


51!K EPROM IS H • 
You think Fujitsu came out with the 

world's first 512K EPROM? No, gomena­
sai. You think Intel's got the first chip 
big enough to hold an entire operating 
system? No way. 

It's Advanced Micro Devices. 
And the Am27512 is just the latest 

reason our memory family is skyrocketing. 
There's also our world record speed­

ster, the 256K EPROM, as well as our 
really hot 128K and 64K EPROMs. 

We've got the biggest family of 
EPROMs there is. From 2K to 512K. 

And our other products are just as hot. 

We11 put~ as far ahead 
of the competition as we are. 

Controllers. Bipolar and MOS micro­
processors. Communication circuits. 
Signal processors. 

And nobody makes as many peripher­
als for as many microprocessors as AMD. 

The International Standard of 
Quality guarantees a 0.1% AQL on all 

electrical parameters, AC and DC, 
over the entire ope~e. 

1Wf 91V-
Standard of Quality. 

And every 
single chip 
meets or ex­
ceeds the 
International 

Next time you need an EPROM, give 
AMD a call. 

We'll give you something to celebrate. 

Advanced Micro Devices ~ 
901 Thompson Place, P.O. Box 3454, Sunnyvale, CA 94088 

(408) 749-5000, outside California, call toll-free (800) 538-8450, ext. 5000. 
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You'll have your hands on an 
amazingly versatile instrument. 
Throughout its 100 µ.Hz to 11 MHz 
range, the Model 22 does 
everything you'd expect of a state 
of the art sweep generator. It lets 
you set start and stop frequencies 
with 31;2 digit precision on the 
display, choose linear or log sweep 
modes, and sweep over a 1,000:1 
range. 

But the Model 22 has a handful 
of other capabilities. 

For instance, frequencies below 
1.1 kHz are digitized, with 1,000 
point horizontal and 250 point 
vertical resolution. This results in a 
precision sine wave or a highly 
linear ramp. 

When Model 22 is used as a 
function generator, its output 
frequency can be locked to the 
display counter, giving it a long­
term stability of 0.09%. That's more 
than 30 times better than the short­
term accuracy of most function 
generators. 

';;.t~'';t::~'.-:J"'~,~~ 11 MHz Stabilized Sweep Generator model 22 
-- ,.;;;;.;- -Gate - Trig C;nt Set Swp T1'19 Swp Frequency 

Stab On 
Off 
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Log 
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All this in a package you can 
hold in one hand, and own for less 
than $1,000.* For details on how 
you can pick one up, contact 
Wavetek San Diego,9045 Balboa 
Ave., PO. Box 85265, San Diego, 
CA 92138.Tel. (619) 279-2200; 
TWX 910-335-2007. 

*U.S. price. 

WAVETEK: 

O.C. Offset 
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Dale's ZIP™program is 
more than a promise. It's a 
guarantee that we can save 
you time and eliminate many 
of the headaches involved 
with component specification, 
procurement and evaluation. 
And, now ZIP is more comprehensive than ever: 

GU.&B.&ITBBD DBLIVBBY 
When we confirm a shipping date for any product you 
order under the ZIP program, we guarantee shipment 
will be made on or before that date or we will pay 
the shipping costs for the delinquent portion. 

GU.&B.&ITBBD QUALITY 
ZIP moves the products you need from our produc­
tion line to yours without stopping for receiving 

inspection. We guarantee they 
will perform as specified with­
out costly in-plant verification . 

AT 10 BITB.l COST 
Dale's ZIP components are compet­

itively priced and most are available from 
comprehensive factory stocking programs. All you 

have to do to get these extra advantages is to 
specify that you want ZIP products at the time the 
order is placed. 

COVBBIIG •OBI 
PRODUCTS TB.Al BYBB 
Thick film resistor networks: Molded DIP and SIP 
(MSP/MDP), coated SIP (CSC) 01 , 03 schematics, 
2% tolerance. Phone 915-592-3253, El.Paso, TX. 
Thick film chip resistors: CRCW-1206, 1%, 5% 
tolerance. Metal film resistors: 1/4 watt commer­
cial (CCF-55) ; Hybrid chip thermistors (Type "H"). 
Phone 402-371-0080, Norfolk, NE. 
Wirewound resistors: Commercial/industrial , 3 watt, 
(CW-28, RS-28) ; Low value, .005-.1 ohm (LVR-3). 
Phone 402-564-3131 , Columbus, NE. 

CALL POI .&DDITIOl.&L 
llPOB•.&TIOI 
For additional information on products covered by 
the ZIP program, contact your Dale representative 
or one of the factory locations noted above. ZIP­
it's your assurance of continued Dale leadership in 
component quality and service. 

Dale makes your basics better. 
DALE ELECTRONICS, INC., 2064 12th Avenue, Columbus, NE 68601 • Phone 402-564-3131 
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BEHIND THE COVER 

A
designer's creative juices flow best in an 
atmosphere that promotes, rather than 
restricts, new ideas-where, as Dave 

Rodgers puts it, "you don't have to battle with 
people who say no just because something has 
never been done a certain way before." It was just 
such an atmosphere that the 18 founders of 
Sequent Computer Systems Inc. hoped to foster. 
So strong was the drive to work unencumbered 
that the team of engineers, administrators, and 
marketers got together in January, 1983, with no 
particular preconceptions about a product. 

After three months of brainstorming and an­
alyzing industry trends, it became clear that 
there was a bright future for a general-purpose 
multiprocessing computer-one that would fit 
the OEM's need for performance and config­
urability. That decided, one immediate goal was 
to hire Rodgers, who had helped design the VAX-
11/780. And now he and Gary Fielland, whom he 
calls the "intellectual father" of the Balance 8000, 
have written this issue's cover story (p.153) 
about that multiprocessing machine. 

To be sure, it was Fielland's extensive back­
ground in system architectures and his grasp of 
the problems involved in synchronizing multiple 
microprocessors that led to the Balance 8000-a 
machine that automatically distributes its pro­
cessing load evenly and continuously among up 
to 12 independent processors, runs Unix-based 
software, and automatically reconfigures itself 
as extra processors, memory controllers, and I/O 
modules are added to it. Further, it was Fielland 
who came up with the idea for the system link 
and interrupt controller chip, which manages the 
computer's global interrupt system, controls its 
cache semaphores, and forms the core of a 
packet-based communication system. 

The new company's willingness to take risks 
was also a factor in getting the complex design up 
and running exactly a year from its inception. In 
Rodgers' understated way of speaking, it was "a 
much more rapid cycle than I was used to." 

Today, though its engineers now number 45, 
Sequent still maintains its air of adventure. To 
Fielland, it brings the joy of seeing his ideas 
fleshed out and working. To Rodgers, it means 
"having a measurable impact on the company, 
seeing how you personally have changed it." 
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104 Introduction 

Technology Report 
106 Analog converters, sample-and-hold amps lead 

the way to a world of ideal design parameters 

Design Entries 
175 Floating-point converter uses hardware to get 

a 20-bit dynamic range 
With hardware setting the gain of a programmable-gain amplifier, 
an analog-to-digital converter samples full-scale signals from 
±20 mV to ±5 Vat 320 kHz. 

191 One-chip a-d converter interfaces with most µPs 
Accepting and delivering data over an 8- or 16-bit bus, a one-chip 
analog-to-digital converter is accurate to 10 bits and handles a 
conversion in a mere 6 µs. 

205 A-d converter-filter chip serves as front end 
for digital signal processing 
An analog-to-digital converter and an anti-aliasing filter based on 
switched capacitors form the analog front end for digital signal 
processors. 

219 Analog 1/0 boards ensure speed and accuracy 
in VAX-based data acquisition 
A bit-slice controller and a 64-kword FIFO buffer compensate for 
slow host systems, allowing data transfers at 250,000 samples/s. 

TECHNOLOGY NEWS 
27 Newspulse 

Newsfront 
37 Fine-line CMOS process will soon be trimming 

feature sizes to 1 µm 
38 Internal float ing-point processor further boosts 

RISC machine speed 
40 Base metals replace precious ores to cut resistor 

network cost 
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71 Functional testing gains importance as boards 
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72 More memory, at lower cost , will radically alter 

the way computers operate 
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235 Clocked v-f converter tightens accuracy and 
raises stability 
Replacing sensitive external components with a clock input, a 
v-f converter experiences less gain drift over temperature. 

249 Adaptable chip monitors five power lines 
to safeguard digital systems 
Designed for retrofit or OEM applications, a quad power supply and 
line monitor chip fits a wide range of supply types. 

DESIGN ENTRIES 
153 Cover: 32-bit computer system shares load 

equally among up to 12 processors 
A multiprocessor computer automatically redistributes the work 
load and lets the user add more CPUs, employing one modified copy 
of the Unix operating system. 

268 Design Solutions 

PRODUCT REPORT 
281 Focus on portable oscilloscopes 

Even as they drop in size, portable oscilloscopes are adding new 
talents to their repertoire and meeting the user more than half 
way in ease of operation. 

NEW PRODUCTS 
Software Analog 

IN THE NEXT ISSUE 

Personal Computers: Technology 
reports on the latest in small 
mass-storage devices and net­
working . . . First details of a new 
communications chip . . . A new 
function block t hat offloads a host 
in controlling peripherals 

Cover illustration by Jim Kinstrey 
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297 Circuit compiler cuts chip area 25% to 40% over 341 Voltage-output version of DAC80 settles to 
standard cells 0.012% with in 1 µs 

299 Simulator for 8048 shows 6 windows on IBM PC 348 Power 360 Instruments 

Digital ICs 326 Communications 362 Computer Systems 

306 Color video processors act as building blocks for 332 Factory Automation 364 Materials 

PAL, NTSC systems 344 Computer Peripherals 365 Product News 

309 CMOS repertory dial chip controls tones, pulses 352 Computer Boards 368 Application Notes 

310 Video-attributes chip emulates VT220 and VT100 356 Components 369 New Literature 

312 SCSI controller ch ip contains bus drivers 358 Packaging & Production 
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MOTORS • VALVES 
TRANSDUCERS 

YOKES • COILS 

10 OTHER MODELS 
SPECIFICATION RANGES: 

:t15V to :t150V 
:t75mA to :t15A 

SLEW RATES up to 500V/µs 

NOW AVAILABLE 
W ITH MIL883 SCREENING 

SEE GOLDBOOK FOR: 
PRODUCT SPECIFICATIONS 
SALES REPRESENTATIVES 

CONTENTS SPOTLIGHT 

Analog Technology 104 

D
esigners who work with data converters may have 
found the land of milk and honey-a land filled with 
more functions per package, higher performance, 

and both CMOS and merged CMOS-bipolar processes. Just 
how far these devices and their sample-and-hold compan­
ions have gone is the subject of this issue's Technology Re­
port (p. 106), which is backed up with a diverse selection of 
contributed articles. 

Leading the coverage are three analog-to-digital con­
verters: a floating-point version that reaches a 20-bit dy­
namic range (p. 175), one that shares its chip with a micro­
processor interface (p. 191), and another that teams up 
with an anti-aliasing filter for digital signal processing 
(p. 205). For sampling data, an analog I/O board supplies 
the speed and accuracy required by a VAX-based data ac­
quisition system (p. 219). 

For those applications that do not need high speeds, a 
voltage-to-frequency chip proves an able stand-in for an 
a-d converter (p. 235). Rounding out the contributed arti­
cles is a power-line monitoring chip that safeguards digital 
systems (p. 249). 

Cover: Dynamic load-sharing computer 153 

Twelve architecturally identical microprocessors can 
do the heretofore impossible for a multiprocessor 
computer: deliver twelve times the processing power 

of one CPU. Incremental expansion without degradation or 
bus contention is made possible by a 32-bit system that dy­
namically redistributes its processing tasks in order of pri­
ority and uses one copy of a Unix-based operating system. 

ELECTRONIC DESIGN is growing. 
If you'd like to grow with us, you may be interested in one of the editorial 
opportunities we have in our New York area home office or in our field offices, 
in the United States, Europe, and Japan. 

We are interested in people with experience in all aspects of electronics, 
especially the explosive area of computer technology. To examine your 
potential in the exciting world of engineering journalism, call Lucinda Mattera, 
Editor-in-Chief, at (201) 393-6000, or write to her at Electronic Design, 10 
Mulholland Drive, Hasbrouck Heights, N.J. 07604. 
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3 KHz-800 MHz 
over 50 off-the-shelf models 
from $295 

Choose impedance ratios from 1: 1 up to 36: 1, 
connector or pin versions (plastic or metal case built 
to meet MIL-T-21038 and MIL-T-55831 requirements*). 
Fast risetime and low droop for pulse applications; 
up to 1000 M ohms (insulation resistance) and up to lOOOV 
(dielectric withstanding voltage). Available for 
immediate delivery with one-year guarantee. 

Call or write for 64-page catalog or see our catalog in 
EBG, EEM, Gold Book or Microwaves Directory. 
·unit s are not OPL hsted 

finding new ways .. 
setting higher standards 

O Mini-Circuits 
A Div1s1on of Scienlil1c Components Corporation 

World 's largest manufacturer of Double Balanced Mixers 
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 

Domestic and International Telex 125460 International Telex 620156 
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Everybody talks 
CMOS telecom circuits. 

But only National goes 
beyond talk with telecom products 

that deliver the industry's 
highest performance. 

When it comes to telecom 
circuits, everyone is making 
a lot of noise. 

Except National. 
Because National is applying 

its microCMOS technology 
to produce an array of telecom 
products that offer important 
design benefits. 

Specifically, National's 
codec/filter COMBO™circuits, 
using microCMOS technology 
provide the lowest idle channel 
noise. The lowest power 
requirements and automatic 
power-down. All leading to 
higher performance, lower sys­
tem cost and a major improve­
ment in reliability. 

Our range of codec/filter 
COMBO devices is a perfect 
example of what microCMOS 
can do for you. 

Imagine a whole array of 
COMBO circuits that typically 
operate at a low 60 mW Or 
an even lower 3 mW in the 
power-down mode. 

And these devices feature 

CIRCLE 7 

a full range of codec and filtering 
capabilities. And, µ-law or 
A-law compatible COder and 
DECoder. Active RC noise 
filters for ultra-low out-band 
noise. High-pass and low-pass 
filtering. Plus serial and 
parallel interface options. 

On top of that, we're apply­
ing microCMOS technology 
to ISDN. Including digital 
subscriber loops. 

Small wonder the industry 
giants consider National's 
codec/filter COMBO products 
the industry standard. 

They're one more reason to 
take advantage of National's 
microCMOS technology. 

We'd like to show you 
more. For a copy of our 
new microCMOS brochure, 
contact us at 2900 Semi­
conductor Drive, ms23200, 
Santa Clara, CA 95051. 

~National 
~ Semiconductor 

We're doing it. 
_.as 



Now is the time to rethink your design decisions--
if you require up to 1 watt output for low-distortion intermodulation 
testing ... broadband isolation . .. flat gain over wide bandwidth- or if you 
need much higher output level from your signal/sweep generator 
or frequency synthesizer - you can now specify Mini-Circuits' 
new ZHL-42 power amplifier . .. for only $895. 

Using ultra-linear Class A design, this state-of-the-art four-stage 
amplifier provides 30dB gain, flat ( ± 1.0dB) over the 700 to 4200 MHz 
range, is unconditionally stable, includes overvoltage protection, and can 
be connected to any load impedance without amplifier damage or oscillation. 

One week delivery .. . and. of course, one-year guarantee. 

CIRCLE 8 
finding new ways . 

setting higher standards 

r;;:I MiA~l~.«!lt~Yll! 
World's la rgest manufacturer of Double Balanced Mixers 

P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telex 125460 International Telex 6201 56 

ZHL-42 SPECIFICATIONS 

Frequency ........... . ........ .7 to4.2GHz 
Goin ... ... ............ . ........ 30dBMin. 
Goin Flatness. . . . . . . . . . . • . . . . . . . . . . ± 1.0dB 
Power Out @1dB CP. . . . . . . . . . + 29dBm Min. 
VSWR In/Out . . . . . . . . . . . .. . . . . . . . . 2.0~ Max. 
Noise Figure . . . . . . . . . . . . . . . . . . . . . . . . 7.SdB 
Supply . . .. . . . . . . . . . . . . . . . + 15V @ 690mA 
Third Order Intercept. . . . . . . . . . . 38 dBm Min. 
Second Order Intercept . . . . . . . . 48 dBm Min. 
Size. . . . . . . . . . . . . . . . . . . . . . 7' x 3Y4'' x 2Ya"h 
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ON REFLECTION 

Digital designers need 
a crash course 
in analog technology 

A 
keepers of the analog faith have long 
warned, digital designers are quickly 
facing a day of reckoning. It will soon 

become mandatory that digital designers 
not only be able to understand analog tech­
nology but also be able to operate in what is 
to them a nebulous and inexplicable world. 
A world, for example, in which industrial 
control systems often must handle fast 
nanovolt and kilovolt signals in close prox­
imity without interference and to within 
0.0015% accuracy. 

In addition to pure physics, two other rea­
sons will force the digital designer to learn 
the analog trade: a demand for top function­
ality in one package and the obvious short­
age of analog specialists. 

With logic speeds reaching for the micro­
wave region, parasitic capacitances and in­
ductances will soon turn sharp pulses into 
near sine waves. 

Those degraded pulses must not be fur­
ther distorted by logic inverters or gates, 
which are actually nonlinear amplifiers. Al­
though the pulses start out reasonably 
large, if they travel any distance, attenu­
ation also occurs, making the interference in 
noisy environments a critical factor. 

Even in moving magnetic memories, the 
signals coming off the read heads are truly 
linear and must be processed carefully to 
determine whether they are logic ls or logic 
Os. Moreover, if these pseudopulses emanate 
from the latest hard-disk drives, they de­
mand amplifier bandwidths of 50 to 100 
MHz. To complicate the matter, the signals, 
which are extremely small to start with, 
could suffer from the noise of spindle mo­
tors. 

Designers of circuits handling fast high­
voltage or high-current pulses face similar 
pseudo-analog problems. For instance, a 
100-A power MOSFET can turn off in less 
than 1 µs. However, the di/dt effects in par­
asitic pc-board and package-lead induct­
ances may turn them on again. Pc-board 
wiring resistance, as well as source-drive 
impedance and current output, must be min­
imized for guaranteed turn on and turn off. 
The high input capacitance of 15,000 pF also 
must be charged from the source-through 
the resistance-in under 1 µs. 

Squeezing more functions into one pack­
age has prompted strong interest in putting 
digital and analog functions on one chip and 
their diverse signals on the same board. As 
a result, digital designers are being asked to 
handle analog signals, as well as the more 
familiar digital ones. Frequently, the digital 
designers determine which op amps, com­
parators, or converters should be used. 

Those designers may think that trusty 
analog engineers will be as helpful in de­
signing the new boards as they have been in 
the past. That luxury may not exist much 
longer-the shortage of experienced analog 
designers is significantly more acute than 
that of their colleagues. 

Digital designers, dust off your original 
analog computer-your slide rule-get out 
your trusty handbook, and pay heed to the 
real world. It's later than you think. 

Frank Goodenough 
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INTEL CHMOS GIVES 
DATA EQUAL VOICE. 

:5VB5C(</IJER 

SWIJC/f !MJ- j 

/R.fJNK 
~__,, I !'lff/l..- ~ 

rAC& 

BAl!~PtA-NE 



The telephone system 
of tomorrow will be digital 
end to end. Able to 
handle voice and data. 
Simultaneously. 

Today, there's a short­
cut to get you there. 

Introducing the first 
two members of Intel's 
third generation Advanced 
Telecommunications 

Component (iATC™) family 
The 29C51 Codec/ Filter 

combo in CHMOS. And 
2952 Line Card Controller. 
Representing a new 
approach to telecommuni­
cation's circuit architecture. 

Together, they can 
handle all pulse code 
modulation coding and 
encoding. Subscriber voice 
channel filtering. Con­
trol signaling. And back­
plane interfacing. 

Alone, the 29C51 
handles all the analog to 

· digital switching. It's soft­
ware programmable with 
a total oflO features under 

plus manage all voice and 
data transfers between 
the backplane and the line 
circuits. This includes 
matching time slots on 
PCM highways and intel­
ligent interface to a con­
trol highway. 

Although the 2952 
can interface with just 
about any part of your 
system it's optimized for 
use with Intel's 80C51 
microcontroller and the 
Intel iAPX family of micro­
processors. 

29C51 
Combo 

user control, including ~ __________ _ 
transmit and receive gain. ~ 
You can also program 
the 29C51 for subscriber 
line balancing. 

It offers a secondary 
analog channel capable 
of monitoring an analog 
subscriber's line. 

And internal analog 
three-way conferencing. 

All on one chip. All soft­
ware controlled. 

Because the 29C51 is 
manufactured with Intel's 
CHMOS technology, it 
offers the best of both 
worlds. The density and 
manufacturability of Intel's 
high performance HMOS 
technology. And the low 
power benefits of CMOS. 
With absolutely no com-

. promise in performance. 
Developed for use with 

the 29C51, the 2952 Line 
Card Controller provides the 
bridge to ISDN upgrades. 

It can control up to 16 
subscriber lines at once, 
C 1984 Intel Corporntion 

29CJ4 

I 
Pouv..>r 

2914 
Combo 

Tbe high performance 29C51 offers the benefits of low 
power with more features than conventional NMOS. 

Which means your 
telecommunication sys­
tem design can be virtu­
ally unlimited in scope. 

Together, the 29C51 and 
2952 will work with every 
other iAfC component. 
Now. And in the future. 

If there's a digital tele­
communication system 
design in your future, call 
Intel toll-free today at 
(800) 538-1876. In Cali­
fornia, (800) 672-1833 . 
And give your data equal 
voice. 

intef 



Finally, hiJdt-perfonnance 
network analysis from 5 Hz to 200 MHz 

.. . foronly $23,500": 

If you're testing components, amplifiers, 
filters, crystals, or communication 
systems, you're probably paying for 
bandwidth you don't need. Or you're 
getting significantly less performance 
than you really want. But not any more. 
Because with the HP 3577 A Network 
Analyzer, you get precision measure­
ments from S Hz to 200 MHz at an 
affordable price. 

Swept Frequency Coverage. The 
HP 3577A's internal synthesized source 
lets you sweep as narrow as 10 milliHz 
or as broad as 200 MHz. With accurate 
and stable start, stop, and CW frequency 
selection to 0.001 Hz resolution. 

Magnitude/Phase Accuracy and Res­
olution. With three independent receiver 
inputs, the HP 3577 A can make accurate 
magnitude and phase measurements over 
a 100 dB dynamic range. Sensitivity is 
-115 dBm in a 1 kHz BW. Better than 
-130 dBm in a 1 Hz BW. Plus, you can 
resolve to 0.001 dB magnitude and 0.005 
degree phase. 

Versatile Group Delay Measurements. 
Swept group delay measurements are 
yours to 1 ps resolution. Selectable fre­
quency aperture between 0.5% to 16% of 
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Introducing 
the HP 3577A 

Network Analyzer 
span lets you optimize each measurement 
for the situation at hand. 

But that only scratches the surface. 
You can display measured data in rec­
tangular, polar, Smith, or log (Bode) for­
mats. Perform arithmetic on trace data, 
use the autoscale function for bringing a 
measurement on scale quickly, get hard­
copy output using the direct HP-IB plot­
ter control. Plus true vector averaging, 
electronic line stretch, and selectable in­
put impedances. 

Price, performance, and convenience ... 
they combine to make the HP 3577 A the 
ideal solution. 

Communications. Take advantage of 
the HP 3577 A's high resolution, stability 
and wide frequency range for measure­
ments in the audio, baseband, and IF 

F//ffl HEWLETT 
~ea PACKARD 

ranges. Add the HP 35677 A/B SO ohm 
or 75 ohm test set for simultaneous 
reflection/transmission measurements. 
Use the group delay feature to check for 
phase distortion at 45 or 70 MHz in IF 
filters. 

Filters. Here's a major advance. For 
the first time, the HP 3577 A lets you 
measure filters with 100 dB of stopband 
attenuation, and 0.001 Hz frequency 
setability. Ideal for crystal filters. 

Disc Manufacture. With data rates 
pushing higher all the time, traditional 
digital logic and read/write amplifiers 
require precision analog-type testing. 
The HP 3577 A is the perfect choice for 
designing, verifying, and optimizing 
such circuits. 

Put the HP 3577 A to work on your 
design problem. The right bandwidth. 
Exceptional accuracy. Superior resolu­
tion. And low price. For complete 
details, contact your local HP sales office 
listed in the telephone directory white 
pages. Ask for the electronic instruments 
department. 

•U.S.A. list price only for the HP 3S77A Network Analyzer. 
Add the HP 35677 A/B S-Pararneter Test Set (100 kHz to 200 
MHz) for $3,500. 
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READER FEEDBACK 

Track record 
speaks for itself 

I
'm happy that your fine 
Newsfront story "1/4-in. 
Cartridge Drive Doubles 

Track Density to Store 134 
Mbytes" [July 12, p. 44] recog­
nizes data cartridges for what 
they are-a tremendously 
powerful, reliable, and cost­
eff ective method of backing 
up computer systems. 

A clarification is war­
ranted, because of the asser­
tion that our DC 600 data 
cartridge lacks mechanical 
precision. Nothing could be 
further from truth. In fact, 
the DC 600 has a four-year 
track record of excellent data 
exchange and reliability in 
the HCD-75 drive and the 
HP-7900 series of tape sub­
systems. In these systems, 
the cartridge supports one of 
the highest areal densities 
(640,000 bits/in.2

) in the busi­
ness. At 64 tpi and 10,000 bpi, 
one cartridge can store 67 
Mbytes formatted. 

Peter N. Holste 
Public Relations Department 
3M Co. 
St. Paul, Minn. 

Establishing the 
right connections 

I 
read with interest the De­
sign Solution in your June 
28 issue ["Dual-Mode Pow­

er Supply Works Either Lin­
early or as a Switcher," p. 
294]. This is my area, and an 
innovative circuit interests 
me. Unfortunately, a number 

of typographical errors ap­
peared to have crept into the 
schematic. 

The catch-ing diode, type 
MR851, is on the wrong side of 
the choke, so it won't catch the 
inductive kick. Since the diode 
is in the wrong place, switch 
S1A also must be in the wrong 
location. Further, the 15-V 
zener diode in the lower left­
h and corner of the circuit is 
also connected wrong. 

Robert Bruce 
Senior Engineer 
AIL Division of Eaton Corp. 
Deer Park, N.Y. 

The author replies: I appre­
ciate the opportunity to make 
the corrections Mr. Bruce sug­
gests. On the schematic, the in­
tersection of the catching di­
ode, and the inductor should 
indicate a connection. A node 
should also be shown at the in­
tersection of the 15-V zener di­
ode and the base of the 2N2222 
transistor. Incidentally, to 
handle a greater output cur­
rent, two 2N3970 transistors 
can be used in parallel for the 
Darlington pair. 

On the right wavelength 

The tough stance taken 
by Vincent Biancomano 
in his June 28th On Re­

flection [p. 11] may anger a 
few readers, but I think it hits 
the mark squarely. Even 
though the merits of regula­
tion vs deregulation can be 
argued ad infinitum, the evi­
dence thus far presented 
clearly confirms that when 
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dux lNTEGRN. 
model-800 

INTEGRAL 800 is a complete package for software 
development, built around a Z80B, 6MHz CPU with 
64KB RAM and using the CP/MTM operating system. 
lncorparating keyboard, twin 3.5" floppy disk drive, 
in-circu it emulator, display screen, PROM programmer 
and eraser, printer and multiple connection ports into a 
carrying case the size of a large briefcase, the INTEGRAL 
800 is truly profitable for emulation, logic analysis and 
debugging that requires real-time and hardware tracing. 
Most importantly , the INTEGRAL provides a wide 
variety of utilities that allow the user to communicate 
with the VAX 11 (DEC) , MOS (Intel) etc . . Also , 8 inch 
floppy disk drives can be oonnected to expand the 
system. (option) 
There's no short cut to good software , but the dux 
INTEGRAL makes the job a whole lot easier . 

Brief specific:ltions: 
CPU: ZBOB, 6MHz 
Disk drives : Twin 3 .5" micro floppies , nch with 720 KB 

storage 
Display : 7" non"91are, amber CRT with 24 lines of 80 

characten each 
Keyboad : ASCII plan with function keys 
Printer: 40 columns on thermal paper 
PROM programmer Supports 2716, 2732, 2732A, 2764, 2764A, 

27128, 27128A, 27256 and 27C256 w ith react 
write and wrify functions 

PROM eraser : UV with 10 m in. timer 
Target CPU: ZBO, ZBOA, ZBOB and C·MOS with clock up to 

6MH• 
DimensK>ns: 19.3(W) x 6 .7(H) x 15.0(0) in 

490(W) x 170(H) x 380(0)mm 
Weight : 33 lb (15 kg) 
Power requirements AC 115/230V , 50/60 Hz 

ONTEGRAL...,im) MocMl-850 li8085) , Modet- 860 08086) 

Mlouflcturer 

dux 
KOKUSAI DATA MACHINESYSTEMS INC. 

45-6, lguchi, Mitaka, Tokyo, 181, Japan 
Tel : 0422-31-4111 Fax : 0422-31-2050 

Authorized •><Port divflion 

~~NPS1Nc. 
SHIBUYA AESIDENCIAL OFFICE 37-10 UOAGAWA-CHO 
SHIBUYA-KU TOKYO 150 JAPAN TEL : (03 )466·5400 
TELEX : J27832 NPSJAPAN FAX : (03)466-6522 
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Analog Solutions 

Life too 
unsettled? 
AH103/ AH104: 
160nsec to 0.1°/o FET op amps 

1111> 160nsec max to 0.1 % (AH104) 

1111> 280V/µsec min (AH104) 

1111> Internally compensated for unity 
gain (AH103) 

1111> 1 mV max VOS, 5µ Vl°C max drift 
(CL grades) 

1111> 30ma min out at ± 10V 

1111> $38.60 in 100's 

( .... ~ P.O. Box 11140, Tucson, Arizona85734 :2. 
"9 Phone 602-624-8358, Telex 910-952-1283 

See us at Wescon (Booth 2246) and Electronica (Booth 21-B41) 

Our custom power 
supplies make your product 
a world-class traveler. VDE, 
BPO, UL, CSA-we meet 
them all. 

At last: you don't have 
to be tied up with "customs" 
any more! We design power 
supplies quickly and cost­
effectively to meet your 
critical specifications. 

Call us today and ask 
about our non-stop service. 
We'll write you a passport 
to international success. 
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.,ATIONAL 
_ ...,..., ___ p awER -

6'cHNOLOGY 

2111 Howell Avenue 
Anaheim, California 92806 
(714) 937-1301 • N./X: 910-591-1983 

Cl Copyright 1984, National Power Technology 
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Specifications: 
65-500 watts 
Single- and multiple-output 
Overload and overvoltage protection 
Remote sense on main outputs 
Standard models also avai lable: 

call for details. 

"See us at Midcon ; booth nos. 1104-1108" 

READER FEEDBACK 

deregulation is instituted, all 
hell breaks loose. U nfortu­
nately, it is going to be very 
difficult for engineers to de­
mand reestablishment of 
standards as long as FCC offi­
cials are nontechnical bu­
reaucrats, content to make 
decisions that are compatible 
with economic factors. To 
clear up the problem, engi­
neers may have to fight for 
better qualified and more 
even-handed decision mak­
ers, a virtually hopeless task. 

Name withheld 

Corrections 

In the Aug. 9 cover article 
{p. 153], a regrettable but un­
i oreseeable concatenation of 
errors eliminated or mis­
named the hatching of ele­
ments in three figures. In 
Fig. 3, the ellipse at the ex­
treme right should be cross­
hatched. In Fig. 4, p. 163, the 
uppermost row of four ellipses 
should be dotted and the el­
lipse within the oblong should 
be cross-hatched. In Fig. 5, 
page 166, the circle labeled 
"sensor usage violations" 
should show blue lines. 

Apologies to Energetec Sys­
tems Inc. (Lisle, Ill.) , whose 
name we misspelled in our 
August 9 letters column 
while we were trying to cor­
rect a goof in our June 28 
Product Report on switching 
power supplies. The per­
petrator is now writing "I 
will not misspell Energetec 
Systems" 500 times on his ed­
iting terminal. 
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NEW! High Density 
Linear Power Supply 

For crucial military C31 applications, the rugged new 
Abbott Model LV provides the high performance of a lab­
type power supply in a small , compact hermetically­
sealed unit. 

Exceptionally low ripple, (5mV peak-to-peak), it protects 
critical circuits from damage or inaccuracies. Superior line 
regulation suppresses input transients in accordance with 
MIL-STD-1399. High power density, up to 1.2 watts per cubic 
inch, saves valuable space. A low EMI unit, it meets MIL­
STD-461A. Exceptionally rugged , Model LV meets the 
applicable environmental test methods of MIL-STD-810C. 

Higher Reliability Option. Although the MTBF is very 
high (see right) , even higher levels of components may be 
specified to meet specific project requirements. Ask your 
Abbott Sales Engineer for details of our E.R. Program. 

Abbott Transistor Laboratories, Inc., Power Supply Division 
Eastern Office: (201) 461-4411 Western Office: (213) 936-8185 
Southwest Office: (214) 437-0697 

Call or send for Specs and Full Line Catalog. CIRCLE 1s 

Model LV, 
~;::'.i_lq 30 watts 

=.~ 
:Ei"'D • ... 

~ 
Single & dual output. 50, 60, 400 Hz to DC. 
• Low ripple, 5MV peak-to-peak. 
• Line regulation: 0.05% on changes from 105 to 125 Vac. 
• Load regulation : 0.1% from no-load to full-load. 
• Optional input: 47 to 53 Hz, 210 to 250 Vac. 
• Power densities: 28V at 7.5 amps is 1.2 watts/in'. 5V at 

20 amps is 0.6 watts/in'. 
• MTBF: Model LV5D2.0, 68,987 hrs., ground benign. 

10,384 hrs., Naval sheltered , calculated at 50°C base 
plate per MIL-HDBK-217D. 

• EMI : Low-noise. Meets MIL-STD-461A. 



U.S. MEETINGS 

Defense Computers-Graphics '84, 
Sept. 10- 13 . Co nvention Ce n te r , 
Washington, D.C. Dorothy Bomberger, 
DCC '84, 2033 M Street, N.W., Sui te 333, 
Washington, D.C. 20036; (202) 775-9556. 

EASCON '84, Sept. 10-12. Shoreham 
Dunfey Hote l, Was h., D.C. La rr y 
Whi cker , LR W Assoc., 1218 Balfo ur 
Dri ve, Arn old , Md . 21012; (3 01 ) 
765-7264. 

1984 Symposium on VLSI Tech­
nology, Sept. 10- 12. Vacation Village, 
San Diego, Calif. Dr. Lewis M. Terman, 
IBM T.J . Watson Research Center, PO 
Box 218, Yorktown Heights, N.Y. 10598; 
(914) 945-2029. 

10th Annual Advanced Control Con­
ference, Sept. 10-13. Fowler H a ll , 
Stewart Center, Pu rdue Univ., W. La­
fayette, Ind. Edward Kompass, Cont rol 
Engineering, 1301 S. Grove Ave., PO 
Box 1030, Barr ington, Ill. 60010; (312) 
381-1840. 

Electronic Imaging '84, Sept. 11- 13. 
Westi n Hote l, Copley Place, Boston, 
Mass. Electronic Imaging '84, 2 Park 
Ave., New York, N.Y. 10016-5667; (212) 
340-9780. 

Midcon /8 4 and Mini / Micro Mid­
west/84, Sept . 11 - 13. Da ll as Co n­
vention Center, Dallas, Tex. Nancy Ho­
gan, Electronic Conventions, Inc., 8110 
Airport Boulevard, Los Angeles, Calif. 
90045; (213) 772-2965. 

UNIX Systems Expo/84, Sept. 11- 14. 
Convention Center, Los Angeles, Cali f. 
Sally Nestler, Computer Fai re, Inc., 181 
Well s Avenue, Newton, Mass. 0~1 59; 

(617) 965-8350. 

Voice Input/ Output Systems Appli­
cations Conference '84, Sept. 11- 13. 
Marriott Crystal Gateway Hotel, Ar­
lington, Va. Leon Lerman, A VIOS, PO 
Box 60940, Palo Alto, Calif. 94306; (408) 
742-2539. 

1984 ASM Materials Science Semi­
nar, Sept. 15- 16. Westin Hotel, Detroit, 
Mich. Prof. B.W. Wessels, Technological 
In stitute, Northweste rn University 
Evanston, Ill. 60201 ; (312) 492-3219. 

The Solid Modeling Revolution, Oct. 
15- 16. The Sheraton Tara Hotel, Farm­
ington, Mass. Lorraine Mazza, Manage­
ment Roundtable, Inc., 824 Boylston St., 
Chestnu t H i ll , Mass. 02167; (617) 
232-8080. 

Compcon Fall '84, Sept. 16- 20. Hyatt 
Regency/Crystal City, Arlington, Va. 
Gerrie Katz, Small Computer (R)evolu­
tion, PO Box 639, Silver Spring, Md. 
20901; (301 ) 589-8142. 

DataStorage 84, Sept. 17- 19. Fairmont 
Hotel, Denver, Colo. Terri Noble, Cart­
lidge & Assoc. Inc., 4030 Moorpark Ave­
nue, Suite 205, San Jose, Calif. 95117; 
( 408) 554-6644. 

FOC/ LAN 84, Sept. 17- 21. MGM 
Grand Hotel, Las Vegas, Nev. Michael 
O' Bryant, In fo rm atio n Gatekeepe rs 
Inc., 138 Brighton Ave., Boston, Mass. 
02134; (617) 787-1776. 

1984 International Microelectronics 
Symposium, Sept. 17- 19. Loews Ana­
tole, Dall as, Texas. Gle nn Dowler , 
In ternational Society fo r Hybr id Micro­
electronics, PO Box 3255, Montgomery, 
Ala. 36109; (205) 272-3191. 

Federal Computer Conference, Sept. 
18- 20. Washington Convention Center, 
Washington, D.C. Dallas Kinney, Con­
ference Comm unications, PO Box 368, 
Wayland, Mass. 01778; (800) 225-5926 or 
(617) 358-5181. 

17th Annual Connectors and Inter­
connections Symposium, Sept. 19- 21. 
Disneyland Hotel, Anaheim, Cali f. Jim 
Pletcher, Electron ic Connector Study 
Group, Inc., PO Box 167, Fort Washing­
ton, Pa. 19034; (215) 279-7084. 

13th Annual Conference North 
American Thermal Analysis Society, 
Sept. 24- 26. Marriott Hotel, Philadel­
phia, Pa. Hal Ferrari, Lederle Labora­
to r ies, Bldg. 65B, Pear l Ri ver, N.Y. 
10965; (914) 735-5000, ext. 3443. 

World Conference on Ergonomics in 
Computer Systems, Sept. 24- 25, Los 
Angeles; Sept. 25- 26, Dallas, Texas; 
Sept. 26- 27, Chicago, Il l.; Sept. 27- 28, 
New York, N.Y. Robert Baily, Computer 
Psychology Inc., 54 E. Main St., PO Box 
16, Mendham, N.J. 07945; (201) 543-9009. 

International Industrial Controls 
Conference and Exposition, Sept. 
25-27. Philadelphia Civic Center, Phila­
delphia, Pa. Tower Confe rence Manage­
ment Co., 331 Wesley St., Wheaton, Ill. 
60187; (312) 668-8100. 

Annual Convention and Exhibition 
Showcase of the North American 
Telecommunications Association 
(NATA), Oct. 1- 4. NATA, 200 M St., 
N.W., Washington, D.C. 20036; (202) 
296-9800. (continued on p. 21) 
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Best 
switch 
on earth 
and beyond! 
Shooting for the moon? 
Our rotary switches have been there 
and back. And on almost every NASA 
project since the space program began. 

We make everything from micro­
miniature rotary selector switches to 
totally enclosed explosion-proof 
power selector switches , for major 
airframe and aerospace contractors all 
over the globe. 
And , if we don't have what you need , 
we can design and custom bu ild a 
switch to your exact specifications. 

Even if they ' re out of th is world . 

'••••t:t• • An ESOP Corp. 
P.O. Box 3038 , 3111 Winona Avenue 
Burbank. CA 91504 Phone (213) 846-1800 

TWX 910-498-2701 

CIRCLE 16 



Draw Your Way to the Top 
PC-Draw Will Increase Your Office Productivity. 

And Upward Mobility . 

I magine. You now have the capability to graphically 
depict your best ideas, plans, designs and proposals . In 

color or black & white. Accurately. Completely. Dramati­
cally. Concepts presented so forcefully-yet so simply­
that you leave that critical meeting 
with upper management ... totally 
confident of success. 

And you win. Your secret 
weapon? PC-Draw. A powerful in­
teractive graphics program for the 
IBM PC or XT® -unlike anything 
else on the market. Using PC-Draw 
you create virtually anything that can 
be drawn with pencil and paper. Quick-
ly. Easily. With far greater detail. 

lODAY 
TRIAL 

PERIOD 

PC-Draw is ideal for presentation graphics, proposals, 

systems design, fonns, diagrams .. . and an endless variety 
of charts, graphs and illustrations. PC-Draw allows you to 
produce drawings up to 99 pages long. Several templates 
come with PC-Draw including Flowcharting, Electrical 
Design, Office Layout, and Alternate Text. In addition 
you create and store your own unlimited supply of user 
defined symbols. 

PC-Draw includes an easy-tojollow interactive tuto­
rial. Requires IBM PC or XT® or compatible, graphics 
adapter and graphics monitor. Version for PCjr available. 
Graphic boards, plotters at competitive prices. 

Shhh ! Don't tell your office competition about PC-Draw. 
They'll catch on soon enough. For free brochure or to 
order call 800/2PC-DRA W. In Texas or for customer 
servicecall 214/234-1769 . Micrografx, Inc., 1701 N. 
Greenville Ave ., Suite 305, Richardson, Texas 75081. 

MICROGRAFX 
(Most popular plotters and printers supported.) The Picture of Success. 
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U.S. MEETINGS 

(continued from p. 19) 

AUTOFACT 6 Conference and Ex­
position , Oct. 1- 4. Anaheim Con­
vention Center and Disneyland Hotel, 
Anaheim, Calif. SME's Public Relation 
Dept., One SME Drive, PO Box 930, 
Dearborn, Mich. 48121; (313) 271-0777. 

Information Management Exposition 
& Conference (INFO '84), Oct. 1-4. 
INFO '84, 999 Summer St., Stamford, 
Conn. 06905; (203) 864-0000. 

Northcon 84 and Mini/Micro North­
west 84, Oct. 2-4. Seattle Center Flag 
Pavilion, Seattle, Wash. Nancy Hogan, 
Electronics Convention Inc. , 8110 Air­
port Blvd., Los Angeles, Calif. 90045; 
(213) 772-2965. 

IEEE International Conference on 
Computer Design (ICCD 84), Oct. 
7-11. Rye Town Hilton, Port Chester, 
N.Y. Harry Hayman, IEEE Computer 
Society, PO Box 639, Silver Spring, Md. 
20901; (301) 589-8142. 

1984 ACM Annual Conference, Oct. 
8-10. Hilton Hotel, San Francisco, Cal­
if. Alexander Roth, 9900 Main St., Suite 
303, Fairfax, Va. 22031; (703) 385-0211. 

Electronics Manufacturing Techno­
logies & Systems 84 (EMT AS 84), Oct. 
9-11. North Carolina State University, 
Raleigh, N.C. Gerri Andrews, Society of 
Manufacturing Engineers, l SME 
Drive, PO Box 930, Dearborn, Mich. 
48121; (313) 271-1500. 

Circuit Expo '84, Oct. 16-18. Centrum, 
Worcester, Mass., Worldwide Conven­
tion Management Company, Box 159, 
Libertyville, Ill. 60048; (312) 362-8711. 

Fifth Annual Assembly Technology 
Expo, Oct. 16-18. O'Hare Expo Center, 
Rosemont, Ill. Richard lewis, Assembly 
Technology Expo, 2400 East Devon 
Ave., Suite 205, Des Plaines, Ill. 60018; 
(312) 299-3131. 

Maecon/84, Oct. 16-18. Cervantes 
Convention Center, St . Louis, Mo . 
Ohmcom/ Maecon, PO Box 699, Utica, 
Miss. 48087; (313) 731-4551. 

Unix Expo, Oct. 16-18. Sheraton Cen­
tre Hotel, New York, N.Y. National Ex­
positions Co, Inc., 14 West 40th Street, 
New York, N.Y. 10018; (212) 391-9111. 

International Test Conference 1984, 
Oct. 16-19. Franklin Plaza Hotel, Phil­
adelphia, Pa. Harry Hayman, PO Box 
639, Silver Spring, Md. 20901; (301) 
589-8142. 
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Environments Generated and 
Controlled ... Choose from 
Tenney's wide range of 
environmental test chambers 
• Temperature • Space simulators 

• Temperature/ humidity • Vacuum ovens 

• Temperature I Altitude • Autoclaves 

• Thermal Shock • Explosion 

• AGREE • Burn-in 

• CERT 

Tenney has been generating and controlling 
these environments in confined work spaces of 
all sizes for over a half centu ry. 

Why not contact Tenney when specifying 
your next environmental test chamber. 

Send for Free 
Short Form Catalog 

The Largest and Most Experienced Manufacturer 

of High Technology Environmental Test Equipment 

1090 Springfield Road, Union, New Jersey 07083 • (20 1) 686-7870 • (212) 962-0332 

"SEE US AT MIDCON/84 BOOTH #327" CIRCLE 19 



DIGITAL PRECISION AND REsOLUTION 
LlKE You'VE NEVER SEEN. 

Picture this. The smallest detail in 
12-bit resolution, expansion to X64 , 
with voltage and time coordinates 
alphanumerically displayed. Plus the 
ability to record 4K data points at 
speeds up to 50MHz, with the 205A 
plug-in. It 's what you 'd expect from 
the digital oscilloscope that 's still 
setting the standards- Nicolet 's 2090. 

DoN'T Miss ANY ThANSIENTS. 

The 2090 offers push button tran­
sient capture, at speeds selectable 
from 20 nanoseconds to 200 seconds 
per point, so you can record fast or 
slowly changing signals with ease. 
And pre- and post-trigger capture lets 
you see what led up to an event as 
well as what followed. Built-in floppy 
disk allows unattended operation _ .. 
just set and forget. 

ThE VERSATILITY You'VE 
BEEN LoOKING FoR. 

Optional RS232 and IEEE-488 
bidirectional interfaces give you the 
ability to coordinate and manipulate 
data by remote computer. That means 

~~ 
the 2090 scope can be the front end 
of an entire analysis system. Not only 
that, the 2090's modular design allows 
you a choice ofjour different plug-

CIRCLE 24 FOR MORE INFORMATION 

ins. Pick the digitizer that 's designed 
for your present application, and 
add other plug-ins to fit your expand­
ing needs in the future . 

SEE FoR YOURSELF. 

Let us show you how easy the 
2090 is to use. It 's time you started 
benefiting from the tremendous digi­
tal advantage. Call us: (608) 273-
5008. Or write: Nicolet Oscilloscope 
Division, 5225 Verona Road, Madison, 
WI 53711. 

BRINGING DIGIT AL PRECISION 
To AN ANALOG WORLD 

~ Nicolet 



PERSONALLY SPEAKING 

Semicustom circuits 
usher in new concerns 
about IC packaging 

J
ust as gate arrays and standard cells have 
revolutionized logic technology, so will 
they affect packaging. The dual in-line 

package, the acknowledged industry standard 
for preceding generations of logic circuits, 
cannot keep pace with the explosion of 
semicustom logic chips, which command pin 
counts far beyond 64 pins. Though packaging 
issues are often placed on the back burner, this 
case is particularly hot, since it could well 
influence the success with which arrays and 
cells are designed into a system. 

Fortunately, standardization efforts and 
concentrated developments in plastic leaded 
chip carriers and pin-grid arrays are keeping 
packaging in the forefront. JED EC has already 
given standardization a top priority. For over a 
year, representatives from the semiconductor 
and chip packaging industries have been 
trying to hammer out the first specifications. 
A document for chip carriers will likely be 
completed later this month and will spell out a 
square-shaped package with as many as 144 
pins, center spacings of 50 mils, and J-form 
leads that are rolled under the package. 

Early next year, JED EC plans to iron out the 
specifications for grid arrays with as many as 
400 pins. Ten different families are in the 
offing, ranging from an array with 121 pins 
configured in 11 rows and columns to one with 
400 pins arranged in 20 rows and columns. All 
will be based on 100-mil center spacings. 

The need for a standardized pin count will 
squarely hit semicustom circuit users who are 
currently or are on the verge of investing huge 
sums into the test systems and specialized 
equipment needed for handling complex chips. 
To cope with the testing issue, several chip 
manufacturers are pushing for uniform 

placement of power-supply and ground pins, a 
move that would undoubtedly simplify testing 
while eliminating many costly testing fixtures. 

Large capital investments are further 
pressing semiconductor makers to drop the 
cost of semicustom packages, particularly for 
arrays of 3000 to 10,000 gates and for standard 
cells with even greater gate complexity. Not 
surprisingly, plastic is emerging as the 
economical alternative to ceramic packages. 
The less-expensive circuit is set upon a small 
pc board, and then encapsulated in a high­
temperature plastic mold. Plastic would also 
eliminate much of the gold found in ceramic 
packages. Altogether, system designers might 
expect to find a 4000-gate pin-grid array, 
housed in plastic, dropping in price from $55 to 
$37 in large quantities. Equally impressive, 
those savings might become a reality as early 
as next year. 

Unless pin count and other packaging­
related problems are resolved, system 
designers may take a wait-and-see attitude 
before moving head on into gate arrays and 
standard cells. Surely, the semiconductor 
industry has enough pull to prevent that from 
happening. 

Martin Gold 
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Introducing the newest member of 

The HP 1630G ... 65 channels and 

First came the HP 1630A and the 
HP 1630D. One, a low-cost general 
purpose logic analyzer suited to the 
needs of the full development cycle. 
The other, with 16 channels of tim­
ing analysis and 27 of state, an 
invaluable tool for the hardware 
design engineer. Now Hewlett­
Packard introduces the HP 1630G. 
With up to 65 channels of state 
analysis, it is the new standard for 
software design engineers working 
on complex new 16-bit micropro­
cessor-based products. Plus, the 
ability to configure 8 of those lines 
for 100 MHz timing analysis gives 
you a logic analyzer system with in­
vestigative power and versatility 
for virtually all your needs. 

• • 

Three new software overview 
modes let you nonintrusively 
monitor software perf onnance 
and hardware/soffivare interac­
tions in real time. 

The HP 1630G significantly ex­
pands on the software performance 
capabilities already introduced in the 
HP 1630A/D family members. In 
addition to time histograms that 
show execution-time distribution, 
and label histograms that show ad­
dress activity, the HP 1630G gives 
you three new modes: program 
flow, time positional, and linkage 
measurements. Program flow 
measurement lets you monitor pro­
gram activity based strictly on op­
code accesses. This can help resolve 
confusions which may occur when 
histogramming by address, especially 

a ~DESIGNED fOR ~ HP·IB' Nol just IEEE .. 88. but th• 
• • hardware:. documentation and i I ~ I • support that delM.rs the .ttorte.t 

SYSTEMS pilltl to• musurement system. 

16-bit system 

if the program generates inline 
code or if memory blocks are in­
terspersed between sections of the 
program. Time positional measurement 
lets you measure the number of oc­
currences of an event per unit time. 
Use this to better understand the 
behavior of your system under a 
time-varying load. Linkage measure­
ment measures the relative frequency 
of the activity between specific soft­
ware modules. You'll find this mode 
invaluable when you want to moni­
tor the transfer activity between a 
main program and a series of sub­
routines, for example. Take advan­
tage of all these software perf or­
mance analysis modes to rapidly 



HP's logic analyzer family. 

advanced software analysis help you 
performance. 

discover if your system is resource­
limited or if, for example, poorly 
chosen program segmentation is 
causing too much time-consuming 
disc-to-memory swapping. 

Time tagging gives you added 
insights into system functions. 

In the state analysis mode, time 
tagging measures the time elapsed 
between each stored state. Make 
detailed absolute time measurements 
between states and known physical 
events. Or, use the mode to measure 
the total time from the trigger point 
to a particular state. Because time 
tagging is a single-pass activity, it is 
well suited to helping you identify 
inline sections of code that take 
longer to execute than anticipated. 

Flo~S!, disc interface and 
pop 16-bit microprocessor 
support. 

On-board non-volatile memory 
keeps one instrument setup and 
your current disassembler instantly 
available at power-up. For even 
greater storage, the HP 1630G 
features direct compatibility with a 
number of HP disc drives such as 
the HP 9121S/D (the HP 9121D 
is illustrated). In one convenient 
3 112" floppy you can now store 
data, state listings, timing diagrams, 
alternate disassemblers, and instru­
ment setup configurations. For add­
ed flexibility, the HP 1630G sup­
ports all popular 8-bit, as well as the 
following 16-bit microprocessors: 
68000, 8086, 8088, 80186, 80286, 
Z8001 and Z8002. 

HEWLETT 
PACKARD 

CIRCLI• 

Our HP 1630G upgrade kit 
protects your previous HP 
investment. 
If you've already invested in an 

HP 1630A or HP 1630D, but you 
feel you need the added capabilities 
of the HP 1630G, you'll be glad 
to know that an upgrade kit is 
available. 

Compare the HP 1630G. At 
$12,100* it's even HP-IB program­
mable for fully automated measure­
ments. To find out more about the 
HP 1630G or its companions the HP 
1630A/D, call your local HP sales 
office listed in the telephone direc­
tory white pages. Ask for the elec­
tronic instruments department. 
•U.S.A. list price only. 
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The RC4391 and RC4193 are switch mode regulators 
each containing all of the active circuitry you need 
to build a switching regulator circuit. 
You Get Flexibility: With Raytheon 's RC4391 inverting 
regulator and RC4193 configured in the step-up 
mode, the designer can take an existing "on-card" 
voltage (typically 5.0 Volts or from a battery) , and 
add just two inductors, transistors, steering diodes, 
and some passive components to configure an 
adjustable dual output power supply. 
You Get Efficiency: No need for additional positive 
and negative "on-card" three-terminal regulation 
(typically required when using an external power 
supply). With the RC4391 and RC4193 the designer 

can achieve electrical efficiencies up to 70%. And 
both devices draw 135µA of quiescent current, are 
adjustable, and have internal circuitry to provide 
line and load regulation of less than 0.5% of the 
output. 
You Get The Facts: Raytheon has data sheets on 
each product including theory of operation and a 
complete application note on a dual tracking 
power supply using the RC4391 and RC4193. 
Raytheon Company 
Semiconductor Division 
350 Ellis Street 
Mountain View. CA 94043 
14151966-7716 

(RAYTHEONl 
Semiconductor Division 
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TECHNOLOGY NEWS 

NEWSPULSE 

Solid-state ceramic display competes head on with LCDs 

The ubiquitous liquid-crystal display is going to face some sharp contention 
from an electro-optical ceramic display that outperforms LCDs in operating 
temperature range, response time, and viewing angle. The solid-state 

ceramic display, dubbed SCD, is built with a lanthanum-doped material called 
polycrystalline lead zirconate titanate (PLZT), which enables the ceramic display to 
work over - 40° to + 85° C without the heaters required by LCDs. Over that entire 
range, the SCD responds in 500 µ,sand affords a wide viewing angle of160°. Developed 
by Motorola Inc.'s Ceramic Products Division (Albuquerque, N.M.), the display can 
be built with reflective, transreflective, and transmissive characteristics, thanks to 
the PLZT. Furthermore, it can change colors as a function of the operating voltage's 
amplitude. The material was originally developed at Sandia Laboratories 
(Albuquerque) for the Air Force. 

Matchmaking efforts between software, hardware giants pay off 

The HIL0-2 software package has found a hardware home on the 32-bit HP 9000 
Series 500 computer. The agreement between GenRad Inc.'s Engineering Test 
Products Group (Santa Clara, Calif.) and Hewlett-Packard Co. (Palo Alto, Calif.) 

calls for GenRad to also participate in HP's software supplier program, known as HP 
Plus. HIL0-2 is a high-speed logic simulation package that has been running on a 
number of powerful 32-bit computers including those from IBM Corp. (Armonk, N. Y.), 
Apollo Inc. (Chelmsford, Mass.), and Digital Equipment Corp. (Maynard, Mass.). It 
also runs on advanced engineering workstations from Computervision Corp. (Bedford, 
Mass.), CAE Systems Inc. (Sunnyvale, Calif.), Metheus Corp. (Hillsboro, Ore.), and 
Valid Logic Systems Inc. (Mountain View, Calif.). 

IBM broadband communications system joins 1000 PCs 

L inking more than 1000 personal computers, a network announced by IBM 
Corp. (Armonk, N.Y.) is the first of its kind to operate over broadband 
channels. The PC Network uses the CSMA/CD arbitration scheme, as well as 

the localNet/PC protocol developed by Sytek Inc. (Mountain View, Calif.). With coaxial 
cable as the transmission medium, it handles 2 Mbits/s. Hardware consists of a network 
adapter, associated translators, and retransmitters. The network adapter itself has 
an 80188 microprocessor, an 82586 communications controller, a broadband rfmodem, 
a BIOS (basic I/O system) ROM, and related circuitry. 

EIA chooses standard for consumer electronics bus 

A technical steering committee of the Electronics Industries Association meets 
this week to consider proposals for a standard consumer electronics bus. Buses 
of this kind link appliances to electronic systems, managing control, status, data, 

voice, and wideband analog signals. Contending for acceptance will be a digital 
small-area network codeveloped by Signetics Corp. (Sunnyvale, Calif.) and its parent 
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NEWSPULSE 

company, Philips International BV (Eindhoven, the Netherlands); HomeNET from 
General Electric Co. (Fairfield, Conn.); and a proprietary scheme from BSR Inc. 
(Blauvelt, N. Y.). 

Philips and Signetics have announced a CMOS controller for their network that they 
hope will weigh the committee's decision in the favor of their bus. Combining two 
chips, the controller not only links different appliances but also allows ICs within 
equipment to rapidly share data. 

Adaptable head substrate marks magnetic printer 

A thin-film head, placed on a flexible substrate, opens the door to a new generation 
of nonimpact magnetic printers that can conceivably challenge laser-based 
printers. Developed by Ferix Corp. (Fremont, Calif.), the flexible head can 

conform to the many shapes of an adaptable drum; as a result the magnetic page 
printer that uses the head is-unlike laser units-virtually unaffected by flaws in the 
drum's surface and variations in inks and paper thickness. Thin-film recording coils 
that are sputter-deposited on the flexible substrate project the magnetic flux lines 
through the head, thereby magnetizing the drum's surface. As with other magnetic 
printers, a toner containing metal particles is attracted to the drum's surface and 
rolled out onto the paper. The Ferix printer lays down 240 dots/in. and produces about 
10 pages a minute. 

Smallest LAN interface satisfies military standards 

The smallest local-area network interface yet for MIL-STD-1553 systems squeezes 
all required military functions into a single, 1.9-by-2.1-in. package. The BUS-
65112 device, developed by ILC Data Device Corp. (Bohemia, N.Y.), has two 

fully redundant identical buses. Screened to meet MIL-STD-883 as well, the 78-pin 
hybrid owes its compactness to a monolithic chip design using proprietary gate arrays. 

New PC-compatible computer uses 80286 processor 

The first personal computer to use Intel's 80286 processor chip puts it to work 
supporting multiple users with a CSMA/CD communications protocol. The 
Personal Computer AT from IBM Corp. (Armonk, N.Y.) also works with an 

8087math coprocessor, as well as the familiar PC series of software, peripherals, and 
expansion cards. 

Although the AT's internal data bus is 16 bits wide, provisions have been made on 
the motherboard's eight expansion slots to accept adapter cards from the older IBM 
PC family, which were developed for the 8088 processor and an 8-bit data bus. The 
computer additionally uses what is called a high-capacity 5114-in. floppy-disk drive. The 
80-track drive is double-sided, recording at 96 tpi and 9646 bpi. 
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H you thought the DAS 9100 was 
a powerful logic analyzer before, 
wait til you see what it can do 
now: VLSI prototype testing! 

Tek's new 91DW DesignLink™ 
VLSI Verification Software Package 
ties the DAS to a VAX computer 
to let you do interactive functional 
testing right at your benchtop. 

Only the DAS, with its unique 
channel width and stimulus 
capability, could develop into this 
kind of personal test station . 

"VAX is a registered trademark of Digital Equipment, Inc . 

91 DVV software converts test 
vectors used by your simulator 
into a compressed DAS pattern 
generator program, then down­
loads to the DAS for stimulation of 
the prototype. Resultant outputs 
are automatically acquired and 
uploaded to the host, where 
91 DVV compares actual to simu­
lator-predicted responses and 
displays the differences. 

When it comes to VLSI 
prototype testing, Designlink 
software now lets you bring the 
test to your bench. Call us today 
for all the facts on the first 

. Copyright© 1984, Tektronix , Inc . All rights reserved. LAA-134 
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VLSI personal test station : 
1-800-54 7-1512. 
In Oregon, 1-800-452-1877. 

lektronix® 
COMMITTED TO EXCELLENCE 
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''Standard-cell 
but I don't know 



ICs sound good, 
how to design them!' 
With Texas Instruments, you do. 
The TTL design techniques you are 
thoroughly familiar with are the basis for 
Tl's Standard Cell Integration System. 
Put simply, designing with Tl's standard 
cells is much like arranging standard TTL 
logic packages on a printed-wiring board. 
And you not only have the standard 
digital functions to design with but also 
RAM, ROM, PLA, ALU, and linear 
functions. 

Using Tl's 3-µm CMOS technology 
requires only minimum effort on your part 
to achieve an affordable semicustom chip. 

Getting started is easy 
You can get your design started by 
bringing us your hand-drawn schematic 
or, better yet, a schematic generated by 
an engineering work station. When you 
use a work station, TI will supply the cell 
library and translation software for 
automatic generation of the TI design­
description language. Tl's standard-cell 
library is supported on many industry­
standard work stations, including Daisy, 
Mentor, and Valid, as well as on several 
PC systems. 

We deliver to specs 
Tl's Standard Cell Integration System, 
with its systematic step-by-step 
procedure, gives your design its best 
assurance of first-pass success. TI 
commits to deliver chips that perform to 
your specifications. 

After your logic design is complete, 
simulation, testability analysis, test 
generation, and test-pattern grading are 
performed either by you or by Tl. And 
then double-checked by Tl. 

Next, TI will develop a computer­
aided layout of your design which is 
thoroughly verified for accuracy. Or you 
can do the chip layout, and TI will 
supply the specifications you need. 

A final simulation becomes, upon your 
approval, the conformance specification 
against which prototypes are produced 
27-4778 
© 1984 Tl 

and measured. Prototypes are then 
shipped to you for in-system evaluation 
and a "go" decision. 

Your Regional Technology 
Center is nearby to help 
All of the IC design resources and 
expertise of Texas Instruments are 
available to you through your nearest 
Regional Technology Center. 

Each Center is staffed with a team of 
standard-cell specialists who will work 
closely with you to meet your design 
goals and product schedule. 

Your Regional Technology Center can 
provide quick answers to technical 
questions as well as provide training in 
standard-cell design procedures. Here you 
will receive assistance in design 
optimization and test development as 
well as in creating the data-base 
description of your chip design. Here are 
engineering work stations for your use 
and the software tools and the computers 
needed to complete the logic design and 
perform simulation and verification. 

State-of-the-art design tools speed 
Tl standard-cell design process, help 
minimize development costs. 

Tl's standard cells 
are cost,effective 
Texas Instruments offers a full spectrum 
of logic alternatives-semicustom, 
including standard cells and gate arrays, 
advanced bipolar logic, and HCMOS 
logic. Thus, we at TI are in a unique 
position to help you weigh all the factors 
concerning each to determine which 
alternative is best for your application. 

In the case of standard-cell ICs, we'll 
analyze how you intend to use them and 
how they will impact your overall system, 
including performance and cost. 

One standard-cell IC can contain the 
equivalent of hundreds of individually 
packaged chips. It can dramatically 
reduce the number of individual parts 
needed to implement a system. It can 
significantly cut weight, size, and power 
consumption while increasing system 
quality, reliability, and capability. 

Then, too, TI standard-cell chips are 
the lowest cost alternative when 
produced in mid to high volumes. 

Call 1,soo,z3z,3200, Ext. 111 
You already know the TTL design rules, 
so you're well on your way to tailoring 
logic more precisely to your performance 
requirements using TI standard-cell 
technology. For our brochure, pocket 
selection guide, sample data sheets, and a 
more detailed description of the design 
flow, call the telephone number above or 
circle the Reader Service Card number. 
Or write Texas Instruments Incorporated, 
Dept. SRS013El , P.O. Box 809066, 
Dallas, Texas 75380-9066. 

TEXAS . 
INSTRUM ENTS 

Creating useful products 
and services for you. 
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For • six years 
we've been telling you 
about the benefits of 

Progranintable 
Array Logic. 

And 
for six years 

you've refused to leave , 
asynchronous logic · 

behind. 



OK,youwin. 
Here's the first PAL® circuit 

for asynchronous logic designs. 
The PAL 20RAIO. 
It has everything you need to put 

your design on silicon in a hurry. 
While you chase as many as a dozen 
TTL parts off your board. 

A guaranteed 30ns clock-to­
output time. 

20 inputs. 
10 outputs that can be clocked 

separately. Each with program­
mable asynchronous set and reset. 

Programmable registers. Each 
with an independent transparent 
mode. 

Programmable output polarity, 
so you won't even need an inverter 
circuit. 

The whole thing sits in a sleek 
24-pin SKINNYDIP® package. 

And the programming is a snap. 
Using PALASM~ our enhanced 

CAD software, and a standard PAL 
programmer, you can design and 
program an asynchronous PAL 
circuit in just hours. 

You can build a prototype in 
seconds. 

And when your design is stable, 
you can crank out as many PAL 
circuits as you need. Or you can 
convert to our mask-programmed 
HAL® circuits. 

So you win. 
You get the profound benefits of 

programmable array logic. 
Without leaving your asynchron­

ous logic behind. 
Call your Monolithic Memories 

representative or franchised distrib­
utor for our PAL 20RAIO data sheet 
and an applications packet. 

Or write Monolithic Memories, 
2175 Mission College Blvd., Mail 
Stop9-14, Santa Clara, CA 95054. 

PAL and HAL are registered trademarks and PALASM is a trademark of Monolithic Memories, Inc. © 1984 Monolithic Memories, Inc. 
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PRESENTING VAXSTATIOll 100. 
A COMPREHENSIVE TOOL IOR THE 

TECHNICAL PROIESSIOllAL. 
While others have been busy 

designing computing systems 
for the technically naive, Digital 
has been busy designing them 
for the technically astute. 

The welcomed result: the 
VAXstation 100™ workstation ter­
minal. Connected to a VAX™ host 
computer by ti ber optic cable, 
VAXstation 1 OOs make full use 
of the VAXNMS™ operating 
system, its layered products 
and the range of its office auto­
mation, networking and appli­
cations software. 

one or two things well at the ex­
pense of doing anything else. 

THE FRIENDLIEST 
INTERFACE IN 
TECHNICAL CIRCLES. 

The VAXstation 100 worksta­
tion terminal mirrors the latest 
trends in desktop computing 
with a complete assortment of 
end-user niceties. They include 
all-English commands, helpful 
pop-up menus, descriptive 
icons and convenient point-
ing devices. 

Powerful screen manage­
ment software presents the user _. 
with an endless array of over­
lapping applications windows 
and the means to move easily 
between them. 

VT100™ terminal series, as well 
as those applications written 
for the popular Tektronix 4014™ 
terminal. And in almost every 
case, it executes them without 
modification. 

While scaled-down sub­
systems compromise the 
performance of micro-based 
workstations, the VAXstation 

Plus, there's a wide choice 
of high-level languages impor­
tant to technical professionals, 
including industry-standard 
versions of FORTRAN and 
Pascal and artificial intelligence 
languages like VAX LISP 

No matter what you 're work­
ing on, or how demanding your 
project is, the VAXstation 100 
workstation terminal possesses 
an astonishing capacity to work 
right along with you. 

Your working surface is 
a crisp nineteen-inch mono­
chrome raster display. The 
screen boasts 864 x 1088 pixel 
resolution. The monitor tilts and 
swivels to suit your environment 
and your posture. 

At your disposal is 
both the CORE With this friendly interface 

you can simultaneously display 
and interrelate any combination 
of tasks. You can work with equal 
facility in words, numbers, or pic­
tures. You can work concurrently 
on parts of different jobs. Or on 

'1'2l~=;;;;;;;;;;~2~~~~~,,..:;;;§:-..... Graphics Library 
- (based on the 

,-- - -: > .::-

f , different parts of the same job. 
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The workstation terminal 's 
comprehensive design de­
mands that you now reconsider 
what is possible with computer 
assistance. From filling polygons 
to filing reports, it enables you 
to automate every step of a tech­
nical project. Whether in engi­
neering, education, research , 
or science. Whether your need 
is text manipulation, numerical 
calculation , graphics processing 
- or all three. 

To be sure, the VAXstation 
100 workstation terminal will be 
the envy of every technical pro­
fessional who now sits before a 
computer dedicated to doing 

windows can be moved at will, ; ~ 

allowing you to always maintain _ 
a "clean" working environment. 

DRAWING ON 
THE POWER 
AND VERSATILITY 
OF VAXSYSTEMS. 

The VAXstation 100 worksta­
tion terminal can be added to 
any existing UNIBUS™ VAX 
computer, from the 11/725 to 
the11/785. 

This makes VAXstation 100 
the most versatile add-on work­
station of its kind. It capitalizes 
on your installed base of soft­
ware by executing the thou­
sands of programs written by 
Digital and third parties for the 

100 presents no such barriers. 
With virtual memory manage­
ment, your program size is 
defined by the virtual address 
space of the VAX computer -
some two billion bytes. You also 
get the complete set of VMS 
operating system facilities and 
utilities that have made it a 
world-famous development 
environment. 

CORE graphics standard) 
and the VAXstation Subroutine 
Library. Both are callable from 
a high-level language, and be­
tween them you are guaranteed 
full creative freedom throughout 
the design and simulation 
phases. 

A powerful MC68000™ mi­
croprocessor running at 10MHz 
has been completely dedicated 
to screen manage­
ment and graphics 
processing. Its 
accelerator 
enhances 
raster oper­
ations. This 
allows you to move large pixel 
blocks quickly and slide windows 
across the screen without eras­
ing them. You can even process 
multiple applications on the 
screen simultaneously. 

Whether you are working on 
circuit design, seismographic 
studies, CAD/CAM , or financial 

© D1g1tal Equ1pmen1 Corporation. 1984 01g1tal lhe Dg1tal logo UNIBUS VAXs1at1on 100 VAX VMS. and VT100. are lrademarksof D1g1tal Equipment Corporation 4014 1sa trademark of Tektronix. Inc MC680001sa trademark of Motorola. Inc 



modeling, whether you are exe­
cuting familiar technical tasks or 
dabbling on the edge of engi­
neering exotica, you'll run out of 
practically everything before you 
run out of VAX software. · 

MAINSTREAMING 
THE TECHNICAL 
PROFESSIONAL. 

VAXstation 100 workstation 
terminals can be configured 

with ease. Whether you network 
them via Ethernet throughout a 
hierarchy of VAXNMS systems, 
or cluster several around a single 
processor, communications re­
main streamlined. Each station 
can access the full range of VAX 
information management and 
office automation tools. In this 

way, the data and programs in 
general company use can be 
incorporated into technical 
projects. Conversely, the highly 
technical results in a single 
applications window can be 
mainstreamed throughout 
the corporation. 

VAXstation 100 workstation 
terminals let you and your co­
workers share and swap infor-

mation readily. Extrapolate 
results quickly. Draw conclu­
sions confidently. They rescue 
the technical professional from 
tiresome commuting between 
single-function workstations. 
They declare war on errors and 
lost time attributable to manual 
conversions. 

This is the state-of-the-art 
in distributed computing. VAX­
station 100s will not just help 
project managers increase pro­
ductivity some day- they will 
do so immediately. 

DIGITAL'S 
COMMITMENT TO THE 
WORKSTATION MARKET. 

The first add-on workstation 
terminal for VAX systems, the 

VAXstation 100 is also the first in 
a family of new workstation prod­
ucts from Digital . Each reflects 
Digital 's dedication to providing 
integrated computing solutions. 

The workstation terminal 
provides a truly comprehensive 
and cost-effective way to coor-

dinate the work of engineers, 
scientists and researchers. It 
is unmatched in its ability to 
accommodate the fluid and 
unpredictable nature of highly 
technical projects. And it does 
so elegantly, whether in response 
to a momentous change in direc­
tion or to a momentary change 
of heart. 

Each VAXstation 100 system 
comes backed by full Digital 
service and support from coast 
to coast and in 44 foreign coun­
tries. Each carries with it Digital 's 
enviably high reputation for qual­
ity and engineering excellence. 

BEST ENGINEERED 
MEANS ENGINEERED 
TOA PLAN. 

The VAXstation 100 worksta­
tion terminal , like every Digital 
hardware and software product, 
is engineered to conform to an 
overall product plan. This means 
Digital systems work together 
easily and expand economically. 
Only Digital provides you with a 
single, integrated computing 
strategy direct from desktop to 
data center. 

Configured with graphics 
processor, monitor, keyboard, 
mouse, fiber optic cable and in­
terface, the VAXstation 100 work­
station terminal can be added 
onto an existing VAXNMS sys­
tem inexpensively 

For the new VAXstation 
100 product brochure, call 
1-800-DIGITAL, extension 250. 
Or write: Digital Equipment 
Corporation, Media Response 

Manager, 200 
Baker Avenue, 
West Concord, 

MA01742. 

THE BEST ENGINEERED 
COMPUTERS 
IN THE WORLD. 



How Four Innovative Design Engineers Found 
Using The New DASH-F Schematic Design 

Happiness 
system. 

BOB:"DASH-1 keeps me under 
budget and ahead of schedule .. :· 

"DASH-1 has freed my designers 
from the drudgery of manual schematic 
design and documentation. Now, we 
can knock out complex designs in a 
fraction of the time it used to take. 
Using the huge DASH-1 parts library 
(on disk) we can instantly call up any 
symbols we need - all with pinouts 
and pin functions. Also, our amazing 
DASH-1's automatically generate Net 
Lists, Lists of Materials , Design Check 
Reports and other critical documents. 
I'm a hero in my company now, with 
productivity at an all-time high'.' 
CAROL:"DASH-1 helped save 
our CAD Systems .. :· 

"My company has a big investment in 
large CAD systems. But for a long time I 
noticed our engineers were frustrated . 
They'd send in schematic sketches 

Corporation. IBM 1s a registered trademark of the IBM 
Corporation. CADAT is a trademark of HHB Softron, Inc. 
DASH·1 CAO Translators (Partial Lisi) : APPLICON, CAOAM, 

only to get back drawings and docu­
ments that were completely different. 
The poor engineers would spend hours 
checking , changing and red-lining . 
DASH-1's family of CAD translators , 
to front-end all of our large systems, 
has changed all this . And back annota­
tion is easy. DASH-1 has provided our 
engineers easy access to those previ­
ously difficult-to-use and inaccessible 
CAD tools '.' 

TED:" lmagine! Simulation right 
at my desl< .. :· 

"I'm even more sold on my DASH-1 
with its new simulator. After I complete 
my schematic, I have a closely coupled 
logic and fault simulator that I can run 
at my desk. I can analyze my designs 
much faster - and put them into pro­
duction without delay. FutureNet calls it 
the DASH-1 CADAT™ I call it a miracle 
because I can handle designs as large 

as 10,000 gates right at my 
desk, and up to 100,000 gates using 
a FutureNet CAD translator. Thanks 
to DASH-1 , simulating is stimulating!" 

ALICE: "DASH-1 keeps growing -
as we do .. ~ 

"Ours was a start-up company -
but it's growing fast. One of our first 
investments was a DASH-1 (about 
the price of an IBM PC or XT system) 
to speed up schematic design and 
documentation . Since then , FutureNet 
has added all kinds of low-cost en­
hancements. Things like CAD trans­
lators ; direct-connections to most 
computers; the STRIDES hierarchical 
package with 99 levels of structured 
design nesting; the powerful CADAT 
simu lator, pen plotter options, and 
hot new features, like Rubber Banding , 
Tag and Drag, and Snap. We're with 
FutureNet. .. for now and the future '.' 

FutureNet, DASH·1 and STRIDESaretrademarksofFutureNet Fu tu ~e Net® 
g~~~~~A~tJ11~~~~cM.ss°J\c~~~~~i~~X~s10N . ~--------------

FutureNet Corporation • 6709 Independence Avenue 
Canoga Park, CA 91303-2997 •TWX: 910-494-2681 

Authorized ~~~Value-Added Dealer {818) 700-0691 Productivity of the Future .. today. 
CIRCLE 28 
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Fine-line CMOS process 
will soon be trimming 
feature sizes to 1 µm 
A CMOS technique ultimately aimed at 1-µm 
features uses retrograde p-well structures 
to give 2-µm circuits speed and low power. 

n advanced CMOS pro­
cess, now successfully 
producing circuits 

with 2-µm feature sizes, will 
soon cut that figure in half. 
The savings in chip area, pow­
er, and speed will permit the 
process ' s developer , TRW 
Inc.'s LSI Products Division 
(La Jolla, Calif.) , to build 
chips like 16-bit parallel mul­
tipliers that operate at less 
than 50 ns and consume only a 
few hundred milliwatts. 

Though TRW originally 
wanted to go directly with 
1-µm features and extremely 
tight metal-to-metal pitch ­
es-4 µm with 1-µm spaces­
it has backed off slightly, opt­
ing for 2-µm features until it 
wrings the quirks out of the 
process-by the end of the 
year. 

The structure is all 

To bring such small design 
rules into the realm of possi­
bility, the company developed 
a retrograde p-well transistor 
structure - the key to defin­
ing then-channel transistors. 

Dave Bursky 

That structure's doping 
profile calls for a lower boron 
density at the surface, in­
creasing in density deeper in 
the material. 

The dopant concentrations 
represent a tradeoff between 
device switching speed and 
latch-up immunity. The tran­
sistors are so fast, however, 
that the circuit speed is 
limited by interconnection 
capacitances and not by gate 
delays. 

Start with deep implants 

The retrograde structure 
starts with a deep boron im­
plant that defines the region 
for then-channel transistor. 
The boron region within the 
p well also serves as a field­
isolation guard band, pre­
venting interdevice leakage. 

The process reduces the 
current gain of parasitic ver­
tical npn bipolar transistors 
by a factor of 10 as compared 
with conventional p-well pro­
cesses. Consequently, circuits 
built with the retrograde p 
well have high latch-up im­
munity. 

This process replaces more 

conventional forms of device 
isolation such as guard rings, 
making possible very high 
packing densities. For exam­
ple, a 16-bit CMOS multi­
pliers has been fabricated 
with 1-µm design rules; its 
area-just 180 mils 2 -is 
about 30 % smaller than the 
bipolar counterpart, also 
built with a 1-µm process. 

Second implant 

After the boron has been 
deeply implanted, the poly­
silicon gate structures are 
formed, followed by a second 
boron implant (self-aligned to 
the gate) that creates the 
source and drain regions of 
then-channel devices. A simi­
lar arsenic implant defines 
the p-channel transistor's 
source and drain regions. 

Next, the regions are an­
nealed and an oxide layer de­
posited on top to insulate the 
previously deposited poly­
silicon from the next metal 
interconnection layer. Con­
tact windows are opened in 
the oxide to permit access to 
the n, p, and polysilicon areas, 
and then platinum, titanium­
tungsten, and aluminum are 
sequentially deposited. 

The platinum and tita­
nium-tungsten layers form 
silicided barriers in the con­
tact regions, which prevent 
aluminum spikes from pass­
ing through those shallow re­
gions and contacting the sub­
strate, shorting the drain or 
source. And, to house th e 
chips in plastic package s, 
TRW uses a silicon nitride 
passivation coating that is 
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deposited via low-pressure 
chemical vapor desposition. 

Single-level metal circuits 
with 2-µm features are now 
moving into production, and 
1-µm metal devices should be 
released as samples later this 
year. Additional process de­
velopment, though, is already 
under way to add a second lay­
er of metal interconnections. 

Designers are experiment­
ing with forms oflow-temper­
ature reflow glass to act as 

TECHNOLOGY NEWS 

the planarizing intermediate 
insulating material between 
metal layers. Although the 
more complex double-level 
metal process might result in 
losses in yield, it will produce 
a more compact layout that 
will more than compensate 
for the loss in yield since al­
most twice as many chips will 
fit on a wafer. Samples of the 
double-level metal circuits 
are slated to appear early 
next year. 

µson the 32CX, compared 
with 1.4 µson a VAX 11/780, 
which uses an add-on 
floating-point accelerator. A 
multiplication-the most 
time-consuming operation 
since it comprises successive 
addition cycles-can be done 
in 3.5 µs vs 4.25 µs for the 
VAX, and a division takes 
7.375 µs compared with 8.0 µs. 

Calculating RISCs 

Internal floating-point processor 
further boosts RISC machine speed 

Unlike conventional micro­
computers with generalized 
instruction sets, RISC ma­
chines (using an architecture 
developed at the University of 
California at Berkeley) spend 
absolutely no time interpret­
ing their limited instructions. 

W
ith a floating-point 
accelerator built di­
rectly into its exe­

cution path, a reduced-in­
s tructi on-set computer 
pushes its streamlined oper­
ation ever upward in speed, 
performing floating-point 
arithmetic faster t han a 
VAX. 

Designated the 32 CX by de­
signers at Ridge Computers 
Inc. (Santa Clara, Calif.), the 
RISC microcomputer elimi­
nates the three or four addi­
tional machine clock cycles 
ordinarily required by float­
ing-point processors for ad­
dressing and accessing mem­
ory. With a 125-ns clock, the 
machine saves 375 or 500 ns, a 
significant amount for com­
putationally intensive tasks 
like solids modeling, inter­
active IC design, logic simula­
tion, and design rule checks. 

With the floating-point 
processor built directly into 
its execution path, the CPU 
does not care whether the in-
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struction being executed is an 
integer addition, comparison, 
or a double-precision float­
ing-point operation. 

A full 64-bit floating-point 
addition can be done in 0.750 

CPU 
Instruction 
fetch unit 

Cache and 
pre-fetch unit 

32-bit 
data 

The Ridge 32CX supple­
ments that with a "pipelined" 
architecture, meaning that it 
does no work finding instruc­
tions; a separate mechanism 
rapidly loads instructions and 

4-stage 
pipelined 
execution 

32-bit 
address 

unit 

Dual 
32-bit 
paths 

Memory 
controller 

1. In the CPU of Ridge Computers' reduced-instruction-set computer, 
memory access and instruction loads are accomplished simultaneous­
ly with execution. 



How the TI-55-II s 
short work of long problems. 

Whenever you can solve 
complex problems quickly and 
accurately, you're ahead of the 
game. And that's exactly what 
the Tl-55-II does for you. By 
giving you 112 pre-programmed 
functions (like definite integrals), 
it allows you to take short cuts 
without losing accuracy. You'll 
accomplish a lot more in less 
time which means increased 
efficiency. 

With our Tl-55-II you can 
tackle problems you thought 
could only be solved with higher­
priced programmables. You're not 
only getting the standard slide 
rule functions but also statistical 

Copyright © 1983 Texas lnstmments 

capabilities. This way you can 
work out linear regressions, per­
mutations and combinations, just 
to name a few. 

The Tl-55-II also gives you 
enough programmability to 
eliminate a lot of repetitive key 
punching. Our Constant Mem­
ory TM keeps programs and data 
on tap, even when the calculator 
is turned off. So once you've 
entered a formula, you can simply 
put in the variables to get your 
solution. The Liquid Crystal Dis­
play shows your answers in stan­
dard, scientific or engineering 
notations - clearly and precisely. 

We also help you get the most 

out of your calculator with the 
Calculator Decision-Making 
Sourcebook. It gives you step­
by-step examples of the best 
techniques used for solving math­
ematical, scientific and statistical 
problems. And we've included a 
special section on how to pro­
gram your Tl-55-11. 

So next time you're facing 
another time-consuming 
problem, cut it down to .J;~ 
size with the Tl-55-11. ~ 

TEXAS 
INsrRUMENTS 

Creating useful products 
and services for you. 
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operands. With virtually no 
memory-addressing over­
head needed to pull inst ruc­
tions into the CPU , the 
microcomputer attains great 
speeds. 

For floating-point oper­
ations, all instructions are 
indexed in advance and pipe­
lined in to the execution unit 
(Fig. 1); memory addressing 
and accessing take place 
simultaneousl y. In ot her 
words, the loading and exe­
cution functions of the CPU 
are performed at once. 

r- - - - -Fl-;;-a;n;p-;;i;- - - -1 
ALU I 

I 
I 

I 
I ..--.......... __..__...., I 

Exponential 
function 

ALU 
Sign 

log 10 

(Sign 
of result) 

Bit 
pack 

Check 
overflow 

I 
I 
I 

L------- _______ .J 
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In addition to the regular 
ALU of the CPU, the floating­
point processor requires an 
exponential-function ALU 
and other mechanisms to 
keep track of signs, decimal 
points, and other record­
keeping necessities for mak­
ing successive passes through 
the CPU (Fig. 2). The CPU is 
constructed on two circuit 
boards with FAST logic com­
ponents. Except for PALs and 
PROMs, there are no custom­
ized parts in this machine. 

Registers 

64-bit shifter 

Result 

32 

Stephan Ohr 

(Path for 
multiplication) 

2. The 32CX includes a floating-point processor within the execution 
path of its instruction execution unit. With most memory fetch cycles 
eliminated for floating-point operations, the machine's performance 
proves superior to that of a VAX 11/780. 
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Base metals replace 
precious ores to cut 
resistor network cost 

A 
thick-film process opts 
for base metals in 
place of the precious 

and semiprecious ores now 
used in resistor networks, 
sharply slashing cost and im­
proving aging characteristics 
without diminishing impor­
tant standards. 

The new resistor technique, 
devised by CTS Corp. (Elk­
hart, Ind.), replaces the com­
mon silver conductor with 
less costly copper and also 
substitutes a proprietary 
base metal alloy for ruthe­
nium, a semiprecious metal. 

The switch to copper not 
only reduces costs but also 
eliminates a problem encoun­
tered in silver conductors: ion 
migration. Silver is more sus­
ce pt i bl e to ion movement 
when moisture is present. 

Although other ruthenium 
substitutes have been re­
jected because of their poor 
noise characteristics, the pro­
prietary alloy compares fa­
vorably. The noise constants 
of the base material range 
from -3 dB for the lowest 
noise to 20 dB for components 
with looser specifications. 

The resistors can be used 
over a wide resistance range, 
from 10 Q/square to 1 
Mn/ square. The thermal co­
efficient of resistance re­
mains within ± 100 ppm/°C. 

The metal also holds up 
well under the repeated fir­
ings frequently used when 
manufacturing resistors. Af­
ter the component is assem­
bled, fired, and laser-



HOW COMPUTERVISION 
BEGINS AND ENDS 

ELECTRONIC DESIGN 
Designing sophisticated 

electronic products today 
takes more than a great begin­
ning. It takes a tool that will 
see you through to the end 
product. That's why Computer­
vision developed multiapplica­
tion CAD/CAM systems that 
integrate and support all 
elements of electronic design. 
From logic schematic capture 
through IC/PCB design, and 
electromechanical design. 

Our system allows you to 
design from engineering con­
cept to finished product. Which 
saves you time while also in­
creasing your design quality. 

And with our flexible 
product line, you'll be able to 
select a Computervision 
system to meet your specific 
needs. Which is the best way 
to improve your productivity 
and cut your time to market. 

From concept to reality, our 
user-friendly systems auto­
mate the full electronic design 
process. Saving you money 
each step of thL: way. 

~------' 

And our 

~ 

system will be as advanced 
tomorrow as it is today. Just 
another example of how our 
commitment to customers 
and to quality is helping you 
stay out in front of the com­
petition-from beginning 
to end. 

For more information about 
Computervision products write 
Dept. 425H, 100 Crosby 
Drive, Bedford, MA 01730. 

ongoing 
research and 
development 
ensures your COMPUTERVISION 

•Electronics/Electrical Machinery • Fabricated Materials• Architectu re, Engineering and Construction · Aerospace · Mechanical Machinery • Automotive • 
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2-way90° 

splitters 

1.4 to 450 MHz 
from $1295 

(5-49) 

IN STOCK .. . IMMEDIATE DELIVERY 

• over 50 models available 

• octave and narrow-band designs 

• quadrature performance 
tightly controlled 

• hermetically sealed 

• MIL-P-23971 performance* 

• one-year guarantee 
·unit s are not OPL listed 

2-WAY 90° SPECIFICATIONS 

• isolation 22 dB typ. 

• avg. 1nsert1on loss 0.4 dB typ . 

• 90° phase deviation <2 deg. typ. 

• amplitude unbalance <1.2 dB typ. 

Freq . Range Price 
MODEL MHz $Ea. 

PSCQ-2-1.5 1.4-1.7 12 95 
PSCQ-2-34 30 - 38 16.95 
PSCQ-2-64 5.8- 7.0 12.95 
PSCQ-2-7.5 7.0 - 8.0 12.95 
PSCQ-2-10.5 90 - 11.0 12.95 
PSCQ-2-13 12 - 14 12.95 
PSCQ-2-14 12-16 16.95 
PSCQ-2-214 20 - 23 12.95 
PSCQ-2-50 25-50 19.95 
PSCQ-2-70 40- 70 19.95 
PSCQ-2-90 55 - 90 19.95 
PSCQ-2-120 80- 120 19.95 
PSCQ-2-180 120 - 180 19.95 
PSCQ-2-250 150- 250 19.95 
PSCQ-2-400 250 - 400 19.95 
PSCQ-2-450 350- 450 19.95 

Call or write for 64-page 
RF Designers Guide or refer· to EEM, 
EBG, Gold Book , Microwaves & RF Directories . 

finding new ways 
setting higher standards 

c:;J Mini-Circuits 
A D1v1s1on of Sc1entif1c Components Corporation 

World's larges t manufacturer of Double Balanced Mixers 

P.O. Box 166, B'klyn , N.Y. 11235 (718) 934-4500 
C99 3 REV ORIG 
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trimmed, it will hold to within 
± 0.2% of its trimmed value 
through subsequent heat 
treatments. The thick-film 
resistors have a typical value 
of ±0.5%. 

A drawback to the tech­
nique is that both the copper 
and resistive element must be 
fired in nitrogen ovens, which 
are more costly to operate 
than conventional ones. How­
ever, gas or infrared heat 
sources can be used. Addi­
tionally, the amount of time 
used to fire the devices can 
vary widely without adverse­
ly affecting the materials or 
the stability of the parts. 

Terry Costlow 

Chip capacitors and 
leaf springs yield 
compact connector 

U
sing chip capacitors in 
a filtered connector in­
stead of the traditional 

tubular components not only 
lowers the EMI/RFI emis­
sions of the connector but also 
bolsters its performance and 
durability while cutting pack­
age size . To those benefits, 
add another: The capacitor is 
held in place with a leaf 
spring, considerably lower­
ing-if not actually elimin­
ating- the piezoelectric in­
terference encountered with 
the more common con tact 
method of soldering. 

By going with chip capaci­
tors instead of the tubular, 
axial-leaded components, Al­
lied Corp.'s Amphenol Prod­
ucts (Oak Brook, Ill.) racked 
up several benefits. For one, 
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the capacitor chips are signi­
ficantly smaller than the 
regular components, making 
the filtered connector pack­
age no larger than the one for 
unfiltered devices. Tubular 
capacitors, in contrast, are 
usually curved around the 
pins, meaning that their 
packages must be much 
wider. Size becomes particu­
larly important in light of the 
connector's typical final rest­
ing place-mounted inside a 
terminal, a printer, or other 
peripheral equipment. 

Springing to life 

The chip capacitors, fur­
thermore, are well suited to 
leaf-spring mounting, a tech­
nique that presses the chip 
against both the housing shell 
for grounding and the connec­
tor pins while it lends a large 
degree of stress isolation. In 
the traditional approach, 
solder holds the capacitor to 
the connector pin; unfortuna­
tely, vibrations caused by, 
say, a cooling fan, can stress 
the joint, creating piezoelec­
tric interference. 

In contrast, leaf springs 
virtually eradicate the risk 
that a device designed to filter 
noise will instead become a 
source. Not only that, they 
strengthen durability, since 
the stress isolation absorbs 
some of the shock when the 
part is dropped or jarred. To 
ensure a long and secure life 
for the connector-pin contact, 
the capacitors are fitted into 
the recesses of the housing, 
reducing the chance that the 
connection might break. 

With filtered connectors 
mounted inside the various 
peripheral cabinets, EMii 



L-Band transistors 
1200-1400 MHz 
55 watts, 6.5 dB gain. 
(Now available in production quantities) 

Get twice the power in a single package, 
and cut circuit complexity by 50%, with 
our latest L-Band transistor, the MRA 1214-
55H*- immediately available in the 
quantities you require through your local 
TRW distributor. This new microamp is 
a state-of-the-art device that incorporates 
special features pioneered by TRW such 
as PtSi-Ti-W-Au metallization and 
diffused silicon ballast resistors . It's the 
latest NPN silicon power microwave 
transistor for both military and industrial 
service in radar systems, ECM systems 
and other L- Band systems and its 100 
unit U.S. price is in the $200 range. 

Our new L- Band transistor provides a 
minimum of 55 watts output power at 
28V collector potential-double the 
power output of other devices. In a 
pulsed mode (lOOµs modest duty) as 
much as 100 watts output power is 
available. And efficiency is 50 %. 

You can enormously simplify hybrid 
combining by using far fewer parts and 
ancillary components.You can cut circuit 
complexity in half to achieve a specific 

Double your power output, 
cut circuit complexity 50%. 

1200 1250 1300 

Frequency !MHz) 
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1350 1400 

power. The new MRA 1214 is a tremendous 
technological advancement- the kind 
you'd expect from a company like TRW 
that 's dedicated to advancing the state­
of-the-art in RF Devices. 

The MRA1214 is only the first of a 
whole new generation of RF Devices 
we'll be announcing during the next year. 
Keep your eye on TRW RF Devices. 

For information and data sheets on the 
MRA1214 -55H, contact your local 
TRW / ECG Field Sales Office or RF 
Devices Division, TRW Electronics Group, 
14520 Aviation Blvd ., Lawndale, 
California 90260, phone 213.536.0888. 
©TRW Inc 1984 TRF 4103 ·us Patent 371300b ITRWI 

RF Devices Division 
TRW Electronic Components Group 
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SSl-INNOVATORS IN CMOS AND 
BIPOLAR CUSTOM INTEGRATION 

When you outgrow your gate 
arrays, turn to SSi for your 
custom/semicustom integration. 
For lost turnaround and low cost at 
low volumes, gate arrays still compete 
favorably in the digital market place. But 
the gate array design odva ntoge dis­
appears ofter that first quick turnaround, 
and the cost advantage is quickly eroded 
as your volume goes up. And if your 
design requires analog and digital func­
tionality, gate arrays ore not your 
answer. For those reasons, more and 
more gate array users ore turning to 
standard cells and full custom chips 
much earlier in their design and pro­
duction cycles. And many designers ore 
skipping the gate arrays altogether. 

Silicon Systems offers "Application 
Specific" and semicustom 

alternatives. 
At Silicon Systems we offer you a 
standard line of "Application Specific" 
telecommunication and rotating memory 
IC's that already incorporate many of 
the functions formerly available only 
in custom designs. We also offer special 
semicustom switched capacitor arrays 
that con be easily tailored for a variety 
of special filter applications. And 
throughout 1984 we will be adding 
dozens of new analog and digital 
standard cells. 

For the maximum in performance/ 
price/reliability-SSi full custom 
chips are the ultimate answer. 
Full custom chips provide the highest 
performance and reliability and utilize 
the smallest possible silicon area. This 
results in the lowest cost per function 

and the maximum cost effectiveness in 
medium-to-high volumes. Silicon Systems 
con advise you when to move to a full 
custom design. And with both flexible­
design and multi-process capabilities, 
we can provide you with analog or 
digital designs-or both on the some 
chip. We con also offer you the best 
technology for your circuit-CMOS or 
Bipolar- because we con process both 
in our ultra-new SSi wafer fob. 

For on overview of Silicon 
Systems' custom capabil ­
ities, send for the new 
brochure, ·ssi Today~ 

Silicon Systems incorporated, 
14351 Myford Rd ., Tustin, CA 92680 
(714) 731-7110, Ext. 575. 

~~!f~~N 
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FAST 
TURNAROUND 
FULL CUSTOM 

Problem: Integrate the analog and digital 
functions of a dozen different small-scale 
IC's to reduce size, cut the costs, and 
boost the reliability of floppy disk drive 
circuitry-and do it fast. 

Options: GATE ARRAYS. Rejected because 
they waste silicon real estate and generally 
don't accommodate analog functions. 
STANDARD CELLS. Considered but rejected 
for this application because volume require­
ments justified going directly to full 
custom design. 

Solution: Using SS i's Integrated Design 
Methodology (IDM '") it was possible to 
design and deliver a 40-pin full-custom 
CMOS chip in just 14 weeks. A high­
reliobility chip that combines both analog 
and digital functions for the most cost­
effective use of silicon. 
If you, too, ore evaluating the trade offs 

between custom and semicustom and ore 
concerned about time, SSi's IDM '" may 
be the answer for you. At Silicon Systems 
you don't hove to sacrifice turnaround 
time to get a high-reliability cost-effective 
solution. 
Siiicon Systems, 14351 Myford Rood, 
Tustin, CA 92680, (714) 731-7110 Ext. 575. 

JliconJI rJfrmJ'" INNCNATO~NTEGRATION 
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RFI emissions fall to lower 
levels than could be possible 
with shielding. Filtering 
noise before it leaves the pe­
ripheral's enclosure removes 
any concern that noise will be 
transferred from one periph­
eral to another. Beyond that, 
it eliminates the need for 
shielding the connector and 
the full cable. 

The capacitance values in 
the filtered connector range 
from 100 pF to 47,000 pF, de­
pending on the signal level of 
the peripheral. However, var­
iations in system parts and 
applications make it extreme­
ly difficult to quantify the de­
crease in noise emissions 
afforded by the filtered con­
nector. Terry Costlow 

MESFET technique 
shrinks power needs 
of GaAs chips 

A
M ESFET process 
yields gallium arse­
nide ICs with power 

consumption below l mW per 
gate, even on dense circuits. 
Two high-speed devices, a di­
vider and a ring oscillator, 
have demonstrated the tech-. , 
mque s success. 

Ata 1-GHz clock frequency, 
the divide-by-4 chip dissi ­
pates only 0.172 mW per gate, 

ELECTRONIC DESIGN is growing. 

Relative speed vs supply voltage 
and power dissipation 

Voltage (V) Power (mW) Frequency (GHz) 
0.84 3.47 0.5 
1.00 4.79 1.0 
1.83 11 .9 1.5 
6.6 59.4 2.0 

or 4.79 mW for thf' entire cir ­
cuit ( ee the table) . 'T'he ring 
oscillator operates as fast as 
30 ps, with power consump­
tion falling within the 1-m W I 
gate range. 

The fabrication technique 
from Honeywell Inc. 's Phy 
sical Sciences Center (Bloom -­
ington, Minn ,), makes use of 
norm a lly 0ff , sr. Jf -aligned 
gate MESFETs . Refractory 
metal -silicide gate s are 
formed by combining a di ­
electric-assisted lift-off pro­
cess for the first two mfltal 
layers. This permits addition 
of a third interconnecti0n lPv­
el needed in complex ICs The 
metal levels have a 4-µm pitch 
and nonoverlapping vias be­
tween layflrs. 

Arross t hP enti!'P 3- in. 
wafer, t hrPshold voltag-P typi ­
cally varies from 50 to 70 m V, 
with variations as lrw as 10 
mV over smaller areas_ 

The divider chip makes PS ­

pecially good use of gallium 
arsenide's speed: Tt operates 
as high as 2.5 GHz. The equiv­
alent gate del ay at the max­
imum clock frequency is 
about 100 ps. Terry Costlrnr 

If you 'd like to grow with us, you may be interested in one of the editorial 
opportunities we have in our New York area home office or in our California 
and Boston field offices. 

We are interested in people with experience in all aspects of electronics, 
especially the explosive area of computer technology. To examine your 
potential in the exciting world of engineering journalism, call Lucinda Mattera, 
Editor, at (201) 393-6000, or write"to her at Electronic Design, 10 Mulholland 
Dr., Hasbrouck Heights, N.J. 07604. 
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Texas 
make 

As Collins Avionics and Singer-Kearfott 
developed JTIDS •, the new communica­
tions system for the F-15 fighter, Texas 
Instruments helped solve a severe cir­
cuitry packaging problem. 

The new system utilizes the most ad­
vanced chip packaging technology, the 

·Joint T octical Information Distribution System 

Successful application of high-density 
packaging was achieved in the PC boards 
of the F-lS's new communications 
equipment. Tl's clad metal system solved 
thermal expansion mismatch. This mirror­
reflection photo shows how !Cs were 
mounted on both sides of the PC boards. 

leadless chip carrier. Design objectives 
called for 191 components to be surface 
mounted on both sides of a 6" X 8.5'' 
printed circuit (PC) board-and to dissi­
pate up to 40 watts of power. 

But, during thermal cycling tests, the 
difference in the thermal coefficient of 
expansion (TCE) between the ceramic 
chip carriers and the conventional PC 

~ Improved reliability in the F-lS's new com­
munications system (JTlDS) is achieved with 
Tl's copper-clad lnvar used to prevent sol­
der joint breakage on densely populated PC 
boards. Tl teamed up with Collins Avionics 
and Singer-Kearfott to meet the demanding 
packaging requirements of the fighter's 
receiver/transmitter. 



Instruments and Collins Avionics 
dense circuit reliability soar. 
board caused the solder joints attaching 
the components to the board to break. 

Tl's solution: A composite metal core 
of low-TCE lnvar that is clad on both 
sides with copper. Thin, polyimide-glass, 
multilayer boards were bonded to each 
side of the metal, to provide the circuitry 
function. 

With a TCE match between the 
board and the chip carriers, the PC 
boards easily passed the exacting thermal 
cycling tests. 

And the metal core in the board dra­
matically improved thermal conductivity 
and overall rigidity. 

Solves thermal 
mismatch problems 

As Collins Avionics discovered, the ad­
vantage of using chip carriers to achieve 
high-density, high-performance circuitry 
also imposes stringent demands for in­
creased thermal management, structural 
integrity, as well as TCE compatibility­
demands met by Texas Instruments 
copper-clad lnvar. 

By combining TCE compatibility 
with high lateral thermal conductivity. 
And mechanical rigidity. 

All at lower cost than alternate 
approaches. • 

The solution is 
a trilayer metal. 
Tl's process involves roll bonding copper 
foil to lnvar-a 36% nickel/64% iron 

COPPER Cl.AD INVAR SUBSTRATE-NO FAILURES 
100 
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,, 

9 50 ' ~ 40 ' g 30 
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\ 
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"' 20 \ 

i! 10 \ TEST 
0 ',. 1 STOPPED 

100 200 300 400 500 
TEMP CYCLES ( - 55 TO 125"C) 

After 540 thermal cycles from - 55° to 
125°C failed to break chip carrier solder 
joints, Collins Avionics halted tests of PC 
board used in F-15 communications sys-
tern. Reliability goals had been surpassed 
by a wide margin. 

©1983 Tl 27-9216 

Effective thermal management is achieved with a copper-clad lnvar core that acts as a sup­
port for circuitry in the PC board. Heat dissipation characteristics of the copper are excel­
lent, and the lnvar contributes rigidity and strength. 

alloy. The bonding to each side of the 
lnvar is accomplished by the same pro­
cess used to make thermostat metal and 
coins. No adhesives or brazing alloys are 
required to achieve a permanent bond. 

By varying the ratios of the high 
thermal conductivity copper to the ultra­
low TCE lnvar, the TCE of the clad 
metal can be tailored to match that of 
silicon, alumina, or beryllia. 

u THERMAL COEFFICIENT OF EXPANSION VS. 
.... COPPER CONTENT IN COPPER Cl.AD INVAR 
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:Ii 
a: 00 
~ 20 40 60 80 100 

% OF THICKNESS COPPER, BALANCE INVAR 

Matching the TCE of the metal core of a 
PC board to chip carrier ceramic is accom­
plished by bonding the correct ratio of 
copper to lnvar. 

This material is available in thick­
nesses from 5 to 62 mils (.13 to 1.57 
mm). You can get it in widths up to 24 
inches (610 mm). 

Copper-clad lnvar is being developed 
for many other applications: From ground 
and power planes in multilayer boards, 
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to heat sinks and covers for multichip ce­
ramic modules, and more. 

A clad remedy 
to packaging challenges 

Tl's innovative clad metal solutions can 
solve your circuitry packaging prob­
lems-with a variety of materials. 

You can get copper-cored electron tube 
materials; nickel-clad stainless steel 
transistor can materials; copper-clad 
stainless steel lead frame materials; pre­
cious metal, aluminum, and solder selec­
tive cladding on base metals for lead 
frame and connector applications; 
copper-clad steel, aluminum, and Alloy 
42 wire products; and high-speed preci­
sion stamping and assembly. 

In fact, Tl-the world's leading clad 
metals manufacturer-can help you de­
velop a clad metal solution to many elec­
tronic materials problems. 
For information, contact Texas 
Instruments Incorporated, Dept. 
MMJ903El , P.O. Box 401560, 
Dallas, TX 75240. 1-800-341-5202. 

TEXAS " 
INSTRUMENTS 

Creating useful products 
and services for you. 
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All e ofnpassing .. ·· 
Harris ICs are armed .for the military •. 
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The Harris Spectrum. A broad·base line of A Full Spectrum of ICs. 
top-quality integrated circuits supporting 

an almost infinite variety of tactical 
and strategic military applications. 

High performance. Low power. 
High reliability. That's Harris 
territory. No one in the hi-rel 
military IC industry has the in­
depth experience we have. 

Analog. Digital. CMOS. Bipolar. 
Standard products. Gate 
arrays. Standard cells. Full 
custom. Silicon and gallium 
arsenide. Harris has it all. 
Along with the experts who can 
help you meet exact military IC 
needs. Rad hard, 8838, you name 
it. Processed on the latest gen­
eration of manufacturing and 
testing equipment to eliminate 

unwanted surprises. 
Harris has always been acknowledged 

as an industry innovator. 
the leading edge of technology. You'll 

find Harris ICs aboard the F-14, F-15, F-16, 
F-18, ANAYK-14, A-10, AWACS, GPS, LAMPS, 

MRCA, ITADS, Patriot, Trident, Peacekeeper, 
Tomahawk, Tri-Tac, Roland, Minuteman, Captor 

and Space Shuttle. To name only a few. 

We'd like to name you. 

Find out how easy it is to get Harris ICs Into 
your system. Send 'for our latest short form 
products catalog. You'll find our capabilities 
all encompassing. 

Write: Harris Semiconductor Sector, 
P.O. Box 883, ~S 53·170, Melbourne, Florida 32902·0883. 

PRODUCT TECHNIQUES 
• Standard Products 
• Programmable Logic 
• Gate Arrays 
•Standard Cells 
•Full Custom 

LINEAR 
•Op Amps 
•Comparators 
•Voltage Reference 
•Analog Switches 

ANALOG COMMUNICATION 
•Subscriber Line 

Interface (SLIC) 
• CODECs 
• PCM Monolithic Filters 
• CVSD 

MICROPROCESSOR 
• CMOS 80C86-16 Bit 
•CMOS 80C88-8/16 Bit 
•CMOS 80C85 RH-8 Bit 
•CMOS 6120-12 Bit 
•CMOS 8/16-Bit Peripherals 

GALLIUM ARSENIDE 
•Microwave FETs 
•Microwave Amplifiers 
•Digital 

TECHNOLOGIES 
• Bipolar Digital 
• Bipolar Analog 
•CMOS Digital 
• CMOS Analog 
• Dielectric Isolation 
•Gallium Arsenide 

DATA ACQUISITION 
•Analog Multiplexers 
• D/A Converters 
• AID Converters 
•Sample-and-Hold 

DIGITAL COMMUNICATION 
•CMOS 1553 Bus 

Interface 
•CMOS UART/Bit Rate 

Generator 
•CMOS Manchester 

Encoder/Decoder 
•CMOS ARING Bus 

Interface 

MEMORY 
• Bipolar PROM 
•CMOS RAM 
•CMOS PROM 
• Bipolar/CMOS 

Programmable Logic 
•CMOS Memory Modules 

RADIATION HARDENED 
• RAMs/PROMs 
•Microprocessors 
• Gate Arrays 
•Op Amps/Mu lt iplexers 

Harris Semiconductor Sector: Analog · Bipolar Digital · CMOS Digital · Gallium Arsenide · Semicustom · Custom 
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fur your information, our name is Harris. HARRIS 



High quality and reliable 
performance make Dialight 
switches, indicators, LEDs and 
readouts the perfect finishing 
touch for any product. 

We have rockers, toggles 
and illuminated switches in 
thousands of different designs. 
And our incandescent, neon 
and LED indicators and opto­
electronics come in the world's 
largest selection of colors, 
shapes and sizes. 

CIRCLE 41 FOR INDICATOR LIGHTS 
CIRCLE 43 FOR OPTOELECTRONICS 

Whatever your requirements, 
Dialight can meet your needs. 
Let us add the finishing touch 
that helps your products make 
a great first impression. Dia light, 
203 Harrison Place, Brooklyn, NY, 
11237-1587 (718) 497-7600 

DIAL/GI-IT 
the finishing touch. 
A North American Phillps Company 

CIRCLE 42 FOR SWITCHES 
CIRCLE 44 FOR REPRESENTATIVE TO CALL 

See Us At Mldcon, Booth #930 



TECHNOLOGY NEWS 

CONFERENCE PREVIEW 

Fiber-optic radio link 
makes waves at 
connector conference 
Ways of reducing EM/, measuring shielding · 
effectiveness, and designing high-density 
connectors for VLSI computers share the bill. 

H
ow to apply relatively 
new fiber-optic tech­
niques to conventional 

rf systems in military set­
tings will be the main topic at 
the 17th Annual Connectors 
and Interconnection Technol­
ogy Symposium, held in 
Anaheim, Calif., Sept. 19-21. 
Several companies have also 
devised better ways to reduce 
EMI in hard-wired systems 
and to measure shielding ef­
fectiveness. Finally, at the 
low (de) frequencies, high­
density connectors are im­
proving the performance of 
VLSI systems. 

Military communications 
systems have begun to trans­
mit over fiber-optic cables . 
Optical transmission reduces 
the risk of eavesdropping. 
Furthermore, optical cables 
cost less and are less bulky 
than metallic cables, in addi­
tion to having a higher band­
width. 

also be rugged enough for ar­
my life. A fiber-optic connec­
tor, developed by ITT Cannon 
Electric's Military Aerospace 
Division (Santa Ana, Calif.), 

Hf (R/T) 
subsystem 

Vhf/ FM (R/T) 
subsystem 

Vhf/ AM (R/T) 
subsystem 

Uhl 
subsystem 

Signal 
distribution 

unit 

Jacketed fiber 

meets the optical perform­
ance requirements of military 
specifications 1344A, 5015, 
and 202E for shock, vibration, 
mating durability, submer­
sion and corrosion. 

The connector itself aligns 
a 50-µm fiber cable by means 
of a jewel ferru le-and-guide 
sleeve (see figure). Its average 
coupling loss is 1.65 dB over 
-40° to +68°C in the infra­
red spectrum. 

The connector is being used 
to link a Magnavox AN/ 
G RC-206 hf/vhf/uhf radio set 
to forward observer units up 
to several kilometers away. 
Magnavox Government and 

Optical 
transmitter 

Optical 
receiver 

Opt I cal 
transmitter 

Unified radio set 
control unit 

Optical 
transmitter 

Optical 
receiver 

Unified radio set 
control unit In all fiber -optic systems, 

alignments must be precise. 
A connector for linking an rf 
system to optical fibers must 

Vincent Biancomano 

A fiber-optic connector (inset) from ITT Cannon links remote radio 
units to conventional rf networks in the first tactical system of its 
kind. The key to the connector's excellent optical performance-an 
average insertion loss of 1.65 dB-and its mechanical reliability is a 
precision jewel ferrule-and-guide sleeve. 
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Industrial Electronics Co. 
(Fort Wayne, Ind.) has exten­
sively analyzed the inter­
action of the connector and 
radio, as well as the possi­
bility of system loss, in fiber­
optic links of this kind. 

Get the static out 

Static discharge and EMI 
continue to disrupt systems 
that have plastic-based con­
nectors . Through experi­
ments, LNP Corp. (Malvern, 
Pa.) can relate the electro­
static voltages produced on a 
plastic surface to relative hu­
midity and to the source of the 
static electricity. The com­
pany's results have helped 
determine which materials 
are best for a given applica­
tion. 

As part of the study, fillers 
and coatings used in or on 
plastics, including carbon fi­
bers and powders, dissipative 
and antistatic composite ma­
terials, and polymers were 
compared for the following: 
shielding effectiveness over 
the range of 500 kHz to 1 GHz, 
ability to dissipate static, vol­
ume resistivity, and tensile 
and flexural strength. 

Erfors drop down 

To all the measurement in­
accuracies caused by im­
proper test fixtures one more 
can be added-the voltage 
standing-wave ratio, which 
distorts the measurement of a 
multipin connector's shield­
ing effectiveness. Between 1 
and 10 GHz, load-to-fixture 
mismatches of only 2:1 can 
create measurement errors of 
about ± 3 dB. Often the mis­
matches are much greater, as 
are the resulting measure-
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ment errors. 
A noted expert in making 

accurate mode-stirred mea­
surements on connectors, 
Allied/ Amphenol Products' 
Bendix Connector Operations 
(Sidney, N. Y.) suggests re­
visions that would tighten the 
standard measurement pro­
cedures for systems, basing 
the suggestions on a coaxial 
transmission line. These re­
visions will benefit triaxial, 
radiation, and mode-stirred 
test schemes. 

Among the experimental 
changes proposed is to sub­
stitute a short circuit for the 
matched load termination in 
a "nominally matched" test 
fixture, so that the worst-case 
figure (which varies a known 
6 dB from a perfectly matched 
condition) can be found. 

Making better contact 

VLSI and high-speed com­
puter systems demand con­
nector arrays with improved 
physical and electrical prop­
erties, such as greater elec­
trical contact, less resistivity, 
and better impedance control. 
Unfortunately, designing the 
connector arrays is not easy: 
They require long-life plugs 
with low insertion force for 
quick and easy separation 
from the host board. 

Pins with greater electrical 
contact areas reduce the risk 
of faulty connections. On con­
ventional pins, only 1 % to 2% 
of the contact area meets the 
socket wall. A new pin, from 
Multi-Contact AG (Basel, 
Switzerland), increases five­
fold the contact area between 
pin and socket by welding the 
pin onto a springlike metal 
band. The flexible band also 

minimizes insertion stress. 
A flexible pin may well 

solve the problem of out-of­
tolerance hole sizes on pc 
boards. Developed by Bihler 
of America Inc. (North 
Branch, N.J.), a one- to four­
piece welded spring made of 
phosphor-bronze or beryl­
lium-copper asserts a uni­
form force on the walls of the 
hole. The spring permits bet­
ter electrical contact and al­
lows the pin to work in a hole 
with a larger than nominal di­
ameter. 

Massing for the attack 

In addition to the general 
developments in pin technol­
ogy, high-density connectors 
are meeting the ever-growing 
need for mass termination. 
One such connector, intro­
duced by Advanced Circuit 
Technology Inc . (Nashua, 
N.H .), has 40 contacts per 
inch. Called SN AP for sus­
tained necessary applied 
pressure, the six-part clamp­
type connector has a zero in­
sertion force. 

Better interconnecting de­
signs for leaded chip carriers 
are also coming. A pin array, 
from ITT Cannon's Commer­
cial Interconnect Division 
(Fountain Valley, Calif.), uses 
an externally activated con­
tact technique to mate up to 
1000 contacts to the carrier. 
Its pins have diameters of 
16 to 20 mils and are spaced 
75 mils apart. Its greatest ad­
vantages are its controlled 
impedance characteristics (a 
standing-wave ratio of less 
than 1.2 at 3 GHz), zero in­
sertion force, automatic 
alignment, and lifetime of 
10,000 cycles. o 





Unleash the potential of your 
the complete 32-bit 

31 0 

MC68881 FLOATIN 
POINT COPROCES 

CUSTOMER DESIGNED 
PROCESSORS 

SPECIALIZED SYSTEMS 
OTHER M68000 SYSTEMS 

.fj:!il.j.!.!;IJ{i=ii#. 

32-BIT DATA REGISTERS 

DO 

D1 

D2 

D3 

D4 

DS 

D6 

D7 



new system with the MC68020: 
• IDlcroprocessor. 

The new performance standard. 
Motorola's new MC68020 performs 

at speeds typically 400% of the estab­
lished standard of comparison. the 
MC68000. It's up to ten times faster in 
dedicated 32-bit applications. 

No other 32-bit MPU makes this ex­
tensive a leap in performance improve­
ment. At 16.67 MHz the MC68020 typ­
ically runs at 2.5 MIPS for integer pro­
cessing. MIPS rates several times typ­
ical are achievable in dedicated 32-bit 
applications. 

The advanced two-micron HCMOS 
manufacturing technology which 
allows this unparalleled performance 
also results in very low power dissipa­
tion. In fact. the MC68020 consumes 
less power in a system than the 
original MC68000. 

The MC68020 creates opportunities 
you've never had before--opportuni­
ties to unleash the full potential in 
your 32-bit MPU-based systems be­
cause it sets the standard for 32-bit 
microprocessors. And. because it's the 
first complete 32-bit microprocessor 
available. more than just a 16-bitdesign 
on a data bus stretched to 32 bits. A 
detailed look at the architecture re­
veals this totality. 

A fully compatible M68000 Family 
member. 

Yes. the MC68020 has features new 
to the M68000 Family to maximize its 
true 32-bit capabilities. 

Yes. it's an all new design built with 
advanced. highly manufacturable 
HCMOS technology. 

And. yes. it's a fully-compatible 
member of the M68000 Family of 
MPUs and peripherals. All user object 
code written for previous M68000 
Family MPUs executes without re­
vision . In fact. MC68020 enhance­
ments allow it to run more than three 
times faster. 

Family compatibility is further en­
hanced by dynamic bus sizing. which 
supports the use of 8 -. 16- and 32-bit 
ports in 68020-based systems. In fact. 
the MC68020 can be used in existing 
8- or 16-bit systems. 

New features enhance 32-bit 
architecture. 

The MC68020 design is new, how­
ever its architecture is based on the 
proven M68000 Family 32-bi t register 
set. And, the MC68020 is highly en­
hanced. 

On-board instruction cache speeds 
operation and provides increased 
multiprocessing efficiency. The copro­
cessor interface allows direct expan­
sion of the architecture off the MC68020 
chip to coprocessors or customer-spec­
ified processing systems. 

New addressing modes. new instruc­
tions and a 32-bit barrel shifter support 

new capabilities. Operating system ef­
ficiency is improved with a 32-bit pro­
gram counter. 

These enhancements and more op­
timize the MC68020 for 32-bit opera­
tions. 

Design support brings projects 
together, fast. 

Making the most of your new 32-bit 
design opportunities with the MC68020 
is simple and effective with the 
backing of powerful new hardware 
and software support from Motorola. 

The Benchmark 20™ evaluation sys­
tem has been developed as a maxi­
mum environment testbed for result­
ant software. For initial software de­
velopment. cross-support packages 
under both the UNIXT"-derived System 
V/68™ and the real-time VERSAdos"" 
operating systems run on standard 
Motorola VME/IO™and EXORmacs" 
hosts. 

You'll find MC68020 designs a 
breeze with Motorola's advanced 
development tools--real time emula-
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tion and bus-state analysis with the 
HDS400 development system. 

Move up to the MC68020. 
The opportunity to design new-gen­

eration systems around the MC68020 
and the M68000 Family is yours today. 
Marketplace attention will be focused 
directly on the growth-oriented com­
panies that take advantage of this 
opportunity. Motorola's sales engineers 
and field applications specialists are 
available and equipped to assist you in 
moving up to the new 32-bit micropro­
cessor performance standard. Contact 
one of them today. 

Additional technical information is 
available by writing or sending the 
completed coupon to Motorola Semi­
conductor Products Inc .. P.O. Box 20912. 
Phoenix. AZ 85036. 

Benchmark 20. SYSTEM V / 68, VME/ 10 and VERSAdos are 
trademarks of Motorola 

EXORmacs is a registered trademark of Motorola 

UNIX is a trademark of AT&T Bell Laboratories. 
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A Texas 
Control 

Months ahead of the market, Control 
Data is delivering the DOC (Director-to­
Device Controller) interface on its 
33800 Disk Storage Subsystem. It's an 
extremely compact, high-speed, large­
capacity unit. Most important, it is the 
only available mass-storage subsystem 
plug compatible with the new-generation 
IBM DOC. What helps give Control 
Data this competitive edge? The 
SN75174 line driver from Texas 
Instruments. 

Only Tl's SN75174 line driver could 
provide the drive capability vital to 
Control Data's new 33800 disk storage 
subsystem featuring DOC interface. 

No choice but TI 
Only Tl's SN75174 could provide suffi­
cient differential current drive through 
Control Data's special compensation 
circuit to deliver proper signals in the 
DOC interface cable. 

And Control Data will be able to stay 
current with future market developments 
because of the minimum active-high 
drive (40 mA) capability of the '174. 

Forty-two 'l 74s are used in a fully 
configured 33800 disk storage subsystem. 

Tl's SN75126 and SN75127 are also 
used in the new storage subsystem. These 
circuits meet the IBM 360/370 specifi-

<111111 Leading the market, Control Data is 
shipping the first non-IBM storage sub­
system that's plug compatible with the 
IBM Director-to-Device Controller inter­
face. Use of Tl's new SN75174 line 
driver not only made the Control Data 
design feasible but also minimized design 
time, component count, board size, and 
power requirements. 

27-4812 
©1984 Tl 



Instruments line driver drives 
Data to market faster. 
cation, providing fault protection and 
power up/power down protection, as well 
as enable and fault flags. 

Performance as specified 
Control Data engineers learned about 
the '174 early on. Moving quickly, they 
evaluated and designed it in, counting on 
it to perform to very exacting specifica­
tions. It did ... perfectly. 

The alternative? Greater costs 
Control Data engineers estimate that a 
discrete-component alternative would 
have resulted in at least a 15% increase 
in board area to accommodate the 
necessary additional components. 

As it turned out, the SN75174 driver 
contributed important system savings to 
the design, improved reliability, helped 
Control Data get to market faster. • 

Get on the party line faster 
with eight new line circuits 

from Texas Instruments. 

Hooking 32 driver-receiver pairs on a single bus to achieve party-line communication is 
possible with Tl's full family of line circuits. 

Now, eight new line drivers, receivers, 
and transceivers from Texas Instruments 
allow you to implement party-line ap­
plications on a single bus efficiently. 

SN75176A 
Half ,duplex Transceiver 
This new circuit wraps the capability to 
send or receive data over a single twisted 
pair in a compact, 8-pin package. It saves 
board space and cuts component cost. 

SN75179A 
Fufi,duplex Transceiver 
Also available in a space-saving, 8-pin 
package, the SN75179A can send and 
receive data simultaneously, and requires 
two twisted pairs. 

SN75177A/SN75178A 
Bus Repeaters 
These two differential !Cs are identical 
except for complementary enable inputs. 
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The SN75177 A is active high and the 
SN75178A is active low. This allows you 
to pair the two back-to-back for im­
proved bidirectional communication 
when extending cable distance. 

SN75172/SN75174 
Quad Drivers, 
SN75173/SN75175 
Quad Receivers 
The two quad drivers operate from a 
single + 5 V supply, yet maintain a high­
impedance output over a common-
mode range from - 7 V to + 12 V with 
power on or off. Without sacrificing 
speed. Both drivers have maximum delay 
times of 50 ns, rise and fall times of less 
than 80 ns. They allow data rates up to 
four megabaud. 

The major difference between the two 
drivers is the enable scheme. And this 
increases design flexibility. All four 
drivers in the SN75172 are enabled at 
once, whereas they are enabled in pairs 
in the SN75174. 

The two quad receivers are similar to 
existing RS-4 22 devices but have higher 
input impedance and extended common­
mode range, from ± 7 V to ± 12 V. 
Sensitivity is ± 200 m V over -12 V to 
+ 12 V common-mode range. 

All other standards covered, too 
In addition to offering these new 
devices that meet RS-422 and other 
party-line applications, TI offers the 
industry-standard ICs you need to meet 
the EIA RS-485, RS-232-C, and RS-423 
standards, as well as IEEE 488. 

In fact, with its wide selection of 
general-purpose line circuits, TI fields the 
industry's broadest line of line circuits. 
Results: Component compatibility, design 
flexibility, and immediate availability. 

For details on Tl's broad family of 
line circuits, write Texas Instruments 
Incorporated, Dept. SLL053El, P.O. 
Box 809066, Dallas, Texas 75240. 

TEXAS . 
INSTRUMENTS 

Creating useful products 
and services for you. 
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Midcon/84 addresses 
refinements in speech 
recognition and synthesis 

to the system after the tem­
plates were created were 
broken down and compared 
with all of the templates. The 
word was identified by the 
template whose coefficients it 
most closely matched. Words 
that had similar sounds were 
confused-for instance, the 
words "keep" and "heat." Re­
sults showed that a 95% hit 
rate could be obtained using a 
measurement parameter that 
looked at frequencies below 
1 KHz linearly and those 
above logarithmically. 

As testing improves voice recognition, 
speech synthesis gets a push from CMOS. 
Meanwhile, chip makers tackle the /SON. 

T
esting the accuracy of 
speech recognition 
systems has enabled 

researchers to improve the 
systems' hit rates. Results of 
the tests will be a hot item at 
this year's Midcon, which will 
be held in Dallas, Sept. 11-13. 
In addition, extra registers 
and memory have improved 
the quality of sound and the 
vocabulary of speech synthe­
sizers. Finally, in what is still 
unconquered territory in the 
U.S., semiconductor manu­
facturers have introduced 
complete families of chips to 
support voice-and-data net­
works based on the In te­
grated Services Digital Net­
work (ISDN). 

A system that monitors its 
own speech recognition pro­
cess helped researchers dis­
cover is the best parameter of 
speech for successful recogni­
tion. The Interactive Labora­
tory System (ILS) from 
Signal Technology Inc. in­
spects individual speech pa­
rameters as it goes through 
the basic steps of voice rec­
ognition-digitization, seg­
mentation, labeling, feature 
extraction, template gener-

Heather Bryce 

ation, recognition, and per­
formance analysis. 

To create templates that 
could identify words without 
regard to syntax (and con­
sequent inflection change), 
experimentors embedded 
words in a variety of sen­
tences and syntactic posi­
tions. The ILS analyzed each 
word for a number of differ­
ent speech characteristics. 
Reference templates were 
constructed from all of these 
parameters. 

Words that were spoken in-

Generic system 

A simpler speech recogni­
tion system restricts entry 
into a secured area by verify­
ing identity. It cons.ists of a 
self-contained 6800-based 
voice recognition system. Au­
thorized individuals must re­
cord samples of their speech 
for the machine to recognize. 

Developed by Interstate 
Voice Products (Orange, Cal­
if.), the system can be imi-

Subscriber 

29CX components 

Switching system 

29CX components 

C@3--------'lr--. Analog 
line ---- Group cg card controller 

Telephones 

ISDN subscriber 
equipment 

29CX components 

ISDN 
line 

card 
----Switching 

Backplane 

1. In a typical switching sytem, an analog line card di­
gitizes voice interformation for backplane switching 
and routing. The ISDN line card interfaces analog and 
digital ISDN subscribers with the backplane. 

Electronic DHlgn • September 6, 1984 61 



CONFERENCE PREVIEW 

tated with standard voice 
recognition hardware. Re­
quirements for the generic 
system include a voice di­
gitizer, memory for storing 
reference patterns, a micro­
processor for implementing 
the pattern recognition algo­
rithm, and an input channel. 
In the generic system, as in 
the self-contained system, the 
voice input is analyzed and 
compared with reference pat­
terns. If the voice matches a 
reference pattern, the 
speaker is allowed entry. 

Interstate Voice Products 
set up the system for 25 male 
and 25 female speakers and 
determined that 3.5% to 4.5% 
of the time the system failed, 
admitting imposters and re­
jecting true speakers. 

In another area, small­
geometry CMOS parts and 
greater on-chip capabilities 
have improved speech syn­
thesis technology. Texas In­
struments Inc. (Dallas) devel­
oped the TMS50C40, the 
CMOS version of an ear lier 

Subscriber 

T, 
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speech synthesis chip . A 
pitch-fractional register that 
supplements the standard 
pitch-period register raises 
the quality of the chip's 
speech by allowing it to record 
more points along a sound 
wave. The chip uses linear 
predictive coding to expand 
the compressed speech. On 
earlier models, a set number 
of bits-at most six-were 
defined for various reflection 
coefficients (pitch and ener­
gy,for example).With theTM­
S50C40, the user can select up 
to eight bits, trading off bet­
ter sound for added memory. 

Further, thanks to a mask­
p r o gram ma bl e option, the 
user can set keys of a 4-by-4 
matrix to generate responses 
for up to 16 keys on a pad. 
Formerly, software was re­
quired for this type of pro­
gramming. Enhancements on 
the TMS50C40 include a 
64-kbit ROM that stores 25 
seconds of speech and a mi­
croprocessor that handles 
both 4- and 8-bit buses with 

___ :::a~~: 
Trunk 

Interface 

T 

I-Central 

I ... ~ 

u v 

2. CCITT's conceptual access to ISDN defines various 
interfaces (R through V) within a voice-and-data net­
work. Only the S interface has been fully defined: It in­
terfaces the PBX with the subscriber. Intel's 29C53 
four-wire transceiver serves as the interface. 
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few interface chips. 
Gould AMI, too, has a basic 

speech synthesizer that uses 
linear predictive coding. It 
shrank a 5-µm CMOS chip 
with a 3-µm CMOS process 
and then made the chip into a 
macrocell, ready to be cus­
tomized to users' needs. 

As the macro core of a chip, 
the synthesizer lies between a 
back end (output) and a front 
end (input logic and timing) 
and allows either end to be 
modified. Some of the most 
popular customizations are 
likely to be an internal memo­
ry for speech or a key board in­
terface. Other features, as 
well, may be embedded in the 
Gould AMI macrocell. 

Switching over 

Front-runners in the field, 
U.S. researchers are trying 
new approaches toward 
speech recognition and syn­
thesis. In contrast, the U.S. 
lags somewhat behind 
Europe in the area of voice­
data networking. To catch up, 
some U.S. semiconductor 
manufacturers have imple­
mented the ISDN approaches 
in their products. 

A group of advanced tele­
communication components 
called the iA TC 29CX family 
effect the ISDN protocol in a 
typical switching system 
(Fig. 1). Of the components, 
which were developed by Intel 
Corp. (Santa Clara, Calif.), 
the iATC is the intelligent 
line-card controller, as well as 
the time-division multiplexer 
for the network. It interfaces 
both analog and digital sub­
scribers with the backplane, 
interleaves signals (on 
smaller systems), directs 



A new standard for 
flash A/ D converters: 
• 8-bit • 20 MSPS 
• 1.4W • 28 pin DIP 
.sg8* 

TRW LSI products , the industry 
leader in high performance AID 
converters, announces the 
TDC1048, our new 8-bit video 
speed AID. 
The TDC1048 is the optimum 
solution to your high performance 
conversion problems. High speed-
20 MSPS. Low power consump­
tion-l.4W Small package-
28 pin ceramic or CERDIP. Low 
cost- $98:" This data conversion 
breakthrough is made possible by 
our proven one micron bipolar 

OMICRON-B™ process. 
The TDC 1048 has all this and more! 
Our new AID converter allows you 
to digitize signals up to 7 MHz. 
Without a sample-and-hold amplifier, 
with a low input capacitance to 
simplify your buffer design, and it 
operates from standard + 5 and 
-5 .2V power supplies . What's even 
better, all performance parameters 
are guaranteed over the full temper­
ature and power supply range! 
Features such as l 12 LSB linearity, 
differential phase of 1,0 and 2 % 

CIRCLE 38 

differential gain make the TDC 1048 
perfect for video, data acquisition , 
radar, ultrasound, robotics and 
image processing applications. 
Samples are available now-produc­
tion quantities available late '831 
early' 84. For data sheet, call or write 
our Literature Service Department : 

LSI Products Division 
TRW Electronic Components Group , 
P.O. Box 2472, La Jolla , CA 92038, 
619.457.1000 

Outside U.S., call or write : 
TRW LSI Products 
Europe, Konrad-Celtis-Strasse #81 , 
8000 Munchen 70, W. Germany, 
089.7103.0 

Kowloon, 3856199; Tokyo, 4615121; 
Taipei, 7512062 

·us p1<e IO 1000s. CEADIP package. ©TRW Inc 1983 - TAS 3114 

··~·· 
LSI Products Division 
TRW Electronic Components Group 
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group signals over dedicated 
highways, and manage s 
transmissions over serial or 
parallel highways. 

The subscriber interface 
scheme realized by the 29CX 
family is the subscriber line 
data link. This serial protocol, 
adopted by more than eight 
manufacturers, is a simple 
approach that requires only 
three leads per subscriber. 
Thus all information can be 
sent with a 512-kHz data 
clock, an 8-kHz directional 
signal, and a bidirectional 
data link. 

Interface travels 

A four-wire transceiver, 
the 29C53, will be the net­
work's S interface, as defined 
by the CCITT standard (Fig. 
2). The transceiver interfaces 
with the line-card controller 
through the subscriber line 
data link. A microprocessor 
port is planned that will send 

Analog phone 
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unformatted data to the 
29C53. 

Further, a two-wire trans­
ceiver link, the 29C55, is being 
developed together with the 
29C53. The link will be a com­
pletely separate physical lay­
er capable of 144-kbit/s echo 
canceling. 

Also tackling the ISDN 
model, Motorola Inc. (Austin, 
Texas) built a family of uni­
versal digital loop trans­
ceivers (UDLTs) that inte­
grate voice and data into a 
single network with a PBX 
(Fig. 3). The system works 
with an analog line card that 
contains the traditional logic 
functions, a time-slot assign­
ment circuit, a filter-codec, 
and a subscriber line inter­
face circuit (SLIC) for two-to­
four-wire conversions. 

On the analog line card, 
pulse-code modulation cir­
cuits code and decode voice 
signals using stored voltage 

Analog Time slot 
line assignment 
card circuit 

3km Subscriber 
l!::::::::!J..f:.>c::::::O<:::><::::::o<::::>c:::t:J loop 

interlace 
circuit 

Monocircuit 

----------
Digital 

line card 

Universal 
digital 
loop 

transceiver 

Time slot 
assignment 

cx:::::::::i-c::>.c::::::><:::J>c::::x:::><:::I circuit 

------ Digital system Ping pong 
Digital CRT phone interface Time slot 

assignment 
circuit 

Monocircuit 

Universal 
digital loop 
transceiver 

slave 

Universal 
digital loop 

I:>foC:><:::>O transceiver 
master 

To 
I-+-"-+-+- switch 

matrix 

Micro­
pro­

cessor 

3. A voice-and-data PBX system from Motorola includes a line-card 
control for both analog and digital phones. 
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references. 
Five circuits make up the 

"monocircuit" family. The 
14400 and 14401 work with a 
transformer interface and a 
solid-state interface, respec­
tively. With the 14402, the 
most complex of the circuits, 
clock speed and volume can be 
adjusted. Two simpler cir­
cuits, the 14403and14404, are 
for synchronous transmis­
sion, and the 14405 can run on 
a variable data clock. The cir­
cuits support both line cards 
and digital phones. 

Three time-slot assign­
ment chips direct the signals 
in a single-party telephone 
line circuit. The most ad­
vanced chip, the 14418, 
assigns variable time slots for 
digital switching. 

A digital line card that also 
can be plugged into the net­
work replaces the pulse-code 
modulator and the SLIC with 
a master UDLT. Since the 
pulse-code modulator and the 
master UDLT perform the 
same backplane I/O func­
tions, the analog and digital 
line cards are interchange­
able in the PBX. 

A master UD LT on the digi­
tal line card formats signals 
for the network and forwards 
them to a slave UDLT that re­
sides on a remote telephone 
set. The two transfer data at 
80 kbits/s over 26 gauge wire 
and over larger twisted-pair 
cables for distances up to 2 
km. Even when remote, the 
circuit can still have high­
speed data access to the PBX 
facility. Using a ping-pong 
technique, the master and 
slave UDLTs send and receive 
voice data at 64 kbits/ s and 
digital signals at 16 kbits/s.o 



In the battle to replace LSTTL 
RCA is leading the way. 



RCA has true low-power 
drop-in replacements for LSTTL. 

QMOS blasts LSTTL. 
If you're an LSTIL user, your quickest route to 

CMOS power savings at LSTIL speeds is switching to 
HCT types of high speed CMOS logic. 

HCTtypes are drop-in replacements for LSTIL. You 
get big power savings and better noise immunity, with­
out redesigning. 

True low-power LSTTL replacements. 
Only RCA's unique input circuitry produces TIL 

compatibility without resorting to the use of a pull-up res­
istor. And pull-up resistors increase power consumption. 

Philips N.V. is an alternate source for RCA QMOS. 

Shipping in volume, now. 
Most suppliers who have announced HCT products 

have yet to ship in volume. RCA, on the other hand, is 
shipping production quantities and we've increased our 
OMOS capacity by 1 00% in the past six months! 

High-Rel QMOS, too. 
RCA will soon introduce High-Rel OMOS devices to 
MIL Spec 883 Class B. 

Call: Hamburg, 49-4106-6130: London, 44-03-2785511 ; Paris, 33-3-946-5656; Hong Kong, 8-52-3-723-6339; Sao Paulo, 55-11-210-4033. 



And we're shipping them now. 

"Types with a bus driver output stage. 

Let's form a true-CMOS relationship. 
Don't settle for high speed CMOS HCT without true­

CMOS advantages. And when you're ready to redesign, 
or if you have an all-CMOS system now, RCA can intro­
duce you to our broad line of HC high-speed CMOS 
components. 

Don't wait to redesign. Drop-in HCT today. 
Let QMOS drop-in replacements for LSTIL help 

you blast your competition, too. 
Call your local RCA sales office or your RCA distrib­

utor today. 
Or call toll-free (800) 526-2177. 

Changing to serve you better. 

Photo by Pete Turner. NYC. 
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From commercial applications, to industrial 
control, National supplies more _sustems with board-level 

CMOS solutions than anybody e"8e. 

Now's the time to take a close look 
at CIM™ (CMOS Industrial Micro­
computer), National's CIM family hign­
speed CMOS microcomputers, which 
includes CPU, memory expansion, and 
digital and analog 1/0 boards. 
Already over 60 products are avail­
able off-the-shelf today. 

No other family of boards with­
stands wider temperature 
extremes, draws less power, 
performs better, or fits tighter 
than CIM, on the factory 
floor, under the sea, to the 
skies and beyond. 

And best of all, National's 
microCMOS technology gives 
these boards high NMOS per­
formance at low CMOS power. 

CIM CPU boards are based on the 
NSC800 microprocessor, which exe­
cutes the ZSO® instruction set. 

CIM operates from -40°C to 
+85°C in harsh environments. That's 
125% wider than the 0°C to +55°C 
range of typical NMOS boards. A com­
mercial version operates from 0°C 
to +70°C and costs less. 

Lower power consumption means 
high reliability, portability, and lower 
operating cost. CIM draws 240mW, 
while equivalent NMOS can draw 20W. 
That's 1/30 the power for a 97 % 
savings. 

And you can back up or operate 

them from a battery, and toss out your 
cooling fans. 

Smaller boards also mean more 
compact systems. CIM's Eurocard 
form factor is 15% smaller than STD 
BUS and 69% smaller than MULTIBUS'." 
CIM measures 3.9-inches by 6.3-
inches (IOOmm by 160mm). 

CIM's pin-and-socket connectors 
resist corrosion and vibra­
tion better than card-edge 
connectors. 

And alternate sources mean 
there's no reason not to spec 
CIM boards. And over 60 rea­
sons you should. 

Shouldn't you take a close 
look at National's CIM boards? 
It all goes to prove National 

supplies more board-level CMOS solu­
tions than anyone else. 

For complete details on National's 
CIM family, and a free copy of our 
new CIM databook, call or write 
National Semiconductor, 2900 Semi­
con'ductor Drive, MS 23200, Santa 
Clara, CA 95051. 
CIM is a trademark of National Semiconductor Corporation. 
MULTIBUS is a trademark of Intel Corporation. 
ZSO is a registered trademark of Zllog Corporation. 

National 
Semiconductor 

Everybody f.alkg CMOS. We're doing i t. 
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Spn A ~GUE New Sprague ULN-3783M, ULN-3705M and ULN-2283B Low-Power Audio 
~ Amplifiers are cost-effective alternatives to discrete transistor amplifiers . Available 

LISTENS 
as monophonic or stereo amplifiers, they're well-suited for use as headphone drivers in 
portable radios, in tape players, and in other sound system applications . They function with 

TO 
supply voltages as low as 3 volts (at reduced volume). Write for Engineering Bulletins 

NEEDS 27117.21, 27117.22, and 27117.23 to Sprague Electric Co., Technical Literature 
Service, 347 Marshall St., North Adams, Mass. 01247. For I I 

• applications assistance, phone Linear Marketing at 617/853-5000. ~ijmla:w 
CIRCLE 102 a Penn Central unit 
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Functional testing 
gains importance as boards 

become more complex 

Bob Bergstrom 
Marketing Manager 
Automated Systems 
John Fluke Manufacturing Co. Inc. 
Everett, Wash . 

A 
printed circuit boards 
incorporate more and 
more LSI and VLSI de­

vices, a greater number of 
faults remain hidden unless 
these parts are tested in con­
cert. "Those dynamic faults," 
says Bob Bergstrom, "will call 
increasingly for functional 
testing." Riding close behind 
this area's return to promi­
nence is a new emphasis on 
testability and better links 
between the design and test 
di sci pl in es. 

According to Bergstrom, 
in-circuit testing, which ex­
cels at finding individual 
component and manufactur­
ing faults in isolation, does 
not have high enough yield to 
be relied upon alone. "The 
problem," he explains, "is that 
in-circuit testers cannot diag­
nose dynamic functional 
faults." 

Although functional de­
fects, such as cumulative tim­
ing and tolerance buildups, 
have typically accounted for 

Bob Milne 

only 10% of board problems, 
the picture is changing. 

"It's no secret," Bergstrom 
points out, "that American 
companies are following the 
lead of the Japanese in de­
manding higher-quality 
parts from their suppliers. As 
a result, fewer parts are dis­
covered dead or out of toler­
ance, and functional faults as­
sume a larger proportion of 
the total." 
The growing concentration 

on functional testing will de-

Bob Bergstrom's 13 years with 
Fluke have seen him in a variety 
of marketing and engineering 
roles, including the automation 
of that company's testing 
operations. Previously, he dealt 
with Martin Marietta's line of 
avionics automated test equip­
ment. 

mand a solution to that 
method's major drawback­
lengthy programming time. 
In-circuit checks can still help 
by screening out the majority 
of board faults first. 

Another solution, Berg­
strom suggests, involves de­
signing the test stimulus into 
the board itself. Of course, 
that will not complete the 
troubleshooting job. "That is 
where the functional tester 
comes in," he adds. "It will 
ride piggyback on the built-in 
self-testing routines and per­
form the diagnostics." 

He also sees more and more 
functional testers making use 
of bed-of-nails fixtures. "It is 
extremely important to gain 
access to the microprocessor 
and other critical areas of a 
board without going from the 
card-edge connector through 
layers of logic-not only to 
control the board but for 
measurements as well." 

Bergstrom also believes 
that comparing a test board 
with a reference (a known­
good board)-a technique 
that has been around for a 
while-still has a lot to offer 
in functional testing. "To test 
a board you have to have a 
model of it some place. It can 
be modeled in software or in 
hardware. But if you have a 
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known-good board as a model, 
you cannot create a software 
model that is better than the 
board itself." 

Finally, Bergstrom consid­
ers the communications link 
between test and design engi­
neers equally important, as is 
the physical link between 

CAE tools and testers. 
"Five years ago a designer 

probably didn't know any­
thing about his company's 
ATE equipment. What's 
more, he did not care. If a 
divide-by-counter on a pc 
board provided no easy way 
for a tester to initialize it, that 

was not the designer's prob­
lem. The test engineer had to 
spend a lot of time trying to 
find a solution." Fortunately, 
says Bergstrom, the height­
ened emphasis on testability 
will continue to strengthen a 
dialogue between design and 
test engineers. 

More memory, at lower cost, 
will radically alter the 

way computers operate 

Harry Garland 
President 
Cromemco Inc. 
Mountain View, Calif. 

T
he revolution in com­
puter technology will 
be furthered not so 

much by microprocessors as 
by cheaper high density semi­
conductor memory," says 
Harry Garland. 

In all computer architec­
tures, optimum engineering 
is constrained by li mited 
memory. "This," he adds, "is 
increasingly true as comput­
ers are called upon to simulta­
neously handle multiple users 
and perform multiple tasks." 
Even a 68000 microprocessor 
that can address 16 Mbytes is 
limited by the partitioning of 
this space for simultaneous 
tasks. 

Engineers waste a lot of 

Stephan Ohr 
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time prioritizing memory 
space assignments and mak­
ing choices about which tasks 
must return to disk for their 
completion. Plentiful and in-

Harry Garland cofounded Cro­
memco in 1976. While in the elec­
trical engineering department 
at Stanford University, he 
helped define the S-100 bus 
used in the original Altair compu­
ters. He holds a PhD in biophy­
sics from Stanford and a BA 
from Kalamazoo College. 

expensive memory, Garland 
suggests, would simplify the 
assignment of memory 
spaces, so that engineers will 
be able to concentrate on 
better designs for existing 
applications and even for new 
applications instead of allo­
cating"relatively scarce mem­
ory. CPUs will also be freed 
from having to keep track of 
as many program instruc­
tions and operands scattered 
throughout memory. 

As for improved designs, 
"A 1-Mbyte work space pro­
vides one way of solving a 
problem, a 16-Mbyte space 
provides a completely differ­
ent set of possible solutions." 
As an example, advanced 
computer tasks like speech or 
visual pattern recognitio n 
currently utilize algorithms 
to calculate values that only 
approximate digitized inputs. 
It would be much easier and 
faster to find matching values 
for spoken words or visual 



2 WAY 0° from$9.95 (6-49) 

0.1to1,000 MHz 
meets MIL-P-23971/15* 
MODEL FEATURES Freq. Range Insertion Loss 

(MHz) (dB), typ. 
fL tofu above 3 dB 

L M u 

PSC-2-1 lowest priced, most popular model, 0.1-400 0.2 0.4 0.6 
PSC-2-lW hermetically sealed, RH-shielded 1-650 0.3 0.5 0.7 
PSC-2-2 phase balance within 1° (typ.) 0.002-60 0.3 0.3 0.6 
PSC-2-4 amplitude balance within 0.5 dB (typ. ) 

10-1000 0.6 0.6 0.7 

TSC-2-1 smallest (only 0.25 X 0.2 X 0.5 in.) 
4-pin plug-in or flatpack mounting 

1-400 0.25 0.4 0.8 

MSC-2-1 micromin (0.2 X 0.5 in. board area), 0.1-450 0.3 0.4 0.6 
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27 30 27 2.0 3.0 4.0 
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0.15 0.2 0.4 19.95 (6-49) 
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inputs on a memory table and 
bypass calculations entirely. 

Memory will make a differ­
ence in the approach to speech 
synthesis, as well. The use of 
phonemes and predictive cod­
ing algorithms, says Garland, 
are compression schemes de­
signed to construct speech 
when memory is limited. 
Unlimited memory will allow 
full digitizing of voice inputs 
fostering much higher qual­
ity of synthesized speech than 
is possible today. 

Matrix inversions, as an­
other example, require fre­
quent returns to disk memory 
because of limited work space. 
A 16-Mbyte RAM space 
speeds up matrix inversions 
by a factor of 10 without any 

changes in the computational 
program. 

Computer graphics and 
digital imaging are other 
memory-intensive applica­
tions. Reproducing one frame 
of a simple low-resolution 
television screen, notes Gar­
land, ta:kes more than 256 
kbytes of mem,ory. Further­
more, to feel comfortable to 
the human eye, which is very 
discriminating, a high-res­
ol u tion display requires at 
least a megabyte. 

Memory management 
units can only be a short-term 
solution. Management 
schemes can improve how a 
limited amount of memory is 
used, but not sufficiently to 
revolutionize the way com-

CIRCLE 48 

puters handle processing. 
What is required is not more 
management but virtually 
unlimited, high-speed semi­
conductor memory. 

The new generation of 
256-kbit chips will free com­
puters somewhat from mem­
ory restraints, as will the 
1-Mbit devices on the horizon. 
Even more promising is the 
use of CMOS for RAMs with 
both lower power and shorter 
access times.Not only will the 
cost of the devices be less, but 
also the attendant expenses of 
power supplies and cooling. In 
addition, these chips will re­
duce the need for other pe­
ripheral circuitry by includ­
ing more housekeeping func­
tions. o 
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SYNCHRO I RESOLVER TEST INSTRUMENTS 
COMBINE HIGH ACCURACY WITH 

SUPERIOR PERFORMANCE 

When accuracy and perfor­
mance are required by your syn­
chro or resolver test application, 
DDC's SIM-31200 simulator and 
SR/ HSR-203 angle indicators are 
unexcelled. 

The SIM-31200 simulators are 
broadband (47Hz to 1 lKHz) syn­
chro and resolver simulators, 
which incorporate microprocessor 
control of digital input multiplex­
ing, front panel display, and 
status/ fault flag outputs. An inter­
nal converter provides resolution 
of .001° BCD or .00034° binary, 
with accuracy up to ± .003 ° (10 
arc seconds). The angle input may 
be entered locally via the front 
keyboard, or remotely through the 
rear panel connector . . The remote 
input format (BCD or binary) is 
selectable via a rear panel switch. 
An optional IEEE-488 interface is 
available. 

The outputs are transformer 
isolated synchro or resolver signals 
programmable to 11.8, 26, or 90V 
rms line-to-line. 

In addition, the microprocessor 
works in conjunction with a non­
volatile memory and a counting 
circuit to measure the reference 
frequency which is used to 
CIRCLE 49 FOR LITERATURE 
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generate a digital correction and 
calibration scheme. The instru­
ment is powered by 115V or 230V 
rms, and has internal EMl/RFI 
filtering. Bench top and rack 
mounted configurations with or 
without front panel keyboard or 
display are available. 

Applications for the SIM-31200 
Series include production testing, 
quality control inspections and 
laboratory instrumentation. 

The SR/HSR-203 are high 
quality angle indicators used in 
precision synchro and resolver test 
equipment. They accept synchro 
or resolver signals from a front 
panel input channel or either of 
two rear connector input channels. 
Both models are enclosed bench­
type instruments, with a carry han­
dle, which may be used as a tilt 
stand. 

Control functions, such as input 
channel select, input type, band­
width, unipolar/ bipolar, lamp test 
and inhibit, may be controlled 
either manually by front panel 
switches or remotely via the rear 
connector. An internal IEEE-488 
data bus interface is available as an 
option. The SR/HSR-203 in­
struments differ only in their ac-

c:J c:J [3 

curacy and resolution. The SR-203 
is accurate to ± 0.03 °, while the 
HSR-203 is accurate to ± .005 °. 
Resolution for the devices is 
±0.01 ° and ±0.001° respectively. 

Because they can accept a broad 
range of voltages and frequencies, 
without programming, and signal 
to reference phase shifts of ± 50 ° 
(max), the SR/ HSR-203 are ideal 
for situations where a variety of in­
puts must be quickly accom­
modated. There can be no hangup 
180 ° away from the input angle. A 
fault indicator shows when the 
unit is not tracking the input 
signal, and an ambiguity indicator 
shows when the output data is 
changing. 

The SR/ HSR-203, in addition to 
serving as high performance bench 
instruments, can be used wherever 
accurate angle information is re­
quired for display, control, testing 
purposes, or computation. 

Full particulars on DDC's high 
accuracy instruments are readily 
available. Circle one of the 
numbers shown below on the 
readership service card or call the 
nearest DDC office for immediate 
attention. D 

" See us at Booth 931 
• MIDCON/84 • Dallas • Sept. 11-13" 

ILC DATA DEVICE CORs:»ORATION 
HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation , 105 Wilbur Place, Bohemia, N.Y. 11716, (516) 567·5600, TWX: 510·228-7324 

WEST COAST: ILC Data Device Corporation , Woodland Plaza, 21243 Ventura Boulevard, Suite #123, Woodland Hiiis, CA 91364, (818) 982-6454, TWX: 910·499·2674 
WASHINGTON, D.C. AREA: ILC Data Device Corporation, 2110B Gallows Road, South Tysons Corner Office Park, Vienna, VA 22180, (703) 893-7989, TWX: 910-997-0967 

EUROPEAN OFFICE: ILC Data Device Corporation , 40 Triton Square, London NW1 3HG, England, 01 ·387 4599, TLX: 851 ·261967 
UNITED KINGDOM: DOC United Kingdom Ltd., 128 High Street, Hungerford, Berkshire, RG17 ODL, England, (44) 488-82141 , TLX: 851-848826 

FRANCE: DOC Electronique, 4 Rue de l'Abreuvoir, 92400 Courbevoie, France, (1 ) 333-5888, TLX: 842-630609 
WEST GERMANY: DOC Elektronlk, GmbH, Vorderer Anger 286, P.O. Box 1212, 8910 Landsberg A.L, West Germany, Tel : (08191) 3105, TLX: 841 ·527128 

JAPAN: DOC Electronics K.K., 1-32·3, Nishi·Gotanda, Shinagawa-Ku, Tokyo 141 , Japan, Tel. : (03) 490-0203, TLX: 781 -34158 



Plan your 
Lin CMOS 

High speed, exceptionally low power 
consumption, and multipurpose 
analog and/or digital inputs-new 
LinCMOS TM microprocessor­
controlled data-acquisition systems 
from Texas Instruments deliver all! 
You can forget about traditional 
performance "tradeoffs. n 

You only have to remember Tl. 
And two new LinCMOS families: 
The 28-pin TLC532A family with 
parallel output, and the 20-pin 
TLC540 family with serial output for 
interface to a variety of popular 
microprocessors. 

One .. chip 
data .. acquisition system 
Both families provide an entire data­
acquisition system, from analog 
multiplexer to digital data bus, on 
one chip. You treat the IC as a 
simple plug-in component, replacing 
a board of parts. 

Eliminating external components 
also reduces total system costs. And 
the chip itself is less costly than 
many metal-gate CMOS ICs having 
only an ND converter function. 

One potential application for the 
new LinCMOS peripherals is envi­
ronmental control. An array of these 
ND peripherals could sense room 
temperatures throughout a building 
and feed them to a microprocessor 
that instructs the heating/cooling 
system to direct air where it 
is needed. 

Result: Energy bills could be 
slashed by a simpler, more cost­
effective system. 

~ Moving energy costs down by moving air 
around-that's how Tl's new LinCMOS ND 
peripherals could work in a large building. 
These !Cs could take multiple readings of 
each room's temperature for a microprocessor 
that quickly determines where warmer or 
cooler air is needed. 

'"Trademark of Texas Instruments Incorporated 
Photo taken at Plaza of the Americas, Dallas, Texas. 
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control system with Tl's new 
microprocessor-controlled AID ICs. 

; II I II II 

Components: 256 resistors 9 capacitors :·. 9 capacitors 
511 switches 26 · ~V!il£~eJi#.:- 26 switches 

Features· :;,, ~:· · · . • II I II I 111 .. , .. , I I . I • I. 

I .. , II ; • II • II 

·includes six multipurpose inputs. 

Major speed improvements, more inputs, smaller size-the evolution to LinCMOS products 
from metal-gate technology reflects big performance boosts and operational advantages, 
creating a bright linear future. 

Up to 71,000 samples 
per second 
Dramatic speeds are available-as 
fast as 71,000 samples per second. 
With power requirements as low as 
6.0mW. 

This allows noise canceling and 
precise control of blower motors or 
heating elements. While virtually 
eliminating bulky power supplies. 

Exceptional stability 
over a wide temperature range 
Both the TLC532A family and the 
TLC540 family offer excellent tem­
perature-range stability-total output 
error is within ± 0.5 least significant 
bit (LSB) over a wide temperature 
range-from - 40° to 85°C. 

Military versions, also available, 
are stable within ± 0.5 LSB over a 
- 55° to 125°C temperature range. 

Handle up to 11 inputs 
Each LinCMOS ND peripheral 
family allows a processor to monitor 
up to 11 analog signals. Six signals 
can be digital, if preferred, allowing 
keyboard or switch-position sensing. 

These devices feature a built-in 
sample-and-hold circuit (software­
controlled on the TLC540) that 
holds a "snapshot" of the input 
signals to reduce the effects of noise 
and random spikes. 

Immediate availability 
All of these LinCMOS ND 
peripherals are TTL, MOS, and 
CMOS compatible. And all are 
available now. With performance 
that will change the way you look 
at linear. 

Environmental control is only one 
possibility. These LinCMOS periph­
erals offer many opportunities in test 
equipment, automotive instrumen­
tation, industrial controls, robotics, 
toys, home computers, signal 
processing, and other applications. 

For more information on Tl's ND 
converters, op amps, and the 
LinCMOS process that creates them, 
call your authorized TI distributor or 
nearest TI sales office. Or write 
Texas Instruments Incorporated, 
Dept. SLA043El, P.O. Box 809066, 
Dallas, Texas 75380-9066. 
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TI is first with silicon­
gate CMOS for linear. 

The key to a successful combination 
of CMOS and bipolar capabilities: 
Phosphorus doping of the silicon 
gates that effectively halts and binds 
sodium ions-the main cause of 
threshold voltage shifts in MOS­
based technologies. 

For enhanced carrier mobility, 
NMOS transistors are placed in a 
p-type substrate and the PMOS 
transistors in an n-well. This 
increases carrier mobility of the 
NMOS transistors to about 3. 7 times 
that of the PMOS transistors, 
enhancing speed. 

The LinCMOS process also pro­
vides a gate-to-drain capacitance 
about one-seventh that of metal-gate 
CMOS. This performance stems 
from gate formation, which is accom­
plished in the same step that forms 
the transistor source and drain. The 
source, gate, and drain are all self­
aligned, boosting speed and enhanc­
ing the bandwidth even further. 

And the final result: A built-in 
speed advantage that greatly 
enhances AC performance and 
makes possible the 20X speed im­
provement of the TLC532A 
over its pin-compatible metal-gate 
TL532 predecessor. 

TEXAS . 
INSTRUMENTS 

Creating useful products 
and services for you. 
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Add the above together, and what do you get? The Mostek Matrix 68Kr~ It combines a 
multi-user, 16-bit microcomputer system based on the VMEbus architecture-plus a UNIX 
operating system. The result is a powerful and cost-effective tool for system integrators. 

The Matrix 68K is also a high performance tool. It's modular. Structured. Flexible. 
And easily expandable for future application requirements. What's more, it can lower 
your development costs, and get your product to the market faster. 

This new system in its base configuration features 640KB of expandable main memory, 
a 36MB Winchester disk, lMB of floppy disk storage, serial RS-232 interfaces for five 
users, a standard parallel printer interface, and three open slots for expansion. 

The heart of the system is the VME-MMCPU board with its 16-bit processor. The 
VMEbus-based modular board designs meet today's 16-bit needs. And permit fast, easy 
reconfiguration for 32-bit applications in the future. So, you won't have to develop 
another architecture as more powerful hardware becomes available. 

The flexibility ofVMEbus architecture is further enhanced by the powerful UniPlus + r• 
operating system (UNIX System III with Berkley enhancements). It provides you with a 
flexible, expandable operating system that's well suited to program development, text 
preparation, and general purpose processing. Its supported languages include "C," Fortran, 
and Pascal. 

Another big plus is Mostek's ongoing development of new cards for the VMEbus: a 
one megabyte DRAM, SMD disk controller, and Intelligent VO boards will soon be 
available. With the reconfiguration software package, UNIX can easily be expanded to 
use these and many more VMEbus boards. 

With the Matrix 68K, you get high performance. Full VMEbus compatibility. Trans­
portable software. Flexibility. And unusual value. Because it's all you need today. And 
tomorrow. 

Get in on VMEbus +UNIX + all the future applications. Contact Mostek, 1215 W. 
Crosby Road, MS2205, Carrollton, Texas 75006, (214) 466-8801. In Europe, (32) 
021762.18.80. In Japan, 03/496-4221. In the Far East (Hong Kong), 5-681157. 

UNIX~ a crademari< of Bell Laboratories. UniPlus+ is a crademari< of UniSoft Systems. UniPlus+ ~derived from UN IX Syscem II under license from AT&T. Matrix 
68K ~ a registered crademari< of Moscek Cap. 

mu nED 
TECHNOLOGIES 
MOSTEK 
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What a performance! Seven 
new data acquisition and control 
boards for your IBM PC~ 

Encore! Encore! 
Data Translation has done it again. Our 

first two analog and digital 1/0 boards for IBM 
personal computers received rave reviews. 

So we extended our product line to seven 
.. . starting at $295 for quantity purchasers. 

While most of the personal computer world 
focused on home and office applications, we lifted 
the curtain on two other key areas. Laboratory data 
acquisition and industrial control. 

Now, no matter what you need for your IBM PC, 
we have it. Each board is a complete data acquisition 
and control system. WithA/D, DIA, digital 1/0, and a 
programmable clock. You simply choose the board offer­
ing the speed and resolution you need most. Just plug it 
into your PC's backplane and it's showtime. 

With on-board intelligence, all seven are software 
compatible and supported by Data Translation's PCLAB 
software package . 

... ._,. ,,,,. 
"' ... i tl 

if & 
~ 

295(0EMl Low Cost 012808 10 16SE 3.3 8 2 10 16 yes 
495 16SE 

1195 General Purpose DT2801 12 or 13.7 12 16 
1345 High Speed DT2801 -A t 801 27.5 

l 
33 -+. 

2170 High Resolution DT2801/5716 16 801 2.5 16 
1295 Low Level DT2805 12 

1 
13.7 

1 2270 Low Level, DT2805/5716 16 2.5 
High Resolution 

1695 Simultaneous S/H DT2818 12 4 27.5 33 
NOTES I. Pel.AB software supports all models. 2. Programmable gain 1s standard for all DT2801 and OT2805 models. 
3.Screw terminal and signal cond1t1on1ng panels available for connection of all 1/0 signals 

World Headquarters: Data Translation , Inc., JOO Locke Dr., Marlboro, MA OJ 752 (6J 7) 48J -3700 Tix 95J 646. 
European Headquarters: Data Translation, Ltd ., 430 Bath Rd ., Slough, Berkshire SU 6BB England (06286) 34 J2 Tix 849 862. 
In Canada: (4J6) 625-J907. I BM PC is a registered trademark of I BM. 
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enter Mini-Circuits' 

IBM(") PC Personal Computer, 
dual disk-drives, printer, software 
(word processing, spreadsheet and planner). 
A complete system ... a $4,000 VALUE!· 
IBM 1s a registered trademark of International Business Machines Corporation . 

'Value at time of press. All applicable taxes and duties are the sole responsibility of the winner. 

F 93·.A. REV O RIG 

2-4-6 hr. VHS Videocassette Recorder 
3 speed, remote control, timer, 
electronic tuning ... including 6 tapes 
... a $500 VALUE!. 



Design Contest 
It's Easy to Enter 
Do you have a clever design idea or applica­
tion involving IF / RF / microwave signal-pro­
cessing components- mixers , power splitter/ 
combiners, attenuators, RF transformers , 
directional couplers, amplifiers or RF 
switches? Or perhaps a versatile setup for 
testing them or a novel approach to enhance 
their performance. 

If you have an original idea , enter Mini­
Circuits Design Contest now. Type or legibly 
print your submissions. Start with a brief ab­
stract describing the key point of your idea 
(cost saving , improved performance, simpli­
fied testing , etc.). List RF signal processing 
components used. Then proceed with the de­
tailed explanation. Make schematics and block 
diagrams clear ; include values of circuit com­
ponents. Be sure to include performance data 
and curves ; judges ' scores will be based on 
content , multiplicity of products involved and 
thoroughness . 

Free 64-page RF / IF Signal 
Processing Components Guide 

For an up-to-date review 
of Mini-Circuits ' IF / RF / Microwave 
product line, refer to EEM, EBG, 
Gold Book or Microwaves Directory. 
Or call / write our factory or any 
of our 45 worldwide sales offices 
for our 64-page RF Signal-Processing 
Components Guide. 
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Contest Rules 
1. Submit as many entries as you 

wish . 

2 . Ideas should be original and 
non-proprietary.t 

3. Entries will be judged by the 
editorial staff of Microwave 
Journal and their decisions 
will be final. The top 25 win­
ning entries will be published in 
Microwave Journal. 

4. All entries become the prop­
erty of Mini-Circuits Laboratory 
and must be received by 
December 31, 1984. 
tWinners may be asked to sign an 
affidavit of eligibility & release. 

5. Employees of Mini-Circuits 
Laboratory, Microwave Journal 
and their sales representatives , 
are not eligible. 

6. Contest void where prohibited 
bylaw. 

7. Make sure to include your 
business address and phone 
number. In addition, for non­
U.S . entries, indicate AC power 
line voltage and frequency. 

8. Send your entries to: 
Mini-Circuits' Design Contest 
P.O. Box 137 
Brooklyn , NY 11235 

Good Luck, and Thanks. 
The Mini -Circuits Des ign Contest. w ith its competitive exc itement 
and fabulous prizes. is our way o f thanking all of the designers 
world w ide whose staunch customer support has been responsible 
for our continuing growth . 

Free fact-filled Question/ Answer Series 
on RF Signal-Processing Components 

Since Mini-Circuits is the world 's largest manufacturer 
of mixers and RF signal-processing components, 
it's natural for us to receive hundreds of 
questions from engineers on these products. How 
to test them , how to make the right selection , 
how to optimize a circuit design ... questions with 
answers not found in textbooks or reference manuals . 

So we've put together a series of Q & A 
(question/ answer) booklets on most-frequently 
asked questions on mixers, phase detectors 
and power splitter/ combiners. They are loaded 
with application-oriented tips , ready to solve 
a problem you may be facing. The set is free ... 
just call or write us or any of our 45 
worldwide sales representatives. 



EXAMPLE 1: 

send your entries to: 

Mini-Circuits' Design Contest 
P.O. Box 137, 
Brooklyn, New York 11235 

Low-cost, high performance Image-Rejection Mixer. 

KEY COMPONENTSi mixers, power splitters. 

Mar:y telecornmunications systems r~uire a mixer arrangement '11'1at delivers the 
desired IF and sharply rejects the other 1rnage Frequericy. 

An effective, low-cost solution makes use of Mini-Circuits' TFM-2 mixers and 
it 1s 2-vvay, 0° PSC-2 and 2-way, 90° PSC.Q-2-90 power splitter; combiners .;}S 
Shown in the diagram. 

The key to an efficient image-reiection, such as shown in the block diagram, is the 
use of double-balanced mixers with well-matched amplitude and phase 
characteristics and high isolatioh. Howe~r, l_)OOr hybrid phase characteristics, 
differences in the output amplitvdes of the hybrids and non-symmetrical external 
c\ rc.uits w i 11 also rEduce il'hage-~jection performance. The effects on sidebatld 
suppression caused by unequal mixer arnplit~ ard phase shift are shown 1n Tables 1 and 2. 

Table 1 
Amplitude Unbalance 

vs. A1 clB 

RF 
Input 

50 
../'\.,. 

Unool,dB 
0.3 
0.9 
!. ~ 
2 
3 

90°Hybrid 
MCL.. 

PSCG-1-90 

JOSEPH CANTORE, 
Engineering Dept., 
Al phaornega Corp., 
II Madison street 

A,dB 
35 
27 
22 
13 
15 

IVICL 
TFN\-2 
N\l>'el" 

MCL 
TFM-2 
Ml11;er 

Key Biscayne, Florida 33149 
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Table 2 
Phase Unbalance 

A,dB 

Phase Unool, degree 
3 

A,dB 
33 
22 

MCL 
PSC-2.-1 
In-phase 
divider 

> 

9 
15 
20 
30 

LO 
Input 

18 
15 
12 

CJ0°Hybrld 
MCL 

PSCQ-2.-90 

finding new ways .. 

Real 
Ir output 

lrnage 
50 
J\, 

setting higher standards 

r;;::1 Mini-Circuits 
A 01v1 s1on of Sc1ent1l1c Components Corporation 

World 's largest manufacturer of Double Balanced Mixe rs 
P.O. Box 166, Brooklyn , New York 11235 (718) 934-4500 

Domestic and International Telex 125460 International Telex 620156 



EXAMPLE 2: 

send your entries to: 

Mini-Circuits' Design Contest 
P.O. Box 137, 
Brooklyn, New York 11235 

Improving two-tone, third-order IM measurements. 

KEY COMPONENTS; power splitters, attenuators, amplifiers 

Two-tone ,tflird-order interrnoclulation (IM) expresses the degree of non-lineurity of an amplifier 
or mi,x,er. This parameter is generally not included on data sh~ because it is dependent upon 
operating Frequencies, terminating irnf,edance and input levels i it tnust be measured under 
spedFic design perfonnance conditions. 

Two common errors in these measurementsat-e (l) failure to provide &::!equate isol&tion between 
1npvt .signal generators aM proper impedance rn8tching and (2.) insufficient filtering of th<:1 two 
input testsignals . 

A proper test setup for measuring two-tone, third order IM distortion is shown. Note the use oF 
two amplifiers and '-dB pad5 for input generator isolation and pro~r 50ohtn mutehing· A 
practice oF simply using a Tee-connector between generators developes tn_i5matches, producing 
undc:sired harmonics which dramatically affect accuracy. 

Two-tone, third-order JM distortion is only meaningful when the input levels to the 
device-under-test are de Fined. 

Exa.rnine the spectrum analyz.er display fora ZAY-1 double-balanced mixer. Notice th? signiFjcant 
difference in two-tone, third-Qrder component with an lnr::ut level of -todBm For ~ach ft>ne (b) 
compared with 0 d8111 input level For each tone Ca). 

Also, the arnoont or two-tone, third-order must be specified relative- to either the RF input 
or desired IF outputi the desired IF0<.1tput is more meaningFul. 

RF 
G-f.N.#-1 

..------. CA'r-E> 

WI OE.BAND 
AN\PLlfteR 

2.FL-2000 

~B 

c:AT-10 c.AT-6 
r----'--1 tOdB .......---. '-<:IB 

PClWER LP 

Rf 
GEN .#2 

COMBINER~~ FILTEnt---~ 

2F5C-2.-1 

\NIDEBANO 1 
AW\.PUFlE!l 4.J 
:z fl -2.000 ~s" 

GE.NEPAL NOTES 
I) All Mini -Circuits prcrluets have ["h'.l::iel numbers showri . 
2) Oc!Bn-1 inpi..lt1 A-1' connect-Ed as shaw11 

-~ fOdl'l'T\ input, insert CAT-10, IOd1' between A-8 

JOSEPH CANTORE.:., 
E.ngineering Dept., 
Alphacmega Corp., 
11 Maq i.son Street 
Key Biscayne, Florida 33149 
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CA1'-'- c.AT-3 

6<:1B '.3dB 
wtDt=~D DE\llCE 
AMPLIFIER UNDER 

"Z.HL-1-i TE.ST 

5PEaR.Uf\.1 ct)lj-G LI' 
" 8 ANALY2.ER. FILTER 

OdBm input power - IOdBm input power 

finding new ways ... 
setting higher standards 

0 ~i,!1~:~,~c~~~!i! 
World ·s largest manufacturer of Double Balanced Mixers 

P.O. Box 166, Brooklyn , New York 11 235 (718) 934-4500 
Domestic and International Telex 125460 International Telex 620156 



11Fine Line" Circuitry: 
When You Need Conductors 
Finer Than A Human Hair. 

Miniaturization marches on. When round wire 
became too heavy and bulkv, flat cable and flex 
circuitry were developed. Now. density requirements 
can be too tough even for conventional flex cir­
cuitry So that's where "Fine Line" takes over. 

What it is. Circuitrv. as shown above, with lines 
an.d spaces of less than .010. Our current production 
capabilities range down to .003. That's "Fine Line'.' 

Where it's used. Satellite circuits. high-speed 
computer interconnects, cryogenic infra-red detec­
tors. thermal imaging sights. mother board/daughter 

board interconnects, test equipment, and much more. 

We're ready to work with you. Call your nearest 
Hughes rep, or phone us in Irvine. Our R & D people 
are at your service. Our circuitry is as fine as it comes. 
Today The future? How about invisible conductors? 

For more information phone Tony Piraino, 714-
660-5788. Or write Hughes Aircraft Companv, 
Connecting Devices Division, 17150 Von Karman 
Avenue, Irvine, CA 92714. In Europe, Hughes 
Microelectronics, Ltd, Clive House, 12-18 Queens 
Road, Weybridge, Surrey KT13 9XD, England. 

HUGHES 
AIRCRAFT COMPANY 

CIRCLE 49 
CONNECTING DEVICES DIVISION 

Industrial Electrorncs Group 



Expanding the Limits of Excellence in 
Semiconductor Design 

.HITACHI 
A World Leader in Technology 



HITACHI AMERICA, LTD. 
Semiconductor and IC Sales and SeNice Division 
1800 Bering Drive, San Jose, CA 95112 
1-408-292/6404 



Mil- Spec Approved 
Low Profile Resistor Networks 
• Mil qualification approval per 

MIL-R-83401 in all pin styles. 
107 (6-pin). /08 (8-pin) . /09 (10-pin) 

• Both pull-up (CJ and terminator fG) 
configurations 

• Tolerances: Ff± 1 %) . Gf ± 2%) and 
Jf±5%) 

• Temp coefficient II Resistance Range: 
K: ± 100 PPM/°C 1147.5 to 1 MO 
M: ± 300 PPM/°C II 10.0 to I MO 

CIRCLE 50 

Low ESR Computer Grade 
Aluminum Elect rolytlc Capacitor­
Serles 3189 
• Innovative non-DMF electrolyte & 

new construction techniques 
provide lowest ESR ever offered 

• Improved ripple current capability 
• Operating life: 1000 hrs. at 85°C 

with full rated DC voltage 
• Capacitance: 0.0032 to 0 .76F 
• Voltage range: 5 to 75 WVDC 
• 38 std. case sizes from Pk" to 3" dia . 
• Operating temp: - 40° to + 85 °C 
• Offered in PCB mounting configu­

ration or with std. screw terminals 
• A 2000 hr. long life version (Series 

3190) also available 
CIRCLE 51 

Commerclal SMD (Chip) Resistor­
Serles 9C 
• Ideal for use with high speed. 

automatic placement equipment 
• Provides dramatic reduction of PCB 

real estate in new designs 
• International std. size: 1.6 x 3.2 mm 
• Power Rating: 1 /8w @ 70° C 
• Tolerance II Resistance II TCR 

% 0 PPM/°C 
± 1 10 to 1 M ± 100 
± 5 10 to 1 M ± 200 
± 10 1.2M to IOM ± 200 

Zero ohm unit is also available 
• Bulk or tape and reel packaging 

CIRCLE 52 

Corporate Headquarters 
Columbia Rd .. Morristown, NJ 07960 
(201) 539-2000 TWX 710/986/7437 

Reliability across the board 
Mepco# Bectra 

A NORTH AMERICAN PHILIPS COMPANY 



INTERNATIONAL NEWSFRONT 

Digital signal processing 
makes the headlines 
at European conference 

High-speed CMOS signal processors garner 
their share of glory at the conference; NMOS 
and bipolar are not left out in the cold. 

F
iner design rules and 
tighter chip layouts 
have yielded CMOS 

chips that rival the speeds of 
their NMOS and bipolar 
counterparts, opening the 
floodgates to the era of CMOS 
digital signal processors . 
These devices are very much 
in evidence at this year's 
European Solid-State Cir­
cuits Conference. Neverthe­
less, neither NMOS nor bi­
polar chips are overshadowed 
at ESSCIRC '84-architec­
tural and process develop­
ments are putting both to 
work in faster and denser de­
vices. The meeting, which will 
be held in Edinburgh (Sept. 
19-21), will also take a close 
look at the progress in compu­
ter-aided design. 

ms and also executes a stag­
gering 15.4 million multipli­
cations/ s. The 2.5-µm bulk­
CMOS processor (Fig. 1), 
developed by Cornell Univer­
sity (Ithaca, N.Y., U.S.), con­
tains 61,000 transistors and 
uses serial multipliers and 
adders. Intended for radar 
and sonar signal processing, 
the device's serial registers 
are distributed throughout 
the arithmetic section so that 

Data bus 
(32 bits) 

Bus 
interface 

Address bus ......_,, 

signals can propagate rapidly 
between stages. 

A bit-slice 2-µm CMOS chip 
will form the number-crunch­
ing core of a Harvard-archi­
tecture digital signal pro­
cessor. The IC, from Philips 
International BV's Research 
Laboratories (Eindhoven, the 
Netherlands), carries 18,600 
transistors and connects to 
other functional blocks with­
in the signal processor 
through two 16-bit data buses 
and a control bus (Fig. 2). 

Operands for the multi­
plier's accumulator come 
from outside the core via the 
buses or are stored locally in a 
three-port register file. Ad­
dressing two operands in the 
register file, putting them on­
to the buses, multiplying 
both, and storing the result in 
the product register takes one 
processor cycle. The device's 
expected cycle time-about 

Clock 
generator 

An essential ingredient of 
many digital signal-proces­
sing systems is a circuit for 
performing fast Fourier 
transforms. The speed that 
CMOS is clocking in at can be 
seen in a processor that com­
putes 1024-point FFTs on 
complex inputs in a mere 1.4 

Mitch Beedie 

1. Cornell University's signal processor demonstrates the ad­
vantages of a dedicated VLSI architecture for carrying out 
complex digital signal processing. The chip capitalizes on its 
ability to be connected with other identical ICs to form a 
fault-tolerant array. 
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100 ns-will suit it to speech 
recognition and similar ap­
plications. 

A CMOS chip that is laid 
out with 3-µm rules features 
both programmable echo can­
celing and gain setting. The 
processor, developed by Bell 
Telephone (Antwerp , Bel­
gium), shapes speech signals 
to CCITT specifications and 
serves as a control link 
between a subscriber line in­
terface circuit (SLIC) and a 
li n e card contro ll er . The 
23,000-transistor chip re­
ce ives line-control data in 
8-byte packets from the card 
controller, and SLIC control 
data is exchanged through a 
256-kHz full-duplex link. 

Though impressive per­
formances are being turned in 
by CMOS chips, NMOS tech­
no logy is ho lding its own. A 
systolic processor for digital 
video-matrix operations, for 
example, r uns at 13.5 MHz 
and reverse-transforms lumi­
nance and color-difference 
video signals into RG B sig-

C bus 

Input 
register 

16 

16 x 16 
Booth 

multiplier 

16 

Product 
register 

Y bus 

X bus 

nals . The 3.15-µm NMOS 
peripheral processor is part 
of an experimen t al video 
decoder for 108-Mbit/s wide­
band digital TV. The chip, 
from CCETT (Cesson­
Sevigne, France), carries 
35,000-transistors and is 
equipped with three pro­
cessors, each of which car­
ries out linear functions 
XA+YB+ZC (where X, Y, 
and Z are 8-bit coded con­
stants). During each 13.5-
·MHz clock cycle, three bytes 
are pipelined into the pro­
cessorfrom a24-bitinput bus; 
the result emerges 13 clock 
cycles later at the outputs. 

For document analysis, an 
optical recognition circuit can 
search text-at the rate of 500 
char/ s-for a given string of 
characters. The full-custom 
IC, from the University of 
Louvain (Louvain-la-Neuve, 
Be lgium), links to a 68000 
microprocessor over the 
VMEbus and also can be used 
for coding graphics and im­
ages (Fig. 3). The bit-slice IC 

32 

is programmable and runs 
many of the highly repetitive 
algorithms associated with 
document analysis. In oper­
ation, the microprocessor 
sequences an algorithm at a 
high level, and the custom IC 
handles segmentation. The 
chip contains 10,000 tran­
sistors, is built with a 6-µm 
NMOS process, and has a 
4-MHz clock frequency. 

Twice is nice 

Virtually doubling the 
speed of existing converters, a 
6-bit analog-to-digital con­
verter samples at 200 MHz. 
The bipolar device shuns t he 
parallel operation that is the 
norm for high-speed a-d con­
verters and uses instead rapid 
master-slave comparators 
that are arranged in four 
blocks, with three encoding 
stages . The chip, from the 
Entwicklungszentrum fur 
Mikroelektronik (Villach, 
Austria), has no missing 
codes and a signal-to-noise 
ratio as high as 37 dB at fre-

16 16 

Most Least 

y 
source 

field 

Three-port 
register 

file 

R1- R15 

significant significant ® 
product product 

16 16 

2. A microprogrammable bit-slice processor serves as the number-crunching core in a Harvard-architecture 
device. From Philips Research Laboratories, the chip is fabricated in 2-µm CMOS and features three buses. 
The X and Y buses handle the operands and products, and the C bus takes care of control functions. 
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The KM6 Subrack System 
will never be complete ... 

The KM6 Subrack System has always been years ahead of its time 

1981 
Polarising/PCB 
Mounting 
Bracket 
Secured to front panel 
or direct to PCB. Mating 
half fitted to front of PCB 
guide during assembly. 
Polarisation by breaking 
spills and filling corres 

~~ 
{fJ 

Security PCB 
Retainer 
Ensures PCB's stay 
electrically mated to 
connectors within sub 
rack. Easily assembled. 
Prevents PCB's 
becoming disengaged 
even in vibrative 

ewl~ 

1982 
Front Panels 
An increased variety 
of front panels for PCB 
mounting. Just look 
around . . . you'll notice 
them everywhere, 
good looks and 
quality where 
it counts. 1f . 

. ·11 ll'I 
f 
f 

Horizontal 
Mounting Kit 
Horizontal Mounting 
Kit accommodates any 
size of PCB within width 
of card 
frame. 

1983 
PCB Ejector/ 
Injector 
Unique saddle 
operated Injector/ 
Ejector means 
increase in number of 
connector contacts 
without difficulty of 
inserting and 
retracting PCB's from 
subrack. 
Unit operates within 
confines of subrack, 
utilising normal front 
panels, hinged or 
otherwise. 

1984 
9U KM6. Flexibility in Packaging 
Triple High Eurocards 
Anticipating packaging needs has always been 
our strong point. 
KM6 is now available in 9U heights for those who 
need the extra 'real estate' a triple high Eurocard 
offers. 
Needless to say you can also mix single and 
double Eurocards along with triples. 

Mixing different depths? 
~~~~~~~~ No problem. 

It will never be complete because our 
programme of improvement and 

innovation will never cease ... 

•' 
.~ 

BICC-VERO ELECTRONICS INC. 
171 Bridge Road Hauppauge New York 11788 
Telephone: (516) 234-0400 TWX : 510-227-8890 
4001 Leaverton Court Anaheim California 92807 
Telephone: (714) 630-2030 Telex: 277732 

Leaders in packaging technology 
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Flag port 

Command amplifiers 

Timing 
control 

Local bus 

quencies up to its Nyquist 
limit of 100 MHz. 

3. Dedicated to analyzing documents, a chip that optically recognizes 
characters can scan text at 500 charts. The programmable processor 
runs many of the highly repetitive algorithms associated with such 
tasks, including block and character segmentation, contour detection, 
and Boolean functions. 

One approach to digital sig­
nal processing actually falls 
under the CAD portion of the 
conference, since the ele­
ments of a bit-serial digital 
signal processor have been 
created with a silicon com­
piler. Researchers at the 
Wolfson Microelectronics In­
stitute at the University of 
Edinburgh have produced a 
cell library that consists of 
addition, subtraction, multi­
plication, multiplexing, and 
other processing functions­
incl uding a mixture of dy­
namic and static logic. The 
I Cs operate at 20 MHz and are 
fabricated with 2.5-µm bulk­
CMOS.o 

THE MOST PRACTICAL REFERENCE 
GUIDE TO MICROELECTRONICS 

For the first time the International society for Hybrid 
Microelectronics (ISHM) will make available its Annual 
Symposium Proceedings for each year going back to 1966. 
That's 15 Annual Proceedings. You can buy the 1980. Each of 
the last 2 years. 3 years. 4 years. Etc. Or a complete set of the 
last 15 years. 

Each Proceedings includes approximately 60 technical 
papers on a variety of subjects covering thick film technology, 
design concepts, quality control and reliability, thin films, 
manufacturing methods, application engineering and so on. 
Each has been authored by highly qualified experts. 

ISHM is the official society for the industry. Ifs non­
profit. Non-commercial. And committed to the dissemination 
of information. 

The Official ISHM Proceedings 

To place your order, complete and return the coupon below. 

~--------------------ISHM 
P.O. Box 3255 
Montgomery, Alabama 36109 

Individual books .. . . . .. . .. . ....... .... .. $29.95 each 
Any 3 books .. .... .. ................... $24.95 each 
The complete set of 15 . . ... . ..... .. .... ... . . $230.00 
Alabama residents add sales tax 
Price includes shipping and handling 
Check or company's P.O. must accompany order 

I would like to purchase: 
D The Proceedings for the year(s) ______ _ 
D The complete set of 15fortheyears 1966through1980 
D Check enclosed D Company P.O. enclosed 

Name 
-----------------~ 

Company ________________ _ 

Address 

City/State/Zip _______________ _ 

'--~~~~~~~~~~~~~~~~~~~~-L.--------------------1 



SIEMENS 

He knows the value 
of protection ... and so 
does Siemens. 



For complete details 
or a demonstration 

CALL 

SOLTEC® 
CORPORATION 

11684 PENDLETON STREET • SUN VALLEY, CA 91352 

IN CALIF. (818) 767·0044 

g~~l~lg~NIA 800•423•2344 
CIRCLE 54 



INTERNATIONAL MEETINGS 
Third International Conference on 
Flexible Manufacturing Systems, 
Sept. 11-13. Stuttgart, West Germany. 
IFS (Conferences) Ltd., 35-39 High St., 
Kempston, Bedford MK42 7BT England; 
(0234) 853605. 

Exhibition with Congress on Tech­
nology Innovation in Power Elec­
tronics, Motors, Drives & Motion 
Control, Sept. 18-20. Geneva, Switzer­
land. Incom Zieroth & Partner, Klein­
reuther WEG58 D8500, Nuremberg 10, 
West Germany. 

Tenth European Solid-State Circuits 
Conference (ESSCIRC '84) Sept. 
19-21. Edinburgh. ESSCIRC '84 Secre­
tariat, CEP Consultants Ltd., 26 Albany 
St., Edinburgh EHl 3QH, Scotland; 
(031)-557 2478. 

Unix Systems '84, Sept. 19-21. Kelsey 
Kerridge Hall, Cambridge, England . 
Network Events Ltd., Printer Mews, 
Market Hill, Buckingham MK18 lJX, 
England; (0280) 815226. 

Design Engineering Show, Sept. 
25-28. NEC, Birmingham, England. 
Cahners Exhibitions Ltd., Chatsworth 
House, 59-61 London Road, Twicken­
ham, London TWI 3SZ, England; (01) 
891-5051. 

Sama/Swissdata/ Autofact Europe 
'84, Sept. 25-29. Swiss Industries Fair, 
Basel, Switzerland. Leslie Hossack, 
Society of Manufacturing Engineers, 1 
SME Drive, PO Box 930, Dearborn, 
Mich . 48121; (313) 271-0023. 

Semiconductor International Ex­
hibition, Sept. 25-27. NEC, Bir­
mingham, England . Cahners Exhi­
bition Ltd., Chatsworth House, 59-61 
London Road, Twickenham, London 
TWI 3SZ, England; (01) 891-5051. 

Eurocon '84, Sept. 26- 28. Brighton, 
England. Conference Services, Institu­
tion of Electrical Engineers, Savoy 
Place, London WC2R OBL, England; 
01-240 1871, ext. 222. 

Symposium on Electrostatics, Sept. 
26-28. Southhampton, England. Oyez 
Scientific and Technical Services, Booth 
House, 3rd floor, 56 Holborn Viaduct, 
London ECl, England; (01) 236 4080. 

International Symposium on Indus­
trial Robots (ISIR), Oct. 1-4. Goth­
enberg, Sweden. Patricia Van Doren, 
RI/SME, 1 SME Drive, PO Box 930, 
Dearborn, Mich. 48121; (313) 271-1500, 
ext. 369. 

World Conference on Ergonomics in 
Computer Systems, Oct. 1-2, London, 
England; Oct. 3-4, Dusseldorf, West 
Germany; Oct. 4-5, Helsinki, Finland. 
Robert W. Bailey, Computer Psychology 
Inc., 54 E. Main St., PO Box 16, Mend­
ham, N.J. 07945; (201) 543-9009. 

Automatic Testing and Test Instru­
mentation Conference and Ex­
hibition, Oct. 2-4. Paris, France . 
Network Events Ltd., Printer Mews, 
Market Hill , Buckingham MK18 lJX 
England; (0280) 815226. 

Infomatics '84, Oct. 2-4. Hyatt Regen­
cy, Singapore. Infomatics '84, PO Box 
34404, Bethesda, Md . 20817; (301) 
983-0604. 

Toronto Tool & Manufacturing 
Engineering Conference & Exposi­
tion, Oct. 2-4. International Centre, 
Toronto, Ontario. Tom Reichert, Ex­
positions Division, Society of Manu­
facturing Engineers, 1 SME Drive, PO 
Box 930, Dearborn, Mich. 48121; (313) 
271-1500, ext. 323. 

Japan Electronics Show, Oct. 4- 9. 
Harumi International Fair Ground, 
Tokyo, Japan. Japan Electronics Show 
Assn . Tokyo Chamber of Commerce 
Building, 3-2-2, Marunouchi, Chiyoda­
ku, Tokyo, Japan. 

Taiwan Electronics Show, Oct. 5-1 l. 
Taipei Sungshan Airport, Taiwan. Chi­
na External Trade Development Coun­
cil, Taipei Sungshan Airport, Taiwan. 

Computer Graphics '84, Oct. 9-11. 
Conference and Exhibition, London, 
England. Online Conferences Ltd., Pin­
ner Green House, Ash Hill Drive, Pin­
ner, Middlesex HAS 2AE; (01) 868-4466. 

Machine Intelligence '84, Oct. 9- 10. 
Novotel London Hotel, Hammersmith, 
England. Bob Tracy, Industrial & Trade 
Fairs, Ltd., Radcliffe House, Blenheim 
Court, Solihull, West Midlands B91 
2BG; (01) 940 6065. 
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flat pack 
mixers 

(+7 dBm LO) 

5to lOOOMHz 
only $1495 (6-24) 

IN STOCK . .. IMMEDIATE DELIVERY 

·pin-for-pin replacement 
of competitive models 

• MIL-M-28837/1A performance* 

• extra-rugged construction 

• hermetically-sealed 

•every unit thermal shock tested , 
5 cycles, - 54 °C to + 100°C 

•low conversion loss, 6.2dB 

• hi isolation, 40dB 

• 1 year guarantee 
·units are not OPL listed 

LMX-113 SPECIFICATIONS 

FREQUENCY RANGE, (MHz) 
LO. RF 5-1 000 
IF DC-1000 

CONVERSION LOSS, dB 
one octave from band edge 
total range 

ISOLATION, dB 
5-50 MHz LO-RF 

LO-IF 

50-500 MHz LO-RF 
LO-IF 

500-1000 MHz LO-RF 
LO-IF 

TYP. 
6.2 
7.0 

TYP. 
50 
45 
40 
35 

30 
25 

MAX . 
7.0 
8.0 

MIN . 
45 
40 
30 
25 
20 
17 

SIGNAL 1dB Compression Level OdBm min 

finding new ways .. 
setting higher standards 

r;;:lMini-Circuits 
• A D1v1s1on ol Sc1ent1'1c Components Corporation 
World 's largest manufacturer of Double Balanced Mixers 

2625 E. 14th St. B'klyn , N.Y. 11235 (718) 769-0200 
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"Just like the sun , Boschert is 
a source of power you can rely on . 

"Our switching power supplies 
have to be reliable because they pro­
vide the power to operate an extra­
ordinary variety of today's electronic 
products. Products whose users 
depend upon them to work reliably. 
Every time. All the time . 

"That's why we go to unusual 
lengths to build extraordinarily 
reliable switchers. 

"This dedication to 
reliability has been a hall­
mark at Boschert ever 
since we pioneered this 
more efficient type of power supply 
for commercial applications ten years 
ago. And set our sights on becom­
ing the industry leader, through 

high quality 
and consistent 
performance. 

"Today we are the industry leader. 
With more than a million commer­
cially proven power supplies shipped 
to the Who's Who in electronic man­
ufacturing. We offer the industry's 
most complete line of low-, medium­
and high-power switchers for 

standard and custom applications. 
"And while the industry return rate 

is averaging about seven percent, 
Boschert's rate is typically well under 
one percent. An unprecedented 
achievement that every Boschert 
employee can be proud of! And we 
won't stop moving toward zero. 

" It takes more than just desire, 
however, to build consistently 

POWERYOU 



reliable products 
"That's why we have always 

placed such high emphasis on hiring 
talented , motivated people. And 
then providing them with the right 
tools to work with . Including auto­
mated, process-controlled manufac­
turing facilities, state-of-the-art test 
and burn-in equipment, and training 
programs at all levels. 

"Because, just like the sun , 
Boschert switchers are busy supply­
ing reliable power around the clock. 
And around the world '.' 

For more information, send the 
coupon to Boschert Incorporated , 
384 Santa Trinita Avenue, PO. 
Box 3426, Sunnyvale, California 
94088-3426. Or just give us a call 
at 408-732-2440. 

,--------~..., :a , . 
-Boschert 
A BICC Company 

Please send me Boschert's new full -line 
power supply catalog . 

Name 

Title Company 

Address 

City State Zip 

Mail coupon to Boschert Incorporated, 
384 Santa Trinita Avenue, PO. Box 3426, 
Sunnyvale, CA 94088-3426. 1 ED 916 

~------------.1 
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Whenyouwant more fronJ 



youraonneatoraompany ••• 
Step up ta Midland·Rass. 
we~11 go that extra step far you! 
Over the past two years we've 
marshalled the combined 
strengths of Cambion, 
Hollingsworth Solderless 
Terminals and SAE Connectors 
to become a force in the 
connector marketplace. This 
outstanding combination of 
strengths means more than a 
connector line that 's second 
to none. It means a long.term 
commitment to the highest 
level in field sales and appli­
cations support. 

We're not complacent. To 
get your business we'll out­
perform the rest; in quality, 
reliability, delivery, and com­
petitive pricing , with the 
strongest distributor network 
in the industry and field sales 
and applications know-how 
that's all action! 

We offer you over 80,000 
printed circuit board inter­
connect devices, solderless 
terminals, splices and a 
complete line of electronic 
hardware. Our SAE IDC 
(Multi-Term '" ), two-piece 
connectors (Modcon '" ), 

edgecard connectors and 
cylindrical connectors offer 
price, quality and reliability 
advantages that are hard to 
find anywhere else in the 
industry. Our combined 
Cambion and SAE product 
offering of IC sockets is 
broader than ever before, 
with the same outstanding 
quality and reliability you 've 
come to depend on ; and our 
Hollingsworth Solderless 
Terminals cover all of your 
loose piece, tape mounted 
and strip, terminal and splice 
needs. We 're ready to bring 
you the best in connector 
products and service. Give us 
a try. You 'll find our product 
breadth stacks up with the 
best of them. And our quality, 
pricing and service goes that 
extra step! 

Midland-Ross Corporation 
Electronic Connector Division 
Cambion •Hollingsworth• SAE 

One Alewife Place 
Cambridge, MA 02140 

617 - 491 -5400 

MIDI.AND ROSS 
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A Reflection on Quality: Quality Saves 
Money!-Component failures result in sub­
stantial increases in costs by creating the 
need for rework and replacement, by dam­
aging other components and by delaying 
production schedules. Murata Erie's quality 
assurance program provides true "parts 
per million" quality levels while completely 
eliminating inspection requirements. 

A Reflection on Quality: Vertically Inte­
grated and Highly Automated Manufacturing 
-From raw ceramic powders to actual pro­
cessing and assembly machines, we insist 
on producing our own raw materials and 
automated manufacturing equipment. This 
ensures complete traceability and guaran­
tees that the highest standards are met 

Headquarters: 

1148 Franklin Road, S.E. 
Marietta, GA 30067 
(404) 952-9777 

throughout the entire production process 
thus maintaining product consistency. 

A Reflection on Quality: Statistical Process 
Control-All critical manufacturing opera­
tions are monitored and controlled through 
analytical and statistical techniques. Each 
shipment includes a statistical lot perfor­
mance analysis detailing the performance 
of the lot shipped, plus the previous 25 
lots of like components. 

A Reflection on Quality: Low Failure Rate 
-While shipping hundreds of millions of 
monolithic ceramic capacitors worldwide 
each and every month, our average failure 
rate is 50 PPM or better. PPM at Murata Erie 
is the measurement of outgoing perfor-

Regional Sales Offices: 
West-714-835-4822 
Southeast-305-644-0954 
Central-312-297-5560 
Northeast-617-245-7880 
Canada-416-676-9484 
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mance on all electrical and physical charac­
teristics at a more stringent level than that 
of our customers. 

A Reflection on Quality: 0 .04 AQL-ln 
addition to 100% in-process electrical 
inspection during manufacture, Murata 
Erie imposes a 0 .04 AQL outgoing in­
spection level at time of shipment for all 
component characteristics. 

A Reflection on Quality: Murata Erie 
Monolithic Ceramic Capacitors-To find 
out how Murata Erie provides quality that 
no one else can match, write to Murata 
Erie North America, Inc., 1148 Franklin 
Road, S.E., Marietta, GA 30067, or call 
814-237-1431. 

ERiE I 
MURATA ERIE NORTH AMERICA, INC. 
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$2050 
MANUFACTURER S SUGGESTED LIST PRICE 

AUTO 

NORM 

I J s1NGLE 

B FINE 
PUStlTO ..... 
RESET 
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• READY 

LB0-518 emerges as the proven 100-MHz standard. 
Hundreds of companies 
have proven it. 
A year ago, we predicted that 
the Leader LB0-518 would replace 
the TEK 465 as the new industry 
standard. Now, there is no doubt 
about it. Hundreds of companies 
have evaluated and purchased the 
LB0-518, some in very large 
quantities. And new orders are 
pouring in. 

The LB0-518 beats TEK 
465 & 2235. 
Although the LB0-518 costs 
$1090• less than did the TEK 465, 
this versatile 4-channel alternate 
time base scope provides superior 
performance and features. It has a 
faster, brighter, higher voltage CRT; 
ten times greater maximum vertical 

"Based on price & specs published in 1983 Tektronix 
catalog . TEK is a registered trademark of Tektronix. 

sensitivity ; an extra calibrated input ; 
and it's compact enough to fit under 
most airline seats. Of course , the 
LB0-518 beats the TEK 2235, since 
that's not even in the same league 
as the 465. 

Your company will love it. 
Try one Leader LB0-518. You 'll 
be impressed with its amazing 
versatility, performance, accuracy 
and ease-of-use. Compare this 
cost-effective , feature-packed 
oscilloscope to any on the 
market. Once you do, we're sure 
the LB0-518 will become your 
company's new 100-MHz standard. 

Two-year warranty. 
Our two-year warranty, including the 
CRT, is backed by factory service 
depots on both coasts. 

CIRCLE 59 FOR PRODUCT DEMONSTRATION 

Call toll-free 

(800) 645-5104 
In New York State 

(516) 231-6900 
Ask for an evaluation unit, catalog, 
and the name of your nearest 
"Select" Leader distributor. 

For ~rofessionals 

k~i~ l!$1:.;.~1il 
difference. 

380 Oser Avenue 
Hauppauge, New York 11788 

Regional Offices : 
Chicago, Dallas, Atlanta, 

Los Angeles, Boston 
In Canada call Omnitronix Ltd. 

(514) 337-9500 

CIRCLE 60 FOR PRODUCT INFORMATION 



How would you 
like to create the 
next generation 
in circuit design 
technology? 

We'll make it easy. 
All you have to do is come 

up with that new, beyond-the-state­
of-the-art idea. The one destined 
to push back the horizons in elec­
tronic circuit design technology. 

Then send your schematic 
or circuit net list-along with an 
unwired panel-to dataCon. In as 
little as a week we'll send you back a 
fully machine-wired, 100% inspected and tested, 
completely documented circuit board for your new 

design. So you can debug that 
hot new idea, validate it, and 
document it-before commit­
ting to expensive pc artwork. 

Sound absurd? 
Noway! 

dataCons Board 1 
Service takes you from circuit 

design to hardware faster, more accurately, 
and for less money than the way you're 
probably doing it now. 

pc-design system you specify. Result? Your 
net list can be read in immediately. And the pc­
design process can be underway while you debug 
your wire wrapped prototype. 

Its fast. Its easy. It saves you money. And its 
100% accurate. 

Find out how dataCons exclusive Board 1 
Service and net listing can bring a whole new gener­
ation of accuracy and efficiency to your circuit design 
efforts. Call the largest independent wiring service 
in the world. dataCon. Theres an office near you. 

Yes, dataCon ... can. 

Even if your final circuit design 
will be produced as a multilayer printed 
circuit board. Eastern Division-60 Blanchard Rd., Burlington, MA 01803/(617) 273-5800 Telex: 951651 

As part of our Board 1 Service, 
dataCon can provide a machine-readable 
circuit net list formatted for the CAD 

Western Division-20150 Sunburst St., Chatsworth , CA 91311 / (818) 700-0600 Telex: 9104942197 
Mid-Atlantic Division- 89 Carlough Rd. , Bohemia, NY 11716/ (516) 589-1100 Telex: 5102220161 
Mid-Western Division- 502 Morse Ave .. Schaumburg, IL 60193/(312) 529-7690 Telex: 7224 74 
European Division-In der Kl inge 5 D-7100 Heilbronn, W Germany (07131) 217 12 Telex: 841 728144 

1-800-521-8008-0utside Massachusetts 
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It's ironic that, until now, those on the leading 
edge of electronic technology have used the most 
archaic, tedious and inefficient means of finding 
the right components for new designs. Catalogs, 
data sheets, articles and microfilm are scoured for 
information. Then, more time is spent on the phone, 
getting specifications and other information. Often, 
the component has been improved or replaced, or 
the state of the art has passed it by 

Now, thanks to VideoLog, that's all changed. 
Engineers and users of electronic products, like 
yourself. have an online solution that will save time 
and assure up-to-the-minute and accurate 
i nf_ormation. 

Using your personal 
computer; log into a database 
that features product sources, 
specifications, new product 
information and an online 
component library 

Access information on 2,000 
product categories and over 
14,000 manufacturers and service 
organizations. Search on up to 15 
key parameters covering more 

Request action, by use of an electronic~ 
lnfoGram-directed to the manufacturer. Get a fasf: 
reply on pricing and other questions, or request a 
sample, a data sheet or an immediate phone call from 
the company 

Why not join the thousands of engineers that 
are emerging from the information dark ages with 
VideoLog . Use the coupon below, or call our toll 
free number for more details on this exciting new 
information service for the electronics industry 

Call I-800-VIDEOLOG 

D Yes' Please send me more information 
about VideoLog . Eo91s1a4 

Name 

Title 

Company 

Address 

City 

( 

Telephone 

Mail stop 

State Zip 

© 1984. Videolog Communications 

than 500,000 types of 
semiconductors. Find functional 
equivalents and alternative sources. 
Review product data, including 
schematics and graphs in· color. V•d l Return to V1de0Log Communications, 

CIRCLE 62 I eo Og
sM 50 Washington Street. Norwalk, Ct 06854 

A videotex catalog for the electronics industry. 



What Good Are Good Electricals 
If They Don't Stay That way? 

4 

INSULATION RESISTANCE 
35"C, 95% R. H. 
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This test illustrates the results obtained using specific samples of one manufacturer's FR-4. Tests using other 

FR-4 samples may pro:tuce varying results. We suggest running your own long-tenn insulat ion resistance tests. 

Electronic Circuit Materials Division 

CIRCLE 13 



In October, Electronic Design 
has something extra 

for career-minded engineers 
Career Extra is the industry's only 

recruitment newspaper for 118 ,000 
professional engineers. Our career­
oriented articles and interviews with 
leading Personnel Managers give 
readers a complete assessment of 
employment trends and 
opportunities. 

Like which engineering titles are 
currently in demand. And by whom. 

Which industries are on the rise 
and are bringing new employment 
opportunities. And which ones 
aren't. 

The new strategies companies are 

taking to overcome manpower 
shortages. And what alternative 
methods they're using to recruit 
working engineers. 

News about career development 
centers and college relations 
programs. 

Plus exclusive career studies 
surveying industry conditions, 
attitudes and opinions. 

As an Electronic Design subscriber, 
you' fl receive four issues of Career 
Extra in 1984. The next one's coming 
in October. Don't miss it! 
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CIRCLE 64 

Coming to Electronic Design Readers 
on October 4 ... a special issue 
devoted to CMOS Technology 
PLUS REPORTS COVERING THESE MAJOR AREAS: 

- Digital ICs - Microcomputer System 
- Analog & Power I Cs Design 

Two Special Reports 
coming in our October 18 issue: 
- Instruments Technology Special 
- Focus on Portable Oscilloscopes 

PLUS THESE RELATED ARTICLES: 

- Field-Service Testers - Power Sources 

NEXT IN OUR PERSONAL COMPUTER SERIES: 

Personal Instruments 

hlltsu: World-Cius 
C•ponents 
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Electronic Design's 
October 31 issue delivers 
in-depth coverage of Wescon/84 
- Preview of technical sessions 
- Exclusive new product coverage 

Plus a Special Report on Advanced Logic 

ALSO IN THIS ISSUE: 

- Annual Career Survey - Microcomputer System Design 
- Integrated Circuits - Instruments 

. -
-Class Components Update: 

to PC-board-
-electromechanical, 
tied, reed-nobody 

can touch Fujitsu for quality and 
reliability, performance and 
sophistication. 

Fujitsu technology produces relays 
no other company can. Such as the 
world's smallest electromechanical 
relay, the FBR-20. Fujitsu provides 
relays with such outstanding size­
to-performance characteristics that 
major automobile makers use them 
in state of the art keyless door systems, 
voice electronics and other applications. 

When the problem demands a mercury-wetted 
solution, Fujitsu offers the finest made. A relay 
that features a reliability rate many times better 
than the competition. And proven performance 
that's tested to 20 billion operations. 

CIRCLE 65 World-Class Components 
Part of Tomorrow's 

Technology 
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FUJITSU 
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Fujitsu relays are 
and CSA certified. 

so complete, there Is a 
nearly every application 

process control, telecomm 
automotive, automatic test 

Or if you have a speci 
problem, Fujitsu can custo 
solution with its wealth of techno-
logical experience and resources. 

For years, Fujitsu has been on 
the leading edge in developing 
breakthrough, problem-solving 
technology. Offering companies, 

worldwide, uncompromising 
quality and reliability-the result of 
Fujitsu's insistence on controlling, 

in house, every aspect of the 
design and manufacturing process. 

And delivering-with the highest level of 
service and absolutely competitive prices. 

Find out more about World -Class Relays from 
Fujitsu. Contact your value added Fujitsu 

Distributor or Fujitsu directly. 

Component Division Fujitsu America, Inc. 
918 Sherwood Drive, Lake Bluff, IL 60044 
(312) 295-2610 Telex : 206196 TWX: 910-651 -2559 



Analog 
Technology 
Computing power has never been easier to mesh with 
the world of analog signals . More functions are being 
crammed into individual chips and more chips are 
being crowded onto hybrid substrates or into modules 
than ever before . In data converters , enhanced micro­
processor interfaces are being brought on chip, as are 
filters and low-noise operational amplifiers. And com­
panion sample-and-hold amplifiers are almost keep­
ing pace with the speed and accuracy of analog-to­
digital converter chips. 

Underpinning most of these advances is an array 
of ever more sophisticated CMOS process tech­
nologies, either used on their own or merged with 
bipolar elements. Compatibility with switched­
capacitor techniques further enhances 
the versatility of CMOS, notably in creating 
sampling digital-to-analog converters. 

The fol lowing Technology Report 
discusses the latest chips , hybrids, 
modules, and boards to meet the 
digital needs of everything from 
graphics processors to panel 
meters . Then a half-dozen De-
sign Entry articles home in on 
the newest advanced devices . 
Three of these involve analog-to­
digital converters: a 10-bit device 
brings anti-aliasing filters on 
chip to increase the integration 
of analog subsystems; another 
attains a 20-bitdynamic range by 
using hardware rather than software to set the gain of 
its programmable gain amplifier; and a third , also a 
10-bit device, boasts an on-chip microprocessor in­
terface that comes close to being universal . 

As for the others, one chip integrates a design for a 
voltage-to-frequency converter that ti II now was prac­
tical only in discrete device form, while another chip 
monitors five voltages , one of which can even be the 
ac line. Finally, an ingenious motherboard bends the 
power of a VAX superminicomputer to the real-time 
exigencies of the signal-processing environment. 





TECHNOLOGY REPORT 

Analog converters, 
sample-and-hold amps 
lead the way_ 
to a world of ideal 
design parameters 

The system designer who works with analog-to-digital and 
digital-to-analog converters - and their sample-and-hold 
companions-may have found the land of milk and honey. 
They have access to alternatively sourced single-chip d-a 
converters that remain accurate to 12 bits even over the 
military temperature range. These are complemented by 
hybrid 12-bit a-d converters - with low chip counts -
that do not miss any code over their operating tem­
peratures . What's more, a single-chip device is on 
the way. To put the finishing touches on this 
earthly paradise , monolithic sample-and-hold 
amplifiers with a guaranteed accuracy of 12 
bits are starting to arrive . 

This brave new world is founded on 
three ideals: more functions to a pack­
age , higher performance , and the 
use of both CMOS and merged 
CMOS-bipolar processes . 

The move to more functions takes 
into account four aspects of a de­
signer's requirements : complete­
ness, single-supply operation , versa­
tility, and the need to house a number 
of similar chips in one package. The 
first two ensure that devices are 
easy to use. The second pair broad­
ens a unit's range of functions . 

The greater use of dielectric isolation yields higher 
speeds and lower bias currents . Further, high-speed digital 
bipolar processes are being adapted to linear applica­
tions . At the.same time , thin-film resistors are cropping up 
in more settings, and there is a decided move to ion­
implanted and polysilicon resistors. For the ultimate in 
converter speed , though , gallium arsenide is the key. 

The main process trend in analog converters is the move 
to CMOS . As in the digital world , CMOS transistor pairs 
build dense logic , and CMOS circuits consume signifi -

FRANK GOODENOUGH 





ficantly less power. Until recently, however, 
CMOS devices were limited to noisy op 
amps (with a tendency to drift), 8-bit a-d 
converters, and 12-bit current-output d-a 
converters with thin-film resistors. Al­
though built without references, the last of­
ten demanded complex interface logic. 

CMOS, in particular, puts switched­
capacitor techniques into the designer's 
hands. It also makes possible a number of 
new converter architectures, as well as au-

tomatic zeroing and calibrating. It is found 
across the board, from slow dual-slope de­
vices to flash converters and on to sample­
and-hold and operational amplifiers. 

The trend to CMOS is split along two 
paths: so-called linear processes, aimed 
mainly at building high performance chips, 
and merged processes that combine the best 
of CMOS and bipolar technologies (see 
"CMOS and Bipolar: The Twain Shall 
Meet," below). 

CMOS and bipolar processes: The twain ahaH meet 

Most bipolar processes build high-gain, fast 
npn transistors, as well as slow pnp transistors. 
These devices can be matched in pairs to fur­
nish low offset, and their input noise is close to 
the theoretical minimum. Thus they create 
good op amps. Add ion implantation and they 
make JFE'l's possible. The processes also can 
fabricate low-drift buried zener references and 
band-gap references. Further, they can yield 
voltage-insensitive capacitors that serve for 
stabilizing amplifiers and act as the hold 
capacitor in sample-and-hold amplifiers. De­
spite all that ia in their favor, though, they 
make very poor analog switches and do not lend 
themselves to low-power logic that is both 
dense and fast. 

CMOS processes, on the other hand, build 
good analog switches, good capacitors, and very 
dense logic. In addition, they can create npn 
transistors, which can be employed as emitter 
followers. 

Initially, CMOS transistor pairs were noisy 
and difficult to match. Also, their offset 
voltages changed over time, at different tern-
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peratures, and with varied input voltages­
significantly more than that of bipolar tran­
sistors. However, by changing from metal-gate 
to silicon-gate CMOS, and through innovative 
circuit design, analog circuits fabrieat.ed with 
CMOS transistors are approaching and may 
equal the performance of cireuits baaed on bi­
polar transistors. 

As a result, two strong trends are emel'linl: 
a move to silicon gate and a shift to merpd 
CMOS-bipolar technologies for fabricating 
high-performance converters and other analog 
chips. Two other secondary, or support, pro­
cesses should be mentioned, since they also im­
prove the performance of converter cireuits­
dieleetric isolation and thin-film resistors. The 
first adds speed by minimizing parasitic and 
coupling capacitances, and it also minimi7.es 
leakage current to the substrate for op amp 
inputs. Thin-f°tlm resistors make possible on­
ehip precision to 16 bits. Since both are compat­
ible with CMOS and bipolar teclmologiee, they 
are either being incorporated into existing pro­
cesses or considered for future ones. 



More functions to the package 
save space and design time 

D 
riven hard by the cost of design, test­
ing, and assembly time, as well as by 
the price of pc board real estate, the 

number of functions squeezed into a single 
package is rapidly increasing. That rise 
holds true even if the package contains a 
single chip, is a multichip hybrid (holding 
from two to dozens of components), or is it­
self a module. 

Importantly, in most cases, neither the 
package size nor the number of chips or de­
vices in a housing is climbing with the in­
crease in functionality. There are three rea­
sons for this: For one thing, packages can 
hold even the largest chips. Second, hybrids 
are taking advantage of the boost in func­
tionality to be seen in standard and semi­
custom ICs. Finally, modules and boards 
are themselves using specially constructed 
hybrids. 

The move to more complete devices domi­
nates the world of converters, with versa­
tility running a close second. In compari­
son, the trend toward mounting multiple 
identical devices in a package and the abili­
ty to operate from a single power supply are 
just beginning to show up. Nonetheless, 
whether discussing the increase in func­
tionality of a particular device or a greater 
number of devices in a package, such im­
provements always start with 6- and 8-bit 
devices and then move on to higher-resohi­
tion converters. 

The past year has seen the arrival of a 
variety of digital-to-analog converters that 
are true portents of the future. For exam­
ple, the first monolithic 8-bit quad d-a con­
verter appeared (Fig. l). The AD7226, from 
Analog Devices Inc. ((Norwood, Mass.) is 

fabricated in CMOS. Additionally, the set of 
latches on its eight inputs and on its 2-bit 
address word both crams the chip into a 
20-pin DIP and simplifies the interface to 
virtually any microprocessor. 

Like most CMOS converters, the quad 
chip has no reference. However, the linear 
CM OS process with which it is built uses the 
substrate npn transistor common to all 
MOS transistor processes to· supply each 
converter with an output op amp that sports 
a bipolar output stage. The converter also 
exemplifies the trend toward single sup­
plies, although a split supply improves 
performance when the output voltage is 
close to zero. The coming year should wel­
come several other chips with similar capa­
bilities, including one from Precision Mono­
lithics Inc. (Santa Clara, Calif.) . . 

Harnessing hybrids 

Designers who need to put more general­
purpose 12-bit (rather than 8-bit) d-a con­
verters in less space must go with hybrid 
units. One such device is Analog Devices' 
AD390, which squeezes four 12-bit con­
verters into a 28-pin double-width (0.6-in.) 
DIP. Its single set of 12 digital inputs is 
more versatile than the 7226's. Each of the 
package's four d-a chips is an AD567-a 
current-output 12-bit device with a pair of 
cascaded input latches. The use of cascaded 
latches in the hybrid illustrates the way 
that double buffering permits several con­
verters, riding a common bus, to be sequen­
tially loaded with data (into the first latch) 
and have their outputs change simulta­
neously when the four new words are con­
currently strobed into the second set of 
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latches. The quad converter is also complete 
with a reference, and an op amp is con­
nected between each 567 and its output pin. 

Just how the number of d-a converters 
housed in a DIP will rise is interesting: Not 
only will there be more chips in each hybrid, 
but there will also be more converters to a 
chip. In fact, a monolithic dual 12-bit con­
verter is expected within a year. Made pos­
sible by dense CMOS logic, it will be a ref­
erenceless current-output device. 

Flexible inputs 

The ultimate versatility for ad-a con­
verter's input logic combines double buffer­
ing with the ability to take an input word in 
two or more subwords (bytes or nibbles), al­
lowing connections to be made to a host of 

(8·blt) 
Data 

A, 
Control 

logic 

microprocessor buses. For example, the 
567's architecture takes input words in any 
combination of left- or right-justified nib­
bles (MSB or LSB first). If connected to a 
12-bit bus, it can handle all 12 bits at once, 
as can the AD390. If linked to an 8-bit bus, it 
first accepts the 4 MSBs and then the 8 
LSBs (or vice versa). On a 4-bit bus, the data 
word is read in three sequential nibbles. 

The 567 and a referenceless CMOS part­
ner both lack output op amps. But units 
with such op amps are not unavailable. 
Bursting on the scene early this year, vir­
tually simultaneously, came a pair of one­
chip voltage output devices (ELECTRONIC 
DESIGN, March 8, 1984, p.197, and March 22, 
1984, p. 262). 

The DAC811 and the AD667, from Burr-

V,.,(ln) 

D-a converter 
1 

D-a converter 
2 

D-a converter 
3 

D-a converter 
4 

AD7226 

AGND 

v~,121 

V...,(3) 

DGND 

1. Four d-a converters are squeezed into a 20-pin DIP. Moreover, these 8-bit chips 
from Analog Devices ensure a true voltage output. The AD7226's ability results 
from an advanced linear CMOS process combined with an innovative circuit de­
sign, including reverse-connected d-a converters buffered by voltage-output op 
amps. The process permits the substrate npn transistors to be used as the ampli­
fier output transistors and also builds the dense logic required for bus data inputs. 
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A, 

Rel10 

12-blt d-a converter latch 

Reference 

(MSB) Data Bit 11 
•••• Data Bit 8 

12-blt d-a converter 

12-blt d-a converter latch 

12-blt d-a converter 

Reference 

(b) 

Data Bit 3 
• ••• Data Bit 0 (LSB) 

Gain 
adjust 

DAC811 

2. Standard bipolar processes, thin-film resistors that are trimmed on the wafer, 
and good circuit design creates two 12-bit d-a converters with output op amps. 
They link with virtually any bus structure, since input words can arrive in any com­
bination of 4-bit nibbles. Although both Analog Devices' AD667 (a) and Burr­
Brown's DAC811 (b) are in 28-pin packages, their pinouts differ significantly. 
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Brown Corp. (Tucson, Ariz.) and Analog 
Devices respectively, are functionally very 
similar. That does not imply that they are 
pin-compatible, even though both are 
housed in 28-pin double width DIPs (Fig. 2). 
The two chips' logic is very much alike. 
However, the 811 requires +5 V (as well as 
± 15 V) and the 667 does not. Further, the 
667's extra pin permits it to keep its feed­
back loop open, in turn allowing current 
boosters to be incorporated into the loop. On 
the other hand, when high the TTL inputs of 

Vss~ 

Invert O 

Set 

CLK 

CLK O-

the 667 demand a drive current of 300 µA , 
which is more than seven TTL loads. The 
811, in contrast, needs only 10 µA of drive 
current. 

It will be an interesting race to see which 
of these parts becomes an industry stan­
dard-a sure key to the question is which 
one will be alternatively sourced first. At 
present, it looks like the odds are slightly 
in favor of the 811. That may be because 
each 667 requires about 11/ 2 times as much 
silicon. 
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Several monolithic 14-bit CMOS d-a con­
verters, without references or output op 
amps, can be had with double buffering. At 
16 bits, a two-chip double-buffered hybrid 
supplies a simple microprocessor interface. 
(In large volumes, a two-chip hybrid built 
on an automated assembly line costs only a 
little more to put together than a one-chip 
device.) From Burr-Brown, the hybrid com­
prises an analog 16-bit d-a converter and a 
gate array. It comes in two versions: the 
DAC709 voltage-output unit and the 

Data bits 
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Adjust 
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Adjust 
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DAC708, current-output unit. Both are 
mounted in double-width 24-pin DIPs and 
accept data in two bytes (ELECTRONIC DE­
SIGN, March 8, 1984, p. 141.) In addition, to 
minimize the number of interface lines, 
both can take in the input word one bit at a 
time. The serial input also permits simple 
opto-isolation between digital inputs and 
analog outputs. 

Double the buffer 

Also pointing the way to 16 bits is a sin­
gle-chip multiplying d-a converter with 
double buffering and a voltage output. Fab­
ricated with a new high-performance bi­
MOS process, it uses a pair of cascaded re­
sistor strings in a circuit somewhat similar 
to a Kelvin Varley divider. Since the AD569, 
from Analog Devices, is a multiplying con­
verter, it does not contain a reference. That 
is not much of a surprise, though, since 
building a reference stable enough to main­
tain 16-bit accuracy over temperature is no 
mean feat-even on its own chip-let alone 
putting it on a complicated monolithic chip, 
along with a variety of other digital and 
analog circuits (ELECTRONIC DESIGN, June 
14, 1984, p. 273). 

A ticket to ride 

An interesting alternative to converters 
that are versatile enough to link easily with 
virtually any microprocessor (thus en­
abling one chip to take on many jobs) is the 
wide range of low-cost thin-film converters 
-each specifically designed for a particu­
lar bus. These CMOS devices include 12-bit 
single- and double-buffered converters, 
12-bit double-buffered units expressly for 
an 8-bit bus, and 12-bit double-buffered de-

3. The first CMOS d-a converter that produces 
a composite video output is an 8-bit device from 
Telmos that operates at up to 25 MHz. Its archi­
tecture takes advantage of the high packing 
density of CMOS to use bar-graph decoding. It 
employs over 256 current sources to ensure 
monotonicity and to minimize glitches. 
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Rel Red 

vices with a serial input. 
Another peek into the future reveals that 

12-bit CMOS d-a converters with references 
and output op amps-some chopper­
stabilized at that-will be on the scene 
within a year. The same period should also 
see some 12- to 16-bit devices with de­
glitching circuits built into the op amp. 

The drive for better and lower-cost color 
graphics has-over the past five years­
seen video speeds jump from 20 to 125 MHz 
and d-a converters move from modules, 
through thick-film hybrids, to CMOS and 
bipolar ICs. These 4- to 8-bit devices pro­
duce a composite video signal that is com­
patible with international standards 
RS-170 or RS-343. Virtually all of them use 
a single input buffer register to minimize 
the glitches caused by time skews in the ar­
riving information. When all the digital 
data has been received, the latches are 
strobed and the analog output changes 
cleanly. 

Red Synco----------------. 
Red Blank u----------------. 

Data In ·-~~---;;;Red;--i ...-~......,..,.__......, 
look-up table 

256-by-8-blt RAM 

Red 
Video 
output 

CS Red 

Rel Green 
Green Sync 

Green Blank 

Address In 

CS Green 

Rel Blue 
Blue Sync 

Blue Blank 

Green 
look-up table 

256-by-8-blt RAM 

Green 
Video 

output 

Blue 
Video 
output 

4. Hybrid technology shoehorns three 100-MHz 
d-a converters and three high-speed 256k-by-
8-bit RAMs in a single package only 2 in. square. 
The result is lntech's color-mapped red-green­
blue composite video converter that can paint 
over 16 million colors on a raster-scan CRT. 
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Additional digital inputs produce out­
puts such as a full-scale reference white, 
whiter than white, and blacker than black. 
The first single chip for the job arrived 
about a year ago. A bipolar device, the 
TDC1018 from TRW Inc. (La Jolla, Calif.) 
lacks a reference. However, it operates at 
100-MHz word rate. 

Two on the town 

Two additional 8-bit chips have made 
their debut within the last three months. 
One is a CMOS device (Fig. 3), from Telmos 
Inc. (Sunnyvale, Calif.); the other, a bipolar 
unit from Analog Devices (ELECTRONIC 
DESIGN, June 14, 1984, p. 332). Both have 
references, a rarity for CMOS converters. 
The CMOS TML 1840 is limited to a 25-MHz 
update rate, while the AD9200 runs at 
100 MHz. On the other hand, the 1840 con­
sumes less than 85 mW, the 9200 more than 
seven times that amount. 

Three converters are required, one each 
for red, green, and blue in the color CRTs 
they are meant for. At present, thick-film 
hybrids are available that supply the re­
quisite number of converters. From Intech 
Inc. (Santa Clara, Calif.), these Tri-DACs 
simplify the display designer's job (mixing 
125-MHz digital and analog signals is no 
easy task). Also available from the com­
pany are hybrids containing both the con­
verters and high-speed RAMs, which act as 
color look-up tables (Fig. 4). In the near fu­
ture, look for triple 4-bit video-speed d-a 
converters implemented on a single chip. 
Although unable to produce the 16.7 million 
colors of their hybrid counterparts, the ICs 
will still have a palette of over 4000 colors. 

The big three 

Unlike d-a converters, all of which have 
very similar architectures (even the 
switched-capacitor designs), analog-to­
digital converters sometimes seem to sport 
as many different approaches as there are 
trick circuits using the 555 timer. Neverthe-



less, three designs dominate-and a fourth 
is coming on fast. The major three are the 
usually slow multislope integrating con­
verter, the general-purpose midspeed 
successive-approximation converter, and 
the typically high-speed flash converter. 
The relative newcomer (dubbed, for want of 
a better name, the multistep converter) 
puts two or more of those three basic cir­
cuits to work in sequence. 

For example, to build a 10-bit multistep 
converter, a 4-bit flash converter might 
handle the 4 MSBs and could be followed by 
a 6-bit successive-approximation circuit. 
Currently, converters using this architec­
ture run the gamut from chips to boards 
and use a pair of flash circuits or em ploy the 
same flash twice. Mixed pairs, like the 
aforementioned, and designs using more 
than two steps are being reinvestigated for 
the future. 

Increased functionality dominates the 
realm of a-d converters as much as it does 
that of d-a converters. In a general sense, it 
does so in much the same way; more analog 
capability on the input and more digital 
capability on the output. 

Come the evolution 

The increase in digital ability has been 
evolutionary, as it has in its d-a counter­
parts. Fueled by advances in micropro­
cessors, the movement has been from plain 
TTL outputs, through three state outputs, 
up to multibyte outputs. The last reduces 
the number of lines and pins and simplifies 
the interface with microprocessor buses. 

In addition, control circuits have been de.­
veloped that minimize bus-access time (the 
time needed to transfer data to a bus when a 
conversion is complete). Also, clock circuits 
have been added to converters. They may 
prove to be an anachronism, though, since 
devices are now used with a microprocessor 
or a microprocessor-based system and must 
be synchronized with the system clock. 
What's more, the outputs of integrating 

converters aimed at digital panel meters 
and digital voltmeters have moved from 
BCD-encoded outputs to multiplexed lines 
for driving seven segment displays. 

In a sense, as sample-and-hold amplifiers 
are showing up on their front ends, a-d con­
verters are finally becoming true sampling 
devices rather than just encoders or di­
gitizers. This revolutionary increase in 
functionality is found in chips, modules, 
and boards and is the result of many inter­
related causes. The basic motivating factor 
is that if the input to an a-d converter 
changes during a conversion, regardless of 
its architecture (even if it is an integrating 
or a flash device), an error may occur. The 
right sample-and-hold amplifier in front of 
it, though, eliminates the problem. 

Coming soon 

In the near future, hybrid technology will 
wed a 574 with a sample-and-hold ampli­
fier-all in a 574 package and pinout. Fol­
lowing it in a year or so, using merged pro­
cesses, a single-chip device can be expected. 

Nonetheless, as the speed and resolution 
of converters climb, the capability of these 
sampling amplifiers has not risen at the 
same rate. Rather, it has remained the weak 
link in sampled-data systems. Moreover, 
optimizing the performance of a high-speed 
or high-resolution converter, or both, with a 
companion sample-and-hold amplifier (if 
one can be found) is not easy: Timing and 
wiring are critical. In high-speed, high­
resolution, two-step converters, incorpo­
rating a sample-and-hold amplifier is man­
datory, since the input must remain con­
stant throughout the conversion. 

Both process technology and circuit de­
sign have helped meet these demands. For 
example, the move to CMOS has brought 
ab.out converters using switched-capacitor 
circuits that in many cases inherently sup­
ply the ability to sample and hold signals. 

Building an a-d converter that is truly ac­
curate to 16 bits is no easy task. Demanding 

Electronic Design• September 6, 1984 115 



that it first sample a signal to that accuracy 
in under 1 µs and then carry out a conver­
sion in under 2 µsonly complicates matters. 
Yet that is exactly what the Adam-826 from 
Analogic Corp. (Wakefield, Mass.) can do, 
with a throughput of 435,000 conversions/s. 
The module, which stands 3.0 by 5.0 by 0.44 
in., adapts to various bus interfaces by us­
ing three-state outputs. Its performance is 
attributable to innovative circuit design, 
which employs precision, high-speed dis­
crete devices. 

Indicative of the need for these 16-bit 
sampling converters (and ones that work at 
14and15 bits, regardless of their speed) is a 
trio of 16-bit modules from Analog Devices. 
The throughput of the DAS1157, DAS1158, 
and DAS1159(14to16 bits) may only be 18 

MHz, but on the other hand their maximum 
power consumption is just 650 mW. (Adam, 
for instance, needs about five times that.) 
The low power draw is achieved with CMOS 
thin-film d-a converters. Two sets of three­
state output buffers allow data to be taken 
either in one byte or in two. 

The two-step converter, probably more 
than any other type, demands a sample­
and-hold amplifier ahead of it, since the 
only reason for its existence is speed. An ex­
ample of such a device is a member of a fam­
ily of board-level converters. The CA V-1210 
(Fig. 5a), from Analog Devices, is about 5 by 
6.5 in. and combines two flash-converter 
stages, ad-a converter, an error amplifier, 
and several other components in a manner 
that allows the second (7-bit) stage to cor-
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rect for inaccuracies in the first (6 bits). world into account by resolving the error 
The analog input is digitized by the first signal, instead, into seven bits. 

stage, and 6 bits of digital information are The seventh bit applied to the digital correction logic cir-
cuits. They will eventually become bits The additional bit ensures that the out-
1through6 of the output. These same bits put is twice as accurate as would have to be 
are also reconstructed as an analog signal in if every part were flawless. The digital cor-
the 6-bit d-a converter and subtracted from rection logic can then use the output to com-
the original input. The difference between pensate for various errors in the first stage, 
the two is an error signal that is amplified the d-a converter, the internal track-and-
and applied as an analog input to the second hold amplifier, and the difference 
flash converter. amplifiers. 

If both stages and all components were The value of the MSB of the 7-bit output 
perfect, another 6-bit converter could be determines whether the 6-bit output of the 
used for the second stage. The two outputs first stage is passed as is or if 1 should be 
could then be added for the desired 12-bit added to it. Bits 2 through 7 of the second 
output. Digitally corrected subranging stage become bits 7through12 in the output 
takes the imperfections of the practical of the CA V-1210's a-d converter. In the next 
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6to18 months, this approach should yield a 
40-MHz 10-bit sampling converter and a 
20-MHz 12-bit unit. 

The same technique-in hybrid form­
will be used to build families of general­
purpose sampling converters with resolu­
tions from 12to16 bits and conversion times 
in the submicrosecond range. In many 
cases, they will use a simpler form of digi­
tally corrected subranging, with a single 
flash converter used twice. Such an ap­
proach is taken in the MN5245 from Micro 
Networks (Worcester, Mass.), which adds a 
sample-and-hold amplifier to the device's 
front end (Fig. 5b ). 

Turn, turn again 

CMOS made possible switched-capacitor 
circuits, and they in turn spawned the 
charge-balanced comparator, which 
brought the world the single-chip sampling 
a-d converter. That converter's comparator 
is a sample-and-hold amplifier. One of the 
first devices to use the charge-balanced 
comparator was a 1.5-µs, 8-bit converter 
from National Semiconductor Inc. (Santa 
Clara, Calif.). 

The technology has recently made the 
leap to 10 bits, in this case an NMOS con­
verter from EG&G Reticon Corp. (Sunny­
vale, Calif.). The chip, which performs a 
conversion in 24 µs, adds to its overall func­
tionality with a switched-capacitor anti­
aliasing filter on the front end. Addi­
tionally, it sports a charge-pump-type 
negative bias generator that lets it handle 
± 5-V signals, although it is powered by a 
single 6-V supply (see Design Entry, p. 205). 

An 8-bit bipolar converter, from Ferranti 
Electric Inc. (Commack, N.Y.), also features 
an on-chip charge-pump for generating a 
negative bias voltage. The circuit converts 
voltages down to zero and employs a single 
supply. Unlike the MOS devices, it needs an 
external capacitor for the pump and also 
has its own precision 2.5-V reference. 

The next few months could see the arrival 
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of two more CMOS a-d converters with 
sample-and-hold amplifiers at their front 
ends. One will be a 12-bit, 100 µs unit from 
National Semiconductor-the first 12 bit 
converter to operate from a single + 5-V 
supply. 

Pulling double duty 

Most of these chips have enhanced analog 
capabilities, and many also mate more eas­
ily with different processors. For example, 
National's 12-bit chip is available in two 
versions: as a 28-pin DIP it carries a broad­
side 12-bit three-state output, as a 24-pin 
DIP it supplies two bytes on eight pins. 

Also at 12 bits is the Am6112 from Ad­
vanced Micro Devices Inc. (Sunnyvale, Cal­
if.). Specifically designed with processor 
interfaces in mind, it too furnishes data in 
two bytes. In addition, it takes control 
signals in on three of its data output lines. 
One line sets the output code at offset bi­
nary or two's complement. The other two 
lines put the converter under micropro­
cessor control with a conversion started by 
an active WR or an active RD. Those two 
lines can put the converter completely 
under the direction of a DMA controller 
chip (such as the Am9517A). 

Another converter aimed at simplifying 
the link to a microprocessor also uses a bi­
directional data bus and supplies either a 
10-bit broadside or an 8- and 2-bit output. 
More importantly, its built-in software 
protocols enable it to link with virtually any 
microprocessor without external logic. Not 
only that, the ADC910, from Precision 
Monolithics Inc. (Santa Clara, Calif.), is a 
6-µs bipolar chip with a precision reference 
and a clock (see Design Entry, p. 191). 

At the peak of their powers? 

Integrating a-d converter chips, both 
those with BCD outputs for DPMs and 
DVMs and those with binary outputs for 
data acquisition, might be considered to 
have reached their zenith. The first drive 
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seven-segment LCDs; the latter work close­
ly with processors. However, within the 
next few months, two U.S. manufacturers 
plan to unveil a pair of 31/2-digit autorang­
ing converters designed for hand-held mul­
timeters. Unlike autoranging chips from 
Japan, the U.S. versions need only 20 to 
30 external components as compared with 
over 100. 

The ultimate in autoranging and in ana­
log front-end functionality must reside in 
an a-d converter module with the ability to 
handle a signal with a dynamic range of a 
million to one (20 bits/120 dB) to an accu­
racy of 12 bits (see Design Entry, p. 175). 
Moreover, it operates at over 300 kHz. 
Earlier autoranging converters that com­
bined a software-programmable gain am­
plifier with a successive-approximation a-d 
converter were slow. Further, they tied up 
the microprocessor while it iteratively in­
creased or decreased the gain of the ampli­
fier until the optimum level was found. That 
approach might be called negative feed­
back. In comparison, the MN5420 uses a 
feed-forward technique. 

At the module's input is a sample-and­
hold amplifier, followed by a flash con­
verter that measures the approximate level 
of the input signal. The digital output of the 
flash converter then sets the program­
mable gain amplifier: The signal is ampli­
fied, sampled again, and a 12-bit conversion 
made in 1 µs. The 4-bit output of the flash 
converter and the 12-bit output of the sec­
ond a-d converter, when combined, furnish 
a reading accurate to 12 bits of any signal to 
160 kHz over a 120-dB dynamic range. 

A different drummer 

Another interesting route to increased 
functionality is the development of 
matched pairs of a-d and d-a converters. 
Two of these have surfaced recently, each 
aimed at quite different tasks. One pair is 
built around hybrids; the other, chips. Both 
sets incorporate many of the architectural 
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features mentioned earlier and both repre­
sent high-resolution systems. 

The hybrids are from Analog Devices and 
are 14-bit units designed for frequency­
division multiplexing and time-division 
multiplexing systems. They can, however, 
be employed in other types of data trans­
mission, as well as in their own right as 
stand-alone devices. The a-d converter, des­
ignated the HAS-1409, is a two-step device 
with a sample-and-hold amplifier on the 
front end. It operates at a minimum 
throughput rate of 112 kHz, and its three­
state output is available as a single 14-bit 
word or in two bytes. Its mate, the HDD-
1409 also accepts its input either way. Thus 
both can operate from an 8- or a 16-bit bus. 
The 1409 runs at a guaranteed update rate 
of 200 kHz, and its output swings ± 5 V. 

The second duo was designed to permit a 
digital signal-processing chip, the TMS320 
from Texas Instruments Inc. (Houston), to 
connect its inputs and outputs to the real 
analog world (ELECTRONIC DESIGN, May 17, 
1984, p. 243). The architecture of each chip 
virtually mirrors that of the other (Fig. 6). 
The only difference is the addition of the 
(sin x)/x correction filter in the d-a half of 
the pair. The low-pass an ti-aliasing filter in 
the a-d converter is identical to the low-pass 
smoothing filter in the d-a converter. 

Switching and sampling 

These NMOS chips work with switched­
capacitor techniques, so the sample-and­
hold function is easy to implement for all of 
the analog circuits. Their resolution, differ­
ential linearity, and monotonicity are a full 
16-bits, but integral linearity (accuracy) 
drops to 10 bits. Both devices operate at a 
throughput rate of 16 kHz. A quick glance 
shows that the a-d converter is similar to 
the Reticon converter in many ways. For ex­
ample, they both handle a + 5-V signal and 
minimize errors in the vicinity of zero by 
generating their code in sign-magnitude 
form and then converting it to the two's 
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6. Switched-capacitor converters built with NMOS permit a pair of mirror-image 
chips to contain all the analog and digital circuits needed to link a digital signal 
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struments, contains a 16-bit a-d converter, an anti-aliasing filter, a FIFO memory, 
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verter chip, designated the TMS32051 (c). Both converters are 16-bit devices with 
10-bit integral linearity. The capacitors in both are monotonic to 16 bits, ensuring 
no missing codes in the input chip and low distortion in the output device. 
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complement output code more often em­
ployed by computers for bipolar signals. 

A sign-magnitude code produces both 
plus and minus zeros. The average comput­
er finds that concept impossible to handle, 
so an offset binary or two's complement 
code is used. Therefore, with rare excep­
tions, both a-d and d-a converters operate in 
an offset binary configuration. Offset error 
is a function of gain error. 

A few years ago, there was a movement 
afoot to build complete multichannel data 
acquisition systems in one package-first 
as modules and then as hybrids. Such 
systems would offer the ultimate in func­
tionality. The trend may be re-emerging, 
powered by the demands of the automobile 
industry and made possible by very af­
fordable switched-capacitor CMOS tech­
nology. 

-In fact, families of 8-bit systems on a chip 
that handle from 2 to 11 analog inputs are 
now available from Motorola Semiconduc­
tor Products Inc. (Austin, Texas), National 
Semiconductor and Texas Instruments. Not 

only do most of them sport sample-and­
hold amplifiers at their front ends, but the 
11-channel units can be linked serially with 
microprocessors. The fastest of these chips 
acquires and converts a signal in under 12 
µs. The serial 1/0 permits them to be pack­
aged in 20-pin DIPs or 20-pin square lead­
less chip carriers. In addition, they all han­
dle 5-V input signals when operating from a 
single 5-V power supply (Fig. 7). 

The next step up in functionality is to put 
a complete multichannel analog 110 system 
in a small package. That has just occurred, 
perhaps starting a new trend. A four­
channel analog multiplexer, a sample-and­
hold amplifier, and an 8-bit a-d converter, 
plus four voltage.:output d-a converters (all 
with 8-bit resolution and accuracy), all 
share a single double-width 28-pin DIP by 
Hybrid Systems Corp. (Billerica, Mass.). 
The HS9410 a-d converter does its job in 20 
µs. Further, its logic control circuits make 
possible easy access to processor buses us­
ing either a memory mapped or an 1/0 con­
figuration. 
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7. CMOS switched-capacitor circuits have made possible an 8-bit data-acquisition 
system on a chip that can be had from a number of sources, including Tl, Moto­
rola, and National. It samples 11 analog inputs, and a 12th input calibrates it; con­
version times approach 12 µs. 
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Can IC technology keep ~ce 
with converters' demands? 

C
an semiconductor technology con­
tinue to meet the demand for one­
chip converters that possess ever­

greater resolution, accuracy, and speed? 
Answering this question from the available 
evidence and from the devices that are 
planned does not yield a clear-cut reply. On 
the one hand, d-a converters appear to be 
moving quite successfully in the directions 
indicated. On the other, advances in mono­
lithic a-d converters appear to have stopped 
dead in their tracks. 

The last two years have seen a steady 
gain in the performance of d-a converters. 
The period began with a one-chip voltage­
output version of the industry-standard 
bipolar DAC80, from Harris Corp. (Mel­
bourne, Fla.). That device was soon second­
sourced by Analog Devices, which improved 
the circuit by eliminating the need for a 
+5-V supply. Now, by using its bipolar di­
electrically isolated process, Harris has 
spawned a DAC80 that is four times as fast 
as the original. Its output op amp settles to 
within 0.01 % in 1 µs. These d-a converters, 
as well as the 811 and 667, are laser­
trimmed on the wafer and use thin-film re­
sistors. Some make use of them in an R-2R 
network, others turn to an R-2R network on 
the LSBs and go with segmented current 
sources for the MSBs. The next six months 
should see a 12-bit CMOS converter from 
GE-Intersil (Cupertino, Calif.) with an 
auto-zeroed output op amp. 

About the same time that the monolithic 
DAC80 arrived, a 16-bit bipolar (current­
output) converter with a reference came on 
the scene. This Harris chip appeared at the 
same time that 16-bit CMOS (multiplying) 
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current-output converters, which also used 
thin-film resistors, arrived from GE­
Intersil, Micro Power Systems Inc. (Santa 
Clara, Calif.) and Hybrid Systems. All of 
these are so-called 16/14-bit converters. 
(They resolve 16 bits and are accurate to 14 
bits.) Except for the Intersil unit, all use 
some form of segmentation combined with 
an R-2R network, and none are laser­
trimmed. The Intersil device has an on-chip 
correcting d-a converter that is activated 
during postassembly testing by blowing an 
on-chip PROM. 

Next, following in the footsteps of the 
16/14-bit converters came a family of chips 
with a reference and an output op amp, the 
DAC700 series from Burr-Brown. It is built 
with a bipolar process, and employs thin­
film resistors that are trimmed on the 
wafer. The resultant chip has 14-bit inte­
gral linearity and is monotonic to within 14 
bits over temperature. For a 16-bit con­
verter, the settling time to 14 bits is typical­
ly 4 µs for a 10-V step. 

Eight equal segmented current sources 
supply the 700's 3 MSBs; nine more current 
sources-used with a modified R-2R 
ladder-take care of the next 9 bits, and 
area ratioing along with a continuation of 
the R-2R ladder handle the four LSBs 
(ELECTRONIC DESIGN, March 17, 1983, p.14). 

Steady as she goes 

A monotonicity of 16 bits over the tem­
perature range has just recently come on 
the scene with the aforementioned AD569 
voltage-output converter. Its unique archi­
tecture makes possible the monotonicity 
but limits integral linearity to 12 bits 
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No tools. No trouble. 
These miniature packages totally 

integrate active element, connector and 
moun ting for align ing and holding 
the cable in a quick, easy. go-anywhere, 
do-anything package. No polishing. 
No epoxy. No extra parts. 

FLCS PACKAGE CUTAWAY A FLCS pair for $2.60. 
You can't buy a lower-cost pair than 

these. The MFOE71 LED is just $1.55. 
The detectors range from $1.05 to 
$1.15. And that's at one-up quantities. 
In lots of one thousand or more, 
they're even less. Comparably­
performing units are as much as an 
order of magnitude higher in cost: 
anywhere from $5 to $10, plus con­
nector and labor. 

It's simplicity itself to link them up. 
FLCS are the ideal parts for general­

purpose application in non-hostile 
environments: one-shot PCB inter­
connect, CPU-to-peripheral, copy and 
coin machines, autos, appliances, any­
place you want to send electrical 
signals without sending interference. 

All you need is a razor blade and wire 
stripper to cut the cable and strip off 
W' insulation. Insert into the FLCS 
package and lock into position with 
the knurled knob and you're done. 

Cut. Strip. Connect. 
Fast. efficient. reliable connection in 

60 seconds or less. 

Contact Motorola Semiconductor 
Products, Inc., P.O. Box 20912, 
Phoenix, AZ 85036 for FLCS data 

For plain-and-simple Fiber Optic 
Low-Cost Systems. 

There's even a flange for firm board 
mounting. 

® MOTOROLA INC. 

~-----------------, TO: Motorola Semic onductor Prod ucts Inc., P.O. Box 20912. Phoenix , AZ 85036. 

1
1 

Please send me more information on the FLCS family. : 
196ED090684 

I Name I 
I Title I 
I Call me: I 
I Company I 
I I I Address I 

City State ZIP __ _ 

L-----------------~ 
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(Fig. 8). Nonetheless, its output settles to 
within ± 1/ 2 LSB (of 15 bi ts) of its final value 
in under 5 µs for a 10-V step. 

How long will the wait be to the next step: 
a 16-bitd-aconverter with both integral lin­
earity and monotonicity over temperature 
guaranteed to the full 16 bi ts? At minimum, 
it will be two or three years, since such de­
vices are only now being considered. One 
proposed approach would trim and keep 

8. The one-chip AD569 d-a converter, from Ana­
log Devices, has a resolution and a monotonicity 
over temperature to 16 bits. The pair of thin-film 
resistor strings (256 resistors apiece) that make 
this performance possible dominate the chip. 
Decoding logic runs along the left- and right­
hand edges, and three 16-bit fast-settling op 
amps lie between the resistor strings. 

trimmed the equality of the segments in ei­
ther voltage- or current-segmented con­
verters. 

As advanced merged processes (bipolar 
plus CMOS) come on stream, it should be 
possible to automatically zero and auto­
matically calibrate circuits continuously 
(or as required), thus correcting the accu­
racy of a device. Until that time, however, 
system designers will have to use 16-bit hy­
brids and modular converters. For example, 
one hybrid uses just two chips, an 18-bit 
CMOS switch set, and a thin-film network 
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with the 4 MSBs segmented and the re­
maining 12 LSBs in an R-2R network. The 
HS9331, from Hybrid Systems, is paired 
with the HS9377, which adds a reference 
and output op amp. Thus the evolution of a 
true 16-bit unit will be slow. Along with 
greater functionality, significant gains in 
speed are expected but only incremental in­
creases in accuracy and stability are to be 
hoped for. 

If there is to be a true 16-bit monolithic 
a-d converter, regardless of conversion 
time, it is a long way off. By definition, such 
a device would present no missing codes 
over its operating temperature range and 
would exhibit 16 bits of terminal linearity. 
In fact, the benchmarks set by one-chip con­
verters in 1982 still stand today and none of 
the devices have been second-sourced-yet. 
In order to gauge the enhancements ex­
pected in a-d chips over the next few years, 
any frame of reference must include the 
three major achievements that took place 
in 1982. 

The big three 

These include the appearance of the first 
14-bit successive-approximation converter 
with a conversion time of 40 µs (the GE­
Intersil ICL 7115). The year also marked the 
arrival of a 12-bit successive-approxima­
tion device that converted signals in only 
3 µs (the AMD Am6112). These were the 
first two fast monolithic a-d converters 
with 12 or more bits of resolution. Both are 
just now becoming available, and the 
conversion time of the second has dropped 
to7 µS. 

The third hallmark of 1982 was the first 
1.5-µs 8-bit converter priced at less than 
$10. Moreover, it performed the sample­
and-hold function. The ADC0820, from Na­
tional Semiconductor, is still the fastest 
low-cost 8-bit converter available. 

Since that time, no other monolithic 
successive-approximation a-d converters 
have appeared with 12 or more bits of reso-





lution, and no 10-bit devices can yet touch 
the speed of the Am6112. In fact, until now 
monolithic 10-bit converters were few and 
far between and their conversion times 
were in the 30- to 100-µs range. 

Stranger than fiction 

It was unimaginable that a one-chip 
16-bit voltage output d-a converter would 
show up before a monolithic version of the 
two-chip 574 a-d converter. Yet that is just 
what has happened. The device, which was 
considered imminent two years ago should 
be available as a stocking stuffer this De­
cember-and in plastic at that. 

During the two-year waiting period, 
though, there has been no shortage in activ­
ity surrounding the 574. It has become the 
industry standard for general-purpose 
12-bit a-d converters (using two to seven 
chips) and can be had from multiple 
sources. As an aside, a primary factor mak­
ing possible those multiple sources has been 
the availability of multiple sources for the 
565 bipolar 12-bit d-a converter. That high­
s peed, thin-film converter-with its pre­
cision reference-has, in the shadow of the 
DAC80, become a ubiquitous component 
with six (going on eight) manufacturers. 
Their growing popularity signifies that 
laser trimming thin-film resistors at the 
wafer level is now widely spread. 

These multiple-chip 574s meet the unit's 
primary speed and accuracy specifications 
over temperature (35 µs maximum con­
version time, bus access in 250 ns, no miss­
ing codes, 12-bi t accuracy) and are function­
ally identical as well-but they are not 
clones. To optimize performance, each di­
vides up its functions differently. The origi­
nal 574 uses the bipolar 565s plus a second 
bipolar chip that contains the clock, pre­
cision comparator, successive-approxi­
mation register, and control logic (I 2L), 
which permits bus interfaces that handle 
one or two bytes. The offset voltage of its 
comparator is trimmed by zener zapping to 
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an impressively low 1/10 LSB. 
A five-chip version, from Hybrid 

Systems, uses a custom CMOS chip for its 
clock, successive-approximation registers, 
switches, and decoding and control logic. A 
bipolar chip that provides a comparator and 
a reference and a three-chip thin-film re­
sistor network (high bits, segmented; low 
bits, R-2R) completes the device. What's 
more, by the end of the year, it should turn 
up on two-chips, with the thin-film reg­
isters divided between them. 

Picking up speed 

Still another two-chip configuration of 
the 574 adds the comparator to the bipolar 
565 and uses a CMOS chip for logic. How­
ever, the analog bipolar IC is built with a 
dielectrically isolated process that in­
creases its speed significantly. So much so, 
in fact, that Harris Semiconductor has just 
announced the HI-674A, which drops guar­
anteed conversion time to 15 µsand bus ac­
cess time to 15 ns. All other specifications 
remain the same. The 67 4 can be dropped di­
rectly into a 574 socket to upgrade a system 
(Fig. 9). 

Within six months, a further drop in con­
version time-to 6 or 7 µs-is predicted, 
putting it in the same range as the 6112. 
From a system's point of view, as conver­
sion time drops, so must bus access time. 

Although very slow, the soon-to-be­
announced 12-bit monolithic converters, 
from National Semiconductor, will certain­
ly be in the running to be a future standard. 
Even at 100 µs, they are still 100 to 1000 
times faster than integrating converters, 
and even though they are referenceless, 
they require fewer parts. 

Ten bits is suddenly a very popular num­
ber, as evidenced by the pair of converters 
just announced by PMI and EG&G Reticon. 

A CMOS chip is expected from RCA 
Corp.'s Solid State Division (Somerville, 
N.J.) and a bipolar unit (with a conversion 
time of 30 µs) is expected from Analog De-



9. The industry-standard 574 a-d converter, originally introduced as a two-chip device, is now built 
with up to seven chips. A single-chip version of the 12-bit converter should be out by the end of the 
year. Although the first device used a pair of bipolar chips, the converter is now available from multi­
ple sources, some of which use a combination of CMOS and bipolar ICs. 
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vices by the end of the year. Like many new 
converters, the second offers serial rather 
than parallel 1/0. As a result, it can be 
dropped into a 14-pin DIP. Also, like most 
present-day bipolar converters, it has both 
a reference and a clock. 

Bringing in the sheaves 

Although the field of one-chip general­
purpose a-d converters has remained fallow 
for the past several years, a much richer 
crop is foreseen for the next several. At 
8 bits, for example, we can expect to see one 
or more second sources for the AM6108 
(2-µs maximum conversion time) and Na­
tional's ADC0820 (1.5-µs). Moreover, fol­
lowing the trend of companies to use the 
process and circuit design technologifs at 
which they are best, rather than those of 
the original manufacturer, both these 
second sources will not be clones of one an­
other or of the original. 

The trend to CMOS will continue and 
with it will come several 10- and 12-bit con­
verters, with conversion times between 5 
and 20 µs. Some of these will sport auto­
zeroing; others, sample-and-hold ampli­
fiers on their front ends. Some will employ 
switched capacitors; some, thin-film re­
sistors; some, both. 

Looking ahead 

The best look at the future of monolithic 
general-purpose converters, particularly to 
determine if a true 16-bit device is possible, 
was described at last winter's International 
Solid-State Circuits Conference. Each of 
the two approaches uses a-d converters 
with switched capacitors to build high­
resolution a-d converters (ELECTRONIC 
DESIGN, Feb. 23, 1984, p. 142). Both were de­
veloped at the University of California at 
Berkeley, the home of switched-capacitor 
techniques-first in NMOS and now in 
CMOS. 

One of the converters uses an algorith­
mic, successive-approximation circuit to 
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achieve 12-bit performance in 70 µs. Since it 
employs just three op amps (one as an am­
plifier, one as a sample-and-hold amplifier, 
and one as a comparator), the amount of 
silicon taken up was minimal. Further, the 
technique eliminates the need for ratio 
matching the capacitors. 

The second converter is a self-calibratt-J 
successive-approximation device using 
three d-a converters. A switched-capacitor 
circuit handles the 9 MSBs, a 5- and a 7-bit 
resistor string converter (built with ion­
implanted resistors) take care of the LSBs 
and the calibration, respectively. True 
16-bit performance has been obtained in 
under 20 µs because the CMOS comparator 
settles out to ± 1/2 LSB in under 1 µs. At 
present, several major commercial devel­
opment programs are under way to supply, 
in a year or two, true 16-bit a-d converters 
using these techniques. 

Three to go 

A third development unveiled at the con­
ference gives a glimpse of the future of 
multiple step monolithic converters. In this 
case, three were used to build a 10-bit, 1.5-µs 
unit (Fig. 10). A bipolar chip, it has its own 
reference and three-state output. 

Although it looks as if there is still some­
thing of a wait for true 16-bit monolithic a-d 
converters, a variety of hybrid and modular 
devices are available and more are coming. 
For instance, a hybrid housed in a 32-pin 
DIP with a 100-µs conversion time achieves 
an impressive set of specifications by using 
an 18-bit CMOS switch set and thin-film 
resistors. From Hybrid Systems, the 
HS9516 operates from 0° to 70°C. Over its 
temperature range, it misses no codes to 16 
bits and keeps integral nonlinearity to 
within ± 0.0008%. Future devices will use 
multistep architectures to reach higher 
speeds. 

The slowest and the fastest a-d con­
verters have at least one major point in 
common: They are almost exclusively 
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monolithic. In fact, flash converters did not 
become practical until they could be put on 
one chip. Interestingly, the same is true for 
switched-capacitor circuits. 

With metal-gate CMOS technology, the 
integrating chips have reached a resolution 
of 41/2 digits and an accuracy of 15 bits. Cur­
rently, there is neither the driving force nor 
the technology to increase resolution to 
51/2 digits or to 18 bits. However, two devel­
opments are on tap. The first represents a 
move from aluminum-gate to molybdenum­
gate CMOS for a 41/2-digit integrating a-d 
converter from Micro Power Systems. The 
process change brings the input noise of the 
pre-amplifier to a new low. As a result, the 
device can resolve 10 µ V and thus eliminate 
so-called last-digit flicker. 

The second change can be seen in the ana­
log half of a 4112-digit (20,000 count) inte­
grating converter. It is meant to be used 
with one-chip microcomputers to build 
smart instruments and data acquisition 

V..,(out) 
2.5V 

Bandgap 
voltage 

reference 

systems. The chip, from Teledyne Semicon­
ductor (Mountain View, Calif.) contains the 
integrating op amp, comparator, and auto­
matic zeroing circuits (Fig. 11). The com­
puter controls the chip's timing, creates its 
output code, and processes measurement 
results. It could, say, linearize thermocou­
ples, perform cold junction compensation, 
and calculate flow by taking the square root 
of the value of a differential pressure mea­
surement. 

The ways to go 

There are only three discernible trends in 
flash a-d converters: increasing prolif era­
tion in kind and number, an attempt to de­
crease power requirements by switching to 
CMOS, and improving the speed-power 
product by reducing feature size. 

These unique chips remain hard to 
pigeonhole: They are getting both faster 
and slower as well as increasing and de­
creasing in resolution. They are made with 

10-blt d-e convst•. v.., (In) v------M full-ecale current 
out - V..,,JR 

10 

CLK u--..i 
5 

Start o--H Control 

cs logic 

OE u--..i 

+ 5 V - 5 V AGND DGND 

10. Multistep a-d converters are less prevalent in one-chip devices than in hybrids, 
modules, or boards. A 10-bit three-step device, developed by Signetics, does not 
incorporate digital correction logic, as many other converters do. 
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True Dual Trace • 10 MHz Real Time Bandwidth • 3 Input Channels • I/O Port 
Digital Waveform Storage • Boolean Waveform Operations • Audio Functions 

8.25 (L) x 4.5 (D) x 1.75 (H) Inches • 1.25 Pounds • 9 Volt Battery/ AC Operation 
Consider the LogicScope 136 
• The LogicScope 136 is the next logical step in test instru­
mentation for you. It combines many of the features and capa­
bilities of sophisticated logic analyzers and oscilloscopes ... 
and it fits in your hand . Never before has so much technology 
been available in so small an instrument, at such a low price. 
• The pocket-sized LogicScope 136 is made possible by a 
patented breakthrough in display technology. The conven­
tional cathode ray tube has been replaced by a unique array of 
400 LED's that permits simultaneous display of two digital 
waveforms. 
• The 136 can be used for viewing single shot events, or 
repetitive waveforms. It can be operated in real time mode, or 
in memory mode which permits acquisition and storage of up to 
24 128-bit waveforms. These can be recalled, logically com­
pared (AND, OR, EXCLUSIVE OR) to other stored/ input 
waveforms, or output to an external device via an RS 232 port. 
• Its very low cost, convenience and ease-of-use make the 
LogicScope the ideal instrument, for designing, troubleshoot­
ing or repairing digital systems. 

Consider its Engineering & Field Service Applications: 
• On microprocessor-based systems, check the timing rela­
tionship of various parameters relative to the system clock and 
other key events . Its storage capability allows visual and logi ­
cal comparison of non-repetitive waveforms to known refer­
ence signals. Output in the start-up of the digital device can be 
compared to reference signals to determine the operating state 
of the device. Questionable waveforms can be stored for analysis. 
• Its light weight and small size make the LogicScope conve­
nient to take on every service call. The 136 provides much 
more information for trouble shooting a digital system or pe­
ripheral thcln a logic probe or digital multimeter, without hav­
ing to lug an oscilloscope or logic analyzer along. 

Contact us for the name of your local distributor 

i»OC<i:i: i:CCl-nOLOG't, inc. 
7320 Parkway Drive, Hanover, MD 21076 
301-796-3300 
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virtually every imaginable silicon process, 
including the 10-year old triple-diffused bi­
polar approach, three kinds of CMOS pro­
cesses, metal gates and silicon gates, and 
exotic merged processes. What's more, gal­
lium arsenide is in the offing. Geometries 
range from 5 µm down to less than 1 µm. 

Not so fast 

Flash converters should be the easiest 
converters to use: Simply hook them up to 
the signal, supply a clock and a reference, 
and the answer is always there. Despite 
their apparent simplicity, in most applica­
tions they are operating at blinding speed, 
and a practical knowledge of video or rf 
techniques is required. In addition, several 
have to be clocked continuously to maintain 

c ... 

C,., (+ ) 

Converter control truth table 

an answer; all must be clocked to find a new 
answer. Some require positive signals, oth­
ers demand negative, and some handle bi­
polar inputs. 

At the same time, such converters would 
appear not to require sample-and-hold am­
plifiers. To optimize speed and accuracy, 
though, these amplifiers are mandatory, 
and they must be able to drive a capacitive 
load, which is usually changing as fast as 
the signal does . The converter's eccen­
tricities do not stop here: some are pipe­
lined, others are not; some consume a great 
deal of power, some very little. Finally, 
some can be stacked for increased resolu­
tion. 

These converters do suffer from two po­
tential problems. In certain instances their 
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11. The ultimate adaptation of an analog chip to micro­
processor compatibility is an a-d converter that will not 
work without a processor. Fabricated in metal-gate 
CMOS, by Teledyne Semiconductor, it represents the 
analog portion of a 20,000-count (41/2-digit) integrating 
converter. A microprocessor does the rest. 
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optic technology. 
Today, fiber optics is a 
leading technology for 
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these years of exper­
ience in LED emitters, 
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input bandwidth is not up to the specified 
sampling rate. Also, they have a tendency to 
miss a code every few billion conversions. 
The first difficulty shows up as an inability 
to digitize a sine wave of half the rated sam­
pling frequency (its Nyquist frequency) to 
the specified resolution and accuracy. For 
example, an 8-bit converter that samples at 
100 MHz may only supply 6 bits of accuracy 
when encoding a 50-MHz sine wave. An 
accuracy of 8 bits may be obtained at only 
15MHz. 

The second problem may seem insignif­
icant until it is realized that such an error 
may occur several times a minute when a 
converter is sampling at 100 MHz. The error 
is particularly troublesome, as well as being 
difficult to locate, when a flash converter is 
used to build a two-step device. 

All flash converters do have one thing in 
common: they demand 2N -1 comparators, 
where N is the resolution in bits. Within the 
approaching legion of flash devices are 
several monolithic two-step, ot half-flash 
parts. These require a mere 2(2 "2-1) com­
parators. Thus an 8-bit converter, say, 
would use 30 rather than 255 comparators. 
If a sample-and-hold function is not impli­
cit in its architecture, it must use a sample­
and-hold amplifier between the signal and 
the input. 

Flash converters' move to less power has 
been made possible by advances in process 
geometry (Table 1). Such work has been one 
of the converns over the past two years of 
TRW Inc.'s LSI Products Division (La Jolla, 
Calif.). Its main intention has been to drop 
the minimum feature size of its triple­
diffused bipolar process from 2 µm to 1 µm 
and to go with double metal interconnects. 
The first device was a 6-bit, 100-MHz chip 
(the TOC1029) that arrived about two years 
ago (ELECTRONIC DESIGN, Sept. 16, 1982, 
p. 89). 

The drop in f ea tu re size is accompanied 
by an increase in speed/power ratio which 
permits chips to either sample faster at the 
same power or consume less power than was 
previously needed at a specific speed. In ad­
dition, input capacitance drops, making the 
converters easier to drive. 

By moving from a 5-µm bipolar ECL pro­
cess to a 1-µm linear MOSAIC process, 
Motorola Inc.'s Semiconductor Products 
Division (Phoenix, Ariz.) hopes to increase 
the sampling rate of its 7-bit flash con­
verter from 15 to 25 MHz, enabling 10-MHz 
1-V signals to be encoded to 8 bi ts of accu­
racy. Two of these 7-bit converters can then 
be stacked to obtain 8 bits of resolution and 
accuracy. The upcoming family of devices 
uses less power and less silicon, and its logic 

Table 1. Improvements in flash converters as process geometry shrinks 
2 µm 1 µm 

MHlmum 
1IJn1I Power Sempllng Input Power Sempllng Input 

bin width Reaolutlon dlaalpetlon rite cepacltence dlaalpetlon rite cap1clt1nce 
(MHz) (bit•) (W) (Mumpl .. /1) (pF) (W) (M11mple1/1) (pF) 

50 6 Not practical 2.0 100 20 

12 8 3.8 50 160 

6 1.1 25 75 0.6 20 30 

7 8 2.7 20 250 1.4 20 100 
7 1.0 20 60 

5 9 4.7 18 280 

Source: TRW Inc. 
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EMl/RFI product qualification 
doesn't have to be 

confusing or expensive. 
Or impossible. 

For years we've been making filters that 
meet the toughest standards for Hi-Rel 
military, mainframes, personal computers 
and electronic games, switching power 
supplies ... for low and high current, 
single and three phase, DC to 12 GHz. So, 
whatever your application, your voltage 
and current ratings, package and 
terminal styles, rely on San Fernando 
Electric Division. We can fill your filter 
needs ... in the right quantities, at the 
right price. 

The right choice. 
We've got the broadest spectrum of 

filters fro m which to choose: 
• Minifilters, up to 15 A, MIL-Spec or 

commercial 
• Miniature power line. up to 30 A/phase 
•Power line, up to IOO A/phase 
•High current , tubular, for power 

distribution, aerospace 
As a result of the filter technology 

we've developed ... including one of the 
most advanced CAD/CA M capabilities 
in the industry. we can offer the systems 
designer the widest variety of filter 
solutions- in off-the-shelf 
standards or one-of-a-kind 
customs. Call us at the 
design stage fo r 

immediate assistance. We'll help you 
make the right choice. 
Total capability. 

Our total capability starts with ex pert 
application engineering: design engineers 
who closely collaborate with you in 
specifying or designing a filter fo r your 
equipment that is the most economical 
possible. Our engineers can help you with 
product qualification now. 
Quality. 

Inspection points at every step of 
production help us achieve total quality 
control. To us, high yields and Hi-Rel 
components are the result of a philosophy 
that mandates the highest possible 
standards. When you buy our technology, 
it works. First time. Everytime. For a 
very long time. 
Total control. 

San Fernando Electric Division is the 
leading manufacturer of the two essential 
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components that comprise a filter ­
capacitors and inductors. That gives you 
the edge in experience, production 
capability and application engineering. 
Free EMl/RFI tutorial tape. 

We've given you a few of the reasons 
why San Fernando Electric Division is 
1he righ1 choice in EMl / RFI filters. For 
more information, call Jim Walker, 
Product Manager, at (818) 365-9411. Or 
write to SFE Technologies, San Fernando 
Electric Division, 1501 First Street, San 
Fernando. CA 91340-2793. Ask Jim for 
your free tape cassette which includes a 
tutori al on EMI / RFI filters. 

In Europe, contact SFE Technologies 
Europe B.V. . WiltonStraat 11-13. 2722 
NG Zoetermeer, The Netherlands, 
Tel. 079-413231. 

San Fernando Electric Division 



will be TTL-compatible. 
Today's variety of flash converters is 

staggering. Even a limited overview of 
these devices shows the dramatically lower 
power requirements of CMOS converters 
(Table 2), which use a number of different 
comparator circuits (Fig. 12). Most, but not 
all, take advantage of the switches and 
capacitors made possible by the CMOS pro­
cess, which uses automatic zeroing to elimi­
nate offset voltage errors. 

As for the future, four of the seven a-d 

Strobe input 

(•) 

Reference 
resistor 
string 

J_ Analog 
Dig Ital 
power 

T 
¢ 
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power 
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T 
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T 
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... 
Dig Ital 
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converters unveiled at February's ISSCC 
were flash units. Heading the list, a 
400-MHz 6-bit converter from Hewlett­
Packard Laboratories (Palo Alto, Calif.), 
proves quite clearly that silicon is not lim­
ited to 100 MHz. It takes advantage of a bi­
polar process that builds 5-GHz transistors 
and a circuit architecture that carries out 
two bits of analog encoding ahead of the 
clocked comparators (Fig.13). 

Another silicon flash converter is an 
8-bit, 120-MHz unit from Matsushita Cen-

v,. 

(c) 

Latch 

Sampling 
clock 

efis 

12. A variety of comparators are used for CMOS flash converters. Most use switched-capacitor cir­
cuits to perform automatic zeroing. When a pair of the RCA circuits (a) are cascaded, 8-bit, 15 MHz 
converters can be built. Rather than autozeroing, a differential circuit is used by Telmos (b) to elimi­
nate the offset voltage errors. It builds 7-bit, 10-MHz units. Combining both techniques is Toshiba's 
differential, autozeroed comparator, which builds an 8-bit, 20-MHz CMOS converter-the fastest 
CMOS unit around. 
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NCR 40-column printers ... unequaled performance at any 
The new NCR 2199 40-column printer works in any position, induding 
ways and upside down. In fact, we've made all our printers rugged an 
adaptable to the most demanding OEM applications, induding slip pr 
data logging, receipt and journal printing. But first, we made them si 
some with up to 50% fewer parts than competitive products by usin 
drive, raised-rail cams, and disposable ribbon cassettes. Fewer pa 
fewer problems ... NCR is proving it daily with over one million units 
around the world . Rely on NCR. Call (800) 222-1235. In Ohio, (51 

NCR 40-column printers ... designed for de 
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tral Research Laboratory (Osaka, Japan), surface states cause hysteresis in the 
which uses a 1-µm bipolar process. Com- depletion-mode MESFETs, limiting their 
pleting the list are an 8-bit, 100-MHz device resolution. 
from Sony Corp. (Kanagawa, Japan) and a Over the past few years, the speed, resolu-
20-MHz, 7-bit bulk CMOS converter from tion, and accuracy of monolithic and hybrid 
Toshiba Microelectronics Center (Ka- successive-approximation a-d converters 
wasaki, Japan). The first is the fastest 8-bit have increased. Sample-and-hold ampli-
unit to date; the second, the fastest 7-bit fiers, on the other hand, have witnessed in-
bulk CMOS device (ELECTRONIC DESIGN, creases, but not at the same pace as their 
March 22, 1984, p. 75). successive-approximation brethren. Help is 

Also on the horizon are converters rang- arriving. It should be noted that even the 
ing from 4-bit, 15-MHz silicon CMOS chips first device (the Harris HA-2420) was 
to 4-bit, 1-GHz gallium arsenide ICs. Tek- aimed at 12-bit a-d converters. 
tronix Inc. (Portland, Oregon) is also work-

Defining perfection ing with gallium arsenide and has achieved 
5- and 6-bit performance; the company will The ideal sample-and-hold amplifier 
continue experimenting until it reaches the requires a set of specifications that in no 
required 8 bits of resolution. At present, way degrades or hinders the performance of 

Table 2. Comparing flash converters 
Sampling Power Signal Supply 

Resolution rate diHipation voltage voltage Model 
(bits) (MHz) (mW) (V) (V) Proce88 number Manufacturer Comments 

10 20 1800 Oto - 2 - 5.2 Bipolar AN6859 Panasonic Highest resolution ; 
high speed 

8 50 3700 0 to - 2 - 5.2 Bipolar TDC1025 TRW See Table 1 

8 20 900 0 to - 2 - 5.2 Bipolar MB40508 Fujitsu 

8 5 75 3 to 8 5 to 8 CMOS MP7683 Micro Power Two-step circuit 

7 14.5 1100 ± 2 + 5,-5.2 Bipolar MC10315L Motorola Can be stacked 

7 20 400 Oto + 2.5 + 5, + 12 NMOS PNA7507C Phillips Uses high-impedance 
reference resistor string 

7 8 150 ± 3.2 ± 5 CMOS TML 1070 Tel mos 

7 1 9 ± 3.2 ± 5 CMOS TML 1072 Telmos 

6 12 to 19 200 2.4 to Vee 5 to 8 CMOS/ CA3300 RCA CMOS on sapphire, 
sos must be clocked 

6 110 500 ± 2.5 + 5, - 5.2 Bipolar SDA5200 Siemens 

4 100 1200 ± 2.6 + 5, - 5.2 Bipolar AM6688 AMO May not be available 
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OliverGermani1im, 
e Great Detector. 

Who'd have guessed it? 

0.1 Cl.a 0..9 

It's good old Germanium, after all these years of faithful service, that turns out to 
be the ideal material for photodetectors, as used in fibre optics and 
various infrared applications. With Germanium in your diodes, you get the kind 
of spectral response you've been asking for, (800 to 1800nm, peaking at 1.550nm; 
see curve). 

I 
l 

In fact Germanium is especially 
suited for the 1300 nanometers 
responsivity required for 
fibre optics. 

Whereas, Silicon as every­
body knows, gives very 
little response 
beyond 900nm. 

At GPD, we are 
now making photodiode 

"' 1.1 .., 1~ " u ... " ,. u chips from 0.3 to 5mm 
wAveLENGTH()JM> active diameter; all are 

available either in chip form or in T0-18, T0-5 
or T0-8 packages, with windows or lenses to 
suit the application. 

You can use GPD photodiodes in voltaic or 
conductive modes; to measure optical power or 
fibre attenuation, and in dozens of other ways. 

"The chap we're looking for" said the Great 
Detector, "is a committed engineer, with a light 
measurement problem, and a healthy respect 
for efficient, reliable components:· 

"I predict the next thing he'll do is send for 
the GPD photodiode data sheet; 

'r then we've got him:· 
Jernentary. my dear Schottky:' 
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Oliver O. Ward, President of GPD 
and frequently referred to 
as Oliver Germanium, 

discovers a fascinating 
future for Germanium 
photodiodes. 
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the converter . The following relationships 
must exist: First, the time needed to acquire 
a full-scale signal (to within ± 1/ 2 LSB of the 
converter's resolution) should be less than 
one-tenth of the conversion time. Second, 
the aperture uncertainty time, or jitter, 
should be short enough to allow t he con­
verter to accurately sample complex wave­
forms with sinusoidal frequency com­
ponents up to half its maximum throughput 
rate (at the system's Nyquist rate). 

Third, all other errors, both de and 
dynamic (such as charge transfer, feed­
through, offsets, and droop) must represent 
less than ± 1/2 LSB of the converter's resolu-

CLK 

- 1 ~ 

0 

. " 
~ 

tion in bits. In earlier modular sample-and­
hold amplifiers, there was often a tradeoff 
between acquisition time and droop. How­
ever, in most of today's units-regardless of 
their construction-the required hold time 
(conversion time) is no more than 10 times 
the acquisition time; thus droop is not a 
problem. 

At last count, only five monolithic sam­
ple-and-hold amplifiers are available from 
four suppliers. Three new units, one from an 
additional source, are on the way. 

Unlike their converter counterparts, for 
which new processes are continually being 
developed or old ones refined and upgraded, 

4 differential 
pairs 

r 

""' 

(a) 

., 

(b) 

" 

Clock 
driver 

,,,,; 

r 

Output 
buffer 

Output 

13. Hewlett-Packard's 6-bit, 400-MHz flash converter (a) reaches very 
high speed by performing 2 bits of analog encoding with differential 
transistor pairs (b) ahead of the latched comparators. As a result, only 
17 rather than 63 comparators are needed. 
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monolithic sample-and-hold amplifiers are 
mostly limited to existing process technolo­
gies. Although CMOS or biMOS processes 
might seem natural for this application, all 
of the existing and the planned devices are 
bipolar-except for the HA-2420, which 
contains a pair of p-channel MOSFETs 
built with a modified bipolar process. The 
latest of the bipolar units have taken advan­
tage of biFET technology. 

Still, a seemingly minor process change 
made just a few years ago has had signifi­
cant consequences on functionality: The 
hold capacitor, which must be insensitive to 
voltage and also have a low dielectric ab­
sorption, was brought on chip. In Harris's 
HA-5320, that capacitor is a 100-pF MOS 
device, but the rest of the chip is bipolar 
with JFETs buffering the hold capacitor. 

To some extent, higher performance (and 
thus broader applications) made the change 
possible, which may appear to be a paradox. 
The acquisition time of the HA-2420 was 
dropped from 5to1 µs. (Thus it needed only 
a 100-pF capacitor). Although hold time 
needed to meet a droop requirement with a 
12-bit accuracy is ordinarily somewhat low­
er, since the 5320 is aimed at faster con­
verters, droop is not a problem. Further, 
Harris has just made a very important up­
grade of the relatively new chip-acquisi­
tion time to 0.01 % is now guaranteed to be 
under 1 µs worst case. Previously, that fig­
ure was a typical specification. 

Across the spectrum 

The solutions to the problem of fast ana­
log sampling represent the wide diversity of 
circuit design technology. The 2420 (Fig. 
14a) uses an input op amp that charges the 
external hold capacitor (CH) located be­
tween its output and ground. A MOSFET 
input buffer op amp limits the capacitor's 
discharge while it is holding. The device 
may be connected as an inverter or follower. 
External resistors set the gain at unity or 
greater. (Most sample-and-hold units are 
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used as unity-gain followers.) 
The AD582 (Fig.14b) may appear simi­

lar, but its external hold capacitor (CH) is 
charged as a true integrator in the feedback 
loop of the output op amp. The 5320 is simi­
lar except that the hold capacitor, as men­
tioned, is on chip and low-noise JFETs 
rather than MOSFETs minimize droop. 
Using a circuit somewhat similar to that of 
the 2420 but internally connected as a 
unity-gain buffer, the LF198, from National 
Semiconductor, also uses low noise JFETs 
to replace the MOSFETs (Fig.14c). 

Another switch 

All of these units use a low-leakage bi­
polar switch between their input op amps 
and their hold capacitors. Another kind of 
switch circuit, a diode bridge, is used in an 
internally connected unity-gain buffer 
sample-and-hold amplifier, the SMP-10, 
from PMI (Fig. 14d). It uses a third ampli­
fier, called a supercharger, to drive the ex­
ternal hold capacitor, which, like those on 
the 2420 and the 198, are connected to 
ground. The SMP-10 was the first one-chip 
sample-and-hold amplifier to guarantee 
acquisition time to 0.01 %-in this unit just 
5 µs. Rather than JFETs, it uses low bias 
current superbeta bipolar transistors to 
minimize droop. 

Three upcoming sample-and-hold ampli­
fiers each offer something different. A cir­
cuit similar to that of the 5320, with an on­
chip 100-pF capacitor and working with 
JFETs, adds a pair of laser-trimmed thin­
film resistors to set the gain (Fig. 14e). The 
AD585, from Analog Devices, is not as fast 
as the dielectrically isolated 5320, but at 
2.5 µs, it will still guarantee acquisition to 
0.01 %. 

The second chip to arrive-and none too 
soon-is aimed at 14- and even 16-bit con­
verters. It operates at an inverting gain of 
1, uses JFETs, an on-chip capacitor in an in­
teresting circuit, and a third amplifier. The 
last is located between the input and the 



The cost-effective way to design 
volume-producti n SYiStems. 

S-MOS high-performance CMOS gate arrays make a difference. 
We've just expanded the world of 
semicustom arrays. 
S-MOS combines the economy of full 
custom production with the speed and con­
venience of semicustom in its new CMOS 
high-performance gate arrays. Now you 
can get the best of both worlds. 

That's because the cells of our SLA 5000 
and SLA 6000 families emulate popular 
gate and MSI functions. And our unique 
satellite communication network links 
schematic-entry computers directly to the 
CAD mainframe. Our proprietary software 
assures high gate utilization while the ad­
vanced CMOS facilities of Suwa Seikosha 
(one of the world's largest, most automated 
IC manufacturing plants) assures economi­
cal volume production. 

The S-MOS way. It makes a difference! 

The S-MOS system 

SEMICUSTOM/CUSTOM PURCHASE GUIDE 

I 1982 

I I 

FULL CUSTOM 
i'--~~--"'--'-..__~ ........... ._._~.._~ 

§ GATEARRAY 

VOLUME 

S-MOS expands cost-effectiveness of gate arrays 
beyond SOOK quantities 

Design lead-in-time slashed 90%. 
Not only will you save months of design 
time compared to full custom - you'll also 
save as much as 90% of the traditional time 
necessary to convert discrete logic to gate 
array designs. That's because the S-MOS 
CAD system translates your logic directly 
into equivalent gates, while also doing much 
of the mundane work. In most cases you'll 
have a design in less than a week. And 
engineering samples in less than ten. 

That's fast! 
State-of-the-art CMOS speeds. 
Speaking of speed, you'll find our CMOS 
gate arrays are faster than many bipolar 
logic families, with far less power drain. 
Intrinsic gate delays are as low as 1.0 ns 
(plus 350 ps per load) - in designs as com­
olex as 4000 gates. 
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And S-MOS two-micron geometries are 
also pure state-of-the-art. Our arrays replace 
entire boards of discrete logic chips. You'll 
also save on power supplies and even fans. 
Because the inherent low power require­
ments of our CMOS circuits dramatically 
reduce power drain. 

That's very good news, indeed. 
We don't leave anything to chance. 
Here's more good news. At S-MOS, quality 
and reliability are our first priority. That's 
why our SLA 5000 and SLA 6000 gate arrays 
are rigorously tested, including burn-in. 

Even second-sourcing is covered. All 
our gate arrays are alternate-sourced by 
International Microcircuits, Inc. 

You shouldn't leave anything to chance, 
either. Boost your bottom-line volume 
productivity the S-MOS way - with high­
performance CMOS gate arrays. 

S
.,...,..­
, -,r , ......... 
.. J ~ ~~ 

SYSTEMS 
S-MOS Systems, Incorporated 
50 West Brokaw Rd., Bldg. 7 
San Jose, CA 95110 
(408) 993-1212 



switch, to charge the capacitor. It can ac­
quire a new sample of 0.001 % accuracy in 
2 µs. From Signetics Corp. (Sunnyvale, Cal­
if.), the output of TDA1535 slews at 100 
VI µsand it easily samples 20-kHz sine 
waves. The third chip, slated to arrive from 
Harris, some time next year, will move 
12-bit sampling time to under 0.5 µs. 

When faster or higher accuracy sampling 
amplifiers are required, the user must turn 

R, 

! ! 

! (b) 

(c) 

i 

to hybrids and modules. Designers of such 
devices have the luxury of picking devices 
from any process to minimize errors and 
maximize performance. For example, high­
speed MOSFET switches can be combined 
with fast, low-offset bipolar amplifiers us­
ing gigahertz-bandwidth transistors. In ad­
dition, great care can be taken in laying out 
the unit, thus minimizing coupling between 
high-speed digital and analog circuits. o 

SMP-10 

Sample-and-hOld 
Control input 

Gain = 1 

~ CH 
(d) 

R10 10k 

Sample-and-hold Gain _ 1 + &., _ 2 
Control input R~ 

For gain to 
equal 1, 

(e) R, - 0, R., - 00 

r 

! 
14. Monolithic sample-and-hold amplifiers, the few around, all are built on bipolar processes. 
However, their architectures and functions differ. Some can operate in both inverting and follower 
configurations and with variable gains (a, b), while others can only operate as unity-gain followers 
(c). Most use bipolar switches, but one uses a diode bridge (d). The newest devices sport an 
on-chip hold capacitor (e). 
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FAST SILICONIX GATE ARRAYS. 
Now you can design military or industrial CMOS gate 

arrays- with 180 to 2400-gate complexity-using advanced CAE 
workstations from Daisy Systems Corporation . From your facility . 

MILITARY AND INDUSTRIAL EXPERIENCE. Unlike other gate array companies, 
Siliconix is applying over 20 years of military processing experience to meet your 
specific application requirements . 

Our advanced three and five-micron gate processes ensure your design is competitive. 
And because we perform all fabrication, the entire production cycle is under our 
control. Which means you get quality devices. At spec. On time. Everytime. 

FLEXIBLE FEATURES. Using powerful TTL-compatible 1/ 0 buffers, easy-to-use cells and 
a vast macrocell library, Siliconix has developed the most flexible system available. 
And our quick-turnaround service makes sure you get your finished designs fast. 

So if you have a design challenge, call the flexible gate array people today. Or send in 
the attached coupon. 

Corporate Headquarters, 2201 Laurelwood Road, Mail Stop 5, 
Santa Clara, CA 95054; TEL (408) 988-8000 
Siliconix Ltd ., 3 London Road , Newbury, Berks, UK; RG131 J1 ; 
TEL(0635)30905 
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I'd like more information. Please: 
D Send me a gate array design brochure. U) 
D Send me a gate array design manual ($70.00). (5) 
D Send me information on workstations for 

Siliconix gate arrays. 
D Have an Applications Engineer call me. (b) 
Name _______ __________ ~ 

Position ________________ _ 

Company _ __________ _____ ~ 

Address _ _______________ ~ 

City ________________ _ 

State __________ Zip ______ _ 

Phone( 
Expiration date 12/ 31 / 84 





0 Please have a salesman contact me. 

Name------------------~ 
Title ______ ____________ ~ 

Company ________ _ ________ _ 

Address _______________ __ _ 

City _________ State _ __ Zip ___ _ 



Q: WHAT HAVETuESE LINEAR 
DESIGN GURUS BEEN UPTO? 

Linear Technology is Proving 
Itself to Be the Firm with 
Innovative Leading Edge IC 
Designs, Cost-Effective Prob­
lem Solving Products, High 
Reliability and Personalized 
Service. 

Linear is not dead. It's alive 
and doing well at Linear Technol­
ogy in Silicon Valley. We're the 
people you've been hearing 
about. Our design team's respon­
sible for almost half of the linear 
industry's most successful chips, 
and an even larger share of its 
design techniques. 

Linear's been hard at work 
creating many new linear IC's and 
we're just getting warmed up. The 
next generation of linear industry 
standards are already in the lab. 

AN IMPRESSIVE LINEAR 
PRODUCT LINEUP 

Linear Technology has pro­
duced an impressive array of in­
dustry firsts and other exceptional 
linear IC's that are attractive for a 
host of applications. These new 
linear IC's include: 
LT1038 10 Amp Adjustable 
Regulator 

This product is intended for 
applications such as system power 
supplies, battery chargers, and 
constant current regulators 
where higher current is needed. 
It has an output voltage range of 
l .2V to 32V, a load regulation 
guaranteed at 0.4% , and is avail­
able in the T0-3 metal can. 
LT1012 A New Standard 
In Op Amps 

For those tough precision 
instrumentation applications, this 
product features 35µ V max. offset 
voltage, l.SµV/°C max. offset volt­
age drift, 100 pA max. bias cur­
rent, low power ( 600µA max. 
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supply current), low noise, and is 
internally compensated. An exter­
nally compensated version with 
additional flexibility in shaping 
the frequency response is also 
available-the LT1008. 
LTC1044 Switched Capacitor 
Voltage Converter 

For use in converting posi­
tive supplies to negative supplies 
over 1. SV to 9V supply range. 
Built on a proprietary silicon gate 
CMOS process LTCMOS r~ The 
LTC1044 is pin compatible with 
the 7660 without the need for 
external protection diodes. 
LT1004 Micro Power 
Reference 

The best micropower refer­
ence with an accuracy of ± 4mV 
max. It is ideal for portable instru­
ments requiring references with 
operating current down to lOµA 
Available in either 1.2V or 2.SV 
versions. 

~Trademark of Linear Technology Corporation 
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NELLO SEVASrOPOULOS 

LT1007/LT1037 LowestNoise 
Monolithic Op Amp 

It has a lOHz noise voltage of 
4.SnV/VHZ max., 130nV p-p max. 
noise from O.l Hz to lOHz, a 7 mil­
lion min. voltage gain, a 25µV 
max. offset voltage, 0.6µV/°C max. 
offset voltage drift, and 11 VI µ Sec 
min. slew rate (LT1037). 
LT1010 The First Monolithic 
150m.A High-Speed Buffer 

This product has both cur­
rent and thermal overload pro­
tection. It is capable of driving 
capacitive loads. Operates off 
4.SV to 40V supply and , in many 
applications, is a plug-in alter­
native to the LH0002 hybrid. 

LT1033 The First 3 Amp, 
3 Terminal Adjustable 
Negative Regulator 

This regulator has guaran­
tees of 1 % initial voltage toler­
ance, 0.015%N line regulation , 
and 0.02%/W thermal regulation. 
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LT1009 2.5 Volt Reference 
The first 0.2% tolerance, 

2.SV, low cost, reference with a 
guaranteed temperature stability 
of 25 ppm!'C. Available in either 
T0-46 metal can or T0-92 
package. 

LTlOOl The Lowest Offset 
Voltage And Drift General 
Purpose Op Amp 

Useful for low-level signal 
processing and high accuracy data 
acquisition applications. Has per­
formance features of 15 µ V max. 
offset voltage, 0.6µ.Vl"C max. off­
set voltage drift, and 2.0nA max. 
bias current. For similar perfor­
mance in a dual with guaranteed 
matching specifications, the 
LT1002 is available. 

LT1005 Logic Controlled 
Regulator 

A new dual output 5 volt reg­
ulator, where a switchable output 
provides load currents up to 1 A 
and can be shut down by a TTL/ 
CMOS logic control signal. The 
other output provides 5V at 35mA 
and is unaffected by the control 
signal or overload of the main 
output. 

LT1003 5 Volt/5 Amp Voltage 
Regulator 

The LT1003 is ideal for on­
card regulation and laboratory 
supplies where more current is 
needed than the LM323 can pro­
vide. It has a 2% initial tolerance 
output voltage guarantee. 

LT1011 General Purpose 
Comparator 

The first comparator with 0.5 
mV max. offset voltage, and 25nA 
max. bias current. Ideal for A to D 
converters, low-level detection, 
and other precision applications. 
It features a guaranteed 200,000 
voltage gain, 50mA output current 
source or sink, ± 30V differential 
input voltage, 250nS response 
time, and is fully specified at + 5V 
supply. 

Whether it's an Op Amp, 
Voltage Regulator, Comparator, or 
a Reference, you can count on Lin­
ear Technology to provide some­
thing to meet your linear product 
needs. Eight new high perfor­
mance products are scheduled 
for introduction before the end of 
1984. 

LINEAR PRODUCT 
RELIABILI1Y YOU CAN 

ALWAYS COUNT ON 

Linear Technology is dedi­
cated to delivering an excellent 
quality product. Outgoing quality 
levels of<lOOppm are consistently 
maintained. Our product has 
logged over 20 million hours at 
125° C equivalent temperature, 
with overall failure rates of0.009/ 
1000 hours. We offer Mil Std 883B 
Rev C versions of all our products. 

AMPLE SUPPORT BY AN 
EXPERIENCED TEAM 

The Linear group is an ex­
perienced team of specialists in 
design, wafer fabrication, process 
control, test, quality, reliability, 
production, marketing, applica­
tions support, customer service 
and sales. 

If you want to sharpen your 
linear senses, look to Linear Tech­
nology. We're also a viable second 
source for hard-to-find linear IC's. 
For more information, fill in the 
coupon, or contact us. 

D Please send me more technical information on 

CIRCLE 79 

Name ______________ _ 
Company _____________ _ 
Address ______________ _ 
City _____ state ___ Zip __ _ 
Phone ______________ _ 

LINEAR TECHNOLOGY CORPORATION 
Milpitas, CA 95035-7487 

1630 McCarthy Blvd. 

PH: (408) 942-0810 
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the best FEY 
and Bipolar 

amplifiers you 
can buy. 
All parameters, including noise, 100% tested and guaranteed. 

MODEL NOISE (10kHz, max) Vos (max) DRIFT (max) Is (max) 

OPA111BM 8nV/~ +250µV ±1µV/°C ±1pA 
OPA27AJ 3.8nV/VHz ±25µV ±0.6µV/°C ±40nA 

BURR-BROWN® 

I• II •I Putting Technology To Work For You 

CIRCLE 81 
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32-bit computer system 
shares load equally 

among up to 12 processors 

A multiprocessor computer automatically redistributes 
the work load and lets the user add more CPUs, employing 

one modified copy of the Unix operating system. 

The performance of microprocessors has 
steadily increased as the demand for 
computer power has continued to spiral 

upward. What would seem to be the most pow­
erful outcome of these trends-a computer that 
uses multiple processors-has run afoul of the 
law of diminishing returns in several ways. 

Traditionally, it has been necessary to call for 
extensive changes when more processors are 
added to a system. Those additions, in turn, in­
vite memory contention and overworked buses 
and require multiple copies of expensive oper­
ating systems. Furthermore, experience has 
shown that adding a processor to a system mul­
tiplies that system's and computing power by a 
factor of only 0.8, making each successive pro­
cessor less effective. 

By sharing its processing load among up to 

Gary Fielland and Dave Rodgers 
Sequent Computer Systems Inc. 

Gary Fielland, director of advanced devel­
opment at Sequent, worked at Intel for nine 
years, mostly in its OEM Systems operation, 
before joining the Portland, Ore., company. 
He holds a ESME and a master 's degree in 
electrical engineering and computer science 
from the University of Florida. 

Dave Rodgers is vice president of engineering 
at Sequent. He worked at Digital Equipment 
Corp. for 10 years, where he was instrumen­
tal in the design of the VAX 111780. He holds 
a BSEE from Carnegie-Mellon University. 

12 architecturally identical microprocessors 
and employing a single copy of a Unix-based 
operating system, a new computer eliminates 
the barriers associated with multiprocessor 
systems. Called the Balance 8000, it delivers up 
to 5 million instructions/s (MIPS). Its power 
grows almost linearly when more processors-
32-bit NS32032s plus floating-point and mem­
ory management units-are added (see "More 
is Better, Finally," p.154). 

To make the most efficient use of its multi-
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processing power, the system dynamically bal­
ances its load; in other words, it automatically 
and continuously assigns tasks to run on any 
processor that is currently idle or busy with a 
lower-priority task. This process is carried out 
transparently; neither the user nor the pro­
grammer need be aware that the system sports 
multiple processors. 

machine's assigned tasks do not run quickly 
enough, the user can add two more processors 
by simply plugging in a single circuit board. 

The new computer is the first of a family to 
implement a processor pool architecture (see 
"Getting Everyone Into the Pool," p. 156). The 
system consists of a pool of 2 to 12 processors, a 
high-bandwidth bus, up to 28 Mbytes of pri­
mary storage, a diagnostic processor, up to 
four high-performance I/O channels, and up to 
four IEEE-796 (Multibus) bus couplers. It is 
managed by a version of the Unix 4.2 BSD oper­
ating system, enhanced to make the multi­
processor base appear invisible to any applica­
tion program. 

Easy to extend 

At the same time, the computer is easily ex­
tensible. The user can add CPUs, memory, and 
I/O subsystems within a node, or more nodes 
within a distributed network, or more distrib­
uted and local-area networks-all with no 
changes in software (Fig. 1). Moreover, if the Each processor in the pool is a subsystem 

The Balance 8000, with its scal­
able processor pool a:rchitecture, 
lets OEMs easily set the number 
of processors to match an appli­
cation. It does so in spite of a well­
known saturation curve reflect­
ing the per~ormance of tightly 
coupled multiprocessors-a rule 
of thumb that says that each ad­
ditional processor adds only 80% 
of the power of the one previously 
added. Under this rule, no matter 
how many CPUs are added, the 
maximum effective computing 
power does not surpass the equiv­
alent of only five processors. 

Worse, the rule only predicts 
the effective computing power 
and not an additional processor's 
effect on a particular application, 
which in many ways could actu­
ally degrade that program's per­
formance. Therefore, this rule is 
best taken strictly as a measure of 
hardware performance. 

Two classes of simple bench­
marks were used to test the rule 
against Balance 8000: One class 
(Class I, in the figure ) consists of 
traditional benchmarks like bi­
nary sort and Whetstone pro­
grams. The second (Class II ) con-
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More is better, finally 

sisted of so-called pathological 
benchmark programs like cache 
busters and memory saturation 
generators to push the machine to 
its limits. All the tests are concen­
trated on the computer itself and 
produce negligible I/O activity. 

Overall system performance is 
N times the ratio t1/ tz, where t1 is 
the run time for executing a 
single copy of a benchmark and 
t2 is the run time for executing 
N copies simultaneously. The 
results show how the new com­
puter's performance stacks up 
against the rule-of-thumb pre-

12 

10 

diction and the theoretical max­
imum. 

Clearly, the cached machine is 
well suited for running the Class I 
tests. It achieves a nearly linear 
improvement in performance (up 
to eleven effective processors 
when twelve are applied) . With 
the same number of processors, 
the Class II tests show a much 
wider spread, but still yield an 
effective range of more than six to 
nine processors. And in all cases, 
the benchmarks show a much bet­
ter performance than the rule of 
thumb predicts. 

Cl8SS I 

Theoretical mexlmum Cl8SS II 

Cumuletlve 
throughput 

8 

(effective 6 
number of 

pr0C8880rs) 

4 

2 

2 

Rule of thumb 

4 6 8 10 12 

Number of processors 



containing three VLSI parts: a 32-bit CPU, a 
hardware floating-point accelerator, and a 
paged virtual memory management unit. Two 
such subsystems are on one circuit card (Fig. 2). 
The fully 32-bit CPU and the floating-point ac­
celerator suit technical applications, which 
tend to stress 32-bit operations and address cal­
culations. The paged memory management, 
which handles a fully associative translation 
look-aside buffer and a two-level page table, ac­
cesses up to 16 Mbytes of virtual memory space 
for each process. 

Each processor also contains a cache memory 
for near-zero wait states and minimized bus 
traffic. The two-way set-associative cache con­
sists of 8 kbytes of very high-speed memory and 

Dual-CPU ~------­
processor 

System link 
and interrupt 

controller 
(SLIC) bus 

boards ,....._ _ __, 

8-slot multibus 

stores recently accessed instructions and data. 
In this way, subsequent requests for the same 
data are satisfied from the cache, rather than 
main memory, to conserve bus and memory 
bandwidth. The cache takes in 8 bytes, a trade 
between hit rate and bus traffic that affords an 
effective hit rate of 95 %. 

Cache takes brains 

Designing a cache for a processor pool archi­
tecture is difficult for several reasons. Since 
data in each cache represents a copy of some 
data in the primary memory, it is important 
that all copies and the original remain the 
same, even when a cache is updated. To ensure 
that, the new computer employs a write-

Ethernet 

Small Computer 
System Interface 

(SCSI) bus 

50-Mbyte 
disk drive 

1. An extensible multiprocessor computer, the Unix-based Balance 8000 centers on a 
high-speed 26.7-Mbyte/s bus. Plugged into the bus are one to six dual-NS32032 
processor boards, at least one memory controller, and at least one 110 controller. 
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Getting everyone into the pool 

The concept of multiprocessing 
embraces a full spectrum of struc­
tures that range from loosely to 
tightly coupled (see the figure). 

Multicomputers, or specialized­
function multiprocessors, encom­
pass I/O controllers or data­
acquisition subsystems whose 
processor boards often include 
special-purpose hardware. But 
the term "multiprocessor" may 
more classically be applied to 
general-purpose systems consist­
ing of two or more processors of 
equal capability. This definition, 
however, covers at least three 
different structures: coordinated 
job scheduling, master and slave 
scheduling, and homogeneous 
scheduling. 

In coordinated job scheduling, 
a loosely coupled approach, each 
processor is relatively autono­
mous. Each has its own interrupt 
system and storage. Each pro­
cessor also has its own copy of the 
operating system and receives its 
job load from a centralized sched­
uling-policy manager. Once as­
signed, a job stays with the same 
processor until it ends. 

One advantage of this approach 
is that there is relatively little 
coupling among the processors, 
simplifying the design. But there 
are significant disadvantages to 
this approach, too. First, the pro­
cessing load is balanced only at 
the beginning of a job, when a 
user logs on, making the balance 
relatively inflexible. For this rea­
son, it is not unusual for several 
users to experience poor response 
even when a processor within the 
group sits idle. 

Other short-term resource im­
balances are also possible, such as 
a memory shortage occurring in 
one processor while a neighboring 
processor has memory to spare. 
Also, it is not possible to employ 
processors concurrently to speed 
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up a single application, as is often 
needed for technical tasks. 

In a master and slave schedul­
ing, a tightly coupled approach, 
all memory is accessible to all 
processors, but one processor is 
distinguished (usually by the 
software) as a master while all 
the others are slaves. The master 
maintains all of the system struc­
tures and schedules the work of 
all the slaves. Slaves, however, 
are limited to executing only user 
code while the master handles 
both user and supervisory code. 

In a dual-processor, master­
slave, Unix-based implementa­
tion at Purdue University, for ex­
ample, the slave inspects a run 
queue to get the next process but 
can take only those marked as be­
ing user-mode code. Even then, if 
a process running on a slave 
makes a system call, the slave 
stops the process, marks it for 
supervisor mode service, and re­
inserts it on the run queue. 

Master and slave systems, like 
the previous approach, are relati­
vely easy to implement, and they 
do have the potential for handling 
parallel-programmed applica­
tions . But under heavy system 
loads, the master becomes a ma­
jor bottleneck, and this limits the 
number of processors the system 
can have. 

In the third case, a general 
multiprocessor system with a 
homogeneous architecture, all re­
sources (memory, I/O devices, the 
interrupt system, and so on) are 
accessible to all processors. Re­
sources are dynamically assigned 
to processes and not hard-wired 
rigidly to a processor. In this form 

Tight coupling 

A 

of tightly coupled multiprocess­
ing, a process scheduler assigns 
processors from a pool, earning it 
the name of processor pool archi­
tecture. Also, if the number of 
processors may be changed at 
need, it then is known as a scala­
ble processor pool architecture. 

The principal drawback of this 
approach is the difficulty of im­
plementing it. The operating sys­
tem must be carefully designed to 
ensure that mutual access is prop­
erly synchronized and, where nec­
essary, excluded. In addition, the 
hardware must be carefully bal­
anced to minimize performance­
degrading contention. 

The advantages, however, are 
notable. Since the system is fully 
symmetric, no single processor 
can limit the performance of the 
overall system. Instead, the pool 
of processors works as a team 
under all conditions to maximize 
the system's performance. 
Also, the multiprocessing nature 
of the system is invisible to the 
user, while its shared resources 
and tightly coupled nature pro­
mote parallel programmed appli­
cations, which can be accelerated 
by adding more processors. 

Of course, there are other, more 
exotic multiprocessor architec­
tures, like data-flow machines, 
transputers, and inference ma­
chines, which promise massive 
parallel processing power in di­
rect proportion to the number of 
processors used. While of great 
academic interest, though, these 
machines suffer from revolu­
tionary architectures that are 
incompatible with existing von 
Neumann- based software. 

Loose coupling 

~J,.~·J 
Parallel Serial -'.'> 

CoorJinated I I Point-t~-point 
v 

1---architecture job computer 
Master- Multi- Local-area networks 

slave computers networks 
of computers 



through mechanism, in which each write cycle 
goes through to the bus and memory, in addi­
tion to updating the appropriate cache. 

In this way, the write-through mechanism 
keeps the primary memory up to date with the 
caches on each processor. But what keeps the 
individual caches consistent among them­
selves? If two processors have both recently 
read the same data into their respective caches, 
and one of them updates its cache, what will 
keep the second processor from using its now 
stale data? 

The answer is found in each cache's bus­
watching logic (Fig. 3). This logic continuously 
monitors all write cycles on the bus and com­
pares addresses with those in its own cache to 
see if any writes affect its own contents. When 
such an address appears, the cache invalidates 
the entry in question. 

Also, although write cycles typically make up 
only 10% to 15% of the processor cycles, a pro-

Memory 
management 

unit 

Processor 1 Cache 

Write 
Floating-point buffer 

unit 

System link Memory 
management 

and interrupt unit controller 

Processor 2 Cache 

Write 
Floating-point buffer 

unit 

cessor could still waste precious time waiting 
for the completion of a write cycle. To avoid 
needless waiting, a write buffer relieves the 
processor of the write operation's address and 
data, letting it proceed while the buffer waits 
for the memory cycle to complete. 

A SLIC chip 

The last component of the processor sub­
system is a custom IC, the System Link and In­
terrupt Controller, or SLIC. A SLIC appears 
with every processor in the system, as well as on 
every memory controller, I/O channel, and bus 
controller board. Communication between 
SLICs is accomplished with a simple command­
response packet carried over a dedicated bus. 

The controller serves several functions. 
First, it is the key element of the system's glob­
al interrupt system. Device interrupts are 
broadcast over the controller's bus as a packet. 
When that happens, the chips arbitrate among 

Bus 
interface 

2. Each processor in the pool is a subsystem containing three VLSI 
components: a 32-bit CPU, a hardware floating-point accelerator, and 
a paged virtual memory management unit. 
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themselves on the basis of the priority of the 
processes running on their companion pro­
cessors. The SLIC whose processor is executing 
the lowest-priority job at the time transforms 
the packet into an interrupt for its processor. 
With this mechanism, neither device interrupt 
signals nor device drivers are bound to particu­
lar processors, and only the lowest-priority 
processes are ever interrupted. 

Cache of semaphores 

A second function of the con troll er is to man­
age a cache of single-bit unit-semaphores. Such 
semaphores exclude access to a processor; in 
fact, all high-level exclusion and synchroniza­
tion facilities involving the operating system 
are based on this function. Moreover, since 
each processor's SLIC is on the local bus, access 
to the chip does not incur any system bus cycles. 
As a result, spin-locks, which repeatedly re­
quest access from a SLIC semaphore, never 
waste bus or memory cycles. 

Finally, the controller serves as a conven-

ient communication path among modules. For 
example, system diagnostics and debugging 
routines take modules on and off line using the 
SLIC bus, which carries error management in­
formation. Also, the controllers note the power­
up codes of modules and record their presence 
in an auto-configuration table accessed by the 
operating system. As a result, when the user 
plugs in a new circuit board, the system auto­
matically reconfigures itself to include the new 
board without switches, wire-wrap stakes, or 
Jumpers. 

The circuit combines the functions of a serial 
receiver, a contention resolver, a transmitter, 
an interrupt controller, a semaphore cache, 
parallel I/O ports, and a processor interface 
(Fig. 4). It is implemented using a 3-µm CMOS 
process with gate-array technology and comes 
in a pin-grid array. The SLIC bus is a two-wire, 
bit-serial wired-OR bus that facilitates the dis­
tributed self-arbitrating access mechanism. 
When the bus is idle and a controller has a mes­
sage to send, the chip simply sends the message 

Block marked 
invalid 

Main memory 

Block 
updated 

3. Bus-watching logic makes sure that a processor does not read stale data from its 
own cache. The logic continuously monitors the system bus, checking the 
addresses that appear during write cycles to see if any data associated with its 
own cache has been updated elsewhere. If it has, the write-through operation marks 
the stale data as invalid while also updating main memory. 
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over the bus. If it collides with another mes­
sage, the lowest-priority one backs off to try 
again later. 

A bus's burden 

Obviously, the system bus for a scalable pro­
cessor pool architecture machine is a critical 
element. It must provide software-transparent, 
symmetrical access between all processors and 
the system resources, including I/O subsys­
tems of widely varying access times. And it 
must do so with careful regard to the high band­
width required by the 32-bit CPUs. Yet, for the 
sake of economy, it must also have minimal in­
terface complexity. 

The Balance 8000's system bus achieves these 
goals through a combination of techniques. For 
example, a single, global 10-MHz synchronous 
bus that interconnects all processors to all oth­
er resources supplies the required symmetry. 
The bus yields the necessary performance with 
a 32-bit parallel time-multiplexed address and 
data path, as well as a set of control paths. The 

Processor Interface 

System 
link and 
Interrupt 
controller 

1 

SLIC bus 

SLIC clock 

1/0 

Semaphore 
cache 

Start 
bit 

SLIC packet 

Message 
priority Data 

combination of time-multiplexing and Fast 
TTL circuits helps keep the bus interface 
circuitry, including transceivers, to fewer than 
20 ICs. 

A multiple pipeline protocol with multiple 
4- or 8-bit fixed-length packets up to 8 bytes 
long helps to maintain the bus's bandwidth. To 
spare the primary storage pipelines from the 
possible long latency of serving relatively slow 
I/O buses such as Multibus, separate pipelines 
have been assigned to serve reading, writing, 
and I/O requests. 

As a result, the protocol splits responses 
from requests so that the bus is only tied up for 
those cycles needed to transmit the request and 
response information. The storage access itself 
causes no bus delays and instead occurs in par­
allel with the traffic from other requests and 
responses. Moreover, the write response has its 
own dedicated set of wires on the bus and so 
happens "out of band." This frees the main 
32-bit data path for more traffic. 

As an example of the bus's parallelism, sup-

Error 
control 

Proce88or Interface 

System 
link and 
interrupt 
controller 

N 

110 

Semaphore 
cache 

4. A SLIC (System Link and Interrupt Controller) chip accompanies each proce88or, memory controller, 110 
channel, and bus coupler in the system. It provides a global interruption system, manages the cache 
semaphores, and establishes a packet-based communication link among the system's modules. 
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pose that processor P1 sends a 1-byte request 
destined for the Multibus (Fig. 5). It takes only 
one 100-ns cycle to transmit and enqueue the 
request on the Multibus coupler. Next, pro­
cessors P2 and Pa both transmit 8-byte read 
requests to the primary storage in the following 
bus cycles, after which the bus is again free for 
traffic. 

Then, when the 8 bytes of data requested by 
P2 are available, the storage controller takes 
two bus cycles to return those 8 bytes of data to 
P2, followed immediately by the two bus cycles 
needed to return 8 bytes to Pa. The bus is then 
free again until some time later when, depend­
ing on the speed of the addressed Multibus 
device, the Multibus coupler obtains its data 
from the device and uses the bus to respond to 
processor Pi· 

Since the bus traffic is decoupled from the 
main-storage access, the bus can be accessed 

with the most efficiency. This decoupling, along 
with the fact that the memory controllers can · 
be interleaved, results in a sustainable band­
width of 26.7 Mbytes/s out of a theoretical max­
imum of 40 Mbytes/s. 

Resolving problems 

Beyond bandwidth considerations are the 
issues of bus arbitration, congestion, and con­
trol of and recovery from errors. To address 
these problems, the system employs a central 
multi-level arbiter. It has multiple priority lev­
els to serve mechanical mass storage devices 
whose performance would suffer if their data 
transfers were not accepted in real time. 

All processors share a given priority level as 
well, and within that level the arbitration cir­
cuit guarantees fairness. This is important be­
cause it ensures that, even under a very heavy 
load, there is no condition that would deprive a 

Device 

SB 8000 system bus 

P, request P, request P3 request Bus free P2 response 1 P2 response 2 P3 response 1 P3 response 2 Bus free 

Bus activity tlmellne 

Primary storage 
acC888 time 

Multibus device access time 

5. One technique tor achieving the bus's 26.7-Mbyte/s transfer rate is to release the bus after a memory 
request without waiting tor a response, so that the bus is occupied only tor the cycles needed to transmit 
requests and response information. Requests and responses are queued until the bus is tree. 
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given processor of bus access. This in turn pre­
vents deadlocks or intolerable degradation in 
performance. 

A related issue for split-response protocol is 
that of managing congestion and controlling 
the flow of queue requests. Instantaneous 
heavy loads on the bus can fill up the request 
queues of the responders. In some systems, the 
flow control mechanism uses a negative 
acknowledge (NAK) response to keep those 
queues from overflowing. However, such a sys­
tem can degrade from excessive request and 
NAK cycles. In the Balance 8000, however, each 
requester stores status information about each 
relevant queue. Requests are not propagated 
onto the system bus unless they are guaranteed 
a slot in the address queue. Therefore, even 
under heavy' loads, each and every bus cycle is 
used productively. 

Controlling and recovering from errors is 

always a difficult issue, but even more so in a 
multiprocessor system where there are many 
contenders for the bus and a high degree of con­
currency. The system's bus checks for parity 
and uses other error-checking schemes. When­
ever a serious error occurs, the hardware re­
cords the identity of each party involved and 
then freezes the bus so that the error does not 
create further trouble. Next, a diagnostic pro­
cessor takes control and, through the link and 
interrupt controller chips, investigates the 
problem. Typically, recovery software will re­
set the computer, run selected confidence tests, 
disable the faulty module, and reboot the 
system on the remaining hardware. 

Memory matters 

In a scalable processor pool architecture, the 
single global memory is the center of the uni­
verse. It stores all resident code and data and 

SB-8000 system bus 
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6. A pipelined packet bus and 8-byte transfers help maintain the high bandwidth needed by the 
global memory in the multiprocessor system. Requests arrive from the bus interface and are 
stored in the request queue, while responses queue up and await access to the bus. At the 
same time, the controller cycles the 64-bit-wide arrays to access data and check errors. 
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must satisfy all requests that are not met by the 
local caches. Therefore, a high bandwidth for 
the memory is critical. 

To do its job, the central memory uses a pipe­
lined operation and a memory controller, which 
together sustain a data transfer rate of 8 bytes 
every 300 ns (Fig. 6). Memory requests arrive 
from the bus interface and are stored in the 
request queue. At the same time, the controller 
can cycle the 64-bit arrays to access the data 
and generate and check error-correction codes. 
Also in parallel is the response queue which re­
turns responses to previous requests. 

In addition, the SLIC circuit on the memory 
controller card is used to report any error infor­
mation and identify a memory module and its 
configuration to the auto-configuration soft­
ware. It also allows that software to set attri­
butes on a memory controller card, like a base 
address and the number of controllers to be in­
terleaved. 

110 reaches out 

Although technical applications often re­
quire sheer computational intensity, it is still 
important to have a balanced I/O capability. 
This is the job of the computer's I/O channel 
processor card (Fig. 7). Each channel card in­
cludes a 32016 whose instruction set is compati­
ble with the 32032 CPU and which interprets 
channel commands and drives the on-board 
I/O adapters. Also, the processor on the first 
channel board serves as a diagnostic processor, 
taking advantage of the card's fully self-con­
tained environment. The processor operates 
normally even in the event of hard errors in 
such vital portions of the system as the bus, 
memory, or processor pool. 

Among the I/O adapters are an IEEE 
802.3-compatible Ethernet interface and a 
Small Computer Systems Interface (SCSI) 
mass storage bus. This emphasis on industry 
standard interfaces makes it easy for the OEM 
to mix and match from among the growing set 
of compatible mass storage devices. The sys­
tem's software device driver also benefits, ac­
commodating a wide range of disks without 
modifications. 

In order to peak the I/O's throughput, the 
system employs individual FIFO "surge" buff­
ers and direct memory access controllers that 

162 Electronic Deaign • September 6. 1984 

are designed for 8-byte transfers. Using surge 
buffers instead of a conventional RAM to buff­
er bursts of data from an I/O device minimizes 
the delay between the data's arrival and its up­
dating of the main memory. 

The I/O channel processor board is designed 
to sustain both (Ethernet and SCSI) adapters 
at once. Its high transfer rate and ability to 
gather scattered data into consecutive memory 
locations make it an excellent match for the 
large disk transfers used in Unix 4.2 BSD's fast 
file system. Since the system supports up to 
four such I/O channel boards, the designer has 
the capability to balance the I/O bandwidth to 
match the computational bandwidth for a given 
application. 

The computer system's IEEE-796 (Multibus) 
bus conveniently obliges an OEM who wants to 
add custom hardware or put in one of the many 
Multibus-compatible, special-purpose I/O 
adapters. Up to four such buses can be con­
nected. Moreover, data can move directly be­
tween the system bus and the Multibus and the 
bus coupler maps addresses and connects pro­
tocols. 

Unix for everyone 

As mentioned earlier, the computer's oper­
ating system is based on Unix 4.2 BSD. This 
version is a standard in the area of technical 
processing and offers several advantages over 
other Unix derivatives. The fast file system, for 
example, vastly improves the I/O throughput 
with clever data placement algorithms and by 
transferring large blocks of contiguous data. 
These file-management improvements count 
for even more in a multiprocessor system. Also, 
the virtual memory and demand-paging fea­
tures of Unix allow several large programs to 
run concurrently and reduce the overhead in 
starting a new process. 

In addition, the 4.2 BSD version takes advan­
tage of the proven DARPA (Defense Advanced 
Research Projects Agency) standard TCP/ IP 
(Transmission Control Protocol/Internet Pro­
tocol) to facilitate integrated and heterogen­
eous network services. Some examples are 
remotely transferring files, logging on, or exe­
cuting commands. 

Much of the power and elegance of Unix is in 
its concise syntactical notation and support for 



" People developing software for the TMS 320 ... 

should not be without this book and the accompanying software"** 

consists of a 500 page, tutorially-orientated text and programming/users' manual; more than 50 
tested FORTRAN, MACR0-11, and TMS 320 programs in machine readable DEC or MS/PC-DOS 
source floppy format; and a powerful TMS 320 cross assembler. Of course, all TMS 320 cross 
assemblers can assemble TMS 320 code! But, only DSPS-Macro, because it runs under MACR0-11 
or Microsoft Macro, allows the user to invoke the powerful repeat [.REPT], concatenation['], and 
numeric conversion [\] operators for user macros. The following examples vividly demonstrate what 
these capabilities buy you in terms of ease of generation of time-efficient '320 code such as 
DSPS' FFT's, with 64/128/256 complex point transforms executing in 0.53/2.4/6.1 msec. 

128'th Order Fl R Filter: Only two short macros and a 5-line repeat sequence 
generate the complete nucleus of a 123' th order, 400 nsec-per-tap, finite 
impulse response filter, assuming that a file containingCOEF l ,cl ; COEF 2,c2; 
.. COEF 128,cl 28 (where the e's are scaled, 13-bit integers) has been 

generated by any high level language filter design package, such as those in 
the IEEE Programs for DSP book: 

.MACRO COEF l,J 
CF'I - j 
.ENDM 

What could be simpler? 

.MACRO TAPGEN I 
LTD •-
MPYK CF' I 
. ENDM 

I - 128. 
.REPT 128. 
TAPGEN \I 
I - 1-1 
.ENDR 

Variable Shift of a 32-bit Integer, plus Exponent Adjustment: In Tl 's F/oating­
Point Arithmetic DSP Application Report, the 30 required subroutines occupy 
about 10 pages of code (over 400 source lines) vs. only 1 page of code (about 
50 lines) required for DSPS-Macro. Although both programs assemble into the 
same amount of object code, the compact DSPS approach is easier to write, 
debug, and maintain, and results in a much smaller and thus more readable 
source program. 

lO'th Order l.eroux-Gueguen LPC Matrix Inversion (included in our package): 
The lack of indexed data addressing on the TMS 320 makes our autogen techni­
que both attractive and realistic for programming " non-array-like", looped 
algorithms involving indexed data access. In the L-G program, about 60 lines 
of clear, readable, " looped " code - which reflect the 
structure of the origi nal FORTRAN prototype program - generate about 600 
lines of TMS 320 in-line code which execute in 300 usec (including 10 calls 
to divide): nearly 3x fasterthan a leading $50,000floating-point array processor. 
The alternative, a " looped-at-run-time" version, would execute more than 
twice as slowly. And, writing a correct in-line version manually would be very 
difficult indeed, and totally inappropriate in view of the power of DSPS-Macro . 
Similarly, in our 535 usec 64 complex-point FFT (DSPS-2) , about 150 source 
statements - which again echo the structure of the FORTRAN prototype -
expand into 2900 lines of object code, with all control , addressing, and trig 
coefficients absorbed into the code at assembly time. 

And, DSPS-Macro allows use of other powerful features such as conditional 
assembly, macro nesting, and macro calls within macro definitions (i ncluding 
recursion). Finally, while we guarantee that DSPS-Macro assembles TMS 320 
code correctly, DEC and Microsoft guarantee the long-term support, stability 
and availability of the MACR0-11 and Microsoft Macro " supervisors". 

BOOK CONTENTS/REVIEW 

• Digital Signal Processing Algorithms & General Purpose Computers • 
PDP.11 & Macro-11 Assembler• Structures For Control, Data Access & Data 
Manipulation • Compilers, Computers, & High-Level DSP Software 
•Systematic DSP Programming & DSP Systems Programming• TMS 320 DSP 
Microchip : Architecture: instruction set; address modes; page, pointer, and data 
manipulation. Arithmetic sequence programming: data and coefficient scaling; 
addressing and instruction ordering strategies; utilities. Modular programming: 
subroutines and argument passing, case branch, threaded code, interrupt 
service routines, memory overlays. Input/output. Data and coefficient scaling 
techniques. Time/space tradeoffs via autogen. DSP case studies: ND, DIA, ulaw 
mapping, windowing, FFT butterfly, convolution, biquad filter, modems, square 
root, software sine & divide. LPC: limited-memory, 32-bit autocorrelation 
(3 msec for 200 point, 10 lag); L-G matrix inversion (300 usec for lO' th order); 
lattice speech synthesis (20 usec/poi nt, lO' th order) ; pitch detection . 
Comparative performance: Tl vs. Fujitsu vs. J-11. Software development systems: 

Software emulators. MACR0-11 and MS-DOS cross assemblers; Tl EVM 
board/host communication. Next generation TMS 320. A Tale of Two 
Architectures : PDP-11 vs TMS 320 •The Future: New Technologies• 

The reviews are now in on our DSPS-3 package; in the Jan/Feb 1984 issue of 
Speech Technology, Dr. E. Randolph Cole at the Information Sciences 
Institute, U. of 5. California, states: " People developing software for the 
TMS 320 ... shou ld not be without this book and the accompanying 
software",*" " the software is a bargain for those who can use it", " the techni­
ques of real-time software writing are the strength of the book", and "we're talk­
ing about powerful real-time software here", and "this is the clearest, most con­
cise tutorial on the TMS 320 I have seen anywhere". We appreciate Dr. Cole's 
rem arks, and we know that the hundreds of copies of the DSPS-3 book and 
software now in the field have easily saved their owners the purchase price in 
the first week or two of software development on the Tl TMS 320. 

Complete package (DSPS-3), only US$299. Includes 500 page 
book and floppy with cross assembler, EVM/XDS loader, and 
50 source programs (e.g., TMS 320 windowing, 111(, FIR kernels; 
LPC autocorrelation, L-G matrix inversion, & lattice synthesis). 
Send cheque or PO specifying PDP-11/V AX-11 or MS/PC-DOS 
version. SPECIAL: DSPS-2, the 64/128/256 point FFT software 
is now only US$199 if ordered with DSPS-3. Discount on DSPS 
text available for universities offering TMS 320-based courses. 
Phone (613) 825-5476 for details. 
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multiprogramming. Unix encourages the pro­
grammer to construct applications by piecing 
together collections of smaller programs; these 
are interconnected by a simple inter-process 
communications (IPC) facility: the pipe. A pipe 
connects the output of one program to the input 
of a second, whose output goes to the input of a 
third program, and so on. 

The IPC facilities of Unix 4.2 BSD extend to 
include a so-called socket-based message­
passing mechanism. Rather than doing every­
thing in a large monolithic program, this philo­
sophy advocates smaller, simpler, and easily 
reused programs all communicating through 
the IPC facilities. 

Unix also encourages multiprogramming 

Ethernet 
interface 

System link 
and interrupt 

controller 

I Surge 32016 buffer processor 

at the human level. With the simple shell 
command-language syntax, a user can invoke 
one or more processes and have them run in the 
background simply by terminating the com­
mand with an ampersand(&). Alternatively, 
the user can invoke several communicating 
process simultaneously by using the pipe syn­
tax "1/2." 

Done with mirrors 

On a single-processor computer, apparent 
concurrency is not real, since the processes are 
multiplexed (time-sliced) through a single pro­
cessor. However, on a multiprocessor system 
with a processor pool architecture, the pool of 
symmetrical processors will execute the pro-

Disk drive 

SCSI 
interface 

Dual 
UART 

Tape drive 

I Surge 
buffer 

Printer 

RAM ROM 

Channel and diagnostic 

OMA processor 
OMA 

controller controller 

sue bus 

Bus interface 

System bus 

7. Each 1/0 channel card contains a 32016 processor that interprets channel commands and 
drives the on-board 1/0 adapters. The processor on the first channel board also serves as a 
diagnostician; it can operate normally even if hard failures befall the system bus memory or 
processor pool. 
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160W SGS switching regulator proven 
in millions of power supplies. 

Immediate availability, world 
standard packaging and excep­
tional power make L296 device 
No. 1 design-in choice. 

The reason why more design engineers 
are specifying the L296 step-down switch­
ing regulator can be summed up in two 
words: power and efficiency. 

The 160W linear device employs pulse 
width modulation techniques to deliver 
regulated voltages from 5.lV to 40V. 

L296 BLOCK DIAGRAM 

(Compare this to 30V max. output for 
competitive types.) 

The L296 provides high efficiency (up 
to 90%) at switching frequencies of up to 
lOOkHz. This means lower dissipation, 
a smaller heatsink and, consequently, a 
smaller, less expensive power supply. 

In fact, all necessary circuitry to build 
a complete switchmode power supply is 
housed in the I C's cost-saving plastic 
Multiwatt'" package. 

In addition, the L296 includes more con­
trol/protection functions, while requiring 
fewer external circuits. For example, only 
one capacitor and one resistor are needed 
for the device's reset circuit to provide a 
signal to the microprocessor. Plus, with 
most other switching regulators, an exter­
nal current limiter must be added; this func· 
tion is standard in the L296. Soft-start, 
internal precision reference and overload 
output protection are also part of the high 
performance L296 package. 

'lb date, millions of L296 switching regula­
tors are on the job in a host of products 

A TYPICAL SYSTEM PERFORMANCE 

Characteristic Rating 

Input Voltage Vi = 7.5 to 50V 

Line Regulation vi = lOV to 40V lo = 2A 60dB 

Load Regulation vi = 20V lo = 0.3A to 4A 60dB 

Ripple Rejection f = 120Hz 60dB 

and its proven track record. In short, the 
L296 is simply the logical choice for en­
gineers who can't afford to gamble on their 
power supply design. 

L296 evaluation kit now 
available from SGS. 
The kit, which is available for immediate 
shipment, includes an L296, PC board and 
layout information as well as detailed 
application notes. 'lb order, send a $10 
check to SGS Semiconductor Corporation, 
Product Marketing, 1000 E. Bell Road, 
Phoenix, AZ 85022. Or call 602/867-6262. 

including monitors, printers, personal com- Mul tiwatt is a registered trademark of 

puters and typewriters. The SGS device is SGS Semiconductor Corporat ion. 

in demand because of its exceptional power Created ll'f Martz & Associates 

CIRCLE 83 See us at Midcon/84, Booth #1607-1609. 



DESIGN ENTRY 

Cover story: Multiprocessor computer 

cesses in true concurrency, resulting in a multi­
plicative improvement in throughput. 

This architecture, then, combines the ben­
efits of Unix's existing application set with the 
scalable power of multiple processors. Simply 
adding or deleting processors changes the level 
of performance without a single software 
change. 

Some changes needed 

However, although the Unix philosophy is 
based on multiprogramming, the standard 
implementation is still based on a single-pro­
cessor architecture. By implication, that would 
limit the operating system functions to one pro­
cess at a time. In contrast, a processor pool ar­
chitecture often accommodates several simul­
taneous processes executing within the kernel 
on several processors. For this the kernel needs 
to be fully sharable by multiple, concurrently 
executing processors. 

The version of Unix ported to the Balance 
8000, called Dynix, required modifications in 
four major areas: mutual exclusion, interrupt 
distribution, virtual memory management, and 
process scheduling. 

On a single-processor system, mutual exclu­
sion of processes from the operating system is 
achieved simply by disabling processor inter­
rupts, therefore guaranteeing that no other 
process will get control until the interrupts are 
enabled. However, this technique is not enough 
to guarantee mutual exclusion for a processor 
pool multiprocessor, since other processors 
~ay be simultaneously executing processes via 
the kernel. The Dynix kernel, therefore, incor­
porates a more robust model of exclusion based 
on three mechanisms: gates, locks, and coun­
ting semaphores. 

Gates and locks 

A gate, the lowest-level mechanism, is imple­
mented in the SLIC circuit and used only for 
routines where time is critical, since there are 
only a limited number of them available. A lock 
is a software version of a simple, non-queueing 
unit semaphore built over the gate mechanism; 
it is used when the requesting process cannot 
afford to "sleep" (lapse until notified) while 
waiting. 

The highest-level exclusion mechanism is the 
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counting semaphore, consisting of a counter 
and a waiting queue. Semaphores completely 
replace the conventional sleep-and-wakeup 
mechanism, providing more structure and 
eliminating unnecessary context switching. 
Semaphores are used by processes to avoid 
waiting for events or to hold the sought re­
source for a long time. 

In a conventional Unix system, a single pro­
cessor receives all device-interrupt signals. 
However, in a processor pool architecture, any 
processor can accept any interrupt signals. The 
resulting decrease in interruption latency is 
another improvement over single-processor 
systems. 

If necessary, however, device drivers can 
avail themselves of the kernel lock and sema­
phore mutual-exclusion mechanisms to protect 
critical data. There is also a mode that emulates 
a single-processor system to simplify the port­
ing of existing monoprocessor drivers to the 
new multiprocessor machine. Moreover, Dynix 
supports configuration at the object-code level, 
so users can add drivers and rebuild the kernel 
without the source code. 

Spreading the work around 

Process scheduling in Dynix is conceptually 
quite similar to that of conventional Unix. 
There is a single, priority-oriented run queue; 
since the system is fully symmetrical, any pro­
cess can execute on any processor, whether in 
supervisory or user mode. As for priorities, the 
basic scheduling philosophy is to always run 
the highest-priority, ready-to-run processes 
first. 

Dynix's global visibility minimizes the num­
ber of context switches that will result from 
system events. It works this way: a periodic in­
terrupt causes the processor accepting it to 
determine if there is a process running that 
should be preempted by a higher-priority one in 
the run queue. Similarly, when one currently 
executing program initiates a second process, 
the processor checks to see if it should preempt 
any other program running on any of the other 
processors. If so, the processor may use its 
SLIC's software to nudge whichever other pro­
cessor is running the lowest-priority task into 
rescheduling it and taking on the new job. 

Obviously, Dynix contributes to the pro-
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cessor pool architecture's ability to balance 
loads dynamically. As already mentioned, this 
is a function of the fact that all processors are 
identical and all code and data are equally ac­
cessible to all processors. There is no rigid bind­
ing of processes to processors, and there are no 
restrictions limiting the ability of processes to 
execute on any of the processors. In short, any 
process in an executable state can run on any 
processor. 

To get down to specifics, the Dynix scheduler 
continuously monitors the set of ready-to-run 
processes and dynamically schedules the 
highest-priority ones so that each processor is 
always working on the most important job as 
long as there is work to be done. 

Many applications 

A computer of this kind opens up new appli­
cation possibilities, the breadth of which is ex­
emplified by two extremes: a multi-user, multi­
purpose network server, and a single-user, 
application-specific workstation. 

At the first extreme, technical OEM applica­
tions require a broad range of distributed and 
centralized computing power, but the over­
riding requirement is that each user have full 
access to all the system's resources. In part, this 
means that a computer's files be fully available 
to dumb terminals, personal computers, and 
workstations alike. 

A network server fits well into this scheme 
because it can manipulate the contents of a data 
base for the workstation, offer files and com­
puting power to the personal computer, and 
provide all but display services to the dumb ter­
minal. Moreover, the computational power re­
quired of the server depends on the size of the 
network. Here the scalable pool idea is a natu­
ral fit. 

The multiple users will undoubtedly generate 
a large number of independent processes that 
will be transparently and dynamically sched­
uled by Dynix to run in order of priority on the 
available set of processors. Therefore, an in­
creased throughput attributed to the two or 
more processors is available without the appli­
cation designer expending any extra effort. 

With this approach, the OEM can create a 
"product line in a box," offering a basic config­
uration that processors can be added to or sub-
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tracted from to meet the particular needs of the 
network. Similarly, the installed base of sys­
tems can be upgraded in the field, without soft­
ware changes, by the simple addition of a pro­
cessor card. 

Workstation potential 

At the other extreme, some individual appli­
cations are so computationally intensive that 
they justify the expense of their own dedicated, 
single-user workstations. Here the OEM needs 
to off er a low-cost starter system and the 
opportunity to add processing power later. In 
addition, the workstation must fit into a net­
work with other, and probably different, com­
puter systems, in order to conveniently share 
data bases. 

One example has an image server as one node, 
a high-resolution film recorder as another, and 
a workstation demanding high-quality graph­
ics. Here again, the pooled processor system is a 
powerful solution. The OEM can configure a 
low-cost starter system with only 2 processors, 
while offering to upgrade it to 12 as needed. And 
the high-performance graphics subsystem is 
easily connected to one of the industry standard 
I/O ports, like the SCSI bus; for the highest 
possible performance, it could go directly on the 
system bus. 

In addition, most computationally intensive 
technical applications have a great deal of in­
herent parallelism that can exploit the power of 
the multiprocessor computer by making simple 
changes to a program originally intended for a 
one-processor computer. The ray-tracing algo­
rithm used to realistically model and shade 
three-dimensional solids is a good example. The 
parallel computational paths are easily separ­
able; a typical algorithm can be so modified in 
less than a man month. In many cases, the algo­
rithm can even be designed to dynamically 
adapt to the number of available processors, 
thereby providing the convenience of self­
configuring software, even at the application 
level.o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 
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Save Parts, 
Board Space, 
Design Time 

DAC708 And DAC709 
Introducing two new 16-bit digital-to-analog converters, 
each complete with reference and latches (and Vout op 
amp for DAC709), all in one package. Bipolar input coding 
is Binary Two's Complement. A CLEAR function resets 
the converters to bipolar zero at the output. They're ready 
to interface directly to any 8-bit bus or will accept a serial 
input. Choose voltage or current output models. 

Fast, Accurate Performance 
Efficient design, precision processing reduces linearity 
error to ±0.003% FSA. Devices are monotonic to 14 bits 
over the specified temp range. 

Unique Two-Chi~ Design -- --- -
We used the best technology for 
each job: fast CMOS for the gate 
array logic latches, thin-film bi­
polar for linear functions. 

BURR-BROWN® 

I• II •I 

Specifications DAC708 DAC709 

Resolution 16 bits 16 bits 

Bus Compatibility 6-bit parallel 6-bit parallel 
or serial or serial 

Linearity error (max, ±0.003% FSR ±0.003% FSR 
over spec temp) 

Monotonicity (min, 14 bits 14 bits 
over spec temp) 

Gain Drift, max: BH ±15ppm/°C ±15ppm/°C 
KH ±25ppm/°C ±25ppm/°C 

Settling to Bµsec, max 6µsec, max 
±0.003% FSR 

Output Range: 
Unipolar 0 to -2mA 0 to +10V 
Bipolar ±1mA ±10V, ± SV 

Package Hermetic 24-pin DIP Hermetic 24-pin DIP 

Price (100s) : BH $54 $54 
KH $44 $44 

For complete details on these two unique new products, 
please contact your nearest Burr-Brown sales office or 
circle the reader service number to receive our product 
data sheet. 

Putting Technology To Work For You 

(205) 882-0316, (206) 455-2611 . (213) 991-8544. (214) 681-5781, (215) 657-5600, (216) 729-3588, (301) 628- 1111 . (301) 251-8990, (303) 663-4440, (305) 365-3283, (305) 395-6108, 
(312) 832-6520, (313) 474-6533, (314) 291-1101, (315) 699-2671 , (315) 853-6438, (316) 942-9840, (317) 636-4153, (319) 373-0152, (404) 447-6992, (408) 559-8600, (412) 487-8777, 
(505) 293-8555, (602) 746-1111 , (607) 785-3191 , (612) 884-8291 , (614) 764-9764, (617) 444-9020, (713) 988-6546, (714) 835-0712, (716) 544-7017, (716) 889-1429, (801) 467-2401 , 

(805) 496-7581, (813) 885-7658, (913) 342-1211, (914) 964-5252, (919) 722-9445, CANADA: (403) 230-1341 , (416) 678-1500, (514) 731-8564, (613) 722-7682 
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High Volume stripping and 
terminating machines. 

Mil Spec 
electrical performance 
in low-cost coax 
connectors. 

Whatever RF connectors you need - BNC, TNC, N, UHF, 
TRIAX or TWINAX-AMP provides you with electrical 
performance equivalent to MIL-C-39012. Yet you'll find 
ours priced lower, perhaps even the lowest in the industry. 

How do we do it? We design in optimum 
performance from the start-with scrupulous attention to 

all RF connector characteristics. We also design out all 
unnecessarily expensive materials and platings. The result 

is connectors that exhibit no signal interference, provide 
standard connector intermating compatibility and give you 

outstanding pcb-to-cable interfaces. 

But the happiest result of this uncompromising approach 
to design is that you end up paying only for what you need in an 

RF connector. Not for what someone else needed. And that's 
what value analyses are all about- ours and yours. 

For more information, call the RF Connector Desk at 
(717) 780-4400. AMP Incorporated, Harrisburg, PA 17105. 

AMP means productivity. 

AMPTWINAX meets 
interface specs of 
MIL-C-3655. Available in 
several connector sizes for 
packaging versatility. 

N Series Dual Crimp 
Connector for frequencies to 
11 GHz. 

BNC Commercial 
Receptacles intermate 
with comparable 
connectors. 

AM P is a trademark of AMP Inc. 



Bipolar is on its way to that big computer 
in the sky. 

And it's all because of Zytrex. 
Our new CMOS process is 

just as fast as anything low 
power Schottky has to offer. 
And we mean anything. 

Our proprietary, double­
metal, two micron 
process gives our ICs 
the drive current of 
LSITTL, as well. 

All our parts are created equivalent. 
Our parts aren't just compatible with LS/ 

TTL. They're equivalent. 

240 Octal Line Driver 
OTHER ZYTREX BIPOLAR 

HCT 74HCT/LS 74LS 74ALS 

SPEED 25ns 10ns(-1) 18ns 10ns 
18ns( - 2) 

IOL(.4V) 6mA 12mA 12mA 12mA 
(.5V) 24mA 24mA 24mA 

Ice 80µA 80µA 50mA 25mA 



Just plug 'em in and go. 
And that goes for our buffers, counters, 

latches, flip-flops. Even our CALs.™ As 
for voltage, the only time we use the 
word pull-up is when we're trying to 
get the competition off the floor. 

So stop kicking a dead 
technology. 

CAL (CMOS Array Logic) is a registered 
trademark of Zytrex Corporation. 

Call 408-733-7703, or write us and 
ask about our new high-speed, double­

metal CMOS. 
It'll make your next design 
come alive. 

lytrex 
H FASTEST CMOS ALM. 

750 East Arques, 
Sunnyvale, CA 94086 
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CMOS Intimacy 
Solid State Scientific and you 

If you're looking for a CMOS supplier you can see eye­
to-eye with, look straight at Solid State Scientific. 
We're the CMOS manufacturer that nurtures special 
relationships. Tu us, CMOS Intimacy means applying 
superior CMOS technology in ways that build long­
term, mutually productive relationships. It means 
responding to your needs in special ways. And nobody 
can do that better than Solid State Scientific. 

CMOS Technology with you in mind 
Tu meet your every CMOS need, we've developed 
CMOS capabilities that are second to none. Our 
operation is specifically designed to give you the 
special service, attention and responsiveness you 
deserve, plus a state-of-the-art VLSI wafer fab and 
testing facility. 

CMOS Memory Muscle 
Our memory line includes RAMs from lK to 16K and 
ROMs from 32K to 256K, with a full line of EPROMs 

coming soon. Last year we delivered more 32K and 
64K CMOS ROMs than any domestic supplier. And 
we're out to do the same with our other 
CMOS memories. 

Standard, Semi-Custom and 
Custom CMOS Logic 

From off-the-shelf to silicon foundry, we do it all in 
CMOS logic. You'll find an HPC™ line of high 
performance CMOS. Full custom VLSI and C.O.T. 
facilities. Hi-rel mil spec CMOS. And a standard 
cell library. 

CMOS ResponsAbility™ 
If you're looking for a very special relationship with a 
CMOS supplier, look no further than Solid State 
Scientific. Tu find out why CMOS is a Solid State of 
mind, call or write Solid State Scientific, 3900 Welsh Rd., 
Willow Grove, PA 19090. 215-657-8400. 
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~ Solid State Scientific 
~~ CMOS ResponsAbility™ 
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Floating-point converter 
uses hardware to get 

a 20-bit dynamic range 

With hardware setting the gain of a programmable-gain 
amplifier, an analog-to-digital converter samples 

full-scale signals from + 20 m V to + 5 V at 320 kHz. 

D
igital signal-processing applications like 
radar and sonar systems of ten demand 
more of analog-to-digital converters 

than those devices can provide unaided. The 
signals not only span a wide dynamic range but 
their conversion may need resolutions of 16 to 
22 bits at throughput rates approaching 1 MHz. 
Preconditioning circuitry, inserted between the 
signal source and the converter, is needed to ad­
just the signal to a converter's limitations with 
respect to aliasing effects, sampling rate, and 
dynamic range. 

Nor do the difficulties end there. Although 
analog filters satisfy aliasing requirements, 
sampling, which is a function of conversion 

Richard Burrier and Ross Mangiapane, 
Raytheon Co. 
Jesse Rhodes, Robert Duris, and Chuck Sabolis, 
Micro Networks 

Richard W Burrier and Ross Mangiapane are both 
principal engineers at the Bedford Laboratories of the 
Missile Systems Division of Raytheon Co. in Bedford, 
Mass. Each has made a significant contribution to the 
advancement of continuous-wave radar technology. 

Chuck Sabolis, Robert Duris and Jesse Rhodes work 
for Micro Networks (a division of Unitrode Corp.) in 
Worcester, Mass. As manager of strategic planning, 
Sabolis is responsible for new product and long-range 
business planning. Duris joined the company in 1976 
and currently manages the Advanced Engineering 
Development group. Jesse is a senior design engineer 
who has been with the company since 1981; his area of 
concentration is high-speed analog design. 

time and dynamic range limitations, is not as 
straightforward. Automatic gain control and 
software autoranging techniques, which have 
been used in the past to build floating-point a-d 
converters, have always compromised either 
sampling rate, or dynamic range, or both. The 
result is usually a loss of information. 

The MN5420 floating-point converter solves 
those problems. It eliminates the need for pre­
conditioning essentially by incorporating com­
ponents like anti-aliasing filters and a pro­
grammable-gain amplifier (PGA) in the same 
module as a high-speed, 12-bit a-d converter 
(Fig. 1). As a result, it achieves an effective 
20-bit dynamic range over 
which it can digitize sig­
nals as small as 10 µ V 
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and as large as ± 5 Vat a 320-kHz conversion 
rate (see "Floating-Point Dynamic Range 
Explained," opposite). 

Two-part output 

Like other floating-point converters, the 
MN5420 produces a two-part output consisting 
of a mantissa and an exponent. The amplifier's 
gain provides the exponent, and conversion at 
that gain provides the mantissa. But whereas 
other such converters use software to control 
the amplifier's gain, this one uses hardware 
(a 4-bit flash converter) to scale itself instanta­
neously to one of nine input-voltage ranges. 

In contrast, a typical software-based scheme 
employs a microprocessor to observe the con­
verter's output and adjust the amplifier's gain, 
ensuring optimal usage of the converter's full­
scale range. It is an iterative process and often 
ties up both converter and processor for several 
conversion cycles. 

r-------1 
+ Vin I I 

Integrate, 1 

- V,n I an~o~~;,,p 1-,1---.--+1 

I amplifier I 
I I .._ _______ .J 

Moreover, the MN5420 is designed to min­
imize spurious noise pickup, hysteresis (memo­
ry of previously encoded signals), gain­
switching errors, and self-generated wideband 
noise. For all gain ranges, it has an absolute 
noise floor of below 50 µ V rms and maintains a 
66-dB signal-to-noise ratio (rms value of the in­
put signal in relation to any spurious signal in 
the noise floor). 

Do it the hardware way 

In addition to timing, control, and logic cir­
cuits, the hardware-controlled floating-point 
converter contains five major blocks-a pair of 
track-and-hold amplifiers, a 4-bit geometric 
flash a-d converter or autoranger, a nine-range 
programmable-gain amplifier, and a fast (l-µs 
conversion time) two-step a-d converter with 
12-bit accuracy-that is, no missing codes at 12 
bits. The first track-and-hold amplifier (called 
an integrate, hold, and dump circuit) acquires 

4 bits 
4-bit 
latch 

.<: 
0 

li! ., 
1ii 16 ;;; 

~ 
:S 

:0 
+ 15 v 
0-­

- 15 v 
0---- I '------.---' 

I 
I 

Track-and­
hold 

amplifier '/?. 

+ 5 v 
0--

~AGND 

°'l,DGND 

I Auto-
1 zero L _________________ J 

CLOCK 0-------------------1 Timing 1-------' 
logic 

OE 

1. The MN5420 floating-point a-d converter achieves a 20-bit dynamic range and a 320-
kHz throughput rate by usinb a flash converter on the front end to set the gain of a pro­
grammable-gain amplifier. 
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the input signal in about 1 µs (Fig. 2). It then 
passes into the hold mode and applies the held 
voltage simultaneously to the flash converter 
and thePGA. 

the other hand, is an absolute-value circuit and 
produces its 4-bit output regardless of signal 
polarity. 

The flash converter quantizes the input 
signal coarsely. Its output word both sets the 
PG A's gain and is latched into the three-stage 
output as the exponent. The PGA amplifies the 
held input signal and the second track-and-hold 
amplifier simultaneously acquires the ampli­
fied signal-the two events taking approxi­
mately 1.3 µs. The second track-and-hold am­
plifier simultaneously subsequently goes into 
the hold mode, and the 12-bit converter com­
pletes its task in approximately 1 µs . The total 
cycle time for a complete conversion is 3.125 µs. 

Integrate, hold, and dump 

What is the rationale for using a seemingly 
new circuit function on the front end of the 
MN5420, rather than a readily available high­
speed hybrid or monolithic track-and-hold am­
plifier? Answer: the integrate, hold, and dump 
amplifier (Fig. 3) enhances the floating-point 
application with several unique features. 

The floating-point converter is designed to 
handle bipolar signals, and the 12-bit a-d con­
verter produces an offset binary output word 
that is converted into a two's-complement word 
for the 12-bit mantissa. The flash converter, on 

In conventional fast amplifiers, frequency 
components outside the band of interest can 
add unwanted in-band information. In one of 
its most important roles, the integrate, hold, 
and dump amplifier filters the input signal 
with a sin XIX function during integration. 
That action, similar to that performed by a 
single-pole, low-pass filter, desensitizes the a-d 
converter to high-frequency input noise and 

Floating dynamic range explained 

The term dynamic range, when 
used to describe a-d converters, 
has a number of definitions. In its 
simplest form, it is the ratio of the 
smallest signal it can detect (the 
value of its least significant bit, or 
LSB) to its full-scale input range, 
or FSR. A typical 12-bit a-d with a 
10-V input range (0) to +10 V or 
± 5 V) has an LSB value of 2.44 
m V, as shown by the equation: 

1 LSB = FSR/2N = 
10 VI 4096 = 2.44 m V 

where FSR = 10 V and N = 12 
bits. Thus its dynamic range (DR) 
in dB is: 

lOV 
DR = 20 log 2.44 m V = 72.4 dB 

However, the MN5420 floating­
point a-d converter has, when 
operating at the highest gain, an 
LSB equal to 9.5 µ V: 

LSB = FSR/Gain/2N = 
10 v /256/ 4096 = 9.5 µ v 

Its dynamic range in decibels ac­
cording to this definition, based 

on a 10-V full-scale input range, is: 

DR = 20 log 9~~ :v = 120 dB 

All a-d converters have inherent 
quantization noise equal to ± 1/2 
LSB. In digital signal-processing 
applications, a more appropriate 
expression of dynamic range may 
be in terms of signal-to-noise 
ratios (SNR). 

For sinusoidal signals v(t) = A 
sin wt, where A is equal to half the 
full scale range (pk-pk) of the con­
verter, the rms value of the signal 
is represented as: 

A _ FSR/2 _ FSR 
V2- V2 -2\/2 

For quantization noise (uncer­
tainty) of± I/2LSB,pk-pkquanti­
zation noise= 1 LSB. Rms quanti­
zation noise is: 

1 LSB _ FSR/2N _ FSR 
Vf2 - Vf2 - 2N Vf2 

If N = the number of bits of reso­
lution, then SNR is: 

SNR = rms sig~al = FSR/2 \/2 
rms noise FSR/2N Vf2 

= 2N V3/2 
SNR (in dB) = 20 log (2N V3/2) 
SNR = 20 (N log 2+ log Vf.5) 

SNR = 20 (0.301 +0.09) 

SNR = (6.02N + 1.8) dB 

Using this equation, the max-
imum signal-to-noise ratio for 
8-to-16-bit converters runs linear­
ly from 49.8 to 97.8 dB. 

Because of the MN5420's float­
ing-point architecture, it merits 
two dynamic range specifications. 
Its "scaled dynamic range" is the 
120 dB defined earlier. Its "instan­
taneous dynamic range" is the 
ratio of its instantaneous LSB to 
its instantaneous input voltage 
range and is effectively the num­
ber of bits (12) in the mantissa a-d 
converter. This instantaneous dy­
namic range (72 dB) "floats" over 
a 48-dB dynamic range, as deter­
mined by the MN5420's PGA gain 
(from Xl to X256). 
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spurious signals that would otherwise be ali­
ased into the signal spectrum by the sampling 
function. As an added feature, the sin XIX 
characteristic provides nulls in the input spec­
trum at frequencies having an integral number 
of cycles over the integrated period. 

In addition, the integrate and dump function 
reduces the converter's sensitivity to high­
frequency FM sidebands and jitter on the ar­
rival of the input encode command. Thus the 
rejection of high-frequency noise on the signal 
input and the rejection of FM noise on the en­
code signal is performed at the very input to the 
a-d converter module. (In fact, the integrate, 
hold, and dump amplifier in the MN5420 pro­
duces less than 100 µ V of rms noise, while the 
MN375 wideband, 12-bit linear track-and-hold 
hybrid yields approximately 320 µ V of rms 

noise, and a widely used fast monolithic device 
produces 190 µ V). 

The dump portion of the cycle completely dis­
charges the hold capacitor, thus ensuring that 
"memory" of a previously held voltage will not 
produce an error. 

Current, not voltage 

In a departure from usual sampling tech­
niques, the integrate, hold, and dump amplifier 
uses a current rather than a voltage to charge 
the hold capacitor, CH. A Howland current 
pump provides a current that is proportional to 
the differential input voltage. Given the 
system's wide dynamic-range requirement, 
this near-ideal, high-compliance current 
source is a necessity. In a conventional voltage­
driven scheme, the input DMOS FETs' (81 and 

0.0 µS 1.0 µS 2.0 µS 3.0 µS 4.0 µS 

I 1 I I I I 1 I I I I 1 I I I 11 I I I I 1 I I I I 1 I I I I 1 I I I 11 I I I I 1 I I I I 1 I 
Clock 

In 
Start conversion 

Integrate, hold, I 
Integrate and dump 

amplifier 

Geometric 
flash a-d Idle 
converter 

Programmable- Auto-zero gain ampllfler 

Second 
track-and-hold Hold 

ampllfler 

Mantissa, 
12-bll a-d Convert 
converter 

Output 
Data valid latch 

(N-2) sample 

Start conversion 

Hold Dump Integrate Hold 

jCOnvertl Idle leonvert I 1d1e 

Acquire Input and settle Allto-zero 

Track Hold Track 

Idle Convert Idle 

Data valid 

Data valid N sample) (N-1) sample 

2. In the conversion of an analog signal, the integrate, hold, and dump amplifier acquires (integrates) the 
signal for 1 µsand holds it for 1.6 µs while the programmable-gain amplifier settles. It then dumps the signal 
on the hold capacitor (to eliminate memory, or hysteresis) while the second track-and-hold amplifier holds 
the signal to the a-d converter constant. The complete cycle takes 3.125 µs. 
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S2) on-resistance is dependent on the input volt­
age and would thus give rise to intolerable er­
rors. Current drive, of course, completely elimi­
nates on-resistance effects. 
. In the circuit (see Fig. 3 again), S1 shunts the 

current source's output to ground when S2 is 
open. That step prevents the Howland circuit's 
op amp from swinging wildly to the rails when 
the current output is interrupted. In the inte­
grate step, S1 and Sa are open, and ~ is closed. 
The input current charges CH for 1 µs. In the 
hold period, S1 closes and S2 opens for about 1.6 
µs. Finally, in the dump operation, Sa closes to 
discharge CH in approximately 500 ns. 

The compensation block minimizes errors 
arising from charge transfer and feedthrough. 
Charge transfer, or hold pedestal, arises be­
cause the transitions of the switches' control 
logic couple to the hold capacitor through S2's 
gate-drain capacitance. The compensation cir­
cuit provides a similar capacitance from the 
logic to the op amp's noninverting terminal; the 
net result is a common-mode signal that cancels 
the pedestal. Feedthrough occurs because the 
input signal couples to the hold capacitor when 
S2 is off; the culprit in this case is the FET's 
source-to-drain capacitance. The compensation 
again provides a like capacitance from the in­
put to a capacitor equal to CH at the non­
inverting terminal. 

Geometric flash converter 

The major contributor to the speed of this 
floating-point machine is its flash converter, 
which sets the PG A's gain. Not a typical flash, 
it operates on a geometric rather than a linear 
basis to maximize speed, minimize the parts 
count, and handle bipolar signals (Fig. 4). 

In a conventional (linear) flash converter, the 
resistor network that generates the reference 
voltage for the comparators consists of a string 
of equal resistors. In contrast, this converter 
uses a pair of R-2R networks, one for each 
signal polarity. 

For example, a linear converter with eight 
comparators would divide the 5-V full-scale 
reference into eight equal increments of 0.625 V 
each; transitions would then take place at 0.625, 
1.250, 1.875, 2.500, 3.750, and 4.375 V. This covers 
a dynamic range of only 8 to 1, or 18 dB. Linear 
techniques would require a flash converter 

with about a million comparators. 
However, by using the geometric technique 

implemented by the R-2R network, a mere 
eight comparators can cover the 120-dB dynam­
ic range. In actuality, 16 comparators are used, 
eight (even-numbered) for positive signals and 
eight for negative signals. The transition volt­
age for each level is shown. 

At first glance, the circuit might appear 
somewhat strange-for example, the ladder 
has only six pick-off points for each polarity as 
opposed to the theoretical eight. Observing the 
positive polarities only, comparators 6 and 10 
obtain their reference inputs from the same 
point as do comparators 8 and 12. Because the 
signal input to comparators 10 and 12 (and 14 
and 16) is four times that applied to the higher­
order comparators (as a result of the 4:1 signal 

Howland current pump 

A B C 
Compensation 

Control logic 

Output 
'to PGA 

and 
flash 

converter 

3. The integrate, hold, and dump amplifier imparts a 
sin X/X characteristic to the analog signal. It uses a 
Howland current pump to eliminate errors caused 
by variations in the on-resistance of the input FET 
switch (52 ). The compensation circuitry minimizes 
pedestal (hold step) and feedthrough errors; the 
"dump" operation erases any memory of a previous 
signal from the hold capacitor. 
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divider circuit), the net result is the same as 
that obtained with a ladder having eight pick­
off points. This circuit reduces the size of the re­
sistor network and eliminates two wire bonds 
and some laser trimming. The situation is sym­
metrical for negative polarities. 

The input to the higher-order comparators is 
divided by four to reduce the maximum differ­
ential input voltage to these ICs. Further, this 

~ R R ..,. 
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step holds the inputs to a level where simple di­
ode clamping can prevent input-circuit de­
gradation caused by large input excursions. To 
this end, the clamping-diode circuit limits all 
comparator input voltages to two or three diode 
drops ( ± 1 to ± 2 V). 

Finally, to avoid exceeding the 12-bit a-d 
converter's range, the actual implementa­
tion of the autoranging flash converter 
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4. An absolute-value, geometric flash-converter sets the gain of the PGA and provides 
the 4-bit exponent portion of the digital output word. It uses just 16 comparators to han­
dle a 48-dB bipolar dynamic range signal. 
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scales the transition points slightly below 
those shown in the schematic. For example, 
instead of the indicated +2.5 V (referred to 
input) for the most-significant~bit (MSB) 
transition, the trip point is actually set at 
+ 2.0 V; the lower-order transitions are 
scaled accordingly. 

Pseudo-PGA 

Once the autoranging flash converter has set 
the optimum gain for the PG A, the amplifier 
does its job of presenting the highest level in­
put possible to the 12-bit a-d converter. How­
ever, this PGA accomplishes that without 
variable gain. Rather, to achieve maximum 
bandwidth (minimum settling time), it uses a 
programmable attenuator followed by a fixed­
gain amplifier pair, A1 and A2 (Fig. 5). Attenu­
ation factors run in binary steps of 1, 2, 4 ... 64, 
128, 256 to match the outputs of the geometric 
flash converter. The inverting amplifier has a 
gain of 128. 

The attenuator-amplifier pair thus yields 
gains of 0.5, 1, 2, 4, 8, 16, 32, 64and128. Gains 
range from 0.5 to 128 instead of 1 to 256 because 

From flash autoranger 
+ 1 I 

Analog Input R + 2 
from Integrate, 2R 

dump, and 
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amplifier 
2R 
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2R 
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R + 16 
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2R 

R + 128 
2R 

R 
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the analog input ranges for the MN5420 is ± 5 
V, while its 12-bit a-d converter input range is 
± 2.5 V, thus contributing a "gain" of two. This 
halved-gain requirement further improves the 
amplifier's offset and settling time. 

Since an LSB is approximately 10 µ V, the am­
plifier is equipped with an autozero circuit, in 
effect making it a chopper-stabilized amplifier. 
This circuit also maintains a constant offset for 
all ranges. Without zeroing, the offset would 
appear to change when the output mantissa 
was divided by the exponent. 

The autozeroing function takes about a third 
of each conversion cycle. The control logic 
closes the associated switches, applying 0 V to 
amplifier A3 and causing the autozero circuit to 
force 0 Vat the output of the second op-amp 
stage, A2· 

Broad bandwidth demands 

The floating-point converter contains three 
more major circuit blocks: the second track­
and-hold amplifier, the 12-bit 1-µs a-d con­
verter, and a 16-bit, three-state output latch. 
The transient and settling times required by 

11.636R' 

l 

Analog output to 
track-and-hold 

amplifier 

\ ______ _ _ ~ ___ c_o_n1_ro_1 1_09-ic __ r-__ J 

5. A programmable attenuator followed by a fixed-gain amplifier provides a settling time 
that does not change over a range of gains from 0.5 to 128. The a-d converter that fol­
lows provides an additional gain of 2. 
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the high-speed flash a-d converter and the PG A 
demand broad bandwidths from these two 
circuits. 

To prevent their internally generated broad­
band noise from reaching the second track-and­
hold amplifier, a filter is inserted before it. This 
amplifier permits the signal to be passed 
through a two-stage, or pipelined, process; the 
signal is first amplitude-scaled and resampled 
and then resampled. During the second portion 

Table 1. Floating-point converter's 
4-bit exponents 

Programmable-gain 
amplifier code Gain Input voltage 

(D12- D1s) 

1 0 0 0 1 2.5 V< IV1,,1< 5 V 
0 1 1 1 2 1.25 V< IV;,,1< 2.5 V 
0 1 1 0 4 0.625 V< IV;,,1< 1.25 V 
0 1 0 1 8 0.3125 V< IV; ,,1 < 0.625 V 
0 1 0 0 16 0.15625 V< IV1,,l< 0.3125 V 
0 0 1 1 32 0.078125V < IV1,,1 < 0.15625 V 
0 0 1 0 64 0.039063 V< IVi,,l < 0.078125 ~ 
0 0 0 1 128 0.019531 V< IV;nl<0 .039063 ~ 
0 0 0 0 256 0 V < IVi,,l< 0.019531 V 

Table 2. Floating-point converter's 
12-bit mantissas 

Output code 
Do -+ D11 

Analog input (MSB - LSB) 

+ F.S .* 0111 1111 1111 
+ F.S . - 1 LSB 0111 1111 11w· · 

+ 112 F.S . + 1 LSB 0100 0000 0000 
+ 112 F.S. 0000 0000 0000 
+ 1/2 F.S. - 1 LSB 0011 1111 1110 

+ 1 LSB 0000 0000 0000 
0.0000 v 0000 0000 0000 
- 1 LSB 1111 1111 1110 

- 1/2 F.S . + 1 LSB 1100 0000 0000 
- 112 F.S . 1000 0000 0000 
- 1/2 F.S. - 1 LSB 1011 1111 1110 

- F.S . + 1 LSB 1000 0000 0000 
- F.S . 1000 0000 0000 

"F.S.-lull scale 
• "fil denotes a transition (digit flickers between 0 and 1). 
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of the next encoding interval, the signal is en­
coded through the 12-bit mantissa-generating 
a-d converter. 

This two-stage pipelined architecture allows 
time for filtering before the second sampling. 
That filtering, in turn, reduces the wideband 
thermal noise generated by the PGA that 
would otherwise be aliased into the second 
sampling amplifier. It also reduces the require­
ments on the timing of the hold command to the 
second amplifier. That traditional "closed­
loop" track-and-hold circuit acquires a 5-V 
signal with ± 0.01 % accuracy in less than 1 µs, 
while the PGA is settling. 

The 12-bit a-d converter is a hybrid circuit 
using a 7-bit flash-converter chip in a subrang­
ing configuration that includes digital error 
correction. Its analog input drives the flash 
converter to determine t he seven MSBs. The 
flash converter's output drives a precision d-a 
converter whose output is subtracted from the 
input signal. The residue is recirculated to the 
flash a-d converter to determine the five LSBs 
of the digital output, leaving the two extra 
MSBs to correct any inaccuracies in the seven 
MSBs of the first conversion. 

Floating coding 

The digital-output coding of the MN5420 
comprises exponent (Table 1) and mantissa 
(Table 2) information. The 4-bit exponent (Di2 
to Dis) indicates the PG A's gain range. The au­
toranger's eight sets of comparators (four for 
each polarity) allow nine gain ranges, from 1 to 
256 . The exponent word (D12 to Di s ) is 
complementary-coded with respect to the PGA 
gain and straight-binary coded at the output as 
an exponent of the mantissa. 1000 indicates a 
gain of one; 0000 denotes a gain of 256. 

The 12-bit mantissa (Do to Du) is the direct 
output of the 12-bit a-d converter; this word is 
two's-complement coded with the MSB in col­
umn D0 and the LSB in column Du. Although 
the MSB indicates the input signal's polarity, a 
true sign-magnitude code, in which the digital 
codes would increase from 0000 0000 0000 to­
ward the ultimate Xlll 11111111 on both sides 
of 0 V, is not used; instead, t he bits increase 
from 0 V to positive full-scale and from nega­
tive full-scale to 0 V. 

The analog input voltages shown (see Table 2 
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again) are the theoretical values of the digital­
output transitions indicated. In an ideal situa­
tion, with the converter continuously oper­
ating, the output bits indicated as "O" will 
change from a 1toa0 (or vice versa) as the input 
voltage passes through the level indicated. If 
the converter is driving a bank of LEDs, those 
voltages will cause the pertinent lamps to 
flicker. 

The coding is perhaps most easily understood 
if the device is viewed as nine 12-bit a-d con­
verters, each with an input-voltage range half 
that of the previous one. For example, with an 
exponent of 1000, the converter has a ± 5-V in-
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Fast 
buffer 

memory 

12-bit 
d·a 

converter 

Minicomputer 

Printer 

6. Combining the floating-point converter with a fast 
buffer memory and a minicomputer produces a 
spectrum analyzer that can handle fast, complex 
signals with a wide dynamic range in real t ime. 
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put range. If the exponent is 0111, however, the 
unit's effective range is ±2.5 V. Note that the 
LSB size is the input range (total span) divided 
by 4096, the total number of codes resolvable by 
a 12-bit converter. 

Employment opportunity 

The floating-point a-d converter finds a ma­
jor application as the front end of a real-time 
spectrum analyzer for analog signals with a 
wide bandwidth and wide dynamic range. In 
this usage, the output of the converter is fed to a 
high-speed buffer memory and then to a high­
performance minicomputer. The computer, us­
ing fast Fourier transforms (FFTs), performs 
feats ranging from detecting continuous wave 
radar signals deeply embedded in noise to inter­
preting the complex waveforms obtained from 
seismic sensors searching for slippery hydro­
carbons. 

The MN5420 floating-point converter be­
comes the heart of a spectrum analyzer (Fig. 6) 
capable of handling complex signals with fre­
quency components to 160 kHz, the Nyquist fre­
quency of the 320-kHz throughput converter. 
The amplitude of these signals can range from 
10 µ V to 10 V pk-pk. Although it handles these 
signals, the analyzer is best demonstrated by 
being fed an ultra pure 5-kHz sine wave. Its am­
plitude is set at various levels over the full 
120-dB dynamic range of the instrument, and a 
number of conversions are made at each level. 

In this application, the converter runs con­
tinuously, initiating conversions on the falling 
edge of each clock pulse and strobing data from 
the previous conversion into the three-state 
output latches on the clock's rising edge. 

At the start of the demonstration program, 
the minicomputer enables the fast buffer 
memory; the memory then acquires a preset 
number of successive samples produced by the 
converter. This sample sequence can range in 
length from 256 to 204816-bit words. 

The data is read from the buffer into the 
minicomputer's memory; the computer applies 
a Hanning windowing function to the sample 
sequence and performs the FFT. The computer 
then analyzes the resulting spectrum to deter­
mine the signal-to-noise ratio, which, when 
measured over the full dynamic range, is a basic 
indication of analyzer performance. The result-



Whose perfect 
marriage just produced 
a fabulous offspring? 
A faster ADC is alive and kicking with the birth of HI-674A 
Now Harris delivers a high-performance ADC with twice 
the speed of first-generation converters. And half the 
noise. 

A complete 12-bit AID converter with reference and 
clock, the HI-67 4A continues the union of exclusive 
dielectric isolation and advanced CMOS processing in 
the same package. 

Plug-in compatible with HI-574A, this new breed of 
ADCs offers 15 µ,s maximum conversion and 150 ns bus 
access times and no missing codes over temperature. 
Current-mode signal transmission between chips 
dramatically reduces noise. 

Using ±12 V or ±15 V power, the new HI-674A is 

available over commercial, industrial and military 
temperature ranges. Screenings to MIL-STD-883 Method 
5004, Class B. 

The HI-674A-a new arrival worth celebrating about. 
For full details, write: Harris Semiconductor Analog 

Products Division, P.O. Box 883, MS 53-035, 
Melbourne, Florida 32902-0883. 
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ing data is sent to a dot-matrix printer. If de­
sired, the system can take as many as 256 spec­
tra in succession and average them. 

The plotted results of 512-point FFT analyses 
at three input signal levels are shown (Fig. 7). 
Each represents the average of four spectra. 
Note that the signal-to-noise ratios represent 
therms noise produced by the converter at va­
rious input levels-that is, the square root of 
the sum of the squares of all frequency bands 
excluding a band around the input signal, the 
spike on the left of each at 5 kHz. The ratio of 

0 dB -

- 20 dB -

- 40 dB -

- 60 d6 - [ 

- eo dB ~ _ 

- 100dB-

- 120dB -

- 140dB -

Ams slgnal: - 58.4 dB (8.5 mV) 

Gain ranges: 1 

Ams noise: - W1.3 dB (61 ,1.1V) 

Slgnal-to-noise ratio : 42 .9 dB 

(•) 160 kHz 

0 dB -

- 20 dB -

- 40 dB -

- 60 dB -

- BO dB _ 

- 100 dB -

- 120dB -

- 140dB -

(bl 

the input signal peak to any particular spurious 
peak is greater than 55 dB in all cases. o 

Acknowledgments 
The authors would like to acknowledge t he contributions to t he 
MN5420 made by section manager Don Miller, of Raytheon Co., 
and of Tom Borski and Joe Wronski , bot h of Micro Networks. 

How useful? 
Immed iate design application 
Within the next year 
Not applicable 

Ams signal: - 32.9 dB (0.16 V) 

Gain ranges: 5 

Ams noise: - 82.9 dB (0.5 mV) 

Signal-to-noise rat!o: 50.0 dB 

0 dB -

- 20 dB -

- 40 dB -

- 100dB -

- 120dB -

- 140 dB -

Circle 

544 
545 
546 

Ams signal: - 6.2 dB (3.46 V) 

Gain ranges: 9 

Ams noise: - 58.5 dB (8.4 mV) 

Signal-tcrnolse ratio : 52 .3 dB 

160 kHz (C) 160 kHz 

7. A spectrum analyzer built from the floating-point converter is tested with an ultrapure, 5-kHz sine wave. 
The input level of the sine wave is set at the maximum input voltage for each of three gain ranges of the 
converter between 1 and 256, and a spectrum analysis is run at each setting. Each analysis is a 512-point FFT 
made with a Hanning windowing function applied to the digital data. The sampling rate is 320 kHz. Regard­
less of the input signal amplitude, the signal-to-noise ratio is more than 66 dB. 
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Circuit-Board-Design 
Without the Tedium 

smARTWORK™ lets the design· 
engineer create and revise 

printed-circuit-board artwork 
on the IBM Personal Computer. 

Forget tape. Forget ruling. 
Forget waiting for a technician, 
draftsman, or the CAD depart­
ment to get to your project. 
smARTWORK™ software turns 
your IBM Personal Computer 
into a professional, high-quality 
drafting tool. It gives you 
complete control over your 
circuit-board artwork - from 
start to finish. 

smARTWORK™ trans­
forms your IBM PC into a CAD system 
for printed-circuit-board artwork. 
Display modes include both sin­
gle-layer black and white and 
dual-layer color. 

What makes smARTWORK™ 
so smart is that it understands 
electrical connections. Con­
ductor spacing is always cor­
rect. lines don't become too 
narrow, and connecting lines 
do not intersect other con­
ductors. smARTWORK™ can 
automatically find and draw 
the shortest route between two 
conductors. Or you can specify 
the route. 

smARTWORK™ is the only low­
cost printed-circuit-board 

artwork editor with all these 
important advantages: 

0 Complete interactive control 
over placement and routing 

0 Quick correction and revision 

0 Production-quality 2X artwork 
from pen-and-ink plotter 

0 Prototype-quality 2X artwork 
from dot-matrix printer 

0 Easy to learn and operate, 
yet capable of sophisticated 
layouts 

O Single-sided and double­
sided printed-circuit boards 
up to 10 x 16 inches 

0 Multicolor or black-and­
white display 

0 32 user selectable color 
combinations; coincident 

points can be displayed 
in contrasting 
colors. 

Twice scale 
hardcopy of your 
artwork is produced using 
the Epson dot-matrix printers or the 
Houston Instrument DMP-41 pen­
and-ink plotter. Quick 1 X check plot 
is also available from Epson printers. 

Dual-layer color display of a 2" by 4" 
section of a 10'' by 16" circuit board 

The Smart Buy 

At $895, smARTWORK™ is an 
exceptional value, particularly 
when compared to conven­
tional engineering workstation 
costs. 

Call or write us for more 
information on smARTWORK""' 
We'll be glad to tell you how 
smARTWORK™ helps us design 
our own circuit boards and 
what it can do for your business. 

Send a purchase order. or 
major credit card number. 
and smARTWORK™ can be 
working for you next week. 

System Requirements 

0 IBM PC or XTwith 192K RAM. 2 disk 
drives and DOS Version 2.0 

O IBM Color/Graphics Adapter with 
RGB color or b&w monitor 

0 Epson MX-80/MX-100 or FX-80/ 
FX-100 dot-matrix printer 

O Houston Instrument DMP-41 
pen-and-ink plotter (optional) 

0 Microsoft Mouse (optional) 

"smARTWORK" and 'Wintek" are trademarks 
of Wintek Corporation. 

WINTEK CORPORATION, 1801 south St., Lafayette, IN 47904-2993, Phone: (317) 742-8428, Telex: 70-9079 (WINTEK CORP UD) 
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3. -
Thfrd in a series of five advertisements 

What We Can Do With Our 
Library And Your Idea 
NCR Standard Cell Design Services 
With our standard cell library and your idea, we can 
design, develop, fabricate and test the semicustom 
solution you need. We can cut your lead time to market . 
We can reduce your development costs. We promise 
security of your design. We can provide you with system 
enhancement and system reliability . We guarantee delivery. 

Committed To The Systems Approach 
The NCR Semicustom approach is a systems approach 
with full commitment to finding appropriate customer 
solutions. Engineers at our local, fully staffed Design 
Centers or at our Fort Collins facility evaluate all designs, 
assess the feasibility of a standard cell solution and 
analyze your logic. They look for the optimum design. 

At the same time; they provide cost estimates you can ~ 
rely on which include all expenditures that relate to the 
cost of your project- all before you commit to it.'"_ .r 

1. Best semicustom approach b; - .,.,,,. 
2. Engineering costs ~; ~ 
3. Prototype lead time ~ 
4. Production lead time __., ,,, ~ 
5. Production cost / 
Flexibility Of Project Contr-01 
And Responsibility 
Anbther key factor in the NCR Semicustom approach is 
flexibility of project control. NCR engineers, will assume 
total control and design responsibility if you want them to. 
However, if you prefer to maintain control over your own 
project, go ahead. You can use your own engineering 
workstation in your own facility or come use ours to do 
your entire design yourself. NCR provides training and 
complete applications support in all of its design centers. 

NCR CAD Support 
We fully support your design on Daisy TM or Mentor 
Graphics TM engineering workstations in completely 
equipped CAD tool Design Centers both inhouse and 
nationwide. Our customers are provided with total CAD 
capability through NCR proprietary timing analysis and 
test generation programs which supplement software 
provided with the engineering workstation . NCR is 
committed to continuing the advancement of CAD tool 
technology. 

The Lead Time Factor 
One of the ways we cut costs is by saving time. With our 
standard cell library, our systems approach and our '* 
commitment to service, we can provide you witfl 
dramatically reduced lead times. ""' 
1. Design and development 
(3000 gate complexity) . . ... . ... . .. .. . . .. 6 to 10 weeks 
2. Mask and prototype fabri~t ion . premium 4 to 6 weeks 

standard 6 to 8 weeks 
3. Prototype Approval and Production 

lead time ... .. . ... .. ................ . 6 to 10 weeks 

Semicustom Service 
The h~art and soul of NCR Semicustom Design is 
service. When you come to NCR, you are assured of a 
successful program and total service from design 
inception to production of your parts. Our repeat 
customers and those who have switched to NCR will 
attest to the completeness of our semicustom service. 

The NCR CMOS II Standard Cell Library 
The NCR CMOS II Standard Cell Library plugged into 
NCR's advanced computer-aided-design (CAD) tools 
provide cost efficiency and high performance. The 
variety of cells including "supercells" allows for optimization 
of your system and silicon area. This means better 
performance and lower cost. Other key features include: 
• 3-micron CMOS Cell Library 
• Core 65CX02 microprocessor "supercell " 
•Optional RAM , ROM, PLA 
• Analog up to 8-bit A/D complexity 
• SV Power supply; directly TIL compatible 
• Advanced CAD System with workstations and 

engineering support 
• Complete selection of packaging options 

CMOS II Digital Cell Library Offerings 
• A broad selection of functions, including but not limited 

to the following: 
- SSI functions-buffers/inverters, NANO/NOR, AND/ 

OR, Combination Logic 
- Flip Flops/latches- S-R flip flops, DFFs, JKFFs 
- MSI functions- Cascadeable multiplexer, shift register, 

up/down counter 
- 1/0 Pads and Buffers- Standard drive, high drive, 

open drain , tri-state 
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/ 
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~ 

CMOS II Analo 
Cell Library 
Offerings 
•Op Amp 
• Comparators 
• Analog Switch 
• Bandgap Voltage 

References 
•Expandable Oscillators 
• 8-bit DAC, 4-bit DAC , 
• 8-bit ND , 6-bit ND 
• Negative Supply 

generation, -5V for a total 
10V swing 

• Bias Generators 
• Logic Level Shifter 
•Power-On Reset-

guaranteed to reset the 
circuit on power-on 

• Sound Generator \.>) 

"2- --Semicustom Quality Ass~c 
Our primary goal is to meet or excee~our - i ~\an 
reliability requirements. Each process'i!hd pr_Qf4:! rs 
extensively characterized and qualified . Standard Cell 
Designers, Computer Aided Design Engineers, _ 
Application Engineers and Quality Assurance Engineers 
all work together toward first pass design success for all 
standard cell customers . 

Give the NCR Semicustom team a chance to prove to you 
that we are commited to your interests. We do what we 
promise and more, everytime, no exceptions. 

Call Today 
For more information on NCR's Semicustom Design 
services, call 

1-303-226-9500, 1-303-223-5100 
or your local sales representative, sales office or 
contracted Design Center. 
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NCR Microelectronics Div. 
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Fort Collins, CO 80525 
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45-4505_NCR MICRO FTCN 
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Microelectronics 
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Microelectronics 

SEMICUSIDM 
PROGRAM 

PRODUCTION-
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DESIGN ENTRY 

Monolithic a-d converter 
interfaces directly with 
most microprocessors 

Accepting and delivering data over an 8- or 16-bit bus, 
a one-chip analog-to-digital converter is accurate 
to 10 bits and handles a conversion in a mere 6 µs. 

A
microprocessor interface is a natural 
partner for an analog-to-digital con­
verter. Until now, however, that part­

nership has never been completely established 
on a single chip, for it demands precise analog 
and compact digital circuits that no combina­
tion of logic structure and IC process has been 
capable of creating. 

A specially designed logic structure and bi­
polar process have overcome that hurdle, yield­
ing a converter that is accurate to 10 bits and 
that operates under the control of either an 8-
or a 16-bit microprocessor. The device also 
formats digitized data for and accepts software 
commands from both. What's more, the chip 
carries out a conversion in only 6 µs. 

Having a complete interface on board the 
converter reduces the parts count in micro­
processor-based systems. Moreover, the 

Stephen Moore and Steve Pietkiewicz 
Precision Monolithics Inc. 
Stephen Moore is a senior product marketing engineer 
at Precision Monolithics in Santa Clara, Calif., and is 
responsible for its bipolar data converters. Before join­
ing the company, he served as an application engineer 
for data conversion products at Siliconix and as a de­
sign engineer for a number of Silicon Valley compa­
nies. He holds a BSEE from the University of Califor­
nia at Berkeley. 
Steve Pietkiewicz, a senior design engineer, has 
worked at the company for three years on bipolar data 
acquisition and linear IC designs. He also holds a 
BSEE from the University of California at Berkeley. 

converter is three times as fast as any other 
monolithic 10-bit device. It thus boosts the 
data-handling rate and the system bandwidth 
in precise real-time operations such as digital 
signal processing applications. 

From a microprocessor's point of view, the 
ADC-910 is designed to resemble a peripheral 
interface adapter, transferring data bidirec­
tionally and under software control. For exam­
ple, the converter's command register, which 
controls the choice of functions, accepts a Start 
of Conversion command directly from a data 
bus through the chip's bidirectional three-state 
buffers. Similarly, the command register 
enables or disables the 
device's Interrupt output 
signal and sets the con-
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verter for either unipolar or bipolar input volt­
ages (Fig. 1). 

The same three-state buffers also send con­
verted data to the microprocessor bus. The in­
formation is either transmitted 10 bits at a time 
or sent in two successive bytes: a high-order 
byte and a low-order byte that includes the 
remaining 2 bits. A status word sent out by the 
converter indicates when a conversion is com­
plete and if the input voltage is out of range (see 
the table, opposite). 

The chip contains all the elements needed for 
a complete a-d converter. It includes a voltage 
reference that is stable to within 25 ppml°C 
(see "Attending to Analog Elements Ensures 
Accuracy," p. 200), a successive-approximation 
register, a 10-bit digital-to-analog converter, a 
high-speed comparator, and a clock. Further, 
unlike its slower CMOS counterparts, the con­
verter is not easily damaged by static dis­
charges. 

In all, through a combination of pin and soft­
ware programming, the converter accepts up to 
four input-voltage ranges. They are 0to10, 0 to 
5, ±5, and ±2.5 V de. 

Finally, so-called zener-zap trimming elimi­
nates the need for laser trimming and ensures 
long-term stability and an integral non­
linearity of no more than 1h LSB over the full 
military temperature range. (The zener­
zapping technique trims by turning on small­
value current sources.) 

In order to integrate the large amount of cir­
cuitry needed in the converter, its designers 
worked with a proprietary logic circuitry, 
known as linear differential logic. LDL, a non­
saturating form of logic similar to emitter­
coupled logic, was chosen largely for its simple 
and compact gate structure, as well as for its 
low power consumption. 

LDL is self-biasing and-with its 150-m V 
logic swing-works well alongside precise ana-
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1. The ADC-910 joins a complete 10-bit analog-to-digital converter with a microprocessor interface that ac­
cepts commands from, and transfers data to, both an 8- and a 16-bit bus. It counts among its elements a 
command register, three-state buffered 1/0 lines, a successive-approximation register, a voltage reference, a 
clock, a 10-bit digital-to-analog converter and a comparator. 
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2. Only two logic chips are needed to connect the converter to an 8-bit micro­
processor development board. The address decoder and the inverter IC fulfill all of 
the converter's addressing requirements. For an 8-bit bus, the converter transfers 
its 10 bits in a low- and high-order format. 

Reading and writing for the 10-bit converter 

Bit position and meaning 

Read/Write Chip Select Elg Ba ~IBaJBs B4 ~ B2 B1 

Interrupt, 1= 
I Bo 

WR = low CS3 = 1ow 1= Unipolar Start Don't care 1= Disable O= Bipolar con- Don't care 
O= Enable version 

CS 1 =low Data High-impedance 

- High-impedance Data CS2 = 1ow 
RD =low 1 = busy 

O= End 1 = over-

CS3 = 1ow of range Don't care High-impedance 
Con- O= within 

version range 

Explanation 

Start 
conversion and 
select operating 

mode 

Read high-
.order byte 

Read low-
order byte 

Read status 
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log circuitry. Its small swing also reduces the 
cha nces of chip-level crosstalk and feed­
through. In addition, an internally generated 
logic supply voltage with a -2.2-mV l°C tem­
perature coefficient keeps the swing (and prop­
agation delay) constant over the military 
range. 

The chip itself is housed in a 28-pin DIP, mea­
sures 222 mils by 132 mils, and is fabricated 
with a 7-µm epitaxial layer bipolar process. The 
circuit contains p-implant resistors in its 
digital portion and silicon-chromium thin-film 
resistors throughout its d-a converter and volt­
age reference sections. 

Transfer by bus 

The converter needs little or no support logic 
to link it to an 8-bit data bus. For instance, the 
SYM-1 development board (from Synertek Inc., 
Santa Clara, Calif.) is based on an 8-bit pro­
cessor and calls for only an address decoder and 
inverter (Fig. 2). Those additional components 

Start 

Select 
mode 

Start 
conversion 

Delay 

Read 
high byte 

Store 
high byte 

Read 
low byte 

Mask out 
unwanted bits 
for low byte 

Store 
low byte 

(•) (b) 

Light 
overrange 
indicator 

decode the address bus to drive the converter's 
Chip Selection inputs. The IC can be timed by 
its own internal clock or can use the system's. 

Since the converter must transfer its 10 bits 
across an 8-bit bus, it sends data in consecutive 
high- and low-order bytes. The low byte, as 
mentioned, contains only two meaningful bits, 
so the other six need to be masked out by log­
ically ANDing the byte with the hexadecimal 
value 03. Therefore, in this configuration, the 
converter's two LSBs, Bo and Bi, are connected 
to bits B3 and B4, respectively. 

The a-d converter opens up at least three 
paths to converting and storing data. They vary 
in complexity and speed and in which of the con­
verter's features are employed. In the first ap­
proach, the software selects the converter's 
mode by placing the proper word on the data 
bus and by asserting the Write Control line, 
WR. Next, two No Operation instructions 
(NO Ps) supply t he delay needed for a con­
version. Finally, the microprocessor scans the 

Mask out unwanted 
bits for low byte 

(c) 

Start 

Read 
high byte 

Store 
high byte 

Read 
low byte 

Mask out 
data 

Store 
low byte 

Select 
mode 

Start 
conversion 

Return from 
interrupt 

3. A designer can take at least three different tacks for converting and storing data. The simplest is to start 
the conversion and delay the data reading operation with No Operation instructions (a). The second takes 
advantage of the chip's End of Conversion and Overrange bits (b), and the third uses the converter's Inter­
rupt output signal to initiate a service routine in the program (c). 
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reads and stores the converter's high- and low­
order bytes (by asserting its Chip Select lines, 
CS1 and CS2, respectively) in separate memory 
locations (Fig. 3a). 

A second approach puts the converter's 
status register to work checking whether a con­
version is complete or an input voltage is out of 
range (Fig. 3b ). To do so, the microprocessor 
first polls the status register, by sending low its 
Chip Select input (CS3 ), until the register's 
Busy bit goes low, which indicates that a con­
version is complete. The microprocessor then 
reads the status register again, this time for its 
Overrange bit. If the input is within range, the 
data is read and stored in memory. 

Excuse my interruption 

In the third scheme, a designer can use the 
converter's Interrupt output signal (INT) to 
drive the microprocessor's Interrupt Request 
line (IRQ). The software first sets the pro­
cessor's interrupt vector and then holds the de-
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vice in a loop, waiting to be interrupted by the 
converter. When an interrupt signal is sent, the 
program goes to an interrupt service routine, 
which reads and stores the data, restarts the 
conversion process, and then reenters the loop 
at the point it exited (Fig. 3c). 

The converter can be dropped into another 
8-bit system, the SDK-85 development kit 
(from Intel Corp., Santa Clara, Calif.), without 
any additional parts. As in the previous exam­
ples, the converter transfers its data in high 
and low bytes and accepts commands over a 
multiplexed address and data bus, using its 
read and write control lines. Here, however, a 
1-of-8 decoder supplied with the kit drives the 
converter's Chip Select inputs. 

For a 16-bit processor like the 68000, the con­
verter's 10 three-state I/O buffers connect to 
the 10 least significant bits of the 16-bit data 
bus (Fig. 4). In this case, an address decoder 
drives the converter's Chip Select lines, as well 
as a two-input open-collector OR gate that 
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°"<, Switch open for 
0- 10-V Input range 
Switch closed for 

10k + 
0- 5-V Input range 

ic-

CapacitancecLK i-------. 

Address 
DTACK bus 

E, 

Address 
decoder e. 

WR v------a - sv 
cs, cs, cs. 

(74LS138) 1-----+-... 

'------J Open-collector 
OR gate 

4. In a 16-bit system, all 10 bits of converted data are placed on the bus at once. An 
address decoder generates the converter's Chip Select inputs and the Data Acknowledge 
signal required by the microprocessor. 
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sends a Data Acknowledge signal (DTACK) 
back to the microprocessor. Finally, the signals 
to control any reads and writes between the 
converter and the processor come directly from 
the processor's Read/Write output (R/W). 

Quick as a wink 

In some applications, DMA is needed to take 
full advantage of the converter's high speed. 
With direct memory access, digitized samples 
are stored in memory without the micropro­
cessor's intervention. Since there is no longer a 
delay caused by the microprocessor's cycle 
time, samples are stored as fast as the con­
verter can produce them. Once the data is 
stored, the program can process it at a later 
time. However, since DMA operations disable 
the microprocessor, the converter must operate 
as a stand-alone unit (Fig. 5). In order for the 
converter to access the data bus without the mi­
croprocessor, each of the converter's Chip Se-

lect lines must be linked together. 
In the circuit, a counter starts the conversion 

process every eight cycles by asserting the 
chip's Write input. When a conversion is fin­
ished, the converter's Interrupt output line goes 
low (active) and resets a set/reset latch. Thatin 
turn holds the chip's Read input active and puts 
all 10 bits of converted data onto the data bus. 
The next Write pulse resets the latch and ini­
tiates the following conversion cycle. 

Once the digitized data is available, it can be 
stored directly in memory. For example, three · 
lk-by-4-bit RAMs linked in parallel will store 
up to 1024 bytes before needing the micr o­
processor's intervention. A 10-bit counter ad­
dresses the RAM and decodes the common Chip 
Select lines, which signals the start of a con­
version. In addition, the memory's Write En­
able input connects directly to the converter 's 
Read input. 

Pull-up or pull-down resistors select the de-

..-----------------------.-<>Read/Write 

n--+-+1 CS, CS2 CS3 

r-+-.iCLK 
A-d converter 

RD 

INT WR Sk 

D-4--------.!CLK 
CLK 

(1 MHz) 

D3 

D. 

WE 10-bit 
address CLK 

lines 
Three 1 k X 4-bit Counter 

RAMs (2114s) (74163) 

CLR C 

Counter 
(74163) 

8 t--1 .......... ---1 
Ai--t-+-< ........ ./ 

select 

Select 
A 

Output 8 
Data 

selector 
(74157) 

5. With OMA, digitized data is stored directly in memory as fast as the converter can 
produce it-without the microprocessor's intervention. However, since the converter 
must run in a stand-alone fashion, it needs four counters: one to develop the necessary 
timing signals and three to guide the RAM through its addresses. 
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Independent test report confirms: 

Clare's Family of Wetted, Dry Reed, 
and Electromechanical Relays 

All Meet FCC 68 Specifications. 

Only with Clare can you select 
from either wetted, dry reed, or 
electromechanical products based 
on your application needs-and 
know you can achieve FCC 68 
specifications in a circuit. 

Clare is the only relay manufac­
turer that continues to offer you 
the exact circuit design flexibility 
your application requires. All of 
our relays-wetted , dry reed, and 

electromechanical-meet FCC 68 
specifications in a circuit. 

It's easy to see that with Clare, 
the best relay is always the one 
that works best in your design 
circuit . .. another way we help 
you and your products compete. 

If you would like to see our high 
scores, or need additional FCC 68 
circuit documentation, please 
write or call for results. 

GENERAL 
INSfRUMENT 

elRCLE 93 

Clare Division 
General Instrument Corporation 
3101 W. Pratt Ave. 
Chicago, IL 60645 
1-312-262-7700 

We Help You Compete® 
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sired operating mode by setting the command 
word to the desired state when the Write signal 
is applied. To enable the Interrupt output, as is 
necessary in this example, and select a unipolar 
input range, the fourth data bit would be tied to 
ground and the third data bit to +5 V de-each 
through a 5-kQ resistor. 

Given the converter's simple microprocessor 
interface, the device can serve as the building 
block for a data acquisition system that is com­
posed of only a handful of I Cs (Fig. 6). In one 
such system, an 8-bit microprocessor selects 
the channels, controls the sample-and-hold 
timing, and converts and stores the data. The 
microprocessor can be used to process the data 
as well, making decisions based on input values 
and controlling actuators in a manufacturing 
or a processing operation. 

Input signals enter the system through a 

Channel 1 

Analog Channel 2 
inputs 

Channel3 

Channel4 

MUX-24 

o. 
2 

Multiplexer 

3 

4 

A, 

De 

Ao 

Preset 
2-bit 
latch 

CLK 

B, Bo 

Rs 

5000pF~ 

-;- 2 

four-channel differential analog multiplexer, 
which selects one of four balanced twisted-pair 
lines connected to such sensing devices as 
pressure transducers, thermocouples, strain 
gauges, or other process-monitoring equip­
ment. 

The multiplexer's differential output drives 
an instrumentation amplifier, which boosts the 
output and strips it of common-mode noise. The 
amplifier's single-ended output, in turn, drives 
a sample-and-hold circuit with a 50-ns aperture 
time. That narrow aperture allows the con­
verter to sample waveforms with slew rates up 
to 200 m VI µs accurately enough to match the 
converter's full 10-bit capacity. 

In sampling a waveform the chip's succes­
sive-approximation algorithm modulates the 
input current at a 1-MHz rate. At this frequen­
cy the output impedance of most op amps is too 

Sampie­
and­
hold 

circuit 

S/ H 

Q 
-;- 2 

Preset 
CLK 

y + 

RD/WR 
OP-27 

Driving 
translator .-----0 

1.Sk ADC-910 

v-

Y4 Y7 t------' 
Address 
decoder 
(74138) 

Address bus 

6. A handful of components can construct a digital data acquisition system around the converter. An analog 
multiplexer selects the input channel, whose signal is amplified and stripped of common-mode noise by an 
instrumentation amplifier. Next, a sample-and-hold circuit samples the signal, which is then buffered and fed 
to the converter. 
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HOWm KEEPFROM LOSING 
YOUR INTELLIGENCE. 

Here's a chilling thought: 
What if all the computer­

stored intelligence you're 
responsible for suddenly 
disappeared? 

It could happen with a 
severe drop in temperature. 

Which is why Singer's 
Librascope Division designed 
their new battlefield 0 
equipment with the most reli­
able bubble memory sub­
system available. 

Intel's BPK-70-5. 
The only bubble that won't 

leave you out in the cold. 
Because it's already 
converted to the 
lowest cold thresh­
old in the indus­
try. And already 
fortified to take 
the blistering heat 
of battle. 

only bubble that comes was tested and 
with a full array of the approved 
most sophisticated, wide for use 
temperature range in their 
VLSI support Communica-
chips. So it's tions Terminal AN/ 
much easier UGC-137. 
to design into Which brings 
custom con- us to another cold 
ft . 256K byte of Intel bubble memory C. I l igurauons. fits mto eacb compact, "'1110/ltlble cassette iact: nte sup-

And once it's in service, plies the military with more 
you can count on us to keep extended temperature 
the supply line open. In fact, bubbles than any other 
we've already expanded pro- manufacturer. 
duction to meet future needs. Another good reason to 

You can count on our make Intel your ally. Call toll 
tactical engineer- free for more information 
ingsupportaswell. on bubbles: (800) 538-1876. 
For Librascope, In California (800) 672-
we supported the 1833. Or write Intel Corpora-
use of Intel's bub- tion, Lit. Dept. Y9, 3065 
ble memory in Bowers Ave., Santa Clara, 
their Tactical Com- CA 95051. 
puter System (TCS) You'll be making an intel-
and Communica- ligent move. 
tions Control 
System (CCS). 

Along with the 
dirt, shock and 
vibration of a 
hostile environ­
ment. 

It's also the 
LibrascopeS Communications 

Tenninal uses a fully militarized 
Intel bubble memory• subsystem. 

And a fully mili­
tarized Intel 
bubble cassette 
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high to preserve the chip's 10 bits of accuracy. 
For example, given the chip's 5-kn input, a 5-f.! 
output impedance causes an error of 1 LSB. 
Therefore, a low-impedance, high-frequency 
driving source is constructed using a high­
speed operational amplifier driving an emitter­
follower circuit. 

Finally, an address decoder supplies the tim­
ing from the system's address bus. The bus ad­
dresses the multiplexer's inputs, and a 2-bit 
latch holds these locations after the data passes 
from the bus. In addition, the address decoder, 

in conjunction with the microprocessor, defines 
the sample-and-hold circuit's timing and con­
trols the Chip Enable input lines to the con­
verter. Obviously, the data bus also carries the 
converted data, employing the high- and low­
order format, when the bus is only 8 bits wide.o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 

Circle 

547 
548 
549 

Attending to analog elements ensures accuracy 

Three sections of the ADC-910 analog-to-digital 
converter are essential to its accuracy. They are 
the resistive ladder in its digital-to-analog con­
verter section, the bipolar offset-current source, 
and the voltage reference. 

The ADC-910's resistive ladder is unique . 
Whereas other chips use a master-slave arrange­
ment and current division in their emitter circuit 
only, the new chip's d-a section has a standard R-
2R ladder for its five most significant bits and a 
ladder for its five least significant bits (see figure ). 
This configuration allows the section to operate 
with as little as -4.5 V de applied to its negative 
supply line. 

One requirement for ad-a converter of this type 
is that the output of the inverted ladder must be at 
exactly ground potential in order for the bit cur­
rents to be scaled properly. That is no problem be­
cause the chip's successive-approximation algo­
rithm inherently drives the summing node (10) to 
ground in the conversion process. 

As for trimming, the second, third, and fourth 
MSBs are trimmed by zener-zapping them in 
1/2-LSB increments. What's more, those d-a con-

.... 
(2mA. 

lull scale) 

- v •• 

1k 1k 
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verters that initially fall within 0.2% of their in­
tended value can be trimmed in l/4-LSB increments 
by zener-zapping one additional diode. 

The bipolar offset-current is switched in and out 
of the summing node by a pair of diodes (during the 
unipolar mode this current shunted to the negative 
supply). The current source is trimmed during the 
wafer-sorting stage to equal the MSB current. In 
addition, an on-chip capacitor supplies compen­
sation to stabilize the current source and ensure 
fast settling. 

The voltage reference, which delivers 2.5 V de at 
up to 5 mA, is based on the popular bandgap 
technique but incorporates a novel curvature 
correction scheme to achieve its 25-ppml° C 
stability. A correction current source delivers a 
temperature-dependent current, which cancels 
temperature-induced curvature in the bandgap 
voltage and yields a constant output voltage. As 
with other analog portions of the converter, the 
critical thin-film resistors in the voltage reference 
are trimmed during the wafer-sorting stage to 
eliminate the effect of process variations and min­
imize the temperature coefficient. 



TEK 200/300 SERIES 
ULTRA-PORTABLE SCOPES 

THE ANSWER 
BY ANY MEASURE 

Small Wonders 
From battery-operated, hand­

held mini-scopes to sophisti­
cated, menu-driven digital stor­
age scopes, only Tektronix packs 
so much capability in such com­
pact, go-anywhere packages! 
Tough, precise and totally self­
contained: the Tek 200 Series. At 
no more than 3.7 pounds, these 
easy-to-use mini-scopes are 
impact resistant and isolated up 
to 600 V for floating measure­
ments. They include a recharge­
able internal battery pack, viewing 
hood, attached probes, rugged 
carrying case and convenient 
neckstrap. You can keep 

both hands free to use the integral 
probes, or to steady yourself on 
ladders or catwalks, with the 
CRT clearly readable. 
A full measure of performance at 
11 pounds or less: the Tek 300 
Series. Here is high performance 
unmatched by any other same­
size scopes. Select bandwidths 
to 50 MHz and sensitivity to 5 
mV/div. Optimum trigger control. 
Either ac or de power. 

And for both digital and non­
storage capabilities, plus optional 
GPIB interface, pick up the new 
Tek 336. Its 1 megasample/sec. 
digitizing lets you capture single 
event signals up to 100 kHz. You 
can signal average, automatically 
record minimum and maximum 
values in envelope mode, use cur­
sors and waveform processing to 
obtain direct digital readouts, and 
more. All with pushbutton, menu­
driven ease. 

l 
For more information 
Call toll-free: 
1-SD0-426-2200, 
Extension 418 
In Oregon, call col lect: 
(503) 627-9000, Ext 418 

CIRCLE 94 



You're involved in deciding who 
handles your company's communica­
tion and information management 
needs. 

And you're hearing a lot of talk 
about information processing. Com­
munications networking. Systems 
management. And the like. 

But you don't hear enough about 
good old-fashioned service. Which is a 

critical omission. 
At AT&T Information Systems, 

we know that it takes first-rate profes­
sional service for your system to do 
what it's supposed to do. Which is to 
help you and your people make the 
right decisions at the right time. 

Service is our most 
important product. 
Our Account Executives aren ' t 

just trained in our business-they're 
trained in yours. 

They'll work as your partners. 
Determining your needs. Developing 
a plan to help you meet them. Making 
sure that everything they recommend 

will help your company run even bet­
ter than it's running now. 

Our Technical Consultants will 
work closely with the Account Execu­
tive to design and implement a system 
that's right for your company. 

And our Systems Technicians will 
not only take care of maintenance and 
repair, they'll work with the Technical 
Consultants-helping you change and 
expand your system when the time 
comes. 

A century of service. 
After more than 100 years of 

serving our customers, AT&T has 
developed the most experienced and 



professional service staff in the 
business. 

No matter where you're located , 
we'll be there to work with you, with 
more service centers than anyone else. 

The fact is, we have more trained 
service specialists than some of our 
competitors have total employees. 
And this service-before, during, and 
after the sale-is as much a part of 
what we offer as our products. 
A full line of produets. 

We have a complete line of products 
and systems that can be custom-fit 
to your company. Everything from a 
dependable small-business phone 

system to the most sophisticated , 
fully integrated communication and 
information management system in 
the industry. 

In short, AT&T has all the equip­
ment your company needs to make the 
right decisions. As well as a commit­
ment to service that 's second to none. 

If you'd like to know more about 
how AT&T Information Systems 
can serve your company, call 
1-800-24 7-7000. 

WHEN YOU'VE 
GOT TO BE RIGHT. CIRCLE 95 AT&T 



Because they are the same size as your 
!Cs-these new Series 207 AUTO-DIP™ 
switches can be used in your automatic 
insertion equipment right along with 
!C's ... without machine adjustment. You 
get economical high speed board pro­
duction. You'll save significant board 
space as well! This new switch takes 
only 37% of the volume of a standard 
DIP switch allowing for closer board 
stacking and space savings. 

Wave solderable! Board washable! 
The AUTO-DIP™ design eliminates bot­
tom sealing. And. a lead frame housing 
construction with time-proven tape top 
seal keeps contaminants out of the 
switch through wave soldering and sol­
vent or aqueous cleaning. 

the fully automated a m 
each Series 207 DIP Switch is 1()()11; rrla· 
chine tested for continuity and contact 
resistance. In addition. statistical process 
control used in every step during manu­
facturing assures unvarying part quality 
and final reliability. Available in 2-posi­
tion to 12-position switches. 

WRITE TODAY for full technical data 
on these new Series 207 
AUTO-DIP" ' switches. 
Contact: CTS Corporation .• 
Paso Robles Division . 
Electromechanical Group. 
500 Linne Road. 
Paso Robles. CA 93446 
Phone: (8051 2 39-042 7 
" In Calif dba CTS Electronrcs Corporation 

CIRCLE 96 

Switch reliability that 
is the best ever! 

8 Redundant gold inlaid contacts dramatically 
enhance contact reliability 

9 Positive wiping contacts assure low and con-
sistent contact resistance. (.050" travel) 

• 
Detent function separated from contacts to 
optimize both designs 

• 
Gold contacts never abraded or contaminated 
by sliding over polymer surfaces. Contacts 
never touch a nor.gold surface 

• 
No contactor deflection for the life of the 
switch. Constant contact force eliminates 
overstressing of contacts for greater reliability 

Series 206RA& 197 Right 
angle and 4 PDT slide actu­
ated DIP sw:tches. 

PC Boards Complex double­
sided and multilayer. 

Series 750 & 760 Solid 
ceramic SIP and DIP resistor 
networks. 

Series MX055 Low profile 
hybrid clock osci I la tors. 
Phone: (8151786-8411 
CIRCLE 100 Phone: ( 805) 2 38-03 50 

CIRCLE 97 

Phone: ( 4151964-5000 
CIRCLE 98 Phone: !2191589-8220 

CIRCLE 99 



DESIGN ENTRY 

A-d converter-filter chip 
serves as front end 

for digital signal processing 

An analog-to-digital converter and an anti-aliasing 
filter based on switched capacitors form 

the analog front end for digital signal processors. 

The se days, almost all of the complex 
signal processing required in speech rec­
ognition, high-speed modems, bio­

medical instrumentation, and sonar systems is 
done by 8- and 16-bit microprocessor chips over 
the audio frequency range of 0 to 20 kHz. That 
kind of analog input is usually oversampled to 
minimize the anti-aliasing filtering require­
ments. But monolithic microprocessors need as 
low an input rate as possible because of their 
limited signal-processing bandwidth. 

These contradictory requirements are recon­
ciled in a monolithic device that combines a 
10-bit analog-to-digital converter with a high­
performance anti-aliasing tracking filter. 
Called the R5640, the chip serves as a complete 
front end for digital signal processors. It there­
fore exemplifies the increasing extent to which 

Tsung D. Mok and John R. Ambrose 
EG&G Reticon 
In 1981 Tsung D. Mok joined EG&G Reticon in 
Sunnyvale, Calif, as a design section head, after serv­
ing as a project manager for Intel's telecommunica­
tions group. His team designs and develops switched­
capacitor filters and digital signal processors. He holds 
a PhD in electrical engineering from the University of 
Toronto. 
The holder of an AA degree in electronics technology, 
John R. Ambrose is now pursuing his BS in electrical 
engineering at San Jose State University. He joined 
EG&G Reticon in 1979, where he helps develop signal 
processors and image sensors. 

analog subsystems are becoming integrated. 
The latest switched-capacitor filter technol­

ogy enables the R5640 chip to integrate an eco­
nomical voice-band anti-aliasing filter in a 
high-density MOS process. With the filtering 
problem thus solved, it becomes feasible to use 
low-cost, low-speed MOS a-d conversion. In 
fact, the chip is fabricated with a high-perform­
ance double-polysilicon NMOS process (see 
"Double-Polysilicon Processing Proves its Ver­
satility," p. 207). 

Since the filter and the converter are both 
sampled-data systems, they need synchroniza­
tion to prevent an aperture problem from 
arising at their interface. 
The usual solution is addi­
tional filtering in the 
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form of a continuous-time filter at the con­
verter's input. That addition is no longer neces­
sary when an anti-aliasing filter and converter 
are combined on one chip, because the circuit's 
internal sampling processes can now be care­
fully synchronized. Moreover, the device's total 
dynamic range is improved by the absence of 
the extra filter. 

In summary, the integration of the entire a-d 
front end on one chip improves reliability, re­
duces component count, and saves silicon real 
estate. Moreover, designers can take advantage 
of the inherent programmability of switched­
capacitor technology to realize far greater flex­
ibility than afforded with nonmonolithic ana­
log front-end devices. 
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Ground Voo 
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1. A 10-bit analog-to-digital converter and an anti­
aliasing filter are the key elements in the R5640, 
which is designed for digital signal-processing 
system applications. The chip can communicate 
easily with popular digital processors through the 
control logic and interface section. 
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The R5640 consists of an anti-aliasing 
tracking low-pass filter, an a-d converter with 
its associated comparator and successive­
approximation register, and a digital control 
and interfacing section (Fig.1). At the input of 
the chip is the anti-aliasing filter, a seventh­
order elliptical low-pass filter implemented 
with switched-capacitor techniques. The filter 
feeds into the 10-bit a-d converter, which exe­
cutes a successive-approximation algorithm 
using binary-ratioed capacitors. Both the filter 
and the converter employ an advanced differ­
ential analog signal-processing technique that 
increases the dynamic range by 6 dB and the 
power-supply rejection ratio by more than 20 
dB compared with single-ended amplifier tech­
mques. 

The basic switched-capacitor filter employs 
two sets of sampling and integrating capacitors 
(Fig. 2). The effective time constant (REC1) can 
be shown to be equal to C1(Csfs), which depends 
only on the capacitor ratio Ci/Cs and the sam­
pling clock frequency, f8 . 

To maximize the useful dynamic range of the 
10-bit a-d converter, the anti-aliasing filter has 
been given a pass-band ripple of less than 0.2 dB 
and a stop-band rejection of at least 60 dB. The 
sharp roll-off of the low-pass filter-20 dB at­
tenuation at a frequency 1.15 times the corner 
frequency, f0 -allows the pass band to be pre­
cisely defined, a very useful feature for voice 
recognition and spectral analysis. 

A maximum corner frequency of 20 kHz can 
be achieved at a corresponding digitization rate 
of more than 40 kHz, which covers the require­
ments of a range of diverse signal-processing 
applications . 

Eliminating signal aliases 

Since the anti-aliasing switched-capacitor 
filter and the a-d converter are driven by one 
master clock (MCK), they are internally syn­
chronized. The corner frequency of the filter 
has a fixed relationship to the master clock, 
permitting a user to program the filter's pass 
band by selecting an appropriate frequency for 
the master clock. The nominal value of the 
clock-to-corner ratio (fMcK/f0 ) is 140to1. 

With the ratio between the a-d conversion 
rate and the switched-capacitor filter's corner 
frequency (f ADc/f0 ) at 2.69 to 1, the attenuation 



of the filter at half the conversion rate-that is, 
the Nyquist frequency-is greater than 60 dB, 
so that any aliased (unwanted) signal caused by 
the converter's sampling action is smaller than 
the inherent quantization noise associated with 
the converter. 

Aliasing, or the translation of a signal from 
one frequency band into another, can be caused 
by the sampling process if the input spectrum's 
bandwidth is not properly limited (anti­
aliased) or if the sampling rate is too low. Anti­
aliasing remedies can be avoided by sampling 
at a rate much higher than the input-signal 
spectrum. However, that alternative is ex­
pensive since it requires a very fast converter 
and wastes signal-processing bandwidth. 

Instead, the aliasing effect is minimized by 
using a low-pass filter for limiting the band­
width. Sufficient signal rejection-here, a 
matter of 60 dB-must be provided in the stop 
band to keep any residual aliased signal to at 
most the same order of magnitude as the con­
verter's quantization noise. 

Since the switched-capacitor filter is itself a 
sampled-data device, a simple external band­
width-limiting filter-half the former's 
sampling rate, fMcK/ 8-may be required in cer­
tain applications. Often, the switched-capaci­
tor filter's sampling rate is much higher than 
the bandwidth of the signal source, making 
extra anti-aliasing unnecessary. 

The chip's anti-aliasing filter has truly dif-

Double-polysilicon processing proves its versatility 

An industry-proven technology, double-poly­
silicon n-channel MOS produces fast, high­
performance analog and digital circuits. Moreover, 
it can build double-polysilicon capacitors, an es­
sential ingredient of analog circuitry. Careful opti­
mization of the process makes it extremely suitable 
for mixed analog-digital circuitry, as well. Dif­
fusion depths and oxide thicknesses, for instance, 
are appropriate for high-voltage (20-V) analog cir­
cuits, as well as for high-speed digital circuits. 

Double polysilicon puts three types of active de­
vices at the disposal of an IC designer. An un­
implanted enhancement-mode transistor can be 
fabricated in the first layer, and both an enhance­
ment- and a depletion-mode transistor in the sec­
ond layer (see the figure) . The transistor in the first 
layer is designed to exhibit minimal 1/f noise (flick­
er noise), which together with an ability to handle 
large analog signals could give a wide dynamic 
range to an input stage. The transistors in the sec­
ond polysilicon layer make possible the construc­
tion of high-density op amps and of comparators 

Capacitor 

with sufficiently high gain. 
A double-polysilicon structure sandwiching a thin 

dielectric layer of silicon dioxide creates a stable 
high-quality capacitor with very low temperature 
and voltage coefficients. Since the uniformity of 
thermally grown silicon and the area ratio of the 
polysilicon layers can be precisely controlled, the 
ratios ofdouble-polysilicon capacitors can be 
matched to better than 0.1 %, making it possible for 
designers to combine high-performance precision 
integrated MOS components with analog circuits. In 
switched-capacitor technology, capacitor ratios pro­
duce RC time constants that determine the filter 
characteristics. (The switched-capacitor filter tech­
niques and the a-d conversion methods found in the 
R5640 depend on those accurate capacitor ratios. 
Binary-ratioed capacitor arrays generate the deci­
sion levels in the converter.) 

Compared with bipolar analog circuits, double­
polysilicon NMOS is denser and also more reliable, 
as current consumption follows a negative tempera­
ture-coefficient curve. 

First- or 
second-layer 
enhancement 

device 

Second-layer 
depletion 

device 

" p ; ,/ _________ .,.. 
/ 

/ 
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p 
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ferential inputs and accepts single-ended, as 
well as differential, input signals. Common­
mode rejection is better than 50 dB, a useful pa­
rameter in applications involving bridge-type 
sensors with some common-mode bias. In 
single-ended operation, either the positive in­
put (+In) or the negative input ( - In) should be 
connected to analog ground. The other one can 
be used for off set nulling in critical applications 
by applying an opposite offset voltage at the 
terminal. 

To meet the demands of some high-per­
formance applications, the converter-filter can 
apply differential processing to analog signals 
and thereby overcome the limitations in dy­
namic range and power-supply rejection of ear­
lier switched-capacitor filter designs. The tech­
nique takes advantage of the differential I/O 
nature of a basic NMOS analog building block 
(Fig. 3). 

In a conventional single-ended NMOS oper­
ational amplifier, a differential-to-single­
ended stage delivers the single-ended output; 
that arrangement adds complexity to the am­
plifier design and contributes to noise. But be­
cause the fully differential op amp needs no 
such conversion, its design is simpler and ex­
hibits lower noise. 

Twice the swing 

The differential approach produces an inter­
nal signal swing that is double that of a con­
ventional single-ended design. Thus the eff ec­
tive dynamic range is increased by a factor of 
two, or by more than 6 dB in the case of the 
R5640 converter. 

Other benefits of the simpler design are 
greater speed and superior power-supply rejec­
tion. In a conventional design, the substrate 
acts as a back gate to every transistor on the 
chip, often leading to a poor power-supply 
rejection of just 0to10 dB. 

In the differential circuit, any unwanted 
signal from the substrate appears as a 
common-mode signal. This signal is eliminated 
by the common-mode rejection characteristic 
of the differential circuits. 

The price to be paid for increased dynamic 
range, higher speed, and greater power-supply 
rejection is a slightly larger die because of the 
dual arrays of capacitors. However, in most de-
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2. A basic differential switched-capacitor filter ele­
ment is a differential integrator whose RC time con­
stant is determined by both a capacitor ratio and 
the sampling rate of the switched capacitor. 
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3. The converter filter's fully differential op amp 
uses two differential gain stages in a cascaded con­
figuration. A simple analog building block of this 
type produces twice the effective signal swing of 
conventional amplifiers, which leads to greater 
dynamic range. 



signs, the die is only 30% larger, an increase 
that is easily justified by the improvement in 
converter performance. 

Profile of the converter 

The a-d converter contains its own sample­
and-hold circuit. All timing required for the 
successive-approximation logic and micro­
processor interface is generated on chip. A pre­
cision voltage generator produces the negative 
reference voltage, which is required by the fully 
differential converter. 

The user must provide a positive reference 

cs ::\.~-----~,_, ,..._-_-_-_-_-_-_-_-

we --... 

End of conver71on 

INTR - - - -1~ ---/,_T-.. -".~f:-f-
(8) 

cs ~ ,.,.--

RD~ 
INTR I 
o.-o.~ 
~ 

state (b) 

4. When interfacing the R5640 with a micro­
processor, the device can be treated as an address 
in memory apace. Control signals CS and WE ini_- _ 
tiate a-d conversion (a}, and the combination of CS 
and RD read the parallel output port~-09 (b}. 
The aerial output port is enabled by SRE and the 10 
aerial output bits are synchronized with DCK, an ex­
ternally supplied data clock signal (c). 

voltage to establish the full-scale conversion 
range. However, the reference voltage input 
(Vrer) can be used to implement an automatic 
gain control (age) function-for instance, Vrer 
can be varied according to the maximum code 
being encoded by the converter. 

The 10-bit linear converter offers bipolar 
performance in a sign-magnitude coding, a 
format that has the best resolution around the 
origin and is the most suitable for examining 
low-level signals in high-performance applica­
tions. The technique also simplifies certain 
signal-processing operations, such as rectifica­
tion, integration, and correlation. But for 
mathematical operations like multiplication 
and scaling, the most efficient method is to first 
convert-through a simple software routine­
the sign-magnitude codes into two's com­
plement. 

The digital interface is compatible with the 
address and data bus structures of most popu­
lar microprocessors. Five control inputs are on 
the chip: Chip Select (CS), Write Enable (WE), 
Read Enable (RD), Serial Read Enable (SRE), 
and Interrupt Status (INTR). Those control 
lines allow a microprocessor to communicate 
easily with the R5640 either to initiate an a-d 
conversion or to read the converted code. 

The device has 10 parallel three-state data 
outputs (Do through D9 ) and a serial output port 
(Dout). The master clock line (MCK) runs both 
the filter and converter. An external serial data 
clock, which can be asynchronous, is used for 
the serial output. 
From analog to digital 

Analog-to-di_gli;al conversion is initiated by 
control inputs CS and WE going low simulta­
neously (Fig. 4), which occurs when the control­
ling microprocessor performs a write operation 
to the appropriate memory space. The min­
imum conversion time is typically 24 µs and 
takes a minimum of 52 master clock cycles to 
complete. 

At the end of the conversion process, the out­
put signal on INTR goes low, and the digital 
code corresponding to the analog input is avail­
able at both the Rarallel and serial output ports. 
Control signals RD and SRE are normally set 
high to hold the data output ports in a high­
impedance state, so that the ports can be con-
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nected directly to the data lines of a micro­
processor-based system. 

To activate the parallel ports, CS and RD 
must be set low by having the microprocessor 
perform a read operation. Serial output port 
Dout is enabled by bringing SRE low. Then the 
en tire 10-bi t code can be clocked out of the serial 
port on the falling edges of the first 10 exter­
nally supplied pulses to the serial data clock pin 
(DCK). If fewer than 10 bits are required, a 
burst of the appropriate number of data clock 
pulses can be applied . All read and write 
operations-that is, start conversion-can be 
performed asynchronously. To prevent possible 
aperture jitter, however, WE should be syn­
chronized with the master clock. 

The R5640's digital control and interfacing 

Signal 
processor 

1JPD7720 

+ Analog," 

- Analog., 

5. Data flows smoothly between the R5640 and the 
NEC µPD7720 digital signal-processing microcompu­
ter, since the converter-filter's serial output con­
nects directly to the microcomputer's asynchronous 
serial input. Both devices can share a common 
clock signal. 
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section allows the device to connect to a special 
signal-processing microcomputer such as the 
NEC µPD7720 or to a general-purpose micro­
processor such as the 68000. 

Microprocessor interfacing hints 

Interfacing the chip with the signal pro­
cessor is fairly straightforward (Fig. 5). Its 
serial output is simply connected to the micro­
computer's asynchronous serial input (S1 ). The 
converter-filter's master clock signal is shared 
with the serial clock of the signal processor, so 
that the microcomputer can operate at its max­
imum clock rate of 8 MHz and the converter­
filter can operate at its maximum serial output 
rate of 1.4 MHz. 

Sampling speed is not a limitation. The signal 
processor can perform a calculation in 1.6 µs 
while the R5640 has a sampling rate of 20 kHz 
(50 µs) at the maximum serial rate. The 7720 
can be used in dedicated applications like fil­
tering or calculating instantaneous energy. The 
R5640 acts as the necessary low-pass filter, 
eliminating the possibility of aliasing fre­
quencies. At most, a simple RC network is need­
ed to limit the bandwidth of the input signal. 

The 68000 is more powerful than the 7720 and 
allows far more functions to be performed with 
the converter-filter. But the additional capabil­
ity leads to more complex interfacing. Consider 
a system in which a 68000 is running at 8 MHz, 
allowing the R5640 to operate at 2 MHz (Fig. 6), 
a rate arrived at in the following way. The long­
est microprocessor operation, signed division, 
takes 150 clock cycles, and accessing memory so 
that the result can be stored takes an additional 
30 cycles. Thus the effective sampling rate of 
the processor is approximately 40 kHz (8 
MHz/ 180). 

Simply dividing the 68000's clock by four lets 
the converter-filter use the same clock. How­
ever, the R5640's serial output cannot be used. 
Instead, parallel outputs are more effective: 
Since the 68000 has 16 parallel data lines, no 
multiplexing is required for low- and high­
order bytes, as in other microprocessors. 

All inputs and outputs in the 68000 applica­
tion are treated as memory locations, through 
the technique known as memory mapping. A 
particular 1/0 device can be decoded by using a 
multiple-input AND gate with select inputs in-
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verted. In that way, any I/O locations can serve 
as the R5640 parallel output port. Usually, ad­
dress line A23 is used for I/O selection; when any 
1/0 device is desi red, A23 is pulled high. To­
gether with the AND -gate decoding for port 
selection, that step constitutes I/O selection for 
the R5640. 

Address line A23 can also serve as a control 
line on the CS pin to stop the conversion process 
when it is not needed. The RD line is controlled 
by ANDing the R/W signal of the 68000 with 
the INTR signal of the R5640. 

For simple startup of the converter, it is best 
to use the reset vector of the 68000, which starts 
from memory location 0. On reset, the program 

JiO_!j_ MHz 

Da-D15 
1 Ce)(t 2 

74$ 124 

You1 i-- CLK 

Do- D1s 

Microprocessor 

68000 

A11-A23 

A9-A 16 
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DTACK 
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8,. , 

8.L , 

~ 
I 

8.L , 

8.L , 

counter loads the supervisor stack pointer with 
the first two words and is then loaded with the 
next two words from low-order memory. It 
jumps to that location immediately to execute 
the next command. Under that setup, a fixed 
polling method can be created so that the pro­
gram accesses the R5640, reads a word, pro­
cesses it, and sends the results to system RAM 
or another I/O device.o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 
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6. The powerful 68000 16/32-bit microprocessor treats the R5640 as a memory location. 
With the chip's three-state parallel output ports, converted code can be sent to the host 
processor using a simple read operation. 
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Let's face it. Your logic diagram is just one big doodle 
if your semicustom vendor can't take it and turn it into 
silicon fast . 

With Mostek, you won't have time to waste. We have the 
design tools, technical assistance, and manufacturing mus­
cle needed to quickly take you from concept to completion. 

For example, our Semicustom Design· Centers give you 
access to extensive libraries of gate arrays and standard cells. 
And our Highland 2sM design automation system is easy to 
learn and use. 

You can select gate arrays up to 10,000 gates. Standard 
cell libraries at your disposal will include analog, RAM, 
ROM, and PLA's. All implemented in double level metal 
CMOS with performance down to 1.5 ns per gate. 

Before you know it, you'll be creating system level designs 
from our precharacterized macrocells with the confidence 
that comes from guaranteed performance. And you can 
count on Mostek performance as well. 

During your design phase, our staff is available to answer 
any questions you have regarding Highland 2, the cell 
libraries, testing or packaging. Then Mostek's extensive 
production facilities will take you and your design smoothly 
through prototyping and manufacturing. 

We have a comprehensive second source agreement with 
Gould/AMI, so you can be confident of support at every 
stage of the process. 

The final result? You save time, trouble, and can lower 
the cost of new product development. Stop wasting your 
time. Contact Mostek Corporation, 1215 W. Crosby Road, 
MS2205, Carrollton, Texas 75006, or call (214) 466-6000. 
In Europe, call (32) 021762.18.80. In Japan, 03/496-4221. 
In the Far East (Hong Kong), 5-681157. 

Highland 2 is a service mark of Mostek Corporation. 
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Squeeze the excess 
out of 

circuit hoard design. 
Avoid unnecessary layers in printed 

circuit boards. Shorten conductor runs. Im­
prove design accuracy. 

Let the IBM Circuit Board Design Sys­
tem 2 help. CBDS is highly interactive soft­
ware that helps you optimize your board 
designs by automatically handling all the 
details of a layout as design advances. Even 
after a designer has worked on a board for 
hours, CBDS can generally suggest ways to 
simplify it. 

CBDS handles every aspect of board 
design. You start with a schematic or 
netlist, and the system helps you create a 
physical layout. It incorporates a simulator 
that verifies the logic design, including 
propagation delay and gate loading, and 
generates digital test patterns to drive a 
production-line tester. It creates tapes for 
photo plotters and numerically controlled 
production machines. At every step of the 
process, CBDS automatically insures that 
you've conformed to your design rules. 

Fewer Layers 

You can get a board with fewer layers 
and drillholes-which means less costly, 
more producible boards and better yields. 

Design output is generated automati­
cally from design data. And system re­
sources can be shared by multiple users, 
who don't have to be computer experts. 

CBDS is designed for simplified operation 
by non-DP professionals. 

CBDS, with its complete design-to-man­
ufacturing capability, is competitive in 
price whether you have a few workstations 
or many. It works with a range of IBM 
systems from the 4300 series to the 308X 
family of processors. And with the IBM 
5080 Graphics System workstation, you can 
work in vivid color. 

Make sure your printed circuit boards 
are the best they can be. For more informa­
tion about the IBM Circuit Board Design 

System, call IBM toll free at =~= ==® 
1800 IBM-2468, Ext. 814. : ==: :-_-: - - - ---Or return the coupon. ==-= ':' = 
~--------CBDS-------~1 

1IBM 
I DRM, Dept. BX/814 
I 400 Parson's Pond Drive 
I Franklin Lakes, NJ 07 417 

I I want to squeeze the excess out of circuit boards. 
II D Please send me more information on the IBM 

Circuit Board Design System 2. I D Please have an IBM representative contact me. 

I Nam e·-------------~ 
I I Title ______________ _ 

I Company ____________ _ 

I Address _____________ _ 

I Phone _____________ _ 

I 
~~-------~~~--~~---~ 
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HMOSII. 
CMOS. 
HCMOS. 
Signetics is out to become a 

leader in MOS Vl.SI. 
We're out to hire the brightest 

minds in the industry to estab­
lish and manage our new Vl.SI 
Design facility in Albuquerque. 

You'll be working on next­
generation microprocessor and 
microcontroller Vl.SI derivatives. 

You 'II be taking it on literally 

from the ground up. Working 
out of a recently-completed 
400,000 sq. ft MOS campus. 
Enough room for at least four 
fabs. Plenty of room for advanced 
product development activity. 

You '11 have the latest state-of­
the-art equipment Including 
IBM and VAX.•computers. Men­
tor workstations. Plus advanced 
Calma graphic support 

You'll have the CAD software 
and you '11 have the support 

And you 'II have the backing 
of the vast resources of Philips 
Labs, our parent company. 

VAX is a registered trademark of Digital Equipment Corporation. 

See if one of these spots fits 
you to a "T." 

Engineering Manager 
You 're a seasoned semicon­

ductor designer with at least 
three years management experi­
ence. You've designed micro­
controllers or microprocessors 
and hold at least an MSEE. Your 
job will be to set-up and manage 
a center for microcontroller 
designs. 

Graphics Manager 
You're already a graphics 



manager or know you can be one. 
Either way, you 11 be managing 
a MOS layout design group for 
the VLSI Design Center. You must 
have experience in coordinating 
the layout of major MOS designs. 
Knowledge of on-line design 
techniques is highly desirable. 

CAD Manager 
You've set up and managed 

an Integrated Circuit CAD Com­
puter System. Experience with 
VAX 11/780 is a must and knowl­
edge of IBM 308X and Mentor 
workstations a plus.You should 

hold a BS in Computer Science 
or equivalent degree. Your job 
will be to set up and manage a 
CAD system for the VLSI Design 
Center. 

General 
We also need experienced 

microcontroller and microproc­
essor Design Engineers and MOS 
Layout Designers. Participation 
in the design of a microprocessor 
or advanced peripheral and 
familiarization with MOS logic 
and circuit design techniques are 
preferred. 

Don't miss this golden 
opportunity. 

Nor the advantage of living 
in the clean, crisp sunshine 
of Albuquerque. 

Its lifestyle and cost ofliving 
are second to none. Cultural and 
recreational activities abound. 

We invite you to contact us 
for more information. 

So RSVP. Call Mark Thomas, 
collect Try between 8-5, Pacific 
Time. 

And, of course, Signetics is 
an Equal Opportunity Employer. 

( 408) 746-1344 



Radial-Lead Precision Film Resistors from Caddock 
combine high values and tight tolerances with a 
choice of two high-power densities or three low TCs. 

Type MK Radial-Lead Precision Power Film Resistors 
II II n1 \II 

MK 132 and MK 632 MK 120 and MK 620 
10 ohms to 100 Megohms 30 ohms to 40 Megohms 

\\ \\ \\ ~ 
Type MK Radial-Lead Precision Power film 
Resistors utilize Caddock's Micronox® 
resistance films to achieve high power density 
and an extended range of resistance values: 

Available in two rectangular radial-lead packages that include values 
as high as 100 Megohms, these high-density film resistors permit 
electronic circuit designers to optimize packaging and PC board layouts 
with resistors that meet all these specifications: 

• Resistance 
Range 

• Resistance 
Tolerance 

• Wattage 

• Voltage 

• Temperature 
Coefficient 

• Package Size 

MK 120 MK 620 MK 132 MK 632 

30 ohms 2.1 Megohms 10 ohms 5.1 Megohms 
to 2 Megohms to 40 Megohms to 5 Megohms o 100 Megohms 

±1.0% is standard, to ±0.1% on special order, 
-- depending on v lue and model. --

0.5 Watt 0.75 Watt 

200 v 200 v 400 v 400 v 
50 PPM /°C 80 PPM /°C 50 PPM /°C 80 PPM /°C 

Teml' Range: -15°C t + 105°C, ref. +25°C. 

.250" squar~ •. 100" thick . 300" square,. .100" thick 

These full-size photos comparing the 
Type MK resistors to "RN" style axial­
lead resistors show that the largest Type 
MK, which is rated at 3 / 4 watt, requires 
less board space than the 1/ 20 watt 
"RN 50". 

And within their voltage ratings, both 
sizes of Type MK resistors can replace 
five sizes of " RN" resistors, including 
the 1/ 2 watt "RN 70" which requires 
10 times the 
board space 
of the 
MK 132 ! 

This combination of higher power rating 
and smaller size can also lower procure­
ment costs by replacing many sizes of 
axial-lead resistors with Type MK 
resistors that have a 'standard' size 
and mounting dimensions. 

/ff Type TK Temp-Stable Precision Film Resistors 
f I ll Ill Ill /II 

TK 121 and TK 621 TK 133 and TK 633 TK 139 and TK 639 
1 Kohm to 2 Megohms 1 Kohm to 10 Megohms 1 Kohm to 10 Megohms 

$ /! I I I ff 
Type TK Temp-Stable Precision film Resistors 
with Caddock's Tetrinox® resistance films 
combine a choice of TCs of 5, 10 or 20 PPMl°C, 
a wide resistance range and tight tolerances. 

Type TK Temp-Stable Precision Film Resistors provide a com­
bination of performance advantages that are unique in a miniature 
resistive component: 

• Three Standard Temperature Coefficients: l"lr'"""l...,...,..,..,,....,,...,..,'"'.'"',,,_....., 
5 PPM / ° C, 10 PPM /° C or 20 PPM / ° C 
over the temperature range from -55° C 
to +125° C. (+105° C max. for values 
above 500 Kohms or 1.5 Megohms, 
depending upon model.) 

• Resistance Range: 1 Kohm to 10 Megohms. 

• Precision Tolerances: ±1 .0% is standard, 
and tolerances as close as ±0.05% are 
available on special order . 

• Load Life Stability: 0.05% maximum liR 
after 2000 hours at full power at+ 125° C. 
(0.2% max. for values above 500 Kohms 
or 1.5 Megohms, depending upon 
model.) 

• Two Power Ratings: .2 watt and .3 watt. 

The Model TK 121 , TK 133 and TK 139 precision film resistors have 
demonstrated performance which meets the requirements of Mil-R-55182/9 
for thermal shock, moisture resistance, shock and vibration, dielectric 
withstanding voltage and low temperature operation. 

Caddock's high-thru-put manufacturing tech­
niques combined with our advanced Tetrinox® 

resistance film technology provide this cost­
effective way to match the needs of tempera­

ture stable circuitry. For price and delivery 
information on both production and eval­

uation quantities, contact Caddock's 
main offices in Riverside, California. 

Discover how easily these problem-solving resistors can improve the performance and reliability of your equipment, too. 
For your copy of the latest edition of the Caddock 24 page General Catalog, and specific technical data on any of the more than 

150 models of the 13 standard types of Caddock High Performance Film Resistors and Precision Resistor Networks, just call or write to -

Caddock Electronics, Inc., 1717 Chicago Avenue, Riverside, California 92507 • Phone (714) 788-1700 • TWX: 910-332-6108 

HIGH PERFORMANCE FILM RESISTORS 
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Analog 1/0 boards ensure 
speed and accuracy in 

VAX-based data acquisition 

A bit-slice controller and a 64-kword FIFO buffer 
compensate for slow host systems, allowing 
data transfer at 250, 000 samples a second. 

The movement of minicomputers and 
superminicomputers out of a central 
computer room and into individual de­

partments and laboratories promises to bestow 
much more computer power on those who most 
need it-the scientists and engineers involved 
in research and development. These users will 
probably want to apply the machines as single­
user, single-experiment workstations dealing 
with real-world phenomena. In other words, 
the computers will need extremely fast and ac­
curate analog I/O interfaces, preferably smart 
enough to free both system and user from in­
volvement in real-time hardware management. 

The target of the DTl 771 series of analog in­
terface boards is the computer most widely 
used by the OEM design community-Digital 
Equipment's VAX, running under the Unix or 
VMS operating system or under the V AXElan 
run-time executive. The boards also serve the 
needs of users who continue to work with the 
PDP-11 and the process RSX operating system. 

Developing a really fast and accurate analog 
I/O interface for VAX systems has pushed 

Andrew Davis, Data Translation Inc. 

Andrew Davis, vice president of marketing and sales, 
joined Data Translation in Marlborough, Mass., four 
years ago. Prior to that, he was involved with product 
marketing at Data General. He holds a BSEE and an 
MSEE from Cornell University and an MBA from 
Harvard University. 

data-acquisition system design to new limits. 
The DTl 771 series depends on an intelligent, 
buffer-based architecture (Fig. 1) to achieve 
12-bit sampling rates of up to 250 kHz-data 
transfer rates beyond the capabilities of simple 
programmed I/O. It also avoids the subtle but 
devastating timing errors that can plague un­
wary users of purely DMA types of interface, 
and the process is totally transparent to the 
user. 

The key elements are a dedicated bit-slice 
control processor and a tightly coupled 
64-kword ring buffer that overcomes the crip­
pling effects of host system latencies. The 
analog-to-digital conversion 
section comprises sep­
arate modular sub-
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systems that enable users to specify different 
analog input characteristics (see the table, be­
low). 

Doing up to 24 MIPS 

The control processor handles the analog 
subsystems, the on-board time base, and the 
interface with the Unibus of a VAX or DPD-11 
system (see " Adapting Unibus to the VAX," 
opposite ). Implemented as a 16-bit state ma­
chine, the bit-slice control processor is nomi­
nally specified for an execution rate of 8 million 
instructions/ s. The processor employs multiple 
levels of parallelism in its design, so that it can 
simultaneously execute more than one oper­
ation per instruction. In effect, that design can 
push the aggregate execution rate to between 
16 and 24 million instructions/ s. To VAX sys­
tems, none of which is rated for more than 
2 million instructions/ s, the control processor 

Microcoded 
ROM 

appears to respond instantly. 
An analysis of the control path of the state 

machine (Fig. 2) underscores the breadth of its 
power and capabili t ies. The state machine is 
mi cr opr og r a mm ed wi t h a 48-bit-wide, 
512-word cont rol store PROM and has a 125-ns 
cyc le tim e . Th e ou tput of the machine's 
48-bit-wide instruction register controls the 
data-path r eader and writer, the on-board 
memory, t he Unibus interface, clocking and 
t riggering, and analog functions . Furthermore, 
it determines the selection of a single condition 
code reflecting t he results of the most recent 
ALU opera ti on, Unibus fu nction, program 
mode, or analog service request. Both the condi­
tion code and an encoded branch control field 
are sent t o a branch PROM, which controls 
selection of the next program address. 

That program address may simply be the 
next sequential locat ion. On the other hand, t he 
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converter 

16-bit Trigger selection 
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(control processor) mode control 

Event 
gate 

External 
t rigger 

RAM 
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(64 kwords) 
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Address and 
control 

1. The DT1771 analog interface boards use a dedicated bit-slice pro­
cessor to control the aoalog subsystems, the on-board time base, and 
the interface with a VAX's Unibus. Implemented as a 16-bit state ma­
chine, the control processor can execute 8 million instructions/s. 

A·d modules for the analog interface series 
Analog 
input 

ClaH channels Full-scale range (V) Model 

12-bit converter, 250 kHz 16 single-ended 1.25, ± 1.25, 2.5, ± 2.5, DT1771 
or 8 dual 5, ± 5, 10, ± 10 

12-bit simultaneous sample- 4 single-ended 10, ± 10 DT1778 
and-hold converter, 100 kHz 

16-bit converter, 100 kHz 4 dual ± 10 DT1 777 



Analog input Unibus 
register dispatching or output dispatching 

Nonprocessor-request 
interrupt or refreshing 

Condition­
code 

multiplexer 

Branch 
subroutine 1---..i 

control 

Next 
microcode 

address 

Bank 
selection 

Microcode PROM (512 words X 48 bits) 

Microcode instruction registers 

Data 
path 

Memory 
function 

Unibus 
control 

Clock 
and trigger 

control 
A-d, d-a 

2. The 16-bit state machine controls the board's functions through a micro­
programmable 48-bit-wide instruction register, which receives its code from a 
512-word control store PROM. 

Adapting Unibus to the VAX 

The Unibus is a hardware developer's primary 
link to a VAX computer. An asynchronous bidirec­
tional bus, it lets medium- and low-speed peripheral 
devices communicate with VAX systems and also af­
fords the simplest VAX access port for custom de­
vices. Although the Unibus is used in both VAX and 
PDP-11 systems, each computer addresses it differ­
ently, the VAX encoding addresses in hexadecimal 
form and the PDP-11 in octal form. 

VAX computers contain a Unibus adapter that 
connects the computer to the bus subsystem. 
Through the adapter, the processor can access reg­
isters on the Unibus, and devices on the bus can con­
duct DMA transfers with VAX memory and also in­
terrupt the processor. The adapter breaks the 
sequential addresses that are broadcast by Unibus 
devices into noncontiguous 512-byte blocks for the 
VAX physical memory. (Under the VAX architec­
ture, addresses that are contiguous in virtual memo­
ry are allowed to be noncontiguous in physical 
memory on 512-byte boundaries.) Since Unibus de­
vices can address only 256 kbytes, the adapter ex­
pands these addresses to give access to the VAX's 
full physical address space. 

The DTl 771 analog interface board uses a block­
mode DMA technique to transfer data over the 
Unibus at the highest allowable rate. In the absence 
of conflicting requests from other nonprocessor 

requesting devices (dubbed NPRs in Unibus termi­
nology), the interface board will transfer 16 words 
over Unibus, relinquish the bus for at least one cycle 
so that the CPU or other users can access the bus, 
and then become bus master for..another 16-word 
transfer. The board defers to requests from other 
NPR devices on the bus but only after transferring 
at least two words. The peak rate of block transfers 
is 1 Mbyte/s, a significant percentage of the Uni­
bus's maximum rate (1.5 Mbits/s). By using the bus 
bandwidth efficiently during block transfers, the in­
terface minimizes its total time on the Unibus and 
thus helps to preserve host system response. 

Bus use and throughput are further improved by 
providing high-speed synchronization through 
metastable-hardened registers. A metastable condi­
tion arises when an active clock edge hits any flip­
flop just as the input is changing state; the event can 
cause the cross-coupled latch at the flip-flop output 
to reach a balanced, symmetrical state, which it 
holds for several microseconds before returning to 
either state. A two- or three-stage register could re­
duce the probability of the condition occurring but 
would add delays to throughput. Improved circuitry 
in the metastable-hardened registers not only re­
duces the probability of entering a metastable con­
dition but can also resolve this occurrence in only 
6 ns-nonhardened devices average 60 ns. 
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microcode can call a subroutine by specifying 
its address and stacking the address of the next 
sequential location. A return instruction allows 
the next microcode address to be popped from 
the stack. Both the call and the branch-return 
instructions may be absolute or conditionally 
dependent on the selected code. 

Branching addresses 

A special branch or call facility, aided by two 
external PROMs and a programmable array 
logic (PAL) circuit, can set priorities and select 
the next microcode address on the basis of 18 in­
puts. That arrangement essentially forms a 
high-speed decision matrix, equivalent to a pri­
ority multiway branch. The board's ability to 
recognize precisely the right instruction and 
prepare it for execution in real time is what 
makes the state machine so efficient and fast. 

At this point the next microcode address is 
sent to the control store PROM, which presents 

Unibu• eubnctlon 

Address 
recognition 

Memory eubeec:tlon 

ALU 

16 

16 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

the instruction to the instruction register. 
When that register is clocked, the next instruc­
tion cycle begins. An entire cycle takes place in 
125 ns. 

Once every cycle, 16 bits of data flow over the 
processor's internal data path, which is sub­
divided into the Unibus, on-board memory, and 
analog sections (Fig. 3). Each subsection has a 
set of transmitter-receiver registers that sep­
arates it from the main data path, allowing any 
subsection to execute an on-going process with­
out affecting the other sections. For example, 
the Unibus subsection can be loaded with a 
word for transfer to host memory and a Uni bus 
cycle initiated, with the DTl 771 board acting as 
a Unibus master. Meanwhile, the memory­
address latch may be written into the memory 
section and a memory-read function issued. At 
the same time, data from the analog-to-digital 
converter may be arriving at the holding reg­
ister in the analog section. That highly parallel 
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3. One reason for the control processor's high performance is the independent transmitter-receiver registers 
of the Unibus, memory, and analog subsections. While one subsection is executing a process, the internal 
data path is free for use by the other subsections. 
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architecture deserves the credit for the pro­
cessor's extremely high performance. 

Of course, the difficulties virtually any 
general-purpose computer has in sampling 
analog signals at rates over a few kilohertz are 
due primarily to host system latencies and un­
predictability. Present a-d converters can ac­
quire and convert hundreds of thousands or 
even millions of samples a second, but the com­
puter's response can be blocked by its process 
management activity or by peripheral devices. 
As a result the computer might miss some data 
points, with its file of converted data then hav­
ing random discontinuities. To date, the most 
common "solution" to this problem-time 
stamping all data points, or collectively storing 
timing and conversion data-proves more 
useful for detecting than preventing discon­
tinuities. 

The board's architecture overcomes that 
problem by isolating data acquisition from the 
host system interface. A 64-kword ring buffer 
delivers the elastic coupling necessary to syn­
chronize the analog interface and the host 
system (Fig. 4). 

All data transfers go through this buffer in a 
first-in, first-out (FIFO) fashion. The data 
from the a-d converter enters the buffer loca­
tion designated by the input address pointer, 
which is incremented after the data has been 
stored. Similarly, data is removed from the 
FIFO location designated by the output address 
pointer. Both address pointers increment in the 
same direction. 

As a ring buffer, the FIFO buffer has no 
beginning and no end. Whenever a pointer 
reaches the end of the buff er, it is automatically 
reset to the beginning; thus both pointers fol­
low each other continuously-without collision 
-around the buffer's address space. The dis­
tance between the pointers varies as host sys­
tem latencies affect data transfers over the 
host bus. 

Data 'round the ring 

The configuration of the buffer, 64k by 
16 bits, allows even the fastest a-d converter­
the 12-bit, 250-kHz multichannel input mod­
ule-to be synchronized with the Unibus. That 
12-bit module streams conversion data into the 
ring buffer at a rate of 4 µs/word, yet the buff-

er's size gives the host system up to 250 ms 
(64k X 4 µs) to define and initiate a DMA buffer 
transfer. 

The wide speed matching of the ring buffer 
not only yields high performance but also re­
duces host system overhead significantly. The 
timing compliance of the ring buffer makes in­
terfacing with the I/O board appear simple to 
the operating system; thus complex tasks like 
double buffering or buffer look-ahead are 
avoided. 

What Unix needs 

That simplicity merely increases the effi­
ciency with which a host system runs under the 
VMS or RSX operating systems, but it is es­
sential for Unix-based systems. Until now, the 
only way standard Unix could serve real-time 
interface applications was through custom ex­
tensions. The analog interface board can con­
tinuously sample data and transfer it to disk at 

Output address pointer 

\

data Is removed from 
here for transfer to 

host memory) 

Input address pointer 

--- (data from the a-d converter 
enters here) 

4. A 64k-by-16-bit FIFO ring buffer synchronizes the 
transfer of data between the analog interface and a 
host computer. Even though data can stream in at a 
rate of 4 µa/word, the buffer is sufficiently large to 
give the host computer 250 ma to define and initiate 
a OMA transfer. 

Electronic Deaign • September 6, 1984 223 



DESIGN ENTRY 

Analog Technology: Interface board 

100 kHz; though the rate is limited primarily by 
existing disk technology, it is virtually unheard 
of for standard Unix applications. 

When it comes to the maximum continuous 
throughput to host memory, the real-time per­
formance difference between VMS and Unix is 
easy to explain. Whereas VMS sets fixed real­
time priorities and uses a queued I/O system, 
making it relatively predictable, Unix dynam­
ically assigns process priorities inversely with 
respect to the time the CPU requires to execute 
it. Thus Unix can initially assign data acquisi­
tion and other I/0-intensive processes a high 
priority, but when they require CPU time, Unix 
brings them to a lower priority. Though that 
feature maintains an acceptable system re­
sponse to multiple interactive users, it renders 
system response unpredictable in real-time ap­
plications. 

Unix also lines up interrupt requests by 
types, so that a real-time I/O request may be 
queued behind less critical requests. Running 
under VMS or RSX, the fastest a-d module can 
transfer data to host memory at 250,000 sam­
ples a second; under Unix that rate drops to 
150,000 or 200,000 samples a second. 

Overall system accuracy depends heavily on 
the timing accuracy of an analog sample. Since 
an a-d converter takes a brief snapshot of a 
dynamically changing analog event, the in­
formation concerning the moment at which 
sampling was initiated, as well as the time over 
which the analog signal was sampled (that is, 
the aperture time), is as critical to relating data 
to the real-world event as is the conversion 
value. 

On-board timing 

An on-board pacer clock generates the tim­
ing necessary for critical data-acquisition ap­
plications. Accurate to within 100 ppm over 
0° to 70°C, the clock can be programmed for 
more than 65,000 frequencies ranging from 
1 Hz to 1 MHz, with jumper-selected primary 
frequencies of 16 MHz, 1 MHz, and 62.5 kHz. An 
external trigger initiates simple a-d and d-a 
functions, whereas an external gate is used for 
sophisticated sampling activities like signal 
averaging. An End of Conversion output from 
the a-d board may serve as a successive trigger 
for burst-mode sampling. 
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Simple data acquisition is the most elemen­
tary sampling mode, triggered internally or 
externally. Here the user specifies the number 
of the first analog channel, the triggering mode, 
whether the process will require single or mul­
tiple channels, and the value of the optional 
programmable gain amplifier. Users may also 
opt for one conversion per trigger or multi­
channel scanning at each trigger. The internal 
triggering rate is controlled by a user-selected 
clock frequency. For burst sampling, con­
versions occur at the maximum speed of the a-d 
subsystem. 

When data is being acquired continuously, 
the control processor transfers conversion data 
to the on-board ring buffer and subsequently to 
a buff er area in the host memory, according to 
the starting address and length of the buffer, 
both specified by the user. Additional data can 
be gathered by simply providing new data buff­
ers in host memory. 

With the ring buffer synchronizing the data­
acquisition and memory-transfer rates, the 
flow of data never breaks at buffer switches. 
Only a ring buffer overflow or underflow can 
interrupt continuous data acquisition. Both 
these error conditions can be avoided, however, 
as the ring buffer allows at least 250 ms for 
buffer switching, even with the fastest a-d con­
version module. 

Before and after the fact 

Two powerful modes developed for data ac­
quisition applications are pre- and post-gate 
sampling. In the former mode, data is collected 
before and after a gating event. The user selects 
the number of pre-gate samples to be retained 
and initiates conversions. The acquired data is 
cycled in the FIFO buffer. When an external 
gating event occurs, the most recent pre-gate 
samples are transferred from the FIFO buff er 
to the host memory, and sampling continues. 
That sampling scheme proves valuable when 
the conditions leading up to an event, as well as 
those occurring during and after the event, are 
of interest. 

Post-gate sampling allows a specified num­
ber of samples to be collected and transferred to 
main memory after the event occurs. The 
countdown mode, which is related to post-gate 
sampling, does not depend on external events to 
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collect a specified number of samples. 
For more sophisticated requirements, on­

board histogramming can be used to analyze 
unknown classes of phenomena. In that case, 
the board's local memory is configured as a 
multibin accumulator, storing the number of 
occurrences of a unique a-d conversion value. 

Plenty of room 

The width of each accumulator determines 
the number of stored occurrences and is dic­
tated by the resolution of the a-d converter. For 
example, a 12-bit board has 4096 (212

) unique 
conversion values, but a 16-bit a-d converter 
has 65,536 (216

) values. Since the local-memory 
complement is 64k by 16 bits, a single-channel 
histogram collected with a 16-bit a-d converter 
is limited to 16 bits in each accumulator, for a 
maximum of 65,536 occurrences of any single 
conversion value. A 12-bit a-d may be assigned 
32-bit accumulators, which can compile a histo­
gram of more than 4.2 billion occurrences of one 
value before overflowing. Histograms for up to 
eight channels of 12-bit data can be compiled 
simultaneously. 

For signal averaging, periodic phenomena 
are repeatedly sampled to improve the signal­
to-noise ratio. The number of conversions per­
formed during the synchronization period­
that is, the phenomenon's repetition interval­
is kept constant and critically timed. The con­
versions performed during one synchronization 
period are collectively called a sweep. 

Signal-averaging techniques usually trigger 
a sweep through a phase-locked loop, which 
ensures that each conversion trigger has an ac­
curate phase angle and minimal jitter within 
the synchronization period. Users can specify 
up to 16,384 conversions in a sweep, with the 
results of each current sweep stored in the first 
16 kwords of local memory. The remainder of 
the local memory is organized into 16,384 accu­
mulators, each 32 bits wide and each holding 
the results of the same numbered conversion in 
each sweep. In other words, accumulator 
1 holds the sum of the first conversions in each 
sweep, and so forth. That action, combined with 
the simultaneous sample-and-hold a-d module, 
can average the signals of four channels, all 
sampled within 10 ns of each other. 

When needed, d-a conversion outputs can be 
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driven continuously either through the host's 
memory or through the on-board ring buffer. 
In a pre-gating d-a conversion mode, an exter­
nal event initiates data transfers. 

During continuous d-a operation, data can be 
transferred to the d-a output module on each 
trigger from either an internal or external 
source. In addition, the interface board pro­
vides eight lines of digital 1/0, which may be 
read exclusive of analog 1/0 activity. Four of 
those lines can be used in conjunction with a 
12-bit analog word. 

Creating speech 

Just how fast and versatile the interface 
board is comes to light when a computer is used 
for speech analysis and synthesis. Since the 
board adds direct acquisition and output capa­
bilities to the computer, data files can be ana­
lyzed as soon as the experiment is completed or 
even reviewed while the experiment is in 
progress. 

In the system, the DTl 771 interfaces with a 
VAX-11/730 under VMS. It records the input 
speech waveform and then plays back the out­
put file, which contains the synthesized speech 
pattern. Only six of the eight analog channels 
are used (Fig. 5); the remaining two are ground­
ed to minimize input noise. With the aggregate 
sampling rate across the six channels being 
150,000 samples a second and the experiment 
lasting 1 minute, the board collects 9 million 
data words, or 18 Mbytes. That volume of data 
cannot be stored directly in host memory; in­
stead, it is stored on a disk connected to the 
Unibus. 

The application program that records and 
synthesizes the speech is split into three seg­
ments. The first acquires the data and transfers 
it to disk; the second extracts the data from the 
disk, analyzes it, synthesizes the new speech 
pattern, and returns the results to the disk; the 
last segment transfers the disk data to the d-a 
subsystem of the DTl 771 and sends it to the 
audio amplifier and the display unit. Segments 
1and3 operate in real time, segment 2 does not. 

A subroutine library called VMSLIB greatly 
simplifies the writing of the real-time seg­
ments of the program. Thanks to the library, an 
application program written in any language 
under VMS needs only a simple set of subrou-
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tine calls to set the functions of the board and to 
control the disk transfer operation. 

The program listing for Segment 1 (p. 230) 
shows the subroutine calls under Fortran that 
acquire the data that will be sent to disk. For 
the sake of clarity, the library's error-checking 
procedures are not shown. 

The board is set up for continuous data acqui­
sition with on-board clock triggering and a 
scanning operation for each trigger. At 40-µs 
intervals, the clock generates a trigger, the six 
channels are scanned sequentially, and six 
words of data are collected. The board then re­
sets its multiplexer to channel 0 and waits for 
the next trigger. Data from the a-d converter 
flows into the FIFO, where it awaits transfer to 
the host memory. For its part, the host can take 
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as long as 420 ms to respond before a single data 
point is lost. Each time the board gains control 
of the bus, it transfers a block of 2 to 16 words 
before relinquishing control. The data-acquisi­
tion process continues indefinitely until the 
board is halted by the application program. 

Through VMSLIB, the application program 
creates four 2096-word buffers in the host. 
Those buffers are filled by the DTl 771 device 
driver and then released to the disk-transfer 
routine. After a buffer has been emptied, it is 
given back to the driver, which refills it, and the 
cycle continues. At any given time, one buffer is 
being filled, one is being emptied, and two are 
waiting to pick up the slack (see Fig. 5 again). 

After being collected and transferred to disk, 
the data is analyzed and displayed under the 

VAX memory 

Bulfer B 
is waiting 
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filled 

Bulfer C 
is waiting 
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data 
to disk 
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is sending 

data 
to disk 

.,._ ___ _ i 
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5. When the board is recording and synthesizing speech, six analog input channels ac­
quire the speech waveforms and two analog output channels synthesize the speech pat­
terns. To handle the data collected- about 18 Mbytes- four buffers are created in the 
VAX memory. While one buffer is being filled, another is transferring data to disk. Two 
other buffers are always on standby. 
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control of segment 2 of the program. If the de­
sired result of the analysis is an analog wave­
form, the board's continuous-performance d-a 
output can synthesize waveforms to 0.01 % ac­
curacy at update rates of 125 kHz. 

The output of the four d-a channels on the 
DTl 771 board can be played back through a 
stereo amplifier. Alternatively, it can be used to 
drive the X and Y channels of an oscilloscope. 
The board's display refreshing permits the use 

of a nonstorage oscilloscope. The programming 
required to control the d-a output in segment 3 
resembles that of segment 1, the data-acquisi­
tion control section.o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 

Circle 

553 
554 
555 

The first step toward acquiring and transferring data 
C Device-initialization section 

c 
c 

c 

c 

c 

CALL DTDEV {IDCB, LUN, IDEVNM) 
CALL DTISCN (!DCB, ISTRT, NCHAN, !TRIG) 

CALL DTCLK (ICTRLB, !DIV) 

CALL SPMSW (IDCB, MSCB, LULNMS, NRECS) 

CALL SPMB {IDCB, IBCB, NBUFS, IBFSIZ) 
CALL MSRWN (!DCB) 
CALL MBDR (!DCB, IDTBUF, NBUFS, IBFSIZ) 

C Data-acquisition section 
CALL DTMBR (!DCB) 

c 
100 IF (IDCB(1). EQ. ISNNE) GO TO 1040 
c 

c 
c 

IF (IR .EQ. IW) GO TO 120 
CALL WFLOR (IR, IW) 
CALL READEF {IR, IDS) 
IF (IDS .NE. 2) GO TO 140 

C Writing subsection 
120 CONTINUE 

CALL DTMBWB (!DCB, IR) 
CALL MSMBW (IDCB, IR) 
IR = NXTBUF (IR, NBUFS) 
GO TO 100 

C Releasing subsection 
140 CONTINUE 

CALL MSMBWB (!DCB, IW) 
CALL DTMBRB (!DCB, IW) 
IW = NXTBUF (IW, NBUFS) 
GO TO 100 

1040 END 
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!Ask for device specification 
!Specify the start channel , the number 
of channels to be scanned, and the 
triggering mode 
!Specify the clock divisor that will give 
the sampling frequency 
!Opens a file on the disk with a specified 
number of records 
!Specify the number of buffers and their size 
!Rewind the data file 
!Define each buffer and release it to the 
device driver 

!Start filling the buffers with data 
from the DT1771 
!If required number of records has been 
written, exit the loop 
!If the event flag for a read 
!operation is set, go to the segment 
!that writes the buffer. 
!If the write event flag is set , go to the 
subsection that releases the buffer to 
the device driver 

Verify that the buffer is filled 
Write the buffer to disk 
!Increment the number of buffers filled 

!Verify that the buffer has been emptied 
!Release the buffer to be filled 
!Increment the number of buffers emptied 
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Without this accompanying chart, you 
might not even believe it. 

Our PM-1 family of ultra-low dropout linear 
regulators allows an engineer to design a high current 
output using a regulator with very low noise and 
fast line and load transient response. 

Think what that means. 
You can kiss those large heat sinks good-by. 

Ditto the fans, expensive transformers, and big, 
bulky packages. 

Our 18A module is only LS"x 2.0" and 
0.5'' high. Lower current versions are even smaller. 

And don't forget the added reliability that 
comes from reduced parts count. 

You've waited a long time for this product. 
Thanks to a proprietary custom-control chip 

and some innovative technology, we've come through 
with one of the most wished-for products in power 
supply design. 

Imagine getting SY of clean power from 
a regulator that requires only 5.2 to 6.0V input. 
That approaches the theoretical. 

Such high performance makes these products 
ideally suited for any high rel, low noise application; 

for example, instrumentation, telecommunications, 
mass memory, portable battery-operated equipment, 
analog 1/0 and microprocessor/interface applications. 

An entire product family. 
Our PM-1 regulator family covers a fairly 

broad range of standard currents and voltages. 
Products are available in 3, 6, 12, and 18A. 

And in standard voltages of 5, 12, 15, 18, and 24V 
Thats 20 standard products right there. 
We also do customs and specials. We'll design 

you a product from lA to 18A and with voltage 
ratings between 1.2 and 24V 

A few more interesting specs. 
These regulators come with three stan­

dard terminals, plus two additional pins used for 
remote sensing. 

The thermally efficient modular package 
PM1-0s1s is designed to bolt 
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DROPOUT VOLTAGE 

DROPOUT CHARACTERISTICS 

an output power stage, 
built in current limit­
ing and associated 
control electronics. 

For more 
than 10 years Silicon 
General has been the 
innovator in power 
control IC design. 

We've made our mark with supervisory circuits, 
motor drives, PWM's, linear. voltage regulators and 
power op amps. As you can see, with our new fam­
ily of ultra-high-efficiency regulators we sti ll haven't 
lost our touch. 

For details, send in the bingo. For specific 
questions, call Dan Loyer at Silicon General, Power 
Products Group, 940 Detroit Avenue, Concord, CA 
94518. (415) 686-6660. TWX: 910-481-9477. 

SILICON 
GENERAL 

Solutions for Data Conversion and Power Management 
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We have the 
components that 

make your disc 
drive drive. your 

printer print. 
etc., etc. 

We have the electromechanical components you need for 
your computers and peripherals. And the responsiveness 
you need to keep your production rolling. 

For memory units, we supply solenoids and a complete 
line of brushless DC motors designed for 51.I" to 18" disc 
drives. And linear actuators that position read/write heads in 
precise digital steps. 

For printers, we make rotary steppers and subfractional 
HP motors, and magnetic pick-ups. 

For microcomputers, minis and mainframes, Airpax 
magnetic circuit breakers assure positive protection. They're 
unaffected by ambient temperature, and serve the dual 
function of power switch and overload protection. 

And Airpax thermostats monitor cabinet temperatures, 
and shut down systems instantly when overheat threatens 
sensitive circuits. 

You can select from our thousands of standard models. 
Or we'll create a custom model for you, and produce a 
few dozen for prototypes, or millions for a production run. 

Ask us for engineering data. Airpax Corporation, a 
North American Philips Company, W. Johnson Ave., Box A, 
Cheshire, CT06410. (203) 272-0301 . 

AIRPM 
We give you control. 

" See Us At Midcon Booth No. 1230-1232." 
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Clocked v-f converter 
tightens accuracy 
and raises stability 

Replacing sensitive external components with 
a clock input, a voltage-to-frequency converter 
experiences less gain drift over temperature. 

W
hen very high speed is not critical, 
voltage-to-frequency con verters 
make efficient and accurate analog­

to-digital converters, largely because of their 
integrating characteristics, low nonlinearity, 
inherent monotonicity, and serial output. 
Present monolithic versions, though, require 
precision external capacitors and resistors, 
which make their gain vulnerable to tempera­
ture change. 

A new clocked v-f converter chip circumvents 
that vulnerability with a technique previously 
implemented only with discrete components. A 
clock input controls the device's output fre­
quency, an approach that not only produces an 
initial accuracy of 0.5% with an excellent tem­
perature stability of ± 20 ppm/°C but also sim­
plifies system design, since fewer external 
parts are required. 

The clocked, or synchronous, device is a dif­
ferent breed of v-f converter, though it employs 
the conventional and well-proven technique of 
charge balancing. An input voltage connected 

T. Anderson and B. Trump, Burr-Brown Corp. 
Tom Anderson joined Burr-Brown in Tucson, Ariz., in 
1977 and is currently a design engineer of analog 
'[J'roducts. He holds a BSEE from the University of Ar-
izona. 
Bruce Trump, who holds an Iowa State University 
BSEE, is a product manager at Burr-Brown, which he 
joined in 1979. He holds two patents in consumer elec­
tronic equipment, and he and Anderson have another 
patent pending. 

to the internal input register, Rin• creates a cur­
rent, Ii"' that charges the external integrating 
capacitor, C1 (Fig. 1). The integrator then pro­
duces a linear voltage ramp with a negative 
slope as its output. When the ramp crosses the 
comparator's input threshold, the falling edge 
of the clock pulse enables the clocked logic. 

The next rising clock edge initiates both an 
output pulse and an integrator reset period. In 
more detail, it causes the open-collector output 
transistor to saturate, producing an active-low 
output pulse. At the same time, current 11 

switches from the output of the integrator to 
the summing junction to reset the integrator 
output voltage . Since the 
full-scale input current is 
0.5 mA, the 1-mA cur-
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rent pulled from the summing junction always 
reverses the direction of the integrator ramp. 

The next positive clock edge ends the reset pe­
riod, switching current 11 back to the output of 
the integrator and thus maintaining a constant 
current load at the integrator output. The inte­
grator reset period thus lasts one complete cy­
cle of the clock input. At this point, the integra­
tor output voltage resumes its negative slope 
and ramps downward through the comparator 
threshold. Once the threshold is reached, the 
next falling and rising clock sequence initiates 
another output pulse and another integrator 
reset period. 

If Vin is greater than 10 V, the output fre­
quency remains at half the clock frequency. 
Although such an overrange input frees the 
integrator output to trip the comparator con­
tinuously, the converter's internal logic allows 
output pulses to occur only on alternate clock 
cycles . That character is useful in system 
design, where the most positive valid input volt­
age can be scaled to less than 10 Vanda fre-

v .. 

I., -
5 

quency output of Fciock/2 used as an input over­
range indication. 

The value of integrating capacitor C1 depends 
on the full-scale operating frequency required. 
Essentially, C1 must become larger as the full­
scale frequency falls; otherwise the integrating 
amplifier will saturate. 

The capacitor's value affects the amplitude 
but not the frequency of the integrator wave­
form; thus a wide range of values (10:1) can be 
chosen for a given application. Accurate inte­
gration does, however, require good dielectric 
absorption, which is a measure of the capaci­
tor's ability to retrace a given q/V slope regard­
less of that slope's polarity. Polycarbonate, 
polystyrene, and Teflon make good dielectrics 
for the integrating capacitor. 

Clock frequency sets full-scale frequency 

At full scale, the difference current in the 
capacitor (lin - 11 ) during the reset period is 
equal to the full-scale input current but flows in 
the opposite direction. As a result, the ramp-up 

c, TTUCMOS 

"' 14 10 

Integrator 

I 

+ Va 

OUtput -llhot 

+ VL 

,_ 

DGND 

Comparator I " cf----:-- -----:,;;:.' 
13 15 16 

AGND +v. 

1. The very high-speed integrator amplifier in the VFC100 is unable to swing below 
analog ground. The 5-V reference voltage is used to offset the comparator's non­
inverting input, causing the integrator waveform to reach a plateau 5 V above 
ground. With pin 9 tied to + V8 , the output one-shot is disabled and the clock logic 
determines the output pulse width. 
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and ramp-down times for the integrator are 
each equal to one clock period, and the output 
frequency is half the clock frequency. Thus if 
V;n falls between 0 and 10 V, the transfer func­
tion for the clocked v-f converter is: 

Fout= (V;n/20 V) · Fclock 

In contrast, the transfer function for the 
standard charge-balancing converter is: 

Fout= V;n/ (Vref • R;n • CT) 

where CT is a one-shot timing capacitor that 
determines the integrator reset period. Both CT 
and R;n must have a low temperature coeffi­
cient to minimize the gain error and drift they 

introduce into standard v-f converters. Since 
the initial gain accuracy of these converters is 
typically specified to within only 5% to 10% 
-even with so-called ideal external compo­
nents-each circuit must be individually cali­
brated so that the gain error and the tolerance 
of actual external components can be taken into 
account. 

Maintaining a low temperature coefficient 
on an input resistor with a wide adjustment 
range is a challenge. Because the total gain drift 
of the system is the sum of the individual com­
ponents' temperature coefficients, low-drift, 
low-cost systems have been difficult to build. 

The clocked v-f converter uses a precision 

A look inside the VFC100 
Integrated circuit technology has achieved many 

impressive feats but a resistor with zero tempera­
ture drift is not among them. Accurate resistor 
matching, however, is a strong point of IC technol­
ogy and has been used extensively in the VFClOO 
voltage-to-frequency converter chip to cancel the 
effects of temperature drift of many internal circuit 
elements. 

The device's input resistor, R;n, has excellent ini­
tial accuracy. However, only if its tezrperature coef­
ficient is canceled do its advantages remain intact 
(see the figure). 

Amplifier Ai together with a current mirror (Qi 
through Q4 ), derives the integrator's reset current, 
Ii. from the 5-V reference. With the noninverting 
input of Ai at ground, the summing junction is also 
at ground potential (the amplifier's offset is laser­
trimmed). Thus when Rrer 
is connected between V ref 
and the summing junc­
tion, current Iref flows in 
the resistor and the feed­
back path. Resistor R8 is 
laser-trimmed to cancel 
the offset voltage created 
by the amplifier's input 
bias current flowing in 
Rref· 

Feedback current comes 
from Qi and Q3. Qi has a 
bias voltage, V 8 (1 ), con-

To 
logic 

Integrator 
amplifier 

nected to its base, and A1 drives the voltage on R1 so 
that Qi's collector current is equal to Iref· Qa and~ 
have the same base bias voltage, and Q4 has four 
times the emitter area of Qa. Ri is exactly four 
times the value of R2, so ~ has a collector current 
exactly four times that of Q3. 

Q2 and Q5 are the switching transistors that steer 
I1 to either the summing junction of the integrator 
amplifier or its output. The voltages on its base 
control the switching, and these voltages are cen­
tered around V 8 (1), the base bias for Qi. This causes 
Q3 and Q4 to have the same collector-base voltage 
for the best possible match. Q1 also compensates for 
the base current error of Q2 and Q5. 

The result is that I1 has the same temperature 
coefficient as Rref (plus the smaller temperature 
coefficient of Vred · Since the temperature coeffi­

cient of the v-f converter's 
input resistor is matched 

v,.. 
(+ SV) 

1- :~ IR,.. 

to that of Rref, the con-
verter's input current also 
has the temperature coef­
ficient of Rref· With the 
converter input and reset 
currents having the same 
temperature coefficient, 
their effects cancel and 
the drive of v ref (laser­
trimmed to 20 ppml°C) 
controls temperature ef­
fects . 
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thin-film resistor as Rin to set the 10-V full­
scale sensitivity. That resistor 's temperature 
coefficient tracks other internal circuitry for 
excellent temperature stability (see "A Look 
Inside the VFClOO," p. 237). Besides eliminating 
an external component, the arrangement al­
lows the initial gain error to be laser-trimmed 
to 0.5 %; thus, in most applications, the user 
need not calibrate gain. Of course, the user may 
adjust that 0.5 % gain error to zero-now only a 
minimal adjustment-rendering the effect of 
temperature drift of any external trim com­
ponents negligible. Since the clock frequency 
controls the integrator's reset period, no pre­
cision timing capacitor adds expense and error 
to the system. 

Counting the output 

Output pulses can occur only on the positive 
edge of a clock pulse, locking the instantaneous 
output frequency to a subharmonic of the clock 
frequency. The input voltage is represented by 
the ratio of the converter's output pulses (N) to 
the clock pulses (M), or Vin = (NIM) · 20 V. To 
convert to a numerical value, simply count the 
output pulses. The key is to use a counter gate 
period determined by the same clock frequency. 
The duration of the gate (that is, its number of 
clock cycles) then determines the available res­
olution. For example, counting for 4000 clock 
cycles gives a measurement resolution of 1 part 
in 2000 since the counting period could contain 
no pulses or as many as 2000 converter pulses. 

Since no external components affect the 
transfer function, total system temperature ef­
fects are limited to the drift of the internal con­
verter circuitry, which is laser-trimmed to less 
than 20 ppml°C. In other words, the VFClOO 
specifications are complete system specifica­
tions. Since the output frequency tracks any 
variations in clock frequency, clock stability is 
not critical. Small variations in clock frequency 
do not change the NIM ratio, so that boards 
built with the clocked v-f converter may be pre­
calibrated and interchanged in the field. 

A common system application uses the 
VFClOO to convert an analog input into a fre­
quency with a simple counter on the output 
(Fig. 2). Because the ultimate output count is 
insensitive to the clock frequency, a simple 
RC-controlled oscillator can be used to drive the 

238 Electronic Deaign •September 6, 1984 

converter's clock input and to generate the 
counter gate period. An increase in clock fre­
quency, for instance, would be accompanied by 
a proportional increase in the v-f converter's 
output frequency. Since the counter gate period 
derives from the same clock, it would be corre­
spondingly shorter, thus producing the same 
number, N, of accumulated converter counts. 

In actual practice, a system might contain a 
clock that is, in fact, quite accurate. But the in­
sensitivity to the actual frequency allows a sin­
gle input circuit to function in a variety of sys­
tem designs without recalibration. An accurate 
clock is not without benefits, however. The v-f 
converter has a fully integrating input, and the 
integration period is equal to the counting gate 
period. For best noise rejection, it is best to inte­
grate for multiples of the period of the most 
likely interfering signal. Therefore, multiples 
of 1IBo second and 1150 second are usually chosen 
to reject ac-line frequency noise. 

A voltage reference, too 

In addition to bringing clocked operation and 
pretrimmed gain to the party, the v-f converter 
offers an excellent on-chip 5-V reference to the 
designer . This bandgap reference is laser­
trimmed to within 0.5% and a 20-ppml°C tem­
perature drift. The high-gain, high-bandwidth 
amplifier in the voltage reference provides low 
output impedance (1 Q) and the excellent tran­
sient rejection required in a digital signal envi­
ronment. Separate analog and digital grounds 
aid in maintaining accuracy by isolating digital 
output switching currents from the sensitive 
analog circuitry. 

An external bypass capacitor to analog 
ground can further enhance the noise rejection 
of the reference with external loads. In addition 
to offsetting the comparator input and thus 
achieving good noise rejection, it can establish 
the midscale offset required for handling bi­
polar input voltages. 

Like most v-f converters, the VFClOO can also 
function as a frequency-to-voltage converter. 
The accuracy of the tr an sf er function is pre­
served by connecting Rin as a feedback resistor. 
Frequency input pulses are applied to the com­
parator input, causing reference current I1 to 
switch to the integrator input for one clock cy­
cle per input pulse. The current pulses are aver-



Now you can use your MDS 
for 68000 development 

N ow ... with Language Resources 
MDS-68K upgrade package. 

MDS-68K upgrades any Intel® Intellec® 
Microprocessor Development System 
(MDS-800, Series II, III and IV) with 
a complete set of high performance 
68000 family software tools. A Multibus® 
compatible CPU board, software on 
Intellec compatible diskettes and a user 
documentation package supports complete 
68000 family microprocessor program 
development in an Intellec development 
system environment. 

LR's MDS-68K CPU board contains a 
68000 CPU, 256K bytes of high speed 
RAM, proprietary ROM's, 2 serial VO 
ports and a memory management sub­
system. Plug it into any Multibus master 
card slot in an MDS system chassis, and 
run code in a true 68000 environment. 

Development software tools - 68000 
macro assembler, linker/locator, symbolic 
debugger, optional Pascal compiler and 
optional Host Communication Utility are 
supplied on ISIS compatible diskettes. Firm­
ware on the MDS-68K CPU board contains 

the ISIS VO interface code. Together they 
allow you to develop and run 68000 user 
programs in the Intellec MDS environment. 

With MDS-68K, you can extend the range 
of an Intel MDS to include full 68000 family 
development support without sacrificing 
those Intel features you have come to 
depend on. MDS-68K software and hard­
ware is passive unless you access it through 
the special software provided in the package. 
Plus you can use available Intel tools (e.g. , 
CREDIT'", UPM) concurrently with 
MDS-68K. 

The plug-in board provides you with two 
serial VO ports for interfacing to one of the 
several available 68000 hardware emulators. 
You can develop code for Intel micropro­
cessors while adding 68000 development 
capability without swapping out boards. 

Our MDS-68K base package, including 
Motorola compatible assembler, linker/ 
locator, symbolic debugger, 68000 CPU 
board and extensive documentation is 
$5995. The optional Pascal compiler (C 
and PL/M-68K compilers available soon) 
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designs using a 68000 family chip and an 
Intel controller chip (e.g. 8051) 
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• Frees you from having to spend time 
learning a new development system's 
editor and other support tools 

• Generates code 
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aged by C1 to create a voltage output, Vout = 
20 V · f inlfclock• 

The design of the internal logic causes the in­
put frequency information to be loaded on the 
falling edge of the clock signal-a convenience 
when interfacing a v-f converter with an f-v 
converter. Since both comparator inputs are 
free, the digital input can be directly coupled, 
avoiding the cumbersome capacitive coupling 
circuitry required with previous designs. The 
analog voltage output (that is, the integrator 
amplifier output) can easily drive a 10,000-pF 
load, so that long coaxial lines can be driven 
directly. 

An isolated system 

The chip can serve equally well as a voltage­
to-frequency and as a frequency-to-voltage 
converter, say, in moving an analog signal 
across an optically isolated barrier (Fig. 3). 
That technique is useful not only for ensuring 
safety in the presence of high voltages but also 
for improving noise rejection in industrial en­
vironments. A common clock frequency again 

Input 
0- 10 v 

CMOS inverters 

5 

13 

4 14 10 

15 

-;. 4000 

(M = 4000) 

+ 15 v 
0.05 µF 

.r 

5-V 
reference 

16 9 

adds significantly to accuracy. A clock on the 
output side is optically coupled to the v-f con­
verter, giving the two converters the same 
tr an sf er function and also minimizing errors. 

The output one-shot circuit facilitates optical 
coupling of the frequency data. To accommo­
date the slow turn-off time of optical couplers, 
the active-low output pulse (normally lasting 
one clock cycle) can be shortened by connecting 
C2 to pin 9. The one-shot, which is normally dis­
abled when pin 9 connects to a positive voltage, 
enables C2 to vary the duration of an output 
pulse from as short as 200 ns to as long as one 
clock cycle. The timing diagram (see Fig. 3 
again) reveals how the accumulated delay of 
both optical couplers might create too long an 
input pulse to the chip working as an f-v con­
verter, VFC2: an input pulse remaining low dur­
ing two falling clock edges (dotted lines) would 
be interpreted as two input pulses. 

The ripple voltage existing in the output of 
the f-v converter section is more effectively fil­
tered if a minimum operating frequency is es­
tablished. Since the basic operating mode of the 

11 

12 

--1 f-- 4000 counts 

/_Jl_ 

f0 u1 = 0- 100 kHz 

Logic 
ground 

Reset 

Counter 
N 

Maximum count : 
N = M/ 2 = 2000 

+ l 5 V ~0.05µF 

- 15 v 

2. Dividing the clock frequency by M = 4000 establishes a counter gate period. An input of O to 10 V will then 
produce 0 to 2000 counts in the N counter. The count will stay the same even if the clock frequency drifts. 
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v-f converter (see Figs.1and2 again) produces 
zero output frequency for a 0-V input, a small 
circuit change is required. R1 is simply con­
nected to the reference, adding a constant 
50-µA offset current to the input current. An in­
put of 0 V now produces a 10-kHz output. 

Given the same offsetting value, R5 subtracts 
a matching offset in the frequency's conversion 
back into a voltage. A second-order 10-kHz low­
pass filter, Ai. further reduces the ripple volt­
age at the integrator's output. Although the 

+ 8V 

1.8k 

CK.. 

v .. = 
0-5 v 

CKoui 

CK,0 

c, 

+ 15 v 
2.2k 

I 
I 
I 

L!_J~~~1 ---it--~~~ ... L...J 
~ Must be 

I !A('high here 
~~ ....... l..L..L"J> L...r' 

'- Input pulse 
loaded here 

same results could be obtained by using a larger 
integrator capacitor, C3 , the low-pass filter 
yields a more favorable tradeoff between out­
put ripple and settling time. 

More resolution 

Intrinsic to the synchronized v-f converter is 
an instantaneous output frequency that is 
quantized . Since output pulses must always 
align with the nearest clock pulses, they appear 
to have a phase jitter, an effect that can be min-

200-kHz 
clock 

CKou1 

C3 
0.01 µF 

1-kHz 
low-pass 

filter 

+ 15V 

v"", 
0- 5 v 

3. An offset of 10 kHz introduced by R1 helps achieve a ripple-free output voltage (see the schematic). The 
offset is removed with R5 in the frequency-to-voltage section, VFC2 • Using the internal one-shot in the output 
section and controlling it with C2 shortens the output pulse (lower left). This ensures that f1N rises before the 
next falling edge, despite optical coupler delay. The clean output possible after low-pass filtering (shown at 
lower right) illustrates the performance of the overall system. 
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You can convert easily from state to timing to disassembled code 
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In sum, you can handle virtually all of 
your logic analysis needs with the System 2100. 
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imized with a high-speed clock, that makes 
clock edges available more frequently. Nor­
mally that high-speed clock sould be accom­
panied by a correspondingly high full-scale fre­
quency, but there is an alternative approach 
(Fig. 4). Here, a 1.6-MHz clock affords excellent 
resolution in output pulse timing; but the full­
scale frequency is set at a much lower 50 kHz by 
using a counter triggered by the v-f converter's 
output pulse. 

The converter's 1.6-MHz clock input held 
high when the comparator trips and the con­
verter's output goes low. The counter circuitry 
delays the next rising edge applied to the clock 
input for 16 clock cycles. Since the critical inte­
grator reset period is determined from rising 
edge to rising edge at the converter's clock in­
put, the effective clock frequency is fciock/16. 
Other full-scale frequencies can be set by pro­
gramming the appropriate load data (binary 

2to16) on the counter. 
With output pulses now able to align with 16 

times the resolution, the output has far lower 
phase jitter. Clock frequencies of up to 3 MHz, 
in conjuntion with larger counters, can achieve 
a wide range of full-scale frequencies and reso­
lutions. The output now lends itself to ratio­
metric counting techniques, where the period of 
many v-f converter cycles is measured and the 
frequency computed. This frequency measure­
ment technique is used in many laboratory fre­
quency counters and gives maximum possible 
accuracy in the shortest possible measurement 
periods.o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 

Data (16) 
Logic (1)--+--

Circle 

556 
557 
558 

1.6-MHz TTL 
Data U/ D 

C 74LS191 RC 

1.6-MHz 
clock 

Input 
0- 10 v R, 

500 

± 1% 
range 

R, c, 
2M 0.01 µF 

5 4 

7 
20k 

6 

~----

13 

clock 
Load 

14 10 1 0.05~ VL 

Clocked 
logic 

5-V 
reference 

15 16 9 8 

+ 15 .0.05,.F 

- 15 

I 1 I 2 I 3 I 4 I 5 I e I 1 I s I 9 I 10 I 11 I 12 I 13 I 14 I 15 I 1e I 

CK 

lou1 

4. Conventional logic functions can supply a low-frequency output synchronized to a much higher-frequency 
clock. The reduced phase jitter resulting from this high-speed clocking means that 16 times more resolution 
is available in the output signal 's period. Conversion speed can now be improved by using ratiometric count­
ing techniques. 
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Fast response testing. 
Both 4 and 5 inch wafers. 

Now Comdial also offers fast 
response scheduling of automatic 
testing for four and five inch 
wafers. And a full array of test 
services, including engineering 
rental time. 

Test facilities include Series 
20 LSI and Series 10 LSI testers , 
Electroglas 2001 XMA wafer 
sorters with auto alignment, 
Symtek 7936 HC-48 handler for 
dual-in-line packages . 

Automatic handling, increased 
throughput , higher yields­
testing scheduled to fit your 
production requirements. 

All partofComdial 's commit­
ment to responsiveness, from fast 
turn film photoplate coordination 
and prototype fabrication through 
scheduled volume production 
and packaging . 

Comdial handles it all-at your 
convenience. Fast. Responsive. 

Call Gary Kennedy, Vice 
President and General Manager, 
for information . 

COM DIAL 
Technology Division 
Semiconductor Services 

U.S. 
1230 BORDEAUX DRIVE 
SUNNYVALE, CALIFORNIA 94089 
TELEPHONE (408) 744-1800 
TWX (910) 339-9307 
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DYNAMIC 
VIEWING 

Image pickup and processing: 
a dynamic new way 

LinearCCDs 
• 6000: 1 dynamic range 
• up to 20 MHz readout frequency 
Area-array CCDs 
• frame transfer organization 
• antiblooming option: 

E= !OOxESAT 
Unequalled ease of use: 

1 CCD + ! lens = 1 imager 

THOMSON-CSF 
Components Corporation -
Electron Tube Division/ 
301 Route Seventeen North/ 
RUTHERFORD. NEW JERSEY 
070701 Tel (1.201)438.23.001 
TWX: 710 989. 7286 

~'THOMSON 
• (Q;@~[?@~~~li'~ 

B.ECTRON TUBES 

THE COMPONENTS OF SUCCESS 

Br1zll C.n1dl Frence G1!rm1ny United Kingdom lt1ly Sp1in Swed1n J1pt1n 
SAo-PAULO OTTAWA BOULOGNE·BILLANCOURT MUNCHEN BASINGSTOKE ROMA MAORIO STOCKHOLM TOKYO 

~---------~ Tel.1111542 4722 Tel . 1613) 236.36.28 Tel.111604.81.75 Te l.189178 79.0 Tel.1256) 29.155 Tel 161638.14.58 Tel.111405.16.15 Te l.108) 63.50.60 Tel.13) 264.63.46 
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FoR THE MICROCOMPUTER 
OEM OR END-USER 

HEURIKON IS THE CHOICE 
Make Heurikon your choice for 
Multibus™ microcomputers and sys­
tem components. 

For 12 years, Heurikon has supplied 
thousands of computers to help its 
customers find economical solutions 
for their microcomputer applications. 

8-BIT 
MICROCOMPUTERS 

MLZ-90A single board microcom­
puter with nine byte-wide memory 
sockets for use with RAM or ROM 
(AM9511 and floppy disk drive con­
troller optional). 

MLZ-91A single board CP/M™ 
system with on-card floppy disk drive 
controller, winchester interface, op­
tional AM9511, streamer tape inter­
face, two serial ports, one parallel port, 
64K or 128K bytes RAM with parity, 
two EPROM sockets, and GPIB CON­
TROLLER. 

MLZ-92A single board CP/M™ 
system with four serial ports on-card, 
floppy disk drive controller, win­
chester interface, optional AM9511, 
Centronics printer interface, 64K or 
128K bytes of RAM with parity, and 
two EPROM sockets. 

MLZ-93A single board CP/M™ 
system with 128K bytes of dual ported 
RAM, four EPROM sockets, floppy 
disk drive controller, optional AM9511 
and powerful serial port features in­
cluding SDLC and HDLC protocol 
support and modem controls. 

Z·80 is a trademark of Zilog Corp . Multibus and iSBX 
are trademarks of Intel Corp. UNIX is a trademark 
of Bell Lab. CP/M 68000 and CP/M·80 are trade­
marks of Digital Research. HK68 is a trademark of 
Heurikon Corp. Regulus is a trademark of Alcyon. 

16-BIT 
MICROCOMPUTERS 

HK68™ powerful and versatile sin­
gle board UNIX™ (System III or 

V) or CP/M68K™ system with 
68000/68010 CPU (8Mhz or 

lOMhz), MMU, quad chan­
nel DMA, four serial ports, 

128K, 256K, 512K or lM 
bytes of on-board RAM 

with parity, up to 32K bytes 
of on-board EPROM, user acces­

sable LEDs and dip switches, and two 
iSBX connectors for I/O expansion. 
Heurikon can also supply a full line of 
iSBX 110 expansion modules including 
quad channel serial port module, flop­
py disk controller, AID converter, bub­
ble memory and many more. 

GRAPHICS 
CONTROLLERS 

MLZ-VDC intelligent 640 x 480 x 4 
color graphics controller based on the 
NEC 7220 controller chip with on-
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board Z-80 CPU, DMA controller, and 
user definable FIFO interface to 
Multibus™. Users may display up to 
16 colors from a 4K palette. Up to 
1024 x 1024 x 3 interlaced also avail­
able. 

MICROCOMPUTER 
SYSTEMS 

MINIBOX 
Heurikon also provides completely in­
tegrated UNIX™ development sys­
tems with UNIX™ System III or 
System V including Berkeley enhance­
ments. CP/M-80™, CP/M-68K™, 
and Regulus TM are also available. 

Heurikon UNIX™ systems are avail­
able in four, six, and fourteen slot en­
closures with 30MB, 65MB, 140MB 
or 280MB of winchester storage, a 
megabyte floppy, and optional interac- · 
five on-line streamer tape drive sup­
porting 1-16 users. 

HElRIK9N 
Microcomputers For Industry 

3201 Latham Dr. 
Madison , WI 53713 

Telex 469532 

Call Heurikon Direct 

1800 356·9602 
In Wisconsin 1 608 271 •8700 
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DESIGN ENTRY 

Adaptable chip monitors 
five power lines to 

safeguard digital systems 

Designed for retrofit or OEM applications, a quad power 
supply and line monitor chip uses its flexible circuitry and 

spare op amps to fit a wide range of supply types. 

S 
imple yet adaptable supervisory circuits 
are an especially welcome addition to the 
power supply engineer's catalog of de­

sign shortcuts. Self-diagnosis, important in all 
parts of complex electronic equipment, is cru­
cial in a power source where early warning of 
an impending shutdown or brownout can save 
hardware from damage and rescue important 
software before an outage. 

Even simple power supplies had required a 
host of components for the supervisory func­
tion, including operational amplifiers, com­
parators, precision resistors, and a precise 
reference. Multiplied by the number of outputs 
-up to four in a typical supply for a micro­
processor system-supervision grew large and 
costly. 

Now, a single integrated circuit, the UC1903, 
not only monitors four de outputs over a very 
wide range of programmable tolerances, but 
also keeps tabs on the incoming ac line (Fig. l). 
Under- and over-voltage faults, with limits set 

Rich Valley, Unitrode Integrated Circuits Corp. 
Rich Valley designs power management !Cs for Uni­
trode Integrated Circuits in Lexington, Mass. As sen­
ior design engineer, he plans such power circuit sup­
port chips as pulse-width modulators, regulators, and 
supervisory circuits. Before joining Unitrode, Valley 
worked as a research engineer for Motorola Commu­
nications and Electronics. He holds a BSEE from the 
University of Michigan and an MEE from the Uni­
versity of Texas at Arlington. 

by the user, are reported by means of two open­
collector outputs; a third output responds to 
any fault, making its off state a "Power OK" 
indicator. 

To suit the majority of standard and custom 
power supplies, the chip's inputs can be config­
ured for combinations of negative and positive 
voltages. One on-board op amp is dedicated to 
sensing negative voltages; a general-purpose op 
amp can be strapped to sense a second negative 
input, boost input voltages that are below the 
2.5-V reference level, or set tolerance levels. 

The reference itself is brought out to a pin for 
external use or to scale fault tolerance levels in­
dependently for each of the --------. 
four de inputs. Among the 
chip's other handy fea-

September 6, 1984 249 



DESIGN ENTRY 

Analog Technology: Monitor chip 

tures is a start-up circuit, called a starting latch, 
that prevents false trouble indication before 
the power supply has stabilized. An input-sup­
ply under-voltage sense circuit also prevents an 
erroneous fault indication under low-supply 
conditions. 

The operating points of the four de inputs can 
be set with just a handful of resistors that scale 
the inputs to 2.5 V. The scaled supply levels are 
compared with precisely defined upper- and 
lower-voltage thresholds at the sense inputs. 

The user selects the proper tolerance using 
the Window Adjust pin, which simultaneously• 
adjusts all four sense inputs from ± 5% to 
± 25 %. The fifth input, for the incoming ac line, 
is monitored for an under-voltage condition 
through comparision with a fixed 2-V level. A 
failure caught at the ac line gives the system its 
best chance for an orderly shutdown before 
power is completely lost, the rescue time de­
pending on the size of the power supply's filter 
capacitors. 

The chip's outputs are open-collector npn 

Inverting 18 _ 

transistors that can sink in excess of 30 mA, and 
therefore are easily interfaced with many dif­
ferent types of alarm or emergency systems. 
Both the over- and under-voltage outputs are 
active low only when a fault occurs at any of the 
four sense inputs. But to accommodate the 
problems of the real world-say, transients and 
other types of noise-delays can be programmed 
into the detection paths. 

A system status indicator 

The Power OK output differs from the 
others, since it indicates a fault condition any­
where in the supply, be it the input or output. 
The active-low state signifies over- and under­
voltage faults at the four sense inputs, a low­
input supply line at the +Vin terminal of the IC, 
or a low condition at the line sense input. Thus, 
the off state of that output (or a high state if an 
external pull-up resistor is used) indicates that 
no problem exists. 

The value of separate fault indicators for the 
de supply outputs and the incoming ac line are 

Output$] 

Noninverting 17 + General-purpose 

Supply 
under-voltage 

sense 
op amp 

Sense 1 9 

Line I switcher w1 si;J----..J-------, 
sense 

1. A variety of input configurations, dedicated over- and under-voltage com­
parators, inverting and general-purpose op amps, and open-collector outputs 
makes the UC1903 power supply and line monitor a flexible add-on or integrated 
part for existing or planned power supplies. 
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obvious. However, in many cases, a supervisory 
system will take the same action regardless of 
the fault's cause. For those cases, the Power OK 
output alone suffices to initiate action. If line 
problems call for a unique response, however, 
the three fault outputs can be logically com­
bined externally to distinguish that condition 
from other faults. 

A typical application demonstrates the sim­
plicity of the controller's design (Fig. 2). There, 
four power-supply outputs ± 5, + 12, and + 15 
V-must be monitored to ensure that they stay 
within ± 10% of their nominal values. The out­
board hardware for the circuit consists mostly 
of the resistive dividers used to scale the nomi­
nal outputs to 2.5 V, which represents the cen­
ter of the tolerance windows. 

Scaling resistors do double duty for the nega­
tive supply voltage, which must be inverted by 
the Sense 4 amplifier and reduced to 2.5 V. The 
same resistors are used for both functions (see 
inset, Fig. 2) . Another divider, composed of R1 

and R2, helps set the fault window by scaling the 

Sense points 

+ 5V + 12V + 15V - 5V 

5k 19k 25k 

R, 

5k 5k 5k 

2.5-V reference at pin 2 to 1 V for the Window 
Adjust input at pin 4, according to the formula: 

Fault window( %)= V8 ±(10 X VADJ) % 

where Vs is the nominal level of the voltage be­
ing monitored and V ADJ is the voltage at the 
Window Adjust input. 

If the fault window is not symmetrical, that 
is, the nominal supply voltage will range X% 
below the overvoltage point and Y% above the 
minimum, the divider values are selected so 
that V.(1 +((x-y)/(2X100)] scales to 2.5V. In 
such a case, V ADS would be set to (X + Y)/20 V. 

Although threshold hysteresis will reduce a 
comparator's susceptibility to noise, too much 
impairs the circuit's resolution. For that rea­
son, the power supply monitor's hysteresis is 
very carefully chosen to reach just the amount 

+ 
2.5 v 

+ 
Vs 

Negative 
supply 
( - Vs) "= 

r·----------- --
' UC1903 

I 
1 Sense 4 
1 inverter 
I 
I 

Sense 4 input 

GND 

.,.. .,.. Power OK 

0.0022 µF 

J. 
---- UVFault 

---- OVFault 

2. In a simple hook-up, the chip monitors four supply levels for over- and under­
voltage conditions. In addition to a built-in inverter for negative supply voltages, 
the chip includes a geoeral-purpose op amp that can be configured to monitor a 
second negative supply (inset). 
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of resolution required for clean, glitch-free 
performance. 

Both the over- and under-voltage com­
parator thresholds are set at the sense inputs of 
the controller for a hysteresis that is always 
8% of the window magnitude. For example, 
± 10% fault windows have a hysteresis of 0.8%, 
or 20 m Vat the sense inputs. 

If a supply must be monitored to within 
± 5%, the fault window at the sense inputs 
would be ± 125 m V. In that case, 50 m V would 
be too much hysteresis but 10 m V would not. On 
the other hand, if a supply is checked to within 
± 25% -that is, ± 625 m Vat the sense inputs­
then the 50 m V of resulting hysteresis would 
not be too much. In fact, the increased hyster­
esis may be desirable, since the supply would 
more likely be noisy due to its poor regulation. 

The nonsinusoidal nature of the voltage and 
current waveforms in switching power supplies 

Signal to delay circuit 6.4 V 
from over-voltage comparator 60 p.A 

~ 
No fault I I 

Fault LI 

(•) 

External over-voltage 
delay capacitor 

Over-voltage 
Fault 

Indication 
to output logic 

causes substantial amounts of residual switch­
ing noise and ripple on the outputs. Also, the 
limited bandwidth of the switcher-about one 
half of the switching frequency-and the large 
output inductors used to reduce ripple combine 
to limit transient response. All three factors 
require that the monitoring circuit be able to 
reject periodic noise as well as normal transient 
excursions. 

The monitoring circuit's tolerance is effec­
tively reduced by the peak noise amplitude. 
Filters can be used but they can cause an un­
desirable delay that prevents fault detection 
before damage is done. 

Ripple noise is the least of the problems, since 
its amplitude is limited. Transient spikes are 
not as easy to handle, since their amplitude, 
(energy content) is not as predictable and can 
be quite large. Linearly filtering them would 
require a substantially lower frequency pole 
and increased detection response time. 

Quenching switcher noise 

The power supply monitor copes with both 
problems with a programmable delay feature 
buil t in to its over- and under-voltage fault 
detection paths . The delay can be programmed 
to desensitize the chip to transient conditions 
and permit the use of a simple filter at the sense 
inputs to reduce periodic noise (Fig. 3a). And 
because the chip has separate delays for over-

Output ripple Transient Under-voltage Fault 
and switching noise spike output goes low 

Supply output 
voltage vs. time 

Voltage across 
under-voltage 

delay capacitor 

Voltage across 
over-voltage 

delay capacitor 

v~~ ----- -'---------- ________________ \ ___ _ 
threshold 

Under-
voltage ------------r--:..,.-

threshold 

1.8 v ------ - - ---- ----- - ----------------

1.8 v -- ---- - - - --- -- -----------------------

OV=-::--="="'.=-:::-=-=-=-.:=-::~~~~'""=-=-=---------------------------------
(b) 

3. An external delay capacitor helps desensitize the monitor chip to transients (a) . Con­
nections are available for both over- and under-voltage delays. Sensitivity to spikes is 
reduced but definitive action results from a true under-voltage condition (b). 
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and under-voltage conditions, plus fast decay of 
the delay capacitor's charge (Fig. 3b), it can 
sidestep a drawback of combining quad fault 
capabilities onto a single chip. That is, if several 
noisy inputs are near a fault threshold simul­
taneously, the fault delay will not be effectively 
shortened. 

A minimum fault delay of about 50 µsis ade­
quate to effectively reject transient spikes in a 
typical switcher. The UC1903 has a nominal 
fault delay of 30 ms/ µF of delay capacitance. 
Thus for a 50-µs wait, a delay capacitance of 1.7 
nF is required. Accordingly, the 2.2 nF shown 
(see Fig. 2 again) is adequate for nominal fault 
delays of 66 µs. 

Getting things started 

A couple of irksome power supply problems 
can confuse a supervisory circuit at start-up. In 
a multiple-output supply, the various outputs 

15 v 

12 v E 

7V 

5V 

3V 

OV 

- 5V ...j j+.uv Fault :1 I delay 

Off 

On 

do not necessarily come up to proper levels at 
the same rate. Indeed, in some instances the 
outputs are intentionally staggered. Also, if the 
biasing for the reference levels, or comparators, 
is not adequate when the chip receives power, 
the over-voltage trip levels may be artificially 
low at the sensing points. As a consequence, the 
monitoring circuit may sense fast-rising de in­
puts as over-voltage conditions. That is an es­
pecially critical problem if hard-wired shut­
down or crowbar circuits are tripped. Both 
problems can lead to an erroneous indication of 
under-voltage faults if the start-up condition is 
not sensed. 

To cope with these problems, the input­
supply under-voltage sense circuit of the 
UC1903 monitors the internal bias supply to all 
other circuits within the chip. When the input 
supply is not adequate to sustain proper inter­
nal bias levels, the over- and under-voltage 

15V,±10% 

12-V supply, ± 10% 
(Power source 

to UC1903) 

5 v. ± 10% 

.-5 v, ± 10% 

Power OK 
output 

UV Fault 
output 

Off 
-t J-ov Fault 

delay 

On 
L OVFault 

output 

4. The starting latch and the input-supply sense circuitry ensure pre­
dictable fault response during start-up and low input-supply conditions. 
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fault outputs are disabled. Typically, an input 
supply of 7 Vis required before the disabling 
signal from the under-voltage sense circuit is 
removed. 

The chip's starting latch recognizes a start­
up condition through the under-voltage sense 
signal, and is reset when a low input-supply 
condition occurs. The output of the latch dis­
ables the under-voltage fault output and con­
tinues to maintain that condition as long as the 
latch remains reset. 

The end of a start-up sequence is recognized 
when all four sense inputs exceed the under­
voltage threshold. At that point, t he starting 
latch is set, enabling the under-voltage fault 
output to go low if any of the sense inputs drop 
below the under-voltage threshold. 

Sense 
input 

Monitored 
supply voltage 

(Vs) 

R, 

R2 

R, 

R2 

~---

Fault window for 

the sense input (%) = 
R2 

± 10 V (V..,1) · R, + R, 

(•) 

r.--------1 UC1903 Fault window tor 
I the sense input (%) = 

+ lOV(V ) R, + [R 1R2 /(R 1 + R2ll 
- •di' R3 
Sense 
1to4 
input 

2.5-V 
reference For 

I R, 
V5 (nominal) . R,+ R, = 2.5 V 

I (b) 

5. The general-purpose op amp, along with resistor 
values (determined by the accompanying formula), 
tightens the fault window of one sense input in­
dependently of the others (a). For a wider window, 
one resistor must be added to the resistive divider 
(its value found by the formula) and connected be­
tween the sense input and the 2.5-V reference (b). 
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In a representative start-up sequence (Fig. 
4), the supervisory chip's own power supply has 
reached 3 V and the Power OK output becomes 
active at point A. The over- and under-voltage 
outputs are disabled. At B, the chip's supply has 
exceeded 7 V, the over-voltage output is en­
abled, the under-voltage output remains dis­
abled (by virtue of the starting latch), and the 
Power OK output remains low. The last supply 
has reached the under-voltage threshold at 
point C and the Power OK output has gone high. 
In addition, the under-voltage output is en­
abled. At pointD, the -5-V supply starts to rise 
and the under-voltage output, after a suitable 
delay, goes low. An over-voltage fault in the 
+ 15-V line causes the appropriate warning at 
point E. 

Versatility is the key 

The supervisory chip's strength lies in its 
adaptability to a variety of monitoring chores. 
For example, the output of the op amp inverter 
is internally committed to the Sense 4 input. At 
first glance that seems to preclude its use for 
monitoring positive voltage levels. However, 
because the inverter's output stage is an un­
biased npn emitter follower, its input can be 
tied high to reverse-bias the output stage, 
leaving the Sense 4 input in a high-impedance 
state. That allows this input to be used for a pos­
itive level. 

The general-purpose op amp is handy for a 
number of tricks, including inverting and scal­
ing a second negative input or scaling voltage 
levels that are less than the 2.5 V required by 
the sense inputs. And because it can source up 
to 20 mA, the general-purpose op amp is perfect 
for driving an optical coupler for isolated feed­
back in primary-side-controlled switchers. 

Voltage levels at the sense inputs need not 
represent power-supply outputs. Many types of 
transducers that measure temperature, motor 
speed, air flow, and other variables produce 
current outputs that can be converted, if neces­
sary, by the op amp to the required 2.5-V level. 

The fault tolerance windows of the monitor 
chip, with the help of the reference output pin 
and the general-purpose op amp, can be individ­
ually scaled to accommodate the practical need 
for a variety of output tolerances within a sin­
gle multioutput power supply. To narrow a win-
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dow, the hook-up must be used to amplify the 
output's deviation from its midrange, or nomi­
nal value (Fig. 5a). Because the middle point of 
the fault window at the sense inputs is always 
2.5 V, the op amp can compare the divided sup­
ply voltage with 2.5 V and then boost the devia­
tion. 

Just one extra resistor is needed to widen the 
fault window (Fig. 5b). In that case, the devia­
tions of an output are simply divided by tying a 
resistor from the 2.5-V reference to the output 
of the supply divider. 

The diversity of circuit configurations possi­
ble with the supervisory chip is well illustrated 
by a four-supply example: 5V, ± 5%, ± 15 V, 
± 10%; and 40 V, which must not vary more 
than -30% or +20% (Fig. 6). In addition to the 
monitored supplies, the logic system attached 
to the power supply has a battery backup that 
requires an early warning of line failures. 

Although the monitoring job is quite com-

plex, the circuitry is not. The few external parts 
required are mostly scaling resistors. The Win­
dow Adjust voltage is set to 1 V by a divider tied 
to the reference. The ± 10% windows for the 
15-V supplies are set by simple scaling and, in 
the case of the negative supply, by inversion to a 
2.5-V level. 

The general-purpose op amp is enlisted to 
monitor the 5-V supply's strict tolerances. To 
do so, resistors R1 and R2 set a gain of 2 between 
the output of the R3/ R4 divider and the Sense 1 
input. The noninverting input of the op amp 
then references the sense level to 2.5 V. 

To monitor a 40-V supply, the R5/ Rs divider is 
centered in the middle of the operating range-
42 V. The fault window is widened from ± 10% 
to ± 25 % by resistor R7, which is placed be­
tween the reference and the Sense 3 input. 

To sense the line voltage, a small-signal 
60-Hz transformer both steps down the line 
level and isolates the line from the chip. The 

+ 40 V, + 30%/ - 20o;, Sense inputs R, 
10k 

5 V, 
± 5°/o 
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+ 15 V, - 15 V, 
± 10% ± 10% 

Rs 
25k 79k 

5k R• 
5k 

6:1 

R, 
10k 

Line-fault 
indication 

to battery back-up 

1---+-+--+4+ UV Fault 1-------• OV Fault 

AC lin]11, -~27k ________. 
- 6.8 µF 3.3k 

60-Hz 
isolation 

transformer 

6. Only a few external parts are needed to adjust the monitor chip for a 
wide range of supply tolerances. Logically combining the Power OK, 
under-voltage and over-voltage outputs generates a reliable line-fault 
indication for an external battery back-up system. 
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computers allow the VideoBridge to be Built-in tape drive. Testing many 
the heart of an automatic test system. For different parts? You can load a compli-

Putting Precision 
To The Test. 
CIRCLE 121 

Electro Scientific Industries, Inc. 
13900 N.W. Science Park , Portland, OR 97229 

800 547 1863 (in Oregon call 
- - 503-641-4141) 



VuePoint>ll™ 
Aat panel, touch input 
display system . .. what more 
could you ask of a friend. 
OSER FRIENDLY - The proven technology of VuePoint 
W"'s 12 line by 40 character gas plasma display and 12 
x 20 resolution optical sensing, responds instantly to the 
user's touch. Menu-prompted, touch-interactive opera­
tion enhances productivity of unskilled operators. 
DESIGNER FRIENDLY - The system software designer 
will love VuePoint H's touch-interactive possibilities and 
standard 3 page display memory (expandable to 143 
pages). Smart system features like formatting, field def­
inition and cursor control make software design even 
easier. 

Hardware designers will appreciate the low profile 
package (only 85/e" X 12" X 4") for those tight spaces and 
front display seal for those wet or grimy applications. The 
standard RS 232 port can be adapted to accommodate 
RS 422, 423, 485, 20mA, TTL and others. The modularity 
and structural integrity of VuePoint II provides for ease 
and speed of design integration. Expandable hardware 
options adapt VuePoint II ™ to your specific system 
requirements. 
BOYER FRIENDLY - Best of all, this second generation 
technology is available at below first generation cost, 
which will make you a lot of friends with management 
and your customers. 

SPECIAL EVALUATION UNIT OFFERED AT 
THE 100 QUANTITY PRICE OF $ J 767 
(regular quantity 1 price: $2295). 
You've got friends at General Digital®. Call or write us for 
additional information. We'd like to help. 

~ General Digital Corporation 
700 Burnside Avenue, 

East Hartford, Connecticut 06108 
Telephone: (203) 528-9041 
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Analog Technology: Monitor chip 

Line 
input 

PWM 
control 
switch 

Supply 
output 

.-- --
I 

7. The line-switcher sense input catches faults in 
the switching power-train early enough to ensure an 
orderly system shutdown before a complete outage. 
In the hookup for a primary-side-controlled switch­
ing power supply, the headroom is limited to the 
hold-up time of the switcher's output filter. 

output of the transformer is rectified, filtered, 
and divided down to a lower voltage for applica­
tion to the line-switcher sense input. That in­
put, with a 2-V threshold, has a hysteresis of 
175 m V. Thus the rectification filter network is 
designed for a pk-pk ripple at the line-switcher 
input of 150 m V during low-line conditions. In 
that way, detection time will be fast but the 
hysteresis will prevent "stuttering" during a 
soft brownout. 

Switching power supplies present a unique 
additional problem: A failure in the switching 
power train cannot be detected until an under­
voltage condition occurs at the supply outputs. 
Proper connections within the switcher, how­
ever, can extract an early warning of power 
train failures (Fig. 7). Although the headroom 
is limited to the hold-up time of the supply's 
output filters, the delay time through the line­
switcher sense input to the Power OK output is 
typically just 500 ns. In addition, the com­
parator hysteresis in that circuitry will min­
imize overdrive requirements. Thus the very 
fast indication of an impending power failure 
will provide the few milliseconds of warning 
that will prevent loss of data stored in volatile 
memories.o 

How useful? 
Immediate design appl icat ion 
Within the next year 
Not appl icable 
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ill1*\JIU ~' CMOS flash Alo copveriers ·Wint tricnHflble 
speed and low power at a cost your system can afford. Micro Power's 
proprietary bulk silicon molybdenum gate CMOS process frees you 

from over-priced, power-hungry bipolars and hard to get SOS. 

6-Bit - MP7682 8-Bit - MP7683 8-Bit - MP7684 
• 30 MHz Sample Rate • 10 MHz Sample Rate • 20 MHz Sample Rate 

• Single 5V Supply • ±1/4 Bit Accuracy 
• Single 5 V Supply 

• ±1/2 Bit Accuracy 
• Single 5V Supply • 250 mW Dissipation 

• 150 mW Dissipation • 75 mW Dissipation • Parallel Architecture 
• Production Quantities • Production Quantities • Production Quantities 

Micro Power's moly gate converters provide high 
performance and powerful solutions for flash appli­
cations. These devices meet commercial , industrial , 
and military temperature ranges. All are available 
with MIL-STD-883 Class B processing, and are 
CMOS levels and microprocessor compatible. 

The 6-bit, MP7682 is a superior, pin compatible, 
replacement for the RCA CA3300. It's faster (up to 
30 MHz), more accurate (linearities to ± 1/4 LSB) , 
lower cost ($34.00 for ± 1/2 LSB accuracy, com­
mercial temp., 100 pieces) , and less demanding on 
your signal conditioning (1V reference) . Two units in 
series provide 7-bit resolution , and two units in 
parallel double the through-put rate. 

The 8-bit, MP7683 is a remarkably low power 
(75 mW), two-step converter with a 10 MHz sampl ing 
rate. Its low cost ($60.00 for ±1/2 LSB accuracy, 
commercial temp., 100 pieces) makes it ideal for use 

U.S. REPS: AL: A.W. Mltscher Company, (205) 539•0009: AZ.: Sun-West Marketing. (602) 838-7566; CA: 
Centaur Corporation. (714) 261-2123, (818) 704-1655: PAO Associates, (408) 358-3861 ; CO: Technical 
Marketing Associates. (303) 841-3435; FL: Perrott Associates . Inc .. (305) 298-7748. (813) 443-5214, 
(305) 792-2211 : GA: R.W. Mitscher Company, (404) 923-3239; IL: ZMS Electronic Sales, Inc., (312) 394-
4422: IN : Coombs Associates, (219) 747-7661 ; 10: REP Associates. (319) 373-0152: KT: K.W. Electronic 
Sales, Inc .. (502) 451-1860; MO: Robert Electronics. (301) 995-1900: MA: Dynamic Sales of New 
England, (617) 272-5676: Ml: Lektronics, (313) 349-3304; MN: Peterson sales and Associates. (612) 
944-0030: NJ: Jack McCoy and Associates , (609) 953-0770: NY: Quality Components, (315) 682-8885, 
(716) 837-5430; NC: R.W. Mitscher Company. (919) 848-094t , (704) 332-8490; OH: K.W. Electronic 
Sales. Inc., (513) 890-2150. (216) 49t -9177, (6t4) 888-0483; OR: Electronic Companent Sales. (503) 
245-2352: PA: K.W. Electronic Sales, Inc .. (412) 487-4300; TN: R.W. Mitscher Company, (615) 292-7258; 
TX: Mil-Rep Associates, Inc .. (512) 258-2828. (7t3) 937-0127, (2t4) 644-673t ; UT: Technical Marketing 
Associates; WA: Electronic Component Sales, (206) 232-9301 ; WI: ZMS Electronic Sales. Inc .. (414) 782-
2222; CANADA: Har-Tech Electronics. (514) 665-7773. (5t4) 697-673t , (6t3) 230-8431 ; Davetek 
Marketing, (603) 430-3680. 
U. S. DISTRIBUTORS: M•f'lhall Electronics, All Locations: Mllgr•y EJectronlc1, All Locations: Wyle 
Electronlc1, All Locations: CA: Jan Devices, (818) 708-1100; Pacesetter Electronics, (71 4) 557-7131 , 
(408) 734-5470; Future Electronics, (408) 945-9t00; CO: Bell Industries. (303) 424-t985; FL: Time 
Electronics, (305) 974-4800; GA: Wholesale Industrial Electric, (404) 447-8413; IL: GBU Goold 
Electronics, (3 12) 593-3220: IL: Classic Components. (312) 272-9650: MD: Whitney Distributors. (301 ) 
944-8080; MA: Gerber Electronics, (617) 769-6000; Aved Electronics, (617) 657-8310; Ml: Reptron 
Electronics, Inc., (313) 525-2700: MN: The Joel Company, (612) 545-5669; NM: Alliance Electronics, 
Inc .. (800) 545-6288; NY: Summit Distributors. (7 t6) 887-2800; Add Electronics, (3t5) 437-0300; Nu 
Horizons, (5t6) 694-2500; OH: Argent Industries. (5t3) 836-8633; Reh Electronics. (2t6) 248-1636; OK: 
Quality Components. Inc., (918) 664-8812; PA: Aldertronics. (412) 821-5565; TX: Quality Components. 
Inc .. (214) 387-4949. (512) 835-0220, (713) 491-2255; UT: Bell Industries, (800) 545-6288; WA: Priebe 
Electronics, (206) 682-8242: WI : Taylor Electric Company, (414) 241-4321 : Classic Components. (414) 
786·5300; CANADA: Future Electronics, (613) 820-8313, (514) 694-7710, (403) 486-0974, (416) 638-
4771 , (604) 438-5545. 
MICRO POWER SYSTEMS EUROPEAN OPERATIONS: Brussels. Belg ium. 32 27-204608. 

in applications where price and power consumption 
are barriers. 

The new industry standard is Micro Power's 8-bit, 
MP7684. Its parallel architecture, single 5 V supply; 
1 volt reference, speed and overflow bit make it 
simply the best available. MPS's MP8584 is the 
world's first 9-bit flash (available first quarter '85) . 

Samples, data sheets, applications boards and 
applications support are immediately available. Send 
the coupon or phone your local representative or 
distributor. MPS is the leader in data acqu isition ICs, 
refractory gate MOS technology, and now - flash 
converters. 

"See us at Wescon '84" 

/NA MICRO 
~POWER 

SYSTEMS 

3100 Alfred Street 
Santa Clara, CA 95050 
(408) 727-5350 

r----------------------------------~ 
To: Micro Power Systems, 3100 Alfred St , Santa Clara. CA 95050 

Send Data Sheet: O MP7682 OMP7683 OMP7684 

0 Send Full Line Catalog 0 Have Local Rep Call 

Application: _________________ _ 

Name 

Title 

Company 

Address 

Ci ty State Zip 

L~~!---------------------~~~~------~ 
CIRCLE 123 



CASE NUMBER 

I red of "specmanship" and confusion? Want the straight story on thermal 
performance curves? All IERC's curves are based on case temperature rise above 
ambient vs. power dissipated (not heat sink temperature rise). So next time you're 
in the market for board-mounted heat dissipators ... for lead or case-mounted 
semis, plastic or metal, LCCs, hybrids, DIPs, flatpacks or microcircuits, make 
the cool move to someone with curves you can trust-in accordance with 
EIA Components Bulletins 5 and 5-1. Call IERC. 

FREE 160-PAGE CATALOG 
Our new Heat Sink/Dissipator 

Products and Thermal Manage­
ment Guide is the most 
useful thermal manage­
ment tool available. 160 
pages of useful tips, 
tables and data. Call your 
IERC representative today. 

In the PERMAG tradition, r------------~ 
Rare Earth Cobalt mate- I 1-.JIPERM A jG] I 
rials are done to your speci- I ~ ,.. I 
fications. In materials from I It's what we add that makes the difference. I 
16MG0- 30MGO. The mag- 400 Karin Lane, Hicksville, NY 11801 
netic material that delivers I o Please send your latest Permanent Magnets ,,, I 
more power in less space can I Catalog. D Have salesman call 8 I 
be delivered to you sliced, I Name I 

diced, fabricated and built into mag- I 
netic assemblies. It's no wonder more I Company 

and more design engineers turn to I Address I 
PERMAG for Rare Earth Cobalt. For I City State Zip I 
applications that are down-to-earth. I I 
Or out of this world. Phone L---------------L------------:.J 

ATTENTION 
POWER 
SUPPLY 

SPECIFIERS 

See Deltron's 
New 

Switching 
Power Supply 

Catalog 

IF YOUR 
COPY 

IS MISSING, 
CIRCLE 

THE NUMBER 
BELOW. 

TOLL FREE: 800-523-2332 

P.O. BOX 1369 
WISSAHICKON AVENUE 
NORTH WALES, PA 19454 
PHONE: 215/699-9261 
TWX:510/661-8061 

INTERNATIONAL UNIT: 

DELAIRE CO. 
DUBLIN, IFIELAND 
TELEPHONE: (01) 851411 
TWX: 30442 DEL El 
PREFIXES: UK (0001) 
INT. + 353 (1) 
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PARIS84 
20/23 NOVEMBER 

International 
Exhibition 
of Equipment 
and Products 
for Electronics 

• Design I Artwork Reproduction 

• PCB - manufacturing 
processes 

• Hybrid circuits manufacturing 

• Manufacturing of Integrated 
circuits l.C. 

• Manufacturing of Passive 
components 

• Components insertion, wiring , 
assembly 

• Test equipment and 
measuring 

• Materials and products 
specifically made for the 
electronic industry 

Entrance fee : FF 100 (permanent card) 

+ 2 international conferences 
• Wednesday, Nov. 21: surface mounted 

device technology (SMD-technology) 

i • Thursday, Nov. 22: Printed Circuit Boards: present I and expected positions 

+ ••••••••••••••• 
• Please Send me: • 

• D further information about the exhibition PRON IC 84 • 

• D preliminary list of exhibitors • 

• D conference programmes • 

• D easy travel arrangements • 

• • • Name • 

• Company • 

• Address • 

• • • • • Organisation S.D.S.A. - 20, rue Hamelin - F 75116 Paris • 

••••••••••••••••• CIRCLE 126 

Coupon - electronica 84 
Please submit detailed information 

D Trade Fair D Conference Program 

MESSE MO NCH EN~ INTERNATIONAL 

Gerald G Kallman Associates. 5 Maple Court. Ridgewood . 
New Jersey 07450. Tel (201) 652-7070. 
Telex 710-730-5380 Good word icty 
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VIA takes 
the mystery ... 

Ethernet 1s a trademark of Xerox Corporation VAX 1s a trademark of D1g1tal Equipment Corp 



out of 
VLSI design. 

CIRCLE 145 

Everybody loves a good mystery ... 
but not when selecting the right VLSI 
design system. 

Now VIA has solved the mystery 
for you. With an approach so logical you'll 
wonder why everyone didn't solve the 
problem this way. 

VIA's new WorkSystem™ ... a 
fresh idea. VLSI design systems that are 
modular, stand-alone or inte~ated to your 
present system. We're just nght for your 
application. Including industry standards 
such as Ethernet, and interfaces to VAX. 

And software TuolK.its™ ... the 
right software module for the right job. 
All VIA integrated for the best speed, 
accuracy and price ... just for you. And 
only from VIA. 

So, leave the mystery to others. 
VIA's committed to providing you the best 
semiconductor design and layout tools ... 
now and for the future. 

For more information, call or write 
today. VIA Systems, Inc., 76 Treble Cove 
Road, North Billerica, MA 01862, 
(617) 667-8574 (MOS-VLSI). 

VIA Systems 
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Forth word simplifies 
numeric data entry 

Jeffrey Anthony 
Computer Scientist 
Corby Industries Inc. 
2747 MacArthur Road 
Whitehall , Pa. 18052 

Though numeric parameters can be 
passed to a Forth word using the 
stack, before that definition is invoked, a 

numerical value must often be obtained from 
an input device during program execution. 
Since many ve r sions of Forth supply only 
character-string input words, numeric input 
definitions must be written using previously 
defined words (see the program). 

Entering the value itself is quite straight­
forward. The word INPUT obtains the string 
number to be entered with the EXPECT word and 
then places it in the buffer designated by the 

contents of STRBUF. The definition STOI at­
tempts to convert the string number to a single­
precision integer value, leaving a True flag (1) if 
successful or a False flag ( 0) if the value is over­
range. Those values are left on the stack. 

The INPUT word alters only the top of the 
stack. It can, of course, be used in conjunction 
with any other Forth word. 

The definition STOI converts a string number 
to a single-precision integer by transforming 
each of the string's characters to a digit, multi­
plying that digit by its corresponding power of 
10, and summing the result. It handles negative 
numbers by multiplying the result by -1. Such 
numbers are designated by a negative sign ap­
pearing as the first character in the string. 

The Forth word • • is used to calculate XN, 
where X and N are the arguments of the defini­
tion. It recognizes X0 and X1 as special cases: the 
former because of its unique mathematical def-

Forth word for entering numeric data 
( LEN---Calculate length of string In given buffers) 
: LEN ( Buffer base address---length.) 

DUP DUP ( Save buffer base address; make copies for) 

BEGIN 
C@O= O= 

WHILE 
1+ DUP 

REPEAT 
SWAP- ; 

( : :--raise X to the n power) 

DUPO = IF 
DROP DROP 1 

ELSE 
DUP 1 =IF 

DROP 
ELSE 

OVER SWAP 1 -
ODO 

( memory pointer.) 

( Null character?) 

( Increment memory pointer.) 

( Calculate length; subtract buffer base) 
( address from final memory pointer value.) 
( Leave result on stack.) 

( X, N---X/\N.) 
( N - O?) 
( Leave X /\O on stack.) 

( N = 1?) 
(Leave XI\ 1 on stack.) 

( Set up stack for Iterative multipllcation.) 

OVER • ( Multiply Previous result • X .) 
LOOP 

THEN 
SWAP DROP ( Leave result on stack.) 

THEN ; 
(Set airing buffer to 1000H or whatever) 
1000 CONSTANT STRBUF 
( Set maximum number of Input characters) 
0006 CONSTANT MAXCHARS 
( Define MINUS sign ASCII character) 
0020 CONSTANT MINUS 
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( Define TRUE and FALSE flags) 
0001 CONSTANT TRUE 
0000 CONSTANT FALSE 

( STOl--Convert string number to single precision integer value;) 
( leave False flag if overrange. else leave True flag.) 

: STOI 
STRBUF C@ MINUS - IF 

-1 00 

ELSE 

THEN 
DO 

LOOP 

STRBUF LEN 1 

1 00 

STRBUF LEN 0 

STRBUF I + C@ OF AND 

OA STRBUF LEN I - 1 -... + 

DUP 8000 ANDO = o- IF 
DROP DROP 00 FALSE 

ELSE 

( ---N. flag.) 
( String number negative?) 
( Use -1 later to correct sign.) 
( Set sum to 0.) 
( Set string traversal range for) 
(characters 1 to LEN -1.) 

( Use 1 later to correct sign.) 
(Set sum to 0.) 
( Set string traversal range for) 
( characters O to LEN.) 

( Traverse string.) 
( Get numeric equivalent of) 
( ASCII character) 
( Multiply by appropriate power of 10) 
(and sum.) 

( Overrange?) 
( Leave False flag and zero reault.) 

• TRUE ( Leave True flag and correct sign.) 
THEN ; ( Leave result on stack.) 

( INPUT -- Input string number and convert to single precision Integer value;) 
leave False flag if overrange, else leave True flag) 

: INPUT ( ---N. flag.) 
STRBUF MAXCHARS EXPECT ( Get Input airing.) 
STOI ; ( Convert string to Integer.) 

( Leave result on stack.) 



lheHybrid 
design mystery 

is solved ... 

by VIA. 

CIRCLE 148 

Now there is a design system 
specifically for hybrid circuit designers. 
A selective configuration of hardware 
and software just for you. Low in price 
and high in capability. 

It's not mysterious at all. Because 
the new VIA hybrid system has a strong 
heritage in VLSI design. 

The proven VIA WorkSystem™ 
gives it a solid foundation. And software 
'lbolKits™ that are setting new standards 
in VLSI design every day. Now, the 
'lbolKits are available for hybrid design. 
Thiloredjust for you. Hybrid circuit lay­
out, precision resistor design, substrate 
design, and much more. 

All from VIA. A company that's 
committed to providing you the best 
semiconductor design and layout tools ... 
now and for the future. 

For more information, call or write 
today. VIA Systems, Inc., 76 Treble Cove 
Road, North Billerica, MA 01862, 
(617) 667-857 4 (MOS-VLSI). 

THE WAY OF THE FUTURE 

VIA Systems 
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inition and the latter because of the post-test 
structure of the DO loop used to calculate all 
other powers of X. For powers of X greater than 
1, the word multiplies X by itself N times. 

The LEN definition assumes that a string is 
ended by the null character 00H. It counts from 
the beginning of the string specified by the 
value on the top of the stack to the character. 

Wide-range oscillator 
operates above 20 MHz 

Einar Abell 
Research Associate 
Physics Department 
University of Vermont 
Burlington, Vt. 05405 

T
he addition of several components to an 
HCMOS Schmitt trigger creates a 
voltage-controlled oscillator with a 

sweeping range of greater than 100,000:1 and an 
upper limit in excess of 20 MHz. The circuit is 
especially well suited to building frequency 
synthesizers that employ a phase-locked loop. 

The circuit (see the figure) replaces single­
chip designs that have a control range of more 
than 1000:1 but that cannot work above a few 
megahertz. Circuits that work at higher fre­
quencies have a restricted range. 

+ 5V 

Ve 

0- 1.5 v 

Circuit operation is simple: When the output 
of NAND gate IC2A is high, capacitor C1 charges 
rapidly through diode D4 and resistor R2 until 
the upper threshold is reached. Then, the gate's 
output goes low. Also, C~ discharges to the low 
threshold by passing its current through a sink 
formed by transistor Q, resistor R11 and op amp 
IC1. That action creates a series of pulses whose 
spacing is a function of the input voltage, V c· 
Diodes D1 to D3 clamp the voltage across R1 to 
less than 1.5 V, since oscillation would cease if 
IC2's lower threshold were exceeded. 

The oscillation frequency can be calculated 
fairly accurately if it is considered the inverse 
of the discharge time of C1. Thus starting with 
the formula dV /dt = I/C and substituting 
V c/R1 for I and 1.2 (the difference between the 
upper and lower thresholds) for dV, the output 

Q 

2N3904 C, 

R, 

1 .... -~ 1.2 R,C, 

+5 v 

0 1-04 : 1N4148 

A simple voltage-controlled oscillator, built around a high-1peetl 
HCMOS Schmitt trigger, furnishes a very wide sweep range-mere than 
100,000:1-and an upper limit of greater than 20 MHz. 
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*features: 
Bar or cursor 

display 

Single or dual 
bar graph 

Single bar graph 
available with­

expanded scale 
peak and valley 
control points 
high speed display 

Ranges available upon request; 
&om 50 mV to 200 V 

and 500 µA to 100 mA. 

Triplett Is Introducing a new programmable bar graph meter. It Is 
a microprocessor based unit that was designed with the process 
control Industry In mind. The ultrasonic welded window 
provides a dust and contamination resistant unit when Installed. 
The meter Incorporates an easily accessible DIP swtlch con­
figuration for programming any one of 32 possible outputs on a 
brilliant 50 bar LED display. The different programming modes 
make possible the changing of the Model 555 for other applica­
tions thus eliminating the need to purchase additional meters 
and scrapping present ones. 
Simple external wiring on an edge connector enables the user to 
have additional features such as peak and valley readings, ex­
panded resolution, flashing or solid control points and even a 
cursor display if desired. 

When you want QUALITY­
Ask for TRIPLETT 
CIRCLE 128 
CIRCLE 129 FOR DEMONSTRATION 

For more information on nearest authorized Mod Center contact Don 
Klaus or Jack Martz at Triplett Corporation, One Triplett Drive, Bluffton, 
OH 45817, (419) 358-5015, 1WX (810) 490-2400. 

Dl8play. Two 50 segment, light emitting diodes, bar graph dis­
plays and 4 annunciators. 

Accuracy: DualBarGraph ±2%ofFullScale 
Zero Center Scale ±4% 
Single Bar Graph ±2% of Full Scale 
Zero Center Scale ±4% 
Expanded 

Single Bar Graph ± .2% of Full Scale 
Zero Center Scale ± .4% 
Set Point ± .2%ofFullScale 

Input Impedance: 1 Million Ohms @ 50 mV. Standard 
milliamp units have a 50 mV compliance voltage drop across 
the input. Suppressed units have a 62.5 mV compliance 
voltage drop across the input. 

Annunciator Interface: Open Collector Output. 
Y.cw = 30V 
Vcr. = .4V@lc = 16mA 
le \max) = 300 mA 

Power Supply: 5 V ± 5%, 30 mV Ripple, 300 mA. 
Size: 1A DIN front panel (192 mm x48 mm), (7.560" x 1.890"). 

111:TRIPLETT 
A penril COMPANY 
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frequency becomes fout = V c I l.2R1C1. 
The circuit's operation is linear to within 1 % 

for a Ve of less than 0.1 V. Nonlinearity in­
creases to about 20% at 1 V, since the charge 
time of C1 becomes an increasing portion of the 
total oscillation cycle. Another limiting factor 
is the delay time of the Schmitt trigger, which 
holds the frequency to below 30 MHz. 

The op amp's positive offset can prove trou­
blesome since the voltage across R1 never drops 
to zero, thus reducing the frequency sweep to as 
few as two decades. The problem can be solved 
by an op amp with a negative offset or one that 
can have its offset driven negative or trimmed 
to zero if the output frequency must be zero for 
aO-Vinput. 

Tone-ringer circuit drives 
telephone-signal counter 

Dennis Morgan 
Applications Engineer 
Motorola Inc. 
Semiconductor Products Sector 
7402 S. Price Road 
Tempe, Ariz. 85283 

connecting a telephone line to a sequential ring­
signal counter. The counter not only sounds a 
piezoelectric transducer after a selectable num­
ber of ringing pulses, it also has an auxiliary 
output that can turn on a variety of accessories, 
such as a modem or an answering machine. 

lthough it was developed to replace bulky 
electromechanical bell assemblies in 
conventional telephone sets, the 

MC34012 electronic tone ringer does a good job 

In the tone ringer (Fig.1 ), a full-wave bridge 
rectifies a ringing voltage and passes it through 
a string of diodes that provide the high input 
impedance required by telephone systems at 
low voltages. A small portion of the current 

TipQ •.v. 
/' 

Ac Input 

r-- - ------------ -----, 
2 ~ I 

AC, I I 
I 

AC, I 
Ringrr-----

3
-o--........, 

RC 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Overvoltage 
SCA 

and clamp 

R, 

Plezo 
sound 

transducer 

1. A comparator in the MC34012 tone ringer connect an oscillator to a piezoelectric 
transducer after detecting the incoming ringing voltage. 
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l!LH0032• 

rom m.ntec. Wide band, high slew rate opera­
tional amplifiers. High speed buffers. High current 
output amps. And more. 

The Ironclad guarantee. If any Elantec amplifier 
fails to perform to Elantec's published specifications, 
we'll replace it. And give you an additional part. Free. 

Commercial or MIL STD-883. All MIL STD-883 
devices are 100% made in the U.S.A. And, if special 
testing or processing is required, we'll work with 
you every step of the way. 

Off-the-shelf avallablllty. You'll find stocking 
distributors of Elantec devices throughout North 
America. And the world. 

Answers when you need them. When you call 
Elantec, you'll get answers. Fast. Data sheets. Tech­
nical assistance. Test procedures. Everything. 
Because we don't just pay lip service to quality and 
service. We guarantee them. 

33•1!LH0041•1!LH0101 

Need parts fast? Call us for the name of your near­
est stocking distributor. Or, TWX us at 910-997 -0649. 
We'll solve the problem. With elan. 

Toll Free 800-821-7429 

STATE PHONE STATE PHONE 

AL 205-830-4030 NH 603-772-3300 
AZ. 602-998-3688 NM 505-293-1399 
CA 41 5-962-0660 NJ 609-966-4070 
CA 213-883-7606 NJ 201-263-1535 
co 303-779-0666 NY 516-757-1606 
CT 203-269-7964 NC 704-54 1-2628 
FL 305-368-7373 NC 919-784-7304 
FL 813-584-8110 OH 513-521-8800 
FL 305-724-8294 OH 51 3-293-4044 
GA 404-329-0530 OH 216-942-3407 
IL 312-956-1000 OR 503.Q42-1818 
IN 219-486-1912 PA 215.Q38-4850 
IN 317-271-5183 PA 412-963-0727 
IA 319-393-5763 TN 615-883-1411 
MD 301-944-8262 TN 615-753-8081 
MA 61 7 -444-8071 TX 512-250-0320 
Ml 616-468-4200 TX 713-772-4988 
Ml 313-348-3811 TX 214-867-0592 
MN 612-888-8088 UT 801-973-7969 
MO 816-7 63-5385 WA 206-451-0568 
MO 314-434-1678 WI 414-782-1171 

JAPAN INTERNIX, TOKYO 369-1101 

Elantec, Inc., P.O. Box 866, Mllpltas, California 95035, (408) 945·1323 
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DESIGN SOLUTIONS 

flowing through the diodes is diverted through 
diode D1 and resistor R1 to set the voltage at the 
inverting input of the com para tor to 1.5 V below 
the voltage at pin 6. 

The majority of the current, Is, flows through 
resistor R2• Capacitor C1 and an internal 50-kQ 
resistor filter the voltage generated across re­
sistor R2 before applying it to the comparator's 
noninverting input. 

When the input voltage increases sufficiently 
to drop the voltage at the noninverting input to 
1.5 V below that at pin 6, the comparator's out­
put goes low, allowing the oscillator's signal to 
reach the sound transducer. 

The output drives type 4N35 opto-isolator 
whose output, in turn, drives a 4017 decade 
counter through a pair of 4093 Schmitt triggers 
(Fig. 2). The counter outputs become active 
sequentially with each cycle of the ringing 
signal. When the selected output is active, the 
4013 flip-flop changes state and drives the sec­
ond 4N35 opto-isolator, providing the ground 
path that turns on the piezo sound transducer. 
The Q output of the flip-flop drives various ac-

Ring 

680 pf 

Piezo 
sound 

transducer 

• Must be rated at 250 V, 
minimum, and nonpolarized 
to meet FCC requirements 

cessories. 
Circuit values are based on a typical ringing 

cadence of 2 seconds on, 4 seconds off. The 
counter and the flip-flop automatically reset 
when the ringing signal stops. Two separ at e 
grounds must be used to isolate the telephone 
line from the remaining circuit. 

If the sound transducer's output is a bit high 
for comfort, the sound level can be adjusted by 
placing a 10-kQ potentiometer in series with the 
transducer. 

Winner for August 9, 1984 

Floating driver and MOSFET create universal 
current source and sink 

M.J. Salvati, Flushing Communications, 
150-46 35th Ave., Flushing, N.Y. 11354. 
Send ua your Dealgn Solutlona. 
Submit a description of an Important new circuit Idea or 
design technique exclusively to ELECTRONIC DESIGN. You 
will receive $50 for each published Idea. If your Idea Is 
voted best-of-Issue by our board of Judges, you become 
eligible for the annual award of $1000. 

1000 pFl"! 
2. The tone ringer drives a decade counter that generates an output after a 
selected number of ringing signals. The 4013 flip-flop turns on the sound 
transducer and also provides an output to accessories, such as a modem. 
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DARE TO MATCH PROWLER'S™ CAPABILITIES 

Prowler Processing Digital Oscilloscope: One of the 
most versatile and capable hunters on the market. Prowler 
tracks fast signals at speeds up to 20 megahertz, with analysis of 
acquired data at the touch of preprogrammed function keys . 

Split-second precise readings. Instantaneous display. Versatile. 
Powerful. Complete user-prompting with ease of operation 
unlike any other oscilloscope you've used. 

Automate your test sequences with auto program, control your 
Prowler via computer interfaces. 

Norland's Prowler, a state-of-the-art digital oscilloscope with 
processing, provides you with the best capabilities per dollar 
value today. 

Capture your elusive data with a new breed of digital 
oscilloscope. 
CALL US TODAY FOR A FREE DEMONSTRATION: 

(800) 558-0158 

Prowler™ Processing Digital Oscilloscope with 
acquisition, analysis and output capabilities 
----all in one instrument-----

CIRCLE 109 

NORLAND 
CORPORATION 

NORLAND DRIVE 
FORT ATKINSON, WI 53538 
(414) 563-8456 



one-piece design defies rough handling 
Check these features: 

./ Each unit undergoes high-impact shock test 

./ Available from 1 to 40 dB 

./DC to 1500 MHz 

./ Unexcelled temperature stability, .002 dB/°C 

./ 2W max. input power (SMA is 0 .5W) 

./ BNC, SMA, N and TNC models 

./Immediate delivery, 1-yr. guarantee 

NEW! 
Precision 50-ohm terminations ... only $6 . 95 ( 1-24) 
DC to 2 GHz, 0 .25W power rating, VSWR less than 1.1 
BNC (model BTRM-50), TNC (model TTRM-50) 
SMA (model STRM-50), N (model NTRM-50) 

CIRCLE 135 
finding new ways 

setting higher standards 

O Mini-Circuits 
A Division of Scientific Components Corporalion 

World's largest manufacturer of Double Balanced Mixers 
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 

Domestic and International Telex 125460 International Telex 620156 

C92REV. A 

• freq. 
(MHz) 

Atten . Toi. Allen . Change, (Typ.) 
(Typ.) over Freq. Range VSWR(Max.) 

DC-1000 1000-1500 DC- lOOOMHz 1000-1500MHz 
DC· 1500 MHz ±0.3 0.6 0.8 1.3 1.5 

•oc-1000 MHz (all 75 ohm or 30 dB models) DC·500 MHz (all 40 dB models) 

MODEL AVAILABILITY 
Model no. =a series suffix and dash number of attenuation . 
Example: CAT·3 is CAT series. 3 dB attenuation. 

ATTEN 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
12 
15 
20 
30 
40 

• denotes 75 ohms; add -75 to model no . 
e denotes 50 ohms 

SAT(SMA) CAT(BNC) 

• 
•• 
•• 

•• 

•• • • 

NAT(N) 

• 
• 
• 

• 
• • • 

PRICING (1 ·49qty.): CAT(BNC) .. $11 .95, SAT(SMA) .. $14.95 
TAT (TNC) .. $12.95, NAT (N) .. $15.95 

TAT(TNC) 

• 
• 
• 

• 
• • • 



up to 2 Watts linear output 
50 KHz to 4200 MHz from $199 

If your application requires up to 2 watts for intermodulation testing of components 
... broadband isolation ... flat gain over a wide bandwidth ... or much higher 
output from your frequency synthesizer or signal/sweep generator . .. Mini-Circuits' 
power amplifiers will meet your needs, at low prices. 

These ultra-linear Class-A amplifiers are unconditionally stable and can be 
connected to any load impedance without amplifier damage or oscillation. 

For low power (50 mW), 22dB gain and 40dB isolation, consider the ZFL-2000; 
for operation up to 4200MHz with I-watt output, specify the ZHL-42. 

So select the amplifier for your applic.ation from the chart below. We' ll ship 
in one week, with, of course, our one-year guarantee. 

Gain Max. Power Noise Intercept 
Model Freq. Gain Flatness Output ldBm Figure Point, Typ. 
No. MHz dB dB Compression dB 3rd Order 

DC Power Price 
Voltage Current $ Ea. Qty. 

ZHL-32A 0.05-130 25 Min. ± 1.0 Max. +29 dBm Min. 10 fvP· +38dBm 
ZHL-3A 0.4-150 24 Min. ± 1.0 Max. + 29.5 dBm Min. 11 fvp. + 38dBm 
ZHL-lA 2-500 16 Min. :: 1.0 Max. +28dBm Min. 11 fvp. +38dBm 
ZHL-2 10-1000 15 Min. ± 1.0 Max. + 29dBm Min. 18 fvp + 38dBm 
ZHL-2-8 10-1000 27 Min. :: 1.0 Max. + 29dBm Min. 10 -fvP· +38 dBm 
ZHL-2-12 10-1200 24 Min. :: 1.0 Max. + 29dBm Min. 10 fvp. +38dBm 
ZHL-l-2W 5-500 29 Min. :: 1.0 Max. +33 dBm Min. 12 fvp. + 44dBm 
ZHL-42 7004200 30 Min. :: 1.0 Max. + 29 dBm Min. 7.5 fvp + 38dBm 
ZHL-7-2W 600-800 28 Min. :: 1.0 Max. +33 dBm Min. 12 fvp. + 43dBm 
ZFL-2000 10-2000 20 Min. :: 1.5 Max. + 17 dBm Min. 7 yp. +30dBm 

+24V 0.6A 199.00 (1-9) 
+ 24V 0.6A 199.00 (1 -9) 
+24V 0.6A 199.00 (1 -9) 
+ 24V 0.6A 349.00 (1-9) 
+ 24V 0.65A 474.00 (1-9) 
+ 24V 0.75A 599.00 (1-9) 
+ 24V 0.9A 495.00 (1-9) 
+ 15V 0.69A 895.00 (1-9) 
+24V 0.9A 525.00 (1-9) 
+15V O.lA 179.00 (1 -9) 

50 ohm impedance, 
input and output VSWR 2: I max. 

finding new ways 
setting higher standards 

Price and shacifications 
subject to c ange without notice. O Mini-Circuits 

A 01v1s1on of Sc1entil1c Componen!s Corporation 
World 's largest manufacturer of Double Balanced Mixers 

P.O. Box 166, Brooklyn, New York 11235 (71 8) 934-4500 
Domestic and International Telex 125460 International Telex 620156 

Refer to EEM and Gold Book for detailed specs. 
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I 
Take advantage of our learning curve with the STD BUS. 

Sometimes, there's just no substitute for experience. And that's why so 
many smart designers continue to develop new ideas with our MD Series TM 

STD,ZSO BUS,compatible boards. For energy, environmental and process 
control. Test and measurement equipment. Computer peripherals. High, 
speed printers. Medical electronics. Data communications. And an ever, 
expanding list of applications too numerous to mention. 

Because for a wide variety of situations, our compact boards provide all 
the power designers need. At a price that's powerfully cost,efficient. 

Not only that, our boards are already designed and proven in thousands 
of applications. Plus, they're assembled. Tested. Debugged. And modular, 
ized by function so you only have to buy what you need. And there are 
more than 30 boards to choose from. Available through Mostek or your 
local Mostek distributor. 

We also offer development software and operating systems, plus a com, 
plete array of card cages and sub,system enclosures to ease and speed 
your design and packaging. 

What's more, the STD, BUS is fully expandable. Which makes it sim, 
ple and economical to add, delete, or interchange boards when you want 
to redesign or upgrade. 

Take advantage of our learning curve experience with the STD,Z80 
BUS. It's a time,proven course that can add a degree of success to your 
own system designs. For more information, contact Mostek, 1215 W. 
Crosby Road, MS2205, Carrollton, TX 75006, (214) 466,8816. In Europe, 
(32) 021762.18. 80. In Japan, 03/496'4221. In the Far East (Hong Kong), 
5 '68115 7. MD Series is a trademark of Mostek Corporation. 

mUNITED 
TECHNOLOGIES 
MOSTEK 
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NEW PRODUCTS 

PRODUCT REPORT 

FOCUS ON 
PORTABLE 
SCOPES 
Even as they drop in size, 
portable oscilloscopes are adding 
new talents to their repertoire 
and meeting the user more than 
half way in ease of operation. 

1. The LogicScope 136 is one of the smallest scopes, 
weighing just 1.25 lb. The 10-MHz miniature, from 
Pocket Technology, folds in half to just 1.75 by 4.5 by 
8.25 in. 

L
ike their benchtop counterparts, portable 
oscilloscopes are taking on more tasks 
while becoming easier to use. In addition, 

because portability is their main selling point, 
the already lightweight, compact devices are 
continuing to shrink. 

Whereas just a few years ago a scope coming 
in at less than 15 lb was thought to be a feather­
weight, today there are a number of scopes 
under 5 lb. These can be tucked into a briefcase, 
often with room to spare. The somewhat larger 
portables have grown in power without putting 
on any weight or bulk. 

Regardless of their size, portables are mov­
ing to higher frequencies and adding functions 
that previously required separate devices. By 
combining screen readings with deflection fac­
tors and multipliers, some scopes compute de­
sired waveform parameters and display them 
on a digital readout or on the CRT itself. At the 
same time, many screens are obligingly becom­
ing larger and brighter. 

Even calibration, another time-consuming 
task, is now often handled (with unprecedented 
accuracy) by internal microprocessors. Be­
nefiting from such control, a user can quickly 
check calibration whenever the scope has been 
tossed into a car trunk or thrown around by 
baggage handlers. 

Digitization is another major trend in porta­
ble scopes, allowing manipulation of data that 
previously could only be viewed or stored. That 
storage, in fact, has gained a much longer life 
through digitization, eliminating the fading as­
sociated with tube storage. 

Digital storage permits both the capture of 
transients during unattended operation and 
the comparison of real-time waveforms with 
reference models held in memory. What's more, 
the data from a digital scope can be permanent­
ly stored on a floppy disk or bubble memory for 
later processing. The only way to store analog 
data displayed on a CRT is to photograph it, a 
lengthy process that forces the user to carry yet 
another piece of equipment. 

Finally, like digital benchtop scopes, digital 

Terry Costlow 
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PRODUCT REPORT 

Focus on portable scopes 

portables have extended their data reach to 
personal computers adding, RS-232 or IEEE-
488 ports. 

As these advances come into play, the need 
for portable scopes continues to rise. Field ser­
vice users, a growing breed, increasingly are de­
manding lightweight personal scopes, rather 
than sharing a limited number between the ser­
vice representatives of a base site. With auto­
mation assuming more tasks in the factory, 
scopes also are becoming more common in in­
dustrial environments, offering more flex­
ibility and begging little floor space. 

The push toward the much-discussed "scope 
on a chip" appears to be moving at a good pace. 
Custom chips, hybrid circuits, and alternative 

2. Hand-held scopes like North American Soar's 
Model 1000 shun bulky cathode-ray tubes for flat 
panels. The 1000 uses a liquid-crystal display with a 
128-by-160-pixel matrix. 

3. A traditional hand-held scope from Non-Linear 
Systems uses a small CRT to conserve space. The 
MS-15 has a 15-MHz bandwidth. 
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display technologies are helping to squeeze 
scopes into shirt pockets. Indeed, many scopes 
now comptise a single circuit board. 

The incredible shrinking scope 

One of the smallest to date weighs just 1.25 lb 
(Fig.1) and folds in half when not in use, taking 
up just 8.25 by 4.5by1.75 in. Called LogicScope 
136, the dual-trace device from Pocket Technol­
ogy has a real-time bandwidth of 10 MHz, al­
though with a front-end option, it captures 
pulses down to 50 ns. To fit into a package this 
small, the scope has shunned the traditional 
CRT display, using instead an array of LEDs 
that eliminates the depth requirements of the 
tubes. The LEDs, in four parallel rows, are 
spaced approximately 0.15 in. apart. Each pair 
of rows displays a single trace with a crudely di­
gitized version of the waveform. Storing up to 
two dozen 128-bit waveforms in RAM, the 
battery-powered scope uses four custom chips 
(a displa:r controller, a synchronization and 
trigger circuit, a master timing circuit, and a 
keyboard and memory controller) to help keep 
its size down. 

A different substitute for the large CRT bot­
tle is found in North American Soar's hand­
held Model 1000, which uses an LCD with 
128-by-160-pixel resolution. The display, which 
measures 6 by 7.5 in., helps keep the overall in­
strument size down to 10 by 73/s by 27/s in. The 
screen is viewed from the top, not the front as 
with most scopes (Fig. 2). The 3.5-lb device can 
be powered either by batteries or an ac adaptor. 

More conventional-looking products in this 
lightweight class are somewhat heavier, but 
still remain below 5 lb. One hand-held battery­
powered scope family goes up to 30 MHz, yet 
weighs only 3.5 lb. Non-Linear Systems' MS line 
comes in 15- and 30-MHz models, both trig­
gered either internally or externally. Their 
screen size is 1by1.25 in., with a 4-by-5-division 
graticule (Fig. 3). When their lead-acid bat­
teries are fully charged, the units can operate 
for about45 min. Using ac power, they consume 
50 W; the batteries will recharge in 16 hours. 

Ballan tine's 1020 series of single- or dual­
trace scopes weighs 4.25 lb. Unlike many other 
portables, which take as much as 4 kV to drive 
the CRT with sufficient brightness, the 1020 
drives the l.5-by-2-in. screen using just 1 kV, 



minimizing the space and weight required by 
the power supply. The low power consumption 
also keeps heat low, so no fan is needed. Cooling 
vents are also dispensed with, improving dur­
ability by giving dust no entrance. The family 
comes in 15- and 25-MHz versions. 

Digital scopes gain momentum 

The outgoing nature of digital portable 
scopes makes them especially popular. They 
communicate with hosts, plotters, or other de­
vices without the need for any special interface. 
The reason behind this ease, of course, is that 
the most critical part of the interface-analog­
to-digital conversion-has already been per­
formed by the scope. 

4. Digital scopes are moving in on 
higher frequencies, where analog 
now holds sway. The Philips 
PM3311 goes up to 60 MHz, with 
single-shot capabilities of 150 MHz. 

The scope's a-d converter is simultaneously 
its strongest and its weakest point. It makes 
possible all of the features that make digital 
scopes so attractive, yet it also limits their 
bandwidths. Although most digital scopes use 
off-the-shelf flash a-d converters, some manu­
facturers have taken other routes for speeding 
up conversion rates while awaiting faster a-d 
chips. Philips Test & Measuring Instruments, 
for example, has combined a track-and-hold 
circuit and what the company calls a profiled 
peristaltic charge-coupled device on a single 
chip. The P 2CCD gathers and stores analog 
data, then holds it while a successive­
approximation converter digitizes it. 

That technology is implemented in Philip's 
PM3311 60-MHz scope with single-shot capa­
bilities up to 150 MHz. The dual-trace scope has 
8-bit resolution and can sample sequential 
signals at 200-ps (5-GHz) intervals. The 23-lb 
scope has a 3-by-4-in. screen (Fig. 4). 

Another high-speed digital scope is the 
Sony /Tektronix 336, weighing in at only 11 lb. It 
can measure periodic signals with a bandwidth 
of up to 50 MHz, storing up to 1024 words of 8 
bits in memory. In the nonstorage mode, the 
dual-trace unit also works up to 50 MHz. 

The 336 offers an optional G PIE interface 
that lets users transmit data to a personal com­
puter for long-term storage or analysis. The in­
terface option also includes memory to store up 

5. Nicolet'• 3091 digital scope lets users store waveforms permanent­
ly with a bubble memory cartridge, which holds five 4k-by-12-bit rec­
ords (left). 
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PRODUCT REPORT 

Product Report: Focus on portable scopes 

to 18 waveforms, with battery backup to pre­
serve the memory when power is turned off. 

A large, flexible memory gives the Gould 
DSO 4040 the edge over many competitors. The 
memory, holding up to 5000 bytes, can be dedi­
cated to a single channel or split between two or 
four. The scope has a sampling rate of 10 MHz 
when the storage mode is used, with a real-time 
rate of 25 MHz. It can freeze a waveform, then 
let the user scroll it across the screen as if un­
rolling a strip chart printout. When it is being 
scrolled, the waveform can be expanded up to 20 
times during calibration or up to 50 times if 

It .. i'U 
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8. Digital readouts of parameters and other mea­
surements appear at the top of the CRT display on 
the Sony/Tektronix 338. The user does not have to 
look away from the screen at settings or count the 
number of divisions. 
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calibration is not needed. The scope is on the 
heavy end of the portable spectrum, weighing 
36.3 lb. 

Nicolet's 3091 offers digital storage but goes 
one step further by using a bubble memory to 
store data permanently. The small bubble cart­
ridges, which plug into the side of the scope, can 
be removed, letting users capture a number of 
waveforms for processing in a lab (Fig. 5). The 
cassette also lets users grab one waveform, then 
go quickly on to other tasks. 

Five 4k-by-12-bit records or ten 2k-by-12-bit 
records can be stored on a single bubble cas­
sette. The scope has a 5-in. screen for high­
quality display, as well as 12-bit resolution to 
ensure accuracy and reading ease . With a 
300-kHz bandwidth, the 20-lb scope samples at 
rates of up to 1 MHz. An RS-232 port is stan­
dard, and an IEEE-488 connector has just been 
added as an option. 

Simplifying use 

Along with the addition of new features, the 
incorporation of microprocessors into portable 
scopes is making the devices simpler to work 
with. Analog and digital scopes are stream­
lining both setup and standard applications by 
automating tasks previously handled by the 
user. Some let a remote computer handle the 
setup, while others minimize the number of 
steps needed. 

The analog Sony /Tektronix 336 simplifies 
setup with CRT-displayed menus. The user can 
choose from among the parameters given, in­
stead of searching through many front-panel 
controls. These parameters are then displayed 
on the screen with the waveforms, so that users 
can interpret the screen without glancing at the 
control panel to see where dials are set (Fig. 6). 

Anot h er easy-to-use analog scope, the 
100-MHz Hitachi V-1100, features a CRT read­
out in addition to a waveform display. A built­
in microprocessor permits digital display of 
such measurements as the voltage value be­
tween ground level and the reference cursor or 
the time difference between two points. The 
scope determines and displays the panel set­
tings, as well. The four-channel instrument 
weights 22 lb. 

The SC61 from Sencore also simplifies the 
user's chores by displaying waveform measure-
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ments digitally. When the desired waveform 
appears and a Display button is pressed, its 
measurements are shown on a six-digit LCD 
located directly above the CRT. The 60-MHz 
scope, weighing 31 lb, is compatible with the 
IEEE-488 bus, letting a computer handle setup 
w bile the user performs other tasks. 

Speed kings 

It is tough enough to build a really fast a-d 
converter without trying to keep its size and 
power consumption down. Really high-fre­
quency portables, therefore, are still basically 
analog scopes. However, they do take advan­
tage of digital technology, in the form of micro­
processors, to enhance their performance and 
ease of use. 

One of the highest-frequency portables is the 
Tektronix 2465, a 300-MHz scope. It has a max­
imum sweep speed of 500 ps per division, with a 
vertical sensitivity of 2 mV per division. The 
four-channel scope, weighing 20.5 lb, also offers 
waveform cursors with digital readout, making 

it simpler to use. A new option, which cannot be 
retrofitted to existing scopes, is an IEEE-488 
connection. With that interface, users can pro­
gram the 2465 using a personal computer. How­
ever, since the analog scope has no digitizer, it 
cannot transmit waveforms back to the host. 

Hewlett-Packard has a family of scopes 
which can handle frequencies up to 275 MHz. 
The 1725A, 1726A, and 1727 A all fall into this 
category. The 1727 A boasts variable-persist­
ence phosphors, which let users freeze a signal 
on the display for temporary storage. LED indi­
cators display the operating mode, eliminating 
lost signals resulting from improper settings. 

The smallest of the high-frequency scopes is 
the4150from Vu-Data. Thisl4.5-lbdevicehasa 
bandwidth of 150 MHz yet has dimensions of 
just 8.75by15.1by4.25 in. The scope's predeces­
sor, the 4100, is a 100-MHz unit of similar size. 

Unlike many other manufacturers, Vu-Data 
does not use custom chips to shrink sizes. In­
stead, the company uses smaller components. 
For example, a smaller CRT with 8by10 di-

7. Scopes with 100-Mhz bandwidths like the B&K Precision 1580 are becoming 
increasingly common. The 1580 weighs 19.3 lb. 
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They've been raised 
on test and burn-in 
and wouldn't give you 
anything less than rugged 
Textool® Customer Engineering has 
been designing test and burn-in sockets 
for more than 25 years. With that 
heritage, it's natural that our production 
sockets are designed to be tough. 

If you want sockets priced and sized 
for production , but rugged enough to 

take many field-life 
worries off your back, 
consider these: 

• 68-lead chip 
carrier socket 
Low profile, heavy­
duty contact 
design . Accepts 
JEDEC lead­
less "Type A:' 

Recommended by MPU manufacturers. 

What we don't have ... we'll make 

• ZIP®sockets 
Wide entry holes 
and zero insertion pres­
sure for pin protection . 
Cam-action grip and release 
for reliable contact and a 
lifetime in excess of 100 I/W's. 

Select ECONO-ZIP®sockets with 16 to 

CIRCLE 140 

64 pin count. 
Or Pin Grid Array 

ZIP sockets with 
patterns of up to 196 pins. 

Send for our free literature. If you 
can't find what you want, it won't be 

too tough for us to custom design just 
what you need. 

Textool Products, Electronic 
Products Division/ 

3M , 225 -IN-06 , 
St. Paul , MN 55144 . 
Or 214-259-2676. 

3M Hears You ... 

3M 
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visions, each measuring 0.25 in. However, 
smaller dot size and high brightness ensure 
good resolution and readability. 

Although 100 MHz was previously a lofty 
bandwidth for portables, a host of manu­
facturers have now unveiled 100-MHz devices. 
Typical of these is B&K Precision's 1580, a 
19.3-lb scope with dual-trace and dual-time ca­
pabilities (Fig. 7). Standard features include 
bandwidth limiting, 23 calibrated sweeps, and 
sweep magnification of up to 10 times normal 
size. 

Adding functions 

In addition to the move toward higher speeds 
and greater operating ease, many scopes are 
adding functions that previously required a sec­
ond device. For instance, as timing becomes in­
creasingly important, given the high clock 

speeds of computers and communications 
devices, scope users will encounter more and 
more timing measurement operations. Take 
Hewlett-Packard's 1726A high-speed scope: the 
timing portion of the scope monitors any re­
petitive signal that the instrument displays. It 
achieves 10-ps resolution and ± 50-ps accuracy. 
The timing information is displayed on an LED 
readout (Fig. 8). Time interval operations can 
be performed in two modes, overlapped or trig­
gered. 

A counter, timer, and multimeter are built 
into Tektronix's 2236100-MHz scope. The ver­
tical, horizontal, and triggering systems of the 
scope are used to acquire data for these devices; 
their outputs are shown on a four-character 
vacuum fluorescent display. 

The multimeter, which has side inputs, is a 
5000-count autoranging unit. The scope uses 

8. High-end scopes are adding the functions of other instruments, giving the 
user more flexibility. The HP1726A displays time interval information on the 
readout atop the device. 
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If you think you're hopelessly locked into) CMOS gate arrays from somebody else, think 
again. You can still break free with CDI. We know you can't afford CMOS gate arrays with 
surprising engineering costs and extended \ delivery schedules. At CDI, our advanced, full 
automation design and simulation program can deliver most gate array prototypes in just 8 weeks. With 
high accuracy, lower design costs, and more development flexibility. Plus CDI offers a full range of CMOS 
gate arrays, including new Dual Layer Metal (DLM) technology that puts you a generation ahead. And 
CDI makes getting started in gate arrays extra nice, extra easy. Chances are, we can take the work you've 
already done and instantly integrate it into our fast-moving CMOS design and development flow. 

Call CDI today and set yourself free. 

Cl California Devices Inc. 1984. CIRCLE 141 CITY STATE ZIP 
E09/6/84 



PRODUCT REPORT 

Product Report: Focus on portable scopes 

Directory of portable oscilloscope manufacturers 

Under 100 MHz Under 
100 MHz 8flcl over 10 lb Anelog Dlglt•I Clrcle 

NK Prec181on, 
0,-Corp. 

* * * 451 Ch~, 111. 
(312) 9-8870 

118118nt1M 
L.8bontorlH Inc. 

* * * Boonton, N.J. 452 
(201)33~ 

~t0ecll'°8cop8 
L8bor81orlH Inc. 

* * * West Caldwell, N.J. 453 
(201) 575-8666 

Gould IMtrurnenta Ltd. 
Halnaul1. lllord 

* Eue•, U.K. * 454 
01-500-1000 

HNlh Co. 

* Benton Harbor. Mich. * 455 
(816) 982-3443 

H8w1811..P8Cbrd Co. 

* * * Colorado Springs, Colo. 456 
(303) 590-1900 

Hbchll>8Mhl 
Amerlc8 Ltd. 

* * * Woodbury, N.Y. 457 
(518) 921-7200 

Hung Ch8ng Product• 
U.S.A. Ltd. 

* * St Petersburg, Fla. 458 
(813) 577-9010 

KlkUlhl 
lnt.netlonlll Corp. 

* * Gardena, Calif. 459 
(213) 515-6432 

LMd8r IMl.-18 
Corp. 

* * Hauppauge, N.Y. 460 
(518) 231-6900 

Nlcolel IMtrurnent 
Corp. 

* * Madison, Wis. 461 
(808) 271-3333 

Non-LI-.,.,_., 
K8Jllf0Corp. 

Solana Beach, Calif. * * * 462 
(819) 481-3954 

llort8flcl Corp. 

* * Fort Atkinson, Wis. 463 
(414) 563-8456 

Norlll Amwlc8n 
S-Corp. 

Cherry Hiii, N.J. * * * 464 
(809) 488-1080 

Phlllp8T881A......,,-
Ing IMlru!Mn18 Inc. 

* * * * M8hwah, N.J. 465 
(201) 529-3800 

Pooll81 Tmchnology Inc. 
Columbia, Md. * * * 466 
(301) 730-5500 

18ncorelnc. 
Sioux Falls, S.D. * * 467 
(805) 339-0100 

llmpmon Electric Co. 

* * Elgin, Ill. 468 
(312) 897-2280 

A. w . .,,.,,, 
1Mtrurnenl8 Inc. 

* * Smithtown, N.Y. 469 
(800) 845-5398 

T81drantx Inc. 
S..verton, Ore. * * * * * 470 
(503)827-71 11 

YU-0118 Corp. 

* * * San ~o, Calif. 471 
(819) 27 -8572 
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the same probe for its multimeter as for the 
analog scope measurements, reducing circuit 
loading and minimizing the number of neces­
sary attachments. This can be especially valua­
ble when testing high-density circuits, where 
fitting in two probes can be a real problem. 

Pocket Technology's lightweight LogicScope 
has some logic analyzer functions in addition to 
its scope capabilities. These include the com­
parison of two waveforms with AND, OR and 
exclusive-OR functions. It also has an audio 
feature that not only distinguishes between 
high and low tones, but also emits a tone itself 
when a single event occurs, freeing the user for 
other tasks. 

The broadcast industry has long used scopes 
to check television monitors, cameras, and 
other video devices, including video cassette re­
corders. 

Television synchronization, therefore, which 
lets users pinpoint a specific line within a TV's 
scan lines, is becoming increasingly popular for 
sophisticated general-purpose scopes. 

Tektronix recently added television trigger­
ing to its 2400 line, which operates at 150 and 
300 MHz. The option includes additional trigger 
and vertical functions, which simplify the dis­
play of television waveforms. There are four 
trigger modes: all lines, field 1 lines, field 2 lines 
and alternating fields. Another feature, pre­
amplifier gain switching, allows flat waveform 
to be displayed throughout all attenuator posi­
tions. The TV synchronization option serves 
U.S. and foreign systems ranging from 525 to 
1280 lines per frame, with either 50- or 60-Hz 
interlaced or noninterlaced scanning. 

Simpson's Model 454, a 15-MHz scope weigh­
ing 13 lb, provides TV synchronization on either 
of its two channels. Sencore also has added that 
capability to its SC61. 

In the more traditional areas, many analog 
scopes eschew additional functions and high 
frequencies to provide low-cost, easy-to-use 
packages. B&K Precision's 1405, for example, 
has a bandwidth of just 5 MHz and displays 
only a single trace. 

Other scopes go up to 60 MHz but are de­
signed for the low-end user. Often these units 
remain unchanged for years, giving the user a 
reliable scope at the cost savings typically asso­
ciated with mature products.o 



li:'sasnap 
New Cherry encoders, pushbuttons and indicators snap from the 

frent of the panel into Industry Standard Mounting Holes 
Your choices in lighted pushbuttons used to be limited. No 
longer. The Cherry P4 Line makes your switch to a better switch 
a snap. Literally. Our new line snaps from the front of a panel 
into industry standard mounting holes. While completely 
interchangeable with competitive lines, you get more from 
Cherry: More quality, more features, more service. 

The P4 Line offers you a host of options, including the only 
rectangular 8-bit encoder you can quickly and easily program 
for any of 256 different codes. 

Cherry's P4 selection includes 1 x 1 (%"square) switches, in-

dicators and 3-bit encoders and % " x 1 W' rectangular 8-bit 
encoders. The %" square switches are available in momentary 
or alternate action ... crosspoint contacts ... gold , 0.1 amp @ 
24 VAC or silver, 3 amp @ 125 VAC/2 amp @ 250 VAC ... 
lighted (incandescent or LED) or non-lighted ... QC or PCB ter­
minals ... single or double pole ... four button heights . . . choice 
of transmitted or projected colors ... you name it. Cherry's got 
it on the shelf. 

For more information call or write today. 

G ~ o :ii :Im. PUSHBUTTONS 
CHE .... Y ELECTRICAL PRODUCTS CORP. 3609 Sunset Avenue. Waukegan . IL 60087 • 312/578-3500 
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... because for me, performance and programm 
• Philips' wide range of high-technology 
frequency counters and timer/counters 
give you more choice, more measuring 
power and more value for your money. 

From our low-cost frequency counters, 
right up to the highest-performance 1.5 GHz/ 
2ns fully programmable timer/counter that 
covers every need in frequency and time 
measurements. 

All models feature state-of-the-art micro­
computer-based design. With reciprocal fre­
quency counting, for ease of use and the 

e . Test & Measuring 
Instruments 

highest possible resolution, ± 1 input-cycle 
errors have been eliminated for good. 

Even low frequencies are measured with 
at least 7 digits resolution in a second, while 
the high-·performance PM 6654 gives you 
9 digits/s. 

There is a choice of different crystal os­
cillators up to 5x10-10/24 hand many other 
options including battery operation, IEEE-
488 Bus control, BCD and analog output. 
• When frequency counting has to be 
accurate, count on Philips. From our low-

cost 10 Hz-120 MHz model PM 6667 with 
automatic triggering, up to our most sophis­
ticated 1.5 GHz high-resolution frequency 
counter. Each one gives you reliable mea­
suring results, time and time again. 

Philips offers the best frequency counter 
front-end circuitry available, with high noise 
immunity to insure error-free triggering. 

High accuracy is further insured by 
5x 10-10124h high-stability crystal oscillators 
that can be kept stable under any conditions 
with the optional built-in battery back-up, 



Philips' PM 6654 ... the timer/counter 
that's 100o/o-programmable 

and more affordable I 

"First, it is 100%-programmable. PULSE WIDTH, RISE-AND-FALL 
TIME, these new PULSE-VOLTAGE 
measurements allow an automatic test 
system to measure pulse- and other 
input parameters, that previously only 
could be viewed on an oscilloscope. 

One micro-computer automates the 
front panel controls, another speeds 
up measurements and data-handling. 

It make's Voltage measurements: 
Vmax, Vmin, Vctc, Vpp or even Vnns whe­
ther on LF sinewaves or high speed 
pulses. 

In combination with the time mea­
surements: DUTYFACTOR, PERIOD, 

Speed? It reads up to over 400 mea­
surements/s. Its 2ns real-time clock 
gives higher resolution and speed than 
others?' 

ability count just as much as quality and price!' 
enough for over 20 hours of line voltage­
independent stabilization. 

But best of all, whatever your needs are, 
you know you can count on Philips every 
time! 
• With Philips compact timer/counters, 
HIGH TECHNOLOGY is no idle claim. As 
you'd expect, we offer state-of-the-art design, 
with a custom counter-on-a-chip LSI, for ma­
ximum reliability and value for your money. 

Even more important, they also give you 
unbeatable measuring features and accuracy. 

High-resolution frequency counting, 
period and time-interval measurements are 
supplemented by valuable extra facilities 
like : PHASE, BURST and RPM. 

For automatic testing, IEEE-488 Bus ver­
sions are available with all major functions 
remotely programmable. 

Best of all, HIGH TECHNOLOGY 
means more benefits for you. These timer/ 
counters offer more measuring capabilities 
than any others in this category. And at a 
price that surprises competitors! 

CIRCLE 143 

For full details call 800-631-7172 
except Hawaii, Alaska and 
New Jersey. 
In New Jersey call collect 
(201) 529-3800 or write to 
Philips Test and Measuring 
Instruments, 
85 McKee Drive, 
Mahwah, NJ 07430:' 

PHILIPS 



The L200 Board 'lest System. 
For when the going gets tough. 

Consider the L200 Board Test System by 
Teradyne. Combining both in-circuit and func­
tional testing capabilities, it's absolutely the best 
system available to tackle todays complex designs. 

We call this unique integration MultiMode™ 
testing. It's a Teradyne invention already work­
ing on over 100 machines turning out sophisti­
cated electronics. Our competition hooted at 
first. Now they're scrambling to 
catch up. Why? Device Focus 

ICT 
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The Three P's of MultiMode. 
Partitioning. Patterns. Performance. This is 

what you need to get good yields. With Multi­
Mode testing, the L200 gives you all three. 

Partitioning. The L200 gives you precision 
functional test capability with overdrive on 
every channel. That means you can test at the 
most effective level-device, cluster or board. 

Cluster Focus 

Functional Clusters 

§BB§DDD 
§B§BD DD c:::JOCJCJ 

DBBliil 

Board Focus 

FBT Because the L200 delivers 
yields of some 95% plus at 
system test on modern VLSI 
boards. On average, that's a full 
10% higher than any of our com­
petitors. Nobody does it better. 
Here's how it works. Program and diagnose at the most efficient level. That's MultiMode testing. 
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Partition your boards into easily programma­
ble segments. Quickly and accurately diagnose 
faults at any level with our software's advanced 
diagnostic algorithms for in-circuit and func­
tional fault isolation. 

Patterns. You need to apply lengthy pattern 
sets to get high fault coverage on today's VLSI 
boards. And the L200 is up to the task. 

It comes with a powerful computer, up to 
4 megabytes main memory and high capacity 
disk storage. So you can store even the largest 
job plans. 

Then the L200 can apply millions of unique 
patterns at a high effective test rate. So you 
can do more testing in a controlled period of 
time than ever before. A custom Digital Com­
mand Processor quickly transfers patterns to 

test channel memory. There, they're stored 
efficiently and burst at pattern rates up to 10 
MHz to boards under test. 

And at the 10 MHz rate, with microprogramma­
ble APP hardware, you can algorithmically gen­
erate complex memory test patterns continuously. 

Performance. The L200's hardware format­
ting, multiple phases, and ability to change 
timing on the fly with 1 ns resolution, let you 
easily emulate complex waveforms. And that 
sort of precision in the time domain lets you 
really test the limits of board performance. 

A Smart Job Plan. 
The L200's software lets you efficiently build 

one MultiMode program for all tests using a 
common data base. Take patterns from all avail­
able sources­
including in-
circuit pattern 
libraries, design ~ 
data bases, ~ 
LASARr" soft- :; 

"' ware, and LL 

self test. 
Get going 
• Programming Time 

qmc~y by gen: Take test patterns from a variety of 
eratm~ the easiest sources to optimize fault coverage 
tests first. Then in the shortest programming time 
add test seg- possible. 
ments to maximize fault coverage. As volume 
builds you'll be driving up yields at system test. 

A Tough Tool for a Tough Job. 
We all know that programming modern 

VLSI boards is hard work. But we've built a 
machine and developed a strategy that makes 
the task practical. And you successful. 

If you're going to build VLSI boards, Multi­
Mode on the L200 is the only way to go. And 
the rewards will be great. 

You'll be driving up yields at system test. 
And that can save your company a fortune. 

For more information, call Teradyne today, 
(617) 482-2700. Or write Teradyne, 321 Harri­
son Avenue, Boston, MA 02118. 

m measure quality. 
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Matrix Makes Switching 
as Easy as "OFF" or "ON" 

MATRIX MAKES 
SWITCHING A SNAP 
Whether you're switching VHF, HF, IF, 
video, audio or DC, Matrix Systems 
makes it a snap. That's because we 
can tailor a system to your exact 
needs using Reed , CMOS, or Pin 
Diode relays. The chart tells the story. 

It pays to deal with a company like 
Matrix who really understands the 
switching business. Weve been 
designing and delivering state-of-the­
art systems for over 15 years to 
defense contractors, government 
agencies, the TV industry, ATE 
manufacturers - and more. Built to the 
toughest electrical and packaging 
specs imaginable. 

BUILT TO YOUR SPECS 
Don't spend months designing a 
custom switching system when we 
can do it faster and for far less 
money. We assume total system 
responsibility, including computer 
compatibility, control panel , status 
indicators, scanning functions and 
power supplies. We can switch any 
type of cable system: coax, twinax, 
triax, common ground, floating ground 
or twisted pair. And because our 
systems are modular, repairs can be 
made in minutes. 
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MATRIX COVERS THE 
WHOLE FREQUENCY 
SPECTRUM 

w 
a.. 

BALANCED AUDIO 

CMOS RELAYS 

BALANCED AUDIO 

EEO RELAYS 

~ IA-------
~ CMOS COAX RELAYS 

~ VIDEO, IF, HF 

COAX & TWINAX REED RELAYS 

IF, HF, VHF .. .. 
COAX PIN DIODE RELAYS 

0 FREQUENCY 300 MHz 

COMPUTER 
COMPATIBILITY 
Just apply a control input from your 
computer and the system will instantly 
route your signal to as many points 
as needed. 16 bit parallel interface is 
standard, and we also offer IEEE-488 
and RS232, all with status feedback. 

NEW PRODUCTS 
We have a lightweight portable 
system which is perfect for test, and 
service. Plus an ULTRA-FAST 
(microsecond range) pin diode coax­
ial system. 

LEAVE THE SWITCHING 
TO US 
Don't make switching a chore. Make it 
a snap. Matrix has the answers to 
your switching problems, no matter 
how tough they may be. 

000000 
000000 M AT R I x SYSTEMS CORPORATION 

00 
oooeoo oooeoo 5177 NORTH DOUGLAS FIR ROAD 

000 00 CALABASAS, CALIFORNIA 91302 
'-------~ (818) 992-6776 • TWX 910-494-4975 
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NEW PRODUCTS 

Circuit compiler cuts 
chip area 25°/o to 40o/o 

over standard cells 

T
he Concorde I, one of 
the first commercial 
silicon compilers, de­

signs circuits that are 25% to 
40 % more silicon-efficient 
than those composed of stan­
dard cells. The software, writ­
ten by Seattle Silicon Tech­
nology Inc. (Bellevue, Wash.), 
was modified by Valid Logic 
for use on its SCALDstar 
workstation and is available 
as either an add-on or as part 
of a complete hardware­
sof tware package. 

Using the Concorde I, 
which consists of more than 
half a dozen subprograms 
that interface with 
SCALDstar's CAD software 
(see the figure), designers can 
enter a schematic, compile 
subsections as modules, 
simulate and test the mod­
ules, connect them auto­
matically or interactively, 
and then simulate and lay out 
the chip. 

The key subprograms are 
the module compilers, which 
are tailored to the logic func­
tions desired for a particular 
design-gates, RAM, ROM, or 
programmable logic arrays, 
for example. When a designer 

Dave Bursky 

specifies a detail to be added 
to a schematic-say, a gate or 
a flip-flop-he or she triggers 
an interactive process. A set 
of menus appears in a win­
dow, permitting the user to 
define such factors as loading 
or the number of inputs (or 
bits, in the case of a counter) 
and immediately get an esti­
mate of speed, power con­
sumption, and area. 

As circuits are stored by the 

workstation's schematic cap­
ture program, the system 
compiles the subelements: 
Each gate, flip-flop, counter, 
RAM block, and so on is de­
signed from the transistor 
level to the top-most mask, 
permitting very efficient cir­
cuit layout. In contrast, stan­
dard cells are predesigned 
and merely interconnected to 
make larger cells. 

Some of the circuits that 

SCALDstar workstation 

Simulator 

Timing 
verifier 

Switch-level 
simulator 

SPICE 

Graphics Layout 
editor editor 

r 
d~:s~anse i-.;..: ..+-,j Data base 

Extracted 
data base 

I 

Module 
compilers 

Router: 
-manual and 

Interactive 
-manual and 

automatic 
-fully automatic 

Pattern­
generation 

tape 

Mask 
making 

Production 
custom 
chips 

Able to merge right into an existing SCALDstar workstation, the Con­
corde I silicon compiler connects the design data base to the geo­
metry data base. The software produces circuits 25% to 40% smaller 
than those patched together with standard cells. 
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Aerospace ... Defense Systems ... Computer 
Technology . .. Robotics ... Oil Exploration 
. . . whatever the application, Technipower pro­
vides the proven, economical alternative to ex­
pensive custom builts! We've designed our state­
of-the-art power sources with tested "Mil-Qual" 
components to assure maximum performance 
and reliability . . . all in a standard modular 
form. The systems engineer can now specify the 
precise, regulated source required as he would a 
component. Our Series Y-95 and V-80 epoxy 
sealed, AC-DC/DC-DC switchers are excellent 
examples. They're made to meet 70,000 hours or 
more MTBF stress levels up to 95°C base, with up 

to 400W ratings. For full details about these and 
the many other Technipower high reliability 
"Mil-Qual" sources, send for technical data . 
Backed by a S year Warranty. 
Technipower is also the sole manufacturer of 
Variac® Autotransformers and Voltage Regu­
lators. 

TECHNIPOYVER 
A flem-11 COMPANY 

P.O. Box 222 Commerce Park, Danbury, Conn. 06810 
Tel: (203) 748-7001 TWX: 710-456-9280 
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oRYstOCK 'cA popular 
OF St EMI models 

FILTERS for switching power 
supplies • TECHNICAL INFORMATION 

AND CATALOGS 
e SINGLE AND 3 PHASE EMI available, call or write : 

FILTERS with current ratings FILTER CONCEPTS INC. 
up to 100 amps 2624 S. Rousselle St. 

e PERFORMANCE PROVEN 
with OEM and CUSTOM 
switch mode power 
supplies 

Santa Ana, CA 92707 
(714) 545-7003 
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NEW PRODUCTS 

SOFTWARE 

can currently be compiled in­
clude MSI-level devices like 
counters, registers, shifters, 
arithmetic elements, en­
coders and decoders, and 
clock generators. 

The compiler works with 
any 3-µm p-well CMOS pro­
cess. The first step in using 
the package is to put the pa­
rameters of the fabrication 
process into the data base to 
define the transistors, spac­
ing distances, diffusions, and 
the like. This procedure alone 
may take a few weeks, since 
test structures must be made 
on the fabrication line to ver­
ify the process. 

Optional software for the 
Concorde I includes an ana­
log-module compiler that 
creates various amplifiers, 
a-d and d-a converters, 
switched-capacitor filters, 
and analog switches. Another 
compiler handles complex cir­
cuits such as microcomputers, 
and a routine called a pack­
aging editor generates dia­
grams of the optimum yet 
physically feasible bonding 
and helps the designer select 
the best package for the cir­
cuit. 

The Concorde I software 
costs $25,000; a combination 
hardware-software system 
runs about $100,000. The op­
tional analog-module and 
complex-function compilers 
cost $10,000 each; the packag­
ing editor, $5000. The soft­
ware is currently going out 
for beta-site testing and will 
be available in November. 

Valid Logic Inc., 1395 
Charleston Road, Mountain 
View, Calif 94043; Don Ritz­
man, (415) 940-4000. 

CIRCLE 309 
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NEW PRODUCTS 

SOFTWARE 

Simulator for 8048 
shows six windows, 

runs on IBM PC 

S
oftware that runs on 
the IBM personal com­
puter displays six win­

dows as it simulates and helps 
debug programs for the full 
8048 family of microcon­
trollers. The software, the 
first such multiple-window 
package for the 8048 to run on 
the IBM PC, is estimated to 
cut program development 
time by a factor of 10. 

The SIM-8048 program, de­
veloped by Cybernetic Micro 
Systems, fills the six windows 
simultaneously with the 
source and assembly code, the 
register and flag values, the 
program counter value and 
the contents of some memory 
locations, the pointer and 
stack values, the actual pro­
gram flow in flow-chart form 
(in a large window), and com­
mands specified by the user. 
Additionally, the software 
can simulate a counter-timer, 
including its reactions to in­
terrupts, and even an 8155 ex­
ternal RAM chip. 

Each of the simulator's 50 
commands consists of an al­
phabetical or a control char­
acter. The commands cover 
operations like register value 
declaration; trap and break-

Dave Bursky 

point specification; single­
step, automatic-step and fast 
execution; and even immedi­
ate control of the 1/0 pins. 

The simulator displays 
both the symbolic name and 
the numerical value for all in­
structions. Using on-line 
help, a programmer can re­
view commands and pro­
cedures even while the pro­
gram execution is being 
simulated. Program exe­
cution is simulated at approx­
imately 1 % of the speed of the 
8048 processors. 

The IBM PC must have a 
single disk and a minimum of 

Source and 
assembly code 

Last Instruction 
•Next Instruction 
Future Instruction 

Register and flags 

Memory 

Command live 

Stack 
pointer 

128 kbytes of RAM to run the 
SIM-8048. After software has 
been developed on the SIM-
8048, the company's CYS-
8049 cross-assembler com­
piles the actual program code 
for the 8048 microcontroller 
and then saves it in the form 
of a hexadecimal file. 

The SIM-8048 program 
costs $395, and an evaluation 
disk and manual are available 
for $39.50. Delivery is from 
stock. 

Cybernetic Micro Systems, 
PO Box 3000, San Gregorio, 
Calif. 94074; Ed Klingman, 
(415) 726-3000. CIRCLE 310 

Flow 

I >-, 

With the SIM-8048 program, six windows on the screen 
of an IBM PC show the full simulation of any processor 
in the 8048 family. Source code and assembly mne­
monics appear in one window and an execution flow 
graph in another, for example. 
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SOFTWARE 

Design tools run on 
PC-based workstation 

Two computer-aided engi­
neering programs, for use 

on the IBM PC-based CAD 
1000 and CAD 2000 worksta­
tions, are well suited for sys­
tem-level design, as well as pc 
board and semicustom IC de­
sign. Simulog is a nine-state, 
event-driven logic simulator 
with a set of 20 logic prim­
itives. It permits the simula­
tion of circuits using both 
TTL and MOS integrated cir­
cuit technologies. The Sym­
graph schematic capture sys­
tem allows the user to enter 
logic designs as multiple­
sheet schematic diagrams 
and extract a complete net­
list, which can be used for 

NEW PRODUCTS 

simulation, as a verification 
of the accuracy of the physical 
layout, or as an interface with 
physical layout tools. 

Simulog is priced at $2500 
per copy, while Symgraph is 
an integral part of Chancel­
lor's high-resolution color 
graphics subsystem. 

Chancellor Computer 
Corp., 1101 SanAntonioRoad, 
Mountain View, Calif 94043; 
(415) 969-5000. 

CIRCLE 311 

Binary object module 
supports 80186/80188 

Beneficial to design engi­
neers developing appli­

cations for the 80186, 80188, 
8086, and 8088 microproces-

so rs is a binary object module 
that convertg symbolic ob­
ject-module files from BSO 
format into Intel format. 
Currently, FMTCNV con­
verts absolute BSO hex object 
modules into binary Intel­
type object modules. Any 
of BSO's languages can be 
used in conjunction with the 
FMTCNV module. 

FMTCNV operates in any 
VAX environment running 
under VMS. Generated object 
modules may be transmitted 
to the dedicated Intel emula­
tor for the final hardware/ 
software integration and 
PROM programming. 

Boston Office Systems, 496 
Moody St., Waltham, Mass. 
02254; (617) 894-7800. 
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Solve your packaging problems 

MORE switches 
in LESS space 

You can meet those increasingly stringent limitations on avail­
able panel space with Stacoswitch's matrix mounted lighted 
display pushbutton switches and indicators. Custom assem­
bled to your required number of stations, these compact pack­
ages group control functions in one panel-saving area. Only 
one mounting cut-out required saves installation time and 
money. Pushbuttons and switch/indicator modules can be 
serviced quickly from front of panel. The entire assembly pro­
vides additional panel strength and rigidity. 

QPL and nuclear qualified, there's a choice of crimp pin , solder, 
wire wrap, or PC terminations and up to four pole circuit 
switching with momentary, alternate, magnetic held, or latch­
down switch action. Lighted display pushbuttons provide one to 
four message areas, available in eight different legend styles, 
and six attention grabber colors. Write today for FREE CATA­
LOG describing our complete line of Matrix System Switches 
and Indicators. The answer to your packaging problems. 

11.oCJ~!!~~~ 
® (714) 549-3041 •TWX: 910/595-1507 
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SOFTWARE 

Real-time executive 
works with NS16000 

Compatible w ith all 
NS16000 famil y CPUs 

and development boards, the 
NS-EXEC operating system 
kernel monitors and controls, 
in real time, multiple exter­
nal events that occur asyn­
chronously. The ROMable 
executive performs task and 
event management, inter­
task communication, inter ­
rupt handling, memory-pool 
management , and tim er 
management. 

Written in NS16000 as­
embly language, the NS ­
EXEC executes faster and oc­
cupies less space than would 
be expected of an executive 
written in a high-level lan­
guage. Requiring onl y 2 
kbytes of RAM and 4 kbytes 
of ROM, the software exe­
cutes at a speed of 50 µs, mea­
sured at the time of interrupt 
to first user-defined instruc­
tion. Up to 256 logical chan­
nels for task communication 
and up to 256 levels of task 
priority can be dynamically 
assigned. 

N ational Semiconductor 
Corp. , 2900 Semiconductor 
Drive, Santa Clara, Calif 
95051; (408) 721-5000. $1000 
(one-time source license f ee). 
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Design tool aids 
IFL programming 

An interactive software 
Kpackage aids in the func­
tional-level programming of 
Signetics' proprietary IFL 
circuits. The menu-driven 
program, called AMAZE -
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NEW PRODUCTS 

Automatic Map and Zap 
Equation Entry-manipu­
lates Boolean equations, 
truth tables, state diagrams, 
or flowcharts to create the bi­
nary fuse map that is needed 
to program the IFL devices. 

The AMAZE softwa re oper­
ates on the VAX 11/780 com­
puter under VMS. 

Signetics Corp., 811 E. Ar­
ques Ave., Sunnyvale, Calif 
94086; (408) 739-7700. $100. 

CIRCLE 314 

Tantalum Capacitors 
Roederstein has the solution to your 
design problems For reliable and 
ellicient designs. you need quality 
sub-miniature tantalum capacitors 
trom Roederstein. 

Our Problem-Savers have their 
highs and lows - high in CV ratings 
and low in leakage and series 
resiStance. RoedeIStein tantalums let 
you solve your design problems in a 
vo:rtety oi ways. Choose trom epoxy 
dipped box style. micro-miniature. 
radial and axial components with 
a variety of lead configurations. 

extended temperature ranges and 
good frequency response. 

Compared with other capacitors. 
our Problem-Savers provide max· 
imum etticiency at no additional 
cost. 

For the right specifications. quality 
service and value -
Design with Roederstein 

Roedenteln llec:lron1c::s 
Tour Source For 
Quality Paulve Components 

ROEDERSTEIN ELECTRONICS, INCORPORATED 
P.O. Boa 5588 2100 West Front Street . St•tesvllle . NC 28677 Phone: (704) 172-8101 TWX: 810·625·0786 
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The HP 1980 Time Domain Measurement System ... 

Speed prodµction tmvughP.ut aqd 
by automating your tnne-Cloma1n 
The HP 1980 System combines key test instruments 
with powerful computers, flexible software, and 
comprehensive support for a total test solution. 

The modular HP 1980 Time Domain Measurement 
System integrates four essential test instruments - a fully 
programmable oscilloscope, a waveform digitizer, a uni­
versal counter, and analog comparators - into a single, 
compact instrument mainframe. We then combine that 
with an appropriate HP computer and an extensive soft­
ware library that lets you start making measurements of 
many test waveforms the very first day you have your 
system. Finally, we back it all up with in-depth support 
that includes application notes, seminars, and optional 
consulting services from HP's System Engineering 
Organization. 

The result is a flexible automatic test system that can 
be configured to perform virtually all your time domain 
measurements below 100 MHz. Whether used as a total 
test solution, or as a core for a larger ATE system, the 
HP 1980 System reduces your test equipment investment 

several ways. It reduces your equipment costs 
compared to buying individual 

It eliminates or 
greatly reduces the 
time you spend in 
system integration 
effort and software 
development. And 
the HP 1980 reduces 
test equipment 
space requirements. 

The HP 1980 System saves test time and assures 
high product quality through consistent 
waveform comparison and characterization. 

Automate production measurements with the HP 1980 
System, and tackle two of the biggest problems facing 
industry today ... how to reduce manufacturing costs and 
improve product quality. This system can significantly 
reduce test time and increase production throughput. 
And it can virtually eliminate errors associated with 
operator interaction, interpretation, and fatigue. 

For example, in waveform comparison measurements, 
the HP 1980 can quickly compare a waveform under 
test with a stored limit waveform and provide a pass I fail 

indication within seconds. It eliminates the 
problems of waveform positioning, 

parallax, and judgement so 



improve product quality 
measurements. 

a.-1 1 
YO-I.•¥ 10-1 ... S 
vtllt•l.av, c... rtt-31.~•1 

~ . . , ___........._ ,... ... ~ ..... . 
f 9.rn f .... • 11 . .l ~111 
( ~n ' '""' " ~J.lP JS 

: ~~~~Afr-J 
[ 
t ' ......... 1 ..... u ..... •,.,,,,_L...-

you get consistently accurate results. Comparison measure­
ments with the HP 1980 are orders of magnitude faster 
than manual testing. For example, parametric tolerance 
tests, such as comparing peak amplitude to preset limits, 
can be performed within several hundred milliseconds. 

Waveform characterizations that used to be difficult and 
time consuming are now performed quickly and accurately 
with the HP 1980. For total waveform characterization, 
there's a first-day measurement program in the software 
library that automatically determines peak-to-peak vol­
tage, frequency, period, pulse width, rise time, and fall 
time on repetitive signals. For specific applications, you 
can use the subprograms contained in the software library 
to determine the fundamental frequency or period of a 
waveform, count events, and, with the HP l 980's flexible 
gating capability, measure the time between bursts. 

The HP 1980 Time Domain Measurement System. 
When you want a complete, low-cost waveform 
measurement solution that goes right to work. 

Perhaps you've felt that ATE was out of reach. Then 
this is the system that can make low-cost automated 
test a reality. 

If you need a more sophisticated test system, now 
or in the future, the HP 1980 can be a powerful core 
system that you can easily expand via HP-IB. HP can 
even provide consulting assistance through our System 
Engineering Organization. 

As you plan for the future, the HP 1980 will dovetail 
with your long-term networking objectives. As a part of 
HP's Manufacturing Productivity Network, the HP 1980 
allows you to integrate production test data with infor­
mation from other manufacturing operations. The ability 
of various departments to access a timely, accurate, inte­
grated data base can have far-reaching impact on produc­
tivity, manufacturing costs and product quality. 

Whether you're concerned with today's testing needs, 
tomorrow's manufacturing network, or both, the HP 1980 can 
make a valuable contribution toward improving your com­
pany's product quality and manufacturing productivity. 
To find out more, contact your local HP sales office 
listed in the telephone directory white pages. Ask for the 
electronic instruments department. 

~°''"""'o•• HP-IB: Not just IEEE-488, but the hardware, : I :ZI J: documentation and suppon that delivers the 
SYSTEMS shortest path to a measurement system. 

Wavefurm Measurement Soludons: HP's Measurement System for Your Custom Applicadon 

Product Support: 

Application Software: 

Measurement Tools: 

Documentation and Application Literature, HP's System 
Engineering Organization, and Customer Training Seminars 

Waveform Measurement Library with First-Day Measurement 
Programs, Library Subprograms, and Program Development Aids 

Series 80, Series 200, and Series 1000 
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For the highest quality, 
most cost-effective 
low·prof ile keyboards 
ask the leader 

· in I ull travel 
membrane technology. 

Ask OAK. 

Q 

Tactile or Linear Feel available. 
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For engineering excellence ..• 
ask OAK 

Oak LP Keyswitch 
PLUNGER 

BASE PLATE 

KEY CAP 

SUBSTRATE 

Introducing the low-profile , DIN 
compatible keyboard with the features 
you've been searching for - Oak's 
Low-Profile FfM® Keyboard. 
Designed especially for high speed 
data entry systems, where long life 
and operator comfort are paramount, 
Oak low-profile FTM keyboards 
feature a patented keyswitch design. 
Now, finally, you can specify the 
" feel" your customers want ... from 
standard linear to fall-through tactile. 

\..J 

J 

For design flexibility and 
savings ... ask OAK 

Simple design, coupled with 
advanced manufacturing, spells 
maximum design flexibility 
and savings for you. Oak key­
caps are made of durable, light­
weight, non-glare polyester 
and feature a comfortable 
cylindrical industry standard 

design. Sublimation printing pro­
vides for a wide variety of printing 
options - quadrant printing, multi­
colors, front legending, and custom 
legends - order whatever you need. 
And, there are a host of available 
options to fill most any special 
design requirement - LED indi­
cators, EMl/RFl/ESD shielding, 
standard or custom encoding elec­
tronics, variable operating forces 
and more! 

For proven technological 
leadership ... ask OAK 
Oak is the recognized 
leader in full travel mem-

\ 

brane technology, a 
technology that pro­
vides proven perform­

ance features, benefits 
and cost savings not 
available with other key­

board designs • high relia­
bility • long life of 50 million 
cycles • elimination of 

double-sided, plated-through 
·hole printed circuit boards 

'-

• environmental protection 
by design • light weight . . . just a 
few of the many features designed to 
help enhance the performance of 
your product. 

For commitment to quality, 
service and value •.• ask OAK 
Oak remains dedicated to staying in 
the forefront of keyboard technology. 
To providing a superior quality 
product, in the quantities you need, 
on time, at the right price. To see 
how the new Low-Profile FfM 
Keyboard can go to work for you 
... ask OAK. 

•AK Switch Sy•tem• Inc. 

P.O. Box 517 • Crystal Lake, Illinois 60014 
Phone 815 / 459-5000 • lWX 910-634-3353 

TELEX 72-2447 
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NEW PRODUCTS 
~ 

DIGITAL ICs 

Color video processors 
act as building blocks 

for PAL, NTSC systems 

A
series of three color 
processor chips from 
Motorola accept either 

European PAL or United 
States NTSC composite video 
signals and generate the ap­
propriate signals for a TV re­
ceiver or a monitor. 

The chips all are based on a 
color-difference demod­
ulator, the TDA3333, which 
blends three functions on one 
chip (see the figure). It tar­
gets video systems that can 
supply their own luminance 
and green signals (Y and G) 
but that need a separate cir­
cuit to generate the R- Y (red 
minus luminance) and B-Y 
(blue minus luminance) 
signals. When the chip is used 
with a tube that reverses the 
matrix of signals, no addi­
tional circuits are required to 
deliver the full red, green, 
blue, and luminance signals. 

The next processor chip, 
the TDA3330, has the basic 
features of the simplest chip 
and also adds a luminance in­
put, a luminance matrix, and 
de control for brightness and 
contrast. It generates the red, 
green, and blue signals itself. 

The chip needs only a hand­
ful of external components, 

Heather Bryce 
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including an inexpensive 4.43-
or 3.58-MHz crystal, a delay 
line, a chroma bandpass fil­
ter, and one 12-V supply. With 
this chip, a separate driver 
acts as the interface with the 
picture tube. 

At the top of the line is the 
TDA3301, which not only gen­
erates all the RGB signals but 
also accepts an On-Screen 
Display signal from a charac­
ter or graphics generator. 

The high-end chip also can 
automatically sense the beam 

level and set up RGB levels for 
true black, thereby elimi­
nating the need for manual 
adjustments. 

In quantities of 100 to 999, 
the basic TDA3333 sells for 
$2.12 each, the intermediate 
TDA3330 sells for $3.08, and 
the most sophisticated 
TDA3301 goes for $5.14. De­
livery is from stock. 

Motorola Semiconductor 
Products Inc. , PO Box 20912, 
Phoenix, Ariz. 85036; (602) 
897-387 4. CIRCLE 304 
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The built-in features of the color processor family progress in sophisti­
cation from those of the simplest chip, the TDA3333, to those of the 
most complex, the TDA3301. 



"To get accuracy that good, you have to be committed to excellence." 
"My name is Bob Spector. 

Because I'm a fanatic about compo­
nent performance, my friends here 
at Hybrid Systems call me 'Specs'. 

"OK, I'm a perfectionist. But I 
have to be. Many Hybrid Systems' 
components are used in complex sys­
tems where theres virtually no room 
for failure. So when we design a new 
product, we see to it that it doesn't 
just meet our specs - it exceeds 
them. Whether its for military or 
commercial use, we're meticulous 
about the design and manufucture of 
every Hybrid component. We want 
them to be incredibly accurate and 
extremely reliable. 

"Take the HS 9516-6, for exam­
ple. We have created the industry's 
first ADC with true 16-bit ( 0.0008%) 
linearity. 

"The HS 9516-6 is completely 
self-contained with clock, reference, 
comparator, successive approximation 
register and low power 16-bit DAC, 
and features 100 µsec conversion 
time and six user input ranges. Using a 
precision CMOS DAC, the HS 9516-6 
is rated at 1.2W - much lower than 
comparable ADCs. 

"I don't mind being called 'Specs; 
because I help Hybrid deliver the fea­
tures and performance you need in 
your design. And the reliability, too. 

Hybrid S~!!ro! 

That's why we're the leader in pre­
cision data converters, hybrid 
data acquisition systems, and thin­
film products. 

"So you can call me 'Specs: Or 
better yet, just call me. Hybrid's here 
to help'.' 

Hybrid Systems Corporation, 22 
Linnell Circle, Billerica, MA 01821. 
( 617) 667-8700. 

Precision Data Converters, Hybrid Data Acquisition Systems, and Thin-Film Products. 
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BREAKTHROUGH IN MULTIBUS GRAPHICS! 

SX-900 - The New Performance Standard For Color Graphics Boards 
• Powerful on-board graphics firmware 
• 640 x 480 x 8 bits/pixel 
• 50/60Hz non-Interlaced refresh 
• 4096 color look-up table 
• 80286 display list processor 
• 7220 GDC graphics primitive processor 
• 8 plane pixel processor 

The new Matrox SX-900 is a high performance color graphics display 
controller. It is the perfect solution for OEM manufacturers of process 
control and instrumentation equipment. The SX-900 is software com­
patible with the popular Matrox GXB-1000A high resolution display 
controllers, but occupies only a single Multibus card slot, and provides 
high speed drawing capability. 

The hardware provides 640 x 480 pixel resolution, 4 or 8 bit planes, a 
4096 color look-up table, and a 60Hz flicker free video refresh rate. 
The fast performance of the SX-900 results from a multi-processor 
pipelined architecture. A powerful 80286 CPU is used as the front end 
display list processor and is supported by a 7220 graphics primitive 

80286. MULTIBUS • TM INTt:L • 7220 - TM NEC 

• Built-In diagnostics 
• Complete IEEE-796 (Multibus) Interface 
• +SY only power required 
• 10,000 vectors/second 
• 5,000 charecters/second 
• 1,200,000 pixels/second rester ops 
• 20,000,000 pixels/second area fill 

processor and a high speed pixel processor for simultaneous 8 plane 
drawing. 

The SX-900 incorporates the proven on-board graphics firmware 
used by the GXB-1000. Over 256 high level display list commands are 
supported including line drawing, character drawing, circle and arc 
drawing, area fills, cursors and raster ops. 

In addition to graphics boards, Matrox can also supply color monitors, 
cardcages, CPU cards, memory boards, and communications con­
trollers for complete OEM display system requirements. 

Call now for a complete documentation package. 

5800 Andover Ave. 
T.M.R. (Montreal), Quebec 
Canada H4T 1 H4 
Tel.: (514) 735-1182 
Telex: 05-824227 
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NEW PRODUCTS 

DIGITAL ICs 

Repertory dialer chip 
controls tones and pulses 

A
CMOS 10-number 
repertory dialer is the 
first single chip to 

handle both tones and pulses, 
simplifying the design for 
PBX or long-distance systems 
that require both dial pulsing 
and DTMF signals. 

The MK5375 tone-pulse 
dialer from Mostek stores ten 
16-digit telephone numbers. 
An individual may dial any of 
the numbers with a single 
keystroke. A memory lock 
protects these numbers from 
inadvertently being cleared 
before desired. 

The last number dialed on 
t he system can be redialed 
with a single keystroke. Al­
ternatively, the buffer that 
holds that number can be 
cleared to prevent it from be­
ing redialed. Clearing the last 
number dialed does not affect 
the other stored numbers. 

Rapid keystrokes fill a 

Heather Bryce 

FIFO register, allowing up to 
25 key entries per second, 
without loss of data. The 
output signaling rate is deter­
mined by external compo­
nents; the dialer customizes 
itself to any system. 

A keypad interface con­
nects directly to either a cal­
culator-type keypad or the 
standard telephone keypad. A 
key entry is considered valid 
when either a single column 
or a logic 0 is applied to both a 
single row and column. 

Debouncing circuitry pro­
tects against invalid read­
ings. If both row and column 
information is valid, the in­
formation enters the last­
number-dialed buffer. 

The 18-pin plastic MK5375 
costs $6 .35 in quantities of 
1000 and is available from 
stock. 

Mostek Corp., 1215 West 
Crosby Road, Carrollton, 
Texas 75006; (214) 466-6000. 
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ic TYPE MWR METALLIZED MYLAR ® 
POLYESTER FILM CAPACITORS 
WRAP & FILLED CONSTRUCTION 
NON-INDUCTIVE WINDING, + 125° C. 
SELF HEALING DESIGN 
100 WVDC to 1,000 WVDC 
0.01 Mfd . to 22 Mfd . 
TOLERANCE:± 10% (± 5% Opt.) 

ic TYPE MSR METALLIZED MYLAR ® 
POLYESTER FILM CAPACITORS 
NON-INDUCTIVE WINDING, + 125° C. 
SELF HEALING, EPOXY DIP 
250 WVDC to 1,000 WVDC 
0.01 Mid . to 10 Mfd . 
TOLERANCE: ± 10% (± 5% Opt.) 

ic TYPE SHA EXTENDED FOIL 
POLYESTER FILM CAPACITORS 
NON-INDUCTIVE WINDING, + 125°C. 
100 WVDC 
0.001 Mfd . to .47 Mid . 
TOLERANCE: ± 10% (± 5% Opt.) 

jc TYPE UMR POLYESTER 
FILM CAPACITORS 
EPOXY DIP, + 85° C 
100 WVDC 
.001 Mid . to .47 Mfd. 
TOLERANCE: ± 10% (± 5% Opt.) 

• 
II·~~!;"' 

Lincolnwood, IL 60645 
(312) 675-1760 
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NEW PRODUCTS 

DIGITAL ICs 

Video-attributes chip 
emulates VT220, VT100 

F
or the first time, the at­
tributes of Digital 
Equipment's VT220 and 

VTlOO terminals can be 
bestowed on a video control 
subsystem with the simple 
addition of one chip, Standard 
Microsystems' CRT 9041. 

An enhanced version of the 
earlier CRT 9021, the attri­
butes controller can operate 
at frequencies ranging from 
28.5 to 33 MHz, speeds fast 
enough for displaying 132 
characters per row. The chip 
controls reverse video, two 
underlines, character blank­
ing and blinking, four inten­
sity levels, and two cursors. 
When used with the com­
pany's CRT 9007 video con­
troller chip, it can produce 
double-height and double­
width characters . 

The controller permits the 

DaveBursky 
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video system to use external 
character-generation memo­
ry. It sits between the memo­
ry and the monitor, convert­
ing the parallel font data into 
serial video data and adding 
the graphics attributes to the 
serial data stream. 

The chip works in two 
graphics modes. For wide 
graphics, it displays up to 256 
symbols, each the size of a 
character block. When the 
chip enters the thin graphics 
mode, it creates thin-line 
drawings and forms. 

The chip consumes about 
500 mW with a 5-V supply and 
comes in a plastic or ceramic 
40-pin DIP. The 28.5-MHz 
plastic version costs $15.25 in 
100-unit quantities. 

Standard Microsystems 
Corp., 35 Marcus Blvd, Haup­
pauge, N. Y. 11788; (516) 
273-3100 
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Since STEP Engineering has always been 
a "Step Ahead" in quality high-speed 
processor development support. it's only 
natural to be the first with these 
emulators. The STEP-27, a complete 
development station. includes the 
following : 
Disassembler? The First For the 
Microprogrammer ! No need to 
convert ones and zeros into mnemonics. 
Poly-Meta-Symbolics (PMS)™ does it for 
you. It even enters your patches 
symbolically. 

Fast, Bug-Free Programs? Simple! 
STEP-27's powerful logic analyzer 
includes a 20-MHz. 16-level-state 
machine with five. 54-bit matchword/ 
qualifiers for each level. The 4K buffer 
uses PMS to disassemble and display its 
contents in mnemonics. 

Software? The Best! In addition to 
full software support for either a local 
or a remote host. STEP provides a 
general-purpose meta-assembler. 

Poly-Meta-Symbolics (PMS) is a trademark of STEP Engineering. 
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Writable Control Store (WCS)? The 
Fastest! STEP's ten nanosecond WCS 
provides real-time execution of the 
most demanding high-speed designs. 
With any number of arrays (each up to 
512-bits wide by 64K deep). the 
STEP-27 supports the largest micro­
program requirements. 

Communications? Of course! Using 
. an RS232 linkup. the STEP-27. with a 
unique. general-purpose. menu-driven 
communication program. easily 
interfaces with the IBM® PC. VAX.®. 
PDP-11 ® or CP /M®-based and other 
operating systems. 

PDP-11 & VAX are registered trademarks of Digital Equipment 
Corporation. 

CPM is a registered trademark of Digital Research Inc. 

Are We Interested In Your Questions? 
You Bet! Our sales engineers quickly 
respond to all inquiries. Mail coupon or 
call Toll Free (800) 538-1750; in 
california (408) 733-7837. 

O Please send more 0 Please schedule 
information. STEP-27 demo ASAP. 

Name _ ___________ ~ 

Title ___ __________ _ 

Company _________ M.S. __ _ 

Street ____________ ~ 

City _ ____ State ___ Zip __ 

Phone _ ___________ ~ 

Post Office Box 61166 Sunnyvale , Ca. 94088 

"SEE US AT MIDCON, BOOTH 1320" 



TAUBER AND GATES, 
YOUR POWER 
CONNECTION. 
Gates Energy cells give you design 
flexibility, long life, superior per­
formance and easy charging . Basic 
cells are built up in any configuration: 
series or parallel , case or shrink wrap. 
Batteries are designed to meet the 
needs of your application , not the 
other way around. 

Tauber Electronics helped pioneer 
the Gates Value Distributor concept. 
From prototype to O.E.M. production , 
we deliver . • Energy Products 

TAUBEA@i/L@i~~~r·'lt::. 
4901 Morena Blvd . ste . 314 
San Diego, CA 921 17 
619/274-7242; No. CA 408/737-9408 
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NEW PRODUCTS 

DIGITAL ICs 

SCSI controller chip 
contains bus drivers 

A
single-chip controller 
from NCR not only has 
t h e intelligence to 

decode SCSI (Small Comput­
er Systems Interface) com­
mands for peripheral devices, 
but al so comes with h igh­
current bus drivers. Sinking 
48 mA at 0.5 V, the drivers 
simplify t he interface for a 
cont roller board that is lo­
cated at a distance from the 
host, by allowing direct con­
nection to the SCSI bus. 

The NCR 5380 fully meets 
the latest ANSC X3T9.2 drciJt 
specifications, yet remains 
versatile for older SCSI de­
signs . E ssential ly an en­
hanced version of the first 
SCSI con tro ll er (t he NCR 
5385 ), it is itself one of the 
fir st di sk controllers dedi-

Stephan Ohr 
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cated to the SCSI bus. 
The 5380 offloads many pe­

ripheral control functions 
from the host computer by 
disconnecting itself from the 
host during disk seeks and 
reconnecting only when ready 
for DMA transfer-a basic 
part of the SCSI specification. 

DMA transfers can be ini­
tiated by writing to one of the 
chip's three registers (the 
other two identify senders 
and receivers); transfers take 
place at 1.5 Mbytes/s. 

In small quantities, the 
controller is $40 per device. 
Production quantities will be 
ready in January. 

NCR Corp., Micro elec ­
tronics Division, 1635 Aero­
p la z a Driv e, Colorado 
Springs, Colo. 80916; Harold 
Mason, (303) 569-6512. 
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See us at MIDCON Booth #346-348 

If ~v~~) ief,,f9.f 
® 

" Quality Is No Accident" 

CIRCLE 189 

AMCO presents a guide for comparing structural features of 
modular electronic consoles. 
Enclosures are selected for both supe­
rior aesthetic quality and structural 
function. While AMCO offers the most 
comprehensive styling selection pro­
gram for enclosures, at the heart of 
the AMCO system is the carefully 
designed FX Series frame. A closer 
look at the construction detail reveals 

Cross Sections 

Side channel, 
top of frame 

Front channel, 
topofframe 

ri Vertical frame 
~ channel 

~ 

] 

~ 

Horizontal side 
strut 

Front channel, 
frame base 

Side channel, 
frame base 

AMCO's method of achieving a very 
high strength-to-weight ratio. Use the 
following key features as a guide for 
comparison with any other manufac­
turer's enclosure. Take the AMCO 
challenge: can you find an enclosure 
superior to the AMCO FX Series for 
structural integrity? 

Four separate 14 ga. channels, each 
with three forms (bends), provide a 
rugged top frame assembly. Seam 
(heliarc) welded top corners are rein­
forced by formed 12 ga. gusseting. 
Gussets also serve as built-in recep­
tacles for lift-eye mounts. 

14 ga. vertical and side strut channels, 
each containing four forms, are inter­
locked and welded to dual return 
flanges. 

Frame base channels are interlocked 
and heliarc seam welded to the main 
vertical channels. Formed 12 ga. gus­
sets reinforce frame base corners and 
also serve as caster mounts or, after 
inverting (on request), direct floor 
mounts. 

Extreme Test Demonstrates 10.7:1 strength-to-weight ratio. 
AMCO frames have been built to satisfy 
the most stringent military shock and 
vibration standards. In Mil Spec test­
ing, AMCO's FX78-19-22 frame (112 

lbs. with mtg. channels) passed the fol­
lowing tests while carrying a load of 
1200 lbs., demonstrating a strength-to­
weight ratio of 10. 7: 1. 

Vibration 

Shock 

20 minute duration for each cycle . 
1-7 cycles-no resonance. 
7-15 minimal resonance . 
No cracks or fractures. 

Air Force 16G sand drop-3 consecutive 
drops in all planes except upside down. 
Distortion allowed, but no breaks, cracks or 
fractures. Equipment must be functional 
after test. 

Details and support documentation available on request for the above, as well as other structural tests . 

PASSED 
PASSED 
PASSED 

PASSED 





THE CHALLENGE: 
Develop a volume production yoke 
\Nith geometry tolerance of less than 1°/o 
requiring no recorrection after assembly. 

When Lee Data design engineers 
y.;ere faced with the challenge of 
developing a high-line-rate, high 
resolution, IBM 3270-compatible 
display terminal, they 
knew the deflection 
yoke would be a 
key component. 
They would re­
quire a yoke 
with ge~metry 
tolerance of less 
than 1 % in pro­
duction quanti­
ties. A yoke that 
would not require 
recorrection during 
final assembly in 
their plant. 

So they turned to Discom. Taking 
advantage of Discom's thirteen­
plus years developing components 

that have 
continually raised 

the state-of-the-
art in 

display technology. 
Lee Data engineers 

were able to realize 
their objectives. 

Using Discom 's 
patented non­

uniform conductor 
distribution process. 
Discom engineers 
developed a specially 

designed yoke to meet 
Lee Data's exact(ng speci­

fications. Then Discom 's full­
capability prototype lab built 

prototypes for testing and 
evaluation . 

And, when the design 
was finalized, and approved 

for production, Lee Data again 
turned to Discom. They knew 

Discom has the ability to produce. 
in quantity. yokes that consistently 
and uniformly meet design specs. 

In VDT applications, as well as avi­
onics and large-screen graphics. 
Discom is helping the world's larg­
est electronics manufacturers meet 
their design challenges. And o~en 
saving them time and money in 
the process. Circle the number be­
low on the reader response card, 
or call (617) 692-6000 and chal­
lenge Discom. 

- • ;ii 
Display Components, Incorporated 
334 Littleton Road 
Westford MA 01 886 CIRCLE 191 

• • • challenging the limits of technology. 



4th in a series from The Sensor Consultants 

Electrically isolated. yet sensitive to I / 2 ;unp - and 
able to monitor circuits conducting even less - this 
unique new permalloy-based current sensor can 
report a burnt-out lamp before it leads to trouble. 

Your car's suspension stabilizes, but your 

H Ow heart is still rewed into the red. Thanks to poor 
visibility and a failed taillight, you've nearly back­

ended a slow-moving school bus. It 

To MOTIVATE makes you wonder how often drivers 
discover electrical problems - their 

own or someone else's - by accident. 

MILLIAMPS Th~u~i~~~ce;:;;:~~e'~~~tc~. Iight is out 
needn't be left to luck, or to another 

TO TATTLE m~~~~;s a dependable new solid state 
current monitor that can detect 

0 N TA ILLIG H Ts electrical fault~ and failures in any 
• number of settings. It operates on 

milliamps in DC or AC circuit(s). Isolated from 

CIRCLE 192 

the monitored circuits, this sensor causes no 
voltage drop, and is immune to voltage tran­
sients. And it's practical in all kinds of situations 
where you want to know if current is or isn't 
flowing. 

Wired to an indicator, it can signal burnt-out 
lamps, a discharging battery, or a useless heater 
coil in a pilot's airspeed indicator system. As a 
factory outpost sentry, it alerts you to the status 
of remote motors or relays. 

Examine this new sensor closely. 
Nothing else lets you detect 1/2 amp so effi­

ciently without invading the conductor. Use of 
the magnetically super-sensitive nickel-iron alloy, 
permalloy, boosts sensitivity lOx or more be­
yond that of other electrically isolated sensors of 
comparable size. It allows you to tap a lower 
level signal reliably, and without sacrificing 
space or convenience. 

Thin-film deposit of the permalloy on a bipo­
lar IC silicon chip combines the milliamp sensi­
tivity with voltage regulation and temperature 
compensation. That makes this sensor unique 
and complete, ready to use. 

Pass the conductor to be 
monitored through the sensor one or more 
times. Five hundred milliamps, flowing in either 
direction through the flux collector, triggers a 
digital output. Overcurrent will not damage the 
sensor. 

Examine your options fully. 
At MICRO SWITCH, the current sensors 

range from low-current, digital output devices 
that simply detect whether current is flowing, to 
adjustable, high-current sensors with linear 
output that varies with the amount of current 
flow. Special designs include low-milliamp 
devices to detect power drain in computer and 
telecommunication circuits. And we can tailor a 
sensor to give you a special housing, termina­
tion, or signal conditioning. We'd rather have 
you customize than compromise. 

For more information about current sensors, 
use the reader service card to contact us. lfyou'd 
like to discuss your application, or are interested 
in pressure, position, airflow, or temperature 
sensors, phone us at 815-235-6600; or write 
MICRO SWITCH, The Sensor Consultants, Free­
port, IL 61032. 

Together, we c an find the answers. 

MICRO SWITCH 
a Honeywell Division 



DIGITAL ICs 

CMOS chip drives 
dichroic LCDs 

The industry's first driver 
for dichroic liquid-crys­

tal displays is capable of sup­
plying 30 V, as compared with 
the 3 to 15 V used for con­
ventional twisted-nematic 
displays. Designated the 
S4520, the CMOS chip per­
mits users to take advantage 
of the wider viewing angles 
(up to 180°) and high color 
contrast offered by dichroic 
LCDs. 

Operating from a logic sup­
ply voltage of 3 to 16 Vanda 
display supply voltage that 
can be as low as -29 V, the 
S4520 provides an output 
swing of up to 32 V. What's 

VREF INo-+----1 

2.SV 
REFERENCE 
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NEW PRODUCTS 

more, the chip draws as little 
as400 µA. 

Gould AMI Semiconduc­
tors, 3800 Homestead Road, 
Santa Clara, Calif. 95051; 
(408) 246-0330. $12.60 (plas­
tic), $22.85 (ceramic) (1000 
units). CIRCLE 314 

Array densities span 
380 to 4205 gates 

Afamily of CMOS gate 
array devices ranges in 

density from 380to4205 gates 
and provides up to 77 func­
tional logic blocks for the 
user to implement his log­
ic. The MSM60000 and 
MSM70000 series are 3-µm 
silicon-gate devices with 

r::::-:--:~-+--~w-
~---+-,-oCK AC OR EXT 
~---+-,,.<Jffl) CLOCK 

L..:::::::::._J--r--f-;-OBDSY 

dual-layer metal for inter­
connection. Both series fea­
ture two-input NAND-gate 
propagation delays of 3 ns 
and have TTL- and CMOS­
compatible inputs and out­
puts. The gate arrays offer a 
voltage range of 3 to 6 V, a 
toggle frequency of 50 MHz, 
and an operating tempera­
ture range of -400 to +85°C. 

The devices are available in 
dual-in-line packages, plastic 
flat packs, pin-grid arrays, 
and plastic leaded chip carri­
ers. Oki is manufacturing 
·packages that have as many 
as 132 pins. 

Oki Semiconductor, 650 N. 
Mary Ave., Sunnyvale, Calif 
94086; (408) 720-1900. 

CIRCLE 315 
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"Our applications 
engineers always want 

me to buy 'the latest this' 
or 'tlie latest that! 
How come USIR's 
never satisfied?" 

Because newer, better elec­
tronic test instruments are 
introduced all the time, Bob, 
and we want to make sure we 
have the latest equipment 
for our customers. 

As the leader in the electronic test equip­
ment rental business, we have a reputation 
to uphold. That 's why we constantly survey 
the industry, to make sure when new, state­
of-the-art equipment is developed, we have 
it. We also stock our inventory in depth to 
make sure you can have exactly what you 
want when you want it. 

We offer state-of-the-art financing , too, 
with lots of options. You can rent, lease, or 
buy. And you can choose from a variety of 
financing plans , all with very flexible terms. 

Don't settle for anything less than the 
latest. Call us . 

ALABAMA 800/638·4052 
ARIZONA 800/525·7518 
Phoenix 6021257-1345 
ARKANSAS 800/527-4262 
CALIFORNIA 
Burbank 2131849-5861 
Mountain View 4151964-9664 
San Diego 619rl31-3990 
San Mateo 415/579-09 11 
Santa Ana 714/641 -9 101 
COLORADO 
Denver 303f790-0523 
CONNECTICUT 800/526-7563 
DELAWARE 800/638-4059 

FLORIDA 800/638-4052 
Ft. Laude rda le 305/161-8127 
Orlando 3051352-0923 
GEORGIA 800/638-4052 
Atlanta 4041955-4473 
IDAHO 
Northern 8001227-5075 
Sout he rn 8001525-7578 
ILLINOIS 
Inve rness 3121991-9770 
INDIANA 800/323-6688 
KANSAS 800/323-6688 
Ka nsas City913/677-00 ll 
KENTUCKY 800/323-6688 

@ 1984 U.S. Inst ru ment Re ntals, Inc. 

LOUISIANA 8001527-4262 
MAINE 800/526-7563 
MARYLAND 800/492-8747 
Gaithersbu rg 3011258-9888 
MASSACHUSETTS 8001526-7563 
Brookline 617n39-2255 
MICHIGAN 800/323-6688 
Detroi t 313/493-1919 
MINNESOTA 800/323-6688 
Min neapolis 6121881-3743 
MISSISSIPPI 800/638-4052 
MISSOURI 800/323-6688 
St. Louis 314/454-0210 
MONTANA 800/525-7578 

NEVADA 8001227-5075 
Las Vegas 800/525-7578 
NEW HAMPSHIRE 800/526-7563 
NEW JERSEY 
Northern 201/494-1500 
Southern 800/638-4059 
NEW MEXICO 800/525-7578 
Albuquerque 505/884-0529 
NEW YORK 800/631-5321 
NORTH CAROLINA 800/638-4059 
OHIO 800/323-6688 
Cincin nat i 513/863-4446 
Cleveland 2161779-5155 
Dayton 5131253-3824 

318 Electronic Deaign • September 6, 1984 CIRCLE 194 

To receive our new, 1984 catalog, circle 
the number below. This 264-page catalog is a 
valuable reference book, with thousands of 
test equipment listings , guidelines for 
matching applications, and suggestions for 
financing. And it's yours , free. 

We go the extra mile. 

U.S. Instrument Rentals 
2988 Campus Drive 
San Mateo, CA 94403 
4151572-6600 

United States Instrument Rentals, Inc. l ~ AUS Leasing Company 

OKLAHOMA 800/527-4262 
Oklahoma City 4051525-2659 
Tu lsa 9181492-7333 
OREGON 8001227-5075 
PENNSYLVANIA 
Phi ladelphia 800/638-4059 
215/152-3936 
Pittsburgh 800/323-6688 
41 21922 -1331 
RHODE ISLAND 800/526-7563 
SOUTH CAROLINA 800/638-4059 
TENNESSEE 800/638-4052 
TEXAS 800/442-4518 
Austin 5121441 -7014 

Dallas 2141234-3392 
El Paso 800/525-7578 
Houslon 713/923-2222 
UTAH 8001525-7578 
Salt Lake Ci ty 801/582-0116 
VERMONT 8001526-7563 
VIRGINIA 800/638-4059 
WASHINGTON 8001227-5075 
WEST VIRGINIA 800/323-6688 
WISCONSIN 800/323-6688 
WYOMING 800/525-7578 
INSTRUMENT RENTALS CANADA 
Mississau ga, Ontario 4161678-7831 
Ontario, Quebec 800/387-3411 
Throughout Canada 800/268-4928 



Sight for Sore lyes 
Hitachi helps you reduce user eye fatigue by produc­
ing monochrome and color display tubes that excel in 
resolution, contrast, brightness and clarity. Tubes that 
your customers will love at first sight, because they are 
the result of these human-oriented breakthroughs in 
CRT technology: 

Fine-patterned phosphor screens 
We've developed new methods of applying color 
phosphors to screens in order to increase dot uniformity 
and reduce dot diameter down to a fine-pitch 0.21 mm 
for greater definition. That means less blurring of colors, 
blacker blacks, and higher resolution in graphics and 
characters. 

Reduction of glare 
Screen glare is a leading cause of user discomfort, so 
we came up with special treatments that cut glare to a 
minimum. Available on models of all sizes, one is our 
"direct-etching antiglare face." Spray coating and multi­
layer coating can also be applied to reduce reflection. 

For more information: 

Less flicker, higher contrast 
Hitachi offers long-persistence phosphors for both 
monochrome and color screens to cut down irritating 
flicker. Numerous phosphor tones allow users to 
specify their own monochrome display colors; color 
tubes can be supplied with the traditional R-G-B 
combination or a new R-G-Light Blue. And lower­
transmission glass, ranging from clear to grey to dark 
tint, can help improve contrast according to your 
requirements. 

We believe people deserve to be pampered, and 
we've committed our engineering skills to just that. 
Manufacturing each and every product with the end­
user in mind. Supplying you with components that 
exceed expectations. So give your own eyes a treat. 
Look up your nearest Hitachi representative for 
a personal view of our complete CRT line-up. 

Hitachi, Ltd. Electronic Devices Group, New Marunouchi Bldg. , 5-1, Marunouchi 1 chome, Chiyoda-ku, Tokyo 100, Japan, Tel : Tokyo 103) 212-1111, Telex : J22395, J22432, J24491 , 
J26375 IHITACHY), Cable : HITACHY TOKYO Hitachi America, Ltd . Chicago Office, 500 Park Boulevard, Suite 805, Itasca, Ill. 60143, Tel : 1312) n3-0700, Telex : TWX910 651 3105 
I HITACHI ITAS), Fax : 1312) 773-1366 San Jose Office, 2099 Gateway Place, Gateway Office Park, Suite 550, Tel : 14081277-0134 Hitachi Electronic Components Europe GmbH, 
Hans-Pinsel-Str. 10A, 8013 Haar, Munchen, Tel : 089-46140, Telex : 05-22593 IHITEC 0) Hitachi Electronic Components IU.K.) Ltd., HITEC House, 221-225 Station Road, Harrow, 
Middlesex, HA1 2XL, Tel: 01-861-1414, Telex : 926293 IHITEC G) 



Major customers in JAPAN CANON CASIO FUJITSU JVC KYOCERA 



MITSUBISHI NEC 

···the trademark of successful companies 
Soar into a new realm of productivity. Your designs flow effortlessly 

from electrical schematics through fully verified board layouts to 

automated manufacturing. The system confirms that every component 

is in place, every connection is made, every element is correctly named 

and numbered. You have all the software tools you need to produce 

schematics, rigid and flexible printed circuit boards, and hybrid 

integrated circuits. 

PANASONIC 

The Zuken System 2000 sets a new standard in 
CAD/CAM. Zuken has replaced the design medium of 
the past with a dynamic, productive electronic 
environment. Only the Zuken System provides all the 
powerful functions you need for design, revision, 
verification and manufacturing of both printed circuit 
boards and hybrids. Our dedication to one technology 
allows us to provide a complete solution for analog, 
digital and hybrid circuit design. 

Hundreds of the world's most successful electronics 
manufacturers use Zuken Systems to increase 
productivity and to gain a critical competitive 
advantage·· ·If you 're ready to compete-call Zuken. 

Get More Data - Mark 18 On Card 

ZUK.EN 
AMERICA 

2010 North First Street San Jose, Ca 95131 
Phone (408)947-2070 CIRCLE 196 

PIONEER SONY TOSHIBA YAMAHA 



Theres an Epsonomic answer to your flat 
panel displtiy needs. 
Our new 25-line LCD modules are part of it 
Epsonomics is made up of many things. State-of-the-art products are part of it. Products like 
this 640 by 200 dot matrix LCD display module. 

Just as important as the products is the marriage of technologies that made them possible 
and practical. Advanced materials formulation combined with CMOS technology to produce 
large area, high density displays which combine contrast, viewing angle and operating 
temperature range with fast response time and low power consumption. That's part of 
Epsonomics, too. 

Another part of Epsonomics is choice. Graphic display modules range from 640 x 200 to 
84 x 32 dot formats which display 80 characters by 25 lines to 14 characters by 4 lines. All are 
available. In volume. Now. And if none of our standard graphic modules satisfy your design 
criteria, you can take advantage of our custom capability to meet your needs. 

But Epsonomics is more than products. It's long life and dependable performance. It's 
on-time delivery. It's after sale service and support. It's giving that extra effort to help your 
gross profits grow. Because we want to grow with you. 

Epsonomics. It's a way of doing business. In LCDs as in floppy drives, printers and printer 
mechanisms, it's a dedication to your needs that can help you control costs and increase sales. 
Let us help you design the Epsonomic answer that works best for you. Call or write today. 

EPSON® 
(Q)~~ 
EPSON AMERICA, INC. 
OEM Products Division 
LCD Group 
3415 Kashiwa Street, Torrance, 
CA 90505 (213) 533-8277 
TELEX: 664277 

® Registered trademark of the Epson Corporation 

The top lines for 
your bottom line 
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A single Lambda power 
switching regulator replaces forty 

discrete components. 

LAS6380 

Power switching 
voltage regulators 

deliver up to 
150 watts for 

$.OS/watt. 
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By integrating all your discrete components into a 
single monolithic device, Lambda power switching 
regulators simplify design and reduce board space 
requirements by at least 50%. 

In addition, you benefit from reduced design time, 
assembly time and inventory requirements along with 
lower design and production costs . 

Lambda power switching regulators are available 
for as little as $.OS/watt for switching power supplies 
requiring output currents of 2 to 8 amps and output 
voltages up to 30 VDC. All models have current limiting 
and thermal protection to increase reliability. All are 
available for shipment from stock. 

For immediate information call: 1-800-255- 9606 
(In Texas , 1-5 12-289-0403). 

LAM BOA A Division ofVeeco Instruments Inc. 

SEMICONDUCTORS 
THE POWER IN POWER CONVERSION 
121 Internati onal Dr. , Corpu s Christi , TX 78410 
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NOW A CHOICE 
IN PHASE ANGLE 
VOLTMETERS ••• 
AND THE CHOICE IS 
DR A NETZ Because the new 

Dranetz Model 3110-
with fast microprocessor-based FFT signal analysis and · 
continuous PLL frequency acquisition - offers much 
more of what you need. Fourteen different test parame­
ters, 0 .1 % and 0.03° accuracy, l Hz to 500 kHz without 
plug-ins, wide dynamic range, isolated or single ended 
inputs, up to 150 measurements per second, eight 
stored panel set-ups, and integral printer. In addition, 
there is an optional IEEE 488 interface for fast and easy 
operation on the bus. You'll find that the 3110 is much 
more than a phase angle voltmeter; it is a total phase 
measurement system. 
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If you are designing or testing positioning or naviga-
tional systems, or servo, resolver and gyro devices, look 
what the 31l0 can do: 

For Each 
Harmonic · Total 

Fundamental To the 14th Signal 
.• Quadrature Voltage j 
• In-phase Voltage j 
• Total Harmonic j 

Distortion 
• Harmonic Phase j 
• Magnitude j j j 
• Real Power j j j 
• VA j j 
• VAR j j 
• Power Factor j j 
• Ratio j j j 
• Complex Ratio j j 
• Frequency j 
• Phase j j 
• Group Delay j 

Call Leslie Listwa to receive a brochure or to arrange for a 
convincing demonstration. 

Dranetz Technologies, Inc. 
l 000 New Durham Road, CN 91 
Edison, NJ 08818 
Telephone (201) 287-3680 

DRANETZ 
TECHNOLOGIES, INC. 

CIRCLE 199 
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OEM Decision Makers 

"Only the Invitational Computer 
Conferences bring the latest 
OEM computer and peripheral 
products to your front door 
You'll fmd 
us there!" · 
A nd you'll find other top 

I\. OEM manufacturers, 
such as IBM, Control Data, 
DEC, Fujitsu, NEC and 
Seagate, to name a few. 

In their 14th year, the 
"OEM Only" Invitational 
Computer Conferences bring 
you, the volume buying deci­
sion makers, together with 
the key suppliers of com­
puter and peripheral prod­
ucts. The ICCs, a series of 
ten, one-day regional shows 
are convenient to where you 
live and work. The social 
business setting makes it 
easy for you to meet poten-

tial suppliers one-on-one, 
and attend high tech semi­
nars of your choice. As an 
invited guest, there is no 
cost to you. 

Hear what the OEM manu­
facturers have to say, learn 
more about their products, 
and remember, you may 
attend "by invitation only." 

1984/85 U. s. ICC Locations 

Sept. 6, '84 
Sept. 25, '84 
Oct. 10, '84 
Oct. 23, '84 
)an. 8, '85 
)an. 29, '85 
)an. 31, '85 
Feb. 26, '85 
Mar. 19, '85 
Apr. 2, '85 

Newton/Boston, MA 
Southfield/Detroit, MI 
Cherry Hill, NJ 
Englewood/Denver, CO 
Irvine, CA 
Houston, TX 
Dallas, TX 
Ft. Lauderdale, FL 
Palo Alto, CA 
Nashua, NH/No. MA 

Call your local OEM supplier far 
your invitation or Jill out the cou­
pon and mail to: 
B. J Johnson & Associates, Inc. 
3151 Airwqy Ave., #C-2 ~ 
Costa Mesa, CA 92626 
Phone: (714) 957-0171 ~ 

Jelex: 188747 TAB IRIN ~ - .. ~ 

Yes! I need an invitation to your "OEM Only" ICC. The nearest ICC to me is: __________ _ 

I buy in volume: 

D Computers 
D Disk/Tape Drives 
D Controllers I Interfaces 
D Terminals I Graphic Displays 
D Software 
D Printers 
D Memory Boards 
D Modems / Multiplexers 
D Power Supplies 

Name 

Title 

Company/ Division 

Address 

City State Zip 

Mail To: B.J. Johnson & Associates, Inc., 3151 Airway Avenue, #C-2, Costa Mesa. CA 92626 
Phone: (714) 957-0171 Telex: 188747 TAB IRIN 
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COMMUNICATIONS 

Multiplexer provides 
greater network access 

I mp roving efficiency by en­
abling a larger number of 

terminal users to communi­
cate with the host through 
fewer ports, the TS-600 
switching statistical multi­
plexer concentrates up to 32 
data devices onto a single tel­
ephone line. The unit operates 
at speeds up to 19,200 bits/s 
and provides switching and 
port contention capabilities. 
It allows users to mix and 
match equipment from a 
variety of vendors and is com­
patible with Digital Equip­
ment, Data General, Hewlett­
Packard, IBM, and virtually 
all other host computers. The 
multiplexer features a touch-

NEW PRODUCTS 

key front panel for setting 
operating parameters, as well 
as for monitoring and testing 
the data communications 
system. 

ComDesign Inc., 751 S. Kel­
logg Ave., Goleta, Calif 93117; 
(805) 964-9852. From $3100. 

CIRCLE 316 

Chip set supports 
Ethernet, Cheapernet 

Comprising a network in­
terface controller, a 

serial network interface, and 
a coaxial transceiver inter­
face, a three-chip set sup­
ports both Ethernet and 
Cheapernet systems. Cheap­
ernet, the LAN scheme devel­
oped in Europe, soon to be in-

CIRCLE 201 

corporated into the IEEE 
802.3 standard, is a protocol­
compatible version of Ether­
net, offering the same 
10-Mbit/s bandwidth but uti­
lizing lower-cost RG58A U 
coaxial cable. Combined to 
meet the requirements of the 
IEEE 802.3 standards, the 
CSMA/CD chip set performs 
the same functions as cur­
rently available boards 
requiring dozens of chips. 

National Semiconductor 
Corp., 2900 Semiconductor 
Drive, Santa Clara, Calif. 
95051; (408) 721-5000. $125 
(100 sets); end of 1984. 

CIRCLE 390 

Transfer switch 
selects printer 

For use in minicomputer 
word-processing applica­

tions, a versatile transfer 
switch permits access to a 
high-speed printer for gener­
ating reports and to a slower 
letter-quality printer for cor­
respondence printing. In mul­
tiple microcomputer environ­
ments, the Model 8862-D may 
be used to switch a single 
printer between two micro­
computers equipped with par­
allel interfaces. The device is 
data speed- and code-trans­
parent and requires no power. 
All connections are made via 
three 36-pin fem ale connec­
tors on the rear panel. A 
front-panel selector switch 
routes the data stream from 
the common connector to ei­
ther of the other two ports. 

Electro Standards Labora­
tory Inc., PO Box 9144, Provi­
dence, R.I. 02940; (401) 943-
1164. $175; stock. CIRCLE 317 
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SWS Series 

But it doesn't end there. For 
many years, Standard Power 
has designed and manufac­
tured switching power sup­
plies . In fact. our SWS Series 
of regulated switchers repre­
sents a third-generation 
power system-a design 
using a minimum number of 
components, with 100 per­
cent burn-in. which means 
reliability. And that's critical to 
your system's reliability. 

That's why Standard Power 
switchers keep showing up 

in applications like process 
controllers, test equipment. 
telephone switching systems. 
such computer peripherals as 
drives, terminals, tapes and 
printers, document sorting 
equipment and machine tools . 

The SWS Series includes 
25 models-single. triple and 
quadruple outputs-in a power 
range from I 50 to 2 50 watts. 
Each unit features line and 
load regulation at .2 percent 
each, built-in oveNoltage 
protection and remote voltage 
sense on the main output. 20 
millisecond holdup time and 

UL recognition . 
In addition, we were the 

first manufacturer to sell 
power supplies through elec­
tronic distribution . Today. 
more than I 20 distributor 
locations stock our power 
supplies for off-the-shelf 
delivery. So go ahead and 
specify Standard Power ... 
the quality switcher that's 
available. 

To receive a free copy of 
our 32-page catalog, circle 
the reader service number 
or send us a note on your 
letterhead. 

ft STANDARD POWER Inc. 
A SUBSIDIARY OF 

Acme Electric corporation 
1400 So . Village Way• P.O . Box 15547 
Santa Ana , California 92705 

CIRCLE 202 Telephone (714) 558-8512 •TWX: (910) 595-1760 



At Nichicon, an innovative design means 
a capacitor you can use today and tomorrow. 

Building a better capacitor. 
That's what we've been doing 
since we delivered our first 
capacitor back in 1918. 

And that's what we're still doing 
for you today, by improving capa­
c itor designs to help save you 
time and money. By packing in 
greater CV in smaller case sizes. 
With anti-solvent designs that 
allow Nichicon capacitors to with­
stand harmful cleaning agents like 
Freon and Daiflon for up to five 
minutes- without bulky and 
expensive epoxy end-seals. And 
by exploring the realities of lead-

CIRCLE 203 

less chip capacitors of the future. 
Today our SA SL, SP, ST, MA and 

VX aluminum electrolytic series' 
are being used to replace 
tantalum capacitors for reasons 
ranging from operating reliability 
to size and price. 

We're helping design and 
production engineers bring to 
market smaller and more power­
ful switching power supplies 
built around special capacitors 
with higher ripple capabilities, 
smaller case sizes, snap-in leads, 
lower ESR and impedance, plus 
the ability to withstand higher 

"SEE US AT MIDCON BOOTHS Nos. 1330·1 332" 

operating temperatures. 
But we're not stopping there. 

Call us today to find out how our 
65 year investment in capacitors 
of the future can help meet your 
design needs today. 
Value keeps us the capacitor choice. 

• I_• n•cnacon® 
927 E. State Parkway 
Schaumburg, IL 60195 
(312) 843-7500 

<C>Nichicon (America) Corpo<ollon 1984 



NEW PRODUCTS 

COMMUNICATIONS 

Ethernet transceiver 
complies with 802.3 

The newest member of the 
Net/Plus product line, the 

NTlOO Ethernet transceiver 
is fully compliant with the 
IEEE 802.3 local area net­
work standard. It features a 
nonintrusive cable tap, which 
permits nodes to be attached 
or removed from an active 
network without disturbing 
network communications. An 
alternative tap with an N­
type connector is available for 
those portions of a network 
that can be installed with pre­
assembled coaxial cable. The 
transceiver contains the nec­
essary electronics to send and 
receive 10-Mbi tis bit streams, 
detect the occurrence of col­
lisions, provide electrical iso-
1 a ti on between the coaxial 
cable and the stations, and 
protect the network from 
transceiver and station mal­
functions. The device is only 
10.12 by 3.75by1.7 in. and in­
stalls easily in ceilings, wiring 
troughs, and other areas 
where space is limited. 

Int erlan Inc., 3 Lyberty 
Way, Westford, Mass. 01886; 
(617) 692-3900. $250 (100 
units). 

CIRCLE 318 

Ethernet kit implements 
fiber-optic LAN 

Full y compatible with 
Ethernet hardware and 

software, the Codenet starter 
kit implements a three-node 
fiber-optic local area net­
work in the amount of time it 
takes to unpack the devices, 
connect the 12 screw-on opti-

cal connectors, and attach 
the transceivers to the Ether­
net controllers via the user­
supplied transceiver cables. 
Typically, this is accom­
plished in less than 30 
minutes. The starter kit con­
sists of three Codenet-3020/ 
3030 fiber-optic Ethernet 
transceivers, one Codestar 
2004 four-by-four optical star 
coupler, and three 100-µm 
fiber-optic cables, 10 meters 
long and factory-terminated 
with SMA connectors. 

Codenoll Technology Corp., 
1086 N. Broadway, Yonkers, 
N. Y. 10701; (914) 965-6300. 
$2995. CIRCLE 319 

1200-bil/s modem 
features secure access 

ABell 212A-compatible 
modem, designated the 

Auto Data 300/12008, offers 
computer systems protection 
against unauthorized access. 
Access is controlled via a cen­
tral modem at the host com­
puter. It answers the incom­
ing call, verifies the caller's 
code number with previously 
stored information, and dis­
connects. The modem auto­
matically dials back the 
caller's telephone number, 
which is stored in memory. If 
an illegal access has been 
attempted, the unit resets to 
standby mode, thereby pre­
venting access to the host 
computer. In addition to the 
security functions, the mod­
em operates at dual data 
rates of 300or1200 bits/s. 

P enri l DataComm, 207 
Perry Pkwy., Gaithersburg, 
Md. 20877; (301) 921-8600. 

CIRCLE 320 
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EVERYTHING 
FOR 

IBM PC/XT 
DATA ACQUISITION 

AND 
CONTROL 

MODEL DASH-8 $375 
• 4,000 Samples/Sec (30,000 in Assembly 

Language) 
• 8 S.E. Channel , 12 Bit Analog Inputs 
• Event, Period , Pulse Width , Frequency 

Measurement 
• 7 Bits of Digital 1/ 0 
• Programmable Scan Rate 
• Interrupt Handling 
• Foreground/ Background Operation 

MODEL DASH-16 $895 
• 40,000 Samples/ Sec 
• 8 0.1. , 16 S.E. Channel 12 Bit Analog 

Inputs with OMA 
• 2 Multiplying Analog Output Channels 
• 8 Bit Digital 1/ 0 
• Interrupt Handling 
• Foreground / Background Operation 

MODEL DASCON-1 $485 
• 30 Samples/ Sec, 4 D.I. Channel 12 Bit 

Analog Inputs 
• On-Board Signal Conditioning 
• Direct Temperature Measurement ( - 200 to 

+650 C.) 
• 12 Bits of Digital 1/ 0 
• Interrupt Handling 
• 2 Optional 12 Bit Analog Output Channels 
• 2 Optional Instrumentation Amplifiers 

(0.5 MicroVolt/Bit) 
• Foreground / Background Operation 

MODEL PI0-12 $ 97 
• 24 Bit Parallel Digital 1/ 0 
• Interface to Plotters, A/ D's, D/ A's, Relays , 

Switch Contacts, Etc . 
• Interrupt Channel 
• No Software Needed 

MODEL IE-488 
• Industry's Easiest IEEE-488 Board to 

Program 
• Interrupt, OMA, and Normal Transfer 

Modes 
• Controller, Talker or Listener 
• No Floppy Disks Required 
• Resident ROM Command Interpreter 

Single Piece Pricing Including Software 

ONE YEAR WARRANTY 

$395 

Also Available is a Complete Line ()f Accessory 
and Expansion Products 

[,----=-=-=~~"1=-~ 1 
. ~ ~ ~~~0. [D.~!raByte 
254 Tosca Drtve, Stoughton, MA 02072 (617) 344-1990 
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Our new Compu-Lite pushbutton 
line is designed years ahead 
of the competition. 
You'll stay out in front of the future with our new 
advance-design illuminated pushbuttons. They're 
the brightest idea to light up a panelboard in decades. 

Revolutionary rocker bearing design features a metal sheath Get 5 amp performance at a 3 amp price. Don't let 
covering the pivot point. This lessens friction , resulting in the price fool you. Our new Compu-Lite pushbuttons 
reduced heat build-up, higher current ratings, and extended are conservatively rated at 5 amps. So with a 2 or 3 
switch life. (patent pending) amp load, they'll keep working years longer. Naturally 

Designed to fit 
standard industry 
panel cutouts 
(.750" x .750" or 
.750" x 1.140") 

Improved mounting clips let 
you snap Compu-Lite pushbut­
tons into panels ranging in 
thickness from .040" to .188" 

they're UL and CSA approved. Also, they're the only 
switches of this type designed to meet VOE require­
ments. 

Unique contact assembly. An innovative new rocker 
bearing design virtually eliminates friction at the con­
tact assembly pivot point. This distributes contact 
pressure more evenly, reducing resistance, arcing 
and bounce, thus minimizing heat build-up during 
operation. 

Directly interchangeable. These switches fit stan­
dard industry mounting holes and conform to behind­
panel depth requirements. They are provided with 
solder lug or PC terminations. 

The clip with true grip. Our refined clip design lets 
you snap our Compu-Lite pushbuttons into a wider 
range of panel thicknesses-and get a snug fit that 
holds tight. So you enjoy greater design flexibility. 

Get our new switch free. Write us for a free sample. 
We'll make sure you get one, along with our complete 
catalog. Eaton Corporation, Aerospace/Commercial 
Controls Division, 4201N. 27th Street, Milwaukee, WI 
53216. 

CIRCLE 205 

I!' • ...-•N Electrical/ Electronic 
Ii a I. · Control 



DESIGNER UPDATE 18 

SCM· 100 SERIES 
RTD, THERMOCOUPLE, 

HIGH LEVEL, STRAIN GAGE, 

• 4 input channels 
• 3000 channeVs scan (SCM-102 , 103) 
e lOOOV isolation (SCM-100, 101) 
e 156 db CMRR min. 

• Replaces AD2B series 

DATEL's SCM-100 series is composed of four 4-
channel signal conditioning modules designed for indus­
trial and process control applications. The SCM-100 and 
SCM-101 provide 1000 Vpk isolation and are designed 
for thermocouple and high level transducer signal condi­
tioning and isolation. The SCM-102 and SCM-103 are de­
signed for RTD and strain gage amplification and signal 
conditioning. For complete engineering data sheets, call 
the literature hot line number listed below today 

• 
• 
• 
• 
• 

AM-227 
PRECISION ISOLATION 

AMPLIFIER 

1000 VDC isolation 
0 .005 % nonlinearity 
0.2µ.V/C offset drift 
176 dB CMRR 
Multi-sourced 

DATEL's AM-227 offers excellent DC input char­
acteristics, low cost and small size. It is an excellent choice 
for plant floor applications requiring isolation and preci­
sion amplification of thermocouples, RTDs, strain gages 
and other low level transducers . For complete engineer­
ing data sheets, call the literature hot line number listed 
below today 

DIAL 617 339·9341 Ext. 100 
Literature Hot Line 

e IL 
11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL.(617)339-9341/TWX710-346-

"'

I 1 I D l/;~A ~ 1953/TLX 951340 • Santa Ana , CA (714) 835-2751 • Sunnyvale , CA (408) 733-
2424 • Los Angeles , CA (213) 933-7256 •OVERSEAS: DATEL (UK) Basingstoke 
(0256) 69085 • DATEL (France) 602-57-11 • DATEL (Germany) (89) 530741 • 

..._ __ ...._. DATEL (Japan) Tokyo 793-1031 • DATEL (Japan) Osaka 063542025 
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SAW 
FILTERS 

For RF and Data 
Communications 

• Standard products available 
for Local Area Network 
applications, converters, pay 
1V decoders 

• Low-cost, mass produced 
devices available in T0-8 
cases or space-saving 
single-in-line metal cases 

• Easy interface, superior 
shape factor, inherent linear 
phase 

• Passive, monolithic devices. 
No tuning, no assembly, 
no headaches 

• Most devices available from 
stock 

• Call Don Lowcavage at 
(203) 242-0761 

@ANDERSEN 
LABORATORIES 
Andersen Laboratories, Inc. 1280 Blue Hills 
Avenue, Bloomfield, CT 06002. Telephone 
(203) 242-0761fTWX 710-425-2390 
Anderson products are available in the 
United Kingdom and Europe through our 
sister company, Signal Technology Ltd., 
Swindon, Wiltshire, UK 

CIRCLE 207 

NEW PRODUCTS 

FACTORY AUTOMATION 

Terminal programs 
process controllers 

Designed to work on the 
factory floor, a suitcase­

sized terminal is used for 
programming and documen­
ting programs for the Series 
Six, Series Three, and Series 
One programmable control­
lers. The Workmaster pro­
grammer, which is compati­
ble with IBM PC hardware 
and software, also performs 
data acquisition and analysis 
functions to access critical 
information. 

By adding a high-resolu­
tion color graphics package, 
the Workmaster acquires 
and displays in real time pro­
cess variables, alarms, and 
discrete device states-in 16 
colors. In addition, real-time 
animation shows physical 
motion, position, liquid level, 
or other variables. 

The system is hardened 
against heat, dust, grime, 
vibration, humidity, and 
electrical noise commonly 
found in industrial environ­
ments. It operates in tem­
peratures ranging from 0° to 
+ 50°C ( + 32° to + 122°F ). 
Each of Workmaster's 368-
kbyte 31/2-in . diskettes are 
plastic-enclosed for added 
protection and feature a 
spring-loaded metal shutter 
to protect the recording sur­
face when not in use. 

General Electric Co., Pro­
gramma bl e Control D e­
partment, PO Bo x 8106 , 
Charlot tesville, Va. 22906; 
(800) 626-2001. From $8200 to 
$10,500; late third andfourth 
quarters. 

CIRCLE 331 
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Computer supervises 
automated processes 

For complete distributed 
control of automated fac­

tories-a multitasking mas­
ter controller-the S256 
Supervisor-monitors the 
real-time operations of vision 
systems, inspection stations, 
robotic work cells, and other 
products required to auto­
mate industrial and pro­
duction processes. The 
MC68000-based computer 
system, which is capable of 
overseeing the operation of 
multiple sets of robotic work 
cells, employs a real-time 
operating system for fore­
ground operations and the 
Unix operating system for 
background processing and 
program-development appli­
cations. 

Housed in a ruggedized 
cabinet for use on the factory 
floor, the S256 provides 12 
card slots (expandable to 32). 
In a standard configuration, 
the system comes with a 
10-Mbyte hard-disk drive, 1 
Mbyte of RAM, several spec­
ialized PROMs, and a mem­
ory-management unit, which 
can access up to 16 Mbytes of 
memory. In addition to serv­
ing as a master controller for 
all automated devices , it 
serves as its own vision / 
image analysis processing 
system when coupled with 
the appropriate sensing 
cameras. 

I n t er n at ional Roboma­
tion/ In telligence, 2281 Las 
Palmas Drive, Carlsbad, Cal­
if 92008; (619) 438-4424. 
F rom $30,000 to $50,000. 
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good partners-aerosols and electronics 
For years, Mi ller-Stephenson has specialized 
in aerosols designed exclusively for the 
electronics industry. Our high-purity spray 
containers suit the electronics style . Safe . 
Pure. Compact. Portable . Convenient. Easy 
to apply. Sealed containers provide uncon­
taminated solvent, spray after spray. 
Here are some of our star performers. 
Wouldn't one meet your specific need? 

aerosol solvent cleaners 
Our wide range of high-purity cleaners are de­
signed to meet the specific soil-removal require­
ments of electronic procedures. 

flux remover and Cobra® spray brush 
Freon® TMC Flux Remover and Heavy Duty Flux 
Remover flush all types of organic flux off PCBs 
and other electronic assemblies without recon­
tamination . With the Cobra Spray Brush at­
tached, the flux remover becomes an efficient 
system combining chemical and scrubbing 
actions. 

release agents / dry lubricants 
The active ingredient for our release agents is a 
Teflon-like material which is dispersed in various 
solvents. 

freezing and fault isolation products 
Our freezing agents are packed with long pin­
point applicators, allowing isolation of single 
components in heat-cold intermittence testing . 

conformal protective coatings 
Since coating requirements are varied , Miller­
Stephenson has ready to use aerosol coatings of 
acrylic. si licone, urethane and varnish . All pro­
vide excellent electrical insulation and moisture 
resistance . 

conductive coatings 
To meet RFl / EMI regulations, we a lso offer new 
conductive coating sprays, which provide low 
cost protection and are compatible with many 
substrates. 

and more in our catalog 
Our cata log also offers tape head cleaner. con­
tact cleaners. anti-static agents and other prod­
ucts. complete with specification charts . Write: 
Miller-Stephenson Chemical Company. Inc .. 
George Washington Highway, Danbury, Conn . 
06810. Or ca ll (203) 743-4447. 

miller-stephenson 
LOS ANGELES / CHICAGO/ TORONTO / DANBURY 

"Freon" is DuPont's registe red trade mark for its fluorcarbon comi:;aunds. 
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MS-190 

Freon®TMC 
Solvent 

Flux Remover 

miller-stephenson 





leading reliability from 
a world leader in computers 
and communications. 
When space is tight and condi­
tions tough, specify MR62. It's 
the reliable DIP DPDT relay that 
really thrives on challenge. And 
delivers flawless performance 
in far-ranging applications. 

MR62 relays- with nitrogen­
gas-filled, twin crossbar contacts 
- come encased in imperme­
able armor. Their PBTshield 
scorns almost any attack-auto 

soldering, immersion cleaning, 
even chlorinated solvents. 

Yet all this reliability stands 
only 0.45-inch high. And occupies 
a mere 0.3 1 square-inch of 
precious PC board real estate. 

MR62 relays come in two 
series: standard and extra-high 
reliability. 

We use our own relays in 
a full range of NEC computers 
and communications equipment. 
So we totally understand your 
need for reliability. Because our 
reputation , like yours, can rest 
on a single relay. 

CIRCLE 209 

Contact form: 2C (DPDT). 
Contact rating: 30W, 150VDC, 

l.25A; SOVA, 125VAC, l.25A. 
Dimensions: H0.45" (+pins 0.13") 

xW0.795"xD0.386 ". 
Availabilities: Single Coil 

Latching Type; High 
Breakdown Voltage Version 
(Meets FCC Part 68). 

NEC America , Inc. 
Electromechanical Devices Department, 
532 Broad Hollow Road , Melville , 
New York 11747, USA. Tel: 516-752-9700. 
Telex: 144658 NEC AMER MELV. 

World Products , Inc ., (U.'S. distributor) 
19678 8th Street East , Sonoma, CA 95476, 
P.O. Box 517, USA. Tel: 707-996-5201 . 
Telex: WORLD PROD SNOM 171715. 

NEC 
NEC America, Inc. 



THE INTELLIGENT 
SCOPE! A B c D 

A. Delay Time 

B. DVM Measured Values 

C. Cursor Measured Values 

HITACHI V-1100 

The only 
Portable 100 MHz 
Oscilloscope 
with CRT readout 
and built-in micro­
computer to make 
measurements 
faster, easier and 
more accurately. 
Research, electronics, medical 
equipment development, mili­
tary applications, or just general 
trouble-shooting ... the Hitachi 
V-1100 Oscilloscope offers the 
ultimate in high-tech, high­
versatility and high-value. 

The Intelligent Scope is the 
smartest choice you can make. 

This innovative state-of-the­
art system is ruggedly engi­
neered for enhanced reliability 
in the lab or out in the field. 

Compare and you'll see why 
the Hitachi V-1100 is an incom­

The exclusive Hitachi V-1100 features: 

Digital DVM 

Measurement 
functions Frequency 

counter 

Readout Cursor REF, ti. 
functions Readout 

function 
cursors 

Panel selling 
Value displays 

GND Ground line display 
Reference 
function 

(GND LINE) 

D. DVM Relative Values And 
Frequency Measured Values 

E. Scaling Factor (CH1) 

F. Add Indicator 

G. Scaling Factor (CH2) 

H. Invert Indicator 

I. BWL Indicator 

J. Scaling Factor (Sweep A) 

K. Scaling Factor (Sweep B) 

DC voltage: Corresponds to screen 
AC voltage: 50Hz to 10MHz CH1 

Frequency: 120Hz to 99.9MHz 
only 

Voltage Vabs: REFtoGND 
Display: 

VoltageV: ti. to REF 
3 digits + units 

Amplitude ratio: % (5div = 100%) 
TimeT: ti. to REF 
Time duty ratio: % (5 div = 100%) 
Phase: Deg (5 div = 360") 
Frequency: 1rr = ti. to REF 

Vertical axis: V/div, INVERT, ADD, BWL, UNCAL, MAG 
Sweep speed: sldiv, UNCAL, MAG 
Other: delay time and A trigger source 

CH1 and CH2 displays are available. 

Additional features include quad channel (CH. 1, 2, 3, 4) with independent position controls, 
8 trace with alternate sweep, 1 BkV-6" rectangular CRT, minimum deflection factor 1 mv/div, 
maximum sweep time 2nsldiv, TV-sync, X-Y operation up to 1 MHz (3° or less), variable 
hold-off, gate output for A and B sweep, CH 1 signal output to 100 MHz (-3d8) ... plus much more. 

parable value. 

.HITACHI" 
Hitachi Denshi America, Ltd. 
175 Crossways Park West., Woodbury, New York 11797 •Telephone: 516-921 -7200 
For fast action, call TOLL FREE 800-645-7510 

Chicago: 1725 North 33rd Avenue, Melrose Park, Illinois 60160 • 312-344-4020 
Los Angeles: 18005 South Adria Maru Lane, Carson, California 90746 • 213-538-4880 (TOLL FREE) 800-824-9751 

Dallas: 14169 Proton Road, Dallas, Texas • 214-233-7623 
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Send for a 56-page Acopian Catalog ••• 
containing detailed information on 
an expanded line of single, dual , 
and triple output power supplies 
including: Mini modules (both 
PC-mounting and chassis­
mounting types) . General purpose 
modular supplies with outputs to 
200 Vdc, current ratings to 32A. 
Narrow profile supplies only 1.68" 
thick. Plug-in supplies. MIL-tested 
supplies . Unregulated supplies for 
economically driving relays and 
displays. Voltage programmable 
supplies. Laboratory benchtop 
supplies. All shipped in 3 days. 
(Rack mounting power supplies 
and systems, and redundant out­
put power systems, shipped in 9 
days.) Complete pricing informa­
tion is included. 

POWER 
SU~LY 

C 
1
·1'..-LOG 

I 084 
I I 

• 

Corp., P.O. Box 638, Easton, PA 18042 •Toll free number: (800) 523-9478 
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When it comes to card 
file integration, is this the 
kind of fit your backplane 

vendor gives you? 

S~I1\IJ 
~1\.ltl) Ji 

s~1 .. ~ 
f~1ll\I 

SAE's total backplane 
packaging control 
assures you of the 
right kind of card 
file-backplane fits. 

Too bad your backplane vendor didn't 
tell your card file supplier the mounting 
holes had been moved on the board. 
SAE offers integrated backplane manu­
facturing and card file construction opera­
tions to eliminate problems like this one. 
We're the only backplane vendor who 
can take single-source responsibility for 
every backplane system building, testing, 
and servicing step-including backplane­
card file alignment. Our in-house, com-

pletely numerically controlled machine 
and metal fabrication shop delivers cages 
to meet any card size, air flow, or external 
housing needs. 

Our modular construction methods 
allow us to match VERSAbus, MULTIBUS, 
and DEC system requirements as well 
as create completely custom cages. We 
also offer a complete card file in "kit" 
form for prototyping purposes. Card files 
include standard and MAXTRAK™ rail 
types, steel or aluminum files with plastic 
guides, and steel files with formed guides. 

Besides our complete card file and 
backplane-chassis integration capabilities, 
SAE also offers PC board and metal 
backplane construction • logic panel 
manufacturing • complete backplane 
testing • wire-wrapping • plastics 

JAE 
BACKPJ 

molding • contact plating and stamp­
ing. In short, everything you need to 
maintain total control over system 
quality and reliability. 

Please call or write us to receive 
our free brochure and qualify for our 
catalog: Backplane Interconnect Systems 
Design Guide. 

We're in total control. 

ii i 
Stanford Applied Engineering 
Engineered Products Group 
3520 De La Cruz Boulevard 
Santa Clara, California 95050-1997 
(408) 988-0700 CIRCLE 212 

We are qualified to NAFl/NAC MIL-C-28754 and MIL-C-28859 specifications. We also build in accordance to MIL-C-21097 and MIL-C-55302. Our 
board shop is MIL-P-55110 approved and quality control standards in all our facilities meet MIL-1-45208 requirements. 



SIEMENS 

Select the technology 
that sets new standards . •• 

Siemens offers you MOSFET 
transistors that set new industry 
standards for performance : 
SIPMOS® - Siemens Power MOS 

Whether your design requires 
SIPMOS power or SIPMOS small 
signal transistors, you get the 
benefit of state-of-the art compo­
nents. Just look at these outstan­
ding examples. 

• Superb Price/Performance Ratio: 
Our BUZ 7 .. . transistor family is 
also known as "ECONOFETs". 

• Outstanding Thermal Cycling 
Reliability : A special feature of 
SIPMOS Transistors. 

• High Breakdown Voltages. 
In power MOSFETs, who supp­
lies more 800 V and 1000 V 
MOSFET varieties than Siemens? 
And in small signal MOSFETs, 
Siemens offers P-channel types 
up to 200 V as well as N-channel 
types. Package varieties. 

• Smart Solutions. FREDFETs 
(fast -recovery-epitci xial-diodes) 
for example, provide free-
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wheeling without any problems. 
Or consider the SIPMOS TRIAC. 
It's free from interference, 
~tP compatible, with or without 
zero-voltage crossing capability. 
Specify SIPMOS - to meet your 
high standards. 
For more information, just cl ip the / 
coupon below. Or call Siemens // 
Components, Inc., at (303) 469-2161 / 
(for power transistors), // 
(800) 222-22 03 (for small / . 
signal transistors), // ,~o'" . 
or (408) 257-7910 / !::> ~,..<><;,__'?"0" # .. '<' (for SIPMOS TRIACs). // _,..,o o~"' 0c.,°" 
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NEW PRODUCTS 

ANALOG 

Voltage-output version 
of DACSO settles 

to 0.012o/o within 1 µs 

The latest voltage-out­
put renditions of the 
DAC80 digital-to­

analog converter include one 
with the fastest settling time 
yet of any such chip. The 
Harris HI-5690 guarantees 
an output swing of 20 V (from 
+ 10 to -10 V or vice versa) in 
under 1 µs to within 0.012% of 
its final value. That guaran­
tee holds for the full oper­
ating temperature range of 0° 
to +75°C. 

Two other chips in the 
family, the HI-5695 and the 
HI-5697, have a guaranteed 
settling time of 1.2 µs over 
-25° to +85°C and -55° to 
+ 125 °C, respectively. They 
typically settle in 750 ns. 

The chips' output op amp 
slews at 50 VI µs yet over­
shoots less than 1 V. Th at 
high speed is attributed 
largely to a dielectric iso la­
tion process that decreases 
parasitic capacitances, min­
imizes glitches, and permits 
the construction of fast 
vertical pnp transistors. 

Like their settling time, the 
converters' accuracy is guar­
anteed over temperature. A 
segmented circuit architec­
ture produces the 3 MSBs by 

Heather Bryce 

adding equal current sources 
and consequently ensures 
monotonicity over tempera­
ture. These equal current 
sources are connected to a 
laser-trimmed R-2R ladder 
for the 9 LSBs. The results are 
terminal, or integral, non­
linearity specifications of 
± a/4 LSB over temperature 
for all three family members. 
(In an all-codes, 4096 test, a 
typical unit remains accurate 
to within +0.12 and -0.18 
LSB, far better than the man­
datory ± 0.5 LSB.) 

The converters operate 
from power supplies of ± 11.4 
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to ± 16.5 V and do not need 
+5Vpower. 

The devices, which come in 
a 24-pin side-brazed DIP, can 
be connected to provide full­
scale output voltage swings of 
± 10, +10, ±5, and +5 V. 
They are available screened 
to MIL-STD-883C. 

Housed in a ceramic DIP, 
the chips sell for $25 to $130 
apiece. Sample quantities are 
available from stock. 

Harris Corp., Analog Prod­
ucts Division, PO Box 883, 
Melbourne, Fla. 32901; Mary 
Lozito, (305) 729-5627. 

CIRCLE 305 
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With an output swing of - 10 to + 10 V, the Hl-5690 d-a conver­
ter settles to within 0.012% of its final value in less than 1 µs. 



ANALOG 

S-h amplifier 
offers tight specs 

BY using a combination of 
bipolar and junction FET 

transistors and optimizing 
the key parameters of design, 
fabrication, and testing, the 
LF198A sample-and-hold 
amplifier is able to meet the 
tight electrical specifications 
of the industry standard. A 
maximum offset voltage of 1 
m V and a guaranteed 0.005% 
maximum gain error enable 
the LF198A to be used in 
12-bit data acquisition sys­
tems. Dynamic performance 
can be optimized through the 
selection of the external hold 
capacitor. Acquisition times 
can be as low as 4 µs for small 
capacitors, while hold step 

NEW PRODUCTS 

and droop errors can be held 
below 0.1 m V and 30 µVI s, re­
spectively, when using larger 
capacitors. The sample-and­
hold amplifier is available in 
a T0-5 metal can or an 8-pin 
plastic DIP. 

Linear Technology Corp., 
1630 McCarthy Blvd., Mi l­
pitas, Calif. 9503 5; ( 408) 
942-0810. From $2.85 (100 
units). CIRCLE 323 

16-bit DAC has 
± 0.0008% nonlinearity 

The DAC-02900, a 16-bit 
hybrid d-a converter, 

settles within 15 µsand is of­
fered in linearity-error 
grades of 0.0008%, 0.0015%, 
and 0.003%. Gain and offset 

errors are both specified at 
0.1 % FSR. The device has a 
10-V full-scale output range 
and operates over the entire 
military temperature range 
of -55° to +125 °C. It also 
contains a 6.4-V precision 
internal reference and an 
output op amp. Housed in a 
24-pin double-wide DIP, the 
converter has dimensions of 
1.3 by 0.8 by 0.2 in. and weighs 
only 0.4 oz. The DAC-02900 is 
a pin-for-pin replacement for 
DAC-HP16 and DAC-72 
types. Screening to MIL­
STD-883B is available. 

ILG Data Device Corp., 105 
Wilbur Place, Bohemia, N. Y. 
11716; (516) 567-5600. $239 
( ± 0.0008 nonlinearity); stock 
to eight weeks. 

CIRCLE 324 

DELTA EMI FILTERS 
THE RIGHT CHOICE FOR DESIGN-IN 

1 . Selection • Over 200 standard part numbers UL recognized and 
CSA certified. VOE approval on major types . 

• Custom designs welcome. 
2 . Experience • 14 years In high volume OEM manufacturing. 

• Rated as top quality supplier by IBM, DEC, WANG, 
RCA, ZENITH, PHILIPS, ITT, TELETYPE, etc. 

3. Quality • 100% tested for hi-pot, leakage current and In-
sertion loss before and after potting. 

• AQL level better than 0.025% (less than 200PPM 
defect rate) . 

4. Design Features • Superior mechanical construction, corrosion-proof 
case. 

5 . Availability 

6. Price 
7. New Designs 

• Molded core cover to separate toroid windings, 
non- rotating terminal Insulators, both crimped and soldered connections. 

• Precision balance between choke windings, and use of low leakage current, high voltage and tempera-
ture stable capacitors provide excellent performance under actual operating conditions. 

• Stock to 6 weeks maximum for any standard model. 
• Stock at Hayward , CA and distributors throughout the U.S . 
• Very competitive pricing due to efficient design and automated mass production. 
• Continuous product developments are underway to meet changing market requirements . New products 

include: Power modules which Integrate filtering, on / off power switch, voltage selector switch and fuse 
holder Into one compact package, PCB mounted line filters, and AC line cords Incorporating filter 
capabilities. 

DEL TA ELECTRONIC IND. CO., LTD. 
Reps: Simi Valley Ca 805-583-5124 Mlssk>n Viejo CA 714-643-9486 Portland OR 503-297-8744 Salem OR 503-362-0717 Seattle WA 206·285-1300 Murray UT 801 -261 -4867 Aurora 

CO 303-360-9641 Scottsdale AZ 602-998-4850 Dallas TX 214-34Q.1300 Austln TX 512-459-1351 Houston TX 713-440-3888 Tulsa OK 918-664-0482 Hazelwood MO 314-839-0800 

Cedar Rapids IA 319-365-807 1 Mission KS 913-831-0555 Wichita KS 316-262-1020 Edina MN 612-925-5700 Chicago lL 312-631 -1122 Indianapolis IN 317 -849-4260 Hunt­

sville AL 205-883-7893 Atlanta GA 404-257-0374 Melbourne FL305-254-2554 Orlando FL 305-857-3760 Pompano Beach FL 305-942-0774 Woburn MA 617-938-8950 Webster 

NY 716-671 -1000 Kenilworth NJ 201 -272·9262 Walllngford CT 203-265-9900 McKean PA 814-476-1376 Baltimore MO 301 -265-8500 Lynchburg VA 804-239-2626 Charlotte 

NC 704-525-2421 Greensboro NC 919-282-0740 Raleigh NC 919-782·2624 W. Columbia SC 803-256-0072 Greenville SC 803·288-8821 San Juan PR 809-790-1300 

Olsts: Mounta in View CA 415-969-5420 San Jose CA 408-945-8400 Torrance CA 21 3-533-6005 lrvlne CA 213-637-0839 Minneapolis MN 612-835-2322 Cedar Rapkts IA 319-366-8733 

Walled Lake Ml 3 13-669-37 10 Wellesley Hiiis MA 616-235-2545 Elmont NY 516-354-4813 McKean PA 814-476-7774 



ANALOG 

12-bit TTL DAC 
settles in 65 ns 

One of the highest speed 
TTL-compatible d-a con­

verters available, the DAC812 
has a current-output settling 
time of less than 65 ns to with­
in ± 0.012% of full scale. The 
12-bit converter's fast set­
tling time and excellent sta­
bility over time and temper­
ature are the result of a 
proprietary high-speed bi­
polar process. 

An internal applications 
resistor, for use with an exter­
nal op amp, is included to con­
vert the output current into a 
voltage for ranges of 0 to + 10 
V or -5 to +5 V. An output 
compliance voltage range of 
± 4 V allows the generation of 
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an output voltage without us­
ing an external op amp. The 
DAC812 is specified over the 
tern per a tu re range of - 25 ° to 
+85°C. 

Burr-Brown Corp. , Data 
Products Division, PO Box 
11400, Tucson, Ariz. 85734; 
(602) 746-1111. From $86 to 
$115.(lOOunits). CIRCLE 325 

Synchro-to-dc units 
do 400 conversions/s 

M inia tu re 1.53 -in. synchro­
to-dc converters, which 

convert three-phase synchro 
or two-phase resolver inputs 
into de sine and cosine out­
puts, perform 400 con ver­
sions/s. In addition, the units 
off er a peak angular error of 

± 3 minutes. Designated the 
Series SD109, the converters 
accept the output of a stan­
dard 11.8- or 90-V three-wire 
synchro or four-wire re­
solver. Input frequency is 
400-Hz, ± 10%, with a nomi­
nal impedance of 10 kn. The 
input is transformer-isolated 
and balanced line to line. The 
output voltage range is 0 to 
± 5 V de. Specified for oper­
a ti on in the temperature 
range of -55° to +85°C, the 
1.75-by-1.75-in. device stands 
0.5 in. high. and is designed 
for pc board-mounting. 

Computer Conversions 
Corp., 6 Dunton Court, East 
Northport, N. Y. 11731; (516) 
261-3300. From $350 (unit 
quantities); stock to three 
weeks. CIRCLE 326 

DEL TA EMI FILTER 
THE ·coST-EFFECTiVE SOLUTION FOR NOISE SUPPRESSION 

Customers tell us that the high costs of filters on the 
market today force them to use discrete component on· 
board filtering, even though this may allow input AC 
wiring to pickup undesirable internally radiated noise. We 
feel these high costs are due to excessive profit margins 
and / or inefficient manufacturing methods. Delta's goal 
is to drive down the cost of filters through the use of 
modern manufacturing methods, automated production 
techniques, high quality raw components and strict 
attention to quality control. 

06DEEG3H 

File No. 
UL E79109 
CSA 48852 
VOE 32526 

SEE US AT MIDCON BOOTH N0.1517 
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We constantly strive to improve our methods; 
shown above are comparative test results on 
insertion loss versus frequency for Delta's and 
a competitor's filters. Measurements were made 
on an HP 3577A network analyzer. Figures 
shown in brackets are the 500-999 unit prices 
for comparison purposes. 

FOR MORE INFORMATION , PLEASE CONTACT: 
DELTA ELECTRONIC IND. CO., LTD. 
3401 INVESTMENT BLVD., SUITE #5, HAYWARD, CA 94545. TEL: 415-785-5231 TELEX: 4992342 DELTAITTHY 
Headquarters: 
11TH FL., LUCKY STAR BUILDING, NO. 112, CHUNG SHAN N. RD., SEC. 2. TAIPEI, TAIWAN, R.O.C. 
TELEX: " 26524 DELTATRO" TEL: (02) 511 -3621 , 521 -3328-9 
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NEW PRODUCTS 

COMPUTER PERIPHERALS 

Tape backup unit works on its own 

A
i/4-in. tape cartridge 
unit, designed for 
Hewlett-Packard's 

desktop computers, offloads 

backup functions from the 
host computer, stores 20 
Mbytes, and in emergencies 
can stand in for a 5 1/4-in. Win-

Every time NCR ships an "S" Series MOSFET switching power 
supply, it has already been certified to exacting international 
safety and EMI standards. UL, CSA, VDECTLJV), FCC and IEC 
set the design and performance requirements our products 
routinely meet. NCR also certifies custom designed and 
modified standard power supplies prior to shipment. 

We offer a wide choice of MOSFET switchers - single or 
multiple output, 100 watts and up, open frame or enclosed. 

If your application demands the latest in power supply 
technology, with safety and EMI standards 
already met, contact NCR for detailed 
specifications and price quotation. lrl 
NCR Power Systems, 584 S. Lake 
Emma Road, Lake Mary, FL 327 46. ___ [...,. .... 
Phone 800/327-7612. Power Systems 

CIRCLE 216 

chester disk drive. Bering In­
dustries' Model TlOO, also 
called the Sponge, backs up an 
HP913x-type hard disk by 
taking command of the Hew­
lett-Packard Interface Bus 
(HP-IB) and isolating the 
disk from the CPU. 

The user simply pushes a 
button to activate the tape 
unit, which, in its interaction 
with the host, resembles an 
intelligent Winchester disk 
drive. A built-in 64-kbyte 
cache memory improves the 
unit's data access, making its 
performance comparable to 
that of a disk drive. Conse­
quently, the unit can be used 
as a disk drive if necessary. 

The drive's full streaming 
data transfer rate is 25 sec­
onds per megabyte. Thus a 
15-Mbyte hard disk can be 
copied onto a standard 
DC600A tape cartridge in less 
than 8 minutes. 

Singl e- pi ec e pricing i s 
$2380, and delivery is within 
30days. 

Bering Industries Inc., 1400 
Fulton Place, Fremont, Calif 
94539; Chin Choy, (4 15) 65 1-
3300. CIRCLE 303 
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NEW PRODUCTS 

COMPUTER PERIPHERALS 

Graphics display suits 
military applications 

The Miligraphic display, a 
rugged system that com­

bines high-resolution raster­
scan graphics with the pro­
cessing power of multiple 
MC68000 microprocessors, is 
designed for severe airborne, 
shipboard, and ground mobile 
environments. The display 
features a VMEbus archi tec­
ture and is compatible with 
the MIL-STD-1553B high­
speed graphics network, Na­
val Tactical Data Systems 
(NTDS) interfaces, and RS-
232-C communication links. 
The 19-in. display has a reso­
lution of 1280 by 1024 pixels 
and is capable of displaying 
up to 256 colors or shades of 
gray from a palette of 16 
million. 

Sanders Associates Inc., 
Miligraphic Display Prod­
ucts, Defense and Informa­
tion Systems Division, C.S. 
2035, Nashua, N.H. 03061; 
(603) 885-3522. 

CIRCLE 327 

Rasterizer optimizes 
color graphics copiers 

D esigned for use with the 
4691 and 4692 color 

graphics copiers, the 4510 
color graphics rasterizer ac­
cepts images as high-level 
graphics commands across 
an RS-232-C interface and 
converts them into 4691- and 
4692-compatible raster data. 
The image is rasterized at the 
full resolution of the copier-
2460 by 1560 dots for the 4691 
and 1536 by 1152 dots for the 
4692. In contrast, a 4690 se-

ries copier connected directly 
to a display terminal is lim­
ited to the terminal's resolu­
tion. 

The rasterizer also ex­
pands the color range for 
both copiers by supporting up 
to 256 colors from a palette of 
more than 1300. It is avail­
able in three memory con­
figurations: 128 kbytes, 512 
kbytes, and 2 Mbytes, which 
are priced at $4495, $5995, 
and $9995, respectively. 

Tektronix Inc., MS 63-635, 
PO Box 500, Beaverton, Ore. 
97077; (503) 644-0161. 

CIRCLE 328 

Adapter links GPIB 
with parallel printers 

A parallel printer adapter, 
designated the GPAD-C, 

allows any printer that has a 
Centronics parallel interface 
to be connected with any 
computer or controller that 
has a GPIB (IEEE-488) inter­
face. The G PIB address is se­
lected by a five-position DIP 
switch. The 31h-by-5a/4-in. de­
vice includes a power supply 
and two cables, which allow 
six feet between the printer 
and the G PIB connection. 
Compatible computers and 
controllers include those 
from Hewlett-Packard, Tek­
tronix, and Osborne, to name 
a few. Compatible printers 
range from low-cost dot­
matrix types to high-speed, 
letter-quality daisy-wheel 
printers. 

Connecticut microCompu­
ter Inc., 150 Pocono Road, 
Brookfield, Conn. 06804; (203) 
354-9395. $179; stock. 

CIRCLE 329 
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Programmable, 
Repeatable, 
Ultra·High Precision. 
• Full range of computer compatible linear, 

vertical and rotational positioners. 

• X, X-Y, X-Y-Z modes with rotation. 

• 0.1µ linear accuracy; 0.001 ° angular 
resolution . 

• Ideal for wafer probing, dicing, scribing, 
resistor trimming , mask alignment and 
thick or thin film measurement. 

• Computer controlled indexer provides full 
logic and drive input for unerring 
repeatable accuracy. 

• Versatile design perm its use for electron ic 
and electro-optical applications. 

Model CC1 Programmable Controller. 

Send for Catalog 584. 

ICLinGER 
110·20 Jama ica Avenue 
Richmond Hill, NY 11418 
(212) 846-3700 

CIRCLE 217 



COMPUTER PERIPHERALS 

RS-232-C adapters ease 
interconnection 

Simplifying the intercon­
nection of personal com­

puters and peripherals is the 
EZ-232 system-a series of 
adapters that permanently 
attaches to the computer's 
RS-232-C serial port and to its 
peripherals. The adapters 
terminate in standard six­
wire RJ-12jacks and are con­
nected by ordinary telephone­
type cable, which is supplied 
in various lengths. Adapters 
are available for all popular 
types of connectors, including 
those used on IBM PC and 
Apple computers. The adapt­
ers provide full handshaking 
and perform all the proper 
signal matching. A push-

NEW PRODUCTS 

button unit is also available 
that permits routing data be­
tween up to four peripherals 
or computers that have been 
outfitted with the EZ-232 
adapters. 

Micro-Modul e Systems 
Inc. , PO Box 2198, La Jolla, 
Calif 92038; (619) 268-8028. 
$12.95; stock. CIRCLE 330 

RGB color monitor 
plugs into Apples 

The AppleColor Monitor 
100, a 12-in. RG B mon­

itor, works with Apple Ile, 
III, and III Plus personal 
computers to produce a high­
quality color display of both 
text and graphics. The mon­
itor features a screen tilting 

mechanism for adjusting the 
viewing angle and an antire­
flective screen surface that 
reduces glare. The extended 
80-column text/ AppleColor 
card is required to connect 
the monitor to the Apple lie 
computer. In addition to pro­
viding RGB color output ca­
pability and 80-column text­
display support, the plug-in 
card adds 64 kbytes of inter­
nal memory. When being 
used with the Apple III and 
III Plus computers, the mon­
itor plugs directly into their 
built-in video ports. 

Apple ComJYUter Inc., 20525 
Mariani Ave., Cupertino, 
Calif 95014; (408) 996-1010. 
$599 (monitor), $299 (RGBin­
terf ace card). 

CIRCLE 331 

$249. TERMINAL What Design Engineers Should Know 
About Miniature Metal Tubing 

TruirusTi!run. 5 
Featuring • Standard RS-232 Serial Asynchronous ASCII Communications 

• 48 Character LCD Display (2 Lines of 24 each) 
• 24 Key Membrane Keyboard with embossed graphics . 
• Ten key numeric array plus 8 programmable function keys. 
• Four-wire multidrop protocol mode. 
• Keyboard selectable SET-UP features-baud rates, parity, etc . 
• Size (5.625" W x 6.9" D x 1.75" H) , Weight 1.25 lbs . 
• 5 x 7 Dot Matrix font with underline cursor 
• Displays 96 Character ASCII Set (upper and lower case) 

Options-backlighting for display, RS-422 1/0, 20 Ma current loop 1/0, integral bar code 
wand support (Code 39) . 

LCJillPUT~'1iirTl5~. INC. 
4006 E. 137th Terrace· Grandview. MO 64030 • (816) 765-3330 ·TELEX 705337 
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Parts Can Be Fabricated 
To Practically Any Requirement 

Uniform Tubes produces and fabricates minia­
ture tubing for practically every industry the world 
over. 

Using more than 100 alloys and the machinery 
and manpower developed over many years , 
Uniform can help you to a practical , cost-effective 
parts solution . Phone today for fast action , or send 
for our Design Guide. 

• UTI 
corp 

UNIFORM TUBES, INC. 
...a UTI company 
COLLEGEVILLE. PA 19426 e PHONE. 215/539-0700 
TWX 510-660-6107 Telex 84-6428 
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Genicom Relay Technology 
Helps Make 

The Space Shuttle Fly. 
The Space Shuttle is an outstand­
ing example of some of the most 
advanced technology on Earth, 
and in space. And inside this mar­
vel of science, Genicom relays play 
their vital role in making shuttle 
missions successful. 

Genicom, formerly part of GE, is now an indepen­
dently owned corporation. So the reliability of Genicom 
relays is insured, because Genicom combines decades 
of experience with the most advanced manufacturing 
techniques to create state of the art, precision relays. 

We're experts in the specialized processing tech ­
nologies that help make Genicom relays the first choice 
for operations in hostile environments or anywhere con­
sistent reliability is vital. 

Precision laser beam sealing, specially selected 
contact materials, super clean room environments 
and rigorous high tech cleaning processes all 
help insure the Genicom standard of quality 

and performance upon which our customers depend. 
Of course, our final step is testing. The latest auto­

mated equipment submits each relay to rigid and exact­
ing operational standards. So if your application has a 
special need, Genicom stands ready to respond with 
proven, quality relays. 

Today, Genicom offers a wide range of crystal can re­
lays, including the new DeciGrid Relay, which is less than 
3/ 16 of an inch high ... the smallest profile available today. 
The new DeciGrid, like all Gen-
icom relays, is designed for a L I 
broad range of commercial and 
military aircraft, missile systems, 
test equipment, process control 
systems and satellites. 
Just like the Space Shuttle, 

Genicom relays typify some 
of man's finest technol­

ogy ... on Earth and in 
space. Write or call for complete details. 
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POWER 

Mirrored, parallel supplies 
hike reliability 

by sharing the load 

Two power supplies in 
parallel ordinarily can­
not ensure power deliv­

ery for systems demanding 
high reliability; if one fails, it 
may bring the system down. 
The Powertec PowerSystem 
solves this problem by paral­
leling two power supplies in a 
load-sharing configuration, 
combining their regulated 
outputs using isolation di­
odes. Each supply drives 
50 % of the load in normal 
operation and 100% if a fail­
ure occurs. 

Reduced loading has the 
added benefit of dropping the 
supply's operating tempera­
ture, resulting in a longer life 
for each supply. 

Also, typically in OEM 
systems, the supplies are 
loaded to 75 % to 80% of their 
power ratings. The Power­
System can be loaded closer to 
its rating, because a single 
supply will operate at that 
load only for the short time 
that the other is down. How­
ever, the power dissipation in 
the isolation diodes (12 %) 
must be taken into account 
when loading is considered. 

The PowerSystem's front 
panel includes lights to indi-

Ray Weiss 
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cate failures. A failed supply 
can be quickly replaced while 
its partner carries the load; 
the front panel drops down 
and the user simply slides 
supply out. 

The unit is designed for a 
standard 19-in. rack and 
meets UL, CSA, and BT (Brit­
ish Telecom) standards . It 
uses standard Powertec pow­
er supplies from the Multi-

Mod, ValuSwitcher, and 
SuperSwitcher lines. Outputs 
of 50 to 1700 W are available 
with a wide range of output 
configurations. Pricing and 
delivery depend on the sup­
plies chosen. 

Powertec Inc., 20550 Nord­
hoff St. , Chatsworth, Calif 
91311; Barry Chenes, (818) 
882-0004. 
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Eaton Corporation, Aerospace & Commercial Controls Division, MSC Products, 1640 Monrovia, Costa Mesa, CA 92627, 
Phone (714) 642-2427, Telex 678-433. Europe: Produktieweg 123, PO. Box 304, 1520 AH Wormerveer, The Netherlands, 
Phone 075 28 06 01 
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NEW PRODUCTS 

POWER 

UPS is 1f3 the size of 
standard UPS units 

1.25 kV A, or 2.5 kV A of power 
into one-third the volume of 
standard UPS models and 
is 20 % to 30% lower in cost. 
The on-line reverse transfer 
system provides complete 
power protection to sensitive 

The compact, bipolar­
transistorized UPSjr., a 

down-sized uninterruptible 
power supply, packs 750 VA, 

Covering the full spectrum of your 
telecommunications needs. 

Solve your telecommunications design problems with Teltone's complete family of 
telecom IC's. You 'll find innovative. up-to-the-moment single-chip and hybrid 
generators. detectors. receivers and relays - all backed by Teltone's commitment to 
performance . reliability and quality. 

Leading the industry in DTMF technology. Consider the 
M-9 57 . a monolithic 22-pin CMOS DTMF receiver. It needs 
fewer support components. so designs can be simple and use 
a minimum of space. The new M-958 is a hybrid PCM­
compatible DTMF receiver that is dial tone immune and 
packs µ-Law or A-law PCM input at up to 3 MHz into a single 
22-pin package. 

Designing the first call progress IC's. Need to monitor for or 
generate dial tone . circuit or station busy. audible ringing and 
other call routing tones? Take a look at our exciting 8-pin 
CMOS M-980 Call Progress Tone Detector or our unique new 
14-pin CMOS M-991 . the only Call Progress Tone Generator on 
the market. If you require precise detection of the four 
common call progress tones (3 50. 440.480 and 620 Hz). 
Teltone has a 22-pin CMOS solution for you called the M-982 . 

A reputation for t elecom innovations. Rounding out our 
complete family of telecommunications components are the 
M-949 Line Sense Relay and the M-959 Dial Pulse Counter 
and Hook Status Monitor. The M-949 is a small PWB-mount 
loop current detector that. when connected to the tip and 
ring voice pair of an ordinary telephone line. responds to 
currents of 18-12 5 mA with a I form A relay closure . The 
low-cost. low-power CMOS M-959 features independent 
hook status monitoring and includes time-guarded dial pulse 
counting and pin-selectable dialing speeds of I 0 or 20 PPS. 

For more information on components from the leader in telecom technology. call 
Teltone today : 1-800-227-3800, ext. 1130. 

tcEL"'CDNE® 
Teltone Corporation . the telecommunications compa ny. P.O. Box 65 7. Kirkland . WA 9803 3. 
In the east call : Teltone Corporation . 19041262-6910. In Canada . contact : Teltone Ltd .. 
183 Amber Street. Markham . Ontario L3R 384 . 14161475-0837. 

CIRCLE 222 

electronic equipment with 
zero-delay tr an sf er times. 
Transients are suppressed, 
voltage is regulated during 
brownouts, and continuous 
power is supplied to the load 
during power outages. More­
over, the desk-high UPSjr. is 
whisper quiet-producing 
less than 55 dBa. Though com­
pact in size, it includes the 
features and performance of 
a full-sized UPS. 

Clary Corp., 320 W. Clary 
Ave., San Gabri el, Calif. 
91776; (818) 287-6111. 

CIRCLE 332 

'Powertap' case enhances 
120-A dual rectifiers 

Capable of carrying up to 
120 A, a dual Schottky 

barrier rectifier is housed in 
the exclusive Powertap pack­
age, which provides secure 
heat-sink attachment and 
maximum heat transfer. The 
special platinum and nickel 
construction allows the de­
vices to withstand a junction 
temperature of 175°C. In ad­
dition, the Powertap package 
can be paralleled for higher 
current output uses. 

The dual Schottky device is 
offered in two voltage ratings: 
35 V (MBR12035CT) and 45 V 
(MBR12045CT). Each rec­
tifier leg has a current capaci­
ty of 60 A, permitting the 
package to replace two inde­
pendent 60-A D0-5 stud de­
vices. 

Motorola Semiconductor 
Products Inc. , PO Box 20912, 
Phoenix, Ariz. 85036; (602) 
244-4284. $16.15 (35 V) and 
$18.95 (45 V) (100 units); stock 
tofourweeks. CIRCLE 333 
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POWER 

Servo amp offers two 
current/voltage ratings 

Providing greater flexibil­
ity in selecting a servo­

motor, the Series 1000 pulse­
width modulated amplifier 
offers two current and two 
voltage ratings. These in­
clude 15 to 25 A de, with con­
tinuous current of 10 to 20 A 
de, and maximum bus voltage 
of 200 to 350 V de. Horsepower 
ratings are from 2 to 8 hp. The 
servo amplifier is supplied as 
a system, with plug-in circuit 
boards that can be easily in­
terchanged. Up to eight indi­
vidual axis drives can be 
operated from the integrated 
de power supply. A group of 
modules may be connected in 

SCHOTTKY 
WIRE 
PANELS 

• Four-Layer Multilayer 
Const ruction 

• 60% Higher Current Capacity 

NEW PRODUCTS 

parallel to obtain higher cur­
rent ratings and different 
power combinations. Protec­
tion features include LED 
fault indicators and an ad­
justable current limit, as well 
as overvoltage and -tempera­
ture sensing. 

Unico Inc., 3725 Nicholson 
Road, Franksville, Wis. 
53126; (414) 886-5678. 

CIRCLE 334 

Power supply fits 
add-on disk drives 

Designed for use in add-on 
disk drive systems, the 

Model LR1029 dual-output 
power supply delivers 5 Vat 3 
A for controller logic circuits 

• 30% Higher Component Density­
Up to 480, 16 Pin Dips @ (;) ~ 

and 12 Vat 1.5/2.5 A for 
spindle-drive and head mo­
tors. The total variation on 
both outputs is ± 5%, includ­
ing load and line regulation, 
as well as centering and cross 
regulation. The input voltage 
range, which is jumper-se­
lectable, is 90 to 132 or 180 to 
264 V. The card's small size of 
3.5 by 5.5 in. makes it suitable 
for a wide variety of mass­
storage packages, including 
full- and half-height floppy­
a n d hard-disk drives, 
streaming tape units, and 
removable media systems. 

California DC, 2150 An­
chor Court, Newbury Park, 
Calif 91320; (805) 499-3621. 
$33 (1000 units); two to four 
weeks. CIRCLE 335 

® v7 ©G) c. 
• Ten Times Greater Distributed Capacitance .,. @<V -G:> . 

Between VCC Layer and Ground Layer ~ ~ c.©0 vZ @>o @ ©@ 
•High Shielding-Minimum Ringfog and Crosstalk @ ®© v 7 @ c.® 

'1_ @ - ©© -
These patent pending, high speed, high 
current panels are a true state-of-tl)e­
art advance in wire wrap system pack­
aging. On all four layers, copper foil 

lattice network ~~~i;~~~ 
surrounds ~ 
every pin, 
resulting in 
a 60percent 
decrease in 
resistance as 

The 0.1" pitch between s4.:. ~ c. ® 0~ v .!. includes other panels, panel racks, cable 
components increases · v: 0 c assemblies, connectors and sockets. 
packaging density, shortens © Send this coupon today for further 
signal lines and reduces the need to information and our comprehensive 
interconnect through the backplane, free literature kit. 
thereby minimizing crosstalk, ringing r- - - - - - - - - -
and propagation delays. 

The four-layer construction has a com- I Name _______ _ 
ponent side VCC layer plus a second VCC I 

· layer sandwiched between two closely I Title __________ _ 

compared with con­
ventional three-layer panels. 

spaced ground layers. Available in five I Company ___ TeJ. ____ _ 

GN 
sizes, Schottky panels are part of the total I 

D Mupac IC packaging family which also Address _________ _ 

Mupac Corporation 
10 Mupac Drive, Brockton, MA 02401 
(617) 588-6110 TWX (710) 345-8458 ~r1l mIC P'ACUKAGIPNG SRYSTECMS • !, ~:~nteres t is: 0 lmmed~~:~e 0 6- 9 ~:nths ~ 0 Long Range 0 Reference Only 
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NEW PRODUCTS 

COMPUTER BOARDS 

Multibus board mixes features 

A
Multibus-compatible 
single-board computer 
gives users a high de­

gree of flexibility. It affords 
designers, for the first time 
on one board, a choice of an 
8-MHz 68000 or a 10-MHz 
68010 CPU, memory manage­
ment, and iSBX connectors. 

For the memory manage­
ment, the MultiSBC 68K, 
from Ackerman Digital 
Systems, accepts Motorola's 
MC68451 MMU chip, enabling 
it to translate addresses for 
the 68000's full 16-Mbyte ad­
dress space. 

The board's two iSBX con­
nectors permit direct memory 
access, using either two or 

four channels. They handle 
both 8- and 16-bit data paths, 
accommodating a variety of 
devices with either serial or 
parallel 1/0. 

The card has room for up to 
16 dynamic RAMs, a total of 
512 kbytes if 256-kbit RAMs 
are used. When memory de­
mands are not critical, 64-kbit 
RAMs will suffice at lower 
cost. 

Optional piggyback daugh­
ter boards let users add bat­
tery backup or quadruple 
RAM. Dual ports make the 
memory accessible to either 
the CPU or off-card pro­
cessors. 

Six ROM slots hold up to 

192 kbytes of program stor­
age, enough for C programs. 
The minimum ROM config­
uration is 48 kbytes. 

Standard features include a 
real-time clock-calendar with 
50 bytes of battery-backed 
RAM, a programmable LED 
indicator, 27 vectored inter­
rupts, and automatic external 
and built-in collision detec­
tion. 

In the minimum setup, the 
Multi SBC 68K lists for $995. 
Prototypes will be available 
in October. 

Ackerman Digital Systems 
Inc., 216 West Stone Court, 
Villa Park, Ill. 60181; (312) 
530-8992. CIRCLE 307 

~'¢ CY525 3rd generation 

ST EPPE R MOTOR CONTROLLER 

Quartz Sensors for 
Low Cost Temperature Control 

CY512 
co mpatibl e, 
40 pin, +5 voh 
TIL, 8 bit 1/ 0 interface 

most inte lligent controller offers 
linear ramping, I 0,000 steps/sec, 

unlimited stepping, change 
rate on the fly, read 

position on the 
fly, and 

much 

to ucomputer. $195 ea ($80/ 100) 
Prototyping board avai lable. 

Cybernetic Micro Systems 
P.O . Box 3000, San Gregorio, CA 94074 
(415) 726-3000 Telex: 171 -135 attn: Cybern etic 

CIRCLE 224 

TS and TC series temperature sensors from ET A are tuning­
fork quartz resonators with a very linear frequency/ tempera­
ture characteristic. Used in simple Pierce oscillator circuits 
with µPs they enable the design of reliable low cost tempera­
ture control and measuring systems. 
• Vety linear frequency/temperature characteristic 
• Low cost, highly reliable 
• Lowest aging, highly shock and vibration resistant 
• Small ruoasd hermetically sealed miniature metal cans of 

QJ 1.5x ~6 mm or ceramic packages with 2 x 7 x 2. 75 mm 
• ~lflmperaturerange -55"Cto + 125"C 
• .. dlcultdeslgn 

·91==3 
ET A SA Fabriques d 'Ebauches 

Quartz Division 
Ch - 2540 Grenchen, Switzerland, Tel. 065 - 51 2111, Telex 934 384 eta ch 

ETA Industries Inc. 
608 Fifth Avenue, New York, N.Y.10020, Tel. 212-307-5276, Telex 239865 

CIRCLE 225 



10 to 2500 MHz 
from $1995

Psw 1211 (500qty.) 

Now, for your wideband systems design, under -$20.00 
SPST and SPOT pin diode switches that operate over the 
10 to 2500 MHz range with less than 1 dB (typ.) 
insertion loss at 1000 MHz, 1.5 dB at 2500 MHz. 

No waiting, immediate delivery .. . with one year guarantee. 
Call or write for 64-page, catalog or see our catalog in the 
Gold Book, EBG, EEM or Microwaves Product Data Directory. 

SPECIFICATIONS for 
PSW 1111 (SPST) and PSW 1211 (SPDT) 

FREQUENCY RANGE 10-2500 MHz 

INSERTION LOSS 
10-2000 MHz 

2000-2500 MHz 

ISOLATION 
10-500 MHz 

500-1000 MHz 
1000-2000 MHz 
2000-2500 MHz 

SWR 

SWITCHING SPEED 

MAXIMUM RF INPUT 

CONTROL 

OPERATING TEMPERATURE 

STORAGE TEMPERATURE 

PRICE (6-24) 
PSW 1111 $29.95 
PSW 1211 $29.95 

1.7 dB max. 
2.7 dB max. 

40 dB min. 
30 dB min. 
25 dB min. 
20 dB min. 

1.5 max. ("on" state) 

1 µsec. (max.) 

+ 20 dBm 

+ 5 V (5 mA max.) 

- 54°C to + l00°C 

- 54°C to + l00°C 

CIRCLE 226 

finding new ways ... 
setting higher standards 

t;;I Mini~~,,c~m~•~c1~ 
World 's largest manufacturer of Double Balanced Mixers 

P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telex 125460 International Telex 620156 C80 REV ORIG. 



... AND FAST 
At 3 lps and 48 characters/ line nominal , the 
OC-4004A throughout is 144 cps. Or use 
the other versions doing 80 columns per 
line (compact font) or 120 dot/i n. graphics 
on the 4¥." paper. The DC-4004A is avail­
able alone at $120 ea. (500's); or with a 
parallel or serial (110-9600 bps) ram 
buffered interface at $205 (500's)". Th is 
archival electrosensiti ve, dot matri x printer 
is only 2%" tall (paper mounted ). 

Call or write NOW: HYCOM, 16841 
Armstrong Ave., Irvi ne, CA 92714 - (714) 
557-5252 
·Power supply 
available extra . HYCOm 

CIRCLE 227 

WE DARE YOU TO COMPARE ANY 
PROJECT MANAGEMENT SYSTEM TO 

PMS-II 

FEATURES: 
• 1-J Critical Path 
• Super-and Sub·Network ing 
• Budget and Actual Cost Control 
• True and Free Float 
• Runs on Most Microcomputers 
• 2500 Activities per Network 

REPORTS 
• Draws Activity Diagram 
• Complete Bar Chart ing 
• Funding Schedule and Graph 
• Earned Value Analysis 
• Subcontractor Billing Report 

PMS-II ($1295.00) 
Resource Management and Materials 
Management Subsystems also available 
($995.00 each) 

Our system satisfies the Corps of Eng ineers 
ER· I· I· I I and the DOD 7000·2 specs 

DEMO SYSTEMS AVAILABLE 
SEND FOR FREE LITERATURE 

N 0/1TH AMEl11CA M ICA. INC 

5230 Carroll Canyon Rd .. Ste. 110. San Diego. CA 92121 

(619) 458-1327 

CIRCLE 228 

NEW PRODUCTS 

COMPUTER BOARDS 

Q-bus board offers 
128 kbytes of RAM 

Compatible with DEC 
LSI-11 microprocessors, 

the LM1164 memory board 
provides up to 128 kbytes of 
CMOS static RAM with a 
minimum data-retention 
time of two months. An op­
tional lithium battery ex­
tends retention time to a 
minimum of two years, while 
automatic memory-pro­
tection logic completes the 
self-contained nonvolatile 
memory system. The Q-bus 
board uses 8k-by-8 memory 
chips and has a typical access 
time of 247 ns. It also features 
a jumper-selectable starting 
address on 4-kword bound­
aries and memory write pro­
tection on 8-kword bound­
aries. 

Diversif ied Technology 
Inc., PO Box 748, Ridgeland, 
Miss. 39157; (601) 856-4121. 

CIRCLE 336 

Graphics card offers 
programmed 1/0 , OMA 

Compatible with Multi­
bus standards, the VM-

8851 color graphics processor 
combines DMA and pro­
grammed 1/0 functions for 
optimized communications. 
It also utilizes an 8088 CPU to 
rasterize display list com­
mands, which results in an 
intelligent graphics engine 
with drawing speeds of up to 
25 million pi xels/s. Using 
256k RAM devices, the 
512-kbyte display RAM ex­
pands to 2 Mbytes. Multiple 
virtual-image size options 
include up to eight buffers 
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and a lk-by-lk image space. 
The processor simultaneous­
ly displays 256 colors-chos­
en from one of four 4096-color 
palettes-on a 512-by-512- or 
640-by-480-pixel program­
mable screen format. The 
VM-8851 is equipped with an 
iSBX connector and the Inter­
act graphics command inter­
preter. 

Vermont M i crosyst em s 
Inc., 1 Main St. , PO Box 236, 
Winooski , Vt. 05404; (80 2) 
655-2860. $3500 (OEM di s­
counts available). CIRCLE 337 

STD bus RAM board 
stores 128 kbytes 

The 6210 dynamic RAM 
board is an STD bus-com­

pa ti bl e memory board with 
128 kbytes of parity-checked 
storage. The memory board 
contains interrupt control 
logic that is compatible with a 
variety of processors, includ­
ing the 8085, Z80, 6809, and 
6502. Mult~ple boards can be 
used in one system to increase 
the storage capacity to a max­
imum of 16 Mbytes. 

The 6210 has on-board 
bank-select logic for mapping 
the processor's memory space 
into eight 16-kbyte segments. 
It also features a dynamic 
RAM controller that re­
freshes the 64k chips indepen­
dently of the CPU. The board 
can be configured to generate 
"hidden" refresh cycles that 
occur between memory cycles 
to a void degrading the 
throughput of the processor. 

Systek, 1023 N. K ellogg St. , 
K ennewick , W as h. 99336; 
(509) 735-1200. $465. 
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NEW PRODUCTS 

COMPUTER BOARDS 

Fast analog 110 board 
suits DSP applications 

W ith 12-bit resolution and 
a total throughput time 

of 3 µs/ channel, the MPV950 
analog input board is suitable 
as a front end for digital 
signal processing systems. 
The VMEbus-compatible 
board offers 16 single-ended 
inputs or 8 single-ended in­
puts and eight user-configur­
able channels. The latter can 
be used for current input, 
single-ended input, or dif­
ferential input with resistor­
programmable gains of 1 to 
10. The MPV950 uses the 
high-speed ADC80312-bit a-d 
converter (1.5-µs conversion 
time) and the high-speed 
SHC803 sample-and-hold 
amplifier (250-ns acquisition 
time). A front-panel LED in­
dicates if sampling speed has 
exceeded the capabilities of 
the converter. High- and low­
level input signals range from 
±5 Vto ±500mV, Oto +lOV, 
or Oto +1 V. ' 

Burr-Brown Corp., PO Box 
11400, Tucson, Ariz. 85734; 
(602) 746-1111. CIRCLE 339 

Cache memory optimizes 
hard-disk controller 

Capable of supporting two 
ST-506 51/4-in. Winches­

ter disk drives, the Model 
STDC controller enhances 
system performance through 
the use of five 10-kbyte tracks 
of cache memory. One of 
these tracks is a dedicated 
verification buffer, which is 
used to verify data after it is 
written to the disk. The 
remaining four tracks allow 

the STDC to reserve separate 
caches for several users or 
processes, or for source and 
destination data in transfer 
operations. System per­
formance is improved by 
reducing the number of disk 
accesses that the system has 
to make. Disk transfers are 
handled by the S-100 bus­
compatible, Z80A-based con­
troller at 5 Mbits/s. 

Cromemco Inc., 280 Ber­
nardo Ave., PO Box 7400, 
Mountain View, Calif 94039; 
(415) 964-7400. $795; stock. 

CIRCLE 340 

Graphics controller 
displays 16 colors 

Compatible with the STD 
bus, a high-resolution 

color graphics controller is 
capable of displaying up to 
576 by 432 pixels in 16 colors 
on a standard RGB monitor. 
The two-card module, desig­
nated the GRX-8401/2, ap­
pears to the bus as one com­
m and / data port and one 
status port. A Z80A processor 
handles bus interfacing and 
the processing of graphics pa­
rameters, while an NEC 7220 
graphics display controller 
generates vectors and arcs 
and performs video-memory 
management. Resident firm­
ware interprets English lan­
guage commands for drawing 
lines and arcs, performing 
polygon fill, and creating text. 
The controller also features 
an on-board compiler. 

Bytewyse Technology, 4710 
University Way NE, Seattle, 
Wash. 98105; (206) 547-2920. 
$895 (first unit only). 

CIRCLE 341 
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Feel and 
hear switch 
click millions 
of times 

New Rafi pushbutton switches for 
flat panel applications provide real 
feedback-audible and tactile . Life 
is greater than one million 
actuations. PC mounted. low-profile 
design. switches come in two sizes: 
15mm and l 9mm, either lighted or 
unlighted. Ratings to 250mA, 
60VAC. All available from stock. 
Catalog RF-1519. 

Ledexlnc. 
P.O. Box 427 
Vandalia, Ohio 45377-0427 U.S.A. 
Phone: 513-898-3621 

-~ 
B£DEX 

·----· / ® 

helpful sw itch technology 
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highest figure-of-merit 

phase 
detectors 

1 to lOOMHz 
only $1895 

IN STOCK ... IMMEDIATE DELIVERY 

• highest figure-of-merit, 129: 
(DC output, mV/RF power, dBm) 
1000 mV typ . output , with +7 dBm 
input at L,R ports 

• very low DC offset only 0 .2 mV typ . 

• hermetically sealed 
to MIL-STD 202 

• MIL-M-28837 performance* 
• miniature size, 

only 0 .2 x 0 .5 x 0.25 in. 

• one-year guarantee 
·units are not QPL hsted 

MPD-1 SPECIFICATIONS 

FREQUENCY RANGE 
Land R ports 1-100 MHz 
Output ports DC-60MHz 

SCALE FACTOR 8 mV/Degree 

IMPEDANCE 
Land R ports 50ohms 
I port 500ohms 

LANO R SIGNAL LEVELS r7 dBm 

ISOLATION, L-R 40dB min . 

MAXIMUM DC OUTPUT, mV 1000mV typ. 

DC OUTPUT POLARITY Negative 

DC OUTPUT OFFSET 0.2 mV typ. 

Call or write for 64-page 
RF Designers Guide, or see guide 1n EEM, 
EBG, Gold Book or Microwaves Directory 

finding new ways 
setting higher standards 

t::I MI~!:~!!'m~e~!!! 
World 's larges t manufacturer of Double Balanced Mixers 

P.O. Box 166, B'klyn , N.Y. 11235 (718) 934-4500 
C 101 3 REV ORIG 
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NEW PRODUCTS 

COMPONENTS 

Thin-film RTD 
responds quickly 

Mounted in a T0-220 pack­
age for ease of opera­

tion, the TD3A resistance 
temperature detector (RTD) 
has a typical response time of 
two seconds in liquid. The 
sensing element is a 40-by-
50-mi l silicon chip, onto 
which has been patterned a 
thin-film resistive network. 
Chips are trimmed to provide 
2000 Q of nominal resistance 
at room temperature. Re­
quiring no calibration, the 
TD3A is accurate to within 
± 0.7°C at 20°C. It also has a 
sensitivity of 8 m V l°C with 1 
mA excitation and an inher­
ently near-linear output. The 
maximum error over the full 
operating temperature range 
of -40° to + 150°C is within 
±2.5°C. 

Micro Switch , 11 W est 
Spring St. , Fr ee port, Ill. 
61032; (815) 235-5731. $1.09 
(quantity orders). 

CIRCLE 342 

Surface inductors suit 
pick-and-place robots 

Priced at less than $1 in 
quantities of 25,000, a line 

of surface-mounted induc­
tors is suitable for vacuum 
pick-up and handling by 
robotic pick-and-place sys­
tems. The SMI-200 series is 
offered in two package sizes 
-0.215 by 0.215 in. and 0.400 
by 0.400 in., with a maximum 
height of 0.250 in.-and with 
inductance values ranging 
from a few microhenries to 
several hundred micro­
henries. The device , which 
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has an operating tempera­
ture range of -40° to +70°C, 
is capable of enduring a hu­
midity level of 80% RH at 
85 ° C for 250 hours and 
thermal shocks between 
-40° and +70°C for up to 20 
cycles. Furthermore, the 
SMI-200 withstands solder 
reflow and detergent wash­
mg processes. 

West-Cap Arizona, SFE 
Technologies, 2201 E. Elvira 
Road, Tucson, Ariz. 85706; 
(602) 294-2646. CIRCLE 343 

Surface-mount diodes 
are hermetically sealed 

A variety of hermetically 
.Ksealed diodes are suitable 
for surface mounting and 
immersion soldering. The 
BAS32, BA Vl00-103, and 
BZV55 devices are leadless 
diodes encapsulated in a cy­
lindrical glass package that 
is 1.6 mm in diameter and 
3.5 mm in length. 

The BAS32 is a high-speed 
switching diode for use in 
fast logic circuits. The 
BA VlOO, 101, 102, and 103 are 
general-purpose diodes 
intended for switching appli­
cations in industrial equip­
ment, such as oscilloscopes 
and DVMs. Finally, the 
BZV55 series of voltage­
regulating diodes covers the 
range of 2.4 to 75 V. 

Phi lips Elcoma, PO Box 
523, 5600 AM Eindhoven, the 
Netherlands; (040) 757005; 
Telex: 51573. 

A mp e r ex Sal e s Corp., 
Pro vi d e n ce Pik e , Slat­
ersv ille , R.I. 028 76; (401) 
762-9000. 
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COMPONENTS 

Thin EL display suits 
portable applications 

Designated the MDM 
512.256-11, an electro­

luminescent display module 
is intended for electronic sys­
tems where portability is 
required and space is at a pre­
mium. The solid-state display 
panel and an electronic board 
with the required high-volt­
age drivers are housed in a 
5.67-by-10.2-in. package that 
is only 0.37 in. thick. With a 
resolution of 512 by 256 pixels, 
the module is capable of dis­
playing a full 25 lines of 80 
characters each or high­
resolution graphics. Crisp 
and stable images are pro­
duced in a pleasant yellow 
color. 

Finlux Inc. , 20395 Pacifica 
Drive, Suite 109, Cupertino, 
Calif 95014; (408) 725-1972. 
$700 (1000 units); samples are 
available now, with volume 
production to begin in the fall. 

CIRCLE 345 

Rotary-lever switch 
is only 11/2 by 3 in. 

Th e compact size of a 
rotary-lever limit switch 

-which is only 1112 in. wide 
and 3 in. high-makes it par­
ticularly adaptable for down­
sized machinery and equip­
ment. The miniature switch, 
designated the MS04S01-00, 
has a unique head-mounting 
design, with holes near the le­
ver shaft that virtually eli­
minate the effects of torque 
and vibration. An epoxy com­
pound is used to encapsulate 
both the electrical connec­
tions and the zinc die-cast 
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NEW PRODUCTS 

housing, and gold or silver 
con tacts can be provided. 
Gold cross-point contacts, 
suitable for low-level logic 
switching, offer longer life, 
obtain positive contact with a 
force of 5000 psi, and have an 

initial resistance below 
50mn. 

Gould Inc. , Industrial Con­
t r ols Divis ion , 100 R elay 
Road, Plantsvill e, Conn. 
06479; (203) 621-677l. 

CIRCLE 346 

SIL-PAD Thermally Conductive Insulators 
• Slash installation time •No grease 

• Uniform application 
• Outstanding heat transfer 

• No contamination 
• Eliminate the guesswork 

Call Toll Free 800/328-3882 
Phone 6121835-2922 
TWX 910 676-2423 

BEAriQUl5T 
5300 Edina Industrial Blvd., Minneapolis, MN 55435 

CIRCLE 231 



PACKAGING & PRODUCTION 

Robot automates 
simple, mundane tasks 

Small and low-cost, the Al­
pha II production robot 

system performs simple as­
sembly tasks, particularly 
those that are repetitive or 
dangerous. The five-axis ar­
ticulated robot arm, which 
has an 18-in. reach, moves at 
selectable speeds up to 51 
in.ls and carries a maximum 
payload of 3 lb. Repeatability 
is within ± 0.015 in. for pay­
loads up to l 1/2 lb. 

The Alpha II's 8-bit 6502A 
microprocessor has 8 kbytes 
of EPROM, 4 kbytes of 
EEPROM, and 1 kbyte of 
RAM. It stores up to 227 pro­
gram steps in permanent 
memory and can be program-

We sell 

NEW PRODUCTS 

med through a hand-held 
teaching pendant or an exter­
nal computer via an RS-232-C 
asynchronous serial inter­
face. 

Microbot Inc. , 453-H 
Ravendale Drive, Mountain 
View, Calif. 94043; (415) 
968-8911. $13,425. CIRCLE 347 

Robot randomly places 
nonstandard components 

Featuring a Seiko RT-3000 
de servo-driven robot, the 

ECA 101 assembly system 
eliminates hand insertion of 
irregularly shaped compo­
nents into printed circuit 
boards. The end effector of 
the robot system compen­
sates for variations in the 

body-to-lead orientation of 
irregularly shaped compo­
nents, enabling it to handle 
standard and nonstandard 
parts ranging from 0to11/ 2 in. 
in size. Components may be 
randomly placed with spac­
ings as little as 0.05 in. The 
standard work cell measures 
46 by 53 in. and is also avail­
able in an 84-by-84-in. con­
figuration. The ECA 101 
includes the end-effector 
system, the robot, software, 
and a base. Parts feeding sta­
tions may be provided, de­
pending upon the application 
and the user's requirements. 

Chad Industries, 1060-K N. 
Batavia St., Orange, Calif 
92667; (714) 997-4350. Be­
tween $45,000 and $55,000. 

CIRCLE 348 

Hybrid Solutions. 
For years we've been supplying industry with hybrid 
solutions to their circuit design problems. Our thick-film 
hybrids are used in Oil Logging Instrumentation, Tele­
communications, Computers, Medical Electronics, and 
by the Military in airborne, satellite, missile, and fuze 
applications to MIL-STD-883. 

Our standard products include crystal and solid-state 
oscillators, precision voltage references, voltage reg­
ulators, amplifiers, active filters , analog switches, and 
more. Many of our stock items are designed to operate 
all the way up to + 200°C. We also have a large inven­
tory of Encoders, Decoders, and Tone Squelch prod­
ucts for the Communications Industry. 

We're in computers and control systems, radios and 
robots, ATE and aircraft. And , we'll go anywhere there 
is a problem to be solved. When you're looking for your 
next hybrid solution give us a call . Whether it's kilohertz 
or gigahertz, standard or custom, easy or tough , we 
think you'll like our response. Remember, we speak 
fluent hybrid. 

''' While Technology, Inc. 
4246 E. Wood Street• Phoenix, Arizona 85040 • (602) 437·1520 •TWX 910·951-4203 CIRCLE 232 



How Much Do You Really Know About DIN? 

1 
Immortalized in poetry by Rudyard Kipling, IJ 
and portrayed on the screen by Sam Jaffe, • 
this famous Indian water boy was noted 
for his courage during the charge 

During the 50s and 60s, a warmhearted 
tale of a boy and his dog captured 
the hearts of television audiences . 
Name the dog who assisted in 
maintaining law and order in of the British Sepoy Lancers. 

Name the famous district in New York 
City commonly associated with 
musicians and composers . 

Name the powerful, 1958 Tennessee Williams drama 
in which Elizabeth Taylor wore fetching slips, 
Paul Newman's pajamas matched his eyes, 
and Big Daddy Burl Ives looked 
sweaty in a rumpled white suit . 

the early west. 

Name the popular Dashiell Hammett 
novel which was made into a 
movie starring William Powell, 
as the ultimate nonchalant 
criminologist and Myrna Loy, as his 
trouble-prone wife. 

In this famous 1967 movie, two diverse 
families sit down face to face to consider 
a rather unsettling situation. Starring 
Sidney Poitier, this urbane 

was Spe~cer Tracey's ~JJ~tJ! and stylish comedy~ ~ 

b•t mov>e. . ~ ~ #' 
Answers to Quiz: 

If you answered any or all of the above questions, you definitely qualify for Switchcraft 
DIN Connector and Cable literature and samples. Fill in the coupon below, or if you 
can't wait a moment longer, call Mr. Dean Arvantis at (312) 792-2700, our DIN expert. 

"NJa-NJa OJ l!U!WO:) s,O\{M ssan9 (9 
'uew Nia au (S 'Nia Nia urn (t 

'JOO~ Nia JOH e uo Je::> (£ 'Aanv ued Nia (Z 
'Nia ellun9 (I 

Some famous facts about Switchcraft DIN connectors and cables 
100% THROUGH-CONNECTOR SHIELDING 

FACT: SWITCHCRAFT CUSTOMIZES. Switchcraft can make exactly 
what you need when you need it . Whether it's color, wire size, type of 
shielding, or molding in your company logo-Switchcraft has complete 
custom design capabilities to match your equipment or define your 
corporate identity. 

FACT: SWITCHCRAFT CONNECTORS-QUALITY TESTED. Switch­
craft's shielded connectors are effective ways to make your computers 
comply with the FCC's Electro-Magnetic Interference (EMI) 
regulations . Fully address FCC 29780 Docket. 

FACT: SWITCHCRAFT SHIELDED CONNECTORS ARE DESIGNED 
TO CONTROL INTERFERENCE. Switchcraft shielded connectors 
will "bleed off" EMl/FRl-virtually eliminating annoying glitches, 
memory loss or possible damage to CPU components. 

!iWITl:HICIAllTi•1:. 
( A A•ytheon Comp•ny ) 

5555 N. Elston Ave., Chicago, Illinois 60630 
(312) 792-2700 

RUGGED COMPLETELY­
MOLDED HANDLE 

FACT: SWITCHCRAFT OFFERS A LARGE SELECTION OF 
CONNECTORS AND CABLES. Switchcraft offers a broad line of 
DIN Connectors/Receptacles/Cables; male-female, straight or right 
angle, push-on or locking, 8 different pin/contact configurations. Plus, 
an exclusive one piece shield design reduces costly assembly. 

FACT: SWITCHCRAFT DESIGNS REDUCE CABLE FATIGUE AND 
WIRE FRACTURING. Four-way flex relief relieves strain in up/down 
or side to side motion. 

FACT: SWITCHCRAFT PROVIDES THE OPTIMUM SOLUTION TO 
YOUR SPECIFIC DIN CONNECTOR AND CABLE DESIGN 
REQUIREMENTS. 

--------------------------------------------D Yes, I passed the DIN QUIZ. 
Please send me literature/samples. 

NAME ------------------­

TITLE 

COMPANY 

ADDRESS---------------~ 

·-------------------------------------------
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INSTRUMENTS 

GPIB interface unit 
has 80 TTL 1/0 lines 

NEW PRODUCTS 

The System 488 digital I/O 
interface unit for the 

G PIB (IEEE-488 bus) en­
ables up to 80 bits of TTL-

level data to be read or output 
by a bus controller. The 
6809-based unit interfaces 
most types of digital signals 
with the bus, including those 
for relays, indicators, a-d 
converters, and BCD instru-

WHEN QUALITY AND RELIABILITY COUNT ... 

COUNT ON 
SIMPSON METERS 
& METER RELAYS 

Analog, digital or Ana-Led® ... Simpson 
meters and meter relays are the choice of 
design engineers everywhere. 
Ou r self-shielding movements provide opti­
mum sensitivity and are immune to stray 
magnetic fields . Simpson taut-band and piv­
ot-and-jewel mechanisms withstand shock 

and vibration and stay accurate . 
When you need a meter fast , get fast delivery 
on over 1500 stock ranges , types and sizes 
... or order custom ranges, scales, damping, 
tracking , accuracy. 
See your Simpson distributor or write for full 
line catalog . 

KATYIHDUSTllllES 

SIMPSON ELECTRIC COMPANY 
853 Dundee Avenue, Elgin , IL 60120 
(312) 697·2260 • Telex 72-2416 • Cable SIMELCO 

CIRCLE 234 

ELECTllllCAL l:OUl,MfHT 
AHD PlllODUCTI OlllOUP 

men ts. Additional signal 
lines for service request, data 
latching, handshaking, and 
triggers are also included. 
Operating parameters, such 
as data format (binary, deci­
mal, hexadecimal, and 
ASCII), port selection, polar­
ity, and bus terminators, are 
software-programmable by 
the controller. The System 
488 offers three expansion 
ports. 

IOtech Inc., PO Box 21204, 
Cleveland, Ohio 44121; (216) 
321-0609. $895; eight 
weeks. CIRCLE 349 

Card links IBM PCjr 
with IEEE-488 bus 

Transforming the IBM 
PCjr into an IEEE-488 in­

strument controller is an in­
terface card that includes 
software designed for opti­
mum performance and ease 
of use. Since the user can pro­
gram functions using prim­
itive or high-level commands, 
the system is attractive to 
both the OEM and the end­
user. The software is installed 
as part of the operating 
system-PC-DOS 2.0 or 
later-so that the operating 
system can manage the inter­
face bus. Application soft­
ware can be written in Inter­
pretive Basic, Compiled 
Basic, Fortran, SuperSoft 
Fortran, Pascal, Lattice C, or 
Assembly languages. 

National Instruments, 
12109 Technology Blvd., Aus­
tin, Texas 78727; (800) 531-
5066 or (512) 250-9119. $385 
(interface card), $75 (soft­
ware), and $50 (language op­
tions). CIRCLE 350 
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INSTRUMENTS 

Board turns IBM PC into 
development system 
~ 

·~ 11111111 
-::- .,oc.-~~ ·, 

- - \\ °"'!.""""' . . ~ . ) e."" ~·~ .... 

The SBC88 is a Multibus­
compatible single-board 

computer that enables the 
IBM PC to function as an 8088 
development system. Since 
most projects require spe­
cialized interface circuitry, a 
4-by-6-in. wire-wrap area is 
included on-board. The 
SBC88 development system 

NEW PRODUCTS 

includes an 8088 central 
processing unit with pseudo­
static RAM, latched and buff­
ered interface signals, a mon­
itor PROM, an RS-232-C port, 
and a parallel interface 
adapter that provides 24 
general-purpose I/O lines. It 
also includes three counter/ 
timer channels and eight in­
terrupt lines. 

The PROM-based monitor 
software performs hardware 
initialization, handles the 
communications interface 
with the IBM PC, provides 
utility routines, and super­
vises debugging. The dis­
kette-based monitor allows 
communications with the tar­
get hardware for down­
loading and uploading files, 

and it performs full-function 
debugging and user-trans­
parent communications with 
the IBM PC-DOS. 

Assembly language pro­
grams can be written on the 
PC using any editor and as­
sembled directly into down­
loadable files with the sup­
plied assembler. Programs 
can also be written using com­
mercially available com­
pilers, like Pascal or C, com­
piled, linked, and converted 
into absolute files for down­
loading. 

Meridian Systems, 321 Avi­
ador St., Suite 111, PO Box 
3034, Camarillo, Calif 93011; 
(805) 484-8696. $500; stock to 
45 days. 

CIRCLE 351 

UNDER STAFFED ... GET FAST ... 

RELIEF 
... When you use the Microproduct team . . 

Whether you require assistance 
with one portion or a complete 

product development, we'd 
like to discuss your needs! 

Intelligent Electronic Systems 
and Software Development 

• Prototype design and development 
• Microprocessor and 

Microcomputer applications 
• Analog and Digital circuit design 

• System Engineering and Auditing 

;~~ ___ M_ic_r_oP-roducts 
INCORPORATED 

15 Main Street Bristol, Vermont 05443 802/453-4880 

CIRCLE 235 

The technology behind 
this circuit protector 

came from outer space . 

When the circuit is over-loaded, the button pops 
out and reflects ambient light. You can quickly see that 
a failure has occured. 

Fuse holder size Ami it™ circuit protector snaps 
into both round and square mounting holes. It is UL 
and CSA recognized. Standard button colors are red 
and Dayglo orange. 

Forty years of innovation like this have earned 
us a place in outer space, on the Columbia. And 
we put the same kind of p T h I 
effort into your economical, roven ec no ogy 
down-to-earth applications. for New Ideas. 
Write Bob Vangermeersch, 
Mechanical Products, Inc., 
P.O. Box 729, Jackson, 
Michigan 49204. Or call 
517/782-0391 . 

Ad 41R 

CIRCLE 236 

MP :; I . ' 
MECHANICAL PRODUCTS, INC. 



COMPUTER SYSTEMS 

IBM 3270 look-alike 
runs PC software 

An intelligent workstation 
for IBM 3270 users, the 

Model 1186 is designed to run 
most IBM PC software. The 
80186-based system operates 
as either a stand-alone local 
processor, under the MS­
DOS operating system, or as 
an on-line 3270 display sta­
tion for host interaction. In 
addition to supporting a 
monochrome display, the 
1186 has built-in support for 
a color monitor as well. 

The 1186 is offered with 
either two double-sided, 
double-density floppy-disk 
drives, each with a capacity 
of 360 kbytes, or with a 
10-Mbyte hard-disk and a 

NEW PRODUCTS 

single floppy-disk drive. 
Main memory ranges from 
128 kbytes of RAM and 
32 kbytes of ROM to 512 
kbytes of RAM. 

Telex Computer Products 
Inc., 6422 E. 41st St. , Tulsa, 
Okla. 74135; (918) 627-1111. 
From $3025. CIRCLE 352 

32-bit mini boasts 
price/performance 

A line of 32-bi t minicompu­
ters uses custom chips to 

deliver twice the perfor­
mance and four times the 
storage of present machines 
at two-thirds the price. The 
Astra 300 series, which starts 
at less than $15,000, supports 
as many as 32 workstations. 

At M·tron, Quality Assurance with 
parts-per-million verification is routine! 

For high quality clock oscillators and quartz 
crystals, no other source can consistently come 
close to M-tron. Check this evidence: 

• M-tron utilizes Statistical Quality Control 
to verify quality in parts per million -
well above the industry 's acceptance 
norms. 

CIRCLE 237 

Since it is software-compat­
ible with the Astra 200 series, 
existing applications run 
faster and without altera­
tion. 

The price/ performance ad­
vantage is attained by com­
bining a custom-designed 
32-bit VLSI CPU with virtual 
memory segmentation, cre­
ating an execution environ­
ment without memory con­
straints. The top-of-the-line 
Astra 370 VS system has 1024 
kb ytes of main memor y, 
expandable to 4096 kbytes, 
and a maximum fixed-disk 
storage capacity of 1 Gbyte. 

NEC Information Systems 
I nc., 1414 Massachus etts 
Ave., Bo x bo r ough , Mass. 
01719; (617) 264-8000. 

CIRCLE 353 

• Statistical Process Control is contin­
uously being applied to the production 
process to assure parts-per-million 
average quality level . 

• M-tron will readily provide a hard copy 
and computer drawn (1024 points) 
graph of final testing on clock oscillator 
units you order. 

• We 've proven our quality capabilities -
M-tron is an N.l.V. (No Inspection 
Verification ) supplier to a leading 
automotive manufacturer~ 

We ' re ready to prove our quality assur­
ance , engineering interface , and " as 
specified ' ' delivery capabilities to you. 
Write or ca ll for free literature and the 
name of your nearest M-tron distributor. 

Quality clock oscillators and 
quartz crystals are our only business. 

·tron 
M-TRON INDUSTRIES, INC. 

PO. Box630, 
Yankton , SD 57078 

Phone (800) 762-8800, 
TWX 910-668-3603 

* Details on qualif ied request . 

Ml·45 



NEW PRODUCTS 

COMPUTER SYSTEMS 

Unix-based mini 
sits on desktop 

Berkeley's 4.2 version of 
Unix is at the heart of the 

U! technical workstation, a 
personal minicomputer in a 
compact desktop design. The 
system offers more than 250 
utilities including line and 
screen editors, stream edit­
ing, document preparation 
tools, data manipulation, and 
a variety of office automation 
aids. The workstation is 
based on an 8-MHz 68010 
microprocessor and features 
demand-paged virtual mem­
ory. 

Programming languages 
available for the U! computer 
include C, Fortran-77, Pas­
cal, Lisp, and Assembly. 
Standard features include 
1 Mbyte of memory, a 
640-kbyte diskette drive, a 
22-Mbyte hard-disk drive, 
two RS-232-C interfaces, and 
one parallel interface. 

NB! Inc., PO Box 9001, 
Boulder, Colo. 80301; (303) 
938-2795. $15,495. CIRCLE 354 

Industrial computer 
is PC XT -compatible 

Compatible with the IBM 
PC XT, the ISI 6160 is 

packaged specifically for in­
dustrial environments. The 
system comprises an 8088 
CPU, 128 kbytes of RAM, a 
a floppy-disk controller, a 
125-W power supply, and a 
cooling fan. Disk storage con­
sists of one or two double­
sided, double-density 51/4-in. 
drives and optional 10-, 20-, 
or 30-Mbyte Winchester 
drives. Two RS-232-C serial 

ports and one parallel printer 
port are available on the rear 
panel. The computer may be 
custom-configured for ana­
log or digial industrial I/O 
via its five expansion slots. 

The ISI 6160 is housed in 
a standard 19-in. rack­
mounted enclosure and is de­
livered with MS-DOS and 
GW Basic. It is also compati­
ble with Concurrent CP IM. 

!SI International Corp., 
1275 Hammerwood Ave., 
Sunnyvale, Calif 94089; (408) 
743-4300. CIRCLE 355 

Workstations boast 
supermini performance 

Based on the Eclipse 
MV/4000 computer, two 

engineering workstations of­
fer high-resolution graphics, 
built-in Ethernet IEEE-802.3 
support, and integrated pe­
ripherals. The DS/ 4000 and 
DS/ 4200 systems both run 
under the Advanced Oper­
ating System/Virtual Stor­
age (A OS/VS) and a native 
Berkeley Unix operating sys­
tem. 

The DS/ 4000 comes with 
an integrated 1024-by-1024-
pixel monochrome graphics 
system, while the DS/4200 is 
offered with a similar high­
resolution color graphics sys­
tem. Both are available in 
main memory configurations 
of 1, 2, or 4 Mbytes and sup­
port local mass storage ca­
pacities of 77 .2 Mbytes. 

Data General Corp., 4400 
Computer Drive, Westboro, 
Mass. 01580; (617) 366-8911. 
From $35,500 (DS/4000) and 
from $44,500 (DS/4200). 

CIRCLE 356 
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MATERIALS 

Adhesive bonds 
hybrid circuits 

Asilk-screenable adhesive, 
called Eccobond 282, 

provides secure, thermally 
conductive bonds between 
components and ceramic 
substrates. The one-part ad­
hesive material also provides 
thermally conductive bonds 
between ceramic substrates 
and aluminum headers or 
heat sinks. Eccobond 282 of­
fers a thermal conductivity of 
0.003 W / cm °C and a coeffi­
cient of thermal expansion of 
31 X 10 - 6 !°C. The product 
exhibits a tensile lap shear 
strength of 2300 psi (alumi­
num to aluminum) and has a 
dielectric strength or volume 
resistivity of 500 V / m. Ecco-

NEW PRODUCTS 

bond 282 cures in 30 minutes 
and withstands continuous 
service at 175°C. 

E merson & Cuming, 869 
Wa shi ngt on S t . , Canton, 
Mass. 02021; (617) 828-3300. 

CIRCLE 357 

Die-attach adhesive 
increases yields 

Du Pont 4621 is a conduc­
tive adhesive t hat ex­

hibits exceptionally high 
shear strength to increase 
y ields in automated die­
attach applications. It ex­
hibits a hot-die shear 
strength of 4 kg at 300°C (us­
ing a 180-by-180-mil die) 
-significantly higher than 
other commercially available 

adhesives. Room-tempera­
ture shear strength is greater 
than 2800 psi (more than 12 
kg) and lap shear is greater 
than 1500 psi. 

For optimum thermal sta­
bility, the recommended cure 
cycle is 60 minutes at 175°C. 
After aging a cured sample 
for 100 hours at 105 °C, the 
volume resistivity was 1.3 X 
10- 4 0-cm. The silver-filled 
epoxy adhesive also has a low 
ionic content, substantially 
eliminating corrosion prob­
lems that could decrease de­
vice reliability. 

Du Pont Co. , Elec tr onic 
Materials Division N-2526, 
Marketing Com munications 
Depar tment , Wi lm ington , 
Del. 19898; (302) 773-3218. 

CIRCLE 358 

POWER PEOPLE 

Contact: 

KWAN CHIU 
RADIO MFG. 
CO. , LTD. 

326, Sec. 3, Chung 
King N. Rd ., Taipei 
Taiwan. R. 0 . C . 
Telex:27640 KWANCHIU 
Cable: " KWANCHIU" 

TAIPEI 

CIRCLE 239 

Ferro-resonant trans­
former (cvn. Power 

transformer for UL 114 
& UL 478 appliances 
and Torroidal power 
transformers in 1KVA 
and under.Compu-

terized line and 
lab testing. Con­
trol systems, data 
processing, other 

industrial appli­
cations.Strong design 
and lamination. Join 
our list of brand-name 
OEM customers 
today. 



NEW PRODUCTS 

PRODUCT NEWS 

Op amp joins CMOS standard-cell library 

A high-gain (90-dB) op amp, the first in a line of stan­
dard-cell op amps from NCR Corp.'s Microelectron­
ics Division (Fort Collins, Colo.), has been added to 

the company's semicustom design system-a library of more 
than 50 CMOS analog and digital standard cells. The device 
can be placed in various locations on a digital chip, permit­
ting maximum use of the real estate. The input reference 
noise is typically 80 n V rms/ y'Hz at 100 Hz or 40 n V rms/ 
y'Hz at 1 kHz. CMOS input transistors lower the op amp's 
bias currents to less than 100 pA when it is not linked to a 
bonding pad. CIRCLE 359 

FAST logic IC family grows by 13 

0 ff ering design engineers many of the key building 
blocks needed in digital systems applications, Signetics 
Corp. (Sunnyvale, Calif.) has added 13 devices to its 

line of proprietary FAST logic I Cs. The FAST devices are de­
signed to replace Schottky TTL in systems where higher speed 
and lower power consumption are required. The parts are 30% 
faster and consume 75 % less power than earlier Schottky 
TTLs. Devices include inverting and noninverting octal buff­
ers, 8- and dual 4-bit addressable latches, an inverting quad bus 
transceiver, a comparator, two transmission line drivers, three 
Schmitt trigger circuits, and a quad two-input multiplexer that 
has a maximum propagation delay of 9 ns (three times faster 
than the closest equivalent part). CIRCLE 360 

Enhancements sweep Kaypro line 

W ith only minimal price increases, Kaypro Corp. 
(Solana Beach, Calif.) has upgraded each of its per­
sonal computers with more storage capability. The 

Kaypro 2, now designated the 2X, has doubled its storage space 
with the addition of 400-kbyte double-sided, double-density 
disk drives. It sells for $1595, which represents a $300 increase. 
Priced at $2495, the new Kaypro 4X boasts a total storage ca­
pacity of 5 Mbytes using high-density floppy-disk drives, each 
capable of holding 2.6 Mbyte.s. At the high end of the line, the 
12X complements the Kaypro lO's 10-Mbyte hard disk with a 
2.6-Mbyte floppy-disk drive that is capable of backing up the 
entire hard disk on only a few floppies. At $3295, the company 
expects the 12X to give IBM's PC XT a run for its money. 

CIRCLE 361 
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Electron1cDes1gn 
ELECTRONIC DESIGN's function is: 
• To aid progress in the electronics industry by 
promoting good design. 
• To give the electronic design engineer con­
cepts and ideas that make his job easier and 
more productive. 
• To provide a central source of timely electron­
ics information . 
• To promote communication among members 
of the electronics community. 
Want a subscription? ELECTRONIC DESIGN is 
circulated free of charge to t hose individuals in 
the United States and Western Europe who 
function in design and development engineering 
in companies that incorporate electronics in 
their end product and government or military 
agencies involved in electronics activities. For a 
free subscription, use the application form 
bound in the back of the magazine or write for 
an application form. 
If you do not qualify, paid rates fo r a one year 
subscription (26 issues) are as follows: $45. U.S., 
$60. Canada, Mexico and Cent r al America. 
International annual subscription rates listed 
below include air delivery: $95. Europe; $145. Ja­
pan, North Africa & Mid East; $170. Australia; 
$185. South America; $210. Central/South Afri­
ca & Other Asia; $245. New Zealand/ New Cal­
edonia. Single copies (when available) may be 
purchased for $5. U.S., Canada, Mexico & Cen­
tral America; $7. Europe; $8. Japan, North Afri­
ca, Mid East, South America; $10. Central/ 
South Africa, Other Asia , Australia, New 
Zealand/ New Caledonia. The GOLD BOOK 
(27th issue) may be purchased for $50. U.S., 
Canada, Mexico, Central America and $65. all 
other countries, via surface mail. 
If you change your address, send us an old 
mailing label and your new address; there is a 
coupon in the Products section of the magazine 
for this purpose. Please allow 6 to 8 weeks for 
address change to become effective. You must 
requalify in order to co nt in ue receiving 
ELECTRONIC DESIGN free of charge. 
ELECTRONIC DESIGN's accuracy policy: 
• To make diligent efforts to ensure the accu­
racy of editorial matter. 
• To publish prompt corrections whenever in­
accuracies a re brought to our attention. Cor­
rections appear in "Letters." 
• To encourage our readers as responsible 
members of our business community to report 
to us misleading ot fraudu lent advertising. 
• To refuse any advertisement deemed to be 
misleading or fraudulent. 
Individual ar ticle reprints and microfilm copies 
of complete annual volumes are available. Re­
prints cost $6.00 each, prepaid ($.50 for each ad­
ditional copy of the same ar ticle), no matter 
how long the article. Microfilmed volumes cost 
$66.80 for 1982 (Vol. 30); $75.70 for 1974-1981 
(Vols. 22-29); $50.20 for 1973 (Vol. 21); varied 
prices for 1952-1972 (Vols. 1-20). Prices are sub­
ject to change. For further details and to place 
orders, contact Customer Services Dept. Uni ­
versity Microfilms, 300 N. Zeeb Rd., Ann Arbor, 
MI 48106. (313) 761-4700. 
Where necessary, permission is granted by the 
copy right owner for libraries and others 
registered with the Copyright Clearance Center 
(CCC) to photocopy any article herein fo r the 
base fee of $1.00 per copy of the article plus 50¢ 
per page per copy. Payments accompanied by · 
the identifying ser ial fee code below should be 
sent directly to the CCC, 21 Congress St., Salem, 
MA 01970. Copying done for other than personal 
or internal reference use without the express 
permission of Hayden Publishing Co./ELEC­
TRONIC DESIGN is prohibited. Requests for 
special permission or bulk orders should be ad­
dressed to the editor. Serial fee Code: 0013-
4872/ 1984 $1.00 + .50. 
Want to contact us? Address your correspon­
dence to: 

Editor 
ELECTRONIC DESIGN 
10 Mulholland Dr. 
Hasbrouck Heights, NJ 07604 
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PRODUCT NEWS 

SNA gateway software lets PC emulate 327 4 

T
he latest addition to the PLAN series of personal com­
puter networking systems, from Nestar Systems Inc. 
(Palo Alto, Calif.), release 1.0 of the IBM SNA Gateway 

allows a dedicated IBM PC on the network to emulate a remote 
IBM 3274 supporting up to 16 user-stations per gateway. User­
stations are PCs running DOS 2.0 or 2.1 and emulating 3278s 
and 3279s. The gateway station interfaces with IBM main­
frames that support the 3270 SNA protocols and, at the same 
time, allows other IBM PCs to function as interactive worksta­
tions. Features emulated by the gateway software include 
upper- and lowercase display, 24-row-by-80-column screen 
format with 25th status line, protected and unprotected fields, 
program function and access keys, audible alarm, host-
initiated printing, and color display. CIRCLE 362 

Modem links micros with mainframe 

Gamma Technology Inc. (Palo Alto, Calif.) has an­
nounced two enhancements to its FAXT-96 line of 
9600-bit/s integral modems for the IBM PC XT: auto­

matic speed selection and operation in a stand-alone chassis at 
the mainframe. The latter allows remote PC XT users with 
F AXT-96 modems to communicate with the mainframe over 
ordinary dial-up lines. A stand-alone enclosure, which holds up 
to three modem boards, is available for $1500. The former en­
hancement, a proprietary feature that is unavailable on other 
modems, automatically tests the circuit and selects the best 
transmission speed for optimum throughput. By using two 
F AXT-96 modems in an end-to-end link, users need not attempt 
transmission speeds that result in lower overall throughput. 

CIRCLE 363 

Oasis operating system is improved 

0 
asis Technologies Inc. (Lafayette, Calif.) has re­
leased Version VI of the Oasis operating system for 
8-bit microcomputers. Version VI offers additional 

tools for applications development, as well as increased speed 
and overall system performance. Enhancements include a com­
mand-level, full-function algebraic calculator, new extensions 
to the EXEC job control language, optimized Oasis Basic for 
applications development, and disk 110 and overlay manage­
ment, which are controlled by FIFO queues to improve and bal­
ance multi-user performance. In addition, overlays can now be 
stored-at the user's option-in banked memory to improve 
performance. True record locking, rather than sector locking, 
ensures maximum data integrity. CIRCLE 364 
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NEW PRODUCTS 

PRODUCT NEWS 

HP cuts cost of floppy, Winchester drives 

F
or the second time in one year, Hewlett-Packard Co. 
(Palo Alto, Calif.) has reduced the price of its 270-kbyte 
31/2-in. flexible-disk drive. The HP 91218 single drive now 

sells for $710, formerly $900. The HP 9121D dual drive can be 
had for $965, dropped from $1270. Also reduced are the HP 
9133XV 5-Mbyte Winchester drive and the HP 9134XV stand­
alone 15-Mbyte Winchester. Respectively, the drives sell for 
$3345 and $3040, reduced from $3650 and $3345. CIRCLE 365 

Module analyzes waveforms to 100 kHz 

Capable of analyzing waveforms up to 100 kHz in either 
storage or real-time modes, a waveform storage module 
offers users a sample rate that is 10 times faster, and an 

internal memory that is twice as long, than previous modules. 
The Model 13-4616-20, from Gould Inc.'s Recording Systems 
Division (Cleveland, Ohio), operates at a fixed data output 
rate of 200 samples/sand captures transients as fast as 3 µ,s. 
The unit, which sells for $2190, has a full-scale sensitivity 
range of 50 m V to 500 V throughout its de to 100-kHz frequency 
response range. CIRCLE 366 

Tl Professional gets upgraded Winchester 

For applications that require a large data base, Texas 
Instruments Inc. (Dallas, Texas) is offering an 18.2-
Mbyte Winchester disk option for its Professional com­

puter. The disk option, which is especially useful in resource­
sharing environments such as local area networks, has nearly 
twice the data and program storage of the Professional's cur­
rent 10-Mbyte Winchester. In addition, the drive's average 
access time of 40 ms makes it twice as fast. Compatible with 
MS-DOS 1.25 and 2.1, the $2295 disk option includes diagnostic 
software, a controller board, and cables. CIRCLE 367 

Tiny chip capacitors span 0.5 pF to 0.015 µF 

0 ne of the smallest multilayer ceramic chip capacitors is 
being produced by Johanson Dielectrics Inc. (Bur­
bank, Calif.). Standing 0.030 in. high, the space-saving 

chip has dimensions of 0.040 in. long and 0.030 in. wide. Desig­
nated the R09 size, it is availa,ble in three families covering the 
capacitance ranges of 0.5to100 pF (NPO/COG ), 100 to 2200 pF 
(BX/X7R), and 1000 pF to 0.015 µ,F (Z5U/Y5V). Prices range 
from $0.773 to $2.40in1000-unit orders, with delivery from 
stock to 10 weeks. CIRCLE 368 
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APPLICATION NOTES 

Controlling solenoid 
motion 

Atwo-page data sheet, en­
titled Taming the Sole­

noid, discusses the control of 
solenoid motion using air 
dashpots. It presents a brief 
but informative overview of 
solenoid problems and 
explains how dashpots are 
an effective method for 
damping shock and vibra­
tion, for controlling velocity, 
and for providing adjustable 
mechanical time delays. The 
bulletin includes character­
istic peformance curves, il­
lustrations, and applications 
information. It also lists 
available dashpot types and 
sizes. 

Airpot Corp., 29 Lois St. , 
Norwalk, Conn. 06851. 

CIRCLE 369 

Personal computers 
for data acquisition 

T he Data Acquisition 
Handbook describes the 

use of personal computers for 
data acquisition and control 
applications. The 58-page 
reference guide introduces pc 
users to the basics of signal 
interfacing with computers 
and illustrates the simple 
techniques for setting up a 
computer-based data acqui­
sition and control system in 
virtually any setting. It also 
includes a chapter on the 
software considerations of 
interfacing. 

Taurus Computer Prod­
ucts Inc., 1755 Woodward 
Drive, Ottawa, Ont. K2C OP9, 
Canada. 

CIRCLE 370 
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NEW PRODUCTS 

The advantages 
of neon indicators 

The Comeback of the 

NEON 
INDIG:~~R 

T he Comeback of the Neon 
Indicator is an illus­

trated technical article that 
describes the operation of 
neon indicators. It covers 
light output and color, as well 
as factors that determine 
lamp life. Two graphs are in­
cluded that enable designers 
to determine the optimum 
values of series resistors to be 
used with standard and high­
brightness lamps. In addi­
tion, a chart presents the 
specifications and operating 
characteristics of a full line 
of neon indicators. 

Industrial Devices Inc., 7 
Hudson Ave., Edgewater, 
N.J. 07020. 

CIRCLE 371 

Surface mounting 
chip capacitors 

Chip Capacitors Relating 
to Surface Mounting 

Technology discusses the lat­
est research in processing 
techniques for mounting 
leadless chip capacitors di­
rectly to integrated circuit 

boards. Detailing the technol­
ogy and methodologies for ap­
plying surface-mounted de­
vices, the brochure also covers 
methods for avoiding such 
problems as thermo shock 
and leaching of the capacitor 
terminations. In addition, 
chip standardization, pack­
aging, and automated assem­
bly are reviewed. Five figures 
and four tables accompany 
the text. 

AVX Corp., PO Box 867, 
Myrtle Beach, S.C. 29577. 

CIRCLE 372 

How HP 3065 speeds 
board repair time 

Cluster-based Paperless 
Repair/ Reporting ex­

plains how this feature builds 
on the architecture of the HP 
3065 in-circuit board test sys­
tem. The data sheet shows 
how paperless repair/ 
reporting (PRR) can speed 
the repair process and pro­
vide insight into problem 
causes. It also explains how 
test data is collected and elec­
tronically transferred to re­
pair stations within the test 
cluster. 

A second data sheet, 
Cluster-based Q-STATS, 
explains how data from the 
test and repair loops is inte­
grated to provide a high-level 
user interface and automatic 
report generation. Like PRR, 
Q-STA TS is a standard 
feature of the HP 3065 test 
system. 

Hewlett-Packard Co., In­
quiries Manager, 1820 Em­
barcadero Road, Palo Alto, 
Calif 94303. 

CIRCLE 373 



NEW PRODUCTS 

NEW LITERATURE 

De-de converter 
handbook 

Containing comprehensive 
data on a line of de-de 

converters, this 32-page 
handbook covers more than 
35 new products. Power sup­
ply characteristics are pre­
sented in selection tables, 
followed by complete engi­
neering data on all models. 
Also included is a glossary of 
de-de converter terminology 
and tutorial information on 
converter operation. 

Power General, 152 Will 
Drive, PO Box 189, Canton, 
Mass. 02021. CIRCLE 374 

Logic analyzer 
selection and use 

Illustrated with line draw­
ings and photographs, a 

40-page guide for the selec­
tion and use of logic analyzers 
helps designers evaluate their 
equipment needs in terms of 
state analysis, timing mea­
surements, and software de­
bugging and performance 
analysis. A flow diagram fur­
ther aids in the selection pro­
cess. The guide also gives 
summaries of a line of instru­
ments, ranging from the 
32-channel LAM-3250 to the 
Colt and Atlas digital work­
stations. Descriptions of 
plug-ins and accessories for 
the logic analyzers complete 
the booklet. 

Dolch Logic Instruments 
Inc., 3052 Orchard Drive, San 
Jose, Calif 95134. 

CIRCLE 375 

Semiconductor 
selection guide 

Completely updated, ex­
panded, and indexed, a 

13-page selection guide pro­
vides key specifications for 
memories, microcon trollers, 
microprocessors and periph­
eral devices, linear ICs, and 
power products. 

Mitsubishi Electronics 
America Inc., 777 N. Pastoria 
Ave., Sunnyvale, Calif 94086. 

CIRCLE 376 

VMEbus and 
Eurobus products 

Modular boards for the 
VMEbus and the Euro­

bus are presented in a 48-page 
catalog, which includes color 
photographs and specifica­
tions for CPU and microcom­
puter boards, memory mod­
ules, a-d and d-a converter 
boards, and 1/0 and control 
modules. Additional products 
include universal develop­
ment systems, peripherals, 
racks and power supplies. An 

informative section describes 
and illustrates CP/M, 
VERSAdos, Unix, and other 
operating systems. 

PEP Elektronik Systeme 
GmbH, Am Klosterwald 4, 
D-8950 Kaufbeuren, Ger-
many. CIRCLE 377 

Micropositioning, 
measurement, and control 

M icropositioning Systems 
describes programmable 

microscope systems-as well 
as individual motors, control­
lers, and encoders-for appli­
cations requiring micron and 
submicron positioning, mea­
surement, and control. The 
brochure includes systems for 
optical fiber alignment and 
disk head and media inspec­
tion. 

Burleigh Instruments Inc. , 
Burleigh Park, Fishers, N. Y. 
14453. CIRCLE 378 

Intelligent 'hand' for 
industrial robots 

Foreman , an intelligent 
robot hand for industrial 

robots, is the focus of a six­
page data sheet. The docu­
ment describes Foreman's 
sensors, quick connect/ 
disconnect fingertip tooling, 
and intelligent controller 
properties. Interface details 
and photos of various assem­
bly operations are included. 

Monforte Robotics Inc., 
2333 Whitehorse-M ercerville 
Road, Trenton, N.J. 08619. 

CIRCLE 379 
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NEW LITERATURE 

Servo accelerometers 
and inclinometers 

A n 11-page bulletin serves 
K asa valuable aid in the 
selection of force-balance ser­
vo accelerometers and in­
clinometers. The guide de­
picts both stock units and 
special units, along with their 
respective specifications and 
applications. Tutorial infor­
mation defines scale factor, 
bias, input axis, cross axis 
sensitivity, composite error, 
repeatability, nonlinearity, 
hysteresis error, resolution, 
threshold, and rectification 
error. 

Columbia Research Labo­
ratories Inc., MacDade Blvd. 
and Bullens Lane, W oodlyn, 
Pa. 19094. 

CIRCLE 380 

Scotchflex brand 
interconnection products 

Containing how-to-use 
drawings and photos of 

Scotchflex brand intercon­
nection products, an updated 
source book specifies items 
such as cable connector sys­
tems; a backplane socket/ 
header system; socket, plug, 
pc board, DIP, and card-edge 
connectors; the Delta connec­
tor and Delta ribbon connec­
tor systems; breadboards; 
and cables. A toll-free phone 
line is given for ordering the 
latest spec sheets on Scotch­
flex products-delivered to 
the caller within 48 hours. 

3M, Electronic Products 
Division, EP84-13, PO Box 
33600, St. Paul, Minn. 55133. 

CIRCLE 381 
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NEW PRODUCTS 

VG/DIN high-density 
connectors 

A 32-page design guide and 
catalog describes a broad 

line of two-, three-, and four­
row VG/DIN connectors for 
single, double, and multilayer 
boards. The low-insertion/ 
withdrawal force connectors 
have up to 201 contact posi­
tions in both standard and in­
verted styles. The design 
guide section details connec­
tors in a variety of I/O and 
board-to-board applications. 

Elco Corp., 74 Brookhollow 
Drive, Santa Ana, Calif. 
92705. CIRCLE 382 

Solid-state relay 
backgrounder 

Illustrated with circuit 
drawings, a pocket-sized 

booklet discusses the differ­
ences in construction, oper­
ation, and performance of 
reed- and optically-coupled 
solid-state relays. It provides 
insight into random and zero­
voltage switching and points 
out the important specifica­
tions concerning both the 

power and control aspects of 
SSRs. Applications informa­
tion is also supplied. 

Sigma Instruments Inc. , 
Switching Division, 170 Pearl 
St., Braintree, Mass. 02184. 

CIRCLE 383 

Data communications 
equipment and cable 

The Codex 1'984 spring/ 
summer direct-order 

catalog enables data commu­
nications users to order prod­
ucts without going through 
their Codex sales representa­
tives. The catalog covers net­
work processors; statistical 
multiplexers; limited-dis­
tance, high-speed, and Bell­
compatible modems ; and 
cable. All stocked products 
are shipped within 72 hours 
following receipt of order. 

Codex Corp., 20 Cabot Blvd. , 
Mansfield, Mass. 02048. 

CIRCLE 384 

CMOS product 
directory 

Covering a full line of ad­
vanced CMOS integrated 

circuits, a 24-page directory 
provides descriptions and 
technical data for micro­
processors, single-chip micro­
computers, supporting devel­
opment systems, peripheral 
control circuits, memory 
products, communications 
ICs, gate arrays, standard 
cells, and logic. 

GTE Microcircuits, Mar­
keting Services, 2000 W 14th 
St., Tempe, Ariz. 85281. 

CIRCLE 385 



NEW PRODUCTS 

NEW LITERATURE 

Commercializing 
artificial intelligence 

The commercialization of 
artificial intelligence 

technology is the subject of a 
16-page pamphlet, which doc­
uments the nature of arti­
ficial intelligence and the de­
veloping applications for AI 
technology. The brochure em­
phasizes what is needed for 
AI to succeed in the commer­
cial world-applying it not to 
narrow specialties, but to 
situations and problems en­
countered in a wide range of 
industries. 

Lisp Machines Inc., 6033 W 
Century Blvd., Suite 900, Los 
Angeles, Calif 90045. 

CIRCLE 386 

Powdered-iron 
toroidal cores 

High-permeability pow­
dered-iron toroidal cores, 

with permeability ratings of 
60, 67, and 75, are presented in 
an eight-page brochure that 
provides performance curves, 
outline drawings, inductance 
values, and other related 
technical data. 

Pyrof erric International 
Inc., 200 Madison St., Toledo, 
fll. 62468. CIRCLE 387 

Industrial 
robots 

Robots that can be applied 
to a wide variety of indus­

trial applications are the sub­
ject of this brochure, which 
includes technical specifica­
tions for 20 robot models. The 
literature describes each 

robot, outlining applications, 
work-envelope definition, 
axis-drive method, position 
repeatability, and payload. 
Drawings illustrate config­
uration and axis travel for 
each model. Applications in­
clude material handling, as­
sembly, machine loading, arc 
and spot welding, sealing, 
spray painting, and more. 

GMF Robotics Corp., 5600 
New K ing St., Troy , Mich. 
48098. 

CIRCLE 388 

Solutions for 
static electricity 

An eight-page brochure 
discusses the causes and 

effects of static electricity, 
along with remedies for the 
problems it creates. The 
bulletin covers such topics as 
conductivity, induction, 
grounding, and ionization. It 
also discusses the selection of 
equipment to diffuse static 
electricity and presents a 
number of static-neutralizing 
products. 

Static Inc. , PO Box 80, Skip­
pack, Pa. 19474. 

CIRCLE 389 
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frequency 
doublers 

1to1000 MHz 
only $21 95 (5-24) 

AVAILABLE IN STOCK FOR 
IMMEDIATE DELIVERY 

•micro-miniature , 0.5 x 0.23 in . 
pc board area 

•flat pack or plug-in mounting 

• high rejection of 
odd order harmonics, 40 dB 

• low conversion loss, 13 dB 

• hermetically sealed 

• ruggedly constructed 
MIL-M-28837 performance* 
* units are not OPL listed 

SK-2 SPECIFICATIONS 

FREQUENCY RANGE, (MHz) 
INPUT 1-500 
OUTPUT 2- 1000 
CONVERSION LOSS, dB TYP. MAX. 

1-100 MHZ 13 15 
100-300 MHz 13.5 15.5 
300-500 MHz 14.0 16.5 
Spurious Harmonic Output, dB TYP. MIN . 
2-200 MHz F1 - 40 - 30 

F3 - 50 - 40 

200-600 MHz F1 - 25 - 20 
F3 - 40 - 30 

600-1000 MHz F1 - 20 - 15 
F3 - 30 -25 

For complete specificat ions and performance 
curves refer to the 1980-1981 Microwaves Product 
Data Directory , the Gold book or EEM . 

finding new ways . . . 
etting higher standard 

t:;:;JMini-Circuits 
A D1111s1on of Sc1ent1hc Components Corporat1on 

World 's largest manufacturer of Double Balanced Mixers 

2625 E. 14th St . B'klyn , N.Y. 11235 (718) 769-0200 
C78-3 REV. A 

CIRCLE 242 



Recruitment Advertising 
Electron1cDeslgn 

YOU CAN REACH ENGINEERS WITH TITLES LIKE THESE: 
• Test Engineer • Systems Engineer • Digital Engineer • Quality 
Assurance Engineer • Software Engineer • Analog Engineer • Director of 
Engineering • Data Communications Engineer • Hardware Engineer 
• Project Engineer • Software Development Engineer • Microwave Engineer 
• Reliability Engineer • R & D Engineer • Operations Manager 

Circulation 111,580 
Total Readership 350,000 

RECRUITMENT CLOSING DATES 

Electronic Design is mailed every two weeks . Because of its timeli­
ness, personnel recruitment advertising closes only two weeks be­
fore each issue 's mailing date . 

Issue Date Closing Date Mailing Date 

Sept. 20 Aug. 31 Sept. 14 
Oct. 4 Sept. 14 Sept. 28 
Oct. 18 Sept. 28 Oct . 12 
Oct. 31 Oct. 12 Oct . 26 
Nov. 15 Oct. 26 Nov. 9 
Nov. 29 Nov. 9 Nov . 23 

ANALOG 
DESIGN ENGINEER 

Nicolet Biomedical Instruments, leader in the manufac­
ture and sale of clinical electrophysiological instrumenta­
tion, has an immediate opportunity for an experienced 
Analog Design Engineer. 

The candidate selected for this position will design analog 
circuits for sophisticated medical instruments as part of 
the team dedicated to excellence. The experience 
necessary for this position should include noise interac­
tion, stability analysis, design of high gain physiological 
amplifiers, fiJ,tering circuits, patient isolation systems, 
and AID and DIA converters. A strong background in in­
terfacing analog and digital circuitry and the design of 
hybrid circuits is strongly preferred. A BS or MS in elec­
trical engineering is required with additional training in 
physiology helpful. 

Nicolet is a rapidly growing, high technology company in 
the rolling woodlands of Madison, Wisconsin. With a 
metropolitan population of 335,000, the Madison com­
munity places a high priority on education, quality of life 
and is recognized as one of the top three metropolitan 
areas of its size in which to live. 

We offer a complete benefit package and a progressive 
relocation program. If you are interested in pursuing this 
opportunity send your credentials to : Robert W. Lovely, 
Nicolet Biomedical Instruments, 5225-4 Verona Road, 
Madison, WI 53711-0287, 608/273-5036. Nicolet is an 
equal opportunity employer m/f/h. 

rliE Nicolet 
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EledrolllcDeslg RECRUITMENT ADVERTISING RATES 

1 5% commission to recognized agencies supplying offset film nega­
tives . Net 30 days. Four column makeup. 

DIMENSIONS 

SPACE Wide Deep COST 

One column inch 1-314 " x 1 " $91 
118 page 1-314 " x 5 " $451 
114 page 1-314" x 10" Vert. $901 

3 -112 " x 5 " Hor. 
112 page 3-1 12 " x 10 " Vert. $1,802 

7 " x 5" Hor. 
314 page 5-'/." x 10" $2,703 
1 page 7 " x 10 " $3,604 

Rates 1X 4X 7X 13X 19X 26X 39X 52X 

Per Column Inch $91 $89 $83 $77 $74 $71 $70 $68 

COLOR RATES 
Second color , per page or fraction $430 Matched color , per page or fraction $735 
Additional insertions , same form 310 Additional insertions , same form 430 

3 & 4 color , per page or fraction 780 Sheen inks , per page or fraction 835 
Additional insertions , same form 460 Additional insertions , same form 430 

Camera-ready film I right reading negatives, emulsion side down) or camera­
ready mechanicals must be received by deadline . Or, if you wish us to set your 
ad (typesetting is free) simply pick up the phone and call our RECRUITMENT HOT 
LINE - (201) 393-6000/6076. Ask for : 

Roberta Renard 
RECRUITMENT ADVERTISING MANAGER 

ELECTRONIC DESIGN 
10 Mulholland Drive, Hasbrouck Heights, New Jersey 07604 

PROJECT ENGINEERS 
ANALOG DESIGN 

CALIFORNIA INSTRUMENTS is the leader in IEEE program­
mable AC power conversion equipment and our expanding 
business has created a few key positions within our Engineering 
Department. 

If your analog design background includes some exposure to 
linear and switching power conversion and digital design, have 
we got a challenge for you! The successful candidate will be ask­
ed to assume project responsibility from design inception 
through production. You will be expected to push the state-of­
the-art in AC power conversion in both commercial and military 
environments. 

In addition to a professional working environment, CALIFOR­
NIA INSTRUMENTS offers a very competitive salary and fringe 
benefit package. We are an equal opportunity/affirmative ac­
tion employer. Please send your resume with salary history 
in confidence to: L. LOONEY: or call Toll-Free 
1-800-356-2244 or inside Calif. 1-800-821-1634. 

~~California 
~~~ INSTRUMENTS 

5150 Convoy Street 
San Diego, CA 92111 



engineering 

At our high technology facility in Roll· 
ing Meadows, Illinois, just northwest 
of Chicago, Northrop Engineers col· 
laborate on special projects involving 
the design and development of so· 
phisticated ECM systems. Experi· 
enced professionals can become a 
vital part of an outstanding team of 
R&D engineers working in a techno· 
logically progressive advanced sys· 
fems environment. Our suburban lo· 
cation offers the advantage of a 
lifestyle rich in educational, cultural 
and recreational values. 

We currenHy have posttions available 
for professionals with experience in 
the following specialties: 

ELECTRICAL DESIGN/ 

ATE/MTE DESIGN 
ENGINEERS 

BSEE. BSCS or equivalent and related 
ATE or MTE software/hardware expe· 
rience involving design of auto· 
mated/semi·automated test equip· 
ment systems. 
Hardware: Microprocessor/MSI. LSI, 
analog and RF circuits. 
Software: Real-time microprocessor 
controlled software programming in 
Assembly. Fortran and PASCAL 

MINI PROFILE 

NAME 

HOME ADDRE SS 

CITY , STATE . ZIP 

HOME PHONE 

CURRENT POSITION 

COMPANY 

CAREER INTEREST 

SOFTWARE ENGINEERS 

BSCS/BSEE or equivalent, and expe­
rience in one of the following : 

• REALTIME PROCESS CONTROL: 
Assembly /Fortran 

• ATE SYSTEMS SOFTWARE: 
Fortran 77 /PASCAL 

EW SYSTEMS ENGINEERS 

BSEE, or equivalent; experience with 
active/passive EW systems hard· 
ware/software. Will define system 
capability requirements and threat 
analysis. 

WORK PHONE 

YRS OF EXPERIENCE 



Engineering Opportunities in 
SAN DIEGO, CALIFORNIA 

• Designing and buliding state-of-the-art ASW signal processors for the U.S. Navy 

• Expanding high speed analysis technology to aircraft and communication systems 

We are a world leader in acoustic signal analyses. We need motivated professionals who want to work in a progressive manage­
ment environment, where contributions based on enthusiasm, energy and talent will result in significant individual growth. 

HARDWARE 
SENIOR DESIGN SPECIALISTS 
Responsible for the design, development and systems integration of major portions of digital signal processing systems. Ex­
perience and interest in high-speed digital logic, signal processing , microprocessor based systems and high-speed parallel 
pipeline processors would be desirable for this challenging position . BSEE/ MSEE with 5 or more years of relevant experience. 

DEVELOPMENT ENGINEERS 
Responsible for the design, development and test of general and special purpose digital signal processing equipment . Both 
hardware and microprocesor based software design tasks are anticipated . Familiarity with microprocessor applications and 
digital signal processing techniques preferred . BSEE plus 3 years of applicable experience required . 

ELECTRONIC DESIGN ENGINEERS 
Requires experience in advanced digital hardware design, microprocessor applications, firmware design and microprogram­
mable systems. BSEE plus 3-5 years experience in design and implementation of digital hardware. MSEE desirable. 

DESIGN SPECIALISTS 
Design major subsystems of digital signal processing systems as applied to acoustic signal analysis, including design, develop­
ment, test and integration of subsystem. Experience in signal processing, bit slice processors, 6800 microprocessors and sonar 
signal processing desirable. BSEE or MSEE plus 5 years experience in CPU based digital systems design required . 

SENIOR SYSTEMS ENGINEER 
Systems engineering of major digital signal processing systems as applied to acoustic signal analysis and communication . In­
cludes proposals, system requirements specifications, system designs and hardware/ software performance verification . BSEE 
or equivalent plus 5-7 years experience in digital sonar or undersea communications . MSEE desirable. 

SOFTWARE 
SOFTWARE PROJECT ENGINEERS 
Responsible for the overall technical direction of software projects to include computer systems, software design for 
microprocessed based systems, development of software specifications, detailed software design and integration of software 
with hardware systems. Will also be involved with customer interface, proposal writing and supervision of technical personnel. 
Should be proficient in systems level programming and real-time control of hardware. Familiarity with " C", PASCAL, UNIX and 
DEC operating systems and 68000 microprocessor desirable. BSCS/ MSCS with 5 or more years of revelant experience. 

SENIOR SOFTWARE DESIGN ENGINEERS 
Assist in design of software modules involving generation of software documentation, software code and debug . Must be 
familiar with " C", Pascal, Unix operating Systems, DEC operating systems or 68000 microprocessor. BSEE/ CS plus 3-5 years 
design experience required . Experience with microprocessors and hardware drives preferred . 

DESIGN SPECIALISTS 
Design and documentation of significant software tasks associated with ASW and signal processing systems. Experience in 
real-time software development and systems software design utilizing 68000 and 280 microprocessors required . Experience with 
"C", Pascal, UNIX and DEC Operating Systems desirable. BSEE/ CS plus 5 or more years experience in software design. 

An additional opportunity exists for a: 
SR . RELIABILITY ENGINEER 
Responsible for the preparation and implementation of reliability / maintainability program plans, procedures and demonstration 
testing . Will analyze part failures and recommend corrective action to improve product reliability, maintainability or safety . 
Familiarity with microprocessor based digital signal processing circuts preferred. Ability to use and program IBM PC for com­
puter aided circuit analysis desired. BSEE or the equivalent and recent reliability/ maintainability experience in a military environ­
ment required . 5 or more years experience required . 

• Better than average benefits and compensation 
• Outstanding growth opportunities 
• A management team that believes in growth through technology 
• Respect and recognition for technical contributions 
• The resources and environment that nurture creativity and provide for individual growth 

U.S. CITIZENSHIP REQUIRED FOR ALL POSITIONS 
For immediate consideration, please send resume, including salary history and requirements, in confidence to, or apply at: 

SCIENTIFIC - ATLANTA, INC. 
GOVERNMENT PRODUCTS DIVISION 

9011 Balboa Avenue, P.O. Box 23575, San Diego, CA 92123-0575 
(619) 268-7053 
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RF/IF Processor 
Design Engineers 

Let's Talk 
IF YOU HAVE: 
• BSEE/MSEE degree with 3 to 5 years military or commercial experience in the design of 

analog equipment which spans the intermediate and microwave frequency range . 
• Experience with product design of Receivers , IF Processors, Frequency Synthesizers and 

Waveform Generators for modern radar applications. 

AND IF YOU WANT TO TACKLE THESE CHALLENGES: 
• Low noise high dynamic range radar • Programmable IF signal processors 

receiver deign • ECCM techniques 
• Frequency synthesis with emphasis on • RF microminiaturization 

low phase noise performance • Coherent signal processing 
• Complex wide band RF waveform • l/Q product detection 

generation • Al D conversion 

CHALLENGING OPPORTUNITIES ALSO EXIST FOR: 

Analog Design Engineers 
Experienced engineers needed to design linear and non-linear circuits for analog Signal 
Processing applications. Should be familiar with circuit modeling and computer aided ,.._.,..,.,._ .... 
analysis techniques. 

Analog Engineers 
BS Degree in computer science or electrical engineering with experience in programming 
automatic test equipment using HP-HJOO and HP-9836 computers. Responsible for the 
planning and implementation of the Automatic Testing of a series of RF and microwave 
chassis including reviewing and supporting the work of individual test engineers in the 
detailed generation of Test Programs. 

RCA Missile and Surface Radar is proud of the challenging opportunities it has to offer to 
creative , career minded professionals. In addition to highly competitive salaries and a 
comprehensive benefits package which includes dental and tuition plans, RCA has two on­
site Masters degree programs. 

We are located in Moorestown, a beautiful rural South Jersey area just 15 miles outside 
of Philadelphia. Moorestown is a cultural community offering a variety of lifestyles and 
educational opportunities as well as proximity to many shore and mountain resorts . 

CONTACT RCA MSR TODAYI 
Forward_ your resume to: 

Ms. H.S.C. Phillips 
RCA Missile and Surface Radar 
Dept 235393 
Building 108-111 

, Moorestown, NJ 08057 
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DIVERSIFICATION IS 
THE NAME OF THE CAME. 

IT JUST MAY BE YOUR CHANCE 
TO MAKE A NAME FOR YOURSELF. 

We're the Government & Defense Group of Emerson Electric Co. 
-a St. Louis based, highly diversified corporation with 55 autono­
mous divisions and 140 plants throughout the world. Our defense 
expertise including design, development, production , and product 
support is a result of our employees' hard work, skill , and dedica­
tion. 

Our diverse product lines-Automatic Test Equipment , Electronic, 
Electronic Warfare, and Armaments-are well -known throughout 
the Free World and offer a variety of challenges to professionals 
with different background and career goals in the following areas: 

ATE ELECTRONICS/EW 
• Software/TPS Development • Product Development 
• Product Development (Optical/Electro Mechanical 

Manager (RF) Weapons Systems) 
• Lead Project Engineer • Systems Engineer 

HOW/Software (Math Analysis/Modeling) 

ADVANCED ENCINEERINC 
• Software Analysts 

(Transportabi I ity/Co m pat i bi I ity) 
• Human Factors 

• EW Product Development 
Manager 

ENGINEERING SUPPORT 
• Electronic Packaging 

(Thermal/Stress) 
DESIGN & DEVELOPMENT •PCB Design (CAD) 
• Power Supply Design • Components 

(High Voltage/lmbedded) • Reliability 
• Software Design • Field Engineers (ATE) 

(lmbedded/Real-Time) • Engineering Planners 

We also have positions in ATE & Communications available at our 
Orlando, Florida facility. 

We invite you to call us toll free 1-800-325-0783 or send 
resume to: 

Personnel Resources• Mail Station 4304-165 
8100 W. Florissant • St. Louis, MO 63136 

I-~ EMERSON ELECTRIC CO. 
- Government & Defense Group 

We are an equal opportunity employer 1n every respect • U S C1t1zensh1p Required 
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ENGINEERING 

Top Producer in the largest 
personnel network system 
currently has openings for 
ALL Engineering dis­
ciplines.We offer over 200 
offices throughout the U.S. 
and Canada. All fees, inter­
view and relocation ex­
penses are borne by our 
client companies. Please 
call or submit your resume 
to: 

RIKER PERSONNEL 
8790 Purdue Road, Suite E 

Indianapolis, IN 46268 
(317) 875-9911 

E~ ng1neers 
Software & Hardware 

'"'\.r \) 
Positions available 1n the electronics . computer. 

aerospace . m11i1ary. mdustnat. foss11 and nUclear 
power fields Our fee . plus your interview and 
relocation paid by client companies nationwide US 
citizens or permanent residents send resume and 
current salary or call lor a conl1den11al 
appl1ca11on loll free . 7 days/ 24 hours . (800) 
523·2906 . m PA callee! (215) 735· 4908 

Al. Krasnow (USNA , M.I T) 

Electronics Oepartment 
Atomic Personnel , Inc . 
Suile D·2 . 1518 Walnut St .• 

J A Phila .. Pa . 19102 
~ Engineers Hel~ng Engineers since 1959 

H/ W & ·s1w Engineers & Managers 
Our c lients have need for your 
background . Please send resume to : 

~ SEARCH NORTHWEST 
.... ASSOCIATES 

Ports O'C al l-Swan Island 
4505 N. Channel , Portland . Oregon 97217 
Phone: 15031 288·6560 
Keith Nyman or Doug Jansen 
All Fees Employer Paid 

* South & Southwest * 
Engineering I Management 

send resume or call 
Bob Hogue; Sr. Mbr. IEEE 

So&'Ulut 7~ 
PO. Box 33070 San An1o n10, Texas 78265 

<5 121 650 0988 * * Clients Pay All Fees * * 

PUBLISHED 
EVERY TWO 

WEEKS 
Because there is an issue of 
Electronic Design published 
every two weeks - 26 times 
a year - your help-wanted 
message gets into the mar­
ketplace quickly, yet gains 
the impact that only a 
technical journal can pro ­
vide. 



The true nteasure of a 
contpanyisttspeopl~ 

Hewlett-Packard is highly rated as a 
company with the ability to attract and 
retain top people. We believe that it's 
important to let individuals have the 
freedom to do what it takes to get the job 
done right. 
Our Optical Communication Division is 
a leader in the field of optocoupler and 
fiber optic data communication, and 
we create, manufacture and market a 
broad line of fiber optic communication 
products, high performance optocouplers, 
and discrete detector products. Our 
Components Group has experienced a 
compounded annual growth of better 
than 17% over the past five years. 
We are currently offering technically 
challenging careers with the stability of a 
well established corporation: Hewlett­
Packard. 

Component Design Engineer 
Use your semiconductor packaging or 
fi~er optic expertise to des_ign and develop 
high volume optoelectronic packaging 
for fiber optic applications, and demon­
strate a leadership role in project planning 
and management. Your background 
includes 3-5 years' experience in the 
design of semiconductor packaging and 
assembly or related areas, solid commu­
nication and organizational skills and a 
BSME. MS in ME, EE, physics or optics 
is highly desirable. Respond to Dept. DT 

Analog Design 
Project Manager 
Use your fiber optic design and manage­
rial skills to develop transmitters and 
receivers for high speed data communica­
tions, and lead a team of engineers from 
development concept to product. Your 
background includes 5 years of design or 
related experience to include analog 
ci~cuits, demonstrated project leadership 
skills and a BSEE. MSEE is highly 
desirable. Respond to Dept. IO. 

Analog 
Development Engineer 
Use your design knowledge to develop 
high speed fiber optic data links and 
discrete analog circuits (LED drivers, 
low noise amplifiers, etc.), and to assist in 
~efining new products. Your background 
mcludes 3-5 years' experience in analog 
design including discrete circuit design 
and a BSEE. MSEE is highly desirable. 
Respond to Dept. IO. 

Optical 
Measurement Engineer 
l!se your high frequency and optics expe­
nence to dev~lop and augment computer 
c_ontrolled, high frequency characteriza­
tion systems for ~ber optic components. 
Reqmres an MS m EE/ applied physics 
with training/ experience with high 
frequency analog electrical or optical 
measurements. Optics experience, espe­
cially fiber optics, is desired. Respond 
to Dept. JT. 

Project Leader/ Analog 
Circuit Designer 
You will be responsible for the develop­
ment of new high performance optocou­
pler products. Primary activities include 
a~alo_g c!rcuit ~esign, device modelling, 
c1rcmt s1mulat1ons, product and device 
characterization. You will participate 
in ~e development of new packages and 
optical components and work with other 
engineers doing market investigations, 
r~liability eyaluations and process evalua­
t10ns. Reqmrements include a BSEE 
(MSEE preferred) with a minimum of 
two years' experience in analog circuit, 
interface circuit or switching power 
supply design an~ a good understanding 
of solid state devices. Experience with 
high voltage or high power semiconduc­
tors is valuable. Leadership and supervi­
sory responsibility will be commensurate 
with experience. Respond to Dept. JP. 

HEWLETT 
PACKARD 

Optocoupler 
Development Engineer 
You wi_ll utilize your linear circuit design 
or semiconductor device physics back­
ground to design and/ or improve current 
optocouplers. Initial activities will include 
evaluation and characterization of proto­
type products and participation in the 
~evelopme_nt of new assembly/ packaging 
!me. ~eqmr~s a BSEE or equivalent, 2 
years expenence in the development, 
manufacturing or testing of semiconduc­
tor components. Respond to Dept. JP. 

Optocoupler 
Development Engineer 
You will be the primary electrical contrib­
utor on package development projects for 
new and current optocouplers. Responsi­
bilities include development and evalua­
tion of prototype products, product 
characterization, test equipment specifi­
cation and acquisition, and evaluation 
of optical and semiconductor compo­
nents. Requires a BSEE, BSME or 
equivalent with a minimum of 2 years' 
experience in semiconductor or hybrid 
packaging design and development. 
Respond to Dept. JP. 

Analog IC Design Engineer 
Use your IC design knowledge to develop 
state-of-the-art analog ICs for fiber 
optic transmitters and receivers. Activi­
t!es include design, modelling, simula­
tion, and characterization of ICs, as well 
as participating on the product develop­
ment team from product definition to 
manufacturing release. Your background 
includes a BSEE (MSEE preferred), at 
leas.t 2 years' experience in analog IC 
design, and good communication skills. 
Respond to Dept. KS. 
Optical Communication Division will 
soon be located at our state-of-the-
art facility in North San Jose. Our loca­
tion in the Bay Area offers excellent 
living conditions and HP will provide 
you with one of the best compensation/ 
benefits packages in the industry includ­
ing 401-k tax deferment plan and excel­
lent continuing education programs. 
Find out more. Please send your resume, 
indicating your area of interest and 
department, to: Professional Employ­
ment/ KH-ED, Hewlett-Packard Com­
pany, Optical Communication Division, 
640 Page Mill Road, Palo Alto, CA 
94304. We are an equal opportunity/ 
affirmative action employer. 
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Since 1970, Avtech engineers have developed over 
200 precision products for exacting commercial 
and military applications. That performance by our 
engineers is more than competent : it's brilliant. 
Now, the challenges to our capabilities come thick 
and fast , and accelerating growth requires a few 
more brilliant engineers to make our ideas fly . 
At Avtech , you'll develop new audio, power 
conversion and lighting applications. We have 
available HP 3000, Mainframe, CA Os and IBM PC's 
for your utilization. We currentl y need the following 
facets of eng ineering brilliance: 
SR. POWER ELECTRONICS ENGINEER: Requires 
a BSEE with 5 years minimum experience in 
switching mode power supply design. 
LIAISON ENGINEER: Requires a BSEE with 5 
years minimum engineering and /or manufacturing 
experience. Responsible for the interface between 
engineering and manufacturing . 
Within the stimulating Avtech environment you will 
find many opportunities for growth and 
achievement. Your efforts will be rewarded with a 
competitive salary and an outstanding benefits 
package. Avtech is 10 minutes from downtown 
Seattle. You 'll find Seattle a city of beguiling 
contrasts : cosmopolitan and cultured on the one 
hand , recreational resources on the other. 
Tell us you want to know more about Avtech ; tell us 
you can put wings on ideas. Send your resume to : 
Avtech Corporation, Dept. EZ, 3400 Walllngford Ave. 
North, Seattle , WA 98103. An equal opportunity 
employer. 

t t • 

avcech 
carparacian 
ideas that Fly 

ELECTRONICS 
Mllttary/Commerclal 
Northeast & Nationwide 

• Radar• Integrated Circuits Power 
Supplies • Elect. Packaging Digital 

Design • Logic Design Software 
• Image Processing 

All tees & expenses paid. Call or send 
resume to: 

~Ett PERSONNEL 
1492 Highland Avenue 
Needham . MA 02192 

(617) 449-3840 

Serving the high tech indus tnes. 

Sunbelt Opportunities 
in Electronics 

1 ·800·428·4406 
Toll free 

Na11onw1de professional search /recru1t 1ng 
Serving high technology industries since 1958 

• AProspace • Defense • Eleurorncs 

• An<1log 01g1tal Oes1y11 • A TE 

• Con1rnun1ca11ons • CAD CAM • RubollC<., 

• Soltwarc Hardware • LSI VLSI 

• Optics • E W • Image PrOU!SSlrHJ 

• Microwave Svswrn~ • Sondr 

• M1uop1occssors 1 Hardw Sftwr I 

EXECUTIVE SE AR CH SPECIAL 1STS 

Po. Bo• 5325 • Balt1more, Md 21209 • 301 1433-661 0 

Nationwide Openings in 
Defense, Electronics, Telecomm Com~ 
munications, ATE, Avionics, MIS , Hard­
ware/ Software , Aerospace , Computer 
Systems & Prog, QA / QC , CAD / CA M , 
VLSI/ LSI 

ALL FEES COMPANY PAID 
Will iam Bell 

CAREER OPPORTUNITIES INC . 
734 Walt Whitman Road 

Melville, NY 11747 
1 4 -042 
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Silicon Mountain-
rhe Home of Rocky Mountain High· Tech . .. 
. . . is also the home of OSI-Optical Storage Interna­
tional in Colorado Springs. We are currently develop­
ing an optical laser disk drive and are looking for am­
bitious professionals in the following areas: 

Semi-Conductors- Electrical Engineer 
Your experience should include design of analog as 
well as digital circuits which have been committed to 
an IC. You will assist in the development of IC's for 
use in our next generation drives. BSEE and a mini­
mum of 4 years' experience is highly desirable. 

Mechanical Engineer 
Should have design experience with precision 
mechanisms and disk drive servo experience would 
be highly desirable. Individual should also have ex­
perience with die casting and plastic injection mold­
ing . Requires a BSME and a minimum of 5 years' ex­
perience. 

Systems Evaluation Physicist 
Need individual with exposure to optics, solid state 
physics, statistical analysis, electronics instrumenta­
tion, heat transfer and electricity and magnetism . 
This person will conduct experiments related to the 
performance of optical media in an optical disk drive. 
The individual will also assist on system design in the 
area of media properties . To this effect, the person 
will acquire expertise in state of the art optical re­
cording techniques. A BS in a related discipline and 
some experience necessary. Advanced degrees and 
applicable experience would be highly desirable. 

Optical Engineer 
You will be involved in the design and development of 
a new optical design, and may be responsible for opti­
cal component specifications and testing. You must 
have experience in optical laboratory experimental 
procedures. You should have experience in mechan­
ics and electronics and should be able to lead and di­
rect optical technicians in laboratory experiments. A 
BS in engineering and 6 years' experience is required . 

Consultant 
You will be involved with optical alignment and align­
ment tools, and will define the optical measurements 
principle for testing component. You will also have a 
consulting function in defining department goals. 
You will need to be familiar with diffraction theory , 
computer ray-tracin g and physical optics. Experience 
with optical storage technology, laserdiodes and op­
tical coating technology is desirable. Also desired is 
a basic understanding of photodiodes. A BS in engi­
neering is requ ired. 

The above positions are located in Colorado Springs, 
Colorado. 

Optical Storage International, World Headquarters 
are located in Santa Clara, California. To learn more 
about these outstanding opportunities with OSI , in­
cluding our excellent salary and benef its package, 
send your resume to: Optical Storage International, 
1050 South Academy Boulevard, Suite 138, Dept. 
ED·9/6, Colorado Springs, CO 80910. We are an equal 
opportunity employer, M/F/H/V. 

O
~•Optical 
~!Storage 
V • International 



Consider The 
Challenge 

Precision Monolithics Inc., 
a leading manufacturer of 
precision , high-quality, linear 
integrated circuits , invites you 
to consider the challenge of 
working for a dynamic and 
progressive company. 

If you are looking for a 
challenging position in a 
successful , growing com­
pany, consider the following 
opportunities: 

Linear IC De.sign Engineers 
(Bipolar and CMOS) 

Product Engineers 
(Bipolar and CMOS) 

Test Engineers 

Process Engineers 

Product Marketing Engineers 

Sales / Applications Engineers 

Reliability/ Failure Analysis Engineers 

Programmer Analysts 

Manufacturing Supervisors 

Call us or send us your 
resume in care of Profes­
sional Employment. PMI is an 
equal opportunity employer. 

\PM!l Precision 
1500 Space Park Drive Monolithics 
Santa Clara. CA 95050 

(408) m -6741 Incorporated 

Your Role 
In the Future of 

Thlecommunications 
Technology 

If you're prepared to move into a new 
opportunity in a key management position , 
look to the future in telecommunications. 
Join Telecommunications Technology, Inc., 
the world's largest independent supplier of 
switched access test systems. A recent pro­
mo!ion has opened up a challenging oppor­
tunity for your talent and experience in 
engineering and team motivation. 

Hardware Engineering 
Manager 

We're committed to advancement at the 
leading edge of telecommunications and 
you'll play a critical role in our progress as 
you direct the design of new telecom­
munications test systems. These systems 
measure analog signals with instru­
mentation accuracy and employ a distri­
buted microprocessor architecture. You'll be 
a working manager, and your technical 
focus will move progressively to digital 
hardware design. You'll also prepare 
engineering budgets for time, material , 
costs and labor. Your management respon­
sibilities will include design and perform­
ance reviews, interviewing and hiring top 
quality engineers. A BSEE and five years 
engineering management experience in 
telecommunications, systems or instrumen­
tation are essential. MSEE preferred . 

Join the telecommunications team that 
stresses individual contribution . We'll 
reward you with top benefits, profit sharing 
and stock purchase plan (401 K). For prompt 
consideration, please forward your resume 
to Susan Rowland, Telecommunications 
Technology, Inc., 555 Del Rey Avenue, 
Sunnyvale, California 94086. An equal 
opportunity employer. Principals only, 
please. 
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Electronic Design's 
recruitment newspaper 

is reaching 
130,000 engineers 

professionally and personally 
on the move 
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1 9 84 Career Extra Issues 
FEBRUARY 
Closing: Feb. 1 6 
Mailing: Feb. 1 6 

MAY 
Closing: May 7 
Mailing: May 1 7 

AUGUST 
Closing: July 30 
Mailing: Aug . 9 

OCT./NOV. 
Closing : Oct. 22 
Mailing: Nov. 1 

Call Roberta Renard 1 at (2011 I 393-6000/6076 



MAMUf AClUR£RS: 
the Electronic Representatives Association 
is 1our resource tor a\\ the right reasons 

• 1950 independent sales organizations, emp101ing 9000 protessional sales 
people, selling over $15 billion ol electronic products annuallj 

• independent Manulacturers' Representatives in tne electronics induslrj 
represent all product areas in tne market place trom semiconductors, 
computers, replacement parts and materials to electronic games, nig\1 lidelilj 

components and pro,essional products. 

• Marketing Services are available specilicallj \or manu\acturers: 
\\\e LOCA I OR - a directof'J I isling close to 2000 independent manu\ac­
turers' representative companies tnrougnout tne U.S. and internationa111. 
rorms designed lo guide vou tnrougn tne evaluation ol a representative 

Contract Guidelines - a ne\p\ul " \10'/i to" sample contract to aid in tne 

negotiating process. Lines Available Bulletin - a mont\111 mailing to our members providing 
a quick and el\ective metnod to get vou into tne rep net.vork and vour 
product into tne marketplace, and tree Lines Available listings at most 

maim trade snows. 
• 1ne Electronic Representatives Association is a not-tor -pro Ii\ trade associa­

tion dedicated to tne advancement ol tne independent electronic manu\ac-

turers' representativie system. 

E!ft) 
more than an association a philosophy 

ELEClROM\C REPRESEMlAl\VES ASSOC\Al\OM 

20 East Huron Street 
Chicago, IL 60611 
(312) 649-1 333 
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quick ad1 New and curre nt products for the electronic designer presented by their manufacturers . 

New 50mA CURRENT REGULATING DIODE 
Crystalonics of fers new line of very high 
cu rrent regulating diodes. including a 50 mA 
device. Cl L350 Series ranges from 11 mA to 
50mA. has high source impedance and peak 
operating voltages of 45V Max with selections 
available to 65V Max. Ideal stable reference 
currents for TC zeners. high stability biasing 
for oscillators. & protection for IC's. Free short 
form cata log & data sheet. TELEDYNE 
CRYSTALONICS. 147 Sherman ST.. Cam­
bridge. MA 02140 (617 ) 491 -1670 TWX: 
710-320-1196 
CURRENT REGULATING DIODE 26 1 

MAIN FRAME PERFORMANCE NOW 
AVAILABLE ON VMEbus 

A general purpose VMEbus processing ele­
ment yielding high-end processing power in 
compact cost-effective package. Combines 
68010 microprocessor, high-speed memory 
management facility , fast access cache 
memory and full 32-bit data interface for high­
end processor performance. Executes memory 
resident programs with 75% zero wait state hit 
rate . Performance Technologies, Inc .. 300 
Main Street. East Rochester, New York 14445. 
(716) 586-6727. 

PROCESSOR MODULE 264 

LOW EMI AC DIP SOLID STATE RELAY 
Teledyne's 645V meets FCC and VOE stds. 
Features 3.8 to 32V input and TTL logic 
compatibility . up to 1 amp switchi ng at 
250VRMS, back to back SCR ou tput, low 
leakage cu rrent of lmA RM S, 3750VRMS VOE 
level optical isolation. low insertion factor ot 1-

l.5V, high noise immunity, and virtually no 
switching transients. $4.90 ea for 5000 pcs. 
Teledyne Solid State Products. 12525 Daphne 
Ave, Hawthorne. Ca . 90250 (213) 777-0077. 

RELAYS 267 
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Alphacom/Olivetti 
20, 40 , 80 Column 

Printers, Mechanisms 
Controllers, Thermal 

Paper 

A complete line of cost ettective Printers 
Mechanisms. Controllers . The PU 1100 impact 
print mechanism includes a snap in ribbon. 
The PU 1800 and PU1840 series are 20 and 40 
column thermal print mechanisms . The 
EM 1100 EM 1800. EM 1840 series are control ­
ler boards with mechanism mounted on them. 
Serial and Parallel interfaces are standard. The 
Alphacom 20. 40. 42. 80 are a series of low 
cost stand alonf> printers Available trom Micro 
Electronic Bt1~ 111ess Inc. 312 -539-2994 3748 
W MontrosP Ave . Chicago. IL. 60618 

PRINTERS. MECHANISMS. ETC 262 

Immediate Delivery - Low Profile Keyboard 
Housings. Only $18.25 for one. Quantity 
discounts. 18" wide pictured. Other models. 
Molded of UL vo 94-95 materials; includes 
metal base plate, inserts, screws, bumpons. 
Fabrication, EMI shielding and painting to your 
specifications. Hettinga, Inc .. 2123 N.W. 
11 lth. St.. Des Moines, Iowa 50322 USA. 
(515) 270-6900. Telex 478315. 

KEYBOARD HOUSINGS 265 

ROLYN OPTICS CO. supplies all types of "Off 
the Shelf" optical components. Lenses , 
prisms, mirrors, irises, microscope objectives 
and eyepieces and many others. All from 
stock. We also supply custom products and 
coatings in prototype or production quantities. 
75 page catalog describes products and 
prices. ROLYN OPTICS CO .. 738 Arrowgrand 
Circle, Covina, CA 91725 (818) 915-5707 & 
(818) 915-5717. TELEX: 67 0380. 

OPTICS 268 

ELIMINATE DECOUPLING CAPACITORS 

CAP-BUS® CAPACITOR/BUS BAR Eliminate 
the decoupling capacitors and the power and 
ground traces from your PCB for more 
reliability. CAP-BUS® has distributed capaci­
tance of .05 micro-farads per lin . in .. at 50 voe 
with low inductance and low impedance. The 
capacitor and the bus bar have been joined 
together for CAP-BUS®; a more efficient 
capacitive decou pied power distribution 
system, increasing IC density on a two sided 
board. HORE COMPONENTS, INC., 1500 
Jefferson Rd.. Rochester, NY 14623 (716) 
244-2570 
BUS BAR CAPACITOR 263 

SYNCHRO TO DIGITAL CONVERTER-.42" 
HIGH -50 to 400 Hz operation-tracks input 
rates up to 36000° / sec-low power consump­
tion-Cmos or TTL or LP Shottky Logic­
Velocity output available-0° C to 70° C or -55° 
C to +105° C operation-10, 12 or 14 Bit 
resolution-2.6" x 3.1 ·· x .42" High-units from 
$199.00 each (PT No. SDC610 or 410). For 
other CCC products send for free catalog and 
Application Notes. COM PUTER CON VERSIONS 
CORPORATION. 6 Dunton Court, East North­
port, New York 11731 (516) 261-3300. 

SID CONVERTER 266 

FEDERAL 
COMMUNICATIONS 

COMMISSION 
FCC PART 15, VOE 0871, UL 

COMPLIANCE WOR K FOR CUSTOMERS 
USA, EUROPE AND FAR EAST 

Radiation Technology is an EMl / RFI test 
laboratory. Our test site , equipment and 
procedures are a very close copy of the F.C.C. 
in Maryland. We will test/verify your product 
for F.C.C. compliance and/ or do the complete 
F.C.C. submission. If your product does not 
comply with Federal Law, we can very cost 
effectively bring it into compliance in a short 
time. RADI ATION TECHNOLOGY 18675 ADAMS 
CT. UNIT G. MORGAN HILL, CA 95037 (408) 
778-0577. 

COMPLI ANCE WORK 269 
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LIKE NEW PRODUCTS FOR SALE NOW. 
Free new catalog describes over 6.000 
state-of-the-art electronic instruments for 
sale. It all comes with Money Back 
Guarantee. Before you buy new equip­
ment. check these items! Phone to ll-free 
(800) 225-1008. .in Massachusetts (617) 
938-0900. Or write today to Genstar REI 
Sales Company. 6307 DeSota Ave .. Suite J. 
Woodland Hills. CA 91367. 

FREE SALES CATALOG 270 

PLANE FACT. Nothing prevents warpage ot 
printed wiring boards during soldering more 
simply and effecti ve ly than Rogers· board 
stiffeners. Contact Rogers tor a free board 
stiffener sample. You'll see how they can also 
serve as ground or voltage suppliers ot up to 
25 amps. Ca ll today for the lull story. And get it 
strai ght. Rogers Corporation, Bus Products 
Division. 5750 E. McKellips Rd , Mesa. AZ 
85205, telephone 602 830-3370. 

BOARD STIFFENERS 273 

HYBRID DTMF RECEIVER SAVES SPACE. 
Replace separate CODEC components and 
tone-receiver chips with Teltone's M-958-01 
CMOS circuit. Our dial- tone-immune receiver 
uti lizes 1.544 MHz µ-Law PCM input (CCITT 
standards are also avai lable). The M-958-01 
offers high no ise immu nity and features wide 
dynamic range. The M-958-01 joins Teltone's 
complete fami ly of DTM F generators, detectors, 
receivers and relays. 1-800-227-3800, ext. 
1130. TEL TONE CORPORATI ON, P.O. Box 657, 
Kirkland, WA 98033. 

HYBRID DTMF RECEIVER 276 

A MULTI-USER SBC the MLZ-92A has Z-80A 
CPU, floppy co ntroller. Winchester and 
streamer l / F, DMA, AM 9511 math chip, up to 
64K RAM with parity, 2 ROM sockets, 4 serial 
ports (2 RS 232 ports plus 2 RS 232/ 422) , 4 
counter/timers, 20 bit Intel Mu ltibus, Bi­
directional l / F, memory mapping RAM, 1/ 0 
map, user defined LEDS and dip switch 
positions, and CP / M and MP / M. Heurikon 
Corporation, 3201 Latham Drive, Madison, 
Wisconsin 53713. (800) 356-9602. In Wis­
consin (608) 271-8700. 

MULTI-USER SBC 271 

~ 
\\\\\\\\ 
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IS the IBM PC a DEVELOPMENT SYSTEM? 
YES!!! For on ly $600 you get: 8088 Single 
Board Computer (SBC88) + Development 
Software + Cable (SBC88 to PC) + Documen­
tation . Applications inc lude: Robortic Design, 
Process Control and Automation , Education, 
Dedicated Testers , Lab Application , Prototype 
Designs, etc . Also available: PROM PRO­
GRAMER, PAL PROGRAMER. PC Software 
included . MERIDIAN SYSTEMS 321 Aviador 
St., #111, P 0 Box 3034, Camarillo, CA 93011; 
(805)-484-8696 

SBC88 DEVELOPMENT SYSTEM 274 

CONFORMAL COATED INDUCTORS ... Manu­
factured to the same high quality standards as 
MIL-SPEC molded chokes ... at considerable 
savings epoxy resin coated inductors 
withstand severe environmental conditions . 
standard values from .1 uH to 1,000 uH .. 
custom winding on special order ... 40-page 
industrial inductors catalog on request. J. W. 
MILLER DIVISION of Bell Industries, 19070 
Reyes Ave., P.O. Box 5825, Rancho Dominguez, 
CA 90224 (213) 537-5200. 

INDUCTORS 277 

HUNTER MINI· PLATING PENS 

lA.lRA-COMflACT CU: Cl HO Pu.TING S'tST£1o! 
Wlftl JiURKER PCN CONVEH1£'4Ct 

Mini -Plating Pens 4-page brochure describes 
the Hunt er u lt ra com pact elect ro-p latin g 
system. which was developed speci fi cal ly to 
provide a simple convenient &. sate electro­
plati ng capabi lity for electronic repair & 
touch -up work. Utili zi ng specia l. disposable 
ma rker -type pens. thi s system permits an 
instant aneous selection trorri a wide variety ot 
plating possibilities withou t the bother & 
trouble of handling plating solutions. HUNTER 
PRODU CTS. INC. Hunter Associates Div .. 792 
Partridge Dr. Bridgewater NJ 08807 (201) 
526 8440 
MINI PLAT IN G PENS 272 

WORLD'S LARGEST SELECTION OF 5MM (OR 
SMALLER) TRIMMER CAPACITORS. The most 
wanted features found in various models 
include high stability, low cost, very small size, 
and very high Q at high frequency . SPRAGUE­
GOODM AN ELECTRONICS, INC. (An affiliate of 
the Sprague Electric Company) 134 Fulton 
Ave., Garden City Park, N.Y. 11040. 516-746-
1385 • TLX 14-4533. 

CAPACITORS 275 

PCB JACKS FOR DIRECT ACCESS AND 
TESTING . Choose ADC's new vertically ­
designed, double-density PCB jack and save 
space on the board. Or use our low profile 
horizontal dual jack and save space between 
boards. Both also save on separate jack 
mounting hardware, front plates, connecting 
wi res, mother boards and several soldering or 
wire-wrap steps. FREE SAMPLE and details on 
full line of jacks and accessories are available. 
ADC/ Magnetic Controls Company, 4900 West 
78th Street, Minneapolis , MN 55435; (612) 
893-3010. 
PCB JACKS 278 
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6809 Single Board Computer. 6809 MPU, 2 
serial ports, 4 parallel ports, RAM, EPROM, 
real-time clock, watchdog timer, 44-pin 4.5" x 
6.5" PCB. EXPANS ION MODULES: RAM, 
EPROM, CMOS RAM/battery, analog 1/0, 
serial 1/0, parallel 1/0, counter/timer, IEEE-
488, EPROM programmer, floppy disks, 
cas sette, bread board , keyboard/ display. 
Wintek Corporation , 1801 South Street, 
Lafayette, IN 47904-2993. (317) 742-8428. 

SINGLE BOARD COMPUTER 279 

[@ERSO 

CJC8049 8-bit single chip microcomputer 

FIRST IN SOUTHEAST ASIA. FEATURES 
NMOS Technology • Internal Memory-2K x 8 
ROM • 128 x 8 RAM • Internal Timer/ Event 
Counter • Single level interrupt • Single 5-volt 
supply • Over 90 instructions. 70% Single 
Byte • Timer / counter interrupt available 
• Reduced Power Consumption • Compatible 
with Intel 's MCS-80/ 85 peripherals • Easily 
Expandable Memory and 1/ 0 • Up to 1.36 
µsec instruction cycle (11 MHz operation), all 
instructions 1 or 2 cycles. ERSO / ITRI 8th Fl. 
No. 315, Sung Chiang Rd., Taipei, Taiwan, ROC 
Telex 12974 ERSO ITRI Tel (02) 542-8212. 
SINGLE CH IP MICROCOMPUTER 282 

Z8000'" MULTIBUS'" SBC.28001 or 28002 16-
bit CPU (6 MHz); 32K or 128K DRAM 
(upgradable to 512K); up to 48K static RAM or 
EEPROM ; up to 128K EPROM; 2 RS-232 ports 
(28030 SCC) ; 40 parallel 1/ 0 lines, six 16-bit 
counter-timers (28036 CIOs); vectored inter­
rupts. EPROM Debug Monitor, MICRO CON · 
CURR ENT PASCAL, C, FORTH , VRTX. Dev. 
28000 software on IBM PC, PDP-11 , Intel MOS, 
Olivetti M20 or 8080/ 280 CP/ M system. 
28000'" 2ilog, Multibus'" Intel Corp. SINGLE 
BO AR D SOLUTIONS , 7669 Rainbow Dr .. 
Cupertino, CA 95014. 408-253-0181. 
SINGLE BOARD SOLUTIONS 285 
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Logic 
Simulation 

System 

Interactive Logic Simulation System. A four 
state unit delay simulator. (1, 0, unknown, hi­
z.) Standard ASCII files or keyboard entry. 
User defined macros, signal sources , patterns . 
Output is timing diagram (screen or printer) 
loading report (fanout). Circuit. macros and 
externals. Signal sources are periodic and 
aperiodic , user defined. It is easy to use and 
handles errors gracefully. Full documentation 
is provided . For mic rocomputers running 
CP/ M or MS-DOS. Price : $175.00. Tatum 
Labs, P.O. Box 698, Sandy Hook CT 06482, 
203-426-2184. 
SIMULATION SYSTEM 280 

PORTABLE INDUSTRIAL TERMINAL, for use in 
the rugged industrial environment. is versatile 
and easy to use as an operator workstation or 
programming device. User selects RS232 or 
RS422 to interface to any ASCII computer. 
Features include: cast aluminum housing, 
110-19.2K software selectable baud rates; 
2x 40 LCD; 65-key QWERTY style membrane 
keyboard ; 1280 character memory buffer; 
conversation or edit mode; input power range 
AC / DC, 8-30V; customizing options. MAPLE 
SYSTEMS , INC., 2615 W. CASINO RD. , 
EVERETT, WA 98204 (206) 347-1292. 
PORTABLE INDUSTRIAL TERM INAL 283 

INSTANT CONNECTOR/POTTING KIT. Using 
polyethylene cartridges , connector contacts & 
heat gun , all in kit , inexpensive mating 
connectors can be made on the spot for 
countless connector configurations. lndis· 
pensable in test , maintenance, mfg., R&D and 
more. The polyethylene, an excellent insulator, 
is also a superior en capsulation / potting 
compound for backshell s, c ircuit boards etc . 
Wiring Analyzers Inc., PO Box 4535. Chats· 
worth, CA 91311; 8181709-4500. 

WIRING ANAL Y2ERS 286 

INTELLIGENT ANALOG 1/0 . The RSD- 7728 is 
STD bus compatible w. 16 S.E. or 8 diff. inputs 
and 8 outputs, all with 12 bit resolution. 
Onboard microprocessor has 13 programmable 
modes, 6 for outputs, 7 for the inputs. Add'I 
self-test mode. Inputs have software program­
mable gain. 1/ 0 may be either voltage or 
current loop. Several jumper connected 
voltage ranges. Memory or 1/ 0 mappable. 
Vectored interrupt. Dealer inquiries welcome. 
ROBOTROL CORP .. 1250 Oakmead Parkway, 
Suite 210, Sunnyvale, CA 94086. 408- 778-
0400. 
INTELLIGENT STD ANALOG 1/ 0 281 

SAVE TIME 

SINGLE BOARD COMPUTER/CONTROLLER/ 
DEVELOPMENT SYSTEM . FEATURES; 40 
TTL / CMOS Compatible 1/ 0 lines, RS-232 
Serial Channel, 2 counter timers, Multifunction 
lines, 3 RAM / ROM / PROM sockets, In circuit 
EPROM / EEPROM programming, OPERATING 
SYSTEM , and Advanced feature, high level 
language FORTH . Complete w / case and 
power supply. $290/ unit As low as $120 in 
OEM config. and quantity. New Micros Inc. 
808 Dalworth , Grand Prairie, TX. 75050. (AC) 
214·642·5494. 

SINGLE BOARD COMPUTER 284 

ELECTROSTATIC DISCHARGE CONTROL: 
Tarak N. Bhar & Edward J. McMahon, A 
complete guide to establishing, implementing, 
and monitoring an ESD control program. Static 
control materials, manufacturing processes, 
and special precautions are emphasized . 
Send $21.95 plus $2.00 to cover postage & 
handling to Hayden Book Company, 10 
Mulholland Dr .. Hasbrouck Hts., NJ 07604. 
Reference number 5689 must be included on 
your check or money order. If not satisfied , 
return the book undamaged, within 10 days for 
refund . 
HAYDEN BOOK 287 
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HPl -6418V/25618V 64kb/256 kilobyte dy­
namic RAM module redu ces r~quired PC 
board space by 70% compared to conventional 
memory modules. This memory module offers 
lower distributed capacitance, higher speeds 
& fewer support components. The module 
operates at a lower temp. & has higher speeds 
& reliability factor. The HPl -6418Voperates on 
+5 volts & is ideal for computer / telecom ­
munication applications. Units 100"/ii tested . 
Pricing starts at $125.00 in 100 piece lots . Hv­
Pac Inc., 760 San Aleso, Sunnyva le, CA 94086. 
(408) 745-0950. 
DYNAMIC RAM MODULE 288 

ELECTRO-OPTICAL COMMUNICATIONS 
DICTIONARY: Dennis Bodson & Dan Botez, 
Eds., Never be at a loss for words with this 
complete reference to the most commonly 
used terms in electro-optical communications. 
Send $22.95 plus $2.00 to cover postage & 
handling to Hayden Book Company, 10 
Mulholland Dr., Hasbrouck Hts., NJ 07604. 
Reference number 0961 must be included on 
your check or money order. If not satisfied, 
return the book undamaged, within 10 days for 
refund . 

COMMUN ICATIONS DICTIONARY 291 

DUAL-AXIS X·Y 
ANALOG 
CONTROL 
STICK 

New Type 02 precision control stick avail. with 
a variety of options. Stick motion has ±27° of 
travel along X & Y axes from center. Avail. with 
spring centering or friction clutch. Std. 5K ohm 
potentiometer values in conductive plastic or 
conductive carbon configurations. Trim tab 
adjustment option avail. Panel mount assembly 
std . Choice of bezel assemblies at slight extra 
cost. From $24.05 ea. in 1000 unit lots. 
Delivery from stock. Custom configurations 
avail. Bolt Industrial Controls, Inc. 4645-2F 
Industrial St. , Simi Valley, CA 93063 (818) 
716-5169 
CONTROL STICK 294 

Need to Program Chips? GTEK's outstanding 
Model 7956 Gang Programmer with intelligent 
algorithms can copy 8 EPROMS at a time' The 
7956 will program all popular chips on the 
market through the 27512 EPROMS. It also 
supports the Intel 2764A and 27128A chips. 
The 7956 also programs single chip processors. 
$879 stand alone; $1099 with RS232 option. 
GTEK, Inc., P.O. Box 289, Waveland, MS 
39576; 601 -467- 8048. 

GANG PROGRAMMER 289 

SIMULATES DIGITAL DATACOMM LINK tor 
unit. system. and network performance 
checks and troubleshooting. Select a burst 
error rate ot .5 to 10·0 with 1-999 errors per 
burst. Digital noise source generates statisti ­
cally randorn errors Rep laces Gausian source. 
filters and mixers. Operates 1 bps to lOMbps 
RS232 & RS422 interfaces opt. GENERAL 
DATA PRODUCTS (215)-572-5858 310 Cott ­
man St. Jenkintown. PA 19046. $2520 qty 
1-5. 

MODEL 106 LIN K SIMULATOR 292 

BRI Introduces ITS UNIX* V Development 
System/ Workstation featuring BR168K SBC/ 
68010 CPU 8, 10 or 12 5MHz, l.28Mb RAM, 
Multiuser UNIX* SYSTEM V/Real-Time Execu­
tive 30Mb (Formatted) Winchester 648Mb 
(Formatted) Floppy, ASM, C, Fortran, Pascal, 
Basic, Cobol Development System=Target 
System. Avoid Incompatibilities. *TM ATT. BR/ 
748 Cascadilla Street, Ithaca, NY 14850. 607· 
273-3300 

DEVELOPMENT SYSTEM / WORKSTATION 295 

The NEW OMEGA SLC-11 rs a "stand-alone" 
computer vor ce simu lator The SLC -11 wrll 
monitor any RS232C data stream. ana lyze the 
intorrnation and route rt through any ot 16 
possible outputs to a data bank. computer 
terminal. or even ca ll & brief you directly vra 
the phone Erghty-tive actions can be stimu · 
lated over the phone Programming rs done rr; 
BASIC For rntormatron rn a RUSH . ca ll (203) 
359-7874 OMEGA ENGINEERING. INC. P 0 
Box 4047. Stamford. CT 06907 

SLC. 11 TALKIN G MONITOR 290 

Nonvolatile CMOS Static RAM Boards are Q· 
bus* compatible. available rn 16K up to 64K· 
word (32K to 128K byte) versions . On-board 
automatic memory protect and NiCad battery 
back -up provide minimum two month data 
retention . 22 -bit addressin g with iumper 
selectable starting address and memory write 
protect. 240 ns access time. 400 ma maximum 
(ci) 5V operating. Fits .5 rnch card spacing 
Contact Bill Long. Diversified Technology, P 0 
Box 748. Ridgeland. MS 39157 (601) 856 -
4121 ''' TM Digital Equipment Corp 

NONVOLATILE Q·BUS RAM 

FCC 15J 
COMPLIANCE 

TESTING 

293 

Radiometries Midwest Corporation will test 
your product for compli ance with FCC or 
Military Speci fi cations. As an introductory 
offer, for small systems, certification testing 
per FCC 15J with report is being offered at the 
low cost of $750.00. We also perform testing 
services for FCC Part 18, Mil -Std-461 A/ B, 
RTCA D0-160A, MDS 201-0004. Radiometries 
Midwest Corp. 2200 S. Main St., Lombard , II. 
60148 (312) 932-7262 

TESTING 296 
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DATA GENERAL'S MY/FAMILY-TOP PERFORMANCE, NOT TOP DOLLAR 
Forget VAX:" 

~=-- Data General's ECLIPSE® MV/Family of 
32-bit computers brings you the best price/ 
performance available for engineering 
applications-while running some of the best 
e lectronics engineering software. 

TWICE AS FAST AS VAX 
Consider the price/performance graph 

shown below. On the basis of dollar-per-MIP, 
Data General's MV/10000'" gives you twice the performance of the VAX 11/780-at a lower price;!' 

Now compare the MV/8000®II to the VAX 11/780. Same performance. But the MV/8000II is half the price. 
The same holds true when you compare the MV/4000® to the VAX 11/750. And our recently announced 
OEM MV /8000 Coffers almost twice the performance of the VAX 11/750. But it's the same price. 

RUNS THE MOST WIDELY-USED SOFTWARE 
You can run all of the best software on our ECLIPSE MV Series, including TEGAs:· NCA/DVs:· 

MicroSet-86~ ECAD's DRACULA, and Mentor's CADISYS~ 
Data General keeps you a generation ahead with comprehensive 

service plans and industry standard software development environments. 
For further information, write Data General Corporation, M.S. Fl34, 

4400 Computer Drive, Westboro, MA 01580. 
*Compared to the VAX 11/785, our MV /10000 offers 40% better performance 
for two-thirds the price. 
Copyright 1984 Data General Corporation, Westboro MA. ECLIPSE, ECLIPSE MV /4000 and ECLIPSE MV /8000 are 
registered trademarks, and ECLIPSE MV/10000 is a trademark of Data General. DEC and VAX are trademarks of Digital 
Equipment Corp. Prices based on Data General and DEC price lists and other publicly available information as of Jan. 1984. 
TEGAS is a trademark of Calma Co. MicroSet-86 is a registered trademark of First Systems Corp. CADISYS is a registered 
trademark of California Automatic Design . 
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Shortest Leadtimes in the Industry 

C-Grid: the Molex .100" x .100" 
PCB interconnection system. 

Tin plated for 
improved solderability 

C-Grid is the most advanced high density interconnection 
system Molex has ever designed for board-to-board , 
wire-to-board and wire-to-wire applications. It features 
selective plating , for the highest performance at the lowest 
cost, and offers you a wide variety of companion products 
for convenient design flexibility and reliability. 

The C-Grid system achieves its high density capability 
by using .025" {0,64mm) square pins for the male 
connector parts , set in a .100" x .100" (2,54 x 2,54mm) 
matrix. The pins can either be placed directly in the board 
or used in volume with wafer bodies. 

To load loose pins into the PC board , Molex offers a 
patented single- or Multi-Pinsetter® capable of up to 
156,000 insertions per hour - the fastest on the market. 

Shrouded and unshrouded headers are available in 
straight and right-angle wafer bodies. 

First in Customer Service ... Worldwide 

Segmented 
wafer body separates 
into smaller units 

.025" 
selectively 

IDT™ insulation displacemer 
terminal accepts discrete wir 

or ribbon cabl 

~~~egi-~~uare 

Selective gold 
plating on contact 
area of dual beam 

contact terminal 

-----UL 94V-O 
material 

The #8676 dual-row, insulation displacement 
connectors are stackable , end-to-end , and feature IDT™ 
terminals with mass termination applicat ion tooling 
available to help you achieve greater cost savings 
in your assembly operations. 

Molex closed-or open-end shunts make it easier and 
less expensive to retrofit board circuitry by avoiding DIP 
switches. 

Molex also offers a female connector (7990-series) to b6 
soldered to one board and mated with the .025" (0 ,64mm) 
pins on another. Its features include low mat ing force, easE 
of insertion and improved solderability. 

Fpr more information on our C-Grid interconnect ion 
system, contact the Molex office nearest you . 
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Corporate Headquarters: 2222 Wellington Court, Lisle, Illinois 60532 Phone: (312) 969-4550 Telex: 27-0072/25-4069 
European Headquarters: Molex House, Church Lane East, Aldershot, Hants, England GU11 3ST Phone: (0252) 318221 Telex: 851858988 
Far Eastern Headquarters: 5-4, 1-Chome Fukami-Higashi, Yamato-Shi, Kanagawa Pref., Japan Phone: (462) 614500 Telex: 781-03872486 




