EXCLUSIVELY FOR DESIGNERS AND DESIGN MANAGERS IN ELECTRONICS

Two-color and ac LED lamps
available in two-lead packages
Film resistor specs:

all you wanted to know
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Printout devices: what kind do you need?
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REGULATED
A.C. to D.C.
POWER MODULE

power supplies for op-amps...$14

These 2.3x 1.8 x 1-inch modules have tracking
outputs of =15V with regulation of +0.1% and ripple
of 1 mv. The Model D15-03 (25 ma outputs)
costs $14.00 in 1000 lots and only $24.00 for one.
The Model D15-05 (50 ma outputs) is $39.00.

For =12V, the model numbers are D12-03 and D12-05.
Same prices. Three-day shipment guaranteed.

Acopian Corp., Easton, Pa. 18042
Telephone: (215) 258-5441

CHECK NO. 1



If you think that one ine of
variable vacuum capacitors
1s just about the same as the next-

youre right...

.except for
three things.

1. Amperex uses short duty cycle
LONG LIFE BELLOWS — practically
doubles the cycle-life of the capacitor.

2. Amperex SHOCK SUPPRESSING BRACE
permits capacitor to withstand
shock level of 150 G’s at a
pulse width of 11 milliseconds.

3. Amperex can supply EVERY CAPACITOR
IN ITS LINE with a CERAMIC
envelope, increasing the
capacitor’s temperature-handling
range from 85°C to 125°C.

Outside of longer cycle life, greater ability to with- Application assistance on new or existing designs is
stand shock, and increased temperature-handling capa- available. For data, including complete replacement
city, Amperex variable vacuum capacitors are probably guide with prices, write: Amperex Electronic Corpora-
no better and no worse than the competition’s. They tion, Professional Tube Division, Hicksville, N.Y. 11802.

are competitively-priced and directly interchangeable

with existing types, both electrically and physically. They A
are tested to exceed MIL standard 23183B specifica- m perex®

tions. And every capacitor shown in the Amperex cata- TOMORROW’S THINKING IN TODAY’S PRODUCTS
log with a glass envelope is available on request in a Sold through
ceramic version. North American Philips Electronic Component Corporation

CHECK NO. 4



Here’s a versatile new IC for
portable or battery-powered instrumentation

150 p€Vatts powers
Triple Op Amp

The Siliconix L. 144 is a low-power Other features:

monolithic IC with three complete s Internal compensation provides
op amps and a common bias network stable operation for any feedback
on the same substrate. The circuit circuit—including capacitive
operates over a power supply range loads >1000 pF

of £1.5to =15V, witha supply cur- = 80 dB gain with 20K() load

rent set by an external bias resistor. m Typical slew rate 0.4 V/usec
Witha £1.5 V battery, only 50 uA m Military or commercial versions
is required for all three op amps! available

o—rt

0
oo
T "
(R st
L soxe:
A2
= Es b T

Instrumentation amplifier for Precision phase splitter with B
high input impedance with good gain, high input impedance, Active filter with high Q
differential operation. low output impedance. and excellent stability.

R2
50K
Rz
S0KS?

€0
€0 . R2+ Ry
Es m

Applications? Above are three suggestions.
There are more: Low-drift sample-and-hold,
inverting amplifiers, voltage comparators, and so on.
Call us if you have a specific design problem.

write for data

Applications Engineering: (408) 246-8905

Siliconix incorporated

2201 Laurelwood Road, Santa Clara, California 95054
CHECK NO. 37 CHECK NO. 5 »
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Cinch Dura-Con
0.050" centers

. Small. B

Now you have an effective source for your micro-
miniature connector needs. Cinch can produce and
deliver these rugged reliable connectors on a
timely basis, with size 24 contacts on 0.050” centers.

These connectors utilize the proven pin-socket
contact system, where the pin, made from a pre-
cision spring cable, is the spring member. The
seven cable strands are fused in a hemispherical
weld, resulting in a strong flexible shock and vibra-
tion resistant contact with assured alignment and
no discontinuities.

The Dura-Con pin is available in five sizes of Dura-

— i

Con D-configurations as well as single row strip
configurations. It can also be supplied in custom
insulators.

The size 24 contacts with 0.050” centers are sup-
plied factory terminated, with pigtail or wire leads.
Size 22 contacts, on 0.075” and 0.100” centers, are
crimp removable.

Cinch Dura-Con Micro-Miniature Connectors are
described in Bulletin PBC-174, available free on
request from Cinch Connectors, an Operation of
TRW Inc. Electronic Components, 1501 Morse
Avenue, Elk Grove Village, lllinois 60007. CM-7203

TRW

CINCH CONNECTORS
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14,000,000 CORDIP component
networks can save you 12 olympic
swimming pools, 8 tennis courts, and
a polo field of board space.

Get out your slide rule and prove us right or wrong.

All you need to know is that CORDIP component
networks are only one-quarter square inch each. And they
can save you approximately 50 % over discretes in size
and space.

And since one CORDIP network can contain up to a
23-component combination of resistors, capacitors and
diodes, you save hours of insertion time. And time is
money.

And while your slide rule’s working, keep this in the
back of your mind. They’re also economical at low

volume. Standard pull-ups and in-outs are as low as 76¢
in 1000 piece lots. Custom resistor-capacitor-diode
networks are economical too. Try us and see.

Obviously, we expect more in the thousands than in the
millions. But even one hockey rink of space saved is
money saved.

Think about it.

For additional information on our Corning CORDIP
component networks, check your EEM catalog. Or write
the Electronic Products Division of Corning Glass Works,
Corning, N.Y. 14830 for our technical brochure.

CORNING

ELELCT T RACHIN 1TES

CHECK NO. 6

E DN BUECIEM BIERL T,

]()7)



with

DECEMBER 1, 1972 i : i
VOLUME 17, NUMBER 23

EXCLUSIVELY FOR DESIGNERS AND
DESIGN MANAGERS IN ELECTRONICS

DESIGN NEWS
D s U.S. factories trailing Japan and Germany in applying minis . . . ... 14

e New method tests CATV coax cable shield effectiveness quickly and accurately . . . Neither
8 kow rain nor fog stops this CO, laser: at a 10.6-micron wavelength, it reaches 5 miles . . . Multi-
color CRT phosphor is applied in single coat.

DESIGN FEATURES

Printout devices—the computer’s eyesandears. .............. 20
High speed or low cost, impact or non-impact, line or serial, dot matrix or full character?
All the ingredients are there, but what do you need?

EDN Design Course—CMOS—Partl...................... 30
The basic building blocks provided in the 4000 Series have made CMOS a full fledged
logic family.

All you wanted to know about film resistor specs .. ...........38
Specifying film resistors properly is not as simple as one might think. For good design per-
formance, understanding all parameters is essential.

) \ A Graphs help resistor selection in active filterdesign............ 46
The assortment of computer printout Instead of selecting random values of resistors and capacitors and then calculating to see
devices has increased rapidly in the how good your filter is, try this shortcut.

Iastiow years o match vatyingIeQuIes, | Ersi rcien AWARDIS ¢ . o vtorcs os snen s oismen onon o aens B3

ments. For a rundown on the types

available, see special report starting on Unlversal temperature (()n?rollgr‘. h Monqlnhlc timer makes convenient touch switch -
4 ; : : Versatile circuit behaves like SCR . . . Triangular and square wave generator has wide
pg. 20. (Photo from Printer Technology) i Ak i ae
> range . . . Precision clipper operates from millivolts to volts.

PROGRESS IN PRODUCTS
New module allows expansion of 12-bit DAC to 16-bits. ........ 60

Bi-color and ac-dc compatible LED lamps available in a lensed 2-lead package.

DESIGN PRODUCTS

Equipment......... 62 Components/Materials . . . ... .... 64
Circuits . . . 66 Computer Products . . . 68 Semiconductors. .. 69

DESIGN DEPARTMENTS

The Editor'sColumn........... 9 Literature........... 70
Signals and Noise . .. ..... 71 ApplicationNotes . . . ...... 73
Index to Ads, Products, Application Notes and Literature . . ...... 74

Executive Vice President/Magazines: Ned Johnson, Senior Vice President/Magazines. EDN/EEE (formerly Electrical Design News) is published semi-monthly. Editorial,

(p © 1972 BY CAHNERS PUBLISHING CO., INC. ALL RIGHTS RESERVED. Norman L. Cahners; Chairman of the Board; Saul Goldweitz, President; H. V. Drumm,
Advertising offices, 221 Columbus Ave., Boston, Mass. 02116 (617) 536-7780. Subscription offices, 270 St. Paul St., Denver, Colo. 80206 (303) 388-4511. Printed

at 85 W. Harrison St., Chicago, Ill. 60605. Controlled circulation postage paid at Chicago, Ill. Send form 3579 to Subscription office. EDN/EEE is circulated to elec-

— tronic design engineers and engineering managers in electronic OEM industries. Plants having more than twenty employees and manufacturing electronically operated
— or controlled equipment of their own design are considered part of this industry. Engineers in such plants responsible for specification of components, materials and

ABP test equipment for electronic application may receive EDN/EEE without charge. Completed qualification form and company letterhead required. Subscriptions to

ey p others in continental United States, $2 per copy. $20 per year. Send requests for qualification forms and changes of address to subscription office in Denver, Colo.






Everybody wants your
components business.

But were doing
6 things to earn it.

Extra reliability. We build
extra reliability into our
components to let you build

extrareliability into your systems.
We offer documented reliability

from ER through industrial, from
precision through general
purpose.

Pricing you'll like. For

many product styles, our

quantity resistor pricing
is under 5¢ and often less than 3¢.
And that’s for CORNING" metal
film resistors that significantly
outperform other metal films
(including glazed), wirewounds
and carbon comps.

Faster delivery. Our

distributors can give you

off-the-shelf delivery from
an inventory of over 50,000,000

components. And our “ball parks”
are firm, real and reliable. This
lets you keep expediting and in-
ventory levels to a minimum.

Production savings. Our

unique product configura-

tions greatly simplify both
hand insertion and automatic in-
sertion operations. This saves you
money. Andour QC is so stringent,
many of our customers have to-
tally eliminated their incoming
QC testing of our parts. This
saves them money.

Product innovations.

Like our new CORDIP™

Component Networks.
With up to 23 discrete resistors/
capacitors/diodes in a miniature,
pre-tested, plug-in package to
save you time, money, and a whole

lot of board space.

Sharper support. We've

hand-picked the 30 most

competent distributors in
the country and built the indus-
try’s largest technically trained
field force —then backed every-
thing with a full team of specialists
—to give you all the in-depth
service you want and then some.

We too want your busi-
ness. But we're doing 6 extra
things to earn it.

Give us a chance to prove
it. Write: Corning Glass Works,
Electronic Products Division,
Corning, New York 14830. Or call:
(607) 962-4444, Extension 8381.

CORNING

ELECT RONINEGS

Resistors & Capacitors

for guys who cant stand failures

CHECK NO. 7
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To move a load in an arc or a straight line
.. consider a Ledex rotary solenoid

A Ledex rotary solenoid gives you a down-hill solution to an up-hill problem.

The force of an elec- The Ledex rotary sole-
tromagnet is inversely > “..  hoid starts off working
proportional to the where the force is
square of the distance really at, about .030”
between the pole between the pole
faces. Most solenoids faces. Then the arma-
live with this problem, ture rides a helical
which means less ramp, to distribute the
force in the beginning, - force over the stroke
where you need it, and you need. It gives you
wasted energy at the efficient, direct rotary
end, where you don’t r action and uniform
need it. linear movement.

The Ledex rotary solenoid delivers a lot of power for its size.
That's because it works in the tiny area where magnetic at-
traction is highest. It's efficient because it spreads this high
concentration of energy over a longer useful stroke.

For rotary or linear positioning it's hard to beat its simplicity
and high output. Choose from a family of eight models, with
strokes from 20° to 95° and torque to 117 pound-inches. For a
quick prototype, there are over 250 shelf models. Then, for a
custom snap / lock / index / punch solution, you just talk to our
positioning technology people.

LINEAR
MOTION

i
U ///////,//// 7

: LEDEX INC.
VA>172'q  the total technology people 7 e Sieei
el (513) 224-9891

POSITIONING - SWITCHING - MICROELECTRONICS

Over 400 ways to turn ... push ... pull ...

index . . . step . .. and switch, plus new
microelectronic interface circuits. All from
the shelf.

Ask for Catalog A-9500

__PUSH

2" diax 1” 34" dia x 1/2” 1” diax 2”
force, .050” stroke 15 ounces 3 pounds 7 pounds
' i . force, .750” stroke - 0.6 pounds 2 pounds
' 24 grams 3 ounces 6 ounces
% push solenolds e i

Push action quick, sundatd features:

w ee | 1—-Electmless nickel plated ptungers, for smooth performance
] . 2—Built-in impact cushions, for pole face protection -
model solenoids. 3-—Flatted bushings, for positive alignment and ease of assembi‘f :

CHECK NO. 8



EDITORIAL

What is the future for EEs?

The field of electronics is beginning to boom again.

Company profits are up. Spending is increasing, both for R&D
activities and modernization. Electronics is expanding into new and
previously untapped fields that have potential beyond belief. The
demand for engineers has increased by more than 50% this year
and is at its highest level in three years. Predictions of future shortages
of engineers are once more being heard. Both political parties ac-
knowledged the plight of large numbers of engineers and pledged
support in their platforms. The IEEE has started to act more like a
true professional organization than just a large publishing house and
convention organizer.

Things couldn’t be better. Right? Wrong!

If we're not careful, we will still operate just like an underdamped
circuit, with all the oscillations we know so well. It's not a simple
case of supply and demand.

When the glamor of electronics began to fade just prior to this
recent depression, undergraduate enrollment started to drop. As
jobs faded, this drop in enrollment accelerated and graduate enroll-
ment decreased. Now engineering schools are beginning to close
their doors. This may cut down on the competition for jobs for a
while, but it also cuts out a lot of basic research and a source for
education. How many EEs who received their Bachelor’s degrees 15
years ago knew anything about transistors when they started working?
Not too many. They learned through on-the-job training, trade pub-
lications such as EDN and graduate courses. What about ICs and
computers?

We know what to do to keep an amplifier from oscillation. What
about our own profession? What's to prevent a recurrence of the
recessions of 1969-72, 1966, 1962, 1957-58, etc? What's to prevent
us from becoming obsolete? Are unions the answer? A stronger IEEE
with lobbying clout and control over the education of EEs a la the
American Medical Association? What do you think is the answer?
And more important, are you willing to do something about it?

N 4

Steven A. Erenburg
Managing Editor
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Big shielding
problem?

' Publisher

E. Patrick Wiesner

Editorial Staff

Frank Egan, Editor
i Steven A. Erenburg, Managing Editor
Bob Cushman, Special Features Editor
Roy Forsberg, Senior Editor
Roger Allan, Associate Editor
Bill Furlow, Associate Editor

How’s this for size? Jerry Moseley, West Coast Editor

Art Stapp, West Coast Editor

Art Staff
Dan Kicilinski, Director
Patricia Rawlins, Illustrator
This magnetic shield was built by | Ezio Mattassi, I/lustrator
Amuneal for a critical military El'lzabeth Qarrenton, lustrator
ol Richard Pierro, Illustrator
radar application. Even though
the shield is pretty large, it's Production Staft
the size of the problem that we’re talking about. | Wayne Hulitzky, Director
The specifications called for extremely tight | William Tomaselli, Manager
dimensional tolerances and the most stringent electrical Susan Kennedy, Assistant
performance characteristics we have ever encountered. . .
All this, plus the fact that we had only six weeks to design it,  Circulation
. S o Ron Kinnes, Manager
determine the best method of fabrication, tool up, build it,
perform complete analytical testing, and deliver.
This is just one example of Amuneal’s performance in designing
and manufacturing magnetic shields to meet all kinds of
tough specifications. If you have a shielding problem, big or little, Editorial Consultant

talk it over with us. A phone call is all it takes. ' |ohp Peter

Marketing Services
Ira Siegel, Manager

Ask for a copy of Editqriql Office Addresses
our catalog. Exe( utive (617) 536-7780

221 Columbus Ave.

Boston, Mass. 02116

U\ gt

New York (212) 689-3250
| 205 E. 42nd St.
New York, N.Y. 10017

Shields for
Magnetic-Sensitive
Tubes and Gomponents

MANUFACTURING CORP.

West Coast (415) 383-4220
404 Wellesley Court
Mill Valley, Calif. 94941

West Coast (213) 933-9525
5670 Wilshire Blvd.

2900 E. TIOGA ST., PHILADELPHIA, PA. 19134 B PHONE: 215/423-4717 Los Angeles, Calif. 90036
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In fact, no time is acceptable for
Popcorn (burst) noise, if you're
designing a system to handle ex-
tremely small signals.

So RCA is announcing a new
micropower, low noise opera-
tional amplifier. It's a designer’s
dream.

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

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

input burst noise less than 20uV
(peak) at Rs=200,000 ohms.
That's not all, the CA6078AT
features output short-circuit pro-
tection through built-in output re-

sistors, input voltage range
(#= 15V max. for #= 15V supply)
wide dif-mode range (+ 6V), and
low offset-voltage nulling capa-
bility.

So go ahead! Design the
CAB078AT into your system...and
relax. Because you can be certain
that with the new RCA micro-
power op amp, no time is accept-
able for popcorn (burst) noise.

Want more data on the

CAB078AT or CA3078AT (the low
cost version of the CAB078AT
for less critical applications) or
the CA6741T, RCA’s low-burst-
noise 741? See your RCA Repre-
sentative or Distributor and ask
for Technical Bulletins, File No.
530 and 592 and Application Note
ICAN-6732. Or write RCA Solid
State, Box 3200, Somerville, N.J.
08876 Phone 201 722-3200.

RGASE:S

products that make products pay off

International: RCA, Sunbury-on-Thames, U.K., or Fuji Building, 7-4 Kasumigaseki, 3-Chome, Chiyoda-Ku, Tokyo, Japan, In Canada: RCA Limited, Ste Anne de Bellevue 810, Canada

CHECK NO. 40




thp options

unlimited

Fractional horsepower motors,
gearmotors and controls.
Literally thousands of
configurations. Including parallel
shaft and right angle gearmotors.
Chassis-type or encased controls.
Designs to meet all kinds of
mounting needs and power supply
requirements. Every one is
rigorously tested to assure
performance as specified. Another

. .. the people with the drive
to solve your fhp problems

BODINE
ELECTRIC

COMPANY

BODINE MOTORS/GEARMOTORS
SPEED CONTROLS

important Bodine plus value:
Application assistance. We're
eager to help you solve any fhp
problem you may have. And
can give you answers
about modifications,
options and ‘“‘special
designs’’ fast. On orders ¢
large and small, you’ll
find no better source
for ideas, service or

results. Write for Catalog S.
Bodine Electric Company,
2534 W. Bradley Place,
Chicago, Illinois 60618.
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DESIGN NEWS

United States factories are trailing
Japan and Germany in applying minis

U.S. manufacturers are already.

one year late in parlaying the
steadily falling minicomputer
prices into increased U.S. prod-
uctivity according to top execu-
tive at mini-maker General Auto-
mation, Inc., of Anaheim, CA.
There is some part of every fac-
tory in the U.S. with 25 or more
workers that could benefit from
a minicomputer system, the views
by G. A. President Lawrence
Goshorn indicate, yet U.S. manu-
facturers are not moving as fast
as Japan or Germany.

The Japanese government has
decreed that 19 of the major in-
dustries be automated, and West
Germany is giving subsidies to
encourage its factory owners to
automate, G. A. Executive Vice
President Raymond Noorda said.

Noorda presented the G. A.
views in a paper at Quantum
Science Corp.’s recent seminar
on factory automation, and
Goshorn elaborated on these in
a telephone conversation with
EDN.

Right now is the time for any
country that hopes to remain
competitive in the world market
to automate, Goshorn said. Mini-
computers will become so cheap
that by 1978-1982 we will have
a $1000 worth of basic mini hard-
ware in a $4000 mini system. Then
using industry’s own rules of 1%
investment per annual through-
put and 2-year payback of invest-
ment, it will be feasible to tackle
portions of a factory line with
throughputs as small as a half-
million dollars a year. At this
grass-roots level we will be able
tomake realistic progress,
Goshorn said.

Goshorn’s own $25-million-a-
year company is an example of

how minicomputers can raise the
productivity per employee. We
do about $40-$45k per year per
employee, Goshornsaid. Wethink
the reason we are so much higher
than the actual 20k or so rate is
that we use 50 of our own mini-
computers. We expect that in the
next couple of years we’'ll design
in_even more of our computers
and raise our productivity per
employee to $60-$80k.

He backed up his reasoning
with the chart shown here that
he whimsically calls “The Gross
National Momentum.” The chart
recaps what has happened in the
minicomputer technology over
the past 11 years and predicts
what will happen in the next 9.
It shows how faster logic and
memories have increased com-

integrated circuits and PC boards
have lowered costs. Goshorn says
that the only revisions he’d make
in this chart would be to favor
MOS memories over bipolar
memories in the 74-78 time frame
and to include details on a whole
new set of low performance all
— MOS minicomputers.

The resulting increase in per-
formance/price index shown at
the bottom of the chart is quite
striking. In the past 11 years mini-
computers have improved 100
fold. It predicts that the improve-
ment will be 20,000 fold in the
next 9 years.

G. A. predicts in this chart that
by 1982 minicomputers will be
sold as a maintenance-free sys-
tem. The customer’s mini will ac-
tually consist of three redundant

puting throughput while the minis that self-check each other
batch processing techniques of and use majority logic to adap-
GROSS NATIONAL MOMENTUM
Year 1958 1966 1970 1978 1978 1982
15 COMPONENTS/ B GATES/ 25 GATES/ 100 GATES/ 400 GATES/
GATE INTEGRATED CIRCUIT | |NTEGRATED CIRCUIT | INTEGRATED CIRCUIT | INTEGRATED CIRCUIT
Logic DISCRETE COMPONENTS) INTESROM:SNE'I“T COMPONENT COMPONENT COMPONENT
- SISHE RLITS TTL SCHOTTKY-TTL-(ECL?) ?
T ST BFL" " TTL o el S b
2MHz 5MHz & % glis
50 - 100 MIL CORE 4 WIRE 3D 3 WIRE 2140 SOLIDSTATE SOLIDSTATE
MEMORIES 1048 RIW 25 MIL CORE 18 MIL CORE 8i-POLAR (MOS) 50-100 NANO-SEC.
2uS RIW 1S R/W 300 NANO-SEC. R/W RW
10 GATES/PCB 201C/PCB 50-1001C/PCB MOTHER | S0IC/PCB 30i1C/PCB
- WIRE WRAP WIRE WRAP BOARD ETCHED 2BOARD SYSTEM 1 BOARD SYSTEM
SACKACING INTERCONNECT INTERCONNECT INTERCONNECT MULTILAYER BOARDS| MULTILAYER SIGNALS
SINGLE SIDE DOUBLE SIDE ETCH DOUBLE SIDE ETCH DISTRIBUTED DISTRIBUTED
ETCH MECHANICAL PLATED THROUGH INTERNAL POWER INTERNAL POWER
FEED THROUGH HOLES 2 SIDED SIGNALS
100,000
MTBF-HRS 600 5,000 15,000 145,000 SELF CHECKING COM
MAN TROUBLESHOOTS | MAN TROUBLESHOOTS| COMPUTER ISELF CHECKING COM. |PUTER SWITCHES TO
TO GATE  FIX OR TO BOARD LEVEL ~ | TROUBLESHOOTS PUTER SWITCHES TO A | REDUNDANT SYSTEM
RELIABILITY — REPLACE BOARD ~ REPLACE BOARD ~ MAN REPLACES BOARD JREDUNDANT SYSTEM . |NEVER REPLACE

MAINTAINABILITY | 400 BOARD COMPUTER | 50 BOARD COMPUTER

10-BOARD SYSTEM AN REPLACES SYSTEMSYSTEM ~ 3 SYSTEMS

INPARALLEL

LARGE CORE, LARGE
BULK ROTATING MEM
ORY, LARGER PERIPH
ERALS FOR PROGRAM
GENERATION

SMALL CORE, SMALL
BULK, FEW
PERIPHERALS FOR
PROGRAM GENRATION

SYSTEM
ARCHITECTURE

LARGE CORE,
MASSIVE ROTATING
STORAGE FOR ADDI DRUM, BACKUP
TIONAL DATA, COMMUNICATIONS
PROGRAM GENERATION JWITH HIGHER LEVEL
ELSEWHERE MACHINES ~

ALL SOLID STATE MEM
ORY; CASSETTE, DISC,

ALL SOLID-STATE (NO
PERIPHERALS) COM.
MUNICATIONS TO NEXT]
HIGHER LEVEL FOR
LARGER AMOUNTS OF
DATA ~

MULT!
ACCUMULATOR (2),
MULTI

INDEX REGISTER (2),
APPROXIMATELY 300
INSTRUCTIONS

SINGLE OR TWO
REGISTER WITH
APPROX. 30

INSTRUCTIONS

COMPUTER
ARCHITECTURE

MULTI-ACCUMULATOR
(4) & MULTI-REGISTER
94) MACHINES ~ MULTI
PLE SETS OF REGISTERS
~ FAIL-SAFE DETEC:
TION & AUTO-RESTART
CAPABILITY BUILT-IN ~

SAME, PLUS COM
PLETE SuB
ROUTINES FOR

[SAME, PLUS HARDWARE|
HICH EXECUTES
HIGHER LEVEL LAN

DOING WORK IN  |GUAGES DIRECTLY

HARDWARE

UNITS/SECOND/$7,000

CAPABILITY VS, 80 UNITS/SEC 400 UNITS/SEC 1,000 UNITS/SEC 3,500 UNITS/SEC 20,000 UNITS/SEC
cosT $80,000 $25,000 $10,000 $3,000 $1,000
PERFORMANCE
PRICE INDEX 1 16 100 1,200 20,000
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tively self-heal itself by switching
around any failed components.

These 1982 minis will not have
any electro-mechanical peripher-
als to be weak links. They will be
all solid state and will communi-
cate to higher levels (central com-
puters or files) whenever they
need mass memory beyond the
capabilities of their solid state
memories. They will be designed
to execute higher-order lan-
guages directly. This will enable
the worker to control and pro-
gram them in his own trade
language.

These predicted technology
trends will have their effect upon
the relative apportionment of the
costs jn the system, as shown
in a second chart—"Dedicated
Computer System Cost Distribu-
tion.” The cost of the hardware
for the computer itself will de-
crease to just 25% of the total.
The peripherals will decrease to
a mere 5% of the total (because
all  the failure-prone electro-
mechanical elements will either
be replaced by solid state or re-
moved to some central location
where they will be time-shared

New method tests CATV coax cable shield

effectiveness quickly and accurately

A comparative testing technique
that permits accurate measure-
ments to be made of the shield-
ing effectiveness of CATV service
drop coaxial cables has been de-
veloped by the Technical Re-
search Center of Belden Corp.

Called SEED for Shielding Effec-
tiveness Evaluation Device, the
technique is said to be con-
venient, fast, and offers high
repeatability of test results — an
essential characteristic in making
valid cable shielding comparisons
which has been lacking in pre-
vious evaluation methods.

It is expected that the new test
technique will be a significant
aid to CATV systems operators
in selecting optimum cable con-
figurations on a cost/effective-
ness basis and will further the
development of improved cable
designs.

Shielding on CATV drop cables
is necessary to contain the trans-
mitted signal — and thereby
prevent radiation that might in-
terfere with other signals in near-
by cables or system components
— as well as to protect the signal
from degradation due to external
interference.

Test data obtained with the
new technique are stated in terms
of the difference between signal
levels impressed on and radiated

0 ’\' PP ”

Fig. 1 — Testing coaxial cable shield
effectiveness quickly, conveniently and
to a high-degree of repeatability is made
possible by SEED, a new testing tech-
nique that makes comparative cable
measurements. The technique makes use
of the test apparatus shown above con

by a sample cable length. Limited
pilot tests confirm that measure-
ments are repeatable within 1 to
2 dB from test to test and from
like cable to like cable over the
entire 5- to, 270-MHz spectrum
of interest in the CATV industry.

Test results with all previous
methods commonly varied as
much as 20 dB. Further, results
are repeatable in normal am-
bients, as well as under con-

among a number of these dedi-
cated systems). The portion of
the system that will grow most
will be the interfaces that match
the minisystem to the factory ma-
chinery and communicate with
the worker. These will become
much more important in factory
automation applications for the
mini itself and represent a new
market for designer talents. The
cost of the application and in-
stallation engineering will remain
the same 30% as at present, ac-
cording to General Automation.
— BC o

sisting of: 1. a tuned rf voltmeter, 2. a
vhf oscillator, 3. oscillator power supply,
4. the test fixture which is the heart of
the new technique, 5. a 50-to-759Q
balun, 6. a splitter, 7. coaxial cable under
test and 8. fixed attenuator pads.

trolled laboratory conditions.

According to Belden, previous
tests commonly required long,
cumbersome cable samples that
were significantly influenced by
ambient electronic noise, loca-
tion of measuring equipment, in-
stallation of connectors, sample
position and other factors. Wide
swings in data from test to test
and from sample to sample were
simply unavoidable.



How it works

Heart of the method is a 5 ft.
long fixture, consisting of two
concentric solid copper tubes
which actually form a length of
rigid coaxial cable (see Fig. 1).
The sizes of the copper tubes,
1 in. in dia. for the inner con-
ductor and 272 in. for the outer
conductor, were chosen to pro-
duce a characteristic impedance
of 502 in order to match Belden’s
laboratory equipment. One end
of the fixture is terminated in
509, and both ends are capped
to deal out ambient noise.

The test fixture serves as a pick-
up device for radiation emanating
from a 3 ft. long length of sample
cable that is centered within the
inner tube and powered with a
reference test signal. The advan-
tage of such a fixture is that the
entire signal radiated by the
sample cable is absorbed by the
fixture.

As a result, the method is much
more sensitive than older tech-
niques. With the earlier methods,
most of the radiated signal was
lost because the sample being
tested, and the pick-up, were
generally oriented parallel to one
another rather than concentrical-
ly. Further, the fact that the fix-
ture is itself a coaxial cable helps
to block out the ambient noise.

Because the signal radiated
from the sample cable and picked
up by the fixture is relatively
strong and clear, minor variations
in cable placement, length, con-
nections, fixture materials and
other factors have no significant
effect on test repeatability.

How a test is made

A 3 ft. length of cable is care-
fully measured with a rule, cut,
and fitted with connectorsatboth
ends. Crimp-type BNC connec-
tors are used to provide the high-
est termination consistency from
sample to sample.

One end of the cable is then
terminated in its characteristic
impedance, and the other end
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connected to a lead from a signal
generator. The sample is inserted
into a split plastic tube slightly
larger than the cable’s dia., and
the assembly is in turn inserted
into the inner copper tube con-
ductor of the test fixture. The
plastic tube which prevents the
cable sample from sagging is
centered in the copper tube by
means of plastic disc spacers.

Both the cable sample and
signal-strength measuring instru-
ment are simultaneously powered
by a signal generator through a
hybrid splitter, and signal strength
is noted to establish a reference
level. The measuring instrument
is then disconnected from the
signal generator and connected
to the test fixture to measure the
strength of the signal radiated by
the sample cable within.

The difference between the
reference and fixture readings, ex-
pressed in dB of signal strength,
indicates the effectiveness of the
cable shield under test. This dif-
ference will typically range from
about 40 to over 100 dB for
RG59/U type drop cables, de-
pending upon shield configura-
tion. The higher the dB value, the
more effective the shield.

Shield curve

The simplest way to make a
shield effectiveness evaluation is
to use a conventional oscillator
for the signal generator and a
tuned rf voltmeter or field-
strength meter for the measuring
instrument. With this equipment,
a series of tests are performed at
selected frequency intervals and
a plot made of differential dB vs
frequency.

Typically, about 25 separate
tests, taking about two hours,
are required to plot a valid curve
from 5- to 270-MHz for one
cable sample. Using a spectrum
analyzer, however, the entire
evaluation can be reduced to a
few minutes, with the output
being an oscilloscope trace of
the curve. At present, the new

SEED technique provides com-
parative data between similar
cable types.

Upgrades selection

Currently, most CATV opera-
tors determine drop cable shield-
ing requirements empirically —
if a shield configuration proves
inadequate in a particular locale,
cables of progressively superior
effectiveness are substituted until
the problem appears to be cor-
rected. This is time-consuming
and expensive.

The new test technique is
claimed to provide operators
with far more exact and reliable
rankings of relative drop cable
shielding effectiveness than have
been available previously. It also
is expected to help develop more
sophisticated methods of an-
alyzing the entire problem of
undesirable signal pickup and
radiation in CATV systems. As a
result, it will be possible to match
cable shielding more closely with
CATV system requirements at the
planning stages.

Belden expects that the SEED
method will ultimately become
a reference standard for specify-
ing coaxial cable shield configu-
rations which will be particularly
important for 2-way systems.

One reason is that in dual cable
systems, the downstream and up-
stream cables will be close in
proximity to one another, in-
creasing the possibility of cross-
talk. Another is that 2-way
systems will most likely utilize
the 5- to 35-MHz range, a spec-
trum that contains several HAM
frequency bands that are poten-
tial sources of interference. —
RA B2
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Neither rain nor fog stops this CO, laser:
at a 10.6 micron wavelength, it reaches 5 miles

Laser communications systems
are gaining tremendous impor-
tance due to their long-range
capabilities, high energy densities
and their ability to carry large
bands of information on a single
beam. However, they have one
limitation which has been diffi-
cult to solve — laser beams can-
not operate effectively over long
distances through rain or fog.

Now comes a laser communica-
tions system from Hughes Air-
craft Co., operating at a 10.6-
micron wave-length, that can
provide a wideband communica-
tions channel over a 5-mile
path, even in the presence of
moderate rain or fog.

The experimental system con-
sists of a transmitting and a re-
ceiving station. The transmitter
uses a sealed-off air cooled CO:2
laser, with frequency modulation
provided by an intracavity crystal
of cadmium telluride. The re-
ceiver uses optical heterodyne
detection with a mercury cad-
mium telluride detector cooled
with liquid nitrogen contained
in a dewar.

Disclosure of the new laser sys-
tem was made in a paper given
recently at the International Te-
lemetry Conference in Los An-
geles by Frank E. Goodwin, who
is in charge of optical communi-
cations research at Hughes Re-
search Laboratories, Malibu, CA.

Although designed primarily
for terrestrial communications,
the system also offers potential
application in space, Goodwin
said. The high power and effi-
ciency of the COz2 laser and the
sensitivity of optical heterodyne
detection are the key factors in
providing its operating capability,
he noted.

According to Goodwin, 10.6-
micron radiation penetrates fog
and haze better than visible light,
so this system will operate in all
but the most severe weather con-
ditions. For example, a rainfall of
greater than 20 millimeters/hour
over the entire 5-mile path
would be required to block the
transmission.

Power output of the laser is
1W, and the system provides a
single communication channel

using a 5-Mbit/sec frequency shift
keying digital format. Goodwin
said that a data rate of greater
than 300 Mbits is possible with
design modifications, and that
the system has the potential of
easily handling 10 TV channels.

Use of cadmium telluride, in-
stead of the previously-used gal-
lium arsenide, in the modulator
portion of the transmitter has re-
portedly raised transmitter oscil-
lator efficiency to nearly 10%.
Other factors affecting the per-
formance of the system are the
increased reliability of the COa2
laser which now has a 5000-hour
life, and the use of a liquid-
nitrogen dewar capable of 3-
day unattended operation.

The high efficiency and relative
ease of aiming the transmitter, as
well as the feasibility of using a
radiation cooler in place of the
dewar for refrigerating the de-
tector, is said to give the system a
high potential for use in satellite-
to-satellite communications.

RA

Multi-color CRT phosphor is applied in single coat

A multi-color phosphor which
can be applied to cathode ray
tubes in a single coat has been
announced by General Electric’s
Cleveland-based Chemical Prod-
ucts Section.

The new phosphor operates in
beam penetration CRTs used for
high resolution color display.
Using a single coating of phos-
phor, as in monochrome CRTs,
eliminates the costly coating op-
erations required in multi-layer
construction and provides greater
resolution and brightness.

The new GE phosphor re-
sponds in red at a low voltage of
5 kV ranges through orange and
yellow as voltage is increased,

and peaks in green in 10 kV. The
phosphor is made so that the
green will not be visible at the
lower voltage but will become
visible gradually as voltage in-
creases.

By modulating the anode volt-
age CRTs coated with the new
phosphor can provide a variety
of different signals. The colors
can be programmed to differen-
tiate inputs, flag the approach of
critical limits, mark relative posi-
tion, or identify change in con-
ditions.

The single coating provides a
uniform coverage from the edges
across the face of the tube, elim-
inating fringe areas. Information

can be displayed at high resolu-
tion on a maximum screen area.
The new phosphor has a med-
ium short decay.

Applications for CRTs with
multicolor phosphors include
stock market quotation units,
medical monitoring units, teach-
ing machines, high resolution
computer readouts, and tracking
displays such as those used to
control air traffic. An example of
the latterwould be programming
the CRT to display ail scheduled
aircraft inyellow, all unscheduled
aircraft in orange, changes which
bring two aircraft into the same
altitude in red, and background
data in green.— BF )
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'New tapes deliver long-term shielding protection

New Scotch Brand tapes with
embossed metal foil backings
provide an easy, low-cost way
to apply lasting EMI shielding
in applications up to 12 GHz.
Insertion loss levels remain
constant in year-long tests.
(Applied to a copper substrate,
over a ¥2” x 2%” open slot ra-
diating at 143 MHz, Scotch
X-1245 tape held the insertion
loss level at a steady 65 db.)
Insertion losses are equally
consistent on steel, aluminum

and cadmium; ranging from 35 db to 55 db.

Easy to apply, Scotch Brand Shielding Tapes end
the need for plating, painting or other expensive shield-
ing methods. Can be applied in the factory or in the
field and permit easy on-the-spot shielding repairs.

Scotch Brand X-1245 has an embossed copper foil
backing which permits solder connections. Scotch
Brand X-1267 has an embossed aluminum foil backing.
These tapes are ideal for shielding enclosures, cables
and electronic test equipment and for static charge
draining and trouble shooting.

For complete facts write: DM&S Div., 3M Company,
St. Paul, Minn. 55101.

See our complete catalog in eem.

Dielectric Materials 3 CHECK NO. 12
£ Systems Division sl comeany
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HowdoesTantalumlook without its
military jacket? A lot betterin thebudget.

Take a solid tantalum capacitor out of the military specs and you
notice one thing immediately.

Hardly any loss in reliability. And a big drop in price.

When you figure ygii can get KEMETE Series dipped solid tanta-
lums for about what yoyld pay for aluminum electrolytics, you can start to
see all sorts of problemg'disappear. g

Rejects dwindlgfShelf life lefigthens. Operational life soars.

KEMET E Serig8 tantalums gbme in four case sizes from 0.175"
diameter to 0.400" with plug in legls on either .125" or .250" precision
centers. 0.1 to 330uffup to 50 voltgfOff the shelf delivery on standard values.

Talk to youfflUnion Carbide Sales Representative about them.Or
write us at Uniongf arbide CompPonents Department Box 5928,

CHECK NO. 13
UNION
PP COMPONENTS DEPARTMENT



Printout devices —

The computer’s eyes and ears

High speed or low cost, impact or non-impact, line or serial, dot matrix
or full character? All the ingredients are there, but what do you need?

Roy W. Forsberg, Senior Editor

Up until the most recent past, users of printout de-
vices had only two clear-cut choices; either low-
speed, low-cost devices or high-speed, high-cost
ones. Until the advent of the minicomputer, this situ-
ation created few problems. However, once the mini
became a commonplace piece of equipment, the
situation became intolerable. If the minicomputer
user chose a printer with a cost that fit in with the
computer’s cost, its printing speed was ponderously
slow, about 10-15 characters per second (cps). If, on
the other hand, he chose a printer to match the
mini’s speed, it's cost could easily outstrip the mini’s
by two to five times.

It wasn’t long before some enterprising marketeers
spotted this gap in the marketplace, and soon a
number of medium-speed (30-165 cps) machines

started to show their heads. Today, a user of printout
devices can virtually match his needs precisely with
one of the devices available on the market. This of
course depends upon his knowing just what's avail-
able and how to evaluate one device against anoth-
er. Does he need a full-impact or dot-matrix printer?
How about noise? Will thermal, ink-jet, electrostatic
or electrographic suit his application? Does he need
graphic plotting ability, multiple copies, optical
character recognition (OCR) ability?

The more one looks into printers, the more one
can get confused and misled. What we will do in
this article is look at each of the above-mentioned
questions in more detail, so that potential users of
printout devices can evaluate their applications in a
more knowledgeable and objective light.

Medium and high-speed impact line printers use both chains and drums. (Mohawk Data Sciences)
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What are the different kinds of printers?

There are two major categories of printers; impact
and non-impact. Within these categories many sub-
classes exist; however, most comparison tables will
give separate analyses for each of the former since
they are completely different technologies and indus-
tries. Rare is the case when a given manufacturer
will make both impact and non-impact devices.

Basically, in the impact class, some form of me-
chanical mechanism drives either the character-
making device into contact with the paper and inking
means, or drives the paper into contact with the
character. This is a matter of designer’s choice and
not usually of great interest to the user. What’s more
important is whether you get a full-character or a dot-
matrix one. A full-character has the entire character
already formed on a steel drum, wheel, or slug (al-
though one plastic character wheel is available). Most
medium to high-speed printers have coined drums
which give sharp, clear characters over a long period
of time.

A dot-matrix character is formed by impacting a
series of wires onto the paper to form a character.
The usual device has a 5 X 7 dot matrix; however,
7 X9 and 7 X 10 matrices are available to give
better resolution. A given dot-matrix printer will
usually be quieter and faster, but it requires more
driving electronics, more moving parts, and will
present an incomplete character if one pin fails to fire.

Within the full-character impact class, various
means are used to move the character into printing
position. Some use a rotating drum with one or more
character sets on its periphery; others use a moving
chain or train with four or more character sets moving
horizontally across the paper. A chain has the charac-
ter slugs connected together on a continuous chain,
while a train has the slugs moving in a continuous
track. Still others use small, flat rotating wheels,
spheres, moving bars or type boxes.

Non-impact printers can also be full-character or
dot-matrix types. They are generally characterized
by being faster, quieter, and in many cases, more re-
liable. The full-character types mostly use an electro-
static process similar to xerography, and have their
characters stored on a film. Dot-matrix types can
imprint characters by applying heat to heat-sensitive
paper (thermal), spray ink or dry toner with individu-
al jets, or they can attract it to spots energized by pins
similar to dot-matrix impact pins (electrostatic), or
expose patterns on photoconductive paper using a
CRT and fiber optics (electrographic). The matrices
are usually 5 X 7, but are available as 5 X 9,7 x 9,
7 X 10, 7 x 11 and 10 X 14. The larger matrices
are more legible, can produce complex symbols and
both upper and lower-case characters.

Printérs are also classified as serial and line. A se-
rial printer prints a character-at-a-time by moving
the character set across the paper. These are almost

Rasterscan matrix printer/plotter can print and plot simulta-
neously. It plots up to 75 square inches/sec and prints up to 3000
lines/min. (Gould)

always full-character impact types (a few are dot-
matrix) and have speeds ranging from 10 cps to 120
cps for full-impact, and 165 cps for dot-matrix. They
are also the least expensive full-line (132 charac-
ters/line) printers, and the faster ones perform well
for minicomputer printouts.

A line printer will print an entire line at a time and
can be either an impact or non-impact type. Impact
types use a rotating character cylinder with a charac-
ter set and hammer mechanism at each print posi-
tion (a shuttle printer is a modification of this and
has a character set in every other print position, half
as many hammers and moves the paper over one
position to print every other character), dot-matrix
with a matrix at each print position, or a chain with
print hammers at each character position.

Non-impact printers use the methods described
earlier to print each entire line at a time, or use a
raster-scan technique. The latter is quite versatile in
that it is fully electronically controlled and can print
any type of complex characters, as well as plot
graphics.

Typically, both line and serial printers have 132
characters per line (some have 80) and come with a
full 64 ASCII character set.

Two other classes of printers are lister and strip
types. A lister printer is usually a line printer with up
to 32 characters per line and has either numeric or
sometimes limited alphanumeric character sets.
These are commonly used for data logging, mini-
terminals, instrumentation recording and for elec-
tronic calculator printouts. A strip printer has a nar-
row (about 1 in.) strip of paper that moves horizon-
tally across the print head. It prints only a single con-
tinuous line.

How do you judge speed?

Don’t get fooled by the printing rate given in a
spec or touted by your local friendly salesman until
you determine just what is meant. For example, a
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Full-character serial-impact chain printer in foreground prints up
to 120 characters/sec. (General Electric)

line impact printer may be rated at 300 lines per
minute, and under certain conditions it will do it.
However, it may only print at this rate when only 48
characters of the set are used. If both upper and
lower case are to be printed, you can lose up to 50%
of rated print speed. Also, the above printer may be
rated at this speed for an 80-column form. If you go
to 132 columns, it will take more than 30% longer
to print a line.

Some line printers will use shared electronics; that
is, the electronics provided will print a line in seg-
ments, say 20 columns at a time. It is essential that
you know if your prospective printer falls in this cat-
egory, and at what column widths the advertised
print rate is using.

Most line printers have four major variables that
affect print rate; the actual time to print a line, line
width, the time to move the paper, and size of the
character set. Be aware of what changes in any of
these variable will do to your throughput. Some
machines are affected more than others. Generally,
manufacturers will provide tables which cover these
variables.

Non-impact line printers are not usually affected
by any of these variables except for perhaps line
feed, so their advertised rates should be right about
on the money.

Serial impact printers are a horse of a different
color. They are invariably rated in characters per
second, which is only one factor (and sometimes a
small one) of its actual throughput. Although the fol-
lowing analysis for throughput is aimed primarily at
serial impact printers, it could also be used with a
line printer by adding in some obvious and simple
mathematics.

Although the terms ““lines per minute’” and “char-
acters per second’’ are frequently used to describe
the operational speed of printers—a much more
meaningful measure is “throughput”. Expressed in
characters per second, throughput is the actual
number of characters disposed of by a printer within
a given time frame.

Actual throughput is determined from several pa-
rameters: average number of characters per line, car-
riage return (CR) and line feed (LF), printing charac-
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ters per second, and time to print one line.
Av # Char/line
Printing char/sec

Char/line
Sec/line

+ CR and LF = Sec/line

= Actual throughput in cps

A printer that prints an average of 40 characters
per line at a rate of 30 cps with a carriage return and
line feed of 0.3 seconds would have an actual
throughput of:

40 char/line [
2= TR 4 0.3 = 1.6 sec/line;
10 charfline sec/line;
40 chariline _ 5 ¢ throughput.
1.6 sec/line

Every printer has a maximum throughput level
which can be determined by making the above
computations. The data transfer process, however,
can be limited by either the input rate or the printer.

When a printer is data limited, it disposes of data
faster than it is being sent. In this case, its actual
throughput is equal to the data transfer rate. A 200
cps printer, for example, receiving data at a rate of
300 bps is data limited. That is, receiving data at 30
characters per second it can have a throughput not
greater than 30 characters per second, regardless of
its maximum rated speed.

When printer limited, the data source can send
data faster than the printer can dispose of it. To
equalize the source transfer rate and printer disposal
rate, the data source either includes a timeout, or
utilizes a control signal from the printer to hold up
transmission temporarily.

As mentioned earlier, serial impact printers print
at a rate ranging from 10-165 cps. Full line printers
of the impact variety will print as fast as 1800 lines
per minute, while full line non-impact printers can
go as fast as 9200 lines per minute. Lister impact
printers can get up to 40 lines per second, while
non-impact types get up to about 60-75 Ips. Strip
printers range from 10-65 characters per second.

Options give versatility

Make sure you know what you are getting for your
money. In other words, what’s standard, and what’s
optional? Many manufacturers will supply you with
a print mechanism only, a mechanism including
frame, cabinet and power supply but no electronics
or buffers, or a completely buffered printer. Even
within these groups, there’s lots of standards and
options. Most spec sheets will give a list of both —
check it and make sure.

Do you get buffers, interfaces or vertical format-
ting? For communications applications, is the ma-
chine receive only, does it come with a keyboard,
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Non-impact dot-matrix line printer uses an electrostatic writing
technique. It prints at 500 lines/min. (132 char/line). (Versatec)

how does it receive data? These questions will be
discussed later. Just be sure what you will be paying
extra for.

Some machines come with a static eliminator.
This is especially useful in high-volume work in a
dry environment, otherwise static can cause paper to
seek the nearest metal object and thus prevent the
paper from stacking properly.

Another useful option that can be standard on
some machines is a test generator card, which can
be plugged into a slot to determine whether a fault is
in the printer or in the computer.

It is important to have the ability to accommodate
various fonts if the machine has to perform varying
job requirements. You will usually find the 64-char-
acter ASCIl font (upper case only) as standard on
most printers. Some will provide a 96-character
ASCII font (upper/lower case), and others up to 128
characters. Other fonts are foreign language like
Kata-Kana or have special symbols for German and
French. A very important consideration is a font ac-
ceptable for optical character readers (OCR).

Ease of changing from one font to another should
be investigated. Chain printers usually have chains
in the form of a cartridge, which can easily be
changed in minutes. Because drums rotate on bear-
ings, they can easily take over an hour to change.
Discs and balls are easy to change. Non-impact
printers including matrix (both impact and non-im-
pact) require a change in electronics (a ROM), usu-
ally a simple case of replacing a pc card. Xerograph-
ic printers have an operator-changeable film mask.

Most manufacturers will offer any font already
built. If artwork has not been previously done, they

will have a set-up charge and you can expect up to
12 weeks for delivery of full impact fonts, perhaps
shorter for fonts in ROM.

Don’t be fooled by reliability data!

Be prepared to really get a run-around when you
start talking reliability, especially when you try to
pin things down to mean-time-before-failure (MTBF)
and mean-time-to-repair (MTTR). The biggest prob-
lem with getting figures stated publicly depends on
the nerve of the marketing manager in many cases.

If you do get MTBF figures, find out the conditions
under which they were obtained. Was it by calcula-
tions, independent studies, actual service data, or
testing? If the latter, what was the duty cycle? Some
manufacturers will give figures for both 20% and
100% duty cycles. A good one to consider is 50%.
And what documentation is available to you to back
up the numbers stated? However, if you will only
run your printer a few hours per week, you don’t
use it enough to be overly worried about MTBF.

Keep in mind that MTBF is often only an empirical
thing, calculated from a handbook. The only true
number would be obtained if a manufacturer kept
detailed records for every unit he sold and on all
maintenance performed. Then he would have access
to a good data base. The more units he builds, the
better they should become because early failures and
weak components are weeded out.

Remember, impact printers must be built on a
very rugged base or they will tear themselves apart
by shock of vibration. Further, hammers generate
lots of heat through friction, which must be dissipat-
ed through heavy baseplates acting as heatsinks. So
don’t hesitate to look into mechanical construction.

MTBEF figures that are pretty valid run from 150 to
1000 (sometimes 2000) hours for impact printers,
depending on duty cycle. Non-impact printers can
run up to 3000-5000 hours, but be wary of numbers
at the upper end. If you get numbers outside these
ranges, be very careful and see what guarantees and
back-up the manufacturer or salesman will give you
(in writing).

With regard to MTTR, this deals with serviceability

Low-cost dot-matrix serial impact printer has a 30 character/sec.
print rate. (Digital Equipment Corp.)
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Serviceability is enhanced by having all electronics and paper-
loading readily accessible. (Varian)

of the machine. Look for modular construction so
that failed parts, both mechanical and electronic,
can be easily removed and replaced.

For impact printers, find out how easy it is to ad-
just the hammers. Some require one adjustment,
some as many as three. If no adjustments are
claimed, make that manufacturer prove it to your
complete satisfaction.

Look to see how accessable the machine’s innards
are. Front access means that you can load paper, get
at electronics and power supply, adjust hammers,
change ribbon and fuses.

Take a look at the technical manual provided.
One that is well detailed will be indicative of a good
MTTR. A good number for MTTR should be 1-2
hours. Numbers significantly higher will surely lead
to high maintenance costs.

Some machines send as well as receive

Printers meant to be tied to computers are mostly
receive-only (RO), while those involved with data
communications can be keyboard-send-receive (KSR)
or automatic-send-receive (ASR).

If you expect to be involved with data communi-
cations applications, make sure that your printer can
operate in that environment without excessive and
costly modifications.

The keyboard is not always a standard item, so if
you require a KSR capability, whether it be in com-
munications or direct computer input-output, find
out if one is provided. If not, can a standard com-
mercially-available keyboard be used?

When are storage buffers needed?

Storage buffers are desirable in most printers and
for most applications. In some cases, lack of an ade-
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quate buffer will decrease printer throughput and
could even cause a loss of data.

The most common buffer is a single-line buffer,
capable, as the name implies, of storing a single line
of data. These are quite common as standard items.
Other buffers are double or dual-line buffers, partial-
line buffers and floating buffers.

Single and partial-line buffers accumulate data
while paper is being stepped to the next line. A dual-
line buffer commonly uses one to queue up data,
while a second is printing data. It is used as a storage
buffer when data is coming in continuously. Floating
buffers operate on a first-in, first-out basis and oper-
ate similar to a dual-line buffer. A last type of buffer
is a page buffer used on extremely fast non-impact
line printers, which interleaves new data while print-
ing previously received data. It enables printing at
rated speeds. Some machines use magnetic or
punched tape for a buffer, but this is a special case
and not covered here.

Some type of buffer is needed in applications
when data is coming in at a steady rate, but its form
requires the printing of short lines. In such a situation,
throughput is altered drastically since printed lines
are finished faster than normal. Thus, in a given
framework of time, the paper must be advanced 2-3
times normal, and the mechanism cannot keep up
with the data.

Another case when buffers are necessary is when
data rates are much faster than machine print rates.

Make sure you know which buffers, if any, are
standard, and which are available as options. Watch
the costs! Some are very inexpensive, while others
add a large chunk to your printer’s price tag.

It doesn’t work without an interface

Whether you will be tied into a computer or
hooked onto a communications line, you will need
an interface. Some machines in the latter category
not only come with an interface as standard, but also
include a modem.

When the printer is involved with data communi-
cations, it should have a bit-serial, character-serial
interface. It should meet RS-232 standards, as should
the connector. Watch the connector, because even
though it may meet RS-232 standards, some manu-
facturers use different pins for different command
structures. For example, the return channel or busy
signal might be a voltage level in one machine and a
pulse in another.

While many machines are capable of using either
a serial or parallel interface, depending on the
connector used, most line printers are hooked to
computers and are provided with a word or charac-
ter-serial, bit-parallel interfaces.

A big question to ask is how adaptable is the print-
er to interfaces for various popular computer manu-
facturers. You may even get lucky and have the in-
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Full-character serial impact printer uses a rotating print drum
(shown at left-front) and prints at 100 characters/sec. (Printer
Technology)

terface provided by the computer manufacturer for
certain printers.

Another good thing to watch for is whether line
terminators come with the printer, especially when
TTL interface circuits are used and the line will be
greater than 10 feet long.

Do you need vertical formatting?

On every printer but lister and strip printers, some
form of vertical format unit (VFU) is normally avail-
able. VFU allows the printer to skip different num-
bers of lines on a form. Without such a unit, the
printer would have to step through every line, even
though nothing has to be printed on many of them,
thus seriously decreasing throughput. Some ma-
chines have a high-speed slew for these line skips.

The VFU is usually a punched tape (either mylar
or paper; mylar is preferred because of longer life)
put on a carrier moving in synchronism with the
paper. For programming convenience, it is usually
provided with multiple channels—eight and twelve
are common. Associated with each line of print is a
forms control character, which defines what channel
on the VFU tape to look at next. Thus VFU gives
greater throughput allowing a form to step through
the printer at a faster rate.

Some machines without VFU will have a forms
feed. What this does is advance the paper to the be-
ginning of a form only.

A few high-speed printers have electronic forms
control, which allows a complete page format to be
programmed via computer.

Raster scan machines can have any format pro-
grammable, horizontal or vertical. Forms can be
printed on the paper simultaneously with the type at
no decrease in throughput.

You should also know whether the tractors are
adjustable. This becomes an advantage in a 120-160
column machine since you can set the tractor to
print on the right half only or left half only, or, with
dual tractors, a different form on each half.

Determine to which sizes the tractors are adjusta-
ble, and how easy it is to make the adjustment. Trac-
tors will be adjustable from 3 to 20 in., but not all
machines go as small or as large as these figures.

Expect the number of columns (character print
positions per line) to range from a low of 20 up to
160. Again, not all printers can reach these ex-
tremes. Most fall in the 80 to 132 column range.

Lister and strip printers have no need for VFU. The
former can have as many as 40 columns.

Paper feeds are straightforward

There are two basic types of paper feed and two
basic feed mechanisms. With the former, you can
either push or pull the paper through the printer.
Nearly all printers are of the pull-type thus reducing
the chances of the paper becoming fouled and
bunched up.

The basic feed mechanisms are pin-feed tractors
or pinch rollers. Most higher-speed printers use the
former because of exacting registration require-
ments, and low-speed machines typically use a
pinch roller. High-speed non-impact printers will
also use pinch rollers to a large degree.

One method used to maintain high reliability in
the latter type is the combination of stepper motors
and a differential friction drive. The differential de-
sign prevents paper skew and mistracking, thus al-
lowing conventional paper to be used.

Another approach used to minimize the possibility
of paper jam and allow fast line feeds is to tension
paper between pinch rollers and a pair of pin-feed
tractors. The pinch rollers take up slack when the
tractor is advancing.

Be sure to look at these and other similar ap-
proaches and you will eliminate a good amount of
printer down time. Some manufacturers will offer
you the choice of either mechanism.

Inking means should be replaceable quickly

Some form of ribbon is the usual inking means in
almost all impact printers. Different types of ribbon
can be changed back and forth after you buy your
machine; however, it helps to know what each type
does for you.

Most ribbons come in some form of a cartridge
that requires a certain amount of threading to install.
Look for ease of threading. It shouldn’t take longer
than 3-5 minutes to change it. The ribbons should
also be available from a number of sources.

Silk and nylon are the common ribbon materials.
Silk gives a better character transfer and has good
smear characteristics—a must for OCR applica-
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Full-character impact line printer has a rotating character drum
and shuttle tractor. Shuttle reduces the number of hammers by
50%, printing odd characters on one print cycle and even ones on
a second cycle. Note full-width ribbon in center. Print rate is 300
lines/min. (Mohawk Data Sciences)

tions —but it doesn’t have the life that nylon does.

Some nylon ribbons have an aluminum coating to
stabilize ink flow characteristics. It is more costly,
but it releases the ink at a more constant rate, giving
a more uniform print over the life of the ribbon.

One manufacturer eliminates all ribbon changes
completely by inking the print wheel directly with a
disposable ink soaked porous elastomer roller. An-
other manufacturer uses an inking roller with an ink
transfer ribbon.

Ribbons for line printers are as wide as the print
drum and you should be careful to prevent skew or
tearing.

Electrostatic printers use either a liquid or dry ton-
er. Liquid toner requires no heat-fixing. Other non-
impact printers use a variety of treated papers.

Some impact printers give a choice of using rib-
bons or pressure-sensitive papers without ribbon.
The latter eliminates ribbon changing and removal
of carbons in multi-part forms, but is more costly.

Not all machines make multiple copies

In many applications, it is not only advantageous
but also necessary to make multiple copies of print-
outs. Impact printers, both full-character and dot-
matrix, can make multiple copies simultaneously
using special forms with interleaved carbon, or using
pressure-sensitive paper. The most common num-
bers quoted are an original and five copies. How-
ever, the quality of the last copy depends on paper
weight and carbon, and the adjustment of print
hammers. Look for operator-adjustable penetration
controls via lever or other means. This allows dif-
ferent settings for different thicknesses of paper. It is
generally not advisable to have paper-thicknesses
greater than 0.018 inches.

Non-impact printers have yet to develop a capa-
bility to make simultaneous multiple copies. Some

very high-speed printers overcome this shortcoming
by making up to 99 copies via sequential printing. At
the present, this method is more costly than multi-
part forms because of higher-cost paper. As volumes
increase, it is possible for future manufacturing ad-
vances to narrow this cost gap.

OCR capability is available too

The ability to have printed matter readable by
automatic methods is becoming more and more
important in industry. If special care is taken, most
full-character impact printers can be machine-read-
able. To date, dot-matrix, both impact and non-im-
pact, and all other non-impact printers are not ma-
chine-readable. It is rumored that Siemens has de-
veloped a dot-matrix printer that is machine-read-
able, but so far it is not available outside Siemens.

Special OCR fonts are available for many full-
character printers; however, this is only part of the
solution. The type ribbon (inked or Mylar) and ink is
one variable. Another is the paper. Special image-
control papers should be considered. Drum and
paper speeds are critical, as well as hammer dwell
time. Make sure you define your requirements very
strictly with your printer salesman.

Few printers can plot graphics

In some applications, it is desirable to be able to
plot graphics as well as print characters and sym-
bols. Very few machines have this capability. A few
serial impact printers can be modified to present
simple curves and graphs. This requires that the trac-
tor and print wheel move and print in both direc-
tions. Resolution is fair with this method.

If you have a need for high-quality graphics along
with your printing, there is a class of machines
called printer/plotters. These are non-impact, raster-
scan machines, and can both print and plot (at the
same time) quite fast. For example, one machine can
print and plot 14 inch wide paper at 2.2 inches per
sec. Thus an 11 X 14 inch plot can be made in 5 sec-
onds, about 20 times the speed of a conventional
pen plotter.

Can your commands be recognized?

Within the printer industry, there is no common
set of commands that all machines will recognize,
respond to, or output. The closest thing to common
commands are ANSI and EIA standards for commu-
nications applications. Find out if the printer you are
considering will recognize your commands. If you
buy a full buffered console, it should have a com-
plete command set including remote turn-off and
status send back.

One command worth considering is a hammer-
fire  command (somewhat like a parity signal)
that tells that a hammer has truly fired when or-
dered to. Another is an end of line command that
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will start a new line printing as soon as the previous
line, if not a full one, has been received and printed.

How quiet is quiet?

Some printers, like non-impact types, are inherent-
ly quiet, the only sound being the paper feed; while
others need special added-cost soundproofing en-
closures. Don't be afraid to ask your salesman for dB
sound levels, and have them compared to well-
known sound-makers like teletypwriters or Selec-
trics. Keep in mind that a given printer can have dif-
ferent sound levels at different print rates. For exam-
ple, if your printer will be printing short lines, the
greater number of carriage returns and/or line feeds
can add substantially to noise levels.

The paper itself is a good sounding board, thus if
the paper is fully enclosed along with the printing
mechanism, sound levels will be reduced.

If absolute quiet is your prime requirement, then
one of the various non-impact printers will beat all
impact types hands down.

Another form of noise to consider is electrical
noise. Make sure that the printer of your choice will
not interfere with other equipment in the room.

Who should service the printer?

If you are buying a large number of printers, most
manufacturers offer service training programs for
your field service personnel. You will find that many
manufacturers would prefer to service their printers
themselves and offer a variety of service contracts,
from on-call types to full preventive-maintenance
contracts. Each should be negotiated separately,
depending on the application.

Small users of printers would be best off with
some form of a service contract.

If you buy printer mechanisms only, you will
probably find the manufacturer reluctant to service
them for you. In this case, they would prefer that you

Rugged construction and heat sinks in lister printer reduce fail-
ures from impact vibration and heat. 18-column print drum
shown has a character set for each column. (Hewlett-Packard)

do it. Or you could always go to a third party service
house.

What should you expect to pay?

There is no way to give a definitive answer here
because it depends on quantities, options and type
printer. Even amongst manufacturers of the same
type of machine, price spreads can be in the thou-
sands of dollars. In general, you can get a lister
printer for as low as $300, a low-speed serial impact
printer as low as $1200, a medium-speed serial
impact printer as low as $2300, a medium to high-
speed impact line printer as low as $5200, a me-
dium to high-speed non-impact printer as low as
$7000, and a non-impact printer/plotter as low as
$6000. You can also pay as much as $60,000 for a
high-speed line printer. The spreads are wide, so
shop carefully. &
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Remember the commitment we made
to “883” in this 69 ad?

Let TI's special HI-REL Task Force
MACH IV take you through the turbulent
sometimes u d
universe of MIL-STD-883.

We'll keep you on course.




Now its JAN ICs.

Series 54 TTL, developed by TI, has
been chosen as the standard. And the
same HI-REL Task Force that helped you

stay on course through 883 and 38510
(with the MACH IV program)
can do it again with JAN.

Scout’s honor.

In 1969, TI made industry’s biggest commitment to
MIL-STD-883. We developed the first clear-cut pro-
curement program—MACH IV—and established a
special HI-REL Task Force to see it through. When
MIL-M-38510 came along, we expanded MACH IV
and kept the same Task Force on the job.

Now comes JAN-M-38510 with its new challenges
and uncertainties. And the same Task Force is still
on the job. This same group of managers who worked
for you in ’69 are still working for you today, along
with some new members. Together, they bring more
than 120 man-years of HI-REL experience to the task
—in the areas of reliability and process engineering,
product planning, product engineering, marketing,
quality control, manufacturing and HI-REL assem-
bly. The Task Force is fully committed to making
JAN IC availability a reality—and TI has committed
the money, facilities and manpower to support the
team.

Full qualification program underway

Already you have a broad choice of JAN ICs from T1I,
and the list is growing rapidly under an aggressive
qualification program. Our objective is to lead the
industry.

It’s an objective we are confident of reaching. After
all, TI is the leader in developing and delivering
Series 54/74 TTL—the series chosen as the JAN IC
standard for TTL logic. And JAN IC qualifications
are simplified by TI’s extensive experience in 38510/

MACH IV processing. Incidentally, TI’s 38510/MACH
IV program supplements the JAN IC program, where
JAN slash sheets have not been written or JAN ICs
are not available.

High-volume production facilities

We’ve been delivering MACH IV ICs, in volume, for
nearly three years —and high reliability military ICs
for more than a decade. So squarely behind our new
JAN effort are TI’s unmatched 54/74 HI-REL domes-
tic production facilities in Houston and Dallas. From
150,000-plus burn-in sockets to environmental shake,
rattle and roll labs, to scanning electron microscopes,
IR scanners, microprobes, Radiflo and computer data
acquisition.

You’ll find our JAN ICs already on distributors’
shelves. You can count on TI’s production strength to
maintain excellent JAN IC availability.

Send for procurement aids

We’ve prepared a booklet answering common ques-
tions about JAN ICs, as well as a handy pocket card
which lists existing JAN IC specs, the corresponding
standard T1 type numbers, and explains

38510/MACH IV
e Rl Moot

o oo the JAN numbering system. They’re

ot i
MIL-STD-883

both yours by circling 242 on

the Service Card. Or write

Texas Instruments Incorpo- H
rated, P.O. Box 5012, M/S 308,

Dallas, Texas 75222.
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EDN Design Course
CMOS — Part i

The basic building blocks in the 4000 Series
have made CMOS a full fledged logic family.

Bill Furlow, Associate Editor

An immense family of standard functions and
enough competition among suppliers to drive the
prices down brought success to the 54/74 TTL
logic series. If those same factors are still valid,
then the CMOS 4000A Series will attain the same
level of acceptance. Today nine semiconductor
manufacturers produce at least the basic devices
of the 4000A Series, and two more large semi-
conductor makers seem to be on the verge of
entering the market. In addition, most makers of
4000A CMOS are busily designing proprietary parts
that they feel will be of particular value to their
customers, and most of these new devices will be
second sourced by the competition. The 4000A
family is expanding at such a rapid clip that a de-
signer must be on the mailing list of each company
in order to stay up to date. If you are up against a
logic function that is awkward in standard CMOS
functions,it is well worth your time to call a few of
the applications people at various CMOS houses;
they may have a standard building block that will
be available in time for you to use, even though it
hasn’t been announced yet. In any case, the series
is already large enough to be extremely versatile.

The CMOS family tree

Borrowing once again from the RCA COS/MOS
seminars, Fig. 1 represents a very good way to
divide up the 4000A Series for a closer look. We

SIMPLE GATES HIGHER-LEVEL GATES

BUFFERS AND INVERTERS TRANSMISSION GATES
LATCHES FLIP-FLOPS

SHIFT REGISTERS COUNTERS

COMPLEX COUNTERS COMPUTER CIRCUITS

CMOS FAMILY TREE

Fig. 1— The CMOS family tree presents an orderly segmen-
tation of the 4000A Series into ten distinct categories.
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SIMPLE GATES

CD4000A CD4002A
Dual 3-Input NOR gegc?g?lﬁpm Dual 4-Input
Gate and Inverter NOR Gate N]OR Gate
CD4011A CD4012A
Quad 2-Input Dual 4-Input
NAND Gate NAND Gate
1
CD4025A CD4023A
Triple 3-Input Triple 3-Input]
NOR Gate NAND Gate

NAND GATE V. 1= Vg
} 0 =0V
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POSITIVE-LOGIC DEFINITION

Fig. 2 — Simple CMOS gates are available in 2-, 3- and 4-input
versions. A schematic representation of a 2-input NAND is
shown below.
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will cover only the basic family because the total
number of devices available is much too large to
present here. Fig. 2 lists the simple gate functions
that are available. Both NAND and NOR gates in
2-, 3- and 4-input versions are available in mul-
tiple-gate packages.

Unlike TTL, AND and OR gates are not yet avail-
able in CMOS, but the requirements for these func-
tions are very easy to work around or to implement
with inverters, where required. The same basic in-
verters discussed in Part | of this series (EDN, Vol.
17, No. 21, Nov. 1, 1972) are used in various com-
binations to build the various gate functions listed
here. As you can see from the 2-input NAND gate
shown in the lower section of Fig. 2, the series-
parallel arrangement of the inverter pairs is
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HIGHER-LEVEL GATES

CD4037A
Triple
AND/OR
Pairs

CD4019A
Quad AND/OR
Select Gate

CD4030A

e CD4007A
Exclusive/OR Tree Relay
Gate Logic
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BCD to 1
Decimal S
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4
i r-J---------1
= L
8,— i
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A, 1
B —
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Fig. 3 — Higher-level CMOS gates offer a designer increased
flexibility. The 4019 allows selection of one 4-bit word (A
or B) with only one IC package.

merely the reverse of the NOR gate shown in
Fig. 11, Part 1.

Higher-level CMOS gates are listed in Fig. 3. The
4019 Quad AND-OR select gate shown in the
lower portion of Fig. 3 allows the selection be-
tween two 4-bit words (A and B) onto the output
lines. The 4007 Triple inverter, listed in several
places, appears here because it has separately
accessible p- and n-type transistors that allow the
implementation of tree-relay logic, an extremely
efficient way of performing certain logic functions.

The schematic of the 4007, shown in Fig. 4, will
give some idea of why it is so versatile. The device
is actually a ““dual-complementary pair plus in-
verter.” While it is usually found externally wired
as a triple inverter, the separate access to two of
the n- and p-channel devices allows you to tie it
in with many other devices to implement what-
ever random logic may be required by your system.

The 4007 is also considered the basic CMOS de-
vice,and most of the curves and operating param-

B
o '_—l [ — l—l

J ]
J:%” J;:l”

Dual Complementary
Pair Plus Inverter

Fig. 4 — The 4007, a dual complementary pair plus inverter
has individually accessible p- and n-channel devices, making
it a workhorse of the CMOS family.

TRANSMISSION GATES
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Fig. 5 — CMOS transmission gates are gaining popularity as
both digital and analog switches, even in non-CMOS systems.

eters quoted for CMOS gates are derived from it.

Transmission gates gain wide acceptance

Transmission gates, like those listed in Fig. 5
probably represent the area of CMOS which is
receiving the most scrutiny. Devices like the 4016
shown in the lower half of that diagram are not
only useful as data multiplexers but also can be
used for analog signal switching as well. A CMOS
device used as an analog switch exhibits a much
smaller change in Ron with respect to signal voltage
than any of the single FET switches that are popu-
lar for signal switching. They can also be used in
conjunction with the other CMOS digital devices
to affect a 3-state output logic system.

You’'ll notice that the 4007 is listed again in this
category since it can be wired as a ““dual transmis-
sion gate plus inverter.”” The ON impedance for
CMOS transmission gates is about 2502, and bear
in mind the fact that there is no defined input
or output; they are completely bidirectional with
regard to the signal path. New devices that are
presently being developed in this area are an 8-
line to 1-line multiplexer/demultiplexer and a bi-
lateral switch that will permit the switched signal
to go below zero. The diode protection circuits of
the 4000A Series, which will be discussed later,
clamp the signal on a 4016 at about —0.5V.

CD4010A
CD4041A
Quad Buffer :—:\?x Bluffer :
CD4009A on-Inverting)

Hex Buffer

(Inverting)

CD4007A

Dual
Complementary
Pair and |nverter

Fig. 6 — Buffers and inverters provide level shifting and
current-interfacing capability between CMOS and other
devices.
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CD4009A
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Fig. 7 — Hex buffers, both inverting and non-inverting can
operate from dual-voltage supplies (Vop and Vee) to provide
CMOS/TTL interface.

Buffers ease CMOS/TTL interface

The buffers and inverters listed in Fig. 6 allow
CMOS at any logic supply level from +3 to +15V
to be interfaced to TTL at +5V. These devices will
drive 2 TTL inputs. The 4041 provides both invert-
ing and non-inverting outputs, while the 4009 and
4010, shown in Fig. 7, provide only an inverting
(4009) or non-inverting (40170) output.

The schematics in Fig. 7 are given to illustrate
the dual supply feature of these buffers. In cases
where only buffering is required (but not level
shifting), Voo and V.. are simply tied together ex-
ternally. Once again, the “Universal” 4007 is listed
because it can be wired as a buffer.

Latches and flip-flops are basic

The CMOS latches shown in Fig. 8 range from
the 4042 quad clocked D latch to the 4036 and
4039 which are quad 8-bit storage registers. The
4042, shown in the lower portion of Fig. 8, con-
tains four latch circuits, each strobed by a com-
mon clock, and each providing complementary
outputs. Information present at the D lines is
transferred to the Q and Q outputs during the
clock level selected by the “polarity” input signal,
as shown in the truth table. This allows you to
transfer data on either a High or Low clock cycle.
The 4043 and 4044 are NOR- and NAND-input
R-S type latches with 3-state output circuits.

Flip-flops are listed in Fig. 9 and are the stan-
dard D, J-K and R-S types you're all familiar with.

LATCHES

I CD4042A || |CD4036A
CD4044A :
NAND Input Quad Clocked 4‘Word by 8-bit
Quad Latch Latch Faleh
3.State Out (On-Chip Word
Decode)
= CD4039A
N%‘;O?:Kﬁn 4-Word by 8-bit
Quad Latch (L(&)’:?-hchip
3-5tate Out B ;g Decode)
D, Q,
4 —02
Q,
Q03
D, Q,
7 O— 010
Q, Clock | Polarity | Q
[ 0?9
D, Q, 0 0 D
13 0t 1
a 01 __/- 0 Latch
3
012 1 D
D, Q
a a 7
140 — O1 = 1 Latch
Q,
L 15
Clock o
5
Polarity|
6
Yo O—16 92CS-20191

Fig. 8 — Latches and registers in the 4000A family include the
4042, which can be programmed to latch during either the
“high” or “low” portion of the clock cycle.

The R-S flip-flops are simply quad NAND and
NOR gates externally cross coupled to provide the
set-reset function.

CMOS shift registers are listed in Fig.10, and all
use the standard D-type flip-flop cell of the 4013
flip-flops arranged in various combinations and
lengths. The 18-stage static shift register (type
4006) uses negative edge triggering, in comparison
with all the other D-type registers which use
positive-edge triggering.

FLIP-FLOPS
CD4027A
CD4013A Dual J-K
Dual-D Master-Slave
Master-Slave FF
FF
CD4001A
CD4011A Dual Set-Reset
Dual Set-Reset NOR FF
NAND FF
i § 1
i s of =1 s ar
~4CL —1CL
CD4027A KR Q CD4013A R_Q
Dual-J-K with Set/Reset I Dual “D" with I
Capability | Set/Reset Capability 1
=4 S or =0 8§ Or
=—3CL -—4CL
—4K R Q R Q
1 I

Fig. 9 — Dual flip-flops include a D- and a J-K-type. In addi-
tion, the standard quad NAND and NOR gates can be cross
coupled to make dual R-S flip-flops.
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SHIFT REGISTERS

CD4006A CD4015A
18-Stage CD4014A Dual 4-Stage CD4021A
Static S. R.} | |8-Stage Static Static S. R. 8-Stage
SR with Sync] Serial In/ Static S. R.
Parallel Input Parallel Out
CD4035A p CD4031A
4-Bit Parallel/ CDA4034A 64-Bit

8-Bit -
Parallel/Serial Smtic

> SR
Bus Register

Serial Register

with J K Input

and True/
Complement Output

PARALLEL INPUTS

L b

J——-
INPUTS o
K-—
CLOCK —] 4Bit
5 PAR/SER.— Register
E TRUE/COMPL. —]
8 RESET —|
- I
Q /g, Q:4/53
Q, 5 Q. =
N Z/Qz 4/Q4 v
True/Cor'anemem
Qutputs

Fig. 10 — CMOS shift registers are available in many con-
figurations. The longest static register presently available
is 64-bits.

There are two types of 8-stage registers, the 4014
and 4021, both of which are static devices. Data
entry for the 4014, however, must be synchronous
with the positive clock edge, while parallel data
input for the 4021 may be asynchronous. Both
units are synchronous-input devices when oper-
ated in the serial-input mode. The longest static
register presently available is the 64-stage unit.

The 4035, shown in the lower portion of Fig. 10,
is a CMOS equivalent of the 9300 TTL shift reg-
ister, with the addition of complementary outputs.
Essentially, it is composed of four D flip-flops
accessed by four parallel lines with all of the out-
puts available. This unit can also operate in straight
serial mode. When operated in the serial mode,
the ] and K inputs are tied together internally, pro-
viding the functional equivalent of a D-type flip-
flop. The operating mode, parallel or serial, is con-
trolled by a single control line. Another control
line sets the device to provide either true or com-
plement output. This “True/compl” control is
completely asynchronous. Transmission gates are
used for data routing within the device, to provide
this flexibility of operation.

Shift register provides super-versatility

The 4034A is a shift register that is worth a little
more coverage. As shown in Fig. 11, it is an 8-bit
parallel/serial input/output register, but it oper-
ates in every conceivable mode. Note that the
arrows on the inputs and outputs are bidirectional,

CDA4034A —
Parallel “A” Inputs (Outputs)
'

T

PA-Enable O—/ S
Serial In Q=
PA/PB Write Q=i

Asynchronous/
Synchronous o
Clock ©—

Parallel/Serial O—

IRRERY s

L}
Parallel ‘B Outputs (Inputs)

CD4034 Cell Logic
A (Input/Output)

+ <176 ~— TG
Serial
Data In Serial
- D Clock Q Data Qut
CL a
]G e TG
*From

Steering Logic

B (Output/Input)

Fig. 11 — The 8-bit parallel/serial input-output bus register
(type 4034) is totally programmable. Data may be entered
or removed on any input or output in any desired mode.
Transmission gates are used for this internal data routing,
as shown in the cell diagram.

and this is what really happens. You can parallel
data in on the top (or bottom), let it set there for
a while, and then parallel it out on the same lines.
As you can imagine, a device like that can save
you a lot of hardware and wiring. It is completely
programmable by the inputs shown on the left
side of the package. Again, as you see from the
cell structure, the device is a clever arrangement
of D flip-flops and transmission gates.

COUNTERS

CD4045A CD4024A CD4020A
21-stage 7-stage Ripple- 14-stage
Ripple-Carry Carry Counter Ripple-Carry

with Buffered

Binary Counter
Reset

Binary Counter

e CD4040A CD4004A
Ure/slej Gl 12-stage 7-stage
Bi%arsy\lg::cude R_ipple—Carry R»ipple Carry
Parallel Clock Countevj Binary Counter Binary Counter

CD4024A -
7-Stage Counter

7-Stage
Ripple Counter

by ey
Vi

7 BUFFERED OUTPUTS

Fig. 12 — CMOS counters from 7 to 21 stages, including
presettable, offer enough design versatility to solve most
design problems.
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COMPLEX COUNTERS

CD4017A CD4018A CD4022A
Decade Counter/ Presettable Divide-by-8
Divider Plus Divide by N Counter/Divider
10 Decoded Counter with 8 Decoded
Outputs Outputs

CD4026A
Decade
Counter/Divider
with 7-Segment

CD4033A

Decade Counter/Divider
with 7-Segment

Display and

g::ﬁljz Er;xdable Ripple Blanking
CcL
Cm 4-Stage Car
Enable Johnson Counter [ Our;/
. W CD4022A

Divide-by-8

Counter/Divider
i s G
L

1 of 8 Selection

CL s
rry
bL 5-Stage Out
i

Enable Johnson Counter
R ’l >°—4 >"ﬂ

CD4017A
oxhh
Divider Plus 10

Decoded Decimal QOutputs : .
, 1 of 10 Selection

Fig. 13 — The more complex counters include devices with
display blanking and leading-zero suppression to help con-
serve system power,

Counters round out the family

Counters available in the CMOS 4000A Series,
as shown in Fig. 12, are of two types, the Johnson
(shift register) counter or a binary ripple-type
counter. All of those shown in this section, except
the 4029, are binary ripple type counters. The two
7-stage ripple counters are essentially the same,
with the 4024 having a slightly improved reset
capability. The 4020 and 4040 are actually the
same chip with different metalization patterns.
The 4045 has 21-stages of binary ripple counting,
providing a very high functional density. The 4029
is a synchronous counter, and one of the most
versatile of the CMOS counters. It can count up or
down, it can count in binary or decade, and it has
parallel entry.

The more complex counters listed in Fig. 13 are
on-chip variations and combinations of basic
CMOS circuits and illustrate some of the higher
level functions that can be accomplished in a
single CMOS building block. The 4026 has a “dis-
play enable” function which allows you to con-
tinue counting while disabling a higher power dis-
play, obviously an important consideration in
CMOS designs, and the 4033 provides ripple blank-
ing (for blanking of insignificant zeroes on the dis-
play). Both have a carry output for multiple-dec-
ade counters.

The 4018, also a Johnson counter, can be used
in a very simple counter configuration; it allows

- COMPUTER CIRCUITS
CD4032A ETATORR
Triple CD4028A ;
Serial BCD-to- 4V_B|t Eull Adder
Adder Decimal with Parallel
(Positive logic) Decoder Carry Out
D4038A CDA4036A
'?ripl?,*?,gerial 4-word X 8-bit 4CD4O(359;\8 bi
Adder Latch/Register ol -bit
Nachsive Lndi (on-Chip Word Latch/Register
(Negative Logic) i) (Off-chip
Decode)
CD4057A
4-bit
Arithmetic Unit A'
B‘ Adder
i
Invert, 1 Sum 1
_] High Speed (Carry-c
Par Carry |gut) °
B. , ‘ ;
Al Sum 34 Az
i
82 Adder 0
Sump—8,  Invert, 2 |Sum2
L
# ¢
'Y ISUI’T}—— S, A,
i
Sum S, By Adder L
o Invert, 3 Sum 3
—&
{Carry In) CD4008A
Four Bit g Qe
Full Adder with : : :
Parallel Carry Out Triple Serial Adders with internal Carry
CDA4032A Negative Logic Version
CDA4038A Positive Logic Version

Fig. 14 — Computer circuits in CMOS 4000 include a new
4-bit arithmetic logic unit, parallel and serial adders and
decoders.

)‘ : TABLE |
{ Typical quiescent power dissipation of 4000A series CMOS devices
THW aw
’ DEVICE: Tov | 5V DEVICE: v | sy |
| Gates 14-Stage Binary |
| NOR Counter |
CDA4000A, 01A, 02A, 25A | 0.05 |0.025 CD4020A 20 & |
NAND i {
18-St tati |
| CD4O11A, 12A, 23A 005 0.025 Sﬁmf;?“z,m |
f Dual Complementary o CD4006A |
| Pair Plus Inverter |
1/N Count
CD4007A 005 {0028 | chadisa W |as |
Multiplexer 1/8 Counter
(Bilateral Switch) CD4022A 10 285
& {
CD4016A 0.1
ND/OR Decade Counters
20% ?QASE'“‘ b CDA4017A, 26A, 33A 10 |25
. ' Up/Down Counter
Exclusive-OR {
CD4030A {1 0.25 :?gongCo 0 e
| | -Stage Counter
| Sl CDA045A 0 |75
Inverting
CD4009A 05 1015 8-Stage Static Registers |
N ; CD4014A, 21A 10 vAT |
lon-inverting {
CD4010A 05 015 Dual 4RStsse |
- Static Register
True/Complement
CD40ATA 02 loos CD4015A ‘ 10 2.5
Triple AND/OR S s
Bi-Phase Pairs ey Bl
CD4037A 2 0.5 Ml {
Ee tage
F"‘;F"”‘,’%,, Static Register 1
- CD4034A {
CD4013A 02 005 A j
: tage Register .
Dual J-K {
CD4027A 02 005 G B |
Arithmetic
La‘(i:’esked o Full 4-Bit Adder
o8 Cl
CD4042A 02 |oos e =
NOR RS ‘ Serial Adders I
CD4032A, 38A 1 A
CD4043A 02 loos - i e
1 |
NAND R/S !
1 Decoder
£o40445 02 1005 BCD-to-Decimal 4
Counters and Registers | CD4028A 100 | 28 J
Z:f‘age Binary Memories i
unter 3
4-word b N
CD4024A 0 |25 s o g ]
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TABLE 111
Typical propagation delays for the 4000A CMOS family. All values in nsec, output load
capacitance = 15pF

TABLE Il
Typical output current capabilities of 4000A series CMOS circuits
Vpp = 10V 5V Voo = 10V sV
DEVICE: oo DEVICE: -
Ip(p) {Ipn) | Ip(p) |igin) Iplp} fipinl] Ip(p) Jipn)
Gates Counters and Registers
NOR (cont'd)
CDAO000A, 01A, 02A, 64-Stage
25A -1 25 |-28 1 Static Shift
Register
NAND
CD4031A
CD4011A, 23A -1.2 (06 |-05 |06
CD4012A ~12 |06 |-05 |025 QU Flon pillea 20
Bl ey Q Output -04 |04 |-0.18 [0.18
P CLp Output 16 |24 [-08 |08
CD4007A -25 | 25 |40 |1 MS! 8-Stage Static
Register
AND/OR Select
EoanihA s lasloss Lis CD4034A —0.25 |05 |-01 (02
Exclusive OR Ll
CD4030A ~13 |24 |-06 |12 o it L s e e
Buffers Other Outputs -04 |04 |-015 |01
Inverting 1/8 Counter
CD4008A -08 | 10 |-1.752{4 oA
Non-Inverting Decode -0.15 | 0.3 |-0.0750.15
CD4010A -08 | 10 | 17524 Catry Loe |1 |-0a |os
Triple AND/OR Decade Counters
Bi-Phase Pairs CD4017A
CD4037A ~25 |25 |1 1 Decode -0.2 |04 |-0075(0.1
True/Complement Carry -1 1 |-04 |04
CD4041A €D4026, 33A
True Qutput -8 10 |-28 (32 Decode -06 |05 [-0.28 |0.24
Comp. Output -36 |4 |-12 |16 Curry B 1 loa |oa
FlipFlops 21-Stage Counter
EB:,D‘I%A i3]z 5 e P e et
i S0t Up/Down Counter
Dual J-K CDA4029A
CD4027A -13 |25 |-05 |1 Q Output 04 |12 |-024 |08
Latches Carry -0.2 | 0.64]|-0.12 {0.16
Clocked “D" 8-Stage Static Registers|
CD4042A -2 2 1 CD4014A, 21A -0.44 |05 |-0.16 |03
NOR R/S Dual 4-Stage Register
CD4043A -1 1 |-0s los CD4015A -0.44 (05 |-0.16 [0.3
NAND R/S Arithmetic
CD4044A -1 1 |-05 |os Full 4-Bit Adder
Counters and Registers CD4008A
7Stage Binary. Carry 15 |15 |-05 o5
Caunter SumP -0.3 |05 [-0.02 {0.02
CD4024A ~07 |1 1-08 |05 | ool Adders
14-Stage Binary CD4032A, 38A 12 |24 |-04 |o09
Counter
ecod
CD4020A o5 | uh |02 Joa [P0 o
18-Stage CD4028A 19 |24 [-09 |12
Static Shift
Register & t = 2.6V
CD4006A 03 | 05| 015 [oas | Dip olEm iy n g
bV, (sum) = 3V

Vpp=10V 5V Vop=10V| 5V

preset inputs and provides Q outputs. The “D”
input of the first stage is available for count-
suppression feedback from the outputs of suc-
ceeding stages without any external reset circuitry.

Some of the circuits listed in Fig. 14 will obvi-
ously have other applications besides computers,
but they are placed here for ease of classification.
The 8-bit X 4-word registers, discussed earlier, are
listed here because they can serve as a simple
memory element, and when used in this function,
they feature non-destructive readout operation.
There are two basic types of adders available in
the 4000A Series; either serial adders like the 4032
or 4038, or 4-bit parallel full adders like the 4008.
The 4008, as shown in the lower section of Fig. 14,
provides an internal “look-ahead carry” function
and a carry output so that the units may be paral-
leled to provide whatever word length may be
required.

Types T
1w HL]LH | HL] LA v HL] LH | HL [ Ln
Gates Counters and
NOR Registers (cont'd)
CD4000A, 01A :
” 18-Stage Static
02A, 25A 25| 25| 35| 35| ghife Register
NAND CD4006A 1251125 250 | 250
CD4011A, 23A 26| 26] 60| 50
’ 1/N Counte
CD4012A gol o600} 80 ‘ocien
Eualpcomplementar" Qg Output 125 | 125 | 350 | 350
air Plus Inverter
00 | 200 | 500 | 500
CD4007A 20| 20| 35| 35 Qi Oai
i 1/8 Counter
Multiplexer CD4022A
£D40184 Carry 125 | 125 325 | 325
Turn On 20| 20 Decode 200 | 200 | 400 | 400
Signal In to
Signal Out 10| 10 Decade Counter
CD4017A
AND/OR Select Carry 125 | 125 | 350 | 350
£0401H4 50 | 50100 100 Decode 200 | 200 | 500 | 500
Exclusive-OR
Up/Down Counter
CD4030A 40| 40| 100 |100| chagoon
Triple AND-OR Q Outputs 115 ] 115| 325 | 325
Bi-Phase Pairs Carry 150 | 150 | 425 | 425
CD4037A 75 | 751225 [225|  ggrage static
Buffers Registers
Inverting CD4014A, 21A 100 | 100 300 | 300
CD4009A 10| 26| 15| 50| pya 4Stage
Non-Inverting Static Register
CD4010A 10} 26| 15| 50 CD4015A 100 | 100 | 300 | 300
True/Complement 64-Stage Static
CD4041A Shift Register
True Output 40| 45| 65| 75 CD4031A 200 | 200 | 400 | 400
Comp. Output 30| 25| 55| 45 MSI 8-Stage
Flip-Flops Static Register
Dual “D" CD4034A 240 | 240 | 600 | 600
CD4013A 75| 75150 |150 |  45tage Shift
Dual J-K Register ‘
CD4027A 75 | 75150 |150 CD4035A 100 | 100 250 | 250
Latches Arithmetic
Quad Clocked “D"” Full-Bit Adder
CD4042A 75| 75| 150 [150 CD4008A
Quad NOR R/S me
75 | 7 75 u
et s o s Input 325 | 325| 900 | 900
Quad NAND R/S From carry input 325 | 325 | 900 | 900
CD4044A 75| 75175 |175 At Carry
Counters and Registers Qutput
7-Stage Binary From sum input | 120 | 120| 320 | 320
Counter From carry input 45| 45| 100| 100
CD4024A 80 | 80 (1756 |175|  serial Adders
14-Stage Binary CD4032A, 38A
Counter At Sum Qutput
CD4020A 150 | 150 | 450 |450 From A, B, or
Invert. inputs 125 | 125| 400 | 400
From clock input 250 | 250 | 800 | 800
Decoder
BCD-to-Decimal
CD4028A 100 | 100| 250 | 250

Some typical operating characteristics

If you've begun to do some preliminary calcula-
tions for a CMOS system, the four accompanying
tables will be of some assistance. Bear in mind that
these listed characteristics are typical, and you'll
have to consult the manufacturers’ spec sheets for
worst-case numbers.

Table 1 lists the typical quiescent power dis-
sipation for each member of the basic 4000A
family. Output current drive capabilities of the
series will be found in Table II, and typical propa-
gation delays are listed in Table Ill. Again these
figures are only typical, and they’re intended for
your use in rough evaluations.

The CMQOS design course, Part I11, will cover in
detail many of the system considerations involved
in CMOS design.
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NEW EI-MENCO
Transmitting Dipped
Micas take only

1/6 the space,

yet cost less than
conventional types.

Typical TDM43 Capacitor, actual size

NEW in the industry— EIl-Menco TDM43 Transmitting Ideal for h|gh frequency
Dipped Mica Capacitors are unequalled in small size and low

cost for their ratings. Compared to conventional types with circuits, in military,

similar characteristics, they require only one-sixth as much Communication, and
space... save you 83% of the volume previously required. . .
The superior coating transmits heat more efficiently, so you industrial pOft&b'G and

can use a smaller size for a given rating. airborne equipment___
Specify these high-quality TDM43 Capacitors wherever

better performance and long, reliable life are critically equivalent toRTM63

important...and where space and weight are at a premium. in EIA Spec_TR_1 09.
For medium power, moderate-to-high voltage service,

TDM43'’s can be used in tuned amplifier tank circuits, for
DC blocking in high frequency amplifiers, in high frequency
filter networks needing high Q and RF current capabilities,
and in timing circuits requiring a high degree of stability.

_ Check the table below for representative values among
the many standard TDM43 units available... or call or write
Electro Motive if you have a special application or one in
which pulse conditions are present. Technical literature
available on request.

Typical Values Available — TDM43 Transmitting Dipped Mica Capacitors

Capacitance 60Hz Rated Current in amps. at Freq. of Max. Dimens. in Inches
Value in pF Peak W.V Characteristic 3.0 MHz 1.0 MHz 0.3 MHz 0.1 MHz L w T
47 C 0.50 0.10 0.07 0.03 2.010 .850 .220
1200 1500 F 4.90 3.80 1.20 0.42 2.010 .850 .230
2700 F 5.90 5.80 2.20 0.90 2.010 .850 .230 ..
3300 F 6.10 6.20 2.60 1.10 2.010 .850 .230
5600 1000 F 6.50 7.30 4.10 1.80 2.010 .850 .240
9100 F 6.80 8.10 5.50 2.40 2.020 .860 .260
10,000 E 6.90 8.40 6.40 2.70 2.020 .860 .260
15,000 750 F 7.00 8.90 7.80 3.30 2.030 .870 .280
20,000 F 7.10 9.20 8.30 3.50 2.040 .880 310 -
22,000 F 7.20 9.40 8.80 3.70 2.030 .870 .300
30,000 500 F 7.20 9.60 9.30 3.90 2.040 .880 .320 _
36,000 F 7.30 9.80 9.70 4.10 2.040 .890 .340
39,000 F 7.30 9.90 10.0 4.20 2.050 .890 .350
68,000 250 E 7.40 10.3 10.9 4.50 2.050 .900 .370
100,000 F 7.40 10.5 LD 4.70 2.070 910 .440 B

The Electro Motive

WILLIMANTIC, CONNECTICUT 06226
Dipped Mica * Molded Mica * Silvered Mica Films * Mica Trimmers & Padders g. o., nc.
Mylar-Paper Dipped * Paper Dipped * Mylar Dipped * Tubular Paper

West Coast Manufacturers contact:
COLLINS & HYDE CO., 900 N. San Antonio Rd., Los Altos, California 94022
5380 Whittier Blvd., Los Angeles, California 90022

ALSO SOLD NATIONALLY THROUGH ARCO ELECTRONIC DISTRIBUTORS
CHECK NO. 14
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VISHAY OFFERS A WORD OF ADVICE
ON PRECISION RESISTORS

®J

First of all, they don’t have to be round. As a matter of fact,
the most precise unit you can buy is square (see the picture
above).

Secondly, make sure you’re getting all you pay for. Every
manufacturer lists the basic specifications—Tolerance, Size,
Wattage, etc. but very few publish all the specifications . . .
and those missing facts can be important.

In buying precision resistors make sure you know the Tempera-
ture Coefficient (a 25 ppm/°C 10K resistor at 25°C will be
10,009 ohms when measured at 60°C)—your .01% resistor
could be .1% at the operating temperature.

Make sure you are told the inductance and capacitance. (A

spiraled metal film is inductive.) If at your frequency, the X.
is 10% of the DC resistance, the resistance shift is 5000 ppm.

Ask for stability figures under load and on the shelf (two years
from now you still want the performance you designed in).

Are you told the tracking characteristics between production
runs of units? And what about tracking of various values?

You should be told all these things and more if you're buying
precision resistors and paying the price. Ask Vishay for the
facts—we’ll tell you everything, not just what we want to accen-
tuate. We'll tell you our limitations along with our strong points.
Write us today—you may not need all of our ultra-precision

specifications, but you should know they are available.

VISHAY RESISTOR PRODUCTS

CHECK NO. 15

Send for these
TYPICAL PERFORMANCE CHARACTERISTICS Technical Bulletins
Resistor Type Metal Film Wirewound ‘a::‘:ly,:ﬁ::k T RO
Typical rise time 10-100 nanoseconds | 10,000 nanoseconds| 1 nanosecond s e
Typical TC track
Same value 25 ppm 5 ppm 3 ppm
Value one decade 35 ppm 10 ppm 3 ppm
Value two decade 50 ppm 20 ppm 3 ppm
Typical shelf life 500 ppm 25 ppm 25 ppm [] High Precision
(1 year) Evaporated Resistors
MIL PERFORMANCE CHARACTERISTICS
PARAMETER Chaacieriatis 2 Characteristic L Characteristic Y
Best T.C. +25 ppm +10 ppm =+5 ppm
Best Tolerance 0.1% 0.01% 0.01%
Ya watt size RNR 65J RBR 54L RNC 90Y
Occupled board space .188 x .625 .250 x .750 .110 x .310 - = 2
plus lead space plus lead space no lead space :
Wattage rated @ 125°C 125°C 125°C Es iosmion
Max. ambient temperature 175°C 145°C 175°C
o Temp. Cycling & Overload 2% .06% .05%
2 | Dielectric withstand. 15% 01% .02%
E Moisture Resistance 4% 1% .05%
E é’:’ Shock 2% .01% .01%
< | Vibration 2% .01% .02%
g Low Temp. Operation 15% .02% .05%
% | High Temp. Exposure 5% 1% .05% :
= [Life (2000 Hrs.) 5% 1% .05% QlowTC

63 LINCOLN HIGHWAY B MALVERN, PA. 19355
TELEPHONE (215) 644-1300 M TWX: 510-688-8944
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Film-resistor specs: all you wanted
to know but were reluctant to ask

Specifying film resistors properly is not as simple as one might think.
For good design performance, understanding all parameters is essential.

Vernon Gray, Mepco/Electra, Inc.

It is not at all uncommon for many a designer to
specify film-resistor components (metal, carbon and
cermet) with only three parameters in mind: resis-
tance value, tolerance and power dissipation. After
all, one might ask, what is there to know about spec-
ifying film resistors? Quite a bit if one expects good
performance from a design. This situation is further

T e
HOT-SPOT MAX.* l ams )
0.625 ' -
40
I
0.500 60
POWER RATING "
DAATTSE o e |
100
0.250 '}gg
< 140
0.125 7
e 160
20 40 60 80 100 120 140 160
RN )
0.06 R(Q)
e
= 0.08
=] K
S N
B N [T
0.2
100
XN [V
AR N \ \i
R 0.4 N *T.Ok
AFTER 1000 |
HOURS 0.6 l
(%)
08 ‘l 10k
1.
- ¥ 100k

Fig. 1—Determine film-resistor time stability with this handy
nomograph. The nomograph relates power dissipation, ambient
temperature (T,,,), hot-spot temperature (T,,), resistance value (R)
and maximum resistance drift (AR/R) at 1000 hours of operation.
The nomograph should not be extended beyond the maximum
allowable hot-spot temperature. The resistance change for zero
power indicates the storage stability at a given temperature, and
the limiting voltage of the resistors has not been taken into consid-
eration. The probability of the drift being less than the indicated
value is 95%.
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Fig. 2— Use this equivalent resistor circuit over the frequency
range of dc to several hundred megahertz. It is assumed that skin
effects are negligible, rendering the resistive component, R, of the
impedance constant at all frequencies. The inductance, L, is usu-
ally negligible, while the capacitance, C, can be significant and
generally does not vary more than=+20% with the resistance value.

aggravated by the lack of industry-wide specification
standardization. Indeed, many important parameters
are actually omitted from some data sheets.

The following parameters should therefore be re-
viewed by the reader as a guide to help him inter-
pret, evaluate and select film-resistor components,
whenever needed. The relative importance of each
parameter depends on the particular application
used.

Accuracy (tolerance) This is the maximum devia-
tion from the nominal resistance value, usually ex-
pressed as a percentage of the nominal resistance (or
the equivalent in parts per million). It should be
understood that this accuracy specification is deter-
mined at the factory at the standard trimming tem-
perature, which may vary from manufacturer to
manufacturer and is calculated using a negligibly
low test voltage and power dissipation.

A negligibly low test voltage and power dissipa-
tion means that the test voltage applied is not high
enough to cause significant changes in resistance
value, considering both the voltage coefficient of re-
sistivity (defined later) or self-heating effects (see def-
inition of power coefficient). Measurements at an
ambient temperature other than that given by the
manufacturer must allow for the temperature coeffi-
cient or T.C. (defined later) of the resistor.

Temperature coefficient of resistivity (T.C.) This
is the maximum change in resistance per unit change
in the temperature of the resistor, usually expressed

E DN IDIECE M BIBER S, w1197 2



in =parts per million of nominal value per degree
Centigrade. A T.C. rating is generally associated
with a specific temperature range over which the
maximum T.C. is never exceeded.

The temperature here is not the ambient tempera-
ture but that of the resistor itself. However, in the
absence of self-heating effects, if the resistor has had
enough time to reach thermal equilibrium with its
ambient, the resistor temperature may be the same
as the ambient temperature. The preferred test
method is to measure resistance (at negligible dissi-
pation) at several different temperatures, holding
each temperature long enough for the resistance to
stabilize. (See later discussion of power coefficient
for correction for significant power dissipation.)

Time stability The degree to which the initial resis-
tance value is maintained to a stated degree of cer-
tainty (probability) under stated conditions of use,
over a stated period of time. It is usually expressed in
+percent or =per unit (ppm) change in resistance
per 1000 hours of continuous use.

This parameter is very dependent on the condi-
tions of use, drift being at a minimum for nominal
ambient temperature and negligible dissipation and
ambient temperature. It is also a function of nominal
resistance value, with drift increasing significantly
with increasing nominal resistance, as shown in the
performance nomograph of Fig. 1.

Power (temperature rise) coefficient The maxi-

mum rise in “‘hot-spot”” temperature of the resistor
above the ambient temperature, per Watt of dissipa-
tion, assuming free air convection and negligible loss
of heat through the resistor leads, after thermal equi-
librium has been reached, usually expressed in de-
grees Centigrade per Watt.

Remember, this coefficient relates the rise in tem-
perature (above ambient) to the power dissipated in
it. Thus, if the power coefficient is 80°C/Watt, the
power dissipated is 0.5W and the ambient tempera-
ture is 50°C, the final equilibrium ““hot-spot’” will be:

807G X 0.5 + 50°C = 90°C.

Note also that a “‘hot-spot”” temperature of 90°C
constitutes a 67°C temperature rise above a standard
trimming temperature of 23°C. ‘

Self-heating coefficient of resistivity The maxi-
mum change in resistance due to temperature change
caused by power dissipation, at constant ambient
temperature, usually expressed in percent or per-unit
(ppm) change in nominal resistance per Watt of dis-
sipation. This parameter is actually the product of
the power coefficient and the resistor temperature
coefficient.

Voltage coefficient of resistivity The maximum
change in nominal resistance value due to the appli-
cation of a voltage across the resistor, after correct-
ing for self-heating effects, usually expressed in per-
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Fig. 3—The ac/dc impedance ratio, |Z|/R as a function of frequen-
cy is shown above for various resistance values. Note that only

the 10Q) curve shows any appreciable series inductance and only
above 150 MHz.
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RMS NOISE IN
MICROVOLTS AT 23°C

0 100 1k 10k100k ™
BANDWIDTH IN HERTZ

Fig. 4— Calculate the magnitude of thermal noise for any resistor
with this nomograph. Thermal noise is inevitable and is some-
times called ““white noise’” because its energy level is the same at
all frequencies.

cent or per-unit (ppm) change in nominal resistance
per volt applied.

This parameter is a relatively small source of error
and is not due to heating, but rather due to molecu-
lar distortion in the resistive material; however, an
applied voltage can cause significant self-heating,
and resistance changes due to temperature rise must
be accounted for in measuring voltage coefficient.

Ac/dc impedance ratio The maximum ratio of the
magnitude of the complex impedance ““Z" to the dc
resistance, at the frequency of interest. Looking at
the simple equivalent circuit for a resistor in Fig. 2,
one can see that with negligible “skin effect,” the
resistive component “R”" of the impedance is gener-
ally constant at all frequencies. The inductance “L"
can in some resistors be considered insignificant for
frequencies up to several hundred megahertz. It can
be significant for very low value resistors in large
power ratings when operated at frequencies above
100 MHz. The capacitance ““C"”, however, may be
significant, particularly in high-value resistors at high
frequencies. Generally speaking, the capacitance for
any given style and power-dissipation rating does
not vary more than +=20% with the resistance value.
The ac/dc impedance ratio can be calculated from

|Z] 1

R V1 + (2mRC)?

A family of typical curves of its the |Z|/R versus
frequency for various resistance values is shown in
Fig. 3. Note that only the 10Q) curve shows appre-
ciable series inductance, and only above 150 MHz.

Useful frequency range This definition is arbitrary,
because the range of usefulness depends on the na-
ture of the application. In some applications, an
ac/dc impedance ratio of 0.5 may be tolerable (e.g.,
in terminating certain filters), whereas in others, 0.99
may not be acceptable. The useful precision fre-
quency range (for attenuators, voltage dividers, etc.)
should be defined very conservatively by limiting it
to the highest frequency at which the impedance dif-
fers from the resistance by more than the tolerance
of the resistor. Thus, if a 1 k€ +0.5% resistor has a

40

NOISE LEVEL IN dB (0 dﬂl =1uV)

Fig. 5—To discover the relationship between film-resistor noise
level and frequency, use this curve. At higher frequencies, current
noise approaches thermal noise and finally falls below it. Note the
constant energy level of thermal noise at all frequencies.

nominal shunt capacitance of 0.5 pF, then the useful
frequency range is from dc to the frequency at
which

R

— —] e -3
2% (1 V71 + (27rfCR)2> SRS

from which f = 2.5 MHz; although, as noted earlier,
many applications can use such a resistor from dc to
many times that frequency. Indeed, some film resis-

Z
(1-12) o5

0dB -

+

NOISE INDEX

102 10° 104 108 108

RESISTANCE IN OHMS

Fig. 6—Metal-film resistors generally have lower noise indices
than carbon film types with increasing resistance values. Noise
index is the ratio of the rms current-noise voltage (over a one-
decade bandwidth) to the average (dc) voltage caused by a spe-
cific constant current passed through the resistor at a specified
hot-spot tmperature.

EDNCDIECEMBER L 1:9 7 2



tors are used in many applications approaching the
gigahertz range. For example, the useful frequency
range for terminating transmission lines and filter
networks is at least 300 MHz, between 50 and
10002, the range of values most often used for this
purpose.

Failure rate The statistical probability of the inci-
dence of “‘catastrophic’ failure in a large number of
identical resistors operated continuously for a given
period of time under stated environmental condi-
tions, usually expressed as maximum percentage of
units predicted to fail under continuous service at
maximum rated power (or voltage, if that limit is
reached first), at 25°C ambient. This definition is for
an industrial failure-rate specification. MIL failure
rates are established by the applicable MIL stan-
dards, to which the reader is referred. Note that
“specification” failure rates (as opposed to cata-
strophic failure rates) may be significantly higher —
i.e., a resistor may exceed its stability limits, as given
by Fig. 1, without failing catastrophically.

Thermal noise level The equivalent rms voltage
value, over a stated bandwidth, of all energy compo-
nents generated by the resistor at a stated resistor
temperature, with no externally supplied current
flowing through the resistor. The basic equation re-
lating bandwidth, temperature and noise in any re-
sistor may be derived from the theoretical Johnson
thermal-noise equation, and has the form:

Epme = 7-4\VRTAF X 1072,

where: R is the resistance in ohms; T is the tempera-
ture in degrees Kelvin (°C + 273); and Af is the
bandwidth in Hertz over which the noise energy is
measured.

The nomograph in Fig. 4 can be used for calcula-
tion of the magnitude of thermal noise for any resis-
tor. This inevitable thermal noise is sometimes called
““white noise,”” because its energy level is the same
at all frequencies. There is another noise component
in film and composition resistors called “‘current
noise’”’ or ““1/f noise,” the energy of which is in-
versely proportional to frequency and is a function
of both the current flowing in the resistor and the
value of the resistor.

Current noise energy is almost exactly proportion-
al, over wide ranges, to the square of the current
flowing—i.e., to the square of the voltage across the
resistor. Its variation with resistance, however, is a
very complex function of the construction and met-
allurgy of the resistor. This parameter is discussed
under ‘““noise index.”’

Noise index The ratio of the rms current-noise volt-
age (over a one-decade bandwidth) to the average
(dc) voltage caused by a specified constant current
passed through the resistor, at a specified hot-spot

temperature, usually expressed either in wV/V, or in
decibels of voltage ratio.

noise voltage
noise index = 20 log“‘(dc—ltag)
voltage

A useful form of the above equation gives the total
noise voltage for a given bandwidth, f, to f,:

(3) f)
E(rms) = Vdc X 10 \/|Og (F:)/
1

where V,_is the IR drop across the resistor and N.I.
is the noise index in dB. Test conditions must be
controlled carefully to assure that the specified hot-
spot temperature is established. The measurement
must be made on an instrument especially designed
to permit correction for its own thermal noise and
the thermal noise of the resistor under test (usually
negligible). If more than one decade of frequency is
of interest, the rms noise voltages add as the square
root of the sum of the squares, so that the resultant
multi-decade noise level is given by

where E, is the total voltage for n decades of fre-
quency and E, is the noise voltage for one decade.

The curve in Fig. 5 shows the relationship be-
tween noise level and frequency for a typical film
resistor. At higher frequencies the current noise ap-
proaches the thermal noise and finally falls below it.
The curve in Fig. 6 shows how noise index can vary
with resistance for film resistors.

Second- and third-order error sources There are
other parameters which are usually of limited inter-
est and are usually not specified because they are
not always required for design evaluation. These in-
clude insulation resistance, insulation voltage limit,
temperature retrace, voltage retrace, environmental
retrace and thermal transient response. [

The “Film Resistor”” handbook and catalog, from
which this article was extracted, is available for
more details and discussions of second- and third-
order error sources. 280

Author’s biography
Vernon Gray is the product
marketing manager for film
resistors at Mepco/Electra
where he has been em-
ployed for 9 years. Previ-
ously, Mr. Gray spent 13
years working at Weston
Instruments. Vernon Gray
holds a B.S. degree.
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CAREER OPPORTUNITIES
WITH A FLORIDA COMPANY
SPECIALIZING IN
ADVANCED COMMUNICATIONS SYSTEMS
AND HIGH TECHNOLOGY
UHF RADIO EQUIPMENT

Electronic Communications, Inc., a subsidiary of
NCR, has openings at all levels for electronic
engineers experienced in the design and develop-
ment of communication systems, RF, digital and
audio equipment. You will be working with major
UHF command and control systems, satellite relay
and telemetry systems, and a variety of other
challenging long-term programs. At ECI, you (like
all of our pros) will function with a minimum of
supervision and a maximum of opportunity for
advancement. ECI is small enough to give your
accomplishments high visibility, yet big enough to
provide the facilities and benefits of the largest
companies. ECIl is on Florida's West Coast — the
BEST COAST — in comfortable, sunny cosmo-
politan St. Petersburg.

If you are tops in your field, and if you are
interested in a career opportunity on long-term
programs in an intriguing location, write in con-
fidence today to Paul N. Jordan, Supervisor of

Professional Placement, Electronic Communica-
tions, Inc., Box 12248, St. Petersburg, Fla. 33733.

A Subsidiary of NCR
An Equal Opportunity Employer — Male and Female
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What do you get when you cross
a signal source with a calculator?

Automatic testing with HP's new 3330B AUTO-
MATIC SYNTHESIZER. In this one outstanding instru-
ment, you get a flexible synthesizer, a top-performing
sweep generator, and a precision level generator—all
under digital control. Its built-in controller adds com-
puter flexibility—you can forget about tying up an
external computer for your automatic testing on the
production line, and for the first time make this level
of testing economically feasible in your lab.

For man-machine interfacing, 3330B’s convenient
swing-out keyboard, coupled with 9-digits of frequency
and 4-digits of amplitude readout, gives you complete
flexibility for setting up your test routines.

As a frequency synthesizer spectral purity is excep-
tional. Spurious is down 70 dB, and harmonics at least
40 dB below the carrier. Through its easy-to-use key-
board, you can, with 0.1 Hz resolution, set in any fre-
quency between 0.1 Hz and 13 MHz, then automatically
or manually increment (tune) that frequency by any
amount. Each point has the synthesizer stability of = 1
part in 108/day.

You can repeat the same automatic or manual sweep-
ing operation with amplitude level. Its 100 dB range,
0.01 dB resolution and flatness of = 0.05 dB make the
3330B a precision level generator.

33308
HEWL AUIOEMT’C SYNTHESIZER

CTR  FREQUENCY

Hz & sweeping

Call on Model 3330B for your sweep generator
needs, and you'll get performance levels of accuracy,
linearity, and resolution never before available. That's
because the internal serial microprocessor controls
digital sweeping of synthesized frequencies or precise
amplitudes. Through its keyboard and front-panel con-
trols, you enter all sweep parameters—your 3330B
takes it from there.

Systems Designers will find the standard 3330B fully
programmable —ready for low-cost interfacing to other
ASCII instruments and controllers, like marked card
programmers, calculators, and computers.

Price? If you think about it, you would have bought
a synthesizer, a sweeper, a marker generator, a counter,
a programmable attenuator, and some computer time to
come anywhere close to solving the same problems now
done by the 3330B. At $6000 for a complete frequency
lab, we think you’'ll agree that the price-performance
ratio of the 3330B is great. (Model 3330A, priced at
$5100, performs identically to the 3330B but has man-
ual amplitude control and 13 dB range.)

For further information on the 3330A/B, contact
your local HP field engineer. Or, write Hewlett-Packard,
Palo Alto, California 94304. In Europe: 1217 Meyrin-
Geneva, Switzerland.

A092/1

HEWLETT (hp; PACKARD

SIGNAL SOURCES

AMPLITUDE




Toggle handles in white. Rocker handles in
white, gray, black, or custom colors. Rectangular
pushbuttons, lighted green for ON, white for OFF.
Cylindrical pushbuttons, not lighted at all. An
environment-protected model with a sealed bat
handle. A model for fast snap-in mounting.

Our Type J line.

Circuit breakers have never looked
so good before.

You don't have to
settle for homely

circuit breakers
anymore.

s——

They’re hydraulic-magnetic,
of course, and therefore offer you
exceptional performance capabilities: precise,
temperature-stable current ratings and trip points;
a choice of time-delay characteristics (or non-
time-delay operation); the option of a half-dozen
special-function internal circuits.

All are available for operation on any of the
commonly used DC or AC voltages (60Hz or 400Hz).
In any current rating from 0.020 to 30 amp.

All are reasonably priced. Even in modest
OEM quantities.

We’'ll be glad to send you detailed technical
literature. Just tell us to whom and to where.
Heinemann Electric Co., 2626 Brunswick Pike,
Trenton, N.J. 08602.

HEINEMANN

5292



DIODE-LITESs Cartridges Indicator lights

Lighted push button switches Readout modules and packages

Readout assemblies

LED displays?

Talk to the specialists at Dialight first.
You won’t have to talk to anyone else.

Whether you're looking for LEDs as light sources for build- DIODE-LITEs. We can even give you a contactless solid state
your-own displays or for a variety of products that utilize LEDs, switch that uses a DIODE-LITE in the circuit to provide cleaner,
bring your requirements to us. Dialight is a major supplier of faster switching than any mechanical switch. Dialight can help
both LEDs (we call ours DIODE-LITE™) and of indicator lights, you do more with LEDs than anyone else because we've done

readouts and lighted push button switches that incorporate more with them. Write for LED Data File.

DIALIGHT ..

DIALIGHT CORPORATION, A NORTH AMERICAN PHILIPS COMPANY + 60 STEWART AVENUE, BROOKLYN, N.Y. 11237 - (212) 497-7600

‘ CHECK NO. 17 CHECK NO. 18
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Graphs eliminate hit or miss resistor
selection in active filter designs

Instead of selecting random values of resistors and capacitors
and then calculating to see how good your filter is, try this shortcut.

A. L. Gardner, General Electric Co.

Those who have designed relatively low-frequency culate R, and R, using equations 3 and 6. This is fine

low-pass, band-pass and high-pass active filters have unless you are a frequent user of active filters. If this

experienced the tedium of almost randomly selecting is the case, you can save repeated time and effort by

resistor and capacitor values and then calculating the plotting the equations on log-log paper.

results to see how close they have come to the de-

sired parameters. If the wrong values are selected on  Generating the graphs

the first try, the entire process may have to be re- The basic low-pass filter circuit and a typical fre-

peated several times. quency curve is shown in Fig. 1. It is characterized
One method for designing the filter in Fig. 1 is to by a “‘break’ at w,, a peak proportional to the damp-

preselect standard values of Cf and C,, and then cal- ing factor 8, and a fall-off of 40 dB/decade at fre-

40dB/DECADE

s o

FIG. 1a FIG. 1b

Analysis of the RC network of Fig. 1a yields the which yields the following relationships:

transfer function:

1
Ea. 3 — = RRCC,

E R,/R 2
Eq. 1 2= -
Ei 2 R:x R:; 2_8 - ( R-‘i R3
(R,R,CLC,)S + [chf(1 + R + R_._)JS +1 Eqg.4 PP R,GlT + R, + R2>
where “S" is the LaPlace transform no- Eq. 5 dc Gain = A = Ry
tation. Equating this to the classical R,
resonance expression: Solving for R, yields:
[ C
Bq 2 2O - & 58— L (1+A)
FiS) sy +295 4 4 Eq. 6 R, = S
T, 2 w,C(1 + A)

Fig. 1 —Typical lo-pass active filter, response curve and analysis of the RC network.
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Fig. 2— How to use the graph. In this case, all resistor values are in M{).

Use the following specifications:

w, 0 radians/sec
.2

1 mF
0 mF

I}

=0
= 3

=0 Wwm

dc gain (A)

quencies above w,.

Fig. 2 is a typical plot where C, C, and dc gain
(R,/R,) are specified, and lines w, and & are plotted
against R, and R,. R,, plotted against R, for constant
w,, is a straight line on log-log paper with slope —1.
When plotted for constant §, it is a straight line with
slope +1.

Knowing the above makes it relatively easy to gen-
erate additional graphs for your own particular set
of parameters. This shouldn’t be too difficult a task
because, given specific values of C, Cy 6, 0, and A,
only two values of R, (and thus, two values of R,)
give enough points to draw one constant w, line and
two constant & lines on any log-log paper.

The only restrictions to accurate use of these graphs
are shifts in parameters due to such things as op-amp

At the intersections of @, = 50 and & = 0.2 lines (2 places)

Find R, = 0.38 M)

2 and R, = 0.05
or R, = 0.028 MQ

andR, = 0.7

2 MQ
4 MQ

offset current and frequency response. Excessive off-
set current, for instance, makes it impractical to use
feedback resistors in excess of 1 or 2 MQ with the

741 op amp. O

Author’s biography

A. L. Gardner is a systems
engineer at the G.E. Trans-
portation Control Products
Dept., Erie, PA. He has been
employed at GE for 18 years
and has had one patent is-
sued. Mr. Gardner received
both his BSEE and MSEE
from NYU.
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POWER UNLINITED

Efficient, Reliable High Voltage - High Current Rectifiers

Semtech’s high current-high voltage devices
efficiently solve the most sophisticated
rectification, clamping, damping or switching
problems. Proprietary design concepts allow
Semtech to offer assemblies with unlimited
voltage-current handling capabilities.

Although Semtech offers many standard catalog
high voltage power components, it fully
understands that these components can
seldom be treated independently. Semtech has
successfully supplied over 6,000 “specials”
completely integrated into unique applications.
Semtech engineers are continually concerned
with the special problem of high voltage appli-
cations. Our modular design concept, in depth
stocks of sub-components and Application
Engineering Department enable us to supply
your particular needs reliably, efficiently and
competitively.

CHECK NO.

Call the Semtech representative nearest you and
ask about Semtech’s unlimited power. We have
immediate capacity to handle your specifications.

& —n— 99— )
L _
ARRR

SEMTECH

CORPORATION

652 Mitchell Road, Newbury Park, California 91320
(805) 498-2111, (213) 628-5392 / TWX: 910-336-1264

820,000 volt
fast recovery
device

Chicago: (312) 352-3227
Dallas: (214) 253-7644
Florida: (305) 644-5404

New Jersey: (201) 654-4884
San Francisco: (415) 328-8025
European Sales: (042) 232-242
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Fluke problem solvers

The new multimeter
with advanced LSl
for more function power.
26 ranges, 5 functions.
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Ship me a Fluke 8000A for $299 plus $ for additional
options checked below. | prefer the following payment option:
[J Charge my [] Master Charge, [] BankAmericard, or [] American Company/ Institution
Express account for the full amount plus $5 shipping and handling.
If using Master Charge, please indicate the l:l:l:l::l Address
4 digit number appearing above your name
[ Bill against the attached company purchase order for the full City & State
amount plus $5 shipping and handling.
[] Cash Order. My check for the full amount is enclosed. Fluke pays
shipping and handling.
(Washington state residents add 5% sales tax.)
Return within 15 days for full refund if not delighted.
Add the following options: 5 : ik v i i
s * i o or even more convenience, let your nearby Fluke sales office
S b e D n handle the details. For location, dial toll-free 800-426-0361.
[0 RF Probe — $75 [] Rack Kit-Center — $30

[] AC Probe 20A & 200A — $50 [ Rack Kit— 2 Rt or Left— $30 _||
[J HV Probe — $25 [] Send me literature only FLUKE

[ Deluxe Test Leads — $5 ;
*Choose BCD data output or battery pack; both cannot be ordered in the same instrument.
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Take a look inside. The LSI chips,
equivalent to over 3,000 circuit ele-
ments, are the most advanced proven
semiconductor devices on the mar-
ket today. Fluke is the only manufac-
turer using both analog LSI and
digital LSI to give you increased
reliability at lower cost with fewer
parts. The Fluke 8000A has only Vs
the number of parts used in a typical
32 digit multimeter.

A simple guarantee

You can understand our 12-month
guarantee. It's straightforward and
honest. And you can believe we live
up to it. If anything happens to your
8000A, take it or send it to your near-
est factory service center. We’'ll give
you 48-hour turnaround service in
the U.S., Canada, Europe and the
Far East.

When you look inside
youll find the same
high technology and quality

we put in our $3000 DVMS.

Specs to work by

The new Fluke 8000A has a dc ac-
curacy of 0.1% when you buy it. We
guarantee it will still measure within
that accuracy without recalibration
a year later.

The case is rugged and tough. Drop
this multimeter from a bench. Noth-
ing happens to the works inside. We
guarantee it.

Wide range of measurements
Measurement flexibility is broad
enough to meet all the situations
you're likely to encounter. The Fluke
8000A gives you 26 ranges to meas-
ure ac and dc voltages from 100
microvolts to 1200 volts, currents
from 100 nanoamps to 2 amperes;
and resistance from 100 milliohms to
20 megohms.

BUSINESS REPLY MAIL

Wide choice of options

For a few dollars more, you can add
a rechargeable battery pack to give
you completely portable operationfor
over eight hours. And when you’re
back on the line, the batteries will re-
charge automatically. Other options
include digital printer output, deluxe
test leads, high voltage probe, rf
probe, 200-amp ac probe, carrying
case and rack mount Kits.

A complete digital multimeter

But with or without options, the Fluke
8000A comes complete with test
leads and spare fuses. It all adds up
to an instrument you can count on
day after day, year after year. Isn’t
this what you want in a digital mul-
timeter at any price? Fluke thinks so.

FIRST CLASS
Permit No. 5464
Seattle, Wash.

No Postage Stamp Necessary If Mailed in the United States

Postage Will Be Paid By

John Fluke Mfg. Co., Inc.
P.O. Box 7428
Seattle, Wash. 98133
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... or one of Hewlett-Packard Model 35 electronic
calculators in the 2nd Annual EDN Creative Design Contest

How to enter
Any reader of EDN may enter this contest. All you need do is study the January 1st issue of EDN very
carefully . . . then set your imagination to work on designing a new device or circuit using the products
advertised. Send schematics, drawings, diagrams, etc. to:

2nd Annual EDN Creative Design Contest

221 Columbus Avenue, Boston, Mass. 02116
Your entry must be received by March 1, 1973

How your entry will be judged
All entries will be judged by the Editors of EDN on the basis of three criteria:
1. Technical competence and utility. Is the design real and will it work?
2. Creative imagination. How unique and original is your idea? Does it perform a much needed
function? Is it a source of fun? Will other designers get a real bang out of it?
3. Number of different advertised products. Have you really studied the January 1st issue of EDN.
Have you imaginatively used components throughout the design? Include a list of advertised
products with your entry — or just tear out the ads describing them and staple to your entry.

Prizes Contest details
1st Prize: Any reader of EDN may enter. Contest is D
$1,000 cash not open to employees of Cahners Pub-

Ten 2nd Prizes: lishing Co. or their families. All entries

) become the property of EDN. YOUR ENTRY Cahners Publishing Co. Inc.
Hewlett-Packard Model 35 shirt- MUST BE POST MARKED NO LATER THAN Cahners Building
pocket calculators . . . worth MIDNIGHT, MARCH 1, 1973. 221 Columbus Avenue

$395.00 each. Boston. Massachusetts 02116



12¢ THERMISTORS

FOR

FLEX-STRIP® | (N MICROCIRCUITS

JUMPERS

TEMP. COMPENSATION
CURRENT SENSING
TEMP. SENSING
FLOW SENSING
IR DETECTORS

LOW INSTALLED COST
interconnections between |
circuit hoards! : 7 5

Y |

New Thermoflakes
(Fast Response, Low Noise Thermistors)
Designed Specifically For
Substrate Mounting.
Large Selection of Resistances, Sizes
and Configurations.

0.012"
\

*Quantity Pricing For One Million Units
SPECIAL APPLICATIONS INVITED

Send For Details On Experimenters Flake Kits

[HERMOMETRICS ..

15 JEAN PLACE, EDISON NEW JERSEY,
201-548-2299

M

CHECK NO. 21

INTRODUCING electronic
THE EA 1502 BIPOLAR )% amays
COMPATIBLE 1024-BIT RAM / | ine ¢
501 ELLIS STREET
MOUNTAIN VIEW, CALIFORNIA 94040
415) 964-4321 TWX: 910-379-6985
The EA 1502 is another new addition to the grow- Stocking distributors: Burstein-Applebee Company
ing line of N-Channel silicon gate products from Compirer Comaonsnie

Cramer.

EA. The EA 1502 accepts TTL inputs without ex-
ternal level shifting and sinks 1.6 mA on the out-
put. It has an access time of typically 130 nano-
seconds and dissipates only 115 mW (typical). In
fact, in a systems configuration the EA 1502 out-
performs the so-called high performance versions
of the 1103, with lower power, bipolar compatibil-
ity, automatic refresh and low cost to boot! Oh
yes, there's no address cycling requirements
either. A single write pulse refreshes all data in-
dependent of the state of the address and chip
enable inputs. Place your order early, everyone
else is. $27.50 in 100 quantities.

To make it easier for you to evaluate our EA 1500
series RAM's, we have an evaluation P.C. board
available which contains all of the necessary inter-
connections for building a 2K by 4 memory. Ask
about it!

MORE FROM THE
VERY SAME FOLKS
WHO BROUGHT YOU
N-CHANNEL
SILICON GATE.

CHECK NO. 20 CHECK NO. 22
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DIN] DESIGN AWARDS

Universal temperature controller

Leonard Accardi,
Consultant, Maspeth, NY

The usual requirements associated with the design of
temperature controllers are: high precision of the
controlled temperature, implying that the circuit has
extremely high dc gain so that near zero error is
required to produce the range of heater power nec-
essary; wide dynamic response, so that the circuit
can quickly respond to changing ambient conditions
which cause more or less heating requirements; and
last, and usually most difficult, insurance that the
system will not oscillate about the desired tempera-
ture, since thermal path lags usually proliferate due
to the nature of most thermal loads. From the circuit
point of view, it is also usually desirable to have one
side of the heater and thermal sensor grounded, op-
eration from a single power supply, and a circuit of
the dc proportional type rather than of the switching
type to eliminate EMI and keep power supply load-
ing as constant as possible.

The circuit shown simultaneously incorporates,
without tradeoffs, every one of the desired features.
The circuit is simple, and easily tailored to satisfy
to any desired degree (up to a practical limit of
about 0.001°C), the design requirements of any con-
troller, for any load, using one or more thermistors
as the sensor.

The principle of operation is as follows. In the sat-
urated or warm-up phase, the thermistor resistance is
high and.the output of A, is close to ground. The
output of A,, including the booster inside its feed-
back loop, is thus highly pos. and max. power is
applied to the heater. When the desired tempera-
ture is approached, the circuit enters the linear
region, with the thermistor resistance value ap-
proaching 10 k) as the temperature increases until
the stable steady-state resistance and thus, tempera-
ture is reached. The presence of any sustained os-
cillation about the desired temperature (as indicated
by heater current oscillations at constant ambient)
indicates that the system is not stable.

Customizing the stabilization for the particular
application is most easily accomplished by measur-
ing the frequency characteristics of the thermal load.

+28V
2.9k
THERMISTOR
1N829 10k \ 10k @
- | DESIRED
— TEMP.
<
1M% J C.=C
+28V
2N c C
3055 P
HEATER
100 WATTS
WITH
BOOSTER
L L — ~—) SHOWN
THERMAL FEEDBACK

Fig. 1—Temperature controller circuit can be modified with suit-
able components to satisfy the requirements of almost any con-
troller and any load.

First, the max. value of “‘pure gain”’ for which the
system is stable is determined by using A, as a re-
sistive gain amplifier and increasing the gain until
the system begins to oscillate. The value of gain ob-

tained (G,,,,) is thus the reciprocal of the thermal cir-

G, (db)

[1 +pCg (R, +Rg)]
© pCR, [1+pRgC]
\ HIGH STEADY STATE

GAIN
WIDE
DYNAMIC RESPONSE

MAX ——

“HIGH FREQUENCY"'
TRANSIENT
SUPPRESSION

G

w
T T
L AN

Ce(R, +Rg) s GLR R

-

Fig. 2— Bode plot of the A, amplifier circuit is used for determin-
ing the values of capacitors C¢ and C,.
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NOTH f NG lSOI-ATES NEW Heathkit 212 Digit DMM
LIKE OUR ISOLITES , only 7Q "

Replace those old relays, reed relays and , A compact, solidstate multimeter with
. igital readout — at a fantastic kit-form
pulse transformers with Up-tO—date . d price. The new Heathkit IM-1202 has four
v b el overlapping ranges to measure voltages
opto |'solato'rs. _ D from 10 mV to 1000 V on DC (either po-
Litronix IsoLites give you faster switching ‘ s [larity), 10 mV to 700 V rms on AG, 10 UA
. S w r to 2.5A on AC or DC current. Five resis-
speeds, no contact bounce, better reliability .. &\IR\ tance ranges measure from 1 ohm to 2.5
3 . . g By megohms. Front panel polarity switch re-
and 2500 volts electrical isolation. IsoLites o e verses inputs. without” changing  leads
can transmit from low frequency ac down <
to dc and eliminate ground loop problems. NEW Heathki
In long lines where common mode noise e s s only
can .bUIId up, they may protect your RN 95+
equipment against a thousand volt jolt. SO 169
Write for free application note and data The Heathkit 1B-1100 gives 1 Hz to over 30 MHz counting on a
h full 5-digit readout with 8-digit capability. The lighted overrange
sheets. indicator makes misreading virtually impossible. Stable time-base
circuitry assures accuracy better than =3 ppm from 22° to 37°
C. Diode protected J-FET gives improved triggering over 100 mV
The to 150 V input range. Solid-state circuitry mounts on one large
board for easy assembly. 6 Ibs.

| (1
" |
brl ht uvs HEATH COMPANY, Dept. 57-12
Benton Harbor, Michigan 49022

I[] Please send FREE Heathkit Catalog. Schlumberger .
I @ t °

(JEnclosed is $_____ , Plus shipping.
l Please send model(s)

Name I

Address.
City. Stat Zip
19000 Homestead Road, Cupertino, California 95014 Prices & specifications subaieect to change without notice,
(408) 257-7910 TWX: 910-338-0022 e AR A —— E”J
CHECK NO. 23 CHECK NO. 24

It’s time to order your 1973
RCA Solid State Databooks

Complete, up-to-the-minute data for RCA's IC’s and discrete devices.

k=

Get off to a fast start in 1973 with timely, comprehensive data from RCA, the
company that specializes in complete, accurate data on all of its solid state devices.

The 1972 DATABOOKS have been used in thousands of plants in the United States
and around the world. And even more plants will be reached in 1973. This is your chance
to be one of the new recipients.

The new DATABOOKS cover a great range of your requirements because RCA has
some of the broadest lines in the industry: linear and COS/MOS ICs, MOS-FETs, power
transistors, power hybrids, RF and microwave devices, thyristors, rectifiers, and diacs.

25% new or revised material. Complete commercial product data. Complete, current
application notes. Easier-to-use quick-reference guides. New, comprehensive subject
index. Cross-reference index of developmental to commercial type numbers.

Six 1973 DATABOOKS for only $10 (optional list price: $12), with monthly new
products newsletter. See coupon for details. Send the coupon along with your check or
money order (payable to RCA Corporation) or your company purchase order. Or call your
RCA distributor. If the coupon is missing, write RCA, Solid State Division, Section
50L-1 Box 3200, Somerville, N.J. 08876.

50L-1

:
g
:

RCA Corporation

Solid State Division

Section Box 3200
Somerville, New Jersey 08876

[J Rush me the six 1973 DATABOOKS and put my name on newsletter mailing list. My cost,
only $10. Offer good only until December 31, 1972.

[ Rush me prices for individual DATABOOKS and updating service.

NAME/TITLE
COMPANY
ADDRESS

CITY/STATE/ZIP
| enclose payment by: [ Check [J Money Order [0 Purchase Order
Offer good only in U.S. and Canada. Direct other inquiries to RCA sales offices or distributors.

CHECK NO. 39



cuit attenuation when the thermal circuit phase shift
is 180°, since oscillations will begin when the loop
gain reaches 1 at a phase shift of 180°.

Next, the first breakpoint of the thermal load (r,) is
estimated by an open-loop experiment. 7, is actually
the reciprocal of the angular frequency at which the
thermal load phase-shift is 45°, and is established by
applying a small step function of heat to the load via
the heater and measuring the time constant of the
resulting temperature vs time curve. If possible, a
nickel-iron or platinum wire sensor is best for this
experiment since its RvsT curve is nearly linear.

Having determined G, .. and 7, the values of the
integrating and differentiating capacitors are calcu-
lated as indicated on the Bode plot of the A, circuit
in Fig. 2. This frequency-response curve then satis-

fies the remaining requirement of high steady-state
gain (so that the steady-state temperature error is
essentially zero) and the requirement of uncondi-
tional stability, since the phase shift at @, is known
to be 45° due to the A, circuit breakpoint placed at
7, and 45° lag due to the thermal load, a total of 90°
lag. Stability is insured at higher frequencies, since
the gain does not exceed G, .. above ,.

This circuit has been successfully used in applica-
tions ranging from controlling the temperature of a 2
cu. in. shell of metal to controlling the interior of a 2
cu. ft. chamber with forced air circulation. @

To Vote For This Circuit
Check 150

Monolithic timer makes convenient touch switch

J. Courtenay Heater,
Claremont Men’s College, Rolling Hills, CA

A versatile touch switch for security or convenience
purposes can be constructed from the Signetics
SE/NE 555 Monolithic Timer and just a few addition-
al components.

Some of the virtually unlimited applications of the
touch switch include: switchless keyboards, thief
accunicators, activators for the physically handi-
capped, bounceless electronic switches (with no
moving parts) and novelty controls.

The timer itself features either free-running or one-
shot capabilities which can be controlled through
the use of TRIGGER and RESET inputs. The charac-
teristics of the output pulses are fully adjustable
over a large duty cycle, with timing periods adjusta-
able from usec to hours. The output is capable
of sinking 100 mA for either electromechanical
activation or other interfacing applications. Supply
voltages are non-critical as the device is specified for
operation between 4.5 and 16V dc. For 5V opera-
tion, the device is directly TTL compatible and
draws only 3 mA making it suitable for battery oper-
ation. At 16V, the timer draws on the order of 8 mA.

The trigger input on the device is the key feature
in touchswitch applications. Requiring only 500 nA
to fire at 1/3 the V,, supply voltage (referenced to
circuit ground), the device is easily triggered by the
voltage differential found between a floating (non-
grounded) human body and the circuit itself. This is
20V or more, depending on static build-up. The
touch plate can be any conducting material with vir-
tually no size limitations.

Once triggered, the device cannot be retriggered
and it will time out. However, if the duration of

Vge (4 TO +16V de
at~ 8 mA)
i o 8
TOUCH PLATE .E_
v
2 7 R
% SE/NE
555
3 6
I
L ; X
» VCC
OUTPUT
(SOURCE OR SINK
100 mA) RESET
(OPTIONAL) —
__J_L OPTIONAL VOLTAGE CONTROL
t=1.1RC
(WITH PIN 5 OPEN)

A touch plate at the trigger input converts the SE/NE 555 Timer
into a versatile touch switch.

human contact exceeds the RC time constant of the
timer, random spikes occur in the output after the
time out. This can be avoided by making fairly large
time constants, so that the device will not time out
before contact is removed.

The duration of the output pulse is controlled by
both the RC time constant and the control voltage
input (pin 5). By varying the voltage at pin 5 the tim-
ing can be changed by about one decade. If the en-
tire RC network is omitted and pin 7 is connected
directly to pin 6, the circuit will latch ON when
“touched”.

Perhaps the best feature of all, though, is the low
price (less than $1 in single units). =

To Vote For This Circuit
Check 151




QU’CK’E CONNECTOR...

FOR THE RAPID, RELIABLE TERMINATION
OF FLAT FLEXIBLE CABLE.

The Berg QUICKIE, a female connector, simultane-
ously terminates multi-lead flexible round cable without
pre-stripping. The askewed tines of the contact effect
a stripping action which terminates virtually any brand
of cable, regardless of insulation material, in about

10 seconds. Design assures redundant electrical con-
tact, and allows for visual inspection before assembly.
QUICKIE can be used to interface cable on .050"
centers to .025" square wire-wrapping posts on .100"
sqg. grid. Write for Catalog 125 or call:

BERG

ELECTRONICS, INC.
New Cumberland, Pa. 17070
Phone: (717) 938-6711

CHECK NO. 25

If you've designed equipment where time and
events mean life . . . we have the indicators to
assure it . .. or we'll design one to your specifi-

Cafons: General Time subminiature Elapsed Time
Indicators and Events Counters are your
assurance of human or equipment life. Each
provides a built-in record of any critical
function. Proven reliability/30 million test
hours. 400 Hz or 28v DC systems. Precise.
Dependable. Digital or dial readouts. All
meet military specifications.

’Té GENERAL TIME
IA| A TALLEY INDUSTRIES COMPANY

SPACE AND SYSTEMS DIVISION

Write for
Catalog 136 today. 1200 Hicks Road * Rolling Meadows, Illinois 60008
CHECK NO. 27

Ceramic Substrate
Connectors . ..

BERG

CLIP ONTO SUBSTRATE.
THERE’S NO DRILLING ... NO BREAKAGE!

Berg Ceramic Substrate Connectors clip-in-place on
the substrate and mechanically hold their position
until wave soldered for a permanent connection. No
drilling is required. DIP-CLIP type mounts onto DIP
packs; EDGE-CLIP is designed for edge mounting.
Available in brass, phosphor bronze or steel. Supplied
in strip form for manual operations or for Berg high-
speed application machines which assure higher
assembly rates while lowering applied costs. Berg
also offers fast turn around in designing special con-
nectors and application tools for large-volume
applications. Write for Catalog 124, or call:

BERG

ELECTRONICS, INC.
New Cumberland, Pa. 17070
Phone: (717) 938-6711

CHECK NO. 26
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Electrocube metallized
mylar capacitors are first

with the least.

We mean the least volume. As little as 39% of standard
units. A 2.0 mfd 100 VDC unit is only .25 x .34 x .78 instead
of .33 x .49 x .95. Look at the before and after comparisons
below. And they're smaller without changing performance
or price.

Capacitance values are from .0010 to 50.0 mfd. Voltage
ratings are 100, 200, 400 and 600 VDC. More than 840 case
sizes and six case styles, including epoxy and hermetically
sealed metal cases are available in this new 230 series.
We're ready to ship them from stock in small quantities, and
in 4-5 weeks for production.

Call (213) 283-0511, TWX 910-589-1609, or write to 1710
South Del Mar Avenue, San Gabriel, California 91776.

xGTRS 9:0-‘,‘
% 200

@ clectrocube

C networks, transformers, ballasts

CHECK NO. 28
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Versatile circuit behaves like SCR

A.). Baracz,
Picatinny Arsenal, Dover, NJ

The circuit shown is both a versatile electronic
switch and a logic element which behaves similar to
an SCR but has the advantage of several activation
and deactivation modes and exhibits immunity to
transients and common-mode voltages. The extreme
stability of the circuit arises from the fact that the
two complementary transistors are simultaneously
driven into saturation or, alternately, into cutoff.
Thus, the gain of the circuit in both stable states is
zero, except for the brief transition period when a
rapid cumulative action takes place.

The circuit can, in many cases, replace an SCR
and can be used as a logic element by suitable rout-
ing of pulses. Operation always starts from the non-
conducting state when the supply voltage is applied.
A monostable action can also be produced by add-
ing a simple time delay to supply the secondary
triggering pulse.

The circuit can be activated in the following ways:

(1.) by application of a +Ve pulse to the base
of Q,

(2.) by shorting momentarily the collector of Q,
to the ground.

(3.) by application of a —Ve pulse between the
+Ve end of the supply and the base of Q,

(4.) by shorting momentarily the collector of
Q, to the +Ve end of the power supply.

The circuit can be deactivated:

(1.) by applying a —Ve pulse to the base of Q,

Note: Polarity with respect to + of supply.
+
-~
€
3 R3
OFF
t ad R,
——
C, |
c. ¢ L o 4
1 2 R -~
2 ON { OFF
C,>C, Cq
R, 02
ke
5 N
ON
Note: Polarity with respect to ground OFF

Combined electronic switch and logic element can be acti-
vated and deactivated by a variety of signals. When the switches
are used, the switch action is momentary.

(2.) by shorting momentarily the base of Q, to
ground
(3.) by applying a +Ve pulse from the +Ve end
of the power supply to the base of Q,
(4.) by shorting momentarily the base of Q, to
the +Ve end of the power supply
The circuit capacitors C, through C, provide a
potential divider for the high-frequency component
of the transient common-mode voltages. Transients
exceeding +50% of the supply voltage do not affect
the circuit. =@

To Vote For This Circuit
Check 152

Precision clipper operates from millivolts to volts

R.S. Burwen,
Analog Devices, Norwood, MA

This precision clipper circuit limits very sharply the
excursion of a dc input voltage to a level equal to a
dc reference input. When the reference is 0, the cir-
cuit can be used as a half-wave rectifier for sinusoi-
dal inputs at frequencies up to 100 kHz. The circuit
uses feedback to overcome the breakover character-
istics of diode D, thereby providing sharp clipping at
signal levels from mV to V.

When the input voltage is more pos. than the
reference, the output of A, is neg. and Diode D,
is cut off. For input voltages more neg. than the ref-
erence, the amplifier output goes sufficiently pos.
to cause D, to conduct and hold the output volt-
age at the reference level. For best performance the

+10V R,
O— MW —e TS O OUTPUT
INBOT ok e o b,
2 6 1N4149 i
o + 1 Al C, -
- N .
b ELe Gl k‘ ADS13J (10pF
REF. D, C,
1N4149 = 5pF

The dc input voltage is limited by the clipper circuit to the level
of the dc reference input.

circuit requires an amplifier capable of large differ-
ential input voltages without drawing input current,
a high slewing rate and fast overload recovery to
minimize the time delay in the conduction of D,
while the amplifier output is swinging from neg.
overload. The AD513) used in the application is sta-
bilized in a manner that provides high slewing rate
using capacitors C, and C,. Because C, has little ef-
fect until diode D, begins to conduct, it does not
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Tabet
terminal
blocks handle
the job ... pre-
cisely. They meet the
exact requirements

you specify . . . at econ-
omy prices. Delivery

is fast and sure. You
get what you need when
you need it! If you

want economy . ..
highest quality . . . im-
mediate availability

... you want Tabet.

with Tabet
terminal blocks

Tabet

Manufacturing Co., Inc.
1336 Ballentine Blvd.,

Norfolk, Virginia 23516
PHONE (703) 857-5311

THE BEST SOUND PRESSURE LEVEL |

METE TO MEET ALL REQUIREMENTS OF THE WALSH-
HEALEY & NEW OCCUPATIONAL SAFETY &
The Columbia Model SPL-103 Sound

Level Meter is the easiest to handle,
simplest to operate and least expensive !
sound level meter available that fully |

HEALTH ACTS

Mine

rate
high

meets all Walsh-Healey and Occupa-
tional Safety and Health Acts require-
ments. Approved by U. S. Bureau of

s, this Columbia Model SPL-103

meets all legal ANSI S1.4-1971 Type |
2 requirements and applicable IEC _
Standards. Completely self-contained
the batteries give long hours of accu=

and reliable operation and the
quality ceramic microphone

delivers optimum performance even in
severe environment.
COLUMBIA RESEARCH LABS., INC.

Woodlyn, Pennsylvania 19094
Telephone: (215) 532-9464

Call or Write:

first for

8columbia
’ transducers and control

CHECK NO. 30

CHECK NO. 29

If you buy our DPM’s
because of low price,
expect some pleasant surprises.

Newport builds low-cost
DPM’s loaded with standard fea-
tures not even possible on compe-
titive models.

Take our new Series 2000B
— 4% digits for $280. Reads a full
20,000-counts at 30 readings per
second without sacrificing 0.01%
accuracy. And only Newport gives
you *BIG-BCD outputs (*Buffered,
Isolated, Gated) to reliably drive

long cables or to form a multiplex- -

ing data buss.

Plan to significantly reduce
checkout time. With the Series
2000B you can ignore ground loops.

4 PORT
W newpor

True differential inputs compensate
for common-mode noise voltage
and guarantees immunity up to 6
volts. All this plus so much more
are protectively packaged in an
extruded-aluminum shield-case.

See for yourself! Ask for some
pleasant surprises with details on
the Series 2000B DPM, or any of
Newport’s 150 matching meters.
The panel instruments you install
and forget.

Newport Laboratories Inc.,
630 East Young Street, Santa Ana,
California 92705 (714) 540-4914.

19999

SERIES 2000B DPM: 19,999 counts ® DC voltage and current models
30 rdgs/sec ® 2%2"H x 4%2"W x 5”D. ® 0.01% accuracy ® BIG-BCD output

Newport Digital Panel Instruments

CHECK NO. 31
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provide feedback which would reduce the slewing
rate, as does C,.

When the dc reference is at ground potential, a
diode, D,, can be added to reduce the neg. out-
put swing thereby lessening the time delay before D,
begins to conduct.

The circuit is useful to millivolts levels at dc and
low frequencies and at 10 kHz from 70 mV rms to
7V rms when D, is not used. With D,, the circuit is
useful at levels down to 0.3V rms at 100 kHz. By

changing R, to two series resistors and tapping the
output off the junction the circuit can be used as a
function generator which provides unity gain for
inputs more pos. than the reference and less than
unity gain for inputs more neg. than the refer-
ence. The polarity can be changed by reversing D,
and D,. O

To Voie For This Circuit
Check 153

Triangular and square wave generator has wide range

R.S. Burwen,
Analog Devices, Norwood, MA

This oscillator circuit delivers = 13V square waves
and % 10V triangular waves simultaneously. The val-
ues shown are for operation at 100 Hz. By simply
scaling R, R, and C,, a wide range of frequencies
can be covered, even to below 0.1 Hz. The square-
wave rise time is typically 1.5 usec and the fall time
0.5 usec.

The oscillator consists of an integrator, A,, feeding
a second amplifier, A,, used as a comparator. Regen-
erative feedback through R, converts A, into a
Schmitt trigger having =10V hysteresis levels at the
input. When the output of A, is pos., A, integrates
in the neg. direction toward —10V. At this point,
the input to A, reverses polarity, causing a neg.
output from A,. A, integrates in the pos. direc-
tion toward +10V, where the polarity reverses
again.

The frequency is somewhat determined by the
saturation voltages of A, and by the power supply
voltages. The pos. supply has little effect, and it
requires-a 20% change in the neg. supply to pro-
duce a 1% frequency change. By using stable com-
ponents, a frequency stability of 0.02%/°C is readily
attainable. Capacitor C, is preferably a poly-
carbonate type for temperature stability. It is possible
to change the duty factor by feeding a bias current to

4

RJ
6980 1%

A, operates as an integrator and A, as a Schmitt trigger in this tri-
angular- and square-wave generator.

the input of A, and, in fact, this is a means of pro-
ducing pulse-width modulation.

Operation at 0.1 Hz can be produced by changing
R, to 10 M. Tuning can be accomplished by poten-
tiometer R, to as low as 2 k) by loading the arm
with a 10 k€2 resistance, R,. Best performance with
such high resistance values is attained by using a
lower-input-current operational amplifier for A,
such as the AD503K, which is rated at 5 pA max.
at 25°C. Alternatively, lower values of resistance
can be used if C, is increased to produce a 3.3 sec
time constant.

To Vote For This Circuit
Check 154

Rules & Announcements

Your vote determines this issue’s winner. All
circuits published win $20 cash. All issue win-
ners receive an additional $50 U.S. Savings
Bond and become eligible for the annual $1000
U.S. Saving Bond Grand Prize.

Vote now by circling the appropriate num-
ber on the reader inquiry card.

Submit your own circuit, too. Mail entries to
Circuit Design Program Editor, EDN, 221 Co-
lumbus Ave., Boston, MA 02116.

Readers have voted: Lee |.
Mandell winner of the
August 15 Savings Bond
Award. His winning circuit
is ‘‘Sine-wave synthesizer
has low harmonic distor-
tion””. Mr. Mandell is with
Litton Industries, Van Nuys,
Ca.
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One day,

quite by accident,
Jack was promoted

to a higher position.

Py
jags)
comnee \. v Advertising contributed for the public good.

T

And Jack’s company lost a very good
man.

Highway accidents like the one Jack
had take the lives of over 28,000 em-
ployees every year. It’s a terrible waste.
And onethatyou could bedoing some-
thing about.

The National Safety Council will
help your company set up its own
Defensive Driving Course, just as it
has for companies like General Tele-
phone and National Cash Register.

And the Defensive Driving Course
can help your company reduce the
number of lives lost in traffic accidents,
just as it did for those companies.

So send for our survival course.
Maybe you’ll save some of your em-
ployees on the way up from an early
ascension.

___________________________

! Special Projects—Public Information
! National Safety Counci

| 425 North Michigan Avenue

! Chicago, lllinois 60611

: Please send me full details on the Defensive Driving
, Program.

| Iam interested for: Myself
I A civic organization or club
Number of employees

‘I My company

|
| Name

| Tidle

I Firm or Organization
I
| Address

I
, City
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PROGRESS IN PRODUCTS

12-bit DAC expands
for 16-bit operation

PROGRESS IN
CIRCUIT MODULES

Teledyne Philbrick has developed
a 16-bit DAC based on the con-
cept that a 12-bit DAC that is
linear to within ==0.01% is accu-
rate enough to be used as the
12-least-significant-bit portion of
a 16-bit DAC. Since Philbrick al-
ready has a line of modular 10-
and 12-bit DACs, they only
needed to develop an adapter to
provide the first 4 bits of the 16-
bit converter.

The 16-bit DAC consists of 2-
in.x2-in.x0.4-in. modules. One is
the standard 4004 current-out-
put 12-bit DAC and the other is
the new 4012 current-output 4-
bit expander module. The 4-bit
expander provides the 4 most
significant bits and a stable pre-
cision reference, suitable for 16-
bitaccuracy. The complete 16-bit
converter operates from this pre-
cision reference. The 12-bit mod-
ule receives the reference from
the expander via its external ref-
erence pin.

Only one adjustment is re-
quired to couple the 4012 and
the 4004. The 4004 has been in-
dividually trimmed to its own
specific zener reference; there-
fore, it is necessary to use a series-
trim resistor to normalize the
output of the 4004 so that it will
accurately sum with the output
of the 4012. This is a simple ad-
justment and will be performed
by Philbrick upon request (Phil-
brick will supply 2 modules, 4004
and 4012, with the precision cou-
pling resistor).

The converter system features
16-bit resolution from 0°C to
70°C and maintains =%z LSB
linearity from 15° C to 35° C. The
output is a current which varies
from 0 to +4 mA for all zeroes
to all ones, respectively, at the
digital inputs (straight binary
code). The output impedance of
the converter is 5k and 80pF.
The DAC will settle to within
0.01% of final value in 300 nsec
and to within 0.001% in 1 usec
when terminated in 125Q to
ground. The gain T.C. (including
the effects of the internal refer-
ence) is 7 ppm/° C and the offset
T.C. is less than 1 ppm/® C. The
complete system operates from
standard =15V supplies.

A voltage-output version s
also available. In this case, a 4013
expander, also packaged in 2-in.
x2-in.x0.4-in. module is used in-
stead of the 4012. The 4013 in-
cludes an internal op amp to pro-
vide 0 to —10V out at 15 maA,
with a settling time of 5 usec
to within 0.01% of final value.
The op amp provides the neces-
sary speed, accuracy, stability
and package size required for 16-
bit operation as described above.

Why should you buy two mod-
ules and a resistor instead of a
completely packaged 16-bit con-
verter? One good reason is that
the Philbrick combination is
priced at less than $500 for the
4004-4012 system in single quan-
tities.

Teledyne Philbrick, Allied Dr.
at Route 128, Dedham, MA 02026.
Phone (617) 329-1600. 257
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Bi-color and ac-dc compatible LED lamps
available in a lensed 2-lead package

PROGRESS IN
DISPLAYS

A new series of GaAsP indicators,
operable from ac voltage or dc
voltage of either polarity, offers
greater applications diversity and
immunity to transient reverse
current destruction has been in-
troduced by Monsanto.

The ac LED devices consist of
two LED dies parallel connected
with anode to cathode and cath-
ode to anode in a 2-lead diffused
epoxy header. Single LED dies
typically have an absolute maxi-
mum rating of 3V reverse voltage.
With two diodes connected in a
complementary-parallel config-
uration, the danger of damaging
the indicator with reverse tran-
sients is avoided, and a host of ac
operation applications is opened.

Of particular interest for ac use
is Monsanto’s bi-color device, the
MV5491, which has one red die
and one green die in a clear dif-
fused epoxy header. Biased in
one polarity, it is bright green;
Biased with the opposite polarity,
it is bright red; driven with an al-
ternating signal, it gives a distinct
bi-color indication. MV5491 red/
green indicator can thus be used
as a true 4-state, 2-lead indicator
without a need for winking, dim-
ming, pulsing or flashing tech-
niques. In addition, used as a go/
no-go indicator, the 2-color de-
vice has an advantage over any
on-off indicator, which has the
inherent uncertainty of lamp fail-
ure (and thus may require a
means for “lamp test”).

The packages’ dimensions are
identical with Monsanto’s MV-
5020 series. The series will have
six-color combinations. The first
two of the series, the MV5094
and the MV5491, are now avail-
able from stock.

The MV5094 red/red indicator
will emit a bright light (2 MCD)

A 0.340
B 0.100
C 0.100
D 0.040
E 0.025
F 0.026

0.185 DIA.
fe—- 0.230 DIA,

DEX

TOP VIEW

TOL RANGE
B (INCHES)

£0.010

Lead spacing in the new ac indicators
is compatible with many standard pack-
ages, including the TO-92, the TO-46,
the TO-18 and most DIPs. The two dies
are placed near the center of the epoxy
header, which is diffused such that either
die will light the indictator.

when driven with 20 mA, dc or ac
rms, appearing constant to the
eye for ac frequencies of 50 Hz
and above (with a proper current
control series resistor). The red
die used in the MV5491 emits 0.5
MCD with I: = 20mA, and the
green die emits 0.2 MCD at the
same current. Since the human
eye is more sensitive to green
light energy than it is to the red,
a 20-mA drive produces red or
green light that appears about the
same in brightness.

Both the 2-color indicators and
the single color indicators in the
5094 series have unique advan-
tages in various applications.

One obvious application for
the red/red, green/green and
yellow/yellow LED devices is re-
placement of other types of ac
lamps with reliable, long-lived
solid-state indicators. Idiot lights,
pilot lamps and various status in-
dicators are examples.

The red/red MV5094 is 99¢ in
1000-piece lots, and the red/
green MV5491 is $2.45.
Monsanto Commercial Products
Co. Electronic Special Products
10131 Bubb Rd. Cupertino, CA
95014 Phone (408) 257-2140. 258

SUE:
THE FIRST
GIRL
MINICOMPUTER

Never underestimate
the power of a woman.

Don’t be misled by the
fact that our SUE is a lady.
When it comes to a compet-
itive situation, SUE is more
than a match for any of the
neuter computers.

Her wide bandwidth
Infibus gives her a thruput
of 80 million bits per second.
That'’s the kind of power we
mean when we talk about
Super SUE for big, complex
systems. Or SUE the Savant
for high-powered research
and scientific applications.
Or Synergistic SUE for con-
trolling a large number of
elements in a single system.
If you haven’t met SUE, you
don’t know how modular
a minicomputer can be.

Call her at (213) 722-6810,
or write: 6201 E. Randolph
Street, Los Angeles, California
90040 for an introduction.

Lockheed Electronics

Data Products Division
A Subsidiary of Lockheed Aircraft Corporation

CHECK NO. 38
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EQUIPMENT

PRECISION 7-DIGIT DVM PROVIDES
ACCURACY OF 0.0003%. The Model
TR6567 has 4 dc-voltage ranges from 1V
up to 1000V full scale and provides
resolution of 1 uV on the 1V range. A
patented dynamic scale spread method
permits the high accuracy of 0.0003%
to read *1 digit on the 1V range. When
combined with an external amplifier, the
meter is capable of 10 nV/digit resolu-
tion. $2600. Takeda Riken Industry Co.,
Ltd., c/o Miida Electronics, 866 2nd Ave.,
New York, NY 10017. Phone (212) 973-
6926. 194

PORTABLE 5-LB STRIP-CHART RECORD-
ER. Model 714 with optional battery
power measures only 5 in. high by 6 in.
wide by 10 in. deep and utilizes 4-in.
calibrated grid-chart paper in 24-ft. rolls.
The recorder is accurate to =0.5% of
full scale. It features 12 chart speeds,
has an input resistance of 10 MQ on all
ranges and a disposable nylon tipped
pen with a response time of 30 in./sec.
Precision Standards Corp., 1701 Rey-
nolds, Santa Ana, CA 92705. Phone (714)
546-0431. 195

+£3999-COUNT DIGITAL PROCESS
MONITOR DISPLAYS IN ENGINEERING
UNITS. A low-cost ($325), panel mounted
digital process monitor that features ac-
curate digital displays of engineering
units is the Model 400P, which operates
with any process transmitter having a
linear signal, relative to the parameter
being monitored. The unit inserts di-
rectly into the data loop without affect-
ing the transmitter accuracy or perfor-
mance. Newport Laboratories, Inc., 630
E. Young St., Santa Ana, CA 92705. Phone
(714) 540-4914. 196
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LOW-COST LINEAR IC/TRANSISTOR
CURVE TRACER. The 577 Curve Tracer
is a measurement system for ICs as well
as transistors and other components. It
diplays linear IC parameters <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>