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RCA announces 

Medium-Power DTL 
CD2300Line 
at economy prices 45 types 13 package styles 12 Temperature Ranges 

Gates 1 Expanders 1 High Fanout Gates 
Clocked Flip-Flops 1 Hex Inverters 
2Kn and 6Kn Output Pull-Up Options 

• For Your Military Applications: 
CD2300 Series-15 circuits in RCA's Unique 
Ceramic Flat Package. 
CD2300D Series-15 circuits in RCA's Unique Ceramic 
Dual In-Line Package. 

• For Industrial and Commercial Applications: 
CD2300E Series-15 circuits in RCA's Dual In-Line 
Silicone Package. 

• Compatible with RCA CD2200 and 2200D Low-Power DTL Series. 

exact replacements for 830 and 930 series DTL 

I -55°C to +125°C Operation 

14-Lead Price 14-Lead Ceramic 
Circuit and Ceramic (1000 Dual In-Line 
Pull-up Option Flat Pack Units) Package 

NAND Gates 
Dual-4 Expandable (6Ku) CD2300/930 $2.50 CD2300D/930 
Dual-4 Expandable (2KU) CD2301/961 $2.S0 CD2301D/961 
Dual-4 High Fanout, 
Expandable (transistor 
output pull-up) CD2306/932 $2.75 CD2306D/932 

Dual-4 High Fanout 
Expandable (no output 
pull-up) CD2307/944 $2.75 CD2307D/944 

Triple-3 Input (6KU) CD2308/962 $2.75 CD230SD/962 
Tripl.e-3 Input (2Kn) CD2309/963 $2.75 CD2309D/963 
Quadruple-2 Input (6Ku) CD2302/946 $2.75 CD2302D/946 
Quadruple-2 Input (2Ku) CD2303/949 $2.75 CD2303D/949 

Hex Inverters 
Diode Input (6Ku) CD2310/936 $2.90 CD231 00/936 
Diode Input (2Kn) CD2311/937 $2.90 CD2311 0/937 
Expandable Input (6Ku) CD2312 $2.90 CD2312D 
Expandable Input (2Ku) CD2313 $2.90 CD2313D 

Flip-Flops 
Clocked RS with 
JK Capability (6KU) CD2304/945 $3.00 CD2304D/945 
Clocked RS with 
JK Capability (2Ku) CD2305/948 $3.00 CD230SD/848 

Input Expander 

Dual 4-Diode CD2314/933 $2.25 CD2314D/933 

Ask your RCA Rep,resentative for details. See your RCA Distributor for his 
price a,nd delivery. For technical information, write Commercial Engineering, 
Section ICZB-7, RCA Electronic Components, Har,rison, N.J. 07029. 

Price 
(1000 
Units) 

$2.50 
$2.50 

$2.75 

$2.75 

$2.75 
$2.75 
$2.75 
$2.75 

$2.90 
$2.90 
$2.90 
$2.90 

$3.00 

$3.00 

$2.25 

I OOC to +75°C Operation 

14-Lead 
Dual In-line 
Silicone Package 

CD2300E/830 
CD2301 E/861 

CD2306E/832 

CD2307E/844 

CD230SE/862 
CD2309E/863 
CD2302E/S46 
CD2303E/849 

CD2310E/836 
CD2311 E/837 
CD2312E 
CD2313E 

CD2304E/845 

CD2305E/848 

CD2314E/833 

I'~ ~~i[=JI'1 
Integrated 
Circuits 

Price 
(1000 
Units) 

$1.05 
$1.05 

$1.15 

$1.15 

$1.15 
$1.15 
$1.15 
$1.15 

$1.45 
$1.45 
$1.45 
$1.45 

$1.90 

$1.90 

$ .90 
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your .ro ems 
or. .. how Components, Inc. can help clean up 

digital pulses in a small way 
The problem of unpremeditated 
switching noise is apt to crop up in 
even the best of IC and hybrid logic 
arrays, once they are plugged into the 
system. When it does, the designer 
has the option of redesigning the cir
cuitry or simply filtering out the spuri
ous noise at appropriate stages. The 
second approach, although less heroic, 
is often more practicable if filter com
ponents can be found which are suffi
ciently economical· of both space and 
cost. 
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C.I. 's Minitan®Series, world's smallest 
electrolytic capacitors, are a natural 
solution here, just as they are wher
ever size and performance are critical. 
These micro-miniature, solid-tantalum 
electrolytics provide ideal physical and 
electrical properties for computer by
pass and filtering applications. They 
are compatible with thick-film and 
integrated circuitry in both size and 
reliability, and present extremely low 
impedance and excellent temperature 
stability. Rated for use from -55°C 

to 125°C, they are available in values 
from .001 to 220 mfd., with axial or 
radial leads. 

Need a Two-Way Street? .. 
C.I.'s Non-Polar Minitan capacitors 
are available for use where ac or oc
casional voltage reversals are present. 
Unlike other non-polar solid-tanta
lums, these little capaCitors were de
signed as non-polars from the ground 
up. Result: 1) they are available in 
standard, rather than off-beat capaci
tance ratings; 2) they are Vz to 1A the 
size of other units; 3) they are ex
tremely reliable, even with frequent 
voltage reversals. 

When the squeeze is on ... call Com
ponents, Inc. If you have a space 
problem, C.l. has the capacity to solve 
it. We offer more subminiature case 
styles and ratings than anyone else in 
the business. We welcome requests 
for samples, performance and relia
bility data, and application assistance. 
Standard prototypes normally shipped 
within 24 hours. Write or call today 
for data or samples. 

MINITAN MODULAR MINITAN NON-POLAR 
(Also available with axial leads) (Also available with axial leads) 
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E J NS =0 . . 
COMPONENTS. INC. 

.0047 MFD @ 35 VDC 10 220 MFD @ 3 VDC 
(others available from .001 MFD @ 50 VDC) (oi;~rsM!~a~b~; rr~~ I~~: ~~g ~ ~OV~~P) - MAINE DIVISION 

BIDDEFORD, MAINE 04005- TEl: (207) 284·5956 - TWX: 710·229·1559 
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Is it possible to get a really good 
computer for less than $10K? 
How about $9,950 and some 
odd change? 

That's what the new Hewlett-Packard 
114A will be pegged at. But it'll heave to 

just like its big brothers. Throwing 
around big 16-bit words. Storing 4000 

(or 8000) of them at a time in memory. Fetching them out 
of memory in two microseconds. It'll tie in I/O devices with 
standard plug-ins and use the same set of programming 
languages - FORTRAN, ALGOL and Conversational BASIC. It may 
be the littlest computer in the HP family ... but even at. that it more 

than holds its own against its big brothers. 

CIRCLE NO.4 ON INQUIRY CARD 5 



Fairchild has introduced 40 
new products in the last 40 weeks. 
Our goal is fifty-two new integrated circuits in fifty-two weeks. To 
obtain the Reader Service number for any product announcement 
ad, simply add 100 to the new product number. For example, New 
Product NO.3 is Reader Service No.1 03. 
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More about: 9301 
ONE-Of-TEN 
DECODER lit 
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0123456789 
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Up/down decoded decade counter. 
Combine New Products #1 and 4, and you have the 
basis of an up/down counter with decoded outputs for 
process control. If only the decoded outputs are used, 
you don't need a weighted up/down counter. A shift 
counter will do the job. 

The 9300 universal register can be used to form a decade 
shift counter counting through a sequence of 1 a stable 
states. A logic "1" or "0" is injected into the first stage 
of the register at each clock pulse and the previous con
tents shift one place. After 1 a clock pulses, the shift 
counter has passed through all 1 a stable states in a 
loop. On the next clock pulse, it arrives back at the 
starting state. A shift register can be made to count in 
this sequence by decoding the states through which it 
passes and by using the decoder outputs as a minterm 
generator to effectively force a logic "1" at the input 
of the shift register when the state sequence demands. 
The following block diagram shows a circuit of this type 
which requires only four devices. 

ClOCK-+-H-H-I-------' 

Parts list: 
1 - 9300 Universal Register 
2 - 9301 One-of-Ten Decoders 
1 - 9004 Dual 4-input Gate 0123456789 

DECODED OUTPUTS 

Consider the up count sequence below with the desired 
input for the next state included: 

In states 0000, 1000, 1100 and 0011 a logic "1" must be 
forced into the first stage of the shift register on the 
next clock pulse. This may be accomplished by using 
two 9301 one-of-ten decoders to decode all the sixteen 
possible minterms from four variables, then sum the 
appropriate minterms by a 4-input active low input OR 

gate and let the OR gate drive the JK inputs connected 
together on the 9300 shift register. Each 9301 decoder 
acts as a Va decoder with the most significant A3 input 
acting as an enable input. The first three outputs of the 
shift register go to the first three inputs of the decoders 
and the first decoder has 0 3 from the shift register as 
the A3 input and the other decoder the 0 3 thereby pro
ducing a one-of-sixteen decoder. The outputs of the 
two decoders are so arranged as to give the decoded 
outputs in sequence which can then be used to select 
or drive external circuitry. 

COUNT SEQUENCE 

UP DOWN 

Q o Q, Q 2 Q 3 INPUT Q o Q 1 Q 2 Q 3 INPUT 

0 0 0 0 1 0 0 0 1 0 
1 0 0 0 1 0 0 1 0 0 
1 1 0 0 1 0 1 0 0 1 
1 1 1 0 0 1 0 0 1 1 
0 1 1 1 0 0 0 1 1 1 
0 0 1 1 1 0 1 1 1 0 
1 0 0 1 0 1 1 1 0 0 
0 1 0 0 0 1 1 0 0 0 
0 0 1 0 0 1 0 0 0 0 
0 0 0 1 0 0 0 0 0 1 

The synchronous parallel enable facility can be em
ployed to make the shift register effectively shift to the 
left rather than the right by connecting the three most 
significant shift register outputs to the corresponding 
lower stage parallel inputs and operating the 9300 in 
the parallel enable mode. The same shift count sequence 
can now be used. Appropriate minterms are summed by 
an additional active low input OR gate which drives the 
shift left counter, making it pass through the same 10 
stable states as before, but in the opposite direction. By 
this means, the shift counter performs as an up/down 
decoded decade counter with the parallel enable/shift 
input as a count up/ count down control. Since only 
the desired minterms are summed and logic "as" are 
inserted into the first stage of the register rather than 
at specific states, no lock-up sequence can occur. 

To obtain specifications and other applications informa
tion, simply circle Reader Service numbers 101 and 
104. If you have an immediate requirement, call your 
local Fairchild distributor now. 

r-- J Fairchild Semiconductor A Division 
FA I RC 1-11 LC of Fairchild Camera and Instrument 
r- -. --. - - - - .. ] Corporation 313 Fairchild Drive, 
. - Mountain View, California 94040 
SEMICONDUCTOR (415) 962-5011 TWX: 910-379-6435 



CEC digital 
record I ng heads 
don't exactly 
live up to their 
guarantee. 
It's a matter of recorded history that they 
live far beyond it. Case on record: the first 
magnetic tape head replaced in a certain military 
data-processing installation in Germany logged 
more than 10,000 hours-or five times the 
guaranteed life. 

An atypical performance perhaps? Yes. It was 
subpar. Unit records show an average utilization 
in excess of 12,000 tape passing hours. And a 
peak head life of 16,000 hours. The system 
operates around the clock at 120 ips. 

CEC has conquered the tape head 
aging process through use of 
advanced materials developed by 
Bell & Howell's Research Center. 
The upshot has been outstanding 
magnetic properties, an extremely 
low wear rate ... and Methuselahian life-span. 

You're assured that, whatever make or model 
recorder you're using, we've got the head for it. 
Regardless of interface parameters. And, although 
we're alone in guaranteeing our heads for 
2000 hours, you're assured we try never to 
I ive down to it. 

That's why we're known as the old heads in the 
business. For all the facts on the complete line, 
call your nearest CEC Field Office. Or write 
Consolidated Electrodynamics, Pasadena, 
California 91109. A subsidiary of Bell & Howell. 
Bulletin Kit 1711-X2. 

8 
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Now-save vital space 
with 30-gauge. hook-up wire 

General Electric saved space and weight in wiring the back panels of its 
GE-PAC® Process Computers by using 30-gauge hook-up wire insulated 
with Kynar. 
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Thirty gauge wire is nothing new ... but 
what is new is wire insulated with Kynar, 
the fluoroplastic that's tough. It has twice 
the cut-through resistance of otherfluoro
plastics, cuts and strips smoothly, takes 
180° bends without splitting, stands up 
to the punishment of automatic wiring 
machines or semi-automatic hand tools. 

What's more, Kynar resists cleaning sol
vents, won't degrade with age, and oper
ates at tem pe ratu res from - 80° to 300°F. 

For samples of 30-gauge wire insulated 
with Kynar plus information on how you 
can save space, reduce weight, write 
Plastics Department, Pennsalt Chemicals 
Corporation, 3 Penn Center, Philadelphia, 
Pa.19102. 

CIRCLE NO.6 ON INQUIRY CARD 
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1111 INDUSTRY NEWS 

NEW COMPUTER CONTROL 
CONCEPT-How can several com
puters linked together adapt auto
matically to an unexpected situation 
- such as a sudden fault - and 
continue to operate despite the 
fault? 

A patent (No. 3,386,082) for a 
way to answer that question was 
awarded today to IBM engineers T. 
S. Stafford, D. C. Burnstine, J. R. 
Rogaski, and G. T. Paul of the com
pany's Systems Development Lab
oratory, for their invention entitled 
Configuration Control in Multi
processors. 

IFIP COUNCIL MEETING .- The 
council of IFIP held their spring 
meeting in Tbilissi, the state capital 
of Georgia, U.S.S.R. This, their first 
visit to the Soviet Union, was made 
at the invitation of Professor A. A. 
Dorodnicyn, the president-elect of 
IFIP. 

A prominent item on the agenda 
was the report on preparations for 
IFIP Congress 68. F. Genuys, chair
man of the programme committee, 
reported on the final selection of 
some 220 papers out of the 600 sub
mitted. 

A progress report prepared by B. 

THICK-FILM RESEARCH
A broad-scope research program 
directed toward improved fabrica
tion and performance of thick-film 
microcircuits has been recom
mended by Battelle Memorial Insti
tute's Columbus Laboratories to 
manufacturers and users of thick
film electronic components. 

The proposed program, which 
would require the joint support of 
a number of companies, was de
scribed recently at a meeting at 
Battell e-Columbus. In attend
ance were 75 representatives of 
supplier, manufacturer, and user 
companies. 

Through research, Battelle pro
poses to establish the inherent cap
abilities of selected thick-film com
ponents, investigate degradation and 

10 

The ordinary computer control 
consists of many separate units that 
are interconnected to form a sys
tem, in much the same way that a 
house consists of separate units, or 
rooms, each room having its own 
wiring circuit, with all circuits 
linked together at a central fuse 
box. If a fault occurs, the central 
box suspends normal operation un
til the faulty unit is located and 
repaired. 

With the new computer control 
there is no "central fuse box." In
stead, each unit of the system con
tains a set of switches that connect 

B. Swann, chairman of the Congress 
Committee, on the administrative 
arrangements for the congress and 
exhibition was also given. 

Dr. H. Zemanek, chairman of tech
nical committee TC-2, program
ming languages, reported that the 
draft of ALGOL 68 had been pub
lished, and it was hoped to have the 
final version ready by late July. Pro
fessor A. van Wijngaarden would 
present a paper on ALGOL 68 at 
the Congress. 

The council reviewed the pro
gram of activities of the Administra
tive Data Processing Group (lAG), 

failure mechanisms, and study new 
materials and processing proce
dures. This laboratory research 
would be coupled with the prepara
tion of a definitive bibliography of 
literature in this area. The research 
program is designed to produce 
practical results in the design and 
use of thick-film circuits through a 
better understanding of the limits 
of their capabilities, and in the for
mulation of pastes and the fabrica
tion of circuits. 

In briefing company representa
tives on the purpose of the proposed 
research, Battelle specialists pointed 
out the evolutionary state of thick
film technology and the need for 
exploring the capabilities and limi
tations of passive components com
prising the latest material formula
tions. 

tha t unit with every other unit in 
the system. Special instructions or 
"commands" built into the com
puter keep watch over all the 
switches. This means that if a fault 
occurs in any unit, the co~puter 
releases its stored commands which 
take the faulty unit out of action 
and replace it with a standby unit. 
The change-over takes place auto
matically. 

The invention is said to have 
dramatic significance in situations 
where system reliability is of par
amount importance, as in computer 
monitoring of hospital patients, or 
surveillance of aircraft in flight. 

and approved the proposals to pub
lish a quarterly journal and the 
documentation of the six-month 
seminar held in London last year. 

Council also approved plans to 
investigate the possibility of estab
lishing an international abstracts 
service, and expressed their thanks 
to the representatives of the Nether
lands, Soviet Union and United 
States for their offers of services, 
staff and finance. 

The next meeting of the council 
will take place in Edinburgh, Scot
land, on 31st July and 1st August 
prior to the opening of IFIP Con
gress 68. 

"Compared with knowledge of 
other devices, little is known about 
operating limits and reliability of 
printed components and the factors 
that influence them," according to 
H. Clay Gorton, associate chief of 
electronic materials and devices at 
Battelle-Columbus. "Factors 
that should be investigated include 
processing variables, materials in
teractions, and operating conditions. 
Substrates and their influence on 
the quality, stability, and operating 
life of the components have received 
little attention. In addition, the in
terface between components and 
conducting interconnections is a 
subject requiring investigation. The 
proposed research program will 
consider these and related prob
lems." 
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lD24·bit 
Read-Only memory. 

[05tS I e55 than 
5[ per bitl 

Join system designers investigating the new Philco 
1024-bit fixed-storage MOS memory arrays for next
generation computers. 

At new economical prices, you can make use of pre
wired subroutines such as lookup tables, log or sine
cosine generators. 

A couple of big advantages. You can easily change 
the function without changing the program, and you 
can add functions to an existing system. Integral out
put buffers drive T2L devices directly. You can expand 
to any desired memory size. 

Delivery? Three weeks if your bit pattern is typical. 
We use computerized software to transfer your bit 
pattern to the pM1024 with complete accuracy. Im
mediately available from our distributors is the pM1 024. 
sine lookup table from 0° to 90°. For complete detailS 
and specs, contact Philco-Ford Corporation, Micro
electronics Division, Santa Clara, California 95051. 
408-245-2966. 

Model Temp. Rating Read Time Price 
(100-999) 

pM1024C o to 70°C 2 microsec. $45 
pM1024AC o to 70°C 1 microsec. $60 
pM1024 -55° to +125°C 2 microsec. $70 
pM1024A -55° to +125°C 1 microsec. $90 

'PH.LCO ,. 
PHILCO-FORD CORPORATION 

Bipolar • Hybrid • MOS. Discrete Devices • Electro-Optical & Microwave Products 
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The 
Clearest 

Logic: 

Logic modules are built on printed circuit cards. Hole location and 
front-to-back registration must be very accurate for machine assembly. 
Hand assembly is costly. Plated thru-holes must provide positive con
tinuity. Rejects are costly. Circuit boards for logic lTIodules nlust be 
easily solderable. Poor solderability is costly. Printed circuit cards must 
be delivered in volume quantity for large-scale logic lTIodule produc
tion. Time delays are costly. 

These are the reasons that Cinch-Graphik boards are built with such 
exacting precision. Anything less is too costly. 

CINCH-GRAPHIK 

DIVISION o F UNITED-CARR 
MEMBER 

200 South Turnbull Canyon Road, City of Industry (Los Angeles), Calif. 91744. Phone (213) ED 3·1201. Sales 
offices in 33 principal cities throughout the United States, Great Britain, Canada, Australia and West Germany. 

CONSISTING OF CINCH MANUFACTURING COMPANY. CINCH·GRAPHIK. CINCH·MONADNOCK. CINCH·NULINE. UCINITE (ElECTRONICS) AND PlAXIAL CABLE DEPT. 
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AIR DEFENSE CONTROL 
TRAINER - A digital training de
vice which simulates air attacks to 
train air defense control personnel 
has been delivered to the U. S. 
Marine Corps by Sylvania Electric 
Products Inc. ' 

The unit will prepare Marine air 
defense controllers and operators to 
track enemy airborne targets, direct 
interceptor aircraft, and designate 
hostile targets for surface-to-air 
missiles (SAMs). The trainer, which 
includes an instructor's console, 12 
auxiliary consoles, a missile battery 
console, and associated electronics, 
was designed, produced, and in
stalled under a $1.3 million contract 
from the Naval Training Device 
Center, Orlando, Fla. 

At the instructor's command, the 
trainer simulates air attacks, dupli
cating the movements of targets in 
actual battle conditions. Students 
at the TAOC consoles answer the 
"attacks" by controlling the launch
ing of either interceptor aircraft or 
SAMs. 

A training exercise, once started, 
can be modified by the instructor or 
interrupted to provide corrective 
instruction to the students. The per
formance of the trainees can be 
monitored on the instructor's con
sole. 

PATENT FOR SOFTWARE 
SYSTEM - A patent for a sorting 
system has been granted by the 
United States Patent Office to Ap
plied Data Research, . Inc. The sig
nificance of this event is that it is 
the first patent the Patent Office has 
granted for a computer system em
bodied in a computer program or 
software. 

For many years patents have been 
granted for hardware forms of 
computer systems. However, legis
lation, which had been introduced 
in Congress to prevent the patenting 
of computer programs, had led to 
doubts that patent protection would 
be available for the software forms 
of such computer systems. Recent
ly this legislation was withdrawn. 

The patented system, initially de
veloped in 1964, was' described by 
Martin A. Geotz, of ADR, in a paper 
delivered to the Spring Joint Com
puter Conference that year. The 
sorting system uses a read-forward 
oscillating merge principle for the 
sorting of information on a com
puter and could be used with vari
ous computers. 
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DATA BLOCK BUSTER 

Got J d2ta block7 

Maybe your computer doesn't handle 
incoming data efficiently. Maybe you're 
tired of buying and storing demodulator 
plug-ins - or using tunable demodulators 
that can't handle the range of bandwidths 
you need. 

Here's the way to really bust your data 
block: the new Des Series 3000 Universal 
Demodulator, a single unit that can proc
ess any subcarrier multiplex between 400 
Hz and 1.5 MHz at any tape speed. Ac
curacy equivalent to the finest fixed-tuned 
demodulator. Reaction time in millisec
onds. Manual or computer program
mable. No need to recalibrate when 
changing set-up. 

Sound fantastic? Just drop us a line and 
let us know about your data problem. 
We've got a man in your area who'll be 
glad to come around and bust your block 
for you. 

Any time yow say. e DATA-CONTROL SYSTEMS INC. 
'1~UMe"eatu" /M ;e~ 

East Liberty Street, Danbury, Conn. 06810 
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Bela • graPhiCS ™ 

HARD-COPY 
CRT PRINTER 

MODEL HC610 

~". . :::. ' .. ::".: .. ".' . , 

PRODUCES8Y2····X··11// 'PRINTS OF ·COMPUTER·GENERATEOGRAPH· 
ICSANDALPHANUMERICS IN SECONDS ••• COMPLETELY DRY (NO 
LIQUIQSUSED). . , 

M~del.· HC610isdesignedto be interfaced to.' a computer, coupled 
to adisplaycontrollerorslaved to any graphical computer display. 
The'Betagraphjc~Printeris a random-access X-V device, featuring 
hjgh~speed magnetic deflection, geometry correction and dynamic 
foc~s. Full format. settling . time '.' is· less' than 12 microseconds, 
poi~t·plotting ratel.s500,OOOpoints. per second, line-writing. rate 

,is<2 .microsec0n.dsper •. inch ·.·.and . character-writing bandwidth ". is 
greater than 1 megahertz; 

"'. ":.":' 

9per~tiqn .is .sil11ple;with.only·· three ··controls in addition to the 
power switch ""'7'"" an 'exposure ·TlMER, an EXPOSE·DEVELOP. switch 
Jqfsingleexposure,~evelopment and delivery, and an EXPOSE 

:~~itC~forthemultipre9Verlay or slow-lluildup.mode •. AII.command 
..and..statusinterface,signa Is are. avaHab Ie for·· remote operation .. ' 

The Belagraphicslineofperipheral display devices is here, now, 
to give ·youhighqualitycomputer graphics' at reasonable prices. 
\Ve'li be happy to Send you complete specifications. 

TIME-SHARING SOFTWARE FOR SYSTEM 360/ 
MODEL 50 - A time-sharing system that combines an 
easy-to-use computer language and telephone access 
to a System/360 Model 50 has been announced by 
IBM. 

The new system, Call/360 Basic, allows subscribers 
to communicate with the computer using a version of 
the "Basic" language. Originally developed at Dart
mouth College, Basic consists of ordinary English and 
simple algebraic expressions. 

"With about two hours of training almost anyone 
can take advantage of the wide-ranging capabilities of 
the system," said L. E. Donegan, Jr., director of IBM's 
Information Marketing Department. 

"Fast response time, security controls, a large 
storage capacity and a ready-made library of IBM ap
plication programs are some of the system's features," 
Mr. Donegan said. 

The version of the Basic language used with Calli 
360 includes new computer commands that are said 
to make it easier to store and handle data, format 
printed output and extend the precision of mathemati
cal computations. 

Since April, organizations in New York, San Fran
cisco and Chicago have been using Call/360 Basic in 
an operational test, communicating with a remotely-lo
cated computer in San Francisco. Additional computer 
centers are scheduled to be opened in New York and 
Chicago this summer, with service extended to 34 
major cities by year-end. Subscribers need only dial a 
local IBM telephone number to gain access to the com
puter from their terminals. 

Subscribers have the option of using IBM 2741 
communications terminals - with a keyboard designed 
especially for remote computing - or Teletype termi
nals Models 33 and 35. 

A minimum monthly usage charge of $1.00 for Calli 
360 Basic covers various combinations of system use 
time, storage utilization and establishment of the user~s 
own program library, as well as access to the IBM 
applications program library. Terminal and local tele
phone line costs are additional. Monthly rental for 
an IBM 2741 -is $103.50 . 

........................................ 

DUAL-ACCESS ROLE BY COMPUTER SUCCESS
FUL - Hughes Aircraft Company has announced that 
its H-3118M general purpose computer has successfully 
operated for the first time in a fully-extended 131,000-
word-memory configuration in a multi-processing mode. 

Two arithmetic and control processors operate 
with a "floating executive" accessing the memory simul
taneously. 

The machine is said to be capable of 450,000 
instructions a second, performing in the dual-process
ing mode with eight high-speed input-output channels. 

The computer is contained in five cabinets, which 
include the two processing units, each in its own cab
inet with more than 16,000 words of memory; arid 
three additional cabinets, each of which contains about 
32,00 words of memory. 

Variations of the computer are available in single 
or dual processor capabilities. Either can contain up 
to 131,000 words of central memory. 

Hughes is currently under contract to provide 
variations of the computer for a number of major 
systems, the largest of which is the $300-million NATO 
Air Defense Ground Environment (NADGE) progra~ 

. for Europe. 
( CIRCLE NO. 11 ON INQUIRY CARD 

14 COMPUTER DESIGN / Jl!L Y 1968 

,I' 



IC BREADBOARD - Canadian Westinghouse of 
Hamilton, Ontario, Canada, has recently announced 
the Insta-Board, a macroscopic breadboard for use in 
the design, development and study of integrated cir
cuits. 

The device can be used repeatedly in circuit design 
applications and is actually an enlarged version of the 
Westinghouse Insta-Circuit - a microscopic, mono
lithic integrated circuit breadboard. 

Insta-Board features a printed circuit layout, ap'
proximately 7" by 10", containing a component ohmic 
contact pattern in a one-to-one correspondence with 
the component contact pattern on the actual mono
lithic breadboard. Another printed circuit layout be
hind the patterned board contains an array of 12 Insta
Circuits in 12-pin packages. 

Internal connections between the two layouts bring 
out selected component terminals in the packaged de
vices to "jack-type" connection points on the patterned 
board which thus becomes an enlarged version of the 
monolithic Insta-Circuit. 

Miniature patchcords, two to four inches in length, 
are provided for use in interconnecting the Insta-Board 
components into a desired circuit configuration. This 
interconnect procedure can be performed quickly so 
that the user can go from a circuit idea to a "mono
lithic" circuit in a matter of minutes. 

Besides its applications in prototype circuit de
sign, the Insta-Board is also an ideal tool for teaching 
integrated circuit concepts . 

•..•..•..•..•..•..•..•..•..•..•..•..•..• 
TIME SHARING SOFTWARE FOR SIGMA 5 
COMPUTER - Scientific Data Systems has developed 
a time sharing software system for its Sigma 5 com
puter, thus adding simultaneous time sharing to the 
Sigma 5's batch processing capability, and increasing 
the number of time sharing computers in the SDS 
product line to four. 

The new Sigma 5 time sharing system is a lower 
priced version of the time sharing system available 
with the Sigma 7. 

The new software permits interactive time sharing 
for up to eight simultaneous users; at the same time 
the system runs batch problems written in Fortran, 
Cobol, or assembly language. Batch throughput is 
maintained at a high level by dedicating primary sys
tem resources and significant percentages of time to 
batch jobs and assigning on-line users to specified 
time slices as their demands require. 

Sigma 5 time sharing configurations, including eight 
teletype terminals, 48,000 words of core memory, 6-
million bytes of Rapid Access mass storage, and the 
usual complement of peripherals, lease for less than 
$13,500 per month. The minimum Sigma 7 time shar
ing configuration, which is slightly faster and offers 
greater growth capabilities, leases for under $17,000 
per month. 

••••••••••••• M ................... , •••••• 

MANAGEMENT CONTROL SYSTEM - PROMPT 
(Program Monitoring and Planning Techniques), a new 
computer-based management control package devel
oped by ARIES Corporation, is now available for pur
chase, according to an announcement by William T. 
Miller, Jr., vice president of the firm's Proprietary 
Products Division. 

Describing PROMPT as a "fine-tuned" PERT, Mil
ler explained that it provides detailed computerized 
reports, oriented to multiple levels of management, so 

Continued on page 16 
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Bela. graPhiCS ™ 

MICROFILM 
CRT RECORDER 

MODEL MR606 

El 

PRODUCES HIGH·RESOLUTION 35 MM. MICROFILM RECO 
OF COMPUTER·GENERATED· GRAPHICS AND ALPHANUMERICS. 
Model MR606 is designed to be interfaced to a computer, coupled 
to a display controller or slaved to any graphical computer display. 
The Betagraphics Recorder is a random-access X~Y device, featur
ing high·speed magnetic deflection, geometry correction of the 
image and dynamic focus of the electron beam. 1500 x 1500 re
solvable elements are produced on film in a double-frame format. 
Positive fixed-pin registration provides ±.0005" frame to frame 
registration accuracy . 
Operation is simple, with only two controls in addition to the 
power switch -'- an EXPOSE·ADVANCE switch for single exposure 
and frame advance and an EXPOSE switch for the multiple overlay 
or. slow-buildup mode. All command and status interface signals 
are available for remote operation. 
The Betagraphics line of peripheral display devices is here, now, 
to give· you high quality computer graphics at reasonable prices. 
We'll be happy to send you complete specifications. 
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IHVAC 
DATA LOGGERS 

PUNCH DATA 
AUTOMATICALLY 

INVAC Data Loggers convert data sig

nals directly into perforated tape in 

machine or computer format. Gone 

are costly, time-consuming, error

prone manual conversions. Compatible 

with the outputs from digital volt

meters, event or frequency counters, 

analog-to-digital converters, shaft or 

position encoders and other digital 

instrumentation. 

· .. Single or multichannel inputs; 

simplex or multiplex 

· .. Use any code or data format 

· .. Punch speeds up to 60 cps 

· .. Up to 60 digits per reading 

· .. Up to 8 bits per character 

· .. A-to-D converters available 

· .. Optional Editing Keyboard 

or Typewriter 

I/O TYPEWRITER 
is ideal for 
editing and 
data printout. 

Write for Data 

~··H~Y~£ 
A Division of DIGITRONICS CORPORATION 

26 Fox Road, Waltham, Massachusetts 02154 
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Tel. (617) 899-2380 

Systems Incorporating 

TAPE PUNCHES READERS AND HANDLERS 

PHOTOELECTRIC KEYBOARDS 

I/O TYPEWRITERS AND PRINTERS 
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that they know exactly what's hap
pening at any phase of their pro
gram cycle down to the most basic 
task performed by each man, every 
hour of the day. The system is said 
to have been proven in over three 
years of implementation at Aries. 

"This new, upgraded commerci
ally-available package," Miller said, 
"will permit management personnel 
to pinpoint work slippages, make 
cost-effective analyses of labor, op
timize deployment of available re
sources and evaluate individual per
formance - while providing his
torical data which can be used as a 
reliable basis for planning new 
jobs." 

The basic package is written in 
COBOL and includes a specifically
tailored program deck, three instruc
tion manuals, an educational and 
usage indoctrination course, and 
technical assistance in setting up 
and running the program on the 
user's computer. Miller stated that 
the system is adaptable to any com
puter operation. 

........................................ 

CANON INTRODUCES IC CAL
CULATORS - A Tokyo camera 
manufacturer has reversed current 
trends in the business machine and 
semiconductor industries by build
ing electronic office calculators in 
Japan with integrated circuits made 
in the United States. 

Canon Camera Company Inc. has 
introduced one-memory and two
memory desk-top calculators using 
120 and 170 Texas Instruments 
monolithic ICs, respectively. Only 
22 Japanese-made ICs are used in 
the units. Increased use of ICs in 
the new calculators is said to result 
in wider arithmetic capability at 
lower cost and higher reliability 
than possible with semi-integrated 
units. 

Model 161S, Canon's one-memory 
calculator, will cost $1195. The two
memory Model 163 will cost $1395. 
The two-memory model, 163, per
forms three functions automatically: 
1) regular storage, 2) item count, 
and 3) sum of the multiplicand. The 
latter two functions have not been 
available on previous electronic 
calculators. Both units will be sold 
by dealers of Canon USA, the com
pany's marketing organization here. 

By applying ICs to all circuits ex
cept certain power areas - numer
al-tube amplifiers and a few switch
ing functions - TI engineers helped 
Canon designers reduce the number 
of transistors in bgth calculators to 
only 60. This compares with 250 to 

317 transistors in existing imported 
IC calculators. The change also re
duced the number of diodes to 100 
instead of the 1,200 to 1,775 in the 
existing calculators. 

TI will deliver 270,000 of its DTL 
(diode-transistor-Iogic) integra t
ed circuits to Canon each month
believed more than Japan's entire 
monthly production of DTL circuits. 
The ICs will be made at TI's semi
conductor manufacturing facilities 
in Dallas. 

........................................ 
PROTOTYPE TAPE TRANS
PORTS FOR POSEIDON MIS
SILE - Potter Instrument Com
pany, Inc., has delivered the first six 
prototypes of an advanced-design, 
dual magnetic tape transport system 
to the U. S. Navy's Fleet Ballistic 
Missile program. Developed under 
subcontract to the Sperry Systems 
Management Division of Sperry 
Rand for use in the Poseidon Navi
gation System, the prototypes are 
undergoing extensive environmental 
and other testing by the Navy and 
other facilities to the rigid specifica
tions required for operation in elec
tronic data processing systems 
aboard the Navy's missile firing sub
marines. 

The transports contain more 
than one-thousand (1,000) micro-in
tegrated circuits per system with 
each system being completely re
dundant for added reliability. The 
transports also possess diagnostic 
routine capability. 

........................................ 

BACHELORS OF COMPUTER 
SCIENCE-The Purdue University 
Department of Computer Sciences 
will introquce an undergraduate de
gree program in computer science 
next fall. 

Prof. S. D. Conte, head of the de
partment, observed that needs are 
rapidly increasing in Indiana and 
throughout the country for com
puter scientists with bachelor's de
gree backgrounds. 

"By permitting students to begin 
college thinking about computers as 
a focal point rather than a sidelight 
in their studies," Conte said, "we 
believe more will become inter
ested in careers in the field." 

As a further step in this direc
tion, he said, Purdue will eventual
ly implement similar bachelor's de
gree programs at its regional cam
puses in Indianapolis, Fort Wayne, 
Hammond and Westville. The four 
now have two-year associate degree 
programs in computer technology. 
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., DEVELOPMENTS 

Oscillator Invention Capable 
of Increasing Computer Speeds 

Two Australian scientists Dr. F. Hirst, 
head of the Computation Department 
of the University of Melbourne, and 
Dr. P. Thorne, a research fellow of the 
department, have invented a device 
which they say'is capable of increasing 
computer speeds by 500 times. 

Dr. Hirst will deliver a paper about 
the discovery at the International Fed
eration of Information Processing con
ference to be held in Edinburgh, Scot
land, from August 5 to 10. 

In 1961, Mr. T. Pearcey, of the divi
sion of computing research of the Aus
tralian Commonwealth Scientific and 
Industrial Research Organization, and 
Dr. Hirst began computer investiga
tions of the nature of the solutions of 
a certain mathematical equation. In 
1962, Dr. Hirst suggested that a certain 

. feature of the solution of the equation 
could be used to design a computer 
memory cell. In 1963, Dr. Thorne be
gan research into electrical networks 
that would be in practice the equiva
lent of the mathematical equation ar
rived at by Dr. Hirst and Mr. Pearcey. 

These efforts led to the development 
of an oscillator which can operate in 
two modes of vibration. Since the com
puter counts in a scale of two's rather 
than decimals, the basic cells of a 
computer's memory must be able to op
erate in two states. In conventional 
computers this requirement is accom
plished by using electromagnetic cores 
which can be magnetized in either of 
two directions. With available compo
nents the new device should achieve a 
speed of about one nano second. 

18 

New Type of Electronic Display 
Utilizes Liquid Crystals 

Scientists at RCA Laboratories, Prince
ton, N. j., have developed flat, low
power, low-cost displays using a newly 
discovered electro-optical effect in liq
uid crystals. The displays can repro
duce any graphic data electronically 
and can be addressed and driven by 
solid-state, integrated circuits. They 
are said to be simple to operate, to 
have no moving parts, and to be com
pact and rugged. 

Liquid crystals are organic com
pounds having the mechanical proper
ties of a liquid and the regular molecu
lar arrangements characteristic of a 
polycrystalline solid. 

Early research disclosed that certain 
transparent, liquid crystals at high tem
peratures became milky white when ex
posed to electric fields, but returned 
to their transparent condition when 
the electric field was removed. Since 
then, new materials that exhibit this 
behavior at room temperature and over 
a range from 0° to 212°F have been 
developed. 

When an electric field is set up on 
certain liquid crystals, its presence cre
ates ions that travel through the mate
rial. These traveling ions then produce 
an effective turbulence that causes a 
dynamic scattering of light and give 
the liquid crystal a milky white appear
ance. 

To construct a display, a thin film of 
liquid crystal only one one-thousandth 
of an inch thick is placed between two 
sheets of thin glass. The inner face of 
each sheet is coated with an electrode. 
At least one of the electrodes must be 
transparent so the display can be seen. 
This electrode is usually a conductive 
species of tin oxide. The other elec
trode may also be transparent, or it 
can be reflective, in which case it is 
ordinarily an evaporated film of metal 
such as nickel or aluminum. In effect, 
the display is a parallel plate capacitor 
with the liquid crystal acting as the 
dielectric. 

Thus far, RCA has made liquid crys
tal displays up to 3 x 4 inches. How
ever, there appears to be no reason why 
they cannot be made substantially big
ger.Obviously, if there were no other 

way, very large displays could be 
formed from mosaics of smaller ones. 

Liquid crystal displays have a grey 
scale that varies with the intensity of 
the applied voltage, which ranges from 
6 to 60 volts. The power required for 
a reflective display is one milliwatt per 
square inch and can be either DC or 
pulsed. Pulsed power is used when the 
effect of motion is desired, the pulses 
being addressed to minute areas in 
proper sequence through integrated 
circuits. Operating tests of experimen
tal liquid crystal displays thus far have 
shown that they last in excess of 3,000 
hours. 

Electron Gun Development 
Improves CRT Performance 

A cathode-ray tube electron gun de
veloped by Rank Electronic Tubes, 
Sidcup, Kent, England is reported to 
be the first to have its electron beam 
almost completely collimated by an 
electrostatic focusing system before the 
final aperture of the gun. Advantages 
include longer life, uniform brightness 
of spot and line, uniform spot size 
across the screen and increased current 
density. 

The design allows tubes to be oper
ated over a wide range of screen poten
tials while the gun potentials remain 
far below the level at which internal 
sparking and cold emission occur. 

Widely different final anode poten
tials can be applied, according to ap
plication. For any potential, bright
ness is greater than that of a conven
tional tube, and peak cathode loading 
is said to be lower than that of other 
guns, thereby increasing life expec
tancy. Energy distribution (and there
fore brightness) is substantially uni
form across the spot and across a scan
ned line. The beam diameter at the 
point of deflection is small, so that de
flection distortions are minimized. The 
spot size is substantially constant over 
the whole tube face. 

Electron acceleration is provided by 
a helix on the inside of the tube which 
is integral with the electron optics. De
flection coils can be placed over the 
helix to introduce a post-deflection ac
celeration for increased sensitivity. 

continued on page 20 
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NEW 
Storage Display Unit 
from TEI<TRONIX® 

The Type 611 Storage Display Unit is designed to 
function as a computer console and remote termi
nal readout device. With X, Y, and Z inputs pro
vided by peripheral equipment, this new instrument 
presents flicker-free displays of alphanumeric and 
graphic information without refreshing. 

The Type 611 Storage Display Unit features an 11-inch, 
niagneticallydeflected, bistable storage display tube. 
This new storage tube offers high information density 
and excellent resolut!on on a 21':cm x 16.3-cm screen. 
4000 characters, 90 x 70 mils in size, may be clearly 
displayed with good spacing. Resolution is equiva
lent to 400 stored line pairs along the vertical axis 
and 300 stored line pairs along the horizontal axis. 
Dot settling time is 3.5 p.s/ cm + 5 P.s and dot writing 
time is 20 P.s; Time required to erase and return to 
ready-to-write status is 0.5 seconds. Operating func
tio~s are remotely programmable through a rear-panel 
connector. A "Write-Through" feature provides an 
index to the writing beam position without storing new 
information or altering previously stored informati0!l. 

Type 611 Storage Display Unit ................... $250q 
u.s. Sales Prices FOB Beaverton, Oregon 

For a demonstration, contact your nearby Tektronix field engineer or write: Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005. 

Tektronix, Inc. 
committed to progress in waveform measurement 
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• DEVELOPMENTS 

continued from page 18 

The spot shape on the screen is an 
exact image of an aperture of the gun, 
and spots of any shape can be pro
duced. Size remains constant despite 
increase of drive voltage, and astigma
tism and coma-distortions of the spot 
shape - are minimized. Spot size can 
be varied up to Y2" in diameter by 
adjustment of the gun potentials with
out loss of focus or alteration in bright
ness. The variable spot size is said to 
make the gun suitable for use in data 
display applications where differing 
line widths are often required. 

Magneto-Optic Memory Elements 
. Successfully Demonstrated 

Scientists at the Lockheed Research 
Laboratory Palo Alto, Calif. report 
they have successfully demonstrated the 
use of gadolinium iron garnet (GdIG) 
memory elements with stable bit densi
ties of 106 per square inch. 

The GdIG magneto-optic memory 
element was proposed by Chang, Dil
lon and Gianola in 1965. The basic 
property of GdIG utilized for memory 
purposes is the coercivity of the mag
netization as a function of temperature 
shown in Fig. 1. 

Fig. 1. Coercive field vs. temperature 
for GdIG. 

Procedure for operating GdIG as a 
memory element is as follows: A film 
or wafer of GdIG is magnetized to sat
uration normal to its surface. The field 
is then reversed and increased to a 
value below the coercive field at the 
bias temperature T bias' A writing beam 
which can be a laser or electron beam 
is used to heat a small spot of the wafer 
to T bias + 6. T. Fig. 1 shows that, in 
this spot at this temperature, the mag
netic bias field exceeds the coercivity. 
Therefore, at the heated spot the film 

20 

will magnetically switch; that is, a bit 
is written. 

To read the information thus writ
ten on the memory, the film is illu
minated by polarized light. Direction 
of the magnetization is sensed by the 
sign of the Faraday rotation. In the 
written bit the rotation is opposite to 
the unwritten part of the film. By an
alyzing the polarization of the light, 
the bit can be interrogated electron
ically. 

Thin wafers of GdIG, made by sec
tioning and polishing single- and poly
crystals, were studied magneto-optically 
to determine the parameters useful in 
conjunction with the use of the crystals 
as memory elements. It was found that 
coercivity determined by Faraday rota
tion in these wafers· was tenfold higher 
than that in bulk material determined 
by conventional means. 

Thermal and coercivity considera
tions showed that for a given thermal 
input, a steep and wide peak in the 
coercivity versus temperature curve is 
desirable for small bit size and high 
writing speed. This was confirmed ex
perimentally and a bit density of 106

/ 

sq. inch was obtained on poly-crystal
line wafers. Bits were stable with time 
and with temperature up to 50°C. 
They could be erased selectively by the 
same writing beam with reversed mag
netic bias. In addition, a memory 
cycling test, consisting of writing, eras
ing and rewriting of a point on the 
wafer, showed no degradation of per
formance after three million cycles. 

For writing, a He-Ne laser beam 
(8m W at 6328A) was focussed to about 
10 microns in diameter. In a typical 
case, bits were spaced 1.5 mils between 
centers and were well resolved. With 1 
mil between centers (106 bits per square 
inch), packing density approached the 
resolution limit of the wafer. Such a 
resolution limit is closely related to the 
grain size of the investigated sample. 
In the polycrystalline samples, grain 
sizes are in the order of 10 microns. 
Thus, on the average, the bits which 
are packed 1 mil betwee'n centers cover 
only three to four grains per hit. Smal
ler grains would give even higher 
density. 

Because of the lack of an efficient op
tical deflector for large numbers of de
flections, the arrangement of Fig. 2 is 
considered for implementation. A finely 
focussed electron beam is an efficient 
tool for heating a small spot and fast 
deflection of 1000 spots is achievable. 
For convenience in reading, bits in the 
film are organized into an array of sub
matrices. Instead of point-to-point de
flection of a focussed optical beam to 
illuminate a bit, deflection of a large 
beam, e.g., from a discharge lamp, to 
illuminate the submatrix is used to les
sen the requirement imposed on the 
deflector and ,light source. As an ex
ample, for a one square inch memory 
plane containing 106 bits, the number 
of deflections need only be 7 x 7; such 
a deflection at megahertz rates can be 
readily obtained by using electro-optic 
crystals. 

_"D_ 

Fig. 2. Advanced writing and reading 
arrangement using GdlG memory ele
ment. 

The random access feature is pre
served by interrogation of the large 
beam with either an image dissector or 
a photodiode array. Combination of 
the controls of the deflector and the 
sensor will then give precise access to 
the bit. 

Since the GdIG film is a good in
sulator, a thin film of aluminum is 
evaporated over the GdIG to avoid 
any charging during electron beam 
writing. With such an arrangement, 
the most convenient way of reading is 
to interrogate the reflected light which 
has essentially double rotation due to 
the double pass of the light through 
the film, as shown in Fig. 2. The lamp 
and the dissector required in this 
scheme are commercially available. The 
magneto-optic memory element is un
der evaluation for use in airborne high 
density data storage applications. 
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Back up data on the 
smallest, fastest military memory weighs 
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commentary 
Comments and opinions on topics of cur
rent interest to digital design engi-
neering personnel. A monthly column orga
nized and prepared under the direction of 
T. PAUL BOTHWELL, Contributing Editor. 

FERRITE CORE MEMORIES 

Present & Future Status 

Just as the internal-combustion engine has survived 
the challenge of numerous contenders for its role in 
the automobile industry, the ferrite core memory con
tinues to survive the onslaught of many contenders for 
its role in the digital computer industry. It would be 
generally conceded that the latter work-horse has un
dergone considerably greater evolution, however, as in
dicated in Table 1. 

The latter three columns indicate an order of 
magnitude increase in capability, which is a most im
pressive feat. Obviously, not all of this is attributable 
to ferrite core characteristics, but there certainly have 
been synergistic attainments in the areas of active de
vices, packaging, market demand, and other relevant 
factors. 

Although Table I does not involve the parameter 
of time, it has been noted previously in this column 
and elsewhere that the cost and cycle time of core 
memories have simultaneously halved about every 2Y2 
years during the past decade. It is highly conjecturable 
that this can continue and there exists some tangible 
reasons for expecting the fall-off rate to decrease: ' 

R. W. Reichard 

1. It appears, as noted in the table, that capacities 
are leveling off. At the moment, one is inclined 
to project that main memory will comprise several 
identical modules, each of a few hundred kilobits 
capacity. Since some contribution to falling costs 
in the past were due to amortization of fixed costs 
- registers, timing, control, hardware - over in
creasing number of bits, a leveling off of capacity 
curtails this possibility. 

2. Considering fully switched cores of present mate
rials, cycle time can decrease only via smaller cores. 
Cores cannot continually progress to smaller diam
eters unless smaller wire is used. There just may 
be practical limits on usable wire size. Number 44 
wire has a fusion current rating of about 0.8 am
peres, which is not too comforting, relative to OA-to-
0.5 ampere drive currents for state-of-the-art small 
cores, especially in direct-coupled drive circuitry 
and arrays with limited heat-transfer ability. 

3. The ferrite core plane industry has long been 
highly competitive and still suffers from a high 
ratio of labor cost to material cost in its product. 

TABLE I 

To Be Sold 
Cores of This With Switching Enabled System And System at a Per-

Diameter Time Of Cycle Time Of Capacity up to Bit Cost Of 

80 mils 1.5 p.sec. 12 p.sec. 20 kilobits $1 

50 mils 0.9 p.sec. 5 p.sec. 80 kilobits $ .30 

30 mils 0.4 p.sec. 1 p.sec. 200 kilobits $ .12 

23 mils 0.25 p.sec. 0.6 p.sec. 300 kilobits $ .08 
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We solve voltage 
d ist ribution 
problems with 
compact, highly 
efficient 
bus bars ... 
like this 

That's just one of scores of laminar bus 
configurations engineered and produced 
by Rogers for the IBM System/360. 

As insulation specialists and pioneers 
of contemporary and advanced bus as
sembly concepts, we stand ready to de
sign your voltage distribution compo
nents speedily and with economies born 
of long experience serving major com
puter manufacturers. 

For high-capacitance, low-inductance 
bus bars to be used in communications 
equipment as well as in computers
wherever multiple circuits are to be fed 
precisely controlled power - call on 
Rogers. The reliable, carefully engi
neered component you need may al
ready be substantially developed. 

Technical data available on request 

ROGERS CORPORATION Rogers, Connecticut 06263 

CIRCLE NO. 16 ON INQUIRY CARD 
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MODEL 1300 
IBM 360 Computer 

Compatible Magnetic 
Tape Recorder 

Slew mode write or read at speeds 
of 1000· to 3000 cbar/sec Incre .. 
mental writing of 1200 cbar/ sec. 
Choice· of 200,556 or 800 BPI, 7 

computer 
09mpatibilityfeatures inoluding 
:1J1.G':d', LBCC,·CBCC, EOF avail-

CIRCLE NO. 15 ON INQUIRY CARD 

The desire to lower labor costs by automating the 
process of threading cores may provide further 
restraint against continuing reduction in size of 
cores. 

All of the factors above tend to indicate that the 
ferrite core memory business may be reaching a static 
state, which almost inevitably indicates demise in such 
a dynamic industry as digital computers. It is tempting 
to indulge in idle speculation on avoiding such a fate, 
and as electrical engineers are prone to do, we cast ,the 
blame for our ills upon the metallurgists or mate-
rials technologist. . 

In this case, we point out that the availability 
of a core. material of several times the flux den
sity and a fraction of the coercive force of present 
cores, with similar squareness ratio and switching con
stant, would enable us to score another giant step in 
the performance race. This latter step, incidentally, 
would probably seal the fate of flat-film memories, re
sulting in a copout for Uncle Sam who has invested 
several tens 9f millions of dollars in sponsoring flat
film memory developments over the past decade. How
ever, there are some newly emergent factors that 
may be considered which offer new possibilities. 

I. The continual downward trend in monolithic in
tegrated circuit costs, which has already enabled 
the decade-old 2Y2D selection scheme to become 
an economic practicality, may enable other long
since pigeonholed ideas to be resurrected and eco
nomically applied. One plausible example is that 
the necessary complex circuitry for a common 
sense-digit scheme may be economically realized 
since the number of semiconductor devices is not 
a design restraint. The result of this might be, for 
example, practical two-wire arrays in high-perform
ance systems. 

2. A reduction in monolithic circuit costs, as in the 
previous section, must prompt reconsideration of 
linear selection schemes, which offer the possibility 
of faster cycle times with given core sizes. 

3. Limited dissipation capability of Ie's suggests par
tial switching of cores; the latter enables higher 
speed with given core size and limits self-heating 
effects as well. The penalty for partial switching 
historically has been the expense of providing 
stringent control on pulse current amplitudes and 
durations, particularly if an operating ambient 
temperature range of more than a few degrees was 
necessary. The improved uniformity of present-day 
cores mitigates these problems and in fact the 
technique of using two cores per bit would further 
alleviate it. 
It is, therefore, to be expected that once more, 

advancing technology and techniques will further 
extend the applicability of core memories. 

1 ' 

Mr. Robert W. Reichard, the author of this month's 
CD Commentary, is Manager of the Memory 
Products Engineering Department at Honeywell's 
Computer Control Division. He is responsible for 
the design, release and sustaining engineering for 
the division's high speed computer and product 
memories. 
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At AC Electronics, we didn't 
become a leader by turning a deaf 
ear to good ideas. Or because 
someone was afraid to rock the 
boat. Or rattle the cage. And 
we're not about to change. 

If you aren't afraid to sound off 
with new and better ideas ... 
if you warm to the challenge of 
projects like Apollo, LM, 
Titan III, SSCNS, Carousel IV 
and MAGIC Series Digital 
Computers, maybe you should be 
talking to us. We're looking for: 

Systems Analysis Engineers 

Digital & Analog Circuit Designers 
Digital Systems Engineers 
Mechanical Designers 
Commercial Programmers 
Semiconductor Engineers 
Systems Mechanization Engineers 
Logic Designers 
Digital Test Equipment Designers 
Scientific Programmers 
Industrial Engineers 
Optics Engineers 

For more information on 
these and other career opportu
nities with the AC Electronics 

CIRCLE NO. 900 ON INQUIRY CARD 

Division of General Motors ... 
Write, phone or wire: 
Mr. R. W. Schroeder, Director 
of Professional and Scientific 
Employment, Box 508, AC 
Electronics Div., Milwaukee, 
Wisconsin 53201. 
An Equal Opportunity Employer 

AC ELECTRONICS 

I~I!!MI 
1IA11UKliIClIDIS1KIDUCKIIM[AIIasrACE MAIKaIUC[lI[Ka: 

MILWAUKEE. BOSTON. SANTA BARBARA 
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The major considerations for high speed computer designs 
are propagation delay, clock pulse skew, noise, crosstalk, 
and integrated circuit performance. All of these 
considerations can be significantly enhanced by the 
implementation of the Micro-Electronic Modular Assembly 
(MEMA) packaging technique. 

The electrical characteristics of packaging and the in
terconnections in high speed digital computers can 
introduce limiting restrictions on computer operation. 
Therefore, it is necessary for the electronic designer to 
consider seriously the implications of the packaging 
and interconnections and for the package designer to 
consider the electrical characteristics of the physical 
design. The packaging techniques, described in this 
article, illustrate the approach developed from th,e col
laboration of the logical, electronic, and mechanical 
designers at Teledyne. In addition, the Advanced Sys
tems Division has maintained full cognizance over the 
detailed hardware design and system design to ensure 
compatibility on all levels of development. 

The approach to the micro-miniaturization of 
electronic equipment that has been adopted and de
veloped, is one in which multiple components, includ
ing monolithic integrated circuits chips, are mounted 
and interconnected within a single flat pack. Desig
nated as the Micro-Electronic Modular Assembly 
(MEMA), these multichip circuit modules have al
ready found applicaion in digital and analog equip
ment for major avionic systems. The advantages made 
possible by the use of this packaging technique are 
dramatic reductions in system size and weight, greatly 
simplified manufacturing and maintenance proce
dures, increased reliability and performance and con
siderable savings in recurring manufacturing costs. 

This technique takes maximum advantage of the 
characteristics of integrated circuits. These are: 
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1. Preserving the small size characteristic of the 
integrated circuit chip by placing many chips 
in a single package. 

2. Preserving the high speed characteristics of the 
integrated circuits by placing them in very 
close proximity with extremely short intercon
nections. 

3. Preserving the inherent reliability of the inte
grated circuit by eliminating multiple packag
ing levels. 

The MEMA is implemented by interconnecting 
up to thirty integrated circuit "bare chips" on a single 
ceramic substrate (Fig. 1). The substrate and asso
ciated electronics are then hermetically sealed to form 
the ,completed MEMA, which has the physical charac
teristics of a single flat pack, but contains the func
tional complexity of several large printed circuit cards 
with discretely packaged integrated circuits. 

Several levels of functional modularity are mecha
nized to form a high speed digital computer (Fig. 2). 
The integrated circuit "bare chips" are mounted and 
interconnected within the ME MAS, which are mounted 
and interconnected on submodules. The submodules 
are clipped together to form modules, and the mod
ules are plugged into the motherboard to form the 
computer. 

High speed digital computers require special con
siderations involving propagation delay, clock pulse 

INTEGRATED 
CIRCUIT 
CHIP 

SUBSTRATE 
INTERCONNECTIONS 

Fig. 1 Micro-Electronic Modular Assembly (MEMA). 
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G. P. HYATT 

Consulting Editor 
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skew, noise, crosstalk, and integrated circuit perform
ance. Each of these considerations can be significantly 
enhanced merely by reducing the physical size of the 
computer. Special design techniques will improve 
these considerations, but to a lesser degree than the 
physical size consideration. Miniaturized computers 
implemented with lVIEMA type techniques inherently 
minimize these considerations to the degree that they 
are not the predominating limitations associated with 
high speed computers. In addition, many of the spe
Cial high speed computer implementation techniques 
may be eliminated merely by using the MEMA type 
packaging to miniaturize the computers. 

PROPAGATION DELAY CONSIDERATIONS 

Propagation delay of digital pulses is generally caused 
by two mechanisms, which are: 

(1) The switching delay through logic functions, 
determined by the switching speed of the 
logic. 

(2) The transmission delay through interconnec
tions, determined by the velocity of propaga
tion through the medium and settling of the 
signal due to impedance mismatches. 

Interconnections in electronic systems are often 
treated as simple conductors. This approach is valid 

MICROELECTRONIC 
MODULAR 

ASSY 
(MEMA) 

Fig. 2 Levels of modular packaging. 
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only in relatively slow speed, small dimensional sys
tems. In applications with clock periods that approach 
the transmission propagation delays, the interconnec
tions must be considered as transmission lines. The 
high speed switching of the digital logic can introduce 
Fourier frequency components in the hundred mega
cycle frequency range, which is in the low radar band. 
Much of the theory associated with electromagnetic 
fields and waves as applied to radar systems is directly 
applicable to these systems.1 

The criterion for the treatment of interconnections 
as either conductors or transmission lines is based upon 
a comparison of the clock periods and transmission 
propagation delays. If the propagation delay along a 
line is in the order of magnitude of the clock period, 
the interconnections should be treated as transmission 
lines. An electrical signal will propagate at approxi
mately one foot per nanosecond for a nominal per
mitivity (€) and permeability (p.) of the surrounding 
median. A transmitted signal will propagate along a 
line to an impedance mismatch interface, where a por
tion of the energy will be reflected. This reflection will 
propagate along the line in the reverse direction to 
another impedance mismatch interface, being reflected 
back and forth until the signal in the line stabilizes at 
the excitation level. The number of reflections that 
will occur prior to the signal stabilizing at an ac
ceptable level is a function of the impedance mis
match. For larger mismatches, a larger number of 
reflections will occur prior to stabilization. For rela
tively longer transmission lines or lower propagation 
velocities, the delay for each reflection will be rela
tively longer. Therefore, the propagation delay 
through a wire is a function· of the impedance mis
match in addition to the line length and propagation 
velocity. 

For short lines and relatively slow clock rates, suc
cessive reflections will stabilize in a relatively short 
time compared to the clock period. For lorig intercon
nections or fast clock rates, the line stabilization 
periods may approach the clock periods and become a 
significant consideration. Relatively long interconnec
tio~s can be better tolerated if impedance matching 
is implemented. The integrated circuits typically con
tain a low output impedance and a relatively high 
input impedance to enhance noise immunity and 
fan-out. Typical transmission lines provide a good 
impedance match with integrated circuit output im
pedances, but introduce a moderate impedance mis
match with integrated circuit input impedances. The 
fan-out to multiple input loads can reduce the mis
match considerations because the input loads are, 
effectively, in parallel. Impedance matching can gen
erally be accomplished by adding terminating resis
tors to the high impedance end of long interconnec
tions to minimize reflections and the resulting signal 
stabilization delays. Pulse transformer techniques 
could also be used to satisfy the impedance matching 
considerations, but result in a higher hardware com
plexity than with resistive termination. 

The switching propagation delay, characterized by 
the state transition delay in switching the electronic 
elements, is typically in the range of tens of nano
seconds for present higher speed integrated circuits. It 
is generally important that the propagation delay due 
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to the logic elements be large compared to the dif
ference in propagation delays between the various 
paths, in order to minimize the clock pulse skew con
siderations. 

. The interconnections between integrated circuits 
within a .MEMA contain line lengths of less than an 
inch, with typical propagation delays in the magni
tude of tenths of a nanosecond. The electrical signals 
in these lines will stabilize in sub-nanosecond periods, 
even for the more severe impedance mismatch. The 
interconnections between the MEMAS are less than six 
inches within each submodule. Therefore, line propa
gation delays assemblies in the same submodule will 
be a fraction of a nanosecond for impedance matched 
lines and a worst case of under two nanoseconds for 
mismatched lines of the magnitude obtained with in
tegrated circuit terminations. The longest transmis
sion line within the typical computer is approximately 
one foot. In addition, approximately four inches of 
interconnections are contained in small links inter
connecting localized logic in the same chain. There
fore, the maximum transmission line length will 
introduce a propagation delay typically of several 
nanoseconds and in the very worst case, under six 
nanoseconds. This worst case line propagation delay 
is in the magnitude of a single high speed integrated 
circuit gate propagation delay. Therefore, the small 
computer dimensions associated with the MEMA type 
packaging techniques reduces the worst case intercon
nection propagation delays to a very small value, even 
with severe impedance mismatches. 

Impedance matching techniques within the high 
speed digital computer implemented with MEMA tech
niques can be neglected due to the extremely small 
dimensions. Computers with larger dimensions must 
implement impedance matching to the degree dictated 
by the transmission delays and impedance mismatches. 

CLOCK PULSE SKEW CONSIDERATIONS 

The clock pulse generation for a high speed computer 
requires special considerations to insure proper opera
tion. The clock pulse skew condi tion is a serious 
potential problem that can cause "critical race" con
ditions. The design should fully consider the clock 
pulse skew condition and minimize this effect to the 
level where it will not jeopardize computer operation. 

Effectively, the clock pulse skew condition reduces 
to that of unequal propagation delays for the syn
chronizing clock pulse to various logic elements. This 
condition may cause the data changes to propagate 
more rapidly than the clock pulse, resulting in critical 
race conditions that can cause erroneous or ambiguous 
data to be set into the flip-flops. Clock pulse skew is 
caused primarily by: 

1. Unequal propagation delays through the clock 
pulse transmission lines, primarily due to un
equal line lengths between the clock pulse gen
erator and the synchronous elements. 

2. Unequal propagation delays through logic 
chains, primarily in the clock pulse fan-out 
network, caused by an unequal number of 
stages or a spread in switching delays of the 
integrated circuits. 
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The reduction of the longest clock pulse transmis
sion delays will significantly aid in the minimization 
of the clock pulse skew effect. Inherent in the different 
transmission delays between the local and the more re
mote synchronous elements, the longer the distance 
that a clock pulse line must be routed, the more skew 
that will be introduced. The longest clock pulse trans
mission lines can be reduced in length by physically 
locating the clock pulse generator and fan-out circuit
ing in the center of the computer. In addition, certain 
types of logic functions that are not sensitive to the 
skew effect should be located at the more remote parts 
of the computer. This technique will permit the more 
critical forms of logic to be located in closer proximity 
to the clock pulse generator. Logic that requires com
munication in only one direction, such as computer 
input/output logic, and logic that can operate asyn
chronously are types that are not sensitive to the clock 
pulse skew effect. 

DATA 

DATA 

Fig. 3 Systems communication. 

A typical implementation of communication 
within a synchronous digital system is illustrated in 
Fig. 3. The clock pulse generator will clock local and 
remote synchronous logic elements. This clock will 
cause data changes to propagate through the system. 
If the data change from the local logic propagates to 
the remote logic before the clock pulse, a hazard con
dition will exist. Therefore, the sum of the delays 
along paths 2 and 3 must exceed the delay along path 
1 (Fig. 3), to eliminate hazards due to the clock pulse 
skew effect. It should be noted that paths 4, 5 and 6 
are not sensitive to the clock pulse skew effect. 

The clock pulse propagation delays between local 
and remote synchronous elements can be equalized by: 

1. Increased propagation delays in the clock lines 
that are routed to local synchronous elements, 
defined by path 2 (Fig. 3). 

2. Increased propagation delays in the data lines 
that are routed from local to remote parts of 
the computer, defined by path 3 (Fig. 3). 

3. Decreased propagation delays in the clock 
lines that are routed to remote parts of the 
computer, defined by path 1 (Fig. 3). 

The techniques described in items (1) and (2) are the 
most convenient to implement; accomplished merely 
by adding propagation delays. The techniques de
scribed in item (3) can only be implemented with con
siderable design effort, because propagation delays in 
high speed computers are typically low and therefore 
not easily reduced further. It should be noted that 
item (3) can be implemented with the use of MEMA 

packaging techniques, where propagation delays can 
be reduced by approximately an order of magnitude. 
Therefore, the computer will require a minimum of 

special considerations for clock pulse skew effect. 
The propagation delays in clock lines to local syn

chronous elements can be increased with the use of 
both transmission delays and switching delays. The 
transmission delays can be implemented by increased 
line length through indirect routing, coiling, or 
lumped parameter delays; impedance mismatching; 
and the use of transmission lines with lower propaga
tion velocities. The latter technique is the most 
feasible, where the delay can be precisely defined and 
accomplished in a manner physically identical to an 
unequalized system. The switching delays can be im
plemented by longer clock fan-out chains, capacitive 
loading of clock fan-out logic, and the application of 
slower speed logic elements in the clock fan-out chain 
associated with the local synchronous elements. The 
latter technique is the most feasible due to the avail
ability of compatible integrated circuits with different 
characteristic switching speeds, permitting implemen
tation in a manner physically identical to an unequal
ized system. 

The propagation delays in data lines from local to 
remote synchronous elements can be increased by the 
techniques discussed for the clock line delays, with 
the additional technique of implementing the local 
synchronous elements with slower speed logic ele
ments. 

The propagation delays in clock lines to remote 
synchronous elements can be decreased by using tech
niques converse to those discussed for items (1) and 
(2). The use of high speed clock fan-out logic, directly 
routed high velocity transmission lines, and accurate 
impedance matching techniques will reduce propaga
tion delays; but the most effective technique will be to 
reduce the computer physical size with MEMA type 
packaging. 

The clock pulse fan~out should be performed in 
a radical tree type of array where a different clock line 
is routed directly to each module, as contrasted to a 
"daisy chain" distribution where a single clock line is 
strung out from module to module. Clock pulse fan
out in a localized area, such as a MEMA, may be ac
complished in a "daisy chain" manner with inconse
quential skew problems. Proper termination of all of 
the radial clock pulse lines should be implemented, 
where necessary, to insure mimimal, but well defined, 
clock pulse propagation delays. 

The clock pulse fan-out logic should be imple
mented to minimize the number of levels of logic re
quired. This precaution is taken because of the spread 
in the propagation delay parameters for the fan-out 
gates. The characteristic of relative consistency of the 
propagation delay through the gates on a particular 
chip should be considered. In addition, clock pulse 
fan-out and control logic chains should contain equal 
numbers of logic elements to equalize delays to cor
responding parts of the computer. 

The dimensions of the typical computer, imple
mented with MEMA techniques, reduce transmission de
lays to a level so small that the only delays that need 
be considered are unequal clock pulse fan-out switch
ing delays.. Effectively, the small dimensions auto
matically relegates the physical considerations to an 
insignificant level when compared to the electrical 
considerations. 
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NOISE AND CROSSTALK 

Noise generated by the switching operation of the 
logic devices can be divided into two predominating 
mechanisms, defined as power supply transients and 
digital crosstalk. The actual mechanisms are too com
plex to define rigorously but can be treated as gen
eralized lumped parameter effects. 

The power supply transients are generated by the 
state switching of the logic devices. A state transition 
will result in transients reflected through the power 
supply lines caused by the current surge drawn during 
the state transition and by the step change in steady 
state current drawn between the two logic states of the 
logic gates. The state transition will cause a power 
surge to occur because the circuit output is neither in 
cutoff nor saturation during the switching transition. 
This surge will correspond in time and duration with 
the rise and fall times of the logic elements. The 
surge current will cause voltage drops in the power 
supply lines due to the line resistance and inductance. 
The inductive drop will predominate due to the high 
rate of change of the surge, causing a large di/dt volt
age drop, as compared to the low current amplitude, 
causing a small iR voltage drop. The step change in 
steady state current will be caused by the different 
power requirements of the logic gates in the two 
binary states; this condition will contribute only to 
the resistive voltage drop and is, therefore, of small 
consequence. 

The voltage drop will be distributed along the 
power supply line, contributed to by all logic elements 
common to that power supply line. The power supply 
transients will couple through the circuits and trans
mission lines, resulting in noise on the logic signals 
and, possibly, false triggering of the synchronous ele
ments. 

The digital crosstalk can be described as the re
active coupling of digital pulses between lines that 
are routed in close proximity. This crosstalk can re
sult in forward and backward travelling waves.2 It can 
couple into clock lines and cause false triggering of the 
synchronous elements. 

The noise and crosstalk mechanisms described will 
be primarily a function of the line lengths, where the 
inductance of the power supply lines is a function of 
the line length and the reactive .coupling for power 
supply and data logic line transients is a function of 
line length. 

These sources of digital noise can be reduced by 
the selection of low inductance power supply lines, de
crease in the distance through which lines are routed 
together, and decrease in line length. The latter tech
nique is the most effective because short lines inher
ently decrease line indllctance, and decrease the dis
tance that lines are routed together. The decrease in 
line length is inherently implemented by the MEMA 

type packaging which reduces the noise and crosstalk 
considerations to a minimum. 

INTEGRATED CIRCUIT PERFORMANCE 

High performance integrated circuits are required for 
high speed computers, where many of the characteris-
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tic circuit parameters can be significantly enhanced by 
the reduction in the length of interconnections and the 
resultant line capacitance. The circuit characteristics 
that are most affected by the interconnections are the: 
switching speed, noise immunity, fan-out and power 
consumption. These parameters are primarily a func
tion of the intrinsic characteristics of the circuits, but 
can be significantly affected by the packaging and 
interconnections for high speed applications. 

The switching speed of an integrated circuit is a 
function of the capacitive load that must be driven. 
The load will define an RC time constant associated 
with the circuit source impedance and the line capaci
tance. A large line capacitance, caused by relatively 
long interconnections, will require the circuit to dis
charge a relatively large amount of charge through the 
output impedance. The switching speed will be de
graded by the associated time constant. 

The noise immunity of a computer can be en
hanced by reducing the characteristic noise generated 
by normal computer operation. The computer will 
tolerate an externally imposed noise level that depends 
upon the inherent noise immunity of the circuits de
graded by the internally generated noise "bias" of the 
computer. The reduction of this noise "bias" will in
crease the effective system noise immunity. The in
ternally generated noise has been previously discussed, 
classified as power supply noise and crosstalk. This 
noise can be significantly reduced by decreasing the 
interconnection line lengths, thereby reducing the 
computer noise "bias" and effectively increasing the 
system noise immunity. 

The fan-out of an integrated circuit is a function 
of the steady state load and the switching load imposed 
on the circuit. The steady state load is defined by the 
number of circuits loading the signal. The switching 
load will be composed of the capacitive load of both 
the line and the circuits that are loading the signal. 
For high speed operation, the switching load can pre
sent the predominating limitation on circuit fan-out. 
Therefore, the fan-out characteristic will be degraded 
by the capacitive load caused by the interconnections. 

The power consumption associated with a logic 
element can be divided into two parts, defined as the 
steady state and switching transition power. The 
steady state power consumption remains relatively 
constant over the spectrum of operating conditions. 
The switching transition power will only be dissipated 
during the transition between the two logic states of 
the device. It is characterized by a power surge during 
each state transition, with a surge period that is a 
function of the switching time. This transition power 
will be dissipated because the circuit output is neither 
in the saturated nor cutoff states. This transitionary 

,period will be set by the switching speed of the device, 
which is a function of line capacitance and, therefore, 
interconnection line lengths. The switching transition 
power dissipation will be a function of the duty cycle 
of the surge determined by the computer clock rate 
and circuit switching speed. The clock rate is an in
herent characteristic of the computer, but the switch
ing speed is partially a function of the interconnection 
~apacitance. Therefore, power dissipation for a par-

/ ticular circui t will be increased as a function of clock 
/ rate and line capacitance. 
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The considerations discussed are not necessarily 
mutually exclusive, but inherently related. For ex
ample, a decrease in interconnection line capacitance 
will enhance circuit speed and fan-out, but increasing 
either of these parameters will reduce the advantage 
for the other parameter. 

HARDWARE IMPLEMENTATION 

The basic l\IEMA package is a flat pack measuring 1.0 
in. x 0.75 in. x 0.06 in., with 24 or more leads. Within 
the flat pack, a number of monolithic integrated cir
cuit and/or discrete component chips are bonded to an 
alumina substrate and interconnected by etched inter
connections on the substrate. This circuit package 
contains an average of 20 monolithic integrated cir
cuits or 15 discrete component circuits. The two most 
common flat packs have 24 or 36 leads, but a different 
number of leads are provided in many special purpose 
MEMAS. 

The usual commercial packaging technique is to 
encase each integrated circuit chip in a separate flat 
pack which is mounted on a printed circuit board. 
The MEMA package introduces a level of simplification, 
where the bare integrated circuit chips are mounted 
directly onto ceramic substrates such that the sub
strate becomes the circuit board. The substrate is then 
sealed, forming an clement with a functional com
plexity greater than standard printed circuit cards. 

Although this package exhibits a higher level of 
functional capability, it still meets the throwaway re
quirements. This is due to the more compact packag
ing achievable by this technique and its economical 
advantages. :Mounted on a submodule card, it offers 
the same functional capability normally attained by 
the assembly of a grouping of discrete component 
printed circuit cards. 

A typical MEMA of the integrated circuit variety 
is shown in Fig. 1. A fabricated assembly with discrete 
components is pictured in Fig. 4. 

Fig. 4 Discrete component (MEMA). 
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Fig. 5 Digital submodule construction. 

The modular level of packaging is the primary 
level of field maintainability of the equipment. The 
equipment can be disassembled with simple mechani
cal operations down to the submodular level before 
bonding and soldering operations are required to 
assemble and disassemble the electronic equipment. 

The submodule is composed of up to six MEMAS, 

a multilayer interconnection matrix, and a connector 
(Fig. 5). The frame provides structural support and 
heat conduction for cooling. The matrix provides for 
connections between the various MEMAS and to the 
connector. The multilayer interconnection matrix can 
contain in excess of 30 conduction layers, but with an 
average of approximately twenty layers. This matrix 
provides compact, reliable, and inexpensive intercon
nection. The interconnection matrix achieves these 
desirable characteristics by the simplicity of the con
cept, where each conduction layer is isolated from all 
other layers; thereby eliminating feedthroughs, plated 
through holes, and other relatively expensive and un
reliable interconnection techniques. The matrix is 
implemented with each layer making all nodal con
nections for one or more circuit nodal points. Each 
node point is planar in nature, inherently isolated 
from all other matrix planes; thereby eliminating the 
need for electrical interconnections between layers. 
Electrical access to each layer is obtained by connec
tion to the ribbon conductors that protrude from the 
nodal plane (Fig. 6). All interconnections to a nodal 
point are made on one side of the matrix while the 
connector is attached to corresponding node points on 
the opposite side of the matrix. The conductors that 
protrude from the matrix are designed to automati
cally line up with the corresponding MEMA and con
nector leads for semi-automatic assembly. 

The various nodal conduction layers are isolated 
with layers of insulating film. Alternate layers of con
duction plane and insulating film are built up, then 
bonded into a single unit, formed by the adhesion of 
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Fig. 8 Computer package. 
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SUB 3 

SUB 4 

the insulating film layers. The matrix also provides 
layers for the ground plane, voltage plane, and clock 
pulse plane, which are used to supply all MEMAS on a 
submodule. 

The digital modules are implemented by physi
cally clipping together four submodules (Fig. 7). The 
typical module will contain approximately 500 inte
grated circuits completely interconnected to form an 
extremely high level of functional complexity within a 
small volume. The volume of a module is approxi
mately four cubic inches, resulting in a packaging 
density of approximately 200,000 integrated· circuits 
per cubic foot. The interconnection between modules 
and computer package requirements will degrade this 
density to approximately 100,000 integrated circuits 
per cubic foot. A typical computer package is illus
trated in Fig. 8, showing the modularity inherent in 
the dense packaging techniques. 

CONCLUSION 

High speed digital computers require special consid
erations for proper operation. The most important 
considerations are propagation delay, clock pulse skew, 
noise, crosstalk, and circuit performance. Each of these 
considerations can be significantly enhanced merely by 
reducing the physical size of the computer, with the 
resultant reduction in interconnection lengths. 

Additional techniques can be implemented to en
hance these considerations, but they have a signifi
cantly smaller impact than the physical size reduction 
technique. This physical size reduction technique is 
the predominating consideration because, as the physi
cal size approaches an extremely small parameter, the 
other techniques become inconsequential. 

The implementation of a high speed digital com
puter should start with packaging tradeoffs to deter
mine the degree of miniaturization that is feasible 
based upon technical, economical, and risk considera
tions. The special techniques should then be imple
mented to the degree necessary to enhance operation 
to the required degree. If the packaging technique is 
"equal to the job," a significant amount of economy 
can be achieved with the minimization or elimination 
of the special techniques. 

The MEMA packaging technique is technically and 
economically advantageous. It is in an advanced state 
of high production, resulting in a low risk packaging 
consideration. The implementation of computers with 
this technique will reduce the degree to which special 
techniques will be necessary to achieve the required 
degree of performance. 
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Computer system requirements drawn from a broad 
spectrum of guidance and control applications are presented 
in this article. Based upon these requirements, design 
objectives such as adaptability and flexibility, and 
constraints of size, weight, power consumption, and 
reliability, a baseline aerospace cornputer system is 
derived. 

SYSTEM DESIGN OF A GENERAL 
PURPOSE AEROSPACE COMPUTER 

The purpose of this article is to describe the rationale 
leading to the logical design of a computer that can be 
adapted to a wide range of aerospace applications. 
The computer represents an attempt to satisfy the di
verse requirements of missile boost guidance, mid
course guidance, re-entry guidance, vehicle attitude 
control, and navigation, in one baseline design. 

MISSION REQUIREMENTS 

Most guidance and control computers in the past have 
been tailored for a specific mission even though they 
are called general purpose in the sense that a stored 
program is incorporated into the design. However, 
power and weight limitations have made the luxury 
of a truly general purpose computer organization too 
costly. 

A primary objective is to design a computer sys
tem that can be adapted to a variety of aerospace mis
sions, without changing the basic central processor 
organization, with a minimum of increased hardware. 
The requirements for typical aerospace computations 
have dictated the following systems requirements. The 
manner in which the requirements are satisfied is pre
sented in this article. 

1) The computations required for guidance, 
navigation, and experiment data processing have led 
to the assumption that the solution of algebraic prob
lems should be performed as efficiently as possible. 
Algebraic is defined as those computations requiring 
sums of products, such as vector and matrix manipula
tions and integration. This does not mean that the 
standard data manipulation computations are neg
lected. It just means that special innovations should 
be incorporated into the design to facilitate the alge
braic computation. 
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2) One of the more important results of the 
mission analyses was to realize that the input-output 
portion of the computer must change from mission to 
mission dependent upon the external hardware. How
ever, the central processor structure need not change if 
a generalized scheme for communication between the 
central processor and the I/O is developed. 

3) Certain input-output constraints are often 
present in aerospace applications. Some of these con
straints include: gyros, accelerometers, and a real time 
clock. These dictate the necessity for servicing incre
mental inputs at a high peak rate. 

4) 'Major functions of any aerospace computer 
are systems checkout and self-check. The computer 
systems should be designed so as to facilitate these 
checkout functions. 

5) Low power consumption weight and volume 
are prime requisites. A main objective is to provide 
the smallest possible system consistent with the as
sumed mission. 

6) The real-time nature of aerospace type compu
tations dictates the necessity for a multi-level priority 
interrupt scheme. The number of levels is peculiar to 
the mission or mission phase. 

7) As the complexity and volume of the compu
tationalload increases faster and faster, computers will 
be necessary to meet the requirements. It was decided 
to design the fastest possible machine, without push
ing the state-of-the-art in integrated circuit technology 
or in memory development. 

S) Since different missions might dictate dif
ferent combinations of DRO and NDRO memories, 
the computer was structured to accept any of the pres
ent or future types of memory which include core, 
plated wire, thin film, or wired memory. 

9) The desire for the smalles t possible program 
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Fig. 1 Functional block diagram of computer. 

necessary to perform a particular function led to the 
incorporation of a number of multi-function instruc
tions such as, in one instruction, multiply, add, and 
store. 

10) If more than one memory is used, the flexi
bility to execute instructions and read data from 
either memory is provided. 

11) Since the computer has been designed be
fore the specifics of its application were solidified, the 
structure considered expandability from the outset. 
The system can adapt to a wide variety of I/0 inter
faces and memory configurations. The memory size is 
readily expandable as mission requirements dictate. 
The structure is readily adaptable to multiprocessing 
and redundancy, where speed or increased reliability 
are required. 

LOGICAL ORGANIZATION 

Any design is, of necessity, a compromise between the 
various design features. In an aerospace computer, 
power, weight, and volume are traded off against com
putational power and flexibility. In any design proc
ess, one must first decide on the necessity of a feature 
and then the amount or degree of the feature which is 
necessary to meet the requirement. 
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The first task (qualitative in nature) is usually 
straightforward. The second task (quantitative in na
ture) presents a much more difficult problem with 
many points of argument. A fundamental aspect of 
the design philosophy was based upon the contention 
that a little bit of a feature is very worthwhile and 
quite often the differential gain achieved by increas
ing the amount of the feature is of much less im
portance. For example, one index register is almost a 
necessity for efficient address modification. However, 
the addition of two or even three more index registers 
does not improve the machine computational ability 
as much as the first index register. 

In conjunction with the above philosophy, it was 
decided that a limitation in programming flexibility 
without limiting systems functional ability was a de
sirable way to save hardware. It is not necessary to 
provide three or four different ways to program a par
ticular task. One method that is efficient will suffice. 

During the mission investigations, it was decided 
that certain operations that are frequent in nature 
should be made automatic if the hardware cost was 
minimal. Such features include the double precision' 
mode (used in conjunction with the normal instruc
tion complement to increase speed in double precision 
software), unconditional indirect branch instruction 
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for returr~ing trom subroutines, and. lile cUllcepl uf 
cycle stealIng used to process incremental inputs. 

Since the simpler the machine organization the 
smaller the hardware count, a minimum number of 
registers were used in the design. However, multi
functional registers do, of necessity, increase the con
trol unit complexity. 

The above design philosophy has been employed 
as far as practicable in the generation of the machine 
organization depicted in Fig. 1. 

Most of the functional blocks communicate 
through the computer bus. The concept of a bus was 
employed for three main reasons. First, hardware is 
saved since all the inputs to each of the registers need 
not be OR'ed together at the input to the register. 
This is accomplished by the bus hardware. Second, 
e;en if direct connections between registers were pro
vIded, the advantages of simultaneous transfers be
tween registers would not save substantial execution 
time. This is true because the sequences of most 
instructions is more sequential than parallel in nature. 
Third, the bus enables all registers to communicate 
and, thus, provides flexibility in instruction execution 
and computer expandability. It enables one parity 
tree to be used by two memories and facilitates the 
execution of instructions and acquisition of data from 
either memory. 

The organization shown in Fig. 1 shows both a 
data memory and program memory. A number of rea
sons made this configuration desirable. The possibility 
of a requirement for a wired memory for program 
storage necessitates a two-memory system. The data 
memory would have to be electrically alterable. The 
present design provides for the possibility of one or 
two memories - ei ther core, braid, plated wire, or 
thin film - without major redesign of the central 
processor and control unit. A two-memory system can 
be u~ed to decrease instruction execution time by over
~appmg. of the next instruction fetch with the present 
InstructIOn. Also, the two-memory system provides a 
m~asure of redundancy in case one memory fails. In 
thIS sense, graceful degradation has been built into the 
system. A two-memory system also facilitates self
~heck. If the self-check program is stored redundantly, 
It can be executed even if one memory fails. 

In order to efficiently fetch instructions and data 
from either memory or from the I/0, both memories 
and the addressable I/0 registers have been made con
tinuously addressable. The fact that the I/0 can be 
addressed just like any memory register, in effect, 
makes every instruction requiring memory access an 
I/0 instruction. The addressing scheme also allows 
instructions to be executed from I/0 which greatly 
aids preflight checkout and enables the central proces
sor to be debugged even if the memories are not 
operable. 

The instruction format contains a 13-bit address 
to dir~ctly access all of memory and the I/0 as well as 
a 3-blt second address to provide many of the im
portant features of a two-address machine without the 
significant cost of a full two-address structure. The 
3-bit . address refers to an 8-word portion of memory 
and IS referred to as the scratch pad. To eliminate 
data transfers between main memory and the scratch 
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the 13-bit address as well as by the 3-bit address. ' 
Mission requirements dictate that an efficient 

schem~ for addre~s modification should be incorpo
rated mto the deSIgn. In many computers, the index 
register serves functions other than address modi fica-

. tion and, therefore, more than one index register is 
necessary. ~n this machine, the functiQns of program 
loop countIng and the storage of subroutine return 
addresses are handled by scratch pad locations. The 
application of the scratch pad for these functions will 
be presented in the section entitled "Instruction Set." 

The clock rate for the system was determined so 
as to allow an inter-register transfer in one clock time 
and a full 23-bit add in two clock times. If an add 
time was completed in one clock time, then either the 
clock rate would have to be low and instruction execu
tion inefficient or an exorbitant amount of carry look
ahead logic would have to be employed. Experience 
ifo1dicates that at least six logic delays should be pro
VIded between clocked flip-flops. These gates include 
~hree delays in the control unit before a control pulse 
IS ?enerated and three delays for data to propagate. 
WIth a gate delay of 25 nsec, six gates give 150 nsec. 
Add to this a 25 nsec clock width and a 25 nsec safety 
factor and one obtains 200 nsec or a 5 MHz clock rate. 

Parity has been incorporated into the design for 
error d~tection purposes. In order to fully exploit the 
propertIes of the parity check, it is desirable to have an 
odd parity on an odd number of bits. This will detect 
not only all single errors, but also failures where all 

. the bits in a word including the parity bit become all 
"0" or all "1." An odd number of information bits 
plus one parity bit requires an even number of bits for 
a memory word. Parity is generated whenever a word 
is written into memory and is checked whenever a 
word is read out of memory. 

A number of factors enter into the determination 
of the word length. The data word length is dictated 
by the accuracy requirements of the mission under 
consideration. To maximize program speed, it was de
t~rmined that the majority of the arithmetic opera
tI~ns sh~uld be single precision. Double precision 
anthmetIc should be the exception rather than the 
rule. No more than a few of the arithmetic operations 
should be double precision. Investigations of typical 
aerospace computations showed a 24-bit memory word, 
22 bits + sign + parity, is sufficient. 
. The program memory word length is determined 
by th~ amount of information needed to specify an in
s~ructIo~ as well as the extent of direct addressing de
SIred. SInce the number of bits in an instruction word 
was within 2 bits of the data word, it was also decided 
to ~ake the program memory word 24 bits, 23 + 
panty. 

A number of advantages are apparent when the 
data and instruction word lengths are the same. First, 
data and instructions can be executed out of either 
memory without introducing problems because of dif
ferent word lengths. Second, with a 23-bit instruction, 
direct addressing in the baseline computer can be 
provided for both memories and the I/0 without re
verting to a banking scheme. Memory expansion is 
possible through a unique banking scheme that is dis
cussed in the memory section. 
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The program counter shown in Fig. 1 is on the 
computer bus. This simplifies the problem of execut
ing instructions out of either memory or the I/0. If 
the program counter were made part of the program 
memory address register, accessing of data from the 
program memory would require storage of the pro
gram counter in a special register. As will be ex
plained later, the program counter being on the bus 
also simplifies the priority interrupt sequence. 

The instruction register is used to hold the in
struction during execution and frees the memory 
buffer register so that memory overlap can be em
ployed. In the normal operating mode with data out 
of data memory and the instructions out of program 
memory, the fetch of the next instruction is overlapped 
with the execution of the previous instruction, thus 
saving 2 ""sec on most instructions. 

Incorporated into any computer structure are a 
number of flip-flops which must be either set or reset 
by the programmer as well as by certain automatic 
conditions. Such flip-flops include: the parity flip-flop, 
overflow flip-flop, double precision flip-flop, inhibit 
interrupts, inhibit cycle stealing, and others. All these 
flip-flops comprise the "status registers." The useful
ness of one addressable register instead of individually 
addressable flip-flops will become clear in the discus
sion of the instruction repertoire and the interrupt 
scheme. 

INSTRUCTIONS 

Addressing Structure 

In choosing the computer addressing structure, studies 
were conducted that demonstrated the computational 
advantages of a double address structure over a single 
address structure. In typical problems, a double ad
dress format is likely to save up to 30% in program 
space and 10% in execution time over a comparable 
single address format. A triple address structure was 
rejected as providing only marginal improvement in 
program size and execution speed over double address 
at considerable hardware cost. A list processing struc
ture was rejected for similar reasons. 

A double address machine, however, is more costly 
to implement than a single address machine. Investi
gation into the functions that are likely to be per
formed by an aerospace computer reveals those 
features of a double address structure that actually 
contribute most of the savings in program space and 
execution time. 

There are several forms that double address in
structions can take, and numerous repertoires can be 
chosen using groups of instructions of each form. It 
was hypothesized that a repertoire that achieves nearly 
the 30%/10% savings could be implemented with only 
slightly more hardware than would be required by a 
single address machine. A repertoire having· the fol
lowing two features (along with tailored instructions) 
satisfies these requirements. 

1. The existence of an "and store" option on 
each arithmetic and logic instruction which involves 
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memory and the A register. This effectively eliminates 
the store instruction, that is so consistently required 
for saving temporary values. Execution time is saved 
not only by the elimination of an instruction, but also 
by the overlapping of part of the data memory cycle 
(for storing) with the actual operation that simultane
ously takes place in the arithmetic subsystem. 

2. The utilization of a "small" second address 
that refers to a section of memory (designated as 
scratch pad). Due to the way in which the scratch pad 
is used, only a relatively few (less than 8) locations are 
simultaneously employed in a typical computation; 
hence, only 3 bits in the instruction word are needed 
for addressing. In order to properly take advantage of 
scratch pad, it is important that the main address in 
the- instruction can access the scratch pad section as 
well as the main section of memory. Hence, if a 
parameter is stored in scratch pad, it need not be 
moved to be available for use by successive instruc
tions. 

An inspection of the complete instruction set re
veals that most two-address instructions have one
address analogs. This relationship helps to keep con
trol hardware to a minimum. 

Instruction Set 

The complete instruction set for a typical guidance 
and control computer is given in Table 1. The basic 
format for all instructions is shown below: 

I OP . I OP /SP I X AD 

6 3 13 

The AD field specifies a location in data memory, 
program memory, or I/0 where data is taken, to 
where data is stored, to where the program will 
branch. The X field indicat~s the presence or absence 
of indexing. The OP (Operation) field specifies all 
two-address instructions or aids in specifying one
address instructions. If a two-address instruction is 
decoded by the OP field, the OP /SP field indicates the 
required scratch pad location. If a one-address in
struction is sensed by the OP field, the OP /SP field 
provides the final decoding to completely specify the 
instruction. 

One index register is designed into the prototype 
computer. Looping is accomplished by operating on a 
scratch pad location in the accumulator (DTB instruc
tion); returns from subroutines and interrupts are 
achieved by using the Unconditional Branch Indirect 
(UeBI) instruction. Hence, the index register is used 
strictly for address modification. N index registers re
quire many more than N times the hardware of one 
index register (additional bits in the instruction word, 
switching logic). It was decided that the additional 
hardware was not justified for the increased program
ming flexibility. 

Even though only one index register is used, 
others may be simulated by storing the index register 
in memory and loading a new data into the index 
register. More than one index register adds hardware 
because selection logic and switching logic must be 
provided in addition to the registers themselves. 
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TABLE 1 

INSTRUCTION SET 

Execution 
No. Instruction Mnemonic Time (f-tS) 

I Add ADD 2.6 
2 Add and Store ADDS 4.6 
3 Subtract SUB 2.6 
4 Subtract and Store SUBS 4.6 
5 Logical And AND 2.6 
6 Logical And and Store ANDS 4.6 
7 Logical Exclusive Or XOR 2.6 

• 8 Logical Exclusive Or And Store XORS 4.6 
~ 9 Update Add UADD 3.4 

10 Update Subtract USUB 3.4 
11 Update Logical And UAND 3.4 
12 Update Logical Exclusive Or UXOR 3.4 
13 Load Accumulator LD 2.6 
14 Load Absolute Value LDABS 2.6 
15 Load I ndex Register LX 2.6 
16 Load M-Q Register LMQ 2.6 
17 Store Accumulator STO 2.6 
18 Store Index Register STX 2.6 
19 Store M-Q Register STMQ 2.6 
20 Multiply MPY 11.4 
21 Multiply And Round MPYR 11.4 
22 Multiply And Store MPYS 13.0 
23 Multiply, Round, And Store MPYSR 13.0 

~24 Multiply And Accumulate MAC 13.8 
25 Multiply, Round, And Accumulate MACR 13.8 
26 Square SQR 11.4 
27 Square And Round SQRR 11.4 
28 Square And Store SQRS 13.0 
29 Square, Round And Store SQRSR 13.0 

~30 Square And Accumulate SAC 13.8 
31 Square, Round And Accumulate SACR 13.8 
32 Divide DIV 11.4 
33 Divide And Store DIVS 13.0 
34 Branch On Negative Accumulator BM 2.8 
35 Branch On Zero Accumulator BZ 2.8 
36 Branch On Non-Zero Accumulator BNZ 2.8 
37 Branch On Positive Accumulator BP 2.8 
38 B'ranch On No Overflow BNOV 2.8 
39 Branch On Accumulator ODD BODD 2.8 
40 Branch On Accumulator EVEN BEV 2.8 
41 Branch On I/O Conditions 1-8 BIOI 2.8 
42 Branch On I/O Conditions 9-16 BI02 2.8 
43 Unconditional Branch UCB 2.8 
44 Store Program Counter And Branch SCB 4.6 
45 Unconditional Branch (Indirect) UeBI 4.6 
46 Unconditional Branch (Indirect) For Interrupt Return UCBn 4.6 
47 Decrement, Test, And Branch DTB 5.4 
48 Decrement, Test, Branch, And Increment Index Register DTBX 5.4 
49 Shift Left Arithmetic SLA 2.6 + .2N* 
50 Shift Left Arithmetic And Round SLAR 2.6 + .2N 
51 Shift Left Arithmetic And Store SLAS 4.6 + .2N 
52 Shift Left Arithmetic, Round And Store SLASR 4.6 + .2N 
53 Shift Right Arithmetic SRA 2.6 + .2N 
54 Shift Right Arithmetic And Round SRAR 2.6 + .2N 
55 Shift Right Arithmetic And Store SRAS 4.6 + .2N 
56 Shift Right Arithmetic, Round And Store SRASR 4.6 + .2N 
57 Shift Left Logical SLL 2.6 + .2N 
58 Shift Right Logical SRL 2.6 + .2N 
59 Round RND 2.6 
60 Round And Store RNDS 4.6 
61 Set Status Register SET 2.8 
62 Reset Status Register RESET 2.8 
63 Increment Index Register INC 2.8 

*N = Number of Shifts 
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Fig. 2 Control unit block diagram. 

Every instruction in the repertoire may have the 
address field modified by indexing. Indeed, it costs 
hardware to divide instructions into indexable and 
non-indexable groups. The index register is a 13-bit 
register which can be loaded, unloaded, or incre
mented. When indicated, the 13-bit index register 
will be logically OR'ed with the 13-bit address field 
of the instruction. Conventional index registers usu
ally add the index register to the instruction address 
field. The OR'ing does not seem to pose a disadvan
tage over adding. There is, however, a significant sav
ings in hardware as well as execution time. 

SUBSYSTEM DESIGNS 

Structure of Control Unit 

The control unit provides timing and gating pulses to 
registers, the arithmetic unit, memories, and I/O for 
the execution of all instruction sequences, cycle steal
ing, and interrupt sequences. A block diagram of the 
control unit is shown in Fig. 2. 

The Sequence Counter (SC) and Extended Se
quence Counter (ESC) provide basic timing pulses for 
instruction. The Decoding Matrix (DMX) decodes the 
OP field to yield individual instructions and groups of 
instructions. The Memory Switching Network 
(MSWN) is discussed in the section entitled "Struc
ture of Memory Subsystem." The Encoding Matrix 
(ElVIX) combines basic timing pulses from the SC and 
ESC with instruction groups from the DMX providing 
outputs which are in the form of control line 
~(INGP) . (TP) . (COND), 

where INGP == instruction or group of instructions 
TP == timing pulse 
COND == condition (which may be == 1) 
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The section on memory subsystems describes the 
advantages of employing separate memory sequence 
generators with regard to adaptability and flexibility. 
In addition, considerable hardware savings are realized 
by generating timing and gating associated with 
memories in a logic block apart from the main se
quence counter. 

Consider a Clear/Write memory cycle. This may 
require (for example) six specific control pulses each 
having a fixed time duration and in a fixed prescribed 
order (for example, initiate memory pulse, a memory 
mode line, a data-to-memory strobe, end pulse, etc.). 
A Clear/Write cycle is required at different times dur
ing different instructions and during different cycle 
steals. Suppose there are four different starting points 
for the Clear/Write cycle; this would require 4 x 6 == 
24 Boolean terms associated with memory during a 
Clear jWrite cycle. However, if memory timing is de
veloped separately upon the application of a start 
pulse, this start pulse requires only four Boolean terms. 

There is a trade-off between the number of 
Boolean terms saved and the cost of a separate se
quence generator, but for this computer, separate gen
erators required the least hardware. 

The DMSG is a feedback shift register capable of 
providing timing for Read/Restore, Clear/Write and 
Read/Modify /Write cycles upon being properly ini
tiated. 

Structure of Memory Subsystem 

Application 

A key tenet in the design of the computer was to 
allow for the application over a wide range of guid
ance and navigation type problems employing different 
memory structures. To demonstrate this capability, 
two memories appear in the Central Processor for the 
prototype computer. The memories are configured 
symmetric'ally (Fig. 3). 
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Fig. 3 Symmetrical configuration of memories. 

The two-memory structure: 

(1) Achieves speed (by means of memory 
overlap) 

(2) A~hieves redundancy (by double data 
store or degraded operation with one 
memory) 

(3) Is required for applications that have 
wired mission programs 

(4) Is adaptable to single memory applica
tions 

The I/0 Subsystem is assumed to be structured 
like one of the memories in the CPU. This accom
plishes a three-way symmetry that allows instructions 
and/or data to be placed in I/0, PM, and/or DM. 
The resultant flexibility of operating modes is shown 
in Table 2. 

TABLE 2 

MEMORY OPERATING MODES 

Instr 
Data 'PM OM 1/0 
PM DM failure; for Normal mode Checkout; telemetered 

one memory instructions; multipro-
application cessing systems 

DM Normal mode PM failure; for Checkout; telemetered 
one memory instructions. Multi-
application processing system 

I/0 Checkout; Checkout, tele- Checkout; telemetered 
telemetry; metry, naviga- program; PM and DM 
navigation tion inputs Failure; Multi-
inputs I/0 I/O instruction processing System 
instructions 

Memory Switching Network 

In order to exploit the symmetrical memory arrange
ment, a memory switching network is employed. In 
this manner, if an instruction is to be fetched from 
PM, the control lines for instruction fetch are switched 
to PM; if data for an instruction is located in I/0, the 
control lines for data are switched to I/0. 

Memory Scratch Pad 

The actual location of the scratch pad memory is dic
tated by the following rules. In two-address arithmetic 
type instructions (e.g., ADDS, MAC), the bit pattern 
of the AD field chooses the memory for SP (as well as 
for AD). In two-address instructions where the AD 
field does not refer to data (e.g., SHFTS, SCB, DTB) 
two flip-flops in the status register choose the memory 

for SP. Thi<; :llk 111nw<; <::"p tn hp l(),(ltPrl in "PM. DM. 
or I/0. The most flexible rule would allow two status 
register bits to specify the location of SP for every in
struction. This rule, however, would greatly compli
cate the end sequences, and memory switching net
work. The rule that was chosen affords good 
flexibility at little hardware costs. 

When interrupt programs are required for a mis
sion, each interrupt program is assigned a separate 
group of scratch pad locations. This is accomplished 
by a scratch pad bank register which is controlled by 
the I/0 and is used in formatting the scratch pad ad
dress when required in a control sequence. 

The use of an integrated circuit (IC) scratch pad 
was ruled out for three reasons: (1) The two microsec
ond memories used in the prototype computer were 
considered fast enough to obviate the need for the IC's 
(main advantage being access speed). (2) Often, time 
is wasted simply transferring data between IC scratch 
pad and memory (as during interrupts). (3) Hardware 
and power considerations resulting from a third mem
ory which requires added timing and control. 

Banking 

The uniqueness of the banking scheme lies in the fact 
that independent bank bits are provided for banking 
of data and instructions. The instruction bank bits 
are considered part of the PC. They are left adjusted 
and wired in the carry logic so that programs which 
are contiguous over adjacent banks are executed auto
matically. The data bank bits are considered part of 
the IR. They are left adjusted, can be indexed, and 
are transferred to the bus with the address field of the 
IR during an instruction register transfer subcom
mand. 

The data and instruction bank bits are changed 
under program control by means of the Set and Reset 
instructions. In this sense the bank bits are consid
ered part of the status register. 

During interrupts, the bank bits and the critical 
status bits are automatically stored away during the 
store counter and branch (SCB) instruction. Since the 
I/0, DM, and PM are continuously addressable, any 
additional memory can be distributed arbitrarily be
tween the I/0, DM, and PM as long as the memory 
addressing logic is changed. 

Memory Sequence Generator 

Two separate Memory Sequence Generators are incor
porated in the computer. They generate the timing 
and gating that are required by the specific memories 
and provide pulses to the Control Unit signifying the 
completion of a memory cycle. 

It follows that memory timing cannot be com
pletely independent of the main control sequences, 
but the utilization of separate memory sequence gen
erators has provided a modular situation in which a 
variety of memories may be integrated within the CPU 
necessitating only minor (if any) design changes. The 
section concerning the structure of the control unit 
highlights efficiencies that are realized by employing 
separate memory sequence generators. 
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Structure of the Arithmetic Subsystem 

The arithmetic subsystem consists of the adder, shifter, 
A register (accumulator), and MQ register. It consists 
of 22 bits plus sign and performs 2's complement 
arithmetic. By appropriate control of the various sec
tions of the arithmetic subsystems, the operations of 
add, subtract, multiply, divide, logical AND, and ex
clusive OR can be p'erformed. 

The series configuration of the adder and shifter 
enables the add/shift cycle present in the multiply and 
divide algorithms to be executed in 400 nsec, thus, 
achieving a fast multiply and divide instruction. 
Simple algorithms were employed to save hardware. 
The multiply algorithm does not shift over O's since 
the worst case multiply time 'would not be affected. 
The non-restoring divide algorithm does not utilize 
quotient or remainder corrections and thus, saves 
substantial hardware. The standard quotient correc
tion only redistributes the error but does not change 
the maximum ¥alue. If the exact remainder is de
sired, it can be achieved by software means. 

The logic for the carry look-ahead circuits is con
tained on two separate modules so that if an expansion 
in word length is desired without changing speed, only 
the carry modules need to be redesigned. 

As previously mentioned, no double precision in
structions arc incorporated into the design, since most 
arithmetic operations are assumed to be single pre
cision. However, a small amount of special hardware 
has been incorporated into the computer to make 
double precision software as simple as possible. This 
hardware includes a double precision flip-flop (DP), in 
the status register, used to put the computer in the 
double precision mode. This flip-flop can be set by the 
"SET" instruction. It is reset automatically after each 
add or subtract operation. 

Another flip-flop used to facilitate double pre
cision operations is the carry flip-flop (CFF), which 
is set whenever a carry out of bit 22 occurs. If no carry 
occurs, it is reset. 

If DP = 1 and CFF = 1, then during the next 
add or subtract operation an extra one will be added 
into the adder in the case of an add instruction or sub
tracted in the case of a subtract instruction. That is, 
the carry from either addition or subtraction of the 
least significant parts of the double precision numbers 
is automatically saved in CFF and taken care of during 
the addition or subtraction of the most significant 
parts of the double precision numbers. 

Cycle Stealing and Interrupts 

Real time considerations and the nature of typical ac
celerometer inputs indicate the desirability of employ
ing the cycle stealing mode. At the end of each 
instruction, the cycle stealing flip-flop will be tested. If 
this flip-flop is set, one of a number of automatic hard
ware sequences will be executed. The sequence will 
either load a particular location in memory, unload 
a location in memory, or cause a memory location to 
be incremented or decremented. The memory location 
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will be specified by the I/0. The cycle stealing se
quences involving the loading or unloading of memory 
require 2.2 ""sec. Those involving the incrementation 
or decrementation of a memory location require 3.0 
""sec. 

Block loads and unloads of the computer memory 
may be achieved by cycle stealing. This is accom
plished by performing any cycle steals in succession 
and not executing the next instruction until all the 
cycle stealing is finished. 

Cycle stealing can also be used to put the com
puter in a temporary pause mode. This is accom
plished by a "Do Nothing" cycle steal in which the 
memories are not exercised. This will save substantial 
power. 

Since the cycle stealing process may employ the 
Arithmetic Subsystem, the A register is temporarily 
stored in the IR and restored at the end of the cycle. 

Interrupts initiated by the I/0 unit cause the 
present program to be suspended and a new program 
to be executed. At the end of each instruction, if the 
cycle stealing flip-flop is not set, the interrupt flip-flop 
will be tested. If it is in the logical" 1" state, the ad
dress of the interrupt program, which is generated by 
the I/0 unit, will be gated into the memory address 
register via the bus. The instruction in the specified 
memory address will then be read and executed. This 
instruction must be a store counter and branch (SCB) 
instruction. The program counter (which contains the 
return address to be used by the interrupt program) 
is stored away in an SP location, and the program 
counter is loaded by the Address field of the SCB in
struction. This address field is the starting location of 
the interrupt. The unconditional branch indirect 
(DCBI) instruction provides means for returning to 
the main program. 

This type of program interrupt facility allows for 
multiple level interrupts. Any priority problems are 
resolved by logic in the I/0 unit. The prototype de
sign allows for 8 levels of interrupts. 

Input-Output 

The Input-Output section is effectively an additional 
processor attached to the computer bus. It normally 
contains an address register, data register, serial-to
parallel converters, parallel-to-serial converters, and 
self-contained counters and control logic. Depending 
upon the application, it may also contain A/D and 
D / A buffers and converters, multiplexers, and possibly 
arithmetic and data conversion capability. For other 
applications, it may also contain a memory subsystem 
which is time-shared with one or more additional cen· 
tral processors. 

These input-output capabilities are controlled 
from the central processor by instructions which ad
dress the I/0 sections as if they were part of the data 
or program memories. This allows the full comple
ment of instructions to be used as I/0 instructions. 
The ability to execute instructions out of I/0 greatly' 
facilitates computer checkout, especially when either 
data memory or program memory is not functioning. 
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computer and the system, it is to be used in, can be 
executed without consuming the memory capacity of 
the central processor. For example, with appropriate 
buffering circuitry, it would be possible to do all pre
launch checkout of a guidance system via a memory 
system external to the vehicle itself, thus, simplifying 
and minimizing the flyable hardware. 

In order to keep the central processor design es
sentially independent of the system application, the 
selection and priority control for cycle stealing and 
program interrupts was placed within the I/O section. 
The control sequences are, of course, part of the cen
tral processor; however, the addresses to specify data 
locations (for either data storage or fetches) or trans
fers addresses are supplied by the I/O section. This 
technique has been found to provide a great degree of 
design flexibility from application to application with
out requiring redesign of the central processor. 

CONCLUSIONS 

The detailed logic design for the computer system de
scribed in this article has been completed, and an 
engineering model fabricated and tested. The adapt
ability of this design has been proven by a number of 
proposed modifications for various customer applica
tions. In addition to performance modifications such 
as increased word length, multiple index registers, 
special instructions, and input-output features, it has 
been possible to update the logic with available MSI 
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clcyiccs in nrdpr tn n'dll(,f' <;17f' and mechanical 
complexity of the computer. 

The airborne computer has demonstrated its sys
tem performance capability in a strapdown guidance 
system application. Complete system sofeware has 
been developed and verified first on a General Purpose 
Computer Simulator and more recently in actual 
operation in the strapdown guidance system. 
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An automatic testing philosophy which has resulted in the 
development of a Controller/Programmer/Evaluat01' (CPE) 
to serve as the nucleus of an automatic test station is 
described. The CPE contains all of the circuitry necessary 
for program control, test point selection and measurement 
of the electrical response of the unit under test. 

AN ECONOMICAL AND VERSATILE SOLUTION 
TO AUTOMATIC TESTING REQUIREMENTS 

The need for a portable low cost automatic test set for 
testing large complicated electronic systems, has re
sulted in the design and development of a unit, which 
we have called the Controller jProgrammer jEvaluator 
(CPE). This general purpose unit occupies less than 
3.5 cubic feet of space and fulfills the bulk of automatic 
test equipment requirements. 

It contains up to 1,000 test points, 1,000 stimuli 
control points, 100 reference points, and 10 ground 
points. Measurements can be made at the rate of 3 to 4 
per second with accuracies better than 0.1 percent. 

Compact size and versatility allows the CPE to be 
readily adaptable to the role of shop and flight-line 
support equipment. Due to its small size the unit, 
including appropriate adapters, can be easily moved 
about within the maintenance shops or taken to the 
aircraft to troubleshoot individual subsystems. 

The CPE contains the necessary logic circuitry to 
program specific tests automatically from punched 
tape, manual keyboard, or a digital computer. It also 
contains test point selection 0 and measurement cir
cuitry. Present models utilize miniature relays for 
test points; however, solid-state switches are available 
where weight savings or signal characteristics warrant 
their use. (As an example, it might be used as an 
onboard test system.) The criteria for the measure
ment capability implemented in the test set was based 
on general live testing requirements of most avionic 
subsystems. It was not intended to incorporate meas
urement circuitry to meet every conceivable need; only 
those measurements which were needed repeatedly to 
evaluate the majority of electronic subsystems were 
included. 
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In order to circumvent restrictions on testing most 
aerospace electronic systems, provisions were made to 
include specialized measurement devices and stimuli 
(which are also more often specialized) as ancillary 
equipment or within a special adapter. The impor
tance of this approach can be recognized by the time 
and cost that can be saved in not having to design and 
develop the programmer/controller, test point selec
tion and measurement circuitry for every new applica
tion or test requirement. 

To construct an automatic test system, the stand
ard, CPE is coupled with an adapter which will mate 
with the Unit Under Test (UUT). The adapter is re
quired in the design of nearly all automatic test sys
tems. The function and use of adapters are discussed 
in detail, later. 

The CPE utilizes digital techniques for control, evalu
ation, and comparison. Extensive use of integrated 
circuits (modular packaged by a proprietary method) 

. increases reliability and reduces cost, size, and weight. 
The evaluation circuitry employs a noise insensitive 
analog-to-digital converter. 

The programming format is convenient and Eng
lish language oriented. The program code is suitable 
for tape preparation and printing by a standard Flexo
writer. The test set uses a bidirectional line tape 
reader, which reads 8-level paper or mylar tape at the 
rate of 100 lines per second, but is not limited to this 
input device. 

Additional features are provided to enhance the 
test operator's role and improve the maintenance task. 
These include provisions for recording test results on 
a printer and control of microfilm information re-
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Fig. 1 Automatic test station. 

trieval systems to circumvent the use of numerous tech
nical orders, technical manuals and handbooks fre
quently confronted in the maintenance task. 

CPE APPLICATIONS 

The initial considerations in the design of any auto
matic test system must include the operator and his 
role in the testing activity. Some proponents of auto
matic testing would lead one to believe that typical 
automatic test equipment requires little or no operator 
participation except for turn ON and turn OFF, and 
connecting and disconnecting the unit under test 
(UUT). Such equipment may be a reality someday, but 
until software preparation technology is refined and 
the UUT'S are designed for 100 percent automatic test
ing (i.e., sufficient and proper test points, elimination 
of the requirement for analyzing complex waveforms, 
etc.), the operator is a necessary and important ele
ment required to "close the loop". He must be able to 
make intelligent judgments in those situations that 
may occur beyond the scope of the programmer's an
ticipation or when sufficient test points are not avail
able. He must also visually and mentally evaluate the 
integrity of the unusual wave shapes on a scope, etc. 

A notable and significant feature is the use of an 
automatic microfilm information display system which 
readily provides maintenance information. Such a 
microfilm information display system, when used with 
the CPE, projects, for the viewer, written instructions 
and/or photographs, schematics, etc. In operation, 
the CPE sends out a code representative of the test 
number. If the test program stops as the result of a 
programmed stop for operator participation, or as a 
result of a NO-GO reading, a signal is sent to the dis-

play unit. This signal causes the film-image, identical 
to the test number code on which testing stopped, to 
be displayed. 

The following information can be rapidly dis
played to the test operator: cabling instructions, 
manual settings associated with the UUT (dial and 
switch settings), readout information (photos of CRT 

and indicator displays for the test operator to compare 
with actual equipment), probing instructions (where 
test points must be probed manually), adjustment 
and alignment instructions, photos of hardware and 
component locations, repair instructions, assembly 
and disassembly insructions and subroutine test in
structions. 

A paper copy of repair instructions can be ob
tained with a copier attachment to provide a main
tenance record, requisition parts, or supplement repair 
work orders. 

Such a Display System is an important new ad
junct to the test system because it frees the operator's 
hands and saves him time locating the specific data he 
might require. Fig. 1 shows one such automatic dis
play unit connected to the controller/programmer / 
evaluator. This particular display does not show the 
dry copier attached. 

A printer is also deemed a valuable asset to the 
maintenance task. Therefore, output provisions were 
incorporated in the CPE for using a printer when a 
record of the test results is required. 

A summary of a trade-off analysis of a manual test 
bench versus the CPE automatic test set approach is 
provided in Table 1. This analysis shows the value 
and time that can be realized by automatic testing. It 
is obvious from this table that utilization of an auto:. 
matic test system offers very definite advantages over 
the manual test bench. 
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TEST TIME 
NUMBER OF TESTS 
ADVANTAGES AND 
DISADVANTAGES 

LINE REPLACEABLE 
UNIT ILRUI 

TABLE I 

Trade-Off Analysis 

Amplifier-Control Assy. (ANI ASA-32' Autopilot) 

MANUAL .TEST BENCH 

~'2 Hours 
~'200 

1. Not a complete test (would take 
6 hours longer). 

2. Static test only. 
3. Phase relationships and measure

ments) require a scope plus I 
additional hour of test time. 

4. Requires high skill level tech
nicians. 

5. Accuracy and repeatability of 
tests are coupled with human 
error. 

CPE WITH ADAPTER 

~5 Minutes 
~300 

1. A complete test. 

2. Static and dynamic tests. 
3. Phase relationships and measure

ments are made automatically. 

4. Can be operated by minimum 
skill level technician. 

5. Tests are repeatable with same 
accuracy. 

6. Accessory printer can record test 
results and values automatically. 

7. Accessory Automatic Data Re
trieval and Display can eliminate 
Handbook or T.O. 

8. Use of the CPE means not using 
some conventional test benches 
already in inventory. 

ing discussion will enable the reader to evaluate the 
value and purpose of the adapter as it applies to any 
specific testing task. 

The 'first item of concern is that the CPE supplies 
no stimuli or simulated loads to the UUT. It supplies 
controlling commands to the special purpose adapter 
to "call-up" the desired loads and stimuli as required 
for the tests being performed. 

Fig. 2 Typical field/ depot test set up. 

The decision not to include general purpose stim
uli or loads in the CPE design was based upon realistic
ally simplifying the complex and costly number of 
stimuli and loads required for a large number of yet 
undefined UUT'S. Certainly, stimuli and loads could be 
categorized into a few general types that would en
compass a majority of the requirements. However, to 
cover the spectrum of only DC voltages is a costly 
undertaking considering variations such as accuracy, 
range, resolution, and grounding problems. If two 
DC stimuli are required simultaneously, the hardware 
is doubled. A test system can soon grow to unreliable 
and enormous proportions when considering all pos
sible commonly used stimuli such as frequencies, AC 
voltages, current limited AC and DC voltages, pulses 
of various amplitudes and widths, modulated fre
quencies, servo error signals, etc. This situation is 
further complicated by adding both resistive and com
plex loads. No matter how well the designer of the 
general purpose adapter second guesses future require-

A typical application of the CPE is shown In 
Fig. '02. 

ADAPTER CONSIDERATIONS 

The subject of an "Adapter" warrants attention be
cause, in general, it represents an "unknown" for those 
not familiar with the controller/programmer/evalu
ator (CPE) or the unit under test (UUT). The follow-
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ments, he will not include all that will ultimately be 
desired or even required. Experience has shown that 
even on large test complexes with a variety of load 
simulators and stimuli building blocks, the UUT, in 
most cases, cannot be plugged-in directly. It still re
quires a special purpose adapter to mate with the 
general purpose adapter or test system. The question 
then arises, "Why have a general purpose adapter at 
all?" For this basic reason, it is recommended that no 
general purpose stimuli or loads be provided, but 
rather that such functions be provided on an "as re
quired" basis in the special purpose adapters. 

The adapters which mate the CPE to the UUT usu
ally contain some or all of the following functional 
capabilities. 

1. Necessary cabling interface between UUT and 
the CPE. 

2. Simulated loads. 

3. Stimuli to exercise the UUT and switching, 
which is controlled by the CPE, to select the 
stimuli level and route it to the UUT. 

4. :Mounting provision for the UUT. 

5. Test jacks for standard test equipment (os
cilloscope, waveform analyzer, etc.) to evalu
ate unusual wave shapes. * 

Experience has shown that the adapter design is a 
straightforward step-by-step process. Small segments of 
the circuitry are all independent of each other; there
fore, "race" conditions or sequencing problems are 
minimized. Most wiring is pin to pin or straight 
through from the UUT connector directly to the CPE. 

The electrical components are common off-the-shelf 
items readily available. As an example, the adapter for 
a rather complex UUT (the autopilot control ampli
fier for the Phantom F-4 which contains six connectors 
and 400 terminations) contains the following compo
nents: 

ITEM 
1) Resistors 
2) Potentiometers 
3) Relays 
4) Transformers 
5) Connectors 
6) Diodes (arc suppression) 

QUANTITY 
36 

3 
48 

6 
13 
47 

Utilizing a different adapter for each UUT pro
vides the designer with additional latitude and the 
user with improved performance and reliability from 
that possible with a general purpose testing system. 
Some of these benefits are as follows: 

1. The test capability is not limited to specific 
stimuli or loads available in general purpose 
adapters. In some cases, the programmer 
would be forced to compromise the test. 
This results in a sacrifice of test perform
ance or test validity. The special purpose 

• As an example, programmable waveform analyzers used in 
large scale general purpose test systems are still subsidized by 
the more trustworthy oscilloscope. 

adapter allows the designer to select the 
exact stiinuli and loads required to optimize 
the test, and in some cases, ease the test pro
gram design tasks. 

2. Interface and compatibility problems are 
minimized. The stimuli and loads are con
trolled by simple ground commands from 
the CPE. The signals for evaluation are 
merely routed straight through to the CPE. 

3. The adapter is physically close to the UUT. 

This eliminates excessive cable runs and the 
resultant signal deterioration and noise pick
up. 

4. The user may elect to design and build the 
adapters "in-house" or go out for competi
tive bids with a minimum of technical co
ordination required. 

5. If design changes in the UUT occur which 
necessitate adapter changes, these changes 
can be accomplished without affecting any 
other adapter or the CPE. 

6. The holding fixture and cabling interface 
can be incorporated as part of the adapter, 
thereby reducing costs. The resulting 
adapter will require approximately the same 
storage space as the holding fixture and in
terconnection cables. 

7. The adapters may be fabricated or pur
chased as the requirement arises. Therefore, 
capital expenditure need not occur until the 
actual requirement arises. 

8. The designer still maintains the option of 
designing an adapter that could service two 
or more UUT'S that are functionally similar. 
He can, at his discretion, consolidate stimuli 
and loads to reduce hardware costs. An ex
ample might be the use of a single adapter 
to accommodate two different variations or 
dash numbers of the same basic UUT. 

9. For systems on which manual testing pro
cedures already exist, the adapter can be 
designed to duplicate the manual test. 
Therefore, time proven procedures and es
tablished tolerances can be directly con
verted to an automatic sequence. A general 
purpose adapter would not have this flexi
bility and the result would be a costlier soft
ware program, a delay in becoming opera
tional, and less confidence in the test results. 

The programmable adapter provides the interface 
necessary to allow the CPE to "talk to" the associated 
UUT. The programmable adapter is a special purpose 
device designed for the specific test requirements of 
the UUT. This allows the optimum in testing, with a 
minimum of programming and design time. 

TECHNICAL DISCUSSION 

The controller/programmer/evaluator, as the nucleus 
of an automatic test station, contains all of the cir
cuitry necessary for program control, test point selec-
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tion, and measurement of the electrical response of 
the unit under test. Control is accomplished by in
telligence contained on perforated tape. The CPE 

automatically performs analog measurements on a 
GO INO-GO basis and has the capability to enter sub
routines for detailed diagnostic testing. The evalua
tion circuitry is a noise-insensitive analog-to-digital 
converter. 

The CPE utilizes dighal techniques for control, 
evaluation, and comparison. Extensive use of inte
grated circui ts, modular packaged by a proprietary 
method, increases reliability and reduces cost, size, and 
weight. This packaging and assembly technique offers 
cost and labor savings through an automatic stitch 
wiring process. The installation of 3 cards per inch in 
the card rack provides a density of 12 integrated cir
cuits per cubic inch. 

No sacrifice in maintainability is made in using 
such high density packaging methods. Troubleshoot
ing techniques are provided which are direct and 
simple for identification of defective flat packs or inte
grated circuits. Removal and replacement of a flat 
pack is made easy using standard tools, since each lead 
can be independently unsoldered and lifted from its 
pad. This technique avoids many problems associated 
with removing a component lead from a printed circuit 
board without affecting the quality of the underside 
interconnecting pad wire since it is a welded joint. 

The programming format is convenient and Eng
lish language oriented. The program code is suitable 
~or tape preparation and printing by a standard 
Flexowriter. The tape reader employed in the current 
models is a bidirectional line reader which reads 
8-level paper or mylar tape at the rate of 100 lines 
per second. 

The CPE contains all necessary digital logic and 
memory to perform the following operations per tape 
programmed instructions which essentially constitute 
one test: 
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I. Display the test number. 
2. Select and hold the desired commands to 

the adapter to route proper stimuli and 
loads to the UUT. 

3. Select the desired test points and test point 
returns. 

4. Select the measurement type and range. 
5. Load the tolerance register with high and 

low limits for comparison of the tested par
ameter. 

6. Select the conditional procedures; that is, 
depending on the test results (GO or NO
GO), continue the test routine, stop, print, 
or search to a subroutine for detailed fault 
isolation. 

7. Stop the tape reader and illuminate the 
"SEE INST" light if operator participation 
is required. 

8. Load the delay time generator if a time delay 
is required to allow the UUT to respond to 
a programmed stimulus. 

9. Store the search test number if the condi
tional procedure (6, above) requires it. 

After all of the above parameters (which comprise 
the test set-up) are read-in, an "X" (execute) is pro
grammed. The CPE then performs the measurements 
to the specified tolerances and advances to the next 
test per the conditional procedure (6, above) . 

The following three modes of operation can be 
selected by the operator: 

l. A 'lltornatic - The test advances in sequence 
perfonriing all instructions contained on the 
tape. 

2. Single Test - All instructions for one test 
are accomplished. The test then stops, re
gardless of the test result, and the actual 
measured value of the tested parameter is 
displayed. 

3. Search - The tape reader slews until a test 
number decoded from the program tape coin
cides with the manually selected "SEARCH 
TEST NUMBER". 

The controller/programmer/evaluator can evalu
ate the following types of electrical parameters: DC 
voltage, AC voltage (rms) , AC voltage (phase sensi
tive) , time intervals, voltage ratio, events per unit 
time (EPUT), events (absolute), voltage versus time 
(i.e., ramp signals) ,resistance (optional) and current 
(optional) . 

All measurements are made with a floating dif
ferential input to the ground reference supplied by 
the UUT. 

Control 

As the binary data is read (a line at a time from the 
program tape), it is tested for odd parity before being 
accepted. The data is then decoded to determine if 
it is an alphabetical character or decimal data. Alpha
betical characters are used for signal routing and con
stitute the "major" address. The major addresses are 
decoded and then enable the subsequent decimal data 
to be routed to the desired register and memory .. For 
example, the character "S" enables the next three char
acters (decimal characters) to be routed to the test 
search memory. A "minor" address is also generated. 
Its purpose is to route the individual decimal charac
ters to the proper memory withiri a specific major 
address. For example, S456 would cause a "4" to be 
loaded in the hundreds memory, "5" in the tens, and 
a "6" in the units memory. By this method, the vari
ous memories are loaded with the desired parameters 
for test (Fig. 3) . 

Test Point, Ground Point, and Reference Point 
selectors consist of relays which are activated by a 
coordinate matrix technique. The desired test point 
is selected by a 3-decimal digit. The last digit (least 
significant) selects the "X" coordinate and the center 
digit the "Y". This energizes one (and only one) 
relay. The most significant digit then selects one 
test point of the particular relay energized. The logic 
automatically de-energizes all relays before selecting a 
test point. 
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The control point drivers, which provide grounds 
to control the adapter, are also selected by a coordi
nate matrix technique. The circuitry employed is 
entirely solid-state. The control points are called up 
one at a time per tape programmed instructions. Each 
control point remains in one state until specifically pro
grammed to change states. The control points can each 
sink up to 200 milliamps. 

circuit drivers are used to provide the power for the 
test number indicator display. Included is the test 
search comparator. This circuitry, when in the auto
matic search mode, examines the test number and the 
test search number for coincidence. It provides the 
commands to drive the tape reader in the proper di
rection until the search test number and the test num
ber are the same. 

The delay generator consists of decade counters 
which store the desired delay time. However, the 
delay actually will not occur until "X" (execute) or 
until the specific command "H" (hold) is read-in by 
the tape reader. At this time, the delay generator 
receives accurate pulses from the crystal oscillator time 
base. The counter is run down to 0000, allowing the 
test to proceed. 

The test numbers are stored in flip-flop memories. 
This binary data is decoded to decimal. Integrated 

The A-D Converter 

The analog-to-digital converter used for signal evalua
tion is based on a double integration technique. An 
unknown voltage "E" is integrated for a fixed time 
interval ("X" counts). Then the input to the inte
grator is changed to a precision reference voltage of 
opposite polarity. The time for the integrated output 
to return to zero is measured. This time is directly 
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proportional to the unknown "E" voltage. A counter 
is used to count the number of pulses which occur 
while the integrator is integrating down. The pulses, 
which enter into a decade counter, are decoded and 
displayed as the actual value of the measured unknown 
voltage "E". For simplicity, Fig. 3 shows relays for 
switching. All switching is actually accomplished by 
solid-state components. 

The analog-to-digital converter is in reality a DC 
voltage to pulse count converter. Signal conditioning 
is accomplished prior to A-D conversion to normalize 
the signal to DC voltage within range of the inte
grator. The A-D used in the CPE has a 0.1 percent ac
curacy over the temperature range of -40°C to +55°C. 
Under a laboratory environment, the circuit is better 
than 0.01 percent accurate. 

The comparator circuitry consists of a HI toler
ance counter and a LO tolerance counter. These 
counters are set at the desired value prior to A-D 
conversion. These "tolerance counters are countdown 
counters and receive the same pulses as those that re
cord the actual value of the measured parameter. 
Therefore, for a "GO" condition, the HI counter 
must not have reached zero, and the LO counter must 
have reached zero. Otherwise, the output indication 
would be a HI and LO respectively. 

Tape Preparation 

Tape preparation (programming) for the controller / 
programmer/evaluator, to test any specific unit under 
test, actually begins with the design of the adapter. 
For optimum testing, the design of the adapter and 
programming considerations should occur simultane
ously. The adapter designer should become familiar 
with the UUT by reviewing its specification and per
formance requirements so that he can provide the 
optimum stimuli and loads in the adapter. If possible, 
the adapter designer should provide suggestions to the 
UUT designer to insure that sufficient and proper test 
points are made available external to the UUT so that 
the desired degree of fault isolation can be accom
plished. Most times, however, this ideal design is 
not possible, and he will have to work with the test 
points available. 

The stimuli and loads provided in the adapter 
are generally controlled by relays in the adapter. The 
coils of these relays are wired to the CPE control points. 
By using a one-to-one correspondence between relay 
identification and control point identification, pro
gramming is made easier, i.e., relay 001 is energized 
by control point 001, relay 002 by control point 002, 
etc. 

The programmer then proceeds in much the same 
manner as if he were preparing a handbook for a 
manual tester. He simply selects relays to beener
gized that will apply the correct loads and stimuli. 
He then selects. the test points necessary to evaluate 
the circuitry. The UUT specifications assist him to 
establish acceptable tolerances for the responses to 
the applied stimuli. These tests are each assigned a 
test number and are organized in a step-by-step se-
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quence. During this process, the programmer must 
develop a cross-reference table to indicate specifically 
what failed in the UUT (should the particular test fail) 
or show a HI or LO Limit exceeded. The control
ler/programmer/evaluator has the capability to enter 
a subroutine, if programmed, to perform detailed test
ing for fault isolation. Some tests will require sub
routine fault isolation, others will not. The afore
mentioned cross-reference table can be supplied as a 
repair instruction handbook or be photographed and 
projected in the Microfilm Information Retrieval Sys
tem if desired. 

The mechanics of tape preparation require a 
Flexowriter and operator. The operator can be a 
trained typist. The Flexowriter punches a tape and 
prepares a typed printout simultaneously. The print
out is checked for accuracy against the programmer's 
handwritten forms. To facilitate tape punching, gen
eral purpose tape preparation equipment that may be 
used instead of the Flexowriter, has been developed. 
This equipment is not necessary for CPE tape prepara
tion, however it provides a convenient time saving 
device to edit, duplicate, and verify program tapes. 

After the tapes are prepared, the UUT, adapter, and 
tapes are "played" together to determine compatibility. 
The CPE is operated in the single test mode so that 
the actual test value can be observed and compared 
to a predicted value. By using a printer in conjunction 
with the CPE, the test value is automatically printed 
and the check accomplished "off line". Any errors in 
the program tape are noted and corrected and the 
process repeated. Once a good tape is obtained, a 
duplicate is prepared with a printout and stored in 
a master file. A keyboard is available so that test pro
grams can be generated "on-line" to assist the "de
bugging" process. Preparation of the tape can best 
be understood by noting the simplified software prep
aration chart. 

SOFTWARE PREPARATION 

Test Number 
Control Points, Set. 
Eliminate (Reset) Control Point 
Test Point Select 
Ground Point Select 
Mode, Evaluation and Range . 
Advance Instructions 

(GO-NO GO Reaction) . 
Limits (Hi and Lo Tolerances) 
Reference Point. 
Delay Time. 
Execute Test. 
Operator Participate 
Search Test Number. 
Clear 
Hold Reader for Delay . 
Finish (Test Complete) . 

Example Test: 

· T---N, 
· C---, 
· E---, 
· P---, 
.G-, 
· M---, 

.A-, 
· L - - - - - - - - - -, 
· R--, 
· D----, 
.X, 
.0, 
· S ---, 
.K, 
.H, 
· F, 

T246N, C43, P145, G8, M404, A4, S247, R06, 
L0110000900, D000, X, 0, 
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This article describes the design features and operational 
capabilities of a series of three wire memory systems. 
These systems are random-access, three-w1~re coincident
current mernories having capacities of .4-096 through 
32,768 words with bit lengths from.4- through 72 per word. 

A THREE-WIRE MEMORY SYSTEMS DESIGN 

This three-wire memory system is an improvement 
on the conventional four-wire coincident-current 
memory. In the three-wire system, one wire is elimin
ated and a single wire performs both the sense and 
inhibit functions. This wire (the "sense/inhibit" 
wire) carries the inhibit current during the "write" 
portion of the cycle and the sense voltage during the 
"read" portion. The function of the X and Y wires is 
the same as in the conventional four-wire system. 

GENERAL SYSTEM DESCRIPTION 

As shown in the block diagram of Fig. I, each system 
has two registers, one for addressing and one for infor
mation. The Memory Address Register (l\1AR) holds 
the location designation of each information word and 
varies in capacity from 12 bits (4096 words) to 15 bits 
(32,768 words). The Memory Information Register 
(MIR) accepts the incoming information word during 
the Clear/Write mode of operation and delivers the 
outgoing information word during the Read/Restore 
mode of operation. It ranges in capacity from 4 to 72 
bits, depending on the numbr of bits per word. Pro
gram control signals from external equipment initiate 
each memory cycle. Clock inputs permit the system 
Timing Generator to produce the internal timing com
mand and control pulses required for each cycle. 

Each magnetic-memory stack consists of parallel 
planes, each containing 16,384 ferrite cores arranged 
in four quadrants with one sense/inhibit winding in 
each quadrant. The planes are assembled into a stack 

RICHARD A. SCOTT 
ROBERT WHITE --

Memory Products Division 
RCA Electronic Components 
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on four stacking rods, and the terminals on one plane 
are connected to the terminals of the next to provide 
continuity for the drive lines through the stack. 
Sense/inhibit lines are wired to connectors, and the 
drive lines are connected to a decoding matrix at
tached to the stack. The input to the decoding matrix 
is accomplishd by means of connectors. Thus, the 
complete stack is a plug-in module. 

WIRING ARRANGEMENT 

Operation of the three-wire magnetic memory is best 
explained by examination of one quadrant of a plane. 
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Fig. 1 System block diagram. 
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Fig. 2 Eight by eight core array. 

Fig. 2 shows a typical eight-by-eight core array. The 
X-axis drive wire carries a half-select "read" or "wire" 
current pulse equivalent to one-half the current re
quired to switch a core. The Y-axis drive wire also car
ries a half-select "read" or "write" current pulse. 
Either haH-select pulse is insufficient to switch a core. 
The sense/inhibit wire carries a half-select current 
pulse during the "write" operation, and also carries 
the sense voltage during the "read" operation. 

During the "write" operation, when a ONE is to 
be written, half-select current pulses are driven along 
the X and Y wires and add at the selected address to 
change the flux state of the core. When a core is to 
be left in the ZERO state, X and Y lines again receive 
half-select current pulses, but at the same time a half
select current pulse is driven along the sense/inhibit 
wire. The direction of this pulse opposes and there
fore cancels the X pulse. The net result is one half
select pulse which is insufficient to switch the core; as a 
result, the core remains in a ZERO state. 

During the "read" operation, X and Y half-select 
current pulses are again applied, but in the opposite 
direction. These curr~nt pulses add at the core loca
tion to switch the core. The sense/inhibit wire func
tions during this portion of the cycle to carry the sense 
voltage to the differential sense amplifier. 

The technique of using one wire for both the 
sense and inhibit functions involves splitting the 
sense/inhibit winding into two wires or legs (Fig. 2), 
and driving the inhibit current into each leg. Only 
one inhibit-driver circuit is required for the two legs. 
The bisecting of the wire results in a shorter period of 
time required for transient decay. In addition, the 
use of a differential sense amplifier for detection of the 
signal provides a means of eliminating noise transients. 
This amplifier has a high common-mode rejection that 
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combines and rejects the major part of the common 
mode noise. 

The purpose of the balun transformer Tl is to force 
an impedance balance between leg 1 and leg 2 of the 
sense/inhibit wire so that the inhibit current is the 
same in each leg regardless of the resistance unbalance 
in the two legs. 

DRIVE SYSTEM 

The coordinate drive lines in the core stack are di
vided into 64 X and 64 Y lines for a system of 4096 
words, and into 128 X and 128 Y lines for a system of 
16,384 words. A given X or Y drive line is connected 
to the secondary winding of a pulse transformer. The 
direction of current flow in the drive line is deter
mined by a split primary winding of the same pulse 
transformer; one-half of the winding provides "read" 
current when it is activated, and the other half pro
vides "wri te" curren t. 

The drive transformers for the X lines are con
nected in an eight-by-eight matrix for a system of 4096 
words. A typical matrix is shown in Fig. 3. Eight 
primary-winding center taps are connected together 
and are selected by means of a voltage switch that pro
vides a current path to ground. (Eight "read" primary 
windings are connected together, and eight "write" 
windings are similarly connected.) Groups of eight 
primary windings are selected by means of the appro
priate current switch. Current switches, when acti
vated, provide a current path from "read" or "write" 
current sources through a primary of the drive trans
former that has been selected by a given voltage switch. 
The inputs to the voltage switches are supplied by 
decoder circuits that are, in turn, driven by the 
Memory Address Register circuits. 

The inputs to the current switches are connected 
in a matrix that permits selection of one "read" or 
"write" current switch from a group of eight "read" 
and eight "write" switches. The transformers used for 
inputs to the current switches are driven by Decoder 
Drivers and Decoder Swi tches. The decoders select a 
particular current switch by decoding the outputs of 
the Memory Address Register. 

The drive system for the Y lines is identical to 
that described for the X lines. The drive matrix for 
16,384-word systems is the same as that used for the 
4096-word memory, except that 16 primary-winding 
center taps are connected together by the voltage 
switch. The increased capacity also requires the use 
of an eight-by-sixteen selection matrix which enables 
the system to decode 128 lines for both X and Y drive 
lines. Decoding of 8192-word systems is accomplished 
by the use of an eight-by-eight matrix on the Y axis 
and an eight-by-sixteen matrix on the X axis. 

TIMING GENERATOR 

The timing generator supplies command pulses and 
levels by use of series combinations of delay lines. 
These pulses and levels are used within the system to 
perform timing operations in their proper sequences 
during a cycle. The timing generator requires a "start
read" pulse or a "start-write" pulse to initiate each 
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Fig. 3 Typical 4096-word matrix. 

cycle. (An optional input-clock feature can also be 
used to initiate the memory cycle. In this case, the 
start pulse is combined with a mode input signal to 
indicate the type of cycle: Read/Regenerate or Clear / 
Write.) The leading edge of the "start-read" or "start
write" pulse is the determining factor in starting the 
timing sequence. In certain cases, such as in the use 
of the sense strobe, a narrow pulse width is desired; 
consequently, a pulse shaper is used and a multi-tap
ped delay line determines the pulse width. (The func
tion of the sense strobe pulse is to transfer information 
from the sense amplifiers to the flip-flop circuits of the 
Memory Information Register.) 

The reset line in the timing generator provides a 
means for clearing information from the information 
registers. A flip-flop output inhibits the generation of 
a sense-strobe pulse during the Clear/Write mode of 
operation. Figs. 4 and 5 show typical timing diagrams 

for the Read/Regenerate and the Clear/Write modes 
of operation. 

SYSTEM REGISTERS 

The Memory Address Register holds the location des
ignation of each selected information word. It receives 
an address from an external data-processing control 
unit, and stores this address in a group of flip-flop 
circuits. The number of flip-flops required is deter
mined by the number of words in the memory stack: 
12 flip-flops for a 4096-word system, 15 for a 32,768-
word system. Address input signals are strobed into 
the input of each flip flop. Therefore, the extermil 
equipment is not required to maintain selection levels 
during the entire cycle. 

At the start of the memory cycle, the signals all 
the MAR output lines are routed to decoder drivers and 
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1 - Voltage Switch and Read Current Switch 
2 - Y Read Pulsed Current Source 
3 - X Read Pulsed Current Source 
4 - Voltage Switch and Write Current Switch 
5 - X and Y Write Pulsed Current Source 

decoder switches. The signals are translated into ac
tivating levels for the selection of the appropriate ac
cess drivers and switches corresponding to the required 
word locations in the core stack. The maximum
c~pacity memory stack that can be addressed without 
duplication of read/write drivers is 16,384 words of 
20 bits each, due to driving limitations. 
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Address registers are separated into X and Y flip
flops. For a system of 4096 words, flip-flops 2° through 
25 contain the X address information and flip-flops 26 

through 211 contain the Y address information. In a 
32,768-word system, flip-flops 2° through27 contain the 
X address information and flip-flops 28 through 214 the 
Y address information. The mode of address selection 
is random-access. Address inputs may be single rail 
(one line per bit) or double rail (two lines per bit) 
and are compatible with T2L logic levels. 

The Memory Information Register accepts the 
incoming information word (single or double rail) 
during the Clear/Write mode of operation and de
livers the outgoing information 'word during the 
Read/Regenerate .mode of operation. The MIR ranges 
in capacity from 4 to 72 bits, depending on the num
ber of bits per word. Inputs of the MIR may be single 
or double rail and are compatible with T2L logic lev
els. The outputs are single rail and are also compati
ble with T2L logic levels. 

MODES OF OPERATION 

The Clear/Write mode of operation consists of clear
ing all the information bits which make up the word 
at the selected memory address during "read" (cle~r) 
time. The new data word is then inserted into the 
same address during "write" time. 

Information is loaded into the MIR during the 
"read" (clear) portion of the cycle, and the sense strobe 
is inhibited to preserve the MIR information. All cores 
of the selected word location are switched to the ZERO 
state by the "read" drive current. During the "write" 
portion of the cycle, the information is inserted into 
the cores at the same location. If a given MIR bit is 
in the ONE state, its associated inhibit driver is dis
abled; therefore, no inhibit current flows, and the 
"write" current switches the core to the ONE state. 
If a given MIR bit is in the ZERO state, its associated 
inhibit driver is enabled; therefore, inhibit current 
flows in a direction opposing the "write" drive cur
rent, and the core remains in the ZERO state. (The 
information detected by the sense amplifies at "read" 
time is not strobed into the MIR because the strobe 
command is inhibited.) . 

The Read/Regenerate mode of operation con
sists of reading out all information bits that make up 
the word at the selected memory address during "read" 
time. This information is stored in the MIR and is 
made available at the interface for external use. The 
information is then returned to the same address lo
cation during "write" (regenerate) time. 

After the MIR has been reset to the ZERO state, 
information is strobed into it during "read" time by 
the sense strobe. It stores this information until it is 
again reset. The outputs of the MIR are connected to 
inhibit-driver inputs. If a given MIR bit is in the 
ONE state, its associated inhibit driver is disabled so 
that no inhibit current flows; the "write" drive cur
rent then switches the core to the ONE state. If a 
given MIR bit is in the ZERO state, its associated in
hibit driver is enabled; therefore, inhibit current flows 
in a direction opposing the "write" drive current, and 
the core remains in the ZERO state. 

COMPUTER DESIGN/JULY 1968 
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OPTIONAL FEATURES 

Provision for a Read/Modify/Write (RjMjW) mode 
of operation permits a full read-write memory cycle to 
be interrupted between the "read" and "write" por
tions of the cycle to allow time for revision or modi
fication of the stored data. In this mode of operation, 
the information at a specified memory location is read 
into the MIR and then modified by external means. 
The revised data is written into the same memory 
location during the subsequent "write" half-cycle. The 
full cycle in this type of memory operation is increased 
by the time required to modify the data. The mini
mum "modify" ti~e is 100 nanoseconds. 

Single-error-detection circuits may be incorpo
rated in the design of these memory systems by the 
inclusion of an extra or redundant bit in each binary 
word. The extra bit is called the "parity" bit. Circuits 
can be provided to generate this parity bit during a 
Clear /Write cycle and to check the parity bit during 
a Read/Regenerate cycle. The systems can be pro
vided with parity-generate circuits or parity-check cir
cuits, or both, depending on requirements. In addi
tion, the type of parity, odd or even, can be specified. 

All outputs of the memory information register 
are connected to inputs of the parity circuits. Any fwo 
successive information bits have their ONIE or ZERO 
outputs connected to the inputs of an exclusive-OR 
gate. The logic to be implemented by the gate is given 
by AB + AB, where A and B are the two successive in
formation bits. All bits of the MIR are divided into 
groups of two in this manner. The resulting outputs 
are again divided into groups of two, and connected 
to another exclusive-OR gate. Successive division of 
outpu~s is continued until a final single output is de
rived. This final output is then used to determine 
whether a ONE or a ZERO will be written into the 
parity bit together with the information word. This 
~peration takes place during a Clear/Write cycle. 

During a Read/Regenerate cycle, the selected in
formation word is strobed into the MIR during the 
"read" portion of the cycle. The parity of the informa
tion word is again determined, and an appropriate 
error signal is provided if there is an error. During 
system "turn-on" or "turn-off," or during a power 
failure, loss of information sto)~d in the cores can be 
prevented by inhibiting the clock inputs and turning 
the supply voltages on· or off in a prescribed manner. 

CONCLUSION 

This series of systems were developed to satisfy the 
growing need for reliable low-cost memories cycling 
at 750 to 2000 nanoseconds in the broad capacity range 
covering 4096 to 32,768 words. The three-wire stack 
design permits significant savings in the manufacture 
of the magnetic portion of the system, as well as faster 
cycle times through use of smaller cores. The coinci
dent-current arrangement improves reliability by per
mitting a reduction in the number of components re
quired for operation with excellent margins. 

SPECIFY 

INTEGRATED 
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and off-the- shelf logic design! 
Quickly implement your designs either 
for breadboards or for production units 
with EMC's versatile new family of LC. 
plug-in assemblies! 

For greatest versatility,· the 930 series 
of DTL and related compatible TTL cir
cuits in the popular dual-in-1ine package 
form the nucleus of the components used 
in the assemblies. Standard + 5.0 volts 
± 10% power supply voltage; O°C to 75°C 
operating range (- 55°C to + 125°C also 
available) ; 5 MHz nominal operating fre
quency. 

AN EXTRA PLUS for you is EMC's 
policy which provides the flexibility often 
lacking in "off-the-shelf" products: in 
addition to offering standard families of 
I.C. function card assemblies, EMC offers 
a line of basic techniques with the ability 
to alter inputs, outputs and other param
eters to better satisfy a specific need. 
Your special logic function can be pack
aged with the same 2 to 3 week delivery 
as for standard cards. 

Write today for a complete EMC LC. 
catalog! 
g.gaDm~ma~.E:~~ 
•• 1Jt+l&lL!Jllllm. COMPONENTS 
&1~mlil~mBlla&lmJ DIVISION 

P.O. BOX 141 TIMONIUM, MARYLAND 21093 

TWX 710-862-2638· 301-666-3300 
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APPLICATION NOTE 

A Word Interlace Technique 
for Mating Disc Memories to Computers 

This application note describes a 
method of mating disc memories 
having high input rates to compu
ters with considerably lower data 
transfer rates. Using the formulas 
and block diagrams provided, the 
transfer rate of a disc memory can 
be reduced by any factor of 2n. The 
technique was developed for use 
with Data Disc's F-Series disc mem
o~ies; however, the method is ap
plicable to any head-per-track disc 
memory. 

The interlacing technique for 
reducing the word-transfer rate can 
be explained by the following ex
ample, that shows the technique 
requires only 3 bit times between 
sectors, instead of the 6 bit times 
recomme~ded in our earlier appli
cation note 004. 
Each sector contains one computer 
word. 

Word length = 16 bi ts + parity 
= 17 bits/word 

TRACK ORIGIN 

BLOCK NO. 

WORD NO. 

CYCLE NO. o (FIRST HALF) 
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Sector length = word length + 3 

= 17 + 3 

= 20 bi ts / sector 

Number of 
sectors possible 
per track 

105 bits/track 
20 bi ts / sector 

5 x 103 

sectors / trk 

Choose 4096 sectors / trk for this 
example 

= 212 words / track 

Desired transfer rate = 10,000 
words / second 

Data Disc maximum 
word (sector) rate 

_ 3 x 106 bits/sec. 
- 20 bits/word (sector) 

= 15 x 104 words/sec. 

Therefore, reading every 16th 
word will give a word-transfer rate 

1 (FI RST HALF) 

Fig. 1 Organization of interlace blocks. 

of 15/16 x 104, or 9375 words/sec., 
which is near the desired 10,000 
words/sec. rate. 

Assume that there is a require
ment to set up block transfers of 
128 words in length = 27 words/ 
block. With 27 words/block and 
212 words / track, each track will 
have: 

212 
-27 = 25 blocks / track 

The interlaced blocks on the 
disc would be organized as shown 
in Fig. 1. The first word of Block 
o is in Cycle 0 after Track Origin. 
The second word of Block 0 is in 
Cycle 1 after Track Origin, and is 
also labeled 0, continuing thus to 
the 128th word of Block 0, which is 
in Cycle 127. Therefore, we can see 
in Fig. 2 that because there are 32 
blocks per track, 16 are distributed 
in the 128 cycles on the first half 
of the disc, and 16 are distributed 
in the 128 cycles on the second half 
of the disc. 

2 (FIRST HALF) 
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TRACK ORIGIN 

127 

Fig. 2 Cycle distribution for one track. 

Fig. 3 Flow diagram of controller 
operation. 

A block transfer of 128 words 
requires taking one word from each 
cycle on one half of the disc. This 
results in a block transfer that re
quires one half of the disc-revolu
tion time: 16.7 msec. 

Fig. 3 is a flow diagram of the 
controller operation for the differ
ent modes of operation. 

Introducing ... 
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. . . the all-new 1-ILsec 
memory vvith the best 

margins in the business. 

Take all the features you want 
in a high-speed core memory 
system, package them in 5%" 
of rack space, and you've got 
the new VersaSTORE III from 
Varian Data Machines. 

The VersaSTORE III gives 
you 1-fJSec cycle time, 450 nsec 
access time. Storage capacity is 
from 256 to 4096 words up to 
36 bits, or 8192 words up to 
18 bits. In addition, it is 
expandable to 16,000 words up 
to 36 bits with our Party Line 
feature. It is furnished fully 
wired for its highest storage 
capacity, allowing quick memory 
expansion by plugging in a large 
core stack and additional data 
cards. 

VersaSTORE Ill's servoed 
current drive system 
compensates for temperature 
changes, gives it unmatched 

margins at elevated 
temperatures. In addition, the 
new memory provides easy 
interfacing and great I/O 
flexibility, with input levels of 
+ 0.5V and 2.5V to 24V, output 
of any voltage from 1 V to 15V, 
and drive current up to 80ma. 

Front panel display is 
provided for all registers, and it 
comes with timing and control 
flags, test points, and optional 
self-test for simplified system 
checkout. Matching power 
supplies are available. 

VersaSTORE III is the third, 
most advanced, and newest of 
our highly successful 
VersaSTORE designs. We've 
prepared an equally new 
brochure full of vital information 
about our new memory-we'll 
be glad to send it to you, just 
call or write. 

Qvarian data machines 
~a varian subsidiary 

2722 Michelson Drive. Irvine, California 92664 
(714) 833-2400 • TWX (910) 596-1358 
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CD PRODUCT FEATURE 

MULTI-COPY SERIAL PRINTER 
Prints 600 Words Per Minute 

A multicopy serial printer that 
prints out computer or communi
cation data a single character at a 
time, up to 60 characters per sec
ond, has been introduced by Tally 
Corporation. The unit's speed of 
600 words per minute far exceeds 
other data processing serial print
ers and is four times faster than an 
automatic typewriter and six times 
faster than a teletype machine. 

The low-cost printer, which sells 
in the $4,000 to $6,000 price range, 
depending on the model desired, 
fills the void that exists between 
conventional typewriter printout 
equipment and the much more ex
pensive line printers. The printer 
makes it economically feasible to 
couple printers to remote data ter
minals in. data communications 
networks, or to bring the advan
tages of high-speed printout to 
small computer systems. 

OPERATING CHARACTERISTICS 
The printer prints asynchronously 
at 60 characters per second with 
each character in a word recorded 
serially (one at a time). Each 
,character is printed as it is re
ceived; there is no buffer storage 
utilized. The printing impression 
is achieved by a 64 character font 
cylindrical print element that re
volves and moves up and down as 
it is positioned, character-by-char
acter across the page. A printed 
line is the standard 120-character 
width. The carriage may be set 
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to return at any place in the print
ed line to provide unrestricted for
mat control. The printer utilizes 
standard computer fanfold, pin 
feed paper in various sizes up to 
IS" wide. In operation, the unit 
features a minimum noise level 
and accepts up to six part pin
feed forms. 

DESIGN & SPECIFICATIONS 
Basic Mechanism 
The page printer consists of the 
print head, paper drive, character 
select and print head advance 
mechanisms, ribbon drive, impact 
print hammer, framework, and ap
pearance covers together wi th the 
power supplies, pertinent interval 
logic and amplifiers necessary to 
operate the mechanisms. The 
printing mechanisms can be pro
vided without electronics or en
closure for OEM applications. 

Operating Speed 
The printer prints asynchronously 
at 600 words per minute (60 char
acters per second). Carriage re
turn may be requested at any place 
in the printed line and is 30-150 
milliseconds depending on line 
length. Backspace and tab func
tions are optienal. Paper advance 
time is less than 30 milliseconds 
for single space. 
Paper Forms 
The standard printer handles fan
fold, pin feed paper in various 
widths up to 15 inches. One to six 
part copies may be printed. An 

optional friction feed mechanism 
handles roll type paper. The pa
per is loaded from the bottom 
front and exits from the back of 
the cabinet top cover. 

Character Coding 
The print element contains 64 
characters consisting of upper case 
alphabet, numeric and special sym
bols. The select mechanism is con
structed so that data may be trans
mitted from punch tape to the se
lection acuators without decoding 
when six bit ASCII code is used. 
(26 binary bits input). The print 
element is not replaceable by the 
operator. 

Printing Format 
Vertical linespacing is six or three 
per inch as selected by the opera
tor. Horizontal character spacing is 
ten per inch. lVlaximum line length 
is 120 characters. Character size is 
.055 inch wide and .080 inch high 
measured at the center line of the 
character. Vertical character posi
tion accuracy is ± .003 inch charac
ter to character and -+-- .012 inch 
from nominal position. Horizontal 
character position accuracy is -+-
.006 character to character and 
-+-- .030 inch from nominal posi
tion. The third character line 
above the line being printed may 
be read by the operator. The 
printer uses a multi-pass inked fab
ric ribbon, replaceable at intervals 
of six to 24 hours of machine oper
ation. 
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Operator Controls 
Operator controls include: AC 
power on-off, print start, print 
stop, carriage return, paper feed 
slew, paper feed single or double 
step selection, and function error 
reset. (Print start, print stop, and 
function error reset do not directly 
control page printer logic.) Indi
cator lights are used to indicate 
end of paper form and to illumi
nate control switches as required. 

Environmental Conditions 
The ambient operating tempera
ture limi ts are 40 degrees F to 115 
degrees F. The storage tempera
ture limits are 30 degrees F to 150 
degrees F. Operating and storage 
relative humidity limits are 30% 
to 90% (non-precipitating). The 
machine attitude must be vertical 
and free air ventilation must be 
allowed on all sides of the machine. 

Electrical Requirements 
AC pow~r input requires a sepa
rate, fused 20 amp service with a 
three wire grounded termination. 
Surge currents up to 40 amps peak 
for 10 cycles (167 milliseconds) can 
be expected at turn on time. The 
system draws approximately 15 
amps at 115 volts nominal 60 cps. 
Operation is between 105 and 125 
volts and 60 -I- .25 cps. Input sig
nals are to RS 232A E / A or op
tionally to other logic levels. The 
output inhibit line must be used 
to condition signals during car
riage return and paper feed func
tions. During operation driven by 
an externally clocked source, panel 
controls must be interlocked with 
the inhibit line and the source. 

Mechanical Configuration 
The cabinet size is approximately 
34" wide by 46" high by 23" deep. 
The top cover pivots open to pro
vide the operator with front access 
to the ribbon mechanism and pa
per path. Drive mechanisms are 
shielded to prevent operator haz
ard. The paper forms box is en
closed in the printer base. Front 
panels in a choice of colors and a 
paper receiving frame are option
ally available. The mechanism 
weighs 85 lbs., the electronics 145 
lbs. and the covers 200 Jbs. 

The printer will be available in 
limited quantities later this year, 
with full scale production sched
uled by the end of 1968. 

For additional information circle 
No. 199 on the Inquiry Card. 

We'll give you 
service whether 
you buy from us or not 

Our business is solving prob .. 
lems in the most effective, 
economical way, rather than 
trying to sell you what we hap .. 
pen to have on hand. If you 
have a quick question call 
(213) 678 .. 4251. For a complete 
analysis, send us a logical block 
diagram describing your sys .. 
tern, and tell how large a seg .. 
ment you want us to tackle. 
You'll receive a complete list 
of cards and quantities plus a 
description of other hardware 
and a detailed price analysis, 
without obligation. 

If your problem is larger 
than logic cards, write us any .. 
way. We can provide black .. box 

special purpose systems, or 
complete systems with any 
computer you choose. We'll 
even supply software. 

Because we take a sys .. 
tems approach, rather than a 
product approach, when you 
compare total costs you'll find 
Wyle highly competitive. 

Our main business isn't 
selling logic cards, it's solving 
problems. Logic cards happen 
to be one way we do this. 

Call or write Mr. Norm 

Conwill, Wyle Systems Div. 
Wyle Laboratories 
128 Maryland Street 
El Segundo, California 90245 

WYLE 
CIRCLE NO. 18 ON INQUIRY CARD 
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NEW PRODUCTS 

MOS STATIC SHIFT REGISTER 

The MM405 dual 32 bit MOS static 
shift register operates from DC to 
IMHz, and is designed with low thres
hold transistors permitting operation 
with a VDD supply voltage of -10 V; 
a c.lock amplitude and V GG supply of 
less than 16 V. Other features are low 
power consumption of 1.7 mW per bit 
and a low output impedance of 500 
ohms. Each register cell is designed to 
avoid race conditions during latching, 
thereby insuring proper operation un
der all specified electrical character
istics. This design also permits con
siderable flexibility in clock pulse 
waveshape and amplitude. The MM405 
is designed for digital memory or delay 
line applications in synchronous or 

FLEXIBLE FLAT CABLE CONNECTOR 

AMP-UNYT™ flexible flat cable con
nectors utilize an insulation piercing 
crimp to make physical and electrical 
contact with the cable. Designed pri
marily for use with cables meeting NAS 
729 (0.063" wide conductors on 0.100" 
centers), they are available in cable
to-cable, cable-to-wire, and cable-to-

SYSTEM/CIRCUIT TESTER 

The Cricket 4 digital monitor pro
vides a new concept in system· and cir
cuit testing. It has four channels and 
each produces a different audible tone 
and lamp indication when triggered 
by negative-going pulses. Thus, the en
gineer can audibly monitor circuit 
points while making changes or ad
justments at the bench or at remote 
locations. The instrument does not 
require synchronization and can re
place an oscilloscope in numerous ap
plications. It may be left permanently 
in the circuitry while breadboarding 
or trouble shooting a system. It is 
extremely useful for tracking down 
and investigating electrical noise. 
With four points being monitored, 
complex circuitry can produce a char-
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asynchronous digital systems. National 
Semiconductor Corp., Santa Clara, 
Calif. 

Circle No. 200 on Inquiry Card. 

board configurations. The crimp-on, 
snap-in contacts avoid the uncertainties 
caused by heat of soldering or welding, 
and reinforce the end of the relatively 
fragile cable rather than weakening it 
by removal of the structurally necessary 
insulation. The mating end of the 
phosphor bronze contacts is an 0.025" 
square post (on 0.100" centers) com
patible with the AMPMODU™ inter
connection techniques. The connec
tors meet the high potential, insulation 
resistance, corrosion, thermal shock, 
high temperature life, contact resist
ance, and low potential requirements 
of the Institute of Printed Circuit Stan
dard IPC-FC-21S. Current carrying 
capacity is rated at 3 A. Amp, Inc., 
Harrisburg, Pa. 

Circle No. 210 on Inquiry Card. 

acteristic tone· pattern which is useful 
in de terming correct operation. The 
unit also has a DC mode which can be 
used to indicate binary "1" or "0" 
logic levels with any common logic or 

ELECTRONIC COUNTER 

The Model KOI-5221A counter 
board counts electrical events at rates 
up to 10 MHz and displays the results 
on long-lif~ Nixie® tubes as a total or, 
when the count is gated for precise 
intervals, as a frequency. It can also 
be used to measure time intervals. The 
board includes all circuits but the 
power supply, input signal conditioner, 
and front-panel control functions. Re
quired inputs, brought into· the board 
through a single printed circuit board 
connector, are: 5.1 Vdc at 750 mA for 
circuit operation; 170 Vdc at 1.5 mA 
per Nixie for display operations; 9 V 
rms ac at 60 Hz for the time base. 

Counter reset and gate time, either 
variable or fixed at 0.1 or 1 second 
(derived by the counter from the 60 Hz 
power line), are controlled by contact 
closures to ground on other pins of the 
connector. The input signal should be 
in the form of pulses more than 40 ns 
wide, between +3 and +5 V in ampli
tude, and with rise time less than 10 ns. 
An optional input amplifier board per
mits positive or negative pulses and 
sine waves at frequencies from 5 Hz 
to 10 MHz, and at amplitudes between 
100 mV and 3.5 V, to be counted. 
Hewlett Packard, Palo Alto, Calif. 

Circle No. 225 on Inquiry Card. 

voltage system and with any type of 
integrated or discrete circuitry, Indus
trial Inventions, Inc., Monmouth Junc
tion, N.J. 

Circle No. 245 on Inquiry Card. 
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... .-_,fhe Hard-
to-Fit One 

Maybe you're in his shoes. You've 
got some tough stack specifications 

to fit. Can't seem to find the 
right tailor to suit you. 

That your problem? 

You'll find some fashionable 
answers at Fabri-Tek. 272 D 

Organization: economical 
272 D storage with full cycle 

times to 500 nanoseconds. 
Any bit length or capacity. 

3 D Stacks: speed-l micro
second. Or slower, if you wish. 

Give us an early start at your 
problem and we may be able to 
save you with a stitch in time. 

Could save you a bolt of money, too. 

Write Bob Rife at our home office. 
He'll send you a yard or two of 

information. All in your style. 

rc:g L¥~[1ID~[J=-LI~C~r 
L.A.D 5901 So. County Road 18, Minneapolis, Minn. 55436 

Phone 612-935-8811 • TWX 910-576-2913 
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WHEN WE SAY 

QUICK. --
WE MEAN 

• 
IN JUST 7 DAYS 

WE DELIVER TAPE READERS 

HIGH SPEED 
PHOTO·ELECTRIC TAPE READERS 

Occupies only 31/2" of panel space D Spoolers for 200 to 1,000 
feet of tape D Operates asynchronously at any rate between 
a and 150 cps D Slews at 600 cps and stops "on character" 
D Lamp is unconditionally guaranteed for 1 year. 

$65000 
BASE PRICE 

For catalogue describing the complete line of 
Chalco tape readers write, call or telegraph: 

CHALCO 
ENGINEERING __ 

CORPORATION __ 
Electronic-Electromechanical Systems and Products 

15126 SO. BROADWAY - GARDENA, CALIF. • FA 1-0121 (213) TWX 213·327·0167 

CIRCLE NO. 19 ON INQUIRY CARD 

. NEW PRODUCTS 

THICK FILM MODULES 

Four types of power driver modules, 
designated BHB-0005, 5A, 6 & 6A, are 
advanced power logic circuits with 
voltage, current and power handling 
capabilities exceeding those of mono
lithic integrated circuits. Each module 
consists of a high power, high gain 
amplifier, with an integral clamped 
rectifier for highly inductive loads, 
coupled to the output of a 3 input 
expandable logic gate. The inputs are 
designed for electrical compatibility 
with most types of monolithic digital 
circuits. Specifications include: Output 
current -3 to 5A *, Output voltage 
-40 or 60V*, Logic supply voltage, 
+IOV max., Input leakage current @ 
125°C - 100 or 300!LA * and Case 
operating temp. @ 17 ::::;5 A, -55°C 
to +125°C (*depending upon type of 
unit.) The Bendix Corp., Semiconduc
tor Division, Holmdel, N.J. 

Circle No. 206 on Inquiry Card. 

HIGH CURRENT RECTIFIERS 

A line of 70 A transient voltage pro
tected silicon rectifiers, designated as 
the SToll series, have PIV ratings from 
100 to 1000. The units are hermetically 
sealed in stud mounted cases measur
ing only 15/16" in height, exclusive of 
the mounting stud. These high current 
rectifiers are designed primarily for ap
plication in computers, speed controls, 
power supplies, battery chargers, switch 
gear, variable drives, motors and gen
erators. Sarkes Tarzian, Inc. Semicon
ductor Division, Bloomington, Ind. 

Circle No. 202 on Inquiry Card. 
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MULTIPLE NOR MOSFET ARRAYS 

The type HRM2304 monolithic 
MOSFET array, consists of three triple
input and two dual-input NOR gates. 

The monolithic chip is .050" x .053" 
in size, and is normally packaged in a 
22-lead sound flatpack. Input thresh
hold voltages are nominally -2 V so 
that the chip may be used to interface 
DTL, TTL and R TL logic systems 
with higher level MOS logic arrays. 

Each NOR gate output is capable of 
swinging 24 V when properly biased 
and operating speeds are typically i 
megacycle. All input gates are diode 
protected and the NOR gate outputs 
may be connected together to expand 
the number of inputs at each gate. 

Hughes MOSFETS, Newport Beach, 
Calif. 

Circle No. 204 on Inquiry Card. 

HIGH POWER TRANSISTORS 

Series 2N5301 and 2N5302 NPN 
transistors in 40V and 60V versions 
can be paired with Series 2N4398 and 
2N4399 30 A transistors to fur~ish the 
highest silicon power transistor com
plementary symmetry capability pos
sible. The units can handle 200 W of 
power to 30 V VCE enabling direct, 
plug-in replacement of germanium 
types in "extra tough" amplifier, volt
age regulator and modulator designs. 
Lighter, simpler and less-costly head 
sinking also results through low ther
mal resistance - fhc of 0.875°CjW. 
Eliminatipn of power j speed trade-offs 
irt switching applications is achieved 
through 400 ns delay . and rise time 
(@ 10 A Ic, 30 V VCE) which affords 
minimum loss·es. Highly efficient, low
power-loss performance and the capa
bility to swing down in voltage with
o~t loss of current gain (to 1 V @ 10 A) 
in low-distortion audio amplifiers is 
ensured due to low saturation voltage 
(l.q V @ 15 A) of the transistors. 
Other advantages include a gain lin
eatity oyer a 5 to 20 A range, 50 A peak 
current and low-silhouette, TO-3 pack
aging. Motorola Semiconductor Prod
ucts, Inc., Phoenix, Ariz~ 

Circle No. 203 on Inquiry Card. 

WANG'S 
versatile, 

e x pan d a bl e 
calculator/computing 'systems 
A unique building-block approach. 
You can specify the exact amount 
of power and versatility you need 
from a wide range of optional capa
bilities. (Wang offers more than all 
other electronic calculator manu
facturers combined.) 

Obsolescence-proof problem solving. 
Begin as simply as budget and re
quirements dictate. Add-on com
patibility ensures that your initial 
purchase is never obsolete. Simply 
add modular capabilities to match 
your needs. 

You can standardize on 300 Series. 
A growing number of companies 
use them to solve everything from 
basic arithmetic computations to 
complex equations and program-

med calculations. Models 370 and 
380 Programming Keyboards 
branch, loop, do sub-routines, make 
decisions and manipulate arrays' to 
put true desk top computing power 
at your fingertips. Each is furnished 
with the most comprehensive pro-
gram library available. ' 
No waiting for computer time. 
Direct accessibility and immediate 
results on Wang 300 Series enabl~. 
you to proceed directly to the im
portant areas of analyzing and 
applying the information' generated. 
Complete Wang systems can be 
purchased at less cost than renting 
a larger, less versatile system fQr 1 
year. For application assistance or 
an immediate demonstration, call 
your nearest Wang office. 

.g:WANG 
LABORATORIES, INC. 

Dept. 7U, 836 North St., Tewksbury, Massachusetts 01876 • Tel. 617 851-7311 

Call today for immediate trial: 
(201) 241·0250 (216) 333·6611 (313) 278·4744 
(203) 223·7588 (301) 588·3711 (314) 727-0256 
(205) 595·0694 (301) 821·8212 (317) 631-0909 
(206) 622-2466 (303) 364-7361 (403) 266·1804 
(212) 682-5921 (304) 344·9431 (404) 457·6441 
(213) 278·3232 (305) 564·3785 (405) 842·7882 
(214) 361·4351 (305) 841-3691 (412) 366·1906 
(215) 642·4321 (312) 889-2254 (415) 454·4140 

(703) 931-7878 
(416) 364·0327 (604) 685·2835 (713) 668·0275 
(504) 729·6858 (612) 881-5324 (714) 234·5651 
(505) 255·9042 (613) 224-4554 (716) 381·5440 
(512) 454·4324 (614) 488·9753 (717) 397~3212 
(513) 531·2729 (615) 588·5731 (805) 962-6112 
(514) 482·0737 (617) 851-7311 (901) 272-7488 
(518) 463·8877 (702) 322·4692 (916) 489-7326 
(602) 265·8747 (703) 877-5535 (919) 288-1695 

CIRCLE NO. 21 ON INQUIRY CARD 
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NEW PRODUCTS 

MINIATURE THUMBWHEEL 
SWITCHES 

Series 200 and 700 Miniswitch® 
sealed thumbwheel switches are de
signed for equipment or systems that 
operate in severe environments. The 
switches are interchangeable and have 
the same mounting dimensions. In the· 
Series 200, wire leads serve as output 
terminals so that no part of the 
printed circuit board is exposed to 
possible contaminants. In the Series 
700, the printed circuit board extends 
from the rear of the case. The PC ex
tensions provide for direct soldering 
and the mounting of components di
rectly on the printed circuit board in 
some models. The switch is only 1.15" 
high and 0.5" wide requiring a panel 
cut out of only .920" high. With modu
lar construction any number of switches 
can form a single, unitized assembly. 
No separate escutcheon plates, special 
mounting brackets or other hardware 
are required for assembly mounting. 
They are available with two, eight or 
ten dial positions for binary, octal or 
decimal outputs. The Digitran Com
pany, Pasadena, Calif. 

Circle No. 221 on Inquiry Card. 

MINIATURE FAN 

The Model 4800 all-metal miniature 
axial fan keeps acoustical disturbance 
to an absolute minimum with a 17.9 
db SIL (Speech Interference Level) rat
ing and ·silently moves 70 dm of air. 
The impedance-protected, two-pole, 
shaded-pole motor of the fan offers a 
life expectancy of 100,000 hours, con
tinuous duty, at room temperature 
(25°C) and 20,000 hours continuous 
duty at an ambient temperature of 
55°C. A hand-fitted, broached dual
sleeve bearing system with a large oil 
reservoir ensures longer, more reliable 
operation. The compact fan is 4Yl!" 
square x 1 Yl!" deep. Pamotor, Inc., San 
Francisco, Calif. 

Circle No. 231 on Inquiry Card. 
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IC AUTOMATIC TESTER 

The Model 2400 automatic test sys~ 
tem for incoming inspection of inte
grated circuits performs all of the para
meter tests for devices with up to 16 
leads. Programming is achieved by an 
82 channel punched rope/mylar tape 
loop affording an unlimited number 
of tests at a rate of 15 tests per second. 
The readout is GO/NO-GO with vis
ual display of the measured parameter 
and test number; data logging outputs 
are available. Programming is simple 
and be easily altered. RFS Engineer
ing Co., Phila. Pa. 

Circle No. 251 on Inquiry Card. 

ANALOG TO DIGITAL CONVERTER 

This analog-to-digital converter con
verts to 9-bit digital words at a rate of 
106 words per second. It was designed 
for such high-speed applications as 
radar moving target indicators, data 
collecting and logging and computing 
systems. The converter combines a pair 
of densely packed printed circuit cards 
and a compact cabinet, suitable for 19-
inch-wide rack mounting, to form a 
complete. high-speed unit. The cards, 
which are accessible from the front 
panel, contain the A/D converter as 
well as the sample, hold and timing 
circuitry. Other features include small 
size (19" x 8Yl!" x 3 Yl!"), lightweight 
and temperature range of -33°C to 
+62°C for the circuit cards. Westing
house Defense and Space Center, Sur
face Div., Baltimore, Md. 

Circle No. 228 on Inquiry Card. 

CORE SIZER 

This Vibro-core-selector, Mark IV, 
will precisely grade ferrite memory 
cores at rates between 50,000 and 400,-
000 pieces per hour. Flat, round, 
square or cube-shaped cores as large as 
50 mils and as small as 7 mils can be 
handled. The sizer is designed for total 
compatibility with the high standards 
of quality control required for com
puter memory systems. Selection ac
curacy is 0.00005 in. Dimensions are 13 
x 13 x 9 in.; weight is 40 lb. Shur
tronics Corp., Santa Ana, Calif. 

Circle No. 229 on Inquiry Card. 

AC TO DC PLUG-IN POWER 
SUPPLY 

A dual 15-volt, 60 rnA AC to DC 
plug-in power supply ~or operational 
amplifier applications has short circuit 
protection, may be used in series, and 
is operative without additional heat 
sinking. Specifications include: contin
uous duty at full load over a tem
perature range of -20 to +71°C, 
impedance of 0.07 ohm at I KHz and 
0.12 ohm at 10 KHz. Outputs are 
floating. Each individual section may 
be connected as a separate power· sup
ply. Either the negative or positive 
side of one section may be grounded 
irrespective of the other section. 
Acopian Corp., Easton, Pa. 

Circle No. 226 on Inquiry Card. 

COMPUTER DESIGN / JULY 1968 
CIRCLE NO. 36 ON INQUIRY CARD ~ 

" 
" '; 



RETRIGGERABLE MULTIVIBRATOR 

An advanced high speed TTL "one
shot" circuit, or monostable multi
vibrator, TT (J. L 9601, features a re
triggerable design, which eliminates 
false triggering, low fan-out, low duty 
cycles, limited pulse width stability, 
and inaccurate pulse sensitivity. The 
unit provides a stable and accurate 
output pulse adjustable from 50 ns to 
any width within the range of practical 
capacitor values. The pulse width tim
ing circuit is immune to noise spikes 
on the supply voltage, ground, and 
trigger input lines. The input circuitry 
has no recovery time limitation and is 
distinguished by a maximum repeti
tion rate greater than 10 MHz. The 
output pulse has a duration and ac
curacy that are the sole function of 
external timing components. Output 
waveform is independent of pulse 
width. The 9601 comes in a flat 14-pin 
Cerpak™ packaged and in a face-down 
bonded FairpaFM, with optimized pin 
locations for printed circuit layouts. 
Fairchild Semiconductor, Mountain 
View, Calif. 

Circle No. 205 on Inquiry Card. 

Ie VOLTAGE REGULATORS 

LA-lOO, LA-200 and LA-300 inte
grated circuit voltage regulators offer 
an output voltage adjustable from 2 
to 30 V, input voltage range 35 to 40 V, 
line regulation as low as .05% and 
load regulation as low as .1 %. Output 
currents in excess of 5 A are possible 
with external components. Units adapt 
to both plus and minus output volt
ages. Operating temperatures are: LA-
100 (_55° to +150°C); LA-200 (0° to 
70°C) (-50° to +125°C typical); and 
LA-300 (0° to 70°C) (-50 to +llO°C 
typical). The regulators are packaged 
in an 8 lead TO-5 package with a 
monolithic chip. Nucleonic Products 
Co., Inc., Los Angeles, Calif. 

Circle No. 201 on Inquiry Card. 

... . How's Your Memory? 

If you're not getting what you paid for, 
give us a call next time you have to 
order one. Chances are, you won't pay 
as much and you won't have to make 
any adjustments to get it to turn on. 

DC-20 

DATACRAFT MEMORY PRODUCTS 

MODEL SPEED (FULL CYCLE) MAX. CAPACITY 

DC-20 600 NANOSECON OS 8K X 25 

DC-30 1 MICROSECOND 1KX32, 2K X 24, 4KX 18 

DC-31 900 NANOSECONDS 512X16,1KX8 

DC-32 1.5 MICROSECONDS 8K X 26 

DC-33 1 MICROSECOND 1K X 8 

DC-51 4 MICROSECONDS 256 X 18, 512 X 9 

DC-53 2 MICROSECONDS 1K X 10 

OUR MOST IMPORTANT PRODUCT IS YOUR SATISFACTION. 
CALL OR WRITE US TODAY ABOUT YOUR REQUIREMENT. 

1~~1 DATACRAfT 
________ ...I,,;,[lY_~_~~1 CORPORATION 

776 N. E. 40th Court P. O. Box 23550 • Ft. Lauderdale, Fla. 33307 • Phone (305) 565-9441 

CIRCLE NO. 20 ON INQUIRY CARD 
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NEW PRODUCTS 

RELAY SOCKET ASSEMBLIES 

Designated the RSI5, these com
pact printed circuit track-mounted 
socket assemblies snap in (or out) 
vertically into a pre-punched vinyl 
track up to 45" long, which holds up 
to 20 sockets. A standard-sized, 15-pin 
receptacle accepts all miniature size 
4 P. D. T. relays with two coil leads 
and ground. Barrier-type terminal 
blocks, with #2-56 screws and surface 
clamps, accept up to #16 AWG wire 
securely, without lugging or looping of 
wires. Each terminal screw is clear! y 
numbered from I to 14, plus ground 
G, and marking strips are available for 
relay identification. Installation time 
is slashed, as only 2 or 3 mounting 
screw holes must be laid out, drilled, 
and tapped to securely fasten the track 
for up to 20 sockets. Current rating of 
the assemblies is 5 A at 125 V. Curtis 

/"Development & Mfg. Co., Milwaukee, 
Wis. 

Circle No. 215 on Inquiry Card. 

FLAT PACK REED RELAYS 

A line of flat pack reed relays are 
designed for closer board spacing. The 
relays are compatible with existing flat
pack assembly and welding techniques, 
and with Ie and transistor circuitry. 
Features include: Pole configurations: 
I, 2, 3, 4 and 6, size: height .250", 
length .50", width .250" to .800" - coil 
voltages: 6, 12, 24 Vdc (nominal)
pick up time: 150 us - drop-out time: 
100 us (nominal) -life: I million 
operations at rated load; 10 million at 
signal levels - initial contact resist
ance: 200 milliohms (max.) - max. 
contact rating: 300 m W - insulation 
resistance: 1011 ohms minimum - vi
bration 20 G's 10-2000 Hz - shock 150 
G's - temperature rating: -50°C to 
+85°C. Elec-Trol, Inc., Saugus, Calif. 
Circle No. 220 on Inquiry Card. 

. . . and come up with a dependable unit that can't be 
matched in terms of quality, economy and delivery. 

Medium speed range - up to 300 characters/second - photoelectric sensing - stops 
on character at 300 characters/second - bidirectional - silicon logic - tried and tested 
design concept and components - off the shelf delivery from mid 1968 - low unit 
price of $1,200.00. For complete details, write, wire or phone. 
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FERRANTI -PACKARD ELECTRIC LIMITED 
ELECTRONICS DIVISION • TORONTO 15 •. ONTARIO • CANADA 

AREA CODE (416) 762-3661 TWX (610)491-1434 

CIRCLE NO. 22 ON INQUIRY CARD 
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MULTICOMPONENT ASSEMBLIES 

Microminiature circuits, consisting 
of resistors and lor capacitors offer up 
to six precision components in a single 
package. Designated "Flat Packs," reo 
sistors conform to MIL-R-10509F and 
capacitors to MIL-C-l1015 and may be 
specified by the customer for charac
teristics and circuit location. Resistor 
tolerances as low as ±O.l % are stan
dard with temperature coefficients of 
o ±25 ppm/oC. Lead wires may be 
tinned copper, goldflashed dumet, or 
bare nickel "A." Available in five 
models, they are 0.190" wide and 
0.075" thick with length ranging from 
0.200" to 0.600", depending on the 
number of components, which can 
range from two to six. American Com
ponents, Inc., Conshohocken, Pa. 

Circle No. 217 on Inquiry Card. 

REED SWITCH KEYBOARD 
ASSEMBLY 

A reliable keyboard using long-life, 
open circuit reed switches, Model SB-
033 provides smooth operation of the 
switch plunger for data processing and 
test equipment, communications gear, 
and other applications. All details of 
this switch line are designed for light 
pressure (5 ounces), operator's conven
ience, and positive input of data with 
long life for heavy office type of usage. 
Highly efficient "single-pole open cir· 
cuit" reed switches assure reliability 
and extremely long-life expectancy . 
Square, light grey buttons (19/32") 
have an industry standard 0-9 marking 
and placement along with a period. 
All switch positions contain a "positive 
lockout" between sections and rows. 
This feature prevents more than one 
position from operating at the same 
time. An extra "decimal" button is 
also provided to enhance design use. 
Aleo Electronic Products, Inc., Law
rence, Mass. 

Circle No. 211 on Inquiry Card. 
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ULTRA-MINIATURE FLEXIBLE COAX 

An ultra-miniature, air-spaced co
axial cable has been designed for use 
where cable flex-life is extremely im
portant such as data processing applica
tions and wherever small cables are 
frequently flexed because of doors, 
drawers, etc. The 95 ohm cable has a 
nominal outside diameter of 0.105" and 
is covered by a nylon jacket to mini
mize outside dimensions. The inner 
conductor consists of seven strands of 
no. 38 gauge, copperclad, tin-coated 
steel. The cable is also available 
jacketed in a flame-retardant copoly
mer. Times Wire and Cable, Walling
ford, Conn. 

Circle No. 219 on Inquiry Card. 

MINIATURE MOUNTING SOCKETS 

Series 041-001 production mounting 
sockets for dual-in-line packages are 
molded in either nylon or polysulfone, 
and accept all standard 14 and 16 lead 
dual-in-line packages with rolled or flat 
leads and minimum lead lengths of 
0.085". Spacing is 0.300" bewteen rows, 
0.100" between lead centers. Operat
ing temperature range of nylon sockets 
is -55° to 125°C; polysulfone operat
ing temperatures range from _65° to 
150 0 C. 

A low body profile of only 0.160" 
above the P. C. board, including a 
standoff height of 0.020", permits 
greatest packing density between 
boards. Sockets can be mounted on a 
grid of 0.100" centers between them in 
both X and Y axes, affording maxi
mum packing density and simplfying 
programming and operation of auto
matic wire wrapping machines. Barnes 
Corp., Lansdowne, Pa. 

Circle No. 222 on Inquiry Card. 

MODULAR 
DATA SYSTEMS • • • 

TIME .•. COUNT ••• 
MEASURE ... RECORD! 

SUIT YOUR SYSTEM TO YOUR NEEDS! 

The sensible module system that offers the industries' best price
performance package is value engineered with integrated circuit reliability. 
And system designed: Need teletype readout? Paper tape? Magnetic 
tape? Just add a readout module and you're on the air ... no matter 
how many counters, timers, DVM's etc. are being read out. The 
readout module for complete interface to a standard teletype 
costs only $850. 

Write today for complete literature on Data Systems 
Modules. Canberra Series 6000. 

CANBERRA DATA SYSTEMS 
BOX 1088. MIDDLETOWN. CONN. 06457 • 203 - 347-7447 

65 



66 

The 
P/2/P 

• can Increase 
panel wiring 
pro d uctivity 
by more 
than 
500% 

The P /2/ P Wiring System combines numerical control, auto..; 
matic indexing, and a human operator to form a highly efficient 
production facility for wire wrap or clip on termination wiring. 

, , .\ 

It provides the advantages of total automation (automatic travel 
and positioning of the tool) while eliminating the problems of 
'hand wiring (slow production rates and human errors). The 
result-flawless panel assembly at less than Va the hand wrap 
cost, andatVs the initial investment requiredfora fully automatic 
system?~ , 

Write, wire, or caB to arrange fora 
demonstratiqnof theP /2lPWiring 
System,andseethesebenefitsJor 
yourself. 

"EconornicCom~ari~on'"an 
objective • survey .. ()fseveral 
wiringmethods.nowln 
use, . is yours on request. 

)1~f~~Ps~~~rl~~~~N~~~~f'~~~~~1~~1!~~ 
CIRCLE NO. 23 ON INQUIRY CARD 

NEW PRODUCTS 

LOGIC MODULE MOUNTING 
HARDWARE 

This complete line of compatible 
mounting hardware virtually elimi
nates the mechanical and electrical. 
interconnection problems that fre
quently occur in assembling a digital 
system. Products include a completely 
integrated set of system cabinets, swing 
frames for module mounting cases, and 
power supplies. The line offers pack
aged solutions to the problems of air
flow control, sound-proofing, and DC 
power wiring. Three kinds of signal 
cabling are offered: coaxial cables, rib
bon cables, and conventional logic wir
ing. This hardware is suitable for both 
large and small systems, but it is de
signed with particular emphasis on 
meeting the stringent requirements of 
large digital systems. Scientific Data 
Systems, Los Angeles, Calif. 
Circle No. 230 on Inquiry Card. 

ANALOG MULTIPLIER/DIVIDER 

The M201 is an encapsulated solid 
state FET type analog multiplier fea· 
turing true four quadrant multiplica
tion, small size, and a dc to one MHz 
frequency response in both X and Y 
channels. The solid state module mul
tiplies / divides / squares / square roots/ 
with no external adjustments or feed
back networks required. 

Pertinent specifications are: ±10 V
X and Y inputs (ac or dc), ±10 V out
put; 0.5% linearity; 1 <70 total accuracy; 
X and Y input impedance of 10K 
ohms, output impedance of less than 1 
ohm, and X and Y bandwidth of de to 
1 MHz. Power supply requirements are 
±15 V at 100 rnA, and module size is 
3" x '2" x 0.625". Intronies Inc., New
ton, Mass. 

Circle No. 213 on Inquiry Card. 
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CIRCUIT PACKAGING KITS 

Powering and packaging circuitry 
may no longer post a problem to the 
design enegineer with the Model 
E-1000 Designer's Kit, consisting of 
blank circuit boards, power supply 
and an enclosure. The enclosure is an 
aluminum cabinet that is formed to 
accept up to 5 circuit cards without 
any additional mounting hardware. 
Two interlocking extrusions are used 
in a novel fashion for which patent is 
pending. A selection of single or dual 
110/220 V power supply cards are 
available. Outputs are well regulated 
DC at 3.3 or 5.2 V (IC logic) and/or 
any combination of voltages totaling 
30 or less, such as ±15. Aritech Corp., 
Boston, Mass. 

Circle No. 235 on Inquiry Card. 

DATA CARD READER 

Model 500 card reader is designed to 
provide a high-performance, low cost 
data card reader that will also ac
curately process damaged data cards. 
A unique vacuum pick finger is used 
to separate a single card from the in
put deck. It gently separates only one 
data card at each pick command, per
mits elimination of the sharp, restric
tive throat edges which tend to further 
mutilate cards which are only slightly 
damaged and would otherwise be read
able. The card track is nominally set 
at 4 to 6 card thickness and may 
actually be set at twice that. Specifica
tions are: Speed: 600 CPM (nominal), 
Capacity: 1000 cards, Size: 26" wide x 
20" deep x 12" high, Weight: 75 
pounds including power supply. Gen
eral Design, Inc., Melbourne, Fla. 

Circle No. 240 on Inquiry Card. 

DC VOLTAGE CALIBRATOR 

Model 460A, with a voltage range of 
o to 1111.10 Vdc provides output sta
bility of 20PPM +10 p.V per hour and 
30PPM +20 p. V per 200 hours. Hav
ing 5 decade switches and one single 
turn potentiometer, it features output 
resistance of 0.00 I ohm or 0.0002E at 
dc. Output Current is 0 to 30mA, resolu
tion is I p.V and accuracy of ±Ol %. 
Completely solid state (with the excep
tion of a high voltage pass tube) the 
Voltage Calibrator is chopper stabilized 
and features an ultra stable Zener 
reference and a current limit control. 
Ripple and noise are 100 p.V RMS. 
Precision Standards Corp., Pasadena, 
Calif. 

Circle No. 249 on Inquiry Card. 

DRUM MEMORY 

Medium scale integrated circuit logic 
has been utilized in the design of the 
Model 8403 drum memory system. The 
unit has been specifically designed to 
meet the data storage requirements for 
small computer systems. The basic 
memory configuration is equally adapt
able to I/0 or direct memory access 
applications. The drum memory pro
vides a 1.1 million bit data base with 
64 tracks and an average access time 
of 8.5 or 17 ms. Additional features 
include a nickel cobalt recording 
medium, individual flying heads, and 
a modular set of completely self
clocked, peak detecting, device
oriented electronics. Magnafile, Inc., 
Phoenix, Ariz. 
Circle No. 238 on Inquiry Card. 

",----------
I Please rush literature on 400 Cycle power'\ 
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CITY STATE ZIP 
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Microsonics has proven capabil
ities and facilities to design and 
manufacture reliable computer de
lay line storage systems at high 
information rates (up to 100mc) 
which gives long term service in 
difficult environments of shock, 
vibration, and temperature. These 
systems have capability of han
dling digital signals for computer 
storage or analog information as 
in radar signal processing. 
Ultrasonics computer storage 
lines, using fused quartz or zero 
T.C. glass, represent an ideal 
medium for high-speed computer 
storage up to 20mc rates. 
Be it Computer Storage Systems; 
Digital Delay Lines; Magnetostric
tive Delay Lines; or Variable and 
Tapped Delay Lines - Micro
sonics has the experience and 
capability to deliver both off-the
shelf and custom-designed sys
tems for any specific operation. 

Send for Microsonics' Brochure 
Nos. M735 and 5350. 

CIRCLE NO. 26 ON INQUIRY CARD 

NEW PRODUCTS 

BINARY /BCD/BINARY 
CONVERTERS 

The Model BDC-I accepts up to 
24 bits of binary data from a computer 
or other source and converts it to 7 
decimal decades in 1-2-4-8 BCD code. 
The conversion is initiated by an ex
ternally supplied trigger signal. The 
speed of the unit is such that a com
plete conversion is achieved in 12 p's 
(0.5 p's per binary bit). Applications 
include use with binary computers for 
driving BCD output devices such as 
printers or special purpose transducers 
such as frequency synthesizers or other 
decimal signal generation devices. The 
Model BDC-2 operates in the reverse 
to convert BCD data to binary form. 
Up to 7 BCD decades of data are ac
cepted at the BCD-2 input and con
verted to a 24 bit binary output. Con
version speed is 14p.s (2 p's per decade). 
Applications include using BCD input 
devices for computers such as digital 
voltmeters and counters. Curry, Mc
Laughlin & Len, Inc., Syracuse, N. Y. 

Circle No. 250 on Inquiry Card. 

MEMORY SYSTEMS 

The FI-3 series of coincident-current 
ferrite core memories offers storage 
capacities from IK x 6 bits to 4K x 18 
bits and features a 3-usec full cycle 
time (2-usec half-cycle time); Access 
time is one micro second maximum. 
The systems utilize integrated DTL 
circuits and silicon semiconductors 
mounted on PC cards. They are avail
able with address register, sequential 
counter and memory retention. One 
timing and control card provides all 
necessary in ternal timing pulses. 

Construction of the FI -3 is 3D or
ganization, 4-wire, using 30-mil low 
temperature coefficient cores. Packaged 
to fit a 19-inch rack, the systems con
tain all electronics including (optional) 
+6 and -12 V power modules. Fer
roxcube Corp., Systems Div., Engle
wood, Colo. 

Circle No. 232 on Inquiry Card. 

AC/DC DIGITAL VOLTMETER 

Two plug-ins and one adaptor make 
the 1820 DVM a versatile general-pur
pose laboratory voltmeter. Voltage can 
be presented either in dB (re 100 p.V) 
or volts; range is selected automatic
ally. The decimal point is positioned 
and the proper measurement units are 
selected and displayed automatically. 
As a dc multimeterjuhf voltmeter, it 
measures ac (peak reading, calibrated 
in rms) and dc voltage and current, 
and resistance to ±O.l % accuracy in 
most cases. As an ac / dc millivoltmeter, 
it measures both a~ (average) and dc 
with microvolt sensitivity. Direct cur
rent can be measured with picoampere 
resolution and, with a standard scope 
probe, alternating current can be 
measured with nanoampere resolution. 
With an adaptor added to either plug
in, conversion to a fully-balanced dif
ferential voltmeter with better than 
100-dB common-mode rejection is pos
sible. General Radio Co., West Con
cord, Mass. 

Circle No. 248 on Inquiry Card. 

A-TO-D CONVERTER MODULE 

This 12-bit analog-to-digital conver
ter module offers a conversion rate 
of 20,000jsecond and up to 12-bit ac
curacy. Designated 770-750, the module 
is designed to be mounted on printed 
circuit boards. It is a high performance 
low-cost module for applications re
quiring 12-bits or less, with control 
inputs and digital outputs designed for 
DTL, TTL compatibility. Coding is 
available in offset binary, one's com
plement or two's complement. Signal 
inputs can be ±10 V or 0 to 20 V. 
Other features include a low tempera
ture coefficient of 0.002% per degree 
centigrade and a conversion time of 
4 !1. sec/bit. Package size is 2.3 x 3.5 x 
1.10 inches. Redcor Corp., Canoga 
Park, Calif. 

Circle No. 214 on Inquiry Card. 
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PORTABLE OSCILLOSCOPE 

The Type 323 Sony-Tektronix all 
solid-state, 4 MHz portable oscillo
scope permits the operator to choose 
ac, dc or internal batteries for instru
ment power. Internal rechargeable 
batteries provide up to 8 hours con
tinuous operation. Power consumption 
from an external dc source (6 V to 16 
V) is up to 4.5 W (typically 1.6W) and 
14 W when powered from the ac line 
(115 Vac.) 4 MHz bandwidth is pro
vid~d at 10m V / div deflection factor. 
For low signal level applications 
ImV /div deflection factor is provided 
with 2.75 MHz bandwidth. Sweep 
rates are 5 p.s/div to I s/div. An XIO 
sweep magnifier extends the fastest 
sweep rate to 0.5 p.s/div. The CRT 
uses a low power direct heated cathode, 
providing a useful display 2 seconds 
after turn-on. A 6 x 10 div (~ inch 
div internal non-illuminated graticule 
permits parallax free measurements. 
Dimensions are: depth 10%", width 
8~2", height 4~" and weight approxi
mately 7 pounds (including batteries). 
Tektronix, Inc., Beaverton, Oreg. 

Circle No. 246 on Inquiry Card. 

RACK MODULE POWER SUPPLY 

H Series E case rack module power 
supplies offer a selection of voltages 
from 0.5 Vdc to 50 Vdc. Higher volt
ages up to 252 Vdc can be furnished 
upon request. Typical amperage level 
for the low voltage ratings go as high 
as 46 A at 50°C with no forced air re
quired. Optional features are high sta
bility to ±O.OOI %/8 Ius or ± 120 
p.V /8 hrs, whichever is greater and to 
±0.005%/mo or ±600 p.V/mo, which
ever is greater, temperature coefficient 
to ±O.OOI %tc or ±120 p.V, which
ever is greater and built-in overvoltage 
protection that has a maximum voltage 
overshoot about the set level of 0.5V 
for a maximum time of lOp.s. Remote 
programming at 200 ohms/ volt and 
remote sensing are standard on every 
unit. The unit size is 31%!2" high, 17" 
long, and 19" wide for rack mounting. 
Dynage, Inc., Bloomfield, Conn. 

Circle No. 227 on Inquiry Card. 

Good for you 
Sound, reliable Remex readers. Made that way 

through "building block" construction. Which means 
simply that whether you order one of our standard readers or 

ask us to build you a special one, we use the same basic 
components to put it together. Tried-and-true 

components that have withstood countless tests of 
reliability by our customers. And come out on top. Number 

one. That's probably why we sell more readers than 
anybody else. It's also a pretty good reason for you 

to check out Remex readers for yourself. 
Call us at 213-772-5321 or 

write: Remex Electronics, 5250 
W. El Segundo Blvd., Haw

thorne, California 90250. 
Remex readers. If you know 

what's good for you. 

CIRCLE NO. 27 ON INQUIRY CARD 
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., LITERATURE 

Automatic Circuit Test Set 

A 4-page brochure describes the 
Model AP-502 Automatic Circuit 
Test Set. The AP-502 is a portable 
tester that weighs less than 40 Ibs. 
and can check cables, connectors 
and harnesses for continuity and 
insulation resistance at speeds of up 
to 1200 tests per minute. The bro
chure shows a photograph of the 
tester and gives complete physical 
and electrical specifications. Tele
products, Inc., Moorestown, N. J. 
Circle No. 312 on Inquiry Card. 

Data Acquisition Systems 

This brochure describes, in detail, 
new systems for digital data acquisi
tion. Components can now be in
terconnected to make up ei ther 
highly sophisticated systems with 
advanced solid state components 
and controls, or more economical 
versions using less complex servo 
null-balance equipment. These sys
tems provide monitoring, auto
matic scanning, recording and limit 
detection for a wide range of indus
trial applications. Howell Instru
ments, Inc., Fort Worth, Texas. 

Circle No. 315 on Inquiry Card. 

Plug-In Power Supplies 

Over 62,000 different types of AC 
to DC plug-in power supplies are 
listed in a new 16-page catalog. In
cluded are regulated and unregu
lated supplies, singles and duals, 
and models for operation in various 
temperature ranges. The literature 
also describes panel assemblies for 
rack mounting power supplies, in 
addition to a laboratory power sup
ply with built-in indicating meter, 
and other power supply accessories. 
Acopian Corp., Easton, Pa. 
Circle No. 301 on Inquiry Card. 
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Thick Film Power Driver Module 

A 4-page engineering data sheet is 
available on a new line of power 
driver modules. The new data sheet 
provides maximum ratings and 
electrical specifications for all types. 
Case temperatures as functions of 
current and voltage are graphically 
displayed. Six schematics represen
tative of potential application for 
the modules are included. Bendix 
Semiconductor Division, Holmdel, 
N.]. 
Circle No. 305 on Inquiry Card. 

Hybrid Integrated Circuits 

This brochure entitled "A Design
er's Guide To Crystalonics Hybrid 
Microcircuits" includes informa
tion on hybrid and monolithic in
tegrated circuit comparisons, tech
niques used to translate a custom
er's circuit requirement into a 
breadboard, production processes 
and controls, quality assurance and 
reliability stress processing proce
dures, and helpful hints on design
ing and ordering hybrid ICs. Crys
talonics, a Teledyne Co., Cam
bridge, Mass. 

Circle No. 320 on Inquiry Card. 

Isolation Transformers 

This bulletin features 7 new Lab
oratory series power line/noise iso
lation transformers from 100 to 
2500 watts. It illustrates the double 
shielded Electro-Guard series trans
formers having less than .001 pf 
leakage capacitance between pri
mary and secondary coils. The 
Lab-line transformer insures 170 
dB of common mode isolation and 
attenuation of troublesome ground 
loop currents. J ames Electronics 
Inc., Chicago, Ill. 
Circle No. 308 on Inquiry Card. 

Circuit-Board Laminate 

The properties of the new 65M27 
glass-epoxy circuit-board laminate 
are described in this 4-page illus
trated folder. Properties specified 
include: volume resistivity, surface 
resistance, water absorption, dielec
tric breakdown parallel, dielectric 
constant, dissipation factor, flec
tural strength, arc resistance, solder 
blister, and peel strength. Westing
house Industrial Micarta Division, 
Hampton, S. C. 
Circle No. 303 on Inquiry Card. 

Panel Meters 

Ranges, prices, resistances, photo
graphs, diagrams and mounting 
specifications for DC and AC' me
ters within the 1 Y2-inch, 2Y2-inch, 
31~-inch and 5-inch sizes in both 
taut-band and pivot-and-jewel con
struction are presented in a 16-page 
two color booklet. Catalog 35F also 
lists models, sizes, voltages and 
prices for elapsed-time indicators, 
VU meters and null indicators. 
Honeywell Precision Meter Divi
sion, Manchester, N. H. 

Circle No. 307 on Inquiry Card. 

High Speed Integrated Circuits 

A 100+-page loose-leaf bound bro
chure includes current data sheets 
for 56 new high-speed logic MECL 
II integrated circuits (29 different 
functions). Each data sheet con
tains application "ideas" for that 
circuit function. Data pertinent to 
all the MECL families of integrated 
circuits is quickly categorized for 
instant reference in this easy-to-use, 
stiff-covered all-in-one data storage 
file. Motorola Semiconductor Prod
ucts Inc., Phoenix, Ariz. 

Circle No. 310 on Inquiry Card. 
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Bar Indicator Switches 

This 2-page catalog sheet illustrates 
and technically describes three 
thumb-wheel and pushbutton 
switches which are directly con
nected to a 7-bar indicator. In
cluded are 6 dimensional drawings, 
electrical ratings, electrical and me
chanical characteristics, environ
mental characteristics and quality 
control standards. Chicago Dy
namic Industries, Inc., Precision 
Products Division, Chicago, Ill. 
Circle No. 300 on Inquiry Card. 

CRT Displays 

Cathode ray tube displays is the 
subject of 4 important articles pre
senter in this 12-page booklet. The 
articles give a comprehensive pic
ture of present status of displays, 
opinions of leading manufacturers 
on raster-scan techniques, technical 
considerations which are influenc
ing CRT display design, descrip
tion of a CRT console for remote 
computing, and the use of magnetic 
disc with TV monitors for low-cost 
graphic displays. Each article con
tains illustrations, some with com
plete schematics of the systems de
scribed. Data Disc, Inc., Palo Alto, 
Calif. 
Circle No. 304 on Inquiry Card. 

Tape Readers/Reelers 

A complete reader line including 
"through - the -tape" and reflected 
light readers and associated tape 
handling equipment are illustrated 
in an 8-page brochure (GEA-8492). 
Products are designed for use in 
digital data handling, communica
tions, numerical control, photo
typesetting, ground support and 
other tape-programmed systems. 
Specification and application infor
mation such as capability, size, and 
special features appear on the same 
page as the product illustration. 
General Electric Company, Phila
delphia, Pa. 

Circle No. 311 on Inquiry Card. 

Pick a number, 
any number. Fast. 
With a Digitran thumbwheel switch, you 
can dial in any number between zero 
and the national debt. Fast. easy, and 
error-free. Digitran's modular design lets 
you program any number of digits. 

Digiswitch® and Miniswitch® look 
great, read great, and save panel space. 
(Up to 50% over rotary switches.) Their 
great simplicity means great reliability. 
And although simple in design, they 
handle complex electronic functions. 

Digitran pioneered the thumb-

wheel switch. In the process', we accum
ulated the world's largest library of 
application notes. This means we can 

. save you money in design time .. 
If you've a switching problem, 

send for our catalog. We'll send help. 
Fast. 

THE DIGITRAN COMPANY 
Subsidiary of Becton, Dickinson and Company [!Q) 

855 S. Arroyo Pkwy./Pasadena, Calif. 91lD5 
Tel: (213) 449-311O/TWX 910-588-3794 

CIRCLE NO. 28 ON INQUIRY CARD 

ELECTRONICS ENGINEERS 

Uou can How? Come to Lockheed Electronics Company 
II in Los Angeles ... where the world's fastest 2112D 

make memory system is already in production. Lockheed 
engineers conduct research in all phases of memory 

tomorrow's systems technology. NO.t only do they de
velop advanced memOries, but also what 

memorl-es memories are made of-the finest printed 
circuits, stacks and ferrite cores. With such a 

todav large numberof successful projects underway, Lock
J- heed Electronics has become the country's fastest

growing company in the memory system field. 0 To continue 
growing, Lockt'leed needs talented engineers in logic design, 
circuit design and magnetic memory design. There are also 
openings lor engineers with managerial experience. 0 
Tomorrow's memories can't wait. Send your resume today 

to Professional Employment Group, Lockheed LOCKHEED 
Electronics Company, 6201 East Randolph ELECTRONICS 
Street, Los Angeles, California 90022. 
Lockheed is an equal opportunity employer. COMPANY 

A Division of Lockheed Aircraft Corporation 

CIRCLE NO. 901 ON INQUIRY CARD 
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APILON@· FACED 
COMMERCIAL 

CLUTCHES/BRAKES 

(% actual size) 

American Precision Industries'Apilon®
faced electro-magnetic clutches and 
brakes, at rated loadings, have life 
expectancies of 100 million cycles. 
The unique Apilon® friction facing 
outlasts conventional types 10 to 1, 
virtually eliminating the need to re
place facings. An added benefit - no 
unsightly or contaminated wear 
products. 

Apilon® ceramic friction-faced clutches 
and brakes are ideally suited for appli
cations where unusually severe loads 
are placed up'on the product for long 
durations, such as in high-speed print
ers or in tape tensioning devices 
where continuous slippage occurs. 

Units are available in ratings of 2 lb. 
in. to 70 lb. in. of torque, in sizes of 
1" to 20/8" body diameter. 

HIGH · TORQUE 
COMMERCIAL 

CLUTCHES/BRAKES 

(actual size) 

A low-cost line of commercial clutches 
and brakes is also available for less 
demanding applications. 

These units can transmit torque with
out burnishing and are available in the 
same size and torque ratings as the 
Apilon@ line.' Standard co.il voltage, 
24 VDC. Other voltages available at 
no additional charge. 

• ~ AMERICAN e PRECISION 
INDUSTRIES INC. 

Electro-Mechanical Products Div. 
77 OLEAN RD .• EAST AURORA, N. Y. 14052 

TEL. 716/652-9000, TELEX 91-293 
OTHER DIVISIONS OFAMERICAN PRECISION INDUSTRIES INC.: 
BASCO • DELEVAN ELECTRONICS DUSTEX 

CIRCLE NO. 31 ON INQUIRY CARD 
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Test Equipment 

A 1968 forty-seven page, multi-col
ored catalog documents systems 
and individual products. It is 
broken down into 6 basic equip
ment sections and one general sec
tion. The catalog contains detailed 
specifications and prices' on each 
product and a list of E-H publica
tions and general Corporate infor
mation. E-H Research Laborato
ries, Inc., Oakland, Calif. 
Circle No. 306 on Inquiry Card. 

Plastic Encased Transistors 

Twenty-seven new types of plastic
encased transistors, making 92 in 
all are summarized in an Econoline 
Short Form Catalog (eN-200Bl). 
Also included in the new catalog 
are 4 differential amplifiers, 2 com
plementary pair transistors, and 5 
dual transistors, all in a unique 6-
lead plastic package. Sprague Elec
tric Co., North Adams, Mass. 

Circle No. 319 on Inquiry Card. 

Semiconductor Heat Sinks 

Catalog #68-B-2 covers a line of 
heat sinks for TO-5 transistors. 
This new product is known as the 
2225 Series, and is a series of finned, 
1 piece press-on units for circuit 
board applications. Catalog #68-
B-2 contains the following: Outline 
drawings, performance curves, 
prices, materials and finishes, and 
application information. Thermal
loy Company, Dallas, Texas. 

Circle No. 309 on Inquiry Card. 

IC Core Memories 

Key operating specifications for a 
line of integrated circuit core mem
ories, are summarized in a new bro
chure. The ICM-500, ICM-47, ICM-
40 and ICM-42 core memories are 
described. Full cycle times for the 
systems vary from 600 nanoseconds 
to 1.5 microseconds. Word capaci
ties range from 1 K to 32K words 
per memory module. Honeywell, 
Computer Control Division, Fra
mingham, Mass. 

Circle No. 317 on Inquiry Card. 

Paper Tape Readers 

Paper tape readers are the subject 
of a 4-page brochure which illus
trates and describes 11 reader mod
els, and points out general applica
tions. The brochure also explains 
and illustrates in isometric view the 
basic tape feed system, shows the 
method of tape sensing, and lists 
mechanical and electrical specifica
tions. Ohr-Tronics, Inc., Montvale, 
N.J. 
Circle No. 316 on Inquiry Card. 

DTl Integrated Circuits 

Five new data sheets describe a line 
of 10 DTL integrated circuits. The 
4-page, 2-color data sheets contain 
more than 80 technical illustra
tions, charts, and graphs and pro
vide comprehensive information on 
device specifications, test conditions 
and limits, and typical dynamic 
characteristics. Pertinent applica
tion information is also presented. 
Stewart-Warner Microcircuits, Inc. 
Sunnyvale, Calif. 

Circle No. 318 on Inquiry Card. 

Data Communication Equipment 

A new folder 3C8 illustrates a line 
of data communication products, 
and provides a condensed descrip
tion of the MODEM 4400 data sets 
and companion equipment. The 
folder includes a brief technical 
summary of three models of data 
sets, specialized voice adapters for 
voice / data transmission and trans
mission test equipment. Milgo Elec
tronics Cofp., ,Miami, Fla. 

Circle No. 314 on Inquiry Card. 

DCl Integrated Circuits 

The specifications, usage rules and 
applications for the Designer's 
Choice Logic (DCL) Series 8000 
line of IC's are covered in a 120-
page handbook. The handbook is 
heavily illustrated with schematic 
drawings, package configurations, 
performance curves in addi tion to a 
number of charts and tables in
volved with testing and design con
siderations. Signetics Corp., Sun
nyvale, Calif. 

Circle No. 313 on Inquiry Card. 
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BOSTON 

SALES 
OFFICES 

Lindsay H. Caldwell 

Professional Bldg. 

Baker Ave. 

W. Concord, Mass. 01781 

phone: (617) 369-6660 

NEW YORK 

Kaiser, McElwain, Dolbey 

Advertising Sales, Inc. 

60 E. 42nd St. 

New York, N.Y. 10017 

phone: (212) YU 6-2654 

CHICAGO 

Robert E. Dunn 

2 N. Riverside Plaza 

Chicago, Ill. 60606 

phone: (312) 372-6266 

Donald C. White 

616 Dalton Place 

Northbrook, Ill. 60062 

phone: (312) 272-6459 

LOS ANGELES 

David Barton 

672 So. Lafayette Park PI. 

Los Angeles, Cal. 90057 

phone: (213) 382-1121 

SAN FRANCISCO 

David Barton 

672 So. Lafayette Park PI. 

Los Angeles, Cal. 90057 

phone: (213) 382-1121 

CLEAN AIR 
COOLING SYSTEMS FOR 

CONTAMINATION CONTROLLED 
ELECTRONIC CONSOLES 

COMPUTORS 
CONTROL SYSTEMS 
TAPE RECORDING SYSTEMS 
TRACKING STATIONS 
FLIGHT SIMULATORS .' ~. 
MEMORY SYSTEMS ,~ 

(HEPA) High efficiency particulate 
filter 99.97% efficient on all 0.3 
micron particles at the equivalent 
of Class 100 clean room effective· 
ness. 

Standard Rack-
19" or 24" wide x 
2!Y' deep x 7" to 

12lf2" high. 

RAMNEY INDUSTRIES CORP. 

. --

Route 34, P. O. Box 585 Monmouth County Airport, N. J. 

TEL: 201·681·0101 
CIRCLE NO. 32 ON INQUIRY CARD 

". I , 

.1 " " __. , 

Memory systems designer. 
We're looking for a number of EE's experienced in sys
tem and circuit design associated with a wide spectrum 
of advanced military memory systems. Your background 
should include a minimum of four years in one or more 
of these areas: military memory system design; core or 
film memory circuit design; semiconductor memory sys
tem and circuit design; 2V2 D circuit design. Think about 
it. Then write Jim Anderson. 
An equal opportunity employer M/F 

rn LITTON INDUSTRIES, Guidance & Control Systems Division 
5500 Canoga Avenue, Woodland Hills, California 

. .,., , 

CIRCLE NO. 902 ON INQUIRY CARD 
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careers in 
miCrO-
electroniCS/ 
computer 
technOlogy 
Why" base your career on just one 
interview? 

EUROPEAN and 
NATIONWIDE CHOICE 

N. Y., N. J., NEW ENGLAND, WASHING
TON, D.C., PHILA., MINNESOTA, TEXAS, 
HUNTSVILLE, FLA., ARIZONA, CALI
FORNIA AND OTHERS 

Contact us if you have some experience 
or interest in any of the following: 

o Newest Memory Dvmt.-Cryo
genics, Thin Films/Magnetics, Multi
aperature Cores, Delay Lines, Disk 
Files 

o Micro-Electronics Design! 
Dvmt-Devices, Circuitry, Compo
nents, Systems 

o Solid State Circuitry-State of 
the Art Technique Dvmt., New Uses 
for Available Modules 

o Logic-and Digital Design 
o Semi-Conductor Engineering 
o Solid State Materials 

Technology 

Unusually interesting Senior Staff 
and Managerial Positions Available 
to $22,000 

All expenses are assumed by our client 
companies 

Write in confidence, including' 
present salary, acceptable loca
tions or call (Collect) Mr. Nellis
sen. (Area Code 212) Plaza 9-1720 

a&n 
aLBeRT. neLLlssen. Inc. 

Leading Consultants to Man.aoement 
in the Computer field 

510 MADISON AVENUE. N.Y., N.Y. 10022 
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TYPE B·5750 

LOW COST: 
$3.95 each in 1000 quantities. 

IIIGIi DnIGIiTflESS: 
time sharing up to 12 digits, 
or for DC operation. 

TUBE SIZE: 
0.53" diameter; 1.5" height. 

TYPE B·5055 

LO\'l COST: 
$4.35 each in 1000 quantities. 

ULTRA·IIIGIl BRIGIITfIESS: 
time sharing more than 12 
digits, or for DC operation. 

MUll TUDE SIZE: 
0.51" diameter; 1.35" height. 

TUBES SHOWN ACTUAL SIZE 

TlME·SIIARIUG OPEMTIOfl: 
like numerals can be driven in parallel, 
reducing driver costs, and without sacri· 
fice of brightness. 
IC·COMPATIBLE Pill COUFIGUnATlOU: 
dual-in line layout designed for IC de
coder I drivers. 
OPTlOIIAL Pili COIiFIGUnATIOU: 
conventional plug-in type for socket 
mounting, or flying leads for direct 
soldering. 
cor,mo Pili SPACEIlI LEAD STnAIGIITEIIEn: 
simplifies PC-board and/ or socket in
sertion. 
DECII,'AL POUlTS: 
positioned left and right, independently 
operable. . 
CIIAnACTEn IIEIGIIT: 0.5" 
Will-SIZE, LO\'l-COST SOCI(ETS: 
for DC or time-sharing operation. 
ULTnA-nELIABLE: 
like all ultra-long-life NIXIE tubes. 
LOIIGEST STATIC LIFE: 
for demanding applications. 
SPECIAL·CIIAnACTER TUBES: + 1- tubes available from stock. Alphal 
special-character tubes made to order. 
MOST COr.!PLETE IIARD\'IAnE BACle·Up: 
low-cost IC decoder I drivers available 
off-shelf. custom assemblies at pro
duction costs through. modular deSign. 
MOST COMPLETE APPLICATIOIfS BACle·Up: 
design and applications assistance of 
the kind available only from Burroughs, 
the originator of NIXIE tubes. For a 
demonstration, application notes and 
full information call 'Or write 
Burroughs Corporation, 
Electronic Components Division, 
Dept. N-17, P.O. Box 1226, 
Plainfield, New Jersey 07061 
TEL: (201) 757·5000. 



The parts we took out-gears, belts, 
pulleys, and pinch rollers - put reliability 
into Tally photo readers. 
Tally faced the moving parts dilemma by replacing most of 
them with three low-inertia servomotors to create a fast, 
smooth, quiet and more reliable photoelectric tape reader. 
The motors attach directly to the capstan wheel and the 
reeling, eliminating all troublesome gears, belts, pulleys 
and pinch rollers. No adjustments are necessary. Mainte
nance is greatly reduced and accurate read out over long 
periods of time can be expected. 

Tape movement through the read head is in exact accord
ance with the rotation of the motor armature. The high 
speed response of the motor allows a great variety of 
reading operations by merely controlling the current ap
plied to the motor terminal. 

It's fast. Searches at 1,000 characters per second. Reads 
synchronously at any rate up to 500 char/sec and stops 
befor7 the next character. Reads asynchronol,l.sly under 

control of external signals at any rate up to 200 char/sec.' . 
Runs in either direction in all modes. 

It's easy on the tape. The smooth, quiet action of the servo
controlled reels eliminates tape breakage, reduces tape 
wear and prevents reading errors. 

It's offered with many options. Many optional configura
tions are available, including recessed mount, flush mount, 
integral reeling, external reeling, and fully militarized 
construction. 

For complete information contact Tally Corporation, 
1310 Mercer Street, Seattle, Washington 98109. Phone 
(206) MA 4-0760. In the U.K. and Europe address Tally 
Ltd., 6a George Street, Croydon, Surrey, England. Phone: 
01-686-6836. 

TALLY 
CIRCLE NO. 3S ON INQUIRY CARD 

• 
II 16 

II • 


