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WANTED • • 
lndlvlduals of Demonstrated 
Abilltv, Innovation and Leadership= 
The Electronics Systems Group of GTE Sylvania has 
been extremely successful in securing major systems 
business. The Nee,dham, Massachusetts Operation of 
The Electronics Systems Group is comprised of two 
divisions: The Communications Systems Division and 
the Eastern Division which can offer assignments from 

ANALOG CIRCUIT OESIGN 
A major design effort will involve analog circuits for hybrid 
electronic surge arrestors, pulse generators, sophisticated 
power supplies, low and high pass filters , fault detection and 
radio communications. You will be responsible for design , 
build , test and perform worst case analysis. Positions are 
available at most levels of experience. 

OIGITAL CIRCUIT DESIGN 
Major efforts will be to design, build, test , and perform worst 
case analysis of digital control electronics and computer inter · 
face equipment . Positions are available at most levels of ex· 
perience . 

EMl/TEMPEST ENGINEERING 
Will interpret DOD EMl/TEMPEST specification and perform 
electromagnetic emanation/susceptibility analysis on complex 
electronic systems/subsystems. Will also perform EMl/TEMPEST 
analysis, design and testfunctionson secure communication 
systems/equipment and write detailed TEMPEST design plans, 
test plans and test reports for submittal to procuring agency. 
Requires BSEE and one year experience in Radio Frequency 
Circuit Design or Electromagnetic Design and practical measure· 
ment experience in radio frequency techniques. 

ADVANCED MODELING TECHNIOUES 
Unique opportunities for Engineers to draw on the capabilities 
of a major company and satisfy their professional ambitions. 
We seek innovators with experience in any of the following 
areas : Electromagnetic Propagation and Coupling; Antenna 
Theory; Network Modeling and Simulation and Systems 
Modeling . Requires BS in EE or Math and minimum of 10 
years experience in system design , network analysis and a 
familiarity with computer aided network software . 

RESEARCH & DEVELOPMENT 
ENGINEERING 
Systems Integration 
You will solve system integration problems including functional 
compatibility, subsystem definition, interconnection , prime 
power generation and distribution . You will also develop sub· 
syste.;, interface specifications and resolve any interface ambig· 
uities or problems arising during the design and assembly of 
electronic ststems. In addition, responsibilities will involve 
technical liaison and coordination between functional groups. 
Requires BSE E or equivalent and 5 years experience, includ· 
ing 2 years of power or signal distribution network design . 

I ?ii #I SYW~~Jt! 
An Equal Opportunity Employer M/F 

conceptual activities through final equipment delivery. 
The broad range of tasks underwaypresent ·a unique 
opportunity to choose assignments which will satisfy 
your career interests and goals. Our suburban Boston 
location affords a unique opportunity for educational, 
recreational and cultural activities. 

DIGITAL SIGNAL PROCESSING 
We are seeking an experienced professional to lead the design 
and development of advanced digital signal processing systems. 
Reporting to the Manager of Systems Engineering, you will be 
able to influence strongly the direction of our future signal 
processing activities. You will develop a fundamental under­
standing of customer needs and guide the systems engineering 
effort directed toward design solutions for these needs. You 
will develop techniques and designs for such applications as 
radar signal processing , sonar s ignal processing and communi­
cation modulation/demodulation. Requires an advanced 
degree in Engineering, Math or Physics and a minimum of 10 
years professional experience in the engineering analysis and 
design of communications, radar or sonar systems. A know­
ledge of the theory and techniques of digital signal pro cessing 
and the types of machine architecture suitable to this function 
is necessary . Some experience in the digital implementation 
of signal processing functions is assential. 

To investigate these positions which are with our 
Eastern Division, please forward your resume out­
lining salary history and specific position of interest 
to Mr. Richard I. Hawes. 

COMMUNICATIONS ENGINEERING 
RADIO & WIRE 
COMMUNICATION SYSTEMS 
Positions are available at various levels including the design 
and evaluation of various radio and wire communication 
systems for military and civilian users, as well as responsibility 
for preparation of proposals and contract performance. Systems 
will carry analog and digital voice telegraph and data traffic 
and will often include communications security. Systems may 
range in frequency for VLF to SHF . Requires BS or Advanced 
Degree in EE and minumum 8 years experie nce in any of the 
following fields : antennas, modulation systems, analog and 
digital circuits, radiowavepropagation, multichannel point· 
to-point communication systems and application of digital 
techniques. Background should include strong personal 
design experience, supervision and proposal and presentation 
development . · 

To investigate the"se posi tions which are with our 
Communications Systems Division, please forward 
your resume outlining salary history and specific 
position of interest to Mr. James D. Bailey. 

GTE Sylvania - Central Employment Office 
Industrial Relations Support Organization - Eastern Area 

189 " B' Street , Needham , Massachusetts 02194 



IDERCURY DISPLACEMENT POWER RELAYS 

Where sealed contact protection is required for explosive, 
corrosive, dirty or moist ambient conditions; where the use 
of contactors does not permit contact maintenance; where 
noiseless operation is required ; where weight, size, and cost 
must be a minimum for contact ratings up to 100 amps, 

Mercury Displacement Relays are unsurpassed. 

This unique design, which incorporates broad cross-sections 
of liquid mercury for switching, is what makes the Mercury 
Displacement relay a high current, high voltage, high power 
device. Whereas conventional relays, which use hard con­
tacts are destroyed by pitting and sticking under high load 
conditions, the perpetually self-renewing, mercury-to-mer­
cury contacts insure maximum contact life and in-rush ca­
pabilities up to 15 times rated loads. 

In a highly competitive business, delivery can be a deciding 
factor. If delivery is important to you, be aware that Mag­
necraft ships better than 90% of all incoming orders for 
stock relays, received before noon, THE SAME DAY (sub­
stantiated by an independent auditing firm) . In add it ion to 
our shipping record, most stock items are available off-the­
shelf from our local distributor. 

FREE! 
mDR 
CATALOG 

The purpose of th is 16-page catalog is to assist the design 
engineer in specifying the proper relay for a given applica­
tion . The book completely describes 20, 35, 60, and 100 
amp versions with one , two , or three poles as well as Time 
Delay models of Mercury Displacement Power Relays . 

~ag.nec:rra.£t® ELECTRIC COMPANY 

5575 NORTH LYN CH AVENUE• CHICAGO ILLINOIS 60630 • 312 • 282 -5500 •TWX 910 221 5221 
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Teradyne's L100 Automatic Circuit 
Board Test System speaks for itself. 

2 

If you test circuit boards, you get the 
message. The L 100 doesn't just tell you a bad 
board is bad. It helps you find out why. And in a 
fraction of the time you'd usually spend trouble­
shooting. We'd like to send you a brochureful of 
reasons why the L 100 is the most money-saving 
system you can buy. 
Write: Teradyne 
183 Essex Street 
Boston, Mass. 02111 

In Europe: 
Teradyne Europe 
S.A., 11 bis, rue 
Roquepine, 
75 Paris Be, France. 
Tel. 265 72 62. 

~Jii~\!}\4~!! 
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Cover. Would you like a piece of the fo reign market but find that you 're puzzled by unfamiliar in­
ternational standards? You 're not alone. Foreign markets are becoming more attractive to many 

America n manufacturers, but even those who haven 't had any troub le selling abroad in the past are 
beg inning to real ize that they 'll have to take internat ional standard s more seriously. Turn to p. 38 

to learn why international standards are suddenly important, how they are set, and where you can 
get in formation about specific forei gn standards. (Photo credit: Alberto Socolovsky.) 

16 POWER SEMICONDUCTORS ... still the main movers Arthur J . Boyle 
While the smaller discrete power semiconductors have disappeared in the wake of th e tren d to 

!Cs, the larger power semiconductors are doing better than ever, thanks to new markets. But there 

have been changes. Fueling these changes are the 20-k Hz " revolut ion " and the hybri d approach. 

23 DIGITAL READOUTS COURSE-PART 6 
As always, the application shapes your choice of displays. But when your application calls for more 

than one-line displays and numerics, what 's available? Here's a look at the diversity of panel and 

CRT multi-l ine displays from wh ich to choose. 

O Introduction Stephen A. Thompson , The Electronic Engineer 

O Self-scan Richard Saxon, Burroughs Corp. 

O Ac plasma panels H. Gene Slottow, Owens-I llino is 

O Flat CRT panels Edmond N. Elowe, GTE Sylvania 

O Electromagnetlcs H. 0 . Peprnik, Ferrant i-Packard Ltd. 

O CRTs In cable TV Ray M. Unrath, MSI Televis ion 

o Generating characters for phototypesetting David W. Pinkney, Compugraph ics Corp. 

38 IGNORE AT YOUR OWN RISK? Christopher P. Kocher 
Can electronic engineers afford to ignore international standards? The answer is an unequ ivocal 

'No! ' if EEs and their firms want to participate in the fastest growing area of the industry-the over­

seas market. Top government and industry experts analyze the intricacies of standards. 

47 BUYERS' GUIDE FOR LOW-COST IC OPERATIONAL AMPLIFIERS 
Deborah P. Wilk ins and Arthur J . Boyle 
Last year's Guide listed 688 IC op amps; this year 's version contains over 1000 under-$30 devices. 

To help make the optimum system choice in the midst of this ever-increasing variety, this com­

prehensive list classi fies op amps by input bias current, offset voltage drift, slew rate, and pr ice. 
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KEPCO TALKS 

POWER SUPPLY 

TECHNOLOGY: 

A new tool for system designers ... 
Almost aU of today 's programmable d-c power supplies are 
contro lled with respect to their positive output terminal. 
That mea ns that when you seek to program such power 
supplies with a vo ltage signal , or the o utput of a DAC, the 
power supply 's plus terminal is common to your signal 
source . When silicon NPN power transistors are used in a 
series regu lator; that 's the way the po larities work o ut. 

Kepco's new in terface devices, the NTC , employ a shunt 
regulator co nfiguration to reverse the normal contro l po­
larities. Each NTC is a complete power supply , capable of 
what we term "o perat ional programming," which means 
that its output can be determined on the basis of input and 
feedback par amete r s with its NHCATIVE termina l 
common. Other power su pplies couple to it in a nonin­
verting, unity-gain fashion to function as repeaters or volt­
age fo llowers. 

PR OGRAMMING VOLTAGE WITHOUT NTC R, 

+ 
Signal 

R, 

Power 
Supp ly 1-~e------((0 -

OUTPUT e0 

'--------------4>--- - --------{<0 + 
COMMON 

PROGR AMM ING WITH AN NTC 

Signal 
+ 

NTC 
R, 

e, eo' = e, I R1/ R,) 

Power 
Supply 

'---- - --- ----*- ------ ----- ----{(0 -
COMMON 

There are two NTC models: 

NTC 200 
NTC 2000 

0- 200V at 0- 10 mA 
0- 2000 Vat 0- 1 mA 

$ 190 .00 
$325.00 

Model NTC 200 0 

When not functioning as the inverting amplifier fo r a power 
supply-booster, the NTC can serve in its own right as a low­
powered (2 watt) d-c source with fas t-slewing capabi lity : 
3V/µ sec. fur the NTC 2000, J V/µsec. for the NTC 200; and 
low ripple: less than 0 .01 % or 5 mV , whichever is greater. 
Their high gai n: > 0 .5 x 106 vo lts per volt , suits NTC for a 
variety of complementary OP-Amp ro les. 

For fuU information on NTC, request Bulletin 146- 1267. 

KEPCD @ Write Department DU- 19 
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KEPCO , INC. • 131-38 SANFORD AVENUE• FLUSHING, N.Y. 11352 
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YOUR 
EDITOR0 
O\RE 

... We care about 
our readers 

When money was tight and jobs 
were in danger, this magazine 
fought for its readers ' jobs. 

Now that the economy is up, 
it points out the growth areas 
to its readers, because it wants 
them to share in this growth . 

.. . We care about 
the industry we serve 

We were the first magazine to 
identify the opportunities for U.S. 
electronic manufacturers to make 
and market ca lculators and data 
communications equipment. 

And , as new opportunities appear, 
we'll report them here first. 

In good times and bad, 
your editors care. 

VVE C/\PE 
/\BOUT YOU 

Circle Reader Service #4 
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% x 1114 inch 
Normal Blowing Fuses 
AGCGLH MTH 
From 1 /500 to 30 amps, 
for 32V, 125V, or 250V 

% x 1114 inch 
Time Delay Fuses 
From 1/100 to 30 amps, 
MDL MDX 
for 32V, 125V, or 250V 

Spacs-Savsr Fussho/dsr for 1/4 x f f / 4 inch fusss projscts only ons inch bshind pans/ 

HTA 
(Solder Terminals) ( 1/4" Quick-Connect 

Terminals) 
(o/i6" Quick-Connect 

Terminals) 

ALL FUSE HOLDERS HAVE THESE FEATURES IN COMMON 
• Rated for 15 amps at 250 volts • Dielectrically capable of withstanding 1500 volts a.c. between 
terminals and between terminals and panel • Bayonet-type knob grips fuse so that fuse is with­
drawn when knob is removed; strong compression spring assures good contact • Made for 
installation in 0-hole to prevent turning in panel • Terminals are mechanically secured as well as 
soldered in holder. 

The BUSS line of small dimension fuses and 
mounting hardware covers the complete spectrum 
of electronic applications. Use the coupon at right 
to order the complete catalog. 

--------------------------------------······· BUSSMANN MFG. DIVISION, McGraw-Edison Co. EE 1212 
St. Louis, Missouri 63107 

Please send me a copy of BUSS Bulletin SFB 
BUSSMANN MFG. DIVISION, McGraw-Edison Co., 

St. Louis, Mo. 63107 
NAME 

TITLE 

COMPANY 

ADDRESS 

CITY STATE ZIP 

·---------------------------------------------
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EOTI/\L 

Think systems 
Overview. The big picture. Take a look around. 
Tell the forest from the trees. 

It doesn 't matter what it's called. To have an overview, to get 
the big picture, to look around, to tell the forest from the trees, 
you must apply the systems approach. 

If you do, you have other engineers., who don't, working for you. 

If you don't, you are working for an engineer who does. 

This magazine Is for those who do. For those engineers who, 
brought up in the booming days of the 1960s, 
have learned the sobering lessons of the 1970s. The economic lesson, 
and the technological lesson. 

The economic lesson teaches that progress doesn 't automatically lie 
in the next job, or the next assignment. To progress, you must 
take a look around, at the opportunities for your talents, 
for your company's long suit. You must tell the forest from the trees, 
the real opportunity from the inconsequential one, 
the clear need from the technological refinement. 

The technological lesson teaches that circuit design, which was 
the most creative occupation for electronic engineers in the 1960s, 
belongs now in the domain of the component manufacturer, 
more than in that of the equipment and systems manufacturer. 
The lesson teaches that you buy circuits, even minicomputers, 
the way you buy capacitors. It teaches, in two words, to think systems. 

We, too, have learned these lessons, and we apply them to give you 
the information a systems engineer needs today. Look at our cover. 
We have been a systems magazine for the past three years. 
Now systems is part of our name. Make it part of yours. 
Think systems. 

Afbc.,-fo Socoloust.y 
Editor I 
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2. TTL compatibility. 

The 
IM1552 

1024bit 
static 

MOS RAM. 
3. Fully decoded on-chip. 

gate processing . 
1. N-channel sHicon / 

so easv to use? 
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Did we say easy to use? 
Here 's a 1024-bit static MOS RAM 

that's truly TTL compatible . It uses one 5-
volt supply and requires no TTL interfacing 
at all. It 's static . No clocks, drivers or re ­
fresh circuits needed. It 's fully decoded 
on -chip and comes in standard 16-pin 
ceramic or plastic DIPs. 

What else? How's this : Typical access 
and read-cycle times are less than 400 nS, 
typical power 0.2 mW per bit. Output is tri ­
state. And the device is available in O to 
+75°C or -55 to +125°C temperature 
ranges . 100-piece prices start at $20.50 
(400 nS version) and $16.50 (800 nS 
version) . It's the perfect device for periph­
eral , buffer and minicomputer memories. 

N-channel silicon gate 
with thin film resistors yet. 

Here's an exc lusive: Combining our 
N-channel and th in-film technologies lets 
us achieve much higher packing densities 
with commensurate lowering of costs and 
power dissipati on. 

With the addition of N-channel silicon 
gate MOS to the processes we 're already 
using-bipolar TTL, complementary MOS 
(C / MOS) and P-channel silicon gate MOS 
- lntersil now offers more production 
techniques, with a wider range of perform-

ance and prices, than 
any independent solid ­

state memory manu­
facturer. 

Just what you 'd 
expect from lntersil , 

10900 North Tan­
tau Ave ., Cuper­

tino, CA 95014 

Get 'em here. 
lntersil stocking distributors. Schweber 
Electronics. Semiconductor Specialists . 
R. V. Weatherford Co. 

lntersil area sales offices. Boston (617) 
359-7188. Chicago (312) 371 -1440. Los 
Angeles (213) 370-5766. Minneapolis (612) 
925-1844. New York (201) 567-5585 . San 
Diego (714) 278-6053. San Francisco Bay 
Area (408) 257-5450. 

Overseas representatives. Copenhagen: 
E. V. Johanssen A/S. Helsinki: Digelius 
Electronics Finland OY. London : Tranchant 
Electronics (UK) Ltd . Milan : Auriema Italia 
SRL. Munich: Spezial Electronic. Paris: 
Tranchant Electronique. Stockholm: Elek­
troholm . Tel Aviv : Schweber Electronics. 
Tokyo lnternix. Zurich : Laser- & Elec­
tronic -Equipment. 

U.S. Representatives in all major cities. 

lntersil 
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UPD-D\TE 
Thin fllm modulates lasers 

A magnetically controlled switch for 
modulating laser light has been devel­
oped by Dr. P. K. Tien and R. J. Martin 
of the Electron Physics Research Dept. 
of Bell Labs, Holmdel, NJ. 

The new switch consists of a yttrium 
gallium scandium iron garnet film, 
about 2.5 µm thick, grown on a gadoli­
nium gallium garnet substrate. The film 
serves as a waveguide for th e light 
waves. Two types of light waves can 
propagate in this film : one type has 
magnetic transverse (TM) fields ; the oth­
er type has electric transverse (or TE) 

fields. 
A prism is positioned at either end of 

the garnet crystal wafer, one prism to 
guide the beam from an external laser 
into the film, and a second " exit" prism, 
which guides the laser beam out of the 
film in one direction for the TM light­
waves and in another direction for the 
TE lightwaves. 

A tiny serpentine electric circuit, 
made by conventional integrated circuit 
techniques, applied to the surface of the 
garnet wafer, overlaps the path followed 
by the laser beam through the garnet 
film. Light is fed into the film by the 
" input" prism in a TM mode. A current 
passing through the serpentine circuit 
induces a small magnetic field (on the 
order of a fraction of a gauss) which 
converts the light wave from the TM 

mode to the TE mode because of the 
magnetic-optic property of the film. 
The exit prism guides the TE and the 
TM light waves out of the film in two 

Deflect lasers by tipping a 'sound column' 
RCA scientists have developed a la­

ser-beam deflector that employs a tip­
ping " sound col umn" within a crystal 
to provide four times the resolution of 
conventional acoustO-OQtic deflectors. 

Key to the RCA development is a 
simplified, easy to fabricate transducer 
that both generates and automatically 
tips the column of sound waves to ef­
ficientl y deflect a laser beam over a 
broad angu lar range. Because the trans­
ducer ca n be made with economical 
evaporation and masking techniques 
common ly emplo yed in fabricating 
e lectroni c devices, th e deflector has 
great potential for such applications as 
high-speed, high-capacity optical com­
puter memories and laser scanning for 
TV picture projection. 

In acousto-optic deflectors, a laser 
beam is diffracted as a result of the pe­
riodic disturbance created by sound 
waves propagating through certain crys­
tals or liquids. The frequency of the 
acoust ic waves determines the amount, 
or angle, of deflection. 

Thus, by electronically altering the 
input to a transducer that converts radio 

frequency (rf) waves to sound waves, a 
laser beam can be directed to a number 
of different spots very quickly. 

But de flecto rs with a fixed column of 
sound waves have a limited deflection 
range because acoustic waves diffract or 
deflect ligh t efficiently over only a nar­
row angular range (i.e., the Bragg 
angle). The angular deflection range 
can be enlarged by tipping the column 
of sound waves to change the angle at 
which the laser beam strikes the acous­
tic waves. 

Scientists have known that a sound 
column could be tipped by changing 
the frequency of sound waves passing 
through an acoustic grating, but up to 
now have been unable to develop a 
practical inexpens ive mechanism for ac­
complishing this. Prior techniques in­
volved cutting steps in the acousto-optic 
material and bonding several trans­
ducers to it, a relatively complicated 
procedure requ iring a great deal of han­
dling that often resulted in damage to 
the acousto-optic material. 

RCA' s solution, on the other hand, 

different directions. Turning the in­
duction current on and off switches the 
lig ht back and forth. 

The magnetic field required to switch 
the light is several times smaller than 
the earth's magnetic field, and because 
of the serpentine structure, the in­
ductance of the circuit is less than 0.1 
µH. In the experiment, less than 100 
mW of electrical power was used to 
modulate the light from a 1.15 µm He­
Ne laser at a modulation frequency of 
80 MHz. 

In an eventual optical system, the in­
put prism may be unnecessary since the 
light wave may be generated in the film 
by a thin-film laser. The exi t prism 
could be replaced by a thin film po­
larizer and a fil m-fiber coupler. The 
modulator or switch thus would be ex­
tremely simple, involving only a mag­
ne.tic film and a tin y electric cu rrent. • 

Circle Reader Service #210 

uses a single transducer platelet bonded 
to a lead molybdate crystal. The inter­
digitated electrodes within the trans­
ducer are deposited in layers through 
masks by an evaporation technique. 

The electrode arrangement acts like 
an acoustic grating so that for any given 
rf-input frequency, the column of sound 
waves is tipped at a particular angle. 
Any change in the rf-input frequency 
produces changes in the tipping angle 
of th~ sound column as well as in the 
frequenc y of the sound waves. 

This automatic tipping of the s·ound 
column in combination with the fre­
quency change in the acoustic waves 
enables the defl ector to move the laser 
beam over a much wider bandwidth 
than conventional deflect ors can. Labo­
ratory results show bandwidths of 210 
MHz compared with conventional de­
flector bandwidths of 54 MHz-a four­
fold improvement in performance. • 

For additional information contact Al 
Pinsky, David Sarnoff Research Center, 
Princeton, NJ 08540. 

Circle Reader Service #211 

10 THE ELECTRONIC ENGINEER/ systems engineering today · Dec. 1972 



II 

e1r 
isn• 

II 

ours1s. 
So ours will only cost you about half as much to use. 

Because the Western Digital FIFO (First- In First Out) 
buffer memory is 9 bits wide , just like your data. And you 

don't have to pay for two devices to do the job of one. 

That makes our FR1502A FIFO ideal for terminals, 
computers or data communications systems. For interfacing 

high and low speeds or synchronized and unsynchronized 
systems. For formatting. And even as a digital delay line . 

To use it, simply insert our FIFO into your data 
stream. It's fully TTL-compatible, with three-state inputs 

and outputs for bus compatibility, and can be 
expanded with no additional hardware . 

Characters loaded into memory automatically "ripple" to 
the last unoccupied position. As a character is 

unloaded, the remaining characters automatically shift 
towards the output. Because there is no common 

clock, inputs and outputs operate simultaneously at 
independent data rates up to 1 MHz. 

It's the most cost effective method of data speed buffering 
available. But then , maybe that's why Western Digital 

has more data communications subsystem chips, standard 
and custom, working in more applications than anyone. 

Contact us now and see what we can do for you. 
Western Digital Corp., 19242 Red Hill Avenue , Newport 

Beach, Calif. 92663. Tel: 714/ 557-3550. 

FIFO 
FEATURES 

9 bits x 40 
characters 

1 MHz input/ 
output 

TTL-compatible 

Three-state 
data lines 

Master reset 
and status flags 

Expandable 
with no external 
hardware. 
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UPD -D\TE 

RCA does it aga in 1.as t month it \\as three million 

po\\·e r transistors fo r C hrvslPr's e lectro n ic ignition svs­

tc ms ; thi s month it 's cosi:.. 1o s integrated c irc ui ts for a non ­

stop e lectronic clo\' k b y Pat e k Phil ippe, a Swiss cloc k and 
watc h manufac t11re r. P11tt ing a nother den t in the consunH'r 

e lec troni cs marke t, RCA will p rovid e 1cs to rep lace me­
ch a ni ca l moving pa rts of conve ntion a l clocks. Output sig­

na ls from the 1< control th e dispbv (c lock ha nd s o r digita l 

displav ), providing accuracy to within a few seco nds a 

month and. if standa rd po\\ e r suppli Ps are nq t used. oper­

a ti on for a vca r off on e small ba tt c rv. 

Circle Reader Service #225 

Mini or calculator . .. or te rmin a l? . The less-a nd-less 

distin c t line be twee n m ini co mpute rs a nd dPs k top ca lcu­
lators has hec n com ple te lv prascd hv I lcw ll'tt - Pac brd. 

Th e ir ne w Model 9830 d es k ca lct dator offers an alph a n11 -
me ric kcvboard , both se mi cond11ctor a nd casse tte mcmorv. 

a nd programmahilit y in a ve rs ion of JJ A Sir m ore po"·e rful 

th a n som e time -sha red ve rsio ns of th e sa me language. Th e 
ca lculator drives a n o pt io na l 80 ch a r./ line, 250 line / min. 
th e rm a l line p rinte r. By add ing a plug-in HOM, you ca n use 

othe r periphe rn ls as we ll , inc ludin g a n X-Y p lotte r, a ca rd 

read e r. and a tc le tvpe inp11t. If vm 1 have a program too 
long to run on the 9fl.'30. vo 11 ca n add another 110~1 a nd a 

modPm a nd llS(' both calcu lato r a nd printer a' a termina l 

to access vo11r time sh :iring sys tem. For in fo rma ti on , 

Circle Read(1r Service #226 

TV display panel us es gas diseha rge principle . Fo ll o\\·­

ing the de fe a t of past atte mpts to prnd11 ee pan e l d isplavs 

with inca ndesce nt lig hts, e lcctrolurn in cscf'n <'e, and lirp1id 

c rvsta ls, Ze nit h has comf' up "ith a m:1trix ch· vicc p rod uc­
ing a T V p icture of suffi c i1, 11t q11 a li ty to warran t co mpa ri so n 
with a CH T. L' s in )! a Burroug hs SELF-SC AN® pa ne l O.f1;) 

in . thi ek. the ('\ pe rim e nta l unit produces a 2.-1 s 6.3-in. red 

picture co mposed of 80 co lum n' a nd 2 l 2 rows uf gas ce ll s. 

Th e pa ne l has a pea k lu m in a nee of 8 ft - I . a nd a con trast 

ra ti o of -10 :1. In opera tion, a full li ne o f <'e ll s in tlw p anel is 

addressed a t th e same t im e. Ill uminat io n tim e of the f11 ll 

li n e of gas di sc harge cells is 60 µs, compan·d to the l 00-ns 

e xcit ation time of ea<' h rlws ph or d o t in th e C HT. 

Circle Reader Service #227 

A new role for the I EEE ln an imros ing vo te, th e 

I F.EE rccc i\'ed a c lea r-c ut ma nda te fro m its nwmb<"rs tu 

ta ke a m ore soe ia ll y conscious ro le. Some -1 2,899 e ngineers 

from th e 50,950 res pond e nts sanctioned th e l EEE lead ­

e rship to cha nge th e prese nt ch a rter. Aecord ing to C f 's 
Dr. H aro ld C hestn ut, p res ide nt-elect, t he socie ty " ill con­

ce ntra te on improv in g the cng i1wcr's sit ua tion b y 11·o rk ing 

wit h go1·e rnmcnt age ncies n n manpo"·er pl anning. the 
cont inu ed nf'ed for unem pl ovc d t•ngin ce rs· program s like 

VFST, s11p port for IPg islation suc h as S.32 for c ivilia n R & D 

spe nding. a nd technology assessme nt. Pe nsio n impro1·(•­

me 11t, anoth e r like ly a re a, " ill be in iti a ted. As for that -10% 
in crease in d11es, 20 % "i ll go to th ese new areas. plu s the 
t rad iti ona l scient ifi c goa ls. \\' hilc most of th e o th Pr 20 7r 
was necess ita ted hy infl a ti on. 

Monsanto: moving in on bubble memories . Firmlv es­

tab li shed as a top ma n11fa c ture r of li gh t e mitting d ev ices. 

Monsan to appea rs to be making a pitc h fnr th e me morv 

marke t ll'ith th e ir introdu ction of a bubb le me m o rv. Th e ir 

stre ngth in mate ri als processing makes th e hubhle me mo­

rl ', cnwrg ing as a possibl e rep lace me nt for di sc me mori es. 
right up the ir a ll cv. Alread v the1.- ve marke ted th e first 

purchasa bl f' sa mple h11 hble me morv kit for $2400 (th e 

memon· is a sma ll' shift registe r ) aim ed a t pote ntia l buve rs 

who want to e.\pe rimc nt with bubbl es. If vo 11 ' re inte res ted 

in more d et a ils, contac t Dr. Ra m o Pe llin. Mon sa nto Co .. 

800 N. Lindbe rgh. St Loui s. MO (3 14 ) 694 -4848. or 

Circle Reader Service #228 

Some say the e lectronics industry is slowing down . In ­

d11stry spokes me n from Be ll La bs. N C R. Xe rox. I BM . Fa ir­

ehild. Tl. IEEE, a nd othe rs ha ve compi led a stud v of the 
l '. S. c lee tri ca l/ c lectro ni cs industrv a nd its c urre nt tre nd s 

a nd pote nti a l impact on the ove ra ll eco nnm v. Sca nnin g 
th e bl ea k pi c ture of the ' 70s, th e eommittee sees th e d e­

ma nd for e ngin eers increas in g o nl v 2 7r pe r vea r. a nd in ­

dustry gro\\'th a t 7-8 %. The v p redi c t th a t go vernme nt 
spe nding in domesti c a reas during th e d eeade will not o ff­

se t decreases in militarv a nd space prog ram s. Aggress i1·e 

gove rnm ent ac ti on to redu ce trade ba rr ie rs for fair co m­

petition is c riti ca l. as is more support for R&D if we a re to 
maintain our tec hni ca l lead e rs l1i p. T he s tu Lh-. w ith d e ta il s 

on these a nd o the r obse rva ti ons. is avai la h le fro m IEEE. 

34.5 E. -17th St . Ne w York, NY 100 17. ( Me mbe rs. $6: no n­
mem IH•rs. $ 12.) 

And many are inVESTing talent elsewhere J 11 st o n<' 

vear ago, VEST (Vo luntee r Enginee rs, Sc ie nti s t s, a nd 

Technic ians ) opened the fa c ilit ies o f sta te e mplo vme nt of­
fi ces to 011t-o f-\\·ork e nginee rs who wa nted to he lp the m ­

selves find jobs. Tod a v. VEST is still ha rd a t wo rk a nd a l­

th o11gh th e pi c t11 re isn ' t as rosv as th ev wou ld like it to be. 

th ev a re making progress. More corporatio ns a re acce ptin g 

more aerospace a nd h ig hl v specia li zed e nginee rs into o th e r 
ind11 stri es: thi s vca r VEST offi ce rs p laced a pproxim a tc k 

20.000 me n in new jobs And now VEST is \\'o rkin g jninth 

with th e T ec hn ologv Mobili za ti on Ree mplovme nt Pro­
gram, fund ed bv th e De pt. of La bor whi ch offe rs up to 

$.')00 for joh inte rvi ew travel a nd e xpe nses. re loca tion 

grants 11p to $ 1200. and up to $2.S OO for job trainin g tui ­

ti on a nd expe nses. If vou 'd like to in VE ST vour time findin g 

a joh. contac t vo 11r loca l sta te e mpl ov me nt offi ce. 

Conferences and shows coming up 1973 Winter Con ­

sumer E lectronics Show, sponso red b v th e Electronic ln ­

d11stri es Associatio n <1t th e Co nrad H ilton Ho te l. C hicago. 
Ja n 12- l6 International Solid State Circuits Confe r ­

ence, Philad e lphi a Ma rriott Motor Hote l, Fe b. 14- 16 ... '73 
INTERCON, sponsored b1 the In stitu te o f El ectri ca l and 
Electroni c<; Enginee rs. Ne w York Colise 11m. l\ l a rc h 26-29. 
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The Programmable Uni junction Transistor (PUT) has superseded 
conventional Unijunctions. It has become the preferred device for low­
cost timing circuits, oscillators, sensing circuits, and many other variable 
voltage level threshold applications. Now with the addition of 4 new 
plastic PUTs, Unitrode has the broadest line available - 15 standard types 
including hermetically sealed. And we will select to meet your specific 
needs. Unitrode also offers the highest voltage PUTs and the first with 
better than 1 % oscillator timing accuracy guaranteed from - 55 ° C to 
+ 125°C. ¢ -Line plastic PUTs are available off-the-shelf for as low as 
24¢ ea. in quantity, and they come complete with the services of a strong 
applications engineering staff. For fast action and the name of your near­
est Unitrode distributor, call Sales Engineering collect at (617) 926-0404. 
Unitrode Corporation, Dept. 1 2 W 
580 Pleasant Street, Watertown, Mass. 02172 

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

r-------------------------------------~ 
Unltrode Corporation 
Dept. 12W, 580 Pleasant St., Watertown , Mass. 02172 

Please send free samples of ¢ -Line plastic PUTs 
P13T1 P13T2 . . 0 2N6027 for general purpose . 0 2N6028 for long interval t1 m1ng 

0 Please send PUT information folde r . complete with data sheets and application notes. 

NAME _ TIT LE _______ ----

ADDRESS -----------

CITY ________ _ STATE ______ ZIP ___ ----

~----------------------------- --------~ 



14 

... the universal answer? 

YOUR POWER STRUCTURE ... 
Know it before you use it. 

Emitter and base on old-reliable, double-diffused Annu­
lar types are diffused into an epitaxial substrate. Devices are 
characterized by high frequency response, excellent switch­
ing efficiencies and complementary capability. The Annular 
ring retards inversion layer leakage and shapes surface 
electrical fields eliminating fringing field effects. But inher­
ently narrow base width limits optimum safe operating areas. 
Result - devices that switch fast at high currents with 
excellent beta linearity .. . as long as they're not required 

to operate into over­
ly reactive loads. 

TRIPLE DIFFUSED ETCH·CUT MESA 

TECHNOLOGY OVERVIEW ... 
If you're at home with high-speed, high-current switching, 
double-diffused can't be beat. Generally, gain linearity 
with voltage is better, too, with sat voltage coming in low 
because of limited epi layer thickness. In a high-speed 
design where most device heat stems from switch losses, 
it's a mistake to use super-rugged, slow types. Triple­
diffused, however, is your best bet where speed and 
efficiency take a back seat to operating voltage and rug­
gedness. But the wider the base, the lower the current -
and triple-diffused is basically wide-base. 

You can't have everything. 

Double Triple Triple 
Process Diffused Diffused Diffused 

Characteristic Annular Ann ular Etch Cut 

fr 30-80 MHz 10-30 MHz 5-10 MHz 

SDA@ 
7W 15W 30W lOOV 

Voltage 20-300V 40 -lOOOV To 2000V 

Current lOOA 20A 20A 
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ons 
THE APPLICATIONS ... 
High voltage is everywhere and more! Regulators, converters, inverters, TV, line­
operated amps, auto ignition, ad infinitum. Where to plug the process? Simple. 
Follow our recommendations: we've factored in trade-offs - gain, fT, ruggedness 
and breakdown voltage. In pulse mode designs where you're responsible for 
fast-changing load conditions and junction heating is minimal, double-diffused 
is desirable. As you go up the voltage/SOA ladder, triple-diffused tips the scales 
in its favor. In some cases, such as high voltage switches, all three technologies 
will fill the bill-and the speed/SO A demands of your application will determine 
your choice. HY complements can be had too - but there are two processes 
involved that must be matched and slight variations in h and SOA have to 
be considered. 

PROCESS 

Double Triple Trip le 
Application Diffused Diffused Di ffused 

Annular Annular Etch 
Cut 

Serles Pass. Regulator • 
Inverter • TV Deflection • Small Screer. 

Large Screen 
Auto Ignit ion 
High Vol tage Amplifier 
High Voltage Switch 

• • • 
• • • • 

TH E SPECS 

... NEW HIGH-VOLTAGE DISCRETES 
Power Switch 

Slow 
Medium Speed • 
Fast • 

THE PACKAGING ... 
For your optimized form factor: plas­
tic discretes , metal T0-66 and T0-3 
discretes, plastic and T0-3 Darling­
tons , plastic and metal discrete com­
plements. For your optimized cost 
factor: HY prices start at 65¢, 100-up. 

THE DARLINGTONS . . . 

• I BREAKDOWN SAFE 
DEVICE VOLTAGE OPERATING 

AREA 

2N6306-8 
250V Triple -Diffused 500-700V 

Etch Cut @ 40mA 

MJ7160, 61 lOOV Triple-Diffused 300, 400V @ 200mA Annular 
2N6277, 81 150V lOV 

Double-Diffused @ 20A 

. .. plus a choice between these HV discretes 
2N3439 40 2N5838-40 MJ701 
2N3738,39 2N6233-35 MJ704, 721 
2N3902 2N6259, 62 MJ702, 723 
2N4240 2N6341 MJ1800 
2N5051, 52 MJ105 MJ2251, 52 
2N5157 MJ400 MJ3010-12 
2N5241 MJ410, 411 MJ3026, 27 
2N5344, 45 MJ413, 423, 431 MJ3028-30 
2N5555, 56, 57 MJ420 MJ3201 , 02 
2N5655-57 MJ424, 425 MJ3260 

FREQUENCY 

5 MHz 

30 MHz 

30 MHz 

MJ3430 
MJ4645-48 
MJ9000 
MJE341, 344 
MJE350 
MJE2160 
MJE2360 
MJE3439, 40 
MJE3738, 39 
MJE5655, 56,57 

It's been said before - Monolithic 
power integrated circuits with revolu­
tionary new levels of super-hig_h gain, 
direct logic-to-Darlington interfacing, 
simplicity , cost-savings. It bears 
repeating. Now all the advantages are 
there in triple-diffused HY Darling­
tons. Depending on your conclusions 
and your needs, your choice will be 
Darlingtons or discretes, in the tech­
nology that fits best. 

. . NEW HIGH -VOLTAGE DARLINGTONS 

Draw those conclusions now. Match 
your design need with an unmatched 
high voltage power capability. Write 
us at Box 20912 , Phoenix, AZ 85036 
- contact your Motorola distributor 
for prototype or production. 

MJ3040-42 
Triple-Diffused 400-500V 
Etch Cut 

300V 
@40mA 

.. NEW HIGH -VOLTAGE COMPLEMENTS 
2N3583-85 

Triple-Diffused 
Annular 
NPN 175-300V 

MJ3583-85 
Double-Diffused 
PNP 

MJE340 
Triple-Diffused 
Annular 
NPN 300V 

MJE350 
Double-Diffused 
PNP 

70V 
@ 500mA 

250V 
@ 15mA 

5 MHz 

15 MHz 
30 MHz 

15 MHz 

30 MHz 

Motorola is the source for 
high-voltage power. 
No question about it. NIOTOROLA POWER 
• Patented Process of Motorola Inc. 

tTrademark of Motorola Inc. 

- Techno logy B y Design, For Design 
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••• still the main movers 
When the appllcatlon calls for brawn as well as brains, 

the power semiconductor Is still the workhorse of the electronics Industry. 

Arthur J. Boyle, Managing Editor 

Power semiconductor manufacture r~ are wearing big 
smiles these da ys. The combi11a tio11 of technica l i11 -
11ovatio11 with the c hanging nature o f the e l ec tronic~ 

industry has ke pt powe r d ev ices in the ballgame, while 
many small signal semiconductors have struck out to 
JCS. Instead of seeing a decrease in demand, the di s­
crete power d ev ice, which is still the primary so urce 
of e lectronic muscle u~ed to inte rface with the out­
side world, is riding the wave of the pe rvas ive ness of 
e lectronics into new marke ts. 

The e ra o f the pcmer tra11 s i~tor began back in the 
da ys when germanium wa~ kin g . Surprisingly 
e nough, des pite the revolution brought 011 by sili eo n 
technology and the annual predictions o f a11 ea rl y 
de mise, germanium powe r tra n~b tor~ are showing a11 
amazing teuacit y. Although used in on ly a limited 
numbe r of applications (with the au tomobil e radio 
the most wide ly known ) germanium sti ll ranks as a 
ve ry profitable line for the two major su ppli er~ still 
in the bminess-Motoro la a nd De lco. 

If the germanium tramistor still shows amaz ingly 
good health in it~ o ld age, the prognosis for ~i li co 11 

devices cau o nl y be described a~ exeell c 11t. With the 
advantages of the mate rial itse lf, the advances i11 
processing, and packaging improvements, ~i li co11 

power dev ices ha ve evolved into a famil y with great 
flexibilit y. Most of the s ili con powe r tra nsistors on 
the market toda y are produced by one of fiv e proc­
esses. The tabl e shows the main c haracte ri stics of 
each, and as with anything e lse, tradeoffs are the or­
der of the d ay. 

Happiness Is at 20 kHz 
The big news in power semiconductors is what 

Leo Le hne r of Motorola ca ll s the 20-kHz revolution. 
What Le hne r is advocating is that the switched 
mode of powe r suppl y des ign, long a ttractive for a 
number of reasons, has at last become a practi cal a l­
te rnati ve to the more common pass-transistor des ign 
approach. The sav ings in size a nd weight in the pow­
e r tra nsformer alone make the S\\ itched mode ap­
proach des irable. This is true not on ly in the obvious 
case of portable equipmen t, but across the board 
si11ce JCS ha ve shrunk eq uipme nt to the point whe re 
power transforme rs sti c k out like a so re thumb. The 
driving force behind this move is the ava il ability of 
high-speed power trans istors a t co mpe titi ve prices. 
( Hig h speed, in this case, means a fall time of sig­
nificantly less than l µ s. For example, Lehner points 
to the :2N6307. ) 

Ralph H artz. RCA / Solid State Di v , is also a 
proponent of th e switched power supply school. And 

( text cu11ti1111es 0 11 µ. 20 ) 
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Elco's Series 6064 discrete card edge connectors 
look like .. . and work like ... other discrete card edge 

connectors. With one major exception. Ours can 
save you up to 20% of your total package cost. 

Because we'll supply our Series 6064 connectors 
mounted on our Variframer"' back panel which we'll 

custom design and build to your requirements. 
With connectors wired (up to three levels of wire 
wrapping) to your specs. And with input/output 

connectors and voltage and/or ground buses. To give 
you the best performing package at lowest cost. Fast. 

Then again, if you're in a hurry for a look-alike 
that is, call your local Elco distributor. He has our 

Series 6064 connector in three sizes: 36/72, 40/80 
and 50/100 contacts. With bifurcated bellows 

contacts on .125" grid. All with .025" square tails. 
And diallyl phthalate insulators that accept .062" 

printed circuit cards . And he's got them all on 
his shelf. Plus other card edge connectors at .100", 

.150", .156" and .200" spacings. Ready to go. 

Availability. And economy. These are what 
distinguish our look-alikes from theirs . Just two 

more services in keeping with CONNECTRONICS, 
Elco's Total Connector Capability. 

For full details and specifications on our Series 6064 
connectors, contact: 

Elco, Willow Grove Division, ~ ~ '" 
Willow Grove, Pa .1 9090 ~ ri 
(215) 659-7000 

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

Circle Reader Service #8 

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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Process 

Characteristics 

Complements 

Outstanding 
features 

Typical 
application 

Comparison of Common Transistor Diffusions 

Epi-base Single-diffusion 

le= to 50 A le= to 30 A 
BVcEO = to 140 V V = to 140 V 
SOA* = Exe. SOA* = Exe. 
h= 4-8 MHz h = 1-2 MHz 
SW = Slow SW= Slow 

NPN/ PNP NPN 

Versatility Ruggedness 

General purpose N PN/ PN P Pwr sup. regulators 
complementary 

Triple-diffusion 
(annular) 

le= to 10 A 
V =to 400 V 
SOA* = Fair 
fr= 20-30 MHz 
SW= Medium 

NPN 

High frequency 
responsp 

Inverters-Converters 

Triple-diffusion 
(etch-cut) 

le= to 10 A 
V =to 800 V 
SOA* =Good 
h = 4-10 MHz 
SW = Medium 

NPN 

High voltage 
performance 

TV dell. circuits 

Double-diffusion 
(epitaxial) 

le= to 30 A 
V = to 200 V 
SOA* = Low 
h = 40-150 MHz 
SW= Very fa st 

NPN/ PNP 

High speed 

High -speed 
switching 

"Safe operating area (Courtesy of Motorola Semiconductor) 

Schottky barrier High frequency 
power transistors diodes for fast recovery 

110'vi 
60 ~ Hz 

Rectifier- Inverter- High ... power .. frequency ....... 
filter .... 

oscillator 
.... 

transformer 
.... 

Coarse filtering 20 KHz ferrite core 
low in iron and copper 

Rectifier-
~ ....... Regulator 

f ilter .... 
output 

The 20-kHz revolution. That 's the term being used to de- tiers are combining to make this approach very attractive in 
scribe the impact of switched-mode power supplies. High - a great number of applications. 
speed, high-voltage transistors and Schottky-barrier recti -

Hybrid power function modules are one area due for sub­
stantial growth and corresponding price reductions. These 
two devices from RCA illustrate the trad itional advantages of 

300-A transistor array 

Array programming can be 
performed by shearing the 
common base and 
emitter leads and 
adding external 
connection. 

Basic building 
block 

hybrid circuits: less space than discrete designs and more 
flexibility and power handling capability than monol ithics 
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Right for the times! 

Here's why these new counters - offered in 
fou r frequency ranges of 50, 200, 512 MHz and 
3 GHz - are right for today's requirements : 

New 6150 series expandable 
universal counter-timers. 
S-D developed this line to handle almost every 
counter/timer requirement- bench and sys­
tems. Four basic models cover frequency 
ranges of 50, 200, 512 MHz, and fully automatic 
3 GHz. Buy for current requirements and up­
grade frequency range at any time. These in­
struments were designed from scratch for 
programmability: single line or binary, total 
control including attenuators, and analog or 
digital trigger level control. 

6150 options and features: Choice of 100 nsec 
or 1 O nsec TIM resolution-choice of five oscil­
lators-four types of BCD output-up to 9-digit 
readout - versatile remote programming -
3 112 " height in full rack width-10mV rms reso­
lution to 0.1 Hz. 

Expandability. The expandable counter con­
cept satisfies many needs, present and future. 
Why? Because it 's so simple and economical 
to upgrade the frequency range of your count­
er and add options. BCD output, additional 
readout digits, and a 200 MHz frequency range 
(in place of 50) are added by inserting new 
plug-in PC cards right inside your lab in min­
utes. Go to 512 MHz or 3 GHz, higher stab ility 
oscillators, 1 O nsec TIM resolution (on 6150 
universal series), and remote programming­
all are offered as expandable option kits in­
stalled by your local S-D service center. 

50 200 512 3 
MHz MHz MHz GHz 

Universal Model: 6150 6151 6152 6153 
Counters Price: $1195 $1495 $1795 $2995 

ol • 
"lAll IN~UT 
+ac•• ,,. 

BYSTRON •c..__.pii[Q) DONNER 

Concord Instruments Division , 888 Galindo Street , Concord , CA 94520. Phone: (415) 682-6161 
f':.irr/p RP:arlor _C:ar11i ra .Jl. O 
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The endurance of the discrete power semiconductor. This 
estimate of U.S. semiconductor shipments by Texas Instru­
ments shows discrete power devices retaining a constant 
percentage of the market over two decades. The chief rea­
son for this longevity is that user demands for higher power 
handling capability are increasing at least as fast as the pow­
er capabilities of I Cs. 

120 

100 

80 

60 

40 

20 

SI LI CON POWER TRANSISTORS & TH YR ISTORS 
FOR 

CONSUMERICOMPUTER/INDUSTR IAL MARKETS 
{MILLI ON S OF DOLLAR Sl 

Sl1M 

S26M INDUSTRIAL 

70 71 J2 J3 74 75 

$140M 

SJ5M 

S32M 

S20M 

S16M 

S37M 

Fuellng the growth of discrete power semiconductors is their 
penetration into the consumer, computer, and industrial mar­
kets. The estimated $140 million total for these market seg ­
ments accounts for about 50% of the total worlrt -wide market 
for silicon power devices in 1975. Supporting evidence for 
these figures appeared recently when Chrysler Corp. an­
nounced that it had purchased three million silicon power 
transistors from RCA for use in the electronic ignition sys­
tems of 1973 Chrysler, Plymouth, and Dodge automobiles. 
(Source: Texa s Instruments) 

Indicative of what's coming down the pike in power hybrids 
is this power NANO gate from Motorola. This prototype "sol­
id-state relay" is in a 9-pin T0-3 package and can switch up 
to 1 O A at 60 V. 

he sees the situ ati on continuing to improve for the 
sys tems des ig ner. " Hig h volume produ ction of high­
voltage, hig h-speed transistors for automotive igni­
tion svs tems will lowe r prices even more and furth er 
boos t the switching regula tor marke t." 

Anoth er ad voca te of switched powe r supplv de­
sign as the wave of the future is Dave Coope r of In­
tern ationa l Rectifi e r. In fac t, Coope r e nthusias ti call y 
predi cts tha t " the re will not be a logic pm,·e r supply 
for a major line in the foreseeable future that will 
not be a switching supplv. " While Coope r agrees on 
the importance of the hi g h-speed transistor, he al so 
d ra ws a tt e ntio n to th e Sch o ttkv- barri e r rec tifi e r 
di odes as an important fa cto r in the popul a ritv of 
switched mode suppli es. 

If you can't beat them, . 
If power dev ices have withstood the assa ult of 1cs, 

the powe r g uvs have n' t bee 11 above borrowing a 
tri ck or two from th e monolithic side of the house. 
The result is a growing numbe r of hvbrid powe r cir­
cuits, ra nging from Darlingtons and dual Darling­
tons to compl ex, ve n · high -po\\'e r fun ctions. l\1ost of 
the major manufacture rs a re ve n · inte res ted in this 
lwhrid approac h, and the re is ev ide nce of g rowing 
acce ptance on the part of th e use rs. RC A's Ralph 
Hartz po ints to the powe r ha ndling ca pa biliti es and 
the a bility to mi x technolog ies as the rea l strong 
points of ptrn·e r lwbrids. Although ge ne ra lh· more 
expe nsive than a di scre te des ign, hybrids do offe r 
rea l sav ings in in ve nton · and assemblv cos ts. In fact , 
H art z contends that toda , ·'s hybrids can successfullv 
conpete on the bas is o f cos t a lone if the use r is rea l­
isti c and looks a t the ove ra ll sys tem cost. 

All in a ll , the powe r se miconductor picture looks 
ros\". Of co urse, a ne" · de ve lopm e nt could come 
along and cha nge thi1~g s dras ti ca lh-, but ri g ht now 
power semiconductor manufacture rs are too bus,· 
building dev ices to worn: a bout that e ve ntua litv. • 

Bipolar 
NAND gate 
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There's only ~ne 
good Ylay to solder 
posts and contacts 

to a PC board. 

I 

Presolder them before Insertion. 

That 's how we do it. And it's proved 
to be less costly and more reliable 
than wave, dip or hand soldering. 
Here's how it works. 

We predeposit solder bands on 
our feedthrough posts, IC receptacles 
and PC connectors. In the exact 
widths and locations you want-within 
.005-inch. So-with solder already in 
place-all you have to do is insert 
and reflow. No masking, preforms or 
complex wave soldering. 

And no problems with wicking , 

AIVIP 
INCORPORATED 

bridging, peaks, icicles, board 
delamination or damaged plated 

through-holes. After reflow, post and 
contact ends are clean and ready 
for point-to-point wiring. And can 

be replaced without damage to 
the board. 

Find out specifically how our 
selective presoldering can give you 
better panels at lower cost. In your 

house or ours. 
Write to : AMP Incorporated, 

Industrial Division, 
Harrisburg, Pa. 17105. 

Manufacturing and direct sales facilit ies worldwide: Barcelona, Brussels , Buenos 
Aires , Frankfurt, London, Mexico City, Paris, Puerto Rico , Sao Paulo, 
s'Hertogenbosch (Holland), Sydney, Stockholm, Tokyo, Toronto, Turin , Vienna. 

# 42 Please send literature - possible future interest. 
# 43 Please send literature - immediate interest . 

... 



Wall-to-wall green describes the bright, even lighting of 
Opcoa's new line of numeric displays and wide-view lamps. 

Here is what you ' ll find: 

CLEARLY BETTER IN LOOKS 
Opcoa displays have large V3" characters with high 
brightness, high contrast ... lamps give a large, attractive 
evenly-lighted " dome" of green light .. . both enhance 
any front panel. 

CLEARLY BETTER IN READABILITY 
Opcoa's original reflector technology, made possible by 
the high efficiency electroluminescence of GaP, assures 
better lighting in all directions .. . evenly-lighted display 
segments ... lamps with wide-angle visibility. 

CLEARLY BETTER IN RELIABILITY 
Opcoa maintains the highest quality control standards .. . 
each display and lamp is 100% electrically and optically 

Green 
• SLA-11 

• SLA-12 

DISPLAYS 
Red Description 

• SLA-1 • 7-segment numeric with DP or colon. 
Std. 14-pin DIP. Char. ht. of .33". 

• SLA-2 •Numeral "1" and a "±". Complements 
of SLA-11, SLA-1. 

• SLA-3 • 7-segment numeric with DP. Char. ht. 
of . 77" . Readable at distances of over 
40 ft.-.100" space leads on 1" centers. 

• SLA-4 •Numeral " 1", a "±" and DP. Comple-
ment of SLA-3. 

Display and Lamp Assemblies also available 

tested .. . is mechanically constructed for high reliabil ity, 
uniformity and long life. Opcoa's high efficiency diodes 
operate with low voltage/low power . .. no other LED 
units offer such dependability. 

Opcoa green is ready for off-the-shelf delivery. See for 
yourself how much better they really are. Contact our 
Customer Service Department and arrange an immediate 
demonstration. OPCOA, INC., 330 Talmadge Road , Edison, 
N. J. 08817 •Tel. : (201} 287-0355 •TWX 710-998-0555. 

AND IF YOU ALSO WANT TO SEE RED ... 
OPCOA red LED numeric displays and lamps feature all 
of the same characteristics of OPCOA green . .. clearly 
better in looks, readability and reliability. Check the spec­
ifications and order now .. . green or red , OPCOA is 
clearly better! 

Green Red 
• OSL-11 • OSL-1 
• OSL-118 • OSL-1S 

• OSL-3 

• OSL-3L 

• OSL-1 6-2 • OSL-6 

• OSL-16L-2 • OSL-6L 

LAMPS 
Description 
• .100" dia. coaxial-180° viewing angle . 
• Two lead version of OSL-1. 
• .200" dome-.1 00" lead spacing-150° 

viewing angle. 
• Elongated dome version of OSL-3 -

mounts thru panels up to Va". 
• .200" dia. dome-.100" lead spacing-

600 head-on viewing angle. Useful for 
panel back lighting. 

• Elongated dome version of OSL-6 -
mounts thru panels up to Va". 

clearly better 
Circle Reader Service ii TO 



DIGITAL 
READOUTS 

COURSE 
PART 6 

Multiple line displays deliver big messages 

Stephen A. Thompson, Western Editor 

Sometimes a single row of characters will not suffice 
to carry yo ur message. Although that precise point of 
changeover is hard to de fine, enginee rs recognize it 
when they see it. The abandonme nt of pure numer­
ics in favor of a lphanumerics often coincides with 
this expansion. Beca use there is more to say, it 's dif­
fi cult to comprehend more than a few numerics at a 
time, and the incrementa l cos t of go ing to a lph anu­
merics is a smaller percentage of the system cost 
than in one- liner appli cations. 

Panel, multi-line, or x-v character matrix displays 
can take advantage of many technologies. Such dis­
play sys tems and subsystems tend to be complex, 
very often cus tom. In this a rea, much more so than 
in few-digit cases, the application dicta tes the di s­
play choice. The " Readouts Illustrated" page in this 
chapter indica tes the diversity. In most of the appli ­
cations, it is difficult to see how a be tter choice could 
have been mad e. 

This chapte r begins with plasma pane ls, which 
span the sma ll- to medium-size range. The best 
known is the Burroughs SELF-SCAN® pane l, which 
can range from a sing le line to a full-fl edged termi­
na l panel. The Owe ns-Illinois type of plasma panel 
unique ly combines a plasma dot matrix with project­
ed images. This approach ca n save a sys tem des igner 
untold dolla rs of software and hardware graphics 
generation cos ts. 

Plasma pane ls have progressed rap idl y. Plasma 
pane l manufacture rs have take n dead a im on the 
area where C HTS wou ld constitute over-ki ll, and as 
reso lution improves and size ex pands, these firms 
hope to compete across the boa rd. But the ir com­
pe tition is not without resources. A small, flat, 2- in. 
wide CRT made by GTE Sylvani a has the same 512-
character capability as the large r plasma pane ls. 
With this term inal GTE Sylva ni a hopes to compete 
head-to-h ead wi th p las ma for the same te rminal 
socke ts. 

An undisputed CHT dig ital di splay application is 
the home TV set. Se rvi ces provided by CA TV opera tors 
include increas ing amounts of digital data in the 
form of stock quotes, wea the r, e tc. MS! Te lev ision de­
sc ribes a system that incorporates such se rvices. 

Finally, we look at a me thod of disp laving verv 
large charac te rs , indoors or o utdoors. Th e e lec­
tromechanica l disc o r bar provides a rugged, a ll ­
wea the r, all -color so lution for stock exchanges or sta­
dium scoreboa rd s. And, a lth ough routine tes tin g 
rare ly includes explosion surviva l, such a display, 
made by Ferranti-Packard for the Montrea l Stock 
Exchange, was operative after a n explos ion blew out 
one wa ll and moved anothe r six inch es. 

The nex t, and fin a l, chapte r will ta lk more about 
CFITS, outdoor displays, and an ex perimental LED ma­
trix. It will also include an exa m on dig ita l displ ays. 
You can convert yo ur knowledge into a ce rtifi ca te 
for success ful course compl e tion. 
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Multiple line displays: 

the SELF-SCAN 
plasma panels 
Richard Saxon 
Burroughs Corp., Plainfield, NJ 

One of the displays filling the application gap be­
tween a series of sing le-character readouts and 
1,000-character CRTS is the Burroughs' SELF-SCAN® 
panel. These eight-to-512-character display subsys­
tems operate entirel y from digital logic level signals 
and interface with standard 5-V on.., TTL, or MOS 1cs. 

Among the advantages and characteristics are the 
following: 
0 Although this display requires an ionization po­
tential of about 250 V de for reliable operation, it 
needs on ly 15 mA for a 16-character panel display. 
0 The incorporation of the x- and Y-axis address­
ing and high vo ltage drive functions into the subsys­
tem eliminated 90% of the external components for­
merly required by gas discharge panels. The in­
clusion of the necessa ry character generation and 
scan control circuits completely overcomes the eng i­
neering inconvenience of driving high-voltage dis­
plays in a typica l logic system. 

Dot Matrix Display Anode 
Drivers 

" 

3-Phase 
Drive Circuit 

Only 11 Input leads control this display subsystem, in sizes 
between eight and 256 alphanumeric characters. Since all 
high voltage switching is done internally on the SELF-SCAN®, 

~ 

0 The user's logic level voltages propagate the 
glow discharge from cell to cell in a linear scan. 
0 This narrow, front-panel-mounted, self-contained 
assembly has only six data inputs (usAsc11 ) represent­
ing the display character plus a single data en try 
clocking pulse. 

Characters are written ·by addressing anode wires 
with 250 V simultaneously with a glow priming ioni­
zation at a cathode. The intersection of the anode 
and cathode determines where a dot is to appear. To 
accomplish this timing, the sys tem clock pulse that 
controls glow priming, also connected to the charac­
ter generator, controls its output. 

The internal character generator 1c converts 6 bits 
of data and a clock pulse into a dot matrix character 
format. The character is made available column-by­
column, 7 bits in parallel, to match the scanni ng re­
quirements. The system must present input data in a 
serial-by-word, parallel-by- bit format. A typical data 
source would be six 16-bit shift registers in parallel 
or the multiplexed outputs of a parallel-type circuit 

The display can be elongated by adding more 
cathodes, or heightened by adding front and rear 
anode sets and a taller cathode matrix shee t The 
scanning method remains the same: as leng th in­
creases, however, more phases are required to insure 
sufficient time for gas deionization before re-ener­
gizing the same bus. (A fixed number of buses and a 

(Continued on p. 26 ) 

Logic Interface 

1.---------1--<~ Blank Disable 

Character (Six Lines) I 
Generator I 

Data Inputs 

l 
I 

J. .... Update Output 

I .;. 7 Counter 
.;. 6 Counter I 

~ Count Control 

~ I 

I 

I 
T ~ Clock 

1. Reset 

the interface design only concerns standard 5-V digital logic 
levels. 
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CRTs 

Easily the most common dig ita l display 
panels are cathode ray tubes. A Tek­
tronix 613 storage display (a) is shown 
combined with a hard copy printer. The 
CATV display from MSI Television (b) 
continuously displays data from ran­
domly changing sources in a segmented, 
variable color format. The 2-in . wide 
Sylvania Digisplay panel (c) eliminates 
the CRT's major drawback, volume. The 
Raytheon un it (d) is shown in an air 
traffic control application. 

PLASMA PANELS 

Thin , flat plasma panels form characters 
from a matrix of tiny gas discharge 
cells. Burroughs SELF-SCAN (a) panels 
cover a range from eight to 512 charac­
ters. For a credit verification applica­
tion, the Owens-Illinois panel (b) com­
bines rear-projected images with digital 
data formatting. 

INDOOR-OUTDOOR 
Many people view displays at long dis­
tances. The Ferranti-Packard electro­
magnetic disc-type Special Status Board 
(a) installed at the Pentagon offers in­
herent memory, unlimited color varia­
tion and a wide size range : Three 65-ft. 
tall Conrac pylons (b) at the Ontario 
Motor Speedway use the more tradi­
tional incandescent lights to display 
the lap number and the top nine cars. 

EXPERIMENT AL 

A liquid crystal tic-tac-toe panel from 
GE occupies the kids. 
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fixed panel scan rate implies th at the time until a 
cathode re-e nergizes dec reases as the number of 
cathodes increases.) 

Multi-row panels can be scanned sequentiall y. If 
each row is scanned 80 times / s, ach cathode has to 
be sca nned at hig he r speeds. For exa mple, two rows 
would require a 160 scans / s rate, with th e reduced 
duty cycle lowering the light output. It is be tter tu 
scan a ll rows simultaneously using on e anode driver 
per line. For econom y, the character generator can 

Three functional sections correspond to the three glow dis­
charge phenomena that combine to produce a display. The 
parts are glow scan-scan anodes and the rear side of the 
cathodes; glow priming - the tiny cathode strip apertures, 
and glow display-display anodes, center insulating sheet 
with display cavities, and the front side of cathode strips. The 
structure is hermetically sealed and the envelope is filled 
with a primarily neon gas mixture, similar to NIXIE'" tubes. 

During glow scan, a glow that is invisible to the viewer is 
established behind the reset cathode and transferred se­
quentially down the length of the panel, from cathode to 
cathode. This is analogous to scanning the entire face of a 
CRT in one sweep. Glowing priming allows the glow to be 
drawn from the scan side of the panel to th e viewing surface. 
As the glow scans past the rear of each cathode, metastables 
diffuse through the apertures and prime, or pre-ionize, gas in 
the display cavity. (Metastables are gas ions, which when 
raised to a certain energy level, are unable to return to the 
ground state without interacting with other particles. In the 
SELF-SCAN panel, neon metastables ionize atoms of an ad­
ditive gas upon collision.) The glow display phenomenon oc­
curs when front anodes are addressed synchronously with 
glow scan and glow priming to establi sh a visible glow in the 
display cavities. At 80 Hz, glows illuminate and extinguish 
above the flicker perception rate. A matte black finish on the 
insulating sheet enhances contrast and reduces reflected 
light. 

Current between the keep-alive anodes and ca thodes es­
tabl ishes a permanent discharge in the keep-alive grooves. 
Metastables from those discharges diffuse into the scan 
grooves behind the reset cathode. To initate a left to right 
scan , a counter is reset, which grounds the reset cathode 
and causes ionization in the seven scan grooves behind it. 
The seven scan anodes are bused to + 250 V through seven 
current limiting resistors. The next clock pulse advances a 
three-phase counter, which grounds every third cathode on 
bus "1 and returns the reset cathode and all other cathodes 
to + 100 V de. Ionization rapi dl y forms a discharge behind 
cathode 1 and is no longer supported at the reset cathode. 
Metastable concentration decays such that the glow only 
transfers to the nearest grounded cathode. Once ionization 
occurs, current flow in the cell drops the anode voltage to a 
level that will support, but not initiate, ionization at an y other 
cathode anyhow. Sequentially grounding the three buses 
linearl y propagates the g low discharge along thi s gas dis­
charge shift register. 

The typical d isp lay anode circuit coup les the display 
anode to the 250-V supply through a current limiting resistor 
to display a dot. When the character generator indicates that 
no dot should be d isplayed, the circuit clamps the display 
anode at 120 V, which is below either the ionization or the 
sustaining voltage. 

he multiplexed among the rows of characte rs. While 
data for one column is di splayed, data for the nex t 
column can be processed throug h the character gen­
era tor and put into the storage reg ister. 

Panels with over 14,000 cells (77 rows of 192 co l­
umns ) are avai lable for graphic applica tions. Only 5-
V logic level sig nals are required to drive the panel 
subsys tem. Gray scale is wide with variab le inte nsity 
for individual dots ranging from severa l foot-l am­
berts to over 300 ft / L. 

Front 

Cathode 
Conductors 

250V 
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Multiple line displays: 

ac plasma panels 

H. Gene Slottow 
Owens-Ill inois, Toledo, OH 

The ac plasma di spl av pane l form s graphic and al­
phanumeric images with an array of co incident ad­
dressable gas discharge e lem ents. This technique can 
greatl y reduce the digitizing or gen eration of com­
plex graphics, which can make a sys tem prohibitive ly 
expensive. Because the e leme nts are bistable, they 
can also store images and e liminate display-associ­
a ted bulk memory in a sys tem. The pane l's thin 
physica l structure a llows images to be superimposed 
from behind the pane l. Slides, films, and photo­
gra phs ca n be proj ec ted onto the di spla\ face. 

A suffici entl v high voltage appli ed across an elec­
trode inte rsection gap will exceed the gas breakdown 
thres hold and establish a li ght -e mittin g g as dis­
charge. Tt is apparent from the fi gures that a contin ­
uous de discha rge ca nnot be mainta ined, beca use the 
res ulting charge flow to th e insul ating end wa ll s of a 
cell continuouslv reduces th e gap voltage until the 
di scha rge ex tinguish es. 

If the pola rity of the applied voltage reverses at 
the prope r tim e, the res idual wall charges enhance 
the reve rsed gap vo ltage and produce another di s­
charge. A suffic ientl y high alte rnating voltage pro­
duces a sequence of pulsed discha rges, once every 
half cycle. A typica l pulsed light emission rate is 
100,000 pulses / s. 

Once a di scharge d eve lops, th e app li ed vo ltage 
that will sustain the di scharge sequence is less than 
the initi ating voltage, because the wall charges from 
the first discharge provide a substanti al part of the 
vo ltage required to c reate the nex t discharge. The 
pl asma cell is bistable, i.e., a voltage ra nge exi sts that 
will mainta in, but not initi ate, a discharge. To sus­
ta in an image on the pane l, a ll e lectrodes are e ffec­
ti vely connec ted in para ll e l and an ac vo ltage in the 
bistable range is applied across the entire pan el. Off 
ce ll s cannot initiate a discharge, and on cells main­
ta in the ir discha rge sequence. Discharges a re con­
fin ed b y loca l e lec tri c fi e ld s at e lec trod e int e r­
sections. 

Address ing is a process of changing the wa ll vo lt-

age a t a ce ll. To write into a cell, a write sig nal aug­
ments the sustaining voltage a t th at cell. 

Idea ll y, redu cing \\'all vo ltage to ze ro erases a ce ll. 
A non- ze ro wall vo ltage be low some criti ca l leve l 
will be furth e r reduced in subseq uen t-· di scha rges 
until the com bined wa ll vo ltage a nd susta ining vo lt­
age ca nnot support a d_ischa rge. 

Th e displ ay's inh e re nt m e m o ry e limin a tes th e 
need to refres h, the reby avoiding fli cke r. Hig h con­
trast im ages ex hibit uniform quality over the e ntire 
panel. Present displ ay sys te ms accep t serial informa­
tion a t the rate of 50,000 b/ s, and se lective ly write or 
e rase a ny ce ll. Systems have been built th a t accept 
800,000 b/ s by address ing 16 ce lls in para lle l. Deve l­
opme nt prog rams point to mi llion-e lem ent displays, 
densities up to 10,000 pe r square inch, and multi-co l­
or capabi lity. 

Parallel 

Electrodes 

Plasma display panel structure. Sets of parallel , orthogonal 
electrodes are deposited on two glass substrates. Thin layers 
of dielectric material cover each electrode set. Th e small gap 
left between layers is f il led with gas. Each intersection of two 
electrod es defines a single gas discharg e site, o r cell. The 
portions of th e d ie lectr ic layers at the intersection are th e cell 
wal ls. 
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Signal 

Internal 
Disp lay +130 
Cycle 

Sustainer 

- 130 

Write 

Cell voltage waveforms. A sustaining voltage pattern is con­
tinuously applied to all cells. This sustains the discharge in 
on cells, but will not initiate any new discharges. To write into 
a new cell, additional voltage combines with the sustain volt-

Status (.) 

·c;, 
"O 0 

Write c .....J 

"' "'Ci c .... 
Erase . EE 

i-=8 
Bulk 

+ 

.... ., 
c 
·;;; 

I t: 
>- c3l 

Address 
Decoding 
Logic 

"' ., .... 
"O ., 
0 .!!!. 

· - :::J Cl CL 

To Pane l Electrode 

Bulk 

age and initiates a d ischarge. To erase a ce ll, voltage is su­
perimposed at a d ifferent time during an erase cycle. The 
bulk erase signal blanks the entire d isplay. 

x 
·;: .... "' ., ::2: "O 

I 8 ., 
>- Cl 

X - Matrix 
Decode 

On each 512-llne axis, .a. selecting one resistor-pulser and 
one diode switch uniquely selects an electrode. Resistors are 
in groups of 16 with a pulser connected to each group. 
Diodes are in groups of 32, with a d iode switch for each 
group. Four of the nine address lines/ axis select a resistor­
pulser and five select the appropriate d iode switch . 
... This circui t (b) fl oats on the sustain generator. Wh en the 
diode switch , S d opens, the sustain voltage is augmented by 
th e voltage pulse, Vp . If Vp is absent, or Sd is c losed, the 
electrode is not selected. During the tim e images are sus­
tained, diode Dd and switch S d (closed) provide a low im­
pedance cu rrent path in one direction. Op does not provi de a 
log ic function but is included to provide a low impedance 
cu rrent path in the opposite d irection. 
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"Black Magic.M.,, Cable 
for Fast Rise Time 
Pulse Applications: 
Lowest Crosstalk Yet! 
Transmission of high speed data and 
communications signals demands low 
crosstalk. With Schottky clamped TTL 
and EDL in wide use in high speed 
computer systems, performance re­
quirements have become more de­
manding on the medium carrying these 
fast logic signals. Now, with Ansley 
"Black Magic TM" cable, which utilizes 
two insulating materials with selective 
dielectric properties, the field of signal 
electro-magnetic propagation is con­
fined to produce a dramatic improve­
ment in crosstalk . Here is lightweight, 
flexible cable that is easy to terminate, 
with a tough, flame-retardant outer 
jacket that can be used singly or in 
layers without crosstalk interference. 
"Black Magic" cable is UL I isted . In 
addition, cost is significantly less than 
coaxial cable and only slightly higher 
than conventional flat cable. 

We can produce your assemblies 
using "Black Magic TM" cable or for 
bulk cable users, Ansley engineers are 
available for application of standard 
50, 93, or 100 ohm or special "Black 
Magic TM" cable to your requirements . 

Anslev 
!~b~~~e~y :~~~l!;!:,.O~oretion D 
Old Easton Road , Doylestown, Pa . 18901 (2 15)345 1800 
2828 N .F1gueroa St., Los Angeles .Ca 900651213)223 2331 
TWX ; Doylestown 510-665 8105 Los Angeles910 32 1 3938 

ANSLEY -
YOUR SOURCE FOR FLAT 

CABLE, CONNECTORS AND INTER­
CONNECT SYSTEMS 

Near End Crosstalk 
5.2 times improvement 

Twisted pairs: 18.8% 
"Black Magic" cable: 3.6% 

Crosstalk 

Comparison 

Twisted Pairs 

"Black Magic" 
cable · 

Far End Crosstalk 
8. 7 times improvement 

Twisted pairs: 14.0"IO 
"Black Magic" cable: 1.6% 

Tests conducted on "Black 
Magic T.M... cable (PV 490-41 t vs. 
Twisted Pairs (6 bundled twisted 

pairs approximately 50 ohmst 10' 
long. Horizontal scale 5 nsec./Div. 
Vertical scale 4% crosstalk/Div. 
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Solitron's 
new SOT 
1301-1304 
Series with 
voltages of 
either 360V or 
400V are NPN 
silicon triple 
diffused planar 
power transis­
tors in stock and 
ready for delivery. 

on 
our 

new 
400V,5A 
Triple 

Diffused 
Power 

Transistors 
You're a winner every time with these 5 Amp units because the price is right -
only $1.80 each in 100 quantities. 

This new series can save you space because of its T0-66 package. These high 
voltage devices are ideal for use in inverters, converters, high speed data trans­
missions, sweep circu its and TV deflection circuits. Typical characteristics include 
a low lcso at elevated temperatures (typically 1.0 mA @ 150° C) and VcE (sat) 
less than 0.5V @ 1.5A. 

E3olitron 
DEVICES, INC . 

1177 BLUE HERON BLVD. 
RIVIERA BEACH, FLORIDA/ (305) 848-4311 

TWX: (510) 952-7610 

SAN OIEGO, CALIF. 
B808 Balboa Ave . 
CMOS, PMOS Circuits 
Diodes, Rectifiers, & 

Zeners 
FET & Dual FET 

Transistors 
High Voltage Assemblies 
Linear & Monolith ic IC's 

TAPPAN, N.Y. 
256 Oak Tree Road 
Diodes & Rectifiers 
Ferrite & Ferrite Devices 
High Voltage Assemblies 
Power Rectifiers 
Thick Film 

Hybrid Circuits 

Contact us now for complete details ... 
and the lowest price! 

RIVIERA BEACH , FLA. PORT SALERNO, FLA. 
1177 Blue Heron Blvd . Cove Road 
Hi-Rel Power Transistors Microwave Connectors 
SI & Ge. Power Plaxial IRl Cable 

Transistors Precision RF Coaxial 
Hi·Rel Power Hybrids Connectors 
PNP·NPN Industrial 

Transistors 

KE NT, ENGLAND 
Tubbs Hill House 
London Road, 

Sevenoaks 
Solidev, Ltd. 
Full line of 

Solitron devices 

BEN BARAQ, ISRAEL 
51 Hayarkon Street 
AEL Israel, Ltd. 
Full line of 

Solitron devices 

JUPITER, FLA. 
1440 W. Indiantown Rd. 
Microwave Stripline 

Components 
Microwave Diodes 
RF and Microwave 

Transistors 
Hi-Rel Power 

Transistors 

TOKYO 105, JAPAN 
Rm. No. 21, 

Kyodo Bldg. 
No. 4-10, 2 Chome 
Higashi Shinbashi 
Minato-ku 
Full line of 

Solitron devices 
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Multiple line displays: 

flat CRT panels 
Edmond N. Elowe, Electronic Tube Div .. GTE Sylvania 

Seneca Falls, NY 

Among the various advantages of the flat panel, 
multiple-beam CRT are the following: 
D The digital nature of the display permits it to 
handle input signals from digital equipment with 
minimum interfacing. 
D Physical alignment of the switching plates pro­
vides a distortion-free, stable display. Since multi­
plexing incre as e s individual beam dwell time, 

brightness is e nhanced. 
D This type of display has random scan capability, 
i.e., the time required to change the beam position is 

Controlling electron beam planar grids. The area cathode 
(a) emits thermionic electrons. A positive voltage on the 
beam-forming plate attracts them up to and through the 
plate. Its holes initially form and position 17,920 separate 
electron beams. If voltage permits, these beams pass 
through axially aligned aperture holes in the four subsequent 
switching plates and the beam forming plate, before illumi­
nating a spot on the phosphor screen . 

Each aperture (b) acts upon a beam independently. The 
first switching plate is the row selector plate. The upper half 
divides into eight independently controlled horizontal row 
electrodes, each containing a hole pattern seven holes high 
and 160 holes long (32 characters). Applying positive or 
negative voltage passes or repels all beams in a given row. 
The bottom half of the plate divides similarly, and corre­
sponding rows in both halves, such as rows one and nine, 
are connected. Since messages start at the top row, a posi­
tive voltage appears on rows one and nine, passing all 
beams in those rows. All other row electrodes carry a nega­
tive potential and repel all other beams. 

The column selector plate splits into a series of 32 vertical 
electrode bars arranged in four groups of eight each. Each 
bar has a pattern five holes wide and 112 holes high. Every 
eighth bar is connected, i.e., rows 1, 9, 17, 25, etc. The voltage 
sequence starts with a positive voltage on the common first 
column of each group. All other columns are negative. The 
first two plates define eight beam bundles (character posi ­
tions), each seven beams high and five beams wide. 

The row bit selector plate subdivides each of the row elec­
trodes of the first (row selector) plate into seven separate bit 
bars. Corresponding bit rows in every character row are con­
nected, resulting in seven leads to this plate. The row bit se­
lector begins scanning on ly the very top row of beams. Only 
the top row bit electrode in each row is positive, reducing the 
beam bundles to eight discrete ribbons of beams, each one 
beam high and five beams wide. 

The column bit selector plate subdivides each of the verti­
cal character columns into five bit bars. Each group of eight 
character columns has fi ve leads. Each lead connects corre­
sponding column bit positions in each of the eight character 
columns. The four groups should result in 20 leads, however, 
th is pl ate is split similar ly in half to th e f irst pl ate, so there are 
20 top leads and 20 bottom leads. 

The column bit selector plate individuall y controls each of 
the 40 beams to produce the top dot(s) necessary for the de­
sired ch aracters. Selected beams pass through th is plate 
and the beam focusing plate to str ike the phosphor and pro­
duce the partial display shown at the bottom of the figure. 

independent of the distance betwee n two beam posi­
tions. Random scan permits a reduced fram e rate 
without flic ke r. 
D Simultaneous data inputs can be assigned to dif­
ferent portions of the disp lay. 

O rigina ll y, the Northrop Corp. deve loped such a 
display, call ing it DlGISPLA Y®. Now GTE Sylvania 
Inc. is working on a commerci al product ve rsion d es­
ignated the FTA-512, for Flat Tube Alphanume ri c, 
512-character. 

T he basic display eleme nt of the FTA-512 is a sta­
tionary e lectron beam. An area cathode supplies 
e lectrons, which form multiple small beams and are 
accele rated rhrough a se ries of axia ll y aligned ape r­
ture plates toward a phosphor screen. A suffic ie ntl y 
nega tive potential on any aperture repe ls the beam, 
in wh ich case the phosphor emits no light. Since 
none of the deflection components of conventional 
C RTS are used, the resu lt is a 2-in. thick displa y. 

O +Voltage Ill - Voltage 

Row Bit Selector 

Column Bit Selector '-------------' 

Sequencing proceeds through top bit rows of each col­
umn, then the top bit rows of each rema ining character row, 
then the second bit row of the top character row, etc. The 68 
leads go to the following plates: cathode, 2; beam formin g 
plate, 1; switch plate ~ 1 . 8; P2, 8; n3, 7; ~4 . 40; beam focusing 
plate, 1; and high voltage anode, 1. 

TH E ELECTRONIC ENGINEER/systems engineering today · Dec. 1972 31 



32 

READOUT S 

1-71-71-7 T 5. 
COURSE 

T he multiple switching pla tes inside the tube re­
duce the number of leads necessary to address the 
required apertures of each character's dot matrix. 
Proper electroding of four plates permits 63 external 
leads to generate 512, 5 x 7 dot matrix characters in 
16 rows of 32 characters each. The appropriate elec­
trode patterns on the switch plates also permit simul-

Only 2-ln. wide, this CRT panel makes an unobtrusive desk­
top terminal. 

Multiple line displays: 

electromagnetics 
H. 0. Peprnik 
Ferranti-Packard Limited, Ontario, Canada 

Offering systems with over 20,000 characters and in 
unlimited display board size, e lectromagnetic dis­
plays are an attractive option for imple men ting large 
des igns. This type of displav re fl ects ambient light, 
comes in any co lor, ranges in characte r he ight from 
1-18 in ., a nd has inhere nt memory. 

Color fl ex ibility can clea rl y separate data a nd pro­
vide alte rnating backgrounds to ease reading a par­
ticular row. Differen t character co lors clearlv segre­
gate columns of data. C ustomers can add or change 
fixed titles. Legibilih in high ambie nt light is good. 

Dot matrix characters and co ntinuous matrix pan­
e ls \\'ith cha racter sizes of 2.7 to 4.1 in. are coi ncident 
curren t add ressed. T\\'o co ntrol coi ls. each on an iron 
core, dri\'e the hrn poles controlling the position of 
each di sc. Coils interconnect in hori zo nta l ro\\·s and 
ve rti ca l co lumns. A 200-µs pulse on a row and a co l­
umn ca uses the disc at the intersection to change. 
C urre nt magnitude is not criti ca l because the mag­
netic c ircui t uses a gat ing principle rather than a lge­
brai c additi on of ampere turns. The. operat ing cu r-

taneous addressing of several beams, thereby in­
creasing brightness. 

For a given display application, the number of 
switching plates, number of external leads, elec­
troding patterns, capacitance, and writ ing rate are all 
system des ign paramete rs. 

"On" Beams 

Beams Cut Off 

Basic switching principle for flat CRTs. An electron beam 
that encounters an electrode with a pos111ve potent1a1 can 
continue on its path if it is properly aligned with a hole in the 
electrode. If it encounters a negative potential, it will be re­
r elled and, therefore, cannot reach the phosphor screen. 

rent must exceed a minimum va lue, ye t can be up to 
three times this va lue. A 40-module displa\' panel 
has only 156 connec tions to th e co ntrol windings for 
1400 discs. 

The display' s inheren t memory greatly reduces 
the e lectronics. Data is written se4ue ntiall y, so only 
one set of log ic and drive circuits accommodates anv 
system size. A sys tem can expa nd g rea tl y without 
adding anv e lectroni cs. A complete controlle r that 
accepts AS C II input code weighs only 68 lb. and oc­
cupies abou t 5 ft. 3 

Financial applications 
The Montreal Stock Exchange Svstem was in­

sta lled in 1965. This typical app li ca tion was 18,720 
characters formed from 483,840 clots. Importa nt data 
is s hov~n with 2.7-in. high characte rs formed from 5 x 
7 dot matrices. Other data is shown with l.9-in. high, 
3 x 5 dot matrix characters. 

Power dissipation and reliability were major se lec­
tion crite ri a. Informat ion re ten tion in case of a pow­
er failure or inte rruption was a lso very important. 
One disc fa ilure per characte r does not cause am­
biguity. A clispla\' board with 8400 disc assemblies 
has an ant icipated ;-.1TBF of abo ut one yea r. 

Average power dissipation is less than l kW. Data 
changes at about 140 characte rs / s through a single 
controlle r, and there is a standby control. Elec-
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tromechanica l systems would have needed man y 
parallel controll ers to a ttain this speed and would 
have introduced a weight and space problem. Elec­
tromagne tic displays weigh about 8 lb-ft. 2, including 
framing and cabling. Light-generating disp lavs 
present significant air conditioning and maintenance 
problems and dramatica ll y increase operating and 
backup power. 

Operating expe ri e nce shows that on ly about 150 
disc assem blies per year (0.03 %) are changed, not­
withstanding an explosion in 1969 that pe rforated 
one board and distorted the framewo rk on others by 
up to 6 in. Fortunately, there were no fatalities, but 
damage to the building was co nsiderable. The wa ll 
adjacent to the blast virtua ll y disappeared, whi le a 
wall 160 ft. away moved severa l inches. The nex t 
morning, this rugged displav svstem was read y for 

1 00-µs to 1 -ms pulse 
depending o n coil type 

- --..__ 
s ,;::;; ~ Axis 

fl Thin, Permanently 

__)J~" Magnetized D isc , I G / Free to R o tate 
~- on its Axis 

I iA\\~~"1 ~~!~:r~~:~netic Core 
_Jl_ t t lo-~'\;- With H 1gh Remanence 

Set 
Common 

Reset 

operation, except for t he perforated board. 

T he American Stoc k Exchange ' s specia l require­
ments ca lled for a new 1-in. high, 7-bar character 
visib le at 50 ft . A 40,000- charac ter syste m was 
needed, visible from at least 25 ft. , but with a min­
imum of obstruction betwee n trade rs and the ir asso­
cia tes on the ends of the floo r, so hand signals cou ld 
be seen. 

Two 160-character/ s controls, wi th a drive capa­
bil ity of over 100,000 characters (including backup 
and changeover units ), fit into a 7-ft. , 19-in. rack. 
Two 0. 7-in. d iameter signa l cables serv ice each post. 
Average power consumption is about 100 W. 

Th e exce ll e nt visibility in full sunlight, light 
weight, and low power requireme nts make this an 
idea l outdoor displa\· fo r traffic control, spo rts, e tc. At 
night the\ ·re illuminated like advertising billboards. 

Axis 
~ 

Reset 

Co lore d Side 

R es idua l M agneti sm Provides M emory 

(Set Pulse) ( R eset Pulse) 

Electromagnetic display operating principles. A shor\ causes the disc to ro tate and show its opposite side, 
pulse in the set coil magnetizes the poles of the core which is usually th e backg round color. For large discs, up 
(top). The remnant magnetic field interacts with the fie ld to 2.2 in. in diameter (bottom), a permanent magnet is at-
of the permanently magnetized disc, rotating it to show its tached to one end of the disc and there is a single driving 
colored side. No power is needed to keep the disc in po- coi l an d pole assemb ly. 
sition. Further set pulses cause no change. A reset pu lse 

Exposed Co lo red Bar 

A 1-in_ high, 7-bar character application. A short electrical current pulse 
in the switching coils sets the polarity of the stator magnets. The remnant 
magnetic field of these stator magnets interacts with the permanent bar­
magnet field to expose or retract selected bars. Even if the bars are physi­
cally moved, the remnant magnetism returns them to their set state. The 
indicator bars rotate about 30 degrees. 
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One of the eleven six-sided display 
posts at the American Stock Ex­
change. 
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Multiple line displays: 

CRTs in cable TV 

Ray M. Unrath 
MSI Television, Salt Lake City, UT 

Masttr Clock 

Single/ 
Double 

Height Logic 

YF Addresses 

XF AddftsW$ 

Single/ Double He1gh1 Control 

XF 
Predisplay 
1,;ounfer 

Onel•IW! 
Recorculat1ng 

Buller 

Flnh logic 

CurSOf Logic 

Parallel to Serial 
Shilt Rtg1s1en 

The basic alphanumeric character generator required for all 
services. The sync generator board begins with a master 
clock frequency of 14 MHz and provides both basic timing 
for all electronics and the composite EIA color video signal at 
the ou tput of the video board. It outputs two sets of drive sig­
na ls consist ing of 3.58-MHz subcarrier, composite sync, 
composite blanki ng, horizontal drive, vert ical drive, and burst 
flag. One set of drives, source terminated outputs, are avail­
able at the rear panel of the chassis for driving external pe­
ripherals such as a fl ying spot scan ner or a TV camera. That 
equipment, in turn, provides a synchronous external video 
input to the character generator for advertising purposes. 
The second set of drives is used in the character generator. 

The character generator board sends digital data repre­
senting the characters viewed on the TV screen to th e video 
board. At the video output stage, the incoming data is added 
to one of three color backgrounds generated by individual 
hue generators. External video input provides iso lati on and 
clamping. 

The resulting signal is processed with EIA blanking and 
composite sync. Synchronous external video can be mixed 
with the d ig ital data in the video output circuit. A preview 
video output aids in composing and previewing locally gen­
erated keyboard messages pri or to display on the program 
output of the system. 

The character control logic board is the heart of the sys­
tem, since it provi des all c lock and memory signals, display 

Char Gen 
Ck><k 

Signals 

The cable TV industry (CATV ) provides viewers with 
systems designed for comple te ly automatic color TV 

program production. It uses existing news, stock 
quo tes, and weather forecas t se rvices orig inally in­
tended only fo r hard copy te leprinter te rminals. Sys­
tems also incorporate loca ll y ge nera ted services such 
as weather, company identifica tion, time, ca le ndar, 

Prg V1d 
1-----r-;;::--;;:;;--,_.._.__~ , 

Memory Clock 
Signals 

External Sync 
--- -+----- ----V•deoo Input 

~-----Rear Pane\ 

region pulses, and X and Y address information. The XI infor­
mation provides the address for each of th e 32 characters on 
a row. Likewise, the YI information is the address of each row 
of characters. The XI and YI circuit log ic can offset addresses 
to produce a roll or crawl mode. The roll and crawl offset in ­
formation is generated on each plug-in interface / memory 
board and will only affect the reg ion where that information is 
displayed on the TV screen. Thus, d ifferen t segments of the 
screen can provide roll, crawl , or stati c displays simulta­
neously in single height or double height characters. The 
character control logic board also provides all memory clock 
signals, character generator clock signals, and special YC in ­
fo rmation for the ROMs on the character generator board. 
YC information determines wh ich bit groups are read on 
specific 2:1 interlaced (A/ B field s) TV raster scan lines. 

The character generator board produces the 10 x 14 dot 
matri x characters. The input is six level ASCII. At the appro­
priate time, a _given interface/ memory board is commanded 
to load one character row of inform ation into the character 
generator one- line memory. As the data circulates in the buf­
fer, the ROMs are addressed and the appro pri ate dot pattern 
is read into the parallel to ser ial sh ift reg isters. Each ROM 
stores 64 characters or symbols. One sto res al l numerics; the 
other, al l punctuation. Th e ser iall y shi fted data is processed 
to provide cursor location and fl ash capabil ity for a g iven let­
ter, word, or row of information, then forwarded to th e video 
board fo r processing. 
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and keyboard entries, which might include a com­
munity events schedu le, TV program guide, or classi ­
fied advertising. 

F lexibi lity of TV raster display formats and the ne­
cessity to combine severa l diffe ren t program services 
on one TV channel, or on several TV channels, present 

F1)(ed Tit le Board 

YF Address 
Counter 

From Char Gen 

Time/Cal Board 

Schmidt 
T rigger 

Calendar 
Option 

Counters 

Display 
Gating 

Logic 1 Board 

Program 
Sequence 
Counler 

Display 
Gating 

Local weather Interface subsystem option. These five boards 
provide as many or as few weather functions as each cus­
tomer wants. The fixed title board provides permanent read­
outs for identifying the service or sponsor and for titles such 
as temperature, humidity, etc. The remain ing boards inter­
face to the weather sensors, sampling logic, and data storage 
registers. Three incoming signals, temperature probe, ba­
rometer probe, and humidity probe, are analog and share a 
common AI D converter. Each sensor is sampled every 34 s 
and its input enters a temporary storage register. Each new 

uniqu e system d es ign co nsid era tions. Th e MSI 
DATACAST ING® System ill ustrates such a system, 
which readi ly adapts to any TV rf distribution system 
serving apartments, schools, commercial, industria l, 
or mi litary facilities. Broadcas t TV stations are a lso 
potential users. 

Logic 2 Board 

Data Buss To 
Char Gen Bd 

AD Board 

sample is compared with the previous one, which is stored in 
a separate register. If the new sample differs, the memory 
register is updated. If it is identical, it is discarded. At pre­
determined times, each register presents its information for 
readout onto the common ASCII data bus, which is the input 
to the character generator. Indications such as arrows for ris­
ing or falling readings and daily highs and lows are also pos­
sible. Abbreviated day and month alphas are stored in a 
PROM. 

Generating characters for phototypesetting 
David W. Pinkney 
Compugraphics Corp., Wilmington, MA 

In p hototypesetting and T TS ( te lc tvpese tti ng ) tape 
pe rforating machines, SELF-SCAN® di sp la\'s rep re­
sent a reasonablv priced a lte rn a tive be tween blind 
kev boarding, whe re the operator ve rifi es hi s ke\'-

board input b\' " reading" th e holes in th e tapes, a nd 
a tvpewriter, with its attendant cos t and mechanica l 
probl e ms. 

In th e Co mpuWrite r, our most popul a r ty pe­
se tting mac hine, the SELF-SCAN is used as illus­
t ra ted. It is loaded at the sa me tim e kevboard cha r-
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acte rs a re shifted into the 256-characte r line memo­
ry. As characte rs e nter the 32-characte r display on 
the ri g ht, a ll prev iously e nte red characte rs shift le ft 
one pos ition. T houg h the displav shows only the las t 
32 charac te rs. the las t 256 a re sto red in the lin e 
memorv. T his a ids othe r fun ctions, such as line ca n­
ce ling. 

There a re three canceling fun ctions. Cancel cha r­
acte r blanks the d isp lay and re loads it up to, but not 
incl uding, the cance ll ed characte r, e ffec ti ve h shi ft­
ing the di splay one posi ti on to the ri ght. Cancel 
word shifts a ll cha rac te rs off the di sp la \ to the ri ght, 
includ ing the las t word space. Cancel line shifts all 
cha rac te rs off t he disp la , · to the ri g ht, excep t the las t 

96 x 7 
Keyboard --"' Prom 

7 Bits 

Blank 

Cancel Character 

~ Do<o 

Ca ncel Line 
Re fresh 

Cancel Word • Input Memory 

Line Display 

v ~ --
Clear 

~ Control 

return code. T h is ca uses the las t 32 cha racte rs of the 
prev ious li ne to be d isplayed. T he line display fea­
ture ca uses a ll cha racte rs in the prese nt line to shi ft 
th rough the d isp lav a t a reada ble ra te. It is used to 
proofread li nes of more tha n 32 characte rs be fore 
photograph ing the line. 

Mac hines sold in the U.S. ca n ge ne ra te 64 diffe r­
ent characte rs. Mac hines sold abroad conta in a 128-
characte r genera to r with a ll fo re ig n a lpha cha rac te rs, 
incl uding accented cha racte rs, mone ta ry sy mbols, 
e tc. The use r ge ts a 96 x 7- bit PHo:--1 progra mmed to 
select 96 of the 128 characte rs of hi s choice. This e n­
ab les all d isp lavs to be prog ra mm ed for each coun­
tn : s kev board s. 

1 28 Character 
32 Posi t ion 

7 Bits Self-Scan 
Display 

Dot 

1--1 
Cha ract er 

~ 
Matr ix 32 Character 

Generator Displa y Position A lpha -
Device numeric Self -

Sca n Panel 
Disp lay with 
Memory . 
Right t o Left 
Shift 
Charac ter 

31? Shift. 

=L Circui try 
Cathode 

Data Presen t Dri ve 

KBD 
Strobe 

- - i-
,- 2 Input 

Mu lti plexer i-256 X 6 Bit 

tr--
64 Key 

Dynamic Shi f t Memory i- System 

tr-- Register L ine Out put Processor 
Encoded 

--"' .. --"' Memory ~ ... Regis- i-Keyboard 
Ir- ter 

--- .. ~ i-
lr-

i-
lr-

6 Bi t TTS Memory Rec irculation T 
Code 

Read 
Input Address Output Address Request _ 

Regist er Register L)-+-Counter ~ 0 (256 Bit Counter) (256 Bit Counter ) 

Counter 
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The new LED Display that Obsoletes 
Conventional Displays 
Now available as a l/ 1" LED 
display for instrument, 
terminal and industrial 
control applications, the 
Fairchild FND 70 represents 
a three-way breakthrough 
that enables you to design 
tomorrow's displays today. 

SUPERIOR PRICES 
$3.95 (100 up)-A low 
price made possible by a 
breakthrough in manufactm:· 
technology which uses low co 
plastic package assembly techniques. 
Inherent high costs of conven '& ais­
plays, which require extensive ha nca­
tion and large amounts of gallium arsenide 
phosphide materials, have been eliminated. 
The small-quantity price is also indicative 
of the low prices that will accompany large­
scale production. 

AN OFFER YOU CAN'T RESIST 

Fairchild's 5-Digit Display Kit 

A $49.65 Value For Only $34.50 
Includes Five F D 70 1/4 " Displays • Five FND 70 
Sockets • Two In tegrated Circu its • Thirteen 
Transistors • Sixteen Resistors • Special Plug-In 
Printed Circuit Board • Complete Step-by-Step Kit 
Instructions 

Order Now From Any Fairchild Semiconductor Distributor. 
Offer Expires March l , I973 

SUPERIOR STACKING DENSITY 
More Packages Per Inch-The FND 
70 has the smallest ratio (2: 1) of 
total package to digit size. Four digits, 
each 300 mils wide X 500 mils, occupy 
less space than three conventional 
units, and, because of the straight 
leads, can be stacked both vertically 
and horizontally. 

SUPERIOR APPEARANCE 
Advanced Optics Technology-Pro­
vides bright, bold digits with a pleas­
ing uniform appearance for viewing 
up to a full 140°. No masks required. 

Seeing is Believing-You only have to see 
the Superdigit to realize why it is so su­
perior to any other display on the market, 
whether it be Nixie tubes, LEDs or what 
have you. Your Fairchild Semiconductor 
sales engineer or distributor salesman can 
give you a visual demonstration. 
*SUPERDIGIT 
is a t rademark of Fairchild Camera & Instrument Corp. 

FAIRCHILD SEMICONDUCTO R/MICROWAVE AND OPTOELECTRONICS 
A Division of Fairchild Camera & Instrument Corp .. 4001 Miranda Avenue, Palo Alto, Ca 94304. (4 15) 49 3-3 100. 
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International standards may be 
the key to a much wider market 
in the future. 

Christopher P. Kocher , Ass ist ant Editor . 

People ofte n have diffi c ult y re la ting a bstract ideas to 
concre te decisions. And to many, including syste ms e n­
g ineers and manage ment types, s tandardi za tion, parti c­
ularly inte rnational stand a rdi za tion , is 110 more than a n 
abstract idea. But we a re e nte ring a time whe n man y 
people cla im tha t the mos t successful manufacture r or 
designer wil l be the one who des ig ns his produ ct with 
an eye to a broad inte rn a tiona l ma rke t. 

ls thi s beca use the Ame ri ca n marke t for el ectronic 
goods is drying up? H a rdl y. "Elcctroni cs- 1985" a " re­
port on the future," 

0 

sponso red by the Elec tronic In­
dustries Assoc ia tion, projected consumption of e lec­
tronic equipme nt in th e U.S. jumping from $28.3 bi l­
li on in 1970 to $80.9 bi ll ion in 198!5- a hea lthy jump 
ind eed. But th e sa me stud y predi cted that th e non- U.S. 
marke t would jump from $28.5 billion in 1970 to $ 123. 9 
bi llion in 1985. Thus, a lthoug h th e U.S. market for elec­
tronics will continu e to i11 crease, fo re ig n ma rke ts wil l 
increase eve 11 faste r. Sta nda rds can e ithe r inhibit or 
promote fore ig 11 trade. 

Moreover, Ri cha rd 0 . Simpson, U.S. De puty Assist­
ant Sec re ta ry of C omm e rce fo r Produ c t St a ndards, 
cla ims tha t " Th e '70s will he a c riti ca l decade for inte r­
national stand a rds. The numbe r of inte rna ti ona l stand ­
a rds writte n will i11 crease d ra ma ti ca ll y i11 the '70s, a nd 
these standards will be usctL ·· 

Th ese two obse rva tio11s sugges t tha t now is the ti me 
for manufacture rs who have no t a lrcad r do11 e so to start 
lea rnin g th e impli ca tion s o f int e rn a tion a l s t a ndard ­
iza ti on. 

But what is standardization? 
U nfortun a te ly, th e re la ted co ncep ts o f s ta nd a rd­

iza tion, ce rtifi ca tion, a nd 111 e tri ca tio 11 a re hope less ly 
tang led toge the r in the mi11ds of many. 

0 

See The Electronic Engineer, J 11 I\ 197:2. p. 6. ·· Electronic 198.J: the hest t h in~ 
that happe ned \\<.I S that 11 happt•nt·ll. " 

Simpson: The critical standards decade will 
be the 1970's. 



Hoppe: Many countries will take an !EC 
publication, put a front page on it, and call 

it a national standard. 

Paul Hoppe of the Amphenol Industrial Div. of 
Bunker-Ramo Corp .. who spea ks about international 
standards with both knowledge and authoritv, defines 
standardization as simplv .. getting the maximum usage 
from the minimum number of parts. " This is a good 
definition because it recognizes that standardi zation is 
more than just an abstract C hristian virtue; it can be an 
enginee ring concept as well. 

This definition also brings out the most apparent dol­
lars-and-cents implication of standardization. The key 
idea is econom ics of sca le: manufacturers can produce a 
limited variety of goods more efficien tl y than they can 
produce a wide varie ty of goods in moderate quantities. 

Who sets standards? 
Standards are set in three ways: by edict, by de facto 

acceptance in the marketplace, or by negotiation and 
arbitration. They vary in scope from corporate through 
national and international ; they may be vo luntary or 
compu lsory; specific or performance oriented ; realistic 
or naive. 

A standard " set by ed ict" is practically synonymous 
with a national standard set by the government. Gov­
ernment standards, which often regulate quality or per­
forman ce in an e ffort to protect the user, are usually 
compulsory. Id ea ll y, government standards should re­
flect mature consideration of technical factors; in prac­
tice they are sometimes politically motivated or even 
arbitrary. 

De facto standards dete rmined by use r preference 
are seldom compulsory, although in many instances 
they might as we ll be. As Harry Kleinburg, RCA's di­
rector of Corporate Standards Engineering, points out, 
" lf yo u want to become an e ntrepreneur and design 
and sell lightbulbs with a left-handed thread you ' re 
perfectl y free to do so. Th ere's no law that says you 
can' t. But anybody with any sense won ' t buck the well­
e ntrenched standard of the right-handed thread. " 

lf a single manufacture r (o r manufacture rs from a 
single country ) introduces a dev ice that is innovative, 
important, and produced quickl y in suffici entl y large 

quantities, its specifications ma y beco me d e fa c to 
standards. In the past, the U.S. has been so tech­
nologically precocious tha t ma ny of he r standards have 
been accepted worldwid e. Thus, 12-in. phonograph 
records and 1/'.1-in. magne ti c tapes a re accepted as sta nd­
ards even in countries that are predominantl v me tri c. 

If two manufacturers simultaneously d~velop and 
market devices that do the same job in diffe rent ways, 
it is poss ible that both will be accepted : thus. \ou can 
buy both 45 and 33 rpm phonograph reco rds . . But for 
some goods the community of use rs protects its inter­
ests by accepting one scheme as a standard and reject­
ing all incompatible schemes. Although RCA, Colum­
bia, and seve ral others have d eve loped diffe rent 
schemes for encoding quadraphonic stereo on discs, 
orily one of these schemes will ultimatel y survive. 

It is an unfortunate and basic fa ct of life that not all 
governments, manufacture rs, or communities of users 
accept the same or even compatible standards. The 
third method of sett ing standards, nego tiation, so me­
times (a nd only sometimes ) offers a means of reconcil­
ing dive rse standards. A numbe r of natio na l, multina­
tional and international bodi es 0 0 ex ist for the expressed 
purpose of ha rmoni zin g the standards of various na­
tions; the two most noteworthv inte rnation a l bodies are 
the Inte rnational E lectrotechnica l Commiss ion (l EC ) 
and the Internat ional Organiza tion for Standardization 
(ISO ). 

Paul Hoppe, Secretan· to I EC Techni ca l Comm ittee 
48 (TC 48 ) for Electromechanical Components. de­
scribes how !EC operates "One cou ntn will c ite the 

00 A pamphlet l'lltitkd " The ABC's of l11 tl'rnatio 11 al Standardi ration " li sts the 
more import ant i11t(_'rnatio11al stanchrds orga ni za tions and is a\·ailahle from 

.\!\SI. To fl 't'l'i \ l ' a <.'OJ)\ . circle rl'ackr '.'it' !'\ in· i: :J50. 
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need fo r a ce rtain tvpe of compone nt. T he chairman 
requests countri es submi t proposa ls for components that 
will sa ti sfv that need, and as secre ta rv I di stribute these 
proposa ls world-wide and receive comments. Following 
comments and discuss ion a t th e nex t mee ting, I can be 
instru cted to issue a secre ta ria t docume nt, also for com­
ment. If comments a re positive, the nex t ste p is the 
preparatioi1 and d istr ibuti on of a six- month ru le docu­
me nt ; th is is the mos t criti ca l rev iew of the proposed 
product for IEC recommendation. Sh ould there rema in 

an v segme nt of the proposal that must be cla rified, we 
issue a two-mont h rul e docume nt. Wh en comme nts a re 
rece ived on the two-month ru le docume nt. the com­
m ittee accepts the fin al ve rsion or a mends it acco rd­
ingl y. T he Editing Co mmittee for English a nd Fre nch 
Trans latio ns pre pa res it fo r pub lica ti on, a nd th e 
amended proposal the n beco mes a n l EC recomme n­
da t ion. T he ave rage time from proposa l to publica tion 
is about two yea rs." H oppe e mphas ized that l EC pub­
lishes recommendations, not sta ndard s. 

C le a rly, negoti a t io n is th e o nly stand a rd-se ttin g 
mecha nism that can res ult in a homogeneo us se t of 
world -wide standard s. 

Why bother? 
If we accept the a rgument tha t inte rnational trad e is 

des irab le, we must accept t he need for some sort of in­
te rnational standardi zation. Divergent standa rds in hi bit 
trade by partitioning the wo rl d marke t for ce rt a in ite ms 
into so man y equivalence classes : th us, because the 
three coun tries use diffe rent e ncoding schem es, co lor 
TV se ts tha t a re popu lar in F ra nce cannot be so ld in 
Germany; those popular in the U.S. ca nnot be so ld in 
France ; manufacture rs in any of th ese " equiva le nce 
c lasses " cou ld re d uce th e ir produ ct io n cos ts sub­
stantia ll y if they co uld se ll one product to a ll three 
co untries. 

But a re sta ndards d iffe rences an important barri e r to 
Ame rican participation in inte rn ational trade? In the 
past, they have n' t been. T he U. S. metri c stud y has in­
di cated that adhere nce to U.S. standards is fa r from the 
most important barrie r inhibiting the acceptance of 
U. S. exports. ln fact, the stud y indicates tha t some cus­
tomers bu y U. S. goods because they are manufactured 
to U.S. standards. Nonetheless, Pres ident N ixo n's advi­
sors in inte rna tiona l trade re la ti ons have est imated 
that approximately 10% of a ll non-ta riff trade barri e rs 
a re standards rela ted. 

Important Acronyms 
ANSI Ameri can National Standards In­

stitute, Inc. 
IEC International Electrotechnical 

Commission 
ISO Internat ional O r gan iza t i on for 

Standardization 
CEN European Comm ittee for Stand ­

ardization 
CENEL European Elec t rical Standards 

Coordinating Committee 
THE Technical Help to Exporters (U.K.) 

An American pot with a V. In. shaft will not fi t a standard 6 
mm hole. Will Ameri can component manufactu rers lose thei r 
place in the growing internation al market if they fail to pay 
more attention to international standards? 

In the pas t, U.S. man ufac turers have been ra the r 
unexcited about inte rna tional standardi za tion e fforts 
for several reasons. F irst, America n techni ca l precocity 
has meant that for many products, America n sta nda rds 
became the de facto in te rn at ional standards. W here 
standards diffe red, the American standards were ge ne r­
a ll y more demanding than simil a r fo reig n standa rds; 
compliance to Ameri can standards was oft e n a " Mark 
of Excelle nce" and did no t lock America n goods out of 
fo reign markets. 

Second, the U. S. has been the la rges t homogeneo us 
market in the world. For thi s reason many Europea n 
manufacture rs prod uced goods fo r expo rt to the U. S. 
even whe n U. S. standards diffe red from the ir own. 
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An Engineer's Garden of Standards 

You 're designing an electronic sys­
tem-say an electronic sforlitz sifter. 
Although you know that there will be a 
good domestic market for your final 
product, you and your company have 
decided that you can sell almost as 
many sforlitz sifters abroad, since the 
foreign market is growing. You would 
like, therefore, to design a sforlitz sif­
ter th.at will meet various foreign 
standards as wel l as the domestic 
standards that you know well. Where 
do you find specific information on 
foreign standards for electronic 
goods, and what kind of information 
can you hope to find? 

Although there is a bewildering al­
phabet soup of national and inter­
national bodies that write and coord i­
nate technical standards, your first 
contact should probably be ANSI (the 
American National Standards Institute, 
Inc., 1430 Broadway, New York, NY 
10018. (212) 868-1220 ). A l though 
ANSI does not write sta nd ards, i t 
coordinates American national stand­
ards and represents the interests of 
the U.S. voluntary standards system in 
programs carried out b y non-treaty 
organ izations such as the International 
Electrotechnical Commission (IEC). 

Through ANSI you can also contact 
Technical Help to Exporters (THE), a 
joint venture of the British Standards 
Institution and the British Department 
of Trades and Industry, which oper-

ates on a membership and a con­
sulting basis. 

ANSI has a catalog that will tell you 
which ANSI or international standards 
cover the sforlitz sifter you 're design­
ing, and they can tell you where to get 
copies of those standards. THE can 
tell you if a country has national stand­
ards that go beyond the international 
standards. 

If no standards for your product ex­
ist in the country you plan to sell to, 
what you do next depends on the 
country. In the Soviet· Union you deal 
with the government. If there is an ex­
isting standard, they'll probably accept 
that standard ; if there is none, they'll 
write their requirements into the 
standard as in a procurement specifi­
cation. In a country like West Germa­
ny, on the other hand, you would have 
to check with the authority having ju­
risd iction over similar equipment fo r 
wh ich standards do exist. You may 
have to submit the device to their test­
ing organ ization and let them dream 
up a set of performance and safety 
tests. In either case THE can help ; 
they know who has jurisd icti on and 
can advise yo u of the proper proce­
dure. 

Suppose you obtain a copy of the 
standards governing your sforlitz sifter 
and you happily note that your prod­
uct complies 100%. Unfortunately, 
that's not the end of the game. Before 
you can actually sell your product in a 

foreign country, its compliance with 
the standard must be certified. You 
might be able to get your sforlitz sifter 
certified in th is country, but many 
countries accept only the imprimatur 
of their own certification facilities. 
Moreover, there may be other regu­
lations-shipping or packaging regu­
lations for instance-that pertain to 
your product. 

How do you thread your way 
through an unfamilia"r and sometimes 
obscure maze of foreign regulations to 
be sure that your product won 't be 
turned back at the port of entry? THE 
engineers travel all over the world , 
consulting with foreign authorities, and 
THE compiles digests country by 
country, for major categories of equip­
ment, spelling out foreign import regu­
lations and translating foreign codes 
and standards into English. They pub­
lish and sell the digests to inquirers. 

If you have a question the digest 
can 't answer, THE also maintains an 
inquiry service. For members, the 
service is free if it doesn 't take over an 
hour-and-a-half of an engineer's time 
to find the answer ; for non-members 
and for over an hour-and-a-half's 
work, they charge about 6£ an hour. If 
THE finds that a number of organiza­
tions are interested in similar informa­
tion they will put together the same 
sort of report a consulting firm would 
give, spreading the cost over all the in­
terested parties. • 

Am e ri can manu fac ture rs, on the othe r hand, we re no t 
moti va ted to produ ce goods to diffe ren t fo re ign stand­
a rds because the re was no sing le homogeneo us marke t 
la rge eno ugh to be wo rth woo ing. 

But bo th of these philosophies are ra pidl y los in g 
the ir va lidit y. Since th e world consum ption of elec­
tronic eq u ipment is now growing fas te r than Ame ri ca n 
consu mption, it is u nreali st ic to assu me th at a ll in ­
novations, and he nce a ll sta nda rds, will come from the 
U.S. As RCA's Kle inbe rg po ints out, .. O nce you ca n no 
longe r se t standa rds by be ing first and bes t yo u had 
bette r star t nego tiat ing." 

And dive rse foreign markets are sta rting to coagu la te 
into ho mogeneo us ma rke ts th at ri va l the size of the 

Am e ri can marke t. As Willi a m McAdams, pres ide nt o f 
the U.S. Na ti ona l Co mmittee to IEC re la tes, " W es te rn 
Eu ro pe has co mmitted itse lf to unifyin g its m a rke t. Th e 
mos t powe rful force in the d eve lopme nt a nd use of in­
te rnationa l standa rds is the ha rmoni za tion program for 
standardi za tion be ing ca rried out in W es te rn Europe. 
Wh e n the Co mmon Marke t and Europea n Free Trade 
Assoc ia ti on we re fo rmed in 1960, they recog nized th e 
need to e limin ate di ffe rences in stand a rds. They imme­
di a te ly fo rmed two Europea n Sta nda rd -Coordina ting 
co mmittees: C E NE L fo r e lectri ca l standa rds a nd C EN 
fo r standa rds in o the r fi e lds .... It is · go ing to be so me­
time befo re th is hu ge market a rea has the uni fo rm ity in 
standa rds tha t we have in th e U.S. , but t he co m-
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mitme nt there to make maximum use of international 
standards is beginning to work. " In 1967, Ame rican 
manufacturers got the ir first unpleasant tas te of what 
it' s like to be o n the outside. England, France, and Ger­
many fo rmed a tripartite agreeme nt for the mutwd cer­
tifi ca tion of e lectronic components. The ir standards 
threa tened to exclude ce rtain components made to 
American specifications. 

But the implications of the g rowing homoge neity of 
the European market could affect more than the U.S. 
ex port marke t. Foreign manufacturers who have been 
manufacturing for smaller domestic markets will un­
doubtedl y expand to mee t the demands of the larger 
common ma rket ; the large r markets will e na ble them to 
ac hieve product cost reductions that could make th eir 
products competiti ve for export to th e United Sta tes. 
Th us, inte rnational standards ag reements, eve n those to 
which th e U. S. is not a party, could have an indirect ef­
fect on domes ti c sales. 

The U.S. would benefit from a unifi ed world market 
eve n if the standards of that mark et we re different from 
her own standa rd s. But trul y international standard­
iza tion would offer ce rtain oth er advantages; OEMS 

co uld look to fore ig n as well as domes tic supplie rs for 
multiple sourcing ; eng ineers would not have to waste 
time rein venting sys tems alread y des ig ned by fore ign 
e ng ineers, and manufacturers wo uld not have to stock­
pile a separa te se t of co mponents and replacement 
parts for foreign equipment. 

Do standardization agreements 
really standardize? 

But even if we ag ree that international standard­
iza tion is the greates t thing since sliced bread, we must 
ask " how e ffecti ve are current standardi zation efforts?" 
H ow many of the standards recommended by the !EC 
and ag reed to by its me mbers are, in fact, implemented 
by the member nations? 

McAdams: In order to sell in the world of 
the future, you 're going to have to comply 
with international standards. 

In 1971, the German Committee for Standardi za tion 
D NA (De ut sc he r Norm e nau ssc hu ss ). s tudi ed !SO 
standards produced up to a certain date and found that 
fewer than 25 % of the standards tha t had bee n pro­
duced were, in fact, used. 

But things are improving. According to Paul Hoppe, 
" Many countries will take an IEC publication, put a 
front page on it, and call it a national standard." De vel­
oping nations are generall y quick to adopt lEC or I SO 
standards ; it saves them the expe nse of developing 
their own. 

But developed nations are also starting to accept I EC 
and ISO standards. William McAdams notes tha t " The 
European standards coordinating committees, C EN a nd 
CENEL, use lSQ and !EC standards as a base whe re 
practical. Since all C EN / C EN EL members are 
members of ISO a nd lEC, they constitute a strong, 
well -prepared voting bloc. As a result, more and more 
of the standards coming out of ISO and IEC are be ing 
accepted by Western European countries as the ir na­
tional standards." 

But according to McAdams, " For yea rs we've had a n 
unwritten position in the U.S. committee that we' ll sup­
port a document if we can mee t it. Thi s is a lot differ­
ent from saying we ' re going to accept the document. If 
our product is be tte r than what IEC requires, then we' ll 
accept the !EC document and then try to persuade the 
customer that our product is much better than anything 
required bv tlie international standard. But we' re re­
evaluating that whole approach now, to de termine if it' s 
still a position we can stand by." 

Other countries protes t that the U.S. is imposing an 
unfair nontariff barrier by requiring standards toug her 
than the international agree~e nt . They fee l that if a 
country does not intend to use a document, it sho uld 
cast a negative vote, and once a document is passed, a ll 
countries should do what they can to help the docu­
ment, whether they voted for or aga inst it. Negati ve 
votes and the reasons for the m mav be recorded in the 
prefaces of !EC docume nts. 

But there are some standards conflicts tha t can ' t be 
resolved, no matte r how sincere the negotiations. As an 
example, American line curre nt is 110 V, 60 H z, \\·hil e 
Europea n line curre nt is 220 V, .30 H z. The IEC ca n is­
sue recomme ndations until Hell freezes over and it 
won ' t change that fact because both contine nts have a 
lot of money invested in power distribution equipm ent 
and the cost of changing from one sys tem to the other 
would oblite rate any possible be nefit s. Some people 
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Factors DETERRING U.S. Exports of Machinery, Instruments, 
and Other Measurement Sensitive Products 
(Percent of total rankings by respondents) 

High tariff duties 

I 
High shipping costs 

I 
No technological advantage of products 

I 

5 10 20 25 

Factors PROMOTING U.S. Exports of Machinery, Instruments, 
and Other Measurement Sensitive Products 
(Percent of t otal ranki ngs by respondents) 

I 
Prices are not competitive 

I 

30 

I I 
Reputation and reliabil ity of products 

I 
Superior technology of products 

I 
High quality of product 

Maintenance and servicing is available 

I 
Growing foreign market 

I 
Vigorous com pany export promotion program 

5 10 15 20 25 30 

35 

35 

This chart, from the report to Congress of the U.S. Metric 
Study, indicates that differences in standards are not cur-

rently im portant in ei th er promoti ng or deterring U.S. ex­
ports. 
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Kleinberg: Once you can no longer set 
standards by being first and best you had 
better start negotiating. 

wou ld interp ret such unresolvable confl icts as flaws in 
the argument for standardization, but they a ren't. In 
fact , they make a strong argument for negotia ting inte r­
national standards, and for negotiating the m as soon as 
possib le, before diverge nt technologi es ca n beco me 
we ll-en trenched. 

Is the U.S. serious about standardization? 
According to McAdams, Ame rican participation in 

internation a l standards work has grown substan tiall y in 
the past severa l years; he es timates that participation 
quadruple d from 1962 to l972. Although de pth of par­
ti c ipation is sometim es lac king, he notes that U.S. d e le­
ga tes to standardi za tion co nferences are highly respect­
ed, especia ll y in e lectroni cs. 

Simpson agrees that standardi za tion activities ha ve 
been supported by techni ca l people, but feel s that 
people \\'ho make funding dec is ions a rc just beginning 
to ge t the message; standa rds just isn' t a "sex,· subjec t." 

Kl e inbe rg agrees that while manageme nt ma y sec 
the necess ity for standa rdi zation, they ca n' t get exc ited 
about it. ··Peo ple often s hrug off standardi zation as 
being like mothe rhood," he says, " whic h gets me upse t 
eve ry time. For one thing, moth erhood isn ' t that popu ­
lar any more ; it's bee n given a bad name by Mrs. Port­
noy, the mothe r who so dominated the life of her son 
t ha t she stunted hi s d eve lopment as a man. But e ffec­
t ive standards should promote, not inhibit, the d evel­

opment of a technology. " 

Yet in th e U.S. it is particularl y important that people 
who make funding deci sions unde rstand and support 
standard iza tion acti, ·iti es. The U.S. government is the 
on ly government in the world that does not fin a nciall y 
support its National Standards Institute. Although a Bill 
(S 1798) introduced into the Senate cou ld provide mon ­
ey for non-profit organi zat ions e ngaged in inte rn a ti o nal 
standardization act i\'ities, ANS I a nd the U.S. Nationa l 
Committee to !EC a re c urre ntly s upported b,· m e mbe r 
co rporation s. Moreove r, me mbe rship in ANSI is co m-

plete ly vo luntary. Simpson estimates that of the -WO­
odd organizations around the U.S. th a t write sta nd ards 

in th e pri\'atc sector. onk about l6.5 a re me mbers of 
A SL. 

As De puty Assistant Secretary of Commerce for 
Product Standards, Simpson has bee n trying to encou r­
age more recognition of the role of ANS I and more 
support of ANS I as a coordinating organization. In a re­

ce nt series of industrial confe rences sponsored by ANS I, 
Simpson pointed out to hi s audience of company pres i­
dents that ANS I was representing the ir companies, 
doing work for the ir companies in international stand­
ards. The res ponse has bee n positive ; ANS I picked up 
ne w me mbe rs and is starting to operate in the blac k. 

The major reaso11 wh y executives have bee n slow to 
reali ze th e va lu e of standardi za tion activities is that no­
body has ye t succeed e d in putti11g a dollar va lu e on the 
pote ntial value of inte rn a tional standardi za tion . Some 
of the benefits can be eas ily qua ntifi ed ; mu can tall y 
up the sav ings d e rived whe n yo u use a standard draw­
ing or d es ign for both domesti c and internationa l use 
instead of making two separate d es ign s. But ot he r num ­
bers are more e lusive: how muc h do you save when you 
avoid doubl e s tocking of similar parts'? What does the 
ava il abi lity of a wider array of second sources mean to 
you in dollars ? 

[t .,,·ou ld be ni ce to ha\'C suc h a numbe r. to lie able to 
sa'" .. Since full cooperat ion ,,·ith I EC a nd I SO reco m ­
me ndations \\·ill sa \'l' 1\mcrican manufacturers x billions 
of dollars a , ·ca r, \OU should cooperate ... But " ·he 11 the 
U.S. t\ lctric Stuck tried to ans '' e r a qu es tion of a s im­
ilar scope. namc h . ho\\' muc h \\Ould th e U.S. benefit IJ,· 
chang in g to th e metri c s, ·stcm, the stuck took m ·e r [\\'o 
\ears, cost m ·e r a half-m illio n doll ar~. and ca me up \\ ·ith 
onh· a ge ne ral figure for benefit s. :\11\ es tim a te of the 
monetan· be nefits of standardi zatio n "ould he a t least 
as ex pe nsive to d e te rmine a nd poss ibh more diffi c u lt to 
defe nd. It \\'ould be s impler and c heaper to me rch ac­
cept th e fact th at g reate r international stand a rdi zat ion 
is a desirab le e nd, and to " ork to\\ a rd that e nd '' itli all 
de liberate speed . • 
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The road to hell 
is paved with good intentions. 

Rise/Fall Times from lns; Propagation Delays as 
low as 800ps; CTL; Schottky TTL; ECL. Promises. 
Promises. High speed logic is full of them ­
idealized switch ing time specs, developed under 
ideal load and environmental conditions in the 
manufacturers' labs. 

times measure ments per 
second ... a fantastic improve ment 

over anything else operational today. 
But in this nor-so-perfect world , how will the 

devices perform when stressed to your pa rticular 
circuit conditions7 What happens to a ll your 
plans when a 2ns circuit slows down to 2.5 or 3.0ns? 

And because the Time Machine is a Sentry 
add-on, you can perform functional, time para­

metric and D.C. parametric measurements all in a 
single rest without moving from one test head to another. 

Let's face it, if those few hundred picoseconds didn't make a 
difference, you wou ldn't have used those sophisticated high­

Developed out of a decade of leadership in advanced 

speed devices in the first place. 
Now you can test these critical 

parameters with the Time Machine, 
Fairchild Systems' revolutionary, 
on-the-spot Real Time add-on to 
our Sentry Test Systems. We char­
acterize wh a t yo u want to know 
about TTL, Schottky , CTL and 
ECL device switching time param­
eters. Auto matically , with p ico­
second accuracy and repeatability 
that only a digita l approach can 
guarantee while precisely simulat­
ing the actual device environment. 
Rise times, fall times, propagation 
delays, a ll in a single pass-with 
just one in se rtion - rega rd less of 
test complexity. Up to 100,000 

semiconductor testing systems, the Time Machine uses our 

r---------------------------, 
----- Fairchild Systems 
l=AIRCHILD 3500 Deer Creek Road 
s vsTEM s TEC HNQLOG Y Palo Alto. California 94302 

__ Send us complete data and specs o n the new Time 
Machine option for high speed logic wsting. 

__ Include complete m:uerial on the Sentry series. 

__ Please have your rep call us for a personal fill-in. 

Name ________________ _ 

Title ________________ _ 

Company _______________ _ 

Street ________________ _ 

City _________ State _____ _ 

Zip ______ Telephone ________ TEE 

---------------------------~ 

own digita l techniqu es for Real 
Time dynamic measurements. Ir's 
available integra ted into factory 
shipments of new Sentry Systems­
or retro-fit to existing systems in 
the field . 

Today's super-fast designs have 
sla mmed sh ut the gap between 
optimum device capability and the 
demands yo ur designs make on 
that capability. Lt's no longer aca­
demic whether or not logic delivers 
the tightest switchi ng time specs 
touted in data sheets. You 've got to 
make dead certai n that every part 
is TIME-characterized within your 
circuit use conditions. Before all hell 
breaks loose. 
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W-J's FREQUENCY SYNTHESIZERS 
for Precision Frequency Generation 
in Your Automatic Test System 

With the WJ-1154 series of frequency synthesizers, 
you have several choices of frequency coverage and 
performance. Some of these choices are listed here. 

Frequency Range 

Frequency Steps 

Frequency Accuracy 

Settling Time 

RF Output Power 

--· . -- ·r· --------- Q ~ 

I .. I ~ 

l •I " 
. . _:eJ_.,_ ' 

' ---~----

Circle Reader Service -li 15 

WJ-1154 WJ-1154-2 WJ-1154-3 WJ-1154-7 

1-12.4 GHz 5.37-5.87 GHz 1-2 GHz 1-18 GHz 

100 kHz 100 kHz 100 kHz 100 kHz 

1 part in 109 for all frequency synthesizers 

100 msec 10 msec 10 msec 100 msec 

1 mW 2 Watts 1 Watt 10 mW 

For complete details on these and other fre­
quency synthesizers, contact our local Field Sales 
Office/Representative in your area or call Watkins. 
Johnson Applications Engineering. 

I ··---------, I I 

'---~ - - ---·~~ 
'i· ~ -- . r " r~ 
I I .. I .. t 

I · I "' L ______ L~ 
WJ-1154·7 

' 
' 

WATl<INS -JOHNSON 

3333 HILLVIEW AVE., STANFORD INDUSTRIAL PARK, PALO ALTO, CALIF. 94304 • (415) 493-4141 
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In fact, no time is acceptable for 
Popcorn (burst) noise, if you 're 
designing a system to handle ex­
tremely small signals. 

So RCA is announcing a new 
micropower , low noise opera­
tional ampl ifier. It's a designer's 
dream. 

Our unique process gives you 
a monol ithic silicon op amp that 
not only exhibits low burst noise 
but operates from a single 1.5-volt 
cell with a power consumption of 
1.5 microwatts. 

How low is the noise? Every 
CA6078AT op amp that leaves 
RCA must operate with equivalent 

input burst noise less than 20uV 
(peak) at Rs= 200,000 ohms. 

That 's not all , the CA6078AT 
features output short-circuit pro­
tection through built-in output re­
sistors , input voltage range 
(-+- 15V max. for ± 15V supply) 
wide dif-mode range (± 6V), and 
low offset-voltage nulling capa­
bility. 

So go ahead! Design the 
CA6078AT into your system ... and 
relax. Because you can be certain 
that with the new RCA micro­
power op amp, no time is accept­
able for popcorn (burst) noise. 

Want more data on the 
Circle Reader Service -11 16 

CA6078AT or CA3078AT (the low 
cost version of the CA6078AT 
for 'less critical appl ications) or 
the CA6741T, RCA's low-bu rst­
noise 741? See your RCA Repre­
sentative or Distr ibutor and ask 
for Technical Bulletins, File No. 
530 and 592 and Appl icat ion Note 
ICAN-6732. Or wr ite RCA Sol id 
State , Box 3200, Somerville, N.J. 
08876. Phone (201) 722-3200. 

Ren Solid 
State 

products that make products pay off 

International : RCA, Sunbury-on-Thames, U.K., or Fuji Bu ilding, 7-4 Ka sumigaseki , 3-Chome, Chiyoda-Ku, Tokyo, Japan, In Canada : RCA Limited , Ste An ,1e de Bellevue 810 , Canada. 



BUYERS' GUIDE 
for Low Cost IC 

Operational Amplifiers 
Deborah P. Wilkins, Arthur J. Boyle 
The Electronic Engineer 

The op amp has become as ubiquitous in todav's 
electron ic equipment as the vacuum tube and tran­
sistor in their days of glorv. And, as the popularity of 
the op amp has grown, so has the number of models 
ava ilab le from the vari ous manufacturers. 

On the following pages, you will find a list of just 
about 1000 different op amps. It includes all in­
tegra ted circuit op amps, both hybrid and monolith­
ic, that vou can buv for less than $30.00 each in 
quantities of 100. 

The list is arranged in order of ascending price, 
beg inning with a plastic-packaged 709 for 46c from 
Tl and continuing on up to the A D508L, a $30.00 
hvbrid device from Ana log Devices. A ll in all, 2-1 dif-

Advanced Micro Devices ITT Semiconductors 
901 Thompson Place 3301 Electronics Way 

ferent manufacturers are represented. 

ln addition to the model number, price, and man­
ufacturer, the list includes typi ca l va lues fo r input 
bias current, offset vo ltage drift, and slew rate. If 
you ' re looking for ultra high performance in one of 
these areas, the list m av also be of hel p. Op amps 
with an input bias current of 10 pA or less are identi­
fi ed by a color tint in the bias current column. If off­
set voltage drift is your thing, t he co lor tint identifi es 

those which boast of l µV /°C or less. F inall y, if yo u 
happen to be a speed frea k, co lor in the slew rate 
co lumn indicates slew rates of I 00 V / µ s or greater. 

For more information on a specific dev ice, ,,·e rec­

ommend that \OU contact the manufacturers directh­
at the add resses li sted. For genera l information 

use t he Reader Sen·ice Number. • 

Silicon General Inc. 
7382 Bolsa Ave. 

Sunnyvale, CA 94086 RSN #250 West Palm Beach, FL 33407 Westminster, CA 92683 RSN #266 
RSN #258 

Amperex Electronic Corp. Siliconix 
Hybrid Integrated Circuits Motorola Semiconductor Prod ucts 2201 Laurelwood Rd. 
99 Bald Hill Rd. Inc. Santa Clara, CA 95054 RSN #267 
Cranston, RI 02920 RSN #251 5005 E. McDowell Rd. 

Phoenix, AZ 85008 RSN 11259 Sprague Electric Co. 
Analog Devices 551 Marshall St. 
Rte. One Industrial Park National Semiconductor North Adams, MA 01248 RSN #268 
Box 280 2900 Semiconductor Dr. 
Norwood, MA 02062 RSN #252 Santa Clara, CA 95051 

Teledyne Philbrick 
Bell & Howell Optical Electronics Inc. Allied Dr. at Rte. 128 
Control Products Div. Box 11140 Dedham, MA 02026 RSN #269 
706 Bostwick Ave. Tucson, AZ 85706 RSN #261 
Bridgeport, CT 06605 RSN #253 Teledyne Semiconductor 

Precision Monolithics Inc. 1400 Terra Bella Ave. 
Burr-Brown Research Corp. 1500 Space Park Dr. Mountain View, CA 94040 RSN #270 International Airport Ind. Park Santa Clara, CA 95050 RSN #262 
Tucson, AZ 85706 RSN #254 

Raytheon Texas Instruments Inc. 
Fa irchild Semiconductor 350 Ellis St. Box 5012 MS/ 84 
464 Ellis St. Mountain View, CA 94040 13500 N. Central Expwy. 
Mountain View, CA 94040 RSN #255 RSN 11263 Dallas, TX 75222 RSN #271 

RCA 
Harris Semiconductor Solid State Div. Transitron Electronic Corp. 
Box 883 Route 202 168 Albion St. 
Melbourne, FL 32901 RSN #256 Somerville, NJ 08876 RSN #264 Wakefield , MA 01880 RSN #272 

lntersil Inc. Signetics Zeltex Inc. 
10900 N. Tantau Ave. 811 E. Arques Ave. 1000 Chalomar Rd. 
Cupertino, CA 95014 RSN #257 Sunnyvale, CA 94086 RSN f 265 Concord, CA 94520 RSN #273 
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MODEL HIM BIAS 
oA 

SN72709P 1500•00000 
MC I 7Q9CP I 300 • 00000 

SN72709N 1500•00000 
LM709CN 500•00000 

741C 200•00000 
748C M 120•00000 

SN72741P soo.00000 
MCt74tCP1 200 •0000 0 

RC7090P M 1500 000000 
MC17i9 CP2 H 300•00000 

CA3029 M 53000 00000 
SN7230IA 250 000000 
SN72307P 250 t 00000 
SN72748P 500 • 00000 

LM709CH 500 • 00000 
LM301AN 30t00000 

HCC I 7 0902 JOO • 00000 
MLM301AP1 70t00000 

MC1709CL JO O tOOOOO 
MCt709CG M 300•0000 0 

TOA301A 70•00000 
TOA307 70.0000 0 

SN72741N 500100000 
MCl741 CP2 200 000000 

TOA2741 M 801 00000 
tA1010 M s Joo.00000 

LM301AH )O oOOUOO 
MLM307G 701 0 0000 

MLMJ OlA G 
MC1741CG M 
MC1741 Cl M 
CA3741 CT 

MCC1748C2 

CA3080 M 
RC 7 41 T M 

CA3029A 
RC 7 48T 

301A M 
MCCt74tC2 M 

MC )4 0 1 
CA 301 QA 

MC33 01 M 
SG741CN M 
TOA2709 
SG J O lAM 
SG 7 41 CM 

SGJ07M M 
TOA 2 746 M 

l'(C4558llN M 
709CE 

MUA 709C 
SG 31 QA T M 
SG741CT M 

SG307 T 
SG746CM 

CA)748CT M 
SN72702N 

LM308/ll 
RC1 0 1AT M 

RC107T M 
RC4558T M 
TOA37U9 M 

A0 74 1C M 
A0)01A M 

LM74tC N 
SG748CT 

MCC1439• ? M 
HA2JQ1A- S M 

HA?l 0 7"5 
HUA 71.18 C 

70 • 00000 
200 . 00000 
200 I 00000 

80 000000 
80 000000 

120.00000 
500 100000 

2500 100000 
500 100000 

10 . 00000 
200.00000 
so.00000 

2500 . 00000 
50.00000 

500 100000 
J oo . 00000 
250.00000 
500.00000 

2so .oooo o 
80 I 00000 

200 100000 
15001 00000 
1)00 100000 

250 . 00000 
500 100000 
2 ~ 0 . 00000 

'.>Oo.oooou 
80 I 00 0 00 

t.i uoo . 00000 

2 7)0 00000 
250 · 00000 
200 . 00000 
200 • U0000 

80 . 00000 
10.00000 

200.00000 
soo . o oo ou 
200 . oooou 
250 100000 
250 100000 
soo . 00000 

LM3 0 1A M 2 5 0 100000 
!>N7255eP M soo . 00000 
SN5 2741L M 500 100000 
SNS2748L M 500 100000 
MC 14 56CG M 151 00000 
TOA1~5 6 M 80 . uoooo 
T O A~7ll 7 8 0 100000 
CA3458T ao . 00000 

MCC 17 0 9 02 M 30010000 0 
MC1458 CG M 200 100000 
SN52702L M 4 000 100000 
SG32 1 7CT 500 • 00000 
HC 47 0 9 DP 1 500 . 00000 

LM741CN14 200 100000 
MC 1 748CG 801 00000 

MI C741 1 00 100000 
MUA741C 500 • 00000 

LM 20 1 500100000 
CA303 0 9600. 00000 
RM741T 500100000 
LM2 0 1H M 500 100000 

MC 1ll58 G M 200 • 00000 
30 l M 250 • 00000 

301A M 70 100000 
TOA2 809 Joo. 00000 

SSS7 41 CJ 45 · 00000 
SSS30 1A J M 6 0 000000 

sssJ o7J M 6 0 . ooooo 
MU A/49C 1000 · 00000 

741CE 500100000 
MC143~ G 200 100000 

CA374 7CE ao.00000 
SG1660 M 1s.oooo o 
SG201T 15001000 00 

CA3747 CT 80100000 
CA3746T M 50 100000 
TOAt574l M 20 100000 
TOA874 8 20 100000 
LM7Sl CH 200 100000 

MC17 0 9 Cf 200100000 
MC1437P 400100000 
MC 14 JSL t 200 I 00000 

50 

SLEW DRIFT COST MANUFACTURER 
Vlµs µVl°C $1100 

0 .JO 
0 I 2S 
0 .JO 
o. 30 
0 1 SO 
0 .so 
0. 50 
o. 80 
o. 40 
0 ,25 
3 .oo 
0. 5 0 
0 . so 
o. so 
0 .JO 
a.so 
0 . 25 

10.00 
0 125 
QI 2S 

0 .J O 
0 I 80 
0 .so 
J 100 
a.so 

10 100 
o. eo 
0 180 
0 I 50 
o 1 eo 

50 . 00 
Q I 50 
JI 00 
a.so 
o.so 
0 180 
0 16 0 
3 . 0 0 
Q I 60 
0 . so 
0 I 5 0 
QI SQ 
0. so 
QI SQ 
') I QQ 
0 I SU 
0 .JO 
0 I JO 
0 I 5 0 
0 .so 
0 . '5 0 
0 . 5 0 
0 . so 
1, 7 0 
0 . 30 
0 . so 
a.so 
0 . so 
0 1S O 
QI ') Q 

0 . so 
0 . so 
0 I 5 0 
(j I 20 
0 I 50 
0 . so 
0 .50 
0 . s o 
0 . so 
0 I 50 
0 . so 
2 . so 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 I ?5 
0 I 8 Q 
1 I 7 0 
0 1 °!> 0 
0 . 40 
a.so 
0 . 80 
0. 5 0 
0 . 50 
0 . 50 
7 I 00 
QI 50 
a.so 
0 I 8 0 
0 . so 
0 I SQ 
0 .s o 
1, 5 0 
0 I 4 0 
0 I 4 0 
1 . '5 0 
0 . 50 
4. 20 
Q I 5 0 
0 .1 0 
o. ~ o 
0 's o 
o .5 0 
1' 00 

1 0 .0 0 
0 . 5 0 
QI 25 
QI :?5 
o . 67 

600 
3 , o 
600 
6 00 
6 00 
3,0 
7,0 
3. 0 
6 . 0 
J, O 
1. 2 
600 
600 
7,0 
600 

)QI Q 

3 . o 
6 . o 
J . 0 
3,0 
6. 0 
6. 0 
5 . o 
3 , 0 

1, 2 
30. 0 
6.0 
600 
3. 0 
3. 0 
2 . o 
3 , 0 
1 , o 
600 
1•2 
60 0 

600 
3, 0 

1 , 2 

10 I 0 

30. 0 
10.0 

30. 0 

6 . 0 
50 . 0 
1 0 , 0 
30 . 0 
1 0 . 0 
30 10 
1 0 .0 

2 . 0 
s. o 
6 . 0 
6 . o 

15 . 0 
6.0 
3 . 0 

6 00 

10 , 0 
J . 0 
) • 0 
3 . 0 
7 . 0 
6 00 
7. 0 
1. 0 
1 . 0 

2.0 
3 . o 

1 Q I Q 

1 0 , 0 
6 . 0 

3. 0 
3. 0 
7.0 
1.0 
J. 5 
6 . 0 
60 0 

ts.a 
1S, 0 

•• 5 
7 . 0 
7,0 
3 . o 

3 0 . o 
) • 0 
2 . 0 

1 0 . 0 
600 
2 . 0 
2 . 0 

3. 0 
1, 5 
3 . o 

Oo46 TEXAS I NSTRUMENTS 
0 •SO MOTOROLA 
0•54 TEXAS INSTRUMEN TS 
Q, 55 NAT I ONAL SEMICONOllCTOR 
0 1SS INTfRSIL 
0 •5 5 INTE RS IL 
0 156 TEX AS INSTRUMENTS 
01S6 MOTOROLA 
o . 5e RAYTHEON 
0 158 MOTOROL A 
0 1 59 RCA 
0 160 TEXAS INSTRUMfNTS 
0160 TEXAS INSTRUMENTS 
0 • 60 T£XAS INSTRUMENTS 
0 16 0 NATIONA L SEMICONDUCTOR 
0 •6 0 NATIONAL SEMICONDUCTOR 
0 160 MOTOROLA 
0160 MOTOROLA 
0 • 61 MOTOROLA 
0161 MOTOROLA 
0 163 TRANSITRON 
016J TRANSITRON 
Oo64 TEXAS INSTRUM ENTS 
0 164 MOTOROLA 
0165 TRANSITRO N 
0 165 RCA 
0165 NATIONAL SEHJCONDUCTOR 
0 165 MOTOROLA 
0 16S MOTOROLA 
0 •66 MO TOROLA 
0 1 68 MOTOROLA 
0169 RCA 
0 170 MOTOROLA 

0171 RCA 
0171 RAYTHEON 
0 I 71 RC A 
0 171 RAYTHE ON 

0 • 72 I NTE RSI L 
0 17S MOTOROLA 
o .75 MOTOROLA 
0176 RCA 
0 1 60 MOTOROLA 
a .es S ILI CON GENER AL 
a.es TRANSITRON 
0•85 SILICON GENERAL 
Oo85 S ILICON GENERAL 

a.es SILICON GENERAL 
0 1 65 TRANSlTRON 
0 166 RAYTHEON 
0 1 9 0 TELEDYNE SE MIC ONDU CTOR 
0 190 fAJRCHJL O 
Oo95 SILICON GENERAL 
0195 SILICON GENERAL 
0 · 95 S ILIC ON GENERAL 
0 ,95 S ILIC ON GENER H 
0 •95 RCA 
0 •96 TEXAS INSTRUMENTS 
0 1 98 NATIONAL SEM I CONDUCTOR 
11 00 RAYTt-IEON 
1100 RAYTHE ON 
1 100 RAYTt-IEON 
1 100 TRANSITRON 
l 1 00 ANAL OG OEV lCfS 
11 00 ANALOG DEVICES 
11 0 5 NATI ON AL SEM JCONOllCTOR 
td O SILICON GENER AL 
111 0 MOTOR OLA 
ltl O HARRIS 
1'1 0 HARRIS 
1.t O fAJRCHJL D 
ltl O fAJRCHILO 
1"14 TEXAS lNSTRUMfNT S 
1115 TEX AS INSTRUMENT S 
1•15 TEXAS INSTR UMENTS 
1119 MOTOROLA 
112 0 TR ANSITR ON 
1120 TRANSlTR ON 
1•20 RCA 
lo 20 MOTOROLA 
1• 2J MOTOROL A 
l12S TEXAS INSTRUMENTS 
1 • 25 SILICON GENERAL 
1 · 25 RAYTHEON 
1125 NATIONAL SEMICONOtJCTOR 
1, 2 5 MOT OR OLA 
1•25 ITT 
1•25 FAIRCHILD 
lo25 fAIRCHIL D 
1'32 RCA 
1 1 JJ RAY THE ON 
lolS NATIONAL S(MJCONO l lCTOR 
l • 35 MOTOROLA 
1135 ADV ANCED MICRO DfVJCES 
l 1 JS ADV AN CED MICR O DEVICES 
1138 TRANSITR ON 
lo40 PRfCISION MONOLI THICS 
1o40 PRfC tSION MON OL ITHICS 
114 0 PR[CJS(ON MON OL ITHICS 
1 14 0 fAJRCHILO 
1145 TE L EDYNE SEMICDNOllCTOH 
1145 MOTOR OLA 
1 • 5 0 RC A 
1150 SILICON GENERAL 
115 0 SILICON GENERAL 
1I5 0 RC A 
11 SO RCA 
ltSO TRANStTRON 
11S O TRANSITRON 
1 1 5 0 NATIONAL SEMJCONOlJCTOR 
l1SO MOTOROLA 
t 1S O MOTOROLA 
t 150 MOTOR OLA 

MODEL HIM BIAS 
nA 

1200 . 00000 
200100000 

80 . 00000 
soo . 00000 

HC14J5G M 
MCC1456 • 2 

741C•LN 
SN727•7N 

CAJOlS 
ULN• 2158M 
ULN • 21560 

RC413 1 T M 
LM 1 303N M 
MC 14 l~L M 

H 9600 I 00000 
1 0 . 00000 
10.0000 0 
50100000 

RM7 0 9T 
NS 709 

SN52709L 
LM709H 

ULN°21510 
ULN •215 1M 

SN72771P 
SN72770P 

TOA8709 
SGl 7 6 0 

SG741CO 
1339 

MC l 709G 
MC l 709l 
MCl437L 

30 7 M 
SN725SON 

RC 112T 
MC I 420G 

201 

400 100000 
200 . 00000 
300 . 00000 
200100000 
500 I OQQQQ 

1500•00000 
70100000 
7010000 0 
30100000 
JO 1 00000 
30. 00000 
151 00000 

soo.0000 0 
150• 00 000 
200100000 
200100000 
400100000 

70 I 00000 
1 5 100000 

7100000 
tl00100000 
120 . 00000 

ULN • 213~0 2S0100000 
ULN • 2139M 2S0100000 

MCB1709C 200 000000 
MC1112cr 2soo . ooooo 
SN72660L 15 .00000 

CA3047 70•00000 

TOAi 7 0 9 200 , 00000 
MCC1539 • 2 200 100000 

SSSlOUP 60100000 
SSS 7•1C P 45•00000 

SSSJ 0 7P 60000000 
CA3747E M 80 100000 
CA3 741T 8010000 0 

SG308T 7•00000 
SG3118T M 71 00000 

LM312H 7100000 
LM747CN 200 000000 
LM301AD 30 000000 
LM1458N 1'>00100000 
MC1433L M 500 100000 
MC1'33 G 500 • 00000 

MIC7 0 9 200 • 00000 
MUA7 0 9A 500 100000 

AO )08 1I500 00 
308 1. 50000 
3 1 2 1150000 

7.ci t C 80• 0 0000 
SN72J08L 1 150000 

CA3030A M 470010000 0 
RC41J1 0 50 10000 0 

7 09B E 5QQ I QQQQO 
MCCl 748 • 2 80 • 00000 

AD741 80 100000 
CAJOJ7 M 5J001 00000 

ULN• 21 57A M 70 100000 
ULN • 2 t 57K 70 000000 

LM1458H 1500 1000UO 
MC8170~f ~00 1 06000 
SSS841CJ 45 100000 

CAJ015A M 4700 • 00000 
RC 1556 T JO 1 00000 

LM 7 25CN ********** 
LMJ16 H Od'i OOU 

MC1712CL 2 50010000 0 
MC1456G M 151 00000 

MCC1741 " 2 200 000000 
MUA7 02C 7500 • 00000 
HUA7J9C M 2000100000 

A07"1K M 3010000 0 
J16 M 0 105000 

CA3008 5300 100000 
ULS - 2158 0 JS I 0000 0 
ULS•21 S8M 3S • 00000 

RC4131Q S0100000 
T0Atl809 H 4 10000 0 
CA3 0 80A 120100000 
SG777CT 2s0 . 00000 
MuA 777C 2so.ooooo 
C0060E 2>00000000 

lM3120 7000000 
kM748T M 500100000 

RM 47 0 90 M 300 100000 
MC1539G 200 100000 
MC 15 39L 200 , 00000 

MCt4J6C G M 2s.ooouo 
MC17•6G 800000 00 

3 11 100 . 00000 
J 1 0 2 100000 
J 02 10 I 00000 

TOA8747 M 20100000 
ULS •21S1 M 350000 00 
ULS•2151 0 35.000 00 
UL S•11 39M M 150 100000 
ULS•2139 0 M 150000000 

TOA1809 M 200000000 
HCHC17•1 £00 · 00000 
MCBC17'16 8 0 00000 0 

8021 C M 7•00000 
A02 01A M 30 • 00000 

SSS747CI< 45 100000 
SSS14Sf! 4 0100000 
CAJ078T M 6 0 000000 

SLEW DRIFT COST MANUFACTURER 
Vl uo µVl°C $1100 

Ot 67 
Q I 8Q 
Ot4 0 
0. 50 
7 100 
0 . 60 
0. 60 
21SO 
O.'jO 
4. 20 
0 . 4 0 

0 .J O 
0 1 l O 
o. 60 
0 160 
2 .so 
2 15 0 
o. 50 
o .io 
0 I so 

l4. 00 
0 . 25 
0 . 2S 
0. 25 
0 15 0 
0 .1 0 

5 .oo 
0 15 0 
412 0 
4e20 
0 I ?S 
l. 50 
o.io 
2 •T O 
Q I SQ 
4 I 2Q 
0 , 40 
1. 50 
QI 4Q 
a.so 
0 . 50 
0 . 25 
0 1 25 
0 .JO 
a. so 
a.so 
0 . 50 
o.eo 
0 180 
0. 40 
0 .J O 
0 I ) 0 
01? 0 
0.20 
a.so 
0 125 
71 00 
2. 50 
0 1 30 
a . ea 
0 I 50 
JI 00 
0 . 60 
0 . 6 0 
0 I 'jQ 

0 1 25 
o. so 
7 100 
1. so 

1 I 'iO 
2150 
018 0 
3 I 5 0 
1 . oo 
a .so 
0 I 2 0 
3 .oo 
0 I 60 
Q I 6 0 
2 .50 
0 1 so 

so . au 
0 .so 
0 . so 
8000 
0 . 20 
a.so 
QI 40 
4120 
4 120 
2.00 
o . 80 

I, 00 
0 16 0 
Q I 60 
•• 20 
4. 2 0 
0 . 5 0 
0 I 80 
o .eo 
0 1 l 6 
0 . 50 
0 . 7 0 
1. so 
0 I 02 

3 . 0 

?5 . o 
7.0 
3. 5 

1S,0 
15 I 0 
s.o 

t 0 I 0 
3,0 
• • o 
6 . 0 
600 
5 . o 

1s.o 
1 S , o 
1 0 1 0 
1010 

10 .o 
10.0 

5 . o 
3, 0 
3 .o 
1. s 

15. 0 
30 tO 
3Q I 0 

2.0 
5. 0 

t 5 I 0 
l S .o 
3,0 
5, 0 

30 . 0 
606 
3 , 0 
J,O 
7,0 
4,5 
7 , o 
2 . 0 
2 . 0 

Jo . o 
J 0 10 

600 

Jo.o 

I 0 I 0 
1 Q I Q 

3,0 
10 I 0 

6 . 0 
s . 0 
5 . 0 

10 , 0 
6 .o 
1 , 2 
5 , 0 

t 0 . o 
3 . 0 

1 '? 
15 I 0 
15 . 0 

3. 0 
s. 0 
1. 2 

20 .o 
1, 0 

5,0 

3, 0 
1O , 0 
•• o 
2 . 0 

JO 10 
1 , 2 

1s . o 
t 5 . o 

5 . 0 

1, 0 
600 
3. 0 
1 .t 

JO 10 
6 00 
s . o 
3 . 0 
3 ,o 

3 . 0 

t QI 0 
20 I 0 

15 .o 
t 5 .o 
15 1 0 
15 . 0 

3 . 0 
J. 0 
3. 0 
s . o 
3,0 
4, 5 
5,0 
6.0 

l 150 MOTOROLA 
l o5 0 MOTOROLA 
l• SU JNTERSIL 
l1SS TEXAS tNSTRUMfNTS 
11 56 RCA 
l1 S8 SPRAGUE 
l 15 6 SPRAGUE 
1 160 RAYTHEON 
1160 NAT ION AL SEMICONDUC TOR 
l o6 0 MOTOROLA 
1•63 RAYTHEON 
1165 SIGNETICS 
1170 TE XAS INSTRUM[NTS 
1•70 NATIONAL SEHICONOUC TO R 
l • 74 SPRAGUE 
1•74 SP RAG UE 
1•74 TEXAS INSTRUMENTS 
l•H TEXAS INSTRUMENTS 
l•7S TRANSITRON 
1•75 SILIC ON GENERAL 
1•75 SILICON GENERAL 
lo7S TELEDYNE PH ILBR ICK 
1•75 MO TOROLA 
I• 75 MOTOROLA 
1 • 75 MOTOROLA 
1•75 AD VANCED MICRO orv1CES 
1178 TE XAS INSTRUMENTS 
1180 RAYTHEON 
11 eo MOTOROLA 
1.eo AD VANCE D MICR O orv1CES 

1183 SPR AGU E 
118 J SPRAGUE 
1·85 MOTOROLA 
1•8S MOTOROLA 
11 88 TE XAS INSTRUMEN T S 
11 90 RCA 

1190 TRANSITRON 
1190 MOTOROLA 
1 1 9 0 PRECISIO N MON OLlTHICS 
1•90 PRECISION MONDLITHlCS 
119 0 PRECISION MONOLJTHICS 
l 1 95 RC A 
1•95 RC A 
lo 95 SILICON GENERAL 
119S SILICON GENE RA L 
1•95 NATIONA L SEMICONDUCTOR 
1195 NAT IO NAL SEM IC ONOllCTOR 
1 ·9 5 NA T IONAL SEM I CONDUCTOR 
1•95 NATIONAL SEM I CONDUCTOR 
11 95 MO TOR OLA 
1• 95 MOTOROLA 
1195 ITT 
1•95 FAIRCHILD 
1 o95 ANALOG DEVICES 
1195 ADV ANCED MICRO OfVICES 
1195 ADV ANCED Ml CRO DEVICES 
lt9S ADVANCED MICRO DfVtCES 
1 •96 TEXAS INSTRUMfNTS 
l 1 98 RC A 
2100 RAYTHEON 
? 100 TELEDYNE SEMICON DUC TOR 
2 100 MOTO ROLA 
2100 ANALOG DEV I CES 
2 I 04 RC A 
2 1 08 SPR AG UE 
2 108 SPRAGUE 
2 1 20 NA TI ON AL SEMICONOtJCTOR 
2120 MO TOROLA 
2 • 20 PREC I SION MONOLITHICS 
2 1 22 RCA 
2•25 RAYTHEON 
2t2S NAT I ON AL SEMtCONOIJCTOR 
212S NATIONAL SEMJ CO NO IJC TOR 
2 • 2S MOTORO LA 
? . 25 MOTORO L A 
2 • 25 MOTOROLA 
2 12S f'AIRCHILO 
? 1 25 fA J RCHILO 
? 125 ANALOG DEVICES 
? · 25 AOV ANCED MICRO orv1CES 
2•28 RCa 
2•26 SPRAGUE 
2 • 28 SPRAGUE 
2130 RAYTHEON 
21JO TRANSTTRON 
2134 RCA 
2.35 SILICON GENERAL 
2'35 fAJRCHJLD 
2•40 RCA 
2 14 S NATI ONAL SEMJCONOtlCTOR 
?1'50 RAYTHEON 
2 • 50 RAYTHEON 
2 • SO •OTOROLA 
2150 MOTOROLA 
2 150 MOTORnLA 
1 • 50 MOTOROLA 
21SS INTERSIL 
2•S5 JNT ER SIL 
2 · 55 INHRSIL 
216 0 TRANSITRON 
2•71 SPRAG UE 
2171 SPRAGU E 
2 17 4 SPRAGUE 
2 1 74 SPRAGUE 
2 •7 5 TRANS I TRON 
2 • 75 MOTO ROLA 
2 • 75 MOTOROL A 
2 • 75 INTERSIL 
2o75 ANALOG DEVICES 
2 • 60 PR[CJSION MONOLJTHICS 
2180 PR[CtSION MONOLITH I CS 
2185 RCA 
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Four new linear 
integrated circuits 

worth talking about. 
Again. 

±l01tV/mo. 
<riiaX) 

Maybe you remem­
ber our ads which 
introduced some of 
our new integrated 
circuit's this year . 

Better yet, maybe 
you sent for our prod­
uct information and 
evaluation samples. 

A lot of people did 
because sales have 
been excellent. 

.4'11J==~!"9'::;:;::: And that's because 
everything we said about their 

performance was absolutely true . 
Our AD508. No one el se gives you this kind of long 

term drift performance. 
Our AD520. The 

world 's first and only 
l.C. instrumentation 
amplifier. A complete 
system all by itself. 

Our AD523 . It has 
the lowest bias current 
of all high perform­
ance l.C. operational 
amplifiers. 

Our AD830 dual 
monolithic FETS. 
Their performance is 
so revolutionary, we 
gave them a new name and came up with a new way to 
measure them . 

They're all worth talk­
ing about again so you ' ll 
get an idea of the kind of 
linear l.C.'s we make: 
multipliers, FET input 
op amps, high perform­
ance op amps, A/ D and 
DI A conversion compo­
nents, dual monolithic 
transistors . 

And so you'll know 
what to expect from us. 

0.25"' 
lb(max) 

We' ll be using innova-----~ 
tive FET, bipolar, and CMOS tech­
nology to give you the special and often unique 
performance you're looking for . At a reasonable price. 

0 .. lpA 
lgdualFET. 

It isn't going to be all 
that hard to do when 
you look at what we've 
already done . 

We enjoy the leader­
ship position in analog 
circuitry. 

We'd be happy to 
send you all the 
details on our four .. ~ ... 

~-~~W\f~ new integrated cir­
--~ cu its. As well as our 

Product Guide which 
shows the rest of our 

l.C. line and all the other things we make to solve more of 
your problems better than anyone else . 
AnalogDevices,lnc., Norwood , Mass.02062 (617)329-4700. 

r.ANALOG 
WDEVICES 
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We've just succeeded in putting together the 
world's largest, most complete source book of Linear ICs. 
A 2 ~ pound, 468-page testament to our in-depth design 
capabilities. Nearly double the size of our last linear catalog. 

It was only right that we should do this, since we've 
been building the best linear circuits for many years. 

We're still building them. Inf act, since the 
printing of our catalog last year, we've added 53 new 
circuits, 13 of them proprietary devices such as the new 
LM119 Precision High Speed Comparator, the new LM3900 
Quad Amp and the new LM380 Audio Power Amp. 

Even now, as we offer our new 468-page catalog 
to you, new linear devices are being designed by each of our 
three linear circuit design teams. Bright, eager groups 
headed by superstars like Bob Dobkin, Al Howard and Jim 
Solomon. (See if you can spot them in the picture to the 
left. Winners get a genuine imitation leather bookmark.) 

Your nearest National sales rep will be glad to put 
our new linear catalog into your hands, as well as data 
sheets for all linear devices designed since the catalog was 
printed. At the same time, ask him for a copy of our 304-page 
Linear Applications Handbook - a perfect companion to our 
Linear Catalog. 

So call your nearest sales rep today, or write on 
your letterhead to National Semiconductor Corporation, 
2900 Semiconductor Drive, Santa Clara, California 95051. 

Natlonal 
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MODEL H/ M BIAS 

RC 'I 7 41 
RC 747 1 

SG 425 0 CM H 
LM7 4 1H 

SSS3 0 8J 
SSSJ1 2J M 
T O A7~ 09 M 
cuss er M 

NS74 1 M 
S SS641 CP M 

A0 5 02 J 
7 41 J 

LM 20 1A 
A0 5 02 J H 

AU1 0 1A 
TOAL74 6 

UL N• 21 74 0 
UL N• 2 174 M 

l 30 J 
130 I M 

ULN•2 1 72 M 
ULN • 2172 0 

CA3 0 38 
CA3 0 1 6 

CA3 037 A 
SN5 2 1 0 1AL 

SG 425 0 CT 
SG 325 0 T 

LM31 0H 
LM425 0CH 

LM31 6 AH 
MC l 537L M 
MC l 709f 
ML HllO G 

LM1 0 1A M 
JI 0 

ll 6A 
ULS •21 S 7A 
ULS • 2157 K 

MUA7 7 6 C 
S N52S58 L 

13 39 • 0 I 
MCC l 436" 2 
ULN • 21 58G 
ULN• 21 56H M 
ULN • 2 I 730 M 
ULN • 2 1 71M 
ULN • 21 7 J H 
ULN • 2171 0 M 

1 ll 9 M 
TOA 1 741 
S S S 30 8Y 

HA2 I0 1• 2 
SSS3 1 2Y 

CA3 033 
CA3 0 47A 
SG2 0 1A M 
MC 1 5 ) 3G M 
MC 15J) L M 

nA 

soo . 00000 
500 . 000.00 

3 0 • 0 0 000 
I SOO • OO OOO 

1.soooo 
1·5 000 0 
2 . 00000 

80 . 00000 
e o . 00000 
4 S · 00000 

3. 00000 
5 0 100000 
75 100000 

s . 0 0 000 
30 100000 
60 I QQQQQ 

71 00000 
7 I Q QQQQ 

300 10000 0 
300 100000 

J O 1 0000 0 
J0 1UO OOO 

9 6 0 0 100000 
96 00 t 0000 0 
2500 • 00000 

751 00000 
30 . 00 0 00 
30 100000 

71 00000 
30 · 00000 

0 10 1] 00 U 
20 0 100000 
300 100000 

21 00000 
7 5 100000 

2 1000 0 0 
0 10 50 00 

) 5 10000 0 
JS • OOOO U 
5 0 . 000 0 0 

500 10000 0 
15 0 10000 0 

15 100 0 00 
1 0 . 00000 
7 0 . 00000 

7 1 0 0 0 00 
301 00000 

7. 000 0 0 
3 0 1 0000 0 
7 0 100000 
8 0 100000 

1. 5000 0 
S OO • OOOO O 

l 1 '5 0000 
70 . oooou 

100 . ooo ou 
75 100000 

5 00 100000 
50 0 100 00 0 
200 . 0 0 00 0 MC 1 741 Cf 

MC14 3 1G 
MC 14 30 P 

100 . 0000 0 
M S000 oU0 0 00 

MCl4 30G M ';OOO t OOO OO 
HA91 t • S M 750 10000 0 

ULN•2t78 0 M 0 • 8 0 0 0 0 
ULN • 2 1 76 M 0 1 6 0 0 00 
ULN-.2t76 D 4 • 00000 
UL N• 2176 M 4 10000 0 
ULN • 2 1 5 1H 70 100 0 00 
ULN • 2 1'51 G 70 100 00 0 

RM4 55 8T 20 01 0 000 0 
L M1 5 58 H 2 0 0 100000 

LM741 0 150 0 1 0 0 0 0 0 
MUNO ~ O l CJ M 4 0 • 000 0 0 
u L N· 2 1 39 H 2 s o . u o o o o 
ULN • 21J9G 2 50 100000 

CA3 00 8 A ?5o o . o o oou 
557 0 9 M 2 00 1000 00 

LM 7 4 1 CO M 200 100000 
MCC 1558 • 2 M 2 00 100000 

RM70 9A 2 00• 000 0 0 
SG7 • 8T SOO • OOOOO 

74t oE H so o . 00 0 00 
L M747 CH M 200 • 00000 
MC 1 74 1 G 20 0. 00000 

AM 1660 1 • 50000 
ULN · 2 t 'i7 G H 10 . u o oo u 
UL N· 2t '; 7H M 10.ooo ou 

CA3/ 4 7 T M 8 0 · 0 00 00 
SG l 2 1 7 CT H 5 0 0 100 0 00 

SG7 47 CT M ,00 100000 
sG 7 • 1 T so o . 00000 
L M316 0 Od '5 000 
LM3 1 0D 7 100000 

74 1 200 . uouoo 
7 4 e 120 . uo oo o 

HA2 2 0 tA• 4 ~ 7'>• 00000 
HA2 1 0 7 • ) M ~ 00 1 00 000 

MUA74 7C 500 10 0 0 00 
HUA 7 4 lA 500 • 00000 
MU A 7 48 A 5 00 • 00000 

LM1 0 1 5 0 0 1 0 00 00 
SSS 74 1GJ M 4 ~•0 0000 

7 4 1 M 8 0 10 0 0 0 0 
UL N• 2177M 0 • 8 0000 

CA6 7 4 1 T 80 10 00 00 
ULN • 2 177 0 M Oo8 0UOU 
UL N• 21 7 SM M 4 . oaOOU 
ULN • 2 1 75 0 41 UOOO O 

LM 3 0 1.H J0 100 0U O 
MC1741L 2ao . o au ou 

20 1A 30 • 00000 

54 

SLEW DRIFT COST MANUFACTURER 
V/ µI µV/°C S/100 

a. so 
0 1 5 0 
0 . 2 0 
a .so 
0 . 20 
0 .t 0 
0 . 5 0 
0 . s o 
a. so 
o . s o 
0 . 4 0 
~. oa 
0 15 0 
1 . 00 
0 . 5 0 
51 00 
0 '3 0 
0 . ) 0 
3 I 0 0 
31 00 
1. 5 0 
115 0 
710 0 
7. 00 
3. 00 
0 .s o 
0. 2 0 
012 0 

3 0 100 
t I 0 0 

o . 2s 
0 . 2 5 

3 0 1 0 0 
a.so 

30. 00 
0 . 20 
0 160 
0 160 
o. 7 0 
0 150 

H11 00 
2 . 00 
0 16 0 
0 160 
0 .J O 
l I 50 
Od O 
1 15 0 
0 . 6 0 
015 0 
0 .20 
0 . 5 0 
0. 10 
2 . 7 0 
3 1 0 0 
01 5 0 
2 . oo 
2 100 
a.ea 
1 . 00 
1. 0 0 
I , OO 
2 . 00 
0 . 20 
0 1 20 
1 . 5 0 
I 1 5 0 
0 . 6 0 
0 1 6 0 
0 150 
0 I 5 0 
o. 5 0 

15 10 0 
41? 0 
4 . 2 0 
J . oo 

a. so 
o . ao 
0 . 11 0 
0. so 
0 . so 
0 . so 
0 1 8 0 
0.2 0 
0 1 6 0 
0 . 6 0 
0 . s o 
0 1 SU 
0 . 5 0 
0 . 5 0 
0 . 20 

30 . 00 
0 . 5 0 
0 15 0 
o . s o 
0 . so 
0 . 50 
o . s o 
0 . s o 
0 15 0 
I, S O 
o . ~o 

0 • ? O 
0 . 5 0 
0 . 20 
I, S O 
t. 5 0 
0 150 
Od rn 
a . so 

6. 0 
6 00 
6 00 

s . o 
s . o 
6. 0 
2 . 0 

5 , 0 
4 0 10 
s , o 
3. 0 

1 S . o 
3 . 0 

15 , 0 
15 . o 

s . o 
5, 0 

1 5 . 0 
ts . a 

3 , s 
3, s 
I , 2 
3 . 0 
6 . 0 

1 6. 0 
I 0 • 0 
10 . o 

3, 0 
3 . 0 
6 . o 
3, 0 

10. 0 
1 0 . 0 
15 . o 
1 5 10 

3. 0 
1. 0 
5. 0 

IS , 0 
t 5 . o 
151 0 
15 1 0 
15 . o 
15. a 

6 . 0 

s . o 
J, O 
S.0 
60 6 
6 . 6 

15 . o 
e , o 
8 . o 
3 . 0 

1 0 . 0 
l 5 . 0 
1 S . o 
15. 0 
1sI 0 
1 5 . 0 
I S , O 

J. ' 

.. ' 
t s . a 
15 . o 

I ' ? 
6 00 

3. 0 
7 . 0 

t 0 . 0 

) • 0 
I 0 , O 
1 s . o 
1s . o 

2 . 0 
i o .o 
I O, 0 

1 . 0 
4 0 . o 
I 0 , 0 

6 00 
3 , 0 
3 , 0 
3 . 0 
1 , 0 
1. 0 
1 . 0 
) • 0 
• • 5 
s . 0 

I S , 0 
2 . 0 

IS , 0 
1 5 , 0 
1 5 . 0 
J O, 0 

3 . 0 
J . O 

2 • 9 0 RAY THE ON 
2 19 0 RA YTHEON 
2•9 5 S ILIC ON GENER AL 
? 19 5 NATI ONAL SEMI CO NDUC TOR 
2•95 PHEC J S I ON MON OLITH I CS 
21 95 PREC I S I ON MO NOLI TH I CS 
3 100 TRAN S ITR ON 
3 • 00 RCA 
3 , 00 SI GNET!CS 
3o0 0 PRrCI SI ON MON OL! TMI CS 
31 00 INTE RS I L 
3 o00 INTER S IL 
) 100 fAJR CH ILD 
3• 00 AN•LOG DE VI CE S 
3 • 0 0 ANAL OG DE V I CES 
3tl 0 TRANSJT RON 
3.t O SPRAG UE 
311 0 SPRAG UE 
3• 10 TELEDYNE PHILBRI CK 
J.t O TELED YNE PHILBR ICK 
3.t O SP RAGUE 
3.t O SP RAG UE 
3'1 2 RCA 
J.t 2 RC • 
3tl 2 RCA 
3.t4 TEXAS IN STRUM ENTS 
31 2 S SIL I CON GE NERA L 
3 • 2 5 SILIC ON GEN ERAL 
3 • 25 NATI ONAL SEMICON DUCTOR 
312S NATJOIOL SEM IC ONOllC TOR 
3, 25 NATI ON AL SEM I CO NDUCTOR 
3 • 2S MOTOR OLA 
3 • 2 S MOTOfl'OlA 
31 25 MOTOROLA 
l • 2S fAIRCHJLO 
3 • 2S ADVANCED MI CRO OfV I CES 
3 1 25 AD VANCED MI CRO DEVICE S 
3126 SPR AGU E 
3•2 6 SPRA GU E 
3 • 28 fAJ RCH tLD 
3'31 TEXAS INST RU MENTS 
3'3S TELEDYNE PM J LR R IC K 
3 1 4 0 MOTOR OLA 
3143 SPRAGUE 
3 , 43 SPRAGUE 
3 ,44 SP RAGUE 
3144 SPRAGUE 

3 1 4 4 SPR AGUE 
31 4 4 SPR AGUE 
3 , 4 5 TELEDYNE PHIL BRI CK 
3 145 TRANSITR ON 
3 • 4S P RE CISI ON MON OL! THI CS 
3 , 4 5 HARRIS 
31 4 5 PR EC I S I ON MON OL ll HICS 
3 • 4 d RC A 
3 • 4 6 RC A 
31 50 S IL I CON GE NERA L 
3•5 0 MOTOR OLA 
3 , 5 0 MOTO ROLA 
3 150 MOT OROLA 
3 , 50 MOTO ROLA 
J , S O MOTO ROLA 
3 1SO MOTO ROLA 
3• 50 HARRIS 
3 • S 7 SPRA GU E 
3 15 7 SPRAGUE 
3,5 7 SPRA GU E 
3 , 5 7 S ~ R A GU E 

3•5 9 SPRAG UE 
3•S 9 SPRA GU E 
3 160 RAYTH EON 
3 • 65 NATI ON AL SE MI CONOtlC TOR 
3165 NATI ONA L SE MJ CONOll CTOA 
316 5 PHf C J S I ON MONOLJ THJCS 
3 068 SPR AGUE 
3 • 68 SPR • GUE 
3 • 7 2 RC A 

3o 7S S I GNE T ICS 
3, 75 NATI ON AL SEM I CO NDUC TOR 
31 7S MOTOROLA 
) . 75 RAYTH EON 
3 180 S I L I CON GE NERA L 
3•9 0 TEL r OY NE SE MICOND UCTOR 
3 19 0 NATIONAL SEMJ CO NO!J CTOk 
3 • 9 0 MOTORO LA 
3 • 9 0 AOVANCEO MI CRO DfV ICE S 
3 , 93 SPRA GU E 
J ,9 J SPR AGUE 
.l • 95 RC A 
3 , 95 S I L ICON GENERAL 
3,9 5 Sil I CON GENERAL 
3•9!> Sil I CON GENER AL 
3 195 NATION AL SEM J CON OllCT OR 
3•95 NATI ONAL SEMICON OUC TOH 
3 19') JN TERSIL 
3 o9S J NTER S J L 
3 • 95 HARRIS 
3 • 9S HAR RIS 
3 , 9 5 fAJR CHIL D 
3 • 95 f A JRCHILD 
3 095 f A I RCH I L O 
3 • 95 f AJR CHILD 
3 . 95 PHfC TS I ON MONOLlT Hl CS 
3 19 5 ADV ANC ED MI CRO DEVI CES 
3 19 6 SPR AGUE 
3 1 96 RC A 
3 196 SPR AGUE 
3 • 96 SP RAGUE 
3 196 SPR AGUE 
4o OU NAT I ON AL SEM I CONDUC TOR 
41 00 MOTOROLA 
4 100 I NTE RSIL 

MODEL H/M BIAS 

;;iO I M 
7 47 C H 

A0 '.>12 K H 
SSS710 Ct-' H 

HA t> HllPi '"' 2 M 
RC4132 " M 

UL S• 2 158H M 

ULS • 2 156\J M 
~C 4 5 31 D N 

RC 4 531 T 
CA30 60A U M 

C'3 0 38A 
SG 7 41 0 

MCS 1741f" M 
MCB 1748f M 

LM7 4 1 f M 
RC l08T 

UL N• 2 1'i6 0 
UL N• 21S 6 M 

SG 7 4 7CO 
MC 1 741f 
MC 14 36G M 
MC 14 31 f M 
MC 1 4 30 f 

_MC1747 CL 
30 8 M 

1 1 SA 
1424 

ULS • 2 151 H M 
ULS • 2 15 1G M 

SN52747 J M 
UL S• 2 13 9H H 

UL S• 213 9 G 
J OS 1/ 0 I 

ULN • 2 t 'i'l' O M 
ULN • 2 t 59M 

CA 30 l 6 A 
TOA3 16 H 
L 14 4CJ 
T OA2 0 7 

TO A2 10 A M 
y JO O M 

A0 5 4 0J H 
SG2 0 1 AT M 

ULN • 2 1 74G M 
SG207T M 

ULN • 2174 H 
ULN • 21 72H 
ULN• 2172 G 

L M316H 
LM20 1A H M 
L M) l 6AO 

MONOP Ot CP 
MLM2 0 U G 

MLM2 07G 
RC413 2 T 

s ss&41 GJ 
SS S741GP 

MUH I SC 
MUA7 49A 

3S O I A 
3S OO A 

3 18 
20 I A 

207 
7 1 SC M 

LH00 4 2CH H 
350 3 A H 
7 09 AE M 

MC1 558 G M 
MC I SS8L 

RMI 471 
RM 4 7 4 1 

RM 4 1 31T 
MI C70 9A M 

10 I 
10 I A 

8007C M 
S574 1 M 

SSS20 !A J 
SS6207J 
I J 1 9 • 0 I 

?0 2 
210 

SSS7 41 BJ M 
ULS• 2 1 S 7 G 
ULS• 2 1 57H 

TOA 7 7 4 1 M 
TOA774 8 

130 0 
MC 1 7 t 2 G 
MC I 7 1 2 L 
RC 41 320 M 

ULN • 2 t71 G M 
ULN • 2 1 71 H 
ULN• 2 t73 H 
ULN '"'21 7 3G 

HA22 0 7 '"' 4 M 
UL N• 2 1 76H M 
UL N• 2 1 7d G M 
UL N• 2 1 76G M 
ULN • 2176 H M 

LM7 47 H M 
SSS747 GK 

SS Sl 5S8 
SG225 0 1 
MC 14 J Sf 

1 1 4A 
8 0 2 2C 

MC I 7 I 2f 
I 33Y • O? 

8 00 8 C 

nA 

2 ') 0 100 000 

~ 0 . 00 00 0 
4 0 . 0 00 00 
45 , 00 000 
1 s . o oo oo 
1 0 . 000 00 
35.0000 0 
3s . ooo oo 

400 . u ouo o 
4 001 0 0 000 

1 s o o . o ooo o 
4 100 10000 0 

50 0 . 0 0 000 
2 00 10 00 00 

ao . 0 0000 
1500 00000 0 

1 . 0 0000 
1 s . ooo oo 
15 100000 

0 00 . 000 00 
lQ 0 . 0 000 0 

1s . ooo oo 
100 . 0000 0 

s u oo . 0 000 0 
8 0 • 00 000 

1 · '>0000 
2 0 . 0 0000 

0 · 0 5 0 00 
35 . 0000 0 
35.0000 0 

s oo . 00 0 00 
1so. uo o ou 
l So . 0000 0 
200 . oo oou 

1 0 . 000 0 0 
1 0 . 0000 0 

4 70 0 . ooo ou 
6 0 0 100 0 00 
12'.> . uoo oo 

) 0 10000 0 
30 . 00 0 00 

0.00200 
75 , 0000 0 

1 . 0 00 0 0 
1s. ooooo 

1 . 00 0 00 
30 10000 0 
30 I 0 000 0 

200 1000 0 0 
20 . 0 00 0 0 

0 . 0 5 000 
40 • 00 0 00 
30. 0 0 000 
)01 00000 
1 0 . 00000 
4 S • 0 00 00 
45 • 0 0 0 00 

1500 10 0 0 00 
150 . 0 00 0 0 

s . 000 00 
1 0 1 0 0 000 

150 . 0 0 000 
30 1 0 0 00 0 
30 . 0000 0 

4 00 1 0 0 000 
0 . 0 1000 
o . oosoo 

2 00 . 00000 
200 • 00000 
20 0 . 00000 
soo . 00000 
500 • 0 0 000 

3 0 • 000 0 0 
100 . 000 0 0 
120 . 00 0 0 0 

30 ' 0 0 00 0 
0.000 5 0 

8 0 1 0 0 00 0 
5 0 1000 00 
5 0 100000 
30 · 00000 

1 . 000 0 0 
1 . 00000 

30 · 0 0 0 0 0 
JS , 0 000 0 
3S • 0000 0 
10 . 0 00 00 
101 0 000 0 

30 0 .00000 
250 0 100 0 0 0 
2sou.oooo o 

101 0 000 0 
JU• 000 00 
1 0 . 000 00 

7 1000UO 
7 10000 0 

1s.oooo u 
4 • 0 00 00 
o . sooo o 
4 . 00 0 00 
0 · 8 0 000 

1500 10 00 0 U 
4'.> oUOO OO 
4 0 . 0 00 00 
1 0 . 0000 0 

1200 . 000 00 
20 . 0 00 00 
30 . 0 0000 

2so o . oooo o 
15 0 • 000 00 

5 . 00000 

SLEW DRIFT COST MANUFACTURER 
V/ µI µV/ °C $1/100 

o . s o 
0 14 0 
0 I o; o 
0 I 70 
0 . 50 
0 . 13 
0 I 6 0 
Ot6 0 

JS 100 
35 100 

8 1 0 0 
7 . 00 
0 1 5 0 
o .trn 
0 . 80 
a.so 
0. 30 
2 .s o 
2 15 0 
0 . 5 0 
o. ao 
2 . 0 0 
I• 0 0 
I . DO 
a. so 
0 .30 

6 . 0 0 
0 . 6 0 
0 . 6 0 
a . so 
4 I 20 
4 . 20 
I, 2 0 

25 100 
2 s . o o 

7 . 00 
)0 100 

0 1 4 0 

J Q,0 0 
6. 00 
0 • SU 
a I 30 
0 150 
0 .30 
115 0 
l. 5 0 

50 . 00 
0 . s o 

15 100 
10 . 00 

0 t1 3 
a.so 
l. so 

l 81 00 
ltS O 
0 120 
1 . 0 0 

6 0100 
o. so 
0 15 0 

20 . 00 
3. 00 
s . 00 
0 .3 0 
o . e o 
o. e o 
a. so 
a. so 
2 . 5 0 
0 . 40 
0. 50 
a. so 
6 100 
a. so 
0 • .11 0 
0 . 4 0 
0 160 

t . 50 
0 06 0 
Q I 6 0 
I 1 0 0 

10 . 00 
J. 00 
l t SU 
1 . s o 
0 ti 3 
1 . 5 0 
l 15 0 
0 .3 0 
0 .3 0 
0 • SU 
1 . 5 0 
0.1 0 
I• 5 0 
0 . 2 0 
0 . 5 0 
0. 10 
t I 5 0 
0 . 2 0 
0 . 61 

0 . 20 
I, S O 

34 100 
0 . 5 0 

6 . 0 
t 0 .o 
20 . 0 

4. 5 
J . 0 
s , o 

I S , 0 
15 . 0 

5 , o 
5, 0 
I .t 
I , 2 
1 . 0 
3 . o 
3 . 0 

30 . 0 
15 . 0 
1 5 . o 
1 0 . 0 

3 , 0 

3 , 0 
6 00 
2 . 0 

7") I Q 

I ' . 0 
1 5 . 0 

1 . 0 
15 . O 
15. 0 
1s . o 
t s. a 
ts . a 

I , 2 

3 , 0 
3 , 0 
3 . 0 

5 0 . o 
30 I 0 
1s . o 
l S . 0 
l 'i . o 
is .a 
i s . a 
IS , o 

1 . 0 
, , o 

4,5 
3, 0 
J . O 
5 . o 
s . o 
4 , 5 
6. 0 
3 ,0 

1 0 . 0 
10 . 0 
t 0 I 0 

s . o 
s . o 
6. 0 

10 . 0 
30 . 0 
10 . 0 

6 . 0 
60 0 
3 , 5 
2 . 0 
3 , 0 
3 . o 

20 1 0 

s . o 
5 , 0 
3 , 0 

ts. a 
I 0 , 0 

• •S 
1 5 , 0 
1 ') . 0 

s . o 
2 . s 
2 . s 
5 , 0 

1 5 . 0 
t s . a 
t s . 0 
1s.o 

3 . 0 
1'5. 0 
1 5 . 0 
15. 0 
1s. o 

• • 5 
s . o 
4 . 0 
3 , 0 
2 . 0 

1 5 . 0 
2 .5 
5, 0 

IS , 0 

4 100 I NTf RSIL 
41 0U ADV ANCE D MI CRO Of VJCES 
4• 00 ANAL OG DE VICES 
41 0 5 PRfCISION MONO L ITHI CS 
4 o0 / HARR I S 
4o1 2 RAYTHE ON 
4ol 3 SP RAG UE 
41 1 3 SPR AGUE 
4 .1 ) HAYTHEON 
4'1 3 RA YTHEON 
4 • 2 0 RC A 
412 0 RCA 
4o2 0 S I ! I CO N GENERAL 
4 o25 MOTOROLA 
4 • 2 5 MOTOR OLA 
4o 45 NAT I ON AL S[M J CONO llC TOR 

4o 4 5 RAY THE ON 
4 , 4 7 SP R AG UE 
4 , 47 SfJ RAGUE 
4 1'>0 S ILI CO N GEN ER AL 
4 15 0 MOTOR OLA 
4 , SQ MOTOROLA 
4 o5 0 MOT ORO L A 
4 o5 0 MOTOROLA 
4 · 5 0 MOTOR OLA 
4oS O JNTERSTL 
4 o5 0 I NT£R S I L 
4 o5 U TEL ED YN E PH I LB RI CK 
41 56 SPR AGUE 
41S6 SPR AGUE 
4 1 S8 TfX AS IN STRUM ENT S 
41 6 0 SPRA GUE 
4 • 6 0 SPR AGUE 
4 I 7 0 t! UR R• BRO HN 
4 • 74 SPR AGUE 
4 • 74 SPRAGU E 
4, 75 AC A 
4 185 TRANSITR ON 
4 19 0 S I L I CO NIX 
4 1 9 0 TRA NStTRO N 
4 t 9 0 TR ANS IT RON 
4o9 0 OPTIC AL EL[ CTR ON I CS 
41 90 ANAL OG DEV I CES 
4 1 9 5 SIL I CON GENE RAL 
419 5 SP RAGUE 
4,9 5 S I L I CON GE NERAL 
4 1 9 5 SPRAGUE 
419 5 SPRAGUE 
4 19 5 SPR AGUE 
4o9 5 NA T I ONA L SEMICONO l lC TOR 
4 1 9 5 NATI ONA L SEM J CONO llC TOR 
4, 95 NATi fJ NAL SElol J C O N O tJ CTO~ 
4 19 5 PREC I S I ON MONOL I THJ CS 
4 , 9 5 MOTOR OL A 
4, 95 MO TOR OLA 
4 t 9 5 R AY THEO N 
4 • 9 5 PRfCI SI ON MONOL tT Mt CS 
419 S PR EC I S I ON MONOL ITl-!J CS 
4o 9 S f AIR CHJLO 
41 95 f A JRC HIL O 
4 19 5 BURR - BROWN 
4•9 5 BU RA • BRO WN 
41 95 ADVAN CED MI CR O DE V ICES 
4 • 9 5 AOV AN CE O MI CR O DEV I CES 
4,9 5 ADVANCE D MI CRO DfVICE S 
4,9 5 AOV AN CE O MI CR O DEV I CES 
4 19 5 NA TI ONAL SEMICONDUCTOR 
4 195 BUR R"' BROHN 
5 • 0 0 T£L COYNE SEMt CON Dl l CTOR 
510 0 MOTO ROLA 
5t 0 0 MOTO ROLA 
5 • 00 RAYTHE ON 
5 1 0 0 RAYTHE ON 
o; . oo R A Y T ~[ON 

5 • 00 ITT 
'; 10 0 IN T[RSIL 
5 • 0 0 lN TERSIL 
51 00 I NTERS I L 
510 0 S I GNE T ICS 
5 105 PRf C J S I ON MONOLI TH JCS 
5o 05 PRECISI ON MONOI ITHJ CS 
5 '1 0 TE L ED YN E PHIL B RI CK 
5 ,1 0 INTERSIL 
s.t o I NTERSIL 
o; .1 0 PRfC J SI ON MO NOLJTHI CS 
5 11 1 SPR AGUE 
5 1 1 1 SP RAGUE 
'i 1 20 TRANSI TRON 
5 1 20 TR AN S ITR ON 
5 1 2 0 TCL[DYN E PHIL BRI CK 
5 • 2 5 MOTOR OLA 
5 1 2S MOTOR OL A 
°!1 • 2 5 RAY THEON 
5 • 2 'll SP RAGUE 
5 129 SP RAGUE 
5 • 29 SPR • GUl 
S • 29 SPR AGUE 
5 14 0 HARRIS 
') o4 2 SP RAGUE 
S • 42 SPRAG UE 
5 1 42 SPR AGUf 
5 1 4 2 SPR AGUE 
S o4 j NA TI ONAL SEMJ CONOUC TOR 
') 1 4 5 PRfC JSI ON MONO L IT H I CS 
S 1 4S PRf CTS I ON MONOL ITHJCS 
5 1 5 0 S I L I CO N GE NERA L 
C'i1'i O MOTOROL A 
5 t 5 0 I NT [RSIL 
-; . s o IPH [~SIL 

5 , 7 0 MOTOROLA 
S 1 75 TE L EDY NE PHIL RAJC I( 
5 • 8 0 I NTER S J L 
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MODEL H/M BIAS 

ULN•2177 H M 
ULN • 2175G M 
ULN • 2175H M 
ULN•21 77G M 

SG777T 
RM 1 0 I T 

C A ) U))A M 
TOA27 25 M 
MC 1 433f M 

CA3 076AI 
SG I 01 I 

LM725CH M 
LM1 0 1H M 
LM31 6D 

LM201.H 
LM2tJtAl> H 

LM20 7 D 
HA26os · s 
HA2 6 25 " 2 

MUA777A M 
CA3060U M 

I 0 I 
TUA 1458 
TO A I 717 

LM210H 
RM4131D M 
MLM 2 1UG M 

MCC 1536"2 
9 314 

I OlA•LN M 
A0502K M 

7 41 K 
A05 02KH 

A0741l 
21 0 
202 M 

LH0 002C 
AD512S 

ULN • 2156H M 
ULN• 215 6 G 

NE533 V 
MC1520ti M 

NE536T 
14 2 1 

NE5 31 V 
NE531 T 

"40NQ PO 1 HJ 
RC725 T 

SSS725CJ 
M0NQP08CJ M 
MUNOPOtGJ M 

sss1 ;1 GL " 
SSS6•1GP 

NE53JT 
sss201 AP 
SSS741BP 

SS S207P 
LM 2 t6 H 
LM lO I D M 

HA2705 " 5 M 
3 0 53 /01 

216 
MDNDP05CJ 

AD507J 
601 TC 
•25o c 

MUA 702 A 
A0206 

ADJ 0 8 ; 
14 2< 

L Hll 00 5C 
RM 116 T 

CAJll60BD 
SN 521 0 7L 

2515 
2525 
2505 

ULS•21 7•D 
ULS • 217•M 

132' 
LH2 0 1H 
RM! 0 1 A 
NE5J7T 

HA909 " 2 
HA25 05 " 5 
HA2515"5 
HA2525" 5 M 

MUA725Q 
LM2 0 1H 

725C 
SSS747H• 

AD5 I JJ 
ULS•217 2D 
ULS•217 2M 

TDA27• 0 M 
TOA I 07 

TD A1 0 1A 
RMlO TT 

LM101AH M 
LMIOlf M 

SGJ116AI 
SSSJ06AJ 
MLM1 0 1AG 

MLM107 G M 
SGJ 06AI M 

SG I OTT 
101 A 
306A 

107 M 
SN723 08AL M 

l 321 M 
MC 153Jf M 

nA 

0 060000 
4.00000 
40 00000 
0 060000 

75.00000 
l'.>00 1UQOOO 

100 . 00000 
112 . oooou 

500 000000 
7. 00000 

soo . oouou 
125•00000 

t soo . uaooo 
6 00 100000 

20 000000 
20 000000 

25 0 00000 
25 000000 
rs . oouoo 

2500 000000 
1 20 000000 
eo . oooou 
80oU0000 
- lo OOOOO 

3 0 00 0 0 00 
10 00000 

~.00000 
soo.00000 

60 0 00000 
3000000 

so . 00000 
2.00000 

30 0 00000 
1. 00000 
J . 00000 

500 0 00000 
40000000 
15 000000 
15 000000 

5 • 00000 
aoo.uoooo 

u oo1000 
0 . 0 15 00 

q oo . 00000 
4 00 • U0000 

160 00000 
75. ooooo 
4 0 • 00000 

0 d 7 000 
4 0 • 00000 
45• 00000 
;5 000000 

5000000 

50' 00000 
) 0 • 00000 
5 0 . 00000 

0 d 5000 
1500 000000 

•OoOOOOO 
200 . 00000 

0 d 5000 
1·80000 

1510 0000 
so.oouoo 

T ooooou 

suoo . 00000 
0 •80 00 0 
2 . 00000 
0 . 0 500 0 

20 0 00000 
0 ol 50 00 

2 soooooooo 
75,00000 

12 5•0000 0 
125• 00000 
125 000000 

1· 50000 
1150000 

300 . 00000 
500 000000 

75000000 
1. 5aoao 

lOO oOOOOO 
250100000 
250 . ooaao 
250 . oaaao 
17s . ooooa 
250 00 0000 

50 • 00000 
JOoOOOOO 

o .01aoa 
6 oU 0000 
6000000 
a t1 0000 

)0 10oooa 
)0. 00000 

100 0 00000 
laa.0000 0 

15a01000 00 
70 00000 
l. 5aOOO 

30 I OQOQO 
300 00000 

7 100000 
75 000000 
30. oaooo 

1 • 50000 
3a10000 0 

1 050000 
5.0000 0 

50U 1uoaoo 

SLEW DRIFT COST MANUFACTURER 
Vlµo µ V/° C $/100 

O o20 
l. s a 
1. 5 0 
0 0 20 
a . so 
a .5 0 
J 0 00 

0 . 80 
0 . 02 
O o5 0 

0 . 5 0 
50 . au 

O o 5 0 
O o5 0 
O o5 0 
4, 00 

20 oOO 
O o5 0 
6 oOO 
0 0 50 
a .so 
a I 50 

30 0 00 
?o50 

30 0 00 
2.00 

3 0 000 
0 . 40 
0 . 40 
4 . oa 
1,00 
a .so 

30 oOO 
20.aa 

16 0 , aU 
a . so 
2150 
7 t 5 0 
0 . 03 
5,00 
6. oo 
5 . oo 

3510a 
35 100 
151 aO 

0 . o1 
0 ' 0 l 

15 1aO 
l I SQ 
0 150 
0 0 03 
0140 
t. 50 
0 . 40 

a .so 
1a' 00 

11 20 
0.2 0 
0. 25 

35 , 00 
1 la . oo 

0 .16 
) 's a 
a. ) 0 
0. )0 
8.o o 
0 . )a 

e.o o 
0 15 0 

4 0 10 0 
801 00 
20 I 00 

Ot30 
0 t3 0 

25 100 
0 0 5 0 
a .s o 
o .2a 
2 .ao 

20 .0 0 
40 100 
80 .0 0 

s . oo 
01 4 0 
0.01 
O o7 0 

4010 0 
t. 5 0 
Io 50 
6ea a 

0 150 
a.so 
a. 50 
O t 25 
0 120 

10 . aa 

a I 25 
0 0 50 
a.so 
0 . 20 
0' 50 
0' 7S 

35 I aa 
2 . 00 

15 0 0 
ts.a 
1 5 0 0 
1 5 0 0 

3 0 0 
6 00 
6 0 6 
2.0 

10 0 0 
600 
J 0 0 
1 00 
5 o 0 

4010 
5 o 0 
5 o0 

1S.0 
5 oO 
5 o0 
J 0 0 
1 ol 
5 o 0 

6 00 
3o5 
6 00 

I 0 • O 
25 o 0 
4 0 10 

5 o 0 
T oO 
100 

t o . a 
lOo O 
33 0 0 
;>5 oO 
1S1 0 
1 5 0 0 

6 0 0 
2o0 

20 . a 
20 .o 

60 0 
6 0 0 
2 oO 
3 o5 
1 0. 
3o0 
• 0 5 
• 0 5 
5 0 0 
o. o 
5 o0 
•o5 
5 o0 

5 o0 
5 o0 

15 I 0 
30.0 

0 0. 
15 I 0 
1a 10 

5 o 0 

10 10 
J 0 0 
3o0 

so.a 
20o0 

1 ol 
loO 

30 10 
:10 I Q 

20 10 
ts.a 
ts.a 
)0 .o 

600 
600 
600 

10 .o 
20 10 
20 o 0 
20.a 

Oo5 
60 0 
105 
•o5 

3010 
t 5. a 
ts.a 

3o0 
J. 0 

30 10 
15o0 

5 o0 
5 , 0 
100 
J 0 0 
3 oO 
5 o0 

15 0 0 
5o0 
5o0 
5 o0 

I 0 o 0 
Jo oo 

600 

5 0 61 
5 0 61 
5 . 81 
".> .fH 
5165 
5 ' 65 
5 0 66 
5 0 90 
5 o9 0 
'}I 94 
5 ,9 5 
5,9 5 
5 . 9S 
5 0 95 
5 0 95 
5o95 
5 o95 
5 I 95 
5 0 95 
5o95 
5 o95 
5 I 95 
6000 
6 000 
6 I ao 
600 0 
6 0 00 
6000 
6 0 00 
6 • OU 
6 0 00 
6 . ao 
60 00 
6.ao 
6 000 
6 . oo 
6' 00 
6 000 
6d2 
6 ol 2 
6 I 35 
605 0 
6050 

6' 5 0 
6t50 
6 I SQ 
6 I 60 
6' 7~ 
6 . 75 
6. 75 
6 0 60 
6 160 
6 065 
6•65 
6t6S 
6185 
6 185 
6095 
6095 
6•95 
6 0 95 
6•9 5 
6t9 5 
6 195 
7t 00 
7. 00 
7t 00 
7. 00 
71 00 
7 . ao 
1. 00 
7 tl 0 
7 I 15 
7 o 20 
7 0 35 
7 1 35 
7, 35 
7. 411 
7. 44 
7150 
7. 50 
7 I 50 
7. 50 
7. so 
7 0 50 
7o50 
7 0 50 
7o50 
7o50 

7' 50 
7,5a 
7150 
7. 74 
7 I 74 
7. 85 
7 . 9 0 
7,9 a 
7 ,9 3 
7 19S 
7, 95 
7 , 95 
7' 95 
7o95 
7 , 95 
7. 95 
7 . 95 
7 . 9S 
7 0 95 
7. 95 
7. 96 
ft. 00 
8. 00 

SPR AGUE 
SP I-I AGUE 
SPR AGUE 
SPR AGU( 
Sit IC ON G(NERAL 
RAYTHfON 
RC A 
TRANS ITR ON 
MOTOROLA 
kC• 
SI L I CON GENERAL 
NATIONAL SEMICONDUCTOR 
NATIONAL SEMICONDUC TOR 
NA Tl ONA L SEMI CONOUC TO H 
NAT I ON AL SEMICONO\JCTOR 
NATIONAL SEMICONDUC TOR 
NAT I ONAL SEMIC OND l lCTOR 
HARR IS 
HAR R JS 
FAIRCHILD 
RC A 

ADVANCE D MICRO DEVICES 
TRANS I TRON 
TRAN S ITRON 
NATI ONA L SEMTCONO!JCTO R 
RAYTH EON 
MOTOROLA 
MOTOROLA 
OP TI CAL ELECTRONICS 
!NTERS!L 
I NTfRS!L 
! NTERS !L 
ANALOG DEVICES 
ANALOG DEV lCES 
ADVANCE D MIC RO DfV IC ES 
AOV AN CEO MICRO DEVICES 
NAT l ONAL SEM TC ONDUCIOR 
ANALOG DEVICES 
SPR AG UE 
SPR AGUE 
S l GNET l CS 
MOTOR OLA 
S l GNET l CS 
Tf.LEOYNE PHILRRJCI( 
S l GNE Tl CS 
S l GN rT l CS 
PRfCISION MON OLITHICS 
RAYTHEON 
PRfCJSJ ON MONOLITH I CS 
PRECIS I ON MONOL!TH!CS 
fJRfCISION MON OLITHICS 
PRfCISION MONO L ITHICS 
PRf.C I SION MONOLITl-itCS 
S!GNETICS 
PRfC ! S!DN MDNOL!TH!CS 
PRfCJSION MONOLITMICS 
PH[CJ SION MONOLI TH I CS 
NATIONAL SEM IC ONDUC TO R 
NATIONAL SEMICONDUCTOR 
HARRIS 
BUR R• BROWN 
AD VAN CED MICRO DEVICES 
PRECISION MONOL! TH! CS 
ANAL OG DEV!C f S 
!NTER S! L 
!NTERS!L 

fATRCH!LD 
ANAL OG DEVICES 
ANALOG DEV I CES 
TELEDYNE PH!LBR!C• 
NATIONAL SEM I CONDUC TOR 
RAYTHE ON 
RCA 
TEXAS INSTRUMEN T S 
!NTERS!L 
!NT£RS!L 
!NTERS!L 
SPRAGUE 
SPRAG UE 
TELEDYNE PHILRR!C. 
N AT IONAL SEM ICON DUC TOR 
RAYT HEO N 
S!GN[l!C S 
HARR IS 
HARRIS 
HARR I S 
HARR IS 
fA!RCH!LD 
S !L! CONIX 
ADV AN CED MICRO DEVICES 
PRECISION MONDL!TH!CS 
ANALOG DEVICES 
SPRAGUE 
SPR AGUE 
TRANS ITRON 

TRA NSi TRON 
TR ANS ITRON 
RAYTHEON 
NAT I ONAL SEMI CONOUC TOR 
NATIONAL S[MJCONOIJCTOR 
S I LICON GENERAL 
PRECISION MDNOL!TH!CS 
MOTOROLA 
MOTOROLA 
S I LICON GENlRAL 
SI LI CON GENERAL 
AD V ANCED MICRO DEVICES 
AOV ANCE O MICRO DEV I CES 
ADVA NCED MICRO DEVICES 
TEXAS I NSTtWMEN T S 
HLEDYNE PH I LBRICK 
MOTOROLA 

MODEL H/M BIAS 

MC1520F M 
?06 

J 0 6A 
3056/0 1 M 

350 1 8 H 
3500H 

1413 
1421• 01 

RC 116 T M 
RC 1 1 6 I 
L I 44CL 
ll 4 4CP 
A050 4J 

MC 153UG 
MC 15 31 G 
MC1535 G M 

10? M 
11 0 M 

SG 12SOT M 
14 22 - 01 

LHa041CH G 
ULS • 2 173M M 
UL N• 2173U M 

ULS•2171M 
ULS • 7 171 0 

LH•250 H 
SSSl:l 41 GL 

SG 4 2SOT M 
L l 40CA M 

MUA 7 76A 
ULS • <l 76U 
UL S " 2 17 6H 
ULS • <l76 0 
ULS• 2 176M 

LM2160 M 
LM2 12H M 

LM101A D 
SG2 1 l l:I T 

SG206 1 
M0NOP01HP 

SS S206J M 
HA2602 • 2 
HA2622 • 2 
tH 2 1U7""2 M 

SSS212J 
?1 2 
708 M 

206 A 
TOA 77 4 7 

SSS725CP M 
MON QP06CP 

SSS20 1A L 
SSS207L M 

SSS741BL 
LH74 aAC 

ADS 1 31< 
TO A. 3748 M 
TO A374 1 M 

1 323 
MUNOPO 1 GP 

HA.7704 • 4 M 
MUNOP05C Y 

3227103 
AD506J H 
AD516J 

UL S• 2 174H 
UL S 0 2172H 
ULS• 2172G 
UL S"" 217 4G 

14 26 
11 T M 

ULS • 21770 M 
ULS • 2 175U 
ULS • 2t77M 
ULS • 217SM M 

AD50l M 
3500R 
35 01 R 

TOA7709 M 
LM 10 1.Af 

LM 2 12 D 
SSS212L M 
SS S212'f M 

SSSl06AY M 
SS 6 206L M 

SS S206Y M 
SG747T M 

MUA74 0C 
MUA747A 

74 7 
216A M 

LH0 0'2H 
LHll022C 

LM 11 OH 
SE53JT 

MC153 0f 
MC1 53 1f M 
MC 1 535f 
RM4132T 

9 302 
8021 M 

AD505J 
350 IC 
3500C M 

AD5 02LH M 
AD5 05J 

A05 0?SH 
11 0 M 

I 322 M 
lil406 

3 503R 
35 038 H 

nA 

doo . uoooo 
0 180000 
1.50000 

200 100000 
5 000000 

10 . 00000 
2 . 00000 
O• U l OOO 
O• Ut500 

600 · 00000 
175 • 00000 
125 100000 

5 0 . oooou 
3000 . 00000 

25 . 00000 
1200 100000 

3 . 00000 
l. 00000 

10 . uooou 
0 . 01500 

50 000000 
Io 5000 0 
lo 5000U 
6 100000 
ts . 00000 

10.oooo u 
45o0000U 
10 . 00000 

100.00000 
5000000 0 

0 ol OOOO 
0 .J OOOO 
1 • JOOOO 
1 0 30000 
0 d 5000 
2 . 00000 

100.oaoou 
2 . 00000 
2 . 00000 

ui. 00000 
0 . eiaoou 

25 . 00000 
25 . 00 000 
75 , uoooo 

O odOOOO 
0 1c OOOO 
0 08 0000 
O oHOOOO 

10 . 00000 
40100000 

0 -1 7000 
50 . 00000 
50 0 00000 
30.00000 

o .i oooo 
Oo00 6 0U 

30 0 00000 
4.00000 
~ . 00000 

40 100000 
20.00000 

1060000 
ao . oouoo 

o . oa500 
O oOI OOO 
1. souoo 
6 . oauoo 
8 . 00000 
1 o ~ oooo 

0 . 02500 
6000 0000 

u . 30000 
Io 3000 0 
0 0 3 0000 
Io 30000 
0 . 0 1000 

10 . 00000 
5 000000 

10 . 00000 
ioo . 00000 

2 000000 
0 0 00000 
0 . 80000 
lo50UO O 
0 060000 
Oe800ao 

500 000000 
20 0 00000 

soo . 00000 
80 100000 

0 0 0 5000 
O o0050U 
OoO!OOO 
3 . 00000 
2. 00000 

3000 . 00000 
25 . 00000 

1200. 00000 
41 00000 

I 000 o 00000 
5 . 00000 

50 . 00000 
2. 00000 

1a . ooooo 
1 000000 

50 000000 
2 000000 
1. 00000 

5a . oaoou 

0 000500 
O o00 20 0 
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SLEW DRIFT COST MANUFACTURER 
V/µO µV/° C $1/100 

5,ao 
0 . 30 
0 t) Q 

1 ' 20 
0. 20 
1. 00 
a I 6 Q 

so . ao 
0 . 40 
a 14 0 
0 • ?O 
1' 00 
1. 00 
O o6 7 

0 120 
81 00 
6. oo 
0 t3 0 
0 . 30 
1 I SQ 
1. 50 
1 . oo 
0 0 50 
0 . 20 
0 o2 0 
0 . 70 
0 .J O 
a. 30 
Io 5 0 
1I5Q 
0 o2 0 
0 . 30 
a .so 
0 I 25 
0 0 25 

15 . 00 
O o?O 

4. 00 
JO oOO 

0 . 50 
0 .t 0 
Q I 2Q 
0 . 20 
0 .20 
l. ao 
0 001 
0 . 01 
0 I 4 Q 
a . 4 0 
I, 40 
6 . 00 

4 0 ' 00 
t a . oo 
1. 00 

20 000 
15000 
10.o a 

0 12 5 
I I 50 
6100 

40.ao 
o .3 0 
1. 50 
I I 50 
0 .J a 
3,00 

0 t3 0 
t. 50 
0 .J a 
l ' 50 
610 0 
l. 00 
0 . 20 
a. 5 0 
a .so 
a. 3o 
0 0 10 
a .t a 
0 . 20 
a . 20 

0 ' 20 
a.so 
6. 00 
Oo50 
0 . 4 0 
0 .;>O 
3100 
• • 00 

30 100 
0 103 
l oOO 
I, 00 
a .6 7 
a .t 3 
6 t 00 
a .i 6 

I 30 1 00 
a., ?O 
I, 00 
l I 00 

1 i a. oa 
1. 00 

30 000 
12000 0 
JOO.a o 

s . oo 
5o0 0 

2 . 0 f\1 00 
J 0 0 6 0 00 
1 • a 8 • OU 
5o0 6 0 00 
5. 0 I\. ao 
3o0 8ea O 

10.0 e.oo 
20 . 0 8 100 

8. 20 
3o0 8020 
3 . 0 8•2 0 
0 15 804 0 

8 . 5 0 
60 50 

loO 6 0 5 0 
61 0 805 0 

1a. o 8 05 0 
4 o0 8t5 0 

so . a 5,5 0 
3 o0 6 0 50 

is. a 816 0 
1s. o 8 16 0 
15. 0 6 . 6 0 
l5 o0 6 0 60 
I OoO 6 075 

s . o 8175 
4 . 0 8•75 

90 0 00 6 0 60 
3o 0 A o63 

l 5 o0 6 09 0 
15. 0 5,9 0 
15 o0 A o 9 0 
15 o0 8 0 90 
4 a , a 819S 

JoO 609 5 
151 0 8 09 5 
15,0 H•9S 
151 0 6 • 95 

1 . 0 8·9S 
1. 5 8. 95 
s. o 6095 
s . o 819 5 
310 8 095 
1. 5 8 . 95 
1 I 0 8 I 95 
10 0 6 0 9~ 
1 0 0 6 0 95 

9 o00 
l 1 4 Iii• 00 
J , O 9,ao 
5o 0 9 o00 
s.o 9•00 
4 , 5 9.0 0 
5,0 9 • 00 

1 0 o 0 9o 00 
6 . 0 9,2 a 

912 0 
30 . 0 9 , 25 

4 , 5 9 12S 
s . o 9,35 
a , 4 9. 45 

2a . o 9 150 
30.0 9,50 
30 . 0 9 1Sa 
151 0 9o60 
15. 0 9· 60 
15. 0 9 160 
t s , o 916 0 
so.a 9,75 

9t80 
t '} I 0 9. 9 a 
ts. a 9,9 0 
ts.a 9,90 
15. 0 9,9 0 
3a,o 9.9 0 

5 10 9o9 a 
s . a 9 19 0 
61 0 9 , 9s 

ts. a 9,95 
15o0 9o95 

l 15 9. 95 
1t 5 9 I 95 
l. 0 9. 95 
1. 5 9. 95 
1. 5 9 . 9S 
7.0 9,95 

20 . 0 9,95 
7 0 0 9 0 95 
5 o0 9 o95 

10 . 0 9,95 
5 . 0 9 . 9'} 
s. o 9195 
6e a l O oOO 
6.0 10. 00 

1 0 0 00 
10 . 00 

l oO l O oOO 
3o 0 I OoOO 

10 . 0 I 0 10a 
5 o0 I O o OO 

10 10 10 . 00 
3 10 ta.c o 
7 10 10 . 00 
5 . 0 l O oaO 

15o 0 l O o OO 
I O oO IOoO O 
10 . 0 10 . 00 
lO oO I O oOO 

I OOoO l O o OO 
60 o0 I O oOO 
l5o0 I O oOO 

MOTORO LA 
!NIERS!L 
!NTERS!L 
IWRR • BRO"N 
BURR · R ~ OWN 
BURR • BROWN 
TELEDYNE PH I LB RIC t< 
TElEOYNf ~HIL B RI CK 
RAYTl-!E tJN 
RAY THE ON 
Sil JCONIX 
S!L ! CDN!X 
ANALOG DEV ICfS 
MOTORO LA 
MOTOROLA 
t-IOTDROLA 
INTERS IL 
I NTfRS IL 
Sit ICO N GE NERAL 
TELf DYN E PHIL BR I Ct< 
NATIONAL SEMICONDUCTOR 
SPRAGUE 
SPRAGUE 
SPRAGUE 
SP RAG UE 
NAT I ONAL SEMICONOtJCT Dk 
PRfCJSlON MONOI ITHIC S 
S it I CON Gf.NERH 
S !L!C ON ! X 
fAJRCHILD 
SPRAGUE 
SPRAGUl 
SPR ,t. GUE 
SPR AG UE 
NAT I ON AL SEMJCONOIJCTOR 
NATIONAL SEM I CONDUCTOR 
NATI ON AL SEM I CONDUCTOR 
S lL I CON GEN(RA L 
SIL I CON GENERAL 
PRfC J SION MONOLITHICS 
PREC I SIO N MONOLIT MJCS 
HARR IS 
HARR IS 
HARR IS 
PRfCtSION MONOLITHICS 
ADV ANCED MI CRO OfV I CES 
ADV AN CED MICRO DEV ICES 
ADV AN CED MICR O Df V!C ES 
TRAN S ITR ON 
PHfCJSl ON MONOLITHICS 
PRfCJSJON MONOL ITHI CS 
PREC ISI ON MONOLI TH I CS 
fJ RfC JS ION MONOLIHIJCS 
PRfCJSION MONOL ITHJ CS 
NAT IONA L S[MJCONOUCTOR 
ANALOG DEV ICES 
TRANS ITRON 
TRANS I TRON 
TELEDY NE PHILRRICK 
PRECISIO N MONOL!TH!CS 
HARR IS 
PRfCTSION MDNOL!TH!CS 
BURR • BRO WN 
ANAL OG DEVICES 
ANALOG DE V I CES 
SPRAGUE 
SPRAGUE 
SPRAGUE 
SPRAGUE 
TELEDYNE PH ! LRR!CK 
! N T£RS!L 
SPRA GUE 
SPRAGUE 
SPR AGUE 
SPR AG UE 
!NT£RS!L 
~URR • BROWN 

~UR R•BR OWN 

TRANS ITRON 
NATIONAL SEMJCONOUCTOR 
N ATIONAL S E~!C DNDUC TOR 
PRfCISION MONOLITHICS 
PRECISION MONOL!TH!CS 
PRfCJSI ON MONOLITMICS 
PREC ISI ON MONOL ITMI CS 
PREC ISI ON MONOL!TH!CS 

SILICON GENERAL 
fAJRCHILD 
fAJRCHILD 
ADVANCED MI CRO DEVICES 
ADVANCED MICR O DEVIC E S 
NATIONAL Sf.M J CO NOl/CTOR 

NATIONAL SEMICOND UC T OR 
N ... Tt ONA L S[ti4JCONDllCTOR 
S!GNET ! CS 
MOTOROLA 
MOTOROLA 
MOTORO LA 
RAYTH EON 
DPT!Cll ELECTR ON ICS 
!NTERS!L 
! NTERS ! L 
BURR • BROWN 
BURR • BROWN 
ANAL OG OEVIC(S 
ANALOG DE V I CES 
ANALOG DEVICES 

ADV AN CED MICRO OfV I CES 
TELEDYNE PHILBRICK 
OP TICAL ELECTR ONICS 
BUR R• BROWN 
BUR R•RROWN 
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MODEL HI M BIAS 

A0'5 0 7K 
131 7 

LM747 0 M 
HA2405 • 5 

ULS • 2173 G 
ULS•2173H 
ULS•2171H M 
ULS•2 171 G M 

LM2 0 H M 
1421•02 H 

LM 20 1 0 M 
SSS747GP M 

ULS • 217HH 
ULS•2178G 
ULS•2176H 
ULS"2176 G 

kM 112T 
27'10C£ 
2741 Cf' 
LM21 00 

1324• 01 M 
RM413 20 

108 
14 26 • 02 H 

A0516t< 
A0506K 

ULS•2156 0 
ULS•2156 M 

3055/01 M 
30521 0 1 

SN52771L 
SN52660L M 
SN5277 0L M 

1 32J • O1 M 
SSS1 0 7J M 
SSS841 J 

8 00 8M 
SSS1 0 1A J M 

SSS f41J M 
1425 

ULS • 21 59M 
ULS • 21s lio 
UL S• 2175" 
ULS • 2177G 
ULS • 21 75H M 
ULS• 2177H M 

L140CL M 
MONOP Ot GL M 

RM41Jl 0 M 
MC1556G 

AU55K 
10t:l • LN H 
A0~05K M 
TOA218 M 
LM747f 

MC 174 7L 
LM1 0 1H 
LH101H 
SG7 4 7 0 

A0108 
LH 002 l CH H 
SSS747G M M 

2502 M 
2512 M 
2522 M 

J OS4 /01 M 
1426•01 

LM 218H 
lM112H M 

SSSl12J M 
SS S 108J M 

HA2502 • 2 M 
HA251 2• 2 M 
HA25 22 • 2 M 

2 1 6 M 
11 2 M 

108 M 
SG 106T 

SG 11 ! 6T 
LH 0005 H 

3 22 6 /03 
20 · 11 0 1c1 
20•107CI 

ULS • 2156G 
ULS • 2156H 

SSS7478P M 
l50US 
35 0 1 s 

1 321• 0 1 M 
RM15 56 
L144AL 
Lt 44A P 
LM 1 12D M 
LM 2 t8 0 
LMl1 20 

SSSI 0 8Y M 
MONOP 0 68 J 

SS S725BJ 
SSS112Y 

MONQPIOCY 
MCl538 R M 

80 I 7M M 
A0505S 

1429 
LH0 02UC 

LH0002 
A0511A H 

AOP5 t U 
A0508J 
A052JJ 
AU5 I JS 
ADSOJK 

56 

nA 

10 . 00000 
2 50. 00000 

1500 . oooou 
250 . 00000 

1·5000 0 
1. 5 0000 
6 100UOU 
8 . 00000 

250 . 00000 
0. 00500 

2so . ooooo 
45. ooooo 

0 • 30000 
U • )QOO U 
1. Jooo u 
1 I )QUO O 
J.00000 
0101000 
0 . 0 20 00 
J. 00000 

200 . 00000 
4 100000 
o. soooo 
OoU? 500 
0 11.10000 
o.uo2su 
8 . 00000 
es. aaoou 

:iOOoOOOOO 
200 100000 

1510000 0 
25 1000 0 0 
15• 0 0 000 
10 . 00000 
35, 00000 
3010000 0 

2 100000 
35100000 
30 100000 
0.01000 

30 . 00000 
30 . 00000 

1. 30000 
Q , JQOOU 
1. 30 000 
O • JOOOU 

10 0 .00000 
40 100000 
JO•UOOOO 

8 100000 
50 100000 

) I QQQQQ 

50 100000 
250 • 00000 

1) 00 100000 
60100000 

soo . 00000 
500 100000 
500 100000 

0 18 0000 
5 0100000 
45, 00000 

12 5 • 00000 
125 100000 
12s . ooooo 
200 100000 

0.01000 
200.00 0 00 

2 . 00000 
0 180000 
0 18 0000 

2so . ooooo 
250 100000 
250 100000 
120 100000 

0 180000 
0 .800 00 
2 100000 
2.00000 

50 100000 
50100000 

200 100000 
200.0000 0 

8100000 
810000 0 

)QI QQ QQ Q 

1 0 100000 
5100000 
5• 00000 

15100000 
100 . 00000 
10010000 0 

2 10 00 00 
250 100000 

2 • 00000 
0 16 0000 
Ot1 4 00U 

30 . 00000 
0 18 0000 
1 • tS OO OO 

50. 00000 
5 0 100000 
01U0100 

20 0 . 00000 
SOO • OOOOO 

0100500 
o.oos.oo 

1 0 100000 
0•00040 
o.uo6oo 
o.002so 

SLEW DRIFT COST MANUFACTURER 
V l µo µVl ° C $1100 

J5 . oo 
JO• 00 

a . s o 
1s . oo 

0 .J O 
0 .J O 
t . s o 
1. 5 0 
o . 4 o 
51 00 
0 I 4 0 
0 . 10 
0 I 30 
0 .3 0 
l I 5 0 
1I 5 0 

a. o 10 . 00 
5 , 0 1 0 . 00 

10. (1 5 
15. 0 10 . 4 5 
15. 0 10. 46 
ts . a 1 0 146 
15 . 0 1 a 146 
15. 0 10 . 46 

6 10 1 0 .so 
10.0 10.so 
6. 0 1 0 .5 0 
4,5 10 ·6 0 

1 5 • 0 I 0 • 76 
15 . 0 10 o 76 
15 . 0 10. 76 
ts. a 10.16 
1s1 0 10.8 0 
25 . 0 10180 
s o . a 10 . ao 

6 . 0 11. 00 

l . 00 
1. 00 

3 0 . 00 
25. 00 

0 .! J 
ts. a 11. 00 

J . 0 11 . 00 
J. 0 11 . 00 

)1 00 1 0 . 0 11. 00 
4 0 . 00 1 0 . 0 11.ao 

6 . oo 1 0 . a 11.00 
2 . so 1s . o 11.t 8 
2,5 0 15 . 0 11.\8 
1 'so l 1 0 11 1 ) 0 
1.5 0 5 10 11'3 0 
2 150 10. 0 1114 0 
a .t o 2s . o llo4 0 
;;i .5 0 1 0 10 1 1.4 0 

20 1ao l a . a 111S O 
a ,4 0 5,0 11.s o 
a . so 1. 0 111s a 
a . so 1. 0 11.5 0 
o .• o 51 0 11.s a 
115 0 )1 0 11150 
1. 00 s o . a 11.so 

i s. oa t s.a tt.63 
25,00 ts. a 111 63 

1. so 1s, o 1 1.1 5 
0.10 15 . 0 ltt7 5 
11 5a ts.a 1 1 11s 
Q , J O 15, 0 11 • 75 
0 1 20 9 00 10 t l d30 

15 100 41S 1119 0 
2 1s a 1.s 12.00 
2 15 0 

1JO,00 

120. 00 
J 0 . 00 
a.s o 
O o50 
0 I 4 0 
0 . 4 0 
0 I so 
0 , J O 
61 00 
0 I 70 

20 100 
40 100 
801 00 

115 0 
) • 00 

50 100 
a tl O 
0 .i 0 
a. ;;io 

20 . oo 
40 100 
80.00 
60 . oo 

0 . 20 
0. 20 
0125 
0. 25 
1 . oo 
1I50 
2. ao 
2 100 
2. 50 
2 . 5 0 
0 I 7 0 
11 00 
0 I 20 

3 5 I 00 
l I 5 0 
0 . 4 0 
o.• o 
0. ) 0 

so.o o 
0 1 20 
0 12 0 
QI 01 
0 101 
0 .! 0 
0 1 25 

130 I QO 
120.00 

l • 00 
a . so 

160 I OQ 
51 00 
5 . oo 
0 It 2 
5 100 

40 . 00 
6 100 

121 00 
t o.a 12.00 
ts.a 12. 00 
ts. a 12100 

1 2 I 4 S 
1 2 . so 

3 . 0 1 2 15 0 
5,a 1 2 .s o 
510 121SO 
7 . 0 12 I 50 
3 . 0 12 I so 
3 • 0 12 • SU 
4 15 1 2 I 7 0 

?010 1217 0 
1 0 . 0 12.1 0 
1 0 . 0 12.1 0 

3 10 1 2 17 0 
25 . 0 1217S 

7. 0 12 I 95 
) t Q 1 2 I 95 
1. s 1 2 . 9S 
1 Is 12. 9S 

20 . 0 12·95 
3 0 10 1219S 
301 0 l 2 19S 
10 . 0 1 2. 9 5 

• • 0 1?. 95 

l 1 0 l 2 19S 
1510 12195 
1510 12 • 95 
10 . 0 13100 
10,0 11 1 00 
10. 0 11 100 
10.0 11.00 
1510 13104 
15 I 0 1l. 0 4 

41S 131 25 
510 13.J O 
5 10 131) 0 

30t0 1315 0 
ts.o 1315 0 

310 13•6 5 
) I 0 13. 65 
310 13.95 

4010 13 1 95 
1510 13195 

1I5 1) I 95 
21 5 13195 
1 I Q t) I 95 
1. 5 13. 95 
01• 13195 

1410 a 
10 . 0 14100 
is .a 14.00 
9 0 . 0 14100 
a. o 14• 00 

20 1 0 14•00 
J a , o 14•00 
30 . 0 14.00 
01S 14100 

2s . o 14•00 
2a , O 1•100 
1 0 . 0 1•100 

.&NAL OG DE V ICES 
TfLEOYNE PH I LBRI CK 
NATIONAL SEMJCONDllCTOR 
HA RR I S 
Sl"RAG UE 
SPRAG UE 
SPR AG UE 
SPRAGUE 
SIL I CON IX 
TfLEOYN( PHILARTCK 
Sll l CO NIX 
PM fCISl ON MONOL ITHJCS 
SPRAG UE 
SPRAGUE 
SPRAG UE 
SPRAG UE 
RAYTHEON 
lElEDYN[ SlMtCONOllCTOR 
TELEDYNE SEMICOND UC TOR 
NAT I QN AL SEMI CO NOUCTOR 
TELEDYNE PHILBRICK 
RAYTHEON 
INTERS IL 
TELEDYNE PHILBRICIC 
ANALOG OfVICfS 
ANALOG OEVICf::; 
SPRAGUE 
SPRAGUE 
BURR • BROWN 
BURR • BROWN 
TEXAS IN S T RU~ENTS 
TEXAS INSTRUMENTS 
TE XAS I NS THU MfNT S 
TELE DYNE PHI LB RIC K 
PRfCISI ON MONOLITHICS 
PRfCISI ON MONOLI THIC S 
INTERS IL 
PRECJS I ON MONOLITHJCS 
PRECIS I ON MON OLJT HI CS 
TELEOYN[ PtHLBRlCt< 
SPR AGUE 
SPR AG UE 
SP RAG UE 
SPRAG UE 
SPR AG UE 
SPR AGUE 
S ILIC ON IX 
PRfCJSION MON OLITHICS 
RAYT HEON 
• OTORnlA 
INTERS IL 
INTERS IL 
•NALOG O[VICES 
TRANSi TRON 
NATI ONAL SEMJCON OtJC TOk 
MOTORO LA 
S ll.IC ON I X 
SIL! CONIX 
SILICON GENERAL 
ANALO G DEVICES 
NATIONA L SE MI CONDUCTOR 
PRECIS I ON MONO L TTHJ CS 
INTERS IL 
INTERS IL 
INTERS IL 
BUR R• BROWN 
TELEOYN[ PHILBRJCIC 
NATI ONAL SE MJ CONO ll CTOR 
NAT t ONAL SEM l CO NDU CTOR 
PREC I SION MON OLITHICS 

PREC I S I ON MON OLI THl CS 
HARRIS 
HAR R IS 
HARR I S 
ADVAN CED MICRO OfV I CES 
AOV l NCEO MICRO OfVtCF:S 

AOV ANCED MICRO OfVICES 
S I LICON GE NERAL 
S I LICON GENE RAL 
NA T I QNAL SEMI COND UC TOR 
BU RR • BRO WN 
BELL & HOWELL 
BELL & HOWE L L 
SPRAGUE 
SPRAGUE 
PRECISION MONOL!TH!CS 
BURR • BROW N 
BUAR • BROWN 
TELEDYNE PHILBRICK 
RAYTHEON 
SILICON IX 
SILICONIX 
NAT I ON AL SEMI CONDUCTOR 
NAT I ONAL SEM !CON OUC TOR 
NAT I ONAL SE M!CON OllC TDR 
PRECISIO N MONOLITMICS 
PREC I SION MONOLI THICS 
PRfCISI ON MON OL!TH!CS 
PRECISION MON OLITHICS 
PRfC!SION MONOLITH!CS 
MOTOROLA 
INTERS IL 
ANALOG DEVICES 
TELEOYNE PHILBRICK 
NATIONAL SEMtCONDUClOA 
NATIONAL SEMICONDUCTOR 
ANALOG OEVICES 
ANALOG DEVICES 
•NALOG DEVICES 
ANALnG DEVICES 
ANALOG OEVICES 
ANALOG DEVICES 

MODEL HIM BIAS 

MONQP • Ol J M 
RM4~3 1 T 
TO A4709 

1 4 2 8 
L l 4 0AA 

JO i l/0 1 
J5U3S 

1425•01 
SSS206AJ M 

MONOPOSEJ M 
TQA1725 M 

HA26 0Q • 2 M 
HA262 0 • 2 

LM 1 10 0 
LM725H 
LM it or 
LM 10 IH 

725" 
I U2 

LH00?4C 
LH00?4C H 

JSOJC H 
C" 116C 
A050"1< 
LM 10 10 
LMl 01 f 
L H 10 I D 
LHlOtf M 

SSS!OTP 
SSS741P 

5SS 10 tAP M 
SSS64 1P M 
RC 10 6AT M 

14'20 H 
SSS 14 7K 

SSS I H"M 
SSS208AY 
HA27 00 • 2 
HA24 0 l! • 4 
SSS208AL 

JOS0/0 1 

1429•0 1 
9906 

SSS 725[ J M 
LHO OO 'IC H 

RM 1 18 T M 
RC 1 I 6AT 

350 11 
)S OO T M 

3500MP 
A052)1< 

SSS1 0 8L 
SSS ll 2L 

l"' l l 2f 
•J 0 8 

LM OOO lC 
20• 107• 1 
20 • 0 0 TB I 
20 • 2ll7C1 H 

A05 l lt:l 
AOPS 1 lt; 

• Tr 4 01 
SSS741l M 
5558 4 ll M 

SSS 1 0 1AL M 
SSS I OIL 

1426"01 
3352/ 0 J 

A0516S 
A0506S 
l 140AL 

MC1536G M 
)503 M 
108• 

142J•O? 
Ut0 0 4 1H 

LH0062(.;H 
LH0052C 

LH0052CH H 
)~21H H 

A05035 
2520 
250 0 M 
25 10 

LIJICA 
t1A 2 5 00 • 2 M 
HA2510 " 2 
HA2520•2 

RM108 T 
LH 0 0 21 C H 

1429•02 
A052 JL 

M0NOP 0 6BP 
SSS7256P 

TOA t 7 4 0 
991 0 H 

LH740 A 
1' 2 6• 0 J 

TOA! I 6 
I •26•02 

SG1 1 16AT 
MONOP05EY 
M0NOP•o5J 

1 1 a 
106A 

SSS108AJ M 
SG l OtU T M 

SU536T 
S£ 5J 1 T 

1J22•01 
LH 10 If 
LH I O! O M 

nA 

18• 00000 
)Q0 I 00000 
100 100000 

OoO?SOO 
75, oaooo 

200.00000 

0.00200 
0100500 
0 1 HOOOO 
1 1 20000 

• 2 · 0000 0 
1 0 100000 
i s . oouoo 

3 10ooao 
100 100000 

)1 00 000 
1500 . 00000 

50 . 00000 
2. 0 000 0 

500 . 00000 
500 10 00 0 0 

0.00100 
o.oospo 

25 100000 
50010000 0 
500 • 00000 
S0010QOOO 
500 100000 

35 100000 
30 . uoooo 
JS, 00000 
30.00000 

7100 000 
0 • 0!500 

30.00000 
30 100000 

o . aoooo 
20 . 0000 0 

200 . 50000 
0 180000 

200.00000 

0100050 

30 . 0000 0 
100 . 00000 
2so.ooooo 

o.osooo 
2 · 000 00 

10 .'oooou 
10.00000 
0. 00020 
o . oooou 
018000U 
2 100000 

soa. oo·ooo 
100 . 0000 0 
150 . 00000 
1so . ooooo 
10 0 100000 

0 · 00200 
0.00200 

50 100000 
30 100000 
30 100000 
3S • 00000 
3s . ooooo 

01UtOaO 
20.00000 
0100600 
0·00250 

75100000 
e . 00 0 00 
0101000 
0 . 80000 
o.uosoo 

30·00000 
o.oooso 
o.oooso 
0•00050 
0100500 
o.002so 

100100000 
100 . uoo ou 
100 . 00000 

1000 100000 
2ao.ooooo 
200 10000a 
200 . 00000 

) I OQQQQ 
1 00 . 00000 

010002S 
0.00010 
0 tl 4000 

301 00000 
Ool OOOO 

1000 100000 
0 . 10000 
o . 02 s oo 

2S0 • 00000 
0100500 
2 . uoooo 
l 120000 
1 • 00000 

120 10 0 000 
0 . 80000 
0 • 80000 
2 .oooori 
o.oosoo 

300 100 0 00 
5 a.ooooo 

1S00 100000 
1500 . 00000 

SLEW DRIFT COST MANUFACTURER 
Vl µo µ Vl°C $11100 

1 5 . oo 
3 5 1 00 

0 150 
J. 00 
0 1 20 
1. 50 
s . oo 
1 . 00 
0 . 20 
0 1 2 S 

4 I 00 
30 I 00 
30 100 

30 . 00 
0 15 0 
0. 0 1 

20 100 
500100 
-;00100 

51 00 
o .5 u 
0. 20 
0 I 4U 
0 . 40 
0 . 4 0 
QI 40 
0 . 4 0 
1 t SO 
Q. 40 
a . s o 
0 .JO 
0 .J O 
0 .TO 
0 I 70 
0 i 20 

10 100 
15 . 00 
0. 20 
1. 5 0 

210 1 4 .JS 
)1 5 1414 0 
2 10 14• 50 

so . a 14. 50 
soo . o 1 0 1 70 

1.0 1 4.70 
lS10 14170 
2 5 1 0 U175 

1. 0 14 195 
01? U19S 
0.6 1•·95 
5 10 14 195 
s . o u.95 
6 . 0 15 1 00 
l 1 0 151 oa 
6 10 15• 0 0 
s.o 15100 
01e ls.oo 

1 0 .0 1510 0 
:?o . o 1s.oo 
20 . 0 1'5·00 
JO • 0 1'5100 
so . o 15.00 

01S 1-;tlo 
s . o 1 5 t S O 
s.a 15 • 50 
s . o 1S 150 
S 10 15150 
S 10 1515 5 
3 IQ l llj I 5S 
s . o 15,55 
) 1 0 t5 155 
s . o 1'5*75 
s . o 15'75 
3 10 15 1 8 0 
4 , 5 1 5 · 90 
1 .o 15. 95 
5 , 0 15 1 95 

t s . o 15t9S 
l. 0 15. 95 
3 . 0 l 61 0a 

1 100 Jo . o t6•00 
1uo.Oo l oo . a 16100 

0 10 1 017 16.JO 
2 100 ~.o t6 1 SO 

50 . ao l61 6S 
16 16 7 

0 . 20 1 . 0 16 070 
l. oo 1 10 16 1 70 
1. 00 o.s 16.70 
S10 0 15 . 0 16·75 
0 . 2 0 1.s l619S 
o.io 1. s t6•9S 
0 I 30 

60 . 00 
a . so 
2 100 
2 I OQ 
2 I 00 
5 . oo 
5 . 00 
0 . 50 

3 10 16 1 95 
10.0 11. 00 
4. 0 171 0a 
5 10 1710 0 
5 10 11 . ao 

10 . 0 11.00 
15 . 0 11100 
15 10 17•00 
to . a 1 1 100 

l. so 3 . o t1.os 
0 15 0 3 , 0 1 7 10 5 
Ot 4 0 s. o 1 7. 0 S 
0 1 4 0 5 10 11 . 05 
J , oo ?s. o 11.so 
1 . so 1.0 1 1 . so 

40 1 00 20 1 0 17•60 
6 100 20 . 0 t7•60 
0 1 20 soo . o 17 . 7 0 
2 100 16100 
6 100 1 . 0 1e.oo 

3 . oo 
6 100 

110.00 
3 100 
)1 00 
11 00 
6 1 00 

100 .oo 
2 5 1 OU 
50 . 00 

0 . 4 0 
2 5 1 00 
50 100 

100.00 
0 .J O 
3. 00 
J. 00 
5 . oo 
0 . 0 1 
0 1 0 1 
6 1 0 0 

l. 0 t 8. 00 
10.0 16·00 

3 . 0 18 100 
1 a .o 18100 

2 10 18t00 
S 10 18100 
6 . 0 1e.oo 

2 0 . 0 18·00 
20 1 0 te.is 
2010 18.t S 
20 . 0 ta.is 
so.a 18•40 
20 . 0 16150 
20.0 18 150 
20 10 16•50 
ts . a 18 150 

5 10 18 150 
60 10 18175 
2s.o 1e.1s 

2 15 1 e . a 5 
I. 0 

600100 10 0 1 0 

18185 
19·00 
19·00 
1 9 100 
1 9 • 25 
1 91 4 5 
19·50 
1 9 1 95 
19195 
19•95 
19 . 95 
19. 95 
19 ,95 
1 9 . 95 
20 ·00 
20100 
20 100 
20100 
20 100 

6 1 00 
3 . 00 

50 100 
) I QQ 

o. 25 
0 . 25 
0 1 25 

60 .oo 
0 . 20 
0 . 20 
0 I 2S 
61 00 

3 5 100 
t20100 

0 . 50 
0 150 

5, 0 
s . o 

2510 
5 . 0 
0.2 
O.J 

1a1 o 
I. 0 
1 .o 
5,0 

20.0 
10.0 
)0 . o 

5 , 0 
s.o 

PR[C ! SIDN MON OLITH J CS 
RAYTHEON 
TR ANS I T RO N 
TELEDYN E PH ! L RR I CK 
SILI CONIX 
BURR • BROWN 
BURR•BROliiN 
TELEOYNE PHILBRICK 
PRfCJS!ON MONOL!THICS 
PRfCISlON MONOLITH!CS 
TR,t.NSITRON 
HARR IS 
HARR JS 
NATIONAL SEM I CONOllC TOR 
NATlnNAL SEMICONDUCTOR 
NA T I ON AL SEMI CONDUClOR 
NA TI ONAL SEMICONOllCTOR 
AOVA.CEO MICRO DEVICES 
AD VA NCED MICRO DEVIC E S 
NATlnNAL S[HJCONDIJCTO~ 
NATIONAL SEMtCONOUCTOR 
BURR•BROWN 
BELL I HOWELL 
ANALOG 0[\llCfS 
SILICON I X 
SI LI CON I X 
S lllCON I X 
SI l I CON I X 
PRf CISION MONOL !TH!CS 
PRE CISION MONOLITHICS 
PRfCJS!ON MONOLITH!C S 
PR[CJSION MON OL ITHJCS 
RAYTHE ON 
TELE DYN E PHILBRICK 
PRf'CtSION MONOLtTHtCS 
PRrCISION MONOLI TH IC S 
PRfCISION MONOL!THICS 
HARR IS 
HAAR 1 S 
PRfCJSJON MONOLJTHJCS 
BURR • BROWN 
TEL[OYNE PHILBRICK 
OPT!COL ELECTRONICS 
PRECISION MONOLITHICS 
NA TI ONA L SE MI CONDUC TOR 
RAY THEON 
RAY THEON 
BURR · B~(QWN 

HURR • AROW N 
BURR•BROWN 
ANALOG OEVICES 
PRfC!S I ON MQNOLI TH!CS 
PRfCISION MONOLI THICS 
trilATIONA L SEMt CON OU CT OR 
OPTICAL ELECTRONICS 
NATION AL SEM!CO NOUC TO R 
BEL L & HOWE L L 
BEL L & HOWE L L 
BELL & HOWELL 
AN•LOG DEVICES 

ANALOG DEVICES 
AMP EREX 
PRrCISION MQNOLITH! CS 
PRfCJSI ON MONOLlTHlCS 
PRECISION MON OL! TH I CS 
PRECIS I ON MON OLI THIC S 
TE:LEOYN[ PHILBRJCIC 
BURR • BROWN 
ANALOG DEV ICES 
ANALOG DEVICES 
SIL I CONIX 
MOTOROLA 
INTERS IL 
INTERS IL 
TELEDYNE PHILBRICK 
NATI ONAL SEMICO NDUC TOR 
NATIONAL SEMTCONOtlCTOR 
NATIONAL SEMICONDUCTOR 
NATIONAL SEMJCONDtrCTOR 
HURR•BROWN 
ANALOG OEVlCES 
INTERS IL 
INTERS I L 
I NTERS IL 
SIL!CONIX 
HARR IS 
HARR IS 
HARR IS 
RAY THEON 
NAT I ONAL S[MI CONOUC TO R 

TELEDYNE PH!LRRJCK 
ANALOG DEVICrs 
PRECIS I ON MONOL! TM!CS 
PRECISION MONOL!TH!CS 
TRAN S ITRON 
OPTICAL ELECTRQNTCS 
NAT I ONAL SEM I CONDU CT OR 
TELEDYNE PHI L BRI CK 
TRANS I T RON 
TELEDYNE PHILBRICK 
SI LI CON GENERA L 
PRfC!SIDN MONOL!THICS 
PRECISION MONOL!THJCS 
ADVANC ED MI CR O DEV I CES 
ADV ANCED MICRO OEVICES 
PRrCISION MDNOLITH!CS 
SI LI CON GENERAL 
SIGNETltS ' 
S I GNET IC S 
TELEDYNE PHILBRICK 
NATI ON AL SEMICONOIJCT OR 
NATIONA L SEM I CONDUC TOR 
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MODEL H/M BIAS SLEW 
nA V/µI 

MU A7 l SA 75 0 . 000 0 0 18 .oo 
3500E 15 • 00000 l .oo 

715 40010 0000 20.00 
9412 .......... 200.00 

LHOOllC 01050 0 0 1400100 
350ll 0•00100 s.oo 

C"ll6C 0100~00 0150 
AD506K 61000 0 0 Od2 
AH404 0•05000 13100 
A0504L 10 100000 0120 

MON OP0 6BL 0 ol 4DDO 0.01 
SSS725BL 3010000 0 D. D l 

MONOP10[Y I• 200 00 0. 25 
f •416C 0.00100 1100 
A051 IC 0.00100 5 .oo 

AOPSllC (). 001 oo 5 .oo 
MONQP• 0 6J a .i 2 0 00 0 .o1 

SS6725J 30 . 00000 0 .01 
SN521 0 6L M 0 16000 0 0125 
SSS725EP 3 0 1()1() 00 0 Q I Q 1 

2740BE 0.01000 1 I QQ 

274 l Bf 0 10200 0 \I QQ 

2741CH H 01 0 ? 0 00 1.00 
LH00 0 3C H 2000. 000 00 10.0 0 
335 0 /03 H 0• 05000 3 . oo 

20•Q0663 H 0100500 31 00 
c·21ec H 0100500 0. 50 

20•Q 0 7A 2 H 1501 0000 0 2. 00 
20•I 0 7A2 H 150 •000 00 2 .oo 

SSS747P 30• 00 0 0 0 0. 7 0 
RM725T 5 0 . 00 0 0 0 

LHOG23CH 0100300 3100 
LM116 D 200 . 00000 so. oo 

SSS I 08AY 0 160 00 0 012 0 
14 0 8 0•0 ?5 00 5 10 0 

14 0 6•1 0 o . 0 2 soo 5 100 
l521J 0100500 018 0 

C 0 I l 6B u.uosuo 0 I 5 0 
HA24 0Q • 2 200 . 00000 151 00 

1323• 02 M 101 0000 0 20. 00 
3 0 545 /0 l 200 . 0 000 0 lo5 0 
20·2•063 0100500 6. 00 
20•00662 o.oosoo )1 00 
20•2HBI 100 100000 2. 00 
20•I07AI H 15 0 . 00000 2 100 
20•W07Al H 15 0 100000 2 . 00 

c•216B 0100500 0 . 5 0 
20•108B2 0100500 ) I 00 

c ·22ec o.oosoo 2 5 . 00 
SSS106AL M 0 1bOOOO 0 120 

MUAf25A 100 10000U 5 . 00 
MM l5 56 AT 15 100000 t I 5 0 

725 30 100000 0 . 0 1 
ZA 80 1E l 0 . 0 1500 61 00 
ZA8 0 1DI 0 10 1500 6 .oo 

274 1 BH 0 I 02000 11 00 
LH00?2H 0. 00500 41 00 
f"4 I 6B 0100100 lo 00 

20•106BI o.oosoo 3. 00 
20•i06B I 0100500 3. 00 

MONQP• OlL 16 • 00000 151 00 
A0501 A 0000500 5 . oo 

ADPSOlA H 0·00500 5 I 00 
LI 37 AA soo . 00000 0 . 40 
LH0020 6 0 • 00000 0 . 5 0 

SSS7 47 M 3U • 00000 0 .1 0 
MONOP•OSY 1 I uoooo 0 12 5 

1401:1•01 H 0.01000 5. 00 
14Qo·11 H U1UtOOU 51 00 
LH 0021K 30 . 00000 60 00 
LHOUJ2C 0 10 75 00 100.00 

LHOOJJ H 0 • 0 5000 isoo.oo 
3521 K H U·0050U 0 . 6 0 

1:1500 01U01 0 0 0 . 40 
0500 0.00010 o . so 
425 0 s .00000 Od6 

20•2•eB2 0•00500 6 100 
f•4HU 0100100 11 00 
C"216A o.oosoo a .so 

2 0 • 247 A2 100 . 00000 2 . oo 
M"2 l 6B 0 I 00500 o . so 

MON OP · o e P 0 t1 2000 0.01 
SS6725P 3 0 100000 0 . 0 1 

6500A 0100001 a .s o 
MONQP•05L l. 00000 0 12 5 

L HOOOS A 25 • 00000 11 00 
LH0052AH 0100030 J . oo 

LH0032H 0100200 500 . 00 
LH0043CH 0100030 J0 100 

LH 0032C 25 • 00000 11 IJO 
33•9103 0101000 JtO O 

A0508L H 61 00000 0 .t 2 

DRIFT COST MANUFACTURER 
µV/°C Sl/1 00 

6.0 20. 00 fAJRCHILD 
o.s 20 100 BURA•BROWN 
6. 0 20100 ADVANCED MICR O DEVICES 

100.0 20 100 OPTICAL ELECTRON I CS 
25.0 20100 NAT ION AL SEMICONDUCTOR 
3010 20 100 BURR•BROWN 
2510 20.00 BELL & HOWELL 
0,) 20. 00 ANALOG DEVICES 

50 .o 20•00 AMPERrX 
Ool 20140 ANALOG DEVICES 
2 .5 20195 PRECISION MONOLITH! CS 
1.0 20. 95 PRECISION MONOLlHUCS 
0,) 2Do95 PRfCtSION MONOLITHICS 

5 0 . 0 21 •DO BELL & HOWELL 
1510 21.00 ANALOG DEVICES 
ts.a 21. 00 ANALOG OEV!CfS 

2 . o 21160 PRfCISION MDNOLITH JCS 
0.1 21·60 PRECISION MONOLITHICS 
3. 0 21. 95 TEXAS INSTRUMENTS 
0.1 22100 PRECISION MONOLITHICS 

25. 0 22.00 TELEDYNE SEMICONDUCTOR 
so. a 22 I QQ TELEDYNE SEM! CON Dtl cTOR 
5 0 10 22.0 0 TELEDYNE SEMJ CO ND llC TOR 

4o0 2 2• 00 NATI ON AL SEMIC ONDUC TOR 
12. 0 2 2 . oo BURR•B ROW N 
75. 0 22. 00 BELL & HOWELl 
'5 0 10 22100 BELL & HOWELL 

2 . 0 22100 BEl L & HOWELL 
2. 0 22120 BELL • HO WE ll. 
3•0 22140 PRfC!Sl ON MON OLIT H! CS 
2.5 22150 RAYTHEON 
5, 0 22. 50 NATIONAL SEMTCONOIJCTOR 
7 . 0 2 2·95 N.A TI ONAL SEMJ CONO UCIOR 
I, 0 22. 95 PRECISION MONOLITHICS 

s o. a 23· 0 0 TELEDYNE PHILBRIC K 
50 I 0 23. 00 TEI [DYNE PHIL BRI CK 

3o0 23100 t1URR•AROWN 
t 0 . 0 23000 Bf LL & HQ'l'lt:LL 
151 0 2 3165 HARR IS 
3 0 . 0 24100 TELEDYNE PHILBRI CK 

2 . 0 2 4100 BURR • BRO WN 
7 5. 0 24•00 BELL & HOWELL 
s o . o 24100 Bfll • HOWELL 
s. o 2 4000 BELL & HOWELL 
1.0 24100 BELL & HO"liELL 
I, 0 24100 BELL & HOWELL 

2 5. 0 24•00 BELL & HOWELL 

so .a 24•00 BELL & HO'rlELl 
5 0 . 0 24100 BELL & HOWlLl 

1.0 24 I 95 PRfCISJON MONOlJTHICS 
o.s 25100 FAJRCHJLO 

15 . 0 251 00 RAYTHEO N 
o.s 25 I 00 ADVANCED MICRO OfVICES 

JO • 0 2 51 00 ZEL !f X 
J o 1 o 2 5• 00 ZEL TEX 
so . a 2 5 100 TEL EDYNE SEMI CO NDUCT OR 

s .o 25.00 NATIONAL SEH I CONOUC TOR 
2 5 . o 25100 BELL & HQ"li(LL 

25 10 25 I 00 BELL & HO"li(LL 
2 51 0 2'5. 00 BELL & HOWELL 

2 .0 25 • 10 PRrCISI ON MON OLIT HIC S 
J O• 0 26100 A,...,HOG DEVICES 
JO 10 26·00 ANALOG DEVICES 
so .a 2 6. 25 S ILI CON I X 

8 . o 26 15 0 NATI ON AL SEMI CO NOtJC TOR 
3 . 0 2618 0 PRfC ISI ON MONO LITH IC S 
0 o3 26•95 PRFCtSION MONOLITMICS 

15. 0 27 • 00 TELEDYNE PHILBRICK 
15 .0 21.00 TELEDYNE PH I l RR I Cl( 

3, 0 2 7. 50 NA T IONAL SE MI CO NDUC!OR 
2 0 . 0 2e.oo NATIONAL SEM!CONDl/CIOR 
2 51 0 28100 NATIONAL SEH!CONDllC!OR 
l.? 28100 BURR•BHOHN 

so . a 26125 INTERS IL 
100 . 0 28· 25 INTERS IL 

5,0 28 • 50 INTERS IL 
50 . o 29•00 ~ELL & HOWELL 
10 . 0 29100 BELL & HOWELL 
10 . 0 29·00 BELL & HOWELL 

2 . 0 2 9. 00 BEL L & HO WEL L 
so . a 29·00 BELL & HOWELL 

2 . 0 29. 25 PRfCJ SI ON MON OLITHI CS 
0,7 29125 PRECISION MONOLITHICS 

40 10 29175 INTERS l L 
0,) 29' 95 PRECISION MONOLITl-iICS 

20 . 0 30 . 0 0 NATI ON AL SEHt CO NOUC TOR 
2 . 0 30•00 NATIONAL SEMI CONDllC TOR 

2 5 . o J0100 NATIONAL SEMI CONOllC TOR 
10 . 0 30100 NATIONAL SEMICONOllCIQR 
20 . 0 3 0 I 0 0 NAT IONAL SE M! COND ti CTOR 

60 0 30100 BURR•BROWN 
0 o) J0100 ANALOG DEVICES 

Only Testline 
• can give you 

true in-circuit 
analysis of ICs! 

Testline instruments presents the Model 201 IC tester 
. .. the only instrument available today that can give 
you a complete profile of ·1c performance without 
removing circuits from the board. 

THE 201 IS UNIVERSAL - With this instrument, you can 
test all 14- and 16-pin DIPs, includ ing TIL, DTL, and RTL. 
Complete functional analys is of sophisticated MSI c ircu its is 
readily accomplished. Component density of up to 200 ICs 
per board presents no problem. 

THE 201 IS PRECISE - Take the guesswork completely out 
of IC testing. The 201 will isolate all shorts or opens w ith in 
the IC under test; solder splashes or hardwire shorts etc. 
affecting the IC under test, and it will do all th is with the IC 
still in-circuit. 

THE 201 IS SELF-CONTAINED-All power, signal and mon­
itoring functions are provided through a single IC clip. Spe­
cial connectors, adapters, comparison ICs and add it ional 
test equipment are eliminated. 

The instrumentation requires no calib ration , no logic initia­
tion, no modification for logic changes and no specia l pro­
gramming. Therefore you can put it on line w ith a minimum of 
operator training. 

THE 201 IS FOR YOU! - The Testl ine 201 ... and only the 
Testline 201 can give you dependable in-circuit testing of 
ICs. Get the same effic iency in trouble shooti ng you get 
from the rest of your operation. Get techn ical details and 
arrange for a demonstration - wri te or ca ll Testli ne today. 

TESTLINE 

P. 0 . Box 5671 , Titusvil le, Fla. 32780 
305/ 267-7212 
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One part in 10 million 
from 0° to 55°C. Without an oven. 
Unlike an oven oscillator, it's smaller, more reliable, uses less power, needs no warm-up 
time, and it's not as expensive. The Kl098A TXCO has TTL compatible output, 
± lxl0- 9 / sec. rms short term stability, operates from 5 and 12VDC. Prototype 
quantities available at lOMHz for immediate delivery. Full details from Motorola 
Component Products Dept., 4545 W. Augusta Blvd. , Chicago: Ill. 60651.@ MOTOROLA 

Circle Reader Service #19 



Wanted· DIPs, dead or alive 
Did yo u e ver want to exert more e ffort 
d es igning svs te ms than d e bat ing how 
thev would ac tu a ll y be bui lt? Eve r have 
to scrap a d es ig n th at was consid e red 
impractical because of a need for both 
" dead and a li ve" DJPs ? He re 's a dua l-in ­
lin e packag in g sys te m that pa rti a ll y a l­
lev iates t hese prob le ms, bv pe rmitting 
the e ngineer to d e la\' the fina l dec ision 
on sold e ring vs. p lu g-in unti l late in th e 
d es ign cvc:lc. 

This ve rsa til e svs te m is co mpri sed of 
pa ne l boards, 1c-ca rri e rs, adapter plugs, 
flat ca b le int e rfac ing p lugs. and re-ca r­
ri e r c rimpin g tool s. Wire wrappab lc. 
this n rp S\'Ste m is a carrier for l-l -, 16-, 
or 18-p in DIP res, a nd a PC boa rd \\'ith 
offset p ins. 

Once th e re is mounted in th e carri e r, 
th e ca rri e r (whi c h a lso ac ts as a protec­
ti ve holde r du ring handling ) is cas ilv 
snapped into th e pa ne l. When using th e 
p lug-in me th od, t he re-ca rri e r assem blv 
is inse rt ed with th e re lead s d o \\'n 
(a li ve ). lf \ 'O U opt fo r wave sold e ring. 
th e ca rri er goes on the hoard \\'ith the 

AUGAT'S NEW lc;./CARRIER ASSEMBLY 

DEAD 00 AlJVE 

leads upright (dead ). vVhil e in the dead 
positi on, th e carrie r assc mbl v a lso se rves 
as a reliab le socke t a nd ca n be tes ted 
an d cha nged before so lde ring. Re pe ti ­
tive plugging of th e ca rrie r does not 
damage re leads. 

Of co urse, bot h me thods (sold e ring 

and plug-in ) have advantages and dis­
advantages th a t mu st be co nsid e re d . 
W e ig hing the pros and co ns, i\ugat ' s 
Marke tin g VP Ric hard M. Grubb con­
te nds that th e a li ve me thod offers g rea t­
e r fl ex ibility, be tte r fi e ld service, and 
e li minates heat d a mag ing e ffects clu e to 
so ld e ring. He acids, however, that " th e 

d ead me thod is idea l fo r extre me e nvi ­
ronmcn ts w he re so ld e rin g a nd co n ­
forma l coati ng is required . Th e ca rri e r 
in this posi tion ac ts as a hea t shi e ld.·· 

All contact pins a re on 0. 100-in. g rid 
cente rs, which simplifi es programming 
for automa ti c wrapping. Des ignated 
8200, the pa ne l se ri es is offe red in mu l­
ti pies of .'30 patte rns up to 180 patte rns, 
and r.sr co nfigurations are prov id e d . 

Supplied as Augat standards, th e 8200 
seri es ca n be d es igned. \\' ithnut addi­
tiona l time o r expe nse, to adapt to t he 
use r's partic ul ar appli cat io n. 

Ava ilabl e within 4 to 8 wee ks; $0.-15 / 
patte rn in production qua ntiti es. Augat. 
Inc .. 3:3 Pe rn· Ave .. Attleboro, i\ I A 

Circle Reader S ervice #300 

Data communication sub-systems handle all modes and formats 
The l'ISAT ( Prog ra mrnah lc Sn1c hro ­

nous-As' nchronous Transmitte r ) a nd p/ 

SAM ( Rece iver ) co mbin e to inte rfa ce 
va ri a bl e le ng th para lle l in put d a ta to 
one e ncl of a seri a l cha nne l a nd recon­
struct the pa ra lle l characters a t the o t he r. 

Transmission code ch"a rac te r length s of 
5, 6, 7 or 8 d a ta bits p lus par ity span 
formats compa tibl e " ·ith a ll stand a rd 

sy nc hronou s, async h ronous, or isoc h ­
ronous data com munication media. Th e 

9- bit hy 40-charactcr F I FO (first in / first 
out ) reg iste r interfaces at e ith e r the iY 
SA T inpu t or the p/ sAT output. The pro­
g rammabl e transmitter an d rece iver 

sub-sys te m s ope rate at a rate of 6-lO kb/ 
s, programmably divisib le by 16, 32 or 
6-t . The tran sm itte r is double -buffe red 

\\'ith a fill ( id le ) c ha rac ter holding reg is­
ter and a transmitte r holdin g register. 

Typical data communication system 

Doto source 

FIFO 

Data dest inations 

FIFO FIFO 

Synchronous or ••••••• 
asynchronous 

____ seria l data .---......, 

channel 

P/ SAT P/SAR 

Programmable control lines 

TH E ELECTRONI C ENGI NEER/ systems engineering today · Dec. 1972 

Other featu res in c lud e : d a ta not ava il­
ab le / und e rrun fl ag: data d e limit / 1·: oc: 
fla g ; holding reg iste r e mpty ; a nd pro­
g rammable fi ll charac te r \\·ith start a nd 
stop bi t. Th e receiver has a matc h charac­
ter holdin g registe r a nd a lso in clud es : tri ­

sta te data outputs; da ta received, pari ty, 
fra ming, and overrun erro r flags ; and 

match d etect. The F I FO is asvnc hronous 
and requires no spec ia l c locking. It s 
maxi mum data input / output rate is I 
M H z, \\'ith separa te in put and ou tput 
e n a bl e. Heg is t e r le ng th ca n b e ex­
pa nded w ithout ex tern a l ha rd\\'a re. Th e 
100 quantity p rices a re : PTl-182 ( n".~ . \T ) 

-10-pin DI P, $2 1. 70 ; PH14 72 ( PISAH ) "IO­
pin DIP, $26.05 ; F IFO 28-p in DIP, $23.00. 
W es te rn Di g ital , l9242 Heel I !ill, New­
port Beach, CA 92663. (7 1-t ) 557-:35.SO. 
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REVERSIBLE MOTORS 

High torque synchronous motors pro­
vide 5.5 oz-in. torque at the rotor (600 
rpm ). Harde ned steel gear tra ins pro­
vide a selection of speeds down to 10 
rpm with proportionate in c reases in 
to rque. Maximum gear train capacity is 
200 oz- in . Motor d es ign in sures fast 
start / stop ope ration, e limin a ting th e 
need for pres tarts or clutching. The mo­
to r is built to NE~ t A type 2- 11 con­
fi g uration a nd is e lectrica ll y reversibl e. 
Princ ip al applications a re instrume nt 
drives in medi ca l and scientifi c appa­
ratus, business m achines, a nd co mpute r 
pe riphe ral s. Available for 120 V ac, 60 
H z; a lso in 24 V ac or 230 V ac. Contact 
L. Torok, North Am erica n Philips Con­
trol Co rp., C hes hire Industrial Pa rk, 
C heshire, C T 06410. (203 ) 272-0301. 

Circle Reader Service #302 

Protected by a fl a me-retardant, abra­
sio n res is tant vinyl coating, the " TD' ' 
line of toroidal filte r indu ctors o ffe rs 
hig h Q and a wid e select ion of Q vs. 
frequen cy over a broad range of in ­
ductance valu es. Four mode ls arc being 
produced. TD-2 styles cove r inducta nce 
ranges from .050 mH to 250 mH ; TD-3 
styles, fro m 50 µH to 4 H ; TD-..t styles, 
from 150 µI-I to 7.5 1-1 and TD-5 sty les. 
from I m H to 20 H. Sta ndard tole rance 
is ± I % for va lues a bove 2 ml-I , ±2 % for 
lowe r values. All are avai lab le in a se lec­
ti on of temp. coeff. rang ing from 0.2.5 % 
to ± 1%. T ypi cal price (100 ml-I TD..t ): 
$1 .90 each in medium quantity. Co ntact 
Dale Electroni cs, Inc., Box 180, Ya nk­
ton, SD 57078. (605 ) 665-9301. 

Circle Reader Service #30 3 
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COMPUTER PRINTER 

This new co mputer output d ev ice 
prints 8,000 lines / min. on ordinary pa­
pe r. The EPI-100 printer uses an e lec­
trostati c method of depos iting ink in a 
dot matrix directl y onto paper. It prints 
in a numbe r of upper and lowe r case 
fonts , as we ll as graphics a nd foreign 
languages. Speed is inde pende nt of line 
length, size of character se t or code set. 
El ectroPr int. Inc., 10061 Bubb Rd., C u­
pe rtin o. CA 95014. 

Circle Reader Service #304 

ONE-CHIP CALCULATOR 
Th e C-500 is for the lm1·-cost 8-digit 

perso nal calcu la tor mar ke t. It fea tures 
four fun ctio n operat ion, constant in a ll 
four modes. cha in operations, and pm"­
er ca lcul ations. Ent ri es are made in a l­
gebra ic form with floating point e ntn­
an d res ults. Th e circuit is in a 2..t- lead 
DIP and is cas il ~ · interfaced 11·ith LEDs. 
gas discharge disp la1·s and fluorescent 
tubes. The un it con ta ins its o \\·n kc1·­
board bo un ce protection ci rcu it. Gene r­
a l In strum e nt Corp .. Microe lect roni cs 
Di v .. Box 800. 800 \\'. John St. . 1-1 icks­
vill e, N Y 11802. 

Circle Reader Service #305 

FAST TUNING YIG FIL TEAS 

This seri es o f filt e rs. for app li cat ions 
requiring extre nw h- fast step respo nses. 
covers the frcqucnc1 range between 500 
i\ l H z and -1 C ll z in standa rd bands. 
Des ignated the \\'j -.5 170 Series. the fil­
te rs can be tuned in 100-i\ JH z steps in 
less than :3.5 µ s, and full hand step re­
sponse as 1011 as 75 µ s can be pro1·ided. 
\\ .at kin s-Johnson C:o .. .'3:3:3:3 1-lilh·ie11 
t\ 1e., Stanford Industria l Pk . Palo Alto. 
CA 9-1 :30-1 . 

Circle Reader Ser vice #30 6 

DC TO DC CONVERTERS 

These single outpu t de to de con­
verters have fl oa ting o utputs of 5, 12, 
24, 28 and 30 \' de and 25. 40, 80, 100. 
125, 200, 250 a nd 500 mA-up to 3 W 
with e ffi cie ncies of 50 a nd 55 %. Regu­
lati on, lin e and load. is 0.02 % max., ex­
cept for 5-V and 500-mA mode ls whi c h 
have 0.05 % max. The DD se ries co n­
ve rte rs are in two package sizes: l. 5 x 
2.0 x 0.4 in. and 2 x 2 x 0.4 in. Pri ces ( I -
9 ) are $46.00 for 25. -10, 80 and 200-mA 
units a nd $76.00 for 100. 125. 2.50 and 
500-mA suppli es. Semiconductor Cir­
cuits, Inc .. 306 Ri ver St. , H ave rhill , MA 

Circle Reader Service #307 

CERAMIC ACTS 
LI KE A THERMAL SWITCH 

l 

therm1 s t ol" 

A ne w ba rium titanate ce ramic mate­
ria l acts like a the rma l switch : it can he 
fo rmul ated to cha nge its conducti vit v 
abruptl y from hig h to ve rv low leve ls at 
a prede termined te h1pe rature a nywhe re 
from 60° to l80°C with re pca tabilit1· 
within ±2°C. The ma te ri a l ca n be used 
in low-cost control de vi ces to prov id e 
overhea t protection, limit curre nt, or to 
tim e and sequ e nce e lectrica l switc hes 
a nd re lays. Th e PTC (pos iti ve te mp. 
coe ff. ) ceramic devices ca n a lso be used 
as self-limiting, low-powe r heaters, go­
in g fr om a low-res istan ce, hi g h- hea t 
ge ne rating sta te a t low te mps. to a hi gh­
res is t a nce kee p-w a rm s tat e wh en 
heated. Althoug h a numbe r of app li ­
ca ti ons fo r th e new mate ria l have bee n 
d eve lo ped , potenti a l app li ca tions arc 
limitless. Cu rre nt prices: unde r $1 / de­
vice. Texas Instrume nts Inc., Control 
Produc ts Di v., Att le bo ro, MA 0270.3. 
(6 17 ) 222-2800. 
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BEAM-LEAD SCHOTTKY DIO DE 

Mode l 5082-2837 is the beam- lead eq ui vale nt of HP' s 5082-
2800 Schottky d iode. It fea tu res fast swi tching, hig h break­
down voltage a nd low tu rn-on vo ltage. Prices are 99¢ fo r 

sm all qu a ntities, with lowe r prices for large volumes. The de­
vice has e pi tax ia l, plana r passivated construct ion ma king it 
mec ha nica ll v rugged. Its leads a re cop la nar, go ld-pl a ted, and 
are 4 mi ls wid e by Y2 mi l t hic k for easy moun ti ng. Breakdown 
voltage is 70 V; re ve rse lea kage curre nt is 200 nA ; capac i­
ta nce is 2 pF; and its e ffecti ve m inor itv carr ie r is 100 ps max­
imum. Inqu iries Ma nage r. Hew le tt - Packa rd Co., 1501 Page 
Mill Rd., Palo Alto. C A 9-1304. 

Circle Reader Service #309 

BACKPLANE TEST SYSTEM 

Th e N I 5 l is a self-programming svs te m whi ch \\' ill record 
a ll shorts a nd ope ns, in \·our no me ncl ature, on e ith er a CRT 

disp lav or a printe r. Pin e lect roni cs a re on .. fi xture ca rds" de­

sig ned to ma te with the bac kpl a ne be ing tes ted. \\' it h mul ­
tip le se ts of fi xture cards, \ 'OU ca n tes t one backpla ne while 
se ttin g up or se rvic ing others. In norma l use. a protoh ·pe or 
bac kplan e known to be good is conn ected to th e s\·stem, 
\\' h ic h a u tom ati ca lh · " lea rns .. th e ne twork. A " run I ist .. ma\· 

th e n be printed for compa ri son aga inst e ng ineering drawings. 
Wh e n production bac kp la nes a re tes ted, the s\·s te rn reco rds 
a ll wirin g e rrors insta nt ly o n t he c nT displa\· a nd \O U ca n a lso 

ge t ha rd cop\'. Th e N l5 1, in cludin g compute r. CHT di spla\· 
a nd ke vboa rd, Printec line p rinter. mag ne tic tape unit , a nd 
softwa re, is $35,000. p lus $5 pe r point fo r fi xture ca rds. An 
eco nom \· ve rsio n, with a Te le tvpe substituted for th e rnT dis­
pla \· an d lin e printe r. is $25,000 p lus $5 pe r point. Deli ve n · is 
12 wee ks. T e rach-ne, In c., 18:3 Essex St., Bos ton. l\ IA 02 1 l l. 
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OUT OF THE 
ORDINARY 
PERIPHERALS ... 
call for MCD Custom Power Sup­
plies for precise, dependable per­
formance . 

YOU CAN TAKE ADVANTAG E of 
Magnetic Components Divisions' 
15 years of Control Data® " inside" 
computer experience. The talent 
that supplied CDC with unique 
power-supply packages-with 
MTBF's to 100,000 hours, sophisti­
cated regulation techniques (fer­
roresonant , linear, hi-frequency 
switching , and phase controlled, 
for example) , pure EDP design 
applications - can engineer a cus­
tom power source for your own 
creative design! 

IT'S EASY TO DO- send today for 
the facts. See how you can build­
in low cost-performance to the 
user over the life of your product! 

MAGNETIC 
COMPONENTS 

DIVISION 

CONTROL DATA 
C O RP O RATI O N 

7801 Computer Ave. So ., Minneapolis, Minn. 55435 
(612) 920-8600 TWX 910-576-2978 

Circle Reader Service #20 

THE FIRST TRULY 
SUBMINIATURE LED 
SWITCH/INDICATOR 
Extremely compact TEC-LITE 
SSBL Series combines LED and 
SPST- NO- OB switch in a low 

ACTUAL 
SIZE 

cost, highly reliable un it for a variety of display 
and control functions . .. especially where space 
is limited. The .360 diameter, anodized aluminum 
body protrudes just Yi6" behind panel , including 
terminals. Mounts in 1/4" hole on 3/s" centers. 

Red LED is mounted high in lens for maximum 
visibility. Replaces incandescent or neon lamps 
for low current, solid state applications. Internal 
resistor adapts unit for 5 or 6.3 VOC operation. 
Switch life is one mill ion operations at 20 mA. 
In 3 lens colors. $4.10 each in quantities of 100. 

Matching Indicator. SSIL Series LED with resistor 
fo r 5-28 voe operation. $3.10 ea .' 100 quantities. 

Write: TEC Incorporated, 9800 N. Oracle Road, 
Tucson, Arizona 85704; or call (602) 297-1111. 

1[t· llllllllllllll~liliiii INCORPORATED 
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Why d 
a bundle to automate, 
then fumble around 

hand wiring? 
You can automate right down the line, but when you get to the hand wiring you 're back in the dark ages. 

It's one of those costly things you always had to put up with, until Flexprint® Circuitry came along . 
Flexprint Circuitry saves you money on installation, an.d it fits into an automated system like a glove. 

Recently for one customer, Flexprint Circuits saved up to $4.02 on every $6.24* wiring installation. 
Because Flexprint Circuits are so adaptable, no other design changes in his product were necessary. 
If you manufacture in quantity, the savings multiply. And there's no room for error, because the wiring design 
is built into every Flexprint Circuit design. You reduce repair costs, soldering costs and handling costs 
because Flexprint Circuitry is built to fit into your system. Consider Flexprint Circuitry while your new product 
is still in the concept stage. That way, you ' ll get maximum cost and design flexibility from the very beginning. 
Call Mr. Tom Stewart at (603) 669-4615 (Ext. 417) or write to Grenier Field , Manchester, 
New Hampshire now, while your automation is still in the design stage. 
It can save you a bundle. 

·Ask to see our 8-minute film presentati on on Flexprint Circuitry cost savings. 

mm~~~~~~ ... * r . M S•N DERs ASSOC•.t.rcs. 1Nc Grenier Field , Manchester, New-Ha~r 
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LINEARS IN MINIATURE 
PACKAGE 

I 11 \ 

The ·· Pico Pak" is a sili cone plastic 
pac kage that meas ures 0.2 1 x O. l-1 x 0.06 
in., as co mpared to 0. 73 x 0.27 x 0. l8 for 
a n 8-p in DIP, and 0.25 x 0.25 x 0.07 for a 
fl atpack. Initi a l!\·, three genera l purpose 
circuits a re be ing offered in the ne \\. 
package. The 8007 FET-input op amp. 
with 6 \' / µs sle w rate a nd 2 pi\ input 
current, is $5.00 for the comme rc ia l ver­
sion and $ L0.00 for milita n · ve rsion in 
quantities of 100. The 8021 mi c ropowe r 
op a mp, with 20 µ\V pow e r con­
sumption and 30 nr\ input bias current 
is $2.75 (comme rcia l ) a nd $10.00 (mil i­
tarv ). The 800 l prec ision low pm1·c r 
co mparator, with 30 m \\' pm1-c r co n­
sumpti on, a nd less th a n 250 nA input 
c urre nt. is $3.00 for co mme rcia l and 
$9.00 for m ili tary. l nt e rs il , 10900 N. 
Tanta u Ave., Cupert in o. CA 950 l-1 . 

Circle Reader Service #312 

OPTO-ISOLATORS 

" ' J 

For the OEM who must e lectricall y 
isolate low vo ltage log ic c ircuits (DTL 
and TTL) from hig h volt age ou tputs, the 
551 series Opto- lsolators e limina te the 
need for a co mmon e lectri ca l g round 
whi le provid ing e ffective isolation. Both 
mode ls, 55 1-0002 and 55 1-0003, consist 
of a Gai\s LED a nd a n npn sili co n pho­
totransistor mounted on a 6-lead fra me 
encapsulated wi thin a n e lectrica ll y non­
co ndu c tiv e plastic co mpound. Max­
imum input-to-output vo ltage is ± l. 5 
kV (aJ 25°C; max. co ntinuous powe r dis­
sipation is LOO mW for the LED, 150 
mW for th e phototrans istor. Price from 
$ l. 50 in 1000 quan. Ava il abilitv : 2 to 3 
weeks. Dia lig ht Corp. , 60 Stewa rt Ave., 
Brookl yn, NY l l237. 

Circle Reader Service #3 13 

Fast, acc ura te, lu minous int e nsit v 
(ca ndela ) measurements of a ll LEDs, in­
cluding disc retes, 7-segment,. dot matri x. 
or multi characte r a re done with thi s di­
rec t reading digita l s\·ste m. The W- l l 
Photometric C hambe r conta ins a si li co n 
photode tector a nd layered g lass filt er 
combination. Sc nsiti vit v is l µca nde la 
over 5 ranges from l µ ca nde la to LO 
ca ndela. Electrome te r respo nse is selec­
table 2 ms or 200 ms, and displa v is 3-
digit LED. Options include llCD output, 
10-bit binarv output, 2-M H z freq. re­
spo nse, li g ht binn ing, a nd automat ic or 
semi-au tomatic ha ndling. W- 10 pho­
tometer and W-1 l photome tri c cham­
ber, $l750 ; 2--1 wee ks Al10. W estern 
Elect ron ics Labs, 2 l20 Rona ld St. Santa 
C lara, CA 95052. 
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CUSTOM HYBRID CIRCUITS 

\I \ I~. 
It)/.>" !tr ,... 

Starting from a circui t diag ram, com­
plete hybrid circuits in a wide vare ity of 
pac kages can be made. Circ uit s are 
printed on ce ramic substrates with e i­
th er chip a nd wire or discrete com­
pone nts. Res istor to le ran ces of und e r 
1% with Tens of 50 ppm a re avai lab le. 
Ma ny popu lar dig ita l or lin ea r semi­
conductor chi ps ca n be specified. Pack­
ages ava il ab le include DIPS, he rm e t­
ica ll y-sea led T0-8s, a nd co nform a l!\· 
coa ted modules. C ircuits a re tes ted 
100% e lect rica lly, and subj ected to e nvi­
ro nm en tal tes ts. T\·pi ca l d e li ve ry: six 
wee ks. Contact Al Gomez, Airpax Elec­
tronics/ Controls Di v., 680 l W. Su nrise 
Blvd., Ft. Lauderdale, FL 333 13. (305 ) 
587- 1100. 
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Calibrate or Measure 
with the 

RFL Model 829G 
RFL's famous 829, for 15 years the in­
dustry calibration standard, now gives 
way to the new 829G - still the indus­
try calibration standard. But now it's 
twice as useful·. When functioning as 
a calibration source, the 829-G delivers 
AC or DC voltages from lOmV to 1400V; 
current from 10,u.A to 14A; and 10 car­
dinal resistan ce values from 0.01 ohm 
to 10 megohms. AC calibrat ion is in­
ternally generated and may be selected 
at 50, 60, 400 and lOOOHz. Direct read­
out is by a 5-digit DPM. Many other fea­
tures are available. Price $3,600.00. D 
Write for complete data today. RFL 
Industries, Inc. , lntsrumentation Divi­
sion, Boonton, New Jersey 07005 Tel.: 
(201) 334-3100 I Twx: 710-987-8352 I 
Cable: RADAIRCO, N.J. 

® 
RFL Industries, Inc. 
Circle Reader Service d23 
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the world's 
smallest 

shielded inductor. 

ACTUAL SIZE 

New Pee-Wee Ductor 
66 % smaller 

than the previous smallest 

Nytron ics ' new Pee-Wee Ducto r for microminiature hybrid 
c ircu its is about an Va th of an inch from stem to stern . . . or 
about VJ rd the size of the previous world 's smallest magneti cally 
sh ielded inductor. Yet its electrical performance is big time. 
It offers higher Land Q (MIL-C-15305} in ratio to volume than 
its famous predecessors Wee-Wee and Super Wee-Wee. 
Values run from .10 to 1000 uh ± 10% , a low of .025 to a high of 
10,000 uh on special .order. Minimum Q ranges from 34 to 55 
at RF frequencies, and current ca pability from 43 mA to a 
whopping 1.5 amps. 

Write for additi onal specs and temperatu re curves. 
Write smal l. 

ORANG E STREET, DARLINGTON, S. C. 29532 • (803) 393-5421 • TWX 810-665-2 182 
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DATA RECORDER 

This d igita l cartridge recorder com­
bines a 3 M 1/1- in. tape ca rtrid ge with 
Kcnnedv"s isoelas tic drive svstem. Fulk 
bi -directi onal d rive a t 25 ips norma l 
speed res ults in data transfer ra te of -W 
kb / s a t 1600 cpi recordi ng d ens il\ ·. 
Search modes and rewind speed are 90 
ips. Total da ta capacil\· (ga pless ) with 
300 ft. of I-mil tape is 2:3 x 106 bits for 
4-track operati on. One, 2-, a nd 4- track 
versions equipped wi th du al gap read / 
writ e head for read -a fte r-\\-rit e ope r­
a ti on are ava il able. i\ lodel 330 meets 
proposed .\:-:s1 standa rd. Qua ntil\· pri ces 
range from $200 (mechanics on ly) to 
$i50 (4-track write e lectroni cs). Kenn e­
ch- Co ... 540 W. Woodbun Rd .. Alta­
de na, CA 91001. 
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PAPER TAPE READER 

.. 
.. 

7 •a•J 
• 

You ca n read 5- to 8- level tape at 
speeds up to 250 characte rs per second 
wi th this asy nch ronous hig h-speed pa­
pe r t ape reade r. The D P- 2001 T ape 
Read er is a photoe lectri c, so lid -s ta te 
reader with only one mov ing part. The 
reader is rack mountable with supply 
and take- up fo r fa nfold and suppl y fo r 
ro ll ed tape. H ardw are a nd so ftw a re 
co mpatible interfaces are ava ilab le fo r 
O E M application without inte rface. The 
DP-2001 is also ava ilable as a portable 
un it comple te with carrying case. A typ­
ical reader system, including interface, 
is priced at $ 1200 in sing le qu antities. 
Availab le 30 d ays A HO. Contac t Thomas 
Paine, Digita l Products, 982 1 Katy Free­
way, Houston, TX 77024. 

Circle Reader Service #317 



The Electronic Engineer/systems engineering today 

Twelve months of ideas 
for electronic systems. 
In this issue, we 're giving you just a hint of many exciting new ideas and new 
features that will appear in The Electronic Engineer. 

We 've been telling you about systems, and how important the systems concept is 
to you , for the past three years. In 1973, we 're going to tell you more. And do it 
even better. Why we' re doing it is explained in the editorial on page 7. 

Because of this greater emphasis on systems, you ' ll also notice a modification of 
our name as we emphasize systems engineering today. We think it identifies us better 
to you , the technical leaders in the industry. Below, we tell you just a bit more 
about how we 're going to make systems more meaningful to you beginning with next 
February's issue. 

Systems: To design them, you must know what components are available. From 
which suppliers. At what price. To build them, you must know who needs them. Which 
type of industries need them. For what application . EE I systems engineering today 
gives you information on the components, and on the systems your customers 
want, and on how to use the former to build the latter. It's vital information. For an 
important reader . The systems engineer. 

Cover story: People, markets, technologies , and dollars . EE/systems engineering today 
brings to your desk the technical leaders who introduce to their industries the 
electronic systems that are going to save money; systems which are going to mean 
more dollars for electronic systems engineers. Look into these stories as through 
windows to new opportunities. 

The profit center: Selection guides for specific types of products, components, 
and subsystems. The economic story of their applications to today's electronic 
systems and equipment. Pricing trends. What to buy, and what not to buy, as 
reported by readers of EE I systems engineering today who have bought those 
products in big volume. It's the kind of article that saves you money, or that triggers 
new ideas for new components. --

Systems technology: Two serialized courses for systems designers this year. One on 
applications of minicomputers (February to October}, the other on applications of 
phase-Jocked loops (Nov. '73 to January '7 4 ). 

Systems design: Technical articles, written by experts from industry, on systems 
applications of integrated circuits, instruments, and other systems components. 

Managers behind the systems: Interviews with executives who define for systems 
engineers the kind of performance they expect from the electronic systems they are 
going to buy. 

Product emphasis: Each month, we will feature the types of products (power 
supplies, relays , etc .) which have proven to be most popular among our readers , 
plus the new ones recently introduced. 

Product feature: The latest system component or instrument of wide application 
to electronic systems, reported exclusively in EE / systems engineering today. 

On the other side of this page is a month-to-month schedule of the major editorial 
features you will see beginning in January. The emphasis , of course, being on 
systems. Please be sure to look at it. We think you ' ll be delighted. Then , if you want 
to, remove the calendar for your own permanent reference throughout 1973. 



cover story: 
The Electronic 
Markets. 

profit center: 
Special report on 
Complementary-MOS 

systems technology: 
Readouts course. Part 7. 
Plus exam. 

product emphasis: 
Most popular of 1972 

cover story: 
Production testing 

profit center: 
Special report on readouts. 

systems technology: 
Course on the applications 
of minicomputers. Part 4. 
Systems considerations. 

product emphasis: 
Most popular connectors. 

profit center: 
Special report on lighted 
pushbutton switches. 

systems technology: 
Course on the applications 
of minicomputers. Part 8. 
Application packages on 
today's market. 

product emphasis: 
Most popular TTL circuits. 

cover story: 
Automotive electronics ; 
Chrysler Corp. 

profit center: 
Special report on 
keyboards & keyswitches 

systems technology: 
Course on the applications 
of minicomputers. Part 1. 
Systems considerations. 

product emphasis: 
Most popular power 
supplies. 

cover story: 
Consumer electronics. 

profit center: 
Special report on digital !Cs. 

systems technology: 
Course on the applications 
of minicomputers. Part 5. 
Peripherals in today's 
market. 

product emphasis: 
Most popular frequency 
analyzers, spectrum 
analyzers and frequency 
synthesizers. 

special report: 
Connectors-The Electronic 
Connector Symposium . 

systems technology: 
Course on the applications 
of minicomputers. Part 9. 
Systems considerations. 
Plus exam . 

product emphasis: 
Most popular readouts. 

cover story: 
Peter Peterson, 
Secretary of Commerce. 

profit center: 
Special report on low-cost 
digital multimeters 

systems technology: 
Course on the applications 
of minicompyters. Part 2. 
Systems considerations . 

product emphasis: 
Most popular relays . 

cover story: 
Data communications. 

profit center: 
Special report on trimmers . 

systems technology: 
Course on the applications 
of minicomputers. Part 6. 
Systems considerations. 

product emphasis: 
Most popular MOS circuits. 

profit center: 
Power supplies. 

systems technology: 
Course on the applications 
of phase-locked loops. 
Part 1. 

product emphasis: 
Most popular keyboards. 

cover story: 
Mainframe manufacturers 
look at memories. 

special report: 
Relays-coverage of 
the NARM conference. 

systems technology: 
Course on the applications 
of minicomputers. Part 3. 
Computers in today 's 
market. 

product emphasis: 
Most popular op amps. 

cover story: 
Industrial control. 

profit center: 
Special report on 
capacitors. 

systems technology: 
Course on the applications 
of minicomputers. Part 7. 
Systems considerations . 

product emphasis: 
Most popular digital 
multimeters. 

profit center: 
Special report on 
op amps and linear !Cs. 

systems technology: 
Applications of phase­
locked loops. Part 2. 

product emphasis: . 
Most popular trimmers, 
pots and resistor networks. 



want 10 know 
what wlll happen 

. -in electronics-. 
ONE YEAR from 
NOi? 

If you do, look over there at the left. That 
monthly Calendar of editorial features was 
created by our editors for you. It tells you 
- in advance-about the major articles 
that will appear in EE/ Systems Engineer­
ing Today-throughout 1973. By check­
ing the Calendar you can look for those 
features that are of very special interest 
to you as the months go by. Practical? 
You bet! Check our Calendar and see 
for yourself ! 

Idea. Why not tear it out and keep it on 
your desk? Or wall. Or wherever it is that 
you keep material for ready reference. 
We've even perforated the page to make 
its removal easy. 

OH! OH! If the page we' re talking about 
isn ' t there, it means the engineer who 
read this issue before you did, beat you 
to it. Now it's on his wall . But if you do 
want your own Editorial Calendar, it's still 
easy to get. Simply circle number 201 on 
the reader service card and a copy will 
come to you. Pronto! 

We like to think that extra services like 
this make EE/Systems Engineering Today 
the most talked about magazine in the 
field today. We hope you think so too. 

_li]Q 

PROGRAMMABLE DISTORTION ANALYZER 

The Model 334A-H25 di storti on analyzer/ ac voltm ete r has 
all th e ca pabilities of the standard Model 334A plus comple te 
programmability of a ll fun ctions, ranges, and settings. As a 
distortion analyzer, the instrument measures total harmoni c 
distortion from 0.1 % to l 00 % full scale in seven ranges. The 
fundam ental frequencv range for distortion measure ments is 
from 10 Hz to 100 kH z \\'ith harm onics indi cated up to l 
MH z. Frequencv resolution is 3 dig its over the full frequency 
range. As an rms calib ra ted voltmete r, the unit measures in ­
put leve ls from 0. 3 m \' rms to 300 V rms full scal e in thirteen 
me te r ranges. The frequency range for voltage measure ments 
is from 10 H z to l MH z. $3600. Inquiries Ma nager, Hewl e tt ­
Packard Co., 1501 Page Mill Rd., Pa lo Alto, CA 94304. 
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SEMICONDUCTOR MEMORY FOR PDP-12 
Users of the DEC PDP-12 laboratorl' computer syste m ca n 

now purchase solid-s ta te, plug-compatibl e add-o n memory. 
Bu y 4k of expansion memorv a t $2,850; 8k is priced at $4,050. 
The add-on memory is ex pandable in 4k incre ments to a tota l 
of 28k. Signal Galaxies, Inc., 6955 H a\'Venhurst Ave., Van 
1 uys, CA 91406. (213 ) 988- 1570. 
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TIME INTERVAL COUNTER 

The 7 015 Unive rsa l Counte r/ T ime r is a sco pe plug-in, 
which provides co n\'e ni ent counting a nd timing meas ure­
ments \\'ith g reate r acc urac\· a nd confide nce a t a lower cost 
pe r meas uremen t. Si gnals from the scope a rm and co ntrol th e 
co unte r / time r. The measured sig nal ca n be seen on th e C RT 

alo ng \\' ith th e meas ure me nt int e rl'a l a nd t he co unt e r 
Schmidt tri gger signal. T here a re e ig ht modes fo r th is dc- to-
225 MH z unit : tim e inte rva l, time interva l al'erag ing, pe riod, 
multi-pe riod, freq uency, frequenc\· ra tio, totali ze, a nd ma nu al 
stop \\' atch. Resolution is LO ns in sin gle-s hot time meas ure­
me nts. a nd is !00 ps in time inte rva l averag ing. Pri ce is $1475. 
Tektroni x, Inc., Box 500, Beave rton, OR 97005. 
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If you've got the 
circuit, we've got 
the socket. 

We ought to. 
After all, Augat conceived 

and pioneered the socket 
panel for dual-in-line IC's. 
So why wouldn't we make 
other sockets for printed 
circuit boards as well? 

We do. Low profile types, 
ultra-low profile types, 
MSI and LSI types, even LED 
sockets. More important, 
Augat design and quality 
standards provide for longer 
life, better retention and 
greater reliability. 

There's more to Augat than 
sockets. As the leader in 
electronic interconnection, 
we also offer a broad selec­
tion of accessories. For 
quick information on price 
and delivery, call us at 
(617) 222-2202. Or write for 
our catalog. Augat Inc., 
33 Perry Ave., Attleboro, 
Mass.02703.0urrepresen­
tation and distribution is 
nationwide and international. 
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Plug into Augat® 
Circle R eader Service -1125 

THIN -FILM RESISTORS 

A seri es of ·· S .. configuration. glass 

passivat e d . thin-film res is to rs o ff e rs 
standard te mperature coeffi cients of less 
the n ±50 ppm / ° C and custom tcmpcos 
be l1m ± 15 ppm / °C tra cking to ± .5 
ppm. Standard HEnl.\ resistance values 
have I 'lc tol e rance from 10 !! to 511 kll : 
5 % from 10 II to 510 kll. and 109( from 
10 12 to -170 kl!. Pll\\ e r diss ipation rated 
at 250 m\\'. In 100--199 qu antil\·. 10 7-r 
units cost $0.59 : 5 '7c units a rc $0.68. H,·_ 
brex. Di,·. of Burr-Bro\\'n. Inte rnational 
Airpo rt In d ustri a l Pa rk. Tucso n. :\ Z 
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FAST CHARACTER GENERATOR 
This 5, 184-bit static character gene r­

ator comes in a 64 x 9 x 9 organization 
for use in vertical or raster scan displays 
that use a 7 x 9 matrix , printer charac­
ter generat ors, panel displ ays and bill­
boards , micro-programming a ppli­
cations, and code conversion. Called 
Model 2526, this device has TTL com­
patible inputs and outputs, and requires 
+ 5-V and - 12-V power supplies. Fea­
tures include a 450-ns typical access 
time. Signetics Corp ., 811 E. Arques 
Ave. , Sunn yvale, Calif. 94086 . 
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SENSE AMP/LINE RECEIVER 

This du a l \ t OS se nse am plifi er a nd 
line rece ive r re pl aces th e SN75 107 a nd 
SN 75 l08 and is pa rti cul a rh suited for 
1103 \ tos HA \! appli cati ons. The se nse 
amplifi e r is the Si\17.5207 and th e rccc i,·­
c r the SN75208. Tig ht ± 10 111\ · input 
sc nsiti,·it , · makes these circuits \\ell suit ­
ed for \! OS mcmon · se nse am plifi e rs. 
Texas I nstru men ts In c. , I nq u in· :\ ns" ·c r­
i ng Sen- ice, Box .501 2, 1'. I S :308. Da ll as. 
TX 75222. 
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16 M-BIT STORAGE TUBE 

The TH9903 stora ge tube can store 
16 million bits of dig ital information or 
the equivale nt in TV gray scale form for 
be tte r than 20 minutes of continuous 
readout. The 2-in . dia. si licon targe t 
permits a reso lution of 2700 TV lines at 
50% modula tion leve l and a limiting 
resolution of -1 300 TV lines pe r diamete r. 
A specia l gun design perm its fas t e ras­
ing. Because the display function is sep­
arated from the storage system, the user 
can se lecti vely edit the stored image or 
zoom in on a ny portion of the image. 
Tu be ope rates with standard Yid icon 
ha rdware for such applications as buffe r 
memory, high density data storage, or 
bandwidth compression. Contact Mme. 
J. Du ra nd, Thomson. CSF, Croupme nt 
Tubes Electroniqu cs, 8 ru e C hass e­
loup-Laubat, 75015 Paris, France. 
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SEAL MOISTURE OUT 

A new sealing technique provides en­
vironm e ntal performance be tter th an 
the most stringent militarv specs. De­
signed for equipment requiring ultra-re­
li a bl e moi sture sea ls, th e C-21 con­
nector uses indi vidual pressure-sensitive 
seals a ttached to eac h contact-one at 
the rea r where the wire is a ttached, and 
the othe r a t the pin-socke t interface. 
Press ure diffe rentials improve the sea l. 
C lampin g pressure is not required tu 
maintain seal integrity. The 158 rec­
tangula r connector is avai lab le for im­
media te de live rv. Four othe r si zes, 52, 
80, 104, a nd 212 to be introduced in 
next four months. Hughes Connecti ng 
Devices, 500 Supe ri or, Newport Beach, 
Ca. 92663. 
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CASSETTE DAT A 
RECORDER 

For portable or remote app lications, 

the Series 201 hi g h -densit~ · . low-power 
cassette recording S\ stem prm·idl·s co111-

pact data logging and storage. L:sing a 

ste pping motor driH'. it pm' ides in­
crementa l reco rding a t a dens it~ of 61.5 

h / in ., yi eld ing 2.2 1-1 million hits of stor­
age on a s in g le Phillips 300-ft . cassette 

tape. During reco rdin g the unit dra" s 
on l) .5-1 mA from the 12-\ ' s uppl~. Ma~­

imum write speed is 180 stc ps / s. Price: 
$-125.00. Availahilit,·: 2--1 \\eeks Allo. 

Contact Pau l Nathan . M c mod\' l1l' 

Co rp .. :369 Elliot St. . Nc"to11 Uppn 
Fa lls, MA 021 6-1 . (6 1/) .521-6600 
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SOLID- STATE KEYBOARD 

The fin· stand a rd roll-mer features of 

th e Super s,, itch 1' l'\ hoard arc . :\ - kt•\ 

roll-m·cr. :\-kt·\ ro ll -mer l \\O- kc•\ lock ­

out: l\' -kl'\ loc ko ut l\\o-kl'\ ro ll -mer : 

[\\ o- kl'\ ro ll -o\ er: and rnl'Chan ieal sim 11 -

lator. Tht' Super s,, itch 1':t•\ board has 

1natr11etil' co re S\\·itchi11tr . Co11tactless 

so lid -s tate S\\·itchcs can be crn111cctcd to 

a I'< hoard. \ l'l contain 110 dcctro11ics in 

the S\\ itches tlH'mseh t's 1-:asih repL.tl't'­

ah le S\\ it c hes ea11 he pullt·d slraitr ht out 

after d<'solderi11tr . Kc\ hoard lll l'aSUrl' S 
onh 0.6()() i11 . l rom 1110u11ti11(! su rlaee to 

IJ<Jtto111 ol I'< hoard . Lo\\ pm\l·r co11-

sumptio11 : :)()() 111. \ 11ia\ . 1.50 111.\ l\ pieal 
drain. Contact Jo hn 1>tcilkr. Licrn1. D i\ . 
ll li11<>i'> Tool\\ urk s. Inc. (i(il .) \\ In intr 

l'k. l\tl. . <: hi ea(!o. IL (J()(j:) l. 1:312 I :?.h:?. ­
-10-IU. 
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8-BIT SYNCH RO 
CONVERSION 

QUARTZ CRYSTAL 
9S,CILLATORS ----

This 8-bi t ( 1.-1 °) S\ll c hro -to- hinan 

co11\'ersion modu le offe rs an upd a te rate 

of 5 ms a nd data tra nsfe r time of less 

th an lOO ns from th e output register in ­

cluded in the modul e. All inputs, in­

cludii1g the refere nce. arc transforme r 

iso lated. ~ l ou nted on a s ingle 1·< · ca rd. 

the eo n\' e rte r rn odulc occupies .5./ in.3. 

Can be used in positio n monitoring S\S­

tems. sen·o readout s. and d a ta acqu isit ion 

sYstems. Price: from 8295 ( I 00 pieces ). 

From stoc k. Contact :'\'or ma n \\'h eat­
croft . Astrns,·stcms In c .. 6 Nevada Dr. . 

La kc Success. i\ Y I I 0-IU. ( .S I (j ) :3 :?.H - I GOO. 

The ag ing rate is 5 parts in 10 10 per 

da\· ( less th an 5/ I 00 o f a sec / n ), 

reached within 2-1 hours a ft e r he ing off 

for 2-1 hours. Th e Mode l l05-l .'3A. $850, 

is ;ea led and ruggedi zed for field re lia­

hilit\ an d deli,·ers more output. I\ ' into 

.50 ohms. instead of I\' into 1000 o hms. 

It is he lter suit ed fo r m obile. or airborne 

uses. Th e i\ l od e l I 0.5-1-IA. S-150, h as 
s li g hth· degrad ed noise p e rform a n ce. 

dmrn 125 dB. instead of dmn1 J-1 .5 dB. 
and will usua lh· he c hose n for fix ed in ­

stallations. Both avai la ble as 5 or 10 
i\ !H z units. Inquiries i\lanage r. H e w­
lett-Packa rd. 1501 Page i\ l ill Rd .. Pa lo 
Alto, Ct\ 9-1 :30-1 

/ 
I 

I 
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~------------------------------

if you're 
going to use 
punched papertape 
and edge punched cards .. . 
use 

ROY TRON 
the most reliable 
paper tape and 
edge punched card 
punches and readers 
in the industry 
for over a decade. 

rn OEM PRODUCTS DIVI SION 
For more lnlonnatlon ON ABS 
call Frank Misiewicz LITT 

" \ 
\ 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

OEM Products Automa!ed Business Sys tems 
\ (201) 935-2200 Litton 600 Washington Avenue, Carlstadt, N. J . 07072 I 

' I ~ / 
~-------------------------------
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NEW COOL-PAX 
I u AR 

FOR 

PowerSemiconductors 

68 

New concept in forced-air cooling using con­
voluted fin stock in modular assemblies ac­
commodates any number of devices in case­
common or single, isolated modules. 

Modules are easily removed from 
system via a simple latching mech­
anism. Shown, a two-unit module. 

Brazed aluminum compact cooling packages: 

• Provide .65°C/W cooling for each transistor at 8 CFM 
• Provide parallel air flow to all devices 
• Greatly reduce volume and weight 

The COOL-PAX Modular System is a new generation in elec­
tronic cooling. Its superior performance and greatly reduced 
volume and weight make the heavy extrusion obsolete. 
COOL-PAX systems improve packaging versatility and lower 
overall systems costs. Devices are easily accessibls and 
wiring complexity is reduced. 

COOL-PAX Systems are simple to specify, to 
analyze, and to predict performance. For tech­
nical applications data to analyze your own 
system, write for our new COOL-PAX Catalog 
72-CP-7. 

WRITE FOR FREE CATALOG 

Thermallby 

P.O. BOX 34829 
2021 W. VALLEY VIEW LANE 
DALLAS, TEXAS 75234 
(214) 243-4321 TWX 910-860-5542 
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PROJECTION READOUTS 

For visual displavs in co ntrol S\'Stems, 
e lec troni c eq uipm e nt, ve nding m a­
chines, and instrumentation, the Major 
16 / 32 / 64 rea dout s ca n displ ay any 
standard o r custom message that can be 
photographically pla ce d on film . 
(Sta ndard 64 message is ASCII code with 
capability of up to 120 characte rs pe r 
image frame.) Proj ected front pane l im­
age size ranges from l. l 0 in. to :;> in. 
hig h, can be viewed at 75 ° at distances 
up to 20 ft. Larger images a re possible 
rang ing up to IO in. high. Access tim e to 
messages is 70 ms. H.eadout is self-de­
coding and requires only a 6-bit input ; 
the last selected message is retained 
without s ignal p ower. Price: from 
$-19.00 in production qtys. De li very : 
stock to 4-wecks AHO. Co ntact Harold 
Sa rki ssian, Major Dat a Co rp., 1796 
Monrovi a Ave. , Costa Mesa, CA 92627. 
(7 14 ) 646-2455. 
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LIQUID CRYSTAL READOUT 

These three-d igit liquid crys ta l read­
outs draw only 10 µA a t 30-40 V, 20 Hz 
to 10 kH z. Standa rd Cl\ t OS dri ving 1cs 

a r c ava il a bl e from seve ra l se mi ­
co ndu c to r manufa cture rs. St a nd ard 
units include 3-, 3 1/2-, and 8-dig it mod els. 
Each digit is sepa rated by a decima l 
point. Specials are eas il y fabricated fo r 
parti cular applications. Pri ce for a singl e 
three-dig it eva lu at io n unit: $50.00, 
ava il abl e immediate ly. 01·:M discounts 
for over 10,000 units. H.adionics Labora­
tory Inc., Box 2 11, Kings ton, NJ 08528. 
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MINICOMPUTER ROMS 

M odel -101 -30 "' Q COHE .. 110\1 conws in t hree co n­
fi gurations: 5 12. x 16. 102-1 ' 16. and 20-18 x 16. It is plug-to­
plug compa tibl e with the :--ticrodata 800 and features a 95-ns 
access ti me and a 220-ns C\ clc ti me. The -10 1-:30 is packaged 
on one re board, 12.5 x 8.575 x 1.5 in .. and cos t for the 2k x 16 
model ranges from 2 .. 3c hit to less than 2c· hit. The :V l odc l 
-101-31 is des igned for applications requiring large storage ca­
paciti es and fas t access and c,·cle speeds. It features a storage 
ca pacit \' of 8 196 x 16 and is plug-to-plug compa tibl e with the 
Interdata M ode l 70. Acces~ tirnc is to 200 m and C\ cle time is 
600 ns. Cost per bit ranges from 2.2<i' / hit, to 0.8q· / b it. C)u adri 
Corp. , 29.30 W . Fairmont. Phoeni\. AZ 850 11. (602 ) 263-9555. 
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SS ABSOLUTE PRESSURE TRANSDUCER 

The LX 1600A is a hdJrid dc\'ice that includes a cJia­
phragm-ntcuum reference. pie7oresisti\'c ~ensor. signa l dis­
crimin ator-conditioner and signa l amplifier-processor. The 

output of each de' ice is factor\· adjus ted to meet the nominal 
values" ithin specified tolerances. For each unit. the specific·d 
nominal output is the "'best straight line actual"' ,·aluc. thus 
eliminating the need for user C\a lu ation a11d calibration. The 
ca libra ted range is 6 to l.3 psi and the dc,·ice can he operated 
up to 27 psi. S58 t•a. ( 100 & up ). Nationa l Se111iconductor 
Corp .. 2900 Semiconductor Dr.. Santa C lara. C :\ 9.305 1. 

Now ... the only one 
01 its kind available! 
A course in MOS 
integrated circuits 
This 9 part course on MOS technology, applications and 
costs , originally published in The Electronic Engineer , is a 
definitive volume that provides all the background you 
need as a user or designer to master thi s new technology. 
It covers the processing of MOS circuits, app licat ions of 
MOS circuits , complementary MOS, MOS memories (ran ­
dom access, read only, associative memories and cost) 
and the testing of complex MOS integrat ed circu its . The 
course, the only one of its kind available, costs j ust $5 .00 
per copy. To get your copy of the only course available on 
the new MOS technology, send your order today with 
check or money order for $5.00 to 

THE ELECTRONIC ENGINEER 
One Decker Square 
Bala-Cynwyd, Pa. 19004 
Dept. E-12 

CHANCES ARE YOU'RE 
PAYING MORE FOR YOUR 

• Input US ASCII standard, 
character by character 

• 15 CPS 
• 5 x 7 dot matrix presentation of 

characters 

ALPHAMERIC 
STRIP 

PRINTER 
RIGHT 

NOW 

• High character flex ibility 
• Single print hammer- fewer 

moving parts 
Also available: 
4552/01 Signal Input Ser ial 
dot-by-dot in the matrix 
4552/02 Signal Input parallel 
colum n-by-column in the matrix 

• Immediate delivery from stoc k 

~---------------------, 

I Facit Odhner Inc. EE-12 ~ J I 501 Winsor Drive J 

I Secaucus, N.J. , 
j Gentlemen: • I 
I I am interested in receiving detailed data II 

I 
on your Alphameric Strip Printer 
Name Title I 

i Phone I 

I Company 
i I Address I 

, City State Zip I 
L- ---- - - - - ------------__i 
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L TERl\TURE 
H ybrid microcircu its des ign manual 

lf you' re co nside ring the use of thi ck­
fi lm hybrid JCS in your designs, you ' ll 
want a co py of this d es ig n g uide from 
Airpax. T he manu al conta in s data on 
c ircuit pa rtitionin g. des ign ru les, co m­
pone nt charac te rist ics, packag ing, and 

COMPARISO N OF CUSTOM IHTEGRAIEO CI RCUIT TECHHIOU£S 

I . l ~itl el u t -up co11 $400.0Cl ~ Si,000 .00 Gceerer , ~en $ 10,000,l)Q 

VMy low 

th e hybrid JC process. Still anoth e r sec­
ti on prov id es c ircuit di ag rams for such 
JCS as q ua d po we r dri ve rs, a n a log 
switches, gated hi gh-po,ve r dri vers, hy­
brid linea r pulse- power amplifi e rs, and 
more. Airpax Elect ron ics, 6801 W. Sun­
ri se Blvd. , Ft. Laude rd a le, FL 333 13. 
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Short form connector catalog 

A co nd e nsed ve rs ion of t he ir full 
product ca ta log outlin es El co's to ta l 
co nn ecto r ca pa bilitv in just 20 pages. 
yet covers evervt hin g from a simple sol­
de r rece ptacle to a compl ete ly te rmi ­
nated package. Cove red. fo r exa m ple. 
a re Elco 's bac k pa ne l packag ing. Press­
Fit svs te m, Varipost'" conn ectors, ca rd­
edge co nnecto rs. soc ke ts. rack-and- pa n­
e l conn ectors, and more. Product write­
ups include fea tures such as stand a rd 
mate ri als, pl a t ings, and ce nte r spacings. 
Elco Co rp. , Wi ll ow G rove Di v. , W illow 
Grove, PA 19090. 
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RCA's D a tabooks 
It's time to o rde r vour 1973 edition of 

RC A' s Solid State Data books. For $I 0 
($12 afte r Dec. 31) vou ge t complete 
techni cal data sheets and application 
notes fo r a ll RCA commercial solid-sta te 
dev ices as of Dec. 1972. This incl udes 
lin ear JCS and l\ JOS dev ices. cosil\rns d ig i­
ta l JCS, power transistors a nd power hv­
brid circuits, rf power devices. and t hv­
ristors, rectifie rs, and tri acs. Not onl v 
that, but vou ' ll receive RCA's " Wh at' s 
new in solid sta te" newsle tte r th rough­
out th e vear, kee ping vou posted on the 
lates t developm ents. Order \ 'Our set now 
from RCA Solid Sta te Di v. , Box 3200, 
Somerville, NJ 08876. 

Troubles hooting digital ICs 
HP's logic probes. logic pulsers, log ic 

clips, log ic comparators. and accesso ries 
a re all descri bed in this 20- page b ro­
chu re whi ch discusses troub les hooti ng 
dig ital JCS whil e they' re operating in ­
circui t. T he fun ction of each produ ct in 
the tech nique is discussed, and there a re 
de ta ils on a tvpica l operat ion, ava il able 
optio ns, and accessories. Hewlett -Pack­
a rd Co., 1501 Page Mill Rd .. Palo Alto. 
CA 94304. 
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Extra Bit Signa l Missing Bit Signal 

equipm e nt selection and cost ing. It' s all 
sim pl ified wi th d iagra ms, illu stra ti ons 
and a g lossa rv of test te rms and abbre­
via tions. There's also a cost est im ate 
fo rm so \ 'OU can pred ict the cost of your 
ow n svs te m req ui re me nts. Cu m p ut est 
Corp., 3 Co mpu ter Dr., C hem Hi ll. NJ 
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Edmund 's 1973 catalog 

Eve ryhodv a lways looks forward lo a 
new ca ta log from Edmund introdu cing 
hundreds of unusua l and hard -lo-find 
ite ms for th e engin ee r. Thi s )·ea r's 164 -
page editi on. in additi on lo thou sa nds 
of surplus bargain s, contain s such items 
as a noise pollu t ion mete r. a portab le 8-
digit e lectroni c ca lcu lator se ll ing for 
$ 1-19.50. a desk-top l.J-digil di spla,· ca l­
cul ator for $259, an unde rwater mi cro­
phone. and an t> lec t ro nic the rmom ete r' 
And. of co urse. opti cal items are ahva,·s 
a specia ll\ . Edmund Scie ntifi c Co., 380 
Edsco rp Rldg .. Barrington. NJ 08007. 
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Display buyer ' s guide 
In the form of an eye chart, this dis­

play equipme nt buye r' s gu ide compares 
th e appearance of Sperry displavs with 
LEDS and Nixie® tubes. The chart out ­
lin es the fac to rs yo u shou ld consid e r 
wh e n selecting displav equipment, th en 
goes on to discuss applica ti ons, bright­
ness, appearan ce, viewing a ngl e and 
di s t a n ce, s ize, a nd life expe c t a ncv. 
Co pies o f th e cha rt a re ava ilable from 
Spe rry Information Di spla ys, Box 3578, 
Scottsda le. AZ 85257. 
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Toggle swi tch 
De tail ed in this da ta sheet is a new 

fas t -acti on , JO -pos iti on, bi -directi o na l 
togg le switch from Dig itran. Photos a nd 
drawings illustrate th e switch. and fea­
tures a nd o p e ra ti o n a re e xpl a in e d . 
The re a re co mp le te pe rformance specs, 
dime nsiona l drawings, a nd truth tables 
illu st ra tin g severa l of th e 18 ava ilable 
sta nd a rd out p ut co des. The Digitran 
Co .. 855 S. A rrovo Pkwv., Pasadena, C A 
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Fairchild 's MOS handbook 
A must for a ll semi conductor libra ries 

is this 300-page MOS handbook from 
Fai rchild. With th e cost and d es ign 
goals of the svstem planne r in mind. 
Fairchild takes a look at ~ws product 
evaluation, design a lte rnatives, and de­
ve lo pm e nt costs and timing. Their 
handbook exami nes a ll th ese p la nning 

i i i i 
- [=J-

- t t --t t-"'""""' t PAIHlll(l N ! ! : ! 
I 

TRANSF ER ANO 
CONTll~LLDGIC 

factors as they re la te to \ JOs!LsJ in ge n­
e ral and, in pa rticular, to OPTI\! OS, a 
Fa irchild acron ym for optimum \ JOS in 
te rms of capabi litv and application, and 
the ir method of exe rcising a ll major MOS 
cost and design opt ions. Write on com­
panv le tte rh ead for vo ur handbook to 
Fa irchild Ca mera & Instrum ent Corp., 
464 Elli s St .. Mountain View, CA 94040. 
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Systems power supplies 
Six series of power supplies for sys­

tems applica ti ons are reviewed in a 24-
page ca talog. In addition to product in­
formation you'l l find data on acces­

sories, va riati ons, case sizes, options, 
and a complete li ne of vo lt age refer­
ences with long term stab ilities better 
th an 10 ppm and temp. coefficients of I 
ppm f°C. Dynage Inc., 1331 Blue Hills 
Ave., Bl oomfie ld , Conn . 06002 . 

Circle Reader Service #376 

1973 A / D-D / A cata log 
Datcl's comprehensive :36-pagc cata­

log contains detai led electrica l and me­
chanica l information on a line of data 
conve rsion products that form th e basic 
building blocks for man \' forms of data 
acquisition, data anah-s is, data repro­
ducing and graphic displa\· equ ipment. 

A/D CONVERTER LINEARITY 

Diagrams and text fulh coH· r ultramin­
iature .Vo and JY\ con,·erters. accessory 
op amps. samp le-and-ho ld amplifi ers, 
ana log multiplexers, miniature de po\\'er 
suppli es. and a li ne of modular and rack 
mount data acquisition S\Stems. Date! 
S\'stems Inc .. l020 Turnpike St., Can­
ton, MA 0202 l. 

Circle Reader Service #3 77 

El ectronic packaging 
Three different packaging techniques 

are described in thi s 8-pagc capabilities 
brochure. You.II read about S:\E·s plug­

in packaging method using PC cards and 
cages. their planar S\Stcm based on 1c 

logic panels. and their Dipstik method, 
a self-contained plul(-in modular pack­
age for 1cs. You' I l learn \\'hen to use 
\\'hich sen·icc. and hm1· these scr\'iccs 
sm·e , ·011 monl'\. Get full details from 

Stanford :\µpli ed Enl(inccring Inc.. :3..\0 

i\lartin . .\\ c., Santa C lara. C:..\ 9.SO.SO. 
Circle Reader Service #378 

Decision: Assume you need an alterable, non-volatile 
memory in your system, what cho ices do you have right now? 

And at what true and complete cost -per-bit? 

Cores and plated wire - patchboards-diode arrays? flne. 
Providing you need lots of memory-and you're not concerned about 

size, bulk and speed. Or power consumption. Or compatibility 
with existing and future logic forms . Or the additional cost 

of power-fail detection circu itry, or retrieval CLets tal '' software and reload hardware-and the like. 

~ Semiconductor memories? If you go with RAMs 
your bit cost per se may be lower. But you ' ll have to 

C 
CD • consider the extra cost of providing ost-per--.v1t an uninterruptabl.e po"."'er.source. 

Or power-fail detection c1rcu1try and 
battery back-up. Or retr ieval software and reload 

hardware. Just to compensate for their inherent volatility. 

If you consider RO Ms-either the fixed or one-shot programmable 
variety-your cost-per-bit for memory alone could be even lower. Until 

you start adding up all the extra peripheral costs involved in trying 
to overcome their inherent unalterability. Simulation systems. 

Special masks and programmers. Surplus capaci ty for unused future 
options. Not to mention multiple spare parts inventories, field 

retrofits, obsolete stock, and spoilage due to errors. 

So where do you go from there? Take a good look at RMMs! 

M 
ALTERABLE/NON-VOLATILE 
SEMICONDUCTOR MEMORIES 

They're the only inherently non-volati le, fully electrically alterable 
semiconductor memories in production-now/ You can use them just 

like any other hard-wired memory elements - but without having to 
buy and build a bunch of superfluous circuitry into your system 

just to protect stored data or correct program errors. 

In fact, you can take Ovonic RM Ms completely 
out of your system-for days, weeks, years 

at a time-without loss of data. And you 
can also change, up-date and re-alter 

stored information at will. Quickly, selectively 
and repeatedly- by simple electrica l means. 

Easy to apply, too. Standard packages. TTL/DTL 
com patible. Compatible with each other. Wh ich means 

you can mix or intermix them any way you like to 
create flexible, expandable memory systems to 

meet present and future needs-exactly! 

46( 
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Cost-per-bit? Still a bit more than RAMs or 
RO Ms on a straight device comparison basis. 

But considering the fact that bit cost is 
the only cost with RM Ms, you'll f ind t hey're 

worth it! Important, too: RMM costs have 
dropped dramatically in the past 18 months 

and haven't reached bottom yet. So if 
you start using them now, your true bit 

/JC 
costs will be a lot less by the time 

you hit volume production. 

·11 '72 

Call or write for complete information today! 

Energy Con version Devices, Inc. 
1675 WEST MAPLE ROAD • TROY, MICHIGAN 48084 

TELEPHONE 313/549-7300 
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LITER/\TURE 

Rf capacitor handbook 
The more than 200 pages of this rf 

capacitor handbook will help clarifv the 
e ffects of capacitors on rf circuit per­
formance. You ' ll find theoretical and 
empi rical high-frequencv ci rcuit design 
equa ti ons. c haracteristi cs of capacitor 
dielectrics. especiallv at high rf power 
levels and freq uencies, actual test data 
at frequ encies from 100 MHz to 3 GHz. 

Rare metal terminations 

and practical design methods for in­
creasing gain and power. de to rf con­
version efficiencv, bandwidth. transistor 
life tim e. c ircuit ~tTl.lF, and low-no is e 
pe rformance. Get vour cop\· of the Rf 
Capacitor Handboo k from American 
Technical Ceram ics. l Norden La ., 
Huntington Sta. , NY 11 746. 

Circle R e ader Service #3 79 

Socket cards 
Socket cards holding up to 70 JCS and 

featuring test points, locking tabs, de­
co uplin g capacitors, and universal 
mounting strips are descr ibed in this 
bulletin. The ca rd s listed include com­
binations for 14, 16, 24, and 36-pin JCS 

a nd both 2 and 3- level automatic wir­
ing. Electronic Engineering Co. of 
Calif., 1441 E. C hestnut Ave. , Santa 
Ana. Ca lif. 92701. 

Circle Reader Service #380 

Modem data 
Capab le of sy nchronous operatio n at 

2400 b/s, this Bell 20 1 B compa tibl e 
modem offers a ut omat ic fast sy nc, c lear 
to send delay, carrier detect, external / 
internal transmitter timing. and more. 
Included in this brochure are co mplete 
technical specs . theory of operation. an 
outline drawing of the PC card, a block 
diagram , a data mode timing diagram. 
and an illustration showing the trans­
mitted signal frequency spectrum. lnter­
tel , 6 Vine Brook Park. Burlingt on, 
Mass. 0 1803. 

Circle Reader Service #381 
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Printed circuit connectors 
The re are co mpl ete specs. application 

data, and dimensional drawings for 
nearlv 1000 componen ts in this 64-page 
cata log. Covered are two-piece co n­
nectors, ca rd -edge connectors. sing le­
lead connectors, flexible fl at cable co n­
nectors. and othe rs for PC applications. 
You ' ll a lso find explanations of com­
pl ete packaging concepts such as modu­
lar interconnection systems and pro­
grammed wiring sys tems. AMP In c., 
Ha rri sb urg, PA 17105. 

Circle Reader Service #382 

Miniature lamps 
Here a re descriptions and specs for 

more than 470 miniature and submin­

ia ture in ca nd escen t a nd so lid -state 
lamps. This -10-page catalog cove rs sev­
e ral incandescent types, lin e fil ame nt. 
lamps , tun gs te n h a loge n t ypes , in-

dica ting / illum inating, so lid -s ta te lamps. 
and LED num e ri c disp la,·s. Your design 
se lection is aided b,· complete opera tin g 
paramete rs 011 each lamp. out lin e draw­
ings. and a ll dim ension s. Lamps In c .. 
~9220 S. Normandie Ave., Torrance, CA 

Circle R eader S ervice #383 

Image intensifier wall charts 
1-l ang them on ,·011r wall or rut them 

in a noteboo k, eithe r \\ 'a\' vnu ' ll want 
these image int ensifi e r wa ll charts for 
reference. One co ntains data on first. 
second, and third generation elec­
trostaticalh- focused image intensifiers 
for lo"· light level di rect and remote 
,·icwing night vision app licat ions. The 
other covers specia l purpose and mag­
netical h · focused i magc i ntcnsi Fiers. De­
tai ls are pro,·idcd in cha rt form \\' ith 
brief dis cussio ns of potting. mod i­
fi cations and unlisted ,·aria11ts. photoca­
thod e respo nse. and gated im age tubes. 
RCA . Electroni c Components. -I 1.5 S. 
Fifth St.. Harrisio n, NJ 07029. 
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Digita l readout sys tems handbook 

Although written specifi ca ll y for th e 
DMS 500 2-axis, direct reading, digital 
readout sys te m, this handbook mav give 
vou an insight into d igital readout sys­
te m cons iderat ions. You"ll find he lpful 
information in the section of appli cati on 
notes covering such topi cs as using digi ­
ta l position readout svs tems, choos in g a 
loca ti on for a transducer. scale mou nt­
ing techniques, a nd accuracy, resolu ­
ti on, and repeatabil ity. Dvnamics Re­
sea rch Co rp., 50 Conco rd St. , Wilming­
ton, MA 01 887. 

Circle Reader Service #385 

F lexibl e wi rin g standard 
Established in this 14-page document 

are the qualification and acceptance re­
quire me nt s for mult ilave red flexib le 
wiring that consists of three or more 
conductive laye rs on flexib le ins ulat ing 
bases bonded to fo rm a monoli thi c or 
solid mass. Tables and ill ustrations ac­
companv data on applicable documents. 
four- laver drawings, quality assurance, 
qualitv conformance inspection req uire­
ments, tes t me thods, and preparation 
for delivery. Copies are available for $1 
from the Institute of Printed C ircuits, 
17 17 Howard St., Evanston, IL 60202. 

Dual processor 
This 4-page technical data sheet de­

scribes Mi crod ata 's Micro 1600D digita l 
computer svs tem consisting of two mi ­
croprogrammable crcs that ca n simul­
taneo uslv exec ute inde p e nd e nt pro­
grams while sharing a comm on main 

"""' < !~~-~--~ " C()MPl)Tlll f PU A CPU 9 COM MIJHICIUIONS 
OEVICU 

I COllE 

" !AflGE 
"'G"Sl'HO 

"~ STOllAGl 
orv•ns 

L---~~~---_J 

" 11£.,.0TE 
TOM I ..... ~$ 

memory. De ta ils a re provided he re, as 
are a pplication data, a complete list of 

specs, and photos and di ag rams illustrat­
ing fun c tional characterist ics. d a t a 
fl ow, and the phvsical packaging of the 
svs tem. Microdata Corp .. 644 E. Young 
St. , Santa Ana, CA 92705. 
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T el e process in g system 

Data on a stored prog ram cmnrnuni ­
ca tion s control S\sll'rn is provided in a 

6-page broclrnrc. T he sn tct11 is 'L1g­

gcs ted for suc \1 digital l'O lllt1H111i cat ions 
app li ca tion s as data tra 11smi ss ion co 11-

trollcr, front e nd co111mu11ica ti ons pre­

processo r. remote or loca l dat a co nce n­

tration. data base access, and 1nrn-c. De­

tai ls of the S\·s tc rn l'C> mponent s are pro­

v id ed as a rc b lock diag rams of SC\ era\ 

major config urati on s. T e ldile Computer 

Produ cts Inc. . 11/8.S Sb Park C ir. . Ir­

' in e. C:\ 9266-1 . 
Circle Reader S ervice 1'387 

D / A con ve rter appli ca ti ons 

Di g ita l-to-ana log co n,-crsio n usi ng 
cosi~ 1o s-b ipo l ar ll \Cs is th e subject of 

thi s appli ca tion note. Th e not e e~plai n s 

th e use o f a cos/ \los dual corn ­

plementan· pai r plus inverter as th e n' 
sw itch a nd op amp output stage for a 

lll\\-powcr D.\ C. Th e resu lting 9-liit l l\C 

LOGIC 
INPUTS 

SCALE AO JUST 

s,·s tcm combin es in a simpl e s inglc-sup­

ph· S\'Ste 111 th e co ncep ts of multiplc­
sw itch cosi\ 1os 1cs. a ladder net\\ o rk of 

di sc rete metal -oxi de film resistors. a cos/ 
~ 1 0s hi po lar op amp 'oltagc folio\\ er. 

and a nwnolithi c rcg1ilator. HC:.\ Solid 

State Di,·.. RO\ :3:200. So111l·n ·ille. :\J 
Circle Reader Service fr.388 

Function modul es 

A 24-page cata log CO\'ers standard 

analog function moduks for the design 

of contro l. monitoring. and compu­
ta ti onal systems . The modules. each of' 

whi ch performs a specific function . fall 

into five basic groups input signa l con­

vers ion. a lgebra ic functions, dj namic 

resp o nse. logic functions. :rnd output 

s igna l conversion . Several tj pica! app li­

cations are illustrated in a supplement 

to the catalog. Bell & H owell, Control 
P roducts Di v . . 706 Bost\\ick A,·e. 
Bridgeport. Conn. 06605. 
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Electro-se ns it ive re co rding 

The adn111tage~ o l se lecti ng the Dn 

Elcctro;,cnsiti'T Process a rou11d "hi ch 

to design a recorder. di spl a\. or pri11tcr 
arc 011tli11cd in thi s 16-page booklet. I I 

di sc usses ope rationa l aspects o f the 

process. inc lu di11g data recording. st\ \us 

[ r I I 
·' (1) 1Timefax NDK 
., ' 

+ 

+ 

l 

l 
•oo 

1"'"" 

t 

_J_ I 
·~ D• . ~, ~Oll.•'i" 

Reflection density as a function 
of driver voltage and paper grade 

construction. the prnpC'r reco rding rnc­

di11111 . required 111arki11g po\\·c r. to11al re­
spo nse, a nd recordi ng s p<'ed . Therc ·s 

a lso data on applicatio11s, a nd graphs ii ­

I r"t ral i ng 'a ri o11s rdlcction densit' 
fu11ctio11s . Fitchli11rg C:P I. Box 1106. 
Scranton. P \ 18.SO I. 

Circle Reader Service #390 

Radio S hack's 1973 cat a log 

Here's a 180-page ca talog of home 

entertainment, au di o. and co mmunica­

t ions equipment, parts and kit s. There 's 
everyth in g from m iniature e lectro ni c 

ca lcu lato rs, to stereo sys tem s, to ta pe 

dec ks , and eve n elec tr o ni c parts such as 

trans istors , cables. tools , connecto rs, 

wires. and plugs. It's packed with a ll 

kinds of new and unusual items. Get 

:- our cop) from R adio Shack. 26 17 \.\' . 
7th St. , Fort Worth , Te x. 76 107 . 

Circle Reader S ervice -h.391 

S witch catalog 

There a re 24 pages of detailed infor­

mation in this catalog o n subminiature 

toggle, r oc ker, and paddle hand le 

switches, m o ment a r y pu s hbutt o n 

switches, a nd C & K's 360° ro tary print­

switch. You'll find ph o tos , schematics, 

cha rt s. and descr ipti o ns for all. as well 

as detailed data on ava ilable o pti o ns . 

Prices are included in this co m­

prehensive ca talog from C &K Co m ­

ponents In c .. 103 M o rse St., W a ter­

town . Mass. 02172. 
Circle Reader Service 1'.392 
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Whatever 
your tape 
handling 
needc§·· · 

cassette··· 

cartridge··· 

reel to reel ... 
Telex has an answer. Professional mag­
netic tape handling equipment, desig ned 
for heavy duty commercial and ind ustrial 
use . Available with a wide choice o f 
configurations, options and assoc iated 
electronics . Write for free informatio n . 

PRODUCTS OF SOUND RESEARC H 

TELEX® 
COMMUNICATIONS OtVISION 

9600 ALDRICH AVENUE SOUTH 
MINNEAPOLIS, MINNESOTA 55420 

CA NA DA OOUBlf DIAMO ND ElECTRO NICS, tlO . Sc1rbo1ough 4. Ontano 
EUROPE ROYAL SOUND COMPANY, INC. 409 !forth Main St , F111ocin , NY 11520 US A 

INTl TfLEX EXPORT DEPT . 9600 Aldrieh AVtt So M1nrte1oohs, MN 55420 US A 

Circle Reader Service =30 
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~s 
DC 

CROWBARS 

Here ' s positive burnout protec­
ti o n for your ICs, transistors, 

-: power suriplies and PC cards. 
L VC· l DC Overvoltage Crowbar 
mounts in yo ur equipment like 
any mini component. swi tches 
to short circuit when vo lta ge on 
supply bus exceeds speci f ied 
level. resets a utomaticaliy when 
power source is removed . Trip 
level s 2.5 t o 600V. current to 
235A, reaction t ime less than 3 
usec, MIL tempe~ature range. 
For spec~. application da t a. 
prices, request Bul letin lOA. 

Full line of protection modules for 
every hi·lo voltage / current require­
ment. Write or call for data . 

279 Skidmore Rd ., Deer Park, N. Y. 11729 
Te lephone: 516-586-5125 

l 11 l ~V\I U~L 

Instant SOS kit 

To int roduce \Oil to si li co11-o n-sap­

pl1ire ( '°" ) tcchnolllt;\ '. lml'kk i' offer­

ing an instant '>O'> kit that includes a ll 

the essential> 11ect'S!>an to fabricate th e 

four most often used transistor t' pes i11 
thin -;il i('() n fi1111s. Dl'lails 011 the kit. in­

elud ing co11te11ts. eo't. a11cl imtrnctions. 
are prm ided in this data ,heel. lnselek 

Co .. 1-t.'3 :\lc,a11d e r Hd .. l'rinccto11. NJ 
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Automatic reclosing relays 
Described in this 16-page cata log are 

a ut omatic reclosing relays fo r ac circuit 

brea ker s with ac a nd d e co ntrol 
schemes. T here's complete applicatio n, 

const ruc ti on. and ope ra ting information 

as well as internal wi ring and circ uit 

diagrams . Included a lso are a li st ing of 

re lay characterist ics and a contact posi­

ti on development cha rt. Westinghouse 

Electric Co rp ., W es tingh o use Bldg ., 

Pittsburgh , Pa . 15222. 
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Simple, low cost way to g ive your displays 
stop-action and four other competitive advantages ­
all in one small package. 
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Introducing the Hughes Model 
639 video storage unit . A complete 
electronic image memory system. 
W ith all the circuitry, power and 
controls bu ilt-in to make your 
displays versatile exhibitions. 

It stores alphanumeric, graphic, 
and pictorial data. W ith high resolu­
tion, high-speed writing capability, 
selective updating and fast erasure. 
It converts slow-scan and x-y 
information to TV format. 

It in te g rates signals (automati­
cally enhancing weak or low lig ht 
images). It speedily processes and 

stores input signals for conversion 
into TV displays for the medica l, 
management, law enforcement, and 
many other app lications. 

If you need close-up images, 
there 's a zoom control, with a 
positioning joystick. And because it's 
flexible, it can be customized to star 
in any graphic display system. 

Wr ite for new brochure: 
2020 Oceanside Blvd., Oceanside, 
CA 92054. i------------------; 
Or call: 
(714) 
757-1200. 

l HUGHES l 
' ' L------------------ J 
HUGHES AIRCRAFT COMPANY 

INDUaTRIAL ll'ROOUCT8 DIYl810N 
IMAGll: Dl:VICl:S 
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Plug-in reed re lays 
For applica ti ons in co ntro l a nd in­

st ru men ta ti o n , low- leve l sw it c hin g, 

counting, high-s peed sa mpling, co mput ­

e rs, and assoc ia ted periph e ra l eq uip­

ment , Co mputer Co mpo nents o ffers a 
se ries o f dry reed a nd mercury wetted 

relays. This brochure gives you a CC I/ 
IBM reed relay equiva len cy c hart , 

mounting data, packaging / m o unting di­

mensional diagrams , opera ting param­

eters, a nd con tact ra ting cha rts. Com­

puter Co mp o nent s Inc ., 88-06 Va n 

Wyc k Expwy .. Jamaica, N.Y. 1141 8. 
Circle Reader Service #395 

Termina l boards: data a nd d es ig n 
First , ·ou read a bo ut sta nd a rd termi ­

na l boards, fast co nnect ci rcu it boards 

(so lid -state components so ld e re d i n 
p lace), PC te rminal boa rds, and te rmin a l 

tabs. T hen the d esign secti on te lls HJLI 

how to save with stock too lin g, an d pro­

vides poin te rs on paper base or e pox,· 

board mate ri a ls, p rinting and e mboss­

ing, st d es of te rm ina ls, a nd te rm ina l ar­

rangement. Do ran l\tfg. Co., 2851 Mas­

sac husetts Ave., C incinnati, Ohio -15225. 
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Power supply standards 

For both producers a nd co nsumers o f 

sta bili ze d d e po\\·e r s upp l ies. thi s 
i'\ Ei\ IA s ta nda rd prO\·idcs a means Ji, · 
" ·h ich to judge compliance to the inter­
nationallv accepted sa fct, standards for 

e lectroni c apparatus. a refe rence fo r tes t 
methods used to determine perform­

ance rati ng s. a S\'1 1opsis of required 
nameplat e data, inte rn a tio11 a l \\' a rning 

S\'111bolot;\'. and a glossan of terms. Thi s 

standard represents the L' nited States · 
contribution lo th e In ternationa l Elec­
trotec hni ca l Commiss io n. a co mmittee 

lo draft !>tandard s spcc ificalh- for pcl\\ er 
suppli es, a nd inc lu cli ng suc h ot he r par­

ti cipat in g nation s as the C.S.S. F\ .. Ger­

man\·, France. l~ ngland , th e :'\ et her­

lands, S" it ze rland. Japan. l tah. Poland. 
Yugos la, ·ia , and S\\cclen. Copies arc 
a\a il ah lc for $9 from NEi\L\ . 1.5.5 E. 

-1-tth St. . :'\e" York. 0JY 10011. 



Pi n a nd soc ke t connec tors 
lnt c rconnccting de' ices for com ­

mercial or indus trial app li cat ions arl' 
the su bject of this .S2-pagc cata log. Se­

lection c h a rts prm·ick cas\· access to 

c ll'c tri ca L m t•cha nica L and em·ironmc11 -

ta l specs. a nd there arc lin e dra\\'ing> 
and photos for eac h co nm·ctor. Th crl' ·s 

a lso a sect ion d evoted to tcnnin a ti on 

eq uipm ent. i ncluding c rim ping. in­

ser tion. an d " ·ithdra"·a l tools for a ll con ­
nectors. i\mpheno l Indu st ri a l Di,· .. U):)O 

S. 54th ,\ ve .. C hi cago. IL (i06.SO. 
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Microwave digital radio prime r 

\V ritt e n to pro,·ide a basic under ­

sta ndin g of d igi ta l modulation of m iero­

\\'a ve radio, a 12-page p rim e r ('.\p lain s 

the operation of an .\ rn nte k radio in th e 

2-G H z common ca rri e r hands and th e 

1850 to 1990-M l-l z PSIT ha nd using Tl 
t , ·p e PC.\t carr ie rs for mu l tiplexing . 

You' ll find d iscuss ions o n digital traffi c 

a nd digita l modul a ti o n. T-carr it•r o n mi­

crowave radio. characteristics of di gita l 

microwave, a g lossan- of micro\\ ave dig­

ita l radio te rm s, and an appe ndi x on the 

switched te lcco rn mun ications 11ctwork. 

A va nte k Inc. , 298 1 Coppe r Rd .. Santa 

Clara, Ci\ 950.S I. 
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Flat cable handbook 
Flat ca ble is th e subjec t of thi s 40-

page h a ndb oo k w h ich covers dis­

tingui shing features, termination. con­

nectors , wiring ch a nges, ca bl e asse m­

blies, in sta ll ation a nd suppo rt , a nd sig­

na l tra nsmi ss io n lines . Also provided 

a re a Oa t cable g lossa ry a nd a series of 

charts and tables on such topics as di­

e le c tri c properties , s t a nd a rd con­

figura ti ons, an d c ross secti ons. Copies 

a re available for $5 from the Institute of 

Printed C ir cui ts , 17 17 H oward St., 

Evanston , Ill. 60202 . 

Transformer buye r's guid e 

This 24 -page book let guides mu in 
se lect ing and appl, ·ing thi s ser ies of dry-

1\·pe transformers. including g en e ral 

purpose. bu ck-boost. and d istributi o n 

transformers. Comple te s pecs. dimen ­
sion s, and "'iring and connection di a­

grams are provid ed in e ach se ries· se lec­

tion g uid e. An accompanyin g suppl <> ­
ment provides p rices. Ge nera l Electri c 

Co., Rm 207, Building 6. Sche nectad,-, 
N Y 1234.5. 
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Solderless electrical terminals 
AM P's revised catalog contains over 

400 additional solderless wiring devices . 

In the 32-page catalog a re desc ripti ons, 

specs, and dimensional data for the en­
tire Faston™ p rodu ct lin e, in c luding 

st raight and right a ngle recepta c les, 

tabs, in s ul a tin g sleeves, q ui ~ k dis­
connec t s pli ces , multi-p os iti on con­

ne c tors , a nd s pe c ial purpose ' items. 
AMP Inc., Harrisburg, Pa . 17105 . 
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AND THE CATALOG 
IS YOURS 

FOR THE ASKING 
Picture a complete 
concise composi t e 
catalog of over 800 
off-the-shelf ca pac­
itors, over 1200 
variations inclu d ­
ing some weird 
and unusual units. 

If what you need isn't the re, then 
drop us a line, or give us a call , 
we 'll custom design a capacitor 
for your circu it , and in most cases 
there is no charge for customizing. 
But check the ca talog first , what 
you need may be there and ready 
for immediate shipment. 

TO GET YOUR CATALOG, 
JUST DROP US A LINE. 

condenser 

~ 
Box 997, Brooksville, Florida 3351 2 

Phone (904) 796-3562 
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How to be beautiful, 
strong and colorful, 
in 24 small sizes. 
Bold design and quality construc­
tion are hallmarks of Optima 
Small Case enclosures . Mobile . 
versat ile and rugged , these cases 
offer hundreds of two- color com­
binations in durable vinyl finishes, 
w ith useable in side space ranging 
from 133.6 to 1445 .4 cubic 
inches . Get information on the 
complete Optima line . Wri.t 

Optima Enclosures. division of 
Scientific - A tlant a, Inc .. 2 166. 
Moun tain Industrial Blvd ., 
Tucker , Ga. 30084. Or call C404J 

939-6340. C!JOl'rlll 
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LITER/\TURE 

Digi tal multimeter 
Featuring a ne\\' logi c scheme called 

SAI'\T, this I1:\l\I combin es approxima­
tion logi c ( S.-\ ) a nd int eg ra tion lo g ic 
( I'\T ) in one instrum e nt. Deta ils of th e 
ne\\' 5-cligit me te r a re cove red in thi s 4-
page brochure. including sµecs. sta nd­
a rd fun c ti ons. a nd ava il a bl e options. 
Lear Siegl er Inc .. Elect roni c In strume n­
tation Di v.. Ci m ron l nstru me n ts. An a­
he i m, C A 9280:3 

Circle Reader Service #401 

Bridge rectifiers 
Des igned to he lp , -ou se lect the AF! 

bridge rectifi e r bes t suited to \'our re­
quire me nt s, thi s 10-pag e ca ta log d e­
scribes stand a rd and custom de\' ices to 
se rve a \'a ri eh · of industri a l a nd high 
p o \l·e r c ir c uit d es ig n ap pli ca ti o n s. 
Photos. maximum ra tings. fea tures. and 
e lectri ca l cha racte ri sti cs a re p ro , ·icl ed 
for each product. Arthur Fallon Incl .. 
400 \\'a rburton Pl.. Long Bra nch. NJ 
07740. 

Circle Reader Service #402 

Switch catalog 
A recent edition of Arco lectric ' s 

switch catalog illustrates a wide var iety 
of toggle, pushbutton , snap-action , and 
rocker style switches. The 20-page cata­
log provides technical dat a for each 
switch , and additional sections cover 
neon indicator lights, lenses , and in­
d ica tor lamp h olders . Arcole c tric 
Switch Corp ., 10523 Burbank Blvd ., 
No. Holl ywood , Calif. 91601. 

Circle Reader Service #403 

Portable laser holographic camera 
Discussed in this literature is a com­

pletely portable laser holographic cam­
era that enables interferometric a nd 
nondestructive testing in any environ­
ment. Applications suited to the laser 's 
20-ns exposure time a re suggested for 
both reflective and transmissive holog­
raphy. Union Carb id e Co rp. , Korad 
Dept. , 2520 Colorado Ave ., Santa Mon­
ica , Ca lif. 90406. 

Circle Reader Service #404 

You name it. Any type of conductor. Any 
combination of functions, sizes, colors 
and insulation (unboundables included.) 
It's loom-made by Woven Electronics 
like nobody else can make it! 

76 

WOUED ELEITRODllS 
A DIVISION OF SOUTHERN WEAVING COMPANY 

P.O. Box 189, Mauldin, S.C. 29662, (803) 288-4411 

Circle Reader Service #34 

Power module 
Abb o tt 's ne " ca t a log d esc ribes a 

met hod th at a ll o\l·s con,·e rsion of Im\· 

Freque nc' ac lin es (47 to 440 Hz) to .30 
\\ ' o f rc•g ul a ted po\l e r in a packa ge th a t 

meas ures onh 4 \ 6 ' 2 1/1 in. Compl e te 
de tai ls a re prm id,·d hf' re. incluclin .g out­
put curre nt, rippl e. temp. coe ffi c ie nt. 
short c ircu it a nd tra nsie nt prot ecti on. 
a nd av ail a bl e o ption s. Re mote e rror 
se nsi n g a nd p a ra ll e l ope ra ti o n a re 
stand a rd fe a tures. 1\bbotl T ra nsistor 
La bo ra tor ies 1 nc .. . ):WO \\ '. J d fc rso n 
Bl \'d .. Los ,\nge lcs. C:.\ 9001 6. 

Circle Reader Service #405 

Catalog of ac ti ve filters 
Here's brie f but e ffecti ve cove rage of 

th e features of ac tive filte rs. Following a 
cha rt outlinin g th e e lf'c tri cal specs for 
standa rd fi lte rs is a secti on on th e defi­
nition of fi lte r res ponses for low-pass 

( Butt e rworth . Be sse l. and Ch e b,·-
AMPLITUDE RESPONSE 

FREQUENCY (H z) 

sc hev), h a nd re jec t. a nd band-pa ss 
(sing le- tun ed a nd stagger-tuned ) fi lte rs. 
Dime nsiona l and pin co nn ection di a­
grams are provid ed also. Burr-Brown 
Resea rch Co rp., l nte rn a ti o na l J\ irpo rt 
Industri al Pa rk, Tuscon, AZ 85706. 

Circle Reader Service #406 

High-speed SCR 
Described in this l 0-page note is a 

600-V, 235-A rms high-speed SC R for 
inverter service . Included are 34 curves 

depicting maximum energy per pulse 
and maximum on-state current for both 
si nu so id al and rectangular c urrent 
waves a t 10, 25, and 50% duty cycles. 
Other descriptive informat ion provided 
includes specs and ratings, outline draw­
ing and photo. International Rectifier 
Corp., Semiconductor Div ., 233 Kansas 
St., El Segundo, Cali f. 90245 . 

Circle Reader Service #407 



Variable resistor catalog 
Here are 20 pages of specs and detail s 

on si ngle, tandem , multi sec ti on a nd ver­
nier adjust types of co mmercial co m­
position var iab le resis tors. Graphs illu s­
trate tapers while charts and diagrams 
illustrate e lec tri ca l a nd mechanica l 
ch a racteristic s and cons tru c tion s. 
There's a lso a secti on on rotary, pull­
push , and pu sh-pu sh power sw it ches 
used with these resi stors. CTS of Elk­
hart In c., 11 42 W. Bea rd sley Ave., Elk ­
hart , In d. 46514. 

Circle Reader Service #408 

Panel meter catalog 
The Big Look® and Horizon Line® 

families of panel meters are the subject 
of this 28-page catalog. Features and 
specs are provided for voltmeters, am­
meters, frequency meters, motor load 
indicators, current transformers, meter 
relays, shunts and leads, resis tors, parts, 
accessories, and more. General Electric 
Co., 1 River Rd ., Schenectady, N .Y. 

Circle Reader Service #409 

Miniature ac tive filter 
A hybrid 1c , two-po le, a udi o- fr e­

quency filter that uses negati ve multi­
loop feedback fo r stability is the subj ect 
of this 8-page applica tion note. In addi­
tion to the equations needed fo r man\' 
app lications, vo u' ll find data on ci rcuit 
ope ration and constr uctio n, co m ple te 

performance specs, a se ri es of filt e r 
characteristi c respo nse curves, and de­
ta ils of a simplified tunin g proced ure 
that e lim in a tes invo lve d ca lculati ons. 
Beckman Instruments Inc., ll e li pot 
Div., 2.500 Harbor Blvd., Fu ll e rton, 
Ca li f. 92634. 

Circle Reader Service #4 10 

Reconditioned instruments 
If you don ' t want to spend a lot of 

money , you migh t be interested in look­
ing here for yo ur instruments. In this 
60-page catalog, you ' ll find instruments 
from such manufacturers as Digilin , 
Weston, Honeywel l, Simpson, H-P , 
Tektronix, Triplett, a nd Dana, some 
new, some full y reconditioned , and all 
guaranteed. Leasametric, 822 Airport 
Blvd ., Burlingame, Calif. 940 I 0 . 

Circle Reader Service fl4 11 

Rack and pane l standard 
The EIA has iss ued a reco mmended 

sta nd ard for racks, pane ls, and associ­
ated eq uipment. Estab li shin g d im cp­
sions crit ica l to co mpa tihilil\· hcl\1·ec11 
racks, pane ls, and install ed eq uipm en t. 
the standard covers three ca binet and 
rac k ll'icl ths to accommodate each of 
three stand ard panel 11·idths ( 19. 2-l and 
.'30 in. ). Copies are ava il ab le for $2 .. 50 
from Electron ic Ind ust ries Assoc., 2001 
E1e St. N. \V., Was hingto n, D.C. 20006. 

It's time to order_your 1973 
RCA Solid State Databooks 
Complete, up-to-the-minute data for RCA's IC 's and discrete devices. 

Get off to a fast start in 1973 with timely. comprehensive data from RCA, the 
company that specializes in complete, accurate data on all of its solid state devices. 

The 1972 DATABOOKS have been used in thousands of plants in the United States 
and around the world. And even more plants will be reached in 1973. This is your chance 
to be one of the new recipients. 

The new DATABOOKS cover a great range of your requirements because RCA has 
some of the broadest lines in the industry: linear and COS/MOS ICs, MOS-FETs. power 
transistors, power hybrids , RF and microwave devices, thyristors. rectifiers. and diacs. 

25% new or revised material. Complete commercial product data. Complete, current 
application notes. Easier-to-use quick-reference guides. New, comprehensive subject 
index. Cross-reference index of developmental to commercial type numbers. 

Six 1973 DATABOOKS for only $10 (optional li st price: $12). with monthly new 
products newsletter. See coupon for details. Send the coupon along with your check or 
money order (payable to RCA Corporation) or your company purchase order. Or call your 
RCA distributor. If the coupon is miss ing , write RCA, Solid State Division, Section 
59 L, Box 3200, Somerville, N. J. 08876. 

,-------------------------------
RCA Corporation 
Solid State Division 
Section 59 L, Box 3200 
Somerville , New Jersey 08876 

O Rush me the six 1973 DATABDOKS and put my name on newsletter mailing list. My cost, 
only $10. Offer good only until December 31, 1972. 

O Rush me prices for individual DATABOOKS and updating service. 

NAME/ TITLE _______________________ _ 

COMPANY------------------------
ADDRESS ________________________ _ 

CITY/STATE/ZIP----------------------

1 enclose payment by: O Check O Money Order 0 Purchase Order 

Offer good only in U.S. and Canada. Direct other inquiries to RCA sales offices or distr ibu tors. 
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LED pilot light 
If \OU missed our offe r in Se ptembe r 

:•ou ' ll " ·a nl to as k nm\ for a sample ol 

thi s LED pi lot light. ;\ complete package 

read,· to interface '' ith 'ou r c irc uit. 
\'ou ' ll find th ese solid -s tate lamps eco­

nomical s ince the, ca n be pc rm a nc nth 

,,·ired int o a c irc uit. Features in c lud e a 11 

LED fo r reliabilih a nd res is tan ce lo 

s hoc k and ,ibralion, a c urre nt lim iting 

res is tor for d e app li cations. and a rec ti ­

fi e r diod e for ac app li cations. l ndu ~ lrial 

De' ices 1 nc .. Edgc\\a ler, 0:.J 07020. 
Circle Reader Service #4 12 

Magneti c shi elding material 
Free sa mples of h' o mag neti c shi e ld ­

in g m a teria ls. \! die and C o- 1'..:l·li c. a rc 

ofi'L-red to 'ou here. For dctcrn1ining 

th e s hie lding ie\ L• ls required for \<tri o us 

e lec troni c co mpo ne 11l s. ;\eti c se n L'S m e­

di11m a tten uat ion. hi g h i11tcnsih app li­

ca ti o ns. a nd Co-:\'ct ic. hi g h alte11u al io11 . 

Im,· inte11 sil\ application s . .'\ s k for \o ur 

sa mpl es frorn Pcrkct io 11 :--li ca Co .. 7-10 

Thomas Dr . Fkmem ill e. IL GO I 06. 
Circle Reader Service #413 

Knobs 
Reco mm e nd e d for li g ht c lamping 

and adjusting cl c , ·ices a nd as a thumb 

se re" or nut is thi s knmlcd knob from 

Dim eo. Al so. th e large con tact a rea o f 

the brass insert m a kes il >u itahl e lor lcr­

min ~tl nul app li ca tions. Alth ough bl ac k 

is the s tandard co lo r. th e injection 

mold e d knoh is a\ ai lab ll' i11 other co lors 

\\ilh large procluctio11 rn11s. You a lso 

ha' e a c hoiC!' o f four s in» of tapped 

brass in s(·rts. Cct \our fr ee sa mple 
fro m Dim co-C ra,· C:o .. 207 E. Gt h St .. 

Circle Reader Service #4 14 
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Serrated con tinuous grommet 
Fu r easier co ntouring aro und open­

ings o f am· shape. tn this 11c,,· serrate d 

gromme t. You ' ll protect 'our ,,·ires. ca­

bles. and cords against damage from 

sharp panel edges. It' s a\ai lab lc in natu ­

ra l co lor poh ethde11c or II \ Ion. a nd for 

fi, ·L· panel thi c kn e~»L'S from 0.0:36 to 

0.250 in. :\ sk for a free sa mple fro111 

Ri c ho Pla ., ti e C:o ... 51'2.) :\ . Tripp .h e .. 

Chicago. IL 60()-16. 
Circle Reader Service #4 15 

Glass bubbles 
l le rt."s a li g hl" e igh l g lass hubhll' for 

use in S\ nl act ic foams \\her(' rn inimu rn 

densit,· mu st be contro lled prccisck I 11 

a loam. the liuhbk» c'lll Ill' ll'>l'd '" an 
e lel'lri ca l potting co rnpo uncl hl' ca us(' 

their lo\\ de11Sit \ an d dil'leetri c co n­

stan ts reduce lhl' likelih ood o r ha rmin g 

Sl' lll icond uctors "it h L'\L'L'SS i' c le 111 pera ­

tu rl' S. ;\ ppli catio11 s in the a irna ft and 

spac(' indu stn i11c lud l' tooling 1110ltk 

radonw app li ca ti o ns. a11d a hlatiH• 11os(' 
CO IH'S. :) ;._t Co .. :3;>. I C('fl tl'r. St. l'aul. 

;>.!i1111 . . 5.5 101. 
Circle Reader Ser vice fl4 16 

Bridging clip 
T o sa\L' \\irl'. li111 c. a nd labor. tr\ t hi s 

Ill'\\ bridging c lip lor e ll'ct ri ca l h i 11 tcr­

con 11 ecl i 11g acljac('11t lcrmi11als i11 th l' 

same nl\\ of G6-l\ pl' co nnL·cling b lm·ks. 

It' s mack of stainl ess stl'L'I a nd e li1 ni -

11all'S tediou s i11l e rco 11n ec tio11 IJ\ \\in· 

s in ce it l'as ih ., Ji ps m('r adjacl'nt terrni ­

nals. ,\nd it ' s just as l'Wi\ lo n ·m m t•. 

Fas tl'\. Di , ·. Illinoi s Tool \\ 'or ks l11 c .. 

195 :\lgo11qui11 Hcl .. Des 

\ 
!J417 

Nylon wire ti e 
' l\ ·ing \\'ires in a ·1'\' se l or a n au to m o ­

bile .a re onh e~ump l cs of the unlimited 

fasten in g app li ca tion s suited to Purse 
Loc k'\, ire lies. d esig ned for qui c k t\ in g 

bundles o f wirl'S and oth e r stranded ma ­

ter ia ls. Bot h. app li ca tion un d re nw,·a l 

arl' fast and eas\' (no tool s requi red) and 

tics m a' b e co lor coo rdin ated . Free 

sa mples. s pecs. an d appli ca tion data a rc 

a' a i labl l' from 1:astc.\ . Di ' . 111 i no is Tool 
\\ orks Inc .. 19.5 Al go nquin Hd .. Des 

Pl a i 11 es. IL 60016. 
Circle Reader Service #4 18 

Mini tempera ture recorder 
The "oriel 's smallest -l-pos iti o 11 te m ­

pe ra ture recorde r i11di ca tcs four· differ­

e nt temperatures pl'r recorder i11 ranges 

from 110° F to -1 .50 ° F '' ith a n acc u rac\ · o f 
± I c;, Complete s pecs and a free ern l­

uation sa mple of l he recordl'r. des igned 

for s uc h app li ca ti ons as tl's ting min­

iat urc co mpo11 c 11ls a11d troubles hooting 

ins lrurm·nts. are ava ilabl e fro m \\ ' illi a111 

\\ 'a hl C:orp .. T e mp - Plate l)i\ .. 129()/) 

Panama St. . Los ,\ ngL·l('s. C. \ 900(iG. 
Circle Reader Service #419 

Gold-plated e lectri ca l contact 
Thest· go ld - plated li e ll m ' s cor1tact 

s prings a n · s uit ab le for appli ca tions in 

a ll ki11ds o f c ll'cl roni c equ ipnw11l. in ­

c luding co1np11ll'rs. lkcausl' thl' ni c kel 

hl'llo\\ s. "hic l1 form the lrnch o f th e 

eo11lacl' . rctaim ib spr in g c harack r­

istiL·s i11 111osl appli l'a lions. pe rin anent 

co11lacl '' ilh the co11d11cto rs is a'>s ure d. 
rw mat((' r ho\\ s mall tli l' crn1ducl o r m a\ 

bl'. The\ ' rl' a\<ti lah ll' i11 a \a rid' of 

diameters and len g th s. a nd a rc ollcn·d 
to \OU IJ, Seno nwt (' r Corp .. 82 l11cl11 s ­

tri aJ East. Clilto11. :\J 07012. 

Circle Reader Service #420 
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Distributors- who needs the m ? 

Sir : 
In th t• excelle nt a rtic le ·· Di str ibutors­
wh o needs th e m ., .. (.lune. pp. 5-1-58 ) on 

di stribu tio n of e lectron ic co mponents. 
, ·ou r basic th e me is ve n · ind ica ti,·e of 

t he more im por tan t ro le pla, ed b,· th e 
co mponen ts d istr ib uto r in toda,.- s e lec­

tron ic marketing process. 
\" 'hile ,,.e at Ne wark ma' be accused 

of hid ing our ligh t u nde r a b la nket, it 
might be illu mi na tin g to \OU an d \'C >Ur 
rea d ers to po in t out so me ve rv he lpfu l 
programs a nd se rvices " ·e offe r. \\'hi c h 
ap parc nth- mi ssed \our atte ntion. 

:'\c\\·a rk El ectronic> is not a·· mai l or­
d e r" house-our H) C.\ist ing branchco; 

are loca ted to r co n,·e nie nce of co ntract 
b' ou r industrial custome rs. \\ 'e kn e 
>ix se mi condu ctor sa les e 11!!inee rs an d 
speci a lists o n the sta ff to >olve cus tomer 
ap p lica tion or pu rchasi ng prob le ms. an d 
une branch 0 11 t he l·:ast Coas t specia l­
izi ng in ~10 s prod ucts. :\ n exclusi,·e pro­

gram" hi ch \IC ca ll ESP-Extra Se rvice 
Proc u re 1·1en t- has been introduced to 
>o lve th e diffi c ult procureme nt prob­
lems fo r short runs of hard -to-get spe­

cia l ite ms. suc h as : tl'sting. conditioninl! 
or sel ec t ion of se mico nductors. res isto 1·s 

and ot hc> components ; c ustom assem­
bh of S\\ itc hes, potentiometers. co n-
11e ct ,JJ"S : c us tom e 11 g ra,·inµ: o f pi lot 
lights. S\\'itches. In addition. th e re is the 
famou s '.\ e\\'ar k cata log that offers t he 
e ng in ee r a n cas, · retcre nce gu ide to a 
,,·id e va rieh· of compo ne nts " ith prima­
l'\ paramete rs for co m pari>on and pric­

ing. 
Th ese se n ices a re desig1wd to meet 

th e prog ress i,·ch · more co mpli cated re­
qui re men ts of toda' ·s e lectro ni c engi ­

neers a nd th e pu rc has ing peop le ' 'ho 
mu st procure th ese prnducts to meet 

sc hedules. 
O live r Goold. \ ' P 
N c\\'ar k Electronics 
C h icago. IL 

Ki ck th e 608 habit ! 

Sir : 
Yuur Octobe r 1972 iss ue has a , ·e n · in ­
te res ting a rt icle : · · Kick th e 608 ha bit " 
( P. 84 ). L.:nfort un ate h , ou r co111pa ll\ a 11 d 
o ur product s a re no t men tion e d. a l-
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th oug h Rohde and Sclrn·arz has bee n. 
fo r rn a m · , ·ea rs. a lead e r in the fi e ld o f 
vhf-uh f ge ne rators. As this a rticle right ­
k states. the need for this new ge ne r­
a ti on of ve n · stab le and no ise free ge n­

era to rs s te ms from requ ire me nts fo r 
narrow c hannel co mmuni cation s. 

As , ·ou a nd \ OUr read e rs un doubtedh­
kn o w, Ro hd e a nd Scl1 ,,·ar z has in­

trodu ced th e first commercia l srnthes iz­
er o n th e American ma rke t as far back 
as 195-l . R & S ,,·as agaiil th e first to in­
trodu ce the freq ue nc, · locking S\'Ste m 
on its ne,,· genera tors. T,·pes Si'vl DA a nd 

Si\ IDF, " ·hich a re pa rt of our Tes t As­
se mb ly for Radi ote leJ? ho ne Svs te ms. 

Thi s g ives the sign a l gt:ne rator fr e-
4u e nc\· sta bi lit \ . acc urac\ . an d reso lu ­
tion simi la r to that o f th e bes t srnthesiz­
e rs. b v reducing no ise a nd e li min a ting 
sp urious frequ e ncies ,,·hic h arc inh e re nt 
to the s\ nt hes is process. T he tabu lation 
bc lo\\' gives data si mil a r to , ·our tab u la­
tion. 

R & S SMDA with frequency controller 

Freq. range: 0.4-484 MHz 
Readout: 10/ 100 Hz; 817 digi ts 
Accuracy: 10/ 100 Hz 
Rf output Into 50 \l : 0.05 uV to 0.5 V 
Freq. lock: Yes 
Modulation: Int. Ext. am, Im a nd phase 

modulat ion ; sweep 
Simultaneous modulation: am / Im 
Comments: Wi th power adapter , all 

measurements o n tra nsmitter and re-
ce ive r possible through 1 co nnection 
to antenna . Gene rator protected 
against overload. 

Price: $6200 for the generator , p lus 
$5200 for the frequenc y controller. 

Rud olf Fe ld t, Presi dent 
Ro hd e & Sc h\l' a rz 
11 I Lexington r\ ve. 
Passa ic. i\ J 07055 

God is sys te ms engineering 

Sir : 
I can ' t th ink of a less appropr ia te way to 
ta lk abou t svstems e ng inee ring (Edi to­
ria l, Jun e 1972, page 5 ). I a m sure th at 
C hr is tia ns will be offe nded by usin g our 
Creator's na me in such a con text. lf 

God is sys te ms e ng inee rin g a nd vou be­
li e ve it, I sugges t yo u sta rt readin g th e 
Bible sta rt ing wit h Ge nes is. 
K. V. Kratochvil 

Bartlesv ille, OK 

Scandal in C uperti no 

T hat d a rlin g of th e e ng in eering se t. the 
H e \\'l e tt -Packa rd Mod e l 3.S pocket ca l­
cul a tor. d oes ha ,·e o ne fl a w. a nd H P is 
writing to a ll mn1 e rs to te ll them tha t 
th ev \\'i ll ge t a n incorrect a ns\l' e r (a lbe it 
b,· less than 2 %) if the , · tn to read e' 
f or x = 0 . 70 3 0 97.5 11 -1 or x = 

0.995033085E2. (I f \ OU find o t he r gre m­
lins in the mini- \\·onde r, please le t us 
kn o\I'.) A co rrecte d ve rsio n of the c hi p is 
no\\' in produ c ti o n. a nd o \\·ne rs w ho 
,,·on ' t be able to sleep unti l thei r ca lcu ­

la tors a re corrected a re advi sed to co n­
tact Ron Ste ve nson. Cus tome r Se rvice 
Ma na ge r, H e \\' lett-Pa c kard Ad ,·a nced 
Product Di,·., l 1000 W olfe Hd .. Cupe r­
tin o, CA 950 1-1. or 

Circle Reader Service #276 
lf \'OU ,,·o uld like thi s magazin e to p ub­

lish the co rrect a ns,,·e rs, 
Circle Reader Service #277 

If ,·ou a ren't fa mili a r with the H P-35, 
don ' t d es pai r ; read " i\ lad e in USA - fi­
na ll v," Th e E l ec tr o ni c Engi n ee r , 

i\ la rch 1972. pp. 18-22. and or 
Circle Reader Service #278 

QUOTES OF THE MONTH 
.. Unt il ES P pro vides th e a ns,,·e r to · pe r­

fect' foxh o le- to-headquarte rs info rma­
tion t ransfe r, pe rfecting th e digital (tac­
ti ca l communications ) tec h niq ue is th e 
ke ,· pla nnin g facto r fo r t he next dec­
ad e ... (Majo r General Haro ld A. Kiss in­

ge r, Director, j oint Tactical Comm uni­
ca tions Office, Office of Secretan1 of 
Def ense, ' in a prese ntat ion to Ar.m ed 

Forces Com munications Electron ics As­
sociat ion o n Digi tiza tion-A S eu; Di­
m ensio n in Tactica l Communications. ) 

" A 11e" · la, ·e r of e lectronic d ist ribut ion 
,,·ill e me rge b' 1980. Its genes is is in to­
da,·' s spec ial-l ine di >lribu tor. O n t he 
on e han d , this ne ,,· supe rdi st ributor wi ll 
pe rform ma m · ma rke ting fun ctions t hat 

ma nufacture rs do tod a\'. as \\'e ll as ce r­
tain repai r se rvices. On the ot he r, th e 
ge ne ra l-lin e dis tributo rs w ill beco m e 
less lorn I to bra nd nam es ... ( Edu;ard }. 
Wa lt e r, Publisher of Elec tronic Dis­

tri~utin g and Mark e tin g magaz in e, 
speaking to th e A ssociati o n of Elec ­
tronic Manufac turers. 1\ .01;. /0. 1.972. 
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Do you face a make or buy decision on power supplies? 

BUY 
THE NEW LAMBDA 

LY SERIES 
>50°/o efficient, 20 KHz switching, 

SOmV P-P ripple, 0.1°/o line or load regulation 

SINGLE OUTPUT 

$300 
5 VOLTS 30 AMPS 

WITH OVERVOLTAGE 
PROTECTION BUILT-IN 

AC input: 105-132 VAC, 47-440 Hz 

DC input: 145 VDC ± 10% 

DUAL OUTPUT TRIPLE OUTPUT 

$380 $395 
±15 TO :!:12 VOLTS 5 VOLTS 18 AMPS 

8.5 AMPS EACH OUTPUT DUAL ±15 TO ±12 VOLTS 
2 AMPS EACH OUTPUT 

11 standard models in single, dual, triple or quadruple out­
puts in new "5" package. Trip le and quadruple output models 
incorporate Lambda Power Hybrid Voltage Regulator. 

ALL CARRY LAMBDA'S 5-YEAR GUARANTEE. 

ALL IN STOCK FOR 1-DAY DELIVERY. 

QUADRUPLE OUTPUT 

$450 
5VOLTS 16AMPS 

DUAL :!:15 TO :!:12 VOLTS 

1.5 AMPS EACH OUTPUT 

24 TO 28 VOLTS 1.0 AMPS 

WHETHER 
YOU MAKE 
OR BUY ••• 

&LAMBDA 
ELECTRONICS CORP. 

A <e> Company 

................................................................................................... 
MELVILLE, NEW YORK 11746 515 Brood Hollow Rood Tel. 516-694-4200 ARLINGTON HEIGHTS, (CHICAGO) ILL. 60005 2420 East Oakton St., Und Q Tel. 312-593-2550 

NORTH HOLLYWOOD, CALIF. 91605 7316 Varna Ave. Tel. 213-875-2744 MONTREAL, QUEBEC IOOC Hymus Blvd., Pointe-Claire, Quebec-730 Tel. 514-697-6520 

Circle Reader Service ,,35 



off the old breadboard. 

RCA put 1,238 devices on a 150 mil COS/MOS chip. 
What are your LSI requirements? 

The move is toward LSI . And 
RCA is ready now to deve lop custom 
COS/M OS circuits to your most de­
manding requiremen ts. 

For example, the 149 x 150 mil 
timing circuit above was integrated 
from a breadboard con t aining 1,238 
discrete devices. Ju st one of many cus­
tom chips des ign ed with RCA's unique 
silicon interconnect process to provide 
high packaging density. 

RCA maintains a staff of systems 
engineers who are ex peri enced in the 

deve lopment of complex micropower 
array s. They are backed by extens ive 
facilities to speecl the process of IC de­
sign and development. 

These facilities consist of comput ­
ers fo r log ic simu lat ion, artwo rk digi ­
tizer-plotter systems that can cut turn ­
around time by 33% in ty pi ca l circuits, 
Mann Pattern Generator fac iliti es to 
speed mask preparation, and T eradyne 
Model J-283 digital IC systems which 
functionally evalua te complex arrays. 

Put RCA's COS/ MOS team to 

International : RCA, Sunbury-on-Th ames, U. K .. or Fu ji Bu i ld in g, 7-4 Ka sum1gaseki . 3-Chome, 
Chiy oda-Ku, Tokyo , Japan . In Canada : RCA Li m ited, Ste. Anne de Bellevue 810, Canada. 

Circle Reader Service !137 

work to help reduce package count, 
cu t assembly costs, and achieve exce l­
lent cost effect iveness in your syst ems. 

When it co mes t o COS/ MOS LSI , 
come to RCA . 

Contact your loca l RCA Repre­
sentat ive or RCA Distributor, or write 
RCA So lid State Divi sion , Section 
59L. Box 3200, Somerville, New 
Jersey 08876. 

ncn Solid 
State 

product s that make products pay off 


