actual current flow direction shown.
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Switching Waveforms

3.0v

= 4\ f—
’ ov
ty—r|e—1p
‘| 3.0v
e ons gsas éaazaaaaaia; 1.3v
—'1 ov
teLH tPHL
R ‘-7 I-_ Vou
BUS /
OUTPUT 20V
Vo
tPHL—] toLH—>]
cce !-_ Vou
Ri
ourpﬁfn xk % 1.3v
Vou
Note: Bus to Receiver output delay is measured by clocking data into the driver register and
measuring the BUS to R combinatorial delay.
Function Table
INTERNAL
INPUTS - | 7o DEVICE BUS | OUTPUT FUNCTION
S| Aj|Bj|DRCP | BE | RLE | OE| Dj | Q; us; R;
X1 XX X H X X X X z X Driver output disable
X| X1 X X X X H X X X z Receiver output disable
X| X | X X H L L X L L H ) " . . ;
x| x| x X H L L X H H L Driver output disable and receive data via Bus input
X X | X X X H X X NC X X Latch received data
LjL} X 1 X X X L X X X
L{H]|X 1 X X X H X X X ) )
Hlx L ' X X X L X X X Load driver register
H|{X | H 1 X X X H X X X
X | XX L X X X | NG| X X X No driver clock restriction:
x| x| x| H |x X x | Nc| x | x X ctions
XXX X L X X L X H X Drive B
x| x| x| x |t X x| v x | L X Tive Bus
H = HIGH Z = HIGH Impedance X = Don't care i=0123
L = LOW NC = No change 1 =LOW to HIGH transition

Definition of Functional Terms

“A” word data input, Ag, A1, A2, A3
The “A” word data input into the two input multiplexers of the
driver register.

“B” word data input, Bg, By, B2, B3
The “B” word data input into the two input multiplexers of the
driver register.

Select, S

When the select is LOW, the A data word is applied to the drive
register. When the select input is HIGH, the B word is applied to
the driver register.

Driver clock pulse, DRCP
Clock pulse for the driver register.

Bus enable, BE
When the bus enable is HIGH, the four drivers are in the high
impedance state.

Driver outputs and receiver inputs, BUSg, BUSy, BUS»,
BUS3
Four driver outputs and receiver inputs (data is inverted).

Receiver outputs, Rg, Ry, R2, R3
The four receiver outputs. Data from the bus is inverted while
data from the A or B inputs is non-inverted.

Receiver latch enable, RLE

When RLE is LOW, data on the BUS inputs is passed through
the receiver latches. When RLE is HIGH, the receiver latches
are closed and will retain the data independent of all other
inputs.

Output enable, OE
When the OE input is HIGH, the four three-state receiver
outputs are in the high-impedance state.
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Quad Bus Transceiver With Three-State

Receiver and Parity
2907

Features/Characteristics

e Quad high-speed LSl bus transceiver

e Open-collector bus driver

o D-type register on driver

e Bus driver output can sink 100 mA at 0.8 V max.

¢ Internal odd 4-bit parity checker/generator

¢ Receiver has output latch for pipeline operation

¢ Three-state receiver outputs sink 12 mA

e Advanced Low-Power Schottky processing

e 100% reliability assurance testing in compliance with
MIL-STD-883

Description

The 2907 is a high-performance, low-power Schottky bus
transceiver intended for bipolar or MOS microprocesor system
applications. The device consists of four D-type edge-triggered
flip-flops. The flip-flop outputs are connected to four open-
collector bus drivers. Each bus driver is internally connected to
one input of a differential amplifier in the receiver. The four
receiver differential amplifier outputs drive four D-type latches,
that feature three-state outputs. The device also contains a four-
bit odd parity checker/generator.

This LSI bus transceiver is fabricated using advanced low-
power Schottky processing. All inputs (except the BUS inputs)

Logic Diagram

PART PACKAGE TEMPERATURE
NUMBER RANGE
2907NC N20 0°C to +70°C
2907JC J20 0°C to +70°C
2907JM J20 —55°C to +125°C
2907FM* F20 —55°C to +125°C

*Available on special order

are one LS unit load. The open-collector bus output can sink up
to 100 mA at 0.8 V maximum. The BUS input differential
amplifier contains disconnect protection diodes such that the
bus is fail-safe when power is not applied. The bus enable input
(BE) is used to force the driver outputs to the high-impedance
state. When BE is HIGH, the driver is disabled. The open-
collector structure of the driver allows wired-OR operations to be
performed on the bus.

The input register consists of four D-type flip-flops with a
buffered common clock. The buffered common clock (DRCP)
enters the Aj data into this drive register on the LOW-to-HIGH
transition.

Data from the A input is inverted at the BUS output. Likewise,
data at the BUS input is inverted at the receiver output. Thus,
data is non-inverted from driver input to receiver output. The four

BUS, BUS;
BUS, T_ —T BUS;
p—oOE QUTPUT
o o Ro CONTROL
i T i
E
D Q Ry
Aw—D—L p ol > D
cp L E
D Q. Rz
Azo—b-l— b af=2 I>o D
cp L E
D3 Q3 R3
Ao > L LI P> o —
—cP E
g S PARITY
A )]
)
DRIVER
DRCPo—
cLock —__ RECEIVER
BUS fEo—— o> L o<}—oRLE LATCH
ENABLE

ENABLE
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2907

receivers each feature a built-in D-type-latch that is controlled
from the buffered receiver latch enable (RLE) input. When the
RLE input is LOW, the latch is open and the receiver outputs will
follow the bus inputs (BUS data inverted and OE LOW). When
the RLE input is HIGH, the latch will close and retain the present
data regardless of the bus input. The four latches have three-
state outputs and are controlled by a buffered common three-
state control (OE) input. When OE is HIGH, the receiver outputs
are in the high-impedance state.

Pin Configuration

[dre ~ Ve 20]
]~ oree [19]
1~ Rj E
[]sus. A E
[E] eno, BUS, [15]
Elsus: ano, [7F]
A BuUs; [11]
E Rt A2 E
He ~m@
[eJooe  &E[T]

Absolute Maximum Ratings

Storage temPerature ... ........oeevnetvnanuneennenneennens

Temperature (ambient) under bias

Supply voltage to ground potential ...........................
DC voltage applied to outputs for HIGH output state ...........
DCinputvoltage ..........coeiiiiiiiii i
DC output current, into outputs (exceptbus) ...................
DC output current, intobus ........... ... i

DC input current

......................................... —30mA to +5.0mA

The 2907 features a built-in four-bit odd parity checker/generator:
The bus enable input (BE) controls whether the parity output is
in the generate or check mode. When the bus enable is LOW
(driver enabled), odd parity is generated based on the A field
data input to the driver register. When BE is HIGH, the parity
output is determined by the four latch outputs of the receiver.
Thus, if the driver is enabled, parity is generated and if the driver
is in the high-impedance state, the BUS parity is checked.

Logic Symbol

P LT
Ao Aq Az A3
19—DRCP
oDDF——10
Roj——2
1—O|RLE °
2907 Ri}—s8
99—
BE Ro}—12
11—O| OE Ra 1
BUS; BUS; BUS; BUS;

11T

14 16
Vcec = Pin 20
GND1=Pin5
GND2 = Pin 15

........................................... —65°C to +150°C

—55°C to +125°C

.............................................. -0.5Vto +7V
....................................... —0.5V to +Vgc max.
............................................ —0.5V to +5.5V
.................................................... 30mA

............. 200mA

Bus Input/Output Electrical Characteristics "E'L'TATY
Over Recommended Operating Temperature Range Ta = ~85°Cto COMMERCIAL
+125°C TA = 0°C to +70°C
Vce MIN = 4.50V | Vg MIN = 4.75V
SYMBOL PARAMETER TEST CONDITIONS! Vce MAX = 5.50V |Vcc MAX = 5.25V | UNIT
MIN TYP2 MAX |MIN TYP2 MAX
IoL = 40mA 032 05 032 05
VoL Bus output LOW voltage Vce = MIN oL = 70mA 041 0.7 041 07 Vv
loL = 100mA 055 08 0.55 - 0.8
Vo = 0.4V -50 -50
| Bus leakage current Vo = MAX A
° 9 ce Vo = 45V 200 0| *
Bus leakage current
l = 4. 100 A
OFF (power OFF) Vo = 45V 100 #
Receiver input HIGH
VTH ecawver ey Bus enable = 2.4V 24 20 23 20 \"
threshold
v Receiver input LOW Bus enable = 2.4V 20 15 20 16| Vv
TL threshold us enable = 2. . . . .

e —— ]
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MILITARY
Electrical Characteristics Ta = -55°Cto | COMMERCIAL
Over Recommended Operating Temperature Range +125°C TA = 0°C to +70°C
- . Vce MIN = 450V | Vo MIN = 4.75V
SYMBOL PARAMETER TEST CONDITIONS1 Ve MAX = 5.50V | Voc MAX = 5.25V | ynit
: MIN TYP2 MAX | MIN TYP2 MAX
= = - 24 34
Receiver Output \‘;CC VM'N o 1mA
IN = VIL
HIGH voltage
VoH vollag or VIH IOH = —2.6mA 24 34 Vv
Parity output HIGH Vce = MIN, IoH = —660uA 25 34 27 34
voltage VIN = V|H or V|
Vce = MIN - [lg. = 4mA 0.27 0.4 027 0.4
t LOW volt
VoL Z‘)‘;‘:Jt ;35) Yo VN=VIL [loL = 8mA 032 045 032 05 | V
P or VIH loL = 12mA 037 05 037 0.5
ViH Input HIGH level Guaranteed input logical 20 20 v
(except bus) HIGH for all inputs
viL Input LOW level Guaranteed '|nput logical 0.7 08 | v
(except-bus) LOW for all inputs
Vi Input clamp voltage Vce = MIN, 12 12 v
(except bus) IIN = —18mA
" Input LOW current Vce = MAX, 036 _036| ma
(except bus) VIN = 0.4V
I Input HIGH current Vee = MAX, 20 20 LA
(except bus) VIN = 2.7V
I Input HIGH current Vce = MAX, 100 100 | pA
(except bus) VIN = 5.5V
Output short circuit .
l Vcc = MAX -12 —-65 | —12 —65 | mA
SC current (except bus) cc
Icc Power supply currents ch = MAX, 72 110 75 110 | mA
all inputs: = GND
Oft-state output current Vo = 24V 20
1 = MAX A
0 (receiver outputs) vee Vo = 0.4V —20 | *

Input/Output Current Interface Conditions

Vee

DRIVEN INPUT

DRIVING OUTPUT

VWA

Note: Actual current flow direction shown.

TR T T

Standard Test Load Circuit

TEST v
POINT cc
RL

2907 OR
PARITY

BUS
Vce T

Cg -
= 50pF

) o TEST
o POINT

Co
15pF

.




2907

—

. . I MILITARY
Switching Characteristics - Ta = _55°Cto | COMMERCIAL
Over Reco@mended Operating Temperature Range +125°C TA= 0°C to'+70°C|
Vce MIN = 450V | Voc MIN = 4.75V
SYMBOL PARAMETER ' TEST CONDITIONS Vce MAX = 5,50V | Voe MAX = 5.25V | ‘UNIT
L ) . MIN TYP2 MAX | MIN TYP2 MAX
tPHL Driver clock (DRCP) R 21 40 21 36 ns
tPLH to bus Cy(bus) = 50pF 21 40 21 36
'PHL Bus enable (BE) to bus RL(bus) = 500 8. 26 823 ns
tPLH : T 13 26 | 13 23
ts . . . . 25 - | 23 S
ih A data inputs 80 70 ns
tpw Clock pulse width (HIGH) : : 28 25 ns
tPLH Bus to receiver output . : 18 37 18 34 ns
tPHL (latch enabled) 18 37 18 34
tPLH! Latch enable to : 2 37 21 34 ns
tPHL receiver output 21 37 21 34
ts Bus to latch CL = 15pF 21 ) 8 ns’
th enable (RLE) RL = 2.0kQ} 7.0 5.0 "
tPLH A data to-odd parity : : 21 40 ). 21 36 ns
tPHL out (driver enabled) 2 40 21 36
tPLH Bus to odd parity - 1 21 40 21 36 ns
tPHL out (driver inhibit) ' 21 40 21 36
tPLH Latch enable (RLE) 21 40 | 21 36 ns
tPHL to odd parity output ’ 21 40 2 36
'ZH " Output control to output ’ 14 28 1“2 ns
tzL 14 28 14 25
tHZ i CL = 5.0pF 14 28 14 25
Wz Output control to output RL = 2.0k : - Py— T %5 ns

" Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under
Electrical Ch istics for the licable device type. :

. Typical limits are at VGG = 5.0V, 25°C ambient and maximum loading.

. Not more than one output should be shorted at a time. Duration of the short circuit test
should not exceed one second.

w N

Switching Waveforms ~ o

s _?7[;—\ = 7:[——
"”‘_H , toLm o

Vou

RECEIVER
OUTPUT

1.3v

J

VoL

Note: Bus to Receiver output delay is measured by clocking data into the driver register and
measuring the BUS to R combinatorial delay.
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Function Table

INTERNAL
INPUTS TO DEVICE BUS | OUTPUT FUNCTION
A |DRCP | BE | RLE | OE | Dj | Q5 | Bj Ri
X X H, X X X X “H X Driver output disable
X X X X H X X X z Receiver output disable
X X H L L | X L L H " " . . .
X X H L L X H H L Driver output disable and receive data via Bus input
X X X H X X | NC X X Latch received data
L i X X X L X X X . .
H ' X X X H X X X Load driver register
X L X X X {NC | X X X . -
X H X X x Inc | x X X No driver clock restrictions
X X L X X L X H X Drive Bus
x| x |t X X |H [ x| L X ©
H = HIGH Z = High Impedance X = Don't Care i=0123

L =LOW NC = No Change

Definition of Functional Terms

Driver clock pulse, DRCP
Clock pulse for the driver register.

Bus enable, BE :
When the bus enable is LOW, the four drivers are in the high
impedance state.

Driver outputs and receiver inputs, BUSqg, BUSy, BUS),

BUS3 o
Four driver outputs and receiver inputs (data is inverted).

Receiver outputs, Rg, Ry, R2, R3

The four receiver outputs. Data from the bus is inverted while
data from the A or B inputs is non-inverted.

Parity Output Function Table

1 = LOW-to-HIGH Transition

Receiver latch enable, RLE

When RLE is LOW, data on the BUS inputs is passed through
the receiver latches. When RLE is HIGH, the receiver latches
are closed and will retain the data independent of all other
inputs.

0Odd parity output, ODD
Generates parity with the driver enabled, checks parity with the
driver in the high-impedance state.

Output enable, OF
When the OE input is HIGH, the four three-state receiver
outputs are in the high-impedance state.

BE ODD PARITY OUTPUT
L ODD = Ag® A1 ® A A3
H - ODD=Qp®Q12Q29Q3

7-33



2907

Applications l s BUS ’ l
, T

2907
ADDRESS
REGISTER

2018
|Bus STATUS
REGISTER

2007
MAIN
DATA Jg‘us > mEMORY

FLAGS Y

2909 2901

o 2907 ROPROGRA
BUS | SEQUENCER o

R l -

ROM/PROM
MICROCODE

!

2918
MICROWORD
REGISTER

BIPOLAR
MICROPROCESSOR

I : R BUS |

The 2907 can be used as an I/O Bus Transceiver and Main Memory 1/O Transceiver
in high-speed Microprocessor Systems.

Package Drawings PRI A TSRS
20 11
N20 Plastic Kool DIP O 200-290
ol 10
YAV VAVAVAVATAY
.080 000
2.03 —» le— .00
MAX. MIN.
1.025-1.075
26.03-27.30 -280-.320
7.11-8.13
.015-.060
.38-1.52 | L-J jF 200
5.80

140 Y MAX.
3.55 } 120-.165
MIN. y 3.04-4.19

Ll B

.090-.110 .016-.020 .055-.065
2.29-2.79 .41-.51 1.40-1.65

0o m[@pmn
J20 Ceramic DIP 2 n

2.65-.300

6.73-7.62

1 10!

gy uy
070 .000

—| L‘”B .000 4>‘ |—

MIN.

MAX. .995-.990 .290-.320
" 24.26-25.15 > 7.37-8.13

—.391.89 t "‘Ag‘x;

125-.165
i o_q5° .008-.012
UNLESS OTHERWISE SPECIFIED: —>l L— 3‘”'5'09471 015 —"\ .20-.31

ALL DIMENSIONS MIN.-MAX. IN INCHES. + .080-.110 .016-.020 .055-.065
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 2.29-2.79 41-51 1.40-1.65
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Microprogram Sequencers

2909/2911

Features/Benefits

® 4-bit slice cascadable to any number of microwords
Internal address register

Branch input for N-way branches

Cascadable 4-bit microprogram counter

4 x 4 file with stack pointer and push pop control for
nesting microsubroutines

e Zero input for returning to the zero microcode word
Individual OR input for each bit for branching to higher
microinstructions (2909 only)

¢ Three-state outputs .

All internal registers change state on the LOW-to-HIGH
transition of the clock

e 2909 in 28-pin package

e 2911 in 20-pin package

L] o o o o

Description

The 2909 is a four-bit wide address controller intended for se-
quencing through a series of microinstructions contained in a
ROM or PROM. Two 2909's may be interconnected to generate
an eight-bit address (256 words), and three may be used to
generate a twelve-bit address (4K words).

The 2909 can select an address from any of four sources. They
are: 1) a set of external direct inputs (D); 2) external data from
the R inputs, stored in an internal register; 3) a four-word deep
push/pop stack; or 4) a program counter register (which usually
contains the last address plus one). The push/pop stack includes
certain control lines so that it can efficiently execute nested
subroutine linkages. Each of the four outputs can be OR’ed with
an external input for conditional skip or branch instructions, and
a separate line forces the outputs to all zeroes. The outputs are
three-state. ]

The 2911 is an identical circuit to the 2909, except the four OR
inputs are removed and the D and R inputs are tied together.
The 2911 is in a 20-pin, 0.3"” centers package.

PART NUMBER PACKAGE TEMPERATURE
2909 2911 2909 | 2911 RANGE
2909NC 2911NC N28 N20 0°C to +70°C
2909JC 2911JC J28 J20 0°C to +70°C
2909JM 2911JM J28 J20 | —55°Cto+125°C
2909FM — F28 — —55°Cto +125°C
Pin Configuration
[Her >~ welm
== Cnia 18]
E D3 Ca E
- [Eo- va[iE]
oo v.[1]
] eno va [l
[=]zEwo Yo [12
[} so s
A

Ra
Rz
Ry
Ro
OR3
D3
OR,
D2
OR;y
Dy
ORo

Do

slzizlsisicicizicicliciziolsl

GND~

cP
PUP
FE
Ch+a
Cn

OE

Y2
Yq
Yo
Sy
So

ZERO

jE S EE B SIS IE B S E SRS
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2909/2911

Block Diagram
(2909 ONLY)
L PUSH/POP_, FILE ENABLE
REGISTER |
EnABLE | ADDRESS REG.
RE >——-:——> HOLDING HEG. STACK POINTER
|
| DANDR ]
4 y GONNECTED
ON 2911
| ONLY ba 4x4 FILE

|
|
DIRECT |

NP —°<'—‘—<
TS e 4 ‘ 4 cLock

D AR F pPC
$0 >—m——e- | MICROPROGRAM
MULTIPLEXER — COUNTER
$1 >———s REGISTER
rzs_oo_oiﬁ.ﬂ Xo X4 X2 X3

—

INCREMENTER |—

QUTPUT
CONTROL
OF
Yo Y4 Y2 Ya Cn Cnva

CLOCK
r——
2909
™ S0.81,FE,PUP,RE -
Y
A
CONTROL MEMORY
COMBINATORIAL
(ROM, PROM,
CONTROL LOGIC OR RAM) .
1(A)
T
SEQUENCE | LOGIC MICROWORD
CONTROL CONTROL REGISTER
FIELD = FIELDS (4WR)
__, b T0 2001

> TO OTHER DEVICES

Figure 3. Microprogram Sequencer Control.

L=POP
H = PUSH PUSH/POP 1 1>
FILE
L =ENABLE . ENABLE P 1
cp  (smack romrem
Twom
upioGWN COUNTER
doqe @101
Ro
REGISTER_,‘> I Ej
ENABLE
- ’E :
“1
cP ‘
CLOCK > d Wo | Wil Wz | wa
ece —-
s Do Dy D2 D. D2} 110
S 5 s I~ or mesems ceus—— 1
S0 gt I oif—vo I
E So 1 | " T
| oo PO L
ORg Ll LLIORy 11l L AU cp w
Q3 Q2 Q1 Qo
CoraC7 covmmeaniaatin
" D3 D2 D1_Do
ZERO —Po—iPori [V, ce 7y
\e F ’
V2 wossuenren {2
oF Yo In Fyl
’ r | [ !
Yo Y4 Y2 (D

Figure 2. Microprogram Sequencer Block Diagram.
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2909/2911

Absolute Maximum Ratings

Storage temperatlure . ... ... . i e i —65°C to +150°C
Temperature (@mbient) UNder Bias .. .........oiuii i i e e e e —-55°C to +125°C
Supply voltage to ground potential ......... ... e -05Vto+7.0V
DC voltage applied to outputs for HIGH output state ............ ..ot i —-0.5 Vto +Vgc max.
[T O30 Y] T I O -05Vto+7.0V
DC output current, it OULPULS . .. ..ottt e ettt e e e e e 30 mA
DC INPUL CUITENL . .. ettt ettt et ettt e ettt e et e e e e e et e et e e aee e —-30 mA to +5.0 mA

Electrical Characteristics
Over Recommended Operating Range

i MILITARY COMMERCIAL
YMBOL DITIONS!
) o] PARAMETER TEST CONDITIONS MIN TYP MAX|MIN TYP MAX UNIT
Vcec = MIN,, |IoH = —1.0mA 24
VOH Output HIGH voltage VIN = VIH or \
ViL IOH = —2.6mA 24
Vee = MIN,, | loL = 4.0mA 0.4 0.4
VoL Output LOW voltage VIN =V|Hor |loL = 8.0mA 0.45 0.45 \"
ViL loL = 12mA5 05 | 0.5
Guaranteed input
ViH Input HIGH level logical HIGH voltage 2.0 2.0 Y
for all inputs
Guaranteed input
ViL Input LOW level logical LOW voltage 0.7 0.8 \"
for all inputs :
V) Input clamp voltage Vece = MIN,, iy = —18mA -1.5 -15] V
-~ Cn ’ —1.08 ' —1.08
L Input LOW current Vce = MAX, Push/Pop, OE -0.72 -0.72| mA
VIN = 0.4V
: Othersf —0.36 —0.36
Cn i 40 40
Ve = MAX,,
[[¥] Input HIGH current VCC= 27V Push/Pop 40 40 rA
IN == Othersb 20 20
Cn,
Voo = MAX,, . .
| Input HIGH current VCC= 70V Push/Pop 02 02 mA
N = 1 Others® 04 0.1
Output short Yo—Y3 -30 —100 | —-30 —100
I Voo = MAX A
0S circuit current3 cc Cnp+4 -30 -85 | -30 -85 m
Icc Power supply current Voo = MAX4 80 130 80 130 | mA
lozL Vce = MAX., |Vout = 0.4V -20 -20
utput OFF current P
oz | Oy urre OE=27v  [Vour =27V 20 20 | “A
NOTES: 1. For conditions shown as MIN. or MAX., use the appropriate value 4. Apply GND to Cp, Ro, R1, R2, R3, ORg, ORy, OR2, ORg, Do, D1,
specified under Electrical Characteristics for the applicable device Do, and D3. Other inputs open. All outputs open. Measured after a

type.
2. Typical limits are at VCc = 5.0V, 25°C ambient and maximum

LOW-to-HIGH clock transition.

5. The 12mA guarantee applies only to Yp, Y1, Y2 and Y3.
loading. 6. For the 2911, Dj, and R; are internally connected. Loading is
3. Not more than one output should be shorted at a time. Duration of doubled (to same values as Push/Pop).

the short circuit test should not exceed one second.

7-37




2909/2911

Switching Characteristics

Over Operating Range

All parameters are guaranteed worst case over the operating voltage and temperature range for the device type.
(Grade C = 0°C to +70°C, 4.75V to 5.25V; Grade M = —55°C to +125°C, 4.5V to 5.5V)

Table 1 Table 2
Minimum Clock Requirements Maximum Combinatorial Propagation Delays
Minimum Clock LOW Time 50 OUTPUTS
Minimum Clock HIGH Time 30 INPUTS Yi Cn+4
OE 25 —
ZERO 35 45
OR; 20 32
So, S1 40 50
D; 20 32
Cn — 18
Table 3 Table 4
Maximum Delays Set-up and Hold Time
From Clock to Outputs Requirements
FUNCTIONAL GRADE | CLOCK CLOCK EXTERNAL t th
PATH TOYj | TOCh+4 INPUTS s
Register C 48 58 RE 20 5.0
(S1 Sp = LH) M 55 65 R 15 0
u Program Counter C 48 58 PUSH/POP 20 5.0
(S1 Sp = LL) M 55 65 FE 20 0
File C 70 80 Cn 15 0
(S1 So = HL) M 80 90 Dj 20 0
OR; 20 0
RL=20kQ  Cp = 15pF So. 51 40 0
ZERO 40 0
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e — e ]

Architecture of the 2090/2911

The 2909/2911 are“bipolar microprogram sequencers intended
for use in high-speed microprocessor applications. The device is
a cascadable 4-bit slice such that two devices allow addressing
of up to 256 words of microprogram and three devices allow
addressing of up to 4K words of microprogram. A detailed logic
diagram is shown in Figure 2.

The device contains a four-input multiplexer that is used to select
either the address register, direct inputs, microprogram counter,
or file as the source of the next microinstruction address. This
multiplexer is controlled by the Sg and Sy inputs.

The address register consists of four D-type, edge triggered flip-
flops with a common clock enable. When the address register
enable is LOW, new data is entered into the register on the clock
LOW-to-HIGH transition. The address register is available at the
multiplexer as a source for the next microinstruction address.
The directinput is a four-bit field of inputs to the multiplexer and
can be selected as the next microinstruction address. On the
2911, the direct inputs are also used as inputs to the register.
This allows an N-way branch where N is any word in the micro-
code.

The 2909/2911 contains a microprogram counter (wPC) that is
composed of a 4-bit incrementer followed by a 4-bit register. The
incrementer has carry-in (Cp) and carry-out (Cp44) such that
cascading to larger word lengths is straightforward. The uPC
can be used in either of two ways. When the least significant
carry-in to the incrementer is HIGH, the microprogram register is
loaded on the next clock cycle with the current Y output word
plus one (Y+1—uPC.) Thus sequential microinstructions can
be executed. If this least significant Cp, is LOW, the incrementer
passes the Y output word unmodified and the microprogram
register is loaded with the same Y word on the next clock cycle
(Y—>uPC). Thus, the same microinstruction can be executed
any number of times by using the least significant Cp, as the
control. :

The last source available at the multiplexer input is the 4 x 4 file
(stack). The file is used to provide return address linkage when
executing microsubroutines. The file contains a built-in stack
pointer (SP) which always points to the last file word written.
This allows stack reference operations (looping) to be performed
without a push or pop.

The stack pointer operates as an up/down counter with separate
push/pop and file enable inputs. When the file enable input is
LOW and the push/pop input is HIGH, the PUSH operation is
enabled. This causes the stack pointer to increment and the file
to be written with the required return linkage—the next microin-
struction address following the subroutine jump which initiated
the PUSH.

If the file enable input is LOW and the push/pop control is LOW,
a POP operation occurs. This implies the usage of the return
linkage during this cycle and thus a return from subroutine. The
next LOW-to-HIGH clock transition causes the stack pointer to
decrement. If the file enable is HIGH, no action is taken by the
stack pointer regardless of any other input.

The stack pointer linkage is such that any combination of pushes,
pops or stack references can be achieved. One microinstruction
subroutines can be performed. Since the stack is 4 words deep,
up to four microsubroutines can be nested.

The ZERO input is used to force the four outputs to the binary
zero state. When the ZERO input is LOW, all Y outputs are LOW

regardless of any other inputs (except OE). Each Y output bit
also has a separate OR input such that a conditional logic one
can be forced at each Y output. This allows jumping to differ-
ent microinstructions on programmed conditions.

The 2909/2911 feature three-state Y outputs. These can be par-
ticularly useful in military designs requiring external Ground
Support Equipment (GSE) to provide automatic checkout of the
microprocessor. The internal control can be placed in the high-
impedance state, and preprogrammed sequences of microin-
structions-can be executed via external access to the control
ROM/PROM.

Definition of Terms

A set of symbols is used in this data sheet to represent various
internal and external registers and signals used with the 2909.
Since its principle application is as a controller for a micropro-
gram store, it is necessary to define some signals associated
with the microcode itself. Figure 3 illustrates the basic inter-
connection of 2909, memory, and microinstruction register. The
definitions here apply to this architecture.

Inputs to 2909/2911

S1, So - Control lines for address source selection

FE, PUP - Control lines for push/pop stack

RE Enable line for internal address register

OR;j Logic OR inputs on each address output line

' TEﬂ'G Logic AND input on the output lines

OE Output Enable. When OE is HIGH, the Y outputs
are OFF (high impedance) )

Cn Carry-in to the incrementer

Rj -Inputs to the internal address register

Dj Direct inputs to the multiplexer

CP Clock input to the AR and uPC register and Push-
Pop stack

Outputs from the 2909/2911

Yj Address outputs from 2909. (Address inputs to con-

trol memory.)

Cn+4 Carry out from the incrementer
Internal Signals

nPC- Contents of the mlcroprogram counter
REG Contents of the register

STKO-STK3 Contents of the push/pop stack. By definition, the
word in the four-by-four file, addressed by the
stack pointer is STKO. Conceptually data is pushed -
into the stack at STKO; a subsequent push moves
STKO to STK1; a pop implies STK3 — STK2 —
STK1 — STKO. Physically, only the stack pointer
changes when a push or pop is performed. The
data does not move. I/O occurs at STKO.

SP Contents of the stack pointer.

External to the 2909/2911

A Address to the control memory

I(A) Instruction in control memory at address A

uwWR Contents of the microword register (at output of

control memory). The microword register contains
the instruction currently being executed.
Tn ’ Time period (cycle) n
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e —

Address Selection Output Control
OCTAL S1 Sp| SOURCE FOR Y OUTPUTS | SYMBOL OR;j ZERO OE Yi
] L L Microprogram Counter wPc X X H z
1 L H Register REG X L L L
2 H L Push-Pop stack STKO H H L H
3 H H Direct inputs D; L H L Source selected by Sg S1
Z = High Impedance
Synchronous Stack Control
FE PUP PUSH-POP STACK CHANGE
H X No change
L H Increment stack pointer, then ,
push current PC onto STKO t' = l':"gh
. = Low
L L Pop stack (decrement stack pointer) X = Don't Care
Figure 5.
— i PRINCIPLE
CYCLE |S4, So, FE, PUP| uPC |REG | STKO | STK1 | STK2 | STK3 | YouT COMMENT USE
N 0000 - J K Ra Rb Rc Rd J End
P
N+1 — J+1 | K | Ao | Re | Rd | mRa | — [|PopStack. Loop
) . R -
N 0001 J K Ra Rb Rc d J Push uPC Set-up
N+1 — J+1 K J Ra Rb Rc — Loop
N 001X J K Ra Rb Rc Rd J Continue Continue
N+1 — J+1 K Ra Rb Rc Rd —
N 0100 J K Ra Rb Rc Rd K Pop Stack; End
N+1 — K+1 K Rb Rc Rd Ra — Use AR for Address Loop
N - 0101 J 'K | Ra | Rb | Re | Rd | K | Push uPC; , 1SR An
N+1 — K+1 | K J Ra Rb Rc — Jump to Address in AR :
N 011X J K | Ra | Rb | Rc | Rd K :
: to A in AR JMP AR
N+1 i ket | K | Ra | Rb | Re | Ra | — [JumPloAddressinA
N 1000 J K Ra | Rb Rc | Rd Ra | Jump to Address in STKO; Fﬁ'S
N+1 — Ra+1| K | Rb | Rc | Rd | Ra | — | Pop Stack
N 1001 J K Ra Rb Re Rd Ra | Jump to Address in STKO;
N+1 — Ra+1| K J Ra Rb Re = Push uPc :
N 101X J K Ra Rb Rc Rd Ra Stack Ref
. Ji to Addi in STK
N+1 — Ra+1| K | Ra | Rb | Re | Ra | — [JumPloAddressinSTKO| o)
N 1100 1 J K Ra Rb Re Rd D Pop Stack; End
N+1 — D+1| K | Rb | Re | Rd | Ra | — |Jump to Address on D Loop
N 1101 J K Ra Rb Rc Rd D Jump to Address on D; JSRD
N+1 — D+1 | K J Ra Rb Re — Push uPC
N 111X J K Ra Rb Re Rd D
Add D JMP D
N+1 — D+1 K | Ra Rb Rc Rd - Jump to ress-on

X = Don't care, 0 = LOW, 1 = HIGH, Assume Cp = HIGH
Note: STKO is the location addressed by the stack pointer.
Figure 6. Output and Internal Next-Cycle Register States for 2909/2911.

e e esees—————————— ettt
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Operation of the 2909/2911

Figure 5 lists the select codes for the multiplexer. The two bits
applied from the microword register (and additional combination-
al logic for branching) determine which data source contains the
address for the next microinstruction. The contents of the select-
ed source will appear on the Y outputs. Figure 5 also shows the
truth table for the output control and for the control of the push/
pop stack. Figure 6 shows in detail the effect of Sg, Sy, FE and
PUP on the 2909. These four signals define what address ap-
pears on the Y outputs and what the state of all the internal
registers will be following the clock LOW-to-HIGH edge. In this
illustration, the microprogram counter is assumed to contain ini-
tially some word J, the address register some word K, and the
four words in the push/pop stack contain Ry through Rq.

Figure 7 illustrates the execution of a subroutine using the 2909.
The configuration of Figure 3 is assumed. The instruction being
executed at any given time is the one contained in the microword

Control Memory

register (uWR). The contents of the uWR also controls (indi-
rectly, perhaps) the four signals Sg, S1, FE, and PUP. The start-
ing address of the subroutine is applied to the D inputs of the
2909 at the appropriate time.

In the columns on the left is the sequence of microinstructions to
be executed. At address J+2, the sequence control portion of .
the microinstruction contains the command “Jump to subroutine
at A", At the time T, this instruction is in the uWR, and the 2909
inputs are set-up to execute the jump and save the return ad-
dress. The subroutine address A is applied to the D inputs from
the uWR and appears on the Y outputs. The first instruction of
the subroutine, I(A), is accessed and is at the inputs of the uWR.
On the next clock transition, I(A) is loaded into the uWR for exe-
cution, and the return address J+3 is pushed onto the stack.
The return instruction is executed at Ts. Figure 8 is a similar
timing chart showing one subroutine linking to a second, the
latter consisting of only one microinstruction.

EXECUTECYCLE| To [ T1 | To | T3 | T4 | T5 | T | T7 | Ta| To
EXECUTE MICROPROGRAM cLoc
CYCLE | \DDRESS ,ii?:ﬁg:;: SIGNALS
J— = 2909 |51,S0 0 3 0 0 3 2 0] 2 0
To | v — | iputs | FE H|] L] H|H|] L|L]|H]|LI|H
T4 J+1 — (from PUP X H X X H L X L X
To J+2 JSR A nWR) D X A X X B X X X X
To J+3 _
—_ uPC | J+1 | J+2 | J+3| A+1| A+2| A+3 | B+1| A+4 | A+5] J+4
— — Internal STKO | — —_ — | J+3 | J+3| J+3 | A+83| J+3 | J+3
- — Reaisters ST [ = | — | = | = | — | — |3 —
—_ - o9 STK2 | — —_ — — — — -_ -
— — STK3 | — - — — — — - —
Ts A @ 209 1y lyr1| ur2| A | a1 ar2| B |A+a| Ava|usa]| gea
T4 A+1 = Output :
Ts A+2 JSRB ROM |
T A3 _ Output ™ Jiw+n|IsRA| KA) |1(A+1)JSRB| RTS [(A+3) RTS [i(J+3)|I(J+4)|
T8 A+4 RTS
- - Contents
_ — of uWR
— - (Instruction| uWR | 1J) | {(J+1)| JSR A I(A) |I(A+1)JSR B| RTS |I(A+3)| RTS |1(J+3)
— — being 1
Te B RTS executed)
Figure 7. Subroutine Execution.
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Control Memory

: EXECUTE CYCLE| To Tq Ta T3 | T4 | T5 | Tg | T7
EXECUTE MICROPROGRAM CLOCK
CYCLE SEQUENCER
‘ ADDRESS | \\sTRUCTION SIGNALS
J= — 2909 - [S1,S0] © 0 3 0 0 2 0 0
To - J — Inputs | FE | H H L H H L H H
Ty J+1 . (from | PUP | X X H X | X L | x| x
To J+2 JSRA UWR) D X X A X | X X | x| x
Te J+3 — —
Ty J+4 — uPC | J+1 | J+2 | J+3 | A+1 |A+2 [ A+3 | J+4 | J+5
— - STKO| — | — | — |J+3|J+3|J+3| — | —
Internal
o o Registers STKI | — B - B Y I R
— — sk | — | — | — | = =] —=1|—1|—
— — STIK3| — | — | — | = | -] = =1| —
Ts A =R 2909 1y dgpr | ur2 | A | At |Aav2| Jea | ural ges
T4 A+1 — Output
Ts Av2 RTS ROM ) IW+N)[JSRA| IA) [A+1)| RTS [I(J+3)[I(J+4)] I(J+5)
— — Output
— — Contents
— — of uWR
— — | (Instruction | uWR | 1(J) | 1J+1) |[JSR A| I(A) |IA+1)| RTS [IJ+3)[I(J+4)
—_ — * being -
— — executed)

Figure 8. Two Nested Subroutines. Routine B is Only One Instruction.

towH towL
(TABLE 1) "‘(TABLE l)”‘
PARSIRSLSHAN sov
H TO L OCCURS) 15V
ANVTIME HERE . )
AV ov
1 ts . th
| (TABLE Il) (TABLE 1l
) 3.0v
ALL INPUTS
(EXCEPT OF) l W N

ov
|« INPUTS TO Y OR Cn+s
CLOCK TO Yi OR Cpis (TABLE 1)

(TABLE It) R

VoH

Y ouTt 1.5V

Cn+a

VoL

Figure 12. Switching Waveforms. See Tables for Specific Values.
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Quad Three-State Bus Transceiver

With Interface Logic
2915

Features/Benefits

* Quad high-speed LSI bus transceiver

¢ Three-state bus driver

¢ Two-port input to D-type register on driver

e Bus driver output can sink 40mA at 0.5V max.

¢ Receiver has output latch for pipeline operation

o Three-state receiver outputs sink 12mA

e Advanced low-power Schottky processing

* 100% reliability assurance testing in compliance with
MIL-STD-883

e 3.5V minimum output high voltage for direct interface to
MOS microprocessors

Description

The 2915 is a high-performance, low-power Schottky bus trans-
ceiver intended for bipolar or MOS microprocessor system appli-
cations. The device consists of four D-type edge-triggered flip-
flops with a built-in two-input multiplexer on each. The flip-flop
outputs are connected to four three-state bus drivers. Each bus
driver is internally connected to the input of a receiver. The four
receiver outputs drive four D-type latches that feature three-
state outputs.

This LSI bus transceiver is fabricated using advanced low-power
Schottky processing. All inputs (except the BUS inputs) are one
LS unit load. The three-state bus output can sink up to 40mA at
0.5V maximum. The bus enable input (BE) is used to force the
driver outputs to the high-impedance state. When BE is HIGH,

Logic Diagram

PART TEMPERATURE
PACKA
NUMBER ACKAGE RANGE
2915NC N24 0°C to +70°C
2915JC J24 0°C to +70°C
2915JM J24 ~55°Cto +125°C
2915FM F24 —55°Cto+125°C

the driver is disabled. The VoH and VoL of the bus driver are
selected for compatibility with standard and Low-Power Schottky
inputs.

The input register consists of four D-type flip-flops with a
buffered common clock and a two-input multiplexer at the input
of each flip-flop. A common select input (S) controls the four
multiplexers. When S is LOW, The A; data is stored in the
register and when S is HIGH, the B; data is stored. The buffered
common clock (DRCP) enters the data into this driver register
on the LOW-to-HIGH transition.

Data from the A or B inputs is inverted at the BUS output.
Likewise, data at the BUS input is inverted at the receiver
output. Thus, data is non-inverted from driver input to receiver
output. The four receivers each feature a built-in D-type latch
that is controlled from the buffered receiver latch enable (RLE)
input. When the RLE input is LOW, the latch is open and the

° o
Ao D, Q
- D o} P>—o o= I oRo
BpO———]
—CP E
Ao——— — o
P P>—pb o }—';—OM
Byo———
1 cp E
Ago———
? D, Q;
D a PD—p o l—oR,
Bo0— ]
—CcP E
Ajo—— o
D a 3’-1 —>—1p @ —sg-«an,
Bso—— - '
cp E
setect  so—P>o L |
DRIVER ppcos o
cLock 7% RECEIVER
BUS == L Jo——oRIE LATCH
ENABLE BF

ENABLE
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receiver outputs will follow the bus inputs (BUS data inverted
and OE LOW). When the RLE input is HIGH, the latch will close
and retain the present data regardiess of the bus input. The four

Pin Configuration

Absolute Maximum Ratings
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 bus
DC input current

2915

Logic Symbol

'] TT TTTTT
Ao Bo Ay B Az By A; B3
Rop—2
13—s
pr— . 10
11— BE 2915
Y
1—CO| RLE Ra .
12—} oE R 2
BUS; BUS; BUS; BUS3
I T 1T7 19
Vce = Pin 24
GND1=Pin 6
GND2 = Pin 18

DC output current, into outputs (except bus)

latches have three-state ouptuts and are controlled by a
buffered common three-state control (OE) input. When OE is
HIGH, the receiver outputs are in the high-impedance state.

—65°C to +150°C
—-55°C to +125°C
—0.5V to +7V
—-0.5V to +Vcc max.
-0.5V to +5.5V

........................................................................ 30mA

Bus Input/Output Characteristics

Over Operating Temperature Range

MILITARY
TA = —55°C to
+125°C
Vce MIN = 4.50V
Vce MAX = 5.50V

COMMERCIAL

TA = 0°C to +70°C
Vce MIN = 4.75V
Vcc MAX = 5.25V

100mA

—30mA to +5.0mA

1
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX|MIN TYP MAX UNIT
loL = 24mA 0.4 0.4
\/ Bus output LOW voltas Vce = MIN \"
oL output LOW voltage cc oL = 40mA 0.5 0.5
VOH Bus output HIGH voltage Vce = MIN | oy = —20mA 2.4 2.4 \
= = 0.4V - -
Bus leakage current Vee = MAX | Vg = 0 200 200
lo (high impedance) Bus enable = | Vo = 2.4V 50 50 | nA
gh mp 2.4V Vo = 45V 100 100
Bus leakage current Vo = 45V
! 100 100 A
OFF | (power OFF) Vog = OV K
. Receiver input HIGH )
\' B able = 2.4V 2.0 2.0 \
H threshold us enavle
Receiver i
viL scelver.input LOW Bus enable = 2.4V 08 08 | v
threshold
Bus output short Vce = MAX
1 -50 -85 -130{-50 -85 —130| mA
sC Circuit current Vo = OV
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MILITARY COMMERCIAL
Electrical Characteristics Ta 11‘2:50" 0 lra = 0°C to +70°C
Over Recommended Operating Range Vce MIN = 4.75V

Vce MIN = 4.50V

Vce MAX = 5.25V
Vce MAX = 5.50V
SYMBOL PARAMETER TEST CONDITIONS! MIN TYP2 MAXI|MIN TYP2 MAX UNIT
. Vec=MIN || = —tomA |24 34
Vi Receiver output VIN = V)L or
OH | HIGH voltage VIH IOH = —2.6mA 24 34 v
Vce = 5.0V, IoH = —100nA 3.5 3.5
Vce = MIN | IoL = 4.0mA 027 04 027 04
VoL ?:‘pmt";v;)m"age VIN = ViLor | ToL = 8.0mA 032 045 032 045 V
oxcop VIH loL = 12mA 037 05 037 05
v Input HIGH level Guaranteed input logical 20 20 v
H (except BUS) HIGH for all inputs ' ’
v Input LOW level Guaranteed input logical 08 08 v
L (except BUS) LOW for all inputs : :
V| Input clamp voftage Vee = MIN, Iy = —18mA -12 12| v
(except BUS)
Vce = MAX | BE, RLE -0.72 -0.72
L mA
e nput LOW current VIN = 0.4V | Al other inputs ~0.36 ~0.36
Input HIGH current
| Vce = MAX, VN = 2.7V 20 20 A
H (except BUS) cc IN »
Input HIGH current
| Vce = MAX, VN = 7.0V 100 100 A
! (except BUS) cC IN #
Isc Output short circuit Voo = MAX _30 85 |-30 _85 | ma
current (except BUS)
Icc Power Supply current Vce = MAX 60 90 60 90 mA
Off-state output Vo = 2.4V 20 20
| Vce = MAX
o current (receiver outputs) cc Vo = 0.4V -20 -20 HA

Input/Output Current Interface Conditions

DRIVEN INPUT BUS DRIVING OUTPUT

T
317k 600

tm

OUTPUT, ODD

EL

'"P“TP—N'“’—W—— ——

T

VWV

|
|
|
|
|
|
|
|

Note: Actual current flow direction shown.
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MILITARY COMMERCIAL
Switching Characteristics Ta = -55°C to N "
Over Recommended Operating Temperature Range +125°C Ta="0°C t‘? +70°C
o, Vece MIN = 4.75V
. Vee MIN = 4.50V | .
SYmMBOL PARAMETER TEST CONDITIONS Vce MAX - 550y | YCO MAX =828V
) MIN TYPZ MAX | MIN TYP2 MAX
tPHL . 21 36 21 32 )
Driver clock (DRCP) to bus - ns
tPLH ( ) CL(bus) = 50pF 21 36 21 32
tZH, t; — RL(bus) = 13
2 2L | g, enable (BE) to bus (bus) = 1300 18 26 BB |
tHz, 4z : 13 26 13 23
t,
S Data inputs (A or B) 23, 20 ns
th 8.0 6.0
t
S Select input (S) 28 25 ns
th 8.0 6.0
¢ Driver clock (DRCP) 20 17 ns
PW 1 pulse width (HIGH) }
tPLH Bus to receiver output 18 30 18 27 ns
tPHL (latch enable) CL = 15pF 18 30 18 27
tPLH Latch enable to receiver ' 21 30 21 27 ns
tPHL output RL = 2.0kQ 21 30 21 27
ts . — 17 14
Bus to latch enable (RLE) - ns
th 6.0 4.0
tzH, tzL | Output control to 14 26 14 23 ns
tHz, tLz | receiver output 14 26 14 23
Notes: 1. For conditions shown as MIN, or MAX, use the appropriate value
specified under Electrical Characteristics.for the applicable device
type.
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum
loading.
3. Not more than'one output should be shorted at a time. Duration of
the short circuit test should not exceed one second.
Standard Test Load Circuit
Vee
s Soa
$1
INPUT A R 1
INPUT B = oop |
Vee ==15pF
Bs Be = 5.0k
S3
s\;‘—l
. ] ) e
l;rglﬁrT _L I S -
IBOPF 1.0kQ )
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Switching Waveforms

DRIVER

5

3.o0v
1.3V

CLOCK ;
ov
Ia—!, 4—1,.A.| ‘
3.0v
ABORS — 1.3V
INPUT
ov
lPLH——| "— tPHL }<—
VoH
BUS /
OUTPUT 20v
VoL
'PHL—L—-‘ teLH I————
Vou
RECEIVER % F
OUTPUT 13V
Vo

Note: Bus to Receiver output delay is measured by clocking data into the driver register and
measuring the BUS to R combinatorial delay.

Function Table

INTERNAL
INPUTS TO DEVICE BUS | OUTPUT FUNCTION

S| Aj|Bj|DRCP | BE | RLE | OE| D;j | Qi |BUS; R;

X X | X X H X X X X z X Driver output disable

X| X | X X X X H X X X V4 Receiver output disable

H . . .

i i ;(( i : t :: i ; ': L Driver output disable and receive data via Bus input
X| X | X X X H X X NC X X Latch received data

L|L]|X 1 X X X L X X X

L|IH|X 1 X X X H X X X ) )

Load driver register

Hix L] 1 | x X x| L|x | x X 9

H|X | H 1 X X X H X X X

XX | X L X X X | NC| X X X . -

No driver clock restrictions

x| x| x| H [x X x| Nl x | x X '

X | X X X L X X L X H X Drive Bus

X XX X L X X H X L X
H = HIGH Z = HIGH Impedance X = Don'’t care i=01,23
L = LOW NC = No change 1 = LOW-to-HIGH transition

Definition of Functional Terms

“A” word data input, Ag, A1, A2, A3

The “A” word data input into the two input multiplexers of the
driver register.

“B” word data input, Bg, B, Bo, B3
The “B” word data input into the two input multiplexers of the
driver register.

Select, S

When the select input is LOW, the A data word is applied to the
drive register. When the select input is HIGH, the B word is
applied to the driver register.

Driver clock pulse, DRCP
Clock pulse for the driver register.

Bus enable, BE
When the bus enable is HIGH, the four drivers are in the high
impedance state.

Driver outputs and receiver inputs, BUSg, BUSy, BUS,
BUS3

Four driver outputs and receiver inputs (data is inverted).

Receiver outputs, Rg, R1, R, R3
The four receiver outputs. Data from the bus is inverted while
data from the A or B inputs is non-inverted.

Receiver latch enable, RLE

When RLE is LOW, data on the BUS inputs is passed through
the receiver latches. When RLE is HIGH, the receiver latches
are closed and will retain the data independent of all other
inputs.

Output enable, OE
When the OE input is HIGH, the four three-state receiver
outputs are in the high-impedance state.

e —
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Quad Three-State Bus Transceiver

With Interface Logic
2916

Features/Benefits

e Quad high-speed LSI bus transceiver

o Three-state bus driver

o Two-port input to D-type register on driver

o Bus driver output can sink 40mA at 0.5V max.

o Internal odd 4-bit parity checker/generator

* Receiver has output latch for pipeline operation

o Receiver outputs sink 12mA

o Advanced low-power Schottky processing

¢ 100% reliability assurance testing in compliance with
MIL-STD-883

« 3.5V minimum output high voltage for direct interface to
MOS microprocessors

Description

The 2916 is a high-performance, low-power Schottky bus trans-
ceiver intended for bipolar or MOS microprocessor system appli-
cations. The device consists of four D-type edge-triggered flip-
flops with a built-in two-input multiplexer on each. The flip-
flop outputs are connected to four three-state bus drivers. Each
bus driver is internally connected to the input of a receiver. The
four receiver outputs drive four D-type latches. The device also
contains a four-bit odd parity checker/generator

The LSI bus transceiver is fabricated using advanced Iow-power
Schottky processing. All inputs (except the BUS inputs) are one
LS unit load. The three-state bus output can sink up to40mA at
0.5V maximum. The bus enable input (BE) is used to force the
driver outputs to the high-impedance state. When BE is HIGH,
the driver is disabled.

Logic Diagram

__ BUS, BUS;
BUSo Y-T
Ao
P -
Boe— CP

%é
Yy

Azo—
D.
B20—

o
[~]

Ajo—
3 %:::D‘l‘ D3| I
Bs cp L :

PART TEMPERATURE
NUMBER PACKAGE RANGE
2916NC N24 0°C to +70°C
2916JC J24 0°C to +70°C
2916JM J24 —55°C to +125°C
2916FM F24 —55°C to +125°C

The input register consists of four D-type flip-flops with a
buffered common clock and a two-input multiplexer at the input of
each flip-flop. A common select input (S) controls the four
multiplexers. When S is LOW, the Aj data is stored in the
register and when S is HIGH, the Bj data is stored. The buffered
common clock (DRCP) enters the data into this driver register
on the LOW-to-HIGH transition.

Data from the A or B input is inverted at the BUS output.
Likewise, data at the BUS input is inverted at the receiver output.
Thus, data is non-inverted from driver input to receiver output.
The four receivers each feature a built-in D-type latch that is
controlled from the buffered receiver latch enable (RLE) input.
When the RLE input is LOW, the latch is open and the receiver
outputs will follow the bus inputs (BUS data inverted). When the
RLE input is HIGH, the latch will close and retain the present
data regardless of the bus input.

The 2916 features a built-in four-bit odd parity checker/generator
The bus enable input (BE) controls whether the parity output is

oDD

PARITY

IS
Vo

SELECT s:——j\

999

DRIVER DRCPo

CLOCK

BUS BE
ENABLE

.q o RECEIVER
RLE LATCH ENABLE

7-49



2916

dutput is determined by the four latch outputs of the receiver.
Thus, if the driver is enabled, parity is generated and if the driver
is in the high-impedance state, the BUS parity is checked. -

in the generate or check mode. When the bus énabl‘e is LOW
(driver enabled), odd parity is generated based on the A or B
field data input to the driver register. When BE is HIGH, the parity

Pin Configuration Logic Symbol

1]

9 16 15 20 21

Ao Bg A1 By Az By A B
. s opp —12
. Rof—2
23— DRCP
2916 Ry ——10
11—0 BE Re 1
1— RLE Raf—22
BUS; BUS; BUS; BUS;
5 7 17 1
Vcc = Pin 24
GND1 =Pin 6
GND2 = Pin 18

Absolute Maximum Ratings

Storage temperature
Temperature (ambient) under bias

~65°C to +150°C
~55°C to +125°C

Supply voltage to ground potential ... ... ... ... .. e -0.5Vto +7V
DC voltage applied to outputs for HIGH output-state ...................coi i i, -—0.5V'to +Vgc max.
DO INPUL VOIAGE .. .o e e —0.5V to +5.5V
DC output current, into outputs (except bus) .......... ... . i 30mA
DC output current, into BUS . ... ... . i e e e e e 100mA

DCINPUL CUITENt ... e e e

—30mA to +5.0mA

MILITARY COMMERCIAL
Bus Input/Output Characteristics Ta = —55°C to . .
o TA = 0°C to +70°C
Over Operating Temperature Range +125°C i
Vee MIN = 4.75V
Vce MIN = 4.50V
: VGG MAX = 5.50V Vce MAX = 5.25V
‘ 1 -
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAXIMIN TYP MAX UNIT
loL = 24mA 0.4 0.4
V B tput LOW volt Vce = MIN v
oL us outpu voltage | ¥cC loL = 40mA 05| 05
VOH Bus output HIGH voltage Vce = MIN | IoH = —20mA 2.4 2.4 \
Bus leakage current Ve = MAX | Vg = 04V —200 ~200
lo (high impedance) Bus enable = | Vo = 2.4V 50 50 | nA
gn imp 214V Vo = 45V 100 100
1 Vo = 4.5V
IoFF Bus leakage current 0 = 4.5V 100 100 | wA
(power OFF) Vee = OV
VIH Receiver input HIGH Bus enable = 2.4V 2.0 2.0 \
threshold
vy, | Receiverinput LOW Bus enable = 2.4V 0.8 08 | v
threshold =
= MAX .
Igc | BUS output short Vee -50 -85 -130|-50 -85 -130| mA
Circuit current Vo = OV




2916

MILITARY COMMERCIAL
Electrical Characteristics Ta=-55Cto |7\ _ gocto+70°C|
Over Recommended Operating Range +125 C Vce MIN = 4.75V
\‘,' gg nh:::(:— ‘;'55%“’1 Ve MAX = 5.25V
1 = 5.
SYMBOL PARAMETER TEST CONDITIONS MIN TYP2 MAXIMIN TYP2 MAX UNIT
Vce = MIN
_ : cc IoH= -10mA |24 34
v Receiver output VIN = V)L or
OH | HIGH voltage VIH IOH = —2.6mA 24 34 v
Vce = 5.0V, IoH = —100pA 3.5 3.5
VoH Parity output HIGH Vce = MIN, IoH = —660uA 25 34 27 34 v
voltage VIN = V|H or V|
Vce = MIN oL = 4mA 027 04 027 04
It
VoL O“’p“ttLbOW vo'age VIN=ViL  |loL - 8mA 032 045 032 05| V
(except bus) or Vi loL = 12mA 037 05 037 05
iy Input HIGH level Guaranteed input logical 20 20 v
(except bus) HIGH for all inputs
ViL Input LOW level Guaranteed lrnput logical 08 v
(except bus) LOW for all inputs
vi Input clamp voltage Vce = MIN, 42 _12]| v
(except bus) IIN = —18mA
I Input LOW current Vee = MAX, BE, RLE -0.72 -072] A
(except bus) VIN = 0.4V All other inputs -0.36 -0.36 |
I Input HIGH current Ve = MAX, 20 20 A
(except bus) VIN = 2.7V
I Input HIGH current Vce = MAX, 100 100 A
(except bus) VIN = 7.0V
Output short circuit '
I Vce = MAX -30 -85 |[-30 -85 | MA
SC current (except bus) cc )
Vce = MAX,
! P supply currents 75 110 75 110 | mA
cc ower suppy. all inputs = GND

Input/Output Current Interface Conditions

DRIVEN INPUT

BUS

DRIVING OUTPUT

INPUT H—K——%

T

‘>
Z17ka
$

— — —

|
|
|
1
|
- |
I
|

Note: Actual current flow direction shown.

AAA
Wy

r;

OUTPUT, ODD

600
loH

7-51




2916

Switching Characteristics MILITARY
Over Recommended Operating Temperature Range Ta=-55°Cto | _COMMERCIAL
g0 , +125°C TA.= 0°C to +70°C|
- - Vce MIN = 4.50V | Vg MIN = 4.75V
SYMBOL PARAMETER TEST CONDITIONS VCC MAX = 550V | Voo MAX = 5.28V | yniT
MIN TYP2 MAX | MIN "TYP2 MAX
tPHL CL(bus) = 50pF 21 36 21 32
Driver clock (DRCP) to bus ns
tPLH (bRCP) RL(bus) =1300 2 % B
tzH, tz1 Bus enable'(BE) 10 b 13 26 13 23 ns
tHzuz | o (BE) to bus 13 26 13 23
ts . 23 20
S
™ Data inputs (A or B) 8.0 5.0 n
ts . 28 25
th Select inputs (S) 8.0 60 ns
tPw Clock pulse width (HIGH) 20 17 ns
tPHL Bus to receiver output CL = 15pF 18 30 18 27 ns
tPHL (latch enabled) RL = 2.0k 18 30 18 27
tPLH Latch enable to 21 30 21 27
i ns
PHL receiver output . 21 30 21 27
ts . J— 17 14
th Bus to latch enable (RLE) 5.0 20 ns
tPLH A or B data to odd parity 21 36 21 32 ns
tPHL output (driver enabled) 21 36 21 32
tPLH Bus to odd parity output 21 36 21 32
(driver inhibited, latch y ns
21 21 32
tPHL enabled) 36
tPLH Latch enable (RLE) to 21 36 21 32 ns
tPHL odd parity output 21 36 21 32

Notes: 1. For conditions shown as MIN, or MAX, use.the appropriate value
specified under Electrical Characteristics for the applicable device

type.

Switching Test Circuit

loading.

the short circuit test should not exceed one second.

Vee )
' R
255k0
$1

POINT
INPUT A R T
mPUTo A e oR X ! I
oD _L
Veeo - I1spr
BUS R, - b3
- S50k
S3
?’1
TEST 0o =
POINT 1 Sa
TW
T 1.0kQ

AAA
W

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum

3. Not more than one output should be shorted at a time. Duration of
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Switching Waveforms

3.0v

DRIVER —_— 1.3V
CLOCK
ov
|t <—t,.—-| [
3.0v
A —— 1.3V
INPUT
ov
!pLH |<— tPHL I"_
— Vou
BUS 4
OUTPUT 2.0v
VoL
tPHL teLu l*—‘
VoH
RECEIVER —
OuTPUT ‘K j’z_ 13v

VoL

Note: Bus to Receiver output delay is measured by clocking data into the driver register
and measuring the BUS to R combinatorial delay.

Function Table

INTERNAL
INPUTS _ TO DEVICE BUS | OUTPUT FUNCTION
s|Aj|Bj|DRCP | BE | RLE | OE| D; | Q; |BUS; R;
X1 X | X X H X X X X z X Driver output disable
X]| X | X X X X H X X X V4 Receiver output disable
X X | X X H L L X L L H . i . . :
x| x| x X H L L X H H L Driver output disable and receive data via Bus input
X| X | X X X H X X | NC X X Latch received data
LjL| X 1 X X X L X X X
L|H|X 0 X X X| H| X X X . )
Hlx | L ' X X X L X X X Load driver register
H|X | H 1 X X X H X X X
X| XX L X X X | NC | X X X ) o
x| x| x H X X X ne | x X X No driver clock restrictions
X| XX X L X X L X H X Drive Bu
x| x| x| x | X x| H|Xx | L X e Bus
H = HIGH Z = HIGH Impedance X = Don't care i=0123
L = LOW NC = No change 1 = LOW-to-HIGH transition

Definition of Functional Terms

“A” word data input, Ag, Aq, A2, A3
The “A” word data input into the two input multiplexers of the
driver register.

“B” word data input, Bg, B, B2, B3
The “B” word data input into the two input multiplexers of the
driver register.

Select, S

When the select input is LOW, the A data word is applied to the
drive register. When the select input is HIGH, the B word is
applied to the driver register.

Driver clock pulse, DRCP
Clock pulse for the driver register.

Bus enable, BE
When the bus enable is HIGH, the four drivers are in the high
impedance state.

Driver outputs and receiver inputs, BUSg, BUSy, BUSy,
BUS3
Four driver outputs and receiver inputs (data is inverted).

Receiver outputs, Rg, Ry, R2, R3
The four receiver outputs. Data from the bus is inverted while
data from the A or B inputs is non-inverted.

Receiver latch enable, RLE

When RLE is LOW, data on the BUS inputs is passed through
the receiver latches. When RLE is HIGH, the receiver latches
are closed and will retain the data independent of all other
inputs.

Output enable, OE
When the OE input is HIGH, the four three-state receiver
outputs are in the high-impedance state.
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Quad Three-State Bus Transceiver

With Interface Logic
2917

Features/Benefits

e Quad high-speed LSI bus-transceiver

o Three-state bus driver

¢ D-type register on driver

e Bus driver output can sink 40mA at 0.5V max

¢ Internal odd 4-bit parity checker/generator

¢ Receiver has output latch for pipeline operation

o Three-state receiver outputs sink 12mA

e Advanced low-power Schottky processing

* 100% reliability assurance testing in compliance with
MIL-STD-883

3.5V minimum output high voltage for direct interface to
MOS microprocessors

Description

The 2917 is a high-performance, low-power Schottky bus trans-
ceiver intended for bipolar or MOS microprocessor system appli-
cations. The device consists of four D-type edge-triggered flip-
flops. The flip-flop outputs are connected to four three-state bus
drivers. Each bus driver is internally connected to the input of a
receiver. The four receiver outputs drive four D-type latches,
that feature three-state outputs. The device also contains a four-
bit odd parity checker/generator.

The LSI bus transceiver is fabricated using advanced low-power
Schottky processing. All inputs (except the BUS inputs) are one
LS unit load. The three-state bus output can sink up to 40mA at

PART TEMPERATURE
PACKAGE
NUMBER RANGE
2917NC N20 0°C to +70°C
2917JC J20 0°C to +70°C
2917JM J20 —55°Cto +125°C
2917FM* F20 —55°Cto +125°C

*Available on special order

0.5V maximum. The bus enable input (BE) is used to force the
driver outputs to the high-impedance state. When BE is HIGH,
the driver is disabled.

The input register consists of four D-type flip-flops with a
buffered common clock. The buffered common clock (DRCP)
enters the Aj data into this drive register on the LOW-to-HIGH
transition.

Data from the A input is inverted at the BUS output. Likewise,
data at the BUS input is inverted at the receiver output. Thus,
data is non-inverted from driver input to receiver output. The four
receivers each feature a built-in D-type latch that is controlled
from the buffered receiver latch enable (RLE) input. When the
RLE input is LOW, the latch is open and the receiver outputs will
follow the bus inputs (BUS data inverted and OE LOW). When
the RLE input is HIGH, the latch will close and retain the present

Logic Diagram
___ BUSy BUS, __ _
BUS, T_ __T BUS;
<p—o o OUTPUT
oo Qo R CONTROL
Ao D Q I>o D Q
cp | - L E
D Q R
““’—D-L D af— [>o ' No—
cp L
[ D. Q, R
A2°—>[ o aol2 Do o—0
”Ic_".J
D Q3 R3 ’
Ago—>[ b o= > D Q
e | . R
’ [— = PARITY
L ]
.
]
DRIVER
cock AP RECEIVER
BUS STE
fEo————————— P L o<}—RLE LATCH

ENABLE

ENABLE
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data regardless of the bus input. The four latches have three-
state outputs and are controlled by a buffered common three-
state control (OE) input. When OE is HIGH, the receiver outputs

are in the high-impedance state.

The 2917 features a built in 4-bit odd parity checker/generator.
The bus enable input (BE) controls whether the parity output is

Pin Configuration

in the generate or check mode. When the bus enable is LOW
(driver enabled), odd parity is generated based on the A field
data input to the driver register. When BE is HIGH, the parity

output is determined by the four latch outputs of the receiver.

Thus, if the driver is enabled, parity is generated and if the driver
is in the high-impedance state, the BUS parity is checked.

Logic Symbol

3 7 13 17
= = @ | [ | |
] orce 1] 19— Dn‘::ov M MR 10
E o Rs E oDDp——
[ sus. asf1] 1—o{nLe Fo—2
E GND, BUS, [16] 2017 R }—s
[lsus: GNo, 5] 9—0lBE a1z
Ea 8uUs, [17]
Ry}—18
: —o0|oE
G~ a2 [l b BUS, BUS; BUS; BUS;
O= B T 17 1 7
[]oco OE 1l 4 6 14 16
Vce = Pin 20
GND1=Pin 5
GND2 = Pin 15
Absolute Maximum Ratings
Storage temMPErature .. ... ... ...ttt i e e e et —65°C to +150°C
Temperature (ambient) under bias . ...... ... .. e —55°C to +125°C
Supply voltage to ground potential . ... ... .. ... . i -0.5Vto +7V
DC voltage applied to outputs for HIGH output state ................ .. . i i, =0.5V to +Vcc max.
DC INPUL VORAGE . ...t e e et e e e e e e -0.5V to +5.5V
DC output current, into OUtPULS (EXCEPL DUS) .. ... .ottt e e 30mA
DC output CUITeNnt, INtO DUS .. ..ottt ettt e et e e e e e e e e 100mA
DO INPUL CUITEN .ttt e et et e e e e e e —30mA to +5.0mA
MILITARY COMMERCIAL
Bus Input/Output Characteristics TA = —55°C to N !
Over Operating Temperature Range +125°C Ta = 0°C to +70°C
Vee MIN = 4.50V Vce MIN = 4.75V
; Vee MAX = 5.50V Vce MAX = 5.25V
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX|MIN TYP MAX UNIT
IoL = 24mA 0.4 0.4
V B tput LOW volt Vce = MIN Vv
oL us outpd vottage ce loL = 40mA 0.5 0.5
VOH Bus output HIGH voltage Vcc = MIN | IoH = —20mA 2.4 24. . - \ \
Voc = MAX | Vg = 0.4V -200| —200
Bus leakage current cc 0=0 0
o (high impedance) Bus enable = [ Vo = 2.4V 50 50 | pA
gh Imp 2.4v Vo = 45V 100 100
IOFF Bus leakage current Vo = 4.5V 100 100 | pA
(power OFF) Vce = OV
VIH Aecelver input £IGH Bus enable = 2.4V 20 2.0 \
threshold
Roceiver i
viL eceiver input LOW Bus enable = 2.4V 0.8 08 | v
threshold
= MAX
lgg | BuS output short Vee -50 -85 -130{-50 -85 —130| mA
Circuit current Vo = 0OV
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MILITARY )
Electrical Characteristics Ta = ~85Cto | COMMERCIAL
Over Recommended Operating Range +125°C Ta = 0°C to +70°C
- Vce MIN = 450V | Vo MIN = 4.75V
Vce MAX = 5.50V |Voc MAX = 5.25V
1
SYMBOL PARAMETER TEST CONDITIONS MIN TYP2 MAX|MIN TYP2 MAX UNIT
Ve =M
. cC IN loH = —1.0mA 2.4 3.4
v Receiver output VIN = VjL or
OH | HIGH voltage ViH IOH = —2.6mA 24 34 Vv
Ve = 5.0V, IoH =-—100xA 3.5 35 v
VoH Parity output HIGH Vce = MIN, IoH = —660uA 25 34 27 a4
voltage VIN = V|H or V|L
Vce = MIN loL = 4mA 027 04 0.27 04
VoL zil‘;”ttfjg voltage VIN=ViL  [loL = 8mA 032 045 032 05| V
P or ViH IoL = 12mA 037 05 037 05
ViH ’Input HIGH level Guaranteed |.nput logical 20 20 v
(except bus) HIGH for all inputs
ViL Input LOW level Guaranteed -mput logical 0.8 v
? (except bus) LOW for all inputs
v Input clamp voltage Vce = MIN, 12 12 Vv
(except bus) IIN = —18mA
" Input LOW current Vce = MAX, BE, RLE ~0.72 =072 A
(except bus) " VIN = 0.4V All other inputs -0.36 —-0.36
I Input HIGH current - Vce = MAX, 20 20 WA
(except bus) VIN = 2.7V
0 Input HIGH current 4 Voo = MAX, 100 100 | pA
. 1" (except bus)* VIN = 7.0V i
: Output short circuit
| Vee = MAX - L % — mA
sC current (except bus) ce 30 gs 40 85
Voo = MAX,
Icc Power supply currents afgputs : GND 63 95 63 95 | mA
Off-state output Vo =24V 20 20
lo current (receiver VGG = MAX. uA
outputs) : Vo = 0.4V =20 -20
Input/Output Current Interface Conditions
DRIVE& INPUT BUS ) DRIVINGIOUTPUT

%; 17k0

INPUT o——fQ—»—-Df—-

p———

|
I
|
|
|
|
|
|
|
|

>
>3
s
<

|
!
|
|
|
|
|
|
|
|

Note: Actual current flow direction shown.

6002
to
—O OUTPUT, ODD

EL
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Switching Characteristics
Over Recommended 'Operating Temperature Range

2917

MILITARY
Ta = —-55°C to
+125°C

COMMERCIAL

Ta = 0°C to +70°C

Ve MIN = a50v | VeC MIN = .75V
_ Vce MAX = 5.25V
SYMBOL PARAMETER TEST CONDITIONS Vce MAX = 5.50V UNIT
) MIN TYP2 MAX | MIN TYP2 MAX
tPHL Driver clock (DRCP) 21 36 21 32 ns
tPLH to bus CL(bus) = 50pF 21 36 21 32
tZH, t — : =
ZH ZL | Bus enable (BE) to bus RL(bus) = 500 182 L
tHzZ, iz 13 26 13 23
ts 23 20
. ns
h A data inputs 80 5.0
tpw Clock pulse width (HIGH) 20 17 : ns
tPLH Bus to receiver output 18 30 18 . 27 ns
tPHL (latch enabled) 18 30 18 27
tPLH Latch enable to 21 30 21 27 ns
tPHL receiver output 21 30 21 27
ts Bus to latch CL = 15pF 17 14 ns
th enable (RLE) RL = 2.0k 6.0 4.0
tPLH A data to odd parity 21 36 21 32 ns
tPHL out (driver enabled) 21 36 21 32
tPLH Bus to odd parity 21 36 21 32 ns
tPHL out (driver inhibit) 21 36 21 32
tPLH Latch enable (RLE) 21 36 21 32 ns
tPHL to odd parity output 21 36 21 32
tZH, t, 14 ) 14
ZH. 21 Output control to output 26 23 ns
tHZ, 1Lz 14 26 14 23
VNotes: 1. For conditions shown as MIN, or MAX, use the appropriate value specified under
Electrical Characteristics for the applicable device type.
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test
should not exceed one second.
Standard Test Load Circuit
Vee
- ko
INPUT a 2017 0: :
INPUT B
oDD vee Lrsor
BUS B = EE 5.0k
S3
Cal
POINT T I ) =
ISODF 1.0k0
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Function Table

INTERNAL
INPUTS To pevice| BYS | OUTPUT FUNCTION
Aj [DRCP | BE | RLE | OFE | Dj | @i |BUS; R
X X H, X X X X y4 X Driver output disable
X X X X H X X X V4 Receiver output disable
X X H L L | X L L H . ) . . .
X X H L L X H H L Driver output disable and receive data via Bus input
X X X H X X | NC X X Latch received data
L ! X X X L X X X Load driver register
H 1 X X X H X X X
X L X X X |NC | X X X No driver clock restrictions
X H X X X |NC | X X X -
X X L X X L X H X )
x| x | L X x v |x |t X Drive: Bus
H = HIGH Z = High Impedance X = Don't Care i=0123

L = LOW NC = No Change

Definition of Functional Terms

Driver clock pulse, DRCP
Clock pulse for the driver register.

Bus enable, BE :
When the bus enable is LOW, the four drivers are in the high
impedance state.

Driver outputs and receiver inputs, BUSg, BUSq, BUSj,
BUS3
Four driver outputs and receiver inputs (data is inverted).

Receiver outputs; Ry, Ry, R2, R3

The four receiver outputs. Data from the bus is inverted while
data from the A or B inputs is non-inverted.

Parity Output Function Table

1 = LOW-to-HIGH Transition

Receiver latch enable, RLE

When RLE is LOW, data on the BUS inputs is passed through
the receiver latches. When RLE is HIGH, the receiver latches
are closed and will retain the data independent of all other
inputs.

Odd parity output, ODD
Generates parity with the driver enabled, checks parity with the
driver in the high-impedance state.

Output enable, OE
When the OE input is HIGH, the four three-state receiver
outputs are in the high-impedance state.

BE ODD PARITY OUTPUT
L ODD = Ape A1 Ao A3
H ODD =QgoQ19Q2 ©Q3
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Quad D Register With Standard
and Three-State Outputs

2918

Features/Benefits

e Advanced Schottky technology

* Four D-type flip-flops

¢ Four standard totem-pole outputs
* Four three-state outputs

® 75 MHz clock frequency

Description

New Schottky circuits such as the 2918 register provide the de-
sign engineer with additional flexibility in system configuration—
especially with regard to bus structure, organization and speed.
The 2918 is a quadruple D-type register with four standard totem
pole outputs and four three-state bus-type outputs. The 16-pin
device also features a buffered-common clock (CP) and a buff-
ered common output control (OE) for the Y outputs. Information
meeting the set-up and hold requirements on the D inputs is
transferred to the Q outputs on the LOW-to-HIGH transition of
the clock.

The same data as on the Q outputs is enabled at the three-state
Y outputs when the “output control” (OE) input is LOW. When
the OE input is HIGH, the Y outputs are in the high-impedance

state.

The 2918 register can be used in bipolar microprocessor designs
as an address register, status register, instruction register or for
various data or microword register applications. Because of the
unique design of the three-state output, the device features very
short propagation delay from the clock to the Q or Y outputs.
Thus, system performance and architectural design can be im-
proved by using the 2918 register. Other applications of 2918

register can be found in microprogrammed display systems, -

communications systems and most general or special purpose
digital signal processing equipment.

Pin Configuration

EDO et VccE
Gl o[
Elh YaE
G o[
G osfT]
o= ff]
EGND CPB

Note: Pin 1 is marked for orientation.

Ordering Information

CLOCK

OUTPUT
CONTROL

PART TEMPERATURE
PACKAGE
NUMBER RANGE
2918NC N16 0°C to +70°C
2918JC J16 0°C to +70°C
2918JM J16 —55°Cto +125°C
2918FM F16 +55°Cto +125°C
Logic Diagram
Do D Q Qo
Q
STANDARD
a, [ OUTPUTS
—dcp o a3
Dy D Q
e—dcp ol jcwo
D2 D Q :
jww
—qj cp o ®-
: v
D3 D Q )
cP —Do—o—o cp Q Y3
OF —OD
Logic Symbol ! ‘I‘ ‘|2 "5
Do Dy D2 D3
9—cp
Vce = Pin 16
GND = Pin 8
7—O} OE

Qo

Q1 Q2 Q3 Yp Y1 V2 V3

!

BEREEN

5 11 14
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Absolute Maximum Ratings
Storage temperature
Temperature (ambient) under bias
Supply voltage to ground potential continuous
DC voltage applied to outputs for high output state
DC input voltage
DC output current, into outputs
DC input current

2918

Electrical Characteristics Over Recommended Operating Range

—65°C to +150°C
—55°C to +125°C
-05Vto +7.0V
—0.5 Vto + Vgc max.
-05Vto+7.0V

SYMBOL PARAMETER TEST CONDITIONS! MIN TYP2 | MAX ‘UNIT»I
V =MIN,|Q | = —-1mA MIL 25 34
\/ Output HIGH Vot VCC—_V or o comL 27 34 \
OH utpu oltage VlN IH y XM, IoH = —2Ma 24 34
I XC, IoH - —6.5mA 24 | 34
Vce = MIN,, IoL = 20mA
VoL Output LOW Voltage6 cc OL 0.5 Vv
VIN = VIHorViL
Guaranteed input logical HIGH
VIH Input HIGH Level 'p 9 ; 20 \
. voltage for all inputs
Guaranteed input logical LOW
ViL Input LOW Level ' nput logl 08 | v
voltage for all inputs
\Y Input Clamp Voitage Vce = MIN, Iy = —18mA .. -1.2 \"
s Input LOW Current Vce = MAX., Viy = 0.5V -20 | mA
I|H3 Input'HIGH Current Vce = MAX,, VIN = 2.7V 50 rA
Iy Input HIGH Current Vce = MAX, ViN = 5.5V 1.0 mA
Y Output Off-State Vo =24V 50
o P Voo = MAX. 0 A
Leakage Current Vo = 0.4V -50
Output Short Circuit
I V = MAX. —40 -100 A
SC Current 4 cc ) 0 m
Icc Power Supply Current Voo = MAX. 80 130 mA
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value 4. Not more than one output should be shorted at a time. Duration of
specified under Electrical Characteristics for the applicable device the short circuit test should not exceed one second.
type. 5. Igcc is measured with all inputs at 4.5V and all outputs open.
2. Typical limits are at Vo = 5.0V, TA = 25°C ambient and 6. Measured on Q outputs with Y outputs open. Measured onY outputs

maximum loading.

3. Actual input currents = Unit Load Current x Input Load Factor (see

Loading Rules).
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Switching Characteristics
TA = +25°C, Vgg = 50V

2918

SYMBOL DESCRIPTION TEST CONDITIONS MIN TYP MAX .| UNITS
t 6. X
PLH Clock to Q Output 0 20 ns
tPHL 8.5 13
HIGH 7.0
lock Pulse Width

tow Clock Pulse Widt ow 90 ns
ts Data CL = 15pF 5.0 ns
th Data 3.0 ns
tPLH Clock to Y Output 6.0 9.0 ns
tpHL | (OE LOW) 8.5 13
t .
7H L= 15pF 12,5 19
tzL ' 12 18

Output Control to Output ns
tHz . 4.0 6.0

CL = 5.0pF

1z 7.0 10.5
fmax Maximum Clock Frequency CL = 15pF 75 100 MHz
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S

Functional Table ’ Loading Rules (in Unit Loads)

INPUTS OUTPUTS
CLOCK NOTES Fan-out
OE cp D Q Y Input Output | Output
= Input/Output| PinNo.’s | UnitLoad | HIGH LOW
H L X NC z —
H H X NC b4 —_ Do 1 1 _ _
H ! L L z - Qo 2 - 20 107
'I'_' t ': ': f - Yo 3 - 40130 | 10
L ; H H H _ D1 4 ! — —
L ! L L T Q4 5 — 20 10*
L . _ H H 1 Y1 6 — 40/130 10*
. OE 7 1 — —
L =LOW NC = No change GND 8 — — —
H = HIGH 1 = LOW to HIGH transition cP 9 3
X = Don't care Z = High impedance — —
. ) ] Y2 10 — 40/130 10*
Note: 1. When OE is LOW, the Y output will be inthe same logic state as the Q
output. : Q2 11 — 20 10*
D2 12 1 — —
Deflnltlon of Functional Terms Y3 13 — 20/130 | 10"
Data inputs, Dj Q3 14 — 20 10*
The four data inputs to the register. D3 15 1 — —
Vi 16 — —_ —
Data outputs, Qj cc !
The four data outputs of the register with standard totem-pole A Schottky TTL Unit Load is defined as 501:A measured at 2.7V HIGH and
active pull-up outputs. Data is passed non-inverted. . —2.0mA measured at 0.5V LOW.
. *Fan-out on each Qj and Y; output pair should not exceed 15 unit loads
Three-state data outputs, Yj (30mA) fori=0,1,2,3.
The four three-state data outputs of the register. When the three-
state outputs are enabled, data is passed non-inverted. A HIGH
on the “output control” input forces the Yj outputs to the high
impedance state.
Clock, CP
The buffered common clock for the register. Enters data on the
LOW-to-HIGH transition.
Output Control, OE
When the OE input is HIGH, the Yj outputs are in the high
impedance state. When the OE input is LOW, the TRUE register
data is present at the Y; outputs.
Schottky Input/Output
Current Interface Conditions
Vee Y DRIVING OUTPUT Q DRIVING OUTPUT DRIVEN INPUT
500 NOMS 500 NOM 3; Ao

e

T b E Y
|
|

H

Note: Actual current flow direction shown.
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Quad D Register With Standard
And Three-State Outputs

290518

Features/Benefits

¢ Low-power Schottky version of the popular 2918

* Four standard totem-pole outputs

* Four three-state outputs

* Four D-type flip-flops

® 100% product assurance screening to MIL-STD-883
requirements

Description

The 29LS18 consists of four D-type flip-flops with a buffered
common clock. Information meeting the set-up and hold require-
ments on the D inputs is transferred to the Q outputs on the
LOW-to-HIGH transition of the clock.

The same data as on the Q outputs is enabled at the three-state
Y outputs when the “output control” (OE) input is LOW. When
the OE input is HIGH, the Y outputs are in the high impedance
state.

The 29LS18 is a 4-bit, high-speed register intended for use in
real-time signal processing systems. The standard outputs are
used in a recursive algorithm, and the three-state outputs pro-
vide access to a data bus to dump the results after a number of
iterations. )
The device can also be used as an address register or status
register in computers or computer peripherals.

Likewise, the 29L.S18 is also useful in certain display applications
where the standard outputs can be decoded to drive LED’s (or
equivalent) and the three-state outputs are bus organized for
occasional interrogation of the data as displayed.

Logic Symbol

1 12 15
I
Do Dy D2 D3
9—cP
Vee = Pin 16
GND = Pin 8
7—C] OE
’00 Q) Q2 Q3 Yo Yq Y2 V3
BEERERN
2 5 11 14 3 6 10 13

PART TEMPERATURE
PACKA
NUMBER CKAGE RANGE
29LS18NC N16 0°C to +70°C
29L.S18JC J16 0°C to +70°C
29LS18JM J16 -55°Cto +125°C
29LS18FM F16 +55°Cto +125°C
Pin Configuration —J
Do Vee

Logic Diagram

slclcicioioic

MR EEE

Do D Q

STANDARD
Oaj

H cP o joqlo‘
Dy D Q
fv‘
—O a THREE STATE
1 i a OUTPUTS
Y2
D3 D Q
q
CLOCK
cP —C cP Q Y3
OUTPUT
CONTROL
OE
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Absolute Maximum Ratings
Storage temperature
Temperature (ambient) under bias
Supply voltage to ground potential continuous
DC voltage applied to outputs for high output state
DC input voltage .
DC output current, into outputs
DC input current

—65°C to,+150°C
—-55°C to +125°C
-05Vito +7.0V
—0.5V to + Vg max.
-05Vto +7.0V

MILITARY
TA = =55°C to COMMERCIAL
Electrical Characteristics +125°C TA = 0°C to +70%
Over Recommended Operating Range Vee = 5.0V + 10%|Vee = 5.0V = 5%
MIN = 4.50V, MIN = 4.75V,
MAX = 5.50V MAX = 5.25V
SYMBOL PARAMETER TEST CONDITIONS? MIN TYP2 MAX|MIN TYPZ MAX UNIT
Vce = MIN Q, lpH = —660nA| 25 34 27 34
VOH Output HIGH voltage VIN = V|H or YloH = -10mA | 24 34 \
ViL Y, IoH = 2.6mA 24 34
Vce = MIN loL = 4.0mA 04 04
VoL Output LOW voltage VIN = V|Hor [loL = 8.0mA ..0.45 0.45 \%
VIL IoL = 12mA 0.5 0.5
Guaranteed input
VIH Input HIGH level logical HIGH voltage 20 20 \
for all inputs
Guaranteed input logical
VIL Input LOW level LOW vottage for all inputs 0.7 0.8 \
Vi Input clamp voltage Vce = MIN, Iy = —18mA -15 -15| V
L Input LOW current Vce = MAX, VN = 04V —0.36 —0.36] mA
H Input HIGH current Vce = MAX, VIN = 2.7V 20 20 HA
1] Input HIGH current Vce = MAX, VIN = 7.0V 0.1 0.1 mA
Off-state (high impedance) _ Vo = 0.4V -20 -20
oz output current k vee = MAX Vo =24V 20 20 wA
IsC Output short circuit current3 | Voo = MAX -15 —85 |-15 -85 | mA
Icc Power supply current4 Vce = MAX 17 28 17 28 mA

NOTES: 1. For conditions shown as MIN. or MAX., use the appropriate value
specified under Electrical Characteristics for the applicable device

type.

3. Not more than one output should be shorted at a time. Duration of
the short circuit test should not exceed one second.

4. Icc is measured with all inputs at 4.5V and all outputs open.

2. Typical limits are at VoC = 5.0V, 25°C ambient and maximum

loading.

7-66




29LS18

Switching Characteristics
TA = +25°C, Vg =50V

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tPLH Clock to Qj 18 27 ns
tPHL 18 27
1] —

PLH Clock to Y; (OE LOW) 18 z7 ns
tPHL 18 27
. LOW CL = 15pF 18
lock P! Width
tow Clock Pulse Width =1 <1 RL = 2.0kQ 15 b
ts Data 15 ns
th Data 5.0 ns
tzZH OF to Yi 7.0 1 e
tzL 8 12
— = 5.0pF 4 '
tHZ OE to Vi CL = 5.0p! 1 21 hs
Lz RL = 2.0kQ 12 18
fmax Maximum Clock Frequency! 35 50 MHz -
Switching Characteristics MILITARY
Over Operating Range2 COMMERCIAL Ta = -55°C to
TA = 0°C to +70°C +125°C
Vee = 5.0V 5% |Voe = 5.0V = 10%
SYMBOL PARAMETER TEST CONDITIONS MIN MAX MIN MAX UNIT
PLH | Giock to Q; 38 5 ns
tPHL 38 45
PLH__ | Glock to Y; (OE LOW) % 40 ns
tPHL 35 40
—TLow CL = 50pF 20 20
t Clock Pulse Width
pw oo Fuise W I iGH RL = 2.0k 20 20 =
ts Data 15 15 ns
th Data 5.0 5.0 ns
tZH BE to ¥ 15 17
to Yj ns
tzL i 16 17
— = 5.0pF 27 30
tHz OE to Yj CL = 5.0 ns
Lz RL = 2.0kQ2 24 30
fmax Maximum Clock Frequency! 30 MHz

NOTES: 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on ty, tf, pulse width or duty cycle.
2. AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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Functional Table

INPUTS OUTPUTS
. CLOCK NOTES
OE cP D Q Y
H L X NC b4 —
H H X NC z —
H 1 L L b4 —
H I H H z —
L 1 L L L —
L 1 H H H —
L — — L L 1
L — — H H 1
L =LOW NC = No change
H = HIGH = LOW to HIGH transition

X = Don't care Z = High impedance

Note: 1. When OE is LOW, the Y output will be in the same logic state as the Q
output.

Definition of Functional Terms

Data inputs, Dj
The four data inputs to the register.

Data outputs, Qj
The four data outputs of the register with standard totem-pole
active pull-up outputs. Data is passed non-inverted.

Three-state data outputs, Yj

The four three-state data outputs of the register. When the three-
state outputs are enabled, data is passed non-inverted. A HIGH
on the “output control” input forces the Yj outputs to the high-
impedance state.

Clock, CP
The buffered common clock for the register. Enters data on the
LOW-to-HIGH transition.

Output Control, OE

When the OE input is HIGH, the Y; outputs are in the high
impedance state. When the OE input is LOW, the TRUE register
data is present at the Yj outputs.



Quad Register With Two
Independently Controlled Three-State
Outputs 2919

Features/Benefits Pin Configuration
* Two sets of fully buffered three-state outputs
* Four D-type flip-flops

The 29LS19 consists of four D-type flip-flops with a buffered
common clock enable. Information meeting the set-up and hold
time requirements of the D inputs is transferred to the flip-flop
outputs on the LOW-to-HIGH transition of the clock. Data on the
Q outputs of the flip-flops is enabled at the three-state outputs
when the output control (OE) input is LOW. When the appropriate Logic Diag ram
OE input is HIGH, the outputs ‘are in the high impedance state.
Two independent sets of outputs—W and Y—are provided such

¢ Polarity control on one set of outputs E Do Vee Zﬂ

¢ Buffered common clock enable E wo [an E

o Buffered common asynchronous clear E
o Separate buffered common output enable for each set of (B 0 FoL

outputs e E E

® 100% product assurance screening to MIL-STD-883 E w b E
requirements ! 3

oew vl

Description e 02 [13]

3 2]

= m

that the register can simultaneously and independently drive
two buses. One set of outputs contains a polarity control such
that the outputs can either be inverting or non-inverting.
The device also features an active LOW asynchronous clear.
When the clear input is LOW, the Q output of the internal flip-
flops are forced LOW independent of the other inputs. The
29L.S19 is packaged in a space saving (0.3-inch row spacing)
20-pin package.
Dy — = 6
g "
A
Logic Symbol 4 D 2\
- D a
D2 B = 11
1 4 13 16 —JCP Q 4 % Y2
. CLR
L[] =1 |
Do Dy D2 D3 J 4 D° 15 w.
. - 3
17—Q|E : 5 o ;
99— CP D3 16 _ 1
19—0| CLR Vce = Pin 20 o G ’ ¥
8—0] OE-Y GND = Pin 10
7—0] OE-W
18— PoL ‘ :
Wo Wi Wa2 W3 Yo Yy Y2 Y3 17 B 9 19 7
REERRERE “ b ok o ol e
2 12 15 6 11 14 R POLARITY
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Absolute Maximum Ratings

Storage temperature
Temperature (ambient) under bias
Supply voltage to ground potential continuous
DC voltage applied to outputs for high output state
DC input voltage
DC output current, into outputs
DC input current

—-0.5 Vto + Vcc max.
-05Vto +7.0V

—65°C to +150°C
—55°C to +125°C
-05Vto+7.0V

MILITARY
TA = —55°C to COMMERCIAL
Electrical Characteristics +125°C TA = 0°C to +70%
Over Recommended Operating Range Vee = 5.0V * 10% [V = 5.0V = 5%
MIN = 4.50V, MIN = 4.75V,
MAX = 5.50V MAX = 5.25V
SYMBOL PARAMETER TEST CONDITIONS! MIN TYP2 MAX [MIN TYP2 MAX UNIT
Vce = MIN loH = —1.0mA 24 34
VOH Output HIGH voltage VIN = V|H or \
VIL IOH = —2.6mA 24 3.4
Vce = MIN loL = 4.0mA 0.4 0.4
VoL Output LOW voltage VIN = ViHor |loL = 8.0mA 0.45 0.45 \
ViL loL = 12mA 0.5 0.5
Guaranteed input
VIH Input HIGH level logical HIGH voltage 2.0 20 \
for all inputs
Guaranteed input logical
ViL Input LOW level LOW voltage for all inputs 0.7 0.8 \
Vi Input clamp voltage Vce = MIN, Ijy = —18mA -15 -1.5 \
L Input LOW current Voo = MAX, ViN = 0.4V —0.36 —0.36] mA
IIH Input HIGH current Vee = MAX, VN = 2.7V 20 20 nA
1] Input HIGH current Vce = MAX, VN = 7.0V 0.1 0.1 mA
loz Off-state (high-impedance) Voo = MAX Vo = 0.4V -20 ~20 A
output current Vo = 2.4V 20 20
Isc Output short circuit current3| Vo MAX —15 -85 |-15 -85 | mA
Icc Power supply current4 Vce = MAX 24 36 24 39 mA

NOTES: 1. For conditions shown as MIN, or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are Vcc = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
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D —————— ]

Switching Characteristics
TA +25°C, Vge = 5.0V

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
22 33
1PHL Clock to Y ns
tPHL 20 30
tPHL Clock to Wj 24 36 ns
tPHL (either polarity) 24 36
tPHL Clear to Y;j 29 43 ns
25 7
'PLH Clear to W;j 3 ns
tPHL 30 45
tPLH . 23 34
P i ns
tPHL olarity to Wi CL = 15pF 25 37
tow Clear RL = 2.0kQ 18 ns
: LOW 15
tow Clock pulse width HIGH 18 ns
ts Data 15 ns
th Data 5 ns
ts Data enable 20 ns
th Data enable 0 ns
s Set-up tlm.e, ck.aar 20 15- ns
recovery (inactive) to clock
11 17
'ZH Output enable to W or Y ns
tzL 13 20 :
tHz CL = 5.0pF - 13 20
p Output enable to W or Y RL = 2.0k 7 17 ns
LZ
. CL = 15pF
1 : 4 MH,
fmax Maximum clock frequency RL = 2.0k 35 5 z

NOTES: 1. Per industry convention, fmay is the worst case value of the maximum device operating frequency with no constraints on ty, tf, pulse width or duty cycle.
2.4AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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Switching Characteristics MILITARY
Over Operating Range? COMMERCIAL | Tp = -55°C to
TA = 0°C to +70°C +125°C
Vge = 5.0V £5% |Vee = 5.0V =10%

SYMBOL PARAMETER TEST CQNDlTIONs MIN MAX MIN MAX pNIT

tPLH . 39 42
k to Yj
PHL Clock to Yj 39 %5 ns
tPLH Clock to Wi 41 43 ns
tPHL (Either polarity) 44 48
tPHL Clear to Y;j 52 58 ns
tPLH Clear to Wj 42 43 ns
tPHL 51 53
tPLH . 41 45 o
Pol to Wj
tPHL olarity to Wi CL = 50pF 42 44 ns .
tow Clear RL = 2.0kQ 20 20 ns
LOW 20 20 :
lock
fow | Cloe HIGH 20 20 "
ts Data 15 15 ns
th Data 10 10 ns..
ts Data enable 25 25 ns
th Data enable 0 0 ns
s Set-up tlm.e, ck.ear 23 24 ns
recovery (inactive) to clock
tZH 24 27
tput ble to Wjor Y
= Output enable i i 59 3 ns
tHZ . ! - CL = 5.0pF 33 45 :
iz Output enable to Wj or Yj RL = 2.0k 2 26 ns
. CL = 50pF
lock f 1 2 M

fmax Maximum clock frequency RL = 2.0kQ 30 5 Hz

NOTES: 1. Per industry convention, fmay is the worst case value of the maximum device operating freduency with no constraints on ty, tf, pulse width or duty cycle.
2.4AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.




2919

Function Table

INPUTS INTERNAL OUTPUTS
N = ———
FUNCTIO CP| Dj| E | CLR | POL | OE-W | OE-Y Q Wi Yi
X X | X X X H L NC b4 Enabled
X X1 X X X L H NC Enabled z
- |
Output Three-State Control X X X X X H H NC 7 z
X X |.X X X L L’ NC Enabled Enabled
L L N Non-Inverti - i
W Polarity X X X X L C o vc?r ing | Non Invert!ng
X X X X H L L NC Inverting Non-Inverting
X X | X L L L L L L L
Asynchronous Clear X X X L H L L L H L
1 X | H H X X X NC NC NC
1 L L H L L L L L L
Clock Enabled 1 L L H H L L L H L
0 H L H L L L H H H
1 H L H H L L H L H
L LOW X = Don’t Care
H = HIGH NC = No Change
Z = High Impedance 1 = LOW to HIGH Transition
Definition of Functional Terms
Data lines, Dj controls the W set of outputs, and OE-Y controls the Y set.
Any of the four D flip-flops data lines. )
il Output lines, Yj
Clock enable E Any of the four non-inverting three-state output lines.
When LOW, the data is entered into the register on the next
clock LOW-to-HIGH transition. When HIGH, the data in the reg- Outputs with polarity control, Wj
ister remains unchanged, regardless of the data in. Any of the four three-state outputs with polarity control.
Clock pulse, CP Polarity Control, POL
Data is entered into the register on the LOW-to-HIGH transition. The Wi outputs will be non-inverting when POL is LOW, and

— “when it is HIGH, the outputs are inverting.
Output enable, OE-W, OE-Y —_—
When OE is LOW, the register is enable to the output. When Asynchronous clear, CLR
HIGH, the output is in the high-impedance state. The OE-W When CLR is LOW, the internal Q flip-flops are reset to LOW.
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4-Bit Bipolar ]
Microprocessor-slice
6701

Features/Benefits Applications
e Complete 4-Bit Bipolar LSI Pr Slice on a Single Chip. e The ldeal Product for Upgrading or Replacing Existing Central
Replaces 26 TTL MSI Packages and Saves 5.5 Watts. Processing Units and Maintaining the Existing Software. The

6701 can be Microprogrammed to Efficiently Emulate
(Simulate) Most Machines.
o Hard Wired Controllers — Tape and Disk Controliers — Data
Concentrators.
Point of Sale Terminals, Special Purpose Processors.
Process and Machine Control.
Word Processing and Navigation Systems.
Intelligent Terminals and Game Machines.
Traffic Control and Communications Systems.

.

® 1000 Gate Complexity Schottky LSl — Single Layer Metal.

e 36 Instructions — Arithmetic, Logic, and Shifting Capability

with Overflow Detection. Active High or Active Low Logic.

16 Directly Addressable, Two-Port, General Purpose Accumu-

lators — Full 2 Address Capability, Some 3 Register

Operations

® A Separate Q-Register Useful as a Scratchpad or Accumulator
Extension. Direct Data in and Accumulator Operations.

e Separate Low Fan in Input Bus and 3 State Output Bus.

e Expandable to Handle N Bit Words with Full Carry Look-
Ahead.

® 175 ns Cycle (6701) Which Can Perform Multiple Nano-
instructions such as Subtract, Shift, and Store in One Cycle.

Block Diagram

(4)

I/o

<

(1) (1)

1 BIT SHIFTER

A SELECT 8 SELECT
(4}
(1) A B Q
cLock LATCH LaTeH | REG

DATA
N @ @ Y4
MuXx MuUXx
@) @)
A B la _—
lO—— G
w5
8] ROM 17] 1
INSTRUCTION >L 3s28ITs |2 conTROL Cy > ALU O o coned
| 2 __ zero
) DETECT
JO—— OVERFLOW
F
1
) (41;(4) @)
Vee >m—— —
FSTATE Ol o
1 GUTPUT CONTROL
GND >L.

(4)

DATA OUT

Note: The numbers in parentheses are the numbers of signal lines.
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LEGEND

O3 = PACKAGE INPUT
O-———— =PACKAGE OUTPUT
O——<>— = PACKAGE INPUT AND OUTPUT

Expandable 4 Bit Slice—40 Pin Pkg.

SHIFT LEFT OUT (SLO) SHIFT RIGHT OUT (SRO} SHIFT Q RIGHT IN
SHIFT RIGHT IN (SR1) SHIFT LEFT IN (SL1) (SQRI) SHIFT Q RIGHT OUT (SQRO)
O—e>—=8 b—<>—O
SHIFT Q LEFT OUT SHIFT Q LEFT IN (SQL)
s3 (sQLO) s s3
h 4 X
h 4 1 b d
h & — 1
S1 1 | [ANsFER 5 I 1 1 h
Sy SHIFT LEFT |- 1
RAM SHIFTER s 3101 ]3t01[ 31013701 s 3to1[J3t01[J3t0o1[]3101
2 MUX MUX MUX MUX SHIFT RiGHT QSHIFTER 5§ MUX MUX MUX MUX
—{WEe D4 D3 D, D; f—<—o0B8 Da D3 D Dy
A3 0 SOURCE B
SOURCE | A2 O 84 BIT (16 x 4) MULTIPORT O B2 S5 £ “Q" REGISTER (MASTER/SLAVE)
A A1 O RAM F—<—0 B1 [ pestinaTion LoAD
0 O 044 O1a 048 018 }—<—0 8o Q4 Q4
Sa
A B
LATCH LATCH
cLock
(e I [t
ony
LET THRU B OR Q
FUNCTION Sg S19 DATAIN o—»—l OR ALL HIGHS
OUTPUT = H, NEITHER SELECTED L L Dig O—>
SELECTA L H 0
SELECTDATAIN H L ——__ ] So DUAL 4 BIT DUAL 4 BIT S92 | FUNCTION
“WIRE NOR" OF DATAIN& A H H S10 SELECT SELECT Sq3| LIKE Sg & S10
LET THRU DATA IN
| S9 SELECTA OR A OR ALL HIGHS g TRUE/ | o TRUE/
17 O—>— | S10 SELECT DI n COMP. 14 COMP.
) S11 TRUE/COMPL.
6 O—>— S12 SELECTB ATH. OF LOGIC
15 O 32x 9 S13 SELECTQ ARITH. OR LOGI! =
ROM S14 TRUE/COMPL. Si7——— Al gl [0>06
14 O—>— [ S15° ALU (ADD/TRANSFER) S15— ARITHMETIC LOGIC jo>—OF F < AL HIGH
13 Oy [ S16 ALU (LOGIC INVERT) S16— | >0 F A Low
[ 517 ALU (KILL CARRY) ey O—>—1 r cnea loso Bukton
INSTRUCTION = T
AND, OR, EXCLUSIVE OR, l [ L r
| S1 SHIFT LEFT FORCE, INVERT, ADD, s T
12 0= Sz NOSHIFT SUBTRACT, INCREMENT, LET THRU AB.F
2 [ S3- SHIFT RIGHT DECREMENT, TRANSFER, ) Se \T l [
, axg |—S4 LOADRAM FORM 2'S COMPLEMENT Cn+a S7 3014310143014 3701
10>— pom }—8S5 LoADQ TSTATEOUTRUT 58 MUX MUX MUX MUX
| Se OUTPUT A LATCH SonTRoL 0>
10 O—>—1 [ S7 OUTPUT B LATCH
[ sg OUTPUTF
DOy 003 00, 00,
DATA OUT

Figure 1
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6701

Introduction
General Description

The 6701 is designed to be used as a 4-bit processor slice of a conventional central processing unit (C.P:U.). It can also be used
in peripheral controllers, (tape, disk, etc.,) or as the heart of a microprocessor, terminal, or computer. It is a single chip bipolar LS| device
which replaces more than 1000 TTL gates.

The two address capability (ability to work on two accumulators at once) and the powerful nano-instructions permit design of sub
1 microsecond cycle time hard wired C.P.U.’s or efficient emulation (imitation) of conventional machines using off chip ROMs for
microprogramming. : o

The 6701 will handle the data flow section of most computers since it is expandable to handle any word length in increments of
4 bits without significant speed degradation (look-ahead outputs are available). The 16 on-chip general purpose accumulators implement
the type of C.P.U. usually found only in high performance top of the line 16-bit minicomputers or 24 or 32-bit computers. It can be
thought of as a general purpose 4-bit register and arithmetic logic unit with a separate A operand, B operand, data-in, and data-out ports.
Additional accumulators or registers if required can be added with off chip packages tied to the data in pins.

TTL Equivalent

The 6701 is similar in function to the 25 TTL MSI packages listed below. It saves 375 1/O pins, 5.6 watts and 30 square inches of
board area. ) . :
TABLE 1

#14 Pin
or . Advertised Gate . Typical . Total
#16 Pin #24 Pin Gate Complexity Complexity - Power © Power
Function TTL# Pkgs. Pkgs. (Each Pkg.) Total Each (Watts) (Watts)
32x9 &8 x 8 ROMs 7488 3 70 210 50 1.50
16 x 4 Multiport RAM 74172 4 110* 440 .56 2.24
Arithmetic Logic Unit 74181 1 75 75 .56 .55
Storage Latches 7475 2 28 56 .16 .32
J-K Flip Flop (Q Reg) 74107 2 22 44 10 .20
4 to 1 MUX 74153 6 16 96 ) .20 1.20
0O/1 True Complement 74H87 2 18 36 27 .54
Dual 4-Bit Seleet 74157 2 15 30 .15 .30
Quad 2 to 1 MUX with
. .60
3 State Outputs 745257 2 15 30 30 6!
3 State Buffer DM8094 1 5 5 18 18
Totals 20 5 1022 6.63

*The 74172 is advertised at 201 gate complexity but we are using only 2 of the 3 address capability, hence we have counted itas 110
gates.
Process and Packaging

The 6701 is manufactured by an advanced Schottky bipolar single layer metal process. The chip requires only 5 voltsand ground
and all inputs and outputs are totally TTL compatible. The chip is packaged in a standard 40-pin dual in-line ceramic package.

Power

The chip is designed to dissipate maximum power at low temperature. The power is minimum at high temperature.

Performance

A single 6701 can execute one instruction every 175ns. The instructions are more complex than normal micro-instructions
permitting multiple operations in one cycle without timing problems.

Operation
See Figure 1 — Expandable 4-Bit Slice

Block Diagram

A detailed block diagram of the chip is shown in Figure 1. Note the legend used in the upper left hand corper for package inputs and
outputs. The logic and control ones are shown as they are implemented on the chip even though fewer control inputs might be required
by discrete logic devices. The dual 4-bit selects, at the input to the arithmetic logic unit, for example, havé two "'S" input control lines
rather than the 74157 TTL equivalent which has one control line for'letting through the left four bits or the right four bits on the
output 4 bits.
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ROM (Lower Left Corner)

Two on chip ROMs (352 bits total) are used to translate the eight (8) instruction lines g to 17 into 17 on chip control lines (labeled
S1 through S17) which open and close data paths required to execute an instruction.

Multiport RAM (Upper Left Corner)

A 16 word by 4-bit multiple port memory is used to fetch two operands at the same time. The RAM is double decoded (4 A-address
pins and 4 B-address pins and has one set of 64 storage cells). We could, for example, read from 0101 on the A address (file #5) and
read from 0001 on the B address (file #1) at the same time. The B side of the RAM can be read out or written into independent of
the address on the A side. The A side can only be read. The RAM must be loaded via the B side. The RAM, if it is enabled, is loaded
when the clock is‘low. The duration of time the clock is low, is the write enable plus width required to switch the RAM. If the clock
is held high, operations can be performed and the results examined, but no results are stored.

Latches (Center Left)

The latches on the RAM outputs are the zero delay type (like 7475) which let the data into the latches appear on the latch outputs until
the clock goes low and then hold the data. The latches permit parallel accessing of the RAM and ROM without two delays (one for the
ROM and one for the RAM), since the access time of the ROM is masked by the delay through the RAM. The latches eliminate race
conditions when the RAM data is fetched and updated in one cycle.

Arithmetic Logic Unit (Lower Center)

Input multiplexers into the arithmetic logic unit (A.L.U.) under ROM control permit the entry of data in or the A channel of the RAM
into the A port of the ALU, and the B channel of the RAM or the Q register into the B port of the ALU.

The ALU is of the conventional type except 0/1 true complement elements have been put in the input ports permitting the realization
of a totally symmetrical ALU (i.e., A minus B or B minus A). Overflow detection and two zero detect pin (one for positive and one for
negative logic) are also included.

Output Multiplexers (Lower Right Hand Corner)

The 3 to 1 output multiplexers under ROM control let through the ALU output, the A latch output, the B latch output on the data out
pins. The output multiplexers are three-state outputs controlled by the three-state output control pin. The three-state outputs permit
processing to be performed in the 6701 without tying up the data out bus and allow one bus system to tie 6701 data‘in pins
to data out pins. The outputs are enabled when the three-state enable pin is low.

Shift Multiplexers (Upper‘ Left and Upper Right)

The four 3 to 1 mux’s on top of the Q register permit the ALU output bus F to be loaded into the Q register. The Q register can also be
shifted on itself one place left or right. The four 3 to 1 multiplexers above the RAM permit a transfer or 1 bit left or right shift of the
F bus before storage in the RAM. Both the RAM shifter and the Q shifter employ bi-directional shift in/shift out pins to permit
expansion to more than 4 bits.

Q Register (Upper Right)

The Q register can function as an accumulator extension register. It would normally be used to hold the least significant half of the
double length product of a multiplication or as a storage register to catch the bits shifted off the beginning or end of a word during left
or right shifting. In this mode of operation, the shift out pin of the least significant bit of the RAM shifter would be tied to the shift in
pin of the most significant bit of the Q register. The Q register can be shifted on itself or be loaded from the ALU bus. The Q shift
control pins are in common with RAM shift controls permitting simultaneous RAM and Q shifting. It can also be used as a program
counter or scratchpad.

The Q register is a master slave flip-flop. Data is loaded into the master while the clock is low (assuming it is enabled by the ROM)
and transferred from the master to the slave when the clock goes high. The Q register is not an edge-triggered latch. Whatever data is
present before the clock goes high (assuming the setup time is obeyed) it will be ioaded into Q. If the clock is held high, operations
can be performed but no results are stored. '

S5
MASTER LATCH SLAVE LATCH

iz > > DD
>

Qout

cLocK
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. . .
Package Pins Pin Configuration
Figure 2 shows a listing of the 40 pin 1/O. The 6701 uses a standard m_{, a0} — cLock
40 lead ceramic dip approximately 2.00 inches long and 0.60 inch wide. See A SOURCE [:"—- 2 39}—D0s
. N ACCUMULATOR 3t 3 38 003 | haTA OUTPUTS
Figure 3 for the package details. NOTE THAT Vcc AND GROUND ARE mnom‘:—a w700z
NOT ON THE CONVENTIONAL END PINS. This was necessary because the SHIFT smo/smu:: gg:as'rnsou'rru'rcomaon.
package current would produce too high a voltage drop in the package lead VoINS gﬁgg;::; o oy {AiPPLE CARRY OUTRUT)
resistance out to the end pins to meet the VQg|_ requirements. we—9 32 f—F = ALL LOWS ( OPEN COLLECTOR )
'CC i 10 31 f—F = ALL HIGHS ( OPEN COLLECTOR )}
Bo—i 11 30 f—GROUND
10— 12 29 }—-G = { CARRY GENERATE )
INSTRUCTION! 11143 28]—P = (cARRY PROPAGATE )
:2-—- 14 27p—Da
,;___ :: :: :3:: DATA INPUTS
Bl 24 DN
B2_l48 23 }—CN (CARRY INPUT )
B39 '3 l INSTRUCTION
15— 20 4

Package Outline

P T — W — W T — T — T — U — W T — T — W — R — Y — S — T — T T — T — I — |

40 21 UNLESS OTHERWISE SPECIFIED:

ALL DIMENSIONS MIN.-MAX. IN INCHES.

ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS.

40 Pin Ceramic (Side Braze)
1"512:'165"10,‘ ©ya (thermal resistance from junc-
I 77 tion to ambient soldered to a printed cir-
cuit board in still.air) ~ 35°C/watt
@jc (thermal resistance from junc-

1 20 tion to case with freon as a heat sink)
L= [ = = B == g = G —— G —— R = == G = G - - I == R ==y = R = g = g~ = g ~ °
098 ’ 005 20°C/watt
2.49 —»| ' le— .13
MAX. 1.950-2.050 MIN.
49.53-52.07
005

' . 1
590-.610 e
.035-.055 * 14.99-15.49 >
.89-1.40 y
175 ’rm:hj

4.44
MAX.
150 - -
3.81 f A 125-.180
MIN. y 3.18-4.58 .
.090-.110 .016-.020 .030-.050 _4go .008-.012 \
> “2.29-2.79 > " 41-51 76-1.27 > 0°-15 20.30 > =
Figure 3.
. . v
Burn-In Circuit ~ 3
The circuit in Figure 4 below puts the device in an instruction where the state of 1
all outputs is known. Any other set of levels on the inputs may result in undefined S3SL  BURNIN CIRCUIT
output states and possible damage to the device under burn-in conditions. The _Saw 5701/6701
other instructions involve the use of internal register whose initial conditions, . 1 NPT
after power-up, are undefined. The burn-in circuit shown comes closest to- the 2 39
usual reverse burn-in circuits of logic devices. The unit is in the force LLLL mode i g:
with the shift 1/O pins disabled, the data outputs disabled, and with a single 6 36
accumulator always selected. ‘; :
8 33 A1
—9 32 VWA—$ 330.
10 31 174 W
" 30
12 29
13 28 AA—4 B
14 27 1/4W
T 15 26
16 2
-_I_- 17 24
= 18 23
19 22
T 20 21
Figure 4.
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Absolute Maximum Ratings

Supply Voltage, VGG -« + + + v v v v e e e -05t0 70V Stresses above or extended time at Absolute Maximum Ratings may
InputVoltage « . .. ... oo ot i it ~-1.0to 55V cause permanent damage or affect device reliability.

Output Current . . . .« . ..ottt i it e 100 mA

InputCurrent . . . . . ... it e -20 to 5 mA

Storage Temperature . . . .. ... . ... ... -65to+150 C

DC CharacteristiCs uniess otherwise indicated, all limits for the 6701 are guaranteed for 5 V + 5% in a free air temperature of 0°
to 75°C; all limits for the 5701 are guaranteed for 5 V + 10% in a free air temperature of -55° to 125°C.

7-80

DEVICE 6701
PARAMETER PINS CONDITIONS MIN. [TYP.|MAX.| UNITS
Ig Input Load Current Any A, B,or | Vce = Max, VE = 45V -250 uA
Clock or 3 State Vce = Max, Vg = 45V -250 A
Control
Shift I/O & Data In Vce = Max, VE= 45V -0.80 mA
CN Vee =Max, VE= 45V -4.80 mA
IR Input Leakage Current Any A, B,or Vce = Max, VR =240V 25 kA
Clock or 3 State Vge = Max, Vg =240 V 25 HA
Control
Shift 1/0 Used as an Input 100 HA
Data Inputs Used as an Input 20 HA
Cn Used as an Input 120
IRB  Input Leakage Current Any A,B,or | Vce = Max, VRg = 5.50 V 1.0 mA
Clock or 3 State Ve = Max, VRg = 5.50 V 1.0 mA
Control
Shift 1/0 Vce = Max, VRg = 5.50 V 1.0 mA
Data Input Vce = Max, VRg = 5.50 V 1.0 mA
CNn Vce = Max, VR = 5.50 V 1.0 mA
VoL Low Level Output Data Outputs, G, Vee =Min, Ig) =16 mA 0.35]| 0.50 Vv
Voltage Cn+g4. F = All
High, F = All Low
P, Overflow Ve = Min, 1o = 10 mA 0.35| 0.50 \Y
Shift 1/0 Ve = Min, IgL = 3.2 mA 0.35| 0.50 v
Used as an Output
lcc Power Supply Current Ve, Grd All inputs ground (worst case), 215 | 250 mA
All Outputs Open, Shift I/0
Open
Temp = Max
All inputs ground (worst case), 230 | 280 mA
All Outputs Open, Shift i/O
Open
Temp = Min
ViL Low Level Input Voltage | All Inputs and Vce=5.00V 0.80 A
Shift 1/0
ViH High Level InputVoltage | All Inputs and Vece=5.00Vv 2.0 Y
Shift 1/0 ,
Vic Input Clamp Voltage All Inputs and Vce = Min, ljc=-56.0 mA -1.0{ -1.5 \
Shift 1/0
IcEx Output Leakage Current | All Outputs Vce =Max, Veex =240V, 100 HA
High Stored or Disabled
Vee =Max, Vegx =045V -100 MA
Disabled
!cExg Output Leakage All Outputs Vcee = Max = VCEXB 1 mA
Current Shift 1/0 High Stored or Disabled
Isc  Output Short Circuit D04, DOy, DO3, VouT=0V,Vcc=5V 5 15 | 90 mA
Current DOg4, G, P, OVFL Only one Output at a time
should be Shorted
VoH Output Voltage “High” | DO4, DO2, DO3, lo=-3.2mA, Ve = Min 24 | 35 \
DOy4. G, Cn+4 High Stored
Shift 1/0,P, OVFL | 1g =-500 1A, Vce = Min 24 | 35 \Y
High Stored
C|  Input Capacitance All Inputs VGc=5.0V,V|=20V,25°C, 8 pF
MHz
Co  Output Capacitance All Outputs Vee=5.0V,Vg=20V,25°, 8 pF
1 MHz

1. Typical values are measured at 5.0 V and 25°C.
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AC Characteristics*

PARAMETER

‘SYMBOL/CONDITIONS

TIME IN NANOSECONDS

5V 5%
0° TO 75°C
6701

mn. | Tve. | max.

Delay from RAM Address (A or By) to

wFigure BA Clock High

G 85 100
P 85 100
CN+4 95 110
Zero Detect 120 140
Overflow 100 125
RAM Shifter Outputs 110 135
Data Outputs (bypass ALU) Tc1 20 85 | 100
Data Outputs (through ALU) TAA 40 110 140
Delay from Instruction Input (i) to ..Figure BA
G ] 55 75
P 55 75
CN+4 60 80
Zero Detect 80 105
Overflow , 75 95
RAM Shifter Outputs 75 95
Q Shifter Outputs 25 40
Data Outputs Tip 15 - 85 100
Delay from Data Inputs (Djp) to Figure 5A
G : 25 40
P 25 40
CN+4 25 45
Zero Detect . 20 75
Overflow } 40 55
RAM Shifter Outputs 50 70
Data Outputs - . TpD - 10 50 75
Delay from Carry In (Cn) to Figure 5A
CN+4 15 25
Zero Detect 30 40
Overflow- 25 35
RAM Shifter Outputs 25 35
Data Outputs 5 30 40
Delay from Clock (low to high) to AN BN, IN, D) constant .
G 95 115
P .95 | 115
CN+4 105 125
Zero Detect "120° 140
Overflow 115 135
RAM Shifter Outputs 110 | 135
Q Shifter Outputs 30 40
* Data Qutputs(bypass ALU) Teo 20 - 95 115
Data Outputs (through ALU) 30 115 140
. Delay from 3 State Control to All Inputs constant %
Low Data Outputs TEA 10 20 25
High Impedance Outputs TER: g 5 15 20

*The maxnmum of all possible mput and output condmuns is specnflad with outputs smklng maximum current through a resustor to Vcc and

driving a 30 pF load (15 pF on Shift 1/0) to ground

! Typical values are measured at 5.0 V and 25°C.
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AC Characteristics*—Cont’d.

TIME IN NANOSECONDS
5Vt 5%
PARAMETER SYMBOL/CONDITIONS 0° TO 75°C
6701
MiN. | TYP! | MAX.

Setup Time Before the High to Low Figure 58
Transition of Clock _
An Tas 85 60
BN Tgs1 920 60
lo. 11, 12 ) ) Tis1 15 5
Setup Time Before the Low to High Figure 58
Transition of Clock
AN, BN Tgs2 185 130
Cn TCNS 70 45
13, 14, 15, 16, 17 Ti82 126 90
Data Inputs (D) Tos 70 50
RAM Shifter Inputs TRs 45 30
Q Shifter Inputs Tas 30 15
Hold Time After the Low to High Figure 58
Transition of Clock
AN TAH ~Tew-15|-Tcw-10
BN TBH ) =10 -20
lo. 11, 12 TiHt -20 -40
13,14, Is, lg. 17 TiH2 ~30 -60
CN TCNH ~20 -40
Data Inputs (D) ToM 25 -50
RAM Shifter Inputs TRH -25 -60
Q Shifter Inputs ) TaH -15 -30
System Parameters Figure 58
Clock Pulse Width (Low Time) Tew 50 25
Minimum Microinstruction Cycle Time TeycLE = Tes2 + Tan 175 110 o8

*The maximum of all possiblé inputiénd 6utput conditions is specified with outputs sinking maximum current through a resistor to VCC and
driving a 30 pF load (15 pF on Shift 1/0) to ground.

! Typical values are measured at Vee =5.0V and 25°C.

Timing Diagrams Figure 5A—Delays

AN7 BN ETC X CLOCK l
) ) Te2
L———TAA ETC—»I _ ETC,
DATA OUT DATA OUT

ETC ETC

3 STATE ’
CONTROL L )
TER
TEA—bl ‘4—»]

LEGEND: Shaded areas indicate ‘“don’t care’ conditions or permitted timing tolerances.

DATA OUT
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Timing Diagrams—Cont’d.

|
CLOCK Vr—TCW—,»——P/ i

i: Tas > > Tau
ADDRESS Ay X
T >
< BS1 TBS2 ——————>4—>| TBH
ADDRESS By (
l<———‘T|s1——~———>J <—>‘ TiH1
INSTRUCTION
lg. 11, 12
i: —Tis2 >l TIH2
INSTRUCTION
13, 14, Is, l6, 17
f(—_- Tcns —--———><——>1 TCNH
Cn

- TD§ -] <——>1 ToH
DATA IN Mﬂﬂ:ﬂ
: ' : I }<—TR3+><—>ITRH

RAM SHIFTER
INPUTS

’ l«——TQs ——><—4>‘TQH
Q SHIFTER |
INPUTS

Figure 5B—Set-up and Hold Times

A

175 ns

CLOCK

INANNPE e
1 & €10 ns

AN, BN

<L

< 120 ns _»1 > 20 s
In
> - 95 ns ‘!
DATA IN
—>I 20 ns l<— i
DATA OUT

Figure 5C—Sample Minimum Cycle Time for 6701
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Instructions Located in the On-Chip ROMs

Symbol Definitions

A} = Any of the 16 four bit registers in the multiport RAM (1 =0t 15)
By = " oo (J=0to 15)

A +By = Ajplus By (arithmetic addition)

Al ¥ By = A exclusive OR’ed with By

A| VBy = AjorBy (logic inclusive or)

A A By = Ajand By (logic and)
A = The complement of A,

Aj—=Q = Transfer Aj to Q, A saved, Old Q:is lost
Aj—= OUT = Transfer A to the output pins, A) is saved

A} = Ajshifted right one bit

A) = Ajshifted left one bit
By-Aj = Byminus Aj = By+ A +CN =By +2's compl. of A

Positive (Active High) VS. Negative (Active Low) Logic

The Microcontroller will work with either positive or negative logic. Positive logic defines a TTL High Level (~ 3V) to be a “'I"
and a Low TTL Level (= GRD) to be a “O"’. Negative logic defines a TTL High to be A O’ and a TTL Low to be a “I"’. Consider a
a classical “AND" function in TTL Logic [outeutr | iNFUTS in positive logic this becomes [outeut | INPUTS

B A B A
L LfL o oj|o
L L H o o 1
L H | L o | o
H H H J | 1

OUTPUT INPU’

In negative logic the “AND" becomes an “OR"’ function since:

o-o-|»a

B
I
|

o

o

1
1
1

o

Thus an “AND" in positive logic is an “OR’’ in negative logic. Similar reasoning yields the following transformations.

POSITIVE LOGIC NEGATIVE LOGIC

AND OR

OR AND
EXCLUSIVE OR EXCLUSIVE NOR
EXCLUSIVE NOR EXCLUSIVE OR
TRANSFER DECREMENT
DECREMENT TRANSFER
INCREMENT TRANSFER
TRANSFER INCREMENT

Carry In (CN)

The carry in pin is high'when a carry is desired in positive logic, and a low when a carry is desired in negative logic.

Two ROMs

All of the instructions-in the 32 x 9 ROM can be modified in 8 different ways by the 8 x 8 ROM. Any instruction for example
can be shifted left or right with the data out pins showing A, B, or F and the shifted result stored in the RAM or.Q Register or both.
If the clock is gated OFF by external logic it will be impossible to load the RAM or Q Register, and the controlled use of Cy in
many instructions further raises the instruction count.
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Instructions in the 32 x 9 ROM—Positive Logic (1 = H ~ 3 V) Interpretation

ALU Instruction ALU OUTPUT TYPICAL
ROM WORD No Carry In | With Carry In USES
17[16 |15 | 12| 13 | Decimal | Octal |(See Pa.10forSymbology)l (¢, = 1) (Cn=H)
LiL L L L 0 00 LLLL + HHHH + Cyy | Force 1111 | Force 0000 Initialization (Force 1’s or 0's)
LiL|L|L|H 1 01 AND A & B; Al A Bj A| A Bj AND A| & Bj
LjLefL]HiL 2 02 AND D & B; Dj A Bj Dy A Bj 2 D) & B;
L|IL|L|H|H 3 03 OR A &B; A V Bj AjV Bj OR A| & Bj
LIL|H|L|L 4 04 OR Dj & Bj Dy v Bj Dy v Bj " Dy & B;
LIL|H|L]|H 5 05 Exclusive OR A| & Bj Al ¥ Bj A ¥ Bj Exclusive Or A| & Bj
LIt [H]H]L 6 06 Exclusive OR D) & Bj D) ¥ Bj D ¥ Bj " Dy & Bj
LIL|H|H][H 7 07 Aj + HHHH + Cy A+ 111 Y Invert A
LiH]|L|L|L 8 10 D) + HHHH + Cy Dy +111 D " D,
L|H|L|L]|H 9 1" "Bj + HHHH + Cy\ B + 1111 Bj " B;
LIH|L]|H|L 10 12 Q +HHHH +Cy 7a +1111 Q * Q
L|{H|L|H|H 11 13 Aj+LLLL+Cpn N A) + 0001 2's Complement Of A
L{H|H|L|L 12 14 Dy+LLLL+Cy D Dy + 0001 ” Dy
L{H|H|L[H 13 15 Bj +LLLL +Cp Bj Bj + 0001 " B;
L[{H[H]RTL 14 16 Q +LLLL+Cy a ‘Q_+0001 Q
LIHI{H[H|H 15 17 A+ LLLL+Cp Ay Aj +0001 Transfer Or Increment Ay
HiL o oL 16 20 D)+ LLLL +Cp D) D) + 0001 B Dy
H[L [t o ]H 17 21 Bj + LLLL +Cy Bj Bj + 0001 g B;
HiL L [H]L 18 22 Q +LLLL+Cy Q Q +0001 K Q
HIL |L |H[H 19 23 A+ HHHH + CN Ap+1111 Aj Decrement Or Transfer Al
HiL[H]L L 20 24 D) + HHHH + C Dy + 1111 D . D,
HiL|H|L|H 21 25 Bj + HHHH +Cy B +1111 Bj " B
HIL [H]H]L 22 26 Q + HHHH + Cpy Q +1111 Q " Q
HIL |H|H|H 23 27 A} + Bj +CN A+ Bj A| + Bj + 0001 Add A| & B
H|H|L |L L 24 30 Dy +Bj +CyN D) +B; Dj +B;j + 0001 " D & Bj
HIH L L [H 25 31 Aj+Q+CyN Al +Q Aj +Q + 0001 " Al &Q
HiH[L[H]L 26 32 D;+Q+Cy D;+Q D; + Q + 0001 " D &Q
H{H|L|H]|H 27 33 A +Bj+Cy A| - Bj - 0001 A|-Bj Subtract Al & Bj
HIH |H|L |L 28 34 Bj+A +CN Bj - Aj - 0001 Bj - Al " Bj & Ay
H{H[H [L|H 29 35 Dy +Bj+Cy D) - Bj - 0001 D) - Bj " D| & Bj
HIH |HIH |L 30 36 Bj + D| +CpN Bj - Dy - 0001 Bj - D) " Bj & Dy
H|H|[H]H [H 31 37 D +Q+Cy D) - Q - 0001 D;-Q " D|&Q
Instruction Modifiers in the 8 x 8 ROM— Positive Logic
(1 = H = 3 V) Interpretation Pin Configuration
Rom Word | Rom Word Load Control Shift Control Data Out Control ssomce { fo:;_v@:ég“
rccomutaton | A3 005 | ouenoumurs
12[11|1o | Decimal |Load Ram B; |Load @ | Shift|Shift [Dont) A | B | ALU R E LI = .
Left |Right |Shift | Latch | Latch | Output F vorws| - smosu—1 o] mat T ——
Clc|c 0 X X X AT,
LiL|H 1 X X X e & 3 i:ﬁ:::::‘::.‘.:.:‘f:,
LfH|L 2 X X X 20 L oarameurs
C[nln | s X X x =y
H L |L 4 X ' X X il
HfL |H 5 X X X X
HIH]|L 6 X X X X
H|H|H 7 X X X
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Microprogram Controller

57110/67110 Data Sheet

Features/Benefits

o Address 512 Word Pages of Memory
* 8 Control Functions

® Microsubroutine Capability

® On-Chip Loop Counter

* 6 Flag Branch Inputs

® 4-Way Branching

Applications

¢ LS| Controller Circuit for Control of High Speed Disks,
Line Printers, CRT Terminals

® Control of Microprogrammed High Performance Mini-
computers with 4-Bit Slice Microprocessors

Ordering Information

TEMPERATURE ORDER
RANGE PACKAGE NUMBER
" 0°Cto + 75°C Ceramic 67110D
-55°C to +125°C Ceramic 57110D
Block Diagram
(SLO/sv(asl/su) o o (soLéggg/sou) jc TN Tv T z

Igo _FLAG N
i =

R
SUBR STORE
CONTR
CNT REG

CONTR CNT
Ne r__:h:scnswmssl I A j
g t
oo— § ™
> | CONTROL MEMORY
:1 o & |~ |Appress Logic
20— o
L P —%8 %g {8 Ni-8
SUBR STORE .
B B Ty :I 3way "‘;l
COND
' [omme ] | [onang
CRACO INCR/PASS RAR1.
| inNcwi CRAR1.8 (7Y

I CRAR= .
COUNT S —
OE

¢ 8 i CRAR1.8 Y:RARo

Description

The 57110/67110 Microprogram Controller (MPC) is a member
of the 57000/67000 Computer Logic family of high-performance
bipolar compatible Schottky TTL components. The device is
designed to work in conjunction with 4-Bit Slice Microprocessors
and standard ROMs and PROMs for the design of extremely
powerful computing systems. The power and flexibility of the
MPC also allow it to be used for general purpose control
applications. The MPC can directly address up to 512 words of
microprogram control memory; larger memories can be
accommodated using simple paging techniques.

One of up to six flag signals can be selected from the 5701/6701
4-Bit Slice to provide two-way conditional -branching at every
step in a microprogram on the value of the flag or its stored
value. Four-way conditional branches are possible using an on-
chip control counter. The MPC has 8 instructions including
continue, conditional and unconditional jumps, conditional and
unconditional subroutine jumps to a single level subroutine and
subroutine return. Connections are provided to the 5701/6701
for a minimum set of shifting options. The MPC is a synchronous
device using a single clock and can operate in systems with less
than a 100ns microinstruction period.. The device uses a single
+5 V power supply and is packaged in a standard 40 pin DIP.

Pin Configuration




57110/67110

57110/67110 Detailed Block Diagram

C N.V.2Z 13- 14 .15 1§,
6 0.0°0 Y8 o
h d
1
SIN LC
FLAG  LNVZ
STATUS SR FLAG
REGISTER g CONTROL :|
cP—
L | - L1
: - S
Ig O— S . 2-BIT 2-WAY MUX - - s: 1 5283
: 2
3
ls O- - & 2
3
Fo o- —
.. F3 0—0 - J
Q30 11-WAY
Qo©- Mux
c
loP 1 p:
" O—1 oPERATION +—1—+ :
2971 “controL  —
r — e susrouTINE LaTCH
’ - 50,
Vi
- l T o Ny
CRAR So : o N2
0-4 VAY O N3
|| - s S-BIT JWAY MUX oN
CCl O N5
Lod ] ] i ‘ ‘ I o Ng
CONTROL o N7
BN DECREMENT/PASS 4CP  COUNTER REGISTER 0 Ng
4 [
lcc = of_‘ <+
|
“OlE  SUBROUTINE LATCH
So
8-BIT 3-WAY MUX
$1
CONTROL MEMORY
CRAC O INCREMENT/PASS  CIN cp ADDRESS REGISTER CRAR CRAR

CRARg

7 6 5 4 3
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Detailed Description

The MPC is a synchronous machine. All changes visible on
external pins except for the combinatorial Shift Logic occur on
the single clock Low-to-High transition. Internally there.are both
dual rank registers (flip-flops) and single rank registers (latches).
The latches are enabled when the clock is Low and this together
with some inputs defining information destinations, causes
timing constraints such that certain input signals must not
change while the clock is Low. These tlmmg constraints are
shown in the timing diagrams.

The MPC can be divided up into a number of sections. These
sections are the Control ROM Address Register (CRARQ-g)
Logic, the Control Counter (CC) Logic, the Flag Status Logic,
the Shifting Control for the 5701/6701 and the MPC Control

Logic.

CRAR Logic

The CRAR is split up into two sections, an eight-bit section which
can remain unchanged, be incremented, loaded from a
subroutine temporary storage register latch and loaded from
an 8-bit external field Ny.g. The one-bit section is the least
significant bit of the Address Word and is directly driven from the
output of the Flag Status Logic. The output of the Flag Status
Logic therefore defines whether the next address is even or odd
depending upon the condition of the selected flag signal. This
allows two way branching at every clock period.

The eight-bit section of the register passes through a pass/
increment unit and back through a 3-way multiplexer. The output
of the pass/increment unit can also be stored in a temporary
storage register where it may be returned to the CRAR at the
end of a microsubroutine. The pass/increment also provides an
end of page signal CRAC indicating that the CRAR is at address
510 or 511. Incrementation occurs in the pass/incrementor when
the MPC is at an odd address (CRARp = 1) or a Conditional
Branch has been selected.

The output of the CRAR passes through buffers to output pins.
The eight bit section buffers have three-state outputs so that
when the Output Enable (OE) is High external signals may drive
the Control Memory Address lines.

Control Counter Logic

The Control Counter Logic is 5 bits wide with the logic very
similar to the CRAR logic. The logic includes a register, pass/
decrement unit, temporary subroutine register and a 3-way input
multiplexer which can select information from the external field
bits N1-5, the temporary storage register, or the pass/decrement
unit. The counter logic is used during the two conditional jump
instructions. Each time the MPC encounters a conditional jump
instruction the control counter register is tested: for zero and
decremented. If the register was zero then the MPC instead of
performing a jump instruction continues on to the next address
pair. The next time the conditional jump instruction occurs the
procedure is repeated,but now the value of the register is one
less. The control counter register can be loaded from the N1.5
inputs on receipt of a Continue Load Control Counter instruction.

Flag Status Logic

The Flag Status Logic consists of a loadable Shift Left/Shift
Right register, an eleven-way multiplexer, an exclusive OR gate
and a small amount of control logic. The shift register can be
loaded with four flags C, N, V, Z, with separate loading selection
for C and the group NVZ. The register can be shifted one place
Left with N going to C, V to N, etc., and a logic zero being pulled
into Z. The C register bit is placed on the bidirectional input/
output line Qp and would most likely in a system enter the least
significant bit of the Q register in the 5701/6701. A Right shift
causes C to be loaded from Qg this time acting as an input, and
what is in C going to N, etc.

The eleven-way multiplexer can be used via the select and
control lines I3-6 to select one of the following signals: Stored C,
N, V, Z, Present C, N, V, Z, logic 0, Qg and Q3. All of these
signals can be inverted by having I7 = 1, enabling branching on
C, N, etc. The output of the Flag Status Logic Ex Or gate is the
input to the least significant CRAR register bit. The Flag Status
Logic also provides a signal to the pass/increment unit to
indicate that a conditional branch is present and the unit should
increment.

Shift Control Logic

The Shift Control Logic provides the connections for a minimum
set of useful 5701/6701 shifting options. Two control inputs Ig
and Ig are used to select the desired option. Ig indicates which
bidirectional buffers are actively sending information and Ig
selects various signals to apply to the shift lines of the 5701/6701.
Provision is made in the shifting logic to provide correct sign
information durlng right arithmetic shifts by an exclusive OR of
the N and V signals.

Control Logic

The Control Logic uses the instruction control inputs Ig-2, the
test zero output of the Control Counter Logic, and the signal
which indicates that the Control Counter temporary subroutine
storage register. contains the same value as the five least
significant bits of the CRAR register. These signals are then

- encoded into the control sngnals necessary to implement the

MPC instructions.

Two flip-flops are included in the control logic. The first
remembers that the MPC is in a microsubroutine and when a
return is encountered, it is obeyed if the flip-flop is set; if the
flip-flop is clear the return is ignored. The second flip-flop
indicates that a Preprogrammed Return Subroutine is in progress
called by instruction 101,..and the MPC should automatically
return when equivalence of the CRAR and CC subroutine latch
is achieved. Both these flip-flops are automatically cleared
during power on if clock is held in the low state and may be reset
under microprogram control by loading the Control Counter with
Ng = 1.
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Table I—MPC Control Options

CONTROL CODE
2 i o CONTROL ACTION ADDRESS FIELD DESTINATION
0 (O 1] Continue to next winstruction None
0 0 11 Continue to next uinstruction i Control Counter, Clear SRFF if Ng = 1
0 1 0 Jump to next winstruction if Control None/CRAR (Cond. Jump)
Counter # 0, Decrement Control Counter
0 1 11 Subroutine Jump to next uinstruction if None/CRAR (Cond. Subr. Jump)
) Control Counter # 0, Decrement Control
Counter
o | o* Return from Subroutine None
0 | 1% Jump to next winstruction CRAR (Jump Subroutine)
Return from Subroutine when Control
) ) Counter Subroutine Latch = CRARp-4
1 110 Jump to next winstruction CRAR (Jump)
1 1 1 Subroutine Jump to next winstruction CRAR (Jump Subroutine)

* The MPC will only return to the calling program if it entered a Subroutine via a Subroutine Jump
instruction; otherwise it will continue to the next winstruction in sequence.

**This operation allows the MPC to branch to a section of code, perform the operations outlined
by the code and return after a preprogrammed CROM address has been reached or if a return
is encountered.

Table lI—Flag Status Control Options

CONTROL CODE ACTION

e | 15|14 ] I3 OPERATION CRARp - BRANCH

0 0 0 0 None I7 Unconditional *
0 0 0 1 Store C I7 Unconditional*
of| o 1 0 Store N, V, Z I7 Unconditional **
0 0 1 1 Store C, N, V, Z I7 Unconditional*
0 1 0 0 Shift Flag Register into Qg I7 Unconditional*
0 1 0 1 Shift Flag Register out of Qg 7 Unconditional*
0 1 1 (o] Instantaneous value of Qg to CRARp Qo ¥ 17 Conditional**
0| 1 1 1 Instantaneous value of Q3 to CRARg Q3 ¥l7 Conditional**
1 ojo0o| o Stored value of C to CRARp SC¥I7 Conditional**
1 0 0 1 Stored value of N to CRARQ SN¥ 17 Conditional**
1 0| 1 0 Stored value of V to CRARg SV¥iy Conditional**
1 0 1 1 Stored value of Z to CRARg SZ¥i7 Conditional**
1 1 0| o0 Instantaneous value of C to CRARq C¥l7 Conditional™**
1 1 0 1 Instantaneous value of N to CRARg N¥I7 Conditional*

1 1 1 0 : Instantaneous value of V to CRARg V¥iz Conditional™**
1 1 1 1 Instantaneous value of Z to CRARp Z¥ 7 Conditional**

Code bit 17 inverts the status of output line so that the condition is dependent upon C, etc. For the first six entries in the table, if I7 = 0 there is an
unconditional branch to X, 0; if I7 =1, an unconditional branch to X, 1. SC, SN, SV, SZ are Contents of Carry, Sign, Overflow, and Zero Flip Flops.
* Incrementation of CRARj.g occurs if CRARg = 1.

**Incrementation of CRAR1.g always occurs.

Table llI—Shift Control Options

CoMak.| ‘ BIDIRECTIONAL SHIFT LINES ACTING AS OUTPUTS
o | 18 SHIFTING OPERATION (sLOfsA) | (sRolsL) | (saLOsaR) | (samoisaLy
0 0 Arithmetic Shift Left - Q3 — Flag (SC)
o |1 Arithmetic Shift Right N¥V - Fo _
1 0 Rotate Shift Left — F3 —_ Flag (SC)
111 Rotate Shift Right Fo — Fo —

— High Impedance State
SC Contents of Carry Flip Flop

O S
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Table IV—Next Address Table

ADDRESSES—In Pairs Even A, 0 etc.

INCREMENT—I/f Present Address Odd or Conditional

Odd A, 1 etc.
INSTRUCTION | FLAG STATUS | FBESENT | NEXT COMMENTS

Continue Unc. ‘0’ A0 Locked Loop
Unc. 1’ A0 Next Consecutive Address
Unc.'0' A A+1,0 Next Consecutive Address
Unc. ' A1 A+1,1 Skip Over A + 1,0
Cond. A0 A+1,Cond. Skip Over A, 1
Cond. A1 A+1,Cond. Next Address Pair

Jump Unc. ‘0’ A X JumptoN, 0
Unc. ‘1’ A X Jump to N, 1

: . Cond. A X N, Cond. Jump to N, Cond.
- Return Une. ‘0’ A X R, 0 or Return Address is incremented if CRARg = 1
R+1,0 or Conditional Branch Subroutine Entry is
made
Unc. ‘1" . A X R, 1o0r
L . 2 R+ 1,1
Cond. A, X R, Cond. or
R+ 1, Cond.
X=0o0r1
Applications Typical Control System Connection

The 57110/67110 Microprogram controller is a general purpose
LS control element which can be used efficiently in all types of
Microprogrammed systems. The device is a powerful micropro-
grammed sequencer with the additional features of Flag Status
multiplexer and storage, an on-chip loop counter with its
subroutine register and some shifting connection logic for use
with popular Bit-Slice Microprocessors.

The familiar application of such a powerful controller is in the
control of microprogrammed high-performance computers.
However, the economics of LSI and flexibility of the micro-
programmed concept have now made the Microprogram
Controller an important and essential concept in all types of high
performance digital control. The 57110/67110 is therefore
suitable for the central control of disk, tape, CRT and line
printers where high data rates and flexibility are necessary.

All of these systems, although they differ in detail, follow the
same concept. Inputs from the system to be controlled are sent
to the Controller and are examined either through the Flag
Status Logic and/or through a Multiplexer connected to the
address lines N1.g. The Flag Status inputs allow a two-way
branch depending upon the value of the chosen Flag Status
input, while the use of a multiplexer at the N inputs allows a 2M
way branch on M input variables. The MPC addresses the
control memory, some outputs of which are fed back to control
the MPC at the next time period, while other outputs of the
control memory can form the system outputs either directly or
more efficiently via some MSI networks.

SYSTEM CONTROL INPUTS

2 WAY BRANCH 16 WAY E

L1
FOF3QoQ3C NV Z

+sv—rTlo .
+5V—1l8 :3 [ ——
—ql7 Ne [
—1ls Ns |
—15 Na [~
—14  smi0/67110 N3 s |
b MPC N2 MUX
I2 Ny
—s
—f s
" | .
oK T o dSE  ‘cram ©RAC
345
ADDRESS
512 WORD
. ROM/PROM
: OUTPUTS
OUTPUT
FUNCTION
SYSTEM OUTPUTS
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57110/67110 with 4-Bit Slice

The 57110/67110 Microprogram Controller is the ideal LS|
element for control of systems which incorporate-popular 4-Bit
Slice Microprocessors. The 57110/67110 has Flag Status logic
which can directly connect to the Flags such as Carry, Sign,
Overflow and Zero from the 4-Bit Slice, and allow 2 way
branching in the microprogram on the value of one of these
Flags. In addition these Flags can be stored for later
examination. The extremities of the Q extension register can

also be examined by the Flag Status Logic to assist in Multiply

and Shifting operations.

57110/67110
6701
INTERCONNECTIONS

The 57110/67110 also has the connections to provide a
minimum set of shifting functions which include both double and
single length arithmetic shifts and logical end-around shifts.

The Microprogram Controller addresses the control memory
which provides the feedback necessary for determining the next
operation and control memory address, and also the micro-
control signals for the instruction fields of the 4-Bit Slice. The
clocks of both the Microprogram Controller and 4-Bit Slice are
driven in parallel to make a single clock synchronous system.

Dia Di3 Di2 Dk
A3 FoF3QQ3 C N V Z
A2 s L
At Ja— Ngf—
Ao ; xz N
7
5 — N —
o —l5 - Ne|—
B0 —1 Ng ——
6701 —1s 57110/67110 N2 f—
4BIT 4 I2 MPC M
PU I6
SLICE 5 —h
n 7 lo
:: aw | CRAC
W —O OF CRAR
lo 1.2 3 4 56 78
SQLO/  SQRO/
SQRI saLl
sLo/ SRO/
SR st
—]F=H ADDRESS
F=L
L0} OVR 512 WORD
Cnia Cn ROM/PROM
3
s ko OUTPUTS
—O0| G
=3 | L
DO4 DO3 DO2 DO1 )
MEMORY 1/0 i
BEE st
‘ :CLOCK

7-92



57110/67110
L

Electrical Characteristics Over Operating Temperature Range (uniess otherwise noted)
67110: Vog = 5V +5%, Ta = 0°C to +75°C; 57110: Vo = 5V £10%, T = —55°C to +125°C

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViH Input HIGH Level Voltage 2.0 Vv
Vi Input LOW Level Voltage 08 | V
Vi Input Clamp Voltage Ve = Min, N = —18mA, Tpo =25°C -10 151V
VOH | Output HIGH level Voltage l‘g’:; Vi, VI = 200 Vi = 05% 24 30 v
VoL Output LOW level Voltage :g’_c;s?'::’ VIiH = 2.0V, Vi = 08V, 030 05 | V
Iy Input Current at Max Input Voltage Vce = Max, ViN = 5.5V 10 | mA

In lo-9, OF, CP Vce = Max, ViN = 24V - 2% | kA
put HIGH
iH Level Current N1-g, CN.V.Z 50 KA
Qo. Q3, Fo, F3 Used as input 100 | pA
oot L I0-9, OE, CP VCC = Max, VN = 0.5V 250 | kA
put LOW
L Level Current Ni-g, G, N, V, 1.0 | mA
Qo, Q3. Fo, F3 Used as input 0.5 | mA
' Output Off State (high impedance) VCC = Max, VOUT = 0.6V =50 | RA
0Z . Current CRAC1.8 - Vce = Max, Voyut = 2.4V 50 nA
los Output Short Circuit Current Vce = Max, Voyt = 0V 20 90 mA
Icc Supply Current Vce = Max 159 254 | mA
Switching Characteristics
57110 67110
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX|MIN TYP MAX
Delay from OE to:
tHz, L2 CRAR1.g High Impedance State 5 12 25 | 5 120 20
tzL, tzH CRAR1.g Active State CL = 15pF 5 10 25 5 10 20
Delay from 1g to: See Timing Diagrams
tHz, Lz F0.F3,Q0,Q3 High Impedance State 5 15 34 5 15 28
ZL, tHz F0.F3,Q0Q3 Active State 5 18 40 5 18 32
tpHL, tPLH | Delay from Ig to Fo, F3 5 14 32 5 14 27
tPHL, tPLH | Delay from N, V to F3 5 15 32 5 15 27
tPHL. tPLH | Delay from Fg to F3 4 10 20 4 10 18
tpHL, tPLH | Delay from Fg3 to Fo 4 10 20 4 10 18
tpHL. tPLH | Delay from Qp to Fp CL = 30pF 4 10 20 4 10 18
tPHL, tPLH | Delay from Fg to Q3 S1, S2 Closed 4 10 20 4 10 18
Delay from Clock Low to See Timing Diagrams
High Transition to:
tPHL tPLH| Qo . 15 35 60 15 35 55
tPHL. tPLH| CRARQ-8 6 17 40 | 6 17 35
tpHL, tPLH | CRARC 10 23 48 | 10 23 42
Set-Up Time Before the High to Low
Transition of Clock:
tsi 1o, 11, 12, 13, 14, I5, lg 5 -5 5 -5
Set-Up Time Before the Low to High
Transition of Clock:
tsp I7 16 6 16 6
tsD C.N,V,Z, Qo Q3 28 11 20 11
tspD N1-8 30 15 24 15
| Hold Time After the Low to High
Transition of Clock:
tHI 1o, 11, 12, 13, 14, 1s, lg, |7 18 6 15 6
tHD C,N,V,Z Qo Q3 25 13 22 13
tHD N1.8 12 5 12 5
fcPL Minimum Clock Low Puise Width 18 40 18 30
tCPH Minimum Clock High Pulse Width 45 80 45 70

Typical values are at VoC = 5.0V and Tp = 25°C.

In order to guarantee that control logic flip flops are reset during power on, the Clock Pulse must

be held LOW (0.5V) until VoG is at Voo min.

e e
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Absolute Maximum-Ratings -

406, VOC -+ vvvnnnn e ~0.5V to + ' , : -
E;Z‘:I{/gﬂg?e’ vee -1 g\?\{oti5 g Stresses above and extended time at Absolute Maximum
Outout Current ... ... T ' jooma hatings may cause permanent damage or affect device
Amlgient TOMPOratre ..o ooooerenorrs _55°C to +125°c  "eliability. Functional operation at these limits is neither
Storage Temperature .................... —65°C to +125°C guaranteed nor implied.

Timing Diagrams Three State Delays
[——tCPH ———<«——tCPL —> ‘
oo f ) / DISABLED -+ ENABLED <—DisasLED—
—» ts) "
INSTRUCTIONS — X SEone 315‘/ hd
io, H, 12,13, 1a, 15, Ig B S ‘ «
C vee
= i wavesoRu wo T
e N, V.2, 0o, 03 P L— Vo A VoL + 0.8V
—{iPrh il _ >

WAVEFORM 2 .
: g : VOH—0.5V.
. OPEN . :
CRARIS X x 51 2hosen f‘ 8y : K :
" Notes:
Waveform 1 requires internal conditions such that the output is LOW except

Notes: when disabled.

Shaded areas denote DON'T CARE conditions. Waveform 2 requires internal conditions such that the output is HIGH except
All delays, set-up and hold times measured at 1.5V level. when disabled.

Standard Test Loads

vee

6200,
DEVICE
UNDE!

TEST cL
12k I

|

S2

|||—o
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Arithmetic Elements Selection Guide

High Speed Parallel Multipliers

The following selection guides are designed to simplify the choice of the particular function to fit the specific application.

DESCRIPTION PART NO. MAX DELAY! PINS PAGE
67558-1 125 ns 40
57558-1 135 ns 40
ipli 85
8x8 Multiplier 67558 150 ns 40
57558 155 ns 40
65559
8 Pipelined multipli 65 ns? 40 t
8xi Ipelined muitiplier 57559
16x16 Pipelined multiplier MPY-16 140 ns2 64 t
Sequential Multipliers/Accumulators/Dividers
‘ MAX.
DESCRIPTION PART NO. AX. MULTIPLICATION PINS PAGE
, n TIME!
N 67508
-Bi B 400 ns 8-11
8 Bits 57508 i 22
16 Bits - 7516/8 800 ns: 24/28 811
57516/8. - [ N ._
~ Processor-Slice
DESCRIPTION PART NO. MIN. CYCLE TIME! | kP]N§,f PAGE“
4 Bit slice. 6701 175ns s | 775
Highspesd 2901A-C 100 ns. ‘ 7.7
4 Bitslice 2901A-M 110ns: &
" Look-Up Tables
DESCRIPTION PART NO. MAX! ACCESS TIME PINS PAGE
Sine (0°-90°) 6086/7 100 ns 24 8-19
Look-Up Table 5086/7 150 ns 24 8-19

tData Sheet will appear in a future edition of the LS| Data Book. Contact
Application Department for additional information.

S




Arithmetic Elements Selection Guide

MSI Arithmetic Elements

D RT N MAX. ADD MAX. CARRY (OR PINS
ESCRIPTION PART NO. TIME! GENERATE) TIME* PAGE
4 Bit ALU 5/745381 27 ns 20 ns 20 T
4 Bit fast ALU
(pin compatible 5/67S581/2 17 ns2 15 ns2 20 t
~ to 74S381)
5/74L.5283 24 ns 17 ns 16
4 Bit add ’
1t acder 5/745283 18 ns 12 ns 16 '
4 Group carry-
look-ahead 5/745182 7ns 16 T
generator
8 Group carry- 5/67S583 12 ns 28
look-ahead 5/67S584 12 ns 28 t
generator 5/675585 12ns 243
8 Bit incrementer 5/675586 15 ns2 : 20 t
8 Bit two's 5/67S587 15 ns2 20 t
complementors
Bit bl
8 Bit double 5/675588 20 t
incrementer
8 Bit incrementer,
decrementer and 5/675589 20 ns? 24 f
two’s complementor

NOTES: 1. Over recommended supply and temperature range. tData Sheet will appear in a future edition of the LSI Data Book.
2. Design goals. Contact Application Department for additional information.
3. 0.3 inch wide.

4. At5 Voit and 25°C.
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8 x 8 Multiplier
67558/57558
67558-1/57558-1

Features/Benefits
. ® Unsigned, Signed, or Mixed Multiplication
¢ Rounding Inputs for Signed or Unsigned Operation
® Inverted Most Significant Output for Signed Expansion
® Three-State Outputs for Bus Operation
¢ High Speed—125 ns Max

Description

The 57558/67558 is a high speed 8 x 8 combinatorial Multi-
plier which can multiply two eight-bit unsigned or signed 2s
complement numbers and generate the sixteen-bit unsigned or
signed product. Each input operand X and Y has an associated
Mode control line, XM and Y respectively. When a Mode
control line is at a Low logic level the operand is treated as an
unsigned eight-bit number while if the Mode control is at a High
logic level the operand is treated as an eight-bit signed 2s
complement number. Two_additional inputs Rg and Ry allow
the addition of a bit in the multiplier array at the appropriate bit
positions for rounding signed or unsigned fractional numbers.
The most significant product bit is available in both True and
Complement form to assist in expansion to larger signed
multipliers. The product outputs are three-state, controlied by an
active Low Qutput Enable which allows several Multipliers to be
‘connected to a parallel bus or be used in a pipelined system.
The device uses a single +5V power supply and is packaged in
a standard 40-pin DIP. o )

Pin Configuration i
. , DIP

PART TEMPERATURE
NUMBER PACKAGE RANGE
67558, 67558-1 D40 0°C TO +75°C
575658, 57558-1 D40 —565°C TO +125°C
57558, 57558-1 Fa2 -55°C TO +125°C
Logic Symbol
Xm Ym

4 &

Rg ——i

Ry

=—

8x8
MULTIPLIER

Flat-Pack

S

¢

8-5



67558/57558 67558-1/57558-1

AC Electrical Characteristics

Over Recommended Operating Vgc and Temperature Range

‘SYMBOL PARAMETER DEVICE MIN TYP MAX UNIT
tpxz Delay from OE to 67558 30 40
S High Impedance State 57558 30 50
67558-1 30 40 ns
57568-1 30 50
tpzx Delay from OE to 67558 .30 40
S Active State 57558 30 50
67558-1 30 40 ns
57568-1 30 50
tPD1 Delay from Y, X to Sp-4 67558 80 135
57558 80 140 ‘
67558-1 80 115 ns
57558-1 . . 80 125
tpD2 Delay from Y, X to Ss5.15, S15 67558 100 150
) 57558 100 155
67558-1 100 125 ns
57558-1 100 135

Standard Test Load

MULTIPLIER o
OUTPUT

Y|
7
§

120

Functional Description

The 57558/67558 Multiplier is an 8 x 8 combinatorial logic array
capable of multiplying numbers in unsigned, signed 2s com-
plement, or mixed notation. Each eight-bit input operand X
and Y has associated with it a mode control which determines
whether the array treats the number as signed or unsigned. If
the mode control is at a High Logic level then the operand is
treated as a 2s complement number with the most significant bit
having a negative weight, while if the mode control is at a Low
Logic level then the operand is treated as an unsigned number.

The multiplier provides all 16 product bits generated by the
multiplication. For expansion during signed or mixed muiti-
plication the most significant product bit has both true and
complement available. This allows an adder to be used as a

Timing Waveform

X, Y, R
INPUTS

tPD1,2
tpxz [-—
oF ‘:lf_

subtractor in many applications and eliminates the need for SSI
circuits.

—1pZX

Two inputs, Rg and Ry, are additional inputs to the array which
allow the addition of a bit at the appropriate positions in the array
so as to provide rounding to the best signed or unsigned
fractional eight-bit result. These inputs can also be used for
rounding in larger multipliers.

The product outputs of the multiplier are controlled by an active
Low Output Enable control. When this control is at a Low Logic
level the multiplier outputs are active, while if the control is at
a High Logic level then the outputs are placed in a high-
impedance state. This three-state capability allows multipliers
to be placed on a.common bus and also allows pipelining
of multiplications for higher speed systems.

S ——



67558/57558 67558-1/57558-1

Absolute Maximum Ratings

SUPPIY VORAGE VGG -+ - e en ettt ettt ettt et e e ettt et ettt eneann st eneanenanness —0.5Vto +7.0V.. -
INPUE VORAGE . ... e i e e e e -1.5Vto +5.5V"
LT O - | e -20 MAto +5mA
OUIPDUE CUITEBNt . ettt ittt ettt et ie et ettt eeaene et atenanasneanennsnsenenssosennenensnsensssenennenns 100 mA
Storage Temperature RaNGe . .........c..ouiuiiuienitie ittt ittt —65°C to +150°C

Recommended Operating Conditions

57558, 57558-1 67558, 67558-1

SYMBOL PARAMETER MIN NOM MAX MIN NOM MAX UNIT |.
Vee Supply Voltage 4.5 50 5.5 475 5.0 5.25 \"
TA Operating Free Air Temperature 0 25 75 °C
Tc Operating Case Temperature -55 25 125 °C
IoH High Level Output Current -20 -20 mA
loL Low Level Output Current - 8 SR 8 | mA

DC Electrical Characteristics
Over Recommended Operating Free Air Temperature Range Unless Otherwise Noted

SYMBOL PARAMETER CONDITIONS MIN TYP! MAX UNIT
VIH High Level: Input Voltage 2.0 : A\
ViL Low Level Input Voltage ' v 0.8 v
Vic Input Clamp Voltage Vce = Min, ) = —18 mA -1.0 -15 v
VOH High Level Output Voltage Vce = Min, IoH = —2.0 mA 24 3.0 v
VoL Low Level Output Voltage Vce = Min, IpL = 8 mA : 0.3 0.5 Vv
IHZ High Level Off-State Output Current Vo = Max, Vo = 2.4V i 100 pA E
Iz Low Level Off-State Output Current Vce = Max, Vo = 0.5V - ! -100 KA
] Maximum Input Current Vce = Max, V| = 5.5V 1.0 mA
IH High Level Input Current Vce = Max, V) = 24V 100 nA
m Low Level Input Current Vcc = Max, V| = 0.5V -1.0 mA
los Output Short Circuit Current Vce = Max, Vo = 0V -10 -90 mA
Icc Supply Current Vce = Max 180 280 mA

NOTE: 1. Typical values are at Vgc = 5.0V, TA = 25°C
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Rounding

Multiplication of two :n-bit operands results in 2n-bit product*.
Therefore, in n-bit system it is necessary to convert the double-
length product into a si Jle-length product. This can be accom-
plished by truncatmg oundlng The following examples, illus-
trate the difference between the two conversion techniques in
decimal arithmetic. -

392-»39
39.6—»39

'}:' Truncating

} Rounding

Obviohsly, rounding.maintains more precision then truncating,
but it may take one mére_skep to implement. The additional step
involves adding one-half of the weight of the single length LSB
to the MSB of the discarded part e.g. in decimal arithmetic round-

;‘-xs Xs X4 X3 X2 X1

Yz*Ye Ys Ya Y3 Y2 Y4

(a) SIGNED

ing 39.28 to one decimal point is accomplished by adding 0.05
to the number and truncating the LSB.

39.28 + 0.05 = 39.33-» 393

The situation in binary arithmetic is quite. similar, but two. cases
need to be considered; signed and unsigned data representa-
tion. In signed multiplication, the two MSBs are identical (except
when both operands are —1) therefore, the best single length
product is shifted one position. to the right with respect to the
unsigned multiplications. Figure 1 illustrates these two cases for
the 8x8 muiltiplier. In the signed case, adding one-half of the S7
weight is accomplished by adding:1.in bit position 6, and-in the -
unsigned case 1 is added to bit position 7. Therefore, the 67558
multiplier has two rounding inputs, Rg and Ry. Thus, to get a
rounded single length result the appropriate R input is tied to
Ve (logic one) and the other R input is grounded. If double
length result is desired both R inputs are grounded.

96 S5 S4 S3 S2 S1 S0 -~ FULL 15 BIT PRODUCT
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- Figure 1. Rounding the Result of Binary Fractional Multiplication.

(a) In signed (2's complement) notation, the MSB of each operand is the sign bit, and the binary
point is to the right of the MSB. The resulting product has a redundant sign bit and the binary
point is to the right of the second MSB of the product. The best eight-bit product is from S14.

. through S7, and rounding is performed by adding “1” to bit position Sg.

(b) Inunsigned notation the best 8-bit product, is the most significant half of the product, corrected

by adding “1” to bit position S7.

*In general: mumpk@t)og perand by N-bit operand resuilts in M + N bit product.
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Signed Expansion

The most significant product bit has both true and complement
outputs available. When building larger signed multipliers the
partial products except at the lower stages are signed numbers.
These unsigned and signed partial products must be added
together to give the correct signed product. Having both the true
and complement of the most significant product bit available
assists in this addition. For example, say that two signed partial
products must be added and MSI adders are used; we then
have the situation of adding together the Carry from the previous
adder stage plus the addition of the two negative most significant
partial product bits. The resuit of adding these variables must be
a positive sum and a negative carry (borrow). The equations for
this are:

S=A@®@®B®C

Co=AB + BC + CA
where C is the Carry In and A and B the sign bits of the two
partial products.

Now an adder produces the equations:

S=A@®B®C
Co=AB + BC + CA

Examining these equations it can be seen that if the inversion of
A and B are used then the adder produces the inversion of the
negative carry since

-~ -~ === =~ —
AB + BC + CA = AB + BC + CA,
and the sum remains the same.

16 X 16 Two’s Complement Multiplication

The 16-bit X operand is broken into two 8-bit operands (Xg-X7
and Xg-X15), and so is the Y operand. Since the situation is that
of a cross product, four partial products are generated as follows:

A=XL*YL
B=X_*YH
C=XH™*YL
D=XH*YH

where the subscript L stands for bits 0-7, and the subscript H
stands for bits 8-15.

Expanding in two’s complement multiplication requires a sign
extension of the B and C partial products. Thus, Bis and Ci5
need to be extended eight positions to the left (to align with D15).
In this approach two more adders are required. But the comple-
ment of the MSB (S15) on the 67558 can be used to save these
two adders. The Figure shows the implementation of such a
16x16 signed two’s complement multiplication.

Vcc Y8-Yi5 Xg-X15 Vcc Yo-7 X8-15 ROUND Vcc Y815 Xo-7 Yo-7 Xo-7
D [ B A
Ym 8x8 Xm Ym 8x8 Ym 8x8 Xm Ym 8x8 xXpy
MULTIPLIER MULTIPLIER MULTIPLIER _L MULTIPLIER
(67558) = |Ci5 (67558) Bis (67558) — (67558) —-

16

15 ? 15 16

7!7 8 8
N2

C14-8 B14-8
™O
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TWO

745283s

745283s

J

[

WO WO TWO
745283s 745283s 745283s
8 8 8

$31-S24 $23-16 S15-8

Figure 2. 16 x16 Two’s Complement Signed Multiplication.

X8 X7 X X5 X4 X3 X2 X1 Xo
Y8 Y7 Yé Ys Ya Y3 Y2 Y1 Yo

X15 X14 X13 X12 X11 X10 Xo
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[D15 D14 D13 D12 D11 Dio Do Dg|[D7 De Ds Da D3 Dz D1 Do][Ais A4 Ais A1z Al Ao A9 Ag|[A7_Ae As As A3 A2 A1 Ag|
[C15 C14 C13 C12 €11 C10 Co Cs|[C7 Cs C5 Ca C3 C2 Ci_Col
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Figure 3. Unsigned Expansions of the 8x8 Multiplier to 16x16 Multiplication.
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67516 16 x 16 Multiplier/Divider
67508 8 x 8 Multiplier/Divider

Prdduct Information
67516 16 x 16 (67508 8 x 8) Multiplier/Divider

The 67516 (67508) is a bus organized family of 16 x 16 and 8 x 8
Multiplier/Divider. The device provides both multiplication and
division of 2s complement 16 (8) bit numbers at high speed.
There are 16 different multiply options including positive and
negative multiply, positive and negative accumulation, multipli-
cation by a’‘constant and both single and double length addition
in conjunction with the multiplication. Seven different divide op-
tions allow single or double length division, division of a previ-

ously generated number, division by a constant, and continual

division of a remainder or quotient. The 67516 (67508) is a time
sequenced device requiring a single clock and loads operands
and presents results to a bi-directional 16 (8) bit-bus. The load-
ing of the operands, reading of the results and control of the
device is performed by a 3-bit control field. The device has the
additional feature that operands and results can be either inte-
gers or fractions and when dealing with fractions, automatic scal-
ing occurs. Results can be rounded if required and an Overflow
output indicates whenever a result is outside the normally ac-
cepted number range. For a simple multiplication of two
operands and reading of the double length result the device
takes n/2 clock periods, a worst case clock period of 100 ns
gives a multiplication time of 800 ns worst case for 16 x 16 mul-
tiplication and 400 ns for 8 x 8. More complex multiplications will
take additional clock periods for loading the additional operands.

A simple divide operaton will take n + 4 clock periods for a worst
case time of 2us (32 bits/16 bits) and 1.2us (16 bits/8 blts)

The device uses standard low-power Schottky technology to
produce a single +5V supply TTL compatible device. Bus input
and control and clock inputs require less than 1mA input current,
and bus outputs are three-state sinking 8mA at the low logic
level. These devices will be available both in a commercial and
military temperature range and packaged in 24 pin (16 x 16) and
16 pin (8 x 8) dual-in-line packages. Power consumption will be
approximately 1 watt and 0.75 watts respectively to give a worst
case clock period over the military temperature range of 100 ns.

Device Operation
The Multiplier/Divider contains four working registers each of 16

(8) bits. These registers are Y the Multiplier register, X the

Muttiplicand and Divisor register, W which is the least significant
half of a double length accumulator and holds the least
significant half of the product after a multiplication or the quotient
after a division operation. In addition to the registers, there is a
high speed arithmetic unit which performs addition, subtraction
and shifting operations in order to generate the required
arithmetic functions, a loading sequencer and a PLA control
network.

Operands are loaded into the working registers in time
sequence at each clock period under the control of a sequencer.
A load signal must be low in order for the clock to activate the
loading process and continue to the next step in the loading
operation. After all the operands are loaded, the device jumps to
the multiply or to the divide routine and performs the required
operation. After n/2 clock periods for a multiply (or n + 4 clock
periods for a divide), the device is ready to place the result on
the bus in time sequence.

- Three control inputs lg 1,2 select the required function and drive

the sequencer from state to state. So the action of the Multiplier/
Divider at any cloc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>