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9• Circuit Testing Update/No. 9 in a series from Hewlett-Packard. 

HOW CAN YOUR MICROPROCESSOR BOARD HELP TEST ITSELF? 

It's ironic. The very intelligence that 
makes your products excel can also 
be the obstacle that makes testing 
difficult. Why? Because those intel-
ligent microprocessors are difficult 
to model. And until they're put to 
work via code, they're no smarter 
than any other piece of silicon. Can 
they be awakened and used to test 
themselves? Let's look at some of 
today's testing techniques and see. 

Alternatives for testing micro-
processor boards. 
Board testers available today gen-
erally use one of four approaches: 
1) Simulator board testing. This is 
an edge-connector and guided probe 
testing technique that relies on 
patterns from a simulation model. 
The processor is usually removed 
from the board, and input patterns 
applied. Output patterns are then 
compared with those predicted by 
the simulator. If the patterns match, 
the support logic is judged good. 
Next the processor is inserted and 
different patterns are applied. Now 
the outputs are compared to those 
predicted based on the original 
model plus a high-level software 
model of the processor. If those 
patterns match, the entire board is 
said to be good. Excessive time can 
be consumed generating both high-
level models and testing software. 
2) 1n-circuit testing. Using a bed-
of-nails fixture, contact is made with 
each logic circuit on the board, 
including thep.P. Pulses are applied 
to input pins of each device. Outputs 
are compared to those predicted 
from device truth tables supplied by 

manufacturers. These libraries are 
programmed for common device 
configurations and must often be 
modified for actual configurations. 
3) Comparison testing. In this edge-
connector and guided probe method, 
a known good board must be avail-
able as a reference. The known and 
unknown are initialized, synchronized 
and then are compared by applying 
preprogrammed instructions or 
patterns, or by stimulating with 
pseudorandomly generated pattern 
sets. If the outputs match, the 
unknown board passes. 
4) Processor-based testing. This 
technique uses the intelligence of 
thep.P on the board. The board is 
powered up and operated at speeds 
up to 10 MHz using preprogrammed 
test code resident in the test system 
or on the board itself. The on-board 
i.t.P executes this code to exercise 
the address and data buses, and sup-
port circuitry. Key nodes are 
monitored with signature analysis to 
detect faults. 

Why does HP use processor-
based testing? 
Our experience in testingµP boards 
has revealed several benefits of 
processor-based testing. That's why 
we've incorporated it into our 3060A 
Board Test System with the High 
Speed Digital Functional Test option. 

First of all, boards are tested at 
speed, with all components, buses 
and control lines operating in modes 
similar to actual use conditions. The 
result? Ability to test pins which are 
not exercised unless the processor is 
executing instructions (Fig. 1), plus 
detection of faults related to the 
address and data bus structure and 
timing faults. 

Exampties of Processor Pins Testable Only With Software 

8085 6800 280 

INT 
NMI Interrupts 

INTR RST / 5 
TRAP RST 6 5 

RST 55 
7i1 

Control 
Outputs 

So RD 
Si WR 

VMA M I 
RD 
7VÉ-
FWD' 

Other 
SID 
SOD 

Fig. 1 

in addition, processor-based testing 
permits fault detection using 
Signature Analysis (SA), which is 
complimented by new software in the 
digital functional testing package. SA 
allows rapid fault isolation to the 
component level on active bi-
directional buses. That means high 
throughput in production. 

Furthermore, with the program-
ming aids available from HP, func-
tional test program development 
time is minimized forp,P, memory 
and 10 boards. For example, you can 
either modify existing routines pro-
vided by HP, build your own stimulus 
routines using HP-supplied building 
blocks, or develop stimulus programs 
on a development system and down-
load to the 3060A. The bottom line 
of processor-based testing is fast test 
program development, high through-
put, and high yield at the final 
product level. 

Call HP 
To find out how processor-based 
testing can benefit you, write: 
Hewlett-Packard, 1820 Embarcadero 
Road, Palo Alto, CA 94303. Or, call 
the HP regional office nearest you: 
East (201) 265-5000, West (213) 
970-7500, Midwest (312) 255-9800, 
South (404) 955-1500, Canada 
(416) 678-9430. 
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Now, HP has two more ways to cut 
digital troubleshooting costs. 

5005A Signature Multimeter. 
Before signature analysis (S.A.) trouble-

shooting microprocessor boards was tedious, 
time-consuming and costly. S.A. changed this 
by giving each complex bit stream its own unique 
hexadecimal signature, enabling technicians 
with minimum training to identify faulty nodes. 

Now, the HP 5005A Signature Multimeter goes 
the next step by combining a high speed signature 
analyzer with a DMM, frequency/time interval 
counter and logic probe in one compact, light-
weight package. This versatile combination adds 
a new level of convenience, making it easier 
than ever to track down faulty components in 
both service and production environments. 

The 5005A Signature Multimeter offers features 
new to S.A.: preset logic thresholds for TTL, 
ECL and CMOS; variable thresholds (±12.5V); 
a clock-qualified Signature Analysis mode; and 
a 20 MHz clock rate coupled with a lOns set-up 
time for high speed logic. It only weighs 8 lbs. 
(3.5 kg.), so it travels anywhere. The price 
is $2500? 

  : (hp] 

5001A Microprocessor Exerciser. 

Here's a simple way to take advantage of S.A., 
even if it isn't designed into your product. Just 
insert your board's microprocessor into the new 
HP 5001A Microprocessor Exerciser, plug the 
5001A into the empty board socket, and use its 
ROM to run test stimulus programs. The 51 self-
contained S.A. stimulus programs thoroughly 
exercise the microprocessor, buses, ROM, RAM 
and I/O circuitry. Easily monitor the resulting 
signatures at your product's test points with HP'S 
5004A or 5005A Signature Analyzers. The 5001A 
is available for the 6800 microprocessor now-
8085 and Z80 soon. 5001A price is $woe 

For more information, call the HP regional 
office nearest you: 
Fast (201) 265-5000, West (213) 970-7500, 
Midwest (312) 255-9800, South (404) 955-1500, 
Canada (416) 678-9430, or write to 
Hewlett-Packard Co., 
1820 Embarcadero Road, Palo Alto, CA 94303. 
Prices domestic U.S. only. 
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The most capable universal counter HP 
has ever offered. 

Add it up—we think you'll find that 
HP's 5335A has universal counter 
capabilities you can't get anywhere else 
at any price. First, it gives you superb 
resolution in frequency and time interval 
measurements. Then, at the touch of 
a few keys, it will automatically measure 
phase, slew rate, duty cycle, rise/fall 
times, or do statistics. Built-in calculations 
and Hewlett-Packard Interface Bus 
operation are standard, too. And surprise, 
it costs just $2950? 

Naturally, the HP 5335A gives you 
all the frequency, time interval and 
totalizing measurements you usually get 
in a universal counter. But this counter 
goes on to give you remarkable per-
formance and operating features. 
Circle 2 on reader service card 

For example, its automatic interpolators 
and reciprocal-taking frequency 
measurement technique give you a 
constant frequency resolution of 9 digits 
per second up to 200 MHz (or even to 
1.3 GHz optionally), and a time interval 
resolution of 2 ns for single shot events. 
You get four modes of triggering. 

Included is a new auto preset trigger 
mode that tracks variations in dc 
offsets. So, when offsets vary, there's 
no need to fiddle with trigger controls 
or to reprogram them in automatic 
systems use. And digital readout of 
trigger level and gate time is standard. 

There's more. Six modes of arming 
give you outstanding versatility when 
measuring frequency bursts, profiles or 

similar dynamic parameters. The display 
can be smoothed by weighted-averaging 
for a stable readout. The built-in calcu-
lator lets you apply math ( +, —, X, H.-.) 
to any measurement. RFI and EMC 
are excellent. Options include a built-in, 
integrating, floating DVM for $275* 
and a 1.3 GHz, 10mv sensitivity, C 
channel for $450? 
The new 5335A is truly a remarkable 

instrument at a remarkable price. Get 
the full story from your nearest HP sales 
office today or write, Hewlett-Packard, 
1507 Page Mill Road, 
Palo Alto, CA 94304. 

'Domestic U.S. prices only. 
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Highlights 

Cover: Digital ICs set to take over TV receivers, 97 

Television sets are one of the latest items ready to fall before the onslaught 
of digital integrated circuits. Specifically, a set of chips—both large-scale 
and very large-scale ics— has been made that processes the digitized video, 
audio, and deflection signal under computer control. That will bring about 
savings in the necessary alignment procedures, as well as the usual ones 
accruing from fewer parts. 
The cover was designed by Art Director Fred Sklenar. The photographs 

are by Managing Editor, Technical, Raymond P. Capece. 

France cautious on nationalization, 81 

The Socialist government in France plans to nationalize 11 major industrial 
groups but is proceeding slowly, partly because it wants to avoid turmoil on 
the Paris Bourse. 

Filter chip cuts noise in hi-fi systems, 104 

An integrated circuit with two low-pass filters removes audio noise by 
varying the filter bandwidth as a function of the high-frequency contents of 
the input signal. In contrast to other noise-reduction systems, there is no 
need to encode the program material before broadcasting or recording it, and 
noise already present in a source is removed. 

C-MOS logic arrays can yield high-quality analog circuits, 109 

Popular as a cost-effective solution to semicustom digital designs, comple-
mentary-mos logic arrays can be configured as analog circuits as well. But 
their low power consumption has been bought at the cost of lower perform-
ance—a defect now remedied by new design techniques that apply to 
metal-gate o-mos arrays. 

Memory management moves into microsystems, 119 

Multiple-user capability is migrating from mainframes to smaller, less 
expensive computers, and that requires memory management techniques like 
those used on the larger machines, as this special report details. Such 
schemes in effect expand a system's memory capacity by storing only 
currently needed segments of a program in main memory. Additional gains 
are faster response times at terminals and quicker switching between tasks. 
The challenges: deciding which portions of a program to place in main 
memory and protecting tasks from illegal operations. 

In the next issue . . . 

Wescon preview . . . a pair of local networks . . . direct mounting of 
chip-carriers . . . venture capital: an Inside the News story . . . a memory 
management chip. 
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power 
amplifiers 
1 Watt and now... 2 Watts linear output 
from 50KHz to 1200 MHz from 199 

If your application requires up to 2 watts for intermodulation testing of compo-
nents... broadband isolation ... flat gain over a wide bandwidth... or much 
higher output from your frequency synthesizer or signal/sweep generator... 
Mini-Circuits ZHL power amplifiers will meet your needs, at surprisingly low 
prices. Seven models are available, offering a selection of bandwidth and gain. 

Using an ultra-linear Class A design, the ZHL is unconditionally stable'and can 
be connected to any load impedance without amplifier damage or oscillation. 
The ZHL is housed in a rugged V8 inch thick aluminum case, with a self-contained 
hefty heat sink. 
Of course, our one-year guarantee applies to each amplifier. 
So from the table below, select the ZHL model for your particular application 

...we'll ship with in one week! 

Gain 

Model Freq. Gain Flatness 
No. dB dB 

ZHL-32A 0 05-130 25 Min I" 0 Max 
ZHL-3A 0.4-150 24 Min ± 1 0 Max 
ZHL- IA 2-500 16 Min -1-1.0 Max 
ZHL-2 10.1000 15 Min -± 1 0 Max 
ZHL-2-8 10.1000 27 Min ± 1 0 Max 
ZHL-2-12 10-1200 24 Min Ir 10 Max 
ZHL-1-2W 5-500 29 Min ± 1 0 Max 

Max. Power Noise Intercept 

Output dBm Figure Point 
1-dB Compression dB 3rd Order dBm Voltage Current 

Price 

$ Ea. 

• 29 Min. 
.295 Min 
• 28 Min 
•29 Min. 
.29 Min. 
29 Min.• 

.33 Min 

10 Typ 
11 Typ 
Il Typ 
18 Typ 
10 Typ 
10 Typ 
12 Typ 

Total safe input power .20 dBm. operating temperature 0' C i • 60 C. storage temperature 
-55' C to +100- C. 50 ohm impedance, input and output VSWR 2 I max 
+28.5 dBm from 1000-1200 MHZ 
For detailed specs and curves, refer to 
1980/81 MicroWaves Product Data Directory. Gold Book. or EEM 

* BNC connectors are supplied. however 
SMA, TNC and Type N connectors are also available 

• 38 Typ. 
- 38 Typ 
38 Typ. 
• 38 Typ. 
• 38 Typ. 
• 38 Typ. 
• 44 Typ. 

DC Power 

• 24V 
- 24V 
• 24V 
4- 24V 
+ 24V 
+24V 
• 24V 

0 6A 
0 6A 
0 6A 
0 6A 
0 65A 
0 75A 
0 9A 

199.00 
199 00 
199 00 
349 00 
449.00 
524.00 
495.00 

Qty. 

11-91 
11-9) 
11-9) 
II-91 
11-91 
11-9) 

=Mini-Circuits 
A D s on Soentllec Lomponents CorporallOn 

WorldS largest manufacturer of Double Balanced Mixers 
2625 East 14th Street, Brooklyn, New York 11235 (212)769-0200 

Domestic and International Telex 125460 International Telex 620156 
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500 
atts 

o 
er A. 

ENI A-500 
broadband 
power amplifier 
delivers 500 W 
0.3 to 35 MHz 

• 

Here is the biggest, toughest, 
ruggedest, solid state Class A linear 
amplifier we make It's designed 

to stand up in hostile environments, 
yet it's easy to field service 

because all major subassemblies 
are "plug in" replaceable 

Designed for use in HF transmitters, 
RFI/EMI applications, linear 
accelerators, and gas plasma 

equipment, the ENI Model A-500 
broadband power amplifier is 

capable of delivering more than 500 
watts of output over the frequency 

range of 0.3 to 35 MHz 

And like all ENI power amplifiers, 
the A-500 features unconditional 
stability instantaneous failsafe 

provisions, and absolute protection 
from overloads 

For more information, a demon-
stration, ora full line catalog, please 
contact us at ENI, 3000 Winton 
Road South, Rochester, N Y14623 

Call 716/473-6900 or 
telex 97-8283 ENI ROC. 

ENI 
4111111tA Th , e advanced 

dilb design line of 
power amplifiers 

Publisher's letter 

VLSI men.. Project leaders for ITT-Intermetall's digital TV system are, from left, Daniel 

Mlynek, Peter Flamm, Edmund Zâhringer, Herbert Elmis, and author Thomas Fischer. 

To designers at ITT Intermetall 
GmbH, the Freiburg, West Ger-

many—based headquarters company 
of the i'n' Semiconductors Group 
and a long-standing supplier of inte-
grated circuits to the television 
industry, it has long been apparent 
that the way to go in Tv set design is 
digital. Only by turning to digital TV 
circuits, implemented with large-
and very large-scale integration 
techniques and offering a high com-
ponent-replacement factor, can set 
makers lower their costs. 

Recognizing that, "we embarked 
on a development effort that turned 
out to be the most ambitious one our 
firm has undertaken since becoming 
a member of the irr group in 1965," 
points out Thomas Fischer, one of 
the five project leaders and author of 
the article beginning on page 97. 
"Thus far, we have invested some 
140 man-years and spent about 
5,000 hours of computer time in the 
digital-Tv effort," he notes. 

Ever since Intermetall introduced 
the first mos IC for color TV in 1973, 
engineers at the Black Forest com-
pany have kicked around the idea of 
applying digital techniques to receiv-
er design. Then, in 1977 the first 
experiments by a two-man team 
were conducted. "The results were 
so encouraging that a decision to 
develop the necessary Ics with 3-
micron technology was made the 
same year," Fischer recalls. The 
prime moving force in this effort has 
been Yugoslav-born Ljubomir Mic-
ic, now managing director of ITT 

Semiconductors Worldwide [Elec-
tronics, Nov. 6, 1980, p. 14]. 
The design and layout began in 

the fall of 1980, and the first circuits 
were successfully tested early this 
year. A kit with two LSI and six VLSI 
chips are planned to be announced at 
the Radio and Television Exhibition 
in West Berlin, Sept. 4 through 13. 
First samples of the kit should be 
shipped to key customers in Decem-
ber, and it will be generally available 
early next year. 

h aving great stores of memory 
available to microprocessor-based 

systems is a logical extension of the 
processing power of the latest 16-bit 
chips, whose addressing range reach-
es to megabytes. But, as microsys-
tems and software editor Colin John-
son points out in his special report 
beginning on page 119, effective 
schemes are needed to manage all 
that memory. "Many of the current 
16-bit processors are as fast as the 
mainframe of five years ago," he 
says, "but to harness that speed you 
need memory management." In his 
report, Colin looks at the various 
schemes chosen by the microproces-
sor makers. "The 16-bit microsys-
tems will really come into their own 
when the memory management 
chips start being used," he predicts. 
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WIDE FLEXIBILITY... 
FROM ENGINEERING TO 
MANUFACTURING APPLICATIONS. 

The 9300M Memory Test System responds to 
LSI development by meeting all your up-to-date 
requirements. Major features are complete 
parallel and separate measurements that have 
been achieved with our unique technology. 
Also, a small head permits the connection of the 
9300M to auto handler and wafer prober to 
enable high-level testing without impairing 
high-speed characteristics and reliability. 
Various software includes simulation and panel 
mode for perfect overall performance. The 
9300M Memory Test System directs will up-
grade of productivity in every field. For more 
details about the 9300M, write for our brochure. 

Features 
• Test speed: 30MHz 
• Four tests including a function test and DC test can be 
accomplished simultaneously 
• A pin matrix function which eliminates test board wiring 
• A memory test pattern generator 

Microprogramming is facilitated with 700 commands 
Control memory capacity is expandable to IK words 

• Fault analysis 
Expandable 256K bits of failure memory 
A real time result memory is utilized 

• Timing generator 
Resolution: 100ps 
Split level: 16 levels 

• Partial test based upon memory cell structure 
• Built-in auto-skew adjustment 
• Software: RX-I1 with high through-put is employed 

Li MINATO ELECTRONICS INC. 
4105, Miriam' Yamada -cho, Kohoku-ku, 
Yokohama, 223, Japan Phone: 045-591-5611 
Cable: MINATOELEC YOKOHAMA 
TELEX: 3822-244 MINATO J 
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Plastic Film 
Capacitors  
Lead Spacing 5mm 

II Space saving design up to 1 pF 
um High capacitance/temperature 
stability. Suitable for automatic 
insertion; available on tape 
for volume usage 

WIMA MKS 2 Metallized 
polyester type providing extremely 
small dimensions at maximum 
capacitance/volume efficiency. 

Ranges also include WIMA FKS 2/ 
WIMAFKC2/WIMA FKP 2: polyester/ 
pblycarbonate/polypropylene with 
metal foil electrodes. 

WIMA PCM 5 mm 
Capacitors: 
Tomorrow's technology! 

WILHELM WESTER MANN 
Spezialvertrieb elektronischer Bauelemente 
P.O. Box 2345 D-6800 Mannheim 1 
Fed. Republic of Germany 

U.S. Sales Offices: 
THE INTERNATIONAL GROUP INC. 
North Dearman Street - P.O. Box 23 
Irvington New York 10533 (914) 591-8822 

TAW ELECTRONICS CO. 
4215 W. Burbank Blvd.. Burbank 
California 91505 - (213) 846-3911 

Readers' comments 
Guesstimating defense costs 

To the Editor: In "The Pentagon 
goes shopping for technology" [June 
30, p. 91], the chart entitled "Who 
spent what for defense in 1980" lists 
a total of $142.7 billion spent by the 
United States, while the per capita 
U. S. expenditure is listed as $1,644. 
A bit of quick division will show 
that, judging by your figures, the 
population of America is roughly 60 
million. Given the actual population, 
the expenditure should be $644 per 
capita. 

Still, it is interesting to note that 
the U. S., even with the revised fig-
ures, still spends more on defense 
then the much-feared Soviet Union 
on a per-capita basis. It is also 
important to note that the statistics 
for Soviet Union are supplied by the 
Central Intelligence Agency, which 
is not a very reliable source of infor-
mation these days. 
The CIA's cost estimates are off 

for several reasons. First and fore-
most, it "guesstimates" how much 
the Soviet Union is spending by 
assuming (and this assumption is 
very incorrect) that, for example, a 
T-72 tank costs as much as an X M-1 
Abrahms. However, the Abrahms is 
loaded down with all sorts of addi-
tional equipment that make it in 
reality just about twice as expensive 
to produce as the T-72. 
The CIA also estimates manpower 

costs at a totally unrealistic level (by 
neglecting to take into account the 
simple fact that Soviet soldiers don't 
volunteer) and includes other basi-
cally incorrect statistics when com-
piling their figures for the Soviet 
Union. In reality, it is probably safe 
to assume that Soviet spending is 
about $30 billion less than esti-
mated—in other words, less than 
ours. That sort of puts things in a 
different light, doesn't it? 

Name withheld by request 

Correction 

In "Electronic lock boasts low cost and 
low power" (July 14, p. 127), the lines 
connecting pin 15 of the 4017 decade 
counter with pin I I of the counter and 
pin 10 of the 4013 flip-flop should be 
omitted from the schematic. 

RESEARCH 

1 

1981 

WORLD 
MARKETS FORECAST 

DATA BOOK 

...that belongs in the 
hands of everyone 
serious about the 
technical, financial, 
and planning outlook 
for electronics. 

Electronics' highly respected 
23rd annual World Markets 
Forecast has been expanded 
to provide an in-depth look at 
current and future demand 
for some 200 component and 
equipment products in the 
USA, Western Europe, and 
Japan —including 23 addi-
tional pages of market-esti-
mate and growth-rate tables. 

Includes information not 
published elsewhere... 

•1979-84 compound U.S. 
growth rates • U.S. report 
research methodology 
• economic analyses for U.S., 
Western Europe, and Japan • 
Product-by-product markets 
for 11 Western Europe 
countries 

Delivery is immediate (air ship-
ment outside N.A.) for the Elec-
tronics 1981 World Markets Forecast 
Data Book. $125 must accompany 
your order to: 
Electronics Magazine Books 
42nd Fl. 
1221 Ave. of the Americas 
New York, NY 10020 USA. 
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The Silent 
Commander. 

743   
Keyboard Send-Receive Data Terminal 

5 x 7 dot matrix 
thermal printhead 

EIA RS-232-C 
or DC-current 
loop interface 

Switch-selectable full 
ASCII/dual APL 

keyboard (optional) 

TI's Silent 700* Model 743 KSR Data 
Terminal can help you take command 
of your data entry application needs 
today. The compact 743 offers a 
variety of easy-to-use standard fea-
tures and options, and is an ideal input/ 
output console. And with virtually 
silent thermal printing, the low-cost 
743 leads the way for efficiency and 
reliability. The field-proven 743 is also 
available as a Receive-Only model. 
With either 743, you can depend on 
high-quality Silent 700 performance. 

Answerback memory (optional) 

Typewriter-like 
ASCII keyboard 

TI is dedicated to producing qual-
ity, innovative products like the Model 
743 KSR Data Terminal. TI's hundreds 
of thousands of data terminals shipped 
worldwide are backed by the technol-
ogy and reliability that come from 50 
years of experience, and are sup-
ported by our worldwide organization 
of factory-trained sales and service 
representatives. 

For more information on the 
743 terminals, contact the TI sales 
office nearest you, or write Texas 

*Trademark of Texas Instruments 

Operator selectable printing 
speeds of 10 or 30 cps 

110 or 300 baud 
transmission speeds 

Switch-selectable 
full or half 
duplex operation 

Calculator-type embedded 
numeric keypad 

Instruments Incorporated, P.O. Box 
202145, Dallas, Texas 75220, or phone 
(713) 373-1050. In Canada, write 
Texas Instruments Incorporated, 41 
Shelley Rd., Richmond Hill, 
Ontario L4C 5G4, or phone 
(416) 884-9181. 

We put computing 
within everyone's reach. 
Copyright © 1981. Texas Instruments Incorporated 

TEXAS INSTRUMENTS 
IN 
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Speecti 
Synthesis 

adds personality to your products 

,  No lights, buzzers or numbers 
have ever replaced the human voice. 

Telesensory Systems makes speech 
simple by offering a choice of three 

voice response boards. Simple to 
interface, simple to use. 

Consider speech for automated 
test equipment, process control, 

instrumentation, elevators and business 
machines. Speech modules are available 

From for as little as $125 
in single quantities. 

• SPEECH 1000 — Natural sounding, life-like speech with linear 
predictive coding. 

• Series III — Low-cost versatility with waveform encoding (invented 
by Forrest Mozer). 

• Series 11— Most economical synthesizer board with vocabulary. 

Whether you're prototyping or in production, turn to Telesensory 
for board level products supported by our own low-cost vocabulary 
generation services. Call (415) 856-0225 for a speech demonstration. 

lèlesensorySpeechSystems 
3408 Hillview Avenue, PO. Boa 10099, Palo Alto, CA 94304, (415) 856-TALK 

Circle 10 on reader service card 

Flank 
Drive 

Best wrench 
idea since 
ierwier-cerz. 

pioneered the 
detachable socket! 

These new Snup-(n) sockets contact nuts, bolts 
and cap screws at the flanks instead of the corners. 
Result: a firm, corner-saving pressure on 12 point 
(double hexagon) and 6 point (single hexagon) 
fasteners. Available in sockets, Boxockets, flare 
nut and crowfoot wrenches in a wide range of 
sizes. Phone your nearest Snap-on branch or 
write us. Snap-on Tools Corporation. 
28th Ave., Kenosha, Wis. 53140. 
Sna,.. SSS aregoorer aor orpm.r.1 vs marts Si Sner. 

erwiev-nez. 7-cecris 
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News update 

• A-m stereo is not dead; it is being 
held prisoner by the Federal Com-
munications Commission. After se-
lecting a design from Magnavox 
from among five proposed a-m 
stereo systems and then reconsider-
ing [Electronics, August 14, 1980, 
p. 55], the FCC has yet to come up 
with a new selection. 

"At this point we are aiming at 
the first quarter of 1982," says 
Henry L. Baumann, chief of the 
broadcast bureau's policy and rules 
division. When the FCC asked indus-
try for comments following its deci-
sion to re-evaluate a-m stereo, it was 
"inundated with volumes and vol-
umes of data," he explains, and the 
selection process was slowed. 

Focal point. A-m stereo was an 
important technical focal point at 
the June, 1980 spring consumer elec-
tronics show sponsored in Chicago 
by the Electronic Industries Associa-
tion. Integrated-circuit makers 
seemed to be all over the mammoth 
McCormick Place exhibition hall 
demonstrating decoder chips for a-m 
stereo. Convention goers heard tell 
of a-m stereo's superiority in range 
over fm broadcasting, and how 
stereo would upgrade the quality of 
a-m broadcasts, giving a shot in the 
arm that would arrest the slow but 
steady audience decline. However, 
the January and June 1981 EIA con-
sumer shows saw the subject given 
scant attention. 

Magnavox, once the FCC's an-
nointed, has little comment right 
now. It is choosing "to stay neutral 
for the moment and not antagonize 
the situation," according to Johan 
Koppier, manager of video planning, 
which includes a-m stereo. 

Indeed, the industry seems ex-
hausted by it all. The situation has 
moved beyond a point where the EIA 
could make any further contribution 
at a technical level, says Eb Tingley, 
the Ein's chief engineer. 

It remains for the Commission to 
make its choice known. That may 
happen sooner than the 1982 due 
date cited by the FCC's Baumann. 
Rumors have it that the decision 
could come in the fall, says one indi-
vidual well-wired into many compa-
nies in the industry. -Gil Bassak 
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TEK S-3275 SEMICONDUCTOR TEST SYSTEM 

When it comes to characteriza-
tion, many LSI/VLSI devices can be 
difficult little creatures. Normal evalua-
tion procedures just won't work. 

Like hybrids that present many 
simultaneous digital and analog opera-
tions. Or chips that require both algo-
rithmic and random pattern testing. Plus 
the ability to change from one to the 
other on the fly. 

There's only one test system that 
thrives on truly difficult personalities. 
The Tektronix S-3275. The more com-
plex the device, the more you ap-
preciate what the S-3275 can do. 

Why? Because only the S-3275 
combines all the right features into a 
single, powerful package. One that 
gives you the flexibility demanded by a 
growing versatility in device design and 
function. 

11111 111111111 

A system that optimizes design 
engineering productivity. 

With 128 channels at 20 MHz, the 
S-3275's state-of-the-art pattern pro-
cessor combines the functions of pat-
tern processing and algorithmic pattern 
generation. The clock system provides 
125 pS resolution on each of 16 phases. 
Plus the S-3275 has a waveform digi-
tizer to provide FFT and THD analysis. 

With the S-3275, you get more 
than just sophisticated hardware. You 
get TEKTEST IIIT", an operating system 
that allows up to four concurrent tasks. 

So when you've got some difficult 
LSI/VLSI devices to handle, ask us. We 
know what to do with those kind of 
personalities. 

For more information about the 
S-3275, contact your Tek Sales 
Engineer. 
U.S.A., Asia, Australia, Central & South 
America, Japan 
Tektronix. Inc 
PO Box 4828 
Portland, OR 97208 
Phone 800/547-6711 
Oregon only 800/452-6773 Europe, Africa, 
Telex 910-467-8708 Middle East 
Cable. TEKTRONIX Tektronix International, Inc. 
Canada European Marketing Centre 
Tektronix Canada Inc. Postbox 827 
PO Box 6500 1180 AV Amstelveen 
Barrie, Ontario L4M 4V3 The Netherlands 
Phone 705/737-2700 Telex 18312 

lèlctroIflEO pix 
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Editorial 

Industry's new burden: making the tax cuts work 

Having tasted the wine of victory, the elec-
tronics industries —like every other American 
business— must now take their Federal tax 
benefits and make them work to revitalize the 
national economy. That will not be easy, nor 
will it come quickly. 

In view of the recent slowdowns in sales and 
shipments of some electronics products, nota-
bly semiconductors, plus the serious stagna-
tion that has set in in other large segments of 
the economy like cars and housing, the bene-
fits of President Reagan's tax reduction pro-
gram are not expected to significantly affect 
the economy before 1982 at the earliest. Con-
tinuing high interest rates are the heart of the 
problem, of course, and the White House has 
had little success so far in correcting that. 

Admittedly, the electronics industries did 
not get everything they pushed for in the 
Reagan tax program —but they did get most 
of it. As the Electronic Industries Associa-
tion's tax council staff director, Allan Spur-
ney, put it, "We are very, very gratified." The 
American Electronics Association is not quite 
as pleased with all the provisions — it felt some 
did not go far enough—but, says the AEA'S 
Kenneth Hagerty, vice president for Govern-
ment operations, "We can live with it." 
What the electronics industries will receive 

that should benefit them and other high-
technology producers most are improved tax 
credits for increased investment in research 
and development over and above prior years, 
as well as a change in the Internal Revenue 
Service code that permits credit for all R&D 
performed in the U. S., rather than credit only 
in proportion to a company's domestic sales. 
These gains should enhance the competitive-
ness of U. S. manufacturers in foreign markets 
by encouraging exports, not discouraging 
them by disallowing R&D credits for products 
sold abroad. Accelerated depreciation rates, 
too, for plans, equipment, and vehicles are 
viewed as a major gain for high-technology 

industries like electronics, less so for so-called 
mature industries with smaller capital equip-
ment demands. 
As encouraging to U. S. sales abroad are 

provisions for major reductions in taxes for 
citizens earning income abroad, as well as an 
exclusion of funds provided to offset high-cost 
foreign housing. They should make it easier 
for U. S. manufacturers to recruit and retain 
American citizens in key foreign sales and 
engineering posts, rather than having to resort 
to using foreign nationals. Industry also won 
on the right to grant stock options that smaller 
producers say they need to recruit and retain 
personnel in a highly competitive domestic 
market, although those options are not unlim-
ited but have a cap of $75,000 per person per 
year. The AEA pushed hard for unlimited 
options, although the EIA took no position on 
the issue. 

Finally, industry won on the issue of being 
able to write off equipment grants to colleges 
and universities at book value rather than cost 
of manufacture. And that, it is believed, will 
encourage greater industrial support of engi-
neering education across the nation. 
What the electronics industries must now 

recognize—and act on—is that with this 
greater economic freedom come increased 
responsibilities. No longer will they be able to 
claim that their Government is not listening 
and responding to their needs in an increasing-
ly competitive global market. The burden of 
making the program work is now on industry. 

Still, the Reagan Administration has its 
responsibilities, too. Having placed all their 
economic eggs in one basket, so to speak, the 
President's men must now watch them very 
carefully and do their utmost to help Ameri-
can industries with programs to correct the 
nation's most critical economic problem — 
unacceptably high inflation. If that cannot be 
brought down, the new tax package may have 
little real value for the long term. 

12 Electronics/August 11, 1981 



Fluke introduces two 
new synthesized signal generators that 

you can specify with confidence. 
With 20 years experience 
in RF instrumentation, 
we're driving down the 
cost of advanced technology. 

Until now there has been a 
critical gap in the signal generator 
market — the gap between $10,000 
synthesizers with limited capabilities 
and more accurate and sophisticated 
units priced over $25,000. 

The Fluke 6070A and 6071A 
have been designed to bridge this 

Internal modulation 
selectable from 20 Hz 
to 200 kHz with 3 digits 
resolution. Both generators 
can be used simultaneously 
as signal generators and 
audio osallators. 

eaxy-to-
program 1M-4,0t 
interfwe lies the 
signal generator 
œpability of the 
instruments to the 
power of automa 
synem contrat 

gap, offering users the highest 
performance value of any RF 
instruments available. 
Innovative design makes these 
most-wanted features affordable. 

New, cost-effective synthesis 
techniques have been developed to 
deliver a high degree of spectral 
purity without sacrificing frequency 
range. And both the 6070A and 
6071A are controlled by powerful 
microprocessors. 

Optically coupled, 
magnetically detented spin 
knoti combines digital 
precision with the 
convenience of analog 
controls. 

Output level adjuxtoble in 0 I 
dl from + 19 tinm (13 dllm 
&ere ..?9 .1411z) to 140 dllm 
dispboed In dlon or volts and in 
n4111tv, or absolute units. 

Digital frequency 
sweep for testing 
narrowband crystal filters, 
wide band amplifiers and 
other devices.. standard 
mode include manual, 
single and auto. 

1191111111111 

,Voine performa 
(efilli WI If,. /UMW 
generator, Plus(' 
now, dikiliz 
at 20 kllz offset Iron, 
carrier at 5qt 
broadband mnse floor 
-150 &kWh. 

The 6070A covers the range 
from 200 kHz to 520 MHz; the 
6071A range extends to 1040 MHz. 
Yet both feature noise performance 
that equals or exceeds the best cavity-
tuned generators on the market, with 
precision resolution and settability. 

Versatile modulation control of 
AM, FM and OM — internal or 
external, simultaneous or separate 
— increases the applications flexibility 
of the 6070A and 6071A. And because 

the internal modulation signal can 
also function as an independent 
audio source, the user gets two 
instruments for the price of one. 

Additional benefits of ad-
vanced Fluke technology include 
pinpoint frequency- tuning with 
the optically-coupled spin knob, 
simplified keyboard data entry, 
digital-frequency sweep, a learn 
mode memory, self-diagnostics 
and error code flagging. Both 
instruments are fully program-
mable for use in IgnImP 
systems. And a relative units 
feature lets you define any 
center of interest as a zero point. 

For more information on 
these new signal generators 

from Fluke, call toll free 
800-426-0361, use the 

coupon below or 
contact your 
nearest Fluke 
sales office. 

FLUKE 

—Fast-Response Coupon...”.. 

IN THE U.S. AND NON. 
EUROPEAN COUNTRIES: 
John Fluke Mfg. Co., Inc. 
PO. Box C9090, M/S 250C 
Everett, WA 98206 
cee) 156-5400 
Telex: 152662 

El 8/81 

IN EUROPE: 
Fluke (Holland) WV 
P.O. Box 50T1. 5004 ER 
Tilburg, The Netherlands 
(013) 673 973 
Telex: 52237 

Please send complete 6070A specifications. 
Send information on other IEEE products. 

Li Have a Sales Engineer contact me for a 
demonstration. 

Name 

Title Mail Stop 

Company 

Address 

City State Zip 

Telephone ( ) Ext. 
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• *I GRID ARRAY 

AREA GRID 
PIN ARRAY 
AREA A' 
BED of NAIL 

Regardless of what 
you call the packages, 

Textool probably 
has a ZIP (zero 

insertion pressure) 
socket to 

accommodate them. 
If your requirements are strictly for test 
or burn-in. Textool's series of Grid Zip 
sockets (below right) are perfectly 
suited to your needs 

Should your 
needs include a 
production 
socket. Textool el"   
Area Array 
sockets (below 
left) will solve your problems. 
Lead configurations pose no real 

challenge to the unique flexibility of 
these Textool socket series ( 100 x 
100" grid). You see only the positions 
you need 

Simple mechanical action 
characteristic of all Textool ZIP 
sockets allows the user to literally 
"drop" a device into any of them 
Close the cam and the device is 

retained with a 
minimum of 100 
grams pressure 
per lead 
Release the cam 
and the device 

may be removed with zero contact 
pressure, thus virtually eliminating 
mechanical rejects caused by bent or 
distorted leads. No longer is there a 
need to mount direct and run the risk 
of losing a mulitlayer PC board 

Detailed information on Textool's 
complete line of sockets/carriers for 
test, burn-in and production 
applications is available on request. 

Textool Products Department 
Electronic Products Division/3M 
1410 VV Pioneer Dr Irving TX 75061 
214/259-2676 

3M 

People 

Tooker stresses cautious path 

for Motorola Semiconductor 

For all the near-20-year age gap, the 
new vice president and general man-
ager of Motorola Inc.'s billion-dollar 
Semiconductor Sector views the job 
in much the same way as does his 
predecessor. "We'll keep running it 
carefully today," says Gary L. Took-
er, 41, "while looking at new prod-
ucts and strategies for the future." 
On Sept. 1, he succeeds John R. 
Welty, who took over during reces-
sion-wracked 1975 and is credited 
with putting the Phoenix-based oper-
ation into its best shape ever. Welty 
was promoted to the position of chief 
corporate staff officer [Electronics, 
July 28, p. 46]. 
A 19-year Motorola veteran, 

looker moved up rapidly and most 
recently ran the International Semi-
conductor division. The youthful 
executive, in fact, sensed a disquiet-
ing parallel between challenges of 
the new post and those he faced 
when he began his international role 
in mid-1980. While professing cau-
tious optimism that semiconductor 

New top man. Gary L. Tooker will take over 

Motorola's semiconductor operation. 

orders, soft now, will improve as 
forecast, looker obviously is ready 
to move quickly if he has to, because 
he worries that high interest rates 
have the overall economy "teetering 
on the brink." 

But the difference between Motor-
ola now and in 1975, when it trailed 
the pack, is considerable: "We seem 
to be doing better than some com-
petitors this time," he says. Tooker 
credits the difference to a better bal-
ance between mos and bipolar 
devices. Just as important, there is 
strong penetration of the 68000 16-
bit microprocessor into new designs, 
and strong acceptance of emitter-
coupled-logic gate arrays. "Our new 
logic family in complementary-MOs 
should also do well," he adds. 

Meanwhile, at corporate head-
quarters in Schaumburg, Ill., Ste-
phen L. Levy is setting his sights on 
having a Japanese president within 
two years for Motorola's planned 
new Japanese operating company, to 
be known as Nippon Motorola Ltd. 
After 17 years with Motorola, the 
59-year-old Levy will serve in the 
newly created corporate post of sen-
ior vice president, Japanese opera-
tions. It was Levy's promotion that 
touched off a string of promotions, 
including Tooker's, within the semi-
conductor group [Electronics, July 
28, p. 46]. 

Bell Labs' Scanlon seeks 

to marry software and silicon 

"We did a great disservice to com-
puter science when we called it com-
puter science," declares Jack M. 
Scanlon. That label led software 
practitioners to spend a wealth of 
time and effort in search of an 
underlying science for their craft. 
"And when they got tired of looking 
for a science, then they looked for a 
method," he observes. 

While a great deal has been 
gained through this process—such as 
higher level languages, operating 
systems, and the like—"we still 
haven't made anywhere near the 
kind of progress in software that you 
can see in other technologies," con-
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ISI 11/2® LSI 11/23® 
COMPONENT PRODUCTS 

WHY IS FIRST COMPUTER YOUR BEST 
SOURCE FOR DEC'S LSI-11/2 
and LSI-11/23 MICROCOMPUTER 
PRODUCTS? 
FIRST COMPUTER IS THE WORLD'S 
LARGEST SPECIALIZED DISTRIBUTOR 
FOR LSI-11 and LSI-23 
MICROCOMPUTER PRODUCTS 
No—We don't sell capacitors or 
resistors! We only sell products 
manufactured by Digital Equipment 
Corporation and other leading 
manufacturers which enhance the 
LSI-11/2 and LSI-11/23 
Microcomputer Products. 

FIRST COMPUTER SAVES YOU 
VALUABLE DOLLARS! 
Because of our volume purchasing 
power we can acquire the products 
at the lowest possible cost. These 
savings enable us to offer the best 
price available anywhere. Before 
you buy, investigate our price and 
save dollars. 

8 Registered trademark of Digital Equipment Corporation 

rni Trademark First Computer Corporation 

C4 

SOUTHERN REGION 
Houston TX (713) 960-1050 

FIRST COMPUTER SAVES YOU 
VALUABLE TIME! 
Because of our large inventory we 
can provide you with off-the-shelf 
delivery on the complete line of 
Digital Equipment Corporation's 
factory fresh Microcomputer 
Products. We are just a phone call 
away, or if you prefer you can TWX 
us your order. With pre-approved 
credit we can ship anywhere in 
the United States or Canada within 
24 hours. 

FREE TECHNICAL Ar., 
APPLICATION ASSISTANCr 

Because we specialize in LSI-11/2 and 
LSI-11/235 we can provide you with 
technical assistance to help you 
determine the products which best 
meet your application requirements. 
We utilize these products every day 
in our Commercial, Laboratory, Array 
Processor, and Image Processing 
Systems. Our application experience 
can help you avoid costly mistakes. 

FULL MANUFACTURER'S WARRANTY. 
When you purchase your LSI-11/2 
and LSI-11 /23 products from FIRST 
COMPUTER you receive the full 
manufacturer's Return to Factory 
warranty. All warranty claims will be 
handled by First Computer with 
courtesy & dispatch. FIRST COMPUTER 
stands behind each of the products 
we sell. 

WE ARE A RECOGNIZED LEADER IN 
THE DISTRIBUTION OF LSI-11 / 2 and 
ir, ,1 '17 PRODUCTS. 

No wonder so many people are 
turning to FIRST COMPUTER to 
provide them with their 
Microcomputer requirements. You 
owe it to yourself to investigate 
what FIRST COMPUTER can do for 
you! We stand ready to serve you. 
You can bank on us. 

TWX NUMBER 910-651-1916 

computer corporation 
645 BLACKHAWK DRIVE / VVESTMONT. ILLINOIS 60559 (312)920-1050 

WESTERN REGION 
California (To be announced) 

NORTH CENTRAL REGION 
Chicago IL (312) 920-1050 

Call us for sale prices Circle 15 on reader service card 



High-volume 
PWB assemblies? 

Irvine Electronics is big 
on big numbers. 

High-volume manufactur-
ing is our specialty. 

We've built over a million 
boards since 1974, with an 
enviable acceptance rate of 
99.5%. 

Its the kind of record that 
makes us an ideal primary or 
secondary source supplier. For 
commercial ANSI IPC 600C. For 
military 454 as well. 

We boast top-notch 
engineering. A highly 
experienced production staff. 
High-volume purchasing 
expertise. And we compete very 
effectively, especially on 
high-quality auto-insertable 

Circle 16 on reader service card 
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PWBs requiring sophisticated 
functional test. And we back it all 
up with a 90-day warranty 

Like more information on 
our big number capability? Send 
for our free brochure. Call or 
write Sheridan H. Williford 
(714) 549-3533. Irvine Electronics, 
Rockwell International, 
2901 W. MacArthur Blvd., 
Santa Ana, CA 92704. 
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People 

Software guru. Jack M. Scanlon oversees 

much of Bell Labs' software effort. 

tends the 39-year-old Bell Laborato-
ries official. It's time, he thinks, "to 
marry software to a faster moving 
technology, one based on science." 
As executive director of the Pro-

cessor and Common Software Sys-
tems division based in Naperville, 
Ill., Scanlon has a lot to say about 
software directions at Bell. The 
Utica, N. Y., native heads a division 
within Bell that counts in its ranks 
some 850 software and hardware 
professionals in five locations. His 
responsibilities include overseeing 
development of Unix operating sys-
tems, program languages, and soft-
ware tools, as well as that of such 
microprocessors as the recently un-
veiled Bellmac-32 [Electronics, Feb. 
24, p. 138] for Bell System applica-
tions. 
Not surprisingly, the technology 

Scanlon says looks most promising 
as a wedding partner for software is 
silicon. The union, which he playful-
ly dubs "silicom," will one day lead 
to systems by which a programmer 
sitting at a terminal will produce, 
not an applications program, but an 
actual prototype chip designed for a 
specific job and created by the sys-
tem based on the programmer's 
instructions. "The custom design 
process that we associate today with 
silicon will be almost indistinguish-
able with what we see now as a 
software process," he predicts. 
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SerenDIP 
Possibly 

the world's 
lowest 

EMI relay. 

The patented zero-switch circuitry 
used in our new 645 SerenDIP 
incorporates an advanced front-end 
IC designed by Teledyne, and 
practically eliminates switching 
transients. In combination with our 
special photo coupling technique, 
this reduces electromagnetic interfer-
ence (EMI) well below the new FCC 
radiated emission specifications* 

This newest member of our solid 

state SerenDIP family is rated to 
switch up to 1 amp (without heat 
sink) at 250VRMS —with peak 
transient ratings up to 600 Volts. 
SerenDIP relays are UL and CSA 
recognized. 
Teledyne has been an industry 

leader for over twenty years. We ve 
used our technical expertise and 
manufacturing know-how to create 1111' TELEDYNE RELAYS 
the world's best subminiature elec- The best little relays in the world. 

tromechanical and solid state relays. 
If you'd like complete technical 

information about our SerenDIP 
relays, or applications assistance, 
please call or write today. We're here 
to help you. 

"Send for your free copy of the independent test repon. Teledyne Relays 12525 Daphne Ave.. Hawthorne. California 90250 (213) 777-0077 
U.K. Sales Office: Heathrow House, Bath Rd. MX, TW5 9QP 01-897-2501 

European Hqtrs.: Abraham Lincoln Strasse 38-42 • 62 Wiesbaden, W. Germany 6121-700811 
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The Tektronix 4114 
Computer Display Terminal 

High resolution 4114 
displays can be scaled up. 
as below, using local 2-D 
transforms. You can recall 

locally retained picture 
elements and position them 

within the display under 
thumbwheel cursor control. 
RAM/ ROM is expandable 

to 1 megabyte. 

-  
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Local segments. 
Fast redraw. Refresh dynamics. 
19.2K baud communications. 

When you can't work any harder, 
we'll help you work faster. 

The power you've 
always wanted is right 
before your eyes. 
The new Tektronix 4114 
combines host com-
puter power with 
unprecedented local 
intelligence and 
transmission speed. It 
combines the unequal-
led resolution of the 
19-inch Tektronix stor-
age tube with the capac-
ity to construct, store, 
redisplay and manipu-
late graphic elements 
locally, without trans-
mission from the host. It 
includes 3000 short 
vectors of local refresh 
and new fast redraw 
capability. 

It adds up to a reduc-
tion in the delays, inter-
ruptions and high line 
costs that inhibit creative 
thinking and productive 
results—and a boost 
to the graphics interac-
tivity that inspires them. 

You can stay linked 
to the host without 
being locked into it. 
Command local graphic 
primitives. Create char-
acter sets. Store and re-
trieve picture segments 

locally. Perform local 
translation, rotation and 
scaling. Try alterna-
tives in refresh mode. 
Then communicate 
with the host at speeds 
up to 19.2K baud. 

You can even define 
the size and location of a 
scrollable, refresh dialog 
area—the functional 
equivalent of a second 
alphanumeric display. 

Optional enhanced 
version keeps refreshed 
information in high-
contrast color. A par-
ticularly convenient, 
easy-viewing feature in 
high-density graphics 
environments. 

You can expand 
user RAM memory to 
800K bytes, and add 
optional integrated 
single or dual flexible 
disk mass storage. 
You can consolidate and 
reorganize files, display 
directly from disk, or 
send data from disk to 
plotter while you turn the 
terminal to other tasks. 

Why waste time wait-
ing for what you can see 
right now? A Tektronix 
sales engineer can show 
you the 4114 in action. 

Or call toll-free, 1-800-
547-6711 (in Oregon, 
1-800-452-6773 for 
complete product details 
or OEM quotations. 

Tektronix, Inc. 
Information Display 
Division 
PO. Box 4828 
Portland, OR 97208 
Tektronix 
International, Inc. 
European Marketing 
Centre 
Postbox 827 
1180 AV Amstelveen 
The Netherlands 

THE GRAPHICS 
STANDARD 

Tektroni'x, 
t umeMIT TEO TO EXCELLENCE 
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IF YOU WANT TO START 
YOUR OWN COMPUTER COMPANY, 
YOU NOW HAVE THE COMPUTER 

TO START WITH. 
The entrepreneurial spirit runs rampant 

in the computer industry In fact, it's come to 
our attention that a significant number of the 
technical/engin.eering. types have some thoughts 
of starting their own company. 

So we have come out with a computer 
for them. And for those entrepreneurs with-
i' n companies who are in a hurry to get their  
hot new project to market in a hurry 

It's called the MPT/100. 
As you can see, the MPT/100 computer 

is small enough to fit in. whatever corner you 
set aside for furthering your own ambitions. 

And it'll cost you less than the price of a 
basic new car. 

This computer is anything but basic. 
Inside the MPT/100, you'll find a 

16-bit microNOVATM computer. 64K bytes 
of memory 80 column by 24 line screen. Full 
keyboard with numeric pad. 716 KB of on-
line storage on two 358 KB mini-diskettes 
all packaged in a system that has the kind of 
software, compatibility with more powerful 
computers, ease-of-use and reliability that 
desk-top computers are noted for not 
having.  

Also unlike most desk-top 
computer software, some very 
sophisticated (read easy-to-use) 
big computer software is avail-
able for the MPT/100 com-
puter: A multi-tasking 
FORTRAN that meets all 
the ANSI standards. 

A PASCAL that executes at assembly lan-
guage speeds. An ANSI compatible BASIC 
that lets you write enormously complex pro-

grams that take up only a little space. A 



full range of user-friendly interactive program-
ming aids. And MP/OS, an operating system 
anyone who's into operating systems will tell 
you is one of the most advanced in the world. 

(Anyone who considers any of the above 
to be of trivial importance should consider the 
fact that a single line of application code costs 
a good deal more than many microcomputers. 
And that cost is only going one way.) 

Saving money on programmi' ng is only 
part of the attraction of the MPT/100. It also 
saves you time. So you can get your company 
up and running before anyone can do the 
same thing. 

As you grow, all the software 
you've written, all the peripherals 

NWT/ 100 

you've interfaced, all the blood, sweat and 
tears you've put into your company will grow 
with you. Because we've invested no small 
amount of energy working to make our com-
puters compatible. 

The point here is that the MPT/100 
can make you what a lot of companies have 
become with Data General. 

Like Aero Systems Engineering, of St. 
Paul, Minnesota, for example. They're far 
and above the leading manufacturer of com-
puterized aircraft jet engine testi' ng systems. 
A position they came to occupy partly by 
building test facilities that could cut fuel con-
sumption rates by 35%. Partly because of 
our world-wide service. And partly because 
they didn't have to wait eighteen months to 
get our computers. 

There is no stopping you from doing 
the same thing. 

If you want to get more detailed in-
formation about the MPT/100 computer, 
call your local Data General office or your 
Data General manufacturer's representa-
tive. Or the distributors listed below. Or 
write us at: MS C-228, 4400 Computer 
Drive, Westboro, MA 01580. 

MPT/100 computers are available 
for off the shelf delivery from: 
SCHWEBER, HALL-MARK, 

KIERULFF, ALMAC/ 
STROUM and 
R.A.E. in Canada. 

Look at it this way. 
All of you who want to 
start your own computer 
company, are very lucky 
people. We didn't have 
anybody to write to 
when we got started. 

I. Data General 
We take care of our own. 

microNOVA is a registered trademark of Data General Corporation. t01981, Data General Corporation. Circle 21 on reader service card 



The future 
belongs to those who 

explore it farthest. 

.1111 

•••• 

qb • 
''''.1 • 

The future is there for the 
taking, if you take action for 
it now. 

Your company must 
find better ways to do what 
you're doing today to assure 
its survival. And you must 
find the best ways to do 
things tomorrow to assure 
its success. 

With the aid of a 
Calma computer-aided 
design and manufacturing 

system, all manner of ways 
to advance your firm are 
made possible. 

Ways that will im-
prove quality. Cut costs. 
Eliminate errors. Speed 
throughput.Boost productiv-
ity three times, eight times, 
even as much as 30 times. 

That's why the lead-
ing semiconductor manu-
facturers are using Calma 
computer-aided design sys-
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tems: to make significant 
advances in integrated 
circuit technology 

We're one of the lead-
ing suppliers of CAD/CAM 
systems. And we are the 
recognized technology leader, 
for we make the most ad-
vanced CAD/CAM systems 
available today. 

We're committed to 
making even better CAD/ 
CAM systems for the future. 

As a General Electric 
company, we're the supplier 
with the strength and re-
sources to do it; to assure 
the advances in technology 
and continuing service and 
support you need now, and 
must have tomorrow. 

The future is there for 
the making. A Calma system 
could help make it yours. 
Please contact us, so we may 
show you how. 

calma 

For more information or an 11 x 14 print of this Pete Tbrner photograph, write or call us at 
Calma Company, 5155 Old lronsides Drive, Santa Clara, CA 95050. (408) 727-0121. Circle 23 on reader service card 



VIET 
SILICON 

PHOTOVOLTAIC 
ETECTORS 

VA hotovoltaic cells are 
ea detectors, available 

ENHANCED, LOW 
CAPACITANCE AND SOLAR 
processes. Characterized for 
Id, It. and max. capaçilanc. 
for LOW CAPACIT CE 
sefies. 

VACTEC BLUE CED 
detectors with high 
radiometric sensitivity in the 
uy as low as 200nm with .16 
typical and .1A W minimum 
at 365nm. These large area 
devices (up to .8 X .8 inch) are 
ideal for low level color 
separators, spectrophotometers 
and colorimeters. Vactec's 
care in processing provides '`là 
stability in the uy (below 
400nm) normally only found 
in small junction phototdiodes. 

VACTEC LOW CAPACITANCE 
cells have fast response. A 
.2 X .2 inch cell, operating in 
the photovoltaic mode has 
rise fall times less than 154 
with a LOW,' load. For optical 
encoders, remote control ania 
optical communications, Wm-
smoke detectors, laser 
surveying and presence 
detectors. 

Vfi,CTEC SOLAR process cells 
have high V.r at low light 
\levels. At 1.0fc (.05mW/cm2) 
typical V. is 200mV. 

VACTEC Photovoltaic 
detectors are available as 
chips, with flying leads, 
mounted or in custom 
assemblies to your 
specifications. Single calls, 

s and multiple cells in 
standard sixes up to 
inch diameter. Request 

Bulletin VTS4000. 

VACTEC, 

10900 Page Blvd. 
St. Louis, MO 63132 
(314) 423-4900 
TWX 910/64-0811 

Meetings 
Compcon 81 Fall — 22nd IEEE Com-
puter Society International Confer-
ence, IEEE (Victor Basili, Depart-
ment of Computer Science, Univer-
sity of Maryland, College Park, Md. 
20742), Capitol Hilton Hotel, 
Washington, D. C., Sept. 15-17. 

Wescon/81, IEEE (Electronic Con-
ventions Inc., Suite 410, 999 N. 
Sepulveda Blvd., El Segundo, Calif. 
90245), Brooks Hall, Municipal Au-
ditorium, and Hilton Hotel, San 
Francisco, Sept. 15-17. 

Eurodisplay '81—First European 
Display Research Conference, Socie-
ty for Information Display and 
Nachrichtentechnische Gesellschaft 
im VDE (Gerhard Meier, Eckerstr. 4, 
D-7800 Freiburg, West Germany), 
Hilton Hotel, Munich, Sept. 16-18. 

Third AFCET Congress on Pattern 
Recognition and Artificial Intelli-
gence, Association Française pour la 
Cybernétique Economique et Tech-
nique (Jean-Paul Haton, 156 Blvd. 
Péreire, 75017 Paris, France), Palais 
des Congrès, Nancy, France, Sept. 
16-18. 

31st Annual Broadcast Symposium, 
IEEE (R. A. O'Connor, CBS-TV Net-
work, 51 W. 52nd St., New York, 
N. Y. 10019), The Washington Ho-
tel, Washington, D. C., Sept. 16-18. 

New York Computer Showcase 
Expo, The Interface Group (160 
Speen St., Framingham, Mass. 
01701), Pier 92 Passenger Terminal, 
New York, Sept. 17-19. 

Iss '81—International Switching 
Symposium, IEEE (General Secretar-
iat-iss, Box 56, Station Ile des 
Soeurs, Verdun, P. Q. H3E 1J8, 
Canada), Hotel Bonaventure, Mon-
treal, Sept. 21-25. 

Semicon/East '81, Semiconductor 
Equipment and Materials Institute 
(625 Ellis St., Suite 212, Mountain 
View, Calif. 94043), Hynes Audito-
rium, Boston, Sept. 22-24. 

International Electrical and Elec-
tronics Conference and Exposition, 

IEEE (IEEE Canada Office, 7061 
Yonge St., Thornhill, Ont. L3T 2A6, 
Canada), Canadian National Exhi-
bition, Toronto, Oct. 5-7. 

Fall Conference of Use Inc., Sperry 
Univac users association (Box 461, 
Bladensburg, Md. 20710), Sheraton 
Centre, Toronto, Oct. 12-16. 

Semicon/Southwest '81, Semicon-
ductor Equipment and Materials 
Institute (625 Ellis St., Suite 212, 
Mountain View, Calif.), Market 
Hall, Dallas, Oct. 13-14. 

27th Annual Vhf Conference, West-
ern Michigan University (Glade 
Wilcox, Department of Electrical 
Engineering, wmu, Kalamazoo, 
Mich. 49008), Kohrman Hall, wmu, 
Oct. 17. 

Midcon/81, IEEE (Electronic Con-
ventions Inc., 999 N. Supelveda 
Blvd., El Segundo, Calif. 90245) 
Hyatt Regency O'Hare Hotel and 
O'Hare Exposition Center, Chicago, 
Nov. 10-12. 

Eascon—Electronics and Aerospace 
Systems Conference, IEEE (Robert 

D. Briskman, Comsat General 
Corp., 950 L'Enfant Plaza S. W., 
Washington, D. C. 20024), Wash-
ington Hilton Hotel, Washington, 
D. C., Nov. 16-19. 

Seminars 

Fall 1981 courses—including digital 
filters and spectral analysis; voice 
input/output for computers; digital 
image processing and analysis; mi-
croprocessor software, hardware, 
and interfacing; and computerized 
robots— Integrated Computer Sys-
tems (P. O. Box 5339, Santa Moni-
ca, Calif. 90405), given in various 
cities. For information, call (800) 
421-8166; in California, (800) 352-
8251. 

Information processing seminars and 
management briefings, Datapro Re-
search Corp. (1805 Underwood 
Blvd., Delran, N. J. 08075). For fall 
catalog, call (800) 257-9406; in New 
Jersey, (609) 764-0100. 
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HP's new computer sy 
Whether it's laboratory testing, production automa-
tion or computation and analysis, Hewlett-Packard's 
newest computer systems put high-powered engi-
neering performance into easy-to-configure, easy-to-
use workstations. So you can solve your applications 
problems just the way you want to. And a lot sooner 
than you might have thought possible. 

you can get your solutions up and running in day 
instead of weeks or months. 

But the 9826 makes it easier still. Because y 
can run your programs in any of three languag-
HP-enhanced BASIC, HPL, or PASCAL. 

We also built a CRT display and advanc 
graphics right into the system, so you can see a 



cms end the compromise. 
The HP 9845 for 

high-performance design. 
With a broad range of advanced capabilities (includ-
Mg new options offering three times the computational 
speed of the basic system), the HP 9845 can be 

idImam' 

• aim» 

configured to meet your precise needs—from finite 
element analysis to simulations and modeling. And 
almost anything in between. 

The key is flexibility. You can choose from among 
14 different configurations, including a color display 
and 448K bytes of read/write memory. Then, attach 
a hard disc, printer, plotter, or other peripherals. And 
with the 9845's advanced datacomm capabilities, you 
can even share technical information with other com-
puters in distributed processing environments. 

The HP 9845. System prices start at under 
$20,000. Call us if you've got similar designs. 

All of our computers are backed by HP's world-
wide service organization. For more information, call 
your local HP sales office listed in the White Pages. 
Or write to Hewlett-Packard, Attn: Pat Welch, Dept. 
06108. 3404 E. Harmony Rd., Ft. Collins, CO 80525. 

Prices USA ht, subject to change uuthout notice. 40106 

When performance must be measured by results. 

HEWLETT 
PACKARD 





rigid disk drive, you ,:iaven't found us yet. 
Hard to believe, perhaps, but our 5V4 " rigid drives 

rank among the highest in storage capacity. No one ships as many 51/4" floppy 
drives. No one knows more about high-volume, high-quality electromechanics. 

And no one else designs and produces their own head from start to finish.ln fact, no 
one, but no one, builds as much of their own product. You see, at Tandon, we simply 

make more of what we make. Tandon. 20320 
Prairie, Chatsworth, CA 91311, (213) 993-66471= andan 

The most successful disk drive company you never heard of. 
Circle 29 on reader service card 





The most powerful general purpose logic analyzer 
you can buy for the years ahead. 
It's here. Biomation K101-D. The 
first logic analyzer to combine 
high-speed 50 MHz data and 100 
MHz time domain capabilities with 
advanced 48-channel recording. 
With enough powerful extras to 
demolish your toughest hardware/ 
software integration problems— 
even on the most complex multi-
plexed microprocessor. 

Fast, accurate software 
debugging. 

With its 50 MHz clock rate. 48-
channel recording and 16 trigger-
ing levels, the K101-D isolates 
software bugs faster and more 
precisely than ever before. 
Sophisticated disassembly firm-

For powerful software 
debugging, K101-D data 

domain capabilities include 
disassembly, 50 MHz clock-
ing. 48-channel recording, 

12 external clocks. 515-
word memory, demultiplex-

ing. 16-level trace control 
for triggering. 6 display code 

formats, and reference 
memory. 

ware generates precise mne-
monics that cut analyzing time. 
And 12 external clocks (AND or 
OR) let you demultiplex 16-bit 
microprocessors, 16- and 32-bit 
minicomputers and bit-slice 
processors. 

100 MHz high-speed 
hardware analysis. 
The K101-D's advanced high-
performance hybrid probes let 
you capture glitches as narrow as 
5 ns. And, with 48-channel 
recording, 515-word memory and 
16-level triggering, you'll trap the 
data you need. The convenient 
display formatting and expansion 
simplify analysis. 
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Call now for a free demo. 
See for yourself why the K101-D is 
a breakthrough in logic analyzers 
for the years ahead. For a demon-
stration or a copy of our detailed 
product brochure, write Gould 
Inc., Biomation Operation, 4600 
Old Ironsides Drive, Santa Clara, 
CA 95050. For fastest response, 
call 408-988-6800. 

7LrUl-r1.1111-WLIVInflarinr1., 

For powerful hardware 
debugging, K101-D time 
domain capabilities include 
100 MHz clocking, 48-
channel recording. 515-
word memory, 5-ns glitch 
capture, 16-level triggering, 
channel labeling, new high-
performance probe design, 
as well as horizontal and 
vertical display expansion 
for easy reading. 

es GOULD 



CPS-20 
A new dimension in plotter versatility 

Prices start at $3995 

40,00 1„ 

A choice of 5 interfaces makes the CPS-20 compatible 
with virtually any computer. 

It took Houston Instrument 
to bring you this kind of flex-
ibility in an 11" digital plotter. 
Regardless of what type of com-
puter you own, from the 
smallest micro to the largest 
mainframe, the chances are the 
CPS-20 can interface with it. 

Simply specify the type of inter-
face for your computer (RS-232-C 
single and dual port, IEEE-488, 
Centronics® compatible, and 
incremental) when you order 

If you upgrade or change 
computers in the future, a sim-
ple change of the interface 
boards in the CPS-20 will 
enable you to interface the plot-
ter with the new computer. 

What could be easier . . . or 
more practical? 
N/C control, navigation, 

mapping, medical research and 
diagnostics, engineering, 
whatever your plotting needs, 

- e•rbr _ _ _ _ 1 - 

•Top mounted touch sensitive 
switches provide instant 
finger tip control 
•Superior damping provides 
quiet operation 
*Pen carrier is attached to the 
hinged recorder lid for easy 
paper loading and unloading 
eStepper motors provide 
reliable 8 vector movement 
*A choice of 3 intelligent con-
figurations is available 

For complete information, contact 
Houston Instrument, One Houston 
Square, Austin, Texas 78753, 
(512)837-2820. For rush literature 
requests, outside Texas call toll-free 
1-800-531-5205. For technical informa-
tion ask for operator #5.In Europe, 
contact Houston Instrument, 
Rochesterlaan 6, 8240 Giste!, Belgium. 
Phone 059/27-74-45. 

hnuctnn inctrsimPnt 



Electronics newsletter 
FCC may ease Through two swift midsummer actions, the Federal Communications 

• Commission may have telegraphed that it is getting ready to drop its 
restrictions long-standing prohibition against television broadcasters' ownership of 
on cable TV cable-Tv systems. At the end of July, the FCC approved the takeover of 

Teleprompter Corp., the nation's second-largest cable company, by West-
inghouse Broadcasting Co. in a transaction involving more than $500 
million. The purchaser, a subsidiary of Westinghouse Electric Corp., owns 
and operates six TV stations and 13 radio stations, as well as four cable-TV 
relay stations. Less than a week later, the FCC followed with a 5-to-0 
ruling that CBS Inc. will be permitted to acquire a cable-Tv company, 
provided it does not serve more than 0.5% of the nation's cable subscribers. 
In the Westinghouse-Teleprompter merger, the broadcaster will have one 
year to divest itself of cable or broadcast operations that serve the same 
areas. CBS says it wants to use cable to experiment with high-resolution TV 
broadcasting, as well as with transmission of two signals on a single 
channel to display text in addition to video. 

CAT technology Computerized axial tomography, which flourished in the mid-1970s as 
hospitals around the world fitted themselves out with scanner units for 

enters Industrial noninvasive internal medical examinations, could thrive again with the 
testing market advent of CAT systems for industrial nondestructive testing. At least two 

firms—Ridge Inc. of Tucker, Ga., and Scientific Measurement Systems 
Inc. (SmS) of Austin, Texas—have CAT inspection systems under develop-
ment. One such system is currently being used to look for faults in pieces 
of the steel and concrete skywalks that collapsed last month at a Kansas 
City hotel, killing more than 100 people. If CAT catches on in industry as it 
did in medicine, it will mean healthier markets for low-cost array proces-
sors; Analogic Inc., Wakefield, Mass., supplied those in the sms system. 

Low-cost decoder Prestel, the videotex scheme backed by British Telecom and the major UK 
communications equipment makers, is counting on a small, two-year-old 

Improves chances firm in Ithaca, N. Y., for added impetus in the U. S., where the interactive 
of Prestel in U.S. home and office information service will be launched later this year. The 

firm, Wolfdata Inc., will deliver this month a first batch of 50 videotex 
decoders to Prestel's U. S. agents, Logica Inc. The hardware is to be 
priced at $650, plus $49 for an optional radio-frequency converter. It 
allows subscribers to access Prestel's vast data bank by means of an 
ordinary 525-line television set and a modem. Zenith Radio Corp. has 
made at least one pass at a similar decoder for U. S. use, estimating it 
would cost about $1,500 [Electronics, July 3, 1980, p. 59]. Wolfdata 
president Thomas Lonergan says a second version of the decoder, with a 
built-in modem based on a custom chip, will follow early in 1982. 

Development systems It now looks as if LS! Logic Corp., a semicustom gate-array supplier 
f recently set up in Santa Clara, Calif., will get to market first with a 
or gate arrays  development system for gate arrays. The company expects to have its 
are on the way $500,000 to $1,500,000 LDS-I system ready this year. It will handle logic 

checking, circuit simulation, macrocell placement, and path timing and 
generate test programs for complementary-mos, TTL, and emitter-coupled 
logic arrays. Software combines standard packages for data entry, interac-
tive placement and routing, and simulation with some special algorithms 
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developed by LS! Logic. The hardware consists of a host 32-bit supermini-
computer like Digital Equipment Corp.'s VAX 11/780 or Prime Comput-
er Inc.'s 750, plus a designer's display console. American Microsystems 
Inc., also of Santa Clara, figures to turn up fairly soon with a gate-array 
development system as well. The exploding market for semicustom logic 
points to a proliferation of new development systems. 

Graphics controller 

priced below $11,000 

has high resolution 

Prices for high-resolution raster-scanning color-graphics controllers could 
skid early next year if Raster Technologies Inc. starts deliveries of its 
Model One in January as planned. The Troy, N. Y., company has priced 
its controller, which has software-selectable resolution of either 512 by 512 
or 1,024 by 1,024 picture elements, at $10,800. This works out to a little 
more than half the price of the new bottom-of-the-line display system from 
Ramtek Corp., Santa Clara, Calif., which has a maximum resolution of 
1,280 by 1,024 pixels [Electronics, July 28, p. 34]. Raster Technologies' 
controller has an image memory, based on 64-K random-access memo-
ries, that totals 768-K bytes— the highest yet for this kind of hardware, 
the company says. The controller, which can be fitted into existing 
systems, includes a 16-bit MC68000 central processing unit, a hardware 
vector generator to offload line-drawing tasks from the host computer, and 
a proprietary pixel processor to optimize the operations performed on 
image arrays. Both the Raster Technologies and Ramtek displays were 
introduced at the Siggraph/81 conference held in Dallas, Texas, earlier 
this month. 

Storage Technology A virtual storage system that processes megabyte data sets twice as fast as 

t market add disks alone, 12 times as fast as multiple mass-storage subsystems, and 30 o -on  times as fast as tape will be put on the market in mid-1982 by Storage 
virtual memory Technology Corp. Designed for large IBM computers running the mvs 

multiple virtual storage operating systems, the vss virtual storage system 
will fit between the host computer and its mass-storage peripherals. Its 0.7 
million-instruction-per-second processor and cache memory relieve the 
host of normal data-management duties to speed throughput. What is 
more, maintains the Louisville, Colo., company, the vsS packs disks 
almost to their full capacity (usually only about half is used) and 
compresses stored data by as much as 25%. 

Prime readies 

entry into 

distributed processing 

Look for a year-end announcement of a distributed data-processing system 
from Prime Computer Inc. The Natick, Mass., firm is readying the 
system, code-named Rabbit, and an associated intelligent terminal, Lynx, 
for availability in the first half of 1982. Rabbit, based on one of Prime's 
low-end 50 series minicomputers, will feature compatibility with (BM's 
Systems Network Architecture communications protocol. 

Government prepares The U. S. government wants comments from the data-processing industry 
by Nov. 3 on its proposed new interface standards and protocols for 

packet-switch norms Federal packet-switched data-communications networks and their related 
for its data nets computers. The standards are based on the International Telecommunica-

tions Union's X.25 standard and, the Government hopes, will save it 
money on both procurement and use of its data networks. 
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RELIABILITY 
Has To Be Tough. 

The proving grounds for pressure transducers are in some of the roughest spots on the globe. Subject them to 
hydraulic fluids, saline solutions, chemicals, or hot oils, and Data Instruments transducers still give reliable perfor-
mances. Stress them in heavy machinery, earth pressure sensors, or deep sea equipment, and Data Instruments 
transducers keep on working. Unique stainless steel cases isolate 
our transducers from corrosive elements and harsh environments to 
ensure the reliability that you count on. 

Remember Data Instruments for the "forgettable" pressure trans-
ducers ... the tough ones you can install and forget. If you could use 
a reliable partner in your job, call us and discuss your application. Or 
ask for our new "Pressure Transducer Applications Guide." 
Call today: 617-861-7450. We work best under pressure. 

II DATA INSTRUMENTS INC. 
4 Hartwell Place, Lexington, Mass. 02173 

617-861-7450 TWX 710-326-0672 
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Caddock's Type 1787 
Current Shunt 
Resistor Networks. 

High stability resistors for 
very-high voltage control 
and measurement circuits. 

Caddock's Type MG 
High Voltage Resistors. 
High voltage probes and control circuits 

make wide use of Type MG resistors for 
precision high voltage regulation and 
high voltage measurements. 

Long-term stability — plus proven 
reliability — have also made these pre-
cision resistors first choice in communica-
tions satellite voltage control circuits. 

For Type MG data, circle Number 191. 

Current sensing 
resistors for 
multi-range instruments. 

Absolute resistance tolerances of 0.25%, 
0.1%, 0.05% and 0.02% make these 2-, 3-
and 4-decade current shunt resistor net-
works the ideal replacement for expen-
sive, bulky discrete resistors. 

16 standard models are now available. 
The basic network design provides a series 
total resistance of 1000o , 1000 , 10o and 
lo . Other standard models provide com-
monly used variations of this basic design. 

F'or Type 1787 data, circle Number 188. 

Non-inductive precision 
resistors for power 
switching circuits. 

Caddock's Type MS 
Power Film Resistors. 
Caddock's patented Non-Inductive 

Design in power ratings from 2 watts to 
15 watts assures minimum voltage tran-
sients in all types of power switching 
circuits. 

High stability Micronoe resistance 
films operate to +275°C and years-long 
load-life tests demonstrate extended-life 
stability better than 0.05% per 1000 hours. 

For Type MS data, circle Number 189 

Off-the-shelf precision 
decade voltage dividers. 

Caddock's Type 1776 
Precision Decade 
Resistor Voltage Dividers. 
When used as a 10 Megohm input volt-

age divider, the Type 1776 family can pro-
vide high accuracy voltage division in 
ratios of 10:1, 100:1 and 10,000:1. 

Type 1776 Precision Decade Resistor 
Voltage Dividers are now available in 25 
standard models with ratio TCs from 
50 ppm/°C to 5 ppm/°C. Caddock's laser 
production techniques keep OEM quantity 
prices low, too. 

For Type 1776 data, circle Number 190 

CADDOCK Redistor Technology 
solving problems across the boardkzi 

Resistor pairs and quads 
with very low ratio TC. 100 Megohms in a 

miniature package. 

Caddock's Type MK 
Precision Film Resistors. 

Precision values to 100 Megohms in a 
miniature CK 06 case make the Type MK 
ideal for low current designs. 

These non-inductive resistors find wide 
application in high-impedance analog 
circuitry. 

For Type MK data, circle Number 192. 

Caddock's Type T912 and 
T914 Precision Resistor 
Networks. 

Ratio tolerances to +0.01%, ratio TCs 
of 2, 5 or 10 ppm/°C and ratio stability 
within ±0.01% at full load for 2000 hours 
provide exceptional stability in precision 
analog circuits. 

Both pairs and quads have isolated 
resistors of equal value. Standard resis-
tance values are 5 k o to 1 Megohm and 
custom variations with unequal values 
are available. 

For Type T912 and T914 data, circle 
Number 193. 

Caddock's latest General Catalog provides complete performance data and 
specifications on over 150 models of these outstanding 'problem-solving' resistors. 

For your copy, just write or call to Caddock Electronics, Inc., 
1717 Chicago Avenue, Riverside, Calif. 92507 • Phone: (714) 788-1700 • TWX: 910-332-6108 

HIGH PERFORMANCE FILM RESISTORS 
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Electronics review_ 
Significant developments in technology and business 

75-MHz a-d converter 
relies on 8-bit chip 
with 1-gm line widths 
by Larry Waller, Los Angeles bureau 

TRW's LSI Products division 

offers board product first, 

photolithographically made 

chip in the next few months 

The first commercial device built 
with a 1-micrometer process is com-
ing on the scene from TRW Inc.'s LSI 
Products division. It is a bipolar 8-
bit "flash" analog-to-digital convert-
er chip that runs at a lightning-fast 
75-megahertz conversion speed. Ini-
tially, the La Jolla, Calif., division is 
offering it on an analog-to-digital 
board for evaluation. The chip itself 
will be offered in a few months. 

The densities possible with the 1-
gm process lead to eye-opening 
improvements over TRW's compara-
ble 8-bit TTL converter fabricated by 
2-µm techniques, claims Willard 
Bucklen, manager of applications 
engineering for the division. Besides 
a boost in speed from 30 MHz to 75 
MHz, the new chip (model 
TDC1025J) has higher input imped-
ance, lower (less than one third) 
internal capacitance and power re-
quirements, and a cut in intercon-
nection parasitics due to tighter 
geometry. Also, the approximately 
200-by-160-mil size, compared with 
the 260-mil-on-a-side 2-gm chip, 
cuts the total area by half. 

Bucklen zeroes in on a key charac-

teristic of the 1-gm part that sup-
ports its accuracy of ±1/2 least sig-
nificant bit: tight control over base 
resistance, which requires uniform 
doping and geometry. This permits 
precise matching of the base-to-
emitter voltages of on-chip transis-
tors. Such control is critical in a 
flash-type converter because 255 
comparators, consisting of two emit-
ter-coupled transistors each, cumula-
tively compare the incoming analog 
signal with a reference voltage. Dif-
ferences among the base-to-emitter 
voltages of the 510 transistors would 
lead to variations in the compara-
tors' thresholds that could degrade 
linearity. 

"This is easy to do for a single 

Fine details. One-micrometer-wide lines 

used in the TDC1025 8-bit a-d converter 

show up clearly magnified 500 times in pho-

to at right. Matching of base-to-emitter volt-

ages yields a linearity error of 0.2%. 
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TRW sets signal processing pace 

With its new 75-megahertz a-d converter, TRW's LSI Products division once 
again demonstrates its strategy of offering the speediest of components for 
digital signal-processing equipment. It staked out this market early on, after 
parent TRW Inc. spun the division out of the TRW Defense and Space 
operation in 1976, with a pioneering bipolar 16-by-16-bit multiplier chip 
[Electronics, Oct. 27, 1977, p. 78]. With 160-nanosecond speeds that han-
dled 6 million operations per second, the chip had some 18,000 transistors, 
perhaps the highest density at that time. 
From a bootstrap start inside the military-oriented parent, the division 

continued to expand its line with arithmetic and converter components. 
Besides its military customers, TRW sells parts for such industrial gear as 
special-effects generators for broadcast television, ultrasonic medical body 
scanners, and speech-recognition equipment. 
TRW does not break out separate results for its divisions, but the gross 

sales of LSI Products are said to be more than $25 million yearly, with profit 
margins reflecting a virtual monopoly in several product lines. General 
manager Ralph Miller predicts a five-fold increase by 1985 for his division, 
which recently moved to La Jolla, Calif., to gain room for growth. -L. W. 

differential pair," Bucklen notes, 
"but the trick is to do it on all 510 
over the operating range." In the 
TRW converter the voltages match 
within ± 2 millivolts leading to a 
linearity error of only 0.2%. The 
sampling time aperture is a mere 20 
picoseconds. Transient response, or 
the time required for recovery from 
a full-scale input step, is 10 nanosec-
onds, and power dissipation is 2 
watts. This is about as much power 
as is dissipated by the older 8-bit, 
2-µm part made with ra technolo-
gy. Emitter-coupled-logic signals 
control conversion and provide an 
8-bit parallel output. 
Although shrinking down to 1 gm 

entails no radically different ap-
proach, the difficulty is maintaining 
much closer tolerances, which de-
mands more precise equipment. 
Achieving enough production to sup-
port a commercial line challenges 
manufacturing expertise to the ful-
lest, the company says. 

Accurate alignment. TRW chose a 
Canon 141 photolithographic system 
from among the competing systems 
coming on the market. It has projec-
tion alignment steps accurate to 0.25 
micrometer and is stepped nine times 
to produce fields of four chips each, 
36 in all. (Tim stuck with photoli-
thography, rather than going to an 
even more accurate electron-beam 
exposure system, because the beam 

equipment's throughput at present is 
too low.) 
The firm also continues with its 

triple-diffusion bipolar process, 
which it has used since rrt. was 
developed by TRW engineers almost 
two decades ago, because of its sim-
plicity. Among other things, it needs 
only 5 mask steps compared with 9 
or 10 for an epitaxial approach. 
The TRW division chose to sell the 

converter in board form first because 
such high-speed parts require special 
design care in implementation if 
their performance is not to be 
degraded. This chip-on-a-board 
route was taken with earlier prod-
ucts, too. To encourage customers, 
the board is priced at $1,360, which 
TRW says is what the board costs to 
make. To do it all themselves as a 
one-shot evaluation setup would set 
customers back some $5,000 or so, 
Bucklen asserts. -Larry Waller 

Packaging 

Clad lead frames 

take out more heat 
Faced with the increasing problem 
of carrying away heat as integrated 
circuits become denser, a growing 
number of manufacturers have been 
switching to copper-alloy lead 

frames for plastic 1c packages in 
place of the standard nickel-iron 
alloy. But rather than moving to a 
copper alloy, Texas Instruments Inc. 
is backing a new clad-metal combi-
nation of copper and stainless steel, 
first being used for its program-
mable read-only memories packaged 
in plastic. 

Developed by Ti's Metallurgical 
Materials division, Attleboro, Mass., 
the copper-clad stainless-steel mate-
rial offers thermal conductivity al-
most six times that of alloy 42, the 
iron alloy with 42% nickel of which 
lead frames are usually made. TI also 
says that the metal has greater 
mechanical strength and ductility 
and can endure twice as many bends 
before fracture. 

Better reliability. The company 
believes the new lead frame and its 
improved thermal characteristics 
will enable a number of its custom-
ers for ceramic-packaged Ics to 
switch to less expensive plastic hous-
ings. Reliability will increase be-
cause operating temperatures of the 
circuit will be lower, the firm says. 

Tests on 16- and 20-pin plastic 
PROM parts using the new material 
show junction-to-ambient-air ratings 
(9m) of 83°C per watt and 66°C/w, 
respectively. That compares to 104° 
Ciw and 85°C/w for 16- and 20-pin 
packages using alloy 42. 

TI notes that tests were conducted 
on parts with only a minimum con-
tact area edge-connected, rather 
than soldered, to fixtures. This sets 
up a worst-case condition for heat 
dissipation within the package. 

However, it was the clad metal's 
thermal expansion properties that 
sold the firm's PROM operation on its 
use, says Joe Brennan, memory and 
microprocessor engineering manager 
in the Digital Circuits division, 
Houston. Moving to copper-alloy 
lead frames—which also feature 
high thermal conductivity ratings— 
would have required new plastic 
molds. The thermal expansion coef-
ficients of copper alloys run around 
three times that of alloy 42, Brennan 
notes. 
The mismatch of expansion coeffi-

cients between metal lead frames 
and the existing plastic mold could 
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SILVER 

NICKEL 

COPPER 

STAINLESS 
STEEL 

ALLOY 42 

New frame. TI will use lead frames made of 

copper clad-stainless steel in its plastic 

PROMs. A layer of nickel is added, as was 

silver, to improve solder adhesion. 

damage the package and the bond-
ing to the silicon chip. The clad 
material, high-purity copper on a 
stainless steel core, on the other 
hand, has an expansion coefficient 
only twice that of alloy 42. 

This closer matching allows TI to 
use its existing manufacturing tech-
niques and production tools. Bren-
nan also adds that conversion to the 
clad metal would not change the 
price of the PROMs. 

Currently, TI is offering samples 
of PROMS in 16- and 20-pin plastic 
packages with the new lead frames. 
Eighteen-pin packages will also be 
available in samples this month; 24-
pin parts, in October. By the end of 
the year, all of Ti's plastic PROMs 
will feature the clad-metal lead 
frames. The memory and micropro-
cessor operation plans to convert 
other plastic products as well. 

Heavy pressure. The material is 
made by a bonding process involving 
pressure from heavy rolling mills 
and subsequent heat treatment to 
promote diffusion between the cop-
per and stainless steel. The result is a 
metallurgical bond in which the 
crystal lattices at the interface are 
interlocked at the atomic level. A 
nickel layer is added to the clad met-
al to improve solderability. 
The TI move comes as other IC 

makers continue lead-frame conver-
sion programs. Early last year, 
Motorola Inc. began replacing alloy 
42 with a copper alloy, Olin 194, in 
members of its standard comple-
mentary-mos logic family. 

Cooler. Tests indicate that the new lead frame allows a 16-pin 0.75-watt device to operate 

16"C cooler at 70'C ambient air when compared to a 16-pin device in an alloy 42 lead frame. 

Motorola says it will also soon use 
Olin 194, manufactured by Olin 
Brass Group of the Olin Corp., East 
Alton, Ill., in two microprocessor 
products, including the 8-bit 

MC6801. National Semiconductor 
Corp., for another, has been moving 
to copper-alloy lead frames on many 
of its plastic ic products for the past 
four years. -J. Robert Lineback 

Data communications 

Bell algorithm speeds decryption 

of public-key coding schemes 
There is a great advantage in using 
what is called a public-key scheme 
when it comes to encrypting data to 
ensure its security. Someone wishing 
to send data need only be concerned 
with the code word for encrypting it; 
the decryption code, on the other 
hand, would be known only by the 
person receiving the data and could 
be closely guarded. Organizations 
cooperating in the public-key scheme 
would publish the encryption code 
for their data in a public directory 
where it could be located by anyone 
wishing to send them data. 
A private-key scheme, on the oth-

er hand, such as the 56-bit code 
word developed for the Federal gov-
ernment by the National Bureau of 
Standards, [Electronics, Aug. 16, 
1979, p. 81], cannot be used so 
readily. The decryption code word 
for the data being transmitted must 

be sent along to the receiver—unless 
he already has it —and the code runs 
the risk of being stolen. 

Heretofore, however, public-key 
systems—and these are more in the 
talking stage than actually being 
implemented—have also had a great 
disadvantage. Their implementation 
in hardware has required so much 
number crunching as to restrict 
them to much slower, kilobit-per-
second decryption rates than the N BS 
private-key approach. This disadvan-
tage may no longer apply as a result 
of the work of Paul S. Henry, head 
of the optic systems research depart-
ment of the Bell Laboratories facili-
ty in Holmdel, N. J. 

Special cipher. What Henry has 
done is to come up with a fast algo-
rithm for executing what is called 
the knapsack cipher. This is a popu-
lar public-key system invented by 
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R. C. Merkle and Martin E. Hell-
man of Stanford University. Accord-
ing to Henry, it is possible to achieve 
a 10 megabit-per-second data rate 
with only TTL. 

This speed is more than adequate 
to provide security for a wide range 
of voice, data, and narrowband video 
traffic, he says. A prototype very 
large-scale integrated-circuit system 
using Bell's digital signal processor 
chip developed in house has already 
implemented the algorithm, al-
though memory limitations keep it 
from being fully secure. 

Henry's algorithm is based on 
number theory and its design can 
best be appreciated by experts. The 
key to its speedy operation is that the 
steps in the decryption process, 
which requires data accumulation, 
division with respect to a modulus, 
and successive subtractions, are re-
duced to quick table-lookups—à la 
the private-key scheme—and it all 
may be pipelined. 

Thus, most of the processing can 
be performed on bits in parallel. The 
speed limitation is either the memo-
ry access time or the accumulator 
add time, whichever is greater. 
Either of these can hold to about 50 
nanoseconds with Schottky TTL. 

Integration. It is quite feasible to 
implement the algorithm in standard 
VLSI. In one design, which Henry 
says provides "reasonable security," 
a 41-K memory is needed for the 
look-up table, along with 15 K for 
handling the knapsack vector. This 
data vector, generated by the party 
who wishes to receive encrypted 
data, is used for the basic step of the 
decryption process. Some simple 
arithmetic logic is also needed to 
perform the accumulation, long divi-
sion, and subtraction. 
Henry cautions that further inves-

tigation is needed. The best hard-
ware layout for implementing his 
algorithm is not set, and relation-
ships between the algorithm's securi-
ty and its design also need study. 

For now, Bell has published a 
technical paper about the algorithm 
in last month's issue of the Bell Sys-
tem Technical Journal. It is inter-
ested in knapsack data encryption 
for digital voice circuitry in future 

mobile radio services it may offer. 
Also, the data-communications ser-
vices it may provide could also 
require encryption of the public-key 
variety. -Harvey J. Hindin 

Computer-aided design 

Lisp system could 

speed mask making 
People are still needed in computer-
aided design systems to create inte-
grated-circuit masks. However, this 
procedure would be much faster, 
especially for very large-scale ICS, if 
the human factor could be mini-
mized still further, and Symbolics 
Inc. is on the way to doing this with 
its special-purpose minicomputer 
and a software package of CAD tools. 
The package of CAD tools—Sym-

bolics is toying with calling it the 
VLSI Designers Toolbox—will speed 
the process of converting a transis-
tor-level circuit diagram to photo-
lithographic masks by eliminating a 
tedious hand-drawing step that was 
previously needed in design. The 
minicomputer, now on the market 
(see p. 159), can execute the symbol-
ically oriented Lisp language, which 
permits easy programming and fast 
running of the CAD tools. 

Four steps to layout. Even the 
more sophisticated semiconductor 
manufacturers go through a four-
step process in a CAD-supported 
design project. The first automated 
step converts a gate-level human-
drawn schematic into a transistor-
level circuit diagram. The second 
step requires a person to draw a 
mask layout with the assistance of 
graphics-display software. In step 
three, that layout is converted by the 
computer back into an electrical cir-
cuit. Finally, the two circuits are 
compared by computer to see if the 
mask set will produce the same elec-
trical circuit as the schematic. 

Like others, Symbolics will use a 
CAD system to convert the designer's 
schematic into a transistor-level elec-
trical circuit. However, it plans to 
speed up the second design step by 
allowing the mask layout to be 
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Mask making. CAD systems are available to 

transform a designer's gate-level schematic 

into an electrical circuit. Symbolics wants to 

add automation to the third step. From the 

circuit, the designer draws a simple stick-

sketch that is automatically transformed into 

a final mask layout. 

quickly sketched freehand. The com-
puter would then take over and con-
vert the sketch into a mask set 
according to the design rules. 

Sketching the mask layout is rem-
iniscent of the Sticks approach pio-
neered by John Williams at the Mas-
sachusetts Institute of Technology, 
Cambridge, and subsequently picked 
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Unretouched photo ot the new G82240 gate array before metalization. 

Nearly anything digital you can do on 
an LSTTL board we can do on our big 
gate array SystemChips. For your 
smaller boards, we've got dozens of 
smaller CMOS chips too, each with 
proven reliability. If you want to leap-
frog your competition, send us your 
logic diagram for a quick confidential 
quotation. 

INTERNATIONAL 
MICROCIRCUIT 
INCORPORATED 

Gate Ai r ay Lead, 

3350 Scott Blvd., Santa Clara, CA 95051 
Tel: (408)727-2280, TWX: 910-338-2032 
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up by Hewlett-Packard [Electronics, 
April 10, 1980, p. 40]. Its name, 
Sticks, came from the method's simi-
larity to a stick-figure drawing. 
Such single sticklike lines suffice 

for the freehand mask layout. The 
next automated step takes this lay-
out to form a real mask set. In other 
words, the sticks are converted into 
whatever line widths-5 microme-
ters with 2.5-12m spacing, for exam-
ple — the design rules specify. 

Chris Terman, the toolbox design-
er at Symbolics in Cambridge, 
Mass., points out that the approach 
only requires human input for tasks 
too difficult or time-consuming for a 
computer. He also maintains that 
the Lisp language, which easily links 
different representatives of the same 
concept, and Symbolics' minicom-
puter that directly executes the lan-
guage, are ideal for the job. "I have 
transferred some of the CAD tOOIS I 
developed in C under Unix to Sym-
bolics' machine, and the fact of the 
matter is that they are easier to pro-

gram and run faster in Lisp," Ter-
man says. 

Four levels. As illustrated in the 
figure, the first step in the design 
process is to draw on the cathode-ray 
tube the gate-level schematic of the 
desired circuit. The schematic may 
be input as generic functions (like 
AND, OR and NOT gates) or as stan-
dard part numbers (like 74181s). 
From this representation, the com-
puter generates an electrical circuit 
diagram that reduces the number of 
parts to a minimum (to four field-
effect transistors in the illustration). 
At this level of representation, the 
program runs through a complete 
circuit analysis and simulation and 
checks the circuit against the electri-
cal-design rules. 

Terman's hope is eventually to 
automate the manual step required 
to sketch the mask layout from the 
electrical circuit. A tremendous 
amount of research is being done 
toward this goal [Electronics, July 
31, 1980, p. 73]. -R. Colin Johnson 

Test equipment 

Air Force contract to Sperry division 

will set guidelines for ATE in the 1990s 
With a $54.8 million award to Sper-
ry division of Sperry Corp., the Air 
Force appears to be clarifying its 
guidelines for future automatic test 
and avionics equipment buys. Sper-
ry's systems management unit in 
Great Neck, N. Y., won the contract 
for the Modular Automatic Test 
Equipment (MATE) program after a 
three-year competition with the 
Westinghouse Electric Corp. [Elec-
tronics, Dec. 4, 1980, p. 62]. 
With its timing, the MATE award 

seems almost a riposte to the Gener-
al Accounting Office's early-1981 
report on ineffectual weapons system 
design [Electronics. Feb. 10, p. 59]. 
Although all three armed services 
had reliability and software prob-
lems, the Air Force's F-15 automatic 
avionics test equipment was specifi-
cally cited as undependable. 

Maj. Ralph Freeman is branch 
chief of the MATE full-scale develop-

ment program at Wright-Patterson 
Air Force Base in Ohio. He notes 
that while the program's name might 
lead firms to believe otherwise, 
"MATE is not standard hardware— 
it's a hardware standard. It is a sys-
tematic Air Force approach to 
satisfying our ATE needs." 
As part of that systematic ap-

proach, the Air Force will look more 
closely at procuring off-the-shelf 
instrumentation from commercial 
vendors, thus cutting them in for a 
slice of a pie that has been approach 
ing $1 billion yearly. 

Thus, although Sperry will devel-
op some hardware under the con-
tract, a maintenance facility for the 
A-10 aircraft inertial navigation sys-
tem, the conceptual portion of the 
MATE effort is expected to be more 
important by far, shaping avionics 
systems design for the 1990s. 
Program manager Lt. Col. 

Richard H. Danhof describes MATE 
as a set of five guidelines that 
between them will cover: 
• Air Force and contractor manage-
ment procedures for the procure-
ment of ATE. 
• ATE hardware and software devel-
opment criteria. 
• A test-program set describing how 
avionics test software ought to be 
written. 
• A crew guide that tells Air Force 
personnel how they should use ATE 
in the field. 
• A guide showing avionics equip-
ment contractors how to make their 
systems testable with Air Force ATE. 

Sperry's contract will run through 
1984, with development of the guide-
lines coming first and development 
of the A-10 avionics repair facility 
following as a proof-of-principle 
exercise. The company will subcon-
tract some 40% of the award, includ-
ing development of MATE architec-
ture and acquisition approaches for 
the military. 

By the mid-1980s, MATE guide-
lines should be impinging upon 
almost all Air Force ATE and avion-
ics procurements. One of the first 
effects of MATE will be reflected in a 
1982 request for proposals for the 
depot automatic test system for avi-
onics, or Datsa. Sperry, excluded 
from bidding on Datsa, will supply 
technical assistance to the Air Force 
during that program—one of the 
first tests of MATE'S principles. 

Details about the program are still 
being resolved, but an Air 
Force—Sperry team plans to confer 
with industry representatives at 
Wright-Patterson this Sept. 21-23 
with the goal of giving potential con-
tractors an idea of MATE'S impact on 
their business and engineering prac-
tices. -James B. Brinton 

Communications 

Budget threatens 

U. S. Satcom lead 
Unless the National Aeronautics and 
Space Administration continues 
funding the development of high-
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SCIENCE/SCOPE 

A 100-kilovolt hydrogen ion source will play a vital role in fusion energy 
studies in the Tokamak Test Reactor at Princeton University. The source will 
create a 65-ampere beam of deuterium ions that subsequently will be neutralized 
by charge exchange to produce a beam of fast neutral particles. This neutral 
beam can cross the intense magnetic field lines that contain the plasma in the 
reactor. It will fuel and heat the plasma to the point where self-sustained fu-
sion can take place. The reactor, when completed, will use 12 such ion sources. 
Hughes built the device under contract to the U.S. Department of Energy. 

Pilots soon may get navigational information from a TV display instead of paper 
maps. Hughes, under a U.S. Air Force contract, is developing a system that will 
use a computer to electronically generate and display realistic pictures of ter-
rain and man-made features. The new map will be coupled to an aircraft's navi-
gation system to help the pilot fly at high speeds and low altitudes despite bad 
weather, darkness, and radar jamming. Ultimately, production models of the map 
could be tailored to meet different mission requirements. One mission, for 
example, may require roads and highways as navigational checkpoints, whereas 
another would require navigation with reference to terrain features. The proto-
type system will store 250,000 square miles and use more than 1,500 bits of data 
to encode each square mile. It is scheduled to be delivered in August 1982. 

Certain military laser rangefinders should soon be improved now that researchers 
at Hughes have pinpointed long-suspected impurities in laser rods. Using a new 
dye laser technique in their spectroscopic studies of Nd:YAG (neodymium-doped 
yttrium aluminum garnet) laser rods, scientists uncovered a subtle crystal 
defect that cuts the laser's efficiency and brightness. They believe it will be 
possible to develop a process to increase the quantum efficiency of commercial 
Nd:YAG lasers from about 64 percent to the theoretical maximum of 91 percent. 

Hughes Industrial Electronics Group offers the advantages and opportunities of a 
small company backed by the resources of a $2-billion company. Our facilities 
are in the Southern California communities of Carlsbad, Irvine, Newport Beach, 
Torrance, and Sylmar. Our programs incorporate 34 different technologies. They 
include silicon and GaAs semiconductor technologies, fiber optics, microwave and 
millimeter-wave communications, microprocessors, lasers, and solar cells. Send 
resume to B.E. Price, Hughes Industrial Electronics Group, Professional Employ-
ment, Dept. SE, P.O. Box 2999, Torrance, CA 90509. Equal opportunity employer. 

A new handbook on traveling-wave tubes and traveling-wave tube amplifiers is now 
available from Hughes. The 56-page booklet is designed as a complete reference 
guide. It discusses the history, operation, design, performance, and applica-
tion of TWT's and TWTA's. It also includes a full glossary of terms, diagrams, 
and specification charts on all Hughes TWT's and TWTA's. For copies, write to: 
Hughes Electron Dynamics Division, 3100 W. Lomita Blvd., Torrance, CA 90509. 
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Electronics review 

capacity communications satellites 
with an uplink of 30 gigahertz and a 
20-GHz downlink, U. S. companies 
will lose this next-generation market 
to competitors in Europe and Japan. 
That is the argument being ad-
vanced in Congress by NASA and 
contractors like RCA Corp. and 
Western Union Corp. to counter an 
Office of Management and Budget 
proposal that the growing satellite 
communications industry, not Gov-
ernment, should be funding research 
and development on K. systems, as 
they are termed. 
The turning point of Government 

support for the K.-band program is 
expected from the OMB in the fiscal 
1983 budget, due in Congress next 
January. NASA is expected to ask for 
funds for the effort in its budget 
draft to be ready for the OMB by 
mid-September. Ka-band satellites, 
with message capacities 50 to 100 
times greater than the 14-/12-GHz 
(K.-band) and 6-/4-GHz (C-band) 
domestic satellites now in use, are 
expected to dominate the market for 
30 to 40 years after their introduc-
tion in the 1990s. 

Dispute. While OMB officials look-
ing to reduce NASA outlays contend 
that industry is capable of funding 
K.-band R&D, J. E. Keigler, satellite 
communications manager for the 
RCA Astroelectronics division, ar-
gues that "NASA must conduct the 
flight demonstration because not 
even the largest carrier can under-
write the combination of high cost 
and high risk." 

Testifying with Keigler last month 
before the House Science and Tech-
nology subcommittee on space 
science and applications was his 
Western Union counterpart, Donald 
B. Nowakoski, who noted that finan-
cial demands on carriers to meet 
near-term needs prevent their under-
taking a K.-band satellite flight test 
on their own. Industry officials, who 
also noted that a consortium effort is 
precluded by U. S. antitrust and pat-
ent conflicts, emphasized that simi-
lar K.-band R&D programs in 
Europe and Japan are funded by 
those governments. 

After prodding by the National 
Academy of Engineering, NASA res-

tarted its domestic satellite R&D pro-
gram in 1977 [Electronics, April 14, 
1977, p. 57]. The revived version, 
however, did not concentrate on 
satellites using the 30-GHz uplink 
and 20-GHz downlink until more 
than a year later. As a result, NASA 
states that it does not expect to reach 
the flight test stage before 1987 or 
1988. That would lead to an opera-
tional system only by the early 
1990s, putting Europe and Japan 
three to four years ahead of the U. S. 

Nevertheless, although Samuel 
W. Keller, the deputy associate 
administrator of NASA'S Office of 
Space and Terrestrial Applications, 
believes that U. S. satellite buys 
from Japan are "certainly feasible," 
he is quick to add that any 30-/20-
GHz system developed by the U. S. 
would have "four to five times" the 
usable bandwidth of a Japanese sys-
tem because of American develop-
ment of techniques for frequency 
reuse and spectrum conservation and 
the employment of spot beams. Kell-
er estimates that NASA has thus far 
invested about $40 million in the 
program with more than a dozen 
contractors. -Ray Connolly 

Education 

RPI receives gifts 

for VLSI center 
Rensselaer Polytechnic Institute of 
Troy, N. Y., is building an inte-
grated-electronics center, with the 
help of two major gifts, that will 
focus on very large-scale integrated 
circuits. Dubbed the Center for Inte-
grated Electronics, it will be located 
in a 60,000-square-foot laboratory 
building situated in nearby Water-
vliet, N. Y., and will focus its activi-
ties on an EL-2 electron-beam 
lithography system that is complete 
with computers and other peripheral 
gear. 
The EL-2, donated by IBM Corp., 

has a line width capability of 1 
micrometer and submicrometer ca-
pabilities for select structures such 
as emitter or contact devices. It rep-
resents one quarter of RPI'S $20 mil-
lion equipment goal. Another $10 
million is being sought for program 
support, which includes teachers' 

RPI president is power behind projects 
The guiding force behind the Center for Integrated Electronics is university 
president George M. Low. An alumnus of Rensselaer Polytechnic Institute, 
Troy, N. Y., Low earned a master's degree in aeronautical engineering in 
1950 before going on to the National Aeronautics and Space Administra-
tion's manned space-flight program and eventually serving as the deputy 
and acting administrator of NASA. After coming back to RPI in 1976, Low 
initiated several projects, such as the center and a technology park. 

Recently, RPI trustees decided to commit $3 million toward development 
of the technology park, which is intended to be an East Coast version of 
California's Silicon Valley. Called the Rensselaer Technology Center, the park 
will be built on 1,200 acres of RPI-owned land on the eastern shore of the 
Hudson River between Troy and Albany, N. Y. Construction is to begin this 
September, and occupancy negotiations with companies are in progress. 
When Low arrived at RPI, he hiked the research funds available to 

graduate students, while increasing their number, and maintained the num-
ber of undergraduates. In the 1980-81 school year, 777 graduate engineer-
ing students were enrolled full time, making RPI the ninth largest engineering 
school in terms of graduate students, "down from in the 30s in 1974-75," 
says George Ansell, dean of the engineering school. Last year, 2,794 
undergraduate students enrolled, making it the 28th largest undergraduate 
engineering school —"about the same as MIT," Ansell adds. 
To help solve industrial problems, Low has promoted a center for manu-

facturing productivity and technology transfer that was initially funded by 
Boeing, General Electric, and General Motors. He has also emphasized 
interactive graphics and computing, through acquiring an IBM 3033 main-
frame and other computer facilities. -A. M. 
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Electronics review 

salaries, laboratory construction, 
and graduate fellowships. The labo-
ratory building was donated by 
Norton Co. 

Based on a broad, multidisciplina-
ry approach, the center is planned to 
bring students and faculty from elec-
trical and materials engineering, 
physics, chemistry, and computer 
science together. "It will differ from 
other such VLSI centers in including 
undergraduates in the program, not 
in a token, but in a serious way," 
says Andrew J. Steckl, director of 
the new center. 
About 100 graduate students and 

150 undergraduate students are 
slated to enroll each year in the 
research and instructional programs, 
respectively. Steckl adds that "the 
center's approach is tailored so that 
students will not stop at BS degrees, 
but go on to grad work," in part by 
involving undergraduates in research 
projects. The facilities should be 
ready by January 1982 for a total of 
30 students and faculty members 
who have been trained on the EL-2. 

RPI hopes to reach the $30 million 
funding goal by 1986 and is putting 
up $1.1 million of its own money. 
The fund-raising campaign is aimed 
primarily at 300 or so users and pro-
ducers of ICs including General 
Electric, DuPont, Kodak, Prime, 
Digital Equipment Corp., and Hew-
lett-Packard. Also by 1986, RPI 
anticipates having 25 teachers and 
15 research assistants at the center, 
as well as 250 students. 

"In 1977, RPI started active 
research in integrated circuits, in 
addition to its regular semiconductor 
program," Steckl says. By 1979, RPI 
had an 1c fabrication laboratory and 
had begun research in the field of 
electron-beam lithography. After 
starting the research, the university 
decided to expand its IC program 
further, says Kenneth C. Blaisdell, 
director of corporate programs. He 
attributes the strong start of the new 
center and much of the university's 
success in other ventures to RPI pres-
ident George M. Low (see p. 44). 
Low has formulated the Rensse-

laer 2000 plan, which is a 20-year 
strategy that should make RPI "a 
major science and engineering uni-

News briefs 

Linear IC managers quit National 
Four prominent members of National Semiconductor Corp.'s linear IC pro-
gram are leaving the Santa Clara, Calif., company to start up their own linear 
IC venture. Among the founders is Robert Dobkin, formerly National's direc-
tor of advanced linear circuit development, who was responsible for the 
development of the widely used three-terminal voltage regulators. Robert 
Widlar, who designed many of National's early successes and has since been 
an independent contractor for them, will hold a position on the engineering 
staff of the not-yet-named spinoff. 
The other three founders are former National vice president Robert Swan-

son, former product line manager Brian Hollins, and former marketing direc-
tor Brent Welling. Swanson, who will be president of the new firm, is to be 
replaced by National's group director of special products, Arthur Stebenow. 
Replacements for the other three will be named soon. 

Burroughs wants to buy Memorex with future projects in mind 
Burroughs Corp. of Detroit wants to acquire the financially troubled Memorex 
Corp., Santa Clara, Calif., for $105 million. Memorex, the magnetic-tape and 
disk storage equipment maker, has recorded losses of $29 million on 
revenues of $768.7 million in 1980, and first-half losses this year totaled 
$31.5 million. Although Burroughs' revenues rose slightly to $2.9 billion last 
year, 1980 earnings plunged to $82 million from $306 million in 1979. It 
hopes that combining its own and Memorex' research and development 
efforts will result in economies for both firms and might lead to new high-
density storage products by 1983. 

Japanese open their first U. S. computer store 
Toshiba America Inc. has opened the first computer store in the U. S. 
operated by a foreign competitor. The Information Processing Center in 
Costa Mesa, Calif., will highlight desktop computers and include the first 
made-in-Japan word processors introduced to the American market. A 
newly created division, Information Processing Systems in Tustin, Calif., will 
oversee Toshiba's efforts to sell small-business computer systems in the 
$3,000 to $8,000 range. Toshiba's three new systems in this range are 
8085-based with 64-K bytes of memory and are targeted at businesses with 
10 to 30 employees. The Costa Mesa store and one in Westwood, Calif., to 
open in September will have walk-in servicing. They will also sell other 
business equipment and telephone systems made by Toshiba, part of its 
overall thrust into the American market. 

Alternative to Exxon current synthesizer dropped 
Reliance Electric Co., Cleveland, has dropped work on the energy-efficient 
motor drive it was developing as a follow-on to the alternating-current 
synthesizer proposed by its corporate parent, Exxon Corp., but dropped in 
the spring as impractical [Electronics, April 7, p. 46]. Reliance refuses to 
elaborate on the problems it encountered, except to say that an unantici-
pated need for additional components reduced reliability and inflated manu-
facturing costs unacceptably. 

versity of international renown" and 
"significantly [increase] graduate 
education and research." 

These goals depend a great deal 
on industry support in the form of 
both cash and equipment. Edgar A. 
Sack, senior vice president for Gen-
eral Instrument Corp.'s Microelec-
tronics division in Hicksville, N. Y., 
says, "We're delighted to see an 

important New York State institu-
tion such as RP( getting support and 
developing increasing relationships 
with other New York State compa-
nies." Sack is interested in promot-
ing closer university-industry ties, 
since projects like RPI's new center 
"benefit not only the university, but 
us. We get grads who are better 
trained." -Andrew McCann 

46 Electronics/August 11, 1981 



INTRODUCING A PRINTED CIRCUIT FILM 
THAT BRINGS YOU UP TO SPEED. 
AND IT'S FROM KODAK. 

e 

New Kodak Precision Line film LPF7 is 

designed for photoplotter or camera use. It offers 
high line-edge acuity and excellent contrast. 
Plus, it's faster than any printed circuit film we've 
ever made. Best of all—it's economical! It costs 
about 25% less than our most popular 
Precision Line film. e  
Send for complete information. Write: . -4 

Eastman Kodak Company, Dept. GRO35, *1r) 
Rochester, NY 146 

IF IT'S REPROGRAPHIC AND PHOTOGRAPHIC, 

IT'S FRO FT1 KODAK 
r Eastman Kodak Company, 1981 

Circle 47 on reader service card 



If your printer can't fit m this space  

+, MULTIPLE INTERFACE 
SWITCH SELECTABLE 

RS-232-C/20MA LOOP 
AND 8-BIT PARALLEL 

* SELECTABLE BAUD 
110/300/688/1280 

* 21 

32 OPTIONAL 

CHARACTERS/LINE 

* 36 CHARACTER BUFFER 
WITH SELECTABLE 
"WRAP AROUND" PRINT 

* BOLL) FFICE 
CHARACTER CONTROL 

* ELECTROSENSITIUE OR 
THERMAL PRINTING 

* 64 CHARACTER 
ASCII FORMAT 

se 

and you're paying more than $299; 
win you're using 

thewrong 
printer. 

DigWet 

This Is The Actual Size of DigiTec's New Low Cost Model 6430/6470 Printers Z38"W x 3.08"H x 6.12"D, WT 3'A LBS. 

DigTec. 
NON-IMPACT PRINTERS 

We've opened a whole new world 
of printer applications to both the 
OEM and end user. 
A built-in one chip microprocessor 
provides the simplest possible 
multiple interfacing. Just plug into 
the standard EIA connector. 

You read first line-up...just like 
a book, its electric writing is quiet 
enough to use in a library ... it's 
designer-styled to look good in any 
environment, ... and 

Who Else But DigiTec Warrants 
Their Printers For 1 Full Year. 

$299* 
in 100 quantities 
$399. List 

• UnITED 
SYSTEMS ICORPORAT1011 
918 Woodley Road, Dayton, Ohio 45403 
(513) 254-6251. TWX (810) 459-1728 



Washington newsletter  

Japanese VLSI Use of Japanese electronic technology—particularly very large-scale inte-
grated circuits—in U. S. weapons systems is being explored by the 

considered for Defense Department and the Japanese Defense Agency. The possibility of 
U. S. weapons . . . transferring Japanese technology to U. S. producers, first raised during the 

waning days of the Carter Administration, is receiving serious scrutiny 
from Under Secretary of Defense Richard Delauer who, being responsible 
for research and engineering, discussed it here last month with JDA 
director Joji Omura. 

. . . but possible barrier While the JDA is reportedly favorable to the idea as means of countering 
U. S. criticism of Japan's refusal to increase military spending, Pentagon 

seen in Tokyo sources say an agreement may fail if it encounters opposition from 
Japanese semiconductor manufacturers, who developed the technologies, 
and from their government overseer, the Ministry of International Trade 
and Industry. But the legality of such an agreement could be rationalized 
under a 1966 understanding between the two countries on joint weapons 
research and development. U. S. interest reportedly focuses on Japanese 
VLSI circuits and microprocessors for antisubmarine warfare detection 
systems and for missile guidance, as well as air defense, although no 
specific system applications have been discussed yet. 

FAA sees Congress Federal Aviation Administration leaders believe the next congressional 
session will be more sympathetic to its AERA program for automating en 

receptive to automated route air-traffic control [Electronics, Dec. 18, 1980, p. 48]. The reason: the 

air traffic control strike of the air-traffic controllers' union that made it difficult for 
members of the Senate and House to fly out of the nation's capital for a 
summer recess. The FAA went public with its $2.8 billion plan for AERA 
engineering and development just prior to the strike. 

By using computers linked in a network, the system would automatically 
assign the most efficient flight routes, guarantee adequate aircraft separa-
tion, and monitor aircraft in flight—functions now performed manually by 
controllers. In addition to providing greater safety, potential annual 
savings from the program could reach $6 billion, thanks in part to 
increased controller productivity and reduced aircraft fuel consumption, 
says the FAA. "Controllers today are as important as telephone operators 
were in the '30s to AT&T," says one FAA official, "but we could automate 
many of them out of the system with AERA." 

Venus radar mapper Full-scale development of the $150 million Venus-orbiting imaging-radar 
(voiR) spacecraft is expected to begin in early 1982 when the National 

set for development Aeronautics and Space Administration says it will select a contractor. The 
competition is between Hughes Aircraft Co. of Los Angeles and Martin 
Marietta Aerospace in Denver, which received proposal requests earlier 
this month from NASA's Jet Propulsion Laboratories, Pasadena, Calif. The 
two companies have completed VOIR definition studies, and their proposals 
are due by the end of September. To be launched in 1988 from the orbiting 
space shuttle, the spacecraft will use a synthetic-aperture radar, being 
developed separately, to make a fine-scale map of Venus for transmission 
back to earth. 
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Washington commentary  

What Reaganomics portends for DOD and U. S. allies 

By the end of next year, possibly sooner, the 
American public should be able to judge if 
President Ronald Reagan's economic policies— 
dramatic reductions in Federal taxes and in 
spending for social programs—are as good as 
the politics he used to get them through Con-
gress, particularly the Democratic-controlled 
House. 
"Lyndon Johnson played good politics in get-

ting Congress to adopt his guns-and-butter poli-
cy and increase American intervention in Viet-
nam," recalls one hard-line Democrat on Capi-
tol Hill, "but it caused his Great Society to 
collapse around him and drove him from office. 
Since then we have had to live with the worst 
inflation the country has ever known." While 
that speaker insists that he hopes the Reagan 
program works "for the sake of all of us," he 
says President Johnson's experience illustrates 
that good policies do not follow necessarily from 
good politics. 

Long-standing adversaries 

Private sector analysts of the Federal budget 
and tax programs are carefully watching how 
industry responds to the Reagan initiatives. 
Except for the tax incentives for increased capi-
tal investment in equipment and for research 
and development, says one, there are areas 
where companies "can take the money and 
run." And no doubt some will, he goes on, even 
though that will be the worst thing they could 
do to the national economy and their own com-
petitiveness in the long term. Those holding the 
pessimistic view argue that looking out for No. 1 
is a historic product of the U. S. economic devel-
opment, where Government and business have 
virtually been adversaries. "The kind of team-
work that you find in countries like Japan is 
unknown in this country," notes one lobbyist. 
"The adversarial system is so ingrained in our 
society that it will be hard to change." 

A cap for Weinberger? 

As if these challenges to making the Presi-
dent's domestic economic programs work were 
not enough, there are new problems arising that 
will make it more difficult for the U. S. to deal 
with its allies next year and thereafter. One of 
the most serious, again a product of economics, 
lies in the area of military spending. 
The Office of Management and Budget has 

received authority to order the Department of 

Defense to draft an alternative fiscal 1983 
budget for submission to Congress next January 
that would slash proposed spending by up to $13 
billion from the $254.8 billion planned [Elec-
tronics, June 30, p. 88]. That option is being 
sought by the White House in case the economy 
turns sour and the Federal deficit fails to decline 
as forecast, leaving inflation and interest rates 
at unacceptably high levels. There is no question 
of cutting back on personnel, so the $13 billion 
would have to come from hardware procure-
ment or from a delay of the initial phases of 
major new programs like the MX missile. 

Beyond producing a classic confrontation at 
home between OMB director David Stockman 
and Defense Secretary Caspar W. Weinberger, 
slowing the U. S. military buildup is certain to 
damage President Reagan's relations—as well 
as his strong-man image—with the U. S.'s allies 
in Europe and Japan. Much of the blame for 
that will be placed on Secretary Weinberger 
who has spoken out sharply and consistently in 
public for greater military spending by Japan 
and Europe, calling on them to follow the U. S. 
lead. In fact, while President Reagan was in 
Ottawa last month, meeting with the govern-
ment heads of America's major trading part-
ners, Weinberger was in Washington, criticizing 
them about their defense outlays. 

Tactless diplomacy 

However correct Weinberger's criticisms may 
have been, "he will never succeed with Japan by 
speaking publicly and in the press on this issue," 
says one Washington expert on Japan and its 
culture. The same can be said of a proud West 
Germany, whose forces regularly defeat their 
U. S. counterparts in the North Atlantic Treaty 
Organization's war games. 

In either country, it would be politically unac-
ceptable for government leaders to appear to be 
knuckling under to U. S. pressure for increased 
defense outlays. "These are issues where pres-
sure can only be brought in private if you expect 
any success at all," explains another Adminis-
tration official. "In public, Weinberger should 
keep his mouth shut." 

In this case, it is an example of bad politics 
guaranteeing a foreign policy failure. And that 
failure will he compounded if A nerican military 
budget growth over the nexi few years is 
reduced as a result of domestic economic consid-
erations. -Ray Connolly 
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FORGET 
THESE 
Use our â r IC opto-switch 

(2% actual Size) 

Versatile Sprague Type ULN-3330Y Integrated Circuit Optoelectronic 
Switch eliminates the high cost of discrete components. 

This optoelectronic switch is a complete sys-
tem in a single, 3-lead clear plastic TO-92 
package. It includes a silicon photodiode, low-
level amplifier, Schmitt trigger, output driver, 
and voltage regulator. The ULN-3330Y switch 
is designed for ON-OFF light applications 
where passing objects break a light beam (to 3 

kHz or 180,000 rpm). It is also useful for opera-
tion at a precise light level and is recommended 
for applications where a light threshold sensor is 
required. This low-cost switch features an inter-
nal latch to provide hysteresis and eliminate 
chatter or hunting. An open collector output 
driver will switch loads up to 50 mA and 15 V. 

•In production quantities. Less than 20% the cost of anything comparable 

For Engineering Bulletin 27480 write to: 
Technical Literature Service, Sprague 
Electric Company. 35 Marshall St., North 
Adams, Mass. 01247. 

For application engineering assistance, 
write or call Sprague Electric Company, 
Semiconductor Division, 115 Northeast 
Cutoff. Worcester, Mass. 01606. Telephone 
617/853-5000. 

FOR FAST INFORMATION, CALL YOUR NEAREST SPRAGUE SALES OFFICE: 
ALADAMA. Sprague Electric Co 205883-0520 • ARIZONA. Sprague Electric Co 602 244-0154 602 831-6762 • CALIFORNIA. Sprague Electro Co 213649-2600 
714549-99138 David Miner Inc 714 267.3900 Won J Purdy Co 415 347-7701 *COLORADO. Wm J Purdy Co 303 777.1411 • CONNECTICUT. Sprague Ek,ctrec Co 
203261-2551 Ray Perron 8 Co Inc 203 268-9631. 203673-4825 • (EST. OF COLUMBIA. Sprague Electric Co (Gain sales only) 202 337 7820 • FLORIDA, Sprague 

Electro Co 305,831-3636 • ILUNDIS, Sprague Electric Co 312 296-6620 • INDIANA. Sprague Electric Co 317 253-4247 • MARYLAND. Sprague Electric Co 
301 792-7657 • MASSACHUSETTS, Sprague Electric Co 617 899-9100 413664-1411 Ray Perron 1, Co Inc 617 969-8100 • MICHIGAN. Sprague Electric Co 
517 787.3934 *MINNESOTA. RMR Inc 612 831- 7401 • MISSOURI. Sprague Electro Co 314 781.2420 • NEW HAMPSHIRE, Ray Perron 6 Cu lin 603 742-2321 • NEW 
JERSEY, Sprague Electric Co 201 696-8200 609795-2299, Trinkle Sales Inc 603 795-4200 • NEW MEXICO, Wm J Purdy Co 505 266-7959 • NEW YORK, Sprague 
Electric Co 516234-8700. 914 834-4439 315 437-7311 Wrn Run Inc 914834-8555 Pastor, Hunter Co Inc 315 437-2843 • NORTH CAROM, Electronic Marketing 
Associates 919,722-5151 *OHIO. Sprague Electro Co 513,866-2170 Electron( Salesmasters Inc 800 362-2616 *PENNSYLVANIA. Sprague E ¡cello Co 215 467-5252 
Trnade Sales Inc 215922-2080 • SOU711 CAROUNA, Electronic Marketing Associates 803 233-4637 • TEXAS. Sprague Electro Cu 214 235-1256 • UTAH. W,Ikarrr J 
Purdy Co 801 4136-8557 • VIRGINIA. Sprague Electro Co 703163-9161 *WASHINGTON. Sprague Electric Co 206 632.7761 *CANADA. Sprague Electric or Canada 

Ltd 416 766.6123 or 613 238-2542 

For the name of your nearest Sprague 
Semiconductor Distributor, write or call 
Sprague Products Company Division, 
North Adams, Mass. 01247. Telephone 
413/664-4481. 

1SSieliM 

SPRAGUE 
THE MARK OF RELIABILITY 

a subsidiary of OK Technologies 
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TOSHIBA'S 
16k CMOS RAM 

uses only 
anotimps. 

Toshiba's new 2K x8 CMOS static RAM 
needs only 5 nanoamps (Typ) for data 
retention. 

This means battery requirements are 
minimal. Which means space, weight, and 
cost requirements are also minimal. 

Phone or write today, and we'll send you 
complete technical information on our new 
16K CMOS RAM. 

Toshiba also supplies the reliable 1K 
CMOS RAM, single chip microcomputers, 
and CMOS logic circuits. 

In fact, we're the world's largest supplier 
of 4K CMOS RAMs. 

Toshiba is a world leader in CMOS 
technology. We're constantly introducing 
new products that represent a significant 
advance in the state of the art. 

Our new ultra low power 16K CMOS 
RAM is a good example. 

TC5616AP 

PIN CONFIGURATION 
TC55178P TC:661813P 

As 

As 
ANY 

CE, 

CE, 

110. 

TOSHIBA AMERICA, INC. 
Nobody makes CMOS better 

Western Sales Office: Newport Beach, CA (714) 752-0373, Eastern Sales Office: Boston, MA (617) 742-2040, Central Sales Office: Minneapohs, MN (612) 831-2566 
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THE BIG TECHNOLOGY 
ROUNDUP 

Market Hall 
Dallas 

October 13-14 

A roundup is still a big 
event in the Southwest, only 
now it's new high technology 
products they're chasing 
instead of calves. 
SEMICON Southwest '81— 

SEMI's second annual tech-
nology roundup in Dallas— 
will be the biggest showing 
of semiconductor equipment 
and materials ever held in 
this fast-growing market-
place. Almost 400 booths will 
be filled with the newest 
semiconductor materials and 
equipment for production, 
assembly and test—all with a 
major focus on increased 
productivity. 
SEM1's technology roundup 

will include an outstanding 
technical program focusing 
on future directions in wafer 
fab automation and VLSI 
testing. SEMI Standards 
meetings, where specifica-
tions for the future of the 
industry are molded, are sched-
uled throughout the show. 
Get off to a fast start when 

the big technology roundup 
begins. Use the form below to 
pre-register for the show as 
SEMI's guest. 

COMPLIMENTARY PREREGISTRATION 

Please preregister me for the daily SEMICON/Southwest exhibits display 
and the technical sessions which will be held during the show. 

FIRST NAME AND INITIAL 

COMPANY NAME 

ADDRESS 

LAST NAME 

STATE 

Badges not received before the show may be picked up at the 
"Preregistration Will Call" counter. 

NOT HONORED AT THE DOOR. 
MUST BE MAILED BEFORE SEPTEMBER 21. 

ZIP 

eN81 
SOUTHWEST 

Please circle appropriate letter: 

Your Position 

A Corporate/technical management 
B Design/specifying engineer 
C Engineering/manufacturing 

technician 
D Engineering Services 
E Sales/Marketing 
F Purchasing/Procurement 
G Other 
Area of Main Product Interest 
H Wafer processing 
I Assembly 
J Test 
K Other 

Plea.se send hotel information 
Please send   preregistration 
forms for my associates 

Semiconductor Equipment and 
Materials Institute, Inc. 
625 Ellis Street. Suite 212 
Mountain View, CA 94043 
(415) 964-5111 
Telex 171-977 SEMI-MNTV 
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• Low-level logic input. 
• Motor speed control. 
• Portable-tool speed control. 
• Ignitors. 
• Photo flash units. 
We now offer more than a dozen 

sensitive-gate and inverter SCRs. 
One of them can probably help you 
design a more efficient product. 

For more information, contact 
any RCA Solid State sales office or 
appointed distributor. 

Hong Kong 

Improve your EERs with our 
new Sensitive-Gate SCRs. 
We've just expanded our line of 

inverter and sensitive-gate SCRs. 
Our two newest devices will help 

you improve energy efficiency ratings 
(EER) and simplify circuitry in a wide 
variety of products. 

The S306 3-amp is our first 
inverter-type sensitive-gate SCR. It 
offers: 

• Fast turn-off (T0=6 µsec 
typical, 12 µsec maximum). 
• 2 mA gate. 

It's ideally suited for cutting 
energy consumption in: 
• Base drivers for switching-

mode power supplies. 
• Fluorescent ballasts. 
• TV B+ regulators. 
The table below shows charac-

teristics of the S306 sensitive-gate, 
and our other inverter-type SCRs. 

Our second new SCR, the S406, 
is a 10-amp device with 200µA I GT • 

It's designed for: 
RCA Solid State headquarters Somerville. NJ Brussels Sao Paulo 

Inverter SCR families. 

Highest RMS Maximum 
Family Package Voltage Current TO 

S306 TO-202 600 V 3 A 124 s 
S370 TO-66 700V 5A 64 s 

S390* TO-220 750 V 5 A 3p s 

S580 TO-220 600V 5A 5ps  
S731 TO-48 600 V 40 A 4 p. s  
2N3658 TO-48 600 V 35 A 10 p s 
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International newsletter 
Siemens to make Watch for Siemens AG to become the second European company, after the 

bubble s UK's Plessey Microsystems, to start manufacturing magnetic-bubble 
st  " memory systems out of U. S. chips [Electronics, June 30, p. 76]. It plans to 

come out in October with samples of two magnetic-bubble memory 
modules mounted on 100-by-160-mm Eurocards using Intel Corp.'s 1-Mb 
bubble-memory devices. One is the 128-K-byte card E 141 and the other 
the 256-K-byte card E 142. A third card, the E 140, serves for memory 
control. Using these modules, a memory system with a capacity of up to 1 
megabyte can be put together. The memory devices operate off a standard 
supply of + 5 and + 12 v, and their wide operating temperature range of 
0° to 70°C makes them well suited for applications in rough environments. 

. . . and Fujitsu's 

will sell in the U. S. 

Samples of a 1-Mb magnetic-bubble memory cassette and a 4-Mb bubble 
memory board from Fujitsu Ltd. are available now in Japan and will be 
available in the U. S. in September. Both products use a new 1-Mb chip 
that has a bubble diameter of only 1.9 gm. The cassette has 512 loops of 
2,048 bits each and sells for $2,450 with associated circuitry. The $7,350 
board has 8,192 pages of 512 bits each with an 8-bit parallel interface for 
direct memory access capability. Both have an average access time of 12.5 
ms and a maximum data rate of 100 kb/s. Custom peripheral circuits will 
be used when production units are shipped late this year or early next. 

British Telecom British Telecom is discussing with the government, private industry, and 
the British Broadcasting Corporation a $360 million proposal for a 

eyes satellite satellite that would beam TV broadcasts directly to rooftop antennas, as 
for TV and business well as provide a high-speed data service to business users. To be built by 

British Aerospace and by Marconi Space & Defence Systems Ltd., the 
bird would be launched in 1985, about a year behind Project Mercury, an 
alternative terrestrial proposal that uses high-speed fiber-optic links [Elec-
tronics, July 14, p. 63]. 

Bell testing Japanese Fujikura Cable Works Ltd. is shipping optical-fiber cable to Bell Tele-
phone Laboratories in Holmdel, N. J. for tests to qualify it for use in 

optical-fiber cable long-distance submarine transmission systems. The order is for a total 
length of 65 km of cable priced at $216,450. If this cable, whose 
attenuation is only 0.7 dB/km, performs to specifications, it may be 
selected for use in the transatlantic line that American Telephone & 
Telegraph Inc. wants to put into operation by 1988. 

UK to automate Three government laboratories, four electronics companies and a number 
of British universities are planning to collaborate in UK 5000, a program 

fabrication of to develop software for the automatic generation of uncommitted logic-
gate-array masks array masks directly from a customer's logic diagram. One aim is to 

provide an extremely fast design-turnaround service by 1982, interfacing 
CAD software, which also automatically generates test-tape patterns, with 
a direct electron-beam writer at the Science and Engineering Research 
Council's Rutherford Laboratories. Double-layer metalization, laid out on 
an X-Y grid, would complete complementary-mos arrays of up to 6,000-
gate complexity. Participants in the 33—man-year software project include 
British Telecom, the Science and Engineering Research Council, the Royal 
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International newsletter  

Signals and Radar Research Establishment in Malvern and, from industry, 
1CL, GEC Telecommunications, TMC, and Standard Telephone & Cables. 
The program will be partly funded by the Department of Industry. 

10 Japanese firms pool Ten Japanese firms have set up a foundation to bid for research and 
development contracts on new functional devices that will be funded by the 

bids for project to Ministry of International Trade and Industry [Electronics, Jan. 27, p. 67]. 
Improve active devices Work on the devices— superlattice devices and ballistic transistors, three-

dimensional integrated circuits, and devices capable of functioning in 
hostile environments— will then be divided among the members. Outside 
firms can also bid, but most Japanese firms with the potential for doing 
this work belong to the foundation. The members are: Fujitsu, Nippon 
Electric, Hitachi, Toshiba, Mitsubishi Electric, Oki Electric, Sumitomo 
Electric Industries, Matsushita Electric Industrial, Sharp, and Sanyo 
Electric. The ministry is accepting contract applications from Aug. 5 
through 15 for a probable decision in early September. 

Ceramic has Invar's A new dielectric resonator material intended for very high frequencies has 
been developed for the European Space Agency by Thomson-csF's central 

temperature stability research laboratories in the Paris suburb of Corbeville. The zirconium 
titanate-based ceramic has the temperature stability of Invar and yields 
4-to-12-GHz oscillators and filters. In satellite applications, such filters 
would make possible waveguide resonators that are smaller and handle 
more power than conventional units and are compatible with microwave 
integrated circuits. 

Inmos simulating 

microprocessors 

Evidence that Innnos Ltd. is working away at new microprocessor designs 
comes from the International Conference on Very Large-Scale Integration 
to be held Aug. 18-20 at Edinburgh University, where the company will 
describe a multilevel logic simulator developed for internal use. Commer-
cially available software was not up to the task of simulating complex 
microprocessors, says the Bristol company, so it has developed a three-level 
simulator, employing high-level, modular, structured languages. The low-
est level simulates the analog properties of mos transistors and interfaces 
automatically with the second level, which simulates the operation of 
dynamic mos logic. The third level allows the designer to describe his 
system's operation. 

Addenda By 1990 there will be some 20,000 industrial robots operating in West 
Germany, according to a forecast from the Frankfurt-based market analy-
sis firm Gewiplan GmbH. . . . Victor Co. of Japan has developed a 
compact video-tape cassette that can be recorded with the Video Home 
System format on a down-sized portable video-cassette recorder and 
played back via an adapter on a standard VHS VCR. . . . Next month 
RTC-La Radiotechnique Compélec of Paris will introduce a new diode 
laser for high-output fiber-optic transmission. The laser transmits 560 
mb/s at a wavelength of 850 nm, injects 5 mw into the 100-µm-wide 
fiber, and has a response time of less than 0.5 ns. 
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3. 

KONTRON'S 
MPP 80...The total 
programming instrument 

1. 

For data on Kontron Computer/Controllers, Digital Multimeters, Counters, PROM Programmers, 
Logic Analyzer and Printers, call (800) 227-8834. In California call (415) 361-1012. 

Whether down-loading from a development 
system, servicing field equipment, or program-
ming through a handler on the production 
floor... Kontron's MPP 80 can do it! 1. Pro-
grammable logic modules to support Signetics 
IFL both the 28 and 20 pin (FPLA, FPGA, 
FPRP, FPLS), MMI PALTM, etc., with full CRT 
editing. 2. Gang programming to support 
all popular EPROMS using interchangeable 
identifiers, including the new 64K EPROMS. 
3. Inexpensive personality modules for pro-
gramming single devices and whole PROM 
families uses interchangeable 
socket adapters. 

Features N All Kontron modules are sub-
mitted for device manufacturers approvals 
• Over 400 devices programmed al Com-
puter development system, or terminal 
remote control U Standard UV lamp 
al These and many more features 
are explained in our comprehen-
sive brochure. 

Kontron's MPP 80 SAM 
provides data transfer 
capabilities over tele-
phone lines via an 
approved modem 
and acoustic 
coupler. Just 
think! No more 
PROMS lost in 
the mail and up-
dates are as quick 
as a phone call! 

FA  l ELECTRONICS, INC. 630 Price Avenue, Redwood City, CA 94063 (415) 361-1012 
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AIPERRANTI 00M PA 

E GATE ARRAY SUPERMARKET. 
41MIL 911•Mii, 

Now there's one-stop shop-
ping for all your gate 
array needs. Linear, 

CMOS, NMOS, CML and 
more! Low power, high speed, 
MIL STD 883B —everything on 
your shopping list. And at the 
best prices in town! Check our 
department specials. 

The industry's broadest line 
of analog and digital arrays. 
Choose from ten different ana-
log arrays with up to 812 com-
ponents per chip. In digital, 
pick either rugged ULA or fast 
acting CML technology. Speeds 
up to 20MHz and complexity 
up to 880 gates are stock items. 
Digital/linear options available 
on most products. 

S/NMOS 
Energy saving metal gate 

CMOS and versatile NMOS 
arrays. Pick from five different 
CMOS products with gate 
counts from 100 to 450. Dedi-
cated flip-flops included to save 
space and price. Many prede-
signed analog CMOS functions 
on hand. 

ACKAGES 
Big or small, economical or 
exotic, we stock it. Spec plastic 
or ceramic DIP's, flatpaks, chip 
carriers, or metal cans. For 
hybrid producers, order up dice. 

erUCTION 
Fast delivery! No quantity too 
large! Most products built to 
rigid industry commercial stand-
ards but MIL STD 883B, burn-
in, and AC testing available 
for critical users. Check your 
requirements with us. 

COUPCN VALID ON, • 'nu 411/1,K.N S  1 0 

90°°OFF "plArlIE"  
MOK DESIGN KIT - LINEAR 'NMOS 

CMOS DESIGN MANUAL 

ULA DESIGN KIT 

CML DESIGN MANUAL $25.°° e15.°° 
LOST one COUPON PEP PURCNASE EXPIRE 5 HI MEIER 25. 1981 
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MATERIALS 
Everything you need to design 
your own custom IC. Design 
kits, manuals, predesigned cir-
cuits, breadboard parts, evalu-
ation parts, and layout sheets. 
Free applications assistance 
always available. 

START SAVING TODAY! 
Purchase the design manual 
you need and deduct $10.00 
from the regular price. When 
you receive it, you'll be ready 
to start saving big money by 
converting your expensive elec-
tronic designs to low cost gate 
arrays. To order, call or write: 

Interdesign, Inc. 
1255 Reamwood Ave. 
Sunnyvale, CA 94086 
Tel: 408-734-8666 
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Products that talk. 
The man-machine interface 
will never be the same. 



Let's talk about speech capability. 
Voice synthesis products. 
From Texas Instruments. 

The bright promise of products that 
think came closer to fulfillment in the 
70s. The trend for the 80s is clear: 
Products that "talk." 
Whether it's appliances, automotive 

consoles, transaction terminals, office 
systems, telecommunications, robotics 
or electronic toys and games, no other 
area of technology will have more im-
pact during this decade. 
Speech synthesis technology — pi-

oneered by TI — portends a whole new 
generation of voice-prompting prod-
ucts. Products that will change the way 
you live and learn and work. 

So, if you're designing new products 
with speech applications, talk to TI — 
the only total capability supplier with 
the experience and production-proven 
know-how to assure you of reliable 
speech products and services. 

Let's talk technology 
TI offers several methods of vocabulary 
analysis, dependent on your volume, 
versatility of application and voice 
quality desired. TI's Linear Predictive 
Coding (LPC) technique provides the 
highest quality speech reproduction 
because it's the only technique devised 
that models itself after the human 
vocal tract. 

Define your vocabulary, consider 
your volume requirements, cost and 
development time, then talk to TI 
about your application. 

Let's talk products 
Choose from the industry's broadest, 
most cost-effective line of speech prod-
ucts. A growing line of integrated cir-
cuits, evaluation kits, OEM boards and 
a capability for the design and develop-
ment of complete custom modules in-
corporating microprocessors, display 
and interface functions. A good exam-
ple of our commitment to this technol-
ogy: ROMs made especially for speech 
applications. 

TI's LSI Voice Synthesis processors 
(VSP) and Voice Synthesis memories 
(VSM) are in volume production, now. 

The TMS5220 single chip VSP pro-
duces high quality speech at a very low 
data rate (1200 bps), easily interfacing 
with 8 and 16-bit microprocessors. The 
on-chip FIFO buffer allows speech data 
to be stored in either the host micro-
processor system, or off-line on bubble 
memory or floppy disk. Also, speech 
data may be stored in a custom ROM, 
such as the 128K-bit TMS6100. You can 
use TI VSPs with TMS6100 Series 
VSMs for storage of up to 3,000 words 
of speech. 

New vocabulary ROMs for 
industrial/numeric 

applications 

We're talking about prepro-
grammed, high quality, low cost, 
applications-oriented vocabularies. 
Choose from three vocabulary 

ROMs for industrial applications. 
The VM61001 and VM61002 each 
have a vocabulary of about 200 
words with a male voice intonation. 
VM61001 is compatible with the 
TMS5100 VS Processor, VM61002 
with the TMS5520. A smaller indus-
trial vocabulary of about 50 male-
intonated words is available with 
the VM71001, compatible with the 
TMS5100. 
For numeric applications, the 

VM71002, compatible with 
TMS5100, offers approximately 35 
male-intoned words and phrases. 
The VM71003 offers the same vocab-
ulary with a female-intonated voice 
and TMS5220 compatibility. 

In the coming months, look for 
more new vocabulary ROMs from 
TI for specific applications such as 
Appliances and Avionics. 

The TMS5100 single chip VSP pro-
duces high-quality speech at data rates 
of 1200 bps and interfaces with 4-bit mi-
croprocessors. TMS5100 VSP directly 
addresses up to 16 TMS6100 VS memo-
ries for up to 30 minutes of speech. 

For evaluation of TI's voice synthesis 

capabilities for 4, 8 and 16-bit micro-
processors, complete speech evaluation 
kits are available for TMS5100 and 
TMS5220. 

So, what are we talking about? We're 
talking about quality, flexibility, cost/ 
performance effectiveness and right 
now delivery — only from the voice 
synthesis leader — only from Texas 
Instruments. 

Let's talk support 
Like the development of production vo-
cabularies at any of TI's Regional Tech-
nology Centers. Custom vocabularies 
can be synthesized at the RTCs at low 
cost with quick turnaround (so quick in 
some cases that you can walk out the 
door with your program) and delivered 
on EPROMs for use with either TI's 
TM990/306 speech board or TMS5000 
Series VS processors. 
And like tapping the resources of 

TI's word library where natural sound-
ing speech is pre-recorded and readily 
available for specialized vocabularies. 
And like an intensive one-day RTC 

seminar covering TI's Solid State 
Speech technology and its applications, 
including acoustics, phonetics, wave-
form analysis and LPC. Systems archi-
tectures as well as hardware and soft-
ware design techniques and a 
demonstration of several speech prod-
ucts round out the day. 
And like the Design Service as-

sistance rendered by the RTCs for the 
application of cost-effective, state-of-
the-art technologies to your specific 
product and program needs. 

Let's talk now 
About a total systems solution ca-
pability for voice synthesis technology. 
About low-cost, high-quality, quick 
turnaround Solid State Speech applica-
tions for your products. 
Milk to your nearest TI field sales 

office or distributor, or fflo 
write to Texas Instru-
ments Incorporated, 
P.O. Box 202129, Dallas, 
Texas 75220. 

Wads Instruments invented the integrated circuit, microprocessor and microcomputer. Being first is our tradition. 

*Solid State Speech is a trademark 
of Texas Instruments Incorporated 

TEXAS INSTRUMENTS 
IN 

85904A 
1981 Texas Instruments Incorporated 
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Withstanding 
the tests of time. 

The New Series 10 Production Test System. 

In the past, you've come 
to know our Sentinel 
production test system. 
How efficient it was. And 
what excellent perfor-
mance it had. 

But we know that you it An. 
may need more than just '45' 
increased throughput. You need to 
know your test system can keep 
pace with changing technology. 
And grow as you grow. 

— aim for your Sentinel will run 
on Series 10s. But we've 
added enhancements that 
will protect your investment. 

Included are such trans-
  formations as Fairchild's 

1 So we designed the Series10 with 
you in mind. Our new test system 
still has the same workhorse capa-
bility. And the programs you wrote 

new FST-2 CPU memory 
based on 16K RAMs. So 

you can have an ECO (Error Code 
Correction) memory system for 
higher reliability. Plus, there's a 
new 208V 3-phase AC power 



distribution panel for optimal relia-
bility and electrical safety. 

This evolution is all part of Fair-
child's philosophy of meeting the 
future head-on. Because survival or 
obsolescence is a matter of being 
sufficiently flexible when new 
devices come along demanding 
more technology 

And the Series 10 is the epitome 
of flexibility. 

For instance, if you have large 
LMI files, Series 10 CPU memory 
is expandable from 128 to 256K 
words. So you can get the fast 
execution time you need. 

And we've redesigned our high-
speed section so that in the very 
near future, we can give you even 
greater capability Features being 
developed include enhanced timing, 
algorithmic pattern generation, 
120-pin VLSI capability and higher 

current device power supplies. 
All are being designed for easy 

field installation. 
We still have all the things you 

like about the Sentinel, though. Like 
high throughput at 10 MHz. Test 
plans resident in CPU memory. A 
floppy disk. As well as a built-in 
sequence processor module and 
4K local memory. (Some things 
can't be improved on.) 

In addition, production-oriented 
utilities like binning techniques are 
built right in. And the revolutionary 
new M3 operating system software 
is also standard, making it com-
patible with Fairchild's Sentry and 
Series 20 engineering characteri-
zation testers. Now you can have 
production characterization inter-
change and complete tester net-
work hookup with the Integrator® II 
host computer system. 

So the Series 10, with the largest 
service and support group in the 
industry behind it, gives you reliable 
production testing that stands up 
under present requirements. And 
with expandable capability one that 
will withstand the tests of time. 

For more information, contact 
Fairchild Test Systems Group, 
1601 Technology Drive, San Jose, 
California 95115, (408) 998-0123. 

FAIRCHILD 

A Schlumberger Company 

The 
First Family 

of ATE. 
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The Lexidata System 3400 Display 
Processor and full line of interactive 
peripheral devices are designed spe-
cifically for OEMs and sophisticated 
end-users. The System 3400, rapidly 
becoming the leader, with over 1,000 
units shipped to date, possesses the 
product characteristics required by 
this demanding customer group. 
• System 3400 performance is truly 
outstanding. Only the System 3400 
offers 1280x1024 resolution at 60Hz 
non-interlaced black-and-white and 
grayscale capability, or 880x704 reso-
lution at 60Hz non-interlaced color. 
Our programmable lookup tables are 
the industry standard of performance. 
Double buffered memories or multi-
ple lookup tables with bank switchable 

memories and processor features, 
such as pan/zoom and 4K WCS, 
are available. 
• System 3400 quality satisfies the 
requirements of Fortune 500 com-
panies, the leading CAD/CAM 
systems vendors and military and 
government contractors. We con-
tinue to focus on quality because we 
believe that quality and cost effec-
tiveness are closely related. 
• System 3400 flexibility ensures a 
configuration to meet the exact 
requirements of each customer. The 
System 3400 offers a complete range 
of OEM configurations, starting from 
$7,540, including monitor. 
• System 3400 software provides a 
high-level language user-interface to 

execute graphics and imaging func-
tions. The powerful subroutine 
library streamlines application soft-
ware development and facilitates 
user interaction. 
• System 3400 cost effectiveness 
enables even price-sensitive OEMs 
to configure a highly competitive 
product. You will be able to maximize 
your value-added contribution 
and optimize your overall system 
performance. 

For more details, call (617) 663-8550 
or write to us at 755 Middlesex Turnpike, 
Billerica, MA 01865. TWX 710-347-1574. 

LEXIDATA 
LLi  CORPORATION 
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Electronics international  
Significant developments in technology and business 

Electrochromic display 
rivals liquid crystal 
for low power needs 
by Charles Cohen, Tokyo bureau manager 

Technique has novel uses, 

too, as segments are deeply 

colored when turned on but 

transparent when turned off 

Electrochromic displays may soon 
become a strong competitor of liq-
uid-crystal displays for some of their 
present applications. The thin-film 
display developed at Nippon Kogaku 
KK, manufacturers of Nikon cam-
eras, features a deep blue black color 
that can be read from any angle, 
plus low power operation—it needs 
almost no current to stay turned on. 
Furthermore, the individual dots, 
segments, or characters are trans-
parent when not turned on. This 
opens up a whole new range of appli-
cations within optical systems, ac-
cording to Yosuke Takahashi, a 
senior researcher at the firm's 
research laboratory. 

Unprecedented. As an example, 
his group has fabricated a reticle for 
a 10 X magnifier. The square grid of 
15-micrometer-wide lines on 1-milli-
meter centers can be turned off so 
that it does not interfere with obser-
vations. Still another application, 
Takahashi states, is variable neutral-
density filters that do not have to be 
manually swapped to change densi-
ty. The reticles will probably be used 
in cameras and microscopes, and the 
filters in surveying equipment. 

Takahashi's group has also built a 
prototype watch whose display driv-
er and display require about the 
same input power as those for an 
LCD unit when indicating hours and 
minutes. The watch would consume 
more power than the LCD version if 

it indicated seconds, unless it did so 
only at the user's wish. 
A display with a total character 

segment area of 1 square centimeter 
requires 7 or 8 millicoulombs to turn 
on. In other words, turning the dis-
play on in a tenth of a second 
requires a 70-milliampere current 
throughout that period. On the other 
hand, after the display is turned on, 
the current falls almost to zero. Volt-
age can be removed at that time 
because even after 12 hours the den-
sity decay is only 50%. A reverse-
polarity pulse is required to clear the 
display. 
When operated at a constant volt-

age of only 1.4 volts, the device turns 

on in less than 100 milliseconds. 
Turn-off time for the same voltage 
with reverse polarity is less than 50 
ms. An experimental display has 
operated at a 1-hertz repetition rate 
for more than 50 million cycles with 
no visible degradation. 

Layered. The display employs five 
submicrometer thin-film layers with 
a total thickness of 1 to 1.5 eim on a 
glass substrate. In the future, their 
thicknesses may be adjusted for 
enhanced antireflection or other op-
tical properties. In the order in 
which they are deposited on the glass 
substrate, the layers form: a trans-
parent conducting electrode of in-
dium tin oxide; the first electro-
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TRANSPARENT ELECTRODE 
(INDIUM TIN OXIDE/ 

2nd ELECTROCHROMIC LAYER 

INSULATING LAYER 

-4- 1st ELECTROCHROMIC LAYER 

TRANSPARENT ELECTRODE 
(INDIUM TIN OXIDE) 

GLASS SUBSTRATE 

Blue black. When the electrochromic display in (a) turns otf, it 

Tungsten oxide could form the first electrochromic layer (b), a metallic hydroxide the second. 

becomes transparent. 
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chromic layer; a porous solid electro-
lyte; a second electrochromic layer; 
and a transparent conducting elec-
trode of indium oxide. 

Takahashi is reluctant to speak 
about materials because he says pat-
ent applications are being filed on 
the materials used, but tungsten 
oxide is a possible choice for the first 
electrochromic layer. Nickel and 
other metallic hydroxides are used 
for the second electrochromic layer. 
Connection of a negative voltage to 
the upper indium oxide electrode 
causes the transport of positive 
hydrogen ions (from moisture in the 
thin films) to the normally colorless 
tungsten oxide, causing it to change 
into hydrogen tungsten bronze 
(H„W03), which is blue. At the 
same time, additional negative hy-
droxyl ions are transported to the 
colorless metallic hydroxide, causing 
it to become black. 
As for the future, Nippon Kogaku 

is just about to make a decision on 
what applications it will develop and 
whether it will sell components or 
the technology. 
Academic origin. Work on this dis-

play from October 1977 through 
October 1980 was aided by an inter-
est-free loan of $800,000 from the 
Research Development Corp. of Ja-
pan, which sponsors the commercial 
development of inventions of re-
searchers outside of industry—in 
this case, a method of fabricating 
thin films by radio-frequency reac-
tive-ion plating, developed by Prof. 
Yoichi Murayama of Tokyo Univer-
sity. In the electrochromic device the 
upper indium oxide transparent elec-
trode and at least one of the other 
layers is created by the reactive-ion 
plating method, which Takahashi 
says makes it possible to fabricate 
certain types of thin films without 
degrading or destroying those lying 
underneath. 

IBM Corp. and others have worked 
on liquid-phase electrochromic dis-
plays but seem not to have been able 
to achieve good lifetime—at any 
rate, no products have appeared on 
the market. At least two Japanese 
universities have also studied solid 
electrochromic displays, but again 
no products have resulted. 

West Germany 

Electron-beam system needs little power 

to heat-treat silicon for solar cells 
A laboratory-type electron-beam 
generator promises to lower the cost 
of heat-treating the surface of solar 
cells to the point where the process 
becomes attractive even in mass-pro-
ducing cells. The unit is the result of 
a two-year development effort at the 
nuclear research center in Karls-
ruhe, West Germany. 

Surface tempering is crucial for 
raising a solar cell's light—to—electri-
cal-energy conversion efficiency and 
has been the subject of investigations 
at various research labs around the 
world. But as Jochen Geerk, one of 
the two developers of the Karlsruhe 

equipment, points out, some of the 
apparatus he has heard of so far is 
too elaborate and the rest requires 
too much energy. Laser-based tem-
pering systems fall into the first cat-
egory, and other electron-beam gen-
erators built for cell surface temper-
ing fall into the second. 

Today's solar cells generally con-
sist of single-crystal silicon in which 
impurities are imbedded at very low 
and precisely controlled concentra-
tion levels. In theory, cell efficiency 
should be about 20% to 22%, but in 
practice it is only around 10% and 
depends chiefly on the crystal lattice 

10 Italian taxis save gas on two cylinders 

In pursuit of an automobile with a less voracious appetite for gasoline, Italy's 
Alfa Romeo SpA is trying the approach pioneered by General Motors Corp. 
of the U. S.—an engine that uses fewer than all its cylinders at low speeds. 
The state-owned company is currently road-testing a microprocessor-
controlled, four-cylinder engine that by running on two cylinders is cutting 
fuel consumption by over 35% in city traffic and could cut it by 12% at 
highway speeds of up to 90 kilometers (60 miles) an hour. 
The Alfa system not only interrupts the flow of gasoline to one of two pairs 

of cylinders— it also alternates between the two pairs so that neither suffers 
differentially from wear and tear. Each cylinder has its own fuel injector. The 
system betters 1982 Common Market antipollution standards. 

In contrast, the GM system that allows an eight-cylinder engine to run on 
four or six cylinders, as appropriate, does not balance its use of cylinder 
pairs. Also, each of GM's two systems employs just two fuel injectors— not 
one per cylinder—and of course meets U. S. antipollution requirements. 

In the Alfa engine, an Intel 8085 microprocessor regulates fuel flow. It 
monitors throttle angle, the number of revolutions per minute, and coolant 
and air temperatures and then, when it judges two-cylinder driving is in order, 
closes one pair of fuel injectors, leaving their associated pair of cylinders to 
suck in air only. 
The constant switch in cylinder pairs in two-cylinder driving occurs every 

minute or less and derives from the natural oscillations of the driver's foot on 
the gas pedal. Alfa engineers report: "We have a very complicated algorithm 
to compute maximum and minimum time." They admit that the driver 
running on two cylinders notices "a little less response than from four 
cylinders, comparable to a not-too-well-tuned car, but gets the usual 
performance as soon as he opens up the throttle again." 
The Milan-based company's decision whether or not to produce the motor 

will be based on an experiment currently under way on 10 of Milan's 
hard-driven bright-yellow Alfa 2.0-liter taxis. The results will be analyzed after 
the 15,000 km each taxi is expected to log by fall. So far their total is 60,000 
km, and their more than 35% savings gratifyingly in excess of the 20% 
maximum predicted. -Lois Bolton, McGraw-Hill World News 
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The 
advantages 
of data encryption 
are now plain 
to see. 

ding edge- e% K 
WOrk for you. 

The writing's on the wall. 
File security is the feature more and more 

end-users are demanding. Especially in word 
processing and small business systems. 

And that can translate into a significant prod-
uct advantage. If you make the effort to include 
data encryption in your next design. 

Fact is, implementation's never been easier. 
Or more cost-effective. Thanks to Western Digital's 
WD 2001 data encryption device 

400ou Based on the NBS Data Encryption Algorithm, our.compact WD 2001 is 
a single-chip solution that delivers full 
NBS certification, a 1.3 Mb/s throughput 

rate and can be bus or hardware controlled. 
It's also available for immediate delivery. 
So contact Western Digital for your own 

set of WD 2001 specs. And all the latest on our 
CryptoPrimer development kit. 

There's more profit in seeing things our way. 

WESTERN DIGITAL 
CORPORAT / ON 

Telecommunications Division, 2445 McCabe Way, Irvine, CA 92714, (714) 557-3550 
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quality of the cell's light-sensitive 
surface. 

The key to this high quality is 
thermal treatment that cures the 
crystal imperfections caused when 
the impurities are imbedded in the 
silicon. But so as not to redistribute 
those impurities, the treatment must 
be brief, on the order of fractions of 
a microsecond. 

Properly controlled tempering can 
raise a silicon cell's efficiency by sev-
eral percentage points. But for mass 
production, the related equipment 
must be inexpensive and the energy 
requirements low—and this is where 
the electron-beam generator from 
the Karlsruhe research center comes 
in. Once such a generator for tem-
pering a large number of cells in a 
single process is perfected, Geerk 
speculates, it will cost several times 
less than laser-based systems at pres-
ent do. 
As for the energy requirements, 

the equipment works with 10 to 25 
kiloelectronvolts for a 1-micrometer 
penetration, although for proprietary 
reasons, the Karlsruhe developers 
are reluctant to say more at this time 
than that a special cathode and igni-
tion system design are responsible. 
In comparison, 10 to 300 key is 
employed by the prototype of a pro-
duction machine made by Spire 
Corp. of Boston, Mass., the industry 
leader in electron-beam generators 
for solar-cell tempering. 

Alike. In other respects, the two 
designs are not dissimilar. Beam 
width is around 5 centimers in both 
and so can cover relatively large cell 
areas. In addition, for the German 
and U. S. machines, respectively, 
pulse duration is 300 versus 100 
nanoseconds; beam current density is 
1.3 to 3 kiloamperi:s per square cen-
timer versus mon than 1 kA/cm2; 
and the pulse energy imparted to the 
material is 0.3 to 2.5 joules/cm2 ver-
sus 0.1 to 10 i/cm2. 

Present investigations at the 
Karlsruhe center are aimed at the 
system's industrial use. For a French 
research institute, a system is now 
being readied that will replace its 
laser-based tempering equipment 
and be used in solar cell develop-
ment. -John Gosch 

France 

Digital telephones plug into interface 

with analog net; first trial set for 1982 
Telephone subscribers who want the 
latest in digital equipment could eas-
ily be at odds with their local 
exchange and its analog main distri-
buting frames (mDFs). 
But at the Lannion, 
France, laboratories of 
Centre Nationale 
d'Etudes des Télécom-
munications, a system 
has been developed 
that exploits improve-
ments in individual 
subscriber equipment 
(16E) so as to allow 
multiplexed digital 
communications to be 
interfaced with the ex-
isting network. 

Menhir, a French 
acronym for experi-
mental module for a 
harmonized digitiza-
tion of the interface 
with the network, re-
places the MDF with a 
digital switching 
frame installed at the 
input of the distribu-
tion cables. At the 
subscriber's end of the 
line, the ISE converts 
the speech signal from 
analog into digital in-
formation, besides 
taking care of the nor-
mal Borsht (battery, 
overvoltage, ringing, 
supervision, hybrid, 
and test) functions. 
"The main distri-

buting frame is clearly 
obsolete and gets very 
cumbersome and com-
plex when dealing 
with more than 20,000 
lines," points out Dan-
iel Hardy, a CNET 
telecommunications 
research engineer. 
"Menhir is not only 

far more compact than the MEW, but 
it offers many operational advan-
tages as well." Putting a subscriber's 
link into service, for example, is as 

easy as plugging in his 
individual equipment. 
Consequently, control 
of the structure is re-
markably easy be-
cause the fact that a 
given ISE is plugged in 
indicates that that 
particular wire pair of 
the cable is assigned. 
What's more, free 
places left by unas-
signed loops can be 
adapted to, say, tone 
generators. And since 
one digital multiplexer 
can replace about 100 
telephone pairs, the 
number of links neces-
sary between the con-
necting frame and the 
switch is dramatically 
reduced. 

Capacity. The pro-
totype Menhir frame 
developed at CNET has 
a capacity of 112 
lines, equal to that of 
a standard French ca-
ble. Each ISE is as-
signed two digital 64-
kilobit-per-second 
time slots, one each 
for the coded speech 
signal and the line sig-
naling. Since the digi-
tal paths of 16 ISE 

units are multiplexed 
on a single 2.048-
megabit/s internal 

Menhir updated. This ex-

perimental module multi-

plexes digital inputs from 

112 lines, the capacity of 

standard French cable, into 

existing analog switch. 
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fact, Acurex does make the best calculating 
taloggers in the industry, but our real busi-
ss is supplying measurement and control 
lutions. 

hatever your measurement and control prob-
-from industrial and laboratory testing to 

emical processing, from nuclear waste dis-
sal to space shuttle testing —Acurex has 
lutions. Accurate, reliable solutions that turn 
measurements into real time information 
t can be quickly understood. 

Our solutions-oriented approach, with the use 
of Acurex Ten Series datalogging products, 
has given us experience with numerous data 
acquisition applications—from low cost tem-
perature measurements to process control. 
And our staff of trained applications engineers 
has the experience to help solve your problem. 

So when you have a measurement and control 
problem, come to the company whose busi-
ness is solutions. Acurex. 
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IMHgg Power Supply 
When it listens — you can... 
Program both output voltage and current 

Program an overvoltage trip point 

Set up system interrupts by defining the normal 
operating mode of the supply and the "soft" voltage 
and current limits 

Reset the overvoltage protection circuit 

"Lockout" local operation 

Program time delay to eliminate unwanted 
interrupts during output transitions 

hn HEWLETT 
P 

When it talks — you can... 
Remotely monitor the output voltage or current of the 
power supply 

Remotely monitor the operating mode of the supply 
(constant voltage or constant current) 

Respond to an interrupt through the service request 
capabilities of the power supply 

Remotely monitor, through the serial poll capabilities 
of the power supply, up to eight status lines of 
information including LIMIT MODE, OVP TRIPPED, 
UNREGULATED, OVERTEMPERATURE, SYNTAX 
ERROR:SOFT" LIMIT ERROR,SERVICE REQUEST 
STATUS, and AC LINE STATUS 

And whether this microprocessor based power supply is listening or talking, 
it's friendly, with all programming and measurement parameters represented 
in easy-to-use engineering and numeric values. For an eight-page technical 
brochure on the 200 Watt Autoranging HP-IB Programmable DC Power 
Supply, Model 6034A. call your local HP Field Office or write: 
HEWLETT-PACKARD 1820 Embarcadero Road, Palo Alto, CA 94303 
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It is often difficult for a designer of a 
system to identify all of the system's 
lifetime power requirements. The 
autoranging output locus of the 
6034A provides the designer with 
the flexibility needed to satisfy fu-
ture needs. Autoranging provides 
maximum output power over a wide 
and continuous range of voltage 
and current combinations without 
having to program a suitable output 
range. This feature differs from 
conventional constant-voltage/ 
constant-current power supplies 
which yield maximum output power 
at only ONE combination of output 
voltage and current. 

For example, a system's designer 
would need a 20-volt 10-amp sup-
ply, a 40-volt 5-amp supply, and a 
60-volt 3-amp supply to approxi-
mate the output locus of the HP 
6034A. This makes the 6034A a 
convenient and cost-effective unit 
capable of satisfying many chang-
ing system power requirements. 
The consequent savings in rack 
space, equipment expense, and 
program complexity can be 
significant. 

HEWLETT K ARID 
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digital link, the Menhir frame 
includes seven such links. 
So far, two methods of connecting 

with the digital switching center 
have been tested. The first uses a 
2.048-mb/s external digital link con-
nected to an identical internal link 
by way of a digital switch with a 
capacity of 256 time slots. The digi-
tal switch uses semipermanent con-
nections to route only the digital 
time slots corresponding to plugged-
in subscriber equipment onto the 
external multiplexer, where they are 
arranged in single file. 

For this reason, the number of 
external links is directly proportional 
to the number of subscribers' lines in 
service at any given time, and the 
number of ISE units serviced is opti-
mized, being exactly the same as the 
number of lines used. The function 

of the digital switch is parallel to 
that of the jumper wires in a conven-
tional MDF. In Menhir, though, the 
function is performed by program-
ming connections. 

Switchless. This connection 
method, however, is seen as transi-
tional to the second, which multi-
plexes the seven internal links onto 
an optical fiber, omitting the switch. 
The fiber carries 16 mb/s and, being 
at most 50 meters long, could carry 
34 Mb/s. Used this way, the Menhir 
frame can be viewed simply as a 
multiplexer. 
Though it has performed well in 

laboratory tests, Menhir has yet to 
be put to a full in-service test. But 
according to Hardy, a Menhir frame 
will be installed, in an as-yet-unde-
signated French exchange, some 
time next year. -Robert T. Gallagher 

Great Britain 

Two chip makers cooperate in developing 

10,000-gate arrays for big new market 
Pressure from British Telecom has 
eventually persuaded two of Brit-
ain's indigenous semiconductor man-
ufacturers to cooperate on the devel-
opment of a very large-scale inte-
grated version of the Iso-c-mos pro-
cess. Both are subsidiaries of major 
equipment companies and, like Brit-
ish Telecom itself, had indepen-
dently licensed the isoplanar comple-
mentary-mos process from Mitel 
Inc., the Canadian telecommunica-
tions equipment maker. 

Their goal is to provide a dual 
source for I0,000-gate-and-up un-
committed logic arrays by 1983, 
when they believe the world market 
for C-MOS ULAs will be around $700 
million. Before then, moreover, the 
two companies—Plessey Semicon-
ductors Ltd., Swindon, Wilts., and 
Marconi Electronic Devices Ltd. of 
Lincoln—will jointly introduce later 
this year a family of 1,000-, 1,500-, 
and 2,000-gate uLAs. The idca is to 
gain such market leverage with the 
dual-sourced parts as to make them 
a potential European standard. 

Apart from security of supply, 

alternative sources can ensure a 
competitive price and the avoidance 
of prototyping delays, explains John 
Brothers, a Plessey Semiconductors 
marketing manager. In fact, British 
Telecom made it clear to both com-
panies that they would need to 
arrange dual sourcing if they were to 
participate in its System X digital 
telephone exchange program. Other 
equipment manufacturers, too, are 
becoming concerned about the need 
for dual sourcing. For example, 
Stack, a consortium of computer 
manufacturers headed by Control 
Data Corp. of the U. S. and includ-
ing British Telecom, is defining a 
common requirement for multiply 
sourced ULAS. 

Other targets. Further, the Ples-
sey-Marconi agreement embraces 
both standard and special-purpose 
system components. The two will 
manufacture under license octal 
complementary-MOs parts from Mi-
tel and will add parts to this family. 
Also targeted are peripheral chips 
for the 6802, including a 6846 read-
only-memory input/output device 
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ij LARGEST RADAR INVENTORY IN THE WORLD 
SYSTEMS & AUTOTRACK ANTENNA SCR-584 
SPARES RADAR SYSTEM 

AN/ALT-6-7-8 
AN-APG-33 
AN/APG-51 
AN/APN-69 
AN/APN-102 
AN/APN-169 
AN/APO-50 
AN/AP0-55 
AN /APS-20 
AN/APS-31A 
AN/APS-42-45 
AN/APS-64 
AN/ASB-4/9 
AN/CPS-6B 
AN/CPS-9 
AN/DPN-32 
AN/FPS-6-8 
AN 
AN/FPS-20-75 
AN/FRC-39 
AN/FRT-15 
AN/GPA-30 
AN/GPA-126 
AN/MPO-4A-10 
AN/MPO-29 
AN/MPS-19 
AN/118PX-7 
AN/MS0-1A 
AN/SPA-4A 
AN/SPA-8 
AN/SPN-5 
AN /SPS-5B 
AN /SPS-6C 
AN/SRW-4C 
AN/TPN-12/17 
AN/TPS-1D,E 
AN /TPS-10D 
AN /TPS-28 
AN/TPS-34B 
AN/TPS-37 
AN/TPX-21 
AN/UPA-25-35 
AN/UPX-4-6 
AN/UPX-14 
HIPAR 
MK-25 
Nike Alas 
Nike Hercules 
SCR-584 

360 deg AZ 210 deg EL. 1 mil. accu-
racy. Missile vet. accel. and slew rates. 
Amplidyne control. Handle up to 20 ft. 
dish. Compl. control chassis. ALSO in 
stock 10 cm. van mounted rad. system. 
Conical scan. PPI. 6 ft. dish. 300 pg. 
instr. bk. on radar. 950. 

  RF SOURCES   
17-27 KHz 200 W CW 
125-450 KHz 4 KW CW 
2-30 MHz 3 KW CW 
4-21 MHz 40 KW CW 
24-350 MHz 100 W CW 
80-240 MHz 500 W 2-5 uS 
175-225 MHz 300 KW 1. 20 uS 
200-2000 MHz 40 W CW 
210-225 MHz 1 MW 5 uS 
385-575 MHz 1.5 KW CW 
400-700 MHz 1 KW .03 DC 
950-1500 MHz 1 KW .06 DC 
900-1040 MHz 5-10 KW .006 DC 
1.2-1.35 GHz 500 KW 2 uS 
1.5-9.0 GHz 150 W CW 
3.2-3.3 GHz 10 KW .002 DC 
2.7-2.9 GHz 1 MW 1 uS 
3.1-3.5 GHz 1 MW 1.3 uS 
2.7-2.9 GHz 5 MW 2-3 uS 
4.4-5.0 GHz 1 KW CW 
5.4-5.9 GHz 5 MW .001 DC 
6 GHz 1 MW 1 uS 
6.2-6.6 GHz 200 KW .37 uS 
8.5-11 GHz 200 W CW 
9.375 GHz 40 KW .5-1-2 uS 
8.5-9.6 GH: 250 KW .0013 DC 
15.5-17.5 GHz 135 KW .33-1-3 uS 
24 GHz 40 KW .15 uS 
35 GHz 50 KW .1 uS 

 MODULATORS   
25 KW 5.5 KV 4.5 A; .0025 DC 
144 KW 12 KV 12 A; .001 DC 
250 KW 16 KV 16 A; .002 DC 
405 KW 20 KV 20 A; .1 DC 
500 KW 22 KV 28 A; .001 DC 
1 MW 25 KV 40 A; .002 DC 
3 MW 50 KV 60 A; 30 uS 
10 MW 76 KV 135 A; .001 DC 
66 MW 160 KV 400 A; .00 
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TRACKING SYSTEMS 
K BAND MONOPULSE 40 KW E-34 
X BAND NIKE AJAX/HERCULES 
X BAND HI-RES MONOPULSE MOD IV 
X BAND GCA PAR It 
X BAND FIRE CONTROL 250 KW M-33 
X BAND MOBILE 40 KW AN MPO-29 
X BAND BEACON 100 W AN/DPN-62 
S BAND 10' DISH 500 KW AN/MPO-18 
S BAND 250 KW AN/MPO-10A 
S BAND 250 KW AN/MPS-9 
X BAND HAWK MPO-34 
X BAND HAWK MPO-33 
C BAND 1.5 MW MPS-19(C) 
S BAND 14' DISH PRELORT 

SEARCH SYSTEMS 
KU BAND AIRBORNE 135 KW B-58 
X BAND WEATHER 250 KW AN/CPS-9 
X BAND WEATHER 40 KW AN/SPN-5 
X BAND 7 KW AN/TPS-21 
X BAND CW DOPPLER AN/PPS-9/12 
C BAND HOT FDR 1 MW TPS-37 
C BAND 285 KW AN/SPS-5B/D 
S BAND HGT FINDER 5 MW AN/FPS-6 
S BAND COHERENT 1 MW AN/FPS-18 
S BAND 1 MW NIKE AJAX/HERC 
L BAND 40' ANT 500 KW AN/FPS-75 
L BAND 500 KW AN/TPS-1D/GSS-1 
UHF 1 MW HELIHUT TPS-28 

C BAND TRACKER 
Pwr: 1.5 MW Range: 250 miles 
Rem paramp Display 5" "A" scopes. 
10' dish w/lInear or clic, polarization. 

NIKE HERCULES 
SPARES/MAINTENANCE 

Over 10.000 major components in stock 
w/repairs and overhaul facilities incr: 
SHOP 1 8 2 MAINTENANCE VANS. 

Ls2 Lake Avenue Ext., Danbury, CT 06810 
(203) 792-6666 • Telex 962444 

SEND FOR FREE 24 PAGE CATALOG 

Radio 
Research 
Instrument 
Co., Inc. 

In Celebration of the 50th Anniversary 
of Electronics Magazine... 

The most exhilarating, comprehensible look 
at past and future developments 
in electronics that has 
ever been published. 

AN AGE OF 
INNOVATION 
The World of Electronics 
1930-2000 
by the Editors of Electronics 
300 illustrations, many in full color. 274 pages, $18.50 

Order today! 

Electronics Magazine Books 
P.O. Box 669 
Hightstown, NJ 08520 
Tel. (6091 448-1700, ext. 5494 

Please send me copies of AN AGE OF INNOVATION @ $18.50 

Name 

Company 

Address 

City/state/zip 

Electronics international 

and a 6850 communications inter-
face chip. Special-purpose system 
parts started include codec and 
codec-filter chips, as well as a 16-
by-16-bit time-division—multiplexing 
switch array for potential use in 
Britain's new System X. If the two 
companies manage to live together, 
then collaboration will likely extend 
to computer design aids, seen as a 
means of overcoming the engineer-
ing bottleneck that would otherwise 
succeed in stifling the burgeoning 
ULA market. 

Coordinating process development 
sounds fine in theory but has yet to 
be proved in practice. Plessey and 
Marconi will retain separate process 
development teams and will share 
results and coordinate key process 
equipment purchases through an 
eight-man committee drawn equally 
from the senior management of both 
companies. The two groups envisage 
collaborating initially for four to five 
years on the development by 1983 of 
a process using 3-micrometer geome-
try and double-layer metalization 
and capable of supporting ULAS of 
10,000-gate complexities. 
Competition. These projections are 

to be compared with those of Ferran-
ti Semiconductors Ltd., whose rival 
bipolar process is also slated to yield 
10,000-gate devices by 1983 [Elec-
tronics, June 16, p. 76]. However, the 
Manchester company is probably 
further down the track, as it has 
completed process development and 
has already moved to 3-µm geome-
tries for the 2,000-gate arrays due 
out later this year. 

Eventually, Plessey and Marconi 
envisage a scaled-down 2-µm pro-
cess. But their first move away from 
Mitel's technology will be to add 
double-layer metalization because, 
says Brothers, it is far easier to auto-
mate cell routing if interconnections 
can be laid without restraint on an 
X-Y grid. ULA growth, he believes, 
will be limited not by production 
capacity, but by the design engineer-
ing resources available. The answer 
is to automate circuit design and 
hand it back to the equipment manu-
facturers, a factor that Texas Instru-
ments was evidently quick to appre-
ciate, he notes. -Kevin Smith 
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McGraw-Hill pays regular shipping and handling on pre-paid orders. 
Ten-day money-back guarantee on all books. ELQ 
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Logic Analysis System 
The PI-540 packs virtually every measurement function 

you'll nrd in a single, easy-to-use instrument. 
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Ad tate SectIon 

Up to 40 channels. Display data 
in hex, octal, decimal, binary and 
ASCII. Includes powerful qual-
ification features,branch analysis, 
and 16 levels of triggering. 

$7,300 (Base price) 
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Mnemonic Display 

Dedicated e probes with 
disassembly simplify software 
development tasks. P/-540 can 
accommodate 3 resident 
disassemblers. 

$950 
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50 MHz Timing Section 

Independent, 8-channel. 1000-
word timing analyzer with 5 ns 
glitch capture. Also provides 5 
state display formats. 

$9,500 (State and timing) 
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Performance Monitoring 

100 MHz counter timer measures 
hardware and software execution 
times. Includes industry standard 
signature analyzer. 

$950 

Waveform Recording Section 

50 MHz and 1000 samples. 
Waveform can be linked to 
other analysis sections for 
tracing analog and digital 
interactions. 

$11,250 (State. timing, and waveform) 
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RS-232 Serial Testing 

Model 70 probe converts PI-540 
into powerful serial 
communications analyzer. 
Receive, edit, and transmit 
messages at rates up to 19.2 K b. 

$550 

Want a closer look? Call 800-538-9713 (outside California) or 408-263-2252. TWX: 910-338-0201 

PIIRATRONICS INC. 
2140 Bering Drive San Jose, California 95131 

Leading the Way in Analysis Technology 

The PI-540 resides in the 
expandable System 5000 
mainframe. RS-232 and 
IEEE-488 interfaces are available. 
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The many interfaces 
of Augat. 

Augat wire wrap* interface panels make it easy 
to connect with the big names in the minicom-
puter industry. Digital Equipment Corporation, 
Data General, Intel, Motorola, Prolog, Zilog, Texas 
Instruments and all the rest. 

First, because our inventory of chassis and bus 
compatible IC pluggable panels is the most exten-
sive in the business. We have patterned boards 
and boards with universal columns which accept 
IC's of all sizes. In fact, there's one to match the 
specifications of virtually any minicomputer on 
the market today. 

Second, because Augat interface panels give 
you the time- and money-saving advantages of 
wire wrap. Their inherent flexibility lets you get 
your design to the market faster. A strategic 
advantage and a head start on sales and profits. 
Logic and wiring changes are quick and inex-
pensive at any design stage—pre-production, 
production, even in the field. 

What's more, the natural heat dissipation of 
wire wrap posts keeps IC surfaces cooler for 
longer chip life and greater reliability. And since 
in most cases the high planar density of panels 
easily offsets the pin extension, you get greater 
volume density as well. 
Need a custom panel for a special application? 

No problem. Augat engineers are ready to help. 
They'll put their years of experience to work and 
come up with a board that meets your require-
ments exactly. 
The many interfaces of Augat. They're the 

fastest, easiest way to interface the minicomputer 
industry. Get all the details from your Augat dis-
tributor, or write Augat, Interconnection Systems 
Division, 40 Perry Avenue, P.O. Box 779, Attleboro, 
MA 02703. Tel: 617-222-2202. TWX: 710. 391.0644. 
In Europe, Augat SA—Fresnes, France. Tel: 
668.30.90. Telex: 201.227 AUG-SAF. 

AUGAr Augat applies 
for your job. 

'Registered trademark of Gardner Denver Company 



This symbol 
means faster 
measurement 
system 
development... 
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The familiar HP-IB (Hewlett-Packard Interface Bus) 
symbol is HP's way of identifying instruments and com-
puters that conform to the IEEE-488 standard. But it 
means much more than just bus architecture and 
system compatibility. The HP-IB symbol also stands for 
the documentation and support that helps you get 
a measurement system operational in weeks instead 
of months. 

Five reasons why you'll save time and effort. 

Choose HP when you need a measurement system 
and you get these advan-
tages: 1) All devices and all 
documentation come from 
a single source which 
means consistency in 
design and documentation. 
2) Every member of the 
HP-IB family of instruments 
and computers — over 140 
in all — is designed for 
and tested to rigid HP-IB standards of compatibility. 
3) Just as important, every HP-IB device comes with 
complete and comprehensive documentation that's 
easy to follow and consistent in its approach to 
implementation. You'll receive service manuals and 
operating manuals that typically include a guide to the 
implementation of computer based systems. 4) You 
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can choose from more than 100 HP application notes. 
Many of these will teach you how to accomplish 
specific measurements in conjunction with the con-
trolling computer. Software examples are included in a 
number of these to help you get to a solution even 
faster. In fact, one of these examples may be just what 
you need for your exact application. And many HP 
application notes list the results of performance tests to 
help you verify proper system operation. 5) HP also 
offers training, system engineering support and on-site 
service . . . assistance from start to finish. But these 
aren't the only reasons HP is the logical choice for 
measurement system development. 

Over ten years of experience to call on. 
When you design and build a measurement system, 

you can have the confidence of working with the com-
pany that was there when the need for a standard was 
realized. HP invented the 3-wire handshake technique 
and ever since then we've been designing and building 
HP-IB compatible components. By choosing an HP 
instrument or computer, you get the benefit of over 10 
years experience in interface bus architecture, and how 
it can best be implemented. 

Choose from a wide variety of computers. 
With more than 140 different HP-IB instruments and 

computers to choose from, you can configure the 
measurement system that's just right for your application. 
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For your computing controller, you can choose from 
among the seven members of HP's powerful, flexible 
1000 series family. Or you can select one of five 
friendly and flexible desktop computers. All HP com-
puters have powerful, high-level languages that make it 
easy for you to write application programs. 

Sticking with you. 
HP offers all "Designed for Systems" devices with 

post-warranty support you can count on. You can con-
tinue this beyond the normal warranty period with an 
HP Maintenance Agreement. That means you'll enjoy 
yearly fixed cost, regularly scheduled preventive 
maintenance, priority response, and even more. 

Meet the HP-113 family. 
To find out how HP-IB compatible 

instruments and controllers can speed 
you to a faster system solution, send 
for our free brochure, "Do your 
own system design in weeks, in-
stead of months." Just write: 
Hewlett-Packard, 1507 Page Mill 
Road, Palo Alto, CA 94304. Or 
call the HP regional office nearest 
you: East (201) 265-5000, West 
(213) 970-7500, Midwest (312) 
255-9800, South (404) 955-1500, 
Canada (416) 678-9430. 

because it stands 
for system 
documentation and 
support on more 
than 140 HRIB 
instruments and 
computers. 

DESIGNED FOR 

SYSTEMS 

HP-IB: Not just a 
standard, but a 

decade of experience. 

hn HEWLETT 
P 

Electronics/August 11, 1981 Circle 77 on reader service card 77 



An easier way to use computers... from 
a pioneer in computing technology. 
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The computer printout in the picture above contains the 
instructions and input needed for the UNIX system to 
format and produce the text on the opposite page. 
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Our widely accepted UNIXTM 
operating system is simplifying the 
use of computers. Designed to handle 
a variety of applications, it is being 
used to manage and maintain the 
telecommunications network, control 
experiments, develop software, 
process text, prepare documents, 
and teach computer science. 
The UNIX system allows users 

to take small programs and assemble 
them like building blocks to perform 
complex tasks. In text processing, for 
example, the command "Spell Bell Labs 
Ad" tells a computer to proofread this 
ad against a dictionary filed in its 
memory. The program that performs 
the task was created by simply combin-
ing several smaller UNIX programs. 
Another useful feature of our UNIX 

operating system is its ease in type-
setting mathematical expressions. 
To typeset an equation like 

e 1 
1 - . 1T 

i = 1 e' 
someone need only type: "Sum from 
i = 1 to infinity 1 over x sub i =pi." 
The computer does everything else. 

Since 1969 the Bell System has 
installed more than 1100 UNIX 
systems. Along with other Bell Labs 
innovations in computing technology, 
these systems are enhancing the way 
the nation's telecommunications 
network is planned, designed, built, 
and operated. Through licensing 
agreements with Western Electric, 
universities have installed over 800 
UNIX systems, and government and 

industrial facilities are using over 400. 
The UNIX operating system can 

be used with computers of different 
manufacturers because it is small, 
cleanly designed, and written in 
a general-purpose programming 
language. Such portability in a 
computer operating system saves 
time and money. 

Building on the past 

The UNIX system is just one of 
many Bell Labs advances in comput-
ing science and technology over the 
years. Among our innovations: 

• Application of telephone switching 
concepts and technology to 
early computers 
• First demonstration of remote 
computer terminal and data link 
• Conception of electronic 
analog computer 

• First design of AND and OR gates 
for diode circuitry 
• Formulation of Information Theory 
• Invention of error-detecting and 
error-correcting codes 
• Demonstration of first 
general-purpose transistorized 
digital computer 
• Development of computer 
operating systems 
• Design of computer languages, 
including ALTRAN, SNOBOL, 
L6, and C 
• Creation of computer graphics 
techniques for storing, 

manipulating, and presenting 
information 

• Development of Fast Fourier 
Transform 
• Design of central processors for 
switching systems having virtually 
no downtime 

Looking ahead 

Computing technology is having 
a major impact on the telecommuni-
cations business. It's increasing the 
Bell System's ability to provide new 
services and handle existing ones 
more efficiently. Today, for example, 
the nationwide telecommunications 
network links thousands of software-
controlled electronic systems, making 
it by far the world's largest distrib-
uted processing network. We and 
our partners—Western Electric and 
the telephone companies of the 
Bell System—are putting technology 
to work so that the network will 
continue to evolve and expand its 
information-handling capabilities. 
The object, of course, is to meet the 
fast-growing and changing needs of 
Bell System customers. 

For information about 
employment, write: 
Bell Laboratories, Room 3C-303, 
600 Mountain Avenue, 
Murray Hill, NJ. 07974 

Please include a resume. 

An equal opportunity employer. 

Bell Laboratories 

From Science: Service 
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Perfection 

GENERAL 
INSTRUMENT 

...That's what you can expect 
from our ROM family. 

Uncompromising attention to detail, 
including quality levels of 650 PPM, 
plus state-of-the-art technology 
give General Instrument 16K, 32K 
and 64K ROMs the reliability and 
service that proves itself with every 
performance. 

What's more, our QTP (Quick Turn-
around Production) program guar-
antees "volume production" in 4 to 
6 weeks, a service made possible 
by the size and scope of our world-
wide facilities. 

Naturally, as the industry's largest 
manufacturer of masked ROMs, we 
can afford to be price-competitive. 
In other words, our ROMs will give 
you quality and service at low cost. 
Isn't that the name of the game? 

The RO-3-9364 64K ROM, very 
latest in our memory family, is ideally 
suited for CPU memory applications. 
Fabricated in our advanced silicon 
gate process, it provides the best 
combination of high performance, 
large bit storage and simple inter-
facing. It's edge-activated, allowing 
a maximum access time of 300ns 
with low power dissipation. And it's 
compatible with the MK 36000. 

It makes good sense (and dollars, 
too) to use General Instrument 
ROMs. Consider the advantages — 
quality, service, price and don't 
forget our ROMs are pin-compatible 
replacements for your EPROM s too! 
Call 516-733-3107 for details. Or 
write Microelectronics Division, 
General Instrument Corporation, 
600 West John Street, Hicksville. 
New York 11802. You'll be 
glad you did. 

We help you 
compete.® 
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Probing the news_ 
Analysis of technology and busine=.r eievelopment' 

French nationalizations pose problems 
Socialist government says it will make its moves slowly, 

sets no firm timetable for nationalization of big electronics firms 

The long-term effect of the planned 
nationalization of 11 major French 
industrial groups is a matter that is 
still subject to debate. Although 
there is little chance that the new 
Socialist government headed by 
President François Mitterrand and 
Prime Minister Pierre Mauroy will 
drastically change the existing gen-
eral structures in the electronics 
industries, it does seem certain that 
there will be more than a simple 
nationalization of holding companies 
and a laissez faire attitude from the 
government. "That would be only a 
symbolic move," says one well-
placed official, "and symbolism is 
very low on our list of priorities." 
The electronics companies to be 

affected are the giant conglomerates 
Compagnie Générale d'Electricite 
and Thomson-Brandt, computer and 
peripherals manufacturer cii-Hon-

by Robert T. Gallagher, Paris bureau 

eywell Bull, the defense arm of 
Matra SA, and ITT (France). An 
official in the ministry for the expan-
sion of the public sector says the first 
nationalizations, including CGE and 
Thomson-Brandt, will take place in 
the autumn session of the French 
National Assembly. 

But this same official could give 
few details on just how the nationali-
zations would affect the companies. 
"We are very limited in what we can 
say at the moment for two reasons," 
he says. "The first is that most of the 
decisions simply have not been taken 
yet, and the second is that whenever 
we say—or even imply—something, 
the stock market goes crazy. Be-
cause the modalities of compensa-
tion of the stockholders have not 
been worked out yet, we want the 
market to stay as stable as possible." 
"What I can say is that any signif-

icant change will come slowly," he 
goes on. "Particularly in the elec-
tronics industries, where most of the 
companies are well-organized and 
profitable, we have no desire to upset 
the apple cart. Our objective is to 
restructure industry so that it is 
more competitive on world markets 
and, thus, to create employment." 

Fact hunt. For the moment the 
government has appointed delegates 
to fact-finding missions at Thomson-
Brandt and CGE, as well as another 
to look into a possible merger of the 
Matra defense arm with the already 
nationalized Société Nationale In-

In charge. The Socialist government of 

Prime Minister Pierre Mauroy (left) and Presi-

dent François Mitterrand, in an effort to keep 

the stock market calm, is being careful not to 

commit itself to details of its planned nation-

alization of 11 major industrial groups. 

dustrielle Aerospatiale. In Septem-
ber, it expects to have a concrete 
idea of just what form the nationali-
zations will take. But already there 
are some hints to be had in a docu-
ment called "General Orientations 
for an Industrial Policy for Electron-
ics, Data Processing and Telecom-
munications," published by the exec-
utive bureau of the Socialist Party in 
February 1981 just before the cam-
paign that resulted in the Socialist 
victory. 
A party, to be sure, is not a gov-

ernment. But officials at the prime 
minister's office and the ministries of 
industry, defense, and expansion of 
the public sector confirm that at 
least the general outlines of the doc-
ument describe accurately the gov-
ernment's present mood. 
The general thrust of the essay is 

that to compete in the American-
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Probing the news 

and Japanese-dominated electronics 
markets, the French electronics com-
panies must be reorganized in such a 
way that they concentrate on those 
markets in which they are particu-
larly suited to compete. cil -Honey-
well Bull, for example, would spe-
cialize in medium and large comput-
er systems; Thomson-csF, the princi-
pal subsidiary of Thomson-Brandt, 
would keep its lead role in military 
electronics; and cGE's ciT-Alcatel 
would remain the dominant force in 
telecommunications. In cases like 
integrated circuits, where the groups 
currently compete, a single company 
would be designated to take the lead. 
Some questions. This leaves unan-

swered questions like: what will hap-
pen to Thomson-csF's telecommuni-
cations switching activity if CIT-

Alcatel becomes the leader in that 
sector? Also, who, if anyone, is going 
to compete in the still-growing mini-
computer market? 
One of the main principles guiding 

the choice of those companies to be 

nationalized is that all those largely 
dependent on government orders for 
their existence should become part 
of the public sector. Singled out were 
companies with large proportions of 
their gross sales in arms and defense 
and telecommunications. Despite the 
simplicity of the principle, when 
Mauroy announced his program to 
the National Assembly, there was 
one apparent contradiction. 

Everyone knew that Thomson-
Brandt would be on the nationaliza-
tion list, but most expected Thom-
son-CSF, its 40%-owned subsidiary, 
to be included, too. Left as Mauroy 
stated it, the larger part of Thom-
son-CSF, a company heavily involved 
in both arms and telecommunica-
tions, would remain private. 

While no one in the government 
was saying just why Thomson-CSF 
had been omitted, the general feeling 
was that the company would find its 
way into the public sector. "The idea 
of leaving the majority of a company 
that is nearly subsidized by the gov-
ernment in the private sector is, to 
me, simply inconceivable," said one 
official. "I could not guarantee that 

What the people are getting 

The French electronics firms that will be nationalized beginning this fall are a 
study in diversity. What is more, Thomson-Brandt and the Compagnie 
Générale d'Electricite are studies in diversity in their own rights. 
Thomson-Brandt is the only one of the companies active in consumer 

goods. It has an important portion of the French market in television and 
home video systems. Beginning next year, it will sell a personal computer. 
Other activities include engineering and mechanical equipment. Thomson-
CSF's principal activities are defense electronics, avionics, and military and 
civilian radars, as well as telecommunications, integrated circuits (through its 
EFCIS subsidiary), discrete and bipolar semiconductors, and minicomputers 
(through its SEMS subsidiary). 
The most visible subsidiary of CGE is CIT-Alcatel, which is not only a 

leading competitor in telephone switching equipment, but is also participat-
ing in the government-sponsored Télématique program and has ambitious 
plans in the field of office automation. Other major CGE activities include 
engineering, materials and insulators, cables and related products, batteries 
and condensors, and lamps. CGE also has a substantial banking sector, as 
well as a 31.5% interest in Alsthom-Atlantique, the electromechanical equip-
ment and naval construction giant. 

If just the lucrative defense activities of Matra SA are nationalized, the 
company will be forced to fall back on the subsidiary it owns jointly with 
Harris Corp. to produce complementary-MOS integrated circuits. Matra-
Harris has, in turn, an agreement with Intel Corp. to set up a joint IC design 

facility in France. 
ITT's principal French subsidiary is the Compagnie Générale de Construc-

tions Téléphoniques, a telecommunications-switching-equipment maker that 
has been losing money. Last year ITT warned the French government that 
CGCT could not continue to stay in business indefinitely without French 
telecommunications agency orders for ITT's System 12 digital public tele-

-R. T. G. phone switching system. 

it will be nationalized in autumn 
with the first group, but it will, soon-
er or later, become part of the 
nationalized sector." 

Tread softly. Perhaps the most 
delicate nationalization problems 
facing the Mauroy government will 
come from cii-Honeywell Bull, 
which is 47% U. S.-owned, and ITT 
France, a fully owned subsidiary of 
the American company. Regarding 
the CI I problem, Honeywell Inc. of 
Minneapolis negotiated an agree-
ment with the government of then. 
president Valéry Giscard d'Estaing 
in 1976 that took into account the 
possibility of nationalization. Honey-
well, of course, in a carefully worded 
statement, says it expects the agree-
ment to be honored and adds that 
the present government is fully 
aware that it is in the best interests 
of both not to sever connections. 

Another U. S. company that is 
part owner of a French counterpart 
is National Semiconductor Inc. of 
Santa Clara, Calif., which owns 49% 
of Eurotechnique SA. St. Gobain 
Pont à Mousson, also on the govern-
ment's list, is the majority partner. 
Pierre Lamond, National's vice pres-
ident and technical director, says he 
does not expect any change in the 
transatlantic relationship. Eurotech-
nique's management will be unaf-
fected by nationalization, he says, 

adding that the only change will be 
that the government will be the 
stockholder. 
"We think it essential that any 

agreement for the nationalization of 
the companies include the means for 
keeping their commercial and tech-
nological links," says the official at 
the ministry for the expansion of the 
public sector. "We feel that the con-
tinuation of licensing agreements 
and cooperation on research and 
development would be of mutual 
benefit to both the French and 
American companies." 

Just after Mitterrand's election 
three months ago, the general feeling 
in companies targeted for nationali-
zation was that the holding compa-
nies would be nationalized and thát 
business would continue as usual 
[Electronics, May 1, p. 71]. Now, 
with an absolute Socialist majority 
in the National Assembly, signifi-
cantly more change than that seems 
certain. 
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Automate circuit board loading 
and increase axial component 
insertion yields by 20%. 

Auto load consists of a single cabinet which contains both input and output sections It is mounted 
to the left of a single head VCD and one on each side of a dual head machine Unpopulated 
boards are stacked in the input section They are automatically fed to the insertion machine and 
populated boards are returned to an output magazine The unit is controlled by a dedicated 
microprocessor and requires only in position and transfer complete signals from the VCD 

-0.1..niversat 

Auto Load is a self-contained PC board 
handling system that loads raw boards to a 
Universal VCD axial lead, hairpin or jumper 
wire machine's rotary work table and 
unloads populated boards into slotted output 
magazines. 

Now the VCD sets the pace, not the operator. 
There s no waiting for the operator to load and 
unload boards, and in fact the operator is free 
to perform more productive functions. The 
20% productivity increase was reported by a 
customer in actual production. 

Auto Load is available as an option on new 
Universal VCDs, and also can be field retro-
fitted to existing installations. Ask your 
Universal sales engineer or send for 
literature. 

çi ,-,1 1111M.9111 rnclItritrint e-rinru 

Universal Instruments Corporation • Box 825. Binghamton. New York 13902 • Tel: 607/772/7522 • T\A/X: 510/252/1990 
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CSPI Array Processors bring speed to 
scientific and engineering computation 

TM 

CSPI's MAP FAMILY IS DESIGNED FOR SPEED. 
Our 32- and 64-bit floating point array processors en-
hance the computational speed of 16- and 32-bit mini-
computers by 10 to 200 times. MAP gives FAST results 
through parallel processing which permits arithmetic 
operations to proceed at peak speed while I/O data is 
rushing through. MAP maintains 12 MFLOPS of arith-
metic with up to 18 megabytes per second of con-
current I/O. Arithmetic and I/O proceed at peak rates 
while the host minicomputer stays free for other ac-
tivity. MAP's unique multiprocessor architecture sup-
ports up to 8 of our standard analog and digital 
peripheral device interfaces. The results — real time 
processing for your most demanding requirements. 

MAP SPEEDS YOUR RESULTS BY SIMPLIFYING 
YOUR JOB. An easy to use FORTRAN library of more 

than 200 signal processing, math, I/O, and support 
functions is available. A cross-assembler and simulator 
support the development of special functions you may 
wish to add. 

IN 500 INSTALLATIONS WORLDWIDE, MAP's ARE 
DELIVERING FAST RESULTS. We price our array pro-
cessors economically — as low as $30,500 complete 
— and ship them 
within 60 days ARO. 
Speed. It's the whole 
idea behind array 
processing. 

Challenge us with 
your benchmarks. 
Call Ed Arsenault at 
(617) 272-6020. 

Emu 
THE ARRAY PROCESSORS 

40 Linnell Circle, Billerica, Massachusetts 01821. 617/272-6020 • TWX: 710-347-0176 

WORLDWIDE SALES OFFICES: Cedar Rapids, Chicago, Cleveland. Dallas, Dayton, Denver, Detroit. Ft. Pierce, Houston, Indianapolis, Kansas 
City, Milwaukee, Minneapolis, New York City. Philadelphia. Pittsburgh, Redondo Beach. Rochester, Scottsdale, St. Louis, Downsview. Montreal, 

Ottawa. Vancouver, Amsterdam, Frankfurt, Geneva, London, Madras, Milan, Paris, Stockholm, Sydney, Tel Aviv, Tokyo, Wellington. 
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Probing the news 

Computers 

IBM, HP join low-price fray 
Both bring out bottom-of-the-line small-business computers 

and gird to compete with other big companies in under-$10,000 market 

by Tom Manuel, Computers & Peripherals Editor 

There is so much business in sight in 
small-business computers that main-
frame and minicomputer makers are 
scurrying to add bottom-of-the line 
hardware—priced at $6,500 to 
$10,000 —to their offerings. The 
latest to do so is the largest computer 
company, International Business 
Machines Corp. IBM joined the 
throng in late July—with Hewlett-
Packard Co., the second-largest 
minicomputer supplier, slated to 
announce its entry in early August. 

IBM has taken the wraps off its 
lowest priced small-business comput-
er, the System/23 Datamaster. It 
sells for $9,830 with a printer and 
two 8-inch floppy-disk drives, and is 
being marketed by the General Sys-
tems division, Atlanta, Ga. The 
machine is now in stock in the divi-
sion's district offices, except for the 
word-processing option, which will 
become available in September. 
Crowded market. Now that several 

major makers have joined the many 
other small-business computer ven-
dors in this segment of the computer 
market, a bloody battle for market 
share should begin. However, it 
seems unlikely that any one compa-
ny will dominate the business—not 
even IBM. 
A new industry study by Venture 

Development Corp., Wellesley, 
Mass., predicts that systems costing 
less than $20,000 will dominate the 
small-business computer market by 
1984; shipments of these systems are 
expected to grow 33.5% annually 
from 1980 to 1984 and will account 
for nearly 50% of the sales by 1984. 
The study also predicts that large 
computer companies will lose much 
of their overall market share and will 
retain only about one third of the 

small-business sector at that time. 
Analyst Karen Horowitz of Ven-

ture Development observes, "Each 
manufacturer's hardware is basically 
the same. No one has proprietary 
technology. Future industry leaders 
will have to develop unique strengths 
that are not easily adopted by com-
petitors." According to a Xerox 
Corp. official, speaking at the formal 
introduction of the model 820 per-
sonal computer, "This marketplace 
is absolutely wide open. It is not 
dominated by anyone." 
The desktop System/23 from IBM 

is a stand-alone work station based 
on the Intel 8085 8-bit microproces-
sor. The computer, called the 5322, 
is available in configurations with 
32- to 128-K bytes of memory. The 
memory is from a variety of mer-
chant integrated-circuit vendors. 
The computer with 64-K bytes of 
memory and 2.8 megabytes of disk-
ette storage costs $7,050. The system 
has 112-K bytes of read-only memo-
ry. Two 5322 computers can share 
printers and an extra pair of floppy-
disk drives. 

Standard software included is an 
operating system and the Basic high-
level language. Program products for 
accounting, communications, and 
word processing are available for a 
one-time charge. The word-process-
ing package requires 64-K bytes of 
memory and another card for the 
computer. It controls the display for 
text processing, providing such fea-
tures as vertical and horizontal seg-
menting, margins, tabs, and charac-
ter highlighting. The word-processor 
software costs $500 and the word-
processor card is $600. 

Multifaceted. Like the System/23, 
the HP 125 desktop machine [Elec-
tronics, June 30, p. 33] combines the 
features of a small-business comput-
er, a personal computer, a word pro-
cessor, and a personal work station. 
It can also serve as an intelligent 
terminal for the HP 3000 series of 
business computers, enabling small-
business users to tap large data 
bases. 

Both the System/23 and the HP 
125 offerings are very similar in fea-
tures and price to systems that have 

RECENT SMALL BUSINESS COMPUTERS 

Data General Corp.: 
Enterprise 1000 

Processor 
Word size 

(bits) 
Memory 
(bytes) 

Operating 
system 

Data General 
microNova 16 64-K Enterprise OS 

Datapoint Corp.: 
1550 

Zilog Z80-A 8 32-K to 64-K CP/M 

Digital Equipment Corp.: 
DECmate 

New C-MOS chip 
extended PDP-8 

12 32-K (words) 
OS/78 and 
COS 310 

Hewlett-Packard Co.: 
HP 125 Zilog 280-A (2) 8 64 -K CP/M 

IBM Corp.: 
System/23 Datamaster Intel 8085 8 32-K to 128-K Proprietary 

Xerox Corp.: 
820 

Zilog Z80 8 64-K CP/M 

Source: Electronics 
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been recently introduced by other 
large companies including Digital 
Equipment Corp. the largest mini-
computer company [Electronics, June 
30, p. 143]. The first large commer-
cial computer vendor to offer a 
small-business system of this type 
was Datapoint Corp. of San Anto-
nio, Texas, with its model 1550 
[Electronics, April 21, p. 165]. The 
table lists specifications of several 
new systems in this category. 
These computers will be marketed 

through some of the newer distribu-
tion channels for small-business 
computers, as well as through each 
company's traditional sales organi-
zations. For example, the System/23 
will be sold in three new IBM retail 
outlets in Philadelphia, Baltimore, 
and San Francisco, by the General 
Systems division's district-office 
sales force, and in various business-
computer stores in 50 cities. 
Many outlets. HP, based in Palo 

Alto, Calif., is planning to market its 
125 in three ways. Its field sales 

force will sell to large company 
accounts. The second outlet will be 
that family of third-party original-
equipment manufacturers who add 
value with applications software. 
Also, office supply and business 
equipment stores that sell the HP 85 
small computers will complete the 
sales network. 

Xerox plans to market its 820 sys-
tem [Electronics, June 16, p. 33] — 
the first small-business computer in 
this category from one of the billion-
dollar-plus U. S. companies— 
through Xerox retail stores, comput-
er stores, and a dealer network, as 
well as to its major customers 
through the Xerox sales force. The 
820 will be marketed in Europe by 
the Rank-Xerox organization. 

Smaller yet. The System/23 is too 
expensive to be the personal comput-
er many industry analysts were 
expecting from IBM. Those analysts, 
unflagging in their efforts to antici-
pate IBM's moves, now predict that 
the personal computer at between 
$3,000 and $4,000, reputedly code-
named Chess, will be unveiled in the 
middle of August. While current 

small systems from the industry big 
guns do not quite reach into the 
price-performance range where they 
could challenge the personal com-
puter leaders, such as Apple Com-
puter Corp., Tandy Corp. and Com-
modore Business Machines Corp., 
this new one expected from IBM 

probably will. 
In addition to the Venture Devel-

opment projections, there are various 
other si7e and growth-rate estimates 
of this market. However, there is no 
consensus on the definition of the 
systems included in the market esti-
mates. Electronics foresees a $1.2 bil-
lion market for desktop computers in 
1981, growing to $3 billion for 1984. 
Xerox Corp. predicts that the mar-
ket will grow at the heady rate of 
50% to 60% per year for the next 5 
to 10 years, reaching $9 billion by 
1985. Creative Strategies Interna-
tional, San Jose, Calif., projected in 
April of this year that shipments 
of small-business computer systems 
selling for $5,000 to $20,000, tallied 
in units, will grow at a rate of more 
than 38%, compounded annually, 
over the next five years. 

A way with words. Hewlett-Packard's 125 desktop computer sys- On station. For less than $10,000, small-business operators can 

tern manipulates words and pictures as well as numbers. now have a computer—with a printer—from IBM. 
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capacitor selection 

-r 
How much tolerance can you tolerate 
in your precision filter capacitors? 

When you're designing active filters, 
here are some facts you should 
consider. 

The amplitude and bandwidth 
response of a typical filter are heavily 
dependent on the absolute tolerance 
of the R&C elements. So you must 
decide how much variance can be 
tolerated. 

Tighter tolerance costs more but 
delivers better performance. Capaci-
tors are available to ±1%, resistors to 
±.01%. Active elements have vari-
ances too. 

Next decision: compatibility 
between capacitor and resistor. The 
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AMPLITUDE & BANDWIDTH RESPONSE 
VS COMPONENT TOLERANCE 

eand'e, 

Resistor & Capacitor Tolerance 

Elandvrioth 
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selection of nominal R&C values must 
be based on a compromise between 
what is permissible and what is avail-
able. Resistors are nearly fixed in size 
for a given wattage rating with only 
small variations between tech-
nologies. Capacitors grow in sizewith 
increasing value. Film capacitors are 
naturals for these applications and 
values from .01 to .1 MFD are typical. 

To "fine tune" the filter, you should 
also consider the effects of tempera-
ture on the network. The temperature 
coefficients mainly affect the center 
frequency and bandwidth of the filter, 
so matching or controlling T.C.'s are 
important for high performance. 

Keeping the temperature range as 
narrow as practical keeps variance 
low, so be realistic. Also watch out for 
nonlinearity on T.C. curves. Few 
components are truly linear. Again, 
plastic film capacitors are typically 
used. Type X463UW metallized poly-
carbonate and polysulfone types are 
used in "zero" T.C. schemes: 
X1263UW polystyrene types for 
compensating applications. 

Possibilities are many and TRW 
Capacitor Division Application Engi-
neering would like to discuss your 
applications and offer advice. 

The bottom line 
in the level of per-
formance of the 
active filter is directly 
related to the perform-
ance of the sum of its 
components. 

Send in coupon or call us at 
(308) 284-3611. 

TRW Capacitors 
301 W. "0" Street 
Ogallala, Nebraska 69153 

Please send data on your precision Illter capacitors. 

Name 

Company 

Div./Dept 

Address 

City 

State 

Mail Code 

Zip 

TRWCAPACITORS 
AN OPERATION Of TRW CAPACITOR DIVISION 
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Industrial electronics 

Factory controllers get smarter 
Systems with units in a distributed-processing configuration 

are taking on key roles in manufacturing 

The programmable controller, once a 
lowly cousin of computer-based pro-
cess-control systems, is rapidly 
evolving into a key component of 
tomorrow's factories. "Looking back 
10 years, we've gone three orders of 
magnitude in programmable control-
lers," notes Odo J. Struger, who as 
director of engineering at Allen-
Bradley Co.'s Programmable Con-
troller Systems division is responsi-
ble for keeping his Highland 
Heights, Ohio, plant at the cutting 
edge of the changes. 

That evolution has spawned a con-
siderable market, one that has been 
growing 30% annually. Allen-Brad-
ley estimates programmable control-
ler sales for 1981 will reach $300 
million in the U.S. and $500 million 
worldwide. In 1985 the figures 
should grow to $900 million and $1.8 
billion, respectively, 
says the company. 
The driving force 

behind such systems is 
the emergence of com-
munications networks 
linking separate intel-
ligent control sites—in 
effect a distributed-
processing system. 
Sometimes these sys-
tems have a central 
computer, but often 
they use local intelli-
gence to supervise the 
network. 
At the Modicon di-

vision of Gould Inc., a 
chief rival of Allen-
Bradley, a line of new 
automated factory 
building blocks is be-
ing introduced to max-
imize the power of 

by Gil Bassak, Industrial/Consumer Editor 

controllers in running transfer lines, 
machine tools, robots, and other 
motion controls. Other modules can 
write system status reports, perform 
floating-point math, and supervise 
the manufacturing process. 

Based in Andover, Mass., Modi-
con also unveiled in May a commu-
nications network called Modway, 
which should do for factories what 
local nets like Z-Net and Ethernet 
promise to do for offices. It is capa-
ble of transmitting data at a rate of 
1.544 megabits per second and uses 
a token-passing scheme to assign 
commands to primary devices sepa-
rated by up to 15,000 feet on the line 
[Electronics, March 10, p. 33]. It is 
also geared toward network manage-
ment and control with the inclusion 
of built-in diagnostics, on-line troub-
leshooting, and a network monitor 

that simplifies the task of collecting 
information and statistics. 
An earlier system, Allen-Bradley's 

Data Highway, is a data-communi-
cations network linking up to 64 sta-
tions on a single shielded twisted 
pair as long as 10,000 ft. With it, 
programmable controllers, minicom-
puters, and programmable RS-232-
C—compatible devices and peripher-
als, each located up to 100 ft from 
the main trunk line, can communi-
cate at the system's 57.6-kilobit/s 
rate. This lets machinery function 
independently under its own pro-
gammable controllers, while the en-
tire manufacturing line is coordi-
nated by automatic communications 
between the control systems. 

Getting there. Not all manufactur-
ers have taken the full step of inte-
grating a system of controllers in 
  order to coordinate a manu-

Polling place. Programmable controllers linked by a network to this 

single factory controller report the status of 11 injection molders. 

facturing facility. But most 
are looking into this trend 
for the next round of prod-
ucts [Electronics, Feb. 28, 
1980, p. 171]. 
For example, at Struth-

ers-Dunn Inc. in Bettendorf, 
Iowa, plans are being made 
to expand the top-of-the-
line Director 4001 program-
mable controllers to include 
supervisory control over 
small units through an ex-
panded input/output port. 
A word of caution comes 

from another manufacturer. 
"Users are not ready to 
exploit the technology of the 
data highway," says Ken 
Jannotta, a marketing man-
ager at the Eagle Signal 
Industrial Systems division 
of Gulf & Western Manu-
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Pelf- ba 

the complete press fit ckplane system 
with "Delta-C" Compliant or Solid terminals. 

The Methode RELI-APLANE is one of 
the most versatile interconnection 
systems available. It consists of 
precision stamped contacts pressfit 
mounted directly into the plated-thru 
holes of circuit boards. Insulator 
housings are pressfit mounted onto the 
contacts forming finished connectors. 
This concept has proven to be highly 
reliable without soldering, is completely 
repairable, and is the key to the systems 
flexibility and low cost. 
The 200 amp capacity HYBRID 

RELI-APLANE shown above utilizes 
laminated copper plates as voltage and 
ground planes. Thus utilizing 
RELI-APLANE components, the 
electronic packaging engineer has the 
option of custom designing a complete 
interconnection system. For literature 
and specifications, drop us a line. 

Interconnection Integrity (gethode Electronics. Inc. 
CONNECTOR DIVISION 

METHODE ELECTRONICS. INC • 7447 WEST WILSON AVENUE • CHICAGO. ILLINOIS 60656 • TELEPHONE (312) 867-9600. TWX 910-221-2468 
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Our EMC filters help 
keep the cruise missile 
on target. 
When the Cruise Missile Guidance 
System was experiencing electro-
magnetic interference (EMI) prob-
lems, Spectrum Control, Inc was 
called in Our experts solved this 
problem by mounting hermetically 
sealed filters' on the DC power 
lines 

Spectrum is a full-service EMC 
company that designs and manu-
factures EMI/RFI suppression fil-
ters, gaskets, capacitors, shielded 
viewing windows and many other 
custom and standard interference 
control devices Our testing facili-
ties include a completely equipped 
anechoic chamber and open field 
sites to meet any testing require-
ments • * 
So contact us about your EMC 

problems Write Spectrum Control, 
Inc, 8061 Avonia Rd, Fairview, 
PA 16415. Or call 814-474-1571. 

•See Engineering Bulletin 27-0027-42 
(part // 51-359-001) • •Spectrum's test-
ing facilities meet all FCC. VDE, CISPR. 
CSA and MIL-STD 461 A/B requirements 
Hermetically sealed EMI/RFI filters are 
available locally through authorized 
Spectrum Control distributors 

SPECTRUM CONTROL INC. 

Making technology compatible with technology 

Probing the news 

facturing Co. Yet his Davenport, 
Iowa, firm is working on just such a 
system, he notes. It currently sells a 
multiple serial port and software 
packages to enable its controllers to 
communicate with other units. 

Allen-Bradley's Struger is optim-
istic about what distributed process 
control can mean for the role of the 
programmable controller in future 
factories. "Distributed control is a 
key to factory automation—tying 
the whole factory together in a hier-
achial tree of control," he says. 
That other components will be 

needed to complete the picture of an 
automatic factory controller has not 
escaped the attention of manufactur-
ers. Both Allen-Bradley and Modi-
con plan to sell motion-control 
equipment to controller customers. 
GE is coming. General Electric Co. 

has made it known that it intends to 
participate heavily in the controller 
market as a supplier of components. 
"When you consider the issues of 
maintainability, you find there is a 
need for a general-purpose controller 
that can change its characteristics 
easily," says Vincent A. Lytle, an 
industrial application manager at 
GE's Programmable Control division 
in Charlottesville, Va. 
GE also has its own version of a 

data network option for tying con-
trollers to machines and to each oth-
er throughout a factory. It is dubbed 
a data-processing unit; Lytle says 
that it can "store recipes [for food 
processing, a typical application], 
assembly programs for robots, and 
production information in its 256-
K-byte memory. In addition, it offers 
a number of programmable, serial 
ports as well as a message-genera-
tion feature." 

Lytle's comments get at the rea-
sons for programmable controllers' 
appeal. Unlike the minicomputer-
based process-control system, the 
programmable controller uses a sim-
ple programming scheme that 
evolved from the early days of relay 
ladder diagrams. In contrast, mini-
computer systems require that the 
operator be fluent in a process-
control language, and this complica-
tion tends to alienate the factory 
technician or electrician. 

But the differences between the 
two systems runs deeper. The pro-
cess-control computer is event-driv-
en; when there is an error signal or a 
changing variable like vat level or 
temperature, the program reacts to 
stabilize the process. Any sequence 
of events may occur in a process, and 
rarely in the same order. This variety 
can make troubleshooting difficult, 
since all combinations of outputs are 
possible. 

In sequence. On the other hand, 
the programmable controller is a 
sequential device. Input and output 
lines are scanned in a fixed order; 
and, although more sophisticated 
controllers have added branch and 
jump routines to the sequencing, the 
overall control tends to occur in a 
more ordered way. As a result, a 
network of intelligent controllers, 
tied with factory equipment along a 
data network, tends to be easier to 
build and maintain. 
The tradeoff, however, is speed. 

Event-driven systems usually re-
spond faster than sequential set-
ups—but the use of faster processors 
in a programmable unit is beginning 
to narrow that gap. 

Besides using data highways and 
the latest 16-bit processors like the 
8088 and 8086, makers are tapping 
other technologies. Currently, the 
most important new technology be-
ing eyed is fiber optics, which offers 
noise-resistant electrical isolation be-
tween controller and machine. 

Here Struthers-Dunn has led the 
way with a fiber-optic option to its 
high-end controller, the Director 
4001. Others are wary of the diffi-
culties in splicing fibers and the loss 
associated with fiber links; yet there 
is much interest in surmounting 
these shortcomings. 

Allen-Bradley is conducting ex-
perimental prototype work for one 
customer. Struger says the company 
is very interested in fiber for point-
to-point links "where splicing is not 
needed and noise immunity and elec-
trical decoupling is." He feels "we 
haven't mastered all the details" for 
minimizing the losses associated 
with splicing fiber. 
At Eagle Signal, Jannotta says, 

"We tested fiber optics two or three 
years ago and decided we could use 
it. If some one wanted it, we could 
install it." 
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LRC test and evaluation. 
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ow you get the full picture 
...at LED prices. 

Get the complete view of your 
C measurements with the new 

and 2110 VideoBridges from 
I. They're the first LRC meters 
combine effective software, 
mory, a CRT and keyboard, to 
e you interactive operation... 
h a price comparable to LRC 
ters with only LED readout. 
Both VideoBridges will 
play 12 impedance and loss 
aracteristics, measureable at test 
quencies from 20 Hz to 20 kHz, 
programmable voltage or current 
&Is, with accuracy from 0.05%. 
With the 2110 VideoBridge, you 
n program your test conditions 

on cassette, acquire the data, store 
it, and manage and display your 
test results. You can store test 
programs for different components, 
for repetitive testing needs. 

Find out how our VideoBridges 
can fill your impedance measuring 
requirements, both today and 
tomorrow. Call your nearest ESI 
representative or circle the reader 
service number below. 
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Letter from Colorado 

Colorado keeps eye on growth 
Rocky Mountain State's desire to preserve natural beauty 

makes electronics companies attractive newcomers 

When it comes to recruiting business 
to Colorado, the attraction is purely 
natural: towering mountains, clear 
springs, fresh snow, and white-water 
rapids. And the powers-that-be plan 
to keep it that way by maintaining a 
long-standing vigilance against the 
spoils of industrialization. 

While this guard has all but closed 
the door to many industries, it has 
also caused a frenzy of electronics 
activity in the Rocky Mountain 

State. In the high country, electron-
ics firms top the list of desirable 
environmentally clean businesses. 

Still in the early stages of growth, 
the Colorado electronics community 
already is the home of Inmos Corp., 
NBI Inc., and Storage Technology 
Corp., as well as a major manufac-
turing site for such firms as Hewlett-
Packard Co., Honeywell Inc., TRW 
Inc., IBM Corp., Texas Instruments 
Inc., Ford Aerospace & Communi-

by J. Robert Lineback, Dallas bureau 

are both planning to begin mass pro-
duction of 64-K random-access 
memory chips this year. 

During the next four years, the 
number of jobs in the state's elec-
tronics industries is expected to grow 
at an annual compounded rate of 
24.4%, states a recent American 
Electronics Association study. That 
compares to 14.8% for California, 
18.7% for Massachusetts, 16.8% for 
Texas, and 9.4% for New York. 

Another indus-
try report being 
prepared for the 
state legislature 
estimates that 
Colorado elec-
tronics payrolls 
have more than 
tripled since the 
mid-1970s. 

For the most 
part, large work-
forces are not 
what companies 
and communities 
are looking for 
here. What they 
are looking for is 

a place to attract talent. Inmos, the 
British-government—financed semi-
conductor company, located its 
headquarters in Colorado Springs 
because it is easier to draw top pro-
fessionals from both east and west, 
says Richard L. Petritz, chairman. 

"I'm a very firm believer in the 
superstar concept. You've got to get 
the top people to start up a company 
like Inmos and survive. To get the 
very best people, you've got to be 

knew we had to recruit people from 
Silicon Valley, but why didn't we 
want to go to California? Just open a 
newspaper out there, and you'll see 
it's loaded with want ads," he says 
with a confident smile. 
The story was the same at the new 

United Technologies Microelectron-
ics Center in North Colorado 
Springs. "We considered several 
locations, including Dallas, but t 
know how hard it is to recruit people 
away from California. And many 
top people in the East don't want to 
go to the West Coast. So, this was 
the best place to bring people from 
east and west," notes Gordon Hoff-
man, general manager of the center. 

Old timers. The state has also been 
good to long-time electronics resi-
dents, like Hewlett-Packard, which 
in 1960 opened its first Colorado 
operation north of Denver in Love-
land. Currently, HP is in the process 
of moving its Telecommunications 
division from Mountain View, Calif., 
to Colorado Springs. That will make 
the sixth HP division in the state. 

Other electronics firms are joining 
the Colorado land rush. Many are 
staking claims for future plant sites. 
The heaviest activity centers around 
Boulder and Colorado Springs. Al-
though most firms are encouraged to 
locate facilities in flat-land industri-
al parks, many hold out for pan-
oramic views near the mountains. 
"These electronics firms are con-
cerned about recruiting highly 
skilled personnel. So they feel they 
must provide a monument for them 
to work in," says Donald L. Snod-
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Announcing a 
NEW GENERATION 
of Airborne Yokes from 
THE GREAT AMERICAN 
YOKE COMPANY. 

CELCO Airborne Yokes are 
designed for aircraft information 

displays, orbiting satellite, hand-
carried and helmet displays, or 

wherever airborne and portable yoke 
applications require extremely small 
size and light weight without sacrificing 

high performance. 
The highly efficient design of CELCO Air-
borne Yokes translates into space and 
power savings so critical to the airborne 
environment. 
For three decades CELCO has met the 

demands of research in all fields of sci-
ence and industry where high resolution 
CRT deflection components are required. 
CELCO YOKES are well known and re-

spected throughout the Free world where they 
are the choice for military, medical, environmental, 
space. nuclear, earth resources and commercial 
applications. 

Designing a high resolution Airborne CRT Display? 
CELCO engineers will help you select the correct corn-

' bination of deflection components from among our standard 
catalog units. Or, well design custom production yokes to meet 
your most precise display requirements. Call or write CELCO 
today for your FREE CRT Display Computer and your com-

plete CELCO Display Engineering Catalog. 

CONSTANTINE ENGINEERING LABORATORIES CO. 
70 Constantine Drive Mahwah, NJ 07430 
1150 E. Eighth Street e ee Upland, CA 91786 
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CalComp's new 36" EPP plots 
from vector data. Thanks to our 
new 95X controllers. 
CalComp adds an all new 36" Electrostatic Plotter/Printer 
to our family of EPPs. The new CalComp Electrostatic 
Model 5500 gives you high quality, full size plots of your 
CAD/CAM, seismic, mapping, or other engineering 
drawings. 

New controllers drive EPPs and pen plotters. 
CalComp's new vector to raster controllers are the first in 
the industry to drive both electrostatics and pen plotters. 
These unique and versatile models—for online and 
online/offline applications —free your host computer 
from timely and costly conversion tasks. Plus, one con-
troller can simultaneously be attached to eight CalComp 

Circle 94 on reader service card 

electrostatic plotters and a CalComp pen plotter. You add 
to the configuration as your operation continues to grow. 
All with one supplier...CalComp. 

The best warranty and service available. 
The CalComp exclusive one-year warranty on parts and 
labor is the only one of its kind. Plus, we offer the largest 
team of systems analysts and field service engineers to 
help guarantee prompt, quality product support. 
There's a lot more to know about CalComp's newest EPP 
and vector to raster controllers. Contact your nearest 
CalComp sales office or write for more information. 

2411 West La Palma Avenue, Anaheim, CA 92801 (714) 821-2011 TWX 910-591-1154 



Probing the news 

to tighten the reins on business 
growth. Fourteen years ago, Boulder 
created an open-space program, 
which purchases land with the intent 
of preserving its natural character, 
as well as controlling business and 
residential development. So far over 
10,300 acres have been set aside as 
green belts in the Boulder Valley 
area. In addition, Boulder has lim-
ited growth through a formula 
restricting the number of building 
permits and other business licenses. 

Broken dreams. Thus, despite the 
lure for electronics firms, relocation 
attempts don't always end happily. 
Four months ago, Systems Develop-
ment Corp. of Santa Monica, Calif., 
canceled plans to move its headquar-
ters and 4,000 jobs to the Boulder 
area. An avalanche of protests was 
generated when the firm announced 
last year that it planned to locate a 
campus in a designated green belt. 
The company went to local govern-
ment for backing, but the city 
refused to bend. 

"I think that at first many are 
stunned that they are not solicited. A 
lot of corporations are used to com-
ing into an area and people just beat-
ing themselves to death trying to 
help them out," says Clayton John-
son, president of the Boulder Cham-
ber of Commerce. "We encourage 
them in Boulder, but they have to 
jump through quite a few hoops. I 
know that a lot of companies find 
that to be unusual, but want to see 
whether they can start jumping 
through the hoops." 

But the flurry of electronics activi-
ty has also heightened competition 
for technical workers. Many compa-
nies are quickly finding out that 
scenic plant locations alone are not 
enough, explains Richard Payne, an 
electronics headhunter for Snelling 
& Snelling Employment Service in 
nearby Englewood. "That's a diffi-
culty we have had in the Denver 
area," he notes. "But some compa-
nies are beginning to change some of 
their perceptions. Until a year ago, 
many felt that they had enough to 
offer with location—near the Rocky 
Mountains. Often, relocation pack-
ages, benefits—and pay—were not 
as good as in other states." 
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SLIDE SWITCHES 
with a difference... 
Utilizing a proven toggle type contact design. Instrument 

grade mini-size slide switches in one and two poles with vari-
ous switching combinations available. Epoxy terminal design 

is ideal for flow soldering. Low profile thermoplastic case is 

94V-0 rated. PC terminals fit 0.1" centers with silver contacts 
rated: 4ampst 115 VAC. Gold con-
tacts optional; standard on extended 

PC types. Your choice of top or 
side slide actuators. 
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additional info 
& free sample 
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When an RTP measurement and control sys-
tem like this comes in your door, something 
unusual happens. You plug it into your computer, 
hook up your sensors/actuators, power up... 
and everything works. Right out of the box. That's 
when you begin to understand the confidence 
CPI customers have in our front end equipment. 

The trick is, we handle problems before we ship, 
not after. The package is configured to your spe-
cific application. Solutions are designed in. 

Computer Products, inc. 
Measurement and Control Systems Division 

The Industrial Problem Solver 

Bugs are designed out. Documentation is com-
prehensive and right. 

RTP systems are used worldwide in industrial 
process environments of every description. They 
offer all standard analog and digital I/O options 
— including the new DIOC (Distributed I/O Con-
troller). Computer Products, Inc. 1400 N.W. 70th 
St., Ft. Lauderdale, FL 33309. (305) 974-5500. 
TWX 510-956-9895. 

Years of reliable, trouble-free 
performance. 

"We've Proven IC' 

conk' 
up front 
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Technical articles 

Digital VLSI breeds 
next-generation TV receivers 

Processor chips work with control computer 

to handle digitized video, audio, and deflection signals 

by Thomas Fischer, ITT Intermetall GmbH, Freiburg, West Germany 

0 Digital video is no longer a pipedream: by early 1982, 
the first building blocks for a digital television receiver 
will enter the market, opening new possibilities for low-
cost manufacturing and enhanced TV performance. Hun-
dreds of discrete components now used to process the 
video, deflection, and audio signals will be replaced by 
processor chips for each function and by an integrated 
control computer for orchestrating the transfer of data 
between them. 
At the moment, a complete set of digital integrated 

circuits for processing the TV signals has been fabricated 
consisting of both large-scale and very large-
scale ics. The VLSI components contain between 30,000 
and 50,000 gate equivalents—each gate equivalent aver-
aging about 41/2 transistors. 

Besides the reduction in assembly costs won by using 
fewer parts, set makers will realize further savings in 
automated alignment procedures. To automate the coil 
and potentiometer tweaking required in aligning analog 
TV receivers would take costly tooling, but in digital 
receivers the task would be simply to enter alignment 
data into a programmable memory. What's more, feed-
back from critical test points would update the align-
ment information as the set ages. 
The consumer will also benefit from other perform-

ance improvements. The next-generation, mostly digital 
TV sets will mark a giant advance toward the promise of 
a fully digital video delivery system: unsurpassed picture 
quality in transmitted signals, as well as in signals 
produced by video-disk and -tape players, free from 
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1. Binary baseband. Radio and intermediate frequencies in a TV receiver are too high to be processed economically by present-day 

analog-to-digital techniques. Thus, digitization is limited to the baseband portions of the signal path (color). 
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ghosts, flutter, and noise. Even a partially digitized 
receiver will facilitate the addition of features like simul-
taneous dual-channel reception (a picture within a pic-
ture) and image-frame storage. Another advantage will 
be easier interfacing with the emerging home data net-
works and videotex services. There are, however, limits 
on what can be digitized within a TV receiver. The 
present technology for converting between analog and 
digital signals does not always match the speed, band-
width, and resolution needed for video signal processing. 
As a result, the current set of digital building blocks 
under development is confined to the baseband audio, 
video, and deflection signals, leaving the radio- and 
intermediate-frequency stages analog (Fig. 1). 

What goes digital? 

To analyze which of the data-processing chores of a 
TV set can be digitized is to address two related consider-
ations: bandwidth and resolution. The Nyquist theorem 
states that the sampling frequency for a signal must be 
twice its bandwidth. Otherwise higher frequencies would 
reappear in the lower region of the frequency spec-
trum—a phenomenon called aliasing. In practice, TV 
signals, which require a video bandwidth of less than 5 
megahertz and an audio bandwidth of less than 15 
kilohertz, can be economically digitized. 

Resolution is a function of the signal's dynamic range 
and fixes the number of bits into which the signal is 
resolved. If a digital value is represented by n bits, the 
allowable dynamic range is 2^, or 6n decibels. The reso-
lution is therefore 1/2̂, with a residual uncertainty, or 
inherent noise in the system, of ±1/2 -̂", or ±112 the 
least significant bit. 
The first step in deciding which signals can be digi-

tized is to find the required resolution for the video, 
audio, and deflection synchronizing signals. Experience 
has shown that it takes 8 bits to represent a video signal, 
and further analysis leads to the conclusion that 6 bits 
fulfill all the requirements for color processing. High-
fidelity sound processing requires 14 bits, although 
acceptable sound can be achieved with 12 bits. Finally, 
for deflection processing, the limit of recognizability on a 

Tv screen is about 0.1 millimeter of horizontal displace-
ment, corresponding to 10 nanoseconds in a TV with a 
26-inch screen. With 64 microseconds per horizontal 
sweep the resolution is achieved with 13 bits. 
The next step is to digitize only those signals low 

enough in frequency to be converted economically. The 
range of the transmitter signal entering a TV tuner is 
from 40 to 1,000 MHz—clearly beyond economical ana-
log-to-digital conversion techniques. The received signal 
(which carries the composite signal for video and syn-
chronization and the audio signal) is shifted in frequency 
by mixing it with a local oscillator frequency, and the 
resulting intermediate frequency is around 40 MHz. 

Monolithic a-d converters with 8-bit resolution can 
digitize such signals, but they cannot yet be produced at 
consumer equipment prices. So the a-d converter is 
placed after the video demodulator, where the output is a 
normalized signal of about 2 volts and band-limited to 
less than 6 MHz. 
The frequency-modulated audio intercarrier is 5.5 

MHz in the PAL standard, 6.5 mHz in the Secam stan-
dard, and 4.5 MHz for the NTSC standard. With the wide 
dynamic range of the audio signal, digitization before 
demodulation is difficult because of the 12-bit resolution 
needed. Therefore the audio a-d converter is placed after 
the sound demodulator. 

Reconversion, too 

Of course, the results of the digital signal processing in 
the TV receiver have to be converted into analog signals 
and amplified to drive the speakers, the picture-tube 
guns, the horizontal stage, and the vertical deflection 
coil. The most economical way to accomplish this is to 
use pulse-width modulation in conjunction with a class D 
(switch-mode) amplifier. 
Here again bandwidth and resolution impose limita-

tions, and the choice must be made between faster but 
more expensive R-2R ladder networks and the slower, 
less expensive pulse-width modulator. For the audio and 
deflection circuits, pulse-width modulators suffice; but 
video, with its need for higher definition, uses a mono-
lithic integrated R-2R ladder network as a d-a converter. 

COMPOSITE VIDEO 

CLOCK 

VIDEO CODEC 

ANALOG-TO-
DIGITAL 

CONVERTER 
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ANALOG 

CONVERTER 
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2. Video chips. In the video-signal section of the TV receiver, the composite signal is digitized in a codec and sent to the video processor for 

filtering and decoding. Then the signal is converted into analog form again and sent to the electron guns via a power stage. 
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3. Processor peek. Inside the video processor chip, the digitized composite video is separated into chroma and luminance paths, both of 

which are processed using digital filtering techniques. A feedback loop from the color guns automatically adjusts the beam currents. 

In the video section of the digital TV (Fig. 2), wide-
bandwidth a-d and digital-to-analog converters are com-
bined onto one bipolar chip called the video codec. The 
a-d converter is a flash type employing 2^ comparators in 
parallel, n being the number of bits—a design that puts a 
high premium on reducing the number of bits and there-
fore the number of comparators. 
As a result, a method was devised to achieve 8-bit 

resolution of the video while using an a-d converter with 
only 7 bits of resolution. This is done by biasing the 
reference voltage of the a-d converter during every other 
horizontal sweep by a voltage corresponding to half the 
least significant bit. This scheme converts a luminance 
value in the middle of two 7-bit steps into the lower value 
during one sweep and into the higher value during the 
next sweep. The two values are then averaged on the 
screen by the eye of the viewer, giving the impression of 
tones that are resolved to 8 bits. 

For this application, the comparators in the a-d con-
verter have gray-encoded outputs to eliminate glitches 
that might otherwise appear as a result of different 
comparator speeds. Once digitized, the video data is 
routed to the video processor (Fig. 3), where it passes 
through a gray-to-binary transcoder and goes to filters 
that extract the luminance and chrominance signals. 

Digital filtering techniques are the key to developing 
ic replacements for the many coils and capacitors usu-
ally found in a TV. The digital filters in the video section 
are clocked at frequencies of up to 18 MHZ and comprise 
delay, adder, and multiplier circuits. In mos technology, 
delays are trivial to make and adders are small, but 
multipliers typically are very large structures. To simpli-
fy the multipliers, the filter design (Fig. 4) uses factors 
with only one bit set to 1, giving multiplication coeffi-

cients such as 1.0, 0.5, 0.25, 0.125, and so on. Multipli-
cation with these factors is then easily realized by a 
shift-and-add circuit. 
The luminance filter has a variable frequency response 

that provides peaking from +6 to — 3 dB. Peaking in-
creases the amplitude of the high-frequency content of 
the luminance signal and thus leads to a sharper picture. 
The overall amplitude of the luminance signal is set by a 
contrast multiplier, the output of which is limited by 
clipping and then passed back to the converters in the 
video codec. 

Complicated chroma 

Because of the modulation of the color subcarrier, 
chroma processing is more complicated than luminance 
processing. First the chroma signal is amplitude-
controlled by the automatic color-control circuit. The 
ACC keeps the amplitude of the burst reference signal at 
a preset level, thus maintaining a constant color satura-
tion independent of variations in the i-f filters. It also 
actuates the color killer for monochrome signals and, 
where necessary, the PAL identification circuit. 
From the color killer, the chroma data is then fed to 

the color decoder. Here color information is extracted 
from a pair of difference signals which use the blue (B), 
red (R) and luminance (Y) voltages. In NTSC and PAL 
systems, the color subcarrier is amplitude-modulated 
with the B — Y and R — Y signals at phase angles 90° 
apart. In Secam, the color subcarrier is frequency-
modulated with B — Y and R — Y in alternating hori-
zontal sweeps. 

It is worth noting here that an expensive glass delay 
line, required for the PAL and Secam systems, is replaced 
by blocks of random-access memory on a chip area of 
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only 3 square millimeters (4,600 square mils) each—an 
excellent demonstration of the advantages of digital 
techniques in color TV sets. The delay line necessary for 
PAL color demodulation is used to realize a comb filter in 
NTSC sets. Such a filter is highly desirable, since the 
bandwidth is less than 5 mHz with the NTSC system, 
compared with 6 MHz in the PAL and Secam systems. 

Both PAL and NTSC receivers require phase-synchro-
nous demodulation of the color subcarrier, and any 
phase error leads to an error in hue (for NTsc) or 
reduced color saturation (for PAL). This demodulation is 
achieved by phase-locking the sampling clock (the sys-
tem clock) and the color burst (the phase reference sent 
by the transmitter). 

To the phase lock 

The phase locking is done by comparing the sampled 
B — Y signal with the R — Y signal of the burst. The 
difference (B — Y) — (R — Y) is a direct measure of the 
relative phase difference between the burst and the sam-
pling clock and is used to adjust the color decoder's 
voltage-controlled oscillator, whose frequency is four 
times that of the subcarrier. Hue is controlled by biasing 
the comparison of (B — Y) and (R — Y). 
The Y, B — Y, and R — Y signals are routed back to 

the d-a converters on the video codee. These converters 
are made from R-2R ladder networks, and the analog 
signals are dematrixed into the red, green, and blue 
signals. From there, amplifiers drive the external video 
output stages, which in turn drive the color guns of the 
picture tube. 

Black and white reference levels are set by the gain 

and bias of the buffer amplifier and controlled by the 
video processor—which monitors and adjusts the beam 
current automatically to the levels set at the factory, 
thereby maintaining performance regardless of aging. 
These effects are slow but require a certain amount of 
computation, so it is convenient to use some of the 
computing power of the control computer. The three 
beam currents are sampled continuously and the black 
and white levels are tested during the video frame 
flyback, at which time test signals are sent out by the 
video processor. 
The output of the video a-d converter carries the 

horizontal and vertical synchronization information, as 
well as the luminance and chroma data. The deflection 
processor (Fig. 5) extracts this information and controls 
the frequency and phase of the oscillators that drive the 
deflection yoke of the picture tube. 
The incoming signal is first processed by a stage that 

determines the black level of the video signal. The output 
of this stage clamps the black level to a fixed voltage in 
the video amplifier so that full use is made of the 
conversion range of the video a-d converter. The separa-
tion level for the sync pulses is the midlevel between 
black and the top of the sync pulse. In order to eliminate 
noise and glitches, several sync pulses are correlated and 
the average of the rising and falling slopes is taken as the 
reference point for the horizontal oscillator. 

In order to keep the correct sweep rate, feedback is 
taken from the horizontal flyback circuit. A digital 
phase comparator detects the relative phase between the 
horizontal flyback circuit and horizontal sync pulse. The 
comparator controls a frequency divider that counts the 
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4. Clever chrome. A typical filter within the 

video processor uses factors that simplify 

the multiplication inherent to the filtering pro-

cess. The chroma filter shown here uses only 

coefficients of 1 and so reduces the multipli-

er to simple hardwired shift-and-add circuits. 
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5. Beam deflection. The deflection processor is responsible for all the timing and synchronization functions in the TV receiver. It receives the 

digitized composite video signal in parallel with the video processor, separating horizontal (east-west) and vertical triggers. 

master clock down to the approximate horizontal fre-
quency (15.625 kHz for PAL, 15.750 kHz for NTsc). The 
counting down is done to a resolution of a quarter of the 
period of the color subcarrier (56 ns for PAL, 70 ns for 
NTsc) because the system clock frequency is four times 
that of the color subcarrier. This time corresponds to a 
resolution of 2.5 mm (0.1 in.) on a large screen—clearly 
not enough since a 0.1-mm resolution is needed. 

Therefore resolution is enhanced by a chain of gates 
that delay the sync pulse by a variable number of gate 
delays. As a result, the total resolution is increased to 
one sixteenth of 56 ns, or 3.5 ns. The precise measure-
ment of phase and frequency is done by averaging sever-
al measurements. The allowable rate of change of the 
phase is limited to reduce the susceptibility of the hori-
zontal sync pulse to noise. The time constant can be 
changed, however, to accommodate signal sources with 
drifting oscillators, such as video-cassette recorders and 
video games. 

Going vertical 

The vertical oscillator is a resettable counter and the 
reset pulse is the vertical sync pulse. This pulse is gated 
by three different windows: a large window of ±64 
horizontal sweeps for phase acquisition, a small window 
of ± 3 horizontal sweeps for unlocked-mode operation, 
and a window of zero width for locked-mode operation. 
The output of this counter is used to compute a PWM 
signal that drives the vertical power stage. 

In addition, an error is introduced by the projection of 

the beam onto a flat screen and has to be corrected. This 
correction is included in the algorithm for the pulse-
width modulator. The circuitry also computes the correc-
tion signal for the east-west, or horizontal, modulator. 

Often it is possible to extract horizontal and vertical 
sync pulses directly from the color subcarrier because 
large TV networks usually transmit signals with a fixed 
ratio of the three frequencies (f • fhor - - :ver) • When such a f 
signal is acquired, the deflection processor shifts to a 
locked mode, in which the horizontal and vertical fre-
quencies are derived by counting down the color subcar-
rier. This makes the deflection signals virtually immune 
even to excessive noise from a weak signal, to flutter 
caused by transient events such as airplanes or trucks, 
and to interference from electric appliances. 

Still active 

However, even when the deflection circuits are locked 
into the color subcarrier, the phase- and frequency-
comparing circuits are active in the background, con-
stantly checking whether the countdown procedure is 
still valid and whether the deflection processor should 
shift back to the unlocked mode. In either case, however, 
the output of the horizontal stage excites a conventional 
power output circuit that drives the deflection coils. 

Finally, all the information necessary to determine 
whether the received TV signal is PAL, Secam, or NTSC 
may be found in the deflection processor. This informa-
tion can be passed to the control computer, making 
feasible a true multistandard receiver in one unit. 
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Three channels of the demodulated audio in the TV 
receiver are digitized by an a-d converter and processed 
by a separate audio processor (Fig. 6). This design 
accommodates stereo sound—already introduced in 
Japan and coming to all major countries soon [Electron-
ics, March 24, 1981, p. 78]. The three audio channels 
feed three separate sigma-delta a-d converters working 
in parallel. Each converter consists of two parts, a pulse 
density modulator and a conversion filter. The output of 
the pulse density modulator is counted during one sam-
pling interval, and the conversion filter takes a sliding 
average of the count. 

Two goals met 

In designing the conversion filter, two goals were set. 
The first was to maximize the output resolution, and the 
second was to filter out the noise that is generated by the 
pulse density modulator. The resulting audio a-d con-
verter provides 14 bits of resolution for the audio section. 
Of the three audio channels, one carries the pilot tone 

indicating the presence of monophonic, stereophonic, or 
bilingual information on the other two channels. Because 
it is a weak signal with extremely small bandwidth, 
filters with a very high Q are required to extract and 
process the pilot tone. Such filters are difficult to realize 
with analog techniques but easy to implement digitally. 
Also, digital filters do not need adjustment for tuning to 
the correct frequency, because their resonant frequency 
depends simply on a crystal-controlled clock. 

In the audio processor, a long data word and a compli-

S. Audio too. The audio processor tackles 

three channels, each with 14 bits of digitized 

audio signal. It needs an arithmetic and logic 

unit to handle the complex multiplications 

Involved, and the ALU is timeshared by the 

three audio filters. 

cated filter with coefficients varying according to the 
different settings of the users require a hardware multi-
plier, rather than the shifters and adders used for multi-
pliers in the video processor. However, a technique is 
employed that multiplies using only one fast 16-by-8-bit 
arithmetic and logic unit timeshared for all filters in the 
subsystem. By adding the necessary registers in the form 
of RAM and by designing a read-only-memory sequencer, 
a specialized version of a general-purpose signal proces-
sor is achieved for filtering the digital audio. With this 
architecture, any processing algorithms can be changed 
by changing only the mask of the sequencer ROM. 
The output portion of the audio processors consists of 

two pulse-width modulators that provide nonoverlapping 
signals of opposite phase for driving the push-pull tran-
sistors of a class D audio power amplifier. The audio 
processor's serial bus interface allows the control com-
puter to perform all control functions, such as changing 
filter characteristics or switching from loudness to flat 
response or from mono to stereo to bilingual. 

Control computer 

The control computer passes operator commands to 
the three digital processors, as well as providing some 
adjustments transparent to the user. It combines the 
flexibility of a microcomputer with the speed and fea-
tures of dedicated hardware (Fig. 7). 

In a TV set with digital signal processing, all analog 
commands are translated into digital numbers and fed 
into the signal-processing stages — a natural task for 

PILOT 

AUDIO I 

AUDIO II 

CONTROL COMPUTER 

CONTROL 

0 PEUNLSSITEY 
CONVER-

r
M
U
L
T
I
P
L
E
X
E
R
 

MODUL- SION 
ATOR FILTER 

(3) (3) 

AUDIO PROCESSOR 

CONTROL 
BUS 

INTERFACE 

a-d 
INTERFACE 

COEFFICIENT 
RANDOM-
ACCESS 
MEMORY 

COEFFICIENT 
READ-ONLY 
MEMORY 

ARITHMETIC 
AND 

LOGIC UNIT 

RAM 
PULSE-
WIDTH 

MODULATOR 

LEFT 

SEQUENCE R 
AND 

CONTROLLER 
-111. PROGRAM 

COUNTER 
CONTROL 

ROM 

RIGHT 

102 Electronics/August 11, 1981 



7. Conductor. Orchestrating data transfers 

between the processor components is one 

job of the control computer chip. Since han-

dling user inputs like channel selection and 

volume is another, the same IC includes ded-

icated blocks for user commands. 

microcomputers. On the other hand, general-purpose 
microcomputers need additional circuitry for controlling 
a tuner and receiving the infrared signals of a remote 
control unit. Thus all these functions are integrated as 
part of the control computer. 

However, the bidirectional bus is controlled by the 
control computer, with the three digital processors on the 
bus as slaves. The bus is fairly slow —a transfer of 1 byte 
of address and 1 byte of data takes more than 100 µs. 
Inputs from the user are entered on a keyboard or by an 
infrared remote-control unit. 
The tuning system is a phase-locked-loop frequency 

synthesizer with a minimum frequency step of 62.5 kHz. 
A number of programmable input/output ports can be 
used for features such as automatic channel search and 
indicators other than a seven-segment display. 
The control computer also has a role in the self-

aligning features of the set where a nonvolatile electri-
cally erasable programmable ROM is the key element. In 
manufacturing the TV, an assembly-line computer has 
access to the control computer through the bus. Thus the 
computer can make adjustments and store the optimum 
alignment values in the EE-PROM. 

In addition, the owner can store favorite channels and 
individual settings of the analog controls like volume and 
brightness in the EE-PROM. Finally, the programmability 
of the control computer offers the possibility of individu-
alizing receivers made by different manufacturers using 
the same digital chip set. 
Once a TV signal is digitized, it is possible to apply 

digital techniques for a variety of features that are 
difficult to achieve in analog technology. An example is 
the comb filter in the NTSC video processor. 

Another is ghost compensation, an attractive feature 
available with digital processing. One compensating net-
work is a transversal filter made from tapped delay 

blocks, multipliers, and adders, giving a maximum delay 
of 64 µs. However, perfect ghost cancellation requires 
more than 200 taps, multipliers, and adders. Although 
this is not economically feasible today, one reflection 
from a smooth surface could be eliminated by using one 
tap and multiplier, and preliminary studies show that 5 
to 10 taps are sufficient to compensate for most ghosts. 

Since the delay of the ghosts varies from antenna to 
antenna, electronic switches would change the positions 
of the taps. A difficult problem, however, is to get an 
accurate measurement of the ghost. One solution pro-
posed uses the equalizing pulses during frame synchro-
nization as a probe for the ghost's step response. 

Avoiding flicker 

Another feature is a flicker-free picture—especially 
useful in Europe, which has a 50-Hz frame frequency, 
leading to a clearly perceived flicker at high brightness 
or contrast settings. The flicker is eliminated by storing a 
full picture that is then read out at a higher frequency 
than normal. In this way, the frame frequency could be 
increased to 75 cycles or more. 
The ability to digitally store a picture has other advan-

tages. For example, although storing a full picture takes 
more than 1 megabit of memory using redundancy-free 
encoding, it is possible to use less RAM to produce a 
smaller picture-in-a-picture display. 
The advantages of digital video extend to TV peripher-

als as well. Digital recording techniques would vastly 
improve the performance of the vats. Feeding the digi-
tal information of a video disc player directly into the 
digital signal processor of a TV set offers a perfect 
picture, free of all deficiencies such as noise, distortion, 
and hue error. Furthermore, with a digital VCR and full 
picture store, one gets still-picture, slow-motion, and 
zoom functions for free. O 
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On-chip stereo filter cuts noise 
without preprocessing signals 

A pair of dynamically variable low-pass filters 

reduces noise with no encoding of signal sources 

by Martin Giles, National Semiconductor Corp., Santa Clara, Calif. 

D A new weapon is available in the war against audio 
noise, an integrated circuit that provides designers of 
consumer equipment with a noise-reduction system that 
works with any audio source without preprocessing of 
the program material. Because the heart of the system is 
an IC, the new approach is a cost-effective solution to 
noise problems. 
The DNR dynamic noise-reduction system [Electronics, 

March 24, 1981, p. 110] takes a substantial bite—up to 
14 decibels—from the overall noise figure for a multi-
tude of audio sources. It does so by continually adjusting 
its filtering bandwidth to the varying harmonic content 
of the input signal. 
The DNR technique combines two audio phenomena— 

bandwidth reduction and auditory masking —to achieve 
its results; for this, it relies heavily on dynamically 
variable, integrated low-pass filter circuits. By integrat-
ing all but a handful of noncritical components, National 

1. Noise stopper. A single LM1894 audio filter chip and a few noncritical components are 

all that are needed to complete the DNR dynamic noise-reduction system. 

Semiconductor's designers have made DNR economically 
justifiable for audio equipment makers, who must 
respond to consumer demands for high performance and 
competitive prices. 
The popularity of consumer audio equipment, particu-

larly the cassette tape recorder, is due in part to the 
development of what are called complementary tech-
niques for suppressing noise, notably the Dolby tech-
nique. A common drawback of such noise-suppression 
systems is that they require program material to be 
encoded before recording or broadcasting—as a result, a 
wealth of material does not benefit from these noise-
reduction techniques. The DNR approach, however, is a 
noncomplementary, or single-ended, method for reduc-
ing audible noise and so is applicable to a multitude of 
sources, including older tape recordings, fm broadcasts, 
video disk players, and video cassette recorders. 

Crucial to the low cost and therefore to consumer 
acceptance of DNR is the LM1894 
dual-channel noise-reduction chip. In 
Fig. 1, the lc is surrounded by a few 
additional components needed to build 
a full DNR system. The chip itself con-
tains two dynamically variable low-pass 
filters that reduce unwanted hiss and 
noise by varying their bandwidths as a 
function of the high-frequency content 
of the input signal. 

In the past, consumer noise-reduction 
systems have been modeled after corn-
pandors designed primarily for use in 
recording studios. Companding, for 
compressing and expanding, is a com-
plementary technique in which a 
recorded signal is encoded so that its 
low-amplitude, high-frequency sound 
components are boosted by as much as 
10 dB (in a Dolby B system) in a 
process called compression—it effec-
tively compresses the dynamic range of 
the sound. 

During playback, the amplitude of 
these same high frequencies is ex-
panded by the same 10-dB amount in 
order to restore the original sound 
dynamics. In the process, tape hiss, 
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10 decibels does the trick 

In commercial recording studios, compression-expansion 
systems, or compandors, offer substantially more than 10 
decibels of noise reduction. Why didn't Ray Dolby go for 
more than 10 dB in his now-famous system? The chief 
reason is that 10 dB is usually sufficient, and this applies 
to any consumer noise-reduction system. 

In the curves of noise spectrums in the figure, the dotted 
audible-threshold curve is the spectrum level at which the 
noise becomes just audible in a fairly quiet room. Noise 
components below this curve will not be heard. The 
curve's shape is due to a phenomenon known as mask-
ing—the fact that the ability to hear a sound is reduced by 
the presence of other sounds, called maskers. Below 600 
hertz and above 6 kilohertz, the shape is determined 
largely by the characteristics of the human ear. But 
between these frequency limits, the hearing threshold is 
masked or raised by ambient noise. 
The noise level produced by an audio system depends 

largely on the volume control setting. If a recorded 0-VU 
(volume unit) signal level can be amplified enough that the 
speakers can produce a sound pressure level of 90 dB at 
the listening position—pretty loud —then a typical cas-
sette tape's noise spectrum appears as shown by the solid 
curve. Between 1 and 6 kHz, the room noise does not 
mask the tape hiss. 
The result of Dolby processing is shown in the dashed 

curve: tape hiss is reduced below the audible level. Turn-
ing up the volume control or recording the tape at a 
reduced mean level of — 10 VU will shift the tape noise 
spectrum up, and tape hiss becomes audible again. So to 
say that a 10-dB noise reduction is enough is only part of 
the story. However, anything more than a 10-dB compres-

sion will make the Dolby-encoded tape unplayable on 
equipment without the complementary decoding circuits. 
The DNR dynamic noise-reduction approach skirts this 
problem and gives a 14-dB noise reduction because it is 
noncomplementary —in other words, it requires no pro-
cessing at the audio source. 
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which is a high-frequency noise component, is pushed 10 
dB lower. Although that noise reduction may not appear 
to be much, it is enough to give the cassette tape player 
respectability in the consumer high-fidelity marketplace 
(see "10 decibels does the trick," above). 

Unlike commercially available compandors, a single-
ended system does not need prior encoding and can 
remove noise already present in the source, not merely 
prevent the recording tape from adding more noise. 
Radio broadcasts, VCR and video-disk sound, and con-
ventional audio tape can all be processed with a single-
ended system. Furthermore, a noncomplementary sys-
tem adds no compatibility constraints to the source 
material. In contrast, a new Dolby C technology— 
essentially two cascaded Dolby B systems—gives an 
18-dB compression during recording that is incompatible 
with the 10-dB expansion of playback equipment con-
taining Dolby B circuitry. 

Staying single 

The first audio principle that a DNR system exploits is 
the relationship between the output noise level and the 
audio system bandwidth: if the system's bandwidth is 
decreased, the aggregate noise level is also decreased. 
For a noise spectrum that has a uniform average ampli-
tude, such as white noise, the aggregate noise voltage is 
proportional to the square root of the bandwidth. Using 

Nyquist's formula, it can be shown that if the bandwidth 
is reduced from 20 kilohertz to 800 hertz, the noise 
voltage decrease (in decibels) is: 

20 log io(20 X 10')v — 20 log io(800)1/2 n 13.98 dB 

Catching the noise 

Typically a noise spectrum will not be uniform in 
amplitude over the frequency range, and so noise is not 
equally annoying at all frequencies. Therefore, the DNR 
lc includes a weighting filter in the control section. Since 
the ear is most sensitive to noise in the frequency range 
of 600 Hz to just over 6 kHz, it is in this range that DNR 
works to keep the bandwidth at the minimum required to 
faithfully reproduce the source material. Using the 
CCIR/ARM (International Radio Consultative Commit-
tee/Average Responding Meter) weighting method, the 
noise reduction shown in Fig. 2 for both single and 
two-pole low-pass audio filters is up to 14 and 18 dB, 
respectively. 
The second principle behind DNR is that of acoustic 

masking, which exploits the ear's ability to mask noise 
(see again "10 decibels does the trick," above). The DNR 
system's masking produces a reduction of perceived noise 
as the signal frequency varies from 800 Hz up to the full 
20 to 30 kHz required for high-fidelity transmission of 
the music. When no audio is present, the filter closes 
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2. Doubling up. The 6-dB/octave rolloff at the high end of each 

audio filter is sufficient to reduce noise in most cases (a). Cascading 

the two filters gives additional noise reduction (b) where the faster 

( — 12-dB/octave) rollotf is tolerable. 

down to its minimum cutoff frequency, 800 Hz. 
Because of the characteristics of the ear, the most 

effective masking frequencies are around 1 kHz, 
although higher frequencies do mask neighboring noise 
spectrums. Both music and speech have large amounts of 
energy in the 1-kHz region and will provide for excellent 

noise masking. The spectral envelopes in Fig. 3 are 
typical and will vary depending on the particular instru-
ment and the pitch and loudness with which it is played. 
To take a worst-case situation, a French horn can have 

a lot of energy below 1 kHz, but has very little above. If 
the DNR system were to respond to this high amplitude 
below 1 kHz, it would open up its bandwidth to 30 kHz to 
provide for unobstructed passage of the rest of the music. 
But in this case, there is no high-frequency sound, and 
thus noise from, say, 2 kHz upward would be unmasked 
and audible. 

Instead, by responding to the 1-kHz or higher frequen-
cy content of the signal, a DNR unit produces only a 
slight increase in bandwidth depending, in this case, on 
the loudness of the French horn. The music comes 
through, but noise above 2 kHz remains suppressed. 
Furthermore, audio signals that possess energy levels at 
higher frequencies induce correspondingly wider filter 
bandwidths. 

Frequency the key 

Put another way, when detecting the presence of high-
er-frequency energy, it is assumed that much larger 
energy levels exist simultaneously at the lower critical 
masking frequencies. So the bandwidth can always be 
increased to ensure fidelity along the audio path. 

If the mean signal-to-noise ratio of a source is above 
30 dB, a single-ended system can provide noise reduction 

3. Musical mix. With most musical instruments, as well as speech, energy is bunched in the vicinity of 1 kHz. This spectral characteristic is 

fundamental to the masking principle by which DNR operates, since the most effective masking frequencies are around 1 kHz. 

106 Electronics/August 11, 1981 



C12 

II 
0.0047 id 

Cl 
LEFT 14- 
AUDIO ---)1  
INPUT 

C2 

RIGHT )1 
AUDIO 
INPUT 

1 pF 

SUMMING 
AMPLIFIER 

AUDIO 
CONTROLLED 
LOW-PASS 
FILTER 

cs 

0.1 pF 

ic • 

Ce 

IC V 

0.001 JAF 

CONTROL 
AMPLIFIER 

VOLTAGE F iC8 
-TO- DETECTOR 

CURRENT 
CONVERTER 0.047 pF 

AUDIO 
CONTROLLED 
LOW-PASS 
FILTER 

Re 

LEFT 
AUDIO 
OUTPUT 

4.7 mH 

DETECTOR 
FILTER 

Cm I 1/IF 

0.0047 F 

C8 
0.1 µF 

C7 

0.015 pF 

OPTIONAL 
19-Hz 
FILTER 

CI 
.1. RIGHT 

AUDIO 
OUTPUT 

1 pF 

4. Variable filter. The LM1894 contains twin variable-bandwidth low-pass filters that dynamically track the audio signal's frequency content. 

A third filter in the control and amplifier responds to the occurrence of higher audio frequencies by widening the audio bandwidth. 

with no audible impairment of the music. For cassette 
tapes recorded at the 0 vu (volume unit) level, a dynam-
ically controlled low-pass filter can give a perceived S/N 
ratio of better than 65 dB. 

Inside the LM1894 (Fig. 4), the bandwidths of twin 
audio filters—one for each stereo channel—are adjusted 
by a control section, which is driven by the audio source. 
The control section consists of summing and control 
amplifiers, a high-pass weighting filter, and a detector 
circuit with a current source output controlling the pair 
of low-pass audio filters. 

Both low-pass filters (Fig. 5) are inherently well 
matched since they are integrated on the same chip. 
They show no undesirable parameter shifts, such as 
peaking or slope changes as the bandwidth is increased, 
and special efforts have been taken to avoid audio-path 
dc offsets caused by the control signal. Each filter has a 
flat response below the —3-dB cutoff frequency and a 

smooth single-pole roll-off at higher frequencies. 
A — 6-da-per-octave slope at the high end of the filter 

produces the most satisfactory results with modern and 
classical music possessing a wide frequency range. Steep-
er slopes are achieved by cascading both audio filters in 
a single LM1894. This produces a — 12-dB/octave slope 
for a potential noise reduction of 18 dB. 
The control circuitry uses a high-pass filter with a 
— 3-ds corner frequency at 6 kHz and a — 12-dB/octave 
roll-off slope. The weighting filter is designed to optim-
ize the dynamic bandwidth in response to the masking 
properties of the source material (Fig. 6). In addition, a 
19-kHz notch is optional to suppress the pilot carrier 
present in stereophonic fm broadcasts. 

Capacitors C, and C 9 in Fig. 4, working with the ic's 
internal resistance, produce the — 12-dB/octave slope 
and the 6-kHz corner frequency. A third filter formed by 
coupling capacitor C5 and the control amplifier's gain-
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5. Variable filters. Each of the DNR chip's low-pass filters is based 

on a variable transconductance amplifier driving an operational-

amplifier integrator. Its transfer characteristic resembles that of a 

single-pole RC filter where R has been replaced by K/g,. 

7. Add-on. A visual indication of the audio bandwidth may be 

continually displayed by this circuit when wired to the detector circuit 

of the LM1894. This is especially useful when the DNR system is used 

as an audio add-on and fitted with an adjustable control-path gain. 

setting resistors R, and R2 provides a further roll-off at 
1.6 kHz to prevent activation of the filters by extremely 
high-amplitude, low-frequency energy like drum beats. 
The control-path design also is optimized for transient 

response. If the detector did not respond to the leading-
edge transients in the music, distortion would occur from 
the initial loss of high-frequency components caused by 
the audio filters opening up too slowly. 
As might be expected, the rise time of any musical 

selection will depend on the instruments that are being 
played. For example, an English horn is capable of 
reaching 60% of its peak amplitude in 5 milliseconds. 
For other instruments, rise times can vary from 50 ms to 
200 ms, while a hand clap rises in 0.5 ms. With this in 
mind, a typical application of a DNR system uses an 
attack time of 0.5 ms in order to minimize any loss of 
high-frequency transients. 

Attack time is only half of the transient response 
picture, however. Once the detector has responded to a 
musical transient, it needs to decay back to the quiescent 
output level at the end of the signal. If the decay is slow, 
the audio bandwidth will be wide following a transient, 

6. Controlling curse. The DNR filter control response to frequency 

indicates a sensitivity to frequencies above 1 kHz, so that high-

amplitude, high-frequency signals are most effective in opening the 

audio filters to their maximum bandwidth. 

and a noise burst is heard. On the other hand, if the 
bandwidth decreases too rapidly, a loss of musical 
ambience occurs because the harmonics lasting beyond 
the large-amplitude signal will be suppressed. 

Experience has shown that an exponential decay is 
best suited for the bandwidth reduction in order to 
preserve the harmonic amplitudes. The ear cannot usu-
ally respond in less than 150 ms to low-level noise 
following a large signal. So the DNR design makes use of 
a decay characteristic that falls to within 10% of its final 
value in 50 ms. 

An accessory 

When the DNR chip is built into audio equipment, the 
control path gain is set by the ratio of resistors R, and 
R2. These resistors have been selected on the basis of the 
noise floor of the input signal. However, the DNR system 
can be used equally well as an external audio accessory, 
since it is designed to process audio at normal line input 
levels—such as those of a separate cassette deck. In this 
case, the resistors should be replaced with a potentiome-
ter so that, depending on the audio source, adjustments 
can be made to the control path gain. 

In practice, the capacitor of the detector filter can be 
monitored to help determine the gain necessary for the 
source noise to start opening up the audio filter band-
width. A light-emitting diode or complete IC bar graph 
(Fig. 7) can provide a visual indication of circuit opera-
tion or a continuous display of the audio bandwidth. 
Adding a switch to bring the detector input of the 

LM1894 to + 5 volts will force the audio bandwidth to 
50 kHz irrespective of the signal input. This switch 
permits bypass of the DNR function as well as rapid 
adjustment of the sensitivity to ensure that the music 
quality is unaffected by circuit operation. D 
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Building quality analog circuits 
with C-MOS logic arrays 

Design techniques can turn digital complementary-MOS components 
into low-power, high-performance linear systems 

by Richard Kash, Mountain View CaIt 

D Complementary-mos logic arrays are an increasingly 
popular approach to cost-effective semicustom digital 
integrated circuits. And where performance is not key, 
the complementary transistors of c-mos can also be 
configured into current sources, amplifiers, and so on, 
for low-power analog circuits. There are, however, ways 
that digital metal-gate c-mos arrays can deliver high 
quality as well as low power to analog and combined 
analog-digital ICs. 

All digital systems require some analog circuit func-
tions, ranging from internal voltage regulators to analog-
to-digital converters for interfacing with external devices 
such as sensors or controllers. Integration of these com-
ponents on the same chip with digital circuits increases 
system reliability and cuts system size and cost com-
pared with multichip designs. 

Developers of metal-gate c-mos arrays succeed in 
combining analog and digital systems that consume mere 
microwatts of power on a single chip. Detailed analog 
design data, kit parts, and a computer-aided design 
capability will soon be generally available, enabling 
users to design and lay out circuits on their own and take 
advantage of the great flexi-
bility offered by combined 
analog-digital ics. 

Furthermore, semicustom 
c-mos arrays to be intro-
duced in the near future will 
offer even better perform-
ance. Components not cur-
rently available —zener di-
odes, high-value resistors, 
mos capacitors—will be in-
cluded, and transistor geom-
etries tailored for analog 
designs will yield better cir-
cuits with fewer compo-
nents. Finally, the potential 
flexibility of mos gate ar-
rays should open up for the 
semicustom chip new appli-
cations, where unique user 
needs dictate the circuit 
configurations. 
The interior pattern of 

each chip in a widely avail-

1. Combination platter. High-quality analog circuits such as the 

four op amps shown in this die photo are possible on a semicus-

tom C-MOS digital logic gate. The chip is organized as alternating 

rows of complementary transistors and diffused resistors. 

able series of metal-gate c-mos arrays consists of sets of 
adjacent rows of enhancement n-channel and p-channel 
mos array transistors separated from each other by a 
large number of 800-ohm diffused p+ resistors designed 
for the interconnection of the array transistors and for 
use as linear resistors in analog circuits (Fig. 1). Each 
row of array transistors is subdivided into electrically 
isolated cells consisting of either two or three transistors. 
The smallest chip in the series, the MCA, contains 112 
pairs of complementary cells, and the largest chip, the 
MCD, contains over 350 such pairs. 

P- and n-mos buffer transistors are located on the 
chip's periphery between pads on two sides. Each buffer 
transistor has an effective transconductance approxi-
mately eight times that of an array transistor. Also along 
the edges are a few high-impedance, low-current mos 
transistors of both polarities. The remainder of the 
periphery is filled with large n-mos driver transistors 
capable of sinking 30 milliamperes. Unlike the array and 
buffer n-mos transistors, whose back gates are wired to 
the circuit's most negative voltage, Vss, each driver has 
an uncommitted back gate, allowing the transistor to be 

connected as a floating 5-
picofarad capacitor or as a 
vertical bipolar npn transis-
tor. When the driver is con-
nected as a capacitor, the 
back gate, source, and drain 
form one terminal, and the 
gate is the other. In the ver-
tical npn transistor, the 
back gate is the base con-
tact, the source and drain 
are emitters, and the collec-
tor is formed by the sub-
strate and is therefore auto-
matically wired to the drain 
voltage, V DD. 
The array components 

may be combined to pro-
duce a wide variety of quali-
ty analog building blocks. 
Circuit complexity can 
range from a simple current 
source to a sophisticated 
dual-slope a-d converter 
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2. Mirror image. This C-MOS version of a 

popular current source achieves excellent 

performance by using a cascode current mir-

ror for higher output resistance. 

3. Compact amplifier. A standard two-stage op amp is a building block for many analog 

circuits. In this design, a source-coupled input pair with active loads drives the output stage 

differentially. Low-frequency performance of the circuit is maintained with a bias current as 

low as 1 µA. Frequency compensation is required in closed-loop applications. 

with automatic offset nulling. Figure 2 shows a supply-
regulated current source. Q2 acts as a feedback transistor 
to set the gate voltage of the n-mOS driver transistor, Q1, 
at a voltage near its threshold value, VTry, corresponding 
to the relatively low drain current established by the 
high-impedance transistor. A resistor sets the output 
current level at VTN/R. The output resistance would be 
limited to a fairly low value by Q102, if not for the 
cascode output stage Q103--Q104. These devices shield 0 ,IO2 
from changes in the output voltage, significantly increas-
ing the output resistance—the output current change 
with voltage variations is less than 0.05%/volt, versus 
2%/v for a noncascoded current source. The major 
drawback of this cascode circuit is the reduced output 
voltage range—both Q103 and Qiu must remain in satur-
ation if the shielding is to be effective. 

Operational amplifiers 

Mirror current sources like this one provide biasing for 
other circuits, such as operational amplifiers. The two-
stage op amp shown in Fig. 3 requires only seven array 
cells and is capable of fairly good performance. The first 
stage consists of the differential input pair Q101 and Qio2, 
with a current-mirror load formed by Q1 and 2. , 0 0 ,I03 
supplies bias current to the source-coupled pair. The 
output of this stage at the drain of Q2 drives a second 
stage consisting of transistors Q5 and Q6 with an active 
current-mirror load, Q106—Q107. Q3 and Q. invert the 
signal so that the output transistors are driven differen-
tially. The high-impedance output of the amplifier must 
be buffered by an output stage to drive a low-impedance 
load: an n-moS driver transistor wired as a bipolar npn 
device can serve as an emitter-follower buffer. The 
amplifier performs well with a bias current as low as 1 
microampere. 

At a current of 100 µA, the op amp supplies an 
open-loop gain of 70 decibels, a respectable unity-gain 
bandwidth of 2 megahertz, and a slew rate of 7 v/micro-
second. The typical offset voltage of 25 millivolts (65 mv 
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4. Balancing act. The high offset voltage of MOS FET op-amp input 

stages can be significantly reduced by a layout trick (a): a linear 

variation of device parameters across a row of transistors (b) is 

effectively cancelled out by paralleling individual devices (c). 
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5. Temperature-stable. A bandgap voltage reference (a) with automatic offset nulling (b) balances opposing temperature coefficients to 

achieve excellent stability over a 40*C temperature range. A feedback loop is used to cancel the reference amp's offset voltage. 

in the worst case), which is common for a simple op amp 
with an mos field-effect-transistor input, does present 
some major performance limitations. Using array tran-
sistors wired in parallel extends the op amp's current 
rating but multiplies its share of the chip area as well. 

Unconditional stability against oscillation is provided 
by a I 5-pF capacitor (three paralleled driver transistors 
each configured as a 5-pF capacitor) in series with a 
5-kilohm resistor connected between the amplifier out-
put and the compensation terminal. Higher closed-loop 
gains require less compensation, and none is needed if 
the amplifier is used as a comparator. 

Lower offset voltages may be obtained by incorporat-
ing layout techniques that compensate the mismatches in 
device parameters caused by any linear processing gradi-
ent, such as doping variations or lithography misalign-
ment. By cross-coupling individual transistors in a paral-
lel connection, tightly matched input devices can be 
constructed (Fig. 4). An op amp using such an input 
stage achieves an offset voltage of 6 mv typically and 25 
mv in the worst case. 

Increasing the gate area of the input differential pair 
and decreasing the transconductance of the active loads 
relative to the input lowers the amplifier's noise voltage. 
For example, an op amp using driver transistors as 
inputs and buffer transistors as active loads produces a 
noise voltage of 70 nanovolts/hertz'n at 10 kilohertz, 
compared with 350 nv/Hz1/2 for the standard design. 
This move also increases the common-mode rejection 
ratio to 80 dB because the back gate of the input device 
is isolated from all other transistors and can be tied to its 
source. Shorting the back gate to the source eliminates 
modulation of the channel conductivity by a changing 
depletion region width. 

Cascoding techniques can be employed to increase the 
gain of an op amp. A single-stage cascoded op amp has a 
voltage gain in excess of 1,000 and needs no frequency 
compensation. The common-mode input range is unaf-
fected, but the output swing is reduced compared with a 

standard design, since the cascoded output devices must 
remain in saturation to maintain the high gain. The 
same techniques applied to a standard two-stage design 
yield an open-loop gain of more than 250,000. 
Two types of repeatable voltage reference have been 

implemented on these logic arrays—diode and bandgap. 
Diode references use very little chip area, require no 
external components, and are capable of a 60-dB power-
supply rejection ratio. Unfortunately, they suffer from a 
large output-voltage temperature drift— —3,300 parts 
per million/°C —caused by the temperature dependence 
of the base-emitter junction voltage. 

Voltage references 

A bandgap reference with automatic offset nulling 
achieves a worst-case output tempco of 100 ppm/°C and 
a power-supply rejection ratio of more than 60 dB 
(Fig. 5). A reference amplifier attempts to maintain 
equal voltages at the emitter of QN2 and the node joining 
RI and R2 by forcing QN2 to run at an emitter current 
density that is 10 times larger than that of QN1. 
The difference in base-emitter junction voltages, 

IV RE, is therefore 60 mv and has a positive temperature 
coefficient. The output reference voltage (relative to 
VDD) is Vrer = VBEQNI + (1 + R2/R1)(AVBE —  Vas), where 
V. is the offset voltage of the reference amplifier. Since 
VBE has a negative temperature coefficient, the net varia-
tion of %/ ref can be zero. That happens when both V. is 
zero and the resistor values are chosen to give Vrer equal 
to the silicon bandgap voltage, 1.25 V. 
An automatic offset-nulling loop is required to reduce 

the errors due to the finite V. of the reference amplifier. 
When switches SI and S4 are closed and S2 and S3 are 
open, the auto-zero amplifier adjusts the currents in the 
current-mirror circuitry of the reference amplifier to 
produce a precise null at its two inputs. When SI and S4 
are opened, C2 holds this control voltage; closing S2 and 
S3 restores normal operation. CI holds the gate voltage 
on the 1 x and 5 X transistors during auto-zeroing to 
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8. Digital fix. Analog performance gets a 

hand from the logic circuits available in a 

gate array. The balance of the first-stage 

current-mirror loads is automatically ad-

justed by a ladder network under digital con-

trol to minimize the input offset voltage. 
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prevent the reference voltage from glitching. 
As the previous example illustrates, reducing an oper-

ational amplifier's offset voltage is critical for many 
analog circuits. Figure 6 shows a digital approach to 
offset nulling that requires no external hold capacitors. 
The offset voltage is zeroed by opening and closing, 
under digital control, the appropriate switches (S1 
through SH) ). The nulling resolution (step size) is deter-
mined by the op-amp bias current and the value of the 
resistors in the current-mirror ladder network. The null-
ing range is limited to ± 2^(AV.), where n is the number 
of switches in each current mirror leg and AVm is the 
step size. With 10 switches and a step size of 2 mv, as 
much as ± 31 mv of initial offset voltage can be auto-
matically nulled to less than 2 mv. 

Offset nulling 

A start-auto-zero pulse initiates the nulling sequence. 
This signal could be supplied by a power-on reset pulse, a 
system clock, or a resident microprocessor. Since the 
nulling information is stored in digital latches, refreshing 
is not required as long as the chip's power is maintained. 
Once auto-zeroing is completed, switches SI, and S 12 are 
opened; switches S13, S14, and S15 are closed; and the 
amplifier is now a fully differential c-mos op amp with a 
low offset voltage. 
A c-mos bandgap reference voltage source has been 

implemented using this nulling technique. The reference 
amplifier is auto-zeroed under microprocessor control 
just before each system measurement that requires a 
stable reference voltage. The observed worst-case tem-
perature drift of the reference in this system is 100 
ppmrC over the commercial temperature range. 
The preceding circuits constitute only a small fraction 

of the analog designs possible with these logic arrays.* 

Other circuits that have been tested include a gain-
controlled amplifier, a 2-MHz voltage-controlled oscilla-
tor, a 555-type RC oscillator, a comparator with pro-
grammable input hysteresis, a voltage doubler, a 7-bit 
resistor-string digital-to-analog converter, and a com-
plete dual-slope 8-bit a-d converter. The complete con-
verter, including on-chip voltage reference, requires less 
than half of the array cells on an MCD chip, leaving 
plenty of room for other circuits. Absolute accuracy of 
the converter over temperature depends primarily on the 
reference voltage drift and the stability of the ratio of the 
external input resistors. If the auto-zeroing bandgap 
reference in Fig. 5 is used, its 100-ppm/°C worst-case 
drift allows 8-bit accuracy over a 40°C range. 

Since the analog functions are implemented at the 
component level, the circuit designer enjoys great flexi-
bility in both design and layout. A fully custom approach 
offers more flexibility, but at a higher cost and longer 
turn-around time. 

For example, in a programmable-demand heart pace-
maker recently integrated on an MCD, the linear circuit-
ry takes up about 15% of the die area and consists of two 
op amps, two comparators, and a voltage reference. The 
remainder of the die is digital circuits and consists of 54 
flip-flops and 92 random logic gates. The chip operates 
down to a battery voltage of 1.5 V, consumes less than 10 
µA of current, and runs at a maximum frequency of 32 
kHz. The total development time, from the start of 
breadboarding to the receipt of working prototypes, was 
18 weeks. This example demonstrates the considerable 
reduction in development time from that required for a 
fully customized chip. 

•Made by Integrated Microcircuits Inc., St. Paul, Minn.; Interdesign Inc., Sunnyvale, Calif.; 
Master Logic Inc., Sunnyvale; Monosil Inc., Santa Clara, Calif.: and Nitrin Inc., Cupertino, 
Calif. A similar series is made by International Microcircuits Inc., Santa clara. 
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PPG ELECTRONIC 
GLASS. 

ALWAYS SENSITIVE 
NEVER 

TEMPERAMENTAL. 
Imagine a switch so 

durable that it works every 
time at the touch of a finger. 
Or a visual display device that 
combines function and 
durability with beauty. 

PPG can give you both. 
Right now. With NesaR and 
Nesatron' electronic glass. 

A scratch-resistant Nesa 
glass touch control panel can 
replace virtually any electro-
mechanical device. With no 
moving parts, there's nothing 
to break off. And hot or cold 
environments, indoors or out-
doors, won't harm it, either. 

What's more, Nesa elec-
tro-conductive coated glass is 
transparent. So it's especially 
useful for vending machine 
designs. It lets you apply pres-
sure sensitive labels to the back 
of the glass, too. And change 
them whenever you want. 

Of course, for permanent 
labeling, you can still silk screen 
the exterior surfaces of the 
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glass. On microwave ovens. 
Sewing machines. Copiers. 
Practically any control panel. 

Then there's PPG 
Nesatron glass, a widely used, 
incredibly versatile LCD mate-
rial. With a broad range of 
surface resistivities, it's a major 
step beyond LED for calcula-
tors, watches, and a host of 

other applications. Its superior 
flatness allows for close tol-
erances. And you can etch 
Nesatron glass with almost 
unbelievable precision. 

When it comes to 
applications for both 
these PPG electronic 
glasses, the list is as 
long as your imagina-
tion can make it. 

But if you'll return 
the coupon to us, we'll stretch 
your imagination even further. 

1 Industrial Glass Products 
Department E-281 
PPG Industries, Inc. 
One Gateway Center 
Pittsburgh, PA 15222 

Dear PPG: 

Stretch my imagination. 

Please send your technical and sales bro-
chures about PPG Nesa e and Nesatrone 
electronic glass. 

Name  

Company  

Street  

City State Zip  

Telephone i 
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Designer's casebook  

'Dithering' display expands 
bar graph's resolution 
by Robert A. Pease 
National Semiconductor Corp., Santa Clara, Calif 

Commercially available bar-graph chips such as Nation-
al's LM3914 offer an inexpensive and generally attract-
ive way of discerning 10 levels of signal. If 20, 30 or 
more steps of resolution are required, however, bar-
graph displays must be stacked, and with that, the 
circuit's power drain, cost and complexity all rise. But 
the techniques used here for creating a scanning-type 
"dithering" or modulated display will expand the resolu-
tion to 20 levels with only one 3914 or, alternatively, 
make it possible to implement fine-tuning control so that 

performance approaching infinite resolution can be 
achieved. 
The light-emitting-diode display arrangement for sim-

ply distinguishing 20 levels is achieved with a rudimenta-
ry square-wave oscillator, as shown in Fig. 1. Here, the 
LM324 oscillator, running at 1 kilohertz, drives a 60-
millivolt peak-to-peak signal into pin 8 of the 3914. 
Now, the internal reference circuitry of the 3914 acts 

to force pin 7 to be 1.26 v above pin 8, so that pins 4 and 
8 are at an instantaneous potential of 4.0 mv plus a 
60-mv p-p square wave, while pins 6 and 7 will be at 
1.264 v plus a 60-mv p-p square wave. Normally, the 
first LED at pin 1 would turn on when V,„ exceeded 130 
mv, but because of the dither caused by the ac compo-
nent of the oscillator's output, the first LED now turns on 
at half intensity when V,„ rises above the aforementioned 
value. Full intensity is achieved when V,„ = 190 mv. 
When V,„ rises another 70 mv or so, the first LED will 

fall off to half brightness and the second one will begin 
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1. Half tones. Input-signal biasing on LM3914 bar-graph chip is set by the instantaneous output of a low-amplitude square-wave oscillator so 

that bar-graph resolution can be doubled. Each of 10 LEDs now has a fully-on and a partially-on mode, making 20 states discernible. 
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2. Spectrum. Greater resolution, limited only by the ability of the user to discern relative brightness, is achieved by employing a 

triangular-wave oscillator and more sensitive control circuitry to set the voltage levels and thus light levels of corresponding LEDs. Two RC 

networks, circuits A and B, provide required oscillator coupling and attenuation. B replaces A if oscillator cannot suffer heavy loading. 

to glow. When V,, reaches 320 mv, the first LED will go 
off, and the second will turn on fully, and so on. Thus 20 
levels of brightness are easily obtained. 

Similarly, greater resolution can be achieved by 
employing a triangular-wave oscillator and two simple 
RC networks as seen in Fig. 2. Here, by means of circuit 
A, this voltage is capacitively coupled, attenuated, and 
superimposed on the input voltage at pin 5 of the 
LM3914. With appropriate setting of the 50-kilohm 
potentiometer, each incremental change in V,„ can be 

detected because the glow from each LED can be made to 
spread gradually from one device to the next. 
Of course, if the signal-source impedance is not low or 

linear, the ac signals coupled into the input circuit can 
cause false readings at the output. In this case, the 
circuit in block B should be used to buffer the output of 
the triangular-wave oscillator. 
The display is most effective in the dot mode, where 

supply voltages can be brought up to 15 v. If the circuit's 
bar mode is used, the potentials applied to the ups 
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should be made no greater than 5 v to avoid overheating, trimmed so that when one LED is lit, any small measured 
To trim the circuit, set the LM3914's output to full change of V,„ will cause one of the adjacent LEDs in the 

scale with R3. RA or RB should then be chain to turn on. 

Current mirror linearizes 
remote-controlled timer 
by George Hughes and S. A. Hawley 
Eye Research Institute, Boston, Mass. 

Although setting the pulse duration of timers of the 555 
variety by remote means is most conveniently done with 
a single control such as a potentiometer, often there is an 
undesired nonlinear relationship between wiper-arm set-
ting and output width because of the simple methods 
employed to achieve control. Adding a current mirror 
and feedback loop to the basic circuit solves the problem 
of linearity with little additional complexity or cost. 

In general, any current passing through the pot's 
wiper should be minimized and the pot placed as close as 
possible to the circuit's interfacing operational amplifier, 
especially in remote-control applications, where the 
effects of stray coupling from various processing circuits 
can be considerable. A typical configuration is shown in 
(a). In this type of circuit, however, difficulties arise 
because the op amp's output voltage supplies charging 
currents to the one-shot's timing capacitor through a 

fixed resistor. As a result, the pulse capacitor width will 
be inversely proportional to the current driving CT and 
will not be a linear function of the wiper-arm position. 
Adding the current mirror and the feedback loop to 

the circuit, as shown in (b), overcomes this drawback. 
Here, the mirror's charging current is made a constant 
whose magnitude is proportional to only the voltage at 
the amp's noninverting input, V„ and hence to the poten-
tiometer's setting. In the feedback loop, the average 
value of the timer's output is compared with a voltage 
that represents the wiper-arm position, where current 
injected into timing capacitor CT is such that the differ-
ence is kept small by the virtual-ground properties of the 
op amp. The average value of the timer's output is itself 
a linear representation of pulse duration, so that overall 
linear control is maintained. 

This circuit will function with any rn timer. Parts 
values are not critical and can be varied to suit a wide 
range of triggering rates and pulse durations. Substitu-
tion of matched dual transistors or packaged current 
mirrors is recommended to improve the circuit's temper-
ature stability. 

Designer's casebook is a regular feature in Electronics. We invite readers to submit original 
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughly 
the circuit's operating principle and purpose Well pay $75 for each itern published. 

Current correspondence. A typical single-control pot arrangement for setting the on-time of a one-shot (a) has a nonlinear relationship of 

duration to wiper position because the current-driving capacitor, C,, is proportional to Vet + R,,.,). Adding a current mirror and feedback loop 

to the circuit (b) linearizes the relationship by generating a constant current set by V,. The values shown are for 8<T.,„, <50 ets. 
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Microsystems exploit 
mainframe methods 

Proven techniques protect tasks from illegal operations, 
remove present limits on program size and number of users 

by R. Colin Johnson, Pecrosystsms a Software Editor 

D Now that multiuser capability is to be found on 
smaller and more widely affordable computers, memory 
management schemes reminiscent of mainframes are 
finding their way even into microsystems. The ultimate 
management scheme, of course, is virtual memory—the 
ability of a computer system to make its diverse kinds of 
memory, be they semiconductor, disk, or tape, appear 
identical to the programmer. Such a system takes care of 
swapping code and data into and out of main memory as 
they are needed by the pro-
grammer and in a manner 
transparent to him or her. 
Memory management 

schemes make it possible for a 
system to run programs larger 
than its main memory by 
requiring only those portions of 
a program that are currently 
needed to be resident. In large 
multiuser situations, the re-
sponse time at terminals can be 
greatly decreased if each user's 
complete program does not 
have to be resident in main memory. Instead, only the 
small fragments currently in use reside there, making 
room for many more users' programs. No long disk 
accesses are allowed either (only the short ones required 
to swap in fragments), making switching between tasks 
even faster. 

However, the methods used to decide just which pro-
gram fragments should be in main memory and which 
should remain in mass storage can become quite complex 
(see "Old programmers need new tricks," p. 122). Ideal-
ly, the segments most likely to be used in the immediate 
future should be in main memory, but the solution to 
such a nondeterministic problem can at best be approxi-
mated. Also, the location and order in which segments 
are placed in memory can become a significant problem, 
especially if they are of varying sizes. Incoming segments 
must have contiguous free areas to be loaded into, and 
that could necessitate moving resident segments about to 
make room available to them (see "Swapping software 
for virtual memory," p. 124). 
The payoff for fine-tuning a memory management 

scheme is worth it, though—the system's throughput is 
significantly increased. And, as semiconductor technolo-

gy continues to breed ever faster processors and ever 
cheaper memory, schemes for managing these resources 
will continue to proliferate, particularly in 16-bit micra 
systems using special memory management large-scale 
integrated circuits. 
One key issue in the management of a large semicon-

ductor address space containing diverse kinds of infor-
mation is protection. Users must be prevented from 
interfering with each other's memory areas by hardware 
  that makes it impossible for 

Special report 
on memory 
management 

them to do so. 
However, to make protection 

possible, individual tasks must 
be subdivided into sections that 
hang together logically. For 
instance, code that has been 
developed using modular tech-
niques can be easily divided 
into separate sections for the 
main program, subroutines, 
and functions. Also, the data 
used by the program should 
already be divided into various 

structures, like records, arrays, and strings, whose nature 
can be reflected in the way they are mapped into main 
memory. In addition, stacks that are subject to. dynamic 
growth and shrinkage can be placed in special areas for 
the various users as well as one for the operating system. 

Multiuser, and often even single-user jobs that use 
multitasking within a single program, demand this sort 
of separation. Also a necessity are hardware protection 
mechanisms that prevent code sections from being over-
written with data, stop attempts to use read-only areas 
for scratch-pad write operations, and generally raise the 
integrity of the total system by guaranteeing that 
unwanted operations cannot be performed. As a bonus, 
many of the hardware implementations allow users to 
share areas of memory, such as high-level—language 
compilers, without the need to keep copies. 

Basic techniques 

To manage memory at all, it is necessary to separate 
the addresses used in a program from those delivered to 
the memory system itself. The addresses in the program 
are termed the logical addresses, since they identify 
logically distinct pieces of information with a unique 
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numerical quantity. They are not necessarily the actual 
semiconductor memory locations—those are the physical 
addresses. The physical address is what programmers 
have traditionally used in programs, being the actual bit 
patterns supplied to the address bus of main memory. 
The logical addresses must be translated into the physi-
cal ones by a hardware mechanism that recognizes the 
former, looks up its physical counterpart, and supplies 
that to the memory system. 
To effect this translation, each memory segment or 

page is associated with what is called a descriptor —a 
hardware register that contains its physical address and 
protection status. The way in which this descriptor is 
accessed varies widely, as does its actual composition 
and layout. For instance, the operation code of the 
instructions might simply contain a field that indicates 
the descriptor to be used, whereas a more elaborate 
scheme might use an associative (content-addressable) 
memory that looks up the proper descriptor on the fly. 
Mainframes often use several levels of look-up, involv-

ing several types of segmentation. There might be a user 
look-up table that identifies the processes accessible to 
that user; then each process may be segmented into its 
various data, code, and stack segments; each of those 
may in turn have associated with it a descriptor identify-
ing its beginning address and length; and those may then 
be further subdivided into fixed-size pages. This four-
level look-up may then be speeded up by a local cache 
memory that holds those pages currently in use. 

On the microsystem level, however, a two-level look-
up is the commonest, as is the use of software to perform 
many of the functions implemented in hardware by 
mainframes. In fact, the varying amounts of hardware 
and software needed to support a memory management 
system is one of the distinctive differences between 
approaches. At the least, hardware is needed to hold the 
addresses of the beginnings of segments or pages, and for 
virtual memory management the processor itself must 
have an abort-instruction function with which instruc-
tions that try to access information not yet in main 
memory can be restarted after it has been swapped in 
from mass storage. (This is an uncommon feature, how-
ever—it was not designed into any of the 16-bit micro-
processors now in production, though most of the next 
generation will include this capability.) 

Some implementations 

The simplest form of memory management is called 
bank switching. It involves merely turning on one of 
many memory banks under software control. Usually an 
output port is dedicated to selecting one bank and dis-
abling all others (Fig. 1). This scheme is the easiest to 
implement and is found on many existing multiuser 
microsystems. A copy of the operating system kernel is 
kept in each bank, and switching between users is 
accomplished by periodically interrupting the processor, 
which then branches to the system subroutine that actu-
ally writes the next user's number into the bank-select 

GLOSSARY OF MEMORY MANAGEMENT TERMINOLOGY • 

abort (instruction) halting an instruction because its operands are not in main memory 

address binding, 
address mapping, 
address translation 

calculating the real physical memory address of operands from the logical address 
supplied by the processor 

bank switching wiring memory banks in parallel so that only one is active at any 
given time (under software control) 

base address the address of the first location in a segment or page of memory 

content-addressable memory (CAM) a memory bank in which the contents of each location are simultaneously compared 
with incoming data for matches 

compaction relocating programs in memory so that they and unused areas are contiguous 

descriptor a preformatted data set describing the location, access privileges, and status of 
a region of memory 

dirty regions regions of memory that have been modified since being loaded into main memory 

dynamic allocation the run-time reorganization of data storage to accommodate an executing process 

hit ratio the percentage of time that the information requested is resident in a cache memory 

• latency the extra time delay introduced by a memory management unit into the path that 
the address lines take to main memory 

logical address the address used in programs to separate logically distinct values 

offset the number of locations from the base address to the desired information 

page fixed-size region of memory 

physical address the bit pattern applied to the address bus of real physical main memory 

residency the situation when information currently needed is already in main memory 

static allocation the load-time organization of data storage that then stands all the while 
a program is executing 

swapping exchanging information between mass storage and main memory 
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1. Switching banks. The simplest kind of 

memory management uses several banks of 

memory wired in parallel, only one of which 

is activated at any one time. An output port 

specifies the bank to be switched on, and an 

off-board decoder guarantees that only one 

bank will be active. This method is easy to 

implement but does not let users share 

regions of memory and often wastes memo-

ry space since users seldom fill their bank. 

output port. But this form of memory management is 
very rudimentary—it wastes a lot of memory, does not 
support shared code or data, and does not allow pro-
grams any larger than normal to be run on the system. 
A single latch can expand a memory system's address 

space (Fig. 2). The data in the latch serves as the upper 
bits of the physical address, which are often called the 
base address, and the logical address can then be 
appended as the lower bits, indicating how many loca-
tions past the base address the desired information is and 
hence called the offset. But this method still does not 
permit the use of shared code, requires that segments be 
located on boundaries as large as the banks are in the 
switching approach, and does not allow any oversize 
programs to be run. 
A common extension of this method sequesters some 

of the upper bits of the logical address and uses them to 
select one of several base registers. This scheme is used 
by the MC6829 memory manager made by Motorola 
Inc. of Austin, Texas, as well as by the 74610 made by 
Texas Instruments Inc. of Dallas. Neither of these parts 
is as sophisticated as the LSI parts available for 16-bit 
processors like Motorola's MC68451 (Fig. 3) or 
National Semiconductor's 16082 (Fig. 4), but they offer 
an economical alternative to small-scale IC implementa-
tions. The 610 uses the upper 4 bits of a 16-bit address to 
select one of sixteen 12-bit base addresses. This address 
is then appended to the remaining 12 bits of the logical 
address to form a 24-bit physical address. Thus, a 16-
megabyte address range is divided into 4-K-byte pages, 
16 of which are accessible without reloading any base 
registers (Fig. 5). 
The 6829 uses the upper 5 bits to select one of 32 

10-bit registers to form a 20-bit address, thus dividing a 
2-megabyte space into 2-K-byte pages. This method 
allows pages to be relocated in memory in a manner 
transparent to the programmer merely by reloading the 
base registers. 
The approach can also be used to share code, eliminat-

ing the need to keep duplicates of often used pages, like 
those containing the operating system kernel—a necessi-
ty in the bank-switched method. The way to do this is to 
allow each task to have access to the same page in 
memory by loading one of the base registers with the 
same address every time a context switch has to be done 
between tasks. 
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2. Expanding space. A external latch can serve to expand the 

available memory space if the data in the latch is used as a base 

address. The address coming from the processor is used as an offset 

(index) and is appended to the base to form a wider address bus. 

If only one set of base registers is provided in a system, 
then a context switch requires that the base registers be 
reloaded with the locations of the new task's program 
and data. However, this overhead can be eliminated by 
using multiple mapping registers that are selected in the 
same manner that banks are—namely, writing a number 
into a dedicated location that enables one of many base 
register sets. Alternatively, the function code outputs can 
bc used to select memory management units, so that 
separate ones can be used for system, data, code, and 
stack operations. The 6829 has four sets of 32 base 
registers for fast switching between four tasks, each of 
which has access to 32 unique 2-K-byte pages. Both the 
6829 and 74610 can be selectively disabled, so that more 
than one unit may be used in a single system. 
Any such method, though, introduces another time 

delay into the path that addresses take to memory. 
Called latency, it is the time it takes to decode the upper 
bits of the logical address and deliver the base address 
they select to memory. Latency can be minimized by 
using base registers that can be accessed quickly (the 
6829, for example, introduces only 100 nanoseconds of 
latency); but it cannot be eliminated entirely unless the 
memory fetch cycles are performed in parallel with the 
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Old programmers need new tricks 

When microprocessors first became available in the early 
1970s, engineers designing logic with the relay ladder 
approach were hard put to convert that process into 
machine language programming. Even though the micro-
processor was to perform the same function as the relay 
ladder, programming it had little in common with relay 
ladder design. 
A similar phenomenon is occurring today—designing 

software for computer systems using the new memory 
management units is a task riddled with concepts new to 
the microsystem programmer (see glossary on p. 120). 
New items like segment descriptors, on-demand page-
swapping algorithms, and virtual address translation make 
programming these systems a task that requires new 
methodologies. 

At the lowest level there is the matter of loading and 
managing oft-chip segment registers in such a way that 
memory is fully utilized. Segments or pages of memory 
must be allocated so that its use is optimized for the tasks 
to be performed by the microsystem in question. This 
process involves demand-swapping algorithms that keep 
track of which segments or pages of memory are being 
used the most (see "Swapping software for virtual memo-
ry," p. 124). Then, when a new task is brought into the 
system, the least used region can be returned to mass 
storage, making room for the new one while affecting the 
performance of the rest of the currently executing tasks as 
little as possible. Also, there is the issue of memory 
protection: the flagging of individual segments or pages 
with access privilege information that prevents users from 

crashing the system or destroying other users' data. 
This sort of real-time control of memory allocation 

requires the use of programming techniques new to the 
microprocessor software engineer. Still, it is not as if these 
techniques will have to be invented. 

In fact, the answers to most of the questions a micro-
processor programmer might have regarding memory 
management can be obtained from the mainframe indus-
try. There are two reasons for this: extensive research and 
testing has already been done by it in the development of 
optimal algorithms for storage management: and the man-
ufacturers of memory management chips are employing 
former mainframe people as designers. 

Every major semiconductor manufacturer of a memory 
management unit has had experienced mainframe engi-
neers on its memory management design team, and it 
shows. The methods employed are taken directly from 
those already in use on the bigger machines, albeit on a 
smaller scale. For instance, the use of a bit to flag regions 
of memory that have been altered since being loaded is 
taken directly from mainframe practice. However, the big-
gest machines track not only use, but also how many 
times a page has been used, so that swapping algorithms 
may decide which pages can be returned to memory while 
having the least possible impact on the total system 
throughput. 

It is safe to assume that mainframes will continue to lead 
the way for microsystem development, too, since memory 
management designs will not be committed to silicon 
before being tested and proven in mainframes. 

execution cycles, as in pipelined machines like Intel's 
iAPX-286 that prefetch instructions. 

But there is one problem with only appending the 
offset to the base address—pages may be located only on 
boundaries equal in size to the page length. This can 
cause difficulties in systems that use large page sizes, 
since a significant amount of memory can be consumed 
by pages with unused portions. For instance, if Digital 
Equipment Corp.'s PDP-11 minicomputers, which use 
8-K-byte pages, only appended their 13-bit offset to a 
base address, then the 11/34 could only be configured 
with 32 8-K-byte pages in its 256-K-byte address space, 
many of which would have unused portions. 
One solution is to make the pages smaller, such as the 

512-byte size of the 16082 from National Semiconductor 
Corp. of Santa Clara, Calif. But a result is that the page 
descriptor tables become quite large. The 16082 needs 
all of 128-K bytes to hold its page tables, so that they 
had to be made accessible only virtually (a two-level 
look-up scheme is used, with only 1-K byte of tables in 
main memory and the rest kept on a disk). 
To alleviate these problems in the 11/23 and /34, 

however, DEC uses an overlapping add operation between 
a 12-bit base address and a 13-bit offset to produce a 
18-bit physical address (Fig. 6a). This arrangement 

3. Keeping it regular. The extreme regularity of Motorola's memory 
management unit (MC68451) is strikingly apparent in this die photo. 

It stores some sixteen 9-byte-long descriptors as well as containing 
several control registers for handling multiple-unit configurations. 
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allows pages to be located on 64-byte boundaries and 
also to be of varying lengths—for which reason they will 
hereafter be referred to as segments. The first step is the 
division of the 16-bit logical address from the processor 
into a 3-bit segment number and a 13-bit offset, the 
former selecting one of eight 12-bit base address regis-
ters. However, the I 3-bit offset instead of being append-
ed, is separated into fields so that its upper 7 bits are 
added to the 12-bit base and the lower 6 bits are append-
ed to that result, creating an 18-bit physical address. 
This method produces variably sized segments of 64 
bytes to 8-K bytes locatable on any 64-byte boundary. 
The 8010 memory management unit devised by Zilog 

Inc., Santa Clara, Calif., uses a scheme that is modeled 
after DEC's (Fig. 6b), the primary difference being the 
number of bits allotted to the various fields. A 7-bit 
quantity selects the base address for 128 possible seg-
ments (64 base registers being provided on a single 
8010). Also, the segment sizes vary from 256 bytes to 
64-K bytes, and a 24-bit physical address is produced for 
a total space of 16 megabytes. 

Intel Corp.'s 8086 also does an overlapping add opera-
tion on a 16-bit base and offset to produce a 20-bit 
physical address. However, its base registers are implied 
by instructions rather than being explicitly specified in 
the op code. In the 286, which is software-compatible 
with the 8086, the Santa Clara, Calif., company aban-
dons this overlapping method, preferring to add a 24-bit 
base to a 16-bit offset for complete freedom to relocate 
on any byte boundary. 
The other major 16-bit microprocessor manufacturer 

that has chosen the variably sized segment approach is 
Motorola. But its MC68451 memory management unit 

4. Die layout. This memory management 

unit from National Semiconductor, the 

16082, is the only one from a major 16-bit 

microprocessor maker that fetches descrip-

tors from main memory on its own. It is really 

a special-purpose processor in and of itself, 
as can be discerned from the photo. It is the 

first of a series of slave processors designed 

to work in a closely coupled configuration 

with its 16000 series 16-bit microprocessors. 

adopts a novel implementation. In place of an adder, it 
employs a special mask register that allows segments to 
be any size that is a power of 2 greater than 256 bytes. 
This is effected by masking the logical address that is 
brought on chip with a bit pattern stored in that 
segment's descriptor. 

If the mask is all Is, then the base address is complete-
ly masked out and the logical address is passed straight 
through, becoming the physical address; thus memory in 
effect becomes a single 16-megabyte page. At the other 
extreme, if the mask is all Os, then 16 of the upper 24 
bits of the logical address are masked out and replaced 
with the descriptor's base address, leaving only an 8-bit 
offset for a 256-byte page. In other words, the mask 
determines how many of the lower logical address bits 
will be used as an offset and thus how big the page is. 
This method has the advantage of replacing an adder, 
which is an iterative silicon-consuming module, by mask-
ing hardware, which is a single-logic-level array of AND 
gates, thereby making the part faster than it would be if 
an adder had been used (its latency is 130 ns). 

Another distinguishing feature of the 68451 (and also 
of National's 16082 and Zilog's forthcoming Z8015) is 
its use of a content-addressable associative memory to 
select the base register. This method, used on many 
high-performance mainframes, requires an additional 
logical-base-address register for every physical-base-
address register. When a logical address is applied to the 
memory management unit, it is simultaneously com-
pared with all the logical-base-address registers and the 
one that matches it activates the physical-base-address 
register associated with it (Fig. 7). In this way, purely 
logical addresses can be used by the programmer, rather 
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Swapping software for virtual memory 

Main-memory management involves a lot of support soft-
ware to optimize the way programs and data are arranged 
in memory for maximum throughput. Usually it keeps three 
lists: an occupied-space list that indicates those portions 
of memory now occupied by programs and data; an 
available-space list that reveals which regions of memory 
have no significant information in them; and a directory of 
secondary-memory devices that shows the location of 
information currently being used by executing programs. 
With the aid of these three lists, main memory can be 
allocated and reallocated to programs competing for sys-
tem resources. 
Whenever a new task is brought into the memory sys-

tem for execution, an unused region must be provided to 
load it into. If after checking the available space list, it is 
discovered that a large enough region is free, then the new 
task can be loaded directly into it without the need to 
swap any information out that is already there. 
Many times, however, there will be more than one 

contiguous area available, requiring the software to 
choose between them. Two of the best accepted methods 
for doing so are called "best fit" and "first fit". The first 
checks the sizes of all available regions and chooses the 
one that is closest to the size of the task to be loaded. The 
other just takes the first available space that is big 
enough. Of course, the tradeoff is between the extra 
software overhead needed for checking the sizes and the 

wasted memory that results from loading small tasks into 
big regions. The fine tuning of a memory managment 
system involves making just such decisions as to which 
method will work best in a given application. 
On the other hand, if no space is large enough for the 

current task, then either a compaction must be done on 
memory, so that the regions that are available can be 
grouped together making room for the new task, or one or 
more tasks already in memory must be swapped back out 
to mass storage. 
Coming up with an optimal replacement strategy in this 

situation can become an incredibly complex process. One 
of the simplest methods is a first-in, first-out policy that 
requires only that the swapping software track the order in 
which tasks were loaded. 

Another more complex method swaps out the least 
recently used region. This can be accomplished by keep-
ing an age-register count for each loaded task. Whenever 
a region is accessed, the age register is set to some 
predetermined positive number. Then periodically all the 
age registers are decremented by the computer system 
software, and the least recently used region becomes 
associated with the age register with the smallest value in 
it. However, other parameters must be taken into account, 
too—for instance, whether a region has been altered, 
since then it need not be swapped back into mass 
storage, being identical with the copy already there. 

than those in which the upper portion is really a segment 
number. Many programmers prefer this method even 
though it involves yet another level of logic in the memo-
ry address path and obscures the problem of determining 
whether a mistaken address calculation was caused by 
an attempt to overflow the current segment or by an 
improper type of access (like trying to write a read-only 
area). The Z8015 directly supports 2,048-byte pages and 

puts 64-page descriptors on line. Other sizes of pages can 
be hardwired in, and up to 4,096 page descriptors can 
evenly divide the 8-megabyte address space. 

Intel's 432 also uses an on-chip content-addressable 
associative memory. However, it is not comparing logical 
addresses with its contents but instead uses what is 
called a nickname. This local identification number can 
be as short as 6 bits. Unlike segment numbers, which 

5. Only mapping. This memory-mapping unit from Texas Instruments may be used with any microprocessor with 16 address lines (like most 

8-bit units). It expands such a memory space to 16 megabytes with sixteen 4-K-byte pages accessible without reloading any registers. 

124 Electronics/August 11, 1981 



SEGMENT 
NUMBER 

15 13 12 

POP 11/34 
LOGICAL ADDRESS 

OFFSET 
65 

SELECT 
1 OF 8 
BASES 

(a) 

8 12-BIT 
BASE 

ADDRESS 
REGSITERS 

o 

I00000i 
12-BIT ADDER 

17 

BASE 

o 

65 

&If 

OFFSET 

o 

PHYSICAL ADDRESS 
lb) 

SEGMENT 
NUMBER 

23 17 16 

Z8010 
LOGICAL ADDRESS 

OFFSET 
87 o 

64 18-BIT 
BASE 

ADDRESS 
REGISTERS 

(128 POSSIBLE) 

15 o 

I000000i0 
16-BIT ADDER 

o 

23 

BASE 

8 7 1 o 
OFFSET 

PHYSICAL ADDRESS 

6. Copy a winner. The proven address-translation mechanisms of the PDP 11/34 minicomputer from Digital Equipment Corp. served as the 

template for the design of Zilog's Z8010 memory management unit. The only differences that are found are in the sizes of the bit fields. 

indicate a specific descriptor register, it is written direct-
ly into the associative memory array, just as resident 
logical addresses are written into the 68451s and 16082s. 
If the nickname is present in the associative memory, 
then it activates the physical—base-address register asso-
ciated with it. Otherwise, the required descriptor infor-
mation must be located by means of a two-level look-up 
process. Two-level look-up schemes are popular because 
they allow a single segment or page to have different 
access privileges attached to it, depending on the path 
used to get there. For instance, the operating system will 
use a different path from the one users do. 

Protection racket 

But the logical into physical address translation is only 
half of the memory management story. Protection is the 
other half. Whether the system uses variably sized seg-
ments or a fixed-size page, hardware support protecting 
them against improper accesses is becoming mandatory, 
especially in large multitasking systems. A fully pro-
tected system stops users from inadvertently violating 
the operating system and causing a crash. It can also 
allow users to share code without letting anyone else 
overwrite it or even, for that matter, inspect it (this is the 
result of execute-only protection status). 
The most common protection status possibilities 

attach a system-only, execute-only, read-only, code-only, 
data-only, or stack-only status to each segment or page. 
Also, several levels of access privilege are becoming 
popular, allowing code from various levels of operation 

ranging from system subroutines to user applications to 
be protected from inadvertent mishaps. 

These status indicators are held in the segment's or 
page's descriptor, along with the physical and possibly 
logical base addresses. These registers can become very 
wide and often include other status bits indicating cur-
rent usage, such as whether the segment or page is 
present in main memory, whether it has been used 
recently, and whether it has been modified since being 
brought in from mass storage. 

Each time a memory access is tried by the processor, 
the memory management unit checks to see whether the 
attempt violates any of the protection status bit fields in 
the descriptor and allows the access to occur only if all is 
found to be well. Also during the access, the current 
status bits are updated by the memory management unit 
so that the operating system may easily keep tabs on the 
status of each segment or page. This can greatly increase 
the efficiency of swapping operations (see "Swapping 
software for virtual memory," p. 124), since segments or 
pages that have not been modified (are not "dirty") need 
not be returned to mass storage because the copy that is 
already there must be identical. In addition, segments or 
pages that have not been used recently are flagged as 
prime candidates for swapping back to mass storage in 
the event that room is needed to bring in a new task. 

Figure 8 shows the basic layout and definition of the 
8-byte-long descriptors used on Intel's iAPX-286, the 
only 16-bit microprocessor to employ an on-chip memory 
management unit. The 286 approach uses only four 

Electronics /August 11, 1981 125 



LOGICAL ADDRESS 

LOGICAL BASE OFFSET 

CONTENT-
ADDRESSABLE 
ASSOCIATIVE 
MEMORY 

SELECTS 
ONE OF MANY 
PHYSICAL BASE 
ADDRESS REGISTERS 

PHYSICAL BASE 
ADDRESS 
REGISTERS 

BASE 

PHYSICAL ADDRESS 

OFFSET I 

7. Memory associations. A content-addressable memory (CAM) 

can be used to activate a physical base register. The logical address 

put out by the processor and all CAM locations are compared 

simultaneously, activating the base address associated with a match. 

descriptors so as to maintain compatibility with the 8086 
(in fact, they are merely widened versions of the 8086's 
base registers). Thanks to the 24-bit base, segments can 
be located on any byte boundary in the I6-megabyte 
address space. The 16-bit limit field specifies the seg-
ment's length, and the access byte gives its privilege 
status. In addition to the normal access restrictions, the 
286 also has four operating levels that are prioritized, so 
that access to segments may be restricted to tasks oper-
ating at the specified level or higher. 
The 286 actually uses several different kinds of 

descriptors, each with slightly different layouts and defi-
nitions depending on the type of information that is 
contained in them. Also, the management and organiza-
tion of system tables for these various types of segments 
will be supported by silicon subroutines. 
The 68451's 9-byte descriptor (Fig. 9) has several 

unusual features in addition to the logical address mask 
that determines how many bits of the base address will 
be appended to the offset, thereby setting the page size. 
One of the most prominent of these is the address 

space table, which holds an 8-bit task identification 
number for each of the eight possible combinations of 
processor access (as determined from its three-function 
code output), as well as a duplicate set for direct-
memory-access requests. Then for each memory-access 
request the task number is masked by the segment's 
address-space mask, which then must match its address-
space number for the access to be granted. This setup 
allows code and data to be shared by tasks. 

For instance, suppose that operating system tasks are 
assigned an address-space task number of 100000002 

and a user's segment has an address mask loaded with 
01111111 2 and a task number of 000000002. Then the 
operating system will have access to the user's segments 
since after the mask operation (100000002 • 01111111 2 
= 000000002), the task number will match the segment 
number. Though this scheme is unusual and initially 
cumbersome, it does allow many more combinations of 
segment sharing than the others do. 

There are 32 descriptors on a single 68451. Up to six 
of them may be wired in parallel, and with external 
buffering any number may be put on line. 

Virtual transparency 

Virtual memory refers to the property of a system that 
permits programmers to ignore the process of swapping. 
The system itself interprets logical addresses, bringing 
the information to which they refer into main memory 
without the programmer having to deal with the actual 
operating system calls that effect the swap. Virtual 
memories not only free the programmer from the task of 
managing storage, but in addition make programs inde-
pendent of the particular configuration and capacity of 
the system used to execute the program. There are a 
number of tradeoffs involved here, especially as to how 
much of this activity should be handled in software or by 
hardware. 
The total hardware approach is taken by National's 

16082—the most ambitious memory management unit 
of all the LSI offerings. It lets the programmer use purely 
logical addresses with no embedded segment numbers. It 
uses a 32-entry associative memory to see if the 
requested logical address is referring to a page that is 
present in main memory. If the page descriptor is absent, 
the unit halts the processor and fetches the missing 
descriptor from main memory, a process that takes only 
about 3 to 4 microseconds if the page is already in main 
memory. Most other implementations require the pro-
cessor itself to fetch missing descriptors—a much slower 
business. If the page is not present in memory and must 
be fetched from mass storage, then the instruction mak-
ing that request is aborted, the missing information is 
brought in from disk, and the instruction is restarted. 
The ability to restart instructions implies that the 

processor itself must have some special capabilities. The 
reason for this is that the instruction requesting the 
missing information is in the middle of execution when 
the discovery is made that a page is missing and its 
operands are not in main memory. Most processors do 
not recognize any external inputs while they are execut-
ing an instruction and will, therefore, go ahead and work 
with the erroneous data. The normal interrupt pin can-
not be used to stop a processor that is encountering a 
page fault since it is checked only after each instruction 
has been executed, possibly leaving garbage in its inter-
nal registers. 

This problem may be solved in one of two ways. Either 
hardware backup registers must be provided on chip to 
save the state of the machine, or the microcode that 
performs the execution must check with the memory 
management unit to make sure that the information is 
really present in memory before it begins work. The 
former method is used by the 16082, so that when an 
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8. Widened. The four segment base registers of Intel's 8086 have been widened on the instruction-set-compatible IAPX-286 to accommodate 

the extra fields necessary to implement virtual memory management. Also, 24-bit base registers allow relocation on any byte boundary. 

instruction is aborted, all the registers that could have 
been changed are restored to their former states by being 
reloaded with their back-up copies. This is also the 
approach being taken by some users of the 68000 but 
very clumsily. Since the present 68000 is not capable of 
restarting instructions, several users are employing a 
second 68000 whose only function is to back up its 
registers, which are then flushed out and reloaded into 
the main 68000 whenever a page fault is encountered. 
Motorola's memory management unit, however, does 
detect and signal page faults, and the company promises 
a new version of the processor that will have its own 
on-chip back-up registers sometime next year. 

Zilog too, is redesigning its processor to handle page 
faults and calls the new one the Z8003 [Electronics, June 
30, 1981, p. 119]. It works with Zilog's new memory 
management unit, the Z8015, to provide instruction 
abort and restart capability. Some software is also 
needed to figure out which registers on the Z8003 may 
have nonsense in them and how to restore them. 

Intel's approach to restarting instructions on the 286, 
however, is quite different. First of all, only instructions 
that load the descriptor registers are restartable — not 
just any instruction, as on the 16082, 68451, and Z8015. 
When one of the instructions that affect the segment 
registers is encountered, a new descriptor is fetched from 
main memory and loaded into one of the four on-chip 
segment-descriptor registers. At this time additional pro-
tection checks (other than the ones made with accesses 
that do not load segment registers) are carried out to 
ensure that the desired access is a legal one and the 
segment is actually present in memory. If it is present 
and access to it is legal, the instruction is completed, and 
later instructions will use that descriptor implicitly (that 
is, without having to specify it). If the segment is not 
present, then an interrupt is generated and software 
must fetch it from mass storage, update the descriptor 
table in main memory, and load it into available free 
space, possibly swapping out other data to make room. 
As descriptors must be reloaded whenever a new seg-

ment is to be accessed anyway, all instructions need not 
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9. Masking many. Both the page size and the memory-sharing 

capability of Motorola's 68451 memory management unit are deter-

mined by a masking operation. Pages may be any size that Is a 

power of 2 greater than 256, and segments are easily shared. 

be restartable—only those that load segment registers. 
This characteristic matches the 286's memory manage-
ment architecture, which holds only four segment 
descriptors implied by instructions (code, data for global 
variables, stack, and extra for local variables). Since 
these descriptors will be reloaded fairly often, more 
software overhead is involved than in schemes that put 
multiple descriptors on line. However, the instructions 
that will most often be used will have only 16-bit offsets 
in the op codes, making programs shorter than those that 
use longer addresses. 1:11 

Electronics/August 11, 1981 127 



It's nice you 
can still depend 
on something. 
The Honeywell Model Ninety-Six. 

Honeywell Test Instruments Division, Box 5227, Denver CO 80227, (303) 773-4700. 

Honeywell 
128 Circle 128 on reader service card Electronics / August 11. 1981 



Programmable modules link up 
easily into custom test systems 
IEEE-488—compatible modules and system-oriented controller 

automate the TM 500 concept for a wide range of test environments 

by Robert E. Metzler, General-Purpose Instruments Division. Tektronix Inc.. Beaverton, Ore. 

0 Test engineers, production supervisors, and field ser-
vice managers are placing a tough set of demands before 
instrument manufacturers. They want measurement 
tools that are more flexible and easier to use and that at 
the same time reduce the lifetime cost of their owner-
ship. Those demands are now met by the TM 5000 (Fig. 
1), a modular, configurable, programmable, and IEEE-
488—compatible measurement system that is sophisti-
cated enough for the production test engineer yet simple 
and portable enough to be used at field sites. In addition, 
its programmability permits specialized software pro-
grams to be written for applications, such as process 
control, in many industries. 
The system is based in part on the modular instrumen-

tation concept advanced nine years ago in the TM 500 
series. That approach has proven successful because of 
the flexibility in system con-
figuration the modules per-
mit; a user can choose those 
measurement functions 
needed for a particular task 
and purchase the corre-
sponding modules. When 
other functions are needed, 
the user need only update 
the instrument with other 
modules; the entire system 
need not be replaced. 

In designing the TM 5000 
series, difficulties in inte-
grating instruments compat-
ible with the IEEE-488-178 
standard for interconnec-
tion, such as differences in 
command structures, unin-
telligibility of commands, 
and insufficient means of 
handling certain common 
occurrences, were overcome 
by developing an instru-
ment-oriented IEEE-488 
controller at the system 
rather than at the compo-
nent level. This systems ap-
proach also led to the cre-
ation of an IEEE-488—ori-

1. System building. Combining the modular design approach of the TM 

500 with the IEEE-488-1978 interface standard resulted in the TM 5000 

series shown above. The controller, top left, enhances IEEE-488 opera-

tion and serves both the novice operator and the advanced programmer. 

ented programming language that would reach a broad 
user base, including design, research, production test, 
data-logging, calibration, and maintenance personnel. 
Programming is a creative act. If the design of a 

controller can be used effectively by programmers of 
varying skill levels, they will be able to rapidly develop 
software from concept to code translation. Thus, at the 
outset, the controller was designed to place as few con-
straints as possible on novice or advanced programmers. 

Based on the 68000 microprocessor, the 4041 control-
ler can be expanded to include as much as 160 kilobytes 
of random-access memory. The programmer can use this 
space for creating, editing, and debugging an application 
program, and once the program is closed, it can be 
permanently stored on a minicassette using the control-
ler's integral DC 100 magnetic-tape drive. During test-

ing, the program can 
be downloaded from 
tape to main memory. 

These two control-
ler environments— 
programming and 
testing—are also ad-
dressed by the two 
modes of the control-
ler's operating system. 
In its execute-only 
mode, intended for 
testing, the controller 
contains only those 
portions of the operat-
ing system (in firm-
ware) needed to exe-
cute programs stored 
on magnetic tape. 
An 18-key keypad 

whose functions are 
defined in soft-key 
fashion by the applica-
tion program being 
run offers the operator 
all the choices neces-
sary for the task at 
hand. Those choices 
and other operating 
instructions are dis-
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played on the controller's 20-character light-emitting-
diode display, and a hard copy of the test result can be 
printed by the controller's 20-column thermal strip-
printer. Because the program contains only those por-
tions of the operating system that are needed to run the 
application program, operators cannot accidentally 
change previously programmed routines. 

In the program development mode, an optional set of 
read-only memory chips is inserted into the 4041. This 
firmware completes the operating system, letting users 

4041 CONTROLLER  - 
PROGRAM DEVELOPMENT SOFTWARE ! 

(INCLUDING EDITOR ANO 
DEBUG ROUTINES) 

rEXECUTE-ONLY SOFTWARE 
OPERATING SYSTEM 

HARDWARE 

I R 232-C 

I CATHODE- I 
RAY TUBE 
TERMINAL 
(ASCII CODE 

• OUTPUT) ' 
—1 

IEEE 488 

Emu-

IEEE 488 
COMPATIBLE 
INSTRUMENTS 

2. Bilevel operation. The operating system, stored in firmware, lets 

the 4041 controller support two levels of operation. The basic 

execute-only operating system runs measurement programs, and an 

optional ROM pack adds program-generation support. 

generate, edit, and debug original measurement pro-
grams (Fig. 2). Source code for the programs can be 
written with a keyboard that plugs into the 4041. 
More typically, any cathode-ray-tube terminal can be 

connected to the 4041 through its standard RS-232-C 
port for writing and editing source code. The controller 
can thus be optimized for a variety of applications when 
used with alphanumeric, raster-graphics, storage-graph-
ics, or even color-graphics terminals. A page-size, hard-
copy printer can also be interfaced with the 4041 con-
troller through an optional serial RS-232-C port. 

In addition to the serial ports, the 4041 has a standard 
IEEE-488-1978 port, plus an optional high-speed IEEE-
488 port. The high-speed port employs a direct-memory-
access architecture to increase the operating rate of 
IEEE-488 systems. The controller is connected to a TM 
5000 series module cage by a standard IEEE-488 cable. 

Strength in numbers 

In addition to being tailored for two operating envi-
ronments, the operating system can handle data types 
commonly used for controlling instrumentation systems. 
It handles any of three arithmetic data types: short 
(32-bit) floating-point numerals, long (64-bit) floating-
point numerals, and integers. It will also accept data in 
engineering units and exponential form. 

All numerics are handled as short floating-point val-
ues unless a different type of arithmetic is specified. 
However, long floating-point values might be selected 
for frequency difference calculations on data from the 
TM 5000 system's digital frequency counter, for exam-
ple. Integer form, on the other hand, might be used in 
order jo avoid assigning unnecessary memory storage 
space for simple integer data. Numeric data can be 

TYPICAL 4041 CONTROLLER COMMANDS FOR TM5000 SERIES MODULES 

Desired mode or function 

Set various voltage levels (for positive, negative, and logic supplies) 

Limit current output of positive and negative supplies to 0.7 A. 

of logic supply to 2.4 A 

Set frequency (of function generator) to 2 MHz 

Set output (of function generator) for a pulse train with pulse width of 

50 ns, period of 500 ns, baseline at ground, and pulse amplitude of 5 V 

(on asymmetical 2-MHz square wave with 2.5 V offset from ground) 

Measure frequency (using counter/timer) with channel A terminated 
in low (50-illimpedance and in autotrigger mode 

Measure rise time (positive slope) using (counter timer's) channel A 

terminated in high (1-MS-2) impedance 

Set range (of multimeter) to 20 V dc 

Express ac voltage measurements (of multimeter) in dBm 

Commend 

VPOS 15.0, VNEG 12.5, V LOG 4.95 

IPOS 0.7, INEG 0.7; I LOG 2.4 

FREQUENCY 2E6, or F REQ 2000E3, or FR 2000000 

MODE SQUARE, FREQUENCY 2E6, SYMMETRY 10, 

OFFSET 2.5; AMPLITUDE 5 

F R EQ; CHA A; TERM LO; AUTO A 

CHA A, TERM HI; SLO POS, RISE 

DCV 20 

ACV; CALC DBM 
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The first family of programmable modules 

The next generation of modular instruments will be on 
display for the first time at Wescon this year. Called the 
TM 5000, the series will consist initially of the 11 major 
units shown here. Using the instrument modules and the 
controller, users now can easily configure programmable 
automated test system that meets their particular needs. 
The measurement instrument set comprises three of the 

modules shown: the DM 5010 digital multimeter. the DC 
5010 universal counter-timer, and the DC 5009 universal 
counter-timer. The 4'k-digit multimeter (1) is accurate to 
within 0.015% (dc voltage) and measures dc voltage, true 
rms ac voltage, and resistance. It performs math func-
tions, such as nulling, averaging, and limits comparison. 
Readings of 4Ik and 377 digits can be sent on the bus at 
rates of 3 and 26 per second, respectively, for voltage and 
1.6 and 7.1 per second, respectively, for resistance. The 
unit is priced at $1,995 and will be available 10 weeks 
• after receipt of order. 

The DC 5010 counter (2) reads signals to 350 mega-
hertz, providing a resolution of 3.125 nanoseconds in the 
single-shot mode and 1 picosecond in the averaging 
mode. The $3,600 unit can automatically make rise- and 
fall-time measurements 
and has autotrigger and 
autoaveraging modes 
and probe compensa-
tion routines. It is avail-
able eight weeks after 
receipt of order. 
The only single-width 

module in the group, the 
DC 5009 (3), is similar 
to the DC 5010 except 
that its range is 135 
MHz and that it does not 
make rise- and fall-time 
measurements automat-
ically. A field-installable 
modification will up-
grade an existing DC 
509 to the $2,200 DC 
5009, which is available 
from stock. 
To connect the test 

S'ystem to the unit under 
test, two different types 
of modules are offered: 
the SI 5010 and the MI 
5010. The SI 5010 (4) is 
an rf relay scanner 
priced at $1,850 that 
works with signals to 
350 MHz. The unit's 
inputs can be config-
ured in software as a 
single 16:1 group, as 
two 8: 1 or as four 4: 1 
groups. Availability of 
the unit is 20 weeks 
after receipt of order. 
The MI 5010 (5) is 

called a multifunction in-
terface and can be con-
figured using any or all 

of three types of cards: the 50M30 digital input/output 
card, which works with TTL-level signals; the 50M40 relay 
scanner card with 16 normally open relay closures; and 
the 50M50 development card, which lets users build their 
own programmable interfaces. The MI 5010, which has 
slots for three cards, costs $1350; the cards range in price 
from $375 to $575, and an MX 5010 extender, which 
attaches to the MI 5010 so that six cards can be used 
together, is priced at $650. Availability of all these items is 
20 weeks after receipt of order. 
The first signal source in the TM 5000 series is the FG 

5010 function generator (6). Able to generate sine, 
square, and triangular waves to 20 MHz with amplitudes of 
20 volts peak to peak, the $5,200 unit is accurate to within 
0.1%. In addition to continuous output, it works in trig-
gered, gated, counted-burst, and phase-locked modes 
and stores 10 setups. The FG 501Q will be available for 
delivery 24 weeks after receipt of order. 
The triple power supply (7) puts out 0 to + 32 V, 0 to 

—32 V, and for logic, 4.5 to 5.5 V. In addition to the 
output voltage level, the current limits for each supply are 
also programmable. The module is priced at $2,500; deliv-

ery takes three weeks. 
To manage all the 

modules, the controller 
(8) can be connected to 
the back of either the 
$995 TM 5006 (10) or 
the $700 TM 5003 (11) 
module cage with an 
IEEE-488 cable. The 
controller can be used 
for program develop-
ment with its own $750 
keyboard (9) and a 
$995 read-only memory 
pack, which expands 
the operating program. 
Alternatively, it can be 
used as an execute-only 
controller in which case 
it is priced at $4,995 
with 10-week delivery. 

With these compo-
nents, the user can con-
figure a system that fits 
both his needs and 
budget. For example, a 
small system, consisting 
of a controller, digital 
multimeter, counter, and 
power supply could be 
assembled for about 
$12,000. On the other 
hand, a full-blown sys-
tem with maximum pro-
gramming and display 
capability, multiple 
ports, function genera-
tor, and numerous scan-
ners, measurement 
modules, and cages can 
run up to $35,000. 

-Richard Comerford 
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entered in several formats, including signed and 
unsigned integers; signed and unsigned floating-point 
numerals; and binary, hexadecimal, and octal format. 
The operating system works with simple mnemonic 

descriptors and thereby supports modular programming. 
With these descriptors, subprograms can be referred to 
by line names rather than numbers, and variables can be 
described with names up to eight characters in length (a 
delay command can be given as DELAY, and so on). 
Subprograms can be written without other portions of 
the main program having to be defined first, and the 
variables can be defined as local or global. Thus, keeping 
variables independent or passing them from main pro-
gram to subprogram is a simple operation. 
The operating system recognizes IEEE-488 com-

mands, whether they be high- or low-level constructs, 
and optimizes them for high-speed execution. The lan-
guage and operating system support the complete range 
of defined I EEE-488 states. Furthermore, they support 
processed-mode input/output functions, permitting the 
system to operate between requests and responses and 
thus decreasing total system response time. 

Getting the routine down 

Through a comprehensive error-handling scheme, the 
operating system can operate unattended, capturing all 
errors, recovering from errors, and supporting local 
error-handler routines. Using ROM firmware, it is even 
possible to expand the language set used by the operat-
ing system. Thus, the programming feature set can be 
embellished in the future. This expandability also per-
mits common routines, with general-purpose appeal, to 
be canned in firmware and linked to other programs. 

Ideally, a measurement programming language and a 
conceptually compatible set of instrument control com-

3. Missing links. The TM 5000 series' multi-
function interface module links the TM 5000 

and the variety of special printed-circuit 

cards shown. The cards and module extend 

the system's programmability to devices 
lacking IEEE-488 compatibility. 

mands would express IEEE-488 instrument control in 
self-explanatory terms. At the same time, it would pos-
sess sufficient depth to handle even the most complex 
test and measurement situation and would be particular-
ly strong in dealing with interrupts and errors. 
To meet these principal requirements, an enhanced 

version of Basic was chosen from among the common 
high-level languages for the TM 5000 system. Besides 
having an exceptionally successful track record, Basic 
can be learned easily and applied with minimal effort on 
the part of the user. In addition, it can be implemented 
for simple routines without the user necessarily under-
standing language as a whole, and it is backed by a 
readily available wealth of tutorial material. 

Setting a standard 

Together with its decision to use Basic, Tektronix 
adopted a corporate-wide set of standard codes and 
formats [Electronics, March 24, 1981, p. 131]. These 
codes are used in the TM 5000 series and in Tektronix' 
IEEE-488 line of digitizing oscilloscopes, spectrum ana-
lyzers, transient digitizers, and other products. 

For the user, this means having to learn only one 
format, Basic syntax, and a uniform set of codes; a 
common message structure serves all the system's instru-
ments. In contrast, a test system programmer typically 
has had to grapple with a half-dozen different sets of 
format and syntax or write a half-dozen software drivers 
to translate the various formats into a common format in 
order to program an IEEE-488 system. 
The commands used to communicate with the instru-

ments are in what might be termed engineering English. 
Since there is really no difference between the rationale 
for selecting commands from that for selecting front 
panel labels, the commands used are the same as the 

132 Electronics/August 11, 1981 



front panel labels—the engineering terms that are com-
monly used to refer to those functions. 

For example, a typical command string to a function 
generator might be FUNCTION SQUARE; SYMMETRY 15. 
Not only are the commands easily grasped, but the 
program listings are highly self-documenting (see table). 
There is even a provision for programming in reverse. 
The LEARN mode permits an engineer more familiar 
with instrument operation than with programming to 
write a program by first physically setting the front 
panel controls for the desired conditions and then, with a 
single keystroke, converting the configuration into 
error-free program instructions. Again, these learned 
instructions in a program listing are high-level, easily 
readable, and self-documenting. 

Programable functions 

The initial set of programmable modules that the 
controller governs includes a full complement of the 
commonly used test and measurement products. In addi-
tion, programmable switching, signal routing, and spe-
cial interface functions both simplify and speed up con-
nection to the devices under test. All front panel func-
tions—even ac or dc coupling and the trigger level—are 
programmable using the IEEE-488 bus. 

For convenience, each instrument module's primary 
address can be read on its digital display by pushing the 
instrument identification button on the front panel. This 
feature eliminates having to locate the elusive, miniature 
dual—in-line—packaged switch tucked away behind or 
inside an instrument and then decoding its binary code 
into its decimal equivalent. 

All the instruments, when first powered up, go 
through an extensive self-test and diagnostic routine for 
ROM, RAM, input/output, and the functionality of other 
blocks. If no internal error is found, the front panel 
controls of the instrument are engaged with a standard 
set of default settings. In addition, the service request 
line of the IEEE-488 bus is asserted to let the controller 
know that the instrument is available. 

If an internal error is discovered, an error code is 
displayed on the instrument front panel, which would 
lead, with the help of the instrument's instruction manu-
al, to the location of the specific problem. The self-test 
routine of any instrument module can also be triggered 
at a later time from the controller by the simple com-
mand, TEST. 
The initial TM 5000 modules are shown in "The first 

family of programmable modules" on page 131. All of 
these modules are IEEE-488—compatible and micropro-
cessor-based. 

Function generator flexibility 

In addition to the features common on most high-
performance function generators, the FG 5010 20-mega-
hertz function generator includes some unique ones. For 
example, the user can control through the bus or the 
front panel waveform symmetry in steps of 1% from 10% 
to 90% to create pulses and ramps. Users can also 
control the output waveform's phase in 1° increments 
from — 90° to + 90° with respect to a reference input 
waveform in a phase-locked mode or a control signal in 

4. Show me. Using the TM 5000 series with a graphics computer or 

terminal lets the system instruct the operator using diagrams. Above, 

the display shows an operator where to connect power to a simple 

circuit card and probe the card for data needed by the program. 

triggered, gated, or counted-burst modes. 
The phase-locked mode automatically scans and locks 

onto any input signal supplied between 20 hertz and 20 
MHz and will, if selected, issue a service request to the 
controller whenever it goes into or out of phase lock. 
Even when not in the phase-locked mode, the generator's 
frequency is maintained within 0.1% of the programmed 
value without expensive frequency-synthesis techniques. 
The FG 5010's microprocessor continually monitors 

the generator's frequency with a conventional frequency 
counter technique, using the processor's quartz clock as 
a reference. It then compensates for variation in the loop 
current sources with any additional current offset 
required to keep the loop precisely on frequency. 
Any absolute number can be set for any parameter by 

using the front panel keypad, the bus, or the front panel's 
increment-decrement buttons. These buttons permit 
users to smoothly increase or decrease the parametric 
settings in either fixed incremental steps or an accelerat-
ing speed mode. 
The FG 5010 also accepts ramp inputs for generating 

true analog sweeps, as well as inputs for amplitude and 
frequency modulation. 

Plus or minus 1 picosecond 

The 350-MHz DC 5010 universal counter can resolve 
repetitive time intervals to 1 picosecond—at present the 
highest resolution available. This wide bandwidth per-
mits the counter to make frequency measurements or 
such flexible totalizing measurements as channel A plus 
channel B and channel A minus channel B of pulse trains 
with pulse widths as narrow as 1.43 nanoseconds. 

In addition, the DC 5010 also functions as an intelli-
gent counter. In the autotrigger mode, for instance, the 
counter determines the maximum and minimum peak 
values of the input signal and sets the trigger levels at the 
50% point. In the rise-fall mode, it sets the start channel 
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at the 10% point and the stop channel at the 90% point. 
The peak signal levels can be measured by the DC 

5010 and sent to the controller. Thus, the counter can 
function as a peak-reading voltmeter across its full 350-
m Hz bandwidth. In the auto-averaging mode, the DC 
5010 selects the maximum averaging factor that still 
permits it to update the display about three times per 
second. Unlike conventional counters, whose averaging 
factors can only be set in powers of 10, the DC 5010's 
dual-register, microprocessor-based architecture lets the 
counter choose any averaging factor it desires. 
A null feature can be selected in any mode. In the 

time-interval mode, it will remove any time differential 
mismatch of the two channels and associated external 
probes or cabling. Therefore, the value displayed is the 
true time interval at the probe tips. 
A probe-compensation feature (also available on the 

DC 5009 135-MHz universal counter) permits accurate 
adjustment of attenuation-probe compensation capaci-
tors—a capability that has never before been available 
on a counter. Using probes without correct compensation 
can result in gross errors in time interval measurements. 

Meter magic 

In addition to measuring de voltage, true rms ac 
voltage (either ac or de coupled), and resistance, the DM 
5010 4V4-digit multimeter has a diode test function that 
forces a 1-milliampere current and measures the result-
ing voltage drop. 
The DM 5010 is accurate to within 0.015% de for 41/2 

digits, but can be set to work faster (26 readings per 
second) with 31/2 -digit resolution. It includes such special 
functions as a null feature that zeros out the lead resist-
ance in ohm measurements or enables quasi-differential 
voltage measurements and the ability to average up to 
19,999 readings, instead of sending them to the control-
ler for processing. Other capabilities include direct deci-
bel conversion to dem or to any arbitrarily selected 
value as the 0-de reference, and a comparison mode 
wherein upper and lower limits can be entered. In the 
latter mode, the DM 5010 compares its reading to the 
limits and displays the results as PASS, HI, or LO. 

Power report 

The PS 5010 triple power supply has three defined 
modes for each of its three supplies: 0 to — 32 volts, 0 to 
—32 v, and +4.5 to +5.5 v. These modes are voltage-
regulated, current-limited, and unregulated. The supply 
would enter an unregulated state if, during a test proce-
dure, it were connected to another power supply and 
expected to sink more current than it is designed to sink. 
The PS 5010 also can be programmed to notify the 

controller, using a service request whenever it changes 
modes. Thus, the controller can halt a procedure to take 
some other course of action when an unusual load places 
the power supply in an unacceptable condition. In con-
trast, most supplies used in 1EEE-488 systems are listen-
er-only devices, making it impossible to determine 
whether they are actually following instructions unless 
they are monitored with additional instruments. 

In the voltage-regulated mode, the two wide-range 
outputs of the power supply can be programmed in 

increments of 10 millivolts from 0 to 9.99 y and in 100 
mv steps from 10 to 32 V. Current can be programmed 
in 50-milliampere increments from 50 mn to 1.6 A. The 
+ 4.5-to- + 5.5-v supply is a logic supply programmable 
in 10-mv increments; its current limits can be set over a 
100-mn-to-3-n range in 100-mn increments. 
To fully automate a set of tests, it is necessary to 

control the connection of instrument inputs and outputs 
to various test points on the device under test. The SI 
5010 rf scanner can perform that function on signals 
with maximum frequency of 350 MHz. 

Rf signal switching 

The module consists of coaxial rf relays that can be 
software-configured into either one 16:1, two 8:1, or 
four 4:1 configurations. It also contains a real-time clock 
and a buffer for storing and executing sequences of 
commands. Consequently, it is possible for the controller 
to download a sequence to the rf scanner, such as "wait 
until 9:32 a.m. and then close relays 1, 3, 4 and 2 in 
sequence at the rate of once per second for the next 
hour." 

This buffering feature is also useful when set for a 
group-execute trigger. Following the trigger, the SI 5010 
will carry out its routine without further instructions 
from the controller. 

Plugging in 

Users may wish to connect an IEEE-488 instrumenta-
tion system to other non—IEEE-488 programmable sys-
tems. Or they may wish to interface the IEEE-488 
system to relay drivers, foot switches, binary-coded-
decimal—output data lines, and the like. Other users, 
particularly specialized test systems houses, need to be 
able to add their own special functions, such as unusual 
digital-to-analog, analog-to-digital, timing, and commu-
nications functions. For these reasons, the initial 5000 
series set includes a special interface module. 
The MI 5010 multifunction interface module and its 

MX 5010 multifunction interface extender differ from 
the other modules in that up to three special printed-
circuit card modules can be plugged into their front 
panels, as shown in Fig. 3. These special card modules 
comprise the programmable interface between the device 
under test and both the MI 5010 and MX 5010. In turn, 
the MI 5010 and MX 5010 act as the interface between 
the card modules and the TM 5000 system. Up to six 
cards can be controlled at a single IEEE-488 address. 
The first three card modules available are a low-

frequency scanner, a digital 1/0 card, and a development 
card. The low-frequency scanner card contains 16 mer-
cury-wetted relays; 16:1, 8:1, or 4:1 interface configura-
tions can be selected using jumpers. The scanner card 
can control larger relays, switch the multimeter's input 
among several signal points, and serve other control and 
low-frequency scanning applications. 
The digital tio card has 16 digital input and 16 digital 

output channels. These TTL-compatible channels can 
connect the system with delay drivers, switches or cus-
tom keyboards or accept BCD data, static binary words, 
and the like from non—IEEE-488 instruments. 
The third card is a development card the system 
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5. New business. The instrument modules and the controller comprise the simple building blocks for designing custom systems such as the 

one shown above. Those familiar with the needs of a particular industry can easily configure and program a custom system. 

designer can use in preparing custom functions. The rear 
portion implements all the addressing, handshaking, seri-
al-to-parallel conversion, and decoding from high-level 
command functions and provides the interface between 
the card and TM 5000 system. 
The interface between the card and the user's device 

under test consists of 32 bits of simple, static registers. 
The remainder of the card, about 20 square inches, is a 
blank circuit-board pattern for user circuitry. 
Custom functions that can be implemented might be 

d-a and a-d converters, special word recognizers or gen-
erators, or numerous others needed to complete a cus-
tomized automated system. The MI 5010, like the SI 
5010, includes a real-time clock, buffer storage, and 
execution capabilities, which help reduce bus traffic and 
controller overhead. 

Graphic detail 

In research, development, and design, a graphic repre-
sentation of processed measurement results is quite often 
the ideal format. Graphics can be added to the TM 5000 
series in two ways: a 4052 graphic computing system 
could be substituted for the 4041 controller or a graphics 
terminal could be used in conjunction with the 4041. 
Either configuration can easily plot logarithmic or linear 
representations of such relationships as gain or phase 
versus frequency. Graphics such as those shown in Fig. 4 
could also be used as a probe guide for less skilled 
operators during maintenance or calibration procedures. 

Electronic testing techniques are useful in many fields 

where the users are not otherwise familiar with electron-
ics. For example, electronics testing plays a significant 
role in calibrating process control systems in the petro-
chemical industry and in maintaining large stationary 
engines, turbines, and pumps. 
Sometimes the parameters to be measured are electri-

cal. In many cases, they are physical parameters, such as 
pressure, vibration, displacement, temperature, and the 
like, converted into electrical signals by transducers. 

Beet of both worlds 

A number of systems houses combine electronic exper-
tise with an in-depth knowledge of the needs, techniques, 
and vocabulary of those nonelectronic industries. The 
TM 5000 series with its 4041 controller offers such 
systems houses an attractive set of tools for providing 
specialized, turnkey systems to their customers like the 
one shown in Fig. 5. The system's compact, lightweight 
packaging is extremely adaptable to maintenance activi-
ties in the field, at remote locations, or in a plant. 
The 4041 controller with its DC 100 cassette program 

recorder permits systems-house programmers to write 
specialized software applications programs for industrial 
clients. Special functions required also can be built into 
the system using the 50M70 development card. An over-
lay card on the user-specified 4041 keypad can be used 
to label these keys in the vocabulary of a target industry. 
In addition, the output format can be programmed for 
conversion to units of measurement more pertinent to the 
specific application than a standard electrical output. 0 

Electronics/ August 11, 1981 135 



Engineer's notebook  

Phase-locked loops replace 
precision component bridge 
by Vilas Jagtap and Vidyut Bapat 
Peico Electronics and Electricals Ltd., Pune, India 

For accuracy and repeatability in measuring passive 
components, a resistor-capacitor bridge is difficult to 
surpass. But its one drawback is its prohibitively high 
cost. An inexpensive alternative is a circuit that uses two 
off-the-shelf phase-locked loops to perform this function 
accurately to within 0.1% and with a resolution of 
0.01%. 
As shown in the circuit, which is configured to mea-

sure capacitance, the 565 phase-locked loop, AI, gener-
ates a frequency, L. corresponding to the component 
under test, C,. This signal is then brought to the input of 
a second loop, A2, which itself generates a reference 
frequency, fref, corresponding to component C,. The out-
put of A2 then produces a signal proportional to the 
difference frequency. The difference frequency, fin — 
is amplified by the 530 operational amplifier, with the 

resulting signal applied to a zero-center meter that can 
be calibrated in terms of the percentage difference 
between C, and C,. 
The frequency at which the 565s oscillate is deter-

mined by the capacitance between pins 1 and 9 (C„ C,) 
and the resistance between pins 8 and 10 (see the 565 
data sheet). A wide range of values may be determined 
simply by adjusting the 4.7-kilohm potentiometer-2.2-
k9 resistor combination that is connected between these 
latter pins. 
When resistances are compared, only four components 

need be changed. C, becomes Rx, C, becomes R„ and 
variable capacitors replace the previously mentioned 
potentiometers. 

Calibration is equally simple in either the capacitor-
measuring or the resistor-measuring mode. Since the 
565's frequency of oscillation can be within ± 10% of a 
nominal value for a given set of frequency-determining 
components, both oscillators should initially be aligned 
by setting C, = C, (or R, = R,). The potentiometers (or 
variable capacitors) should then be trimmed for a null on 
the meter. 

Engineer's notebook is a regular feature in Electronics. We invite readers to submit original 
design shortcuts, calculation aids, measurement and test techniques, and other ideas for 

saving engineering time or cost. We'll pay $75 for each item published. 

Computer notes  

TRS-80 program simplifies 
design of PROM decoders 
by Gideon Gimlan 
Loral Electronic Systems, The Bronx, N. Y. 

Coding data into programmable read-only memories is 
tedious when done by hand. This TRS-80 Basic program 
takes the drudgery out of the effort. Although perform-
ing a myriad of tasks, its major advantages are simplify-
ing the design of PROM decoders by providing documen-
tation of the design, simulating sequential-state ma-
chines, and preparing the data for immediate PROM 
burn-in. 
To understand the program and its relation to charac-

ater-generation redundancy or the sequential-state ma-
chine on which this program is based, consider the typi-
cal video-display circuit shown at the right. On it, the 
address lines are designated as inputs and the data lines 
form the outputs. Each input combination has a unique 
output, but in general practice, redundancy occurs fre-
quently because of the so-called "don't care" condition. 

In this example, a 5-bit ASCII code of the character to 
be displayed is placed on the least significant address 
lines of the PROM, as shown. The 3 most significant bits 
are connected to a row counter that increments from 0 to 

GENERAL PROGRAM TECHNIQUE FOR 
CHARACTER GENERATION 

1000 C(1) = ASC("A")+ ROW° : 0(1)= B(2) 
1010 C(2)= ASC("A")+ ROW*1 : 0(2) = B(1) + 8(3) 
1020 C(3)= ASC("A")+ ROW•4 : 0(3) = 6(0) + B(1)+ 8(2)+ MI+ B(4) 
1030 C(4) = ASC("A") : 0(4) = B(0) + 8141 
1040 = ASC("H") + ROW3 : 0(5) = B(0) + BM+ B(2) + B131+ B141 
1050 C(6) = ASC("H") : 0(6) = 13(0) + B(4) 

1100 FOR I = 1 TO 128 : R(I) = B(S) - 1 : NEXT 
1180 R141= B(5) - 1 : ti(6)= R(4) 

CLOCK 

IN {  

RST 

STATE   

A0 
Al 

A2 

A3 

A4 

A, 
A6 

Am29775 
PROGRAMMABLE 

REAO-ONLY 
MEMORY 

o° 
0 1 
02 
03 

04 

05 
o° 
o, 

—DOOR LATCH 

Basic burn-in. Writing data into a PROM with TRS-80 Basic, as 

grasped with the aid of a video-display scheme (right) and the 

general programming technique (top), is relatively simple for state 

machines because of their inherent character-generation redundancy 

properties. The technique is easily extended to practical programs 

and the one shown (immediately above) is a combination lock that 

opens when the sequence 9-7-3-8 is entered. 
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A NM TW1ST 
ON THE OLD 

91111111.111111e1USH AND PULL 
For a lot of applications, you're 
designing an interconnect sys-
tem that someone will pull apart. 
And then push together. Over 
and over again. So you need 
connectors that can take a beat-
ing, mate quickly, handle high 
contact densities and stay within 
tight budgets. 

Look no further than the 
Cannon DL "ZIF" Series. Our 
Zero Insertion Force (ZIF) con-
nectors can handle from 60 to 
2496 contacts. Have a mini-
mum rated life of 10.000 com-
plete mating/unmating cycles. 
And can be mated in less than 
two seconds even with close 
to 2500 contacts. 

ZIF connectors are flame 
retardant and rated for 3 
amperes of current. You get 
crimp or wire wrap contacts that 
can be hand or machine termi-
nated. And a lower cost per 
mated line than other com-
petitive industrial/commercial 
high density connectors. 

Try our ZIF Series con-
nectors. You'll get a new twist on 
the old push and pull. 

Contact the Rectangular 
Division, 177 Cannon Electric, a 
Division of International Tele-
phone and Telegraph Corpora-
tion, 10550 Talbert Avenue, 
Fountain Valley, CA 92708. 
(714) 964-7400 In Europe. 
contact ITT Cannon Electric, 
Avenue Louise 250, B-1050 
Brussels. Belgium. Telephone: 
02/640.36.00. 

CANNON ITT 
You can always connect with cannon. 
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TRS-80 PROGRAM FOR READ-ONLY-MEMORY GENERATION OF SEQUENTIAL-STATE MACHINES 

10 '-- PROM CAD 

60 CL5:DEFINTA-Z 

70 CLEAR 1000 

80 DIM C(255),R(2551,01255),WD(255) 

90 XS=CHRS(23):NS=CHR$128):ELS=CHR$(30):ESS=CHR$131) 

91 ' 32/LINE 64/LINE ERASE LINE ERASE SCREEN 

92 UBS=CHRS(18):UFS=CHRS(191:UXS=CHRS(8) 

93 ' CURSOR BACK, FORWARD, BACK & ERASE CHAR 

94 DIM 8(151:F0RP-07015: B11)=-2t1 :NEXT 

100 PRINTXS:PRINT"PROM BASED STATE MACHINE" 

110 PRINT STRINGS(24,"-"):PRINT:PR1NT 

120 PRINT"THIS PROGRAM GENERATES THE DATA" 

130 PRINT"FOR A SEQUENTIAL STATE MACHINE." 

140 PRINT 

150 PRINT"THE CONDITION STATEMENTS START" 

160 PRINT"AT LINE 1000" 

170 PRINT"C(11= l'S & O'S R(I)=REQ'D BITS" 

180 PR1NT"ENTER 'L' TO LIST THE CONDITIONS" 

190 PRINT"ENTER 'R' TO GENERATE TABLE" 

200 IS=INKEYS 

210 IF IS="L" THEN CLS:LIST 990-1005 

220 IF 1$="R" THEN CLS:PRINT"EXECUTING":GOTO 1000 

230 GOTO 200 

500 FOR A=0 TO AX:' (PROCESS ENTIRE ADDRESS SPACE) 

505 PRINT@50,A 

510 1=0 

520 1=1+1:IF R(I)=0 THEN WD(A)=OX :GOT0540 

530 IF (A AND R(1)=C111 THEN WO(A)=0(1) ELSE 520 

540 NEXT A 

550 PRINT"NOW FINISHED. LAST ADDRESS=";AX 

560 INPUT"0 0 YOU WISH TO LIST PROM CONTENTS (Y/N)";1$ 

564 IF 1$="N" THEN 580 

570 FOR A=OTOAX:PRINTUSING"=";A;:PRINT") ";WD(A)," " 

NEXT A 

580 PRINT"DO YOU WISH TO SIMULATE THE MACHINE?" 

590 PRINT" 'Y'= YES 'N' = NO" 

600 1S=INKEY$ 

610 IF IS="N" THEN LIST 1000 

620 IF 1S="Y" THEN 800 

630 GOTO 600 

800 CLS:PRINT"WE START AT STATE NUMBER 0":PRINT:A=0:SP=0:ST=0 

805 PRINT"STATE=";SP;TAB(201"OUTPUT=";WDIALTAB(50)"INPUT=", 

810 INPUT IN 

815 A=ST+IIN AND (B(0)+8(1)+B(2)+B(3)+B(4))) 

820 ST=WD(A) AND (B(5)+B(6)+B(7)) 

821 SP=ST/B(5) 

825 IF IN>255 THEN STOP ELSE 805 

990 CONDITION STATEMENTS BEGIN AT LINE 1000 

991 CHANGE THESE LINES TO CREATE A NEW SYSTEM 

992 C(1)=CONDITION BITS, UP TO 16 BITS 

994 R(I)=REQUIRED BITS, THOSE OF C(I) THAT ARE NOT 

955 DON'T CARE BITS AND MUST MATCH THE PROM ADDRESS 

996 0 (I)=PROM OUTPUT WORD IF A CONDITION MATCH IS FOUND 

997 OX =DEFAULT OUTPUT IF NO MATCH IS FOUND 

999 CONDITIONS 

1000 1N=B(0) RST=B(4) : STATE-B(5) : ' -(DEFINE INPUT BITS 

1001 NXT=B(5) : LATCH=B(1) : -(DEFINE OUT BITS 

1002 N=8 : AX=B(N)-1 : ALL=AX --(DEFINE NO OF BITS 

1003 ' 

1004 C(1) = RST R(11= RST 0(1)=STATE"0:' -)IF RESET 

1005 C(2) = 9*IN + STATE") 012)=STATE•1: ' -(IF IN=9 

1006 C(3) = 7*IN + STATE•1 0(3)=STATE*2: ' IN=7 

1007 C(4) = 3*IN + STATE•2 014)=STATE•3: ' -(IF IN=3 

1008 C(5) = 8*IN + STATE*3 : 015)=STATE*4 + LATCH 

1009 C(6) = STATE*4 : 0(6)=STATE*4 :R(6)=STATE"? 

1010 R(2)=ALL : R(3)=ALL : R(4)=ALL : R(5)=ALL 

1020 OX=STATE*0 + 8(2) : ' DEFAULT TO STATE 0 

2000 GOTO 500 

2001 END 

6, keeping track of which row of a five-by-seven-dot 
matrix the system is on. 
The data word to be burned into each PROM location 

is determined by a set of condition equations. For each 
input combination, the program scans the condition-
equation list for a match. If the input condition is met, 
then the associated output word is placed in the PROM'S 
desired memory location. 

For example, to generate the dot matrix shown for the 
character A presented at the inputs of the PROM, the 
equations in the figure commencing at line 1000 and 
ending at line 1030 are entered. The C(I) matrix indi-
cates the bits that must be at logic 1 in the input data, 
0(1) is the associated output word, and B(N) is the 
binary value of each data bit and is equal to 2". 

For the character H, only two lines of data are 

needed—at locations 1040 and 1050 in the general pro-
gramming technique—because of the redundancy in the 
required output data. That is, rows 0, 1, 2, 4, 5, and 6 of 
the H are all the same. Only row 3 is important. Bits 
that are required to meet any condition, be they Is or Os, 
are designated by the R(I) matrix. Those input bits that 
are not required are designated "don't care" bits, as seen 
at lines 1100 and 1180 in the TRS-80 program. 

With this information, the practical implementation of 
ROM generation for a sequential-state machine that 
functions as a combination lock may be considered (see 
program listing). In this example, the lock opens a latch 
when the sequence 9-7-3-8 is entered, as shown in the 
bottom half of the figure. Otherwise the sequencer 
returns to state number 0. The hardware implementation 
is shown at the bottom of the program. 
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Engineer's newsletter 

Unix texts 

will aid users 

A major problem in adapting the popular Unix computer operating system 
to new applications is that its documentation is, by and large, written for 
experts only. Little more on Unix other than Bell Laboratories' technical 
papers is available, although the overall reaction to this C language—based 
system has been extremely positive despite the apprehension of users. Help 
is on the way, however, for the first quarter of 1982 will see the 
publication of an introductory Unix text by Osborne/McGraw-Hill. 
Written by Jean Yates of the consulting firm of Gnostic Concepts Inc. and 
Rebecca Thomas, a software development specialist at MicroPro Interna-
tional Corp., the book is to be followed by a second text that will be a 
reference guide for Unix programmers. Call Osborne at (415) 548-2805 
for further information. 

Radio's ac adapter Although rechargeable batteries of the nickel-cadmium variety would 
seem at present to be the ideal power source for portable radios, tape 

aids in situ charging recorders, and so on, few if any of these appliances come equipped with 
of NiCad batteries any more than regular batteries and an ac adapter. But NiCad batteries 

can be used and recharged in these devices without removal from the 
appliances' enclosure, notes Cass Lewart of System Development Corp., 
Eatontown, N. J., simply by modifying the ac adapter. 

Lewart solders a 10-to-50-11 resistor across the two contacts of the 
adapter that are normally connected together when it is not in use, then 
installs the batteries. The selection of resistor value is determined with the 
aid of a milliamnneter to measure the dc charging current of the NiCad 
batteries with the equipment off and the adapter in. The charging current 
should be about 50 mA for AA cells and proportionally higher for C or D 
cells. Lewart recommends recharging the larger cell types for approxi-
mately 10 hours. A word of caution, however: don't use the modified 
adapter with standard nonrechargeable types, as the batteries will most 
surely corrode. 

Periodical speaks to The first magazine devoted to man-machine voice communications, 
Speech Technology, will premiere this fall. Published by Media Dimen-

speech engineers sions of New York, the quarterly will deal exclusively with the latest 
advances in speech synthesis and recognition. Written in practical, scien-
tific terminology useful to engineers, scientists, educators, and managers, 
each issue will cover such topics as linear predictive coding, specific 
word-recognition systems now in operation, and the use of speech recogni-
tion for implementing business transactions by telephone. How-to articles 
will discuss such subjects as adding word recognition to an existing 
computer system and applications of interesting devices like the voice-
actuated door lock. Editing the periodical will be Richard H. Wiggins, who 
helped develop systems for the analysis and synthesis of speech at Texas 
Instruments Inc. 
A one-year subscription (four issues) costs $50. For those subscribing 

prior to publication, however, there is a special introductory price of $40, 
which is available until Aug. 31. Checks should be made out to Media 
Dimensions Inc. and sent to the company at 525 East 82nd St., New York, 
N. Y. 10028. Call Stanley Goldstein at (212) 680-6451 for more informa-
tion. -Vincent Biancomano 
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Panasonic ceramic devices are 
truly a versatile group. We offer 
a wide variety of ceramic-based 
components for all sorts of un-
usual applications, ranging from 
our patented ZNR tranSient/ 
surge absorbers and low-profile 
piezo ceramic buzzers to ultra-
sonic microphones, scanners and 
other ceramic transducers. 

Our ZNR varistors protect semi-
conductors and many types of 
electronic equipment - from 
communications and transpor-
tation systems to industrial con-
trols and major utilities - against 
the harmful surges or transients 
in electrical current. Utilizing a 
ceramic element composed of 
zinc oxide and other metal 
oxide additives, the ZNR provides 
reliable circuit clamping in either 
direction, positive and negative. 
Panasonic piezo ceramic 

buzzers are ideal for applications 

ike today's early warning smoke 
detectors. Our wide selection of 
low-profile models gives you great 
design flexibility, and they all 
feature low power consumption 
and non-contact construction 
for long life and no arcing (which 
can harm adjacent circuits). 
Our ultrasonic ceramic micro-

phones are highly sensitive mini-
ature devices in a variety of styles, 
perfect for use in ultrasonic 
burglar alarm systems and various 
remote control applications. The 

Panasonic ultrasonic scanning 
transducer is finding wide use 
in medical diagnostic imaging, 
particularly in the fields of ob-
stetrics and gynecology. And 
other Panasonic ceramic trans-
ducers can do everything from 
changing water into a fine mist 
in humidifier systems to acting 
as an electronic blood pressure 
sensor. 

Of course, all of our ceramic-
based products are made with the 
same attention to quality you've 
come to expect from every Pana-
sonic component and electronic 
product. And like the rest of our 
electronics family, they're avail-
able in quantity, at very competi-
tive prices. To find out more about 
our multi-talented ceramics, write 
orcall today: Panasonic Company, 
Electronic Components Division, 
One Panasonic Way, Secaucus, 
NJ 07094: (201) 348-5256. 

The Panasonic Ceramic Family 

zp 
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9 
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"Fantastic inventory! 
The instruments I want." 

ARIZ. PHOENIX (602) 278-8515 • CAL. LOS ANGELES (213) 642-5350. SAN FRANCISCO (4(5) 436-9264 
• COL. DENVER (303) 320-3258 • CONN. SOUTHINGTON (203) 621-4059 • FLA. JACKSONVILLE (904) 
751-0615. GA. ATLANTA (404) 452-4920. ILL. CHICAGO (312) 780-2994 • IND. HAMMOND (219) 933-
4500 • LA. NEW ORLEANS (504) 367-6528 • MD BALTIMORE (301) 332-4750 • MASS. BOSTON (617) 
396-9600. MICH. DETROIT (3(3) 285-6700 • MINN. MINNEAPOLIS (612) 522-4396 • MO. KANSAS CITY 
(816)231-6362. ST LOUIS (3(4) 965-7115* N.Y. NEW YORK (201)227-7900 SCHENECTADY (518) 385. 
2195 • N.C. CHARLOTTE (704) 5250317. OH. CINCINNATI (513)874 8512. CLEVELAND(216) 441-6111 
• PENN. PHILADELPHIA (609) 488-0244 or (215) 9230383. PITTSBURGH (412) 464-5474 • TX. DALLAS 
(214) 243-1106. HOUSTON (713) 672 3575 • VA. RICHMOND (804) 232-4576 • WASH. SEATTLE (206) 
575-2987 • WI. MILWAUKEE (414) 744.0110 

"OK, GE! 
That's What 
Instrument 
Rental 
Should Be:' 

"I've rented test instruments many times. 
For selection and availability, you can't beat 
General Electric. They have an exceptionally 
diverse and broad inventory of equipment 
from most major manufacturers and they 
keep it up to the minute. In fact, they can't 
update their Rental Catalog fast enough to 
keep up with new acquisitions, so if I don't see 
what I need, I call anyhow." 

For a free Instrument Rental Catalog, call 
your local Service iffeemk__ a 8 

Center or write aluesrentinja 
Quick. rental 
Instruments, 
General Electric Company, Instrumentation & 
Communication Equipment Service Depart-
ment, Building 4, Room 210, 1 River Road, 
Schenectady, New York 12345. 
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Pulse/function source delivers 50 MHz 
Programmable generator and low-cost 20-MHz manual unit 

gain flexibility by sharing pulse and function features 

Adding clout to their line of pulse 
generators, designers at Hewlett-
Packard GmbH in Biiblingen, West 
Germany have created a pair of 
instruments, the HP 8116A and 
8111A, both of which pro-
vide both pulse and function 
generation. As a result, fea-
tures that are common for 
one type of generator are 
made available to the other. 
For example, the modula-
tion, sweep, and voltage-
controlled—oscillator modes 
of the function-generator 
portion, normally not found 
on a pulse generator, may 
be used on the pulse-genera-
tor portion, enhancing ver-
satility, says Giorgio Dina, 
product-marketing engineer 
for the instruments. 
The two instruments also meet 

users' demands for more trigger 
capabilities and digital characteris-
tics, as well for as easier handling. 
The 8116A is a programmable 

instrument with a frequency range 
of 1 Hz to 50 MHz, "wider than that 
of competitive pulse-function gener-
ators." Dina says. A compact unit 
weighing only 13 lb, it marries sine-, 
triangular-, and square-wave capa-
bilities to a true pulse mode. The 
pulse widths are variable from 999 
ms down to 10 ns and have rise and 
fall times of less than 6 ns. 
To bow in mid-August, the 8116A 

(shown) will sell for $3,440 in the 
U. S. For an additional $430, users 
can get the 001 option, which 
encompasses hold, counted-burst, 
and logarithmic-sweep modes. This 
option covers the full 1-mHz-to-50-
mHz range and is applicable to all 
waveforms the unit generates. 

by John Gosch, Frankfurt bureau manager 

The 8111A, also slated for a mid-
August debut, is a simpler version of 
the 8116A. It is a manually operated 
unit weighing only 10 lb and also 
produces sine, triangular, and square 

waves as well as pulses. The pulses 
are variable from 100 ms down to 25 
ns and have rise and fall times of 10 
ns. The 1-Hz-to-20-MHz instrument 
will cost $1,775 in the U. S. A 
counted-burst option adds another 
$375 to that price. 
As a function generator, the 

8116A produces the three wave-
forms, over its entire frequency 
range and at amplitudes of up to 32 
V peak. A duty cycle variable from 
10% to 90% in 1% steps provides 
linear ramps and asymmetrical sine 
and square waves to test amplifier 
linearity, servomechanisms, dc mo-
tors, industrial controls, and a host 
of other parameters, devices, and 
systems. 
Haver waveforms may be gener-

ated in each of several external 
modes such as trigger, gate, sweep, 
and burst modes. A second input is 
available for modulation control. 
Modulation and external control can 

simultaneously simulate any desired 
waveform. 

In a pulse-generator application, 
pulses are variable down to 10 ns, 
with 100-ps resolution in the lowest 

range. The 6-ns pulse 
rise and fall times 
make the instrument 
well suited for testing 
fast logic devices such 
as TTL, integrated-
injection-logic, corn-
plementary-mos, and 
n-channel mos cir-
cuits. Burst, pulse-
width modulation, and 
pulse-restoration con-
trols are other versatil-
ity-enhancing fea-
tures. 

For all its capabili-
ties and for all the types of wave-
forms it produces, the 8116A is easy 
to handle, thanks in part to a self-
prompting menu. After selection of 
the desired mode and waveform, the 
needed parameters are indicated by 
back-lighting the appropriate pa-
rameter key label. Parameters are 
entered with just four vernier but-
tons. If a parameter is incorrectly 
set, an error-recognition feature 
alerts the operator by flashing a light 
on the panel. 

For example, if in manual opera-
tion the sine-wave function is select-
ed, the four keys that are setting the 
frequency, duty cycle, amplitude, 
and offset are illuminated. For 
pulses, the same four keys are used 
for setting the pulse width (instead 
of duty cycle), the frequency, ampli-
tude, and offset. The last two param-
eters may be converted to high- and 
low-level values by pushing the 
amplitude and offset key a second 
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PETRO-LEWIS 
DEFERRED INCOME 
PROGRAM 
Limited Partnership 
1981-1 

Limited Partnership 
Formed To Acquire 
And Develop A 
Specific Oil 
Property 

$5,000 :Minimum 
Subscription 
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This announcement is not an offer to sell or a solicitation of an offer to 
buy any of these securities. The offering is made only by the Prospec-
tus, copies of which may be obtained in any State only from dealers or 
brokers who may lawfully offer these securities in such State. 

For a copy of the Prospectus, 
mail to: 

Kay Grover 
Petro-Lewis Funds, Inc. 
717 17th Street 
P.O. Box 2250 
Denver, CO 80201 

Address 

I am 

am not a current limited 
partner in the Petro-Lewis 
Oil Income Program. 

State Zip 

P[TRO LEVVIS FUNDS, INC. 

New products 

time. An auto-vernier mode allows 
each parameter to be swept during 
automatic response measurements as 
may be needed in threshold and fre-
quency-response tests. 

Fully programmable via the 
IEEE-488 interface bus, the 8116A 
is useful both on the bench and in 
production test systems. In produc-
tion, the unit comes in handy for 
long-term parameter testing, com-
plex measurement sequences, and 
multiple repetitive tests. 

All operations are programmable 
with simple statements that use 
parameter mnemonics on the front 
panel. In case of a programming 
error, an error statement gives the 
operator detailed error information 
to facilitate program corrections. 
Self-tests may be executed with a 
statement for routine system checks. 

In the logarithmic sweep mode 
that is provided by the 001 option, 
start and stop frequencies, as well as 
sweep time, may be programmed. 
With the counted-burst feature, a 
programmed number of cycles or 
pulses can be produced in the exter-
nal-burst mode on every trigger for 
all waveforms. For sine, triangular, 
or square waves, the trigger signal 
may be internally generated with a 
programmed repetition rate. 

Hold it. In the hold mode, phases 
and events like those encountered 
during stress tests, for example, can 
be identified easily. This mode 
allows freezing the very low-frequen-
cy drive signal at its momentary 
amplitude level. To continue from 
that level, the critical parameter has 
been investigated or recorded. 
The 8116A's lower-cost counter-

part, the 8111A, also produces the 
three waveforms over its full fre-
quency range (1 Hz to 20 MHz) at 
amplitudes up to 32 v peak to peak. 
Combined with error recognition, 
the digital readout contributes to 
operating simplicity and speed. Its 
waveform and pulse capabilities, 
Dina notes, make the 8111A an 
excellent signal source for design, 
production testing, and servicing. 
Hewlett-Packard Co., 1501 Page Mill Rd., 

Palo Alto, Calif. 94304[338] 

Hewlett-Packard SA, P. 0. Box CH-1217 
Meyrin 2, Geneva, Switzerland 13391 

144 Electronics/August 11, 1981 



Yothe seen the so-called 
100MHz industry standard. Now meet the 

industry superior-Philips PM3262 
O.K., so-called industry standard, 
we challenge you to a side-by-side 

comparison in labs and field 
offices across the country! 

Most people comparing our PM3262 
side-by-side with the "standard" find 
that there is really no comparison at all. 

Theirs uses a fan and pulls 85W. 
Our PM3262 runs cool, without a fan 

The PM3262100MHz S 
Superior Engineering. 

Test & Measuring 
Instruments 

and pulls only 50W. That's because 
we use an efficient 22kHz sine wave 
converter power supply. So we can 
promise you lighter weight, no heat 
buildup, low power consumption and 
no fan to break down. 

Some other points to consider as 
you compare. Our 1MHz chopping rate 
is twice as fast as theirs. On our scope 
both channels can be inverted, so yo 
don't have to worry about cable and - 
probe swapping. 

They forgot to give you verniers 
on both main and delayed time bases. 
And they didn't include autofocus, 
which we added to enhance the con-
sistently bright, high resolution inher-
ent in our CRT. 

We also give you 2mV/div on both 
channels and for X-Y display. We think 

that's much better than 
having to 

Philips Test & Measuring Instruments, Inc. 
85 McKee Drive, Mahwah, NJ 07430 
L Yes, I'd love to see you go head-on with 

the so-called industry standard in my 
office. Call to set up an appointment. 

IJ Great idea, but right now I just need 
more information on the PM3262. 

cascade two channels, leaving you 
with only one trace. 

We could go on. But we'd rather 
do it at your office, side-by-side with 
the so-called industry standard. We 
think you'll find a lot to like about the 
PM3262. Including its low price. 

HILIPS 
Name 

Title  

Company  

Street  

City State Zip  

Phone  

Circle 145 on reader service card 

;IA Il i 
--1 oipr2i 

For nationwide sales and 
service information call 800-
631-7172, except in Hawaii, 
Alaska and New Jersey. In 
New Jersey call collect (201) 
529-3800, or write Philips Test 
& Measuring Instruments, Inc., 
85 McKee Drive, 
Mahwah, NJ 07430. 
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Data acquisition 

Board links Q bus 
to IEEE-488 gear 

Interface card accommodates 

data-acquisition systems; so 

do Winchester drive options 

Aided by a new interface board from 
Data Translation, the Q bus of Digi-
tal Equipment Corp.'s LSI-11/2 and 
/23 microcomputer systems can 
communicate with the IEEE-488 
general-purpose instrumentation 
bus. Although available as a sepa-
rate hardware and software package, 
the dual-width board's chief market 
should be as an enhancement to 
Data Translation's Lab-Datax labo-
ratory data-acquisition systems, says 
Stephen L. Mullen, product market-
ing manager for laboratory and 
scientific systems. He adds that Lab-
Datax, based on DEC's LSI-11, has 
been installed in about 50 systems 
since its introduction [Electronics, 
Oct. 11, 1979, p. 202]. 
A single DT2791 board links Lab-

Datax with as many as 14 instru-
ments adopting the IEEE-488 bus. 
Multiple boards may load into one 
Lab-Datax, or several DT2791 
boards running in different systems 
may communicate among them-
selves over one IEEE-488 line. 
The DT2791 offers software-

selectable talker, listener, and con-
troller modes on the IEEE-488 bus 
under the management of the Lab-

Datax system processor. In the con-
troller mode, it performs parallel 
polling and other controlling func-
tions specified by the bus. It also 
responds to parallel-polling in multi-
ple-controller environments. It fur-
ther supports talker or extended-
talker and listener or extended-
listener interface functions in estab-
lishing handshaking communica-
tions. 
A diskette furnished with the 

DT2791 holds a device-control sub-
routine, a device-support subroutine, 
and a utility program. Both subrou-
tines, supplied as macroinstruction 
source files, are Fortran-, Basic-, or 
macro-callable under the DEC RT-11 
operating system. The device-control 
subroutine, providing IEEE-488 
management services, may directly 
control the DT2791 or operate in 
conjunction with an RT-11 device 
handler from Data Translation. 
With this control subroutine, users 

may control the board at a primitive 
level, but most of them will probably 
prefer the simpler device-support 
subroutine, notes Mullen. The latter 
requests services from the device-

control subroutine and stores a 
device table listing information 
about all IEEE-488 devices ad-
dressed by the board. 
The DT2791 also comes with an 

interactive device-exercising and di-
agnostic program. This software 
familiarizes users with new instru-
ments and debugs and checks system 
performance. 
The board has 16 buffered open-

collector input/output lines that con-
nect with the IEEE-488's 16 signal 
lines; 8 of these are data lines, 3 are 
handshake lines, and 5 are interface-
management lines. The board has a 
maximum bus speed of 50 kilo-
bytes/s; typical performance, using 
supplied subroutines, is 5 kilo-
bytes/s. The DT2791 requires a +5-
V, 1-A dc power source and will 
operate from 0°C to + 50°C. It sells 
for $1,000; delivery takes five days. 

Winchesters. Four Winchester 
disk storage options also extend the 
performance of the Lab-Datax sys-
tem. The storage systems include 
drives with capacities of 8.9, 17.8, 
26.7, or 35.6 megabytes. All come 
with a double-sided, double-density 
1-megabyte flexible-disk drive. 
The storage peripheral accepts 

data transmitted by an RT-11—based 
Lab-Datax system from an analog-
to-digital converter at data through-
put rates up to 100 times faster than 
laboratory computer systems relying 
on floppy-disk storage, says Mullen. 
The storage option costs $7,450 to 
$10,800, depending on capacity. De-
livery of the 8.9-megabyte option 
takes 10 days; others take 45 days. 
Data Translation Inc., 100 Locke Dr., Marl-

boro. Mass. 01752 [381] 

Fast comparator 
has 100-e offset 

Chip's speed and accuracy 

produce 7-µs, 12-bit 

analog-to-digital conversion 

The speed limit for a 12-bit succes-
sive-approximation analog-to-digital 

converter has long been set by its 
internal digital-to-analog converter, 
but recent improvements in d-a con-
verters created the need for faster, 
more accurate comparators. Preci-
sion Monolithics is addressing this 
need with the CMP-05A/E, a mono-
lithic comparator that supports 12-
bit a-d conversion performed in 
under 7 its. 
The comparator's very low offset 

voltage, 100 µV, corresponds to a 
typical contributed error of less than 

0.1 least significant bit in a 12-bit 
a-d converter with a 10-v full-scale 
input. The comparator's input offset 
voltage drifts only 1.5 i.tvrC, and it 
has a voltage gain of 20,000, typi-
cally. Its response time at 1.2-mv 
overdrive is 48 ns; with 5-mv over-
drive it responds in 32 ns and at 
100-mv overdrive it takes only 18 ns. 
Trimmed. The low offset voltage 

of the comparator makes external 
offset voltage adjustment unneces-
sary in most applications. Input off-
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set voltage is permanently adjusted 
by a wafer-level zener-zap trimming 
technique. Input sensitivity is as-
sured by a high open-loop gain of 84 
dB. Input noise is less than 8 µv 
root-mean-square from dc to 10 
MHz. Ion-implanted, super-beta 
transistors are used in the cascaded 
input stage to achieve submicroam-
pere input bias current and less than 
100-nn offset current. 
The CMP-05A/E features a fast 

latch circuit that, when enabled, 

allows the output to remain in the 
existing logic state regardless of 
input signal changes. The latch does 
not interfere with input-stage sensi-
tivity or accuracy. 
The unit consumes only 105 mw 

and operates over the temperature 
range of — 55° to +125°C and — 25° 
to +85°C. Two military-range ver-
sions are available, in an 8-pin min-
iature dual in-line package at $17 
and a TO-99 metal can at $14.45 in 
100s. For the industrial temperature 

range, these packages are $9.50 and 
$7.60, respectively, and a plastic 
miniature DIP brings the price down 
to $6.10. Delivery of the CMP-
05A/E is from stock. 

The speed and accuracy of the 
comparator make it suitable for 
applications such as zero-crossing, 
limit comparison, threshold detec-
tion, and fiber-optic receivers. 
Precision Monolithics Inc., 1500 Space Park 

Dr., Santa Clara, Calif. 95050. Phone (408) 

727-9222 [382] 

Acquisition system 
sits atop Apple, 
goes for $4,000 
Computerized data-acquisition sys-
tems have generally been costly, with 
those from minicomputer makers 
beginning at about $13,000 and run-
ning well beyond $30,000. Now, 
however, users can choose Isaac, for 
integrated system for automated 
data acquisition and control, from 
Cyborg Corp. Built to operate with 
an Apple II computer, Isaac costs 
from $3,950 to somewhat more than 
$7,000; according to its makers it 
can satisfy as much as 80% of the 
applications that now are the sole 
domain of more expensive systems 
like Digital Equipment Corp.'s LS!-
11-based MINC. 
"We use the same analog-to-digi-

tal and digital-to-analog converters 
as the MINC does," says product 
manager Stephen T. Kirk, himself 
an ex-DEC hand. "They're from 
Analog Devices. Frankly, we mod-
eled Isaac on MINC in that we are 
offering an integrated system, in-
cluding software and offering the 
user the capability of enhanced per-
formance through use of machine-
language programs." 

Isaac can be purchased as an 
Apple II add-on for only $3,950. For 
that price the user gets intelligent 
control of: 16 single-ended (or 8 dif-
ferential-input) channels of 12-bit 
a-d conversion, four programmable 
Schmitt triggers, 26 binary inputs, 
16 binary outputs, a 5-V reference, a 

real-time clock with battery back-up 
and a 16-bit, 10-MHz, 8-channel 
counter-timer. 
"So long as a user doesn't need 

blinding processor speed, and 8 out 
of 10 don't, this system offers just 
about all that's necessary to auto-
mate data acquisition," says Kirk. 
He figures that Isaac makes good 
sense in a time of tight research 
budgets. The firm offers Isaac with 
an Apple II, one 51/4-in, floppy-disk 
drive, and a monochrome display for 
$6,345. A color display and another 
disk drive bring the price to $7,250. 

Multilingual. Folded into the base 
price is Labsoft, an extended version 
of Applesoft Basic. Forty new 
input/output, graphics, and utility 
commands have been added, tailor-
ing Applesoft to the data-acquisition 
task. Because of the breadth of soft-
ware available for the Apple, users 
can also resort to Fortran and Pas-
cal, adds Kirk, making possible tasks 
ranging from word processing to sta-
tistical data manipulation. 
As many as five Isaacs can be 

attached to a single Apple II, and 
equipment already is available that 
would allow a number of Isaac-
Apple combinations to be connected 
in a local network. This would per-
mit the sharing of data and costly 
peripherals, and in some cases, the 
combination could be used as an 
intelligent terminal, preprocessing 
data for a remote host computer. 

Nitty-gritty. Isaac's analog inputs 
will accommodate several switch-
selectable voltage ranges: ± 2.5 1/, 
± 5 v, 0 to 5 v, 0 to 10 v, and ± 10 
V. A 10x gain block and a divide-
by-10 voltage divider may be 

switched into the circuit with these 
analog inputs, making for a full 
range of input voltages extending 
from ±0.25 to ± 100 v. Channel 
acquisition time is 10 ts and conver-
sion takes 25 its, for a total of 35 is 
per sample. 
The sample rate under Labsoft 

control is slightly greater than 1,000 
samples per second; thus, points out 
Kirk, a simple machine-language 
program could greatly increase 
Isaac's sampling rate without con-
version-time penalties. He estimates 
that sampling bursts at rates as high 
as 20,000 samples per second should 
be possible, suiting the system for 
some applications where transient 
events are to be captured. Main 
memory size would limit burst 
length here as the Apple accommo-
dates only 64-K bytes. 

D-a outputs span the same voltage 
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ranges as the inputs and again are 
switch-selectable. Isaac's binary in-
puts and outputs are available at 
separate terminals and can be 
treated as parallel 16-bit words, 
binary-coded decimal data, or 32 
separate channels. The Schmitt-trig-
ger—input subassembly has four sep-
arate inputs with their threshold lev-
els set by front panel potentiometers 
or external references—response 
time is 5 e, and input voltage can 
range from ± 5 to ± 100 v. 
The system's 16-bit timer-counter 

is software-resettable. The timer has 
a 8-ns resolution and is crystal-
controlled using the central process-
ing unit's clock. The counter has sev-
en Tn.-level multiplexed clock in-
puts and one low-level analog input. 
The data-acquisition system's 5-v 

reference is available from the back 
panel terminal. And it has a real-
time clock that offers time of day, 
date, and day of week. 
Cyborg Corp., 342 Western Ave., Boston, 

Mass. 02135. Phone (617) 782-9820 1389] 

8-bit a-d converter board 

runs at 75 megasamples/s 

The TDC1025E1C analog-to-digital 
converter board accepts analog input 
signals that have a 20-MHz band-
width and supplies the corresponding 
8-bit digital output. The converter, a 
triple-diffused integrated circuit 
made with 1-µm rules, is the flash 
type. Both the input and output sig-
nals of the converter are buffered, 
single-ended emitter-coupled logic. 
Resistors select analog input ranges 
of 1 to 10 y and input impedances of 
50 Q to 1 la There are offset adjust-
ments for unipolar or bipolar inputs. 

Supply voltages for the board are 
± 15 V and —5.2 V. The ± 15-v 
supply voltages maintain a regulated 

— 2-v reference, —6 v for the flash 
converter chip, and +5 v for the 
internal buffers. Its total power dis-
sipation is 2 w. The TDC1025E1C 
costs $1,360 in unit quantities of up 
to nine; the board is now available. 
TRW LSI Products, P. 0. Box 2472, La Jolla, 

Calif. 92038. Phone (714) 578-5990 [383] 

10-bit a-d converter achieves 

1.25-MHz conversion rate 

The ADC-816 10-bit analog-to-digi-
tal converter maintains an 800-ns 
maximum conversion time over its 
full operating temperature range and 
converts at rates of up to 1.25 MHz. 
The ADC-816 has six input-voltage 
ranges: 0 to — 5 v, 0 to — 10 v, 0 to 
— 20 v, ± 2.5 v, ± 5 v, and ± 10 v, 
by external pin connections. Data 
outputs are positive-logic straight 
binary, offset binary, and 2's com-
plement in parallel format; and 
straight binary and offset binary in 
serial format. A clock output of posi-
tive pulses synchronizes serial data, 
and a voltage-reference output sup-
plies — 10 y at 20 mA for external 
use. In addition, the converter has 
± 1/2 -least-significant-bit differential 
and integral linearity errors, ± 37 

ppmrC maximum gain temperature 
coefficient, and a maximum ± 12 
ppm/°C of full-scale offset tempera-
ture coefficient. 
The converter is hermetically 

sealed in a 32-pin ceramic package 
and requires ± 15-v and + 5-v dc 
power supply inputs. The ADC-816 
hybrid circuit operates over three 
temperature ranges: 0° to + 70°C, 
—25° to +85°C, and —55° to 
+ 125°C. In lots of 100 units, the 
converter is priced at $196 and avail-

able from stock or in four weeks. 
Datel Intersil, 11 Cabot Blvd., Mansfield, 

Mass. 02048. Phone (617) 339-9341 [384] 

A-d conversion system 

interfaces with PDP-11 host 

A version of Preston Scientific's GM 
series of analog-to-digital conversion 
systems includes interface capabili-
ties with most models of DEC PDP-
11 computers and meets the needs of 
high-speed data reduction and anal-
ysis systems. The GMAD-1 features 
512 analog-input data channels, a 
programmable clock, and an option-
al simultaneous sample-and-hold cir-
cuit for very high-speed input data 
channels. It has a 500-kHz conver-
sion rate and 9- to 15-bit resolution. 

Pricing for the GM series a-d con-
verter and ADC11 with driver is in 
the $20,000 range. The GMAD-1 is 
available now. 
Preston Scientific Inc., 805 East Cerritos 

Ave., Anaheim, Calif. 92805. Phone (714) 

776-6400 [386] 

12-bit hybrid a-d 

converter works in 13 ps 

ILC Data Device Corp.'s DDC-5210 
series of hybrid 12-bit analog-to-
digital converters uses the succes-
sive-approximation technique, con-
verts in 13 µs, and typically con-
sumes only 670 mw. The MN 5210 
replacement unit is accurate to with-
in ± 0.05% of full scale and has a 
maximum 1/2 -least-significant bit lin-
earity error. The converters are 
available in two unipolar (DDC-
5210 and -5211) and two bipolar 
input ranges (-5212 and -5216). 
They operate between 0° and 70°C or 
—55° and + 125°C. The devices are 
housed in hermetically sealed 24-pin 
double dual in-line packages 1.3 by 
0.8 by 0.2 in. In lots of 100 units, 
any one of the DDC-5210 series is 
$158. Delivery is from stock or eight 
weeks. 
Lc Data Device Corp., 105 Wilbur Pl., Bohe-
mia, N. Y. 11716. Phone (516) 567-5600 

[387] 
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ow get more room to work, high 
wer, and exciting new optics with the 
Series 1860 Industrial Microscope. 

Here's the ultimate in image quality 
ntrast and resolution. And unlike other 
pes that depend on vertical stage 
ovement for focusing, the 1860 uti-

•zes an exclusive focusing nosepiece 
incipal that revolutionizes the ease 
nd speed of wafer inspection. D And 

fixed stage height provides excel-
t stability and easier use of the 

probes, micromanipulators, carousels, 
and other stage hardware. Result: 
masks, wafers and other components 
are moved on and off the stage 
faster. D Only AO offers built-in 
halogen lamps with 10,000 
hours of life and a full 
20 mm. field of view... 
no other scope even comes 
close. D The unique AO Series 
1860 - another American ideo 

technologies of the 1980's. For 
o demonstration see your AO dealer 
or representative, or write for our 

brochure: American Optical, 
Instrument Division, 
PO. Box 123, Buffalo, 
NY 14240. 

The versatile 1860 accepts comer 
for documentation and is ovailobl 
with attachments to accommodate 

several viewers simultaneously. 
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Instruments 

Burner's sockets 
are independent 

PROM programmer works with 

8080-based S-100 system, 

has software for simplified use 

Having found that programmable 
read-only memories are popping up 
in many final products, Frye Elec-
tronics has developed a multi-PROM 
programmer, the PPS-100, that is 
aimed squarely at the production 
environment. 
Not only is the PPS-100 easier for 

the novice to use than other such 
devices, but it also can simultaneous-
ly program up to eight PROMS, each 
of which gets a separate program 
segment. Thus an entire program 
can be copied at once, and the confu-
sion of having to keep track of sever-
al copying runs and separated PROM 
sets is avoided. 
The programmer works with a 

Z80- or 8080-based S-100 system 
that is equipped with 32-K bytes of 
memory, a 24-line video terminal 
and a CP/M operating system (ver-
sion 1.4 or above). It has three major 
parts—the programming module 
into which the blank PROMS are 
inserted, an interface card for mat-
ing the programmer to the S-100 
system, and operating software. The 

programmer can be purchased by 
itself for $2,500 or in a complete 
system for $7,250. 
The software that comes with the 

programmer tells the operator every-
thing he or she has to know to burn 
PROM s. Since the programmer works 
with a video terminal, rather than a 
hexadecimal keypad and light-emit-
ting-diode display, it is able to pre-
sent a listing of all the commands 
used by the PPS-100. Further, the 
help command gives an operator a 
detailed description of each com-
mand—in effect, the manual is on 
the screen. And error messages are 
not presented as obscure codes but 
printed out in plain English. The use 
of the terminal also makes data 
editing easier, since the operator can 
see a whole block of data rather than 
just a single line. With the PPS-100, 
data can be entered and displayed in 
ASCII as well as hexadecimal integer 
format. 

Download. Because it has been 
designed to work as part of a system, 
the PPS-100 is able to burn PROMS 
with programs stored on disks, so 
that the user can free up the many 
moms previously used for archival 
storage. A disk-stored program is 
downloaded into system random-
access memory, from which it can be 
mapped in blocks to the various 
sockets of the programming module. 
Thus a four-PROM program can be 
reproduced twice in one operation, 
all in the time required to program a 
single PROM. 
The PPS-100 is able to burn 8- to 
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64-K PROMS of the 25XX and 27XX 
series and their generic equivalents 
without using personality modules. 
The programmer is configured for 
the various PROMS by simply en-
tering the PROM type on the termi-
nal. Both 24- and 28-pin PRoms are 
accommodated in the same socket 
through the use of a unique comput-
er-controlled gate. 

Deliveries of the programmer are 
scheduled to begin in mid-October. 
Frye Electronics Inc.. P. O. Box 23391, 

Tigard, Ore. 97223. Phone (503) 620-2722 

[351] 

Light, portable oscilloscope 

operates at 25 MHz 

The 4-1b, 10-oz model 1024A dual-
trace oscilloscope measures 8 by 37/16 
by 8"/16 in. and is the latest addition 
to the Ballantine series 1020 mini-
portable oscilloscope line. It features 
a 25-MHz bandwidth in each of the 
two vertical input channels. The 
1024A provides a vertical deflection 
sensitivity of 5 mv to 2 y per division 
in nine calibrated range steps in the 
two channels, and frequency re-
sponse is from de to 25 MHZ at the 
3-dB point. Time base speeds range 
from 1 is to 0.5 s per division in a 
1-2-5 sequence, expandable by a 
10 x magnifier to 100 ns per divi-
sion. Its internal trigger sensitivity is 
0.35 of a division from dc to 5 MHz, 
increasing to two divisions at 25 
MHz. Divisions on the 8-by-10-divi-
sion screen are 0.5 cm long. 
The 1024A operates from any 10-

to-22-v dc source, including battery 
packs. A wall-mounted plug-in 
ac/dc power adapter permits opera-
tion from 50-to-400-Hz, 117-v pow-
er. An optional power adapter is 
available for 220-to-240-v operation. 



A smart approach to 
containing costs and 
boosting productivity. 
Now, more than ever before, a Chicago 
Laser trim system is the smart way to 
lower overhead and boost productivity. 
From the moment you order a CLS-33 
laser trim system, you're holding the line 
on inflation with a powerful weapon that 
costs less and outperforms competitive 
systems. Its design is advanced, yet not 
extravagant; not wasteful—just what 
you'd expect for the state-of-the-art in 
laser trim systems. It is sophisticated yet 
practical. 

Circle 151 on reader service card 
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The CLS-33 also costs less to operate. 
Designed as "the smart laser trim 
system," its microcomputer is backed by 
the industry's most intelligent software 
operating system. So easy and fast to 
program, an unskilled worker can learn 
to program the CLS-33 in just days. 

Every Chicago Laser Systems trimmer 
must meet rigid quality-control stan-
dards, passing extensive performance 
and burn-in tests. The chances of 
downtime are further reduced by the 
ease of maintaining the system. Should 
a fault occur, it can be rapidly isolated 
with the systematic diagnostic programs 
provided. 
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Above all, the CLS-33 is a high volume 
production system that will increase 
worker productivity and trim the cost 
of laser trimming. With an available 
air-bearing step and repeat handler, it 
trims over 100,000 resistors per hour. An 
automatic stack load/unload station is 
also available. 

For a detailed appraisal of how the 
Smart Laser Trim System can fill your 
needs, contact Chicago Laser Systems. 
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New products 

Delivery for the $1,195 oscilloscope 
is 45 to 60 days after receipt of 
order. 
Ballantine Laboratories Inc., P. O. Box 97, 

Boonton, N. J. 07005 [353] 

Short-circuit locator tests 

with variable-pitch tone 

The 3PX210 Toneohm is a variably 
pitched short-circuit locator. It uses 
a resistance-dependent variable-fre-
quency audio tone for locating a 
short circuit and thus makes it 
unnecessary to disconnect any wiring 
or components. Its direct reading 
meter displays nine resistance ranges 
of 30 rrei to 300 Q. The Toneohm 
can locate solder and land-bridge 
shorts on printed-circuit boards 
within millimeters. It operates with a 
250-Hz injection signal, typically 5 
mv at 300 Net. 
The portable unit's tone is pitch-

dependent upon the resistance be-
tween two hand-held Kelvin probes. 
As the probes are moved closer to 
the short, the pitch rises, reaching its 
maximum when the short is located. 
The instrument costs $595, with 
delivery three weeks after receipt of 
order. 
Three Phoenix Co., 21639 North 14th Ave., 
Phoenix, Ariz. 85027. Phone (602) 242-

6300 [355] 

Programmable calibrators are 

compatible with IEEE-488 bus 

Valhalla Scientific has two program-
mable precision resistance calibra-
tors and a programmable ultrapreci-
sion dc voltage calibrator that are 
compatible with the IEEE-488 bus. 
The model 2714 resistance calibra-
tor provides eight decades of preci-
sion resistance, from 1.0000 S-2 to 10 
Net, while the model 2719 offers val-

ues of 1.9 S.t through 19 Net. Both 
units feature a mid-range accuracy 
of ± 0.005% from 20° to 30°C with 
an extended temperature coefficient 
of 5 ppm from 0° to 50°C. Also, both 
have a 5-ms settling time. 
The 2710A de voltage calibrator, 

which has 10-ppm performance, is 
based on an extremely linear digital 
attenuator scheme that makes am-
plitude programming of a general-
purpose interface bus possible 
through a logic-to-logic interface. A 
built-in kilovolt amplifier provides 
direct outputs of up to 1,200 v; other 
ranges consist of 120-v, 12 v, and an 
optional 120-mv full-scale range 
with 0.1-iv resolution. The instru-
ment has a settling time of 10 ms 
and a temperature coefficient of less 
than 1 ppm from 0° to 23°C. 
The 2417 and 2719 sell for $1,195 

and $1,295 each, respectively, with-
out the interface. The 2701A costs 
$1,895 without the interface. Deliv-
ery is from stock to four weeks. 
Valhalla Scientific Inc., 7576 Trade St., San 

Diego, Calif. 92121. Phone (714) 578-8280 

[354] 

Microprocessor-controlled unit 

tests SCRs and diodes 

The TS230 silicon-controlled-rectifi-
er and diode tester measures gate 
voltage and current and breakdown 
voltage in both directions, with peak 
breakdown voltage capability of 2 
kv. A high-current option is availa-
ble to measure forward voltage drop 
at current levels up to 4,000 A. And 
with this option, change in forward 
voltage drop at rated surge current 
levels can be measured, providing an 
indication of thermal resistance. The 
TS230 uses an 8035 microcomputer 
with 2-K bytes of program memory. 
Upper and lower limits and test con-
ditions are programmable and are 
stored in a non-volatile memory. 
The $4,695 unit can be used for 

in-process or final testing or for 
users' quality assurance, production 
screening, or receiving-test require-
ments. Delivery is in 8 weeks. 
Markenrich Corp., 14946-F Shoemaker Ave., 

Santa Fe Springs, Calif. 90670. [358] 

Generator produces 

45 V impulse into 50 I load 

Picosecond Pulse Labs' impulse gen-
erator produces a 45-v, 370-ps (50% 
duty cycle) impulse into a 50-9 load. 
It also features a back-matched 50-St 
source impedence, a 500-kHz maxi-
mum repetition rate, and low trig-
ger-to-impulse jitter of 20 ps. The 
instrument, with built-in power sup-
ply, rate clock, and variable trigger 
delay circuits, can be used for laser 
diode drivers, instrumentation for 
checking electromagnetic interfer-
ence, transient response testing, 
time-domain reflectometry, and 
short pulse radar. 
The generator is available in two 

models: the 1000A is a bench ver-
sion, and the 1500A is a rack-
mounted version with 0-to-69-de 
step attenuators. The 1000A is 
priced at $1,950 and is available in 6 
weeks from stock. The 1500A sells 
for $3,100 and takes two months to 
receive. 
Picosecond Pulse Labs, 8663 Hollyhock 

Lane, Lafayette, Colo. 80026. Phone (303) 

494-0770 [357] 

Power analyzer senses 

voltage, current, time passing 

The model 636 multifunction power 
analyzer senses ac voltage and cur-
rent and keeps track of time; from 
these measurements it calculates and 
displays watts, watt-hours, reactive 
volt-amperes, reactive volt-ampere-
hours, volt-amperes, phase angle, 
power factor, and frequency. Its fre-
quency range is 40 to 440 Hz. It has 
selectable voltage inputs of up to 600 

and current inputs of up to 50 A, 
both full scale. 

It also features high resolution, 
0.01% of full scale, true root-mean-
square measurements, and a crest 
factor of 3 for current and 2 for 
voltage. The unit has an optional 
IEEE-488 bus output. The $5,670 
unit can be delivered in eight weeks. 
RFL Industries Inc., Powerville Road, Boon-

ton, N. J. 07005 [356] 
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THE DATA I/O SYSTEM 19 PROGRAMMER: 

SAVES ENGINEERSIilam  
SAVES DEVELOPMENT m 
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Data I/0's System 19 
Programmer frees your 
microprocessor development 
system for more important 
tasks. Here's an example: 

An engineer is building six 
prototypes for a new microprocessor 
based product. If each unit has eight 
2708 PROMs, it will take more than 
an hour to program those 48 
PROMs—one at a time—on the 
development system. 

That's time and money 
wasted. 

Instead of tying up the 
development system to program 
PROMs, the engineer could simply 
down load the information into the 
System 19's RAM and free the 
development system for more 
creative tasks. 

That's time and money saved. 
System 19 interfaces more 
easily with more 
development systems than 
any other programmer, and 
accommodates 16 bit 
microprocessor data too! 
System 19 is intelligent. It can 
communicate using RS232C or 
20mA current loop with a variety of 
formats without the need for 
intermediaries like paper tape. 

And Data I/O makes 
interfacing easy because we supply 
application notes explaining exactly 
how to do it. 

System 19 can transmit and 
receive data formatted in: Binary, 
DEC Binary, ASCII-BNPF. 
ASCII-BFLF, ASCII-B10 F, 
5-level BNPF, Spectrum, 
ASCII-Hex, ASCII Octal, RCA 
Cosmac, Fairchild Fairbug, 
MOS Technology Motorola 

• Exorciser, Intel Intellec 8/MDS, 
Signetics Absolute Object and 
Tektronix Hexadecimal. 
System 19 is a valuable 

editing tool. Instead of waiting for 
development system time to refine a 
program, an engineer can also edit 
the program using the System 19 
keyboard. 
The System 19 modular 
concept keeps it state of the 
art. The System 19 is designed 
around a standard mainframe and 
plug-in modules: 

—UniPak: a single, seven 
socket module that programs more 
than 200 different bipolar and MOS 
PROMs and gives you design and 
purchasing freedom for evaluating 
new devices and developing 
second sources. 

—Individual PROM 
Programming Paks: for generic 
PROM families. 

—Individual Logic 
Programming Paks: for devices 
such as FPLAs and PALs. 

—Gang Module: programs 
up to eight MOS devices at once. 
Let us show you the future. 
The Data I/O System 19 is available 
now. To make arrangements for a 
demonstration or to get your 
free copy of this valuable 41/44 ;ijule .4„ 
32-page book, circle 
reader service 
number or 

•Eieove 4)3%6%. 

contact --etwr 
Data I/O, 
PO. Box 308, 
Issaquah, WA 98027. Phone 
206/455-3990 or TOLL FREE 
800/426-9016. 

DATA I/O 
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New products 

Semiconductors 

ECL arrays have 
TTL-level I/O 

Gate arrays can be wired 

to interface with ECL or TTL, 

dissipate 2.3 mW per cell 

Gate arrays have been designed to 
suit a wide range of applications. 
While emitter-coupled-logic arrays 
are extremely high in performance, 
they cannot be directly interfaced 
with TTL circuits. On the other hand, 
mos and some bipolar arrays are 
Tri-compatible, but they are slower. 

This situation led Applied Micro 
Circuits Corp. to develop a series of 
logic arrays with internal ECL cells 
for high performance. The cells are 
surrounded by on-chip Schottky-TTL 
input and output translators for the 
greatest applicability. 
The arrays, which come in 250-, 

500-, and 1,000-equivalent-gate sizes 
(see table), may be used in both rrt 
and (10k) ECL environments, de-
pending upon the selected mask 
option. In the ECL mode, input sig-
nals pass through a compensation 
network, internal cells, and finally 
an ECL-drive circuit to output pads. 
The combined delay of the in-
put/output sections is a mere 1.4 ns. 
In the TTL mode, input signals are 
translated to ECL levels, then pro-
cessed by the internal ECL core, and 

finally shifted back into TTL levels, 
for an input/output delay of 7.6 ns. 
There are two types of internal 

cells: gate cells and function cells. 
Gate cells are wired for up to four 
3-input NOR gates or two 3-input 
OR/NOR gates. The function cells 
may be configured into "anything 
from a simple gate to half of a mas-
ter/slave flip-flop," says Bill Rob-
son, the company's product market-
ing manager. 
The delay of a function cell is 0.9 

ns and that of a gate cell is 7.6 ns. 
These numbers are slightly higher 
than those of a ECL array, but since 
the cells in the new arrays typically 
dissipate only 2.3 mw, "the speed-
power product is far superior, and 
that makes packaging the arrays 
easier," says Robson. Although ce-
ramic dual-in-line, chip-carrier, and 
pin-grid packages are available, the 
smaller Q720 parts can be put in 
plastic packages. 
The company has also put togeth-

er a comprehensive computer-aided-
design system to interconnect the 
array in accordance with the cus-
tomer's requirements. Wafer pro-
cessing requires four conventional 
steps, common to all three arrays, 
plus three masking steps for the cus-
tom layers (two for metal levels and 
one for vias). There are fewer steps 
with this process than there are for 
those of many competitive array 
products. Moreover, all logic func-
tions are chosen from a library of 
predefined macrocells, "so the user 
doesn't have to get down to the tran-
sistor level," says Robson. 
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Because various services are avail-
able from the manufacturer, devel-
opment costs range from $14,000 to 
$30,000. The cost of individual com-
ponents, in 1,000-piece lots, runs 
from $13.00 to $60.00. 
Applied Micro Circuits Corp., 10626 Bandley 

Dr., Cupertino, Calif. [4111 

Monolithic op amp 

drifts only 0.6 µ,V/°C 

Datel-Intersil's AM-430 is a 
chopperless ultralow-drift bipolar 
monolithic operational amplifier. It 
has a 25-µv maximum input offset 
voltage and a maximum input offset 
voltage drift of only 0.6 iiv/°C, as 
well as a 10 open-loop voltage gain, 
a 100-dB minimum common-mode 
rejection ratio, and a 4-nA maximum 
bias current. 
The AM-430 has low input noise 

characteristics: 9 nv/Hz'n voltage 
noise density and 0.2 pA/Hz1" cur-
rent noise density. Dynamic charac-
teristics include a settling time of 11 
us to 0.1% and a minimum slew rate 
of 0.5 v/µs. Its output voltage range 
is ± 10 y minimum at ± 25-mA load 
current with an output protected 
against short circuits. 

Three versions are available: the B 
model described above at $16 in 
quantities of 1 to 24; the A model 
with 75-µN/ input offset voltage max-
imum and 1.3-1/N/TC input offset 
voltage drift maximum at $7.50 in 
similar quantities; and the M mili-
tary version with A model specifica-

Equivalent 
gate count 

Input/output pads 

Maximum number 
of pins per package 

Chip size (mils) 

Number of 
function cells 

Number of 
gate cells 

Q720 0710 Q700 

250 500 1,000 

26 64 76 

28 68 84 

140 by 140 190 by 190 240 by 260 

42 88 156 

14 33 52 



only two reasons 
to use our new krbit microcomputer 

Money and power. 
Let's assume you've already realized 

the advantages of designing a system 
with an OEM microcomputer board. 
Like faster design cycles. Lower pro-
duction costs. And faster time to market. 

That's great. Now you're down to 
two basic choices. You can buy a 
ten-year old minicomputer architecture 
in pieces. Cheap. 
Or you can go VLSI all the way. With 

a much newer, much more powerful 
microcomputer architecture. And 
fortunately, we've made this second 
choice a lot easier to afford. 
Because we're introducing our new 

iSBC'e 86/05 board. Which only costs 
$1,195 in quantities of 100 or more. And 
gives you four times the Whetstone 
power of a low-end minicomputer. Or 
up to 20 times more when you add 
our iSBC 337 Numeric Data Processor. 
In fact, this solution gives you 110,000 
Whetstones, which rivals the perform-
ance of mid-range minicomputers. 
And makes this the fastest numeric 

microcomputer in the world. 
And since this is the only board with 

our 8/16 bit iSBX"" Multimodule con-
nectors, you can add more processing 
power, digital or analog I/O processing, 
and even floppy disks or bubbles. At 
about half the cost you're used to. With 
our Multimodules, you can add 
EPROMs and E2PROMs, too. And 
thanks to our iSBC Multibus" architec-
ture (IEEE P796), when your application 
calls for multiprocessing, you're not 
locked into a uniprocessor solution. 
You won't exactly feel limited by the 

software, either. Because the iSBC 
86/05 board is software compatible 
with our industry standard iSBC 86/12A 
board. Which means it works with our 
iRMX'm 88 executive and our iRMX 86 
operating system, both of which we 
designed to handle real time multitasking 
applications. Even better, because of 
our modular software structure, you can 
customize and extend both of these 
packages to fit your particular applica-

tion perfectly, whether it's in process 
control, or business data processing. 
So look at the speed. The power. The 

range of features and options. Put all 
that together and you're looking at a 
whole new price/performance standard. 
Which should give you two very nice 
things to count on. 
More money. And more power. 
Get in touch with us now and we'll 

tell you more. Write Intel, 3065 Bowers 
Avenue, Santa Clara, CA 95051. 
Or call us at (408) 987-8080. 

Europe Intel International. Brussels, Belgium 
Japan Intel Japan, Tokyo United States and Canadian 
distributors Alliance. Almac/Stroum. Arrow Electronics, 
Avnet Electronics. Component Specialties, Hanulton/Avnet 
Hamilton/Electro Sales. Harvey. Industrial Components. 
Pioneer. L A Varah, VVyle Distribution Group. Zentronics 

delivers 
solutions 
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NE ZENDEX MODEL 835 DEVELOPMENT SYSTEM 
"High Performance At A Low Price" 

Plug compatibility. That's what the 

ZENDEX Line offers you. Any board or 

software that works on your Intel 2 Intellec2 

System will also work in the ZENDEX 

Model 835. That includes ISIS-11 Single or 
Double Density, In-Circuit-Emulators, and 

Universal PROM Programmers. 

MUM 

The Model 835 System includes a cabinet 
with two Shugart SA801R Drives, and a 

CPU cabinet that utilizes the powerful ZX-

85 SBC CPU, ZX-200A MM FM & FM 

Diskette Controller, and parallel 10 Inter-

faces for CRT, TTY, LPT & UPP. 

CP/M 3 Operating Systems included. 
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1 — TM ZENOEX Corp 

2 — TM INTEL Corp 
3 — TM Digital Research 

Zendex Delivers, Value! 

6680 Sierra Lane. Dublin. CA 94556 • 14151 829-1284 • TWX 910 389 4009 
Licenses to run Intel Software on ZENDEX products must be obtained from Intel 
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Who stole page 39? 
This whodunit happens all the time. 

By the time the office copy of Electronics 
Magazine gets to your name on the routing slip, 
a page is missing. Or maybe the reader service 
cards. Or an entire article has been clipped. 
Sometimes you never get the magazine at all. 

Other times the magazine is ( glory be!) 
intact. But dogeared_ Or otherwise abused. Or at 
the very least, you get it late. 

OK, we'll grant that a second-hand, 
third-hand, or maybe seventh-hand copy of 

Electronics is better than none. But it's no 
substitute for the copy that comes directly 
to you—to your home if you wish—with 
up-to-the-minute news and information of the 

technology in this fast-moving field. 
'Ib get your very own subscription to 

Electronics send in a subscription card from this 

magazine. And if they are missing, write to 
subscription department, Electronics, 
McGraw-Hill, 1221 Avenue of the Americas, 

New York, N.Y. 10020. 

Electronics Magazine. 
The one worth paying for. 



New products 

tions at $22.50 in the same quanti-
ties. All models are packaged in a 
hermetically sealed eight-pin TO-99 
case. Delivery of the AM-430 is six 
to eight weeks after receipt of order. 
Datel-Intersil, 11 Cabot Blvd., Mansfield, 

Mass. 02048. Phone (617) 339-9341 [414] 

Software-controlled op amp 

settles in 2.5 gs 

The LH0086 is a software-controlled 
operational amplifier fast enough at 
3 MHz to operate with today's high-
speed analog-to-digital converters. 
Made with National's Bi-FET II 
combined bipolar and field-effect-
transistor technology, it uses a 3-bit, 
TTL-compatible control input to se-
lect a gain of 1 to 200, with an 
accuracy to within 0.2% and a set-
tling time of 2.5 le at a gain of 1. 
The LH0086 also features a gain 
temperature coefficient of 1 ppm/°C 
at unity gain and an input bias cur-
rent under 500 pA. Designed for use 
in fast data-acquisition systems such 
as those used in vibration analysis, it 
is available in commercial and mili-
tary versions in a 16-pin, hermetical-
ly sealed metal dual in-line package. 
In quantities of 100 and up, it is $37 
each. Delivery takes four weeks. 
National Semiconductor, 2900 Semiconduc-

tor Dr., Santa Clara, Calif. 95051 [413] 

Output-stage MOS FETs 

switch in under 1 ns 

ZVN14 and ZVP14 are two series of 
complementary n- and p-channel 
double-diffused mos field-effect 
transistors boasting subnanosecond 
switching speeds. Designed for front-
end applications, the devices are 
suitable for audio and low-noise 
radio-frequency amplification and 
output stages, as well as for direct 
interfacing with microprocessors and 
integrated-circuit logic families. 
They use a vertical D-MOS process 
with compact interdigitated geome-
tries for an input capacitance of less 
than 2.5 pr. Each series consists of 

eight devices, with ratings ranging 
from 40 to 200 y and maximum 
drain current of 100 mA. The 
ZVN1404A is $0.45 and the 
ZVP1404A is $0.55 in quantities of 
100 units or more. Delivery is from 
stock to 10 weeks, depending on volt-
age rating. 
Ferranti Electric Inc., Semiconductor Prod-

ucts Group, 87 Modular Ave., Commack, 

N. Y. 11725. Phone (516) 543-0200 [415] 

Precision BiFET op-amp pairs 

have matched input offsets 

The AD642 and ADD644 are dual 
operational amplifiers made with 
bipolar and field-effect transistors 
that have the same precision as their 
single amplifier counterparts, the 
AD542 and -544. Their maxiumum 
offset voltage of ±0.5 mv, L grade, 
is matched to within ± 0.25 mv, 
maximum. Low initial offset voltage 
is combined with low temperature 
drift, resulting in a maximum offset 
error over temperature of only ± 1.0 
mv, L grade. Offset tracking be-
tween amplifiers is also guaranteed 
to be no more than ± 1.0 mv over 
temperature. The maximum input 
bias current of both models is 35 pí 
for the K, L, and S grades and 75 pA 
for the J grade. The devices also 
feature matching of the input bias 
current with the AD642 at 15 pA for 
K, L, and S grades and 25 pA for the 
J grade, maximum. The 644's fig-
ures are 35 and 25 pA for the same 
grades. 
The devices are available from 

stock and cost $4.50 for the J grade 
in lots of 100 pieces; the K, L, and S 
grades are $6.75, $9.50, and $18.95. 
Analog Devices, Rt. 1 Industrial Park, P. 0. 

Box 280, Norwood, Mass. 02062 [416] 

oks like all the others beCaus 
real many applications, it nee 

little modification. In fact, m 
our 0.E.M customers are quit 
pressed with how quickly and 
onomically we can customize t 
ta recorders to meet their exac 

- Etquirements. 

1 r wever, many others find the s 
rd, off-the-shelf Micro-Discs a 
fect for their needs, with no ; 
. dification at all. It's not so sur-
ising when you consider all the 
ndard features: 

Microprocessor control 
String and global search 
- Automatic file directory and 
freespace count 

• Dual RS-232 ports 
• Variable file lengths 
• Powerful text editor 
• Rack mount or desktop 
• Disc repack feature 
• 110 to 9600 Baud, switch 

selectable 
• 200 KBytes per diskette 

Read-after-write 
error checking option 
If you need super secure data integri-
ty, our optional Read-after-write error 
checking feature will double-check 
every entry to ensure that data 
recorded is identical to data entered. 

The O.E.M. Micro-Disc— 
It's worth a closer look 
Dependable, versatile Micro-Discs. 
You'll be surprised how easily they fit 
into your designs. For complete 
details, write or call today: 

7ICHTRAN 
I/VOLIS TRIES. INC 

200 Commerce Drive 
Rochester, NY 14623 
(716) 334-9640 
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New products 

Microcomputers & systems 

Prototyping card 
interfaces bus 

Fully buffered S-100 interface 

is joined by address decoders, 

control logic, supply regulators 

For system designers tired of rein-
venting the wheel every time they 
prototype an S-100 microsystem bus 
device, relief is here in the form of a 
printed-circuit board called the 
Kluge Card from Ackerman Digital 
Systems. 
The card includes all the interface 

circuitry required to exploit the full 
capabilities of the IEEE-696 stan-
dard for the S-100 bus, including 
bidirectional 16-bit data transfers, 
full 24-bit addressing, and extended 
device and memory selection for 
boards occupying the same address 
space. It also has several jumper 
options and supports multiple power 
supplies. Its prototyping area accom-
modates approximately 25 small-
scale integrated circuits and an 80-
pin header for off-board input/out-
put. 
The Kluge Card is fully buffered 

on all data, address and control lines, 
with legends on the board marking 
the most frequently used ones. 
The board decodes the 24-bit ad-
dress bus with switches in dual in-
line packages. A complement of easily 

removable jumpers is used to select 
the rest of the on-board options, 
including the ability to generate 
either one, two or no wait states for 
collecting data from slow devices. 
The jumpers on the board also 

accommodate a wide variety of pow-
er supply regulators (including any 
combination of +5, — 5, + 12 and 
— 12 v). The address-decoding cir-
cuitry is joined by logic to generate 
commonly used S-100 control sig-
nals, such as memory-write. The 
control lines for 16-bit data transfers 
are available as well. 
The Institute of Electrical and 

Electronics Engineers standards 
committee, seeing the large portion 
of an S-100 card's real estate occu-
pied by the bus interface, has speci-
fied a double-sized board standard, 
which allows the bus interface to 
serve nearly three times the circuit-
ry. The larger card and the growing 
number of higher-quality boards for 
the S-100 bus are helping what 
began as a hobbyist's bus evolve into 
an industrial-quality medium. The 
company plans to offer a double-
sized Kluge card this September. 
The single-sized Kluge card is 

available now as a bare board for 
$40 or for $150 with parts, in four 
power-supply configurations. It is 
constructed on either FR-4 or G-10 
printed-circuit board material and 
has plated through-holes, gold-
plated nickel contacts, and solder-
mask legends for all parts. 
Ackerman Digital Systems Inc., 110 North 

York Rd., Elmhurst, III. 60126. Phone (312) 

530-8992 1372) 

II I iTheli111111111111111111 II 

Signal tracer-analyzer 

finds Multibus breakpoints 

The ZX-907 snc-Bus signal tracer 
and analyzer aids in debugging and 
integrating Multibus systems. With 
it, a single breakpoint may be 
described that is forwarded to high-
speed hardware comparators. Its 
cathode-ray tube will display 1,024 
events, 40 bits wide, leading up to 
the breakpoint. Display-command 
switches allow the selective display 
of memory of input/output events. 
An 8085A central processing unit 

contained in the ZX-907 provides 

the intelligence to control the trace 
and to communicate with the user 
via an 8251A universal synchro-
nous/asynchronous receiver-trans-
mitter. The trace memory consists of 
ten 2114-2 static random-access 
memories for 1,024 by 40 bits of 
trace. A test point permits the input 
of external trace discontinuance. In 
small quantities, the ZX-907 is 
$2,900. Delivery takes three weeks. 
Zendex Corp., 6680 Sierra Lane, Dublin, 

Calif. 94566. Phone (415) 829-1248 [3731 

M-2000 video controller 

mixes graphics, alphanumerics 

Metacomp's Multibus-compatible 
M-2000 video-controller board has a 
resolution of 512 by 512 picture ele-
ments and allows graphics and 
alphanumerics to be mixed. The full 
20-bit addressing capability displays 
information on monochrome moni-
tors for on-line graphics and data 
processing applications. 
A 5-m H z 8085A-2 microprocessor 

controls all board functions and 
translates single-byte commands into 
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functions such as scrolling, drawing 
lines and boxes, and displaying mix-
able text and graphics. In addition, it 
controls the setting of the on-board 

e/i 0 .•••i11111111-111 

time and date clock, software selec-
tion of three character sizes, and 
point-by-point dot display. The 
board has a spare socket for a user-
customized character set. 
The $995 M-2000 is available 

from stock. Delivery is 30 to 45 days 
after receipt of order. 
Metacomp Inc., 7290 Engineer Rd., Suite F. 

San Diego, Calif. 92111. Phone (714) 278-

0635 [374] 

Lisp computer includes 

graphics for VLSI design 

The LM-2 Lisp computer is an inter-
active intelligent design station for 
software, digital hardware, inte-
grated circuits, and mechanical 
parts. It is an interconnected system 
of symbolic computers that dedicates 
a computer to each user. 
A basic LM-2 system has a micro-

coded central processing unit, 1 
megabyte of main memory, an 80-
megabyte disk, a black and white 
bit-mapped graphics display with a 
resolution of 800 by 900 picture ele-
ments, a keyboard, and a 4-mb/s 
local-network interface. In addition, 
it has systems, network, and graph-
ics software. An LM-2 station con-
sists of a free-standing disk cabinet 
and a display terminal. 

Options include color graphics 
with 576 by 454 pixels, a 4-mega-
byte memory, a 45-in./s tape drive 
and Unibus Chaosnet interface for 
connecting to Digital Equipment 
Corp. computers. The basic system 
is $99,000, with delivery three 
months after receipt of order. 
Symbolics Inc., 21150 Califa St., Woodland 

Hills, Calif. 91367. Phone (213) 347-9224 
[375] 

CRT terminal houses STD-bus Graphics controller board 

Z80 development system features 512 by 512 pixels 

An input/output terminal, computer 
mainframe, and mass storage config-
ured in one package provide the 
industrial and scientific user with a 
fully integrated sTD-bus Z80 devel-
opment system. The Microsystem 4 
includes a 4-MHz central processing 
unit, 60-K bytes of programmable 
memory, 1 megabyte of double-den-
sity floppy-disk storage, a Hall-
effect keyboard, serial RS-232-C 
and programmable parallel vo in-
terfaces, and two 7-by-12 character 
sets stored in erasable program-

mable read-only memory (with cus-
tom-designed sets available). 

It can be used with either the 
CP/M 2.2 or Forth disk operating 
system. Its cathode-ray tube, in an 
80-by-24-character format with an 
800-line resolution, provides reverse-
normal, video, underscoring, blink-
ing, and half and full intensity for 
each character. 
The unit comes in a 16-position 

rack-mountable card cage that may 
be used with any available STD-

bus—compatible circuit cards. It may 
be removed for easy access for devel-
opmental and prototyping applica-
tions. Also, all of the system's circuit 
cards are sTD-bus units and may be 
used in any STD-bus mainframe. 
The Microsystem 4 costs $4,980, 

with discounts available to original. 
equipment manufacturers on large 
orders. Delivery is within four weeks 
from receipt of order. 
Applied Micro Technology Inc., P. O. Box 

3042, Tucson, Ariz. 85702. Phone (602) 

622-8605 [376] 

With the RGB-GRAPH Multibus-
compatible color graphics controller, 
a system designer may design a 
graphics system that is equal or 
superior to a turnkey system and at a 
lower cost. The controller produces a 
bit-mapped display with various 
user-selectable resolutions of up to 4 
bits/picture element. Each pixel can 
be addressed via a pair of X and Y 
position registers having an automat-
ic incrementing-decrementing capa-
bility for high-speed vector drawing. 
The board supports direct memory 
access data transfer from the host. 

Video parameters like horizontal 
and vertical synchronization timing, 
blanks, and refresh rate are soft-
ware-programmable and they enable 
the user to drive almost any black 
and white or color monitor. The 
RGB-GRAPH ranges in price from 
$895 to $2,520 depending on resolu-
tion. Quantity discounts are avail-
able. Delivery is four to six weeks 
after receipt of order. 
Matrox Electronic Systems Ltd., 5800 An-

dover Ave., T. M. R., Montreal, Quebec H4T 

1H4, Canada [377] 

Controller gives Z80 

9-track IBM compatibility 

The Alloy Engineering TZ-80 con-
troller links any IBM-compatible 
nine-track formatted tape drive to 
Altos or other 4-MHz Z80A-based 
single-board microcomputers via 16 
input/output ports. It has full sup-
port from Alloy's Tape Interchange 
Package software under CP/M and 
MP/M operating systems. 
The controller is 6 by 6 in. and 

operates from a + 5-v dc supply at 
400 mA. The TH, software comes on 
a single-sided, single-density 8-in. 
floppy disk in CP/M format. It is 
priced at $600. Delivery is from 
stock. 
Alloy Engineering Co., Computer Products 

Division, 12 Mercer Rd., Natick, Mass. 

01760. Phone (617) 655-3900 [378] 
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New products 

Software 

Pascal for 1802 
is multitasking 

Language lets microprocessor 

perform real-time control, 

accesses low-level features 

A version of Pascal designed for use 
by original-equipment manufactur-
ers in real-time multitasking applica-
tions is now available for RCA's 1802 
microcomputers. The Micro Concur-
rent Pascal system was written by 
Enertec of Landsdale, Pa. [Electron-
ics, Dec. 4, 1980, p. 157] but will be 
sold directly by RCA. 

It extends sequential Pascal into 
real-time applications by including 
all the low-level machine-access 
functions of assembly code in a high-
level language. It consists of a cross 
compiler that runs on various host 
systems and an interpreter and ker-
nel resident on the target 1802 sys-
tem. Compiled programs are down-
loaded into the 1802 system via a 
switchbox (from RCA) to which 
1802, host, and terminal are hooked. 
Micro Concurrent Pascal adds to 

standard Pascal constructs that per-
mit multiple tasks to be synchro-
nized efficiently. Processes run inde-

pendently but simultaneously. They 
can share data, communicate, and 
selectively delay execution of time-
critical portions of code while wait-
ing for another process. 

Thus, real-time control applica-
tions or any multitasking situation 
requiring synchronization can be 
carried out in the high-level lan-
guage, though assembly language 
subroutines can be called if desired. 
The software may be interrupt-driv-
en and can access the 1802's special 
direct-memory-access hardware. 
The cross compiler runs on all 

Digital Equipment Corp. minicom-
puters; Hewlett Packard's 1000, 
2100, 3000, 30/33 and 44: the IBM 
3033 and 370; Data General's 
microNova, Nova, and Eclipse; 
8080s and Z8Os running CP/M; and 
anything running UCSD Pascal ver-
sion 2.0 or higher. 
The code produced by the cross 

compiler is a pseudocode that 
requires a run-time interpreter-ker-
nel to be resident on the target sys-
tem for execution. The interpreter-
kernel is written in 1802 assembly 
code and occupies 3.6-K bytes in 
memory or 4.6-K bytes if floating-
point arithmetic is required. It 
includes all the machine-dependent 
code for real-time scheduling, inter-
rupt vectoring, and relocation of 
modules. RCA holds the exclusive 
distribution rights to the 1802 inter-
preter-kernel, but it will also distrib-

CROSS-COMPILER SYSTEM 
RUNS ON 

POPULAR HOSTS 

MICRO 
CONCURRENT 

PASCAL 

SOURCE 
CODE 

MCP 
COMPILER 

MCP 
PSEUDO 
CODE 

INTERMEDIATE 
CODE 

DOWNLOADING 
VIA 

SWITCHBOX 
AND MODEM 

ute them for the 68000, Z8000, 
8086, LSI-11, 6809, Z80, 8080, and 
others. 
The cross compiler (CDP 18S844) 

costs $1,500, and the interpreter-
kernel (CDP18S852) $750. 
RCA Corp., Solid State Division, Route 202, 

Somerville, N.J. 08876 [401] 

Marathon gives Unix users 

data-base system 

Marathon, a commercial data-base 
management system, is a collection 
of programs to aid in building single-
or multiple-user applications on 
Unix and Unix-compatible operating 
systems. Its components include an 
interactive query language, an inter-
active data-entry and maintenance 
program, several report writers, au-
dit trail and recovery programs, and 
the utilities needed to create, use, 
and modify data bases. 

These flexible tools permit simple 
systems to be configured without 
programming. For programming, 
Marathon includes interfaces for 
standard languages. Pricing ranges 
from $4,000 for versions for Onyx 
computers to $8,000 for DEC's VAX 
series and Perkin-Elmer machines. 
Delivery is immediate. 
Relational Database Systems Inc., 1208 

Apollo Way, Suite 503, Sunnyvale Calif. 

94086. Phone (408) 746-0982 [402] 

TARGET SYSTEM EXECUTES p-CODE 
VIA INTERPRETER 

p-CODE 

APPLICATION 
PROGRAM 

MCP 
INTERPRETER/ 

KERNEL 

OBJECT 
CODE 

Custom kernel. Micro Concurrent Pascal from RCA consists of a cross compiler and an interpreter-kernel that resides in the target 

microsystem. RCA is entering the market for software for processors besides its own: kernels will support Motorola, Intel, and DEC designs. 

160 Electronics/August 11, 1981 



WE'D LIKE TO GET YOUR MOS IMPRESSIONS 
ON OUR WAFERS. 

WE'LL PRODUCE THEM BETTER 
AND FASTER THAN 

ANY FOUNDRY SERVICE AVAILABLE. 

Start with your tooling and test 
programs. 

Bring them to ZyMOS. Our 
customer tooling service will 
allow you to get your products 
manufactured fast and reliably. 
Our 30,000 square foot build-

ing includes a brand new 9,000 
square foot fab area for four-inch 
wafers that's just waiting for your 
job. The facility houses a cross-
section of the latest state-of-the-
art equipment. And we have one 
of the most quality conscious 
wafer manufacturing operations 
in the country. 

ZyMOS processes are industry 
standard, so compatibility with 
your tooling is seldom a 
problem. All of our efforts are 
geared toward lowering manu-
facturing costs and increasing 
quality for our customers. 

In addition to our customer-
owned tooling service, ZyMOS 
offers complete full custom design 
and production with silicon-gate 
NMOS, silicon-gate CMOS and 
metal-gate CMOS. And we have 

ZyP, a revolutionary computer-
aided design system. 
To get your impressions made 

on our wafers, or to find out more 
about any of our services, call 
ZyMOS Marketing at 408-730-8800; 
or write "Foundry Service" on 
the back of your business card. 
Drop it in the mail and we'll give 
you a call. 

477 North Mathilda Ave. 
Sunnyvale, California 94088 
(408) 730-8800 

WHERE SILICON SOLI ITIONS ME CUSTOM MADE" 
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BOSCHERT. 
STAYING P 
IN SWIM 
ORIN 

INTRODUCING TWO NEW 
POWER SUPPLIES THAT 

STAY WITH YOU IN LOW-COST, 
LOW-POWER APPLICATIONS. 

When you're in today's 4 competitive smart terminal 
marketplace, you have to choose 

power supplies carefully. You need 
' performance and low cost, but Àyou want it from a source you can 
count on. Now Boschert delivers two 
new multiple-output switching power 

supplies designed to give you the cost, 
performance, and reliability you need 
today, including VDE 0730. 
For low-power applications, use our 

40-watt, XL51 supply; for higher-power 
applications, the new 60-watt XL53 is 
ideal. Both provide cool, efficient power in 
Boschert's field-proven, open frame design. 
And both give you the economy you need in 
today's cost-sensitive environment. You can 
build in either of our XL supplies for a cost of 
only about $1 per watt, depending on quantity. 
Of course, custom variations are available. 

In fact, you can count on Boschert for your 
full spectrum of switching power supply require-
ments. From 25 to 1500 watts, from prototype 
to volume production, Boschert's a world leader. 

For more information on our new, low-cost 
CRT series or switching power supplies of any 
specification, write Boschert Inc., 384 Santa 
Trinita Ave., Sunnyvale, CA 94086. Or call 
(408) 732-2440. 

-Boschert 
SWITCHING POWER 

Circle 162 on reader service card 



Products Newsletter  
DG alms desktop 

computer at 

technical OEMs 

Register reads 

prices aloud 

Ti adds low-cost 

1-MHz member to 

TMS7000 line 

Data General Corp. has expanded the microNova computer line to include 
desktop application with the unveiling of the MPT/100 technical com-
puter [Electronics, June 30, p. 143]. The unit from the Westboro, Mass. 
firm includes 64-K bytes of main memory, 716-K bytes of diskette storage 
in two drives, an 83-key keyboard, and a 12-in, cathode-ray-tube termi-
nal. Its software complement includes Fortran IV, Basic, and Pascal. In 
addition to a pair of RS-232-C ports, the MPT/100 has a 10-megabyte 
serial input/output bus. It offers an accessory interfacing chip for serial-
to-parallel and protocol conversion, easing connection to medical, process 
control, numerically controlled laboratory automation, and other technical 
peripheral equipment. Company spokesmen say that more standard inter-
faces for the $5,350 unit will be offered soon, as well as new peripherals. 

The Positalker talking cash register from National Semiconductor Corp. 
bowed at the Independent Grocers' Association convention last month in 
Chicago. Designed as a plug-in module for the firm's point-of-sale termi-
nals, the unit employs National's speech synthesis technology to call out 
the prices of items as they are scanned or entered manually. At list price, 
the Positalker will add a $350 premium to the cost of the company's 
Datachecker T-2000 terminal, which sells for around $3,000. Though the 
cash register is available now, the Santa Clara, Calif., firm says it will 
currently equip only one store per customer. 

To encourage consumers to upgrade from 4-bit microcomputers to its 8-bit 
family, Texas Instruments Inc. is adding a lower-cost, slower member to 
its TMS7000 line. The 7020-1, n-mos single-chip computer will resemble 
Ti's current 7020, which has 2-K bytes of read-only memory. However, the 
7020-1 features a 1-MHz clock frequency instead of the standard 5-MHz 
rate. The new part will be housed in a 40-pin dual in-line package with 
70-mil pin spacings rather than the standard 100 mils. In quantities of 
5,000 units, the 7020-1 is $5.50 apiece, compared with $7.30 each for the 
7020. It will be available later this year. 

New etchant allows EIAU2, a new etchant formulation from Union Etchants International 

view of rocess 
Inc. is said to offer the widest temperature range available in its field. Used 

p, for etching gold conductor patterns in thin-film hybrid circuits and micro-
offers 1-mil lines wave integrated circuits, the Woburn, Mass., firm's solvent XB etches over 

a range of 10° to 60°C without either crystallization or excess cyanide 
emission. Also, because it is transparent, it allows close observation and 
control of the etching process, letting users reach 1-mil line widths. 

Motorola drops 

processor prices 

Citing yield enhancements on its 16-bit microprocessors, Motorola Inc.'s 
mos Integrated Circuits division in Austin, Texas, is slashing the price of 
the MC68000 40% in orders of 1,000 units. Prices will drop from $124.85 
to $74 each. In orders of 100 pieces, the ceramic side brazed 6-m Hz chip 
will be $86, compared with the old price of $158.80. Motorola is also 
cutting the prices on its 8-bit complementary-mos microprocessors by as 
much as 30%. The MC146818 real-time clock is now $7.35 in thousands, 
down from $10.40, and the MC68705P3 microcomputer has been reduced 
from $54.50 to $36.55 in similar quantities. 
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S.W. & SUNBELT 
• Circurts EE s • Microsystems 
Systems EE s • Software Design 
• Product EE s • Hardware Design 

$20,000 to $45,000 
100% Fee Paid 

Specializing in placing EE s with data 

acquisition peripheral and 
instrument manufacturers across 
Southern U.S. Send resume, geogra 

phic preference. salary and salary 

requirements to: 

"robe«, Thompson companies Inc 

Mu Management & Employment 

g Consultants 
2200West Loop South Sulte800 
Houston. Texas 77027 
17131627-1040 

DESIGN ENGINEERS to $38K. 
Central Penna 6. nationwide. 
Design connectors / terminals. 
microprocessors. controls Re -
ply in confidence to Z A. Don' 
glewski. MECK ASSOC PER-
SONNEL, 1517 Cedar Cliff. 
Camp Hill, PA 17011 (717/ 
761 47771 floe NATIONAL 

PERSONNEL 
CONSULTANTS 

POSITIONS VACANT 

Engineers. All disciplines. EE/ 
CS Entry to executive Locations 
throughout U.S All fee com-
pany paid Send Resume to: 
F-O-R-T-U-N-E Personnel. Box 
106, 3005 S. Michigan, South 
Bend, IN 46614. 219-291-7161. 

Electronic Engineers—Sunbelt/ 
Southwest. Opportunities in Design 
Software. Digital/Analog, Micro-
processing. Personalized representa-
tion. Employer fee paid. J. Gifford 
Inc 5310 East 31st Street, .225 
Tulsa. Oklahoma 74135.19181 665-
2626. 

POSITIONS WANTED 

Seek responsible challenging po-
sition in Europe. 18 years expe-
rience in micro computer / com-
puter hardware/firmware/soft-
ware / training / management. 
Fluent German. PW-4252, 
Electronics. Telephone 316 / 
775-3348. 

Electronic Engineer MS, MBA, 8 
years experience Seeks career 
opportunity in ATE design or 
Product Test. PW-4691, Electron-
ics 

EMPLOYMENT SERVICES 

Electronic engineering growth posi-
tions with clients located nationally. 
Our service is enhanced by the fact 
that I am an EE with 20 years in in• 
dustry and over 10 years in placing 
professionals on an employer fee 
paid basis Send your resume to Joe 
Torcassi, Director. J Anthony' & 
Associates. PO Drawer AD, Lynch-
burg, OH 45142 513/364-2305. 

RESUMES 

Resumes—Complete instructions 
and examples. $4. Consultants. Box 
567 —J Bergenfield. N.J. 07621. 

Career outlook 

Fair chance for job hunters 

Electronics companies are scouring 
the country for engineers and pro-
grammers. Their recruiting methods 
range from the expected —want ads 
and the like—to the ingenious — 
message-bearing blimps. Not sur-
prisingly, a new class of entrepre-
neurs has emerged to help them. 
One of those is a Minneapolis 

business man, Bill Aberman, who 
has founded Technical Career Job 
Fair. His company, Business People 
Inc., started with one show four 
years ago, held in Minneapolis. This 
year, there will be 23 in 11 cities: 
San Jose and Irvine, Calif.; Dallas 
and Houston; Washington, D. C.; 
Boston; Denver; Chicago; Phoenix; 
Minneapolis; and Fort Lauderdale. 
The concept is a simple one, 

designed to make it easy for prospec-
tive employers and employees to get 
together. The Job Fair is a two-day 
show, running all day Monday and 
Tuesday, right into the evening. 
Attendance ranges from 1,500 to 
3,000; admission is free. 
"For a nominal fee, the company 

gets a chance to talk to hundreds of 
applicants during the two-day peri-
od," says Aberman. He adds that the 
fairs are especially attractive to tech-
nical personnel who are already 
employed. Because of the fair, they 
do not have to send out resumes to a 

long list of companies or agencies. 
The roster of electronics compa-

nies that have used Aberman's ser-
vice contains familiar names. Among 
them are Wang, Control Data, Sper-
ry Univac, General Electric, Interna-
tional Telephone & Telegraph; Tex-
as Instruments, Honeywell, TRW, 

Gould-Modicon, General Telephone 
& Electronics, and Ford Aerospace. 

For companies, the fairs seem to 
work. Mike Oliver, group industrial 
relations manager at Signetics Corp. 
in Sunnyvale, Calif., says, "the fair 
provides excellent visibility because 
in Texas they've never heard of us. 
We're able to convince prospects 
that California is not a horror story. 
We estimate the costs are approxi-
mately $750 per hire." 
As for numbers, the record is held 

by GCA Inc. of Burlington, Mass., a 
maker of semiconductor manufac-
turing equipment. The company, 
which has appeared twice yearly at 
the Boston show since 1979, once 
hired 40 persons at a single show. 
Aberman believes his concept will 

pay off as long as there are shortages 
in high-technology fields. He says, 
"Our expansion has come about in 
large measure because we are pro-
viding an important, effective service 
to help resolve a serious and continu-
ing employment problem. Our Job 
Fair will not replace the traditional 
methods of job hiring." 
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Who will be first 
to sweep the skies 

of the world? 
It could be you and Hughes Ground 

Systems. 
We're pioneers in 3-D radar, and a 

world leader in deployed automated air 
defense systems. Throughout the 
NATO countries, the Far East and 
across the United States, our systems 
form protective rings around the world. 
And there's more. Hughes Ground 

Systems' sonar, radar, communica-
tions, computers, software and dis-
plays form total interactive systems for 
whole countries, and we're there from 
inception to completion. 

From undersea systems to the depths 
of space, there's really no limit to your 
career at Hughes. 

In fact, today, Hughes is one of the 
nation's largest employers in virtually 
every electronic, scientific, computer and 
technical discipline — with 1,500 projects 
and a backlog of over $6 billion. 
Who will be first with the land, sea 

and air security of the free world? It 
could be you and Hughes. 

At Hughes Fullerton, we'll introduce 
you to people, ideas and jobs that could 
change your world. And maybe ours. 

It could be you and Hughes 
Ground Systems 

Call or send resume to: 
Hughes Ground Systems 
P.O. Box 4275, Dept. E-8A 
Fullerton, CA 92634 
(714) 732-7623 

Current openings: 

ASW/USW Systems Engineers 
CAM/Engineers/Programmers/CAT 
Circuit Design Engineers 
Communication & Radar 
Systems Engineers 

Communications Systems Engineers 
Data Processing & 

Display Engineers 
Field Engineers 
Manufacturing Systems 

Analysts (Operations) 
Programmers — Sonar, Real Time 
Radar Systems Engineers 
Signal Processing Engineers 
Software Systems/Test Engineers 
Test & Integration Engineers 
Torpedo System Engineers 

HUGHES 
HUGHES AIRCRAFT COMPANY 

Proof of U.S. Citizenship Required 
Equal Opportunity Employer 

Electronics/August 11. 1981 165 



RELIABIUTY ENGINEERING 
MANAGER 

THE OPPORTUNITY: Overall reliability engineering responsibility for the 

United Technologies Microelectronics Center (UTMC), a new electronics 
operation in Colorado Springs. This state-of-the-art facility focuses on 
custom VLSI circuit design. using CAD and CMOS gate array technology. 
Resources are extensive, the environment intimate, exclusive and staffed 

with world-class microelectronics talent. 
THE REQUIREMENTS. MS. Ph .D in Physics or EE with substantial ex-

perience in semiconductor reliability physics. MIL-STD-883 testing. high 

stress accelerated life testing and automated data acquisition background 

is highly desirable. 
THE COMPENSATION: Excellent salary and fringe benefits package 

including paid relocation Contact Les Gaskins collect at (303) 594-8000 
or send a resume in confidence to UTMC, 4525 Northpark Drive, Colorado 

Springs, CO 80907 

UNITED 
TECHNOLOGIES 
MICROELECTRONICS 
CENTER 

UTMC is an equal opportunity employer nvirriry C1981 United Techudiuges Microelectronics Center 

MANAGER, 
SIGNAL 

PROCESSING 
ENGINEERING 

An immediate need exists 
for an individual to manage 
a small group of engineers 
in the development of 
concepts, decisions on 
tradeoffs, and final design 
of signal processing 
systems. Interested 
individuals should have 
experience in analog and 
digital circuit design, radar 
systems, waveform 
generation, and A/O 
conversion. 

Our client, located in an 
ideal New Jersey suburb, 
has an outstanding 
reputation in the 
development of radar 
systems as well as in the 
recognition and 
development of 
engineering talent. 

Compensation and benefit 
programs are more than 
competitive and relocation 
assistance is available. 

If you are interested in this 
outstanding opportunity, 
call collect or send your 
resume to: 

John Tucker 
(215) 968-0707 

WALSH 
Walsh Engineering 
Placement Service 

The Commons West 
638 Newtown-Yardley 
Road 
Newtown, PA 18940 

Equal Opportunity 
Employer 

ELECTRONICS 
RESEARCH 

BS-PhD in physics, engineering or 
inorganic chemistry. Multiple posi-
tions open. Expertise in; 

Microelectronics 
Silicon Processing—Arrays 
Integrated Circuit R&D 

SFA is one of the fastest growing 
companies in the U.S. (top 200). In ad-
dition to a highly competitive salary 
we offer an excellent fringe benefit 
package. If you are interested in doing 
electronics R&D in a beyond the state-
of-the-art environment, send resume 
or call 301-262-4400 

Dr. Kedge Mahaffey 
Sachs/Freeman Associates, Inc. 

14300 Gallant Fox Lane, Suite 214 
Bowie, Maryland 20715 

ENGINEERS 
$20,000-$60,000 

Choice positions in Pennsylvania 
and nationwide We have been 

Placing electronics engineers for 

more than 17 years Send resume 
n strict confidence to John G Weir 
Pres We will call you at your borne 

to discuss your personal career 
goals 

WEIR PERSONNEL SERVICES, INC 
535 Court Si Reading PA 19603 

  215 376 8486   

Engineers 
• Design 
• Development 
• Project 
• Software 

S20,000-S50,000 
Riddick Associates Engineering 

Division specializes in placement of 
electrical and electronicsengineers 
with top companies in the Southeast 
and throuahout the U S We provide 
advice on careers resumes and inter-
views for a position tailored to your 
skills cirent companies pay all fees 
For details call or send resume in 
strict confidence to Phil Riddick 
President 

Riddick 
Associates, Ltd. 
9 Koger Executive Center 

Norfolk, VA 23502 
Area 804-461-3994 

Would lei, '11, 11, 
you hire 
an engineer 
who 
couldn't 
understand 
this 
magazine? 

Of course not. ELECTRONICS is 
the technical publication for 

technical people. If they can't 

understand it, they can't receive 

it. That's why, when you're look-

ing for qualified engineers. you 

should consider our Classified 

Section. 

For only $87.00 per inch your 
recruitment advertising will 

reach 90,000 pre-screened 

electronics engineers—as 

they're reading to combat job 

obsolescence. while they're 

thinking about their future and 

bettering themselves. 
There's no charge for type-

setting and free layout service is 

provided. 

For more information call or 

write' 

ELECTRONICS 
Post Office Box 900 
New York, N.Y. 10020 
Phone: 212 997-2556 
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time. 
... in San Francisco. September 15 - 17, 1981. 

• Professional Program — San Francisco Hilton Hotel 
• Exhibition — Civic Auditorium/Brooks Hall and 

San Francisco Hilton Hotel 

Wescon/81 — nearly 1,000 exhibit booths, more than 150 Professional Program 
presentations. America's premier high-technology electronics exhibition and 
convention brings together more than 50,000 design, manufacturing, and test 
engineers and other professionals. 

Join us in San Francisco and help celebrate Wescon's 30th Anniversary! 

For complete show details, including registration and transportation information, 
call and ask for the "Wescon/81 Preview." 

in California — 800/ 262-4808 
213 /772-2965 

Outside California — 800/421-6816 
Wescon/B'V 

# wescon sponsored by the San Francisco Bay Area and Los Angeles Councils of IEEE. and the Northern and Southern California Chapters of ERA elD 

Produced by Electronic Conventions. Inc a non-profit corporation 1999 N Sepulveda Blvd El Segundo, CA 90245 
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the computer experts 
ABLE COMPUTER, 1732 Reynolds Avenue, Irvine, 
California 92714. (714) 979-7030. TWX 910-595-1729 ACT IRIN. 
ABLE COMPUTER-EUROPE, 74/76 Northbrook Street, 
Newbury, Berkshire, England RG13 1AE. (0635) 32125. 
TELEX 848507 HJULPHG. 

Give your Q-BUS 
the UNIBUS award. 

There's a definite place for the Q-BUS. Some applications 
are right on target, but if yours has even a slight chance 
of expanding upward, we want you back on the UNIBUS. 

That's where the action is, and that's where you belong. We 
can get you there, too. Quick and easy, with two highly 

effective add-ins. 

QNIVERTER-, our exclusive Q-BUS to UNIBUS or 
UNIBUS to Q-BUS converter, opens the wonders of the 

UNIBUS world to PDP-11/23 and LSI-11 users. Completely 
contained on a single quad-width board, QNIVERTER-

plugs into the LSI-11, LSI-11/23, PDP-11/03 or 
PDP-11/23 and allows UNIBUS compatible 

controllers to be used with LSI computer 
systems or LSI based peripherals to be 

used with PDP-11 systems. 

Our companion add-in, the 
ABLE BUSLINK, installs 
in any LSI-11 or PDP-11 
and provides UNIBUS 
to UNIBUS, UNIBUS 
to Q-BUS or Q-BUS to 

Q-BUS link. ABLE 
BUSLINKS deliver in 

pairs of hex-width, hex/ 
quad-width or quad-width 
boards. They provide full 

DA11-B compatibility, oper-
ate at DA11-B transfer rates 
up to fifty feet and are soft-
ware compatible with the 

existing and proven DA11 driver. 

QNIVERTER- and the ABLE 
BUSLINK are designed exclusively 
for use in LSI-11 and PDP-11 com-

puters. Just like the rest of our line, 
they cost less but do more than the 

products they are intended to replace. 
To find out more about them, call or write 

for details. We'll include information on 
our complete line of UNIBUS compatible 
general-purpose, special-memory and data-

communications products as well as the 
MAGNUM- Series of computer systems. 

DEC, UNIBUS, Q-BUS, PD? and LSI are trademarks of Digital Equipment Corporation. 
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PHOTOTRANSISTORS 8/ 
PHOTODARLINGTONS 

•Clear Epoxy Packages •Less than 50 cents 

The CLT 4000 series of 
phototransistors and the CLR 
4180 photalarlingtons utilize 
lead frame construction for 
direct soldering into circuit 
1)oards or socket mounting and 
are molded in clear epoxy 
packages... and the price is less 
than 50 cents each in production 

quantities. 
This design includes a 

molded lens over the transistor 
to control angular response. All 
units have guaranteed light 
sensitivity and are spectrally 
compatible with the Clairex 
CLED 400 IR Emitter. The CLR 
4180 offers particularly high 

sensitivity at low irradiance 
levels of 0.1 mw'cin2 and 
1.0 mw/cm2. 

For specific details call 914-
664-6602 or write Clairex 
Electronics, 560 South Third 
Avenue, Mount Vernon. 
New \brk 10550. 

CLAIREX ELECTRONICS 
\ I )1\iini ( \ ( :11)11101.Z111()11 

,rier ,Prvice ird 


