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Data converters and puPs nest monolithic converters are inching
as |ICs reach amazing densities. up, modular and hybrid a/d’s and
We're not home yet, but getting d/a’s still hold top performance
there as more and more functions honors. Nestle up to the inside
appear on one chip. Although stories, beginning on page 38.




A New Dawn
In Trimmer /Resistor

Technology...

| new product ||ne of cost-effectlve DIP components.
All trimmer applications require a fixed resistor to either divide val
or limit a current. The nine MFT trimmer models will functional
~almost any trimmer application. 7
FT trimmers drastically reduce PC board space
components of a linear |c ;

SAVES TIME — MFT trimmers re
ing
circuits. It also saves redu

time as MFT trimmers ¢
ble _with BIP automatic

iple trimmer and network combinations. Call or write today
or your MFT trimmer catalog.

' PRODUCTS DIVISION, BOURNS, INC., 1200 Columbia Avenue,

N
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When you put a Wavetek
Model 172A into your system,
you're ready to handle almost
anything. It's an oscillator, DC
reference, waveform generator,

synthesizer and pulse generator all
in one. It covers the frequency
range of .0001Hz to 13MHz, with 5%
digits of resolution and .0005%
accuracy. Naturally you get all
types of waveforms (with synthe-
sizer purity if you need it), along

with FM, pulses, ramps, and DC or
AC references.

But Model 172A is not only a
versatile stimulus, it's a stimulating
conversationalist. It talks to your
system via the GPIB bus, and has a
microprocessor front end to format
and execute commands. It can
even store 100 programs internally.
There is also a 40 character

and visual status checks.

Now that you've seen our
stimulus, how about giving us your
response? Just circle the reader
service number for details, or
contact us direct. Wavetek San
Diego, 9045 Balboa Avenue, P.O.
Box 651, San Diego, Ca 92112. Tel:

(714) 279-2200 TWX (910) 335-2007

alphanumeric display for localWAVE I E K
interactive programming

CIRCLE NUMBER 2

This may be all the
stimulation your automatic

PROGRAMMABLE SIGNAL SOURCE

test system needs.

MODEL 172A




STATE-OF-THE-ART PRODUCTS—FROM MINI-CIRCUITS LABORATORY

SUPER-MI

10 -3000 MHz
6.5dB conversion loss

95

(1-9)

$7

Mini-Circuits offers you less conversion loss. . . why settle for more!

Now for the first time . ..

Mini-Circuits offers the only Double-Balanced Mixers in the
world that span the 10-3000 MHz range with only 6.5 dB
conversion loss and 1.4 (typ.) VSWR throughout the entire

( Specifications — Model ZFM - 15 \

Frequency Range, MHz
LO 10-3000 RF 10-3000 IF 10-800

LO Power +10 dBm

Conversion loss, dB  Typ. Max. band for only $79.95 (1-9).
fg:;ggg 3:555;_.‘“;:5;‘12‘2 . Specify the ZFM-15 for such applications as wideband
I R ECM receivers where wide dynamic range is essential;

Typ. Min. the 1 dB compression point for the ZFM-15 is +5dBm.
LO-RF. : 20 The price/performance of the ZFM-15 even makes it ideal
LRl e 20 for narrowband applications including TACAN and S-Band
Signal 1dB Compression level  +5 dBm telemetry.
Impedence all ports 50 ohms The miniature ZFM-15 is available in 4 connector versions
szn (At ports) Typ. Max. and 3 mounting configurations. These super mixers are Iin

L0 S e o B e i eass 21

production now to meet our standard off-the-shelf one week
delivery schedule.

Connectors, BNC STD, TNC on request
Type N and SMA $5 additional

Mounting:
Thru-hole, Threaded insert, Flange

\ Size: 1%"” x 1%" sq x %" high

) World s largest manufacturer ol Double-Balanced Mixers

b Mini-Circuits

A Division of Scientific Components Corp

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200
Domestic and International Telex 125460 International Telex 620156

International Representatives: O AFRICA: Afitra (PTY) Ltd P.O Box 9813. Johannesburg 2000. S
Africa. O AUSTRALIA: General Electronic Services, 99 Alexander Street. New South Wales
Australia 2065. 0 ENGLAND: Dale Electronics, Dale House, Wharf Road. Frimley Green
Camberley Surrey. O EASTERN CANADA: B.D Hummel, 2224 Maynard Avenue. Utica. NY 13502
(315) 736-7821. O FRANCE: SCIE - DIMES 31 Rue George - Sand 91120 Palaiseau
France. 0 GERMANY, AUSTRIA, SWITZERLAND, DENMARK: Industrial Electronics GMBH 6000
Frankfurt/Main Kluberstrasse 14 West Germany [ INDIA: Gaekwar Enterprise, Kama Mahal, M L
Dananukar Marg, Bombay 400 026, India O ISRAEL: Vectronics, Ltd , 69 Gordon Street. Tel-Aviv
Israel O NETHERLANDS, BELGIUM, LUXEMBOURG: Coimex Veldweg Il. Hattem. Holland

CIRCLE NUMBER 3

00 NORWAY: Datamatik AS. Ostensjoveien 62 Oslo 6. Norway [0 SINGAPORE & MALAYSIA:
Electronics Trading Co (PTE) Ltd . 87 Bukit Timah Road. Singapore 9 Malay Peninsula
O SWEDEN: Integerad Electronik AB. Box 43 S-18251. Djursholm_ Sweden

U.S. Distributors: O NORTHERN CALIFORNIA: PENN-STOCK Co . Foothill Office Center. 105
Fremont Avenue, Los Altos. CA 94022 (415) 948-6533 O SOUTHERN CALIFORNIA, ARIZONA:
Crown Electronics. 11440 Collins Street. No Hollywood. CA 91601 (213) 877-3550

NEW YORK: MICROWAVE DISTRIBUTORS COMPANY

61 Mall Drive, Commack.NY 11725 516 543-4771
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Intel announces 32K and

for EPROM and micro

Check Pin 18 on our new 2332. It’s the key
to compatibility with high performance
microcomputers and EPROM:s.

S o
MAS
A

s %
" - 4

Now’s the time to get samples
or place your order for the

2332 or 2364. They’re our
new 32K and 64K ROMs
that will change the way

you design your system.

Here’s how.

Microcomputer system
components— EPROMs,

ROMs and microprocessors —
need to be designed as an integral

unit, not piecemeal. That’s the

only way to provide maximum
design flexibility and ensure a longer
life cycle for your system. We’ve looked
ahead at your future design require-
ments to provide you with components today that
will enable you to take advantage of tomorrow’s
advances. The result is a family of compatible 5V

EPROMs and ROMs for microcomputer systems.

Intel’s new 2332 and 2364 are the latest members
of that family. They provide system compatibility

in three important ways.

First, these new ROMs have a guaranteed access
time of 300 ns—fast enough to take full advantage
of new, advanced microprocessors. To achieve
300 ns speed with low power dissipation, our
parts are Edge-Enabled. That’s where Pin 18
comes in. It provides the Chip Enable function
necessary for the internal clock circuitry.

EvLicTrONIC DESIGN 8, April 12, 1978



64K ROMs designed

computer compatibility.

= Vec
A2 : csy
Second, the 2332 and 2364 are com-  %E v xd By xg TBY i -
patible with our 2716 industry-standard ~ %& ¥ nE e o § & 55 § 5
. ‘ A2 o g Mo A2 Mo A2 Ao
16K EPROM and will be compatible A= g 3 eE 5 LEQPES iE @ Es
. . . . %o Os 0p [ Og %o Og %o Og
with our 32K EPROM when it is intro- 25 > og & og @ g o
. . . Gno %3  ano 03 ano 03 onp O3
duced. Again, Pin 18 is the key. Note
that Pin 18 performs the same power con- — e
1 fu 2 11 d N S Organization 2Kx8 4Kx8 8Kx8
prototype with EPROMs and go directly Standbylcc(max) |  25ma 15mA 15mA
to hlgh densi ty ROMS fOI’ pI'O dUC tion Access Time (max) | 350-450 ns 300ns 300 ns

Engineering the 2332 and 2364 for microcomputer system compatibility led
us to the third important advance —the end of bus contention problems. In new
multiplexed microprocessor systems, such as the MCS-85 and MCS-86, the
Output Enable (Pin 20) needs to be independent of the Chip Enable (Pin 18)
which is the power control and selection function. So the 2332 and 2364 have an
Output Enable (OE) for independent control of the data bus, with no possibility
of multiple device selection. And input latches on all Edge -Enabled devices
allow direct interface with new multiplexed microprocessors.

Low power is essential to meet today’s design requirements. We’ve achieved
low power in our 32K and 64K ROMs that can’t be matched by fully static parts.
Active current of the 2332 and 2364 is 40 mA (maximum). And Intel’s Edge-
Enabled devices have the added benefit of using Pin 18 for the power control
function. So standby current is automatically reduced to 15 mA (maximum).

To get complete details on this important and complex subject, send for our

2332/2364 applications note AP-30, “Applications of Intel’s 5V EPROM and
‘. ) ROM family for microcomputer systems.” It provides board
‘::»-.\ / layout recommendations, system design applications, timing
\ / Or for samples of these new parts, contact your local
Intel representative.

/ diagrams, function explanations and discusses PL/M modular
" 7 l'
kg lntel de IVErS.

Dept., 3065 Bowers Avenue, Santa Clara, CA 95051.

software compatibility. Write: Intel Corporation, Literature
Hall 18. Booth 1503

CIRCLE NUMBER 4

Europe: Intel International Corporation S.A., Rue du Moulin a Papier, 51-Boite 1, B-1160, Brussels, Belgium. Telex 24814.
Japan: Intel Japan Corporation K.K., Flower Hill-Shinmachi East Building 1-23-9, Shinmachi, Setagaya-ku, Tokyo 154. Telex 781-28426.
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Our customers just plug in our power supplies and
forget about them. Fortunately, these same customers
don’t forget about us. Whichrhelps to explain why we are
now the world’s largest mapufacturer of SCR supplies.

In a word: dependability. In another word: reliability.

One- and three-phase rack-mounted power supplies from 500 to
10,000 watts. Call TOLL FREE 800-631-4298 for complete informa-
tion and prices, or write for our catalog.

ELECTRONIC MEASUREMENTS INC.

E/ 405 Essex Road, Neptune, N.J. 07753
M / Phone: (New Jersey) 201-922-9300. TOLL FREE 800-631-4298

Specialists in Power Conversion Equipment
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Across the desh

Not NASA

In reference to “Solar-Cell Technolo-
gy Advances—But Slowly” (ED No. 26,
Dec. 20, 1977, p. 24): Please be informed
that the Nebraska 25-kW solar
photovoltaic power system you men-
tioned was built by MIT/Lincoln Labo-
ratory for ERDA (now the Department
of Energy), and not by NASA.

M. D. Pope
Energy Systems Engineering
Massachusetts Institute of Technology
Lincoln Laboratory
Lexington, MA 02173

An audio op amp, please

This is an appeal to the electronics
industry via ELECTRONIC DESIGN to
give us an operational amplifier espe-
cially designed for audio preamplifier
applications.

IC op amps in general tend to have
transient problems as a byproduct of
excessive open-loop gain and the need
for lag compensation within the oper-
ating band. A review of well-known IC
op amps typically reveals open-loop
gain values so large that roll-off com-
pensation, usually spanning the entire
audio band, is needed for stability. In
effect, feedback is applied around an
amplifier-integrator combination.

A high-quality audio-system gain
block most often has a 10-to-30 voltage
gain (about 20 to 30 dB, as frequently
stated). Starting with a well-designed
amplifier, 20 to 30-dB feedback is usu-
ally all that is needed to achieve the
low distortion and high stability de-
sired. For the values of closed-loop gain
and feedback mentioned, an open-loop
gain of only 1000 (60 dB) would be
sufficient—a far cry from the 90 to 120
dB typical of existing ICs. With a gain
of 1000, and frequency-response break
points not unrealistically above the
audio band, feedback without in-band

compensation could be used. If com-
pensation above the audio band is
needed for stability, a lead network in
the feedback leg would be preferable.

The other characteristics and fea-
tures deemed desirable in an opera-
tional amplifier would still apply. In
addition, the new IC should be capable
of delivering 15 to 20 V peak-to-peak
into 600 € for line driving.

J. L. Markwalter, PE

363 River Rd.
Arnold, MD 21012

Misplaced Caption Dept.

At a florin per statement, you
call that software good value?

Sorry. That’s Rembrandt Van Rijn’s
“Pastor Johannes Elison,” which hangs
in the Museum of Fine Arts in Boston.

Watch how you use ‘di/dt’

The Focus on power transistors and
thyristors (ED No. 23, Nov. 8, 1977, p.

(continued on page 8)

Electronic Design welcomes the opinions of its readers on the issues raised
in the magazine's editorial columns. Address letters to Managing Editor,
Electronic Design, 50 Essex St., Rochelle Park, NJ 07662. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld upon request.
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solutions to complex

switching problems!
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ity! Features
circuitry of a
s all the ad-

i is simp
\n(% 12 positions. 1

available in up to 24 positions.

Unique in desij
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, 16 positi
galore! pA,s,
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CORPORATION

3111 Winona Ave., Burbank, CA. 91504
Phone 213-845-7473 » TWX 910-498-2701
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Across the desk

(continued from page 7)

52) needs some clarification. A
statement about thyristors on p. 59
reads: “Also, the rate of rise of the
input-gate trigger current (di/dt) must
be limited to prevent damage to the
thyristors.”

The gate terminal doesn’t usually
have a maximum di/dt rating. The
designation “di/dt” generally refers to
the rate of rise of an SCR’s anode
current, and using the term to refer to
its gate could be confusing.

Although the gate doesn’t have a
di/dt rating, it is usually necessary to
specify a gate current’s minimum rate
of rise (as well as peak gate current)
at which the anode-current di/dt is
guaranteed. Operating at a lower rate
of rise of gate current can cause even
the specified anode current di/dt to
damage the thyristor.

Consequently, if the quoted sentence
had used the words “carefully con-
trolled” instead of “limited,” and had
not included “di/dt,” the statement
would have been more accurate.

D. Haslam
Mullard Hazel Grove
Bramhall Moor Lane Hazel Grove
Stockport Cheshire SK7 5BJ England

We slipped a few digits

In the Intel product story that ap-
peared on p. 117 of the February 15,
1978 issue, the first three digits of the
Intel telephone number are incorrect.
The correct telephone number is (408)
987-8080.

Figure this one out

The following is a puzzle. We are
generally familiar with what happens
when a charged capacitor is switched
in parallel with an equal uncharged
capacitor. Of course energy is lost, and
the final charge of the two parallel
capacitors is the same at half the volt-
age:

Suppose, by adding an ideal inductor
and diode to the capacitor-charge-
transfer system, we attempt to
eliminate any energy loss. What is the
end result after the system has settled
(after switch closure)?

Here'’s the answer: Capacitor C, is
discharged to zero volts, and C, is

8

100V [~ "o'v

/E IOpF 10pF /I\

cnlmv &7 °'—‘""—Njc“2
/l\IO;LF IO[.LFTOV

charged to the full 100 V. This can be
deduced from energy considerations
and symmetry, and without any signif-
icant math. If the energy loss is zero,
no charge-conserving end result can be
imagined other than the one I have
stated.

Peter Lefferts
National Semiconductor
Semiconductor Div.
2900 Semiconductor Dr.
Santa Clara, CA 95051

Nichrome is still
the way to go for PROMs

In “Improved Processing Will Boost
High-Performance Memories, uPs”
(ED No. 1, Jan. 4,1978, p. 44), you make
the following statement on p. 46:

“To attain the speed improvements
demanded by the systems under de-
sign, PROM manufacturers are head-
ing in the direction of titanium-
tungsten fuses instead of nichrome.
Not only does the titanium-tungsten
combination jack up speed, but it also
permits a lower programming voltage,
which lessens the voltage strain on the
PROM.”

Here are the facts:

Circuit design will dictate access
time. Choice of material for the fusible
link employed in PROMs cannot affect
performance of identical circuits if
electrical characteristics of fuse ele-
ments are similar. In today’s practice
the resistance of comparable-geometry
nichrome and titanium-tungsten fus-
ible links is similar (same order of
magnitude) and thus cannot strongly
influence over-all circuit performance.

As for “lower programming volt-
age,” nichrome for fusible links pro-
vides all the desired characteristics to
program easily and with ample energy
available to do it reliably. Calculations
have shown that fusing energy for
nichrome fusible links is comparative-
ly low, i.e., 1 uJ, and requires voltage
and current conditions well attainable
by the Harris PROM design, which

permits less than 10-us fusing times
per link.

Nichrome remains a proven reliable
and reproducible material with which
to continue manufacturing present and
advanced state-of-the-art PROMs. Ti-
tanium-tungsten offers no perform-
ance advantages and has potential re-
liability risks such as an intermittent
bit failure mode.

C.J. VanLeeuwen
Manager, Reliability
Harris Semiconductor Products Div.
P.O. Box 883
Melbourne, FL 32901

New Books

Analysis and Design of Analog Inte-
grated Circuits—P.R. Gray and R.G.
Meyer, John Wiley & Sons, One Wiley
Drive, Somerset, NJ 08873, 683 p.
$22.50.

Circle No. 551

DBUG: An 8080 Interpretive Debug-
ger—C.A. Titus and J.A. Titus, E & L
Instruments, Inc., 61 First St., Derby,
CT 06418, 91 p. $5.00.

Circle No. 552

Professional Electrical/Electronic
Engineer’s License Study Guide—
E.J. Ross, Tab Books, Blue Ridge Sum-
mit, PA 17214, 476 p.

Circle No. 553

Electronic Devices and Circuit Theo-
ry—R. Boylestad and L. Nashelsky,
Prentice-Hall, Englewood Cliffs, NJ
07632, 701 p. $17.95

Circle No. 554

Electronic Processes in Unipolar
Solid-State Devices—D. Dascalu,
ISBS, Inc., P.0O. Box 555, Forest Grove,
OR 97116, 624 p. $45.50

Circle No. 555

Digital Modulation Techniques in an
Interference Environment—K.
Feher, Don White Consultants, 656
Quince Orchard Rd., Suite 410,
Gaithersburg, MD 20760, 188 p. $25.00.

Circle No. 556

Integrated Circuits: A User’s Hand-
book—M.M. Cirovic, Prentice-Hall,
Inc., Englewood Cliffs, NJ 07632, 304
p. $18.95.

Circle No. 557

An Introduction to Microcomputers,
Vol II—Some Real Products (June
1977 Revision)—A. Osborne, Adam Os-

(continued on page 19)
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New printer/plotter
combines fast text
printing and high-quality
true-vector graphics

Whether your application calls for
high-quality graphics, or fast text print-
ing, or a combination of both for extensive
plot annotation, HP’s 7245A Plotter/
Printer is an excellent solution for your
needs. With a printing speed of 38 charac-
ters per second (cps) and plotting speeds
equal to or greater than that of dedicated
vector plotters, the HP desktop plotter/
printer is an outstanding general-purpose
device for your HP-IB controller. Some
areas of application are engineering de-
sign, production testing, data acquisition,
process monitoring, analytical plotting,
long-term business forecasting, and pro-
ject management.

The microprocessor-based 7245A uses
a bidirectional paper drive to advance a
61-metre (200-foot) roll of thermosensi-
tive paper for unattended long-axis plot-
ting. A sprocket paper drive and a
patented microstep motor drive give the
7245A excellent line quality and repeata-
bility of 0.25 millimetres (0.010 inches)
maximum from any point on the chart.

A state-of-the-art, thin-film, thermal
printhead makes possible the combination
of true-vector graphics and fast printing. It
has 12 resistors to print 7X9 dot-matrix

IN THIS ISSUE

-~ MEASUREMENT
fCOMPUTATION

product advances 1T

characters in four orthogonal directions.
This allows 88 columns to be printed ac-
ross the 216-millimetre-wide (8.5 inch)
paper. A larger 14 X9 dot-matrix font is
used to print titles at 19 cps in a 44-
column format.

Programming is easy thanks to 46
built-in programmable instructions for
features such as unit scaling, graph rota-
tion, point digitizing, character size,
slant, and direction, and selecting any of
seven dashed line fonts and five drawn

ADDII L Q7
AFRIL, 19/06

and eight matrix character sets, six of
which are European.

Standard printer escape code sequen-
ces for the 7245A enable you to set, exe-
cute, and clear tabs, form-feed forward or
reverse, change character size, underline,
select any of eight dot-matrix character
sets, and select the “display functions”
mode for printing all 128 ASCII charac-
ters, including the control code charac-
ters.

For details, check B on the HP Reply Card.

New computing component for OEM’s e uP enhanced microwave counter ¢ DS/1000: the latest link




Solutions books provide added
usefulness to your HP-19C/29C

Hewlett-Packard recently introduced
ten new solutions books, designed to pro-
vide owners of HP-19C and HP-29C pro-
grammable calculators with solutions to a
number of general applications. Each of
the HP-19C/29C Solutions Books gives
the user up to 12 programs, all selected for
maximum interest and usefulness.

Every Solutions Book contains a sum-
mary of each program, a listing of program
steps, and an explanation of how the results
are displayed on the calculator. Detailed
program information allows even an
operator with minimal experience to pro-
gram the calculator correctly. With the
continuous memory capability and the 98
program-step capacity of the HP-19C/
29C, the user need only key in the pro-
gram initially.

As a part of the more general applica-
tions, the new Student Engineering Solu-
tions Book is written to appeal to many

students in different engineering fields
who frequently perform the same type of
calculations and can use the same
routines. The other HP-19C/29C Solu-
tions Books are:
Surveying
Mathematics
Statistics
Finance
Electrical Engineering
Navigation
Mechanical Engineering
Civil Engineering
Games

Each of these new Solutions Books pro-
vides HP-19C or HP-29C owners with
added dimensions to the already extensive
library of HP program solutions.

e e AL Lol R e

Check A on the HP Reply Card if you'd like
more information.

New wP-controlled pulser
features HP-IB
programmability and
unmatched accuracy

Combining microprocessor control with
highly accurate pulse circuitry, HP’s
8160A Programmable Pulse Generator of-
fers important new pulse capabilities for
bench and automatic testing applications.
Microprocessor control, for example, lets
you simply and directly enter desired
pulse parameters via the instrument’s
keyboard. LED’s display all pulse
parameters with 3-digit resolution.

Accuracies are 2% in repetition rate
and output levels, 1% in delay and width,
and 3% in transition time. Thanks to
these, you can now rapidly set-up an accu-
rate pulse, and you don’t need a measur-
ing instrument to tweak-in each pulse
parameter.

For automatic testing applications, all
pulse parameters and operating modes are
programmable via the Hewlett-Packard
Interface Bus. Simple, straightforward
command sequences made possible by the
microprocessor make remote control as
easy as manual operation. Faster program
generation and reduced software costs are
direct benefits.

Five nanosecond variable transition
times and 20 V output amplitudes com-
plement the 8160A’s fast 50 MHz repeti-
tion rate. When dual outputs are required,
option 020 adds a full second channel to
the 8160A. Independent control of delay,
width, transition times, and output levels
on the second channel lets you easily
simulate clock and data waveforms, two
phase clocks, and balanced signals.

The 8160A includes still more, like
burst and learned modes, digital storage of
10 complete parameter sets, microproces-
sor detection of set-up errors, and internal
batteries that preserve all stored data even
when power is switched off.

To obtain full information, check C on the
HP Reply Card.



DS 1000: The latest distributed processing link

HP is not new to computer networking.
We have been delivering reliable net-
works for the last five years. Now with the
introduction of DS/1000, we have a truly
generalized nodal network which supports
a variety of configurations.

DS/1000 is a set of hardware, software,
and firmware which supports HP 1000
systems as network nodes which com-
municate not only with each other, but
also with a directly-connected HP 3000
Series II computer. And, there is no sig-
nificant increase in complexity for the ap-
plications programmer. All network in-
formation flow is handled by DS/1000.

With a powerful remote command pro-
cessing capability, DS/1000 users at ter-
minals on one HP 1000 node can access
any other HP 1000 in the network, be it
local or remote.

These users can easily utilize files,
programs, and peripherals on other nodes,
even when they are unattended. Indi-
vidual HP 1000 nodes can be connected
in any manner that suits the material flow
of a plant or geography of a region—a star
arrangement surrounding a central node,
a ring, a string, or any combination of
these. Nodes are connected with either a
single four-wire cable or by full-duplex
modems. DS/1000 is particularly well-
suited for instrumentation, computation,
and operations management tasks in func-
tional areas such as manufacturing, R&D,
quality control, and distribution.
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Store-and-forward

takes data from
node 3 to node 4

Moreover, DS/1000 to DS/3000 com-
munication facilitates the integration of
these tasks with commercial data pro-
cessing available on the HP 3000 Series
II, such as production scheduling, order
processing, and accounting.

Store-and-forward

Nodal addressing combined with a store
and forward technique, enables users to
access any DS/1000 node from any other
node, and allows them to transport pro-
grams freely within the network.

A user at a node in New York, for
example, can write to a line printer at a
node in Boston. If the user later transports
the program from New York to a node in
Atlanta, the same line printer in Boston
would be accessed without change to the
user’s program.

010011

The application programmer need only
identify the'node where the printer is lo-
cated, and DS/1000 forwards the informa-
tion from node-to-node until it reaches
that address.

Microcoded Driver

DS/1000 takes advantage of the
microcode-ability of the HP 1000 in its
Communications Access Method driver.
CAM allows simultaneous requests on
multiple communications lines between
HP 1000’s to be serviced concurrently.
For example, a DS/1000 node can handle
four concurrently active 9600 baud lines,
or two active hardwired lines with a com-
bined effective throughput of up to 20K-
bytes/second.

Tri-Directional Error Check

To ensure data transmission integrity,
DS/1000 has powerful microcoded error
checking. Data blocks, when received,

9000000110
$010010001
6000000001
0000001010
0000001:

SR iE

01001180
00000080
001111¢%
01010.
00000

are checked simultaneously for vertical,
longitudinal, and diagonal parity.

Obtain full details by checking D on the HP
Reply Card.



Speed soft-copy graphics with new

graphics translator

The speed of soft-copy graphics lets you see your
system’s output quickly and allows correction of

such items as improper scale factors or undesired system
parameters prior to making permanent records.

Hewlett-Packard’s new 1350A
Graphics Translator brings the speed of
soft-copy graphics to HP-IB instrumenta-
tion systems. The graphics translator
converts outputs from digital systems to
analog outputs to drive high-resolution
CRT displays.

With the 1350A and one or more of
HP’s electrostatic CRT displays, you can
display your system’s output in a fraction
of the time required by hard-copy devices,

evaluate the result, and modify the output
before making a hard copy. That means
faster analysis, quicker decisions, and
less paper usage.

The 1350A has a significant advantage
in system applications with its ability to
drive at least ten high-resolutions elec-
trostatic displays and provide four differ-
ent presentations on multiple displays
simultaneously. The graphics translator is
also excellent for analytical instrumenta-

Guide to electronic counters

Selection of the electronic counter best
suited to your needs is made easy by a
new, four-color guide. It summarizes
specifications of the 15 counters in our
line—your broadest choice from any
manufacturer. Included are the new
5342A Microwave Counter (see page 8 of
this issue) and the 5370A Universal Time
Interval Counter, offering 20 picosecond
resolution.

For your complimentary copy of this guide,
check F on the HP Reply Card.

tion or in areas of engineering design, data

acquisition and network analysis systems,

or wherever high-resolution graphics are

required for:

e Providing different information on
various displays

e Repetitive flashing vectors of impor-
tance

e Redrawing presentations in <400 ms

e Providing high-resolution graphic
strokes between 1000 by 1000 ad-
dressable points

® An easy graphics solution for HP-IB or
optional RS-232C instrumentation sys-
tems

e Writing 2048 vectors and/or characters

e Selecting a display size and brightness
to meet your requirements.

To learn more about how the 1350A
Graphics Translator can bring soft-copy
speed to your HP-IB system, check E on the
HP Reply Card.

e 3
Latest developments

in logic analysis

The February 1978 issue of the
HP Journal devotes its entire 32-
pages to the topic of logic analysis.
Several articles examine the latest
developments in logic analyzers
while another presents an over-
view of the ongoing revolution in
digital testing.

For a complimentary copy of the
February 1978, HP Journal,
Check G on the HP Reply Card.
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A new computing data acquisition
component for OEM'’s

If you are an OEM and interested in
low-cost computing components for your
measuring instruments for scientific re-
search, clinical analysis, or industrial ap-
plications, you should know about the HP
97S1/0 Calculator. A fully programmable
printing calculator, with BCD interfacing,
the HP 978 just may be the solution to the
problem of how to automate your products
at an affordable price.

Based on the HP-97 Programmable
Printing Calculator, the HP 97S incorpo-
rates BCD interfacing so that data can be
efficiently gathered from a wide range of
instruments including: electronic ba-
lances, photometers, densitometers,
thermal conductivity measurement de-
vices, strain gauge systems, calorimeters,
devices for measuring ion activity, tit-
rators, pH meters, coordinate measure-
ment equipment, physical measuring
equipment, or any BCD output device.

Your customers will appreciate the HP
978 with your product, not only for its low
cost, but also for its many computational
features. The HP 97S features include:

® 244 steps of program memory, a

magnetic card reader for storing
programs and data,

e three levels of subroutines,

e labelling,

e indirect and relative addressing,

e RPN logic,

e built-in printer, and

e alarge, bright display, tilted for easy
reading.

Programming power and simple inter-
facing also make your job easier. Getting
the 97S up and running with your instru-
ments will require two simple steps—
interfacing and programming. To get you
started, HP provides detailed documenta-
tion. The installation and operation man-
ual includes detailed technical specifi-
cations and clear instructions for simple
interfacing, as well as helpful diagnostics
and service information.

The programming guide gives step-by-
step explanations for programming and
the Standard Application Pak includes 15
pre-recorded programs and 24 blank
cards.

For more details on how you can add intel-

ligence and hard-copy output to your pro-
ducts, check H on the HP Reply Card.

Whether you are an OEM manufacturer of electronic balances, photometers, calorimeters, pH
meters—or any BCD output device—this calculator can make your instrument “smart”
ataprice you can afford.

,MEASUREMENT COMPUTATION NEWS

New, compact power
supply features triple
outputs

Convenient power for circuit breadboards is
yours with this new three-in-one lab bench
power supply.

This low-cost, compact, three-in-one
power supply is a handy addition to the lab
bench where single or multiple voltages
are needed for designing and testing
breadboards and prototypes. The HP
6235A Triple Output DC Power Supply
delivers three adjustable DC output vol-
tages:0to6 Vat1A,Oto +18Vat0.2A,
andOto —18 V at 0.2 A. A single O to 36
volt output at 0.2 A can also be obtained
by connecting across the —18 V and
+18 V terminals. The +6 V and +18 V
outputs can be adjusted independently.
The —18 V output is adjusted with a track-
ing ratio control, after which it will propor-
tionately follow the +18 V output as the
+18 V control is adjusted. The +18 V
and —18 V tracking outputs are especially
useful for powering operational amplifiers
and other circuits requiring symmetrical
operating voltages.

The supply is a constant voltage/current
limit type, with each voltage continuously
adjustable over its range, while the
maximum current available is automati-
cally limited to prevent overloading. You
can quickly select and monitor voltage or
current for each output with the pushbut-
ton meter switches.

Weighing only 2.3 kilograms, (5 lbs.),
the new 6235A is small enough to pick up
with one hand. It can be powered from

115V or230V, 47-63 Hz AC input.

Check I on the HP Reply Card for more
information about this triple output power
supply for your lab bench.



New note describes
100 dB microwave
measurements

Jéf—{ ‘ch 1J
10 dB Coup 20 dB B
Amplifier + LPF ¥
e swept measurement setup uses RF
r within leveling loop to achieve >100
ic range

“100 dB Dynamic Range Measure-
ments Using the HP 8755 Frequency Re-
sponse Test Set”, a new HP application
note (AN 155-2), will be of interest to
people making RF and microwave swept
measurements. Expanded dynamic range
is achieved by using the associated sweep
oscillator’s leveling/modulation element
as an “automatic RF substitution” device
by configuring it within the system’s power
leveling loop. The note discusses the fac-
tors that determine and limit measurement
dynamic range. Equipment cited in the
note covers from 10 MHz to 18 GHz.

For your complimentary copy of AN 155-2,
check J on the HP Reply Card.

ation Note
5 1 MHz to 18,000
ithesized source

The third application note from the
Microwave Synthesizer Series, AN
218-3, is now available.

It describes how the HP 8672A and
HP 8660A/C Synthesized Signal
Generators can be combined with pro-
grammable signal switching to yield a
signal generator with one output connec-
tor covering from 1 MHz to 18,000 MHz.
In addition, the frequency resolution of
the 8672A generator is improved from its
usual 1, 2, and 3 kHz, to 1, 2, and 3 Hz.
Such a programmable source is excellent
for automatic test systems.

Some sample desk-top computer
software sub-routines are given to aid the
user in programming the system.

For your complimentary copy, check K on

the HP Reply Card.

Troubleshoot three-state
data buses conveniently,
quickly, economically

Troubleshooting three-state data
buses in digital circuitry, computers, and
data communications systems can be chal-
lenging under the best of circumstances,
but imagine yourself in this situation: a
stuck data bus line with RAM’s micro-
processor and I/0 devices attached
to it, all of which appear the same electri-
cal potential. Since the board is too ex-
pensive to toss away and you don’t have
the hours of time needed to use analog
troubleshooting techniques, consider the
HP IC troubleshooters.

The IC troubleshooters allow you to iso-
late quickly and conveniently the bus
problem ontlined here by giving you a
combination of three tools you need to
determine if the bus line is shorted, open,
or has a bad driver. The troubleshooters
you need first are the handheld HP 545A
Probe and the 546A Pulser. Just pulse and
probe the stuck line to see if its logic state
can be taken to a HIGH. If not, then there
is a short to ground on the line. To find it,
keep pulsing the bus line while you use
our 547A Current Tracer to follow current
pulses directly to the shorted bus element.

Detecting stuck bus lines often requires
a combination of voltage and current in-
formation. The HP IC troubleshooters
provide stimulus and response capability
in both the voltage and current domains
for more complete, economical digital
troubleshooting.

For more information, check L on the HP

Reply Card.

i

HP's 545A Probe, 546A Pulser and 547A Cur-
rent Tracer help pinpoint logic faults on three-

state buses.

Speed transceiver, audio
or broadcast testing with
HP’s new distortion
measurement set

In addition to the time-saving convenience of
auto set level and auto null, a built-in tracking
oscillator for audio measurements gives you a
low-distortion source for testing high quality
audio equipment and allows you to tune one
instrument instead of two.

Whether you're testing transceivers,
professional audio equipment or broad-
cast performance, the HP 339A Distortion
Measurement Set can help you make
quick and accurate measurements.

Automatic frequency nulling and auto
set level of the 339A speed your total
harmonic distortion measurements
(THD), while true-rms detection provides
accurate measurements to as low as
0.0018% (—95 dB) from 10 Hz to
110 kHz. Just select the frequency of the
built-in —95 dB low distortion oscillator
and the 339A’s front panel “turn signal”
indicators show you how to make the
proper range settings.

In transceiver testing, automatic setting
of the 100% reference level over a 10 dB
input range means fewer critical adjust-
ments, saving you a considerable amount
of test time. True-rms detection lets you
accurately determine thermal noise and
harmonic components in making SINAD
measurements.

Broadcast compliance testing is easy
with the 339A’s built-in AM detector, 30
kHz low-pass filter, switchable VU meter
ballistics, and a +2 to —12 dBm (600 (2)
meter scale. You can quickly isolate the
causes of out-of-limit readings and reduce
set-up time when checking equipment for
compliance with government regulations.

Contact your local HP field engineer for
further details or check M on the HP Reply
Card.
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COMPONENT

Low Rg beam lead PIN diode
switches in less than 2 ns

The HPND-4050 offers 1.3 () typical
(1.7 max) series resistance at only 10 mA
for high frequency performance in shunt.
This low resistance reduces power re-
quirements and makes it suitable as a
shunt switching element in stripline and
microstrip circuits. The low current re-
quirements are of interest to designers for
portable, airborne or shipboard applica-
tions including switching, attenuating,
phase shifting and modulating at micro-
wave frequencies. Reverse recovery time
of two nanoseconds meets or exceeds re-
quirements for fast switching in high fre-
quency modulator and attenuator compo-
nent applications in ECM systems. The
capacitance of the HPND-4050 is 0.15 pF
maximum and breakdown voltage is 30V
minimum. Nitride passivation of the
HPND-4050 provides immunity from en-
vironmental contaminants.

Fordetails, check N on the HP Reply Card.

The HP mesa process with glass backfilling is responsible for the performance of this beam lead
PIN. The mesa construction constrains the minority carriers, thereby enhancing switching speed.

HP introduces its largest 7-segment red LED display

B MEASUREMENT/COMPUTATION NEWS

The new HDSP-3400 Series red LED
numeric display is the largest in
Hewlett-Packard’s seven-segment pro-
duct line, which ranges in size from 2.59
millimetre (.10 inch) to the new 20.32
millimetre (0.8 inch) display.

Readable in bright light at distances of
up to 10 metres (33 feet), the HDSP-3400
is designed for use in electronic instru-
ments, point-of-sale terminals, television
sets, weighing scales, digital clocks, and
a number of other applications requiring
low power consumption in a large, easy-
to-read display.

The gallium arsenide phosphide dis-
plays are in a standard 15.24 millimetre

(0.6 inch) dual-inline-package that per-
mits mounting on PC boards or in standard
IC sockets for easy use.

Models in the new series are: HDSP-
3400, common anode left hand decimal;
3401, common anode right hand decimal;
3403, common cathode right hand deci-
mal; 3405, common cathode left hand de-
cimal; 3406, universal overflow (*1) right
hand decimal.

The HDSP-3400 Series displays are
available from stock of Hewlett-Packard’s
franchised distributors.

For greater details about this new product,

check O on the HP Reply Card.




Microprocessor enhances capability and lowers cost
of a new microwave counter

On the basis of its cost reduction alone,
a full capability, automatic, 10 Hz to 18
GHz microwave frequency counter priced
20% less than any other in its performance
class would be interesting news to people
doing microwave work. But add to this
lower price the other features of HP’s
5342A and you have what is perhaps the
best value and most significant develop-
ment in microwave counters for many
years. With these features your bench,
systems or field measurement tasks can
now be performed faster, more conve-
niently and more economically over a wide
range of input parameters:

® Measure input signal level at the same
time you measure frequency without
switching input connectors (option
002); 10 MHz to 18 GHz frequency
coverage with =1.5 dB accuracy.

e >50 MHz FM tolerance lets you mea-
sure heavily loaded communications
carriers on-line with active traffic.

® Microprocessor supervised measure-
ments and front panel keyboard make
set-up faster, more convenient, more
error-free...lets you enter frequency/
amplitude offsets, to be added to or
subtracted from the measured results.

e Automatic amplitude discrimination
measures only the highest signal in the
input spectrum.

e Hewlett-Packard Interface Bus (option

011) provides systems control for all
measurement capabilities and access to
measured results.

e Optional, built-in digital-to-analog
converter (option HO1), allows high ac-
curacy plots of frequency or amplitude
changes, via strip chart recorder.

e Compact half-rack module size makes
the 5342A convenient for field use.

This blend of high performance, un-
matched versatility and low price was
achieved by a new harmonic heterodyne
converter technique with microprocessor
based calculations and control. This re-
duces the need for expensive components
to a single hybrid, thus lowering the cost
significantly. The 5342A shines in other
specifications too. Sensitivity is —25
dBm, 500 MHz to 12.4 GHz and —20
dBm...to 18 GHz. Time base crystal aging
rate is <1X10™ "/month (<5x107!
/day in option 001). Dynamic range is 30
dB, 500 MHz to 12.4 GHz, and 25 dB to
18 GHz (42 dB and 35 dB, respectively, if
you order amplitude measurement
option 002 or extended dynamic range
option 003.)

For more information, check P on the

HP Reply Card.

\HPIE 4

The new 5342A's great FM tolerance allows
heavily loaded communications carrier fre-
quencies to be measured on-line and with ac-
tive traffic. This plus optional amplitude mea-
surement gives you two of the most often
needed communications measurements in a
single, compact package. HP-IB option offers
full systems capability too.
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91604, Ph. (213) 877-1282.
Europe-Central Mailing Depot., P.O. Box 529,

Amstelveen-1134, Netherlands,

Ph. (020) 47 20 21

Japan-Yokogawa-Hewlett-Packard Ltd., Ohashi
Bldg., 1-59-1 Yoyogi, Shibuya-ku,
Tokyo 151, Ph. 03-370-2281/92.
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borne and Associates, Ine., P.O. Box
2036, Berkeley, CA 94702, 868 p. $15.00.
Circle No. 558

Microprocessors in Instruments and
Control—R.J. Bibbero, John Wiley &
Sons, Inc., One Wiley Drive, Somerset,
NJ 08873, 301 p. $15.75

Circle No. 559

Getting Involved With Your Own
Computer, A Guide for Beginners—
L. Solomon and S. Veit, Ridley Enslow
Publishers, 60 Crescent Place, Box 301,
Short Hills, NJ 07078, 216 p. $5.95.
Circle No. 560

The Design of Operational Amplifier
Circuits, with Experiments—H.M.
Berlin, E & L Instruments, Inec., 61
First St., Derby, CT 06418, 277 p. $9.00.

Circle No. 561

Technical Report Standards, How to
Prepare and Write Effective Techni-
cal Reports—L.R. Harvill and T.L.
Kraft, Banner Books International,
7435 University Ave., LaMesa, CA
92041, 56 p. $3.95.

Circle No. 562

Using Digital and Analog Integrated
Circuits—L.W. Shacklette & H.A.
Ashworth, Prentice-Hall, Inc. Engle-
wood Cliffs, NJ 07632, 303 p. $10.95

Circle No. 563

Handbook of Interactive Computer
Terminals—D.E. Sharp, Prentice-
Hall, Ine. Englewood Cliffs, NJ 07632,
266 p. $17.95

Circle No. 564

Microprocessors, from Chips to
Systems-R. Zaks, Sybex, Inc., 2161
Shattuck Ave., Berkeley, CA 94704, 416
p. $9.95.

Circle No. 565

Nonlinear Systems Analysis—M.
Vidyasagar, Prentice-Hall, Inc., Engle-
wood Cliffs, NJ 07632, 302 p. $21.95.

Circle No. 566

Experiments in Digital and Analog
Electronics—H.W. Malmstadt, C.G.
Enke and S.R. Crouch, E & L. Instru-
ments, Inc., 61 First St., Derby, CT
06418, 400 p. $17.00.

Circle No. 567

The Architecture of Concurrent Pro-
grams—P B. Hansen, Prentice-Hall,
Englewood Cliffs, NJ 07632, 317 p.
$16.95.

Circle No. 568

ELECTRONIC DEsiGN 8, April 12, 1978

Our newest
air variable capacitor’s
biggest feature:
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Asyoucanpla« R
see, our new air variable i e
capacitor is nearly as small great sta 1ty
as many sub-miniature ceramic 1000 at 100 MHz. T -
trimmers. It also features the =45 PPM/°C. And 1t’
same mounting configuration available in maximum
which means you can useitin capacities of 3, 6.5, 12.7, and
many of the same applications 19.0 pF in cither vertical or
But small size isn’t the only horizontal tuning PC and
reason for buying our new stripline mounting versions.
Miero T™ capacitor. Because = What’s more, it gives you all
it’s air variable, it offers you this for a very small price.

E. F. Johnson Company/Dept. E.D., Waseca, MN 56093

[] Please send me technical [_] Please send me samples.
information on sub-miniature You can call me at
air variable capacitors.

Name
Firm
Address
City State

Zip \
For fast service, contact your % J o H N so N
®

local Johnson Distributor.
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Intersil has offered a
switching;:

« First, with virtual grou :
« First, with ultra low pow
analog gate technology
e First, with monolithic CM

technology
» First, with Varafet technology

that reduce component count, reduce overall -

system cost and increase reliability. We think cost
effective solutions to your design problems are
an idea whose time has come.

VIRTUAL GROUND SWITCHES.

The TH5009 series of analog switches was de-
signed to fill the need as an easy-to-use, inex-
pensive switch for virtual ground switching into

Intersil 1967-

rational amplifiers. This family is primarily
ntended for constant impedance switching mul-
tiplexing and interfaces with 5V or 15V logic.
Switching accuracy is increased through a built
in compensating FET for use in the gain feedback
loop of the op amp.

ULTRA LOW POWER CMOS GATES.

The TH5040 family of monolithic analog gates
was designed using an improved, high volta

CMOS technology. The advantages are TZ%
DTL, CMOS and DMOS compatibility. ..com-

_ bined with ultra low power operation. The

technology provides input overvoltage capability
to £25V. Diode protected inputs eliminate the
need for special handling techniques associated
with other CMOS analog gates. Destructive
latchup has been totally eliminated. And, there is
no need for external logic to prevent channel-
to channel shorting. Power requirements of the
IH5040 family of CMOS gates, up to 30 times
lower than previously available state-of-art de-
vices, open up new low power applications in



nothing more powerful
ideawhose time has come.”

Victor Hugo, 1802-1885
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portable and battery operated equipment.

HIGH PERFORMANCE
VARAFET CMOS GATES.

Intersil was first with a family of low power, high
level Analog Gates: The IH181 Series. The Family
incorporates two of our leading technologies:
CMOS and VARAFET.

The result is a series of latch proof CMOS gates
which draw extremely low quiescent current
from power supplies...reducing system power
dissipation from milliwatts to nanowatts with no
sacrifice in switch performance. The IH181 family
is pin for pin compatible with the DG181 family.

LOW COST VARAFET SWITCHES.

The IT401 Quad J-FET Switch with varactor di-
odes integrated into the gates of the FETS
provides high speed, easy to use switches while
eliminating the need for external capacitors, di-
odes and resistors. That means high perform-
ance analog switches at lowest possible cost.

CIRCLE NUMBER 8

INTERSIL SALES OFFICES:

CALIFORNIA: Santa Clara (408) 984-2170, Carson (213)
532-3544 « COLORADO: Denver (303) 750-7004 « FLORIDA:
Fort Lauderdale (305) 772-4122 « ILLINOIS: Hinsdale (312)
986-5303 « MASSACHUSETTS: Lexington (617) 861-6220 «
MINNESOTA: Minneapolis (612) 925-1844 « NEW JERSEY:
Englewood Cliffs (201) 567-5585 « OHIO: Dayton (513) 866-
7328 « TEXAS: Dallas (214) 387-0539 « CANADA: Brampton,
Ontario (416) 457-1014

r—————————————————l—— —————— — e e e

INMNERS (L

Analog Products —Hybrids/Gates

10710 North Tantau Ave., Cupertino, CA 95014
Tel: (408) 996-5000 TWX: 910-338-0171

(800) 538-7930 (outside California)

Gentlemen, Send me your literature on:

e T THS040
=20 o1 H8 IH5009
Send me Intersils New 20x24 Victor Hugo poster.
Name.
Company
Address
City State MailingCoge——=_ "]
Country.
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in automatic insertion
of ceramic disc and
monolithic capacitors

If you're into automatic component insertion, Murata can
offer both monolithic and disc ceramic capacitors to meet
the specifications of virtually every type of automated
insertion equipment including Universal, USM, Panasert®
and Avisert® What’s more, we supply more taped and
reeled, and taped and ammo-packed capacitors than any
other capacitor manufacturer in the world. That's ex-
perience you can count on. To make a good thing even |
better, odds are our standard capacitor line includes |
exactly the TC, voltage rating, size and temperature |
range your application requires.
Make Murata your odds-on choice in capacitors,
for automatic insertion. Write for our complete cat-
alog to: Murata Corporation of America, 1148 // CORPORATION
Franklin Road, S.E., Marietta, Georgia 30067 // OF AMERICA
Phone 404-952-9777. /
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WELCOME
0
SN ATY

the one location that

has it all in frequency
synthesizers.

Syn City.

Comstron/Adret offers the largest selection e Model 6300—Generator synthesizer, 300 Hz - 110 MHz

of high quality, value oriented synthesizers ® Model 6315—Generator synthesizer, 400 kHz - 600 MHz

and signal generators in the world . . . . :‘:‘IM ;;;:l;g%emtor Svft'th%ilfhr. 400 'I‘:'l - 1.28 GHz
RN o Series 0—Generator synthesizer/Frequenc

enough to be a city in itself. bl B o %Sl

Fully programmable from 0.01 Hz to 1.28 ® Model 1013—Frequency synthesizer, 0.1 Hz - 13 MHz in 5 ranges

GHz for bench, lab and systems . . . I1€€€ ® Model 1010—Spin-wheel tuned frequency synthesizer, 1.0 Hz -

488 Bus Option. 10 MHz in 2 ranges
You'll find standard models with the exact e Model 3100—Generator synthesizer with wired option, 0.01 Hz -

5 200 kHz
functions you want o mo?cls that ; ® Model 2400—Level generator/Frequency synthesizer, 300 Hz -
outperform competitive units at substantial 14 MHz
savings. ® Model 2430—Level generator/Frequency synthesizer, 300 Hz -
So, the next time you need a syn, any syn 18.6 MHz for Telecommunications applications
noks Gane destinttion Sun Cit v, QN YN o Modet 5104—Compact O€M synthesizer for Phase-Llocked

M v "’ Sources, 90 to 120 MHz

ComStro."/ Adret, The Metropolis of ® Model 2230—Generator synthesizer, 10 Hz - 1 MHz for
Synthesizers. Telecommunications applications

Call, write or circle the reader service number for our full-line Synthesizer Catalog.

The name to remember in synthesizers.

comstron/odret

200 €ast Sunrise Highway, Freeport, New York 11520 * (516) 546-9700 TWX 510-225-3699
CIRCLE NUMBER 10







Introducing a microprocessor
that thinks it's a minicomputer.

Introducing 9440 uFLAME™ — the
world's first 16-bit bipolar micro-
processor that executes a
minicomputer instruction set with
minicomputer performance.

The 9440 uFLAME
MICroprocessor -
is a complete
minicomputer
CPU on one chip,

packaged in a 40-pin DIP.
Maijor applications
for the new device =

include OEM data i : “ '

processing in a

variety of computing

control and instrumentation
environments; telecommunications
PBX and PABX switching installa-
tions; and distributed intelligence,
distributed multi-processing and

Hot new technology.
The new microprocessor is
based on an advanced form of 12
technology
known as 2™
~< (Fairchild's
v Isoplanar Inte-
grated Injection
¢ Logic). It provides
the combined
advantages of
bipolar high speed and
MQOS packing density and
power dissipation. In addition
to the IL circuitry on the 9440 chip,
there is conventional TTL circuitry
which allows TTL interface
with other logic, PROMs and RAMs.

Build your own.
Fairchild is offering an introduc-

The software will include a floppy
disc operating system, disc
operating system and a FORTRAN
compiler. New LSl circuits will
include a 16K TTL dynamic RAM;
a memory confrol with control,
refresh and DMA capabilities;

an |/O control, and a hardware
multiply and divide capability.

We put the whole 9440 story
in a brochure for you. Just write us
and we'll send you a copy.

For kits and data sheets, contact
your Fairchild representative or
sales office. Or order direct from
Fairchild Camera and Instrument
Corporation, MICROFLAME

Mail Stop 22-240, 464 Ellis Street,
Mountain View, California 94042.
Tel: (415) 962-4626.

TWX: 910-379-6435.

NOVA is a frodemark of Data General Corporation

o /8

™

v

front-end (terminal) processing.

Where there’s flame theres fire.

Fairchild is also introducing its
FIRE™ (Fairchild Infegrated Real
Time Executive) software. FIRE | is
an initial software package for
the 9440 that includes the required
development aids: diagnostics,

a bootstrap and binary loader, and
an interactive entry and debugging
program.

In addition, the uFLAME
microprocessor can execute the
Data General NOVA 1200
instruction set. FIRE software such
as fext editor, symbolic debugger
and business BASIC are also
available now.
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PROGRAM

SCRATCH

COUNTER REGISTER

BUS REGISTER

on PR

MICREPROTESSOR
tory low-cost kit to familiarize
you with the outstanding

advantages of the 9440 S

INSTRUCTION

pFLAME microprocessor.

It consists of the 9440, sixteen ————

4,096-bit TTL dynamic memo-

FOUR
16817
ACCUMULATORS

REGISTER

CONTROL
DATA PATH
CONTROL

. CONSOLE
ries, the SSI/MSI components -- crormocann [y Heworrconecx
PLA

required for memory control,
plus FIRE | software manuals
and instructions. You get the

> 1/0 CONTROL

STATE
SEQUENCE

NEXT SEQUENCE
STATE

entire kit for only $750. It will
enable you to construct an exercise

9440 Block Diagram

at the board level in your own format. FAIRCHILD

Only the beginning.

More sophisticated FIRE
software, board level hardware and
LSI support circuits will become
available throughout the year.

Call usonit.
(415) 962-4626

CIRCLE NUMBER 11
25




If you know signal generators, you panel that was actually designed for  that it's still a lot cheaper to buy two

know they're typically high-dollar the user. loaded Wavetek 3001s than one
items. You can pay $6,000 or more Now let's talk options. One lets Brand X
for a phase-locked unit, and a you lock the 3001 to either an external At any rate, ask for a Model 3001
programmable with all the goodies frequency standard via rear panel demonstration. If the economy alone
can go for $10K and up. But our BNC input or an internal reference isn't enough to get you, the perform-
Model 3001 is the exception. frequency standard with 5 x 10 ance will. WAVETEK INDIANA,
First of all, the 3001's base price is per day stability. And there are others PO. Box 190, Beech Grove, Indiana
just $2,980. That buys you full like reverse power protection and 46107, Telephone (317) 783-3221,
frequency programmability, 0.001%  auxiliary RF output. But even if you TWX 810-341-3226.

accuracy, 1 to 520 MHz frequency took all these options, you

range, stability of 0.2 ppm per hour, couldn't spend more than WAVETE KB/
builtin AM-FM capability, and a front $3,880. Simple arithmetic says g

Get two Waveteks
for the price of
one Brand

CIRCLE NUMBER 21




Portable Weather Station Geophysical Monitor
Rain or shine, arctic or desert, Event-triggered recording to save tape,
-20°C to +70°C

batteries and for fast computer data-spotting

Traffic or Noise
Level Logger

Accepts analog or digital

(event counter) inputs

Oceanographer’s
Probe

No outside power needed,

runs on internal batterie

Log your
Analog Data
on Digital Tape

Cassettes. ..

-----

Pollution and

Biomedical Data Environmentai
Recorder Logger
Optional 5 mV Crystal CMOS clock

can command different
scan periods

differential amplifier
for low level detectors.

DATEL'S DL-2 DATA LOGGER

An Important New Tool- Choose Datel's Or external +12VDC or AC power may be used.
DL-2 Cassette Data Logger for unattended standby
recording of multi-channel, slowly-varying analog
samples. The DL-2 samples up to 64 high level or low
level analog channels, digitizes them to 12-bit binary
coding and records them on a cassette at 5 samples

The DL-2 features a high-quality instrumentation
amplifier (down to +5mV full scale input) and weather-
proof housing and connectors suitable for —10°C to
+60°C environments. (—40°C optional)

per second. Also recorded are a one year calendar A companion DL-2R Cassette Reader offers a
clock with one second resolution produced by an convenient playback front end to a minicomputer,
internal CMOS crystal oscillator. And external digital microprocessor, TTY, CRT terminal or modem
samples (up to 36 bits) may be recorded at any time. telephone coupler.

Analog scans are started automatically from a preset

front panel scan timer with intervals from one second '-‘ ml

up to 30 hours. b,
The all-CMOS electronics of the DL-2 and stepper- SYSTEMS' INC
motor transport consume only one watt while recording 1020 Turnpike Street, Canton, MA 02021

and microwatts while powered-down between scans. A FERCI ) B GO PO e 0 i o

set of batteries in the front cover will power the DL-2
for a year or longer, recording up to 120,000 samples.
Santa Ana. (714) 835-2751. (L. A ) (213) 933-7256 « Sunnyvale. CA (408) 733-2424 « Gaithersburg. MD (301) 840-9490 « Houston, (713) 932-1130 « Irving. TX (214) 256-4444
OVERSEAS: DATEL (UK) LTD —TEL: ANDOVER (0264) 51055 » DATEL SYSTEMS SARL 620-06-74 « DATELEK SYSTEMS GmbH (089) 77-60-95
CIRCLE NUMBER 13




Power/Mate can deliver open frame
supplies faster than anyone else in the
business.

And that’s a fact! i ) )

_ Our Econo/Mate |l series is available in
single, dual and triple output models with all
the built-in reliability you've come to expect
from Power/Mate. :

But for all its quality features, a Power/
Mate open frame supply is still, most of all,
economical. . ¥

We wouldn’t call it Econo/Mate if it
wasn’t.

Our Econo/Mates are stocked in-depth,
along with our switching-regulated,
miniature, modular, sub-modular and lab

supplies. 3
All ready for immediate delivery from
our East or West Coast plants.

And Power/Mate stands behind each
and every power supply we make.

We've been doing it for fifteen years.

So if you're looking for a power supply
today, from a compan%who will still be here
tomorrow, look no further.

Call Power/Mate.

PIIMIIC!

POWER/MATE CORP

514 S. River St./Hackensack, New Jer_seg
17942 Skypark Circle/Irvine, California

07601/(201) 343-6294/ TWX (710%990—5023
2714/(714) 957-1606/ TWX (910)

95-1766

The world’s largest supplier of quality power supplies.

CIRCLE NUMBER 14



‘ operation in Iabora-
mations whe re slowly vary-

put connectlons are made through conven-

. ient screw terminals on the rear panel. Operation

~ requires no special training or knowledge and will
usually be mastered within a matter of minutes

Send today for the free 12-page brochure de-
tailing PDL-10’s capabilities.

m— R
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I BET, CANTON MASS. 02021 / TEL. (617) 828-8000 / TWX: 710348-0135 / TELEX: 924461
Santa Ana, (714)835-2751, (L.A.) (; r

vale, CA (408) 733-2424 ¢ Gaithersburg, MD (301)840-9490 Houston, (713)932-1130eIrving, TX (214) 256-4444
OVERSEAS: DATEL (UK) LTD—TEI D264) 51055 ® DATEL SYSTEMS SARL 620-06-74 « DATELEK SYSTEMS GmbH (089) 77-60-95




Our better half from TIL
It’s the edgeboard con-
nector half of a PC board/
edgeboard connector sys-
tem. And definitely to-
day’s best value.

Its glass-filled thermo-
plastic polyester contact
housing meets U.L. Flam-
mability Classification
94V-0 to make our better
half better.

Its functional and dimen-
sional interchangeability
with common one-piece
edgeboard connectors
gives you price and de-
livery advantages and
makes our better half
better.

Its construction, de-
signed to meet or exceed
demanding military per-
formance specifications
(MIL-C-21097), makes
our better half better.

Its minimum 50 micro-
inches wrought gold inlay
(75" for solder tail ter-
minations) provides
greater reliability at con-
tact mating surfaces to
make our better half
better.

30

Meet our

The new T1.156" x .

Texas Instruments Incorporated

Mail Station 2-16, Attleboro, MA 02703

I'd like to meet T.1.’s better half.

Please send information on your Better Half’s Family
of new H4 Series Edgeboard Connectors.

(] For an immediate application.
(] Please contact me directly. (] For reference.

Name

Title

Company

Area Code Phone Ext.
Address Mail Station

City State Zip

TEXAS INSTRUMENTS

INCORPORATED
CIRCLE NUMBER 16

better half's family:

Its off-the-shelf availabil-
ity through our extensive
nationwide distribution
network makes our bet-
ter half better.

Its bifurcated contacts
provide greater connec-
tion reliability to make
our better half better.

Its between-position
polarizing key system
allows more efficient use
of the connector to make
our better half better.

Its practical design cou-
pled with our low, low
prices (as exemplified
by our low cost IC’s)
make our better half
better.

Its alternative termina-
tion styles (.100" & .125"
style in solder tail and
wire wrap; .156"style

in solder tail and pierced
solder), and mounting ear
configurations give more
application flexibility to
make our better half
better.
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The 8080

A/D & D/A
Advantage

super-software supplied e fast, on-card DMA logic @ 80 (to 256) channel expansion from just 2 cards

Datel's SineTrac 800 has it. SineTrac 800 slide-in

D and D/A cards provide a complete analog
“front-end” inside your Intel MDS-800 or SBC-80/
10/ 20 microcomputers.,
SineTrac 800 is ideal for industrial data logging,
process loops, and high speed data acquisition
systems.

The A/D card contains 32 single-ended or 16 dif-
ferential channels with 12-bit resolution. An A/D
Expander card offers 48 additional channels, Thus,
two cards qive 80 single-ended or 64 differential
channels! Card addressing allows expansion to 256
channels. Throughput 15 20 microseconds with
rates up to 36,000 samples/second in DMA mode
SinetTrac D/A cards contain either 8 channels ot

4 channels

More SineTrac system advantages include on
card start and final address register/counters to
save time and CPU housekeeping, and an adjust
able IC scan clock with interrupt-flagged scan
markers for event-triggered or internal scan starts.

The paper tape diagnostic test programs,
supplied, allow channel calibration and a multi
scan accuracy test with decimal printout. The pro
qrams diagnose error conditions, give a descriptive
TTY printout between selected channels, and con
tinuously loop for scope or logic analyzer trouble
shooting,

A/D or D/A cards are
today for complete details.

$650* (singles). Write

US A domestic prices only
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DATA PRECISION
MULTIMETERS...

WHEN YOU WANT
THEBEST ON
THE BENCH.




Data Precision’s leadership in digital instru-
mentation is based on high-value product
planning, years-ahead engineering, and pains-
taking quality control. As a result, nearly
100,000 Data Precision instruments are now
providing dependable service, at sustained
accuracy, all over the world.

In addition to the following bench instru-
ments, Data Precision manufactures a com-
plete line of portable and system multimeters
and portable and bench counters.

MODEL 1350
Full Function 0.1% Accuracy 32 Digit
DMM With Extra Fault Protection $169.00
This new DMM features both Hi/Lo excitation

on its resistance measurement mode, 5 ranges
each of DC and AC voltage and current mea-

surement, and excellent protection from damage,
both physical and electrical. The 1350 comes com-

plete with test leads and complete documentation.

. MODEL 1750
hExtra Function 3%2 Digit Bench/Portable

: DMM Includes Current to 10 Amperes,

n, Hi/Lo Ohms, True RMS and Field

odel 1750 offers 36 ranges and 6

-In addition to all standard measure-
neasures —60 to +20 dBm, current to

: eads all AC directly in True RMS.
Ohadl réchargeable battery pack and

3 utput are field installable.

FOR DEMONSTRATION CIRCLE NUMBER 18

MODEL 3400

Lab/Systems 42 Digit Autoranging
Multimeter $795.00

The Model 3400 is the world’s most accurate
systems/lab full function 4%z digit multimeter. It
is a fully programmable systems multimeter as
well as a highly versatile stand alone autoranging
instrument with 2 and 4 wire resistance, remote
triggering and AC/DC, DC/DC voltage ratio
measurement in addition to DC and AC voltage
ranges. Also available with IEEE STD 488 inter-
face (Model 3410).

MODEL 3400R
With True RMS $895.00
The same specifications and features as Model

3400 but with True RMS AC volts. Model 3400R
is also available with IEEE STD 488 interface.

MODEL 3500 Autoranging

Lab/Systems 5%z Digit DMM With

1. Volt/1 Milliohm Sensitivity DC and
AC $995.00

The Model 3500 offers autoranging, remote rang-
ing and trigger, 2 and 4 wire resistance measure-
ment, DC and AC voltages plus DC/DC and

AC/DC ratio measurement, BCD output with a
a basic DC accuracy of *.007%.

For complete information or a demonstration,
contact your local Data Precision representative
or Data Precision Corporation, Audubon Road,
Wakefield, MA 01880, USA, (617) 246-1600.
TELEX (0650) 949341.

Prices U.S.A.

IDATA PRECISION
...years ahead

Visit us during ELECTRO '78 in Boston at Booths #2224-26-28.

FOR INFORMATION ONLY CIRCLE NUMBER 19




The right kint

the most demanding environ 2

decade, Hybrid Systems has been buuldmg Dro
that stand up to every challgnge Dath convert {
We're proud of our

film resistors. Hybrid IC’s. '
worIWader in thifn
film technology, an ght hard to protect it. Our
expertise in hybrid integrated circuit converters, for
example, is backed by the design and manufacture of
hundreds of different modules incorporating
proprietary thin film nichrome
] ] ] ] Iadde_r networks for superior
] ] ] ] tracking and matching.
13373

Our manufacturing techniques are
MIL-certified. Hybrid Systems’
products all meet MIL-M-38510C
Class B standards by 100%
screening per method 5004.3 of
MIL-STD-883A. Class A processing
can be provided. And you can call
on our decade of front-line experi-

e

T T

our commercial and industrial products the same way
as the military ones. Send for our latest catalog. It
presents 12 new series of hybrid IC data converters —
a dozen more ways in which you can benefit from
our experience.

¥

ngg'the chips are down...

L] - s
: gco»:pomnow

Crosby Drive, Bedford, MA 01730

Phone (617) 275-1570

(TWX 710-326-7584 HYBRIDSYS BFRD)

In Europe: Hybrid Systems GmbH. 61 Darmstadt. Luisenplatz 4, Germany
Tel 6151-291595 (TELEX 419390 HYSY D)

In The United Kingdom: Hybrid (Component) Systems U.K. Ltd

12A Park Street, Camberley. Surrey
Tel. (0276) 28128 (TELEX 858720 HYBRID G)

A/D & D/A Converters * Thin Film Resistors « Hybrid Integrated Circuits
CIRCLE NUMBER 20



News scope
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Binary-coded magnetron
shifts frequency in ns

A binary-coded, electronically-tuned
pulse magnetron now in the feasibility
stage shifts its frequency extremely
fast—in nanoseconds—according to a
digital control signal. Not only does it
provide direct digital control of fre-
quency, but the magnetron will be
simpler and cost less than the
oscillator-amplifier chains now used
for rapid frequency shifts at high
power.

So fast is the tuning that “during the
pulse, [the magnetron] can sweep
through a whole bunch of digitally
processed frequencies,” according to
Dr. Chester G. Lob, technical director
of Varian Associates (Beverly, MA)
where the magnetron is being de-
veloped. Such frequency agility is wel-
come in sophisticated radars. With it,
they are able to cope with ECM better.
Pulse-compression radars in particular
will put this swift tuning to good use.
In such a radar, a high-peak-power
pulse is “simulated” by transmitting a
long, moderate-peak-power pulse that
changes frequency in a well-defined
pattern. A filter in the receiver,
matched to this pattern, converts the
received pulse into one that is much
narrower, and also has much higher
peak amplitude. Range resolution is as
good as the narrow pulse would give.

Up to now, electronic tuning hasn’t
been very successful in high-powered
pulse magnetrons. Indeed, mechanical-
ly-tuned magnetrons, around for de-
cades, are still being developed. How-
ever, Varian is developing two elec-
tronic schemes, and the binary-coding
idea is an extension of them. In the
Varian magnetron, each bit of the
binary-coded frequency-command sig-
nal has its own auxiliary cavity. These
cavities are coupled to the main anode’s
resonator structure; each cavity shifts
the magnetron’s frequency by a dif-
ferent, binary-weighted amount. In-
side each cavity, an rf switch, operated
by the digital signal, opens or shorts
an appropriate point in the cavity to
change the susceptance that is reflect-
ed back to the main resonator. Thus,
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the magnetron’s frequency is shifted.

Switching is done by p-i-n diodes or
by multipactor (from ‘“multiple
impacting”) discharge. The latter is a
secondary-emission effect that occurs
in an rf field above a certain power
level; electrons accelerated by the rf
field hit a secondary-emitting surface
and knock loose more electrons. The
process continues until a space charge
develops, and the rf field is absorbed
and converted to heat.

A commercially-available digitally-
tuned magnetron is still several years
away, according to Dr. Lob.

Powerful lasers may make
good power transmitters

Transmitting power through space
by high-energy laser beams may be-
come a reality. Experiments using a
“thermo-electronic laser-energy con-
verter” have, for the first time, demon-
strated the feasibility of converting a
laser output directly into de power.

The Telec, developed at the NASA
Lewis Research Center in Cleveland, is
basically a vacuum tube with a fila-
ment, or thermionic emitter, and an
electron-collecting electrode. Most im-
portant, a low-pressure gas in the tube
provides a plasma-arc discharge. Add-
ing laser energy to the plasma produces
the converter output.

The Telec feasibility model is a small
device using a low-power laser, accord-
ing to Don Alger, Telec project man-
ager at NASA Lewis. The Telec cell
produces an open-circuit voltage of 2.5
V and a short-circuit current of about
0.7 A. Work is now proceeding on a
larger Telec converter, to be tested in
June, that will accept the input of a 10-
kW laser beam. An output greater than
2 kW is expected from this converter
says Alger, although the theoretical
efficiency of the system is 50%.

The present Telec system is a version
of a device proposed several years ago.
In the early version a plasma is created
within the tube by a surrounding rf
field. This field increases the energy of
the electrons from the thermionic
emitter, which are captured by a collec-
tor electrode surrounding the plasma
to produce the dc output.

In the new system, an arc between
electrodes initiates the plasma dis-
charge, and the laser beam is focused
onto the tube to maintain the dis-
charge. At thesame time it adds energy
that appears as the de output.

Theoretical studies by Ned Rasar of
Rasar Associates, Sunnyvale, CA, who
first proposed the present Telec system
to NASA in 1973, suggest that the
system can be scaled up to produce as
much as 10 MW.

Molded printed-circuit
holds chips flexibly

Mounting contact pads and wiring on
a resilient rubber backing forms a
flexible assembly that can hold
leadless hybrids and chip carriers as
well as more common circuit compo-
nents.

The stiffness of the silicone rubber
substrate can be varied from place to
place in the assembly. The most
sponge-like areas can cushion the non-
conducting parts of components
mounted on the substrate, or act as
hinges, or provide pressure where ex-
ternal connections interface with the
assembly. More rigid sites can act as
IC-chip bonding, discrete component
soldering or mechanical-attachment
points.

Elastomer and conductive paths can
be molded with raised areas for high-
pressure electrical contacts that seal

CHIP CARRIER

METAL
PATHS

FOR LCD
CONTACTS

POSITIONING
FIXTURE —___

A molded elastomer holds an IC that
is packaged in a chip carrier. A liquid-
crystal display can be mounted on top
to connect with metal conducting
paths.
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against atmospheric contaminants.
Components and mounting hardware
can be accommodated in depressed
areas.

Metal paths, generally nickel, can
pass from flexible to rigid areas and
between raised and depressed areas
without breaks. The metal can be
plated with another metal, such as
gold, and assemblies have been made
with nickel and gold plating over cop-
per. Moreover, parts of the metal paths
can be coated to insulate and protect
from mechanical abrasion.

The rubber-backed unit can include
a rigid backing not only to give it more
mechanical strength but also to sim-
plify mounting in a final assembly.

The most common application will
probably be chip-carrier sockets, says
Len Buchoff, technical director at
Hulltronics Ine. (Hatboro, PA), where
the technique is being developed. An
integrated circuit housed in a leadless
chip-carrier package can be plugged
into a metal-on-elastomer socket that
is either an integral part of a larger
metal-on-elastomer assembly or
mounted on a conventional PC board.

Another possibility, says Buchoff, is
to reflow-solder an unpackaged chip
into a well in a metal-on-elastomer
assembly, then seal the chip with an
epoxy or silicone fill. This technique
may prove valuable where thinness is
desirable, as in digital watches.

Three-point probe tracks
faulty ICs on PC boards

The latest instrument for tracking
faults on PC boards down to the errant
component uses an injected ac signal
and a three-point probe to determine
which lead connected to a signal bus
is keeping the bus stuck high or low.

Called the Electronic Knife, the
probe has a red light that turns on
when all three leads at the probe tip
are connected to one IC lead. A low-
level ac signal, injected through the
outside contacts, superimposes an ac
current on the dc current flowing
through the lead. An ac signal is used
to eliminate the effects of thermals and
other offset voltages.

Developed by Teradyne Inc. (Bos-
ton, MA), the Electronic Knife is used
with the firm’s L135 LSI board-test
system. The L135 determines the im-
pedance in each direction along the IC
lead, and flags the device with the
lowest impedance to the node. General-
ly, it’s this device that controls the bus
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and keeps it stuck at the wrong state.

Fault tracking with the Electronic
Knife follows a standard guided-probe
procedure for tracking down faulty
nodes. Once a PC board has failed a
test, the test system directs an opera-
tor to probe various points on the board
until the node causing all subsequent
nodes to fail has been located. Un-
fortunately, more information is usu-
ally needed to proceed with a repair.

To repair a failed board, the faulty
component has to be located. With the
Electronic Knife, the L135 system
directs the operator to probe the pins
of each device connected to the faulty
node until the faulty component is
isolated.

Other approaches to the same prob-
lem include the GenRad Inc. Bug
Hound Model 2220 (see ED No. 19, Sept.
13, 1977, p. 21). The Bug Hound senses
the magnitude and phase of magnetic
fields around printed wires to de-
termine where a fault current is flow-
ing. Available as part of a GenRad test
system or as a separate benchtop in-
strument, the Bug Hound goes for
under $300.

A magnitude-sensing current tracer
that performs the same function is
available from Hewlett-Packard’s San-
ta Clara Division. The Model 547A
current tracer is available only as a
hand-held, independent instrument,
while the Teradyne probe can only be
purchased as part of the L135.

uC phone will dial,
compute, tell time

Soon your telephone may remember
your favorite phone numbers and dial
them for you, tell you the time of day
and the length of your call—and double
as a scientific calculator whether
you’re on the phone or off. The key is
a standard microcomputer.

Prototype electronic phones with the
advanced features have been built by
General Instrument Microelectronics
(Hicksville, NY) to demonstrate the
capabilities of the company’s standard
PIC1650 microcomputer, prepro-
grammed for use inside the telephone
instrument. For the telephone applica-
tion, modular firmware was included
in the on-chip ROM in the basic NMOS
8-bit wuC.

The masked 512 X 12-bit ROM
firmware lets an OEM designer imple-
ment any or all of the following func-
tions: storage of up to thirty-two 12-
digit phone numbers, an up-to-12 digit

display, either a scientific or a four-
function calculator, and a time-of-day
clock with or without the elapsed-time
feature. Various numbers of additional
standard chips are needed for these
implementations.

General Instrument’s specialized uC
chip, now in development and sched-
uled for spring sample production, uses
its microprocessor to time the gener-
ation of dial pulses. Future versions
will permit the 1650 to be interfaced
to a tone-dialer chip.

While the first version will also use
volatile RAM memory to store phone
numbers, later versions will offer non-
volatile EAROM (electrically alterable
read-only memory) so that stored num-
bers will be retained should telephone-
system power fail.

Automatic Nav receiver
frees pilot’s fingers

Using a computer-controlled aircraft
navigation receiver, a pilot doesn’t
have to seek reliable VHF-omnirange
(VOR) station signals by hand any-
more. Not only does the receiver do the
selecting automatically, it even dis-
plays a selected number of station
bearings repeatedly as the plane flies
along. These data are fed into the
computer to give the pilot a continuous
“fix” on his position.

The new VHF scanning receiv-
er/computer system, developed by
Ohio University in Athens for NASA,
uses an rf front end with digital control
of its frequency synthesizer to scan a
200-channel range between 108 and 118
MHz. The rf front end’s tuning control
is TTL-compatible, and in the original
NASA version uses a Hewlett-Packard
HP-9825 desktop calculator to simulate
a navigation computer. Flight tests for
NASA in the San Francisco Bay area
have demonstrated system feasibility.

But now a lower-cost general avia-
tion model is being developed by Dr.
Robert Lilley, assistant director of
avionics engineering at the university.
For this version, a MOS Technology
6502 microcomputer is being inte-
grated as the 8-bit computer control.
To avoid the time delay in the slewing
of the AGC-voltage level of one station
to that of another whose signal is much
stronger, the AGC function has been
removed from the receiver and put
under computer control. The computer
remembers the AGC level associated
with the different stations and cor-
relates the voltages with each useful
station frequency.
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News

Converters are finally blasting off,
and P compatibility is the fuel

After years of sluggish growth, data
converters are on the verge of becom-
ing a bright new star in the semi-
conductor galaxy—and perhaps even
eclipsing the widespread aura of micro-
processors. The signs are encouraging:

= Converters in monolithic IC form
are cutting into the territory domi-
nated by discrete-component (mod-
ular) and hybrid types. At the same
time, hybrids are moving into high
performance, the domain of discrete
designs.

a Data-acquisition and other con-
verter-intensive subsystems are bene-
fiting from two developments: More
functions are being squeezed under one
roof in both monolithic and hybrid
circuits, and interest is perking up in
dedicated analog-I/0 PC boards.

= Microprocessor compatibility has
become a must for data-conversion
products, whatever the packaging.

s Nonlinear and specialized con-
verters—voltage-to-frequency,
logarithmic, companding, codecs and
the like—are getting more action.

This rapid converter progress on sev-
eral fronts is bringing higher resolu-
tion, faster speeds, a dramatic tum-
bling in prices, radical size reductions,
and better linearity and tempcos with
fewer adjustments (not necessarily all
together). But with change comes new
controversies, and more questions than
answers.

What, exactly, is uP compatibility?
Which reference is best—external,
buried zener or band gap? Which form
of trimming yields the most stable
results, especially in the long run?
Should a converter be placed on one or
a few chips for best performance and
cost? How should functions be parti-
tioned among the various elements in
a converter-microprocessor system?

Finally, which IC technology—

Stanley Runyon
Senior Associate Editor
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Digitizing video signals is the target of many new high-speed converters, both
in monolithic and hybrid form. Motorola’'s MC10318—an 8-bit unit with a 10-
ns settling time—demonstrates the progress in ICs.

The first hybrid data-acquisition sys-
tem, the Datel HDAS-16MC, packs 16
channels of 12-bit conversion in a
miniature, 62-pin package. And it sells
for only $295.

bipolar, CMOS, I?L or a combination
—will produce the performance needed
to capture the lion’s share of the con-
verter market?

At the moment, there aren’t any
clearcut answers. At the same time,
pressure is mounting for second-sourc-

ing and standardizing—at least in in-
terfacing. And new uPs on the horizon
will clutter the situation even more.
One thing is clear, however. The future
for high-volume, low-cost converters
belongs to ICs.

Territorial bites

Monolithic data converters, in vari-
ous forms, have been nibbling away for
10 years at territory traditionally held
by packaged discrete modules and
hybrid circuits. ICs have already cap-
tured most low-performance 6 and 8-
bit applications, and now threaten to
do the same to 10-bit designs. With the
expected groundswell in converter-uP
systems, IC manufacturers are gearing
up to turn their nibble into what they
hope will be sizable bites.

Improved IC processing, advanced
LSI techniques and new circuit designs
are teaming up to produce much better
a/d and d/a converters. And now
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monolithics are moving into the 12-bit
range in resolution, into the sub-
microsecond range in speed and into
eye-opening price categories—under
$15 for 12-bit d/a’s and below $2 for
8-bit units. A/d-converter prices are
dropping, too, even as their per-
formance climbs.

Absolutely startling is the growing
complexity of individual chips. Voltage
references and output amplifiers—
rare items on many converter chips—
are moving on-board with increasing
frequency. Input registers, three-state
logic, handshaking control and other
interfacing circuits are appearing in
practically all new designs. And most
amazing, entire data-acquisition sys-
tems have been packed onto one chip.

In recent months, a flurry of new
monolithic devices has been un-
wrapped by more than a dozen vendors:

s Fast bus-oriented multiplying d/a
converters that are compatible with
TTL, MOS or CMOS, and have a guar-
anteed “negative” data-hold time (Ad-
vanced Micro Devices, see ED No. 7,
March 29, 1978, p. 114).

s A 10-bit successive-approximation
a/d converter that is built with a com-
bination of I2L and bipolar processing
and includes a buried zener, clock,
control logic and three-state outputs
for uP interfacing (Analog Devices).
Another Analog product, a 12-bit mul-
tiplying CMOS d/a with true 12-bit
linearity, sells for only $12.00.

s 10-bit successive-approximation
and tracking a/d converters using dif-
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Hybrid converters are entering performance areas previously dominated by

Monolithic-converter circuits have progressed to where an
entire 10-bit, successive-approximation a/d can be made
in one piece of silicon (left). Not only that, but the digital
outputs are bus-compatible for uP interfacing. Another
converter (above), a bipolar 10-bit d/a sells for $10 and
contains a buried zener (Analog Devices).

discrete designs. Burr-Brown's ADC82 is laser-trimmed to reduce adjustments.

fused resistors that require no trim-
ming (Ferranti Ltd. of Great Britain).

s A 12-bit d/a that settles to within
+1/2 LSB in a maximum 400 ns
(Harris Semiconductor).

= An integrating two-chip a/d with
up to 16 bits of resolution and com-
patibility with both UARTs and uPs
(Intersil).

m An 8-bit, 10-ns d/a intended for
high-speed video applications (Motor-
ola).

m A single-chip data-acquisition sys-
tem with a 16-channel multiplexer and
an 8-bit, three-state-output a/d con-
verter (National Semiconductor).

m 10-bit d/a converters that include
both reference and output op amp, yet

settle in 1.5 us and consume only 350
mW over the full military temperature
range (Precision Monolithics, which in-
troduced the first complete monolithic
d/a converter eight years ago and the
first companding d/a last year).

s A processor-compatible d/a with
voltage reference, buffer amplifier and
an 8-bit input latch (Signetics).

s A two chip, 4-1/2-digit a/d for
digital-volt and digital-panel meter ap-
plications, built with combined PMOS
and bipolar processing (Siliconix).

= An 8-bit parallel a/d converter
that packs in 256 comparators and
converts at a sizzling 50-ns rate (TRW
LSI Products, See ED No. 7, March 29,
1978, p. 116).
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These are but a sprinkling. More-
over, the converter metamorphosis is
far from over, according to papers
presented at the International Solid
State Circuits Conference held recently
in San Francisco. One chip announced
at that meeting: a CMOS 12-bit, 8-
channel data-acquisition system with
triple-state buffers, read/write in-
terface and address-decoding logic—all
powered by a 5-V supply. Developed by
Tokyo Shibaura Electric Co., that chip,
among others, is like a bell tolling for
the days left to the converter as an
individual component.

But though subsystem and system-
like converter designs in both IC and
hybrid form are clearly the wave of the
future, the configuration isn’t quite so
clear. But before that issue is settled,
there is a broader question to be an-
swered: What constitutes true proces-
sor compatibility?

Converters bubble over

The microprocessor explosion, which
has caused the converter cauldron to
really start bubbling, has also re-
juvenated interest in analog interfac-
ing. Physical parameters like tem-
perature, pressure and velocity are
usually measured as analog signals,
which eventually must be converted to
the digital form needed by the wP.
Thus, a/d converters are figuring more
and more in data acquisition and
process-control systems, and, in fact,
are expected to surpass d/a converters
in sales soon.

Right now, there are few converter
vendors who don’t claim to be the first
with “true” uP compatibility. Most of
the action here is in 8-bit converters
intended to mate with uPs of the same
resolution. But the 10 and 12-bit IC
sectors are revving up. Analog Devices
is still the sales leader, but is being
challenged by AMD, Fairchild, Harris,
National, PMI, Texas Instruments and
others. Motorola, probably the 8-bit
leader, is seeing more competition too.

The requirements for compatibility
depend on who’s talking. Some feel that
a converter should be dedicated to one
uP. Others see “wide-range” converters
as the way to go. In general, memory
mapping and accumulator I/0 are the
two basic ways to hook up to a uP.

Under these two “umbrellas,” a
bunch of features is being offered as
“proof” of compatibility. Among them:
latched or byte-oriented, three-state
outputs and double-buffered or latched
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First of its kind: This single-chip data-
acquisition system includes an 8-bit
a/d with Tri-state outputs, a 16-chan-
nel multiplexer and logic control to
interface uPs (National).

inputs for isolation from a data bus;
and more recently, chip-select inputs
to position a converter within a memo-
ry map, and read/write and addressing
or encoding circuitry.

By consensus, memory mapping
seems to be the best converter-uP
match. The converter ideally looks like
any other memory location to the uP,
and the full flexibility and power of the
uP’s memory-reference instructions
are available. Special 1/0 instructions
to transfer data between converter-uP
registers aren’t necessary.

But how the data are transferred and
how the various logic and analog ele-

ments are partitioned within the sys-
tem aren’t too clear. Lyle Pittroff,
product marketing manager for hybrid
microcircuits at Beckman Instru-
ments, the company which introduced
the hybrid converter, poses the follow-
ing question: “Do you have the address
decoding in the d/a-converter package,
or do you use another standard chip to
decode and route logic in a memory-
mapped interface? The answer isn’t
clear.”

Memorable future

Roger van Aken, marketing man-
ager for Analog Devices in Limerick,
Ireland, takes a tantalizing peek at the
future: “Ideally, a converter should
look exactly like memory—100% like
memory, not 80 to 90%, as when the
converter says ‘wait, I'm not ready,
or ‘start me,” and so on. We think we
have the solution to get that 100%
level.”

Three-state is not the best way, van
Aken goes on, and will probably be
superseded. “Once the interface prob-
lem is solved, it can be extended to
other products—data-acquisition sys-
tems, for instance. Thus, at least as far
as new technology goes, the engineer-
ing challenge is in the system, not the
individual converter.”

The linearity problem has been
solved, according to van Aken. “Pre-
cision isn’t a problem anymore. So
specs will be de-emphasized, at least
initially, and acquisition power and
ease of use will take the center ring.”

Others have different viewpoints, of
course. Both Motorola and Ferranti see
the price erosion of a/d’s leading to
separate converters on each channel
and thereby increasing accuracy and
speed in multichannel uses. And at an
ISSCC panel discussion Robert Pease,
staff scientist at National Semi-
conductor, wondered how “LSI, a
merged concept, is going to work with
the real world of spread-out sensors?”’

Others at the conference offered an-
swers. “For systems less than 10 bits,
the converter will be integrated on the
same chip as the uP,” predicts Barrie
Gilbert, a scientist at Tektronix.
“Greater than 10 bits, the devices will
be separated.”

But Professor Hugo De Man of the
Catholic University of Belgium would
like to “put the a/d right on the chip
with the sensor.”

Analog Devices’ Paul Brokaw, direc-
tor of product planning, points to the
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What makes DDC's new S/D tracking converters unique
~ is acombination of performance characteristics not
‘ presently available from anyone else. For example, an
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Ultrahigh speed in a 12-bit monolithic d/a converter is offered by the Harris
Semiconductor HI-562. The unit settles to +1/2 LSB in a maximum 400 ns,
and it boasts a high accuracy—+1.5 LSB worst-case absolute error.

growing use of a/d converters for isola-
tion, and to the rising interest in volt-
age-to-frequency converters. “Watch
for v/f-to-digital converters,” Brokaw
warns. And others agree.

Remote conversion helps

Why? For one thing, remote con-
version is growing, according to Auto-
mated Industrial Measurements,
which offers transducer digitizers and
systems for thermocouples and

a3

bridges. For such conversion, v/f con-
verters offer several advantages over
the conventional, parallel-output a/d:
serial output, higher resolution, lower
cost. And newer IC and modular de-
signs are bringing improvements in
linearity, full-scale output frequency
and tempcos.

A sprinkling of new products demon-
strates how far v/f’s have come: V/f’s
from Dynamic Measurements have six
decades of dynamic range and 0.01%
linearity. A new chip from Raytheon
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Companding d/a converters, fromm Advanced Micro Devices, offer nonlinear
transfer functions and so achieve wide dynamic range. The Am6070, for
example, covers 72 dB, equivalent to that of a 12-bit conventional d/a.
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Semiconductor, introduced at the
ISSCC, keeps linearity to 0.025% at 100
kHz, with a buried zener reference.
And a coming device from a well-
known semi house guarantees a 50-
ppm tempco over the entire —55 to 125-
C range.

Others active in IC v/f’s include
Analog Devices, Burr-Brown, In-
tech/Function Modules, National
Semi, and Teledyne Semi. From these
come converters built with bipolar,
thin-film-on-bipolar, and combined bi-
polar and CMOS. But as yet, no v/f has
appeared that claims uP compatibility.

Many of the design decisions being
made today revolve around the parti-
tioning of the analog and digital por-
tions of wP-compatible converters.
“True compatibility,” says Donald
Comer, design engineering manager at
Precision Monolithics, is wiring direct-
ly to a bus, with no IC interface. But
all uPs are different. So some provision
for programming flexibility is needed
if one part is to fit all uPs.”

The problem with the converter as
a piece of memory is getting the analog
and digital to work together, Comer
notes. “Analog processes optimize dif-
ferent parameters than do digital.”

Interface leans on system

AMD’s Russell Aptel, manager of
LIC systems and applications, believes
that “in linear, the system definition
is becoming more important. This
translates to flexibility to interface
with several uPs or UARTSs. Thus, you
need more intelligence in the peripher-
al (converter), for example, to generate
binary or two’s complement codes un-
der software control or pin strapping.”

To Intersil’s Skip Osgood, marketing
manager for data-acquisition products,
it’s not the converter, but the applica-
tion that determines the interface,
“and by whether the data are trans-
mitted in serial or parallel format and
by the assistance option provided by
the selected P and converter.”

What it all boils down to, according
to Osgood, is that “the uP-UART in-
terface will play the most important
role in future converter designs.”

Besides the demand for a better
interface, which Harris Semiconductor
interprets as “three-state outputs and
digital control of word length, uni-
polar/bipolar operation and auto scal-
ing functions,” microprocessors bring
not only the benefits of self-calibration
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but also the pressure to drop the cost
of a/d conversion into line with the low
cost of digital processing.

Converting with software

But microprocessor compatibility
can mean something entirely different
—such as the opportunity to “drastical-
ly alter the traditional a/d-converter
concept in high-accuracy applications,”
according to FX Systems of Kingston,
NY, a specialist in conversion in-
strumentation.

What FX is getting at is the elimina-
tion of the conventional a/d as a piece
of hardware. “Manufacturers of com-
ponent a/d converters have gone to
great lengths to incorporate automatic-
zero correction in hardware and have
vastly improved gain accuracy, stabil-
ity and linearity with laser trimming
and the like,” says Ronald Straw, an
FX engineering manager.

“For most applications, like DPMs
and portable equipment, their efforts
have been successful in terms of cost
and performance.”

However, Straw cautions, these
hardware approaches are inherently
limited in speed and accuracy. On the
other hand, “the uP allows us to go back
to square one. Automatic uP opera-
tions go on in the background while the
device continues normally in the fore-
ground. The result is a system that
extracts 16-bit data at 12-bit speeds
with 18-bit accuracy or better.”

The resulting hardware portion of
the converter becomes extremely
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simple to manufacture, according to
Straw, since the strict requirements of
temperature and gain stability, ac-
curacy and linearity no longer exist.
The only requirements are that the
linearity maintain a “pattern,” and
that the other parameters not change
more rapidly than the background cor-
rection functions can follow.

Soon, most high-accuracy test equip-
ment will apply these techniques,
Straw believes. And vendors of compo-
nent a/d converters will be pressured
to use the techniques in devices in-
tended for uP interfaces.

Straw does concede that trans-
ferring converter functions to software
will cause immense standardization
problems. He also feels that whoever
solves the problem rationally will prob-
ably create a de facto standard.

Software conversion isn’t new, of
course. It’s been used in one form or
another for years. For instance, Nor-
man Wheelock, IC product marketing
manager for Siliconix, will be glad to
show how to get 5-1/2-digit a/d per-
formance without using a 5-1/2-digit
chip (which doesn’t exist at the mo-
ment): “Let the P do some conversion
during ‘loaf’ periods.”

In fact, with software and some
peripheral circuitry, a microprocessor
can perform successive-approximation
quite readily, points out Richard
Gerdes, president of Optical Electronics
in Tueson. The drawback is the memo-
ry space that must be used and the slow
speed. Higher speed requires a con-
verter to talk and work with the uP.

With hybrid-circuit construction moving in on the top-speed areas usually
occupied by modular designs, some module makers have begun to offer both
types. The HDS-1025 10-bit, 25-ns d/a from Computer Labs is an example.
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And Rochester Instrument Systems
(Rochester, NY), which sells an aux-
iliary instrumentation line called UNI-
MOD, offers a uP-based unit that does
conversions under PROM control.
Standardization is provided for by the
company’s “universal module” ap-
proach.

Therefore, “compatibility,” what-
ever it means, cuts across all packaging
styles, all IC-process methods and
almost all circuit arrangements—from
integrating to successive approxima-
tion to quantizing, or parallel, con-
verters. And not to be outdone, vendors
of hybrid-circuit converters are bring-
ing forth their own compatible designs,
among other innovations.

Temporary is a long time

For a technology that was supposed
to be “interim” 10 years ago, hybrid
circuits are awfully healthy. As a mat-
ter of fact, they're growing. The rea-
sons are clear. As ICs move up in
performance and complexity, hybrids
stay one step ahead by using these very
encroachers to escalate even more in
functions and performance. And the
ability to tweak component values lets
hybrids tackle very difficult problems.

Consequently, as one-chip ICs huff
and puff to get beyond 10 bits, hybrids
have already mastered at least 16 and
are moving on. As ICs push to boost
speed, hybrids are shoving—hard
enough to threaten the modular speed
leaders. And as ICs strain to squeeze
more on one chip or to stretch chip size,
hybrids are smoothly dropping several
ICs into one DIP-like package.

But it’s also clear that where an IC
can give equivalent performance, it
will win over a hybrid because it costs
less.

Still, hybrid progress has been re-
markable. Datel Systems’ 12-bit, 16-
channel data-acquisition system is one
of the most complex production
hybrids yet developed. In one 62-pin
package, it contains a multiplexer, an
instrumentation amplifier, a sample-
and-hold, a 12-bit a/d converter, a
reference circuit and address and con-
trol logic.

Yet the Datel is already being over-
shadowed. Burr-Brown has just un-
wrapped an 80-pin DAS with the same
number of bits and channels plus the
ability to interface with the 8080A,
8048, Z80 and SC/MP microprocessors
—with no additional components (see
p. 140).

Two spanking-new converters, from
Micro Networks (see p.139), are aimed
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at 8-bit uP-based systems, but claim
universal compatibility. The con-
verters, an a/d and a d/a, include chip-
select and read-write logic, and appear
to a processor as two successive memo-
ry locations.

Meanwhile, with the onslaught of
both ICs and hybrids, what of the
modular converter? Some industry ob-
servers give it little chance. But others,
like Joe Santen, manager of data-con-
version products for Burr-Brown, and
Bob Diamond, president of Dynamic
Measurements, disagree.

“Problems like the high-power dis-
sipation associated with very-fast-con-
verter designs and the need for long-
term stability will always gain accept-
ance for discrete products,” Santen
states. “However, to be successful,” he
adds, “a modular (or hybrid) converter
must fill a very precise need.”

Diamond concurs: “To keep the tech-
nological leadership,” he observes,
“modules will be designed for specific
systems. They will use monolithics as
building blocks and incorporate more
functions—sample-and-hold, arithme-
tic processing, and analog functions.

D.W. Loyer, product manager for
Intech/Function Modules, chimes in:
“Although it sounds like the tolling of
the bell for modulars, one must con-
sider the ever-changing demands of the
converter market. Resolution will go no
farther than about 18 bits, except for
logarithmic units, which will extend to
22 bits. But the main criterion will be
speed. Modular converters will con-
tinue to dominate the high-speed areas
—Ilike video.”

Phoenix Data, for one, has set out
to prove Loyer right with a 15-bit a/d
converter that converts in 5.5 us at
0.002% linearity and 0.004% accuracy;
a 16-bit a/d that draws only 500 mW;
and an ultrafast d/a that changes sev-
en bits at 60 MHz. An impending d/a
converter is expected to handle 12 bits
at 30 MHz—the best yet.

One class of modular converter, the
synchro-to-digital (s/d), has had to put
up with encroachment by hybrid
circuits, but now operates in too small
a market to interest IC makers in
developing a monolithic s/d. Even so,
s/d’s are making progress. Packages
are shrinking toward the 0.4-in., low-
profile height demanded for reduced
PC-card spacing. As a result, volume
and weight are being cut.

According to North Atlantic In-
dustries, a major s/d supplier, per-
formance has leveled off at about +4
arc minutes and will remain there for
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most applications. Although prices
have eroded steadily over the past few
years, North Atlantic sees an end at
least to price cuts traceable to com-
petitive pressures.

Other trends, in the view of Control
Sciences Incorporated, include in-

dustry acceptance of the tracking s/d
for single-channel operation; the in-
corporation of 60-Hz transformers
within the module (a 0.8-in. package);
and the use of a variety of logic—TTL,
CMOS, LSTTL.

Multiplying d/a converters are arriv-
ing more often these days. The Hybrid
Systems DAC391 handles 12 bits in
two quadrants.

Whereas CSI points to hybrids vs
modules as the major technical issue
in s/d’s, the major technical issue now,
claims North Atlantic, is how to reduce
cost. (An s/d can run into hundreds of
dollars.)

Another voice, another opinion

A third contender in s/d’s, Natel
Engineering, offers a third opinion—
the main issue is finding the best way
to incorporate or interface with the uP.
Hybrids, Natel says, are allowing more
functions in a single module. One ex-
ample is Natel's two-speed, 20-bit s/d
packed into a single module.

One way to fight is to switch. And
that’s just what Computer Labs, a
respected module maker, has done with
its 10-bit, 25-ns hybrid d/a converter
and some other related products. Oth-
ers—like Datel and Tektronix—have
come up with new modular construc-
tions, Datel with its ADC-TVS8B, a
“hybrid” module that converts to 8 bits
at a blazing 20-MHz rate; and
Tektronix with its 8-bit ADC 820,
which runs neck and neck with the
Datel.

The Datel converter places both
hybrid and monolithic devices on a
single PC board, while the Tek unit—

also a board—performs all the quantiz-
ing and coding with three LSI chips.
These converters may redefine what is
meant by “modular.”

Printed-circuit boards have become
the medium for an entirely new class
of products—analog 1/0 boards dedi-
cated to a specific microcomputer. Of-
fered by both converter and computer
houses, the boards perform a variety
of signal processing on both the input
and output sides of a xC, and on many
channels simultaneously. Together
with ICs, hybrids and modules, the
boards offer still another choice in uP-
compatible applications. (For a com-
plete discussion of analog I/0 boards,
see ED No. 19, Sept. 13, 1977, p. 26 and
ED No. 1, Jan. 4, 1978, p. 50.)

With IC converters of every shape
and size getting chosen by more and
more designers, attention must finally
be paid to several pertinent questions.
The main one is: Which IC process—
if any—is likely to dominate and so
find its way into most future products?
But that isn’t the only concern. Which
trimming method and which reference
are likely to give the best temperature
performance and long-term stability?
For that matter, does the increasing
density of ICs help performance and
stability or threaten them? A related
question: Are two chips better—and
more cost-effective—than one?

Right now, no one has all the an-
swers. The various semiconductor
houses have made their choices and are
standing by them. Some are betting on
CMOS as the winning converter tech-
nology. Others are staying with bipolar
or mixed bipolar with I?L or with FETSs.
A few who can afford to do so are
hedging their bets and working with
several processes. Still others think the
best way to optimize performance is to
separate the analog portion of the con-
verter—the biggest problem area—
from the digital portion.

Every process has its advantages
and disadvantages, of course, in terms
of noise margins, stability, power con-
sumption, supply levels, speed, area
required on chip and other parameters.
Because no one process can provide
everything, semiconductor designers
have brilliantly combined processes to
give the best of each in some areas—
but not all, and compromises are still
necessary.

However, the search continues to
find the best ways to produce good
switches, comparators and references
—three keys to converter performance.

In the ensuing debates, voices seem
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Display Technology
just took a
giant step
forward.

MOTOROLA INC.
Data Products

With the M4408 by Motorola. Like some of our others, it's
a 15" raster scan CRT display module, but that's where
the similarities end. The M4408 was specifically de-
veloped for systems that demand displays of up to
6,300 upper and lower case, clearly readable
characters.

With its unique horizontal or vertical mounting capa-
bility, the M4408 can display a full typewritten page
(96 characters x 66 lines) or a wide page printer for-
mat (132 characters x 48 lines...or 43 if you prefer).
And those are only two examples. The M4408 is the
optimum display for any high performance, high den-
sity character application.

The cost? Not much more than conventional15” 80 x 24
type displays — considerably less when you consider
cost per character. And the M4408 doesn’t require
high speed, expensive logic either.

When you compare features, we think you'll agree that
the Motorola M4408 is the price performance winner.

455 East North Ave., Carol Stream, IL 60187 (312) 690-1400 TWX: 910-252-4404
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How to interface with a P is a hot topic for discussion today. Micro Networks
offers its solution with a 12-bit a/d converter that supplies circuitry for memory
mapping: chip select, address decoding and read/write logic.

to become loudest on the subject of
trimming. At present, three methods
—laser-trim, zener zapping and blown-
link—are used to trim a converter for
desired resolution, linearity, tempco,
full-scale calibration, offset and other
parameters.

Which trimming works best?

Proponents lining up behind each
method are quick to point out virtues
or limitations, depending on which side
they’re on. But a few are candid enough
to admit that at least the long-term
reliability of all three methods is still
a wait-and-see situation. Generally,
converters below 8 bits don’t require
any trimming, so the arguments center
around the medium and high-per-
formance areas.

Laser trimming, the most wide-
spread trimming and the most ex-
pensive in terms of equipment, can
handle wide trim ranges, and many
parameters and provide high resolu-
tion. It’s the only continuous method.
However, detractors question the long-
term effects: Where does the ash go?
How is the glass-passivation material
affected? Does the laser set up thermal
stresses that result in later drift?

A related question is where to trim
to avoid stress—at the wafer-probe
stage or after assembly, when the cost
of trimming climbs steeply?

Harris Semiconductor states the
case for laser burn: All indications are
that fully-passivated, laser-trimmed
nichrome is more than adequate for 12
bits and holds promise for even higher
resolution.

Zener zapping, a step-by-step proc-
ess, sidesteps the laser “problem” by
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shorting out on-chip zeners where nec-
essary to correct individual bits.
Among its other advantages: the short
can be tried before actual metalization;
in addition, trimming is easy to do at
wafer sort, so the vendor can offer both
packaged, trimmed chips or chips that
can be trimmed by the user in his own
hybrid circuit. (However, Analog De-
vices, for one, performs laser trim at
the wafer stage.)

Disadvantages of zener zapping in-
clude the extra room taken up on the
chip—up to 50% of the area—and the
discrete nature of the process, which
limits the number of possible trims and
the achievable resolution. But propo-
nents say that that thin-film resistors
also take space, and that a tighter
original design makes up for the lim-
ited resolution capabilities.

The third approach, aluminum links
blown by a laser to trim bits, may have
the disadvantages of both rival meth-
ods, with few of the benefits. But
supporters say, “no problems when
done well.”

One way to get around the trimming
problem is to not trim at all. Ferranti
Ltd. has been able to do so by diffusing
matched resistors into a tracking 10-
bit a/d converter. And AMD is working
on a trimless 12-bit bipolar d/a with
no thin-film resistors.

Analog Devices’ Brokaw, however,
notes that full-scale adjust will still be
needed, depending on the absolute ac-
curacy of the system. And Tektronix’
Gilbert feels that trimming won’t de-
cline but will actually increase in use:
“Circuits must work right the first
time, in real time, and there won’t be
time for corrections.”

At any rate, industry debates don’t

stop at trimming vs not trimming. As
references begin to come on-board, and
as MOS reference devices continue to
improve, yet another question takes
the floor: Which reference technology
is best: standard zener, buried zener or
band gap? The responses are crucial—
a converter can be no better than its
reference voltage.

Intersil philosophically compares
good references to good wines: Nobody
is quite sure how to make them, but
generally the older the technology, the
better the results. So, says Intersil, it’s
hard to beat the old temperature-com-
pensated zener, with current flow ad-
justed to the optimum for each diode.
And according to Intersil’s Osgood,
many high-resolution (16-bit) con-
verters are ratiometric, so good, long-
term references aren’t needed.

Paul Brokaw summarizes the dif-
ferences between buried zeners and
band-gap references. “The buried is
quieter, offers less circuit complexity
in I2L. and conventional bipolar. The
band gap is more flexible and is aimed
at lower voltages (5-V supply). Which
one you use depends on the circuit.”

PMTI’s Comer observes that “the band
gap needs more room on the chip, and
with customers asking for more func-
tions, the buried zener takes less
room.” And “although the band gap has
a theoretical stability edge, it doesn’t
work in practice,” Comer adds. “Off-
board is still the method if you need
the best drift.”

Russ Aptel, recalling that 13 bits
give 100-ppm resolution, prompts
users to ask themselves, how good a
reference they really need. Dr. Samuel
Wilensky, vice president of engineer-
ing for Hybrid Systems, states flatly
that “very stable references capable of
maintaining 100 ppm over a full tem-
perature range are not commercially
obtainable at this time.”

Of course, there are ways to get
around that limitation—like the fairly
common practice of heating a chip to
control the temperature. But, as Aptel
points out, a heater needs power.

One way to get around some con-
verter performance restrictions is to
develop specialized units aimed at just
one job—like the so-called nonlinear
converters. Logarithmic converters,
codecs (coders/decoders) and compand-
ing d/a converters offer such advan-
tages as wide dynamic range without
an inordinate or even unobtainable
number of bits.

As a result, the equivalent of 20-bit
performance is available, if needed. Or
—on the less exotic side—the equiva-
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cinemann introduces

Now we’ve made it easier 800-257-9590*

than ever to solve your circuit
protection and control problems:
a call to 800-257-9590 puts you instantly

in touch with a Heinemann technical-service
engineer who can help you apply circuit pro-
tectors and solid-state relays in innovative,
cost-saving ways.

For example, you might ask our technical
engineer to help reduce costs with close-
tolerance overload protection. It will help cut
down component oversizing — a costly prop-
osition you can do without.

Or do you have a piece of equipment
that must be shut down if a limit is exceeded
(pressure too high, tank overfilled, etc.)? Our
technical engineer can explain how a circuit
breaker can be the most cost-effective limit
control to shut down the equipment — and
provide overcurrent protection to boot.

A Heinemann hydraulic-magnetic circuit
breaker or solid-state relay may very well be
the inexpensive solution to your control or
protection problem. All you have to do is keep
our number handy:

800-257-9590

It’s like having your own personal design

Help with:

Circuit protection

We have everything you need to protect your circuits ... from
breakers with 10,000A interrupting capacity to an inexpen-
sive alternative to the bothersome cylindrical fuse. And we'll
be glad to help you with information about time delays, rat-
ings, and even UL and NEC requirements.

Equipment protection

We've helped many engineers protect their equipment inex-
pensively from out-of-limit conditions like high temperature,
high pressure, low flow rate, etc. Just give us a call and learn
what we can do for you.

Control

Applying solid-state relays is tricky. We'll tell you how to
watch out for high dv/dt, transients, and inadvertent turn-
on. And we'll explain how our solid-state relays’ special fea-
tures help protect your equipment from failures.

“Special” products

Did you ever spend too much time trying to get a component
or rating that no one seemed to make? Just give us a call.
Many “specials” are standard at Heinemann. And with our Jet
Start fast delivery, you might have that “special” sooner than
you think.

expert at your fingertips!
@ H Eﬂ" E M AN N *Mon.-Fri. 8:30AM-4:30PM Eastern Time
Trenton, New Jersey 08650
© HEINEMANN We keep you out of trouble.
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variable
capacitors

....made by Johanson, of course!
Quality without compromise is

our target in the design and
manufacture of capacitors in sizes,
mounting configurations and
capacitance values to meet every
application. Perhaps that's why—
for nearly three decades—superior
variable capacitors have been
synonymous with the name
Johanson, where standards of
excellence always come first.

Electronic accuracy through
mechanical precision.

MANUFACTURING CORPORATION
Rockaway Valley Road

Boonton, N.J. 07005

(201) 334-2676, TWX 710-987-8367

CIRCLE NUMBER 25

lent of a 12-bit range at an 8-bit price.
Consequently, although telephone sys-
tems formed the initial market for
many of these devices, they aren’t the
only beneficiaries now—industrial
control, audio, and servo systems, to
name a few, are staking claims.

All in all, the furious pace of con-
verter development and the quantity
and variety of products already avail-
able must make one wonder what can
happen next. The answer: Plenty!
Within the next two or three years:

= Monolithic converters will ap-
proach the lofty 100-MHz range, as
work pushes into the next frontier of
quantizing, or parallel techniques.

= Converters will be built with on-
chip UARTS or other peripheral chips
and possibly even with user-accessible
memory for even more flexibility.

= Integrating 4-1/2-digit a/d’s will
appear on one chip, possibly with the
ability to drive LEDs or LCDs directly.

m An “economy” line of converters
will sell for $1 or less in large quan-
tities, just like op amps.

m “Smart converters,” designed for
automobiles and other consumer
goods, will make their debut.

What will emerge five years from
now is anybody’s guess. But with com-
plexity now doubling every few years,
it’s not hard to envision entire data-
acquisition systems integrated with
uPs, or transducers delivering signals
that require no data conversion. Or
how about a breakthrough in what now
appears to be an almost unsolvable
problem—how to standardize interface
specifications, terminology and con-
verter testing methods.mm

For further information on data
converters readers may consult the
manufacturers listed here by cir-
cling the appropriatenumberson the
reader service card. More vendors
and information may be found in
Electronic Design’s GOLD BOOK.

Advanced Micro Devices, 901 Thompson Pl., Sun-
nyvale, CA 94086. (408) 732-2400.
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Analog Devices Inc., P.O. Box 280, Norwood, MA
02062. (617) 329-4700. Circle No. 481

Analogic Corp., 1 Audubon Rd., Wakefield, MA
01880. (617) 246-0300. Circle No. 482

Automated Industrial Measurements, P.O. Box 125,
Wayland, MA 01778. (617) 653-8602.
Circle No. 483

Avco Corp., Electronics Div., 4807 Bradford Dr.,

Huntsville, AL 35805. (205) 837-6500.
Circle No. 484

Beckman Instruments Inc., 2500 Harbor Blvd., Full-
erton, CA 92634. (714) 871-4848.
Circle No. 485

Burr-Brown Research Corp., 6730 S. Tucson Bivd.,
Tucson, AZ 85734. (602) 294-1431.
Circle No. 486

Computer Laboratories Inc., 505 Edwardia Dr.,
Greensboro, NC 27409. (919) 292-6427.
Circle No. 487

Control Sciences Inc., 8399 Topanga Canyon Blvd.,
Suite 303, Canoga Park, CA 91304. (213)
887-7344. Circle No. 488

Data Technology Corp., 2700 S. Fairview Rd., Santa
Ana, CA 92704. (714) 546-7160.
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Datel Systems Inc., 1020 Turnpike St., Canton, MA

02021. (617) 828-8000. Circle No. 490

Dynamic Measurements, 6 Lowell Ave., Winchester,

MA 01890. (617) 729-7870. Circle No. 491

FX Systems Corp., 77 Cornell St., Kingston, NY
12401. (914) 338-0515. Circle No. 492

Fairchild Semiconductor, 464 Ellis St.,, Mountain
View, CA 94042. (415) 962-5011.
Circle No. 493

Ferranti Electric Inc., E. Bethpage Rd., Plainview, NY
11803. (516) 293-8383. Circle No. 494
Harris Semiconductor, P.O. Box 883, Melbourne, FL
32901. (305) 724-7407. Circle No. 495
Hybrid Systems Corp., Crosby Dr., Bedford Research

Park, Bedford, MA 01730. (617) 275-1570.
Circle No. 496

Need more information?

ILC Data Device Corp., 105 Wilbur PI., Bohemia, NY
11716. (516) 567-5600. Circle No. 497

Intech/Function Modules, 282 Brokaw Rd., Santa
Clara, CA 95050. (408) 244-0500.
Circle No. 498

Intersil Inc., 10710 N. Tantau Ave., Santa Clara, CA
95014. (408) 996-5000. Circle No. 499

Micro Networks Corp., 324 Clark St., Worcester, MA
01606. (617) 852-5400. Circle No. 500

Micro Power Systems, 3100 Alfred St., Santa Clara,
CA 95050. (408) 247-5350. Circle No. 501
Motorola Semiconductor Prod. Inc., P.O. Box 20912,

Phoenix, AZ 85036. (602) 244-6900.
Circle No. 502

Natel Engineering Co. Inc., 8954 Mason Ave., Canoga
Park, CA 91306. (213) 882-9620.
Circle No. 503

National Semiconductor Corp., 2900 Semiconduc-
tor Dr., Santa Clara, CA 95051. (408) 732-5000.
Circle No. 504
North Atlantic Industries, 200 Terminal Dr., Plain-
view, NY 11742. (516) 681-8600.
Circle No. 505
Optical Electronics Inc., Box 11140, Tucson, AZ
85734. (602) 624-8358. Circle No. 506
Phoenix Data Inc., 3384 W. Osborn Rd., Phoenix, AZ
85017. (602) 278-8528. Circle No. 507
Precision Monolithics, 1500 Space Park Dr., Santa
Clara, CA 95050. (408) 246-9222.
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RCA Solid State Div., Somerville, NJ 08876. (201)
685-6000. Circle No. 509

Raytheon Co., Semiconductor Div., 350 Ellis St.,
Mountain View, CA 94042. (415) 968-9211.
Circle No. 510

Rochester Instrument System Inc., 255 N. Union St.,
Rochester, NY 14605. (716) 325-5120.
Circle No. 511

Signetics, 811 E. Arques Ave., Sunnyvale, CA 94086.
(408) 739-7700. Circle No. 512

Siliconix Inc., 2201 Laurelwood Rd., Santa Clara, CA
95054. (408) 246-8000. Circle No. 513

TRW LS| Products, One Space Park, Redondo Beach,
CA 90278. (213) 535-1831. Circle No. 514
Teledyne Philbrick, Allied Dr., Rte. 128, Dedham, MA
02026. (617) 329-1600. Circle No. 515
Teledyne Semiconductor, 1300 Terra Bella Ave.,
Mountain View, CA 94043. (415) 968-9241.
Circle No. 516
Telesis Laboratory, 41 1/2 S. Paint St., Chillicothe,
OH 45601. (614) 773-1414. Circle No. 517
Texas Instruments Inc., P.O. Box 5012, Mail Station
84, Dallas, TX 75222. (214) 238-2011.
Circle No. 518
Tokyo Shibaura Electric Co., Ltd., Kawasaki, Japan.
Circle No. 519
Zeltex Inc., 940 Detroit Ave., Concord, CA 94518.
(415) 686-6660. Circle No. 520

ELecTRONIC DESIGN 8, April 12, 1978



What's TRW up to now?

TRW thin film resistors optimize parameters like
real estate, accuracy, speed, reliability, and
resistance range.

In discrete devices, sets, or networks.

For instance, our ultra-precision MAR series does
all of the above with absolute TC's and tolerances
to +5 ppm/°C, +£.01%. Our smallest discrete uses
<.016 in2 of PCB space. Complex sets and
networks include 16 Bit Binary Ladders, input

attenuators and others up to 28 pins.

In straightforward precision, we have a range of
standards in R2R Ladder, MIL-R-83401 flat pack,
and RNC resistors with a verified MTBF of 280 x 10¢
unit hours.

Contact TRW/IRC Resistors, 4222 South Staples,
Corpus Christi, Texas 78411. (512) 854-4872,
Dept. M. For standards in all types of resistors,
call your local TRW distributor.

TRW/ irc ResisTORS

ANOTHER PRODUCT OF A COMPANY CALLED TRW
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News

Hanging transistors, slim silicon
make very fast monolithic converter

Picture a couple of monolithic tran-
sistors and a pair of thin-film resistors
hanging in space within a block of
silicon. They are supported only by the
leads connecting the resistors, bases,
emitters and collectors to the individ-
ual pads on the block. That seemingly
precarious arrangement forms the
basis for a monolithic, thermal true-
rms converter that could very well
revolutionize wideband ac-signal
measurements.

Developed by John Fluke Manufac-
turing Co., from a concept originated
by Burr-Brown, the converter has ele-
ments carved out of a single block of
silicon with a proprietary controlled-
etching process that Fluke, under-
standably, is keeping under wraps. But
before the etching process, Fluke
grinds the 30-mil-thick wafer—con-
taining about 1000 transistor pairs—
to a razor-thin thickness of just 3 mils.
The etching-out yields thermally
isolated transistors, and the grinding
produces low thermal mass for super-
fast response. After separation, the
complete chips are bonded into TO-5
cans, then tested.

Two transistors can hang in space
thanks to a controlled etching pro-
cess. The IC is only 3 mils thick.

The Fluke converter doesn’t cost as
much as existing thermal designs, ac-
cording to Elvet Moore, Manager of
Fluke Labs in Seattle. But not only
that, its frequency response is roughly
10 times better—at least 1.5 GHz.

Each chip consists of a matched
bipolar pair—physically separated in
space—and matched 100-Q resistors,
also separated, with one resistor
evaporated next to the base junction of
one transistor die (see photo). With the
elements connected as in the figure, the
ac input signal is converted to its
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How the monolithic chip works in a closed-loop, ultrawideband rms-to-dc

-V

converter is shown in this simplified circuit.
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equivalent heating power in the left
100-2 resistor. The subsequent heating
of the associated base-emitter junction
produces a signal change at the transis-
tor collector.

Since the thermally isolated second
transistor sees no heat, a differential
signal appears at the input of the
external op amp. The output of the op
amp drives the second resistor, heating
it. The base-emitter of the second tran-
sistor now proceeds to drift, and pro-
duces a signal at the second input of
the differential op amp. When the heat
produced by the second resistor bal-
ances that of the first, the circuit
stabilizes. The de output of the op amp
is then proportional to the rms value
of the input signal.

Vibration and shock are no problem,
states Moore, because of the device’s
low mass. In fact, the device meets
military vibration specs. The converter
is further evaluated for seven or eight
days with an overvoltage that heats the
die to 300 C, followed by a two-week
burn-in at 125 C.

Only the lead inductance limits the
response, says Moore, since the input
impedance is basically resistive. The
crest factor is at least 20 and may be
double that, again thanks to the re-
sistive input.

The chip can comfortably handle at
least a 100:1 dynamic range, with sensi-
tivity and accuracy depending on the
input-signal level, the working range
and other factors.

Present full-scale output is 1 V dg;
a 0.1% input change produces a 3.4-mV
base-emitter variation. However, by
carefully matching circuit elements, or
by evacuating the TO-5 can, sensitivity
can be increased tenfold. Dynamic
range can also be boosted by preceding
the converter with an amplifier and
voltage divider. The bandwidth is then
limited by the amplifier-divider.

One Fluke product—a true-rms
DVM-—has already benefited from the
improved converter (see ED 7, March
29, 1977, p. 97), and more products are
coming.am
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New: The First Monolithic

No oneelse

can give you an 8-bit DAC

with all peripheral functions on-chip.
It's truly microprocessor-compatible

and costs $695!

Single-chip D/A converter cir-
cuits have been around a long T
time. But so have the design o
problems that go along with
them when interfacing with
microprocessors—selection
of op amps, voltage refer-
ence, latches and the vari-
ous other active compo-
nents you've had to add to
use them.

Now, for the first time,
you can simplify your sys-
tem design by using the i
Signetics 5018 Monolithic i
D/A Converter System. It
combines, on a single
chip, the converter circuit 114
and all the required periph-
eral functions—a voltage ref-
erence, input latches, and an output amplifier. It
costs, in quantities of 100 and up, only $6.95. That’s
one reason why it saves you money.

Reduce Parts Count and Assembly Costs.

The 5018 is a system simplifier and cost reducer. You
can forget about the costs associated with all those
extra parts. Material control is simpler. Incoming

test and inspection costs go down. Component handling
and assembly expenses can be reduced as much

as 75 percent.

VOLTAGE
REFERENCE

SIGNETICS D/A CONVERTERS
5018—Monolithic D/A Converter System
5007/5008—8-Bit, High Speed, Multiplying DAC (+0.19%)
5009—8-Bit, High Speed, Multiplying DAC (+0.1%)

MC 1408 —8-Bit, Multiplying D/A Converter

EETIRUro——

D/A Converter System.

Ideal Architecture for Computer-Based Systems.
The 5018 has built-in latches and extremely low
input loading (1/100 TTL load per line). These fea-
tures make it a good choice for multiple-peripheral,
bus-oriented microprocessor or computer-

based systems. The low input
loading lets you drive many
converters from a single bus.
The latches then permit the
bus to service several periph-
erals at its maximum
throughput rate.
Temperature stability is

an added plus. The reference
voltage can be adjusted for
correct full-scale value with
minimal temperature effects.
Temperature-related inac-
curacies are also minimized
because the precision, low-
temperature coefficient resis-
“ tors are on the chip.
Other Signetics DACs.

The 5018 is our newest D/A
conversion product. The coupon
below will help you learn more
about it. If you'd like other data
sheets on our other D/A converters listed below, be
sure to check the appropriate boxes or call your
nearest Signetics distributor.

SiliNELES

a subsidiary of U.S. Philips Corporation

Signetics Corporation

811 East Arques Avenue
Sunnyvale, California 94086
Telephone 408/739-7700

--------------------1

i To: Signetics Information Services, 811 E. Arques Ave. i
PO. Box 9052, MS 27, Sunnyvale, CA 94086 i

(] [ Please send me information on the 5018 DAC System i
I'm also interested in these other D/A conversion products: :

# [ 50075008 [ 5009 [ Mc1408 1
: [J 1 have an urgent requirement. Please have a D/A conversion !
1 specialist phone me at once:( ) X i
]

§ Name Title i
| Company Division i
I Address MS !
1 city State !

lzl)-HZJ
- D D D S G D D D D D D D S D S S S e
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Designing in opto?
Call us for your broadest choice of high-technology
optoelectronic components — off the shelf!

Spectronics optoelectronic components are
designed to meet growing needs in such areas as
industrial controls, copiers, card readers, computers,
telecommunications, solid state relays, motion sensors,
line drivers, switching supplies and object sensors.
Even if your application is different, it's likely we’ve got
a component to do your job.

[] Infrared Emitters and Detectors

Spectronics IR emitters and detectors are available
either as stand-alone components or in pre-aligned optical
switch (interrupter module) configurations. They interface
directly with digital logic circuits.

[] Here’s How They Work

Spectronics high-efficiency infrared light emitting diodes
and light sensitive phototransistors are specially matched for
peak efficiency. Design our components into your circuits
Just like diodes and transistors.

What's your application?

Do you need to sense falling w pasTS .
quarters or moving parts? Or | _ i n o
perhaps the leading edge of PR EWJI 1%
paper or the speed of a . Dzn@) ™
shaft? Spectronics infrared &% £—§—)’°
LEDs and phototransistors —&)= | L
will do these jobs for you . . . (7 meix
and a lot more. In pulsed hEs T L
applications, the emitter and | ~——+— -
detector can be placed a T
dozen feet apart. Or we've

OBJECT COUNTER

got standard modules with
gaps from .1 to .375 inches.

Need to detect a moving
train of objects or count w A
passing water drops? Or
sense a credit card or other
document? Then consider ‘,
our reflective object sensors. | “--{----
We can supply the discrete
components or make custom
arrays for just about any
application.

] Designing a Microprocessor Interface?

You can isolate your from power line and switching
transients with our optocouplers. Our patented epoxy inner
mold assures reliable isolation from surges to 5000 VDC.
Drive currents can be as low as 1 mA.

[] Gating an SCR or TRIAC?

Level shifting from control circuits to power line levels is
readily accomplished. Our SCR coupler can gate a 40 amp
TRIAC. The complete Spectronics line also includes
standard transistor and darlington outputs.

] 1 MBIT/SEC.

Distributed power supplies are no problem with
Spectronics couplers rated for data transmission rates of
1 MBit/sec. Our couplers can help you eliminate ground
loops in data terminals, computer peripherals and
instrumentation systems.

[] High-Technology Leader

Last year, Spectronics devoted over $1 million to
optoelectronic research and development. That's one of the
reasons you'll be hearing more about us. And we want to
hear from you. Call us now for assistance with your
non-standard design problem, or write for our free opto
catalog. Spectronics Commercial Components Division, 830
East Arapaho Road, Richardson, Texas 75081, telephone
(214) 234-4271.

Spectronics

CIRCLE NUMBER 29
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Washington report

John Rhea, Washington Bureau

Experiments picked for U.S.-European spacecraft

The National Aeronautics and Space Administration and the European Space
agency have jointly chosen 30 scientific experiments to be flown in a pair of
satellites that will study the polar regions of the sun.

The experiments are intended to investigate solar wind, cosmic rays and the
sun’s corona (the outermost solar atmosphere). They are being supplied by
scientists from 65 universities and research centers in Belgium, Canada,
Denmark, France, West Germany, Great Britain, Greece, Italy, Japan, the
Netherlands, Norway, Switzerland and the United States.

The satellites won’t be launched until 1983—and won’t reach the sun until
February 1987—but the space agencies decided that the experiments should be
selected now to give the scientists enough time to get them ready.

The program, one of the few new spacecraft projects for which funds were
requested in President Carter’s fiscal 1979 budget (see Washington Report, ED
No. 4, Feb. 15, 1978, p. 39), is known either as the “solar polar” or as the “out-
of-the-ecliptic” project. The two spacecraft would be launched from NASA’s Space
Shuttle using the Inertial Upper Stage (IUS) solid rocket to boost them out of
earth orbit and on their way toward the sun.

The 350-kg satellites will be launched toward Jupiter and will use that giant
planet’s massive gravity to pull them out of the ecliptic plane (the imaginary
flat plane at which most of the planets circle the sun) and back toward the sun.
Each spacecraft will pass within 450,000 kilometers of Jupiter, one over the north
pole and one over the south pole, and then swing past the sun at a distance
of 250-million kilometers, again one over each pole. They will then become comets
with an anticipated life of more than 2000 years.

Liquid crystal material helps test ICs

Liquid-crystal material is being used at the Air Force’s Rome (NY) Air
Development Center to detect both glass-pinhole and metalization-open defects
in integrated circuits.

The new approach offers advantages over the three conventional testing
methods, according to the principal researcher, Carmine Salvo, of the Center’s
Reliability Branch. Optical microscopes lack the resolution to find small faults.
Electrical testing often causes further damage when the mechanical probes touch
the circuit’s surface. And scanning electron microscopes can only examine circuits
for a short time because a prolonged electron-beam scan may alter the circuit’s
operation.

The new technique consists of placing a drop of liquid-crystal material, which
has the consistency of 30-weight motor oil, on the surface of the IC and covering
it with a glass plate coated with a thin conductive layer. This combination of
glass plate, liquid erystal and circuit forms a transparent cell that can be viewed
through an optical microscope.
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To locate a pinhole fault, power is applied across the cell. Where current flows
through a pinhole, the liquid erystal swirls. Pinpointing the unintended flow
of electrical current locates the fault.

To find a metalization-open defect, power is applied to the IC itself. The
resulting visual display appears to have a break in it at the defect site.

Once either type of defect is located, a scanning electron microscope can be
used for closer inspection at high magnification.

$2.3-billion Canadian aircraft project up for grabs

Four American aircraft manufacturers and one European consortium are vying
for a $2.3-billion project to replace Canada’s fighter aircraft. The project, which
involves a great deal of avionics and ground-support equipment, would give the
Canadian armed forces modern equipment to help their participation in the North
American Air Defense Command (Norad) air defense of this continent and for
tactical support of NATO forces in Europe. The new aircraft will replace Canada’s
CF-101 and CF-104 jets, which are approaching retirement age.

The American competitors and their proposed aircraft are Grumman Aero-
space Corp., Bethpage, NY (F-14); General Dynamics Corp., Fort Worth, TX
(F-16); McDonnell Douglas Corp., St. Louis (F-15 and F-18) and Northrop Corp.,
Hawthorne, CA (the F-18L export version of the F-18). The European entry is
the British-Italian-German consortium known as Panavia, which is proposing
its multirole combat aircraft (MRCA). But more than one aircraft may have
to be selected if the Canadians decide a single version cannot meet both the
Norad and NATO requirements.

Flight simulators may help test more pilots

The Federal Aviation Administration is relaxing its stand against the use of
flight simulators for checking out air-taxi pilots and may even accept simulator
time in lieu of actual flight time. Not only will this reduce the costs of pilot
certification, it will save fuel as well.

Pilots of corporate jets are permitted to substitute simulator time for the real
thing. But the FAA won’t let air-taxi operators do it unless the simulator industry
comes up with a set of hardware and software standards to ensure that the
simulators will be realistic enough. The agency has begun holding preliminary
talks with manufacturers, and no deadline has been set for the standards.

Currently, simulators can be used only for ground training, not as substitutes
for the flight checks required for periodic certification. But if simulator standards
are approved by the FAA, local general-aviation district offices that certify pilots
will be permitted to accept the use of simulators.

Capital Capsules: The United States and Soviet Union expect to begin full-power operation
around the middle of this year of the first high-magnetic-field, magneto-
hydronamic, electric-power generator. The system has been in limited opera-
tion since last December using a 40-ton superconducting magnet built by the
Argonne National Laboratory. The magnet has been connected to the U-25 MHD
pilot plant at the Institute of High Temperatures near Moscow . . . . Fairchild
Industries (Germantown, MD), prime contractor on the A-10 close-support jet,
has begun flight-testing the use of flares and chaff to confuse enemy radars.
The dispensers are located in the wing tips and the aft end of the landing-gear
pods.
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If you’re on the move

making on-site field tests

or measurements, a TEKTRONIX
TM 500 Test and Measurement
system is a great way to go.

With a TM 515 Traveler Mainframe,
you can leave behind all the
problems of crating up your
instrumentation for travel . . .
without saying good-bye to
laboratory accuracy and
convenience.

Up to five TM 500 plug-ins

pack neatly in the handsome,

but rugged, carry-on TM 515
Traveler Mainframe. Instruments
and all weigh about 30 Ibs. and slip
under the seat of most
commercial aircraft.

And, with nearly 40 ready-to-go
TM 500 plug-in instruments to
choose from, you can handle just
about any test or measurement
application anywhere, on a
moment’s notice. The TM 500
family includes DMMs, Counters,

FOR TECHNICAL DATA CIRCLE NUMBER 30
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500 Hits the Roadl.

Generators, Amplifiers, Power
Supplies, Oscilloscopes, Logic
Analyzers and Word Recognizers
designed to meet a variety of
performance capabilities.

Each plug-in can operate
independently or in combination
through the built-in electrical
interfacing of the mainframe’s
“mother board.”

For example, an interfaced digital
field service system might include
a dual channel oscilloscope, a
digital delay, a counter and a
multimeter to give you a universal

!"... = ’5? N
AR

RF Sweeper Travel Lab

Audio Travel Lab

counter, full function DMM
capabilities plus trigger level
readouts at the touch of a button, or
even the ability to display and
count signals simultaneously
through a single probe.

And it's just as easy to configure a
travel lab for an oscilloscope
calibration, audio and RF sweeper
applications, logic analysis or
control system maintenance, etc.
TM 500 /s designed for
configurability.

So, the next time a call comes in
from across town, or across the
country, be prepared to hit the road
with the compact performance and
go-anywhere convenience of a
TM 515 Travel Lab.

For on-the-road engineering,
TM 500 is just the ticket.

TM 500
Designed for
Configurability

Call the Tektronix Field Office near you
or write for our free TM 500 concepts
brochure to get other ideas on how an
economical TM 500 test and
measurement system can give you
unmatched value for your instrument
dollar. Write: Tektronix, Inc.,

P.O. Box 500, Beaverton, Oregon 97077,

(503) 644-0161, Ext. 5283.

In Europe: Tektronix Limited, P.O. Box
36, St. Peter Port, Guernsey, Channel
Islands.

Tektronix

COMMITTED TO EXCELLENCE
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Fluke Counters.
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CIRCLE 139 FOR 1900 SERIES LITERATURE CIRCLE 140 FOR 1953A LITERATURE ONLY
58 EirrcTroNIC DESIGN 8, April 12, 1978



A glance at our counter guide shows how
broad a selection you have when you choose the
Fluke name.

Pick resolution from six to nine digits, and top-
end frequencies from 80-1250 MHz. Notice that
all Fluke counters are multi-function, from the fre-
quency/period/totalize capability of the 1900A to
the six-function 1953A Universal Counter-Timer.
All models have input signal conditioning for reli-
able readings in the presence of noise, distortion,
and ringing, and most have attenuators for in-
creased dynamic range. So for R&D, GENERAL
BENCH or PRODUCTION LINE applications, buy
exactly what you need over an affordable, perfor-
mance-effective price range.

For FIELD MAINTENANCE AND SERVICE,
most of the line is available with an optional re-
chargeable battery pack installed inside the com-
pact, portable case. Let autoranging keep the dis-
play full at all times for “hands-off” convenience,
and rely upon autoreset to eliminate erroneous

RFI-shielded, and TCXO timebases are available
for the kind of high accuracy you might need over
environmental extremes. And if you choose the
1920A, you can get a resolution multiplier for high-
resolution audio measurements.

If you have an ADVANCED BENCH or SYS-
TEMS application, the 1953A was designed for you.
With fully programmable ranges and functions (in-
cluding trigger level), the 1953A is available with

Fluke 1953A: a name and number to remember for perfection in programmable
counter-timers.
IEEE-488 or BCD parallel options, at a price more
than $1,000 /ess than the competition’s similarly-
equipped models.

CALL (800) 426-0361, TOLL FREE and let
us show you how the Fluke name is as meaningful

Counter Selection Guide 1900A 1910A 1911A 1912A 1920A 1925A 1952B 1953A
Number of Digits 6 7 7 7 9 9 7/8 9
Frequency (MHz) Basic Unit 80 125 250 520 520 125 80 125
Options 1250 520 1250
Period ° ° B °
Totalize 2 ° ) ° ° °
Time Interval ° °
Ratio o °" o o o ° °
Agtd by B ® ®
Sensitivity (mV) 25 15 15 15 15 15 50 30
Trigger Level Control s ° ° ° °
External Timebase Input ° ° ° ° ° °
Battery Option © . 5 ° °
TCXO Option ° @ ° ° ° ° °
Ovenized Timebase Option ° °
DOU Option ° . ° ° Std
Autoreset ° o e °
Autorange 0 . ° ° °
U.S. Price Basic Model (No Options) $345 $395 $495 $620 $995 $750 $795 $995

partial-readings. In the Fluke tradition, they’'ll take
areal field beating, too.

COMMUNICATIONS people find the 1911A
through 1925A attractive for VHF/UHF measure-
ments. They’re so sensitive that a simple optional
whip on the 50-Ohm fuse-protected input makes
transmitter checks quick and easy. With automatic
clean dropout, you'll always be right because the
reading goes to zero with a fading signal. They’re

Command Performance:

in counters as it has been for other fine test and
measurement instrumentation for the last 30 years.
It's your assurance you’ve bought the best, backed
by more than 32 service centers in 18 countries,
worldwide.

John Fluke Mfg. Co., Inc., P.O. Box 43210,
Mountlake Terrace, WA 98043. In Europe, contact
Fluke (Nederland) B.V., P.O. Box 5053, Tilburg,
The Netherlands. Tel. (013) 673973. Telex: 52237.

*Using external timebase input

Demand Fluke Counters.

[FLUKE]

®

2102-8007
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Come to the people who've always been specialists

in having more good ways to solve problems: Dialight.
What we’ve done in indicator lights, illuminated
switches, readouts and LEDs, we’re doing now in
miniature rockers and toggles.

This new Dialight family of switches, which
comes in a full range of sizes is, we're proud to point
out, all-American made.

When you consider all the configurations of styles,
sizes, life and safety ratings, colors and mountings,
you'll find there are literally hundreds of thousands of
design combinations. Such a number of possibilities

can in itself be a problem, except that the new
Dialight catalog is specifically designed to prevent
confusion and help you quickly and easily find
the most advantageous combination of features
for your applications.

If you'd like to see what Dialight quality rockers
and toggles can do for the looks, durability and
economics of your products, contact us today for the
Dialight “Meets Your Need” Book. Your free copy

will include a list of DIA I_IGI*I_

stocking distributors in
the U.S. and Canada. A North American Philips Company

American made by DIALIGHT in Brooklyn, N.Y.

Dialight meets your needs.

Dialight, 203 Harrison Place, Brooklyn, N.Y. 11237 (212) 497-7600
CIRCLE NUMBER 32



Editorial

Enthusiasm

Nobody can beat Charlie for enthusiasm. When-
ever we get together, we wash down a meal, and
he tells me about the sensational products his
company has developed and will soon develop. And
production? Nobody beats Charlie’s company on
production. In fact, he’s already produced a million
pieces of one difficult part, and delivered two
million to the auto companies alone.

You can’t listen to Charlie without being caught
up in his excitement and without believing all his
reasons for competitive products being inferior. He
has lots of reasons.

First, of course, his company has the best engi-
neers because company spirit is terrific. In fact, engineers from other companies
always want to join his company while nobody ever leaves. Well, almost nobody.
The ones who leave aren’t much good anyway.

More important is the fact that his company has a real dedication to its
specialty, while industry’s large companies don’t have that commitment. After
all, they’re involved in many other product areas. Charlie forgets that most of
those big companies are at least ten times as large as his company and they
have specialized groups dedicated to his specialty. What about excellent products
from small competitors? That’s easy. Charlie ignores all small companies except
his own.

So when he wages verbal battle, it’s on selected ground, with selected weapons,
against selected foes. Within those limits, Charlie tells the truth. Well, mostly.
He does suffer a small blind spot for dramatic products that come from others.

Well, if you know where Charlie’s coming from, you can learn a lot about
what his company’s doing, what his competitors are doing and what’s going on
in his field. You must understand, of course, that it’s not rare for company
executives to try to impress people—and to be enthusiastic.

Much of Charlie’s enthusiasm is well spent. His company has been growing
handsomely. And most of his products—even some “breakthrough” products—
have been selling well, even working well, in the field.

I'm very fond of Charlie so I often fear that someday his enthusiasm will
race too far beyond reality. If he lets that happen, will he be able to catch up?

e A

GEORGE ROSTKY
Editor-in-Chief
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Quality connectors from a
big connector user

As a big connector user, Philips have
long recognised the need for Inter-
national, interconnection standards.
But as a user, we also recognise that
there's more to a connector than the

dimensions and format of the Eurocard
system.

In connectors there’s a vital parameter
called quality. So don’t look just to

DIN and IEC, look also for a supplier
who can meet the critical, German
Military (VG) standards. Because even
if you don’'t need these high-quality
standards, it's important to know that
your connectors were made to

the same quality levels, on the same
equipment, by the same people.
People like Philips.

A comprehensive range

As illustrated in the table above,
Eurocard connectors are available in
two series for 2 A and 5,5 A applica-
tions and in 2-row, 3-row and 4-row
configurations. The series are desig-
nated FO68-1 and FO68-Il respectively

=2 Eurocard

F068-1 2,54 mm 2Aat20°C IEC130-14 / DIN 41612 / VG 95324

male female

number of

contacts 1x32 2x32 1x32 2x32

pitch (mm) 254 254 254 254

row spacing 2 5

(mm) 2,54 2 §4

straight wire-

wrap pins H:IE [Q[%
* *A

90° dip- oE| ﬁ

solder pins E_) E F% g
* * 7

straight dip- Q itg m

solder pins i k] ~; ) (;%

solder tags Q = EF\B %

90° wire-

-

wrap pins

3-row body

male female

2x16 2x32 3x32 | 2x16 2x32 3x32
508 254 254 | 508 254 254
508 508 254 | 508 508 254
-
s s = % % %
BaE agp
4 ‘
i 5 e L ]
S
584 aog
d - IJ ‘TTT‘
bod sse
e el i o S
BB

% available with protruding ground contacts
A available to German MIL Spec VG 95324

and are available with a wide range
of accessories.

Contacts and terminations

The main specification points are
given in the table below. In addition it
should be noted that FO68-I male
connectors with dip-solder pins and
all male FO68-Il connectors can be
supplied with protruding earth
contacts. Use of these contacts ensures
that electrostatic effects do not
damage sensitive components, such
as some IC types, when the connector
halves are separated.

F068-1 FO68-II
male female male female
material for metal parts brass phos. bronze brass phos. bronze
contact finish (gold on nickel)
IEC and DIN: nickel 2um 2um 3um 2pum
gold 1.3pm 1,3pm 1pm 2um
VG 95324: nickel 2pm 2pum = ~
gold 2,5 um 3pm = o
termination finish gold flash 6 pm tinned
on 1 pum nickel
reinforced contacts = no a yes
non-reinforced contacts = yes v yes
removable contacts ! no no yes no
mechanical endurance 400 insertions: IEC 512-5 400 insertions: |IEC 512-5
500 insertions: VG 95324

Above, male FO68-Il connectors on single-
and double-format Eurocards for mating
with female connectors with wire-wrap pins.

Below, male FO68-I connectors mate with
female connectors having either wire-wrap
or dip-solder pins.

Electronic
Components
and Materials

PHILIPS
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female

number of
contacts

pitch (mm)
row spacing
(mm)

2x16 3x16 2%x16 ' 3x16

508 508 5,08 5,08

508 5,08 5,08 5,08

straight wire-
wrap pins

90°dip-
solder pins

e e

straight dip-
solder pins

o

female

4x16 4x16
5,08 5,08
5,08 5,08

2

all connectors use even numbered pins only.

all male connectors available with protruding ground contacts

all female connectors available with reinforced contacts

Above, male FO68-Il connector on single-
format Eurocard for mating with female
connector having dip-solder pins.

Below, male FO68-I connector with right-
angled wire-wrap pins to obviate the use of
intermediate pins.

ELkcTrRoNIC DEsiGN 8, April 12, 1978

All female FO68-Il connectors are
supplied with contacts reinforced by
metal springs. This ensures reliable
operation under severe conditions
such as vibration.

Accessories

A comprehensive range of accessories
is available including cable hoods for
use with both male and female FO68-I
connectors. The hoods are manu-
factured in two parts and are provided
with a cable clamp and three cable
entry positions, which allow cable
feedthrough.

Three basic connections
can be made: cable to
panel-mounted male
connector; cable to
cable and cable to
board-edge male
connector. The
illustration above
shows a cable to
rack-mounted
female connec-
tor via an ex-
tender board.
The FO68-I
connectors can
also be coded so that

the male connectors
will only mate with females
having the same code. A set

of coding parts is available for this
purpose.

Testing sometimes requires that
temporary connections be made to
the wire-wrap pins of rack-mounted
female FO68- connectors. As shown
below, a set of parts is available for this
purpose.

A useful accessory for the FO68-I|
series is the simple tool that allows the
pins to be removed from the male
connector. This can be used, for
example, to relocate a
protruding earth contact.

For a detailed brochure on
the FO68 interconnection

system and our manu-
facturing facilities please use
the Reader Service Number
below.

Philips Industries, Electronic

Components and Materials Division,
Eindhoven, The Netherlands.

PHILIPS
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Motorola introduces
low-power CMOS

single-chip microcomputers.

<=

MC141000 Series
CMOS single-chip
microcomputers. The MC141000 . . .
28-pin package. The MC141200 . . .
40-pin package e 8,192 bits of ROM
e 256 bits of static RAM e 3—6 V
battery operation e 5V TTL and
CMOS compatible ® Fully static

e 20 mA output drive

Compatibility. These CMOS
microcomputers are both program
and pinout compatible with the
PMOS TMS1000, but because they
are CMOS, they provide high noise
immunity and low power operation.
The series also plays easily with over
140 standard Motorola CMOS parts,
as well as TTL. Now those low-power
battery operated and battery back-up
systems are practical.

Powerful support. MC14 1000
Series support is headed by the
EXORciser*-based MC141000-1200
Development System for hardware
and software simulation of the user
system. It lets you emulate, edit, and
debug your design, and allows
conversion of a PMOS TMS1000

64

program code to the CMOS
MC14 1000 object code.

Applications galore. Appliance
Controllers ® Portable Toys ® Data
Terminals e Distributed Computing
Systems e Radio/Communications
Controllers ® Remote Sensing
Systems e Cash Registers
e Security Systems e Telecom-
munications Systems ® Smart
Instrumentation ¢ Automobiles
e Power/Energy Controllers
e Environmental Controllers

Doing it your way. Every
MC141000 or 1200 is essentially your
own design, so that's the way we
handle it. We'll take your source
program or source code, or we’'ll start
from scratch and do the entire
“turnkey” job with complete appli-
cation and program effort.

For assistance, contact your
Motorola sales office or authorized
distributor without delay, or write
Motorola Semiconductor Products
Inc., P.O. Box 20912, Phoenix, AZ
85036 for a data sheet.

CIRCLE NUMBER 34

Just what you expect from the CMOS leader

More Support

O MC141099—An MC141000 with
off-board ROM and PLA for real-
time system development. 48-pin
package. Available, April.
OMCM145101—256 x 4 CMOS
static RAM. Memory expander.

O MC14053B and MC14551B—
CMOS MUXs for input expanders.
(MC14551B available, May)

[0 MC14443 and MC14447—Micro-
processor compatible A/D
Converters.

O MC14469—Addressable
Asynchronous Transmitter-
Receiver for serial communications.
0O MC141000 Series Programmer’s
Reference Manual. Available, April.

*Trademark of Motorola Inc.

MOTOROLA
Semiconductor Group
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The Sinclair PDM35.

Operation from replaceable battery or

\ AC adapter.
o Industry standard 10 M () input
2 1% impedance.
; 1’4‘\ Technical Specification
%A DC Volts (4 ranges)

Range: 1 m V to 1000 V.
Accuracy of reading: 1.0% =+ 1 count.

Note: 10 M() input impedance.

AC Volts (40 Hz-5 kHz)
% Range: 1V to 500 V. Accuracy of
reading: 1.0% =+ 2 counts.
DC Current (6 ranges)
Range: 1 nA to 200mA.

/" Accuracy of reading: 1.0% = 1 count.
T Note: Max. resolution 0.1 nA.
Resistance (5 ranges)

Range: 1(1 to 20 M( ).

Accuracy of reading: 1.5% =1 count.
Note: Also provides 5 junction-test
ranges.

Dimensions: 6inx 3inx 1% in.
Weight: 6'/ oz.

Power supply: 9 V battery

or Sinclair AC adapter.

Sockets: Standard 4 mm for resilient
plugs.

Supplied with: Leads, test prods,
operating instructions, carrying wallet.
Options: AC adapter for 117 V

60 Hz power. De Luxe padded carrying
wallet. 30kV high-voltage probe.

The Sinclair credentials

Sinclair have pioneered a whole
range of electronic world-firsts — from
programmable pocket calculators to

A personal digital multimeter

at only $49%

A digital multimeter used to mean

an expensive, bulky piece of equipment.

The Sinclair PDM35 changes that.
It’s got all the functions and features
you want in a digital multimeter, yet
they’re neatly packaged in a rugged but
light pocket-size case, ready to go
anywhere.

The Sinclair PDM35 gives you all
the benefits of an ordinary digital
multimeter — quick clear readings, high
accuracy and resolution, high input
impedance. Yet at $49.95 it costs less
than you’d expect to pay for an analog
meter!

The Sinclair PDM35 is tailor made
for anyone who needs to make rapid
measurements. Development
engineers, field service engineers, lab
technicians, and computer specialists
will find it ideal.

With its rugged construction and
battery operation, the PDM35 is
perfectly suited for hand work in the
field, while its angled display and

miniature TVs - holding a world-lead
in innovative electronics. The PDM35
embodies six years’ experience in
digital multimeter design, in which
time Sinclair have become one of the
optional AC power facility make it just world’s largest producers.

as useful on the bench.

Features of the PDM35

31/ digit resolution.

Sharp, bright, easily read LED display,
reading up to =+ 1.999.

Automatic polarity selection.
Resolution of  mV and 0.1 nA.

Direct reading of semiconductor
forward voltages at 5 different currents.
Resistance measurement up to 20 M().
1% of reading accuracy.

Find out more!

You can see the PDM35 at any of
the Sinclair distributors listed on this
page. Or, if you’d like full details of
operation and performance, and a
complete distributor list, just send the
coupon below. We’ll send you all the
facts by return.

The Sinclair PDM35 will make
your life a lot easier - send the coupon
today!

Send to: Sinclair Radionics Inc, Galleria, 115 East 57th Street, New York, N.Y. 10022, U.S.A.
Please send me full illustrated details of the Sinclair PDM35 personal digital multimeter, without
obligation.

Y

Name [t
Position

Company

Address.

— g [ — |

ED  wWorld leaders in fingertip electronics

Sinclair Radionics Inc, Galleria, 115 East 57th Street, New York, N.Y. 10022, U.S.A.

See the PDM 35 at: Carter McCormic & Peirce Inc., Farmington, Mich. 313-477-7700; Crane & Egert Corp., Elmont, N.Y. 516-488-2100; Dytee
Central, Arlington Heights, Ill. 312-394-3380; F. L. W, Inc., Costa Mesa, California. 714-751-7512; International Standard Components, Mountain
View, CA 415-964-4171; Ossmann Instruments Inc., Syracuse, N.Y. 315-437-6666; Par Associates, Denver, Colorado. 303-355-2363; Scientific
Associates, Washington D.C. 703-573-8787; Southern Peripherals & Instruments Inc., Atlanta, Georgia. 404-455-3518. Available in Canada from

Gladstone Electronics, Toronto, Ont. 416-787-1448.
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Technology

Video analog-to-digital conversion

calls for virtuoso performances. And the plot
really thickens when you have to produce high resolution.

Accurately digitizing analog signals containing high
frequencies, demands ultrahigh-speed, or video, a/d
converters. Such a converter is essential to diverse
uses like radar-signature or transient analysis, high-
speed digital-data transmission, video densitometry,
and digital television. In television alone, a speedy
converter can help enhance images, correct time-base
errors, convert standards, synchronize or store
frames, reduce noise, and record TV.

Most video a/d converters work in the 1-to-20 MHz
range. But at these speeds, resolution can be a prob-
lem. Fortunately, 8 bits and fewer most often suffice
in ultrafast a/d applications.

Higher resolutions are hard (and expensive) to come
by, particularly at 10 to 20 MHz. In this ultrahigh-
speed range, 4 bits is about the practical limit for a
single-stage converter. However, you can cascade a/d
stages for more than 4 bits.

Below 5 MHz, you can retain the “one bit at a time”
concept of the familiar successive-approximation con-
verter, while reducing the time delays inherent in
converting each bit. The “propagation” (or variable-
reference-cascade) converter of Fig. 1 does just this.

Comparators star in propagation a/d’s

The critical parts of the circuit are the comparators,
which must be very fast, and the switches, which must
be not only very fast but also capable of withstanding
the reference voltage. A propagation a/d converter
uses one comparator per bit. Furthermore, each bit
is converted in sequence, beginning with the most
significant. With a —5 V reference, the circuit of Fig.
1 handles inputs from 0 to +10 V.

Comparator A, makes its decision at a +5 V input:
when the analog-input voltage exceeds +5 V, the
output is true. The threshold of comparator A; is set
for an input of either +2.5 or +7.5 V, depending on
the output of comparator A,. If the analog input
voltage exceeds +7.5 V, comparator A, also goes true.
If, however, the analog input voltage is between +5
and +7.5 V, the output becomes ZERO; an input

Eugene Zuch, Product Manager, Datel Systems, 1020
Turnpike St., Canton, MA 02021.
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Table 1. Comparator thresholds for a
4-bit propagation-type a/d converter

Scale Comparator Number
: 1 & 3 4
FS—1 LSB +9.375
+8.750
+8.125
3/4 FS +7.500
+6.875
+6.250
+5.625
1/2 FS +5.000 :
+4.375
+3.750
+3.125
1/4 FS +2.500
+1.875
+1.250
1LSB +0.625

——O ANALOG INPUT
(0TO 10 V)

VWA~
o
2
B
AA
VWA~
o
AAA
VWV

b A2 A3 A4
'I ‘b ‘l ‘I "R
= RS |= RS SRI= RS S ¢ |=
3R gn . "
] ; $4R )
si B2l s3
f ; 4 1 f :
[e] O o o
-5V BITI(MSB) BIT 2 BIT 3 BIT 4 (LSB
REE. (I e

NG
OUTPUT DATA

1. A propagation-type a/d converter uses one comparator
per bit, with each bit converted in sequence. At best, this
type of a/d runs at 5 MHz for up to four bits.
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between +2.5 and +5 V produces a ONE. And for less
than 2.5-V input, the output becomes ZERO.

As you can see, then, the output of comparator A,
sets the threshold of comparator A, via electronic
switch S,. S, switches one end of the resistive divider
at comparator A, to ground when the output of
comparator A, is ZERO, and to the —5 V reference
when it is ONE. Therefore, the threshold of the second
comparator is set for either of two analog-input-
voltage levels: +2.5 or +7.5 V.

This process continues for comparators A; and A,.
Each succeeding threshold is set by the result of all
previous comparator decisions. Thus, comparator A;
has four possible threshold levels,+1.25, +3.75, +6.25,
or +8.75 V. Similarly, comparator A4 has eight pos-
sible threshold levels (for a summary of each
comparator’s threshold levels, see Table 1).

Obviously, a propagation-type converter becomes
more complex as its resolution increases beyond 4 bits.
Higher resolution requires not only more resistors—
to set the new threshold levels—but also higher-value
resistors. The resistor values go up in a 1, 2, 4,
8,...binary sequence. So as the number of bits in-
creases, the resistors soon take on values so large as
to affect the conversion time for the less-significant
bits. The fault lies with slow settling of the currents
switched through the resistors. The time constants,
caused by switch plus stray capacitances and the high-
value resistors, cause the delays.

Still, you can achieve 50-ns per bit conversions with
a propagation-type converter. After a new input is
applied to the converter, the resulting digital output
word propagates rapidly down the converter-output
lines, as each comparator and switch change states.
Instead of simply allowing the circuit to propagate
naturally, you can also operate it in a clocked mode
by using sampling (gated) comparators, rather than
the usual ungated kind.

But 5-MHz and higher conversion rates, together
with the complexity required for higher than 4-bit
resolution, severely limit the video uses of propaga-
tion-type analog-to-digital converters.

Quantizer plays the lead

Fortunately, a much faster technique is available.
Parallel conversion (also called flash, or simultaneous)

ELECTRONIC DEsiGN 8, April 12, 1978

2. The quantizer transfer function for a 4-bit parallel-type
converter shows how the analog input is broken into 16
different levels. Each word of digitally coded output
signals represents a range, Q, of input voltage.

is more popular because it is faster than propagation.
A parallel-type a/d converter is simply a quantizer
circuit followed by a decoder circuit. As a matter of
fact these two functions are fundamental to all a/d
converters. The difference is that these functions are
clearly separate in a parallel a/d.

The quantizer section of a parallel converter is
defined by its transfer function, which is shown for
a 4-bit quantizer, in Fig. 2. The quantizer breaks up
the continuous-analog input (horizontal axis) into
discrete-output levels (vertical axis).

In Fig. 2, the output is divided into 16 different
states, or 2" levels, where n is the number of bits. Along
the horizontal axis of the transfer function are 2"°—1
or 15 analog-transition points which represent the
voltage levels that define the edges between adjacent
output states or codes.

There is no one-to-one correspondence between
input and output for the quantizer, which assigns one
output code word to a small range, or band, of analog-
input values. The size of this band is the quantum,
Q, and is equal to the full-scale-analog range divided
by the number of output states:

- FSR
Q =
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Table 2. Parallel 3-bit a/d coding

Scale 7-Line equally weighted| Binary

(fraction of full code with overrange | code
scale)

+9/8 1111 A 1000
01111111 0111
+3/4 00111111 0110
00011111 0101
+1/2 00001111 0100
00000111 0011
+1/4 00000011 0010
00000001 0001
0 00000000 0000

REF  ANALOG
IN N EXPANSION
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' >
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! R |
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| ) AS | Do— |
| L [
(LR 5: < I I
I |A4§ | _D +—O0 BIT |
ks | GERT | | (MsB)
R >
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:vz R 3 COMPARATORS| !
ek & ' :
e | |
[ESt it sy n el e i it e Dl S S LA TR |

3. The circuit for a parallel 3-bit a/d converter (a) has
just two basic sections: the quantizer and the decoder.
The transition points in the quantizer are set by biasing
each comparator, through a resistive divider and refer-
ence. The complete 3-bit analog-to-digital converter
comes packaged as a thin-film hybrid (b).

In Fig. 2, where the full-scale-input range is 10 V,
— m
Q =
- 10
16
=0.625 V.
Fig. 2 shows levels of 0 through 15 at the output.

When binary-code words are assigned to these output
states, as shown in the leftmost column, the transfer
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function becomes that of a complete a/d converter
rather than just a quantizer alone.

The binary codes are assigned by a circuit that
decodes the quantizer-output logic. Though you can
select any code, the code shown, natural binary, is
most used. Notice that the analog center of each code
word—the exact analog value—is depicted by a dot
on the transfer-function graph.

The transfer function in Fig. 2 depicts an ideal
quantizer or a/d converter. A real device, of course,
has errors in offset, scale-factor (gain) and linearity.

Fig. 3 shows a circuit implementation of a 3-bit
parallel a/d converter. Usually, the quantizer portion
of such a circuit consists of a bank of 2»—1 high-speed
comparators. But, in Fig. 3, 20 or 8, comparators are
used, because this circuit also provides an overrange
output that can be used for expansion.

The bank of comparators has 2" analog-transition
points. These are directly set by biasing one side of
the comparator inputs from a reference with a series
string of equal-value resistors, R. The Q for this circuit
depends on the value of R, the reference voltage, and
the total resistance:

Q ] (VREFR)/ R roraL.

The bottom and top resistors in the string have
values of R/2, which correspond to the values of the
first and last analog-transition points. These transi-
tions are at Q/2 and FS —(Q/2), respectively.

Without the overrange output, the last analog
transition point would be at FS — (3Q/2). The value
of the top resistor would then be 3R/2.

Enter the decoder

The parallel converter’s decoder section is a rather
straightforward logic circuit. It translates the logic
outputs from the comparators into the most common-
ly used code, natural binary.
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4. Two-stage parallel a/d converters can develop 8-bit
resolutions at 20 MHz. Though conversion 1 begins at the

Table 2 shows the coding for quantizer and decoder
outputs. In this quantizer-output code, the seven
comparator-output lines (eight, counting the over-
range comparator) are equally weighted. This equally
weighted code is simple and unambiguous, but ineffi-
cient—only one output line changes at a time from
all-ZERO to all-ONE outputs. Except for not being
cyclical, the quantizer code is like the Johnson code
used in shift counters. Like the quantizer code, John-
son code proceeds from all-ZEROs to all-ONEs, but
then cycles back to all ZEROs.

In the decoder, simple NOR and OR gates perform
the logic according to the following equations:

Bit. 1 = A,

Bit 2 Ag + Az"ATA

Bit 3 = A; + (As-As) + (AyA) + (ArAy),
where the A,’s are the numbered-comparator outputs
in Fig. 3, Bit 1 is the MSB and Bit 3 is the LSB. The
AND function in the equations is replaced by a NOR
in the actual circuit. The OR function can be im-
plemented by tying together the appropriate outputs
of wire-ORed ECL logic.

With ultrafast analog comparators, parallel con-
version offers the ultimate conversion speed. Since the
comparators all change state simultaneously, the
quantizer output is available after just one propaga-
tion time. Of course, the decoder adds more delay, but
high-speed Schottky-TTL or ECL circuits can min-
imize the decoding time.

In 3-bit form with an additional comparator, for
overrange, the parallel converter in Fig. 3 can be
expanded for higher resolution. You can connect two
converters, combine into one flash converter to get
often-needed 4-bit resolution. Likewise you can con-
nect four such circuits for 5-bit resolution—and so
forth. In this way, these circuits can be used as
“building blocks” for ultrafast a/d converters. Con-
version rates of 50 MHz, for 3, 4, or 5-bit a/d’s, are

Il
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Start-Convert pulse and ends 65 nanoseconds later, subse-
quent conversions take only 50 nanoseconds.

possible using the commercial hybrid version of these
expandable parallel converters.

Comparator plays a complex role

The most critical component in a parallel a/d
converter—as in a propagation converter—is the com-
parator. It not only determines the speed of the
converter but also the accuracy. Ultrafast sampling
comparators like the 685, 686 and the dual 687 are
excellent for this function.

A sampling comparator has two Latch-Enable in-
puts that switch it into either a Compare or Latched
mode. In the latter, the comparator’s digital output
is locked until the next comparison is made.

Whether or not you use a sampling comparator, you
must consider the propagation delay for small over-
drive. This is important because the analog full-scale-
signal range is generally small for ultrafast a/d
converters—commonly between 1 and 4 V. The com-
parator must change state rapidly for a Q/2 analog-
input change. For a 4-bit converter with a 1-V input
range, this represents an overdrive of 31 mV; for an
8-bit converter with the same input range, the over-
drive is just 2 mV.

The analog-input characteristics of a comparator
are important because they affect conversion ac-
curacy. Input-offset voltage and input-bias current are
usually the most significant of these parameters. The
offset voltage directly affects the accuracy of the
quantizer’s analog-transition points; the input-bias
current also affects the accuracy through the effective
input resistance of the comparator.

Since an ultrafast comparator generally has bias
currents as high as 10 xA, its inputs must look into
low resistances. Fortunately, for small-signal ranges
like 1 to 4 V, each resistance in the series network
can be kept low. In an actual 3-bit parallel hybrid
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5. Timing for the 8-bit two-stage a/d converter allows for
two modes in the sample-and-hold circuit—Hold and
Track. These occur between successive Start-Converts.
The second and succeeding conversions take 50 ns.

converter, laser-trimmed, thin-film-resistor networks
make the transition points stable and accurate.

One comparator parameter that greatly affects
speed is input capacitance. For example, the analog-
input line to a 4-bit a/d with overrange feeds 15
parallel-comparator inputs. It must be driven from
a low-impedance source to retain high speed. There-
fore, either a high-speed input-buffer amplifier or a
sample-and-hold circuit drives the input.

Parallel a/d conversion suffers from one significant
drawback; more resolution than four bits requires
many comparators. The number (N.) increases ex-
ponentially with n, the number of bits:

N, = 2" -1
An 8-bit converter, for example, requires 255 com-
parators. That many comparators vastly complicates
bias-current and input-capacitance problems—to say
nothing of the high power dissipation they produce.
Another problem, of course, is how to position so many
comparators while minimizing lead lengths.

Coming onstage—the two-stage a/d

As a result, the practical limit of parallel a/d
converters is usually 4 bits. Higher-resolution designs
use a two-stage parallel technique that is really a
combination of the parallel and propagation tech-
niques. It cascades two 4-bit conversions.

This two-stage method is illustrated in Fig. 4, which
shows the block diagram of a complete 8-bit, 20-MHz
converter, including buffer amplifiers and a sample-
and-hold. Starting at the input, amplifier A termi-
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6. A generalized n-bit, m-stage a/d converter develops an
output with n X m bits of resolution. In each stage, except
the first, the analog result of the subtraction is amplified
by a circuit whose gain is 2".

nates the analog input with the proper impedance and
scales the signal for the sample-and-hold circuit.
During its conversion to digital form, the ultrafast
sample-and-hold acquires and holds the analog-input.

The sample-and-hold output goes into two unity-
gain buffer amplifiers, one of which buffers the input
to parallel 4-bit a/d converter 1. This a/d converts the
input level, then stores the digital result in half of
the output-data register. In addition, 15 undecoded
comparator-output lines drive a 15-line, equally-
weighted digital-to-analog converter. This d/a, in
turn, generates an analog voltage that is subtracted
from the other buffered-input signal.

The subtraction result, a residual signal, goes to the
input of the second parallel 4-bit a/d, the output of
which goes to the other half of the output-data
register. The input signal is therefore sampled and
converted to digital form in two 4-bit steps.

Four digital delays time the converter as shown in
Fig. 5. A pulse at the Start-Convert input begins the
timing sequence. The Start-Convert pulse puts the
sample-and-hold into the Hold mode for 30 ns. During
this time, the first 4-bit conversion is made and the
second 4-bit converter quantizes the residual signal.
While the second a/d conversion is decoded and
transferred to the data register, the sample-and-hold
goes into the Track mode to acquire the next value.

When the conversion is done and the 8-bit word is
ready in the output register, the delay circuit gener-
ates and End of Conversion (or Status) pulse. In the
timing diagram, numbers 1, 2, 3 and 4 indicate the
relationship of the signals for the first, second, third
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The two most popular techniques for a/d conversion
are dual-slope (a) and successive-approximation (b).
Together these methods probably account for over
98% of all analog-to-digital converters in use.

Dual-slope conversion, an indirect method, converts
the analog-input voltage into a time period. Then a
digital clock and counter measure the interval. For
only serial-output data, a simple gate replaces the
counter. The method is simple, accurate, and inex-
pensive, but suffers one major drawback: Conversion
is usually slow—often taking milliseconds.

Successive approximation a/d converters, on the
other hand, can be much faster. They can convert to 12
bits in 2 to 50 us and to 8 bits in 400 ns to 20 us. Also,
every conversion is completed in a fixed number (n) of
clock periods, where n is the resolution in bits.

Successive-approximation, a direct method, puts a
d/a converter inside a feedback loop containing both
analog and digital elements. The successive-approx-
imation register controls the d/a converter, and the
comparator and clock, in turn, control the register.

A conversion consists of turning on, in sequence,
each bit of the d/a converter, starting with the most
significant. During each clock period, the analog input
and the d/a output are compared. The comparison
determines whether to leave each bit on or turn it off.

So, after n clock periods, each bit has been turned
on, a comparison has been made, each bit’s logic state
has been decided and the conversion is complete. Clock
periods usually last from just fractions of a micro-

Slower a/d converters are alive and well

second to several us. Each clock period must allow
time for comparator switching, changing successive-
approximation-register states and d/a converter
switching plus settling. Settling time for the d/a
converter takes a large part of the clock period because
the output must settle to within half the least-
significant bit before the comparison starts.

and fourth conversions. The delay from the leading
edge of the Start-Convert pulse to the falling edge of
the Status pulse is 656 ns—the delay for the first
conversion. After the first conversion, new output
data arrive every 50 ns—a rate of 20 MHz.

A two-stage parallel a/d converter is practically the
only device used for ultrafast conversion at 8-bit
resolution. Moreover, just about all new 8-bit con-
verters have built-in sample-and-holds to shorten the
effective aperture time of the conversion from the 50
ns of the converter in Fig. 4, to a fraction of an ns.

While the 8-bit a/d in Fig. 4 is functionally simple,
it’s actually difficult to develop. In fact, it usually
takes longer to develop than today’s other types of
a/d’s. More engineering time can go into just de-
termining circuit and ground-plane layout than into
any other part of the development.

Behind the scenes—a hybrid

At least one commercial 8-bit converter uses thin-
film hybrid components as building blocks, which
organize the critical-circuit functions into miniature
packages. For example, each 4-bit a/d shown in Fig.
4 can be implemented with two hybrid 3-bit expand-
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able decoded a/d’s. Also, the 15-line d/a converter, the
sample-and-hold and the input-buffer amplifier can
be readily hybridized. The remaining noncritical
circuit elements can be made from standard
monolithic devices and passive components.

The hybrid circuits’ stable thin-film resistors can
be laser-trimmed for optimum linearity. The entire
circuit of Fig. 4 fits on a single circuit card, so laying
out critical components is less formidable.

Propagation and parallel two-stage are specific
examples of a more general conversion method by
which m stages of n bits each, make an a/d converter
with m X n bits of resolution (see Fig. 6). In each case,
the residual analog signal from the subtraction is
boosted for the next stage by an amplifier with gain
of 2". This technique can produce a 12-bit a/d converter
using three parallel 4-bit a/d stages.am

Bibliography

Schmid, H., Electronic Analog/Digital Conversions, Van
Nostrand Reinhold Co., New York, 1970.

Acknowledgement

The author wishes to acknowledge the contribution of James B.
Knitter to this article in the form of helpful technical discussions
with the author.

71




———

Intel introduces the first JAN-

qualified microprocessor, the 8080A.

It’s available now, and listed in
QPL-38510 as M38510/42001BQB.

Now you can build your military
projects with the most popular mi-
croprocessor ever, and avoid special
approval procedures and reliability
documentation.

In addition to our JAN-qualified
8080A, Intel’s military ic-38510 pro-
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Can't we list _—
all 26 of Intel's
military parts?

gram includes 26 LSI components
manufactured in full compliance with
the testing and screening requirements
of MIL-M-38510D and MIL-STD-
883B. For details on the JANSOS80A,
and our other military products,

write Intel Corp., Military Program

Manager, 3065 Bowers Avenue, - d l.
Santa Clara, CA (‘)55‘;1‘ % Inté e lverS.
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What's the next
big step up
in transient

protection from GE?

General Electric’s new High Energy GE-MOV *
varistor. It suppresses 600 joule transients up to
25,000 peak amperes. That'’s a big step up from the
previously offered range of 150 joules, 4,000
amperes.

The new “HE” series GE-MOV varistor is available
now. And it’s more economical than other existing
high energy transient suppression devices.
Suggested prices start at $22.50 in lots of 50.

In 1972, GE introduced the ac line voltage
GE-MOV varistor, which immediately became a
standard by which other transient protection
technologies were measured. A year later, we de-
veloped the Power MOV varistor, meeting the need
for a more ruggedly packaged, high current/energy
capability device for light industrial applications.
But we didn’t stop there. We introduced the ZA
and MA series to protect lower voltage electronic
circuitry and provide packages compatible with high
volume, automatic insertion techniques.

600 joules.

25,000
peak amperes.

And now there’s the new High Energy GE-MOV
varistor.

Technological leadership. Experience. Inncvation.
These are what you’ve come to expect from GE
The more important transient protection is to you,
the more you need GE-MOV varistors.

For further information, call your local authorized
GE semiconductor distributor, or write General
Electric Co., Electronics Park 7-49, Syracuse,

INGYSIB221:
In Europe, contact Electronics Trading Company,
County Louth, Dundalk, Ireland. 222.08

* Registered trademark of General Electric Co

There’s more
to GE semiconductors
than meets the eye
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Technology

Emulate your MOS microprocessor .ith

bipolar bit slices and don't worry about performance limits.
You can boost capabilities yet maintain software compatibility.

Although MOS microprocessors such.as the 8080A
and 6800 offer quite a bit of performance in their small
packages, at times they aren’t fast enough or they
don’t have the exact instructions you need. You can
get around either problem by emulating such proces-
sors with bit-slices.

Since slices operate at bipolar speeds, you can
reduce execution speeds by two to nine times. And,
since the slices are microprogrammable, you can write
your own instruction set or duplicate a microproces-
sor’s instruction set—or both.

In a design cycle, most processor features are
examined, and the software is developed simultane-
ously with the hardware. If, at that time, you find
that the processor is too slow, you either find another
—and start development all over again—or build a
higher performance version of the uP. Since a large
chunk of capital has already been invested to develop
the software, the only real alternative is to build a
software-compatible emulation.

Let’s examine the design and construction of an
emulation board for the popular 8080A wP. Not only
does the emulator offer a two to ninefold reduction
of instruction-execution time, it includes multiply and
divide instructions as well (Table 1).

So, you've decided to emulate

To build an emulator, though, you’ll have to dupli-
cate a lot more than just the 8080A processor chip.
A minimal 8080A processor system typically consists
of eight circuits, as shown in Fig. 1.

Either 2 or 4-bit slices can be used to build the
emulator; for an example let’s use the N3002 2-bit slice
and other components from the 3000 family. (For more
about the 3000 family of bit slices, see Microprocessor
Basics Part 12, Electronic Design, March 29, 1977, p.
86 to 95.).

To build your processor emulator, you have to select
the proper hardware, and develop the microprogram.
Hardware emulation will consist of cascaded N3002
slices for the CPU, some 82S115s for the micro-
program control store, an N3001 for the microprogram

Stephen Y. Lau, Manager, Bit-slice Microprocessors and
LSI, Signetics, 811 E. Arques Ave., Sunnyvale, CA 94086.
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1. When building an emulator for the 8080A, you must
emulate more than just the processor to take advantage
of the capabilities of the bit slices.

Y Y R R
|
|

sequence controller and some general logic circuits.

The microprogram is a series of microinstructions
(the basic bit-slice instructions) that define how the
bit slice will perform. In a bit-slice system, all major
subsections are directly or indirectly controlled by a
microinstruction. Each 8080A instruction, then, is a
macroinstruction, consisting of a sequence of micro-
instructions.

All microinstructions are held in the microprogram
control store, which is usually a ROM or PROM.
However, if your system has a writable control store,
part of the storage area is RAM.

Instructions in the control store are accessed by the
microprogram sequence controller, which in turn
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2. The architecture of the 8080A emulator uses two
processor arrays and a 48-bit control word to duplicate

generates the addresses to the control store under the
direction of the decode logic and CPU. The decode logic
deciphers the macroinstruction fed in from the main
memory on the external data bus and generates an
address or command for the sequence controller.

To perform all the control operations that emulate
the 8080A, a word width of 48 bits has been selected
for the control store memory. A word that wide can
provide commands for duplicating the 8080A’s control-
bus signals, doing the internal control of the slices,
and modifying the address generated by the N3001
sequencer. -

The emulator (Fig. 2) can be broken into three
functional sections: control, register and arithmetic-
array, and I/0 and memory interface.

Replace the 8080A with two arrays

The core of the 8080A emulator—the ALU and
register section—contains two 8-bit arrays, each built
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both the functions of the CPU and the basic control
circuits surrounding the processor.

from four N3002 slices. Control lines of slices are
paralleled in each array so that each group of four
slices acts as a single processor. Array 1 is used to
duplicate the 8080A ALU and register array, as
defined by Table 2. Array 2 is functionally equivalent
to Array 1, but may operate independently or be
combined with Array 1 for 16-bit operations (macro
address and stack-pointer calculations).

Each 8-bit ALU array has a carry lookahead gener-
ator that can provide a carry output from the ALU.
For 16-bit operation, the two carry outputs are fed
into a third generator to produce a carry-out of the
16-bit ALU. To simplify 16-bit operations, the carry-
out of the low-order array must become the carry-
in bit of the high-order array. This is accomplished
by a multiplexing scheme that also controls the carry
lookahead generators. The entire operation is con-
trolled by a microinstruction using the control signals
CS2, CS1, CSY, and DBY.

Several buses are formed by the signal lines that
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Table 1. The 8080A vs the 8080 emulator

8080 Emulator

8080A System

Versatility
Instruction set

Microcode expandable

78 instructions plus
multiply & divide

Fixed instruction set
78 instructions

2 to 9 us/inst.

+5 V/-5 V/+12 V
Typically 4.6 W
SBC 80/10 or 20

Speed 0.3 to 2.25 us/inst.
Power supplies 5V

Power consumption Typically 21 W
Form factor SBC 80/10 or 20
Clock Single phase

Two phase nonoverlapping

Table 2. Emulator register assighments

ne"g:?sn ARRAY 2 ARRAY 1
RO B c
R1 D E
R2 H ! L
R3 : SPh SPI
R4 PCh : PCI
RS Not Used Not Used
R6 Not Used Not Used
R7 ; Not Used Not Used
R8 Not Used Not Used
RO Working Storage Working Storage
il A ] A
AC Working Accumulator | Working Accumulator
NOTE
A Accumulator SPh: High-order stack pointer address
B. C. D. E. H. L Working Registers PCI:  Low-order program counter address
SPI Low-order stack PCh. High-order program counter address

pointer address

go to each N3002 array. For each array there is a Data
Out (DO) bus, an Address (A) bus, a Data Input (K)
bus, a Mask (I) bus, a Program Status Word (M) bus
and a Function bus. The DO bus is 8 bits wide with
three-state outputs from each array and gets fed to
two places—the main output data bus and back to the
ALU-input multiplexer. The two DO buses are wire-
ORed and controlled directly by microcode. The
selected data bus drives the multiplexer and the
output transceiver.

A-bus outputs from each array are combined to
form a 16-bit address that emulates the 8080A’s
address bus. The combined 16-bit output is latched
into the external memory-address register, which in
turn drives three 8T97 bus drivers that send the
address off to external main memory.

Forming the main input data path to the arrays,
K-bus inputs allow data to be moved into a register
inside the slices without passing through the ac-
cumulator or the T register. This is an unconventional
role for the K bus, which is usually used to mask values
loaded into the ALU. Using the K bus like this is
essential when the contents of both the accumulator
and the T register must be saved. The K bus is fed
by the ALU-input multiplexer, which, as you now
know is microinstruction controlled.
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The I bus is normally used as the data input to the
slice. However, the bus’s flexibility also makes it easy
to use as the mask input. The masking operation,
ANDing, occurs between the K and I buses in the B
multiplexer of the ALU. Masking operations are
required by four macroinstructions that will be im-
plemented—Restart (RST), Decimal Adjust Ac-
cumulator (DAA), Multiply (MUL), and Divide (DIV).
The mask patterns are stored in a 32 X 8 PROM that
is addressed by a microinstruction word.

When none of the four macroinstructions is being
executed, the I bus is forced to all-ONEs, and passes
the K-bus data unaltered.

The M bus brings the program-status-word data
into the low-order array (Array 1). The M-bus inputs
on Array 2 are not used and are tied to the I-bus inputs.
This PSW information is made available to the array
for the PUSH PSW macroinstruction, which requires
that the slices access the PSW and push its current
value onto the external stack, defined by the stack-
pointer register. Definitions for the PSW bits are
listed in Table 3.

The Function bus is simply a 7-bit control bus that
defines what operation each slice will perform. The
bus is divided into two subgroups—the F group, which
determines the ALU function to be performed; and
the R group, which defines the registers used in the
operation defined by the microcode.

Don’t forget the control buses

One other section of the 8080A system remains to
be emulated—the input and output control buses. To
duplicate the input control lines, you need a latch to
hold the control signals and then feed them into the
jump-control circuit that tells the microsequencer
which microprogram word to access. For the memory
and I/0 control output lines, part of the microprogram
control word and a bit from the jump control circuit
can be used to address a PROM. Inside the PROM are
the 16 possible combinations of control signals for the
bus. These signals are defined in Table 4.

Except for the IORI and MEMRI signals, all PROM
outputs are presented directly to the external bus.
Before the IORI and MEMRI signals can be fed out,
they must be strobed into separate flip-flops to change
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Table 3.

PSW bit definitions

Table 5. Macro pipeline update sequence

X

the signals into IOR and MEMR, respectively.
Control for all the sections of the 8080A emulator
is provided by the microprogram held in the control
store. Built from six 512 X 8-bit bipolar PROMs, the
control store holds up to 512 48-bit-wide micro-
instructions. However, only 345 microinstructions are
needed to duplicate the 8080A instruction set and
include the multiply and divide commands. This leaves
the unused locations available for future expansion.
Each 8080A command accepted by the emulator’s
instruction register provides the first micro-
instruction address of each set of microinstructions
that will perform the macroinstruction desired. The
op code held by the latch is decoded by a mapping
PROM that sends a starting address to the sequencer.
To speed up the instruction fetch and execution
cycle, the pipeline register used in the emulator’s
control store holds a microinstruction so that the
present instruction can be executed as the next sequen-
tial instruction is fetched. Otherwise, the next com-
mand could not be fetched until the current command
is executed—which means, in many cases, a delay of
50 to 150 ns per instruction.
Actually, there are two pipelined sections in the
emulator—the microinstruction fetch and execute
loop and the macroinstruction fetch and execute loop.
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The macroinstruction loop ensures that the next three
consecutive instructions are available locally in the
CPU. This pipelined architecture greatly enhances
machine performance when consecutive operations
are performed, and does not detract from machine
operation if nonconsecutive instructions must be per-
formed.

The macroinstruction pipeline consists of four dedi-
cated registers:

s PC: a 16-bit program counter residing in slice
register R,.

s iMAR: a 16-bit internal memory address register.

= eMAR: a 16-bit external memory address register.

s IR: an 8-bit instruction register.

The first three are used to maintain addresses that
eventually will be used to access the external main
memory via the emulator’s memory-address bus. The
fourth register stores the op codes and data returned
from memory via the data bus. Each of the first three
registers gets updated at the end of every macro-
instruction cycle, as illustrated by the sequence shown
in Table 5.

Once a starting address has been determined and
loaded into the N3001, all subsequent microinstruction
addresses for a macroinstruction are generated by the
sequencer, or altered by the current microinstruction.
All microinstructions held in the control store have
the same general 48-bit format as defined in Fig. 3.
Each word is divided into many smaller sections called
fields, whose width can be as small as a single bit.
Each field defines a hardware control operation for
the emulator.

With all hardware defined and the format for the
microinstruction selected, your next task is to write
the microinstructions that emulate the macro-
instructions of the microprocessor.

Develop the microinstruction routines

To describe the development of all the 8080A macro-
instructions in microinstruction form would require
a book in itself. For a comparison of all the 8080A
instructions and their emulator equivalents, check
Table 6. However, to see how every macroinstruction
can be emulated, examine in detail how the 8080A’s
MOV A,H (move the contents of register H into the
accumulator) instruction is duplicated.

For the emulator to execute the MOV A H instruc-
tion, the op code for the MOV command must first
be fetched from the main computer memory. Then
the contents of register 2 of Array 2 must be moved
to the T register of both Arrays 1 and 2 (A~H). A
simplified flow chart of the entire microroutine is
shown in Fig. 4.

The basic program for the emulation system con-
sists of a master microinstruction program, then one
subroutine for each 8080A instruction—approximate-
ly 80—including the multiply and divide commands.
Every microinstruction subroutine that executes a
macroinstruction returns to the first microinstruction
of the program loop, which is a fetch instruction to

it
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3. A48-bit microinstruction word broken down into many
smaller control fields lets you control all the hardware
to emulate the 8080A. Because the slices are micro-
programmable, new instructions can be added simply by
developing new sequences of microinstructions that will
perform macro operations.
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4. To duplicate the MOV A,H instruction of the 8080A,
check this flow chart, which shows all the operations that
must be performed under software control.

pull the macroinstruction from the main memory. The
microinstruction subroutine also samples the READY
line.

The first instruction causes the program to loop in
a wait state until the READY line goes low. Once the
line goes low, the emulator’s program decodes the
macroinstruction, updates the maecro pipeline, and
starts executing the microcode for the macro-
instruction. To execute the MOV A,H instruction, data
held in the H register (R. of Array 2) must be
transferred, through a series of steps, to the ac-
cumulator (T register) in Array 1.

To provide a starting point for the microcode listing
(Fig. 5), use address 007, as the idle address to which
every microroutine will return. And until the READY
line goes low (indicating valid data on the data bus),
the emulator tries to execute the microinstruction at
location $¢7,;,. The instruction at @7 is a loop that
repeatedly latches the contents of the data bus into
the instruction register with the IRW control-field bit.

The address control (AC) field in the first line of

ADDR FO FI FGP IMB RGP DOE IRW ADL FRW ED1 KS IER SWPA NC2 NC1 CCR EXT RRE LD2 SJM IST DBY CS LD

5. Developing the microcode for the emulation system
can be quite complex with each microword containing 48
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microcode specifies a jump to the current row (row
0, column 6). And as long as the READY line is false,
the microinstruction will loop to itself i.el_ggdress
#07,;. While the wait loop is executing, the EXT field
enables the READY line to control MA@, and IST
enables the interrupt logic.

When the READY line becomes true, the micro-
program goes on to 006y, which is then used to
maintain the microaddress pipeline and translate the
op code into a beginning address for the MOV micro-
routine.

If you assume the MOV A,H instruction has been
fetched by the emulator from the main memory
(location N), the macro’s pipeline status has a definite
state (Fig. 6a), which must now be updated (Fig. 6b).
The PC register is updated by performing a double-
byte increment. To perform the two necessary func-
tions, the following control fields must be used:

= DBY, which places the two slice arrays into the
16-bit operand mode.

u FF1, which forces a ONE to be output on the N3001
FO pin.

s AN, which directs the uncomplemented value of
FO to the CI input of the double array.

» R44, which selects register R, of both Array 1 and
Array 2.

s K1, which forces the negative-true K bus of the
slices to all-ONEs.

s LM1, which forces the ALU function to be per-

formed by the double-byte array.
The four other mnemonic microcode assignments,
ADL, SJM, LD and JPX, are used for general house-
keeping: ADL loads the external memory address
register to access the memory, SJM provides for a
secondary decode of the op code, LD controls the load
enable to the microprogram control unit for starting
the microroutine specified by the op code decode, and
JPX is a 3001 command to jump and test the PX bus
and load the PR latch of the N3001.

Once an entire line of microcode is executed, the
microaddress changes to (3A,;, which begins the
actual execution of the MOV A H instruction. The code
at address @3A performs two major jobs:

1. It moves the contents of R. to the working
accumulator of the slices.

2. It determines the secondary jump destination.
The first operation requires five fields of the micro-
program word to move the register contents:

i COMMENTS

bits. However, not all fields are used by each microword,
which simplifies development somewhat.
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*MOV AA; MOV B,B, etc., are treated as NOPs.

Table 6. 8080A vs emulator cycle times LOCATION CONTENTS || LOCATION CONTENTS
8080 Factor of PC (R4) = N+#2 PC (R4) i
Emulator 8080 A speed 3002 MAR = N+ 3002 MAR = N+2
Instruction | Cycles Time| Cycles Time| increase Ratmnn gle ' ExtMAR = N+1
MOV rl,r2* 3 0.45 G2 55 5.6
us us | (times) @ @
MOV M,r 8 1:20 it s3ih 2.9 6. Updating the status of the macro-pipeline registers (a)
MOV r,M 6 0.90 T e R 3.9 is done once the macroinstruction gets decoded. The
HLT 4 0.60 7 35 5.8 updated status (b) is held in the same registers.
MVI r 4 0.60 7' 35 5.8
MVI M 7 1.05 10 50 4.8
INR 3 0.45 5 25 5.6 = FF1, to force a ONE on the N3001’s FO pin.
&CRRI\; 4 2080 5 25 4.2 = NAN, to complement FO and deliver it as CI to
: both slice arrays.
Il o « K1, to force the K bus to all-ONEs.
reg 4 0.60 4 20 33 = R33, to select register 3 for each array.
Arithmetic = ILR, to instruct the slice to move R3 to the working
mem 7. SienthC e 3.3 accumulator.
Arithmetic
immed. 4 0.60 FE153:5 5.8 Additional fields finish the job
RLC 4 0.60 4 20 33
RRC 3 0.45 4 20 44 Two other control fields are used in the microword
RAL 3 0.45 4 20 4.4 to perform the second task. The RRE field bit enables
RAR LB e the op-code-register control PROM, and the LD field
.J]T,\G_g i ggg ig gg gg enables the m?croprogram control unit' for a new
CALL 13 195| 17 85 44 address loaded in from the PROM. The microprogram
CALL 4 060! 11 55 9.2 next accesses address (7Fy in the control store.
RET 8 1201 10 50 4.2 The secondary jump executed in the microword at
RET 2 0.30 65 OIE 8.3 address 3A brings the microprogram to the instruc-
RST 13 1.95 115 5055 28 tion at address (7F. This instruction also performs
IN 8 1.20 100 5.0 4.2 two tasks:
ouT 8 1.20 1050 4.2 1. It completes the register move from the working
MUL 26 SEEIo | Sl = accumulator to the accumulator (registers AC to A).
DIV 31-53  4.65- 2. It returns the microprogram to (@6, if READY
B o is low, or else to 007.
I?L(J'SH 1{ }gg 1(1) gg gg The register transfer is completed _with micro-
pusH psw| 11 1:65 11 5:5 3:3 in-struction fields FF1, AN, REE, KD, ED1 and LDI.
POP 9 1.35 10 ‘80 4.1 Fields FF1 and AN are as defined before; REE selects
POP PSW g <ipl {0 50 4.2 the T register of both arrays; KD selects the Data Out
STA 9 1.35 13" 65 4.8 bus of both arrays as the input to the K bus; and ED1,
LDA 8 1.20| 13 65 5.4 by default, selects Array 2 as the source of the Data
XCHG 7 1.05 43556210 1.9 Out bus. LDI completes the functional execution of
XTHL 15 21260154418 9.0 4.0 MOV A, H by transferring the contents of AC to A.
SPHL 3 045 B 529 5.6 To complete the last half of the microinstruction,
PCHL 6 0.90 5 25 2.8 memory request is active; EXT selects the READYQ
DAD s 0 e R 8.3 as the Source for MA,; IRW latches the external data
Egﬁ); g (1)5(5) ; gg i? pus into the instruction reg:ister; and IST enables the
INX > 0:30 5 25 83 interrupt acknowledge logic. . i
DCX 3 0.45 5 Bg 5.6 These are normal housekeeping operations, per-
CMA o idiag 4 20 6.7 formed at the end of every macroinstruction routine.
STC 3 0.45 4 Ling 4.4 If the main memory is not busy, i.e., READY is active,
cMmC 4 0.60 4. 2.0 3.3 the next microinstruction executed will be at location
DAA 8 1.20 4' 20 1/ #06,,. However, if the main memory is busy, then the
SHLD 11 165| 16 80 4.8 control will return to location 007,;, where it will wait
IE:-ILD lg (l)gg 12 gg g‘; until the main memory responds with the next macro-
DI 5 o8t A 50| 67 B om N
NOP 20,30 4,20 6.7 Note

Details for the construction of a full board containing the

emulator are available by circling the reader service number below.
Full schematics, board layout and microprograms are included.
Circle No. 319

NOTE: The above stated instruction execution times assume an 8080 emulator
microinstruction cycle time of 150 ns and an 8080A clock cycle time
of 500 ns.
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OUR 0S4000 TAKES
OVER WHERE TUBE
STORAGE LEAVES OFF.

The Gould OS4000 digital memory oscillo-
scope extends your capabilities beyond the
limits of conventional storage tube technology.

With the OS4000, stored transients do not
deteriorate and are clearly displayed at will
indefinitely — as long as you choose to keep
the data. Stored trigger points allow you to
display pretrigger signals as well as the signal
itself. You see what actually caused the signal.

Digital storage also offers you four useful
options: 1) Fully automatic operation, 2) ana-
log and digital output for hardcopy, 3) higher
resolution through expansion of stored traces,
4) the ability to generate complex wave forms.

The OS4000 can enhance the effectiveness
of traditional dual trace displays by simulta-
neously displaying real time and stored traces
without the amplitude restrictions of a split
beam storage tube. Both signals have opti-
mum brightness to help you draw the critical
inferences from close comparisons. At low

frequencies there is no irritating flicker or
C.R.T. glow.

Rated at 10 MHz for conventional operation
the OS4000 utilizes an 8 bit x 1024 word RAM,
with a sampling frequency of 1.8 MHz. Normal/
refreshed/roll modes are standard.

With a multitude of new applications in gen-
eral electronics, medical electronics, research
laboratories and transducer related measure-
ment situations, Gould’'s OS4000 simply out-
classesevery tube storage scope on the market.
But even though the OS4000 represents a step
forward in storage scope technology, it is both
easy to use and extremely affordable

For more information contact Gould Inc.,
Instruments Division, 3631 Perkins Ave.,
Cleveland, OH 44114 In Europe contact Gould
Advance LTD., Roebuck Rd., Hainault, Essex,
CB10 1EJ, England
For brochure call toll free (800) 325-6400.
Ext. 77. In Missouri: (800) 324-6600

Example of expanded output (1:2)

CIRCLE NUMBER 38
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. . . with gapped ferrite pot cores in -
3C8 material from The Cube

We'd like to announce the end of ‘by guess
and by gosh’ in designing output filter
chokes. Ferroxcube now offers a complete
line of gapped pot cores, in 3C8 material,
with standardized gap length and
standardized A, values.

The gap lengths have been optimized to
prevent saturation of the core due to high
DC fields, while simultaneously providing
maximum impedance to the AC ripple
current,

Gapped pot cores, bobbins and hardware
are available in 14, 18, 22, 26, 30, 36 and
42 mm sizes. For complete specifications,
call on The Cube.

Saugerties, New York 12477 (914) 246-2811

‘ FERHOKCUBE Division of Amperex Electronic Corporation,

A North American Philips Company
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Technology

Plan a programmable pulse generator

around ECL ICs for rapid response. Control leading and
trailing edges individually. Get high resolution, too.

Fast, programmable pulse generators capable of
parallel operation aren’t exactly off-the-shelf items.
But you can design one with standard ECL ICs, and
get super performance: 1 to 3-ns response time, +20-
ps resolution and +40-ps linearity. And since you can
trigger several generators at once, you can generate
complex waveforms, too.

Seventeen-bit binary numbers define the leading
(T;) and trailing (T;) edges of the output pulse in terms
of delay times (see Table 1) measured from time
T,—the point where an output transition occurs with
all data bits set to ZERO. The value for T; should be
set larger than that for T, because the difference,
T, — T, defines the pulse width (Fig. 1).

The pulse generator also works with less than 17
bits—if, say, only 16 bits are available, the bit 0 or
bit 16 line can be left open. Without the bit 0 line,
the maximum delay is snipped in half; without the
bit-16 line, resolution gets cut as much.

Transitions occur between the standard ECL levels
of —0.85 and <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>