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From HP-Three new dimensions in 
"pulser power" ... 

1. 

2. 

3. 

Multiphase 
MOS Testing 

125 MHz 
Capability 

Digital 
Programmability 
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Hewlett-Packard 's 1900 System, the 
pacesetter in pulse generat ion , now 
has three new capabil it ies that pu t it 
even farther ahead of all com peti ­
t ive pulsers. 

1 Multiphase MOS Testing - The 
• new 1934A Multiphase Clock 

plug-in lets you use the 1900 System 
to design and test MOS circu its with 
a minimum of effort. It gives you four­
phase outputs to 12.5 MHz. or two­
phasr to 25 MHz .. . with variable 
phase pattern and variable phase 
overlap. The 1934A can be used w ith 
either high-threshold drivers (the 
1915A) or low-threshold drivers (the 
1917A) ; but the 1934A's pr ice is 
strictly low-threshold . .. only $775. 

Circle Reader Service #4. 

2 125 MHz Capability - Now, 
• there are two 1900-System 

plug-ins that let you generate pulses 
at rep rates up to 125 MHz. The new 
1921A (for posit ive pulses) and 1922A 
(negative pulses) are designed for 
testing fast P L and EGL log ic - in 

- # N - • 

computers and high-speed digital 
com munications. Both have a fixed 
transition time of < 2 ns, variable 
amplitude to 5 V, and variable ± 5V 
offset . Both have switch-selectable 
complement capability, plus feed­
through pulse-add ing capabilities 
and pulse shaping capabilities. And 
both are compatible with other 1900-
System plug-ins such as the 1930A 
PRBS generator. Yet you can get 
either the 1921A or the 1922A for only 
$950. 

Circle Reader Serv ice #5. 

3 Digital Prog ra mmability -
• Now, your 1900 System can be 

computer-controlled , for high-speed 
auto matic testing applicat ions . .. 
thanks to HP's new 6936S Multipro­
grammer. Its 16-line parallel input 
lets you interface your 1900 System 
to a computer quickly and easily, 
using on ly one 1/0 slot ... and the 
result is a fully programmable pulser 
system suitable for almost any test­
ing or control purpose. 

To tie together your 1900 System 

and the 6936S, HP provides an inter­
facing package (Option 005) , which 
includes cables, program cards and 
software. This lets you assemble the 
comb ination of capabilities best 
suited to your own particular needs. 
For example, you can get the 1900 
with three popular plug-ins (1905A 
rate generator , 1908A delay gen­
erator, and 1917A variable-transition­
time output) plus the 6936S Mult i­
programmer and interfacing option 
005, for $5950. 

Circl e Reader Service #6. 
For further informat ion on any 

aspect of the pace-setting 1900 Sys­
tem , contact your local HP field 
engineer. Or write Hewlett-Packard , 
Palo Alto , Cal iforn ia 94304. In Europe: 
1217 Meyri n-Geneva, Switzerland . 

081/ 15 
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Now from Sprague Efecfricl 

' 

Your custom 
pulse transformer 
is a standard 
DST® transformer 

Some of the case sty les in which Sprague DST Pulse Transformers are available. Note the in-line leads. 

You can select the transformer design you 
need from the new Sprague DST Family, a 
fully-characterized series of Designer Specified 
Transformers which Sprague Electric has pio­
neered. It's easy. Start with the two basic 
parameters dictated by your circuit require­
ments: primary (magnetizing) inductance and 
volt-second capacity. 

New Sprague engineering data gives basic in­
formation from which all nominal sine wave 
parameters are derived. This data allows you to 
specify the one transformer from thousands of 
possibilities which will optimize performance in 
your application. 

Design Style A minimizes magnetizing induc­
tance change as a function of temperature. 
Typically it's<± 10% change from 0 to 60C; 
< ± 30% from -55 to +85 c. 

SPRAGUE COMPONENTS 

Design Style B ancl C give you broad band­
pass characteristics, and still keep magnetizing 
inductance change < ± 15 % from 0 to 60 C. 

Design Style D is fast. Associated leakage in­
ductance and coupling capacitance are kept at 
a minimum. :This style is just what you need 
for interstag~ and coupling devices in compu­
ter drive circuits. 

The Sprague DST Series packs a lot of trans­
former into minill)Um volume packages -
epoxy dipped for minimum cost, or pre-molded. 
The I 00 mil in-line lead spacing is compatible 
with integrated circuit mounting dimensions on 
pnnted wiring boards. 

To solve your pulse transformer design, start 
now. Write for Engineering Bulletin 40,350 to 
the Technical Literature Service, Sprague Elec­
tric Company, 233 Marshall St., North Adams, 
Massachusetts 01247. 

PULSE TRAN SFORMERS INTEGRATED CIRCUITS CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

SPRllGUE'") 
THIN-FILM MICROCIRCUITS INTERFERENCE FILTERS 

TRANSISTORS PULSE-FORMING NETWORKS THE MARK OF RELIABILITY 
CAPACITORS TOROIDAL INDUCTORS 

RESISTORS ELECTRIC WAVE FILTERS 
'Spr11u•' and ·@ · are registered tradem1tb of the Sor11u1 Electric Co. 
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The Great Idea ... by Kelvin, Varley, 
Poggendorff and Porter. 

Porter is the gentleman seated second 
from the left. With a little help from his 
friends, Hank Porter came up with a great 
idea. Or really, two great idea·s. The 
DIGIVIDER® and the DIGIDECADE®. 

The DIGIVIDER is a voltage divider 
that comes in two configurations. The 
Kelvin-Varley-Porter version and the 
Poggendorff-Porter conf iguration. They 
are Thumb.wheel Switches that act like 
ten-turn potentiometers, only better. Now 
you can "click" the dial sett ings to what­
ever voltage you want (as an output) and 
that's exactly what you get. And you 
don't need a magnifying glass to read 
the digits . 

DIGIVIDER accuracies range from 0.1 
to 0.025 % full scale voltage ratio (0.01 % 
available) with resolutions to 0.0001 % 
and input impedances from 100 to 
100,000 ohms. Trimming options are also 
available. 

The Poggendorff-Porter DIGIVIDER 
configuration can also be used as a 

resistance decade. Again, similar to a 
ten-turn potentiometer, only in this case, 
resistance as we ll as voltage settings are 
directly related to dial settings. 

The DIGIDECADE also comes in a dif­
ferent circuit configuration without any­
one's name attached to it. Here, as a 

resistance decade, it utilizes a weighted 
code of 1-2-2-2-2-, using live resistors to 
achieve nine discrete steps of resistance 
from (0-9) or multiples thereof. It is a 
linear progression that yields the desired 
total resistance. 

DIGIDECADES have accuracies to 
0.1 % of setting, resistance ranges from 
10 ohms to 1 megohm and step sizes of 
1 to 100,000 ohms. 

As with all DIGITRAN products, you 
con count on stability and quality. You 
won 't get more than a 5 milliohm change 
in contact resistance through 100,000 
accurate switching operations. \ 

So, write for our new catalog on 
DIGIVIDERS and DIGIDECADES, or even 
better, give us a call. That's a great idea 
too. 

THE DIGITRAN COMPANY 
A Division of Bec ton , Dickinson and Co. I B-D I 

85 5 South Arroyo Parkway, Pasadena, California 91105 •Phone : (213) 449-3110, TWX 910-588-3794 

P ictured [. to r.: William Thompson K elvin, 1824·1907,Englund, Hunk Porln,U . S . A ., Cromwell Fl ee twood Jlar l ey,1 828·1 883 England, Johann Christian Poggendorffl 796 -1877,Germany . 
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Cover: Top left. The decisions of the man pictured here will in a large 
measure determine the fate of electronics in c lean ing up the environment. 
He, Dr . Stan ley M. Greenfield , as Assistant Administrato r for Research and 

Monitoring of the fledgling Environmental Protection Agency, will be responsible 
for deciding the direction of much of the electronic applications in fighting 

pol lution. For what Dr . Greenfield and others have to say, seep. 32. (Photo: G. Purdon) 
Bottom right. Operational amplifiers , like those shown here from Analog Devices , 

Texas Instruments , Ze ltex, and Teledyne Philbrick, originally were discrete c ircuits 
designed to perform such operations as integration . differentiation, etc. 

However, with the advent of IC technology and the popular 709, the name has 
become a misnomer. For a complete , computerized listing of the m ost popu lar 

op amps by in put bias , slew rate, voltage drift , and price , check p. 21. 

5 Publisher 's Co lumn 21 Microworld 64 New Products 
6 Ed itori al 32 Challenge 68 Microworld New Products 

10 Up to Date 43 Cou rse 70 Literatu re 
14 Calendar 55 IC Ideas 79 Advertising Index 
18 Welcome 61 New Product Features 80 Samples 

21 OP AMP CHARTS GO ON-LINE! By A. Boyle , L. Rothstein , and D. Wilkins 
With the flood of IC op amps ever increasing, the job of listing them becomes more formidable 

than ever . However, with t he aid of the computer, we 're able t o bring you the most complete list­

ing available, us ing in put bias. slew rate , voltage drift, and price as parameters . 

32 WILL EEs JOIN THE WAR ON POLLUTION? By John McNichol 
In all the furor of cleaning the environment , there remains one key question-will electronic en­

gineers be in on the action ? For an in-depth answer, see what manufacturers , engineers , users , 

and the En vironmental Protection Agen cy 's research head , Dr. S. Greenfield, say. 

43 MEMORY COURSE-PART 6 
For the first time , we are cons idering mem ories not as iso lated types but as an integral part of an 

overall system . This month we take a look at hierarch ial memory systems from two points of 

view, co re memory interface . and memories in display, minicomputer , and logic applications. 

• Introduction By Steve Thom pson , The Electron ic Engineer 

• Segmented hierarchial memories By R. V. Bock, Burroughs Co rp . 

• Paged hierarchial memories By Roger Corm ier , IBM Corp. 

• Interfacing with memories By Dale Pippenger , Texas Instru men ts, Inc. 

• Memories in displays By A. Maurer, Hazeltine Co rp . 

• Minicomputers and controllers By Stephen A. Kall is , Digital Equipment Corp . 

• ROM's as logic By John Lin ford , Mototola Inc . 

55 IC IDEAS 
• An easy way to measure offset and bias current By Jack Goldberg, Monsanto Co. 

• Inexpensive divider extends range of 10-MHz counter to 100 MHz By R. L. Starliper, Western 

El ectric Co. 

• Addition and comparison in one operation By John T. Hannon , Jr. , Compu ter Sciences Corp. 
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KEPCO TALKS 
POWER SUPPLY 
TECHNOLOGY: 
THERMAL REGULATION IS THE REAL 
MEASURE OF A POWER SUPPLY 

It has long been recognized that a power supply's line and load 
regulation can, by feedback and very high gain, be reduced to 
infinitesimal proportions. Witn high gain, wide-band amplifiers 
providing nearly complete isolation from the effects of line or 
load variations, the limiting factor on performance becomes 
noise. Noise, in this context encompasses a whole spectrum of 
continuous or random unwanted deviations, including impulse 
or spike noise in the megahertz region , "ripple" in the 
audio-frequency band , jitter in the subcycle region, and over 
the longer term: drift. Filtering and shielding techniques, 
work at the higher frequencies, but jitter and drift being 
mainly thermal effects, their reduction is accomplished only 
by reducing the thermal sensitivity or the thermal regulation. 

+20"C 

'----+--------- - - time 

stabilized 
outp1a 

initial 

'• 

_c ~=~~:i:~~ l:~~~~~~:~~A::~:~~YT~~:PHO~:BAL~ 
FOR OBSERVED SHORT-TERM JITTER AND NOISE 

STEADY STATE 
"TEMPERATURE 
COEFFICIENT" time 

THE SOLID LINE IS THE THERMAL 
TRANSI ENT RESPONSE OF A 
CONVENTIONAL POWER SUPPLY. 

T HE DASHED LINE IS THE RESPONSE 
OF A l<EPCO POWER SUPPLY WITH 
THE ISOLATED l.C AMPLIFIER 

Every element in a power supply has a temperature coeffi· 
ci en t , the reference, the sampling resistors, the amp Ii· 
fier. .. . Their net steady-state value is reported as the "tem­
perature coefficient" on the spec sheet. Some elements in the 
supply, however, also exhibit a transient response to temper· 
ature changes, a large initial deviation which recovers slowly to 
the steady-state temperature coefficient. In these elements, co· 
efficients of change are balanced against others so that only 
the differential change appears in the steady-state coefficient. 
Unequal or localized heating or cooling · even a very small 
amount ·will cause major perturbations which decay only as 
the elements regain thermal equilibrium. 

Conventional, discrete construction, because of the physical 
separation of the elements, gives rise to the kind of thermal 
disequilibrium that makes the transient thermal regulation the 
largest single cause of low frequency jitter, noise and 
short-term drift. 

By using a linear I..C control amplifier, Kepco has significantly 
reduced this effect. Our amplifier chips are buried in 0.8 cubic 
inches of thermally conductive epoxy, to form a thermal low 
pass filter , filtering out the sudden temperature fluctuations 
·caused by drafts. The monolithic control amplifier sees only 
slow homogeneous temperature changes, affecting all parts of 
the chip simultaneously and eliminating differential heating as 
a cause of the transient thermal regulation effect. The irn· 
provement is several orders of magnitude! 

Kepco makes a number of fine power supplies with the ther· 
mally isolated I..C regulator; all of the models in our JQE and 
CPS series (quarter·, half· and full-rack sizes), the voltage regu· 
la tors of the PAT, PCX and PCX-MAT group , the current regu· 
lating CC models and our high-speed OPS units. We'd like the 
opportunity to tell you more about individual models 

WRITE DEPT. OF - 19 

KEPCD @ 

4 
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PUBLISHER'S COMME'N'C 

"TAKE ME TO YOUR COMPUTER ... " 
One of the most useful contributions from your editors comes in 
the form of what we call our annual " IC op amp report" which 
keeps you up-to-date on operational amplifiers. 

This year the report became a matter of concern when it was re ­
vealed that while over 500 IC operational amplifiers had been in­
troduced in the past 12 months, only 10 to 15% had been report­

ed in the pages of this and other publications. 

It was clear that this had to be corrected . But then it was realized 
that there was no quick, conventional way to classify 588 de­
vices by company, input bias current. slew rate, voltage drift, 
construction and price. And that's not all . The editors still had to 
plot 588 x 3 points on the chart . 

Editors Wilk ins (L) and Boyle study a printout. 

Editor Socolovsky instructed an editorial team consisting of 
Lynda Rothstein and Debbie Wilkins and headed by Technical 
Editor Art Boyle to come up with the report for this issue. They 
took the engineering approach and asked Philco's time-shared 
computer (a Burroughs 5500) for help. 

The computer now arranges the op amps by company and then 
divides the devices into two classes. hybrid and monolithic. If we 
ask the computer to sort by input bias current. it will start with 
the lowest value. list each op amp with that value. its manufac­
turer, model number, construction type and its price. And within 
each value it can give us price from the lowest to the highest. 
Since op amp manufacturers are constantly introducing new 
products. we could include them in our report almost up to press 
time thanks to the computer. which sorted and retyped the list in 
a matter of seconds! 

The editors get back in a moment what might well take hours us­
ing conventional tabulating methods. Just imagine arranging 
each of 588 devices into 4 different formats and having to keep 
each company's device. model number and construction in mind 
each t ime! 

While we regard the editors' effort as no more than a minor mir­
acle. we suggest that you turn to page 21 for our now famous op 
amp report and a very special offer. 

K. Robert Brink 
Publisher 
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VISHAY Trimmers 
Outperform AU Others 
VISHAY TRIMMERS HAVE BETTER TEMPERATURE 
COEFFICIENT 
The Vishay resistor ele ­
ment, a self-compensating 
combination of a proprie­
tary BULK METAL film set 
on a glass substrate, pro­
duces a dome shaped TC 
curve with a typical TC of 
5ppm/ °C (absolute maxi ­
mum TC of 10ppm/°C for 
all values) . 

WI REWOUND 
50 PPM/°C 

.55•c 25•c 

CERMET 
' 100 PPM/ °C 

150°C 

VISHAY TRIMMERS HAVE THE LOWEST NOISE 

CERMET 3% 

A multi-fingered precious 
metal alloy wiper in con­
tact with the highly con­
ductive surface of multiple 
resistance paths virtually 
el iminates both dynamic 
noise and catastrophic 
failures. fV.....,._,.._~""-"'-1''-'WIREWOUND 50n 

Iii:::::======= VISHAY 1on 

WIPER TRAVEL 

VISHAY TRIMMERS HAVE THE BEST RESOLUTION 
The combination of an 
absolutely uniform resist­
ance material , multiple 
wiper contact points, and 
multiple resistance circuit 
paths, yields a uniquely 
accurate setability of less 
than 0.05% . 

VISHAY TRIMMERS HAVE THE BEST LOAD LIFE 
Only the ultra-stable 
Vishay metal film element 
can provide a 2,000 hour 
load life of .5% ii.R maxi­
mum (0 :1 % ll.R maximum 
with burn -i n). 

HOURS 
2000 

Vishay trimmers meet or exceed all requirements of MIL-R-27208 
and MIL-R-22097 and add itionally meet the requirements of 
MIL-R-39035 characteristic J . The decreased test time and im­
proved product performance resulting from selection of Vishay 
trimmers more than offset the slight addit ional cost for better TC, 
lower noise, better resolution and best load life . 

Additional Information: Request Bulletin T R- 102 

PRECISION RESISTORS • NETWORKS • DECADE BOXES • TRIMMERS 
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A breath of fresh 
air in data communications 

In a landmark decision , the Federal Com mun ications Co mmiss ion has 
allowed competition among common carr iers in d ata communica tio ns .* 

The economic significance of th is decisio n by the FCC will beco me a ppa rent 
during the next few years. It wi ll provide t remend ous impetus to the fi e lds of 
data communications and digita l equipment fo r· the rest of this decade. 
Accompanying this economic opportunity, we fee l, wi ll be employ men t 
opportunities for electronic enginee rs. 

T o this magazine , the FCC's decision is particularly satisfyi ng because it 
provides the right clim a te to develop jobs for electro nic engineers on a so und 
economic basis . Since the inc reased competition a mong carriers will result in 
lower costs for data transmission, man y commercial companies will find it 
econo mical to buy digit a l equipment and transmit thei r d a ta fr o m one point 
to a nother. Therefore, in addition to an inc reasi ng dem and fo r 
co mmunications equipment such as , transmit ters, receivers, modul a to rs, 
dem odula to rs, repeaters, antenn as and transmiss ion lines, we ex pec t a pa rallel 
inc rease in the demand fo r data terminal s, small com puters, modems, da ta­
entry and retrieval equipment , and large computers with co mmunicat ions 
fr ont-ends. And the ta lent a nd skill s of electronic engi neers will be needed to 
wo rk on them . 

However , these jobs will deve lop slowly. T he data co mmunica tions ma rket is 
mos tl y a comm ercia l market , which obeys the laws of eco nomics , unlike the 
defense a nd aeros pace jobs which empl oyed most of EEs du ring the la te 
1960s. As this magazine has pointed out in its rece nt presenta t ion to 
gove rnment o ffi cials in Was hington,** for the same econom ic activ ity, the 
number o f engineers th at co mmercia l enterprises require is fo ur to five t imes 
lower th an the number o f enginee rs required by aerospace in dustries . For 
exa mple, when a co mpany such as Lockheed or Sandia loses $ 10 m illion 
wo rth of con t racts for a yea r , it lays o ff a bout 65 engineers, whereas the sa me 
amoun t of money at the communications pl a nt of Genera l Electric o r a t 
Da tran prov ides jobs fo r onl y 10 or I 5 engineers . The new act ivity in d ata 
co mmun icat ions, we estima te, will signify about $250 million worth of sa les in 
1972, which wo uld transla te into jo bs fo r 25 00 to 3000 engineers of a ll 
specia lties . 

The FCC decision is encouraging, and we have been advocating it because we 
fee l that in the se lf-adjusting mecha nism o f the free enterprise li es the t rue 
so luti on to the engineering unempl oy ment c risis . But we need more . There a re 
simil a r opportunities for U. S . manufacture rs (and , hence, empl oy ment 
opportunities fo r U. S . enginee rs) in the devel opment and produc t ion of da ta 
termin a ls, of elec tronic wristwa tches, and o f educati ona l equip ment. 

T o support the e ffort s of our readers in the now expand ing fi eld o f da ta 
communica ti ons, The Electronic Engineer magazine wi ll start a new sec tion 
on th a t subject (called DATA COMMUN ICATION S) with the next issue, in August 
197 1. In it yo u will find ideas for yo ur designs, guidelines for yo ur ideas, a nd 
a fo rum fo r yo ur opinions. 

Ar bu-fv Sef>co/011.r~ 
Editor ( 

*The decision on the FCC Doc ket 18920. dated May 26 . 197 1. states that the FCC wil l co nsider 
"technically and economically sound" applicat ions from new carrie rs (s uc h as Datran and MCI), and 
that it will permit the existing carriers (AT&T and Western Un ion) to com pete " fai rly and fully" in the 
sale of data transmission and other specialized com m unicat ions services. 

**See " Appointment in Washington ," The Electronic Engineer, May 1971 . pp. 28-29 . 
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And it doesn't look 
like a circuit breaker. 

Therein lies its beauty . 
When you use the JC rocker­

handle circuit breaker as a front­
panel on-off switch you get over­
load protection , too. Without the 
expense of using a switch and a 
breaker. 

Behind that handsome rocker 
handle is the engineering and con­
struction you know Heinemann 
for. Hydraulic-magnetic protec-

THE ELECTRONIC ENGINEER • July 1971 

tion. Which means precise ratings 
from 0.020 to 30 amp. 32, 50, and 
65V DC; 125 and 250V at 60 Hz 
and 400 Hz. Job-matched time de­
lays or non-time-delay response. 
Temperature-stable trip points. 
Optional special-function internal 
circuits. One, two, or three-pole 

<$> HEiNEMANN 

models. And a five-year warranty. 
Oh, yes. The rocker handle 

comes in white or gray. 
A pretty attractive package. All 

around. 
Write us for Bulletin 3381. 

Heinemann Electric Company, 
2806 Brunswick Pike, Trenton, 
N.J. 08602. Or Heinemann Electric 
(Europe) GmbH, 4 Dusseldorf, 
Jagerhofstrasse 29, Germany. 

4933 
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3 Output capacity 
Fan out of 16; or 10 loads on 50 ohm line; 
40 mA DC current output. 

4 Cross talk & power pins 
Center power pins. 

Easier board layout. 
Speed does not degrade with fan out. 
DC noise immunity is higher because of higher 
output capacity, and requires no series 
terminating resistors. 

Reduces, if not eliminates completely, 
cross talk and on-chip noise. 
Allows non-symmetrical loading of outputs. 

5 Thermal Management 

2 Pull down resistors 
Internal pull down resistors; no external 
resistors needed for lines less than 8" long 
and fan out of less than 16 (this occurs in 
95% of all connections) . ~ 

DC parameters specified in still air. 

I No air flow required to meet DC specs on 
temperature. 

Higher active component board density. 
Low assembly and parts stocking cost. 

/ 6 Number of MSI functions now available 
/ Three (as of 5/1171) 

Higher reliabi lity (fewer connections). 

1 Temperature dependence correction technique 
Temperature compensation. ~ 

Logic levels remain constant. 
Noise immunity remains constant. 
Same cooling requirements as standard TIL. 

Fairchild Easier ECL 
Our 9500 series Easy ECL general purpose 
logic family is designed for high-speed 
application (1.5nS-2.5nS). It is easier to use 
because it is temperature compensated to 
maintain noise margins while simplifying 
cooling requirements. It's easier and less 
costly to use because the required optimum 
pull down resistors are built into each 
device, saving additional parts and assem­
bly cost while preventing speed degrada­
tion as fan-out increases. 

The Easy ECL family is already large. And 
getting even larger. It includes three MSI 
devices now in stock, and more on the way. 

All of which means ever increasing freedom 
for the systems designer. 

Make it easy on yourself 
Send for our new ECL catalog, over 100 
pages of detailed data sheets and applica­
tions notes. Then, when next you think 
about a new high speed system, make it 
easy on yourself. Think about Fairchild 
EASY ECL. It's the easiest. 

Fairchild 9500 announcement schedule 

Available now in quantity 
9502 Dual 4-lnput OR/NOR Gate 
9503 Triple 2-lnput OR/NOR Gate 
9504 Quad 2-lnput NOR Gate 

------7 Flexibility 
• Offers low input impedance in standard 

speed (2.5nS) and high speed (1.5nS) gates; 
also offers high input impedance low power 
gates, (20mW). 

9505 
9528 
9538 
9581 
9582 
95H90 
9595 

Quad OR-A,ND Gate 
"Dual D" Flip Flop 
3 line/8 line Decoder 
8-lnput Multiplexer 
Multifunction Receiver/Schmitt Trigger 
High Speed VHF Prescaler 
Level Converter 

Available 3rd Quarter 1971 
9507 Quad-AND-NANO Gate 
95H02 High Speed 9502 (Dual 4-lnput OR/NOR Gate) 
95H03 High Speed 9503 (Triple 2-lnput OR/NOR Gate) 
95H04 High Speed 9504 (Quad 2-lnput NOR Gate) 
95L22 Low Power Dual Gate 
95L23 Low Power Triple Gate 
95L24 Low Power Quad Gate 

• 



• 
3 Output capacity 

Fan out of 6; 25 mA DC current output. 
Speed degrades with increasing fan out. 
DC noise immunity is lower and requires 
series terminating resistors for fan out 
greater than 6 because of low output capacity. 

2 Pull down resistors 
Need at least one external resistor on each 
output for lines less than 6" long. If the line is 
greater than 6" long and the fan out is greater 
than 4, two or three more resistors are 
needed for each output. This is an average of 
12 to 16 more connections for each ~ 
16-pin package. 

Lower active component board density. 
High assemblY. and parts stocking cost. 
High system c9st. 

1 Temperature· dependence correction technique 
Temperature tracking. 

Logic level voltage varies. 
Noise immunity varies. 
Special cooling requirements. 

95H29 
9534 
9578 
9579 
95H84 

High Speed J-K Flip Flop 
Quad Latch 
Quad Exclusive-OR Gate/ 4-Bit Comparator 
Quad 2- lnput Multiplexer 
High Speed 2-Bit Adder/Subtractor 

Available 4th Quarter 1971 
95HOO High Speed 4-Bit Universal Register 
95H10 High Speed Synchronous Decade Counter 
95H16 High Speed Synchronous Binary Counter 
95H28 High Speed Dual D Flip Flop 
95H39 High Speed Multiport Register 
95400 High Speed 64 Bit Scratch Pad 
95H55 High Speed 5-Bit Comparator 
9580 Triple 2-lnput Multiplexer 

4 Cross talk & power pins 
Corner power pins. 

I 

Requires special layout considerations. 
Increased cross talk and decreased 
noise immunity. 
Requires both true and complement outputs to 
be loaded symmetrically to maintain system 
performance. 

5 Thermal Management 
DC parameters are specified with 500 linear 

I 
feet/minute air flow and published typical 
thermal conditions for determining DC levels 
are at greater than 700 feet/minute airflow. 

Forced air required to meet DC specs. 

8 Number of MSI functions now available 
--------- One (as of 5/ 1 /71) 

____ 7 Flexlblllty 
Offers only high input impedance standard 
speed devices; gate power, 25 mW. 

In accordance with Fairchild's technical exchange agreement, N. V. PHILIPS 
{The Netherland•) Is en alternate source for the 9500 ECL series In Eurooe. 

l=~IRCHIL.CJ 

SEMICONDUCTOR 
FAIRCHILD SEMICONDUCTOR, A Division of Falrchlld Camera and Instrument Corporation, 

Mountain View, California 9<4040. (415) 962-5011. TWX: 910-379-6435. 

"" !-- 1- ft- --'-- ft--~-.!:-- II •-
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A new light guide 
Nippon Sheet Glass Co., Ltd ., of O­
saka, Japan , has a new light- foc using fi­
ber guide called SELFOc™. It 's prepared 
by means of an ion-exchange treatment 
of a special composition glass . The 
process causes the index of refraction to 
vary , whereas conventional optic fibers 
have a constant index core with a lower 
index cladding. 

The advantage of this new construc­
tion is that light headed for the pe­
riphery is always pulled back toward the 
axis, and it's transmitted along a si ne 
curve path . Light in conventional fiber 
optics is transmitted via multiple reflec­
t ions which di stort s waveform a nd 
phase , making high frequency light 
transmission difficult. With the new fi­
ber, however, light stays in phase be­
cause light th a t tra vels longer paths 
passes through material of lower refrac­
tive index in proportion to the distance 
it travels. Since this allows higher fre­
quency light transmission, this could be 
a boost to optical communication ca­
bles . 

SELFOC a lso has a lens effect which 
conventional fibers do not. By cutt ing to 
the proper length , micro lenses for opti­
cal instruments can be made . Other ap­
plications are in laser guides and conical 
light guides . 

Core Clad 

Point on central axis Point at distance of r 
from central axis 

Top sketch shows the structure for the 
com mon fiber optic material. The struc­
ture is made up of two layers, each hav­
ing a different index of ref ract ion. Lower 
sketch shows Selfoc®. With this material 
refractive index gradually descends from 
center to periphery according to the for­
mula N= N0 ( l - V2 ar' ). N0 is the highest 
refractive index in the center, and N is 
the refractive index at distance r from 
the center . 

10 

Ti red of soldering? 
Try screening. 
Electronic Engineeri ng Company of 
California (EECO) is si lk-screening re­
sistors directly ont o printed circuit 
boards , a process which could aid mass 
production in many areas . 

Resis tor rule values are 350 and 3,000 
ohms per square, and inks can be mixed 
to co me up with intermediate values . 
Application is at room temperature and 
curing takes I 0 hours at 3 I 5°F after one 
hour at 2 I 2°F. This stabi lizes the resist­
ors by driving off binders . Final toler­
ances are ±20%, which co mpares to 
early thick film tolerances . The tem­
perature coefficient is linear up to at 
least 80°C. 

Resistors can be screened onto a printed 
circuit board using a special ink . The 
dark rectangles are the resistors . 

Since traditional thick film design 
techniques a pply (designing circuits, fo r 
example) one pot or trimmed resistor is 
needed . (See "Hybrid resistor trim­
ming," The Electro nic Engineer, Oct. 

1970.) Anyone with a know ledge of 
thick film technology should have no 
trouble with this. 

They 've been using rigid, glass epoxy 
boards as substrates, at least I/ 16-in. 
thick . This prevents resistor separation 
and cracking because of board bending. 
EECO plans to sell inks and wi ll design 
and manufacture boards for anyone. 
For further information contact EECO, 
1441 E. Chestnut Ave ., Santa Ana, 
Calif. , 92702, or 

Circle Reader Service #252 

Credit checker has 
solid-state display 
American Regitel , of San Carlos, 
Calif., has added a credit-checking unit 
to its line of point-of-sale equipment. 
(The Electronic Engineer, May 1971 , 
pp . 47-50.) A terminal in itself, the Areg 
con nects to the Regitel central con­
trol- a Data General Nova mini- via a 
three-wire line. 

To check the status of a customer 's 
cred it, the salesperson enters the cus­
tomer 's credit-card number into the 
Areg's 12-key, touchtone-style key ­
board. Immediately a bove the keyboard 
is a five-digit , solid-state display (from 
Litronix, of Cupertino, Calif.) that gives 
a visual verificat ion of the entered num­
ber. 

The sa lespe rso n then enters the 
whole-dollar amount of the transaction, 
a nd the co mputer responds with a fi ve­
digit code word descriptive of the cus­
tomer's account status. 

Even th ough many account numbers 
may run to 10 a nd 12 digi ts, Regitel 
chose a five-digit displ ay because five 
digits take care of most purchases (the 
spillover on la rger purchases will be ob­
vious to the salesperson); five-digit -or­
less codes are co mmon in retailing; a nd 
a lo ng acco unt number th at moves 
across the display like ticker-tape is not 
a hindrance to the salesperso n. 

The displ ay represents the most ex­
pensive component in the Areg: even in 
quantities of 25,000 pieces, Regitel is 
paying Litronix between fo ur and five 
dollars per digit. 

Litronix is supplyi ng their Data-Lit 8 
fo r Regitel 's display. The Data- Lit 8 is 
a GaAs P lead fra me LED display. 

The first Areg units a re going to Bull­
ock's, a Califo rnia retail giant , which 
already uses Regitel's point-of-sale sys­
tem . 

For Areg , Circle Reader Service 253 

For Litronix, Circle Reader Service 254 
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Ts you a step ahead in design flexibility. 
Unitrode offers the only 1 OOV PUT type and the only type with 

.-.-~uaranteed stabil ity from -55°C to + 125°C. We also offered the 
first PUT in a hermetically sealed T0-18. 

ith Unitrode's Programmable Unijunction Transistors {PUTs), 
you 're freed from the restricting fixed values of conventional UJTs. 
Simply by varying external resistor values, you can program Eta, 
R 8, Ip and Iv to meet your particular needs in timing, pu lse, sweep and 
ensing circuits, oscillators and SCR triggers. The highest voltage, 

hermetic package and greatest temperature stability are three good 
reasons for specifying Unitrode PUTs. Three more are nano-amp 
leakage for long interval timing, low cost, and a strong applications 
engineering staff ready to help. PUT more design freedom at your 
fingertips ; order any of six types directly off the shelf. n t n For fast action, call Sales Engineering collect at (617) 926-0404 

~ Unitrode Corporation, 580 Pleasant St., Watertown, Mass. 02172. 

U N IT R 0 DE quality takes the worry out of paying less. 

r-----------------------------~ 
Unltrode Corporation, Inquiry Processing Dept. 70 
37 Newbury Street, Boston, Massachusetts 02116 

Please send free samples of PUT checked below (including data sheet) . 

Forward PHk V1l11y Forward PHk Valley 
Check Vollage Point Point Check Voltage Point Point 

for Unltrode Ralina Current Current for Unltrode Roting Current Current 
Sample Type No. Voltt max . ,ua max. ,uamln . Simple Type No. Volt• max. µ I mix. µa min . 

0 2N6119' 40 2.0@1 0V' 70@10V• 0 2N6t38 100 10@10V' 40 @10V• 

0 2N6120' 40 0.15@10V3 25@10V' 0 U13T3 100 2.0@10V> 70@1 0V' 

0 2N6137 40 10@10V' 40 @10V' 0 U13T4 100 0.15@10V' 25 @10V4 

1. Formerly U13T1 2. Formerly U1 3T2 3. l\;•1MO 4. Rc·10KO 5. T•·55"c , l\;•10K 6. T•+12s0c . Rc·10K 

NAME-------------TITLE.- ----- ---­

COMPANY------------ - -----------
ADDREss _______________________ _ 

CITV ___________ sTATE ______ Zf P. _____ _ 

~-----------------------------~ 
C irc/8 Reader Service # 13 
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International TV . .. With ITT's new TV system, you don't 
change the picture- just the language. The system, devel­
oped by ITT in Germany, features broadcasts of inter­
national events, permitting the viewer to select a language 
as he selects a channel- with the flick of a switch . The 
basic 12-channel system can be expanded to 24 sound 
channels for an even greater variety of languages. Appli­
cations for the system include continent-wide or even 
world-wide coverage of news, educational programs, and/ 
or sports events . 

Larger chip, larger ROM . . . Electronic Arrays of Moun­
tain View, Calif., has put a 12,000-bit MOS ROM on a 135 x 
141-mil chip for one of its European calculator OEM cus­
tomers. Arranged as 1024 12-bit words, the memory has 
an access time of about 2 µs, dissipates 250 mW (total), 
and operates from a single-phase clock. EA's European 
sales are handled by the Philips organization, and the 
memory will probably first appear in Europe under a Phi­
lips' part number. Even though it's slow, the memory has 
possibilities in microprogramming. 

Circle Reader Service #230 

Fine-grained alumina substrates . .. Western Electric has a 
new way of making alumina substrates for thin-film mi­
crocircuits. Fine-grained active alumina powder is ball­
milled in a polyunsaturated oil deflocculent. After casting 
and drying, the alumina particles are tightly packed and 
fired at 1500°C. Substrates made by this method are rela­
tively free from surface defects and greatly improve the 
adhesion of lead wires . Western Electric has licensed sev­
eral companies to make these substrates. 

Blocking light reflection ... Most phosphors used in display 
tubes are light in color and have a high reflectivity . This 
causes the display information to "wash out" in high am­
bient light. Westinghouse has come up with a method of 
attenuating the ambient light both before and after it is re­
flected from the phospor. The result is a high display lumi­
nance against a much less intense background. They call 
this process contrast enhancement. 

Expandable computer controlled testing ... In­
strumentation Engineering has made the first deliveries of 
their System 390 Universal Computerized Tester. The Sys­
tem 390 can be used for component and subsystem testing, 
as well as printed circuit board testing. It performs go-no/ 
go screening and fault isolation for such uses as production 
testing and service repair. The system has been engineered 
so that you can buy as little or as much of the system as 
you require. It can be expanded later without any prob­
lems. Computer instructions are via a fairly simple English 
language program. 

Buy connections, not connectors ... Bennett W. Brach­
man , VP of Marketing for Amphenol , estimates that 90% 
of all connector failures occur in the assembly of cables to 
connectors , usually done in the field. His solution is a total 
package buy with assembly completed at the factory . 

Semiconductors way off .. . According to the EIA Market­
ing Services Dept., U.S. factory sales of semiconductors 
for January was $89.7 million . Compared with $112.3 mil­
lion last January, the dollar decline is 20.1 %. Unit volume 
dropped from 295 to 209 million, or 29.3%. 

Aluminum wire boost . .. Alcoa recently demonstrated a 
new liquid flux and low-temp solder for joining dissimilar 
metals. Combined action of the new materials improves 
corrosion resistance and electrical stability of soldered 
aluminum joints. A company spokesman said that the new 
flux / solder combination is available for commercial eval­
uation, and predicted that it would accelerate the use of 
aluminum wire. 

Circle Reader Service #231 

It's anybody's market . . . In a landmark decision, all seven 
federal Communications Commissioners voted to open up 
the microwave specialized communications area (where 
many firms will handle high-speed data) to competition. 
Any firm with adequate financial backing and technical 
capability can now enter this field without an FCC hear­
ing. One result: this will open it up to what Commissioner 
Nicholas Johnson calls "the great American tradition of 
bankruptcy." 

Mr. Package ... Bryant C . (Buck) Rogers, President of 
Diacon, in San Diego, Calif., is Nepcon's "Packaging 
Man of the Year. " He invented the dual-in-line package 
while at Fairchild Semiconductor and recently developed a 
leadless package for large multi-lead circuits . (See The 
Electronic Engineer, Feb. 1971.) Buck was our nominee for 
the award, and we are pleased that he was so honored . 
Congratulations, Buck! 

Bits of information ... The next moon landing will use an 
RCA color TV camera that can be remotely manipulated 
from earth by radio . The system allows the camera to be 
turned on and off, panned around , raised or lowered, 
zoomed in on or out from a subject. Even the light control 
may be remotely adjusted for the best picture . .. Western 
Electric's Allentown , Pa ., plant has a new technique for 
producing amorphous silicon nitride. The method uses a 
standard diffusion furnace and the ammonolysis of silicon 
tetrachloride. The silicon nitride produced is used as a con­
tamination barrier in the manufacture of beam lead chips. 

Westinghouse claims to have the smallest TV camera 
ever built- 1 1/2 in . square by 5 in . long. It has a V2 -in . 
diameter vidicon tube and weighs 9 oz .... Several new 
lines of RCA's color TV sets contain hybrid 1c plug-in 
modules using material supplied by DuPont . . . Ray­
theon Co. has received a patent on an improved mi­
crowave phase shifter with dual polarization . 

Naval Research Laboratories' scientists have achieved 
continuous laser oscillation from a free-burning, low pres­
sure flame ... Motorola has cut prices drastically on a 
large number of their high-frequency transistors . Some of 
the cuts go as high as 60% ... RCA's new line of gas la­
sers includes a low-noise helium cadmium laser and a new 
multi-beam helium selenium laser. 
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No. 5: The Monomatic 
Bridge Go.ne are th.e days of the " knobby" 

universal bridge. No more hard-to-
read, interacting controls and annoying multiplier scales. 

With HP's 4260A Universal Bridge, you get a direct, 
in-line digital readout with automatic decimal and units 
indication - plus a unique auto-balance system that 
allows " monomatic" (one-operation) use. No more two­
handed struggles ; just set your scale, turn one feather­
touch crank .. . and the figure you 're seeking appears in 
seconds, in digits. 

indicator system that tells you whether you 're up-scale 
or down -as well as a null-meter for final adjustment: 

With the 4260A, you can measure C from 1 pf to 1000 
µf, R from 10 mfl to 10 Mfl, and L from 1 µH to 1000 H. 
Accuracy is ± 1 % + 1 digit on the middle ranges. Yet the 
4260A costs only $595. 

The 4260A is just one of HP 's family of " Useables" -
easy-to-use instruments for testing components. For 
further information on the 4260A, or on any of the 
" Useables," contact your local HP field engineer. Or 
write Hewlett-Packard , Palo Alto , California 94304. In 
Europe : 1217 Meyrin-Geneva, Switzerland. 

To aid in selecting the proper scale and in fine­
balancing the bridge, the 4260A has a unique neon-arrow HEWLETT lift. PACKARD 

COMPONENT-TESTING INSTRUMENTS YOU CAN USE 

091 / 10 

6 

~ 
G/lseables: 

2 

No. 1: 4342A 0 Meter. No. 2: 4270A Automatic Capacitance Bridge, No. 3 4328A M1lhohmmeter. No. 4 4329A High Resistance Meter. No. 5· 4260A Universal Bridge. No . 6 44708 Transistor Noise Analyzer. 
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Beede's new catalog num­
ber MR-4 contains complete 
details and pricing on the 
forty-two types of Control 
Meter Relays which we now 
keep in stock for same day 
delivery. Our better basic 
design* lowers cost and im­
proves performance. 

*patent pending 

I 
BEEDE 

A 
CONTROL METER RELAYS 

Penacook, N. H. 03301 
603) 753-6362 
x 710-364-6977 

G\LEND\R 

11 

18 

25 

12 \13 

19 20 

26 27 

JULY 

14 15 \ 16 17 

21 22 23 24 

28 29 30 31 

July 13·15: International Symposium on 
Electromagnetic Compatibility, Bellevue 
Stratford Hotel, Philadelphia, Pa. Addtl. 
lnfo.-Ralph Showers , Moore Sch. of EE, 
Univ. of Penna., Philadelphia , Pa. 19104. 

July 19-20: Summer Computer Simula­
tion Conference, Boston Sheraton Hotel , 
Boston, Mass. Addtl. lnfo .-Michael 
McCarthy, Wharton Sch . of Finance, 
Univ. of Penna ., Philadelphia, Pa. 19104. 

July 25·30: ISA's 1971 Research Confer­
ence on Instrumentation Science, Hobart 
and William Smith Colleges, Geneva, N.Y. 
Addtl. info .-lnstrument Society of 
America , Education Services Dept ., 400 
Stanwix St., Pittsburgh, Pa . 15222. 

AUGUST 
1 2 3 4 !> I 6 7 

8 9 10 11 12 13 14 

15 16 17 18 19 20 21 

22 23 24 25 26 27 28 

29 30 31 

Aug. 3-5: ACM's Quarter-Century Com­
puter Conference, Conrad Hilton Hotel, 
Chicago, Ill. Addtl. lnfo.-George Capsi , 
ACM , 1133 Avenue of the Americas , New 
York, N.Y. 10036. 

Aug. 11-13: Joint Automatic Control Con· 
ference, Washington Univ., St. Louis, Mo. 
Addtl . lnfo.-R. W. Brockett, Pierce Hall , 
Harvard Un iv., Cambridge, Mass. 02138. 

Aug. 23-28: European Microwave Confer· 
ence, Royal Inst. of Tech., Stockholm , 
Sweden . Addtl. lnfo .-H. Steyskal , Eu ­
ropean .Microwave Conference, Fack 23 , 
104 50 Stockholm 80, Sweden. 

Aug. 29·Sept. 1: 1971 AIME Electronic 
Materials Technical Conference, St . 
Francis Hotel, San Francisco, Calif. Addtl. 
lnfo.-J. J. Tietjen , Publicity Chairman , 
Metallurgical Society of AIME, RCA/David 
Sarnoff Rsch . Ctr., Princeton, N.J. 08540. 

'71 and '72 Conference Highlights 

WESCON-Western Electronic Show & Con­
vention, Aug. 24-27; San Francisco. Calif. 

NEREM-Northeast Electronics Research 
& Engineering Meeting, Nov. 3-5; Boston , 
Mass. 

IEEE International Convention and Ex· 
position will be called INTERCON '72. It 
will take place on March 20-23, at the 
New York Coliseum and New York Hilton. 

NOTICE: Location of the 1971 WESCON 
Show and Convention has been changed 
to Brooks Hall /Ci vic Auditorium , San 
Francisco, Calif. 
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NEW 
J30URNS 

MODEL 
3861 
... and 

VARIABLE RESISTOR 
.. . NEWEST ADDITION TO THE GROWING FAMILY OF BOURNS PANEL CONTROL UNITS! 

NOW LISTED ON QPL FOR MIL-R-94C, RV6 STYLE, the 
new Model 3861 with its hot molded carbon element is 
the ideal answer when your requirements call for long, 
dependable control life .. . when frequent adjustment 
is needed ... or for any RV6 Mil-Spec application. Ad­
vantages of the Model 3861 include: metal bushing and 
case ; 1/2 watt . power rating at 70°C; resistance to 5 
megohms ; and, tolerance of ± 10% ... and a price of 
$1.15 each in 2500-piece quantities. 

Also, take a look at the other members of the Bourns 
Panel Control family- many are cermet for added 
stability and higher power requ irements: 

= 

Model 
3862 1/2 11 dia., rated 1 watt at 125°C, 

resistance to 5 megohms, tol­
erance ± 10%. Price each in 
2500-piece quantities, $1.18. Model 

3852 

'-
3,4 11 dia., metal bushing , cs 
locking or non-locking, rated 
2 watts at 70°C, resistance to 
5 megohms, and tolerance of 
± 10%. The price: 81 cents 
each in 2500-piece lots. 

3/4 11 dia., plastic bushing or 
qu ickly installed snap-in ver­
sion , 2 watts at 70°C, resist­
ance to 5 megohms, tolerance 
± 10%. In 2500-piece quan­
tities, just 66 cents each. 

Complete technical data on these units is available from 
the factory or your local Bourns Trimpot Products dis­
tributor . .. write today! 

~J30URNS 
BOURNS, INC., TRIMPOT PRODUCTS DIVISION • 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507 
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Finally ... 
there·s a new and better way 
to transmit high-speed 
digital data. 

~Circle Reader Service #18 

¥:;; 
Polyester Cover Sheets 

Better than ribbon cable, twisted pairs, shielded and 
coaxial cable. 

It's AMP-manufactured flat-conductor transmission cable 
assemblies. 

With impedance and cross talk matched to user require­
ments. Closely controlled by our own design and flat­
cable manufacturing process. 

Which brings us to terminations. Connectors specially 
designed for flat-conductor transmission cable. 

Result? Flat-conductor transmission cable assemblies, 
custom made in sizes up to 32 conductors, in lengths 
up to 50 continuous feet , with matched impedance from 
end to end-ready for installation. 

That's it. The whole story except for some technical 
details on our flat-conductor transmission cable assem­
blies which we 'll be happy to supply when you write : 

AMP Incorporated, Industrial Division, 
Harrisburg, Pa. 17105. 

ANIP 
INCORPORATED 

Manufacturing and D irect Sales Facili ties in: Australia, 
Canada, France, Great Br ita in, Holl and, Italy, Japan , Mexico, 
Puerto Rico, Spain, Sweden. United States and West Germany . 
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Transient-free 
Zero-Voltage Switching of 
2-10-25AmpACLoads 
... from DC or AC signals! 

Realize the full potential of solid­
state switching ! Photo-isolation 
eliminates transients, isolates all 
inputs from AC loads that can 
cause false triggering . Zero volt­
age switching (at no extra ·cost) 
makes transients and RFI caused 
by arcing contacts or current in­
rush impossible. Switch 120V and 
240V circuits directly from low­
level IC signals . or from standard 
120V AC control vo ltages. No mov­
ing parts, transfo rmers, coils or 

True Zero-Voltage "Turn-On" reed re lays, means top reliability. 
Transient-free switchi ng requ ires The "4-way" industrial type termi-
true zero voltag e "turn-on" and nals cut installation time and cost. 
" turn-off". Note Crydom's super ior They're you r best buy for power, 
crossove r action durin g switch ing . performance, price. Send fo r data! 

Contact Your Local IR Office for Details ... 

c RV~~l~OF:T~N~I:':~ R':!T~I== I I~R I 
1521 Grand Ave .. El Segundo. California, 80245 (213J 322-4 887 
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Interconnection devices 
Specialties of the house at one year 

old Parlex Corp., located at 145 Milk 
St., Methuen, Mass ., are systems for re­
placing conventional wire harnesses, 
thereby reducing connection costs. Des­
ignated the "inner systems," they uti­
lize various technologies, including flex­

ible PCS, multi-layer flexi ble PCS , com­
binations of flexi ble and rigid PCs, lami­
nated bus bars, PC boards , and multi­
layer PC boards. According to Herb 
Pollack, Parlex's president, "inner sys­
tems" are a marketable product for the 
comp uter peripheral, medical elec­
tronics, instrumentation , and military 
and aerospace fields. 

Circle Reader Service #4 18 

Instant microfilm ! 
Micrographic Technology Corp. of 

Santa Ana, Calif., offers a complete in­
house capabili ty for making fiches in a 
variety of formats and camera magnifi­
cations. Their product is a combination 
camera-processor t hat photographs 
documents on 4 x 6-in . microfilm and 
automatically develops the film . A mi­
crofilm viewing system brings any se­
lected page into view in 3 sec. when a 
cartridge (which can store up to 6, 700 
pages) is inserted and the fiche and page 
indicated by push-b utton. Microfiche 
storage-retrieval devices are also avail­
able. Applications include security mi­
crofilm, technical documentation , and 
product cataloguing . 
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Testers for two-terminal semiconductors 
Datalogic Systems Inc . recently in­

troduced its first standard product- a 
tester fo r two-terminal semiconductor 
devices . The un it, designated Mode l 
IORZ, measures from 1-nA to I-A re­
verse current, and up to 10-A forward 
current for standard diodes, rectifiers, 
and zener diodes. Salient feat ures also 
include the abi lity to measure up to 
2000 V, and Z · (zener impedance). It 's 
a highly modular system, which can be 
customized fo r applications such as data 
logging and multiplexing and can be in­
terfaced for all known diode-handling 
machines . Price var ies according to de­
sired options; however, the basic cost is 
$12,000. A new-generation computer­
controlled tester , which has been sold to 
IBM , was shipped at the end of May . 

Circle Reader Service #420 



Amperex readout tubes 

11: I 

I 111 

You pay the regular price of $3.00 for one ZM1000 
... you get two ZM1000s for $3.01 

The ZMlOOO was designed into more new 
products in 1969 and 1970 than any other 
numerical readout tube. Now, to introduce 
the ZMlOOO's to even more equipment de­
signers, we are offering them in quantities 
from 2 to 500, for a limited time, at the spe­
cial promotional price of 2 for $3.01. This 
introductory offer, not available through 
distributors, is restricted to O.E.M'. s ... one 
purchase per customer ... 2 to 500. 

The regular prices are just as exciting: 
l -991 lOQ-4991500-9991100~99915000-9999 
5.00 400 3.00 2 .00 1.75 

.. . at these prices, you can't afford not to de­
sign us in, wherever cost is a key factor. 

The ZMlOOO is rated at 200.000 hours of 
dynamic life expectancy. Its bright clear 
numerals are plainly legible at 35 feet. An 

2 fors3.01 

8 decade readout of ZMlOOO's fits into only r - - - - - - - - - - - - , 
six inches of panel space. Every ZMlOOO AmperexElectronicCorporation 
has a built-in decimal point at no cost to you! I Slatersville, Rhode lsland,02876 I 

For immediate action , use the coupon pro- I 
vided and enclose your firm's purchase order. 

For data, circle 1 on the magazine's inquiry I 
card; to have our Sales Representative call I 
on you, circle 2 ; to indicate an immediate 
application, circle 3. Or contact : Amperex I 
Electronic Corporation, Product Mgr., lndica- I 
tor Tubes, Slatersville, Rhode Island 02876. 
Telephone: 401-762-9000. I 

Ampere» 
I 
I 
I 

Enclosed is our purchase order for__ I 
ZMlOOO's at your special introductory I 
price of 2 for $3.01. I 
Name I r.ue __________ ~ I 
Company_________ I 
Phone___________ I 
Street------------
City ___________ _ 1 
State --------ZiP--- I 

TO"ORRO\\ ·s THl~KING "TODAv·s PRODUCTS 

A NORTH AMERICAN PHILIPS COMPANY L------------J 



ANEW 
DIMENSION 

IN 

P.C. BOARD 
CONNECTING 

Solderless connector modules with .156-inch spacing. 
In two sizes : all with dual readout contacts-center modules 
with six, and end modules with four . With these two sizes , 
you can custom design your con'nector to accommodate 
just about any size p.c. board . 

Without soldering . 

Simply push the contact tails of these Mojo'"' connectors 
through the plated through holes of the p.c. board. And you'll 
have a gas tight. corrosion proof, vibration immune connection 
that's as electrically and mechanically sound as the best 
soldered joint. But more easily assembled than any soldered 
connection . More economically . And without the heating 
problems that automatic soldering methods often impose. 

And Mojo gives you more . 

Such as preloaded contacts that firmly grip the p.c. card, 
but keep their distance when the card is removed. Easily 
accessible square wire-wrapping posts in the event you have 
to make any extra back-panel interconnections . And you'll 
move smoothly and economically from prototype to production 
with just two connector modules to carry in inventory. 

Did we say just two modules? Sorry, we meant four. Because 
Elco still makes available Mojo connectors with contacts at 
.150-inch centers . Same specs, same special features as the 
new .156-inch . Just that little .006-inch difference . 

For full details and specifications on Mojo connectors, contact : 

Elco, Willow Grove Division , 
Willow Grove, Pa . 19090 
(215) 659-7000 ---

Elco, Huntingdon Division, 
Huntingdon, Pa. 16652 
(215) 659-7000 

Elco, Pacific Division, 2200 Park Place, 
El Segundo, Calif . 90245 
(213) 675-3311 

Operations in USA, Australia , Belgium, Canada , Denmark, England, France, Germany, Israel and Japan . Sales offices throughout the world. 
Copyright © 1971 Elco Corp. All rights reserved. 
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OP AMP CHARTS GO ON-LINE! 
By A. Boyle, L. Rothstein, D. Wilkins and the computer, 
Staff. The Electronic Engineer 

Again, we bring you our ann ual edition of The Electronic En­
ginee r's " IC op amp selection charts," but this year we've 

done something quite unique . Every year , the task of com­
piling the material for these charts becomes more fo rmid able . 
As new devices are introduced and more companies second 
source the more popular types, the number of op amps which 
we must process soon grows to amazing proportions . For this 
reason , no magazine can possibly announce all new op amps 
as they are introduced . So this year we asked the computer 
for he lp . 

What you see below is a composite printout of that op amp 
in fo rm ation relevant to these charts . The information was ex­
tracted from a permanent data file on integrated circuit op 
amps . Because the greatest amount of activity is in the lower 
cost op amps, we have defined our data base as those prod­
ucts costing $30 and under (in quantities of 100), and we have 
asked the com puter to sort them by construction type, that is, 
hybr id or monolithic. At present, our data base includes op 
amps in troduced since July 1970, when we last published our 
op amp charts, plus previous models which have proven to be 
very popular with users (the 709, 741 , and 101 , for example). 

Subscribe to our updating service 
Throughout the coming year, we will continue to update 

our computerized files . We' ll add new devices as they appear 
on the market, and we'll st rike those that become obso lete. 
While we cannot republish these charts with each updating, 
we can offer you a n opportunity to keep abreast of the latest 
in the field. Four times during the next 12 months (July and 
Oct. 197 1, Jan . and Apri l 1972) we will print out our updated 
op amp files . As in the printout below, this will list units by 
manufacturer , but will also include values for the three pa­
ra mete rs included in our charts- input bias current, slew rate, 
and voltage drift- as well as current prices. For $5.00 we will 

send you these computer printouts on a qua rterly basis for one 
year. 

These are the options you may choose from : 
Basic printout 
(al l units sorted by manufacturer , listing model number , 
input bia s current, s lew ra te, 
voltage drift , and price per 100 units ) $5 o 

Basic printout plus parameters 
(basic printout plus an additional print-
out for each para meter selected) 
input bias current ................................ .. 
slew rate ................................. .. 
voltage drift.. ........................... .. 

($5 + ) $2 D 
($5 +) $2 D 
($5 + ) $2 D 

Name ________________ ~ 

For an additional $2 .00 per parameter you may select one 
or all of the three parameters and receive a printout which has 
sorted the op amps by tha t or those parameters you have cho­
sen. The co mplete package costs $10, sav ing you $1. The fol­
lowing box explains how to order this service . Clip it out and 
mail it for your subscription to qu arterl y co mputer printouts . 

Reading the op amp charts 
Each of the following charts graphically illustrates the rela­

tionship between price and one of three important op a mp pa­
rameters. The parameters we have selected are : 

1 ). Input bias current 
2) . Slew rate 
3) . Input offset voltage temperatu re sensitivity 

Each device in the chart guide has a number next to it. That 
number represents that op amp in all three chart s. Pleas( 
keep in mind that these charts generally represent typical val­
ues. Gene Tobey of Burr-Brown says " . .. the definition of 
'ty pical' varies widely from one manufacturer to a nother (and 
from one production run to a nother for that ma tter) , and the 
result is often misleading. For instance," he says, "a 741 at 
$3 .00 with a voltage drift of ±3 µ Y /°C (typical) is rated on a 
par, for voltage dr ift, with the Burr-Brown 3054S/ 01 at 
$27 .00 and ±3 µ Y /°C (max). The difference between the two 

amplifiers, as a ny user will soon discover, is th at a relatively 
small percentage of 741 's will meet the ± 3 µ Y f°C specifica­
tion , while all o f the 3054S/ Ol's will meet it. The reason is 
that the ± 3 /1 Y /°C specification is a 'typical' for the 741 and 
a 'maximum' for the 3054S/01. Many of the 74l's may be ex­
pected to drift as much as ±30 µ Y /°C. Similar comments ap­
ply to the other parameters (except price which is a ' max­
imum' in all cases) ." 

Input bias current (118 ) 

Two definitions a re frequently assigned to input bias cur­
rent. The first (agreeing with the E IA glossary) states that it 
is the su m of the input bias current entering the two input ter­
minals o f a balanced amplifier, or, the bias current entering 

Complete package 
(basic printout plus three addi t ional print­
outs. each sorted by one of the three para-
meters) ... .. .. ..... ...... .............. . 

This is a unique service you can't get else­
where , so tell us which printo uts you'd like (sim­
ply check which option you'd like above) and 

$ 10 D 

send your total $$ to: Op Amp Computer Printouts 
The Electronic Engineer 
One Decker Square 
Bala-Cynwyd, Pa. 19004 

Address _______________ _ City ------------- State ____ _ Zip ___ _ 
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Andno•from 
the ROM capital 
of the world ••• 
••• 4096and 
3072 bits. 

With seven ROMs, we were already on top 
in the read-only-memory market. 

Our two newest ROMs will keep us on top 
for a long time to come. 

Each is worthy of special note. 
The MM4232/MM5232 is a 4096 bit static 

ROM organized in either a 512 word x 8 bit or 
1024 word x 4 bit configuration controlled by a 
mode control input. With an access time of 1 
microsecond. It features two mask programmable 
chip enable lines (CE1 and CE2), a clever inno­
vation which provides logic control up to 16K 
bits without external logic. 

Our other new ROM is the MM4241/ MM5241 
Vertical Scan Character Generator. A 3072 bit 
static read-only-memory organized in a 64 x 6 x 8 
format with an access time of 750nS. The 
MM4241AAN/MM5241AAN is a standard 5 x 7 
font available off-the-shelf. 

Both of our newest ROMs use standard 
supplies ( +5, -12V) and are bipolar compatible 
at the inputs and outputs. In addition, both have 
been designed with Tri-State" logic outputs. 
(Another innovation, and one which gives you 
wire OR'd capability without loading common 
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at our two newest 
ROMs. For more 
details on them, our 
other seven read­
only-memories, our 
line of standard code 
converters and look­
up tables, or a handsome picture postcard of the 
ROM capital of the world, contact us today. 

National Semiconductor Corporation, 
2900 Semiconductor Drive, Santa Clara, 
California 95051. Phone (408) 732-5000. 
TWX: (910) 339-9240. Cable: NATSEMICON. 

Note: MM42xx refers to-55°C to+ 125°C temperature range 
devices; MM52xx to -25"C to+ 70"C 

National 
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the input of a single-ended amplifier. Manufacturers of mo­
nolithic op amps generally agree to this definitio~ and use it 
to specify their devices. 

This de'finition, however, is far from universally accepted. In 
the case of a balanced amplifier, hybrid manufacturers take a 
different viewpoint. Their contention is that input bias current 
is the larger of the two currents rather than the average of 
both . 

It 's a good idea to keep this difference in terminology in 
mind when reading the bias current chart. A good rule of 
thumb is that if the op amp is monolithic, the bias is the aver­
age of the two inputs . If it 's hybrid , in most cases the bias is 
the larger of the two inputs. 

Slew Rate (SR) 
Slew rate is the time rate of change of the closed-loop am­

plifier output voltage for a maximum-step signal input. (A 
maximum-step signal inpu't is the largest input voltage step 
for which the amplifier performance remains linear.) This def­
in ition assumes that the amplifier is operating with unity am­
plification . 

Offset voltage temperature sensitivity (-1V 10/ .1 T) 
The ratio of the change in input offset voltage to the change 

in circuit temperature for a constant output voltage defines 
this parameter . This is an average ·value for a specified tem­
perature range. 

Chart Guide to Manufacturers and Devices 
HY8R ID OP AMPS 

UNlT NO , MODEL COST( Sil 00) 

AMPFREX 

ATF401 17 , 00 
hTF404 20.nn 

ANALOG DEVICES 

l A0503J 9 , 90 
4 AOP51 IA 14 , 00 
5 A051U 14 , 00 
6 A0503K 14 . 00 
7 A0513J 15 . 00 
8 AOP511R 11 . 00 
9 A0511H 11 . 00 

10 A0513K 17.50 
II AIJ506J 18 . 00 
12 AJ503S 18 000 
13 AOP511 C 21 . 00 
14 All51 IC 21 . 00 
15 AllS06K 21 . 00 
16 A0516J 21,50 
17 AOSIJS 21 . 50 
18 AOSl6K 25 . 00 
19 A0506S 26 . 00 
20 AOS16S Jo,oo 

AtJRR • BROWN 

21 3227/n3 9 . 50 
22 350 3A 9 . 90 
23 3226/03 13.on 
24 350 JR 13 .5 0 
25 3503~ 14 . 00 
26 3503r. 1 7 . 00 
27 3503S 17.3 0 
28 335?/nJ 17 ,5 0 
29 3350/03 22 . 00 
30 3503T 22 .1 0 
3 1 3349/n3 30.00 

DOC 
J2 0 • 557C 9 , 00 
3J t•557C 9 , 00 
34 0•578C • 2 10 . 00 
35 t•578C • 2 1 0 . 00 
J6 n • 557~ 11.00 
37 t•5S7ij 11.00 
J8 0 • 578C•I 12 . 00 
39 ! • 578C • I 12 . 00 
40 O· S57A IJ , 00 
41 1• 557- 13,00 
42 HSOC • 2 15 . 00 
43 n • 578R • J 18000 
44 1• 5788• 3 lb , 00 
45 n • 5788 • 2 20 . 00 
46 !•5789•2 20.00 
47 0 • 5788 • 1 2 1. 00 
48 1 · ~789 • 1 21.ou 
49 H~OC • I 21 . 00 
50 0 • 55 7A • 4 22 . 00 
51 1• 557A • 4 22.00 
52 HSOS • 3 25,00 
53 0 • 578A • 2 29000 
54 !•578A • 2 2~ . 00 

l « TfRSIL 
55 R'>O O 28 . 25 
56 n500A 29 . 75 

- MOTOROL A 

57 MCH2870CR ti e SO 
58 ~C1414J9G l?oOO 
59 MCHl539G 15 . 00 
60 MCH2R70~R l6 o00 

NU!ONAL H•IC ONOUCTOH 
61 LH 000 5C 1 . 00 

62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 

LHOOn?C 
LH74UOr. 

LHOn05 
LH002nc 

LHOOO? 
LH OOO•r. 
LH OOO I C 
Lll 00 2?r. 
LH 00 21C 

LH740A 
LY 003JC 
LH tl02QC 
L · ~ ooo3r. 

LH0020 
LH003> 

LH0032C 
LH 000 5A 

H.5 0 
9 , no 

13 . 00 
14.0 0 
14. 00 
16.5 0 
11.0 0 
18. 00 
18.50 
19 . 00 
20.0 0 
20 . 00 
22 . on 
26 .5 0 
28 . 00 
2A , On 
30 , 00 

OPTICAL ELECTRO~ICS 

79 9406 IY oDO 
80 9412 32 , 00 

P~ECTS!O ~ 'tONuLITHlCS 
81 SSS 1 Q<;R 2 . 80 
82 SSSl55R 5 , 45 
83 t-1nN np o4r, r~ ..... 
84 M0NOP U4CQ 

SILIC UNIX 
85 L 1 lTC A 18,40 
86 LI 37AA 26025 

TELfllYNE PH!LMR!CK 

RT 141 3 8.oo 
88 I 019 
89 1025 ..... 
90 1 o n 15 . 7 5 
91 14 08 •1 0 2 3·, no 
92 tQnH 23 , 00 
93 1408 - 11 21 . 00 
94 l 40R • 01 27 , on 

TELEDYNE SEM I CONDUCTOR 
95 '741C F 10 , 80 
96 2740CE 10 . eo 
97 280 9Cr. 17,00 
98 2 709CG IT oDD 
99 ?8A!Cf 21 o60 

!DO 1740RF 22 000 
IOI ?7AICH 22 , 00 
102 274 1RF 22000 
!OJ 2809R G 25,00 
I 04 2741 RH 25, DO 
I 05 ?7098G 25 , DO 
106 28418[ 26 060 

107 
108 
109 
110 

ZEL TE x 
ZC741E1 
ZABOIOI 
ZA801E1 
ZC741E6 

20 . 00 
2-;, no 
25 . 00 
26.00 

MONOLITHIC OP AMPS 

UN IT NO, MODEL COS Tl SI I OD l 

ADVANCED MICRO DEVICES 
200 307 2.75 
20 1 301 3 , 25 
202 741C 3.25 
203 3UIA 3 , 45 
204 747C 4,50 
205 715C 4 , 95 
206 AMl660 5.00 
207 7 Q 1 5,95 
208 7?5r. 7.50 
209 2n1 7 , 50 
210 207 7 ,6 0 

THE ELECTRONIC ENGINEER • July 1971 

211 
212 
213 
214 
215 
216 
2 17 
218 
219 
220 
221 
222 

223 
114 
225 
226 
227 
228 
229 
2JO 
231 
2J2 
233 
2J4 
2J5 
2J6 
237 
2J8 
139 
240 
241 
242 

243 
244 
245 
246 
247 
2 48 
249 
250 
?51 
252 
253 
254 
255 
256 
257 
25R 
259 
26 0 
261 
262 
263 

26• 
265 
266 
267 
268 
269 
270 
271 
272 
27J 
274 
275 
276 
277 

278 
279 

747 
308 

201A 
107 

725R 
I 0 I 
715 
~OB 

308A 
725 
I 08 

IOIA 

ANALOG OEVICfS 

A03DU 
A074!C 

A07U 
A0741K 
AO?DIA 
AOIDIA 

A0502 ,IH 
A070IL 

AD502KH 
A0502SH 

AOJOij 
A0502AH 

A0505J 
A0502LH 

A0505K 
A0505S 

A0502Ati 
Ao2oa 
AOl08 

All501A 

AURR • RROW .~ 

3n57101 
350nA 

305 3/01 
3056/01 

3501A 
3500~ 

3500R 
3055/nl 
3052/01 

35 0 1R 
350 IB 
35005 
3<;onc 

30 54/nl 
3051/nl 

3501S 
3501C 
.J500T 

3 n~o1n1 

350 1T 
3054S/OI 

FAIRCHILO 

HARRIS 

MUA301A 
MUA201 

MIJA709C 
MUA777C 
MllA?OIA 
~llAIOIA 
MUAT4 tr. 
HIJ A776C 

MUAlnt 
MUA709 

Mll A777A 
MUA741 
MIJ A776 

MUA709A 

RA • 26?5 
RA · 2~? 0 

9,95 
10.on 
12 . 00 
15.00 
15.00 
15.00 
20,on 
20 . 00 
20.00 
25.00 
30 , 00 
30 . 00 

1 . 00 
1.00 
·2.00 
2 . 25 
2 o75 
J,OO 
3,00 
6 000 
6000 
r,oo 
8000 
9,75 

10,on 
10.00 
12 . 00 
14,00 
l4o00 
15,00 
22.00 
21 . 00 

5,95 
6. 70 
7.50 
9,00 
9.9 0 
9 . 90 
9 , 90 

1'.75 
12. 7 ~ 
I 3 , 30 
1 3 . 30 
1 3 . 30 
1 3 . 30 
14 , 25 
16 . 5 0 
16 . 7 0 
16.7 0 
16. 70 
18. 00 
2 0 . 00 
21 . 00 

1.1 0 
1.25 
l o90 
2oJ5 
3 , 05 
lo25 
Jo25 
3o28 
J,95 
J,95 
5,95 
5,95 
8.8J 
9,95 

10 . 70 
17 . 85 

!Nll RSIL 
280 748C 1.10 
2RI 741C 1,25 
282 JDIA 3, Jo 
28J 7•8 3,95 
28• 7•1 3,95 
285 2n1 5o65 
286 ROOAC 5 , 80 
287 J 0 8 Ko DO 
288 2DIA a . on 
?89 101 e . on 
290 8021C 10 . 00 
291 6017C 10 . 00 
292 4250 C 10.00 
29J IOIA 11.35 
294 800~ M 11 .50 
29:> 8007C 13,5 n 
296 8017 M 14.00 
297 208 15,00 
298 J08A 17.J5 
299 tn6 20.00 
JOO 8 0 21M 26.5 0 
JOI 425 0 2e.so 

ITT 

302 MIC709 3 , 90 
303 ~JC74 I 5,95 
304 MIC709A 9.60 

MOTOROLA 

J05 MCl709CPI 0.80 
J06 MC1709CP2 o.85 
307 MCl709CL Oo98 
J08 MCl709CG Oo98 
J09 MC 1748CG lo25 
310 MCl741CPI Io 40 
311 MCl741CG Io 4'; 
312 MCl709 CF 1.so 
31J MCl741CL 1.60 
314 MCl741CP2 lo75 
Jl5 MCl709L lo75 
316 MCl709G lo75 
317 MCl4J9G 1.eo 
ll8 MCRCl709 lo85 
319 MCl712CF 1.8s 
J20 MCl437P I , 87 
J21 MCl435L lo9D 
J22 MCl43';G l o90 
J2J MCl439L 2.00 
J24 MCl4J7L 2.20 
J25 MCl712CL 2.25 
326 MCl458CG 2.25 
J27 MCIA20G 2 . 25 
J28 MCl456CG 2. 35 
J 29 MCl433L 2,45 
JJO MCl539L 2,50 
J31 MCl5J9G 2 , 50 
332 MCl433G 2.65 
333 MCl4.16CG 3 ol 0 
33• MCl45AG Jol2 
3J5 MC I 709F 3 o25 
336 MCl537L 3 , 25 
337 MC1741CF Jo50 
338 MCl533L 3 , 50 
3J9 MCl533G J o50 
340 MCIH~G 3o85 
!41 MCl741G J,90 
J•2 MCl741L 4,00 
34J MC 1431G 4. J5 
JU MCl•3DP •• JS 
J45 MCl43DG 4 . J5 
346 MCl741F •• so 
347 MC1456G 4,90 
)48 MC I 712L 5,25 
349 MC171?G 5,25 
350 MC IA 36G 5,60 
351 MCl431f 5.60 
J52 MCl4JOF 5 . 60 
J53 MCl71?F 5,70 
J54 M R 70 6.25 
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NOW You Can Sell 
Peripherals, Components and 

Instrumentation to the Prime OEM Computer and 
Systems Manufacturers 

WITH THESE SHOWS! 

Qomputer Systems 
Design '72 WEST 

Exhibition 
FEBRUARY 22, 23, 24, 1972 
Anaheim Convention Center 

Here's the SCORE CARD 
on our Recent . 
Computer Systems Design 
Exhibition in January! 

• Attendance: over 1 o,ooo 
• Quality of Attenda~c.e: ) 

(Consensus of exh1b1to~s. 
'f" Serious Quahf1ed "Terri 1c, ' ,, 

and Ready to Buy. . 
Resu\t: Much business wntten 

• the f\oor and current\y 
~~ing written after the show. 

Computer Systems 
Design '72 EAST 

Exhibition 
APRIL 18, 19, 20, 1972 

Hynes Civic Auditorium, Boston, Ma. 

wwwwwwwwwwwwwwwwww 

The universally acclaimed success of this first OEM 
show specializ ing exclusively in the design and engi­
neering of computers, computer systems and peripher­
als, points unmistakably to annual shows of this type for 
both major computer manufacturing areas-the East 
Coast and West Coast. Accordingly, two Conferences 
have been scheduled for 1972 and you can expect 
attendances of 15,000 or more for each show. 

Each show features an exhibition of the newest peri­
pherals, components, hardware, and instrumentation 
required to design, construct and test computers , sys­
tems and peripherals of all types at the OEM stage. Both 
exhibitions will be backed by a Technical Program con­
ducted by the best professional talent available. 

If you know the technical reputation of the Kiver organi­
zation ... If you know the reputation for sales-effective­
ness of the shows we conduct in many other areas, YOU 
KNOW THAT THESE SHOWS WILL SELL FOR YOU ... 
THAT THESE SHOWS WILL BRING YOU MORE PROS­
PECTS IN 3 DAYS THAN YOU COULD POSSIBLY DIS­
COVER AND VISIT IN 3 MONTHS! 

A sizable number of charter exhibitors have reserved large 
blocks of space to repeat their success in 1972. Don 't delay 
making your booth reservations now. 

INDUSTRIAL & SCIENTIFIC CONFERENCE MANAGEMENT, INC. 
222 WEST ADAMS STREET • CHICAGO, ILLINOIS 60606 • (312) 263-4866 
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355 MCl435F 6 085 438 SSS747BP 1 3 . 2 ~ S ! GN(T JC S HLF. OYNE PH! LH P!CK 
356 MCl433F 7 , 35 439 MnNnPO ICP 1 3 . 35 522 N5 7 n9 I, 65 
357 MCIS33F s,oo 44 0 SSS 725AJ 13 . 9 5 523 N574l 3,00 600 I .10 3 3 .! 0 
358 MCl43A H 8 .! 0 4 41 MnN OPO HA J I 3 . 95 524 55709 3, 75 601 I 3 n I 3 .1 0 
359 Mc 1s2 or. a.! 0 442 MnNn P- Ol J 14. 35 525 5 57 4 1 5.0 0 60 2 133 9 3 ,3s 
36 0 MCIS35G a.s o 443 MONIJPOIMP 1s . 25 S26 NE5 33 V 6'35 603 13, 9 5. 00 
361 MCl5J1G a.s o 44 4 SS S 747K 15.a o 527 N[ 536T 6.50 604 I 300 5 , 2 0 
362 MCIS30G a . so 44 5 SSS747AM 15.9 0 528 NE5 31 V 6.5 0 605 1317 10 . 0 0 
363 MCl535F 10,00 446 SSS725[J 16.3 0 S 29 NE53 1T 6 . 5 0 606 1323 12 . 5 0 
364 MC l5JIF 10.00 447 SSSA41P l6o45 5 30 NE533T 6.85 6 0 7 13? I 17 . 5 0 
365 MCl530F 10 . 0 0 4 48 SSSI O!AP 16045 53 1 NE 537T 7,50 608 1322 16 . 5 0 ... 366 MCl520F 10.00 449 SSSI0 7P 16 . 4 5 5 32 S5748T ..... 
367 M C IS3~H 14 . 0 0 450 SSS74 1 P 16 . 4 s 533 N574AT ..... TEL En YNE SEM !C ONOU CTflR 
368 MCl536 G IH.0 0 451 SSSA41L 17. 05 534 N5 748V ..... 

452 SSS!OIAL 1 1 . o s 535 N574AA ..... 609 109C[ 0 , 9 0 
NAT!OIJAL SEM!CONOUC TOH 453 SSS107L 17 . 05 53 6 N5 74ll 61 0 746CE I , 20 

369 LM709C 1. 90 454 SSS74 1L I 7, 0 5 S37 N5 741 V ..... 6 1 1 ><C l439 CE I. 4 0 
370 LIH SSA 3 . 25 4S5 MONO PO!G L 19.45 53 8 NS709T 612 7 4 1 r. [ I, 45 

' 37 1 LM74 7 C J , 25 456 MO NnPOIGP 19 . 45 S39 N5709V ..... 61 3 MCI 437r.J 1. 7 0 
372 LM310 3 . 25 4S7 SSS7 2 5HL 20 . 95 540 S5741T 614 7 119r.J 1 . 9n 
37 3 UO OIA N 3 . 25 4S 8 SSS72 5AP 20 .95 541 S570 9T 615 ' !l l tr.E I, 9 5 
374 l M74 IC 3,25 459 MONnP08Al 20 . 95 542 N5 74[A ..... 616 709AE 2 . 0 0 
375 LM30 1A 3 , 45 46 0 MON n P0 8BP 20 ,9 5 543 N57 09 A 617 739r.J 2 . 2 0 
376 LM7 0 9 J , 9 0 4 6 1 SSS72 5 J 2 1. 60 544 N5 74 0 T 618 MC 1458 CE 2 . 5 0 
377 LMJl 2 4 ,95 462 SSS747P 22 . 4 0 545 N5S5AV 6 19 MC1539RE 2 . 50 
37 8 U H458 5 ,9 5 463 SSS747<i 26 . 8 0 546 N55 5AT 620 MCl5 37AL 3 .1 0 
379 LM7 47 5,95 464 SSS7? 5F P 27 . 3 0 547 S555 8T 621 8 I Or. J 3 . 25 
38 0 LM741 5 ,9 5 46S MONllP • OAJ 21 . S5 S48 ~~5S6V 622 8 13 CJ 3 ,25 
381 LM21 0 6 . 0 0 549 N555 6T ..... 62 3 841CE 3.2s 
382 LM201 7. 50 QUAL! OYN F. 

5S O S5 556T 624 7488[ 3 . 9 (1 
383 LM20 1 7,5 0 466 QC301 • G 1 . 89 551 N53AR T 6 2 S 747CF. 3,9 0 
38 4 LM2 1 2 a . s o 467 QC307• G lo89 5S2 NS J OAT ..... 626 741 AE 3 . 9 0 
38 5 LM316 9 ,95 468 OC 741C 1 . d9 5S 3 NS3A1 V ..... 627 7 4 9 Bti 4 . 9 0 
386 l M 11 0 10 . uo 469 QC301A 2.8s S54 't 5 3A IT 62 6 709AE 5 , 00 
387 LM201A 12.0 0 470 QC2 0 1 3 , 25 

555 S520 1 V ..... 629 MC I S58AE s . on 
38 8 LH I OI 15 . 00 471 QC2 0 7• r. J.35 55 6 S5201A 63 0 R44r.E ~ . on 
389 LM l lll 15. 00 472 OC748 • r. 3.85 S5 7 552011 ..... 63 1 809CE 5 o8S 
39 0 LM216 19. 5tl 473 OC14S6 • G 3,90 SS8 S51AAT ..... 632 84 1R [ 5,95 
3 91 l M 11 2 19.5 0 474 Ot741•G 3,99 5 59 S510AT 633 809AE 7,9 5 
392 LM3 !6 A 20 . 00 475 QCl07 • i; 3,99 S6 0 55 1 OTT 634 81 1 BE 8 . 7, 
393 l MI 0 I A 30 . 00 476 OCIOI J . 99 S61 SS! A 1 T ..... 63 5 74 TRE 9 , 9 0 

477 OC741 3,99 S62 S5101T ..... 636 Lt~20 7 CE 1 2 . 00 
OPTICAL ELF.CTHONICS 478 QC201A s.s3 563 SESJ3T 10 . 0 0 637 844AE 12.00 

394 930 0 4,90 479 QCllOOC • r. 6 . 70 564 Sll5HT 2 0 .00 638 806r.E I 3 . 5 0 
395 9314 6 . 0 0 480 OC!5S6 • G 7.82 565 SE531T 2 0 . 00 639 R08AE 15 . 00 
396 9 302 10 . 00 481 Qr.308 • G 9.0S 640 805CE 1s . oo 
397 9308 11.00 482 OC308A • t. 10.85 SILIC ON GENE RAL 641 8!0RN 15. 00 

483 QClOIA 11.06 642 LMl07BE 10 . 00 
PHEC!S I ON MON OLIT H I CS 484 QC7H • J 12 . 00 S66 SG741C 3, 0 5 643 8 19AE •16 . 00 

398 SSS741CJ 1.4 0 485 QC208 • G 13 . 06 567 SG3 0 1 3 .2 0 644 80tnE 16.75 
399 SSS3 0 1A J I, 90 486 QCl73S • ! G 15.00 568 SGJ 0 1A 3 . ?5 645 8000[ 16 .75 
40 0 SSS3 0 7 J I , 90 487 QC7 0 AA • G 15.7 0 S69 SGT•! 5 . 80 646 80 6AE 21.8 0 
401 SSS841CJ 2 . 20 4A8 QCI08 • G 25 . 8 0 570 S G7 0 1 7, 00 647 805AE 21 .80 
4 02 SSS747CK 2 . 80 RAYT HEON 

571 SG201 A I 0 ,8 0 648 808AE 28.00 572 s r.1 0 1 14. 00 403 SSS30 1AP 3 , 50 4 89 HC709 I, 9 0 573 SGIOIA 2 n . OO 
649 800A[ 29 . 8 0 

404 SSS307P 3,5 0 49 0 RC 4709 3 . 2s 650 ~ O I RE 29 .8 0 
405 SSS74 1CP J , 50 491 HC 74 1 3 , 25 S!L!Cn N!< 406 MONllPO I CJ 3.65 49 2 HM709 3 , 9 n TEXAS INSTRU"ENTS 
40 7 SSS74 1GJ 3 ,9 5 493 HM7•1 5 o4 S 574 LM20 1H 7,5 0 
4 08 SSS841CP 4 . 05 494 RC474 1 1 . 00 575 Ll • OC A 8 , 8 0 651 SN72709P o . 88 

409 SSS747C P 4,05 495 RC I 0 I A 1 . s o S76 LM2U I O 10 .s o 6S2 SN72709N 0 .90 
41 0 SSS8 4\G J 4,9 5 496 RM7 0 9A 9.35 S77 LM?OIF 10 .5 0 6S3 SN72748P o .94 
411 SSS201AJ 5 . os 497 HM4709 12 . 00 S78 Ll40r.L 11. 80 6S4 SN72741P Oo94 
412 SSS2 0 7 J 5 , 05 496 RM4 7 4 1 2 0 . 00 579 LM I OI H 12 . 50 655 SN72702N o .96 
413 SSS741 AJ s .! 0 499 R"lO!A Jo . on 58 0 l.H I 0 I H 1 2 . 5 0 

6S6 SN7274\N 1 . 0 6 
414 SSS747r.K 5,45 581 L 1 40 AA 14. 7 0 6S7 SN72307P 1.14 
415 MONO PO 1 H.J 6.6 0 RC A 

582 l.M l 0 I 0 15 .5 0 658 SN72301A 1 . t 4 
416 SSS 725CJ 6 . 75 500 CAJ029 1.18 583 l 41 0 IF 15 . 5 0 6S9 SN72SSAP l o68 
417 MON OP08 CJ 6.75 501 CAJ056 I• 78 584 LH I OI O 15.5 0 660 SN72747N I, 7 3 
41 8 MONOPO I GJ 6 . 8 0 502 CA3 0 47 1.90 S85 LH!O !F 15 . 5 0 661 SN52709L I .87 
41 9 SSS74 1GI. 6 . 80 503 CA3 0 30 1. 90 586 L143r.L 16 .I 0 662 SNS?74AL 2 . 03 
4 20 SSS74 1 GP 6.8 0 504 CA301 0 1.90 587 Ll4 0 AL I 7, 7 O 663 SNS2741L 2 . 03 
421 SSS747 ~K 7,5 0 50S CAJ029A 2.28 S88 l 1 4 JCP 19. I 0 664 SN52702L 2.04 
422 SSS 84 lr.L A, 75 506 CA3037 2.2 8 S89 ll3 0 ~A 19.7 0 66S SN52558L 3 066 
423 SSS 84 1GP 8 .7 5 SOT c AJ0 0 8 2.52 59 0 l 14 3 Al 27 .7 5 666 SN52101AL 4 . 08 
424 SSS 20 1 AL 9 , on S08 CA30!S 2 . 88 591 Ll300A 29 .5 0 667 SNS2747J 4.3A 
425 SSS 20 1A P 9.0 0 S09 c A3 0 4 7A 3o48 668 SN7277 \ P 7 , 5 0 
426 SSS20 7L 9 . 00 510 CA303J 3.48 SOLi TRO N 669 SN7271 0 P 7,5 0 
427 SSS20 7P 9.0 0 511 CA3 0 3 0 A 3o48 670 SN521 0 7L 9 . 00 
428 SS S 74 1 RL ? . oo Sl2 CA3038 3.48 592 UC 4J O!A 3,25 671 SN52771L 13.50 
4 29 SSS741RP 9 , 00 513 CA3016 3 .48 593 IJC 4741 C 3,25 672 SN52770L 13 . so 
43 0 MONOP08C P I 0 .! 5 514 CA3 0 37A 3 o48 594 llC 4 7 41 ~ .95 

43 1 SSS747r.P 10 . 60 515 CAJ OI OA J.4 8 S95 IJ C4 2 5 0 TRANSIT RON 

43 2 SSS72 S CP 11 . 3 0 516 C A3 00 ~A 4 . 08 596 UC 4 10 1 A 30 . 00 

433 SSS841J 11, 5 0 S1 7 CA3 0 38A 4068 673 TOA17 09 3 . 70 
434 SSS I OIA J 11 . 5 0 518 C A3 0 1~A 406 8 SPRA GUt 674 TO Al741 5 , 75 ,. 
435 SSS107 J 11, 50 519 CA3056A 4,74 597 ULN • 2741 M ? • I 0 675 TnA4709 7 ,5 0 
436 SSS7 41J 11.50 520 CA3 0 16A S.3 0 598 U L~ - 2 741 0 ~ . 25 676 TOA 7741 11, 5 0 
437 SSS7 47 GM 12.1 0 521 c A3 0 33A 5,88 S99 ULS - 274 10 4 , 95 677 TOA7709 1 2 .8 0 
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Solitron eliminates 
memory headaches with 
no buffering 

tron Shift Register No matter what the 
clock's state is-"O" or "1 "-all the 
data is retained for future use 

When you use the UC7355 only 
one DTL/TIL clock is needed at any 
frequency from DC to 2MHz . And all 
data inputs are protected against static 
shock. 

Contact your 

tive . He'll cure your 

Complete Compatibility. 

Solitron representa- I~·" 011·tron 
memory headaches ________________ __. 

DEVICES, INC. 

The UC7355 Dual 50 Bit Static 
Shift Register is DTL/TTL compat­
ible. That means you don't need a spe­
cial buffer interface between the TIL 
input lines and the TTL output lines . 
Simple . 

And you can stop worrying about 
lost information when you use the Soli-

-and he'll be glad 
to tell you about our whole line of MOS 
devices . Rem ember. Solitron means re­
liability . 

Solitron Devices. Inc . P.O. Box 
14 1 6 . San Diego. California 9 211 2 
Telephone (714) 278-8780. TWX 
910-335-1221 . 

For custom designs or standards, contact Solitron, leader in semiconductors: 
SAN DIEGO, CAL. SI & Ge. Power Transistors Precision RF Coax. 
8808 Balboa Avenue RF & small Signal Transistors 
FET & Dual FET Transistors PNP-NPN Industrial Transistors PORT SALERNO, FLA. 

Cove Road 
MOS / FET Devices LONG ISLAND CITY, N. Y. Microwave Connectors 
MOS Memory Arrays 37 _1 1 4 ?th Ave . 
Shift Registers Microwave Components 
Monolithic IC s Bolometer Elements 
RIVIERA BEACH, FLA. 
1177 Blue Heron Blvd. 
Hi Rel Power Transistors 

Ferrite & Ferrite Devices 
Microwave Semicond. 
Plaxial (R) Cable 

TAPPAN, N. Y. 
256 Oak Tree Road 
Diodes & Rectifiers 
Zeners 
High Voltage Assemblies 

Power Rectifiers 
Thick Film Hybrid Circuits 

TOKYO 105, JAPAN 
NO. 5, 3-Chome 
Shibahamamatsu-cho 
Minato-ku 
Matsushita Electric Trading 

KENT, ENGLAND 
Tubs Hill House 

London Road , Sevenoaks 
Solidev, Ltd. 
Full line of 
Sol itron devices 

BEN BAROQ, ISRAEL 
51 Hayarkon Street 
AEL Israel , ltd . 
Full line of 
Solitron devices 
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~HEON 
SEMICONDUCTOR. 

OUROPAMPS 
HAVE PA METERS 

WITH TEETH. 
Our new products are taking a chunk 

out of the operational amplifier market 
with parameters that are easy on de­
signers and tough on competition. All 
of our de parameters are specified over 
the entire voltage range - with no 
fall-off. 

The new RM4131 . It 's unique in bi­
polar IC 's, with input offset voltage of 2 
mV maximum and 0.7 mV typical. Input 
offset current of 10 namp maximum and 
2 namp typical. This high gain op amp 
has slew rates four times that of 709's 
and 7 41 's. Typically 2 volts per micro­
second with unity gain bandwidth of 4 
MHz. And if low current drain at 20 V 
of 1.6 mill iamps maximum is still not 
enough to put the RM4131 on your pur­
chase order the large voltage signal 
gain should. It 's typically 106 db from 
3 to 20 volts . 

The new RM4132. It cuts power dis­
sipation by two orders of magnitude 
and needs no external bias or compen­
sation. This proprietary micropower op 
amp has typical current drain as low as 
22 µ.A. At maximum, 35 µ.A. Input offset 
current is reduced to 0.7 namp. It main­
tains unity gain bandwidth of 150 KHz. 
And it means further perfection in your 
battery operated circuits . 

Proprietary linear circuits is one of 
our great strengths. But it's not our only 
strength . We're rapidly adding to our 
extensive line of off-the-shelf linear cir­
cuits as well. We provide the tightest 
parameter specs you can get in mono­
lithic op amps, differential and dual 
comparators , voltage regulators, li ne 
receivers, and sense amplifiers . All avail­
able now at franchised Raytheon Semi­
conductor distributors. 

CHOMPI 

Circle Reader Service #26 

Raytheon Semiconductor has 
changed. We have a new technical 
team. And new development programs 
providing new design tools . We're 
working on things like new dig ital ana­
log interfacing that allow active switch­
ing and amplifying. Greater integration 
of external parts in voltage regulators. 
Greater circuit stability from improve­
ments in temperature tracking. And 
we're going beyond the parameters 
established for slew rates, offset volt­
age , noise , bias current and offset 
current. 

If you haven't been keeping up with 
us lately you've got a surprise coming. 
Write for our complete IC catalog and 
see. Raytheon Semiconductor, 350 Ellis 
Street, Mountain View, California 94040. 
(415) 968-9211. 
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Will EEs join 
Suffering from burning 
eyes, clogged sinuses, 
and a lighter wallet, it 
could be you're a victim 
of an insidious enemy­
pollution. Although elec­
tronics hasn't been 
drafted as yet, the elec­
tronic engineer will defi­
nitely have a place in the 
war against pollution as 
the battle lines are 
drawn. 

Dr. Stanley M. Greenfield 
of the Environmental Protection Agency 



the war on pollution? 
John Mc Nichol " New Directions Editor 
You 're in a large , cool, windowless room, dominated by 
an enormous display with an electronic map of the United 
States , its land masses and waters. Wall-size displays and 
clusters of CRTs give off an eerie green light as some tefe­
typewriters clatter away. Banks of computer hardware fill 
much of the room. Suddenly , there 's a buzz of excitement 
as someone mutters, " Oil spill in the Mississippi." 

Approaching Cairo, Illinois, the last in a string of oil 
barges has broken loose. Drifting onto a sandbar with 
great force, part of the hull rips, releasing gallons of heavy 
crude oil. Soon the placid brown river has a heavy oil 
scum spreading downriver. 

A nearby satellite monitor detects the oil and the 
information is telemetered to a master monitoring station 
five miles upstream. An emergency warning- a top prior­
ity environmental incident- is then relayed to the large 
room - the En vironmental Protection Agency 's ' war 
room. ' Here the enemy is pollution. 

Another display appears and quickly fills with graphics 

DR. STANLEY M. GREENFIELD AND EPA 
Reflecting President Nixon 's challenge that " the 1970s ab­
solutely must be the years when Amerioa pays its debt to 
the past by reclaiming the purity of its air, its water, and its 
living environment ," the Environmental Protection Agency 
was formed Dfic. 2, 1970. In the brief period since then , EPA 
has grown to some 5500 employees partially inherited from 
15 ongoing federal programs . (EPA's concern with the envi­
ronment on a federal level is shared with the President 's 
Council on Environmental Quality and the Department of 
Commerce 's National Oceanic and Atmospher ic Adminis­
tration .) 

Although EPA has undergone some major reorganization­
al changes since its formation , the basic structure rema ins 
the same . Under Administrator William D. Ruckelshaus 
there are various staff offices ; the line offices , such as 
Media Programs (Air and Water Programs) , Categorical Pro­
grams (Pesti ci des, Radiation and Solid Waste Programs), 
and Research and Monitoring; and ten regional offices from 
Boston to Seattle . 

The man who enthusiastically took over as Assistant Ad­
ministrator for Research and Monitoring in February is Dr. 
Stanley M. Greenfield . A former governmental hand who 
worked with both NASA and the Air Force, Greenfield 
stressed the importance of line authority in his new job if he 
was ever to successfully implement the research and moni­
toring funct ion. 

Most recently , the mustached Greenfield , who speaks with 
great intensity of his new responsibilities , was formerly with 
Rand Corp ., the California think tank. No newcomer to the 
ecological battlefield , his responsibility there was as head of 
the Department of Envi ronmental Sciences and manager of 
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showing pertinent information about that stretch of the 
river f rom the accident to a point 100 miles downriver. 
Within minutes, at water treatment plants, reservoirs and 
industries along the river from Cairo, Illinois to Memphis , 
Tennessee, environmental strike forces are quickly gath­
ered to contain and dissipate the oil. 

None of the above is true . The 'war room,' resembling a 
scene from the movie, " Dr. Strangelove," doesn't exist at 
present. But if Stanley Greenfield has his way, it will . Dr. 
Greenfield, the first Assistant Administrator for Research 
and Monitoring of the fledgling Environmental Protection 
Agency (EPA)- its top technical man- speaks of the 'war 
room' as just one part of an overall electronic strategy to 
win the war against pollution. 

"I'm thinking," he says, "of an environmental war 
room with a continuous display from a computer data base 
which will tell us 'Where we are now.'" (He calls this 
the "how goes it " monitoring .) "Then we'll be able to ex­
ercise the dynamic models we' re producing, so that when 
you ask, 'What if I do this?', you'll get an answer." 

the Rand program in Environmental Studies. A former asso­
ciate of Greenfield 's at Rand , Dr . R. Rapp notes that " Stan is 
the type of man to get hold of a problem and keep after 
unt il it's solved ." 

At the same time, Dr. Greenf ield served on the NASA-De­
partment of Defense Space Sciences Committee, as well as 
a cons ultant to the Advanced Research Project Agency 's 
Committee on Meteoro logical Satellites. In addition. he was 
a consultan t to the Committee on Upper Atmosphere 
Rocket Research of the Space Sc ience Board , National 
Academy of Sciences . 

An expert in the fields of geophysics and the upper atmos­
phere, Greenfield has cond ucted research in infrared radi­
ation, atmospheric physics , and meteorological satelli tes , as 
well as on the physical phenomenon of radioactive fallout. 
In 1961. he was given a special award from the American 
Meteorological Society for research leading to a meteoro­
logical satellite . 

Between 1959 and 1961. the EPA R&M chief was on a 
leave of absence from the Rand Corp. to serve as scientific 
advisor to the Air Force Director of Research and Devel ­
opment. He has also been a member of the Geophysics Pan­
el of the Air Force Scientific Advisory Board and of the Adv i­
sory Group of the Air Force Space and Missile Systems Or­
ganization . He has been a member of the Science and Tech­
nology Council of the California State Assembly , and is on 
the panel of the International Environmental Institution 
Committee of the National Academy of Sciences. 

Dr . Greenfield received his undergraduate degree in 
meteorology and physics from New York University in 1950. 
His Ph .D. in meteorology was awarded by UCLA in 1967. 
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Defining the enemy 
At present, Dr. Greenfield 's main concern is to develop 

an effective strategy to defeat pollution with technology's 
tools : research and monitoring. An enthusiastic, rapid 
speaker, he has defined monitoring as "meaning every­
thing from data gathering for research purposes to that 
type of monitoring you need when you go into court to en­
force standards ." Included in this definition is continuous 
"how-goes-it" monitoring, which tells what is the ultimate 
effect upon the environment. 

As for research, the EPA administrator sees it dealing 
with the problem of pollution abatement and control. As 
he puts it, "abatement and control serve to hold and re­
pair, while preventative maintenance must be done on the 
atmosphere at the same time." 

But Greenfield has not limited his department to the · 
more narrow research categories of water and air. Pointing 
out that we really know very little about what causes envi­
ronmental degradation, he has assigned one part of his op­
eration to investigate such questions as what is the impact 
of a new transportation system on the environment from a 
broader all-inclusive (air, water, etc . pollution) approach . 
As he states, "The obvious pollution from vehicles may 
have the least long-run effect. Such secondary effects as in­
creased people in the area may degrade the environment 
far more." 

Obviously both research and monitoring will be big 
users of electronics: sensors for monitoring, telemetry 
equipment , communications networks, computer systems 
for modelling -air and water systems, and , of course, the 
'war room .' 

Communications and computers 
Dr. Greenfield sees three major areas where electronic 

engineers and electronic hardware will be needed: commu­
nications, computer technology, and monitoring. As for 
communications, the R&M chief thinks we have most of 
the technology . "For example, suppose we want to send 
graphics over a land line? Well , what I need then is a 200-
kilobit line. It's expensive, but the technology is available. 

"It's much the same with computers . The present gener­
ation, plus new machines like Illiac IV, are certainly ade­
quate to do a large part of the job that we foresee ." As for 
the omnipresent 'war room,' Greenfield envisions either a 
large central computer with a very large memory or a well­
integrated network of several computers. 

In addition to controlling the 'war room,' computers 
will utilize dynamic models for air and water basins. 
Many firms which were under contract to NASA, such as 
General Research Corp., TRW, and Argonne Labs, are 
now doing modelling work for EPA. "There is a great deal 
of modelling work that must be done, " stresses Greenfield . 
"It's hard to point to any mopel today and say , ' By God, 
that fulfills all our criteria .' " 

Monitoring-can we use existing equipment? 
But monitoring remains the field of most explosive 

growth for electronics . Yet it has not really begun, and 
won't for at least a year. And , for the man responsible for 
developing and monitoring strategy, it's no easy task. "We 
have to," says Dr. Greenfield, " produce a monitoring 
strategy that's not too expensive, that 's capable of picking 
up hazardous materials, and that will warn us as we ap­
proach danger thresholds, and a lso give us some indication 
of where we stand in terms of quality." That 's a tall order, 
especially when you consider such frustrating question as 
"What kind of automobile engines will there be in 1975," 
and his tight schedule- he must have an initial monitoring 
strategy defined within a year . 

Although Dr. Greenfield wants a monitoring strategy 
that's not too expensive, he admits that monitoring may 
become "the most expensive part of environmental protec­
tion ." All this is complicated by a whole litany of ques­
tions he is asking: "What are the materials we're going af­
ter?; What standards are applied to these materials?; What 
is a reasonable, creative monitoring station?; What shou ld 
be the spacing between these stations?; What measure­
ments do we want?; How do you gather and process the 
data?" One thing he is sure of, however, is that electronics 
will play an important role in a global monitoring system. "I 
can ' t see how," he says, "you can carry on such a system 
without depending on electronics, particularly when you 
talk of remote sensing. " 

Perhaps all this electronic equipment has already been 
developed? So, another task for Greenfield is the eval­
uation of present-day instrumentation . "You have a gut 
feeling," he says, "that you should be able to pick up all 
the pollution on the ocean using infrared and optical 
equipment . You have a gut feeling that there are various 
types of equipment which can give you a particulate count 
of the atmosphere. And you have a gut feeling that laser 
backscattering should yield the particulate loading of the 
atmosphere. We haven't really checked this out yet , but we 
will. " 

Slim pickings for industry 
This problem has not gone unrecognized by industry . Ed 

Truitt , New Product Manager of Hewlett-Packard's 
Avondale Division, tc;:lls of a recent conference where an 
EPA representative calling for a certain device was inter­
rupted by an engineer. "We have already developed that 
instrument, and it works," cried the engineer. '·'We just 
need someone with money or we ' ll have to forget it! " H-P , 
itself, is interested in the pollution fie ld since their gas 
chromatograph can 'fingerprint' or match up oil that has 
been dumped with the source. The same unit can identify 
the harmful agent in a fish kill by separating the mole­
cules, which are then analyzed with a mass spectrometer . 

Pinpointing one segment of a field can be confusing ven-
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ture, especially when the field is as new and untried as the 
pollution area. EPA 's George Wirth , Chief of Technical 
Data for the Office of Water Programs, points out that 
only nine par~ meters of water pollution can be automat­
ically sensed at this time. (They a re dissolved oxygen, chl o­
rides, pH , conductivity , solar radiation or. sunlight in­
ten sity, temperature, turbidity , oxidati on reduction poten­
ti al, and fl ow.) " There a re between 100 and 600 param­
eters th at are measured now by dipping buckets and la bo­
ratory ana lysis, and the great need is for sensors to detect 
them," states Wirth . " One of these we need now is fo r 
heavy meta ls, such as cadmium , lead , mercury , and so 
on."* 

Estimating the market for water sensors at $10 million a 
year within the next two or three years, Wirth contends 

*En vi ronme ntal Sciences , Inc., Cambridge , Mass. has just announced a system to 
detect just such metals in quantities to 0.01 ppm , based on an electrochemical tech­

\ nique known as anodic s tripping voltarnmetry. 
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'BIG EARS' AND ELECTRONIC COMPANIES- A USER'S OPINION 

Dr. Stanley Greenf iel d's quest for an environmental 'war 
room' to aid him in his monitoring funct ion may not be far­
fetched at al l. New York 's Department of Environmental 
Conservation has developed a less-sophisticated vers ion as 
part of a rapid intelligence system to monitor water and air 
quality. Nick-named " th e Big Ear," the En vi ronmental Alert 
Room , which has been operat ing only some two months , is 
still not co mpleted. But so far , according to Ronald May lath , 
chief of the Water Quality Surveillance Section , it's been 
highly successful , givi ng water readings every hour and air 
readings every 15 minutes at a cost of 14c a parami:ter. 

To set up an automatic surveillance system for 70,000 
miles of streams and 3.5 million acres of inland lakes, New 
York has been , since 1959, evaluating hardware, maki ng 
feasibi lity studies , and developing mathematical models of 
various drai nage basins . From th is prel iminary work , a 14-
monitor station operating system has evolved wi t h a 126 
monitor system expected within f ive years . Majo r monitor­
ing stations , which are self-sufficient and enclosed in a ca b­
inl ike shelte r, measure 10 or more parameters , while satel­
lite monitors will measure four or less.) 

The heart of the system is a Burroughs B-3500 com puter. 
In a typica l situation , an " environmental parametric" signal 
from a sate ll ite monitor will be radioed or sent over leased 
tel~phone lines to a major monitor. At the major m onitor, 
the signal goes through a Bell 103 A-2 modem to the com ­
puter, where an ASR-35 Teletype serves as a rem ote termi ­
nal. 

To date. the system has cost $300.000 for water monitor­
ing eq uipment, including shel t ers , telemetry terminals and 
installati on . In addition, another $200,000 has been spent 
for operati on and maintenance, inc lud ing renta l of th e com­
puter . Maylath has esti mated that by 1975-6 approximately 
$750,000 a year (based on 1970 pri ces) will be spent on up­
gradin g older equ ipment and acquiring new sensors. As 
May lath says , " Hardwa re is not cheap, but when you cons id­
er the overall cost , we figure that such an automated proc­
ess control system as we operate is less than 0 .1 % of the 

that this conservative if you consider st ream monitoring (3 
mi llion miles in the U .S.) and effl uent monitoring at the 
source. 

Another viewpoint is given by Irving Z uckerman, Man­
ager of Environmental Systems, TRW Systems. Despite 
TR W's heavy involvement in such environmen tal activities 
as developing systems models and larger hardware , they 
have avoided the sensor market. Zuckerman stresses such 
factors as low doll ar volume, a lac k of agreement on 
sta nd ards for instrumentation , and an already competitive 
market as keeping TRW from making sensors . He noted , 
however , that as a " more concentrated , more identifiable 
market " formed , T RW would find the sensor ma rket 
"more attractive ." 

Few jobs 
At the same time, Dr. Louis Swaby of EPA's Physical 

Sciences Branch of the Office of Research and Devel-

overall price of fi gh ting pollution ." 
In the course of building such a system , Maylath has de­

veloped some strong opinions about electronic companies 
in the environmental field . One such, General Signal Corp. 's 
Cardion Electron ics of Woodbury , Long Isla nd , N.Y., which 
developed the telemetry equipment , Maylath singles out for 
particular praise. " Exceptionally good , in fact, we 're going 
back to them . They listen and they offer good follow-up: 
they even cut costs ." After ga ining experience in the mili ­
tary f ield , Cardion 's f irst ci vil ian contract was with New York 
State, whi ch the Water Qua li ty Ch ief regards as a great suc­
cess : " We can transmit data two-ways. The system is modu­
larly designed and simple . With it, we ca n obtain the average 
of any parameter measurement within minutes ." 

On the other hand , Maylath had an unhappy experience 
with a sensor supplier. Acco rd ing to him , the firm grossly 
underb id a contract for a number of multiple sensor pack­
ages, and could not meet th e terms of t he agreement. 

As a result , The Bureau of Water Quality has changed its 
purchasing philosphy-no more multi ple sensor packages. 
" We don't look for a package any more, " says Maylath , " we 
want flexibility so that we can cha nge parameters." " Be­
sides" he adds , " some manufacturers put cheap electronics 
and sensors in an expensive, attract ive package. We just 
need the sensors , not the package. " 

Some further Maylath viewpoints : 
O " Many firms have good electronic enginee rs , but with ­

out an environmenta l backgro und. To us, electron ics is 
strictly a tool-not an end in itself. " 

O " Many sensors simply don 't exist at the present . This 
is an area where the government should step in and help 
with money. It shouldn 't be all up to industry, and purcha­
sers shouldn 't have to pay for all that design time." 

O " We see a number of spinoffs from space. For in­
stance, General Electr ic had developed a sensor to measure 
phenol in Apol lo just prior to lif toff . We ' re interested in us­
ing th at same type of device to measure pheno lic com­
pounds in four of our major streams." 
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opment, feels that demand for electronic engineers to de­
velop such devices will be small. "Of course, there is re­
mote sensing equipment, but much of that equipment has 
al ready been developed for space. The other areas Swaby 
points to are the design of data handling and transmission 
equipment and automating treatment plants. For example, 
General Electric's Space and Re-Entry Division has been 
working for some years with Philadelphia's Water Depart­
ment to develop and build automated water treatment 
plants. 

Portrait of an environmental incident. This excerpt from an 
L-band (1228 MHz) strip map shows oil slicks (dark area) in 
the Chedabucto Bay area off Nova Scotia; the photo was 
taken by the Naval Research Laboratory: The oil coating 
greatly reduces the returning radar echoes because of the 
decreased radar cross section of the waves. The oil slick ap­
pears as a dark area bounded by the lighter, radar-reflective 
sea . This experiment was made after the tanker, Arrow, was 
wrecked on Cereberus Rock, depositing some 1.3 million 
gallons of crude oil on the waters . 

A SLICK SOLUTION FOR TROUBLED WATERS 
"We also need an electronic monitoring system to detect 
major oil spills off our coasts." Another CHALLENGER. not 
Dr . Greenfield, but James Beggs , Under Secretary of the De­
partment of Transportation, said that (May, 1970, p. 39). 
But no matter who the source, the need is real enough. In 
1970, an estimated 1.5 billion gallons of crude oil or petrole­
um products were spilled into the waters of the world . Half 
of these spills were within one mile of shore, doing in­
calculable damage to shellfish, seabirds , shorelines and 
beaches . 

Devastating as the problem is, there was practically noth­
ing any enforcement agency could do, until a means of sys­
tematically spotting and monitoring oil slicks was devel­
oped . In 1969, such a system was discovered by the scien­
tists at the Naval Research Laboratory (NRL), Washington , 
D.C. Working with side-looking aerial radar (SLAR) , in either 
or a real or synthetic aperture mode, NRL engineers were 
able to spot oil slicks from airplanes . Unlike the usual sea 
surface which causes radar backscatter, a thin film of oil (as 
little as 200 gallons in up to 10-knot waves) smooths the sea 
surface and makes it non-reflective, presenting a 
black, clearly outlined form on the screen . 

Sup.ported by Coast Guard funds , the program (called 
RAMOS for Radar Monitoring of Oil Slicks) depends on a 
technique of synthetic aperture radar mapping, developed 
by the University of Michigan. Although classified for some 
eight years , this technique, impervious to clouds , fogs and 
darkness, may have found its most important application. 

That's no tree, that's my wife 
Will cleaning up our environment with its need for elec­

tronics be the new aerospace for electronic engineers? Dr. 
Greenfield doubts it, "I don't see a large number of jobs 
requiring high technical training in the pollution control 
industry. It would be a cruel deception to retrain large 
numbers of aerospace engineers (to work in pollution con­
trol) in the hope that they're going to get a job. I would 
rather hold the training until we have a better idea of what 
we're going to need . In Los Angeles, where I come from, I 
see groups of engineers whose total thrust is, 'We've got 
the technology, and we're the technologists; therefore 
we're the ones to solve the problems of the environment.' 
It's such a blind approach, that I'm afraid that all they're 
doing is insuring they're not the group chosen. It's a multi­
faceted problem with its social and economic aspects, as 
well as the technical, and that's how it's going to be ad­
dressed." 

Others in the environmental field take the same tack. 
EPA's Dr. Roger Shull of the Applied Science and Tech­
nology Division notes that although there will be a contin­
uing need for the aerospace virtues of durability and min­
iaturization in monitoring equipment, some of his col­
leagues don't see much call for ex-aerospace types. "Some 
of them compare the change," says Dr . Shull , "to a Ph .D. 
in forestry becoming an M.D. because 'If you can heal 
trees, you ought to be able to heal humans.' " 

Is there a place for EEs? 
What must be remembered is that we've been talking 

about an agency, started in December of this past year, to 
fight an enemy that, except in Los Angeles, has just awak­
ened public opinion within the last two years. Dr. Green­
field himself was only appointed in February of this year. 

With the newness of the field, it must be remembered 
also that pollution has a thousand faces and is rarely a 
clear-cut enemy that can be defeated straightforwardly . 
Fighting pollution will not be a clearly defined task like 
going to the moon. Instead it is a complex one, demanding 
as Dr. Greenfield said, "multi-faceted solutions." 

However, the inescapable truth is that there will be a 
place for the electronic engineer's skill and imagination in 
defeating pollution . Although EPA's immediate concentra­
tion on enforcement instead of research has led many to 
say that all the technology has been developed, it is simply 
not so. 

As strategies and concepts turn to RFQS (request for quo­
tations), there will be an increasing need for electronics, 
whether in sensors, telemetry equipment, computers or 
'war rooms .' Pollution will only be defeated with the aid of 
electronic engineers who understand the demands of the 
environment. The electronic content of such a job may not 
be as great at the moment as a space flight, but in the long 
run it may be far more meaningful. 

INFORMATION RETRIEVAL 

Careers 
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OpTiMA 
STANdARd 
ENclosURES 
We have over 14,000 standard enclosures 
at Optima. And we have a wider selec­
tion of finishes and color combinations 
than anybody in the industry. So, in 
effect, you can have an almost completely 
customized appearance at standard 
prices. There's a pretty good reason for 
all of this - Optima grew from the en­
vironment of the electronics industry. 
It was created specifically to design and 
manufacture enclosures for the instru­
ments made by its parent company, 
Scientific-Atlanta. Our enclosures proved 
such unique, innovative solutions to our 
packaging problems that we offered them 
to the industry. Acceptance has been 
spectacular : we believe it's because 
there are no afterthoughts at Optima -
because every feature of every enclosure 
meets a need and solves a problem. In 
fact, we've received awards for design 
excellence. These pictures show some of 
the reasons why . . DOptima 17 - an 
elegant total package consisting of chassis 
and case in one compact, lightweight 
unit. D The classic Optima Instrument 
Cases - 72 basic sizes for both 19" and 
24" panel mounted instruments. D Small 
Cases, the rackable little boxes in 25 
shapes and sizes that offer amazing flex­
ibility. D Three basic styles of racks. 
They are handsome, lightweight and look 
better, last longer, and do more than any­
one else's - because we don 't cut corners 
on quality . D Optima Consoles, a unique 
concept of " executive-look" instrument 
housing combining flexibility , generous 
counter & storage space, fine workmanship, 
and a high degree of human engineering. 

CUSTOM dEsiqN 
If we haven't shown you enough , we 
also have a custom design service when 
one of our 14,000 standard enclosures 
won't do the tr ick. Our design staff 
can work out something that fits your 
requirements down to the last detail, 
no matter how large or small or intricate. 
OPTIMA - with the products and service 
to suit you. Give us a call. 

O~TiMA 
enclosures 

a div ision of Scientific-Atlanta, Inc. 

2166 Mountain Industrial Blvd. 

Tucker, Ga. 30084 Tel : 404-939-6340 
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As of June 21 Intel has delivered 45,000,000 bits of 
the 1103 MOS RAM for use in main frames, mini­
computers, data terminals, controllers and scien­
tific calculators. 
We can't reveal the buyers as yet, but when you 
hear their names (perhaps at FJCC) you'll recognize 
some of the leading figures in the computer industry. 
And the RAM they have tested and selected is Intel's 
1103, the 1024-bit silicon-gate MOS RAM that's in 
production in a big way. Deliveries of the 1103 in 
June alone will total 17,000,000 bits. So if you're 
thinking of designing with semiconductor memory, 
don't overlook Intel's 1103. It's the RAM to reckon 
with. 
The 1103's specifications have improved recently. 
Read cycle time is 480 ns, down from 540 ns. Pre­
charge to data out has improved from 390 nsec to 
310 nsec. As before, sll AC and DC parameters are 
guaranteed from 0°C to 70°C. 
For immediate delivery of the 1103 call your local 
Intel distributor, Cramer Electronics, Hamilton 
Electro Sales, Industrial Components, or Electronic 
Marketing. In Europe contact Intel at Avenue Louise 
216, B 1050 Bruxelles, Belgium. Phone 492003. In 
Japan contact Nippon IC, Inc., Parkside Flat Bldg. 
No. 4-2-2, Sendagaya, Shibuya-Ku, Tokyo 151. 
Phone 03-403-4747. 
Intel Corporation is in a brand-new production fa­
cility at 3065 Bowers Ave., Santa Clara, California 
95051. Phone (408) 246-7501. in~er 

delivers. 
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AMS offers total capability in 
MOS or bipolar memory 

components, cards and systems. 
Here's why: 

Components 
Part No. Organization 

Worst Case Worst Case 
Logic Levels Access Time (ns) Cycle Time (ns) 

Bipolar RAM 1001 16x1 8 13 ECL 
1002 64x 1 10 14 ECL 
1003 128x 1 15 22 ECL 
1503 128x 1 25 35 TTL 

MOS RAM 6001 1024x 1 350 535-read MOS 
860-write 

6002 1024x1 150 250 MOS 

Memory Cards 
Part No. Organization 

Worst Case Worst Case 
Logic Levels Access Time (ns) Cycle Time (ns) 

Bipolar 85100111 32x8 15 17 ECL 
85100211 32x9 15 17 ECL 
85100311 128x8 17 20 ECL 
85100411 128x9 17 20 ECL 
85100511 512x8 25 25 ECL 
85100711 4096x 1 25 25 ECL 
85100811 512x9 25 25 ECL 

MOS 85500311 4096x8 500 900 TTL 
85500411 4096x9 500 900 TTL 

Systems 
Model Avg. Access Data Rate Logic Levels 

Serial/MOS SSU/ m 32Kx8 1351.fsec. BM bits/sec. TTL 
32Kx 16 1351.fsec. 16M bits / sec. TTL 
32Kx32 135 4sec. 32M bits/sec. TTL 
32Kx64 1351.{SeC. 64M bits/sec. TTL 

RAM* MOS-RAM 32Kx8-32 250ns access 400ns cycle TTL 

*To be announced-3rd Quarter, 1971. 

Advanced Memory Systems, 1276 Hammerwood Avenue, Sunnyvale, Ca94086 (408) 734-4330 

Powell / Philadelphia 
S. Island Road / Box 8765 
Philadelphia. Pa. 19101 
(215) 724-1900 
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Powell / Washing\on 
10728 Hanna Street 
Bellsville. Md. 20705 
(301) 474-1030 

Powell / Huntsville 
Box 488. Fayettevi lle 
Tenn . 37334 
(615) 433-5737 

Circle Reader Service #35 

Powell / Florida 
2049 W. Central Blvd. 
Orlando, Fla. 3281 4 
(305) 423-8586 

Powell / California 
411 Fairchild Dr./ Box 997 
Mountain View, Ca. 94040 
(415) 964-0820 

Powell / California 
7423 Van Nuys Blvd . 
Van Nuys, Ca. 91409 
(213) 988-3330 

Apollo Electronics, Inc. 
101 Binney Street 
Cambridge , Mass. 02115 
(617) 868-3120 
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MEMORIES COURSE • PART B 

MEMORIES: 
Putting them all together 

Steve Thompson, Western Editor-Los Angeles 

While you may not realize it from the time and space we 
have devoted to them so far , memories, as a separate en­
tity, are really not worth very much. Only when you put 
them into systems, and l'tave them talk to each other and 
to the outside world are they going to be of any use . It is 
this aspect, memories in a system, that we will discuss in 
this installment. 

The first topic is hierarchical memory systems. An ex­
tremely important concept, we judged it to be important 
enough io include viewpoints from two different com­
panies on the same subject. First, you will see how one of 
the large mainframe manufacturers, Burroughs Corp., ap­
proaches the topic . Then, you will find an article from 
IBM, the first company to use the concept, when they in­
troduced the cache memories of their System 360 line. 

The next subject concerns interfacing with memories-

particularly core memories . After all , clever schemes for 
storing and organizing data in a memory are not worth 
very much if you cannot get the data into and out of the 
memory conveniently . Here, we have concentrated on core 
memories because that is the problem area. When you 
take two such dissimilar technologies as the magnetic core 
and the integrated logic circuit and attempt to interface 
them, you are bound to face some ticklish problems. 

Next, we take a look at the characteristics of memories 
that are important in two fast-growing application areas­
displays and minicomputers . Here you will see that the 
same memory that fits so nicely in a large mainframe may 
be a very poor choice for these applications . 

We close this installment of the course with an article on 
how to perform logic with ROMS . The advent of large-scale 
integrated circuit ROMS has focused the spotlight on this 
particular application, as more and more designers are 
turning to it as a solution to their logic problems. 

Segmented hierarchical memories 
R. V. Bock, Burroughs Corp. Paoli . Pa . 

Memories can combine into hierarchical systems with bet­
ter cost/performance characteristics than the sum of the 
individual memories . We will use Webster's definition of 
hierarchy: arrangement into a graded series. Knowing how 
data is structured helps define the physical memory organ­
ization and the algorithms for moving data within the hier­
archy . 

If the fastest memory was the cheapest and available in 
large sizes, hierarchical systems would not be needed . If 
processors accessed data randomly, there would be no way 
to structure data to take advantage of hierarchy. Since nei-
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ther situation exists, designers can exploit the best fea tures 
of memories in graded systems. 

The idea of value is fundamental to the design . By value, 
we mean the probability that ttie processor will require an 
item next. The higher the probability, the faster the data 
can be read into the processor. 

Hierarchical memory control 
System control may be explicit or implicit. All pre-1960 

systems used explicit control to manage multi-level stor­
age. Today, most systems use a mixture. 

Explicit addressing means that each user is aware of sev-
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eral addressing environments. System programmers are re­
sponsible for mapping data onto various memory levels 
and for moving it between levels. Each multi-processing 
user must be concerned about other users, for instance, 
when loading data into a shared buffer memory. All must 

Process 
storage 

Doto base{ 
storage 

Typical hlerarchlcal memory system. Each memory per­
forms a storage function. which indicates the relat ive 
value of the data contained in the memory. 

Explicit 

Working 
storage 

(b) Mixed 

(a) Explicit 

Buffer 
memory 

Processor 

Mo in 
memory 

Explicit 

Processor 

File 
storage 

Explicit 

Explicit and mixed memory hierarchies. The system in 
(a) has two levels of direct address storage. In (b), the 
programmer manages two levels of explicit addressing, 
but the system manages data within the dotted line. 

be aware of a mapping convention, or each user will have 
to move data back to main memory before releasing the 
processor. Explicit control makes memory sharing very 
difficult, and frequently results in poor usage. The dis­
tributed responsibility results in each program doing what 

SeQment number in impli c ~ memory 
Segment number in explicit memory 

--~ - .. 
Segment mo"9 
bock and forth 

Addrns couple: 5'19ment table , 1419"'ent offset 

Implicit 
memory 

Explicit 
memory 

Secmented virtual memory. Assume the implicit memo­
ry is empty, except for the segment table. The processor 
presents the address couple (A,3). Index A addresses the 
segment table and examines the entry at A to see if the 
segment is in the impl icit memory. It is not, so the ex­
plicit memory is addressed. The complete segment A is 
moved to implicit memory, and entry for it in the seg­
ment table is marked present (1). The segment offset (3) 
is used to move the third word of segment A to the proc­
essor. 

4 
Capacity = 2 13 bytes 

Poge size 

Relatlonshlp of page size to fast memory capacity. 
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is best fro m its poi nt of view, rather than considering the 
system. 

Implicit cont rol means that the system cont rols data 
ma ppi ng and movement in two, or more levels. The major 
benefit is opti mized performance. 

A measure of processor throughput is the ratio of useful 
(data transforming) cycles to total cycles . Reducing the 
waiting time for data increases this ratio . Fortunately, 
processo rs access data in patterns, which are functions of 
the application, the code la nguage, and processor design . 
Dynamically accessed data contains variables that are ac­
cessed with varying frequency. The set also changes with 
time; so me stop being accessed , while others start. 

One model of implicit control is the virtual memory, 
which means that the user (programs) sees it as a com­
posite of several characteristics. The size is that of the 
slower memory, while the average access time is slightly 
longer than that of the faster memory. The faster memory 
level represents windows placed over parts of the slower 
one . They allow fast access to data in the window, and 
slower access to data that require the window to move. 
The object is to keep windows over items havi ng the great­
est va lue . 

Information is accessed in logical cl usters. It is im por­
tant to allocate space for data according to logical rela­
tionships such as, elements of an ar ray, sequence of pro­
gram code, or local variables in a block . Needed data is 
placed in the window with its logical cluster, because cha nc-

es are good that neighbori ng data will be subsequently 
used . 

Implementing virtual memories 
Segmentation and paging are used to implement virtua l 

memories. Both move data blocks between memories and 
use a third memory to link or control a high-speed and a 
main or backing memory. In segmented systems the mem­

ories may be of any type if access time differs by at least 
an order of magnitude , and size by a factor of 16. When 
segment tables, which access data in the implici t memory, 
are a ll ocated as segments in the sa me memory, it is pos­
si ble to remove inactive tables . Segments vary in size. 

Many systems use paged virtual memories , where back­
ing stores and fast stores (3-4,000 words) are divided into 
blocks (pages) of equal size, usually between 4 a nd 64 
words. 

Two approaches a re used for mapping the pages o f the 
back-up store onto the fast memory. Congruence mapping 
directly relates the backing store page address to a page in 
the fast memory by truncat ing the backing store address. 
Some performance is lost , because several processor re­
quirements may compete for the sa me fast memory page . 

Associative mapping links pages in fast memory with 
arbitrary pages in the bac king store . A special memory 
holds th e page table . Table entries are interrogated fo r 
each access. Th is is time-consuming unless an associative 
memory is used . 

Paged hierarchical memories 
Roger Cormier , IBM. Systems Development Div .. Pough keepsi e. N.Y. 

Two factors determine hierarchical efficiency. One is re­
peated access to the sa me information or information lo­
cated nea r previously fetched locations . Data fetch cycles 
account for less than half of a ll cycles. Most cycles fetch 
programmed instructions and many program s consist o f 
repeatedly executed in struction loops. If the buffer ca n 
contain the entire loop, the performance increase is ob­
vious. The second factor is that the buffer un it contains 
only a small protion of the ma in memory. The algorithm 
th a t controls buffer content is important fo r system effi­
ciency. 

Some important considerations are not described in the 
figures . For exa mple, after the buffer is loaded with infor­
mation, a fetch cycle will occur for data not in the buffer, 
a nd for which there is no empty space . A decision must be 
made . Which information should be deleted fr om the buf­
fer to ma ke room? The com mon procedure is to replace 
the leas t rece nt ly used da ta . 
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Hardware determines which item to delete ; the proce­
dure fo r deletion is determined by how the system handles 
store cycles. If no store cycles were performed , the buffer 
information is identical to the main memory, a nd therefore 
no action is required . However, if a store cycle was per­
fo rm ed , the hardware must ensure that the latest version is 
kept in main storage . Two meth ods of ha ndling store 
cycles are: 

Store through- all store cycles a re done in mai n mem o­
ry , and in the buffer, if it conta ins a co py o f that locat ion. 
No specia l ac ti on is required when deleting an entry fr om 
the buffer ; however, no advantage is gained by the buffer 
fo r store cycles. 

Store wherever- a store cycle to a location in the buffer 
is performed only in th e buffer. If the location is not in the 
buffer, the store cycle takes pl ace in main mem ory. This 
scheme may require information transfe r from the buffer 
back to the main memory as part of the procedure for de­
leting a buffer entry. 

45 



46 

MEMORIES COURSE • PART 6 

Buffer Processor 

0 

' Originol 
/ 

Loter 

100 

fetch t fetch 

Hierarchical system principle. Assume that the buffer is 
empty and the processor wants data from location 100. 
The main memory is cycled , data is transferred to the 
processor and stored in the buffer . If the processor want­
ed information from location 100 again , a check ver if ies 
that it is validly contained in the buffer. For the second 
fetch , data is obtained by cycling the higher speed buf­
fer , substantially redu ci ng access time. Repeated refer­
ences to buffer data reduces effective memory cycle 
time, approaching buffer cycle time in the limit. 

We can now show how an entire system could function . 
Assume a computer with 4 milli on bytes of main memory, 
and a cycle time oft µs . Add a 16k-byte buffer with a 
cycle time of 80 ns. 

When inform ation is req uired , a test is made to deter­
mine if it is in the buffer. All I 6k-bytes of the buffer can­
not be tested individually within a reasona ble time . Main 
memories and buffers typica lly divide into lk sectors, 
which sub-divide into 16 blocks (pages) of 64 bytes. 
(Blocks are the data units transferred between memories.) 
Each block has a validity bit that is initially reset when the 
buffer is empty. As main memory data is needed , ·data 
passes to the processor and the buffer and the block valid­
ity bit is set to I . A subsequent request for the next block 
of this sector fetches it from main memory and turns on its 
validity bit. When it is necessary to reass ign a section of 
the buffer to another sector of main memory, all validity 
bits are reset and the procedure is followed for the new 
sector. In short, the procedure for a memory cycle is: 

D Determine the sector. If it is not active in the buffer , 
delete the least recently used sector and assign the new sec-

Main memor y 

~ 
I I 

Buffer 

Moin memory 

Buffer 

~}Sector; -H 16blocks; 

~ '""" 
Tronsferoble unit 
block ; 64 bytes 

Characterist ics 

Total copocity Cycle lime 

16k bytes 80 ns 

4M bytes 1.0µ.s 

Typical partitioning in hierarchical memory system. 

tor to it. Reset the validity bits and transfer the block to 
the processor and the buffer. 

D If the addressed sector is active in the buffer, test the 
validity bit for the block invol ved. If the validity bit is off, 
obtain the block from main memory for the processor and 
the buffer. Turn the validity bit on . 

D If the sector is active in the buffer and its validity bit 
is on, fetch the data from the buffer. If the sequence of 
storage fetches were random, performance increases would 
be low. System analysis shows that 85-90% of all cycles 
are made to the buffer alone for many programs. Address­
ing patterns are far from random, and the buffer concept 
increases effective system speed. 

Other methods have been identified for hierarchical sys­
tems. Random replacement algorithms and fixed parti­
tioning methods can determine the sector to delete. Multi­
level hierarchical systems may provide even more perform­
ance possibilities and greater cost advantages . While the 
methods discussed here can be refined, the basic idea of 
the mem ory hierarchy offers a considerable system advan­
tage. 
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Interfacing with memories 
Dale Pippenger, Texas Instruments. Inc .. Dallas . Texas 

Interfacing with core memories imposes some rather se­
vere operating conditions on the circuitry involved. A large 
number of cores make a drive line appear highly inductive . 
Core address takes high x and y drive currents, so normal 
logic gates cannot drive them directly . An interface called 
a core, or memory, driver is used. 

Power handling capability is important in this appli­
cation. Current depends on core size and switching speed. 
A typical core size is 20 mils with reading or writing tak­
ing 800 mA. This means a driver half-current of 400 mA. 
Drive voltage increases as the number of cores . In a 64k­
word by 4-bit , 3D system, an x or Y line threads 1,000 
cores . This takes 12 Vat 400 mA .. Larger systems need the 
same current but more voltage. They usually divide into 
sections with separate drivers, though some monolithic 
drivers operate up to 24 V. 

Drivers must be controlled by logic information. Strict 
timing considerations require separate sink and source 
strobing, as well as individual data addresses. Addressing 
and timing normally turn the source driver off before the 

+Vee 
Source collector 

supply 

Core memory drivers furnish current to one end of the 
line and sink current to ground at the other. High op­
erating speeds take low propagation delays. The output 
transistor must turn on . in saturation . immediately. Con­
necting the driver transistor in a Darlington con­
figuration with the output produces the base drive re­
quired to pull the inductive load to + Vee (12-24 V, 500 
mA). As soon as current stabilizes , the large base drive is 
no longer needed and may be reduced. Diode Dl is for­
ward biased during turn-on . As current stabilizes , it is re­
verse biased, opening the Darlington connection and 
maintaining base drive through Rl. During turn-off, the 
inductive kick could dangerously increase voltage at the 
current sink collector. To prevent breakdown, clamp the 
collector to a known level. Here, a diode clamps the col­
lector to about Vee + 1 V. 
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sink driver. 
Sense amplifiers (SA) sense the amplitude of small sense 

line pulses when a core is interrogated. The amplitude of a 
I is about twice that of a 0. Polarity sensing is ruled out 
because the sense line threads the array to minimize noise, 
making two I's or O's from adjacent cores opposite in po­
larity . The "schmoo plot" is a graph of SA performance. It 
plots the operating range of a circuit or system for two or 
more variables. 

Only state-of-the-art , direct coupled IC sense am plifiers 
meet requirements for coincident-current memories with 
cycle times below 700 ns and access times below 400 ns . 
Slower memories can use reactive coupling between stages 
or precision external resistor networks in conjunction with 
IC voltage comparators . 

The high-gain , high-speed characteristics of sense ampli­
fiers dictate proper bypassing of supplies and ground paths 
on the board . Reference and power supplies should be by­
passed as close to the device terminals as possible . Input 
ground terminations should have separate paths to the sup­
ply from those of the output circuitry to reduce unwanted 
feedback and oscillations. 

Switchin9 transients 

_st_ro_s_e _____ ...Jn-- Enable 

Y driver 

D dr iver 

Res tore enable 

Read/restore loop for 30. To discriminate when the sig­
na l-to-noise rat io is maximum, a strobe gates the ampli­
fied signal to the level detection circuit. Time and ampli­
tude discrimination are performed on the sense signal, 
which may be as high as 5-8 mV for O's and as low as 12-
15 mV for l's. When cores are read, data is lost. Memory 
drivers drive a separate inh ibit l ine or the sense line to 
restore data. The inhibit driver usually gets its address 
from the memory data register (MOR). form ing the data 
regeneration loop shown . 

Continued on page 49 
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Great 
'Standards' 
by the 

Power 
Professionals 

Circle Reader Service #36 

We set out to engineer standardized 
power modules with some pretty high 
standards to meet. Yours. We had 
two things going for us. Nearly four decades 
of custom power experience ... and , the 
determination to make an off-the-shelf 
line that was not merely good . .. but great! 
It paid off. 

North 's standard power units offer you real 
cost economy plus the utmost in reliability. 
May we suggest you look over our catalog 
. . . then take your own measure with 
a test unit. 

Call 419/ 468-8244 or TWX 419/ 468-4860. 

North Electric Company • Electronetics 
Division I Galion, Ohio • A subsidiary of 
United Utilities, Incorporated e 111/!DJ/J{/'tl!J(J IB!l.IB/C'il!JfJU/C 

NSP-8 
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Typical operating area 

Strobe position 

Typical sense amplifier Schmoo Plot. Operating range is 
between curves a and b. Practical operating regions are 
defined by rectangles . The vertical side represents the 
strobe position range. Its accuracy is affected by strobe 
width , skew, and amplifier delays . Sense amplifier 
threshold level tolerance is a function of the stability of 
the device to power supply and temperature variations, 
in itial setting to the threshold level and the stability of 
the threshold reference voltage . 

TTL and MOS drivers. Interfacing between memory logic 
levels is primarily a job of level shifting. Special mono­
lithic circuits achieve the required combinat ion of high­
speed. low power, multi-channel , and high-drive current 

Memories in displays 

A. Maurer, Hazelt ine Corp .. Li ttle Nec k. N.Y. 

Display systems need memories for buffering, character 
generation, and refresh. Since com puter data is generally 
sent in blocks, time buffer storage is needed. Serial storage 
is possible, since data is ordered and addressed sequen­
tially. Serial buffers need a parallel- to-seri al converter and 
segmentation into pa rallel data paths . 

Asynchronous high-speed RAMS a re preferred in buffers, 
because they can be accessed to process a channel without 
interrupting inputs to other channels. Low-cost dynamic se­
rial memories need data recirculation , which increases ac­
cess time . Cores with cycle times of a microsecond or 
more are the most common for buffers larger than 25k 
bits. Smaller buffers find dynamic MOS RAMS an economic 
alternative. Refresh is usuall y a minor restriction, easi ly 
satisfied . 

Display systems convert digital codes into CRT displ ays 
of cha racters or symbols. A stroke writer (beam wiggle) 
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+5V 

a.TTL to MOS 
- 20V 

+5V 

Rz 
MOS input R1 

b. MOS to TTL Strobe in 

characteristics needed. If the output transistor in a, can 
handle large currents , a small output pull-up resistor will 
charge MOS circui t capacitance rapidly . In b, Rl and R2 
forward bias the transistor when the input is near ground 
and reverse bias it during a negative MOS output . A 
speed up capacitor, C .. improves switching speed. 

increments in x and Y over the face of the CRT. A dot ma­
tri x forms the characters. Character generators are gener­
all y implemented with ROMS when character information 
does not change . For electrically a lterable requirements, 
non-volatile RAMS or RMMS (read-mostly memories) a re 
used. 

Some early display systems used diodes as large multi­
input AN D gates to decode character data . Today, specially 
masked MOS chips and braided-wire transformers a re eco­
nomical. To change cha racter data by computer com­
mand , electrica ll y al terable plated wire ROMS or core mem­
ories with data retention during power transitions are used . 

The refresh rate is determined by the resolution (number 
of discrete video dots / line) and the number o f lines. The 
standa rd TV rate is 30 frames / s, with a frame consisti ng of 
two interlaced field s. A 500- line , 550-dot / line dis pl ay 
means that each dot is about I 00-ns wide. This defines the 
refresh memory data rate. 

Segmentation affects cost when a drum or delay line is 
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used. Many heads and read /write elect ronics a re inherent 
in a heavily segmented drum , as are many lines and dr ivers 
for a similar del ay line system . By con trast , the number of 
MOS shi ft register chips remains a lmost co nstant , si nce 
they are segmented into groups on the chip. High clock 
rates increase power consumption, and segmentation re­
duces it. 

Radar displays 

Target detector memories in radar systems have small 
word capacities and several microsecond cycle times. The 
number of ta rget locations and the amou nt of data for 
each (altitude, azimuth , etc .) determine memory size. Dy­
namic MOS RAMS are highly su ited to this application, be-

Word 
1st 

2nd 
3rd 
4th 
5th 
6th 
7th 

Field B 

Butter 
memory 

I 2 3 4 5 

·J \) 

1..)1...1 v' 
' - '- v 

Chara cter genera tor 

Drum 

Shift register 
Field A Field B 

Shift regis ter 

Processor 

Refresh 

VAM 

Channel I 

Refresh 
memory 

Channel N 

Refresh 

111'1-v-:-:~:~o __ 
generator 

CRT 

Refresh memories such as drums . discs. shift registers 
and delay lines have segmented serial outputs . The more 
segmentation . the lower the refresh memory data rate 
can be . A clock rate of 20 MHz is needed if a single regis­
ter/ channel generates a bit every 50 ns. If 16 registers 
are used . each is c locked at 1.2 MHz. providing 16 paral­
lel bits every 0 .8 µS . The video generator converts this 
data to serial form at 20 MHz. 

cause they are sma ll , low-power, high-reliability devices . 
Volatility is not a factor; data refresh is inherent in the 
continuous sequential addressing. 

Con tent Addressable Memories (CAMS) can reduce 
memory size. Instead of a memory word for each location , 
the CAM contains the amount of words associated with the 
maximum number of targets, usually much less than the 
number of locations . Target words contain range data , and 
at each box, the memory is searched. All targets with data 
matching the box in question are read out for processing. 

Telemetry systems make use of time buffer memories. 
For example, during reentry from space, there is a black­
out period where commun ication with vehicles is cut off. 
Te lemet ry data is captured by an onboard memory and 
transmitted to the ground when the blackout period ends. 

Display memory block diagram. To print an "'A"' , the buf­
fer contains the X and Y position coo rdinates on the 
CRT. and the code 1000001 (ASCI I "' A" ). When the TV 
sweep is at the defined location , the 5 x 7 dot matrix 
ROM is addressed using the code and three address bits . 
which decode one of seven character lines. The sequence 
of words for a ROW output cha racter generator is shown . 
Character generator ROMs have cycle times around half 
a microsecond. The generator can directly input words 
in sync with the ra ster scan into a single cha nnel video 
generator . Multi -channel machines use a Video Assembly 
Memory (VAM ) to formulate the enti re picture before it is 
fed to the refresh memory. The ROM outpu ts seven se­
quential words tor each cha racte r. The VAM is high-
speed RAM with a storage element for every active dot 
on the CRT face. It can contain volatile information . The 
refresh memory provides data to periodically brighten 
the CRT phosphor. a memory element having a charac­
teristic called persistence. 
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A target detector memory contains a word for each 
range box during the t ransmission and reception of the 
interrogate pulse. Replies are stored in the word associ­
ated with that time period . 
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Minicomputers and controllers 
Stephen A. Kallis, Jr. Digi tal Equipment Corp., Maynard, Mass. 

Both minicomputers and some forms of controllers have 
memories . The di ffe rences between minicomputers and 
large com puters primarily relate to size and durability. 
The minicomputer opens up applications in low-cost areas 
and in uncontrolled environments that large computer sys­
te ms could not tolerate. 

A rule-of- thumb for d ifferentiating between the most so­
ph isticated memory-bearing controllers and the least so­
ph isticated computers is that controllers use ROMS; while 
computers use read / write RAMS. However, th is distinction 

Compact size and relative Insensitivity to environment 
make t he small computer an excellent data gathering or 
control system in the field , literally. Here, a POP-8/ L (top 
right of tractor) is used to examine the performance of 
an experimental farming machine. A large computer 
would be difficult and expensive to use. 

Controlled 
machine 

Input 
bOJ< 

Output 
box 

Storage 
box 

Accessory 
box 

I 
L---------...J 

POP-14 sys tem 

PDP-14 system diagram 
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Com uter POP-8/ L , 
Interface 8 / I 

computer 

is blurred, as with our PDP- I I. Called a computer, it has 
only hard-wired logic in some cases . 

Smaller computer memories contain between 4 and 32k­
words of 12- 18 bits. Controller memories are often small­
er, or nonexistent. Because ·of their limited storage, most 
small computers are " dedicated," that is , the ent ire pro­
gram concentrates on a si ngle objective such as calcu­
lation, instrument servicing, or process control. 

Minicomputers often use additiona l storage, such as 
mag tape or di scs. With auxi liary storage, whole or pa rtia l 
programs can be transferred into and out of the computer 
memory, sharply enhancing its capacity. If necessary, it 

To other hi9h - data-rate 
dev ice 

To other 1/0 equipment 

Small computer architecture. In the traditional min­
icomputer, memory elements are isolated from 1/ 0 de­
vices by the 1/ 0 control logic and logical elements of the 
CPU . Any_ direct memory access (OMA) must be per­
formed via a separate data path. The unified bus ar­
rangement shows all elements connected to one bus . 
Through a " priority arbitration " network, all elements , 
except memory, have equal status . Any one element can 
take control of the bus and address any other; thus , OMA 
is automatic . 

Major parts of the PDP·l4 controller. Machine con­
trollers are somet imes ca lled special -purpose computers . 
When connected to a computer , the controller may form 
the lowest end of a hierarchy. Usually , the computer sim­
ply mon itors and records the perfo rmance of its con­
troller(s). 
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can perform different sequential tasks. This amounts to ul­
tra-rapid rededication of the computer during the series. 

A small computer can contain the required analytical 
program to solve a problem , but have insufficient storage 
left to handle all the elements . In such cases, small com­
puters are connected to larger ones, forming a hierarchy . 
The small computer uses the large one as a form of memo­
ry extension. When a minicomputer cannot handle a prob­
lem, it accepts the input , manipulates the data , and trans­
forms them into a form the other can handle with virtually 
no extra programming. The second computer receives the 
problem in its preprocessed form, solves it , and sends back 
t l'~ results . In typical setups, dedicated controllers act as 
the bottom level of a hierarchy and connect to a small su­
pervisory computer . 

Traditional minicomputer architecture called for one 
bus to connect the central processing unit ( C PU) with the 
memory , and a separate 1/ 0 bus to each peripheral device . 
All memory inputs went through the C P U, unless a special 

ROMs as logic 
John Linford, Motorola Inc .. Phoenix . Am. 

An alternative to implementing digital system s with cus­
tom or standa rd 1cs is to use sem icond uctor ROMS. This 
compromise choice can be thought of as both quasi-cus­
tom (c ustom mask patterns) and quasi-standard (standard , 
field-programmable parts) . 

The field programmable ROM elimina tes the man ufac­
turer's four to six week turn-arr, ::nd tif11e to program a 
ROM, as well as reduci ng part number inventories in the 
field . After prototypes are debugged using field program-

HollE>rith 

12 II 10 9 8 7 6 5 4 2 

A1 A6 As A4 A3 A2 A1 Ao 

256 words 8 bits 

B7 B6 B5 B4 B3 B2 s, Bo 

ASCll 

Direct Memory Access (DMA) option, located in the C P U, 

permitted a device, say a disc , to communicate directly 
with the memory . 

Many minicomputers now use a unified bus to parallel 
a ll co mputer elements . Any element , except the memory , 
can take control of the bus and communicate with any oth­
er element. All elements have access to the memory with­
out going through the C PU . 

This arrangement provides easy modular addition of 
elements. Plugging in extra memory elements adds memo­
ry. Memory elements mix easily: some plugged into the 
bus may be RAMS , while others may be ROMS . 

Mixed memories are very useful for protecting parts of 
a program . Critical parts are put into ROMS, which are im­
mune to manipulation or dumping . The single-bus archi­
tecture means that a sma ll computer having ROMS and 
RAMS converts into a con troller by unplugging the RAM 

modules. A controller converts into a compu ter by plug­
gi ng in RAM modules. 

mable ROMS, smaller mask programmable ROMS can offer 
lower costs if large volumes are needed. 

The desire to use LS I in system design has frustrated 
some designers. They attempt to partition systems into 
logic bloc ks that are large, yet repetitive enough so th a t 
quantities of custom circuit s with many gates are feasible . 
Replacing logic blocks with ROMS often turn s out to be a 
better answer. An even better approach may be to restruc­
ture the system organization to take advantage of ROM 

characteristics. 

Combinational table look-up. To replace a multi -function 
(M) of variables (X) with a ROM , allow each combination 
of variables to select an address location programmed 
with the proper logic level. The input data. or address 
word, selects a stored word con taining the output word 
in a simple table look-up arrangement. Design effective-
ness is measured by compa ring the number of bits ac-
tually used to the number purchased, which is generally 
a binary power. 

To convert the 12-character Hollerith code to an 8-bit 
code such as ASCII would require 2 u words of direct ad-
dress. However, characteristics of the code help reduce 
the bits required. Two or more bits in rows 1 through 7 
are never activated simultaneously . These bits are really 
in a one-of-seven code which can be compressed into a 
three-bit binary code. With this co mpression . the Holler-
ith code becomes an eight-bit code, requiring only 28 
words . The number of bits reduces from 2 12 x 8 
32,768 to 28 x 8 = 2048 bits , or two 1024-bit ROMs. 
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3BCD digits 

11 10 9 B 7 6 543210 

64 words 10 bit s 64 wo rd 6 bits 

Binary odder 10 bits 

Binary output code 

Segmentation divides an input word, W, into segments . 
Small ROMs translate each segment into the desired out­
put code. Segmented outputs are combined using the 
appropriate algorithm . This technique is applicable t o 
many conversions. 

Consider a BCD-to-binary conve rsion involving three 
BCD deca des. The input code has 12 bits . Direct co n­
version would take 212 10-bi t words . By dividing the 12 
input bits : 

W = b l! b1ob9bab1b6b5b4b3b2b1bo into two segments : 
W = WA + W8 = bl! b1ob9bab1b6000000 + 

000000b5b•b3b2b lbo 
each segmen t only con tains six variable bits and six bits 
constrained to zero . Segment WA has only 26 possible 
conve rsion states and can be converted into binary code 
with 26 possible states . The second segment , Vv s , also 
contains 26 poss ible conversion states . Since it is com­
posed of the last two bits of the middle four-bit BCD cod e 
(b5 and b•) and the entire four bits of the last BCD code 
(b3,b2, b1. bo) the largest input code that can be represent­
ed is decimal 39 (11 -1001). Thu s, only six output bits are 
required , and a 64-word , six-bit ROM can accomplish thi s 
part of the conve rsi on. Outputs are added together wit h 
a 10-bit binary adder. The ca paci ty for this conve rsi on 
redu ces from 212 x 10 = 10.240 bits. to 26 x 10 + 26 x 6 
= l,020bits . 

r ----------------------- , 
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As A4 A3 A2 A1 Ao 

512 bit ROM 

B4 B3 B2 Bl Bo 

Gre code out 6 6 6 6 6 

Sequence generation. Large ROMs ca n replace several 
flip-flops and co unters as code sequence generators by 
connecting some outputs back to input address lines. In­
stea d of addressing the ROM with a sequentia l binary 
counter and having it look-up the Grey code , a larger 
ROM sequence itself with only an external timing signal. 
The 512-bit ROM shown implements a five-bit Grey code 
co unter by feedin g back five outputs. The feedback el im­
inates the need for delay networks in the feedback paths, 
since only one Grey code output changes at a time. ROM 
outputs must be free from spurious signals that would 
add ress false states . A c lock connected to the sixth input 
toggles between 1 and 0. It must remain stable for as 
long as the propagation delay through the ROM . The fol­
lowing table shows the first two states of the five-bit Grey 
code co unter . A stable condition exists , and wi l l pe rsist 
when input and output agree. With the inputs and c lock 
in th e "All -0 " state , the outputs are also all O's, which is 
a stable condition . 

In puts Outputs 

A5 A4 A3 A2 Al AO B3 B2 Bl BO 

initia lly 0 0 0 0 0 0 0 0 0 O stable 
c lock step 0 0 0 0 0 1 0 0 0 1 
seq uence 0 0 0 0 1 1 0 0 0 1 stable 

c lock step 0 0 0 0 1 0 0 0 1 1 
sequence 0 0 0 1 1 0 0 0 1 1 stable 

When the input c lock goes to the 1 state , the input 
word (000001 ) addresses a ROM location containing the 
sto red word 00001. The f ive-bit output (00001 ) causes 
the six-b it input t o become 000011. That input addresses 
a new memory location , which also contains 00001. Now 
the output corresponds to the input and a stable condi ­
tion ex ists until th e c locl{ line t oggles to 0. 

,- INFORMATION RETR I EVAL 

~mputers and periphera ls, Digital design 
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CAN YOU 
REALLY AFFORD 

TO MAKE 
YOUR OWN CUSTOM 

ASSEMBLIES? 
P&B's free check list will give you the answer. 

We make thousands of custom assemblies each year 
which include relays and electronic components. 
We're geared for this work. We have the know-how, 
the people, the test gear, the necessary production 
equipment. We normally purchase the components 
we do not make-diodes, resistors, capacitor, transis­
tors-at maximum discounts. 

When we supply your electronic assemblies you do 
not have to (1) buy and inventory the components, 
(2) set up a special produc­
tion line, (3) acquire unusual 
test equipment, (4) train and 
pay the necessary produc-

tion and supervisory personnel. The opportunities for 
savings are obvious. 

Ask for our Custom Assemblies Check List, which 
simplifies the make or buy decision. Better yet, ask 
us for a quotation on assemblies that incorporate 
relays. Chances are, we will save you money. 

Call your local P&B representative or Potter & 
Brumfield Division of AMF Incorporated, Princeton , 
Indiana 47570. 812 385 5251 

~ F I POTTER & BRUMFIELD 

P&B performance. Nothing else comes close. 
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THIS MONTH'S IDEAS PAGE 

An easy way to measure offset and bias cu rrents ........ ... ... .. ... ........ .... .... ...... .. ........... .. ... 56 

Inexpensive divider extends range of 10 MHz counter to 100 MHz .... ... ..... ..... ....... .... ... . 56 

Addition and comparison in one operation ... ..... ...... ..... .. .. .. ..................... ... .. ........ ..... ... ... 58 

VOTE for the one you like best 
Circle the number of the Idea you like best 
on the inquiry card and send it to us. 

SEND us practical , reproduc ible ideas that are original with you 
and have been implemented with linear or digital ICs . 
If we publi sh your idea . you win a check for $25.00. 
If our readers vote yours the best of the issue in whi ch it appears . 
you have your choice of a Simpson 270 or Triplett 602 multitester. 
After 12 issues , our readers will vote on the best idea for all 12 iss ues . 
The winner gets his choice of either a Hewlett-Pa ckard 1206A or a Tektronix 5103N os­
cil loscope. 

Submit your IC Ideas to : 
Alberto Socolovs ky , Ed itor 
THE ELECTRONIC ENGINEER 
Chestnut & 56th Sts 
Philadelphia . Pa . 19139 

liOW YOU VOTED 

The winning Idea for th e February 
1971 issue is .. Solid state sine/ 
cos ine generator ... 
Our winn ing author . J . Rodney 
Cox , is an electronic engineer at 
the U.S. Naval Ordnance Stati on in 
Loui sville, Kentucky . He is responsible 
for the design of electronic replacements 
for mechanical and electro-mechanical 
gear . and also is involved in several 
Rand D projects. Mr . Cox has sel ected 
t he Triplett Model 602 TVO as his prize. 
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An easy way to measure offset and bias currents 

Jac k Goldberg, Monsant o. Electronic Products Div . 

This c ircuit lets you measure the bias 

and offset cur rents o f FET input o p 
a mps down to 1 pA . 

If switch s, is closed and S2 is 
o pen (or vice versa), the output volt­
age is related to the bias current by 
th e fo llowin g equ a tion : 

dv R, + R, 
- - = - ----

dt c R, 
By monito ring V0 for a kno wn peri­
od of time, you can fi nd the bias cur­
rent. 

A n example, assume C is a 0 .001 
µF polystyrene capacito r R 1 is 9.0 
kn, R i is 1.0 kn, and the t ime pe riod 
is 10 s. W orking th rough the ma th 
will give yo u the fact th a t i = d v 
10- 11

• If Vu changes by 0 . 1 Y during 
the 10 s, then the bi as current is 1 
pA. 

SWA c 

You can a lso use this curcuit to 
measure o ffset currents by o pening 
both switches. For meas uring offse t 

To vote for t his IC Idea, circle 981 on the Reader Service Card. 

Inexpensive divider extends range of 10 MHz counter to 100 MHz. 

R. L. Sta rliper, Western Electric Co. 

You can extend the range of most 10 
MH z counters with this circuit. The 
d iode limiter (CR 1 and CR 2) a llows 
signa l a mplitudes up to 10 Y pk-pk 
with out da mage to th e in tegra ted c ir­
cuits . Va riable resisto r R ' controls 
th e bia s po int o f th e ho t ca rrier 
diodes and should be adj usted fo r 
- 3.2 Ydc at the a node of CR 1. 

The signa l fro m th e limite r is 
sha ped by the 1023, a high speed 
dua l clock driver. T he inpu t to the 
clock driver should be biased to 1. 15 
Ydc, which is set by R i. The output 
from the cloc k driver goes to FF, , a 
120 MHz J- K f1ip-f1 o p. This di vides 
the signa l by 2. 

6 

B 

-5.2V 

A 

FF1 
J A 13 
K 

MC 1027 

-5.2V 

1- IOVPP 
10-100Mc1 I\ I\ 
I nput V V 

- 5.2V 

3 

6 FF2 
J 

B 

MC 1013 

2-4V 

ii 

B 13 

SW B 

and bi as currents wh ich a re o rde rs o f 
mag nitude la rge r th a n 1 pA, use 
la rger capacito rs. 

R IOK n 

- 5.2V 
IK.n 

IOOOpF 

750ll IKll 

- 5.2V - 5 .2V 

c 13 3 D 13 
No 
conn. 

5 c I 
FF4 

0 
B 

MC 10 13 

The output from FF1 goes to the 
divide- by- five c ircuit co ns istin g o f 
FF2, FFJ a nd FF •. The divided down 
output fr om FF. dri ves t ransisto r Q1 
to o bta in a 2-4 Y swing at the out­
put. Ca pacito r C 1 is adjusted to in­
sure a prope r frequ ency d ivis ion with 
a 9 MH z c w input. 

l-IOMCrA J2 O.ll'F 
Output >:---11-----+ 

3Kn 

50Kn 
R12 12 pf 

47n IBOOn IBOn 

To vote for this IC Idea, ci rcle 982 on t he Reader Service Card. 

56 THE ELECTRONIC ENGINEER • July 1971 



No ceramic capacitor should 
be permiHed to enter this world 

with a birth defect. 

Because Union Carbide now has 
a way to manufacture reliability 
into KEMET® ceramics, rather than 
just test it in. 

This all started when we exam­
ined ceramic capacitors that had 
failed at the tender age of 10 or 20 
thousand hours. Even after they'd 
passed the burn-in, temperature 
cycling, and testing requirements 
of Mil-C-39014. 

We found that the failures were 
not wear-out mechanisms, but 
were process irregularities com­
mon to popular manufacturing 
techniques. Such as minute dielec­
tric faults, n1icroscopic contam­
inates, slight misalignment of 
electrodes, and silver leaching or 
migration. All revealed themselves 
as potential problems affecting 
long-term reliability . 

• COM;ONENTS DEPARTMENT 

So we developed a high-speed 
manufacturing process that gives 
predictable, uniform results. With 
new formulation techniques that 
provide the smallest possible par­
ticle size and eliminate contamina­
tion. With a continuous-belt cast­
ing system for controlled density 
and quality. With automated equip­
ment for electrode printing and lam­
ination to insure precision assem­
bly. With the exclusive KEMET 
"Solder-Guard" process to pre­
vent end-metallizing problems. 

With all that, KEMET ceramic 
capacitors are now the mo~t re-
liable ones you can get. \, 

If you use any ceramic c~pac­
itor up to 3.3 microfarads, specify 
reliable KEMET ceramics. Write 
us for complete information · at 
Box 5928, Greenville, S.C. 29606. 

SUPPORT HEALTHY CAPACITORS. WITH A CHECK. 

THE ELECTRONIC ENGINEER • July 1971 Circle Reader Service #38 57 



G 

58 

Addition and comparison in one operation 

John T. Hannon . Jr .. Computer Sciences Corp. 

A frequent situation in digital sys­
tems is the one in which you must 
compare two digital numbers . Often, 
one of these numbers will be from a 
BCD counter, which counts from zero 
to nine, while the other number may 
be from a thumbwheel switch which 
has an output of one to ten . In order 
to select the inputs from the switch 
as one to ten , you must add one to 
the input from the counter. One easy 
way to accomplish this function is to 
combine the addition and com­
parison functions with one 4-bit 
binary adder such as the SN7483. 

One set of inputs to the counter is 
connected to the counter outputs, 
and the other is connected to the 
thumbwheel switch. The switch has 
BC D outputs, and the common line of 
the switch is connected to ground in 
order to provide an inverted BC D out­
put of the number selected . The car­
ry input of the adder is connected to 
logic one ( + 5 V) to provide for the 
necessary addition of one. 

As an example of the circuit oper­
ation , let's suppose the thumbwheel 
switch is set to a live. The BCD code 
for five is 0101, but with the 
grounded common line the outputs 
become I 0 I 0 . When the counter 
reaches four , the inputs to the adder 
are as follows : 

Switch 
Counter 
Carry 
Total 

5 - 0101 
4- 0100 
1- 0001 

1111 
All four of the summation outputs 
go high , causing G1 to go low. Gate 
GJ then goes high to enable the func­
tion as required . 

The purpose of Gi in the circuit is 
to enable the zero on the thumb­
wheel switch to select the count of 
nine . This feature can be used with a 

+5V 

Corry 

TilumbwhMI awitcll 
I 2 4 8 

Unit's 
switdl 

Unit's 
countw 
I 2 4 8 

input __________ __, 

second comparator for up to 99 dif­
ferent compare selections . For a 
comparison with the zero selected 
( 10, 20, etc.), the inputs to the adder 
would be: 

Switch 
Counter 
Carry 
Total 

0- 1111 
9- 1001 

1- 0001 
1-1001 

The output of Gi then goes low, and 
GJ goes high . The output from Gi is 
also inverted and appl ied to the carry 
input of the next adder. This is be-

To vote for this IC Idea, circle 983 on the Reader Service Card. 

BCOeounter 
2 4 8 

Corry 
output 

To carry input 
of next decode 

+5V 

Output 

cause it is only necessary to add one 
to the ten's digit when there is a nine 
to zero transistion in the unit's digit. 

The bottom circuit shows how to 
connect two BC D counters to provide 
for the selection of up to 99 func­
tions. You can expand this method 
for as many decades as required . 
With availabi lity and low-cost of 

the four-bit binary adder , the result 
is a unique comparison that is no 
more expensive than a standard com­
parison . 
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A funny thing happened 
on the way to the bench. 

This Weston VOM will come through a 
five-foot fall and continue to work. We 
engineered our new 660 series VOMs to 
be virtually indestructible. And we back 
up this claim with a written warranty. 

In addition to sparing you the em­
barrassment and inconvenience of a 
broken instrument, we've designed in 
all the features you expect in a modern 
VOM-plus a few more that may sur­
prise you, considering that you pay no 
more for industry's smallest precision 
multitester. 

For example : all models have diode­
protected meter movements, with full 

circuit overload protection optional. All 
are equipped with a custom taut-band 
mechanism, self-storing handle, polar­
ity reversal switch, externally replace­
able fuse, and a single range selector 
switch. 

Basic accuracy is 2% on DC and 3% 
on AC ranges - an accuracy they'll 
maintain in extreme environments be­
cause they're temperature compen­
sated, too. 

The 660 series drop-proofed line in­
c I udes a 35-range general-purpose 
VOM, a VOM with resettable relay for 
220-volt circuit overloads, and a high-

Circle Reader Service #40 
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accuracy version of each. There's also 
a high impedance unit with four push­
button selectable modes and 37 ranges 
designed especially for semiconductor 
troubleshooting, but rugged enough for 
any field servicing need as well. 

See your Weston distributor, or write 
for details on these "bouncing" new 
baby VOMs with more of everything ... 
except price. 

WES ION~ 
WESTON INSTRUMENTS 
614 Frelingh uysen Ave ., Newark, N .J . 07114 

a Schlumberger company 



NEW 

The great scope race: Tektronix leads by an octave 

For almost two years, Hewlett-Pack­
a rd 's Model 183A has reigned supreme 
as the fastest real-time osci ll oscope you 
could buy . Introduced at WESCON in 
1969 (The Electronic Engineer, Aug . 
1969, pp . 93-94), the 183A boasted fea­
tures not previously found on vhf real­
ti me sco pe s: hi g h se ns itivit y; good 
brightness; and a normally sized viewing 
area . 

But at that same WESCON, Tektronix 
introduced its 7000 series . Starting with 
two mainframes a nd 13 plug-ins , th e 
7000 seri es has si nce grow n to six 
mainframes and 22 plug-i ns. And the 
most recent additions to this series- the 
sixth ma inframe and the 2 1st and 22nd 
plug- ins- leapfrog Tektronix ahead of 
HP with a walloping 500- MH z real ­
time response and full plug-in capabil­
ity . 

The CRT in Tekt ronix's 7904 mai n­
fr ame is simil a r to that fo und in H P's 

183A in that both use helical delay- line 
deOectio n electrodes . With a direct con­
nection to the CRT, the 7904 displays 1-
G Hz signals at a 5-V / cm de Oec ti on sen­
si ti vity on an 8-x- I 0-cm viewing a rea . 
Writing speed is 10 cm / ns. With fog­
gin g techniques, the 7904 offers a writ­
ing speed of 20 cm / ns. 

Circle Reader Service #232 

The standard 7904 mainframe costs 
$2900 and includes CRT scale-readout. 
An optional CRT with a 4-x-5-cm view­
ing area extends writing speed to at 
least 30 cm/ ns. And with a P3 I phos­
phor, this CRT- Option 4, which ups the 
pr ice of the mainframe by $350- lets 
you see low rep-rate uhf signals even un ­
der high a mbient-light conditions. 

The new plug-ins co mpl ement th e 
performance of the mainfram e. A 
single-trace, vertical a mplifier plug- in , 
the 7A 19 uses fast hybrid circuits to 
give an overall sys tem bandwidth of 500 
MH z. Vertical sensitivity is 10 mV / cm, 
and the input impedance is 50 I! . For 
hi gh input-impedance meas urem ent s, 
yo u can use the P605 I FET probe. This 
g ives a I-M l! input imped a nce a nd 
holds a 450-MHz system BW. 

The 7A l9 cos t s $500. Opti o n I , 

Functional computer: custom style 

For the OEM who has abso lutely de­
fin ed hi s problem and does not want to 
pay f o r a ge n e r a l - purp ose mini ­
co mputer, Digi ta l Equipm ent Co rp . 
h as a nn ounced a c us t o m -desig ned 
" fun ctiona l co mputer ," the PDP-1 6. 
The potential user takes advantage of 
DEC's Chart wa re program to generate 
microprogramming in structions for a 
custom PDP- 16. D EC claims a custom 
design can be done in an hour, though 

fo ur hours is the best a cus tome r has 
done to date . Anyone with doubts about 
his problem definition can buy a mini­
co mputer and take advantage of it s 
programmability to compensate fo r his 
uncertainty. 

In the no-memory $800 version 
(pr ices range up to $3,000) , TTL 1c s a re 
hard-wired int o th e c ustom PDP- 16. 
Reprogra mmin g is d one by rewi rin g 
back panels. Up to I 024 words of 
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which adds a variable delay for transit­
time matching of two 7A l9s, increases 
the price to $700. 

A new time-base plug-in has sweep 
rates from 500 ps/cm to 0.2 s/cm . The 
7 B92 dual time-base offers three display 
modes: delayed sweep; intensi fied delay­
ing sweep; and alternate, which gives 
you a simult aneous display of the first 
two modes. The 7 B92 costs $1400. 

And now bac k to Hewlett- Packard . It 
should be obvi ous to users that HP 
hasn' t been asleep on the job. After a ll , 
HP a lread y has log ic 1cs o peratin g 
above 500 MH z. And if digital circuits 
co me, can linears be far behind? But the 
question isn't onl y one of time; it's a lso 
a matter of how high the frequen cy. It 
wouldn't suprise us if, when HP ma kes 
its move, it jumps right-on-up to a I 
GHz instrument. 

In the meantime, .for more in for ma­
ti on on the 7904 system (avai lability, 
fo urth quarter of this year), write Tek­
troni x, In c., Box 500, Beaverton, Ore . 
97005. (503) 644-0 161. 

For Tektronix 
Circle Reader Service #232 

For Hewlett-Pac kard 
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braided wire ROM and 512 words of 
bipolar scratchpad RAM can be achieved 
in the cost lier models. Add times a re in 
the 400-500 ns range . 

A typical appli cation might be com­
paring a process cont ro l signa l at the 
high a nd low limits and alerting another 
computer when the signal fa ll s outside 
the band. Di gita l Equipment Corp ., 
Maynard , Mass . 
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High speed D/A conversion for display systems 

This set of three modules is aimed spe­
cifically at providing the high resolution 
and accuracy required in display sys­
tems and high speed test equipment. 
The set consists of the DI A converter it­
self, plus a logic module and a follow­
and-hold amplifier. The three units to­
gether provide the kind of glitch-free 
conversion that is required by large 
screen CRT displays. 

it back within the spec. 
The second unit, the logic module, 

performs the function of cleaning up the 
digital inputs into the conversion sys­
tem. It includes an input buffer resister 
for parallel data entry, plus the circuitry 
which generates the hold pulse for the 
follow-and-hold amplifier. 

The follow-and-hold module contains 
the hold driver, transient supression cir-

HOlDPUlSE 

•V~ - Vee ·~ VOl TS 
r - ----------, 

,., 
SYNCH 
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The DI A converter, which you can use 
as a stand alone module, comes in I 0-, 
12-, and 13-bit bina ry versions plus a 3-
digit BCD configuration. The converters 
include switching network , rUrrent 
sources, output amplifier and an inter­
nal reference which is externally com­
pleted. This reference arrangement lets 
you make full scale adjustments or use 
an external reference if you wish . One 
very practical feature is that you can 
gain access to the precision resistors for 
the most significant bits. This means as 
resistor aging starts to affect your ac­
curacy, you are not faced with a fairly 
expensive throw-away unit. Instead, you 
can recali brate the converter and bring 

FUNCTION GENERATOR 
Model 5000 is a low-cost function 

generator which provides sine, square 

-and triangular waveforms from 0.2 Hz 
to 3 MHz. Maximum output for all 
function s is 20 V p-p. An additional 5 V 
p-p sq . wave output can be used for syn­
chronization, gating, blanking, etc., 
while the main output is providing an­
other function. $295.00. Krohn-Hite 
Corp., 580 Massachusetts Ave., Cam­
bridge, Mass . 02139. 
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200 SERIES 
OAC 

FOLLOW ANO HOLD MODULE 

cuitry and the output drive circuits. 
In a typical application of driving a 

C RT, the system will give you a min­
imum output slew rate of 200 V /µs. The 
settling time to ±I LSB is 500 ns max­
imum, and typically comes in at about 
200 ns. The output is ± 11 V at 40 mA. 

Some typical prices (in 1-9 quantities) 
are $135 for the IO-bit DI A converter, 
$195 for the 13-bit DI A, $45 for the 10-
bit logic module, $75 for the 13-bit logic 
module and $125 for the follow-and­
hold amplifier. Dynamic Measurements 
Corp., 6 Lowell Ave ., Winchester , 
Mass . 01890. 
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MOS/ LSI ARRAY TESTER 
Model 1036 is designed exclusively 

for testing arrays up to 79 pins. The sys-

tern is built around DEC's PDP-8 with 
4K to 32K of core available depending 
upon options. As a function of the com­
puter's peripherals, the !lo bus and the 
software allow as many as 20 com­
pletely independent circuit testers to be 
run by a single computer. LSI Testing, 
Inc. , 2280 S. Main St., Salt Lake City, 
Utah 84115. 
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CENTRALAB 
SEMICONDUCTOR 

DISTRIBUTORS 
ALABAMA 

Birm ingham • M. G. Electronics & Equipment 

ARIZONA 
Phoenix • Ster ling Electroni cs 

CALIFORNIA 
Ing lewood • Newark Flectronics 
Los Angele s • Radio Products Sales 
W. Los Angele s • California Elects 
Mountain View• Elmar Electronics 
San Die go• Milo of Ca l ifornia 

COLORADO 
Denver• Newark-Denver Elect. Corp. 

FLORIDA 
Miami • Electronic Equipment Co. Inc. 
Orlando • Hammond Electronics 

GEORGIA 
Atlanta • Ack Radio Supply Co. 

ILLINOIS 
Chicago• Newark Electronics 
Palatine • Ohmtronics Inc. 
Rockford• J & M Electronics. Inc. 

INDIANA 
Indianapoli s • Graham Electronics Surply 

• Ra- Dis-Co., Inc. 

IOWA 
Cedar Rapid s • Deeco Inc. 

KANSAS 
Wichita • Radio Supply Co. 

KENTUCKY 
Loui sville • P. I. Burks Co. 

LOUISIANA 
Lafayette• Ralph's of L.1fayette 
New Orleans • So uthe rn Radio Supply Co. 

MARYLAND 
Baltimore• Pyttronics Industries 

• Technico. Inc. 
Hyattsville • Milgray/Washington, Inc. 

MASSACHUSETTS 
Cambridge • Electrica l Supply Corp. 
Dedham • Ge rber Elec t ron ics 
Newton Centre • Cramer Electronics 
Watertown• Sterling Electronics 

MICHIGAN 
Detroit• Newa rk-Detroit Elect. 
Farm ington • Northland Elect ronics 
Grand Rapid s • Newa rk Industr ial Uect. Corp. 
Kalamazoo • Al l Phase Electr ic Supply Co. 

MINNESOTA 
St. Paul• Gopher Electronics Co. 

MISSISSIPPI 
Jackson• El li ngton Elec tronic Supply, Inc. 

MISSOURI 
Kansa s City • Texas Ins t r umen t Supply 

• Walters Rad io 
University City• Olive Elect. Supply 

NEBRASKA 
Lincoln • Scott Elect. Supply Corp. 

NEW JERSEY 
Camden • Genera l Rad io Supply Co , Inc. 
Hanover• State Electron ic Parts Corp. 

NEW YORK 
Buffa lo • Ge nesee Radio & Parts 

• Summ it Distrib. Inc. 
Cheektowaga • Standard Elec t ronics 
Farmingdale, l.I . • Arrow Electron ics Inc . 
Freeport, LI . • Mi lgray Electronics 
New York City • Terminal Hudson [lect. Inc. 
Rochester• Simcon;i Elec t ronics 
Syo sset, L.I. • Milo Electronics 

NORTH CAROLINA 
Green sboro • Carolina Rad io Supply 

OHIO 
Cincinnat i • New.1rk Herr linge r Elect. Corp. 

• Uni t ed Radio Inc. 
Cleveland• Pioneer-St.1ndard Elect. 
Columbu s • Hughes·Peters Inc. 

OKLAHOMA 
Tul sa • Oi l Capitol Electronics 

• Texas Inst rument Supply 
PENNSYLVANIA 

Philadelphi a • Herbach & Rademan 
• Milgray/Delaware Val ley 
• Muncy [!ectronics, Inc. 

Pittsburgh • Came rad1 0 Co. 

TEXAS 
Dalla s • Arco Electronics. Inc. 

• Texas Instrument Supply 
Houston • Harrison Equipment Co. 

• Newa rk- Houston Elec t. Co rp. 
Garland • Newa rk -Dal las Elec t . Corp. 

UTAH 
Salt Lake City • Standard Supply Co. 

WASHINGTON 
Seattl e • Almac/St rourn 

WISCONSIN 
Milwaukee • El ec t ronic Exped itors 
West Alli s • M2rsh Radio Supply 
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Division • GLOBE-UNION INC. 

4 501 NORTH ARDEN DRIVE 

EL MONTE, CALIFORNIA 91734 
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QUALITY 
SMALL DIMENSION FUSES AND FUSEHOLDERS 

For The Protection of All Types of Electronic 
and Electrical Circuits and Devices ... 

E s !) includes dual-element "slow-blowing", 
single-element "quick-acting" and sig­
nal or visual indicating types ... in sizes 
from 1/500 amp. up. 

TRON Rectifier Fuses For the Safe 
Protection of Solid State Devices. 
Provide extremely fast opening on over­
load and fault currents, with a high 
degree of restriction of let-thru current. 
Many types and sizes available. Ampere 
ratings from 72 to 1000 in voltage ratings 
up to 1500. 

( 

( ! 

LED DISPLAY 

I) 

HKA lamp­
indicating, signal 
activating holder. 

Data-Lit 8, seven segment display has 
digits that mount on 0.3 in. centers. 

This feature provides advantages over 
DIP-type displays in uses such as desk 
top calculators, portable and bench top 
instruments, data terminals and medical 
instruments. Litronix, In c., 19000 
Homestead Rd. , Cupertino, Calif. 
95014. 

Circle Reader Service #240 

HIGH DENSITY PLUGBOARDS 
These boards are punched with an 

overall grid of 0.042 in . dia. holes lo­
cated on 0.1 in. centers. They will take 
any component with lead spacing on 0.1 
in . multiples . Thus , rc packages, or 
sockets from 14 lead through 36 lead 
sizes may be mounted in any required 
density. Vector Electronic Co ., Inc., 
12460 Gladstone Ave., Sylmar, Calif. 
91342. 
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HMR RF- shielded 
holder for ~ x l~ 
in. fuses. 

HKP panel 
mounted bolder for 
~ x l~ in. fuses. 

LIGHT DETECTORS 
Two Sensor-LED assemblies, an En­

coder and Mark Sense Reader detect 
interrupted or reflected light energy, re­
spectively . Each OPB 120 encoder As­
sembly contains a GaAs infrared energy 
source and Si phototransistor. Optron, 
Inc ., 1201 Tappan Circle, Carrollton, 
Tex. 75006. 

Circle Reader Service #242 

FIBER OPTIC READOUT 
FRO series subminiature readouts 

feature low power requirements (I 00 

mW /char.) and non-ambiguous reliabil­
ity (one lamp/char.) Although readout 
character height of 0.475 in . is larger 
than competitive 7-segment types, the 
housing size of 0.66 x 0.46 x 1.62 in . is 
smaller. Shelly Associates, Inc . 1562 
Raynolds Ave., Santa Ana, Calif. 
92711. 
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DI P SOLID STATE RELAY 
Class 5050QIC, dual-in-line, 14-pin 

relay has three different functions built 

in- switching, latching, and timing. The 
latching function is easily achieved by 
shorting two pins on the PC tract. You 
merely add a simple resistor /capacitor 
network to accomplish the timing func­
tions. Magnecraft Electric Co., 5575 N . 
Lynch Ave., Chicago, Ill. 60630. 
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DIGITAL READOUT TUBE 

New low-voltage subminiature Y-
4105 is a four phosphor segment, vac­
uum cathode-luminescent 10-pin base 
tube in a T-3 bulb. It offers sharp dis­
play of a numeral one, "plus" and 
"minus" symbols and decimal point for 
low drive and power levels . General 
Electric Co. 2100 Gardiner Lane, 
Louisville, Ky. 40205. 
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KEYSTRIP SWI TCH 
These switches may be used singly in 

control panel or console applications or 

may be tied together in groups for data 
entry blocks . They may also be used in 
multiple units for complete and encoded 
std. or custom keyboards . Maxi-Switch 
Co., 3121 Washington Ave. No., Min­
neapolis, Minn . 55411. 
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SOLENOID 

This 1/2 in . d ia. x 1 in. straight pull 
solenoid (Size 50) has an output force of 
1.25 lbs. It is only 24 g and can move a 
load through a 1/2 in. stroke. Ledex Inc., 
123 Webster St., Dayton, Ohio 45401. 
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FNA FUSETR ON 
Fuse 13/ 32 x 1~ 
in. slow-blowing, 
Visual-Indicating, 
Alarm-Activating. 
(Also usefu l for 
protection of small 
motors, solenoids, 
transformers in 
machine tool 
industry.) 

EPOXY COATING POWDER 

Sensitive components can be coated 
at relatively low temps by spray, flow 
coat or aerated bed (dipping) with DK9 
Blue, a homogeneous one-part epoxy 
powder. The electrical insulating coat­
ing fuses at temps as low as 250°F. Hy­
sol Div., The Dexter Corp., Franklin St., 
Olean, N.Y. 14760. 
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NUMERICAL READOUT TUBE 

The NL-1222 readout is designed for 

use at 170 Vdc. It operates equally well 
in the de, strobe, or time share modes . 
National Electronics, Inc ., Geneva, Ill. 
60134. 
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BUSS 
MIC-13/ 32 x 
1~ in. 
Visual­
Indicating, 
Alarm­
Activating. 

BUSS 
MI N-13/ 32 x 
l~in. 
Visual­
Indicating. 

BUSS 
GLD-UxlU 
in. Visual­
Indicating, 
Alarm­
Activating. 

BUSS 
GBA-U x lU 
in. Visual­
Indicating. 

The Complete Line of Signal-Indicating Alarm­
Activating Fuses 

INTERCONNECTION BLOCK 
BergLock™ modular interconnection 

block is a reliable way to mount re­
placeable daughter-board modules in 
electronic assemblies. Locking tabs on 
the base of the housing anchor the 
blocks firmly into the mother board. 
Berg Electronics, Inc ., New Cumber­
land, Pa . 17070. 
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DIGITAL PANEL METERS 
These flush-mount digital panel me­

ters (Series K), for industrial environ­
ments, are avai lable in 2 1/2 , 3, 3 1/2 , 4 
and 4 1/2 digit models. Datascan , Inc., 
Clifton, N .J . 07013 . 
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BUSS GMT 
and HLT 
holder, 
Visual­
Indicating, 
Alarm­
Activating. 

For use on computers, microwave units, communi- •--------------­
cation equipment, all electronic circuitry. 

SUB-MINIATURE 
FUSES 

Ideal for space t ight applications, light 
weight, vibration and shock resistant. 
For use as part of miniaturized inte­
grated circuit, large multi-circuit elec­
tronic systems, computers, printed 
circuit boards, all electronic circuit ry. 

BUSSMANN MFG. DIVISION, 
McGraw-Edison Co., St. Louis, Mo. 63107 
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TRON 
Sub-Miniature 
Pigtail 
Fuses- Body size only 
.145 x .300 inch. Glass 
tube construction per­
mits visual inspection 
of element. Hermatical­
ly sealed. Twenty-three 
ampere sizes from 1/ 100 
thru 15. 

BUSS 
·Sub-Miniature 
GMW 
Fuse and HWA 
Fuseholder 
Fuse size only .270 x 
.250 inch. Fuse has 
window for visual 
inspection of ele­
ment. Fuse may be 
used with or with­
out holder. 1/ 200 to 
5 amp. Fuses and 
holders meet Mili­
tary Specifications. 
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NUMERIC DISPLAY 

The Model 745 digital readout con­
tains a GaAsP monolithic chip along 
with a separate decimal point chip at 
the lower right of the digit. Brightness is 
variable . $12.00 ( 1-9). Dialight Corp., 
60 Stewart Ave., Brooklyn, N.Y . 11237. 
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COMPONENT PACKAGE 
New DIP-PAK for dual-in-line pack­

ages is designed in standard DIL con­
figurations for use with standard high 
speed insertion equipment. It fills the 
need for a ready made package that will 
eliminate costs of molding eq uipment, 
custom molds and hand encapsul ation 
techniques. Universal Communications, 
549 W. Washington Blvd., Chicago, Ill. 
60606. (312) 641-2535. 
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DISPLAY LAMP 

Long life is achieved in these displays 
by using a long-life lamp, a keep-alive 
element for pre-heating the lamp's fila­
ment , and a shock proof lamp housing. 
The built-in drivers are available fo r ei­
ther positive or negative logic. Data 
Display Products, 8036 Westlawn Ave., 
Los Angeles, Ca lif. 90045. 
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IWTS TOGGLE SWITC H 

... " 
Built to Mil-S-8834 specs. these min-

iature positive action switches feature. 
an integrated wire termination system 
(1wTs). The IWTS connection is made by 
inserting a sma ll metal contact crimped 
onto a wire into a receptacle-like termi­
nal. It provides a com pletely sea led, sol­
derless termination. Cutler- Hammer, 
In c . 4201 N. 27th St., Milwaukee. Wis . 
5:12 16 (414) 442-7800. 
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GaAs SUBSTRATES 
Six different standard, off-the-shelf 

GaAs wafers are now avai lable for 
VLEDs, IR LEDS, opaque photocathodes, 
thin film devices, microwave diodes and 
injection laser.'device fabrication . Bell & 
Howell, 360 Sierra Madre Villa, Pasa­
dena, Calif. 91109. 
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SQUARE IC LIDS 

These uos are expected to make in ­
roads into 24-lead plastic MOS packages, 
for neither lead frames nor connectors 
are ~eeded with the new ceramic IC car­
riers. Frenchtown / CF!, Inc., 8th and 
Harrison Sts ., Frenchtown , N.J. 08825. 
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ELECTROLYTIC CAPACITORS 

New line of "Unidirectional mount, 
wide range Type R" capacitors are well 
suited for consumer and industrial ap­
plications. Ranges are 0.47 µF to 1000 
µF , 6.3 WVdc to 50 WVdc, - 25° to 
+85°C. Illinois Elna Electronics Co., 
Dept. EE, 1607 W. Howard St. , Chi­
cago, Ill. 60626 . 
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TONE TRANSFOR~ERS 

These tunable, multi-frequency tone 
transformers, featuring a high Q factor 
and good temp. stability, are for use in 
communications equipment. They come 
with 4 to I 0 terminals suitable for 
mounting on PC boards . Bulova Watch 
Co., Inc ., Electronics Div ., 61-20 
Woodside Ave ., Woodside, N.Y. 11377. 
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SS SWITCHES 

These three SPDT switches feature 1 
ns switching times and small pl ug~in 

packages suitable for PC board and strip­
line applications. Switching signal re­
jection is >45 dB at 10 MHz and > 25 
dB at 200 MHz. Isolation between out­
puts is > 50 db (typ.) over the specified 
range of I 0 to 200 MHz. Anzac Elec­
tronics , 39 Green St., Waltham, Mass. 

Circle Reader Service #334 

PROXIMITY SWITCHES 
Maglock magnetic proximity switch­

es c0me in three models : miniature, 
standard and vane . They eliminate me­
chanical linkages and complicated inter­
nal mechanisms . Electrical Controls , 
National Acme, 170 E. 131 St., Cleve­
land, Ohio 44108. 
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ENCODING KEY SWITCH 

Using a patented diode ring , this 
switch generates and transmits all std . 
binary codes. All encoding is done with­
in the molded plastic switch. Industrial 
Echelons, Inc ., Box 313, Huntingdon 
Valley, Pa. 19006. 
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PANEL MOUNT POT 

Type SP, 3/s in . dia . stable cermet pot 
has a power diss. of I W at 70°C and a 
resistance range fr om 50!! to . I M!!. Al­
len -Bradley Co., 1201 So. Second St., 
Milwaukee, Wisc. 53204. 
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REED SWITCH 

MINI-DT, Form C, SPDT reed switch 
has a low profile (glass size 0.475 x 
0. 110 x 0.072 in .), making it well suited 
for packaging into the 0.187 in . high DIP 
relay configuration. Hamlin , Inc., Lake 
Mills, Wisc. 53551. 
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PLASTIC IC PA<;::KAGES 

Designed for MOS, bipolar LSI packag­
ing, thi s new line is available in a range 
of sizes from 14 th rough 42 leads. 
Prices will average between $0. 10 and 
$0. 15 ea . in volume. lnterbond Systems, 
Inc., 1260 Alderwood Ave., Sunnyvale, 
Calif. 94086 . (408) 734-3435 . 
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35-CENT REED RELAY 

Contact rating specs of the SX series 
re lays include IO W switching capabi l­
ity, 500 mA max. current, typ . capaci­
tance of 0.2 pf, 500 mfl max . contact 
res ., 500 µs operate time and 200 Yrms 
min . dielectric st rength . Electronic Spe­
cialty Div., Datron Systems, Inc. , 18900 
N . E . Sandy Bl vd ., P ortl a nd , Ore . 
97220. 
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KEYBOARD SWITCH 

You can specify any std. operating 
force from a min . of 3 to a max . of 16 
oz ±0.50 oz (85, ± 15 g) with this 
switch designed for PC board appli­
cations. Less than $0.40 ea . in prod. 
quan . Oak Mfg. Co., Crystal Lake, Ill. 
60014. 

Circle Reader Service #341 

FLUX RING MEMORY STACK 
These batch-fabricated memor y 

stacks are for use in high-speed memory 
systems and in main memories fo r midi­
and mini-computers . Cycle time is as 
low as I 00 ns for NDRO or 250 ns for 
ORO Signal Galaxies, Inc ., 6955 Hay­
venhurst , Yan Nuys, Calif. 91406. (213) 
988-1570. 
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CLOCK OSCILLATOR 
The C0-232 crystal controlled cloc k 

osci ll ator generates a high stability TTLI 
DTL compatible output at any freq . in 
the 3 to 25 MHz range . Designed for PC 

board mounting , it operates from 5 
Ydc . Yectron Lab, Inc., 121 Water St. , 
Norwalk , Conn . 06854 
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MINICOMPUTER SERIES 
The Alpha 16 ($3350 ea .) has 1600 ns 

cycle time, 4 k core memory, hardware 
multipl y / di vide, three direct memory 
channels and three vectored priority in­
terrupts. The 8-bit Alpha 8, with 4 k 
memory, 1600 ns cycle time , DM C and 
priority interrupts, is only $2800. Com­
puter Automation , I nc ., Newport 
Beach, Calif. 
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For quick information use the reader 
service card inside the back cover. 

MULTI-SPEED DATA SET 
Model 911 switchable lntertran offers 

synchronous data rates of 2400, 4800 
and 9600 bps. A fourth switch position 
accommodates any asynchronous rate 
up to 1800 bps . Computer Transmission 
Corp. 1508 Cotner Ave. , Los Angeles, 
Calif. 90025. 
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CATV TRANSISTORS 

Five new CATV devices are for line ex­
tender, trunk and bridger amplifier ap­
plications . The devices include SD 1119 
and SDI 106 in a T0-39; SDI 116 and 
SD1005 in an MT-59 stud; and SDI 118 
in a T0-60 stud . Solid State Scientific 
Inc. , Montgomeryville, Pa . 18936. 
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DIP BUS BAR 

Dip-Buss ™ iprovides a voltage and 
ground laminated bus bar which fits un­
der DIPS and maximizes PC board sur­
face use . Logic Dynamics, Inc ., 118 
Center St., El Segundo, Calif. 90245 . 
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IC SOCKETS 
Type 561 accepts 14-pin dual-in-line 

rcs on 0. 100 in . centers . Its contact en­
trance design affords consistent ly re­
liable mating of the IC package. Con­
nector Corp., 6025 N. Keystone Ave ., 
Chicago, Il l. 60646. 
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CHIP THERMISTORS 

"Lo Cap" thermistors have capaci­
tance values of < I pf from 5 to 20 
MHz. They are available from I 00 n to 
150 kn at 25 °C. Cal- R , Inc., i601 
Olympic Blvd ., Santa Monica, Calif. 
90404. 
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THUMBWHEEL SWITCHES 
Rated at 3 A and 115 Yac, these min­

iature IO-digit switches have a life ex­
pectan cy of I million s wit ch-point 
cycles while switching 0. 125 A. Stand­
ard versions include decimal or BC D out­
puts . AMP Incorporated , Harrisburg, 
Pa . 17105. 
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White, gaussian 

Noise 
Modules 
by Solitron / 

\ \ \ 
/ 

/ 

Produces high output noise 
voltages with a fl at frequency 
spectrum across the entire 
specif ied bandwidth. 
Available in 20 KHz to 1000 MHz 
bandwidths, operating at 
se lected voltages from + 15V DC 
to + 28V DC, as specified. Out­
puts range from 5 MV to 1 .OV 
with a nominal crest factor of 5: 1. 
Units are RFI shielded and all 
power lines filtered to keep noise 
ou t of power systems. Drives 
impedance load from 50 ohms 
to 10,000 ohms - or higher. 
Temperature stability ± 3.0 db, 
from --30°C to 100°C. Higher 
stabili ty available on special 
order. 
Sizes 2 x 2V2 x 1; 2 x 4 x 1; 2 x 6 
x 1, or custom designed to your 
specifications. A complete line of 
white noise diodes, generators 
and modules available. Write for 
furthe r information, or call · 
Dr. Lon Edwards at Solitron. 

Iii solilron devices, Inc. 
256 Oak Tree Road 
Tappan, N.Y.10983 (914) 359-5050 
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Thermostatic 
DELAY RELAYS 

Offer true hermetic sealing ... 
Assure maximum stability and life. 

Delays: 2 to 180 seconds· 
Actuated by a heater, they operate on A.C., D.C., or 
Pulsating Current ... Being hermetically sealed, 
they are not affected by altitude, moisture, or cli-
mate changes ... SPST only - normally open or 
normally closed .. . Compensated for ambient tem-
perature changes from -55° to +80°C .... Heat­
ers consume approximately 2 W. and may be ope­
rated continuously. The units are rugged, explosion­
proof, long-lived, and inexpensive! 
TYPES: Standard Radio Octal and 9-Pin Miniature. 

List Price, $4.00 
*Miniatures Delays: 2 to 120 seconds. 

68 

All Amperite Delay Relays are recognized under 
component program of Underwriters' Laboratories, Inc. 

for all voltages up to and including 115V. 

PROBLEM? Send for Bulletin No. TR-81. 

AM PE RITE 
BALLAST REGULATORS 

Circle Reader Service #45 

MICJDJ\CJ<LO 
OP AMPS CUT ERRORS 

The LM216 series offers input offset 
currents from 50 pA for the LM216 
down to < 15 pA for the 216 A. Input 
bias current ra nge is 150 pA down to 
only 50 pA. All amplifiers draw < 200 
nA . at max. supply vo lt age of ±20 V. 
National Semiconductor Corp., 2900 
Semiconductor Dr. , Santa C lara, Calif. 

95051. 
Circle Reader Service #255 

ADDITIONS TO MECL 10,000 
Two new devices have been added to 

this new emitter coupled logic series. 
The devices are the MCIOl IOL, a dual 
3-input/3-output OR ga te and th e 
MCIOl 11 L, a dual 3-input/3-o utput 
NOR gate. Both devices a re in the ce­
ramic dual-in-line package. Technical 
Information Ctr., Motorola In c., Semi­
conductor Products Div ., Box 20924, 

Phoenix , Ariz . 85036. 
Circle Reader Service #256 

FAST 64-BIT RAM 

-,~ 
I 

The 310 I A uses Schottky clamped 
bipolar transistors to achieve an ad­
dress-to-out put access time of 35 ns 
max. and a chip-select to output time of 
17 ns max . It is organized as 16 words 
of 4 bit s ea., and is full y decoded and 
packaged in a 16-lead DIP with a "chip­
se lcct" lead for simple memory ex­
pansion . Intel Corp., 365 Middlefield 
Rd ., M ountain View, Calif. 94040. 

Circle Reader Service #257 

4096-BIT MOS ROM 
You can use the TMS4400 for look­

up tables, code converters, micro­
programming. and to perform random 
logic. With an access time of < I µs, thi s 
large ROM can be used for any storage 
or memory function in such equipment 
as displays, computer terminal s, ca lcu-
1 a tors , and computers. Texas In ­
strument s In corporated, Inquiry An­
swe ring Service, Box 5012, M / S 308 , 
Dallas, Tex. 75222. 

Circle Reader Service #258 

New TTL NAND ga1e. The DM7092 / 
DM8092 is a dual 5-input gate that fills 
a ga p in the 54/74 series. National 
Semiconductor Corp., Santa Clara. 
Calif. 

Circle Reader Service #259 

DUAL J-FETs 

~-
These monolithic dual J-FETS use di­

electric isolation to sepa rate two devices 
on a sing le chip . The technique permits 
packaging the monolithic duals in std 6-

lead 2N packages. Older devices used a 
separate p-channel for isolation and re­
quired a seve nth lead to maintain the p­
channel most negative. Unisem Corp., 
Street Rd ., Trcvose, Pa. 19047. 

Circle Reader Service #260 

8192-BIT BIPOLAR ROM 
The MM6280/ MM5280 is orga ni zed 

as 1024 8-bit words. Access time is 100 
ns ; power dissipation, 60 µ W / bit ; input 
load cu rrent, 250 µA. Four ENABLE lines 
let you expand the memory to 16k 
words without additio na l c ir cui tr y. 
Sensing a nd decoding a re on the chip . 
The M M6280 (0°-70°C) costs $74 ea. , 
I 00-249 pcs . Monolithic M emo rie s, 
116 5 E. Arques , Sunnyvale , Ca lif. 
94086. (408) 739-3535. 

Circle Reader Service #261 

FET AMPLIFIER 
Model ZA801 MI features 25 pA 

max. input current, 10,000: I CMRR, 10 " 
\!i nput impedance and 50 µV j°C max. 
drift. Lo wer drift ve rsions (5 µV j°C and 
20 µV j°C) also available. Zeltex In c., 
1000 Cha lomar Rd ., Concord, Calif. 
94520. 

Circle Reader Service #262 

256-BIT RAMS 
These two devices are designated the 

CM 1101 and CM 11011. Organized as 
256 words by I bit, th e DTL and TTL 
compat ible devices a re fully decoded 
with on-chip sense a nd address decode 
and feature max. access times of 1.5 µs 

(1 101) and I µs (11011). Computer Mi­
crotechno logy, Inc ., 6 10 Vaqueros, Sun­
nyvale, Calif. 94086. 

Circle Reader Service #263 

Second source for 54/74. Fa irchi ld adds 
the 7446 , 7447, and 7448 BCD-to-7 seg­

ment decoders plus the 7494, a 4-bit 
shift reg ister. Fairchild Semiconductor , 
Mountain View. Calif. 

Circle Reader Service #264 

Silicon gale RAM. The 250 1 is a 256 x 
I fully decoded RAM with a typical ac­
cess time of 800 ns . Signetics Corp .. 
Sunnyva le, Calif. 

Circle Reader Service #265 
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MONOLITHIC CHIPS 
This new series of monolithic chips is suitable fo r use in hy­

brid microcircuits. The se ries includes sin gle transistor and 
diodes, a line of amplifiers, Schmitt tri ggers, level detectors, 
operati onal a mplifiers and other integrated circuits. Designed 
to be attached to either thick or thin film circuits by eutect ic 
die bondin g or by condu cti ve epoxy, th e chips a re backed with 
a laye r of go ld approx. 0 .3 µ m thi ck, th ereby achiev ing ex­
ception a ll y low YcE (Sat) . Amperex Electronic Corp ., In ­
tegrated C ircuits Div ., C ranston, R.I. 02920. 

Circle Reader Service #266 

SIX-CHANNEL MULTIPLEXER 
The UC6410/ 7410 is a six-channel bi-directi onal MOS FET 

multiplexer built on a monolithic chip and fea turing se para te 
drains, ga tes, and a common so urce . The multipl exer's sub­
strate termin als a ll ow bi as in g fo r analog switching. Low R on 

resistance (250 n max.) and low ga te power req uirement s give 
the device exce ptiona l switchin g characteristics. Solit ro n De­
vices , Inc., Box 1416, 8808 Balboa Ave., San Diego , Ca lif. 
92 123 . 

Circle Reader Service #267 

SEM ICO NDUCTOR MEMORY FAMILY 
The RAM 300 seri es in cludes 11 memory sys tem con­

fi gurati ons ranging fro m 2048 to 92 16 bit s. The new memo­
ri es have 300 ns access times and 400 ns cyc le t imes and in ­
puts and output s interface direc tly wit h TTI , r>T L. They ope r­
a te from ± 5 V power supplies and a re co ntro ll ed by a si ngle 
clock. Minimum input I vo ltage is 2.0 V and max. 0 vo ltage 
is 0.8 Y . Typica l po wer consumption is as low as 627 µ W / bit. 
Semi co ndu ctor El ec t ro ni c Memo ri es . In c .. 3883 N . 28 th 
Ave., Phoeni x, Ari z. 8501 7. 

Circle Reader Service #268 

OPTIMIZED 741 s 
These seven models of l he popul a r 741 op amp prov ide high 

perform ance and low drift (M odel 1319): wideban d. high in­
put impedan ce (1 321 ); hi gh slew ra te (1322) : mi cropower ge n­
eral purpose ( 1323) ; genera l purpose eco nomy ( 1339) : low 
bias current ( 1413): and genera l purpose FFT inpu t ( 1420) . 
Whil e th e optimi zed 741 s are pin -for -pin repl aceme nts fo r th e 
current 741 types, th e ir im proved pa rameters a re a resul t of a 
se ries of completel y new des igns. Teled yne Ph ilbri ck , Allied 
Dr. at Rt e 128, Dedham , Mass . 02026. 

Circle R eader Service #269 

IC TRANSISTOR ARRAYS 
The CA308 I and CA3082 consists of seven high-current (to 

100 mA ) sili con npn transistors in com mon-emitt er and com­
mon-co ll ecto r configura ti ons res pecti ve ly. The CA308 I is ca­
pable of directl y drivin g seven-segment in ca ndescen t d is pl ays: 
th e CA3082 is pa rticul a rl y suited to dri ving light -e mi tt in g 
diode di spl ays . The C A3083 is an ar ray of five in dependen t 
high current (to 100 mA) si lico n npn tra nsisto rs. Two of the 
transistors a re matched at low current s (i.e .. I mA ) fo r appli ­
cati ons requirin g o ffse t pa ra mete r co ntr o ls. RC A Co m­
mercia l Enginee ring. Harri so n, N.J . 07029 . 
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put backbone 
in your housings 
and sell 
in your machines 
First impressions often influence final decisions 
and acceptance. Even sophisticated machinery 
cries out for housing design that says . . . beauty 
purpose . . . versatility. And nothing says it bet­
ter than unique Met-L-Wood® panels. They have 
the solid feel and characteristics of steel plate 
without the weight, and the beautiful , durable 
surface to help the machine sell itself. 

Met-L-Wood panels are fast and easy to 
assemble . . . almost impossible to damage ... 
add more sales appeal than any 
other material you can use. Get 
complete information . Send for 
Bulletin 661 today : MET-L-WOOD 
CORPORATION , 6755 West 
65th Street, Chicago, Ill. 60638 
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L TER!\TURE 

Applications handbook 
Originally published in 1969, this fat 

paperback (some 400 pages) has been 
reissued , a nd still proves to be a most 
useful guide for the user of integrated 
c ircuit s . There are 56 applications 
memos di vided into eight groups : an in­
troducti on to digital logic; digital family 

LO AD CAPll CI TAN CE (pf) 

Switching speed vs load capacitance 

considerat ions; decoding a nd steering; 
counters, registers and memories; inter­
face and display elements; linear co nsid ­
erations; timing ci rcuits; and pa rallel 
data handling . Signetics Corp ., 8 11 E. 
Arques Ave., Sunnyvale, Ca lif. 94086 . 

Circle Reader Service #378 

Power supplies 
Power suppli es and rel a ted power 

co ntrol equipment a re covered in a 40-
page catalog . The handb oo k provides 
technica l informatio n, specs, a nd model 
designati ons for modular supplies, M ii 
s pec unit s, inverters, frequen cy 
chan ge rs, reg ul a tors, e lectronic protec­
tors. and high volt age and hi gh current 
generato rs. /\ secti on devoted to IC log ic 
powe r supplies is a lso in cluded. ERA 
Transpac Co rp .. 67 Sand Pa rk Rd ., Ce­
da r Grove, N.J . 

Circle Reader Service #3 79 

Instrumentation training 
The Instrument Society of America is 

offeri n g a brochure titled "In­
strum ent a ti on Training and Educational 
Aids." Fi lms, texts , referen ce material , 
a nd a casset te study program ava ilable 
from th e ISA are described . It is sug­
ges ted as an aid for newco mers to the 
in strum enta tion field . ISA, Publication 
Dept. , 400 Stanwix St.. Pittsburgh, Pa . 
15222. 

Circle Reader Service #380 
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Resistors 
Contributi ons to the resistor industry 

by this company include miniature 
ovals, grids, metal case, pressure con­
nected resistors, and vit reous enamel re­
s is tors having a low temperature 
coefficient. This 12-page brochure de­
tails each of these models, supplying 
photos, applications, dimensional draw­
ings, and spec charts. Milwaukee Re­
s istor Corp ., 700 West Virginia St. , 
Milwaukee, Wis. 53204. 

Circle Reader Service #381 

TV ~ideo delay module 
Typical applications are discussed in 

this booklet in addition to the descrip­
tive information and the specs that you 
receive . It discusses stop motion (slow 
o r stop motion playback by in­
corporating a video delay of one-half 
scan line), vertical en han cement (sharp­
ening gray-sca le transitions by storing 

two successive video lines), and drop­
o ut compen sa tion (filling void s with 
video by storing previous lines and sub­
stituting these for defective frames ). 
Corning G lass Works , Memory Prod­
uc t s Dept. , 3900 Electronics Dr ., 
Raleigh , N.C. 27602. 

Circle Reader Service #382 

Solutions to automation problems 
"Automation by Event Control " is 

th e title of a very readable 20-pager of­
ferin g practi ca l soluti ons to automation 
problems plus a desc ripti on of digital 
a nd analog techniques. Written by engi­
neers, the informati ve booklet cove rs in­
du strial applica tions of digita l a rithme­
tic , desc ribes equivalent analog circuits, 
a nd compares equipment used in both. 
Al so di sc ussed a re stretch measurement, 
set-point switching, the human interface 
with in strum en tation , and the use of 
digit a l progra mmers as a co mputer in­
terface . Airpax Electronics, Box 8488, 
Fort Lauderdale, Fla. 33310. 
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Reed relays 
Fourteen pin DIL reed relays which 

are mechanically com patible with 1c s 
are discussed in a new catalog. Also 
covere.d are model s operable directl y 
from standard DTL and TTL logic level s 
suitable for automatic insertion, their 
low profile permitting 0.3-in. PC board 
stack ing . Operating specs, terminal des­
ignations, mechanical specs, a nd sche­
matics are included . Allied Control Co. , 
100 Rel ay Rd ., Plantsville, Conn. 06479 . 
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COS/ MOS ICs 
The basic principles of the design and 

applicatio n of c os/ MOS 1c s are con­
tained in a 160-page book . Device con­
struction and theory of operation for 
monolithic 1cs containing p-channel and 
n-channel MOS transistors on a single 
chip are also covered. Ratings, param­
eters , and design considerations for 
various devices are provided. Available 
for $2.50 from RCA Commercia l Engi­
neering, Harrison , N .J. 07029 . 

Digital products and applications 
We have come to expect excellent lit­

erat ure from Digital Equipment Corp. 
(witness class ics such as their Logic 
Handbook or the PDP-8 instruction 
manuals) and this cata log is no ex­
ception . It is the first time we have seen 
a catalog describing all of DEC's prod-

U-'-i 
CONTROL 

ANO 
PRIORITY 

ARBITRATION 

STAT US WORD 

Central processor block diagram 

ucts. And there 's a brief, yet very inter­
esting, introduction outlining areas of 
applicat ion for their computers, control 
products , and peripheral equipment. 
Digital Equipment Corp., 146 Main St., 
Maynard , Mass . 01754 . 
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Packagin g applications 
The total sys tems package, in cluding 

proper selection and specification ofter­
minat ion procedures and co nnecto rs , is 
the subject of th is 20-page collection of 
lite rature . A new design approach, the 
self-s tr ippin g " U" contact , is pa rt of 
one solution suggested . P recise posit ion­
ing of cont acts and accurate alignm ent 
o f n at cable are some of the results 
you'll get using these tech niques. 3M 
Co., Electro- Products Div ., 3M Center, 
Saint Paul , Minn. 55101. 
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Graphic digitizer 
A graphic coord inate digitizer, which 

quickl y and easily converts gra phic data 
into a digital format , is di scussed in a 
short form brochure th a t includes appli ­
ca tions, operating specs, and avai lable 
so ftware . The digit a l data ca n be stored 
in a variety of forms, as magnetic tape. 
punched paper tape, pu nched cards, and 
select ric typewriters. It can a lso be in­

te rfaced directly on line to a computer. 

Edwin Industries Corp., 11961 T ech 
Rd .. Silver Spring, Md . 20904. 
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Expanded data entry 
In fo rex 's Inte lligent Key Entry Sys­

tem is the subject of a 6-page bullet in. 
Featu res of the system , including ex­
pa nded tape processing , co mmuni ca­
tion s. printer, and multi-system super­
visor, enable it to meet the need for 
more powerful data ha nd ling require­
ments . A summary of Inforex 's total 
data entry concept , opera to r efficiency , 
product ivity. dat a integrity. nexibility. 
and growth potential. is in cluded . Jn­
forex , 21 N orth Ave., Burlington. M ass. 

01803. 
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There are mode.ms-and modems 
The perfo r mance of the Paradyne 

modem as compared with that o f con­
ve nti o nal types in sys tem s using the 
IBM binary sy nchron ous communica­
tion techniqu e is the subject of a 6-page 
booklet. Effective throughput, line cost 
co mpari sons, fr o nt- e nd p o rt co m­
parisons along with operati ng character­
ist ics are provided and are depi c ted 
graphically a nd in tables. Paradyne 
Corp ., 2040 Ca lum et St. , Clearwater, 
Fla . 33518. 
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Does evaybocly 
make Philbric:ks? 

Magnetic visual controls 
Magnetic and electronic boards for 

virtually any application are the subject 
o f a 28-pager. Various sizes of the 
boards , along with accessories a re di s­
cussed for such uses as co mputer sched ­
uling, PERT planning . o rga ni1ation 
cha rts , sa les incentive. stock market 
boards , and controls for product ion. 
Methods Resea rch Corp .. I 05 Willow 
A\'.e., Sta ten Island , N .Y. 10305. 
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Cust~m metal parts 
Capabilities in meta l etching and die 

sta mping are outli ned for you in this 6-
page boo klet. Intri ca te metal parts , 
such as IC leads and smal l motor lami­
nations, ca n be produced in th e devel ­
opment stage hy ph otochemi ca l machin ­
ing. And later. many of your designs 
can be produced on high volume etching. 
equ ipm ent or on prec is ion stamping 
presses. Buckbee Mears Co .. 245 E. 6th 
St., St. Paul. Minn . SS IOI . 
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Sme. there a re a lot 
o f 1m1tations. hut 

only one Philbrick. 

Th<=> stat<=> n f-lhe ort stonrlord 
in l.1rc1nt Mnrliiles 

..,~TELEDYNE PHILBRICK 
A llierl Dr1vPnt Rrn1t<=> 1/8, 

Derlhom Mnss. m0?.6 

Circle Reader Service #48 
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FREE EMl / RFI FILTER CATAL OG , 
' 

FROM USCC / CENTRALAB 

For your fre e copy wrifP: 

A new 20-page catalog of EMl / RFI Filters 

is now available from USCC/CENTRALAB. 

The catalog includes: Button, Su bm inia­

ture, Miniature, and Feed-thru types, which 

meet or exceed al l applicable requ irements 

of MIL·F·15733; and a new line of f ilters 

designed to meet all UL and European re· 

qu irements for electronic data processing 

units and systems. 

Listed are all mechanica l and environ· 

mental specificat ions, typical insertion loss 

curves and complete ordering information. 

USCC/ CENTRALAB, 215 1 N . T.in coln St ., Burbank. California 91504. 
(213) R43-4222 - or circle lh P information rPlriPual numb"r helow. 

----'-._~J 
U.S. CAPAf'lTOR CO RPORAT ION CE NTRALAB E!!!ct romcs Q1..,1&•on • GL OBE UNION 1Nr 
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Is a Philbrick 
ablackbax? 

It's w hatever you 
want it to be. 

The state-of-the-art standard 
in Circuit Modules 

"''°'TELEDYNE PHILBRICK 
Allied Drive at Route 128, 

Dedham, Mass. 02026 
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NEW STRIPPER 
SELF-ADJUSTING 

Unique wire - stripping 
pliers have many narrow 
cutti ng blades that ft ;.t- , 
close in around the wire ~ -·' ; -
and automatically pro- • 
vide correct stripper 
opening and tension. 
No operator adjustment 
when changing fronr one 
wire size to another. Model T -52 takes wires from AWG 
118to1124. Model T-56 is for wires AWG 1118to1128 . 

T-52 ............... $ 8.35 
T-56 .... .. ..... ... .. 11.95 

CATALOG! TOOLS FOR INSTRUMENT ASSEMBLY 

~
HlVA( 185311/ENTURABLVO 
IN\TRUMENT 
COMPANY TARZANA CAllF 91356 
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TOOL KITS 
COMPACT "DETECTIVE" TOOL KIT JTK-16 

72 

Includes more than 
25 tools used by 
electronic engineers 
Of technicians in the 
field. All the tools 
and a compact VOM 
tester are furnished 
in a padded zipper 
case. 

Circle Reader Service #31 

LITERl\TURE 

Probability analysis 
Correlation and probability analysis 

is the subject of a very readable 20-page 
bulletin - TB 14. Random variables, di s­
tributions , and densities involved in 
probability analysis, and concepts and 
properties of correlation functions and 

afx(x) 

m- a m m+a 
Gaussian random variable 

signal enhancement are all covered in 

the comprehensive article. Examples o f 
function s are provided , as are pertinent 
equations a nd block diagram s. Signal 
Analysi s Industrie s Corp., 595 Old 
Willets Path , Happauge, N.Y. 11787 . 
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Capacitors catalog 
Two separate catalogs cover two sep­

arate product lines of capacitors. Gener­
al Instrument 's capacitor line is covered 
in a 32-page brochure including dipped 
silver mica types as well as aluminum 
electrolytic and polyester film capaci­
tors. The Southern Electronics line fea­
tures a range of Mil-approved ceramic 
type s. Both catalogs include ph ysica l 
and mechanical s pecs, perform ance 
characteri s tic s, and standard ratin gs. 
Both are available from Miconics In­
dustries Inc .. Dept. C, 135 Eileen Way, 
Syosset , N.Y. 11 79 1. 

Circle Reader Service #393 

Digital applications of ferrites 
"Ferrite Components for Digital Cir­

cuits" discusses new developments in 
ferrite technology for digital systems 
applications. More specifically , the 12-
pager se rves as a n idea source on how 
advancements in ferrite component de­
velopment can be applied to the design 
of computer rel ated products and digital 
circuit equipment. Application areas for 
ferrites which are cove red include pul se 
transformers, reco rding and playback 
head s, keyboards, ROMS, modems and 
display. Indiana General, Electronic 
Products, Kea sbey, N.J. 08832. 
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Filters and synthesizers 
A short form catalog describes a line 

of signal generation equipmen t and 
process instruments. Specs are provided 
for the company's precision variable an­
alog fi lters , programmable digi tal fi l­
ters , and frequency and speech synthesi­
zers. Rockland Systems Corp., 131 Erie 
St ., E., Blauvelt , N.Y. 10913 . 
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Voltage regulator 
Applications for a dual polarity 

tracking voltage regulator are detailed 
in this 6-page note. Important dis­
cussions in clude the circuit , instructions 
for making external connection s and ad­
justments, direction s for use with ex­
ternal power tran sis to rs, and techniques 
for obtaining fold-back current limiting . 
Silicon General In c., 7382 Balsa Ave., 
Westministe r , Calif. 92683. 
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Keyboard price list 
An illustrated keyboard price list has 

been prepared to aid desig ners of termi­
na ls , calc ulators, and other key entry 
devices. Over 22 ke y board con­
figurations are listed in the price guide . 
Also incl uded in the literature package 
is a Merc utronic key board brochure 
and a data shee t o n the company's 
molded plastic keytops. Mechanical En­
terprises In c., 5249 Duke St., Alex'a n­
dria , Va ., 22304 . 

Circle Reader S ervice #39 7 

High power op amps 
Class B high power op amps, de­

signed and packaged for driving de se r­
vo m otors, power inverters, hydraulic 
va lve co ntrol s, and other rugged appli­
catio ns, a re the subject of a short form 
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Dissipation rating curve 
for 300 series amplifiers 

Ju~·~· .~9 heat sink 
~b sticcurve 

T"'I ~/ ._ts·c_&r watt ) 
I """ / \ 0°C aip:ibient 

I t,/' !'... 

25 so 75 100 125 150 
Baseplate temperature °C 

selection guide. Informati on needed for 
mounting, wiring, heat sinking, and se­
lection are inc luded . Torq ue Systems 
Inc., P.O. Box 167, 225 C rescent St., 
Waltham , M ass. 02154. 
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Programming devices 

A 12-page quick reference catalog de­
scribes five lines of programm ing de­
vices. Providing low cost, reliable pro­
gramming and direct control of process­
es with out intermediate circuitry, the 
devices are electro-mechanical in de­
sign. Descriptions are provided for pro­
gra mming switches, badge readers , stat­
ic punched card readers, circuit selec­
tors, and program ming boards. Sea­
lectro Corp., 225 Hoyt St., Mamaro­
neck, N.Y. 10543. 
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Switch applications 
Hall effect so lid-sta te switching appli ­

cation procedures and possibilities are 
reviewed in a 20-page document. Also 
featured are photos, schematics, graphs, 
diagrams, tables, and charts which re-

MAGNETICALLY C)Pe'AAH::> 
SOUO ST Al E S\'WGHES 

APPLICATION NOTES 

view the ratings and characteristics of 
thi s se ries of Hall effect switches . The 
series features a combination of a Ha ll 
sensor with a trigger and a mplifier in a 
single silicon IC. Micro Switch , 11 W. 
Spring St. , Freeport , Ill. 61032. 

Circle Reader Service #400 

Interconnection system 
Bulletin 11 I A describes a new inter­

connecti on system which is comprised 
of crimp-to-wire disconnects , wire­
wrapping posts, and multiple contact 
housings for 0. 100, 0. 125, and 0. 150 in . 
spaci ngs. The disconnects described in­
clude a dual - metal rv receptac le , a 
mini-r v receptacle, and a continuous 
length of wire with insulated PV dis­
connects crimped at uniform intervals 
for jumper applica ti ons. Also discussed 
is a 0.025 in . square pin and ferrule as­
sembly designed for high speed, close­
tolerance stacking into I/ 16 in . thick PC 

boards . Berg Electronics In c., New 
Cumberland, Pa. 17070. 

Circle Reader Service #401 

Does a Philbrick 
come~in 

one size? 

Rectifiers, thyristors and triacs 
An updated reference guide provides 

information on components for power 
con trol and rectification . Data is pro­
vided for thyristors , triacs, rectifiers and 
high vo ltage stacks with ratings to meet 
requirements from straightforwa rd rec­
tification to complex motor speed con­
trol. Schematics are included in the 
guide. M ullard Inc. , I 00 Finn Court, 
Farmingdale, N.Y. 11 735. 
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ECAP manual 
Using ECAP (electronic circ uit 

ana lys is program) through time sharin g 
on the Tymshare system is explained to 
you in this 38-page manual. It begins 
with a sample program , gives a com­
plete desc ription of commands and edit­
ing features in the languages used , dis­
cusses input / output requests, and more. 
$2.00 Tymshare, 525 Universi ty Ave ., 
Suite 220, Palo Alto, Ca lif. 9430 I. 

Are you kidding? 

The state-0'!-the-art standard 
in Circuit Modules 

~~TELEDYNE PHILBRICK 
Allied Drive at Route 128, 

Dedham, Mass. 02026 
Circle Reader Service #50 

ULTRA LOW 
DUAL-IN-LINE SOCKETS 

PRECISION MACHINED CONTACTS 

• Sockets available with 14, 16, 
18, 24, 28, 36 and 40 contacts 
in PC termination. 

• Directly interchangeable! 
Terminal pattern and size 
identical to IC package. 

• Molded glass filled nylon 
insulator with polarization 
notch. 

• Raised numbers permit 
easy identification of 
contacts. 

• .125 inch insulator. 
• Printed circuit or wire wrap 

termination. 

Request Catalog 166 

AU6AT.NC. TEL: 617/222-2202 
39 PERRY AVE., ATTLEBORO, MASS. 02703 
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Whal5a 
Philbrick? 

fhe best funct1unul 
CllCUll mod le 

money can buy. 

'·i;; ,., 
'/, 
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Thu state of th~ w l .;tundurd 
Ill C11cu1l Modules 

~~TE:L EDYNE PHILBRICK 
Al lied D11ve ut Huule 128 

Dudhrn11 Muss. 02026 
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Circular connectors 
All interconnection products in Am­

phenol's standard circular line are de­
scribed in this 56-page catalog. A new 
glossary familiariLes yo u with terms , 
and a selection guide helps you to choose 
the right connector for vour application. 
Photos , line drawings, electrical cha rac­
t.:ristics, and mechanical specs are pro­
vi ded as well. Amphenol Connector 
Div ., 280 I S . 25 th St. , Broadview, Ill. 

60153 . 
Circle Reader Service f/403 

Digital controb 
.. Digital Controls for Industry" de­

>Crib.:s a >erie> of digital modules and 
iri,trumenb for mea>uring. displaying, 

a nd controlling measured parameters . 
Suggest..:d a> an aid to engineers in 
proce>> contro l and in strumentation , 
automotive safety , and / or test cell 
munituring. the handbook offers tech­
ni4ue> tu ea><: lineariLatiun in providing 
uu tput signab proportional to input pa­
rame t<.:r>. CGS/ Data metrics. 127 Cool­
idge Hill Rd ., Watertown , Mas~. 02172. 

Circle Reader Service f/404 

ELECTRICAL/ ELECTRONIC 

Template Set 

Programming applications 
Here is a thorough discussio n of pro­

gram ming techniques and c irc uits for 
e lect ro nic controls, instruments, and 
system s. Within its 16 pages yo u're giv­
en info on the five fundamental kinds of 
programm in g, the s ix basic types of 
programmi ng hardware, and seven de­
sign constraints often imposed at the 
man / machine interface . In addition , 
each of 12 classes of programming for 
electronic applications is discussed. ln ­
ters witch , 770 Airport Bl vd . , Bur­
lingame, Calif. 94010. 

Circle Reader Service #405 

Core memory systems 
Core memory systems, especially sug­

gested for com puter applications that 
require high speed access to stored digi­
tal data, are discussed in technical spec­
ification SP51314- I 71. The 18-pager in­
c ludes design features, specs, and op­
tions fo r the field expandable, highly re­
li ab le sys tems. Datacraft , Box 23550, 
Ft. Lauderdale, Fla. 33307 . 

Circle Reader Service f/406 

The new Series 300 set of RapiDesign elec­
trical/ electronic templates is the most com­
prehens ive available. With this set, taken 
from USAS Y32.2, almost all electronic and 
electrical symbols can be easily drawn . 
Symbols are accurate and in correct rela­
tive size so that any size grid can be ob­
tained through photographic reduction . 
Available as a set or individually. These 
precision manufactured templates are some 
of 200 templates described and pictured 
in the 1971 RapiDesign catalog . Send for 
your free copy today. 

October 14-20, 1971 
5th International Congress with Exhibition 
for Instrumentation and Automation - the 
international industrial and commercial 
center for instrumentation and automation 
- research and development - at the new 

RAPIDESIGN , INC ., P.O. BOX 6039, BURBANK, CALIF . 91505 
A SUBSIDIARY OF BEROL CORPORATION 

ae~oL 
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DISseldorf 
Information: German American Chamber of Commerce, 
Inc . 666 5th Avenue, New York , N.Y. 10019 (212) 582-n88 
German American Chamber of Commerce of Chicago 
77 East Monroe street, Chicago, I 11 . 60603 (312) 782-8557 

Circle Reader Service #55 

THE ELECTRONIC ENGINEER · July 1971 

( 



For quick information use the reader 
service card inside the back cover. 

Technical films 
Free ! NASA has revised its list of 

"Selected Profess iona l and Technical 
Films" and offers both the list and the 
loan of the prints to you at no charge. 
There are films on anal og computers, 
thi ck film mi c roelectroni cs, opti cal 
communication devices, and MOS­

FETS, to name a few. Your copy of the 

list and where to send for these films is 
ava il a bl e fr om NASA Headquarters, 
Code FAM , Washington, D.C. 20546. 

Circle Reader Service #407 

Multiplexer / digitizer 
An an a log signal multipl exin g and 

converting unit is the subject of this 26-
page brochure. Functional operations, 
hardware configuration s, and digital 
control interface are am ong the topics 
discussed , and are full y supplemented 
with diagrams, tabl es, and cha rts. The 
unit o ffe rs re la ti ve a cc uracy up t o 
0 .025 % of full scale, with resolution of 8 
to 13 bits, and th roughput up to 133,000 
samples per second . Xerox Data Sys­
tems, Systems Products Dept. M 1-67, 
701 S . Avia ti on Blvd ., El Segund o, 
Calif. 90245. 

Circle Reader Service #408 

Radiometric operation 
Application data on radiometric oper­

ation of Analogic 's AN2500 series digi­
tal panel meters is covered in a new ap­
plication note . An introduction to gen­
eral radiometry leads off the note fol­
lowed by the theory and practice of 
radiometric operation. Special emphasis 

E 

Strain gage bridge application of ratiometer 

is pl aced o n the co mpa ny's model 
A N 25 l 0, a 3 1/ 2 digit unit designed fo r 
normal or radiometric operati on with 
0.05% acc uracy and low powe r di s­
sipa t ion ove r th e - I 0°C to + 60°C 
range. Schematics a re included in the 
note. An alog ic Co rp ., Audu bon Rd ., 
Wakefield , Mass. 0 1880. 

Circle Reader Service #409 

Rugged and critically demanding 
applications in all types of indus­
trial and commercial equipment 
and systems have proven the in­
herent quality and reliability of 
Adlake's mercury displacement re­
lays. Available in QUICK ACTING 
and TIME DELAY types, these re­
lays are ideal for widely varying 
switching applications where re­
liability is paramount. 

ELECTRICAL DETAILS 
Contact Arrangments : 

Time Delay SPST (N.O. or N.C.) 
(Up to 3 poles) Quick Acting SPST 
(N .O. or N.C.) (Up to 3 poles) 

Contact Rating: 
Time Delay• 0.1 to 15 amps 
Quick Acting 30 to 100 amps 

•Depending upon nature of load, volt­
age, length of time delay, and timing 
function . 

Contact Resistance : 

Life: 

Time Delay 28 milliohms max. 
Quick Acting 1 to 5 milliohms 
max. depending on construction . 

5 million operations minimum. 
Time Delays: 

Available up to 1800 seconds. 

MECHANICAL DETAILS 
Hermetically sealed contacts ; stainless steel enclosed, all welded con­
struction. Magnetic circuits finished black wrinkle enamel , cadmium 
plated and lacquered. Epoxy molded coils-guaranteed for life. 

MERCURY 
WETTED CONTACT 
RELAYS 
Low, stable contact resistance and " 1-
billion-operation" life qualify Sensitive 
Mercury Wetted Contact Relays for a 
wide array of switching applications , 
such as digital and analog computers , 
telecommunications systems, multiplex, 
industrial control equipment , power 
control devices. New Series MWK and 
AWK Sensitive Relays offer contact 
form K (SPST, center off) - ideal for 
multiple channel switching. 

DRY 
REED 
RELAYS 
Miniature, intermediate , and 
standard sizes offer A and B 
contact forms with from 1 to 4 
poles of switching. Typical life 
is 20 x 106 operations (rated 
load) or 500 x 106 operations 
(dry circuit) . 

USE READER-SERVICE NUMBER FOR COMPLETE INFORMATION 

THE ADAMS & WESTLAKE COMPANY 
Elkhart. Indiana 46514 • (2191 264-1141 • TWX (219 1 522-3102 • TELEX 25 -8458 • Cable AOLAKE 

A SUBSIDIARY Of ~ ALLIED PRODUCTS CORPORATION 
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NOW ... 
the only one of its 
kind available! 

A course in MOS 
INTEGRATED 
CIRCUITS 
The editors of The Electronic Engineer have 
just compiled a complete 9 part course on MOS 
technology, applications and costs which ap­
peared originally in The Electronic Engineer. It 
is a definitive volume that provides you with all 
the background you need as a user or a de­
signer to master this new technology. 

This state of the art course in MOS technology 
presents completely authoritative, up-to-the­
minute guidance in using every aspect of this 
dynamic science. It covers the processing of 
MOS circuits , applications of MOS circuits, 
complementary MOS, MOS memories (random 
access, read only, associative memories and 
cost) and.the testing of complex MOS integrated 
circuits. 

This course is an exclusive from The Electronic 
Engineer. It is , in tact , the only one of its kind 
available. The authors , all recognized experts 
in their respective fields, take you with technical 
precision from the fundamentals on through to 
the most sophisticated phases of this dramatic 
technology. This course is the one authoritative 
way to keep ahead in these changing times. 

Order your copy of the only course available on 
the new MOS technology and manufacturing 
processes for only $5.00 per copy. Send your 
order today to : The Electronic Engineer, One 
Decker Square, Bala Cynwyd , Penna. 19004, 
Dept. E-7 

Enclosed is my check or money order for$ _ _ 
for __ course(s) on MOS technology at a cost 
of $5.00 each. Send as soon as possible to : 

Name ____ ____________ _ _ 

Address ________ Company ___ _ 

City ________ State _ _ _ Zip __ 

Send me special quantity prices O 
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NOW. .. 
a COURSE 
on the New 
technology of 
optoelectronics 
Compiled by the editors of The Electronic Engineer, 
this is truly the definitive course on OPTOELEC­
TRONICS. It is a practical and tested demonstra­
tion which will enable you to master even the most 
complex assignments, many of which can now be 
solved tor the first time! 

The Course is an essential technological contribu­
tion to all those involved in the research, design, 
development and engineering of electronic compo­
nents, circuits, systems, equipment and services. 
Completing this Course will enable the engineer to 
acquire a thorough and professional knowledge of 
optics and at the same time to qualify as a skilled 
buyer of optoelectronic components. Some of the 
subjects covered in the Course are: 

The background on Optoelectronics .. . 
Physics of light-as applied to semiconduc-

tors . . . 
Physical definitions of optoelectronic terms .. . 
Materials-for both sources and detectors .. . 
Sources - Light-emitting diodes - Materials, 

efficiency ... 
Detectors-Photoconductors (or photoresistors) 

photodiodes-Materials, efficiency ... 
Amplifiers-Phototransistors, photoFETS-

Materials, efficiency, sensitivity ... 

The Course also includes many simplified, 
practical applications for optoelectronic com­
ponents such as light choppers, modulators, 
signal isolators, card and paper-tape readers, 
counters, sorters and detectors. 

This complete, authoritative and timely Course in 
Optoelectronics costs just $4.00 postpaid and in­
cludes an examination for those who wish' to qual­
ify. All who pass the examination will receive a 
Certificate of Completion from The Electronic En­
gineer. To get your copy simply send check, cash 
or money order to Course Editor, The Electronic 
Engineer, One Decker Square, Bala Cynwyd, Pa. 
19004. 

E-7 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Send me your new Course on Optoelectronics at a 
cost of $4.00 per copy. Payment is enclosed. Send 
the Course to me at: 

ADDRESS _______ _ COMPANY ____ _ 

CITY ________ STATE ___ ZIP __ _ 

Check here if you want special quantity prices o E-7 
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LITEMTURE 

1971 relays 
Electromechanical , dry reed and mer­

cury-we tted relays, so lid-state time de­
lays , and hybrid rel ays a re a ll included 
in this comprehensive 2 12-page catalog. 
There 's both an alph abetical and a type 
index (genera l purpose, impulse, crys ta l 
can, power, etc.) to help yo u find j ust 

Suggested PC layout 

the in formation you ' re looking for. And 
there 's a ll kinds of supplementary infor­
mation- compa ri son charts, wiring dia­
grams , mounting inform ation, dimen­
sional drawin gs, circu it diagrams, sche­
matics and much, much more . Potter & 
Brumfield, Princeton , Ind . 47570. 

Circle Reader Service #372 

MOS polycell LSI 
The MH and ML series log ic ce ll fami­

lies a re fu lly described in this 167-page 
catal og. But as well as providing hun­
dreds of schematics and diagrams to 
give yo u complete circuit information , 
the ca ta log establishes a background 
and basis for the MOS polyce ll LSI tech­
nology. Among the topics cove red are 
chip de s ign prepar a ti o n, MOS tech­
nology, log ic symbol standards, packag­
ing, and typical design procedure . For 
yo ur copy, write on company letterhead 
to Motoro la Semico nductor Products 
Inc., Box 20924, Phoenix , Ariz. 85036. 

Modular and lab power supplies 
Deltron 's new company cata log con­

tain s engineering and applica ti on in for­
mati on on it s line of highl y regul ated 
modular and labo ratory power supplies. 
Inc luded are specs, schem atic s, co n­
nection data , and accesso ry info rm ation 
for each series. A chart is a lso provided 
to faci lit ate selection of models, ranging 
from small du al ou tput ca rd types for 
op a mps to large modular and system 
units . Delt ron Inc. , Wi ssahickon Ave ., 
N. Wales, Pa. 19454. 

Circle Reader Service #3 73 

Application engineering handbook 
Focusing on ni c kel- cadmium ba t­

te rie s, thi s 200-page ha ndbook will 
show yo u how to a pply sea led and ven t­
ed batteries to new produ ct op portu ­
nities . It inv es tig a t es de s ig n co n­
figurations , applications, and capab il ­
ities, and it deta il s the many forms of 
nicke l-cadmium bat teri es through the 
use of charts, di ag rams, and defi niti ve 
text. For use as both a referen ce guide 
and a handbook, cop ies of thi s book are 
ava ilable fo r $2.50 from General Elec­
tri c Co ., Box 114 , Gainesvi ll e, Fl a. 
3260 I. 

Inductive components 
Thi s 18-page ca tal og of ind ucti ve 

co mponents co nt a in s information on 
pulse transformers in du al-i n-line pack­
ages compatible with 1cs. Typ ica l elec­
trica l con fi gur a ti ons, dimensions, and 
termin al configurati ons are provided for 

16 

nnnn 
th ese products. For encapsula ted toroid­
a l inductors yo u' ll find performan ce 
gra phs. And fo r a ll models yo u' ll find 
photos, features, and specs. Dale Elec­
tronics Inc ., East Highway 50, Yank­
ton, S.D. 57078. 

Circle Reader Service #3 74 

Telecommunication instruments 
Sierra 's comp lete line of test in ­

strumentation is described in this inter­
es ting and useful cata log. Easy to read 
and easy to use , its 114 pages a re di ­
vided into fo ur sections cover ing equip­
men t fo r transmiss ion (carr ier and mul ­
tiplexing technologies) , N-carrier (inter­
toll and toll connecting trunk appli­
cations bet ween centra l offices), T-car­
rier (pul se code modul ation), and data 
transmission (digital machine language 
t ransmitted ove r analog teleph o ne 
lines). A brief an d clear di sc ussion of 
each tec hn ology precedes each sec ti on. 
S ierr a Electronic Operati on, Phil co­
Ford, 3885 Bohan non Dr ., Men lo Par k, 
Ca lif. 94025. 
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Stepping switches 
A stepping switch and ci rcuit selecto r 

catalog, B-2000, provides 32 pages of 
eng in ee rin g .informa ti on on remote 
switching. Organized for quick refer­
ence , the first of three secti ons covers 
common methods of rem ote switching, 
inc luding app li ca ti ons, fundamentals 
and terminology. Specs and schematics 
for multi-pole stepping switch model s 
are contained in th e second section , and 
a buildi ng block guide for specifying 
made-to-order stepping switches and cir­
cuit selectors is included in the third .. 
Ledex Inc., 123 Webster St., Dayton, 
Ohio 45401. 

Circle Reader Service #376 

Electroluminescence 
"Light Emitting Thin Film Displays" 

is feat ured in this issue of Naval Re­
sea rch Reviews, a monthly publication 
hi ghl ighting rese a rch con ducted by 
Navy labs and cont ractors. Also in this 
issue is an artic le titled "The Possi­
bi lit ies of a Solid State Display Panel 
with Integrated Storage. " For $1.75 
yo u can get a year's subscripti on to thi s 
publication by writing to Superinten­
dent of Documents, U.S. Govt. Print ing 
Office, Washington, D.C. 20402. 

Equipment catalog 
Included in this huge 216-page book 

a re full descriptions, specs, and prices 
on ovens , water, oi l and refrige ra ted 
baths, furnaces, tem perature/ humidity 
environmenta l chambers , and related 
temperature-controlled equipm ent. A 
secti on of technica l bulletins discusses 

various subjects related to temperature 
and temperature control. And still mo re 
useful information is incorporated in to 
the temperature , measurement , a nd 
rela ti ve hu midity convers ion tables. 
Blue M Electric Co. , I 38th & Chat ham, 
Blue Island , Il l. 60406. 
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Capacitors 
Here 's a variety of capacito rs to 

choose from - aluminum electrolytic 
and metallized mylar. Some are 
"wrapped and filled" axial lead capaci­
tors ; some feature radial construction, 
and others, axial construction with high 
temperature thermo-set resin . There's a 
lot to choose from, so send for samples 
and choose the one best for your appli­
cation . Illinois Capacitor Sales Co., 
Dept. EE, Box 352, Highland Park, Ill. 
60035. 

C Freie Reader Service #410 

Identification arrows 
Press ure sensitive identification ar­

rows for production operations a re 
available in three sizes- 1,4, 3/s, and 3,4 

in . Among the various uses for these ar­
rows are production assembly drawings, 
graphics, flow diagrams, and inventory 
control , or wherever you need to save 
time or speed up identification. Samples 
are offered to you by By- Buk Co., 4326 
W. Pico Blvd., Los Angeles, Calif. 
90019. 

Circle Reader Service #411 

Electronic pins 
Pins, plugs, connections , contacts, 

terminal s, and leads are custom made 
by this manufacturer. And if the prod­
uct you need is •not included in the 
sample pack yo u receive , you 'II stil l 
ha ve an idea of the custom work they 
can. do and will do if you send your pin 
problem to them . Their automatic die 
swagi ng, four-slide , and cold heading 
machines are the key. Auto-swage 
Products Inc., 726 River Rd ., Shelton, 
Conn . 06484. 

Circle Reader Service #412 

Solid-state lamp 
Wherever a visual status indicator is 

required you'll want to use this new sol­
id-state lamp- in PC boards, cameras, 
in struments, control systems, computer 
peripherals, and communications gear. 
And the line of lamps features lamps 
geared to various requirements so you 
get exactly what you're looking for. For 
a free sam ple of this new solid-state 
lamp, write on company letterhead to 
Fairchild Microwave & Optoelectronics 
Div ., 3500 Deer Creek Rd ., Palo Alto, 
Calif. 94303 . 
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Tired of smoking 
your RF generator? 

Sierra's 470A high-power signal generator 
gives you automatic protection 
against no-load conditions. 
Our 470A series give you stable RF power from 50 MHz to 1800 
MHz. If you need 2400 MHz, ask us about that, too. The direct­
reading power meter tells you your wattage (up to 50) at a glance. 
They can put out CW or a pulse-modulated signal. So they ' re per­
fect for development, test and service work on RF and microwave 
gear, for RFI susceptibility experiments and antenna pattern 
ranges. Get a Sierra 470A on your bench and you'll never smoke 
another generator. 

The final oscillator tube 
(the only tube ; everything 

else is solid state) is so 
easy to replace you can 

get back on the air in 
under a minute. 

For additional information , 
write or call: 
Sierra Electronic Operation 
3885 Bohannon Drive 
Menlo Park, Ca .94025 
(415) 322-7222 
TWX 910-373-1282 

PHILCO~ 

Sierra manufactures a complete line of transmission , data and 
RF instruments for the communications industry. 
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Lead wire 
This copper-coated steel electronic 

lead wire is available in 24, 30 and 40 
conductivity . You have a choice of coat­
ings as well- electro lead-tin or bare. 
Technical data is provided for the wire 
types included on this sample card . Na­
tional-Standard Co., 601 N . 8th St., 
Niles . Mich . 49120. 
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Copper foil tape 
Known as Cir-Kit, this material helps 

simplify your problems with the con­
struction of prototypes or "one-of-a­
kind" circuit boards . The pressure-sen­
sitive backing simply peels off and the 
bond improves with time. It is available 
in 1/ 16 and 1/s in . wide strips, or 6 x 12 
in . sheets from Granite Graphics, 
Greenville. N.H. 03048. 
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Shrinkable tubing 
At l 60°F you get 50% shrinkdown 

with this tubing . It can be used for elec­
trical insulation on wires, mechanical 
protection for pipes and fittings, and as 
scuff-resistant jacketing for electrical 
cables and harness . Available in 1/4 to 4 
in . sizes, it's offered to you by Penntube 
Plastics Co ., Inc., Madison Ave. & 
Holly St. , Clifton Heights , Pa . 19018. 

Circle Reader Service #415 

Twisted pair 
A new 50 fl twisted pair has been de­

signed especially for solderless wrap­
ping . The conductor is a 30 A WG silver­
plated alloy of cadmium , chromium , 
and copper, and the total diameter of 
the pair is 0.034 in . Samples of the new 
twisted pair are offered to you by Berk­
Tek Inc., Box 60, R . D. # I, Reading, 
Pa . 19607. 
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Cable ties 
These are one-piece, all-nylon ties 

available in miniature , intermediate, 
standard, and heavy cross-section sizes . 
The ties, which feature self-locking 
heads, can easily be released and reused 
even after they have been pulled up snug 
on a harness . Free samples of this prod­
uct are available to you from Panduit 
Corp., 17301 Ridgeland Ave., Tinley 
Park, Ill. 60477. 
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Here are the LEDs you can order by 
the brigade full. HP' s indicator lights-

! unbeatable for brightness and wideangle 
·visibility. Use them on circuit boards-their 
tough leads will keep them firmly in place. " 
Or mount them on a front panel; they just 
clip on. In fact, you can put them anywhere 
you want a small, tough bulb that needs only 
2 volts DC to light the way. 
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Price? 65~ in 10 K quantities. And 
they're available in any quantity 

you want. Call your local HP office 
for the exact figures and specs on the 

5082-4440. Or write Hewlett-Packard, 
Palo Alto, California 94304; Europe: 1217 

Meyrin-Geneva, Switzerland. 

HEWLETT"' PACKARD 

SOLID STATE DEVICES 
0 1105 



Anew CRT for 
photographic reproduction 

of computer-generated copy 
Introducing RCA-4506 . . . a new, 7-
inch diameter, high-resolution Cath­
ode Ray Tube that is especial ly 
designed for photograph ic reproduc­
tion of computer-generated graphics. 
Bright, and sh arp-focusing, this at­
tractive CRT is already being used 
successfully in RCA's own Video 
Comp computer pri nt ing system. 

RCA-4506 is a premium design, a 
natural development of RCA's long 
experience in display devices. Meet­
ing all the criteria for blemishes, this 

extraordinary CRT features a .0009-
inch maximum spot size for 1 µ,am­
pere of cathode current measured at 
50% of beam amplitude. 

Because RCA uses one of the bright­
est phosphors available ; because 
this phosphor has a persistence of 
less than 5 µ,s; and because once ad­
justed, the beam intensity remains 
essentially constant, the RCA-4506 
also can be applied in flying-spot 
scanner systems, optical character 
recognition , geophysical surveys , 

and side-looking radar for mapping. 

Custom variants with specific phos­
phors and bulb size, of course, are 
available upon inquiry. Discuss your 
needs with your local RCA Repre­
sentative or your RCA Distributor. 
For technical data, write: RCA, Com­
mercial Engineering, * Harrison, N. J. 
07029. International: RCA, 2-4 rue 
du Lievre, 1227 Geneva, Switzerland, 
or P.O. Box 1'12, Hong Kong. 

non 

RCA·4506 High brightness, short persistence, 
and uniformity make RCA's new CRT 
useful in many applications. 
It has a useful screen diameter of 6% " . 

*Section 59G/ZC9. 
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