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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. LSI 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 LSI 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 1 K bit PROM was 
introduced by Monolithic in 1971; the world's first 2Kbit 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 Monol,ithic 
Memories' PROMs, yet with a complexity equal to or even 
exceeding MOS complexities while retaining the speed. and 
simplicity inherent in LSI 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 MOSpart. 

MonoIIIhIc Memories 
announces: 

arwolution 
In logic design! 

We cIehcr more 
bipolar PROM than: =--== 1IId--. 
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ModIIic Mamorjas. 

The Company's efforts are not limited to the area of memories D 
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 ina 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 unde.rsea and 
space programs: ' 

The design,fabrication and testing of Monolithic Memories' 
products is done in a 100,000 square foot facility;iriSunnyvale', 
California. The majority of the assembly is performed at a new, 
company-owned 30,000 square foot plant in Peni!U1Q, Malaysia. 

Monolithic Memories sells its products worldwide through its 
own sales organiZation, representatives and distributors. I'n 
addition to the specific sales offices in each state and in many 
countries in Europe, the Company has a European headquarters 
in Munict'i, West Germany, and a Japanese headquarters 

';'ocaled iir Tokyo,';Japan;' ' 



Product. Assurance Program. 

Quality System 
The quality~yStem at Monolithic Memories is based on MIL-Q-
9858A, "Quiiiity' Program Requirements,"· MIL-I-45208A, "In
spection SyStem Requirements," and MIL-M-3851O, Appendix 
A, "Proc;Iuct ~urance Program." MIL-M-3851() plays a signifi
cant role in $tr-uctUpng MMl's quality program; 

, ., .. ~ 

MMl'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. 
Thiscertification included a successful audit of our quality sys- ' 
teni to iHe'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-Rei 
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. 

, " 
Process Control 

MMl'sadvanced low-power Sphottky TTL proce~ .uses such 
techniques. as redundant masking to reduce r,andom 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, ellgineering characterizes the design-process com
patibility.by carefl,Jl sample selection of lots reflecting process 
variable extremes. 

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 
MMI's military' customers as well as by MMl'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: ., 

• Pre-cap inspection.' 
• 24 hours high-temperature storage at 150°C. 
• Temperature cycling, method 1010, Condition C. 
• Constant acceleration, Y1, 30,000 G's, 
• Fine and gross leak. 
• Final electrical. test. 
• QA sample acceptance testing. 
"Modijied for LSI. 

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

Reliability Engineering maintains prrlduct surveillance through 
routine sllil'l'Pling and '.' submission 10 MIL-STD-883A, method 
5Q05.4;qualification testing'. Additioliai step-stress and. ex: 
tendeti(limit)iesting conditions are uSed when warranted .. !n 
ge~raJ;failure rates have been found tob.e two o.rders of mage 
nitude~tterthan MIL-HD.BK~217B estiniates. '. 

The quality organization is defined into' ~hreedepartments:. 

"~ Process col'ltrpl 
/, .•. ' Quality assuflince . 
". ReliabilltyaOQ,quality engineering 

'"\; ,~ 

Quality Assurance (AQL) Levels 

1·4 

. ,TEST 

Hermeticity (includes fine and gross) 
Electrical 
DC at 25"C 
Functional at 25.oC 
AC at 25"C" 
DC '~t TemPerjiture Extremes 
Functionala,t Te,t]"IPerature 
Extreme~' . . . -' -

AC at Temperature Extremes 

LEVELl 
COMMERCIAL ("10) 

0.65 

.40 

.40 

.65 

.65 

.. 65 

1.5 

LEVEL II 
MILITARY ("10) 

0.4 

.25 

.25 
:40 
.6,5,(\ 

.65 

1.5 



Hi-Rei Products 

Hi~Rel Products, 
All of the products at MMI were desighed to operate over the 
entire military,performance specification of ±10% VCC tolerance 
and -55° to +125°C operating temperature ambient. Recently 
our 2048 bit Schottky PROM, MM5305-1/06-1 was qualified to 
Part-II of Ihe MIL-Mc38510 OPL. Other devices are in the process 
of OPL qualification. 

Monolithic ,Memoriel! offers a complete line 9f 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 l1igh reliability specifica
tions. Some examples are: " 

• 100% Instant on (cold start) testing at -56°C 
• Read and record data with .:1 drift parameters 
• Extended burn-iQ screening , ' 

, • 100% AC, DC and functional testing at ten;perature extremes 
, -55° and +125°C 
, • DPA,' Destructive Physical Analysis 

• SEM, Scanning'EleCtron Microscopic evaluation on a 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 OPL product,'call DI 
your factory representative forl\nup to date status on our opL 
program.' , 

~Iat 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 LSI chips for your hybrid applica~ 
tions. ,These can be furnished with special 100% testing 'anc! 
optical inspection screens geared for hybrid packaging. ' 

• Qualification & Quality Conformance Inspection 
Subgroups and LTPDLeveis as Given in MIL.sTD-883A, Method 5005.2. Class B"Parts. 

"DIble 1. Group A Electrlcallitsts 
":' 

v .... ', , " ", ,",,' " INITIAL 
LTPD SAMPLE SIZE' 

"", ,', SUBGROUPS " " 'B C ","B C 

Subgroup I-Static Tests at +25°C , 5 5 I, 45 ':45" 
Subgroup 2-Static Tests afMaximum Rated Operating TemperatLII;~ , 7 10'" 32 22 
Subgroup 3-Static Tests at Minimum Rated Operating Temperature ," 7 10 ' 1'32 22 

Subgroup 4-Dynamic Tests at +25°C" 
',~; , 

"45 45 " ,5 5 

Subgroup 5-Oynamic Tests at Maximum Rated Operating Temperature" 7 10 32 22 

Subgroup 6-Dynamic Tests at Miniinum RatedOperatirtg Temperature" 7 10 32' 22 
Subgroup 7-funCtloriaJ1"ests at +25·C 5 5 45 45 

Subgroup 8-Functional tests at Maximum and Minimum Rated Operating Temperatures 10 ",." 15 "', 22 15 ' 

Subgroup 9-SWitchingTests at +25°C (Programmed PROM Only) 7 10 32 22 
,:: ," , ',,', , : ,,:::" , 

• Groups 'A" e, C ~nd 0 sampling plans are basecI on standai<! LTPt) tableS of~ICM-3s516: 'the sm~lIest sample size, basecI on zero 
, rejects allowed, has basn chosen unless otherwise indi9ated, If necessary, the sample $ize wi.1I be increased onos, to the quantity 

corresp,pnding to the neld aoceptan~e number,,, " " " '" .. ., , 
• 'Dynamic tests are not applicable to digital memory devices; swijching subgroup tests are performed to a:specified functional pattern 
and dynamically exercised, ' 

1~5 



Hi-Rei Products 

Hi-Rei Screening 
MMI STANDARD HI-REL SCREENING-MIL-STD-883A Clas. B/C, Method 5004.4 

883C 883B 
PROM/FPLA/PAL PROM/FPLA/PAL 
Unpro- Pro- ROM RAM/ Unpro- .;", ,'Pro-· ' FlOM RAM/ 

FLOW METHOD grammed grammed LSI" grammed grammed LSI' 

Pre~ap visual ,(prior to seal) 2010.3 Cond. B .. Ves Ves Ves Ves Ves ,. Ves Ves Ves 
Seal Ves Yes Ves Ves yes ' :Ves . Yes Ves 
Bake 24 hr. @·150~C 

100S.1 Condo C Ves Ves Ves 
(after seal) 

Ves yes Ves Ves Ves 

Temp. cycling 10 cycles, 
1010.2 Cond. C Ves Ves Ves Ves Ves Ves Ves Ves 

-65°C to -I:150·C 
Constant acceleration: 

~OO1.2 Condo E 
V130iKG 

Ves Ves Ves Ves Ves Ves . Ves Ves 

Leak: Fine'-5 x 10~S 1010.2 Condo A or B ' 
Ves Ves Ves Yes Ves· . Ves Ves Ves 

Gross-1 x 10-5 1014.2 Condo C2 
Interim electrical test, 

MMI Data Sheet 
DC & functional 

Ves Yes Ves Ves Ves Ves Ves Ves 

Test fuse/verify (DC) MMIStd. Ves Ves - - Ves ' Ves - -
Program/verify Customer Program - Ves - - - Yes - -
Bum-in 160 lir. @ 125°C 1015:2Cond. 0 (Dynamic) - - - - Ves Ves Ves Ves 
Final, electrical test, DC, 
func. -'-55'C, +25°C, 
+125°C, AC@ 25°C MMIDataSheet Ves Ves Ves Ves Ves Ves Ves Ves 
Except AC +25°C for 
unprogrammed PROM 
Lot acceptance: group 
A-Sub. 1,2,3, 7,S,9- Go/No Go 

Ves Ves 
Except sub 9 for 5005.4 

Ves Ves Ves Ves Ves Ves 
" 

unprogrammed PROMs 
• LSI Logic Products 

Table II Group BTests 

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 condo A or B 15 15 
Detection Test 

'Subgroup 2 
A. Resistance to Solvents 2015.1 Trichloroethylene 81)d 08lcohollfreon solvents 3 Devices 

(No Failures) 

B. Internal. Visual and Mechanical 2014 .' 1 Device 
(No. Failures) 

C .. Bond Strength 2011.2 Condition 0: :3 gram force minimum for 15 15 Wires 

aluminum wire, ultl<lSonic bonding 
" 

(1 0 Devices) 

0, Die Shear Strength 2019.1 Per Table 1 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 

1-6 



Hi-Rei Products 

Table III. Group C Tests (Die Related Tests) 

TEST METHOD CONDITIONS LTPD 

Subgroup 1" 

A. Temperature Cycling 1010.2 Test condition C: air to air, -65°C to + 150°C, 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 
condition 0, dynamic 

Table IV. Group D Tests (Package Related) 

Subgroup 1 
A. Seal 1014.2 Test condition A No Failures 

B. Internal Water Vapor 1018 500 PPM max. @ 100°C No Failures 
Content 

C. Physical Dimensions 2016 MMI Data Sheet 15 

Subgroup 2 

A. Lead Fatigue 2004.2 Condition B2: 3 oz. for ribbon leads; 15 
8 oz. for all others 

B. Hermeticity 

1. Fine Lead 1014.2 Helium tracer gas 5 x 10-8 atm cc/sec 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 
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 
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 

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 MMl'data sheet. Check factory for additional requirements. 

INITIAL 
SAMPLE SIZE 

15 

77 

Acc = 1* III 
5 

1 

15 

15 

15 

15 

15 

15 

1-7. 



1-8 



PROMS 1'-1 

2·1 



~ II Bipolar PROM Selection Guide 
~ 

MEMORY DESCRIPTION ' 

SIZE 
ORGANIZ~ 

PINS OUTPUT TYPE 

sm 
OC S 

256 32x8 16 
LS 

STD 
TS S 

LS 
<STD 

OC 
S 
LS 

1024 256x4 16 
'PS 
cST[} 

TS S 
, LS 

PS 
sm 

OC 
S 
LS 

20 
PS 

STD 
S 

2048 256x8 TS LS 
PS 

24 OC sm 
TS STD 

24S TS RA 
sm 

OC 
S 
LS 

2048 512x4 16 
PS 
sm 

TS 
S 
LS 
PS 
sm 

OC S 
LS 
PS 

4096 512x8 20 sm 
TS S 

LS 
PS 

AMD FAIR-MMI CHILD 

6330-1 27S08/29750 
638080 27S18/ 
63L8080 27LS08 

6331-1 27S09/29751 
638081 27S19/ 

63LS081 27LS09 
6300-1 29S10/29760 -
638140 27S20 93417 
63L814O - -
63P814O - -
6301-1 27S11/29761 -
638141 27S21 93427 

< 63L8141 - -
63P8141 - -
6308-1 
638280 

63L828O 
63PS28O 
6309-1 
63S281 
63LS281 
63PS281 
6335-1 
6336-1 

63RA283 
6305-1 27S12/29770 -
63S24O 27S20 93436 
63L824O - -
63PS24O - -
6306-1 27S13/29771 -
638241 27S21 93446 
63L8241 - -
63PS241 - -
6348-1 -
63S480 27S28/29772 
63L8480 -
63PS480 -
6349-1 -
635481 27S29/29773 

63L5481 -
63PS481 -

HARRIS INTEL INTERSIL MOTOROLA NATIONAL 

HM-7602-5 5600 -
- - DM74S188 
- - -

HM-7603-5 5610 -
- - DM74S288 
- - -

HM-7610-5 3601 5603 -
HM-7610A-5 - - DM74S387 

- - - <-
- - - -

HM-7611-5 3621 5623 -
HM-7611A-5 - - DM74S287 

- - - -
- - - -

DM74S470 
-
-
-

DM74S471 
-
-
-

HM-7620-5 3602A 5604 MCM7620 DM74S570 
HM-7620A-5 - - - -

- - - - -
- - - - -

HM-7621-5 3602A 5624 MCM 7621 DM74S571 
HM-7621A-5 - - - -

- - - -
- - - - -

HM-7648-5 'DM74S473 
- -
- -
- -

HM-7649-5 DM74S472 
- -
- -
- -

RAYTHEON SIGNETICS 

N82S23 
-
-

N82S123 
-
-

29660 N82S27/82S126 
- -
- -

29662 -
29661 N82S129 

- -
- -

29663 -
29600 

-
-
-

29601 
-
-
-

29610 N82S130 
- -
- -

29612 -
29611 N82S131 

- -
- -

29613 -
29620 -

- N82S146 
- -

29622 -
29621 -
- N82S147 
- -

29622 -

TI 

SN74S188 
-
-

SN74S288 
-
-

SN74S387 
-
-
-

SN74S287 
-
-
-

SN74S470 
-
-
-

SN74S471 
-
-
-

SN74S473 
-
-
-

SN74S472 
-
-
-

III -go 
i' .. 
." 
:II o 
i: 
Ie 
I 
0" 
~ 

C) 
c 
is: 
CD 



sm, 1340-1 
S-~ 83S482 27830 

OC lS 83I.S482 -
'" I 

1>S' 63PS482 -
4096 512x8 '24 sm 8341-1 

TS S 63S483 27831 
" " I:e:, 

LS 63L~ '-
1>S 63PS41D: -

248 TS' :' RA 83IIA483 

I sm 6352-1 -
S 83S44U 27S32 

OC.; LS 63LS4411 -
PS 63PS440 -

4096 ' lQ24x4 18 
sm &353-1 -
S 63suf 27S33 

TS 
lS 63LS441 -
PS i3PS441 -
RA 63RA441 -
RS &3RS441 -
STD 6380-1 

OC 
S 63SW 
LS 63LS880 

1024x8 
. PS &3PS88O 8192 24 STD 6381-1 

TS S &38881 
.-, LB' ,- 63LS881 

i : PS -laPS881 . , 24S TS RA &3RA883 
S 63S840 

OC LS 63LS840 
" PS 63PS848 

18 
" S I3SM1 8192 ' ao,48x4:,_ 

TS ~S &3LS841 
',: : 

' ' PS f3PS841 
RA 63RA841 

20 TS RS &3RS841 
S 6381&811 

OC LS 63LS1&8II 
PS 63PS1&811 

16384 2048x8 24 S 6381661 
. TS LS 113LSt661 

" PS ,1I3P$1661 
24S TS RA 63RA111113 

" 
S &3S1I48 

" 

OC LS &3L81640 
" " 

': 
PS 63PS1640 

1 16384 4096x4 20 
, S .o'&3S1Mt. ,. 

LS 63L81641 
TS PS 63PS1841 

: RA 63RA1841 
" 

;. RS .63R81641 
N 
lot 

- HM-7640-5 3604~ 5605 MCM7640 DM87S295 
93438 HM-7640A-5 - - - -
- - - - --'- -
- - - - -

HM-7641-5 3624A 5625 MCM7641 DM87S296 
!!3448 HM-7641-5 - - - "-
- - - - - -
-' - - -

93452 HM-7642-5 ,,3605 5606 MCM7642 DM74S572 
- - - - - -
- - - - - -
- - - - - -

93453 HM-7643-5 3625 _ 5626 MCM7643 ,- DM74S573 
- - - - -" - - - - - -
- - - - - -
- - - - - -
- - - - - -

93450 HM-7680-5 3608 5608 MCM7680 DM87S229 
- - - - - -
- - - - - -
- HM-7680P-5 - - ;- -

93451 HM-7681-5 3628 5618 MCM7681 DM87S228 
- - - - - -
- - - - - -
- HM-1681P-5 - - - -

" 
. 

HM-7684-5 
-

HM-7684P-5 
HM-7685-5 

-
HM-7685P-5 

HM-76160-5 3616 
;- -
- -

HM-76161-5 3636 
- -
- -

.. 
" 

.. 

S =0, High Speed Schottky PS ~ Power Switched 

~ 

29624 N82S140 SN74S475' 
- - -
- - -

29626 - -
29625 N82S141 SN74S474 
- - -
- - -

'29827 - -
N82S136 -

- SN74S477 
- -
- -

N82S137 -
- SN74S476 
- -
- -
- -
- -

29630 N82S180 SN74S479 
- - -
- - -

29632 - -
29631 N82S181 SN74S478 - - -
- - -

29633 - -
-

2965D N82S184 
- -

29652 -
29651 N82S185 

- -
29653 -

N82S190 
-
-

N82S191 
-
-

RS = Registered Synchronous 

!P. 
'I 
i 
~ 

i 
I 
O· 
~ 

r 
i 



Bipolar PROMCtioss ReferenCe Guide 

AMD MMI 'Page No. INTEL' MMI Page No.' RATHEON MMI 
",. 

'PageNo, 
27LS08 6318080 2-18 3601 6300-1 2-6 29600 6308-1 2-6 ~l " 

S7LS09 6318081 2-18 3602A 6305-1 2-6 29601 6309-1 , 2~6 
27S08/29750 6330-1 2-6 3602A 6306-1 2-6 2961.0 6305-1 2-6 
27$09129751 6331-1 2-5 3604A 6340-1 ,2-6 29611 6306-1' , 2-6 
27S10/29760 6300-1 2-6 3605 6352-1 2-6 29612 63P8240 2-22 
?7S11/29761 6301-1 2-6 3608 6380-1 2-6 29613 63P8241 2-22 
27S12/29770 6305-1 2-6 3616 6381680 2-14 ' 29620 6348-1 " 2-6 
27S13/29771 6306-1 2-6 3621 ' 6301-1 2-6 29621 6349-1 2-6 
27S18 638080 2-14 3624A 6341-1 2-6 29622 63P8480 2-22 
27819 638081 2-18 3625 " 6353-1 2-6 29623 63P8481' 2-22:, 
27S20 638140 2-14 3628 6381 2-6 29624 6340-1 2-6 
27S20 638240 2-14 3636 " 6381681 2~14 29625 6341-1 2-6 
27S21 638141 2-14 29626 63P8482 2-22 
27S21 6~8241, 2-14 29627 63P8483 2-22 
27S28/29772 638480 2-14 29630 0380-1 2-6 
27S29/29773 638481 2-14 

INTER81l MMI Page No. 
29631 6381-1 , 2-6 

27830 638482 2-14 29632 63P8880 2-22 
27831 638483 2-14 5600 6330-1 2-6 29633 63P8881 ' 2-22 
27S32 638440 2c14 5603 6300.1 2-6 29650 638840 2-14 
27S33 638441 2-14 5604 6305-1 2-6 29651 638841 2-14 

5605 6340-1 2-6 29652 63P8840 2-22 
FAIRCHilD MMI Page No. 5606 6352-1 ,2-6 29653 63P8841 2-22 
93417 638140 2-14 5608 6380-1 2-6 ,29660 11300-1 ~H 
93427 638141 2-14 5610 6331-1 ,2-6 29661 6301-1 ' 2-6 
93436 638240 2-14 5618 6381-1 2-6 29662 63P8140 2-22 
93438 638482 2-14 5623 6301-1 ' 2-6 29663 63PS141 2-22 
93446 638241 2-14 5624 6306-1 2-6 

39448 638483 2-14 5625 6341-1 2-6 81GNETlC8 MMI Page No, 
93450 6380-1 2-6 5626 6353-1 2-6, N82S23 ~33O-1 2-6 
93451 6381-1 2c6 N82S27/82S127 6300-1 2,6 
93452 6352-1 2-6 N82S123 633H 2-6 
93453 6353-1 ,2-6 N82S129 ~01-1: 2-6 

MOTOROLA MMI ' Page No. N82S130 6305-1 " 2-6 
HARRI8 MMI Page No. MCM 7620 6305-1 2-6 N82S131 6306-1 2-6 
HM-7ij02-5 ' 6331-1 2-6 MCM 7621 6306-1 2"6 N82S136 6352.1 2-6 
HM-7603-5 6331-1 '2-6 MCM 7640 6340-1 2-6 N82S137 6353-1 ' 2-6 
HM-761 0-5 6300-1 2-6 MCM 7641 6341-1 2-6 N82S140 6340-1 2-6 
HM-7610A-5 638140 2-14 MCM 7642 6352-1 2-6 ' N82S141 6341-1 : 2-6 
HM-7611-5 6301-1 ,2-6 MCM 7643 6353-1 2-6 N82S146 , 638480 2-14 
HM-7611A-5 638141 2-14 MCM 7680 6380-1 2-6 N82S147 6384,81' 2-14 
HM-7620-5 6305-1 2-6 MCM 7681 6381-1 2-6 N82S180 6380-1 2-6 
HM-7620A-5 638240 2-14 N82S181 6381-1 2-6 
HM-762h5 " 6306-1 2.6 N82S184 : 638840 2-14 
HM-7621A-5 038241 2-14 N82S1.85 :, 638841 2-14 
HM-7648-5 ' 6348~1 ,aS6 ,,~.', ,N82S190t' :6381680 2-14~, 
HM-7649-5 ",:, 1i349~1 :2-6 'NATIONAL ;.,MI' Page No. ' :',N828191 ,6381681 ' 2-14 
HM-76,4il-5 6340-1 "2-6 OM74S188 ' 638086 2-14 
HM-7640A.5 638482 2~14 DM74S287 638141 2.14 TI MMI ,Page No.. 
HM-7641-5 6341-1 2-6 DM74S288 638081 2~14 SN74S188 6330 '2-6 ' 
HM-7641-5 638483 2-14 DM74S387 638140 2-14 SN74S287 6301-1 2-6' 
HM-7642-5 6352-1 2-6 DM74S470 6308-1 2-6 SN74S288 11331-1 2-6 
HM-7643-5 6353~1 2-6 " DM74S471 6309-1 2,6 SN748387 " &300-1 2-6 ; 
HM~7680-5 6380-1 2-6 PM74S472 6:}4,H 2:6 SN74S470 6308:,1 2-6, 
HM-7680P-5 63P8aBo 2-22 DM74S473 6348-1 2-6 SN74S471 ,6309-1 ,2-6 
HM.7681-5 6381-1 ' 2-6 DM74S570 6305-1 2-6 SN74S472 '6349-1 '2-6 
HM~7681P-5 63ps881 2"22" DM745571 6306-1 2-6 SN74S473 6348-1 2-6' 
HM-7684-5 '638840 2-14 DM74S572 6352-1 2-6 SN74S474 6341-1 '2-6 
HM-7684P-5 63P8840 2-22 DM74S573 6353-1 2-6 SN74S475 ' 6340-1 2-6 
HM~7685-5 638841 2-S- DM87S228 6381-1 ' 2e6 ,0 SN74S476 ' 638441 2-14 
HM-7685P-5 ,63P8841 2-22 " DM87S229 ,6380-1 2-6 SN74S477 638440 :,2-14 
HM-76'1 0-5 6381680 2-14 DM87S295 6340-1 2-6 SN74S478 6381-1 2-6 
HM~76t6H 6381681 ,,2.14 DM87S296 6341-1 2.6 SN74S47!l ' 6380-1 2-6, 
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Standard Performance 
Schottky 
Generic PROM Family 53/63XX-1 

Features/ Benefits 
• Standard Schottky processing 
• Reliability proven nichrome fusible links 

(qualified for MIL-M-38510) 
• Drop in compatible ROMs 
• PNP inputs for low input current 
• 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 
• Code converter 

Generic PROM Selection Guide 

MEMORY PACKAGE 

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. 

DEVICE TYPE INTERCHANGEABLE ROM 
Size Organization Pins Type' O°C to +75°C -55°C to +125°C O°C to +75°C -55°C to +125°C 

1K 256x4 
OC 

16 J, N, F 
6300-1 5300-1 6200-1 5200-1 

TS 6301-1 5301-1 6201-1 5201-1 

OC 6305-1 5305-1 6205-1 5205-1 
2K 512x4 

TS 
16 J, N, F 

6306-1 5306-1 6206-1 5206-1 

OC 6350-1 5350-1 6250-1 5250-1 

4K 1024x4 
TS 

18 J, N, F 
6351-1 5351-1 6251-1 5251-1 

OC 6352-1 5352-1 6252-1 5252-1 

TS 6353-1 5353-1 6253-1 5253-1 

OC 6330-1 5330-1 6230-1 5230-1 
V4K 32x8 

TS 
16 J, N, F 

6331-1 5331-1 6231-1 5231-1 

OC 6308-1 5308-1 - -
TS 

20 J, N 
6309-1 5309-1 - -

2K 256x8 
OC 6335-1 5335-1 6235-1 5235-1 

TS 
24 J, N, F 

6336-1 5336-1 6236-1 5236-1 

OC 6340-1 5340-1 6240-1 5240-1 

TS 
24 J, N, F 

6341-1 5341-1 6241-1 5241-1 
4K 512x8 

OC 6348-1 5348-1 - -
TS 

20 J, N 
6349-1 5349-1 - -

OC 6380-1 5380-1 6280-1 5280-1 

TS 
J,N,F 

6381-1 5381-1 6281-1 5281-1 

OC 
24 

6284-1 5284-1 6384-1 5384-1 
8K 1024x8 

TS 6385-1 6285-1 5285-1 5385-1 

OC 
22 J 

6386-1 5386-1 6286-1 5286-1 

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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Pin Configurations 
53/6300-1 
53/6301-1 

256.4 
PROM 

53/6330-1 
53/6331-1 

32x8 
PROM 

53/6335-1 
53/6336-1 

256x8 
PROM 

-NO CoNNECTION Replacement for 2708 EPROM. 

53/6305-1 
53/6306-1 

53/6308-1· 
53/6309-1 

53/&3XX-1 

·53/6340-1 
53/6341-1 

512x8 
PROM 

53/6352-1 
53/6353-1 

53/6348-1 
53/6349-1 

NOTE: Pin _Ignments for ceramic (J package). plastic (N package) aild flat pack (F package) are the same. 

53/6350-1 
53/6351-1 

53/6386-1 
53/6387-1 

. 1024x8 
PROM 

53/6380-1, *53/6384-1 
5316381-1, *53/6385-1 

1024x8 
PROM 
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53/63XX-1 

Absolute Maximum Ratings 
Supply Voltage, VCC ................................................................................... -0.5Vto + 7.0V 
Input Voltage .......................................................................................... -1.5Vto +5.5V 
Input Current ........................................................................................ -20 mA to +5 mA 
Output Current ................................................................................... -100 mA to +100 mA 
Storage Temperature Range ........................................................................... -65°C to +150°C 

Recommended Operating Conditions 

SYMBOL PARAMETER 
53' (Military) 63' (Commercial) 

UNIT 
MIN NOM MAX MIN NOM MAX 

VCC Supply Voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

IOH High Level Output Current -2.0 -3.2 mA 

'00, '01, '05, '06, '08, '09, '40, 
12 16 mA 

'41, '48, '49, '50, '51, '52, '53 
IOL Low Level Output Current 

'30, '31, '35, '36, '80, '81 

'84, '85,'86, '87 
8 12 mA 

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 V 

VIL Low Level Input Voltage 0.8 V 

'. VIC Input Clamp Voltage VCC - Min, II - -18mA -1.5 V 

VOL Low Level Output Voltage VCC = Min, IOL = Max 0.50 V 

II Maximum Input Current VCC = Max, VI = 4.5V (Program Pin) 1.0 mA 

VI = 5.5V (Other Inputs) 

IIH High Level Input Current VCC = Max, VI = 2.4V 40 /l-A 

IlL Low Level Input Current VCC = Max, VI = 0.45V -250 /l-A 

CI Input Capacitance 
VCC=5;OV 

VI = 2.0V 7 pF 

Co Output Capacitance 
TA = 25°C 

Vo = 2.0V 8 pF 
f = 1 MHz 

'30, '31 90 125 

'00, '01, '05, '06 95 130 
'08, '09,'48, '49 

VCC = Max 
115 155 

ICC Supply Current 
'35, '36, '40, '41 

All inputs grounded 
125 170 

mA 

'50, '51, '52, '53 
All outputs open 

130 175 

'8d, '81, '84, '85, '86, '87 135 180 

OPEN COLLECTOR OUTPUT CURRENT 

I . ICEX I OlitputLeakage Current I VCC - Max, Va - 2.4V 100 /l-A 

THREE STATE OUTPUT ONLY 

VOH High Level Output Voltage VCC == Min, IOH = Max 2.4 V 

1HZ High Level OFF State Output Current VCC = Max, Vo = 2.4V 100 /l-A 

ILZ Low Level OFF State Output Current Vce = Max, Vo = 0.5V -100 /l-A 

laS Output Short Circuit Current Vec = 5:0V, Vo = OV -20 -90 mA 
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53/63XX-1 

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

CONDITIONS 

DEVICE (See standard 
TYPE test load) 

R1 (Il) R2(1l) 

6300-1, 6301-1 300 600 

5300-1, 5301-1 375 750 

6305-1.6306-1 300 600 

5305-1, 5306-1 375 750 

6308-1,6309-1 300 600 
5308-1,5309-1 375 750 

6330-1, 6331-1 375 750 

5330-1, 5331-1 560 1120 

6335-1,6336-1 375 750 

5335-1, 5336-1 560 1120 

6340-1,6341-1 300 600 

5340-1, 5341-1 375 750 

6348-1, 6349-1 300 600 

5348-1,5349-1 375 750 

6350-1,6351-1 300 600 

5350-1,5351-1 375 750 

6352-1, 6353-1 
. 

300 600 

5352-1,5353-1 375 750 

6380-i, 6381-1 375 750 

5380-1; 5381-1 560 1120 

6384'1, 6385-1 375 750 

5384-1,5385-1 560 1120 

6386-1, !3387-1 375 750 

5386-1,5387-1 560 1120 

Standard Test Load 

Definition otWaveforms 
A X~, ____________________ ~ ___ 
- 1 
E I' . x:---':"'--...,.---------
E ....,.--~-r·-- ....... I . . 
o I 'I X'-___ _ 

1,1 :AA ~IEA' :1 
ADDRESS ACCESS TlMIi 

tAA (ns) tEA & tER (ns) 
ADDRESS ACCESS ENABLE ACCESS .& 

TIME RECOVERY TIME 

MAX MAX 

55 30 

75 30 

60 30 

75 40 

70 30 

80 40 

50 30 

60 30 

70 3Q 

80 40 

70 30 

80 40 

70 30 

80 40 

60 30 

75 40 
60 30 

75 40 
90 40 

125 40 
90 40 

125 40 

90 40 

125 40 

Input Pulse Amplitude 3.0V 
Input Rise and Fall Times 5ns from 1.0V to 2.0V 
Measurements MSde at ~ .5V 

A X~. _______________________ __ 
-I 
E . . I . "(------X 
: ---...,.-L1------1L· . \' 'I~-r 

.' .~I!iA---l I-IER-J 

"tAA---l 
ENABLE ACCESS TIME AND RECOVERY TIME 
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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 al.1 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 Vee 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 

X ADDRESS 

TTL LOW 

Vpp 

TTL LOW 

90% 

VOUT 

10% 
TTL LOW 

Programming Instructions 
Timing 
The programming procedure involves the use of the program pin 
(an enable) and the output pin. In order to guarantEle 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 
O.34V/!,-sec to O.46V//Lsec. 

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 Vee, load current and temperature, the 
device must be required to sink 12mA at 4.2V Vee and O.2mA 
at 6.0V Vee 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
mabie must be accompanied by a complete device truth table 
clearly indicating the location which could not be programmed, 
or whi.ch was falsely programmed. Otherwise, failure analysis is 
impossible. 

Vcc S.5V 

6.0V __________________________________ -J/ "' .• / 4.2V ..... ___ J 

STROBE" TTLHIGH -----------------T-T-L-LO-W-~ 

• Note: Output LOad ~ O.2mA during 6.0V check. 
Output Load ~ 12mA during 4.2V check. 
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PROM Programming Instructions 53/63xx-1 

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

SYMBOL PARAMETER 

tR 
Rise Time of Program, Pulse Applied Data Out or 

Program Pin , 

Vccp Vcc Required During Programming 
, " 

IOLV1 Output Current Required During Verification 
, '" 

IOLV2 Output Current Required puring Verification 

MDC 
Maximum Duty ~!~ During' Automatic Pro-

gramming of Program Pin and Output Pin 

Vpp Required ProgramrTling Voltage on Program Pin 

Vout Required p[ogra,mming Voltage on Output Pin 
, Current Lim'ltot.Power Supply Feeding 

JL Program PfMI";dO~tPut During Programming 

Required Time Delay Between Disabling MemO~y 

t01 ' Output and Application of Oulput Programming' 

Pulse ,: 

tD2 
Required Time Delay Between Removal of 

:e,_ ' programming Pulse arid Enabling Memory Output 

Programming Speed, 
Typfcally,fuse13will blow on the rise time olthe first pulse., In 
automated programmers wfiich mUst copy devices in a short 
ti~ because of the productiOn requir!mlents. thefOllQWing'pulse 
and,vottage l38<lu,ences have been fOund to maximize reliability. 
prograrnm~g yield arid throughput Jhe deviCe shOUld be verified 
after each programmingatte.ri!pt lirufbeadvanced to the next bit 
if thedeviee has programri'iSd, " ' , 

PULSE, 
NUMBER 

1 to:3 
4toEf 
7t09 

PROGRAI,fPIN 
VOLTAGE: 

21V 
SOV 
33V 

OUTPUT 
VOLTAGE, 

NOTE: The 5330/1 and 633011 do not have ~ program pin, For 
these devices the Output only is used in programming a particular 
selected bit ""d the device must be in the disabled slate. 

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 

TEST CONDITIONS 
LIMITS 

MIN TYP MAX 
UNIT 

0.34 0.40 0.46 V/p.s 

5.40 5.50 '5.60 V 

Chip Enabled 
11 12 13 rnA 

TA ; +25°C, VCC = 4.2V '" 

Chip Enabled 
0.10 0.2 0.30 rnA 

TA = +25°C, VCC = 6.0V 

tp/le 25 % 

27 27 33 V 

20 20 26 V 

Vpp = 33V, Vout = 26V, 

VCC = 5.50V 
240 mA 

" 

Measure at 10% Levels 70 80 90, p.s 

Measure at 10% Levels 100 ns 

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 prog~mers' 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 5O-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 publil3hed ~p~ifications for the device. 

Remember-The best PROMs available can be made unre
liable by Improper programmlngte(:hnlques. 
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High Performance 
Schottky PROMs 

Features/BenetHs 
• 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 "0" registers for 

todays plpellned architectures 
• Low voltage programming with reliable titanium-tungsten 

fuses 
• Upwards pin compatibility in industry standard pin outa 

(most of wl1lch were first introduced by MMI In our Stan
dard Performance PROM family). 

New Programming Technique: 
Our new HIGH Performance PROMs use an elevated voltage at 
Vce instead of using a separate programming pin (one of the 
enables) as in the Standard Performance PROMs 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 l:Iigh at the 
output.· 

(.' 

• NOTE: This is opposite to that of our stand~rd performance 
Schottky PROMs using nichrome fuses~ 

~ .'. 

Unblown Fuse 

Blown Fuse 



High Performance Schottky PROMs 

New Number Part Description 

r------------- Temperature Performance Range .•.••.•••.• 5 = Military 
. '. . '6 = Commercial 

.--.....;.....;-~.....;---- Memory Type •..•••..•••..•..• :': .....•. : .. 3 = PROM (Fuse Programmable) 
2 = ROM (Mask Programmable) 

.----~------ Generic Family Designator •••........ ~ .•••. S = Schottky 
Ls = Low Power Schottky 
PS = Power Switched Schottky 

. RA =. Registereil AsynchronoUs, Schottky 
RS = Registered Synchronous, Schottky • 

.----....,;,-.;....-....,;,- Size of Memory •••••••••••••• , ••••• ,0-,.";- ••••• 9 = 256 Bit 
1 = 1024 Bit 
2 = 2048 Bit 
4 = 4096 Bit 
8 = 8192 Bit 

16 = 16384 Bit 

..... -.....;--........ -- Number of Outputs .. , ..................... 4 = 4 Outputs 
8 = 8 Outputs 

r---.,....---- Output/Pinout Designator •.•...•.•.......•. 0 = Open Collector 
1 = Tri-State 1st pkg. (i.e., 20 pin) 

2nd pkg. (I.e., 24 pin) 2 = Open Collector 
3 = Tri-State 

etc., etc., etc. 

.-..... -~ .......... - Performance AbsenceofJetter indicates standard 
performance; 

A = enhanced (Le., speed) 

C P7 
..................... .: ......•.•... J = Cerdip 

D = Side brazed 
N =PIast\C 
F = Flatpack 

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

5 3 S 48 OA J 

MM. Part. Numbering. System 
The new system approaches part numbering using the method 
of keyingiinportant.. 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" "7' p,ower Switched 
"RA" =.Registered Asynchronous 
"RS" ;;, Registered Synchronous 

The~umberfollowing this code describes .... 

1. The size of the memory (bits) 
2. Themernory'Organization by specifying the number of outputs 
3. Output t<?nfiguration and ~pin out/package options 

If a higher performance partco-exists i.e.; taster speed, th~n a 
suffix letter (A) is added to distinguish between the two devices. 
The normal package letter deSignator fpllows lastasAs custom. 



High Performance 
Schottky 
Generic PROM Family 53/63SXXX: 

Features/Benefits 
• Highest speed Schottky PROM family available 
• Advanced Schottky Pfocessing 
• 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 
• Ranqom logic 
• Code converter 

Description 
The 53/638XXX series generic PROM family offers the fastest 
and widest selection of sizes and organizations available in 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 
single generic programmer. 

The family features low input current PNP inputs, full 8chottky 
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 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. 

High Performance Generic PROM Selection Guide 

MEMORY PACKAGE DEVICE TYPE 

SIZE ORGANIZATION PINS TYPE aoc to +75°C -55~C to +125°C 

OC 638080' 535080' 
V4K 32x8 

T8 
16 J,N,F 

638081 ' 538081' 

1K 256x4 
OC 
T8 

16 J,N,F 
638140 538140 
638141 538141 

OC 
J,N,F 

638240 538240 
2K 512x4 

T8 
16 

638241 538241 

2K 256x8 
OC 

J,N 
638280' 538280' 

20 
T8 638281 * 538281' 

. 
OC 638440 538440 

4K 1024x4 
T8 

18 J,N,F 
638441 538441 

4K 512x8 
OC 

20 J,N 
638480' 538480' 

T8 638481' 535481' 
OC 638482' 538482' 

4K 512x8 24 J,N,F 
638483' 538483' T8 

OC 
J,N,F 

638840 538840 
8K 2048x4 

T8 
18 

638841 . 538841 

8K 1024x8 
OC 

24 J,N,F 
638880' 538880' 

T8 638881 * 538881' 

OC 6381640' 5381640' 
16K 4096x4 

T8 
20 J,N 

6381641 ' 5381641 ' 

16K 2048x8 
OC 

24 J,N,F 
6381680' 5381680' 

T8 6381681 * 5381681 • 

* Preliminary Data 
Note: This is not a final speCification. Some limits of characteristics are subject to change. 
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Pin Configurations 
53/638140 
53/638141 

1K 

53/6381640 
53/6381641 

4096x4 
PROM 

16K 

53/63S482 
53/638483 

512x8 
PROM 

4K 

53/638240 
53/638241 

2K 

53/638080 
53/638080 

32x8 
PROM 

53/63SXXX 

53/638880 
53/638881 

1024xB 
PROM 

8K 

53/638440 
53/638441 

1024x4 
PROM 

4K 

53/638280 
53/638281 

2K 

NOT.E: Pin assignments for ceramic (J package), plastic (N package) and flat pack (F package),)lre the same. 

53/638840 
53/638841 

8K 

53/638480 
53/63S481 

512x8 
PROM 

4K 

53/6381680 
53/6381681 

2048x8 
PROM 

16K 
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53/63SXXX 

Absolute Maximum Ratings 
Operating Program 

Supply voltage Vee ............................................................................. -0.5V to 7V .12V 
Input voltage ................................... ,................................................ -1.5V to 5.5V. 12V 
Off-state output voltage ....................... ;.................................................. -1.5V to 5.5V 12V 
Storage temperature range ...................................................................... -65°e to 1500 e 

Recommended Operating Conditions 

MILITARY COMMERCIAL 
UNIT SYMBOL PARAMETER 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

10H High level output current -2.0 -6.5 mA 

10L Low level output current 16 16 mA 

TA Operating free air temperature -55 125 0 75 °e 

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 0.8 V 

Vie Input clamp voltage Vee = MIN, II = -18mA -1.2 V 

VOL Low-level output voltage 
Vee = MIN, VIH '" 2V, I 53S 0.5 

V 
VIL = 0.8V, 10L = MAX I 63S 0.45 

II 
Input current at maximum 

Vee = MAX, VI = 5.5V 1.0 mA 
input voltage 

IIH High:level input current Vee'" MAX, VI = 2.4V 25 /J-A 
IlL Low-level input current Vee = MAX, VI =OAV -250 /J-A 
el Input capacitance Vee = 5.0V, f = 1 MHz IVI = 2.0V 4 pF 

eo Output capacitance TA = 25°e JVO = 2.0V 6 pF 

080,081 65 
140,141 78 120 
240,241 Vee = MAX 85 130 

lee Supply current 280,281,480,481 All inputs grounded 105 mA 
440,441,840,841 All outputs open 11() 170 
880,881,1640,1641 117 
1680,1681 124 

OPEN COLLECTOR OUTPuT CURRENT 

Output leakage current 
Vee = MAX, Va = 2.4V 5q 
Vee = MAX, Va = 5.5V 100 

THREE STATE OUTPUT ONLY 

VOH High-level output voltage 
Vee = MIN, VIH = 2V, 

VIL = 0.8V, 10H = MAX 
204 V 

IOZH 
Off-state output current . 

Vee = MAX, VIH = 2V, 
100 /J-A 

high-level voltage applied Vo = 2AV 

10ZL 
Off-state output current Vee = MAX, VIH = 2V, 

-lQO /J-A 
low-level voltage applied Va = 0.4V 

lOS Short-circuit output current Vee = MAX, Va = OV -30 -100 mA 



53/63SXXX 

SWitching Characteristics 
MAX = Over Recommended Ranges of TA and VCC 
TYP = @ 5.GV Vce. 25°C TA 

tMens) 

DEVICE ADDRESS ACCESS 

TYPE TIME 

TYP MAX 

638080,081 13 

538080,081 13 

638140,141 28 45 
538140,141 28 55 

638240,241 30 45 

538240,241 30 55 
638280,281 30 

538280,281 30 
E?38440,441 32 50 

538440,441 32 60 

638480,1,2,3 30 
538480,1,2,3 30 

638840,841 38 60 
538840,841 38 70 

~38880,881 34 
538880,881 34 
6381640,1641 46 

53$1640,1641 46 

6381680,1681 46 
6381680;1681 46 

Standard Test Load 

300n 

~:r;~ O---~-_--'\N_--o Vee 

F 30pF Boon 

Definition of . Waveforms 

A x~ ______________ ~ __ ~ __ ___ 
I 

~.. . 1 . X-----------------
E -----,----."1' . 
o 1 I· .X'---___ _ 

I l-"'tEA::::J... 
• tAA' ~I 

. ADDRESS ACCESS TIME 

tEA(ns) tER(ns) 
ENABLE ENABLE 

ACCESS TIME RECOVERY TIME 

TYP 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

MAX TYP MAX 

16 

16 

25 1a 25 

30 16 30 
25 16 25 

30 16 30 

16 

16 

25 16 25 

30 16 30 

16 

16 

25 16 25. 
30 16 30 

16 

16 

16 

16 

16 

16 

Input PulsE! Amplitude 3.0V 
Input Rise and Fan Times 5ns from 1.0V to 2.0V 
Measurements Made at 1.5V 

A X~ ______________________ ___ 
- 1. . 
E 1·· '1;:------, 
E --.---1-. ---~.-I . . I~------
o .. . \ t L· .... I+-t~-l l--tER~ 

. ~tAA~ 
ENABLE ACCESS TIME AND RECOVERY TIME 
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High Performance 
Low Power Schottky 
Generic PROM Family 53/63LSXXX 

Features/Benefits 
• Largest generic low power Schottky PROM family available 
• 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-wlde 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 PROMs 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 24ns makes 
it a natural programmable logic element choice. Other 8-Bit-Wide 
PROMs are available up to 2048x8. 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 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 O°C to +75°C -55°C to +125°C 

OC 63LS080* 53LS080* 
'!4K 32x8 

TS 
16 J,N,F 

63LS081* 53LS081* 

1K 256x4 
OC 

16 J,N,F 
63LS140 53LS140 

TS 63LS141 53LS141 

2K 512x4 
OC 

16 J,N,F 
63LS240 53LS240 

TS 63LS241 53LS241 

2K 256x8 
OC 63LS280* 53LS280* 

20 J,N 
TS 63LS281* 53LS281* 

4K 1024x4 
OC 

J,N,F 
63LS440 53LS440 

18 
TS 63LS441 53LS441 

4K 512x8 
OC 

J,N 
63LS480' 53LS480* 

TS 
20 

63LS481 * '53LS481* 
OC 63LS482* 53LS482 * 

4K 512x8 
TS 

24 J,N,F 
63LS483* 53LS483* 

8K 2048x4 
OC 

J,N,F 
63LS840' 53LS840*' 

TS 
18 

63LS841* 531..S841, 

8K 1024x8 
OC 63LS880* 53LS880* 

24 J,N,F 
TS 63LS881* 53LS881* 

16K 4096x4 
OC 

20 J,N 
63LS1640* 53LS1640* 

TS 63LS1641* 53LS1641* 

16K 2048x8 
OC 

24 J,N,F 
6~LS1680* 53LS1680* 

TS 63LS1681* 53LS1681* 
* Preliminary Data 
Note: This is not a final specification. Som~ limits of characte~stics are subject to change. 

2.18 



Pin Configurations 

,53/63LS140 
53/63LS141 

256.4 
PROM 

1K 

53/63LS1640 
53/83LS1641 

4096x4 
PROM 

16K 

53/63LS482 
53/63LS483 

'5121B 

~"'" 

4K 

AB 

Ne 

0& 

53/63LS240 
53/63LS241 

2K 

53/63LS08O 
53/63LS081 

53/63LSXXX 

53/63LS880 
53/63LS881 

1,024.8' 
P~M 

53/63LS440 
53/63LS441 

4K 

53/63LS280 
53/63LS281 

256icS"· 
PROM 

2K 

NorL!!in assigninentsforcerllmlC(J package). plastic (Npackage) "'~d nat pac!< (F~,';;;~age)are the same,,; ••• 

53/63LS840 
53/63LS841 

5a/63LS168Q, 
'53l63~1681 " 



S3163.LSXXX 

Absolute Maximum Ratings 
Operating 

Supply voltage Vee ................ "....................................... .... . .. . . . . . . . . . . . ... - .5V i'ii7V 
InpOt voltage .............................................................. : ... : .................. -1.5VtO.9./:iV 
Oll~state output voltage ................................ : ............. ' ............................. -1.5V to 5.5V 
Storage temperature range .............................................................. , ....... -65°C to 150°C 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIA,L 

,. 
MIN NOM MAX 'MIN NOM MAX .~ ". 

'.' Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 " 5.25 

10H Highdev(:ll output current -2.0 . -6.5 

, 10L Low level output current 12 . , 16 

TA Operating Iree air temperature ':"55 125 O' 75 " 

Electrical' Characteristics '" 
Over Recommended Operating Free Air 'temperature Range 

SYMBOL PARAMETER .0 TEST CONDITIONS ;·MIN TYP , MAX 

VIH High-level input voltage . 2 Vee 

'VIL Low,level input voltage 0 0.8 

VIC Input clamp voltage Vee = MIN. II = -18mA , -1.2 

. VOL Low-level output voltag~ 
Vee = MIN. VIH = 2V. I 53LS 0.5 

, VIL= 0.8\1, 10L = MAX I 63LS 0.45 

II 
Input current at maXimum, 

Vee = MAX. VI = 5.5V 1.0 
input voltfige . 

IIH High-level input currenj, Vee = MAX. VI = 2.4V '. 25 

IlL Low-level input current Vee = MAX. VI = 0.4V -250 

.el Input capacitance Vee = 5.0\1, I = 1 MHzlVI = 2.0V 4 

Co Output capacitance TA = 25°C IVo = 2.0V 6 

080.081 35 

140.141 .", 4,6 65 

240,241 Vee = MAX .. 49 <',. 70 

Icc Supply current 280.281,480.481 ' ' All inputs grounded 55 
440,441.840.841· .. · All outputs open 60 85 
880.881.1640.1641 63 

'. 1680.1681 , 67 

OPEN COLLECTOR OUTPUT CURRENT 

Output leakage current 
Vee = MAX. Vo = 2.4V 50 

Vee = MA)(.VO = 5.5V 

THREE STATE OUTPUT ONLY . 
Vee = MIN. VIH = 2V. 

VOH High-level output voltage 
VIL = 0.8V. 10H = MAX 

2.4 

" Ofl-state output current' ,.,' Vee = MAX. VIH '" 2V. 
.IOZH 

high-level voltage applied ~ Vo = 2.4V 
100 

,;IOZL 
Off-state output current Vee = MAX, VIH = 2V. 

-100, 
low-lelle!. 170ltage applied Vb"= O.4V " 

lOS Short-circuit output current Vee =MAX, Vo = OV -30 -100 
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12V 

'12V 
12V 

UNIT 

V 

rnA 

rnA 
°e, 

UNIT" 

V 

V 

V 

V 

rnA 

/LA' 

/LA 
pF 

pF 

rnA 

. 
V 

/LA,. 

,/L't>-

rnA 



53/63LSXXX 

Switching Characteristics 
MAX = Over Recommended Ranges of TA and Vee 
TYP = 5.0V Vee. 25°e TA 

tAA(ns) 

DEVICE ADDRESS ACCESS 

TYPE TIME 

TYP MAX 

63LS080,081 24 

53LS080,081 24 
63LS14,0,141 40 55 

53LS140,141 40 65 

63LS240,241 42 60 

53LS240,241 42 70 
63LS280,281 51 

53LS280,281 51 
63LS440,441 53 65 

53LS440,441 53 75 
63LS480,1,2,3 51 

53LS480,1,2,3 51 
63LS840,841 62 

53LS840,841 62 

63LS880,881 55 

53LS880,881 55 
63LS1640,1641 66 

53LS1640,1641 66 
63LS1680,1681 66 

53LS1680,1681 66 

Standard Test Load 

Definition of WavefQrms 

: 1~----------~-----
E 1 · X---------,--------
E -----1----"'1' 
o I 1 X 

1

,_ _1~~,.IEA::::.j'-------
1- tAA -·~I 

ADDRESS ACCESS TIME 

tEA(ns) . tER(ns) 
ENABLE ENABLE 

ACCESS TIME RECOVERY TIME 

TYP 

15 

15 
15 

15 

15 

15 

15 

15 
15 

15 
15 

15 
15 

15 

15 

15 

15 

15 

15 

15 

MAX TYP MAX 

21 

21 

30 21 30 

35 21 35 

30 21 30 

35 21 35 

21 

21 

30 21 30 

35 21 35 
21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

Input Pulse Amplitude 3,OV 
Input Rise and Fall Times 5ns froml,OV to 2,OV 
Measurements Made .. at 1.5V 

Rl = 300n for 63LSXXX 
R2 = 600n for 63LSXXX 
Rl = 375n for 53LSXXX 
R2 = 750n for 53LSXXX 

ENABLE ACCESS TIME AND REGOVERY TIME 



High Performance 
Power Switched Schottky 
Generic PROM Family 53/63PSXXX: 

Featuresl Benefits 
• Power switched for low power applications while main

taining highest speeds 
• Advanced Schottky processing 
• 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 B-bit-wide for byte oriented applications 

Applications 
• Microprogram control store 
• Microprocessor program store 
• Look up table 
• Character generator 
• Random logic 
• Code converter 

Description 
The 53/63PSXXX series generic PROM family offers the fastest 
speeds in the industry with an added power down feature which 
allows you to cut power dissipation to 20% in the disabled state. 
This is important in situations where the memory is not always 
enabled, i.e., typical of word expansion applications. Since T AA 
and TEA specifications are the same there is no speed penalty 
in powering up the memory when it is selected. Of course, we 
offer the widest selection of sizes and organizations available in 
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 
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 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. 

High Performance Generic PROM Selection Guide 

MEMORY PACKAGE DEVICE TYPE 

SIZE ORGANIZATION PINS TYPE DoC to +75°C -55°C to +125°C 

OC 63PS140 53PS140 
lK 256x4 

TS 
16 J,N,F 

63PS141 53PS141 

OC 63PS240 53PS240 
2K 512x4 

TS 
16 J,N,F 

63PS241 53PS241 

OC 63PS280 53PS280 
2K 256x8 

TS 
20 J,N 

63PS281 53PS281 

OC 63PS440 53PS440 
4K 1024x4 

TS 
18 J,N,F 

63PS441 53PS441 

OC 
J,N 

63PS480 53PS480 
4K 512x8 

TS 
20 

63PS481 53PS481 

OC 63PS482 53PS482 
4K 512x8 

TS 
24 J,N,F 

63PS483 53PS483 

OC 63PS840 53PS840 
8K 2048x4 

TS 
18 J,N,F 

63PS841 53PS841 

OC 
J,N,F 

63PS880 53PS880 
8K 1024x8 

TS 
24 

63PS881 53PS881 

16K 
OC 63PS1640 53PSI640 

4096x4 
TS 

20 J,N 
63PS1641 53PS1641 

OC 63PS1680 53PS1680 
16K 2048x8 24 J,N,F 

63PS1681 53PS1681 TS 
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Pin Configurations 
53/63PS140 
53/63PS141 

lK 
53/63PS1640 
53/63PS1641 

53/63PS482 
53/63PS483 

512x8 
PROM 

4K 

4096x4 
PROM 

16K 

53/63PSXXX 

53/63PS240 
53/63PS241 

2K 
53/63PS280 
53/63PS281 

2K 

53/63PS880 
53/63PS881 

1Q24x8 
PROM 

8K 

53/63PS440 
53/63PS441 

4K 

Vee 

AS 

Ag 

E2 
E3 

Os 

07 

Os 

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

53/63PS480 
53i63PS481 

512x8 
PROM 

4K 

53/63PS840 
53/63PS841 

2048x4 
PROM 

8K 

53/63PS1680 
53/63PS1681 

2048x8 
PROM 

16K 
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53/63PSXXX 

Absolute Maximum Ratings 
Operating Program 

Supply voltage Vee ................................................................. '.' .......... ~0.5V to 7V 12V 
Input voltage .................................................................................... ~ 1.5V to 5.5V 12V 
Off-state output voltage .......................................................................... ~ 1.5V to 5.5V 12V 
Storage temperature range ...................................................................... ~65°e to 1500 e 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

MIN NOM MAX MIN NOM MAX 
UNIT 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

10H High level output current ~2.0 ~6.5 mA 

10L Low level output current 16 16 mA 

TA Operating .free air temperature ~55 125 0 75 °e 

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 0.8 V 

Vie Input clamp voltage Vee = MIN, II = ~18mA ~1.2 V 

VOL Low-level· output voltage 
Vee = MIN, VIH = 2V, I 53PS 0.5 

VIL = 0.8V, 10l = MAX I V 
63PS 0.45 

II 
Input current at maximum 

input voltage 
Vee = MAX, VI = 5.5V 1.0 mA 

IIH High-level input current Vee = MAX, VI = 2.4V 25 !LA 

IlL Low-level input current Vee - MAX, VI - O.4V -250 !LA 

el Input capacitance Vee = 5.0\1, f = 1 MHzl VI = 2.0V 4 pF 

eo Output capacitance. TA.= 25°e IVO=2.0V 6 pF 

OPEN COLLECTOR OUTPUT CURRENT 

Output leakage current 
Vee = MAX, Va = 2.4V 50 

Vee = MAX, Va = 5.5V 100 

THREE STATE OUTPUT ONLY 

VOH High-level output voltage 
Vee = MIN, VIH = 2V, 

VIL = 0.8V, 10H = MAX 
2.4 V 

10ZH 
Off-state output current Vee = MAX, VIH = 2V, 

100 !LA 
high-level voltage applied Va = 2.4V 

10ZL 
Off-state output current Vee = MAX, VIH = 2V, 

-100 !LA 
low-level voltage applied Va = O.4V 

lOS Short-circuit output current Vee = MAX, Va = OV -30 -100 mA 
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531 63 PSXXX 

Switching Characteristics 
MAX = Over Recommended Ranges of TA and Vee 
TYP = S.OV Vee. 2soe TA 

ICC 
DEVICE ENABLED DISABlED 
TYPE TYP MAX TYP 

OC TS OC 
63PS140,141 78 20 25 
53PS140;141 78 20 25 

63PS240,241 85 20 25 
53PS240,24 i 85 20 25 

63PS280,281 105 25 30 
53PS280,281 105 25 30 
63PS440,441 105. 20 25 
53PS440,441 105, 20 25 
63PS480, 1 ,2,3 105 25 30 
53PS480,1 ;2,3 105 25 30 

63PS840,841 110 20 25 

53PS840,841 110 20 25 

63PS880,881 117 25 30 

53PS880,881 117 25 30 

63PS1640,1641 117 25 30 
53PS1640,1641 117 25 30 

63PSl680,1681 124 30 35 

53PS1680,1681 124 30 35 

Standard Test load 

;::: 30pF 

Definition of Waveforms. 

MAX 

A X~ ________________________ _ 
- I . 
E I. X-----------------
E _____ 1 ____ 01 1. 

o I 1 X 
I 1-;.tEA :I~-

• tAA 

ADDRESS ACCESS nME 

r 

TS 

IM{ns) IEA{ns) tEAfns) 
ADDRESS ACCESS . ENABLE ENABLE 

TIME AeCESSTIME RECOVERY TIME 

TYP MAX TYP MAX TYP MAX 
27 27 16 
27 27 16 

30 30 16 
30 30 16 

33 33 16 
33 33 113 
33 33 16 
33 33 16 

36 36 16 
36 . 3tl 16 

39 39 16 

39 39 16, 

39 39 16 
39 39 16 

45 45 16 
45 45 . 16 

48 48 16 

48 48 16 

Input Pulse Amplitude 3.0V 
Input Rise and Fall Times 5ns from 1.0V to 2.0V . 
Measurements Made all.5V 

, 

A X~ ________ ~ ____________ _ 
- I : -----:-----r--~--l--t= 

L~~~ l-tER~ 
ENABLE ACCESS TIME AND RECOVERY TIME 



High Performance 
Registered Schottky -4-Bit-Wide 
Generic PROM Family 53163RAXXX, 53163RSXXX 

Features/Benefit~ 
• Largest genericPROIIII family available 

incorporating "0" 
• Advanced Schottky processing. 
• 4-bit-wide in 18 and 20 pin Skinny DIPsT" 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 microprogram mabie 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., IOL 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 GOC to 75°C -55°C to 125°C 

4K 1024x4 
ASYN 

J,N,F 
63RA441 53RA441 

SYN 
18 

63RS441 53RS441 

ASYN 63RA841* 53RA841* 
8K 2048x4 20 J,N 

63RS841* 53RS841* SYN 

ASYN 
J,N 

63RA1641 * 53RA1641 * 
16K 4096x4 20 

53RS1641 * SYN 63RS1641 *, 

* 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 

A6 VCC A6 VCC A6 VCC 

AS A7 As A7 AS A7 

A.4 As A.4 AS A4 As 

A3 Ag A3 Ag A3 Ag 

At) Ql At) Ql At) Ql 

Al Q2 Al Q2 Al Q2 E:)I 
A2 Q3 A2 Q3 A2 Q3 

E Q4 Al0 Q4 Al0 Q4 

GND CK E2 CK An CK 

GND E1 GND E 

53/63 RS441 53/63RS841 53/63RS1641 

As vcc vcc vcc 

AS A7 A7 A7 

A.4 As AS AS 

A3 Ag Ag Ag 

AO Ql Ql a, 

Al Q2 Q2 Q2 

A2 Q3 Q3 

E Q4 Q4 Q4 

GND CK CK CK 

E1 E 

2-27 



53/63RAXXX, 53/63RSXXX 

Absolute Maximum Ratings 
Operating Program 

Supply voltage Vee ............................................................................... - .5V to 7V 12V 
Input voltage ...................................................................................... -1.5V to 5.5V 12V 
Off-state output voltage ............................................................................ -1.5V to 5.5V 12V 
Storage temperature ............................................................................. -65°e to 1500 e 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

MIN NOM MAX MIN NOM MAX 
UNIT 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

10H High-level output current -2.0 2.4 -6.5 mA 

10L low-level output current 16 24 mA 

TA Operating free air temperature -55 125 0 75 °e 

Electrical Characteristics 
Over Recommended Operating Free Air Tempeature Range 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIH High-level input voltage 2.0 Vee V 

Vil low-level input voltage 0 0.8 V 

Vie Input clamp voltage Vee = MIN, II = -18mA -1.2 V 

VOH High-level output voltage 
Vee = MIN, VIH = 2V, 

VIL = 0.8V, 10H = MAX 
2.4 V 

VOL low-level output voltage 
Vee = MIN, VIH = 2V, 

V 
Vil = 0.8V, 10l = MAX 0.5 

10ZH 
Off-state output current Vee = MAX, VIH =2V, 

100 /LA 
high-level voltage applied Vo = 2.4V 

10Zl 
Off-state output current Vee = MAX, VIH = 2V, 

-100 /LA 
low-level voltage applied Vo = O.4V 

II 
Input current at maximum 

Vee = MAX, VI = 5.5V 1.0 mA 
input voltage 

IIH High-level input current Vee = MAX. VI = .2.4V·· 25. /LA 

III low-level input current Vee = MAX, VI = 0.4V -250 /LA 

lOS Shorl-circuit output current Vee = MAX -30 -100 mA 

el I nput capacitance Vee = 5.0V, f = 1 MHz I VI = 2.0V 4 10 pF 

eo Output capacitance TA = 25°eVO = 2.0V 6 12 pF 

lee Supply current I 441, Vee = MAX I All inputs GND 125 180 

841, 1641 130 
mA 

All outputs open 



53/63RAXXX, 53/63RSXXX 

Switching Characteristics 
MiniMax = Over Recommended Range. of TA and Vee 
Typ = 5.0V Vee. 25°C TA 

SYMBOL PARAMETER 
DEVICE 

TYPE 

tpd Clock to output (All) 

RA441 

RA841 

tsu Address set·up 
RSl641 

RS441 

RS841 

RSl641 

th Address hold (All) 

tpzx E to output enable (All "RA") 

tpxz E to output disable (All "RA") 

tpzx CK to output enable (All "RS") 

tpxz CK to output disable (All "RS") 

tsu Enable set·up (AU "RS") 

th Enable hold (All "RS") 

tw Pulse width (All) 

RS/RA 441 

MAX 
Maximum 

RS/RA 841 
Clock frequency RS/RA1641 

(See "Definition of Terms and Waveforms") 

MILITARY (53') 
MIN TYP 

18 

45 30 

35 

45 

45 30 

35 

45 

0 -5 

15 

15 

25 

25 

20 10 

0 -5 

20 12 

25 24 

29 
25 

COMMERCIAL (63') 
MAX MIN TYP MAX 

30 18 25 

40 30 

35 

45 

40 30 

35 

45 

0 -5 

30 15 25 

30 15 25 

40 25 35 ,---40 25 35 

15 10 

0 -5 

20 12 

25 33 

33 
25 



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

Features/Benefits 
• Largest generic PROM family available incorporating 

edge triggered "0" registers. 
• Advanced SchoHky processing. 
• 8-blt-wide output organizations in 24-pin Skinny OIPsT• 

(.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 
DlpTM 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 

MEMORY PACKAGE 

SIZE ORGANIZATION PINS TYPE 

2K 256x8ASYN 24S' J,N 

4K 512x8 ASYN 24S' J,N 

8K 1024x8ASYN 24S' J,N 

16K 2048x8ASYN 24S' J,N 

2K 256x8ASYN 24 J,N 

4K 512x8ASYN 24 J,N 

8K 1024x8 ASYN 24 J,N 

16K 2048x8ASYN 24 J,N 

2·30 
- 24 Skinny DiP'· .300 Mil Wide 

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 flip-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., IOL is 20mA at VOL 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, tsu. 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. 

DEVICE TYPE 

O°C to +75°C -55°C to +125°C 

63RA283 53RA283 

63RA483 53RA483 

63RA883 53RA883 

63RA1683 53RA1683 

63RA281 53RA281 

63RA481 53RA481 

63RA881 53RA881 

63RA1681 53RA1681 



53/63RAXXX 

Logic Diagrams 

53/63RA28113 53/63RA481/3 

53163RA881/3 53/63RA168113 
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53/63RAXXX', 

Functional Table ' ," , 

INPUT 
OUTPUT OPERATION 

CLOCK ENABLE CLOCK PRESET ENABLE " 

X X L L H 
" 

Preset 

X X L H Z Preset 

H t H L Q NOR 

H t H H Z Nap 

L t H L PROM Load Q with PROM 

L t H H Z Load Q ~it~ PROM 

Absolute Maximum Ratings , Operating/Program 
Supply voltage Vee ... , ......................................................................... ",' .'.. 7V/12V 
Input voltage ..................................................................................... '.... 5.5V/12V 
Off-state output voltage ....... ' ............ , ...................... , ....... ', ....... , ........... : .. '..... S.5V/12V 
Storage temperature range .................................. " ............................ " :,' ......... c.:65°e to 1500 e 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT 
MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

10H High~level output current -2.0 -6.5 mA 

10L Low-level output current 16 20 mA 

TA Operating free air temperature -55 125 0 75 °e 

Electrical Characteristics Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIH High-level input vOltage 2.0 Vee V 

VIL LoW-level input voltage 0.0 O.B V 

Vie Input clamp voltage Vee - MIN, II = -1BmA -1.2 V 

VOH High-level output voltage 
Vee = MIN, VIH = 2V, 

2.4 V 
VIL = O.BV, 10H = MAX 

VOL Low-level output voltage 
Vee - MIN, VIH = 2V, 

VIL = O.BV, 10L = MAX 
0:5 V 

10ZH 
OfFstate output current Vee = MAX, VIH = 2V, 

100 /LA 
high-level voltage applied Va = 2.4V 

.. 
," 

10Zl 
Off-state output current Vee - MAX, VIH = 2V, }'" . 

":'100 /LA 
low-level voltage applied Va = O.4V 

",' ,: .. ' 

Input.current at maximum " 

II Vee = MAX, VI = 5.5V ;~:O mA 
input voltage ,,, . 

IIH High-level input current Vee = MAX, VI = 2.4V 
, 25 /LA 

IlL Low-level input current Vee = MAX, VI = O.4V ~2,50 /LA 

lOS Short,circuit output current Vee = MAX -30 -100 mA 

el IriputCapacitance Vee - 5.0V, f - 1 MHz I VI - '2.:0V I, 4 pF 

CO Output eapacitance TA = 25°e IVo- 2.0V 6 pF 

281/3 Vee = MAX all inputs GND, 110 " 

lee Supply current 4B1/3, 881/3 All outputs open 125 " mA 

1681/~ 130 "" 
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53i63RAXXX 

Switching Characteristics 
MIN/MAX = Over Recommended Ranges of TA and VCC 
TYP = 5.0V, VCC. 25°C TA 
(See Definition of Terms and Waveforms) 

SYMBOL PARAMETER 
DEVICE 
TYPE 

Ipd Clock to output All 

'RA281/3 

Address set-up 
'RA481/3 

tsu 
'RA881/3 

'RA1.681/3 

th Address hold All 

tpd Preset to any Q All 

tsu Preset to Clock set-up All 

tsu Clock enable set-up All 

th Clock enable hold All 

tpzx E to output enable All 

tpxz E to output disable All 

tw Pulse width All 
RA281/3 

fMAX Maximum clock frequency 
RA481/3 

RA881/3 

RAl681/3 

(See "Definition of Terms and Waveforms) 

MILITARY (53') 

MIN TYP MAX 

20 

30 

30 

35 

45 
-5 

20 

10 

20 
-5 

20 

20 

12 

40 
40 

33 

25 

COMMERCIAL (63') 
UNIT 

MIN TYP MAX 

20 ns 

30 

30 
35 

ns 

45 
-5 ns 

20 ns 

lu ns 

20 ns 

-5 ns 

20 ns 

20 ns 

12 ns 

40 

40 

33 
MHz 
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s3163RAXXX 

N24S Plastic Kool "Skinny" DlpTM 

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

J24S Ceramic "Skinny" DlpTM 

I:::::::::::: Il~ 
.15811 II .005 
4.01 I'-- -+- ...- .13 
MAX. 1.250-1.290 .. MIN. 

... 31.75-32.77 
.290-.320 I .. 7.37-8.13 -I 

'I::;';,'~'" ~ 
i~. ~ ~ II =i ;~;!:!~ 'I I 

~ I- -11-- -1 -- .~ _OO_15o-\\.-.~=:~:2 
.090-.110 .016-.020 .055-.060 
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. 

2-34 N Skinny DIP and Kool Skinny DIP are trademarks of Monolithic Memories 
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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. VCC 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: 
1. Select the appropriate address with chip disabled 
2. Increase VCC to programming voltage 
3. Increase appropriate output voltage to programming voltage 
4. Enable chip for programming pulse width 
5. Decrease VOUT and VCC to normal levels 

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//Ls. 

Do not test the.e parameter. or you may program the device. 

SYMBOL PARAMETER MIN 
RECOMMENDED 

MAX UNIT 
VALUE 

VCCP Required VCC for programming 10.5 11.0 11.5 V 

VOP Required output voltage for programming 10.5 11.0 11.5 V 

tR Rise time of VCC or VOUT 1.0 5.0 10.0 VI/Ls 

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 11 /LS 

VCC Low VCC for verification 3.9 4.0 4.1 V 

VCC High VCC for verification 5.8 6.0 6.2 V 

MOC Maximum duty cycle of VccP 25 25 Yo 

to Delay time between programming steps 100 100 - ns 

VIL Input low level 0 0 0.5 v 
VIH Input high level 2.4 3.0 5.5 V 
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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 Vee. The loading of 
the output is not critical and any loading within the DC spec
ifications of the part is setisfactory. 

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 oniy 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 

J!o'IILlTARY C()MMERCIAL 
SIZE CONFIGURATIRN OUTPUT 

PART NO. .. PART NO; 

5300~1 6300-1 lK 256x4 oe 
5301-1 6301-1 lK 256x4 TS 
5305-1 6305-1 2K 512x4 oe 
5306-1 6306"1 2K 512x4 TS 
5308-1 6308-1 2K 256x8 DC 
5309-1 6309-1 2K 256><8 TS 
5330-1 6330"1 V4K 32x8 oe 
5331-1 6331·1 V4K 32x8 TS 
5335-1 6335-1 2K 256x8 oe 
5336·1 6336-1 2K 256x8 TS 
5340-1 6340-1 4K 512x8 DC 
5341-1 6341~1 4K 512><8 TS 
5348·1 6348"1 4K 512x8 oe 
5349-1 6349-1 4K 512x8 TS 
5350-1 6350-1 4K 1KX4 oe 
535H 635H 4K 1Kx4 TS 
5352~1 6352~1 4K 1Kx4 oe 
5353~1 6353-1 4K 1Kx4 TS 
5380-1 6380"1 8K 1Kx8 oe 
5381-1 6381'1 8K 1Kx8 TS 
5384-1 8384-1 8K 1Kx8 oe 
5385·1 6385"1 8K lKx8 TS 
5386-1 6386-1 8K 1KX8 oe 
5387.1 6387-'1 8K lKx8 TS 

Programming Waveforms 

ADDRESS _ _ 

'" : =!;r--------, ..... __ _ 
'~~ .~I-

DUTPUT ::: ~ I I 

ENABLE ::: r k1J b~r"I.-'D...;I:..,-D..:I----
to = 1oon8 min 
tpw = 9",. min 11",. max 

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

Figure 1. 

NO. OF 
DATA I/O (ALL SERIES) . PRO-LOG (SERIES 90, 92) 

PROGRAM SOCKET PERSONALITY PIN OUT 
PINS 

CARD SET ADAPTER MODULE ADAPTER 

16 909-1226-1 715-1035-1 PM9037 PA16·1 
16 909-1226-1 715-1035-1 PM9037 PA16-1 
16 909-1226-1 715-1035~2 PM9037 PA16-1 
16 909-1226-1 715-1035-2 PM9037 PA16"1 
20 909-1226-1 715-1028-' PM9037 PA20-2 
20 909-1226-1 715-1028-1 PM9037. PA20-2 
16 909-1226-1 715-1046 PM9037 PA16-2 
16 909-1226-1 715-1046 PM9037 PA16-2 
24 909-1226-1 715-1033-1 PM9037 PA24-1 
24 909-1226'1 715-1033-1 PM9037 PA24-1 
24 909-1226-1 715-1033-2 PM9037 PA24-1 
24 909-1226-1 715-1033-2 PM9037 PA24-1 
20 909-1226-1 715-1064 PM9037 PA20-2 
20 909-1226·, 715-1064 PM9037 PA20-2 
18 909-1226-1 715-1036 PM9037 PA18-1 
18 909-1226-1 715-1036 PM9037 PA18-1 
18 909·1226-1 715-1039-1 PM9037 PA18-2 
18 909-1226-1 715-1039-1 PM9037 PA18-2 
24 909-1226c1 715-1033-3 PM9037 PA24-1 
24 909-1226-1 715-1033-3 PM9037 PA24-1 
24 909-1226-1 715-1033-3 PM9037 PA24-1 
24 909-1226-1 715-1033-3 PM9037 PA24-1 
22 909-1226-1 715-1059 PM9037 PA22-1 
22 909-1226-1 715-1059. PM9037 PA22-1 
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Programmer CI'OSS Reference 

High Performance Schottky Generic PROM Family "S" 

MILITARY COMMERCIAL NO. OF 
DATA I/O (ALL SERIES) PRO·LOG (SERIES 90; 92) . 

SIZE CONFIGURATION OUTPUT PROGRAM SOCKET PERSONALITY PINOUT 
PARi' NO. PART NO. PINS 

CARD SET ADAPTER MODULE ADAPTER 

538080 638080 V4K 32x8 OC 16 909-1515 715-1037 PM9066 PA16-2 
538081 638081 V.K 32x8 T8 16 909-1515 715-1037 PM9066 PA16-2 
538140 638140 1K 256x4 OC 16 909-1515 715-1035-1 PM9066 PA16-1 
538141 638141 1K 256x4 T8 16 909-1515 715-1035-1 PM9066 PA16-1 
538240 638240 2K 512x4 OC 16 909-1515 715-1035-2 PM9066 PA16-1 
538241 638241 2K 512x4 T8 16 909-1515 715-1035-2 PM9066. . PA16-1 
538280 638280 2K 256x8 OC 20 909-1515 715-1028-1 PM9066 PA20-2 
538281 638281 2K 256x8 T8 20 909-1515 715-1028-1 PM9066 PA20-2 
538440 638440 4K 1Kx4 OC 18 909-1515 715-1039-1 PM9066 PA18-2 
538441 638441 4K 1Kx4 T8 18 909-1515 715-1039-1 PM9066 PA18-2 
538480 638480 4K 512x8 oc 20 909-1515 715-1064 PM9066 PA20-2 
538481 638481 4K 512x8 T8 20 909-1515 715-1064 ··PM9066 PA20-2 
538482 638482 4K 512x8 OC 24 909-1515 715-1033-2 PM9066 PA24-1 
538483 638483 4K 512x8 T8 24 909-1515 715-1033-2 PM9066 PA24-1 
538840 638840 8K 2Kx4 OC 18 909-1515 715-1039-2 PMIl066 PA18-2 
538841 638841 8K 2Kx4 T8 18 909-1515 715-1039-2 PM9066 PA18-2 
538880 638880 8K 1Kx8 OC 24 909-1515 715-1033-3 PM9066 PA24-1 
538881 638881 8K 1Kx8 T8 24 909-1515 715-1033-3 PM9066 PA24-1 

5381640 6381640 16K 4Kx4 OC 20 909-1515 TBD PM9066· TBO 
5381641 6381641 16K 4Kx4 T8 20 909-1515 TBD PM9066 TBD 
5381680 6381680 16K 2Kx8 OC 24 909-1515 715-1033 PM9066 PA24-1 
5381681 6381681 16K 2Kx8 T8 24 909-1515 715-1033 PM9066 PA24-1 

High Performance Low power Schottky Generic PROM Family "LS" 

MILITARY COMMERCIAL NO. OF 
DATA 1/0 (ALL SERIES) PRO·LOG (SERIES 90, 92) 

SIZE CONFIGURATION OUTPUT PROGRAM SOCKET PERSONALITY PINOUT 
PART NO. PARTNO~ PINS CARD SET ADAPTER MODULE ADAPTER 

53LS080 63L8080 Y4K 32x8 OC 16 909-1515 715-1037 PM9066 PA16-2 
53L8081 63L8081 Y4K 32x8 T8 16 909-1515 715-1037 PM9066 PA16-2 
53L8140 63L8140 1K 256x4 OC 16 909-1515 715-1035-1 PM9066 PA16-1 
53L8141 63L8141 1K 256x4 T8 16 909-1515 715-1035-1 PM9066 PA16-1 
53LS240 63L~240 2K 512x4 OC 16 909-1515 715-1035-2 PM9066 PA16-1 
53L8241 63LS241 2K 512x4 T8 16 909-1515 715-1035-2 PM9066. PAiS-1 
53L8280 63L8280 2K 256x8 OC 20 909-1515 715-1028-1 PM9066 PA20-2 
53L8281 63L8281 2K 256x8 T8 20 909-1515 715-1028-1 PM9066 PA20-2 
53L8440 63L8440 4K 1Kx4 OC 18 909-1515 715-1039-1 PM9066 PA18-2 
53L8441 63LS441 4K 1Kx4 T8 18 909-1515 715-1039-1 PM9066 PA18-2 
53L8480 63L8480 4K 512x8 OC 20 909-1515 715-1064 PM9066 PA20-2 
53LS481 63L8481 4K 512x8 T8 20 909-1515 . 715-1064 PM9066 PA20;,"2 
53LS482 63L8482 4K 512x8 OC 24 909-1515 . 715-1033-2 PM9066 PA24-1 
53LS483 63L8483 4K 512x8 T8 24 909-1515 715-1033-2 PM9066. PA24-1 
53LS840 63L8840 8K 2Kx4 OC 18. 909-1515 715-1039-2 PMg066 PA18-2 
53L8841 63L8841 8K 2Kx4 T8 18 909-1515 715-1039·2 PM9066 PAH~-2 
53L8880 63L8880 8K 1Kx8 OC 24 909-1515 . 715-1 033-3 PM9066 PA24-1 
53L8881 63L8881 8K 1Kx8 T8 24 909-1515 715-1033-3 PM9066 PA24-1 

53L81640 63L81640 16K 4Kx4 OC 20 909-1515 TBD PM9066 TBD 
53L81641 63L81641 16K 4;Kx4 T8. 20 909-1515 TBD PM9066 TBD 
53L81680 63L81680 16K 2Kx8 OC 24 909-1515 715-1033 PM9066 PA24-1 
53L81681 63L81681 16K 2Kx8 T8 24 909-1515. 715-1033 PM9066 PA24-1 
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Programmer Cross Reference 

High Perf~rmance Power Switched Schottky Generic PROM Family "PS" 

MILITARY CQMMERCIAL NO. OF 
DATA I/O (ALL SERIES) PRO·LOG (SERIES 90, 92) 

SIZE CONFIGURATION OUTPUT PROGRAM SOCKET PERSONALITY PINOUT 
PART 1110. ' PARTNO. PINS 

CARD SET ADAPTER MODULE ADAPTER 

53PS080 63PS080 Y4K 32x8 bc 16 909-1515 715-1037 PM9066 PA16-2 
53PS081 '63PS081 V.K 32x8 TS 16 909-1515 715-1037 PM9066 PA16-2 
53PS1tO 63FS140 1K 256x4 OC 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 16 909-1515 715-103~-2 PM9066 PA16-1 
53PSi41 a3PS241 2K 512x4 TS 16 909-1515 715-1035-2 PM9066. PA16-1 
53PS280 93PS280 2K 256x8 OC 20 909-1515 715-1(J28-1 PM9066 PA20-2 
53PS281 6!3PS281 2K 256x8 TS 20 909-1515 715-1Q28-1 PM9066 PA20-2 
53PS440 63PS440 4K 1Kx4 OC 18 909-1515 715-103!jc1 PM9066 PA18-2 
53P$44t ~3~S441 4K 1Kx4 TS 18 909-1515 715-1039-1 PM9066 PA18-2 
5;3PS41l0 e3P~~0 4K 512x8 oc 20 909-1515 715-1064 PM9066 PA20-2 
53PS481 63P$481 4K 512x8 TS 20 909-1515 715-lOS4 PM9066 PA20-2 
53PS482 ~SPS482 4K 512x8 OC 24 909-1515 715-1933-2 PM9066 PA24-1 
53PS483 63PS483 4K 512x8 TS 24 909·1515 715-1033-2 PM9066 PA24-1 
53PS840 63PS840 8K 2Kx4 OC 18 909-1515 715-1039-2 PM9066 PA18-2 
531'1S841 6~~SQ41 8K 2Kx4 TS 18 909-1515 715-1039-2 PM9066 PA18-2 
53PS880 63,,8880 8K lKx8 OC 24 909-1515 715-1033-3 PM9086 PA24-1 
53PS881 ~3pSI!~1 8K 1Kx8 TS 24 909-1515 715-1033-3 PM9066 PA24-1 
53PS1640 63PS1640 16K 4Kx4 OC 20 909-1515 TBD PM9066 TBD 
~3PS~641 63PS1641 16K 4Kx4 TS 20 909-1515 TBD PM9066 TBD 
5;3PS1680 (;33I'i'Sl680 16K 2Kx8 OC 24 909·1515 715-1033 PM9066 PA24-1 
53PS1681 63PSt681 16K 2Kx8 TS 24 909-1515 715-1033 PM9066 PA24-1 

< 

High Rerformance Registered Schottky Generic PROM Family 
, 

MILITARY ,COMMERCIAL CONFIG~ PRE 
DATA 110 (ALL SERIES) PRO·LOG (SERIES 90, 92) 

PART NO: PART NO. 
SIZE 

URATION 
PKG 

SET 
ENABlE CLK EN PROGRAM SOCKET PERSONALITY PINOUT 

CARD SET ADAPTER MODULE ADAPTER 

53RA281 63RA281 2K 256x!l 24 YES ASYNCH. YES 909;1515 ' TBD PM90(;36 TBD 
,53RA283 63RA283 2K 256xQ 24S YES ASYNCH. YES 909-1515 TBD PM9066 TBD 
53RA441 63RA441 4K 1Kx4 18 NO ASYNCH. NO 909-1515 715-1435 PM9O!'i6 PA18,5 
53RS441 63RS441 4K 1Kx4 18 NQ SYNCH. NO 909-1515 715-1435 Pt.i19066 PAi8-5 
53RA<181 63RA481 4K !?12x8 24 YES ASYNCH. YES 909-1515 TBD PM9066 TBD 
53RA483 63RA483 4K 514!x8 24S YES ASYNCH. YES 909·1515 TBD PM9066 tBD 
53RA841 63RAa41 8K 2Kx4 20 NO ASYNCH. NO 909-1515 715-1415-1 PM9066 PA2Q-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 PMg066 TBD 
53R~63 63RA883 8K 11<X8 24S YES ASYNCH. YES 909-1515 TBD PM9066 TBD 

53RA1641 63RA1641 t6K 4Kx4 20 NO ASYNCH. NO 909-1!?15 TBD PM9066 TBD 
53RS1641 63RS1641 16K 4Kx4 20 NO SYNCH. No 909-1515 TBD PM9066 TBD 
53RA1s1l1 63RA1681 16K ?!<X8 24 YES ASYNCH. NO 909·1515 TBD PM9066 TBD 
53RA1663 63RA1683 16K ?J(xfJ 24S YES ASYNCH. NO 909-1515 Tao PM9066 TaO 
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Standard Performance 
Schottky 
Generic ROM Family 52/62XX-1, 52/62XX-2 

Features/Benefits 
• Largest generic ROM family available 
• PNP inputs for low input current 
• Compatible pin configurations for upward expansions 
• 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 
• High speed for microprogrammed applications 
• Microprocessor program store 
• Look up table 
• Character generator 
• Random logic 
• Code converter 

Generic ROM Selection Guide 

MEMORY PACKAGE 

DescriptioI'! 
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 lB pin packages. The B-bit-wide ROMs range from 32xB to 
204BxB 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 geherator applicatiqns. 

The family features low input current PNP inputs, 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 devices offer enhanced 
speed specifications'. 

DEVICE TYPE INTERCHANGEABLE PROM 

Size Organization Pins Type O°C to +75°C -55°C to +125°C O°C to +75°C -55°C to +125°C 

OC 
J, N, F 

6200-1 5200-1 6300-1 5300"1 
1024 256x4 16 

TS 6201-1 5201-1 6301-1 530H 

2048 512x4 
OC 

16 J, N, F 
6205-1 5205-1 6305-1 5305-1 

T8 6206-1 5206-1 6306-1 5306-1 
OC 6250-1 5250-1 6350-1 5350-1 

T8 
J, N, F 

6251-1 5251-1 635H 535H 
4096 1024x4 18 

OC 6252-1 5252-1 6352-1 5352-1 

T8 6253-1 5253-1 6353-1 5353-1 

1280 256x5 OC 16 J,N,F 6210-1 5210-1 - -
2560 512x5 OC 18 J, N 6225-1 5225-1 - -
256 32x8 

OC 
16 J, N, F 

6230-1 5230-1 6330-1 5330-1 

T8 6231-1 5231-1 6331-1 5331-1 
OC 6208-1 5208-1 630B-l 5308-1 

2048 256x8 20 J, N 
TS 6209-1 5209-1 6309-1 5309-1 

2048 256x8 
OC 

24 J,N,F 
6235-1 5235-1 6335-1 5335-1 

T8 6236-1 5236-1 6336-1 5336-1 

512x8 
OC 

J, N 
6248-1 5248-1 634B-l 5348-1 

4096 20 
T8 6249-1 5249-1 6349-1 5349-1 

4096 512x8 
OC 

J, N, F 
6240-1 5240-1 6340-1 5340-1 

24 
T8 6241-1 5241-1 6341-1 5341-1 
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Pin Configurations 

52/6200:-1 
52/6201-1 

256x4 
ROM 

52/6210-1 

52/6208-1 
52/6209-1 

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

52/6205-1 
52/6206-1 

512x4 
ROM 

52/6225-1 

512xS 
ROM 

52/6248-1 
52/6249-1 

512x8 
ROM 

52/6252-1 
52/6253-1 

52/6230:-1 
52/6231-1 

52/6286-1 
52/6287-1 

52/6250:-1 
52/6251-1 

52/6289-1 
52/6289-2 

1024x8 
ROM 

...--........ .-----t 

1024.8 
ROM 



Pin Configurations 

NOTE: 

52/6235-1 
52/6236-1 

256x8 
ROM 

52/6260-1 
52/6261-1 

1024x9 
ROM 

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

52/6240-1 
52/6241-1 

512x8 
ROM 

52/6255-1 
52/6256-1 

1024x10 
ROM 

Vee 

As 

Ne 

E2 

E4 

08 

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

3-4 

52/6280-1 52/6280-2 
5216281-1 52/6281-2 

• 52/62114-1 "52/6282-1 
*52/6285-1 . "52/6283-1 

1024.8 
ROM 

'NO CONNECTION 
""OR" ENABLE 

5216275-1 
52/6276-1 

2048.8 
ROM 



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

Generic ROM Selection Guide 

MEMORY PACKAGE DEVICE TYPE INTERCHANGEABLE PROM 
Size Organization Pins Type O°C to +75°C -55°C to +125°C O°C to +75°C -55°C to +125°C 

oe 6280-1 5280-1 6380-1 5380-1 

TS 6281-1 5281-1 6381-1 5381-1 

oc 6280-2 5280-2 - , -
TS 6281-2 5281-2 - ~ 

24 J,N,F 
oe 6282-1 5282-1 - -
TS 6283-1 5283-1 - -

1024x8 
oc 6284-1 5284-1 6384-1 5384-1 

8192 
TS 6285-1 5285-1 6385-1 5385-1 

DC 6286-1 5286-1 6386-1 5386~1 

TS 
J, N 

6287-1 5287-1 6387-1 5387-1 
22 ," 

oe 6286-2 5286-2 - -
TS 6287-2 5287-2 - -

Active 6289-1 5289-1 - -
Pullup 

20 J, N 
6289-2 5289-2 - -

oc 6275-1 5275-1 - -
16384 2048x8 24 J, N, F 

TS 6276-1 5276-1 - -
.' r OC 6260-1 5260-1 - -

, 9216 1024x9 24 J, N, F 
TS 6261-1 5261-1 - -

1024x10 
oe 6255-1 5255-1 - -

10240 
TS 

24 ,J,N, F 
6256-1 5256~1 - -

Absolute Maximum Ratings 
Supply voltage Vee., ........................................ , ............................................ -0.5V to +7.0V 
Input voltage .............................................................. ' ............. : ............•.• -1.5V to +5.5V 
Input current: ............................................ : ...................... ' ...................... -20 mA to +5 mA 
Output current ...... ; ........................................................... , ............... : .-100 mA to +100 mA 
Storage temperature range ....................................................................... , ..... -65°e to +150oe 

Recommended Operating Conditions 

SYMBOL PARAMETER 
52 (Military) 62 (Commercial) 

. UNIT 
MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

IOH High level output current -1.0 , .: -2.0 . rnA 

'05, '06, '08, '09" '48, '49, 

'50,.'51, '52, '53" 12 .. 16 

'00,'0·1, '10, '25 10 ", ' 15 

IOL Low level '30, '31 ," ' 8 12 
mA 

operating current '35; '36, '40, '41, '80, '8t,}82 
8 

, 

10 
I 

,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 °e 
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52/62XX-1,52/62XX-2 

Electrical Characteristics Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER 

VIH High level input voltage 

VIL Low level input voltage 

VIC Input clamp voltage 

VOL Low level output voltage 

II Maximum input current 

IIH High level input current 

IlL Low level input current 

CI Input capacitance 

Co Output capacitance 

'00, '01, '30, '31 

'05, '06 

'08, '09, '48, '49 

'55, '60 

ICC Supply current '10, '25, '35, '40, '41, 'BO, '82 

'84, '86, '89 

'36, '50, '51, '52, '53, '56, '61 

'81, '83, '85, '87 

'75, '76 

OPEN COLLECTOR OUTPUT CURRENT 

Output leakage current 

THREE STATE OUTPUT ONLY 

VOH High level output voltage 

1HZ 
High level off 8k, 9k, 10k 

State output current All others 

Low level off 8k, 9k, 10k 
ILZ 

State output current All others 

lOS Output short circuit current 

Standard Test Load 
Rl 

~=~ 0-------------1 I ~..------oo Vcc 

r-f 
Definition of Wavefor..-s 
A x~ ______________________ ___ 

I 
~ I·· X-------.,..---------
E _____ 1 ____ 0#1· '. 

o 1 I X,..----
I I-~'EA .:1 

• tAA' < 

ADDRESS ACCESS TIME 

CONDITIONS MIN TYP MAX 

2.0 Vee 

0 0.8 

VCC ",MIN, II = -18mA -1.0 -1.5 

VCC =MIN, 10L = MAX 0.50 

VCC =MAX, VI = 5.5 V 1.0 

VCC =MAX, VI = 2.4V 40 

VCC =MAX, VI = 0.45V -250 

Vce = 5.0V VI = 2.OV 7 

TA = 25·C 
Vo = 2.OV 8 

f=lMHz 

92 125 

96 130 

115 155 

VCC = MAX 122- 165 

All inputs grounded 
126 170 

All outputs open 

130 175 

133 180 

141 190 

Vee = MAX, Vo = 2.4V 100 

VCC = MIN, 10H = MAX 2.4 

VCC = MAX, Vo = 2.4V 
50 

100 

Vee = MAX, Vo = .o.5V 
-50 

-100 

Vee = 5.0V, Vo = OV -20 -90 

Input Pulse Amplitude 3.0V 
Input Rise and Fall Times 5ns from 1.0V to 2.OV 
Measurements Made at 1.5V 

UNIT 

V 

V 

V 

V 

mA 

/LA 

/LA 
pF 

pF 

mA 

V 

/LA 

/LA 

mA 

A X~' __ ~ __________ ---------
- I . .' 
E r------ .... ,.----.. ·1 .. y . X 
E --:----r-----? ., .... ------
o ... ' . \.' t L· l-'tEA~ l-tER~ 

"'AA~ 
ENABLE ACCESS TIME AND RECOVERY TIME 



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 

R1!l R2!l 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 90 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 
5292-1. 5253-1 375 750 75 40 40 

6255-1. 6256-1 750 1500 100 70 40 

5255-1. 5256-1 750 1500 150 80 45 

6269-1. 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 35 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 

'Vcc ~ +5V, TA = +2S"C 
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High~Pt!rformance Schottky ROM,' 

3·8 

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-fung
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 A~ 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 G~NERIC family data sheet for the detail device operating 
specification. Your ROM mate will be identical. 



Character Generators r ..... 
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High Speed 
Bipolar 5x7 Character Generator 
Family S/6XXX 

Features/Benefits 
• Schottky-high speed 10 MHz 
• Low power dlsslpatlon-5oo mW 
• Standard packaglng-18 pin dlp/24 pin dip 
• Single 5 volt supply 
• 100 ns max. access time 
• 64/128 characters In one package' 
• Opens collector or tri-state 

Applications 

Description 
The intended application for these devices is the generation of 
64 of 128 ASCII alpha-numeric characters utilizing a read out 
system which generates the characters either horizontally or 
vertically. one word line at a time. 

., A single package high speed bipolar replacement for-slow 
multiple package MOS character generators 

• "CRT displays 
• Printing calculators 
• LED arrays 
• 1YPes8ttlng 

Character Generator Selection Guide 

PART 
MATRIX CHARAcTERS 

NUMBER 
SCAN OUTPUT TEMPERATURE PACKAGE 

60p5 5x7 64 Row OC C N18 
5055 5x7 64 Row OC M J18 
6056 5)(7 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 Ni8 

·5155 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 5)(7 128 Row TS M J24 
, 6162 5x7 128 Column TS C N24 

5162 5x7 128 Column TS, M J24 
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5/6XXX 
. ' .. 

'.; " 

Absolute Maximum Ratings Operating 

~~!I~o~~:eg~ ~.~~.::::::::::::::::::::::: :'::':::::::::::::::::::::::::::::::::::::: .................. :: .............. ::: ·_~~5tV~o5r;V 
Oil-state output voltage ..................................................................•.•............• : -1'.~V·to 5.5V 
Storage temperature range .............................................................................. -65·C·to :isO·c 

Recommended Operating Conditions 

MILITARY COMMERCIAL 
SYMBOL PARAMETER 

MIN NOM MAX MIN NOM MAX 
UNIT 

VCC .. Supply voltage , .. 4.5 5.0 5.5 4.75 5.00 5.25 V· 

10H High level output current -1.0 -2.0 mA 

10L Low level output current 8 10 mA 

TA Operating Iree air temperature -55 125 O' 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 VCC V 

Vil low-level input voltage 0.0 0.8 V 

VIC Input clamp voltage VCC = MIN, II =-18 mA -1.0 -1.5 V 

VOL low-level output voltage 
VCC = MIN, VIH = 2V, 

0.5 V 
Vil = 0.8V 10l = MAX. 

II Input current at maximum input voltage VCC = MAX, VI = 5.5V 1.0 mA 

IIH High-level input current VCC = MAX, VI = 2.4V 40 p.A 

III low-level input current VCC = MAX, VI = 0.45V -250 p.A 

CI Input capacitance VCC = 5.0V, I = 1 MHz VI = 2.0V 7.0 

Co Output capacitance TA = 25·C Vo = 2.0V 8.0 
pF 

ICC Supply current VCC = MAX 
OC 170 

TS 180 
mA 

OPEN COLLECTOR OUTPUT CURRENT 

I ICEX I Output leakage Current' I VCC= MAX, Vo = 2.4V 100 p.A I 
THREE STATE OUTPUT ONLY 

VOH High-level output voltage 
VCC ,; MIN, VIH = 2V, 

2.4 V 
. Vil = 0.8V, 10H= MAX ... 

10ZH 
Off-state output current VCC = MAX, VIH = 2V, 

100 p.A 
high-level voltage applied Vo = 2.4V 

10Zl 
Off-state output current 

low-level voltage applied 

VCC = MAX, VIH = 2V, 

Vo = 0.5V 
-100 p.A 

lOS Short-circuit output current VCC = MAX, Vo = OV -20 -90 mA 

Switching Characteristics 
OYer Recommended Range. of TAand Vec MILITARY COMMERCIAL 

TA = -55·C to +125·C TA = -O·C to +75·C 

SYMBOL PARAMETER VCC. = 5.0V ± 10% Vec = 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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Standard Test Load 

Test Waveforms 

* 
AX 

I ---. 
ENABLE ~ I 

5/6XXX 

Input pulse amplitude = 2.5 V. 
Input pulse rise and fall times must be 5 ils between 1.0V and 2.0V. 
Speed measurements are made at 1.4V. 
Output Loading is 10mA and 30pF as given in standard load. 

AX '--
ENABLES 

* * E1. E2 

ENABLES 
E3. E4 

I I I 
I ) c Ox I Ox L \ 

·1 
'. TEA~ 

i--TER:J I---TAA 

Fig. 1 Access Time 

Generation of the LeUer "F" 

COLUMN 
OECODER 

0 1 0 1 0 

o 0 1 1 0 

o 0 0 0 1 

1 
Ao 

0 
A1 

1 A'i, 

I IIII .I 

AX = Any Address 
Ox = Any Output 

Fig. 2 Enable Access Time and. Recovery Time 

A 

B·, 

C 

OJ 
02 

03 

O. 

05 

06 

07', 

3 BIT 
BINARY 

COUNTER 

CHARACTER 
GENERATOR 

MM6062 

. 

COLUMN 
RATE INPUT 

) 

ASCII CODE 
. . INPUT FOR "F" 
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5/6XXX 

Block Diagram-60/6155, 50/5155 

ROW 
DECOOE 

CHARACTER 
DECODE 

MEMORY 
MATRIX 

BUFFERS 

15 16 

Ej E2 

14 
OJ 

13 
O:! 

12 
03 

11 
04 

10 
05 

Vcc = 18 
GND = 9 

Pin Configuration 

Note: Ao. At. 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 As 
through As. The particular 5-bit line within ~ch character is deter
mined by the 3-bit address applied to AQ, Al and A2. The binary 
address 000 on AO, Al and A2 provides a blank line for character 
line spacing. The memory is enabled when both El and E2 are 
low (logic "0"). 
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Block Diagram-60/6156, 50/5156 

AD 
A1 
A2 

A3 
A4 
AS 

As 
A7 

As 

COLUMN 
DECODE 

CHARACTER 
DECODE 

MEMORY 
MATRIX 

Vcc = 24 
GND = 12 

Pin Configuration 

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 As thru AS. The 
particular 5 bit line,within'ejich character is determined by the 3 

. bit address applied to Ao, Jl.l and A2. The binary address 000 on 
AO, Aland A2 provides a blank line for character line spacing. 
The memory is enabled when either El and E2 are low (logic 
"0") or E3 and E4 are high (logic "1"). 



5/6XXX 

Block Diagram 60/6161, 50/5161 

AD 01 
At ROW 

10 
Aa 

DECODE 02 

OUTPUT 11 
03 BUFFERS 

A3 13 
04 MEMORY 

~ MATRIX 14 

AS 
05 

A6 
2 CHARACTER 

DECODE 
A7 
AS 
Ag 

VCC = 24 
GND = 12 

Pin Configuration 

5x7 Row Scan, 128 Characters 

Note: AO. A,. 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 charaCter~ utilizing a readout system which gener
ates the characters. horizontally a 5 bit line at a time. Each 35 bit 
character is composE;!d 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 AO. A1 and A2. The binary address 
000 on AO. A1 and A2 provides a blank ·Iine 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 

AO 0, 
A1 COLUMN 

02 DECODE 
A2 03 

OUTPUT 
BUFFERS 04 

A3 MEMORY 
05 

A4 MATRIX 06 

AS 07 

A6 
2 CHARACTER 

DECODE 
A7 

AS 
Ag 

VCC = 24 
GND = 12 

Pin Configuration 

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 AO. A1 and A2. The binary address 
000 on AO. 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"). 

4·7 



5 x 7 C.haracter Font* 50/5155, 60/6155 

A "Filled In" Dot Represents a Low Memory Output 

ASCII Bj B2 B3 
INPUT A3A4A5 A3A4 As A3A4A5 A3A4A5 A3A4AS A3A4A5 A3A4AS A3A4AS 

ADDRESS 000 100 010 110 001 101 011 111 

°s0403020, °S0403020, 050403020, 050403030, °s0403020, °S040302o, OS040 3020, °s040302O, 
OOPOO 00000 0·0000 00000 00000 00000 00000 00000 
0 ••• 0 00.00 •••• d 0 ••• 0 •••• 0 ••••• ••••• D •••• 

B4BS.Be' • 000. 0.0.0 .000 • .000. • 000. .0000 .0000 .000 • 

AG A7Aa • 0.0. .000. .000 • • 0000 .000 • .0000 .0000 .0000 
000 .0 ••• • 000. •••• 0 .0000 .000 • •••• 0 •••• 0 .0000 

• 0 •• 0 ••••• .000. .0000 .0dO • .0000 • Crooo .60 •• 
.0000 • 000. .000. • 000 • .000 • .0000 .• 0000 .000 • 
D •••• .000. •••• 0 0 ••• 0 • ••• 0 .. : ... .0000 D •••• 

00000 ODd DO 00000 00000 00000 00000 00000 00000 
.000. 0 ••• 0 0000. .000. • 0000 .000. .000 • 0 ••• 0 
• 000. 00.00 0000 • .00.0 • 0000 ..0 •• .000 • .000. 

AG A7Aa 
• 000. 00.00 0000. • 0.00 • 0000 .0.0 • •• 00 • .000 • 

••••• 00.00 0000. •• 000 • 0000 .0.0 • • 0.0 • .000 • 100 • 000. 00.00 0000. .0.00 • 0000 .0.0 • .00 •• .000. 
.000. 0'0.00 .000 • .00.0 • 0000 • 000. .000 • .000 • 
• 000. 0 ••• 0 0 ••• 0 • 0'00. ••••• .000 • .000 • 0 ••• 0 

00000 00000 00000 00000 00000 00000 00000 00000 
•••• 0 0 ••• 0 •••• 0 0 ••• 0 ••••• • 000. .000 • .000 • 
• 000. • 000 • • 000 • • 000. .0.0 • • 000.' .000 • .000 • 

Aa A7Aa 
• 000. • 000. • 000 • .0000 00.00 .000 • .000 • .000. 
•••• 0 .000. •••• 0 0 ••• 0 00.00 • 000. 0.0 .. 0 .0.0 • 010 .0000 .0.0. .0.00 0000. 00.00 • 000. 0.0.0 .0.0 • 
.0000 .00.0 .00.0 .000. 00.00 • 000. 00.00 .0.0 • 
.0000 0 •• 0_ .0.00. 0 ••• 0 00.00 0 ••• 0 DO_DO 0.0_0 

00000 00000 00000 00000 OOQOO 00000 00000 00000 
.000. • 000. • •••• • •••• 00000 ••••• 00000 boooo 
.000. .000. 0000. .•• 000 .0000 000 •• 00000 00000 

AG A7 Aa 
0.0.0 0.0.0 000.0 •• 000 o Ii 0.0 0 000 •• 00000 00000 
00.00 00.00 o D'. 0 0 •• 000 00.00 000 •• 0 ••• 0 00000 110 0.0.0 00.00 0.000 •• 000 000.0 000 •• .000. 00000 
_DOD. DO.DO .0000 •• 000 0000. 000 •• 00000 00000 
.000. 00.00 ••••• ••••• 00000 ••••• 00000 • •••• 
00000 00000 00000 00000 00000 00000 00000 00000 
00000 00.00 0.0.0 0.0.0 00.00 •• 000 0.000 .00.00 
00000 00.00 o.ollio 0.0.0 0 ..... •• 00. • D'. 0 O· '00.00 

AG A7Aa 
00000 00.00 0.0.0 ••••• .o.bo 000.0 .0.00 00.00 
00000 00 .• 00 00000 0.0.0 0 ••• 0 00.00 0.000 00000 

001 00000 00.00 00000 ••••• 00'.0. 0.000 .0.0. 00000 
00000 00000 00000 0.0.0 •••• 0 .00 •• .00.0 00000 
00000 00.00 00000 0.0.0 00.00 DOD •• 0 •• 0. 00000 

boooo 00000 00000 00000 00000 00000 00000 00000 
00.00 00.00 00.00 00000 00000 q 0 P . .D 0 00000 00000 
0.000 000.0 lio.o. 00.00 00000 00000 00000 DODD. 

AG A7Aa 
.0000 DODO. 0 ••• 0 00.00 00000 00000 00000 000.0 
.0000 DODD. 00.00 ••••• 00000 ••••• 00000 00.00 101 .00·00 DODD. 0 ••• 0 00.00 00.00 O.D 0 0 0 000.00 0.000 
0.000 000.0 .0.0. 00.00 00.00 00000 00000 .0000 
00.00 00.00 00.00 00000 0.000 00000 00.00 00000 

00000 00000 00000 00000 00000 00000 00000 00000 
0 ••• 0 00.00 0 ••• 0 ••••• 000.0 • •••• DO ••• • •••• 
.000. 0 •• 00 • 000. DODD. 00 •• 0 .0000 0.000 DODD • 

AG A7Aa 
.00 •• 00.00 0000. 000.0 0.0.0 •••• 0 .0000 DODO. 
.0.0. 00.·00 0 ••• 0 . 0 O. Ii 0 .00.0 DODD. •• : •• 0 0-00.0 

011 •• ooli 00.00 .0000 0000. ••••• 000:0 • .000 • 00.00 
.000. 00.00 .'0000 ,.000. 000.0 .000. .000 • .... ~ ~ gg,g 0 ••• 0 0 ••• 0 .' .... 0 ••• 0 000.0 0 ••• 0 0 ••• 0 

,') 
" 

, .. 00000 oooba 00000 00000 obooo 00000 00000 00000';, 
0 ••• 0 0 ••• 0 00000 00000 000.0 ODD De;) n.ooo 0 ••• 0 
.000. .000. oooop 00000 00.00 00000 00.00 .000. 

AGI'7Aa 
.000. _ODD. 00.00 Do_DO 0.000 Ii ••.•• 000.0 DODO. 
0 ••• 0 D •••• 00000 on 0 0.0 '.; • .0000 0000,0 0000. DO •• O. 

111 .000. DODD. 00.00 00.00 0 .• 000 • •••• 000.0 0. 0 • 00 
'.00 O. 000.0 00000 '00.00 0:0.00 00000 00.00 00000 
O ••• D ••• 00 000.00 0.000 000.0 DO 00.0 O • .o:D 0 00.00 

'From the USASCII code As - 87 - 86. 
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A "Filled In" Dot Represents a Low Memory Output 

ASCII 
INPUT A3A4 AS A3 A4AS A3A4 As A3A4 AS A3 A4 AS A3A4 AS A3 A4 AS A3A4AS 

ADDRESS 000 100 010 110 001 101 011 111 

00000 00000 ODDDD 00000 00000 00000 00000 00000 
O!O ••• O 00.00 •••• 0 0 ••• 0 •••• 0 ••••• ••••• 0 •••• 
02.000. 0.0.0 • 000. .000 • .000. .0000 • DODD .000 • 

Ae A7Ae 03.0.0. .000. • 000. 800DD .000 • .0000 .0000 .0000 

000 04.0 ••• .000. •••• 0 .0000 .000 • •••• 0 •••• 0 .0000 
OS. 0 •• 0 ••••• .000. .0000 .000 • .0000 • 0000 .00 •• 
06.0000 • 000. .000. .000. .000 • .0000 • 0000 .000 • 
070 •••• .000. •••• 0 0 ••• 0 •••• 0 • •••• 80000 D •••• 

00000 00000 00000 DDODD 00000 00000 00000 00000 
O!.ooo. 0 ••• 0 0000. 8000. 8DODD .000. .000. 0 ••• 0 
02. 000 • DO.OO 0000. 80080 .0000 ..0 •• 80008 .0008 

Ae A7 Aa 
03.0 00 • 00.00 0000. • 0.00 .0000 .0.0. •• 00 • .000 • 
04 ••••• 00.00 0000. •• 000 80000 .0.0. • 0.0 • .000 • 

100 OS. 0 00. 00.00 0000. .0.00 .0000 .0.0. 800 •• .000. 
Os. 000. 00'.00 .000. 800.0 • 0000 .000. • 000 • .000 • 
07_ 0 00. 0 ••• 0 0 ••• 0 8000. ••••• 8000. 80008 0 ••• 0 

DODOD 00000 00000 00000 00000 00000 00000 00000 
01 •••• 0 0 ••• 0 •••• 0 0 ••• 0 ••••• • 000. • 000 • .000 • 
02. 000 • • 000. • 000. .000 • .0.0 • 80008 • 000. .000 • 

Ae A7 Aa 
03. 000 • • 000. .000. 8DODD 00.00 • 000 • .000 • .000. 
04 ••• ·0 .000. •••• 0 0 ••• 0 DO.DO .0008 0.0.0 .0.0. 

010 Os.o 000 .0.0. 80.00 00008 008DD .000. 0.0.0 .0.0. 
Os. 0 0 0 0 .D08a .0080 .0008 00800 .000. DO.DD .080. 
ar·Oooo 0 •• 08 .000. 0 ••• 0 00.00 0 ••• 0 D08DO 0.0.0 

00000 00000 00000 00000 00000 00000 DODDO DODDO '0 
O!.OOO. • 000. ••••• ••••• 00000 ••••• DODOD 00000 
02. 000 • 80008 0000. ..000 .0000 000 •• 00000 00000 

Ae A7Ae 
03 0 • 0 .0 0.080 000.0 •• 000 080DD 000 •• 00000 00000 
0400.00 00.00 DO.Do •• 000 00.00 000 •• 0 ••• 0 00000 

110 OsO. 0.0 00.00 0.000 •• 000 00080 ODD •• .0008 00000 
Os. 0 00. 00.00 .0000 •• 000 DOD08 000 •• 00000 00000 
07. 000 • D080D ••••• • •••• 00000 ••••• 00000 • •••• 

00000 00000 00000 00000 00000 00000 00000 00000 
0!00000 00.00 0.0.0 0.0.0 00.00 •• 000 08000 00.00 
0200000 00.00 0.0.0 0.0.0 0 •••• •• 00. .0.00 00.00 

Ae A7 Aa 
0300000 00.00 0.0.0 ••••• .0.00 000.0 .0.00 00.00 
0400000 00.00 00000 0.0.0 0 ••• 0 00.00 08000 00000 

001 0500000 00.00 00000 ••••• 00.0 • 0.000 .0.0. 00000 
OsO 0 0 0 0 00000 00000 0.0.0 •••• 0 .00 •• .00.0 00000 
0700000 00.00 DDODO 0.0.0 00.00 000 •• 0 •• 0. 00000 

00000 00000 00000 00000 00000 00000 00000 00000 . 
O!OO.OO 00.00 00.00 00000 DODDD 00000 00000 00000 
02 0 • 000 000.0 .0.0. 00.00 00000 DODDD 00000 0000. 

AS A7 Aa 03. 0000 0000. 0 ••• 0 00.00 00000 00000 [JDOOO 000.0 
04- 0 0 0 0 00008 00.00 ••••• 00000 ••••• 00000 00.00 

101 Os.O 0 0 0 0000. 0 ••• 0 00.00 00.00 00000 00000 0.000 
06 0 • 000 000.0 .0.0. 00.00 00.00 00000 00000 .0000 
0700 • 00 00.00 00.00 00000 0.000 00000 00.00 00000 

00000 00000 00000 00000 00000 00000 00000 00000 
O!O ••• O 00.00 0 ••• 0 ••••• 00080 ••••• 00 ••• ••••• 
02. 0 00. 0 •• 00 • 000. 0000 • 00 •• 0 .0000 0.000 0000. 
03·00 •• D08DO DODo8 000.0 0.080 •••• 0 .0000 0000 • 

Ae A7 Aa 04.0.0. 00.00 0 ••• 0 00 •• 0 .00.0 0000. •••• 0 ooc.o 
011 Os •• O O. 00.00 .0000 0000. ••••• 0000 • .000. 00.00 

08.000. 00.00 • 0000 .000 • 000.0 .000. .000. 0.000 
07 0 ••• 0 0 ••• 0 ••••• 0 ••• 0 000.0 0 ••• 0 0 ••• 0 .0000 

00000 00000 00000 00000 00000 00000 00000 00,000 
O!O' ••• O 0 ••• 0 00000 00000 000.0 00000 0.000 0 ••• 0 
02. 000 • .000. 00000 00000 00.00 00000 00.00 .000. 
03·000. .000. 00.00 00.00 0.000 • •••• 000.0 0000 .. 

AeA7 Aa 04 0 ••• 0 0 •••• 00000 00000 .0000 00000 0000. 00 •• 0 
111 05.000. 0000. 00.00 00.00 0.000 • •••• 000.0 00.00 

Os. 0 0 O. 000.0 00000 00.00 00.00 00000 00.00 00000 
07 0 ••• 0 ••• 00 00000 0.000 000.0 00000 0.000 00.00 

- - - '. From the USAsell code As - 87 - 1%, 
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A "Filled In" Dot Represents Ii !.Ow Meinory Output 

ASCII il?B6Bs 
AtlAaA7 AtlAaA7 AtlAaA7 AtlAaA7 AtlAaA7 AtlAaA7 INPUT 000 DOl 010 011 100 101 

ADDRESS 
os040a0201 , ' 

00000 00000 00000 00000 DOO[JO 00000 

••••• • ••••• 00000 0 ••• 0 o ••• g •••• 0 
• 000. • 000. 00000 .000 • .000. .000. 

84BaBzB1 • 000. • 000. 00000 .00 •• • 0.0 • .000. 
AeAsA4Aa • 000. • •••• 00000 .0.0. • 0 ••• Ii ••• o 

0000 • 000. .000. 00000 ..00 • .0 •• 0 iIloooo 
.000. .000. 00000 .000. .0000 .0000 

••••• ••••• 00000 0 ••• 0 D •••• .0000 
(NUL)" (OLE)" 

" 
00000 00000 00000 00000 00000 OOOOR 

••••• 0 ••• 0 00.00 00.00 oo·otl 0 ••• 0 
• 0000 .o.oill 00.00 0 •• 00 0.0.0 .000. 

AsAsA4Aa • 0000 .0.0 • 00.00 00.00 • 000. .000. 
0001 • 0000 liD ••• 00.00 00.00 .000. .000. 

• 0000 .000. 00.00 ooiloo ... ~. .0.0 • 
• 0000 .000 • 0'0000 00.00 .000. • 00.0 
.DODO 0 ••• 0 00.00 0 ••• 0 • 000. 0 •• 0 • 

(SOH)" (DCW 

00000 00000 00000 00000 ElOOOP 000[J0 
00.00 0 ••• 0 0.0.0 0 ••• 0 •••• 0 •••• 0 
00.00 • 000. 0.0.0 .000. .000 • .ODO. 

AsAsA4Aa 00.00 • 000. d.o.o 0000. .ooqlll .000 • 
0010 Do.OO .0 ••• 00000 0 ••.• 0 •• 1111110 •••• 0 

00.00 .0.0. 00000 .0000 .000. • 0.00 
00.00 .0.0. 00000 .0000 • 00". .00.0 

••••• 0 ••• 0 00000 • •••• •••• q .000. 
(DC2)' '. 

00000 00000 00000 00000 oooi:lo 00000 
DODD. 0 ••• 0 0.0.0 • •••• o •• illo 0 ••• 0 
DODO. • 000. 0.0.0 DODD. .000. .000 • 

AsAsA4Aa DODD. • 000. ••••• 000.0 • 0000 .0000 
0011 DODD. ••• 0. 0.0.0 00 •• 0 .0000 0 ••• 0 

DODD. • 0.0. ••••• DODD. .0000 [JqOO • 
DODD. .0.0. 0.0.0 .000. • 000111 .000. 

••••• 0 ••• 0 0.0.0 0 ••• 0 0 ••• 0 olli •• o 
(ETX)' (DCa)' 

00000 00000 00000 00000 00000 00000 
.0000 0 ••• 0 00.00 000.0 •••• 0 ••••• 
• 0.00 • 0.0. D •••• 00 •• 0 .000 • .0.0. 

AeAsA4Aa 0 •• 00 • 0.0. ·.0.00 0.0.0 .000. 00100 
0100 00.00 ••• 0. 0 ••• 0 .00.0 .000. 00.00 

00 •• 0 • 000. 00.0 • ••••• • 000 • 00.00 
00.0. .000. • ••• 0 00.0.0 • 000. 00.00 
DODD. 0 ••• 0 00.00 ODO.O •••• 0 00.00 

(EOT)" (DC4)' ':; 
" 

00000 00000 00000 00000 00000 0 0000 ••••• DODD. •• 000 Ii •••• ••••• .QOO~ 
• 000. DODD. •• 00 • .0000 •. 0000 .doo • 

AeA5A4Aa •• 0 •• 000.0 000.0 •••• 0 .0000 • 000. 
0101 • 0.0. DO ••• 00.00 000.0. •••• 0 .boo. 

.1110 •• • 0.00 0.000 DODD. • DOD .,000 • 
• 000. .0.00 • 00 •• • 000 • iloooo .000 • 

••••• 0.000 DOD •• 0 ••• 0 ••••• 0 ••• 0 
(END)' (NAK)' 

00000 00000 00000 00000 00000 00000 
DODD. 0 ••• 0 0.000 DO ••• • •••• .000. 
DODO. 0.0.0 .0.00 0.000 .0000 .000. 

AsAsA4Aa 000.0 0.0.0 • d. 0.0 .0000 III 0 DO 0 .000. 
0110 000.0 0.0.0 0.000 •••• 0 •••• ·.0 0.0.0 

.0.00 0.0.0 .0.0. .000. .000'0 0.0.0 

.0.00 0.0.0 .00.0 .000. .00·00 00.00 
0.000 ·111.0 •• O •• '0. 0 ••• 0 .0000 00.00 

(ACK)' (SYN)' 

00000 00000 00000 00000 00000 0000!2J 
00000 DODD. 00.00 ••••• 0 ••• 0 .[JOO. 
00000 0000.' 00.00 DODD. .000. .000111 

AeAsA4Aa 00000 DODD. DO_DO DODD_ .0000 .000. 
0111 0 ••• 0 ••••• 00000 000.0 .0000 .0.0. 

• 000. DO 0 0'. 00000 00.00 • 00 •• • '0.0 • 
• 000. 00.00. 00000 0.000 .oooil .0.0. 

••••• DODO. 00000 .0000 0 •••• 0.0.0 
(BEL)' (ETB)' 

"'The letters In parenthesis Identify the control code corresponding to the appropriate 35 bit pictorial representation. These repreSenta· 
tions were obtained from the USASI X 3.2 Code Practice Manual. 
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AtlAaA7 AgAaA7 
110 111 

00000 00000 
0.000 •••• 0 
DO.OO .000 • 
000.0 .000 • 
00000 .000 • 
00000 •••• 0 
00000 .0000 
00000 .0000 

00000 00000 
00000 D •••• 
00000 .000 • 
0 ••• 0 .000 • 
0000. .000 • 
D •••• 0 ••• 1i 
.000 • 0000. 
D •••• 0000. 

00000 00000 
.0000 00000 
.0000 00000 
•••• 0 D.O •• 
.000. 0 •• 00 
.000 • 0.000 
.000 • 0.000 
• ••• 0 0.000 

00000 00000 
00000 00000 
00000 00000 
D •••• D •••• 
.0000 .0000 
.0000 0 ••• 0 
.0000 DODD • 
D •••• • ••• 0 

00000 00000 
DODD • 00000 
DODD • 00.00 
D •••• 0 ••• 0 
.000. 00.00 
.000 • 00.00 
.000 • 00.00 
D •••• 000.0 

00000 00000 
00000 00000 
00000 1;l0000 
0 ••• 0 .000 • 
.poo • .000 • 

••••• .000 • 
.0000 .000 • 
0 ••• 0 D •••• 

00000 00000 
000.0 00000 
00-' 0 0 00000 
00.00 .000. 
0 ••• 0 .000. 
00.00 0.0.0 
00.00 0.0.0 
o D .• DO 00.00 

00000 00000 
D •••• boooo 
.000. 00000 
.000. .000. 
.000. .000. 
D •••• .000 • 
DODO • .0.0. 
00 •• 0 0.0.0 



5 x 7 Character Font*-50/5161, 60/6161 

A "Filled In" Dot Represents a Low Memory Output -

ASCI II?BsBs 
INPUT """"7 """"7 """"7 """"7 """"7 """"7 

ADDRESS 
000 001 010 011 100 101 

O&040aOzOl 

00000 00000 00000 00000 00000 00000 
••• 00 ••••• 00.00 0 ••• 0 .000. .000 • 
•• 000 .000. 0.000 .000. .000. .000. 

1l4B3&.IB! - .0.00 0.0.0 • 0000 .000. • 000 • 0.0.0 
AeAsA4A3- 000.0 00.00 .0000 0 ••• 0 ••••• 00.00 

-1000 000.0 0.0.0 • 0000 .000 • .000. 0.0.0 
0000. .000. 0.000 .000. • 000. .000. 
0000. ••••• 00.00 0 ••• 0 .000. .0_00. 

(as)' (CAN)' 

00000 00000 00000 00000 00000 00000 
•• 000 00.00 00.00 0 ••• 0 0 ••• 0 .000. 
00.00 00.00 000.0 • 000. 00.00 .000 • 

AeAsA4A3 000.0 00.00 0000. .000. 00.00 o.o.b 
1001. ••••• 0 ••• 0 0000. D •••• 00.00 00.00 

000.0 00.00 0000. 0000. 00.00 00.00 
00.00 00.00 000.0 000.0 00.00 00.00 
•• 000 00.00 00.00 ••• 00 0 ••• 0 00.00 

(HT)' (EM)' 

00000 00000 00000 00000 00000 00000 

••••• 0 ••• 0 00.00 00000 opOO. ..Ii .. 
00000 .000. .0.0. 00000 0000. 0000. 

AeAsA4A3 00000 .0000 0 ••• 0 00.00 0000. 000.0 
1010 ••••• 0.000 00.00 00000 0000. 00.00 

00000 00.00 o ••• b 00.00 0000. 0.000 
00000 00000 .0.0. 00000 .000. .0000 

••••• 0_0.00 00.00 00000 0 ••• 0 • •••• 
(LF)' (SUB)' --

000 00 00000 00000 00000 00000 00000 
.0.0. 0 ••• 0 00000 00000 .000. ••••• 
.0.0. .oooi! 00.00 00000 .00.0 •• 000 

AeAsA4A3 .0.0. .000. 00.00 00.00 • D. 0 O. •• 000 
1011 .0.0. ••••• ••••• 00000 •• 000 ..000 

0 ••• 0 .000. 00.00 00.00 :g~~g •• Qoo 
0 ••• 0 .000. 00.00 00.00 •• 000 
DO.OO 0 ••• 0 00000 0.000 .000. ••••• 

(vn' (ESC)' 

00000 00000 00000 00000 00000 00000 
00000 ••••• 00000 000.0 .0000 00000 
.0.0. .0.0. 00000 00.00 .0000 .0000 

AeAsA4A3 .0.0. .0.0. 00000 _OliO 0 0 .0000 0.000 
1100 0 ••• 0 ••• 0. 00000 .0000 .doDo 00.00 

.0.0. .000. 00.00. O.OdO .0000 OOd.O 
0 ••• 0 .000. 00.00 00.00 .0000 0000. 
Od.OO ••••• O.OOd 000.0 ••••• 000_00 

(FF)' (FS)' 

00000 00000 OOOdO 00000 00000 dOdOO 
000 •• • •••• 00000 00000 .000. .Ii ... 
00.00 .000. 00000 00000 •• 0 •• DOD_iii • 

AeAsA4A3 0.000 i!000. 00000 ••••• .0.0. 000 •• 
_1101 ••••• •• ·.0. • •••• 0 0000 .0.0. 000 ••. 

0.000 .oilo. ooooq ••••• • 0.0 • DO D •• 
00.00 III 0,. 0 Ii 00000 oqooo .000. 000 •• 
000 •• ••••• 00000 00000 .000. .." .. 

(CAl' (GS)' 

00000 0.0000 00000 00000 00000 o d 0-0 0 
0 ••• 0 ••••• 00000 oliooo .000111 00000 
.000. .0 DO III· 00000 00.00 .oooli 00000 

AeA5A4A3 •• 0 •• .000. 00000 000. 0 •• 00. oqooo 
1110 • O.d. • 0.1Ii • 00000 DODD. .0.0. 011 •• 0 

•• d •• • o.d. OdOOO dOd.O liDO •• .OdOIl 
.add. .0110. dOOOO 00.00 .000. 00000 
0 ••• 0 ••••• 00.00 0.000 .000. 00000 

(SO)' (RS)' 

00000 00000 ooqoo OOOOQ 000_00 qoooo 
0 ••• 0 ••••• 00000 0 ••• 0 0 ••• 0 00000 
• 000. • 0.0 • 0000. .000. .odo • 00000 

~ • 000. .0._0. 000.0 0000. .000 • 00000 
1111 .0. q._ • D •.•• 00.00 od •• o .000. 00000 

.000. .000. d.OOO 00.00 .000 • 00000 

.000. • 000111 • 0000 OOOdO • 000 • 00000 
0 ••• 0 ••• •• 00000 00.00 0.111.0 ••••• 

(SQ' (US)' 

'The _rs in ... renth .... identily lhe control code corresponding 10 the appropriale 35 bit picIorIal represenlatlon. These repre
lions weno obtained !rom the USASI X 3.2 COde Praclice Manual. 

""""7 """"7 110 111 

00000 00000 
.0000 00000 
.0000 00000 
•••• 0 .000 • 
.000. 0.0.0 
.000 .• 00.00 
.000 • 0.0.0 
.000. .000. 

0_0000 00000 
00.00 .000. 
00000 .000. 
0 •• 00 .000. 
0_0.00 .000. 
00.00 D •••• 
00.00 0000. 
0 ••• 0 00 •• 0 

00000 00000 
00.00 00000 
00000 00000 
00_.00 ••••• 
00.00 000.0 
00.00' 00.00 
.0.0_0 0.000 
o.oob ••••• : 
00000 00000 
0.000 000.0 
0.000 00.00 
0.00 • 00.00 
0.0.0 0.000 
0 •• 00 00.00 
0.0.0 00.00 
0.00. 000.0 

00000 00000 
0 •• 00 00.00 
00.00 00.00 
00.00 00.00 
00.00 00000 
00.0-0 00.00 
00.00 00.00 
O ••• d 00.00 

0 0000 00000 
qoooo 0.000 
00000 00.00 
Ii.o.o 00.00 
liO.D • 000.0 
.0.0. 00.00 
lio.o. 00.00 
.o.oli 0.000 

. -. 

00000 00000 
q-o 0 0 0 0000. 
DOOOO 0 ••• 0 
• ••• 0 .0000 
1Ii000 • odoOO 
._0 do • OOOOd 
.000. 00000 
.0_00. 00000 

OdODO 00000 
00000 0.0.0 
00000 .0.0. 
0 ••• 0 0.0-.0 
.0dO. .0'.-0. 
111000. 0.0.0 
111000 • .0.0 • 
O. III .• 0_'- 0.0.0 
-, - .(oa)' 
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5 x7Characte.r Font~-50/5162, 60/6162 

A "Filled In" Dot Represents a Low Memory Output 

ASCII 
B7BSBS 

INPUT AaAaA7 AsAaA7 AgAsAJ: AgAsA7 AsAaA7 AsAaA7 AsAaA7 AaAaA7 

ADDRESS 
000 1101 010' 011 100 101 110 111 

00000 00000 00000 00000 00000 00000 00000 00000 
<>I ••••• ••••• 00000 0 ••• 0 0 ••• 0 • ••• 0 0.000 •••• 0 
02' 0 00. .000. 00000 .000. • 000. .000 • 00.00 .000. 

B4B3B2B! 03.000. .000. 00000 .00'. • 0.0. .000 • 000.0 .0-00. 
AeAsA4Aa 04. tJ 0 O. ••••• OI;JOOO • 0.0 • .0 ••• • ••• 0 00000 .,000. 

0000 Os. 0 0 O. • 000. 00000 ..00 • .0 •• 0 .0000 00000 •••..• 0 
Os. DO O. • 000. 00000 .000 • .0000 110000 00000 .0000 
07 ••••• • •••• 00000 0 ••• 0 D •••• .0000 00000 .0000 

(NUL)' (OLE)' 

00000 00000 00000 00000 00000 00000 00000 00000 
<>I ••••• 0 ••• 0 00.00 00.00 00.00 0 ••• 0 00000 D •••• 
02. 0000 .0.0. 00.00 0 •• 00 0.0.0 .000. 00000 .000. 

AeASA4Aa 03.0000 • 0.0. 00.00 00.00 .000. .000 • 0 ••• 0 .000. 
0001 04' 0 000 .0 ••• 00.00 00.0 0 .000. .000. 0000. .000. 

05.0000 • 000. 00.00 00.00 ••••• .0.0 • D •••• D •••• 
°S.OOOO .000. 00000 00.00 .000. .00.0 • 000. 0000. 
~.OOOO 0 ••• 0 00.00 0 ••• 0 .0-00. 0 •• 0. D •••• 0000. 

(SOH)' ' (DCW 

00000 00000 0000,0 00000 00000 00000 00000 00000 
<>1 00 • 00 0 ••• 0 0.0.0 0 ••• 0 •••• 0 •••• 0 '0000 00000 
02 00 • 00 .000. 0.0.0 .000. .000. .000. .0000 00000 

AaAsA4Aa 0300.1100 '.000. 0.0.0 0000. .000. .000. •••• 0 D.O •• 
11010 040011 0 0 .0 ••• 00000 0 ••• 0 • ••• 0 •••• 0 .000. 0 •• 00 

0500.00 .0.0. 00000 .0000 .000. .0.00 .000. 0.000 
OSO 0.00 .0.0. 00000 • 0000 .000. .00.0 .000 • 0.000 
07···· • 0 ••• 0 00000 ••••• •••• 0 .000. •••• 0 0.000 

(STX)' (DC2)' 

00000 00000 00000 00000 00000 00000 00000 00000 
<>10000. 0 ••• 0 0.0.0 ••••• 0 ••• 0 0 ••• 0 00000 00000 
020000. .000. 0.0,.0 DODD. .000. .000. 00000 00000 

AaAsA4Aa 030000. .000. ••••• 000.0 '0000 iloooo D •••• D •••• 
11011 040000. • •• 0. 0.0.0 00 •• 0 .0000 0 ••• 0 .0000 .0000 

050000. • 0.0. ••••• DODD. .0000 DODO. .0000 0 ••• 0 
Oso 0 0 O. .0.0. 0.0.0 • 000. .000. .000. .0000 DODD • 
07 ••••• 0 ••• 0 0.0.0 0 ••• 0 0 •• 110 0 ••• 0 D •••• •••• 0 

(ETX)' (DC3)' 

00000 00000 00000 00000 00000 00000 00000 00000 
<>1.0000 0 ••• 0 00.00 000.0 •••• 0 ••••• DODD • 00000 
02.0.00, • 0.0. 0 •••• 00 •• 0 .000. • 0.0 • DODD •. 00.00 

AeAsA4Aa 030 •• 00 .0.0' • 0.00 0.0.0 .000 • 00.00 D •••• 0 ••• 0 
0100 0400.00 ••• 0. 0 ••• 0 .00.0 • 000. 00.00 .000 • 00.00 

0500 •• 0 • 000. 00.0. ••••• • 000. 00.00 .000 • 00.00 
OSO D.O. .000' •••• 0 000.0 .000 • 00.00 .000. 00.00 
070000. 0 ••• 0 00.00 000.0 •••• 0 00.00 D •••• 000.0 

(EDT)' (DC4)' 

00000 00000 00000 00000 00000 00000 00000 00000 
<>I ••••• DODD. •• 000 ••••• ••••• .000 • 00000 00000 
02. 0 0 0 • DODD. ..00. .0000 • 0000 .000 • 00000 00000 

AeAsA4Aa 03··0 •• 000.0 000.0 • ••• 0 • 0000 .000 • 0 ••• 0 .000. 
0101 g:: ~ ~ ~: DO' •• 00.00 DODD. •••• 0 • 000' • 000 • .000 • 

1I0.qo O.I;JOO 0000. • DOD • 000 • ••••• .000 • 
Os. 0 00. lio.oo .00 •• • 000' .0000 .000 • • 0000 .000 • 
~ ..... b.oo o DOD •• 0 ••• 0 ••••• 0 •• '.0 0 ••• 0 0 •••• 

(ENO)' (NAK)' 

00000 00000 00000 00000 00000 00000 00000 00000 
<>1 0000 • 0 ••• 0 0.000 DO ••• ••••• .000 .• 000.0 00000 
020000. 0 .• 0.0 .0.00 0.000 • 0000 .000' • 00.00 00000 

~ 03000.0 0.0.0 110.00 .0000 • 0000 .000. 00.00 .000 • 
0110 04000 .0 C).O.O 0.000 •••• 0 •••• 0 0.0.0 0, ••• 0 .000 • 

OSIl! 0.'00 0.0.0 .0.011 .000. .0000 0.0'.0 0,0.00 0.0'0 
0s"o. 0 P 0.0.0 .00.0 .000. .0000 00.00 00.00 0.0.0 
~O.OOO •• 0 •• 0 •• 0. 0 ••• 0 .0000 OI;J.OO 00.00 00.00 

(ACK)' (SYN)' 
" 

00000 00000 00000 00000 00000 00000 00000 00000 
<>1 0000 0 0000' 00.00 ••••• 0 ••• 0 .000. 0 •••• 00000 
0200000 0000. 00.00 DODD. • 000. .000. .000 • 00000 

AaA5A4Aa 0300000 DODD. 00.00 DODD. • 0000 .000 • .000. .000. 
0111 04 0 ••• 0 ••••• 00000 000.0 .0000 .0.0. .000. .000. 

05. 0 00. DODD. 00000 00.00 • 00 •• .0.0 • D •••• .000. 
Os. 0 0 0 II DODO. 00000 0.000 • 000. .0.0. 0000 • 110.0. 
07· II ••• 0000. 00000 .0000 0 •••• 0.0.0 00.'0 0.0.0 

(BEL)' (ETB)' 

'The letters in parenlhesis Identify Ihe control code corresponding 10 Ihe appropriate 35 bit picIorIalnopresentalion. Thasa rapreaenta-
tions ware obtained from Ihe USASI X 3.2 Code Practice Manual.' , 
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5 x 7 Character Font*-50/5162, 60/6162 
.. .. -

A "Filled In" Dot Represents a Low Memory Output 

B7B6B5 ASCII AsA&A7 AgAgA7 AgAsA7 AsAsA7 AsAsA7 AsAsA7 INPUT 
ADDRESS 

000 001 010 011 100 101 

00000 00000 00000 00000 00000 00000 
Or ••• OO ••••• 00.00 0 ••• 0 .000. .000 • 
D2 •• 000 • 000. 0.000 .000. .000. .0'00 • 

B4B3B211j 03.0.00 0.0.0 • 0000 .000 • .000. 0.0.0 
AsAsAcA3 04000.0 00.00 '.0000 0 ••• 0 ••••• 00.00 

1000 OSO 00.0 0.0.0 .0000 .000. • 000. 0.0.0 
060000. • 000. 0.00,0 .000. .000. .000. 
OrOOOO. ••••• 00.00 0 ••• 0 • 000. .000 • 

(BS)' (CAN)' 

00000 00000 00000 00000 00000 00000 
01 •• 00 0 00.00 00.00 0 ••• 0 0 ••• 0 .000. 
0200 • 00 00.00 000.0 .000. 00.00 .000. 

AgAsAcA3 03000.0 00.00 0000. .000. 00.00 0.0.0 
1001 04 ••••• 0 ••• 0 0000. D •••• 00.00 00.00 

05000.0 00.00 0000. 0000. 00.00 00.00 
060 0 • 0 0 00.00 000.0 000.0 00.00 00.00 
07 •• 000 DO_DO 00.00 ••• 00 0 ••• 0 DO_DO 

(HT)" (EM)' 

00000 00000 00000 00000 00000 00000 
Or····· 0 ••• 0 00.00 00000 0000. ••••• 
D200000 .000. .0.0. 00000 0000. 0000. 

AeAsAcA3 0300000 .0000 0 ••• 0 00.00 0000. 000.0 
1010 04 ••••• 0.000 00.00 00000 0000. 00.00 

0500000 00.00 0 ••• 0 00.00 0000. 0.000 
06 00 0 0 0 00000 .0.0. OODOD _000_ .OQDO 
07···· • 00.00 00.00 00000 0 ••• 0 ••••• 

(IF)' (SUB)' 

00000 00000 00000 00000 00000 00000 
Or·O.O. 0 ••• 0 00000 00000 .000. ••••• 
02·0.0. .000. 00.00 00000 .00.0 ..000 

AeA5AcA3 03.0.0. .000. 00.00 00.00 .0.00 •• 000 
1011 04.0.0. ••••• • •••• 00000 •• 000 •• 000 

050 ••• '0 .000. 00.00 00.00 .0.00 ..000 
06 0 ••• 0 .000. DO_DO 00.00 .00.0 •• 000 
OrOO.OO 0 ••• 0 00000 0.000 .000. ••••• (VT)' (ESC)' 

00000 00000' 00000 00000 00000 00000 
OrOOOOO ••••• 00000 000.0 .0000 00000 
02·0.0. .0.0. 00000 00.00 .0 ~OC), .0000 

AeAsAcA3 03. C). O. .0.0. 00000 0.000 .0000 0.000 

1100 040 ••• 0 ••• 0"" 00000 .0000 .0000 00.00 
Os. D.O. _ODD_ DO_DO 0.000 _DODO 000.0 
060 ••• 0 .000. ,0 O. 0 0 00.00 .0000 0000 •. 
OrDO.OO ••••• 0.000 000.0 • •••• 00000 

(FF)' ,.,,(FS)' 

00000 00000 00000 00000 00000 00000 
Or°OO •• ••••• 00000 00000 .000. • •••• '0200.00 .000. 00000' 00000 •• 0 •• DOD •• 

AeAsA4A3 030.000 • 000. 00000 ••••• .0.0. DOD •• 
1101 04 ••••• ••• 0. ••••• 00000 

_0_0_ 
DOD •• 

050.000 .0.0. 00000 ••••• .0.0 • DOD •• 
0600. 0 0 • '011 O. 00000 00000 .000,. "b 0 0". 
Orooo •• • •••• 00000 00000 .000. • •••• (CR)' (GS)' 

00000 00000 00000 00,000 00000 00000' 
Or°···o ••••• 00000 0.000 .000. 00000 
02. 000,. .000. 0'0000 o oa 0·0 .000. 00000 

A&AsAcA3 03··0 •• .000. '00000 LJ 0"0."0 ..00. 00000 
1110 0 •• 0.0. .0 ••• 00000 DODD. .0.0. 0 ••• 0 

05 •• 0 •• .0.0. 00000 000.0 .00 •• .000. 
0 •• 000. .0.0. 00000 00.00 • 00.0. 00000' 
07 0 ••• 0 ••••• 00.00 0.0'00 .000. 00000, 

(SO)' (RS)' 

00'000 00000 00000 DO C)D,O 00000 00000 
Or°···D ••••• 00000 0 •• ·.0 0 ••• 0 00000 
02·000. • 0.0. DODD. .000 • 8000,. 00000 

A&AsA4A3 03.000. .0.0. 000.0 00'00. .000. 00000 

1111 '" 04.0.0. • 0 ••• 00.00 0.0 •• 0 • 000. 0000 O· 
Os. 0 0 O. • 000. 0.000 Db.oo .000 • 00000 
06.00 0 • • 000. • 0000 00000 .000 • 00000 
Oro ••• o ••••• 00000 OOlrOO 0 ••• 0 ••••• 

(SI)' (US)' 

$The letters in parenthesis identify the control code corresponding to the appropriate 35 bit pictorial representation. These representa
tions were obtained from the USASI X 3.2 Code Practice Manual. 

' , 

AsAsA7 AsAsA7 
110 'III 

00000 00000 
.0000 00000 
.0000 00000 
•••• 0 .000. 
.000 • 0.0.0 
.000 • 00.00 
.000 • 0.0.0 
.000 • .000. 

00000 000,00 
0,0.0 C) .000. 
00000 .0 El D.' 
0 •• 00 .000. 
00.00 .000. 
00.00 Dc •••• 
00.00 0000. 
0 .... 0 00 •• 0 

00000 00000 
00.00 00000 
00000 ODD DC) 
00.00 ••••• 00.00 000.0 
00.00 00"00 
.0_00 0.000 
0.000 ••••• 
00000 00000 
0.000 000.0 
0.000 00.00 
0.00. 00.00 
0.0.0 0.000 
0 •• 00 00.00 
0.0.0 00.00 
0.00. 000.0 

00000 OC)OOO 
0 •• 00 00.00 

~~:~~ 
,,Go.op 
00.00 

00.00 000'0'0 
00.00 00.00 
00.00 00.00 
0 ••• 0 00.'00 

, 

00000 00000 
00000 0.000 
00000 OO.DO· 
..0.0 00.00 _D.O. 000_0 
.0.0. 00.00 
.o.b. 00.00 
.0.0. 0.000 

00000 00000 
00000 DODO. 
00000 0 ••• 0 
•••• 0 _DODO 
.000. 00000 
.000. 00000 
.000 • 00000 
.000. 00000 

00000 00000 
00000 0.0.0 
00000 .0.0. 
0 ••• 0 0.0.0 
.000 • .0.0 • 
.000. 0.0.0 
.0jJO • .0.0. 
0 ••• 0 0.0.0 

(DELI" 
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High Speed 
Bipolar 7x9 Character Generator 
Family S/6XXX 

Features/Benefits 
• Schottky-high speed 10 MHz 
• 64128 alpha-numerics in one package 
• Low power dissipation-500 mW 
• Standard packaging-24 pin dip 
• Single 5 volt supply 
• 125 ns max. access time 

Applications 

Description 
The intended application for these devices is the generation of 
64 or 128 ASCII alpha-numeric characters utilizing a read out 
system which generates the characters either horizontally or 
vertically. one word line at a time. 

• 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 

PART 
NUMBER 

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 T8 C N24 

5171 7x9 64 Row T8 M J24 

6172 7x9 128 Row T8 C N24 

5172 7x9 128 Row T8 M J24 

6173 7x9 128 Column T8 C N24 

5173 7x9 128 Column T8 M J24 

6174 7x9 64 Column T8 C N24 

5174 7x9 
I 

64 Column T8 M J24 
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5/6XXX 

Absolute Maximum Ratings Operating 
Supply voltage Vee ....................................................................................... -0.5V to 7V 
Input voltage .............................................................................................. -1.5V to 5.5V 
Off-state output voltage ................................................................................... -1.5V to 5.5V 
Storage temperature range ............................................................................. -65°e to +150oe 

Recommended Operating Conditions 

MILITARY COMMERCIAL 
UNIT SYMBOL PARAMETER 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

10H High level output current -1.0 -2.0 mA 

10L Low level output current 6 8 mA 

TA Operating Iree air temperature -55 125 0 75 °e 

Electrical Characteristics 
Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V,H High-level input voltage 2 Vee v 
V,L Low-level input voltage 0.0 O.S V 

:191 Vie Input clamp voltage Vee = MIN, II = -18 mA -1.5 V 

VOL Low-level output voltage 
Vee = MIN, V,H = 2V, 10L = 8 mA 0.5 

V,L = O.BV 10L = 6 mA 
V 

0.5 

" 
Input current at maximum input voltage Vee = MAX, V, = 5.5V 1.0 mA 

I'H High-level input current Vee = MAX, V, = 2.4V 40 !LA 

IlL Low-level input current Vee = MAX, V, = O.45V -250 !LA 
C, Input capacitance Vee = 5.0V, I = 1 MHz V, = 2.0V 7.0 

Co Output capacitance TA = 25°C Va = 2.0V 8.0 
pF 

ICC Supply current Vce = MAX 
oe 170 

TS 180 
mA 

OPEN COLLECTOR OUTPUT CURRENT 

I 'CEX I Output Leakage Current VCC = MAX. Va = 2.4V 100 !LA 

THREE STATE OUTPUT ONLY 

VOH High-level output voltage 
Vee = MIN. V,H = 2V. 

2.4 V 
, " V'I,. = O.BV, 10H = MAX 

10ZH 
OIl-state output current Vec = MAX, VIH = 2V, 

100 '!L,A 
high-level voltage, applied " Va = 2.4V 

16zL' 
Oll-stllte outpl.llcurrenl Vee = MAX. V,H = 2V, 

low-level, voltage applied Va = 0.5V 
-100 !LA 

'OS }~hort-circuit output currert Vec - MAX, VO- OV -20 -90 mA 

Switching Characteristics 
Over Recommended Ranges of TA and VCC MILITARY COMMERCIAL 

TA= -55°C to +125°C TA = -O°C 10 + 75°C 

SYMBOL PARAMETER .vCC = 5.0V ± 10% Vec = 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 
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5/6XXX 

Block Diagram-60/6171, 50/5171 

ROW 
DECODE 

6 CHARACTER 
S DECODE 

Pin Configuration 

MEMORY 
MATRIX 

OUTPUT 
BUFFERS 

20 19 

Vcc = 24 
GND = 12 

NOTE: AO, 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 A9. 
The particular 7 bit line within each character is determined by 
the 4 bit address applied to AO, A1, A2 and A3. The binary 
addresses 9 thru 15 on AO, A1, 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 E1 and E2 are low. 
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Block Diagram-60/6174, 50/5174 

COLUMN 
DECODE 

A3~ 
A4o--i 
AS CHARACTER 

DECODE 

Pin Configuration 

MEMORY 
MATRtX 

VCC = 24 
GND = 12 

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 
A1Q. The particular 7 bit line within each character is determined 
by the 4 bit address applied to AO, A1, A2and A3. The binary 
addresses 9 thru 150n AO, A1,' 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 9thru 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 El and E2 are low, 



5/6XXX 

Block Diagram-60/6172, 50/5172 

AO 

A1 

A2 
A3~-,, ___ ....I 

S CHARACTER 
DECODE 

Pin Configuration 

MEMORY 
MATRIX 

OUTPUT 
BUFFERS 

20 19 

Vcc = 24 
GND = 12 

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 A3 thru Ag. 
The particular 9 bit column within each character is determined 
by the 3 bit address applied to AO, A1 and A2. The binary address 
000 on AO, A1 and A2 provides a blank line for character line 
spacing. The memory is enabled when both E1 and E2 are low 
and E3 is high. 

Block Diagram-60/6173, 50/5173 

AO 

A1 COLUMN 
DECODE 

A2 

A3 
MEMORY 
MATRIX 

A4 

AS 

01 

02 
03 
0, 

Os 

Os 

07 

Os 

&...,."".,:::-!"."...,--~Og 
2 CHARACTER 

As DECODE 
A7 

AS 

Ag 

Vcc = 24 
GND = 12 

Pin Configuration 

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 A3 thru A8. 
The particular 9 bit column within each character is determined 
by the 3 bit address applied to AO, A1 and A2. The binary address 
000 on AO, A1, and A2 provides a blank line for character line 
spacing. The memory is enabled when both E1 and E2 are low 
and E3 is high. 
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5/6XXX 

Standard Test Load 

R, 

~r;~.?tf: e>-__ ....-___ ----7"'501l.11---o VCC Input pulse amplitude = 2.5V 
Input pulse rise and fall times must be 5ns between 1.0 volt 

and 2.0 volts. 

Test Waveforms 

Ax 

* I 
--""\ 

ENABLE ~ I 

I 
Ox I 

I----TAA 

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

Ax 

ENABLES 
El, E2 

ENABLES 
Ea. E4 

>t= Ox 

I 

Ax = Any Address 
Ox = Any Output 

* * I I 
I J 

I \ -------TEA~ !--TER:! 

\...-

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

AO A1 A2 A3 

0 0 0 0 

1 0 0 0 

0 1 0 0 

1 1 0 0 

0 0 1 0 

1 0 1 0 

0 1 1 0 

1 1 1 0 

0 0 0 1 
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Generation of the Letter "F" 

CHARACTER 
GENERATOR 

MM6071 

••••••• .DDDDDD 
.DDDDDD 
.DDDDDD 
••••• DD 
.DDDDDD 
.DDDDDD 
.DDDDDD 
.DDDDDD 

AO 

ASCII INPUT FOR "F" 

10F16 
DECODER 

19 STATES 
ARE USED) 

CLOCK 

DECODE BINARY 
9 AND RESET COUNTER 



7 x 9 Character Font* 50/5171, 60/6171 

A "Filled In" Dot Represents a Low Memory Output 

ASCII I178eBs I17BsBs B7BsBs I17BsBs B7BsBs B7BsBs B7BsBs B7BsBs 

INPUT AtAaA7 AtAaA7 AtAaA7 AgAaA7 AgAaA7 AgAaA7 AgAaA7 AgAaA7 

ADDRESS 000 001 010 011 100 101 110 111 

Ot 00 ••• ,. 0 .00000. •••••• 0 .00000. 0000000 0000.00 00 ••• 00 0 ••••• 0 
02 0.0000 • • 00000. .00000. .00000. 0000000 000.000 0.000.0 .00000. 
03 .00 •• 0. .00000 • • 00000. 0.000.0 0000000 00.0000 • 0000 •• .00000 • 

,8382111 04 .0.0.0. .00000. .00000. 00.0.00 0000000 00.0000 .000.0. 0.000.0 

AsA4A3 Os .0.0.0. ••••••• • ••••• 0 000.000 0000000 00.0000 .00.00. 00 ••• 00 
000 O. .0 ••••• • 00000. .000000 00.0.00 0000000 00.0000 .0.000. 0.000.0 

07 .000000 .0,0000. .000000 0.000.0 0000000 00.0000 •• 0000. .00000 • 
0, 0.0000. .00000. .000000 .00000. 0000000 000.000 0.000.0 .00000. 
O. 00 •••• 0 .00000. .000000 .00000. 0000000 0000.00 00 ••• 00 0 ••••• 0 

Ot 000.000 00 ••• 00 00 ••• 00 .00000. 000.000 00.0000 0008000 0 ••••• 0 
02 00.0.00 000.000 0.000.0 .00000. 000.000 000.000 00 •• 000 8DDODO. 
03 0.000.0 000.000 .00000. 0.000.0 000.000 0000.00 0.0.000 8DDDD08 

8382111 04 • 00000. 000.000 .00000 • 00.0.00 000.000 0000.00 0008000 .0000 •• 
AsA4A3 05 • 00000. 000.000 .00000 • 000.000 000.000 0000.00 DOO80DD 0 •••• 0. 

001 O. ••••••• 000.000 .00.00 • 000.000 000.00,0 0000.00 000.000 0000008 
07 • 00000. 000.000 .000.0 • 000.000 0000000 0000.00 000.000 000000. 
0, .00000. 000.000 0.000.0 000.000 ODDDDDD 000.000 000.000 .0000.0 
0, • 00000. 00 ••• 00 00 ••• 0 • 000.000 000.000 00.0000 0 ••••• 0 0 •••• 00 

Ot ••••• 00 000000. •••••• 0 ••••••• 0.00.00 000.000 0 ••••• 0 0000000 
02 0.000.0 000000. .00000. 000000. 0.00.00 .00.00. .000008 0000000 
03 0.0000. 000000. .00000. 00000.0 0.00.00 0.0.0.0 000000. 000-0000 

B382111 04 0.000.0 000000. .00000. 0000.00 0.00.00 00 ••• 00 00000.0 000.000 
AsA4A3 05 0 •••• 00 000000. •••••• 0 000.000 0000000 000.000 00 ••• 00 0000000 

010 O. 0.000.0 000000. .00.000 00.0000 0000000 00 ••• 00 0.00000 0000000 
07 0.0000. .000008 .000.00 0.00000 0000000 0.0.0.0 .OOCODD 000.000 
0, 0.000.0 0.000.0 .0000.0 • 000000 0000000 .00.00 • .000000 aDCODeD 
0, ••••• 00 00 ••• 00 • 00000 • ••••••• 0000000 000.000 ••••••• DOODODO 

Ot 00 •• ' •• 0 .00000. 00 •••• 0 ••••••• 00.0.00 DDDODCD 0 ••••• 0 0000000 
02 0.0000. .0000.0 0.0000. •• 00000 00.0.00 000.000 .00000. DOOODDD 
03 .000000 • 000.00 .000000 •• 00000 ••••••• 0008000 0000008 0000000 

B3B2111 04 .000000 .00.000 0.000.00 •• ,0 0000 00.0.00 000.000 DOODCD. 000.000 
AsA4A3 05 • 000000 .0.0000 00 ••• 00 •• 00000 00.0.00 ••••••• 000 ••• 0 0000000 

011 0& • 000000 .0.000 00000.0 •• 00000 D08a.-on 0008000 DOODDD • 0000000 
~ • 000000 000.00 000000 • • 800000 ••••••• 000.000 000000 • 0008000 
O. 0.00.00. 0000.0 .0000.0 ..00,000 00.0.00 000.000 .00000. DOD.ODD 
0, 00 •••• 0 00000. 0 •••• 00 ••••••• 00.0.00 0000000 0 ••••• 0 00.0000 

Ot ••••• 00 000000 ••••••• 0000000 00.0.00 0000000 0000.00 00000.0 
02 0.000.0 000000 .00.00. 8000000 0 •••••• 0000000 000 •• 00 0000.00 
03 0.0000. 000000 000.00.0 0.00000 .0.0.00 0000000 00.0.00 000.000 

83B2111 04 0.0000. 000000 000.000 00.0000 .0.0.00 0000000 0.00.00 00.0000 
AsA4A3 05 0.0000. 000000 000.00.0 000.000 0 ••••• 0 0000000 ,.00 CJ. 0 0 08DDDDD 

100 Os 0.0000. 000000 0008000 0'000800 00.0.0. 0000000 .000.00 DO.ODDD 
07 0.0000. 000000 0.00.000 00000.0 00.0.0. 000.000 ••••••• 0008000 
O. 0.000.0 000000 000.0.00 000000. •••••• 0 000.000 DOD08DO 0000800 
O • ••••• 00 •••••• 000.000 0000000 00.0.00 D080DDD 0000.00 00000.0 

Ot ••••••• 00000. .00000 • ••••••• 0.00000 0000000 • •••••• 0000000 
02 .000000 00000. .00000. 00000 •• .0.000. 0000000 .000000 0000000 
03 .000000 • 000 •• • 00,000. 00000 •• 0.000.0 0000000 .000000 0000000 

B3B2II1 04 "000000 0.0.0. .00000. 00000 •• 0000.00 0000000 .OODDDO ••••••• 
AsA4A3 0, ••••• 00 00.00. .,00000. 00000 •• ODo.nco ••••••• •••••• 0 0000000 

101 0, .000000 00.00. .00000. 00000 •• 00.0000 0000000 000000. 0000000 
~ • 000000 00.00. .00000. 00000 •• 0.000.0 0000000 000000. ••••••• O • • 000000 00000. 08000.0 00000 •• .000.0. 0000000 .00000. 0000000 
0, ••••••• 00000. 00 ••• 00 ••••••• 00000.0 0000000 0 ••••• 0 0000000 

Ot ••••••• 00000. .00000. 0000000 0 •• 0000 0000000 00 •••• 0 0.000-00 
02.000000 00000. .00000. 0000000 .00.000 0000000 0.0000. 00.0000 
03 .000000 .0000. .00000. 0000000 .00.000 0000000 .000000 000.000 

8382111 o •• 000000 0.000. 0.000.0 000.000 0 •• 0000 000-0000 8DOODOD 0000.00 
AsA4A3 Os ••••• 00 00.00. 0.000.0 00.0.0'0 0 •• 0000 0000000 .0 •••• 0 00000.0 

110 0, .0000'00 000.0. 0.000.0 0.000.0 .00.0.0 0000000 •• 0000. 0000.00 
~ • 000000 0000 •• 00.0.00 .00000 • • 000 •• 0 0000000 .00000 • 000.000 
08.000000 00000. 00.0.00 0000000 .0000.0 0000000 .00000. 0.0.0000 
O •• 000000 00000. 000.000 0000000 0 •••• 0. 000.000 0 ••••• 0 0800000 

Ot 00 •••• 0 00 ••• 00 .00000. 0000000 000 •• 00 OOOOOOD ••••••• 0 ••••• 0 
02 0.0000. 0.000.0 .00000. 0000000 000 •• 00 00'0000. 000000. .00000. 
03 .000000 .00000. .00000. 0000000 000.000 00000.0 000000. 000000. 

83B2111 04 .000000 .00000. .00000. 0000000 00.0000 0000.00 00000.0 000000. 
AsA4A3 05 .000000 .00000. .00.00. 0000000 0000000 000.000 0000.00 0000 •• 0 

111 0& .0'00 ••• .00000. .00.00. 0000000 0000000 00.0000 000.000 000.000 
07 .00000. .00000. .00.00. 0000000 0000000 0.00000 00.0000 000.000 
O. 0.000 •• 0.000.0 .0.0.0. 0000000 OODOOOO .000000 0.00'000 0000000 
0, 00 ••• ,0. 00 ••• 00 0.000.0 • •••••• 0000000 0000000 .900000 000.000 

'These representations were obtained from the USASI X 3.2 Code Practice Manual. Address Ag = 67 = Be. 
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7 x 9 Character Font * 50/5172, 60/6172 

A "Filled In" Dot Represents a Low Memory Output 

ASCII B7B6B5 87B&B5 B7B6B5 B7B6BS B7B6Bs II7BeBs 
INPUT Al0AsA6 AlOA9As AloAgAs AloAsA6 Al0A9A8 Al0A9A8 

ADDRESS 
000 001 010 011 100 101 

070&0s040302<>1 070&OSD40302<>1 070&OS040302<>1 070&050 40 302<>1 D7O&Os0 40a0:!01 D7D&0sD40a02<>1 

••••••• ••••••• 0000000 00 ••• 00 00 •••• 0 • ••••• 0 
.00000 • • 00000. 0000000 0.000.0 0.0000. .00000. 

00000 • • 00000. 0000000 .0000 •• • 00 •• 0. .00000. 

B4B3B2111 
00000 • • 00000. 0000000 • 000.0. .0.0.0 • .00000. 

A7A6A5A4 
00000 • ••••••• 0000000 • 00.00. .0.0.0 • •••••• 0 

0000 
00000 • • 00000. DDDDODD • 0.000. .0 ••••• .000000 
00000 • • 00000. 0000000 ..0000. .000000 .000000 
00000 • • 00000. 0000000 0.000.0 0.0000 • • 000000 •••••• ••••••• 0000000 00 ••• 00 00 •••• 0 .000000 

(NUL)' (OLE)' 

•••••• 00 ••• 00 000.000 DODBODD 000.000 00 ••• 00 
000000 0.0.0.0 000.000 00 •• 000 00.0.00 0.000.0 
000000 .00.00. 000.000 0.0.000 0.000.0 .00000. 

B4B3B2Bl 
000000 .00.00. 000.000 000.000 • 00000. .00000 • 

A7AsAsA4 
000000 .00 •••• DOOBODD 000.000 .00000. .00000. 

0001 000000 .00000. 000.000 000.000 ••••••• .00.00 • 
DOODDD .00000. 0000000 000.000 • 00000. .000.0 • 
000000 0.000.0 0000000 000.000 .00000. 0.000.0 
DOODDD 00 ••• 00 DOOBOOD 0 ••••• 0 BoOODO. DO •• -. 0'. 

(SOH)' (DC1)' 

000.000 00 ••• 00 0.00.00 0 ••••• 0 ••••• 00 •••••• 0 
000.000 0.000.0 0.00.00 .00000. 0.000.0 .00000. 
000.000 .00000. 0.00.00 000000. 0.0000. .00000. 

B4B3B2111 
000.000 .00000. DBoOBOD 00000.0 0.000.0 .00000. 

A7AsA5A4 
000.000 .00 •• ' •• 0000000 00 ••• 00 0 •••• 00 •••••• 0 

0010 000.000 .00.00. 0000000 0.00000 0.000.0 .00.000 
000.000 .00.00. 0000000 • 000000 080000 • .000.00 
0008000 OBOBOBO DODDooa BOOODDD 08000.0 .0000.0 

••••••• 00 ••• 00 0000000 ••••••• ••••• 00 .00000 • 
(DC2)' 

000000. 00 ••• 00 00 0.00 0 ••••• 0 00 •••• 0 00 •••• 0 
000000. 0.000.0 00 0.00 .00000. OBOoDO. 0.0000. 
000000 • • 00000. •• •••• 000000. .000000 .000000 

B4B3B2Bl 
000000 • • 00000. 00 0.00 000000. .000000 0.00000 

A7AsA5A4 
OODDoOB •••• 00. 00 0.00 000 ••• 0 .000000 00 ••• 00 

0011 000000. .00.00. 00 0.00 000000. .000000 0'0000.0 
000000. .00.00. •• •••• 000000. .000000 000000 • 
000000. 0.0.0.0 00 0 00 .00000. 0.0000. .0000.0 ••••••• 00 ••• 00 00 0 00 0 ••••• 0 00 •••• 0 0 •••• 00 

(ETX)' (DC3)' 

.000000 00 ••• 00 00 0 00 0000800 ••••• 0'0 ••••••• .000000 0.0.0.0 O • • •• 000 •• 00 0.'000.0 .00.00. 
0.0.000 • 00.00. .0 0 00 00.0.00 0.0000. 000.000 

B4B3B2111 
00 •• 000 .00.00. .0 0 00 0.00.00 0.0000. 000.000 
000.000 •••• 00. O. • .0 .000.00 0.0000. ODOBODD 

A7AsAsA4 000 •• 00 .00000. 00 0 o. .000.00 0.0000. 000.000 0100 
oD080Bo BOOooo. 00 0 O. ••••••• 0.0000. 0008000 
000000. 0.000.0 •• • .0 0000.00 0.000.0 000.000 
000000. 00 ••• 00 00 0 00 DODOBOD ••••• 00 000.000 

(EOT)' (0C4)' 

••••••• 000000. 0.00000 • •••••• ••••••• .00000. 
• 00000. 000000 • • 0.000. • 000000 .000000 .00000 • 
.00000. 00000.0 a.DOOBD .000000 8000000 .00000. 

B483B2111 
.0.0.0. 00000.0 0000.00 • 000000 .000000 .00000 • 

A7AsAsA4 
.00.00. 00 ••••• 000.000 •••••• 0 ••••• 00 .00000 • 

0101 .0.0.0. 0000. G'O DO.DODO ooooooa BoOODDD BODOoO • 
.00000. .00.000 0.000.0 DOODDoa .000000 .00000 • 
.00000. 0.0.000 .000.0. .00000. BOOODDD 0.000.0 

••••••• 0080000 0000080 0 ••••• 0 ••••••• 00 ••• 00 
(ENQ)' (NAK)' 

000000. 0 ••••• 0 0 •• 0000 00 •••• 0 • •••••• .00000. 
000000. 0.000.0 • 00.000 0.0000 • • .000000 .00000. 
00000.0 0.000.0 _DO_DOD .000000 .DOODDD .00000. 

B4B3B2B! 
00000.0 0.000.0 0 •• 0000 .000000 .000000 0.000.0 
0000.00 0.000.0 0 •• 00.00 .0 •••• 0 ••••• 00 0_000_0 

A7AsAsA4 000 0 • 00 0.000.0 .00.0.0 •• 0000 • • 00000.0 0_000.0 
0110 •. 00.000 0.000.0 .000 •• 0 .00000 • • 000000 00.0.00 

0.0.000 0.000.0 .0000.0 .00000. .000000 00.0.00 
00.0000 •• 000 •• 0 •••• 0 • 0 •••••• • 000000 000.000 

(ACK)' (SYN)' 

0000000 000000. 000 •• 00 ••••••• 00 •••• 0 .'[Joooo. 
000.0000 000000. 000 •• 00 000000. 0.0000. .00000 • 
0000000 000000. DOD·. DOD 000000. .DOODDD .00000 • 

B4B3B.1I1 
00 ••• 00 000000. 00.0000 00000.0 .000000 .00000 • 
0.000.0 ••••••• ODOOOOO DODO.OO .'0'00000 .00.0 D .• 

A7AsAsA4 • 00000. 000000 • 0000000 000.000 .000 ••• • 00.00. 
0111 • 00000. 000000 • 0000000 00.0000 .00000. .00.00. 

• 00000. 000000 • 0000000 0.00000 0.000 •.• .0.0.0. 

••••••• 000000 • 0000000 .000000 00 ••• 0. 0.000.0 
(BEL)' (ETB)' 

'The lellers in parenthesis identify the control code corresponding to the appropriale 63 bit pictorial representation, 
These representations were obtained from the USASI X 3.2 Code Practice Manual. 
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B7B6Bs 87B6Bs 
Al0A9A8 Al0A9A8 

110 111 
07060s040a0:!01 D70&0sD40a0:!01 

DO •• OoD .0 ••• 00 
00 •• 000 •• 000.0 
000.000 .0000.0 
,0000.00 .0000.0 
000'0000 •• 000.0 
0000000 .0 ••• 00 
0000000 .000000 
DDDDODD .000000 
0000000 .000000 

0000000 0 ••• 0.0 
00 ••• 00 .000 •• 0 
0.000.0 .0000.0 
00000.0 .0000.0 
0 ••• 0.0 .000.'.0 
BODO •• D 0 ••• '0.0 
.0000.0 00000.0 
.000 •• 0 00000.0 
0 ••• 0.0 00000.0 

.000000 0000000 

.000000 DDDDOOO 

.000000 0000000 

.0 ••• 00 .0 ••• 00 
•• 000.0 •• 000.0 
.0000.0 .000000 
.0000.0 .000000 
•• OODBa .000000 
.0 ••• 00 .000000 

DDDDODD DDDDODD 
0000000 DDDDOOD 
0000000 0000000 
0 •••• 00 0 ••••• 0 
.0000.0 .00'0000 
.000000 0 •••• 00 
.000000 00000.0 
.0000.0 00000.0 
0 •••• 00 ••••• 00 

00000.0 0000000 
00000,.0 0000000 
00000.0 00.0000 
0 ••• 0.0 00.0000 
.000 •• 0 0 ••• 000 
.0000.0 00.0000 
.0000.0 DO.DODD 
.000 •• 0 00.00.0 
0 ••• 0.0 000 •• 00 

0000000 0000000 
DDDDODD DDDDODD 
0000000 doooooo 
0 •••• 00 .0000.0 
.0000.0 .0000.0 
• DOODBD .0000.0 
••••• 00 .0000.0 
.000000 .0'00 •• 0 
0 •••• 00 0 ••• 0.0 

000 •• 00 0000000 
00 •. 00.0 0000000 
00.0000 0000000 
00.0000 0000000 
••••• 00 .00000 • 
00.000'0 0.0.00.0 
00.0000 oU.o.oo 
00.0000 000.000 
00.0000 000.000 

0 ••• 0.0 0000000 
• 000 •• 0 0000000 
• 0000.0 0000000 
• 0000.0 .00000. 
• 000 •• 0 .ODODO • 
0 ••• 0.0 .00.00. 
DDODO.O .00.00. 
.0000.0 •. 0.0.0. 
0 ••••• 00 0.000.0 



7 x & Character Font 50/5172, 60/6172 

A "Filled In" Dot Represents 8 Low Memory Output 

ASCII B7BeBs B7BeBs I17B6I15 I1786Bs I17B6Bs B711&1I5 
INPUT """'7 """'7 AeAaA7 """'7 AeAaA7 ~7 

ADDRESS IICIO 001 010 011 100 101 

Ot ••• 0000 ••••••• 0000.00 0 ••••• 0 .00000. .00000. 
Q2 •• 00000 .00000. 000.000 • 00000 • .00000 • .00000. 
~ • 0.0000 0.000.0 00.0000 .00000 • .00000. 0.000.0 

II4B3B2Bt 114 000.000 00.0.00 00.0000 0.000.0 .00000. 00.0.00 

AfAIA4A3 Os 000.000 000.000 00.0000 00 ••• 00 ••••••• OOO.OOI;J 

ll1C1O ~ 0000.00 00 ••• 00 00.0000 0.000.0 .00000. 00.0.00 
00000.0 0.000.0 00.0000 • 00000. .00000 • 0.000.0 

Oa 00000.0 .00000. 000.000 • 00000. .00000 • .00000. 
O. 000000. ••••••• DODO.OD 0 ••••• 0 .00000. .00000. 

(88)' (CAN)' 

Ot ••• 0000 000.000 00.0000 0 ••••• 0 00 ••• 00 .00000. 
Q2 000.000 000.000 000.000 .00000. 000.000 .00000. 
~ 0000.00 000.000 0000.00 .00000. 000.000 0.000.0 

II4B3B2Bt 114 00000.0 000.000 0000.00 .0000 •• 000.000 00.0.00 
AeA5A4A3 Os ••••••• 0···.·0 0000.00 0 •••• 0. 000.000 000.000 

1001 ~ 00000.0 000.000 0000.00 000000. 000.000 000.000 
0000.00 ooD.ooo 0000.00 000000. 000.000 000.000 

Os 000.000 000.000 000.000 .0000.0 000.000 000.000 
Os ••• 0000 000.000 00.0000 0 •••• 00 00 ••• 00 000.000 

(KT)' (EIII' 

Ot ••••••• 0 ••••• 0 000.000 0000000 000000 • ••••••• 
Q2 0000000 .00000. • 00.00. 0000000 000000. 000000 • 
~ OOODOOO .000000 0.0.0.0 0000000 000000. 00000.0 

114B3B2Bt. 1I4 0000000 • 000000 00 ••• 00 000.000 000000 • 0000.00 
AeA5A4A3 Os ........ 0 •• 0000 000.000 0000000 000000. 000.000 

1010 ~ 0000000 000.000 00 ••• 00 0000000 000000. 00.0000 
0000000 000.000 0.0.0.0 000.000 .00000. 0.00000 

0, DDDDODD 0000000 .00.00. 0000000 0.000.0 .000000 
Os ••••••• 000.000 000.000 oodoooo 00 ••• 00 ••••••• (LF)' (-r 
Ot .00.00. 00 ••• 00 0000000 0000000 00000. • ••••• 11 
O:! .00.00. 0.000.0 000.000 oQooooo 0000.0 •• 00000 
~ .00.00 • • 00000. 000.000 0000000 000.00 •• 00000 

II4B3B2Bt g: .00.00. .00000. 000.000 000.000 00.000 •• 00000 
.00.00. ••••••• ••••••• 0000000 b.oooo ..00000 

~O. .00.00 • • 00000. 000.000 0000000 .0.000 •• 00000 
~ 0.0.0_0 .00000. 000.000 DoO.ODD 0001100 •• 00000 
0, 00 ••• 00 0.000.0 oQollooo 000.000 0000.0 •• 000 0 0 
Os 000.000 0011 •• 00 0000000 00.0000 00000. ••••••• (VT)' (ESCr 

Ot 000.000 ••••• 0000000 00000.0 000000 0000000 
Q2 .00.00. 00.00 0000000 0000 •. 00 000000 .000000 
~ .00.00. oolioo 0000000 OOD.OOo opOOOO 0.00000 

II4B3B2Bt • g: 0 ••••• 0 00.00 000000 0 00.0000 000000 00.0000 
ooo.ooQ ••• 00 0000000 0.00000 000000 000.000 

~Os 1100.00. 00000 0000000 00.0000 000000 0000.00 
~ 0 ••••• 0 00000 000.000 000.000 000000 00000.0 
0, 000.000 00000 000.000 0000.00 000000 000000. 
Os 000.000 ••••• 00.0000 00000.0 ••••• 0000000 

(FF)' (FS)' 

Ot 0000 ••• • •••• 0000000 0000000 00000 ••••••• Q2 000.000 00000 0000000 0000000 00000 00000 •• 
~00.0000 00000 0000000 0000000 .000. 00000 •• 

B.!1I3112Bt 04 0.00000 00000 0000000 ••••••• 0.0.0 00000.· 
AeA5A4A3 Os ••••••• ••• 00 ••••••• 0.000000 00.00 ~~~~~:: 

1101 ~ 0.00000 00.00 000 DO 0 O' 0000000 00.00 
00.0000 00.00 0000000 ••••••• 00.00 oOOGlO •• 

0'000.000 00.00 0000000 0000000 00000 00000 •• 
Os 0000 ••• • •••• 0000000 0000000 00000 ••••••• (CA)' (GIl)" 

Ot 00 •••. 00 •••••• 000000'0 0.00000 00000 '000000'0 
Q2 0.000.0 00000 0000000 00.0000 00000 0000000 
~ .00000. .00000 0000000 000.000 .0000 0000000 

II4B3B2Bt 114 .0.0.0. .00000 0000000 0000.00 0.000 000.000 
AeA5A4A3 ,Os .00.00. .00 ••• 0000000 00000.0 00.00 00.·0.00 

1110 ~ .0.0.0. .00.00 000000.0 0000.00 000.0 0.000.0 
.00000. .00.00 0000000 000.000 0000 •• .00000. 

O. '0.00 O. 0 .00.00 0000000 00.0000 00000. 0000000 
O. 00 ••• 00 •••••• 000.000 0.00000 00000. 0000000 

(80)' (SlI)' 

Ot 00 ••• 00 •••••• 0000000 0 ••••• 0 DO ••• OO 0000000 
Q2 '0.00 O. 0 .00.00 000000. .00000. O.OQO.O '0000·000 
Oa .00000. .00.00 00000.0 000000 • .00000. 0000000 

II4B3B2Bt 04 .00000. .. 00.00 0000.00 000000. .00000. 00.0.0000 
AeA5A4A3 Oli .00.00. .00 ••• 000.000 0000 •• 0 .00000. ODOOOOO' 

1111 O. .00000. ~ggggg 00.0000 000.000 .00000. 0000000 
~ .00000. 0.00000 000.000 .00000 • 0000000 
08 0.000.0 • 00000 .000000 0000000 0.000.0 0000000 
Og 00 ••• 00 •••••• 00.00000 000.000 00 ••• 00 . .. , .... 

(811' (IIIIJ' 

'The letters in parenthesis identify the control code corresponding to the appropriate 63 b~ pictorial representation, 
These representations were obtained from the USASI X 3,2 Code Practice Manual. 

B7BeBs B7II&Bs 
AeAaA7 """'7 

110 111 

11000000 0000000 
II 0 0 000'0 0000000 
11000000 0000000 
.0 ••• 00 .0000.0 
11.000.0 0.00.00 
.0000.0 00 •• 000 
.0000.0 00 •• 000 
.0000.0 0.00.00 
.0000.0 .0000.0 

000.0000 .0000.0 
0000000 .0000.0 
000.000 .0000.0 
0000000 •. 0'000.0 
00 •• 000 .000 •• 0 
000.000 0 ••• 0.0 
000.000 00000.0 
000.000 .0000.0 
00 ••• 00 0 •••• 00 

00000.0 0000000 
0000000 0000000 
00000.0 0000000 
00000.0 •••••• 0 
00'000.0 0000.00 
00000.0 000.000 
00000.0 00.0000 
.0000.0 0.00000 
0 •••• 00 •••••• 0 

.000000 0000.00 

.000000 000.000 

.0000.0 000.000 

.000.00 000.000 

.00.000 00110000 

.0.0000 000.000 

.110.000 000.000 

.OOO.QD 000.000 

.000 0 • 0 0000.00 

00 •• 000 000.000 
DO 0'.0'00 000.000 
000.00.0 000.000 
000.000 00'0.000 
000.000 0000000 
000.000 000.·000 
000.000 000.000. 
000.000 000.000 
00 ••• 00 000.000 

0000000 00.0000 
0000000 000.000 
0000000 000.000 
:0000000, 000.0·00 
.0.0 •• 0 0'000.00 
.110.00. 000.000 
• 00.00 • 000.000 
• 00.0 0 11 000.000 
.0 D'. DO. 00.0000 

ooqoooo 0 •• 00.0 
0000000 .00 •• 00 
0000000 0000000 
.0 ••• 00 0000000 
•• 000.0 000.0000 
.0000.0 00001J00 
.0000.0 0000000 
.0000.0 0000000 
.0000.0 '0000000 

0.000000 0.0.0.0 
0000000' .0.0.0. 
0000000 0.0.0.0 
0 •• 11.00 .0.0.0. 
.0000.0 0.0.0..0 
"ODD D'. 0 .0.0.0. 
lioooo·o 0.0.0.0 
.0000110 .0.0.0. 
O ••• ;.,0 0 0.0.0.0 

(DELl'·, 
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A "Filled In" Dot Represents a Low Memory Output 

ASCII B7116Bs B7116Bs B7B6BS B7116Bs B7B6BS B7B6BS 

INPl1T AaAaA7 AaAaA7 AaAaA7 AsAaA7 AeAaA7 AgAaA7 

ADDRESS 000 001 010 011 100 101 

0, •••••• ••••••• 000000.0 00 ••• 00 00 •••• 0 •••••• 0 
02 00000. .00000. 0000000 0.000110 0.0000. .00000. 
03 00000 • • 00000. 0000000 .0000 •• .00 •• 0. .00000. 

B4B3B2B1 g: 
00000 • • 000dO. OOOdOOO .00d.0. .0.0.0. .00000. 
dO ODd • ••••••• 0000000 • 00.00. .0.0.0 • •••••• 0 

AaAsA4A3 06 00000. .00000. OOdOOOO • 0_000. .0 ••••• .000000 
0000 07 00000 • • 00000. DDDODDD •• 0000. _DOODOD .000000 

Os 00000 • • 00000. 0000000 0.000.0 0.0000. .000000 
09 •••••• ... -.... 0000000 00 ••• 00 00 •••• 0 .000000 

(NUL)' (OLE)' 

0, •••••• 00 ••• 00 DOO.oDD 000.000 000.000 00 ••• 00 
02 DODDDD 0.0.0.0 000.000 00 •• 000 00.0.00 0.000.0 
03 000000 .00.00. 000.000 0.0.000 0.000.0 .00000. 

B4B3B2i11 g: 000000 .00.00. 000.000 000.000 .00000. .00000 • 
000000 • 00 •••• 000.000 000.000 .00000. .00000. 

AaAsA4A3 06 000000 .00dOO. 000.000 000.000 ••••••• .00.00. 
000t 07 000000 .00000. 0000000 000.000 .00000. .000.0. 

Os 000000 0.000.0 0000000 000.000 .00000. 0.000.0 
09 000000 00 ••• 00 DOD.oon n ••••• o • 00000. 00 ••• 0 • 

(SOH)' (DC1)' 

01 000.000 00 ••• 00 0.00.00 0 ••••• 0 ••••• 00 •••••• 0 
02 000.000 0.000.0 0.00.00 .00000. 011000.0 .DODDO_ 
03 000.000 .00000. 0.00.00 000000. 0.0000 • • 00000_ 

B4B3B2i11 g: 
oDD.ODD .00000. 0.00.00 00000.0 0.000.0 .00000. 
000.000 .00 •••• 0000000 00 ••• 00 0 •••• 00 •••••• 0 

AaAsA4A3 06 DoD.ODD .00.00. DDDDODD 0_00000 0.000.0 .00.000 
0010 07 DDD.ODD • 00_00. 0000000 .000000 0.0000 • .000.00 

Os 000.000 0.0.0.0 0000000 .000000 0.000.0 .0000.0 
09 ••••••• 00 ••• 00 0000000 ••••••• ••••• 00 .00000 • 

(DC2)' 

01 000000. 00 ••• 00 00 0 00 0 ••••• 0 00 •••• 0 00 •••• 0 
02 000000. 0.000.0 00 0 00 .00000. 0.0000. 0.0000_ 
03 000000. .00000. •• • •• 000000. .000000 .000000 

B4B3B2i11 g: 
000000. .00000. 00 0 00 000000. .000000 O.DDDDD 
DOODDO. •••• 00. 00 0 00 000 ••• 0 .DOODOD 00 ••• 00 

AaAsA4A3 06 000000 • • 00.00. DO 0 00 000000. .000000 00000.0 
0011 07 000000. .00_00.- •• • •• 000000. .DOODDD 000000. 

Os 000000. 0_0_0.0 DO 0 DO .orJDOO. 0_0000_ .0000.0 
09 ••••••• 00 ••• 00 DO 0 00 0 ••••• 0 00 •••• 0 0 •••• 00 

(ETX)' (DC3)' 

0, .000000 00 ••• 00 00 0 00 0000.00 ••••• 00 ••••••• 
02 .000000 0.0.0.0 O. • •• 000 •• 00 0.000.0 .00.00. 
D3 0.0.000 .00.00. .0 0 00 00.0.00 0.0000. 000.000 

B4B3B2B1 g: 
00 •• 000 .00.00. .0 0 00 0.00.00 0.0000. 000.000 
000.000 •••• 00. O. • .0 .000.00 0.0000. 000.000 

AaAsA4A306 000 •• 00 .00000. 00 0 O. .000.00 0.0000. 000.000 
0100 07 000.0.0 • 00000. DO 0 D. ••••••• 0.0000. 000.000 

Os 000000. 0.000.0 •• • .0 0000.00 0.000.0 000.000 
09 000000. 00 ••• 00 00 0 DO 0000.00 ••••• 00 000.000 

(EDT)' (DC4)' 

01 ••••••• 000000 • 0.,00000 ••••••• • ••••• .00000. 
02 • 00000. 000000 • .0.000. • 000000 000000 .00000 • 
03 .00000. 00000.0 0.000.0 .000000 ODDDOO .00000. 

B4B3B2B1 g: 
.0.0.0. 00000.0 0000.00 .000000 ODODOO .00000. 
.00.00. 00 ••••• 000.000 •••••• 0 • ••• 00 .00000 • 

AsAsA4A3 06 .0.0.0. 0000.00 00.0000 000000. 000000 .00000. 
0101 07 .00000. .00.000 0.000.0 000000. 000000 .00000 • 

Os • 00000. 0.0.000 .000.0 • .00000. 000000 0.000_0 
09 ••••••• 00.0000 00000.0 0 ••••• 0 •••••• 00 ••• 00 

(ENQ)' (NAK)' 

0, 0'00000. 0 ••••• 0 0 •• 0000 00 •••• 0 •••••• .00000. 
02 000000. 0.000.0 _00.000 0.0000. 000000 _00000. 
03 00000.0 0.000.0 .00.000 .DOOOOD 000000 _00000. 

B4B3B2B1 g: 
00000.0 0.000.0 0 •• 0000 .000000 000000 0.000.0 
0000.00 0.000.0 0 •.• 0000 .0 •••• 0 •••• 00 0.000.0 

A6AsA4A3 0 6 0000.00 0.000.0 .00.0.0 •• 0000. DUOODD 0.000.0 
0110 07 .00.000 0.000.0 .000 •• 0 .00000. 000000 00.0.00 

Os 0.0.000 0.000.0 • 0000.0 .00000 • 000000 00.0.00 
09 00.0000 •• 000 •• 0 •••• 0. 0 •••••• 000000 OOD.ODo 

(ACK)' (SYN)' 

0, 0000000 000000. 000 •• 00 ••••••• 00 •••• 0 .000_00. 
02 0000000 000000. 000 •• 00 000000. 0.0000. .00000. 
03 0000000 000000. DOD_DOD 000000. .000000 .00000. 

B4BaB2i11 g4 
00 ••• 00 000000. 00.0000 00000.0 .000000 .00000. 

AaAsA4A3 s 
0.000.0 ••••••• 0000000 DODD. 00 .00ODOD .00.00 • 

0111 06 • 00000. 000000 • 0000000 000.000 .00d ••• .00.00. 
07 • 00000. 000000 • 0000000 DO-DODD .00000. .00.00. 
Os • 00000. DODODO. 0000000 0.00000 0.000 •• .0.0.0 • 
Og ••••••• 000000. 0000000 .DODOOO 00 ••• 0_ 0.000.0 

(BEL)' (ETB)' 

'The letters in parenthesis idenlify Ihe control code corresponding to the appropriate 63 bit piclorial representation. 
These representations were obtained from the USASI X 3,2 Code Practice Manual. 
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B7asBs B7B6BS 
AeAaA7 AeAaA7 

110 111 

00 •• 000 .0 ••• 00 
00 •• 000 •• 000.0 
000.000 .0000.0 
dOOO.OO .0000.0 
0000000 •• 000.0 
DDODDDD .0 ••• 00 
0000000 .000000 
0000000 .000000 
0000000 .000000 

DDDODOD 0 ••• 0.0 
00 ••• 00 .000 •• 0 
0.000.0 .0000.0 
00000.0 .0000.0 
0 ••• 0.0 .000 •• 0 
.000 •• 0 0 ••• 0.0 
.0000.0 00000.0 
.000 •• 0 00000.0 
0 ••• 0.0 00000.0 

.000000 0000000 

.000000 DDOOODD 

.000000 0000000 

.0 ••• 00 .0 ••• 00 

..000.0 •• 000_0 

.0000.0 _ODDDOD 

.0000.0 .000000 
•• 000.0 .000000 
.0 ••• 00 .OOODoU 

0000000 0000000 
DDoDOOo 0000000 
DODDOOo DODOOOD 
0 •••• 00 0 ••••• 0 
.0000.0 .000000 
.000000 0 •••• 00 
.000000 00000_0 
.0000.0 00000_0 
0 •••• 00 • •••• 00 

00000.0 0000000 
00000.0 0000000 
00000.0 00.0000 
0 ••• 0.0 00.0000 
.000 •• 0 0 ••• 000 
.0000.0 00.0000 
.0000.0 00.0000 
.000 •• 0 00.00.0 
0 ••• 0.0 000 •• 00 

0000000 0000000 
0000000 0000000 
0000000 DoODDOO 
0 •••• 00 .0000.0 
• 0000.0 .0000.0 
.0000.0 .0000.0 
••••• 00 .0000.0 
.000000 _000 •• 0 
0_ ••• ,0 0 0 ••• 0.0 

000 •• 00 0000000 
00.00.0 0000000 
00.0000 0000000 
00.0000 0000000 
••••• 00 _00000. 
00.0000 0.000.0 
00.0000 00.0.00 
00.0000 000.000 
00.0000 000.000 

0 ••• 0.0 0000000 
.000 •• 0 0000000 
.0000.0 0000000 
.0000.0 .00000. 
• 000 •• 0 .00000 • 
0 ••• 0.0 .00.00. 
00000.0 .00.00. 
.0000.0 .0.0.0. 
0 •••• 00 0.000.0 



7 x 9 Character Font 50/5173, 60/6173 

A "Filled In" Dot Represents a Low Memory Output 

ASCII B7BeBs B7BeBS B7BeBS B7B6BS B7BeBs B7B6BS 

INPUT A10A9As Al0A9As Al0AgAs AloAsAa Al0AgAa AloAgAa 

ADDRESS 000 001 010 011 100 101 
D708Ds0403020, 07060 S0403021>1 °70&0S04°3020, 070605°40 30 20, 070 60S04030 20, °70 60 S0403020, 

••• 0000 ••••••• 0000.00 0 ••••• 0 .00000. .00000. 
•• 00000 • 00000 • 000.000 • O.ID 0 0 O • .00000. .00000 • 
.0.0000 0.000.0 00.0000 .00000 • • 00000. 0.000.0 

B4B3B2B! 
000.000 00.0.00 00.0000 0.000.0 .00000. 00.0.00 
000.000 000.000 00.0000 00 ••• 00 ••••••• 000.000 

A7AsAsA4 0000.00 00 ••• 00 00.0000 0.000.0 .00000. 00.0.00 1000 00000.0 0.000.0 00.0000 .00000 • • 00000. 0.000.0 
00000.0 .00000. 000.000 .00000 • • 00000. .00000 • 
000000. ••••••• DODD_DO 0 ••••• 0 .00000. .00000 _ 

(BS)' (CAN)' , 

••• 0000 000.000 00.0000 0 ••••• 0 00 ••• 00 .00000. 
000.000 000.000 000.000 .00000. 000.000 .00000. 
0000.00 000.000 0000.00 .00000. 000111 00 0 0.000.0 

B483B2Bl 
00000.0 000.000 0000.00 .0000 •• 000.000 00.0.00 

••••••• 0 ••••• 0 0000.00 0 •••• 0. 000.000 000.000 
A7AsAsA4 00000.0 000.000 0000.00 000000. OOO·ODO 000.000 1001 0000.00 000.000 0000.00 000000. 000111000 000.000 

000.000 000.000 000.000 .0000.0 000.000 000.000 
••• 0000 000.000 00.0000 O •••• oq 00 ••• 0 0 DOO.OOO 

(HT)' (EM)' 

••••••• 0 ••••• 0 000.000 0000000 000000 • ••••••• 0000000 • 00000. .00.00. 0000000 000000 • 000000. 
0000000 • 000000 0.0.0.0 0000000 000000 • 00000.0 

B4B3B2Bl 
0000000 .000000 00 ••• 00 000.000 000000. DODD_DO 

••••••• 0 •• 0000 000.000 0000000 ODoDOO. 000.000 
A7AsAsA4 0000000 000.000 00 ••• 00 0000000 DOODDD. 00.0000 1010 

0000000 000.000 0.0.0.0 000.000 .00000. 0.00 00 0 
0000000 0000000 _00.00. 0000000 0.000.0 .000000 

••••••• 000.000 000.000 0000000 00 ••• 00 • •••••• (LF)' (SUB)' 

.00.00. 00 ••• 00 0000000 0000000 00000_ ••••••• .00.00. O.ODO.O 000.000 0000000 0000.0 •• 00000 
• 00.00. .00000 • OOO.OOD 0000000 000.00 •• 00000 

B4B3B2B! 
• 00.00. .00000 • 000.000 000.000 00.000 •• 00000 
.00.00. ••••••• ••••••• 0000000 0.0000 •• 00000 

A7AsAsA4 • 00.00. .00000 • 000.000 0000000 .0.000 •• 00000 1011 0_0_0_0 .00000_ ODD_ODD DOD_ODD 000.00 •• 00000 
00 ••• 00 0.000.0 ODD_ODD ooo.noo 0000.0 •• 00000 
000.000 00 ••• 00 0000000 00.0000 oooob. •••••••• (VT)' (ESC)' 

000.000 •••••• 0000000 00000.0 000000 0000000 
.00.00. 00.00. 0000000 DODO_DO 000000 .000000 
.00.00. 00.00. 0000000 000.000 000000 0.00000 

B4B3B2Bl 
0 ••••• 0 00.00. 0000000 00.0000 DOODaD 00.0000 

A7A6ASA4 
000.000 ••• 00. 0000000 0.00000 000000 000.000 

1100 .00.00. 00000. 0000000 00.0000 .ODDOqO DODO_DO 
0 ••••• 0 00000. 000.000 000.000 .000000 00000_0 
000.000 00000. 000.000 0000.00 .000000 000000 • 
000.000 •••••• 00.0000 00000_0 ••••••• 0000000 

(FF)' (FS)' ,j 

qOOO ••• • •••• 0000000 0000000 00000. ••••••• 000.000 00000 0000000 0000000 00000. 00000 •• 
00.0000 00000 0000000 0000000 .000 •.• odooolll. 

B4B3B2Bl 
0.00000 00000 0000000 ••••••• 0.0.0,. 00000 •• 

A7116ASA4 ••••••• ••• 00 ••••••• 0000000 00.00 • 00000 •• 

1101 0.00000 00.00 0000000 0000000 00.001l! 00000 •• 
00.0000 00.00 0000000 ••••••• ooaoo 00000 •• 
000.000 00.00 0000000 0000000 00000 00000 •• 
0000 ••• • •••• 0000000 0000000 00000 ••••••• (CR)' (GS)' 

00 ••• 00 ••••• 0000000 0.00000 00000 0000000 
0.000.0 00000 0000000 00.0000 00000 0000000 
.00000. 00000 0000000 000.000 .0000 0000000 

B4B3B2B! 
.0.0.0. 00000. 0000000 0000.00 0.000 000.000 
.DO.DO. DO •••• 0000000 DtJDDO.O OO.DO DO.q.OO 

A7AsAsA4 .0.0 .• 0. 00.00. 0000000 0000.00 0.00.0 0.000.0 1110 
.00000. 00.00. 0000000 000.000 0000. .00000. 
0.000.0 .00.00. 0000000 00.0000 00000 0000000 
oo •• aoo ••••••• 000.000 0.00000 .00000 0000000 

(SO)' (SX)' 

00 ••• 00 ••••••• 0000000 0 ••••• 0 00 ••• 00 DDoODDo 
0.000'.0 .00.00. 000000. .00000. 0.000.0 0000000 
• 00000. .00.00 • 00000.0 000000. .00000. 0000000 

B4B3B2Bl 
.00000111 .00.00. 0000.00 DOOoDD. .00000. 0000000 
• 00.00. .00 •••• 000.000 0000 •• 0 .00000. 0000000 

A7AsAsA4 1100000 • • 00000. 00.0000 000.000 .00000. 0000000 
1111 

• 00000. .00000 • 0.00000 000.000 .00000. 0000000 
0.000.0 • 00000. .000000 0000000 DaDO 0 •. 0 0000000 
pO ••• OO ••••••• 0000000 000.000 00 ••• 00 ••••••• 

(SI)' (US)' 

'The letle~~ in parenthesis identify the control code corresponding to the appropriate 63 bit pictorial representation. 
These repr~~entatiofls were' obtained from the USASI X 3.2 Code Practice Manual. 

B7B6BS B7B6BS 
AloAgAa AloAgAa 

110 111 
07060 S0403021>1 07060 S040 30 20, 

.000000 0000000 
• 000000 0000000 
.000000 0000000 
.0 ••• 00 .0000.0 
..000.0 0.00.00 
.0000.0 00 •• 000 
.0000.0 00 •• 000 
• 0000.0 0.00.00 
_ 0000.0 .0000.0 

0000000 .0000.0 
0000000 .0000.0 
000.000 .0000.0 
0'000000 .0000.0 
00 •• 000 .000 •• 0 
ODD_DOD 0 ••• 0.0 
000.000 00000.0 
000.000 _DODD_a 
00 ••• 00 0 •••• 00 

00000_0 0000000 
0000000 0000000 
00000.0 0000000 
00000.0 •••••• 0 
00000.0 0000.00 
00000.0 000.000 
00000_0 DO_OODD 
.0000.0 0.00000 
b •••• oo •••••• 0 ,. 
1000000 DODO.QO 
.000000 000.000 
.000010 000.000 
.OOO.DO DOD_DOD 
.00.000 00.0000 
.0.0000 000.000 
•• 0.000 DOD_DOD 
.000_00 000.000 
.0000_0 DODD_DO 

00 •• 000 000.000 
000.000 000.000 
000.000 000.000 
DOD_DOD 000.000 
ODD_DOD 0000000 
000.000 DOD_DOD 
000.000 000.000 
000.000 000.000 
00 ••• 00 000.000 

0000000 DO_DODO 
0000000 000.000 
0000000 000.000 
0000000 ooq.OOO 
.0.0 •• 0 0000.00 
•• 0.00. 000.000 
.00.00. 000.000 
.00.00. 000.000 
.00.00. 00.0000 

0000000 0 •• 00.0 
0000000 .00 •• 00 
0000000 0000000 
.0 ••• 00 0000000 
•• 000.0 0000000 
.0000.0 0000'000 
10000.0 0000000 
.0000.0 0000000 
.0000.0 0000000 

0000000 0.0.0.0 
0000000 .0.0.0. 
0000000 0.0.0.0 
0 •••• 00 .0.0.0. 
.0000 •. 0 0.0.0.0 
10000.0 .0.0.0. 
.0000.0 0.0.0.0 
.DODo.a .0.0.0 • 
0 •••• 00 O·~D~I.l~·O 
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A "Filled In" Dot Represents a Low Memory Output 

ASCII B5B4 B584 B5B4 85B4 B5B4 B5B4 B5B4 B5B4 

INPUT A.JAaA7 A.JAaA7 A.JAaA7 AaAsA7 A.JAaA7 A.JABA7 AaAaA7 AgAsA7 

ADDRESS 000 001 010 011 100 101 110 111 
O7OS050 4030201 07060 50 40 3D201 070 60 50 40 30201 070605040302<11 070 60 50 40 30201 07060504030201 070&050 40 30 201 07060 50 4030201 

00 •••• 0 .00000. •••••• 0 .00000. 0000000 DODO.DO 00 ••• 00 0 ••••• 0 
0.0000. .00000. • 00000. .00000 • 0000000 000.000 0.000.0 .00000. 
• 00 •• 0. 800000 • .00000. 0.000.0 0000000 00.0000 .0000 •• .00000. 

BaB21!j .0.0.0. • 00000. .00000. 00.0.00 0000000 00.0000 .000.0 • 0.000.0 
AaA5A4 • 0.0.0. ••••••• • ••••• 0 000.000 0000000 D08DODD .00.00 • 00 ••• 00 

000 • 0 ••••• • 00000 • .000000 00.0.00 0000000 00.0000 .0.000 • 0.000.0 
• 000000 • 00000 • 8DOODDD 0.000.0 0000000 DO.DOOD •• 0000 • .OOODO. 
0.0000. .00000. 8000000 .00.000. 0000000 000.000 0.000.0 .00000. 
00 •••• 0 .00000. 8DOODOD .00000. 0000000 0000.00 00 ••• 00 0 ••••• 0 

000.000 00 ••• 00 00 ••• 00 .00000. 000.000 0080000 000.000 0 ••••• 0 
DO.O.DO 000.000 0.000.0 .00000. 000.000 000.000 00 •• 000 .00000. 
0.000.0 000.000 • 00000. 0.000.0 000.000 0000.00 0.0.000 .00000 • 

BaB21!j .00000. 000.000 .0.00008 00.0.00 000.000 0000.00 000.000 .0000 •• 
AsAsA4 .00000. 000.000 .00000. 000.000 000.000 0000.00 000.000 0 •••• 0. 

001 ••••••• 000.000 .00.00. 000.000 0008000 0000.00 000.000 DOODOD. 
.00000. 000.000 .000.0. 000.000 0000000 0000.00 000.000 000000. 
.00000. 000.000 0.000.0 000.000 0000000 0008000 0008000 .0000.0 
.00000. 00 ••• 00 00 ••• 0. 000.000 000.000 00.0000 0 ••••• 0 0 •••• 00 

••••• 00 000000 • •••••• 0 ••••••• 0.00.00 000.000 0 ••••• 0 0000000 
0.000.0 000000. .00000. 000000. 0.00.00 .00.00. .00000. 0000000 
0.0000. 000000. .00000. 00000.0 0.00.00 0.0.0.0 000000. 0000000 

B3B~ 0.000.0 000000. .00000. 0000.00 0.00 •. 00 00 ••• 00 00000.0 000.000 
AsAsA4 0 •••• 00 000000. •••••• 0 000.000 0000000 000.000 00 ••• 00 0000000 

010 0.000.0 000000. .00.000 00.0000 0000000 00 ••• 00 0.00000 0000000 
0.0000. .00000. .000.00 0.00000 0000000 0.0.0.0 .000000 000.000 
0.000.0 0.000.0 .0000.0 .000000 0000000 .00.00. .000000 0000000 
••••• 00 00 ••• 00 .00000. ••••••• 0000000 000.000 ••••••• 0000000 

00 •••• 0 00000. 00 •••• 0 ••••••• 00.0.00 0000000 0 ••••• 0 0000000 
0.0000. 0000.0 0.0000. •• 00000 00.0.00 000.000 .00000. 0000000 
.000000 DOD. DO .000000 •• 00000 ••••••• 000.000 000000. 0000000 

B3B21!j .000000 00.000 0.00000 •• 00000 00.0.00 000.000 000000. 000.000 
AsAsA4 .000000 0.0000 00 ••• 00 •• 00000 D0808DO ••••••• 000 ••• 0 0000000 

011 .000000 .0.000 00000.0 •• 00000 00.0.00 000.000 000000. 0000000 
.000000 DDD800 000000. •• 00000 ••••••• 000.000 000000 • 000.000 
0.0000. 0000.0 .lJOOO.O •• 00000 00.0.00 OOlJ.OOO .00000. 000.000 
00 •••• 0 00000. 0 •••• 00 ••••••• 00.0.00 0000000 0 ••••• 0 00.0000 

••••• 00 000000 ••••••• 0000000 00.0.00 0000000 DODO_DO 00000.0 
0.000.0 000000 .00.00. .000000 D •••••• 0000000 000 •• 00 0000.00 
0.0000. 000000 000.000 0.00000 .0.0.00 0000000 00.0.00 000.000 

B3B21!j 0.0000. 000000 000.000 00.0000 .0.0.00 0000000 0.00.00 00.0000 
AsAsA4 0.0000. 000000 000.000 000.000 0 ••••• 0 0000000 .000.00 0.00000 

100 0.0000. 000000 000.000 0000.00 00.0.0. 0000000 .DnD_OD 00.0000 
0.0000. 000000 000.000 00000.0 DO.D_O. 000.000 ••••••• 000.000 
0.000.0 DOODOD 000.000 000000. •••••• 0 000.000 0000.00 0000.00 
••••• 00 •••••• 000.000 0000000 00.0.00 00.0000 0000.00 00000.0 

••••••• 00000. .00000. ••••••• 0.00000 OOOOOOlJ ••••••• 0000000 
• 000000 00000 • • 00000. 00000 •• .0.000. 0000000 .000000 0000000 
• 000000 • 000 •• .00000 • 00000 •• 0.000.0 0000000 .000000 0000000 

BaB21!j • 000000 0.0.0. .00000 • 00000 •• 0000.00 0000000 .000000 ••••••• 
AaA5A4 ••••• 00 00.00. .00000. 00000 •• ODD. ODD • •••••• • ••••• 0 0000000 

101 .000000 00.00. • 00000_ 00000 •• 00.0000 0000000 000000 • 0000000 
.000000 00.00 • • 00000. 00000 •• 0.000.0 0000000 000000. • •••••• • 000000 00000 • 0.000.0 00000 •• .000.0 • 0000000 .00000. 0000000 

••••••• 00000. 00 ••• 00 • •••••• 00000.0 0000000 0 ••••• 0 0000000 

••••••• 00000. .• 00000. 0000000 0 •• 0000 0000000 00 •••• 0 0.00000 
.000000 00000_ .00000. 0000000 .00.000 0000000 0.0000. 00.0000 
.000000 .0000. .00000. 0000000 .0.0.000 0000000 .000000 000.000 

B3B21!j .000000 0.000. 0.000.0 000.000 0 •• 0000 0000000 .000000 0000.00 
AsAsA4 ••••• 00 00.00. 0.000.0 00.0.00 0 •• 0000 0000000 .0 •••• 0 00000.0 

110 .000000 000.0. 0.000.0 0.000.0 .00.0.0 0000000 •• 0000. 0000.00 
• 000000 0000 •• 00.0.00 .00000 • • 000 •• 0 0000000 .00000 • 000.000 
• 000000 00000. 00.0.00 0000000 .0000.0 0000000 .00000 • 00.0000 
1III 0 iJOOOO 00000_ 000.000 0000000 0 •••• 0. ODD-DOD 0 ••••• 0 0.00000 

00 •••• 0 0 ••• 00 .00000. 0000000 000 •• 00 0000000 ••••••• 0 ••••• 0 
0.0000. 0.000.0 .00000. 0000000 000 •• 00 000000. 000000. .00000. 
• 000000 .00000. .00000 • 0000000 000.000 00000.0 000000'. DOOODD_ 

BaB2B1 .OOODDD • 00000. .00000 • 0000000 DO.DODD DDDO.DO nfJDOO.O 000000. 
AsA5A4 .000000 • 00000. .00.00 • 0000000 0000000 000.000 0000.00 0000 •• 0 

111 .000 ••• .00000_ .00.00. 0000000 0000000 00.0000 DOD_ODD 000.000 
.00000. • 00000. .00.00 • 0000000 0000000 0.00000 00.0000 000.000 
0·000 •• 0.000.0 .0.0.0. 0000000 0000000 .000000 0.00000 DODoDDD 
00 ••• 0. 00_ •• 00 0.000.0 ••••••• 0000000 0000000 .0000DO 000.000 

*These representations were obtained from the USASI X 3.2 Code Practice Manual. Address Ag = B7 =' as. 
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Bipolar Custom Character 
Generator ROMs 
52/6290, 52/6291, 52/6292, 52/6293 

Features/ Benefits 
• Schottky-high speed 10MHz 
• Specifically designed for custom 7 x 9 row scan and 9 x 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 

Applications 
• A single package high speed bipolar replacement for slow 

multiple package MOS character generators 
• CRT displays 
• Printing calculators 
• LED arrays 
• Typesetting 
• 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 7ROM which is the size of the 
5290/1, 6290/1. For custom column scan 7 x 9 characters con
sult the standard bipolC\r 7 x 9 character generator data sheet. 

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. 

S3, S2, Sl, and So 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). B1thru 
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. 

The memory outputs are open collector and pullup resistors are 
required. The enable E1, and E2 must both be low to activate the 
part. A disabled part (E1 or E2 high) has high memory outputs 
permitting wire ~Ring or blanking. 

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. 

Custom Character Generator Selection Guide 

PART 
MATRIX 

CHARACTERS 
SCAN OUTPUT TEMPERATURE PACKAGE 

NUMBER (MAX) 

6290 7x9 128 Row OC C 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 C N24 

5292 9x9 128 Row/Column OC M J24 

6293 9x9 128 Row/Column TS C N24 

5293 9x9 128 Row/Column TS M J24 
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52/6290, 52/6291, 52/6292, 52/6293 

Absolute Maximum Ratings Operating 
Supply voltage Vee .............................................................................. -0.5V to 7V 
Input voltage .................................................................................... -1.5V to 5.5V 
Off-state output voltage ........................................................................... -1.5V to 5.5V 

Program 
y 
V 
V 

Storage temperature range ...................................................................... -65°e to 1500 e 

Recommended Operating Conditions 

MILITARY COMMERCIAL 
UNIT SYMBOL PARAMETER 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

10H High level output current -1.0 -2.0 iliA 

10L Low level output current 8 10 mA 

TA Operating free air temperature -55 125 0 75 °e 

Electrical Characteristics 
Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

Vie Input Clamp voltage Vee = MIN, II '= -5.0 mA -1.0 -1.5 .1} 

Low-level outp4t voltage 
Vee = MIN, VIH = 2V, 10L =10 mA 0.5 

VOL V 
VIL = 0.8V 10L = 8 mA 0.5 

II Input current at maximum input voltage Vee = MAX, VI = 5.5V 1.0 mA 

IIH High-level input current Vee = MAX, VI = 2.4V 40 /LA 

IlL Low-level input current Vee = MAX, VI = 0.45V -250 /LA 

el Input capacitCjnce Vee = 5.0V, f =1 MHz VI = 2.0V 7.0 

eo Outp4tcapacitance TA = 25"e . Va = 2.0V 8.0 
pF 

Supply current 
oe 126 170 

lee Vee = MAX mA 
TS 133 180 

OPEN COLLECTOR OUTPUT CURRENT 

I leEX I Output leakage current Vee = MAX, Va = 2.4V 100 

THREE STATE OUTPUT ONLY 

VOH High-level output voltage 
Vee = MIN, VIH = 2V, 

2.4 V 
VIL = 0.8V, 10H = MAX 

10ZH 
Off-state output current Vee = MAX, VIH = 2V, 

100 IJ-A 
high-level voltage applied Va = 2.4V 

10ZL 
Off-state output current Vee = MAX, VIH = 2V, 

low-level voltage applied 
-100 IJ-A 

VO = 0.5V 

lOS Short-circuit output current Vee = MAX, Va = OV -20 -90 mA 
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52/6290,52/6291,52/6292,52/6293 

Switching Characteristics 
Over Recommended Ranges of TA and VCC 

SYMBOL PARAMETER 

tAA Address access time 

tEA Enable access time 

tER Enable recovery time 

Standard Test Load 
R1 

~~~~URTY o-___ -_~_7'V51/10!r-' --0 Vcc 

CL . R2 
30pF 1500H 

81 TO 87. >K So TO Sa 

I ENABLE \ 

MILITARY COMMERCIAL 
TA = -55°C to +125°e TA = -ooe to + 75°C 

Vee = 5.0V ± 10% Vee = 5.0V ± 5% 
UNIT 

MIN MAX MIN MAX 

150 125 ns 

85 75 ns 

50 40 ns 

Input pulse amplitude = 2.5V 
Input pulse rise and fall times must be 5ns between 1.0 volt 

and 2.0 volts. 
Speed measurements are made at 1.4V 
Output loading is 6mA and 30pF as given in std. load. 

81 TO B7. "-So TO S3 

~ I ENA8LES 
E;,E; 

I I 
I I >t= Ox Ox 

I '\ 
TAA =:::::.j --TEA--I I~TER::j I· 

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

Pin Configuration 

AX = Any Address 
Ox = Any Output 

5290/1, 6290/1 (7 x 9 Row Scan) 5292/3, 6292/3 (9 x 9 Row or Column Scan) 

Note 1): SO. Sl. S2. S3 are used for the character scan. 
2): Both enables must be low to activate the device. 
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52/6290, 52/6291, 52/6292, 52/6293 

Custom Truth Table Coding-5290/1, 6290/1 

7x 9 ROW SCAN 
The characters $, &, *, are shown below along with the ROM" coding. A "filled in" dot is arbitrarily coded with a low (L) 

CHARACTER ROM OUTPUTS 
SELECT WORD 07 06 Os 04 03 

B7 B6 BS B4 B3 B2 B1 (DECIMAL) 

L L L L L L L 0 H H L H L 

1 H L L L L 

2 L H L H L 

3 L H L H L 

CHARACTER #1 ~ 4 H L L L L 

5 H H L H L 

6 H H L H L 

7 L L L L L , 8 H H L H L 

L L L L L L H 
, 

9 H L L H H 

10 L H H L H 

11 L H H L H 

12 H L L H H 

CHARACTER #2 ~ 13 H L L H H 

14 L H H L H 
15 L H H H L 

16 L H H H H 
, 17 H L L L L 

" ~ , -, 

H H H H H H H 1143 H H H L H 
1144 L H H L H 

1145 H L H L H 

1146 H H L L L 
CHARACTER #128~ 1147 H H H L H 

1148 H H L L L 

1149 H L H L H 

1150 L H H L H 
, 1151 H H H L H 

Use of Custom Truth Table Form-5290/1, 6290/1 
Truth table forms are available from Monolithic Memories upon 
request. For customers desiring to make their own forms an ex
ample is shown below coded to the 7 x 9 Row Scan example: 

NOTE: 
A high voltage on the data out lines is signified by an "H". A 
low voltage on the data out Hnes is signified by an "L". The word 
number assumes positive logic on the address pin so for ex
ample word 511 = HHHHHHHHH. 
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WORD 
NUMBER PIN 

0 

1 

• 
• 
• 

1151 

FONT 
02 Ot 07 06 Os 04 03 02 0. 

H H 0 0 • 0 • 0 0 
L L 0 • • • • • • 
H H • 0 • 0 • 0 0 
H H • 0 • 0 • 0 0 

L H 0 • • • • • 0 
H L 0 0 • 0 • 0 • 
H L 0 0 • 0 • 0 • 
L H • • • • • • 0 
H H 0 0 • 0 • 0 0 

H H 0 • • 0 0 0 0 
H H • 0 0 • 0 0 0 
H H • 0 0 • 0 0 0 

H H 0 • • 0 0 0 0 
H H 0 • • 0 0 0 0 

L H • 0 0 • 0 • 0 
L H • 0 0 0 • • 0 

L H • 0 0 0 0 • 0 

H L 0 • • • • 0 • 
H H 0 0 0 • 0 0 0 
H L • 0 0 • 0 0 • 
L H 0 • 0 • 0 • 0 

H H 0 0 • • • 0 0 
H H 0 0 0 • 0 0 0 

H H 0 0 • • • 0 0 
L H 0 '. 0 • 0 • 0 

H L • 0 0 • 0 0 • 
H H 0 0 0 • 0 0 0 

OUTPUTS 

16 1S 14 13 11 10 9 

07 06 Os 04 03 02 01 
H H L H L H H 
H L L L L L L 

• • • • • • • 
• • • • • • • 
• • • • • • • 
H H H L H H H 



, 

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

Custom Truth Table Coding-5292/3, 6292/3 
9 x 9 COLUMN SCAN 9x 9 ROW SCAN 
The characters $, &, " can be seen in the font if this page is 
rotated 90° clockwise. A "filled in" dot is arbitrarily coded with 
a low (L). 

The 9 x 9 row scan translation wO,uld be similar to the 7 x 9 row 
scan previously shown except that there would be a 9 x 9 font for 
each character and outputs 8 and 9 in the ROM would be used 
and coded. 

CHARACTER ROM OUTPUTS 
SELECT 

WORD 
87 86 85 84 83 82 81 (DECIMAL) Os 08 07 06 

L L L L L' L L , 8 H L H H 

7 H L H H 

6 H L H H 

5 L L L L 

CHARACTER #1 ~ 4 H L H H 
3 ~ L L L 

2 H L H H 

t H L H H 

" 
0 H H L L 

L L L L L L H 
, 

17 H H H H 

16 H H H H 
15 H H H H 

14 H H H H 

CHARACTER #2 ~ 13 H L L L 

12 L H H L 

11 L H H L 

10 L H H L 

9 H L L H 
F , F F 

H H H H H H H 
, 

1151 H H H H 

1150 H L H H 

1149 H H L H 
1148 H H H L 

CHARACTER #128~ 1147 L L L 'L 

1146 H H H L 

1145 H H L H 
1144 H L !"i H 

" 1143 H H Ii Ii 
' "~ 

.. 

Use,of Custom Truth Table Form-5292/3, 6292/3 
Truth table forms are .available ,from Monolithic Memories upon 
request. For customers deSiring to make their own forms an ex WORD 

05 

H 
L 

L 

L 

L 

L 

L 

L 

H 

H 

H 
H 

H 

L 

L 

L 

L 

H 

H 
H 

H 
H 
L' 

H 
H 

H 
H 

ample is shown below coded to the 9 x 9 column sCan example: NUM8ER 

NOTE: 
A high voltage on the data out lines is Signified by an "H;'. A low: 
voltage' on the data out iines 1s signified by an "L", The word: 
number assumes positive logic on the address pin so for, ek-
ample word 511 ~ HHHHHHHHH, ' 

.. 

0 

1 
e 

e 

• 
1151 

04 03 02 ,~ 

L L H H 
H H L H 

H H L H 
L L L L 

H H L H 
L L L L 

H H L H 

H H L H 
H H L H 

H H H H 

H L H L 

H L L H 

H L H L 

l:. H H L 

H H H L 

H H H L 

H H L H 

L L H H 

H H H H 

H H L H 
~H L H H 
L H H H 

L L L L 

L H H H 

H L H H 
,H H L H 

H H H H 

", ", " 

.. 

PIN 18 17 

OS ~8 
i;.0~; H H 

H L 

"e, e; 
e • 
~ r~ 

FONT 

090807060S040302~ 

o • 0 0 0 • • 0 0 
0 

• 0 
0 

• 0 
o • 0 

o • 0 0 
• 0 

0 • 0 .' • • • • • • • • 0 • 0 0 
• 0 

0 • 0 

• • • • • • • • • 
o • 0 0 Ii 0 0 

• 0 0 • 0 0 • 0 o • 0 
0 o • • 0 0 0 

• 0 

0 0 0 0 0 0 0 0 0 
0 0 0 0 0 o • 0 • 
0 0 0 0 0 o • • C] 

0 0 0 0 0 0 • o • 
0 . '. • • • 0 o • 
• o 0 • • 0 

0 o • 

• 0 
o • 

• 0 
0 0 • 

• 0 0 • • 0 0 • 0 
o • • ,0 o • 

• 0 
0 

0 0 0 0 0 0 0 0 0 

0 • 0 0 0 0 o • 0 

0 0 • 0 0 0 • 0 0 
0 0 o • o • 0 0 0 

• • • • • • • • • 
0 0 0 • o • 0 0 0 
0 0 • 0 0 0 • 0 0 

0 • 0 0 0 0 0 • 0 
0 0 0 0 0 0 0 0 0 

" ", oO'TPUTS. 
16' 15 14 13 11 10 9 

0:1 0& 05 04 03 02 01 
L{ L H H H L H 
Hi H L H H L H 
e e: " £:,~ • e e e 

.; '/' 
, 

" • e e • e e 

e e e • • • e 

H H H H H H H 
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So 

0 

, 
0 

, 
0 

1 

0 

, 
0 
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DATA 
INPUT 

DATA 
INPUT 

DATA 
INPUT 

DATA 
INPUT 

DATA 
INPUT 

DATA 
INPUT 

DATA 
INPUT 

5, 52 

0 0 

0 0 

, 0 

, 0 

0 , 
0 , 
, , 
, , 
0 0 

53 

0 

0 

0 

0 

0 

0 

0 

0 

, 

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

CRT Character Display Block Diagram 

REFRESH 
MEMORY 

CHARACTER 
SCAN 
CLOCK 

B7 

B6 

Bs 

B4 

Ba 

B2 

B, 

CHARACTER 
GENERATOR 

07 

06 

Os 

04 

Oa 

02 

0, 

COUNT FROM 
BINARY 0000 TO ,000 

VCC 

DOT 
CLOCK 

Generation of the Character "$" in a 7x9 Row Scan 

B7 

B6 

Bs 

B4 

Ba 
CHARACTER 
GENERATOR B2 6297 

B, 

53 

52 

5, 

50 
07 Os 05 0, Oa 02 0, 

I I I I I I I PULL UP RESISTORS 
ARE REQUIRED 

00.0.00-
0 •••••• -
.0.0.00_ 
.0.0.00 _ '·OF·'S 

0 ••••• 0-
DECODER 

00.0.0. - (9 STATES 
ARE USED) 

00.0.0. _ 
•••••• 0_ 
00.0.00 _ 

~LM" ..., 

..., 

..., 

t=O 
DECODE BINARY 8 

AND RESET COUNTER 

A 

I 

VIDEO OUTPUT 

+ 

'OK 

PARALLEL 
TO 

SERIAL 
CONVERTER 

CLOCK 

4--BIT I RESET BINARY 
COUNTER 

B C 0 



RAMS ... --J 
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64-Bi~ (16 x 4) 
Random Access Memory 
5560/6560, 5561/6561 

Features/Benefits Selection Guide 
• Advanced Schottky processing. Part 1Im1perature 
• Low Input current (250 /LA maximum). Number Package Output Range 
• Data outputs are off during a write cycle. 
• Fully decoded and TIL compatible. 6560 N16 OC Q°to +75°e 

• Open collector or three state outputs. 6561 N16 T8 0° to +75°C 

• The 6560 Is pin compatible with the 3101 A. 5560 J16, F16 OC -55°C to +125°C 

5561 J16, F16 T8 -55°C to +125°C 

Applications 
". Scratch pad registers for "accumulators and buffer 

memories. Package Drawings 
• Push down stacks. 

Block Diagram 

Ao 1 

Al 15 
ADDRESS ADDRESS 

A2 14 BUFFER 

Aa 13 

CHIP ENABLE CE 

WRITE ENABLE WE 

Vce = 16 
GND= 8 

Pin Configuration 

DATA IN = DATA OUT 

WRITE, 
SENSE AMPUFIER 

----DMA DATA 
IN OUT 

N16 Plastic DIP 

9 ]240-.290 
6.fO-7.37 

01 8 

~fx.J t u tf Vj L~:. .r-. 
"-~':':~:20.7~~7~-' rrJl8O • .3lI0J -=--

7.11 .... " 

i:~~1 g~~f1-.. 
. .~ ~~~ -l -- -J OO_14~1-.~~::~~2. 

.090-.110 .016-.020 .055-.065 
2.29-2.79 .41-.51 1.40·1.85 

J16 Ceramic DIP 

1:::::::1F 
I .070 HOOD I 
-- f.78 .' .00--1 

MAlt .755-.790 MIN. . .. , .• 
19.f8-20.07 .280'-.320 

I. 7.37-11.13 ~ 1 

~~T· iI§§II ~~.Ji=- "II [};.;: ~I ,. . ~ 
-~ ~ ~~ -. ~ ~l-OO-150-lI-·~:::2 

.090-.110 .018-.020 .oss-.065 
2.111-2.79 .41-.$1 f.40-1.$$ 

UNLESS OTHERWISE SPECIFIED: 
.. ALL DIMENSIONS MIN.-MA~. IN INCHES. 
." ALL DIMENSIONS MIN.·MAX, IN MILLIMETEIIS •. 
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5560/6560,5561/6561 

Absolute Maximum Ratings Operating 
Supply voltage Vee .................................................... ;, ................................. -0.5V to' 7V 
Input voltage .......................................... , ................................................. -1.5V to5.5V 
all-state output voltage ................................................................................... -1.5V t05.SV 
Storage temperature range ............................................................................... -65°e to 1500 e 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MIN 

MILITARY 

NOM MAX 

Vee Supply voltage 4.5 5.0 5.5 

10H High level output current -3.2 

10L Low level output current 10 

TA Operating Iree air temperature -55 125 

Electrical Characteristics 
Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS 

VIH High-level input voltage Vee = 5.0V 

VIL Low-level input voltage Vee = 5.0V 

Vie Input clamp voltage Vee = MIN, II = -5.0 mA 

VOL Low-level output vo~age 
Vee 'C' MIN, VIH = 2V, 10L =10 mA 

VIL = 0.8V 10L =15mA 

II Input current at maximum input voltage Vee = MAX, VI = 5.5V 

IIH High-level input current Vee = MAX, VI = 2.4V 

IlL Low-level input current Vee =; MAX, VI = 0.45V 

el Input capacitance Vee = 5.0V, I = 1 MHz VI = 2.0V 

Co Output capacitance TA = 25°e Va = 2.0V 

lee Supply current 
Vee = 5.0V inputs oe 

Gnd and outputs open TS 

OPEN COLLECTOR OUTPUT CURRENT 

! leEX !OutputLeakage eurrent ! Vee = MAX, Va = 2.4V 

THREE STATE OUTPUT ONLY 

VOH High-level output voltage 
Vee = MIN, VIH= 2V, 

VIL = 0.8V, IOH "'MAX 

10ZH 
all-state output current Vee = MAX, VIH = 2V, 

high-level voltage applied , Va '= 2.4V 

10ZL 
Off-state output current Vee = MAX, VIH = 2V, 

low-level voltage applied Va = 0.5 

lOS Short-Circuit output current Vee = 5.0, Vo = OV 
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COMMERCIAL 

MIN 

4.75 

0 

MIN 

2 

I , 
,"fl.,' 

2.4 

-20 

NOM 

5.00 

TYP 

7.0 

8:0 

~O 

75 

MAX 
UNIT 

5.25 V 

-3.2 mA 

15 mA 

75 °C 

MAX UNIT 

V 

0.8 V 

-1.0 V 

0.5 

0.5 
V 

1.0 mA 

40 /LA 
-250 /LA 

pF 

105 
mA 

125 

100 ,! /LA 

V 

100 /LA 

-100 /LA 

-90 mA 



5560/6560,5561/6561 

Switching Characteristics 
WRh Standard Load (Fig. 1) 

SYMBOL PARAMETER 

TAA Address access time 

TEA Enable access time 

TER Enable recovery time 

TWp Write pulse width' 

TWH Write enable to output high time 

TOWO Data in and write enable overlap time 
Address to write enable set-up time 
Address to write enable hold time 
Chip enable to write enable set-up time 
Chip enable to write enable hold time 

• Write recovery time' is less tlian TAA 

Chip enable to low impedance delay 
Chip enable to high impedance delay 

Standard Test Circuit 

5560/5561 .6560/6561 

FIGURE 
5.0V ± lOOk, -55 to 125°C 5.0V ± 5%, 0 to 75°C 

MIN 

2 10 

2 5.0 

2 5.0 

3 50 
3 
3 50 
3 0 

3 0 

3 10 

3 0 

5 

Standard Load 
(Commercial) 

Figure 1 

MAX MIN 

75 10 

40 5.0 

35 5.0 

35 

50 
35 
0 

0 

10 

0 

5 

35 

Input Pulse Amplitude = 2.5V 
Input Rise and Fall Time 
5.0 ns From 1.0 V to 2.0 V 
Measurements Made at 1.50 V 

MAX 

50 
35 

35 

35 

25 

UNIT 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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5560/6560,5561/6561 

Waveforms 

ReadCyele Write C'yele 

ADDRESS TO OU'll'UT DELAY 

CHIP ENABLE TO OUTPUT DELAY 

CHIP ENABLE INPUT 

Figure 2 Figure 3 

Functional Table 

CHIP ENABLE WRITE ENABLE OPERATION DATA OUTPUTS 

LOW LOW WRITE 

LOW HIGH READ 

HIGH DON'T CARE HOLD 

Memory Operation 
READ: The memory is addressed with' the Ao~Aa inputs which 

selects one of the 16 words. Th.e 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 
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. 

WRITE: The memory is addressed with the Ao-Aa 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. 
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5560/6560 I OFF ~ 

5561/6561 I HIGH IMPEDANCE STATE 

. COMPLEMENT OF WRIDEN DATA 

5560/6560 I OFF 

5561/6561 I 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. 

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. 



Low Power 64-Bit (16x4) 
Random Access Memory 
L5560/L6560,L5561/L6561 

Features/Benefits Selection Guide 
• l\'pical power dissipation of 125 mW. Part 
• 100 n maximum access time over O°C to 75°C and ±5% 

voltage variation (L6560/L6561). 
Number Package 

Temperature 
Output Range 

• 120 ns maximum access time over -55°C to 125°C and L6560 N16 oe OOto +75°e 

±1()% voHage variation (L5560/L5561). L6561 N16 TS DOto +75°e 
• Low input current (125 /LA maximum). L5560 J16,F16 oe -55°C to +125°e 
• Single layer metal for reliability. L5561 J16,F16 TS -55°C to +125°e 
• Open collector or three state outputs. 
• The L6560 is pin and performimce compatible with the 

31L01. Package Drawings 

Applications 
• Scratch pad registers for accumulators 

and buffer memories. 
• Push down stacks. 

Block Diagram 

AD 1 

A1 15 
ADDRESS 

A2 14 BUFFER 

A3 13 

Vee = PIN 16 
GND = PIN 8 

1/16 
DECODER 

Pin Configuration 

WRITE, 
SENSE AMPLIFIER 

N16 Plastic DIP 

.070 .t~ U~} .000 1.77 ~ ~ .00 
MAX. MIN. I§) 

.740-.790 

18.80-20.07 . rr·280 .. 320J 7.11-11.13 

i=~~1 ~~t;~:~~-
~ ~~ ~ ~ __ -I. OO-14~1- .0~~::~:2 

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

J16 Ceramic DIP 

[:::::n~~~ 
1--- 10~~ .0: 1-, 

MAX. .755-.790 MIN. 
19.18-20.07 -- .290-.320 

I.. 7.37-.8.,3 -I 
.015-.035 

'38_'89mrnm~ f·'90 A ;!~ 1" ~- II - ... ~:L5 I . 
M·IN. t I 3.18-5.08 

~-~ ~ ~I_ -- ~--.J ____ oo-w-\I--·~~~:~:2 
.090-.110 .016-.020 .055-.065 
2.29-2.79 .41-.51 1.40-1.65 

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

5·7 



L5560/L6560, L5561/L6561 

Absolute Maximum Ratings Operating 
Supply voltage Vee ....................................................................................... ,-0.5V to 7V 
Input voltage ............................................................................................ -1.5V to 5.5V 
Off-state output voltage ................................................................................... -1.5V to 5.5V 
Storage temperature range ............................................................................... - 65 °e to 1500e 

Recommended Operating Conditions 

MILITARY COMMERCIAL 
UNIT SYMBOL PARAMETER 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

10H High level output current -1.6 1.6 mA 

10L Low level output current 4.8 4.8 mA 

TA Operating Iree air temperature -55 125 0 75 °e 

Electrical Characteristics 
Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIH High-level input voltage Vee = 5.0V 2 V 

VIL Low-level input voltage Vee - 5.0V 0.8 V 

Vie Input clamp voltage Vee = MIN, II = -5.0 mA -1.0 V 

VOL Low-level output voltage 
Vee = MIN, VIH = 2V, 

0.5 V 
VIL = 0.8V 10L = 48mA 

II Input current at maximum input voltage Vee = MAX, VI = 5.5V 1.0 mA 

IIH High-level input current Vee = MAX, VI = 2.4V 40 J.tA 

IlL Low-level input current Vee = MAX, VI = 0.45V -125 J.tA 

el I n put capacitance Vee = 5.0V, I = 1 MHz VI = 2.0V 7.0 

eo Output capacitance TA = 25°C Vo = 2.0V 8.0 
pF 

ICC Supply current 
Vee = 5.0V inputs L6560,61 25 48 

mA 
Gnd and outputs open L5560,61 25 54 

OPEN COLLECTOR OUTPUT CURRENT 

I leEX I Output Leakage Current I Vee = MAX, Vo = 2.4V 100 J.tA 

THREE STATE OUTPUT ONLY 

VOH High-level output voltage 
Vee = MIN, VIH = 2V, 

2.4 V 
VIL = 0.8V, 10H = MAX 

10ZH 
Off-state output current Vee = MAX, VIH = 2V, 

100 J.tA 
high-level voltage applied Vo = 2.4V 

10ZL 
Oil-state output current Vee = MAX, VIH = 2V, 

low-level voltage applied Vo = 0.5 
-.100 J.tA 

lOS Short-circuit output current Vee = 5.0, Vo = OV -20 -90 mA 
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Switching Characteristics 
With Standard Load (Fig. 1) 

L5560/L6560, L5561lL6561 

L5560/L5561 L6560/L6561 

SYMBOL PARAMETER FIGURE 
5.0V ± 10%, -55 to 125°C 5.0V ± 5%, 0 to 75°C 

MIN 

TAA Addre5~'access time 2 20 

TEA Enable I!lqcess time 2 10 

TER EnablerecGver,y t,ime 2 10 

TWp vvrite pulse width • 3 125 

TDWO Data in and write enabJe overlap time 3 125 

Address to write eni\ble set-up time 3 0 

Address to write enable hold time 3 0 

Chip enable to write enable set-up time 3 20 

Chip enable to write enable hold time 3 0 

TWH Write enable to output high 3 " 100 

'" Write. recovery time is less than TAA 

5561/6561 ONLY 

Chip enable to low impedance delay 5 
Chip enable to high i":lpedance delay 

Standard Test Circuit 

Standard Load 

4500, 

Vee o----AM"", -1.---1----00 OUTPUT 

r~ l~' 

Figure 1 

MAX MIN 

120 20 

90 10 

90 10 

80 

80 

0 

0 

20 
0 

75 

5 
75 

Input Pulse Amplitude = 2.5 V 
Input Rise and Fall Time 
5.0 ns From 1.0 V to 2.0 V 
Measurements Made at 1.50 V 

MAX 

100 

65 

65 

55 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



L5560/L6560, L5561iL6561 

Waveforms 

Read Cycle 

ADDRESS TO OUTPUT DELAY 

CHIP ENABLE TO OUTPUT DELAY 

Ao, AI, A2, A3 T ---- --
- .J i:: ~(TAA-TEA) 

CHIP ENABLE INPUT 

Write Cycle 

Figure 3 

Functional Table 

CHIP ENABLE WRITE ENABLE OPERATION DATA OUTPUTS 

LOW LOW WRITE 

LOW HIGH READ 

HIGH DON'T CARE HOLD 

Memory Operation 
READ: The memory is addressed with the AO-AJ 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. 

WRITE: The memory is addressed with the AQ-AJ 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 L55601 
L6560 (assuming a pullup resistor is attached) and in 
the third state (high impedance state) for the L5561 I 
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. 
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L5560/L65601 OFF 

L5561/L65611 HIGH IMPEDANCE STATE 

COMPLEMENT OF WRITTEN DATA 

L5560/L65601 OFF 

L5561/L6561I HIGH IMPEDANCE STATE 

Memory Expansion Rule~ 
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. 



64·bit (16x4) 
Edge Triggered Register 
75868/85868 

Features/Benefits 
• On chip output register. 
• Edge triggered write. 
• High speed 30 ns typo 
• Tri-state output. 
• Both ll'Iilitary (75S68) and commercial (85S68) operating 

temperature r!lnges. . . . 

• Optimized tOr register stack applications. 
• Pi~ and perfOrmance compatible .with the National part. 
.18-pinpa~kage. 

Description 
The 85S68 is an addressable "0'.' 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 pelatched 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 
<;>f the outpUt di.sable ter'!)in!,!1. 

All input .!!'!rminals are high impedance at all times, and all out, 
puts have low, impedance active drive logic states and the high 
impedance tri~lltate condition. . -

Applications . . . .' 
The 8.5S68 q8n 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.· Tl)is simple feature not only enhances the system's 
dynamic perrorlTlance, since multiple levels of 'registers need not 
be actlvated, but also reduces component count by elimination 
of one sel of buffer registers. • 

Pi~ Configuration 

1T~";~$ tI 

Selection Guide 
Part 

Number Package 

85S68 N16 

75S68 J16 

Logic Diagram . 
.'"" ... 

WRITE CLOCK INPUT 

CLK 

14 

Temperature 
Output 

.' 
Range 

T8 0° to +75°C 

T8 -55°C to+125°C 

DATA INPUTS 

16.4 MEMORY CELL ARRAY 
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75S68/85S68 

Absolute Maximum Ratings . oPerating 
Supply voltage Vee ...................................... , .............. , .............. :." '.' ................ -0.5V to 7V 
Input voltage .................................................... : ...... : : .......•......................... -1.5V t05.5V· 
Off-state output voltage ........................................................................ c .............. -1.5V to 5.5V 
Storage temperature range .......................................................................... : .... -65°e to 1500e 

Recommended Operati.ng Conditions ' 

MILITARY COMMERCIAL 
. UNIT SYMBOL PARAMETER 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

10H High level output current -5.2 -5:2 mA 

10L Low level output current 16 16 mA 

TA Operating free air temperature -::55 125 0 75 °e 

Electrical Characteristics 
Over Recommend,d Operating Free Air Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 \ V 

Vie Input clamp voltage.: Vee = MIN, II = -18mA -'-1.2. V 

VOL Low-level output voltage 
i 'lee =:: MIN, VIH = 2V 

0.50 V 
VIL= 0.8V, 10L = MAX 

II 
Input current at maXimum 

Vee = MAX, VI = 5.5V 1.0 rnA· 
input voltage 

IIH .' High-level input currert 
Vee = MAX elock input 50 

/LA 
VI= 2AV All others 40 

IlL Low~level input current 
Vee =.MAX elock input -500 

VI = 0.5V All others -,250 
IJ-A 

el Input capacitance Vee = 5.0V VI = 2.0V 7.0 
pF 

eo Output capacitance " f = 1 MHz, TA = 25°e Vo = 2.0V 
.. ' 

8.0 

lee SUpply cu Hent Vee = MAX 70 100 rnA 

THREE STATE OUTPUT ". 

.... 
High-level olitputvoltage . " 

Vee = MIN, VIH = 2V 
VOH 

VIL =O.8V, 10H = MAX 
2.4 V 

.: 

10ZH 
Off-st~te output cl,lrrent Vee = MAX, VIH = 2V 

high-level voltage. supplied . Vo = 2.4V 
40 IJ-A . 

10ZL 
Off-state output current Vee = MAX, VIH = 2V 

-40 IJ-A 
low-level voltage applied Vo = 0.5V 

lOS Short-circuit output current Vee = MAX, Vo =OV -'-20 -55 rnA 
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75568/85568 

Switching Characteristics 
Over Recommended Operating Range of TA and VCC 

SYMBOL PARAMETER 
85S68 75S68 

MIN TYP MAX MIN TYP MAX 

tZH Output enable to high level 20 35 20 

tZl Output enable to low level 14 24 14 

tHZ Output disable time from high level 10 1.5 10 

tLl Output disableiime from low level 12 18 '12 

tAA Address to output 30 40 30 

tDSA Access time Output store to output 20 30 20 

tCA Clock to output 25 40 25 

tASC Address to clock 15 5 5 

tDSC Data to clock 5 5 5 

tASDS Set-uptime Address to output store 30 0 0 

twESC Write enable set-up time 5 15 15 

toSSC Store before write (t10) 10 0 . ' 0 

tAHC Address from clock 10 5 5 

tDHC Data from clock 15 5 5. 
Hold time 

tAHDS Address frOm output store 5 0 '. ;() 

tWEHC Write enable hold time 15 5 5 

Functional Table 
'. 

oil WE elK Os 

0 X X 0 

X 0 S X 
0 X X 1 

1 X X 0 

1 X X 1 

Test Circuit 

5.0V 

400 
D1 

, 

MODE 

OutputStore 

Write Data 

Read Data 

Output Store 

Output Disable 

OUTPUTS 

Data From last Addressed location 

Dependent on State of OD and OS 

Data Stored in Addressed location 

High hi1pedance State 

High Impedance State 

Cl = 5.0 pF for tHZ, tLl 
Cl = 30 pF for ali others 

,~, 

Cl includes probe and jig capaCitance 
Ali diodes are 1 N3064 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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75S6885568 

Switching Waveforms 

5~14 

ADDRESS 
INPUT 

DATA 
INPUT 

OUTPUT 
STORE 

WRITE 
ENABLE 

WRITE 
CLOCK 

Write Cycle 

Figure 2. Cloc1( Set-Up and Hold Time 

I~:lft 1.5V\ - -:- - - - --

- - -~ ~'--~.--------
WRITE 

CLOCK 1.5VI 
___ ~_ICA:j __ _ 

OUTPUTS _________ 1.~,-

Figure 3. Clock to Output Access 

ADDRESS 
INPUT 

OUTPUTS 

Read Cycle 

- - ~'5:'fIA~ ':"" - - -- - -

: . '. :J ... -----
- - - - - ~.~, ... -. ------

Figure 4. Addres.s to Output Access Time 

ADDRESS 
INPUTS 

OUTPUT 
STORE 

OUTPUTS 

~S~S ",----I i.-1DSA:j __ _ 

--;.5:'~:;--.:::.I'\- ______ -' ~ 

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

OUTPUT 
DISABLE 

1.5V 

\1.5V 

_----1i-_t:.. __ --+-IZ-L~ 

VOL --t--' 
OUTPUT 

1.5V 

O.5V 

---'-'-+--+'-""""--+--.""'z¥ 

Figure 6.' Output Enable to .Dlsable Time 

NOTE: Input waveforms supplied by pulse generator having the following characterlstcs: V = 3.0V. tR o;;;2.5ns. PRR 0;;;1.0 MHz and 
loUT = 5OM. 



64~Elit Random Access Memory 
(Non-Inverting) 
29700, 29701 

Features/Benefits 
• Fully decoded 16-word x 4-bit SchoHky technology hlgh-

speed RAM. 
• UHra fast access time typically 17ns. 
• 'Non-li'IVerting . '. '. . 
.' Available with three:-s_ outputs (29701) or with opCm 

collector outputs (29700). ." .. ' 
• Pin compatible wHhAMO's AM29700,01 r8spectlvely 

Applications 
• Scratch Pad registers for accumulators and buffer 

memories 
• Push down stacks 

Block Diagram 

Ao CJ 
Zo: 

Al ~§ 
O:w 

A2 
WQ 

~~ 
A3 

QO: 
Z 

Do 

OJ 

D2 

D3 

WE 

CS 

16 x4MATRIX 
OF STORAGE CelLS 

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 (OS) input and open coliector OR tieable outputs (29700) 
or three-state outputs (29701). Ohip selection for large memory 
systems can be controlled by actiVe LOW output decoderS. 

An active'LOW Write line ~E ~ntrols the writing/reading opera
tion of the memory. When the chip select and write lines are. 
LOW the, information 0", the;four data inputs DO to 03. 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 00 to 03. 

During the writing operation or when the chip select line is HIGH 
thll,four outpulsof the memory go to an inaclivelligh impedance 

. ·state. 

Selection Guide 
PART 

PACKAGE OUTPut' 
~PERATURE 

,.NUMBER RANGE 

, 29700NO N16 "oc· 0°0 to .+75°(; 

. 29700J0 J16 I ,OC 0°0 to +75°0 

29701 NO N16 TS 0°0 to +75°0 
'~_i~ < t 

029701:.10 J16 .0' ·T8 0°0 to +75°0 

29700JM J16 00 -55°0 to +125°0 

29700FM F16 00· -$5°0 to +125°0 ... 
29701JM 

.0 
J16 TS -55°0 to +12500 

29701FM F16 TS -55°0 to +125~0 

Pin Conflguratif)n. 
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29700,29701 

Absolute Maximum Ratings 
Operating 

Supply voltage VCC ........................................................................................... 7V 
Input voltage ................................................................................................. 5.5V 
Off-state output voltage ... ; .................................................................................... 5.5V 
Storage temperature range ............................................................................... -65°C to 150°C 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT 
MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

10H High level output current -2.0 -5.2 mA 

10L 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 V 

VIL Low-level input voltage 0.8 V 

VIC Input clamp voltage VCC= MIN, II = -18 mA -1.2 V 

VOL Low-level output voltage 
VCC = MIN, VIH = 2V, IIOL = 8 mA 0045 

V 
VIL = 0.8V IIOL = 10 mA 0.5 

II 
Input current 'at maximum 

VCC = MAX, VI = 5.5V 1.0 mA 
input voltage 

IIH High-level input current VCC = MAX, VI =2.4V 10 /LA 

IlL Low-level input current VCC = MAX, VI = Oo4V 100 /LA 

CI Input Capacitance VCC = 5.0V, f = 1 MHz I VI = 2.OV 6 pF 

Co Output Capacitance TA = 25°C Ivo = 2.OV 8 pF 

ICC Supply current VCC, = MAX; All inputs GND. 75 105 mA 

OPEN COLLECTOR OUTPUT CURRENT 

Output leakage Current Vcc = MAX, Vo = 204V 100 

THREE STATE OUTPUT ONLY 

VOH High-level output voltage 
VCC = MIN, VIH = 2V, 

VIL = 0.8V, 10H = MAX 
204 3.6 V 

10ZH 
Off-state output current VCC = MAX, VIH = 2V, 

40 /LA 
high-level voltage applied Vo = 2.4V 

10Zl 
Off-state output current VCC = MAX, VIH = 2V, 

-40 /LA 
low-level voltage applied Vo = Oo4V 

lOS Short-circuit output current VCC = MAX -20 -45 -90 mA 



29700, 29701 

Switching Characteristics Over Operating Range (Unless Otherwise Noted) 

PARAMETERS DESCRIPTION 
A.C. TYP COM'L MIL 

UNITS 
TEST CONDITIONS (NOTE 1) MIN MAX MIN MAX 

tPLH(A) 
Delay from Address to Output See Fig. 2 

tPHL(A) 
15 25 30 ns 

tPZH(CS) Delay from Chip Select (LOW) to 
See Fig. 2 10 15 20 

tpzL(CS) Active Output and Correct Data 
ns 

tPZH(WE) Delay from Write Enable (HIGH) 

10 Active Output and Correct Data See Fig. 1 12 20 25 ns 

tPZL(WE) (Write Recovery-See Note 2) 

!s(A) 
Set-up Time Address (Prior 

See Fig. 1 -6.0 0 0 ns 
to Initiation of Write) 

Hold Time Address (After 
Fig. 3 test load 

th(A) See Fig. 1 (measured to -2.5 0 0 ns 
Termination of Write) 

output = 1.5V) 
Set-up Time Data Input (Prior to 

ts(DI) 
Termination of Write) 

See Fig. 1 9.0 20 25 ns 

th(DI) 
Hold Time Data Input (After 

See Fig. 1 
Termination of Write) 

-4.0 0 0 ns 

tpw(WE) 
Min. Write Enable Pulse Width to 

See Fig. 1 
Insure Write 

10 20 25 ns 

tPHZ(CS) Delay from Chip Select (HIGH) to 
See Fig. 2 10 15 20 

tPLZ(CS) Inactive Output (HI-Z) 
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 Vee ~ 5.0V and TA ~ 25°e. 
2. Output is preconditioned to data in (non-inverted) during write to insure correct data is present on all outputs when writ~ is 

terminated. (No write recovery glitch) 

Switching Waveforms 

ADDRESS 
Ao-3 

". 
I'" 
1 

1 

1 

,\' 

-!sIA)-I' 

DO,N~TCARE 

-
," 

~1_IPW(wE)-

'" 
/--18(01)-

~" 
1 

MIN-
f.:MAX IpLZ~ 

MIN 
I IpHZ(WE) 

00-3 ( 

V'f'1X~ (X' 

.I~hIA) 
, 

-----1- lh(Dl) 

'W( 

-MAX 

Key to Timing Diagram 

1.5V WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

1.5V 

MAY CHANGE CHANGING :. WILL BE 

FROM H TO L FROM H TO L 

__ WILL BE 
. MAY CHANGE CHANGING 

FROM L TO H FROM L TO H 

1.5V 

NYJ ~ 
DON'T CARE: CHANGING. 
ANY CHANGE STATE 
PERMITTED UNKNOWN 1.5V. 

IPZH!WE) 
IpzL(WE) HDOESNOT 

CENTER 
LINE IS HIGH 

APPLY IMPEDANCE 
"OFF"-STATE 

Write Cycle Timing. The cycle is initiated by an address change. After ts(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.) 

ADDR~~ --ADDRESS l--ii-------ADDRESS k-------ii-----,ADDRESS 1----- 1.5V 

00-3 ___ .6.4.1./..1...., 

L,-----JLI ----rl--J'-----~Ir----......JL---,-I -......JII----,--JLI ----,-1 ---Jl--~Ir----' 
OUTPUT READ A HIGH READ A LOW IN DISABLE ENABLE READ A HIGH DISABLE 

DISABLED IN ADDRESS ADDRESS k OUTPUT OlITPUT IN ADDRESS I 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 ~VCC Three-State 
29700 POINT 29701 

300ll 

81 is closed for 
FROM OUTPUT SlB 81 is closed for 

all A.C. tests. UNDER TEST 1 CL = 30pfd - Cj 

all A.C. tests 
Note that tPHZ(CS) Cj 600ll except tPHZ(CS) 
and tpHZ(WE) ::;:5pfd and tPHZ(WE) where 
parameters do not S1 is open and jig 
apply to 29700 capacitance (CJ) is 
where disabled "'" 5pfd. 
output is HIGH. Figure 3. 

Basic Memory Cell Truth Table 
DATA ·1· DATA '0· 

WORD LINE - - -+---1>--...... -------1~-_l_-

5-18 

TO SENSE 
AMPLIFIER 

AND OUTPUT 
BUFFER 

INPUTS OUTPUTS 
MODE 

CS WE Di Oi(tn) 

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. 

H = HIGH Voltage Level 
l = LOW Voltage Level 
OFF = HIGH Impedance 



29700, 29701 

Input/Output Interface Conditions 
Vonage Interface Conditions-LOW & HIGH 

~ 
~ 

3.0 MINIMUM LOGIC 
2.8 "HIGH" OUTPUT ., 2.6 VOLTAGE VOHj .... 2.4 ----!l! 2.2 VIH2 w 
2.0 .... 

w 1.8 NOISE MINIMUM LOGIC 

" 1.6 IMMUNITY "HIGH" INPUT 

~ 1.4 (High level) VOLTAGE 

~ 1.2 

!:i 1.0 MAXIMUM LOGIC VIL2 .. 0.8 "LOW" OUTPUT 

~!l" ;:; M VOLTAGE MAXIMUM LOGIC 

§ 0.4 "LOW' INPUT 
0.2 NOISE VOLTAGE 

~ 0.0 IMMUNITY 

0 DRMNG DEVICE (Low level) DRIVEN DEVICE 

Current Conditions-HIGH State Current Condltions-OFF State Current Conditions-LOW State 
OUTPUT INPUT OUTPUT INPUT 

Vee ------~r_--- ----------.--VCC VCC----------.----- VCC----------.----- ----------.--VCC 

J 
Note: 29700 open collector. Note: 29700 open collector. 

Notes 
1. The 29701 output has active circuitry for both logic levels and requires no 

external pull~up resistQr. 

2. For a good DC noise margin with the 29700 a pull-up resistor can be used. 
Limits of R in kG are given by 

Vee - VOHrequired > RL'> VCC - VOL required 

NICEX + NIIH IOL - NIIL 

Where n is number of OR tied outputs 
N is the number of TIL unitsloeds driven. 

3. Address and data lines can be interchanged wnhin their respective groups 
for ease of RC. layout w~hout effecting device operation. 

4. Since for a given pattern on the address lines reeding 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 
field. 

Loading Rules (In TTL Loads) 

OUTPUT DRIVE 

INPUT/OUTPUT PIN NO.'S INPUT (29701) 
LOADING HIGH LOW 

Ao 1 .25 - -
es 2 , .25 - -
WE 3 .25 - -
DO 4 .25 - -
00 5 - 130 12.5 

01 6 .25 - -
01 7 - 130 12.5 

GND 8 - - -

02 9 - 130 12.5 

02 10 .25 - -
03 11 - 130 12.5 

03 12 .25 - -
Aa 13 .25 - -
A2 14 .25 - -
Al 15 .25 - -

Vee 16 - - -
A TIL unit load is -1.6mA at 0.4V and 40p.A at 2.0\1. The 29700 
has open coJlectoroutpl)ts; the output drive .in the HIGH state is 
determined by an 'axtemal pull-up resistor. 

5-19 



5-20 



64-Bit Random Access Memory 
(Inverting) 
29702,29703 

Features/Benefits 
• Fully decoded 16-word x 4-bit Schottky technology high-

speed RAM. 
• UHra fast access time typically 17ns. 
• Non-Inverting outputs. 
• Available with three-state outputs (29703) or with open 

collector outputs (29702). 
• Pin compatible with AMO's Am29702,03 respectively. 

Applications 
• Scratch pad registers for accumulators and buffer 

memories 
• Push down stacks 

Block Diagram 

Ao " i!Oa: 

A1 
0. I!! 
58 O:w 

A2 wo 
9~ 

Aa ~« 

16 x4 MATRIX 
OF STORAGE CELLS 

DO 

01 

02 

03 

We 

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 DO 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 00 to 03. 

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 
PACKAGE OUTPUT 

TEMPERATURE 
NUMBER RANGE 

29702NC N16 OC O°Clo +75°C 

29702JC J16 OC O°C to +75°C 

29703NC N16 TS O°C to +75°C 

29703JC J16 TS O°C to + 75°C 

29702JM J16 OC -55°C to +125°C 

29702FM F16 OC -e;5°C to +125°C 

29703JM J16 TS -55°C to +125°C 

29703FM F16 TS -55°C to +125°C 

Pin Configuration 
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29702,29703 

Absolute Maximum Ratings 
Operating 

Supply voltage Vee ........................................................................................... 7V 
Input voltage ................................................................................................. 5.5V 
Off-state output voltage ........................................................................................ 5.5V 
Storage temperature range ............................................................................... -65°e to 150°C 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT 
MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

10H High level output current -2.0 -5.2 rnA 

10L Low level output current 16 20 rnA 

TA Operating ·free air temperature -55 125 0 75 °e 

Electrical Characteristics 
Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIH High-level input voltage 2.0 V 

VIL Low-level input voltage 0.8 V 

VIC Input clamp voltage Vee = MIN, II = -18 rnA -1.2 V 

VOL Low-level output voltage 
Vee = MIN, VIH = 2V, IIOL = 8 rnA 0.45 

V 
VIL = 0.8V ilOL -10 rnA 0.5 

II 
Input current at maximum 

input voltage 
Vee = MAX, VI = 5.5V 1.0 rnA 

IIH .' High-level input current Vee = MAX, VI = 2.4V 10 /LA 

IlL Low-level input current Vee = MAX, VI = O.4V 100 /LA 

el Input Capacitance Vee '7 5.0V, f = 1 MHz I VI = 2.0V 6 pF 

Co Output Capacitance TA = 25°C IVa = 2.0V 8 pF 

ICC Supply current Vee - MAX; All inputs GND. 75 105 rnA 

OPEN COLLECTOR OUTPUT CURRENT 

Output leakage Current Vee = MAX, Va = 2.4V 100 

THREE STATE OUTPUT ONLY 
" 

VOH High-level. output voltage 
Vee = MIN, VIH = 2V, 

2.4 3.6 V 
Vil = 0.8V, 10H = MAX 

10ZH 
Off-state output current Vee = MAX, VIH = 2V, 

40 /LA 
high-level voltage applied Va = 2.4V 

10Zl 
Off-state output current Vee = MAX, VIH = 2V, 

-40 /LA 
low-level voltage applied Va = O.4V 

lOS Short-circuit output current Vee = MAX -20 -45 -90 rnA 
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29702,29703 

Switching Characteristics Over Operating Range (Unless Otherwise Noted) 

A.C. TYP. COM'L MIL 
UNITS PARAMETERS DESCRIPTION 

TEST CONDITIONS (NOTE 1) MIN MAX MIN MAX 

tPLH(A) 
Delay from Address to Output See Fig. 2 15 

tPHL(A) 
25 30 ns 

tPZH(CS) Delay from Chip Select. (LOW) to 
See Fig. 2 10 15 20 ns 

tPzUGS) 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) 

ts(A) 
Set·up Time Address (Prior 

See Fig. 1 -6.0 0 0 ns 
to Initiation of Write) 

Fig. 3 test load 

theA) 
Hold Time Address (After 

See Fig. 1 (measured to -2.5 0 0 ns 
Termination of Write) 

output = 1.5V) 

. !s(DI) 
Set-up Time Data Input (Prior to 

See Fig. 1 9.0 20 25 ns 
Termination of Write) 

th(DI) 
Hold Time Data Input (After 

See Fig. 1 -4.0 0 0 ns 
Termination of Write) 

tpw(WE) 
Min. Write Enable Pulse Width to 

See Fig. 1 10 20 25 
Insure Write 

n~ 

tPHZ(CS) Delay from Chip Select (HIGH) to 
See Fig. 2 10 15 20 ns 

tPLZ(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 Vee ~ 5.0V and TA ~ 25"e. 
2. Output is preconditioned to data in (non~jnverted) during write to insure correct data is present on all outputs when write is 

terminated. (No write recovery glitch) 

Switching Waveforms 

ADDRESS 
Ao-a 

00-3 

0'0-3 

1'\' 

1 

1 

1 

1 , 

( 

-ts(A)-

,~\'l:TCAI'IE 

MIN-

-
\'\c 

,,\ 

~'PW(wE)-

\\\\\\. 

1-'0(01)-

~'\ 

'";MAX 'PLZ~ 
'PHZ(WE) MIN 

" '1 
·~'h(A) 

1.5V 

, 1.5V 

1.5V 

-----1-'h(Dt) 

'iX. 1.5V 

-MAX 'PZH<WE) 
IPZL(WE) 

Key to Timing Diagram 

WAVEFORM INPUTS 

MUST BE 
___ STEADY 

OUTPUTS 

WILL BE 
STEADY 

• 
WILL BE 

MAY CHANGE CHANGING 
FROM H TO L FROM H TO L 

7I!!lll MAY CHANGE ~~'tN~~NG 
FROM L TO H FROM L TO H 

_ DON'T CARE: CHANGING. 
ANY CHANGE STATE 
PERMrrTED UNKNOWN 

~DOESNOT 
~APPLY 

CENTER 
LINE IS HIGH 
IMPEDANCE 
"OFF"-5TATE 

Write Cycle nming. The cycle is initiated by an address change. After ts(A) min., the write enable may begin. The chip select must also 
be LOW for writing. Following the write pulse, theA) 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.) 

ADDR~ -ADDRESS j---:it-------,ADDRESS k-------ilr------,ADDRESS 1-----1.5V 

CS--T----+----------#~~~.;--_+-----__:i_------ 1.5V 

00-3 ___ .LI.i.J..j'.iJ 

~IL---'I----JL---------I,--------"L---,I---"I~LI ____ _,I----~L------I,---~ 
OUTPUT READ A HIGH READ A LOW IN DISABLE ENABLE READ A HIGH DISABLE 

DISABLED IN ADDRESS ADDRESS k OUTPUT OUTPUT IN ADDRESS I OUTPUT 

Switching delays from address and chip select inputs to the data output. For the 29703 disabled output is "OFF', represented by a 
single center line. For the 29702, a disabled output is HIGH. 

Figure 2. 

Test Load 
Open Collector Three-State 
29702 TEST S1A 29703 

POINT 
0---0 vee 

S1 is closed for 3001! S1 is closed for 
all A.G. tests. FROM OUTPUT 518 all A. C. tests 
Note that tPHZ(GS) UNDER TEST 1 CL = 30pfd - Cj 

except tPHZ(GS) 
and tPHZ(WE) Cj 600n and tpHZ(WE) where 
parameters do not 

~5pfd 
S1 is open and jig 

apply to 29702 capacitance (GJ) is 
where disabled "" 5pfd. 
output is HIGH. 

Figure 3. 

Basic. Memory Cell Truth Table 
DATAT DATA iO' 

WORD LINE - - -+~~_--------<~---+-
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TO SENSE 
AMPLIFIER 

AND OUTPUT 
BUFFER 

INPUTS OUTPUTS 
MODE 

CS WE Di Oi(tn) 

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 af~rhjgh·impedance level at all times 
except when reading a LOW. 

H= HIGH Voltage Level 
L = LOW Voltage Level 
OFF = HIGH Impedance 



29702, 29703 

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

'" ~ 
0 3.0 MINIMUM LOGIC > 2.8 I "HIGH" OUTPUT 

~ 2.6 VOLTAGE VOHj 
w 2.4 
> 2.2 .. VIH2 
~ 2.0 

~ ...... 
w 1.8 NOISE MINIMUM LOGIC 
'-' 1.6 IMMUNITY "HIGH" INPUT 

~ 1.4 (High level) VOLTAGE 
0 1.2 > 

1.0 VIL2 >- MAXIMUM LOGIC ::> 0.8 "LOW" OUTPUT 0. 
V lIB MAXIMUM LOGIC i!!: 0.6 VOLTAGE O~. .., "LOW" INPUT ;:: 0.' 

::> 0.2 NOISE VOLTAGE 
0. 

0.0 IMMUNITY >-
::> DRIVING DEVICE (Low level) DRIVEN DEVICE 
0 

Current Conditions-HIGH State Current Conditions-oFF State Current Conditions-LOW State 
OUTPUT INPUT OUTPUT INPUT 

VCC--------.------ ----------~---VCC VCC----------~----- VCC----------.----- ----------~---VCC 

J 
Note: 29702 open collector. Note: 29702 open collector. 

Notes 
1. The 29703 output has active circuitry for both logic levels and requires no 

external pull~up resistor. 

2. For a good DC nOise margin with the 29702 a pull-up resistor can be used. 
Limits of R in kll are given by 

VCC - VOH required > RL > VCC - VOL required 

NICEX + NIIH IOL - NIIL 

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

3. Address and data .Iines can be interchanged within their respective groups 
for ease of P.C. layout without effecting device operation. 

4. 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 
field. 

Loading Rules (In TTL Loads) 

OUTPUT DRIVE 

INPUT/OUTPUT PIN NO.'S INPUT (29703) 

LOADING HIGH LOW 

Ao 1 .25 -- --
es 2 .25 -- --
WE 3 .25 -- --

Do 4 .25 -- --
00 5 -- 130 12.5 

D1 6 .25 -- --

01 7 -- 130 12.5 

GND 8 -- -- --

02 9 -- 130 12.5 

D2 10 .25 -- --
03 11 -- 130 12.5 

D3 12 .25 -- --

As 13 .25 -- --

A2 14 .25 -- --
A1 15 .25 -- --

Vee 16 -- -- --
A TTL unit load is -1.6mA at OAV and 40ILA 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 
• Ultra-high speed: Address access time typically 15ns 
• Low Power: ICC typically 75mA 
• Internal ECl circuitry for optimum speed/power perfor

mallce over. voltage and temperature 
• Output p.reconditioned during write to eliminatewritere

covery glitch 
• Available with three-state outputs (21S03A) or with open 

collector outputs (27S02A) 
• Pin compatible replacements for 3101, 3101A,74S289, 

93403, 7489 and Am27S02A and for 74S189, 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 

DO 

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 coliectorOR 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~nes . are 
lOWthe information on the four data inpuls DO to D3 is written 
into the addressed memory word and preconditions the output 
circuitry so that true data is present at the outputs whenthe.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 00 to 03. 

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 

PACKAGE OUTPUT 
TEMPERATURE 

NUMBER RANGE 

27S02ANC N16 OC O°C to +75°C 

27S02AJC J16 OC O°Cto +75°C 

27S03ANC N16 TS O°Cto +75°C 

27S03AJC J16 TS OOC to +75°C 

27S02AJM J16 OC -55°C to +125°C 

27S02AFM F16 OC -55°C toH25°C 

27S03AJM JI6 TS ~55°C to +125°C 

27S03AFM .F16 TS -55°C to +125°C 

>o--:-+--c0o Pin Configuration 
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27S02A,27S03A 

"f' .' '.' 
.' '. . "Operating 

'iSupplyvoltage VCC ......................................................................................... "7V 
·':.Input vOltage ............................................................................. \ ... :.; ............. ', 5:5V 

Qff-state o\,ltput v()ltage, ., . '." ....... " ... " ........ '.' .. , .... ,;.,' ...... i .• • , ••••••••••. ' ••• ',' • '.' .................... 5.5V 
Storage temperature range ........................•...................................................... -65°C to 150°C 

Recofhmended OperatingCondltJons 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT 
_ f l;: >i ,. MIN NOM MAX MIN NOM MAX 

VCC ' Supply voltage ,.' 4.5 5.0 5.5 4.75 5.00 5.25 .. .", 

IOH 1; High level output current -2.0' -5,2 mA 

lOr. Low·level output current 8 10 rnA 

TA Operating free air temperature ~55 125 0 75 °c 

"j" 

Electrical. Char.~teristics... . ' .. 
Over Rec:ol1Jmended Operating Free Air Te",perature Range 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

.i 
.•. 

VIH High-level input voltage 2.0 V 

"Ill· Low-level input voltage 0.8 V 

VIC Input clamp voltage Vcc '= MIN, II - -18mA -1.2 V 

VOL low-level output voltage 
Vce - MIN, VIH = 2"1, IIOl=8mA 0.45 

V 
.. Vil = 0.8V 1i0l = 10 inA 0.5 

II' 
Input current lit maximum 

VeC ~ MAX, VI = 5.5V 1.0" mA 
.. ,', .' inputvolt~e 

, 

I/H High-level input current Vee = MAX, VI = 2.4V 10 p.A 

,Ill Low"level input current Vce = MAX, VI = O.4V 
" 

100 p.A 

C/ •. · .. , Input Capaci\ance Vce - 5.0"1, f - 1 ,MHz 1,'11 - 2.0V 6 pF 

Co ," qutput CapaGitance TA = 25°C Vo = 2.0V 8 pF 

,ICC Supply' current VCC- MAX; All inputs GND. 75 105 rnA 

OPEN COLLECTOR OUTPUT CURRENTi'~, 

Output Leakage'Current VCC = MAX, VO"" 2.4V 

THREE STATE OUTPOTONLY 
" ,. '. .... 

i 

VCC = MIN, VIH =2"1, 
VOH High-level ~Utput voltage 

Vil = 0.8V, IOH = MAX 
2.4 3.6 V 

10ZH 
Off-state output current VCC '" MAX, VIH = 2"1, 

40 p.A 
high-level Voltage applied Vo = 2.4V .... 

10Zl 
Off-state olltPut current VCC - MAX, VIH -2"1, , ; ,,-40 p.A 
low-Ievef'vdltage applied Vo = O.4V '. 

lOS Short-circuit output current "ICC = MAX -20 -'45 -9<) mA 



27S02A,27S03A 

Switching Characteristics Over Operating Range (Unless Otherwise Noted) 

PARAMETERS DESCRIPTION 
A.C. TYP COM'L MIL 

UNITS 
TEST CONDITIONS (NOTE 1) MIN MAX MIN MAX 

tPLH(A) 
qelay from Address to Output See Fig. 2 

tPHL(A) 
15 25 30 ns 

tPZH(CS) Oelay from Chip Select (LOW) to 
See Fig. 2 

tpzL(CS) Active Output and Correct Data 
10 15 20 ns 

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) 

15(A) 
Set-up Time Address (Prior 

~Fig.1 -,-6 .. 0 0 0 ns 
to Initiation of Write) 

Fig. 3 test load 
Hold Time Address (After 

lh(A) 
Termination of Write) 

See Fig. 1 (measured to -2.5 0 0 ns 

Set-up Time Data Input (Prior to 
output = 1.5V) 

15(01) 
Termination of Write) 

See Fig. 1 9;0 20 25 ns 

th(DI) 
Hold Time Data Input (After 

See Fig. 1 
Termination of Write) 

-4.0 0 0 ns 

tpw(WE) 
Min. Write Enable Pulse Width to ."¥ ;. 

Insure Write 
See Fig. 1 10 20 25 ns. 

tPHZ(~) Delay from Chip Select (HIGH) to 
See Fig. 2 10 15 20 'ns 

tPLZ(CS) Inactive Output (HI-Z) 'j' 

tPLZ(WE) Delay from Write Enable (LOW) .> 

to InactiVe Output (HI-Z) 
See Fig. 1 " ,12 20 2,5 nS 

tPHZ(WE) 
", 

Notes: 1, 1\Iplcal jl"1lts are at Vee ~ 5,OV and TA = 25°e, 
2, ,OulJ!ut Is'l1recondltloned to data In (non-inverted) during write to insure correct data is present on all outputs when write is 

" terminated, (No write recovery glilch) 

$Witching Waveforms 

ADDRESS 
Ao-3 

.\ 

" 

- '~h(A) 
,\\\\' \\\ \' \\\\' ,\ \\' \'\ I" I 

j'\'\'\\" \'\'\ I 
I. . r-ts(A)- '. 

, r-t~~)'-:; " 
,'\I 

I, \'\ 

1 1-",(D1h ~th(Dl) 
, 

C'. 

,~'TCARE 
l'\ 

1 MIN.-~:' tPl2~ ~_M~-----r~<WE) , tpHZ(WE) MIN r--':j'tPZL(WE) 

I '" II, 'N 

'- " '1111, ,\,\\\ \\'\ 

1.SV 

1.SV 

1.5V 

Key to Timing Diagram 

WAVEFORM INPUTS 

MUST BE 
_ ............... ,STEADY:." 

OUTPUTS 

WILL BE 
STEAOY 

:.
. WILL BE, 

MAY C,HANGE CHANGING 
, FROM HTO L FROM H TO L 

7lll!!l.' MAY CHANGE ~~~'N~NG 
FROM L TO H, FROM L TO H x', " ' DON'T CARE: 'c. HANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

~'DO.ESNOT 
~APPLY 

CENTER 
LINE IS HIGH 
IMPEDANCE 
"OFF:'-STATE 

. , 

Write Cycle Timing. The cycle is initiated by an address change. Afterts(A) min., the write enable may begin. The chip select must also 
be LOW for writing. Following the write pulse, Ih(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. 



27S02A, 27S03A 

Switching Waveforms (Coni.) 

ADDR:: --::rAllDR~SS I-ooooll--.... -_--ADDRESS k' ______ -4 ____ ADDRESS 11----- 1.5V 

_....;;;'r-___ -+ ____ ...;.. ___ .,~,F."".;--_+-----~...;..-.....;---1.5V 

L....,-Ii I 
OUTPUT READ A HIGH 

DISABLED IN ADDRESS 

I 
READ A LOW IN 

ADDRESSk 

I I~LI ----"I ____ ~L _____ ,.-__ ~ 

DISABLE ENABLE READ A HIGH DISABLE 
OUTPUT OUTPUT IN ADDRESS I 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. 

Open Collector 
27S02A 

S1 is closed for 
all A.C. tests. 

)) Note that tpHZ(CS) 
and tPHZ(WE) 
parameters do not 
apply to 27S02A 
where disabled 
output is HIGH. 

TEST 
POINT 

Figure 2. 

Test Load 

3000 

Figure 3. 

~Vcc 
Three-Slale 
27S03AI 

S1 is closed for , 
all A.C. tests 
except tPHZ(CS) 
and tPHZ(WE) where 
S1 is open and jig 
capacitance (CJ) is 
.;; 5pfd. 

Basic Memory Cell Trulh Table 

DATA '1' DATA '0' 

WORD liNE - ~)""" +-__ ~------<...--~-+-

t) 
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TO SENSE 
AMPliFIER 

AND OUTPUT 
BUFFER 

INPUTS OUTPUTS MODE C§ WE 01 OI(ln) 
)' " ,,,, 

H L L Off No Selection 
H L H Off No Selection 

H H X OIf No Selection 
L L L Off Write '0' 

L L H 'off Write '1' 

L H X Di(tn-x) Read 

Note: The 27502A output is at a high impedance level at all 
times except when reading a LOW. 

H = HIGH VoHage Level 
L ,;, LOW Voltage Level 
OFF = HIGH Impedance 



27S02A,27S03A 

Input/Output Interface CondHions 
Voltage Interface Conditions-LOW" HIGH 

~ 
~ 

3.0 MINIMUM LOGIC 
2.8 "HIGH" OUTPUT 

VOH) 
~ 2.6 VOLTAGE 

"' 2.4 ----> 2.2 VIH2 
"' 2.0 ..J 

"' 1.8 NOISE MINIMUM LOGIC 

" 1.6 IMMUNITY "HIGH" INPUT 

~ 1.4 (High level) VOLTAGE 

g 1.2 

!; 1.0 MAXIMUM LOGIC VIL2 .. 0.8 "LOW" OUTPUT 

~~ .. MAXIMUM LOGIC 
~ 0.6 VOLTAGE "LOW" INPUT 
§ OA 

02 NOISE VOLTAGE 

~ 0.0 IMMUNITY 

0 
DRIVING DEVICE (Low level) DRIVEN DEVICE 

Current Conditions-HIGH State Current Condltlons-OFF State Current Condltlons-LOW State 

INPUT OUTPUT INPUT OUTPUT 
Vee---_-- -----....... -Vee ·.Vee-----~-- Vee -----1r--- -----....... -Vee 

J 
Note: 27LS02 open oollector. Note: 27S02A open oolleclor. 

Notes 
1. The 27S03A oUlpul has active circuitry for both logic levels and requires no 

external pull-up resistor. 

2. For a good DC noise margin with the 27S02A a pull-up resistor can be used. 
Limits of R in kG are given by 

VCC - VOH required > R > Vee - VOL required 

NICEX + NIIH L IOL - NIIL 

Where n is number 01 OR tied outpUls 
N is the number of TTL unRs loeds driven. 

3. Address and data lines can be interchanged within their respective groups 
for ease of P.C. layoUl wHhoUl effecting devica operation. 

4. Since for a given pattern On the address lines reading and writing are per
formed on the sarne actual memory word, the address, Jines can be driven by 
any mixture of assertion or negation 01 the variables making up the address 
field. 

Loading Rules (In TTL Loads) 

OUTPUT DRIVE 
INPUT/OUTPUT PINNO.'S INPUT (27S03A) 

LOADING HIGH LOW 

Ao 1 .25 - -
es 2 .25 - -
WE 3 .25 - -
00 4 .25 - -
50 5 - 130 12.5 

01 6 .25 - -
51 7 - 130 12.5 

GNO 8 - - -
52 9 - 130 12.5 

02 10 .25 - -
53 11 - 130 12.5 

03 12 .25 - -
A:3 13 .25 - -
A2 . 14 .25 - -
A1 15 .25 - -

Vee 16 - - -
A TTL unit load is -1.6mA at 0.4V and 40JLA 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 
27LS02,27LS03 

Features/Benefits 
• Fully decoded 16-word x 4-blt low-power Schottky RAMS 
• Ultra-low power: ICC typically 25mA 
• High speed: Address access time typically 30ns 
• Internal ECl circuitry cfor optimum speed/power perfor-

mance ove~ voltage ,and temperature " 
• Output preeondltiOl'l8d during write to el,imlnate the write 

recovery glitch 
• Available with thr8e-state outputs (27LS03) or with open 

collector outputs (27lS02) 

• Pin compatible replacements for PM74L89A, PM74lS289, 
7489 and AM27LS02, for PM86L99, PM74LS189, and 
Am27lS03. 

Applications 
• Scratch pad registers for accumulators and buffer 

memories 
• Push down stacks 

Description 
The 27L802and 27L803 are 64-bit RAMs'built using Schottky 
diode clampedttansistorsiri conjunction with internalECL cir
cuitry and are ideal for use in scratch pad and high-speet( buffe,r 

Block Diagram 

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 (C8) input and, open col\!lctor OR tieable o~tputs 
(27LS02) or three-state outputs (27tS03): Chip selection for 
large memory systems can be contrdlled by active LOW output 
decoders Such as a 74LS138. 

An active LOWWrite line (WE) controls the writing/reading pper
ation of the memory. When the chip select and write lines are 
LOW, theinformatioh on the ,f6ufdata inputs DO 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 00 to 03. 

[)uring tl'le writing operation or when the chip select iine is HiGH 
the four outputs of the memory go to an iriabtive iiigh impedance 
state. " 

Selection Guide 
PART 

PACKAGE OUTPUT 
,TEMPERATURE 

NUMBER RANGE 
" 

'27LS02ANC N16 OC O°C to +75°C 

'c27LS02AJC J16 OC COC to +75°C 

.27LS03ANC N16 T~r O°C to +75°C 

27LS03AJC Jt6 T8, O·Cto+75°C 

27LS02AJM J16 OC '-55°Cta +125°C 

27LSo2AfM F16 OC .:.:cspoC to +125°.C 

27LS03AJM J16 T8 ..:.,c55°C to +125"C 

, 27LS()3A1:'M F16 ,. TS " -sooC to +,125°C 

Pin Configuration" 
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27LS02,27LS03 

Absolute Maximum Ratings 
Operating 

Supply voltage vee ........................................................................ ~ .................. 7V 
Input voltage ...................................................................................... i . . ; .... ' ..... 5.5V 
Off-state olrtput voltage .............. , ... ~ ..................................................................... 5.5V 
Storage temperature range .................. , ............................................................ -65°e to 1500 e 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT 
MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

10H High level output current -2.0 -5.2 mA 

10l low level output current 8 10 mA 

TA Operating free air temperature -55 125 0 75 °e 

Electrical Characteristics 
Over Recommended Operating Free Air Temperatura Range 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIH High-level input voltage 2.0 V 

Vll Low-level input voltage 0.8 V 

VIC Input clamp voltage Vee = MIN, II = -18 mA -1.2 V 

VOL Low-level output voltage 
Vee = MIN, VIH = 2V, II0l = 8.mA 0.45 

V 
Vll = 0.8V "Ol = 10 mA 0.5 

II 
Input current at maximum 

input voltage 
Vee = MAX, VI = 5.5V 1.0 mA 

IIH High-level input current : Vee = MAX, VI = 2.4V 10 /LA 

III Low-level input current Vee = MAX, VI =i' O.4V 100 /LA 

el Input eapacitance Vee - 5.0V, f - 1 MHz I VI - 2.0V 6 pF 

eo Ol,ltput eapacitance TA = 25°e IVo = 2.0V 8 pF 

Ice Supply current ," .Vee = MAX; All inputs GND. 25 38 mA 

OPEN COLLECTOR OUTPUT CURRENT . 

Vee = MAX, Vo = 2.4V 100 

THREE STATE OUTPUT ONLY 

VOH High-level output voltage 
Vee = MIN, VIH = 2V, 

Vll = 0.8V, 10H = MAX . 
2.4 3.6 V 

10ZH 
Off-state oU1l>ut current Vee = MAX, VIH = 2V, 

40 /LA 
high-level Voltage applie~ Vo = 2.4V 

10Zl 
Off-state output current Vee - MAX, VIH - 2V, 

-40 /LA 
low-level voltage applied Vo = 0.4V 

lOS Short-circuit output current Vee = MAX -20 -45 -90 mA 
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27LS02,27LS03 

Switching Characteristics Over Operating Range (Unless Otherwise Noted) 

PARAMETERS DESCRIPTION 
A.C. TYP COM'L MIL 

UNITS 
TEST CONDITIONS (NOTE 1) MIN MAX MIN MAX 

tPLH(A) 
Delay from Address to Output See Fig. 2 30 55 65 ns 

tPHUA) 

tPZH(CS) Delay from Chip Select (LOW) to 
See Fig. 2 

tpzUCS) Active Output and Correct Data 
18 30 35 ns 

tPZH(WE) Delay from Write Enable (HIGH) 

to Active Output and Correct Data See Fig. 1 18 30 35 ns 

tPZL(WE) (Write Recovery-See Note 2) 

ts(A) 
Set-up Time Address (Prior 

See Fig. 1 -17 0 0 ns 
to Initiation of Write) 

Fig. 3 test load 

theA) 
Hold Time Address (After 

See Fig. 1 (measured to -6 0 0 ns 
Termination of Write) 

output = 1.5V) 

ts(DI) 
Set-up Time Data Input (Prior to 

See Fig. 1 16 45 55 ns 
Termination of Write) 

th(DI) 
Hold Time Data Input (After 

See Fig. 1 -40 0 0 ns 
Termination of Write) 

tpw(WE) 
Min. Write Enable Pulse Width to 

See Fig. 1 20 45 55 ns 
Insure Write 

tPHZ(CS) Delay from Chip Select (HIGH) to 
See Fig. 2 18 30 35 ns 

tPLZ(CS) Inactive Output (HI-Z) 

tpLZ(WE) Delay from Write Enable (LOW) 
See Fig. 1 18 30 35 ns 

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

Notes: 1. Typical limns are at Vee = 5.0V and TA = 25°e. 
2. Output is preconditioned to data in (non-inverted) during write to insure correct data'is present on aU outputs when write is 

terminated. (No write recovery glitch) 

Switching Waveforms 

ADDRESS 
Ao-3 

,"' 

I\: \\' 

...... 

,\' \\' 

-
,," 

\\' \'\ 
I -t.(A)- ,\~tPW(wE)-

I \\\\\\. / 
I I-t.(OI) .... 

DON'TeARE 

" T" -th(A) 

f 
/ 

--tth(Ol) 

I .~J~PLZ~ _MAX~~PZH(WE) 
MIN- tPHZ(WE) MIN H tPZL(WE) 

/ \1\' \\' 'I, IN 
00-3 

'\ f, 'f '\' \'\ 

1.5V 

1.5V 

1.SV 

1.SV 

Key to Timing Diagram 

WAVEFORM INPUTS 

MUST BE ______ STEADY 

OUTPUTS 

WILL BE 
STEADY 

. . MAY CHANGE CHANGING ~ WILL BE 

FROMHTO L FROM HTO L 

. . MAY CHANGE CHANGING 7Illlll WILL BE 

FROM L TO H FROM L TO H 

_ DON'T CARE: CHANGING. 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

~DOESNOT 
"MS§:. APPLY 

CENTER 
UNE IS HIGH 
IMPEDANCE 
"OFP'-STATE 

Write Cycle Timing. The cycle is initiated by an address change. Afterts(A) min., the write enable may begin. The chip select must also 
be LOW for writing. Following the write pulse, theA) 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.) 

ADDR~! _" -ADDRESS,i-" -"*'------,ADDR~S k------"*'----,ADDRESSI-----1>I!V 

cs--.llr------+--------..,I-_~...1!r---+-------'_#_------ I.SV 

00-3 __ --'tLLl.I..i.l 

L,---JI i 
OUTPUT READ A HIGH 

DISABLE!> IN ADDRESS 

i 
READ A LOW IN 

ADDRESSk 

[1---,-~~~i ~---ir---~~----ri ~--~ 
DISABLE ENABLE READ A HIGH DISABLE 
OUTPUT OUTPUT IN ADDRESS I OUTPUT 

Switching delays from address and chip select inputs to the data output. F<>r the 27LS03 disabled output is "OFF", represented by a 
single center line., For the 27LS02, a disabled output is HIGH. 

Open Collector 
27LS02 

S1 is closed for 
all A.C. tests. 

"Note that tPHZ(CS) 
and tPHZ(WE) 
parameters do not 
apply to 27LS02 
where disabled 
output is HIGH. 

TEST 
POINT 

Ci 
"Spld 

Figure 2. 

Test Load 

600n 

1200n 

Figure 3. 

I ~vcc 
I 
I,' 

Three-State 
27LS03 

81 is closed for 
aIiAC. tests 
except tPHZ(CS) 
and tPHZ(WE) where 
S1 is open and jig 
capacitance (CJ) is 
"" 5pfd; 

Basic Memory Cell Truth Table 

,?I'TA 'j' DATA '0' 

WORD LlNE,,-- - -t---<j......,..".,,-:-c,.,------.---~p 
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I, 
I 

TO SENSE 
AMPLIFIER 

AND OUTPUT 
BUFFER 

INPUTS OUTPUTS 
MODE 

CS WE 01 Oi(tn) -, 

'H L L Olf 
" 

No Selection 
,,' H L H Off No Selection 

'H 'H )( ,Off No SeleCtion 

L L L Off- " Wrile~O' 

L L H Off Write '1' 
l H X D·(tn-x) Read 

Note: The 27LS02 output is at a high impedance level at all 
times except when reading a LOW. 

'H ';': HIGH Voltage Level 
L"" LOW Voltage Level' 
OFF = HIGH Impedance 



II) 

!:i 
o 3.0 MINIMUM LOGIC 

27LS02,27LS03 

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

I 28 ··HIGH·· OUTPUT 

..Ja;~ 222:.:21-_.....:.V..;;.O..;;.LT;.;A..;;.G..;;.E __ VOHj 

-~~ VIH2 
2.0 ~~~--+.....:.~-----

UI 1.8 NOISE MINIMUM LOGIC 

~ ::! (~~U~~) ··H~'b~~l':UT 
g 1.2 

1.0 MAXIMUM LOGIC ~ 0.8 
z 0.6 

~ ~:~ 
··LO.%~~~:UT ~~ •• -

~ 0.0'--------o DRIVING DEVICE 

NOISE 
IMMUNITY 
(Low level) 

MAXIMUM LOGIC 
"LOW·· INPUT 

VOLTAGE 

DRIVEN DEVICE 

Current Conditions-HIGH State Current Conditions-OFF State Current Conditions-LOW State 

OUTPUT INPUT OUTPUT INPUT 
VCC------~--- -----~-VCC VCC--------~---- VCC---------~--- .------..--VCC 

J 
Note: 27lS02 open collector. Note: 27lS02 open collector. 

Notes 
1. The 27lS03 output has active circuitry for both logic levels and requires no 

external pull-up resistor. 

2. For a good DC noise margin with the 27lS02 a pull-up resistor can be used. 
Limits of R in kG are given by 

VCC - VOH required VCC - VOL required 

NICEX + NIIH > Rl > IOl - Nlll 

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

3. Address and data lines can be interchanged within their respective groups 
for ease of P.C. layout without effecting device operation. 

4. 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 
field. 

Loading Rules (In TTL Loads) 

OUTPUT DRIVE 
INPUT/OUTPUT PIN NO.'S INPUT (27LS03) 

LOADING HIGH LOW 

Ao 1 .25 - --
es 2 .25 -- --

WE 3 .25 -- --
DO 4 .25 - --
00 5 -- 130 6.25 

01 6 .25 -- --
01 7 -- 130 6.25 

GNO 8 -- -- --

02 9 -- 130 6.25 

02 10 .25 -- --

03 11 -- 130 6.25 

D3 12 .25 -- --

Aa 13 .25 -- --

A2 14 .25 -- --

A1 15 .25 -- --
Vee 16 -- -- --

A TIL unit load is -1.6mA at 0.4V and 40j.tA at 2.0V. The 
27LS02 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 Selection Guide 
• 55 ns maximum access time over O°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). 
• 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 chip enables. 

Applications • Writable control store. 
• Buffer memory. • High speed main memory. 
• Cache memory. • Large scratch pad_ 

Package Drawings 
N16 Plastic DIP 

Part 
Number Package 

6530 N16 

6531 N16 

5530 J16, F16 

5531 J16, F16 

Temperature 
Output Range 

OC 0° to + 75°C 

TS 0° to + 75°C 

OC -55°C to +125°C 

TS -55°C to +125°C 

D'6 9 ]240-.290 
Pin Configuration 

6.10-7.37 

0' 8 

iO~~ -IY---~ if ~IJ .~~ MAX. MIN. 

1;:~:';:~7 rr,280 .. 320'J 
7.11-8.13 

, .015~.060 

i~ iftmNW:r-r-r---,-----------,· ~ I ~_-H~;~ Ar-
~ f.-~ ~ ~ -- '. -i OO-'4~\- .0~~::~;2 

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

J16 Ceramic DIP 

[:::::Jl~~ 
J I .070 .000 I 

1 .... :... 1.78 .00 --..j ..--
I' MAX. .755-.790 MIN. 
r-------,9.18-20.01 .290-.320 

I ~ 7.37-8.13 .1 
".::::0 ~-r ." 'A,I, ~ ", 4.83 • 

3':n t~.· I L -. ..t . . 7:S~:'65 I . MIN. * + 3.18-5.08 

---~I f---II- • .-J 4_00_W-1\--·~~~::~;2 
. 090-.110 .016-.020 .055-.065 

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

2.29-2.79 .41-.51 1.40~1.65 
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5530/6530, 5531 

Absolute Maximum Ratings Operating 
Supply voltage Vee ..................................................................................... , ... -0.5V t01V 
Input voltage ............................................................................................. -1.5V 10 5.5V 
Off-state output voltage .................................................................................... -1.5V to 5.5V 
Storagetemperature range ............................................................................... -65°e to 1500 e 

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 

10H High level output current -3.2 -3.2 mA 

10L Low level output current 10 15 mA 

TA Operating free air temperature -55 125 0 75 °e 

Electrical Characteristics 
Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIH Higll"level input voltage Vee = 5.0V 2 V 

VIL Low-level input voltage Vee = 5.0V O.B V 

Vie Input clamp voltage Vee - MIN, II ~ -5.0 mA -1.0 V 

VOL Low-level output voltage 
Vee = MIN, VIH = 2V, 

0.5 V 
VIL = O.BV 10L = MAX 

II Input current at maximum input voltage Vee = MAX, VI = 5.5V 1.0 mA 

IIH High-level input current Vee = MAX, VI = 2.4V 40 /LA 

IlL Low-level input current Vee = MAX, VI = 0.45V -250 /LA 

el Input capacitance Vee = 5.0V, f = 1 MHz VI = 2.0V 7.0 

eo Output capacitance TA = 25°e Va = 2.0V B.O 
pF 

lee Supply current Vee = 5.0V, ALL 
5530,31 95 130 

mA 
5530,31 95 135 

Output Leakage eurrent Vee = MAX, Va = 2.4V 100 

THREE STATE OUTPUT ONLY 

VOH High-level output voltage 
Vee = MIN, VIH = 2V, 

VIL = O.B\/, 10H = MAX 
2.4 V 

10ZH 
Off-state output current Vee = MAX, VIH = 2V, 

100 /LA 
high-level voltage applied Va = 2.4V 

10ZL 
Off-state output current 

low-level voltage applied 

Vee = MAX, VIH = 2V, 
-100 /LA 

Va = O.4V 

lOS Short-circuit output current Vee = 5.0, va = OV -20 -90 mA 



5530/6530,5531/6531 

Switching Characteristics 
With Standard Load (Figure 1) 

SYMBOL PARAMETER FIGURE 

TAA Address access time 2 

TEA Enable access time 2 

TER Enable recovery time " 2 

TWp Write pulse width 3 

Time input data appears 

TOW at the output following 3 
a write con:lITland TOWO;;oMIN 

TOWO 
Data in and write enable 

overlap time 
3 

Address to write enable 

,setl,Jptime 
3 

Address to write enable 
3 

hold time 

Chip enable to write 
3 

enable set-up time 

Chip enable towrite 

enable hold time 
3 

5531/6531 ONLY 

Chip enable to low 
TON impedance delay 

" . 

TOFF 
Chip enable to high 

impedance delay ,,/ ,. 
-.,-" -

Block Diagram 
.... , 

.!. = 1i = 
~ = " = 18 WORD X 16,BIT 
1 ADD DECOD.ER _ MEMORY 

~ 
BUFFER = .: ARRAY . , 

"f.i ~ -
~ r-- . . == .:..: r- :;;::z;, ," .. 

. , 
\ " 111'1111 1111111 r 

!! 

E, 
BUFRR, .- B,ITSELECT 

r-- ' " 

'1111111111111[11 
DECODER 

1-
DO .! ENABLE '-- OUTPUT 

BUFFER BUFRR 8 
.! 

. 

5530/5531 653076531 
5.0V ±10%, -55 to 125°C 5.0V ±5%, 0 to 75~C 

MIN 

20 

5.0 

5.0 

70 

65 

0 

0 

10 

0 

0 

, 

MAX MIN MAX, 

70 20 55 

45 5.0 35 

35 5.0 35' 

50 

120 90 

45 

0 

" 0" 

10 

d 

.' 0 
, 

25 25 
, 

;'Standard Test Circuit 

Standard Load 
(COmmercial! ' 

3iio tr" 
V~'~~~A"~'~'~~~-'~-~'o~p~ 

, ".', 

50pF' 6000 

,lnputPulse.l\mplitude;= 2.5 V ' 
InpIll Rise and Fall Time .;" 
5.0 ns From 1.0 Vto 2.0 V 
MeaslII,rements Made at,l.50.v 

Figu~:i" 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

liS 

ns 



5530/6530,5531/6531 

Waveforms 

Read Cycle 

ADDRESS TO OUTPUT DELAY 

ADDRE'SSeS 

ENABLE(S) 

DATA OUT 

CHIP ENABLE TO OUTPUT DELAY 

AODRESSES T - - - - --
--' l~ >(TAA' TEA) 

ENABLE(S) 

DATA OUT 

Figure 2. 

Write Cycle 

ADDRESSES 

ENABLE(S) 

WRITE ENABLE -+--, 

DATA IN --;;D"'AT~A-"""""' 
MAY 

_ C~A!:!.G,=- -J 

DATA OUT ! J . 
--+--+~70w- - - -

Figure 3. 

Functional Table 

CHIP SELECT WRITE ENABLE OPERATION OUTPUT 

ALL LOW LOW WRITE 

ALL LOW HIGH READ 

ONEOR 
MORE HIGH 

DON'T CARE HOLD 

Memory Operation 
READ: The memory is addressed with the AO-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. 

WRITE: The memory is addressed with the Ao-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 thr~ughout the cycle. 
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COMPLEMENT OF DATA INPUT 

COMPLEMENT OF WRITTEN DATA 

5531/6531 HIGH 
IMPEDANCE STATE 

5530/6530 HIGH 

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

Tie corresponding address pins together, tie write enable 
pins together, qndbring 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, 



Low Power 256-BIT Bipolar(256x1) 
Random Access Memory 
L5530IL6530,L5531/L6531 

Features/Benefits Selection Guide 
• 1\tpical power dissipation of 275 mW. Part Temperature 
• 115 ns maximum access time over O°C to 75°C and ±5% 

voltage variation (L6530/L6531). 
Number Package Output Range 

• 130 ns maximum access time over -55°C to 125°C and L6530 N16 00 0° to +75°0 
±10% voltage variation (L5530/L5531). L6531 N16 TS 0° to +75°0 

• Advanced Schottky processing. 
• Low input current (125 /LA maximUm). 

L,5530 J16,F16 00 -55°010 +125°0 

• The clatli stored' is on the data o!Jt pin dUring a' writ!! 
cycle. 

L5531 J16, F16 TS -55°010 +125°0 

• Fully decoded with 3 chip enables. 
Package Drawings 

N16 Plastic DIP 

Applications 
• Buffer memory. 
• Cache memory. 
• Writable control store. 
• High speed main memory. ' 
• Lllrge scratch,pad. 

D6 9] O .240-.290 
6.10-7.37 

01 8 

.070 f~ ~., .000 . Ln ~ ~ ~o 
MAX,. ,', . '. '. ,.'. . MIN, 

.'. ..... ..... · .. '.;:~ .. :2.'709.'.~7'.' .... . ..... ' rr'280-.'3.20J 
7.11·8.13 

i,~~~d;jr=t<9, • 
.~ ~~ ~ ... -I / OO-14~1- .~~~::~~~ 

.090-.110 .016-.020 .055-.065 
2.29-2.79' .~1-.51 1.40-1.65 

J16 Ceramic DIP 

[::::: :Il~~ 
l-j~~~ .~: ~ ~ 

MAX. .755-.790 MIN',," "".," " 
1-~-~19.18,20.07 .. '.: . .290 .. 320 

Pin Configuration 

.015 •. 035' . .... I,W'8.'3 "I . 
. 38 •. 

89 mmwj· -.190 A" l~"'4.83 U ". 

i~.lF. . . ....••.. '" II-·;;:~~~:. L··· .' .... .' . . 

-.. --4, ~ ..11__ ~. --I ". 00_15o-\\--;~~~::~;2 
.090-.110 .016-.020 .055-.065 
2.29-2.79 .41-.51 1.40-1.65 

UNLESS OTHERWISE SPECIFIED: 
ALL,DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS ,MfNi .. MAX. IN MILLIMETERS. 
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L5530/L653C), 4531/L8S31 . 

, 

Absolute Maximum Ratings Operating 
Supply lIoltage VOG "; .. , ............•. ; ........•..... , .......•....•... , .... , •... ; •... ; ...•.•..... , ... , ..•.•.. -0.5V to 1\1 
Input voltage .... ' ............................ , ..... ; ...•.•..........•.....•.....•.........•.• j •••••••••••• -1.5V to 5.5V 
Oil-state output voltage .•................................................•.. " ....•.•.... , ...........•.•.... -1.5V to 5.5V 
Storage temperature range ......•..•...........................•.............•....•••...•.• " ............ -65·0 to 150"C 

Aecommended Operating Conditidhs ..... 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT 
.' MIN HOM MAX MIN NOM MAX 

VOG Supply voltage .. 4.5 5.0 5.5 4.75 5.00 5.25 V 

IOH High lellel output current -3.2 -3.2 mA 

10L low lellel output current .. 0' 10 15 mA -
TA Operating Iree air temperature -55 ..... 125 0 75 ·C 

E Ch leett cal araeter sties' .. ' 
O"e .. Recommended Operating I=ree AI, .mperature Aatlae. 

V", 
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIH High-level input voltage VOO '" 5.0V. ';.:;. 2 V 
VIL low-level input voltage Veo = 5.6V .. 0.8 V 
VIC Input clamp voltage Vee = MIN, II;'; -!l,o mA -1.0 V 

VOL Low-level output voltage 
Veo "" MIN, VIH '" 2V, . 

0.5 V 
Vil '" 0.8VJOL ;,; MAX 

II Input current at maximum input IIOltage Vee'" MAX, VI ". 5.!iV 1.0 mA 
IIH High-level input current Vee "" MA~, VI ",}l!L~v .. , , .. 40 !LA 
IlL low-level input current Vee - MAX, VI - 0.45V "'.' -125 !LA 
el Input capacitance Vee'" 5.0¥. I = 1 M"1~ VI "'j·2.0V 7.0 

pF 
Co Output capacitance TA.'" 25"C, ., • YO ""'2.0V 8.0 

lee Supply current Vee'" MA}/(, All inputs lit l6530131 55 85 
rnA 

2,4V, .all Outputs; .open b5531)131 55 100 

OPEN COLLECTOR OUTPUT CURRENT 
'. 

IOEX Output Leakage Current 100 

THREE STATE OU'rPUT ONLY 

VOH High-level outpul voitage 
VCC == MIN, VI14 =if!v, 

2.4 V 
VII. '" o.av, IOH= MAX ". 

lotH 
Off-state output current VCC == MAX, VIH= 2'1, 100 !LA 
high-Iellel voltage applied VO '" 2.4V ... 

10Zl 
Olf-state output cu rrent Vce "" MAx, VIH "" 2V, 

-100 !LA 
low-level vOltag" applied Vo "" 0.5V .;; .,: ..... 

lOS Short-circuit output current VCC - 5.0, VO '" OV I;:. -20 -90 mA 
,',,;' 
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SwitChing Characteristics 
Witft SIMCfard LolICI (Figure 1) 

TWp 

TO 
AND' 
TOW 

rOwe 

PARAMETER 

.' 'Address'access time 
Enable access time 
E'n~le recovery time 

. ::rlln~ input data appears 
. at t~OU'RutfOllowirig 
a write CQIli.rnand Tovi/okMlN 

"' , Oata)natid'"yrite,.ei:uible .••• 

overjQp time ... , . 
Address townte enable 
~t~pti;;:'~', 
Address.~writeenable 
holcftlme ...... . 

'. . Chip en8ble to write 
enable set-up time 

Chip enabletoJoV~i~, 
enable hold time 

ii 3 
Ii 4 ENAilUi 
13 s· BUFFER 

L5530/L5531 
FIGURE 5.0V ±10%, -55 to 125°C 

... " L6530/L6531 

5.0V ±5%, 0 to75~C 
MINMA1( 

2 
2 
2 
3 

3 

3 

3 

. 

3 

3 

MIN MAX 
20,)\ 115 

5.0. 60 

.,135 

110 

, . 

85 

o 

10 

:;blnj:ltn 'Pulse·;lt\tilplltude:=· 2~5; V'l 
"lfnPl\t' 'Risifancf'FaR'Time • 

5.0risoFrOm>1 ~O\t'to 2.(nr " ',' 
MeaSUiem&\'ltS;MaCle ai1,50 V .. ' 

? ",«J#'"l~"'J v~,"~ 1:i.::!<r~' .,":;,~;" _d,". '';.' 

UNIT 

ns 
ns 
ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 



Waveforms 

~.adCycl. WrlteOycle 

ADDRESS TO OUTPUT O!i.AY " ;", ADORESSES 
ADdi;rESSES 

ENABLE(S) 

OATA OUT _ ..... ---,. 
WRITE ENABLE -+-....,. 

CHIP ENABLE TO OUTPUT DELAY 

ADORESSES 
DATAIN -""Ii=:rA~-

MAY 
_ C~A!iG!...... ""-___ ""-I 

ENABLE(S) 
g"'" 

:,'." 

DATAoUT ----+ __ ' :, ,," ,., '" 
---... " ",.." ~ .~-- ... -

<,',' " 

OATAOUT -_ ..... _ 

Figure 2 

Functional Table 

CHIP SELECT WRITE ENABLE OPERATION OUTPUT' ' 
';. 

, ' 

ALL LOW LOW WRITE COMPLEMENT OF DATA INPUT 

ALL LOW HIGH READ 

ONE OR MORE ~I~H DON'T CARE HOLD 
", ,'" ",:, 

Memory Operation~, 
READ: The memory is addressed with the A(j-A7 inputs which 

selects one of the 256 words. 'Fhe chip is enabled by 
making' all chip: enables: low. If any Clii/)" 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 datawritten in during the write cycle. 

WRITE: The memory is addressed with the Ao-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::~~~rl:ii1to\he,~ddreS:S8d word. 
The data out~f thE;,'TI~!Il0ry dUr1~gthe, write cycle is 
the comple!;pent 9f thlj: data ,v.tlittim in. This allows 
checking ,pf the ,$tpr~d~ta d!,lrjng, 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 thrpt.l9h,qut the cycle. 

COMPLEMENT OF WRITTEN DATA 

L5531/L6531 I HIGH IMPEDANCE STATE 

L5530/L6530 I OFF '1',;, 

MelllO,ry .~par:as'on Rules ", 
1: TO E~)?~ND THE 'NUMBER O,F 8,ITS IN THEWORD: 
, Tie corresponding address pins together, tie write enable 
, pins together, and ~FiI1g data in arid data out independently. 

2. TO EXPAND THE NUMBER OF WOROS: 
, rie eOrreSP.qmdi~g address pins together, tie write enable 

pinsandcql'responding data in and!data out pins together, 
and u~thEl higher omer System~ddresse.s in conjunction 
with the chip enable ,to pick one row, of packages. " , 





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 
• 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 

Selection Guide 

PART NUMBER 

57401 

67401 

Block Diagram 

PACKAGE TEMPERATURE 
RANGE 

J16 Military 

N16 Commercial 

Pin Configuration 

J16 Ceramic DIP 

[::::]J~~ 
I .070 .000 ~ r-----.. r--- 1.78 .00 ~ 

MAX. .755-.790 MIN. 
19.18-20.07 .290-.320 

I, 7.37-11.13 "I 
.015-.035 

3~:~1+. ~~~.I ~ll·.7!s~:165 ~Li. . 
MIN. + .~.~ ~ ~. ~ ~ @ ~=t3.'B-6.OB ~j . ~ 

--.1 f-- _11__ __ ~ _JOO_150-lI-·~~:~~2 
. 090-.110 .018-.020 .055-.085 
2.29-2.79 .41-.51 1.40-1.65 
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14 OUTPUT READY 

9 iiR MASTER RESET 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX IN MILLIMETEAS • 
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57401/67401 

Absolute Maximum Ratings Operating 
Supply voltage VCC ................................................................................. :..... 7V/12V 
InpUt voltage ........................................ ,.................................................... 5.5V/12V 
Off-state output voltage ..................................................................... :.............. 5.5V/12V 
Storage temperature range ............................................................................... -65·C to 150·C 

Recommended Operating Conditions 

MILITARY COMMERCIAL '" UNIT SYMBOL PARAMETER 
MIN NOM MAX MIN NOM MAX 

., 

Vcc Supply voltage 4.5 5.0 5.5 4.75 MO 5.25 V 

10H High level output current 0.9 0.9 rnA 

10l low level outpUt current 8 8 mA 

TA Operating free airtemperatlire -:55 125 0 .75 ·C 

Electrical Characteristics 
oVer Recommended Operating Free Air Temperature 

" 

SYMBOL PARAMETER TEST CONOmONS MIN TVP MAX UNIT 

VIH High-level input voltage 2 V 
VIL Low-level input voltage . 0.8 V 

VIC Input clamp voltage VCC = MIN,II = -18mA -1.5 V 

VOL Low-level output voltage 
VCC = MIN, VIH = 2V 

0.5 V 
Vil ,,; 0.8'1. IOl = MAX 

II 
lriput current. at maximum 

Vce = MAX. VI. ,,; 5.5V 1 mA 
input voltage 

IIH High-level input current Vce = MAx. VI == 2.4V . 50 /LA 

llll 
low-level input current 

Vee = MAX, VF = 0.45V -0.8 mA 
inputs 00-03. MR 

11L2 
Low-level input current 

Vcb = MAX.VF = 0.45V -1.6 l'nA 
Inputs S1, so 

01 Input capacitance VCC "" 5.0V IVI = 2.0V 7 pF 
Co Output capacitance .1=1 MHz, TA = 25·Clvo = 2.0V 8 "', 

ICC Supply current " Vec = MAX1 1.11 150 i'r)A 

THREE:STATE OUTPUT 

VOH.' High-levelqutpul voltage 
Vcc - MIN, VIH :?V . 

2.4 'Ii . ,. '. Vil = 0:8V, 10H = MAX 
..... : . Off-state output current Vec '" MAX, ViH ;: 2V' 

100 /LA IOZH . hiQti~leyellioltage applied Vo.= 2.4V 

IOZl 
Off-sta,.. oJJtput current Vee =. MAX, VIH '= 2V , ~100 /LA 
low-Ijlvelvollage app6ed Vo =0.4V 

lOS .Short~ircuit output current '. . Vee ",,6'1. Va == .5V -20 90 rnA 
': ... , 

NOTI': 1. ICC me,.sured with worst case .S$luence; FtFO re$$t. one $hill-In cycle With.data inputs held tow. lTi_re ICC with till 
;ilputs HeIi:lIOW. . '''. '. . ' ,,' . •. . 
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57401/67401 

. Switching Characteristics 
See Figure 1 

SYMBOL I··· PARAMETER 

fiN Shift in Clock Rate 

tSIH Shift in High Time 

tSIL Shift in Low Time 

tlRL Input Ready ON Delay 

tlRH Input Ready OFF Delay 

tlDS Input Data Set Up 

tlDH Input Data Hold Time 

fOUT Shift Out Clock Rate 

tSOH Shift Out High Time 

tSOL Shift Out Low Time 

tORL Output Ready ON Delay 

tORH Output Ready OFF Delay 

tODH Output Data Hold Time 

tODS Output Data Delay 

tPT Data Throughput Time 

tMRW Master Reset Pulse 

tMRORL Master Reset to OR Low 

tMRIRH Master Reset to IR High 

tMRS Master Reset to SI 

tlPH Input Ready Pulse High 

tlPL Input Ready Pulse Low 

toPH Output Ready Pulse High 

tOPL Output Ready Pulse Low 

FIGURE 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

Note 1 

Note 2 

5 

5 

5 

4 

6 

3 

7 

.. 
57401-MILITARY 6740l.-COMMERCIAL 

5 :':10%, -55°C to +125°C 5:': 5%, O°C to 70°0 
MIN MAX UNIT MIN MAX UNIT 

7 MHz 10 MHz 

45 ns 35 ns 

45 . ns 35 ns 

60 ns 45 ns 

60 ns 45 ns 

10 ns 5 ns 

55 ns 45 ns 

7 MHz 10 MHz 

45 ns 35 ns 

45 ns 35 ns 

65 ns 55 ns 

65 ns 55 ns 

10 ns 10 ns 

65 ns 55 ns 

4.0 1+5 3.0 1+5.' 

30 
.... .c ns 25 ns 

65 ns 55 ns 

45 ns 35 ns 

45 ns 35. ns 

45 ns 35 .ns 

45 ns 35 ns 

45 ns 35 ns 

45 ns 35 ns 

NOTES: 1. This parameter defines total time from the time data is present at 00.03 to the time it is available at 00.03 with FIFO initially 
empty and total time from the time data is extracted from 00.03 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 DO-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 signal causes the RI to go LOW. 
Data remains at the first location until 81 is brought LOW. When 
SI. is brought LOW and the FIFO isnot 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 "buQble" 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 00-03 outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presencElof 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 LOV\(. 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, ORstays LOW. 

Input Readyand 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). 



57401167401 

Timing Diagrams 

INPUT ~ ~ READY. "IRL .'. ~~ '. . 

SHIFT IN 'SIH ~"RH .. r.::--
DATA. IN. '.'Or-r-.;'OHJ---~--+I --

S~ II FIN .[ 

1, Input data must remain stable during tlOS and tIOH, 
2, Input . Ready HIGH indicates .that space is available and a 

Shift In pulse may be applied; Input Ready. LOW indic;l.tes 
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 00-03 
inputs has been accepted and that the input stage is empty, 

Figure 1, FIFO Input Timing 

. SHIFT.IN ~""-_';""'_':""';' __ -'-~"--

SHIFT OUT I 

~~~~T ----~~l>T~ 

1. FIFO initially empty. 

2, Shift Out held high (as shown), 

Figure 3.toPH Specification 

1, FIFO initially full 

Figure 5. FIFO Master Reset Timing 

Standard Test Circuit 
6000 

Vee o~-.Jo{'>IV---1r---t----O OUTPUT 

30 pF 12000 

Input Pulse Amplitude = 2,5V 
Input Rise and Fall Time = 5,0 ns from 1.0V to 2,OV 
Measurements made at 1,50V 

OUTPUT £E ~ READY 'oRL 

SHIFTOUT' .... ~ =:.t='ORH .' 
'SOH . 'SOL 

DATA OUT I PREVIOUS DATA OUT NEW DATA OUT 

I.. 'oOH 'oDS .. I 

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 9pplied, Output Ready LOW indicates 
that the FIFO is empty or that a previous Shift Out operation 
is stili 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. FIFOOiltput~iming 

SHIFT OUT ~"""' ______ ~~~ 

SHIFT IN I 

~:~riY ----k=-~;;_==O_ 

1 ,FIFO initially. full, 

2, Shift In held high (as Shown), 

Figure 4. tlPH Specification 

~l~JVA ~ 
~H~T ~~. ____ -,-~~_~~~~~---__ 

OUT I.--:-'PT·_--'--_r-,-'OP~ 
~~~~~:~ __ ------~-JI ~. ..~-~=:;';;;,P;-L _---~ 
:~~,~OY B " I A 
OUTA '-i""" 

DATA AlB ________ J\.. X_-+.;.....N.:.;;E.:.;;W..;;O.:.;;AT.:.;; .. ..:;(F..;;R"'OM;;;,,;;,;IN'-PU;;,,;T)~ 

OUTPUT t----'PT~ READY B _______________ ----'-

DATA 
OUTS ----------------------c= 

NEW 
DATA 

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

~~r~ II 
IN READY B l-c---~-::'~-:-1--:-:~;-·-· ":'""'P-.H~--------
ISHIFT 'PT -~ 
g~ A ~. 1i~=:!'2iOP~L=======: 
~~~~~NAk "- J 
DATA AlB 

IN 
READY A 

NEXT WORD 

_____________ ~._ .. :~~::==:_tPT_-_-_-_-_-_-_-_-_~~.~ 

Figure.7. FIFO/FIFO Communication: Full/Output Timing 
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Expansion 
FIFOs can be connected serially to form larger effective FIFOs: 
Le., 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 Readyl 
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, 
tglH; The leading edge (LOW to HIGH) of this Output Ready 
pulseindica~es that the new word is available at FIFO f!\s 
output. This (OW to HIGH transition on FIFO B's Shift In causes 
FIFO Btoload the data from FIFO A into 6'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 6 to 
propagate on to its output. Once propagation has begun, FIFO 6 
will again raise Input Pulse Low (empty). The FIFO is designed 
such that this pvlse is greater than the minimum Shift Out Low 
time, tSOL' 

Chip-to-chip communica~ion 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 6 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 

FIFO A 

SHIFT IN OR 

INPUT READY SO 

00 

01 

02 

03 

MASTER RESET 

already HIGH, the Shift In clock is enabled and Input Ready/Shift 
Out will immediately go LOW. The result is a pulse on the Input 
Ready/Shift Out line which is tlPH, Input Pulse High (full). The 
FIFO is designed such that this pulse is greater than the 
minimum Shift Out High time, tSOH. 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 FIFO 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 FIFO f!\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 tOPL 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 (SI) 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 L.OW. 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 B 

61 OR OUTPUT READY 

IR SO SHIFT OUT 

DO 00 

},-~ OJ OJ 

02 02 

03 MR 03 

Figure 8. 128 x 4 FIFO 
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COMPOSITE 
OUTPUTREA~ 

"'-1--. 

SHIFT IN 

COMPOSITE 
INPUT READY 

SHIFT IN 

57401/67401 

, 
" So . 

, "'" 

IR IR so 
51 OR 51 OR 

- 00 574C11/00 00 574C111 00 

- Dj 674C11 0, Dj 67401 0, 

- 02 02 02 02 - Il3 MR 03 03 IoIR 03 

r y 

IR SO 
, 

IR SO 
SI OR 51 OR 

-' 00"574C11fOo 00 574C11/ 0 0 
~ Dj 674C11 01 Dj 674C11 0, 

- 02 Q2 02 Q2 
~ OJ, MR Q3 03 MR 03 

'f I 
IR SO IR SO 

51 OR 51 OR 

- 00 574C11/ QO 00 574C11/00 
- Dj 674010, Dj 674C11 0, 

- 02 Q2 02 Q2 

- 03 MR Q3 Il3 MR 
Q3 

r y 

Figure 9. 192 x 12 FIFO-Unlatche.dControl Lines 

IR so 
51 OR 

!!o 574C11/ Co r-
Dj 674C11 0, r-
02 02 r-
03 MR 03 r-

y 

IR SO r-,--
51 OR 

DO 57401,,00 

""" Dj 674C11 Ql ~ 

02 Q2 r 
oj' MR Q3 f-

r 
IR" SO r-,--
51 Oil 

00 574011 Co -
Dj 674C11 0,-

02 Q2 -

03 MR Q3 -:. 

y 

" 

, 

.' 

SHIFT.OUT 

COMPOSITE 
~PUTREAOY 

-L...J' 

MASTER RESET 

COMPOSITE 
OUTPUT READY 

SO 

OR 

IR 

SI 

SO 1-_.-'-'--""-----+---':"";"-'-'-"-, 
OR~-+-~--~~ 

SHIFT OUT 

MASTER RESET 

Figure 10. 192 x 12 FIFO-Latched Control Lines 
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n First-Out (FIFOs) 64x4, 64x5: 
al Memories 

401 A/67401 A, 57402A/67402A 

Features/Benefits Selection Guide 
• 15 MHz shift In, shift out typical rates 
• Advanced Schottky bipolar processing PART NUMBER PACKAGE 

• TTL Inputs and outputs 
• Readily expandable in word and bit dimensions 
• Asynchronous or synchronous operation 
• 64x4 FIFO pin compatible with Fairchild's F3341 MOS 

57401 A J1~. '. 

6740tA N16' 

57402A J18 

FIFO and ten times as fast 67402A N18 

• 4 & 5 bit organizations for· 9 bit expansion 
• Master reset clears outputs to zero state 

Description 

TEMPERATURE 
RANGE 
Military 

Commercial 

Military 

Commercial 

The 57401A/402A are expandabl~ "fall~through" high speed 
First-In First-Out (FIFO) memories. The 57401A is organized 64 
words by 4 bits. The 57402Ais organized 64 words by 5 bits. A 
15 MHz data rate allows usage in high speed tape or disc control
lers and communication buffer applications. The 67401A/67402A 
is specified over the commercial operating range 0-75°C and 
the 57401Ai57402A is speCified over the military operating range 
of -55°C to +125°C. 

Block Diagram 57402A/67402A 64x5 

Block Diagram 

INPUT 
READY 

57401 A/67401 A 
64x4 

MASTER RESET 

Pin Configuration 
57401 A/67401 A 

14 OUTPUT READY 

9 i.iFi MASTER RESET 

5 .. 54 

SHIFT 
OUT 

OUTPUT 
READY 

DO 

Il1 

INPUT 
READY 

SHIFT 
IN 

57402A/67402A 

r---..,...;;.. .. oo 

OUTPUTS 

10 i.iFi MASTER RESET 

D1 
02 
03 
04 

SHIFT 
OUT 

OUTPUT 
READy 



'574Oi~167401A,57402AI6i402A 

Absolute Maximum Ratings O~~ratin9' 
Supply vollage vcc ......................................................................................... "'1V' 

~~;t:~t~:~t~~i~g~':::::::: ::::: ::.:::::.'::::::: ::::::::::::::: :::: ::::::: ::::::::::::::::::::::::::::::: ;:;~ 
Storage temperature range ..................... : ......................................... : c •••••••••••• , -6S·C to 150·C 

Recommended Operating' Conditions .. 
SYMBOL PARAMETER 

MiliTARY COMf!'IE.RCIAl. .. 
UNIT 

MIN NOM .MAX MIN NOM .MAX .... 

vec Supply voltage 4.S S.O 5.S 4}5 
' . 

5'.00 5;25 V , , 

IOH Hlgh.l.evel output current ! 0.9 
" 

0;9 rnA 

I.Ol·· low level output current ' 8 8 mA 

TA Operating free.'sir tempe,rature -55 125 ;/,,0 •• . .',' 75 ·c 

, " 

Ia.~trlcal Characl ..... tics 
Over Recomm.nd.d Oper.tln8 ...... Air Telnptir.ture 

" 

,SYMBOL PARAMETER . . TEST CONDITIONS ". MIN MAX 

Viti. .. .Higti~level input voltage 2 . ....•.... . Y . ~ 
~-.. ~V~ll~.~~l~oW~~~··~ve~r~iO~P~ut~V~Q~ft~~e~'--~~~4---~~~~------~~4-~~--~~m-~~0~.~8-·~,,~V~;~;~~ 

. VIC . Inpl)tclamlLVOltage '. VCC = MIN, II =~~8mA ¥.,. -'0 , '0 -1.S V 

IIH High~level input current Vec = MAX, VI = 2.4Y' 

11L2 

lOW-level input current 

inputs 00-03, MR .. ' 
low-level input current 

inPUts $1, SO 

Vcc = MAX, VF '" O.4SV 
.' 

Vcc = MAX, "F= 0.45V 

• CI c'\: ·'i'.If,\put~nce" . (i.·.· ....' .• Vec= 5(OV IVI = 2.0V 
OC}"! Ootpui'eapacitance' ('J .• ;" ,', ..•..• :Y;;';;"f'M,Fiz,TA =2s·Clvo = 2.0V 

ICC Supplycurren(57401AJ~401A Vec";MAXl 

ICC Supply currentS7402N67402Aj,: .• ;0, Y:Cc:;~,:~t\Xl ,",l'Y' 

IOZl 
OfHtate.outputcofferit:, 

. "Jp)V~Je~1 voltage applied: 
,;StlOr.H:ircuit;output ctirr~nti 

V . 

rnA 

. "i" 50 

;--0.8 mA 

""1.6 mA 

'.':" ''1.; " 
8 
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jt:;: 

SW,i~~b,pg Characteristics 
SeeFJlfure1 

\!.,. '.: 57401A157402A-MIUTARY 67401A161402A~or.t' ' 
SYMBOL. PARAMETER FIGURE 5 =10%, -55°(: to +125°C 5 ;!:5"/o, ,o°C"to,70°C :, 

MIN TYp3 MAX" UNIT MIN TYp3 MAX uNIT 
fiN Shift in Clock Rate 1 15 MHz 15 MHz 

tslH Shift in High Time 1 18" " ns 18 ns 

tSIL Shift in Low Time 1 18 , ns 18 nli 

tIRL~, Input .F~eady 01':1 D~lay 1, ".',~6 
" rili " 

.. 
~Q " I ~" J;,> 

~./n]" ,,', ., ...• 

tlRH J!1PHt.ReadyOFF Del~y " t " 30 ns 30 ns 

tlDS " Inpu.t Data Set Up, ,. 1 J,rifi 5 'nst ,'", , 5 "lui 
·tIDH '-"! . Input O,ata Hold Time';-' I, 1 , 

" 12 ns 12 ' . ris 

fOOT, 
-,.'. 

Shift but Clock Rate. 2 15 MHz MHz, ... , ,5 

tSOH·" Shift Out High Time : ",2 18 ns -18 " ns 

tsoL Shift Out Low Time 2 18 ns 18 .os 

"tORL",. QutputReady,ON Ilel~y 
,. 

,,;1, 24 Jls 24 " 

'" ,.. , , . '''' , .. ns, 

toRH Output Ready OFF Delay 2 24 ns 24 ns 

toDH Output Data Hold Time 2 25 ns 25 ' ns 

tODS Output Data Delay 2 35 ns 35 , ns 

tPT Data Throughput Time Note 1 " .2,Q, ,J1~ 
~ .. ,' ' 2.6 " . , ',:,'!J:~' 

, tMRW. , Master ,Reset, Pulse .- .. ", Note 2 15··· .. ns '" 15 ..... ns", 

iMRORL MasteJ Reset t9 OR Low 9 30 , ns 30 ."n,S 
tMRIRI'l Master Reset tolR High 5 30 ns 30 ns 

tMRS MastefReset to SI 5' 20 . lis 2O", " 
nS 

tIPH' '.' IriputReady Pulse High ' 4 35 ns - , -35 .- fis 

tlPL - Input Ready Pulse LoiN 
.. 

6 ,35 ns ' -;,,, 35, " \'Is .. 
toPH Output Ready PUlse High 3 ,35 ns 35 

, n$ 

tOPL :'. Output Ready Pulse Low 7 'j: 35 ns 35 , " ns 
.' NOTES: 1. This parameter defines total time from the tIme data IS presant at On to the time It IS,av~lIab1a.at,On,wllh. FIFOi~itial\y 

empty and total time ''?''1 the time data Is extrllCled from On to IR High wllh FIFO Inilially lUll. . 
2 ... Master.Reset Cle~ t!'8 FIFO to the all cells empty ~ a~d resets,,outputs On!o zero etate .... 
3. Typical values @ S.OV VCC and 2S·C..... ,.. . 

" 

" 

FUI1f;tiol1.al Description '&nd of tlie device while empty locationS.wll!."bUbIJIE";to the front. o t' I tP1'.~efin~ the time requirea fo~ the firsfC;J~tatqfraVelfr'omjnput 
. a a_ I1Pl,!t;--tq;the otl!l>ut of a pn[lviol;!s1y~pty device. 

Data IS ~nterecr' Into the fiFO on; On inp\lts.Toenter data the ' ;., _ !"" ' .'. ;" . 

Input.Rea,dy (18)·output shOUld be HIGH, indicating that the first ;'.Data Out ....... ,i 
location is ready'to accE!pnimr.Data·then present at the data' ...... . 
inputs is entered .into the first location when the Shift In (51) is Data is read from the On outputs. When data is shifted to the 
brought HIGH. A SI HIGH signal causes the RI to go LOW. Data output stage, Output Ready (OR) goes HJGH;. lndil;ating the: 
remains.atlileJirstJocation .. untiLSUs. brought LOW. When SI is. '" "presence. Qtvaiid. datl. .lJIIheJUl:!e OR ill. HIGH,.~a . may be 
brought LOW and the FIFO is not full, IR will go HIGH, indic8ting' "shifted out by bringing the Shift OutjSO) HIGtt A HIGH signal 
that more room.is available. Simultaneously, data will pto,pagate .•. ' .~§O c~~s the OR to gO'LOW. valid data is 1n'8i~ned'while 
~ the second IdCat!on and'continuErsl1lftinguntil it reach~s 1h~;~' ·1h!!'S({lSI·flGH. WherrSO,'.is brQUQhI.l;QWth,e, upstream data, 
output stage ot Mull location. If the memory is full, it will 'remain' ... , provided 'til_t stage has valid1aaia, is shifted to ilie oUtput ~age . 
. LOW. . •.. When JlEiWV!illq .Qa~jsshitted· tQJhe. ou.tpU(~~, OR goes 

,HIGH. :lf1he memory is emptied, OR staystCOW. 

Input: Ready and Output "Ready may' alsO: be tilled as \s~atus 
OnCe·data is entered into the second cell, t1'~transfer cihny-iull ;i.:signa(~fndicating fhat th8fiiFOj!i'cQmPtetel~'ttdi~(lhput~ciy 
cell to tl'le'''ifdra~m'-(doWl'f$tteani)' emptycellis'-aotomatic;..··~st~y$Lp~forat leasftPt) or'eompletely el'npty'(OUtpUt'Ready' 
activated by an on-cliip control. ThLisdata wilfstack"iip atthe~' . stays LOW for atl8list tPr). ...• .\ . ;., ;;,''':,.:;.''' .' 

Data Transfer 



Timing' ~I.g, am. 

1. Inpl,lt da!a must f\IIYI!lin stable dl.!rin9 tlDS and ttOH. 
2, I,;put ,liIe,~ytfIGH Indicates that $p8Qe i.available llnd a 

Shift In 'Pulse may beappNed, Input Ready lOW indicates 
tbat,thIt FIFOis full or"that a previOl,l!l Shift In OPeration Is not 
c'QmpIate. '!:ihlh I!, pulse!l applied while InpUt Ready is LOW 
wid Wignored. . 

3. The." gf1nl'Ot ReaI:Iy.' . indicllteS tha. Ile data at the On 
inputs • ." aoc;epted end th/lt the IrIJM IIage Is empty. 

.. ~tl« " 
(f!,u~ 1. FIFO Input Timing 

1. '1'0 ini~ally err\pty. 
2. ~ Out 1)8I4,~i!t!( .. shown). 

rl,~ 3 .. toPH ~lfIo'" 

1. FIFO initially full 

FI,,,,, 5. AFC) Mae'" " .... TI",,", 

,.1." 
VCC;'~Y4l~:~ I.:., q-

"IO! 

t 

1. Output data will b. stable at me rise of Output Ready. 
2. Ou\p\lt Ready HIGH in410ateS that elatais available and a 

Shift Out pulse may Ilt!. applied. Output Ready lOW ii1dicates 
that the FIFO is emptY or tl:!ata previous Shift Out operation 
is still in progress. Shift Out pulses applied while Shift Out 
Ready is LOW wlil be i9flored.. .' 

3. The rise of Output Ready in'aioates that new data has blten 
IQaded Into the ou1p\.lt ;5Ia •• 

FI",,, 2. FI~ Output Timing 

SHIFT OUT -rr ' 
SNIFf IN 'l . . 
tNPUT ---~f;~-~~-~--'-
MAllY . . .~. . lfIIH 

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

l:'~'l'JYA ~ 
$Il1I'T 
IJIIA 

figure 4.tIPH Specification 

OUT I...-.-.--'PT '"!'" I""" toRH 

~~Y:.:::::::::::::~ ~~a::::;:::: IN~YII,\ II 
'IIJr" -I""" 
QATA All 'X . ~w QATA (FROMJNPUT) 

GfJWII :::::::::::::::::::::::"~'PT::'::~?r
~"II X;; 

D"T4 

r.~fa t....J , i 

SHin . 

~;;ya ~1o--·"'tPTI"":~--::-' ..... -. l!!:.='I~PH~-.-· ------: .• !"", 

~!.' _""._ ....... _' ' ..... _; .... =e_ .. _ ....... "" •. .,.; ... :_."'!~:;_I~··T .... "";:;_.~ ... ·-t ... PT-.. -_~~~~~~~::-L ..... ·.· 
II~Y" _" 

P!gure7. FlFOIFIFOCommunlcatlon:FullJOutput Timing 

5-57 



"(, 

, 
" 

. ,: 

, ~! • 

:; 

f." 



Programmable Logic I€I 

6-1 



Program"'.b~. ~r,ay Logl~ F,mlly 
TM . . ." " " " " . 

PAL Saries 20Da~. ~b~~t 
\>II ;'1 • ~ , '~,,.,' ~ 

Patent Allowed' ", . "" 
;, 

,~ ,- l' 

F •• ~ur •• I •• n.fl'. 
• Programmable replacelllent for ~nventlonal TTL 

logic. "". 't',. ", ". . 

• Reduces IC Inventories sublltantlally and II!lmpllfies 
their control. ',', 

• Reduces chip count by 4 to 1.' 

• Expedites and Simplifies pr~lOtypl~9 lind bollrd 
layou~;",'" .: '. '. 

• Save. ~pace with 2O..,ln Skln~y DIP p8IIkllg8s. 
, ". ". ',. '2-" 

• High speed~ lSns typical propagation dela,. 

• Programmed on standard PRO.., proqrammers. 

·Prog,..'l'mable th ...... tate outp~. 

• SpeCIIII~t"ra reduces . Possibility of' coPYing bY 
cqmpetlto.... '. . '. 

D ... cr.ptlon 

Th~ PAL family utilizes an ~ed Scho~ TTL process and 
the Bipolar. PROM fusible link technology cIO provide user pro. 
g~IIIable IQIlic for replloirig conventional SSIIMSI gates and 
flip-flops at reduced chip ClOunt. . 

TIle·family lets the systems.ngineer ';design his own chip" by 
blowing fU,sil)le links to' configure ANO .and qR gates to perform 
his. desired logic function. CQrilplex. interCOnnElctions w.hich 

. . previoU$IY required timlHlonsuming layout are thu.s ;'Iifted" .from 
PC board etch and placed on, silicon. where tt!eY can bjt easily 
mpdified during prototype ch$ck;<iut 'Qr· prpduCtlQn. 

: .. , I, ";' ,"' >. ," .. ,;'. • ,.', 

TIi.ePApr'~fer funcilon is th.f~lIariSumof Proc!U«lS. i.,lke 
ih~'PR8M;the PAL has a single arrav offUsible firika. Unljlce,thE! 

"PSOM, the PAL is a progrRnjiriabl$ AND arraY driving • fixed 
OR array (the PROM is a fixed AND,rray driving a 
programinable OR array). In addltiQn the PAt. provides these 
optiqns: 

• Variable input/output pin ratio 

• Programmabl" three-state outputs 

• Registers wilh feec;lback 

• Arithmetic capability 

TttA ,PA~ I •• Trad. M .... of, MOnolithic MotIIOI1ea 
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1. 

Unused Inputs arit tied directly to Vee or GNO. Product I,,",s 
wilh all fUSes blown assume the logi.~1 big'" state, " prociUQt 
terms connecte~ tclboth true an!f ciOmpJemerit of any single 
Input _umethe logkial low stale~~i",,? con. of D type 
flip-flops Which, are loaded on the low~ high tl!8n$ltlon' of the 
clock. Allreg~ers are c;l8I!igned to poW.rupto lOgical highsta., 
etthe outPut ~t'I. PAL Lo9ic Oiagmns .~t, shown wltl'l all fuses 
blown. enablinglhill designer Us8'bf me" diagrams as coding 
.heeIs.eVl)( 1'1 Logic Olagf"l¥!lS are aVa'll,.. on raqvest. 

j" ." .~r;'. \~!f! " 

The entire PAL family !sprQgram""d &n Inexpensive con
ventional PROM programmel'$ WithapgrQJ1riate persOnality and 
socket adapter carclS. once the PAL !i Pl'09r .. mmed and lier~ 
ified. two' add~onal tvses may be blQwn to defeat verifiCation. 
TIlls feature gives the user a proprietary eireultwhlch is 'verv 
difficult to copy. ' " . 

PART Ol'-:R,"," NU ••• II 
PA~10H' ~TA~ '10 IIIPUT ANQ-QA GA ..... ARRAV 
PAL1~ ",X 1 Z IIIPUT ANDo9It ,GAlli AiI~Y 
PAL14H4 QUAD ,4INIIIITANo.D!I QATIi~liAAY 
PA~18H2 D4,1A~ '.'NPUT.l\NO-QR (IAn AliRA' 
PA~I8!l1 ,."NP\n ,ANDoDRI ANo.C!R,'~1iT qA'1 AII~' 
PA~10LA OQi'A~. 10 INPUt AllDoo1l41!Vr1iri" GATE AIIMY 
'PA~12Le "~X' 12 !NP,IIT ANDoOR-IHYJAT GAn 'AIIIRAY 
PALI4L4 QUAD' .'11 INPUT Aljp.QAotNYliIll1' \lAte AIllIllAY 

""LleLi I!l!AL · .... wur Allo.QR~NY"" GAn AIIIRAY 
PAL~ ~L "l8I>ilTAIII).QAot~1II1' ciAn A1iRAY 
PALI8 ... OI;TAL ,18 INPUT ",iiliTlRIlD A/IIM)R OA'1IIIII ... ' 
PA~I"" ~ ;e INPUT RIQ!IJT1ERi;p AlGOR CIATI AllRI\' 
PAL'", • GtI!'D If IllPUT lIeOlSTlliED AIIO-OR <iATE ARRAV 
PAL1GX4 Qul\tl ;e INPUT \I~GISTI"eo ,ANII-OR.1I0R ~TI AIIAA" 
PA~'8A4 '<I~ Ie iNpUT AEGIS""!!D AIIp.QA!I~lCOIlGATlI ~IIAY 

O'''.,lng Infonn.tl~n 



PAL Logic Symbols 

PAL10H8 PAL 12H6 PAL14H4 PAL16H2 

PAL10L8 PAL12L6 PAL14l4 PAL16L2 PAL16L8 
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PAL. 

Operating Programming 
. 12V voltage Vee .................. ;:.......................................................... 7V 

•..................... ; .. , ....... '.' ' .. , ............... , ........... ;., ........................... S.SV 12V 
outPl)t voltage ......•.................. : ........................ ' ...... , .......... ,. . . . . . .. S.SV 12V 

Storage temperature range ;' ............... >." ...•. : ................. , .; .... c •. , .................. ~6Soe to 1S00e 

10H8, 12H6, 14H4, 16M2, 16C1, 10L8, 12L6, 14L4, 16L2 

R,commendec:i Op, .. ating Conditions 

MILITARY COMMERCIAL 
SYMBOL PARAMETER 

MIN NOM MAX MIN NOM 

Vee Supply voltage 4.5 S.O S.S 4.7S S.OO 

10H High-level outpulcurrent ;' .. .-2.0 

10l low-level output current 8 

TA Operating free air temperature -55 125* 0 

Electrical Characteristics 
Ov.r Recomm.nded Op .... tlng T.mperatu ... Rang. 

. 
.... .. , 

MI~" SYMBOL PARAMETER. TEST CONDITIONS TYP 

VIH High-level input voltage . 2 

VIL low-level input vbltage .:. . ' . 

Vie Input cllamp voitage Yee - MIN, II - -18 mA 

. VOH High-level output voltage Vee = MIN. VIH = 2V, 2.4 
Vil ~ O.8V, IOH = MAX' 

Vee = MIN, VIH = 2V, 
. 

VOL Low-level output voltage 
VIL = O.8V, 10L= MAX . 

II 
Input current at maximum 

Vee = MAX, VI = 5.5V 
input voltage 

IIH High-level input current Vee = MAX, VI = 2.4V 

III Low-level input current ..... Vee = MAX, VI= 0.4V 

lOS StJprt-9ircuit output .cl)frent Vee =.MAX -30 

ICC Supply cu rrent '. Vee = MAX .. S5' 
... .... . . ' . ..... ' . .. 

Switching Characteristi'::s 
Over Recommended Ranges of T.mperature I!Rd V CC 

SYMBOL 

From any input to any output el = 1SpF 

* Operating ease Temperature only. Te = 12soe 

tt See Standard Test load and Definition of Waveforms, page' 10-4 

MAX 
UNIT 

5.25 V 

-3.2 mA 

8 mA 

75 °e 

MAX UNIT 

'. V 

0.8 V 

-1.S V 

V 

O,S V 

fO mA 

2S p.A 

. -2!;>O I p.A 
-130 mA 

l:mA. 



PAL Family 

16L8, 16R8, 16R6,16R4, 16X4! 16A4' 
Recommended Operating Conditions 

MILITARY COMMERCIAL 
SYMBOL PARAMETER 

MIN NOM MAX MIN 

:Vcc Supply voltage 4.5 5.0 5.5 4.75 

10H High-level output current -2.0 
.. 

10L Low-level output current 12 

TA Operating free air temperature -55 125* 0 

Electrical Characteristics 
Ov.r RecommendeefOperating Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS MIN 

VIH High-level input voltage 2 

VIL . Low-level input voltage 

VIC Input clamp voltage VCC = MIN, 11 = -18mA 

VOH High-level output voltage VCC = MIN, VIH = 2V, 
VIL = 0.8V, 10H = MAX 

VOL Low-level output voltage 
VCC = MIN, VIH=2V, 
VIL = 0.8V, 10l=MAX 

10ZH 
Off-state output cutrent VCC ~ MAX, VIH = 2V, 
high-level voltage applied Va = 2AV, Vil = 0.8V 

10Zl 
Off-state output current VCC = MAX, VIH = 2V, 
low-level voltage applied Va = 0.4V, VIL = 0.8V 

II 
Input current at 

VCC = MAX, VI = 5.5V 
. ·ma"ximuminput voltage 

IIH High-level input current VCC= MAX, VI = 2AV 

III Low-level input cu rrent VCC = MAX, VI = OA V 

lOS Short-circuit outpu/cunent VCC = MAX, ., 
" 1618 

ICC 
Supply 

16R4,16R6,16R8 Vce = MAX 
Current 16X4,16A4 

. 
Switching Characteristics 
Over Recommended Ranges of Temperature and VCC 

SYMBOL PARAMETER 

tpD Input to output 

tpD Clock to output 

tpzx Pi n 11 to output enable 

tpxz Pin 11 to output disable 

tpzx Inputto output enable 

tpxz Inputto output disable 

High 
tw Width of clock 

Low 
... 16R8,16R6,16R4 

Isu Setup time 
16X4;16A4 .. 

th Hoidtime 

*Operating Case Temperature only, TC=125°C 
tICC=MAX at minimum temperature 

TEST CONDITIONStt 
RL= 6670 

Cl = 45pF 

CL= 5pF 

Cl = 45pF 

Cl = 5pF 

.... 

tt ·See Standard Test toad and Definition ·of Waveforms, page 10-4 

2A 

. 

. -3.0 

MILITARY 
* TA"" -55°to+125°e 

Vee = 5.0V ± 10% 
MIN TYP MAX 

25 45 
15 25 

15 25 

15 25 

25 45 

25 45 

25 

25 

45 

0 -15 

UNIT 
NOM MAX 

5.00 5.25 V 

-3.2 mA 

24 mA 

75 "C 

TYP MAX UNIT 

V 

0.8 V 

-1.5 V 

V 

0.5 V 

100 }LA 

-100 IlA 

1.0 mA 

25 IlA 

-250 IlA 

-130 mA 

140 210t 
.. 150 225t mA 

160 

COMMERCIAL 
TA= -OOto+75°e 
Vee = 5.0V ± 5% UNIT 
MIN TYP MAX 

25····· "40 ns· . 

15 25 ns 

15 25 ·ns 
15 25 ns 

25 40 ns 

25 40 ns 

25 
ns 

25 

40 
ns 

0 ~15 ns 

.' PRELIMINARY 
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PAL FamUy 

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, 00, to VIHH 

Step 2 Select an input line by specifying 10, 11, 12, 13,14.15,16,17 
and L/R as shown in Table 1 

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

St~ 4 Raise Vee (pin 20) to VIHH 

StElP 5. Program the fuse by pulsing the output pins, 0, of the 
selected product group to VIHH as shown in Table 2. 

Step 6 Lower Vee (pin 20) to 6.0 V 

Step 7 Pulse the CLOCK pin and verify the o.utput pin, 0, to be 
Low .for active Low PAL types or High for active High 

. PAL types. 

Step 8 Lower Vee (pin 20) to 4.2 V and repeat step 7 

Step 9 Should the output not verify, repeat steps 1 thru 8 up to 
five· (5) times. 

Thjs proc;eduJeis repeated for all fuses to be blown (see 
programming waveforms). 

To prevent further verification, two last fuses may be blown by 
raising pin I and pin II. to Vp. Vee is not required during this 
oPeration. 

Programming Parameters 
TA = 25"C 

SYMBOl. PARAMETER 

VIHH Program-level input voltage 

PRODUCTS 0 THRU 31 PRODUCTS 32 THRU 53 . 

Figure 1 Pin Identification 

Programming Waveforms 

00 V::'>1d j~>1d VIHH _______ .... ____ _ 

I, L/R, A VIHjJ(1 ~ 
VIL=f, '.' 

~ ~l9ArfuJ, .... 1 
o VOL . Ic.tl r ,Id'I.,Id .. ~I· ... · '" .. n .>VERIFY 
CLOCK VIH ~ 

VIL ---

LIMITS 
UNIT 

MIN TYP·· MAX 

10.5 11 11.5 V 
I Output Program Pulse . 50 

IjHH Program-level input current I Output Disable, 00 25 mA 
j All Other Inouts 5 

ICCH Program Supply Current 400 mA 
Tp Program Pulse Width 10 50 jJ.S 

td Delaytirne 100 ns 
Program Pulse duty cycle 25 % 

Vp ProgramiVerify-Protect"input voltage 20 V 
Ip ProgramiVerify-Protect-input current 400 mA 

. 



Voltage Legend 
L = Low-level input voltage, VIL 
Ii" High-level input voltage, VIH 

HH = High-Ieve! program voltage, VIHH 

INPUT PIN IDENTIFICATION 
LINE 

NUMBER 17 16 15 14 13 12 11 

0 HH HH HH HH HH HH HH 
1 HH HH HH HH HH HH HH 
2 HH HH HH HH HH HH HH 
3 HH HH HH HH HH HH HH 
4 HH HH HH HH HH HH L 
5 HH HH HH HH HH 'HH H 
6 HH HH HH HH HH HH L 
7 HH HH HH HH HH HH H 
8 HH HH HH Hli HH L HH 
9 HH HH HH HH HH H HH 

10 HH HH HH HH HH L HH 
11 HH HH HH HH HH H HH 
12 HH HH HH HH L HH HH 
13 HH HH HH HH H HH HH 
14 HH HH HH HH L HH HH 
15 HH HH HH HH H HH HH 
16 HH HH HH L HH HH HH 
17 HH HH HH H HH HH HH 
18 HH HH HH L. HH HH HH 
19 HH HH ,liH H HH HH HH 
20 HH HH L HH HH HH HH 
21 HH HH H HH liH HH HH 
22 HH HH L HH HH HH HH 
23 HH HH H HH HH HA HH 
24 HH L HH HH HH HH HH 
25 HH H HH HH lolA HH HH 
26 HH L HH HH IIIH 'HH HH 
27 HH H HH HH HH HH HH 
28 L HH HH HH HH HH HH 
29 H HH HH HH HH HI;I HH 
30 L HH HH HH HH HH HH 
31 H HH HH HH HH HH HH 

Table.1 Input Line Select 

10 

L 
H 
L 
H 

HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
Hli 
HH 
HH 
HH 
HH 
HH 
HH 
HH 

PAL FamUy 

PRODUCT PIN IDENTIFICATION 
LINE 

L/R NUMBER 03 02 01 00 A2 A1 AD 

L 0,32 L L L HH L L L 
L 1,33 L 'L L HH L L HH 

HH 2, 34 L "- L HH L HH L 
HH 3, 35 L L L HH L HH HH 
L 4,36 L L L HH HH L L 
L 5, 37 L L L HH HH L HH 

HH 6,38 L L L HH HH HH L 
HH 1, 39 L L L HH HH HH HH 
L '8;40 L L HH L L L L 
L 9,41 L L liH L L L HH 

HH 10,42 L L HH L L HH L 
HH 11,43 L L HH L L HH HH 
L 12, 44 L L HH L HH L L 
L 13,45 L L HH L HH L HH 

HH 14,46 ,. L . L HH L HH HH L'" 
HH 15,47 L L HH L HH HH HH 
L 16, 48 L HH L L L L", L 
L 17,49 L .HH L L L L. 'HH -

HH HI,50 L HH L L L HH L 
I1H 19,51 L HH L L L HH HH 
L 20,52 L HH L L HH L L 
L 21,53 L HH L L HH L HH," : 

HH 22,54 L HH L L HH HH L 
HH 23, 55 L HH L L HH HH HH 
t·.·. 
L 

24,.56 HH ·t L L L L L 
25,57 HH L L L L L HH 

HH 26;58 ." HH L '. ,:L L L HH L 
HI:\ 
L 

27,59 HH I.·L L L L HH HH 
28,60, HH L L L HH L L 

L 29,61 HH L L L HH L HH 
HH 30,62 HH L L L HH HH L 
HH 31,63 HH L L L HH HH HH 

Table 2 Product Line SeJect 



PAL Family 

Package Drawings 
UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 

H20 Plastic Dip 

I~::::::::I}~ 
.080£' 3.000 2.03 I-- --I .00 
MAX., . MIN. .280-.320 

1.025-1.075 7.11-8.13 
26.03-27.30 ~ . 

. 015-.060 . I .' I 

:=~;~~A[-· .. 
j 'k- jk- J ~ . -J o~w _\\.-.~~::~:2 

.090-.110 .016-.020 .055-.065 
2.29-2.79 .41-.51 1.40-1.85 

J20 Ceramic Dip 

[::::::]J~~ 
11 .. 070 :Ja-ooo. 1 

1--1.78 .000 --I 
.
. . . MAX. .995-.990 MIN. . 
. .. 24.26-25.15 

.290-.320 

I .. 7.37-8.13 .. \ 

,.%rMMMm. '. .... ..... UM.4]. B ..••. ' .. ' 
3.81~ IIIIIIJ. II I 
MAX. ~ k -lk ~ 1:3~18=S~:-I ~0'_15o~\.-.~=:g:2 

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

Logic Diagram PAL1GH8 

o 1 2 3 4 5 ,. 1213 1617 .. " 24'25 21293831 

... 

19 

... 

.... 

11 -
... 

17 
"=W~::t:f:=~~::::j::t==~=:t+=::tt=::tW~==B::::) 11 

... 

1& 

24=t+t::t=tt=:::t:t=::t:t=:::j::t==:It=:j:j:=::tj~====B:=l .. 
... 

15 

... 

14 

4'=w~::t:f:=~~::j::t=::::;;~=tt=::tt=::trnf===B::::) ., 

... 

13 

... 

12 

'9 11 

.... 

o 1 Z 3 • 5 I. 1113 1617 2021 2416 28213831 
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PAL Family 

Logic Diagram PAL12H6 

o 1 2 3 4 5 Ii 1 8 S 1213 1611 2021 24252627 28293031 

1 .. 
~ ... 

2 ... .... 
" 

s 

""" 9 18 

" ,./ 
11 -

J ... 
~ . ... 

16 11 
17 

4 .... 
2. 

24 - 16 
25 -

5 ... 

32 15 
3J -

G 
~ ... 

40 ~ 14 
41 

7 

48 -- I 
49 

""'" 
13 

" ./ 
51 , 

-
8 .. 12 

.... 

9 .. 
"----I 

11 ... .... 
o 1 2 3 4 5 6 1 B 9 1213 1611 2021 ~4252627 28293031 



PAL Family 

Logic Diagram PAL 14H4 

o 1 2 3 4 5 • 1 • "111 1213 1In 212t 2223 24252&21 :2883031 ... .. 

I 

'~ ;. ... .J "i • 
:r ;". 

" 
~ 

17 "'" 
. 11 

" I. . .' ." 

~ .. 
"1. 

>': 

~:~ ~ ; "'" .,', 
\ 

I::·' ,·<;L:"; k.,:' . ........•... " I;~~ c I',;;{ 
f4 '." . ' I: .. 
IS 'Iii, 
I. .;./ aI 17 

': '. 
.-

:;: ". f 

; .. ' 
3% '.-,. . is 
3% "'" ,. 

.." 3. 

Ii • Ii 'I' i; 
" 

'''''J 
!~ , ,,' '.' 

1 I' .;.. .' .. 
;) 'I, « 

<t .. 
I 

i ... ." .. :.. .•. ~.A3 
~ , 

., , 

i2 .. ..... 

i' 

9 .. ·· ... ... '11 

... ..... 
2111 Ziti ZUUUl 2Un03t '~ >'"'.::. It 2'3 4'5-f1 .I'J11''lt' 1213 

. !:·'.r~l>i{~,f~k)~"!·r!WIM!·'i~.;ii~W!:;~'i'~tl}'!'i!s!>~(;!:;,~~.r~~·!~,·~·~,~.~. ~·~··~;~~t~'·'~~~'~·~t~"~'~~~~~~r~'~·~·~'~%'~·'~~·~{~t'~'$~T~·~!'~·!·i··!'~·.'!r~~~')~·'~~\;~·~~t~t!·~!!·,·t' 
"-11 
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PAL Family 
Xi £ I.e 

Logic Diagram PAL16H2 

01 Z 3 4561 891011 12131415 1&1718-19 202t2223 24252627 28293031 

'", 
19 ... 

... 
'" 18 ... .... . 

J .. ' . 
17 .. ..... 

.,' 

I' '. 

.' 24 
25 

" r-. ~ 2l 16 
2B 

~ r---' " 30 
31 

J ... 
1 " " J4 

J5 ,"""" 15 
J5 ,/ 37 
38 
39 

... .... 14 

.... 

, , ft: ' .. ", , , ... ,., 
, 

~ 
13 

... .,,:~ . .,. ; ..... : 

.. 12 ... '" ."" 

: 

.. 11 

.... : . 



PAL Family 

Logic Diagram PAL16C1 

o 1 2 3 4 5 6 1 8 91011 12131415 16171819 20212223 24252621 28293031 

1 
~ 

r 

2 ... 19 
~ fC ... .... 

3 .. .... 18 

... .... 
. .... 

4 .. 
.3C. 17 

r ..... 

. 

24 
15 

" 11 
28 
29 
30 

" 16 
5 .. 

1: >< 15 ... 
J2 

" J4 
35 
J6 
37 

" " 
i 

, 

6 .. .... 14 

~ 

'. 

, 

.' 

" 
.' 

7 .. .... 13 

~ .... 
, , 

'. 

, 
'. 

B ... .... 12 

r .~ 

I 
, . . .' 

, , 

."'. 
9 .... 11 

r , , ~ 

01 a 3 4 § 8 'J • 81011 ,~2U"4 t5 18171111 Z0212ZZJ 242liZII21 ,ZUUOJI 
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· Logic Diagram PAL10L8 
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PAL Famill 

Logic Diagram PAL12L6 

" , .511 •• 1213 1&11 ZlZ1 Z4ZZt21 Z'ZI1lI31 

1 .. 
2 

.. 19 

... ... 

• "" , 18 
If ./ I. ....., 

3 
... 

.. 17 

" ~ 

4 .. 

,. 16 

" -
5 ... 

" 15 

" -
6 .. 

~ ... 

.. ~ 14 

" 
1 .. 

.. ...... , .. "" 13 
so ./ 
" 

8 
.. .,. 

12 
<£ .. ... 

9 .. 11 .. 
0: 1 i 3 4 5 • 1 '!I nil lin lOll 2415Zi27 2.293031 
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PAL Family 

Logic Diagram PAL14L4 

0123 4561 8911111 1213 1617 20212223 24252627 28293031 

1 .. .. 
2 .. .. 

3 .. .... 19 ... 

4 .. .A 18 ... 
" 11 '- 17 
18 , 

" 
5 ... 

14 

25 '- , 16 
26 1--/ 27 

32 
J3 ~ ...f ....... 15 
J4 ./ 
" 

6 ... 
~ .. 

" '-41 14 

" 1--/ 43 

7 ... .... 13 ... .... 

8 ... .... 12 ... ... 

9 ... .... 11 .. .... 
0123 4561 B 91011 1213' 1611 20212223 24252627 2t1293D31 



PAL Family 

Logic Diagram PAL16L2 

012 J 4561 891011 121]1415 16111819 20212223 24252621 28293031 

1 

2 .. 
19 ~ C. ... ..... 

3 .. 
18 ... ..... 

4 ... ~. 

17 

..... 

14 
25 
16 

'-27 16 
28 ./ 29 

" " 5 ... 
... 

J1 

" 34 

" ~ '- 15 
36 

~ J1 >---' 
38 
J9 .. . ... 

6 .. ... 14 
~ ... ... 

7 ... 13 

... "" 

... I···· :.. 8 12 ... ..... . . 
... 

. ... 

9 ... 11 
C. ... ... 

01234567891011 12fl1415 16-11U'19 202122232425262728293031 
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PAL Family· 

Logic Diagram PAL16L8 

0123 4567 891011 1213141516171819 20212223 24252627 28293031 , 

>--J 
1 
2 
J 19 
4 
5 
6 
7 

1 .. .. 
~. c:.t---.. ... 

B 
9 >-J 1D 

11 18 
12 
13 ,. 
15 

3 ... .. 
:c: ... .... 

16 
17 h >---J 18 
19 17 
2D 
11 
22 
2J 

4 .. 
~ .1---.. ... 

24 

>---J 
25 
26 

" 16 
2B 
29 
3D 
J1 ~ 

5 .. 
~ .1---... .... 

J1 ...... 
JJ 

>---J 34 
J5 15 
J6 
J7 
JB 
39 

6 ... ... 
c: t---.. .... 

40 

~b-J 
41 
42 
43 14 
44 
45 
46 
47 f--

7 .. ... 
~. C:.I---... ... 

48 

~b-J 
49 
50 
51 13 

" 53 
54 .. 

8 ... 
.1---

" ;b--J 57 
58 

" 12 

" 61 
62 
OJ 

9 .. ... 11 
> ... 

0123 4567 891011 12131415 1617181!1 20212223 24252627 28Z93031 
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PAL Family 

Logic Diagram PAL16R8 

1 

012 J 4 5 6 1 891011 12131415 16171819 20212223 24252621 28293031 

0 

~~~ 
1 
2 

"" J , ./ 
5 

~~ • 
7 

2 .. ..... 
~ ~ 

~ 

• 

~ 
9 

10 

"" -11 D 01--
12 
13 

" ~ 15 

3 .... ..... 

16 
17 

~ 18 '.--
19 " D 01---
20 
21 
Z2 

t.!~ 23 

4 • , 11: 
~ 

24 

~ 
25 
26 .---
21 " DOl---
28 j 
29 
3D t21 J1 

5 .. ..... 
"--f .Co .. ~ 

J2 
JJ 

~ " "" ~ 
.' 35 

J6 j 

" " J9 

6 .. ... 
... ... " 

40 
41 

~ " "" ~ 
" .. ./ 
45 

" 47 

7 ... ..... ... 
48 

" ~ 50 

" ~ 
51 

'" " 53 
54 
55 

8 ... ..... 
'~ 

~ ... 
56 

Or~ 
57 
58 ........ " " J 
61 

" 6J 

9 • 
..... 

~ , 
... ~ 

o 1 2 3 4 5 6 1 8 91011 12 13 1415 16171819 20212223 '24252621 -2829J0'31 



PAL Family 

Logic Diagram PAL16R6 

1 

0123 45& 1 891011 12131415 1&171819 20212223 24252621 2'293031 

0 

:>-J 
1 , , 

19 4 >--, 
• 
1 ~ 

~ .II 
.t--.. ~ 

, 
9 

~r-~ " 11 "'" " ,/ 
Il 

" 15 

~~ 3 ... .A 

" 11 

~ " ~ " "" zo ./ 21 

~ " " 
4 .. 

> .. ~ 

" " ~ 
26 

Pl " "" 28 ./ 

" 3D 
11 

5 .... .II 
.A:: 
~ 

12 

" ~ 
14 

Pl " " " ./ 
II 

" " 
6 .. 

~ 

4D 
41 

~ " 

Pl 
41 "" 44 ./ 45 
46 

" 
7 .. .... .. .. 

~ 
49 

" ~r-" " ,/ 
" 54 
55 

~~ 8 .... .II 
:c: .... 

" r-J " " " 12 .. 
61 

" " 
9 ... .II 

~ ---1 :1---.. .... 
0123 4561 a 91011 12131415 16171819 20212223 24252621 28293031 
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PAL Family 

Logic Diagram PAL16R4 

~ .... 
01 Z 3 4681 191011 12131415 1117181. 20212223 242521Z7 21213831 

• 

:>---J 
1 , , 
3 19 
4 

" 5 

• 7 
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:1---

• 

~ 
• 10 

11 18 
12 
13 
14 
15 

' ' 

, ... .... 3 
~I---, 

11 
17 
11 

"" ~~ 11 

" "'" 
o Qf-- ..... 

21 

" ~~ '" 
4 ... 

~ .:...-..t 
,",: 

., 
24 

~ " 

Dl 
" " ." 
" .... 
" 30 
31 

5 .. .... 
..... 

32 

~ 
.31 

Dl 
'34 

" " 31 + a 
37 

" " 

" 
I ... .... 

.... '" , ' .. : " 
'41 

~ 42 
;-~"" -'43 

~ 
.. .. .. ~ , 41 
47 

7 .. " ... , ' 
.:........t .... 

'41 

~ 
41 
II 

.": 
, 

11 . 13 .. 
5' .. 
II . .. ':" ; .; ~ :,1 -' - ... , 

.:........t '-.-< ,.. '" , . 
H 

~. 17 
H 
H .;' 12 
'II 
'II .... .. " 
13 . -,";'- " , y .... 

~ - .1---.... .- .... 
"23 4&17 "' •• 1 U13Mli f.tlftl. HHUH ~Hun a"~n 
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1 ..... 

... 

3 ... 

~ 

• • 
10 
11 
11 
13 
14 
15 

16 
17 
18 
19 

PAL Family 

o 1 2 3 4 5 5 1 a 9 1011 12131415 16171819 211212223 24252621 2829 Jlll1 

"mmiiiiiiWftiim~""'" 3:: 21 
22 
13 

.~ 
..,..... 48 

8 .. 

, ... 
... 

49 
50 
51 

" 5J 

" 

" 51 

" 59 
60 

" 61 

" 
II 12 J 4561 891011 12131415 161718'9 20212223 24252627 2SZ93031 

Logic Diagram PAL16X4 
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PAL Family 

Logic Diagram PAL16A4 

0123 4561 891011 12131415 16111819 20212223 24262127 28293031 

01 Z 3 45 i 1 .91011 12131415 t6171819 211212223 242528,27 21213031 
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Tenlnput~ QuadS to 1 
Programmable Multiplexer PMUX 
29693 

Features/Benefits 
• Electrically programmable inputs 
• Equivalent to four 74L8151, 8-to-1-lIne multiplexers 
• SplIce saving 20 pin package' 
• BUffered'TTL inpUts ' 
• 1'11...,..tate, 16 mA outputs 
• ComPatible with standard PROM programmers 

.• Electrically ,programmable data routrng 
• 'FPLA replacement In many applications 

Description 
The 29693 Ten ,Input Programmable MultipleJrer,(PMU~).con
tains four8-line-to,1-line multiplexers with comnionSelect and 
Enable ,lines, electrically programmable input ~lectiol'l, ,and 
three-state outputs. Each of the eight multiplexer inputsean be 
electrica"y connected to any of the ,10 device inputs through a 
fusible link.' The '~9693 is shipped with, each multiplexer inpMt 
cOnnected to a" 10 device inputs through isolation diodes, result
ing in a logical OR of the input signals. Undesired C9.Fjnections 
are removed by p~ing~ shem, high current pulse th'i:o~gh t!'le 

. corresponding fusible link, changing it from a conduCtive to a 
'Applications ' non..ooriductivestate. Nine of tile 10 links on each multiplexer 

,input will be opened in the, typical case, except where the logical 
• Data pMh encoding: sign eXtend, bytesw8p, shifts., OR of two, or more input signals is desired. Opening the fuSible 
• Programmable eOcocIer: datal;)it Sl!lection ," ,links is called programming, and links thus opened are tertned 
• Data andctocl(Signal routing . prOgrainmed. 
• I!'IStructlpo/Comma~ ,l'!9istar ~it sel~dori ' 
• Stat"'Sre9isfercontrol:inp'~selectionandoutpUtrOuting If,a" ,fusibl~ links on a mul~plexer input ,!\~programmed"the 
,. ,Microprogram mUltip~ divide, and shift contl'ol triOltilllaxe, output will alwaYS be low when that input is selected. 
'. 291)9/2911 "'icropfc:igram Sequencer control,' If, more' than one link is Iefl,ur'lPfogrammed on a multiplexer 
'. Datarefo~l!JilttingancrfOrmat conversiOn', ". input,'theoutput will be the logical OR of the two corresponding 
• PMUX +PR0fti'=powtrful encocle/decoc:le comblnetioninpOt signals. 
'. ' Programmable priority encoder with' dynamil; prlorhy 

., ' , The ~9693 is programmed by applying the.,desired multiplexer 
potential , ',' , ", select tacte" taking the inPutJO, ,tie disc;:onnectEid toa TTL h, Igh [€)I 

• 290'J.:BitS/Ice registll' select contJ'p1. ' " ", ' , 
',.B,arre, I, sh, I, tte.hlandb, yte', /wo~select,I, 0,' n ftnA"ratlon, s Wit!'l'~1 other inputs lOW, and ~pJyii19, progrl:lmming pLllse$ on -
, .. " , -" '.' -""', tluj,Enabl& input and the multiplexer/devjoe~utput. The 29693 
• I/O,Llp~' fOrmatter' for, different I/O slllnBlswith same is designed to be compatible with theprogrammirig pulses used 

hardWare' " ' on the 29660 (256 X 4) PROM. This aUowsth'e 29693 to be 
.• Contl'otslgnalserectionby equiPIIJentoperatirig mode programmed'by a standard PROM programmer with, a simple 
• Shlftregl .. ,.teedbecksel~n for CFICC genenitlOri, etC. ,." ,. adapter (see'Rgure2)." 

Block Diagram . 



29693 

Absolute Maximum Rati~gs " . 
Storage temperature ............ ,;' ....... ;. ~65 to +1500 e 
Temperature (ambient) under bias ........... -55 to +125°e 

}i:>c irlpufvoltage (add~8ss jnputsandl pins) ,. "':.O.5V10 ~5:5V 
DC voltage applied to outputs during 

Supply voltage to ground potential programming .................................. , f •• 26V 
(Pin 20 to Pin 10),continuous .............. -0.5V to +:7V 

De 'voliage applied to outpuis 
Output. current. into outputs during programming ..•.. 1~5. rnA 
De input voltage (chip select input-pin 15) .. -0.5V to +33V 

(except during programming) ....... -0.5V to +Vee IT)ax. De input current ................ ',: ..... :-::~ rnA to +5 rnA , ,., "tl 

Oper~ing Range 

Electrical Characteristics Over Operating Range (Unleu otherwise noted) ,.' 

SYMBOl:.' DESCRIPTION TEST CONDmONS 
t","' , 

VOH Output HIGH voltage 
Vee = MIN, IOH = -2.0 rnA 

VIN = VIH or VIL 
.~ , Vee = MIN IOL = 81T!A 

VOL Output LOW voltage' 
VIN =' VIH or VIL IOL = 16 rnA 

VIH Input HIGH level Guaranteed input logical HIGH voltag.e 

VIL II1Put LOW level Guaranteed input logical LOW voltage 

IIL(S, E) Input LOW,current Vee = MAX, VIN = O.4V 

IlL (10-19) 'Input LOW current Vee = MAX, VIN = O.4V 

IIH Input HIGH current 
Vee = MAX, VIN = 2.7V 

Vee = MAX, VIN = 5.5V3 

Ise Output short circuit current Vee = MAX, VOUT = o.bV 

lee Power supply current All inputS = 2.7V, Vee = MAX 

VI hi pot clamp voitiige Vee == MIN, liN = 18 rnA .' 

Vee = MAX 
Vo = 4.5V 

,leEX ; Output leakage current Vo = 2.4V 
VE '" 2.4V 

Vo = 0.4V 

Notes: 1. Typicallimils are Vee = 5.0V and TA = 25°C. 

2. Not more than one output should be shorted at a time. Duration of the short circuit 
should not be more than Ol1e second.' 

3. Except VIN = 4.5V at pin 15. 

Pin Configuration Logic Symbol 

MIN 

2.4 

. , , 

2.0 

-12 

15 7 8 9 

, 14 0, 

13 02 29893 

TYp1 

" ',; 

-60 

':"'400 

-35 

100 

10 

12 

13 

'" 
C>.l 

10XIIX4PMUX 
IS . ).2 

11 04' 1& 

IT 

Ia 

Is 

MAX UNITS· 

veits 

0.4 Volts 

0.5, Volts 

Volts 

0.8 Volts 

-250 p,A 

-700 !LA 
10 !LA 
1.0 rnA 

-85 rnA 

140 .mA 

-,1.5 V 
100 ~ '. ,xA 

40 !LA 
-40 !LA 

3 

19 

18 

17 

16 
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Switching Characteristics Over Operating Range 

TYP. MAX 

SYMBOL DESCRIPTION TEST CONDmONS 5V UNITS 

25°C 25°C COM'L MIL 

tSA Select access time 
CL=30pF 

35 50 55 75 ns 

tlA Input data access time 
RL = 300n to VCC 

35 50 55 75 ns 
and 

tEA Enable access time 
600n toGND 

20 25 30 40 ns 

tER Enable recovery time 
(16 mA Load)1 

15 20 25 30 ns 

Note 1 .. 300 n resistor opened for tEA and tER measurements betwee.n HtGH and OFF states. 

Ordering Information AC Test Circuit 

Part Package 
Output 

lemperature 

Number lYpe .' Range T 
29693DC Hermetic DIP TS o to +75°C 

29693DM Hermetic DIP TS -55 to +125°C 

29693FM Hermetic Flat Pack TS -55 to +125°C 

Note: For 8836 processing. add the letter. "6" to the order number suffix. 
e.g .• 29693DM6. OUTPUTo--~I---"""--_---oTEST POINT 

Switching Waveforms 

.. ' 

So-~~ 3.0V 1.5V 

Io-~. _....-.--__ ~---- OV 

E --:I~----______ "I'----___ So\-___ 1.5V 

00_03===I-==ISA
:x:,x=r:(X:'=======$ W ~ 

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

Key to Timing Diagram 

WAVEFORM INPUTS 

MUST6E 
___ STEADY 

OllTpUTS 

WtLL6E 
STEADY 

~ WtLLBE 
... MAY CHANGE CHANGING 
. FROMHTOL FROMHTOL 

7llllll. 
MAY CHANGE ~~'tN~~NG 
FROM L TO H FROM L TO H m .. DON'T CARE: CHANGING. 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

~DOESNOT 
~APPLY 

CENTER 
LINE IS HIGH 
IMPEDANCE 
"OFF"-BTATE 
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Programming Instructions 

Device Deecrlptlon 

The 29693 is manufactured with all device in~1.rts connected to 
all data multiplexer inputs. 10 seject Ii 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 I/O, Inc. and other manufacturers of P/ROM program
ming equipment. 

Programming DeecrlpUon 

To select a particular Unk for programming, one of the input 
lines, 10-19, has a TTL high appUed with the ramaining inputs left 
low, and the desired Select address applied to Select lines, 
52-50. With 'a Vee of 5.50 volts appUed or left appUed, the 
program pin (Enable, i;) and the output,to be programmed are 
taken to an elevated voltage to supply the required current to 

prog\'8ITI the ,f\,Ise. Only one, input anl'l,ooe ql,l,lput Jllay ~ ~
vatadat any, one time, since the internal programming circuitry is 
capable of, sinking only one unit of programming C\lrrent. 

P/ROM Programming AdaptOr 

The PMUX can be programmed using a standard P/ROM pro
grammer capable of prog(amming the 29660, 256 'X 4 P/ROM 
'by using the adaptor card shOWn in Figure 2. This adaptor card 
converts the address signals,fromthe P/BOM p(OQrammer, into 
signals for the Select and Input Unes. at the PMUX.The five most 
significant bits of the PI 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 
Unes. The output structure used for the' PMUX is'similarto 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 ofthe four PMUX outputs. The P/ROt!/laddress 
selects one of the 10-19 inpots and one of the eight multiplexer 
Select groups. The PMUXoutput 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 60-255, etc., are not used; These'addresses will 
show as progammedlow 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 
INPlITS 

UNUSED 
SELECT 10 11 12 13 1.4 Is 16 17 Is 19 (LOW) , 

" 0, 0 8 16 24 32 40 48 56 64 72 80-255 

1 1 9 17 25 3~ ,41 49 57, 65" 7'3 , 
'2 2 19, 18 26 34 42 50 56 66 ,', 74 

3 3 11 19 27 35 43 ' 51 59~ 67 ~, '"75' 

4 A" 12; 20 28 36 ,44 ,52 60 68 76 
,5 ,5 13 21 29 '47 45' '53 61 '69 ,11 .' .. 

6 6 ,)4' 22 30 38 46 54 62 70 '78 

7 7 .15.· 23 31' 
" 
3~ ,,", ~7 5p 6.1' "71., 19' 

" 

".;,ft '., . ".~, 
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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. 

TTLHIGH X 
Ix. By • 

TTL LOW -----------------------------Tpp 

VOUT 

VCC 

TTL HIGH 
STROBE 

TTL LOW 

NOTE: Output Load = 0.2 rnA during 6.0V check 
Output Load = 12 mA during 4.2V check 

Figure 1. Program Timing 

V.rlflc.tlon 

CHECK 

TR 0.4 V/J.ts ± 15% 
Tpp 95 ± 15p,s 
Tp 1 J.tS min., 8 /-LS max. 
TDj 80 ± 10 ". 
To, 100 n. min. 

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 Vee, current and temperature, the de
vice must be required to sink 12 mA at 4.20V Vee and 0.2 mA at 
6.0V Vee at room temperature. 

PULSE PROGRAM PIN OUTPUT 

NUMBER VOLTAGE VOLTAGE 

1 to 3 27V 20V 

4 to 6 30V 23V 

7to 9 33V 26V 

Truth Tabl •• 

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: 

WORD 

NUMBER 

o 

255 

PIN_11 

0 4 
H 
L 

L 

OUTPUTS 

H L 

H H H 

Note: A high voltage on the data out lines is signifiad 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 I/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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29660 
COMPATIBLE 
PROGRAMMER 

-
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-
-
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16 PiN' 

:::: 
DIP PLUG 

6-30 

29693 

,--
CD4049 

(NATIONAL SEMI CMOS PART) 

A7 15 19 G2 9 
10 16 19 

~ 
V 

Gl 8 
9 r-.... 17 18 

....... 

As 1 20 0 7 8 to... 18 ., 
w ~ 

........ 

2 21 C 7 ...... 19 
A5 C 0 6 16 

(.) "' ....... w 0 
C :E 

3 22 .... :1;0 6 1 A4 B ~~E 5 ....... 15 
uj,...~ 

4 23 "' ~ 5 
A3 A .... 4 2 14 :::> 0 

Q. I 3! 
3 

4 3 
13 

2 
3 4 12 

1 
2 to... 5 

~ 

0 
1 6 

10 

VCC GND T 24 12 
VCC 

16 20 
VCC 

GND 
8 10 

~ 
GND 

E2 r!!---NC 

-
El 

13 15 
E 

A2 
7 9 

~ 

AI 
6 8 

S, 

5 7 
AO .. So 

OJ 
4 14 

OJ 

.02 
3 13 

02 

03 
2 12 

03 

04 
1 11 

04 

29660 PMUX 
CABLE ro~~~~T\(j;js CONNECTIONS 

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

Figure 2. PROM Programmer Adaptor 
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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 Vee. 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. 

~co-------~~~~~~---.~~~~~~--~~~~~~---.~~~~~ 

10 ..... ..... 

~ 

i2 " ..... 

13 

14 ..... ..... 

~ 

If; ..... 

17 0- -t> 

IS U-- ..... .... 

Is ~, 

So 
S, 

S:! 

E 

GND 0---

10FS 
DMA SELECTOR 

'C' ., 

0, 

IOFiI 
DATA SELECTOR 

10FS 
DIm\ SELECTOR 

'C''7 

03 

, l'OF8 
,DMA SELECTOR 

Figure 3. 29693 ProgramrnableMultlplexer, FunctIOnal Diagram 
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2900 Fal'l1l~y Interchangeability and Selection Guide 

AMDPARr 
CATEGORY DESCRIPTION 

NUMBER 

Arithmetic • 
4 Bit sHee Ani2901 A 
carry-look-ahead Am;2902 

28 Pin sequencer slice Am2909 
20 Pin sequencer slice Am2911 

Sequencing 12 Bit sequencer Am291 0 
16 Way branch. 

Aril29803 
controller 
Next address controller Am29811 

32x8 Am2fl750/Al1A 

PROMs 
256x4 Am29760Al1A 
512x4 " Am29noi1 

Memories 512x8 (registe;:ed) Am2977415 

16x4 non-invertirig Am297oo/1 
RAM 16x4 inverting Am29702/3 

256x1 Am29720/1 
Miscellaneous 1 of 8 decoder w/3-st outputs Am2921 
Logic <.8input mux w/regi$ter Am2922 

quad- 2 input driver, 3-st revr Am2905/15 
xceiver. 

2 input driver, rcvr parity Am2906/16 
Interface;' . . driVer 

'3-state receiver,revr parity Am2907/17 
OC/TS 
quad-d w/std. & 3~st outputs Am2918/LS18 

register w/dual 3-st out.R\Jts Am2919 , 
NOTES. I, the 74S182 has the same pin-out as the 2902, but the 74S182Is laster 

2 .. The 29803/11 are Pre"prograrnmed PRO~.:\~. 

tData Sheet will appear In a future edH!ql\ of.the LSI Data Book. Contact 
Application Department for eddHlonal informatIOn. 

MMIDIRECT 
RECOMMENDED 

REPLACEMENT 
FOR 

NEW DESIGN 

2901 A 2901A 
74S1821 

2909 2909 
2911 2911 
2910 2910 

6301 2 

6331 2 

6330/1 .6330/1 
··6300/1 6300/1 

6305/6 6305/6 
I···· . 63RA483 

29700/1 29700/1 
29702/3 29702/3 
6560/1 6560/1 

PAL 16L8 
PAL 16R4 

2905/15 2905/15 

2906/16 2906/16 
2907/17 2907/17 

'.' 2918/LS18 29181LS18 
2919 2919 

. ' 

PAGE 

7-7 

t 
7-35 
7-35 

t 

2-6 
.' , 

2-6 

2-6 
2-6 
2-6 

2-30 
5-15 
5-21 
5-4 
3-2 
3-2 

7-17/43 

7-23/49 
7-29/55 

7-61/65 
7-69 

Comment;, MMI philosophy is to retain the original numbers of PROMs rather than renumbering them with 2900 prefix. For the large 
. variety of ROMs, PROMs and registered PROMs see Sections 2.and3 in this data book. 
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74S182 

f 2900F8mlly LOg1c.!lamant Pin-out .. 

2911 

2901 A 
.DIP 

2909 

2901 A 
Flat-Pack 

o 



2900 Family Interface Element Pin-out 

2905/15 2906116 2907/17 

29181LS18 2919 
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Four-Bit Bipolar 
Microprocessor Slice 
2901 A 

Features/Benefits 
• lINo-address .arctlitecture~ 

Independent simuHaneous access to two working reg
Isters saves machine cycles. 

• Eight-function ALU-
Performs addition,two ·subtraction operations, and five 
logic functiorison two source operands. 

• Flexible daur source selection-
ALU data is selected from five source ports for a total of 
203 source operand pairs for. every ALU function. 

·,Left/right stlift independent of ALU-
Add and shift operations take only one cycle. 

• Four status flags-
Carry, overflo.w,zero, and negative. 

• Expandable-
Connect any number of 2901A's together for longer word 
lengths. .' 

• Mlcroprogrammable-
Three groups of three bits each for source operand, ALU 
function, and destination control. 

Description 
Thefour~bit bipolar microprocessor slice is designed as a high
speedcascadable, elemehlinlended lor . use in CPU's,. peripheral 
controllers,programmablemicroprocessors and. numerous 
other applications. The midroinstruction flexibility of the 2901 A 
will allow efficient emulation 01 almost any digital computing 
machine. 

The device,as sho~hintheblockdlagram below, co.oslstsot a 
16-word by 4-bit two~por!RAM,a high-speed ALU, a~d the as~ 
sociated shifting, decoding ~ndmllltiplexing Circuitry. The nine
bit microinstruction word isorgsrized into three groups 01 three 
bilseach andselectsthe ALU source operands, the ALU func
tion, and the ALU destination register. The microprocessor is 
cascadab.le·with full look-ahead or with ripple carry, has three
state ·outpuls, and· provides ,various status flag outpu~s from Ihe 
ALU,Advanced .Iow-power Schottky processing.is used to fabri
C<lte this 40-lead LSI chip. The 2901 A is a plug in. replacement 
for the 2901. 

Architecture 
A delailSdblock diagram ot the bipolar microprogrammable mi" 
croprocessor structure is shOWn in Figure 2. The circuit is afour
bit slicecascadable'to any number of bils. Therefore, all data 
paths within tlie circuit are four bits wide. The two key elements 
in the Figure 2 block diagram are the 16-wordby 4~bit 2"port 
RAM and the high-speed'ALU. 

PART 
NUMBER 

PACKAGE 

2901ANC N40 

2901AJC J40 

2901AJM J40 

2901AFM F42. 

Block Diagram 

CLOCK------l 

'A' '8' DATA IN 
'iii 

ADDRESS (READ) 
ADDRESS 

16 AIlD~~~SABLE 
REGISTERS 

'8' 'A' 
ADDRESS DATA 

OUT 

Dbl}.~~T-L-'--'---, 
IN 

CARRY 
IN 

TEMPERATURE 
RANGE 

O°C to +70°C 

O°C to + 70°C 

-55°C to +125°C 

-55°Cto +125°C 

figure 1. MicroProcessor Slice Block Diagram 
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2901 A 

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 
thf;! 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 dirf;!ction. 

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 Rand 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 thf;! 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 0 register connected as inputs. 

This multiplexer scheme gives the capability of selecting various 
pairs of the A, B, D, 0 and "0" inputs as source operands to the 
ALU. These five inputs, whe@ taken two at a time, result in ten 
possible combinations of source operand pairs. These combina
tions include AB, AD, AO, AO, BD, BO, BO, DO, DO and 00. It is 
apparent that AD, AO and AOare somewhat redundant with BD, 
BO and BO inthat 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 implem~nts eight of these pairs. The mi
croinstructior] inputs used to select the ALU source operands 
are the 10, 11, and 12 inputs. The definition of 10, 11, and 12 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 u.sed to insert all data into the working 
registers inside the device. Likewise, this input can be used in 
thf;! ALU to modify any of the internal data files. The 0 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 13, 14, and 15 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, ~ are 

outputs of the device for use with a carry-Iook-ahead-generator 
such as the 2902 (,182). A carry-out,. Cn+4. is also generated 
and is available as an output for use as the carry flag in a status 
register. Both carry-in (Cn) and carry-out (Cn + 4) are activf;! 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 enalbling the three-state data outputs. 
F3 is non-inverted with respect to the sign bit outputY3. The F = 
o 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 excef;!d the available two's 
complement number range. The overflow output (OVR) is HIGH 
when overflow exists. That is, when Cn+3 ancl 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 0 register. Eight possible combinations of ALU destination 
functions are available as defined by the 16, 17, and 18 microin
struction inputs. These combinations are shown in Table 3. 

The four-bit data output field (Y) features three-state o~uts 
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 16, 17, 
and 18 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 (72). The shifter has two ports; one is labeled RAMO and 
the other is labeled RAM3. 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 RAMabufjf;!r is enabled and the 
RAMO multiplexer input is enabled. Likewise, in the shift down 
mode, the RAMO buffer and RAM3 input are enabled. In the no
shift mode, both buffers are in the high-impedance state and the 
multiplexer inputs are not selectf;!d. this shifter is co.ntrolled from 
the IS, 17 and. 18 microinstruction inputs as defined in Table 3. 

Similarly, the 0 register is driven from a 3-inputrnultfplexer. In 
the no-shift mode, the multiplexer enters the ALU data into the Q 
registf;!r. In either the shift-up or shift-down mode, the multiplf;!xer 
sf;!lectsthe 0 register data appropriately shifted up or dowri. The 
o shifter also has two ports; one is labeled Ooand the ather is 
03. The operation of these two ports is similar to the RAM shifter 
and is also controlled from IS, 17, and 18 as shown in Table 3. 

The clock input to the 2901A controls the RAM, the 0 register, 
and the A andB data latches. When enabled, data is clocked 
into the. 0 register on the LOW-Io-HIGH transition of the clock. 
When the clock input is HIGH, the A and Blatches are open and 
will. pass whatever data is present at the RAM outputs. When the 
clock input is LOW,the latches are closed andwiUretain the. last 
data entered. If the RAM-EN is enabled, new data will be written 
into the RAM file (word) defined by the Bliddress filed when the 
clock input is LOW. 
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Figure 2. Detailed 2901 A Microprocessor Block Diagram 
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Absolute Maximum Ratings 
Supply voltage, Vee .................................................................................... -O.5V to + 7 . .oV 
Input voltage ..................................................... \ ....... ,.>........................... -.o.SV to' +5.5V 
Input current ................................................................ ;' .... ,. ~ . . . . . . . . . . . . . . . . .. ...,30 mA to +5 mA 
Output current ...........................•.. 'J'. '.' •••• '.' •••••••• '.' ........... , • : •••• : '" • • • • • • •• • • • • • • • • • • • • • • • • • • • • 30mA 
Storage temperature range .............•.... ( ........ ; .............................. ' ..••.... :............. -65°C to +15.ooe 

, b • 

Recommended . Operating Condi~ions 

PARAMETER 
COMMERCIAL MILITARY 

UNIT SYMBOL MIN ~M MAX MIN N9M MAX 

Vee Supply voltage . :,4.5 .. 5.0 5.5 4.75 5 . .0 
, 

5;25 V 

TA Operating free air temperature I ". '." 
.' .0 " '25 ',75 °e 

Te Operating case temperature 55 "25 125 
" 

°e 

Electrical E:haracteristics .. 

Ii ' . 
SYMBOL . PARAMETER TEST CONDITIONS' . MILITARY COMMERCIAL 

UNIT 
MIN .. :rvp2 MAX MIN :TvP2 MAX. 

IOH = -1.6mA 
2.4 ' 2.4 

Y.o, Y1, Y2, Y3 

IOH = -1 . .omA, e n+4 . 2.4 2.4 

Vee = MIN IOH = -S.o.oJLA, OVR, P 2:4 2.4 

VOH Output HIGH voltage VIN = VIHor V 

Vil IOH '= -6.o.oJLA, F3 . 2.4 2.4 

i 
IOH = -6.o.oJLA 

2.4 2.4 
RAM.o,3, 0.0,3 

" 

IOH = -1.6mA, G 2.4 2.4 , 

le~x 
Output lea~ge Vee = MIN, VOH - 5.5V -
current for F = .0 output VIN'" VIH or VIL , 

. ,. 25.0 25.0 JLA 

Y'.o,:Y1, : IOl:""2.omA .",,, . .0.5 

Y2,Y3 IOl =·'f6mA 
... 

.0.5 

,Vee = MIN, G, F = .0 IOl = 16mA .0.5 .0.5 

VOL Ouptut LOW voltage \tIN~VIHor e n+4 
.. 

IOl = 1 .omA; .0.5 p.5 V 

Vil OVR,P IOl = S . .omA .0.5 i .0.5 i 

F3, 
',; 'il,' 

'." RAM.o,3, IOl = 6 . .omA .0.5 .0.5 

00,3 " 
. , .. 

, .. 

'. Guaranteed input logical H!GH 
VIH Input HIGH I~iier 2.0 2 . .0 : V . , voltage for all inputs7, .. 

Vil Input lOW level 
Guaranteed input logical lOW 

.o.S .o.S V 
voltage for all inputs 7 

L. 

VI Input clamp voltage Vee = MIN, 111'1 = -1SmA , .- !,.i •• -1.5 "', ' ;-1.5 V, 

Clock, OE i ~" -'-.0.36 • .,1, "" . :-.0.36 

Ao,A1,A2,A3 . :"4),36', , . ' ····''';'-.0.36 

Bo,B1,B2,B3 
. 

,0.36 \., -.0.36 

Vee = MAX, 0.0,01,02,03 . -'-.0.72 . .... " . "'.0.72 
. 

III ,I,nl?ut L,OW ~urrent mA 
, .... . VIN= .0.5 1.o,11,12,16,IS ~.o.36 -.0.36 

13,14,15,17 -.0.72 -.0.72 

RAM.o,3,O.o,34 -.o.S -.o.S 

.. en., , -. -3.6 -3.6 
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Electrical Characteristics (cont.) 

SYMBOL PARAMETER TEST CONDITIONS 
MIUTARY COMMERCIAL 

IIH 

II 

10ZH 

10Zl 

lOS 

ICC 

MIN TYP2 MAX MIN 

Clock,OE 20 

Ao.A1.A2,A3 20 

60,61,62,63 20 

Input HIGH current 
VCC = MAX, 00,01,02,03 40 

VIN = 2.7V 10,11,12,16,IS 20 

13,14,15.17 40 

RAMO,3,00,34 100 

Cn 200 

Input HIGH current VCC = MAX, VIN = 5.5V 1.0 

Off state (high 
YO,Y1, Vo - 2.4V 50 

Y2,Y3 Vo = 0.5V -50 
impedance) output VCC = MAX 

RAMO,3 Vo = 2.4V4 100 
current 

00,3 Vo = 0.5V4 -SOO ... 

YO,Y1,Y2,Y3,G -30 -,S5 -30 

Output short circuit VCC =5.75V, 
Gn+4 -:30 -S5 -30 

OVR, P -30 -S5 -30 
current VO":' O.5V 

F3 -30 -,S5 -30 

RAMO,3,00,3 -30 -S5 -30 

TA = 25°C 160 250 

TA = O°C to 
160 265 

+70°C 2901 A 

Powersupply current VCC = MAX TA = +70°C NC, JC 160 220 

TC = -55°C .. 

to +125°C 2901 A 
160 2S0 

TC= JM,FM 
160 190 

+125°C 
.. 

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. 
4. These are three-state outputs internally connected to TTL inputs. Input characteristics 

are measured with 1678 in a state such that the three-state output is OFF. 
5. "MIL" ~ 2901ADM. FM. "COM'L" ~ 2901A NC, JC. 
6. Worst case ICC is at minimum temperature. 
7. These input levels provide zero noise immunity and should only be tested in a static. 

noise-free environment. 

TYp2 MAX 

20 

20 

20 

40 

20 

40 

100 

200 

1.0 

50 
-50 

100 

-SOO 

-S5 

-S5 
-S5 

-85 

-S5 

160 250 

160 265 

160 220 

160 2S0 

160 190 

UNIT 

/LA 

mA 

/LA 

mA 

mA 
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Table 1. ALU Source Operand Control. Tabl 2 ALUF ti Co t I e • unc on n ro ...... .' '. ..',', 

MICROCODE 
ALU SOURCE 
OPERANDS 

12 11 10 OCTAL CODE R S 

MICROCODE 
ALU SYMBOL 

15 14 13 OCTAL CODE FONC110N 

L L L 0 A 0 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 0 0 L H L 2 R Minus S R-S 

L H H 3 0 B L H H 3 ROR S RVS 
H L L 4 0 A H L L 4 RANDS RAS 

H L H 5 0 A H L H 5 RAND S RAS 
H H L 6 0 0 H H L 6 REX-OR S R¥S 
H H H 7 0 0 H H H 7 R EX-NORS RVS 

Table 3. ALU Destination Control. 

MICROCODE 
RAM Q-REQ. RAM Q 

FUNCTION FUNCTION Y SHIFTER SHIFTER 
OUTPUT 

18 17 16 OCTAL CODE SHIFT LOAD SHIFT LOAD RAMO RAM3 QO Q3 

L L L 0 X NONE NONE F~O F X X X X 
L L H 1 X NONE X NONE F X X X X 
L H 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 4 DOWN F/2~ B DOWN 0/2~0 F FO IN3 00 IN3 
H L H 5 DOWN F/2~ B X NONE F FO IN3 00 X 
H H L 6 UP 2F~B UP 20 --> 0 F INO F3 INO 03 
H H H 7 UP 2F~ B X NONE F INO F3 X 03 

X = Don't care. Electrically, the shift pin is 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 ALUFunction Matrix. 

1210 OCTAL 0 1 2 3 4 5 6 7 

~ 1543 SOURCE 
A,Q A,B O,Q O,B O,A D,A D,Q 0,0 OCTAL ALU 

FUNCTION 

Cn = L A+O A+B 0 8 A D+A 0+0 0 

0 R Plus S 

Cn = H A+0+1 A+B+1 0+1 B+1 A+1 D+A+1 0+0+1 0+1 

Cn - L 0-A-1 8-A-1 0-1 B-1 A-1 A-D-1 0-0-1 -0-1 
1 S Minus R 

Cn = H O-A B-A 0 B A A-D 0-0 -0 

Cn - L A-0-1 A-B-1 -0-1 -8-1 -A-1 D-A 1 0-0-1 0-1 

2 R Minus S 

Cn = H A-O A-8 -0 -B -A D-A 0-0 0 

3 RORS AVO AVB 0 B A OVA OVO 0 
4 RANDS AAO AAB 0 0 0 OAA DAO 0 
5 RANDS AAO AAB 0 B A o AA DAO 0 
6 R EX-oR S AVO AVB 0 B A D¥A O-VO 0 
7 R EX·NOR S AVO AVB 0 B A OVA O¥O 0 

+ = Plus; - = Minus; V = OR: A = ANO; ¥ = 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 10. I,. and 12 instruction inputs. The ALU can 
perform eight functions; five logic and three arithmetic. The 13. 
14. and 15 instruction inputs control this function selection. The 
carry input. Cn. also affects the ALU results when in the arith
metic mode. The Cn input has no effect on the logic mode. 
When 10 through 15 and Cn are viewed together. the matrix of 
Table 4 results. This matrix fully defines the ALU/source operand 
function for each state. 

'DIble 5. ALU logic Mode Functions. (Cn Irrelevant) 

OCTAL 1543. 1210 GROUP FUNCTION 

40 AAQ 

41 
AND 

AA B 
45 OAA 

46 , OAQ 

30 AVQ 
31 

OR 
AVB 

35 OVA 
36 OVQ 

60 A¥Q 
61 

EX-OR 
A¥B 

65 O¥A 

66 OVQ 
70 AVO 
71 

EX-NOR 
A¥B 

75 OVA 
76 O¥Q 
72 Q 
73 

INVERT 
B 

74 A 
77 I' 0 
62 Q 
63 

PASS 
B 

64 A 
67 0 
32 Q 
33 

PASS 
B 

34 A 
37 .. 0 
42 0 
43 

"ZERO" 
·0 

44 0 
47 0 
50 AAQ 
51 

MASK 
AAB 

55 DAA 

56 DAQ 

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 (Cn = 0) and carry-in HIGH (Cn = 1) are defined in 
these operations. 

Table 6. ALU Arithmetic Mode Functions. 

OCTAL Cn = o (LOW) Cn = 1 (HIGH) 

1543. 1210 GROUP FUNCTION GROUP FUNCTION 

00 A+Q A+Q+1 

o 1 ADD A+B ADD plus A+B+1 

05 O+A one 0+A+1 

06 O+Q 0+Q+1 

02 Q Q+1 

03 B 
Increment 

B+1 
PASS 

A+1 04 A 

07 0 0+1 

1 2 Q-1 Q . 
1 3 

Decrement 
B-1 

PASS 
B 

1 4 A-1 A 

27 D-1 D 

22 -Q-1 -Q 

23 1's Compo -B-1 2's Compo -B 

24 -A"': 1 (Negate) -A 

1 7 -0-1 -D 
... 

1 0 Q-A-1 Q-A 

1 1 Subtract B-A-1 Subtract B-A 

! 
1 5 (1's Comp) A-D-1 (2'5 Comp) A~D 

1 6 Q-D-1 Q~D 

20 A-Q-1 A-Q 

21 .A-B-1 A-B 

25 D-A-1 D-A 

26 D-Q-1 D-Q 

7-13 
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logic Functions' For G;.· P, On+4, 
and OVR') 
The four signal!lG,'P, CnH, and QVRare designed to indicate 
carry and ovel1low cOnditions when the 2901A is in the add or 
subtract mode. The t8~Ie. belOWindicat&s the logic equations fOr 
these four'signals for el:1ch of the eight ALU functions. The Rand 
S inputif'are the two inputs selecteH according to Table 1 .. ' 

Detlnltlons.(+ = OR) 
Po=Ro+So·· GO=ROSo 
P1 '" R1 + S(. G1'= R1S1 
P2= R2+~' G2 = R2S2 
Ps ="Ra + Ss GS = RSSS 
C4 = GS + PSG2 = PSP2G1 = PaP2P1GO = PSP2P1POCn 
Ca = <32 +'P2G1 4- P2P1Go = P2P1POCn .. . 

•. , : I, 

"Albie 7. Logic Equations for Generate, Propagete, Carry-out and Overflow. 

1543 FUNCTION P G Cn+4 OVR 

0 R+S .. P3r2~1PO"" GS + PSG2.+ PSP2G1 + P3P2P1GO . C4 CS¥C4 
1 SR Same as R + S equations, bUt substitute Ri for Ri in definilions 

2 R S ',:.: Same. as R + S equations, bUt substitute Si for Si iri definitions 

3 RVS LOW P3P2P1PO P3P2P1PO+ Cn P3P2Pi Po+ Cn 
4 RAS , LOW G3+ G2+ G1+ GO GS+G2+G1 +GO+Cn G3+ G2+G1 +GO+Cn 
5 RAS LOW Same as R A S equations, but substitute Ai for Ri in definitions. 

6 R¥S 
.~ Same as R ¥ S, but substitute Ri for Ri in definitions 

7 R¥S G3+ G2+ G1+ GO G3+ P3G2+ P3P2G1 + P3P2P1GO G3 + PSG2 + PSP2G1 See note 
+P3P2P1PO (GO + Cn) 

- - - -- - -
Note: [P2 + G2P1 + G2G1PO + ij2G1GOCnW[PS + G3P2 + G3G2P1 + G3G2G1PO + G3G2G1GOCnl 

Definition of .rms. 

+ =OR 

Ao-s-:-The four add~ess. inputs to the register stack used to 
select .one register whose contents are displayed through the 
A-port 

80-3""'" The four-address inputs: to the regi~er stack used to 
.:. select one register whose co.ntents are displayed through the 

B-port and into which new data can be written when the clock 
goes Low. ' 

10-8~ The nine instr\JClion control lines to the 290iA, used to 
determine what dat,BSO,Urces will bEl applied to the ALU (1012), 
what fUnction the ALU\",II petform (/345); and what data is to be 
deposited in the Q-register or the regi$fer stack (1678). 

Q3, ftAM3~A shift line at the MSB of the a register (03) and the 
register stack (RAMS): Electrically these lines are threecs~te . 
outputs connected. to TTL inputs internal to the 2901A. When the 
destination code on 1678 indicates an up shift (octal 6 or 7).the 
three-state outputs are 'enabled and theMSB of the a regiSteris 
available on the aS pin and the MSB of the ALU output is avail
able on the RAMS 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 shilt, the pins are 
used as the data inputs to the MSB of the a register (octal 4) and 
RAM (octal 4 or 5). 

00, RAMO~Shift lines like 03 and RAM3, bUt at the LSB of the 
a-register and RAM. These pins are tied to the Os and RAMS 
pins of the adjacent device to transfer data between devices for 
up and down shifts of the a register and ALU data. 

Oo-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. DO is the LSB. 

YO-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 1678. 

OE~utput 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~Ovetflow. This pin is logically the Exciusive~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 overflciwed into the 
sign-bit. 

F = ~ This is an open collector output which goes HIGH (OFF) if 
the data on the four ALU oututs FO-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 r~gister stack· 
outputs change on the clock LOW-to.HIGH transition. The clock 
LOW time is internally the write enabie to the 16 x 4 RAM which' 
I;Ompromisesthe "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 
Over Temperature and Voltage 

Table 8. Cycle Time and Clock Characteristics 

Tables 8,9 and 10 define the timing requirements of the 2901A 
in a system. The 2901A is guarant~ed to function correctly. over 
the operating range when used within the delay and set-up.Jime 
constraints of these tables for the appropriate device type. The 
tables are divided into three types of parameters: clock charac
teristics, combinational delays from inputs to outputs, and set-up 
and hold time requirements. The later table defines the time 
prior to the end of the cycle (i.e., clock LOW-to-HIGHtransitiOn) 
at which each input must be stable to guarantee that the correct 
data is written into one of the internal registers. 

Table 9. Combinational P~pagation Delay7 

• COMMERCIAL 
'.' , 

~ . OUTPUT SHIFT 
F=O' OUTPUTS 

FROM Y F3 Cn +4 G,P RL= OVR RAMO Qo 
INPUT 270 RAM3 Qa 

A, B 80 80 75 65 87 85 95 -
D (arithmetic 

45 45 45 35 57 55 65 -
mode) 

D (1 = X37)5 40 40 - - 52 - 60 -
Cn 30 30 20 - 47 30 50 -
1012 55 55 50 45 67 65 75 -

1345 55 55 55 50 67 65 75 -

1678 ;30 - - - - - 30 30 

BE Enable/ 35/ - - - - - - -
Disable 25 

A bypassing 
45 - - - - - - -

ALU (1 = 2xx) 

Clock6 S 60 60 60 50 72 70 80 30 

Table 10. Set-up and Hold Times1 

COMMERCIAL 
FROM INPUT 

SET-UP TIME HOLD TIME 

A, B2,4 100 
0 

Source3,5 
[. 

tpwL + 30 
B dest.2,4 '.' tpwL + 15 ," 0 

D (arithmeticinode) 70 ..•.... 0 

D (I = X37)5 60 0 

Cn .. 55 0 

1012 80 0 

1345 80 I··'· 0 

1678 tpwL + 30 . 0 

RAMO,3,QO,3 25 0 

-.' 
For notes, see Figure 3. 

TIME COMMERCIAL MILITARY 

Read"modify-write cycle 

(time from selection of 100 ns 110 ns 
A, B registers to end of 

cycle) 

Maximum clock frequency to 

shift Q register (50% duty 15MHz 12MHz 

cycle) .1 = 432 or 632 

Minimum clock LOW time 30ns 30ns 

Minimum clock HIGH time 30ns 30ns 

Minimum clock period lOOns lIOns 

MILITARY 
SHIFT 

F=O OUTPUTS UNIT 
Y F3 Cn +4 G,P RL = OVR RAMO QO 

270 RAM3 Q3 

85 85 80 70 97 90 100 - ns 

50 50 50 40 62 60 70 - ns 

45 45 - - 57 - 65 - ns 

35 35 25 - 52 35 55 - ns 

60 60 55 50 72 70 8{) - ns 

60 60 60 55 72 70 80 - ns 

35 ~ - - - - 35 35 ns 

40/ 
-,') - - - - - - ns 

25 

50 - - - - ~ - ns 

65 65 65 55 82 75 85 35 ns 

.; 
,. MILITARY 

SET-UP TIME HOLD TIME 
UNIT 

110 

tpwL + 30 
0 ns 

tpwL + 15 0 ns 

75 0 ns 

65 0 , ns 

..... 60 0 ns 

' 85 0 ns 

'. '85 0 ns 

JpwL + 30 0 ns 

25 '. 0 . .... ns 
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Set-Up and HOld'l'lme. (minimum cycles froin TYPICAL 

each input)' ", Cp 

Set-up and hold, times are defined relative to the clock LOW-to~ 
HIGH edge. ,Inputs must be steady at aU times from the set-up 
time prior to the clock until the hold time after the clock: The set
up times, allow sufficient time to perform the correct operation on 
the correct data' so thai the proper ALU data can be written into 
ohe of the registers. 

Pin Configurations 
DIP 

, Figure 3. Minimum Cycle Times from Inputs. Numbers 
Shown are Minimum Data Stable Times for 
2901 ADC. In na. See Table 10 for Detailed 

Notes: 1. See Figure 3. Information. , 
2. If tIl,e 8 address, is used es a source operand. allow for the "A. e'source" set·up time; II 

ft is used only for the destination address. use the "8 Dest" set·up time. 
3. Where two numbers are shown. both must be mel. 
4., "tpwL", is the clock LOW time. , 
5. D V 0 Is the festest way to load the RAM from the D inputs. This function is obtslned 

with I = 337. 
6, Using Q register as source operand in arithmetic mode. Clock is not normally in crttical 

, speed ):lath When Q is not a source. 
7.' CL = 50pF (except output disable tasts). 

Flat-Pack 



Quad Two-Input OC Bus Transceiver 
With Three-State Receiver 
2905 

Features/Benefits 
• Quad high-speed LSI bus-transceiver 
• Open-collector bus driver 
• Two-port input toD-type register on driver 
• Bus driver output can sink 100 mA at O.8Y 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 

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 Ootype 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' Ootype latches that feature three
state outputs. 

This LSI bus transceiver is fabricated using advanced low
POWer Schottky processing. All inputs (exceplthe BUS inputs) 
are one LS uilit load. The open-collector bus output can sink up 
to 100 mA at O.SV 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 

Aoo----Irl 

Boo---t---1LJ 

SELECT 

~~~;: DRCP'o--Vo---------' 

~~!BLE iE:o-<D---------------' 

PART PACKAGE TEMPERATURE 
NUMBER RANGE 

2905NC N24 O°C to +70°C 

2905JC J24 O°C to +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 Ootype flip-flops with a 
buffered common clock and a two-input multiplexer at the input 
of each flip-flop. A common select input (8) controls the four 
multiplexers. When S is LOW, The Ai data is stored in the 
register and when S is HIGH, the Bi data is stored. The buffered 
common clock (ORCP) enters the data into this driver register 
on the LOW-to-HIGH transition. 

Data from the A or B. inputs is inverted at t/'le BUS output. 
Likewise, d<ita 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. Ootype latch 
that is controlled from the buffered receiver l<itch enable< (RLE) 
input. When the RLE input is LOW, the latch is open <ind the 

PI><>-+-<> Ro 

RECEIVER 
L------<:Jo---<>RLE LATCH 

ENABLE 
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receiver. outputs will follow the bus inputs . (BLJS 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 5E .is 
HIGH, the receiver outputs are in the high-impedance state. 

Pin Configuration 

Absolute Maximum Ratings 

Logic Symbol 

4 3 8 9 16 15 20 21 

13 

23 DRCP 

17 19 

Vec = Pin 24 

GND, = Pin 6 

GND2 = Pin 18 

RO 

10 

14 

22 

Storage temperature .................................................................................. -65°C to +150°C 
Temperature (ambient) under bias ...................................................................... -55°C to +125°C 
Supply voltage to ground potential ......................................................................... -0.5V to +7V 
DC voltage applied to outputs for HIGH output state .................................................. -0.5V to +VCC max. 
DC input voltage ....................................................................................... -0.5V to +5.5V 
DC output current, into outputs (except bus) ........................................................................ 30mA 
DC output current, into bus .................................. , ................................................... 200mA 
DC input current .................................................................................... -30mA to +5.0mA 

Bus Input/Output. Electrical Characteristics 
MILITARY 

TA = -55°C to COMMERCIAL 
Over Recommended Operating Temperature Range +125°C TA = O°C to +70°C f----

VCC MIN = 4.50V VCC MIN = 4.75V 
SYMBOL PARAMETER TEST CONDITIONS1 VCC MAX = 5.50V Vec MAX = 5.25V UNIT 

MIN TYp2 MAX MIN TYp2 MAX 

10l = 40mA 0.32 0.5 0.32 0.5 

Val Bus output lOW voltage VCC = MIN 10l = 70mA 0.41 0.7 0.41 0.7 V 

10l =100mA 0.55 0.8 0.55 0.8 

10 Bus leakage current 
Va = O.4V -50 -50 

J.tA VCC = MAX 
VO= 4.5V 200 100 

10FF 
Bus leakage current 

Va = 4.5V 100 100 J.tA 
(power OFF) 

VTH 
Receiver input HIGH 

threshold 
Bus enable = 2.4V 2.4 2.0 2.3 2.0 V 

VTl 
Receiver input lOW 

Bus enable = 2.4V 2.0 1.5 2.0 1.6 V 
threshold 
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Electrical Characteristics 
MILITARY 

TA = -Sioe to COMMERCIAL 
Over Recommended Operating Temperature Range +125°e TA = ooe to + 70°C 

Vee MIN = 4.50V Vee MIN = 4.75V 

SYMBOL PARAMETER TEST eONDITIONS1 Vee MAX = 5.50V Vee MAX = 5.25V 
MIN TYP2 MAX MIN TYP2 MAX 

Receiver output Vee;= VIN 10H = -1.0mA 204 304 
VOH 

HIGH voltage VIN = Vil or VIH 10H = -2.6mA 204 304 

Vee =MIN 
10l = 4mA 0.27 004 0.27 004 

VOL 
Receiver output 

10l = BmA 0.32 0.45 0.32 0.45 
lOW voltage VIN = Vil or VIH 10l = 12mA 0.37 0.5 0.37 0.5 

VIH 
Input HIGH level Guaranteed input logical 

2.0 2.0 
(except bus) HIGH lor all inputs 

Vil 
Input lOW level Guaranteed input logical 

0.7 O.B 
(except bus) lOW lor all inputs 

VI 
Input clamp voltage 

(except bus) 
Vee = MIN, liN = -lBmA -1.5 -1.5 

III 
Input lOW current 

(except bus) 
Vee = MAX, VIN = OAV -0.36 -0.36 

IIH 
Input HIGH current 

Vee = MAX, VIN = 2.7V 20 20 
(except bus) 

II 
Input HIGH current 

Vee = MAX, VIN = 5.5V 100 100 
(except bus) 
Receiver off-state V = MAX I Vo = 2.4V 20 20 

10 
output current ee I Vo = OAV -20 -20 

Ise 
Receiver output 

Vee = MAX -12 -65 -12 -65 
short circuit current 

ICC Power supply current Vee = MAX, all inputs = GND 
,) 

69 105 69 105 .. 

Input/Output Current Interface Conditions Standard Test Load Circuit 

A 

INPUTo--....-t=-~,H~ R"ODD 

Note: Actual current flow direction shown. 

TEST 
POINT 

2905 R t--4-.,-...,..--tCl--; 

c. 

t°pF 

UNIT 

V 

V 

V 

V 

V 

mA 

/LA 

/LA 

p.A 

mA 

mA 
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Switching Characteristics 
Over. Recommended Operating Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS 

tPHL Driver clock (DRCP) to bus 
CL(bus) = 50pF tPLH 

tPHL 
Bus enable (BE) to bus 

RL(bus) = 500 

tPLH 
ts 

Data inputs (A or B) 
th 

ts 
Select input (5) 

th 

tpw 
Driver clock (DRCP) 

pulse width (HIGH) 

tPLH Bus to receiver output 

(latch enable) tPHL 
CL = 15pF 

tPLH Latch enable to receiver 

tpHL output RL = 2.0kO 

ts 
Bus to latch enable (RLE) 

th 

tZH Output control to 

ilL receiver output 

tHZ Output control to 

tLl receiver output 

Notes: 1. For conditions shown as MIN, or MAX, use the appropriate value specified under 
Electrical Characteristics lor the. applicable device type. 

2. Typical limits are at VCC = S.OV, 2SoC ambient and maximum loading. 
3 .. Not more than one output should be shorted at a time. Duration 01 the short circuit test 

should not exceed one second. 
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MILITARY 
TA = -55°C to COMMERCIAL 

+125°C TA = O°C to + 70°C 
VCC MIN '= 4.50V VCC MIN = 4.75V 
VCC MAX = 5.50V VCC MAX = 5.25V UNIT 
MIN TYP2 MAX MIN Typ2 MAX 

21 40 21 36 
ns 

21 40 21 36 
13 26 13 23 

ns 
13 26 13 23 

25 23 

8.0 7.0 
ns 

33 30 

8.0 7.0 
ns 

28 25 ns 

18 37 18 34 
18 37 18 34 

ns 

21 37 21 34 
21 37 21 

ns 
34 

21 18 
ns 

7.0 5.0 

14 28 14 25 

14 28 14 
ns 

25 

14 28 14 25 
ns 

14 28 14 25 
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Switching Waveforms 
DRIVER 
CLOCK ____ I \,-__ ~_ .... f,-;-r~~:~~~_-~=_-= ::: 

r-I'=+--~--j I 
~~~: S ~ I fIIIIIIIIIII I ~ ::: 

IPLH~ t= IPHL-l r-
BUS 
OUTPUT I \--:: 

----IP-HL-'-b IPLH~ 1: VOL 

RECEIVER-----....; "L V- :.: 
OUTPUT 1\ 11-

'-----------~ 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 

INPUTS 
INTERNAL 

BUS OUTPUT 
TO DEVICE FUNCTION 

S Ai BI DRCP BE RLE OE Di QI BUSi Rj 

X X X X H X X X X Z X Driver output disable 

X X X X X X H X X X Z Receiver output disable 

X X X X H L L X L L H 
Driver output disable and receive data via Bus input 

X X X X H L L X H H L 

X X X X X H X X NC X X Latch received data 

L L X t X X X L X X X 

L H X t X X X H X X X 
Load driver register 

H X L i X X X L X X X 
H X H t X X X H X X X 

X X X L X X X NC X X X 
No driver clock restrictions 

X X X H X X X NC X X X 
X X X X L X X L X H X 

Drive Bus 
X X X X L X X H X L X 

X = Don't care i = 0, 1,2,3 H = HIGH 
L = LOW 

Z = HIGH Impedance 
NC = No change i = LOW-to-HIGH transition 

Definition of Functional Terms 
"P(' word data input, Ao, A1, A2, A3 
The "/ii' word data input into the two input multiplexers Of the 
driver register. 

"B" word data Input, BO, B1, B2, B3 
The "B" word data input into the two input muHiplexers 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 blis enable is HIGH, the four drivers are in the high 
impedance state. 

Driver outputs and receiver Inputs, BUSo. BU81, BUS2, 
BUS3 
Four driver outputs and receiver inputs (data is inverted). 

Receiver outputs, Ro. R1, R2, R3 
The four receiver outpu~. Data from the bus is inverted while 
data from the A or B inputs is non-inverted. 

ReceIVer latch enable, ALE 
When R[E 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 en.ble, OE 
When the OE input is HIGH, the four three-state receiver 
outputs are in the high impedance state. 
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Quad Two-Input OC Bus 
Transceiver With Parity 
2906 . 

Features/Benefits 
• Quad high-speed LSI bus transceiver. 
• Open-collector bus driver. 
• 1\vo-port input toO-tyPe register on driver. 
• Bus driver output can sink 100 mA at O.8V max. 
• Internal odd 4-blt parity checker/generator. 
• Receiver has output latch for pipeline operation. 
• Receiver outputs sink 12 mAo 
• 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 
applicalions~ The device consists of four Ootype 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 clifferen

.tial amplifier in the receiver. The four receiver differential ampli
fier outputs drive four O-type latches. The device also contains a 
four-bit odd parity checker/generator. 

ThiS 'LSlbus transceiver is fabricated using advanced low
P9W$r Schottky processing. All inputs (excepl the BUS inputs) 
are one LS unit load. The open-collector bus output can sink up 
to 100 rnA at O.BV rnaximum. The BUS ihputdifferential amplifier 
contains disconnect protection diodes such that the bus is fail-

Logic Diagram 

SELECT S 

..~~ . 
PART 

PACKAGE 
TEMPERATURE 

NUMBER RANGE 

2906NC N24 O°C to +70°C 

2906JC J24 O°C to +70°C 

2906JM J24 -55°C to +125°C 

2906FM F24 ":55°Cto +125°C 

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 Ootype 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 
mult!plexers. When S is LOW, the Ai data is stored in the 
register and when S is HIGH, the Bi data is stored. The buffered 
common clock (ORCP). enters the data into; this driver register 
on the LOW-to-HIGH transition. 

Oata 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 receiVliwoutput; 
The four receivers each feature a built-in O-typelaleb that is 
controlled from the buffered r~iver latch enable '(AlE) inp~t. 
When the m:e. input is LOW, the latch is op~n and'the receiver 
outputs will follow the bus inputs (~US .data iilverted). When the .... _ •• 
RLE input is HIGH, the latch will close' and reialnthe present ... 
data regardless of the bus input. ___ 

'000 
PAF{ITY 

. ~~~i; DRCPo-..... -----' 

S.\IS .1E-----------,-cI>-' 
ENABLE 

RECEIVER" 
L--,,--~<J-..... m LATCH 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 

field data Input to the driver:T9Qister. When BE is HIGH, the parity 
output is determined by. the four latch outputs of thereceiv$r; 
ThuS,if the driver is enabled, paritY is generated and if the driver 
is in the high-impedance state, the BUS parity is checked. 

Pin Con!~guration Logic Symbol 

4 3' 8 9 16 15' 20 21 

13 
ODD 12 

23 DACP 
AD 2 2_ 
A, 10 

11 
R. 14 

A3 

17 19 

Absolute Maximum Ratings 
Storagetemperatuni ................ , ............... , ......•...............................•...... " ....... -~oC to +150°C 
Temperature (ambient) under bias .......... '" ... ; ............................ , .................... '''. '" -.55°C to +125~C 
Supply voltage to ground potential ............. : ........ " ..•...................... , ................ : ....... -0.5V to+7V 
DC voltage applied to outputs for HIGH output state, ........ , ........................................... -0.5V to +VCC max. 
DC input voltage ... , ........ , ....•.... '.' ...................................... , ............................. -0.5V.to +5.5V 

• DC output current, into outputs (except bus) ...... :' ............................... : .............. : ......... : ........ 30mA 
DC output current, into bus ................... ;................................................................... 200mA 
DC input current .................................................................................... -30mA"to +5.0mA 

Bus Input/Output Electrical Characteristics MILITARY 
TA = -'55°C to COMMERCIAL 

Over Recommended Operating Temperature Range 
+12Soc irA = O°C to + 70°C 

TEST CONDITIONS1 
VCC MIN = 4.S0V VCCMIN = 4.7SV 

SYMBOL PARAMETER VCCMAX= S.50V Vce MAX = S.2SV UNIT 
MIN TYp2 MAX MIN TYp2 MAX 

101. = 40rrlA 0.32 0.5 0.32 0.5 

VOL Bus output LOW voltage VCC = MIN 10L= 70mA 0.41 0.7. 0.41 0.7 V 

10L= 100mA 0.55 0.8 0.55 0.8 

10 Bus leakage current 
Vo = OM ' . -'-50 -50 

/LA VCC = MAX 
Vo = 4.5V 200 100 

10FF 
Bus leakage current 

VO='A.5V 100 100 /LA 
,,' 

-
(power OFF). ". 

Receiver input HIGH . " 

VTH Bus enable", 2,4V . 2.4 2.0 2.3 2.~ V 
threshold 10'" 

.. "'-

VTL 
Receiver input LOW 

Bus enable = 2.4V 2.0 1.5 2.0 1.6 V 
threshold 
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MILITARY 
Electrical Characteristics TA = -55°C to COMMERCIAL 
Over Recommended Operating Temperature Range +125°C TA =OoCto +70°C 

VCC MIN = 4.50V VCC MIN = 4.75V 

SYMBOL PARAMETER TEST CONDITIONSl VCC MAX = 5.50V VCC MAX = 5.25V UNIT 
MIN Typ2 MAX MIN Typ2 MAX 

Vee - MIN IOH - lmA 2.4 3.4 
Receiver Output 

VIN = VIL HIGH voltage 
or VIH IOH - -2.6mA 2.4 3.4 

V VOH 
Parity output HIGH Vee - MIN, IOH - -660J,tA 

2.5 3.4 2.7 3.4 
voltage VIN - VIH or VIL 

Vee MIN IOL 4mA 0.27 0.4 0.27 0.4 

VOL 
Output LOW voltage 

VIN = VIL IOL = 8mA 0.32 0.45 0.32 0.5 V 
(except bus) 

or VIH IOL - 12mA 0.37 0.5 0.37 0.5 

VIH 
Input HIGH level Guaranteed input logical 
(except bus) HIGH for all inputs 

2.0 2.0 V 

VIL 
Input LOW level Guaranteed input logical 

0.7 0.8 V . 
(except bus) LOW for all inputs 

VI 
Input clamp voltage Vee - MIN, 

-1.2 -1.2 V 
(except bus) liN 18mA 

IlL 
Input LOW current Vee - MAX, 

-0.36 -,-0.36 rnA 
(except bus) VIN - O.4V 

IIH 
Input HIGH current Vee - MAX, 

20 20 J,tA 
(except bus) VIN 2.7V 
Input HIGH current Vee MAX, 

100 100 JLA II 
(except bus) VIN - 5.5V 

Ise 
Output short circuit 

Vee = MAX -12 
current (except bus) 

-65 -12 -65 rnA 

lee Power supply current 
Vee.-' MAX, 

72 
all inputs - GND 

105 72 105 rnA 
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Switching .Characteristics 
Over Recqmmended Operating Temperature Range 

SYMBOL PARAMETER TEST CONDLTIONS 
. .... 

tPHL 
Driver clock (DRCP) to bus 

tPLH CUbus) = 50pF 

tpHL 
Bus enable (BE) to bus 

RL(bus) = 50n 

tpLH 

ts 
Data inputs (A or B) 

th 

ts 
Selectinputs (S) 

th 

tpw Clock pulse width (HIGH) 

tPHL Bus to receiver output CL = 15pF 

tPHL (latch enabled) RL = 2.0Kn 

tPLH Latch enable to 

tpHL 
receiver output 

ts 
Bus to latch enable (RLE) 

th 

tpLH A or B data to odd parity 

tPHL output (driver enabled) 

tPLH Bus to odd parity output 

(driver inhibited, latch 
tPHL enabled) 

tPLH Latch enable (RLE) to 

tPHL odd parity output 

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 Vee = 5.0V, 25'e ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuH test 

should not exceed one second. 

Input/Output Current Interface Conditions 

ycc------~=_---+--------~~--~_r------~----

INPUTo--~--E'-IKI-+-

Note: Actual current flow direction shown. 
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MILITARY 
TA = -55°C to COMMERCIAL 

+125°C TA = O°C to + 70°C 
VCC MIN '= 4.50V VCC MIN = 4.75V -
VCC MAX = 5.50V VCC MAX = 5.25V UNIT 
MIN Typ2 MAX MIN TVP2 MAX 

21 40 21 36 
ns 

21 40 21 36 

13 26 13 23 
ns 

13 26 13 23 

25 23 
ns 

8.0 7.0 

33 30 
ns 

8.0 7.0 

28 25 ns 

18 37 18 34 

18 37 18 34 
ns 

21 37 21 34 

ns 
21 37 21 34 

21 18 
ns 

7.0 5.0 

21 40 21 36 
ns 

21 40 21 36 

21 40 21 36 
ns 

21 40 21 36 

21 40 21 36 ns 
21 40 21 36 

Standard Test Load Circuit 

A 

TEST 
POINT 

f
YCC 
RL 
2kO 

S, 
B R 

2906 ORI---4--....,..~---Kl--; 

S 

PARITY 

c. 

t 50PF 
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Switching Waveforms 
DRIVER 
CLOCK 

RECEIVER 
OUTPUT 

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 

INPUTS 
INTERNAL 

BUS OUTPUT 
TO DEVICE FUNCTION 

S Ai Bi DRCP BE RLE OE Di °i BUSi Ri 

X X X X H X X X X Z X Driver output disable 

X X 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 

L L X i X X X L X X X 

L H X i X X X H X X X 

H X L i X X X L X X X 
Load driver register 

H X H i X X X H X X X 

X X X L X X X NC X X X 

NC X X X 
No driver clock restrictions 

X X X H X X X 

X X X X L X X L X H X 
Drive Bus 

X X X X L X X H X L X 

X = Don't care i = 0, 1,2,3 H = HIGH 
L = LOW 

Z = HIGH Impedance 
NC = No change i = LOW to HIGH transition 

Definition of Functional Terms 
"N' word data Input, AG, A1. A2. Aa 
The "A" word data input into the two input multiplexers of the 
driver register. 

"B" word data input, BO. 81, 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. BUSO. BU~. BUS2. 
BUS3 
Four driver outputs and receiver inputs (data is inverted). 

Receiver outputs, RO. R1, 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. 

7·27 

IEiII 



7-28 



Quad Bus Transceiver With Three-State 
Receiver and Parity 
2907 

Features/Characteristics 
• Quad high-speed LSI bus transceiver 
• Open-collector bus driver 
• D-type register on driver 
• Bus driver output can sink 100 mA at 0.8 V max. 
• Internal odd 4-blt parity checker/generator 
• Receiver has output latch for pipeline operation 
• Threa-state receiver outputs sink 12 mA 
• Advanced Low-Power Schottky processing 
• 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 Ootype 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 fOlir 
receiver differential amplifier outputs drive four Ootype 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 

A.o-t>-~-I 

A~ <>-1>-+-+-1 

PART 
PACKAGE 

TEMPERATURE 

NUMBER RANGE 

2907NC N20 O°C to +70°C 

2907JC J20 O°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 apPH8d. 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 Ootype flip-flops with a 
buffered common clock. The. buffered common clock (ORCP) 
enters the Ai 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 ilie receiver output. Thus, 
data is non-inverted from driver input to receiver output. The four 

~~:;'~; DRC;P 

:~!BLE lIl!o--------<>!>-' 
RECEIVER 

'------OO-<>iiLE LATCH 
ENABLE 
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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 (0 E) input. When OE is HIGH, the receiver outputs 
are in the high-impedance state. 

Pin Configuration 

Absolute Maximum Ratings 

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 

19 

11 

13 17 

14 16 

Vee = Pin 20 
GNDl = Pin 5 
GND2 = Pin 15 

10 

18 

Storage temperature .............................................................................. , ... -65°C to +150°C 
Temperature (ambient) under bias ...................................................................... -55°C to +125°C 
Supply voltage to ground potential ......................................................................... -0.5V to + 7V 
DC voltage applied to outputs for HIGH output state .................................................. -0.5V to +VCC max. 
DC input voltage ....................................................................................... -0.5V to +5.5V 
DC output current, into outputs (except bus) ........................................................................ 30mA 
DC output current, into bus ...................................................................................... 200mA 
DC input current .................................................................................... -30mA to +5.0mA 

Bus Input/Output Electrical Characteristics MILITARY 
TA = -55°C to COMMERCIAL 

Over Recommended Operating Temperature Range 
+125°C TA = O°C to + 70°C 

VCC MIN = 4.50V Vec MIN = 4.75V 
SYMBOL PARAMETER TEST CONDITIONS1 VCC MAX = 5.50V 

MIN TYP2 MAX 
VCC MAX = 5.25V 
MIN Typ2 MAX 

UNIT 

10l = 40mA 0.32 0.5 0.32 0.5 

Val Bus output lOW voltage VCC = MIN 10l = 70mA 0.41 0.7 0.41 0.7 V 

10l = 100mA 0.55 0.8 0.55 0.8 

Va = O.4V -50 -50 
/LA 10 Bus leakage current VCC = MAX 

Va = 4.5V 200 100 

IOFF 
Bus leakage current 

Va = 4.5V 100 100 /LA 
(power OFF) 

VTH 
Receiver input HIGH 

Bus enable = 2.4V 2.4 
threshold 

2.0 2.3 2.0 V 

VTl 
Receiver input lOW 

Bus enable = 2.4V 2.0 1.5 2.0 1.6 V 
threshold 
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Electrical. Characteristics 
Over Re~ommended. Operating Temperature Range 

~~ , 

SYMBOL PARAMETER. TEST CONDITIONS1 

Vee = MIN 10H = -irnA 
Receiver Output 

VIN = VIL HIGH voltage 

VOH' or "IH 10H = -2.6Il'lA 
Parity output HIGH Vee = MIN, 10H = -660/LA 
Voltage VIN = VIH or VIL 

'" Vee = MIN IOL = 4rnA 
VOL 

Output LOW voltage 
VIN = Vil 10l = SmA 

(ex~ept bus) 
orVIH 10l = 12rnA 

VIH 
Input HIGH level Guaranteed input logical 
(except bus) HIGH lor all inputs 

V,l 
Input LOW level Guaranteed input logical 
(except-bus) . lOW for all inputs 

VI 
Inputclarnpvoltage Vee = MIN, 
{except bus) liN =-1SrnA 

III 
Input lOW current 'Vee =' MAX, 
(except bus) VIN = OAV 

IIH 
Inpul HIGH current Vet=' MAX, 
(except bus) VIN = 2.7V 

II 
Input HIGH current " Vee = MAX, 
(except bus) Vlr\f= 5.5V 

Ise 
Output short circuit 

Vet = MAX 
current (excepf bus) .,:-

ICC Power supply currents 
Vee,;: MAX, 

all input~= GNP '.' 

10 
Off-state output current . V .. "" MAX I Vb = 2:4V 
(receiver outputs) ee I Vo = 0.4V 

Input/Outp!-'t Current Interface Conditions 

INPUTo-~*-I<H-

Note: Actual current flow direction shown. 

MILITARY 
TA = -55°C to: \" COMMERCIAL 

+12SoC TA ='O°C to +70°C 
VCC MIN = 4.S0V Vee MIN = 4.7SV 
VCC MAX = S.SOV VCC MAX = S.2SV 
MIN TYp2 MAX MIN TYp2 MAX 

2.4 3.4 

2.4 3.4 

2.5 3.4 2.7 3.4 

0.27 004 '" 0.27 004 
0.32 0.45 0:32 0.5 

0.37 0.5 0.37 0.5 

2.0 2.0 

0.7 O.S 

-1.2 -1.2 

-0.36 -0.36 

20 20 

100 100 

-12 -65 -12 --'65 

72 iiI> 
I: 

75 110 

20 

", ~ 
,...20 

., 

Standard TesU.oad Circuit 

A 

R 

TEST 
POINT 

29!17 ORIJ---4--,-....,.---tQ--i 
PARITY 

C •. 

~5GpF 

~ 

UNIT 

., 

V 

V 

V' 

"'V 

V 

rnA 

: •.... 
{l.A 

pA 

rnA 

rnA 

,PA 
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Switching Characteristics MILITARY 
TA = -55°C to COMMERCIAL 

Over Recommended Operating Temperature Range ' . +12SoC ..... TA'" O°C to +70°C 
VCC MIN = 4.S0V 

SYMBOl,. PARAMETER TEST CONDITIONS VCC MAX = S.SOV 
MIN TYp2 MAX 

tPHL Driver clock (DRCP) 21 40 

tPLH to bus CUbus) = 50pF 21 40 

tpHL 
Bus enable (BE) to bus RUbus) = 500 13 26 

tPLH 13 26 

ts 
A data inputs 

25 

th 8.0 

tpw Clock pulse width (HIGH) 28 

tpLH Bus to receiver output 18 37 

tpHL (latch enabled) 18 37 

tpLH Latch enable to 21 37 

tpHL receiver output 21 37 

ts Bus to latch CL = 15pF 21 

th enable (RLE) RL =2.0kO 7.0 

tpLH A data to odd parity 21 40 

tPHL out (driver enabled) 21 40 

tPLH Bus to odd parity 21 40 

tPHL out (driver inhibit) 21 40 

tpLH Latch enable (RLE) 21 40 

tPHL to odd parity output 21 40 

tZH 
Output control to output 

14 28 

tZL 14 28 

tHZ 
Output control to output 

CL - 5.0pF 14 28 

tLZ RL = 2.0kO 14 28 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under 
Electrical Characteristics for the applicable device type. 

2. Typicallimils are at Vee ~ 5.0V,25'e 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. 

Switching Waveforms 

7-32 

DRIVER 
CLOCK 

A 
INPUT 

BUS 
OUTPUT 

__ f \ fr-----:::~ 
~I ~--------'-----------w r-" -'"-1 I 

~'. 1/////////// I 'E ::: 
'PLH-j I-- IpHL --I l-T \--:.:: 

~========'P=H:L --...;1=1 IPLH~ 1:: ::: 
~~~;~;R '\ F 1.3V 

'------,--------------' VOL 

Note: Bus to Receiver output delay is measured by clocking data into the driver register and 
measuring the BUS to R combinatorial delay. 

VCC MIN = 4.7SV 
VCC MAX = S.2SV 
MIN Typ2 MAX 

21 36 

21 36 

13 23 

13 . 23 

23 

7.0 

25 

18 34 

18 34 

21 34 

21 34 

18 '. 

5.0' 

21 36 

21 36 

21 36 

21 36 

21 36 

21 36 

14 25 

14 25 

14 25 

14 25 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Function Table 

INPUTS 
INTERNAL 

BUS OUTPUT 
TO DEVICE FUNCTION 

AI DRCP BE ALE OE 01 OJ BI Rj 

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 
Driver output disable and receive data via Bus input 

X X H L L X H H L 

X X X H X X NC X X Latch received data 

L t X X X L X X X 
Load driver' register 

H t 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 

Drive Bus 
X X L X X H X L X 

H = HIGH 

L = LOW 

Z = High Impedance 

NC = No Change 

X = Don't Care i = 0,1,2,3 

f = LOW-to-HIGH Transition 

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, SUSo, BU~, BUS2, 
BUS3 .,' . 
Four driver outputs an,d receiver inputs (data is inverted). 

Rec:elver outputs, RO, R1, 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 

Receiver latch enable, RIE 
When RLEis LOW, data on the BUS inputs is passed through 
the receiver latches. When mE is HIGH, the receiver latches ~. 
are closed and will retain the data independent of all other K..
inputs. 

Odd parity output, ODD 
Generates parity with th7driver 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 PAfUTY OUTPUT 

L ODD = AO Ell A1 ~ A2 EIlA3 

H 000"" 00 Ell 01 ~,02~03 
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Applications 

R BUS 

FLAGS Y 

2901 
BIPOLAR 

, I MICROPROCESSOR 

D 

The 2907 can be used as an 1/0 Bus Transceiver and Main Memory 1/0 Transceiver 
in high-speed Microprocessor Systems. 

Package Drawings 

N20 Plastic Kool DIP 

J20 Ceramic DIP 

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

2.03 I-- --l .00 
MAX. MIN. 

1~::::::::lf~ 
.0aoE 3.000 

;:.:;:;~~~ rr.28O-'320~ 
7.11-8.13 " 

-;.~~g'200 A ~ft:.t t ~ 3~:~~~: ' 
' 5.80 

140 MAX. '[" 

-J l- -Jl- ~ ~ -i "w -li-'J:j;' .090-.110 .016-.020 .055-.065 ", 
2.29-2.79 .41-.51 1.40-1.65 

[::::::]J~ 
11 .070 :1+000 I 

1--1.78 .000 ~ 
MAX. .995-.990 MIN. 

.. 24.26-25.15 
.290-.320 

I .. 7.37-8,13 "I' 

'~;:,~wmffiM, '"., '," ,,' ,.9' ,'~~ A' ~ MAX . 

• 1SO U ~ 3.81 ~. ,', :' 

MAX." -./'~ , -If.-- , 3~:t5~~II_O'_15'-\\-.-'~:~:2 
.~.110 .ola-:.1izo .055-'.065' 
2.28-2.79 .41-.51 1.40-1.65 



Microprogram Sequencers 
2909/2911 

Features/Benefits 
• 4-blt slice cascadable to any number of microwords 
• Internal address register 
• Branch Input for N-way branches 
• Cascadable 4-blt microprogram counter 
• 4 x 4 file with staclt pointer and push pop control for 

nesting mlcrosubroutlnes 
• Zero input for raturning 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 
• 2909 in 28-pln package 
• 2911 In 20-pln package 

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 fOUf sources. They 
are: 1) a set of external direct inputs (0); 2) external data from 
the Rinputs, 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 sep,arate 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 0 and R inpUts are tied together. 
The 2911 is in a 20-pin, 0.3" centers package. 

PART NUMBER 

2909 2911 

2909NC 2911NC 

2909JC 2911JC 

2909JM 2911JM 

2909FM -

Pin Configuration 

PACKAGE TEMPERATURE 

2909 2911 RANGE 

N28 N20 O°C to +70·C 

J28 J20 O·C to +70·C 

J28 J20 -55·Cto +125·C 

F28 - -55·Cto +125·C 

745 



Block Diagram 

DIRECT 
INPUTS 4( 

D )>----4>---',MJ 

&0>---

DUTPUT 
CONTROL 

D AR 

MULTIPLEXER 

~~~~~~~~~ 

2909/2911 

COMBINm'ORIAL 
CONTROL LOGIC 

D 
R 

A 
CONTROL MEMORY 

(ROM,PROM, 
OR RAM) 

1(A) 

CLOCK 

TO 2901 

~==:::::> TO OTHER DEVICES 

Figure 3. Microprogram Sequencer Control. 

~ : ~~:H PUSH/POP 

FILE 
L = ENABLE ENAIILE 

CLOCK~~--~'--~~--~-~~--~-_t_t--~-~~-~ 

'-----10, 
'-----10, 

'------10, 
'------'----10. Wo W1 W1 WI 

D. 1/0 I I I 

-+-+-+-
D' I/O! I ! . 

c. 
Yo Y, Y. Y. 

Figure 2. Microprogram Sequencer Block Diagram. 
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Absolute Maximum Ratings 
Storage temperature .................................................................................. -65°C to +150°C 
Temperature (ambient) under bias ................................ ; ..................................... -55°C to +125°C 
Supply voltage to ground potential ...................................................................... -0.5 Vto + 7.0 V 
DC voltage applied to outputs for HIGH output state .................................................. -0.5 V to +VCC max. 
DC input voltage ........................... ' .......................................................•... -0.5 V to + 7.0 V 
DC output current. into outputs ................................................................................... 30 rnA 
DC input current .................................................................................... -30 rnA to +5.0 rnA 

Electrical Characteristics 
Over Recommended Operating Range 

SYMBOL PARAMETER TEST CONOmONS1 MILITARY 
MIN TYP MAX 

COMMERCIAL 
UNIT MIN TYP MAX 

VCC = MIN .• 10H = -1.0mA 2.4 

VOH Output HIGH voltage VIN = VIH or V 

Vil 10H = -2.6mA 2.4 

VCC = MIN .• IOl = 4.0mA 

VOL Output lOW voltage VIN = VIH or 10l = ,S.OmA 

Vil 10l = 12mA5 

Guaranteed input 

VIH Input HIGH level logical HIGH voltage 

for all inputs 

Guaranteed input 

VIL Input lOW level logical LOW voltage 

for all inputs 

VI Input clamp voltage VCC = MIN .• liN = -1SmA 

VCC = MAX. 
Cn 

III Input lOW current Push/Pop. OE 
VIN= 0.4V 

Others6 

VCC = MAX .• 
Cn 

IIH Input HIGH current Push/Pop 
VIN = 2.7V 

Others6 . 

VCC"" MAX .• 
Cn. 

II Input HIGH current Push/Pop 
VIN;= 7.0V 

Others6 

Output short YO-Y3 
lOS 

circuit current3 VCC = MAX Cn+4 

ICC Power supply current VCC = MAX4 

IOZl Output .oFF current 
VCC = MAX., "OUT;' 0.4V 

10ZH OE = 2.7V VOUT"" 2.7V 

NOTES: 1. For condHions shown as MIN, or MAX .• use the appropriate value 
specified under Electrical Characteristics for the applicable device 
type. 

2. TypicalllmHs are at Vee = 5.0V, 25"C ambient and maximum 
loedlng. 

'3. Not more than one output should be shorted at a time. Duration of 
the short cireu" test should not exceed one second. 

0.4 0.4 
0.45 0.45 V 
0.5 .: 0.5 

2.0 2.0 V, 

.. 

0.7 O.S V. 

..,.1.5 . ~1.5 V 
':"1.01'1 "':1.08 

,..0.72 -0.72 rnA 
-0.36 -0.36 

40 40 
40 40 p.A 

20 20 

0.2 0.2 
rnA 

0.1 0.1 
-30 -100 -30 -100 
-30 -S5 -30' ' -S5 

rnA 

80 130 SO 130 rnA 
-20 -20 

p.A 
20 20 

4. Apply GNO to Cn• Ro. Rl. R2. R3. ORo. OR1. OA2. OA3. Do. 01. 
02. and 03. Other Inputs open. All outputs open. Measured after a 
LOW-to-HIGH clock tranSition. 

5. The 12mA guarantee applies only to YO. Yl. Y2 and Y3-
6. For the 2~11. 0i. and '~i are internally connected. loading is 

doubled (to same valueS as Push/Pop). 



Switching Characteristics 
Over Operating Range 

2909/2911 

All parameters are guaranteed worst case over the operating voltage and temperature range for the device type. 
(Grade C = O°C to + 70°C, 4.75V to 5.25V; GradeM = -55°C to +125°C, 4.5V to 5.5V) 

lllble 1 lllble 2 
Minimum Clock Requirements Maximum Combinatorial Propagation Delays 

Minimum Clock LOW Time 

Minimum Clock HIGH Time 

FUNCTIONAL 
PATH 

Register 

(S1 So = LH) 

Table 3 
Maximum Delays 

From Clock to Outputs 

GRADE CLOCK 
TO VI 

C 48 
M 55 

IL Program Counter C 48 

(S1 So = LL) M 55 

File C 70 

(S1 So = HL) M 80 

RL = 2.0k!l CL = 15pF 

7-38 

CLOCK 
TOCn + 4 

58 

65 

58 
65 

80 
90 

~ INPUTS 
VI 

OE 25 

ZERO 35 

ORi 20 

SO, S1 40 

Di 20 

Cn -

lllble 4 
Set-up and Hold TIme 

Requirements 

EXTERNAL 
Is INPUTS 

RE 20 

Ri 15 

PUSH/POP 20 

FE 20 

Cn 15 

Di 20 

ORi 20 

So, S1 40 

ZERO 40 

Cn + 4 

-
45 

32 

50 
32 

18 

th 

5.0 

0 
5.0 

0 
0 
0 
0 
0 

0 
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Architecture of the 2090/2911 
The 2909/2911 areCbipolar 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 multiple1<er that is used to select 
either the address register, direct inputs,. microprogram counter, 
·or file as the source of the nel<! microinstruction address. This 
muHiple1<er is controlled by the So and S1 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 av.ailable at the 
multiple1<er as a source for the nel<! microinstruction address. 
The direct input is a four-bit field of inputs to the multiple1<er and 
can be selected as the nel<! 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 counler (/LPC) that is 
composed of a 4-bit incrementer followed by a 4-bit register. The 
incrementerhas carry-in (Cn) and carry-out (Cn+4) such that 
cascading to larger word lengths is straightforward. The /LPC 
can be used in either of two ways. When the least significant 
carry-in to.,the incrementer is HtGH, the microprogram regisler ill 
10aded,0,n the nel<! clock cycle with the current Y output word 
plus one (Y+1~/LPC.) Thus sequential microinstructions can 
be e1<ecuted. If this least significant Cn is lOW, the incrementer 
passes the Y output word unmodified and the microprogram 
register is loaded with Ihe same Y word on, the nel<! clOCk cycle 
(Y~/LPC). Thus, the same microinstruction can be. e1<ecuted 
any number of times by using the least significant Cn as the 
control.· . ,.' 

The last source available at the multiple1<er inpulis the 4 1< 4 file 
(stack). The Ole is used 10 provide return address linkage when 
e1<ecuting microsubroutines. The· file contains a built-in slack 
pointer (SP) which always poilits to the last file word· written. 
This allows stack reference operations (looping) to be performed 
withou~ a p~s~ or pop. 

The stack pointer operates as an up/down counter with separate 
push/pop and file enable inpul$.When the file enable input is 
LOW and the push/pop input is HIGH, the PUSH operation is 
enabled. This causes the stackpointeftoi'ncrement and the, file 
to be written with the required'return linkage-the nel<! microin-. 
struction address following the subroutinej!!lmp which initialed 
thePllSH. ". . , 

If the. file enable input is LOW and the Push/popoontrolls LOW, 
a POP operation ocCiu's. This implies the usage oftha return 
linkage during this cycle and thus a. return from subroutine .. The' 
ne1<t LOW~to-HIGH clock transition causes the . stack pOinter to· 
cioorement. Jf the file enable is HIGH, noadion is taken by Ihe 
stack pointer regardless of any other·inpUt. 

The stSckPOinter linkage is such that any cqmbiriation of pushes, 
pops or stack references can be .achieved. One microinstruction 
subroutines can be performed: SinCe Ihe stack is 4 words deep, 
up to four microsubroutines can be nested. 

The ZERO input is used to force the four outpuls 10 the binary 
zero slale; When the ZERO inpul is LOW, all Youtpuls ate 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 el<!ernal 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 e1<ecuted via external access to the control 
ROM/PROM. 

Definition of Terms 
A set of symbols is used in tliis data sheet to represent various 
internal and el<!ernal registers and signals used with the 2909. 
Since ils principle application is as a. controller for a micropro
gram store, it is necessary to define some signals associated 
with the microcode itself. Figure ~ inustrates the basic inter
cdrinection 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 

, ~R~O Logic OR inputs on each address outpul line 
, .E Logic AND inpul on the output lines 

OE Output Enable. When OE is HIGH, the Y outputs 
are OFF (high impedance) , 

Cn Carry-in to the .incrementer 
RI . Inputs to the internal address register -=--
DI . Direct iiiputs to the multiplexer ' ~ 
CP Clock input to the AR and /LPC register and Push-

Pop stack 

Outputs from the 2909/2911 
VI Address outputs from 2909. (Address inp~ to con-

trol mamory.) . 
Cn+4Carry out from Ihe incrementer , 

Internal Signals 
ftPC ,G9ntenls of the rilicroprogram counter 
REG Contents ,of the register 
STK()"STK3 Contents of the push/pop stack. 'By definition, the 

word in the four-by-four file, addressed by the 
stack pointer is STKO.Coni:eptuany data is pushed 
into the stack. at STKO; a subsequent push moves 
STKO.to S~K1; 'a pop implies STK3 -> STK2 ~ 
STK1 ~ STKO. Physically, only the stack pointer: 
changes when a push or pop is performed. The 
.dala does not move. I/O occurs al STKO. . 

SP Contents of the stack pointer. 

External to the 2909/2911 
A AC/dress to .the 'contrOl memory 

.I(A-) Instruction in control. memory at address A . 
/L WR Contenlsof the microword register (at output of 

Control memory). The microword regisier contains 
the instrUction currently beihg e1<ecuted. 

Tn . Time period (cycle) n 
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Address Selection Output Control 

OCTAL 51 So SOURCE FOR Y OUTPUTS SYMBOL ORi ZERo OE Yi 

0 L L Microprogram Counter /LPC 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 Di L H L Source selected by So S1 

Z = High Impedance 

Synchronous Stack Control 

Fe PUP 

H X 

L H 

L L 

CYCLE ~, SO, FE, PUP /LPC REG STKO STK1 

N 0000 J K Ra Rb 

N+1 - J+1 K Rb Rc 

N 0001 J K Ra Rb 

N+1 - J+1 K J Ra 

N 001X J K Ra Rb 

N+1 - J+l K Ra Rb 

N 0100 J K Ra Rb 

N+l - K+l K Rb Rc 

N 01 01 J K Ra Rb 

N+l - K+l K J Ra 

N 011 X J K Ra Rb 

N+l - K+l K Ra Rb 

N 1000 J K Ra Rb 

N+l - Ra+l K Rb Rc 

N 1001 J K Ra Rb 

N+l - Ra+l K J Ra 

N 101X J K Ra Rb 

N+l - Ra+l K Ra Rb 

N 1100 J K Ra Rb 

N+l - 0+1 K Rb Rc 

N 1 1 01 J K Ra Rb 

N+l - 0+1 K J Ra 
N iii X j K Ra Rb 

N+l - D+1 K Ra Rb 

X = Don't care, 0 = LOW, 1 = HIGH, Assume Cn = HIGH 

Note: STKO is the location addressed by the stack pOinter. 

PUSH-POP STACK CHANGE 

No change 

Increment stack pointer, then 
push current PC onto STKO H = High 

L = Low Pop stack (decrement stack pointer) 
X = Don't Care 

Figure 5. 

STK2 STK3 YOUT COMMENT 

Rc Rd J 
Pop Stack 

Rd Ra -
Rc Rd J 

Push /LPC 
Rb Rc -
Rc Rd J 

Continue 
Rc Rd -
Rc Rd K Pop Stack; 

Rd Ra - Use AR for Address 

Rc Rd K Push /LPC; 

Rb Rc - Jump to Address in AR 

Rc Fld K 
Jump to Address in AR 

Rc Rd -
Rc Rd Ra Jump to Address in STKO; 

Rd Ra - Pop Stack 

Rc Rd Ra Jump to Address in STKO; 

Rb Rc - Pqsh /LPC 

Rc Rd Ra 
Jump to Address in STKO 

Rc Rd -
Rc Rd 0 Pop Stack; 

Rd Ra - Jqmp to Address on 0 

Rc Rd 0 Jump to Address on 0; 

Rb Rc - Push /LPC 

Rc Rd D 
Jump to Address On 0 

Rc Rd -

Figure 6. Output and Internal Next-Cycle Register States for 2909/2911. 

PRINCIPLE 

USE 

End 

Loop 

Set-up 

Loop 

Continue 

End 

Loop 

JSR AR 

JMPAR 

RTS 

Stack Ref 

(Loop) 

End 

Loop 

JSR 0 

JMPD 
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Operation of the 2909/2911 
Figure 5 lists the select codes for the multiplexer. The two bits 
appl/ed from the microword register (and additional combination
allogic for branching) determine which data source contains the 
address for the next microinstruction. The contents of the select
edsouroe 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 indetail 'the effect of So. S1. i=E 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-te-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 Ra through Rd. 

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 

MICROPROGRAM 
EXECUTE CYCLE TO 

EXECUTE CLOCK L CYCLE SEQUENCER 
SIGNALS -ADDRESS INSTRUCTION 

J 1 2909 S1.So 0 

TO J - Inputs i=E H 

T1 J-t1 - (from PUP X 
T2 J+2 JSRA ILWR) 0 X 

T9 J+3 -
- ILPC J+1 

- - STKO -
Internal - - STK1 -

- - Registers 
STK2 -

- - STK3 -
- -

T3 A I(A) 2909 

T4 A+1 Outplit 
Y J+1 -

TS A+2 JSRS ROM 

T7 A+3 Output 
'(V) I(J-tf1) -

Ta A+4 RTS 
- ...:.... " Contents 

" 

- - of",WR 

- - (InstruCtion IL'!'R I(J) 

- - being 
T6 B RTS executed), , 

register (ILWR). The contents of the ILWR also controls (indi
rectly. perhaps) the four signals SO. S1. FE. and PUP. The start
ing address of the subroutine is applied to the 0 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 T2. this instruction is in the ILWR. 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 0 inputs from 
the ILWR and appears on the Y outputs. The first instruction of 
the subroutine. I(A). is accessed and is at the inputs of the p,WR. 
On the next clock transition. I(A) is loaded into the ILWR for exe
cution. and the return address J+3 is pushed onto the stack. 
The return instruction is executed at T5. Figure a is a similar 
timing chart showing one subroutine linking to a second. the 
latter consisting of only one microinstruction. 

T1 T2 T3 14 15 16 T7 18 19 

L L L L L L L L L 
0, 

0 3 0 0 3 2 0 2 0 
H L H H L L H L H 
X H X X H L X L X 
X A X X B X X X X 

J+2 J+3 A+1 A+2 A+3 B+1 A+4 A+5 J+4 
- - J+3 J+3 J+3 A+3 J+3 J+3 

- - - - - J+3 -
- - - - - - -
- - - - - - -

J+2 A A+1 A+2 B A+3 A+4 J+3 J+4 

JSRA I(A) I(A+1) JSRB RTS I(A+3 RTS I(J+3) I(J+4) 

I(J+1) JSR.A I(A) I(A+1 JSRB RTS I(A+3) RTS I(J+3) 

, FIgure 7. Subroutine Executlon. 
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Control Memory 

EXECUTE 

CYCLE 

TO 

T1 

T2 

T6 

T7 

T3 

T4 

T5 
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MICROPROGRAM 
EXECUTE CYCLE TO T1 T2 T3 . T4 TS 

CLOCK 

ADDRESS 

J 1 

J 

J+1 

J+2 

J+3 
J+4 

-
-
-
-
-
A 

A+1 

A+2 

-
-
-
-
-
-
-

L L L L L L SEQUENCER 
SIGNALS -

INSTRUCTION 
2909., S1,SO 0 0 3 0 0 2 

- Inputs FE H H L H H L 

- . (from PUP X X H X X L 

JSRA /LWRj D X X A X X X 

-
- /LPC J+1 J+2 J+3 A+1 A+2 A+3 

- STKO - - - J+3 J+3 J+3 
Internal 

- STK1 - - - - - -
Registers 

STK2 - - - - - - -
- STK3 - - - - - -
-

1 (-A) 2909 
J+3 y J+1 J+2 A A+1 A+2 

- Output 

RTS ROM 
JSRA (Y) I(J+1) I(A) I(A+1) RTS 1(J+3) 

- Output 

-
- Contents 

- o!./LWR 

- (Instruction /LWR I(J) I(J+1) JSRA I(A) I(A+1) RTS 

- being 

- executed) 

Figure S. Two Nested Subroutines. Routine B is Only One Instructlqn. 

ALL INPUTS 
(EXCEPT OE) 

V OUT 
Cn+4 

Figure 12. Switching Waveforms. See Tables for Specific Values. 

T6 T7 TS T9 

L L L L 
0 0 

H H 
X X , 
X X 

J+4 J+!) - -
- - - -
- - - -
- - - -
- - - -

J+4 J+5 

I(J+4 I(J+5) 

1(J+3) .I(J+4) 



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 Ootype register on driver 
• Bus driver output can sink 40mA at 0.5V max. 
• Receiver has output latch for pipeline operation 
• Three-state receiver outputs sink 12mA 
• 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 2915 is a high-performance, low-power Schottky bus trans
ceiver intended for bipolar or MaS microprocessor systemappli
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 
O.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 

AO,o-----r ..... 

Boo---f-fW 

B"o---t--LJ 

A,o---f-fr'l 

B,o---t-tL...J 

A,o---f-tr"'t 

B,o---t-tL...J 
SELECT 

~~:J;; DRCP'o--Do--------' 

~~!BLE BE'o-<O~-------------' 

PART 
PACKAGE 

TEMPERATURE 

NUMBER RANGE 

2915NC N24 O°C to +70°C 

2915JC J24 O°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 Ai data is stored in the 
register and when S is HIGH, the Bi data is stored. The buffered 
common clock (DACP) 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 isinverted 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 (ALE) 
input. When the ALE input is LOW, the latch is open and the 6 

RECEIVER 
L..-----<:to---oRLE LATCH 

ENABLE 

7-43 



2915 

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 ouptuts and are contr611ed by· a 
buffered common three-state control {OE) input. When OE is 
HIGH, the receiver outputs are in the high-impedance state. 

Pin Configuration 

Absolute Maximum Ratings 

Logic Symbol 

438 9 16 15 20 21 

13 

23 DRCP 

11 

17 19 

Vee = Pin 24 
GND1 = Pin 6 
GND2 = Pin 18 

RO 

14 

22 

Storage temperature .................................................................................... -65°e to +150oe 
Temperature (ambient) under bias ...................................................................... -55°e to +125°e 
Supply voltage to ground potential ......................................................................... -0.5V to + 7V 
DCvoltage, applied to outputs for HIGH output state ............................... : ................... -0.5V to +Vee max. 
De input voltage ............................... , ......... ,............................................. --:O.5V to +5.5V 
De output current, into outputs (except bus) ...................... , ................................................. 30mA 
De output current, into bus .......................... , ................................ ,.......................... 100mA 
De input current· .................. , ................................................. , ............... -30mA to +5.0mA 

MILITARY COMMERCIAL 
Bus Input/Output Characteristics TA = -55°C to 

TA = DOC to +7DOC Over Operating Temperature Range +125°C 
VCC MIN = 4.50V VCC MIN = 4.75V 

VCC. MAX = 5.50V VCC MAX = 5.25V 
SYMBOL PARAMETER TEST CONDITIONS1 

MIN TYP MAX MIN TYP MAX 
UNIT 

VOL Bus output LOW voltage Vee = MIN· 
IOL= 24mA 0.4 0.4 

V 
10L = 40mA 0.5 0.5 

VOH Bus output HIGH voltage Vee =' MIN 10H = -20mA 2.4 2.4 V 

Bus leakage current 
Vee = MAX Vo =' 0,4V -20..Q -200 

10 
(high impedance) 

Bus enable = Vo = 2.4V 50 50 JLA 
2.4V Vo = 4;5V 100 100 

10FF 
Bus leakage current Vo = 4.5V 

100 100 JLA 
(power OFF) Vee ~ OV 
Receiver input HIGH ; 

VIH 
threshold 

Bus enable = 2.4V 2.0 2.0 V 

VIL 
Receiver input LOW 

Bus enable = 2.4V 0.8 0.8 V 
threshold 

Ise 
Bus output short Vee = MAX 

-50 -85 -130 -50 -85 -130 mA 
eircuit current VO= OV 
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MILITARY COMMERCIAL 

Electrical Characteristics TA = -55°C to 
TA = O°C to + 70°C 

Over Recommended Operating Range +125°C 
VCC MIN = 4.75V 

VCC MIN = 4.50V 
VCC MAX = 5.25V 

SYMBOL PARAMETER TEST CONDITIONS1 
VCC MAX = 5.50V 

UNIT 
MIN Typ2 MAX MIN TYP2 MAX 

Vee = MIN 
10H = -1.0mA 2.4 3.4 

Receiver output VIN = VIL or 
VOH HIGH voltage VIH 10H = -2.6mA 2.4 3.4 V 

Vee = 5.0V, 10H = -100,..A 3.5 3.5 

Output LOW voltage 
Vee = MIN 10L = 4.0mA 0.27 0.4 0.27 0.4 

VOL VIN = VIL or 10L = 8.0mA 0.32 0.45 0.32 0.45 V 
(except BUS) 

VIH 10L = 12mA 0.37 0.5 0.37 0.5 

VIH 
Input HIGH level Guaranteed input logical 

2.0 2.0 V 
(except BUS) HIGH for all inputs 

VIL 
Input LOW level Guaranteed input logical 

0.8 0.8 V 
(except BUS) LOW for all inputs 

VI 
Input clamp voltage 

Vee = MIN, liN = -18mA -1.2 -1.2 V 
(except BUS) 

Input LOW current 
Vee = MAX BE,RLE -0.72 -'-0.72 

IlL 
VIN = O.4V All other inputs 

mA 
-0.36 -0.36 

IIH 
Input HIGH current 

Vee = MAX, VIN = 2.7V 20 20 ,..A 
(except BUS) 

II 
Input HIGH current 

Vee = MAX, VIN = 7.0V 
(except BUS) 

100 100 ,..A 

Ise 
Output short circuit 

Vee = MAX -30 -85 -30 -85 mA 
current (except BUS) 

ICC Power Supply current Vee = MAX 60 90 60 90 mA 

10 
Off-state output 

Vee = MAX 
Vo = 2.4V 20 20 

,..A 10 current (receiver outputs) Vo = O.4V -20 -20 

Input/Output Current Interface Conditions 

DRIVEN INPUT BUS 

17kO SOO 5kO 

J 
INPUT 

fL 

Note: Actual current flow direction shown. 
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Switching Characteristies 
Over Recommended Ope;allng Temperalure Range 

SYMBOL PARAMETER TEST CONDITIONS 

. 

tPHL 

tPLH 
Driver clock (DRCP) to bus 

CL(bus) = 50pF 

tZH,IZL 
Bus enable (BE) to bus 

RL(bus) = 1300 

IHZ,ILZ 

Is 
. Dala inputs (A or B) 

th 

ts 
Select input (5) 

th 

tpw 
Driver clock (DRCP) 

pulse width (HIGH) 

tpLH Bus to receiver output 

(latch enable) tPHL CL = 15pF 
tPLH Latch enable to receiver 

tpHL output RL = 2.0kO 

ts 
Bus to latch enable (RLE) 

th 

tZH. tZL Output control to 

tHZ, tLZ receiver output 

Notes: 1. For condRions shown as MIN, or MAX, use the appropriate value 
specified under Electrical Characteristics. for. the applicable device 
type, 

2. Typical limits are at Vee = S.OV: 2S'C ambient and maximum 
loading, 

3. Not mote than" one output should be shorted at a time. Duration of 
the short circuR test should not exceed one second. 

Standard Test Load Circuit 

INPUT A R 
OR 2915 OR 

INPUT B ODD 

TEST 
POINT 

MILITARY 
TA = -55°C to 

+125°C .. 
Vee MIN =4.50V 
VCC MAX = 5.50V 
MIN TYp2 MAX 

:21 36 

21 36 

13 26 

13 26 

2S. 
8.0 

28 

8.0 

20 

18 30 

18 30 

21 30 
21 . 30 

17 

6.0 

14 26 

14 26 

"'1 r'" BUS 

~- '1 :6~~o 1 
t I scPF 1~~_1 
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COMMERCIAL 

TA ;';o·e to + 700 e 
VCC MIN = 4.75V 
Vce MAX = 5.25V 

MIN Typ2 
UNIT 

MAX 

21 32 

21 32 
ns 

13 23 
ns 

13 23 

20 ns 
6.0 

25 
ns 

6.0 

17 ns 

18 27 

18 27 
ns 

21 27 
ns 

21 27 

14 
ns 

4.0 

14 23 
ns 

. 14 23 
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Switching Waveforms 
DRIVER 
CLOCK ______ -J~ ~~ ________ ~~~.~==_-==_-==_-~=-::: 

r-"--'h-l I 

~N~(1: S ~ 1/////////// I ~ ::: 
IPLH-i i--- IpHL --I r--

I r- VOH f ~--2.0V BUS 
OUTPUT 

-------,-PH-'L-i=1 'PLH~ t= VOL 

\ F~·:: RECEIVER 
OUTPUT 

\... ---------~ VOL 

Note: Bus to Receiver output delay is measured by clocking data into the driver register and 
measuring the BUS to R oombinatorial delay. 

Function Table 

INPUTS 
INTERNAL 

BUS OUTPUT 
TO DEVICE FUNCTION 

S Ai Bi DRCP BE RLE OE Di Qi BUSi Ri 

X X X X H X X X X Z X Driver output disable 

X X X X X X H X X X Z Receiver output disable 

X X X X H L L X L L H 
Driver output disable and receive data via Bus input 

X X X X H L L X H H L 

X X X X X H X X NC X X Latch received data 

L L X l' X X X L X X X 
L H X l' X X X H X X X 
H X L l' X X X L X X X 

Load driver register 

H X H l' X X X H X X X 
X X X L X X X NC X X X 

No driver clock restrictions 
X X X H X X X NC X X X 
X X X X L X X L X H X 

Drive Bus 
X X X X L X X H X L X 

X = Don't care i = 0, 1,2,3 H = HIGH 
L = LOW 

Z = HIGH Impedance 
NC = No change l' = LOW-to-HIGH transition 

Definition of Functional Terms 
"/If' word data input, AO, A1, A2, A3 
The "N' .word data input into the two input multiplexers of the 
driver register. 

"B" word data input, BO, B1, 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, BUSO, BUS1, BUS2, 
BUS3 
Four driver outputs and receiver inputs (data is inverted). 

Receiver outputs, RO, R1, 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. 

161 
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Quad Three-State Bus Transceiver 
With Interface Logic 
2916 

Features/Benefits 
• Quad high-speed LSI bus transceiver 
• Three-state bus driver 
• lWo-port input to Ootype register on driver 
• Bus driver output can sink 40mA at O.SV max. 
• Internal odd 4-bit parity checker/generator 
• Receiver has output latch for pipeline operation 
• Receiver outputs sink 12mA 
• Advanced low-power Schottky processing 
• 100% reliability assurance testing in compliance with 

MIL-ST0-883 
• 3.SV 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 MaS 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 Ootype latches. 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 t040mA at 
O.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 

SELECT 

g~::~; ORCP<>-------' 

BUS liEo----------~1>-' 
ENABLE 

PART 
PACKAGE 

TEMPERATURE 
NUMBER RANGE 

2916NC N24 O°C to +70°C 

2916JC J24 O°C to +70°C 

2916JM J24 - 55°C to + 125°C 

2916FM F24 -55°C to +125°C 

The input register consists of four Ootype 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 Ai data is stored in the 
register and when S is HIGH, the Bi data is stored. The buffered 
common clock (DRCP) enters the data into this driver register 
on the LOW-to-HIGH transition. 

Oata 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 Ootype 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 
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in the generate or check mode. When the bus enable 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 

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. 

Pin Configuration 

Absolute Maximum Ratings 

Logic Symbol 

13 

23 

11 

4 3 8 9 16 15 20 21 

17 19 

Vee = Pin 24 
GND1 = Pin 6 
GND2 = Pin 18 

12 

Storage temperature .................................................................................. -65°C to +150°C 
Temperature (ambient) under bias ...................................................................... -55°C to +125°C 
Supply voltage to ground potential ......................................................................... -0.5V to + 7V 
DC voltage applied to outputs for HIGH output state .................................................. -0.5V to +VCC max. 
DC input voltage ....................................................................................... -0.5V to +5.5V 
DC output current, into outputs(except bus) ...... : ................................................................. 30mA 
DC output current, into bus .................................................................................. , ... 100mA 
DC input current .................................................................................... -30mA to +5.0mA 

MiliTARY COMMERCIAL 
Bus Input/Output Characteristics TA = -55°C to 

TA = O°C to HO°C Over Operating Temperature Range +125°C 
VCC MIN = 4.50V 

VCC MIN = 4.75V 

VCC MAX = 5.50V 
VCC MAX = 5.25V 

SYMBOL PARAMETER TESTCONDITIONS1 
MIN TYP MAX MIN TYP MAX 

UNIT 

VOL Bus output lOW voltage VCC = MIN 
10l = 24mA 0.4 0.4 

V 
10l = 40mA 0.5 0.5 

VOH Bus output HIGH voltage VCC = MIN 10H = -20mA 2.4 2.4 V 

Bus leakage current 
VCC = MAX Vo = O.'lV -200 -200 

10 Bus enable = Vo = 2.4V 50 50 !LA 
(high impedance) 

24V Vo = 4.5V 100 100 

10FF 
Bus leakage current Vo = 4.5V 

100 100 !LA 
(power OFF) VCC = OV . 

VIH 
Receiver input HIGH 

Bus enable = 2.4V 2.0 2.0 V 
threshold . 

VIL 
Receiver input LOW 

Bus enable = 2.4V 0.8 0.8 V 
threshold 

ISC 
Bus output short VCC = MAX 

-50 
Circuit current VO= OV 

-85 -130 -50 -85 -130 rnA 
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MILITARY COMMERCIAL 

Electrical Characteristics TA = -55°C to TA = O°C to + 70°C 
Over Recommended Operating Range +125°C 

VCC MIN = 4.75V 
VCC MIN = 4.50V 

VCC MAX = 5.25V 
SYMBOL PARAMETER TEST CONDITIONS1 

VCC MAX = 5.50V 
UNIT 

MIN Typ2 MAX MIN Typ2 MAX 

Vee = MIN 
IOH = -1.0mA 2.4 3.4 

VOH 
Receiver output VIN = VIL or 
HIGH voltage VIH IOH = -2.6mA 2.4 3.4 V 

Vee = 5.0V, IOH = -100J-LA 3.5 3.5 

VOH 
Parity output HIGH Vee = MIN, IOH = ··660J-LA 2.5 3.4 2.7 3.4 V 
voltage VIN = VIH or VIL 

Vee = MIN IOL = 4mA 0.27 0.4 0.27 0.4 

VOL 
Output LOW voltage 

VIN = VIL IOL = 8mA 0.32 0.45 0.32 0.5 V 
(except bus) 

or VIH IOL = 12mA 0.37 0.5 0.37 0.5 

VIH 
Input HIGH level Guaranteed input logical 

2.0 ?D V 
(except bus) HIGH for all inputs 

VIL 
Input LOW level Guaranteed input logical 0.8 V 
(except bus) LOW for all inputs 

VI 
Input clamp voltage Vee = MIN, -1.2 -1.2 V 
(except bus) liN = -18mA 

IlL 
Input LOW current Vee = MAX, I BE, RLE -0.72 ~0.72 mA 
(except bus) VIN = O.4V I All other inputs -0.36 -0.36 

IIH 
Input HIGH current Vee = MAX, 20 20 J-LA 
(except bus) VIN = 2.7V 

II 
Input HIGH current Vee = MAX, 100 100 /LA 
(except bus) VIN = 7.0V 

Ise 
Output short circuit 

Vee = MAX -30 -85 ~30 -85 mA 
current (except bus) 0 ICC Power supply currents 

Vee = MAX, 75 110 75 110 mA 
all inputs = GND 

Input/Output Current Interface Conditions 

DRIVEN INPUT BUS DRIVING OUTPUT 

17kf! 5011 Skll 6011 

INPUT o-...,....-Kf-~-l)I--<r 

Note: Actual current flow direction shown. 
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Switching Characteristics 
Over Recommended Operating Temperature Range 

." 

SYMBOL PARAMETER TEST CONDITIONS 

tPHL 
Driver clock (DRCP) to bus 

CL(bus) = 50pF 

tpLH RL(bus) =1300 

tZH, tZL 
Bus enable'(BE) to bus 

tHZ, tLz 

ts 
Data inputs (A or B) 

th 

ts 
Select inputs (5) 

Ih 
tpw Clock pulse width (HIGH) 

tPHL Bus to receiver output CL = 15pF 

tPHL (latch enabled) RL = 2.0kO 

tPLH Latch enable to 

tpHL 
receiver output 

ts 
Bus to latch enable (RLE) 

th 

tpLH A or B data to odd parity 

tPHL output (driver enabled) 

tPLH Bus to odd parity output 

(driver inhibited, latch 
tPHL enabled) 

tpLH Latch enable (RLE) to 

tPHL odd parity output 

Notes: 1. For conditions shown as MIN, or MAX, use. the appropriate value 
speclfled under Electrical Characteristics for the applicable device 
type. 

Switching Test Circuit 

TEST 
POINT 

MILITARY 
TA = -55°C to . "COMMERCIAL 

+125°C . :tA= .. o~e to.+700e I.' 
Vee MIN = 4.50V Vee MIN = 4.75V 
vee MAX = 5.50V Vee MAX = 5.25V UNIT 
MIN TYP2 MAX MINTYP2 MAX 

21 36 21 32 
ns 

21 36 .,21 32 

13 26 13 23 

13 26 13 23 
ns 

23 20 
ns 

8.0 6.0 

28 25 
8.0 6.0 

ns 

20 17 ns 

18 30 18 27 

18 30 18 
ns 

27 

21 30 21 27 

ns 
21 30 21 27 

17 14 

6.0 4.0 
ns 

21 36 21 32 

21 36 21 32 
ns 

21 36 21 32 
ns 

21 36 21 32 

21 36 21 32 ns 
21 36 21 32 

2. Typicallimils are at Vee = 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 A . 
OR 

INPUTB 
2916 

R 
OR~--~---.--~~K~~ 

ODO 

BUS 
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Switching Waveforms 
DRIVER 
CLOCK 

A 
INPUT 

BUS 
OUTPUT 

RECEIVER 
OUTPUT 

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 

INPUTS 
INTERNAL 

BUS OUTPUT 
TO DEVICE FUNCTION 

S Ai Bi DRCP BE RLE OE Di Qj BUSi Ri 

X X X X H X X X X Z X Driver output disable 

X X X X X X H X X X Z Receiver output disable 

X X X X H L L X L L H 
Driver output disable and receive data via Bus input 

X X X X H L L X H H L 
X X X X X H X X NC X X Latch received data 

L L X t X X X L X X X 
L H X t X X X H X X X 

Load driver register 
H X L t X X X L X X X 
H X H t X X X H X X X 
X X X L X X X NC X X X 

No driver clock restrictions 
X X X H X X X NC X X X 
X X X X L X X L X H X 

Drive Bus 
X X X X L X X H X L X 

X = Don't care i = 0, 1,2,3 H = HIGH 
L = LOW 

Z = HIGH Impedance 
NC = No change t = LOW-to-HIGH transition 

Definition of Functional Terms 
.. ~' word data input, AO, A1, A2, A3 
The 'W' word data input into the two input multiplexers of the 
driver register. 

"B" word data input, BO, B1, 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 Q) 

When the bus enable is HIGH, the four drivers are in the high 
impedance state. 

Driver outputs and receiver inputs, BUSO, BUS1, BUS2, 
BUS3 
Four driver outputs and receiver inputs (data is inverted). 

Receiver outputs, RO, R1, 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-Stat. Bus Transceiver 
With Interface Logic 
2917 .. 

Features/Benefits 
• Quad high-speed LSI bus-transceiver 
• Three-state bus driver 
• D-type register on driver 
• Bus driver output can sink 40mA at O.SV max 
• Internal odd 4-blt parity checker/generator 
• Receiver has output latch for pipeline operation 
• Three-state receiver outputs sink 12mA 
• Advanced low-power Schottky processing 
• 100% reliability. assurance testing In compliance with 

MIL-STD-883 
• 3.SV minimum output high voHage for direct interface to 

MOS microprocess;ors 

Description 
The 2917 is a high-performance, low-power Schottky bus trans
ceiver intended for bipolar or MOS microprocessor system appli
cations. The devic(i consislt\ 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 tei the input of a 
receiver. The fpur receiver outputs drive four D-type latches, 
that feature three-state outputs. The device also contains a four
bit odd. parity checker Igenerator. 

The L~lbus transGeiver is fabricated JJsing advanced low-power 
Schottky processing"AII inputs (except the BUS inputs) are one 
LS unit load. The three-state. bus output can sink up to 40rilA at 

Logic Diagram 

PART 
PACKAGE 

TEMPERATURE 

NUMBER RANGE 

2917NC N20 O°C to +70°C 

2917JC J20 O°C to +70°C 

2917JM J20 -55°Cto+125°C 

2917FM* F20 -55°Cto+125°C 

• Available on special order 

O.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 co~slsts of four D-type flip-flops with a 
buffered common clock.' The buffered common clock (DACP) 
enters the Ai 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 inpui is inverted at the receiver olltput. Thus,' 
data is non-inverted from driver input to receiver output. The.four' 
receivers each feature a built-in D-typelatchthat is controlled 
from the buffered receiver latch enable (ALE) input. When the 
ALE input is LOW, the latch is open and the. rec.eiver outputs will 
follow the bus inputs (BUS data inverted and OE LOW). When 
the ALE input is HIGH,:the.latch will close and retain.the present 

PARITY 

,~~~~: DRCP 

:~!BLE lEo-----'----<o[>-..J 
RECEIVER 

'-------<><!--<>RLE LATCH 
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 

;~l':· ' ~ 

in 't~e generate or check inode'. When the bus enable islbw 
(driver .enl;l.bled), odd parity, is generated based on, the ,A field 
data input to the driver r~giSter. 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. 

Pin Configuration Logic Symbol 

,. 

Absolute Maximum Ratings 

,Rp 

14 18 

Vee = Pin 20 
GND, = Pin 5 
GND2 = Pin 15' 

" R, 

R, 

R. 

10 

12 

" 

18 

Storage temperature .................................................................................. -65°e to +150oe 
Temperature (ambient) under bias .: .................................................................... -S5°e to +125°e 
Supply voltage to ground potential ........ ,' ............................................................... '. -0.5V to + 7V 
De voltage applied to outputs for HIGH output state .............................................. : .... -0.5V to+Vee max. 
De input voltage ....................... : ........................................................... ', ... -0.5V to +5.5V 
De output current; into outputs (except bus) ...................................................... , ................. 30mA 
DC output current, into bus ...................................................................................... 100mA 
De input current .................................................................................... -30mA to +5.0mA 

MILITARY COMMERCIAL 
Bus Input/Output Characteristics TA = -SS·C to 

TA = O°C to + 70°C Over Operating Temperature Range +12SoC 
VCC MIN";' '4.7SV 

VCC MIN = 4.S0V 
VCC MAX =S'50V 

VCC MAX = S.2SV 
SYMBOL PARAMETER TEST CONDITIONS1 

MIN ryp MAX MIN TYP MAX 
UNIT 

10l = 24mA 0.4 
, 

0.4 
VOL Bus output lOW voltage Vee =M1N V 

10l = 40mA 0.5 0.5 

VOH Bus output HIGH voltage Vee = MIN 10Hc= -20mA 2.4 2.4 .,,> \ V 

Bus leakage current 
Vee = MAX Vo = 0.4V -200 -200 

10 Bus enable = Vo = 2.4V 50. 
" 50 /LA 

(high impedance) 
2.4V Vo = 4.SV 100 100 

Bus leakage current Vo = 4.5V .. 
10FF 

(power OFF) Vee = OV 
100 100 /LA 

VIH 
Receiver input~IGH 

threshold 
Bus enable = 2.4V 2.0 2.0 V 

VIL 
Receiver input lOW 

Bus enable = 2.4V 
threshold 

0.8 0.8, V 

Ise 
Bus output short Vee = MAX 

-50 -85 -130 -50 -85 -130 rnA 
eircuit current VO= OV 
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Electrical Characteristics 
Over Recommended Operating Range 

SYMBOL PARAMETER TEST CONDITIONS1 

Vee = MIN 
IOH = ,-1.0mA 

Receiver output VIN = Vilor 
VOH HIGH voltage VIH IOH = -2.6mA 

Vee = S.OV, IOH =-100/LA 

Parity output HIGH Vee = MIN, IOH = -660/LA 
VOH 

voltage '"'~, VIN = .VIH or Vil 

Output lOW voltage 
Vee = MIN IOl = 4mA 

Val 
(except bus) 

VIN= Vil IOl = SmA 

orVIH IOl = 12mA 

VIH 
Input HIGH level Guaranteed input logical 

(except bus) HIGH for all inputs , Input LOW level Guaranteed input logical. 
VII" (except bus) lOW for all inputs 

VI, 
Input clamp voltage Vee = MIN, 

(except bUS) liN = ,--1SmA 

III 
Input lOW current Vee == MAX, BE,RlE 
(except bus} . VIN = 0.4V All other inputs 
Input HIGH current . Vee - MAX, 

IIH ; 

(exceplbus) VIN == 2.7V 

It 
Input HIGH current Vee - MAX, 

.. (except bust· , . YIN = 7.0Y 

Ise 
Output short circuit 

Vee = MAX 
current (except bus) 

ICC Power supply currents 
Vee = MAX, 
all inputs = GND 

Off-state output Va = 2.4V 
10 current (receiver Vee = MAX. 

outputs) Vo = 0.4V 

Input/Output Current Interface CondHions 

BUS 

J 
INPUT o-....... -KI--........ n .. ·'-'-+-

Note: Actual currenl flow direction shown. 

MILITARY 
TA = -55°C to COMMERCIAL 

+125°C TA = DoC to +70°C 
VCC MIN = 4.50V VCC MIN = 4.75V 
VCC MAX = 5.50V VCC MAX = 5.25V 
MIN Typ2 MAX MIN Typ2 MAX 

2.4 3.4 

2.4 3.4 

3.5 3.5 

2.5 3.4 2.7 3.4 

0.27 0.4 0.27 0.4 

0.32 0.45 0.32 0.5 

0.37 0.5 0.37 0.5 

2.0 2.0 

O.S 

-1.2 -1.2 

-0.72 -0.72 

-0.36 -0.36 

20 20 

100 100 

-30 "-S5 -30 ,,-S5 

63 95 63 95 

20 20 

''''',20 -20 

DRIVING OUTPUT 

I 
I 
I 
I 
I -..---+-1:: 
I 
I 
I 

600 

OUTPUT, ODD 

UNIT 

V 

V 

V 

V 

V 

V 

mA 

/LA • 

j.,. 

11:.': 

mA 

mA 

/L~ 
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Switching Char.cteristlcs 
~ ,<- " 

Over Recommended Operating Temperature Range 

SYMBOL PARAMETER TEST CONDITIO~,~ 

tpHL Driver clock (DRCP) 

tPLH to bus CUbus) = 50pF 
tZH. tZL 

Bus enable (BE) to bus RUbus) = 500 
tHZ. tLZ 

ts 
A data inputs 

tli 

tpw Clock pulse width (HIGH) 

tPLH Bus to receiver output 

tpHL (latch enabled) 
tpLH Latch enable to 

tpHL receiver output 

ts Bus to latch CL = 15pF 

th enable (RLE) RL = 2.0kO 

tpLH A data to odd parity 

tPHL out (driver enabled) 

tpLH Bus tei odd parity 

tPHL out (driver inhibit) 

tpLH Latch enable (RLE) 

tPHL to odd parity output 

tZH. tZL 
Output control to output 

tHZ. tLZ 

Notes: 1. For oonditions shown as MIN, or MAX; use the appropriate value specilled under 
Electrical Characteristics for the applicable device type. 

2, Typicallimils are at Vee = p.OV, 2SoC ambient and maximum loading. 
3: Not mbre than one oUlplit should be shorted at a time. Duration of the short circuit test 

should not exceed one seoond. 

Standard Test Load Circuit 

, INPUT A 
OR 

,INPUT B 
~917 

BUS 

TEST 
POINT 

MILITARY COMMERCIAL 
TA = -55°C to 

'TA = O°C to+ 70°C ' +12SoC 

VCCMIN = 4.S0V 
VCC MIN =4.7SV 

VCC MAX = S.SOV 
VCC MAX = S.25V 

UNIT 
MIN TYp2 MAX MIN TYP2 MAX 

21 36 21 32 ns 
21 36 21 32 

13 26 13 23 ns 
13 26 13 23 

23 20 ns 
8.0 6.0 

20 17 ns 

18 30 18 27 ns 
18 30 18 27 

21 30 21 27 

21 
ns 

21 30 27 

17 14 
ns 

6.0 4.0 

21 36 21 32 
ns 

21 36 21 32 

21 36 21 32 ns 
21 36 21 32 

21 36 21 32 
ns 

21 36 21 32 

14 26 14 23 
ns 

14 26 14 23 
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Function Table 

INPUTS 
INTERNAL 

BUS OUTPUT [TO DEVICE FUNCTION 
AI DRCP BE RLE OE 0\ OJ BUSj Ri 

X X H. X X X X Z 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 t X X X L X X X 
Load driver register 

H t 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 

Drive Bus 
X X L X X H X L X 

H = HIGH 

L = LOW 

Z = High Impedance 

NC = No Change 

X = Don't Care i = 0,1,2,3 

t = LOW-to-HIGH Transition 

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, BUSQ, BU~, BUS2, 
BUS3 
Four driver outputs and receiver inputs (data is inverted). 

Receiver outputs, RO, R1, R2, R3 
The four receiver outputs. Data from the bus is inverted whjle 
data from the A or B inputs is non-inverted. 

Parity Output Function Table 

Receiver latch enable, R[E 
When AlE is LOW, data on the BUS inputs is passed through 
the receiver latches. When RLE is HIGH, the receiver latches 
~re closed and will retain the data independent of all other;~ 
Inputs. ' .,' 

Odd parity output, 0.00 
Generates parity with the 'driver enabled, checks parity with the 
driver in the high-impedance state. 

Output enable, OE 
When the DE input is HIGH, the four three-state receiver 
outputs are in the high-impedance slate. 

r 
BE ODD PARITY OUTPUT 

L ODD = AO $ A1lB A2 $ A3 
H ODD = 00 $ 01 $ 02 $03 





Quad D Register With Standard 
and Three-State Outputs 
2918 

Features/Benefits Ordering Information 

• Advanced Schottky technology 
• Four Ootype 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 (CPl and a buff
ered common output control (OEl 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" (OEl 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. 

PART 
NUMBER 

2918NC 

2918JC 

2918JM 

2918FM 

Logic Diagram 

00----10 

CP 

0, ---+----t 

03---+~ 

CLOCK CP 

Pin Configuration 
OUTPUT De 

Note: Pin 1 is marked for orientation. 

CONTROL 

Logic Symbol 

VCC = Pin 16 

GND = Pin 8 

PACKAGE 
TEMPERATURE 

RANGE 

N16 O°C to +70°C 

J16 O°C to +70°C 

J16 -55°C to +125°C 

F16 +55°Cto +125°C 

O\----~~:~l 
STANDARD 

~---02 OUTPUTS 

a 
,-----03 

o 

Yo 

Y, 

CP 

OE 

THREE STATE -=-
OUTPUTS ~ 

12 15 

2 5 11 14 3 6 10 13 
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Absolute Maximum Ratings 
Storage temperature .................................................................................. -6soe to + 1S0oe 
Temperature (ambient) under bias ...................................................................... -ssoe to +12Soe 
Supply voltage to ground potential continuous ............................................................ -O.S V to + 7.0 V 
DC voltage applied to outputs for high output state .................................................. -o.S V to + Vec max. 
DC input voltage ............................................................. ; ........................ -o.S V to + 7.0 V 
DC output current, into outputs .................................................................................... 30mA 
DC input current ........................... : ......................................................... -30mA to +S.OmA 

Electrical Characteristics Over Recommended Operating Range 

SYMBOL PARAMETER TEST CONDITIONS1 MIN Typ2 MAX 

IMIL 2.S 3.4 
VCC = MIN., Q 10H = -1mA ICOM'L 2.7 3.4 

VOH Output HIGH Voltage ViN = VIH or 
yl XM, 10H = -2Ma 2.4 3.4 

VIL I XC, 10H = -6.SmA 2.4 3.4 

VOL Output LOW Voltage6 VCC. = MIN., 10L = 20mA 
O.S 

VIN = VIH or VIL 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

2.0 
voltage for all inputs 

VIL Input LOW Level 
Guaranteed input logical LOW 

voltage for all inputs 
O.S 

VI Input Clamp Voltage VCC = MIN., liN = --1SmA -1.2 

IIL3 Input LOW Current VCC = MAX., VIN = O.SV -2.0 

IIH 3 InputHIGH Current Vec = MAX., VIN = 2.7V SO 

II Input HIGH Current VCC = MAX., VIN = S.SV 1.0 

10 
Y Output Off-State 

Vec = MAX. 
I Va = 2.4V so 

Leakage Current I Va = 0.4V -so 

ISC 
Output Short Circuit 

VCC = MAX. -40 -100 
Current 4 

ICC Power Supply Current VCC = MAX. so 130 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value 
specified under Electrical Characteristics for the applicable d~vice 
type. ' 

4. Not more than one output should be shorted at a time. Duration of 
the short circuit test should not exceed one second. 

5. lee is measured with aU inputs at 4.5V and aU outputs open. 

UNIT 

V 

V 

V 

V 

V 

rnA 

}J-A 

rnA 

}J-A 

rnA 

rnA 

2. Typical limits are at vce ~ 5.0V. TA ~ 25°e ambient and 
maximum loading. 

6. Measured on Q outputs with Y outputs open. Measured on Y outputs 
with Q outputs open. 

3. Actual input currents = Unit Load Current x Input Load Factor (see 
Loading Rules). 
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Switching, Characteristics 
TA =,+25"C, vee = 5.0 V 

SYMBOL DESCRIPTION 

tPLH' 
Clock to Q Output 

tpHL 

tpw 
'1 HIGH 

Clock Pulse Width I LOW 

ts D~ta 

th pata 

tPLH Clock to Y Output 

tPHL (OELOW) 

tzH 

tzL Output Control to Output 
tHz 
tLZ 
fmax Maximum Clock Frequency 

. TEST CONomONS MIN 

.. , 7.0 

!;j.b 
CL = 15pF 5.0 

3.0 

i-' 

'. 
CL = 15pF 

CL = 5.0pF 

CL - 15pF 75 

TVP. ,,.', MAX UNITS 

6.0; 9,0; 
ns 

8.5 13 

" ns 

ns 

ns 

6.0 9.0 ',' 

8.5 1'3 
ns 

12.5 19 

12 18 

4.0 6.0 
ns 

' .. 7.0, 1,0.5 
100 MHz 

7~3 
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Functional 18ble 
INPUTS OUTPUTS 

CLOCK NOTES 
OE CP 0 Q V 

H L X NC Z -
H H X NC Z -
H i L L Z -
H t H H Z -
L t L L L -
L i H H H -
L - - L L 1 
L - - H H 1 

NC = No change L= LOW 
H = HIGH 
X = Don't care 

t = LOW to HIGH transition 
Z = High impedance 

Note: 1. When OE Is lOW. the V output will be in the same logic stste as the 0 
output. 

Definition of Functional Terms 
Data inputs, 01 
The four data inputs to the register. 

Data outputs, QI 
The four data outputs of the register with standard totem-pole 
active pull-up outputs. Data is passed non-inverted. 

Three-state data outputs, VI 
The four three-state data outputs of tile register. When the three
state outputs are enabled, data is P!lSSed non-inverted. A HIGH 
on the "output control" input forces the Yi 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 Yi outputs are in the high 
impedance state. When the OE input is LOW, the TRUE register 
data is present at the YI outputs. 

Loading Rules (In Unit Loads) 

Fan-out 

Input Output Output 

Input/Output PlnNo.'s Unit Load HIGH LOW 

DO 1 1 - -
00 2 - 20 10' 

YO 3 - 40/130 10' 

01 4 1 - -
01 5 - 20 10' 

Yl 6 - 40/130 10' 

CE 7 1 - -
GND 8 - - -
CP 9 1 - -
Y2 10 .- 40/130 10' 

02 11 - 20 10' 

02 12 1 - -
Y3 13 - 40/130 10' 

03 14 - 20 10' 

03 15 1 - -
Vee 16 - - -

A Schottky TTL Uhit Load Is defined as 50p.A measured at 2.7V HIGH and 
~2.0mA measured at 0.5V LOW. 

• Fan-out on each Oi and Vi output pair should not exceed 15 unft loeds 
(3OmA) for i = O. 1. 2. 3. . . . • 

Schottky Input/Output 
Current Interface Conditions 

Note: Actual current now direction shown. 

UNrrLOAD 
2.81<11 NOM 



Quad D Register With Standard 
And Three-State Outputs 
29LS18 

Features/Benefits 
• Low-power Schottky version of the popular 2918 
• Four standard totem-pole outputs 
• Four three-state outputs 
• Four Ootype flip-flops 
• 100% product assurance screening to MIL-STO-883 

requirements 

PART 
NUMBER 

29LS18NC 

29LS18JC 

29LSl8JM 

29LS18FM 

PACKAGE 

N16 

J16 

J16 

F16 

Description 
Pin Configuration 

The 29LS18 consists of four Ootype flip-flops with a buffered 
common clock. Information meeting the set-up and hold require
ments on the 0 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 Law. 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 29LS18 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 

12 15 

CP 

OE 

2 5 11 14 3 6 10 13 

VCC = Pin 16 
GNO = Pin 8 

Logic Diagram 

DO 

CLO 

CP 

CK 
........ 

" 
PUT OUT 

CON TROL 

OE 

0 

c---<: CP 

D 

~ CP 

0 

~ CP 

0 

CP 

a 

a-

a-I-

0 
a 

01 
a 

0 

TEMPERATURE 
RANGE 

O°C to +70°C 

O°C to +70°C 

-55°C to +125°C 

+55°Cto +125°C 

...... 

j 

r-

01 DO] 
STANDARD 

02 OUTPUTS 

D3 

YO 

THREE STATE 
OUTPUTS 

~. 

-tr-
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Absolute Maximum Ratings 
Storage temperature .................................. , ................................................ -65'e to+150'e 
Temperature (ambient) under bias ...................................................................... -55'e to +125'e 
Supply voltage to ground potential continuous ............................................................ -0.5 V to + 7.0 V 
De voltage applied to outputs for high output state ....................... > •••••••••••••••••••••••••• -0.5 V to + Vee max. 
De input voltage ...................................................................................... -0.5 V to + 7.0 V 
De output current, into outputs ................................. > •••••••••••••••••••••••••••••••••••••••••••••••••• 30mA 
De input current ..................................................................................... -30mA to +5.0mA 

MILITARY 
TA = ~55'C to COMMERCIAL 

Electrical Characteristics +125'C TA = O°C to +70% 
Over Recommended Operating Range VCC = 5.0V ± 10% VCC = 5.0V ± 5% 

MIN = 4.50V, MIN = 4.75V, 

SYMBOL PARAMETER TEST CONDITIONS1 
MAX = 5.50V MAX = 5.25V 

MIN TVp2 MAX MIN TVP2 MAX 

Vee = MIN Q, 10H = -660/LA 2.5 3.4 2.7 3.4 

VOH Output HIGH voltage VIN = VIH or y, 10H = -1.0mA 2.4 3.4 

VIL Y, 10H = 2.6mA 2.4 3.4 

Vee = MIN 10L = 4.0mA 0.4 0.4 

VOL Output LOW voltage VIN = VIH or 10L = 8.0mA ... 0.45 0.45 

VIL 10L = 12mA 0.5 0.5 

Guaranteed input 

VIH Input HIGH level logical HIGH voltage 2.0 2.0 

for all inputs 

VIL Input LOW level 
Guaranteed input logical 

0.7 0.8 
LOW voltage for all inputs 

VI Input clamp voltage Vee = MIN, liN = -18mA -1.5 -1.5 

IlL Input LOW current Vee = MAX, VIN = 0.4V -0.36 -0.36 

IIH Input HIGH current Vee - MAX, VIN - 2.7V 20 20 

II Input HIGH current Vee = MAX, VIN = 7.0V 0.1 0.1 

102 
Off·state (high impedance) 

Vee = MAX 
Vo = O.4V -20 -20 

output current Vo = 2.4V 20 20 

Ise Output short circuit current3 Vee = MAX -15 -85 -15 -85 

lee Power supply current4 Vee = MAX 17 28 17 28 

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. 

7·66 

2. Typical limits are at VCC ~ S.OV, 25'C ambient and maximum 
loading. 

4. ICC is measured with all inputs at 4.SV and all outputs open. 

UNIT 

V 

V 

V 

V 

V 

mA 

/LA 
mA 

/LA 

mA 

mA 



Switching Characteristics 
TA = +25°C, vee = 5.0 V 

SYMBOL PARAMETER 

tpLH 
Clock to Oi 

tPHL 

tPLH Clock to Yi (OE LOW) 
tpHL 

tpw 
C . I LOW 

lock Pulse Width I HIGH 

ts Data 

th Data 

tZH -
OE to Yi 

tZL 

tHZ 
OE to Yi 

tLZ 

fmax Maximum Clock Frequency1 

Switching Characteristics 
Over Operating Range2 

SYMBOL PARAMETER 

tPLH Clock to Oi 
tPHL 

tpLH 
Clock to Yi (OE LOW) 

tpHL 

tpw 
. /LOW 

Clock Pulse Width I HIGH 

ts Data 

th Data 

tZH 

tZL 
OE to Yi 

tHZ 
OE to Yi 

tLZ 
fmax Maximum Clock Frequency1 

29LS18 

TEST CONDITIONS 

CL = 15pF 

RL'= 2.0kil 

CL = 5.0pF 

RL = 2.0kil 

TEST CONDITIONS 

CL = 50pF 

RL = 2.0kfl 

CL - 5.0pF 

RL = 2.0kil 

MIN TYP MAX UNIT 

18 27 

18 27 
ns 

18 27 

18 27 
ns 

18 

15 
ns 

15 ns 

5.0 ns 

7.0 11 

8 12 
ns 

14 21 
nS 

12 18 

35 50 MHz 

MILITARY 
COMMERCIAL TA = -55°C to 

TA = DoC to +70°C +125°C 
VCC = 5.0V ±5% VCC = 5.0V ± 10% 

UNIT 
MIN MAX MIN MAX 

38 45 
ns 

38 45 

35 40 

35 40 
ns 

20 20 

20 20 
ns 

15 15 ns 

5.0 5.0 ns 

15 17 
ns 

16 17 

27 30 
ns 

24 30 

30 MHz 

NOTES: 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, 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 

OE 

H 
H 
H 
H 
L 
L 

L 
L 

L = LOW 
H = HIGH 

INPUTS 
CLOCK 

CP 

L 
H 

i 
i 
i 
i 
-
-

X = Don't care 

0 

X 
X 
L 

H 

L 
H 

-
-

OUTPUTS 

NOTES 
Q V 

NC Z -
NC Z -
L Z -
H Z -
L L -
H H -
L L 1 
H H 1 

NC = No change 
i = LOW to HIGH transition 
Z = High impedance 

Note: 1. When BE is LOW, the Y output will be in the same logic state as the Q 

output. 
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Definition of Functional Terms 
Data inputs, 01 
The four data inputs to the register. 

Data outputs, Qi 
The four data outputs of the register with standard totem-pole 
active pull-up outputs. Data is passed non-inverted. 

Three-state data outputs, Vi 
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 Vi 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 Vi outputs are in the high 
impedance state. When the OE input is LOW, the TRUE register 
data is present at the Vi outputs. 



Quad Register With Two 
Independently Controlled Three-State 
Outputs 2919 

Features/Benefits 
• Two sets of fully buffered three-state outputs 
• Four OOtype flip-flops 
• Polarity control on one set of outputs 
• Buffered common clock enable 
• Buffered common asynchronous clear 
• Separate buffered common output enable for each set of 

outputs 
• 100% product assurance screening to MIL-STO-883 

requirements 

Description 
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 althe three-state outputs 
when the output control (OE) input is LOW. When the appropriate 
OE input is HIGH, the outputs are in the high impedance state. 
Two independent sets of outputs-Wand V-are provided such 
that the register can simultaneously and independently drive 
two Duses. 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 
29LS19 is packaged in a space saving (0.3-inch row spacing) 
20-pin package. 

Logic Symbol 

4 13 16 

17 

19 

18 POL 

2 5 12 15 3 6 11 14 

Vee = Pin 20 
GND = Pin 10 

Pin Configuration 

Logic Diagram 

Il1 _4~TO'--", 

E 
ENABLE 

CP 
CLOCK 

CIA 5"E-Y OE-W 
CLEAR POL OUTPUT ENABLE 

POLARITY 
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Absolute Maximum Ratings 
Storage temperature .................................................•................................. -65°e to +150oe 
Temperature (ambient) under bias ...................................................................... -55°e to +125°e 
Supply voltage to ground potential continuous ............................................................ -0.5 V to +7.0 V 
De voltage applied to outputs for high output state ................................................. -0.5 V to + Vee max. 
De input voltage ...................................................................................... -0.5 V to + 7.0 V 
De output current, into outputs .................................................................................... 30mA 
De input current ..................................................................................... -30mA to +5.0mA 

MILITARY 
TA = -55°C to COMMERCIAL 

Electrical Characteristics +125°C TA = DoC to +70% 
Over Recommended Operating Range VCC = 5.0V ± 10% Vee = 5.OV ± 5% 

MIN = 4.50V, MIN = 4.75V, r--
SYMBOL PARAMETER TEST CONDITIONS1 

MAX = 5.5OV MAX = 5.25V 
UNIT 

MIN Typ2 MAX MIN Typ2 MAX 

Vee =MIN 10H = -1.0mA 2.4 3.4 

VOH Output HIGH voltage VIN = VIH or V 

Vil 10H = -2.6mA 2.4 3.4 

Vee = MIN 10l = 4.0mA 0.4 0.4 

Val Output lOW voltage VIN = VIH or 10l = B.OmA 0.45 0.45 V 

Vil 10l = 12mA 0.5 0.5 

Guaranteed input 

VIH Input HIGH level logical HIGH voltage 2.0 2.0 V 

for all inputs 

Vil Input lOW level 
Guaranteed input logical 

lOW voltage for all inputs 
0.7 0.8 V 

VI Input clamp voltage Vee = MIN, liN = -18mA -1.5 -1.5 V 

III Input lOW current Vee = MAX, VIN = O.4V -0.36 -0.36 rnA 

IIH Input HIGH current Vee = MAX, VIN = 2.7V 20 20 /LA 

II Input HIGH current Vee = MAX, VIN = 7.0V 0.1 0.1 rnA 

10Z 
Off-state (high-impedance) 

Vee = MAX 
Va = O.4V -20 -20 

/LA 
output current Va = 2.4V 20 20 

Ise Output short circuit current3 Vee MAX -15 -85 -15 -85 rnA 

lee Power supply current4 Vee = MAX 24 36 24 39 rnA 

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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Switching Characteristics 
TA +2s oe, Vec = S.ov 

SYMBOL PARAMETER 

tPHL 
Clock to Vi 

tpHL 

tpHL Clock to Wi 

tPHL (either polarity) 

tPHL Clear to Vi 

tPLH Clear to Wi 
tpHL 

tPLH Polarity to Wi 
tPHL 

tpw Clear 

tpw 'd h I LOW 
Clock pulse WI t I HIGH 

ts Data 

tn Data 

ts Data enable 

th Data enable 

Is 
Set-up time. clear 

recovery (inactive) to clock 

tZH Output enable to W or V 
tZL 

tHZ Output enable to W or V 
tLZ 

fmax Maximum clock frequency1 

2919 

TEST CONDITIONS 

CL = 15pF 

RL = 2.0kO 

CL = 5.0pF 

RL = 2.0kO 

CL'" 15pF 

RL = 2.0kO 

MIN TYP MAX UNIT 

22 33 

20 30 
ns 

24 36 
24 36 

ns 

29 43 ns 

25 37 

30 45 
ns 

23 34 

25 37 
ns 

18 ns 

15 

18 
ns 

15 ns 

5 ns 

20 ns 

0 ns 

20 15 ns 

11 17 

13 20 
ns 

13 20 

11 17 
ns 

35 45 MHz 

NOTES: 1. Per, industryconvenlion. fmax is the worst case value of the maximum device operating frequency with no constraints on tr• 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 Range2 COMMERCIAL TA = -55°C to 

TA = O°C to +70°C +125°C 

SYMBOL PARAMETER TEST CONDITIONS 
VCC = 5.0V±5% VCC= 5.0V ±10% 

UNIT 
MIN MAX MIN M~X 

tpLH 
Clock to Yi 

39 42 

39 
ns 

tPHL 45 

tpLH Clock to Wi 41 43 

(Either polarity) 
ns 

tPHL 44 48 

tpHL Clear to Yi 52 58 ns 

tPLH Clear to Wi 
42 43 

ns 
tPHL 51 53 

tPLH Polarity to Wi 
41 45 

CL = 50pF 
ns 

tPHL 42 44 

tpw Clear RL = 2.0kO 20 20 ns 

Clock 
I LOW 20 20 

tpw I HIGH 
ns 

20 20 

ts Data 15 15 ns 

th Data 10 10 ns 

ts Data enable 25 25 ns 

th Data enable 0 0 ns 

ts 
Set-up time, clear 

recovery (inactive) to clock 
23 24 ns 

tZH Output enable to Wi or Y i 
24 27 

ns 
tZL 29 35 

tHZ Output enable to Wi or Yi 
CL - 5.0pF 33 45 .... 

tLl RL = 2.0kO 22 26 
.ns 

.c .. 

fmax Maximum clock frequency' 
CL = 50pF 

30 25 MHz 
RL = 2.0k!1 

NOTES: 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, 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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Function Table 

FUNCTION 

Output Th ree-State Control 

Wi Polarity 

Asynchronous Clear 

Clock Enabled 

LLOW 
H = HIGH 

CP °i E 

X X X 

X X X 

X X X 
X X X 

X X X 
X X X 

X X X 
X X X 

t X H 

i L L 

i L L 

i H L 

i H L 

X = Don't Care 
NC = No Change 

INPUTS 
CLR POL 

X X 

X X 

X X 
X X 

X L 

X H 

L L 

L H 

H X 

H L 

H H 

H L 

H H 

Z = High Impedance t = LOW to HIGH Transition 

Definition of Functional Terms 

Data lines, 0i 
Any of the four D flip-flops data lines. 

Clock enable E 
When LOW, the data is entered into the register on the next 
clock LOW-Io-HIGH transition. When HIGH, the data in the reg
ister remains unchanged, regardless of the data in. 

Clock pulse, CP 
Data is entered into the register on the LOW-to-HIGH transition. 

Output enable, OE-W, OE-V 
When OE is LOW, the register is enable to the output. When 
HIGH, the output is in the high-impedance state. The OE-W 

INTERNAL OUTPUTS 
OE-W OE-V Q Wi Vi 

H L NC Z Enabled 

L H NC Enabled Z 
H H NC Z Z 
L L NC Enabled Enabled 

L L NC Non-Inverting Non-Inverting 

L L NC Inverting Non-Inverting 

L L L L L 

L L L H L 

X X NC NC NC 

L L L L L 

L L L H L 

L L H H H 

L L H L H 

controls the W set of outputs, and OE-Y controls the Y set. 

Output lines, Vi 
Any of the four non-inverting three-state output lines. 

Outputs with polarity control, Wi 
Any of the four three-state outputs with polarity control. 

Polarity Control, POL 
The Wi outputs will be non-inverting when POL is LOW, and 

. when it is HIGH, the outputs are inverting. 

Asynchronous clear, CLR 
When CLR is LOW, the internal Q flip-flops are reset to Law. 
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4-Bit Bipolar 
Microprocessor-slice 
6701 

Features/Benefits 
• Complete 4-Bit Bipolar LSI Processor Slice on a Single Chip. 
• Replaces 25 TTL MSI Packages and Saves 5.5 Watts. 
• 1000 Gate Complexity Schottky LSI - Single Layer Metal. 
• 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 - Fun 2 Address Capability, Some 3 Register 
Operations 

• A Separate Q·Register Useful as a Scratchpad or Accumulator 
Extension. Direct Data in and Accumulator Operations. 

• Separate Low Fan in Input Bus and 3 State Output Bus. 
• Expandable to Handle N Bit Words with Fun Carry Look· 

Ahead. 
• 175 ns Cycle (6701) Which Can Perform Multiple Nano· 

instructions such as Subtract, Shift, and Store in One Cycle. 

Block Diagram 

INSTRUCTION 
181 

GND >-l!L 

ROM 
352 BITS 

(17j 
CONTROL eN 

Applications 

• The Ideal Product for Upgrading or Replacing Existing Central 
Processing Units and Maintaining the Existing Software. The 

6701 can be Microprogrammed to Efficiently Emulate 
(Simulate) Most Machines. 

• Hard Wired Controllers - Tape and Disk Controllers - 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. 

A 

III 

(4) (4) 

~ 
~ 

o 
REG 

ALU 

OUTPUT CONTROL 

G 
P 
CN+4 

ZERO 

(4) (41 (4) 

:>-!2!0~ 
~ 

DATA OUT 

Note: The numbers in parentheses are the numbers of signal tines. 

7-75 



.... • 
Gi 

SO 

INSTRU 

Expandable 4 Bit Slice-40 Pin Pkg. 

LEGEND 

()----70-- '" PACKAGE INPUT 

~ "PACKAGE OUTPUT 

~ "PACKAGE INPUT AND OUTPUT 

SHIFT LEFT OUT.(SLO) 
SHIFT RIGHT IN (SRI) 

l~ 

SHIFT RIGHT OUT (SRO) 
:FT lEFT IN (SLI) 

~ :r~ 

SHIFT 0 RIGHT IN G 
(SORI) ~ 

SHIFT Q LEFT OUT 7, (SOLO) 

7, ll~ ,LLl~1 TRANSFER 1~,L ,L ,.L ,.L 
{AM SHiFTER ~i=l3TO'S3TO' 3TO'S310' ;':;~~R\;::T OS F R ~i:33To'S3TO'S3TO's310'l 

~ _ _ _ _ ~H~ ____ 

.,. -r- --r- -,- """"r -r- --r --r 

JRCE I ~l~ WE 04 03 02 
0, I§:~ 1 SOURCEB 

04 03 02 0, I 
64 BIT (16 x 4) MULTI PORT 

AND S5 
E "Q" REGISTER (MASTER/SLAVE) 

A A, RAM 8, DESTINATION 
AO 04A O'A 04B 0lB BO LOAD 04 0, 

s:p 
.OCK ~r1- LA~CH I rL B 

LATCH 

II II 

'UNCTION 59 5'0 OATAINr:~ II LET THRU B OR Q 

OUTPUT" H, NEITHER SELECTED L L 014 
/OR ALL HIGHS 

SELECT A l ~ --~~--____ I S9 OUAl4BIT I OUAl 4 BIT S 121 FUNCTION SELECT OAT A IN H 
'WIRE NOR" OF DATA IN & A H H 5'0 SELECT SELECT 513 LlKESg&S1O .E8 '"'".'"'"./~~ .~ Sg SELECT A OR A OR ALL HIGHS 5 TRUEI 5 TRUE~ 

17 510 SELECT 01 11 COMP 14 COMP 
I 511 TRUE/COMPL. 
6 512 SELECT B 

ARITH. OR LOGIC Is 32 x 9 S13 SELECT Q 
ROM S14 TRUE/COMPL. 5" A' .' §b 

{4 . S15 AlU IADOiTRANSFER) , ~ ARITHMETIC lOGIC P, 'All HIGH 
13 S16 ALU (LOGIC INVERT} 516 UNIT -;... F = All lOW 

S17 ALU (KILL CARRY) CN F CN+4 ~~-
:TION 

AND, OR, EXCLUSIVE OR, /"'" I I 
SHIFT LEFT FORCE, INVERT, ADD, 

b.. 1 SHIFT 0 RIGHT OUT {SORa) 

! SHIFT Q LEFT IN (sau) 

::[J" '2 52 NO SHIFT SUBTRACT, INCREMENT, 

-~ LET THAU A,~: '-....l 1 1 
S3 SHIFT RIGHT DECREMENT, TRANSFER, sa 3TO 1 §3TO 1 § 3TOl ~ 3TO '1 11 8x8 ~ LOAD RAM FORM 2'S COMPLEMENT CN+4 

LOADQ 

3 STAT~g~~~~~ ~ l' l' Y l' ROM si OUTPUT A LATCH 
10 S7 OUTPUT B LATCH 

S. OUTPUT F 

004 003 002 aD, 

DATA OUT 

Figure 1 
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IntrC)ductlon 

Gel1eral Description 

6701 

The 6701 is designed to be used as a 4-bit processor slice of a conventiOnal central processing unit (C_P ;U_L 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 LSI 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 machine~ usingoff chip HOMs for 
mi.croprogramming. 

The, 6701 will ha~dle the data flow section of most computers since it is expandable to handle any word length in increm<>,nts of 
4 bits without significant speed degradation (Jook·ahead outputs are availableL 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 l.ogic unit with a separate A operand, B operand, ~ata-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 1/0 pins, 5.6 watts ar\\l30 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. PkSS_ (Each Pkg.) Total Each (Watts) (Watts) 

32-x-9 & 8 x8 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 .55 .55 

Storage Letches 7475 2 28 56 .16 .32 
J-K Flip Flop (Q Reg) 74107 2 22 44 .10 .20 
4to 1 MUX 74153 6 16 96 .20 1.20 
011 True Complement 74H87 2 I8 36 .27 .54 
Dual 4-Sit Select 74157 2 15 30 .15 .30 
Quad 2 to 1 MlIX with 

745257 2 15 30 .30 .60 
3 State Qutputs 
3 State Buffer DM8094 5 5 .18 .18 

Totals 20 5, 1022 6.63 
,':.," 

·The 74172 is "advertised at 201 gate complexity b4t we .are using only 2 of the 3 address capability, hence we have counted it as 110 
gates. 

Process and Packaging 
The 6701 is manufactured by an advanced Schottky bipolar single layer metal process. The chip requires only 5 volts and ground 
and all inputs and outputs are totally TTL compatible. The chip IS packaged in a standard 40-pin dualin-line ceramic package. ---

Power 
The chip is deSigned to dissipate maximum power at low temperature. T~e power is minimum,t;lt high ,te"!lperature. 

Performance 
A single 670t can execute one instruction every 175ns. The instructiol1$ are mare complex th,ao norlTlal ,micra-instructions 
permitting multiple operations in one cycle without timing problems. 

Op.ratlon 
See Figure 1 - Expandable 4-Bit Slice 

Block Diagram 
A detailed black diagram of the chip is shown in figure 1. Note the legend used in the upper left hand c~r er for package inputs and 
outputs. The logic and control ones are shown as they are implemented on the chip even though fewer cant I inputs might be required 
by discrete logic devices. The dual 4-bit selects, at the input to the arithmetic logic unit, for example, hav twa "5" input control lines 
rather than the 74157 TIL equivalent which has one control line for letting through the left four bits or the right four bits on the 
output 4 bits. 



.6701 

ROM (Lower Left Corner) 
Two on chip ROMs (352 bits total) are used to translate the eight (8) instruction lines 10 to 17 into 17 on ch,p control lines Oab~led 
S1 t~rough S17)which oPenand clos.e data p~tl)s required to execute an instruction. 

Multipq.rt RAM (Upper Left Corner) 
A 16 word by 4·bft multiple port memory is ~sed to fetch two operands at the same time. The RAM is double decoded (4 A";·ddress 
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 (Ii Ie #1) at the same time. The B sid" of the RAM can be read out>or written into independent o{ 
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 
whew the cloc~ is·low. The·duratiori· of time the clock is low"is the write enable plus width required to switch the RAM. If the clock 
is held high, op~rations can be performed and the results examiried, but no res·ults are·stored. 

Latches (Center Left) 
The la.tches ory the RAM .outputs .are the zero qelay 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 multjplexers·hito the arithmeiic·lo·gic u~it (A.L.U.) urider. ROM control permit the entry of data in or theA 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 A~U 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 sh·ifter 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 oper~tion, the shift out pin of the least Significant bit of the RAM shifter would be tied to the shi.ft in 
pin of the most significant bit 'of the o 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 scratch pad. 

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 0 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 loaded into O. If the ciock is held high, operations 
can be performed but nej' results are stored. 'I 
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Package Pins 
Figure 2 shows a listing of the 40 pin I/O. The 6701 uses a standard 
40 lead ceramic dip approximately 2.00 inches long and 0.60 inch wide. See 
Figure 3 for the package details. NOTE THAT VCC AND GROUND ARE 
NOT ON THE CONVENTIONAL END PINS. This was necessary because the 
package current would produce too high a voltage drop in the package lead 
resistance out to the end pins to meet the VOL requirements. 

Package Outline 

40 

Pin Configuration 

/" 
.. CLOCK 

A SOURCE AD ,. 
o~ 1 ACCUMULATOR ~ 38 003 DATA OUTPUTS 

'" DO' f SOROISOLI .. DO' 
SHIFT SOLO/SQRI 36 3 STATE OUTPUT CONTROL 

110 PINS SRO/SLI 34 OVERFLOW 
SLO/SRI 33 CN +4 (RIPPLECARRV OUTPUT) 

N/C 32 F" ALL LOWS (OPEN COLLECTOR I 
Vee F" ALL HIGHS (OPEN COLLECTOR I .. " GROUND 

INSTRUCTION f " 
12 Q .. (CARRY GENERATE I 

MODIFIER " 
13 p- (CARRY PROPAGATE I 

" 27 0" 

) DATA .NPUTS " " 0'3 

" " " D" 
B, 24 01, 
" " 23 eN (CARRY INPUT I 
B3 " 22 :: /INSTRUCTION 

" 
20 " 

Figure 2. 

UNLESS OTHERWISE SPECIFIED: 
ALL DI!,IENSIONS MIN.-MAX •. IN INCHES. 0 .. ·. "l ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 

L""..."""-.::....,.".....",,...,,:::r-=-.:::,....,.,,.....,,,,...,,:::r-=-.:::,...,.,,.....,,,,...,,:::r-=-.::....,.,,....,2,,o .... I~ 
s~ .. ·~ ~Ll 

I~·-.-----------------------;:.~:~~~----------------------~.~I 
• 035-.055 

40 Pin Ceramic (Side BrBzel 
0JA (thermal resistance from junco 

tion to ambient soldered to a printed cir· 
cuit board in stilLairl '" 35"C/watt 

0JC (therm~1 resistance from junc
tion to case with freon as a heat Sink) 
'" 20°C/watt 

rt=-' .. ~=i'n '. '. . :. . 4.44 3~~ r ..' . . ... ~. ~. .' .~::':laO MIN. . 3.18-4.58 

I I .090-.110 II .016-.020' .030-.050 
-+j ~ 2.211-2.79 -+j ~ .41-.51· .76-1.27 

.005 
.13 I+-- .590-.610 --.j !,lIN • 

I _14.99-15.49_ l-..i 

1 P ~ Lo,-/s, .00a-.012 __ 11-
.20-.30 

" Figure 3. 

Burn-In Circuit 
The circuit in Figura 4 below puts the device in an instruction where the state of 
ali outputs is known. Any other set of levels on the inputs may result in undefined 
output states and possible damage to the device un~er burn-in conditio;ms, The 
other instructions involve the use of internal ragister whose initial conditions, 
after power-up, are undefined. The burn-in circuit shown oomes closest to,the 
usual reverse burn-in cit~iJits of logic devices. The linitis in' the19rce LLLL ;"'ode 
with the shift I/O pins disabled, the data outputs disabled, and with a single 
accumulator always selected_ 

vee 

3305L BURN IN CIRCUIT 
,,4 W 5701/8701 

Figure 4. 
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Absolute Maximum Ratings 
Supply Voltage, VCC ................ -0.5 to 7.0 V 
Input Voltage ' ..............•. ' .•..... -1.0 to 5.5 V 
Output Current ................... '.' . 
I nput Current . . . . 

100mA 
-20 to 5 mA 

Storage Temperature .... '. . . . . . . . . . . .. -65 to +150 C 

6701· 

Stresses above or extended time at Absolute Maximum Ratings may 
cause permanent damage or affect device reliability. 

DC Characteristics Unless otherwise indicated, all limits for the 6701 are guaranteed for 5 V ± 5% in a free air temperature of 0° 
to 7SoC; all limits for the 5701 are guaranteed for 5 V ± 10% in a free air temperature of _55° to 125°C. 

DEVICE 6701 

PARAMETER PINS CONDITIONS MIN. TYP.' MAX. UNITS 

IF Input Load Current Any A, B, or I VCC = Max, VF = .45 V -250 pA 

Clock or 3 State VCC = Max, VF = .45 V -250 pA 
Control 

Shift I/O & Data In VCC = Max, VF = .45 V -0.80 mA 

CN VCC = Max, VF =.45 V -4.80 mA 

IR Input Leakage Current Any A, B, or I VCC = Max, VR = 2.40 V 25 pA 

Clock or 3 State 
Control 

VCC = Max, VR = 2.40 V 25 pA 

Shift I/O Used as an Input 100 pA 

Data Inputs Used as an Input 20 pA 

CN Used as an Input 120 

IRB Input Leakage Current Any A, B, or I VCC = Max, VRB = 5.50 V 1.0 mA 

Clock or 3 State 
Control 

VCC = Max, VRB = 5.50 V 1.0 mA 

Shift I/O VCC = Max, VRB = 5.50 V 1.0 mA 

Data Input VCC = Max, VRB - 5.50 V 1.0 mA 

CN VCC - Max, VRB = 5.50 V 1.0 mA 

VOL Low Level Output Data Outputs G, Vr,r, - Min, In. = 16 mA 0.35 0.50 V 
Voltage CN+4, F - All 

High, F = All Low 

P. Overflow VCC = Min, 10L = 10 mA 0.35 0.50 V 

Shift I/O VCC - Min, 10L - 3.2 mA 0.35 0.50 V 
Used as an Output 

ICC Power Supply Current VCC' Grd All inputs ground (worst casel, 
All Outputs Open, Shift I/O 

215 250 mA 

Open 
Temp = Max 

All inputs ground (worst easel, 230 280 mA 
All Outputs Open, Shift I/O 
Open 
Temp = Min 

VIL Low Level Input Voltage All I nputs and 
Shift I/O 

VCC= 5.00 V 0.80 V 

VIH High Level InputVoltage All Inputs and 
Shift I/O 

VCC = 5.00 V 2.0 V 

VIC Input Clamp Voltage All Inputs and 
Shift I/O 

VCC = Min, IIC. = -5.0 mA -t.O -1.5. V 

ICEX Output Leakage Current All Outputs VCC - M~x,VCEX = 2.40 V, tOO I'A 
High Stored or DiSabled .' 

I 
VCC = Max, VCEX = 0.45 V -100 pA 
Disabled 

!CEXB Output Leakage All Outputs VCC = Max = VCEXB 1 mA 
Current Shift I/O High Stored or Disabled 

ISC Output Short Circuit 001, 002, 003, VOUT = 0 V, VCC = 5 V 5 15 90 mA 
Current 004, G, P, QVFL Only one Output at a time 

should be Shorted 

VOH Output Voltage "High" 001, Q02, 003, 10 = -3.2 mA, VCC = Min 2.4 3.5 V 
004, G, CN+4 High Stored 

ShiftIto, P, OVFL 10'; -500 pA, VCC = Min 2.4 3.5 V 
High Stored 

CI I nput Capacitance All Inputs Vec = 5.0 V, VI = 2.0 V, 25°C, 8 pF 
1 MHz 

Co Output Capacitance All Outputs VCC= 5.0V, Vo = 2.0 V, 25°C, 8 pF 
1 MHz 

1. Typical values are -measured at 5.0 V and 25°C. 
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AC Characteristics * 

TIME IN NANOSECONDS 
5V± 5% 

PARAMETER ,c SYMBOL/CONDI.TIONS QO TO 75°C 

6701 

.. , MIN. TYP.'. MAX • 
Delay from RAM Address (AN or BN) to ;"\~: Figure 5A Clock High " ',.-

G 85 100 

P 85 100 

CN+4 ,; 95 110 

laro Detect 120 140 

Overflow . ' .100 125 . 
RAM Shifter Outputs 110 ,.135 
Data Outputs '(bypass ALU) TCl 20 85 1,00 
Data Outpu~ (through ALU) 'TAA 40 110 140 

Delay from Instruction.lnput(ll\I) to Figure 5A .. 

G 55 75 

P ' .. ' 55 '75 . 

CN+4 , , 60 80 

Zero Detect ,., 80 t05 

Overflow 
.. 

75 .95 
RAM Shifter Outputs .75 95 . 

a Shifter OutP,uts 
.. 

25 40 

Data OutputS TID 15 85 100 
Delay from Data Inputs (DiN) to Figure 5A . 

G 
. 

25 40 
p- " 

25 40 

CN+4 .. - c •. 25 45 

Zero Detect 1 20 ~5 

Overflow .. .. 
40 01:\ 

RAM SttifterOu~puts 5.0 70 

Data .Outputs .' ' .. ~. ............... .. . .TDD"· .. .' 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 .~N •. BN.IN. DIN constant " 

G 95 115 

1"" ','_r ... .... .. " ... . . ,--
,95 

.' '1'15 
CN-t:4 -. .... 1()~ 125 

ZeriJ l>,etect" -.......... .. , .•... ,. 
"120 140 

Overflow' '.' 115 135 

RAM Shifter OUtp(j'ft' ,''- ',. , ..... .... , ' .. ' '110' 135' 
" 

. 0 Shifter OI!tputs • .1' 30 40 

. Data Outi!iUts· (bypass 'ALt:J1 ••. ; .••.. , •• t-. 
'T'C~ 

,., ... ,.,;'" 20 95 115 ; 

Data Outputs (through ALU) 30 115 140 

. Delay,f ... .omSState Control·to· .•.. All Inputs constant ";", .' 

Low Data Outputs \ TEA 
,,' 

10 20 25 . 
High I mpedance Output" '.-,cc'''' ,,"" .. ". TERc ,'.w.,·'c· """'.~ ..d' 5 I 15 I 20 

*The m.~x·i~·Jtri> 'of"~, po~sibf. in~~',t ~8nci, O~tP'll~' c~nditio~s'''~ ~;~~ified with outPui~,:sinkii'1g max;~~m cl,Jrrent through a ~S!stg~ ,~o Y<?C.t~nd 
drivinga30pFlpad (15pF on Shift 110) to'gr?b~dc ,\ ' . . ,h. 

'.,;i",/ 

1 Tvpical ~ah ... es are measured at 5.0 V and 2SoC. 
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AC Characteristics*-Cont'd. 

TIME IN NANOSECONDS 

isV;t 6" 
PARAMETER SYMBOLICONDITION$ 0" TO 1S"C 

6101 
MIN, I. tVP.1 MAX. 

Setup Time Before .thl High to Low /i'1gure IIIi1 
Transitiorl of Clock 

AN TAS 85 eo 
BN tilSl 90 eo 
10. 1,. 12 Tisl 15 5 

Setup Time Before tha Low to High Figura /i8 
Transition of Clock 

AN. BN TaS2 la6 130 

CN TCNS 7(1 46 

13. 14. 15. 16. 17 TIS2 120 90 

Data Inputs lOIN) TOS 70 IiO 

RAM Shifter Inputs TRS 45 30 

a Sh ifter Inputs Taa 30 15 

Hold Time After the Low to High Fi9lire 66 
Transition of Clock 

AN TAH -iO~1!i -TOW-l0 

BN TBM .10 -20 

10. 1, •. 12 TIHl -20 -40 

13. 14. 15. IS. 17 tiH2 -30 -$0 

eN TCNM -20 -40 

Data Inputs 1011\1) TOH -25 -!SO 
RAM Shifter Inputs TAH -25 -110 
a Shifter Inputs TaH -15 -:10 
System Parameters PigurellB 

Clock Pulse Width ILow Time) Tew 50 21 

Minimum Microinstruction Cycle Time TOVOlE M TB.S' + tRW 1'15 110 oc . 
-

-The maximu"m of all "possible input and (Jutput conditions is specified with outputt .Inklng maximum cuttltU thl'c)ugh a fe'lltor to vee and 
driving. 30 pF load (1 ~ pF on Shift 1/0) to ground. 

1 Tvpical values are ni8asured at Vee'" 5.0 V and 25°C. 

Timing Diagrams 

ANl BN ETC 

DATA OUT 
ETC 

3 STATE 
CONTROL 

\I . I : > t· 

·b:...-....;.· ...... -••.. --~!/:.·· ... . .' ..... . 
1IIIIIIIIIIIIIIIIIIIIIIIImlllllllllllli~~i<'--, """"'--_. :~I~lllllllllmllllllllllllllllll~IIIIIIIIIII~~111 

LEGEND: Shaded areas indicate "don't care" conditions or Permitted timing toler.neea. 
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Timing Diagrams-Conl'd. 

"0" I" T., ~::~1 
ADDRESS AN X I ~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

\: TBSl -I 1 
ADDRESS BN ~IIIIIIIIII-IIIIIIIIII-IIIIIIIII-]]]]]]]]~ I T", -j" II 
'N:~',~~i;ON 111111111]]]]]]]1111111]111111111111111111111111111111~ T,,, -: rg 

~~_I_ T'S21 _I .. _\TIH2 

::sl~~~5~i~~~7111111111111111111111111111111111111111IIIIII~ I \ _ 

ON 111111111111111111111111111111111111111111111111111111IIIIIIIIIIIIIIIIIII~ iT'"' t _ 
OAulllllllllllllllllllllllllllllllllllllllllllllllll1IIIIIIIIIIII~ 1 TOO -:- · )i 

"~N~~;'" 11111111111111111111111111111111111111111111111111111I1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIilllllllllllllllllll~-'---T" -:" >II 
o :~:~~i'llllllllllllllllllllllllllllllllllllllllllllll111111111111111111111111111111111111111111111111111111Illillll~ TO' -:" 'Yiill IC':II 

Figure 58-Set-up and Hold Times .:..II 

I_ 175 ns-- "I 
CLOCK --' ~.I \\\\- 50 ns i--

I- 90ns _. ~ Ll0ns 

AN.BN J( X 
'N IIIIIIIIIIIIIIIIIIIIIIIIIII~ '" 0, ~lllllllillimll~1111111111111 

OATA ,N IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~ ""' -I 

"'A OUT 111111111111111111111111111111111111111111111111111111IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~IIIIIIIII@IIIIIIIIII<""' ~ 
Figure 5C-Sample Minimum Cycle Time for 6701 
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Instructions Located In the' On-Chip ROMs 

Symbol De.lnitions 

AI = Any of the 16 four Irit registers in the multipart RAM (I = 0 to 15) 

BJ (J " 0 to 15) 

AI + BJ AI plus BJ (arithmetic addition) 

AI ¥ BJ" AI exclusive OR'ed ";ith BJ 

AI VBJ " AI or BJ (logic i,nclusive or) 

AI " BJ = AI and BJ (logic and) 

AI " The complement of AI 

Transfer AI to Q, AI saved, Old Q'is lost 

Transfer Ai to the output pins, AI is saved 

Ai = AI shifted right one Irit 

AI" AI shifted left one Irit 

BJ - AI = BJ minus AI = BJ + AI +.CN = BJ + 2's campI. of AI 

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 Ire a, "I" 
and a Low TTL Level ("" GRD) to Ire a "0", Negative logic defines a TTL High to Ire A "0" and a TTL Low to Ire a "I", Consider a 
a classical "AND" function in TTL Logic in positive logic thislrecomes OUTPUT ~~ OUTPUT 

~IT-
L L L 0 0 0 
L L H 0 0 , 
L H L 0 , 0 

'H H H , I I 

In negative logic the "AND"lrecomes an "OR" ,functiOn since: 
OUTPUT 

rW~ , , , , , 0 , 0 , 
0 0 0 

Thus an "AND" in positive logic is an "OR" in negative logic, Similar reasoning yields the following transformations, 

POSiTIVE LOGIC 

ANO 
OR 

EXCLUSIVE OR 
E,XCLUSIVE NOR 
TRANSFER 
DECREMENT 
INCREMENT 
TRANSFER 

Carry In (eN) 

NEGATIVE LOGIC 

OR 
AND 

EXCLUSIVE NOR 
EXCLUSIVE OR 
OECREMENT 
TRANSFER. 
TRANSFER 
INCREMENT 

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 instruction,S in the 32 x 9 ROM can Ire modified in B different ways· Iry the B x 8 ROM. Any instruction for example 
.. can Ire shifted left or right with the detaout pins.showing A, B, or F and the'hilted result stored in the RAM:or, 0 Register or Iroth, 

II the clock is gated OFF by external logic it will Ire impossilrle to load the RAM or Q Register, and the controlled use of CN in 
many instructions further raises the instruction cc;»unt. 

' .. 4 
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Instructions In the 32 x 9 ROM-Positive Logic (1 = H "'" 3 V) Interpretation 

ALU Instruction 
ALU OUTPUT 

ROM WORD No Carry In With Carry In 
17 16 15 14 13 Decimal Octal (See Pg.10forSymbologyl (CN =(J (CN=HI 

L L L L L 0 00 LLLL + HHHH + CN Force 1111 Force 0000 

L L L L H 1 01 AND AI & Bj AlII Bj AlII B-

L L L H L 2 02 AND 01 & Bj 0111 Bj 0111 ~ 
L L L H H 3 03 OR AI & Bj AI V Bj AI V Bj 
L L H L L 4 04 OR 01 & Bj DI VBj 01 V Bj 
L L H L H 5 05 Exclusive OR Al & Bj AI "II Bj AI¥ Bj 
L L H H L 6 06 Exclusive OR ° I & Bj DI"II B1 DI¥~ 
L L H H H 7 07 Ai + HHHH +CN Aj+ 1111 AI 
L H L L L 8 10 l5j + HHHH +CN l5j + 1111 ~ 
L H L L H 9 11 llj + HHHH + CN llj + 1111 llj 
L H L H L 10 12 Q + HHHH+CN "IT+llll "IT 

L H L H H 11 13 AI + LLLL+CN AI AI + 0001 

L H H L L 12 14 01 + LLLL+CN 15j 01 + 0001 

L H H L H 13 15 Bj + LLLL. + CN B: Bj + 0001 

L H H H L 14 16 0+ LLLL+CN a a + 0001 

L H H H H 15 17 AI + LLLL + CN AI AI +0001 
H L L L L 16 20 01 + LLLL + CN DI 01 + 0001 
H L t. L H 17 21 B- + LLLL + CN B1 ~ +0001 
H L L H L 18 22 a + LLLL +CN 0 o + 0001 

H L L H H 19 23 AI + HHHH +CN AI +1111 AI 
H L H L L 20 24 01 + HHHH + CN 01 + 1111 01 
H L H L H 21 25 B1 + HHHH + CN Bj + 1111 ~ 
It L H H L 22 26 0+ HHHH + C~I 0+1111 a 
H L H H H 23 27 AI + Bj + CN AI +Ilj AI + ~ +0001 
H H L L L 24 30 01 + Bj + CN 01 + Bj 01 +Bj + 0001 
H H L L H 25 31 A,+O+CN AI +0 AI + 0+0001 

H H L H L 26 32 01 +O+CN DI +0 01 + 0 + 0001 

H H L H H 27 33 AI + Bj +CN AI - Bj - 0001 AI-~ 
H H H L L 28 34 Bj +AI + CN lsi - AI - 0001 B- - AI 

H H H L H 29 35 ° + s- + CN ° -s- - 0001 ° -B-
H H H H L 30 36 Si + 01 +CN lsi - 01 - 0001 B- - 01 

H H H H H 31 37 01 + a +CN 01- 0-0001 01- 0 

Instruction Modifiers in the 8 x 8 ROM-Positive Logic 
(1 = H "'" 3 V) Interpretation 

Rom Word Rom Word Load Control Shift Control Data Out Control 

12 11 10 Decimal Load Ram Bj LoadQ 
Shift Shift Don't A B ALU 

Left Right Shift Latch Latch Output F 

L L L 0 X X X 

L L H 1 X X X 

L H L 2 X X X 

L H H 3 X X X 

H L L 4 X X X 

H L H 5 X X X X 

H H L 6 X X X X 

H H H 7 X X X 

TYPICAL 

USES 

Initialization (Force l's or O's! 

AND AI& B-.. 
DI&~ 

OR AI & B1 .. DI & Bj 

Exclusive Or AI&~ .. 
01 &~ 

Invert AI .. 
DI .. Bj .. a 

2's Complement Of AI .. 01 .. B-
.. a 

Transfer Or Increment AI .. 01 .. 
~ .. a 

Decrement Or-Transfer AI .. DI .. B-.. a 
Add AI&~ .. 

bl &8j .. AI&O .. 01&0 

Subtract AI & B-.. B-& Al .. DI & s-.. S-& DI .. 01 &0 

Pin Configuration 

~~ 

:: IOATA0I,IT1'U1B 

=1 
3rr"'TEOU'I'IVT4ot.IfROL 
OV&,,~~OW 

<:N+~IRIPI'U~RRYOU1l'OT! 

F .... UUIWSICPIHCO~LECTOIIf 
~~HIGttSloPlIlIC'OLlECTOIII 

G~ICARR"GE/ilIRATE) 

P·CCARIIVI'lIOI'AOATll 

::1 
:~ 100TJUNPlITS 

(:N ~ CARRY INPUT! 

= IIN$'ffIUCfIOM 





Microprogram Controller 
57110/67110 Data Sheet 

Featuresl Benefits 
• Address 512 Word Pages of Memory 
• 8 Control Functions 

• Microsubroutlne Capability 
• On-<:hip Loop Counter 
• 6 Flag Branch Inputs 
• 4-Way Branching 

Applications 
• LSI Controller Circuit for Control of High Speed Disks, 

Line Printers, CRT Terminals 
• Control of Microprogrammed High Performance Mini

computers with 4-Blt Slice Microprocessors 

Ordering Information 

TEMPERATURE PACKAGE ORDER 
RANGE NUMBER 

O°C to + 75°C Ceramic 671100 

~55°C to +125°C Ceramic 571100 

Block Diagram 

CRAC:o-+~--+-I 

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 towork 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 
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57110/67110 Detailed Block Diagram 

OPERATION 
CONTROL 

C N V Z 

nSIN LC .. 

FLAG LNVZ 
STATUS SR hHHHf----t 

REGISTER SL 

13 1415 16 

III r 
FLAG 

CONTROL 

cpr-

,5 

I ;::~ 
z-

~++++++t+C1tE SUBROUTINE LATCH I E: i 

~~I:f!,. !~~II~~'O' ~~i~~}~Nl N2 U CRA_RO_4 , :~ S,BIT 3-WAY MUX I ~! 

IL-,,...C,.C..,LO_-4,...,...1 L 1 _J.l r&a:a:t====i==~ ~N!7 , I J CONTROL J '----I, BIN DECREMENT/PASS L CP 4 CO~NTER2 REG~STER 0 Na 

•. I I I 1 I I I I 

~4+++~H+C~=~tC:~~~~~~~~f=~:: 
" ~~ 

r--;:=-
r 

I I I I I 
~ E SUBROUTINE LATCH I 

.1 ~ 
lO B-BIT 3·WAY MUX I 51 

.1 J. .1 J. J. J. 
I CI~ CONTROL MEMORY 

1 I CRAR J l 
INCREMENT/PASS CP ADDRESS REGISTER CRAR CRAC o---+-+--HH-----j 

a 7 6 5 4 3 2 

1 .. 

CRARa CRARO 
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Detailed Description 
The MPC is a synchronous machine. All changes visible on 
external pins except for'thec6rribinatorial Shift Logic occur on 
the single clock Low-tofiigh transition. Internally ihere.are both 
dual rank registers (flip-flops) and single rank registers (latches). 
The latches are enabled whenthe·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 timing 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 (CRARo-a) 
Logic, the Control Counter (CC) Logic, the Flag Status Logic, 
the Shifting Control for the 5701/6701 and theMPC Control 
Logic. 

CRARLogi,. 
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 S-bit external field N1-S. 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 tl)e . Flag Status 
LogicJherefore 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 ·secti!)n of the register passes through a PaliS/ 
increment unit and. back through a 3-way multiplexer. The output 
6f 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. IncremenJ:ation occurs in the p.ass/incrementor when 
the MPC is at,!Ifi odd address (CRARO = 1) or a Conditional 
Branch hasbell!1 s~lected, 

The output of the,CRAR passes through buffers to output pins. 
The eight !lit section buffers have three-state outputs so that 
when the Outeut Enable (OE) is High exlflrnal signals may drive 
the Control Mei11O,ry. Address lines. 

Control Counter : Logic 
The Control' Counter Logic .is 5. bits wide with the logic very 
similar 10 the CRAR logic,.,1I1e logiC includes a iegister, 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 coOOitionaLjump 
instructions. Each time' the MPC encounters' a conditional jump 
instruction, the C()ntrol counter register, is tested' forz!UD and 
decremented.,.11 the re9ister was zero then the MPC instead of 
performing a jump instruction col\tinues on :to the next address 
pair. Thehext time the condltional jump instruction oceurs the 
procedure. is repeated,'t,ut now t,he value afthe register 'is one 
less. The contrOl counter register can be lo.aded from the N1-5 
inputs on receipt of a Continue Load ControICounteri~struction. 

Flag Status Logie 
The Flag Status Logic consists of a loadable Shift Left/Shift 
Right register,ari 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 wit.h.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 00 !ir)d would most likely in a system enter the least 
significant bit oltheO register in the 5701/6701. A Right shift 
causes C to be loaded from 00 this time acting as an input, and 
what is in C going to N, etc. 

The Elleven-way multiplexer can be used via the select and 
controllirii;is 13-6 to select one of the following signals: Stored C, 
N, V,Z, Present C,N, V, Z, logic 0, 00 and 03. All of these, 
signals can be inverted by having 17 = 1, enabling branching on 
C, N, etc. The output of the Flag Status'Logic Ex Or gate is the 
il1Pul to thEt le~t'Significant CRAR registeL!lit. The Flag Status 
Logic also· provides a signal to the pass/increment unit to 
indicate that a conditionEIl branch is present and the unit'should 
increment. .' . . .. ' 

Shift ebntrol !:-Qgic 
The Shift Control Logic provides the connections for a minimum 
set of useful 5701/6701 shifting options. Two control inputs IS 
and 19 are used to select the desired option. IS' indicates which: 
bidirectional. buf(Sfll,.arEj actively sending information and 19' 
selects various sign1f1ls to apply to the shift IinElS of the $701/6701. 1 
Provision is made iiI the shifting logic to pro~i!:le, correct sign 
inf(jrmation during right arithmetic soifts by an exchJsiveOR of 
the tit an,d V signals; , ,6 

I" 

Controf Logic 
THe ContrOl LoQlc uses the instruction control inputs '0-2, the 
test' zero output of the Control Counter Logic; and the signal 
wHicH. indicates that the Control Counter tempcirary subroutine 
!)torage register. contains the same value: as the five least 
significant bits of the .CRAR . regisler.-r:~ese, ~n~ls. ~I'e the!l 
encoded ir)lQ the control signals. necesSElTY to Jrnplen:tflnt the 
MPC instructions. 

Two flip-flops are included'in the control logic. Th~' first 
remembers that the MPC is in a microsubroutine and. wHen a 
return'is encountered, it· is obeyed if' the'flip-flopis "set; if the 
flip-flop is clear the return is ignored. The secon(f'f1i~Ylop 
indicates that a Preprogrammed Return Subroutine is inpiogress 
called by instructipn 1Q1, ,~nd t~,f'LME'C should automati<?8l1y! 
return when equivalence of the CRMI and CC subroutine latch 
is achieved. Both' ttiesefUp~flQ'p$'iit'e.' automaticallY cleared 
during power on if cloc;k is held in tre IQw state and may he reset 
under microprogram control by loading'the Control Counter with 
N6=1.' ,',<:.,,' .. 
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Table I-MPC Control Options 

CONTROL CODE 

12 11 10 
CONTROL ACTION 

0 0 0 Continue to next JLinstruction 

0 0 1 Continue to next JLinstruction 

0 1 0 Jump to next JLinstruction if Control 
Counter F 0, Decrement Control Counter 

0 1 1 Subroutine Jump to next JLinstruction if 
Control Counter t- 0, Decrement Control 
Counter 

1 0 0' Return from Subroutine 

1 0 1" Jump to next JLinstruction 
Return from Subroutine when Control 
Counter Subroutine Latch == CRARO-4 

1 1 0 Jump to next JLinstruction 

1 1 1 Subroutine Jump to next JLinstruction 
• 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 J.'instruction 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 II-Flag Status Control Options 

CONTROL CODE ACTION 

16 15 14 13 OPERATION 

0 0 0 0 None 

0 0 0 1 Store C 
0 0 1 0 Store N, V, Z 

0 0 1 1 Store C, N, V, Z 

0 1 0 0 Shift Flag Register into 00 
0 1 0 1 Shift Flag Register out of 00 

0 1 1 0 Instantaneous value of 00 to CRARO 
0 1 1 1 Instantaneous value of 03 to CRARO 
1 0 0 0 Stored value of C to CRARO 
1 0 0 1 Stored value of N to CRARO 
1 0 1 0 Stored value of V to CRARO 
1 0 1 1 Stored value of Z to CRARO 
1 1 0 0 Instantaneous value of C to CRARO 
1 1 0 1 Instantaneous value of N to CRARO 
1 1 1 0 Instantaneous value of V to CRARO 
1 1 1 1 Instantaneous value of Z to CRARO 

ADDRESS FIELD DESTINATION 

None 
Control Counter, Clear SRFF if N6 = 1 

None/CRAR (Cond. Jump) 

None/CRAR (Cond. Subr. Jump) 

None 

CRAR (Jump Subroutine) 

CRAR (Jump) 

CRAR (Jump Subroutine) 

CRARO BRANCH 

17 Unconditional' 

17 Unconditional' 

17 Unconditional" 

17 Unconditional' 

17 Unconditional' 

17 Uncondition<ll' 

OO¥17 Conditional" 

03¥17 Conditional' , 

SC¥17 Conditional' , 

SN¥17 Conditional** 

SV¥17 Conditional * * 

SZ-V 17 Conditional * * 

C-V 17 Conditional' • 
N¥17 Conditional' 

V¥17 Conditional * * 

Z¥17 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 17 - 0 there IS an 
unconditional branch to X, 0; if 17 =1, an unconditional branch to X, 1. SC, SN, SVi SZ are Contents of Carry, Sign, Overflow, and Zero Flip Flops . 

• Incrementation of CRARI_8 occurs if CRARO = I. 
"Incrementation of CRARI_8 always occurs. 

Table III-Shift ContrOl Options 

CONTROL BIDIRECTIONAL SHIFT LINES ACTING AS OUTPUTS 
CODE 

19 18 SHIFTING OPERATION F3 FO a3 aO 
(SLO/SRI) (SRO/SLI) (SaLO/SaRI) (SaRO/SaLI) 

0 0 Arithmetic Shift Left - 03 - Flag (SC) 
0 1 Arithmetic Shift Right N¥V - FO -
1 0 Rotate Shift Left - F3 - Flag (SC) 

1 1 Rotate Shift Right FO - FO -
- High Impedance State 
SC Contents of Carry Flip Flop 
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Table IV-Next Address Table 

ADDRESSES-In Pairs Even A, 0 etc. INCREMENT -If Present Address Odd or Conditional 
Odd A, 1 etc. 

PRESENT NEXT INSTRUCTION FLAG STATUS ADDRESS ADDRESS COMMENTS 

Continue Unc. '0' A, 0 
Unc. '1' A, 0 
Unc. '0' A,1 

Unc. '1' A,1 
Condo A,O 
Condo A,1 

Jump Unc. '0' A,X 
Unc. '1' A,X 

Condo A,X 

Return Unc. '0' A,X 

Unc. '1' A,X 

Condo A,X 

x = O,or1 

Applications 
The 57110/~7110 Microprogram controller is a general purpose 
LSI 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·SIice 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 
ContrOUer 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 N1-8. The Flag Status inputs allow a mo-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 
contr()1 memory can form the system outputs either directly or 
more efficiently via SOme MSI nemorks. 

A, 0 Locked Loop 

A,1 Next Consecutive Address 
A + 1,0 Next Consecutive Address 

A + 1,1 Skip Over A + 1, 0 

A+ 1,Cond. Skip Over A, 1 
A+ 1,Cond. Next Address Pair 
N,O Jump to N, 0 
N,1 Jump to N, 1 
N, Condo Jump to N, Condo 

R, 0 or Return Address is incremented if CRARO = 1 
R + 1,0 or Conditional Branch Subroutine Entry is 

made 
R,10r 
R + 1, 1 
R, Condo or 
R+ 1 Condo 

'TYpical Control System Connection 

+5V 
+5V 

CLOCK+---I 

SYSTEM CONTROL INPUTS -==--
2 WAY IIRANCH 16 WAY IIRANCH ~ 

Ne 
N7 
N6 
Nt; 

N4~~~~ 57110/67110 N3 
MPC N2 

N1 

SYSTEM OUTPUTS 
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57110/67110 with 4-Bit Slice 
The 57110/67110 Microprogram Controller is the ideal LSI 
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 

-----
'---

-

I I I I 
014 013 012 D~ 

A3 
A2 
A1 
Ao 
B3 
B2 
B1 
So 

6701 
4 BIT 17 
CPU 16 

SLICE 15 
14 
13 

12 
~ 
IQ 

salOl saROI r---saRI sall 

SlOI SROI 
SRI SU 

F=H 
F= l 
OVR 
Cn+4 C. 

CP 
3S 

~~ 
~ 

004 003 D02 D<l1 

I I I I 
,CLOCK 
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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. 

FO F3 00 03 C N V z 
-19 1--' -IS N8 

N7 
~ -17 Ne 

-16 N5 ~ I---15 N4 
;-- -14 N3 r--

-13 57110167110 N2r--
MPC N1r---12 

-~ 
...... -1() 

'GND CP 
CRAC r--'~ OE CRAR 

0 1 2 3 4 5 6 7 8 

ADDRESS 

512 WORD 
ROMIPROM 

OUTPUTS 

I 
JJIIO 
CONTROL 
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Electrical Characteristics Over Operating Temperature Range (unl ••• otherwl •• noted) 
67110: Vee = 6V ±6%, TA = OOe to +75°C; 67110: Vee = 6V ±10%, TA = -56°C to +126°C 

SYMBOL PARAMETER TEST CONDITIONS 

V,H Input HIGH Level Voltage 
Vil Input I.UW Level VOltage 
V, Input Clamp Voltage Vee -' Min. liN - 18mA. TA 25°C 

VOH Output HIGH level Voltage 
Vee - Min. V,H - Z.OV. V,L - O.8V, 
10H = -2.0mA 

VOL Output LOW level Voltage VCC - Min. VIH = 2.0\/, V'L - 0.8\/, 
10L = SmA 

II Input Current at Max Input Voltage VCC Max. Y,N 5.5V 

Input HIGH '0-9. ~E! CP Vee - Max. Y,N - 2.4V 
IIH Level Current Nl-S. C.N.V.Z 

00. 03. FO. F3 Used as input 

Input LOW 10-9.qt:. CP VCC - Max. VIN - 0.5V 
IlL Level Current 

. Nl-S. C. N; V. Z 
00. 03. FO. F3 Used as input 

10Z 
Output Off state (high impeoance) VCC = Max. VOUT - O.5v .' 

Current CRAC1-S ., VCC = Max. VOUT'" 2.4V 
lOS Output Short Circuit Current VCC= Max. VOUT = OV 
ICC supply Current VCC Max 

Switching Characteristics 
57110 

SYMBOL PARAMETER TEST CONDITIONS 

Delay from OE to: . 
tHZ. tLZ CRAR1_8High Impedance State 

tzl,.. tzH CRAR1_S Active State CL = 15pF 
Delay from IS to: See Timing Diagrams 

tHZ. tLl FO.F3.00.03 High Impedance State 
Itzl. tHZ FO.F3.0003 Active State 
tPHl. tPlH Delay from Ig to FO. F3 
tPHL. tpLH Delay from N. V to ~3_ 
tPHL. tPLH Delay from FO to F3 
tpHl. tpLH Delay from 1"3 to '"0 
tPHL. tplH Delay from Q() to 1"0 CL = 30pF 
tPHL. tPLH U8lay from F.O to 03 SI. S2 Closed 

Delay from Clock Low to See Timing Diagrams 
High Transition to: 

tPHL. tPLH 00 
tpHL. tpLH CRARO-B 
!PHL. tPLH CRARC 

Set-Up Time Before the High to Low 
Transition of Clock: 

tSI '0. '1. '2. '3. '4. IS. 16 
lSet-up lime l:Ierore the LOW to Mlgn 
Transition of Clock: 

tSD 17 
tSD C. N, V. l. 00. 03 
Il~D N1-B 

Hold Time After the Low to High 
Transition of Clock: 

tHI '0. 11. 12. '3. '4. '5. 16. 17 
tHO c. N. V. Z. 00. 03 
!He. Nt-S 

tcPJ. Minimum Clock Low Pulse WiClth 

tcPH Minimum Clock High Pulse Width . 1}tpIcaI values are at Vee ~ s.ov and TA = 25 C. 
In Oftl.r to guarant .. that cClRtroilogic flip flops are rMal during power on, the CIQck Pulse ml!$! 
ba held LOW.lO.5V) until Vee Is at VCC min. 

MIN TVP 

5 12 
5 10 

5 15 
5 IS 
::I 14 
5 15 
4 10 
4 10 
4 10 
4 1U 

15 35 
6 17 
10 23 

5 -5 

16 6 
28 11 
30 15 

18 6 
25 13 
12 5 

18 
45 

MIN TVP MAX 

2.0 
0.8 

1.0 1.5 

2.4 3.0 

0.30 0.5 

1.U 
25 
50 
100 
250. 
1.0 
0.5 
-:50 

"50 
20 90 

159 z::I4 

67110 

MAX MIN TVP 

25 5 12' 
25 5 10 

34 5 15 
40 5 1S 
;;SZ 5 14 
3z 5 15 
20 4 10 
20 4 10 
20 4 10 
ZU 4 1U 

60 15 . 35 
40 6 17 
48 10 23 

5 -5 

16 6 
20 11 
24 15 

15 6 
22 13 
12 5 

4U 18 
80 45 

UNIT 

V 
V 
V 

V 

V 

mA 
/LA 
/LA 
/LA 
/LA 
mA 

rnA 
/LA 
/LA 
mA 
rnA 

MAX 

20 
20 

2S 
32 
2( 
27 
18 
18 
18 
18 

55 
35 
42 

30 
70 
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Absolute Maximum.Ratings 

Supply Voltage, vcc ....................... -O.5V to + 7V 
Input Voltage .. , .........................• -1.5V to + 5.5V 
Output Current ................................... 100mA 
Ambient Temperature .................... -55°C to +125°C 
Storage Temperature .................... -65°C to +125°C 

Timing Diagrams 

Notes: 
Shaded areas denote DON'T CARE conditions. 
All delays, set·up and hold times measured at 1.5V level. 

Stresses above and extended time at Absolute Maximum 
Ratings may cause permanent damage or affect device 
reliability. Functional operation at these limits is neither 
guaranteed nor implied. 

Three State Delays 

...., ....... ---ENABLED---.... -t' .. -DISABLED----------I1.5V 
VCC_~I_-_I 

WAVEFORM 1 
S1 CLOSED 
112 OPEN 

WAVEFORM Z 
S1 OPEN 
SzCLOSED 

Notes: 

1.5V 

Waveform 1 requires internal conditions such that the output Is LOW except 
when disabled. 
Waveform 2 requires internal condHions such that the output .Is HIGH except 
when disabled. 

Standard Test Loads 

7-94 
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Arithmetic Elements Selection Guide 

The following selection guides are designed to simplify the choice of the particular function to fit the specific application. 

High Speed Parallel Multipliers· 

DESCRIPTION PART NO. MAX DELAY! 

67558-1 125 ns 

57558-1 135 ns 
8x8 Multiplier 

67558 150 ns 

57558 155 ns 

8x8 Pipelined multiplier 
65559 

57559 
65 ns2 

,. 
,1,6Xl6,Pipelirlecfinuliipliet; .' " 'MP;Y-16 140 ns2 

.; ... ; . 

., 
Sequintial Multipri~rs7 Acc.umulators/Divlders 

DESCRIPTION PART No. 
MAX. MULTIPLICATION 

.. , . ; TIME' 
" .' .. ' "67508 
a;Bits 400 ns, 

57508 ,V .:: 

" 

16 Bits 
I' ..... 6751;6/8' '. 

806 nS6 .. '. 
I'· ·57516/6;" , 

. . ~ 

"'I'" 

;)~~'(~k~U~ .tili~?;· . 

DESCRIPTION PART NO. MAX1 ACCESS TIME 

Sine (0°_goO) 6086/7 100ns 

Look-Up Table 5066/7 1SOns 

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

PINS PAGE 

40 

40 
8-5 

40 

40 

40 t 

64 t 

PINS PAGE 

22 8-11 

24/28 8-11 
':":::' ~ 

. 

PINS PAGE 

24 8-19 

24 8-19 

.. 



Arithmetic Elements Selection Guide 

MSI Arithmetic Elements 

DESCRIPTION PART NO. 
MAX. ADD MAX. CARRY (OR 

PINS 
TIME1 GENERATE) TIME" PAGE 

4 Bit ALU 5/745381 27 ns 20 ns 20 t 
4 Bit fast ALU 

(pin compatible 5/675581/2 17 ns2 15 ns2 20 t 
to 745381) 

5/74L5283 24 ns 17 ns 16 
4 Bit adder t 

5/745283 18 ns 12 ns 16 

4 Group carry-

look-ahead 5/745182 7 ns 16 t 
generator 

8 Group carry- 5/675583 12 ns 28 

look-ahead 5/675584 12 ns 28 t 
generator 5/675585 12 ns 243 

8 Bit incrementer 5/675586 15 ns2 20 t 
8 Bit two's 

complementors 
5/675587 15 ns2 20 t 

8 Bit double 
5/675588 

incrementer 
20 t 

8 Bit incrementer, 
decrementer and 5/675589 20 ns2 243 t 

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. At 5 Volt and 25°C. 
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8 x 8 Multiplier 
67558/57558 
67558-1/57558-1 

FeatureslBenefits 
. • 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 YM 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 
complet'Tlent number. Two additional inputs RS and RU allow 
the addition of a bit in the multiplier array aUhe apprQpriatebit 
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. controlled by an 
active Low Output 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 4O-pin DIP. . . 

Pin Configuration 
DIP 

PART 
NUMBER 

67558.67558-1 
57558.57558-1 

57558.57558-1 

Logic Symbol 

RS 

Ru 

Flat·Pack 

o 

PACKAGE 
TEMPERATURE 

RANGE 

D40 O°C TO +75"C 
040 -55°C TO +125°C 

F42 -55°C TO +125°C 

Xm X Y Ym 

ax8 
MULTIPLIER 

S S15 
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Absolute Maximum Ratings 
Supply Voltage VCC .................................................................•..•............ ",' -0.5V to +7.OV" " 

Input Voltage .................................................................•............•...........• -1.5Vto +5;5\1" 
Input Current .......... , ..... , ......... , .. ,' .. , .............. , .................... ',' ......•.....••..•. -20MA to +5 mA 

Output Current .... , ...................... , ................................................... , ................ ,,100 rnA 
Storage Temperature Range ............. ', ................................................ , ............. -65·0 to +150·<;: 

", 

Recommended Operating Conditions 

67558, 67556-1 
' r 

SYMBOL PARAMETER 
57558,57558-1 

UNIT 1 MIN NOM MAX MIN " NOM M~ 

VCC Supply ¥onage 4.5 5.0 5.5 4.75 5.0 5:25 V' 
TA Operating Free Air Temperature 0 25 75 " PC: 

TC Operating Case Temperature -55 25 125 ·0 
10H High Level Output Current -2.0 -2.0' I'!lA 
10L Low Level OUtput Ourrent ' 8 -" .. ~ ':: 8 ","mA 

, '), ';'" 

DC Electrical Characteristics 
Over Recommended Ope,ra"ng Free Air, Te",,~~.ture Range Unle •• Ot,.erwl .. NoJ!lf: "'. ,0 

• ,,'. ' ,; ',""" '>"",J" ',',. 

. "';' " " ,. '. c k:, '" '.,' .",:,:,".;,7-',:, 
SYMBOL PARAMETER CONDrrlONS MIN, TYp1 

VIH ,High Level, in~ut Voltage 
" 

VIL Low Level/ilpUtVoltage '. !; . ", ", 0.8·'" 
VIC Input Clamp Voltage Vee "" Min, II = -18 rnA 
VOH High Level Output Voltage 'Vee = Min, 10H = -2.0 mA 2.4 3.0 

VOL Low Level QutputVoltage, Vec .,:. Min, IOL '" 8,I'!lA ().S- :;V m" 
1--:I:..:HZ=--l--:-H..:ig:..h.,.;.Le_V_e""IOf~f-S="t-:at .... e.",O ... ,\.It,:./JI.rt .... ,,..,,e,.,u..,.rre_n.,.t ......... .,.,."V.;,;c~e:..-_-.,.,.M..,.,ax....;.." V,,.;.0~=--:2,.,,.4,,,,V"""';"-"'I-_"'" "",'~"" .... "'...,' '..,.' --:-..,..;._1 .... 00 ..... .,..-+-:'.l.;'I,t..,P:.,,;....j:'" . :.' 

ILZ Low Level Off-State Output Current Vce = Max. Vo = 0.5\1"" " i· -100',., p./i,' 
I-~~-+~--:---~--:-~--~------+-~~-r.--~~~-__ r---~--~----~~~",,-~ 

II Maximum Input Current \'ee ,:- Max, VI = 5.5V ' 1,011)A 

0.3 

IIH High Level Input Current Vce -Max, VI = 2.4V ' ",' lOQ 
IlL Low Level Input Current "CC, ""Max, VI '" 0,5\1" , ' -1.0 rnA, 
lOS Output Short Circuit Current 'lce .. Max. Vo =OV -,10-90 
ICC Supply Current Vee :- Max 180 280 inA ,i" 

NOTE: 1. Typical values are at VCC = 5.0'1, TA = 25·C 
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Rounding 
Multiplicatlonof twon-9ifoperands results in 2n-bit product". 
Therefore, in n-bit syst~lllit is necessary to convert the double
length procluct intoa~iQ~-length product. This can be accom
plished by truncating 91; rounding. The following examples, illus
trate the differencebe\wtlen the two conversion techniques in 
decimal arithmetic. 

39.2 .... 39 
39.6_39 r Truncating 

39.2 + O.5~,~9.7-39 
39.6 + 0.5";'40.1 -40 

Rounding 

Obviously" r.ounding maiJl~ns more precision then truncating, 
but it may take one rT\~re step to implement. The additional step 
involves adding one-h~liof the weight of the single length LSB 
to the MSa Qf the discarded part e.g. in decimal arithmetic round-

ing 39.28 to one decimal point isaceompllshed by adding 0.05 
to the number and truncating the LSB. 

39.28 + 0.05 => 39.33 ....... 39.3 

The situation in binary arithmetic is quite slmMar, but two cases 
need to be considered; signed and unsigned data representa-. 
tion. In signed multiplication, the two MSSs 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 ceses for 
the 8x8 multiplier. In the signed cese. adding ,one"'alf of the 57 
weight is accomplished by adding tin bit PA8itipn B,andln the 
unsigned case 1 is added to bit position 7. Therefore, the, 67558 
multiplier has two rounding inputs, Rs and Ru. Thus, to get a 
rounded single length result the appropriateR input is tied to 
Vee (logic one) and the other R input is grounded. If double 
length result is desired both R inputs are grounded. 

,., :~~\~nor:;.:~".s_:·_. '_~_:_: ::..:-"t-: _:-"::_: _:-"~:_: _:-"::..: -"~'---"~'---"?,'-Tj. -,~6_-":5,---":4,---"S3,---,,S2,---,,:1,---,,SO,- ...... :::::::: ~i~i;iUCT 
~ y -I 

BEST 8 BIT PRODUCT 1 

1 

"'~;'_T_~i~_'~:_:_::_:_::_:_::_:_::_:_f:_:_~_:_~_:_~-i~'. S_17_S_6_S_05_S_04_S_03_S_02_S_1_S_0Q_":d~i~ii\i~YQT 

~;.','---~ -

. 
BEST 8 BIT PRODUCT 

Figure 1. Rounding the Result of Binary Fractional Multiplication. 

(a) In signed (2's complement) notation, the M5B of each operand is the sign bit. and the binary 
point is to the right of the M5B. The resulting product has a redundant sign b~ and the binary 
point is to the right of the second M5B of the product. The best eight·bij product is from 514 
through 57, and rounding is performed by adding "1" to bH position 56. 

(b) In unsigned notation the best B·bit product, is the most significant half of the product, corrected 
by adding "1" to bit position 57. 

'In gen,!,{~:rl)ul~pH!;l\\h~A:~j /iI,fl;t op~rand by N·bit operand results 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 result 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 = AS + 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 (XO-X7 
and Xs-X15), and so is the Yoperand. Since the situation is that 
of a cross product, four partial products are generated as follows: 

A = XL * YL 
B = XL • 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 Band C partial products. Thus, B15 and C15 
need to be extended eight positions to the left (to align witl:! 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 YS'Y15 XS,X15 Vcc YO·7 XS·15 ROUND Vcc YS·15 XO·7 YO·7 XO·7 

Ym 8 x 8 Xm Ym 8 x 8 Xm 
MULTIPLIER 

(6755S) 
16 

7452S30 

523·16 

MULTIPLIER 
(6755S) 

16 

57-0 

Figure 2. 16 x16 Two's Complement Signed Multiplication. 

X15 X14 X13 X12 Xll Xl0 Xg Xs X7 X6 
Y15 Y14 Y13 Y12 Yll Yl0 Y9 YS Y7 Y6 

IB15 .B14 B13 B12 Bll 810 B9 Bsil B7 BS B5 B4 B3 B2 Bl Bol 
1015 014 013 012 011 010 09 OsII 07 06 05 04 03 02 01 001lA15 A14 A13 A12 All Al0 A9 AsII A7 AS 

IC15 C14 C13 C12 C" Cl0 Cg csll c7 C6 C5 C4 C3 C2 Cl col 
531 530 529 828 527 526 525 524 823 522 521 520 819 51S 517 516 515 514 513 512 511 510 59 5S 57 56 

ROUNDED RE5UL T 

Figure 3. UnSigned Expansions of the 8x8 Multiplier to 16x16 Multiplication. 

X5 
Y5 

A5 

55 

X4 X3 X2 Xl Xo 
Y4 Y3 Y2 Yl Vo 

A4 A3 A2 Al Aol 

54 53 52 51 50 
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67516 16 x 16 Multiplier/Divider 
67508 8 x 8 Multiplier/Divider 

Product Information 
6761616 x 16(~7508 8 x 8) Multiplier/Divider 
The 67516 (67508) is a bus organized family of 16 x 16 and 8 x 8 
Multipfier/Divict8r. The device provides both multiplication and 
division of 2s complement 16 (8) bit nUl'nbers at high speed. 
There are 16 different multiply options including positive and 
negative multiply, positive and negative accumulation, multipli
cation by aconstanf arid both single and double length addition 
iii conjunction with the multiplication. Seven different divide op
tions allawsingle' or doUble length division, division of a previ
ously generated number, division by a constant, and continual' 
division of a;f!illl1ainder or quotient. The.67516 (67508) is a time 
s~uepcedc:levice requiring asingle cloc~ and loads operandS 
and p(e$ents results tO,a bi-<lirectioni\I.16 (8) bit-bus. The load~ 
ing oUhe operands, reading. of the resuits and control of the 
device is perform~ by a 3-bit control field. The device has the 
additionai.feature that operands and results can be either inte
gers or fractions and whE!O dealing with fractions, automatic seal" 
ing occurs, R~ults 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 
operahds'and reading of the. doubl.e length result the deVice 
iakesn/2 clock perioclS, a worst case clock period of 100 ns' 
gives a'muitiplication timeOfSOO ns wbrst case fOr 16 x 16 mul
tiplication and 400 ,Os for 8 x 8: More complex multiplications will 
take additional clock Periods for loading the additional operands. 
A simple divide operaton. wiU take n +." clock periods for.'8 worst 
case time of 2JLs (32 blts/16 bitSj and 1.2~s (16 bits/8 bits). 

The device uses standard low-power Schottky technology to 
produce a single +5V supply TTL compatible devic8: Bus input 
and control and clock inputs require lE!ss than 1!"A input purrent, 
ang ,bus outputs are three-state' sinking 8mA at the .1oY/loglc 
level. These devices will be availa.ble both inacommerclai'and 
military temperature range and packaged in 24 pin(16 ,x 16) and 
16 pill (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 ot16 
(8)' bits. These registerS are Y the Multiplier regiSter,\ X the 
Multiplicand and Divisor register, W which is the leaSt significant 
half ora double length'accumulat6r and holds the least' 
significarifhalfofthe proouet after a multiplication or the quotienf 
after a division operation. In addition to the registers, there is a 
high speed'arlthmetic unit which performs addition, subtraction 
and shifting operations in order to generate the required' 
arithmetl« function~, a.loading sequenCer and a PLA control 
network.' ..." ' , 

Operands ar,eJoaded into the working registers in time 
sequence at eac,h 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 rputine and performs the required 
operation. After n/2 cicek periods for. a multiply (or n + 4 clock 
periods for a divide), tlie device is ready to place the result on 
the bus in time s~uence. 

Three control inputs 10,1,2 select the required function and drive 
the sequencer from state to state. So the action Of the Multiplier/ 
Divider at any cICIck period is a function of the machine state and 
the state of the control inputs. Figure 1 shows the Multiply/Divide 
State Table and all pOssible operations. After a Read or Round 
operation.the machine is driven back. to State 0 and anew 
sequence of arithmetic operations is assumed. If a chain 
operation is being performed, such as accumulate products, 
then State Q is bypassed and loading of an operand or jumping 
to the arithmetic operation occurs at the end of the previous 
arlthl11etic operation at State 32 fOr a Multiply, or State 33 fOr' a 
Divide. 

Register X is a dual rank register which' allows the loading of 
operand X during the multiplication or division process. If the 
machine enters the loading sequence and a new X operand has 
not been loaded then.themachine proceeds with the previously. 
loaded X. This loading while processing allows. a cycle to. be 
saved during chain calculations and also al!ows l11ultiplication 
and division by a constant. 

Figures 2 and 3 show the codes and.time taken fOr the 23 
different arithmetic operations possible. These operations can 
be concatenated in strings to perform complex arithmetic 2s D 
complement operations at high ~E!ed. Rounding. and readil;lg : 
of, results can be perfOrmed after any operati!>n. . . 

Figure 4 is a block diagram Of the nxnMultiplier/Divider. 

Multiplication 
Tl)e 67516 (67508) provides ZS complement 16 (8) bit 
multiplication, an~can . also acCumUlate previously gEineratad . 
double prodUcts: No time penalty 'is incurred .. fOr accumulation· 
since the machine accumUlates while the. multiplication 
operation is proceeding.' In addition to accumulation the device 
can add in to a proouctelther a single length or double length' 
number. H· can also use a· previously 'ioaded operand as a 
constant so that constant multiplication 'and aCCumulation is 
possible. 

One. key. feature' is the ability to perform .both positive and 
negative multiplications again without any speed penalty. This 
feature allows complex multiplications to bElProgramm~ 
simply. Another important feature is the ability to, ¥lorkin· 
fractions or integers. . 
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6751616 x 16, 67508 8 x 8 Multipl~er/Divider 

Division 
The 67516 (67508) also provides a range of division operations. 
A double length number in Z,W is divided by X, and the result a 
is stored in Z and the remainder R in W. Again all numbers are in 
the 2scomplement number representation with the most 
significant bit of an operand, whether double or single length, 
having a negative weight. In order to facilitate repeated division 
and have a multiple length quotient keep the same sign, the 
remainder is always the same sign as the dividerid. Fractional or 
integer operation is possible and division and multiplication 
operations can be concatenated. For example, the, operations 
(A x B)/C, (AlB) x C can easily be performed. The dividend can 
be any previously generated result, product, quotient, remainder, 
or a double or single length signed operand. 

Reading Results 
Results of an arithmetic operation, or string of operations, can 
be read onto the 16 (8) bit bus if the machine is at the end of an 
operation or at the start of a new sequence. The read operation 
requires that the load signal is held Low whereby the information 
is read out onto the bi-directional bus when Code 7 is specified. 
(See Figure 5) Since there is a double length accumulator Z,W 
reading can take two time periods. First register Z is read out, 
this could be the most significant half of a product, or the quotient 
during a division operation. After a clock has been received and 
Code 7 is still present, the least significant half of the product 
from the W register is placed on the bus, or the remainder if a 
division operation was performed. 

If the machine is asked to perform a read during the loading 
sequence then the sequence is broken and the machine is fOrced 
back to state 0 ready to start the sequence again. Continual read 
operations at state 0 just swap the contents of register Z and W; 

Initialization of the 67516 Multiplier/Divider can easily be per
formed by continually calling out Code 7 which after a maximum 
of 21 (13) clock periods fOrces the machine back to State O. The 
67508/18 have a direct Reset line. 

Integer and Fractional Arithmetic 
The 67516 (67508) can work in either fr~ctional or integral 
number representations. When' working with integers all 
numbers are scaled from the least significant end and the least 
significant bit is assumed to have a weight o~ 2°., For integer 
multiplication,accumulation, and division,all numbers are 
scaled from this least significant weight, and results are correct i,f 
interpreted in this manner., The dou~le length registefZ,Wcan ' 
therefore hold numbers in the range -231 to +231 -1 (-215 to 
+215-1)andthe operands X and Y and single length results' 
are inthe range -215 to -l;,~15-1(-27 to +27 -1). ' 

When working with fractions, the machine automatically 
Performs scaling so that input operands and result have a 
consistent format. All numbers in the, fractional representation 
are scaled from the most significant end which has a weight of 
2° and is negative. The binary point is one place to the 'right of 
this most significant bit, so tl;latthe next bit has a weight of 2-1. 
The double length register t,w therefore hOlds numbers inthe 
range -1' to +1 :.. 2-31 (2-15) and the operand X and Y and, 
single length results are in the range -1 to +1 -215 (27). Slhce 

automatic scaling occurs, the product of two numbers alway$ 
has the least significant bit as a 0 unless an accumulation is 
perfOrmed with the least significant bit as a 1. 

During a chain operation with the partial results not being read 
onto the bus, the machine will stay in either the fractional or 

'integer mode. At the start of a sequence of operations, Integer or 
fraction operation is designated by loading operands with Code 
6 or Code 5 respectively. 

Mixed fraction and integer working is possible by re-clefining the 
weight of the least or most significant bit. ,Care, however, must 
be exercised due to the automatic scaling feature when 
fractional arithmetic is programmed. ' 

Rounding 
Rounding can be performed on the result of a multiplication or 
division. Generally, rounding would only be called out during 
fractional operation but nothing in the machine" precludes 
fOrming a rounded result during integer working; 

Rounding for multiplication provides the best single length most 
Significant half of the product. Rounding occurs at the end of a 
multiplication and is performed instead of a Load or Read 
operation. The machine looks at the most significant bit of the 
least significant half of the product (W15 or W7) and adds 1 to 
the most Significant half of the product at the least significant 
end if W15 (W7) is a1. After the operation the machine is in 
state 0 so that the rounded product can be read, and the W 
register is clear. 

Division rounding is performed by forcing the least significant bit 
of the quotient in Z to a 1 unless the division is exact (remainder 
is zero). This method of rounding causes a slightly higher 
variance, in the result than having an additional iterative division 
operation, but is considerably easier to perform. Again after 
rounding the machine goes to state 0 so that a read operation 
can be performed, and the W register is clear. 

Overfl,oVl( , 

The machine has an overflow output which is cleEired prior to an 
operation and is set during an operation if the product or quotient 
goes outside the normally accepted range. 

For multiplication, overflow can only ,occur if the most negative 
number in the operand range is used. -1X -1 = +1 which 
cannot be held in the machine. Overflow can more easily occur 
during accumulation of products either positiveiy or negatively. 
For fractional working, if the product or accumulation goes out
side the range of -1 to +1 -2-31 then the overflow flip-flop will 
be set. 

Divisipn overfl()W also oCcurs if, the quotient goes outside the 
generally accepted num~r range of -1 to +1 .,-2-15 (2.,..7) 
during fractional operation. This would occur if the divisor is less 
than the dividend or equal to the dividend if a positive quotient is 
being generated. For .integer workirigthe numberS,must be 
scaled by 215 (27). " 

Timing' 
General timing waveforms are shown in Figure 6. Specific 
examples are shown in, Figures 7 and 8. ' 
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6751616 x 16, 675088 x 8 Multiplier/Divider 

TIME SLO't 

OPERA'tION 2 3 4 5 6 7 8 9 10 11 12 

INS CODe 0 
X,Y MULTIPLY 

BUS Y , 

IN~ CODE 1 
-x, Y MULTIPLY 

BUS Y 

INS CODe 2 
x, Y +KZ, KW 

BUS 
MULTIPLY 

Y 

INS CODE 3 
-x, Y + KZ. KW MULTIPLY 

I BUS Y 
" INS CODe 5/6 0 

XY MULTIPLY 
BUS X Y 

,'I,NSCODE 5/6 1 
-XV 

Y 
MULTIPLY 

BUS X 

INS CODE 5/6 2 
.XY + KZ. KW MULTIPLY 

" . BUS x Y c • 

:iillfs'cooe 5/6 '3 
-XY+,KZ, KW 

BUS X 
MULTIPLY 

Y 

INS CODE 5/6 6 0 
XY +Z 

;BUS' 
MULTIPLY 

x Z Y 

-xv +Z 
;, ;'~NSC()DE 5/6 '6· 1 " 

MULTIPLY 
B'US X Z Y 

XY + KZ2-ln..:1) 
iNS CODE, 5/6 6 2 

MULTIPLY 
'BUS X - Y 

-XV + KZ2- ln- 1) 
INS CODe 5/6 6 3 

BUS 
MULTIPLY 

X - Y 

IIIlS CODe 5/6 6 6 0 
XY.+Z,W MULTIPLY 

BUS X Z W Y 

INSCOQE 516 6 6 1 
-XY+Z;W 

sus MULTIPLY 
,x Z W Y 

'INs.cODe 5i6 6 6 2 
,XY,+ Wsign 

. , aus X - W Y 
MULTIPLy 

INS CoDE 5/6 6 6 3 
-XV + Wsign 

8,45 ,x - MULTIPLY 
W Y 

NOTES: 1) Xl IS CONTENTS OF 1ST RANK OF x R~GIStER IEITHER.OLD X OR A NEW X). 

2) KZ21,,":1) IS A SINGLE LENGTH SIGNED NUMBER THE MOST SIGNI~ICANT HALF OFTHE PREVIOUS 
PRODUCT ADDED IN AT THE LEAST SIGNIFICANT END. ' 

3) W SI(3N.IS A SINGLE LENGTH SIGNED NUMBER. 

4) INTEGeR OR FRACTIONAL WORKING IS SPECIFIED BY HAVING THE LAST BUt ONE OPERAND 
L.OADED WITH A 6 OR 5 RESpeCTIVELY. ' 

, F1g~ni2 Mu1tlpllcatlon Codes and nmes for 16 x 16 (For 8 x 8 nming Is Reduced ~' 4 Cycles) 
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67516 16 x 16, 67508 8 x 8 Multiplier/Divider 

OPERATION 3 4 5 6 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

INSCODE ~ I I' KZ.KW/X , DIVIDE 
BUS 

INS CODE 516 4. 
KW/X DIVIDE 

BUS X -
INS CODE 516 5 

KZIX DIVIDE 
BUS X -

INS CODE 516 6 4 
Z.WIX DIVIDE 

BUS X Z W 

INS CODE 516 6 5 
ZIX DIV~DE 

BUS X Z -
INS CODE 516 6 6 4 

WI' DIVIDE 
BUS X - W -

INS CODE 516 6 6 5 
Ws/X DIVIDE 

BUS X 0 W -
NOTES: 1) Xl IS CONTENTS OF 1ST RANK OF X REGISTEA (EITHER OLD X OR A NEW xl 

2) rRACTIONAl DIVISION DIVIDES A 31 BIT 2'5 COMPLEMENT NUMBER IN 1 CLOCK peRIOD LESS'''rHAN INTEGER DIVISION, 

3) Wsign IS A SiNGLE LENGTH SIGNED NUMBER. 

4) DIVISION OPERATION Ws/X DEMANDS THAT Z AEGISTER IS INITIALIZED wnH ALL O'S'AT LOADING INTERVAL FOR Z. 

5} INTEGER OR FRACTIONAL WORKING IS SPECIFIED BY HAVING THE LAST BUT ONE OPERAND LOADED WITH A 6 OR 5 RESPECTIVELY. 

figure 3 Division Codes and nme for 32/16 (For 16/8 Timing is Reduced by 8\Cycle8) 

INSTRUCTION 

LOAD 

CLOCK---.... ..... ..,..-r-_ ... 

COI(rROLS 

z W ALU z W' 

Flgure!4 ··MultlpIy/Dlvlde Processor Family" ' 

NOTE 2 

I 

I 

I 

I 

I 

I 

BUS 



6751616 x 16, 67508 8 x 8 Multlplier/Dlvidel'i 

8 x 8 Multiplier/Dlvlderpln .. out 

16 x16 Multipl,er/Dlvlder Pln .. out 
"'~-. -

57516 

Figure 5. 67516/08 Internal Circuitry of "Load" Line and 
lI'l·State-Enable., ' 

57508 

57518 

r-----:1OO NS-/ 

CLOCK 

'INSTRUCTION' AND DATA 

DATA-OIITPUTS 

1,.-__ _ 

,,~ XX 
I II.. , 
I, _ ..... 0 NS'= HOlD TIME 
ISET-IJPI ' , 
4 TIME I -I30NS I 

I 
I 

_ ...... 1 ----J~'---_x: 
_SONS~ 
I I 

Figure 6. Timing Diagram 67516/67508 (Praliminary) 



6751616 x 16, 675088 x 8 Multiplier/Divider 

CP -n-n.. L. LJrL LJrurLrLrLrLLrurt-rLrLrLrL 
I 1\ 

-U 
y;- -0 ,X4 IX12 Xe ; IXo IJL. - - -

INS'I'A 
....-. ." 

XI XO X ri 

ot-; -." IXw z -
1 2 3 4 5 I 7 e 9 10 

I I 

OYEl'lPLOW 
r"- -- ~ ~- -- ., 

-
"- I 

INTliANAL CLK L L ""L rL ru ll-L rL rL L-n Il-f--
n 

figure 7. Example #1 Load X, Load Y, Multiply, Walt, Read Z, Read W. 

-~~~~~L-~~L-L-~~~~~~LL-~ 

-~ - 'leo . -1X4 IXa XI IX12 Xo X, - I"'"" - - -
!NITA 

BUS 

X -X X7 )(6 Xo 
0;;- r--. 

,!i... OUT~IN liN ~ HHMPEDANCE r-; w ix)(v XX x. y - !"""- -
1 2 3 4 5 6 7 e 9 10 11 12 1 2 

(OVERFLOW, IFE](ISTS, IS THE CClMPLEMENT OF DONE) L ....I 
INi'EANAL~ "- / 

IN1I!RNALCLK LJ 11-h-rL IL IL Il-11-rL h-rL "1-rt-L LJ rL -U -

Figure 8. Examp" #2: Repeat: "Load X, Load Y, Multiply, Read Z,Read W". 
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Sine (0° to 90°) Look Up Table 
Using a 1024 X 10 ROM (5/6255, 5/6256) 
5/6086, 5/6087 

Featuresl Benefits 
• ' Input angle Increments' of 90°/1024 = .0879° 
• 10 bit binary outputs 
• Low power dissipation. ~plcally 500 mw 
• Fast access time 100 n8 max. 
• DTL and TTL compatible 
• lWoenable Inputs 
• AdVanced Schottky processing 

Description 
The 5255/6255, 1024 words by 10 bits Read Only Memory has 
been customized to make a sine () look up table (5086/6086) for 
0° .. () < 90°. The address inputs are used to divide the first 90° 
quadrant into angles increments of 90°/1024 words or .Oa79°/ 
word. The memory outputs should be interpreted as binary 

EXAMPLE 1: 
Find the sine 45° 

weighted fractions where output 1 has a weight of 1/2 or .500, 
output 2 has a weight of 1/4 or .250, and so on until output 10 
which has a weight of 1/1024 or .000976. The 10 bit output code 
has not been rounded off so that output error will always be 
positive and less than 1/1024 or .0009765. Round off error, in 
approximating the ROM input word, must be added or subtracted 
to the output error. 

Let X = the ROM word where sine 45° is stored 

X = '45° 
1024 words 90° 
X = word 512 

Word 511 has the following stored data and interpretation: 

Output # Ot' 02 03 04 05' 06 07 Oa 09 010 
Stored bata, H L H H L '.' H L H L L (H = TTL HIGH) 

Binary Weight + ! ! 1~ 1 1 1 1 1 1 
32 64 128 256512 1024 

Adding the fractions wherever an "H" appears given. 

+ + ! + * + ~ + 2!s = .50000 + .12500 + .06250 + .01562+ .00391 = .70507 

Handbook Value = .70711 
Our Error = .70711 - .70703 = .00008 

EXAMPLE 2: 
Find the sine, 210° 
This value is in quadrant thr", \herefore, fl' = 210° - 1,aOo or 30° 

X_30° Let X = the ROM word where sine 30° is stored - 900 
1024 words 

X = word 341.33 (roundoff to word 341) 
Word 341's stored data = Ot 02 D3 04 05 06,.07 Oa Og 010 .... Output 

1 1 1 .J... 1 1 1 1 11 .... StoTedData Not Presented 
Binary Weight 2 4 a 16 32 64128 '256 512 1024 ' 

= ;49902 

The sine 210°, therefore, = -.49902 with the sign generated by 
external logic. Note that ~ address 341 to which we rounded 
off is actlJally .the"sine 2&.97°. ' 
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5086/6086/5087/6087 

Absolute Maximum Ratings 
Supply voltage vee ..................................................................................... -'0.5V to +7.0V 
Input voltage ........................................................................................... -1.5V to +5.5V 
Input current ......................................................................................... -20 mA to +5 mA 
Output current .................................................................................... -1 00 mA to + 1 00 mA 
Storage temperature range ................................................................. ; ........... -65°e to + 1500e 

Recommended Operating Conditions 

SYMBOL PARAMETER 
5255 (MILITARY) 6255 (COMMERCIAL) 

UNIT 
MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

10L Low level operating current 6 6 mA 

TA Operating free air temperature -55 25 125 0 25 75 °e 

Electrical Characteristics 
Over Recommended Operating Free Air Temperature Range (Unless Otherwise Noted) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIH High level input voltage 2.0 V 

VIL Low level input voltage 0.8 V 

Vie Input clamp voltage Vee = MIN, II = -18mA -1.0 -1.5 V 

VOL Low level output voltage Vee = MIN, 10L = MAX .45 V 

II Maximum input current Vee = MAX, VI = 5.5V 1.0 mA 

IIH High level input current Vee = MAX, VI = 2.4V 40 /LA 

IlL Low level input current Vee = MAX, VI = 0.45 V -250 /LA 

el Input capacitance Vee = 5.0V, f = 1 MHz,IVI = 2.0V 7 
pF 

eo Output capacitance TA = 25°e IVO=2.0V 8 

lee Supply current 
Vee = MAX, all inputs 

grounded, all outputs open 
165 mA 

OPEN COLLECTOR OUTPUT CURRENT 

Output leakage current Vee = MAX, Vo = 2.4V 100 

THREE STATE OUTPUT ONLY 

VOH High level output voltage Vee = MIN, 10H = MAX 2.4 3.2 V 

High level off 
Vee = MAX, Vo = 2.4V 

50 
/LA 1HZ 

State output current 

ILZ 
Low level off 

State output current 

-50 
Vee = MAX, Vo = 0.5V /LA 

lOS Output short circuit current Vee = 5.0V, Vo = OV -20 -50 -90 mA 
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5086/6086/5087/6087 

Switching Characteristics 
Over Recommended Ranges of TA and VCC 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY' COMMERCIAL • 

UNIT 
MIN MAX MIN MAX 

TAA Address access time 
Any address reading 

150 100 ns 
"0" or "1" 

Enable recovery time 
Word addressed is 

45 40 TER ns 
storing a low 

TEA Enable access time 
Word addressed is 

storing a low 
80 70 ns 

'All limits apply for 5V ±5%, O"C to +75"C for Commercial. All limits apply for 5V ±10%, -55"C to +125"C for Military. 

Definition of Waveforms 

A X~ ______________________ ___ 
- I 
E I. X-----------------

A ____ JXI~ ____________________ _ 
E 

E---------~:--------~-f------_r~--E -----I----JI· 
o I I X 

I 
1~~tEA=:.j'-----

. tAA-~-1 
ADDRESS ACCESS TIME 

Standard Test Load 
Rt 

~~~~u~Y o-__ ~ __ ,......~7",SOI\!l~~ VCC 

R2 
1500H 

o Lo,~d ,-_F 
ENABLE ACCESS TIME AND RECOVERY TIME 

Input pulse amplitude 3.0V 
Input rise and fall times 5ns from 1.0V to 2.0V 
Measurements made at 1.5V 

-------~-------------~ 
Block Diagram: Pin Configuration 

1024 words X 10 bits memory 

r-MOST SIGNIFICANT BIT OF ADDRESS 

Ag 

AS 

A7 

'As 
AS 
A4 

A3 

A2 

At 
AO 
e,o-------ICluTl 
Eio------I 

MEMORY ARRAY 

09 0,0 

MOST SIGNIFICANT DATA BIT -.J 

ENABLE = E.i LOW AND E2 LOW 

8-21 



8-22 



Interface .. (# J 

9-1 



Octal Buffers 
non-inverting 

low enable 

Octal Transceivers 

Octal Latches 

9-2 

Interface Selection Guide 

non-inverting 
high/low enable 

non-inverting 

non-inverting 

inverting 
low enable 

inverting 

inverting 

Page 9-4 

inverting 
high/low enable 

Page 9-11 

Page 9-14 



Interface Selection Guide 

Octal Registers with Three-state Page 9-14 Octal Registers with Clear 

non-Inverting inverting non-inverting 

Octal Registers with Clock Enable Page 9-18 Octal Registers with I/O 

non-inverting 

Octal Shift Registers 

left-right 

inverting 

Page 9-22 Quad Power/Logic Strobe 

right-extend 

Page 9-18 

Page 9-21 

Page9-26 D 
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Octal Buffers 

Features/Benefits 
• 3-state outputs drive bus lines • 20-pin Skinny DlpTM saves space 

• Schmitt trigger gual'antees high noise margin • 8-bits matches byte boundaries 

• Low current PNP inputs reduce loading • Ideal for microprocessor Interface 

PART 
TYPE. TEMP. ENABLE· POLARITY 

THRESH-
POWER 

NUMBER OLD 

8N74L8240 N,J com 
LOW 

8N54L8240 J mil 
Invert 

67L8306 N,J com LOW-
57L8306 J mil HIGH 

Hysteresis 
8N74L8244 N,J com 
8N54L8244 J mil 

LOW 
Nori-

8N74LS241 N,J com LOW- invert 
8N54L8241 J mil HIGH 

L8 
67L8300 N,J com 

LOW 
57L8300 N mil 
67L8307 N,J LOW-

Invert 
com 

57L8307 N mil HIGH Schmitt 
67L8304 N,J com 

LOW 
trigger 

57L8304 N mil Nori-
67L8301 N,J com LOW- invert 
57L8301 N mil HIGH 

8N748240 N,J com 
LOW 

8N548240 N mil 
678306 N,J . com LOW-

. Invert 

578306 N mil HIGH 
Hysteresis 

8N748244 N,J com 
8N548244 N mil 

LOW 
Non-

8N748241 N,J com LOW- invert 
8N548241 N mil HIGH 

8 
678300 N,J com 

LOW 
578300 N mil 

Invert 
678307 N,J com LOW- . ~ 

578307 N mil HIGH Schmitt 
678304 N,J com 

LOW 
trigger 

578304 N mil Non-
678301 N,J com LOW- Invert 
578301 N mil HIGH I·" 

"'1' 
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Octal Buffers 

Description 
The Octal Buffers provide high speed and high current interface 
capability for bus organized Digital Systems. The three-state 
drivers will source a termination to ground (up to 1330) or sink a 
pull-up to Vee as in the popular 2200/3300 computer periph
eral termination. The PNP inputs provide improved fan-in with 
0.2 mA IlL on the Low Power Schottky buffers and 0.4 mA loe 
on the Schottky buffers .. 

The 240 and 244 provide inverting and non-inverting outputs 
with 8ctive low enables. The 241 and 306 provide inverting and 
non-inverting outputs with both active low and active high en
ables allowing transceiver operation. 

Logic SymbOls 
240,300 

:Ej Vce 

lAl E2 

2YA lY1 

lA2 2M 

.2Y3 lYA 

lA3 2A3 

2Y2 lY3 

1M ~ 

2Y1 lY4 

GND 2Al 

244,304 

Vee 

E2 

lY1 

2M 

lYA 

2A3 

lY3 

2M 

lY4 

2Al 

In addition to the standard Schottky and Low Power Schottky 
Octal Buffers, Monolithic Memories provides a full hysteresis 
with "a true" Schmitt trigger circuit. The improved performance 
characteristics are designed to be consistent with the SN541 
74LS14 Hex Schmitt trigger and guarantee II full 400 mV noise 
immunity. . 

The Schmitt Trigger operation makes the LS buffers ideal for 
bus receivers in a noisy environment. The Schmitt Trigger oper
ation on the S buffers acts as a safeguard against feedback 
oscillation and prevents slow transitions through the threshold 
region, insuring fast transitions and reducing ICC spikes. 

E1 

lAl q 

2YA lY1 

lA2 2M 

2Y3 1YA 

lila 2A3 

2Y2 lY3 

1M 2A2 

2Y1 lY4 

GND 2Al 

306,307. 
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SN74LS240 SN74LS241 SN74LS244 67LS306 SN54LS240 SN54LS241 SN54LS24457LS306 

Absolute Maximum Ratings 
Supply Voltage, Vee ................................................................................................ 7V 
Input Voltage ..............•..........................................•...........•..............•......... ; ......... 7V 
Off-State Output Voltage ....•............................•...............•.........................•...•............... 7V 
Storage Temperature Range ............................................................................. -65°eto +150oe 

Recommended Operating Conditions' 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

'-. MIN NOM MAX MIN NO,.. MAX UNIT. 

Vee Supply VOltage 4.5 5 5.5 4.75 5 5'.25 V 

10H High-level output current -12 -15 mA 

10L Low-level output current 12 24 mA 

TA Operating free-air temperature -55 125 0 70 °e 

" 

Electrical Characteristics Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY COMMERCIAL 

UNIT 
MIN TYP MAX MIN TYP MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

Vie Input clamp voltage Vee - MIN, 11- 18mA -1.5 -{5 V 

Hysteresis (VT +- VT - ) Vee = MIN 0.2 0.4 0.2 0.4 V 

Vee - MIN, VIH - 2 V. 
2.4 3.4 2.4 3.4 

VIL= MAX 10H = -3mA 
VOH High-level output voltage 

Vee = MIN, VIH - 2V, 
V 

VIL = 0.5 V, 10H = MAX 
2 2 

Vee - MIN, 
10L = 12mA 0.4 0.4 

VOL Low-level output voltage VIH = 2V, V 

VIL = VILMAX 10L = 24mA 0.5 

10ZH Vee, VIL = MAX Vo = 2.7V 20 20 

10ZL 
Off-state output current 

VIH = 2 V VO= 0.4 V -20 -20 
p.A 

II 
Input current at maximum 

Vee = MAX, VI = 7V 0.1 0.1 mA 
input voltage 

IIH High-level input current, any input Vee = MAX, VI=2.7V 20 20 p.A 

IlL Low-level input current Vee = MAX, VIL = 0.4 V -0.2 -0.2 mA 

lOS Short-circuit output current·. Vee = MAX -40 -225 -40 -225 mA 

Outputs high 
Vee = MAX 

All 13 23 13 23 
'LS240, LS306 26 44 26 44 

iee Supply current 
Outputs low 

'LS241, 'LS244 27 46 27 46 
mA 

All outputs 
Outputs open 

'LS240, LS306. 29 59 29 50 
disabled 'LS241, 'L$244 32 54 32 54 

Switching Characteristics vcc = SV,'TA = 2SOC 

SYMBOL PARAMETER TEST CONDrT/ONS 
LS240, LS306 LS241, LS244 

UNIT 
~ . MIN TYP MAX MIN TYP MAX 

tPLH Propagatianaelay, low-to-high 9 14 12 18 ns 

tPHL Propagation delay, hi!:lh-to-Iow eL = 45 pF, RL = 6670, 12 18 '. 12 18 ns 

tpZL Ouptut enable.time to low level See Page 10-4 20 30 20 30 ns 

tpZH Output enable time to high level 15 23 15 23 ns 

tPLZ Output disable time from low level eL = 5 pF, RL = 6670, 15 25 15 25 nil 

tPHZ Output disable time from high level See. Page 10-4 10 18 10 18 ns 
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67LS300, 67LS301, 67LS304, 67LS307, 57LS300, 57LS301, 57LS304, 57L S307 

Absolute Maximum Ratings 
Supply Voltage, Vee ................................................................................................ 7V .. 
Input Voltage ................................................................................... , ............... '. . .. 7V 
Off-state ouptut voltage ..... , ............................................... , ................. ,." ................. ,. 7V 
Storage temperature range............................................................................. -65°e to +150oe 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MilITARY COMMERCIAL 

MIN NOM MAX MIN NOM MAX UNIT 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

10H High-level output current -12 -15 rnA 

10l Low-level output current 12 24 inA 

TA Operating free-air temperature 55 125 0 70 °e 

. Electrical Characteristics Over Recommended Operating Free Air Temperature Range 

PARAMETER TEST CONDITIONS 
MilITARY COMMERCIAL 

UNIT SYMBOL 
MIN TYP MAX MIN TYP MAX 

VT+ Positive-going threshold voltage Vee = 5V 1.5 1.7 1.9 1.5 1.1 1.9. V 

VT- Negative-going threshold voltage Vee = 5V 0.7 0.9 ' 1.1 0.7 0.9 ,'. 1.1 V 

VIC Input clamp voltage Vee - MIN, 11--18mA -1.5 -1.5 V 

Hysteresis (VT -I" - VT -) Vee = 5V 0.4 0.8 0.4 0,8 V 

Vee = MIN, VIH -2 V. 
2.4 3.4 2.4 3.4 

VOH High-level output voltage 
Vil = MAX, IOH =-3mA 

V 
Vee = MIN, VIH = 2V, 
Vil = 0.5 V, 10H = MAX 

2 2 

Vee = MIN, 
IOl = 12mA 0.4 0.4 

VOL Low-level output voltage VIH = 2 V. V 

Vil = VllMAX IOl = ,24 rnA 0.5 

10ZH Vee, Vll= MAX Vo = 2.7V 20 20 

10Zl 
Off;state output current 

VIH = 2V VO= 0.4 V -20 -20 
/LA 

It 
Input current at maximum 

Vee = MAX, VI= 7V 0.1 0.1 rnA: 
input voltage 

IIH High-level input current, any input Vee = MAX, VI = 2.7V 20 20 /LA 

III Low-level input current Vee - MAX, Vil - 0.4 V -0.2 -0.2 rnA 

lOS Short-circuit output current Vee - MAX -40 -225 -40 -'-225 rnA 

Outputs high 
lS300, lS307 13 ,23 13 23 

--
lS301, lS304 31 18 31 

Vee. = MAX 
18 

lS300, lS307 26 44 26 44 

tee Supply current 
Outputs low 

lS301, lS304 32 46 32 46 
rnA 

All outputs 
Outputs open 

lS300, lS307 29 59 29 50 
'disabled LS301, lS304 34 54 34 54 

SWitching Characteristics VCC - 5 v. TA - 25°C - • - : 
. , 

P,- "'" : 

SYMBOL PARAMETER TEST CONDITIONS 
LS3OO,LS307 lS301, lS304 

UNIT: 
MIN TYP MAX MIN TYP MAX 

tPlH Propagation delay, low-to-high 19 25 19 25 -ns 

tpHl "Propagation delay, high-to-Iow el = 45 pF. Rl = 6670, 19 25 19 25 ns, 

tpZl ,Ouptut enable time to low level See Page 10-4 37 45 26 34 nS 
tpZH Output enable time to high level 26 34 26 34 .:llS.:· 

Output disable time from low level el=5pF. Rl = 6670, 19 29 22 32 
-

tPLZ 'ns 
tPHZ Output disable.time from high level See Page 10-4 19 '29 ' 22 32 ns, 



SN74S240 SN54S240 SN74S241 SN54S241 SN74S244 SN54S244 67S306 57S306 

Absolute Maximum Ratings 
Supply Voltage, Vee ................................................................................................ 7V 
Input Voltage ..................................................................................................... 5.5V 
Off-state ouptut voltage ........................................................................................... 5.5 V 
Storage temperature range ............................................................................. -65°e to +150oe 

Recommended Operating Conditions 

SYMBOL PARAMETER MILITARY COMMERCIAL 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 

IOH High-level output current -12 -15 

10L low-level output current 48 64 

TA Operating free-air temperature -55 125' 0 70 

'The SN54S241/244J operating at free air temperature above 116'C requires a heat sink such that ReCA is not more than 40'C/W 

Electrical Characteristics Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER CONDITIONS 
5240,5306 5241,5244 

MIN TYP MAX MIN TYP MAX 

VIH High-level input voltage 2 2 

VIL low-level input voltage 0.8 0.8 

Vie Input clamp voltage Vee = MIN, II = -18mA -1.2 "':1.2 

Hystersis (VT + - VT - ) Vee = MIN 0.2 0.4 0.2 0.4 

Vee = MIN, VtH = 2V 
2.4 3.4 2.4 3.4 

VOH High-level output voltage 
VIL = 0.8V, IOH = -3mA 

Vee = MIN, VIH = 2V 
2 2 

VIL = 0.5V, 10H = MAX 

VOL Low-level output voltage 
Vee = MIN, VIH = 2V 

0.55 0.55 
Vil = 0.8V, 10L = MAX 

IOZH 
Vee = MAX 

Va = 2.4V 50 50 

10Zl 
Off-state output current VIH = 2V 

Va = 0.5V -50 -50 
VIL = 0.8V 

II Maximum input current Vee = MAX, VI = 5.5V 1 1 

IIH High-level input current Vee = MAX, VI = 2.7V 50 50 

IlL 
Low-level Any A 

Vee = MAX, VI = 0.5V 
-400 -400 

input current Any E -2 -2 

lOS Short circuit output current1 Vee = MAX -50 -225 -50 -225 

Outputs high 
SN54S' 80 123 95 147 

SN74S' 80 135 95 160 
Vee = MAX 

SN54S' 100 145 120 170 
lee Supply current Outputs low Outputs Open SN74S' 100 150 120 180 

Outputs SN54S' 100 145 120 170 

disabled SN74S' 100 150 120 180 

Switching Characteristics VCC = 5 V, TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS 
5240,5306 5241,5244 

MIN TYP MAX MIN TYP MAX 

tPLH 4.5 7 6 9 

tPHL 
Data to output delay eL = 50 pF 

4,5 7 6 9 
RL = 90n 

tpZl See Page 10-4 
10 15 10 15 

tpZH 
Output enable delay 

6.5 10 8 12 

tpLZ eL = 5 pF See 10 15 10 15 

tPHZ 
Output disable delay 

RL = 90n Page10-4 6 9 6 9 
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V 

mA 

mA 

°e 

UNIT 

V 

V 

V 

V 

V 

V 

)LA 

mA 

/LA 

/LA 
mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 



67S300, 67S301,67S304, 67S307,57S300, 57S301, 57S304, 

Absolute Maximum Ratings 
Supply Voltage, Vee ..................................................................... ; ..................... . 
Input Voltage .................................................................................................... . 
Off-state ouptut voltage .......................................................................................... . 
Storage temperature range ............... ,............................................................. -65°C to + 

Recommended Operating Conditions 

SYMBOL PARAMETER MIUTARY COMMERCIAL 
MIN NOM MAX MIN NOM MAX 

Vce Supply voltage 4.5 5 5.5 4.75 5 5.25 

10H High-level output current -12 -15 

10L Low-level output current 48 64 

TA Operating free-air temperature -55 125' 0 70 

'The SN54S24i/244J operating at free air temperature above 116"C requires a heat sink such that R8CA is not more than 4O'C/W 

Electrical Characteristics Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER CONDITIONS 
S3OO,8307, 8301, S304 

MIN TYP MAX MIN TYP MAX 

Vr+ Positive going threshOld voltage Vee = 5V 1.5 1.7 1.9 1.5 1.7 1.9 

VT- Negative-going threShold voltage Vee = 5V 0.7 0.9 1.1 0.7 0.9 1.1 

VIC Input clamp voltage Vee'" MIN, II = -18mA -1.2 -1.2 

Hystersis (VT + - VT - ) Vee = MIN5V 0.4 0.8 0.4 O.B 

Vee = MIN, VIH '" 2V 
2.4 3.4 2.4 3.4 

VOH High level output voltage 
VIL = O.BV, 10H = -:3mA 

Vee'" MIN, VIH '" 2V. 

VIL = 0.5V, 10H '" MAX 
2 2 

VOL LoW level output voltage 
Vee = MIN, VIH = 2V 

VIL = O.BV, 10L '" MAX 
0.55 0.55 

JoZH 
Vee "" MAX 

Vo = 2.4V so 50 

10ZL 
Off state output current VIH;= 2V 

Vo '" 0.5V -50 -SO 
VIL = O.BV 

II Maximum input current Vee = MAX, VI = 5.5V 1 1 

IIH High level input current Vee = MAX, VI = 2.7V 50 50 

IlL 
Low level Any A 

Vee = MAX, VI = 0.5V 
""400 -400 

input current Anye ..c400 -400 
lOS Short circuit output current1 Vee = MAX -50 -225 -50 -225 

Outputs high 
Military 123 147 

Commercial 135 160 
Vee = MAX 

Military 100 145 120 170 
ICC Supply current Outputs low Outputs Open 

Commercial 100 t50 120 180 

Outputs Military 100 145 120 170 

disabled Commercial 100 150 120 1BO 

Switching Characteristics Vcc = 5 V, TA = 25"C 

SYMBOL PARAMETER TEST CONDmONS 
S3OO, S3()7 S301, S304 

MIN TYP MAX MIN TYP MAX 

tPLH 
Data to output delay 

tpHL 
eL = 50 pF 

AL =' 90n 
tpZL 

Output enable delay See Page 10.-4 
tpZH 

tpLZ CL=5pF See 

tPHZ 
Output di$able delay RL= 90n Page 10-4 

i' . 

UNIT 

V 

mA 
rnA 

°e 

UNIT 

V 

V 

V 

V 

V 

V 

pA 

mA 

p,A 

p,A 

pA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

ns 

lis 





Octal Transceiver 
SN74LS245,SN54LS245 
67LS305, 67 LS531 0, 57LS305, 57LS310 

Features/Benefits PART 
• 3-state outputs drJve bus lines NUMBER 
• Schmitt trigger guarant4t8s high noise margin 
• Low current PNP Inputs reduce loading SN74LS245 

• 20 pin Skinl1Y Dlp™ saves space SN54LS245 

• 8 bits matches byte boundaries 67LS305* 
• Ideal for microprocessor Interface 57LS305* 

67LS310' 

57LS310' 
Description 

TYPE 

N,J 

J 
N,J 

J 

N,J 

J 

TEMP POLARITY THRESHOLD 

com Non-
Hysteresis 

mil invert 

com Non-

mil invert Schmitt 

com 
Invert 

trigger 

mil 

These Octal Bus transceivers are designed for asynchronousf:unction Table LS245, LS305 
two-way communication between data buses. The control func" 
tion implementation minimizes external tiriling requirements. c-

The. device allows data transmission from the A bus to the B bUs 
or from the B bus to the A bus depending upon the logic level at 
the direCtion control (DIR) input. The enable input (i;) Ral') be 
used· to disable the device so that the buses are;effectively 
isolated. .. c 

In addition to the standard OCtal transceivers, Monolithic Mem
ories provides a full hysteresis with "a true" Schmitt· Trigger c

• 

Circuit. The improved performance characteristics are deSigned 
to be consistent with the SN54/74LS14 Hex SctimIttTrigger 
and guarantee a full 400 mV noise immunity. . . 

The Schmitt Trigger. operation makes these. LS transceivers 
ideal for noisy bus environments, 

Logic Symbols 
LS245, LS3Ds 

'Prellminary Data 

ENABLE 
DIRECTION 

E CONTROL 
DIR 

L L 
L H 
H X 

Function Table LS310 

. ENABLE 
DIRECTION 

E CONTROL 
DIR 

L L 
L H 
H X 

LS310 

OPERATION 

B data to A bus 
A data to B bus 

Isolation 

OPE~ATlON 

B data to A bus 
A data to B bus 

Isolation 
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SN74LS245, SN54LS245 

Absolute Maximum Ratings 

Supply Voltage, Vee ........................................................... -: .................... -. ' ......... ' ..... tv 

~~~~~~~;tp~·~it~~~··::::::::::::::::::: ::::: ::::.:::::: :::: ::::::::::::::: :'::::: ::>:: ::::::::::: :::::::::::::::::: ~ 
Storage Temperature Range ....................................... , .. ' ........ '.: .. : ............. : . . . . .. -65°e to +150oe 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MIN 

MILITARY 

NOM MAX 

COMMERCIAL 

MIN NOM MAX 
UNIT 

Vee Supply voltage 4.5 5 5.5 4.75 5 'J 5.25 V 

10H High-level output current -12 
-

-15 mA 

10L Low-level output current 12 c 24 mA 

TA Operating free-air temperature -55 125 0 70 °e 

Electrical Characteristics 
Over Recommended Operating Free Air Temperatura Range 

SYMBOL TEST CONDITIONS 
MILITARY COMMERCIAL 

PARAMETER 
MIN TYP MAX MIN TYP MAX 

UNIT 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

Vie Input clamp voltage Vee = MIN, II = ~18'mA' -1.5 -1.5 V 

Hysteresis (VT + -VT -JA or B input Vee = MIN 0.2 OA 0.2 0.4 V 

Vee = MIN, 
10H = -SmA 2.4 3.4 2.4 3.4 

VOH High-level output voltage VIH = 2V, V 
10H- MAX 2 ·2 

VIL = VILmax " ' 

Vee = MIN, 
10L = 12mA OA 0.4 

VOL Low-level output voltage VIH = 2V, V 

VIL = VILmax 
10L = 24mA 0.5 

10ZH 
Vee = MAX, Vo = 2.7 V 10 10 

Off-state output current 
Eat2V 

/LA 

10ZL 
Vo = 0.4 V 200 200 

II 
Input current at maximum I A or B 

Vee = MAX, 
VI = 5V 

0.1 0.1 mA 
Input voltage I OIR, E VI = 7V 

IIH High-level input current Vee = MAX, VIH = 2.7V '20 20 /LA 

IlL Low-level Input current Vee = MAX, VIL = 0.4 V -0.2 -0.2 mA 

lOS Short-circuit output current Vee = MAX -40 -225 -40 -225 mA 

Total, outputs high 48 70 48 70 

lee Supply ciJrrjlnt Total, outputs low Vee = MAX, Outputs open. .68 90 88 90 mA 

Outputs at Hi-Z 64 95 64 95 

Switching Characteristics vee = 5 V, TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

, , 

tpLH Propagation delay, low-to~high '8 12 ns 

tpHL Propagation delay, high-to-Iow_ eL = 45 pF, RL = 667 0, See Page 10-4 8 12 ns 

tPZL Output enable time to low-level 27 40 ns 

tpZH Output enable time to high-level " 25 40 ns 

tPLZ Output disable time from Iow-Ievel 
RL ='6$70, See Page 10-4 

15 25, ns 

tPHZ Output diSable time from high-level 
eL=5pF, 

15 25 ns . ."-'",' -' 
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67LS305, 67LS31 0, 57LS305, 57LS31 0 

Absolute Maximum Ratings 

Supply Voltage, Vee ............................................................................................ . 
Input Voltage ..................................................................................................... . 
Off-State Output Voltage ........................................................................................... . 
Storage Temperature Range ........................................................................... -65°e to +150oe 

Recommended Operating Conditions 

SYMBOL 
MILITARY COMMERCIAL 

PARAMETER 
MIN NOM MAX NOM MAX 

UNIT 
MIN 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

10H High-level output current -12 -15 mA 

10L Low-level output current 12 24 mA 

TA Operating free-air temperature -55 125 0 70 °e 

Electrical Characteristics 
Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY 

MIN TYP MAX 

COMMERCIAL 

MIN TYP MAX 
UNIT 

VT+ Positive-going threshold voltage Vee - 5V 1.5 1.7 1.9 1.5 1.7 1.9 V 
Vt- . Negative-going threshold voltage Vee = 5V 0.7 0.9 1.1 0.7 0.9 1.1 V 

VT- Input clamp voltage Vee = MIN, 11= -18mA -1.5 -1.5 V 
Hysteresis (VT + -VT _)A or B input Vee = MIN 0.4 0.8 0.4 0.8 V 

Vee = MIN, 
10H = -3mA 2.4 3.4 2.4 3.4 

VOH High-level output voltage VIH = 2V, V 
10H = MAX 2 2 

VIL = VILmax 

Vee = MIN, 
10L = 12mA 0.4 0.4 

VOL Low-level output voltage VIH = 2V, V 
10L = 24mA 0.5 

VIL = VILmax 

10ZH 
Vee = MAX, Vo = 2.7V 10 10 

Off-state output current 
Eat2V 

/LA 

10ZL 
Vo = 0.4 V 200 200 

II 
Input current at maximum I A or B 

Vee = MAX, 
VI - 5V 

0.1 0.1 mA 
Input voltage I DIR, E VI = 7V 

IIH High-level input current Vee = MAX, VIH = 2.7V 20 20 /LA 

IlL Low-level input current Vee = MAX, VIL = 0.4 V -0.2 -0.2 mA 

lOS Short-circuit output current Vee = MAX -40 -225 -40 -225 mA 

Total, outputs high 

lee Supply current Total, outputs low Vee = MAX, Outputs open 68 90 88 90 mA 

Outputs at Hi-Z 64 95 64 95 

Switching Characteristics vee = 5 V, TA = 25°e 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tPLH Propagation delay, low-to-high ns 

tpHL Propagation delay, high-to-low eL = 45 pF, RL = 667 fl, See Page 10-4 ns 

tPZL Output enable time to low-level ns 

tpZH Output enable time to high-level ns 

tpLZ Output disable time from low-level 
RL = 667 fl, See Page 10-4 

ns 

tPHZ Output disable time from high-level 
eL=5pF, 

ns 
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Octal Latches, Octal Registers 
With Three-State Outputs 

Featuresl Benefits 
• Inverting and Non-Inverting Outputs • 8 Bits Matches Byte Boundaries 
• Up to 32 mA IOL • Hysteresis Improves Noise Margin 
• 3-State Outputs Drive Bus Lines • Low Current PNP Inputs Reduce Loading 
• 20 Pin Skinny DlpTM Saves Space • Ideal for Microprocessor Interface 

Latch Function Table Register Function Table 
OE G D a OE G D a 
L H H H L H H L 
L H L L L H L H 
L L X 00 L L X 00 
H X X Z H X X Z 

Inverting Inverting 
Latch Function Table Register Function Table 

OE CK D a OE CK D a 
L i H H L t H L 
L i L L L i L H 
L L X 00 L L X 00 
H X X Z H X X Z 

PART 
PKG TEMP 

NUMBER IOL POLARITY TYPE POWER 

8N74L8373 N,J com 24mA Non-
8N54L8373 J mil 12mA invert 

Latch 
67L8380 N,J com 24mA 

Invert 
57L8380 J mil 12mA 

8N74L8374 N,J 24mA Non-
L8 

com 
8N54L8374 J mil 12mA invert 

Register 
67L8376 N,J com 24mA 
57L8376 J mil 12mA 

Invert 

8N748373 N,J com 
20mA 

8N548373 J mil Non-
678373 N,J com 

32mA 
invert 

578373 J mil 
Latch 

678380 N,J com 
20mA 

578380 J mil 
Invert 

678382 N,J com 
32mA 

578382 J mil 
8 

SN748374 N,J com 
20mA 

8N548374 J Mil Non-
678374 N,J com 

32mA 
invert 

578374 J mil 
Register 

678376 N,J com 
578376 J mil 

20mA 
Invert 

678378 N,J com 
32mA 

578378 J mil 
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Octal Latches, Octal Registers with Three-State Outputs 

Description 
The latch passes eight (octal) bits of data from the inputs (D) to 
the outputs (0) when the gate (G) is high. The data is "latched" 
when the gate (G) goes low. The register loads eight (octal) bits 
of input data and passes it to the output on the "rising edge" of 
the clock. 

The three state outputs are active when OE is low, and high 
impedance when OE is high. Schmitt-trigger buffers at the gate/ 
clock inputs improve system noise margin by providing typically 
400 mVof hysteresis. . 

In addition to. the standard Sand LS latches and Registers, 
Monolithic Memories provides these enhancements: 

Logic Symbols 

1D 

2D 

3D 

3D 

4D 

GND 

Octal Latch 

373 

Octal Latch Onverting) 

380, 382 
r--... ~---. 

Vcc 

sa 

8D 

7D 

70 

sa 

6D 

5D 

50 

CK 

8D 

7D 

6D 

5D 

CK 

1) Increased output sink current (lOLl from the standard Schottky 
IOL of 20 rnA to an improved 32 rnA. 

2) Inverting outputs instead of the standard non-inverting outputs. 

The higher IOL is intended for upgrading systems which presently 
satisfy 32 rnA requirements with SN54/74365, 366, 367, 368, 
Hex Buffers. The inverting outputs are intended for bus applica
tions that require inversion as in interfacing the Am2901A 4-Bit 
Slice to an active low bus. 

All of the octal devices are packaged in the popular 20 in. Skinny 
OIp'TO 

Octal Register 

374 

Octal Register <Inverting) 

376, 378 
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SN74LS373,67LS373,SN74LS374,67LS374,SN54LS373,57LS373,5 N54LS374,57LS374 

Absolute Maximum Ratings 
Supply Voltage, Vcc ................................................................................................ 7V 
Input Voltage .......... ' ... ; ....................................................................................... 5.5V 
Off-State Output Voltage .............................. ; ............................................................ 5.5V 
Storage Temperature Range ., .......................................................................... -65°C to +150°C 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT 
MIN NOM MAX MIN NOM MAX 

Vcc Supply Voltage 4.5 5 5.5 4.75 5 5.25 V 

VOH High level Output Voltage 5.5 5.5 V 

10H High level Output Current -1 -2.6 mA 

Width of Clock/Gate 
High 15 15 

tw ns 
low 15 15 

Set Up Time 
'lS373 O~ O~ 

tsu ns 
'lS374 20t 20t 

Hold Time 
'lS373 lot 10~ 

tH ns 
'lS374 Ot Ot 

TA Operating Free Air Temperature -55 125 0 70 °C 

Electrical Characteristics Over Recommended Operating Free-Air Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY COMMERCIAL 

UNIT 
MIN TYP MAX MIN TYP MAX 

VIH High-level input voltage 2 2 V 

Vil low-level input voltage 0.8 0.8 V 

VIC Input clamp voltage VCC = MIN, II = -18mA -1.5 -1.5 V 

VOH High-level output voHage 
VCC = MIN, VIH = 2 V, 

2.4 3.4 2.4 3.1 V 
Vil = VllMAX, IOH = MAX 

Val low-level output voHage 
VCC = MIN,VIH = 2 V, IIOl = 12 mA 0.25 0.4 0.25 0.4 

V 
Vil = VllMAX I 10l = 24 mA 0.35 0.5 

10ZH High off-state current VCC = MAX, VIH = 2V, VO=2.7V 20 20 /LA 

10Zl low off-state current VCC = MAX, VIH = 2 V, Vo = 0.4 V -20 -20 /LA 

II Input current at max VI VCC = MAX, VI = 7 V 0.1 0.1 mA 

IIH High-level input current VCC = MAX, VI = 2.7 V 20 20 /LA 

III low-level input current VCC = MAX, VI = 0.4 V -0.4 -0.4 mA 

lOS Short-circuit current VCC = MAx -30 -130 -30 -130 mA 

Supply current 
I latch 24 40 24 40 

mA ICC VCC MAX I Register 27 40 27 40 

Switching Characteristics VCC == 5 V, TA = 25°C 

SYMBOL PARAMETER CONDITIONS 
LATCH REGISTER 

UNIT 
MIN TYP MAX MIN TYP MAX 

tMAX Maximum Clock Frequency 35 50 MHz 

tPlH Data to Output Delay 
12 18 

ns 
tPHl 

Cl = 45pF 
12 18 

tPlH 20 30 15 28 
Clock/Gate to Output Delay RL = 6670 ns 

tPHl 18 30 19 28 

tPZH 
See Page 10-4 

15 28 20 28 
Output Enable Delay ns 

tPZl 25 36 21 28 

tpHZ Cl - 5pF See " 12 20 12 20 
Output Disable Delay ns 

tPLZ Rl = 6670 Page 10-4 15 25 14 25 
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SN74SXXX,SN54SXXX,67SXXX,57SXXX 

Absolute Maximum Ratings 
Supply Voltage, VCC ................................................................................................ 7V 
Input Voltage ..................................................................................................... 5.5V 
Off-State Output Voltage ........................................................................................... 5.5V 
Storage Temperature Range ............................................................................ -65°C to +150°C 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

MIN NOM MAX MIN NOM MAX 
UNIT 

VCC Supply Voltage 4.5 5 5.5 4.75 5 5.25 V 

VOH High Level Output Voltage 5.5 5.5 V 

10H High Level Output Current . -2 -6.5 rnA 

Width of Clock/Gate 
High 6 6 ns 

tw Low 7.3 7.3 ns 

Set Up Time 
Latch O~ Ot . ns 

tsu Register 5i 5i ns 

Hold Time 
Latch 10~ 10~ ns 

tH 
Re!lister 2t 2i ns 

TA Operating Free Air Temperature -55 125 0 70 °c 

Electrical Characteristics Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

VIH High Level Input Voltage 2 V 

VIL Low Level Input Voltage 0.8 V 

VIC Input Clamp Voltage VCC = MIN, II = -18 mA -1.2 V 

VOH High. Level Output Voltage 
VCC = MIN, VIH = 2V, 10H = MAX 

VIL = 0.8V 
2.4 3.1 V 

Low Level 
SN54/74S37357/67S380 

VCC = MIN 10L = 20 mA 

VOl Output 
SN54/74S37457/67S376 

VIL = 0.8V 0.5 V 

Voltage 
57/67S37357/67S382 

VIH = 2V 
10L = 32 rnA 

57/67S37457/67S378 

1HZ High Level Off-State Output Current VCC = MAX, Vo = 2.4V, VIH = 2V 50 p,A 

ILZ Low Level Off-State Output Current VCC = MAX, Vo = 0.5V, VIH = 2V -50 p,A 

II Input Current at MAX VI VCC = MAX, VI= 5.5V 1 mA 

IIH High Level Input Current VCC = MAX, VI = 2.7V 50 p,A 

IlL Low Level Input Current VCC = MAX, VI = 0.5V -250 p,A 

lOS Output Short Circuit Current VCC = MAX -40 -100 mA 

ICC Supply Current I Latch VCC = MAX 105 160 mA 

Register VCC = MAX 90 140 rnA 

Switching Characteristics vcc = 5V, TA = 25°C 

SYMBOL I PARAMETER CONDITIONS 
LATCH REGISTER 

UNIT 
MIN TYP MAX MIN TYP MAX 

tMAX Maximum Clock Frequency 75 100 MHz 

tPLH Data to Output Delay 
5 9 ns 

tpHL 
CL = 15 pF 

9 13 ns 

tpLH Clock/Gate to Output Delay RL = 2800 
7 14 8 15 ns 

tPHL 
See Page 10-4 

12 18 11 ns 

tpZH 8 15 8 15 ns 

tPZL 
Output Enable Delay 

11 18 11 18 ns 

tPHZ Output Disable Delay 
CL = 5pF See 6 9 5 9 ns 

tPLZ RL = 2800 Page 10-4 8 12 7 12 ns 

9-17 



Octal Registers 
With Clear and Clock Enable 

Features 
• Inverting and non-inverting outputs 
• Slim 20-pin Skinny Dlp™ saves space 
• 8 bits matches byte boundaries 
• Ideal for microprogram instruction register 
• Ideal for microprocessor interface 

Description 
These Octal registers contain 8 Ootype flip-flops and feature very 
low ICC (17 rnA typ). The LS273 and LS313 registers are loaded 
on the rising edge of the clock (CK) and asynchronously cleared 
whenever the clear line is low. The LS377 and LS314 are loaded 
on the rising edge of the clock provided the clock enable line, 
CK EN is low. 

Function Table 
INPUTS 

CLEAR CLOCK 

L X 
H i 
H i 
H L 

Logic Symbols 

9-18 

Octal Register 
with clear 

LS273 

LS273,LS313 

0 

X 
H 
L 
X 

OUTPUT 
Q Q 
L H 
H L 
L H 

00 00 

Octal Register 
with clear 
(inverting) 

LS313 

PART 
PKG 

NUMBER 

SN74LS273 N,J 

SN54LS273 J 

67LS313 N,J 

57LS313 J 

SN74LS377 N,J 

SN54LS377 J 

67LS314 N,J 

57LS314 J 

Function Table 
INPUTS 

CKEN CLOCK 

H X 
L i 
L i 
X L 

Octal Register 
with clock enable 

LS377 

TEMP POLARITY 
CONTROL 
OPTION 

com Non-

mil invert 
Clear 

com 

mil 
Invert 

com Non. 

mil invert Clock 

com 
Invert 

Enable 

mil 

LS377,LS314 

DATA 

X 
H 
L 
X 

OUTPUTS 
Q Q 

00 00 
H L 
L H 

00 00 

Octal Register 
with clock enable 

(inverting) 

LS314 



,: 

SN74LS273,67~3,SN74LS377,67LS314,SN54LS273,57~3,SN54LS377,57LS314 

Absolute Maximum Ratings 
Supply Voltage, Vcc ... ' ............................................................................................. 7V 
Input Voltage .........................................................................................•.............. 7V 
Off-State Output Voltage ...............................................•............................................. 7V 
Storage Temperature Range ............................................................................ -65'C to +l50'C 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

MIN NOM MAX MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

10H High-level output current -400 -400 p,A 

ioL Low-level output current 4 8 mA 

f~1ock Clock frequency , 0 30 0 ,30 MHz 

tw Width of clock or clear pulse 20 20 , ns 
Data input 20t 201 
Clear inactive state 25t 25i 

ns 

Isu Set-up time 
Enable active state 25[ 25i 
Enable inactive state 10i lOt 

Ih Data hold time 5t 5f ns 

TA Operating free-air temperature -55 125 0 70 ·C 

Electrical Characteristics 
OverR.commended Operating F .... ·Alr Temperature Range 

,< 

MILITARY COMMERCIAL 
SYMBOL PARAMETER TEST CONDmONS UNIT 

MIN TYP MAX MIN TYP MAX 

VIH High-level input voltage 2 2 V 

VIL ,Low-level input voltage 0.8 0.8 V 

VHC Input clamp voltage VCC = MIN, II = -18 mA -1.5 -1.5 V 

VOH High"level output voltage 
VCC = MIN, VIH = 2 V. 2.5 3.4 2.7 3.4 V 
VIL = VILMAX, 10H = -400 p,A 

VOL Low-level output .voltage 
VCC = MIN, VIH = 2 V. 10L = 4 rnA 0.25 0.4 0.25 Q.4 

V 
VIL = VILMA)( 10L = 8mA 0.35 0.5 

II 
Inputeurrent at maximum 

Vec = MAX, VI = 7 V 
input voltage 

0.1 0.1 mA 

IIH High-level input current VCC = MAX, VI = 2.7 V 20 20 p,A 

IlL, Low-level Input current VCC = MAX, VI = -0.4 V -0.4 -'0.4 rnA 

lOS 
Short-CIrcuit 

VCC = MAX -20 -100, -100 mA 
o\Jtput current 

-20 

LS273 ~. 
17 27 17 27 rnA 

ICC Supply current VCC = MAX, LS315 
LS3n 

17 28 17 28 mA 
LS314 . 

~ 

Switching Characteristics, Vee =5 v. TA = 25°C , 

SYMBOL PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

'MAX Maximum clock frequency 30 40 MHz 

tPML Propagation delay time, high-to-Iow-Ievel ,output from' clear CL = 15 pF, 18 27 ns 

tpLH Propagation delay time, low-to-high-level output from clock RL=2kO; 17 27 ns 

tpHL Propagation delay time" high-to-Iow-level outut from clock See Page 10-4 18 .27 ns 

I , 
! 
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Octal Register with I/O 

67LS315 57LS315 

Features/Benefits 
.' 1/0 port enllblas output data back to ,input bus 
• 20 pin skinny DIP saves, space ' 
• 8 bits matches byte boundaries 
• Ideal for microproceaaor 1/0 porta 

Description 
' .. ~, . ~ " ' 

The Octal register with I/O is designed for use on a micropro
cessor bus where it is necessary to read the output data back 
.on to the input bus. 

DATA BUS 

'MeTAL REGISTER 
,,,",, !.M15 " 

.MIClIOPliOCESSOR' 

This operation is important in control algorithms which make de
cisions based on previous status of output controls. Rather than 
keeping a redundant copy of th~ output control data in memory, 
the 57/67LS15 allowS,the"coolrol data to be quickly retrieved by 
simply reading the~egister as a!,! 1/0 port. 

The register is similar to the ;S54/74LS374 as 8 bit data is 
loaded on ·thEi"lbW 10 high transition, of the clock. When the 
enable line E is, 1000ered, the output data (which is always en
abled to the output port) 'is then enabled back on the 110 port. 
The driving charaoteristicS of the 1/0 port are consistent with the 
SN54/74LS24d." , 

Function Table 
" 

E ", 
CK 1/0 Q 

H 1 'L ,c, L 
H i :,H I ~ H 
L x L L 
L x H , ~, H 

x either high or low,not in transition 

PART PACKAGE TEMPERATUR{ 
NUMBER 
67L8315 N,J com 

57L8315 J mil . 

Logic Symbol 

Vce 

00 

'0, 

O:! 

03 

04 

05 g 
06 

07 

E 



O~talShift Registers 
SN74LS299,SN74LS322,SN74LS323, 
SN54LS299, SN54LS322, SN54LS323 

FeatureslBeneflts 
.3..atate outputs drive bus Unes 

• 20 pin skinny DIP saves space· 

• 8 bits matches byte boundaries 

• Synchronous or asynchronous clear 

• Sign extend 

• Ideal for microprocessor interface 

Description· 
These Low Power Schottky Octal Registers feature a multiplexed 
1/0 bus to achieve full eight-bit data handling in a single 20 pin 
skinny dip. Function selects and output controls are used to 
choose the modes of operation listed in the function table. 

Synchronous:.parallel loading occurs on the low to high transi
tion of the clock when appropriate levels are applied to the func-

LogiC Symbols 
LS299 
LS323 

So 

rl 
81 

OUTPUT 
CONTROLS SHIFT 

02 LEFT 
SL 

G/QG QH; 

E/QE H/QH 

QA' 

CLEAR 

SHIFT 
GND RIGHT 

SR 
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PART 
PKG TEMP CLEAR TYPE· 

NUMBER 

SN74LS299 N,J com 
Async 

SN54LS299 J mil Left-

SN74LS323 N,J com 
Sync 

Right 

SN54LS323 J mil 

SN74LS322 N,J com 
Async 

Right-

SN54LS322 J mil Extend 

tion select. A low on the clear input will synchronously clear 
the LS323 and asynchronously clear the LS299 and LS322, 

Synchronous shiftina o. ccurs on the low to high transition of the 
clock when approplllte levels are applied to the function select. 
The LS299 and LS323 shift either left or right. The LS322 shifts 
only right where the shift-in data is 00,01 or sign. The sign 
shift allows an arithmetic shift on the most significant data byte. 

LS322 

REGISlER 
ENABLE 

S" 

SIGN Do EXTEND 

A/QA 

C/Qc BIOs 

E/QE DIGo 

G/Qg F/QF 

OUTFUT H/QH ENABLE 

CLEAR QH' 

. GND CLOCK 



SN74LS299,SN74LS322,SN74LS323,SN54LS299,SN54LS322,SN54LS323 

Function 18ble LS299 

INPUTS INPUTS/OUTPUTS OUTPUTS 

MODE 
FUNCTION OUTPUT 

SERIAL 
CLEAR SELECT CONTROL CLOCK A/QA B/QB C/Qc D/QD E/QE F/QF G/QG H/QH QA' QH' 

51 so G11 G21 SL SR 

Clear 
L X L L L X X X L L L L L L L L L L 
L L X L L X X X L L L L L. L L L L L 

Hold 
H L L L L X X X OAO OBO OCO 000 OEO OFO OGO OHO OAO OHO 
H X X L L L X X OAO OBO ~O 000 OECL OECL OGO O~ OM OHO 

Shift H L H' L L t X H H OAn OBn OCn ODn OEn OFn OGn H OGn 
Right H L H L L t X L L OAn OBn OCn ODn OEn OFn OGn L OGn 
Shift H H L L L t H X OBn OCn ODn OEn OFn OGn OHn H OBn H 
Left H H L L L i L X OBn OCn ODn OEn OFn OGn OHn L OBn L 
Load H H H X X t X X a b c d e 1 g h a h .. -When one or both output controls are high the eight Input/output terminals are disabled to the high Impedance state, however, 

sequential operation or clearing of the register is not affected. 

Function Table LS323 

INPUTS INPUTS/OUTPUTS OUTPUTS 

MODE 
FUNCTION OUTPUT 

SERIAL 
CLEAR SELECT CONTROL CLOCK A/QA B/QB C/Qc D/QD E/QE F/QF G/QG H/QH QA' QH' 

$1. so G11G21 SL SR 

L .. X L L L t X X L L L L L L L L L L 
Clear 

L L X L L i X X L L L L L L L L L L 

Hold 
H L L L L X X X OAO aBO Clco 000 OEO OFO oGO OHO OAO OHO 
H X X L L L X X OAO OBO oco ODO OEO OFO oGO OHO OAO OHO 

Shift H L H L L i X H H OAn OBn OCn ODn OEn OFn OGn H .OGn 
Right H L H L L i X L L OAn OBn OCn ODn OEn OFn OGn L OGn 
Shift H H L L L i H X OBn OCn ODn OEn OFn OGn OHn H OBn H 
Left H H L L L t L X OBn OCn ODn OEn OFn OGn OHn L OBn L 

Load H H H X X i X X a b c d e 1 g h a h 
1When one or both output controls are high the eight mput/output termmals are disabled to the high-Impedance state; however, 

sequential operation or clearing 01 the register is not affected. ~ 

Function Table LS322 

INPUTS INPUTS/OUTPUTS 
OUTPUT 

MODE 
CLEAR 

REGISTER 
SIP 

SIGN DATA OUTPUT 
CLOCK A/QA B/QB C/Qc H/QH QH ENABLE EXTEND SELECT ENABLE 

Clear 
L H X X X L X L L L L L 
L X H X X L X L L L L L 

Hold H H X X X L X OAO OBO OCO OHO OHO 

Shift Right 
H L H H L L i DO OAn OBn OGn OGn 
H L H H H L t 01 OAn OBn OGn OGn 

Sign Extend H L H L X L t OAn OAn OBn OGn OGn 
Load H L L X X X t a b c h h 

When the output enable is high, the eight input/output terminals are disabled to the high-impedance state; however, sequential 
operation or clearing of the register is not affected. If both the register enable input and the SIP input are low while the clear input is low, 
the register is cleared while the eight input/output terminals are disabled to the high-impedance state. 
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SN74LS299,SN14LS322,SN74LS323,SN54LS299,SN54LS322,SN54LS323 

Absolute Maximum Ratings 
Supply Voltage, VCC .......................................................................... ; ................ , .... 7V 
Input Voltage, ............•.......... ' ................................................................................ 7V 
Off-State Output Voltage .......................................................................... ; .................. 7V 
Storage Temperature Range ......... : .................. ' .... , ................. , ............ ' .............. -65°C to 150°C 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT 
MIN NOM MAX MIN NOM MAX 

VCC Supply Voltage . 4.5 5 5.5 4.75 5 5.25 V 

QA thru QH -1 -2.6 
mA IOH High-level output current 

QH' -0.4 -0.4 

Low~level output current 
QA thru QH 12 24 

mA IOL 
QH' 4 8 

fclock Clock frequency 0 35 0 
, 

35 MHz 

lS322 
Clock high 14 14 

Clock low 
ns 

Width of clock pulse 
14 14 

tw(clock) 
lS299 Clock high 20 20 

Clock low 
ns 

LS323 20 20 

tw(clear) Width of clear pulse Clear low 20 20 ns 

Data select 30j 30j 

tsu Setup time 
High-level data 20j 20t 

ns 
low-level data 20j 20t 
Clear inactive-state 20j 20j 

th Hold time 
Data seleci 10j 10j 

ns 
Data Ot OJ 

TA Operating free-air temperature -55 125 0 70 °c. 



SN74LS299,SN74LS322,SN74LS323,SN54LS299,SN54LS322,SN54LS323 

Electrical Characteristics 
Over Recommended Operating Free-Air Temperature Range (unle •• otherwise noted) 

SYMBOL PARAMETER TEST CONOmONS 
MILITARY COMMERCIAL 

U.NIT. 
MIN TVP MAX MIN TVP MAX 

VIH High-level input voltage 2 2 V 
VIL Low-level input voltage 0.7 0.8 V 

VIC Input clamp voltage VCC - MIN, II - -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
QA thru QH VCC - MIN, VIH - 2 V, 2.4 3.2 2.4 3.1 

V 
QH' VIL - VILMAX, 10H - MAX 2.7 3.4 2.7 3.4 

QA thru QH VCC = MIN, 
10L = 12 rnA 0.25 0.4 0.25 0.4 

VOL Low-level output vOltage VIH = 2V, 
10L =24 mA 0.35 0.5 

V 
IOL=4mA 0.25 0.4 0.25 0.4 

QH' . VIL = VILMAX 
IOL=8mA 0:35 0.5 

IOZH 
Off-state output current,-

QA thru QH 
VCC = MAX, VIH = 2 V, 

40· 40 /LA high-level voltage applied Vo = 2.7 V. 

10ZL 
Off-state output current, 

QA thru QH 
VCC = MAX, VIH = 2 V, :;:'400 --400 /LA 

low-level voltage applied VO= 0.4 V 

A thru H· VI =5.5 V 0.1 .0.1., 

II 
Input .CUrrent at Data select 

VCC = MAX 
VI = 7V 0.2 0.2 

maximum input voltage Sign extend VI = 7V 0.3 
mA 

0.3 

Any other VI = 7V 0.1 0.1 " 

, Athru H, DS . 40 40 

IIH High-level input current Sign extend VCC= MAX, VI= 2.7 V 60 60 /LA 
Any other \ 20 20 

Data .. select ..,0:8 -.0.8 

IlL Low-level input current Sign e)!lend 'ICC = MAX, VI = O.4,V, -1.2 -1.2 mA 
. Any other " -0.4 -0.4 

lOS 
Short-circuit QA thru QH 

VCC = MAX 
-:'"30 ..c:130 -::.3.0 ',:-13.0 • 

mA 
output current QH :::20 -1.00 '-2.0 '" " -1.00. 

ICC Supply current "< VCC = MAX 35 60 35 60 mA 
.. " 

SWitching Characteristics Vee = 5 Y, TA = 25°C 

SYMBOL 
FROM TO 

TEST CONDITIONS MIN TVP MAX UNIT (lNI='UT) (OUTPl[T)' '. 
," <, 

'MAX' 
. 

35 50 MHz 

tPLH . Clock OAi or QJ.i', 
, 15 25 

tpHL 
CL =15 pF, RL = 2 k!l, ns 

See Page 10-4 
15 25 

tPHL "Clear, QA'orQH' '.' 
. 

20 35 ns 

tPLH 
Clock QA thruci~ 15 25 

15 
ns 

tPHL 25 

IpHL 'Clear QA thruQtf 
CL'" 45 pF, RL = 665!l, 

20 35 ns See Page 10-4 
tPZH . 

QA thfu Oti, 20 , 35 

tPZL 
Outpu~ enable 

20 31) 
ns 

tpHZ 
Output enable QA thruQH 

CL = 5pF, RL = 665!l, 15 25 
ns 

tpLZ See Page 1.0-4 15 25 
. .. . 
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Quad Power/Logic Strobe 
HD1-6600-51HD1-6605-5 
HD1-6600-2/HD1-6605~2 

Features/Benefits 
PART 

NUMBER 
• High Drive Current-200 ma 
• High Speed-40 ns typical 
• Low fan·ln (250ILa Max), TTL COMPATIBLE HD1-6600-5 

Active 120 mw/clrcult 

HD1-6605-5 
HD1-6600-2 

• Low Power Standby 30 mw/clrcult 

HD1-6605-2 

PACKAGE TYPE' , TEMPERATURE 
RANGE 

J14 Power O°C to.:I-75°C 
J14 Logic O°Cto +75°C 
J14 Power -55°C to+125°C 
J14 Logic -55°C to +125°C 

Description 
The HD-6600 Quad Power strobe and the HD-6605 Quad Logic 
strobe are four high current drivers used for Power Down mode 
of ROM/PROM and other Logic devices. Vee can be removed 
from nonactive devices and reduce total system power. 

. Parts suffixed - 8 are equIValent to parts suffixed -:-2 screened 
in accordance with MIL·SID 883 method 5004, Class B. 

Test Load 

Block Diagram 
VCCl VCC2 VC.C3 

Test Waveform 

'INPUT 

OUTPUT 'rc=;;;: 
Ion-r---I 

INPUT I 
Ir~II=10ns_, __ ,_'...,'1 

loIf--j---

OUTPUT VOH'~ 4:90% 

VOL _. '1--1'-I---'r-"1...J 1= 1~ 
Package Drawing 14J Ceramic DIP 

Pin Configuration 

[:::::Il~ 
.0I0_.0asJ t LJ LJ J LJ ~ 1_ :~. 

~i.=--.750-.785----=i 

~.11mm]~' a '1~'185~~ ~ :~:~~OO ~I ,," ~ 
~ ~~~-J ~ '" _1_O .. 1S0-\I_JI08-.o12 

.080·.110 .016-.020 .045-.065 

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

• I 



HD1-6600-2/HD1-6605-2 HD1-6600-5/HD1-6600-5 

Absolute Maximum Ratings 
Supply voltage, VCC1 ............................................................................................. +8V 

VCC2 ................................................................. +18V (HD-6600), +14V (HD-6605) 
VCC3 .................................................................. +18V (HD-6600), +8V (HD-6605) 

Input voltage .......................................................................................... -1.5V to +5.5V 
Input current ........................................................................................ -25 mA to +5 mA 
Output currerit ............................................................................................... -300 mA 
Storage temperature range .............................................................................. -65° to +150°C 

Recommended Operating Conditions 

SYMBOL PARAMETER 
HD1-6600-2 HD1-6605-2 HD1-6600-5 HD1-6605-5 

MIN NOM MAX MIN NOM MAX 

VCC1 Supply Voltage 1 4.5 5 5.5 4.5 5 5.5 

VCC2 Supply Voltage 2 10 12 13.8 10 12 13.8 

VCC3 Supply Voltage 3 4.5 5 5.5 4.75 5 5.5 

10H High Level output current -150 -200 -150 -200 

tA Operating Free Air Temperature -55 125 0 75 

Electrical Characteristics 
Over Recommended Operating Free Air Temperature Range VCC2 = 12.0V VCC3 = 5.0V 

SYMBOL PARAMETER 

IIR 
Input Current 

IIF 

VIH 
Input Threshold Voltage 

VIL 

VOH 

Output Voltage (One strobe enabled) 

VOL 

ICC1 

ICC1 

ICC2 Supply Current (All strobes enabled) 

ICC2 

Switching Characteristics 
VCC2 = 12.0V VCC3 = s.ov 

SYMBOL PARAMETER 

Ion Turn On Delay 

Ioff Turn Off Delay 

tr Rise Time 

tf Fall Time 

CONDITIONS 

VIN = 2.4V 

VIN = D.4V 
VCC1 = 5.5V 

VCC1 = 4.5V 

VCC1 = 5.0V 

VIN = D.4V IL = -150mA 

VCC1 = 5.0V 

VIN = 2.4V IL = 500p..A 

VCC1 = 5.5V VIN = 2.4V 

VCC1 = 5.5V VIN = O.4V 

VCC1 = 5.5V 

VIN = O.4V IL = -150 mA 

VCC1 =5.5V 

VIN = 2.4V IL = 0 

CONDITIONS MIN 

TA = 25°C 

VCC1 = 5.0V 

VCC2 = 12V 

VCC3 = 5.0V 

RL = 31.60 

CL = 620 pF 

MIN TYP MAX 

30 

-80 -250 

2.0 

0.8 

4.75 4.85 

0.7 1.0 

4 6.0 

4 6.4 

40 60 

8 12 

TYP MAX 

40 75 

40 75 

40 65 

40 65 

UNIT 

V 

V 

V 

mA 

°C 

UNIT 

p..A 

V 

V 

V 

V 

mA 

mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

g 
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Definition of Terms and Waveforms 

Setup Time 
Setup time, tsu 
The time interval between the application of a signal that is 
maintained at a specified input terminal and a consecutive ac
tive transition at another specified input terminal. 
NOTES: 1. The setup time is the actual time between two 

events and may be insufficient to accomplish the 
setup. A minimum value is specified that is the 
shortest interval for which correct operation of the 
logic element is guaranteed. 

2. The setup time may have a negative value in which 
case the minimum limit defines the longest interval 
(between the active transition and the application of 
the other signal) for which correct operation of the 
logic element is guaranteed. 

Voltage 
High-level input voltage, VIH 
An input voltage within the more positive (less negative) of the 
two ranges of values used to represent the binary variables. 

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

High-level output voltage, VOH 
The voltage at an output terminal with input conditions applied 
that according to the product specification will establish a high 
level at the output. 

Input clamp voltage, VIC 
An input voltage in a region of relatively low differential resis
tance that serves to limit the input voltage swing. 
Low-level input voltage, VIL 
An input voltage level within the less positive (more negative) of 
the two ranges of values used to represent the binary variables. 
NOTE: A maximum is specified that is the most positive value of 

low-level input voltage for which operation of the logic 
element within specification limits is guaranteed. 

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

Negative-going threshold voltage, VT 
The voltage level at a transition-operated input that causes op
eration of the logic element according to specification as the 
input voltage falls from a level above the positive-going 
threshold voltage, VT +. 
Positive-going threshold voltage, VT + 
The voltage level at a transition-operated input that causes op
eration of the logic element according to specification as the 
input voltage rises from a level below the negative-going 
threshoid voitage, VT - . 

10·2 

Truth Table Explanations 

H high level (steady-state) 

L low level (steady-state) 

i transiiion from low to high level 

~ transition from high to low level 

X irrelevant (any input, including transitions) 

Z off (high-impedance) state of a 3-state output 

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

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

00 complement.of QO or level of Q before the indicated 
steady-state input conditions were established 

Qn level of Q before the most recent active transition 
indicated by ~ or i 

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

If, in the input columns, a row contains H, L, and/or X together 
with i and/or ~, this means the output is valid whenever the input 
configuration is aChieved but the transition(s) must occur follow
ing the achievement of the steady-state levels. If the output is 
shown as a level (H, L, QO, or (0), it persists so long as the 
steady-state input levels and the levels that terminate indicated 
transitions are maintained. Unless otherwise indicated, input 
transitions in the opposite direction to those shown have no 
effect at the output. 



Definition of Terms and Waveforms 

Clock Frequency 
Maximum clock frequenC}\ fmax 
The highest rate at which the clock input of a bistable circuit can 
be driven through its required Sequence while maintaining stable 
transitions of logic level at the output with input conditions es
tablished that should cause changes of output logic level in ac
cordance with the specification. 

Current 
High-level Input current, IIH 
The current into • an input when a high-level voltage is applied 
to that input. 

High-level output current, 10H 
The current into • an output with input conditions applied that 
according to the product specification will establish a high level 
at the output. 

High-level output current, ICEX 

The high-level leakage current of an open collector output. 

. Low-level Input current, IlL 
The current into • an input when a low-level voltage is applied to 
that input. 

Low-leveloutput current, 10L 
The current into • an output with input conditions applied that 
according to the product specification will establish a low level at 
the output. 
Off-atate (hlgh-Impedance-atate) output current (of a 
three-atate output~ 10Z 
The current into • an output having three-state capability with 
input conditions applied that according to the product specifica
tion will establish the high-impedance state at the output. 
Short-cIrcuit output.current, lOS . 

The current Into • an output when that output is short-circuited to 
ground (or other specified potential) with input conditions 
applied to establish the O\ltput logic level farthest from ground 
potential (or other specified potential). 

Supply current, Icc 
The current into • the VCC supply terminal of an integrated 
circuit. 

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

Hold Time 
Hold time, Ih 
The interval during which a signal is retained at a specified input 
terminal after an active transition occurs at another specified 
input terminal. . 

NOTES: 1. The hold time is the actual time between two 
events and may ~insufficient to 8CQomplish the 
intended result. A minimum value is specified that 
is the shortest interval for which C!!Itrect .operation 
of the logic element is guaranteed; 

2. The hold time may have a negative value in which 
case the minimum limit defines the longest interval 
(between the release of data and the active transi
tion) for which correct operation of the logicele
ment is guaranteed. 

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

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

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

tEA la the output enable access time of memory devlcea. 
tER la the output dlaable (enable recovery) time of memory 
devices. '. . . 

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

Propagation delay time, low-to-hlgh-level output, tpLH 

The time' between the specified reference points on the input 
and output voltage waveforms with the output changing from the 
defined low level to the defined high level. 
Propagation delay time, hlgh-to-Iow-level output, tpHL rr., 
The time between the specified reference points on' the input""':" 
and output voltage waveforms with the output changing from the 
defined high level to the defined low level. 

tAA is the address (to output) access time of memory devices. 

Pulse Width 
Pulse width, tw 
The time interval between specified reference points on the 
leading and trailing edges of the pulse waveform. 
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Definition of Terms and Waveforms 

Standard Test Load 

CL 

(See Note AI 

TEST 
POINT 

RO 
(See Note C) 

l 

Test Waveforms 

TIMING 
INPUT 

DATA 
INPUT 

IN·PHASE 
OUTPUT 

OUT OF PHASE 
OUTPUT 

(See Note G) 
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/VT (See Note C) 

3V 

tsetupt=~~Old OV 

3V 

~ OV 

Setup and Hold 

3V 

HIGH-LEVEL 
PULSE 

LOW-LEVEL 
PULSE 

OUTPUT ~ . 

Pulse Width 

,-----3V 

OV 
CONTROL - X. Vi 
(Low-level ..... ------~~+---'---- OV 

IPLH 

VOH 

VOL 

enabl;ng) -tPZL~ 

WAVEFORM 1 ~~ ~~~d - VT 

(See NoteD) ..... --':::"=-1-,.;;'-
tPHL 

VT~VT 
VOH 

VOL 

tPZHi 

WAVEFORM 2 - 'L VT 
(See Note D) 51 open 52 ClOSed/,," -

OV 

Propagation Delay Enable and Disable 

NOTES: A. CL includes probe and jig capacitance. 
B. All diodes are fN916 or 1N3064. 
C. For Series 54/74S, 57/67S, and PALs, RO = 1K, VT = 1.5V 

For Series 54/74LS and 57/67LS, AO = SK, VT = 1.2V 
D. Waveform 1 is for an output with internal condrtions such that the output islow.except 

when disabled by the output control. 
Waveform 2 is for an output with internal conditions suchlhat the output is high except 
when disabled by the output control. . 

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

F. All input pulses are supplied by generators .. having the following characteristics: PFjR 
'" 1 MHz, Zout = 500.and: 
For Series 54/74S and 57/67S, tr '" 2.5 ns tf '" 2.5 ns . 
For Series 54/74LS and 57/67LS, and PALs, Ir '" 15 ns If'" 6 ns 

G. When measuring propagation delay times of 3-state outputs, switches S1 and S2 are 
closed. 

1.5V 

52 closed 



PROM/ROM Programming Input Format 

Programming Input Formats 
MM! can program your ROM or PROM from input data in any of 
several ~pes: truth table, punched cards, paper tape or pre- , 
prog~ammed ROM or PROM. However, the preferred input data 
for PROMs is paper tape and for ROMs, punched qards. 

Truth Table Inputs , 
Devices are programmed at our facility from MMI truth table 
forms (available on request). For customers desiring to make 
their own forms, examples are shown below: ' 

4-BIT 
OUTPUT 

8-BIT 
OUTPUT 

WORD 
NUMBER 

o 

255 

OUTPUTS 

PIN 10 11 12 

04 03 02 
H H H 

L H L 

L H' H 

OUTPUTS 

13 

Ot 
L 
H 

H 

WORD PIN 17 16 15 14 13 11 10 9 

NUMBER Os 07 06 05 04 03 02 0 1 
o H H H L H L H H 

L H L H L H LH 

511 L H H H H H H L 

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 positive logic on the address pins, 
so for example, word 1023 = HHHHHHHHHH'. 

Paper Tape Format Input~ 
Truth tables can also be sent to MMI in an ASCII tape in either a 
7 or Slevel format. Send information air mail or TWX 910-339-
~24:ihetape reading equipment at MMI only recognizes ASCII 
Characters 5: B, H, L,F and E and interprets them respectively 

as Start, Begin a word, High,.data, Low data, Finish a word, and 
End of tape. All other characters such as carriage returns, line 
feeds, etc. are ignored so that comments and ,spaces may be 
sent in the data field to improve readability. Comments, however, 
should riot use the characters S, B, H, L, F, E. Word addresses 
must begin with zero and count sequentially to word 31, 255, 
511 or 1023 respectively. 
In order to assist the machine operator in determining where the 
heading information stops and the data field begins, 25 bell 
characters 6r rubout characters should preCede the start of the 
truth table. Any type of Slevel paper tape (mylar, fanfold, etc.) is 
acceptable. , Channel l' is the most significant bit and channel S 
(parity) is ignored. Sprocket holes are located between channels 
3 and 4. Note that the order of the outputs between characters B 
and F is 04, 03, 02, 01, not 01, 02, 03, 04· 
A typical list of characters and their machine interpretations is 
shown below: 
4-BIT OUTPUT 

Jj

START OF TAPE END OF TAPEj , 

[

BEGIN DATA FIELD 

r DATA FIELD (H = HIGH VOLTAGE, L = LOW) 

[FINISHED DATA FIELD 

SB""H--'H""':""L-""'H F BHHHHF BHLLHF· ."te. BHLLLFE 

04 03 O:! 01 

WORD 0 

a-BIT OUTPUT 

WORD 1 WORD 2 WORD 255, 511 
or 1023 

'JjSTART OF TAPE END OF TAf>Ej 
BEGIN DATA FIELD , ' , ' , 

[ [, DA~A FIELD (H = HIGH VOLTAGE, L = LOW) , 

, rFINISHED DATA FIELD ' 

SB'''''H'''''H"''''HH'"''L''-L;''LH;''''HF BHLHLHHLLF BLHLHLHLLF •• etc. BHHHHLLLLFE 

aS 0 1 

WORD 0 WORD 1 WORD 2 WORD 31, 255, 
511 or 1023 

The required heading information at the beginning of the tape is as follows: 

CUSTOMER'S NAME AND PHONE _________ TRUTH TABLE NUMBER........, _________ _ 

CUSTOMER'S TWX NUMBER NUMBER OF TRUTH TABLES _____ --'-' __ _ 

PURCHASE ORDER NUMBER TOTAL NUMBER OF PARTS ~ 
MMI PART NUMBER NUMBER OF PARTS OF EACH TRUTH TABLE ___ --'- u..::.I 
CUSTOMER SYMBOLIZED PART NUMBER 25 BELL OR RUBOUT CHARACTERS ______ _ 

An example is ,Shown below for a 256 x 4 PROM (6300) 

SCOTT ELECTRONICS 408 426-6134 
TWX 911-33S-9225 
P0142 
6300 

: S8LLLHF BLLLLF BLHLHF BLHHHF BLLHHF BHHHHF BLLLHF BLHLHF BLLLLF 
BLLLLFBLHLHF BLLHHF BHHHLF BHHLLF BLLHHF BHHLLF BLLHHF BLHi:.HF 

0431 
12 
1 
3 ," 

3 

Slevel 
TWX 

••••••••• •••• ••••• • • •• • ••••••••••••••••••••••••••••••••••• ••••••••• •••••••••• ••••••••• •••• •••• •••• • ••• 
• • • • • • • • • • • • • • e ••••••••• II •••••••••• 

••••••••• •••• ••••• • • •• • ••••••••••• •• •• •• • • •••••••••• 
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PROM/ROM Programming Input Format 

ROM Programming Punched Card 
ROMs can be programmed using several input methoc;ts. These 
are truth table, punched cards in ttle,fofmat,shown below, paper 
tape in the same format as carqs, and paper tape in the ASCII 
BHLF format of the equivalent PROM., 

Punched Card or Tape Input 
First card or line (50 columns Ill~.): enter Company Name, Part 
Number, Data, Number of "t:s'~, in Pattern. 
(Free Form Entry: no commas; Paper Tape Format: terminate 
each line with carriage return and linefeed). 

CARD 1 

COMPANY NAME CX 1816-2052 7-12-70 L = 796 

2nd Card Or Line thru Last (80 Columns Max.) 

Hexadecimal Format 
In this format the heading required is identical to lhe BHLF for
mat but the data is different. Instead of an "S," the hexadecimal' 
data begins with the SOH character (control A). The data is then 
represented by the hexadecimal character (0-9 and A-F) which 
represents the output data of address 0, foIlowd by a space. 
Next comes the output data of address 1 followed by a space, 
etc. The character ETX (control C) is used to end the data. 
Carriage return and the linefead may be included to format the 
data when the tape is printed.' , 

ENTER WORD ADDRESS OF FIRST DATA FIELD IN COLUMNS 1 THRU 5 
Enter First Data Field (010-011) in Columns 8 thru 17 
Enter Second Data Field (010-011) in Columns 19 thru 28 
Enter Third Data Field (010-011) in Columns 30 thru 39 
Enter Fourth Data Field (010-011) in Columns 41 thru 50 
Enter Fifth Data Field (010-0111 in Columns 52 thru 61 
Enter Sixth Data Field (010-011) in Columns 63 thru 72 

CARD 2 

00000 LHHHHLLHHH LHHHHHHHHH LLLLLLLLLH LLHHHHHHLL HLLLHHHHHL LHLLLLLLl.L 

WORDJ lAD~ESS OF "-
"- , "- , 01 

NOTE: Output 1 (01) is always in cols. 17,28,39,50,61,72 

CARD 3 

00006 LHLLLLLLLL HLHHHHHHHH LHLHHLLHHL HLHHHHLLLL LLLLHHHLHL HLHHHHHLH 

LAST CARD 

01020 HLLLLLLLL HHLHHHHHLL,' LHLHLHLHLH LLHLHLLHHH 

NOTES: 

1. Leading edge zeroes in the word number may be eliminated. 
Columns 73 thru 80 are for comments. 

2. Regardless of the number of outputs which a Pllrticular ,ROM 
has,'tI;Ie, data for a specific output ahivaYS90es in a specific 
column. ' .. 

Output 1 (01) c6lt1lTlnS17,28,39, 50,61,72 
Output 2 (02) <;0Iumns,6,,27, ~~,49, 60,71 
Output 3 (03) Columns 15, 26,37,48, 59,70 
Output 4 (04) .. Column!114,,25, 36,47, 58, 69 
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Output 5 (05) 
Output 6 (06) 
Output 7 (07) 
Output 8 (08) 
Output 9 (09) 
Output 10 (10) 

Columns 13, 24, 35, 46, 57, 68 
Columns 12, 23, 34, 45, 56, 67 
Columns 11 , 22, 33, 44, 55, 66 
Columns 10, 21, 32, 43, 54, 65 
Columns 9, 20, 31, 42, 53, 64 
Columns 8,19,30,41,52,63 

3. 0 and 1 may replace Land H, but the customer must define 
for MMI whether 0 = L or 0 = H. 



Available Technical·Publications 

Application Notes 
• A Powerful Microprogram Controller the 67110, October '76 
• First-In First-Out Memories ... Operations and Applications, March '77 
• How to Design ~ur Own Microprocessor 
• Registered PROM's Impact Computer Architecture, February'77 

Handbooks 
• PAL ™ Programmable Array Logic Handbook 

Manuals 
• Micro-Aid Micro-Assembler User's Manual 

• Product AsSurance Manual, 

Reliability Reports 
• Plastic Reliability Report, RR8/March '78 
• PROM Reliability Report 11, April 1, '74 

• -1 Series Schottky Reliability Report, R1-3-6/75 
. • 24-Pin CER-DIPReNability Report, R2-2-3/76 
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Custom Circuit Capability 

Custom Circuit Capability 
If the product you need hasn't appeared in this handbook you 
may be interested in Monolithic Memories Inc. custom circuit 
capability. We have a proven High Speed Schottky technology 
at your disposal which uses a combination of composite and 
redundant masking to attain some of the highest circuit densities 
(gate/MIL2) in the industry. This is not a process tailored to 
just memories. We can tackle a complex logic device of over a 
thousand gate complexity on chips up to 60,000+ MIL2 on 
our new 100 MM (4") wafer fabrication· line. Projection printing 
using low defect masks allows yields unheard of before. 

We can also help you with your logic design from task concep
tion to actual circuit implementation. Our computerized design 
aids will allow us to generate for you a complete AC and DC 
circuit analysis, logic simulation, test vector generation and final 
tapes for the pattern generator. Whether you already have a 
logic design or photo masks we can supply you with your choice 
of wafers, die or packaged devices, screened and tested to your 
special requirements. 

Processes Available 
• EPI-3/Lm 
• Ion implantation (Low Power Schottky) 
• Dual layer metalization 
• Deep collector "sinker" diffusion (for reduced RCS and VSAT) 
• Platinum silicide Schottky technology using a titanium-tung

sten diffusion barrier 

• Washed emitters 
• For programmable fuse structures nichrome or titanium-tung

sten thin films 
• Thin film nichrome resistors for radiation hardening 
• Composite masking to reduce mask to mask misalignment 

tolerances 
• 12L technology 

For more information contact your factory representative. 
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J14 Ceramic DIP 

N14 Plastic Kool DlpTM 

J16 Ceramic DIP 

Package Drawings 

.015-.035ffi±±Bi±±±@1·219 ~ 

'125-'165r+~ ~ ij ij, ~ tl~1 ~ _ t ::~.200 ~ I 

\4 .290-.320 "\ 

---I ~-II+---I1- _1_ 0'-15'_11-.008-.012 
.090-.110 .016-.020 .045-.065 

UNLESS OTHERWISE SPECIFIE)): 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS M'N.~MAX IN MILLIMETERS. 

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

[::::]J~ 
I_i~~~ '~:~~ 

MAX. .755-.T80 ,MIN" 
19.18-20.01' .290,.320 

~mnrnmT· ~ 
£:1+04 k- ~~ •.. Jl.~~jl ... ,..l~, 

.090-.110 .016-.020 .055-.065 
2.29-2.19 .41-.61 1.40-1.65 

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

~Kool DIP is a trademark of Monolijhic Memories. 
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Package Drawings 

N16 Plastic Kool DlpTM 

]
240-.290 

6.10-7.37 
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.070 £ 3-.000 1.77 f.- _.00 
MAX. MIN • 
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18.80·20.07 rr:':~::'~:J 

·~'':t~l'· ~ 
i~n b ~II :=tj~~~~lr I 

-J ~-l~ ~ -- -I OO.'4~\-.~~~::::2 

D16 Side Brazed Ceramic DIP 

F16 Flat·Pack (Eutectic Seal) 

10-10 

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

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

I: I::: [I}~; 
.005£ -:t .098 .13 I- -I 2.49 
MIN. .740 •• 810 MAX. 

18.80·2o.s7 

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

.000 
.00 

MIN. 

I 
It 

.373·AOO 
9.48·10.16 

IL 
I .027 

.69 
MAX. 

I: '] 
1 .. 248 •. 290.1 

6.30-7.37· 

.015·.020 
.38·.51 

~ 
t 
~ .-
.045·.055 
1.14·1.40 

L , 
.003·.007 
.08·.18 

:do I .045·.080 

.310·.350· I I' ,1.14-2.03 
7.87-8.89 ~ .015-.040 

.845 •. 990 .38·1.02 
1-----21.46.25.15-----1 

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



Package Drawings 

J18 Ceramic DIP 

[:::::]]~ 
.120£: :3-.000 3.05 r- .-, .00 
MAX. .880-.930 MIN. 

22.35-23.60 
.290-.310 I: 7.37-7.87 -I , .. ~ .?!mmn~ ~Jl ~~:165 ~L 

2.92-5.08 ~ =r 3.18-4.19 ~l ~ 

N18 Plastic Kool DlpTM 

I I II I 1\-.008-.012 -----l f.- --1~ I b, --...I OO-15",~ .20-.30 
.090-.110 .018-.020 .055-.065 
2.29-2.79 .41-.61 1.40-1.65 

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

I~ ~~ ~~ ~ ~~I-l:~~:;~~ 
.070 £ _3.000 
Ln ~ ~ _ 

MAX. . MIN . 

. 890-.940 

22.60-23.87 . r ;~~::.~~-, 

~.~mMfW~ ~qf~i~ f:3i[ - 1! 
I I [I I 0 II .008-.012 

---..j ~ -... f.- ~ 0°_14 ~I--'- .20-.31 
.090-.110 .016-.020 .055-.065 
2.29-2.79 .41-.51 1.40-1.65 

018 Side Brazed Ceramic DIP 

[[~]]}r.: 
.098 I I ~ .000 
2.49 t-- ~ .00 
MAX'I .880-.920 MIN. 

.. 22.35-23.37 .290-.310 .005 

'" 7.37-7.87 ~, M:~ . . 020-.050 J 

"'"~m'160 A.c.-!.. ~~.l r-~ IIIIII i:;;:l . S2 

~. 4.06-r 
150 T-:!= .. MAX..· I 

'~oJ:- b-Jl ~U;bl .J 00_150-l\-·0~::~~2 
2.29-2.79 .015-.020 1.14-1.65 

.38-.51 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIPNS MIN.-MAX. IN MILLIMETERS. 
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J20 Ceramic DIP 

N20 Plastic Kool DlpTM 

Package Drawings 

[ : : : : : : ]}:~ 
1 ~i~~~ :=~~ 

MAX. .995-.990 MIN. 
.... 24.26-25.15 .. 

.290-.320 I .. 7.37-8.13 -I 
'~~;=:~;"MMMm' g.,90 f9',' It' 4.83 

MAX . 

. 150 ~ ~ 3.81 t 
MAX. 

-l ~-l~ 3~~;=5~~LII_OO_150-\\.-.0~g=:g;2 
.090-.110 .016-.020 .055-.065 
2.29-2.79 .41-.51 1.40-1.65 

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

.090~.110 

2.29-2.79 

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

020 Side Brazed Ceramic DIP 

[I::I]}~ 

10-12 

2.49 ~ ~ -.- .13 .09811 ~ .005 
MAX... .970-1.010 ____ MAX. 

24.64-25.85 
.290-.320 ,0,0; 

~7-8.13 _I MAX • 

. 020-.060 , . , ' ,I ~ 

''''$~j," A-tn" n n t4.44',' t 
3~:~ t, I I' t ~::".'80 I ' MIN. ~ 3.18-4.58 

.~ \- ~II~ ~ ~ _11~oo_15~\_.0~~::~~2 
.090-.110 .016-.020 .040-.060 
2.29-2.79 .41-.51 1.02-1.52 

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



Package Drawings 

J22 Ceramic DIP 

[:::::::]J~'~ 
.070 11 I~.OOO 1.78 I-- ---I .00 
MIN. 1.060-1.200 MIN. 

III 26.93-30.48 ., 

.390-.420 I" 9.91-10.67 ~ I 

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

= __ ~~I,DIP la::]~]l~;:~' 
.080 11 Ir·oos 2.03 -- -., .13 .005 
MAX.... 1.060-1.100 .. MIN. .390-.410 .13 

26.96-27.94 I 9.91-10.41 I MIN. 
" .~ 

.0':.~23ffm~· At 

.,:~.~~S . ~.. ~ t 3~:~ 
3.18-4.44 Q ~ MIN . 

. 030-.050 I I II I _O"-W 1\-.008-.012 
.76-1.27 ---I I-- ---II-- ~ -l .20-.30 

.090-.110 .017-.023 .030-.050 
2.29-2.79 .43-.58 .76-1.27 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 
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J24 Ceramic DIP 

Package Drawings 

12 

.510-.550 
12.95-13.97 

4~~~ -1 ~ -11-- .~~ 
MAX. ~"I-______ l.250-1.290 ______ ~ .. ~ MIN. 

31.75-32.77 
.590-.620 -- · f ,,~,,~ .~ 

31:~~~~ I ~ ~~!~~.35 I 
MIN u=~ ~ ~ ~ ~ ~ ~ ~ ~ ~ M ~=r2.67-3.43 

~ ~ ~I-- __ _I_oo-w ~\.-.~~~::g~2 
.090-.110 .016-.020 ,055-.060 
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 

N24 Plastic Kool DlpT. 

13 J.530 .. 580 
13.46-14.73 

o 
1 12 

o 
~~~""crrn~~~7<~ 

il~·tV.V" 3E:. 
1.240-1.290 
31.49-32.76 

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

Ceramic DIP 

Package Drawings 

[]:]~]J~~ 
.09811 I r·005 ~~:. I+- ~ r.i:~. .590-.610 .00.135 

1.180-1.220 1499 15 •• 
1-.. 0------29.21-30.99 • I'" -.- • r MIN • 

. 02D-.060 --.t 

i:~+-~"',,, wrTu'~ ~~:'180 ~L: t ~IN.~~ ~ ~' ~ ~ t K ~. ~ ~ 1m r=t 3.18~.5B ~I ~ 
-1 ~ .~~ ., -i o"-W -I\,-- .~::~!2 

,090-.110 .01 .... 020 .030-.050 
2.29-2.79 .41-.sf' .16-1.21 

UNLESS OTHERWISI! SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS • 

F24 Flat Pack (Eutectic Seal) . 000 
.000 -. I 
It 

.367-.390 
9.32-9.91 

t 
·~MIN. 

1 24 22 

10 15 

.045-.066 
1.14-1.40 

.-l 
f 

.-l 
t 

.013-.018 

f ·367-.390-j .33-.46 
• ,.32-9.91 ' I _L ::± .075 

-.- ~ 1.90 

.~:~:6 .906-1.010. ___ --'-ooil.~A~ MAX. 

1-----22.99-25.65 

UNLESS OTHERWISE SPECIFIED: " 
ALL DIMENSIONS MIN.-MAX. IN INCHES-
ALL DIMENSIONS MIN.-MAX IN MiLLIMETERS, 
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Package Drawings 

J24S Ceramic "Skinny" Dlpr. 

1::::::::::::ll~;~ 
.15811 ::] .005 
4.01 ~ ....... ........ 13 

MAX. ______ ----1.250-1.290 MIN. 
31.75-32.77 
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;~.f~~ ~-t!!!~'35 §I 
MIN. tr= ~ 2.67-343 ~I ~ 

--...I I.- _II~ ..-0'_15' .008-.012 
.090-.110 .016-.020 .055-.060 --...I ~\...- .20-.31 
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 

N24S Plastic KooFM "Skinny" Dlpr" 

10-16 

1~0::::::::::11~ 
O9Ot "_3.000 2.03 I-- . --1-00 

MAX. MIN. 
___ 1.240-1.290 

31A4-32.76 

.090-.110 
2.29-2.79 

.016-.020 
0.41-0.51 

UNLESS OTHERWISE SPECIFIED: 

.05S-.065 
1.40-1.65 

ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 

~Skinny DIP is a trademark of Monol~hic Memories 



Package D,awlngs 

J28 Ceramic DIP 

.590-.620 

~~T.l 'u.~ •• • ~ 
~11~::J;:L' .... 

~ ~ -1~ :J .j.: -i 0°_15° -\1--.~:~:2 
.090-.110 .016-.020 .055-.065 
2.29-2.79 .41-.51 1.40-1.65 

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

N28 Plastic Kool DlpTM 
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14 
~~~~~rr~~~~~~~~~ 

.,001' I r·ooo 2.54 I--- --...j .00 
MAX. . MIN. 
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o 

.090-.110 .016-.020 .055-.065 
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UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 



P.ckageDrawlngs 

028 Side Brazed Ceramic DIP 
28 

D 
'5 -

'4 
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:.:: l ~ ~ r- .~,o; 
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UNLESS OTHERWISE SPECIFIED: 
ALL OIMENSIONS MIN.·MAX. IN INCHES. 
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J40 Ceramic DIP 
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'~!:::~:5~g'190 A ' .'. ~ 
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.090·.110 .016·.020 .055·.065 
2.29·2.79 :41·.51 1.40·1.65 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.·MAX. IN INCHES. 
ALL DIMENSIONS MIN.·MAX. IN MILLIMETERS 
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package urawlng. 

N40 Plastic Kool DIP'" 
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MIN. MIN. ~ ~ 

UNLESS OTHERWISE SPECIFIED: 

-l~ 
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D40 SIde Brazed Ceramic DIP 
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UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.·MAX. IN INCHES. 
AU DIMENSIONS MIN.·MAX. IN MILLIMETERS. 
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Package Drawings 

F42 Flat Pack (Eutectic Seal) 
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Representatives/Distributors "I 
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Representatives 

U.S.A. 
Alabama Iowa Ohio 

Huntsville Cedar Rapids Cincinnati 
REP, Inc. (205) 881-9270 S & 0 Sales (319) 393-1845 Makin Associates (513) 871-2424 

Mentor 
Arizona 

Kansas 
Makin Associates (216) 464-4330 

Scottsdale 
Summit Sales (602) 994-4587 Olathe 

Oregon Rush and West (913) 764-2700 
Portland 

California N.W. Marketing . (503) 297-2581 
Culver City 

(213) 870-9191 Maryland 
Bestronics Baltimore Pennsylvania Irvine Monolithic Sales (301) 296-2444 Oreland Bestronics (714) 979-9910 CMS Marketing (215) 885-5106 
Mountain View Massachusetts Thresum Associates (415) 965-9180 

Needham Heights San Diego Tennessee 
Littlefield & Smith (714) 455-0055 Comp Rep Associates (617) 444-2484 Jefferson City 

REP, Inc. (615) 475-4105 

Colorado Michigan 
Wl)eatrldge Grosse Point Texas 
Waugaman Associates (303) 423-1020 Greiner Associates (313) 499-0188 Dallas 

West and Associates (512) 451-2456 

. Connecticut 
Minnesota Utah . North Haven 

Comp Rep Associates (203) 239-9762 Minnea~olis Salt Lake City 
Nortec ales (612) 835-7414 Waugaman Associates (801) 363-0275 

Florida 
Washington Altamonte Springs Missouri 

Dyne-A-Mark (305) 831-2097 Ballwin Bellevue 
Clearwater Rush and West (314) 394-7271 Northwest Marketing (206) 455-5846 

Dyne-A-Mark (813) 441-4702 
Fort Lauderdale Wisconsin 
Dyne-A-Mark (305) 771,6501 New Jersey Milwaukee 

Teaneck Sumer (414) 259-9060 
Georgia R.T. Reid Associates (201) 692-0200 

Tucker CANADA REP, Inc. (404) 938-4358 
New York Ontario Rochester Illinois L-Mar Associates (716) 328-5240 Milton 

Rolling Meadows Cantec (416) 624-9696 
Sumer (312) 394-4900 Syracuse 

(315) 437-7779 Ottawa L-Mar Associates 
Cantec (613) 225-0363 

Indiana North Carolina Quebec 
Indianapolis Raleigh Pierre Ponds 
Electro Reps (317) 255-4147 REP, Inc. (919) 851-3007 Cantec (514) 620-3121 
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Distributors 

U.S.A. 
Massachusetts Oregon 

Alabama Billerica Portland 
Huntsville Kierulff Electronics (617) 935-5134 Almac/Stroum 
Hall-Mark Electronics (205) 837-8700 Burlington Electronics (503) 292-3534 

Lionex (617) 272-9400 
Arizona Woburn penns~lvania 

Phoenix Arrow Electronics (617) 933-8130 Hors am 
Kierulff Electronics !602l243-4101 Pioneer/Delaware Valley (215) 674-4000 
Sterling Electronics 602 258-4531 Michigan 

Ann Arbor 
Texas California Arrow Electronics (313) 971-8220 

LosAngeles Farmington Austin 
Kierulff Electronics (213) 685-5511 Diplomat/Northland (313) 4n-32OO Hall-Mark Electronics (512l837-2814 
Palo Alto Quality Components (512 458-4181 

Kierulff Electronics (415) 968-6292 Dallas 
San DI~O Minnesota Hail-Mark Electronics (214) 234-7400 

Intermar Electronics !714l279-5200 
Bloomington Quality Components (214) 387-4949 

Kierult! Electronics 714 278-2112 Arrow Electronics (612) 887-6400 Houston 
SantsAna Hall~Mark Electronics (612) 884-9056 Hall·Mark Electronics !713l781-6100 
Intermark Electronics (714) 540-1322 Quality Components 713 772-7100 

Sunnyvale Missouri Sterling Electronics (713) 627-9800 

Diplomat/Westland (408) 734-1900 Earth City 
Intermark Electronics (408) 738-1111 Hall-Mark Electronics (314) 291-5350 Utah llIstln Salt Lake City Kierulff Electronics (714) 731-5711 New Hampshire Calron Bectric Supply !801) 487-7451 

Colorado 
Manchester Century Electronics 810) 972-6969 
Arrow Electronics (603)668-6968 

Denver 
Kierult! Electronics (303) 371-6500 New Jersey Washington 
Wheatrld~e Fairfield Seattle 
Century E ectronics (303) 424-1985 Kierulff Electronics (201) 575-6750 Almac/Stroum 

Totowa Electronics (206) 763-2300 
Connecticut Diplomat/IPC (201) 785-1830 llIkwlla 

Hamden Moorestown Kierulff Electronics (206) 575-4420 
Arrow Electronics (203) 248-3801 Arrow Electronics (609) 235-1900 
Wilton Rutherford 
comJ:onents for Kierult! Electronics. (201) 935-2120 Wisconsin 

In ustries (203) 762-8691 West Allis Saddlebrook Hall-Mark Electronics (414) 476-1270 
Florida 

Arrow Electronics (201) 797-5800 

Clearwater 
New Mexico Diplomat/Southland (813) 443-4514 CANADA 

Fort Lauderdale Albuquerque 
Arrow Electronics (305) 776-n90 Century Electronics (505) 292-2700 

Hall-Mark Electronics (305) 971-9280 
New York Ontario 

Orlando Ottawa 
Hall-Mark Electronics . . (3Q5) 855-4020 Buffalo Zentronics Limited (613) 238-6411 Summit Distributors (716)884-3450 Toronto 

Illinois 
Farmingdale Future Electronics (416) 675-7820 

Elk Grove Village 
Arrow Electronics (516) 694-6800 Zentronics Limited (613) 238-6411 
Rochester Hall-Mark Electronics (312) 437-8800 Summit Distributors (716) 334-8110 Kierulff Bectronics (312) 64Q..0200 
Smithtown British Columbia 

Indiana 
Current Components (516) 979-9030 Vancouver 

(604) 736-1141m Woodbury Bowtek Electric 
Indianapolis 

:P17) 297-4910 
Diplomat Electronics (516) 921-9373 

Advent Electronics 

North Carolina Manitoba 
Kansas Rale~h Winnipeg 

(204) 633-9523 Shawnee Mission Hall- ark Electronics (919) 832-4465 Bowtek Electric 
Hall-Mark Electronics (913) 8a8-4747 

Ohio Quebec 
Mar~and Cleveland Montreal 

Ba Imore Arrow Electronics (216)464-2000 Future Electronics (514) 735-5775 
Arrow E;lectronics (202l737-17oo Dayton Zentronics Limited (514) 735-5361 
PyttronicslSavage . (301. 792-0780 Arrow Electronics (513)253-9176 
Galthersbur~ . 
Pioneer Was ington (301) 948-0710 Oklahoma Alberta 
Savage . Tulsa Edmonton 
Pyttronics Industries (301) 792-0780 Hall-Mark Electronics (918) 835-8458 Bowtek Electric (403) 426-1072 
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Overseas Representatives and Distributors 

EUROPE 
Headquarters 

Monolithic Memories, GMBH 
Mauerkircherstr. 4 
8000 Munich 80 
West Germany 
Phone: 89-982601 
Telex: 524385 
Fax: 89-983162 

AUSTRIA 
Ing. Ernst Steiner 
Geylinggasse 16 
1130 Wien 
Phone: 222-822674 
Telex: 74013 

BELGIUM 
Ritro Electronics N. V. 
Plantin & Moretuslei 172 
2000 Antwerp 
Phone: 31-353272 
Telex: 33637 

Q,ENMARK 
-C-88 . 
Uldvejen 10 
OK 2970 Horsholm 
Phone: 2-570888 
Telex: 37578 

ENGLAND 
Memory Devices Ltd. 
Central Avenue 
East Molesey 
KT80SN 
Phone: 1-9411066 
Telex: 929962 
Macro Marketing Ltd. 
396 Bath Road 
Slough, Berkshire 
Phone: 6286-63011 
Telex: 847083 

FINLAND 
Telercas O. Y. 
P.O. Box 2 
01511 Vantaa 51 
Phone: 0-821655 
Telex: 121111 

FRANCE 
Monolithic Memories France S.A.R.L. 
Silic463 
94613 Rungis Cedex 
Paris 
Phone: 1·6860386 
Telex: 202146F 

Alfatronic S.A.R.L. 
La Tour d' Asnieres 4 
AVenue Laurent 
Cely92606 
Asnieres 
Phone: 1·7914444 
Telex: 612790 

11·4 

A2M 
Assistance Microprocesseurs 
Microprogrammation 
40, Rue des TiIIeuls 
92100 Boulogne 
Phone: 1-6036640 
Telex: 200491 
Radio Equlpments-Antares 
9, Rue Ernest Cognacq 
92301 Levallois Perret 
Phone: 1-7581111 
Telex: 620630 

GERMANY 
Monolithic Memories, GMBH 
Mauerkircherstr. 4 
8000 Munich 80 
West Germany 
Phone: 89-982601 
Telex: 524385 
Fax: 89-983162 
Astronlc GMBH 
Winzererstrasse 470 
8000 Muenchen 40 
Phone: 89-304011 
Telex: 5216187 
Electronic 2000 Vertrlebs GMBH 
Neumarkter Strasse 75 . 
8000 Munich 80 
Phone: 89-434061 
Telex: 522-561 
PANEL GMBH 
Hermann Oberth Str. 7 
8011 Putzbrunn 
Phone: 89-464024 
Telex; 529238 
Positron Bauelemente 
Vertrlebs GMBH 
Benzstrasse 1 
Posttach 1140 
7016 Gerlingen 
Phone: 7156-23051 
Telex: 7245266 

NETHERLANDS 
Rltro Electronics B.V. 
Gelreweg 22 
Postbus 123 
2930 Barneveld 
Phone: 3420-5041 
Telex: 40553 
Famatra Benelux 
P.O. Box 721 
4803 AS Breda 
Phone: 76-139100 
Telex: 54521 

ISRAEL 
TELSYS Ltd. 
54, Jabotinsky Rd. 

. Ramat-Gan 
Phone: 3-739865 
Telex: 032392 

iTALY 
Comprel S.R.L. 
20092 Cinisello 8alsamo/Milano 
Viale Romagna 1 
Phone: 2-9280809 
Telex: 39484 

NORWAY 
Henaco AlS 
P.O. Box 248 
Okern Torgvei 13 
Oslo 5 
Phone: 472-157550 
Telex: 16716 

SPAIN 
Comlsa Ingenleros S.A. 
Reina Mercedes, 20 
Madrid 20 
Phone: 1-2542901 
Telex: 237231 

SWEDEN 
NAXAB 
Box 4115 
17104 Solna 
Phone: 8-985140 
Telex: 17912 

SWITZERLAND 
Baerlocher A.G. 
Forrlibuckstrasse 110 
8005 ZOrich 
Phone: 1-429900 
Telex: 53118 

FAR EAST 
Headquarters 

Monolithic Memories Japan KK 
Parkside-Flat Bldg. 
4-2-2, Sendagaya 
Shibuya-Ku 
Tokyo 151 
Phone: 3-4039061 
Telex: 781-26364 

AUSTRALIA 
R& 0 Electronics Pty Ltd. 
23 Burwood Rd. 
Burwood, Vic. 3125 
Phone: 288-8232 
Telex: AA33288 

INDIA . 
Chawla Salas 
3481, Netaji Subhash Marg. 
Oaryaganj, New Oelhi-110002 
Phone: 277388 
zenith Electronics 
541 Panchratna 
Mama Parmanand Marg 
Bombay 4 
Phone: 384212 
Telex: 0113152 
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