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SHOULDN'T THE COMPANY THAT
WIRES THE WORLD'S MAINFRAMES, WIRE
THE WORLD'S PERIPHERALS?

Brand- Rex has been
supplying wire and cable to
the major mainframe manufacturers since the earliest
days of computer technology. Everything from back
panel wire, to signal transmission cable, to flat flexible
Tape Cable, to interconnecting cable. All UL and
OSA listed; all cost/reliability
engineered.
The same product
diversity is available to
peripheral equipment manufacturers. Is your need hookup wire? We can usually
ship it from stock. Or are you
searching for plug-to-plug
compatible interconnecting

cables? If they're not in stock,
we're probably processirg
the specific item you want.
Of course, wire and
cable isn't the only reason
computer people come to
Brand-Rex. They come
because we offer unbiased

technical assistance. No
preconceived solutions
based on alimited product
line. Because we have such
abroad capability, BrandRex engineering specialists
can always recommend the
most functional, reliable and
economical cable for your
particular requirement.
So call on us whenever
you have awire or cable
problem. We're as near as
your regional Brand-Rex
sales engineer. Make him
part of your problem solving
team. Brand- Rex Company,
Electronic and Industrial
Cable Division, Willimantic,
CT. 06226, 203/423-7771.

BRAND-REX

ELECTRONIC& INDUSTRIAL : ABLE DIwISION
Other Brand- Rev Diviiiions
Abbott 8. Co Wirir gharnessesENonotuckMinufactun'tTT e
copper oire
Pile-Natintal Co electrical connectors Telec ontrrun c - Cable Div 'Ion
Fra -d Pe • I —. la-1i • r
, and cable
Teltroncs ne telephone equiprn cht and comonteirts

•',RAND- PE X CO

Circle 900 readers service card

aPART

L) ,

,
N(

RAIl Ti

THE ONLY
16K ROM
YOU CAN USE
If you want to operate your 8080 or M6800 at peak speed.
If you want 6weeks or less turnaround time.
If you want the fastest single + 5V supply 16K ROM 450ns access time.

You're not getting the most out of your microprocessor. Nt without General Instrument'3 RO 3-8316B static 16K
ROM. With 450ns access time, it's the fastest single + 5V supply 16K ROM around. It's almost twice as fast as
Intel's 8316A which it replaces, pin- for- pin.
And you get a sizzling 6 week or less prototype turnaround that puts your progi ems on-line in record- breaking time.
That's why we say, if you want these unique advantages, General Instrument's RO 3-8316B
you can use.

s the only 16K ROM

For complete information call toll free 800-645-9247 ( in N.Y. State 516-733-3107) or erite, General Instrument
Corporation, Microelectronics, Dept. R 22, 600 W. John St., Hicksville, N.Y. 118.02.

single + 5V supply
450ns access time

TTL compatible

6week or less prototyping

fully static

16.384

bits

turnaround time
2K x3organization
pin- for- pin replacement for
Intel's 8316A and 2316A

8week delivery on any quantity

GENERAL INSTRUMENT CORPORATION
MICROELECTRONICS
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PE RECTIFIER
AT THE HEAD OF
THE 3 AMP CLASS,T00

19 ,*

LOWEST PRICE
1N5624 GP

HIGHEST PERFORMANCE
Like all the 1A thru 21
2 A SUPERECTIFIERS,
/
General Instrument's new 3A 1N5624GP SUPERECTIFIER
walks off with all the honors in its class. The table below
demonstrates how clearly it excels.
P
actual size

FEATURES
Uniform JEDEC DO- 27A package or
more efficient handling both manually
and with automatic insertion equipment

X

Exclusive UL recognized flame-retardant
epoxy molding compound rated 94V-0.

x

the highest available
Uniform cylindrical body with smooth
surface for excellent marking clarify

x

Marking surface that accommodates up

40 digits plus cathode band

X

Hermetically sealed construction

X

to

Electrical characteristics not adverse .y
al fected by light

X

Patented glass passivation

X

Brazed at greater than 600 °C at both
leads and cell ( Pat. Pend.)

X

Reliability proved equal to military
requirements

X

At super low prices

X

X

.
,- (1 a Super Girl T-shirt. if you want One I

If you want to know more, call us at 516-733-3355 or
write: General Instrument Corporation, Semiconductor
Products Division. 600 W. John St., Hicksville, N.Y.
11802.
"1N5624GP Rating: 3A ® 200PRV. Minimum Order
Quantity: 50,000 units scheduled within 60 days.

GENERAL INSTRUMENT CORPORATION
SEMICONDUCTOR PRODUCTS
tTo find out how to get your Super Girl T-shirt, contact your local General Instrument distributor, listed below.
ADVENT ELECTRONICS • ALTA ELECTRONICS • CENTURY ELECTRONICS • COMPONENT SPECIALTIES • CRAMER ELECTRONICS • DIPLOMAT ELECTRONICS •
GREENE-SHAW CO • HALL- MARK • INTEGRATED ELECTRONICS • INTERMARK • K. A ELECTRONICS SALES • OLIVE ELECTRONICS • PHILADELPHIA ELECTRONICS •
PIONEER ELECTRONICS • PYTTRONIC INDUSTRIES • ROSYL ELECTRONICS • SEMICOMP SALES • SEMICONDUCTOR CONCEPTS • SEMICONDUCTOR SPECIA_ISTS
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Spiralling energy costs drove three aerospace companies to streamline their procedures for heating, cooling, and ventilating
their huge plants. They've been so successful that one is setting up as a consultant in
building management and two are marketing
computerized
environmental-control
systems.
How to design reliable power circuits, 101

The second and last of two articles on the
pitfalls of industral equipment design deals
with rectifier, inverter, and chopper circuits.
High reliability depends on selecting the appropriate power semiconductors and protecting them properly.
Resistive gates do a-d conversion with aplomb, 111

MOS devices in which resistive electrodes
replace metal gates acquire a welcome talent for digitizing analog signals. Already developed are a5- bit a-dconverter and a 100element light- pattern scanner.
And in the next issue . . .

How new processes are squeezing higher
performance out of MOS technology: aspecial report . . . an all-solid-state TV tuner
with memory . . . preview of the 26th Electronic Components Conference,
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Publisher's letter
Noise

can be more than just annoying, it can be downright damaging. That holds as much for the
kind of noise, rife in industrial environments, that upsets electronic circuits as it does for the kind that sets
human ears ringing.
Yet noise is just one of anumber
of pitfalls that await the engineer as
the solid-state power equipment
that he designs takes on more and
more industrial jobs. To help those
who are not yet versed in the peculiar demands of industrial electronics, we are publishing a two-part
series on designing reliability into
equipment using power semiconductors. The first part appeared in
the March 4 issue, and the second
part can be found on page 101.
The team of authors responsible
for the series, by the way, has awide
and varied experience in industrial
electronics and power equipment.
Alexander Kusko, a prolific author
who has written five books and numerous technical articles, has taught
electrical engineering at the Massachusetts Institute of Technology
for three decades. For the past 20
years, too, he has run his own engineering consulting company, taking
on projects in semiconductors, magnetics, and transportation, as well as
other areas.
In addition, he is serving as aconsultant to the Department of Transportation on electric power and propulsion problems and to the Federal
Aviation Agency. He has also
helped the Social Security Administration on high-reliability electric
power and the Department of Housing and Urban Development on urban-renewal power problems.
His co-authors, Thorleif Knutrud
and John J. Cain, are members of

his consulting company and have
done extensive design and development work on power equipment.
Cain is presently involved in automotive electronics development
and electric transportation systems,
including the conceptual design of a
6- megawatt computer-controlled
mass-transit substation system. He
has also analyzed the litigation
brought by San Francisco's Bay
Area Rapid Transit District against
suppliers of its mishap-plagued
mass-transit system.
Knutrud's work has ranged from
design of controls for optical tracking and power supplies to the development of medical electronics. He,
like Kusko, is alecturer at mu and
advises alaw office on patents.

T he energy crisis may not be
grabbing the headlines it once
did, but it is far from being over. Of
all its aspects, perhaps the least
mentioned has been conservation of
present energy resources.
On page 84, you'll find one of
those unheralded stories. It's about
how the work of a couple of big
aerospace companies in controlling
their own usage of energy has led to
contracts to help other companies
cut their energy bills and save fuel.
At the heart of the work, of course,
is electronics— the use of the power
of electronics in controlling the usage of power. Maybe, once electronics has had achance to show what it
can do, the big news will be not the
energy crisis but energy conservation.
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four important reasons to specify
the KEPc o PCX power supply
FOR THE OEM, PCX are available as an open frame module
with a massive heat sink that requires no other cold plate for
non-derated operation to + 71 °C.
OPEN FRAME

ElFOR

THE ACCESSIBLE INSTALLATION, PCX are avail-

able with a perforated metal enclosure. In either the open
-

frame or dust cover configurations, all input-output programming connections can be made via aprinted circuit edge
connector, or parallel barrier-strip.
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FOR THE SYSTEM DESIGNER, PCX are available in acon-
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venient plug-in configuration. You can mount six instruments
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side-by-side in a 51
4 " X 19" rack panel, configured either as
/
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6- IN- A- RACK PLUG-IN

remotely programmed modules or as metered instruments
with 10- turn
metering.

high

resolution voltage controls and full

BENCH INSTRUMENTS

FOR THE LAB BENCH EXPERIMENTER, PCX can be configured as single, dual or triple output power supplies, each
with separate, recessed dual-scale voltmeters and ammeters,
plus 10- turn voltage controls.

In any of these configurations, the Kepco PCX is afirst-rate
DUAL

high

performance voltage stabilizer offering

better than

0.0005% immunity to source ( mains) variations, less than
0.005% output change for a 100% load shift, and areal quiet
output whose ripple and noise is under 0.1 mV rms ( 3 mV
p-p measured 20 Hz- 10 MHz). They're fully adjustable and
programmable 0-7V, 0-15V, 0-21V, 0-40V, 0-72V and
0-100V.

6 models offering approximately 20 watts of

honest power with no derating necessary up to +71 °C.

IFCXj
For complete specifications and
Applications Notes, write Dept. FC-14

KE PCI3 e
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is the multi-purpose
voltage stabilizer that
you can depend upon.
KEPCO, INC. • 131-38 SANFORD AVENUE • FLUSHING, N.Y. 11352 U.S.A.
(212) 461-7000 • TWX # 710-582-2631 • Cable: KEPCOPOWER NEVVYORK
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Readers' comments
Adding the carry
To the Editor: My thanks to several
readers for pointing out that my
binary-coded-decimal adder circuit
[Nov. 13, p. 120] omitted the dependence of corrected sums upon
the carry signal C16 .This signal
leads to additional terms in S
8', and
S4 1.Their expressions should be:
Ss' =

COS8

Cl6S2
COS4

Clé2

or = 54S2 + g8S4 + CieS2

Reduce Your Power Supply Size
and Weight By 70%
A new way has been found to substantially reduce power supply size
and weight. Consider the large
power supply shown at left in the
above photo — it uses an input
transformer, into a bridge rectifier,
to convert 60 Hz to 5 volts DC at
5 amperes. This unit measures
63.1"x4"x7r and weighs 13 pounds.
Abbott's new model Z5T10, shown
at right, provides the same performance with 70% less weight and
volume. It measures only 23ex4"x6"
and weighs just 3pounds.

This size reduction in the Model
Z5T10 is primarily accomplished
by eliminating the large input
transformer and instead using high
voltage, high efficiency, DC to DC
conversion circuits. Abbott engineers have been able to control the
output ripple to less than 0.02%
RMS or 50 millivolts peak-to-peak

maximum. This design approach
also allows the unit to operate from
100 to 132 Volts RMS and 47 to 440
Hertz. Close regulation of 0.15% and
a typical temperature coefficient of
0.01% per degree Celsius are some
of its many outstanding features.
This new Model "Z" series is available in output voltages of 2.7 to
31 VDC in 12 days from receipt of
order.
Abbott also manufacturers 3,000
other models of power supplies
with output voltages from 5to 740
VDC and with output currents from
2 milliamps to 20 amps. They are
all listed with prices in the new
Abbott catalog with various inputs:
6043eto DC
400 Pe- to DC
28 VDC to DC
28 VDC to 400ed
12-28 VDC to 6045e

Please see pages 1037-1056 Volume 1of your 1975-76 EEM ( ELECTRONIC ENGINEERS MASTER Catalog)
or pages 612-620 Volume 2of your 1975-76 GOLD BOOK for complete information on Abbott Modules.

Send for our new 60 page FREE catalog.

abbott

INCORPORATED

general of tices

eastern of rice

5200 W. Jefferson Blvd./Los Angeles 90016
(213) 936-8185
Telex: 69-1398

1224 Anderson Ave. Fort Lee, N.J. 07024

"SEE US AT ELECTRO ' 76 I.E.E.E.
SHOW IN BOSTON. BOOTH NO. 2112' .
6
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(201) 224-6900

No visits made
To the Editor: In my four visits to

Moscow, Ihave not seen Americanmade semiconductor production
equipment that is at the top of the
U.S. Government's restricted export
list, contrary to the statement in
your article on high-technology flow
from the U.S. to the Soviet bloc
[Jan. 8, p. 68].
Ihave never visited aSoviet semiconductor factory, and so Ido not
know what kind of semiconductor
production equipment the Soviet
Union has, or whether such equipment is Soviet-made or purchased
elsewhere.
As a company, our policy is to
make certain we do not sell to any
country anything that is on the restricted list without receiving the appropriate export licenses from the
U.S. Government.
Lewis Solomon
General Instrument Corp.
New York, N.Y.
Correction

transistor

LABORATORIES,

The corrected circuit will require
three additional NAND gates—two 2inputs and one 3-input— but the
speed remains unchanged. One inverter can be deleted if the first expression for S4', is implemented.
D.P. Agrawal
University of Technology
Baghdad, Iraq

Telex: 13-5332

Mitsubishi Electric Corp. is the
manufacturer of the integrated circuit that is shown bonded to athreelayer 35-millimeter tape-carrier in
Fig. 8of the special report on use of
film carriers in lc production [ Dec.
25, p. 61].
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Tired orselecting" 741's to get
premium performance?Take a
look at our new OP-02.
If your design requires premium 741 performance
that right now can be met only by acostly and time
Input Offset Voltage
consuming " selection game:' the PMI OP-02 is for you.
mV MAX
A high performance general purpose Op Amp that
N111
Comm.
really fills the gap between standard 741's and precision
725's, the OP-02 fits all 741 sockets. It's even better
Industry
than the PMI SSS741! Input offset voltages are
Standard 741
o.0
7.5
guaranteed better than the 725, but the speed of the
PMI
SSS741
3.0
7.5
741 is retained. MIL STD 883 processing is ava il abl e —
level B right from stock.
PMI OP-02
1.0
3.0
Prices run higher than standard 741's, of course, but
well below standard 725's. For alittle bit extra you getIndustry
3.5
guaranteed better performance across the board, lo w 1.5
Standard 725
noise, low drift, low TCV0s ,low TCl os ,and
PMI SS.S725
O IS
insensitivity to output load conditions. Check
the specs.
Three steps to end your selection worries:
1. Get acomplete OP-02 data sheet to compare to your
selected 741 and 725 requirements.
2. Call your PMI distributor for afew OP-02's to
convince yourself that PMI's specs are for real.
3. Specify the OP-02 as the preferred source. ( You can
still use the selected stuff as the second source.)

Input Offset Current Input Bias Current
nA MAX
nA MAX
NIIL

Comm.

N111

Comm.

500

300

1500

800

10

50

100

200

10

50

100

50

200

250

25

120

180

5

40

PMI's got your number!

Precision Monolithics Incorporated
1500 Space Park Drive, Santa Clara, CA
1408) 246-9222. TWX 010-338-0528.
Ctble MONO.

05050
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News update

•

If it calls for power supplies,
amplifiers or bridges— call the
"Instrument Professionals"
whatever the task, they can help
you match your equipment needs
to your budget, insuring on- time
delivery to keep your project on
schedule!
Write or call for data on our other
specialties: Instrument Leasing •
Computer Peripherals • Equipment
Sales • Instrument Service.

Call
Cont inental
Get our
FREE
Catalog

Rentals

Div. Continental Leasing Co., Inc.
175 Middlesex Turnpike, Bedford,
MA, 01730 ( 617) 275-0850
Metuchen NJ, ( 201) 549-8500; Rockville.
MD, ( 301) 881-7997; Dallas, TX, ( 214)

• At the 1974 IEEE Intercon show,
something of a stir was created by
the introduction of what promised
to be the fastest logic analyzer on
the market [
Electronics, March 7,
1954, p. 150]. From Biomation
Corp. of Cupertino, Calif., the
model 8200 digital waveform
recorder was designed to handle
emitter-coupled-logic speeds while
displaying eight channels of input
simultaneously. Its sampling frequency was 200 megahertz.
Now, two years after that introduction, Biomation has begun shipping units—and the 8200 is still the
fastest logic analyzer around. The
production delay was caused by
problems with the stability of the
unit's master 100-megahertz oscillator and frequency doubler. Those
were solved by installing a200- MHz
crystal not available when the original design was set. The price of the
8200, meanwhile, has risen from the
originally anilliunced $ 15,000 to
$18,450.
The 8200 compares digital signals
against two threshold levels. When
the instrument is in asample mode,
it displays a0if the sample is below
the threshold level and a 1if it is
above. The second mode of comparison, latch, detects noise pulses
that may occur on asignal between
clock pulses.

la The AIL division of Cutler- Hammer in Deer Park, N.Y., has won a
$3.7 million Coast Guard contract
to provide radar surveillance systems for three harbors. To be completed by April 1978, the work covers the Ports of New York, Valdez in
Alaska, and Houston-Galveston in
Texas. The deal also provides $ 5.5
million for 10 years' maintenance of
ALL's Vessel Traffic Maintenance
System in each port.
Information from the systems' radars will permit the Coast Guard's
vessel traffic centers to separate
shipping traffic and relay navigational safety information to ship
masters or pilots. Also, each system
will be backed up by the regular
bridge- to- bridge radio- telephone
communications.

357-1779; Elk Grove IL, ( 312) 4394700; Costa Mesa. CA ( 714) 540-6566;
Santa Clara. CA, ( 408) 735-8300;
Los Angeles, CA, ( 213) 477-7521
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MONOLITHIC CRYSTAL FILTERS

the
State
or the
flit
SPEAKING TO THE DEAF
Our monolithics find their way into
some fascinating and unusual applications. For instance — anarrowband FM system which allows children with severely impaired hearing
to participate in normal classroom
activities. One of the requirements
of the system was that both the students' receivers and the teacher's
transmitter allow unhindered
movement by the wearer. Another
was freedom from interference, including interference from other
systems in nearby classrooms. Cost
was also an important factor. One
of our standard 10.7 MHz tandem
monolithic crystal filters in each
receiver takes care of the interference. Its size is consistent with the
needs of the wearer. Its cost is consistent with educational budgets.
HAVE IT YOUR WAY
As regular readers of this column
know by now, we offer the broadest
line going of standard monolithic
crystal filters. It may be worth mentioning that we're just as interested
in helping you with acustom monolithic as we are in showing you
new ways to use our regular models.
We've done hundreds of production
"specials" from 5to 180 MHz. May
we do one for you?
What's your production application?
Talk with us about it. We may be
able to help. And if your interests
include teaching the deaf, we'd be
happy to put you in touch with the
manufacturer of this equipment.

UI

Plezo Technology Inc.

2400 Diversified Way Orlando, Florida 32804
305 425 1574

The Standard in monolithic crystal filters.
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Solid State Sine- Cosine Synchro Converter
This new encapsulated circuit converts a3-wire synchro input to a
pair of d-c outputs proportional to the sine and cosine of the
synchro angle.
• Complete solid state construction.
• Operates over awide temperature range.
DMD
14361

DMO
14301

DMO
1403-2

DMD
1361-6

DMD
1361-4

DMD
1193-4

DMD
1361-8

DMD
1446-1

DMD
1193-5

DMD
1193-6

DMD
1361-10

MD
1472-2

11.8
400
±10
<1St
>10K
26
±6MIN

90
400
+10
<1S2
>30K
115
6MIN

95
60
±3
<1S7.,
>5K
115
±6MIN

90
400
±3

11.8
400
±3

<1S2
>30K
115
±6MIN

<152
>5K
26
±6MIN

11.8
400
±10
<152
'5K
115
,6MIN

11.8
400
±10
<1S-2
>5K
26
±6MIN

11.8
400
'10
<10S.),
>5K
115
*0.5%

11.8
400
±10
<1s2
>5K
115
±6MIN

11.8
400
±10
<1S2.
>5K
115
±6MI N

11.8
400
'10
<1≤2
-,5K
26
*6MIN

90
60
±10
<1S2
>5K
115
'6MIN

±15MIN

±15MIN

±15MIN

±15MIN

±15MIN

±15MIN

±15MIN

*0.5%

±15MIN

±15MIN

*15MIN

+15MIN

±15
<30MA

±15
<30MA

±15
<30MA

±15
<30MA

4 15
<30MA

±15
<30MA

±15
<30MA

'15
<30MA

±15
<30MA

±15
<30MA

+15
<
30MA

BANDWIDTH

>10Hz

>10Hz

external

set

>20Hz

>5Hz

>10Hz

>10Hz

SIZE

1.1x3.0
x1.1

2.0x2.25
x1.4
dual
channel
unit
-40 °C
to
+100 °C

1.1x3.0
x1.1

1.5x1.5
x0.6

1.85x0.85
x0.5

t15
<30MA
external
set
1.1x3.0
x1.1

-

-

-40°C
to
+100 °C

-40 °C

UNIT
L - LSYNCHRO INPUT ( VRMS)
FREQUENCY ( Hz)
FULL SCALE OUTPUT ( VDC)
OUTPUT IMPEDANCE
L - LINPUT IMPEDANCE
REFERENCE VOLTAGE ( YAMS)
ACCURACY SIN/COS (+ 25 °C)
FULL TEMPERATURE
SIN
RANGE ACCURACY COS
D.C. SUPPLY ( VDC)
D.C. SUPPLY CURRENT

NOTES

-40 °C
to
+100°C

TEMPERATURE RANGE

to
+100 °C

Hugh Precision Analog Multipliers

-40 °C

to

+100 °C

2.01x2.25 0.85x1.85
x1.4
x0.5
dual
channel
unit
-40 °C
-40 °C

:-10Hz

>2Hz

>40Hz

>5Hz

2x2.25
x1.4
dual
sine
output
-40 °C

2x2.25
x1.4
dual
channel
unit
-40 °C

2x2.25
x1.4
dual
channel
unit
-40 °C
to
+100 °C

2.15x1.25
x0.5

to

to

to

to

+100 °C

+100 °C

+100 °C

+100 °C

•

All units are hermetically

• Output set to ± 1% accuracy - this includes

external fields
• High analog product accuracy

initial set point plus line,
load, frequency and

and wave quality allows dual

temperature changes

multiplier assemblies to be

• Foldback short circuit pro-

matched with 1% of point

=eatures:

over the specified temperature

o No external trims required

range

Distortion free AC output over
entire dynamic range

e Full four quadrant operation
• Package size, power supply re-

tection provided resulting

Features:
• Low distortion sinusoidal

than ten times superior to

zero point virtually unaffected

may be altered to your exact

commercial AC voltage

by temperature

requirements at no extra cost.

1

Transfer equation:

Maximum zero point error ( X=0; Y=0 or X=±10; Y=0
or X=0; Y=±10): 2MVRMS

▪ Input impedance: Both inputs 20k min.
• Full scale output:
S

straight pins makes the unit
suitable for PC board mounting
(unit is hermetically sealed)
• Transformer isolation between
all power inputs and the out-

• No active filters or tuned
Eo-XY/1 0

▪ X & Y input signal ranges: 0 to + 10V PK
S

• Low profile package with

regulators transformer product lines

Specifications:

in protection against overloads and short circuits of
any duration

output
• Regulation control better

quirements and other specs.

▪ Linearity, product accuracy and

resonant circuits employed

puts.

resulting in immunity to

*Other units available at dif-

line frequency changes

ferent power levels. Informa-

• 6.5 watt output level

tion will be supplied upon

• Small size

request.

10V peak

Minimum load resistance for full scale output: 2KS2

• Output impedance: 1S2

Specifications Model MLR 1476 -2:

• Short circuit duration: 5 sec.

• AC input line voltage:

S

-40 °C
to
+100 °C

Total Regulation 0.15% Max.

sealed and are not affected by

e

-40 °C
to
+100 °C

Precision AC Line Regulator

'RODUCT ACCURACY ( MCM 1519-1) t1
2 % OF ALL THEORETICAL
/
DUTPUT VALUES OVER FULL MILITARY TEMPERATURE RANGE
3F - 55 C TO + 125 C. ZERO POINT ERROR FOR ANY INPUT COM31NATION IS • 2MVRMS

-

115V RMS ± 20% @ 400 Hz ± 20%

Frequency response characteristics ( both inputs) 1% amplitude error:

• Output:

DC to 1200 Hz ( min.) 0.5 DB Amplitude error: DC to 3500 Hz min.
3 DB point: Approx. 10K hz Roll off rate: 18 DB/octave

• Load: 0 to 250 MA, RMS

• Noise Level: 51VIV PK-PK

• Total regulation: ± 0.15% maximum ( any combination
of line, load or frequency)

@ 100K Hz approx.
▪ Operating temp. range: See chart
s Storage temperature range:
-55°C to + 125°C
• DC Power: ± 15V ± 1% @ 30MA
• Dimensions: 2" x 1.5" x . 6"

26V RMS ± 1% ( for any condition)

Type No.
MCM
MCM
MCM
MCM
MCM
MCM

1519-1
1519-2
1519-3
1520-1
1520-2
1520-3

Product
Accuracy
'0.5%
'0.5%
•0.5%
'1.0%
'1.0%
•10,,

Operating
Temperature Range
-55 C -25 C 0 C•
-55 C -25 C 0 C•

+ 125 C
+ 85 C
+ 70 C
+ 125 C
+ 85 C
+ 70 C

• Distortion: 2% maximum
• AC input line current: 100 MA. max. at full load
• DC power: ± 15 V DC ± 5% @ 15 MA. max.
• Phase angle: 1° max.
• Temp. Range: - 40°C to +85°C
• Case Material: High permeability nickel alloy
• Terminals: Glass to metal hermetic seal pins

GENERAL MAGNETICS

• INC

135 Bloomfield Ave., Bloomfield, New Jersey 07003 - Tel. (201) 743-2700
Circle 9 on reader service card

Editorial

What direction for citizens' band?
Citizens' Radio Service has mushroomed
recently and now represents the greatest single
class of two-way radio users outside of the
military. But citizens' band occupies avery
small portion of the radio spectrum in
comparison with other uses. The Federal
Communications Commission, which has been
considering expanding the existing Class D CB
allocations, is expected to increase the
broadcasting space from 23 to 50 channels
shortly. Indeed, there is alot of merit in going
even further and giving it the space all the way
to 28 megahertz instead of just to 27.505 MHz,
since there's little activity there.
The question must be asked, however: will
more of the same channels, which use a-m
transmissions, really help? The majority of
users, whose numbers total more than 6
million right now, won't see much difference.
There will still be channel interference
problems, especially in and around large cities.
What's more, the publicity surrounding
50-channel CB will probably trigger another
round of set sales and bring in yet more users.
Indeed, some observers argue that with more
a-m channels, channel interference will
actually increase. Besides, whether there are
23 or 50 channels, long-distance skip problems
will grow worse as sun-spot activity mounts
toward 1980.
Yet there is agood alternative available.
The proposed Class E service, which uses
frequency modulation in the 200- MHz region,
would eliminate skip problems and help
reduce noise problems, too. Although
originally proposed by the Electronics
Industries Association in 1968, the FCC hasn't
acted on Class E service, even though the
White House's Office of Telecommunications
Policy has requested that it do so quickly.
The amateur radio operators and the military
10

groups using those frequencies are, of course,
opposed to the idea. And, Canada and
Mexico, whose border areas are within range
of CB traffic, would have to agree to such a
change.
The benefits of fm operation at the veryhigh- or ultra-high-frequency bands are
considerable. The inherent noise immunity of
fm will minimize effects of skip, carrier-beat
and adjacent-channel interference, as well as
the headache of ignition noise. Furthermore,
fm operation exhibits a "capture effect" that
gives receivers the ability to lock onto the
stronger signal and cut the weaker ones
completely at the output.
There is, of course, no universal solution to
citizens' band allocations. Most likely, a
mixture of transmission techniques and
allocations would be best. Thus, the
establishment of fm transmission at vhf or uhf,
even if not at exactly 220 MHz, would make
the service alot more usable in the future,
particularly in urban areas.
True, vhf transceivers initially will cost
about double Class D a-m rigs, but since they
will have aminimum of noise and
interference, they will be more useful
communication tools. With more and more
semiconductor manufacturers and hightechnology aerospace companies turning their
attention to the communications marketplace,
LSI circuits and digital techniques are certain
to bring the price down.
Weighing the public interest in such a
situation isn't easy, but the FCC has adeadline
and must act fairly soon. It must sort out the
CB allocation problem, among others, before
the World Administrative Radio Conference
in 1979. Then, spectrum usage around the
world will be discussed, and allocations will be
locked in for another decade or so.
Electronics/March 18 1976

Nobody ever made a
4K static RAM Family.
Until today.
Advanced Micro Devices
announces the Am9130 and
Am9140. They do things that
have never been done before.
Look at it this way:

There have always been a
lot of static RAM's. And 4K
RAM's. But there's never been
a4K static RAM family.
Until today.

Look:
Fully static— no refresh required.
Single 5V power supply.
High speed: Access times to 200 nanoseconds
Two organizations for flexibility: Am9140-4K x1
Am9130-1K x4
All input and output logic levels identical to
TTL — full 400mV noise immunity.
Low power dissipation:
700mW maximum ( 1
/
2 power per bit)
350mW typ
compared to 2102)
High output drive: 3.2mA @ 0.4V

Full military range available:
— 55°C to + 125°C ambient
DC standby mode reduces power dissipation
by 80%.
Memory status signal indicates when data are
valid, allows improved overall performance,
and simplifies timing. ( And if you don't
want to use it, just ignore it. It won't affect
conventional memory operation.)
MIL-STD-883, of course.

Like the picture? Send for the family album.

Advanced MOS/ISI
Advanced Micro Devices • 901 Thompson Place, Sunnyvale, California 94086 • Telephone (
408) 732-2400 •
Distributed nationally by Hamilton/Avnet, Cramer and Schweber Electronics.
Electronlcs/March 18, 1976
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This display makes oscilloscope
timing measurements easier,
faster and more accurate.
Main sweep has two
intensified zones.

Sweep rates
displayed digitally.

Two intensified zones
on the main sweep
correspond to the two
expanded, delayed
sweeps shown below.
They are quickly and
independently positioned to provide a
visual approximation
of the A time measurement.

Digital crt readout displays both sweep
rates for measurement
ease and convenient
photographic documentation. To the left
is the main sweep rate
and to the right is the
sweep rate for the two
alternate ( or delayed)
sweeps.

MOM
MIMI=
111111:1:111151
111111fifflumim
OMB»

1101111111
"Telfflildil
REM Ill

Two expanded
sweeps.
Both intensified zones
are expanded at a
faster rate for better
resolution and are
swept alternately with
the main sweep trace
for a complete, powerful measurement display. A time accuracy
is enhanced by superimposing one trace
over the other, yet
they can be vertically
separated for independent analysis.

\

Time difference is computed and
displayed digitally.

The time difference ( A time) between
each of delayed sweeps (or intensified
zores) is digitally computed and displayed directly on the crt for swift and
convenient measurement. When similar
points on each of the alternate delayed
traces are aligned, the A time readout
gives you a highly accurate measurement of the time between the points.

CRT display, photographed on a 7904 oscilloscope, shown full size.

Fill out and mail to: Tektronix, Inc.. P.O. Box 500. Beaverton, OR 97077
Please send me
The new 7B80- Series brochure
[1] A time measurement application
notes.
11 A catalog of 7000- Series oscilloscope mainframes and plug- ins.
Please have a Tektronix Field Engineer
contact me about a demonstration.

Name

Position.

Company

Mail Sta ____

Address
City
Phone (

State

Zip

Only these new plug-in time bases
make it possible.
Triggering.

Peak-to- peak automatic triggering offers a continuously
triggered display regardless
of changes in signal amplitude or frequency. Trigger
bandwidth is 400 MHz with
trigger sensitivity at least
250 mV.
SLOPII
LEVEL

tars

-

gly

TRIGGER'

T

COWMAN
wc

AC II WEJ

LINE
III
RIT

e

OW,

DELAY TIME positions
the first intensified
zone. A TIME positions the second intensified zone relative
to the first. The A delay time value — the
time between the two
intensified zones — is
presented digitally on
the crt.

a
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71380 sweep rates.
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EXT TRIG IN

N •

WAD --

7685
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TING

TIME

111,1

1.101.11

BASE
TIME

BA

Alternate traces can
be separated.
TRACE SEPARATION
activates the A delay
time mode and permits
the two delayed traces
to be vertically positioned with respect to
each other for your
most convenient display.

Variable trigger holdoff allows you to obtain stable displays on
complex signals like
digital data trains.

ID H.OLD
,

FINE
POSITION

,11.

SOURCE

AC NE REJ

•

FREE
POSET1ON

Controls position both
intensified zones.

Trigger holdoff
adjustable.

IGGERING

mat
FA. AU

The alternate ( delayed) sweeps can be
set to any rate up to
1 ns/division on the
7680. Naturally, other
7000 Series time bases
with different performance features can be
used with the 7685 to
make A time delay
measurements.

Optional XY mode.
\ 7B85 sweep rates.
Sweep rate for the main
sweep can be set from 1
ns/division to 5 s/division.

For phase relationship
measurements, an optional XY mode routes
the X ( horizontal) signal from an oscilloscope vertical amplifier to the horizontal
sweep unit without
changing input probes.

Here's how to get more information
Your nearby Tektronix Field Engineer will be happy to show you
how these new time bases combine with a7000-Series oscilloscope
mainframe and other 7000- Series plug-in instrumentation to fit
your measurement needs. Just call your local Tektronix Field Office
or send the coupon to Tektronix, Inc., P.O. Box 500, Beaverton, OR
97077. In Europe, Tektronix Limited, P.O. Box 36, St. Peter Port,
Guernsey, Channel Islands.

TEKTRONIX®

The 7000 Series...more than an oscilloscope

committed to
technical excellence

For Technical Data circle 13 on reader service card
For Demonstration circle 12 on reader service card

People
Bowen sees his group's sales
setting pace for Fairchild
Fairchild Camera & Instrument
Corp.'s recently restructured Systems Technology group is expected
to outpace the rest of the semicon-

FROM A " PIP"
OF A " DIP"
TO
INDUSTRY'S
LARGEST

Growing. New product introductions by his

SELECTION

group will step up sharply, says Bowen.

OF

ductor company in rate of growth.
So says James Bowen, newly appointed vice president and general
manager of agroup that had been a
single division producing generalpurpose testers of large-scale integrated circuits. Bowen expects
growth of 50% to 100% in 1976 for
his group, which now also consists
of divisions devoted to memory testers, microprocessor hardware and
software, and traditional test and
measurement instruments.
"Most of the growth will come
from an accelerated product-introduction schedule at twice to triple
the previous rate," says the intense,
47-year-old executive, who joined
Fairchild in Sunnyvale, Calif., two
years ago.
New testers. One important new
product will be alower-cost version
of the 48- to 60-pin Century II LSI
tester, priced at $ 300,000 to
$500,000, says Bowen. Also, he
plans alarger 120-pin version aimed
at very-large-scale integrated devices, as well as adistributed-terminal version. In addition, adedicated
distributed-terminal memory tester
made by Zincom Inc., recently acquired by Fairchild, will come in the
second quarter, Bowen says.

MINIATURE
ROTARY
SWITCHES
2-24 POSITIONS
1-24 DECKS
Others Promise
RCL Delivers!
Call Our Hotline For Name Of
Your Local Representative Or
Stocking Distributor.

(201) 374-3311

jickirei

RCL Electronics
General Sales Office:

700 So. 21st Street
Irvington, N. J. 07111
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For now, the Instrument division
will confine itself to equipment for
data logging and acquisition plus
process control. The first product
will be a $68 31
/2
digit, 5-volt digital
panel meter, he continues. This instrument will be followed soon by a
41
/2
digit unit priced at $99.
As for benchtop test and measurement instruments, Bowen concedes, "it's just too tough to start
from scratch." If Fairchild enters, it
will be through acquisition, he says.
Most effort. But the Microsystems
division will be the object of most of
Bowen's energies. This division now
also develops most of Fairchild's
F-8 microprocessor hardware and
software, a task once performed by
the now-defunct Memory and Logic
Group. This year, Bowen's division
will introduce several enhancements
for the basic F-8 microprocessor, as
well as several new products based
around it and an F-8 hardware/
software development system called
the Formulator. There will also be
at least one new microprocessor,
and a 16-bit system is adefinite possibility, says Bowen.

Data services look good
to Control Data's Norris
It's been three years since the settlement of an antitrust case with Ism
gave Control Data Corp. $ 101 million in cash and Service Bureau
Corp., apioneer in the data-services
business. That settlement propelled
the Minneapolis-based computer
builder, previously known for mammoth "number-crunching" maNew view. Services, not hardware, are the
answer for Control Data's Norris.

Fairchild's F8 Formulator: It gets you from up design to
hands-on prototype in half the time.
The Formulator is a powerful
new microprocessor development tool that offers you all the
design assistance you'll need
to develop a microprocessorbased system or product. It
saves time by:

ano debug fast and efficiently.
5. Keeping all the system software resider', in the machine
while developing your program.
No loading and reloading of
system software.

1. Eliminating the need for an
external system breadboard.

6. Providing an intelligert front
panel which makes debugging
effortless.

2. Putting your design energy
where you need it: On the nonmicroprocessor circuits and on
the operating features of your
total product.

7. _ etting you examhe and
alter storage, set hardware
breakpoints and single-step
the central processor

3. Providing real-time program
execution. The system uses
actual F8 I/O components to
provide I/O to the system,
ensuring an exact reproduction
of F8 waveforms and circuit levels.
4 Enabling you to edit, assemble
Electronics/March 18, 1976

8. Providing self-test at the
push o4 a button.
The Formulator can be interfaced with either an HP2644
terminal or an ASR33. Fairchild
offers afully integrated software
package including an operating

system complete with monitor,
text editor, assembler and
debug package.
The Formulator was designed
by systems people with reliability
and maintainability as adesign
criteria. Each Formulator is
burned in for 120 hours at 120°F
prior to shipment. The Formulator
can be delivered immediatelylease or rental plans are available.
Write for more information to:
Fairchild Microsystems Division
of Fairchild Camera & Instrument
Corporation, 1725 Technology
Drive, San Jose, California 95110.
Phone (408) 998-0123

PA IR
I—I I_
iimmummummumumi
MICRO

SYSTEMS
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@9
require
small

WIMA FKS 3
1000 pF up to 0.047 uF

WIMA FKC 3
100 pF and up

WIMA MKS 3
Up to 0.47 pF

Cast-moulded
capacitors

WIMA FKS 2 min
P.C.M. 5 mm
1000 pF to 0.047 uF

are an excellent aid in designing your
IC- equipped printed boards. Use the new
plug-in WIMA` capacitors which are
smaller and have regular
dimensons.
Write for our new catalogue.

WILHELM
WESTERMANN
Spezialfabrik
für Kondensatoren
D-68 Mannheim I
Fed. Rep. of Germany
Augusta-Anlage 56
P. O. Box 2345
Tel.: (0621)40 80 12
16
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People
chines, into activities that are making board chairman William C.
Norris very cheerful these days.
"The wave of the future is not in
building computers, but in applying
them to improve productivity," says
Norris. "New technology is no
longer the name of the game. Anybody and his dog can come up with
afaster piece of hardware."
What has happened to change
Norris' mind? In arecent interview,
he said crustily: "IBM kicked hell out
of us in big computers. We had to
re-examine, and we found data services was the key. When we settled
the lawsuit, it was clear to me that
we had gotten on acourse different
from IBM."
Growth to 20%. Since then, Control Data with sales of $ 1.3 billion
in fiscal 1975, has built its data services—the Service Bureau Co. itself,
the Cybemet timesharing network,
and its American Research Bureau—to an annual growth rate of
12% to 20%, about twice that of the
company's computer hardware.
Comments Norris, "Data services
also offer the company growth potential with much less risk than most
hardware products."
But while emphasizing the end
use of computers, Norris says Control Data has no present plans either
to get out of manufacturing computers and peripherals or to discontinue
its joint-technology projects with
other companies. These include a
cooperative effort with NCR Corp. to
produce a line of mainframe computers. Norris also recently announced afive-year contract valued
at a possible $60 million to supply
Honeywell Inc. with magnetic-tape
transports.
The outspoken Control Data
chairman expects fiscal 1976 to recover further from the recession low
in 1974 when CDC'S computer business lost $35.6 million and the company operated at a deficit. Computer operations recovered to a $ 13
million profit in 1975.
But to make sure observers understand Control Data's orientation,
Norris states, "the name of the game
now is software—the knowledge, the
service, the people."

Electronics/March 18, 1976
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mg innovations from Hewlett-Packarc
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One reading per second
with new LCR Meter
New low forward-voltage
microwave diodes

Nt,

Multi-family logic probe
with lamp display jp)

HP's 9825A powerful new
desktop computing system
Because of special features and high speed,
the 9825A can compute, handle peripherals,
and control instruments, all effectively at the
same time.
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Combining calculator and minicomputer features, HP's new 9825A
offers you a " personal" computer
oriented toward the solution of problems in the fields of engineering, research and statistics.
The 9825A has acombination of
features never before found on adesktop calculator. With the live keyboard,
the user can examine and change program variables, perform complex
calculations, call subroutines, and record and list programs while the 9825
is performing other operations.
A few more exciting features of this
new calculator: Multidimensional arrays
(continued on second
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New fully automatic LCR
meter measures
inductance, capacitance,
and resistance over
wider range

Measurements of capacitors, inductors and resistors have been speeded up
to rates as high as one reading per second
with HP's new 4261A LCR Meter. Autoranging and automatic selection of
measurement equivalent circuits in
C/D, L/D and Rmodes makes the 4261A
LCR meter ideal for testing components
used in electronic equipment ranging
from stereophonic gear to lab-grade test
instrumentation.
Applications such as the measurement of stray capacitance of cables,
printed circuit board materials and
other components become routine with
the 4261A. To facilitate the wide variety
of applications, the 4261A will be
available with three options: BCD,
remote control, and an interface for
HP 9800 series calculators via the HP
Interface Bus ( HP-IB) ( IEEE Standard
488-1975).
Capacitance measurement capability
is in eight ranges from 0.1 pF to 19.00 mF.
Inductance can be measured in seven
ranges from 0.1 µH to 1900 henries; resistance in eight ranges from 1milliohm
to 19 megohms. Dissipation factors of 0to
approximately 1.900 can be made with
the 4261A. Measurements are made at
1kHz for general applications and at
120 Hz for electrolytic capacitors. Accuracy is typically 0.2% of reading.

For details, check Don the HP Reply Card.

Automatic measurement is now possible for the
parameters of semiconductors, pulse transformers, filter coils, electrolytic and film capacitors, or to determine the internal resistance of a
dry cell or an electrolysis liquid.

New multi-family Logic
Probe has built-in pulse
memory, low price

New calculator/controller
with outstanding interface
capability
(continued from first page)

Troubleshooting of mixed logic
families is now faster and more economical than ever before, thanks to HP's
new 545A multi- family Logic Probe.
At the flick of aswitch, the HP 545A
Logic Probe changes to test most positive logic families including TTL and
CMOS. An unambiguous single lamp
display in the probe tip quickly indicates logic HIGH, LOW, bad level,
pulses or pulse trains. Yet, this rugged
overload-protected probe costs one-half
the price of previous multi-family probes.
The 545A also has aseparate built-in
pulse memory with its own indicator
lamp to catch those elusive pulses and
transitions that occur when you're not
there to watch. Use of the pulse memory
in no way interferes with probe operation as there's an independent memory
display circuit.
The 15µA/15pF input hardly loads
your circuits, yet gives pulse train
response to 80 mHz for TTL, 40 mHz for
CMOS, and pulse width response to 10 ns.
HP's versatile new " grabber" connectors are provided so you can power
the probe using IC test clips, test pins, or
you can connect to power pins on an IC
with little chance of shorting to an adjacent pin. The probe operates from a
wide voltage range-3to 18 Vdc—and
in the TTL mode offers standard TTL
logic thresholds over supply ranges
from 4.5 to 15 Vdc.

allow you to organize data logically,
thus saving program space and execution
time. Memory load and record allows
you to suspend processing, store the
complete contents of memory on tape—
including programs, data, and pointers—for continuation later on.
Direct memory access (DMA) is yours
with input speeds up to 400,000 16- bit
words per second. Memory is expandable in 8K bytes to 32K bytes. Each bidirectional tape cartridge can store
250K bytes with an average access time
of 6 seconds.
Accuracy to 12 digits with adynamic
range of 10 -99 to 10 99 and an internal
calculation range of 10 -511 to 10 511
provides you with outstanding arithmetical capabilities.
Because of the 9825's vectored
priority interrupt capability, available
in the Extended I/O ROM, the calculator can act as acontroller for several
instruments or peripherals which require attention at unpredictable rates
or times. Besides being used as acontroller for instrumentation systems, it
can also be used for pilot process control applications, remote data collection
and production control.
As acontroller, the 9825 can handle
up to 45 measuring instruments simultaneously through its three I/O slots.
Three optional interface cards are
available: one for 16-bit parallel data,
one for BCD devices, and athird—the
HP- Interface Bus—for instruments that
conform to IEEE Standard 488-1975.
Upper and lower case alphanumerics
are now available on both the 32character LED display and the 16character thermal printer.
The 9825's high level programming
language ( HPL) offers you power and
efficiency for handling complex formulas and equations. HPL handles subroutine nesting and flags, and allows
26 simple and 26 array variables.
With all this versatility and speed and
weighing just 12 kg. ( 26 lbs), the 9825
can legitimately be considered a portable computer.

Circle 13 on the HP Reply Card for your
545A data sheet.

For your free copy of the 16-page 9825A
brochure, check 0 on the HP Reply
Card.

Easy-to- use, simple, and rugged, the probe
provides a highly effective solution to digital
troubleshooting problems.
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:conomical pulse generators for TTL, CMOS,
1CL, and educational applications
Meeting the requirements of digital logic
laboratories, these pulse generators are
extremely flexible with panel controls

t

HP's broad family of high quality
)ulse generators includes acost-effecive pulser for every performance level
ind application. Model 8011A, for exImple, is HP's lowest cost pulse generaor. It's 16V amplitude and 20 MHz
epetition rate are perfect for the reiuirements of CMOS and TTL logic deign. The pulse burst option ( 001) helps
'ou speed logic debugging by letting
'ou rapidly generate aprecise pulse
wrst just by dialing the desired length
)n thumbwheel switches. The 8011A's
Dw cost of ownership also makes it an
leal choice for education applications.
he logical, easy-to- use panel control
ayout, and short circuit proof output
ninimize familiarization and down
ime—important benefits in student labs.
Models 801213 and 801313 are veratile, general-purpose units which pro-

designed for easy operation.
(tttC é
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vide you additional pulse parameter
control for more complex testing applications. The 50 MHz, ± 10V performance of these models is ideal for TTL
and basic ECL applications. The 801213
is HP's lowest cost 50 Hz pulser with
variable rise and fall times. The 801313
has fixed transition times less than 3.5 ns
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and also provides simultaneous positive
and negative outputs useful in analog
applications.

For literature, check Lon the HP
Reply Card.

'recision Constant Current sources give output
Jseful to microampere region
....eismak
1
-.•••••

reek
Bcision performance, low price, small size,
dfight weight combine to make these supplies
eful as general purpose laboratory constant
rrent sources for semiconductor circuit
velopment and component evaluation.
ASUREMENTEeGMPUTATION: NEWS

With aconstant current source in the
lab, you can:
• Evaluate reverse breakdown and
forward V- Icharacteristics of PN
junctions
• Measure silicon wafer resistivity
and contact resistance
• Test relays, meters, potentiometers,
and electrolytic capacitors
• Aid in coulometric titration and
precision electroplating
• Determine dynamic and incremental impedance of devices
HP constant current sources supply
precisely- regulated ( 30 ppm) dc current. Three models cover arange of ratings from 1µA to 0.5A.
You can adjust the constant current
output with the high resolution ( 0.02%)
front panel control, or you can program
the output current anywhere over an

entire range with an external voltage
or resistance. The maximum voltage
compliance can also be set with avoltage limit control or by external programming.
These supplies have no output capacitor. Output capacitance is minimized to reduce stored energy at the
high impedance output, which along
with specialized circuitry, reduces current transients in rapidly changing loads.
A separate monitoring terminal allows external voltage measurement
without degrading constant current
performance.

For technical data sheet, check Jon
the HP Reply Card.

The " Time Standard" Company offers
a wide choice of proven precision
frequency standards
Hewlett-Packard
frequency/time
standards in the
HP Measurement
Standards Lab
in Santa Clara,
Calif. contribute
timekeeping data
regularly to both the
U.S. Naval Observatory
and the U.S. Bureau
of Standards.

As aleading manufacturer of cesium,
rudibium and quartz standards, we at
Hewlett-Packard offer you 35 years of
frequency standards experience to help
you make an optimum choice.
We can be of special help since many
of our several thousands of frequency
standards in the field are used in the
most reliability demanding areas.
These include LORAN C and OMEGA
navigation, space vehicle tracking and
guidance, satellite communication and
basic timekeeping in numerous standards labs and observatories throughout
the world.
One of the following precision frequency standards should meet your
applications needs.
HP 5061A Cesium Standard

• Primary frequency standard with
7x 10 -12 accuracy (with high performance tube, 0' to 50°C)
• Proven reliability (MTBF in excess
of 40,000 hours)
Your best choice for superior
performance and reliability.

tion and communications systems.
HP 5065A Rubidium Standard

• Compact and light weight
• Long term stability less than
1x10 -11 /month
• Short term stability less than
5x 10 -13 ,100 sec. averaging
Your best choice for asecondary
atomic standard at aconsiderably
lower price.
HP 105A/B Quartz Oscillator

• High performance economical
frequency standard
• Excellent short term stability and
spectral purity
• Aging rate less than 5x 10 -m/day
Your best choice when excellent
stability and versatility are needed at
lowest cost.
HP 10544A Ovenized Component Oscillator

HP 5062C Cesium Standard

• Fast warmup
• Excellent aging rate at low cost ( less
than 5x10 -1 °/day)
• Rugged, compact, reliable
Your best choice for integrating into
test and measurement equipment or
communication and navigation systems.

• Primary frequency standard with
3x 10 - " accuracy (- 28° to + 65°C)
• Fast warmup ( 20 min. at — 28°C)
• Rugged construction ( passed
400 lb. hammer blow test)
Your best choice for harsh environments such as mobi.e naviga-

For data sheets on all of these instruments, please check Fon the HP
Reply Card.

New Application Note for
Low Input Current, High
Gain Isolators
Optically coupled isolators are useful
in applications where large common
mode signals are encountered. Examples are: line receivers, logic isolation, power lines, medical equipment
and telephone lines. This Application
Note 951-1 has at least one example in
each of these areas for the 5082-4370
series high CTR isolators.
HP's 5082-4370 series isolators contain ahigh gain, high speed photodetector that provides aminimum current
transfer ratio ( CTR) of 300% at input
currents of 1.6 mA for the — 4370 and
400% at 0.5 mA for the — 4371. The
excellent low input current CTR enables
these devices to be used in applications
where low power consumption is required and those applications that do
not provide sufficient input current for
other isolators.
For your free copy, check Q on the HP
Reply Card.

HP offers new monolithic
LED chips for watch industn
The HP 5082-7800 series are common cathode monolithic chips designed for hybrid applications. Chips
are available in seven segment, nine
segment, and one digit fonts. Colons
are available in discrete or monolithic form.
Four character sizes with acommon
cathode are available: 53 mil, 80 mil,
100 mil and 120 mil. These are easy to
read, MOS compatible and offer an excellent aesthetic appearance.
The chips are packaged on vinyl film
or in waffle packages.
For detailed specific technical data,
check Ion the HP Reply Card.

1=1
Lai
New low power chips are 100% electrically
tested, before shipment, to a high HP standard
criteria.
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HEWLETT-PACKR
New Metal- InsulatorSemiconductor capacitors
for microwave IC's

Lcw VF Schottky mixer
diodes for better matching
and lower noise

Magnified view of new MIS chip capacitor

Low forward-voltage equivalents of
HP's microwave Schottky diode line are
now available. A rating of 200 to 300
millivolts forward drop versus the conventional millivolt droppage of 400 to
500 millivolts is now available in atotal
of 23 devices including chips, beam
leads and quad configurations.
Intended primarily for mixer applications, the low VF diodes are closer to
a 50 ohm impedance than standard
Schottky mixer diodes, resulting in
lower VSWR over the band. At lower
le‘els of I.o. power, the impedance is
equivalent to standard units, aproperty
useful in starved local oscillator mixers.
This new forward voltage rating applies
to the following series of components:
5082-2229 beam lead mixer diodes
5082-2231 hermetic microstrip quads
5082-2271 broadband microstrip quads
5082-2285 hermetic single chip
coax packages
5082-2765 hermetic single chip
microstrip packages
5082-2774 broadband single chip
microstrip packages

with oxide- nitride insulator yielding superior
reliability.

These new 5082-0900 MIS chip
capacitors have been designed for shunt
rf bypassing and series dc blocking in
amplifiers, oscillators, switches,
limiters, mixers and modulators.
Eleven units are offered in the 0.5 to
45 pF range. Capacitance tolerance is
±15%. Tolerances to ±5% and values
in the 45 to 100 pF range are available
on special order. Minimum breakdown
voltage for units from 0.5 to 2.0 pF is
250 V; 5.0 to 15 pF-150V; units from
20 to 45 pF-100 volts.
In the MIS structure, the metal is gold,
the insulator is silicon nitride over
silicon dioxide, and the semiconductor
material is silicon.

For data sheets describing the above
products, check Hon the HP Reply Card.

Noise figure of low VF diodes is typically less

For atechnical data sheet, check G on
the HP Reply Card.
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th an 6dB at 9GHz for power levels ranging from
•- 5dBm to — 5 dBm.

Insertion loss reduced by
20% in new SPST
microwave switches

These SPST switches use PIN diodes in shunt
across a 50 ohm transmission line. Control
current for the 33132A/33632A is 30 mA for the
33134/V33634A is 200 mA.

Two new SPST microwave switches
reduce insertion loss in X- Band and KuBand by 20% over currently available
types. The HP 33130 series are complete switches, with RF connector, bias
circuits, and built-in dc returns. Model
33132A is acomplete 2-diode switch
with insertion loss of 1.8 dB max from
12.0 to 18.0 GHz.
The Model 33134A is acomplete
4-diode switch with insertion loss of
2.3 dB maximum over the same frequency range.
The basis of the HP SPST switch product line is the coaxial module. The
33600 series module is optimized for
low insertion loss with high isolation.
The modules are available with either
two or four diodes. Three diode units
are available on special order.

For atechnical data sheet on the 33 130
and 33630 Series switches, check P
on the HP Reply Card.

A new ultra- low distortion analyzer gives
you readings to — 90 dB
The Hewlett-Packard 4333A Distortion Analyzer measures total harmonic distortion down to 0.01% full
scale at 41 spot frequencies, each variable over a range of more than ± 8%.
The new 4333A gives you ± 3% accuracy over its entire 10 Hz to 100 kHz
range.
The 4333A is easy to use. Automatic
fundamental nulling reduces critical
manual nulling operations. Select your
measurement range in 10 dB steps and
read distortion directly on the large,
clearly marked panel meter. A front-

panel monitor output lets you conveniently analyze the harmonic distortion using ascope or recorder.
A high sensitivity voltmeter mode
offers 13 ranges in 10 dB steps; range is
from 100 µV to 100 V rms full scale.
When you need believable amplifier or oscillator distortion measurements, rely on the 4333A.

For more information, check Eon the
HP Reply Card.

New distortion analyzer with distortion input
sensitivity of 1Vrms for 100% set level reference.

lnkless writing for HP strip chart recorders
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New thermal writing option produces a crisp,
uniform trace.

For the first time, thermal writing is
available for aseries of HewlettPackard strip- chart recorders. Models
7130A and 7131A, one and two- pen,
10- inch OEM recorders can be equipped
with thermal writing pens and event
markers for long-term, unattended
operation. Models 7132A and 7133A,
laboratory versions, can be similarly
equipped.
Each thermal tip contains atemperature sensing element used to maintain
aconstant tip temperature. The tip

temperature is therefore independent
of ambient temperature, paper speed, etc.
Designated Option 054, the inkless
system includes beryllium-tipped pens
designed to last the lifetime of the instrument. Recordings are of high contrast and are easy to read.

For more details, check K on the HP
Reply Card.

New Application Note helps match
microwave frequency counters to
measurement requirements
At one time there weren't many
microwave frequency counters from
which to choose. Now, there are a
variety of these counters available with
varying degrees of sophistication in
design and measurement capability.
The new Hewlett-Packard Application
Note 144, " Understanding Microwave
Frequency Measurement" discusses
tradeoffs between microwave frequency counter designs which merit
consideration when choosing acounter
for aparticular application.
The Application Note discusses in
detail considerations of measurement

speed, accuracy, dynamic range, and
tolerance to modulations and unwanted
noise on the signal for each of the three
common down-conversion techniques:
prescale, heterodyne, and transfer oscillator. It also suggests other useful considerations such as input characteristics,
sensitivity, and input/output structure.
The booklet should prove useful to
the microwave engineer in selecting a
frequency counter to meet his needs.

For your free copy of this Application
Note, check N on the HP Reply Card.

The successful 5340A Frequency Counter
represents one of several designs described in
the new AN 144, " Understanding Microwave
Frequency Measurement".
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-IP high resolution CRT displays for
DEM applications

the CRTs in these displays have a totally new
Jesign, optimized exclusively for information
iisplay and to reproduce fine image detail with
superior contrast and uniformity.

;table light output for long scan periods permits

The 1333A CRT is optimized for photographic

Fine image detail anc awell-focused spot at all

ime exposure photograph to paint a picture of

image quality with awide range of gray shades,

intensity levels make the 1335A ideal for use in

iody temperature versus location in a medical

contrast, and uniformity as shown in this high

hermography application.

resolution gamma camera brain scan.

Spectrum. Fourier, Network, and Chemical
analysis as well as automatic test systems.

Hewlett-Packard's Models 1332A,
333A, and 1335A CRT displays are
lesigned to provide excellent images
nall types of OEM systems. Applicaions for these displays include specrum, network and chemical analyzers,
luclear medicine, medical thermo;raphic ultrasound, and automatic
est systems, among others.

Model 1333A is designed specifically for applications in which photographic recording of displays is the
major factor. The small spot size of 0.20
mm offers exceptional image quality
that makes evaluation of photographs
easier and more accurate. A specified
light output uniformity assures that the
display information is an accurate representation of the input signals. The high
resolution CRT display qualities make
the 1333A ideal for recording rapid
sequence dynamic studies in nuclear
medicine and for capturing transient
displays in ultrasound work. The 8x 10
cm screen can be reproduced on Polaroid® film with very little optic reduction which allows the use of almost 1:1
optics and minimizes design difficulties
encountered when using enlarging or
reducing optics.

Model 1332A is designed for the
)EM that has both visual and some
)hotographic requirements. CRT dis)lay parameters are optimized for such
tcombined application including large
).6x 11.9 cm viewing area. Display
)rightness is such that it can be viewed
n high ambient light conditions while
naintaining resolution and gray shades
or photographic work.
4EASUR EMENt2tOM PUTA TION, NEWS

For applications requiring variable
persistence and storage, the 1335A
offer!, exceptional uniformity needed in
OEM medical and instrumentation systems. The variable persistence mode
can be used to el iminate fl icker on some
presentations with the ability to increase persistence to match the refresh
rate. In the storage mode, resolution is
over 20 lines per cm ( 50 lines per in.)
permitting the retention of sharp details.
For maximum flexibility, any operating
mode—erase, state, write, conventional, or variable persistence—can be
selected with manual front panel controls, remote program inputs, or acombination of both.

For detailed specifications on these CRT
displays, Check Con the HP Reply Card.

Buy the HP- 65 now and get $ 195 worth
of proven software FREE
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During this special promotion, purchasers of Hewlett-Packard's HP-65
fully programmable pocket calculator
will receive FREE with the calculator,
a $ 195 coupon for the delivery of 4
Application Pacs and 5 Users' Library
Programs of their choice. The promotion runs through April 30, 1976.
There are 14 Application Pacs currently available in electrical engineering, finance, mathematics, statistics,
medicine, navigation, aviation, surveying, machine design, stress analysis and
chemical engineering. You may choose
any four of these Pacs, each containing up to 40 pre-recorded programs
from that particular discipline.
In addition, each purchaser will be
able to choose five of 15 popular
programs from the HP- 65 Users'
Library of contributed programs. Each
of these programs includes acomplete
keystroke listing, user instructions and
supporting documentation. The entire
library listing, available to HP- 65
owners, contains more than 4000 contributed programs.
Software is the difference that sets
our HP- 65 Fully Programmable apart
from all other calculators. This hardware/software combination permits the
HP- 65 to remain the most versatile
hand-held computing system available.
Like acomputer, the HP- 65 memorizes
programs of any size that are fed into
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it on tiny magnetic cards, 100 program
steps to acard. With just afew keystrokes by the user, it executes the program and gives the answer to complex
problems with an accuracy of up to 10
digits. Five User Definable keys plus 51
preprogrammed functions and operations plus asuperior editing capability
add up to " agreat deal".
Call, toll-free, 800-538-7922 ( in
Calif. 800-662-9862) for an HP dealer
near you so that you can take advantage of this special $ 195 software offer
before April 30, 1976.
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For descriptive literature onh,,check A
on the HP Reply Card.

'Oiler valid until April 30. 1976 in continental U.S.A.. Alaska and Hawaii.

HEWLETT hp PACKARD

East- 4 Choke Cherry Road, Rockville, MD 20850
Ph. i3011 948-6370.
South-P.O. Box 28234, Atlanta, GA 30328,
Ph. 14041 434-4000.
Midwest- 5500 Howard Street, Skokie, IL 60076,
Ph. 0121 677-0400.
West- 3939 Lankershim Blvd, North Hollywood,CA
91604, Ph. 12131 877-1282.
Europe-P.O. Box 349, CH- 1217 Meyrin 1. Geneva,
Switierland, Ph. 10221 41 54 00.
Canada- 6877 Goreway Drive, Mississauga, Ontario,
L4V 1L9, Ph. 14161 678-9430.
llapan-Yokogawa-Hewlett-Packard Ltd., Ohashi
Bldg., 59-1 Yoyogi, 1-chorne, Shibuya-ku,
Tokyo 151, Ph. 03-370-2281/92.
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DC solid state update:
new relays now handle
five times the voltage.
Not long ago we introduced aline of 50VDC solid state relays.
But alot of circuit designers told us they needed higher
voltage switching capability. To deliver meant coming up
with an industry first. We did. Now Teledyne's new DC
solid state relays provide amaximum load rating of 5amps
at 250VDC, with
two control voltage
ranges.
Our new 603-3 relay
offers aTTL compatible 3-10VDC
input, and the 603-4
ahigh level logic compatible 10-32VDC input.
What's more, they feature transformer coupling
to provide 1500V input/output isolation, and
direct drive from the control source for low
off-state leakage.

250
.7 21

2

50

5

50

Controlled
Rise and
Fall Time

Package configurations provide three mounting
options. You can select screw terminals, quickdisconnect terminals, or solder pins for direct
pc board mounting.
All in all, Teledyne now has DC solid state relays
to handle special high voltage switching problems
—particularly for those heavy industrial machine
and process control jobs.
For detailed information or applications help,
contact your local Teledyne Relays people.
They're sure to bring you up-to-date on high
voltage DC switching.

0 TELEDYNE RELAYS
3155 West El Segundo Boulevard, Hawthorne, California 90250
Telephone ( 213) 973-4545
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"Some companies
try to be all things
to all people.
We try to be
the best source
qf electronics for
precision measurement
and control.
e
--

)eel

President

"Analog Devices. We're for real."
What's real is our commitment to understanding and satisfying the needs of
our customers. In innovative and imaginative ways. With electronic products that
acquire, convert, condition and display process data used in precision measurement
and control.
What's real is our worldwide, technically-oriented sales force capable of providing direct support in terms of product, resources and engineering assistance in
solving circuit design and application problems. In arealistic, economical way.
What's real is Analog Devices' particular expertise in precision analog circuitry.
And the application of it to those markets — industrial automation, test instrumentation,
laboratories, medical electronics and avionics — where precision measurement and
control are of genuine concern. Where the manufacture of critical life support systems,
process control instrumentation, complex navigation systems and the like, depend on
the functional reliability and precision of our products.
What's real is our advanced line of data conversion, signal conditioning and
resistor components. And their significant impact on the design of data acquisition and
control systems, particularly as they are implemented with microprocessors.
What's real is our more than 10 years experience in converter products that
has enabled us to produce the leading line of IC Converters. Our second generation
DPM's featuring MOS/LSI circuitry and large LED displays. Our
precision resistors with both high_performance and low price.
Our modular isolation amplifiers for safety in bioelectronics.
Our new line of modular V/F Converters offering ahigher level
of performance and reliability.
Just afew of the hundreds of components, circuits and
systems designed and delivered by Analog Devices. Your
best source in precision measurement and control.
We're for real.

ANALOG
DEVICES

The real company
in precision measurement
and control.
Analog Devices, Inc., Norwood, Massachusetts 02062
East Coast: (617) 329-4700, Midwest: (312) 894-3300, West Coast:
(213) 595-1783, Texas: ( 214) 231-5094. Belgium: 03 38 27 07, Denmark: 97 95 99, England: 01/94 10 46 6, France: 686-77 60, Germans ,:
089/53 03 19, Japan: 03/26 36 82 6, Netherlands: 076-122555 and
representatives around the world.
Circle 29 on reader service card
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Meetings
NBS Seminar on Frequency Standards and Clocks, National Bureau
of Standards, Boulder. Colo., April
6-9.

Acoustics, Speech, and Signal-Processing International Conference,
IEEE, Marriott Hotel, Philadelphia,
April 12-14.
Computer Software Engineering:
Reliability, Management, and Design, IEEE, Barbizon Plaza Hotel,
New York, April 20-22.
Reliability Physics International
Symposium, IEEE, Caesars Palace.
Las Vegas, April 20-22.
Eighth Annual Southeastern Symposium on System Theory, University of Tennessee and IEEE, Knoxville, Tenn.. April 26-27.

We can delive-world's smallest
180° air variable capacitors.
On time.

Seventh Annual Pittsburgh Conference on Modeling and Simulation,
IEEE, University of Pittsburgh
School of Engineering. April 26-28.

And since we're nice people, we don't even charge much
for them. So if you have an application that calls for a
sub-miniature capacitor that you can " tweak" to aspecific
frequency. these Johnson trimmers are ideal.
You can choose from either PC or stripline mount, either
vertical or horizontal tuning. These Type "T" capacitors are
about one-third the size of the familiar type " U" capacitors,
so you can save space, cut costs and insure improved
performance in the most compact electronic equipment.

Third FAA/Georgia Tech Workshop
on Grounding of Electronic Systems,
Federal Aviation Administration
and Georgia Tech, Atlanta, April
26-28.

Rotors and stators are precision- machined from solid brass
extrusions, resulting in exceptional stability and uniformity.
High 0— typically 2000 at 150 MHz. Temperature coefficient
is alow plus 30 ± 15 ppm/°C. High torque ( 11
/
2to 8oz./
inches) holds rotor securely under vibration. They're designed
to meet or exceed EIA-RS 204 and MIL Standard 202C
Methods 204A and 201A.

Electronic Components Conference,
IEEE, Jack Tar Hotel, San Francisco,
April 26-28.
Optical Computing International
Conference, IEEE, Capri, Italy, April
27-29.

In short, these capacitors may be just what you've been
looking for. It'll only cost you astamp to get more information.
And if you give us your phone number, we'll call you and
send free samples after we have clarified your application
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E. F. JOHNSON COMPANY
3005 Tenth Ave. S.W. / Waseca, MN. 56093

E Please send me technical information
D Also, include information on your entire

on the type T.
line of variable

capacitors.
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F. JOHNSON

Circle 30 on reader service card

Offshore Technology Conference,
IEEE, Astrohall, Houston, Texas,
May 3-6.
Carnahan Conference on Crime
Countermeasures, IEEE, University
of Kentucky, Lexington, May 5-7.

CI Iwant test samples. Please call me at

ADDRESS
CITY

mi

Circuits and Systems International
Symposium, IEEE, Technical University, Munich, April 27-29.

ZIP

COMPANY

Electro 76—IEEE International Convention, IEEE, Hynes Auditorium
and Sheraton- Boston Hotel, Boston,
May 11-14.
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atotally new line of high performance,
low-cost digital panel meters
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WESTON
2460 Series
Actudi size

arge, bright, easy-to- read LED display
High reliability LSI design
lew from Weston. The 2460 Series digital panel meters. An innoative Ine of meters that combines the best in semiconductor and
isplay technology for all 31
/
2 digit applications. The result is

and performance. Single ended or balanced differential input—
completely floating, with isolated systems interface. Industry

etter performance, better reliability, and better price. In fact, you
an now get the best in Weston DPM performance at a price of
nly $ 80.*

standard pin connections to assure multiple sourcing and simple
retrofit requirements. All of these outstanding features are packaged in the popular and industry standard Weston DPM case, requiring only seven square inches of panel space.

he unique Weston two- chip LSI circuit design in the 2460 Series
aduces the number of components. This provides added reliability

The 2460 Series is available in six models that include both AC
line and DC powered units.

nd helps to cut cost. And Weston has done it without sacrificing
le outstanding characteristics of its patented Dual Slope Conarsion • * method of circuit design for long term stability— an inustry acknowledged superior method.
his LSI feature alone makes the 2460 Series a good buy. But
/eston took it one step further. We replaced the gas disclharge
isplay with an LED display. Better reliability. And— our LED. hapens to. be a big and bright 0.6".
his is the basic story on the new 2460 line of Weston high relibility/low price meters. The rest of it is basic to Weston quality
n Continental U.S. in O.E.M. Quantities •* U.S. Pat. # 3.051,939

Ask your distributor for a look at the 2460 Series. It will improve
your equipment's performance and reliability while it saves you
money. Or, write direct to Weston for additional information.
Weston Instruments, Inc., 614 FrelinghuysertAve., Newark, NJ 07114
Canada: 1480 Dundas Highway, Mississauga, Ontario
Europe: Ingolstadter Str. 67a 8 Munchen 46, W. Germany
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Rockwell
asystem

•
•
Another burden
lifted from the CPU.
e

E:gern
PWalmaymrk.

Our 8channel Direct Memory
Access Control ( DMAC) gives
priority to data flow between
the I/0's and the system's
memory. Once again, the
CPU is freed from a routine,
time-consuming chore.

We've identifiea many common tasks performed by microprocessing systems and designed intelligent LSI I/0's to control
them — independent of the CPU. The CPU is tnus able to delegate
mundane chores such as running the peripherals, while concentrating on the serious thinking it does best.
The spreading of intelligence among the I/0's also reduces the
amount and cost of program memory in your system. And because
the CPU is no longer responsible for monitoring a multiplicity of
functions all over the lot, programming becomes simpler, faster,
and more flex:ble. You simply plug in or remove a chip with minor,
not total, software changes to add or subtract functions.
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Is there with
approach lo microprocessing.
DAUM
PrOCUAnd

our LSI system approach to his
problem. He waiked out with
his entire system in LSI on one
PC board at a cost of about
$85.

HIGH SPEED
RESULTS FROM
LOW COST
TECHNOLOGY

Support
s
wherever
you are.

With so much independent
intelligence spread
through our system,
many tasks can be
executed at virtually
the same time. With
our parallel processing system ( PPS) you
can now perform
tasks with
MOS microprocessing
that would
otherwise
require
higher cost
technologies.

A fellow designed a new cash
register whose I/0's sprawled
over three PC boards and
cost about $ 250. He felt there
was a better way and went to
a large microprocessing
house, but one which sold
chips, rather than systems.
They reduced him to one
large and two small PC
boards, with a cost of about
$160. Finally, he came to
Rockwell, where we applied
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your electronic needs. As well
as a worldwide sales and
field service organization.
Add to that a production
capacity of tens of millions of
circuits per year and you get
the picture: giant Rockwell is
very serious about tiny microprocessors. Don't let anyone
tell you otherwise.

34,

IIILLIONJ OF DOLLARS
JAY WE'RE JERIO<IJ
A130qT ALL T1113
We've spent millions of dollars
to develop more than 40 LSI
microprocessor circuits to
offer you LSI options for most of

Rockwell
support is as
close as your
phone. It starts with
your first call to our
distributors —
Hamilton ,'Avnet or
Schweber — or to our home
office. Rockwell representatives are also available
locally. For addresses, write
or phone:
Microelectronic Device Div
Rockwell International
PO, Box 3669
Anaheim, California 92803
(714) 632-3729

Rockwell International
„where science gets down to business
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Get more for your money!
Use This New 3/8" Square Cermet Trimmer From Allen-Bradley
Our new TYPE E trimmer is a high performer with a realistic price. It has some
important advantages: • Immersion seal is tested in 85°C water ( not 50° or
70 0). • Temperature characteristic is 100 PPM/°C for stability. • Multifingered
contact for excellent adjustability. • $ 0.49 each- 1000 piece price. For more
information call your A- B distributor or write for Publication 5219.

05‘eaet at 70°C
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Electronics newsletter
New C-MOS process
enters production
in microprocessor

Fairchild, National
seek a piece of
mainframe action

Signetics pushes
I
2L into the
communications area
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RCA Corp.'s Solid State division has gone into production with its new
C-MOS process. The first product is an 8- bit microprocessor, the CDP
1802 (
see p. 129). Called C2L ( for Closed C-MOS Logic), the process
is asilicon-gate C-MOS technique that results in both " acommon source
structure and agate electrode in the form of aclosed circle that eliminates
guardbands," according to Philip R. Thomas, the division's vice president
for MOS. This increases gate density and makes the device three or four
times faster than metal-gate C-MOS devices.
For its new microprocessor, RCA has reached an agreement in principle
with Hughes Aircraft's Microelectronic Products division and with Synertek
to establish them as second sources. RCA says that " definitive" agreements
are to be reached in 90 days.
The 1802 microprocessor is already earmarked for the redesign of
Chrysler's in-car spark-control computer, presently an analog system. Also,
Cramer Electronics Inc., the Newton, Mass., distributor, will shortly
announce akit version of the device.
RCA is also still enthusiastic about C-MOS on sapphire for digital
products. Besides the 1,024-bit SOS random-access memories already
introduced, RCA plans to have an SOS microprocessor available late in
the year.

Not satisfied with supplying components and building add-on memories,
National Semiconductor Corp. and Fairchild Camera & Instrument Corp.
are eyeing the large computer itself. Fairchild has acquired a 15%
interest in Cray Research Inc., formed in 1972 by Seymour Cray,
former executive vice president of Control Data Corp. Cray plans to enter
the market in large scientific computers this year against CDC and Texas
Instruments with the Cray- 1. The machine has an internal bipolar memory
capacity of up to 64 million bits with acycle time of 50 nanoseconds.
National is quietly backing the credit line of a small spinoff of Digital
Scientific in San Diego, Calif. Called Exsysco, the firm is planning to
compete head on with IBM Corp. with a30% to 50% lower-cost version
of the System/370/158. Exsysco is developing its first prototype and, if
successful, will be absorbed by National into its Memory Systems division,
which would then be renamed the Computer Systems division. A key factor
in the decision: is the whole deal worth the loss of IBM's component
business?

Signetics Corp. is making an aggressive push into telecommunications with
its integrated- injection- logic technology. It is currently developing a
10-megahertz single-chip digital frequency synthesizer that can be programed for 1,000 different frequencies and used to generate multiplex
carriers for the Western Electric and CCITT modulation plans. The chip
will cost $5 to $6, says Gary Summers, manager of telecommunications
marketing at Signetics.
Further down the line is a compressed single-channel pulse-codemodulated codec on two I
2L chips. And not far behind that is American
Microsystems Inc. with a one-chip n-channel metal-oxide- semiconductor
device using weighted MOS capacitor arrays, and National Semiconductor
Corp. with a two-chip system built with complementary MOS.
35
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Intel forms
co
corn

division

from systems group

Materials handler
is first to have
microprocessor

Computer group
suggests industry
finance body

Nielsen to test
distributor index

Addenda
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Intel Corp. of Santa Clara, Calif., aleader in semiconductor components,
has formed afull-fledged division from its former Microcomputer Systems
group, in effect confirming what the computer industry long suspected:
Intel intends to become a major force in their field. William Davidow,
who ran the System's group, will be new division general manager. And
in a surprise move, to put muscle in the division, Intel's chief technical
officer, Lesley Vadasz, has been named assistant general manager of the
microcomputer division, with responsibility for manufacturing, engineering
and software.

Microprocessors have found their way into materials handling. In the first
application, Control Logic Inc. of Natick, Mass., has deisnged acontroller
that is incorporated in an automatic crane system manufactured by its parent
company, Harnischfeger Corp. of Milwaukee. Harnischfeger's $374 million
volume leads the market in overhead traveling cranes, hoists, and materials-handling equipment. First customers for the crane include a major
tractor manufacturer, achemical company, and a steel mill.
Built around the Intel 8080, the controller will probably be the first
in aseries of programable processors for materials handling.

The Computer Industry Association has formally proposed the establishment
of an industry finance committee, as part of a settlement of IBM Corp.'s
antitrust litigation. It would be called Computer Industry Acceptance Corp.
According to Jack Biddle, CIA president, such an organization would
provide a finance alternative, a " discount window," that would accept
standard contracts executed between IBM and its customers and
between the non-IBM portion of the industry and their customers.
"With IBM's 65% to 70% share of the general-purpose data-processing
equipment market," says Biddle, " it simply isn't feasible to put more
resources and emphasis into their traditional markets without accelerating
their antitrust problems."

The A. C. Nielsen Co. may get its distributor- reporting program off the
ground even though Schweber and Hamilton/Avnet won't participate.
Nielsen, the Northbrook, Ill., TV ratings firm, plans to start West Coast
pilot operations this spring. It figures that it needs abase that accounts
for 65% to 75% of distributor sales, and it has in hand 60%, according
to an official. Participants include Cramer, Kierulff, Wyle, Weatherford,
Marshall, Powell, and Bell. The Nielsen Electronic Distribution Index will
report distributor sales by product category to client manufacture.
Motorola's Data Products division has developed a logic analyzer for
microprocessors. Called the MPA-1, it interfaces via a 40-pin test
clip. . . . Sprague Electric Co. will become a wholly owned subsidiary
of Cabot Corp. of Boston if the boards and stockholders of both firms
approve. . . . National Semiconductor Corp. will introduce a monolithic
sample-and- hold circuit made by its Bifet technology to achieve high
accuracy, large bandwidth, and quick settling.
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Announcing agiant reduction
in the Nova line.
You're looking at awhole new family of NOVAe
computers. microNOVA. A microprocessor chip,
amicrocomputer board and acomplete MOS minicomputer. All based on the little thing on the tip
of the finger.
mN601. The microNOVA CPU.
It's afull-blown, 16- bit NOVA computer. Manufactured by Data General. And fully supported by
NOVA software.
And it's not aNOVA computer in name only.
This chip has all the NOVA registers, internal data
paths and computational elements. The NOVA
multifunction instruction set. The NOVA multiple
addressing modes. And the NOVA 3hardware
stacking. ¡lus things that used to be NOVA options:
multiply/divide, real-time clock and power fail/
auto restart. All standard at no additional cost.
The difference is, all that NOVA has been
reduced to asingle chip that measures only 225
mils by 244 mils.
Which was no small accomplishment.
For those who need more than achip, there's
the microNOVA computer-on-a-board. Acomplete,
fully-buffered microcomputer that comes with 2K
or 4K words of RAM on asingle 71
/"by 91
2
/"
2
board. You can add on more RAM in either 4K or

8K increments, or PROM boards with up to 4K
words. Plus terminal interfaces, general purpose
interfacing boards, card frame, power supply and
PROM burner.
And for those who need more than aboard,
there's afully- packaged 4K word MOS microNOVA
mini. It comes with power supply and turnkey
console. In 9and 18 slot versions. Into which you
can place as much as 32K words of RAM or
PROM. And still have plenty of room left over
for I/O.
There's even amicroNOVA system specifically
for program development. A complete system, with
dual diskette drive, terminal and our RDOScompatible Disc Operating_System. Or you can
use aNova 3system with RDOS. The best development software you can get.
And no matter which microNOVA product you
get, you get to use NOVA software like FORTRAN
IV. Software that's in use in over 20,000 installations all over the world. So you know it's going
to work right the day you get it.
Want to know something else?
Call our toll free number.
800-225-9497.

DataGeneral

microNOVA

N.,va v. ametered trademark . t1 Data General Corporation.
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IrData General. Route 9, Southboro, Mass. 01772 ( 617) 485-9100. Data General ( Canada) Ltd., Ontario.
Data General Europe, 15 Rue Le Sueur, Paris 75116. France. Data General Australia. Melbourne ( 03) 82-1361/Sydney ( 02) 908-1366.

Its the
linear IC tester
that never grows old

Our new Alma 550B is built around a

flexible mainframe. You put it to work
choosing from a full complement of
plug-in modules. And, because it's
modular, you can keep abreast of the
state-of-the-art by just adding new
plug-ins as needed. Tomorrow's linear
IC's won't obsolete the Alma 550B.
Quite simply, it's the most versatile
benchtop Id tester you can buy.

Use it for incoming inspection,
quality control, production testing,
and engineering evaluation. Do comprehensive testing. Test op amps, voltage regulators, timers, voltage followers, comparators, and custom linear
IC's. Device diagnostics and program verification are
easily performed with the DVM and mode controls
on the from panel. With our blank module and design handbook you can adapt the 550B to special
test requirements including custom and new linear
circuits.
Plug-in modules currently available include op

amp, voltage regulator, timer, voltage
comparator and voltage follower
units. Universal limit boards, autohandler interface, and data logger
options are also available. Device
under test adapters feature frequency
compensation, critical gain and bias
networks right at the socket where
they're needed. Program limit boards
conveniently establish measurement
limit values.
Compare specifications. For
example, Alma's VR module offers the
best specs on the market today. Only
Alma offers dual limit comparators
and high speed test sequences.
And our package price for the mainframe, op
amp module, program board and device under test
adapter, is extremely competitive. But enough talk.
Try the new 550B or; your own bench. Call your local
Alma sales engineer or contact us directly.
Alma, Division of Develco, Inc., 404 Tasman Dr.,
Sunnyvale, California 94086. Phone (408) 734-5710.

The bench-top tester people
38

Circle 38 on reader service card

Electronics/March 18, 1976

Electronics review _

Zenith TV tube woos
U.S. set makers with
low-cost quality
Zenith Radio Corp., as it has often
said, intends to use extensive statewith Corning uses less glass;
side automation to fight Japan's encroachment into the U.S. television
tri potential gun increases
market. It underscored its position
earlier this month in Chicago as it
resolution and brightness
unveiled a radically different—and
inherently simpler to manufacture—TV picture
tube.
The new tube,
developed in
conjunction with
Corning Glass
Works, should
slice both raw
material and assembly costs.
Moreover, Zenith has coupled
it with anew tripotential in-line
gun that leapfrogs the resolution, brightness
and contrast advantages of 110°
tubes principally
installed in sets
from Japan.
"This is afurther significant
extension of our
attempt to automate the manufacture of television receiv4
ers," says Karl
H. Horn, the Zenith senior vice
president for engineering and
research, who
Color tube. Zenith's tube breaks down to ( background) a 100" nardirected
the
row- neck funnel ( left), slotted aperture mask ( center), and faceplate
multimillion(right) that is fabricated without the usual heavy glass skirt.

100° color tube developed
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dollar project for almost five years.
As with all Zenith-built picture
tubes since the mid- 1940s, this one
will be offered for sale or license to
other manufacturers, and Corning
will offer the glass components of
the tube to its customers. But Horn
cautions: "This tube was designed
for automation and could not be
produced efficiently by the means
we use now." Zenith will have a
lead on competitors because it
would take a manufacturer a year,
even going all out, to begin pilot operations, he says.
June production. Zenith plans to
build 200,000 to 250,000 of the 19in. tube this year—about a tenth of
its total production— and plans other
screen sizes in the future. When the
pilot line in Elk Grove Village, Ill.,
begins full production in June, the
savings will come fast: "Certainly,
well before the end of the year, we'll
be getting significantly higher efficiency out of this converted line
than out of our standard lines."
The 100° deflection angle of the
tube gives it a smaller picture spot
and 21
/ inches less depth than the
2
90° tube Zenith now uses. "We figure we can get most of the advantages of the 110° deflection angle at
about the costs and power consumption of the 90° tube," says president
John J. Nevin. The 100° tube uses
the same solid-state deflection circuits as the earlier tube; they are
cheaper, as is the pin-cushion correction, than circuits for 110° tubes.
Skirtless faceplate. The key to the
lowered manufacturing and assembly costs, however, is askirtless faceplate that permits higher-density
shipping, storage, and processing.
The faceplate also has glass studs in
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come deputy managing director for
energy matters at the American National Standards Institute [
ElectronWhile tube costs are cut by redesigned glass parts and shadow-mask sysics, Feb. 19, p. 32].
tem (estimates on savings in glass alone run $4or $5), the tube gets its imIronically, Easton was chairman
proved performance mainly from anew tri potential in- line gun. Moving the
of
the IEEE Technical Activities
gun closer to the screen in the 100° tube accounts for a5% reduction in
Board's
standards task force that in
spot size. Further, the new gun design makes the spot up to 46% smaller
1967-68 helped set up the institute's
than is possible with the bi-potential in-line guns used in the 90° tubes of
present standards operations and
most U.S. TV manufacturers.
hired Sherr as the first director of
Zenith uses the two usual potentials—a25-to-30-kilovolt anode potential
and applies afocus voltage of about 20% of the anode potential to asingle
the revitalized program. Having regrid—then adds athird focus potential. All told, Zenith focuses three gun
viewed the recommendations, Easelements instead of the usual one. It applies a43% focus voltage to one
ton commented recently, "I was
grid and a24% voltage on the third and fifth grids.
gratified to see how thoroughly the
The smaller spot can show up as asharper picture, but Horn emphasizes
work of [our] voluntary task force
that the set manufacturer may trade off that resolution any way he wants.
had been implemented."
"He can drive the set harder to reach the same spot size as his current gun
Recommendations. However, Easand roughly double his brightness," he says. " Or at that brightness, he can
ton
takes over an operation troubled
darken the faceplate to pick up well over 50% improvement in contrast."
by the staff layoffs that precipitated
More likely, especially on smaller screen sizes, the manufacturer may opt to
retain his present levels of sharpness, brightness, and contrast, and lower
Sherr's decision to quit. In resignthe high voltage to 20 kV—or even 15 kV—to cut circuitry costs.
ing, Sherr left IEEE's board of directors with six recommendations,
which the new standards director is
each corner that allow the automa- need precision alignment fixtures; considering closely.
tion of mask insertion and frit (glass we send it through the ovens on a
The first, to put the manager of
solder) sealing steps.
simple bulb holder," he says. And the standards program on the board
sealing may be combined with of directors, was one of Easton's
The tube's two-pound weight fritoriginal recommendations. He exdrop results partly from the face- exhausting the tube.
The skirtless design also speeds pects this step will be taken soon.
plate's loss of its heavy 2-inch skirt,
but more from anew shadow-mask coating the screen. (The tube uses However, Easton believes the IEEE
design. Current shadow masks are the same phosphors as current board will not buy the recommenwelded into a heavy steel frame Chromacolor tubes.) "Since there dation that the standards manager
that's mounted to studs on the skirt. are no skirts to disturb the thickness have stronger control over his deIn addition, since the mask is about of the [ edges of the] phosphor partment's budget.
a half inch smaller all around than slurry, we can run the screening proDebate is also continuing on
the faceplate, shields are needed to cess significantly faster," Horn says. Sherr's recommendation that stanprevent stray electrons from bounc- Any excess phosphor drops over the dards activities be supported by
ing onto the tube face and diluting side of the panel, where it's collected membership dues rather than by
the color. The Zenith design elimi- and re-used, instead of running funds from the IEEE's groups and sonates both frame and shielding—the down the side of the skirt, where it cieties. At present, its major support,
slotted mask is fitted directly onto must be cleaned off.
almost $ 500,000, comes from
the faceplate studs with low-cost
funded projects and sale of publicamounting springs.
IEEE
tions, and another $ 125,000 comes
Thermal problems in the current
from membership dues.
Another proposal, to support the
shadow- mask assembly are corrected with the bimetallic springs.
activities of the International
As the metal assembly heats up, the
Electrotechnical Committee with
springs keep it precisely aligned
U.S. Activities Board funds, is alwith the phosphor screen.
ready being carried out, according
"Besides holding the shadow To end the disruption of its stan- to Easton. But no action will probmask in place, the unique stud ar- dards activities created by the ably be taken on Sherr's other sugrangement lends itself beautifully to March 1resignation of Sava Sherr, gestion that IEEE initiate certificaprecision alignment of the panel the Institute of Electrical and Elec- tion programs, such as the certi[faceplate] and funnel," Horn points tronics Engineers has named a top- fication of instrumentation systems
out. The studs engage notches in the notch standards veteran to head its used in nuclear power plants. "Iexfunnel, aligning the two tube parts program. Sixty-year-old Ivan G. pect some participation in certificaduring the frit process that per- Easton, semiretired from a 37-year tion by IEEE in certain areas," Easmanently seals the panel to the fun- career at GenRad Inc., is taking on ton remarks. "But this is a broad
nel. " For the first time, we don't the job. Meanwhile, Sherr has be- issue, still in discussion."

Tri potential gun hits the ( smaller) spot

Expert takes over

standards program
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Sherr's final request was for a
qualified successor. In Easton, the
IEEE has such a person. Besides his
37 years at GenRad, he has been active on the International Electrotechnical Committee and is currently chairman of Technical
Committee 66 on Electronic Mea-

suring Instruments. Easton has also
held posts with the American
Society for Testing and Measurement, the National Conference of
Standards Laboratories, National
Bureau of Standards, the Conference on Precision Electromagnetic
Measurements, and others.
El

Military

Hughes, Navy deny Phoenix problems;
DOD seeks to upgrade performance
Criticisms within the Pentagon that
$292,600 and $297,100 per missile.
But now the Navy's fiscal 1977 prothe long-range Phoenix missile used
on the Navy's F-14 fighter performs
posal to spend $ 84 million for 240
missiles- 100 less than in each of the
poorly and requires basic redesign
are being vigorously repudiated by
two prior years—raises that unit cost
Hughes Aircraft Co., the air-to-air
to $ 350,000, an increase of about
missile's prime contractor. Citing
18%.
To date, total spending on the
missile firing tests in which "85% of
Phoenix program has reached about
all valid launches have hit the target," Hughes Aircraft's Phoenix pro- $1.7 billion, afigure that covers the
AN/AWG-9 weapon control sysgram manager Walt Maguire calls
tem, the missile itself, spares, and
the system "the most successful airto-air guided missile in Naval avia- testing. The first version of the
Phoenix was built for the Navy's
tion history."
The Hughes position gets support F- 111B in the . mid- 1960s, then revised beginning in 1968 for the Ffrom the Navy. Cdr. Sven Nelson,
weapons assistant in the F-14/Phoe14. Hughes has delivered more than
nix project office at the Naval Air 900 missiles out of the 1,200 conSystems Command, says, "We're
tracted for.
happy with the performance of the
As for the missile's performance
present missile." The aim of the
amid the multitude of electronic
Phoenix R&D improvement pro- transmissions encountered in heavy
grams that are identified in the fis- combat, the Pentagon source says,
cal 1977 defense budget, according the Phoenix has difficulty discrimito Nelson, is to improve reliability nating friend from foe [Electronics,
and maintainability by simplifying
March 4, p. 49]. Phoenix electronic
the initial 1962 design. One goal, for countermeasures need improveexample, is to cut the electronics ment, it was indicated. Also, the
parts count by 80%. The investment, missile needs more tests of its capache points out, "is modest compared ities for dealing with multiple tarto the $ 250-300 million that would gets, making evasive maneuvers,
be required to design and develop a and using electronic counternew missile." Of the Navy's 92 measures in fully simulated combat.
Phoenix test firings, Nelson says Hughes did not specify the missile
89% were successful.
test conditions that produced the
Problems nevertheless. Yet one 85% kill ratio.
ranking Pentagon tactical-missile
Improvements. The performance
specialist insists that the AIM-54 issue arose following the disclosure
Phoenix is "a problem program" to Congress by Malcolm R. Currie,
that has to "get the performance up Department of Defense research
and, if we can, the cost down." For and engineering chief, of a new
two years, defense budget requests $67.1 million, five-year program "to
showed fairly stable missile costs at extensively modify the present
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Phoenix system" as part of "abasic
design effort to improve reliability."
At the same time, Currie said the
Pentagon wants to spend another
$28.6 million in R&D money
through 1979 to raise the performance and reliability of another Navy
air-to-air missile, the AIM-7F Sparrow built by Raytheon Co.
With the money to be spent on
the Phoenix modification program,
Currie said, "electronic countermeasures capability will be improved." In addition, "anew transmitter and digital autopilot will be
developed to increase the missile's
performance as well as a new warhead and fuze design to increase
lethality." Hughes' Maguire maintains the modification does not impugn the existing missile's performance. "In the interest of cost savings
and commonality," he said, "the
Navy will upgrade the Phoenix
rather than procure a new longrange missile to meet the future
threat" in the 1980s and 1990s.

Picatinny becomes
armament HQ
Picatinny Arsenal has made acomplete turnabout. From Pentagonlevel statements last year that it
would be closed down in an economy move, the development facility
near Dover, N.J., has been made the
headquarters for munitions development for the U.S. Army. That
means more electronics work at the
arsenal than ever before.
"I can't think of asingle new system program that we're proposing
that doesn't involve electronics,"
says Col. Kilbert E. Lockwood, since
last June the arsenal's commanding
officer. "Things are possible now
that weren't possible just afeW years
ago because of the very rapid advancements in electronics technology. We definitely want to take
advantage of these developments.
As we go along, there will be more
opportunities here for electronics
firms."
As the newly designated Arma-
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ment Development Center of the
U.S. Army, Picatinny will over the
next four years absorb weapons development divisions now scattered
at Rock Island, Ill., Aberdeen Proving Grounds, Md., and Watervliet
Arsenal at Troy, N.Y. In addition,
Picatinny will inherit research and
development in small-caliber weapons systems, as well as fire control
functions now conducted at other
locations.
The plans call for expenditure of
$30 million to $40 million over the
next 10 years to construct new research and engineering facilities at
Picatinny. Furthermore, Lockwood
estimates that 70% of 2,218 jobs
opened up at the arsenal by the consolidation there of the Armament
Development Center will be for scientists, engineers and other professionals.
To keep track of new technological developments, Lockwood
has formed the Advanced Concepts
and Technology Group at Picatinny. The group consists of 10 senior civilian engineers and scientists,
working under the direction of Sidney Jacobson. It will also evaluate
proposals from industry, establish
R&D priorities for the arsenal, and
make R&D budget recommendations. Says Jacobson, "We've had
new concepts groups here before,
but they were less formal, and they
didn't have any budget responsibilities." The group will also identify the low- priority programs
should it ever become necessary to
cut budgets.
New companies. Lockwood,
meanwhile, says he would like to see
more purely electronics firms ("if
there is such athing") take an interest in his development programs.
"Munitions could be a new market
for a lot of electronics companies,"
he says. " Most of the contractors we
see are the same ones we've been
seeing here for years. We want to
see more companies. The opportunities will be there."
He cites, by way of example, the
development at Picatinny of a television-camera system that would be
fired from a howitzer over a battlefield, where, suspended by a para-
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chute, it would pick up pictures of
the terrain and ground action and
transmit them to a command post
[Electronics, Oct. 16, 1975, p. 31].
The crucial element in the Tv camera is a sturdy array of chargecoupled devices, which serves the
same function as a fragile vidicon
tube. "This is an excellent example
of a project we couldn't handle
without an advanced technology
like ccps," the colonel says.
Similarly, arsenal engineers have
breadboarded aprogramable calculator for use in determining trajectories, but this might be switched to
microprocessors before getting to
the advanced development stage.
Money available. Lockwood says
he's particularly interested in companies willing to take on technical
challenges. "If someone has agood
idea, I think the money would be
available," he says. Getting rid of
the need for batteries in gear that
must remain on the shelf for many
years is one thing he'd like to do.
Lockwood: All of Picatinny's new systems
programs will involve electronics.

e4)

Secure command communications is
"another area where a lot of work
remains to be done."
He also is studying alarger number of unsolicited proposals from industry. "Last year, we accepted over
40% of the unsolicited proposals
made to us for R&D studies." Although total expenditures for these
study contracts amounted to only
$1.8 million, Lockwood indicates
that many of these can be expected
to receive follow-on funding.

Commercial

Rockwell readies
fingerprint systems
After spending more than 10 years
and nearly $2 million, a hitherto
small operation of Rockwell International Inc. is getting off to aflying
start in the untapped market for
completely automated fingerprint
identification systems.
With a $4.7 million showcase contract for five systems from the Federal Bureau of Investigation, the
Anaheim, Calif., Identification Systems department of the Autonetics
Group is out on the road and selling
hard. The first FBI system was delivered in November, and aCalifornia
city and astate agency have bought
smaller and slower latent-print ID
systems. Autonetics officials believe,
in fact, that the worldwide market
could reach the $400 million level
by as early as 1980.
Digital techniques. The Rockwell
system, selected by the FBI in 1974
over one developed by Calspan
Corp., Buffalo, N.Y., applies digital
techniques to solve one of the most
labor-intensive tasks faced by law
enforcement—to classify and file the
sets of fingerprints used at all levels
of police work. The FBI alone adds
more than 22,000 new sets each day
to arepository that already holds 21
million. Since this avalanche of
cards is still processed manually by
clerks, it often takes days to answer
an inquiry about the identity of
an unknown print.
Although data-processing tech-
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What's new in solid state...

The RCA 1800 pre has

what you want: CMOS,
simplicity, low cost.
Unlike the typical 8- bit microprocessor, the
RCA 1800 COSMAC has simple architecture.
Which makes it easy to understand. And low in
cost. Yet it offers tremendous flexibility— thanks
to powerful built-in I/O and an ability to accept
virtually any I/O device.
Memory economy
Simple architecture allows compact 1- byte
instructions: less to store, less to fetch— which
means fewer bytes to buy. Individual instructions
don't need addresses because registers act as
pointers. One even acts as abuilt-in DMA—
an RCA first.
System cost effectiveness
How many other microprocessors give you
the economy of one power supply? And asinglephase clock? With RCA 1800 you can use 3-15 V
unregulated and save weight as well as money.

CMOS adaptability
Low power comes, of course, as aCMOS
dividend. So does wide supply tolerance, allowing battery operation. You also get — 55°C to
+125°C operation, minimizing cooling costs. And
tolerance of noise up to 45% of supply voltage,
typical.
These, plus comprehensive design support,
are good reasons why the RCA 1800 series is
coming on strong. Reasons why you should
consider it now— for applications of today
and tomorrow.
For more information, contact your local
RCA Solid State distributor. Or RCA.
Write: RCA Solid State. Box 3200, Somerville, New
Jersey 08876; Ste. Anne de Bellevue 810, Canada;
Sunbury- on-Thames, U K.; Fuji Bldg.,Tokyo,Japan.

RCA
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COMM ANC)
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RCA 1800. Low-cost approach to microprocessing.
Circle 43 on reader service card
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niques could remove this bottleneck,
the problem has been one of first
digitizing the fingerprint patterns
and then finding a way to encode
them for automated processing, filing, and retrieval. In 1966, Rockwell
began aprogram using "minutiae,"
the relative location and direction of
points where print ridges end or
fork, as the basis for pattern recognition and classification.
The Rockwell system consists of
three cabinets, the first containing a
high-speed card transport and flying-spot optical scanner for reading
and digitizing the prints. The
middle unit holds a keyboard and
monitor for calling up prints, two
preprocessors that aid in the pattern
recognition and classification, and
tape transport gear. The third cabinet has a Digital Equipment Corp.
PDP-15 computer that controls the
system and support equipment.
The system can digitally encode
600 10-finger cards per hour. But it
does not derive this ability from special hardware, according to Richard
E. Snyder, who manages the Autonetics department. Rather, the key
lies in the proprietary programing
developed over the years into the
firmware that directs the two dedicated preprocessors. These select
relevant minutiae from digitized fingerprint pattern and classify them.
Patterns. Upon receiving the digital pattern of each print, the first
preprocessor converts it from levels
of gray to an enhanced, binary image. Then the second preprocessor
takes this image, and by means of
pattern- recognition algorithms,
identifies and locates minutiae,
through XY coordinates. At the
same time, another algorithm divides each set of prints according to
the traditional " Henry classification" method using whorls, loops,
and arches. With 32 data bits required to describe each minutiae
point, which average 100 per finger,
each set of 10 fingerprints uses
32,000 bits.
Once a law-enforcement agency
has built its data base of prints, the
system can compare an unknown
print against the known file at the
'rate of 250 prints per second.
E

44

Components

Datel backs off
on hybrid prices
Setting prices too low has gotten
Datel System's new hybrid facility
off to a shaky start. The Canton,
Mass., company, one of the country's top five module houses for
data-conversion products and signal-conditioning circuits, is taking
its initial hybrid data converters off
the market. It is replacing them with
a more extensive line of somewhat
superior devices at considerably
higher prices.
Originally, Datel aimed directly
at competitive devices. Its first products were a pair of pin-programmable self-contained 12-bit digitalto-analog converters, priced at only
$29 each, and a high-performance
complete 12-bit successive-approximation analog-to-digital converter,
selling for $ 79 in single-unit quantities [
Electronics, Sept. 18, 1975, p.
117].
Competitive prices. By way of
comparison, Burr- Brown Research
Corp., Tucson, Ariz., had just two
weeks earlier introduced a completely self-contained 12-bit a-d hybrid converter with a single-unit
price of $ 129 [
Electronics, Sept. 4,
1975, p. 131].
At the same time, National Semiconductor Corp., Santa Clara,
Calif., entered the hybrid arena
[Electronics, Sept. 4, 1975, p. 136]
with an array of low-cost hybrid
converters and converter building
blocks. Unlike the Datel devices,
National's converters are not entirely self-contained. However, its
12- bit d-a converter was pegged
only slightly lower than Datel's, selling for $25 each in 100-unit quantities. National's 12-bit a-d device
was only $ 15 to $20 each in lots of
100.
According to a company spokesman, Datel's rock-bottom prices
were based on what turned out to be
optimistic yield expectations—and
as of April 15, the introductory
products will no longer be available.

Instead, Datel will be offering replacements providing improved
gain- temperature stability and
power-supply rejection that sell for
over 50% more. In single-unit quantities, prices will be $49 each for the
replacement d-a device and $ 149
each for the replacement a-dunit. D

Microprocessors

Signetics readies
chip, design aids
Even though now lagging in the microprocessor market, Signetics Corp.
is taking steps to catch up. The
company is readying a threepronged announcement: a faster,
smaller version of its 2650 n-channel 8-bit microprocessor, a prototype development system, and a
high-level programing language referred to as PLitS ( pronounced
"plus"), which is a second-generation version of PL/M, the language Intel Corp. developed for its
microprocessors.
With these additions to its repertoire, the company is hoping not
only to have an impact in the U.S.,
but also in the European market,
where its parent, Philips Gloeilampenfabrieken of the Netherlands, is
aformidable force.
The new chip, to be called the
2650A, has a 1.2-microsecond cycle
time, twice as fast as the 2650. The
chip area also will be decreased by
half, implying potentially much
higher yields for the device and,
thus, lower costs.
Similarities. The prototype development system, called TWIN for testwave instrument, will offer 2650
users capabilities generally similar
to those that Intel's Intellec
microcomputer development system
with
its
in- circuit
emulation modules [
Electronics, May 2,
1975, p. 95] offers to users of the
8080 microprocessor. The other
leading 8-bit microprocessor, Motorola's M6800, is due to be supported soon by asimilar capability,
called USE—user system evaluator—
to be announced as an enhancement
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What's new in solid state

RCA offersil more
Gold CHIP LICs
at plastic prices.
Now you can replace ceramic with plastic,
and get the reliability of ceramic at pâstic prices.
Eleven new Gold CHIP standards give you 11
new ways to get the cost and reliability benefits of
gold plus Chip Hermeticity In Plastic. In all there
are 26 Gold CHIP LICs with the reliability that
comes from true hermeticity, plus the economy
and ruggedness of plastic. The chip's hermetic—
and the metalization and leads are all of noncorroding gold.There's no aluminum with its
potential problems.
No problems ordering, either. Just call the
Gold CHIP specialist at your nearest RCA Solid
State distributor. And give him the type numbers
of the circuits you need. That's the easy way to
et Chip Hermeticity In Plastic. At plastic prices.
tact RCA.

Single Operational
Amplifiers

CA101AG7 CA107G,*
CA201AG,* CA207G,*
CA301AG; CA307G:'
CA741CG, CA741G,
CA748CG:, CA748G*

Dual Operat onal
Amplifiers

CA747CG, CA747G,
CA1458G,* CA1558G*

Quad Operational
Amplifiers

CA124G, CA224G, CA324G,
CA3401G*

Quad Voltage
Comparators

CA139AG, CA139G,
CA239AG, CA239G,
CA339AG, CA339G

1À N- P- N Transistor CA3724G, CA3725G
Arrays
.• New types

Write: RCA Soft] State. Box 3200, Somerville, New
Jersey 08876; Ste. Anne de Bellevue 810, Canada;
unbury-on-Thames, U.K.; Fuji Bldg.,Tokyo,Japan.

RCA
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to the company's Exorciser development system.
TWIN in-circuit emulation allows
the designer to check out new software while developing the hardware
that's peripheral to the microprocessor chip. This is done by connecting TWIN to the 40-pin dual inline socket where the microprocessor will eventually operate. A
microprocessor inside TWIN then
emulates the action of the breadboarded central processor. At the
same time, TWIN gives the designer
complete control of the processor
through program-debugging. This
allows such things as single-step execution of programs, insertion of
breakpoints in the programs, and
immediate modification of the program when an error occurs.
Master/slave. The name TWIN is
derived from the use of two central
processing units— a master and
slave. The master executes those
programs, such as the disk operating
system, that are independent of the
particular microprocessor chip that
the designer is using. These programs are permanent—they are protected from being overwritten by
the slave. The slave, on the other
hand, executes programs, such as
assembler and editor, that are related to the microprocessor being
used. In the present version of the
TWIN, both master and slave are
Signetics' 2650s, but future systems
could be made to handle new microprocessor chips simply by changing
the slave CPU.
The TWIN processor and its
floppy-disk operating system were
designed for Signetics by Millenium
Information Systems Inc. of Santa
Clara, Calif. The PLitS compiler design effort was headed by software
consultant Gary Kilda11, who did
much of the work on Intel's earlier
PL/M compiler [
Electronics, June
27, 1974, p. 103].
The compiler is a multipass type
that can run on either I6-bit or 32bit host processors. Price of TWIN
begins at $7,000 for a minimum
disk- based system.
Millenium president Gerald Casilli
that TWIN can handle any
8-bit or 16- bit microprocessor, since
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it uses this master and slave CPU
concept. In contrast, Intel's MDS
can only handle 8080s, since it uses
one CPU to run the operating systems and the user programs. And,
unlike the MDS, Casilli points out,
the master CPU's operating system is
fully protected—"It's like one big
ROM," he says, and cannot be wiped
out during operation.
El

Consumer

National adds color
to television games
Full color will hypo the already
booming sales of home video
games. At least, that's the hope at
National Semiconductor Corp.,
which has its sights set on a game
market it estimates could reach $300

million in but afew years.
National, of Sunnyvale, Calif., is
selling the MM57100, a p-channel
mos device measuring 175 by 200
mils, in a24-pin package capable of
providing all of the logic to generate
in color, backgrounds, paddles, ball,
and digital scoring for three games—
tennis, hockey and handball.
Stephen W. Fields, National's
manager for toys and games, describes the chip as aspecial-purpose
logic processor consisting of flipflops, NOR gates, read-only memory,
and a digital-to-analog converter.
And National is adopting the same
strategy that has won the company
a large market share in calculators
and digital watches: the chip is
being sold to other manufacturers
while it is being used in National's
own Novus line of games.
Most of the home video games
and chips now available, Fields

News briefs
GE Schottky diode operates at 150 volts
A Schottky diode developed at General Electric Research Development
Center, Schenectady, N.Y., operates at 150 volts—four times the usual potential. A new mesa structure boosts the voltage, according to GE. Other
parameters include aforward drop of less than 0.7 Vat 50 amperes and a
reverse breakdown of more than 100 V.
Marisat malfunctions after orbit
Problems cropped up affecting signal strength on both the up and down
links of the commercial C- and L- band channels of the first maritime communications satellite, launched Feb. 19 over the Atlantic Ocean. The problems are in 44 duplex teleprinter circuits and one two-way voice channel,
approximately 25% of the satellite's capacity. The remaining 75% of Marisat's circuits dedicated to Navy use are working properly.
Hand-held wand reads hand-printed numerals, letters
Keytronic Corp., Spokane, Wash., claims it has the first commercially available hand-held " wand" for reading hand- printed and machine- printed alphanumerics. The wand recognizes several numeric fonts, the standard
OCR-A font, and hand- printed numerals, as well as five hand-printed letters.
FAA picks TI over Hazeltine for DABS
Texas Instruments Inc. has won an $ 11.9 million Federal Aviation Administration development contract for three test ground stations and 30 airborne
transponders to be used in atwo-year test of the discrete address beacon
system for air-traffic control. First delivery is planned for late next year. The
TI hardware will be equipped to provide intermittent positive control for a
later ground- based collision-avoidance service, the FAA said. Hazeltine
Corp. was the other finalist for the award [
Electronics, Feb. 5, p. 36].
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IT LOWERS
1OUR TOTAL
INSTALLED COST.
Want to save on assembly time?
Increase production? Buy in
bulk? Reduce inventory? Simplify tooling? They're your system's real costs— your total
installed cost — and we
can cut them with our
Burgun-D Subminiature Connection
System. It's awhole,
low-cost, reliable production system built around
our universal Burgun-D.

Crimp, removable contacts •
Printed circuit contacts, straight
or 90°• Screw machine or stamped contacts • Semiautomatic
crimp and strip— crimp machine:
1500-2000 contacts per hour • 5
different connector sizes • 9, 15,
25, 37, 50 contact arrangements
• #20— #30 wire sizes • Rugged
metal shells • Complete
accessories • Interniatable, interchangable,
intermountable, layout
) for layout with all D
Su bminiatu res •
Available at any major

electronic distribution center
anywhere in the world.
Applications: Computer peripheral; data machines; telecommunications; machine tools;
consumer electronics.
Today, send for our " Cannon
Cost Cutters" brochure. Contact
ITT Cannon Electric, 666 East
Dyer Road, Santa Ana, California
92702. ( 714) 557-4700
CANNON
ENGINEERING
LOWERS IOUR COSTS.

CANNON
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CCIIL-LER

STOCK P.C. POWER
TRANSFORMERS
• For use with 3- terminal IC voltage regulators
• Printed circuit mounting
• For power supplies for most
integrated circuit families
TTL LOGIC
ECL LOGIC
CMOS
LINEAR— OP AMPS
• 36 models in stock
IVrite or phone for complete data
sheet.

CUSTOM
TRANSFORMERS,
COILS, TOROIDS

Our prec ision manufacturing facility
produces a full range of medium,
miniature or ultra- miniature size
transformers and coils — bobbin or
toroidal wound. We can meet both
your specs and your delivery dates
whether for prototype, small or
large productions runs. Our experienced engineers are at your service
Ii/rite or phone for information
or quotes.

CJ IL- LEA

MANUFACTURING INC

2-E Town Line Circle
Rochester, NA . 14623
716/442-6630
Representatives in Principal Cities
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Circle 48 on reader service card

points out, are in black and white. A
few purport to be in color, but they
are basically in black and white on a
pseudo-color rainbow background.
But the MM57100 chip, he says,
modulates a 3.56- megahertz signal
generated by an external crystal oscillator, onto a video carrier— a
channel four 67-MHz signal, for example— to generate a sideband.
"When this is fed into the 3.58-MHz
demodulator in most standard
color-Tv sets, a beat- frequency
range is generated to create a rainbow effect on the screen—green and
blue on the left, yellow in the center.
and red on the right," Fields says.
Richard Simone, consumer-mosdesign manager, explains that the
$9 National chip generates specific
color signals for each game. For example, tennis has agreen court with
a blue border, ayellow net, orange
paddles, and alight green ball.
To generate the color information, the opening and closing of
analog switches connected to a resistor string in the p-channel mos
d-aconverter are controlled by digital information decoded from the
logic portion of the chip. "When the
beam sweeps across aportion of the
TV screen that is supposed to be a
green playing field," says Fields, " a
series of bits is generated instructing
the resistor-ladder network to put
out an analog voltage representing
that color. This information can
then be fed to any standard chroma
unit containing a set of balanced
demodulators which then produces
the proper color vectors."
The chroma unit needs a 3.58MHz subcarrier signal, derived from
aseparate crystal. The same crystal
provides true and complementary
1.022-MHz clock signals by dividing
down the 3.58-MHz subcarrier.
Video output. The chip also generates video output signals containing horizontal and vertical blanking
and synchronization, as well as the
black- and-white information for
generating a picture on a TV receiver. Chroma outputs provide the
color and burst information properly timed with the video— the
chroma leads the video by about
600 nanoseconds at the chip to al-

low for the delay of alow-pass filter.
If the chip is used in a unit that
interfaces to the antenna, an external audio rf modulator is also
needed, as well as crystal oscillators.
Other external components are two
RC networks to control the paddles
and game-select and reset switches.
The chip draws about 675 milliwatts
and is powered by a line-voltage
adapter that furnishes -9- and - 15volt inputs.

Photovoltaics

Solar- cell effort
pushed by Europeans
European researchers are excited
over what they see as strong nearterm potential for the application of
photovoltaic solar cells. That was
the drift of a conference on solar
electricity held in early March in
Toulouse, France.
Henry Durand, director general
of the Laboratoires d'Electronique
et de Physique Appliquée, aPhilips
group facility with astrong record in
developing silicon cells, told the
Toulouse meeting that he expects
the production capacity for terrestrial-grade cells to increase substantially over the next few years.
Progress. Durand's estimate: a
leap in production capacity worldwide from something like a 150-kilowatt peak yearly now to about
1-megawatt peak yearly by 1980.
With that kind of impetus, there's
plenty of incentive to edge up efficiencies of silicon cells percentage
point by percentage point. And alot
of work is going into improving
thin-film cells—most often cadmium
sulfide—which may one day be better than silicon cells.
Durand's own outfit, in fact, had
a much improved silicon-cell concept to talk about at Toulouse. Developed by a team led by Jacques
Michel, the so-called black cell combines improvements on both the
front and back that point to a gain
in output of 10% or so above that of
conventional silicon cells.
The cell has an n + /p+ structure;
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how to get your
money's worth in a
$495 function generator
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more reasons the Exact Model 506 sweep function generator
is the most waveform generator ever sod for $ 493:
TWO- IN- ONE. A main generator for sine, square,
triangle, pulse and sync, plus a ramp generator for
sweeping or triggering the main generator, or for
use as an independent signal source.
WIDE BANDWIDTH. 0.1Hz to 5MHz frequency
range, with ramp time of 10 ,, sec to 100 sec.
(.01 Hz available on the main generator.)
SWEEP. Ramp generator can sweep main generator
over a 1000:1 range. Sweep width adjustable from
zero to 3 full decades.

COMPACT. Only 10cm high, 38.3cm wide,
30.7cm deep Weighs only 4Kg. Simple maintenance because all components values, test points
and calibration adjustments are printed on the P.C.
card, identified and easily accessible.
LOW COST. Model 506 only $ 495. Model 507
with linear and logarithmic sweep, $ 595. Model
504 with trigger and gate, but without sweep,
$450.

PULSE. Independently variable width and repetition
rate.
TRIGGER/GATE. Both generators can be triggered
(one shot) and gated ( burst) independently.
SEARCH MODE. Main generator can be swept
manually over 3 decades.
VERSATILE RAMP. Ramp available at main output
and via its own connector. ( Convenient for xy and
Bode plots.) Ramp gate output connector on rear
panel can be used as a pen lifter or for blanking
or unblanking.

EXACT
electronics, inc.
Subsidiary of Dan. Elecronics, Inc
BOX 160. HILLSBORO, OREGON 97123
(503) 648-6661 TWX 910-460-8811

Circle 49

on reader service card
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We torture
them today..

y
can &W help
tomorrow
Rugged environment? Routine trips through torture test prove out the
reliability of typical inductive components selected at random from
production runs. This sample is subjected to a series of high and low
temperature extremes with performance characteristics verified for
conformance to Military Specification MIL- C-15305. In addition, periodic
samples are subjected to other torture tests: D Mechanical Shock —
18 shocks at 100g force 0 Vibration — 12 hours to 20g force 0 Humidity —
10 days to 98% R.H. 0 Terminal Strength — Pull and Twist D Immersion —
Cyclic III Load Life — 2000 hours at elevated temperature. Performance
characteristics hold the line.
We are proud that we can't make ' em fail. Our failure is your
assurance of reliability. Any better reason for specifying
Delevan inductors?
Our Environmental Test Laboratory is sanctioned by DESC
with electronic/mechanical equipment calibrated and certified
under MIL- C-45662. This service is available to you.
Ask us about our repair and calibration service
of Boonton C) Meters, Model 260.
INDUCTIVE COMPONENTS — CLUTCH AND BRAKES
FOR ELECTRONIC AND AEROSPACE INDUSTRIES

Delevan
Division

0

AMERICAN
PRECISION

INDUSTRIES INC.

270 QUAKER RD./EAST AURORA, N.Y. 14052
TELEPHONE 716/852-3600

TELEX 091-293

Other Divisions
Basco • Dustex • A.P.I. of Tennessee • A.P.I. ( U.K.) Ltd.

50

Electronics review
the p+ layer on the back is about
0.5 micrometer thick and sets up an
electric field that inhibits recombination of photocarriers on the back
contact, cutting losses there. But
more important, the front has atextured surface that cuts reflection
down to about 10% without any
antireflective coating. This is done
by etching the silicon surface with
hydrazine pyrocathine, which produces tiny pyramids about 10 gm
high; they reflect light back down
into the cell. Just as important, the
etching adds no process steps. "You
just substitute one solution for another," Michel points out. RTC-La
Radiotechnique-Compélec, the
French semiconductor producer in
the Philips group, has adopted the
idea and has a one-year program
under way to evaluate its potential.
Technologies. The proponents of
single-crystal silicon have perhaps
another decade to keep edging up
efficiency and whittling down prices
of their solar cells. But around the
mid- 1980s, Durand predicts, polycrystaline silicon and other semiconductor materials like cadmium sulfide will start taking over because
they're inherently cheaper. These
are some of the more promising efforts reported at Toulouse:
• Cadmium sulfide films sprayed
reactively onto glass substrates. This
potentially low-cost technique is
being worked out in France by the
Société Anonyme de Télécommunications, among others.
• Doped tin-oxide films. They serve
all the functions of a transparent
contact layer, aprotective layer, and
an element in aheteroj unction. The
Laboratoires d'Electronique et de
Physique Appliquée, Philips' Labs
in Eindhoven, and a group at the
Languedoc University of Science
and Technology at Montpellier are
among those exploring this line. The
Montpellier people think efficiency
of 8% is possible for this type of cell.
• Metal-insulation semiconductors.
This effort is to find interface layers
that will boost the low 2% to 3% efficiency of metal-semiconductor cells.
Very thin ion-implanted layers and
treatment by hydrogen fluoride
show promise.
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Technology.
At Texas Instruments, it is the
foundation of adouble goal:
Produce better products.
Produce them economically.

Now, we've added three new
programmable calculators...
at prices you can afford.
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Choose the right programmable
...and problems that once took hours
can be solved in seconds.
SR-56 Key programmable. Full
programming capability at an
economical price.

SR-52 Pocket-card programmable.
Records your programs for instant use.
Anytime, anywhere.

SR-60 Prompting, printing, card
programmable. Bridges the gap between
calculators and computers.
\ \ \ \

\

\

\

\

SR-60

A prompting, programmable, printing
calculator with an alphanumeric display
that communicates with the user. $ 1695.00*

An easy-to-use card programmable.
Bringing you exceptional power wherever
your work happens to be. At an exceptional
price. $ 395.00*

A key programmable that provides
tremendous mathematical power and value.
And at an economical price. $ 179.95*

111111111.1111."."-PC- 100: New optional printer
turns an SR-52 or SR-56 into a
quiet, high-speed printing
calculator. $ 295.00*

The SR-60 card- programmable, prompting, printing
calculator is designed to bridge the gap between simple
desktop calculators and computers. A powerful asset to
business and technical operations alike. Delivering
capability found only in programmable desktop
calculators costing far more.t
Its business capability ranges from solving intricate
financial analyses and long-range forecasting, to
simpler operations like payroll and amortization.
For technology there are 46 scientific functions on the
keyboard and 480 program steps for complex programming. This capacity can be expanded to 1,920
steps and 100 data memories with its optional module.
Prompting: The SR-60's unique 20-character display
lets the user run alphanumeric programs which " ask"
for information at successive stages of the problem.
The SR- 60 then waits for your response before
continuing. This dialogue allows even anovice to work
with complicated problems immediately.
Programming: Is easy and straightforward yet flexible
for the user with: 78 labels, 10 flags, 10 branches, 4
levels of subroutines, and 2modes of indirect operation.
Plus, complete program editing capability. And, by
using the printer you can list and trace the actual
program execution.
Programs are easy to write and record on magnetic
cards. With alphanumeric prompting, the cards can be
used by assistants or secretaries. A person merely
needs aminimum amount of instruction and ageneral
concept of what's to be solved to have answers to you
in seconds.
Ten prerecorded cards are included in the SR-60's
Basic Library: Power transformer and filter design.
Add-on rate installment loans and compound interest.
Polynomial evaluation, cubic and quadratic equations.
Basic statistics. Random number generator and
diagnostics. Well over 100 optional additional programs
are available, including many on business.
Printing: The SR-60's quiet printer provides ascaled
replica of what appears on the alphanumeric display on
21
/2
inch thermal paper. You can get ahard copy of any
keyboard calculation that appears on the display, a
complete program list of the contents of the data
registers, whether entered from the keyboard or run
from aprogram card.

The SR- 52 is acard programmable calculator offering
twice the capability of the only other programmable in
its class —at half the_price.1 TI's advanced technology
and start-to- finish quality control is the key to this
exceptional value.
With an SR- 52, complex repetitive problems or
lengthy calculations that once took hours can now be
solved in seconds. Chances for error are dramatically
reduced.
The SR-52 allows you to record up to 224 keystrokes.
Programming is simple and straightforward, even if
you've never programmed before. Programming cards
are available which can be integrated into your problem
solving routines. Repeat your program as often as
needed. Change values of known quantities. Explore
"what- if" possibilities. Solve for different unknowns.
Optimize designs.
Enter calculations exactly as you would state them —
left-to- right. The SR-52's nine levels of parentheses,
plus its 11- register stack, allow you to enter problems
containing up to 10 pending operations.
Operating versatility: You literally teach the SR- 52 your
own calculating methods. Key in your program directly
from the keyboard. If you wish, record your program
on a magnetic card to use again and again.
Used manually, the SR-52 is one of the most powerful
handheld, slide- rule calculators available today.
The Basic Library that comes with the SR- 52 includes
these prerecorded programs: Conversions. Solution of
Quadratic Equations. Hyperbolic Functions. Prime
Factor of an Integer. Complex Arithmetic. Checkbook
Balancing. Compound Interest. Ordinary Annuity.
Trend Line Analysis. Permutations and Combinations.
Statistical Means and Moments. Random Number
Generator. High and Low Pass Active Filter. Dead
Reckoning. Lunar Landing Game. Diagnostics.
Optional libraries are also available: Statistics ( with
25 different programs). Math ( 31 programs). Electrical
Engineering ( 22 programs). And Finance ( 19 programs).
And more are on the way.

•Suggested retail price
fBased on suggested retail prices of models available at the time of trifs printing

With TI's new SR-56, you get an easy- to- use, yet
powerful state-of-the-art calculator that reflects
Texas Instruments state-of-the-art technologies. It's
able to handle extremely difficult computational
problems with 100 programming steps and nine levels
of parentheses that handle up to seven pending
operations. Yet it is simplicity itself to key program.
With the SR- 56's internal 8- memory stack, you can
store and recall data. Add, subtract, multiply or divide
within aregister without affecting the calculation in
progress. Now you can optimize mathematical matrices.
Explore multiple " what- if" options. Solve lengthy
iterative and repetitive problems with speed and
efficiency. And much more.
Six logical decision functions and four levels of
subroutine permit branching to appropriate program
segments automatically — without interrupting the
program. You may also write-over errors, erase
unneeded keystrokes. Reviewing aprogram is easy with
single and backstep capability.
Two unique features: A special test register permits
comparison with the displayed value at any point in a
calculation — without interfering with the calculation in
progress. This means you can make quick checks of
intermediate results for possible pass along to
subroutine operations.
A pause key causes the display to be visible for a
half- second during program execution. You may also
use it to single step through your entire program.
Easy to use: Supply your input data then automatically
execute the solution of your stored sequence with a
single key. Get answers without the tedium of
remembering and executing repetitive keystrokes.
Iterative and repetitive problems, statistical
reduction, mathematical modeling, optimization, etc.,
are entered directly into the SR-56's program memory
from the keyboard. Two looping control instructions
give you single- key control. There are also four levels
of subroutines. They execute instructions from the main
program, or from another subroutine. On completion,
control returns to the calling routine, automatically.
Operated manually, the SR-56 easily handles your day
to day problems using the 27 arithmetic and
transcendental functions including: Trig, logs,
conversions and statistics.

The PC- 100 operates with TI's handheld
programmables —the SR- 52 and SR- 56. It
delivers hard copy right on the spot. Perfect for
printing out abusinessman's long amortization
schedule, or each step of ascientist's iterative
problem.
Printing can be controlled by keys on the
PC- 100 or by keys on the calculator. Simply
remove the calculator's battery pack. Then
press the calculator firmly on the PC- 100's
connectors. Lock it in place and you're ready to
print whatever appears in the SR-52 or SR- 56
display register.
The PC- 100 prints a " list" of your entire
program step-by-step, including the program
code. You may halt it whenever you wish, or
begin printing from any point in the program.
This makes the PC- 100 invaluable for checking
whether you have keyed-in the instructions
correctly— match tape against your coding
sequence. Edit and debug your program. Or,
verify that your results are based on acorrectly
formulated program.
Using the PC- 100's " trace" mode delivers a
complete audit of every number and function
you've used.
The quiet, reliable electronic printer uses
thermal tape 21
/2
inches wide and prints out
characters in afive by seven dot matrix.

The technological achievement
beneath the keyboard is the reason
TI's programmable calculators offer
so much value for the price.
A programmable calculator is astate-of-the-art
product reflecting state-of-the-art technologies.
It's logical, then, to look first to the
manufacturer known worldwide for both —
Texas Instruments.
TI has long been aleader in solid-state
technology and has pioneered aseries of
landmark developments relating directly to
calculators: The original integrated circuit. Key
patents in basic MOS/LSI technology. The
"calculator-on- a-chip" integrated circuit
which became the heart of miniature
calculators. And the basic patent on the
miniature calculator itself.
TI is steeped in calculator technologies from
start to finish, making all critical parts and
controlling quality every step of the way. And
that's the key to the exceptional quality and
value of TI programmable calculators.

• •

The programmable calculator
.it can help you make the best choices,
the right decisions...day after day.

Personal programming is here.
Economical programmable calculators may
well be more significant to business and
industry than were slide rule calculators
introduced just ashort time ago.
Why? Because the programmable calculator
introduces anew dimension in problem solving.
It decentralizes and personalizes the decisionenhancing power of the computer — bringing to
the individual what before was only available
to the organization.
Now you can cope with more data, explore
with more insight, far more successfully than
ever before. Right at the source. On the spot,
and right at the moment it is most important.
Immediately.
So you make better decisions. In the
conference room. In the laboratory. In the
field. Wherever decisions have to be made.
Better decisions chosen from more options—
better decisions founded on abroader data
base. Better decisions from more fully optimized
trade-offs. Better decisions in aprofession
where better decisions are the name of
the game.
Indeed aprogrammable calculator is a
powerful personal mathematical resource. And
you don't need to know programming to put it
to work. There's no special language to learn.
The entry system is easy to usé, and so flexible
that you can apply it to your own personal
problem-solving techniques and style.
Chances are, you already own acalculator—
perhaps asophisticated one. Chances are, too,
that you found it exceeded your expectations
sight from the start...that you grew into it, and
it magnified your professional capability far
in excess of its cost.

Now persónal programming is here. A
step-function increase in capability over
sophisticated slide- rule calculators. Capability
you can put to work now to further strengthen
your contribution. Capability you won't fully
discover until you've owned one and explored
its potential for yourself. Capability to enhance
decisions of far greater importance than the
cost of the model you choose. You will find your
programmable is ahigh-leverage investment.
Most of the important functions found on
computers are available to you on TI programmable calculators: Iterative and repetitive
problem solving techniques. Looping.
Conditional and unconditional branching.
Flags. Subroutines.
Consider for amoment the advantages, in
terms of increased productivity, achieved with
this capability of: Developing broad what-if
matrices. Optimizing mathematical models.
Making trend and risk analyses. Projecting and
forecasting more accurately. Performing
statistical reductions. Automating timeconsuming " number crunching". The list could
go on and on.
The programmable calculator's capability is
in the very mainstream of today's fast-paced,
competitive world. A pivotal means of
responding to the pressures of making accurate,
objective, cost-effective decisions. Faster.
Texas Instruments offers three choices of
programmable calculators. This allows you to
more precisely match your programming
requirements to capability and price.
Each is compact. Easy to use. And of great
value for the price. The direct result of leading
edge technology developed and practiced at
Texas Instruments.

AOS ... the new choice that makes it easy.
Most handheld professional calculators use
either algebraic entry or Reverse Polish
Notation ( RPN). Texas Instruments chose
algebraic because it is the most natural to use
with easy left- to- right entry.
The user can put the calculator to work
immediately.., there's no new language to learn.
Now there's anew dimension: TI's full
Algebraic Operating System — AOS. Whether
you currently own acalculator with algebraic
entry, or Reverse Polish Notation — or no
calculator at all — you can move into programming smoothly and naturally with TI's full
AOS. No system is easier to master.
The case for algebraic is straightforward: It
lets you key the problem just as you would state
it. TI programmables with full AOS combine full
algebraic hierachy with nine levels of
parentheses.
Full algebraic hierachy means that sequence
of entry is left- to- right, while the sequence of
operations is in the accepted convention of the

way mathematical operations are ordered:
Functions are performed first, then powers and
roots, then multiplication or division, then
addition or subtraction. For example, the
SR- 52's nine levels of parentheses, plus its
11- register stack, allow you to enter problems
containing up to 10 pending operations. ( That's
more than three times the capability of its
nearest competitor.)
With TI's Algebraic Operating System, you
don't have to presolve aproblem or search for
the most appropriate, efficient order of
execution.
The case for TI's Algebraic Operating System
is strong— that's why Texas Instruments chose
it. If you evaluate the alternatives, we think
you'll agree you'll prefer AOS. But, even if you
are conditioned to Reverse Polish Notation, the
added value and power of TI's programmable
calculators with full AOS is well worth the
easy transition.

TI's high- capability slide rules and programmables.
Operating Characteristics
Digits displayed imantissa - exponent)
Calculating digits
Limited precision
Fixed decimal option

SR- 50A
10 - 2
13

SR- 51A
10 - 2
13

—
—
1

—
•
—
3

Roundoff ( selectable)
Memories
Store and Recall
Clear memory
Sum to memory
Subtract from memory
Multiply into memory
Divide into memory
Exchange display with memory
Indirect memory addressing
Exchange xwith y
Exchange xwith t
Parentheses levels
Maximum number of pending operations

•
—
•
—
—

•
•
•
—
•
—

—
—

•
—

•

•
—
—
—

Select

Constant mode
Angular mode ( deg/rad)

•

•Opfional add on lar 100 tremON

**

•

SR- 56
10 - 2
12
—
•
—
10
•

SR-52 W-60
10 - 2 1.-c
,,

•

•

' F'•
•
•
•
•

•
•
•
•
•

•
9
7
—
•

—
9
10

•
•
•
•
•

•
•
•
•
•
•

'

Se,i-.
•

Al")

Calculating Characteristics
Log. Inn e10'
X2,\ x,
y. 1/x. 7
X!
o. _
I%
'
1
Int x ( integer part)
2nd lot ( fractional part)
Trig functions & inverses
Hyperbolic functions & inverses
Deg/min/sec to decimal deg & inverse
Deg to Rad conversion & inverse
Polar to retangular conversion & inverse
Mean, variance and standard deviation
Linear regression
Trend Line Analysis
Slope and intercept
Automatic permutation
Random number generator
Metric conversion constants

SR- 50A

SR- 51A

SR- 56

—

•
•

•
•
.•
•.

•
—
—
—

•
•
—
—

•

•

.•

—

•
•
..

•
•
•

•

•
.•

•
•
•

—
—
—
—
—
—

•
•
•
•

—
—

•
13

•
.•
.•
.•
.•

SR- 52

•
.•
.•
.•
•

Programming Capability
Program steps
Meraed Prefixes
Program read/write on magnetic cards
Data memory read/write on magnetic cards
Alphanumeric display
Program prompting (Que)
User defined keys
Possible labels

•

Absolute addressing

•
•

Subroutine levels
Program flags

4
_

•
•
.•
:.•

Decrement & skip on zero ( loop)
Conditional branching instructions
Unconditional branching
Indirect branching

•
•

•
.•

•Programmab1e lunC110,15

Ill

SR- 56
100

SR- 52
224

—

•

—
—

—
—
10
72

—

SR- 60

•
•
•
•

•

6
3
—

2
5
•
10
2
•

•

Editing: Step. backstep
Insert. delete

—

•
•

•
•

NOP
Single step execution

•

Pause

•

—

I

SR- 50A and SR- 51A offer exceptional slide rule math power and value
...at $ 79.95 and $ 119.95, suggested retail prices.
SR-50A: Solves complex scientific calculations
as easily as simple arithmetic. Full function,
on-the-go portable featuring algebraic entry
with sum-of-products capability. Performs
trig and hyperbolic functions, logs, eto the x
power, xth root of yand much more.

Texas Instruments Incorporated
P.O. Box 5012 M/S 98
Dallas, Texas 75222
Please send me full information on:
1SR-60
ii SR- 52 - SR- 56
PC- 100
I SR- 51A. SR 50A

SR- 51.1: Exceptionally powerful. Performs
all functions found on the SR- 50A, and
more: Mean, variance and standard
deviation. Permutations. Slope and intercept.
Trend line analysis and linear regression. Has
20 preprogrammed conversions and inverses.

Name
Title
Company_
Address _
City

State

Zip

TI, I
R, D, DN, MD, EE, FDN, SA, E_

TEXAS I
NSTRUMENTS
1976 Texas Instruments Incorporated

INCORPORAL ED

You are looking at our illustrated
guide to the microprocessor explosion.
Who sells what to whom: Solid line indicates
products specifically directed to companies
identified in diagram. Dotted lines show other
products used by the companies described.

I

Process Equipment
Manufacturers

r

4.A+

Microprocessor
Components
Manufacturers

Microprocessor
Subsystems
Manufacturers

E

WO11110011M11101111

Other components
used in microprocessor-based
equipment and
systems

.1•1•1•M•

Packaging and
production
equipment for
equipment
designers

Microprocessor- based
equipment and
systems manufacturers ( OEM)

Test
Equipment
Manufacturers

1
_J
This war, microprocessor companies alone
will account for sales of $133.6 million, up
from $67.7 million in 1975. Microcomputer

A Microprocessor
components
O chips
random-access memories
D read-only memories
programmed logic
arrays
I/0 circuits
Microprocessor
B Sub-systems
0 microcomputers
microcomputer boards
D application & system
prototypes
Other components used in
I.-, microprocessor- based
equipment and systems
Analog and linear circuit
devices

E interface circuits
D analog-to-digital
converters
D digital-to-analog
converters
D operational amplifiers
D comparators
D voltage regulators
D sample and hold circuits
D modems
D multiplexers
D analog switches
D power supplies
Peripheral.devices
D terminals
D printers
D other input output
devices
Miscellaneous
components
U lamps
switches

Every major technical disclosure in microprocessors has been introduced in Electronics.
If your company makes any of the products
listed above, your best advertising opportunity to sell them is in the magazine that
continually publishes the most current coverage of microprocessors—Electronics.
Intense reader interest is evidenced by the
runaway success of our recent book of microprocessor articles from Electronics magazine.
Over 7,700 copies have already been purchased by our readers for $6.95 ( pre-pub)
to $8.95.
The "big spenders" buy and read Electronics.
41.5 per cent of our subscribers who recommend, approve, or specify our advertisers'
products are responsible for purchases
between $ 50,000 and $ 1million ayear.

sales contribute another $ 170 million. Plus the
sales of equipment, instruments— all the
products listed below:

E potentiometers
trimmers
keyboards
Sensors
D temperature
ID pressure
12 flow
strain
Displays
incandescent
D LED
D fluorescent
EJ gas discharge

D wire and cable
D cabinets, chassis
card files
D test fixtures
D breadboarding
hardware
IC socket panels
D IC sockets
D wire- wrapping equipment
(machines, guns )
D fans & cooling equipment
IO soldering equipment

D

D
D
ID
D
D

& packaging
re products sold to microprocessor users and
equipment manufacturers
D PC boards
D connectors

E Test equipment
logic analyzers
logic probes
oscilloscopes
automatic board testers
LSI device test equipment
automatic test equipment
D pulse generators

Coming April 15 —
an example of our
continuing coverage
a60- page special report:
"Microprocessors Today:'

Closing date: March 22.
Call your local Electronics

II Products sold to micro": processor and IC
manufacturers
El silicon
lO chemicals
computer-aided design and
layout, hardware and
software
E masking equipment—
cameras, aligners &
exposure
diffusion furnaces
D ion- implanting equipment
D wafer scribers
D optical inspection equipment
O IC probes
12 film carrier tapes and
assembly equipment
lead frames
O wire bonders
plastic packaging equipment
1:3 ceramic packages

Electronics' April 15 issue will contain the
most complete and comprehensive report on
microprocessors yet published.
Opening with awide-ranging report based on
interviews with industry leaders, the report
will discuss the effects of microprocessors on
equipment design, and will be acomplete
guide to what's available—from cpu's to
memories, inpitt-output devices and other
components.
The report will also cover what engineers need
to know about software, about starter kits,
courses, and design costs. And, it will offer
detailed examples of outstanding and innovative designs with microprocessors in actual
applications.

salesman today.
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Digital Capacitance Meter
permits High-VolumeTesting with
0.170 Accuracy... for only $2785
I
HI , Pri
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• Automatic measurement • Automatic GO/NO-GO indications for Cand D • C range is 0.01 pF to 20,000 b/F
• 120 Hz and 1kHz test frequencies • Adjustable test voltage • 0.1% basic accuracy
• Internal and external bias • Fast — 250 millisecond unqualified measurement time • Data output ( BCD)

GA's new 1686 Digital Capacitance Meter provides
the rapid throughput you need for high- volume

operate. Anyone can master the 1686's operation in
amatter of minutes, partly because of the Pass/Fail

testing plus the high accuracy you need for lab and

lights on both the insturment and on the optional

QC work. Add to these two features wide measure-

test fixture.

ment range, abuilt-in limit comparator, two test
frequencies, and an attractive low price and you
can easily get the idea that we have pulled off a
performance/price breadthrough in measuring

To get the full story, request acopy of the Data
Sheet on the GR 1686. Better still, ask for a
demonstration.

capacitance. Furthermore, no instrument is easier to

GenRad
(formerly General Radio)

58

Circle 58 on reader service card

300 BAKER AVENUE, CONCORD, MASSACHUSETTS 01742
NEW YORK ( N.Y.) 212 964-2722, ( N.J.) 201 791-8990 • BOSTON 617 646-0550 • DAYTON 513 294-1500
CHICAGO 312 992-0800 • WASHINGTON, D. C. 301 948-7071 • ATLANTA 404 394-5380
DALLAS 214 234-3357 • LOS ANGELES 714 540-9830 • SAN FRANCISCO 408 985-8233
TORONTO 416 252-3395 • ZURICH ( 01) 55 24 20
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Washington newsletter
FCC plans inquiry

A full-scale inquiry to determine where data communications ends and
data processing begins is being readied by the Federal Communications
as AT&T protests
Commission. The review is being set up as aresult of American Telephone
Dataspeed rejection & Telegraph Co.'s strong protest of the Common Carriers Bureau's rejection of its plan to offer anew Dataspeed 40 service on the gounds that
it is data processing, a business AT&T is barred from entering by the
1971 FCC computer- inquiry decision. AT&T contends that Dataspeed 40/4
is data communications and says it will " pursue all possible legal means
to obtain areversal of this decision."
The preliminary judgment represents avictory for International Business
Machines Corp. and the computer industry, which opposed the AT&T plan
[Electronics, Jan. 8, p. 34]. Dataspeed 404 would permit synchronous
transmissions of data as well as private- line voice channels over AT&T's
Dataphone digital channels at 2,400 and 4,800 bits per second.

Naystar award
for user hardware
models to Collins

Japan's share
of color- TV im ports
climbs to 86%

Five get $ 990,000
from ERDA for
46 kW of solar cells

Electronics/March 18, 1976

The first two development models of military hardware for use with the
Naystar Global Positioning System will be developed by Rockwell International's Collins Radio group, Cedar Rapids, Iowa. Being developed under
a $ 3.4 million contract from the Air Force Avionics Laboratory, acomplete
system includes aphased- array antenna, receiver, data processor, inertialmeasurement unit, and assemblies for control/display and interface. Employing 1,575- and 1,227- megahertz signals from as many as four of 24
Naystar satellites, the navigator will be able to determine his position
within 10 meters anywhere in the world in any of three dimensions.
The first two models will undergo flight tests for anti-jam performance
during an eight- month period beginning in the summer of 1977.

Japan's share of the 1975 U.S. import market for color-television receivers
jumped to 86% from 70% in 1974 after a sharp upturn in second- half
shipments. A new Commerce Department analysis of last year's home
entertainment electronics market says that Japan's first-half shipments fell
29% to 312,000 receivers, reflecting adownturn in the domestic-TV market,
but then climbed to 702,000 sets in the last six months. As imports
from Japan increased, those from Taiwan dropped to 138,000 from more
than 200,000 the year before. The 1975 color-TV import market declined
8.2% to 1.18 million units from 1.28 million in 1974. Dollar value of
imports of all home entertainment products fell $ 383 million to $ 1.52
billion-20% below the 1974 level.

Contracts worth $990,000 have been signed with five companies by the
Energy Research and Development Administration to produce 46 kilowatts
of solar cells for terrestrial power generation [
Electronics, Nov. 13, 1975,
p. 40]. Pending an upcoming contract for another 130 kW of cells, the
five contracts represent the largest single purchase of solar cells for power
generation. The awards by NASA's Jet Propulsion Laboratory, ERDA's
program manager, include: Solarex Corp., Rockville, Md., for 10 kW at
$289,000; Spectrolab Inc., Sylmar, Calif., for 10 kW at $252,000; Solar
Power Corp., Wakefield, Mass., for 15 kW at $ 205,000; Sensor Technology, Inc., Chatsworth, Calif., for 8kW at $ 160,000, and M7 International,
Arlington Heights, Ill., for 3 kW at $ 84,000.
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Washington commentary
Bell's hill bombs with Congress
Motivating the Congress is somewhat different from leaning on a state regulatory commission, as American Telephone & Telegraph
Co. chairman John deButts is beginning to find
out. Under deButts' leadership, AT&T has been
rounding up support of its Bell System affiliates,
other telephone companies, and state regulators
in amajor political drive to get Congress to wipe
out competition in telecommunications [
Electronics, March 4, p. 34]. While AT&T got
quick and near- unanimous support for its endeavor from the National Association of Regulatory Commissioners' executive committee at
the end of February, the company's first attempts to find backers in the Congress have
flopped.
Instead of lining up the hoped-for 50 members of Congress behind the introduction of what
Capitol Hill now calls " the Bell bill," AT&T
turned up only one, Wyoming Democrat Teno
Roncalio. As his state's only House member,
Roncalio dropped H.R. 12323 into the legislative mill early in March. He calls it " a bill to
reaffirm the intent of Congress with respect to
the structure of the common carrier telecommunications industry." Bell's name for it is
"the consumer communications reform act," a
euphemism that seems to have fooled no one.
Pastore's refusal
Though Roncalio is hardly a House heavyweight and not even a member of the Interstate and Foreign Commerce communications
subcommittee that would have to clear the bill,
AT&T has done better in the House than in the
Senate. At mid- month, AT&T's batting average
in the upper chamber was zero. Despite apersonal visit by chairman deButts and asquad of
senior AT&T executives to the offices of Sen.
John O. Pastore, the Rhode Island Democrat
turned the company down cold. Pastore, the
chairman of the Commerce Committee's communications subcommittee, not only refused to
introduce the bill, but also passed the word that
his subcommittee would in effect scuttle legislation introduced by anyone else by simply
refusing to schedule hearings on the bill.
Yet this combination of opposition and indifference to AT&T's initial lobbying efforts has
not deterred chairman deButts. Long committed
to restoring AT&T's autocracy in American
telecommunications, he is intent on his program
to set aside nine years of judgments in favor
of competition by the Federal Communications
Commission and the courts and turn the clock
back to 1967. It is aprogram that FCC Common
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Carrier Bureau chief Walter Hinchman has aptly
labeled " suicidal."
Experienced Washington lobbyists for hightechnology electronics and aerospace clients are
not in the least surprised by AT&T's initial
failure. As one of them summarized it, " This
is an election year, and big business' is not
exactly a popular cause on Capitol Hill right
now, especially after the embarrassments of
Lockheed, Mobil and the rest," the payoffs on
foreign sales, and the illegal corporate contributions to domestic political campaigns.
Beyond that, Bell's timing is also bad. In the
spring of an election year, congressional
thoughts and energies invariably turn home and
the challenge of reelection.
Why all the fuss?
Other reasons behind AT&T's failure to
garner political support include some important economic issues. Colorado's freshman
Democrat, Rep. Tim Wirth, went to the lion's
lair to give his views on those issues to a Bell
corporate policy seminar at Princeton, N.J., this
month. A member of the House communications subcommittee, Wirth recalled that
"none of the specialized carriers has yet broken
even on its telecommunications operations. And
none of the terminal manufacturers describes its
business as being much advanced from a toehold. Given this state of affairs," he told the
Bell executives, " it is difficult to understand the
dimensions of your alarm."
Some in the telecommunications industry say
Bell's alarm was set off by the long-term threat
of International Business Machines Corp.'s
proposed market entry via Satellite Business
Systems Inc., ajoint venture with money- laden
Aetna Life & Casualty Co. and Comsat General
Corp. as partners. "That plus AT&T's nightmares that you and I and the rest of their
residential customers may one day be able to
buy their handsets at Walgreen's are the
principal reasons for Bell's concern," explains
another industry executive.
Holding back the tide of technological advancement is virtually impossible, as Bell Laboratories demonstrates year after year with its
myriad patents. Holding back the useful application of new technology, however, is something else. AT&T has demonstrated its ability
to do this many times before the FCC. In a
sense, the company has brought competition
upon itself. And at the Federal level, at least,
AT&T cannot legislate that away.
—Ray Connolly
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Motorola Turns On
4k RAM Availability
We keep hearing of 4K RAM delivery problems, particularly with
popular 16-pin types. Well, forget that. With Motorola's totally turned-on
4K RAM production at the Austin, Texas facility, availability is the word for
4Ks. Availability of the 16-pin MCM6604 and the 22-pin MCM6605A.
Let Motorola eliminate the 4K RAM hassle for you, today . . .
and with inflation beating low prices, at that.

MCM6604—
THE 16- PIN 4K
• Three speeds to choose from
• Recognized irdustry standard
• Directly replaces 2104, MK4096,
4096, S4096
• Small package optimizes system density

MCM6605A — THE 22- PIN 4K
•
•
•
•

2.5 mW standby ... Ideal for battery backup
Three speed choices — down to 150 ns
Alternate sourced by IM7505 Series
Documented Reliability — Ask us for acopy

Motorola Semiconductor Products Inc., MOS Memory Marketing,
350 1 Ed Bluestein Avenue, Austin. Texas 78721

COME AND GET ' EM...FROM THESE AUTHORIZED MOTOROLA DISTRIBUTORS
ALABAMA, Hunts,..,
ALABAMA, Hunts, ,
ARIZONA, Phoenix
ARIZONA, Phoenrx
CALIFORNIA, El Segundo
CALIFORNIA, Irvine
CALIFORNIA, Los Angeles
CALIFORNIA, Mountaln Vrew
CALIFORNIA, Mountain Sew
CALIFORNIA, San Diego
CALIFORNIA, San D'ego
CALIFORNIA, Sunnyvale
COLORADO, Commerce Gay
COLORADO, Denver
CONNECTICUT, Danbury
CONNECTICUT, Georgetown
CONNECTICUT, North Haven
FLORIDA, Hollywood
FLORIDA, Hollywood
FLORIDA, Orlando
GEORGIA, Atlanta
GEORGIA, Norcross
LLINOIS, ChIcago
LLINOIS, ChIcago
LLINOIS, Elk Grove Sillage
LLINOIS, Mt Prospect
LLINOIS ,Schiller Park
NDIANA, Indranapolls
NDIANA, Indranapolis
KANSAS, Lenexa
KANSAS. Lenexa
MARYLAND, Rockville
MARYLAND, Gaithershurg
MARYLAND, Hanover
MARYLAND, RockvIlle
MARYLAND. Savage
MASSACHUSETTS. Bur,Ington
MASSACHUSETTS, Lexington
MASSACHUSETTS, Newton Centre
MASSACHUSETTS, Waltham
MICHIGAN, Detroit
MICHIGAN, Livonia
MICHIGAN. Ltvonra
MINNESOTA, Eden Prame
MINNESOTA, Edina
MINNESOTA. Edina
MISSOURI, Hazelwood
MISSOURI, SI. Louis
NEW JERSEY, Cedar Grove
NEW JERSEY, Cherry Hill
NEW JERSEY. Mt Laurel
NEW JERSEY, Moorestow ri

Hall- Mark Eiectronrcs
( 285) 037-0)00
Hamilton Avnet Electromcs ( 205) 533-1170
Hamdton'Avnet Electronics ( 602) 275-7851
Llberly Electronics, Arizona . ((02) 257-1272
Liberty Electronics Corp..
Cramer Los Angeles
(2
21 33)) 3
72
72
11 8
03
10
00
0
HamIlton Electro Sales
( 213) 558-2121
Elmar Electronrcs. Inc.
( 415) 961-3611
HamIlton Asset Electronics
( 415) 961-7000
Hamilton Aune) Electronics ( 714) 279-2421
Llberty Electromcsi San Drege
( 714) 565-9171
Cramer, San Francisco
( 428) 739-3011
Elmar Electronrcs, Inc
( 303) 287-9611
Hamilton Aune) Electromcs .. ( 303) 534-1212
Schweber Electronrcs ( 203) 792-3500
Marmiton/ Avnet Electronrcs
1203) 762-0361
Cramer Connecticut
( 003) 239-5641
Hamilton Avnet Electrones
( 205) 925-5401
Schweber ElectronIcs
( 305) 92i-0511
Cramer, Orlando
( 305) 894-1511
Cramer Atlanta
( 404) 448.9050
Hamilton Avent Electronics ( 404) 448-0800
Newark Electronics Corp.
( 3)2) 638-4411
Semrconductor Speciallsrs, toc
1312) 279-1008
Schweber Electrones
( 312) 593-2740
Cramer Chicag0
1312) 593-8230
HamIlton ,Avnet Electromcs ' 312) 676-6310
Graham Electronics Supply, hic
13111634.8202
Pioneer Indianapolls
( 317) 849-7300
Hait Mark Etectronrcs ( 913) 888-4747
Hamilton, Avnet Electrorucs
( 913) 888-8900
Cramer, Washington
( 3011948-0110
Poncer WashIngton Electrorics
301) 948-0710
Hamilton Avnet Electronics . ( 3011 796-5000
Schweber Electromcs
i301) 881-3300
Pyttronic Industries, Inc
, 301) 792-7000
Hamilton Aune? Electronics
6171 273-2120
Harvey Electromcs
617) 861-9200
Cramer Eleclronics, Inc.
. 1617) 969-7700
Schweber Electronlcs
(617) 890-8484
RS Electronics
1313) 491-1012
Hamilton Avnet Electronics
13131522-4700
Proneer ,Detroit
(313) 525-1800
Schweber Electronics
(6121941-5200
Cramer Minneapotts
(612) 835-7811
Hamilton Avnet Electronics _
1612) 941-3801
Hannlion Avnet Electronics
(314) 731-1144
HalhMark Electrones
(314) 291-5350
Harrulton Ay net Electronics
(2011 239-0800
Cramer Permsylvanta
(609) 424-5993
Hamilton Avnet Electronics
1609) 234-2133
Arroe. Electromcs
r
6091235-1900

NEW JERSEY, Penn..auken
Harle Electi i
c Service Co
( 609 662-4000
NEW JERSEY. Saddle Brook
Arrow Elec ,rOnics
( 201) 797-5800
NEW JERSEY. Somerset
Schweber Electromcs
42011469-6000
NEW MEXICO Albuguei que
Hamitton Avnet Etectromcs
15051 765-1500
NEW YORK. FarmIngdaie
Arrow Elecironics
511,u 694-6800
NEW YORK. Hauppauge, L.I.
Cramer, Long Island
( 516) 231-5600
Cramer Rehester ...
1716 275-0300
NEW YORK, Rochester _
NEW YORK, Pbchester
Hamilton Avnet Etectronrcs ( 716) 442-7820
NEW YORK, Rochester
a hweber ElectrorucS .
i716) 461-4000
NEW YORK. East Syrac ,ISO
Cramer, Syracuse
1315i 437-6671
NEW YORK. East Syracase
Hamilton ', une) Electronic s
13151437-2642
HarmIton tvnet Electronu S
15161333-5800
NEW YORK, Westbury, L I.
NEW YORK, Westbury L I
8chweber Fier:Ironies . _
1516) 334-7474
NEW YORK. Woodbury L I.
Harvey Electromcs
( 516) 921-8700
NORTH CAROLINA, WInstc-5 Salem c.r amer W,nston-Salem
i919) 725.8711
:.chweber Electronics
12161464-2970
OHIO. Beach 'rood
OHIO. Cleveland
r-lamIlton ,Avnet Electronrcs
1216) 461-1400
OHIO. Clevelbnd .
,, ioneer•Srandard Erectromcs. Inc
( 216 .87-3600
OHIO, Dayton
1-Limiiton Avnet Electronics ( 5131433-0610
OHIO. Dayton
.roneer Dayton
.
( 513) 236-9900
OHIO. Solon .
i=1 ,amer Cleveland
( 216)248-8400
OKLAHOMA, Tulsa
,lail.Mark Electronics
i
918, 835-8458
PENNSYLVANIA. Ph ila,lelp,a
?encor Ph iladelph ia
215) 674-5710
PENNSYLVANIA. Plts,,,,qt,
°encor P Itsburgh
( 412) 782-2300
SOUTH CAROLINA. C:olorrbla
Dnie Radio Supply Comrrany. roc ( 8031 779-5332
TEXAS, Dallas
.Hal,- Mark Electronics Carpi. ( 214) 231-6111
TEXAS, Dallas
.-larnlion_Avnet Electron,cs
,2141 66133661
TEXAS.
S hache ,'Electromcs . . .( 214) 661-5010
TEXAS. Dallas
Sterunq Eleclromcs _ . ( 2141 357-9131
TEXAS. El P,rso
'vlidland : specral,ty Co
1915) 533-9555
TEXAS. Hou ion
Hall Mark Electronrcs ( 7131 781-6100
TEXAS. 11ou . ton
Harnidon Avnet Electroracs
17131526-4661
TEXAS. Houston
Sterling Electronics, Inc. .
17131627-9800
UTAH. ', ait Lake Crty
Cramer ( Itah
.
( 8011487-4131
UTAH. 1.a.t Cake City
Hamilton Aune? E,echori les
18011 262-8451
WASHINGTON. Belles
Hamilton.- Avnet Electrohics ( 2061 746-8750
WASHINGTON. Seatt'e
Almac ,7droumn Electronics
1206) 763-2300
WASHINGTON. Seat, e
Liberty Electronics Cor;
.
( 206) 763-8200

CANADA
CALGARY. T2E 6L 7 Alla
EDMONTON. Alla
LONDON, Ont
MISSISSAUGA, Ont
OTTAWA, Ont.
OTTAWA. l'.2C 2134, Ont
ST. LAURENT. P.O (-OS 112
TORONTO, Ont
TOWN OF MOUNT ROYAL. P
VANCOUVER. B C
VANCOUVER, B C
WINNIPEG. Man

Sarah's
Bowtek Electr4c
.. CM Peterson Co
. Hamilton • Avnet

Ltd.

276-88111
1401 426-1072
( 519) 434.3204
1416) 677-7432

Zenlronics. Ltd
16)31238-6411
HarmItor. Asnet Int i Lit
1613i 226-1700
Hamilton Aune?
1514) 331-6443
Zentronrs. LW.
.
( 4161 787-1271
Zentrons. Ltd. ...... ( 514) 735-5361
Box, tek ElectrIc
( 6041 736-1141
Varah's
( 6041873-3211
Bowlek Electric
( 204) 786-7521

0MOTOROLA MOS
-- vvher
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VSMF helps you manage change for profit...
with asystem for
selecting the best
components at
the lowest cost.
What's " Best?" What's " Lowest Cost?"
Ask engineers in design, R & D, manufacturing, OA, and purchasing, and
you'll get five different definitions. As
a manager, it's your responsibility to
resolve those opinions into a consensus to produce a competitive
product on schedule, in volume, at a
profit. No small task.
But that's precisely what Visual
Search Microfilm Files from Information Handling Services will help you
accomplish.
VSMF - is a technical reference
data system containing current product data sheets and catalogs, government and military specifications and
regulations, and industry standards.
VSMF keeps your engineers abreast
of the most recent developments in
industry and government. It also provides them with an effective means of
communicating product and standards
information among themselves.

Thus they can work together more
efficiently to solve design and production problems.
The VSMF Integrated Circuit
Parameter Retrieval Service ( IC/PR) is
a good example. To the designer. the
"best component" is the one matching
his ideal circuit parameters. But the
production engineer maintains that
"best" is the one most efficient in his

fabrication procedures. Through
IC/PR— indexed by device number
and by characteristics— they can
quickly determine if a suitable component is available, and which alternative is acceptable. Trade-offs aren't so
difficult to weigh when you have all
the facts.

Or look at it this way. Through RFQ's,
your purchasing agent finds what
appears to be the best volume price.
But test and standards engineers discover that though the trial shipment

meets specs, hand selection appears
necessary. Using IC/PR, they can
scan all the data sheets to see if other
suppliers guarantee tighter specs that
will eliminate this costly procedure.
These are but two, narrow examples
of how VSMF will help your staff creatively manage changing technology.
Likewise, they can use VSMF to better
manage growing government regulations, component shortages, and
fluctuating prices. So you control the

situation — with the capability to shorten
lead-times, avoid production bottlenecks, and raise margins.
With more than 4 million pages of
vital technical data, organized into 91
specialized microfilm libraries, IHS
can put together the reference system
best suited to your organization.
Depending on your needs, you may
select Design Engineering Services—
including IC and Semiconductor
Parameter Retrieval, Military Specifications and Standards Services; and
Industry Standards Services— with the
latest IEEE, EIA, ANSI, and UL
standards.
IHS keeps this information current
with regular, automatic updating, and
provides a unique computer-created
index that enables your engineers to
find any document in ,a matter of seconds. In sum, it's the most complete,
current, and efficient single source of
technical information available.
For details on how VSMF can help
your company manage change profitably, circle the reader service number
below, or call IHS directly.
Information Handling Services,
Denver Technological Center, P.O.
Box 1154, Englewood, CO 80110. Telephone 303-771-2600, Extension 101.

VSMF

The First Place To Look",
- Information Handling Services
An InPlan Me. Company

Circle 63 on reader service card
E 3/18/76

CAN THE ANALOG SWITCHES
SYSTEM PASS THE HARRIS
The Harris Personality Test
asks important questions about the
behavior pattern of your system.
In doing so. it'll help you determine whether
your analog switches and multiplexers are
as trouble-free as they should be. Of
course, our own popular pin-for- pin compatible CMOS switches and multiplexers
will be used as the standard of comparison.
Why not see how your system measures
up (Test results on opposite page).
Does your system have a
latch-up problem that it can't
cope with?
HARRIS
With the Harris
devices,
SOURCE
you have ...NG —
nothing to worry
l
about. They're probCONVENTIONAL CMOS
lem-free. That's because each MOS
transistor on the
chip is surrounded
by an insulating
layer, so no four-layer parasitic SCR's
could ever be created.
Does your system ever feel
restricted on the sequence
of power?
If it does, your system may
mi have aslight disorder. The
• Harris analog switches and
multiplexers never feel any restriction on
sequence of power. And that goes for
signal application or removal as well.
Does your system compromise its performance to
achieve latch-free operation?
Harris has no such maladm
justment. Leakage currents,
• capacitances, AC crosstalk
111111111111

111111111111

il lon111111111111111,111mid jil hei.11111112.
1111111111.
1.1101‘

l
ak

are equal or better
4,i
,i
than the best of
the other brands.
And switch pa- :4so
rameters are es- s
Ri 00 51
sentially independent of analog level.
Does your system need extra
support in order to give you
on-board resistor-diode
protection in all digital address
inputs?
(In order to prevent failures
during the handling of loose PC cards.)
Harris doesn't need any. We have all the
support we need on the same device.
Do your systems' digital
address inputs have severe
negative resistance characteristics in their personality?
Many
any times III this can ,eY 200
o

1

15 0

cause double triggerL
e
ing or oscillations with
aloo
TTL drive. Harris is free 2 SO
of this personality defect. zi,;

c
BumR
o
I
s
ED
LAYER

z

0

ir.V- HARRIS

0
2
3
LOGIC INPUT VOLTAGE

Do your systems' supply currents sometimes get very
high when they shouldn't?
You can count on Harris supply
• currents to remain low, even
when switching at 100 KHz rates!

', 1SANDARD CMOS

,

AND MULTIPLEXERS IN YOUR
PERSONALITY TEST?
Do you find that your system
has more burnouts from
voltage transients than it
should for its age?
Harris devices are much more
immune to those kind of things.
In fact, we invite you to test our devices
side-by-side with yours in the usua breadboard environment, and you'll see what
we mean.
Does your system feel insecure because it can't offer
you extra protection in critical
situations?
For example, in asystem
• where multiplexer input signals
come from outside the equipment and the
signal lines could pick up induced voltage
spikes, static electricity or have signals
present when the MUX power is off. Well
Harris feels very secure with its HI-506A/
507A/508A/509A Overvoltage Protected
Multiplexers which can withstand up to
± 35 volts continuously or over 1000 volts
momentarily on an analog input. The internal protection networks not only prevent system damage, but prevent the
PROTECTED MULTIPLEX SWITCH

overvoltage spikes from appearng at the
MUX output. As aresult, the only tradeoff
is added ON resistance, which you'd have
to create externally to protect any other
MUX. So, if you need overvoltaçe protection, Harris can give it to you. On the chip,
featuring the same low leakage currents

with inherent low error, but without
additional cost. If protection is not your
problem, then you can choose from the
industry's largest selection of switches and
multiplexers, which retain all the other
personality traits.
ANALOG CMOS DEVICES AND MULTIPLEXERS
Data based on information available 1/1/76

PRODUCT
DESCRIPTION

HARRIS

SILICONIX

ANALOG
INTERSIL DEVICES

FOR
moRE
INFOR
mATioN
cincLE
NO ON
REPLY
CARD

MULTIPLEXERS:
Over voltage
protected
16 Channel
3x2 8
4x2 '

HI- 506A
HI- 507A
HI- 508A
HI- 509A

Non-protected,
low ron
16 Channel
8x2 "
8

HI- 506
HI- 507
HI- 1818A

4x2

HI- 1828A

226
227
228
229

0G-508
DG- 509
nonprotected
DG- 506
DG- 507

IH-5060
IH-5070

AD 7506
AD 7507
AD 7501'
/7503
AD 7502'

230
231
232
233

SWITCHES
Dual DPST

HI- 1800A

234

Quad — SPST—
(600 n)
75 (1
Dual SPST
Quad SPST
SPST
Dual SPST
SPOT
Dual SPDT
DPST
Dual DPST
DPOT
4PST
30 fl
Dual SPST
Dual DPST
SPOT
Dual SPOT
DPDT
4PST

A07516
AD 7519
HI- 200
HI-201

DG-200
DG- 201
(150 0)

DG-200

HI- 5040
HI-5041
HI- 5042
HI-5043
HI- 5044
HI- 5045
HI- 5046
HI- 5047

H 5040
H 5041
H 5042
H 5043
H 5044
H 5045
H 5046
H 5047

HI- 5048
HI- 5049
HI- 5050
HI- 5051
HI- 5046A
HI- 5047A

H 5048
H 5049
H 5050
H 5051

AD 7513
AD 7501'
/7511'

AD 7512"

*not pin tor
pin interchangeable

235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

Test score results.
If you've answered "yes" to any of the
Harris Personality Test questions about
your system, then maybe it's time you
talked to aHarris distributor or representative. We offer acomplete line of analog
multiplexers and CMOS switches. Available now. All with healthy, trouble-free
constitutions.

HAFtRIS
SEMICONDUCTOR

A DIVISION OF HARRIS CORPORATION

P.O. Box 883, Melbourne, Florida 32901 ( 305) 724-7412

Karsas City. ( 816) 761-6543 NEW JERSEY: Keasbey. ( 516) 567-5900 NEW YORK: Albany. ( 518) 489-7408 or 4777, Huntington Station, ( 516) 567-5900 NORTH CAROLINA: Rilegh 1919.
82E 0575 OHIO: Cleveland. ( 2)6J 831-8292, Dayton. ( 513) 890-21tOOFIEGON: Beaverton. ( 503)643-1644 PENNSYLVANIA: Allison Park. ( 412)487-4300. King of Prussia 215)265 0634
TENNESSEE: Shelbyville. (
615,684-4544 TEXAS: Dallas. ( 214)691-4592. Houston. ( 713) 661-7.1007 VIRGINIA Falls Church. ( 703) 534-1673: Lynchburg. ( 804)237-4740 WASHINGTON:
Hellihme ( 206 ,454-0300 CANADk. Montreal. ( 514) 626-6723. Ottawa. ( 613) 749-074C: Toronto ( 416)676-1042.
NATIONAL DISTRIBUTORS: Harnulton/Avnet, The Harvey Group, Inc.. Schweber Elect-onics. RV Weatherford Company
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If you've got aNOVA mini, Plessey
Memories can save you more than money.
Our 16k PM- 216 core memory module
saves time on your NOVA 2/4 or 2/10, with a
cycle time of just 800 nS.
Our PM-816 saves aslot in your NOVA 800,
820 and 840 cpu, with 16k words on asingle
plug-in card. It is also plug-compatible with the
NOVA 830. And with the 800 nS Plessey
PM-816 an expanded NOVA 840 costs less than
aslower NOVA 830 with DGC memory.
There's just no reason to pay more for less.

So use the bingo card and get all the details
on our NOVA ( and DEC) add-ons—compatible memories, memory management and
support equipment. They're all competitivelypriced and available off-the-shelf.
Or if your problems won't wait, phone for a
demo and get Plessey Memories working for
you today.

Plessey
CD Memories
The mini expanders

(
714) 540-9945

USA. Santa Ana ( 714) 540-9945. Canada, Ottawa (416) 661-3711. United Kingdom. Towcester (0327) 50312. Switzerland, Geneva (022) 33-97-30. France, Pan, (01) 727-43-49. Germany,
Munich ( 089) 351-6021. Netherlands. Noordwijk (01719) 4847. Belgium. Brus,els (
02) 3745971. Italy. Milan (02) 349-1741. Sweden, Stockholm (08) 23-55-35. Spain, Madrid (01) 241-3230.

Circle 67 on reader service card

adigital data
processor
E NOT A MICROPROCESSOR
II NO SOFTWARE REQUIRED
E PREPROGRAMMED AT FACTORY

Select " K's" or
limits stored
at 29 Addresses

Program Annunciator
(LED indicates
selected program)

Memory Recall Depress to display
contents at selected
Memory Address
Local Program
Select

The Keyboard Enter " K's" or limit
values into RAM

Stores keyboard
entry in RAM

The OP 70A closes the gap between individual digital measur-

THE NEW LOW
COST WAY TO:
• Accept digital data
• Accept and store
K values ( constants)
• Store and select
pre-programmed
equations
• Solve equations
• Deliver visual solutions
with digital outputs

IT CALCULATES:
• WEIGHT
• FLOW
• MASS
• DEVIATION
• PATIOS
• dB
• RPM
e TOROJE
e AT
• AND MORE

ing instruments and computer- based digital data acquisition
systems. It accepts digital data from up to three separate
sources and operates on these data according to equations
stored in a plug-in Programmable Read- Only Memory. The
basic OP 70A stores from one to eight equations in a single
plug-in EPROM, but another may be added to double the equation storage capacity. The plug-in EPROM's let you keep an
unlimited number of programs on hand, with a choice of equations ranging from two- term addition to third- order polynomials.
If you need only measuring and calculeng power don't buy
mass memory or expensive software. Save time, trouble, and
money with a OP 70A. Call or write for detailed information.

(C ALIFORNIA
x

INSTRUMENTS

Ne

d i v i s i o n of
INDUSTRIES.

INC.

5150 Convoy St • San Diego, Ca. 92111 • ( 714) 279-8620
Cable: CALICO SANDIEGO • telex: 695047

Circle 68 on reader service card
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Plessey and Ferranti aim at designers
with several uncommitted logic arrays
The market in uncommitted logic
arrays ( tiLAs) should expand after
Plessey Semiconductors announces
a 196-cell device early in April at
the Paris components show. Like
chief competitor Ferranti Semiconductors, Plessey will soon bring out
several bigger and better oLAs.
Both manufacturers are aiming
these versatile devices at the many
designers who can profit from lowvolume custom circuits that cost less
for the combination of high speed
and low power consumption than
either complementary-mos or transistor-transistor logic. To be sure,
the logic arrays cannot compete
with TTL or c-mos circuits either in
straight speed or low power demand, but the arrays are limited
only by the upper speed requirements of rrt, Ferranti says.
Their versatility is what makes
uLAs so attractive. Plessey's new device, for example, is a 14-by- 14
matrix of unconnected cells on adiffused silicon chip of 147 by 154 mils
in which the voltage rails come up
through the substrate. Each cell consists of four resistors, one emittercoupled pair of transistors, and a
single transistor. As with Ferranti's
method, it can be interconnected
into custom logic patterns with only
one row of metalization.
Next. Near year-end, Plessey will
announce a 1,000-cell ULA made
with integrated injection logic. Like
the 196-cell device, it uses Plessey's
Process Three planar- processing
technology.
Ferranti plans to follow its threeyear-old 187-cell ULA with three
new ones made with its collectordiffusion-isolation technology. The
new devices are: a low-power version that needs only 10% as much
current as the 100 milliwatts at 5
volts of the present one; a highspeed 225-cell device due before
year-end, and, soon thereafter, a
500-cell version optimized in speed
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and power for microprocessor applications.
A ULA now available is equivalent to about 60 gates and replaces
some 40 TrL packages. Typical values are a gate delay of about 20
nanoseconds and clock rates of 10
megahertz for shift registers with
speeds up to 30 megahertz.
A designer, by obeying processdesign rules, can order alow volume

of random-logic devices and get
them into production within eight
weeks. In terms of cost, a buyer
would pay about $20,000 for the design, engineering, and production of
2,000 16-lead plastic-packaged ULA
circuits or about 400 40-lead ULA
circuits in ceramic packages. Conventional circuits would cost about
$40,000 for the design plus a minimum order for 100,000 devices.
D

Around the world
Sony memory tube has metalized target on glass
A memory tube being developed by Sony Corp. in Japan is expected to provide a better price-performance index than such memory devices as magnetic disks, semiconductor memories, and other tubes. The Sony tube,
based on the vidicon, is likely to minimize production costs because the
photoconductive target of the vidicon is replaced by a glass target with a
metalized pattern. The tube is 26 millimeters in diameter by 200 mm long,
with asocket at each end.
Made of the same materials and by the same method as masks for fabricating ICs, the tube's glass wafer is much less expensive than the silicon
wafer of an earlier tube from RCA Corp., and precise dimensions are easily
achieved. The Sony target has a glass substrate with a chromium layer
about 0.1 micrometer thick. The pattern etched in chromium exposes
memory-surface dots or stripes of the glass substrate. For the stripe pattern, alternating clear glass and chromium stripes are 5gm wide.
The signal electrode for connection to the output is about 0.1 gm above
the glass memory surface. The image is stored as charges on the dielectric
of the memory surface. The glass wafer of an earlier Sony tube is about 2
mm thick, but an improved version has awafer 40 gm thick. Erasure speed
of the earlier tube is slow, but it has been cut to less than half the time—two
or three TV frames— in the improved one, which also has better controls.
UK plasma etch system cuts costs, saves time
A plasma process developed by the Standard Telecommunication Laboratories in Harlow, Essex, and funded by the UK Ministry of Defence, overcomes several deficiencies in earlier plasma processes. What's more, the
process is five times faster than chemical etching, and the plasma gas costs
only 1% as much as the chemicals for wet etching.
The process, called Plasmatrode, not only etches silicon dioxide and
aluminum, but can handle such materials as silicon nitride, polysilicon, tantalum, molybdenum, tungsten, and multimetal structures. Etching rates can
be chosen precisely for the various materials and combinations. The system
comes in a $30,000 manual system and a $36,000 automatic model—about
20% higher than comparable acid-chemical units.
The process will be introduced in early April at the Paris components
show and in September at the Wescon show in Los Angeles by Electrotech
of Abercarn, South Wales, which makes the equipment under license. Plasmatrode will be marketed in the U.S. by E.T. Equipments, Commack, N.Y.,
and E.T. Systems Inc., Santa Clara, Calif. Wafers are etched by aglow-discharge plasma between radio-frequency electrodes in avacuum chamber.
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How to be sure
what your display
is really displaying.
As a sensor of light there's no
substitute for the human eye. But
when it comes to objective measurements of brightness level,
color, uniformity or resolution of
CRTs, alpha-numeric displays,
LEDs, LCDs and light sources,
it's another story. For that the
eye needs help. And that's where
our single-purpose, low cost lightmeasuring instrument comes in:
The Spectra' SpotMeterT".

telephoto or for micro measurements of light sources — as small
as 0.010" in diameter—for brightness ( luminance), contrast, uniformity and relative color coordinates.

High Sensitivity

Look At It This Way

The Model UBD SpotMeter
features a built-in, highly sensitive photomultiplier tube, an eyeresponse filter, and advanced
electronic circuitry for maximum
stability and linearity.

The Spectra SpotMeter is aselfcontained, all-solid-state direct
reading precision photometer specifically designed to accurately
measure the brightness level of
all types of light sources— at distances from 21
/ " to infinity —
2
without any data correction or
changing of lenses.

Direct readout of brightness
(luminance) is in foot-Lamberts
(fL) , with full-scale sensitivity
down to 0.01fL. And calibration
of our UBD is traceable to NBS
— your assurance of accurate, reliable data.

and read the output. It's that simple. What's more, its unique seethrough optical system provides
100ri alignment accuracy and zero polarization error.

More To Measure
Available for use with our
UBD are optional interchangeable lenses and accessories for
measuring illuminance, color
temperature, MTF of displays,
and more. For those who need
the infrared response of a builtin silicon cell detector we offer
our SPRD model — a budgetpriced photometer/radiometer
designed to measure both visible
and infrared light sources from
375-1100 nanometers. And both
the UBD and SPRD models use
the same accessories.

Direct Readout

Models UBD and SPRD: CIE photopic eye response from 400 to 700 nanometers:
model SPRD includes radiome ric response from 375 to 1100 nanometers.
--
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Two-In- One Lens

Simple Operation

Behind it all is the MacroSpectarTM, a high-resolution, low
flare, precision-ground lens that
lets you use the photometer for

We all know how to use acamera. And the SpotMeter is just as
easy to operate. All you do is
aim at the light source, focus,
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But you don't have to know a
lot about our accessories right
now, as long as you know they're
there when you need them. Meanwhile there may be a lot more
about our Spectra photometers
and radiometers you ought to
know. For full technical data,
write or call us, collect.

(®
PHOTO

RESEARCH

A Division of Kollmorgen Corporation

3000 No. Hollywood Way, Burbank, CA 91505
(213) 849-6017 • Telex 69-1427

The light measurement people
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International newsletter
Microprocessors

A direct digital control system, built around 12-bit Toshiba microproces-

to control steel

sors, has been ordered for autumn delivery to the Nippon Steel Corp.,
Japan's largest iron and steel manufacturer. At $750,000, the system,
which will have a supervisory Tosbac-40C minicomputer, about 130
loops, and a console with a picture-tube display in color, is by far
the largest microprocessor-based digital control system disclosed in Japan.
To be installed in a hot- strip mill in Nagoya, the Tosdic-200 system
is expected to provide more accurate temperature control and better fuel
economy in the five reheating furnaces than the present analog system.
The control can be easily expanded, altered, or tied into a computer
hierarchy. The microprocessor controls amaximum of eight loops.

furnaces in Japan

Microprocessor
sales predicted
high in Europe .

•

•

.as games boost
UK microprocessors
to vigorous sales

Italians double
ca
',
y of PCM
speech links
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Sales of microprocessors in Western Europe will increase more than 35-fold
during the next decade, predicts West Germany's Siemens AG. From this
year's level of around $21 million, sales will climb to $ 155 million in
1980 and then leap to nearly $800 million in 1985, forecasts the Munich
firm. West Germany is expected to gobble up about a third of total
West European consumption: $6.6 million this year, $55 million in 1980,
and about $260 million in 1985.
Siemens, West Germany's largest electrical/electronics producer, is
determined to cut itself in for abig share of the market. The company
is now marketing its own microcomputer circuits and others designed
by Intel Corp. in the U.S. It has established amicroprocessor applications
and software training school in Munich and plans to set up consulting
offices throughout Europe and possibly overseas.

Games will boost the microprocessor market in the United Kingdom faster
than had been expected, predicts National Semiconductors UK Ltd. The
company, which now is marketing acomplementary-MOS home-television
game, will follow that with one based on its SC/MP microprocessor. In
addition, amusement-parlor games similar to " one-armed bandits," also
based on the 8-bit p-channel device, are slated to go into production this
summer in a market forecast to be at least 2,500 units. The SC/MP also
is scheduled for several other applications. The company is talking sales
of the microprocessor with 16 manufacturers and giving design support
to half of them. Price of the SC/MP drops from $40 to $ 10 in volume.

Engineers of the Italian telecommunications-equipment producer Telettra
have invented a way to double the transmission capacity of pulse-codemodulated speech links without any serious sacrifice in quality. The
Telettra team, headed by A. M. Molinari and F. C. Vagliani, can attain
the quality of transmissions at 64 kilobits per second when transmitting
at 32 kb/s. This increase in capacity is achieved by transcoding the usual
8-bit PCM sample into samples of 3 to 7 bits, depending on the number
of channels actually carrying speech information at the time.
A family of companding laws adapts the sampling to the transcoded
word length and the " short-term power," which takes into account the
different levels of voiced and unvoiced components of speech, for the best
signal-to-noise ratio. The work was reported at the 1976 international Zurich
seminar on digital communications early this month.
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Swiss prepare
di gital watches
for Basel fair

Germans establish
plant in Bulgaria

Japanese select
civil servant
to head VLSI research

UK company aims
electronic cash
register at U.S.

Watch for debuts of some new Swiss- made digital timepieces at the
upcoming Basel Horological and Jewelry Fair, which starts late in April.
Ebauches SA, which turns out some 85% of the parts used in Swiss jeweled
watches, has put three digital electronic modules into production, and
they'll turn up at Basel under several brand names. The Ebauches line
includes men's and women's versions of amodule with light-emitting-diode
readout and amodule with aliquid-crystal readout. To get into production
in a hurry, Ebauches has bought chip-production knowhow from
Hughes in the U.S. for $ 1.3 million.
At least one watchmaker plans to turn up at Basel with a watch that
uses a circuit concept pioneered by the industry's Centre Electronique
Horloger. This circuit uses a " loose" 500- kilohertz quartz crystal that is,
in effect, " corrected" by a frequency divider adjusted by a memory to
match the crystal output.

A plant to produce high- voltage selenium rectifiers, mostly for black-andwhite television sets, has been set up in Zepe, Bulgaria, by West Ger man
technicians of the ITT's Components group in Europe. Bulgarian specialists have been trained at ITT's passive-components facilities in Nuremberg, and agroup of German selenium experts have been active in Bulgaria.

With heavy government backing, Japanese computer companies are setting
up an organization that for the next four years will oversee development
of very-large-scale-integration technology for computers. Yssuo Tarui, a
noted researcher in the Japanese government's Electrotechnical Laboratory,
is expected to be appointed director of the organization. Other officials
of the company, plus 40 to 50 researchers and operating personnel, are
being selected from the country's five computer manufacturers and the two
development groups they have formed [
Electronics, Dec. 11, 1975, p.
56]. The laboratory will be situated in the new Central Research Laboratory
recently opened on the outskirts of Tokyo by Nippon Electric Co.
The budget is expected to be about $233 million, of which about
40% will be government subsidy. Research is to begin early next year,
and results are to be fed to member companies as and when they emerge.
Two key research targets are growth of large-diameter crystals and development of high-resolution pattern technology.

The U.S. market in electronic cash registers is about to be invaded by
a $2,000 machine built by Gross Cash Registers Ltd., Brighton, England.
The register is based on the CK114 microcomputer from American Microsystems Inc. The microcomputer consists of three p-channel MOS microprocessor chips, two I , 024- bit dynamic random-access memories, four
512- by- 12- bit read-only memories, and acustom input/output chip for the
character reader. The register provides programable tables for local sales
taxes and separates taxable and nontaxable items on sales checks.
Options include atape cassette for inventory control, a light pen to read
apatented bar code, and aconventional optical character reader.
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Amplifier- per-channel or
differential multiplexing.
System 620
now gives you achoice.
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Choosing the best multi-channel analog
ita acquisition system has always been a
ade off between the high performance of
amplifier-per-channel or the lower cost
differential multiplexing. Now System
:0 offers both! And whichever you choose
iu'll have acomplete analog to digital
ickage ready to plug into your computer,
ith specified end-to-end accuracy.

mplifier-Per-Channel Series 100
Amplifier-per-channel is the recognized
.perior technique for the acquisition of
w-level signals because of signal isolation,
w noise, high speed channel sampling,
gh accuracy, and low crosstalk.
In just 4short years, our Series 100 has
'come the industry standard. With
atures such as low pass active filters
lying selectable cutoff frequency,
imputer programmable input sensitivity,
id continuous analog outputs. And four
irsatile differential input amplifier
infigurations: low level, high level,
multaneous sample and hold, and ± 300
dt common mode.
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Differential Multiplexer Series 400
For high performance at alow price,
you can't find abetter differential
multiplexer than our Series 400. It has
programmable input sensitivities from
5millivolts to 10 volts. 10 kHz channel
sampling rate, and 120 dB crosstalk
rejection.
The solid state CMOS/FET differential
input switches are preceded by a2-pole
low pass filter for each channel which
reduces undesired signal frequencies and
superimposed noise. Time and temperature
drift is eliminated by auto-zero circuits
in the programmable amplifier.
Series 400 is perfect for either small or
large installations, with expansion to
2048 channels. Cost is about $55 per
channel and 256 channels require only
7inches of cabinet height.
Signal Conditioning Series 300
You asked for it. Now here it is. A
companion 620 unit which provides
transducer excitation and signal
conditioning. Series 300 has constant
voltage and constant current excitation.
Plug-in mode cards make it easy to
configure achannel for aparticular
bridge thermocouple, resistance

The price is right, too. About $200 per
iannel. And the system is compact —
channels plus control in 7inches of
ibinet space, expandable to 256 or
48 channels.
Circle 73 on reader service card

temperature device (RTD) or other types
of transducers. Programmable calibration
is standard and shares computer interface
with either the amplifier-per-channel or
differential multiplexed System 620.
The Essential Computer Interface
Today. ahigh speed data acquisition
system is only as good as its computer
interface. System 620 offers standard
interfaces to most computers, some with
Direct Memory Access, for high speed
data transfer. Or, if you choose to design
your own, our TTL logic simplifies the
task by including most necessary interface
functions right in the system.
For the whole 620 story — amplifier-perchannel, differential multiplexer and
signal conditioning — contact Neff today.
If you have an immediate requirement,
request our System 620 Users Manual —
30 pages of down-to-earth facts and figures.

FF

Instrument Corporation
1088 E. Hamilton Rd., Duarte, CA. 91010
Telephone: (2131357-2281

How much gold can new R1STON*
Phototape save you?
Perhaps, quite abit. We call
RISTON Phototape "the gold-saver"
because it eliminates wasteful plating
of busbars and robber's edges. And
that means less gold for the
reclaiming process.
RISTON Phototape also makes
more sense, since it uses the same
equipment as your RISTON dry-film
process. With aminor modification of
your RISTON HRL-24 Laminator, you

can increase productivity and reduce
the operating cost of your yellow room.
Ask your RISTON Technical
Representative to show you just how
much gold you can save with RISTON
Phototape.And you'll get an obvious
bonus in high- quality board work with
the sharpest lines of demarcation.
RISTON Phototape—another
innovation from Du Pont— brings the
accuracy of dry-film photo-imaging to

RISTON Division

lupoe
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your plating operation. It's part of
Du Pont's commitment to bring
increased productivity and higherreliability to your board-making
systems.
Call your Du Pont RISTON
Technical Representative today. Or
write: Du Pont Company, Room
25007, Wilmington, Delaware 19898.
'
Registered
Pat. & rm. Off. for Du Pont's processable dry
film photaresist system.

Probing the news
Analysis of technology and business developments
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Europeans nervous about F-16 shares
Belgium, Holland, Norway, Denmark see thei' $950 million
worth of electronics cont-acts for craft being whittlec away
by James Smith, McGraw- Kill World News
The arms deal of the century—the
sale of $2.5 billion worth of F-16
lightweight fighters to Belgium, Holland, Denmark, and Norway— bids
fair to turn into the arms squabble
of the century. And a good part of
the squabble centers on the electronics portion.
Contract negotiations between
General Dynamics, prime contractor for the airplane; Pratt and Whitney, maker of the engines; their
U.S. subcontractors, and European
companies have been under way
since January. Focus of the
scramble is an estimated $ 950 million ( in inflated dollars) of airborne
electronic business. That's more
than athird of the total co- production business that the four countries
may eventually get.
Mucn of the noise is normal precontract bargaining. But European
companies are also worried about
the possible effects of runaway inflation both on their eventual share
of the business and on their profits,
especially if they make necessary
capital tooling investments. These
are thought to be particularly onerous in Norway, which has the larg-
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est single dollar share of the offset
business.
The general view is that the problems will be ironed out in time for
contracts to be signed as scheduled
from April to July. Nevertheless,
David Lewis, chairman of General
Dynamics, recently called those
problems "extremely difficult," and
late last month the five-country
steering committee, which sets policy for the program, agreed to spend
most of March attempting to work
toward solutions.
Belgian fears. A lot of the concern
centers in Belgium. Industry there
expected to receive some $680 million in total offset business, of which
$205 million was estimated to be
electronics, exclusively components
for the F-16 radar. However, choice
of the Westinghouse radar over the
Hughes system in competitive bidding last November drastically reduced the anticipated per-unit cost
of the system from about $ 270,000
in the U.S. to about $ 160,000, according to Belgian sources. The figures for Europe are higher because
of higher production costs. As a result, the Belgian and Dutch indus-

tries, which sought out the radar in
last year's co-production planning,
claim their offset business on the radar is nearly halved.
What's more, say the Belgians,
production of most of the radar
must be divided among five companies. By agreement between the
two Benelux countries, the remainder of the radar—the transmitter
and antenna— is to be produced by a
single Dutch firm, Hollandse Signalapparaten, a Philips subsidiary.
This fragmentation of the business,
the Belgians say, increases the risks
of amortizing the investment
needed to carry out production of
the aircraft.
Meanwhile, the problem has become what one U.S. official connected with the program calls ahot
potato for the steering committee.
In the memo of understanding
signed last summer U.S. commitments tie the total dollar amount of
offset by fixed percentages to the
eventual costs of the airplanes. Consequently, lower components costs
reduce the total price of the aircraft
to the purchasing governments but
at the same time also reduce the
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dollar value of the offset. In other
words, while Belgian taxpayers
stand to get abreak on the lower radar price, Belgium's electronics industry gets less business than it originally estimated.
The shortfall in radar offset is one
of several delicate problems that the
steering committee must resolve before contracts can be signed. The
problem is complicated by the fact
that total offset for the Scandinavian countries—mainly electronics—
is comparatively low in percentage
terms, partly because of the effort to
pro-rate offset according to the size
of each country's airplane purchase.
This means that electronics involved
in ground equipment (which still
must be negotiated) may be used to
balance out compensation due to
the Norwegians and Danes and may
not be easily available to help fill
out business for the Belgian industry.
In addition, the co-production
plan set up by the U.S. Air Force
and the prime contractors with the
Europeans has to apportion much
of the work according to the various
countries' industrial capabilities.
The result is that most of the engine
business has been concentrated in
the sole engine assembler in the four
countries: Belgium's Fabrique Nationale. This firm expects to get
about $239 million worth of engine
business, including assembly and
testing of all engines for the European purchase.
Difficult search. Fokker of the
Netherlands and Fairey and Sabca
of Belgium will assemble respectively the Dutch-Norwegian aircraft
and the Belgian- Danish planes.
Thus, apart from the radar, most of
the electronics work has been reserved for Danish and Norwegian
industry. Finding electronics business to channel to the Benelux nations, should the steering committee
decide to do so, won't be easy.
Also before the steering committee is a complicated problem of
how to put cost differences between
the U.S. and European companies
on a comparable basis, to take account of factors like scale of production, transport costs, and govern-
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Working out the offset
The memo of understanding signed last fall by the parties involved in the
F-16 deal is acomplicated one. European industry is participating, for the
first time, right from the production development stage of a fighter craft.
Also, in another first, the four European nations involved will produce parts
of the planes ordered by the U.S. Air Force.
The memo is accompanied by aco-production plan based on 1,500 airplanes (650 for the U.S., 348 for the four European co-producers, the remainder to other countries). The guaranteed offset—that is, how much of
each purchaser's cash outlay will be offset by subcontracts to that nation's
manufacturers— is 58% of the 348 European planes based on atotal American and European purchase of 1,000. The minimum offset target for 1,500
planes, assuming 500 sales to other nations, ranges to 80%.
The offset figure on F-16 work hasn't been worked out to the last penny.
This can't be done until contracts are signed establishing costs and the
price of the European airplane. However, General Dynamics, the F- 16's
prime contractor, has estimated total offset for the four countries involved
at $2.1 billion. That sum would be broken down roughly this way:

Netherlands
Belgium
Norway
Denmark

Total offset Electronics portion
(in millions of dollars)
181
700
680
205
400
314
300
250

Planes ordered
102
116
72
58

In addition, the memo provides aflyaway cost per airplane of $6.09 million ( on the basis of 1,000 airplanes in 1975 dollars) for the Europeans as
compared with an estimated $4.5 million in the U.S. The higher European
price is accounted for by development costs and the expense of setting up
additional assembly lines.
ment aids. This is yet another of the
questions that has to be resolved in
order to determine if European
companies can meet contract requirements that they be resonably
cost-competitive.
Such cost differences were taken
into consideration in fixing the price
of the European plane at a maximum of $6.09 million. The estimated cost of U.S. versions is $4.5
million apiece. The higher European price is attributed to development costs, the expense of setting up
additional production lines, and
other charges. However, there is
some talk about dropping the European price about 7%, to around $5.7
million, once current bids have been
reviewed.
That cost review is also of some
concern to Belgian industry, which
is trying to persuade its own government to help reduce the risk in capital investment and the threat to
profits if options for some of the aircraft are not exercised during the
1979-1984 delivery period. For example, the Belgian companies argue
that American companies might get
the benefit of some nonspecific tool-

ing and infrastructure that's owned
by the Government but is made
available to industry, items that
could be used in other programs.
This, argue the Belgian manufacturers, might weaken European
competitiveness.
Agreeing on suitable inflation
forecasts is also aproblem. Inflation
in practically all four countries is
rampant compared to the U.S. and
makes the Europeans distinctly nervous. For example, it may affect
eventual sales to third countries.
Also, the U.S. requirement of
dual sourcing means there will
probably be an efficient U.S. producer available to take over any
work that becomes uncompetitive.
Once definite offset contracts are
signed, however, any shifts in production must be approved unanimously by the steering committee,
so that the affected government in
fact would have aveto. But there is
also apossibility that if costs get out
of line, the number of units produced in the high-cost country may
decline, reducing the job impact of
the offset and squeezing producers'
profits still further.
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Analog Devices introduces
less of aDPM.

I]

ANALOG
a/ DEVICES

When we designed our new line of second generation digital panel meters, we
had aclear objective in mind.
Give our customers less of everything.
Less of everything they don't want in
DPMs, and more of what they need.
Less confusion.
Like less confusion finding the exact
DPM they require. With six different second generation DPMs (three + 5VDC logicpowered and three AC line- powered) we
have the biggest selection available. And
each of them benefits from advanced
MOS/LSII circuitry, 31
/ ,41
2
/ or 43
2
/ digit
4
large LED displays, afull week of fai lurefree, power cycled burn- in, lower power
consumption and lower cost.

Less components.
But let's not talk In generalities. Lets
talk specific Analog Devices DPMs where
less is a plus. Take our 31
/ digit 5VDC
2

Model A02021 for example. Through the
use of MOS/LSI circuitry, we've been able
to cut the number of components in it b¡
42%. And irt doing so, chopped power
consumption by 42%. Decreased the
number of interconnections adding to reliability. Reduced ifs size to 3'W x1.8"H x
1.25"C. Ano dropped its weight to 4
ounces. That's why logic power is your
logicel choice for compact instrumentation Our line- powered version, AD2016,
offers similar advartages„ in its industryaccepted AC- powered package.
Less difficult to read.
Deal panel meters should be easy to
read. Get aglimpse of our logic- powered
43
/ digit AD2028 and line- powered AD4
2025. Like our other second generation
Analog Devices DPMs. they have displays
featunng big, high- intensity " light- pipe'
LEDs almostlwice the size of earlier ones.
Less cost.
Witti so much that s improved, you'd
expect to pay more for our latest DPMs.
Surprisingly, that's not the case. Our
logic-cowered 41
/ digit Model AD2027
2
and line- powered Model AD2024, for, instance, are priced 40% lower than their
first generation predecessors.

Less is more.
When is less more? When you specify
Analog Devices new line cf second generatiort digital panel meters. The real
company for precision measurement and
controL For complete facs, get the Designers Guide to DPMs. Analog Devices.
P.O. Box 280, Norwood, Mass. 02062.
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ANALOG
DEVICES

The real DPM company
East Coast: (617) 329-4700, Midwest:
(312) 894-3300. West Coast: (213) 5951783, Texas: (214) 231-5094. Belgium:
03 38 27 07. Denmark: 979599, England:
01/94 10 46 6. France: 686-77 60. Germany: 089153 03 19, Japan 03/26 36 82 6,
Netherlands: 076-122555 and representatives around the world.
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Solid state

1
2Lgetting asecond look
Bipolar technology encounters improving digital MOS
but finds role in consumer, custom, military, analog jobs
1111111111111111111191111
After two years of intensive preproduct development, the semiconductor industry is beginning to understand integrated injection logic.
Heralded in some quarters as the
answer to everything and disparaged in others as practically worthless, 1
2L. is staking out a position
somewhere between those extremes.
Indeed, ik has entered that hardengineering phase at several U.S.
manufacturers—notably Texas Instruments, Fairchild Camera & Instrument, and Signetics—that will
determine just how far and in what
products it will go.
Here then is the new wisdom on
ik's future:
• For consumer products, ik appears to be a solid large-scale-integration technique in watches, television circuits, organ chips, and
timing controls—wherever low-cost
digital functions are best combined
with linear functions on the same
chip. Already in production are
watch chips, countdown and deflection circuits, frequency synthesizers, organ tone dividers, citizens'
band radio circuits, telecommunications tone encoder and phaselocked- loop circuits.
• For custom circuits, ik is getting
into many applications ranging
from the processor chip in Texas Instruments' Teletext home data system to timing and control systems
for the auto industry.
• For military systems, ik appears
to be aperfect digital technique because it consumes little power and,
unlike other forms of LSI, can operate over the entire military temperature range.
• For in-house system applications,
ik is providing dedicated logic and
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cede this performance area to mos
products.
"We've never said that ik will replace MOS," says H. Dean Toombs,
the Texas Instruments assistant vice
president who serves as engineering
director for its Semiconductor
group. " It does, however, meet
c-mos head on; and, as a bipolar
technology, it has real potential in
its marriage to conventional bipolar
technology to implement functions
where there's no other way."
Finding its spot. Top makers agree that
That's why most of Ti's I2L prod1
2L,— like this random logic array from Bell—
ucts in development and in producmust play its own role, not replace MOS.
tion are either custom devices or
dedicated to a particular high-volmemory, such as the random-logic ume application, such as TV circuits.
circuits being built by Bell LaboraFor instance, several camera contories for equipment in data phone trol circuits, for several camera
systems and the fast static memories
manufacturers, have been in probeing developed by International duction more than a year, and the
Business Machines Corp.
ik watch chip that the firm's Time
• For pure analog circuits, 1
2L apProducts division used in solid-state
pears to be agood alternative to the wrist watches now is being sold to
new complementary-mos converter other watchmakers.
techniques.
An important consumer market
Undoubtedly, for a mere threefor Pt., will be in television receivers,
year-old, the technology has made a Toombs says, "where many times
dramatic impact. But the lingering the manufacturers would like some
question is whether ik will make it
high-quality linear devices, like op
as amain- line digital technology in
amps and sample-and-hold circuits,
the microprocessor and memory right on the chip." TI has been shipproduct area now dominated by
ping adigital-Tv-tuner kit, with cusmetal-oxide-semiconductor devices.
tom ik and TTL parts, to amajor TV
Here, considerable controversy still
manufacturer since last year, he
exists, chiefly because mos performadds. Also in development are stanance keeps chasing that of standard dard TV circuits built in 1
2L [
Elecbipolar devices. As examples, take
tronics, Dec. 25, p. 26], including a
the new two-level polysilicon mos
horizontal processor/vertical countprocess, which begot the 16-k dydown chip, which replaces multichip
namic RAM, and the new depletionand discrete versions of those demode logic techniques, which are
flection functions, and asingle-chip
spawning enhanced 8- and 16-bit
remote-control circuit that competes
microprocessors.
directly with c-mos. " In remote conBut ik designers willingly control, power requirements can be bet-
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IN 1970,WE SAID
WE WERE GOING TO TAKE OVER
IN DIGITAL VOLTMETERS.
At the time, it was not an
industry-shaking announcement. In fact,
there were afew laughs from our
competitors.
Technology-for-technology was still
king and everybody bought all the digits,
resolution, accuracy and features they could
squeeze out of their budget.
We listened. We made some
predictions.
A change was on the way.
While our competitors were touting
bigger and bigger boxes and more and more
digits, we were designing the new DVM for
adifferent electronics industry.
A little while later, we introduced the
Fluke 8000A digital voltmeter.
In 1972, it seemed awfully small in
comparison to our competitor's behemoths.
It only had 31
/ digits. It looked
2
different.
The industry's reaction caught
everyone by surprise.
Except us.
You could say the Fluke 8000A is just
now getting its legs and becoming the
performer we always intended it to be.
It's had to. Because of our
foresightedness, awhole new segment of
the DVM market emerged. Suddenly,
everyone was building alow-cost DVM.
Others now ask you to compare them
to us.
But they're sort of selective about what
they ask you to compare.
Problem is that the average DVM lets
you down in one performance area or
another.
Not the Fluke 8000A.
It's got overload protection for all
ranges. Twenty-six ranges of volts, amps
and ohms. Normal mode rejection of 120
dB with an unbalance resistance of one
kilohm. Auto zero. The best accuracy
statement of any 31
/2
digit DVM-0.1%
accuracy -±- 1digit.
It also performs, day after day. We'll
guarantee one year of accuracy on all key
parameters. Every unit comes with a
one-year, no-nonsense warranty. If
something does go wrong, we've got over 30
Fluke service centers that'll guarantee quick

They laughed.
turnaround on your repairs.
And while those other DVM's have
been scurrying to catch the 8000A, we've
been improving and adding important, new
options. Options that add additional
measurement capability to the basic
8000A. There's alow-ohms model with
0.001-ohm resolution. A high current

model for measurement up to 20 amps. A
milliamp-second model. An analog meter
model for peaking and dipping
measurements. A high voltage probe for 1
KV to 40 KV measurements, RF probes for
ac measurements to 500 MHz, aclamp-on
ac current transformer for 2to 600 A
measurements, rack mount kits, test lead
kits, dust covers and carrying cases.
So look at everything. Features.
Performance. Reliability. Options. Price.
There's areason the 8000A is the
world leader in DVM sales.
And to all those people out there who
are claiming this and that about which
DVM you should own, ask them why the
8000A leads in sales at $299.*
They won't laugh it off.
For data out today, dial our toll-free
hotline, 800-426-0361.
John Fluke Mfg. Co., Inc., P.O. Box 43210,
MountlakeTerrace, WA 98043
Fluke (Nederland) B.V.,
P.O. Box 5053, Zevenheuvelenweg 53,
Tilburg, Netherlands.
Phone: (013) 673-973 Telex: 52237
*Domestic price only.

STILL THE LEADER. 8000A DVM.
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All wrapped up in a neat little
package, our Model 510L is
an ultra-wideband RF power
amplifier whose wide range of
frequency coverage and power
output provide the user with the
ultimate in flexibility and
versatility in a laboratory
instrument. Easily mated with
any signal generator, this
completely solid state unit
amplifies AM, FM, SSB, TV,
pulse and other complex
modulations with a minimum of
distortion.
Constant forward power is
continuously available regardless
of the output load impedance
match making the 510L ideal
for driving highly reactive loads.
Unconditional stability and
instantaneous fail-safe provisions
in the unit provide absolute
protection from damage due to
transients and overloads.
This outstanding unit covers the
frequency range of 1.7 to 500 MHz
with a linear power output of
more than 9.5 watts and there is
no tuning.
For further information or a
demonstration, contact ENI,
3000 Winton Road South,
Rochester, New York 14623.
Call 716-473-6900 or
TELEX 97-8283 E N IROC

....

ENI
The world's leader
in solid state power amplifiers
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ter served by ik," Toombs points
out. " It can operate off a 1.5-volt
battery, instead of the 6 to 9 volts
that c-mos requires."
Also being developed are standard catalog linear parts, "mainly in
the area of analog-to-digital converters," and an 1
2L universal cathode-ray-tube controller that will replace the 100 to 150 transistortransistor-logic packages now used.
As for main-line digital products,
TI plans to have a family of standard logic and memory products.
Indeed, TI has 1
2L prototypes of a
4,096-bit static memory with atypical access time of 70 nanoseconds
and is also working on a high-performance version of its 16-bit 9900
microprocessor. Although the company won't pin itself down to amarketing date, these devices will probably go into production this year.
TI also is working on an enhanced
version of its 4- bit 1
2L microprocessor slice—the only standard
1
2L microprocessor that is on the
market.
It has just put a second-generation ik process into production,
but is unlikely to market it except
possibly in the form of a few military products. "Optimistic vendors
would say it's a 10-ns technology,"
Toombs says, "but in an actual circuit, with afanout of four or five, it's
more like 20 ns."
Instead, TI is cranking up its
third-generation process, which
bombs dubs "advanced PL." It will
go into production late this year.
To judge by devices in the laboratory, the average real propagation
delay will be 5 to 10 ns, says
Toombs. "We'll introduce aversion
of the 0400 4-bit microprocessor
slice done in the advanced process,"
adds the TI
High performance only. At Fairchild, however, 1
2Ldevelopment under Thomas A. Longo, vice president and chief technical officer, was
directed only into the high-performance area. " In my view," says
Longo, "PL. is the only really solid
bipolar LSI technology. But being a
bipolar technology, it should be
used only where bipolar performance is required. That means memo-

ries operating under 100 nanoseconds and LSI logic with
propagation delays of 10 ns or less.
The worst thing you can do is to try
to simplify injection logic to the
point where it is competitive with
mos costs, because then you end up
with mos performance and we already have a very powerful mos
technology."
Fairchild is backing up its contention that 1
2L is a high-performance
technology with a4,096-bit dynamic
memory that it hopes will be in production this year. Aimed at the market in add-ons and very fast mainframes, the device has an access
time of less than 100 ns that will
make it the fastest 4-k dynamic RAM
on the market.
Even though this type of device
will cost somewhat more than 4-k
MOS RAMS, "users who need this
performance will be willing to pay a
modest premium," says Longo.
Other high-performance 1
21, devices
due from Fairchild are several LSI
parts for its new Macrologic family,
such as an 1
2L program sequencer
that the company described at last
month's International Solid-State
Circuit Conference.
On the other hand, Signetics
hopes 1
21.. will enhance the performance of some of its existing products, such as the 2650 8-bit mos microprocessor, as well as some highperforming mos RAms and Roms.
The firm's designers already have
laid out an ik version of the 2650
processor.
In addition, Signetics has begun
to introduce the first of what it
hopes will grow into afull Ls! family
containing both ik and Schottky
TTL devices. Already entering production are a character generator/checker, first-in/first-out shift
register, a 16-by- 16-bit multiplier,
and several serial microprocessororiented memory chips [
Electronics,
Dec. 11, p. 29].
The latest in the Signetics largefunction LSI family is a frequency
synthesizer chip for telecommunications that operates in the 10-megahertz range.
CI
This article was prepared by Midwest bureau manager
Larry Armstrong and Senior Editor Laurence Altman
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HOW THE LEADER IN
DIGITAL VOLTMETERS PLANS
TO STAY THERE.
A while back, we got ahead start on
everybody else in DVM's. People bought
more of our instruments than they did the
competition's.
Nothing has changed.
We still have the lead because we
discovered afew things about the test and
measurement field. We learned some things
about developing new DVM's for the
changing electronics industry.
Above all, we learned, don't offer a
DVM unless it truly has value for the guy on
the bench.
That means value across the board.
Five- range AC/DC volts
to 1200V

only Fluke

Six-month calibration cycle

only Fluke

10,000- Hour demonstrated MTBF

only Fluke

Environmental capability
specified and defined

only Fluke

Full line of accessories offering
HI volts to 40 KV, RF to 500 MHz,
current to 600A

only Fluke

There's not much competition.
Not just one feature that's unique or
one lock-out spec, but an entire package
that makes complete sense and offers you
total value all the way around. Take specs,
for example. We publish very conservative
specifications. No one else does, but we
think it's important that the instrument
gives all the specs we've guaranteed. And
then alittle more. We feel that you ought to
get better performance than you expected
when you buy aFluke instrument.
So what should you expect in aDVM?
First, an initial low cost. But also alow
cost of ownership.
The Fluke 8600A sells for $549.*
But, even more important, the 8600A
has ademonstrated 10,000 hours MTBF.
We've fully defined and specified
environmental capabilities. And the
calibration cycle is 6months.
That's going to save you abundle in
cost of operation.
Without any sacrifice in specs.
Guaranteed six-month accuracy specs at
15°C to 35°C with an extremely low

A running start helps.
temperature coefficient. Five ranges each of
ac and dc volts to 1200V with 0.02% dc and
0.2% ac accuracy. Five ranges each of ac
and dc current ta 2A with 0.1% dc and
0.3% ac accuracy. Six ranges of resistance
to 20 megohms with 0.1% accuracy. AC
bandwidth to 100 kHz.
Autaranging through all ranges plus
individual range selection. Continuous

overload specified for all ranges/functions
with overload indication.
Features for flexible operation.
Environmental capability specified and
defined. Automatic zeroing. Low 7-watt
power consumption for reliability. And a
full line of accessories including 40 KV high
voltage probe, 500 MHz RF probe and
600 A ac current probe. A self-contained
rechargeable battery option.
And remember, those are
conservative specs for the 8600A. At $549.
A genuine value from Fluke.
Which suggests we plan on being the
leader in DVM's for along time coming.
No matter how much it upsets our
competitors.
For data out today, dial our toll-free
hotline, 800-426-0361.
John Fluke Mfg. Co., Inc., P.O. Box 43210,
MountlakeTerrace, WA 98043
Fluke (Nederland) B.V., P.O. Box 5053,
Zevenheuvelenweg 53, Tilburg,
Netherlands.
Phone: (013) 673-973 Telex: 52237
*Domestic price only.

THE INDUSTRY STANDARD. 8600A DVM.
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Probing the news
Industrial electronics

Aerospace firms make living easier
Grumman, Lockheed, United marketing energy- control systems
for buildings after doing the job in-house for their own facilities
by Ron Schneiderman, New York bureau manager

Cost-cutting energy- conservation
programs instituted by nearly every
major industrial complex in the
country during the energy crunch
have put at least two aerospace
firms—Grumman Aerospace Corp.
and Lockheed Electronics Co.—into
the business of energy control in
buildings. And a third one, United
Technologies Corp.'s Hamilton
Standard division in Windsor Locks,
Conn., is about to announce its entry into the field.
They all started the same way:
rising energy costs for their own
massive facilities spurred them to
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Armed with that data, Grumman
Aerospace officials formed the
Grumman Energy Program to provide aconsulting service for outside
clients, including state governments,
private businesses, and public
schools. Since it went public in 1973,
says Tim Murphy, the operation's
program manager, Grumman has
completed over 50 major contracts,
and has identified total savings of
about $ 9 million at last year's
energy rates.
Most of what Grumman does is
fine tuning, says Murphy, usually
involving more efficient use of the
existing manufacturing and office
space and heating, ventilating, and
air-conditioning equipment. But
there's more in the works.
In the past few weeks, Grumman
began establishing a national network of distributors to market its
line of Sunstream solar collectors,
aimed at residential, commercial,
and industrial markets.
Panels. Sunstream is designed to
dump solar-heated water into the
original hot water heater to keep it
from drawing on public utility serinitiate in-house energy conserva- vices. Basically, it consists of aseries
tion programs to cut heating, venti- of 9-by-3-feet solar panels heating
lating, and air-conditioning costs. an antifreeze fluid that is circulated
Grumman used computer analysis through the heater. Two panels can
to uncover excessive energy use in provide up to 80 gallons of 150° F
the more than 30 buildings in its water aday. They are produced by
Bethpage, N.Y., headquarters. Grumman Houston Corp., awhollyWhen the first nine buildings were owned subsidiary of Grumman
modified, the firm estimates, nearly Aerospace.
a million gallons of fuel oil were
"Essentially," says Murphy,
saved each year. Coupled with a "we're still aconsulting service, but
projected annual electricity reduc- if someone uses alot of process hot
tion of 16 million kilowatt hours, the water in his plant and we think we
total energy savings represent can save him some money with our
enough oil to heat 1,200 single-fam- solar collector, we'll recommend its
ily homes for afull year.
installation. If another system will
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CAN THE LEADER IN
DIGITAL VOLTMETERS TAKE
OVER IN COUNTERS?
if we're going to take over in counters, we
just smile, shrug and keep on building those
great Fluke counters.
After all, we've only been at it 3years.

Well...
We've seen some surprising changes.
Last time we checked, for instance, we
were sitting in the number two spot.* Not
too bad for acompany that didn't begin
building counters until 1973.
But, then again, we had an advantage.
We knew what to do. We knew what it
would take to be aleader in counters.
Give the guy on the bench, or
building asystem, atop-performing,
Fluke-quality counter at aprice afew
hundred bucks less than he expected to pay.
An honest bargain is always abig seller.

Time Base Options

Frequency:

1000 MHz Prescaler
Covers 50 to 1000 MHz using a
scaling ratio of 8. Sensitivity is 15 mV
rms, and maximum allowable input is 5V
rms (fuse protected). VSWR less than
2.5:1 50 ohms for levels less than IVrms.
1250 MHz Prescaler
Covers 50 to 1250 MHz using a
scaling ratio of 8. Sensitivity is 20 mV to
1000 MHz, increasing to 40 mV rms at
1250 MHz. Maximum input 5Vrms ( fuse
protected), and VSWR less than 2.5:1 for
levels less than 1V rms.

10.00 MHz

10.00 MHz

Aging Rate:
(constant
temperature) <-1-.3x10 -1/mo. <.±- Ix10 -7 /mo.
Temperature
Stability:
20°C- 30°C -± 2x10
0°C- 50°C <± 5x10

Frequency Extension Options
520 MHz Prescaler
Covers frequency range of 50 to 520
MHz, using ascaling ratio of 4.
Sensitivity is 15 mV rms ( AGC).
Maximum allowable input is 5Vrms ( fuse
protected). VSWR less than 2:1 into 50
ohms for levels less than 1V rms.

OvenStabilized

TCXO

7

typ. -±- 3x10 -"typ.
<-± 1x10 -8

Line Voltage:
(-±-10%change)<-±5x10 -8 <-±- 3x10

7,ounters!

We know time.

But you can see. Take alook at the
unit pictured in this ad—you're going to see
alot more on the front panel.
And there are options. Time base
options. Frequency extension options.
System interface options. We're going to
have to send you information for you to get
acomplete idea of what this counter can do.
But it all starts with the $995 unit.
An honest bargain from Fluke.
And, meanwhile, when someone asks

For data out today, dial our toll-free
hotline, 800-426-0361.
John Fluke Mfg. Co., Inc., P.O. Box 43210,
MountlakeTerrace, WA 98043
Fluke (Nederland) B.V., P.O. Box 5053,
Zevenheuvelenweg 53, Tilburg,
Netherlands.
Phone: (013) 673-973 Telex: 52237
*Source available upon request
**Domestic price only.

We know frequency.
For example, abench/systems box at
$995** with the same programming
potential of counters selling $ 130 to $305
and even $640 more.
That $995 bargain is our 1953A
Programmable Universal Counter/Timer.
What does $995 buy? Here's agood
example of how we're changing the counter
market. The 1953A is designed for both
bench and systems use in frequency, ratio,
period(s), time interval and gateable totals
measurement. The basic box has a
frequency range from DC to 125 MHz at
sensitivities to 30 mV. Nine-digit LED
display. Full triggering control.

THE SURPRISING NEWCOMER I953A COUNTER.
Electronics/March 18, 1976
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Probing the news
do a better job, we'll recommend
that."
The flat-plate Sunstream panels
are priced at $995, but installation
could take the price up to at least
$1,400.
Grumman also has several devices under study by Underwriters'
Laboratories, including a module

that attaches to circuit breaker panels to switch lights or other electrical
equipment.
Lockheed Electronics' approach
to the energy conservation market is
built around its MAC- 16 minicomputer. About 3,000 MAC- 16s
have been sold by the Plainfield,
N. J., Lockheed Aircraft subsidiary— mostly for air-traffic control
and for control of power distribution.

You know our reputation in DC to DC
tecnetics

11 411
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o
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Wait till you see Tecnetics' new 400 Hz AC power supply
We earned a reputation with our line of
DC to DC power supplies. Now, we add to it
with anew 400 Hz AC power supply. Like our
28VDC power supplies, the AC model features extremely high packaging density, high
efficiency and reliability. Most important, it's
small, measuring in at only 4x4x2 inches and
weighing 36 ounces fully encapsulated.
These power supplies are designed to meet

the rugged vibration, shock, humidity and
altitude specs of the aerospace industry
(Mil- E- 5400). They also have separate,
remote error- sensing terminals to compensate for voltage loss, assuring that the
voltage level remains constant at the load.
Write for our 26- page catalog that gives
full specs and prices on these and over three
hundred other power supplies.

SPECIFICATIONS

3000 SERIES- DC TO DC

4000 SERIES- 400 Hz AC TO DC

Output Power
Output Voltages
Input Voltages

150, 100, 50, & 25 watt models
13 standard outputs from 5to 48V
28VDC or 48VDC
(48VDC only on 150 w units)

100, 50, & 25 watt models
13 standard outputs from 5to 48V
115VAC = 10%, 400 Hz
(Simple or 3phase)

(LL to HL) 0.3%
(
1
/
2 to FL) 0.1%
(NL to FL) 0.4%
0.01%/°C

(115V10%) 0.2%
(
1
/
2 to FL) 0.1%
(NL to FL) 0.5%
0.01%/°C

REGULATION
Line
Load
Load
Temp
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Based on the savings on its installations in Plainfield and at the
3- million- square- foot LockheedGeorgia plant in Marietta, Lockheed Electronics is setting up a national network to market and install
its MAC- 16 7600 computerized
energy-conservation system along
with an environmental- management software package.
However, the firm has decided to
concentrate on the medium-sized
commercial and industrial market.
Kenneth Wetzel, one of three engineering/marketing specialists concentrating on the new venture, says
typical customers will be a client
that could save $ 15,000 or more on
its monthly electric bill, or one
whose energy-control system will
pay for itself within two years. The
basic Lockheed Electronics system is
priced at about $40,000 without installation.
In use, it is part of a network of
remote sensors and actuators that
measure and control pressure, humidity, temperature, and other variables of the heating, ventilating, and
air-conditioning equipment in a
building. It can turn equipment on
or off and change the set points.
Lockheed also plans to sell some
systems directly. In fact, it recently
beat out IBM Corp., Honeywell Inc.,
Johnson Control Co. of Milwaukee,
and four other firms with its bid to
install an environmental buildingmanagement system for $ 63,800 at a
million-square-foot U. S. Postal Service bulk-mail facility in Kearney,
N.J. The company also supplies the
minicomputers with a private label
to ADT Security Systems. The New
York-based firm only recently began marketing an energy conservation service along with its long-time
offerings of security and fire-control,
all monitored from central stations.
United Technologies' plans aren't
clear, but the company has developed acomputer-controlled climate
control system at its Windsor Locks
facilities and is about to announce a
major contract that will be its entrée
into the business.
Although Honeywell leads the
field, it is concentrating its Delta
2000 and recently-introduced Delta
1000 software-based system on commercial installations—for climate
control and fire and security.
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WHAT WE DID FOR
DIGITAL VOLTMETERS, WE'RE
DOING FOR COUNTERS.
O.K. Wake up out there.
Fluke has got afrequency counter
design specifically for communications
—the 1920A. It sells for $860.*
We wouldn't bother you if it wasn't
worthwhile.
Let's face it. We've had to forge some
new ground to get agood footing in the
counters marketplace. When you're
coming up fast on the leaders, like we are,
you can't afford any ho-hum instruments.
Each counter gets alittle better. And, of
course, the guy at the bench benefits.
That's how it is with the 1920A
counter.
Some advanced LSI/MOS circuitry
gives the unit exceptional specifications.
And makes it alittle more portable. There's
a9-digit LED display, sensitivity to 15 mV,
AGC standard, and afrequency range of
5Hz to 520 MHz. Optional internal
prescalers to 1000 MHz and 1250 MHz
cover the UHF television, 900 MHz
telecommunications, and beacon bands.
Frequency Extension Options
1000 MHz Prescaler
Covers 50 to 1000 MHz using a
scaling ratio of 8. Sensitivity is 15 mV
rms, and maximum allowable input is 5V
rms (fuse protected). VSWR less than
2.5:1 at 50 ohms for levels less than
1Vrms.

But you knew that, anyway.
Measurement delays have been
eliminated. A rapid-access gate free runs in
the absence of input signals. It's in position
to open the gate for the selected gare time as
soon as asignal is sensed. An auto-reset
circuit initiates anew measurement every
time any front panel switch is activated.
The first measurement obtained is always
correct.
In addition to normal frequency
measurements, there's aburst function.

The unit measures RF bursts of greater
duration than the selected gate time. To
avoid erroneous reading, the display is
automatically reset to zero if the burst width
is less than the gate time selected.
An optional resolution multiplier
coherently multiplies audio tone signals by
1000, providing aresolution of 0.001 Hz in
1sec.
But now that we've got your
attention, the 1920A really doesn't seem so
surprising, does it? Really, it's something
you sort of expect, when you come to think
about it.
Another great instrument from Fluke.
As far as we can tell, it means two
things. A promise to you that Fluke is giving
their full attention to counters.
And alot of worry for our competitors.
For data out today, dial our toll-free
hotline, 800-426-0361.
John Fluke Mfg. Co., Inc., P.O. Box 43210,
MountlakeTerrace, WA 98043
Fluke (Nederland) B.V., P.O. Box 5053,
Zevenheuvelenweg 53, Tilburg,
Netherlands.
Phone: (013) 673-973 Telex: 52237
*Domestic price only.

1250 MHz Prescaler
Covers 50 to 1250 MHz using a
scaling ratio of 8. Sensitivity is 20 mV to
1000 MHz, decreasing to 40 mV rms at
1250 MHz. Maximum input 5Vrms (fuse
protected), and VSWR less than 2.5:1 at
50 ohms for levels less than 1Vrms.
Afew extras take you higher.
Direct and prescaled inputs are
color-coded to match their corresponding
function switches to facilitate operation.
The display incorporates full leading zero
suppression, automatic annunciation,
overflow, and aself-check mode which
lights all digit segments.
Then there are some features we're
really proud of—exciting to find in an $860
unit.

FOR COMMUNICATIONS. 1920A COUNTER.
Electronics/March 18, 1976
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BEFORE YOU GO BACK TO
THE BENCH, TAKE ALOOK M WHAT
YOU SHOULD FIND THERE.
Fluke spends alot of time paying
attention at test and measurement
benches across the industry.
Out of what we hear, we develop
new products.
Not just DVM's. Not just counters.
But also frequency synthesizers,
automatic test systems, signal generators,
calibrators, logic board testers, power
supplies, data loggers, digital
thermometers, ac and dc standards, and
differential voltmeters.
A company that listens so carefully,
probably has what you've been looking
for.

pF capacitance load. Long-term stability
is 200 ppm/ 6months, midband accuracy
is 0.02% overall, and response is afast
0.5 sec.
Both instruments are short-circuit
proof, fully guarded and interlocked.
Phase lock availability and quadrature
output are standard features.
The system interfaces easily with
almost any system. Field installable serial
and parallel isolated programming
options are available. This unbeatable
team goes to work for you for $8990*.

Basic counting.

Smart, but friendly.
The Fluke 6010A Signal Generator
incorporates amicroprocessor for
free-form entry of frequency in Hz, kHz,
or MHz. The unit stores and recalls up to

6010A Signal Generator

"I'll take one of those... no, that one! And
one of those, too!"
ten frequencies, modulation, and
attenuator settings by pushing asingle
button—afeature unique in signal
generation.
The microprocessor plays apart in
several other operations, including
automatic range selection and automatic
justification. You can automatically
justify the frequency entry on the 7-digit
LED readout to give the greatest possible
resolution.
But for all its sophistication, the
6010A is friendly. It's easy to use. For
example, you've got continuous tuning
with the Frequency Edit control—the
bright digit denotes the tuned decade.
The bright digit can be incremented and
decremented with complete carryover
and borrow capability across a10 Hz to 11
MHz coverage.
Put this intelligent, amiable fellow
to work for you for only $2495*.

Keep up the standards
on the bench.

1900A Counter

5200A AC Calibrator and 5205A Power Amplifier
For Informalen on the 6010A orcle 701
For demonstration on the 6010A circle 702

From Fluke. A fully programmable
ac cal setup with range, stability and
accuracy that's hard to beat for the price.
Together, the 5200A Precision AC
Calibrator and the 5205A Precision
Power Amplifier can calibrate ac devices
up to 1200 volts rms. The frequency
range is dc to 1.2 MHz. DC output of
±
-1600 volts is available. Maximum output
current is 200 mA. It will drive a1500

For information on the 1903A arcle 703
For demonstration on the 1900A cecle 704

For information on the 5200A circle 705
For demonstrated on the 5200A circle 706

A new Fluke multi-function
counter, the 1900A features autoranging
in both frequency and period modes, with
20% hysteresis to eliminate annoying
range switching. There's leading zero
suppression and autoreset in all functions
for easy and correct readings every time.
A large 6-digit LED display with
automatic range of 5Hz to 80 MHz.
Exceptional sensitivity of 25 mV
(typically 15 mV). Event counting to 10 6
counts. Signal input conditioning.
Frequency. Period. Totalize.
At only $375*, you could say we've
stayed close to the basics.

Shhhhhhhhhh
Are you doing NMR or microwave
spectroscopy? Be quiet about it. Use the
new Fluke 6160B Frequency Synthesizer
with the best signal-to-noise ratio
available and aguaranteed spurious spec
of greater than — 83 dB. A range of 1to
160 MHz with 1Hz resolution, and from
1to 20 MHz the spur spec is — 100 dB.
BCD programmable frequency control.
Switching speeds less than amillisecond.
Modular construction for custom
tailoring to your needs. And all of this
quiet costs $5895*.

6160B Frequency Synthesizer

For information on the 5205A orcle 707
For demonstration on the 5205A circle 708

For Information on the 61608 circle 709
For demonstration on the 61608 circle 710

against upset circuit behavior. No
calibration or routine maintenance.
DTL, UL, C-MOS, and HTL
compatible versions available. Operates
anywhere; portable case carries 36
reference IC's.
The TREN DAR 200 IC
TESTCLIP, with carrying case, manual,
Logic Probe Extension, 10 reference IC
sockets and 40 programming pins is
$395*.

Digital thermometers,
with options.

8400A, 8375A, and 8800A Digital Voltmeters

51
2/
digit DVM extravaganza.
Whatever you need in aDVM—
Fluke has it. We're the leader.
Let's say you need resolution to 51
2
/
digits. Look at these three instruments.
The 8800A is a ± 0.005%,
200,000-count bench DVM with 1pV
sensitivity. It's light and small, has full
guarding and autoranging, and sells for
$985*. Accuracy is aguaranteed±0.01%
for 90 days over atemperature span of 18°
to 28°C. Five ranges of dc volts from
+200 mV to + 1200V. Four ranges of ac
volts from 2V to 1200V. True 4-wire
resistance measurements on all ranges,
200 ohms to 20 megohms, with 3.3V
maximum open post voltage. 10,000hour MTBF. And overload protection of
at least 1000V on any ac or dc range, 250
V rrns or dc on any ohms range—the best
in the industry. A wide range of
accessories includes high-frequency
probes, high-voltage probe and clamp-on
ac current probe. An isolated printer
output option is available.
For systems applications, Fluke
offers the 8375A. Standard unit measures
5ranges of dc volts and 4ranges of
true-rms ac volts. Basic dc accuracy is
±0.003%. Basic ac accuracy is ± 0.1%.
Resistance measurements are made in 7
ranges from 10 ohms to 12 megohms with
100 micro-ohms sensitivity. Fluke's
patented Recirculating Remainder
A-to- D conversion technique with
autozero circuit provides reliable longterm accuracy and linearity. A quick
check of all measurement functions is
provided by the unique self-test feature.
Field- installable systems options include
remote control, data output and dc
external reference.
The 8400A is the same basic box as
the 8375A, with some different features.
To the capabilities of the 8375A add
±0.002% basic dc accuracy, plug-in ac,
resistance and ac or dc ratio options,
For nforrnabon on the 8400.0 orce 711
For demonstrabon on the 84000 orcle 712

switched filter for dc, ac resistance and
ratio, automatic settling or time-out
delays and serial or parallel data output.
Both instruments, the 8375A and
8400A, offer full autoranging, autopolarity, 20% overranging, pushbutton
selection and 10,000-hour MTBF.
Both sell for $ 2195*.

Fluke's new series 2100A digital
thermometers offer temperature range of
—320°F to + 3200°F with 0.1° resolution
in three models.
And they've got options for
maximum versatility.
Like an analog output in four offset
ranges, both linearized and isolated. The
linearized feature gives direct temperature
readings on astrip chart recorder with no
interpolation. And because it's isolated,
there', no worry about ground loops.

Got afault in your logic ?
Find it fast with the TRENDAR 200
IC TESTCLT.P. This complete
pocket-size test set replaces the three
commonly-used logic-checking
devices—logic probe, logic status display
clip, and hand-held IC comparator—for
half the price. Using FAULTRACK©, a
universal trouble-shooting procedure,
board imperfections, solder defects and
faulty IC's are easily found and displayed.
Testclip automatically tests digital IC's
in-circuit at megahertz rates. It
automatically locates IC faults and board
faults, and displays power status, logic
states, toggling, and failures by pin
number. Logic levels from 4.5V to 10V
are tested automatically without
adjustment. Waveform and timing
integrity is insured by intimate contact of
reference and test IC's. Minimized circuit
load high-Zand low-C inputs insure
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2100A Digital Thermometer

The 2100A has adigital BCD output
that monitors six thermocouple types
K, E, T, R and S) and two millivolt
ranges: 40 and 400 mV. The unit operates
from line, 12V dc or self-contained
battery pack (7hours off-line). And you
can expand up to 100 points with the
2150A option.
In addition, these units are rated for
aminimum 10,000-hour MTBF, have
excellent noise rejection and come in
tough, all-metal cases. Prices for the three
basic models are $795* ( 2100A-03,
single-point type), $995* ( 2100A-10,
multi-point type), and $ 1095*
(2100A-06, multi-thermocouple type).
*Domestic price only.
For data out today, dial our toll-free hotline,
800-426-0361.
John Fluke Mfg. Co., Inc., P.O. Box 43210,
Mountlake Terrace, WA 98043
Fluke (Nederland) B.V. , P.O. Box 5053,
Tilburg, The Netherlands.
Phone: (013) 673-973 Telex: 52237
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for your pulse-coded radar or particle accelerator
up to 15 Megawatts
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How to measure
ac signals accurately
M.H. van Erk and S. Rauch,

Philips Test and Measuring

Instruments. Eindhoven. the Netherlands. and Woodbury, N.Y.

The only true measure of the power capability or heating value of awave form is its root- mean-square value.
It is the only precise description of asignal's power and
therefore the only quantity that permits adirect, accurate comparison between the effects of dc and ac signals, regardless of wave shape.
The ability to make rms measurements directly is becoming increasingly important because of the growing
need to quantify nonsinusoidal wave shapes accurately.
When asignal is asine wave, or close enough to one, its
peak or average value can be measured and its rms
value extracted from that figure by asimple multiplication ( Fig. I). But often, the wave form is achopped or
otherwise distorted sine wave, arandom, noise-like signal, or otherwise nonsinusoidal, such as asquare, pulse,
or triangular wave form. Consequently, in power measurements involving thyristor or other chopper-type
controls, in telecommunications and audio noise testing,
and in digital circuit measurements, actual rms values
alone yield useful information.
Such information can be translated into lower manufacturing costs. For example, assume that a piece of
equipment must work properly even when the line voltage varies ± 10% from nominal. In production testing of
such equipment, an ac voltmeter usually measures the

AS

SF

output of an autotransformer that can vary the powerline voltage seen by the unit under test. But the measurement itself suffers adegree of uncertainty from the
combined effects of basic meter error and wave- form
distortion, and this uncertainty may reasonably be estimated at 5%— half the allowable line-voltage variation.
This means the equipment must be designed to withstand deviations of more than ± 15%, to allow for avoltmeter reading that is 5% low when the real deviation is
+ 10%. Such overdesign can be very expensive.
Sources of error
If the 5% uncertainty level seems high, consider how
much error measuring distorted sine waves with an rmscalibrated average-responding voltmeter adds to basic
meter error ( Fig. 2). When only 5% of the signal is thirdharmonic ( n = 3in Fig. 2), the additional error caused
by harmonic distortion is already more than 1.5%, and
this analysis doesn't take into account the effects of
higher-order harmonics or variations in the phase angles between the different frequency components.
Every time power goes through an iron-core transformer or works into anonideal inductive or capacitive
load, some harmonics are generated. The total harmonic distortion on a power line may easily be more
than 5% or 6%.
Another wave shape that can only be measured accurately by rms techniques is the kind of switched sine
wave commonly seen in power-control circuits such as
light dimmers. If the sine wave is switched off for 20%
of each cycle (a = 0.2 in Fig. 3), the average- responding meter will make a 10% error in its estimate of the
rms value, and this 10% must again be added to any
other sources of measurement error.
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Perfect wave. The average, peak, and rms values of a pure sine wave are related by constants, so one can be calculated from another
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Except in special cases, such as insulation testing or
certain magnetic measurements, where it really is essential to measure peak or average values, the most useful
way to describe an ac signal is by means of its rms
value—the amplitude that a dc voltage would need in
order to transfer the same energy as the ac signal in a
given period of time. The amount of energy, 3,E, dissipated in aresistor of value R when avoltage of value y
is impressed upon it for aperiod of time à,t, is given by
= (v2/R) At, arelationship first measured by Joule.
For voltages that vary with time, dE = (v2/R)dt.
The total amount of energy developed as heat in aresistor between t = 0and t = T is then:

ASRiV1S RMS RMS RMS RMS RfvfIS RM
6

5

4

cc
cc
cc

N 3

3
N = HARMONIC NUMBER

rT
E = (1/R)j v2dt
o

For aconstant or dc voltage, Vac:
(I/ R) f

v2dt = ( Vdc 2 /R)T

If the effective or rms value of avoltage yis defined
as the dc voltage that would produce the same amount
of heat in acertain time, then Vde = vrms and:
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2. Distorted. Average- responding meters cannot accurately measure the rms value of adistorted sine wave. Here, the error is plotted
as afunction of increasing distortion for three odd- order harmonics.
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as shown in Fig. 1
Calculating the rms value of awave form that is more
complex than asine wave is usually possible, but can be
tedious. For electrical signals, it is much simpler to use
one of the many rms-responding circuits available.
One method, called the analog computational approach, is to realize in circuit form the equation defining the rms value of awave form. Such acircuit squares
the input voltage, averages it, and extracts the square
root (Fig. 4). The signal under test is fed into both inputs of an analog multiplier, M I,the output of which is
then the square of the input voltage. An operational
amplifier, A1,has acapacitor C in its feedback loop so it
functions as an integrator. A second analog multiplier,
M2, is in the feedback loop of asecond operational amplifier, A2, so that the amplifier's output becomes the
square root of its input.
Analog computational converters can function as
fast-responding rms detectors, and the entire circuit can
be integrated onto a single chip. In addition, the integrating time may be changed by connecting external capacitors in parallel with capacitor C.
A similar rms-measurement technique requires that
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DISTORTION I" 1

3. Chopped. When an average- responding meter is used to measure the rms value of a sine wave that is switched off for part of its
cycle, the error made by the meter can be very high. If the signal is
cut off only 20% of the time so that a = 0.2, the error is 10%.
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4. Calculated. An analog computational circuit like this one can determine the rms value of awave form. Capacitors across terminals 1
and 2change the integrating time constant of the network.
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the input signal first be converted to its digital equivalent. The rms value of the wave form is then calculated
by digital techniques.
Two other methods apply the heating-value definition of rms. The traditional method for extracting rms
values of awave form is to amplify it, apply this signal
to aresistance, and use athermocouple to measure the
temperature rise of the resistance (Fig. 5). The dc output is proportional to the rms value of the input. The
problems inherent in this approach are many and well
known. For instance, the thermocouple is sensitive to
overloads and therefore frequently must be replaced.
Thermocouples are also nonlinear, and the instrument's
measuring circuits must compensate for this fact. The
output voltage is also very low, on the order of tens of
millivolts, so an accurate, high-resolution dc voltmeter
is required to obtain high accuracies.
A hotter approach

5. Thermal response. The traditional method for extracting rms values uses the definition that the rms value of a wave form is equal to
its heating value. The input signal heats up an element, changing the
output voltage of athermocouple so that the dc value of the output is
proportional to the rms value of the input.

6. Equally heated. This rms detector uses an inverting amplifier to
control the temperature of resistor

R2

and set it equal to that of R1.

When equilibrium is reached, the dc voltage at the output is proportional in value to the rms voltage at the input.
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A newer thermal method makes use of two resistors
plus feedback (Fig. 6). The input voltage heats up one
resistor, and adc voltage brings the other to the same
temperature. A pair of sensing transistors in a control
loop equalizes the resistors' temperatures so that the dc
control voltage is, by definition, equal to the rms value
of the input voltage.
This type of rms detector can easily be assembled into
ahybrid package. Here, the input resistor and transistor
are put on one silicon chip and mounted in the same
package as the resistor-transistor pair of the control circuit. To insure that the integrated circuits are as similar
as possible, two adjacent circuits from the same silicon
slice are selected during manufacture. They are not separated until they are mounted on a small glass plate
that serves for thermal insulation. Their placement in a
single housing helps cancel the effects of external temperatures.
Peak- or average-responding voltmeters that are calibrated to read the rms value of asine wave have come
into widespread use only because they are somewhat
easier, and therefore less expensive, to design and build
than are rms-responding meters. There are also some
applications in which some value other than rms is desirable. For insulation testing, for example, special
peak-detecting and -reading high-voltage meters are
preferable, and in some magnetic measurements the average value of awave form is more useful. Neither rmsresponding nor average-responding meters have as yet
been built that can match the frequency response of
peak-detecting voltmeters designed for high-frequency
measurements.
Meters that respond to the rms value of awave form
cost about 25% more than average-responding units.
But the premium is down from about 100% afew years
ago, so this factor is becoming less important. And the
premium paid for the benefits of rms capabilities is soon
returned by tighter and more economical designs resulting from more accurate measurements.
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How to choose and use
an rms meter correctly
by Fred L Katzmann
Ballantine Laboratories Inc., Boonton, N.J.

It isn't enough to appreciate the need for precision rootmean-square measurements and understand how to
make them. To make sure that a measurement is, in
fact, as accurate as possible, an engineer must choose
the best rms-responding meter for aparticular task and
use the instrument so that the its inherent accuracy is
not diminished by such extraneous factors as ground
currents, circuit loading, noise, and hum in the measurement setup.
The basic selection criteria—resolution, ranges, and
accuracy, for example—are the same for voltmeters that
respond to rms as for those that measure peaks or averages. But since higher accuracies are the reason for
making measurements with rms meters, the engineer
must also avoid some of the more subtle pitfalls—crest

SRIOS RMS RIMS RM

factor, bandwidth, and dc-coupling limitations—that
can cause errors that are meaningful in such cases.
The measurement of pulse trains or other asymmetrical wave forms with short duty cycles or duty factors—
the ratio of one pulse width to the period of repetition—
often presents signals to the voltmeter that have peak
values many times higher than their rms values. If the
peak of the signal overdrives the instrument, distortion
will be produced, and accuracy will consequently be
lost.
Considering the crest factor
Crest factor is defined as the peak value of asignal
divided by the signal's rms value, and the capability of
an instrument to handle the crest factor is ameasure of
its dynamic range. For a pulse train, the crest factor is
equal to
[( I /duty cycle) - /1
1/
2
For example, apulse train with aduty cycle of 0.02 has
acrest factor of 7.
Any rms-responding voltmeter can handle a signal
with acrest factor of 7, but it cannot always do so at full
scale. As the input-signal level increases, the crest-factor

1. Error sources. Bandwidth and crest- factor limitations in a measuring instrument may cause error. The uncertainty of the measurement
can be determined from these curves when the number of harmonics passed by the instrument and the crest factor of the signal are known.
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limit of the instrument decreases. If reading the rms
voltage of a pulse train with a crest factor of 7 at full
scale would overload the instrument and yield afaulty
reading, it would then become necessary to switch to the
next higher range and read down the scale- 10% of full
scale of the original range. In that situation, the capability of the instrument to handle the crest-factor is adequate.
Since the highest crest factors are allowable at low
percentages of full-scale readings, measurements with
rms-responding meters should be started at the least
sensitive range. Then, the sensitivity can be increased to
obtain greater resolution until the rms-value reading
changes when the instrument overloads. This procedure
reduces the possibility that input signal peaks will at
any point overload the instrument's amplifiers or rms
converter.
External attenuators may also be used to match the
crest factor of the input signal to aspecific point on a
given range of the instrument. The indicated value is
then multiplied by the division ratio of the external attenuator to determine the actual rms value of the applied signal.
A cause of error related to crest- factor limitations is

AS FIVIS

SRMS

AS F

the bandwidth of the instrument. If an ideal pulse train
having a 0.01 duty cycle and a 10-kilohertz repetition
frequency is applied to an instrument that has abandwith of 3 megahertz, the uncertainty in the indicated
rms value resulting from bandwidth limitations can be
calculated.
The crest factor- 10—can be calculated from the
equation above. The number of the highest harmonic
passed by the voltmeter is the bandwidth divided by the
signal's repetition frequency—the 300th harmonic. As
shown in Fig. 1, the uncertainty under these conditions
is 1.7%, and this percentage has, of course, to be added
to basic meter uncertainties.
Either by reducing the repetition frequency to 1kHz
or by increasing the instrument's bandwidth to 30 MHz,
the rms-reading error can be reduced to 0.17%. Increasing the duty cycle of the 10-kHz pulse train to 10% for a
crest factor of 3would reduce the uncertainty of measurement to about the same level, 0.15%.
Bandwidth

must be large

Large bandwidth is required to make precision measurements even when the pulse shape is not rectangular
and the transition time is an appreciable percentage of

2. Shape dependence. When the shape of pulses in atrain is not rectangular and the transition times are an appreciable percentage of the
pulse width, the measurement error is less than it would be for ideal pulses. The curves here are for signals with crest factors of 10.
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the pulse width. For example, if a pulse train has a
repetition rate of 3kHz, aduty cycle of 0.01 (crest factor
= 10), and atrapezoidal form in which the flat top is 10
times longer than the transition time, the uncertainty is
less than 0.1% only if the measuring instrument's bandwidth is greater than 1.5 MHz, as determined from Fig.
2. If the same pulse-train-transition time had been zero,
the uncertainty would have been 1%.
A selection factor that is appreciated even less is the
input-coupling of the instrument. An rms-responding
meter can be ac-coupled, but since the dc component of
asignal also contributes to the rms value, only those instruments that have direct coupling can measure the
true rms value of the complete signal. An rms voltmeter
that has only an ac-coupled input is not atrue rms meter, since it can never determine the total (ac + dc) rms
value of the waveform nor even whether or not the input signal has adc component.
Dc components show up more often than is commonly realized. Often they are small, so unless they are
of special interest, they can be overlooked. But for ac
measurements with less than 1% error, dc levels cannot
be ignored.
Dc levels are commonly found in power-control circuits that chop away part of asine wave to control motor speeds or perform similar functions. They are also to
be found in speech wave forms, digital-logic signals,
strain-gage signals and switching power supplies, as
well as in most pulsed signals ranging in applications
from electromechanical controls to such exotica as lighting studies.
The error caused by ac coupling in measuring acommon signal such as an asymmetrical square wave can be
calculated. The true-rms value of an asymmetrical
square wave is given by:
(1/2)112 X (y2 4. zy./2

Rrvs

AS RMS RUB RIVIS RMS RM

will read unwanted dc voltages, noise, and hum in addition to the desired wave form as part of the input signal.
Most techniques intended to eliminate such extraneous
signals are not new, but they are still worth mentioning
here.
For example, input test-lead capacity must be minimized to reduce loading of the circuit under test. Openwire test leads may add an input capacitance of 25 to 50
picofarads or more if the leads are twisted to minimize
stray pickup or are strung over a ground plane. The
loading factor of the total shunt capacitance may be determined from the relationship:
Xe = /
2 efeF
1
where f,is the frequency in hertz and F is the capacitance in farads. For example, a50-picofarad shunt capacitance at 1mHz has areactive loading of 3,180 ohms,
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3. Two- terminal measurements. When the source-ground and instrument- low potentials are the same, the resistance of the low test
lead is effectively canceled, and no unwanted ground- related voltages appear at the meter's input terminals.

where Y is the positive-going amplitude and Z is the
negative-going amplitude. If, for example, Y = 8 and
Z = 5, the wave form can be thought of as apure ac
square wave with an amplitude of 6.5 volts superimposed on adc level of 1.5 Y. An ac-coupled rms meter
would read 6.5 y, but the value measured by a dccoupled instrument—the correct value— is 6.67 Y. The
error, then, is approximately 2.5%.
The right answer could be calculated from the measured dc and ac components by adding their squares
and extracting the square root. The problem is that this
approach is not only time-consuming but also assumes
that the existence of a dc component is known in advance and that the voltmeter can extract the dc value
without error.
Beware of extraneous signals
After a high- accuracy true-rms voltmeter has been
purchased, its precision should not be wasted by sloppy
use. Especially when measuring signals with low-level
or high- frequency components, a true-rms voltmeter
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4. Ground loop. When ground potentials are not equal, noise may
appear as a voltage across the ground- lead resistance. If the measurement- low terminal is connected to earth ground, then most of
this current will flow through the low terminal to ground, changing
the reference-voltage level and causing measurement errors.
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5. Guarding against errors. A metal shield around an instrument's
measuring circuits increases its common- mode rejection by shunting ground current away from the measuring terminals and increasing the impedance between the measuring terminals and ground.

avery low figure when compared to the input impedance of the voltmeter itself.
To achieve less than 1% error from capacitive loading, the test-point source impedance should be less than
1/100 of the combined capacitive-loading impedance of
the voltmeter and test leads. The use of a high-impedance divider probe is recommended to minimize capacitive loading and to provide shielding of the input-signal
test leads.
At higher frequencies and when using long lengths of
cable, errors may be caused by time delays and standing waves in unmatched and unterminated lines. These
errors can be minimized by using amatched and terminated coaxial connecting system.
Allowing for ground current
Another common source of measurement error in
low-signal-level measurements is extraneous ground
current. This ground current is normally apower-line or
other frequency signal that is not part of the signal to be
measured, but flows in the ground-lead impedance.
This causes an unwanted voltage to appear along with
the signal at the input connector.
The effects of such ground currents may be reduced
or eliminated by anumber of techniques. One common
method is to employ twisted or coaxial signal leads that
are as short as possible or to use only one power- line
earth return for all the equipment related to a single
measurement setup. When connected in power lines,
isolation transformers with low interwinding capacitance, high series resistance, and shielding can break
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power-line and other low-frequency ground loops. In
another approach, operating the voltmeter or the rms
converter from an isolated and floating external supply
such as abattery can also help reduce unwanted signals.
Measurement errors related to grounding problems
can also be caused by common-mode signals. Such signals are unwanted voltages common to the high and
low input terminals. A floating input signal may have a
common-mode component relative to earth ground. Often this unwanted component, caused by grounding differences between the voltmeter and the voltage source,
is picked up from the ac power line.
The magnitude of common-mode voltages may range
from afew millivolts to hundreds of volts. Such voltages
cannot be eliminated by the instrument, but it is possible to make them flow around the measuring circuit
without appearing across the measuring terminals.
When a signal input is connected to a simple
grounded instrument, as long as the source ground potential equals the meter ground potential, no current
will flow other than that caused by the voltage to be
measured, and the instrument will measure this voltage
less any voltage drops across the input lead resistances
(Fig. 3). But when the ground potentials are not equal,
unwanted power-line-related noise signals may appear
as avoltage across the ground- lead resistance (Fig. 4). If
the signal-measurement low is connected to earth
ground in the instrument, most of this common-mode
current will flow through the low terminal to ground because of the high impedance from the high measuring
terminal to the low measuring terminal.
Measuring low signal levels
For accurate measurements at very low signal levels,
afloating input does not always yield enough commonmode rejection, and other techniques are needed for optimum precision. The guard terminal and its connection
with the instrument's circuits can provide such rejection.
The guard, a metal shield around an instrument's
measuring circuits, reduces common-mode currents.
This reduction, in turn, increases the common-mode rejection of the instrument by increasing the impedance
between the low-measuring terminal and case ground.
When the guard is connected to the reference low of the
circuit under test, common-mode currents are shunted
away at the source ( Fig. 5).
With four input terminals (high, low, guard, and
ground), the ideal input cable would be a doubleshielded, two-conductor cable with the outer shield connected to case ground and the inner shield connected to
the guard. The inner conductors should have low-noise
insulation and capacitances lower than 20 pF per foot to
the inner shield and to each other. In addition, the inner
conductors should be twisted to phase out any difference signals from external magnetic fields, which would
not be attenuated by the double shield. Such precautions may seem excessive, but they are necessary to obtain the savings attainable by true-rms measurements.E
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0 Reliability problems in power-semiconductor equipment are tackled in the same manner as any good circuit design—select optimum components based on
worst-case conditions, then back off to acost-versus-performance selection with which you can live. With power
equipment, this process must be carried out once for the
control and logic and again for the power circuit.
Part 1[
Electronics, March 4, p. 111] of this two-part
series discussed control and logic design, with emphasis
on noise, the biggest culprit undermining its reliability.
Now we move on to the rectifiers, inverters, and choppers that make up the bulk of power-semiconductor
equipment.
Phase-controlled rectifiers are found in lasers, research magnets, battery chargers, equipment for electrochemical processing, power supplies for computers or
mass-transit traction substations, and other types of
power-generation equipment. Rectifiers are available in
various combinations of dc voltage- and current-control
and polarity. Capacities range from afew watts to over
100 megawatts. When matched with dc motors, they
can be found in drive packages of up to 500 horsepower
(or more, in special applications).
Single-phase, two- pulse rectifier circuits can handle
loads up to about 5kilowatts; three-phase, six-pulse circuits up to 500 kw, and six-phase, 12-pulse circuits,
about 500 kw. The higher the pulse number of the circuit— the number of pulses present in the dc output voltage for each cycle of ac supply voltage— the lower the
harmonic feedback. In handling megawatts, harmonic
feedback to the utility can become aproblem.
Figure 1shows a typical three-phase bridge circuit
used as adc motor-drive. Six thyristors control voltage
down to zero, minimize ripple, and permit regenerative
braking (where the motor, with the field reversed, acts
as agenerator). Substituting three diodes for thyristors
2, 4, and 6 reduces costs. But there is no regenerative
braking, and, as the motor voltage drops, the ripple
pulse becomes larger in relation to the average motor
voltage. If there is no need for voltage control, diodes
can replace all six thyristors.
The voltage and current requirements for each arm of
the bridge in Fig. 1can be met with asingle thyristor
and diode or with multiple devices connected in series
or parallel. Of course, aseries connection may degrade
reliability, while a parallel connection may improve it.
In a dc motor drive, the transformer delivers the
proper ac voltage for rectification, isolates the dc terminals from the ac line, provides high impedance to limit
current surges, and attenuates harmonic feedback and
certain types of line-voltage transients. But the transformer is an expensive, heavy device. If possible, eliminate it. There are two sets available, in which the motor
operates directly on rectified three-phase power: 250and 500-volt dc motors operating from 230- and 460-v
ac sources, respectively.

Part 2

Designing reliability
into power circuits
Component selection and protection
for critical solid-state devices
pay off in heavy-duty service
by Alexander Kusko, Thorleif Knutrud,
and John J. Cain,
Alexander Kusko Inc.. Needham Heights. Mass.

Rating the devices
To design highly reliable rectifiers (or any powersemiconductor equipment), select power semiconductors rated to withstand the worst-case voltage, current,
and temperature conditions. Typically the initial selec-
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Power semiconductors in action. Two typical applications are ac
or dc motor-&-iye packages for machine tools and solid-state power
supplies for regulating low-to- medium-Power lasers.
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tion is subject to cost tradeoffs, resulting in acombination of lesser-rated power semiconductors and added
suppression devices that will handle abnormalities.
Worst-case voltage conditions for thyristors are the
peak forward and reverse voltages, and for diodes, the
peak reverse voltage. These peaks are equal to the sum
of the highest steady-state peak voltage and the transient voltages passed by the suppression devices ( metaloxide varistors or capacitors). Rather than using handbook formulas for peak voltages, sketch the worst-case
waveforms across the circuit and calculate the peak.
The formulas apply to specific sample configurations
from which the actual circuit may vary significantly.
Thyristors and diodes must withstand both the worstcase steady-state load current and the worst-case surge
current. Worst-case surge current results from adc side
fault. If parallel, individually fused diodes and thyristors are used, the worst surge current occurs when fuses
blow. The rest of the circuit has to carry the total surge.
To account for abnormal conditions, a safety factor
often is added to the worst-case steady-state voltage and
current. This factor will vary with the type of equipment. A typical rectifier circuit with transient voltage
suppressors that has no unusual overload requirement
will carry safety factors on its maximum ratings of 2.5
for voltage and 3.0 for current. These ratings should be
enough to handle all transients, but, as a precaution,
calculate the actual peak values and compare them with
the values based on the safety factors.
Introducing voltage suppressors and current protectors requires some thought, for they must be matched
carefully to the characteristics of the rectifying circuit.
With surge current, the designer must keep in mind
its duration as well as its magnitude, because the ratings
of diodes and thyristors are based on both factors. Duration depends on how the surge is interrupted. There
are three techniques, with all of them incorporated into
awell-designed circuit.
The fastest response is through suppression of the
thyristor firing signal, which prevents any further gate
pulses from getting through after the first half cycle.
Fuses may take longer to respond: for fast fuses, the
peak amplitude and duration of the surge can be calculated as if they resulted from a line-to-line ac fault at
the terminals of abridge. An ac line breaker may permit a surge as long as 50 milliseconds, but the actual
calculations are beyond the scope of this article.
For suppressing transient voltages, resistor-capacitor
snubbers, varistors, or both are connected to the transformer's secondary terminals or to the supply line when
there is no transformer. Each of these devices provides a
lower impedance path for the transient than the source
impedance, and each of them works equally well. In
general, selection depends on the specified safe voltage
for the semiconductor, the surge energy that must be
discharged, and cost.
The use of the transformer means the suppression circuit must be designed to handle the voltage transient
caused by switching the transformer on and off. Without a transformer, the protection must be designed to
handle voltage transients caused by lightning and by
switching in the distribution system that supplies the
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1. Motor drive. In this typical power-semiconductor bridge, six thyristors convert three-phase power into adc voltage across the motor.

equipment. The design for the transformer circuit also
will take care of these two additional kinds of transients.
In order of decreasing severity, the three types of
transient voltages produced by transformer switching
are:
• Interruption of the magnetizing current and discharge of the core energy.
• Interruption or application of the load current, causing ringing between the leakage inductance and any
secondary capacitance.
• Application of primary voltage with direct transfer to
the secondary through the interwinding capacitance of
the transformer.
A varistor or the capacitor of asnubber will limit the
first type. Varistors, which should be connected line to
line across the transformer's secondary terminals, are
selected to limit the peak secondary voltage for apeak
pulse of magnetizing current and to absorb at least the
core energy. The peak core energy expressed in joules is
Wm = I
o x VA x 1/377 where I
o is the per-unit exciting current and VA is the volt-ampere rating.
The key to selecting avaristor for agiven secondary
voltage is to choose the one with the highest average
energy dissipation that the budget will permit. The
higher the dissipation rating, the greater the suppression of the varistors and the lower the output voltage for
agiven peak current.
A resistance-capacitance snubber also would be connected to the line-to-line voltage Vo ( rms). The capacitance will absorb the core energy W. in cases when C
= W o.
)
/V o2(k - 1), where kis the safety factor applied to
the normal peak voltage of 1.4 V.
To damp ringing between this capacitor and the leakage inductance L, and to limit the discharge current
when the rectifier diodes and thyristors commutate, the
resistor in the snubber is necessary. For adamping ratio
of 1, choose a resistance approximately equal to
(L/C)'/ 2.
Transient voltages transferred through the interwinding capacitance, the final kind of transformer transient, can be suppressed typically with 0.01-microfarad
capacitors. These capacitors would be connected from
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TABLE

STRESS LIMITS FOR INVERTER THYRISTORS

Each of these calculated or measured parameters shall not exceed the
stress factor multiplied by the thyristor rating for that parameter
Quantity

SCR,

SCR,,
LOAD

Stress Factor
+

Working voltage peak forward and reverse
Repetitive peak voltage, forward and reverse
Non- repetitive peak voltage,
forward and reverse

0.5 max
0.7 max

Rate of reapplied forward blocking voltage

0.5 max

Average forward current*
Repeti t
ive peak current
RMS current

0.7 max
0.7 max
0.7 max

Rate of current rise during turn-on

0.5 max

Gate current
Gate power

2 min, 0.7 max
0.7 max

Junction Temperature, Calculated

[(Ti) max-401°C avg
[(Ti) max- 251°C peak

0.9 max

I

TSC R

4

SCR 2

(a)

SNUBBER

SCR,

I

7
1"

Cc

SNUBBER
'Fog guidance only. Actual current depends on junction temperatures.

the plus and minus sides of the rectifier to ground.
When there is no transformer, varistors and snubbers
can limit transient voltage in bridges and control circuits. Choose a varistor that will limit the peak surge
voltage at the peak discharge current. This current is
approximately equal to the peak surge voltage divided
by the peak surge impedance. Again, the higher the average dissipation rating of the varistor, the lower the
peak voltage that will pass through it. Experience has
shown that, at higher line voltages, the snubber is a
more cost-effective voltage suppressor than avaristor.
On to inverters
Low-power portable fluorescent lights, megawatt-size
uninterruptible power supplies, and metal-processing
equipment all use inverters operating at frequencies
spanning arange of 50 hertz to over 100 kHz.
Inverters require commutation circuits, which are susceptible to noise problems and transitional logic states
that can cause firing failures. If the commutation circuit
fails, it may result in a blown fuse or, even worse, a
wrecked inverter.
The important specifications for thyristors used in inverters are minimum turnoff and recovery time, di/dt,
dynamic thermal impedance, peak current levels, and
peak forward and reverse voltages.
Generally, thyristor turnoff times fit within arange of
from 8-10 microseconds for top-quality examples to
about 400 its for slower units. The reverse pulse voltage
applied during commutation must last at least the minimum turnoff time.
A thyristor usually is turned on by atransistor switch
and pulse transformer whose secondary is connected to
the thyristor's gate. As the thyristor is turned on, circuits
with low series inductance— as is often the case in inverters—experience an initial high rate of current
change. So di/dt must be limited. And the resulting
voltage transient seen by other thyristors in the circuit
must be damped. Also, severe thermal fluctuations af-
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SCR 2 7Y_

(b)

2. Switching output. Thyristors SCR, and SCR 2 close simulta
neously for the positive half- cycle output. Then they open, and SCR
and SCR 4 will close and conduct for the negative half cycle. The
diodes provide regeneration paths for the inductive load current
Only half the circuit is shown in ( b). the other half is symmetrical with
the load connected between the two diode midpoints.

fect thyristors when they are subject to acombination of
high di/dt and high current levels.
For high reliability, the thyristors must operate well
within their specified limits. Too often the stress margins have been reduced or neglected in favor of shortterm economy. The table lists a set of suggested stress
limits for good reliability. If the inverter is essential to
safe operation, adoubling of these factors may be appropriate.
Other components in the inverter circuit can affect
thyristor stress significantly. For example, in highpower inverters, it's common for apair of thyristors to
switch an output terminal between the positive and negative sides of adc source ( Fig. 2). This variation of acircuit known as the McMurray- Bedford inverter commutates one current-carrying thyristor by gating the other
(In Fig. 2a thyristors are depicted as switches.)
To optimize weight, size, and cost, the designer tries
to pick values of commutating capacitors and inductors
that will minimize the energy in the commutation process. This is particularly important in the circuit in Fig.
2, because most of the energy in the inductor is dissipated by the current circulating through the diodes.
(There are additional circuits for partial recovery of the
commutating energy, but they aren't shown.)
For any given value of the commutating capacitor
Cc, there is a minimum commutating inductance Lc
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tion of the commutating capacitance and inductance, which are a
function of Kc and KL.Ideally, these two constants should be selected from values somewhat to the left of minimum Kw .

that will yield enough commutation time for the thyristor:
Cc =
x Ii ,x t
o/
Es
Le = K1.x E5 X to/ IL
where Li,is the maximum load current that must be
commutated, t
0 is the turnoff time, and Es is the minimum dc source voltage. Kc and KL are constants selected from the graph in Fig. 3. Although the basic
equations for these constants are relatively simple, they
are transcendental. The graph has been plotted from
values calculated with the aid of acomputer.
For the inductor, the constant Kw in Fig. 3can help
figure peak energy, W = Kw x Es x I
L x t
o.
Peak energy will be least when Kw is minimum.
Since Kw changes little over a rather wide range of
K1„Lc can have afairly broad range for near minimum
values of W. The same rule holds true for Cc,because
Kc also changes little over the same range of KL.
But minimum peak energy is not the only criterion
for inductor and capacitor selection. The inductor must
carry the load current at all times; therefore it will dissipate significant I
2R losses. And the thyristors require an
initial reverse turnoff current, which decreases commutation time and requires added capacitance.
So pick an inductor with aconstant somewhat to the
left of the minimum Kw in Fig. 3 and acapacitor that
has somewhat greater capacitance than indicated by the
Kc curve. Because the peak thyristor current goes up as
the inductance goes down, the capacitor must allow
enough margin for the peak thyristor current.
Snubbing the problem
The primary purpose of a snubber is to prevent the
rate of rise of forward voltage through athyristor from
exceeding a specified limit. The most severe voltage
transients through a thyristor occur when other thyristors in the circuit switch, creating astep change in voltage. Often the thyristor manufacturer will recommend a
specific RC snubber circuit ( such as the one in Fig. 2b)
without mentioning series inductance, which must be
included for the snubber circuit to work.
This inductance Ls may be an inherent part of the inverter circuit, as with the leakage reactance of the commutating inductor Lc in Fig. 2b. In any case, make sure
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SNUBBER COMPONENT VAI IIFS (pH, ,r
,FAND ,=.!

3. Sufficient time. Commutation time depends on the proper selec-

200
300
400
THYRISTOR dc OPERATING VOLTAGE ( V)

4. Snubber variations. As the maximum operating voltage increases, the resistance, inductance and capacitance values required for adequate suppression will increase. Subscript numbers
refer to the di/dt design valves.

that it is included, and choose the resistors and capacitors in the following manner.
The required inductance can be calculated from the
equation Ls = E x ( di/dt)„,.. where E is the step
change in voltage and ( di/dt)„,.„ is the maximum tolerable di/dt. In Fig. 2, E = Es,the source voltage.
Once Ls has been figured, the designer can calculate
the capacitance Cs required to limit the dv/dt across the
thyristor and the resistance Rs necessary for good
damping of the circuit:
(dv/ dt) roox = E/(Ls/Cs) 1/
2
Therefore Cs -= E2/Ls x (dv/dt)max2
The damping ratio equals ( R/2) ( C/L)' 12 .Picking a
damping ratio of 0.5, agood compromise value:
Rs = (
Ls/esp./2
Note that a0.5 damping ratio will result in a30% overshoot after astep change in input and the thyristor rating must be compared against this peak voltage.
A word of caution also is necessary about the snubber
circuit in Fig. 2. When the thyristor is gated on, Cs will
discharge through it with a high di/dt. The designer
must insure that the thyristor can operate with agood
safety margin over the calculated values of Rs, Cs, and
voltage. If not, he must consider alternate snubber designs that will limit the capacitor discharge current.
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LOAD

COMMUTATION CIRCUIT
SCR 2
SNUBBER

Rs
Cs
Ls

5. Self-commutating. When SCR 3 is fired, the charge builds up ir;

6. Help from a diode. When SCR I fires, the load current travels in

Lc,reversing polarity of Ce and causing SCR 3 to turn itself off. For

the direction indicated. After SCR

clarity, snubbers are omitted from SCR and SCR 3.

commutates SCR I.For clarity, snubber is omitted from SCR 2.

Figure 4 shows the variation of snubber component
values with operating voltage E for two typical di/dt design values.

The circuit in Fig. 5 has a wider voltage range because there is no minimum on-time for charge reversal
of the capacitor. Also, because there is no need for the
same current pulse through SCR I and SCR 2 to reverse
the capacitor, the peak current is significantly lower.
However, since the circuit in Fig. 6has one fewer thyristor, it offers potentially higher reliability. Also the
commutation cycle is considerably shorter.
Many other chopper-circuit variations are used, some
of which can yield outputs from zero to the full supply
voltage. Considerations of peak voltage, peak current,
high di/dt, and high dv/dt are common to all.
The problem of peak voltage has been particularly
hard to solve in mass-transit propulsion, because of
high operating voltages ( up to 3 kilovolts) and high
peak voltage transients.
To meet high voltage requirements, designers have
used two or more thyristors in series with aresistor-capacitor snubber across each to obtain the proper offstate voltage. However, when series thyristors are gated
on, significant differences in turn-on time can prevent
the RC snubbers from providing adequate protection.
During commutation, the reverse current-pulses, which
may differ considerably among the thyristors, can give
rise to an uneven division of thyristor voltages.
With the following equations, the designer can approximate the peak voltage unbalances W I., caused by
turn-on time differences AT and storage differences AQ:

Chopping the power
Chopper circuits control loads supplied from fixed dc
sources such as the batteries of fork-lift trucks and the
third rails of rapid-transit cars. Two such circuits in
common use are shown in Figs. 5 and 6. In both, the
main load-carrying thyristor SCR I connects the bottom
end of the load to the negative side of the dc source.
The average dc voltage across the load is controlled
by adjusting the on-off ratio of SCR 1.When the thyristor is commutated, there is no longer apath through it.
The voltage across the load will reverse, and the current
will continue to flow through the load around acircular
path through diode DF as long as it is supported by the
load inductance LL.
In both choppers, the discharge of capacitor Cc commutates SCR i.The capacitor polarity and the load-current direction are shown for the start of the discharge.
Then the voltage across SCR I reverses, commutating
the thyristor. The load current continues to flow
through Cc until the polarity across it has reversed.
The main difference between the two circuits is the
method used to reverse the Cc charge before the next
commutation. In the circuit in Fig. 5, the commutation
cycle is started by firing SCR2, allowing the current to
flow as indicated. After commutation, SCR 3 is fired,
and current builds up through Lc,reversing the polarity
of Cc. ( Losses in this resonant type of circuit usually are
low, so the final voltage of Cc is very nearly equal to the
voltage before reversal.) SCR: then self-commutates as
the current tries to flow back through Lc.The chopper
now is ready for anew conduction period, starting with
the firing of SCR I.
The chopper in Fig. 6 also begins commutation by
firing SCR 2,with a buildup of current through Lc,
SCR 2,and SCR I back to Cc. After reversal is complete,
the current flows as indicated, commutating SCR I.
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fires, the current reverses and

AVp(RsX At/ L)(Es X [
n-1J/n)
for turn-on differences,
AVp = (
2 >< AQx di/ ‘11) 1/
2 Rs + 2Q/ C5
for storage differences, where L is the total series inductance and nis the number of thyristors in series.
These voltage transients force awell-designed thyristor string to have individual voltage ratings significantly
above those for single thyristors. High failure rates have
occurred when designers neglected to provide individual thyristors with adequate voltage ratings.
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Designer's casebook
M6800. The instruction in machine code (hex representation) is cE,20,FE, and the three bytes reside in three
consecutive memory locations. If noise from one of the
data, address, or control buses were to make the processor skip the CE, the next byte, 20, would be interpreted
as the operation code for "branch always," and then the
by James R. Bainter
Motorola Semiconductor Products. Phoenix, Anz.
byte FE would cause the processor to branch always on
itself—in effect locking itself up in aloop with no exit.
One way of restoring proper operation is to restart
If noise on one of its bus lines garbles an instruction se- the system by pulling down the restart pin. In the case
quence, a microprocessor system will operate in- of the MC6800, this means driving pin 40 of its lowcorrectly—unless monitored by atiming circuit such as voltage condition—ajob done by the circuit in Fig. 1.
the one described here. When the circuit detects a
The circuit is implemented with an MC3456 dualgarble, it generates a restart signal that causes the mi- 555-type timer. Timing portion T1 and timing networks
croprocessor to start its program all over again. The cir- R I,C 1 and R2, C2 generate a400-ms restart signal when
cuit also generates the power-on starting signal for the power is applied. During normal program execution a
system.
signal lead applies aperiodic pulse to T2. In Fig. 1this
Take the case of the M6800 microprocessor, which pulse comes from CB2,the number 2control lead from
employs instructions composed of three 8-bit binary section B of a peripheral interface adapter. But if the
numbers, or bytes. The first byte is the operation code— processor goes off into never-never land or gets stuck in
describing the task to be accomplished—and the second aloop with no exit, timer T2 causes T1 to generate areand third bytes, if required, contain either data or ad- start signal.
dress information. Now, suppose the hexadecimal numThe circuit operates as follows. Assume pin 5, the outber 20FE is to be loaded into the index register of the put of T1,is in the logic 0 (low-level) state. The pulses

Dual-555-timer circuit
restarts microprocessor

Vcc
+5 V

+5V

40

R1
1MS2
14

4

Is MC14572

10
5

2

RESTART
MICROPROCESSOR
M6800

1MS2

C
l
0.33 pF

0.01 pF

C6

1

0.1 pF

MC3456

F4

+5 V

1N4001

03

100 k.(.2

12

C
4

8

13

▪

19

II

c,

' , 10C14572

▪ 0.01pF

100 pF

,n
PERIPHERAL
L' >2 INTERFACE
ADAPTER
M6820

100 kl2

Ql
C3

2N3903
1
/
6 MC14572

0.1 pF
R5

R4
1kS2

100 S2

R6

+5 V

n2

10 kf2

2N3903

1. Generates a fresh start. Dual-timer circuit applies starting pulse to microprocessor and also restarts it if noise bursts or other troubles
cause it to get off program or stuck in a loop. Improper operation is indicated by absence of timing pulse to
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T2

from a adapter program.
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PA,

A
PERIPHERAL
INTERFACE
ADAPTER

Machine Code
(HEX)

Assembly Listing

8SWITCHES
PA 2
45 V

MC6820
PB

/

8LEDs
(MLED655)

TO C4 OF
FIG .l

MPQ3904
12 OUADSI

56 12
8/

MEMORY ADDRESS
S4004
S4005
$4006
$4007

PIA LABELS
PIAIAD
PIAIAC
PI A1BD
PIAIBC

CE 00

34

LOX #$0034

FF 40

04

STX

CE FF 34

LOX = SFF34

FF 40 06

STX

FE 40

04

09

START
DI

00— DORA; $34 — P1A1AC

PIAI AD
PIA1B0

LOX PIAIAD

$FF-4:10RB; $34 — PIA113C
CB 2LOW
SWITCH DATA TO X(HIGH)

DEX

26

ED

BNE 01

86

34

LOA A e$34

X=0 ??

C6 3C

LOA B #63C

F7 40 07

STA B PIA1BC

CB2 HIGH

B7 40

07

STA A PIAIBC

CB2 LOW

7C 40

06

INC PIA1B0

INC LEDS AT PIAIBD

BRA START

GO TO START ALWAYS

20

EB

2. Program listings. Automatic restart test program, stored in RAM, generates the pulse from the interface adapter. Switches connected to
PA 7—PA 0 are read into the index register ( X), which then decrements down to zero. Control lead CB 2 pulses, and then LEDs blink on in sequence if the microprocessor system is functioning properly. START *ollows four instructions programing interface adapter.

occurring on CB 2 will be coupled via capacitor C4 to
gate GI.Each pulse will appear inverted at the
output of GI,retriggering T2 and discharging C3 via
transistor Qi and G2. The transistor-gate combination
of Q2 and G2 insures the discharge of C3 is complete.
The pulse is 5microseconds long if the system clock frequency is 1megahertz.
When the C3 discharge current drops below 0.7 milliampere, Q2 turns off, turning off Qi and allowing C3 to
recharge. If no input pulse arrives within 10 ms, C3 will
charge up to 0.67 Vcc level, and output pin 9of T2 will
go low, discharging C2. When C2 discharges to 0.33
Vcc, T1 output pin 5will go high, generating a restart
signal.
A high-level signal on pin 5will also be presented to
NOR gate G1,causing T2 pin 8to go low. This resets T2
pin 9high, allowing C2 to recharge. When C2 recharges
to 0.33 Vcc, C1 will then recharge to 0.67 Vcc. T1 output pin 5will remain high until C1 reaches the 0.67-Vcc
level. Thus the restart (no pulse) signal will have aduration of RiCi or 300 ms. This long restart signal is
needed to turn on the power in aprocessor system that
uses crystal-controlled clocks.
The test program in Fig. 2 is stored in the system's
random-access memory. It generates the pulse on CB 2
and tests out the circuit shown in Fig. 1. It reads the
switches at the A side of the interface adapter and
places the switch data in the upper half of the index register, which it then decrements down to zero. Next, it
stores a hex 30 in the B side control register, causing
NOR

Timer IC stabilizes
sawtooth generator
by Frank N. Cicchiello
Geometric Data Corp.. Wayne, Pa.
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CB 2 to go high, followed by ahex 34, causing CB 2 to go
low. The combination of these two instructions has thus
caused a positive pulse on CB 2 that lasts for five machine cycles ( 5ps for a 1-MHz clock).
The program then increments light-emitting diodes at
the A side of the interface adapter, to give avisual indication of proper program execution. Then it branches
back to where the switch data is loaded into the upper
half of the index register.
As the higher-order switches are placed in the open
(logic 1) position, the index register will be loaded with
a larger number, and the program will take a longer
time to decrement the index register down to zero. Thus
the frequency of the pulses on CB 2 will be lower. With
the values of R3, C3 in Fig. 1, timer T2 will time out if a
pulse does not occur on CB2 at least once every 10 ms.
A real-life operating system would not use the test
program of Fig. 2 to generate timing pulses to T2. Instead the regular program residing in the system
memory would include the two steps that drive CB2
high and then low again. These would provide the pulse
that indicates proper operation of the program; if the
pulse failed to appear periodically, the T1 timer would
restart the program.
During system development, the output of T2 pin 9
can be used to generate other signals, such as interrupts
to print stack contents. This printout would be useful in
pinpointing the cause of system problems. The signal
could also be connected to acounter to record the number of system " hiccups" over agiven time period.
Ij

A temperature-independent audio-frequency sawtooth
generator that uses a 555 integrated-circuit time is
shown on page 109. Its sawtooth output maintains linearity within 1%, and its output is available from alowimpedance source that is fully buffered from the timing
circuitry.
The circuit is superior to the more conventional approach that develops alinear sawtooth by adding acon-
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If it weren't for its frequency response
of 30 Hz at 100mm,
its 99.65% linearity,
its pressure-ink writing,
its highest quality traces,
its fun range of plug-in conditioners,
its 12 chart speeds, and
its wide channels,
the GOULD/Brush 2400 would be like
most any other direct writing recorder.
But because of all this, it's the best
performing direct writing recorder on
the market today. When you see it,
you'll believe it. So call your nearest
Gould Sales Engineer today for a
demonstration. Or, for more details,
write Gould Inc., Instrument Systems
Division, 3631 Perkins Avenue,
Cleveland, Ohio 44114. Or
Gould Allco S.A., 57 rue St. Sauveur,
91160 Ballainvilliers, France.

m> GOULD
PHONE TOLL FREE TODAY FOR TECHNICAL BROCHURE ( 800) 648-4990.
1C8

Circle 108 on reader service card
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stant-current pump to charge the sawtooth-forming capacitor. Since VBE of the constant-current transistor
changes with temperature in a conventional circuit, a
corresponding change in its current would cause avariation in frequency of the output sawtooth. No such
change occurs in this 555 circuit.
Connecting pin 2 to pin 6 (trigger and threshold inputs respectively) of the 555 causes it to trigger itself
and free-run as an astable multivibrator. Consider the
circuit action after the ic's internal discharge transistor
(pin 7), having dumped the charge on the sawtoothforming capacitor C1 via R3,has become an open circuit
and allows CI to recharge.
Ci begins to charge through RI,R2, and R3 toward
the supply voltage \rec. For all practical purposes, the
change in voltage at the junction of R2 and R3 is equal
to that at the top side of C1.This voltage change is applied to the base of aDarlington-type emitter follower,
Qi. Since Qi has virtually unity gain, it couples this
same change in voltage back to the top side of R2.As a
result, the voltage across R2 remains essentially constant
during Ci's charging cycle and so produces the same effect (linear-ramping) as aconstant-current source feeding Ci.
Once the linear sawtooth signal at pin 6 reaches a
value of 3i v, the ic's internal comparator resets its flip-

flops. The reset again activates the discharge transistor
(pin 7), causing C1 to dump through R3;this action
causes anew trigger wave to be applied to pin 2, thus
repeating the circuit operational cycle.
Resistor R3 is required to slow down the negative-discharge slope of the sawtooth wave form. Resistor R4 is a
parasite suppression resistor for Q. C3 is a bypass capacitor on the voltage-control (pin 5) input of the IC,
which is unused in this circuit.
The component and frequency relationships can be
simply stated and easily implemented:
Ri=R2
R2 is equal to or greater than 10 R5
R3Ci is equal to or greater than 5 X 10--6 s
R4 = 1kilohm
R5 is equal to or greater than 100 ohms
RiC2 is greater than 10 R2Ci
f = 1/ Ci[0.75(R i+R2) + 0.693 R3]
As in the conventional exponential sawtooth generator circuit, the output frequency is independent of
variations in supply voltage. Typical performance data
is shown in the table.
Designer's casebook is aregular feature in Electronics. We invite readers to submit original
and unpublished crcuit ideas and solutions to design problems. Explain briefly but thoroughly the circuit's operating principle and purpose. We'll pay $ 50 for each item published.
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Linear, buffered, and stable. Sawtooth voltage generator, developed for CRT sweep deflection, uses 555 astable multivibrator. Emitter-follower arrangement of the transistor maintains charging current to CI constant for linear ramps and provides buffered low-impedance output.
Temperature- induced changes of VBE do not affect frequency. Table shows typical frequency characteristics; supply voltage can be raised
for greater output without changing frequency. In addition to the sawtooth wave form, a digital output is also available from 555 as shown;
this signal may be useful for triggering ascope, for example, but it is not necessary for generating the sawtooth.
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range of uses you can find for
Cambion connector products. Take
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Resistive insulated gates
produce novel
a-d converters, light scanners
by Maurice V. Whelan, L.A. Daverveld, and J.G. deGroot,
Philips Research Laboratories, Eindhoven, the Netherlands

El A simple variation of standard silicon-gate technology has produced extremely versatile arrays that
make novel analog-to-digital converters, analog type
displays, and light-pattern scanners. The arrays consist
of devices similar to standard metal-oxide-semiconductor elements, except that aresistive electrode structure replaces the normal metal insulated gate. This
structure permits avoltage gradient to be set up across
the ends of the gate and then manipulated to control
the transistors either singly or in groups.
One type of array, for instance, allows an analog voltage to regulate the length of acolumn of light-emitting
diodes. It can serve as arelatively cheap but reliable remote-controlled indicator of volume, tone and balance
in radio and television equipment. Extensions of the arrays have been used to produce sophisticated types of
analog-to-digital converters, which even at this early
stage offer 5-bit resolution, as well as light-pattern scanners up to 100 elements long, which are simple to operate and require no complicated clocking system.
In the conventional insulated-gate field-effect transistor, the normally metallic gate has an extremely low
resistance. The resistive insulated gate, on the other
hand, develops arelatively large potential gradient between its ends when a small current passes through it.
Polycrystalline silicon has proved admirable as a gate
material. If the gate is of uniform resistivity and if it has
a constant width and thickness, the voltage variation
along the gate will be linear.
The large potential difference between the gate ends
produces a corresponding variation in the surface potential along the silicon-insulator interface under the
gate ( Fig. 1). What's more, if the voltage gradient along
the gate is kept constant and the potential of the whole
gate is varied with respect to the silicon substrate, then
an inversion layer of electrons can be made to grow and
collapse along the surface of the p-type silicon under
the gate, effectively turning built-in IGFETS on. This action is the basic control mechanism that results in a
number of useful applications.
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Light-bar Indicator control
One simple but potentially useful application of aresistive gate is in regulating the length of abar-type indicator composed of LEDs ( Fig. la). The control element
is arow of IGFETS with acommon polysilicon resistive-
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Five bits. This chip implements aROM- type a- dconverter. At the left
are twin gates with 32 levels. The center part of the chip bears the
random-access memory, and the sampling gate is at the right
The device achieves ahigh, 5- bit resolution.
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1. Light bar. A row of insulated-gate FETs with acommon resistive gate controls the length of acolumn of light-emitting diodes. The number
of energized LEDs is controlled by analog voltage VI,which varies the length of the inversion layer under the gate.

gate electrode. Depending on the application, the sheet
resistivity can be chosen to lie between 15 and 8,000
ohms per square or more.
The operation of the array can be understood from
Fig. lb, which shows the variation of the voltage across
aresistive gate for one value of V1.Inversion exists under the gate so long as the voltage exceeds the threshold
value, VT.In the arrangement of Fig. 1
aeach n+ region
in turn links up to the common n+ region (shown
grounded) as V1 forces the inversion layer to advance
under the gate. This gradual turning-on is caused by the
voltage drop along the resistive gate and therefore
across the width of each n+ region.
In practice it would be better to avoid this gradual
turning on and off, particularly when alarge width-tolength ratio for each IGFET is desired. The solution is
the meander arrangement of Fig. 2, since the voltage
drop over each IGFET's active region now occurs across
only the relatively small distance between source and
drain.
The chip in Fig. 2 is 2 millimeters square and contains arow of 12 IGFETS ,each with awidth-to-length ratio of 1,000. The meandering polysilicon gate is 5 millimeters wide, and its underlying oxide is 1,000
angstroms deep. Its transconductance is 15 milliamperes
per volt, and its threshold voltage is 0.3 V.A resistance
between the gate ends of 10 lcilohms distributes V2
among the 1GFETs.
The spread in threshold voltage for the row of 12 IG FETS across a2-inch slice is less than ±-15 millivolts, and
the variation in the l0-k2 resistance less than 6%. A
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voltage of 9vacross the gate is enough to operate adisplay of adozen 20-mA LEDS,and 3v is enough for the
same number of 5-mA LEDs.
Lighting one lamp only
In some display applications, such as channel selection in receivers, acircuit must activate only one of several lamps in arow. Lamp choice depends on the value
of the analog signal applied to the selection circuit.
The twin-gate arrangement of Fig. 3a yields acircuit
of this type. Figure 3b shows the voltage across both resistive gates for aparticular value of input voltage. V3
regulates the overlap of the inversion layers under the
resistive gates. For the case shown, only one lamp at a
time is allowed to light up. When the analog voltage
changes, so does the position of the overlap and hence
the lamp which lights.
One interesting aspect of the twin resistive gate is its
selectivity and dependence on V3.Selectivity is defined
to be high when the ratio of current at agiven terminal
to that of the adjacent terminals is large. This ratio was
measured for values of V3 from 2to 4V. For each value
of V3, the input voltage VI was adjusted to center the
overlap region at terminal C in Fig. 3, abias was next
applied to terminals B, C and D, and the current from
each terminal to the grounded common source was
measured.
It was found that the ratio of the currents can be as
large as 4 X 103 at the optimum setting of V3 = 3V. In
general, avery large value of V3 gives alarge overlap
and relatively large equal currents through the three
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2. Wanderer. The light- bar control chip uses
a meandering pattern for its IGFETs to make
them as wide as possible. Each, in fact,
achieves awidth-tolength ratio of 1,000.

terminals, while avery low value of V3 gives no overlap
and no current flow through C.
The device described was developed to investigate
the feasibility of the twin-gate arrangement for selection, and all results are preliminary. The technique can
be applied to select one out of as many as 32 levels.

more than two, lines of the ROM can be addressed at
any instant. Otherwise, no output will be obtained from
the Rom for those values of the analog input voltages
that fall between two address lines—an unallowable
state of affairs, since it implies zero-digital output for a
finite analog input.
On the other hand, some analog voltages correspond
A ROM-type a- dconverter
to two address lines. Now if the Rom is programed in
An analog-to-digital converter can be built around a binary code, the digital output from the two lines adtwin resistive-insulated gate similar to the unit used in dressed will not correspond to the analog voltage. But
the pointer circuit. The schematic is shown in Fig. 4.
when aGray code is used to program the ROM instead,
A twin resistive-insulated gate, which is shared by a only one bit changes for each increment, and no false
row of IGFETS, selects an address line in a read-only intermediate codes will occur.
memory. The value of an analog input to the twin gate
The photograph on page Ill shows a 5-bit a-d condetermines which line it selects. The address lines are verter based on this principle. At the left are the twin
perpendicular to the output lines of the Rom. If a 1is gates with 32 levels; the resistance between the ends of
desired on an output line, this line is allowed to contact each gate is 61d2. A voltage of 12 to 15 v across each
the drain of an IGFET. The source of any such IGFET is gate is enough to select any one of the 32 levels. Smaller
grounded.
voltages are possible with thinner gate oxides and
Also shown in Fig. 4is asampling gate. This is an in- shorter source-to-drain distances. This device uses a
sulated gate (not resistive) that is common to arow of gate oxide of 1,100 angstroms and asource-to-drain disIGFETS. These have a common source, which is tied to
tance of 8micrometers.
ground, but separate drains.
There are two possible limits to the speed of operWhen the sampling gate is turned on, the address ation of the Rom-type a-dconverter. For one thing, the
lines are connected to the common source of the sam- resistive gates and the associated capacitances from gate
pling gate and are shorted to ground. This prevents any to oxide form adistributed RC network with its associaddress line from being turned on by the twin gate so ated frequency limitations. For another, it takes time to
that only when the sampling-gate is turned off will an charge aRom address line to avoltage large enough to
turn on its associated IGFETs. The second factor turns
output be obtained from the ROM.
Overlap of the inversion layers in the twin-gate ar- out to be the decisive one in limiting device speed.
Although the twin-gate system discussed has the adrangement is adjusted so that at least one, but never
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lection of one lamp out of a row. Varying V1
determines where the two inversion layers of
each gate will overlap, and varying

V3

(b)

deter-

mines the size of the overlap.

vantages of simplicity of construction, flexibility in adjusting the overlap between the inversion layers, and a
simple selectivity control by an external voltage, it does
suffer from some drawbacks. Two resistive gates are required with their associated driving voltages, some of
which must float with respect to ground. The extra voltage needed for selectivity control, particularly when one
ROM line is being selected at atime, is undesirable. The
input signal has to be split, half being applied to one
gate and half to the other gate. Furthermore, the variation of the input signal needed to scan the whole ROM
is directly related to the voltages applied across the
gates, so that an increase of selectivity and speed necessitates acorresponding increase in input signal. Further
work is required to overcome these problems.
A pulse-train a-d
Another type of a-d converter combines an array of
single resistive gates with abinary counter (Fig. 5). To
summarize its mode of operation, a voltage is applied
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across aresistive gate along with atriangular wave between the gate and the substrate. During each period of
the wave, achain of pulses appears at the output of the
resistive-gate array across resistance R. The number can
be regulated by an analog signal in series with the
triangular wave. If the pulse chain is fed to the counter,
its output is a binary equivalent of the analog signal.
The counter is automatically reset to 0 after each cycle
of the triangular wave.
The compensation gate in Fig. 5serves to suppress an
undesirable capacitive signal contained in the output
pulse train and caused by the flow of holes needed to
supply the inversion layer. A 5-bit a-d converter has
been successfully breadboarded that uses this circuitry
plus aresistive-gate array to produce 32 pulses.
A more detailed examination of Fig. 5 reveals that
the array consists of a row of p+ regions that are covered by a resistive-gate electrode but insulated from it
by arelatively thin oxide layer. A single p+ readout region lies parallel to the row and extends just under the
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TWIN- GATE SELECTION SYSTEM

RESISTIVE GATES

.4-- BINARY OUTPUT
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V2

V
READ-ONLY MEMORY
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o
CHARGES
ADDRESS
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SAMPLING
GATE
ADDRESS LINES

4. Analog-to- digital. The twin- resistivegate selection method can be combined with an IGFET ROM and an IGFET sampling gate to create
the 5- bit analog-to-digital converter shown in the photograph on page 111. V1 and V3 select the address line of the ROM.

gate, from which it also is insulated by an oxide layer.
V2 applies a voltage gradient of approximately 30v
per centimeter across the gate. Simultaneously, the
triangular wave is applied between gate and nsubstrate
(other waveforms can also be used). The wave causes
the whole of the gate to become positive with respect to
the bulk and subsequently sufficiently negative to invert
the nsilicon substrate.
Figure 5b shows the voltage distribution (in the absence of an analog signal) across the gate at various
times during the triangular wave's period. The gate becomes positive with respect to the underlying silicon between times To and T2 of the triangular wave's period.
As this happens, the p+n junctions become forwardbiased, and the oxide capacitance between the gate and
each p+ region becomes charged to more or less the full
voltage between that gate and the n substrate. (Of
course the oxide capacitance between the gate and the n
substrate will also be charged.)
When the triangular wave begins to decrease (time T2
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to T4), the p+n diodes are in their blocking condition.
Each p+ region can now be represented by two capacitances in series with the voltage between the gate and
the nsubstrate. One capacitance is formed by the oxide,
the gate, and the p+ region, and the other is due to the
junction between the p+ region and the nbulk.
As the gate voltage continues to decrease, condition 3
in Fig. 5b is reached. At this voltage, inversion is about
to occur under the right-hand end of the gate since the
gate-to-substrate voltage there has reached VT0 (
the
threshold voltage).
When inversion occurs, holes will be able to flow to a
p+ region from the readout region (grounded via R).
The effect is to short-circuit the p+n junction capacitance by means of R and to allow the capacitance of the
oxide between the p+ region and the gate to be charged
to the voltage that exists between the gate and the substrate where the p+ region is discharged.
The hole flow to the p+ region causes asignal to appear across R. As the triangular voltage continues to de-
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5. Pulse train. Active resistive-gate array, driven from gate to substrate by the triangular voltage plus the analog voltáge, produces a
train of pulses proportional to the analog voltage. This in turn is converted into a binary form by the counter. The compensation array
counteracts undesirable capacitive current.
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crease, other p+ regions will be sequentially connected
to the readout region by agrowing inversion layer. ( For
the case shown in Fig. 5, the layer grows from the righthand end.) A chain of pulses will then appear across R
as afunction of time.
The amount of charge that has to flow to each p+ region to discharge it depends partly on the magnitude of
its threshold voltage and partly on how positive the gate
over it becomes during the cycle of the triangular wave.
As Fig. 5b indicates, the charge flow to discharge ap+
region at position X is proportional to the voltage difference AC and therefore adifferent amount of charge
will be needed to discharge each p+ region—those near
the left-hand end demanding the most and those at the
other end demanding the least.
There are several ways of equalizing the charge flow.
One way is to use an extra masking step to construct p+
regions with a lowered doping level near the interface
between silicon and oxide. Consequently, where the
gate voltage becomes more positive than some moderately large value Vinv ,+, the negative charge at the surface of the p+ regions will be due mainly to an inversion
layer of electrons which can flow easily to and from the
surrounding nbulk.
Consider a
region at position X ( Fig. 5). As the
triangular voltage V1 at X drops from EA to EB, negative charge in the inversion layer at the surface of the
p+ region there will flow back to the surrounding n
bulk. But once the voltage becomes less than EB, the p+
region will, as before, become reverse-biased with respect to the surrounding n bulk. Then, when the gate
voltage at X becomes equal to the threshold voltage
VT0, the p+ region will be connected by an inversion
layer of holes to the readout region, and its equivalent
capacitance will be discharged. The amount of charge
that flows will be proportional to the voltage swing BC.
This value depends on VT0and Vi n,p+ —the value of the
gate voltage at which the p+ region begins to become
reverse-biased.
Voltage swing BC in Fig. 5is now independent of the
position of the inversion layer and alike for all the p+

p+
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because of the charge floss ne
contracting inversion layer. The tII I
e!1
increasing scan frequency and es ta.
1H
quencies can swamp the photo
ih.
signal can be eliminated from th e ourm
resistive gates and utilizing the diti;:rcnii;i
light falls on only one of the gates. Suc)
tends the useful scan frequency up to
Because this device operates in aphoi, ,.
it is inherently insensitive. 1o imprc; .
,
devices may be operated in an irit.egrmi.
1.„
The array of Fig. 5. for is inc.. ;.•; n
scan alight pattern if operated in an
Here, a row of p regions sits unis';
electrode but is insulated from it by an o Rle
acommon readout region. As the Yoltag,' on t
increasing, holes are injected from the p; re .:?1:•!t, Under
6. Double gates. A twin-gate structure is another method of obtainthe gate and are lost by recombination
its in
ing output pulses that are equal. GI discharges the p+ regions ane
the nbulk.
G2 reverse- biases the p+ regions.
When V1 begins to decrease I)-(im it.
(condition 2in Fig. 5), the p.
;
- regions hstgi
I,
regions under the gates. As aresult, achain of pulses of holes and to become reverse- biased with. :-e:pe e;t he
equal magnitude will be obtained across resistance R as surrounding n bulk. The demand for h‘ic-. a. It t•...tisthe row of p+ regions is discharged.
fied until the gate voltage equals'
Another method of obtaining equal output pulses is VT,, or unless light is incident on the array. fee \5 ace
to add a second gate, this time a charging gate that
AC is proportional to the time—integratio;1 pei•iod durpractically covers the p+ regions (Fig. 6). The resistive
ing which the region F is demanding hoic:, in;!
y2ns,gate now overlaps only one edge of each of the p+ re- five to light.
gions of the array and one edge of the readout region.
When apulseoutput resistive gate stritlar to the 32The array of p+ regions is simultaneously charged by element p+ array already considered
momentarily making the charging gate positive, then is scanner, its action is unlike most other h'.11t s,:a;incis
sequentially discharged by the resistive gate. A disadwhose outputs increase with incident mItt. With a r(,vantage of this special structure is that aseparate signal
sistive gate scanner, incident light cause:, adevie:is
is needed to operate the charging gate.
output pulse magnitude.
The same factors could limit the maximum scan rate
However, the output pulses for the p-•a.aa.
sit
of pulsed-mode resistive-gate arrays as could limit the
alike, and neither are the integration neri..;;I•
speed of Rom-type a-d converters—the formation of a come these drawbacks, the surface dogma. ie , ! he
distributed RC network by the resistive gate and the unp+ regions under the resistive gaie
derlying oxide capacitance, and the time needed to disficiently to allow an n- type inversion
charge the regions under the resistive gate. As before,
duced there when the gate voltage exce'ed:
the second factor is actually the dominant one.
low value. This, of course. was tisa to heh a the unequal output pulse: of t.ii se
Light scanners
verter.
A very simple type of resistive-insulated-gate device
Uncoupling integration time
designed for use in alight scanner is shown in Fig. 7. V2
creates avoltage gradient along atransparent resistive
ln both of the previous devices,
electrode, so that an inversion layer will advance or reperiod during which ar region is
treat along the surface as V1 goes respectively negative coupled to the rate of change of the
and positive. The electrode is made of 2-µm-thick poly- Total integration time for all p+ regions is reia;ed
the
silicon.
time it takes the voltage V1 to change fron:
T4 ( Fig. 5). But it is possible to uncouple
Assume a light pattern is incident on the gate electrode and changing at a rate that is slow compared to
time from the scanning time.
the scanning rate of the inversion layer. The part of the
In the device shown in Fig. S. the Ycliage
pattern that falls on the inversion layer causes aphotoalong the gate allows each r region in he r
current to flow through the resistor R, which connects quentially connected to the p-;
the
region to the nbulk. This photocurrent is propor- becomes sufficiently negative. As each i‘ •
tional to the total amount of light incident on the invernected to the readout region. it beeome's
sion layer. If the inversion layer is made to vary in
potential VB.After scan ning the row, ih.•
length with time, the differentiated output signal across creases quickly to zero and the row .of ;
R will be proportional to the light intensity at the exreversebiased and isolated from the rcacioe
tremity of the advancing or retreating inversion layer.
If light is allowed to fall on the row
Unfortunately, acapacitive current also flows into R sumed long compared with the time ne,.(ie‘i
CHARGING GATE

pi-
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7. Photocurrent. In this scanner

V2

creates the voltage gradient along the gate, and VIcauses the inversion layer to expand or contract. Any

light pattern that falls on the gate and hence affects the inversion layer causes aphotocurrent to flow through R.
8. Light scanner. In this gated-array scanner, the common p+ region serves as both the charging and the readout region. A specially
shaped voltage is used to sweep the inversion layer.
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9. Dual- mode. This special 100-element scanner operates in two
modes. When the switch is in the S1 position, the n+ regions are reverse- biased; when it is in the

S2

position, integration takes place.

p+ regions), the p+ regions will be discharged somewhat. Now when the row is next scanned, charge will
flow to each p+ region in an amount proportional to the
intensity of the incident light and the integration period. The output chain of pulses that appears across the
resistance should thus be related to the variation of the
intensity of the light along the row of p+ regions.
Although simple, this scanner has adrawback. As the
potential of the p+ regions varies with the variations in
light intensity, so also does the threshold voltage. This
could give rise to nonsequential scanning and a time
separation between output pulses that is no longer proportional to the spatial variation of the light intensity
along the array.
A redesigned array avoids this problem with abetterdefined current flow path from the readout region to the
p+ regions so that they discharge more rapidly. The new
unit was built during afeasibility study of the resistivegage scanning technique for relatively long arrays containing 100 or more elements.
The array is n-channel and operates in two modes
(Fig. 9). With switch Sin position 1, the n+ regions are
reverse-biased via an inversion layer. The inversion
layer is next allowed to decay. With switch Sset to position 2, integration begins, and the n+ regions are
scanned by applying the same signal as before to the
gate. The n+ regions are now sequentially discharged.
The greater the light intensity, the smaller the output
pulse for an n+ region.
Nonsequential scanning has been avoided in this array by ensuring that, during scanning, the n+ readout
regions are at the same potential as each other and in
effect act as IGFET sources by being at alower potential
than the light-detecting n+ regions.
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announcing
lhe inielligenlm cable
conlinuilay lazier wilh
new quick scan;
Short- Stop ll — an " intelligent" cable
tester with a urique high-speed
solid-state n-emory system which
self- learns the wiring data of a known
good assembly. Fixturing for different
connector types is economically
provided througn interchangeable
plug-in modules.
Short-Stop II provides three
different cable test functions all in
one tester at a price lower than that
of other testers with just a single
funct,on.
Function 1: NORMAL— A continuity test for opens, shorts and
miswires in cable assemblies.

Up to four different wire or cable
assemblies may be retained in
memory at any one time.
Function 2: SEARCH —An
identification mode which locates
wires, connector pins or termination
points when touched with the probe.
Speeds up production and reduces
errors.
Function 3: QUICK- SCAN — A
unique new feature to test cable
assemblies which are unterminated
or which terminate in terminal
blocks or other nonstandard terminal

devices. The operator probes each
point beginning with Point 1. The
tester will then automatically
sequence to Point 2 if continuity was
observed at Point 1. This test
sequence continues in this manner
until all points are probed. Upon a
failure, the unit automatically will
hold and display the failing point and
will not advance. The operator cari
probe in Quick-Scan' as fast or slow
as desired, with a xy!ophoning motion
down a terminal or harness assembly.
Call or write for a demonstration
in your plant'
"the best is hardly good enough'

I
special iesh produchs
STORAGE TECHNOLOGY CORPORATION
P0 Box 747, Broomfield, Colorado 80020 • Telephone ( 303)466-1916 — 469-2181

Circle 119 on reader service card

Engineer's notebook
Computer program reduces
fusible-PROM errors
by Shlomo Waser
Monolithic Memories Inc.. Sunnyvale.

A brief computer program written in Basic saves time
and minimizes errors in the fuse-blowing process used
to store information in a programable read-only
memory. The procedure for programing a PROM employs momentary current pulses to selectively open fusible links between diodes and the internal memory array. Thereafter, whenever an input address selects abit
with an open fuse, the output voltage is low (0 to 0.4
volt). When a bit with an unblown fuse is selected, the
voltage is high ( 2.4 v).
The machine used to blow these fuses selectively is
called aPROM programer, which usually has two operating modes—manual and automatic. Using the manual
mode entails a three-step operation after the machine
has been attached to the PROM:
• The address word is set on the address-line dials.
• The output word to be stored at that address is set on
the output-line dials.

• A button is pushed to make the machine blow the
fuses that store the output word in memory.
For example, if the PROM is required to have an output of 0110 when location 8is addressed, the operator
sets the address dial to 1000, sets the output dials to
0110, and pushes the "blow fuses" button. Then he repeats the three steps to store the next memory word in
location 9, and so forth.
Because use of the manual mode for PROMs containing more than 21,048 bits is tedious and highly susceptible to human errors, it is desirable to use the automatic mode whenever possible. The automatic mode is
typically interfaced to apaper-tape reader, which reads
in the tape containing the information to be stored. The
paper tape, which goes through all of the addresses in
order, applies the output word and blows the fuse for
each, at high speed.
Manufacturers who provide PROMS that are programed from input information on apaper tape specify
the format to be used. Monolithic Memories specifies
the tape format shown in Fig. 1. The letter S indicates
the start of the storage-instruction data, and the letter E
indicates the end of the whole procedure. The data is divided into fields (the output words). Each output word
is preceded by the letter B for begin and is followed by
the letter F for finish. The actual data to be programed
is either H for high voltage or L for low voltage. The use

%.1

ADDRESS A6 — 1
ADDRESS

A5

—

2

16 — V.. SUPPLY VOLTAGE

ADDRESS A.." 3

14

ADDRESS

-

E2

4

13 — E,

ADDRESS A0 —

5

12 —D 1 OUTPUT

ADDRESS A,
ADORESS

A2

—

ENABLE a dPROGRAM PIN

SIM,.

.DATA FIELD ( H = HIGH VOLTAGE, L = LOW)

7

END OF TAPE

FINISHED DATA FIELD

6

11

.- 02

OUTPUT *

7

10

'- 03

OUTPUT

GROUND GND— 8

•

BEGIN DATA FIELD

ENABLE

—

A3

-

START OF TAPE

15 — A, ADDRESS

1

44

SBHHLHF

9 — 0. OUTPUT

BHHHHF

BHLLHF

BHLLLFE

0 4 03 02 01

WORD 0

WORD I

WORD 2

*FOR EIGHT OUTPUT DEVICES, THE FORMAT IS 080706050403020 1

WORD 32
(OR 127,
255, ETC.)

1. Tape format. Automatic Monolithic Memories PROM programer is fed by a punched paper tape that gives the desired output word for
each input address in sequence. In this tape format, H and Lare used instead of 1and 0to avoid ambiguity of positive or negative logic.

01

ADDRESS WORD
(FROM DIGITAL
TIMING-TEST
CIRCUIT)

A0

MM6331

A1
A2
A3
A4

CE

LSB

02

7447

03

DRIVER

04

MAN 10

7SEGMENT
LED
DISPLAY

32 x8
PROM

05
06

7447

07

DRIVER

08

MSB

2. PROM at work. The PROM converts the output from the digital tester into a form suitable for input to the display driver. Text describes
how to generate atape for programing the PROM automatically. Note that output is in BCD to drive the two seven-segment displays.
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100
110
120
130
140
150
160
170
180
190
200
210
220
230

3.

!/ PROM -PROG /
INTEGER T,B,K
OPEN /FILE /, OUTPUT ,1
J=" 'B' 8W
F'/"! OUTPUT FORMAT
WRITE ON 1:" S"! START OF DATA
FOR I=0 TO 31! START OF LOOP CALCULATIONS
T=5+( I*3) ! CALCULATE DECIMAL VALUE
K=T/10
B=T+(K*6)!
CONVERT IT TO BCD
WRITE ON 1 IN FORM J:B!OUTPUT TO A FILE
NEXT I
WRITE ON 1:'' E
!END OF DATA
CLOSE 1
END

S
B00000101F
800001000F
800010001F
800010100F

S
BLLLLLHLHF
BLLLLHLLLF
BLLLHLLLHF
BLLLHLHLLF

810001001F
810010010F
81011.0101F
B10011000F
E

BHLLLHLLHF
BHLLHLLHLF
BHLLHLHLHF
BHLLHHLLLF
E

Basic program. This little computer program, written in Basic,

(b)

calculates the output data to be stored in the memory, which is given
by the equation T = 5 + (3 x l), where Iis the address location.
Results are converted into the format required by the automatic

4. Output. The output file, ( a) above, is from the Basic program,

PROM programing machine. Line 180 converts the representation to

while ( b) in the format of Fig. 1is obtained from (a) by use of the text

BCD code; thus, 98 is 1001 1000 ( i.e., the first 4 bits are the 9, and

editor. Each of the 32 data words represents two binary- code-deci-

the second 4 bits are the 8).

mal digits: the first word is 05, and the last word is 98.

of H and L avoids the possibility of confusion resulting
from using 1and 0, which have different meanings in
positive and negative logic.
The program is punched on the paper tape by the
teletypewriter interface from the computer that prepares the program for the PROM. The complete procedure for generating the program and tape is illustrated
by the following example:
Figure 2shows aPROM used to translate timing information from a digital testing circuit into a 2-digit
binary-coded-decimal output to drive adisplay. The parameter measured by the tester is atime, which is quantized in 3-nanosecond steps from 5to 98 ns. Therefore,
the 32 possible outputs from the PROM are BCD codes

for 5, 8,11 . . . 95, 98. The outputs for successive inputs
(addresses) 0, 1,. . . 31 are:
T = 5 + (3 x I) I = 0, 1, 2. . . 31
Once afunctional relationship like this is established,
it is an easy matter to convert it to aprogram. The Basic
program in Fig. 3executes the above equation in aloop
controlled by I, the address; it converts the results into
BCD form, and it files the conversion in abinary format
with control characters S, B, F, and E as shown in Fig.
4a. This file is then edited by atext-edit routine to substitute H for 1and L for 0. The edited file, shown in Fig.
4b, is punched on the paper tape, which then is used to
control the PROM programing machine.

One transistor senses, heats
in temperature regulator

+15 V
2N1613

by Neil Dvorak
Technical Equipment Corp.. Denver, Colo.

Most circuits for regulating the temperature of a substrate employ at least two transistors—one for sensing
the temperature, and another for generating heat. But
the designer can make asingle transistor serve as acombination sensor and heater by exploiting the fact that
the voltage drop across a silicon junction changes by
-2 millivolts per ° C change of temperature. As aresult,
he is free to use, for example, amatched dual transistor

(
11
1/50 F1A3183
ARRAY
,15

470 52

V

15 V

Double duty. Transistor 10 1 serves as both temperature sensor and
heater element in this circuit for regulating substrate temperature.

20 k52

Reference voltage is set to the value that abase-emitter junction has
at the desired substrate temperature. The op amp senses the differ-

11c52

470 52

-15 V

ence between the reference level and the actual VBE of 0 1,and it
drives current through the transistor to bring it to that temperature.
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atemperature- independent logging element or to use
all but one of the transistors in an array for purposes
other than temperature regulation.
In the accompanying circuit diagram, transistor Qi is
connected as acurrent source. The grounded-base configuration permits the base- to-emitter junction voltage
to be easily monitored by the operational amplifier. The op amp compares VBE to a preset reference
voltage, \
f
ro-, that is equal to the junction voltage at the
desired substrate temperature. Unbalanced voltage at
the op-amp inputs causes it to drive more current
through Q 1,thus changing the junction temperature
and voltage.
To calibrate the regulator, the collector of Qi is initially grounded so that the emitter-to-collector voltage is
essentially zero, and, therefore, power dissipation in the
as

Voltage-regulator IC
biases expanded scale meter
by Alan D. Wilcox
University of Virginia. Charlottesville. Va.

To monitor the state of charge of astandby storage- battery system, only voltages between 12 and 15 volts need
to be read. A conventional test meter reading 0to 15
full scale will suffice, but readings can more easily be
observed when the voltmeter has an expanded scale
that reads from a minimum of 10 v to a maximum of
15 v.
One such expanded-scale circuit is shown in the figure. The battery provides a 10-v bias to the meter so
that when avoltage source of 10 to 15 yis applied to the
combination, the meter shows the difference of 0to 5V.
But this arrangement is unsatisfactory, both because it
must have a battery for operation and because its accuracy depends on the battery having a potential of
exactly 10 v.

transistor is zero. The base-to-emitter voltage is then
measured, preferably to the nearest millivolt. This reading, Vo, is the junction voltage at ambient temperature.
If the ambient temperature is, for example, 23°C and
the desired junction (substrate) temperature is 63°C, the
Vref must be set to Vo - [2 mv x (63 - 23)]. When the
op amp is then reconnected to the collector of Qi,the
servo action will maintain enough collector dissipation
in Q1to keep its junction at 63°C.
Although a small-signal transistor in an array is
shown as Qi here, this same principle can of course be
applied to larger transistors, such as the 2N3055. To enable the op amp to source more current, an emitter follower can be added to the circuit, in the line connecting
the emitter of the 2N1613 to the anode of the 1N4001
diode.

There is a better way. Since the voltage to be monitored will be above 12 v, a National Semiconductor
LM723 voltage regulator can be used as shown in the
figure to provide astable 10-v bias. A 500-microampere
meter and series resistor R2 constitute the 0-to-5-v voltmeter. If the battery voltage should drop below about
11.7 v, regulation falls off, but this inaccuracy can be
corrected by using a 1.5-v dry cell if readings below 12
are necessary. The dry cell does not affect the accuracy of the meter calibration—it simply extends the
reading range down to about 10.2 V.
The unit draws about 3milliamperes and can be used
continuously across the storage- battery system. The entire circuit can be constructed on asmall circuit board
and mounted on the terminal posts of the 500-µA meter.
The circuit is calibrated by applying 15 vto the input
and adjusting R1 for 10 y at the output of the 723.
Then, R2 is set for afull-scale reading on the meter. For
the 500-i
ttA meter, 200 itA corresponds to 12 v, 300 A to
13 NI, etc. Normal battery voltage reads near center
scale, and small deviations can be seen at aglance.
Engineer's Notebook is aregular feature in Electronics. We invite readers to submit original
design shortcuts, calculation aids, measurement and test techniques, and other ideas for
saving engineering time or cost. We'll pay $50 for each item published.

+ 0

3.3 ka

15V

10 kS2
V+

The right idea. This circuit displays very

10 — 15-V
INPUT

4

Ve

VREF
LM 723

precise readings of 0 for 10-v input, 100 for
11-v input, and so on up to 500 for 15-v input. Adjustment of RIand

R2

INV
Ni

calibrates it ac-

200 pF

_

curately. Circuit shown in inset also displays
voltage in the 10-15-v range but requires a
battery of exactly 10 yfor accurate reading.
Note that the 1.5-v dry cell used in the main
circuit does not affect its calibration and is

—500 µA

Vo„

5

< 5 kit

COMP
PIN NUMBERS FOR
METAL- CAN PACKAGE

o
•DRY CELL OPTIONAL TO READ VOLTAGES CLOSE TO 10 VOLTS. TO READ VOLTAGES
ABOVE ABOUT 11.7 VOLTS, REPLACE WITH JUMPER IF DESIRED.

not necessary for readings above 11.7 v.
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Plessey makes
2million capacitors
every day

lessey is one of the world's biggest
ranufacturers of fixed capacitors and
)ecialises in film-foil and metallized film
tpacitors: polypropylene, polycarbonate,
Dlystyrene, polyester. From IoopF to ioe.
lorldwide demand is met at arate of 2 million a
ay from our main plants in Scotland, Italy,
rermany and the USA.
'echnical data on request.

let PLESSEY
qp' CAPACITORS
lessey Capacitors
uernational Headquarters
athgate,West Lothian, Scotland
H48 2RI,
elephone: Bathgate (0506) 53511

Plessey Capacitors
5334 Sterling Center Drive
Westlake Village, California 91361 USA
Telephone 213-889-4120

Plessey C,ondensatori SpA
40037 Sasso Marconi ( Bologna)
Via SLorenzo 1-7 Italy
Telephone 84 12 57-8

Plessey Kondensatoren
8910 Landsberg am Lech
Rudolf Diesel StraBe
Germany

Engineer's newsletter
Silicon rectifiers
can be good
solar cells

Scope for
more study

MOS takes on
power applications

Thin copper creates
fewer printed-circuit
processing problems

124

Although manufacturers of diffused-junction silicon rectifiers seldom
characterize their product's sensitivity to light, many such devices can
also function as photovoltaic cells, states Ivan Garshelis of Research
Associates Inc., Linden, N.J. For example, under a microscope illuminator, GE's IN5059 rectifier generates asizable open-circuit voltage
of about 0.5 volt at 20T. Maximum current is 187 microamperes into
1,000 ohms, and peak power is 68 microwatts into 2,400 ohms.
The diode responds to most kinds of visible light, hitting its junction
from most angles. It will react even to the trace on acathode-ray tube
with aP31 phosphor and to the xenon flash of astroboscope.
Similar characteristics, says Garshelis, can be found in the GE A14
series ( IN5059-5062), the General Instruments Glass- Amp II types
(IN4245-4299 and others), and TransTek IN4001-4007. Interestingly
enough, he points out, manufacturers' ads sometimes consider this
photosensitivity an undesirable property—yet some of these rectifiers
are the most economical " solar cells" presently available.

Most engineers use one nearly every day, but chances are they could
still brush up on their use of the oscilloscope. " Oscilloscopes— Dual
Channel and Delayed Sweep" consists of an I8-page booklet and 37
slides describing dual- beam and dual-trace scopes, the principles of
chopped and alternate time-base modes, and how delayed time bases are
derived and used. It costs $25 from Philips Test & Measuring Instruments Inc., 400 Crossways Park Drive, Woodbury, N.Y. 11797.

With the emergence of the new moS processing techniques— double
diffusion and vertical device structures, for instance— look for mos devices to make astrong bid for the power jobs traditionally held down
by bipolar transistors. Operating voltages for C- MOs analog switches
recently soared to 200 volts [
Electronics, Feb. 19, p. 110], and now
power MOSFETS are becoming commercially available.
For instance, within the last month or so, Siliconix Inc. of Santa
Clara, Calif., introduced what is probably the first commercial mos
power transistor— an n-channel enhancement-mode MOSFET that can
switch 1ampere in 5nanoseconds. Minimum drain-source breakdown
voltage is 60 v, maximum gate threshold voltage is 2v, and maximum
drain current is 2A. It's directly compatible with C-MOS logic and can
be used as an analog switch, amicroprocessor interface driver, or even
as alamp or speaker driver.

Thin copper foil, 0.31 mil thick, has some very practical advantages as
aprinted-circuit-board laminate. In report IPC-TR-482 from the Institute of Printed Circuits, Kenneth Hafften of the Bureau of Engraving
Inc. in Minneapolis points out that drilling is faster with thin-foil than
with 1-ounce-copper-plated laminates, and drills also last longer. Then,
too, etching takes less time, pollution problems are fewer, lines can be
made finer, and there's no undercut. The report contains other papers
on thin copper foils and costs $ 10 from the institute ( address: 1717
Howard St., Evanston, Ill. 60202).
—Stephen E. Scrupski
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SQUEEZE PLAY.
T10 relays by 113&13 let you mount your pc boards on
0.5" centers. They work in tight spots like a pro.
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Ti Os are only 0.375" high. The lowest profile 3amp relay in the Potter & Brumfield line.
They provide 0.1 to.3 amp switching es 28V DC in 2, 4, and 6pole models. Coil
ratings are 6.12, 24, and 48V DC. Permissive make, gold- flashed silver contacts are
noted for low contact bounce, long operating life. Bifurcated contacts for low level
switching are also available.
These relays are compatible with TTL and CMOS peripheral driver ICs, and TTL
and CMOS buffers wired for current sharing. Ideal for telecommunications, copy and
reproduction machines as well as computers and peripheral equipment.
Put a squeeze play on costs. Prices are as compact as the relays themselves.
For full information on the T10 series and all P8 Brelays, see your Potter & Brumfield sales representative or P8B Pro Shop distributor. Or, contact Potter & Brumfield
Division AMF Incorporated, Princeton, Indiana 47671. Telephone: 812/385-5251.
Furopean address: Electrical Products Group, AMF international Limited, AMF House,
Whilby Road, Bristol 854 4AZ, England. Telephone: (0272) 778383, Telex: 449481,
AMMAFOCO; BRSTL.

Go with the Pros and you can't go wrong.

Potter&Brumfield
Circle 125 on reader service card

Supplying any rotary switch—from the simplest single
wafer to complex multiple section types isn't enough.

does more than
provide the
industry's 111031
.complete line of
rotary switches

We will build our swi•tches into almost any mechanical or
printed circuit sub-assembly that you specify—with parts
fabrication and special testing performed in-house.
Oak has internal metal-working facilities for all metalforming, machining and attachment operations. Of
course, we'll incorporate and/or terminate any components that are required—either supplied by you or purchased by us.
Some typical examples are described below. If your requirements are not represented, call us toll-free—( 800)
435 -6106 — or provide prints — for a prompt quotation.

1. Combination push-button/
rotary switch. Rotation can
occur only after shaft is pushed
in to activate push-button.
Special hardware designed
and built by Oak.

9. Compact assembly controlling four 7.5A, 32V snap
switches.
10. For PC board insertion,
this Unidex dual concentric
switch combines a PC board
switch section,
standard
switch section and shielded
variable resistor.

2. PC Board assembly with
Unidex detent concentric shaft
and PC switch section, with
two variable resistors controlled from center shaft.

11. Stamped and machined
mounting brackets and shielding hardware on multi-section
switch with variable resistors
controlled by center shaft.

3. Test equipment assembly, combining phenolic: switch
sections, resistors and capacitors attached to PC boards,
with concentric shafts. brackets and potentiometer.

12. Glass epoxy PC board
switch sections with added
components, solder terminals,
special brackets and shielding
for hi-fi equipment.

4. Nine section Unidex switch
with PC :erminals at opposite
sides for attachment to parallel PC boards.

5. Connector and harness
assembfy attached to four
section, 24 position Multidex
switch.
6. Five section Multidex
switch wired and terminated
with customer supplied connectors.
7. Triple concentric shaft with
dual detent, with potentiometer on inner shaft, rear bank
of 3 sec:ions on center shaft
and 4 front sections on outer
shaft.
8. Switch assembly for electronic test equipment assembled by Oak. Includes six
switch sections, gear system,
potentiometer and special
brackets.

13. Seven section dual concentric Unidex switch with PC
board terminals and shielding
between sections.
14. Printed circuit section
switch with additional wiring
and components: for attachment to PC mother board.
15. Dual concentric switch
with bracket and special counting dials, wired sections and
attached connector.
16. Dual-concentric, 7 section
switch, with shielding and special locking mechanism for use
in test equipment.
17. Three 18- position sections,
dual concentric switch with
counting gear mechanism
used for airborne equipment.
Special brackets and gears
assembled at Oak to customer's specifications.
K-fi01

11111LIC Industries Inc.
SWITCH DIVISION/ CRYSTAL
TELEPHONE

815 459 5000

TWX

LAKE, ILLINOIS 60014

910.3353

TELEX

78.244
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The Ten Most

WANTED
INSIMmENnes
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Brush Oscillograph 260

Nicolet
Digital Storage Oscilloscope

Hewlett-Packard 5302 A

Data Research
Transient Voltage Recorder

Esterline Angus Chart Recorder

General Radio
Sound Level Analyzer

Kaye Data Acquisition System

Tektronix Oscilloscope

GE Chart Recorder

RENT 'EM
FROM GE
Texas Instruments
Temperature Recorder

What's at the top of your Most Wanted List?
Quick • rental instruments has rounded up over
5,000 different instruments from all the manufacturers. Our 100 Sales/Service Centers are
major-city located, coast-to-coast. And we'll ship

your instruments on the day you call, calibrated
to the manufacturer's specs.
Short or long term rentals...money-savers
when you want instruments. Want more information? Call 518-372-9900 collect.

RCQuick•rentat
instruments
GENERAL

ELECTRIC
•Trademark General Electric

Circle

128

on reader service card
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New products

Microprocessor: 1chip outdoes 2
In speed, cost, power, RCA's single- chip device leapfrogs over original;
8- bit software- compatible C-MOS unit has 91 instructions, 1.25- its cycle
by Laurence Altman, Solid State Editor

processor now available, such as the
8080A or the 6800D.
Engineers at RCA'S Solid State division, Somerville, N.J., turned the
trick with anewly developed silicongate process. It enables them to
pack register and control functions,
which took two chips in the old design, onto asingle chip housed in a
40-pin dual-in-line package. Yet
they were careful to keep the architecture of the original Cosmac design intact, so that the new chip runs
off the same software program as
the 1801. This permits present users
to upgrade their designs easily with
the cheaper part and to add new instruction capability and speed at no
additional development costs.
Besides the new 1802 chip, RCA is
expanding the 8-bit family to include more than adozen peripheral
circuits designed for the Cosmac

In the semiconductor industry, almost as much effort goes into lowering the cost and increasing the performance of a product after
introduction as goes into developing
the product. RCA'S new one-chip
8-bit microprocessor is astriking example. Not only does the CDP 1802
complementary metal-oxide-semiconductor microprocessor cost one
third less than the two-chip 1801
metal-gate version, but it's almost
three times faster and has considerably more powerful branch and
arithmetic/logic-unit instructions.
The 1802 has acycle time of 1.25
microseconds. Since it takes only
one or two cycles ( plus, of course,
one fetch cycle) to perform any of
91 instructions, the instruction time
is either 2.5 or 3.75 its. That makes it
as good as any n-channel micro-

system. Available now are four silicon-gate parts: two 512-by-8-bit
c-mos read-only memories (CDP
1831 and 1832), a 256-bit c-mos
random-access memory ( 1824), and
an 8-bit input/output latch ( 1852).
By flexing its muscles in siliconon-sapphire processing, RCA also is
making available from stock two
system-compatible sos static 1,024bit C-MOS RAMS— a 1,024- by- 1-bit
configuration sporting a typical access time of 90 nanoseconds and an
equally fast 256-by-4-bit version.
Other family members coming
during the second quarter include a
universal asynchronous receiver/
transmitter, a multiply/divide unit,
8- bit latch-decode circuits, a bus
separator/driver, and a256-by-4-bir
C-MOS RAM. A 128-by- 8-bit c-mos
RAM, a 1,024-by-8-bit ROM, a programablebit 1/0 bus interface, and

Heart of the matter. Many controller functions can be accomplished by atypical system such as this, built around the CDP1802.
CLEAR
WAIT

<

ADDRESS BUS

ADDRESS BUS

TIMING PULSES

TIMING PULSES

—101—

-1111111

I/O AND MEMORY TIMING
TIMING PULSES
TIMING PULSES

READ-

RANDOMACCESS
MEMORY

ONLY
MEMORY

MEMORY TIMING

CENTRAL
PROCESSING
UNIT

STATE CODES

CDP1802

INTERRUPT

MEMORY TIMING

INPUT/
OUTPUT

DIRECT MEMORY ADDRESS

MEMORY TIMING

I/O FLAGS

CHIP ENABLE

8-BIT BIDIRECTIONAL DATA BUS
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New products
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From the deep jungles of jumbled software, from the rivers of
mysterious circuits, he came. Mini Micro Designer. He was
tough and smart. And he glowed with purpose. To teach the
people microcomputers.
Learn from the leader in the modern electronics revolution.
E&L's Mini-Micro Designer (MMD-1) comes with a series of
educational "modules" that teach you how to design and use
a microcomputer. And you get complete documentation and
full software support. MMD-1 features the 8080A central processor chip, direct keyboard entry of
data/instructions, LED status indicators,
and all the apparatus needed to make
your first microcomputer. Novice or expert, MMD-1 gets you into action fast.
Put a revolutionary on your side. Send
for more information today.

RCA Solid State Division, Somerville, N.J.
08876 [ 338]

Prices start at $ 125.00
in kit form.

r

l

an analog-to-digital converter, are
scheduled for introduction later in
the year.
Since the 1802 retains the Cosmac
architecture, the addresses are separated from the instruction registers
and placed in an array of 16 internal
registers. These serve as address
pointers, so that the unit doesn't
force the user to provide an address
with each memory reference instruction, unlike other processors. Moreover, each register can point to either data or program area.
It is these easily accessible address registers that allow the 1802 to
perform many one-byte instructions
that with other 8bit microprocessors require two or three bytes.
Yet the 1802 has the same powerful
general-purpose processing capability that characterizes the best of the
others: multillag interrupts, programed input and output ports, a
programablebit output port, onchip direct memory access that
speeds up data transfer, and so on.
Two versions of the 1802, as well
as the other peripheral chips, are
available. A 4-6volt version is
priced at $23.50 and a 3-15-v (the
full c-mos voltage range) version
costs $ 36.50.

i

1

E&L INSTRUMENTS, INC.
Circuit Design Aids
61 First Street, Derby, Ct. 06418 ( 203) 735-8774
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If you're designing
hard-copy
systems, here's the
laser breakthrough
you've been
waiting for:

,PP AM ,

The new CR135 WriteLite Modulated Laser from Coherent Radiation
You've been waiting fcr
alaser-writing system that was
easy to design with. And a
graphics capability at aprice
that was easy to live with.
The new WriteLite Modulated
Laser from Coherent Radiation
is the first complete laserwriting sub-system. All the
components are put together
for you: the laser, the modulator,
and the electronics.
Now you don't have to be
alaser expert to be alaser user.
The laser and modulator are
integrated and pre-aligned in
one small package. The 2mW
output power and 150 ns rise
time are guaranteed.

All you have to do is plug in
your TTL input. Aid the
WriteLite is ready write.
You might think that having
the whole package systemsengineered and pre-aligned
beforehand would run up the
prce. Quite tie contrary:
$395.00 in OEM quantities.
So now laser-writing
capabil ties are within your
reach and within your budget.
And what capabilities!
The WriteLite is the heart of
alaser graphics system: It's
apoint-to-point writing system
similar :ovideo CRTs. Resolution is from 500 to 10,000 TV
lines. Speed? An 8V2 X11
1'

harc copy page in one second
or faster.
Think of the possibilities. For
facsimile systems. Non-impact
printing systems. CRT hardcopy recorders. Direct writing
osci'lographic -ecorders
COM systems Telecopiers.
The breakthrough you've
been waiting for. An easy- to- use.
low-cost laser writing system.
The CR 135 WriteLite
Modulated Laser from
Coherent Radiation. For
complete information, write:
Coherent Radiation, 3210 Porter
D-ive. Palo Alto, CA 94304.
OCOHERE1T RnanTibn
-

"
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Uchnical assistance
for electronics.
That's productive. That's Georgia.

Georgia provides
exceptional services
to stimulate the
growth of high technology industries.
Prior to your inspection of plant sites
and buildings, we'll
compile research
based on your requirements. Then,
using computers, we'll
pinpoint suitable
resources.
Our confidential
site selection program
is only one way of facilitating your move.
In Georgia, you'll have
the personal attention
of Governor Busbee
and Lieutenant Governor Miller.
You'll also have
the full cooperation of
our State's educational institutions.
The Georgia Institute
of Technology works
closely with industry
in conducting scien132

advanced degrees as
well as undergraduate programs.
In addition, our
vocational-technical
schools provide afree
Quick Start labor
training program.
We'll supply production machinery and
instructors. We'll even
pay your own instructors if you wish. And
we'll coordinate training with your plant
opening schedule.
For detailed informa- tit,
tion on how your'
company can profit in
Georgia, write today
to H. W. Wiley,
Industry Division
Director, Georgia
Bureau of Industry
& Trade, Box
tific, engineering and 38097, Atlanta,
industrial research. A Georgia 30334.
source of high quality Dept. EL-6765.
engineering talent,
Georgia Tech offers
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Optoisolators get better, cheaper
Fairchild expands its line from four to 50 device types; introduces
DIP units with minimum isolation- voltage ratings of 5,000 V
by Bernard Cole, San Francisco bureau manager
In a move calculated to turn the
growing optoisolator market upside
down, Fairchild Camera & Instrument Corp. is expanding its coupler
family from four to 50 device types
and reducing prices as much as 6%
to 30% below the competition's.
In addition, many of the new device types will set new standards for
both phototransistors and photoDarlingtons in dual in-line plastic
packages. Some examples are: isolation of 5,000 volts guaranteed minimum versus the usual 2,500 v maximum; current transfer ratio, 450%
as against 200%; sensitivity, 0.5 milliampere in, and 2 mA out, and response time, 2 microseconds vs 2.4
to 4its typically.
Integral to the design of many of
the devices is a "glassolated" coupler. Steve Carmichael, optoelectronics product manager, says this
technique guarantees not just the
5,000-v minimum standard isolation
but also continuous isolation at
6,000 v and peak isolation at 7,000
V. Unlike present optocouplers with
isolation ranging anywhere from
500 to 2,500 v, Fairchild's new devices use a6-mil-thick piece of glass
to separate the light-emitting input
diode from the output npn phototransistor or photo- Darlington pair
(see diagram).
Using the technique, Fairchild is
introducing 19 devices, including
the FCD 810C,D; 820C,D; 825C,D;
830C,D; 831C,D; and 836C phototransistor isolators and the
850 / 855C,D and 860 / 865C,D
photo- Darlington isolators. All are
in six- pin dual in-line packages with
5,000-v minimum isolations and
have current-transfer ratios of 10%,
20%, 50%, 75%, 20%, 10%, 6%, 150%.
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and 400% respectively, as well as
10" ohms isolation resistance, 1-to1.5-picofarad coupling capacitance,
and 250-milliwatt total package
power dissipation at 25°C.
High-sensitivity series. The FCD
860 / 865C,D series, says Carmichael, was designed specifically as
high-sensitivity Darlington components in the 0.5-mA input region
and features acurrent-transfer ratio
of 400% with 2-mA output for 0.5mA input. The output has a collector-emitter breakdown of 30 v, a
collector-to-emitter leakage current
of 100 nanoamperes, and a dc forward current gain of 30,000 at acollector-emitter voltage of 1v and a
base current of 1microampere. The
input diode has areverse voltage of
3v, acontinuous forward dc current
of 80 mA, and a peak forward current of 3 A ( 1 !Ls pulse, 300 pulses
per second). In quantities of at least
1,000 the 860C costs 85 cents each,
the 860D costs $ 1.15, the 865C costs
$1, and the 865D costs $ 1.35.

JUNCTION
COATING

SE E‘.SCS

The FCD 830C,D; 831C,D; and
836C phototransistors feature a response time ( that is, acollector rise
or fall time) of about 2 j
us. The
prices in quantities of 1,000 are 75
cents each for the 830C, 95 cents for
the 830D, 65 cents for the 831C, 85
cents for the 831D, and 55 cents for
the 836C.
Unit prices in lots of 1,000 and up
for the rest of the 5,000-to-7,000-v
isolation series range from 45 cents
to 95 cents for the phototransistors
and from 85 cents to $ 1.15 for the
photo-Darlingtons. In packages
specified at 2,500-v minimum isolation the phototransistors are available in lots of 1,000 for 40 to 60
cents. These have the same features
as the higher-voltage parts, including fast response time, low coupling
capacitance, and current- transfer ratios up to 150%.
Fairchild Camera & Instrument Corp., Consumer Products group, Optoelectronics Division, 4006 Miranda Ave., Palo Alto, Calif.
94303 [ 339]

EMITTER DIE
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Scopes zero in on digital faults
Two additions to Philips portable line offer either 120- MHz bandwidth
and delay- by- events triggering or 50- MHz bandwidth and four traces
by John Gosch, Frankfurt bureau manager
When Philips introduced its PM
3260 dual-channel, 120- megahertz
oscilloscope two years ago [
Electronics, Feb. 21, 1974, p. 120], the Dutch
company promised the unit would
be the first in anew range of lightweight, low-cost portable scopes.
Now Philips is augmenting this
portable-scope series, which has
grown to six units, with another two
models. One is the PM3244, a 50megahertz instrument billed as the
first portable scope with
four-channel operation.
The other, designated
the PM3261 ( see photo),
is a lightweight scope
with a digitally delayed
time base. This capability, claimed to be a novelty in a compact and
portable instrument, enables the user to pick out
a particular pulse or bit
from a stream of up to
100,000 bits.
"Both instruments will
be launched by May and
will sell for about $ 2,500
on the American market," says Jacques Wouters, aproduct manager at
Philips' Eindhoven- based Industrial
Equipment division. " It's likely that
the U.S. will be one of the major
markets for the new instruments."
The PM3261 has the same basic
characteristics as the two-year-old
3260 model: a 120- MHz bandwidth,
a 3- nanosecond rise time for the
vertical amplifiers, an 8- by- 10-centimeter display screen, a 5- nanosecond- per- division maximum
sweep speed for both the main and
delayed time bases, plus a low
weight of 20 pounds. But with at
least three out of ten 3260 users
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clamoring for a digital delay, we
have added that facility to the standard delayed time base on the
3261," Wouters points out.
The digital delay makes it possible to locate pulses even with jitter
from disk memories, tapes or other
electromechanical devices. This is
because pulse location is based
solely on the number of pulses
counted and not on the time difference between the trigger point and

3261 has an electronic control. This
control is adjustable by the same
knob that sets the number of the
pulse to be investigated. With this
knob, the instrument can also be put
in the automatic search mode, in
which the display moves up or down
the data stream thereby allowing
pulse- by- pulse checking. Both the
speed and the direction of movement are controllable by the same
knob. Counting is possible at rates
as low as one step every
two seconds.
Still another specialty
is an extra trigger lamp,
also a LED indicator,
which lights up when the
delayed time base loses
triggering. It can be used
as aselective logic probe
in combination with the
digital delay function to
indicate whether the selected bit was present.
Like the other members of the Philips portable- scope series, the
PM3261 can be operated
the desired pulse. Wouters adds.
off asupply from 90 to 260 V at 46
With digital delay as provided in
to 440 hertz and off any dc power
the PM3261, the operator need
source from 100 to 200 v [Electronmerely set the number of the pulse
ics, Oct. 2, 1975, p. 109]. Battery ophe wants to investigate on a five- eration is also possible, and this too
digit display consisting of seven-segmakes the new scope attractive for
ment light-emitting diodes. Then,
field use.
when there's coincidence between
Application in the field is what
that number and the actual number
Philips engineers had in mind also
of pulses counted by asignal counwhen designing the PM3244, the
ter, the delayed time base is trigcompany's second entry in the scope
gered and the pulse being looked
market this spring. With four identifor is intensified.
cal 50-megahertz channels at his
One refinement is in the method
disposal, the 3244 user can follow
for controlling the pulse setting. Inseveral ongoing events at a glance,
stead of using thumbwheels as and this "results in a dramatic rescopes with plug-in units do, the
duction of measuring time," points

.411111•111111111111111111111111W,
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do it with
standard

Powercube's MILStandard "gold line"
r
enirkil
tblock®
tomodules
ab e you

board custom power
supply systems in
modules
minutes with AC or DC
input switching preregulators, EMI terminal
modules, high - frequency generators and
transformer isolated output modules - all
encapsulated in tiny, lightweight packages
and most available right off the shelf.
(Powercube can also assemble your power
supply systems for you.)
You will find many of our military
and space programs rely on the "gold line"

Cirkitblock modules. The reason: these MILStandard power modules meet the most
demanding specs for sophistication, weight,
environment, ruggedness, reliability and
performance (i.e., MIL-STD-704A, MIL-STD461 and environmental conditions of MIL-E5400). What's more, all "gold line"
Cirkitblock modules are MIL-qualified*.
If you have problems because your
power supply vendor let you down, or you are
involved in anew system and want to test your
power supply quickly, read our "gold line"
Selection Guide. Just circle the reader response
number or phone 617-891-1830 to get your copy.
It will give you awhole new set of
standards.
*Supporting documentation available upon request.

Custom desis
your power
supply
system • • •

N /

PORAT1ON
"

214 CALVARY STREET, WA
SUBSIDIARY

ASS. 02154 ( 617) 891-1830
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Ben would have
liked you.
Ben thought that there had to
be more to lightning than just
fire in the sky. So he ignored
what people told him and did
alittle rainy- day research
on his own.
Determined curiosity—
like Ben's— has guided your
imaginative progress in the
microelectronics field At
Kodak, we have combined
extensive research with a
deep understanding of your
industry, so that our skilled
representatives can help
improve your product or
production techniques.
We try to make your job

alittle easier, alittle more
efficient.
For more information
about our products for
microelectronics, write
Eastman Kodak Company,
Dept. 412L ( 48-F),
Rochester, N.Y. 14650.

RESULTS
COUNT

New products

out Hans Toorens, product manager
for scopes up to 50 MHz.
A typical application for the
PM3244 is in inspecting simultaneously what is happening on, say,
address lines, input and output
lines, and on timing pulse lines. For
differential measurements, it's possible to display two differential signals—those resulting from adding or
subtracting the signals on channels
A and B, and C and D so that a total of six signals can be displayed on
the instrument's 8- by- 10-cm screen.
Four-channel operation as such is
not a new feature, Toorens says.
"But so far, it has been possible only
with bulky instruments with plug-in
systems." Now it's available in a
portable and compact instrument
weighing less than 20 pounds and
using no plug-ins, he adds. The reason is a space-saving power supply
and "cold switching," two features
common to all models in the Philips
portable-scope series.
Triggering. To enhance operation, the PM3244 has awide range
of triggering possibilities. Triggering
can be from any of the input channels, any composite signal, from an
external source or from the line
voltage. Except for the latter case,
triggering from the various sources
applies not only to the main time
base but to the delayed time base.
Cold-switching, also called dc
switching, is essentially internal remote control, Toorens says. Instead
of the front panel controls being
connected directly and mechanically
to the instrument functions, they
switch only low- power dc commands that drive solid-state and
reed-relay switches mounted on the
instrument boards. This allows the
controls to be conveniently placed.
And since these controls are compact, further space is gained for
other electronic functions. Simple
rotary switches with only one or two
decks suffice.
Philips Test & Measuring Instruments Inc.,
400 Crossways Park Dr., Woodbury, N.Y.
11797 Phone ( 516) 921-8880 [ 340]
N.V. Philips Gloeilampenfabrieken, Industrial
and Scientific Equipment Division, Eindhoven, The Netherlands [ 371]
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Six great features
these two popular trimmers
have in common:

The Model 63
3/8" Singleturn Cermet r

The Model 64
3/8" Multiturn Cerrnet

Soldered terminations for reliability.
Superior design for excellent setability—virtually no springback in the singleturn or backlash in the multitturn.
Eight multiturn configurations interchangeable with singleturn pin styles l'or flexibility.
Brush wiper design for low CRV.

Ile

0- ring seal for board west'.
Low cost.

Available from local distributor stock. Send for a data sheet
or call for a quote. Ask about a free sample.

SPECTROL ELECTRONICS GROUP
UNITED STATES

Spectrol Electronics Corporation

UNITED KINGDOM
ITALY

17070 E. Gale Avenue, City of Industry, Calif. 9175, U.S.A. • ( 213) 954-65fi5 • TWX ( 910) 584-1314

Spectrol Reliance Ltd.

SP Elettronica S.p.A.

Drakes Way. Swindon, Wiltshi'e, England • Swindcm 21351 • TEX : 44692

Via Carlo Pscane 7. 20016 Pero ( Milan) Italy • 35 30241

TELEX: 36091
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Instruments

CB testers have
extended ranges
Production- line instruments
anticipate expansion to
50 or more frequencies
As the demand for citizens' band radios has increased, so has the demand for instruments that can
quickly test CB radios on the production line. At the same time, the
proposed increase in channels from
23 to 50 or more means new testers
need some provision for the increase, to guard against obsolescence.
Two new instruments, one from
Matsushita and one from LogiMetrics, aim to meet these needs. Each
uses a phased- locked- loop synthesizer to generate switch-selectable
frequencies in the 27-megahertz citizens' band, and each offers asimple
means for updating to whatever
number and frequencies of channels
may be added.
The model VP-8260 from Matsushita Communication Industrial Co.
(below) has switch-selectable upper and lower sideband frequencies
that either are 1kilohertz above or
below the channel frequency or are
adjustable to within ±-5 kHz of the
channel frequency.
The 50-channel model VP-8260B
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is priced at $ 1,660. The 25-channel,
$1,600 model VP-8260A, introduced
last September, can be upgraded.
A temperature- compensated
1-MHz crystal oscillator module is
the primary frequency-determining
element. The high stability of this
oscillator provides the 4 x l0 parts per week stability of the instrument. A 10.004-MHz voltagecontrolled crystal oscillator is the
offset oscillator in the channel-frequency generation loop. It is controlled by the 1-MHz reference oscillator when the channel frequency
is selected by the front-panel switch,
but operates with normal crystal stability in the variable- frequency
mode.

selected with a single rotary switch
in conjunction with a read-only
memory that can be programed for
the 23 present channels or, when
needed, up to 37 more. The selected
channel is displayed on seven-segment light-emitting-diode readouts.
Amplitude modulation is provided at astandard 1-kHz rate, with
distortion less than 1% for 30% modulation and less than 3% for 70%
modulation.
Leakage is less than 0.1 itv one
inch from the unit— low enough to
permit testing with the top covers off
the tester and the receiver under test.
Matsushita Communication

Industrial

Co.

Ltd., 4-3-1 Tsunashima-Higashi, Kohoku-ku,
Yokohama 223, Japan [351]
LogiMetrics Inc., 121-03 Dupont St., Plainview,

N.Y.

11803. Telephone: ( 516)681-

4700 [352]

DPM can drive printer
while making measurements
When the user of adigital panel meter wants to link it to a digital
printer, he often doesn't want it to
stop doing analog-to-digital conversion during the printout. His wish is
The built-in attenuator permits
now met by the AD2016—a lineadjustment of output level between
powered 31
/2
digit panel meter from
-20 decibels and + 100 dB above 1 Analog Devices Inc. It is one of
microvolt in 1-dB steps. The atthree additions to a series introtenuator is protected from damage
duced last year. The others are 43
/4
even if the transmitter of the unit
digit units: the AD2025 and
under test is energized.
AD2028.
Leakage is low enough to permit
The AD2016, an improved vertesting receiver sensitivities as low
sion of the company's AD2009, uses
as - 10 dB (0.3 j
uv). Nonharmonically
MOS LSI components and a halfrelated spurious signals are down by
inch-high LED display that improves
at least 60 dB from the signal, and
its reliability and lowers its cost beharmonically related spurious sigcause of lower parts count and
nals are down 30 dB.
power consumption. Unit price is
The LogiMetrics model 980 CB
$129.
test set ( above) is a $ 1,195 23A novel feature of the AD2016,
channel unit. The rf output level is
says James Hayes, marketing mancontinuously adjustable from 0.1 i
uv
ager for DPMS, is availability of two
(-127 dem) to 10 mv rms (-25 dBm)
hold options, one to stop the instruinto a50-ohm resistive load. The atment's conversion and hold the distenuator of the waveguide-beyondplay, the other to stop the data outcutoff type is protected against overputs from changing independently
loads as high as 5watts.
of the display. The latter allows inThe model 980 is designed for
terfacing to digital printers, BCD
production-line testing by semicomparators or computers without
skilled persons. Output channels are
interrupting the conversion func-
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IHE LATEST

TECHNICAL INFORMATION
ON OUR 18 PIN 411C RAM.
$20.00

I

;

.

1

.

$12.00

4

One of their; our-MM52'70D, has . dropped to $12.00 in,,quant,ities of- 1-90 or more. And dial%
j.... the NIM52,70D. Soh dOn'tiyou write for
the new prices on all Our 4K RAMS? And find
out ihovgnifiéan this-breakthro gh ré

Nation

iconduc
Clarï,.C.\ 950.)1, i.-11.181 732 501 io .
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New products
tion. The parallel BCD option costs
an additional $ 10.
The AD2016 measures bipolar input voltages over full-scale ranges of
±199.9 millivolts, ± 1.999 v, or
±19.99 v with an accuracy to within
±0.1% of reading ± 1digit.
The line-powered AD2025 and
logic-powered AD2028 offer 41
/4
digit resolution to ± 3.9999 v or
±39.999 y with an accuracy to
within ± 0.005% of reading, ±0.005%
full scale, ± 1digit. Both have LED
displays that are 0.43 inch high.
Unit prices for the AD2025 begin at
$259; for the AD2028, at $249. Parallel BCD outputs are $27 more.

cated in the probe for convenience
of replacement in the field.
Sencore Inc., 3200 Sencore Dr., Sioux Falls,
S. D. 57107. Phone Bob Bowden at (605)
339-0100 [354]

Signal-seeking WWV receiver
employs double conversion

Dedicated to the National Bureau
of Standards radio stations wwv
and WWVH, the model TF4 wwv
receiver uses frequency scanning to
allow unattended reception of NBS
time information. This signal-seekAnalog Devices Inc., P.O. Box 280, Route 1 ing unit, which has been designed
Industrial Park, Norwood, Mass. 02062.
using the upshift, double-conversion
Phone Lowell Wickersham at (617) 329principle, includes an active filter
4700 [ 352]
for selecting any of the six tones
broadcast by the NBS. The tones

Pocket- sized digital
multimeter sells for $ 124
The pocket portable DVM35 is a
three-digit multimeter with an input
impedance of 15 megohms, a basic
dc-voltage accuracy of within 1%,
and a price tag of $ 124. Able to
measure ac and dc voltages from 1
volt full scale to 1,000 v, ac and dc
current from 1 milliampere full
scale to 1 ampere, and resistance
from 100 ohms full scale to 10 megohms, the DVM35 obtains long battery life by means of apush button,
located on its probe, which allows
the user to turn on the meter only
when he actually is making a measurement. A protective fuse is lo-

rarc
c ritre

may be gated or ungated at the
user's option. In its standard form,
the receiver can receive four carriers- 5, 10, 15, and 20 megahertz—
but any four frequencies between
2.5 and 30 mHz can be provided.
Price of the TF4 is $990; delivery
time is 30 days.
True Time Instrument Co., 429 Olive St.,
Santa Rosa, Calif. 95401. Phone ( 707) 5281230 [ 353]

Computing radiometer needs
no dark-current control
The model CR-1computing radiometer has no need for zero or darkcurrent controls because its internal
microprocessor automatically subtracts these components when computing a reading. Autoranging, signal averaging, and signal- rate
sensing are also provided by the microprocessor. Able to work with any
of the company's photomultiplier
detector assemblies, the CR-1has a
16-key keyboard that, among other
things, can apply correction factors,
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store readings, and perform log conversions. Price is $ 3,900.
Gamma Sc entific Inc., 3777 Ruffin Rd

San

Diego, Calif. 92123.
[355]

TOPICS
tristruments
Honeywell Test Instruments
Div., Denver, Colo., has developed a dry processor for use
with two series of its Visicorders.
The model 1219 processor,
which sells for $2,450, is designed for use with the model
1806A recording oscilloscope
and the 1656A line- scan
recorder. . . . Clemens Manufacturing Co., St. Louis, Mo.,
intends its model FA-20 fused attenuator to protect signal generators and other test equipment
when transceivers are being serviced. If the transceiver is accidentally keyed, the fuse opens.
. . . Yokogawa Corp. of America, Elmsford, N. Y., has added
temperature- measurement
and
electrostatic-writing capabilities
to its YEW 3050 line of strip chart
recorders. . . . Bertan Associates Inc., Hicksville, N. Y., has
announced a high-current version of its line of high-voltage
laboratory power supplies. The
model 210-03R can provide up
to 50 milliamperes at ± 3,000 V
dc. . . . Keitthley Instruments
Inc., Cleveland, Ohio, has introduced a clarrp-on current
probe—the mocel 1685—that allows multimeters to measure currents up to 200 A ac.
RFL
Industries Inc., Boonton, N. J.,
has introduced an automaticcontrol module for its model 990
Magnetreater.
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The real test for adisplay's readability is direct sunlight.
Most of them are washouts.
By comparison, Beckman displays stand out. With
wider viewing angles and more brightness by the foot.
Important factors when you're looking at critical readouts
in the air or on the ground.
The reason for most of our product advantages can be
summed up in two words: Superior Technology For example,
Beckman's unique raised-cathode construction method insures asmooth, even glow over all the segments. The result:
Optimum visibility through afeat in human engineering.
Besides outstanding visibility, Beckman displays give
you letter-perfect numbers. No breaks or gaps. Natural,
flowing lines that are pleasing to the eye. In any number.
And, in vibrant orange, filterable to bright red. Perfect for
the designer who wants his numbers to look like numbers.
Not like jigsaw puzzles.
ck man displays are designer's designs. Modular.

In character heights from 1/3" to r Arranged on one-tofour- digit, plug-in building blocks that save space and
assembly time. Or, if you need acustom display, we stand
out in that picture, too.
Reliability is another place where Beckman displays
really shine. Assured by extensive in-process testing and
100% burn- in. As aresult, we can give you awarranty that's
good for one year. (Or, you may qualify for our Warranty
Plus Option.)
To top it all, Beckman displays can give you avisible
edge in your market - asimple case of product differentiation.
This is how Beckman displays beat the daylights out
of all others. Point for point, digit by digit. Clearly and
decisively. If you're not convinced, just plug in one of ours.
Compare it to theirs. The difference will show up day or night.
For complete details, write: Beckman Information
Displays Operations, P.O. Box 3579, Scottsdale, AZ 85257;
or, call (602) 947-8371.

Beckman beats the daylights
out of all other displays.

Beckman displays.
The visible edge.
INFO' IN DISPLAYS OPERAT ION
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This photo of our model SP-101 was taken in actual daylight.

Rsk
Control Data
CYBERNET® Services
for a more logical way to do
digital logic design, test,
simulation

We have it.
CC-TEGAS3 sthe applications program that you've been
looking for if you're developing or manufacturing
digital logic products. And it's available, together
with all the computer power you need, at any
CYBERNET Service Center across the country.
CC-TEGAS3 is a total package. Use it to do
design, fault simulation, test generation. And use
the same input language and network description
for all functions.
Use it in batch or interactive modes. Easily,
because the free format input language
eliminates the need to organize date in specific
card columns.
CC-TEGAS3 is one of a series of
electrical applications programs
available with CYBERNET Others
include SYSCAP II system of circuit
analysis programs, and TESS, a
program for transient ac/dc analysis of linear
and nonlinear circuits.
For information circle the number below; contact your nearby CYBERNET Service Center;
write to CDC, Box 1980, Twin Cities Airport, MN
55111; or call our hotline, collect 612/853-7600.
CYBERNET Service Centers are in more than 50 U.S. cities.

@D
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New products
plantation, tocal oxidation, and proprietary self-aligning techniques.
Connector provides
For conventional devices, acomphase adjustment
bination of diffusion and ion implantation is used in the fabrication
of the emitter and base fingers, but Combining avariable-length section
of transmission line with an SMA
HP uses a fully ion-implanted process. "What this does," says Lea, " is connector produces a microwave
At top frequency, gain is
give the device much clearer, more
uniformly sharp emitter and baseat least 8 dB, and noise
finger outlines, resulting in low
figure is, at most, 3 dB
noise. It also allows placement of
the interdigitated fingers closer toIn the microwave-transistor busigether— under 1 micrometer— leading to better gain characteristics at
ness, it's one thing to have a relatively high-performance part and
high frequency."
quite another to get high yields of
The combination of implantation
and a new self-aligning-mask techconsistently good devices. For exnique, in which all the necessary
ample, some 4gigahertz bipolar
patterns are generated on the same
10
mask, ensures uniformity of performance from batch to batch while
easing registration problems, he connector that can be used to trim
phase angles in such systems as
says.
Using ion implantation and a lo- phased- array radars, instrument
cal-oxidation technique has allowed landing systems, and test equipHP engineers to fabricate 1-square- ment. The phase-adjustable SMA
mil gold-bonding pads directly on connectors cover the range from dc
the interdigitated fingers with less to 18 gigahertz and are rated at 500
rms. Nominal impedance is 50
collector-base parasitic capacitance
than on other pads of half the size, ohms. Phase is adjusted by rotating
one nut and then locking it in place
the company says.
Other key specifications of the with another nut. Maximum phase
6101 are acollector- base breakdown adjustment is 180' at 18 GHz. An
voltage at 100 microamperes of 30 adapter version of the connector is
volts, a collector-emitter leakage available for in-line use. The contransistors on the market achieve
current at 1 V of 5,000 nano- nectors sell for $ 31.40 each for one
3- to 3.3-decibel noise-figure levels,
amperes, a collector-cutoff current to four pieces, while the adapters
but the yield is low.
of 100 mA at acollector base volt- are priced at $33. Delivery of proNow, however, Hewlett-Packard's
age of 15 Y, and a forward-current duction quantities takes from 8 to
newly formed Microwave Semicontransfer ratio of 50 minimum, 150
10 weeks.
ductor division is introducing the
typical, and 250 maximum at acol- Amphenol RF Division, 33 East Franklin St.,
first in a series of parts that comlector-emitter voltage of 10 Y, and Danbury, Conn. 06810. Phone ( 203) 743bines low noise and high gain with
an input current of 4 milliamperes. 9272 [ 343]
consistently high yields and, ultiMaximum dc collector current is 10
mately, lower costs. The HXTR
MA, and total device dissipation is
6101 microwave transistor, rated at
180 milliwatts.
4 gigahertz, has aguaranteed noise
Subminiature attenuators
Available now in the HPACfigure of 3.0 dB maximum and 2.7
70GT metal/ceramic hermetic handle more than 5watts
dB typical. Associated gain at that
frequency is 8 dB minimum and 9 package that meets the environmental requirements of MIL-S-19500 Two coaxial attenuators—the moddB typical. When the transistor is
and the test requirements of MIL- els 21 and 21A—are subminiature
operating at 1.5 GHz, the noise figSTD-750/883, the HXTR 6101 is units that can handle input powers
ure is 1.5 dB, and the associated gain
priced at $ 150 each in quantities of of at least 5 watts. The model 21
is specified at 15 dB.
one to nine; for 10 to 24, $ 130 each; spans the frequency range from dc
Product-marketing engineer Len
and for 25 to 49, $ 115 each.
to 18 gigahertz, while the 21A goes
Lea says the 13-square-mil device
Hewlett-Packard Co., Microwave Semicononly to 12.4 GHz. Measuring 1.52
uses several methods to achieve the
ductor division, 3172 Porter Dr., Palo Alto,
inches long by 0.64 in. in diameter,
high yields, low noise, and high perCalif. 94304 [ 341]
both models are offered in four
formance— among them are ion im-

Microwave

4GHz transistor
has low noise

,
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OUR 111( RAMS ARE SO GOOD,
EVEN THE COMPETITION
CAN'T RESIST.

of-the-art
series of 4K
technology
dynamic
and incredible
RAMs is so
reliability
much better
right now. In
than anything
whatever volelse on the
ume you want.
market, even
So if you
people who make their 150ns and less.
need 4K RAMs, take a
own 4K RAMs are
Second, reliability.
look at our p,PD4ll
buying ours. For their Our 4K RAMs are
series — the best 4K
add-on memory
made to the highest
RAMs you can buy.
systems.
standards of reliability
But don't take our
Here's why:
in the business. Yields word for it.
First, speed. While on incoming inspection
Ask our competition.
everyone else is only
are honestly amazing.
NEC Microcomputalking about speeds of And MTBFs are over ters, Inc., Five Militia
around 200ns, we're
5million hours.
Drive, Lexington,
delivering 4K RAMs
Third, delivery. We Massachusetts 02173.
with speeds down to
can deliver this state617/862-6410.
Our ,UPD411

micro computers,'"
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WHERE TO BUY IT.
REPS

Canada

East
Circuit Sales Co.
Lexington, MA
617/861-0567

R.F.Q. Ltd.
Toronto, ONT
416/625-8874
Montreal, QUE
514/626-8324

Trionic Assoc.
Great Neck, NY
516/466-2300
C.H. Newson
Philadelphia, PA
215/248-3377
Harrisburg
717/233-8576
Baltimore
301/825-0001
Perrot tAssoc.
Orlando. FL
305/275-1132
Largo. FL
813/585-3327
Ft. Lauderdale. FL
305/792-2211
Wolffs Sales Serv.
Raleigh. NC
919/781-0164
Space Eng. Sales
Huntsville. AL
205/837-6060
Central

New products

Synthesizer phase- locks
sources from 0.5 to 18 GHz

DISTRIBUTORS
Harvey Elect.
Lexington, MA
617/861-9200
Norwalk, CT
203/853-1515
Fairfield, NJ
201/227-0515
Woodbury, NY
516/921-8700
Intermark Elect.
Seattle. WA
206/767-3160
Santa Ana, CA
714/540-1322
213/436-5275
San Diego, CA
714/279-5200
714/453-9005
Sunnyvale, CA
408/738-1111

McFadden Sales
Columbus, OH
614/221-3363
Bitronics Sales Co.
Minneapolis. MN
612/835-7744
RE Specialists
Park Ridge, IL
312/698-2044
Merino Sales Co.
Dallas. TX
214/233-6002
R.C. Nordstrom
Lathrup Village. MI
313/559-7373
Benton Harbor. MI
616/429-8560
West
Mike Duffy Assoc.
Denver. CO
303/934-7392
Tri-Tronix
Albuquerque. NM
505/265-8409
Bellevue, WA
206/454-0940

Designed for telecommunications
applications, the series DS miniature frequency synthesizers are capable of digitally programing
phase-locked signal sources in alstandard attenuation values: 3, 6,
10, and 20 decibels. The 3-dB units
can take an average input power of
8.75 w; the 6-dB devices are rated at
6.25 w; and the remaining two are
5-w attenuators. The 50-ohm units
can handle peak powers as high as 1
kilowatt. The price of the model 21
is $ 100, and the model 21A sells for
$85. Both are available from stock.
Weinschel Engineering, Gaithersburg, Md.
Phone ( 301) 946-3434 [ 344]

Frequency multiplier
provides three outputs

most any band from 0.5 to 18
gigahertz. Providing frequency steps
as small as 50 kilohertz at 5GHz, the
series DS is housed in a2.5- by-4-by1.5-inch package. Standard programing is by four-digit binarycoded-decimal inputs.
Communication

Techniques

Inc.,

1279

When the model 3850-1610 multi- Route 46, Parsippany, N. J. 07054. Phone
plier is supplied with a 25- mega- Dr. John Payne at ( 201) 263-7200 [ 346]
hertz input, it puts out 5dBm at 100
MHz, 17 dBm at 300 MHZ, 10 dBm at
500 MHz, and - 25 dBm over a4-to- 8 High- power mixer spans
gigahertz comb-line spectrum. The
10 MHz to 3GHz
active unit requires 200 milliamperes maximum at + 15 V dc. Its
thin-film hybrid construction allows Able to handle, when necessary, local-oscillator power levels as high as
26 dBm, the model FP-CHD-253
double balanced mixer has a frequency range of 10 megahertz to 3
gigahertz. The unit has aconversion
loss of 6decibels at 1GHz and 10 dB

Summit Sales
Scottsdale, AZ
602/994-4587
E.C.M.
Woodland Hills, CA
213/340-1745
El Toro. CA
714/830-3939
San Diego. CA
714/295-6122
Trident Assoc.
Mountain View. CA
415/967-7031

NEC micrrb.omputers, inc.
Electronics/March 18, 1976

it to combine high reliability with
dimensions of only 3by 1.75 by 0.6
inches, nominal. The multiplier sells
for $ 2,700 and has adelivery time of
90 to 120 days.
Trak Microwave Corp., 4726 Eisenhower
Blvd, Tampa, Fla. 33614. Phone Tom Roberts at ( 813) 884-1411 [ 345]
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New products
at 3 GHz. At its normal operating LO
power of 23 dBm, the mixer has a

typical third-order intercept of 25
dBm, a 1- de compression point
above 18 dBm, and a 1-dB desensitization level of about 12 dBm. The
mixer sells for $65 in small quantities. Delivery time is two weeks.
Olektron

Corp., 6 Criase Ave.,

Dudley,

Mass. 01570. Phone J. Oleksiak at ( 617)
943-7440 [347]

Sensitive detector
covers 18 to 40 GHz
The model CDV-31840 is a pointcontact detector that covers the frequency range from 18 to 40 gigahertz and features a voltage sensitivity of 1.5 millivolts per microwatt,
average, at abids current of 100 microamperes. It has a minimum tangential sensitivity of -42 dBm and a
typical sensitivity of -48 dBm. Unit
price is $300; delivery time is four to
six weeks.
Microphase Corp., 35 River Rd., Cos Cob,
Conn. 06807. Phone George P. Vrattos at
(203) 661-6200 [ 348]

Whether or not you've been buying germanium power devices from Motorola you can get
the same transistors from us. We make what
you need in 20 package pellet combinations
with power dissipations from 1amp to 75 amps.
Along with more than 50 JAN types, we manufacture these series to give you trouble- free
circuitry: AD, ADY, ADZ, ASZ, AUY. They come
in the families: 2N5436- 2N5440, 2N42762N4283, 2N4048- 2N4053 and 2N1519- 2N1523.
They're just some of our many transistors used
in military, industrial and commercial systems.
We're not only synonymous with Motorola,
but we make custom devices to your specifications. So, don't give up on germanium power
when our factory is growing strong.

lal
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GERMANIUM
POWER
DEVICES CORP.
P.O. BOX 65, SHAWSHEEN VILLAGE STATION
SHETLAND INDUSTRIAL CENTER, YORK STREET
ANDOVER, MA 01810
(617) 475-5982 TELEX 94-7150
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Microwaves
Microwave Associates Inc.,
Burlington, Mass., has announced a line of X- and Kuband mixer and detector diodes.
The MA- 41220 series devices
are noteworthy for their extremely low package parasitics.
. . Alpha Industries Inc., Woburn, Mass., has introduced a
line of limiter chips that can
handle incident pulses of up to 4
kilowatts and reduce leakage
power to as little as 10 milliwatts
for the protection of sensitive receivers. . . . EM Systems Inc.,
Sunnyvale, Calif., is offering a
cavity- backed spiral antenna for
the 18-to- 40 GHz range. The
model A4400 has a nominal 3- dB
beam width of 70'. . . Omni
Spectra Inc., Merrimack, N. H.,
has announced its model 20751
zero- bias Schottky detector for
use up to 18 GHz.
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New products
Packaging & production

Connector holds
LED displays
Low-cost finger strips
allow assemblies
simply to snap in
A low-cost, pluggable metal strip
that acts as a display connector for
light- emitting- diode displays already has found an application in a
hand-held calculator.
Many hand-held calculators use

ned, spring-tempered phosphorous
bronze by high-speed machinery
and can be furnished with any number of contacts. A 17-pin version designed for anine-digit readout sells
for 9.5 cents in large quantities.
One end of the strip consists of a
row of fingers, similar to those of a
dual inline package, spaced on 0.1inch centers and bent up at an angle
of 30°, 45°, or 90°. The opposite end
of the strip (photo) consists of threefinger bifurcated springs on 0.1-in.
centers. These spring fingers accept
1/32- or 1/16-in. pc boards, which
are snapped in.
Display connectors of this type
are being supplied to General Instrument Corp., Hicksville, N. Y.,
for a calculator for the Soviet
Union. Other calculator manufacturers are considering use of these
units. Possible other applications are
as a calculator keyboard connector
and as a motherboard connector to
accept smaller pc cards.
Precision Concepts Inc.,

1595 B Ocean

Ave., Bohemia, N. Y. 11716. Phone ( 516)
567-0995 [391]

on removable metal trays, which
also protect the PROMs against electrostatic damage. Ultraviolet dosage
is controlled by an adjustable timer,
calibrated in minutes, with a maximum setting of one hour. A hold
feature permits both very short exposures and very long ones. The operator of the model 30-000 is protected from exposure to the intense
ultraviolet radiation by adoor interlock, and from ozone by the specially designed envelope of the ultraviolet lamp. The eraser sells for
$295.
Turner Designs, 2247A Old Middlefield Way,
Mountain View, Calif. 94043. Phone John E.
Griffin at ( 415) 965-9800 [ 393]

ROM programer's display,
keyboard are hexadecimal
The model 501 PROM programer has
ahexadecimal keyboard and acomplete set of hexadecimal displays to
eliminate the need to translate addresses and data from binary form.

Ultraviolet device erases
up to 60 PROMs at once
nine-digit magnified LED displays,
which are mounted on their own
small printed-circuit cards. These
displays usually are soldered to the
calculator's pc board with a special
external set of pins ( the display
board having no pins of its own) or
are plugged into arelatively expensive connector on the calculator circuitry board. Soldering doesn't allow replacement of the display, but
it is much less expensive than using
aconnector.
An almost brand-new company
specializing in metal stamping, Precision Concepts, has developed the
new unit that allows a customer to
snap in a display or pc board and
remove it at will. One side of the allmetal strip is soldered into acalculator board, and the other side accepts the LED display in a special
row of solderless contacts.
The strips are stamped out of tin-
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Able to hold as many as 60 erasable
programable read-only memories,
the model 30-000 delivers ultraviolet radiation at adensity of 7 milliwatts per square centimeter. The
wavelength (2,537 angstroms) is optimal for erasing such widely used
memories as the MM5203Q, the The unit, which contains an 8-bit
microprocessor, has two sockets, one
1702A, and the 2708. To minimize
handling, the memories are loaded
for a master PROM and one for a
copy PROM. Among the functions it
can perform are straight duplication
of the master PROM, duplication
with change in section of copy
PROM, zero field test, verification,
and step-by-step reading of PROM
contents.

The 501 is a plug-in instrument
consisting of amainframe and avariety of personality modules for a
wide range of memories. The mainframe sells for $2,150, and the personality modules are priced from
$300 to $600. Available options in-
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elude a paper-tape reader, a teletypewriter interface, and a generalpurpose interface. Delivery time is
four weeks.
Technitrol Inc.,

1952

E. Allegheny Ave.,

Philadelphia, Pa. 19134 [395]

Self-taught analyzer
finds shorts and opens
Designed to be quick and easy to set
up, the model TA-4 trace analyzer
system detects shorted and open circuits in single- and multilayer
printed-circuit boards, cable harnesses, and back planes. The system,
which programs itself from a
known-good board, comes in versions that can handle as many as
10,000 test points. It includes a
pneumatic indexing fixture, control
logic, memory, and measurement
circuitry. A variety of configurations

with prices ranging from $ 13,000 to
$32,000 is available.
PWR Inc., 9334 Mason Ave., Chatsworth,
Calif. 91311.

Phone Andrew Gourley at

(213)886-5030 [ 394]

Hand-held wi'e stripper
can't damage wire
Because its blades are made of StiIan plastic, which is harder than in-

sulation but softer than copper, the
Alpha plastic-blade stripper cannot
nick, cut, or otherwise damage the
wire being stripped. Unlike strippers
with steel blades, which have holes
into which the wire must be carefully positioned, the new stripper's
plastic blades have no holes. The
wire is positioned anywhere along
the blade; then, when pressure is
applied, the blades cut through the
insulation and deform around the
conductor.
Because of this operating principle, the stripper can handle more
than one wire at atime. It can also
strip twisted pairs, ribbon cable,
twin-lead antenna wire, lamp cord,
and telephone wires as easily as a
single wire, all without separating
the conductors.
The tool strips any size wire from
AWG 12 through AWG 28 with just
about any insulation in common use
today—polyvinylchloride,
rubber,

SURGE VOLTAGE PROTECTORS

Low-cost protection against damaging voltage transients.
A sudden voltage surge can harm or ruin costly
electronic equipment — especially solid state.
If you are now using or contemplating the need for
gas tubes or spark gaps, check out Siemens SVP's
on performance, price and delivery.
Highly reliable and of proven design, Siemens
SVP's offer:
•High current capability.
•Accurate breakdown voltage.
•High breakdown speed.
•Low capacitance.
•High insulation resistance.
•Ability to withstand environmental
and operational extremes.
•A broad line: power, fail safe and
3-electrode types.
148

Siemens SVP's are typically used for protection of
telephone and communication systems and for
switching purposes in strobe lighting and
ignition systems.
Now also produced in the United States and
available for immediate delivery from current
stock. Other voltage protection devices such as
metal oxide varistors and Zener diodes also
available. For more information write:
Siemens Corporation, components Group,
186 Wood Avenue South, Iselin, New Jersey 08830,
Tel. (201) 494-1000.

SIEMENS
Electronics/March 18 1976
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Components can be placed

Production

on either side of breadboard

neoprene, cross-linked polyethylene,
etc. Two important exceptions, insulations that the stripper cannot
handle, are Teflon and Kynar, the
company says.
The stripper, which is supplied
with three sets of blades, sells for
$39.95. The blades, which last up to
50,000 strips on simple hook-up
wire, can be replaced without tools.

A versatile Klip-Blok breadboard,
mounted on an aluminum chassis,
allows components to be mounted
and interconnections to be made
from both sides to increase wiring
convenience and reduce clutter. Signal and power bus connections can
be made on the bottom, if desired,
leaving the top clear for wiring that
may be altered. The model 51X is
an unclad board that allows solderless interconnections to be made
with 22-gauge wire. Dual in-line
packages and most semiconductor
devices simply plug into the board.
The 51X sells for $25.50 while the
51X-GP is priced at $ 29.95.

Alpha Wire Corp

Vector Electronic Co Inc.. 12460 Gladstone

Elizabeth

711

N J 07207

Lidgerwood Ave,
Phone ( 201) 925-

8000 [ 396]

Ave.

Sylmar.

Calif.

91342.

Technical Wire Products Inc.,
Cranford, N. J., is now offering
its C.;e1c1 connectors with silverfilled silicone conductive buttons
as well as with nonmetallic-filled
silicone. . . . EECO, Santa
Ana, Calif., has developed aline
of fast- mount hardware that allows its thumbwheel switches to
be mounted without tools,
mounting holes, screws, nuts,
bolts, or washers. . . . Thomas
& Betts, Elizabeth, N.J., has announced a hinged corner post
that makes removal of a wiring
harness from the fabrication
board very easy. . . . Minitool,
San Jose, Calif., is selling a line
of 32 gold-plated Micro- tools
with tip sizes from 0.005 inch to
0.02 in. for use in any kind of
delicate work done under a microscope.

Phone ( 213)

365-9661 [ 397]

Siemens.
For all your Zener needs.
Commercial • Industrial • JAN • JANTX • JANTXV • S'IN
N.
Special Types • Zener IC Chips •
Zener TC Assemblies.
'SIEMENS
ir aeve ryour Zener iode need — commercial,
industrial, military or special devices — Siemens
can fill it. Siemens produces just about every type
of Zener and Temperature Compensated Zener
that you'll ever use. From 250 mW to 50 W, in 2.4 V
to 200 V ratings. In standard packaging as
well as chip fo -m. All with the Siemens assurance
of quality.

seetes

Manufactured nSiemens Arizona facility,
these Zeners Ere available through a
nationwide salles force and network of
stocking distributors.
Write today for a free Zener Diode
Quick Reference Wall Chart.
Siemens Corporation, Components Group,
186 Wood Avenue South, Iselin,
New Jersey 08830. Tel. ( 201) 494-1000.

Go,

SIEMENS

Oki
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ITHACO

The
predictable
filter.
Get ±1% gain. ±1% frequency and
phase accuracy. 24 dB/octave. From
.01 Hz to 1MHz. With tenth decade
step switch positions for repeatab .lity.
Available as shown or dual low-pass.
For information on electronic filters,AC
instrumentation amplifiers, dynamic
strain gage amplifiers, and auto-gain'
amplifiers, contact: ! thaw, Box 818MD3,1thaca,NY.14850.607/272-7640.
ITHAc0
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200,000 samples a second. Crocker
stresses, however, that 200,000 samples per second is only a figure of
merit and would have to be derated
depending on the kind of computer
linked to the AN5400.
The system is based on a master
chassis that holds avariety of up to
Acquisition system with
16 Analogic data-acquisition modroom for microprocessor
ules, depending on the user's needs.
A chassis will accommodate up to
aimed at control tasks
512 channels of single-ended or 256
channels of differential multiplexTo process both multiple analog siging. The system can be expanded to
nals and digital inputs and outputs,
eight chassis holding 4,096 singleusers of industrial process-control
ended channels.
systems have till now needed more
The single chassis can also conthan a single-chassis data-acquisitain up to 64 simultaneous sampletion system. But Analogic Corp. has
and- holds and the same number of
digital-to-analog converter outputs.
Twelve different d-aconverter modules provide resolution of 8 to 16
bits, moderate to very high speeds,
moderate to very high stabilities,
and bipolar and unipolar ranges, all
with selectable output codes.
Some key numbers for analog
output performance for a system
with 12- bit resolution are a maximum settling time of 2.5 microseconds and relative accuracy fullproduced a single-chassis system,
scale of 0.015%. Comparable figures
the AN5400, complete with provifor a 16-bit system are 20 j
us and
sion for amicroprocessor. The com- 0.001%.
pany has drawn on its expertise in
Provision for the Intel 8080 mianalog- to- digital and digital- to- croprocessor allows the user to have
analog converters to come up with a stand-alone data-acquisition syswhat it calls the most versatile data- tem, with storage in the form of
acquisition system on the market.
both programable read-only
Clark F. Crocker, manager of ad- memory and random-access
vanced instrumentation develop- memory for data- logging appliment engineering for data-conver- cations, for instance. Alternatively,
sion systems, says one of Analogic's the microprocessor permits the
chief goals was to design a system AN5400 to be remotely located and
that would serve many different operated through acommunications
kinds of customers yet be a rela- link. Crocker points out that the
tively standard product. " Some re- user can have the microprocessor
quirements for high speed are quite and minicomputer operating todramatic," he says, "calling for high gether, with the 8080 addressing
accuracy as well. But there are also 32,000 words of computer memory
low-end needs, and we wanted to through direct memory access. In
cover any signal level required in a this manner, the minicomputer can
system with ahighly flexible control be directed to store the data-acquisiorganization."
tion system program.
To that end, the AN5400 will acYet again, the program can be
commodate signals ranging from 5 transferred from the minicomputer
to 10 millivolts full scale at 100 to to the microprocessor, so that the
200 samples per second on the low 5400 then executes the program and
end all the way up to 10-v signals at the minicomputer is free to run
Data handling

Single-chassis

data gathering

150 on reader service card
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15 AMP POWER DARLINGTONS
SDM 6000 ( 400V)
SDM 6001 ( 450V)
SDM 6002 ( 500V)

vo

wir •

Matchyour design needs with Solitron's new NN high
voltage, high gain power Darlingtons. These silicon transistors were developed for high power switching applications, switching regulators, converters! inverters and;
motor controls. Whatever you build will switch faster
and offer mcre reliability than you thought possible
Typical maximum ratings are:
IC

VCER

VE80

II3

Ti

15A

400-600V

B.OV

2.0A

-55 °C tc
+200 °C

Bi s

1.25°C / W

,
(f c . 100°C)
BOW

tr ,

0 4 ;is

tt

1.0 i.n

ts

3.0

jis

Available in duamity, -these high voltage power Darlingtons are competitively priced - and waiting for you right
now. Call Sclitron toll-free at 800-327-8462 for specification sheets and more information.

bolitron

DEVICES, INC.
1177 Bue Heron Blvd.
Riviera Beach, Florida 33404
Tel: ( 305) 848-4311
TVVX: , 510) 952-7610

PLANTS IN: CALIFORNIA • FLORIDA • NEW YORK. ENGLAND. HONG KONG. MEXICO
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Introducing the
Optima eme
yservice
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other programs. Because of this
kind of flexibility, Crocker says, "we
feel we have apowerful tool for industrial applications."
A low-level, high-common- mode
voltage (±200 volts) system with 128
channels, sample and hold, 12- bit
analog-to-digital conversion, resolution that is accurate to within
0.035% and that does 200 readings
per second will sell for $6,284. A
faster system-50,000 readings per
second—with the same 12- bit resolution, accurate to within 0.025%, and
having 64 channels and acommonmode voltage of ±300 v, is priced at
$4,414.
Analogic Corp., Audubon Road, Wakefield,
Mass. Phone ( 617) 246-3000 [361]

Software-design system
handles both 8080 and 6800

Here's how it works. We keep an inventory of cabinets,
small cases, desks and racks on hand...all wrapped and
ready to ship anytime. You call us whenever you've got an
emergency and we ship within five days ( at the very most).
A good idea, no?
It's called Instant Optima. Altogether we've got 80
different products, each completely painted in beige with
bronze trim, ready for shipment in our emergency room.
Just circle the number below and we'll send you an Instant
Optima catalog or if you have an emergency now...call
Keith Moore at 404-939-6340.

INSTANT OPTIMA
SA-8751

New products

Optima' Enclosures, adivision of Scientific-Atlanta, Inc.
2166 Mountain Industrial Blvd., Tucker, Georgia 30084

Nearly every semiconductor manufacturer making a microprocessor
also is offering its customers a software development system. But what
about the engineer who is designing
different systems using different
manufacturers' processor chips? If
the two of those chips happen to be
Intel's 8080 and Motorola's 6800
eight-bit processors, he can now do
the software development on just
one instrument, according to Microkit, Inc., Santa Monica, Calif. Microkit's new model 8/16 handles
both the Intel and the Motorola
chips and, according to Microkit's
Bruce Gladstone, future plans include the new 16- bit Texas Instruments 9900.
The Microkit 8/16 Mod 6800
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ROTO KITannounces

31/2 Digit multimeter
KIT UNDER $ 90.00
Siliconix dual chip AID converter — motherboard construction — .05% basic converter
accuracy — metal case — calibrator available.
KIT PRICE

$89.95 F.O.B. FACTORY

USE COUPON FOR FREE BUYER'S KIT

9.95 with . 5"

For quick information call

Name'
Firm
Address
City, State

MODEL SHOWN .
L.E.D. OPTION.

Zip
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ROTO KIT INC.
BOX 301, 415 KAY STREET
ADDISON, ILLINOIS 60101
312-543-2699
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HERMES
LOOP
ANTENNA
THREE SAMPLE SITES
ON THE NORTH AMERICAN
CONTINENT —
DIFFERENT LATITUDES
DIFFERENT CLIMATE

64°N

Listeners maintain
alow profile
42.5°N

32.5°N

Even in the soritude of the forest depths, from rooftops,
arctic tundra, swamps to sweltering tropics, ' neath snow,
sand or ice,
the Hermes Loop antenna keeps an ear to the sky.
The amazing aperiodic antenna does away with vast log
periodic and rhombic arrays - those towering antenna
farms.
In rosette configuration, the Hermes loop antenna provides
an omnidirectional broadband receiving array in space
merely 1/100th that of the traditional antenna farm.
More than 53 government agencies around the world have
pressed the loop antenna into service.
A new, even more compact version is available.
Only Hermes Electronics makes it.
2-32MHz
BROADBAND

ASK US

Send for our Brochure

Hermes E'ectronics Limited
Suite 315
202C F Street NW
Washington DC 200J6 USA
202-295 2978
TW>: 710 822 110E
Electronics/March 18, 1976
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RE:

New products

STANDARD SOCKET CARDS AND PANELS

SCANBE'S STANDARD 40 AND 60 POSITION SOCKET
CARDS MOUNT A WIDE VARIETY OF DIPS....INCLUDES
FIELD PROVEN ME- 2 SOCKETS AND PIN STRIPS....
ALSO KIT CARDS AND UNIVERSAL MODELS FOR
COMPLETE FLEXIBILITY.
SOCKET PANELS AVAILABLE... . OFFERS 30 TO 180
ME- 2 SOCKETS IN ZONES OF 30... . PLUS UNIVERSAL
PANELS....ALL CARDS AND SOCKETS PROVIDE FOR
DECOUPLING CAPACITORS....STANDARD CARD FILES
AND DRAWERS ALSO AVAILABLE.
SPECIFY SCANBE....
SAVE WITHOUT SACRIFICING QUALITY.
SEND FOR NEW I.C.

PACKAGING CATALOG.

"Imitated

o
o
o
o
o
o
o
o
o
o
o
o

never duplicated."

SCANBE

CANOGA INDUSTRIES
Scanbe Manufacturing Corp.

3445 Fletcher Ave., El Monte, CA 91731
Tel: ( 213)579-2300 • TWX: 910-587-3437
Circle
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33% more power to the people
Power/Mate presents
Econo/Mate II.
The open frame power supply.
Now Power/Mate brings you 33%
more power in the same package size
with the second generation of our
Econo/Mate series.
The size is the same, the basic
components are the same for easy
interchangability. But that's where the
similarity ends.
Econo/Mate II adds features like
dual AC primary and a plug-in IC
regulator for improved regulation
And Econo/Mate II is tough.
Computer design, quality control. and
Power/Mate's experience helps
insure 100,000 hr. MTBF even at this
higher power output.
But for all its features, Econo/Mate
II is still, most of all, economical.
We wouldn't call it Econo/Mate
if it wasn't.
Econo/Mate II is in stock, ready for
delivery. Send for our free brochure.

Prices start at $ 19.95.

1011'A
POWER/MATE CORP

World's largest manufacturer of quality power supplies
514 South River Street/Hackensack, N.J. 07601 / Phone ( 201) 343-6294 TWX 710-990-5023
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consists of the computing system, a
960-character cathode-ray-tube display, akeyboard, and two tape-cassette units that transfer data at 2,000
bits per second. Options include a
65- line- per- minute printer, dual
floppy disks, and a programable
ROM programen
The 6800 also can do in-circuit
emulation, adds Gladstone, using a
40- pin plug that can be inserted in
the microprocessor socket on the engineer's prototype board. For software- development purposes, the
system has an editor, assembler, and
monitor/debugger.
The user can set software breakpoints, which cause interrupts during program execution. His microcomputer can then be interrogated
for register, flag, and memory contents. Cycle-stealing is used to read
and modify the user memory without halting the real-time process of
the system.
With the optional hardware
breakpoint/trace module:
• The user can set breakpoints
that cause his microcomputer to
halt, trace the last 32 steps of operation, and display the values of the
processor registers.
• The user can set address traps
that provide a snapshot of the 15
steps prior to and the 16 steps subsequent to the trap, address. The use
of the trap does not interrupt or halt
the processor, so that real time systems can be monitored while they
run.
The price of the Microkit-8/16
MOD 6800 is $4,950 including peripherals and a 6800 in- circuit
emulator. The price of the Microkit8/16 MOD 8080 is $ 3,850 including
peripherals; with an 8080 in-circuit
emulator, it is $4,950. Delivery time
is 45 days.
Microkit Inc., 2180 Colorado Ave., Santa
Monica, Calif. 90404 [ 362]

900-line/minute printer
has 200-ns microprocessor
A new 900-line-per-minute printer
for minicomputer- based systems
contains a fast, homegrown micro-
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digital edgewise
meters
9.6 I
processor. The engineers at Dataproducts Corp. knew they had to
use amicroprocessor for the sake of
its simplicity, cost savings, and ability to adapt to different end users'
needs without hardware modification.
But no commercially available
microprocessor had the 200- nanosecond speed that is necessary to
scan lines, generate characters, and
control the print head at that line
rate. -To get the 200-nanosecond
execution time, we had to build our
own microprocessor, with off-theshelf medium-scale integration," explains George Ismael, project engineer on the model 2290 printer.
The result was an 8- bit transistortransistor-logic device that proved
capable of achieving the desired
speed. Also, the number of randomlogic chips was reduced from 100 in
earlier printers to 65, and the number of discrete components was cut
in half, from 300 to 150. The 2290 is
the first in the Dataproduds line to
incorporate amicroprocessor.
The 900- line- per-minute model
uses a 64-character set. A 660- lineper- minute version has a96-character set. Each line contains 136 characters, and the speed accommodates
960- baud communication rates. An
optional 12-channel direct-access
vertical- format unit eliminates the
need for paper tape for defining
forms, allowing software to control
the handling of forms completely,
without any aid from an operator.
The 2290, which is designed for
lower-end data-processing applications, sells to original-equipment
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Newport's new
logic- powered DPVMs
have the largest display
in the smallest space ...
starting at $ 65.00*
The models 213 and 216 offer 2000 and 6000 count capacity respectively. Four ranges of voltage are available for each unit. The DIN standard
case and cut-out permits mounting without occupying precious front
panel space The depth, including the connector. is 71 mm.
Newport's DPVMs will replace your edgewise analog meter with bright
13mm ( 1
/ inch) LED digits easily read from a distance.
2
Low power consumption and low parts count, plus Newport's ten years
experience, add up to real reliability you can count on.
•OEM quantities

OTHER OUTSTANDING FEATURES:
• Differential input • Common mode voltage isolation • Bias current < 1nA • One watt power consumptior • Dual slope average
value • DIN standard case • Bipolar ranges • Automatic zero
• High 50/60Hz NMR • 3-wire ratio standart • 4- wire ratio (
optional) • Character serial BCD output ( optional)

Newport Laboratories, Inc
630 E. Young St.
Santa Ana, CA 92705
Call Collect: ( 714) 540-4686
In Netherlands, Call
Amsterdam ( 20) 45-20-52

TNEWPORT
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in award is what we are.
Project HOPE exists because there are
people with hope— people who have given
3.5 million men, women, and children or)
four continents the chance for happier,
more productive lives through improved
health care.

Give to

np

PROJECT

Department A
Washington. D. C. 20007

BEST SPECS
AT BETTER PRICES

MFE's 715 offers:
E Pad/load , 8-1/2 x 11"
recorder

E Disposable fibre tip pen
E 50-400 hi, 115/230V
svvitchable
E Electronic overdrive protection
D Zero check pushbutton

disc iss specific requirements.

or . 5MV/cm - 5V/cm

PROTOTYPE YOUR OWN
FLEXIBLE CIRCUITS

•140 db CMR at line
Constant 1M1.›. impedance

ODDLIIi

E 5ranges 1MV/in - 10V/in

Slew speed 17 ips
Plug-in timebase optional
One week delivery

Call or write Ron Gosk to

bYiAS midmi
D.tleM

cona=cm....dericav

With Exac:o knife, soldering iron,

Circle 181

and our kit, you can make all the

Keewaydin Drive
Salem, N.H. 03079

GSA

Tel. 603 893 1921 t
PAIX

710 366 1887

TELE X 94-7477
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circuits shown in this photo —
and more!
Kit includes: an 8"x10" sheet of
conductors of 1oz. ( 0.014" thick)
copper on 1mil oolyimide film on
.025-.150" pi:ch — plus two
additional sheets providing about
15 connector patterns, printed
and etched with tails about 2"
long. Usable with connectors for
interconnecting round or flat
wire. Hundreds of combinations

er
'OLe

possible.

THERMISTORS

Easy instructions included, along
with parts list, dimensional
drawings of connector patterns,
and paper on " Designing Flexible
Circuits."
Flexible Circuit Kit — $ 25.
Delivery from stock.

Now available off-the- shelf in designer
quantities, precision interchangeable
thermistors tested to GSFC S- 311-P-18/01
for extended space flight applications.
But if your needs are more earthbound,
these same precision thermistors, with
or without special testing, are available
for critical industrial and scientific

FIZ
156

uses. Write for specifications.

Rogers Corporation
Chandler, Arizona 85224
Phone: (
602) 963-4584
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Industrial Division
YS I

Yellow Springs Instrument Co., Inc.
Yellow Springs, Ohio 45387, U.S.A. • Phone 513-767-7241
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New products
manufacturers at $ 12,500 for single
units. Delivery time is 120 days.
Dataproducts Corp., 6219 De Soto Ave,

Dialight
sees aneed

•
•

(Need: The widest choice for your every appl cation.)

Woodland Hills, Calif., 91364. Phone ( 213)
887-8000 [363]

Microcomputer helps
evaluate microprocessors
A self-contained microcomputer,
believed to be one of the first to use
RCA's Cosmac central processing
unit ( see p. 129), is available in assembled or kit form. Designated the
UT 1800, it is suitable as atraining
device in the use of computers and
for evaluating the application of microprocessors. Access to an external
bus allows connection to avariety of
peripheral devices, including an
add-on memory. Keyboard programing is built in, and there is a
digital display for address, memory
contents, and input/output port.
The 1800 offers front-panel control
of interrupt, direct memory address,
and Ito flag. Its 256-byte randomaccess memory is expandable to a
4,096- byte RAM or ROM on board.

LED, INCANDESCENT OR NEON
ULTRA- MINIATURE DATALITES8—Meet or exceed MIL-L3661. Replaceable plug-in cartridges for 1.35-125V operation. Indicators mount as close as 1/ 2" centers; available
with red, green, amber, blue, white translucent, light
yellow or colorless lenses in wide range of lens shapes,
legends and finishes. Stocked by local distributors.

ted

Infinite Inc., P.O. 906, 151 Center St., Cape
Canaveral, Fla. 32920 [ 364]

Diskette drive handles
up to 6.4 million bits
Offered in standard or double density with up to 6.4 million bits, the
model 76 diskette drive is designed
for OEM applications, including data
entry, remote terminals, data communications, word processing, and
minicomputer systems. Features include atransfer rate of 250,000 bits
per second and an access time of 6
milliseconds track to track. A door
interlock is designed to eliminate
operator error and prevent media
damage and data corruption. No
job restarts are required, the company says. Also featured is a selfcentering lotus- petal clutch that
eases the diskette into registration
position. Price is $ 528.
Orbis Systems Inc., 14251

Franklin Ave.,

Tustin, Calif., 92680 [ 366]
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INCANDESCENT OR NEON SUBMINIATURE INDICATORS—Meet or exceed MIL- L3661.
Mounts in 15/32", 1/2" or 17/32" clearance holes. Incandescent for 135-28V; neon has patented built-in current limiting resistor. Choice of cylindrical, faceted,
convex, flat, square and round lens shapes, finishes,
legends. Stocked by local distributors.

Dialight, the company with the widest
choice in switches, LEDs, indicator lights
..°'AAWer
and readouts, looks for needs . . . your
needs ... and then they develop solutions
for your every application. No other company one's you one-stop shopping in all
these product areas. And no other company has more experience in the visual
display field. Dialight helps you do more
with these products than any other company in the
business, because we are specialists that have done
more with them. Talk to the specialists at Dialight first.
You won't have to talk to
anyone else. Send for your
free new copy of Dia light's
Dialight, A North American Philips Company
203 Harrison Place, Brooklyn, N. Y. 11237
(212) 497-76014
current catalog.

DIA LIGHT
-

See Dialight
Circle 157 on reader service card
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(t ATTENTION:
Systems Designers,
The Electronics Book Series offers
you ahandbook on the current and
revolutionary impact of LSI on digital
design. This 220- page book presents
aunique opportunity for circuit
designers, systems designers, and
engineering managers and supervisors to bring their expertise into line
with today's LSI design requirements.

Lame scale
IntegRation

LSI
LS'
LS'
LS'

Electronics
Book Series

Large scale integration
Like the well- received " Microprocessors"—
the first book offered in the Electronics Book
Series, also edited by Laurence Altman—
"Large Scale Integration" is acompendium
of recent articles published in Electronics.
Although in some ways it is acompanion
piece to " Microprocessors" because it
explains the new circuits that play in mp
systems, it is much more. " Large Scale
Integration" deals with the entire range of
design applications: main memory systems,
peripheral memories, memory controllers,
on-line industrial controllers, data acquisition
boards, communication systems, calculators,
watches, etc.

The content:
six general areas
1. LSI technology: the latest MOS and bipolar
techniques.
2. LSI devices and performance: memory,
logic and interface.
3. LSI design techniques: devices in actual
design examples.
4. LSI circuit modeling: hands-on design
techniques using computer- aided design.
5. LSI circuit testing: devices and techniques
for automatically testing LSI components.
6. Applications: selected to show range of
LSI capability—electronic switching, data
acquisition, and industrial control.

Some of the specifics:
Bipolar LSI—its meaning for higher
performance.
11 I
1
2L—new capability for the system
designer.
L Enhanced n- channel MOS—makes
memory and logic faster and cheaper.
Li C-MOS—the road to low- power LSI designs.
L RAMs: statics, dynamics, 1-k, 4- k—which
device for which job.
Li
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Circuit Designers,
Engineering Managers
III Designing those 4-k RAM boards.
E Taking alook at the big 16-k RAM—its
impact on memory design through the
seventies.
El What good are the new C-MOS static
RAMs.
How to get the CCD advantage now for the
next generation of mass storage systems.
111 Merging software and hardware for the
optimum balance.
0 Analyzing the LSI digital domain— packing
the most punch onto apc board.
El The new breed of LSI in circuit testers—
troubleshooting your LSI prototypes pays off
in performance.
E CAD for LSI—takes the guesswork out of
today's logic design.

The contributors:
Edited by Laurence Altman,
Senior Editor, Electronics
C. M. Hart
Arie Slob
H. E. J. Wulms
Horst Berger
S. K. Wiedmann
R. J. Huber
K. F. Smith
D. R. Hill
J. N. Fordemwalt
J. W. Hanson
W. H. Dobelle
Laurence Altman
S. Sheffield Eaton
Bernard Cole
Clinton Kuo
Non iKiagawa
Ed Ward
Phil Drayer
John Gersbach
Len Levine
Ware Myers
Shep Hume
J. J. Tiemann

W. E. Engeler
R. D. Baertsch
D. M. Brown
William Davidow
Robert Garrow
Sterling Hou
James Lally
Hap Walker
Stephen Scrupski
James Bowers
Gary Shaw
Meir Baran
Andy Santoni
Charles House
William Farnbach
John R. Greenbaum
Jerry Lyman
David Schneider
Stan Harris
Alan Weissberger
W. Andriaans
N. V. Franssen
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Special
Pre-publication
Offer:
If your order for " Large Scale Integration" is
postmarked on or before April 1, 1976,
you need pay only $7.95 per copy. After
April 1, the price will be $9.95. Take
advantage of this 20% discount by using the
following order form today.

1,41
4'

Electronics Book Series
PO Box 669
Inn a Hightstown, N.J. 08520
E Send me
copies of " Large Scale Integration"
at the pre- publication price of $ 7.95 per copy.
D Send me
$8.95 per copy.

copies of " Mic -oprocessors" at

Imust be fully satisfied or you will refund full payment
if the books are returned after ten day trial examination.
Full payment must accompany my order.
Name
Title
Company
Street
City
State

LSignature

Electronics 'fir, re

5THE SOURCE C.
FOR BOOKS,T00

159

PRECISION LOAD CELLS
FOR TESTING, WEIGHING,
FORCE MEASUREMENT

New products/materials

Specify Interface. offering industry the most
innovative and comprehensive selection of superior load cells available.
Industry standards for accuracy, stability, versatility and cost have been established by Interface
...providing a complete line of load cells for
electronic weighing, testing or force measurement applications— in any industry! With standard ranges from 5pounds to 100 tons, these load
cells combine extremely high accuracy with low
installed cost.

Interface
7401 East Butherus Drive/Scottsdale, Arizona, USA 85260
Telex: 668-394
Telephone: ( 602)948-5555

Circle 160 on reader service card

Additional copies of
1976 EBG available.
If you purchased acopy of the 1975 EBG, you are
probably one of the EBG users responsible for the 91,000
orders of catalogs through our Catalog Service section.
You are also probably one of the EBG users who
purchased some of the 4,000 products listed in the
Products section.
But, most important, you are probably one of the
EBG users who has found that from our easy-to-use,
single volume, you can get more electronics product
and manufacturer directory information, and can obtain
more current catalogs, than from anywhere else in
the world.
To get acopy of the 1976 EBG, complete the following
order form, enclose your payment and place
in the mail.

f
-p rÀ
•
/

%e
2
e
l
trekTe
i
e
r1Beuc
'
efe l
s
:e Gter'eas
New York. N.Y. 10020 USA
Attn: R. Hera- 42
p Please send me
copies of the 1976 EBG. The cost
for copies going to addresses in the U.S. and Canada is $25.
Outside the U.S. and Canada, the cost is $35. Payment must be
enclosed with order.
[11 If you want overseas copies airmailed, add $ 12 per copy.
Itii il

Name
Company
Street
City
Country
160

State

Zip

A conductive grease with a volume
resistivity of less than 100 ohm-centimeters is effective as a lubricant
for large metal-to- metal sliding contact areas which require continuous
conductive paths. It is also useful as
an rf caulking compound in metalto- metal joints. Called Eccoshield
CO, the material will not enter into
electrolytic corrosion reactions and
will protect the surfaces to which it
is applied from corrosion. It sells for
$4.70 per pound in lots of more than
5lb. Delivery is from stock.
Emerson & Cuming Inc.,

Canton,

Mass.

02021. Phone ( 617) 828-3300 [476]

An extremely tough plastic resin,
which the Du Pont Co. believes is
the most rugged engineering plastic
ever developed, is the first of acomplete line of super tough materials.
Called Zytel ST-801 nylon resin, the
new material combines the chemical
resistance of other nylon resins with
an impact strength greater than that
of polycarbonate. It also outperforms die-cast aluminum and
die-cast zinc in the tensile-impact
and Charpy tests. The material is
expected to compete with polycarbonate and metals in applications
where transparency is not required.
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Zytel ST-801 has an introductory
price of $ 1.45 per pound for quantities of at least 40,000 lb.
Du Pont Co., Room N-24911, Wilmington
Del. 19898 [477]

Silicone resin SR-262 is a heatresistant material especially developed as a coating for resistors, capacitors, and other electronic components. The resin has excellent
thermal-shock resistance, being able
to withstand cycling between -40°C
and 250°C with no degradation of
its electrical and physical properties.
Silicone Products Dept., General Electric
Co., Waterford, N. Y. 12188 [ 478]

Removing electroless nickel coatings
from copper, brass, and copper alloys has been made safer by the introduction of Fidelex # 227—a freeflowing alkaline powder that contains no cyanide. A solution of 2
pounds of # 227 for each gallon of
stripper will remove about 1mil of
electroless nickel per hour at 160°F.
The stripper should be used with
steel or stainless steel tanks, baskets,
heaters, and racks. Samples of parts
to be stripped may be submitted to
the manufacturer's laboratory for
test purposes at no charge.

1200 VA, $720

AC LINE CONDITIONERS
FOR DIGITAL SYSTEMS

•75V TO 130V REGULATION -± 3% • ISOLATION 120dB
• NOISE SUPPRESSION 120dB
Deltec IVACONTM AC line conditioners give you regulated
transient- free power at low cost and provide maximum common mode isolation to computer and instrumentation sysiems. The IVACON eliminates brownout problems and
reduces line transients caused by down- line equipment such
as SCR's, solenoids, and other switching devices.
For more information, call or write:
DELTEC, 980 Buenos Ave.,
San Diego, CA 92110
Phone (714) 275-1331

Circle 161
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Fidelity Chemical Products Corp., 470 Frelinghuysen

Ave.,

Newark,

N. J.

07114.

Phone (201) 242-4110 [ 479]

An acrylic adhesive for flexible laminates is noteworthy for its high-temperature characteristics, high peel
strength, and high resistivity. The
410 series adhesive, which is supplied in both roll and sheet form, is
intended for use in flexible printed
circuits, multilayer boards, and
other electronic applications.
Fortin Laminating Corp., 1323 Truman St.,
San Fernando, Calif. 91340. Phone ( 213)
365-9651 [ 480]

Ultrafine magnet wire ranging from
0.010 to 0.063 millimeter in diameter (AwG 60 to 45) is available in
both single-insulated and double-insulated forms. The wire is easy to
wind into formerless coils.
Englehard

Industries,

Manufacturing Cust

omer Service, 2655 U.S. 22, Union, N.J.
07083 [ 379]
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New literature

Suppressing transients. A 108-page
publication entitled " Transient
Voltage Suppression Manual" includes 80 pages of text on the
causes, detection, and suppression
of voltage transients. The rest of the
book is essentially catalog data on
GE-MOV varistors. Copies are
available from GE distributors, or
they may be ordered from GE Semiconductor, Electronics Park, Bldg.
7-49, Syracuse, N.Y. 13201. The
price is $ 2.50 plus local tax.

• AMERIC
MADE
• COMPETITIVELY
PRICED
Single and two pole models.
Maintaining or momentary
switching actions. A wide range
of options for computers, appliances, industrial, military, and
consumer applications.
You can choose the exact combination you
need from
the
selection
of
basic
switching
functions, contact ratings, terminations,
handle types,
and
hardware.
The product of years of experience in the design and manufacture of electromechanical devices, Airpax miniature switches
assure you of the superior quality,
performance, and
service that
has
been synonymous
with Airpax products throughout
'the years.
Send for Short Form
Catalog 3001.

162
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*
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Hybrid combiners. A four-page brochure describes how hybrid junctions operate as combiner
- sfor making
high-power
amplifiers.
It
discusses all important specifications of hybrid junctions and includes four curves that may help in
predicting their efficiency and isolation under various conditions.
Called "Predicting Performance in
Hybrid
Combined
Amplifiers,"
Technical Note 601 may be obtained from Werlatone Inc., P.O.
Box 258, Brewster, N.Y. 10509.
Circle reader service number 422.
Undersea cables. Written under a
contract awarded by the White
House Office of Telecommunications Policy, "The World's Submarine Telephone Cable Systems" lists
all commercial undersea telephone
cable systems that contained at least
one submerged electronic amplifier
(repeater) and were in operation at
the end of 1974. The 291-page publication also includes some historical
background material, a glossary, a
list of abbreviations, and alist of all
sea cable systems known to be under construction, under international tender, or in the planning
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When you
want asmall
package
delivered
fast, ifs in
the bag.

Delta's DASH guarantees delivery
on the flight or routing you specify
between most Delta cities. Packages accepted up to 50 lbs. with
length plus width plus height not to
exceed 90'.'
Bring your package to Delta's
passenger counter or air freight
terminal at the airport at least 30
minutes before scheduled departure time. Package can be picked
up at DASH Claim Area next to airport baggage claim area 30 minutes after flight arrival at destination.
Charges for DASH shipments
are nominal. Delta reservations will
be pleased to quote actual charges
between specific points. Payments
accepted in cash, by company
check, most general-purpose
credit cards, special credit arrangements or on government shipments by GBL.
C)
LTA

Rate examples

(
Tax included)

Atlanta-Washington .. $ 21.00
Boston- Miami
$ 26.25
Los Angeles- New Orleans
$ 31.50
Dallas/Ft.Worth-Los Angeles. $ 26 25
San Francisco-Atlanta
$ 31.50
Philadelphia- Houston
$ 26.25
New York-Tampa
$ 26.25
Chicago- Orlando
$ 26.25
Detroit- Memphis
$ 21.00
For full details. call Delta reservations.

Delta is ready
when you are.
Circle 163 on reader service card
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767 289

COMPUTER
APPLICATIONS
IN OPERATIONS
ANALYSIS
by B. P. Lientz
Pub. price, $ 12.95
Club price, $ 10.95

767/408

HANDBOOK
OF COMPUTER
MANAGEMENT

COMPUTER PROFESSION

by R. Yearsley
and R. Graham
Pub. price, $ 19.75
Club price, $ 15.95

;

MINICOMPUTERS
FOR ENGINEERS
AND SCIENTISTS
Pub. price, $ 21.50
Club price, $ 13.95

er8

by D. Van Tassel
Pub. price, $ 12.00
Club price, $9.95

professional books

OPERATING
SYSTEMS

Club price, $ 12.50

I0

of these great

394 555

Pub. price, $ 18.50

PROGRAM STYLE,
DESIGN,
EFFICIENCY,
DEBUGGING,
AND TESTING

g

any one

by G. A. Korn

by
S. E. Madnick
and
J. J. Donovan

767/53X

Y
.
>

353/387

for
only

e

767, 920

COMPUTER
TIME SHARING
FOR MANAGERS

00

by J. F. Odeneal
Pub. price, $ 24.95
Club price, $ 17.95

497/672

279/535

INFORMATION
SYSTEMS
THROUGH COBOL

values up
to $29.95

by
A. S. Philippakis
and
L. J. Kazmier
Pub. price, $ 12.95
Club price, $9.95

Computer

I
njerfating
and
crUie

operaton

COMPUTER
SYSTEM
PERFORMANCE
by H Hellerman
and T. F. Conroy
Pub. price, $ 18.50
Club price, $ 14.75
767/203

767, 017

COMPUTER
INTERFACING
AND ON-LINE
OPERATION

DATA
PROCESSING
MANAGEMENT

Special $1.00 bonus book comes to you!
with your first club selection

by D. H. Brandon,
A. D. Palley, and
A. M. O'Reilly

by J. C. Cluley
Pub. price, $ 14.50
Club price, $ 12.35
767/513

PROGRAMMING
LANGUAGES
by J. E. Sammett
Pub. price, $ 21.00
Club price, $ 17.50

770, 211

158 ' 274

BUCHSBAUM'S
COMPLETE
HANDBOOK OF
PRACTICAL
ELECTRONIC
REFERENCE DATA

MANAGEMENT
INFORMATION
SYSTEMS:

BOOK CLUB
THIS

r--

new professional club is designed to meet your day-to-day on-tne-job
1 needs by providing practical books in your field on a regular basis at below
publisher prices. If you're missing out on important technical literature-if
today's high cost of reading curbs the growth of your library-here's the solution
to your problem.
The Computer Professionals' Book Club was organized for you, to provide an
economical reading program that cannot fail to be of value. Administered by
the McGraw-Hill Book Company, all books are chosen by qualified editors and
consultants. Their understanding of the standards and values of the literature in
your field guarantees the appropriateness of the selections
How the Club operates: Every month you receive free of charge The Computer
Professionals' Book Club Bulletin. This announces and describes the Club's
featured book of the month as well as alternate selections available at special
members' prices. If you want to examine the Club's feature of the month, you do
nothing. If you prefer one of the alternate selections-or if you wait no book at
all-you notify the Club by returning the card enclosed with each Bulletin.
As a Club Member, you agree only to the purchase of four books ( including
your first selection) over a two-year period. Considering the many books published
annually, there will surely be at least four you would want to own anyway. By
joining the club, you save both money and the trouble of searching for the best
books.
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by C. Eames
and R. Eames
Pub. price, $ 15.00
Club price, $ 12.75

by G. B. Davis

Club price, $ 13.50

Lni ii

767 ,246

ACOMPUTER
PERSPECTIVE

Pub. price, $ 15.50
Club price, $ 11.95

Dub. price, $ 17.95

COMPUTER PROFESSIONALS'

Club price, $ 21.50

Canceptual
Fourdations,
Structure, and
Development

by
W. H Bt.chsbaum

save time and money
by joining McGraw-Hill's new

Pub. price, $ 29.95

MAIL THIS COUPON TODAY

COMPUTER PROFESSIONALS/Book Club
P.O. Box 582 Princeton Road, Hightstown, New Jersey 08520
Please enroll me as a member of the Computer Professionals'
Book Club, and send me the two books indicated below. Iam to
receive thr bonus book for just $ 1, and my first selection at the
special Club price. Actual postage, plus 25e handling charge will
be added , sales tax, also, if applicable). These books are to be
shipped cat approval, and Imay return them both without cost or
furthet obligation. If I decide to keep the books, I agree to
purchase us few as four additional books ( including this first
selection during the next two years at special Club prices
(guaranteed 15% discount often more).
Write Code # of $ 1.00
bonus book
selection here

Write Code # of
first
selection here

NAME
ADDRESS
CITY
STATE

ZIP

All prices subject to change without notice
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PROFESSIONAL
DISCOUNT
PRICES
AVAILABLE ON

Texas
Instruments

Engineering
Calculators
PHONE TOLL- FREE

800-638-8906
FOR THE CURRENT LOW DISCOUNT PRICE
OF THE LATEST MODEL TEXAS
INSTRUMENTS CALCULATOR OF
YOUR CHOICE

Texas Instruments SR-52
Programming power from Texas
Instruments. Easy hand held
programming for scientists, engineers, students — anyone who
works with advanced mathematics. Check these features: 224
program locations, 20 addressable memory registers, 23 preprogrammed key functions, in•
direct
addressing,
permanent
program storage on magnetic
cards.

Texas Instruments SR-56
More power from Texas Instri—
ments. Hand held key programmable calculator. 100 program
steps, 5 program levels ( up to
4 levels of subroutine may be
defined). Easy single step editing. Main features include 26
preprogrammed key functions.
10 addressable memory registers, algebraic logic and 9 lev
els of parentheses.
Lock down printer; for
hard copy of your results:
step by step listing of programs, or "debug
ging" programs. The PC- 100 printer may tc
used with the SR-56 or SR-52.

OTHER MODELS AVAILABLE
SR-50A, SR 51A, T1 255011, II 250011, TI 51C0
ALL THE FAMOUS

New literature
stage. Copies of
port 75-2 may
$3.55 each from
of Documents,
Printing Office,
20402.

OT Contractor Rebe purchased for
the Superintendent
U.S. Government
Washington, D.C.

Wideband components. A broad line
of wideband signal-processing components such as mixers, power dividers, rf switches, frequency doublers, attenuators, chokes, phase detectors, and pulse transformers is
covered in a24-page catalog put out
by Vani-L Co. Inc., 3883 Monaco
Parkway, Denver, Colo. 80207. [424]
Relays. A 24-page short-form catalog describes 28 series of relays including general-purpose, reed, sensitive, power, hybrid, and solid-state
types. In addition, the document
lists Sigma's line of optoisolators
and photoelectric control components. A second brochure tells about
the company's new low-cost series
226 solid-state relay and includes
specifications and applications information. Both of these relay catalogs are available from Marketing
Services Dept., Sigma Instruments
Inc., 170 Pearl St., Braintree, Mass.
02184. [425]
Keeping time. A broad line of precision time-code and time-keeping instrumentation, such as time-code
generators, readers, and digital
clocks, is presented in a 22- page

TEXAS INSTRUMENTS
ELECTRONIC CALCULATORS
ARE AVAILABLE AT DISCOUNT PRICES
Mail and phone orders accepted. Master Charge
and BankAmericard accepted. Add $2.50 per
unit for shipping and handling. Maryland residents add 4% sales tax.
Time Code Instrumentation

Use our toll free phone: 1100438-0906 (
Maryland residents phone: (
301) 340-7200) to order
or for current discount quotations on the leading brands of electronic calculators: Texas
Instruments. Hewlett-Packard. Rockwell, Ricoh,
Kingspoint, Corvus, Novus, and many more.

THE GUARANTEE
10 day money back trial. If you are not con.
pletely satisfied you may return the Texas Instruments calculator you order within 10 days
for a cash refund or charge cancellation. In
addition Texas Instruments Inc. and Capital
Calculator Co. Inc. warrant each calculator for
a period of one year against defective parts
and workmanship.

Capital Calculator Company

701 East Gude Drive
Rockville, Maryland 20850
164
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THICK FILM
FLAKE
THEHMISTORS

• low cost, low noise, fast response

Thinistors'
• free standing or substrate backed
• standard 40 micron thickness
• high negative temperature coefficients of
resistance
• Applications: infrared detection ... intrusion sensing... high speed temp. sensing
... microcircuit compensation ... flow
sensing ... micro calorimetry .... medical
electronics.
COMPLETE DESCRIPTION & SPECS AVAILABLE
IN NEW BULLETIN MVM1994.

23 •+¡. 59

196'23 45 oc

VICTORY
ENGINEERING
CORPORATION
VICTORY ROAD, SPRINGFIELD,
NEW JERSEY 07081
(201) 379-5900 • TWO 710-983-4430
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HEATH

Schlumberger

New literature

OSCILLOSCOPES

catalog that has been released by
Systron-Donner Corp., 935 Detroit
Ave., Concord, Calif. 94518. The
catalog includes applications information on serial time codes, slow
codes, and other typical time codes
used for time-indexing recorded
data for playback at a later time.
[426]

with MORE VALUE for your dollar

Today's design engineer needs
more than just a-visual voltmeter" on his bench. So Heath
developed aline of scopes that
offers more performance per
dollar than the industry has
seen in years. There's sure to
be aHeath scope for your
application.., at aprice that
satisfies the most valueconscious engineer. Compare
Heath specs and price before
you buy.. learn about quality
that counts.

Semiconductor screening results. A
computer-printed summary of test
results on more than five million
parts, the annual screening summary report on electronic components for 1975, is now available. For
information on how to obtain a
copy, write or call Continental Testing Laboratories Inc., 763 U.S.
Highway 17-92, Fern Park, Fla.
32730. Phone (305) 831-2700 [427]
Switches. Rocker, rotary, rotary
slide, toggle, lever, push-button,
push-button slide, and multi pushbutton switches in awide variety of
configurations are described in a36page catalog offered by Shigoto Industries Ltd., 350 Fifth Ave., New
York, N.Y. 10001. [428]

New Heath/Schiumberger
s0-4550 Dual-Trace Scope
• 10- MHz scope with brighter
trace & faster writing speed
• Full mu- metal shield to
eliminate display error from
electromagnetic interference
• Fully- regulated high voltage
power supply
Write for your free copy of our latest
Assembled
Instruments
Catalog.

FR

Reath Company
Dept. 510-150
Benton Harbor,
Michigan 49022

Heath/Schlumberger... pioneers in
value- proven instrumentation
EK-48 1

'11
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Gas Sensing Semiconductor

FIGARO
GAS
SENSOR MA KING
INSPECTION ‘

.switches

ros

-

L%
J.
•

ee44-ie

-

quickly senses
even small
amount
of gas.

e
‘.,
Ind.b-;«

AGIC

*Apply amicro- dot of fluorescent color
— removable or permanent — for inspection
marking of electronic circuit boards with the
incredible Metron Marker. Squeeze-type, needle
point, disposable per has 12,000- dot ink capacity, replaces adhesive dots. Many other industrial uses. Thirteen permanent inks: ten
military colors plus gold, silver, transparent (fluoresces blue under ultraviolet
light); eight removable colors: red,
e
green, blue, orange, yellow, brown, /
violet, grey. When ordering,
specify color(s), removable or
permanent ink.

•
NOW. MORE COLORS. /
New Models,
some with highly sensitive
CO sensor, now on the market
Please contact the address below directly for
catalogs and priceldel,very , nformahon

FIGARO ENGINEERING INC.
3-7-3, Higashitoyonaka. Toyonaka City. Osaka 560
Japan/Tel. ( 06) 849-2156
Cable: FIGARO TOYONAKA/ Telex: 05286155 FIGARO J
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Five standard colors in
Single pens,
boxed desk stand, $ 13.25 $2.95 ea.

METRON
MARKER
METRON
Solana

Beach,

OPTICS, Box 690AL
CA

92275 •

714 / 755-4477

Circle 185 on reader service card

NEW
AUTOMATIC
IN- CIRCUIT
SEMICONDUCTOR
TESTING
AND LEAD
IDENTIFICATION

Electronics advertisers
• Abbott Translator Labs Inc.
°Adelsy
Advanced Micro Devices
• Airpax Electronics

6
4E
11

34

Alma Division of Deveico

38

• Analog Devices Inc.

125
28-29. 77

•Anritsu Electric Co., Ltd

15E

• Beckman Instruments Ltd.

16E

Beckman Instruments Inc.
Information Displays Operations

° Fujitsu Limited

141

Brand Rex Corporation

for
all bipolar transistors
(including hard-tocheck Darlingtons),
FErs, SCR's,
diodes.

• Buckeye Stamping Company, The
of California instruments
• Cambridge Thermionic Corporation
Capital Calculator Co.
CDC Cybernet
° Centronics
• Claires Corporation

Model 520B
Semiconductor Tester
$160.00
New HI/L0 power drive circuitry
permits accurate testing of even
more transistors and other semiconductors in circuits with shunt
resistance as low as 10 ohms
and shunt capacitance up to 15
F. New low power drive automatically identifies base, emitter
and collector leads, in or out
of circuit.
Test takes 9 seconds or less. Audio
tone and LED's indicate GOOD/
BAD, NPN-OK or PNP-OK.
Ideal for production Una, inspection, and field service applications.
Contact your local distributor for
a demonstration or write for detailed brochure.'

IfFel<PRECISION
PRODUCTS OF DYNASCAN

•Clare International
Coherent Radiation
• Coll-ler Mfg. Inc.
•• Communication Associates Inc.
um Continental Rentals
• Continental Specialties Corporation
Data General Corporation

161

164
142
31
4th C
18E
131

37

General Magnetics

9

5E

Germanium Power Devices Corp.

Harris Semiconductor

Hermes Electronics, Ltd.
• Hewlett-Packard
Information Handling Services

• Dialight Corporation
DuPont Riston

160
150

at ITT Cannon

47

• Johnson Company, E.F.
• Kepco Inc.
• Last Electronlca S.p.A.
• Logabax

30
5
21E
6E

McGraw-Hill Book Company
° Membrain Limited

162A & B.163
24E

Metron Optics

165

• MFE Corporation

156

• Motorola Semiconductor
• National Semiconductor Corporation

169

61
139
144-145
73

OAK Industries Inc. Switch Division

155
126-127

157
74

136
130

Fairchild Systems Technology

62-63

161

• E&L instruments Inc.

• Exact Electronics

17-26

162

• Eastman Kodak Company GMD GD
Photolabrication-Microelectronics

Electronic Navigation industries

153

• interlace Inc.

• Newport Labs.
Deutsche Messe

165

• ithaco, Inc.

Neff Instruments
• Deltec

108
64-65

• Heath / Schiumberger Scientific Instruments

$ NEC Microcomputer Inc.
Delta Air Lines

146

• Gould Inc., Instrument Systems Division

8

167

1

Georgia Department of Community Development132

48
128

2

General Instrument Corporation,
Microelectronics Division

•General Semiconductor Industries, Inc.

68
110

General Instrument Corp. Components

58

2nd C

• Deievan Division American Precision Industries,
Inc.
50

1801 West Belle Plaine Avenue
Chicago, Illinois 60613 312.'525-3990

3rd C

128

• General Radio

B & K Precision Division Dynascan Corporation 166
• Boums Inc.

47

$ General Electric Instrument Rental Division

162

Allen Bradley Company

AMF/ Potter 8. Brumfield

• Fluke Manufacturing Co., John
81. 83, 85, 87, 88. 89, 90. 91

82

• OscIlloquartz

14E

° Philips Eicoma

13E

•n

Philips N.V. Pit/T&M Division
Photo Research

• Piezo Technology Inc.

49

Plessey Co. Ltd.

15

Plessey Microsystems

2E- 3E
70
8
123
66-67

In Canada: Atlas Electronics, Toronto
Figaro Engineering Inc.

165

• Plessey Semiconductors

11E
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Powercube Corporation Division of Unitrode
• Powermate

135
154

• Precision Monolithic Inc
• RCA Electro optics and Devices
RCA Solid State Division

7
17E
43,45

• RCL Electronics Inc.
Rockwell International Electronics Group
• Rogers Corporation

14
32-33
156

• Rohde 8, Schwarz
Scanbe Canoga Industries
• Scientific Atlanta Optima Division

1E
154
152

• Siemens A.G. Munich

68

* Siemens Corporation

148-149

BREADBOARD
CAPACITY YOU'LL
NEVER OUTGROW.

No matter how big ( or small) your circuit design
and testing needs. we have the answer; CSC's QT
Sockets and Bus StripeThe expandable, interlocking solderless breadboarding system that
accommodates virtually all types of components with plug-in ease. Resistors.
Transistors. DI P.s. LED's. You name
it. All instantly connect and reconnect without damage.
On your next project, save
time, save money, save effort
for as little as $ 3.00,' See your
CSC dealer, or write for our
catalog and distributor list.
CONTINENTAL SPECIALTIES CORPORATION

Solitron Devices Inc. Transistor Division

151
EASY DOES IT

• Spectrol Electronics Corp.

137

Storage Technology Corp.

119

New Haven, CT 06509 • 203-624-3103 TWX 710-465-1227
West Coast office: Box 7809, San Francisco. CA

144

94119 • 415-421-8872 TWX 910-372-7992
Canada Len Funkier Ltd . Ontario

* TEAC Corp.
Tecnetics
• Tektronix Inc.

86
12-13

• Teledyne Relays
Texas Instruments Scientific Calculators

•• Manufacturer's suggested list. OT- 7S. Prices and specifications subject to change without notice
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51-56
92

•Tony Davies Communications Ltd.

23E

• Victory Engineering Corp.

164

• Wavetek San Diego

9E

*• Weston Instruments

31

Sleet°

167

While Westermann
Yellow Springs Instrument Co.

C 1976. Continental Specialties Corp
•U S. Pat. No. 0235.554

27

Thomson CSF

• John Wiley 8, Sons, Inc.

44 Kendall Street. Box 1942

16
156

Classified & Employment Advertising
F J Eberle Manager 212-997-2557

S

eCte
MICROPROCESSORS &

MICROCOMPUTERS

Just published— amulti- angle description of the
application, programming, and interfacing techniques
common to microprocessors. Concentrates on
detailed presentations of representative microprocessor families. Covers newly- developed
microprocessors, high-speed microsystems, and
bipolar LSI circuits.
(0 471 81391-5)

• For more information of complete product line see advertisement in the lastest Electronics Buyers Guide
• Advertiser ri Electronics International
t Advertiser ir Electronics domestic edition

1976

324 pp.

$ 23.00

Available at your bookstore, or write
Wiley-lnterscience, P.O. Box 092
Somerset, N.J. 08873
WILEY-INTERSCIENCE
adivision of John Wiley & Sons, Inc.
605 Third Avenue
New York, N.Y. 10016
In Canada: 22 Worcester Rd., Rexdale, Ontario
Price subject to change without notice.

A- 5589- WI

Circle 187 on reader sewice card
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Classified section
FOR EMPLOYMENT AND SALES OPPORTUNITIES
Advertising Sales Staff
RATES 546 per advertising inch ( 90. Cornmissionable
SIZES 'h" to to deep in widths of one column ( 1%"). two ( 3%"). three (5%"). and four
(
7- )
CLOSING Two weeks prior to mailing
MAIUNG One week prior to issue date
ISSUE DATE Every other Thursday
AD ORDERS/SOX NUMBER ANSWERS
Send to Electronics. Post Office Box 900. New
VOrk.NY 10020

EMPLOYMENT SERVICE

Electronics' Industry Newsletter tells

Pierre J. Braudé New York
Paris Tel: 720-73-01
of Marketing

POSITION VACANT

Atlanta, Ga. 30309
100 Colony Square. 1175 Peachtree St.. N.E.
[404] 892-2868

Design, Production, Instrumentation,
Communication Engineers and
Managers. All fees paid. Career opportunities now exist with our microelectronics, analytical, telecommunications and electronic manufacturing companies. Salaries open.
Call or send resume to James
Franklin and Associates, Inc. 502
Earth City Plaza, Suite 120 Earth
City, Mo. 63045
(St. Louis) Phone: ( 3141 291-6880.
Specialists in Engineering Search and
Placement.

you which firms have current employment opportunities, in the field of

Electronics, for all types of Engineers.
Sales Representatives, Technicians,
Executives, Computer
Personnel
and others. Latest product information is also reported. For information
write: Electronics' Industry Newsletter, Dept. 304A, 23573 Prospect
Avenue, Farmington, MI 48024.

[
212] 997 -3468

Director

Position Available— Need BS Eng.
+ U.S. exper. in engineering or technical sales. Fee paid by employer.
Over 1,000 U.S. client co's. Est.
1959. Send resume & present
salary. Atomic Personnel, Inc., Box
L. 1518 Walnut, Phila, PA 19102.

Boston, Mass, 02116: James R. Pierce
607 Boylston St. [ 617] 262-1160
Chicago, ill 60611:
645 North Michigan Avenue
Robert W. Bartlett (312)751-3739
Robert M. Denmead ( 312) 751-3738
Cleveland, Ohio 44113: William J. Boyle
[716] 586-5040
Dallas,
75201.
2001 Bryant Tower. Suite 1070
[214] 742-1747
Denver, Colo. 80203: Harry B. Doyle, Jr.
123 Speer Blvd. # 400
[303] 837-1010
Detroit, Michigan 48202: Robert W. Bartlett
1400 Fisher Bldg
[313] 873-7410
Houston, Texas 77002: Paul Reiss
601 Jefferson Street, Dresser Tower [ 713] CA 4-8381

Los Angeles,

Calif. 90010: Robert J. Rielly
Bradley K. Jones, 3200 Wilshire Blvd., South Tower
[213] 487-1160

New York, N.Y. 10020
1221 Avenue of the Americas
Warren H. Gardner [ 212] 997-3617
Michael J. Stoller [212] 997-3616
Philadelphia, Pa. 19102: Warren H Gardner
Three Parkway,
[212] 997-3617
Pittsburgh, Pa. 15222: Warren H. Gardner
4Gateway Center. [212] 997-3617

NOW IS THE TIME ... TO HIRE
ASTUDENT THIS SUMMER.

Rochester, N.Y. 14534: William J. Boyle
9Greylock Ridge. Pittsford, N.Y.
[716] 586-5040
San Francisco, Calif. 94111: Don Farris
Robert J. Rielly, 425 Battery Street.
[415] 362-4600
Paris: Alain Offergeld
17 Rue-Georges Bizet. 75 Paris 16, France
Tel: 720-73-01

First, it's later than you think,
with schools closing on different
semester schedules, and students torn between lining-up
"sure" jobs now or gambling
that something in their chosen
field will come along later.
Second, and most important,
it's in our industry's best interest to encourage and hold
its life- blood by providing practical experience in their future
profession.
And, since there'll always be
more applicants than openings,
you'll be able to select the cream
of the crop, then evaluate them
with an eye towards hiring, when

as coveted graduates, the job
market might well be in their
favor.
Because we believe this program is of mutual benefit to
both employer and employee
alike, we again offer our services as aclearing- house.
Just fill out and return the
coupon below, and we'll include
your organization in a free listing to be sent to Placement
Directors and Department Heads
at leading colleges and universities across the nation.
They'll post it, and the students
will contact you directly.

Geneva: Alain Offergeld
1rue du Temple. Geneva, Switzerland
Tel: 32-35-63
United Kingdom S Scandinavia: Robert Ghey
Tel: 01-493-1451, 34 Dover Street, London W1
Milan: Luigi Rancali
1via Baracchini. Italy Phone 86-90-656
Brussels: Alain Offergeld
23 Chaussee de Wayne
Brussels 1040. Belgium
Tel: 13-73-95
Frankfurt/Main: Fritz Krusebecker
Liebigstrasse 27c, Germany
Phone 72 01 81
Tokyo: Tatsumi Katagiri. McGraw-Hill
Publications Overseas Corporation.
Kasumigaseki Building 2-5, 3-chome,
Kasumigaseki, Chiyoda-Ku, Tokyo, Japan
[581] 9811
Australasia: Warren E. Ball. IPO Box 5106,
Tokyo. Japan

Business Department
Thomas M. Egan,
Production Manager [ 212] 997-3140

Free summer help listing

Carol Gallagher
Production Manager
997-2045

MAIL TO: ELECTRONICS/POST OFFICE BOX 900/NEW YORK/NY 10020

Dorothy Carter, Production Manager Domestic
[212] 997-2908

NAME/TITLE ( of individual to be contacted

Frances Vallone, Reader Service Manager
[212] 997-6057

ADDRESS: ( Mailing address of your personnel off ice)
ORGANIZATION: I
Firm, Company, Government Agency or Institution)

Electronics Buyers' Guide

TYPE AND NUMBER OF STUDENTS SOUGHT:

George F. Werner, Associate Punisher
[212] 997-3139

Technician

168

International [212]

Electronics

Avionics

teri
Other: ( Draftsman, etc.)

Regina Hera, Directory Manager
[212] 997-2544
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First Hand Information

E

Electrical
ineering e76

The driving force of industry is electrical engineering.
This makes itself apparent at the Hanover Fair: with 1111111 RIM 1111111 1111111 1111111 1111111 11111111 1111111 1111111 I
8specialist fields of industry in 7halls it is the largest
group of exhibitors.
Please write
to the Deutsche Messeund0AusstellungsAG,
D-3000 Hannover 82.
Messe g
elâ nde. Tel 05 11)
891, Telex
922 728 .
About 1600 exhibitors from over 30 countries
will be presenting their products. Nowhere else in
The sooner you know what electncal engineering has to offer at the
the world can you collect such comprehensive
du ring your vi si
t. Please put a cross against the fields in which you
1976 Hanover Fair
the more certain you will be to find what you want
information which is application-oriented. Induslry,
re qui re advance i
nformation:
small-scale manufacture, business and trade,
communal supply and service concerns here will
find the solution tailor-made to your requirements.
0 Electric power generation
Wherever automation, mechanization and ratioand conversio n
0Electronic compo
nalization are necessary the Hanover Fair will
°Electric power distribution
assembli esand
nents
show you the quickest, most economical way to
0Electric installation
neering
engi
,
go about it. In direct discussion with leading
°Measurement, testing, control
electro-acoustics (ent
and automation
ment electronics)ertainmanufacturers who will demonstrate the latest
DElectric lighting engineering
level of development to you.
OFair
0Communications engineering
fields
pla nner with all specialist
0Speci al electrical fields.
Planning an extra day to include electrical
machining and processing
engineering in Hanover will thus mean taking
decisive steps towards solving your own
special problems.
Nam e

Obtaining comprehensive information
more quickly is the aim of EBI.
EBI - The new"Elektronische BesucherInformation"(electronic visitor information)
in the 7electrical engineering halls.

Pi

e

Hanover
Fair 9

ednesday
, April 28
-Thursday May 6

Information
aft me me
which you otherwise
ami
would not get

a

m

aim
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/MEET
AT

DESIGN ENGINEERS'
ELECTRONIC COMPONENTS
SHOWAPRIL 26 • • • 28
Jack Tar Hotel, San Francisco
Design Engineers' Electronic Component Show. The Jack Tar Hotel, San Francisco, Calif.
Sponsored by the EIA Parts Division, DEEC is held in conjunction with the Electronic
Components Conference.
Bigger and better than ever! A one-of-a-kind opportunity for OEM Design Engineers to
meet face to face with technicians and engineers of leading component manufacturers.
It's the only show created especially for design engineers and component technical people.
For advance registration, fill out the coupon below and mail to: Tyler Nourse, Electronic
Industries Association, 2001 Eye Street, N.W., Washington, D.C. 20006.

TECHNOLOGIES, INNOVATIONS, NEEDS,
INTERESTS, SOLUTIONS, MUTUAL CONCERNS

lnce registration and additional details

STAIE

• e ONE
10! ON
ONE

ZIP
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PCYCITRNS®

gKr/

SINGLE- TURN CERMET TRIMMER
VASTLY IMPROVED
ADJUSTABILITY
TWELVE TERMINAL
STYLES
•SEALED FOR WAVE
SOLDERING
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Meet Bourns new Model 3386, a product that both
buyer and engineer can love . .. with super adjustability that makes for easy, accurate trimming, AND
at a budget balancing price. Most importantly, it's
a BOURNS product . . . and that means QUALITY
and PERFORMANCE you can believe- in, and
SERVICE you can depend- on.

SIGNIFICANT SPECIFICATIONS
typical CRV less than 1%• infinite resolution • TC
of
10OPPM/'C to 200K ohms • power of . 5 watt
at 85°C • thin 3/
8 "square size

For complete details, contact your local Bourns
representative or distributor, o; the factory direct.

TRIMPOT PRODUCTS DIVISION • 1200 COLUMBIA AVE.,
Circle 901 readers service card
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WAVELENGTH IN NANOMETERS

with Clairex
Photoconductors and Phototransistors
With Clairex solid-state sensors and optoisolators you can
sense, measure, and control throughout the visible spectrum
and beyond—wavelengths from 245 to 1100 nanometers.

For complete specifications or for design assistance with
your " light" problems, call ( 914) 664-6602 or write
Clairex', 560 S. Third Ave., Mount Vernon, N. Y. 10550.

CLAIREX ELECTRONICS®
A DIVISION OF CLAIREX CORPORATION
Circle 902 readers service card

