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Electronics international ________ _ 
Signi ficant developments 1n technology and business 

Monolithic op amp 
operates at very 
low power levels 
Nippon Electric's new line 

of operational amplifiers 

aims for jobs in battery-run 

gear: LSI version is next 

Micropower operation, built-in sig­
nal switching capability, and simpli­
fied frequency compensation are 
among the features of a new mo­
nolithic IC operational amplifier de­
veloped at Nippon Electric Co. The 
extremely low power requirements 
open up many new fields of appli­
cations, especially those requiring 
battery operation. 

At the same time, linear large 
scale integration becomes a possi­
bility. With conventional oper­
ational amplifiers, it has been power 
dissipation and not chip size that 
has prevented including a number 
of amplifiers in one package. 

Switch. The built-in signal switch­
ing function performs by controlling 
current flowing into all stages of the 
amplifier, depending on whether the 
external control terminal is con­
nected to the positive power supply 
voltage or to ground. When the ex­
ternal control terminal is connected 
to ground the amplifier is discon­
nected from its power supply, so 
that gain becomes zero and output 
impedance infinite. This enables the 
amplifier to be switched without in­
troducing into the signal path any 
devices that might affect normal 
gain or balance. 

In addition to turning the ampli­
fier on and off, the circuit used for 
switching permits external control 
of the absolute value of current 
drain of the amplifier. Amplifier 
current drain depends on both 
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power supply voltage and the exter­
nal resistance connected between 
the control terminal and positive 
power supply. With an external re­
sistor in excess of 10 megohms, no­
signal power input can be as low as 
16 microwatts when the amplifier is 
operated from a 12-volt power sup­
ply, which is the minimum voltage 
recommended. 

Stable gain. Even at very low 
power input levels, gain of about 
110 decibels is maintained, and the 
Class B output stage enables the 
amplifier to deliver an output cur­
rent of 15 milliamperes. Frequency 
response, though, decreases at these 
low power levels. More representa­
tive operating power levels are 400 
µ,w, when operated from ±3-v 
power supply and using a 200-ki­
lohm external control resistor, and 2 . 
µ,w when operated from ± 15-v 
power supply and using a 2-me­
gohm external resistor. 

Simplicity of switching and free­
dom from transient disturbances or 
unbalance in signal path should 
make this amplifier attractive for 
use as a switch even when gain isn't 
needed. Applications include scan­
ning, multiplexing, and mode con­
trol. It may seem extravagant to use 
a circuit with more than 20 transis­
tors to perform such a simple func­
tion, but a single T0-5 package with 
several external components means 
that an electronic switch can be im­
plemented with fewer parts than al­
most any alternative. This technique 
will become even more attractive 
when LSI version of the amplifier 
becomes available. 

Loads. The simplified frequency 
compensation is made possible by 
the same circuit technique that gives 
micropower operation. The high 

output impedances of transistors are 
used as active loads, making it pos­
sible to achieve typical open loop 
gain of 110 dB for the amplifier with 
only two stages of voltage amplifica­
tion, even though the amplifier op­
erates at extremely low power lev­
els. Because only two stages are 
used, a single capacitor can control 
circuit frequency response and give 
stable operation for any desired 
amount of feedback. 

Market. This op amp will be de­
scribed in more detail at the Inter­
national Solid State Circuits Confer­
ence by Tokio Furuhashi , who 
designed it together with Hiroshi 
Aoyama, Ichiemon Sasaki , and 
Shuzi Nakazawa. Nippon Electric is 
now starting production of two com­
mercial operational amplifiers of 
this type using the same master 
slice. One of these, UPC 253A, will 
have the circuit shown in the ISSCC 
paper. The other, UPC l 53A, has a 
simplified output stage that permits 
it to deliver about 1 v more peak-to­
peak output when operated at a 
given power supply voltage. 

Great Britain 

Phase-locked loop IC 

designed for modems 

About a year ago, Signetics Corp. 
brought out the first of a range of 
phase-locked loop integrated cir­
cuits, with phase comparator and 
oscillator on a single chip. The loop 
locks the oscillator frequency to an 
input signal frequency by compar­
ing the phase of the two frequencies 
and using the difference signal to 
shift the oscillator frequency. Thus 



Electronics international 

any frequency-modulated informa­
tion in the input signal is demodu­
lated in the difference signal. 

Signetics' idea was that the chip­
m u ch cheaper than a discrete 
equivalent could be- would even­
tually become a widely-used build­
ing block in fm demodulators, mul­
tipliers , and synthesizers , 
particularly at lower frequencies. 
With roughly the same idea in 
mind, Plessey Co. has developed a 
similar chip, but more complex and 
in its initial form specifically de­
signed as a complete modulator and 
demodulator for frequency shift key 
modems. Plessey's approach will be 
explained by Barri e Gilbert, the de­
signer, at the Solid State Circuits 
Conference this week. 

For modems. British Post Office 
modem specs demand high fre­
quency stability to reduce bias dis­
tortion, which means that chip tem­
perature stability has to be very 
good. Gilbert calculates it must be 
better than 30 parts per million per 
0 C. He claims he has achieved 20 
parts per million per °C up to 100 
kilohertz, from - l5 °C to +85 °C. He 
says this is an order of magnitude 
improvement over comparable de­
vices made by Signetics and RCA. 

He has a lso put circui try onto the 
ch ip for converting two binary in­
puts into fo ur precise oscillator fre­
quencies and for converting the de­
modulated output of the PLL into a 
binary signal. The frequencies are 
pre-determined by off-chip resistors, 
which generate four currents ap­
plied to inputs at ground potential, 
making them easy to program. 

Wide range. Gilbert claims a 
500: 1 frequency range with one ca­
pacitor and a linearity of 0.2%. 
Ground potential input also means 
that when the oscillator's free-run­
ning frequency is the same as the in­
put signal frequency , the loop out­
put is 0, which means that 
subsequent signal processing is easy. 
The mark / space ratio can also be 
varied over a range from 0.001: 1 to 
1,000: 1 by connecting the binary in­
put to the VFO output a nd using 
appropriate timing resistors. 

The phase comparator block is 
conventional, except that it is pre­
ceded by an amplifier to cut the in-

put level necessary to load the phase 
comparator to about 1 millivolt rms. 
And it is followed by a linear multi­
plier with a connection to one pin so 
that the loop gain and output cur­
rent can be externally controlled . 
There is also a completely separate 
op amp circuit on the chip with 
CCITT-compatible output. In a 
modem this would be used for post­
demodulation slicing. 

Push-pull. The oscillator is a 
push-pull emitter timed relaxation 
type of a new design. Gilbert has 
achieved good stability by taking 
care to identify and eliminate drift 
sources- for instance, emitter cur­
rent densities at the instant of re­
generation have been made as 
nearly equal as possible. Sensitivity 
to supply variations is claimed to be 
down to 50 parts per million for 1 % 
voltage change, and the mark/ space 
ratio accurate to within 0.5%. 

Another new Plessey IC, for TV re­
ceivers, being described at Phila­
delphia puts onto one chip the i-f 
and detection stages for both video 
and sound. Currently, a set maker 
has to buy three chips for these 
functions- i-f amplification ; low­
level video detection, which may 
also include automatic gain control 
and a buffer for automatic fre­
quency control; and fm sound de­
tection. Plessey's 85-mil-square chip 
contains all these functions. The 
company says it's cheaper than buy­
ing three separate chips, gives a bet­
ter performance, and does not re­
strict the set designer's flexibility. 

On a chip. Getting it all on one 
chip with a video gain of 96 dB- rms 
input to peak-to-peak output- at 40 
megahertz and a sound i-f gain of 
60 dB without introducing instabil­
ity involved problems that chip de­
signer Graham Baskerville will de­
scribe. One solution has been to 
include a large substrate contact 
across the entire chip between the 
sound and video sections, providing 
a shunt path of about 10 ohms from 
the subs trate to earth. This reduces 
the possibility of interference in the 
video channel from harmonics of 
the sound i-f. Another technique 
has been to screen the video i-f am­
plifier input pads and resistors with 
buried n+ diffusions connected to 

the decoupled age pad, which re­
duces capacitive coupling to the 
substrate by 30 dB . Bas kerville 
proves stability by putting his hand 
on the back of the board holding the 
demonstration i-f system: it doesn' t 
cause any oscillations. 

It's a snag of synchronous de tec­
tors that pulse interference can p ro­
duce white noise on the screen. Bas­
kerville gets rid of this by including 
a differential Schmitt-trigger no ise 
inverter in the video amplifier. It 
returns all noise above a white 
threshold to mid-grey level. 

Japan 

Color TV projector 

replaces home movies 

Take a 13-inch color picture tube, 
increase its brightness by a fac tor of 
more than three. project it s picture 
by a large lens o n to a curved screen, 
and you have Sony's lates t con­
sumer product. Sony's prototype 
uses a 40-inch-wide screen about 5 
feet in front of the projector to give 
the equivalent of a 50-in. picture. 
Input to the system ca n be a mag­
netic-tape recorder or a TV tuner. 

The Sony Video Color Projecti on 
System is sched uled to go on sa le 
this fall , with the projection unit 
selling for about $2,000 in the U.S. 
The screen will cost anot her $250. 
The picture tube is similar to those 
used in regular Sony se ts but in­
cludes a number of small cha nges 
and improvements , in cluding a 
mo re transparent facep late , higher 
accelerating voltage, a nd new phos­
phors. 

Lens. The projection lens was de­
signed by Sony and will be fa bri­
cated by a contractor. The lens has 
large glass elements about 5 inches 

Project. Sony's home color TV projection 
system has specially designed screen . 

.. 
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in dia mete r, because it must have 
hig h li ght tra nsmi ss ion. But its reso­
lution can be a controll ed low va lu e, 
no t hi gh e nough to show horizontal 
sca nning lines or vertical co lo r stripe 
pattern cl ea rly, ye t no t se ri ously de­
gra de th e im age. Furthermore, th e 
screen is curved to match the curva­
ture of the cylindri ca l facep la te of 
th e tube. Beca use of the low resolu­
ti on requirement a nd the low mag­
nification, it is poss ibl e to des ign a 
very inexpen sive lens. 

Th e curved screen has a meta l­
ized plas tic surface, with a fine sur­
face pattern that gives it much 
higher directivity in the vertical di­
rection tha n in th e horizonta l direc­
tion. This directiv ity, which corre­
sponds to hi gh antenna ga in in a 
radio system, great ly increases th e 
brightness of the projected image 
over th at which would be seen on a 
convent io nal mov ie sc ree n. 

Bright. Th e proj ected picture has 
a peak white highli ght bri ghtness of 
a bout 3 foot lamberts, which is simi­
la r to that of an 8-millimeter home 
mov ie. But it is much more a ttrac­
tive beca use o f hig he r contra st. 
Even though picture is more tha n 
an order of magnitude darker th a n 
the average TV picture, contrast is 
superio r- a bout 40 dec ibels for the 
projected picture compared with 
about 26 dB for directly viewed 
color television. 

Unijunction transistor leads 

to low-power shift register 

Development of a better unijunc­
tion transistor- with small valley 
current- was the first step in the de­
velopment of a low-power semjcon­
ductor shift register at the Musa­
shino Electrical Communication 
Laboratory of the Nippon Tele­
graph and Telephone Public Corp. 
The device consists of a large num­
ber of unijunction transistors on a 
single chip. 

Shift-register operation is possible 
because the electron-hole plasma 
that carries current between the 
emitter and collector of an individ­
ual element spreads into the region 
of adjacent elements, reducing the 
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peak vo ltage of these e lements . 
The most attractive application of 

the new device will proba bly be use 
as a mass memory. Since operation 
is digital, it can be designed to per­
form logic- which perhaps will be 
most advantageous for control of 
the memory rather than as straight 
logic device. Logic capability, much 
more powerful than that of bubble 
memories, includes a bility to per­
form simultaneous and feedback 
logic, as well as sequentia l logic. An­
other potential application is as an 
optical imaging device. 

Power saving. The new shift regis­
ter operates on 5 volts . Individual 
elements have a power consumption 
of about 0.5 milliwa tts in the on 
state and about 0.2 mw in the off 
state, for a mean power consump­
tion of about 1 mw per bit. This is 
approximately the sa me value re­
quired by MOS shift registers. The 
manufacturing process, though, is 
essentially the sa me as for charge 
coupled devices, because only two 
diffusions are required. Linear pitch 
of about 20 microns per bit is a lso 
simi lar to charge coupled devices . 

Present transfer speed of experi­
mental devices is up to IO me­
gahertz. There is no minimum 
speed, as required in dynamic MOS 
circuits. The stored signal is regen­
erated at each bit, which in charge 
coupled device terminology corre­
sponds to 100% charge transfer. 
Output voltage is 0.4 v when oper­
ated from a 5-V supply with an on 
state power consumption of 1.5 mw, 
and is variable up to about 3 v for 
higher power consumption. 

Experimental. Devices fabricated 
so far show a good yield , indicating 
that final price will be lower than 
for MOS devices. Fabrication of de­
vices with 1,000 bits on one chip is 
expected before the end of the year. 

Although a unijunction diode has 
three terminals, it is operated as a 
two-termi nal element in this device. 
The base- often called base 2 in 
American references- merely pro­
vides a direct current bias. In its 
simplest form, this device has a long 
and narrow base diffusion, a linear 
array of emitter diffusions equidis­
tant from the base diffusion , and an­
other linear array of collector diffu-

sions on the side of the emitter 
opposite the base. By m aking the 
collectors small a nd keeping the 
spacing between them small, plasma 
coupling is obtained between them. 
Isolation to prevent coupling to 
other arrays on the same chip can 
be had by carrying the base diffu­
sion completely around the array. 

Small collectors used in the indi­
vidual unijunction transistors make 
for high negative resistance and low 
valley currents, which together with 
low voltage levels, keeps the power 
consumption per bit down to MOS 
leve ls. Current flow in these ele­
ments produces an electron-hole 
plasma, in which there is no net sur­
plus or deficiency of either polarity 
of carrier. 

Clocks. Because thi s device oper­
ates in a two-terminal mode, a mul­
tiphase clock is needed to obta in 
unidirectiona l signal transfer. A 
three-phase clock is used with ex­
perimental symmetrica l devices. As­
symmetrical devices, in which cou­
pling fr o m a given device is 
predominately to one of its two 
neighbors, have also been made. 
With these devices a two-phase 
clock has been used. Still further 
variations in geometry a re used to 
provide logic capabilities. 

Optica l imaging is obta ined very 
simply. Photoresponse of the indi­
vidual unijunction transistors ca uses 
a decrease in peak voltage when 
they a re illuminated. A pulse o f 
proper amplitude superposed on the 
clock pulse will cause only illumi­
nated bit positions to turn on. Then 
ordina ry clock pulses can be used to 
shift the stored information in the 
usual manner. 

The device will be expla ined in 
more detail at the International 
so lid State Circuits Conference by 
Toshimasa Suzuki and Yoshih iko 
Mizushima of the Musashino lab. 

The Netherlands 

Bucket brigades speed 

optical character reading 

For hum an beings, the ad monitio n 
aga inst try ing to do two th in gs a t 
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once is perhaps best heeded. But 
when it comes to optical scanning, 
reading one pattern in while reading 
another one out has all sorts of ad­
vantages. One of the main ones: the 
photodiodes keep integrating light 
contin uously , meaning theres a 
higher signal output-all else being 
equal- than can be had when read­
ing in and reading out sequentially. 

Th e trick, of course, is to find a 
way to read patterns in and out si­
multaneously without mixups. Re­
sea rchers at Philips Gloeilampen­
fabrieken 's laboratories in Eind­
hoven have found one. They have 
integrated a row of 64 photodiodes 
and a bucket-brigade memory into 
a single metal oxide semiconductor 
chip. The device holds hi gh promise 
as the basic building block for opti­
cal character readers. 

Diodes and bucket pairs. For each 
of the 64 diodes, there 's an associ­
ated pair of buckets and a n MOS 
transistor switch. Because of the 
switches, the diodes are isolated 
from one another and from the 
bucket bri gade line, except when a 
swi tching pulse turns the transistors 
o n. With a c lock pul se of I 
mega hert z, the pulse lasts on ly 0.5 
microseconds out of a rea dout cyc le 
la stin g 32 microseco nd s, so th e 
diodes a re integrating ligh t prac­
tica Uy full time. 

When the transistors switch, the 
charges built up on the diodes are 
fed into the memory and then th e 
s to red pa ttern is m ove d a lo ng 
bucket-brigade style to the output, 
where the signal is picked off by a 
source fo llower. "The bucket bri­
gade acts as a buffer memory for 
each pattern, and the output is a 
time-multiplexed video signa l," says 
Henk Heyns, the circuit engineer for 
the development. 

Prototypes. For the first versions 
of the bucket brigade sca nner, Phil­
ips used p-channel technology. That 
limits the clock speed to I MH z, a 
trifle slow for some optica l character 
reader applica tions. " We can get the 
speed up to between 5 and I 0 MHz 
simply by switching to n-cha nn el 
MOS," says Joop va n Sa nten, head 
of microcircuit work at the Eind­
hove n labs. That would put the 
scanner well in side the speed range 

needed for fast OCR. As for dynamic 
range, the scanner already has what 
it takes. The ratio of maximum out­
put signal to illumination noise is 
30 : I. In other words, a reader based 
on the scanner could di stinguish 
among 30 shades of gray. 

Matrix next. In these first experi­
menta l versions, the scanner has a 
row of 64 diodes with a pitch of 50 
microns, flanked by the buckets. 
Processing of the chip presents no 
particula r problems although extra 
aluminization is needed over the 
buckets to keep them in the dark . 
The transistors in the buckets a re 
a lso photosensitive, like all semicon­
ductors. 

Now tha t the concept has been 
proven out with a row of diodes, the 
next step is a matrix. Van Santen 
ex pects a 50-by-50 array will be fea­
sibl e within a year or so at reason­
ab le chip yie lds. Philips now can get 
400 buckets tucked in to an area I 
millimeter square with normal pro­
cessing. 

West Germany 

Piezoelectric plate feeds 

hand-writing to computer 

A new graphic computer input de­
vice that acce pts hand-written da ta 
is now being perfected at West Ger­
many's Siemens AG. Deve loped a t 
the company's Munich labora tories , 
the device transmits data over regu­
lar telephone lines eith er to a com­
puter for storage or to a terminal 
where the information is displayed 
in real tim e. With that capability the 
equipment can be used for signature 
verification in banks or fo r trans­
mittin g h a nd - dr awn c h a rt s, 
sketches, or graphs. 

To be sure, electron ic equipm ent 
for picking up hand-written data 
and reproducing it at a distant point 
has been around for quite some 
time. The new Siemens gear, how­
ever, differs in its ex trem e simplicity 
and low cost. Yet, it does not sacri­
fice accuracy. 

In any kind of gra phic input de­
vice, th e basic idea is to contin­
u o u s ly d e ter min e eac h in s ta n-

taneous pos1t10n coordinate of a 
stylus or probe moving across some 
sort of pad . The coordinate va lues 
a re then converted into pulses for 
transmission to a display. The writ­
ing pad, the key component in such 
equipment, is usually made up of 
vertical and horizontal conductors. 
The X and Y coordinate values are 
fixed by pulses that are genera ted 
when the stylus causes the conduc­
tors to ma ke contact at their inter­
sections. 

To the Siemens developers even 
such straight-forward se tups ap­
peared much too complex. Besides, 
the accuracy of the reproduced data, 
they contend, is limited by the con­
ductor spacing. 

Piezoceramic. Th ey overcame 
these drawbacks with a si mpl e 
piezoceramic plate serving as a writ­
ing pad . The equipment uses the 
well-known ph e n o m e non that 
piezoelectric materials generate a 
voltage when pressure is applied to 
their surface . But with this plate, it 
is not the pressure of the probe itse lf 
tha t's used but the pressure of ul ­
trasound waves within the materia l. 
These voltages , indica tive of par­
ticular coordin a te va lues, are picked 
up by the probe, processed, and sent 
to the displ ay. 

Attached to two adj acent edges of 
the piezoceramic pla te are silver 
strips, to which a 500-hertz square­
wave signal trai n is applied . The 
pulses, 5 vo lts in a mplitude and 0.5 
microseconds wide, are fed to the a l­
terna te edges a nd se t up the ul ­
trasound waves. 

Timing. Absorbent materi a l on 
the opposi te edges prevent reflec­
tions of the waves. Since the cera mic 
material is ho mogeneous, th e waves 
go through it a t a constant velocity 
and trave l para llel with the edges a t 
which they originate. 

Since the signals al tern a te, the 
sound waves first move from top to 
bottom and then from left to right. 
The waves compress th e piezoelec­
tric materi a l, producing a precise ly­
timed vo ltage wave front that pro­
ceeds in the sa me direction. The 
material compression is very small. 
Yet it is sufficient to genera te a bout 
0.2 v. The voltages are capacitively 
picked up by th e probe. 

Electronics/ February 14 , 1972 

• 



• 

Have you 
heard 
about 
Rochester's 
smaller 
successes? 
Sure, you kn ow about the big ones. 
In copiers and cameras. In 
microscopes and men 's wear. But a 
lot of smaller businesses a re on their 
way up in this fert ile, dy namic 
9-county a rea of Western New York. 
Wou ld you like to kn ow who t hey 
are, how t hey're growing . .. and how 
to find just the pl a nt space or site 
where your compa ny can make it big, 
too? Could you use facts about labor, 
and edu cationa l, recreationa l a nd 
t ransportation fac ili t ies? If so, ca ll 
co llect or wri te to Bob Ha ll , Director 
of Area Development , R ochester Gas 
& E lectric, 89 East Avenue, 
Rochester, N . Y. 14604 (T elephone: 
716-546-2700). Nobody kn ows more 
a bou t this a rea than we do. And 
because we ma ke money selling 
energy to industry, we 're eager to 
share our kn owled ge wit h you. 

RF.Communication s made it h e r e. 
How a b ou t you ? 
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A TOTAL CAPABILITY ~ 
FROM ADVANCED \(:::t) 
THYRISTOR TECHNOLOGY 

TRIAC's 
& SCR's 

FOR MOTOR, HEATING, 
COOLING AND LIGHTING 

CONTROLS AND 
SPECIAL APPLICATIONS 

ALL POPULAR PACKAGE 
CONFIGURATIONS WITH 
VOID-FREE 
GLASS-PASSIVATED CHIPS 

Included are electrically isolated 
6, 8, 10 & 15 Amp center-gate 
plastic (ISOTAB*) and 30 and 40 
Amp electrically isolated, center­
gate press-fit TRIAC's. All feat~re 
improved critical and commutating 
dv / dt ratings and di / dt capabili­
ties with low switching losses. 
Hutson thyristors are available in 
a wide range of current and volt­
age ratings from 3A and 4A 
sensitive-gate to 35 and 40 Amp 
standard gate devices; and from 
30V. and 50V to 600V (Vooo ... ). 

I\ 
PATENTED 
DI-MESA* 
CONSTRUCTION 
This chip construc­
tion provides a dual 
mesa barrier to pre­
vent minute fractures, 
caused by the dicing 
.operation in glass­
passivated chips, from 
spreading and ca~s­
ing an eventual device 
failure from repeated 
operational cycling. 

I 
I 
I 

lJ 
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HUTSON IN DUSTRIES 
2019 W . VALLEY VIEW LANE 
DALLAS , TEXAS 75234 (214) 241-3511 
TWX 910-860-5537 

Distributed by: 
BODELLE COMPANY, Chicago , Ill. 
312/ 468·1016 • NEWARK ELECTRONICS 
CORP., Inglewood, Cal. 213/ 678·0441 
THOR ELECTRONICS, Elizabeth , N.J. 
201 / 354·2420 
Canada : WEBER·SEMAD ELECTRONICS, Downsview, Ont. 

European Marketing Director: 
30 Rue Pierre Semard. Yer1es, 91 France 
Tel : Par is 925-8258 TELEX 21 -311 
Distributed in Europe by: 
Switzerland : D. LEITGEB, Dubendorf 
Sweden : ELEKTROFLEX, Sundbyberg 
Spain : BELPORT, Madrid 
Holland : RODELCO, Den Haal{ 
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Electronics advertisers February 14 . 1972 

• Abbott Transistor Labs., Inc. 
Technical Adv. Agency 

Advanced Memory Systems 
Fleig and LeBoeuf Adv., Inc. 

# AEG Telefunken 
Werbeagentur 

Allen-Bradley Company 
Hoffman-York, Inc. 

# Anritsu Electric Co. Ltd. 
Diamond Agency Co. Ltd. 

APM-Hexseal 
The Sommer Agency, Inc. 

# Asahi Glass Co., Lid. 
Asia Advertising Agency, Inc. 

6 

108 

25E 

58 

12E 

129 

29E 

• Aug~~eamer , Trowbridge, Case & Basford , Inc. 
40-41 

Bausch & Lomb, Inc. 
Wolff Assoc., Inc. 

Bell& Howell-
Electronics & Instruments Group 
Coordinated Communications, Inc. 

Bendix Corporation, 
Electrical Components Div. 
O'Arcy-MacManus-lntermarco, Inc. 

# Birch Stolec Lid. 
Derek R. Miller Advertising Limited 

Burndy Components 
K~tchum , Macleod & Grove, Inc. 

Burr-Brown Research Corp. 
N. A. Winter Advertising Agency 

• Bussmann Mfg. Division of 
McGraw Edison Co. 
Henderson Advertising Company 

By-Buk Company, Sub. of Webtek Corp. 
J. R. Bloome Company 

California Computer Products 
Dailey & Associates Advert ising 

Central ab, Div. of Globe Union, Inc. 
The Brady Co. 

• Cherry Electrical Products Corp. 
Kolb / Tookey and Assoc ., Inc. 

• Chicago Dynamic indust_rl_es, Inc. 
Burton Browne Advert1s1ng 

Cincinnati Milacron, 
Process Controls Division 
David K. Burnap Advertising 

• Clairex Corporation 
Michel-Cather, Inc. 

# Communication Associates, Inc. 
Caroe Marketing , Inc. 

CTS Corporation 
Reineke, Meyer & Finn , Inc . 

• Custom Electronics, Inc. 
Laux Advert ising, Inc. 

Data General Corp.­
Quinn & Johnson , Inc . 

# Delta Design, Inc. 
NKS, Ltd. 

Devel co 
Paul Pease Advertising 

Digilin, Inc. 
Van Der Boom, Mccarron, Inc. 

133 

39 

55 

23E 

9 

126 

124-125 

128 

134 

102-103 

23 

131 

24 

4th cover 

30E 

121 

141 

80-81 

6E 

46 

120 

• Digital Equipment Corporation 12-13 
Creamer, Trowbridge, Case & Basford , Inc. 

Eastman Kodak Company, 
Business Systems Markets Div. 117 
J. Walter Thompson Co. 

Electronic Engineering Company of . 
California, Electronics Products Dov. 0-3 
Marketing Communications Associates 

Electronics 106-107, 04 

• EMI Electronics Lid. 28E 
Bonner Hodgson & Partners Ltd . 

Exact Electronics 32 
COM / MARK Communications Group 

# Ferranti Lid. - Dundee 16E 
Rowlinson Broughton Ltd. 

• Fluke Manufacturing Co ., John 
Bonfield Associates 

17 

Function Modules, Inc. 130 
Leon Richman Design 

General Instrument Corporation, 
Semiconductor Products Div. 90 
Norman Allen Associates 

# General Radio 4E-5E 
Grad Associates 

General Radio Co. 43 , 56 
Grad Associates 

Gould, Inc./ Instrument Systems Div. 
Carr Liggett Adv., Inc. 

118 

• Grayhlll, Incorporated 0-4 
Carr Liggett Advertising , Inc. 

Guardian Electric Mfg. Co. 
Kolb / Tockey and Associates, Inc. 

28-3 1 

Hansen Mfg. Company 
Keller-Crescent Co. 

116 

Harris Semiconductor 54 
Tucker Wayne & Company 

Health/ Schlumberger Scientific lnstrumenls l 29 ,0-4 
Advance Advertising Services 

Hermes Electronics Ltd. 105 
Public & Industrial Relations Limited 

# Hewlett Packard 11E, 13E. 15E, 17E 
Dorland Advertising Ltd . 

• Hewlett Packard 2 
Richardson , Seigle, Ro lfs & McCoy, Inc. 

•Hewlett-Packard / Loveland Calculator Divislon 18-19 
Tallant / Yates Advertising , Inc. 

• Hewlett-Packard 1 , 76 
Richardson , Seigle, Rolfs & McCoy, Inc. 

Hickok Electrical Instruments Company 124 
Key Marketing Associates 

• Hlpotronics, Inc. 116 
Kenmare Advertising , Inc. 

Hughes Aircraft Company 44-45 
Foote , Cone & Belding 

Hutson Industries 0-2 
Warren Associates 

ILC Data Device Corporation 115 
Marchin Weitman Advertising, Inc . 

Industrial Electronics Engineers, Inc. 22 
Van Der Boom, Mccarron Advertising 

• Interstate Electronics Corporation 99 
Leland Oliver Company , Inc. 

Jewell Electrical Instrument, Inc. 42 
Amerad Advertising Services , lnc . 

• Kepco, Incorporated 5 
Weiss Advert ising 

• Keystone Electronics 129 
Lawrence Nelson Advertising 

• Lambda Electronics Corporation 3rd cover 
Michel-Cather , Inc . 

# LTT 26E 
Publibel 

• MFE Corporation 131 
Scott Advertising , Inc. 

• Monsanto Company 96 
Michel-Cather, Inc. 

Motorola Semiconductor Products , Inc. 20-21,47 
E. B. Lane & Associates, Inc. 

North American Rockwell , 
Electron ics Group 10-11 
Campbell-Ewald Company 

•Oak Electro/ Nelles Corp., 
Switch Division of Oak Electro/ Nelics Corp. 53 
Buchen Advert ising , Inc . 

# Oscllloquartz SA, Neuchatel 24E 
M. R. Hofer Werbeagentur BSR / EAAA Bern 

# Phillps Gad Elco ma 
Tag-lntermarco delaMar 

Phillps N. v. Pit / T & M Division 
Marsteller International S. A . 

Precision Monolilhics, Inc. 
Marlborough.Associates, Inc. 

18E-19E, 27E 

24 

14 
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#RCA Lid. 
Marsteller Ltd. 

• RCL Electronics, Inc. 
Morvay Advertising Agency 

Rochester Gas & Electric­
Advertising Group 
Hutchins Advertising Company, Inc. 

# Rohde & Schwarz 

Rolm Corporat ion 
Marmac Advertising 

Rotron, Incorporated 
Black-Russell-Morris 

Howard W. Sams & Co. 
Aitkin-Kynett Co .. Inc. 

Schauer Manufacturing Corp. 
Nolan, Keelor & Stites 

S. D. S. A. 
Public Service 

Slgnetlcs Corp., sub. of 
Corning Glass Works 
Hall Butler Blatherwick, Inc. 

Simpson Electric Co. 
Amerad Advertising Services, Inc. 

Spectra-Physics, Inc. 
Hal Lawrence. Inc. 

• Sperry Information Displays Division 
N. A. Winter Advertising Agency 

Syracuse Electronics Corp. 
Conklin, Labs & Bebee, Inc. 

• Systron Donner Concord Instruments 
Bonfield Associates 

T-Bar, Incorporated 

20E-21 E 

2nd cover 

141 

3E 

48 

114 

95 

104 

112 

57 

110 

15 

101 

93 

51 

The Robert A. Paul Advertising Agency, Inc. 

• Tektron ix, Inc. 
Dawson, Inc. 

• Teledyne Philbrick 
Ingalls Associates, Inc. Advertising 

# Teledyne Relays 
S. Michelsen Advertising 

·Teledyne Semiconductor 
Regis McKenna, Inc. 

Thomson CSF 
Bazaine Pubhcite 

Toko, Inc. 
Hakuhodo, Inc. 

• TRW Electronics, 
Semiconductor Division 
The Bowes Company 

Union Carbide Corp., Linde Division 
Young & Rubicam, Inc. 

Universal Oil Products, Norplex Div. 
Campbell Mithun, Inc. 

# V 10 Techmashexport 
V / 0 Vneshtorgreklama 

Victoreen Instrument Division 
Dix & Eaton , Inc. 

• Victory Engineering Corporation 
A. D. Adams Advertising , Inc. 

Woven Electronics 
Prentiss Court 

Classified & Employment Advertising 
F. J. Eberle , Manager 212-971-2557 

EQUIPMENT (Used or Surplus New) For Sale 

37 

72 

32E 

122 

27 

D-3 

16 

52 

14E 

131 

128 

120 

Blnswanger . ...... 132 
. .............. 132 North American Liquidators .. 

Radio Research Instruments Co . . 
Jensen Tools and Alloys .. 

..................... 132 
. ........... 132 

• For more informa tion on complete product line see adver­
ti sement in the la tes t Electronics Buyer's G uide 
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LOGIC PANELS 
Now from EECO, logic hardware and low-cost come together, all you need is 

your design and you've got it made. 

KITS •• , Take advantage ot new low·cost (S 186 upl 
breadboard kits every thing you need includ· 

PANELS ,,. World's largest select•on of soc.kets, 
panels, drawers and special assemblies 

every thing to implement your IC logic design . Low-cost. 

high density, socket modularity and fast delivery, all 

combined to give the ultimate in design flexibll1ty . If you 

wan t more help from us thcin that, ask about our 

mg modular socket boards wi th rnore location flexibility 

from 14, 16, and 28 pin IC assemblies. We'll send you 

f1 ames, boards. plugs, clips. terminals and enough w ire to 

w rap up the job. Even a wire wrapping tool and power 

supply, if you like. And EECO provides an advanced power compu ter ·aided·des1gn and wi re w rap service - from logic 

cllstribution system to knock out high speed switching diagram to wired hardware in 4 weeks. If you're th inking 

transients, so you maintain full noise immunity . logic design, EECO's thinking of you . 

Send for the latest kit information in the new hardware supplement. 
E L ECTRONIC ENGINEERING COMPANY of Cal iforni a 
ELECTRONIC PRODUCTS DIVISION • 1441 E . Chestnut Avenue • S.rnrn Ana, Califo rnia • Phone 17 14 1547 565 1 

TWX 910-595·1550 Telex 67 8 420 
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Boll Out the Bed Carpet 
-For Toko's 
New Low Cost 
High-Speed 
Meaiory 
Systeai 
Here ' s a real eye-open er for computer 
designers- Toko' s new 65K byte memo­
ry system , HS-400L. It' s constru cted with two 
basic sub-assemblies- w oven -plated -wire memory stacks 
and electronics packag es. Des igned for medium and large scale 
computers, the HS-400L offers high reli ability , easy maintenance and a 
flexible arrangement of word length s. 

General Spec ifi cations: • M emory Capa city: 32, 7 68 words- 18 bits ( Intern al Or­
ganization is 8K w ords- 72 bits) • A ccess Tim e: 220 ns Rand om A ccess • Cycle 
Tim e: Clear/Write 450 ns Read/ Restore 450 ns • Operating Mode: Destructive 
Read -Out • Temperatu re Rang e: 0 ° C to 50 ° C (Operating) • Measurement: 
16.5(H) x 19 .0 (W ) x 10.0 (D) • Interfac e Level : TTL co mpatible • Pow er Dissipa ­
tion : 0 .3 m W /bit ma x . 

For further information , just call or write 

r !]' ..! !d~~ ~.'2-~h~.~a:h;-Yuk;gaya, Ohta-ku , Tokyo, Japan I ~-,.... New York: Toko Ne w York Inc. 
3SO Fifth Avenue , New York, N.Y. 10001 U.S.A. Tel : S6S-3767 

Los Angeles: Toko, In c. Los Ange les liaison Office 
1830 West Olymp;c Blvd., Los Angeles, 90006 Cal. U.S.A. Tel: 380-0417 

OUsseldorf: Toko, Inc. Europe liaison Office 
4 DUsseldorf, Koiner StraBe 246, Dlisseldorf, W. Germany Tel : 78-7064 
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What do you want 
in a rotary switch? 

0 Posit ive "stall-free" detents with : sp ring return, 
isolated position or keylock option. 

0 Circuit versatility 1-12 poles/deck, 2-24 posi­
tions/ pole. 

C9 Solder lug or PC mount terminals . 

Cl) Molded-in terminals. 

These are just a few of the thousand-p lus standard 
design options with Grayhill Rotary Switches. 

For our latest Engineering Catalog w ri te or phone: 
Grayhill, Inc., 523 Hillgrove Ave., D 
La Grange, Illinois 60525. ~ I .II 
(312} 354-1040. /'. "'"~,!!,!!! 

~ II 
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• Now with more than 350 kits 
to save you money 

• See the new Heathkit 3% digit 
multimeter fo r just 229.95* 

A kit form multimeter that meets lab 
specs for about half the cost of com­
parable wired units ... has 31/2 digits 
for 100 uV resolution on 200 mV 
range, 1 V on lOOOV . . . can be cali­
brated to 0.2% accuracy voe with 
calibrator provided, or Jab calibrated to 
0.1 % . There's also a new 5" triggered sweep 
scope at a price you can't afford to pass up 
... DC-10 MHz response, 50 ns sweep rate 
with magnification , AC-DC coupling, 50 mV 
sensitivity, all for only 229.95*. Not to 
mention over 350 other fun-to-build , money 
saving kits for every hobby and profes-
sional interest ... from test instruments, 
marine and ham radio gear, to stereo-hi-ti 
and color TV. The Heathkit catalog is bigger 
& better than ever this year. Order yours now. [ HEATHKIT J 
f ~E~~ -c~~P~~v~ ;e;t~ ~~ ---------- Jjyrrljjj,j§M~I - -, 
l Benton Harbor, Michigan 49022 

l D Please send FREE Heathkit Catalog. 
l Name ___________________ _ 

l Address _________________ _ 

: City State Zip __ _ 

1 Prices & specifications subject to change without notice. 
1 *Mail order prices; F.0.8. factory. TE-256 

~-------------------------------- - --- -J 
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How much 
free time 

doyouhave 
available for 

reading? 

Add up the number of magazines that 
come across your desk 

Multiply them by an average reading time 
- minutes to scan, an hour or more to dig in. 

Most people can only spend six hours each 
week on all sources of occupational information. 

So how do you fill your professional needs 
and still keep your reading within reason? 

Leaf through this issue again. 
Notice how much of its editorial is 

designed to keep you aware of trends, show 
you how new technologies are being applied, 
and give you information on new products. 

If you want to keep yourself up to date and 
cut down on your reading time, do the same 
thing with every issue of Electronics. 

When you make Electronics your regular 
habit, you'll find you have only occasional 
need for other electronics magazines. 

More information, in less reading time, is 
one reason it pays you to have your own 
subscription to Electronics. 

Electronics. 
It's all you need to read. 
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